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STRATEGIC PROPOSAL
Quantum 2.0: Quantum Science and Technology Open Up New Horizons

Executive Summary

“Quantum 2.0 Quantum Science and Technology Open Up New Horizons” aims at
establishing a solid foundation for quantum science and technology, which have a potential to
develop Japan’s economy, industry, and national security by controlling the microscopic
behavior of atoms, electrons, photons, etc., as described by quantum mechanics. “Quantum
2.0” is about the ability to control and utilize quantum-specific properties which were difficult
to use in the past, such as quantum coherence and entanglement. The related wide-ranging
R&D should be promoted along with efforts to address social and economic issues, to
strengthen national security and industrial competitiveness, and to form new academic fields,
communities and researcher networks.

With the growth of the Internet of Things (IoT), more and more people, devices, and
organizations are connected to the network, and a large amount of digital data called “big
data” is being generated, collected, and stored. In a knowledge-intensive society led by the
advent of a digitized society, the interdependence between countries becomes deeper and
more complex, and at the same time, various constraints on Japan’s economy and the
maintenance or improvement of the living standard of the people are also becoming
prominent. Quantum science and technology is one of the new technological fields that show
signs of rapid development in view of solutions to social issues and industrial applications.

The movement to apply quantum mechanics to computation and communication goes back
to Feynman’s conceptual proposal of quantum simulation in the 1980s. However, it was not
until the late 1990s, when the quantum’s behavior was able to be manipulated and controlled
as theoretically expected, that there was significant R&D progress after the birth of quantum
information science from the merger of quantum mechanics and information science. Recently,
in parallel with experimental verification of important properties such as quantum coherence
and entanglement, various physical systems are known as a qubit which serves as a medium
of quantum information; their coherence time, during which the qubit can maintain quantum
information, has so far been extended by orders of magnitude. Thus, quantum science and
technology have promised the possibility of creating new values in terms of addressing social
issues and industrial applications through the advancement of high manipulation and control
technology.

Therefore, in major countries, very large-scale government investments have been made
based on the common understanding that quantum science and technology can provide
national security and economic benefits. In contrast, in Japan, while some of the related
cutting-edge R&D activities are being internationally recognized, they are not integrated
among universities, national labs, companies, etc., which would be a major barrier to
establishing our nation’s leading position in many fields that will create a new trend in the
world. The R&D of quantum science and technology should be strategically promoted through
enhancement of international competitiveness, resolution of social and economic issues, and

creation of new academic fields, thereby leading to the future growth and development of
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Japan.
In the following, we will show the future R&D subjects in the four major areas of quantum
science and technology and in the area of a common quantum technological platform for

deepening and developing these areas.

(i) Quantum computing and simulation: The R&D of hybrid quantum-classical algorithms

indispensable for killer applications of NISQ (Noisy Intermediate-Scale Quantum computing)
machines such as quantum-chemical calculations and quantum machine learning,
development of real machines with superconducting qubits as the building blocks,
enhancement of the overall computer architecture toward the realization of the fault-tolerant
quantum computer as a final goal, and basic R&D related to the control of various qubit
systems should be promoted. For the R&D of quantum simulators, it is necessary to establish
modeling and simulation techniques for complex quantum many-body systems that
intrinsically require large amounts of quantum entanglement and coherence.

(i) Quantum measurement and sensing: The R&D should be promoted with a strong focus on

social implementation by clarifying the specific application fields or industrial exits. In
sensing technology using diamond nitrogen-vacancy (NV) centers, quantum entanglement of
light or matter, and room-temperature nuclear hyperpolarization, it is important to develop
applications for biomedical measurement and to produce or commercialize prototypes for
medical and diagnostic purposes. Atomic interferometer-type gyroscopes and optical lattice
clocks should be miniaturized and stabilized to demonstrate a proof-of-principle and practical
application of self-location estimation and relativistic geodesy, respectively. Particularly,
Japan’s original optical lattice clocks are expected to contribute to the redefinition of the SI
second by international organizations.

(iii) Quantum cryptography and communications: Importantly, in the short term, we should

search for killer applications of quantum key distribution (QKD) devices, identify their
application fields by early commercialization or trial use, and lower their price. In the
medium-to-long term, it is necessary to promote the R&D of the satellite-based QKD,
long-range QKD, and new-principle-based QKD technologies. Furthermore, for the
development of high-speed and long-distance communications, the R&D of all-photonic
quantum repeaters as well as quantum memories is required, thereby demonstrating a
proof-of-principle of scalable quantum repeaters to realize a small-scale quantum network.
Intensive standardization activities in international organizations are also required for the
future.

(v) Quantum materials: We should continuously create new quantum materials that are

robust to environmental disturbances and produce attractive functions contributing to the
next generation of quantum science and technology; new concepts, materials and technologies
that induce innovation in existing fields are also required. Representative examples are
topological quantum materials, spintronic materials, energy-conversion materials, and

photonic materials.
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(v) Common quantum technology platform: It is necessary to develop quantum measurement,

manipulation, and control technologies such as the technologies of single-photon control,
qubit systems, and coupling or interface between qubits, etc., and their theoretical basis.
Microfabrication and analysis techniques and cryogenic electronics should be advanced as

essential technologies.

Due to their very different timelines, these R&D subjects should be undertaken in both the
short-to-medium (up to 10 years) and medium-to-long (up to 20 years or more) terms. Another
important measure to promote R&D is the formation of core hubs, which could become
internationally recognized and therefore be expected to serve as a place to attract excellent
researchers from Japan and overseas.

To address social and economic issues, R&D should be targeted regarding the following five

"non

strategic subjects: "quantum computer", "quantum measurement and standard", "quantum
medicine and diagnosis", "quantum security", and "topological materials." For this purpose,
three approaches are important; re., "enhanced fusions of scientific disciplines and
technological areas", "promotion of open innovation", and "encouragement of start-ups and
improvement of investment environments". In addition, we need to pursue international
cooperation while ensuring our superiority considering Japan's R&D strengths and
weaknesses. National security and industrial competitiveness should also be strengthened
through standardization and intellectual property management.

In order to create new academic fields, communities, and researcher networks for
supporting the R&D in the long term, we need policy support that sustainably enables
fusions and diversification of scientific disciplines and technological areas, human-resource
development, and brain circulation in Japan and overseas. Importantly, these efforts should
enhance the interactions with the activities of the above strategic R&D subjects towards

resolving social and economic issues, thereby maximizing their synergistic effects.
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(5) Fim & T Hi

ZNETHT - 07 - KF- (Atomic, Molecular and Optical physics, AMO) <& 5,
BTV ha=7 205% CRDINCED b CE @i EO Rt HHEHEN, &1y b
Fteli, BBy NHOKA « A4 v ¥ —7 = A AHdfi7e EOBTHIE - #0E - HIEEHT
ZIDLICEERIED,

AMO 738 CliE, MARFORE - b7 v 7ERO &S, FIHATRERIEFREOILR 72 £ 3
HERBEL 725, GEAPMHRETREA AT b7 v TR TIETENEIICHE E REDRH 0 | i@
THEBZ DR RS, HAEICHEE LIRS RO NS, —J7, BFt%, &7
7 hun=7 ZZEAL L, BRSO ATF AT s BFEE, BRI Ea— 2 ~DRERE
LT, E&Fbonkt, ZEEFLONOAERK - Hl#Z BT XEThs, F7o. @BIEEREK,
FHEREF Ry b, FAYELF NV LR E fx OREERETE Y FOMRA 227725 LT
b — L ARFHE &I o) A BEEIS L7 iFERR I Mk 3R & Th 5,

BEORETREDIRNENAT Uy REFRFPEEDAS L F—T oA ZAOHEHNEE HEETH
D, PCHEKETE Y MEHEDOREZED L D ICHEBL - T 200%, WmEE vy FOKE
TR AT 4 T & D2 IR0 E TR BR L e D,

YLD X9 Bz . BEAFORGHIM LM, o7 A A7 hr=7 X LALGDE
T—RAICERGT - &2 K ) M AT 25 L L b, xR EFROBG LT 57
D ONERE T, BKIR T L7 hr=2 2 WOl I 72 EOBRB L EETH D,

TS OBFZEBIREEREICKT LTI, FNENORMEIA K E < B2 570, Ehi L hEL o
MR 7> O 25 A O RS [ 7= BU A A BB R & Th 5, AFFERT OIEHE & 2 xR O
KAGITIANT W% & 72 DA FEBA B OTEAIT, EERAIZERE - i S 5720720 T < BN
SN DB FE 2 E DT L5 E L TCOBRERIFFCEX D7D RAIRTH D, £z, BAEW
IRHEES R & LT, TS - REHIRRE O FR YT )T 72 A SEBR S O BRMS RO HELE | | [EF L 2RO
filefr & EEB SO k), DTN 08 - a3 a=7 ¢ LWFRE XY NU—27 D] O 3
DEERET D,

Fhay « RRFHE ORI T T, 1284 - et ), [MaheE - R - i), TBREE - =L ¥ —
[AEpEMEA B 2B U TR LV MIE 2 8 H 3 2 "TREME O & 2 WFFERH%E 2 RIS RO HEE -2 2 & 3%
HChD, 20X REIAHEERE L LT, AR =— X720 Tl HIFOEE, TAED
WAE S EIC, TRfFarEa—& ) [BFH - TR&rER-2W). (& rEx2 7 1,
[NARa P HAME OB SEARATaR—P LTI 5, HEICY--> L, (908 - fElREs
ORAE), [H—T A 7 _X—T g VOfetE] | TERERE L BEEREOEM] &9 3 DOHEFHA
INEETH D, FEfEEhE UC, EP et N 283 2 MFER s (~104F) & P RIHES
THER S A IR T 5 B EIRIFZE (~204FLLE) Z#XBIL, 2 b &l & Lz #atEZ X 5~
ETh D, 2R — AL DEFEIRFFROFEIR L . v — XD X R DFEOHEIF ORI -
FEE, EEADBIEL OO, ERENSHO~DRT TN o — A L AR R DS 4B
Th D,

EF LR ORI & FEEB RS OMIIZIL, BBEOEBAMEZRT D2 L2 EH L DD,
[EBH s 0D 72 6D DERISHIRBI 2 X 5 723D, HAROR ) ZFEE LT A B+ R S WFZCiRE 2 Fr i
T 55T, EEHHOBRALEED, MBFEDONRT U AL DL ENEETH D, THEHINTH
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% &P RHEHIT O EESERE I T L SR IEE 5 E B OME A BT 5 2 EREE LW 2D, K% - B
FERERE D & O AR OBG IR SME AR K OVMEE 5 RS2 S < E BRI O — 8 ik
MV THD, Fio, BEHEMORK - EELZZR T L5 LW OB ARAIINEL T b, 3K
DSE D AT B 2 AL 215 0> U 72 [E AR VAL IR D MRS ) 72 BU A2 2 JBBE L, v AT 4 > 7
R— FOBELZBIETZENEETH D, & 5T, MM EIZHOWTIT, EEFEEED - DD F—
ToA ) N_R—= g TR LT B A 2 RET 5720, By — X e hEFEO=—XLD~v v
Fo T FBENOO BRI NEETH D,

B2 - 2 2 =T ¢ LAFGEE X v b U — 27 ORISR, REBRZRELA T, e
FEFHIIIC X ZOND LI BRTat AT AR T HHRNEE ChH S, BoBEE o -
U—2r 3 ay P8 aiE U CHFERIR OS2 b 2D 5 & & bic, H LWIFER DA, BEFF
BT 2 oRe, kO RE L, HHEE MR, EER L OLRFEICEF LT VAR
BAEY M EEBE ORI ELE R P2 &) PROLND, HFEE Ry T — 7 B OBLE T
X, BETREEN B ONMBOE LIELEED, e BMICHERFT 2720, KRFECBITS
HE - R A T E - i b L, RAVE D B TR - BilrE 2 IS BT 5 & & bic,
BENTEWN - YIRS OMRNEE CTh 5D, F7-. FFIEEDIIE L HE ICHE TE D BREOH
FEDORESE, BRMICIIRENMN OJEF 8 & OB E L LB TH D, FHind - 23 2=7 1
EERT HIFIEE v BT — 71X, Hix BTl 742 - IR AR ORI A1 7= BRI BB 7T
BT & DM BEERZRD, T K DHFEDIRZRBIEIELZENEETH D,

CRDS- FY2019-SP-03 EIMERFEEARERMIREEE ARARBE T 2 —

3 O IR r‘I



)

B S OR—4)L
EF20 ~EFHERENA VIR Hi-GHFE~

2.

MEFAREZERIET 2 ER

21 AL D ICT HEALIZEED ToT O RZIZE Y, FixZe N - £/ - MBS Ry hU—2122
BN, BT —R LWENLKEOT X NLTF—2DER. IUE, ERPELHS>HOH S, Z
NHT =X, Al Z W00 Lo T, EBLELORLC TRKEE O b, Kxil72 7 K3 A
A DML, RO TN 72 SITIEHT 2 2 8N TE D, T UVXIMBEEOFRIRIC XV #esr
I H & LTWn NIt TIx, ERMOMAEKRGFREGEN G, EH T L &bl
Fe S E ORI CE RO AEIEKEDHER: « 7] FIoxt T 28k~ el b B (L Loodh 5, BEMIC
I, TRAX— - FROME, BEERROMEK, D Tm Lo E O e, S REE O
HRC, MR A v 7 T ORFLEORMBETH 5, S HIT, KFBEHES KL K7 8o BREE
UR7 ., BHBEEZIRD &S BEEEEREOZE (e LICb@Euicshe U, Bl Eaieo LY
TUREFEmOH TN ZENRKRDLILTND,

TV Z NWALAE S O FEBUC T oA SRR O L FESEISH A BRI, B H RS DKL
o8 LWEINERO —oRNETRAHETCH 5, FriiceMigglto a7 &7 2 i o
2B, BAEORAEIEN LTI VR —R Y NE{R VAT AOBERITHAIAT Z & T, [EHERENAL
MEEfER L, ENAOIS - BIEOSR = — KRS T 2 VAT MMEENFREE 0D, 2D X
DI ENG, D EFEAN) X, TE 5 IRV FHIR ARG E (2016 /) & THiAA /X— 3
VHRRS 2019 (2019 ) IZBWT, ZHEIVRRO B AN, ST A2 & 7o b HH
it LTiES T BTV A,

1. B L HER

20 WALOWIDITTERL & R BT 1HE, B FROET, T2 E ORI 2B R % | ki1
EWENE AR R OB T L LRI T 2 FRBR TH D, BT NIFEHESLEEICHL LD &
WOEhE L LT, 1982 /£ Feynman (Z LD &E TV I a2 bL—3 3 VOMEEZERIGIC, 1985 4
Deutsch IZLX VB EIN-E&TTF 2—V VI (B3 Ea—X0BFNET V) oL, &
ERHRROREN DT, F2, 1994 £, 1995 FICZFNENRIKE T LTV XA, BTl
VETIEZ: EOREERAY Shor 1T KV FHRWTHR v, BIEER O AR5 > 27 LD D O
Tk, EEAEZBO, MEZO DB TH oI BT 1% EIEREENEE LB ERA %0
HEAETH D,

Bfab—L A, BfFboh, BFERAEDE LV mB T 22ICHA 2 ME O EZBRAREE
CICHIE, U= —Hl, =L br =2 2 G, ETRINERSE) vl BETEEME -
T2 FIEEHINOZRARERIZED EZABKEY GElZa T A 1 228), B HEHO
MR L2 B ey N E LT, BEEREE, ¥4 7T KNV L, GEA A EIFER T,
YEEET Ny b, AR, v3 7R, LAEFREOYHEHZNIOLNTEY (2741
ek 3 2SI S D D EME - HIEE DM _EoSARRIEF RTREME O PRRIC BT D AFSE AN A
TW5, Bty "RETHEEZRLEREREETE DM Z ot — L v AR SN, & 7
B« BIEIEANC LY SN KRESIERD Z LD, FlziE, BEERKICLIBEFEY o=
b— L AR (Te) 1%, T OEMENHEE S 72 1999 41285175 1ns 5 2015 421X 100 ps
ZHZ MU ERELS 720 A4 YT KNV FLOEFALE L TIE50ps (2003 4) 75 700 ps
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(2009 ), Holr CIEFEMIARKSR 12C IBEA®mDDHT L T24ms £TTeNMER LT,

CTOXEICEFEY hOENERICER > THAETD 2011 £, BT ZDO_F v —EET
& % D-Wave DM AH D RECEL M HERY O R 2 o Ea—F 2 RBE L, ZHITKED
Google 3K A R U722 & T, & IHWREHF 2 RN & LTRIAL LS v TEFRZFAH
i) (&1 2.0)) ~OHRMEENEE -7, BRI OPFIERR AR O EF R SRR
PEXB PN AT D, ERET 2EITZ <. KE, BONRLHE A fLIc, FEREREMAL Eo#]
BCBUMNRE N2 ST 2ATH L GEliEfER 2 228). 612, sSNETIEE 11
o WE IIMHE ORERRCTRAT R Ot 2k & DRV B 7o &V EHE EORAMEICER LT 5,
B 20X, KETIEE ESFER R (Defense Advanced Research Projects Agency, DARPA)
RRM e £ T 2000 FRAONOHFENES, EFREEIIBIT LI b DL Snd, FH K
R KEICB W T B & L— X — DS GF O AL 2 72 L 910, ETRMEEINT &2 V- egs 236t
KOEFERERELSEZDAREEEZMO TND E LT, BRBEIE SICEFEINBHEZ D
LHEENERDZ L TE D,

DI, 1 BEIZR LTz 4 DOEANEIRIZ I 1T DHFZERRE OBLR & LRI DWW CREET 5728, 2
AUOIIATTEBIFE OHEEE LIRS BIR L T %, S ETIR, Frfier 7R i i = OB H 4 ) o
b Z B E LI E R RIS BT D WFZEBH ARG 23 72 < BT LWV A BF OFRAERCPESE - 1
R—a VEFET DL REFHBIHAI N E TIZFEBIN T IR0 o7z, H&LlZR-> T,
BRIFEICB W T KRG &IC LA T 02 = 7 F D BE « OBFZEBE S 28 EIFRAIZ 3R
MEN->OH5H00, BRAFMICHET ZBEIA L TR, FFeHBE, SESEIToL TFE
EEN TSz, HROF LW AES K 5 7o BEAHIN 2 BidE 5B THE Z &N TE T
20, BHREOESR L FIHEME LIz BT, MBI A i LA b D 7o O O AE
DRRDBND, Fio, BRHEEANCE [0S, TERAMBENTIE) /& &) faR, @R
RN —EIC DD, BRI ANA Y R 7 TREFMEDO S WIFERFE 32 < . BREIN R4 27
Do DX IRIEROEMEARIC 72 D BB OBATOEN T AM ORELR, Bl &, Fenvn»
ORISR 72 iR DS L EE L 72 D,

(2741 EFAFORELED»LEFHZALEN (TEF 2.0)) IZEDREH#E]

2T T B, BTERE - BT L FESHEIFOZ KR E L b, BT b0
n, EFabt—L A BFERAEDE L VST BT IRIEA M O EBRAVRGE & i3
A ZHEA TN B IR R D,

DWW BTN - 7= HiFm TITFR CE R VW BEBI R 2 B L L 5 & v o B X3, 1900 4
WCRRIES 233 2 72 OISO =X =B E T2 2 & (1918 4/ —~ LB E) |
F72 1905 FITITHENREZFIT 272D (1921 4 —~VB7E) 3 RE
SN EWmERT D, TO%, HRFOREREZBIMICEESHZ 5 Z L2/ 572D1F 1960
FEOL—H—3E] (1964 4/ — VT E) Thod, ab—L v Mtad NEIID TFIC
A= Z & T, BRI CWE & O EAER ORSEREES KX <R L=, #2113, B—5
Ty D EEL (1989 42) YDA EEHN % FIEEIC L7 JefER % = 2 (2005 4/ —~ L4 8E
FH) ORBNIKRE B E 5 27—, @EONTIE, MICBINRRNEAECT, K77 A4 3—
ZROVIUIE G £ TEND O, [HHEEOEAE LTSN TE 2, 72, Bk 5
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BEHEEOMIELRLIZOEF, EFb OnNEMHLEEFT LAR—T — 3 a YIEBROBY)
(1997 /) Th 5.,

JRF BB ORI BRI N T > 7 Lo PR RE % 0.1~1 pK RRE £ THEIT 2 2
LEATREIC L L—Y =AML (1997 4E ) — UL BRRE) OBRRRENRM L 2ot-, Z D)
ETIE B FERILE S 2 < TN IEIHREREIC T 6 Lz b—% — St ORI H e 2
DiETZ L TR OEBT R — NGRS R R 20 T D Ky 77—
I, O XL TCEGES M O BIKIROFFRIE T, ZOEEMER~ 7 mip X
=NV TEND Z LD, JRFICK D2 TFWEHIOFER e EavfThoiz (1991 ), EEZ 4
W OEEZ 5 &R —XHHOENBEIC RS 2 E2FH LT, 1995 FlzL—
W—mH L7 v BV EF (87Rb, TLi, 28Na) TH—R - T4 a1 EEE (BEC) @
B (2001 F ) —~ VB E) IR LTe, AR 2 AW R T K o8 v
F R ¥ A v X a—7 i TR E DR R | EIR &2 SRR~ Z >
TR L7 e TR e EOEBUZE > TV D, Fio, L—VF—mENEIX 1953 TR S
NizA F 2 b T v 75 (1989 4E 7 —~UUWEEE) I2bIS S, i, wElSn-H—,
B AHVNIEA F L OIS BHEA TS,

BT FICBTLETOFENL, 7oV I=T 4T v IHEHIES T 2RI LT, NUF
Hense Eaful & LIRS O#RESCETOT L7 bn=7 AEHICKEL<HF 5 Lz, £
7o, BEFEER OPSEA CIXF C& 20, B AERIC X o TRBLT 2 5 fHBEE R DO8
LRV PO WFRPRE B Lic, —J, BEEYBETEOR Y b MYy 7 Th D88,
Bk DN (7 /) A & LT OS5I IFHEAERIZ L » TR S =& 75t (7 —
R—%f) OEHELEWI~ 7 B THETH D Z & BCS Bl (1972 4F /) — UL EL )
Lo TSN TWS, BREERICL DV a w7 Y o #E (B MEIRBIREDER) o
[ AT & R B G O FHAEAT2Y 1990 AT KR ECHER L2 Z L2k v, BRIk
THRRDBEFREOEREDOEOHIEICKD Lz, Z0OWbw S BmER Ty MME, HEk
ERBROERENNIC LV 2R LERBLCE L AREMERH D720, L& IV Ea—F
OIS TS, E7- . 7 DRI 2HR O m R AL 2 2. LIRS H ST\ A ¥
FL FHOFENTLICH L TERFE Y e LTOME B LIZ, BAMICIE, HES L —F—
BMBEOFEBUZ L > TH A YEL RNV HFLOBE AN AMREIC 20 | B R T2 oV
L LTCOFFRICEEL TV 5,

F o, BRSO TR, 1980 FIZ A Sz &R — bR (1985 4 7 — LBt
FE) bRERFBRATHY ., BEBHRIED MR P— WO AIC RN o712, 1997 i, Tk
ROV ETE (&L > TEFERZTD bARu v a3 a—T7 1 7 OBEEDNE
BEi, SBETERFaIVE2—Z~DIHPRE STV 5, 2000 FLREICZR > T, R
7 Y—OBERIT, BT AE VR ASROEES bR v O ERIKOR L, AX I 4D
FERABLA2 & T LD ROBES Z IR 2128 > TV 5,

Q) &sFfarta—Fg4r 0 3 Ial—Tgy

BT DIERNTHE S =7 34 ADBAME - BRUYLIC & HHERER EOIRA & 7 0 % btk 0F]
KAC L B EHEARFH=— AOBWED #H RIS, HRPCHENEE > TOEORRET 2
Ea—7 4 YT OMEMRETHD, —J7, B Ialb—a i, Feynman 20 Lo &
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FarbEa—206bbpo 7 NAY ALZFATTEL LV NHAELIRVRE, 25 &35
R (AT HEER TR O LIXUIXHREE L 72 5 &1 245%) ORBEICE DR TERT
HETNEBRRTHD, T70bb, BfarEa—2 X HMERET VOERD HRFBffGEE T,
LRk Z T D IR 2 FIEZ R L 9 208, BEF v Ialb—a U idZ oyt THIE
SREYHY EOBETH D,

BUEDH 2IRBT A B a—2 T —LDKMITRIF 2014 FDOH Y T 5 V=T REHY o Z 38—
ANFIED Martinis 7 V— 1285 mREEOBEE S &1y T ZOBEEFETH D,
ZOT7—LOFEIE, BlER - EBROME T TEFar Ea—Z ZWiIcAl D0 L) LyEmyR
T2 —RXIZA-T2Z LiZH D, Google, IBM, Microsoft, Intel. Alibaba &V o7z IT (M
ZEBRR BB ik L, QC Ware, Rigetti Computing, IonQ. 1QBit. Zapata Computing 72 &
AL = T v THRXILS L3 oTo, IR L ~VE, "= KU =7 - Y7 b =T EHITK
Enm<, PENEDOKEZ BT S,

g E By PR T 1999 FICAARTHEIAIN T LA R P CRECEALTLZZ LT,
BUK 53 7By TN AOEEMER (2019 45 12 ARER) £TENTEY, 100 &1L v b
BREDOY A A TOEFRGED TESN TN D, A4 b7 v 7RTIE 160 BFE Y Mol
TOEFEY NOFENTELIEFILEa— 2 RRESNTND, ZOH A XTE IRV FTER
FOFREETEOM, FHEENORTOMEFTIEL AR bDEEZ NS, 2L, F— FOR
DRITELS, EROLBETHAENETCEL2E&TRIROES (A7 v 7)) ERo D, BEE
BFEY MR AF P Ty RSN E, FEREF Ny b, PR YIRS (w3 T Tk
). HEFREICEDEFE Y FROLEME L THIZERENED b TV D,

AR D MRS = v B e —F OFRFUNIE IR DB 00D RIABTH D, LIed> T, TORIC
BEMICFICALRAVMMEE L& Ba—% (NISQ vv) ET, BBUZHLENG,
B Ea—F THDTIITARIZR D, TROLMLNOEFEEMEEZ RITFREZFETTD
T EDNEBERMIEHEIRE TH D, 2019 4 10 HIZ Google (%, B THBICHIE L& 71
¥ w4 [Sycamore] MNHEFIRED A —/S— 2L ¥ a0 —F T—TTENN L ELBERDFHES 200
BofifE, BEFBEBMELZEIELIEBR UL, TF, NISQ v TOETEEREL T, KWV E
TR e (i) FEHLER - b E AR DY CHEET & - FioNS Ty KT LY X
LOREPHARNTEY , £O LD RFREREORNN LY KE DL TFHREND, 72IZLEL
RTIE, PN AREOHRECT LT Y XAV S FERMIT 0,

=R =7 OFEMERIZED, ZOHERDERKRBIEHT2OOY 7 by =7 OEEME
L TETWDS, BTV 7 M= THBORELER L& T e/ 7I 7 5iEE LT QCL
(Quantum Computation Language). QPL (Quantum Programming Language). QML
(Quantum Machine Language) 72 E23BAR LT\ 5, I TiE, EEEO NISQ v~ RZi
ALY I ab—F% ECERAMEFHESCE AR TE 2T TEL LI REENT T v b
T —ALbBIG LWL RENRETY 7 by =7 B%* > F(SDK) & LT, IBM @ QISKit,
Rigetti @ Forest, A4 A TF K% (ETH) @ Project Q. Microsoft @ QDK, Google @ Cirq,
F7 FTEKRY (Delft) @ Quantum Inspire 72 E3 & %5, BUKTIE, EHbLFEHE, B8
MREEEFZOWTEFBBIIEOHERIZIZE > TRV A, NISQ ~ v DX T7—T 7 U r— g
ZAREC T DT OEE AR TN o0 H 5,

BFEEET S S — MR a s Ea— LR DFHFEFECHET 5 a0 Ea—
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AL L TR T=—V I~z onsd, D-Wave IC L5 KHEREHETFT =—V 7
~ I, BIRERERKICK D 2000 EFEy FEBELLETY IR B a2 —2O—FT,
BEO X EBACHA L b8 E R 72 ) XA EZRfA+ 5, B 7 ==Y 70k
AN EOHIEIZ LI A EShiz e nwHr R, FHREESa X MW TiEk=
VB a— FITHABENEN D D E D D, FEREIC KD MEREREME Y B AR & b H O [E & T
KThHD,

REAREI O R 722 BRI IRA Y MR o o B a— 2 OEBRTH D, HAETITZENICIH
FTeAT—NT v 7Ol OBLFEN R FHEH ARSI TH D, /o, BT, Y7 o =T
OIFZEIX IBM X° D-Wave 2MEffid 27 77 R —E 22 b X5 257, TOREE2TRNEIC
BT D T ENEE LV, KB IT - EREEIN OB bENLTHEY, By FOIHRD
ERIC VLB R BTG« LA 77 b« F ot R & o T RO . B TRR
DETIEfF S OMGmN T 7a—F &0, 2RI RE N ENE W REL H 5,

— OBV a b —HE, SHRETZHRROERREST A T I 7 A 2R TEL LI
2o TG, FEEHFAE LT, MART - 0 R T 10 THA b, A4 FF v 7R TIE 300
YA MREFE TORTF—ANRFEIEIN TN D, £z, &7 =— UV IHICHB SN BrEE
FEY FRTHBI2Y A FOBRFII 2L —a VERBITONT, ~N— RERL g P
VTR A D TR Y OB AR T A EEIRBEEOEF Y R 2 L— g U TlIkEA
R ER S TWDR, WEPIZBIT2ETOFENCE EE 67, KEBERFERICLIIWE
RETEFRRICT o ~v v, AT I 7 ARAUFERG, FFEHR DR FHR A F— A ~OFERITIR
VN, ARETREIEIRICK 23R < FEICEONES (EU) @ Quantum Flagship CTIIE& a3 Ba—
ZEWATESVI ab—ya Uy EREERGGEY —7 y MCBITFEAMEL T 5, BRETIES
HF A 3 FROMFTPEATHY R FE DN 't 7T v /vy 77 u T 5 (QLEAP)
IZBWT, KR Y = — YTV A A I 7 A2 mdEslET o@msE 7T o Lb—
& & BJERRB O R IRREAE BAE R 2 KB S 2 SR~ — R ET U X 2 L— X OBFE T,

(2) #FFHH - B

—IC, BRI ERORES &V o ToBREE ) b OHER T L THERICII< . T <ITE L T
LEH ZhHEREFarta—FRRFYIal—Ya ORBAZRECL T L EERTH D
B, FOZLHEYFITE o TRFIRETEREAZBUSIZEHH - B o7 LK D & D ORHEG
R THDH, mFaAab—L I REEFHLONEFH LIS OGS4, R TIED72 0 BFER
WHZDISHICEIRAZB > TS, XA VT KNV L, RIBBERE, RT3, ek
b, BT b OB IREBEICKIT 2 ERMAXGTH LM, ke LUOSH, EELDk
D OBHRLADGEINENC LR TR TV S,

H—DXA YT NV BOIIH 5000 IS (Optically Detected Magnetic
Resonance, ODMR) (ZZh LT/ 20 4ELL B2z - T, FA Y & KE % LIS FERERTF 7203 3%
PATHED S IR pH K72 E D 2y v ZITB W TRE N &2 v S FTREMES RV H & vz,
H—OE A EEAE L OT CIRBIOBANCINZ, B VEKEEZ BT 5588 LT, MEHE
mEIC LD a2 — LV U ARFROIER, (26— L > AR 2 8T 712) NV FULEo s,
NV FLOREFIEOK R 72 EOEERBEN S 5H, £iz, BLAMHIET NV f.O b0 s
LHNTFHOMFE S, BTV ORE LS NTETVD, ZD X5 2R
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T, TBEO KRB DRI L, 44 YEY KNV F.LOEWVERERcHY . &inE
TRE RS 5 2 L TUEATORBIZKESHRKRL TE T,

ZA YTy BNV AN, IEBEEHA, OBEEHI, MRRNEHAL, & 27 BREERRT 72 & DN
A A YNEEROXRMHREE T Z < DICHAPMEFEIN TS, KA & K[ES%D D NVision
Imaging Technologies, Quantum Diamond Technologies, SQUTEC, QNAMI, QZABRE 72
DAL — T v TIMEHALS ER-TEY, SBBFED S BIZHGPRERINL TN EEXDL
N5, HENX 10 Fam<FiN B A PEL NNV OO Z ARSI m L, TisREE B
L7z HBAF AR ) ICE D TE TV D, —, BBEOICHMEITENLEZ L > TWnHEEDLI S
ZRRVRILTH Y . Q- LEAP O 1T 2018 4L b BN LEERF A REME & T D 7eiiii &
i L TREIELEX > TS,

T ZHUE, EIROLEE CHEEEE BRI A A — U 0 7 2 RRICT 2 iRm0 T 23
HEHINTWD, XUtk AFIHT 5 FiEZ2 R CHID THZE LIcF A ED Y
B AL L2k, Bl CTIEKES R4 VIZBWTH A YE Y RNV FL 2 HWEFED v
MEAL, REIROER - 2B~OISHERZEIfF SN TW5, BET 20588 EIE, EU ©
Quantum Flagship IZ bR N T, R4 YD AF— K7 » 7 NVision Imaging
Technologies (23175 K& 2HELE LTMEDIT G TS, 2019 FITIFMRKIE T O FRR &
BB OMFgEE D LR TS E L7 Ko TQuantum Hyperpolarization] 7'v v =7 k4 44H)
L. RAYDO 7V ARFEIZER & 472 Center for Quantum BioScience % LML & L CTHED 5
N5, ZOXITEMEE  [EBREZXAYEY KNV L, SREZREGREITEOGLE2R0H
B & D HRAIR O T, . WOEOMEEREZ LI L TEFEMBI T E VI BT LT
RIS D B o7z, BEBHEIT O A 2G> Lic Bz 22 BB ISR N v T 5,

WHHR A X DR FHEt 2 O ENINEEFC Y v A n A a—7 R CoEEEE 3%,
LU—HW—Z AW R PR Cd D I FIFEF O R bR L T b, R TE R o E T FHE,
JRF 1 OB Z WD 7280, mksE TR EGHIITE 5, KEDOA X 74— FRFENH
FERGEE Aglg<1015, @& 10 A— MLVORTE ¥ U —IZ K o THEMFEE OB A 5| 1 EH
DRFERE~DICHZED TNDL DA T LD, BOKLKOHEZ Gt CEERN, ¥ —7
~ 2 —fte E OB IR BIThI TS, FEAMRICHT T, ERERA ot S B gt
HOEIJFHCENAEGOBREN 7 7 A0 Muquans £1:72 & TH#ED 50TV DR, BHARTIIH
FED% < BRI EFEIZH E > T\ D,

TWEt 2T 5 & MBS U TCTHOMMENELT 2205 (Sagnaec 25 & W T, Hi
BR oD [l £ P MEZE RS D RIER 2 IE T 2 DN Y v A B A3 —T Th 5, 1997 FIZHEE
IR T~ VTR 2 - T EHRER 2X 108 rad/sWHz E/ERO L—HF =R L 5P+
AR RAA—FZILET DRI G LN TS, IhEZT, K0 EWVIEE CRMZERE DEDL &
/A B LT GPS OJRN7RWIGETINIT ORI N ER 2 2R & OE T RE <R L
TWoh, AZ 73— RRFENLIL AOSense tEBRAE A7 LTWbH—F, BBRETH [HH
JFA AT RO EEHEREY Yy A v 22— O] ICEATHAREE T o =27 A JST K3k
HAAIEHEET 2017 ENDIAE 572,

fih 5, BHARFEOIHE FREEHE, IR FREOFH 72720 & 720 . ZORE (Aviv) 11018
B (K 300 B 1 I NORE) ICELMALZY —FLTWD Z Lk, 2026 FIZiki#EIE
E I TV A EREEHZE B TOMOBERICK LB 2 ERERAHAFESNS, BIfE, H
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AREITCOKE, M, PEZREHRT 20 L EDO 7L —7 0352 ED TR Y HROBIHRIX
FHBIZ AR AT R 72/ NV EAR OB CTh 5, Folf, WAETEH, =L 7 hr=7 X L KPR % 19
AVTFDT v 7 2O L, FERESN TOMENERLE > A7 Lo/« B« mF bk
UE— AT F U ADEGITHD L TV D, K& FREIOR v b U — 7k & xampofl o )&
MEFEZE U CHlE « A4 L EYRAOTEEREFIT-ORT 2 &k R o KB 7 =
Pz b 1777 FIKFREHNT X DR ME AR OS] 7 JST KRS AIESHE3ET 2018
FITHhE > TV D,

BErbontEr v TE, KHDIWVIEIWEOE T OIS L DEE I 5 2 LT, i
W CITBIEARARERMEREZ R T Z DA ON TV D, BFHONKDA A= 7 « TN R &
L COSHBIEE T b DIBEMEEC & 1L Tl ERE (Optical Coherence Tomography) (&1
OCT) 2 ETH D, L—H % 2 DI TR OB 2 2 M@l S TEOMMHES
T E LT 280 THBIMERIC s LT, AEOHEEN L —F—ofRbvIc&EFHo
FUIRBED N2 -G ) EA R CHIO TEBLLIZONE b ONBEMETH D, —FH . WE
DEFHONICE DBV 7E, A7 A =X RAEREEZFH LIcRZER R ETIThh D
EBIT, R TIIRFRERTOREREFHBEN AL L7 Z EICH o T ZHETRELS
FELTWS, BFbOoNE2FIH L - oy v T E 2N L TH LN, +
NWEISHZFESHRDBLETH D,

(3) &K - W5

B IFRR R AT L7 5 H Ol E B ORIk Ch v | Sui O FLE RIS IKEs
THHEERFERENER TEX 5 LR ESN TN D, 1980 4102 BB84 L MEEN D i) D& 1
F7E h I LRERENTZN, 1994 ££D Shor DT /LAY XADFRIZ L > THIAEF DAL TS
RSAKSENET ALV Ea—HF THOLND Z EDVR SN TLIRE, BRSO ERIC R -
TV D, w5 OFANEE CIE LI M 2Rt — | &F1l(E ClEF k- &7
NU— 2 O L BUR TIRRERA~ AT 72 RN = Th 5,

BPHT VAT JMIE, B TRESNOEZAE 21T 5 72O OWMBRELEER, Je 516,
T - RS, BB D ETERTREMED & D O Z PERR U EBEORG B (A M 2 72 OS]
L A RBEINPEEND, TOVAT AL ST, WEROFHET LTI XAZHES KT
T CIEARATREZR, IR SN TR T L MR ERITHRAE SN K B A Bl 67 2 51l QKD Th
%, QKD 1%, ImikT — 2 Z DL DA BEFIERICT a— R0 TiEed, B0 W IEFRE R
L - EWET 2008 E LTI TFTLE Y MORXT 5, BUR, EZEHKe EONE 3
FHAMIRN, AT L E L TCOBEFEIEL FHA TV D720 BEICESTHESCH i CERED 7 7
AN=ZFHOTHREBGEHR SN TV 5, BE OE(E &tk U CHREECHEE IIR & VRS 8
R EIDHBIIRENTH D08, S HBIHCEE LA~ DEHA DA STV 5,

ZAVE CORE I ZeFERFEIC L D . BB84 LSt D T m ha A REI D &L b, EENE
RECEEVERE, T EOHGR CHLRERERNH -7, X7 74 "—ZH\ 7= QKD Ti,
a7 R (trusted node) # L7 QKD % NU—27 O 7 ¢ —)L REFEN A CITd,
EWhEEERR, Be2 QKD EEMOM AR, x> MY —7HEOMWET 7'V r—a > O
R ENHEAL TS, 25 1E 2005 FEDKEAR Z h A E 0 BN TIL 2008 12w 4 — 2 T,
HA Tl 2010 H12#E%E L 7= Tokyo QKD Network (2 X V1T T& 72, Fio, IWETIEHHEIC
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B HHERNE L <, 2017 4(21E 2000 km (2 & SRR KO E QKD * v k7 —27 OiEHBH
Ee, AR WIOHE — i B QKD FERER E 2 RER L T\ D, MENMOERIT, FAETHEK
I AR 7ok N R I KX S HERYI O BB E R ERICKSI L TH Y | HAAETHRA 270
Tl NP ERY O0H B,

T ETIE, HEFUEET T, A S—FEUF R A RS lE T D 72 O ORI ER T L i
Wi 7 — % O LiEfE DEFEEFR 7 £, QKD DEEECT 2T ADOFEMH LUV TORHI S Bts S
NTWD, £72, 2018 FIZEE DO HRZEMMIFEET GUEEZEMNBE) 28, &7 AF U 2fbFIcE
Hk 1 Bl O R RBE L Z FTHE & 9% Twin-field QKD F X AL L, EiRcksh L7z, Z 2 TH
“5“(“5L%—&%@ﬁ%% THARTH AR EOMRETH 525, mERAER & DK E IRBE
LR FOREIZ LY EE ORI 53— B 2 D72 PEEITITE - TR, S 51T,
*K@ﬁ774ﬂw¢f®QKD%EM%L%@tLFEﬁkm LEGFEMN LOEERBETH S,

ZHUCKF L, BRKTIE 2000 FAGIZAD & A4 AD ID Quantique LXK [E D MagiQTech i
R EBHDOAS— T o T RENGA L, BERIZIREN TH S H OO QKD EiE o AbicaHh
LTW5, Zofti, 2018 4-(Z##[E SK Telecom, #[E British Telecom, H[E Huawei, A~XA >
Telefénica 72 EO K FHEEF ¥ U TIC Ko THEINZETEE~ORELIEE SLD,

QKD b DiE#E & LT i< H QKD 73 2R QKD vV AT AR EOifh Y 2 —/b -
A H =T = A ZADOHRRRERLT A FF ¥ 2V R e & D FAE 22 b 514D ETSI

SR STV D, L Tk, ERSEREEEA O ITU-T, [EEAE e s/ RSB S A %
(International Organization for Standardization/International Electrotechnical Commission,
ISO/MIEC) D% —AlREMZEE Rz £ OEBAFECEIA T HRE S hd, WAEORZEN T
LT&7%2 QKD Ry MU — 27 OIEAMNR - #6E - — EAFIEZR ST 2B ERAGR ST
%, ¥lo, B3 a—F ThMptREE R &5 RN S O ERSL, BUEONBIERER
TR O OBATIERICET 2MFT b BETH Y | KEDOESAFER T IEFT (National Institute
for Standards and Technology, NIST) Tl 2016 4E/ LT n Y =7 M 2D T\ 5D, EHE(L
Ea|OFEMIE =T T A 21577,

—7J7. QKD 13— EIZHEA ARk TE DMt - HEZICRA N & 5, BB84 T DIT 7 A /3%
A OBMEREL L TiE, BEEEEIOE T2 m < BEEECHIIR 2= 1 5720%) 100 km, £ & & DI
JEI3H) 1 kbps Th D, ZDOHBUIR T, Eito LBV ZetofitSniREzirLi-x > b
U= 7T T\ 5,

Zhuzxt L, ZeRE b WElE O REFICIZE FPkEALETHY . 2o
TEOICESTTVR—T = a v RET AT Y LWV o TR RE N ERE L Q0 D, & IRE
Z BIE CRFMRFF CEOETEG I, 5 LR F A vE RNV FLEZ & AE]Y
&L THWEEINRS, HDEZFIEE DA TEILATRER [ E ik D& kol
LLTETLOND, 2L OHEITEIZEBIIIEEMICH Y . EFPkORr—7 ) 7 1 135
HIEFETE TV, EFEEZT TR, BURTHEF®BEL, 27 H#b 151 0lE7 e
R/ TR, BUEDA o Z—y MEZLZ TWDRESHEN, 7720 b AR50 1 x5 &
T, 1 XM T IR CTOBTBLAZFITLTCNDLOLELL T, EHTXHMEIIRENEEDE
D ERFIRN,

B EZHOETFTHTHEEINTEEFRXY N7 OEIFRICEAL T, &BFAEY 0%
MO FEBIETE T T, 206 LBEEEFOE R’ CREEREN O ELALETH
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b BFARy PU—ZICBLTIE, REMEFEBEOTD haLr e LTOBREHRLE Ry MY —
7 ECORGEBGROMAE TH LRy MU= e bBiEm A X L, & HIEHMH. FHRMHmt
F a2 T 4R EOMEPEATEY, S%ITL0 EMANRRy MU —27 OG- HIEHOMIE S K
IR D EEBEZHID, ROBFOEBEFRITRKMNNEITLTCEY, &b B -7 Quantum
Internet Alliance (Z X > CEFHMO R~ T — 7 HfHO FECHIEI 7 0 77 A, EHELOER
DRI HEA TV EE BN D,

(4) #Bf~7 U7

WVE DRk % 12 2 e T D ERIT KB OE T Th 5, IX. Efii—e & B A HE
ThHAY L 12 o7 7 =V IR F T, Fw®¢5f7//%w&m@ ETFNHDT—1
ﬁ%@Dﬁﬁ%@@bfwéo:®@%@§%W Az, & )%, & EMRE TR M L
THERIZEA L, MEOMEZH, 75, &Kt 2705 %# IW%@?T&éO%E\
PR L MR RO BRI OE N EFHHT 57200 REFGTIX, SR STl

L0 1EFEITIRE ST 508, ‘%%@ﬁﬁ@ﬁ;iof%ﬁ¢éﬁ%%§<ﬁﬁ?éoﬁ&
AL, 2D X5 REBEFZEROAIREESZFIH LT, #H LOIHEOBERE 2 4 4 3 g
IR DHDTH D,

1980 FFEE I — K7 — L a B XK Z Lo miBBREO3 A2 L LT s8WE 7 MM AEH
OEBEMENL Bk S, N2 FEERORSELA TITIE 2 & W BRFHBIE 153 & X 5 #ii= 7
FIFIRDFEAEIZ D723 0 | miREEERDSMNIHE Yy MK, v~V F 7zl vy 7WEHEEW
S T HERE DI BN 72 éh?‘:o

[FIRFHICEE 2 » 7o BERR IS BT D R ERHPRFITEFA—AIRTH D, ZHiTEEERF O

ZWRotE TR Eﬁw%%ﬂWDLt%xz~vwﬁ%fﬁn%%%ﬁ%LJﬁbfrﬂ%ﬁkfgﬂqb¢é
HETHY ., TOHEBIMBHDT-DIZ MR P HVRFE EMEN A SN EA SN, FD%,
xtxf—»ﬂ%%E%XE/T—wﬁﬁwﬁ m ARSI, ZNHDOBRITEWENRFFO b
RO DI NIEENEE L TWAZ b, —EHOWERII N R VB LIRS k)1
eolz, FRaY B E L THLNA DX NARe Pk, VA VEER, AX/L 1A
VIR ET, BRE, BE, CPEE, MR, BEE, FERE Vo TR L OO R X
DRT-T2EREE L CREREFERZED TS, Fill bR a VW EOER, fifmkE., @
BRI « JIE T, BEOKFOHF e B E RIS B W2 A LTk, Bamo THlEB
FOFEBRAIMGEIC I W CHBEZRERENEH L TN D,

AR\ IR, B 2R T AR K o TR W EFRIZRBRTF Ch

V. MEFREBORTAIEE] & WIHIBLEDD ., SIREBEE & &R —/LROMEGRICITERER B
BRdHDZ L bWMSNTE o, ZOWRIE, WEBIONAR OIFH A BT PR MEE & LTE
L7z~ —fifl & ZAUTELS B 595 A B - BAAEHIC X o T GEIRRENER O B R —L
BhRI & Ok IR BIR A RATIT HICED , AV br=J ZAFBHTRAE U E WD D E ZDIRN
ST,

AEY hr=7 ZORELIEL, 1988 FEOE KX IEPT (Giant Magnetic Resistance, GMR) %)
ROFERZ Z S)NFIZT A AFEPRFCTED b, 1997 FIN—RFRT 4 A7 RIA4 7D
GMR ~v K& LTEAfENTZ, 2O/, 1995 FEICHKIRICBIT 5 K& 72 b o VBRI
(Tunnel Magneto Resistance, TMR) #h%# & e &7z, TMR 2RITE 725 oL TE 52
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FE D HERR IR TS 2 R TR A TS L X1, SREEMERE OBML ORI ARBLEIZ L o> T i xor
EHINEILT 2R TH D, GMR R L DI PIAE LR (MR ) 28 5~15%RETH D

DIZxE LT, TMR #hRTlk MR A 20~T70% EFEEIZEmW T LD, 2004 4712 HE R Rreks
M TMR ~vy FE& LTEMfbIN, RO REHEEMEAETY Th HMAEHAE Y
(Magnetoresistive Random Access Memory, MRAM) OFEHUZE D72n 72, ZOEIE, b

WERUSEIZ G- 2 DR EPIEO LT, £O%D 2000 FE) O IXBERISELWAGIZ -2 55
BCHRNFF-ND K D77, EBRIFENKE SHEATRR, ET0A YU AESHROFN
ELTHR TR SN TV A VRN A E U R —A RO ER TR SN D ICE ST,

A WL, BRI E R T WE THoTHLAE U (w7 /) LLTELDHD
T, A b= 2CBIF DRSO —oI o T-, £, WKL BROLEW (A7

RV, WA R — AR R EBOLER (A By 7R, AT~ ULT =)
R) ol WMKEMOMBE L OEWBOIMEIZ Lo Tnd, BT, IEFETEECEREDE VWo
ToHEOER) & A e DAL R I TWD, BUTED 55 %%xz/ﬁm)bm R
FIFHGEENICE DD B E A A= ALEING Z L b b D, uﬁwﬁmi @@%ﬁ%
BRRE, 1, MRV —2 I I FRE S U CHIfF S AL, Bl TIRZ oS RIS
HREFE > T3,

EAMEAICB T A RE B RLEEHIER L TCEXET~T U 7 LVOWIL, Bkl
DFHOER 7 + b =27 AHH (L—F—HAi) OF/EIZEDE ZABKEW, a1
TNA ADJFIAEFEBANIER L L 5 28X 1%, |1, 1. K. A2 1{HOLL
TEHB - HIET 2 HE B RENTRRIC R 122 LIk D, Bl 21, BF Ry FORBGREETE Y
AW BB ORI E T EE, VNIRRT 4 b=y Z iR A O R E
ﬁE?%é

TIES HIZHEA T, /ML L IREERE ML E2 B E Lickkein ) 7+ =27 A
m#tﬁ\V~%~ﬁ% CIEEORER. B, AL v T KAE VR EDT A RIZIEH
éﬂﬁ@fwéoﬁﬁfﬁ\%®ﬁ i&h&@ﬁ~?ﬂ4%@ﬁ%é%hkEiofwéﬁ\
e L & PR EIZ A AR THIT L TV D, Bl IE, BER T TiX, 10 W BL LD I A /R 7 +
b= 7 fEE O KmFEmE R L —F —HIF A% L, 2 a R =27 A0k LT %,
— . T AERICET 2B A L LTiE, KETY Y a7+ b= AR X 0 KB
R T 2 — XA RT LA ZRBLTFNH 5,

Zokoiz, A v —axs MR ERFBFOEREALERISHICET QI Y a7+ b
%72&m~®@ﬁﬁk%wo_®&miﬂ@0%%ﬂphf%T%U\VUZV%%@&%%
N—2Z LT, BRATFLRE, BITFAA v T, K is E AR ERET D HA s R il
HDHT77 U NI ZE U CHAMRIZRY >oH 5,

(=742 EFRFENOEELEM]

1) &EFarvvra—T42

IEEE WO [E R HE#E 4% T 5 IEEE Standards Association (IEEE-SA) %, 2017 4£{Z
BFArEa—T7 4 o VEERNEOERKREICHS T, 7ny =7 | IEEE P7130 [Standard
for Quantum Computing Definitions] (2019 #£{Z [Standard for Quantum Technologies
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Definitions] (Z2#5) 2325 LT TV D U, BETOR 1T, B Hiff oI BhE 32 HEE (F
YANVHIR, BEFERAGDE, BETbOoNRE) ®oN— Ny =T HE CFERETFa L Ea—
T4 T A A B S WIRERRIEE (NMR) 72 E) ThDH, RWEA -
21, IBM oW 22 film b T rBFfar Ba—T 40 DA E— T v 7 1Qbit (2%,
BT ==V U HROBEE THOIAIN LERFONBHRBEZD bATENATND, F
7=, 2018 {Zi%. IEEE P7131 [Standard for Quantum Computing Performance Metrics &
Performance Benchmarking | 232 L, &7 3> Ea—7 1 V7 HEORHIESCR Y Fv—F
I AR b HEE S LTV D 2,

(2) BEFHE (QKD & it AR =)

2008 4E1Z ETSI (2B T ISG (Industrial Specification Group, ISG) -QKD 23i% & X1,
QKD T/3A A « Y RAT AORERL, WAMECREE, R E, TS AR T DL AN D
HENTWD, AJEEITIE, 4A—A MU 798k % —, Hewlett-Packard ff:, ID Quantique
ft. ¥ R U — FKR%, Telefénica ft, HZMKINBE 7V DHFZEFT 72 E ORISL A 2 73—
Z B E S b IEBREF e (National Institute of Information and Communications
Technology, NICT) . #:&. NEC 72 E23MkGrc &S5 LT\ 5,

ITU-T 2 & 5 QKD #E#E(LyEEN Tid, SG (Study Group) 13 2BV THx v b U —7 JoAHE
FCBET 2, SGL7 IR W TRy hU—7 X 2 U T ¢ (2R3 2 FIHD EHEFEEE L HE D
HENTWD, HAEIE, FEFET A hX > R Tokyo QKD Network ETH WA TE/Z% > b
U — 7 Hifiorkix lee X2 VT 4 TS r—v 3 OB, RERRBRIC L 2R A A
LCHY, EEFEEOEKZIENT 272 EAREERICHT 2 FGNREW, FlziX, QKD * v
N — 7 OIARER EHERE, Y — E AT EIZOWTO LG =F10 X 2 ERRE RS 23,
2019 4F 6 HICBfE S 7= SG13 &A1 T, ITU-T ¥ QKD (289 % [EEAE%E Y.3800 (&
BRI EZ VR — b2y NU—T D7 L—ATU—7) EiEL LTERREINEZY,

B3yt a— 2k L TRERMEFFEME SO 7 n Y =7 25, NIST (2L - T
LTS, 2016 4F 12 H IO AR5 (B8 5 A= Bis S 41, 2018 4E)2 6 3~5
ENT TRESINTZHROL MR EMREZ I CTh 5, HRLED 25 I [E)HIREEN
H Y | EHHITHEKE LN S DIGERZ L, TVT - A7 =T HIICE W T AR, #E,
HE, B, YU AR AR R T U T hBIRE SR, £, FAED X, KDDI,
W&, NICT, PEEEINRAMEN, KR KFELBZL I/ N— LD ETH -T2,

(3) Jeks 1Ieat

RO TH D F) OERIL, BIE, BV U ARFO~A 7 a BRI IS R FRea!
TEIINTNDNR, v A 7 v L0 JEREDS b M W IEERIC S s TRt 2 V5 2
& CHRERF O R EE N KIBIZ LR D AEEMER S D, Li=-> T, EEEEHEZES (CIPM)
iE, < T 2026 FHEHIZE VT AR FRFHI b - TE Y @mRE R TR 208 LWE
# (BOBER) IZTHTETHY. O THMAMTH DM - FEEGEERZ B2 (CCTF)
Bo ZIREBMEERSITENT O ZREH] LW O BOFEROEEM Y A FBER ST
W5, 2012 F, PO ZIREBMEERSIT, UK TREFORBTHCR 2 b LI12 TR o ZkEHL)
DFEFHITV, FEEHMFREAICAT OBA% L7z 11Yb HFPER 712 X 2 68 TRERE 72 & 3 o038
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ZIZBMENTZ Y, ZO X5, WAEFKTH 2 FIFEF OB, T O IEGEWE DML
SHRLKEERN EZ2@ LT, BOMER~OZRLRERERRIC S22 % LS T D,

1) https://standards.ieee.org/project/7130.html

2) https://standards.ieee.org/project/7131.html

3) https://www.nict.go.jp/press/2019/07/02-1.html

4) https'//www.aist.go.jp/aist_j/mew_research/2012/nr20121101/nr20121101.html

2-2. #x - BHPHR

T UL NMAEEDFEIR E & I EBENRSE S D AGRENRI S ~DORT XA Ly T R
WCHETe T — & BRENVR A O BT TR AR O @R N LS IR E R s
Hz25EEx b5, 2l s A DD R RIAEN D | & TRFEEANICES S IT (7
THAL) . ALIC K D@ U<, [EErm b OERENPFRFCTE 5, £7o. EBHMRER -
WO B IO T DA NS K 0 TR - B - i) OSBRI, EAE I O ENE
DENWT VX AERNBHIZHE KT 2P CHREREX 2 ) 7 4 2R O0S - BEHFICLY 1%
A OfER, FRE et U YOREM - T AEAWEEE, A - Al R —HITIC
L0 I8BE - = x X —) HB~OFIL THEIND,

B RREA IR 2 22 T HEEEARIC L AR - AN~ RENEIR S NS 3, LL
T T 4 SOHEIFFEIRICHS W THRE S DS - RFINEZ T 5,

1) Bfarta—Tq40 7 vIalb—var

BEDA—/R—a vV a—& TIIIEBEN RN A2 9 5 M2, @l - @8 FIE R4
HEFALVEa—T 4T e I alb—arOfdific kv, FaoaE, fE, ol S, )
I, ALFEFEOWRIEOEE - 20T T MMEZ AT 5 L s D, Bl T o7
LoUL D R B LR RN ER SN D Z L I2 X » THEO S FEF 0N aRb L, ket
2 L DWFTEBIRE OIS 15~20% 4T 5 & O TN H 5 (BCG ~> & — > U HFFEAT, 2018 4F) ,
ZOTRF EE NVBES DA TV ESEa Ea— X0 HGICRH L T EfarBa—
T A T ORBPRKE S LSAREMEZ R LTV 5,

Fio, BT 7 ==V vy UopA G b RECE~EA SN Z LIk o T, TUH L
~ =TT 4 7 EERROVERRCZBE O T - FEHE O LW — EATEREEE D
ETREND, EHIRZREEORBEIC LI, BARSEOIMPEENIC X 2 FM O REITH 12
JEFNZ R O, FRAE ORI T SCERBE M 361V T b 2P ORI XL 725 E D — D L 7> T
%, HENEERZ 1T U0 &4 2 R EIBAMNIC RN E £ > T D28, B ITE R THE-Csm e
M, FABmORRMEES, HSAMNRER TR 5720, AN HBhiEisthS 0Bk
= iRl OTELELTHE TV Ea—Z ~OHFHTRE N,

BravCa—X RSN D b ) —DEER NIV Ea—T 4 U TICET HHEE BT
BRI RN L Th D, WREFEREOEBTEET NV ZIMT 27 e AN KEDES Z1H
B 52 L3, ATEINICB T 2R ROMBETH D2, ZIUTK T DIRAR 2R R IR L S
nTniwn, Bfarta—2a2M0nz Al N2 OBENEE OB EE2EE 2 R+ L /RS
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(EFEE - 28] (EFFHE - 22 09)
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TWSKE DR DD,
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ThoTh, Bl 5G/ 2hxy NI —2 LHFT D& RS AT AL LTOFEMAL -t
FAELCTE DR RSEBT D, 20k, B, @l BRREEO—F—%2RIET 57200
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B dET Ry NU—7 OFEBZBEEET D,
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HHEORTDHET A F—Fy NORHRUT 20 FHRLUBELEEZEZ ONL0, WHESEROMEL
ik L7o B CoERRERE, it R R S OIS EICE O 7o o ORE (B2, HHiBE
HtiZ B2, CRYPTREC (Cryptography Research and Evaluation Committees) 72 &) & A
MELSNPORIESHELRETH D,

[FROSHLMH] (EFTTUTIL)

B LW A L DT A 282 BAZIC, MR B BRI, VA VEHERD R R
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D FEBUT T 2 SRR H AN OBFFE B % 2 Mk 001D 5,
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T 24, I - GO 720 O & G Te 3@ R T HAMT R IOV TTIE, STGRRHEE . B
PEERICL DT 0 vl NOMMATHEDDZRETHDH, —FH, 2N E THEAH S NDH TIEC,
B E Y hOF LWERLE - BIEEIN, a7V v REFROMIETIR, SH O % &1 F
FHAC BT DO BAMTEIR IS X TR CT&E 5 X ) HHSHRO A EHRF Lo Tl D Z &
NHEETH D,

BT U7 e B E T HIN R OHMNEIR CEAM SN H LWFEL HIFCE, &40
BT Rk -SRI A HEE AR RE A AR B D7 CEEREFINMMG TE 5, JhUC L BRE R - @
EEXD XKD MR ADEE NV ETH D,
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f1#1. RHOEE
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B,

o F—LATIL,

AL K> TENSOWFFEBRFE B A « HffiKEZH ST LR B A a—T Dk
REARY | ZOWBRRIZBNT T R—F LR ERETT 5720, LLTOF®E L OB RAZ

WA 22 —%FE LT,

« ZO LT, CRDS 2ME L7 2 MREET 5 HRY T, FHABANASKEIE Y — 2 v a v 7% B

Lz (REZM),

« CRDS TIILLEDOFHAE « T ofER L, V—T v a v 7B 5%
2 R —HILNEIZOWNTRET 2 E1, 2020 4 1 H IR 7 0 R—F L2 RITTHI2E T,

BRAZH - A FCa—2EEL#E TR - ZWIIEERR)

SA AL
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EEEZTEBHICT
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aA B BUNRTFPARERANIIEET - B
Kk Hla B ARFL PR Ieis o0+ RH R SR - IR e, B
T HE BFRRFRTRE LRER - #dz
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INEOHESE BORKRFRFPE LR AEE - Bz
FEOBIE R T ERFERERT - iR
N TS FRIE[E N RSP R Be Loe i gels - B
IBRIETR BURRFAE RN ZE T - HEBER
Yer KFEZ  HOXKRFPRFEELFER5ER - Bh3
gk 2 ARKRFWMENSERT - =7 URA
) R H AR ek St e B ke S i 28T « T
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B AR ERKFERTRE LR R - e
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A R®ME AORRFEmB R o 2 — - B
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B - TRKP Hir Ry 77 L Ay H— Ry hdF—/IL9A
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10:20~12:20 [EANHOWFZEBAZE BN & [EFERERIE. AM B, (L

10:20~10:45 ET-H i ~D W ~[FEFRHNE 2 i~ sl ®Z GHK)
10:45~11:10 & 1~7 U 7 /VHEIK UG HEw] (KD
11:10~11:35 @ F-aHfll - B v o 7B 55 EOMIERRFEEN - & EEE o —
(232 HIFE & Bk Il E— (BwK)
11:35~12:00 &SRy U —27 28I D PEFE il L ), BEH OEA ER)
12:00~12:25 FE¥A ) N—3 a3 L DD DETIERAM B R EE (BROR)

13:25~14:15 HLSfERk - e & AFSTHELE 7R
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14:55~15:20 XU F ¥ —RENLIATEF ALV Ea—FHIfET 4 —TTFT—=2 7
Fef o el i - FHE AL YA A (PFN)

15:20~15:45 REMFENE DA —T A ) = 3 I Hig (A7)

15:45~16:00 WHEIFIZBIT 5 TBEFHIifA 7 X— 3 VB BREhRIZ oW T
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16:20~17:20 A5t 7y U Tr—4%— UEH i (JST-CRDS)
A 1. BIFEBARE DHEME S5 K
2. YLSTERL & EE
3. R Iy - HEFE
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18 2. EBRSADIRR

ARERIG 7 1 AR —H U B A PR 7 1 ¥ = 7 h 2 LIS E NS ORI OV TR 5,

(1) BAR

BURFIL, [58 5 WIRMEEAN ARG (2016 4 1 A BIESIRE) R THA A/ ~— 2 Vikg) (2018
6 ARIREIE) OF T, Bl leMifEAIH O a7 L DAk AT DN, ERIcEEE D
7= BIEEROEAT & LTI O - BT HITAALE ST 72, 2017 4E 8 HITid, SCHREA D T
TREFHA OFf « BN OF7o2HEET R #REL, 2K E7EROE, &3 -
v R L —— (W SV A L—— kiR L — N T) & AR e R
BETH ST, FEMMZEZICE L SBORMRZIT LIZ X > TEFHITZ —(KiIZiHED T
WSk T, BSEICB T 5 BRI ORI BB IC OV T, BIRATE (NI, 54,
SCH RV EE) BMERIOFRAZED b T T,

PN B

o FHOIZERE Y 17 Z A (ImPACT) &7 ALIMEZ &3y b T —2 To7% < @ E R
fHEEEOER) (Fu /T h~v32—Y v — (PM) : lUAEA (JST)., WFZEHIR : 2014~
2018 ) IZHBWTIL, MAERE(LHEICF b L-fillae—L v b - arBa—% (A
o rTwvy) OEEEDE, B2 —TI N Ry NT—TDN—FKEVT R BTV
Sal—vay, BYFEFaT %y hU—7 (BFEED) OBINBIRSED Sz,

o WRREHYA ) X—T 3 VARET R 7T A (SIP) % 2 8 [ - B %75 L7= Society5.0 5
bt (v o785 027 %— (PD) : FHEA (), WM : 2018~2022 4)
Tl. Society5.0 MEIUCEHENT D720, L—F—IL (HIE : L—Y—INLiigics i
LY =T EROTZHO CPS B L —W—INTHEZEOFEB), X - &@fE (B Hxhog
BNV SN 2 — B A & UTHRELL) | CEAEROE (BIE  {EROFHEEOL
FVEREZ T 5, Bom bR O H 3y B C O T IR & A 52EE) ORFFEBE % A FEhE

ShTW5,
B A

- MEEEEICRT 2 EFHSHINOMZEHSE) (MFEEMEE - L Aa#E (RERFE AT
LEAFTEALE) . WFZEHIME - 2018~2022 ) Tid, ANLHREZIEAINC Lo A —HB
RGBT 5 Z L2 B L LT, /AR SRR 72 & 7 Sl 3 Bl oz e
H1E H O 1R D R S5 Bl e OMZEDGAE - &k LR 8 R BT D B & D T
W5, RS E LT QKD & W0 s A b L— U A b & LRRRER R
OREL IV IAATEETEX 27 7 7 v ROfE QRD OIF7ERH 5,

SCEEL A

o BETRFEHEAN Of - &THEIN) A2 BE U CIRERE 2 fRR (quantum leap) % HfET f -
BYRBEZ 7 v 7>y 77 a s T A (QLEAP) | (fFFEHIR - 2018~2027 4F) 1D Hi
TW5, PD OWFERE~RT A MO, EFHERLE (HICETYIalb—4 - &2
B a—%) (PD: (FHEAY (BHEKR)), &3l - 2o 7 (PD: WIIEE GER)).
KA L —— (PD : Y (BK)) @ 3 fHETnThICBWT, F v bU— 7RI
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W% TR L Flagship 7’1 ¥ = 7 b & SRR 2 £ L T\ 5, v b U — 27 RIS
WA OWE 725 Flagship 7r Y =7 F & LT, BEEE 3 Ea— X OWFFER%. [EH
KETE UV OEEREIC L 28 o 27 AOAIH, il —Y—A /) _X—T 3
AL 3 FREMNFR STV S,

BEEHA R RS (JST)

o BRERAVBINENTTEHEE 36 CREST U7 Z20tHEREC e M D FE B « FINE FH 2 e & 9~ 2 it
K7+ b= ZOFAEHEAT ) WFFEHRES « AL — CLREERIRRFRER) | fEIBM : 2015
~2021 7)), ST DEOMRIRHIE - AR R & B BB (TR - fmE— (F
LABIER) . FEEUIRT © 2015~2019 4F) NEDH SN TV 5,

« CREST & -IKRBOD & BE Ao il 52 < oy B HA SR OB ) (WFFEREE « i) IR
(CRR) . FEIBI © 2016~2023 ), S T TE - OIRERIE & Mt (FFFERts @
FEANE (BEHER) . fEII © 2016~2021 4F) Tik, &FRFHANC X 287220k - 1§
WS 7 a7 4 TORBEEEEL TV,

o CREST [ b AR Y AWM BRI EED < EHIOBEEZ AT 28k - 7314 20 RIH ) (BF5E
EE . EMIE GRK). fEEGHEAM : 2018~2024 4E) . S &) [ bl Pk EE S &
HOHTRORSREAI ) (WFZEReHE - A & — (CRTOKR). fEIUURT 0 2018~2022 45) Tld, &1
~ 7 U T VHEANEIRIC BT D AR e AR ELE EOT S AR A Y TR
HD LTS,

o &I TETHIRAEH Lo AGR ORI ) (TSRS LR (EfE~ A A A —
ok s—), I 0 2018~2022 ) TiX, EFRTEEINOIA 7T no—
I CORMBN 7S 223 2 & TAEMB RSO —EOREEZBREL TV,

« ERATO THHEMBEM 7 2= 7~ (BFZEREE « PAZRIE GRK) . PR8I - 2016
~2021 1) Ti, BEEETFEY FeENZHWCETFRIRICET 28 EREIE, &
R EE 70 B R RE A - BURIEAN A BRRE LT\ 2,

o REMSANEFERBE T U x 7 MIOBEE LT, WA - 4 32 Wiz mtkae
VxyArAa—7O%] (PM: EFESIE GRLK) . WFEHIM : 2017~2026 7). 177
U RS IR K 2 RFZE RS A OS] (PM : FEGE# GROK) . R8I : 2018
~2027 ) MED LI TV D,

Bre L — - pEEHTR A BRI (NEDO)

o [ERhE - EdEEEATREL 325 Al v 7 - kit a v ¥ a—F 1 7 OFANB%~ [#F
ZEBHRIEE (2)] kiR a v B a—T ¢ VT HANOBIR) OMFZERZM: (WFZEHIR : 2018
~20224F) L LT, [HEENRTFA M B TraHWEE&T 7 ==Y > ZHEINOF L% )
(WFEBRARELSE - T Ati— (NEC), (AP r~s @y 7 b= 7 o5 )
(BFZEBRR EEE « FIIE (FKR)) DL WD, AV IHART~Y Y, BT 7T
==V T~ OWIGERFEIZOW T, JEROEK - tET LY fr =7 2
HWTebozgbn L, WAL —HZWEENMTHLIL TS,

A A RE 2 (JSPS)

+ 2015~2019 FOF A IR B Rl F2EFT A st 78 (MR R 22 8) oiFEsik & L T,
[hARr =058 SWERTFO 7 v 7 47 ) FEBAREE N EAIRE GER)) . Ina 7Y
NER) (BEIERERE  FIUrERs RAEK) . [J-Physics : 282 0% (fElK
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REH - FBEMTE FIFKR)) B b ER->TNDS, ZREROMEEKICBWNT, hReYh
JVVERYFIC T D EEEE - FRIRR O, Hx piis (Eff. 7 ——xf, &
AU BAEY, Tx b, T rnE) o/NRERBETREA. S0 b
B0 2 LT\ 5,

« 2019~2023 F- ORI ICE By s SS9 F I HIF IR (FZEiE iR 2248) offFZesdik & LT,
MRS OMMERFY: ) (BEIBAERSE  ENFEE GRR)) ., Ing N—<F U T L : #iZEn
B2 ERN Y (BEERERE - EMPEE CGRORERRLR) 233 b B> Tnd, o
FEIRICB VT, B WEN R TIRAL OB TIRBICB T 2 RO, MzEMs 5
Lo nZEMIC BV TR —BIICELIR S 2 W RE (VERS SO (Ll i 7e &) 1% 2 8k
BORBREEZBEELTWS,

FROTe Y = oM, FHRAEAEERE TPA) IS X D REEY —7 > hFEHEL LT, 2018,
2019 FICE AL Ea—T A LV IHEINEZEH LY 7 My = 7REIRY EiFonTngd, 22
T, 7=—U v~ (PM: HFE (FR), GRS (B V7 r—halia=r—
TarR), WA (W) X [F— rEFar v a—%] (PM: ikt (NTT). #%
R (R ILARER (BEKR)) O2FMTOY 7 by = THBAMOBEREZED TS,

(2) k[
2016 4F 7 H I K EIN [E F B8 it 2% (National Science and Technology Council, NSTC)
NOY T 7 N—TNR— b EREL, KEORFH ) —F— v 7 EFRLERE, R
Gk SR T D EHER N & L CEFE WA Y (Quantum Information Science, QIS) Z 47/ L 7=,
ZOWNEZIT, 201849 A 24 HIZIAYA b2 QISH I v b A S, A HIZ NSTC
BEEEEOBE T EHRAF/ZEES (Subcommittee on Quantum Information Science, SCQIS)
B TEFERA S OESFEISEL) 238% Lz, R T, 1QIS ~DY A = X7 7—
A LTI a—F ) VA Ofelk - BEYWE] [E&FEEORIN] TEHEA 7 7 ottt TERYZ
PRIE & R AR OferR ) TEIBRE ) OHEE] O 6 SOBURO FEMEI R E 7, 2018 4 12 A
WiE TEZE E #4187 (National Quantum Initiative Act) | 3% L7, [Rl¥EIL, B E#E
FEEMCHOREEZ NS 57200 10 F3HE O BEE L ERIE OS2 B e L, &R
BroEHs TETYHTFOEAIC L > TOAFLIRTE D VAT AMIFGEIL SN TV L HEROK
ARk - BYE - JE] & LT
VL%, KREESRAEMTEORE  (Office of Science and Technology Policy, OSTP) HNIZ
EFREFHEENREIND & & HIT, BAMPFEEREN &R FEINICB b 28k~ 7 & e L
Ehadic, LTFICERbDEZET D,
o [ENAEHEEAIIEET (NIST) @ & A A0 EIEEORE, = HEWMEFEXD
RIREFHMT HIZODOT—7 > a v Ik, K 8,000 17 KL/AR:

o ESZBREME (NSF) - & E e &SI B3 2 B 58 "M B D 72 8 D5
BRRE o —BROLICHIER, R 5B X — &R TE, &K 1,000 77 RAVHAE - &2 2 —

« =¥ —4E (DOE) : & HHAFAICEET 2 EMNTEICBIAK, &K 2,600 T FAKE - &
A —

FEF & HEREIC S S BERAIC N2, OSTP 1X NSTC NIZ&E RO - Zatri Eod
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BT A NEERSERI LT, ZO/NWNEERIT, BEIFRHBICES S BRFERE & EFZ 2R
fE EOREEEICET 2E 2o 2 2 HME LTV,

(3) W

HECIE, HEEARILFIE THIO COARKEH 2B 2 H T EHEHECH 2 TEFRHEMRH
T A 2L (2006~2020 4F) | OHT, EAFRFEUIERE & LT T& 761 2fEE, [E
FHERFEHENT I B ER ] OB 28O0 TEFA /) N— 3 o BREHRSE R 2
il (2016~2030 4F) | Tl PEEEHEZH5|3 HMEAEIT & LT, HEREIROoE Rl
i, NLEfERR y he &L B HHEREN 22T Qb b ohENGEZ%1 CORE
Shiz TEZERSFEMA 7 = a3 V8 13 IR FERE (2016~2020 4F) | Tk, HEAGEKIC
BETWELEFaIVEa—T 7% L TRFHIBEEFFR NEEShTEY, B
HB(ECE TR 505 CORFFPRE S CIIBEICKIE 2 A>T 5,

INHOBOREZT, BRI D 28 x 2 KRGS THohTW\Wb, BLTFICER
Tuavx s NRUOMEA 7 TREEE T B,

o TEFE SRR (EFESM&ITH - National Key R&D Program of China) | T
EHE - BT EROKRBML Y Z v N EE, 5 FMTHET— A 3EHARENBK ST
HERBILD,

o FEREEREE T U N (HREEER) N TR FFEERS) 2%, BFEBXT 5 EM
ZEE (2015 4F),

o RGO BRFFIFEEREE E 5 T 1200 km O& 7B 5905 EZBR KL (2017 4E),

o JEnT - E¥ER] 2000 km OB FEETR Y FU—7 (5B (F\W\W2) k) M5 (2017 ),

o K 1R 2 TEMZ 20T T ITEFIHFWREFEZREIERRE ) 2 5B iic @ d, 2020 F78 T E,

(4) BMEE (EU)

EU TiZ. BINEZEEESDORKR DT L TCe— K~ v~ [Quantum Manifesto] ZPEEFTE VY F
Lz (2016 4F 5 H), & FRFHINZ . REINRE ORIH, ZafkiE, EEANOBSNGE
ERENTH DL EMESIT T, ZOHRT, BEFEE, Brviab—% &1ty &Far
Va—7 470405 EEREE LTS, MBI CE_ SN D, 0L O EHTIBHR %
RS 2 72D DRRINAFGE « A 7 _X—2 g VPt 451 E Framework Programme (FP) TH %
Horizon 2020 ® T C, 2018 4 10 H|Zi% Quantum Flagship 23Bith 7=, 10 4TI 10 {8
—nr (% 1,200 &) OBESILA TEINL TN D, 2018 4:~2021 40 I EEMEH TR L Ot
40D (BTEE, By lal—vay, Bfarta—7 407, B T20
D7HY =7 MK L3 E—r (£ 160 f8MH) 2S5, 2021 FLARIT, R FP Th %
Horizon Europe @ F CTE&T-HIN T T 7 v v T ~DOIE D Wi 3 H1F7>, [Digital Europe 7' 12 7
Z 5] TQKD * v hU—7 OEUHIZSEEDOEE N THOND TETH D,

(B) 1>

A YTl BAEdfi A 2 =2 a VEARBORTH 5 [ A 7 7 8l 2025 (2018 45~) ] THE
REMER CTHLIETF I I a2 b—a VAT LE TR Ny 7GR S 5 R HI I E,
2018 £ 9 AIZITEMEE MY (BundesMinisterium fiir Bildung und Forschung, BMBF) 7%
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(BT 1 75 A A L, BOFEEIC X0 B o geBR R 28 U, IS - diss
b _HRoBFHTEMZHRTE LTS, F7r 77 AT, 2018~2022 0 4 FbH
T OWMIZ 6.5 FEL—1 (780 (EM) 2T 5L LTWD, EANHFIX, (DEF2Ea—
FRLVERFVIaL—2 QEFRFEE (QKD). Q)& il b NC e R L EE &
THA, QBT VAT LAFEOTDOFEHN, O 458 LTWD, BETHINEOA 7 X—
Va MRED TS, FUMBER AL — T v T ORE AL L, R T ICRWO TR
(2B DAEHECBIS OB & R T 5.

(6) HElE

BEETIE, 2014 4 12 HIC L5 - R A 7tifi#s (Engineering and Physical Sciences
Research Council, EPSRC) 7% [National Quantum Technologies Programme] % Bi#tL. 5
R CRE 2.7 AR N (R 350 (BH) ZHlt, ZoREICKY ., EFHM0E ToFER AL
HRERIZTHZ LIZE0, BE, ER, ZekiER EoMR TGO E BfE L TW\W5, Sensors
and Metrology. Quantum Enhanced Imaging, Networked Quantum Information Technologies.
Quantum Communications Technologies & 9 4 DOIFFENT OFEEHEIZ 1.2 B8R R () 156
EH) ZHLH,

2018 #-FkIZ1E, National Quantum Technologies Programme] ®O% —“#1& LT, 2019 4FE
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