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YRR A S B BT AGERZAE » flde 0 ABA 2018 S8 T B R E T8

% (National Quantum Initiative Act) | * S WNAMFE 1275 E 2 LR T
HEHAE S FAXBRFTZE2RAtwES T BN ETHEIIATRERE
B 5 BAMN2018 F# 42T A% (Quantum Leap) FECOMETHESAEZX
AR (BT AR s - 2T RAEARS - REEREH) BT
BRI T H 10 BB LA H 10 692 T8t & (Q-Flagship) * ¥1¥ &% TR
TTEE  ETRAARETEMR L  RAFLAESRGAT SR RALZTH
P ERM -

TFHES A' T (qubit) FAERLEE > BHEET & (Quantum
Superposition) ¥% F#|4% (Quantum Entanglement) Z4FM - & BLA8 5 ik €
TARRRALS CIRIERRZEA B ETRA - BHERZIETHM R
B RR BT SR EARZBONAIE ARG A RERARANREL €
FHERRZFRAG R LI AAE » U8~ 28k AW ER > ARBHFFSH
RERRAD W 4 H A
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AXHZTHEARARE TRAETHMNGBERIAMEE 04 - A3 G A
WA T AR R AT E R R T AL B E S o RX A 0
1 4% A Derwent Innovation % #] & #t & (T4 DI &4 &) #r & 2020 5 12 A 31
BAT AR 62 # R LA G4 - SR ML F BITR LR » BAAL T XK

James Dargan, 15 Countries With National Quantum Initiatives, THE QUANTUM INSIDER, https://

thequantuminsider.com/2021/04/29/15-countries-with-national-quantum-initiatives/ (last visited Feb.

5,2022).

?  MoneyD] #7T B ¥ s & FHAGH 7] E + 9 BB REE £ LA R X HHE © MoneyDJ 22 8449

https://www.moneydj.com/kmdj/news/newsviewer.aspx?a=bf73f944-d3ba-40a7-853b-6efc66741251
(FAEBE B ©2022/0523) -

Japan Science and Technology Agency, MEXT - Quantum Leap Flagship Program(MEXT Q-LEAP),

https://www jst.go.jp/stpp/q-leap/en/index.html (last visited Feb. 5, 2022).

O ED > B THHEHMES A Research Portal #H %EE,% https://portal.stpi.narl.org.tw/in

dex"p =article&id=4b1141427395¢699017395¢756b31fc5 (&% &% B : 2022/02/05) -
TOAXMEBETHESLETHE  BETRAMAREFHEMAZKAR: B4 AXSERAR " TE
B FRIEAZTHHLEFRAZKE -
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B3R 048 2 AR o L3 0T £ R840 B 09 AR AT AT 0 BRHAEE T3 B 4 4,000
#uag%ﬁh1mm%#(ﬁn%nmmmc$d%&@ﬁ%1#)o$i¢%
LA oA B RAF AR R Rk ey Tt | R o4 BEE R — S A5
BewFmEmEBE AL ARREIRREERERNORE R xRt
Rl FZ AT+ R R BAR MR AT E F 0 AR AGHER] B R R e
B ¥ FBEATHAT -

R BT
#1981 F > 2RI E - %2 (Richard Feynman) &£ — & " A ERGHE#Y
#¥ (simulating physics with computers) | Z X ¥ * #E T EFEMIBMES > 245
© 40 84 > WA Z AR RGBT 0 BT B AR ARRIGER - 2019 A
HRBBRER > HAFTELL BREMWFLE 1 EFELEH > T8
e H 200 A BPEH Ak 0 B2 T %4 (Quantum Supremacy ) BF4X.84 2R EE® o 7 4
W 2% F S8 T RE T BT 3l s & F F R #U8& (Quantum Tunneling Effect) #§
TR T B MR B AT AR B RR 0 A 0 AR E @ (Moore's Law ) °
FREANY B R B SR R AR E IS > LG ERF LA ARTH AT
MR BT AR ETHE Y - AFEANMNBETHE » 5 F Rirm
A DI A AR R &R Tt E Mo RESHETHAELAME

¢ B ) gk F o (International Patent Documentation Center, INPADOC ) 3 #] & #} & & £ AFA4T
% i M Sk E TR S K AR A AR e R Pk &S ey BT A 0 BP R — INPADOC 4] %
FHR o EARME - &R 4k Patent Family » Bl REF HF RIE HE3 K ~ 2L 855 AR
https:/terms.naer.edu.tw/detail/1678925/ (Fx & &% B : 2022/05/23) -

7 Richard P. Feynman, Simulating physics with computers, 21 Int. J. Theor. Phys. 467, 474-476 (1982).

Arute, F., Arya, K., Babbush, R. et al., Quantum supremacy using a programmable superconducting

processor, 574 Nature 505, 505 (2019).

Sk EH B@E ﬁéﬁ https //zh.wikipedia. 0rg/wiki/%E6%91%A9%E5%B0%94%E5%AE%9A
%ES5%BE%8B (& 1% #| 5 B :2022/02/12) - " &4 M@ (Intel) HAT R XM % ﬁﬁ (David
House) 4% : 7831 18 @H AR ARG (PRS0 ERMELER) - M
AERE Koy Bn o

1 é‘ﬂ\ T RER SR ETEAME? — LFFMAE Google ~ Intel » IBM ¥ f% 5k Hp A% 2

25 E 69 B 4 3 Al 0 S RF 4K 0 hitps://www.bnext.com.tw/article/54171/quantum-computer-google-
intel-ibm (SR#ZZ|E B @ 2022/04/20)
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TETEMEEZTHETALSREN AN RRGRENRZREZ
FER B - & T35 ﬁﬁ‘lzf\@ﬂfﬁﬁéﬂ“@ AKX AETFTETFLEARELET
R 2 TR E TR AT ARG TN ETRAEL A BT
A2 7] — B ] 2 %h%oil’%%g%#ﬁﬂmz% WAl B—F T LT
ARIBFEREKOR 1M FFERRFARO0~7 2 8SMEFI R4 THE R 24 B4
AP BTHAEEIMET AR TR RE BEFTREARYETAETHS -
T AABMI AR ARAZE TN I mEaN  RACEARFALSNE
T ARy 55 (Register) - ﬁﬁfﬁi%’“’ﬂ,é’] VR /L B I
FTHE K S EE T MBI A AT R TFAT » B ECE T LR e A
Mo —&NEEFELNETER  LtiLs f]#ﬂ"‘?i"%‘i‘l‘ﬁ“ﬁ@?% & g1 -
TERE > RAZTHARILBRTKATE BER Y LHELE T TR AR
FEAHTNERER RGP > FF @8 T AR TN B o8k P K
S #3064 Deutsch-Jozsa 8 5L ik © ~ 31 H ik B 48 BAS MR 4 B MG 3L AN T A A A
Rl P9 B AR BL 4 e 48 ) 09 RSA /v % #4764 Shor 38 FLik ° AR AR 4 B ARG 7 Bk

3L RAE AL AR YY) Grover ARk 7 REARETEMARECRANLE T
BBESY - RAMAERECEAR  FEDAH B ZREGTHE  2a L RR

B RIEE MBI RATFERE -

Hamt 2T EAATTREETFTHURETRGR-FTEL A TR E
2000 5 IBM #F % 8B K A#7-1 X A& 44 (David DiVincenzo ) #A— B £ 42 & ik
hEETEKINETREERREL S

YORABR CETEAAME  TRARLE TR EERGES  ARMEHARE T ELE SN
H 120 > 2003 411 A °

20(000) ~ 1(001) ~2(010) ~3(011) ~4(100) ~5(101) ~6(110) ~7(111) * F 41 =45 7t » 8 4L Hk 24 fE42 7T

BOSRAR R 1L B 120 -

YRR

TOSRBICR o BRABEY C FFORKE - BT MAAEATT 0 H 100-115 S A 02020 45 A % — M

' RFATIE 0 ' 205-250

YV oORATER c B 115-118 ¢

18

David P. DiVincenzo, The Physical Implementation of Quantum Computation, arXiv:quant-
ph/0002077v3 1, 2-6 (2000).
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(—) BAH RIGFHBZTIHRREME F12 T A& % (A scalable physical system with
well characterized qubits) ° TT#z/& 4t (Scalability) ° F45HA —4F2HHE
ZFER RPAREEZTRENEAS " RITFHE Fldw WA TR
MG & T4z 0K & 6978 KR ® #RE L T (Hamiltonian Operator) & 4% 7T
FHRZ BRI R RE P E AR ATEHF T4 UK A& 64 P ek
KEFF -

(=) #3986 & T4 L0 K B A 36 Ao % ) 69 26 Sk & » 5190 (000...> (The
ability to initialize the state of the qubits to a simple fiducial state, such as
000..>) - & RRILFZERK - BT TRELIAMIEA L KR
DRBTFT —REFZELFRMARFERELT X -

(=) EFiauxziEA48FrFE (Decoherence Time @ A~ % 9T & PraF 45 a9 0¥ M )
Tt & T # 8 B E AR AF M K3 £ (Long relevant decoherence times, much
longer than the gate operation time ) 4wt 7 A8 4R E T4 LA FUTE LA B
TR R T ;MR EAE T R E L ETRETH R OYEEREE -

(w) A —£@mAe)E TEHERK (A “universal” set of quantum gates) * VA%
HEETAL RETEARLESETEAMERETHILE -

() #HHF2E T TR EMARES (A qubit-specific measurement capability ) * 7~
RARARPWAE > MALEARGETEART  FHEA AT RN
F BB R T BB — RAZER Ly R o

b

BAAEFSTERETHEXZT IR &35 2T B E#H (Quantum
Turing Machine) * & F & % (Quantum Circuit) * % # ¥ T 3t & (Adiabatic
Quantum Computation) * ¥& & 73t A (One-way Quantum Computation) % ° @

AR5 EATAEZR ¥ E 2 W45% T3t A (Fault-tolerant Quantum Computation) 1% B AT

19

Travis S. Humble, Himanshu Thapliyal, Edgard Muiioz-Coreas, Fahd A. Mohiyaddin and Ryan S.
Bennink, Quantum Computing Circuits and Devices, 36 Issue: 3 IEEE Design & Test 69, 72(2019).
“Scalability implies a manufacturing capability to fabricate and layout as many register elements as
needed for a specific computation.”

Wikipedia, Quantum computing, https://en.wikipedia.org/wiki/Quantum_computing (last visited Feb.
12, 2022).
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BTTEMERNERAAR - BTHA S THEAIBE  SAEL BRI L8R
o BERPATHR L IE (Error Correction) R AT A LoYRZ c AR @EFR T
JE#%5 (Surface Code) & @ £ R HKMRFE 1% BEHT > F1EAFHRETHRELZF
FAELER I3MEE T A MALREIE®RRLSIIL 0 HAPUTHE L
o AESH 485 E % 1,000~10,000 8 € T4 o R B AT E LR M B A EEE
FALT A G MBS T3 SRR IR R A K AT 4438 TR 2 b %33R (Noisy
Intermediate Scale Quantum, NISQ ) F¥Fx 3t e Z B BLAF RATGYE L X RER 2 - &
AR REENRETHITHRME L FN BT THAXARNETER 45

ERLERPHTREFNEAZDE - AFESRET S XHREINEILERELZT
LB REFT T EHEREFGHERAE T T LRKE - ZBATE T
Houy iy A2 7y o

R RSO ETFHAERMm AR 1 ATw - OB IR AFER
TTERRAANETTERARBRETHERS - ZTEXRBNAFS TG ER
BRFH RO REN FERETIE LT o PHRET ARG
THF s BAZ T HEAZ TR K (Quantum Annealing) MRRS - 2T HS
AP BRETEMRRAZS RO BRAAIER LT T TR @R EF
#iy o AR EoEETAOEM  ETERRE - T T TiEH > 2 THKRE
AEMREIE 2THARAGE e TERAEGRATKHREEAETHRAE
R AR

' Austin G. Fowler, Matteo Mariantoni, John M. Martinis, and Andrew N. Cleland, Surface codes:

Towards practical large-scale quantum computation, 86 Phys. Rev. A 032324-1, 032324-1 (2012).

2 XA rRECR - [34) B FHEEETFEN - P HFRR - htps:/newsletter.sinica.edu.tw/23528/
(FRBEBIE B ©2022/02/12) -

POFEAME BMETFEMAM  H 240 REEHARAE > 2020 4 11 A 5 BAIIR ©
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B35 CPC 2 #3550 47 4 R4 2 BTow » b ik & 4 GO6N10/00 (& F &
%) 0 b 54% 5 k%5 % B82Y10/00 (A E RS I 44 75 A AR S 2 A& K 4ty - 4
THG) > B 27% BATETFEMALNG A HERAREHAR £ =
%%Hmumwuﬁ%%%%)&ww@%%%#ﬁz@mﬁ%%ﬁﬁ%’%w~
% B4 HOIL39/223 (HE X AMMEZEE ) YA A HOIL29/66977 (& T2 /&E

ALH) B E 6% ARAETTEMEATIFERSOBER > PEHAHF 2
& % KA (Josephson Effect) £ A X JERMIRTFELETLAZ T THIET
FUH -

250

200

150

g

100

50

FAFHA
= [BN 8 [ntel
mGoogle mNippon Telegraph & Telephone
= [BM UK. m]-Wave System
mflefei Origin Quantum Computing Company =Microsoft Technology Licensing
“Ruban Quantum Technology uToshiba

3 BT RAPFEANFRPFE

3HETHARMEFAIN - AP FZHLET =% 2 £
@%%%%%(BM)~%%@(mm)m&@%(&mm)’Eik%ﬁ&
ATELRASANEMEXREFL  RAEE TSN A LARILGA S
AEBREZTHEABE LS E ) FOBE T HL8 AN —ARERLSES
(Nippon Telegraph & Telephone ) YA & R % (Toshiba) ; PR E# S (IBM
UK.) $je% X2 & —D-Wave % % (D-Wave System) %)% & 3+ D-Wave %

l‘/
d/
t\.:u'

T OETEMAEAFAREZ EA T HERS  HEALE 6P -
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KREPEIAZTHHABRFWBAZTHE  FERE LT L REN ] —ERAR
%734 (Hefei Origin Quantum Computing) A Z 4w #% & F#+4# (Ruban Quantum
Technology ) * T L1 & FH@MAAIR AR * 0 B KW F AN E T3 F LA A4
B L#HEBAEZRTFEAN HALEBRNE ik drizsE (Microsoft Technology

Licensing) °
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4 B2 E TSP F AT REA G R - R P FARIED
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FTHASAHTEETARNRLERRA RS =25 HERAF L WIPO B X -
BRI B MM he gk BB AR E o KB P B KR A P E2
KB ARENPLFZEF T RA G AR B FHEZI L RALLE
PR XLV HFALETHEEIHNA A LR T -
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283 #7 - 2022 57 A -
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BSA&ETTHEATHMEY - ETFHE RN FHBRFREG - A AR
2017 B %6 > SF3gAE RAL 100 745 > RAEA T #4942 2015 F B3 - &0 &) BT
WAEETALHBE LAZ TEMAM M L8 L5 F 0 R imsE o #de
D-Wave 74 2013 4547 T 512 188 T2 L 098 T8 KA - #2015 577 74818
1,000 18 & F 45 T 69 & T3k KA - #2017 F5A4 T 2,048 182 T4 why 2 Fi& K
HeAe — B 6,6 F TR KKK T AR AERE T IBM 7 2016 SF4£4 5 E%
THEAZTREXCETEN* #2017 FRTT —KEA SOMEE T T ET

BHG o 3T T TR RAREE 00 BA) > A2 2019 SR AR S3BE T L&
TEM T om LR 0 2021 SFERAA 127 BE TR ETHELL T
Google 7 2016 FfLju ] K FERK EEI R AN ZTEK T Has T8
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UL R BETHAEINIFZLINNSH GRS TREKAELEEFE » o
IBM - Intel » Google © &K B & £ X TR AL FEM UGS - HFOER - HH
BRI ARAT » BE T A BALRESE AN L LR AR
B EEEETEREA Y > B REENE Tl (Fle: ETELEME - E
BRIRI AL PR AR RA ) R R A A BT T AR AT THE
BIE4R YR T R A G -

HBaEA oM ETRRARANTFEL LT THAT  HERANEHEE
BEY R RA BN im0 A BRI EE R MR TR
HLERBAFINEMIHEREEEIRE - RAEZEXTHRER S THI T
Mk AR F R trdi e - BEARRIHE RS EAE Tt L
YRR ELLBTIRET A EBREMALEFECLE VB ARNE
EXRHHBNK - AEHAAMEREE LR THIEHK -
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%2 T EMEFRGPRER - LR RaGTHRARBEIFF G ER F X1k
FRAER N EBRIE A BERAMRE A REL @HETTHATFRORE » B
HORAETITRAT R L — AT ERIE L ENE T AR M 55—
HHENMELARRBRRBRI B ETEHS - AX T H MU Bl A ETHRN
B R AN 547 0 Fh by R W SFAB T 5 AT T AR &R Hdir A AT 09 B PR AR
RPN BB T o VE L K B R A b =38 3 E B A ARG A B 09 5 FRIE -

Mets : 2TEB/E - Z2TAEAR BETERI>E KRB TEHE - TTHI
quantum cryptography > quantum communication * quantum key
distribution * post-quantum cryptography * quantum-proof * quantum-safe »

quantum-resistant

111.7 B2ME#AT voL.283

35



36

XREH
BT RSB — BT BN B THE

+* 2
= N =
=i TS

ERSEDERGBRERY & THAERERALRE RGN WE
ARG ERARBXRFEHMAMEF o FF AT REAALL - BEE
EAG L F RIS - LR HERNABREIFNEL F AL FRSENA
EBBH T BRAGHEA ALY - Bltm s ETEMAAEAGFT@EILE
(Shor’s Algorithm ) » T & #&=t 50 B B o A4~ A3 3 B0 Bk E] o 42 #3330
Fiho BB ik s 8 Ty ik 0 B B R A 0 B BUAT 3 dk ag R A S PT BRIz AR )
B IE AR 24w E R L% > 42 RSA (Rivest-Shamir-Adleman) 7 F 7% ~ i 3F —
# 2 58 A% (Diffie-Hellman Algorithm ) »A & itk [ w1 42 /m %8 7% (Elliptic Curve
Encryption) % &R H%4 °

[X]

HRET 0 AR 2330 B T4 ued & T B L AR 128 45 L 2 F R
VB Wm0 T B 4,098 18E AL U6 F T B G IR T AR AR 2,048 14 T4
R RSAREZ " IR T I m E 7 Xl 2 Bl A 0y B R ST » A &
WA ETEMOBE - RAT R mFH LA AES (Advanced
Encryption Standard) & ¥ 2 T EMN > A2 2HFRILETEMERATATAL
Oy AMER—EER REESBAERN A ENRK T T TN

R EAR T - HEEFRA ARG M RS —AEEZGRA -

mHETEMORE > & THFRA ARG Z 2N AREmEN T X
TAHMETITGRRT R R—RARN BT AHAZG R AR ES 2@
ey B ay o Blde A& T F 4 5 4 (Quantum Key Distribution) & £ 69 & T id
3 (Quantum Communication) #8 B #& #if > 7 — A &% X Bl 2 BB & F S I~
BEH AR R LA L EBRIRAH LA S F R BEE T EHL (Post-
Quantum Cryptography ) * & & T % #5 5 T 4 o 4 A% & & T # 4o it (Quantum
Resistant )

Martin Roetteler et al., Quantum resource estimates for computing elliptic curve discrete logarithms,
arXiv:1706.06752 (2017).

Daniel J. Bernstein, Grover vs. McEliece, PQCrypto 2010: Post-Quantum Cryptography, International
Workshop on Post-Quantum Cryptography, page 73-80 (2010).
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RFREAZTEMRELMRFEMNRZ D ZIEMATIENA 1984 5 » Bennett
Fo Brassard WAL LR A AR E THAZ T hZER 22 EmEHy T - LA
AL m AR — R R By E 4 AR T B AR B 0 F A 0 PABRIE e 38 R
B A 0 AT BB A R R AN R ARG - ZARK TR T & TR
VE T A AT ey K PT

BETEBHZANZBAEMAREBHZHMER T -y L RENE
TEWMHBEABRHBOEBRRAR - BREBAGHIEBREY  BERTAE
REROBPHRAE LB CRAHBRIGHERTR O RE LG MECSENE 2%
B 5 HAR S ey O 3R e RO E T B R R AT AR AT R PRk AT A 64 AR
ik T RANEE T EHNRNRN  RTFNWEETEBLARLEHE
A LIS R A 6 RSA e 2 39157 1978 SFATHTES » % AT AR R
BETHIESLYER  L50H SHEALRRETHIRE FHEWEB/AL -

FfAAARM 0 THEGRAY > BT E THRRRBEZE TEHELMHYE
BT R I F T AR T AT E AR A1 28 0 KX P& TR
KRTFRAImGRERZE W HAL I >R HBFRARRKLE TEHE =
FATAABR BTN BALAMEH oA > ARE G AP FMEY > TR
AR IR £ B AT R T @ B A B AP EE S o KXW ey A B 5 A R4 A
Derwent Innovation 4] & ¥ &AM % 2020 - 12 A 31 B AT B ey 2 R 25 &4 -
VASAEIR O B4 F & IPC 2 3R ATAR B4 0 BAATF X2 E MF LA %
VAR 1 HoAty £ AR B 00 RAFEAT AT 0 B A AR R & &2 T SR AT 3,000 AR 1
VA B A% & F B A5 5 4T 500 #84F (48 Bl 89 INPADOC &4 Rkt & 14°) - K
XV FHRHTE KRR T LR W FHZ TR R R ey 57 B A
HAF R Rk F 315 VR ERITH S ABFREF — LB E ¥ Hmik
REAFERE BB RBIE D B TATRERANRE  AATE I P HZ E
B XA B BR MRS AT F AR SRHE R AR R R BT B0 W F R AT
oo REER AR A KA EMFFEMN -

> INPADOC (International Patent Documentation) % #] 53k & BX i 341 B P Al 3E 2 S A A 4% - ;L
&8 B A 09 IR AR R BAR R B PT I R Z A S -
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—~ BFa@ AT 8 5 4a

T BT R LT 0 B THALARH A WmBA b R AT
AT I VAE R E R4 AT AR A E O e B HL A R AR A X 0 AREMR
A o T@%&T%ﬁéf]\ﬁ??%ﬂa%ﬁﬁ}i’k = FHEE o R 0 RIS
SRR IR T 0 WfTRE F AL FmeyE 2oy FE - AR E LR E
s (REamEEHRA) > *ﬁ%%%ﬁﬂﬁﬁ%ﬁ%%‘%% o & T MRk R
F AT Yl B 6 T R A AN R St B E R IR R B AT e B R A
Fetham (AFHMAmERZAGMAR E4)  FHRAREFTEIA LD
EZFhy o R > AEHEZ T3 AT R o8 ik 0 B4 TR A e B2 R

RO B AR I e B B A e 2

Tl FHATAR A E T AR R B AT AR AR 8 ¥LAR 45 09 1R B S SE H AT AR
P B FAR AR R BT LR B e Ak Sk RE A A F A R R A A 4R 0 H kil

BT A W AR A LR B TR AR e R TTRERE A EE
WAL P A B =T A AGRA Y IR I -

B F@AMG AT AR 1 RE 1P 0 S AR S F TR A A H
0 Pt R BT R IEAIR o — AT WA B ROLSETER
3% (Quantum Key Distribution, QKD ) + & F % & & 4 i@ A (Quantum Secure
Direct Communication, QSDC ) VA & & T i8R 49FRE % » b > A & FE A
MR IE F AT A F EAE T F 4 4355 (Quantum Key Distribution Networks,
QKDNs ) Z 3 4if °

BT EMBEAIA R TEAMATAAR ZREA 7 X sk dle T 2@ AE
7 M3E L B BRI AAA A ) e AR 0 L AT A 2R GT AR T R

7T
BT 0 o R H RN SR BT AR R 04 38 SRR B A B BLL A SRR AR PT oL SR 0 FRRE
SRBE TUAF o Wk ST 69 = BE B AT A% AR F) 09 18 SREL R e 45 75 7 RAE & AT R 1
1] h VA F AR Ik 77 %1 AT IR 4 A5 04 A 3 4% & (Discrete Variable) # 3k & A kAR
AT % A5 0 5 A X 4845 (Differential Phase Shift) #3& % » & 843k 4405 L1230y
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HIEB AN EIE (MAH) AR EX L EmEs i RRAIEFA
HR B FE A AR -

FTF 22 ABEALA AN E T4 (Quantum Entanglement ) 4732 4F 1 > 4
J& % Fi£1% (Quantum Teleportation) #9{%#3k 7 - A MEATHRFE AN B ik dm o 2
T EMSEFRATAE TREGMAR - B TR EZRANE TR
AHFEATBRMGERENEARY > METES> BT AWM T REES
B L HBE R AR EIRIEAER -

k1 EF@AxmaaL’

— B BT L F e Y =M
R
ko o A AR
P ok 3T YTT
T T EH B = T8 4R E R
s,/ AR TR
BB T2t Eay A (EHRR)
TTEMEAELSR
T TR ABEE R
B R R R
& TR E R FeaE

FTHAEARER A RFETAT TEAARGEE o 8 TEANEBRE
T e fT M R BB A 0 SR R AR MAR & F T SR AT AR IR — R - MR
F 0 B AT BRI A Ao AT R AR R P 4k (RN ER ) 0 A EBR AW KIERE
WAREF K o Bk A2 Tl AAERE LA - I A @R 25 H ey iaE
BRE S BB T ETERIEAEDNE R A N ARG RIER
1R IAIR R E AN - R R H T S AR T B E TR Rm -

YORXZEARH LT REEGE MR
°® ITU-T, Overview on networks supporting quantum key distribution, ITU publication, Y.3800(2019.10).
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% T CPC 22T L R4 2 Frw - & T#AILM CPC 2P > &
LIR30 o #8954 HO4L9/0852 (BT #A5) » & 39% 5 K& & H04B10/70 (2
T ) o b 25% ; % =% 2% HO4L9/0858 (B T R4 iR KB )
21% ; %va % HO4L9/0819 (BT E4 &Mk nHE) » & 9%« # CPC 2wy &
FBEFRAIFTEE TR EZEMEMBEFY » efTHAETE
S0 B AT AR B AR B S A ARE M AR TRAL LA 8 FBAR e T R R E
FH AT EF P AERAR R 20 H R -

120 |

101

i 53

A EHFA

® |, Quantumctek Corp. (CN)

m 2, China Electronics Technology Group Corp. (CN)

= 3. Ruban Quantum Technology (CN)

m4 NEC Corp. (JP)

u 5, South China Normal Uni. (CN)

= 6. MagiQ Technologies (US)

u 7, Toshiba (JP)

u8. Beijing University of Posts & Telecommunications (CN)
19, State Grid Corp. of China (CN)

= 10. Anhui Qasky Quantum Science & Technology Corp. (CN)

3 BT@AAMFREMFFA

Bl 3 &% Tl nikfrey § A FFANN - AT HREMTHFAT - FAHE
R % ELF KA E T HHA %A R E (Quantumctek Corp.) ‘ % — A% E K
E 744 £ B (China Electronics Technology Group Corp.) ~ % = & #t & F
AR A 2 3 (Ruban Quantum Technology ) * AT = K £ 41 ‘5(7 AL FH
KA E s HRBEERA LB RAERMKRK G4 (NEC Corp.) ~ #&Ef X% (South
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China Normal Uni.) ~ MAGIQ # #if A 3 (MagiQ Technologies ) * R % #k X &4t
(Toshiba) b #E K% (Beijing University of Posts & Telecommunications)
B R E % 3 (State Grid Corp. of China) % # B X & F A3 ki A MR 2 8
( Anhui Qasky Quantum Science & Technology Corp.) ° &+ XK EHFHEAF » A
T R A FFAL T B RN REFEL 2 RA P FALA ARG 1125
EB A 0 T RECE E P B KB LRI G AT AZ R 1B R A RN R EB 0 M B
ABEBTH B — T AREGIATEN - REF T HFANELHTELT 24 +X
LAV FEATRE BRF AL LA T FALEH R Kby 8 42 A W oF
A3 & a) T A Tl AR AT B A AR A2 69 T R AR AL A B B AR 64 T

AEE

272

703
449
262

" TrmAEm AE 8k WP0 ool B RE AWM G wEk
Wik RoH 5/ Bh mek
CPRESIE ESUERE PIERgh RSP PP

4 52 ETHRAEA G FZAT T REA G A ME - ETRIFEAR
WEd  REZYNZMEIFRARIFNETERE - ZEAZRB A b FE XM
WP AR ERB BN ER2E > TAERN A PHFERFETHFE R -
HEREFWER TR RERFS Ry B EHas (WIPO) ~ B
FEE o SEE R BB mE K o LI 3 g o & RMILE  TRE R P IHAR
BwaEsh WHBER B EFE RS R IAA RV HF RS LA ERTY
HAZHE R FRAAE A EARGLEZAAE -
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
T

B 5 ET@AEAPFAEC

B 5 %% T i3/ 2006~2020 F64 F AP FAE L - GE S5 FTHhe P EREA
B T B A AT AR IR GG AL T S B AL B K A2 R R R R AT S ) 0 TS
P B KRG FRZE AR AT HBET I ARBEAR RO ERET -
B 2017 £2020 F » FE RF=e) A P FHE HAEFTILP BT RE) 8 RASL ©

B KPR AMR ES A ERE TEGRMIEAER LR AR RBR
BRI EE T K ARBE R HRIBRBAGE LR E I A L - £ ETIE
MM EREEY  FPEAXBRAZERRDRT G - RALBATAR T 0y 24
BR > Hi#—% S E FlARMTEYRAL - PRREOEIFRAREEL
AR A T

¢ RHEEE20204F12 A 31 BAT AKX AR EHEH B RAH 18EA FIAMuRT (A
WiE B RARFEAMBAL) 0 Bk 2020 FHHFZ LA HEF R DERBAKTEFF - F
BB HB T -

TR TFEAEEREN AT BER ) o 3INHT R 48 - https://www.sohu.com/a/474984029 348129 (&
#BEER 12021 F12A78) -
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(—) 2008 FEFHERHIE T T BN ENTEAMRE -

(=) 2013 FIRT RGBT B AERER° -

(Z) 2013 FRABHHREMETAERET FHREBE AL — " WRHDGE | HilFHmE

(

BREA TR EE S #542017 F9 AREXHE Y

W) 2016 FEFHEERMEE " EFR, FHAE 2017 F9 A T EFK
ME XK@ ETREENR " RRESE  RIHE TRTHNEZTRE
W DI — 8 E M —RAL Y RIRE T @AM A LA - 2018 S 0 K&
BT T RRHBE RS FTRARREARERMRELZBECRY T
"B RRBETREBAFTHHEBEL ) 0 SIN T H—RA R R
HILAR ) ZHFET -

(2) BT THEABAIMEERFES L P20195F BHEESEHA(ITU) X"

(

@@%%%%?%ﬁmﬁ%ﬁmeHm)J’E%ﬁ%ﬁ£@ﬁ¢%
—EETEAEMER A" GAMRET BHAEZT YREAFG@ER =X
WE L P FRECHSPEREERELT L -

<) 2019 F > PEFAKREAKALSEEZARIREZEERETTELH>ELL X
Rég/NT = TAAFREL Y REAL > L7 T AL LRI TH IR o

(£) 2020 F > +EMAXEEHA " R2TH5R, ETHETREZLARR LFE —

FTRFAZRILDNRG T T HEH L -

10

12

13

Xiang-Bin Wang, Beating the Photon-Number-Splitting Attack in Practical Quantum Cryptography, 94
Phys. Rev. Lett., 230503 (2005).

Chen T Y et al., Field test of a practical secure communication network with decoy-state quantum
cryptography, 17 Opt Express, 6540—6549 (2009).

FEHK TRRLRS  OMAEETTREFACELRET - P B ALK hitps://www.cas.cn/
cm/202101/t20210107_4773810.shtml (&% #H B 2022 1 A 21 8)

3£ 7 -

Telecommunication Standardization Sector, Focus Group on Quantum Information Technology for
Networks, International Telecommunication Union, https://www.itu.int/en/ITU-T/focusgroups/qit4n/
Pages/default.aspx (last visited Jan. 21, 2022).

G. Zhang et al., An integrated silicon photonic chip platform for continuous-variable quantum key
distribution, 13 Nature Photonics, 839—-842 (2019).

Yu-Ao Chen et al., An integrated space-to-ground quantum communication network over 4,600
kilometres, 589 Nature volume, 214-219 (2021).
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* 19784 RSA - EEMRIETH AR
« 1994 Shorj&E &A%
e 1996~1999F + ZAMERAE - LEBETIFRR

* 2006 F—EREFEHREETR
PQCryptotEEL IR 2217

* 2009£NISTEMPQCHRER S
« 2011FEZ2HERE - BEEBEREIEE

» 2016FENISTRIEIPQCE —Bnzr I - HB2{EZ
BRIB AR

 2019FEAB_GHHEE - H26ETBERS
. 202048 ACRIE - HTERBEHESEREE
iZEEFIE o Tt 20224 SR R 2 0 B I (e

B8 #ETEAHERES

AT A AREETEETRABEIEEBIGRE » TR-H ARYH
ik HAEEH G EETAREM e FRNEFHANE > LA RFHIAETE
B2 2R R AL AR E B S AL R 0 B AT AR AT 00 R A A7
RN AP R RN ERARREREHREEGAE - F
AT EAEHE A THIRE T ERIGI BRI > FhARETE
T TR ik MR A AR G T 09 B E R BRI 0 AR BB B R AT e e B AT 0 35
WHRRRGRE T AESRBO TR SG A RENERGEAHIRET
HHORS  MEHAUNEBRZELAARMIAEETTEBRRR -

BETEBRARLEFRAS T HERROEBRLAG LUK EHPERE L AT
HANT S E/RRAGY  WEAAHIRE T LB B R GAPT AR 518
FHMA  cwE 8T RTHANKETESBRRARLERN 198 FUHBHE
AL LB A L8R 09 RSA B4 A % b B0 K48 2% 5 M £ 1996~1999

15

Robert J. McEliece, A Public-Key Cryptosystem Based on Algebraic Coding Theory, 42-44 DSN
Progress Report, 114-116 (1978).
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2011 F R AW ERETEHAKYOBAZRIRL > 25 LHEREEH

% % (Lattice-based cryptography * X i & b B B ALK ) ~ 5% T FEHAKY
(Multivariate cryptography ) ~ #f#% % #% £ 4 *° (Hash-based cryptography ) A #2 41

S5 E wh 42 F) JR % A% £ 4 (Supersingular elliptic curve isogeny cryptography )

WO BAREBARII L E SR T T EBHEABRRAKREYSHEETEBLALK -

X ETHHhBER @A MR G Figu  @AEARHE
FMF &R KH— B A NES LRGN RIEGHEPTAN R R KE -
T4 2006 F5 A IRABRETEHENE —EBRETEHSEF LG PQCrypto
ROALFFEZH* BAEBEBRRNCHEST TER S R T HGFX
HEERBZEGA - LFR > TRAREREHZYEZEETTEHENE 2 MR
oo £ RAR B B 3% 47 #F %2 2 (National Institute of Standards and Technology,
NIST) # 2016 SFoFPEL " B & T H PR T L > HdSEHEE » NIST A&
ZAERESELFTRRBENBE T TEHNE RR > SARRE R H LT
WEBEAREIFITTERRL - BETESRRTEFTESTENE ZHey g
WHP o Ry 2 ReyE L RREd 82 EMAAEZE 1518 0 £ 2020 F57
A RBLEF » 8T TEBIREL L AR SEHMEBRERL L - £BTHR
OYERFEE > AR FN  EEREBENERETESREL L EAHMESL
AR EATRE T IR ER 7 -
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Miklds Ajtai, Generating Hard Instances of Lattice Problems, Proceedings of the Twenty-Eighth
Annual ACM Symposium on Theory of Computing, Special Interest Group on Algorithms &
Computation Theory, page 99—-108 (1996).

Aviad Kipnis et al., Unbalanced Oil and Vinegar Signature Schemes, Advances in Cryptology —
EUROCRYPT ’99, International Association for Cryptologic Research, page 206-222 (1999).
Johannes Buchmann et al., XMSS - A Practical Forward Secure Signature Scheme Based on Minimal
Security Assumptions, PQCrypto 2011: Post-Quantum Cryptography, International Workshop on Post-
Quantum Cryptography, page 117-129 (2011).

Luca De Feo et al., Towards quantum-resistant cryptosystems from supersingular elliptic curve

17

18

19

isogenies, PQCrypto 2011: Post-Quantum Cryptography, International Workshop on Post-Quantum
Cryptography, page 19-34 (2011).

Daniel J. Bernstein, Conference, Post-quantum cryptography, https://pqcrypto.org/conferences.html
(last visited Jan. 21, 2022).

Computer Security Resource Center, Post-Quantum Cryptography Standardization, NIST, https://csrc.
nist.gov/Projects/post-quantum-cryptography/post-quantum-cryptography-standardization (last visited
Jan. 21, 2022).
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