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=HJHH 0IC|2/0ILt B2 T QU=X| 2SO QX} 7|4 200 22 ANESIS Al
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IED) b UL V& E= AAHE DS |2(quantum information science & technology)2 “JAISHY
S48 HESNTIE0| M85t7| Yot LYAMEE M), MH(HS, M, M2l), FH(H1D)
2 BMoh= 7IE" 2, YUMo 2 YAERE, XS, Ao =Z EE(IITP, 2020)
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o= |_OE_ ol oL = =20O OFX| %EEE}Q—‘%}O&M —,Ilj
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2-2, Z} LI2tE Xt 7ls2 Y R Ee

[(H] Zt Li2t Gt N
7120l 25 2 H =t % e
QR H IS Quantum ~ =
oM o=HE1 QfXtS st HEO|=0| SHMEl 7|5 (HE MA
o2 Information Science(QIS) °I1L,: _;I(_Jtl-os'-IH!il u_ll ngg O||3§|» S)?Xtoqg-lg’
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MES(CAGR) 25.8%E 20|H

(el w0t 2

MA SEAERE H 1S

75 CAGR
2019 2020 2021 2022 2023 2024 2025 2026

[e] Al

"”E}f'— 80.2 1217 142.9 158.8 323.6 481.6 581.0 1.238.1 47.9%
o il

J’EE)-” 3046 399.6 410.3 426.3 447.7 4744 4922 510.7 3.8%
AUXIHLTE

IEFS 2294 3084 4716 5891 767.1 1029.7134181.764.7 33.8%
Total 7041 849.8 1,024.81,174.21,538.31,085.72.414.93,513.5 25.8%
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(1) MA SXIE

UXIEAIS

oL

HAE

7128 T

QKD(Quantum Key Distribution) ZH|2}
H0[0, 2019 2F 0.8 F2H0IM HEH 47.9% HEHo

KISTI R&I Report At 712 1fal/7 1&/4t £4(2021)

U ER A LS MH|ATE FE AIRO

to 20264 2F 12.389 EH2f 2

MA SXSH AR @ MY
TE CAGR
2019 2020 2021 2022 2023 2024 2025 2026

QKD HH| 79.34 120.2 141.3 154.2 301.0 441.7 530.1 1,118.0 45.9%
SAHERT

%.*ikll:l.i—ﬁ 0.82 153 160 459 2258 39.86 50.85 120.1 103.9%

Total 80.2 121.7 1429 158.8 323.6 481.6 581.0 1,238.1 47.9%

XE& X KISTI R& Report LAt 7|8 0al/7|&/4td 244(2021)
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(2) Al SRPAEAE

TechNavio(2020.04)0 W2, M| URFMA AR 2019 OF 3.991 SHa{oflA HT 3.8%
AO-I§>I‘o|'0:| 2026151 of 5. 1O'| % '1 'I_'ILE_ |§o|- I|_'| |.0E!

MA LRI AR HIZH(by product)Z A AlA|(atomic clocks), PAR Xt MA(PAR
guantum sensors), &2 MA(Gravity sensors), Xt7| dA(Magnetic sensors)2 34 2=

MIZ2HE AIFUAME HAAA X PAR LAHIMZE AIZHISO] =11, SHUAL A A= HISO
S LEE
= O

(219): e r2i)

MA SR 2 AE7E Y MY
b=} CAGR
2019 2020 2021 2022 2023 2024 2025 2026

HXAA 156.81 157.34 159.92 164.17 170.74 179.50 184.42 189.47 2.7%

PAR X}

MIA 136.05 140.11 146.91 156.32 168.01 181.79 192.64 204.14 6.0%

SHMM 7067 71.09 7225 7435 77.04 80.60 82.75 84.95 2.7%

X7y 31.05 31.09 31.18 31.46 31.87 3250 32.80 33.10 0.9%

Total 394.568 399.63 410.26 426.30 447.66 474.39 492.61 511.66 3.8%

UMM MA AYEe XYE2 HHEH, R (Europe), S0/ (North America),
OA|OIEHHA(APAC), &5 & OIL2|7KMEA), E0I(South America)= T2=0, 2 MIE AIHE2
Csnt 23

M7 SR RIS AR W A
2019 2020 2021 2022 2023 2024 2025 2026

- CAGR

HI

o

= 140.79 142.87 146.99 153.13 161.15 171.21 178.04 185.15 4.0%
S0 130.80 131.36 133.38 136.84 142.09 148.06 151.78 155.569 2.5%
OIA[OIENH Y 82.15 83.84 86.85 90.97 96.34 103.27 108.11 113.17 4.7%

S30tx2|7t 20.56 21.34 22.61 24.26 26.01 28.56 30.50 32.57 6.8%

=0l 20.28 20.22 20.43 21.10 22.07 23.29 23.94 2462 2.8%

Total 394.58 399.63 410.26 426.30 447.66 474.39 492.19 510.66 3.8%




(3) MA S EFE

MarketsandMarkets(2021.01)0f| 22X, MA LXEHEFE AF2 20193 2 2.3 Z2{0j|A
20214 QF 479 22 MBI, 20214 0|8 A 30.2% Q%6 20264 oF 17.74
2o AR E VISE AU

(2191 U9t =52)

MA SAEFE AETE & MY
2019 2020 2021 ' 2022 2023 2024 2025 2026
Systems 5 21 41 50 54 86 92 105 20.7%

T+

Hr
(@)
>
@
X

Services 225 307 430 539 713 943 1,250 1,660 31.0%

Total 230 328 4N 589 767 1,029 1,342 1,765 30.2%

MA LRARE A 2EY(by application)2 Z|X{3HOptimization), MAl2{<9(Machine
Learning), AlZ2i|0]4(Simulation), 7|[EOthers)2 T2=0 2t ME AIY2 Chg B2t 23

EEEIEE)

2 NA SXHERE 88 MRAEHE R WY CAGR
= 2019 2020 2021 2022 2023 2024 2025 2026

ESESE 108 151 213 260 331 434 553 710  27.2%
Hild 29 44 66 85 115 160 215 292  34.6%
AlEg0]8 56 81 117 146 192 258 339 444  30.6%
7|t 36 53 77 97 129 177 235 319 32.9%

Total 229 329 473 588 767 1,029 1,342 1,765 30.1%

M LRFAEE AR 7|1&8(by technology)2 =TT X} HIE(Superconducting Qubits),
X 022 (Quantum Annealing), E&0[2(Trapped lons), 7|EHOthers; EEZ2X|- LESHA)Z
TEEH, 2 MR AE2 O EE

a2m MA SRERE AM8HE L HE CAGR
2019 2020 2021 2022 2023 2024 2025 2026

L 9
OFXH|E 126 173 245 308 409 544 724 966 31.6%
gxoed 48 79 120 145 175 241 289 356 24.3%

E#-0|2 b5 76 107 136 180 242 325 439 32.6%

7|E} - - - 2 2 3 4 4 18.9%

Total 229 328 472 590 766 1,030 1,342 1,765 30.2%




MarketsandMarketsOi| 28, IBM(O]=), D-Wave Systems(ZHLICH, Microsoft(0|=2),
Amazon(O| =), Rigetti Computing(0]=) S 570 UMt MH LYXHZE AlZQ
50~55%(2019H 7|F)E et HOZ LIt

o IBMIt D-Wave Systems= FAIZHEE AIRQ ME FAIZ, XHot HHE | LHRISH XIF,
2|0 ZEE QE S20| Z4E

o Microsoft?t Amazon ZFZ HME SAIE Eoff UX}

0| YHIQ| DHE2 ZYAL IIEECt O wWe| S7tokL! ‘RA'

o &% 3~5E ol IBM2t D-Wave Systemse= LAERE AFOA LXIE &35 & A
S|

OAE|MH, AmazonE =2 OtA|OIEREHHAPAC) X|H0H|Af
Z715t ZIO 2 OfjAtE

g AIZ0A BRIE ZoteiRte,

gjo ni“

=7t 39
Top b Players Market Share 50~55%
IBM 20~25%
D-Wave Systems 15~20%
Microsoft 10~12%

Amazon 8~10%

Rigetti Computing 6~8%
Others 35~45%

MA SAHAEE A2 2E 0|8 MUH(by end-use industry)2 F4¢, 228§,
AAHO-24F, HUX-E, 2tel, 427, 857 e Rz F25H0H, 2 MR AE=2
e &2

MA SAEFE HEE AZHE A HE
2019 2020 2021 2022 2023 2024 2025 2026
4 52 73 105 130 167 223 289 377 29.1%

2438 77 110 157 196 256 343 447 587 30.2%

17 24 36 46 63 86 115 156 34.1%

Ofl LA X]- = 9 13 20 25 33 45 60 79  31.6%

gfst 17 24 33 41 53 70 90 117 28.8%
+5ER 22 32 45 56 73 98 127 166 29.8%

3= 25 36 53 67 88 120 158 211 31.8%
st& 11 16 22 28 33 44 57 73 271%
Total 239 328 471 589 766 1,029 1,343 1,766 30.3%
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MIA SAERE

AlE
NS AE2 St 23

2 ANY9L(by region)2 50|, 7&, OLAOIEHEY, 7|Ef X|HO2 R, 2t

(E191: upt i)

MA SAHETE XG9S AEHE 2™

g

T 2019 2020 2021 2022 2023 2024 2025 2026 CAGR
S0 96.3 134.6 188.6 229.7 2915 381.0 483.1 617.7 26.8%
8 57.3 81.1 115.2 1422 183.0 242.7 312.4 4059 28.6%
OFA[OIENHY 71.1 105.9 158.0 204.7 276.1 383.6 516.6 701.5 34.7%
7|t 4.6 6.7 9.8 124 164 224 297 397 32.3%
Total 22903 328.3 471.6 589.0 767.0 1,029.7 1,341.8 1,764.8 30.2%

3-2. ZUHSXIAE

(=]
|

T YR 712 A2 20195 O 7072 R0 BT 20.4% AA510] 20261 O 2,59591

RS 7|28 HYY

(219 o1 2

T SRAEHE 2 WY

e 2019 2020 2021 2022 2023 2024 2025 2026 CAGR
Sxts 42 65 93 105 219 332 408 888 54.8%
UMM 655 728 811 915 1,025 1,154 1,306 1,485 12.4%

IAEFE 102 174 349 468 665 99.7 1404 2223 55.3%

Total 707 810 939 1,067 1,311 1,586 1,856 2,695 20.4%

(219t o4 2

[ =

L SRS AL Z HY

TE CAGR
2019 2020 2021 2022 2023 2024 2025 2026
QKD ®H| 412 63.7 91.8 102.2 203.9 304.4 372.7 801.7 52.8%
S ENS
c:.;,*ikll:l-;—ﬁ 0.4 0.8 1.0 3.0 153 275 357 86.1 115.4%
Total 416 645 928 1052 219.2 331.9 408.4 887.8 54.8%

11



(2) LY YRHIAIAIE
Y QRPN AJRL2 20194 ©F 65591 R0IA ST 12.4% L5101 20261 Of 1,485

T2E 7ISY HYY

=L SN HMSE AEERES 20199 71E HAAAZE HHOIM 49.3%E HRet A2
LIERSE, AE7140A1(44.4%), 71EHE.5%), SHMIM(0.8%) =22 LIEH
(219 o1 2

S YA AFFE D Y cAGh

o=
2019 2020 2021 @ 2022 2023 2024 2025 @ 2026

HI

HXAIA 323 342 363 384 408 433 460 489  6.1%

SN 5 5 6 7 7 8 9 10 10.4%

XM 291 328 370 418 472 534 605 685 13.0%

7|t 36 53 72 106 138 179 232 301 35.4%

Total 665 728 811 915 1,025 1,154 1,306 1,485 12.4%

Q) SL SRHEAFEAE

= FAEFE AIEE 2019H 9f 10.2% HO|AM AL 55.3% -d&ot0] 20261 of 222.39% &
HEE 7|28 XMy

= LOonO

0 BXj= LR O 20} A|RI0| SAE|0] ARTEE 7} XKD MAK O SHHE &2l

(219t o 2)

[ =

Lf X}HZEN A|RFE 2 Xo}
L Xt I CAGR

T 2019 2020 2021 @ 2022 2023 2024 2025 @ 2026

HI

Hardware 85 140 273 335 440 622 806 1296 47.6%

Software 1.6 3.1 6.3 10.8 175 279 428 634 69.2%

Cloud

. 0.1 0.3 1.3 2.5 5.0 96 17.0 293 125.1%
service

Total 10.2 174 349 468 66.5 99.7 1404 2223 55.3%
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-1 1-1. 7|8 Xt A Ol
ol =3t
/I8 sE (1) IBM (21=)
o 9 UX ZBE| A3 2oy W
IBM Q HIE®ZE #5(1800171 R& 3¥) I tiFE ATSEE MY XIE5H0 IBM S8
URARE 7|2 Mep| PE0) LB, 22E Gl0JEl= Alo) 28 52
ot=1 IBM CHEO| CJotH AXLEES Hdotke= 339 14 FHIE(qubit, YAFEFE ¢4t
712527t 2017HH 7S5, IBM2 1 AIEE WHEO= o5t US
o 0|9} H24510] IBME 2021 Eagle Z2AM|AQ] 127FH|E0M 433FHEE EXCR 5=
Osprey YAt T2AAQ] EAIE YHEK(22.11)
o E5t 0|59 YRt 2EMO= 20255101 Kookaburra Z2MIMZ 4,000FHE HAH0| EE5H|
Mol 202341 2024E0| Condor(Z2Z2)Ete= 1,121 FHE ZZ MM
Flamingo2t=1,3867H|E T2 MM 7} ZEE0] US
[224] IBM] At
T2 MA

QAD2|(Osprey)

« Readout

XE & [TWorld FA7IM_M2| £ 3 IBM, LA Z2AM AZE] ZA|" (2022)

0] U= IBME #HE Mol 2022(Quantum Summit 2022)0A AMEOI DES UAt ZH=
‘A AH] E(System Two) HES X451 /S

0 NAE 25 02 TRANE MRS S4 Y37t U= Y AAHOR ZB6HH, S4 Y3
S0|=I2IE SRR DISY0IS ARSI YA 2 7= AIBRRE S5t

14



STHQUANTUM)I|E 20 =22 AIE ZAHY

Iz

HI

P |BM1} Daimler, ¥X} ALEIE AI2510{ XIMICH HHE{2] 7H2t
IBM} Mercedes—Benz2| 23|AtRl Daimler AG HAHES LA ZTE N} QUXISISHS ARSIH0]
2|S-2 HiE|2| Q| SISt M S AIZ2|0|M4610] APMICH AES At HHEZ|IS S s IS

o UKt 5’“151% AEot0 B2 £9| alglz 712 dSS AlZel0ldE + U= Of0|H0E
HAESID ACH, M 719 2lE S SAte| 454t RHES ZRY0IH 25 2ol A8H=
2lEE0 H Lot 204 X&5H XMEst XMt 2l§2HLi-S) HEZIS 71 3Y

P SXAETE AEIEYQ! Algorithmiqlt BIHAA 5

Algorithmige &&719] UX ZEE ABEJOZ YAt A12|FN FXE| 7|E2 IBML AUS
MZdst IBM Quantum NetworkZ &=l

Algorithmigl| M22 &3 7|&2 ol0|EE|E YA-1IN L2|F0A HERE A E0l=
Aoz LEMRon, Algorithmigll @F 3 flst SX2| M2f2 LAt afet AlZ0[H42
HMELE I/ o= 202 LIER} 2 IBMIFQ| §HS T YAt 7|S0|A YAt L112|59|
g2 A7 lE fUtH 2UE EE2 Aoz JI0E

o Guillermo Garcia Perez (CSO, Algorithmig2l &= MEXh= LA AIZ0|M| 2E 7|52
23|ot ™ LA YA AREZ HeS 4 U0 Aget

(2) Google (0]=)
9 228 S 0|3 A2 UXARE Y SEE HA|

QEHNME E5t Ms 1E3L NASA 25 H7(17), YK |AHEEE(Tensorflow Quantum)
= Z0|M '21E Quantum Al Campus 714(21.5)

o YAt Al ZMAE= At AREH FMCZ Mgkt MEZR alst 350t ME22 Mz HAEES
K5I YR ARE 23 ATEQ 02} =Y RIF JHetst

"29AMX| 1002 FHIE(1,000 =2| RHIE)E 7HX= HE LYRAREH 715 =H
2 =

7

FIY TEE Fdots 20| FHIE AP S0 e
S b4 H|E AI5’1E01 O2MME 22010 &01(21.8)

1o
Ju
_$I_
>

e IXNERY =7 2 JiYck= SW *EFEO* MEEFA(Sandbox AQ)S GoogleZ 5 E
EAISI, Google® & Z[AFXKCEO) 0 #+0|ES O|AEC=Z EHI(22)
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[22]] GoogleQl
RRINGARS

LTHQUANTUM)J|E 20 =22 AIZ ZAHE BN

GoogleOii] i 202 ¢ £0| DRTES UNHHEIQ OF FASISII, BHH =2/=!
FH[ES DITE T2 012 SHZ7| 9IoH 6271 DIUAES AIST 31T 25HS 48 50

SM=Z Google HE AUXIL|O0f 2foHH Google2 2F/t 2EE YA BREE 108 = 20=
oS &+ AT H1 1049 2EMS HIAIEfﬂ A2

(3) Intel (0]3)
9 QuTech(Fn)2te] &

Intel2 ¥ A M0l =ME 7|&2 A&6tL! Tangle Lake’ 497H|E &g AEX(Tt dR= AT
THIEQAFHOIZI I E B 7|52 A85t0 RHIES F150h= O &0t U

LRAREE 02 &
Research Center) A2g %*E?:.*(’m .8)

Intel2 HIZE Zrfstu (Delft University of Technology)2t WEZE Z2Y 28

ASIITA(TNO) AXlez AHE HMH HE ZRY 74 ‘FE(Qutech) 2t 874 0O

QE|HFT(M) LAHZ AXf Q1Y D1 ME SHOIN FEO| Uit 2|2 FHIEE M&Sh= O

MstH

oo o

o Intel?] 3H7|=2 ZE MZEotH QuTechOA £ Ss2M42 3ot HEHQ Y2
HIEA| QAP HAE He| HNY FHIE 40 O|FS 7HX|H, $E7E Z1XaHE QIHO| Bk
SHAHIE IHZ AF2SH0 300nm 0| LAt 7SS 2018 22.4)
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et 71 71580l %%8 22 photonics2til st

* D-Waves YA HRE 2 2HE HA} XIS A61L
3 HMZots = AH AR HRE S|A=Z $204,922,252 29|
Aas ZED AC= F4E

Rigetti Compu’ungo HA|TIL|OF HE2|0f| AIE F0 LAt
» » AREIE {ot o= & ATEQN £2ME JHeet

4 rigetti - 20208 8% wEE RuE 7,900% 22 792 ARIx C
2IREEZ 0|BUCH & 9 $198,450,000 #22| XAZS

.
EN= oy
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A

ZTHQUANTUM)Y I 20k === AIZ A

HI

A
HS 71 W&
o A2 IZLIOF & ZA HIE0| EAE 1= Ostensos MIA|
5 Q IONQ 29| quantum photonic i imager er?| 2HX2t HItE
+ 9/ $192,200,000 29| XiZ22 ZEst Ao FHE
« HEHE = Z2|X| I20| 2AE & lonQE YAt 32
6 0. M-dotl! z[Mstot=0 ot ATEQ 02t & 0| 2ERY
Tecnnloges n HE U ZAHEZ U5t AOH, 2F $84,000,0002]
=22 228
* H|U|Eto| EAFZ = ID Quatiques YA AS3H HZ0= AL
7| 2 AAR, At OIM HEQT 53 HY HAt 7H2H

9 ) i
ZAPATA
Silicon
10 Quantum
Computing

" @

ColdQuanta

:

£ OP':°J|01 e dd7| S ol US

EQ)
S 24 $74,600,000 22 Xf = 22¢

G=0| EAE & Cambridge Quantum Computing(CQC)2
00 NLP (quantum Al) 2! Q¥X} AFO|H Ot ZEIGH CHFSH
L9 HIES OIST s B AR YR} 7|H

CQC= = $73,000,000 29| If%; xLs 7402
'—Hif'—*QEﬂ, S HIHAHS of $50,000,0002 F4tE

-

(<)
—

SRt

HAH 2AlE £ Zapata Computing2 7|¥E ¥
20204

ADEYN & LI2FS JHESL ALH, 22 2020
7120 Al2|=B EF%EE £/t $38,000,0002 Ai=22
UHSI & $67,400,000 29| AzZ2 22

Australia CQC2T(Centre of Excellence for Quantum
Computation and Communication Technology)dIA|
= 7|=0| 7|8HE & Silicon Quantum Computing2
AIEI:O' OFXI. IlI‘I 9_'% HEEEI—OIO H OI'J_,_ %OD:L =
$65,000,000 -T-.LE 9| X232 XY 2oz FHE

ColdQuantas Efo of K| UK 7|=0 E2ot 20X,
A2 BA FHISS S AUS
= $59,000,000 -|_-|LE | AHEE XRE

ATFEHEN 2AE F M Squared Lasers= At 419
U 7|¥O 2 £ $56,400,000 2O XIS ZEE
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II-2.
OFTIAEHE 2!
SWERER

[H] YRAEIEY
EXISE 2Ai

LTHQUANTUM)JIE 20t

il
HL
E
=
0%
M
=
i
I
Iz

2-1. 24712

= Alzs YA AHEY o EXSE0

e

of BAlmE AREYO| ViE2 EE 7TH O 2 Het

o J12lLf, D-Wave System, ColdQuanta 2t 0| A& 73 O|W= OfLX|Rt, UXH=20FE
OHESH= 7Ig=2 dXez Zaloll! s

Crunchbase & AtM|ZAL G|O|EIS 7|22z S, FX0|H FH0| E7/ks¢t 7|82 = SAM
HQ=IUE

SAtAa 8 EAFAKRW)2| E2 24A7 /88 SOl T2t DAz X0|7L US 4~ AS

OetM, = Alzs NAEIEYQ| EXFSE0| et Feket +X|20= Landscapes & Iok=H|

9|9|7t RO, A7| Landscape2 AEIER0| =H0| HUFHX US
M2] 714 O|L} AEFE . runchbase %

(2016-2022) AFRIZEAL

SEHE of 1,35381/142]
H 1 o ;%Egl 7'—._=0|§—0|X|':.’_f, .
AXZOFE tHok= 7|¥S2 M2 Hefotl! /UZ
71¢d =7t AEAE
D-Wave System Canada 1999
ColdQuanta us 2007
M Squared UK 2003
Quintessence Lab Australia 2008
Post-Quantum UK 2009
10BIt Canada 2012
Rigetti uS 2013
glgjlii":%é Cambridge Quantum Computing UK 2014
QC Ware us 2014
lonQ us 2015
Crypto Quantique UK 2015
Quantum Circuits us 2015
Quantala us 2015
EeroQ us 2016
Psi Quantum us 2016
Xanadu Canada 2016
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(8] A=2

URIAEIES] 2]

20|

G H
> e

|_|—|
m g

1%}
Mz
o

02
°

STHQUANTUM)J1E 20F =2 AT ZAHY 24

(1) HE AXIAEIEY M3 50| (E91: 7H)

2016 2017

(%1 7H)
T+& 2013 2014 2015|2016 2017 2018 2019 2020 2021 2022
N 9 8 17 24 1 42 42 32 21 6
55 9 17 34 58 99 141 183 216 236 242

= def= PR ARERYS| HEE 0 SRS S LE 2

0 201513 2016 2|1 2016E1F 20179 F #0| ZXA 2 SIS EYOH =5
20161 20174 Afo[0ll= SHif 7H710] &= S7HHIE 2

o 2019

2019 2020 2019

(YRPH LR IMIE], O ARAO|T| 2022.11) (McKinsey, 2022.06)
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STHQUANTUM)J1E 20F =2 AT ZAHY 24

H7] F H9 JiEE 29| ZAZ EEE [OE] 2018-20214 UXAEIERS| ME
FO|(Z) QA 22Y ZYAME I2Q1 McKinsey(HZIXNOIN ZARSE “[22] 2018-2021
YNARE7 (™ MY F0|(R)" £ =2/H LIEHH TJefo

0 & J2mO| YYS QARG LIEIHOD, £ T FARID
ROI0[3 EAP}O|20{HCHT T
0 53|, & JAZO| FARISIS 22t YRAEIERS T YKHRLT| O XJ0|7+ Ut i
0 YHO| QABITHE 22 710
RISE0] UCF D ez 2 P2

o
>
~
10
_>'|_|
©
i
D\J
o
oh
rg

A
mjo
|>+
HU
H
e

(2) 2718 SXIAEEY = (491 %)

(3] =718 LAt
AEIERI TOP10 . Israel Swiss
(201 6_2022) Netherlands _ 4% -\

5% \ h

\
\
G-

France

12%

(18] =71 LA

Hs =7t8 = HS =7t8 =
AEIEY TOP10
(2016-2022) 1 us 55 1 China 4
2 UK 25 12 India 4
3 Canada 21 13 Japan 4
4 France 20 14 Poland 4
5 Germany 16 15 Singapore 4
6 Netherlands 9 16 Austria 3
7 Spain 7 17 South Korea 3
8 Israel 6 18 Bulgaria 2
9 Swiss 6 19 Estonia 2
10 Australia 4 20 Finland 2

= def= =74 AR AREYO| Tt HIZ 0| 2ot 2T

o 0|=0] 33%(G571)2 Higz 71 H2 7I¥E ERold A= =7i2 UERCH, 1
= (2574, 15%)2t FHATH217H, 13%)7 A2|otl UAS

o THEIDI=0| Ut AEIEY 4= 37017222 Austria?t X12|E Z0[otil QU

4n
i

0jo
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UTHQUANTUM)I 1=

(2194 w1212

SAAELEY EX2

#4,676,783
*

mEILE
URIAEIES] XD e

#4,109,986
*

W2,857,471
*
w1,890,117

#1,636,833 *

*

yo13698
oce it Wd56,022
. .

= 12 = 2014-2022A ALE AR AELERIC| EXZAH F0(0f 2ot 12
o YN 7150l ZEAIZY FOl= 20004 Of 1.9% SFUN 20211 467X = i Of
=Jtst
o] H2i2 2016-2017E0] 7/CI2 S7AS
EERRE

0 QA TIZ QR 7/Q10| A4 12 X|0f 21 7|@ie)
HW J=5H 2-33 F21 2020-2021H0| £XF2| HEA|

0 2022 0= ™ MAXR! EXt =342t StE2] YARZ0F FA 2H 2021 Cit|
R

xﬂury}arog §01': SlO| =l

EXZ0H0

>$21 billion ——

[22] McKinsey2l
= UKAEEN Volume' of raised funding
EXRE $ million

2,000
>65%

of total investment

allocated to
hardware players
1,500
>$1.4 billion .
/' o210
244 014 :'
1,000
>$0.7 billion
(2020)
500
0 _/\__/_’_/\’/\/
2001 2005 2010 2015 2021
%& & McKinsey, Quantum Technology Monitor, (2022.06)
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(O8] FX=2E 2
H|& TOP10
(2016-2022)

[H] FX2t2E &
744 TOP15
(2016-2022)

STHQUANTUM)J1E 20F =2 AT ZAHY 24

=22E J3UEE I8 McKinsey(UZIXN0f =T LA} 71&0 SHE & LAHEY0 it

EXPE2020E 79 20N 2021H 14 ZRIZ T Hf 0|4 S7t5t

o LRAEIERO| et FAF HIS2 20212 SHEt7|0f S7K2021 98 50%01M S7HH2H
EX}2| 70% 0|AS A}X[GH= A2 LIERL

o McKinsey(MZIX|)= 0|2 QUXt 7|&0i| CHEt EXPIL QS Y 4 QICH= JHsA40| S0HESS
PENMOZ HOZE Ne2 HItst

o 2119 RAIR EEH [I8] Y YMAEEY EXHE e 22 U4(2020E01M
2021E7HK| EXFFE7} 28] O}AF S7F 202299 EXFRE XMUEE CfH| Mt A%F)2
20|41 s

Otz T MAXC=Z o|2fet 217 £Xto 71 2 £&2(49%)2 KTs| 0= 7Y ACH
F=(17%)2 FHHCH14%)7F 1 FIE A= = McKinsey(ZIX)Q 242 21001M AM

_IIZ_
HZ5t “[O7] 271 YR AEFEY TOP10 (2016-2022)" It U=S2|= HEOZ WrtEl

o A0 (=) .
(4) EXIZI2C ¥ 744 U H|g (&9t %)
Series B Angel
Non Equity Assistance 6% ge
7% 1%

Debt Financing
1%

Series C
1%
Pre Seed
13%
HS EXERE M= H 1
1 Seed 110 VLN,
[ 2 Grant 50 Xz |

3 Pre Seed 41 ZENE

4 Series A 37 INEESY

5 Venture 28 RIPSEON,

6 Non Equity Assistance 23 HFAXZFEE
7 Series B 18 INEESE]

8 Angel 4 Q=KX

9 Debt Financing 4 N N
10 Series C 4 NEESe

11 Convertible Note 2 TH2EARRY

12 Post-IPO Equity 2 RSN =
13 Series D 2 Al2|=D

14 Equity Assistance 1 N

15 Funding Round 1 HIHRE
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(O3] YRAEEY
FAKFA TOP30
(2016-2022)

—+ oo
E2 HIE2 Aot /UZS
o =0{H Z0fet A=C2= Seed HEC2 A2| HE Grant(X[2) 22EE YXE00=
BHAZ 0] 20| ST USS X 4 S
(5) SXIAEIER EXLFX| TOP30 (SHo: umtel)

899,752
W584,146
W439,728
403,629
400,762
W325,286
318,780
W249,630
189,105

w121,771
J #109,594
J 98,770
J w98 502
| W94,714
J 91,193
J 83,616
J w74.418
J 69,429
J 67,846
J 66,703
its [N W61,427
RL | w58, 751

I 56015

c N W57,956

it N W48,167

[N w44,649

. w43,387

I w41,132

I w38291

I w36,396

B iD= UXAEER EXFRX| TOP300] &6t 221

)

*JPImo| M2 Tl S £017| 95t T 1, TIZ OfnlS LYESHD QK| 43

o 2 £/ = Crunchbasedi| 7|ZH= Total Funding Amount’ £ 7|&22 &t
o BAUNQ0= 21=%h HiQt 20| A7 73 O|F0[X|2t, YAH20FE HHSh= 7|¥S(D-Wave
System@| 1674 7| ZLB5I¥US

o DT(Deutsch Telekom), BT(British Telecom)2t Z0| At 7|2 FQotl U= =2Y
SAMVIYER Zt2 3.7%, 3.6 AEo EXE W2 ZHOZ LIEHIXC, &40 YAt

=20 2 EXPLOME 7ts40| =0t & 12 E0ME 0|22 75510 X|QISH¥S
AEIEQOZE= 0|29 Psi QuantumO0] QF 9M o2 AUE-MOoR = JH9)
St AOZ LIEMHOM, T HE 22 lonQ7}F 5™ 881 & QuantinuumO| 4%

401 1 30| £X12 WOt 29), 39I0f K251 2US
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[H] LAIAELEY
SRR TOP30
(2016-2022,

SR L)

r'e
o o A W N
foi

© oo

10
11
12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Psi Quantum
lonQ
Quantinuum
Rigetti

D-Wave System

[OM Quantum
Computers

Xanadu
ColdQuanta
Origin Quantum
Terra Quantum AG
Atom Computing

Quantum Machines

Cambridge Quantum
Computing

Arqit
Zapata Computing
Classiqg
HUB Security
eleQtron
Quantala

Quintessence Lab

Oxford Quantum Circuits

Q-CTRL
QC Ware
Seeqc
10Bit
Alice&Bob
Agemia
PASQAL
Anello

PQShield

2016
2015
2021
2013
1999

2018

2016
2007
2017
2019
2018
2018

2014

2016
2017
2020
2017
2020
2015
2008
2017
2017
2014
2018
2012
2020
2019
2019
2021
2018

EXZY
W899,751,650,000
W584,146,080,000
W439,728,250,000
W403,628,715,000
W400,761,562,000

W325,285,940,000

W318,779,770,654
W249,630,345,000
W189,105,000,000
W121,770,900,000
W109,593,810,000

W98,769,730,000

Ww98,502,407,910

W94,713,853,760
W91,192,874,000
W83,616,018,000
W74,418,027,954
W69,429,000,000
W67,845,500,000
W66,703,393,000
W61,426,654,000
W58,750,977,779
W56,014,614,000
W51,955,584,000
W48,167,156,000
W44,649,330,000
W43,387,142,285
W41,131,504,000
W38,291,458,020
W36,395,969,000

o
uH o2

—

W899,752
W5h84,146
W439,728
W403,629
W400,762

W325,286

W318,780
W249,630
W189,105
W121,771
W109,594

W98,770

W98,502

Wo4,714
W91,193
W83,616
W74,418
W69,429
W67,846
W66,703
W61,427
W58,751
W56,015
W51,956
W48,167
W44,649
W43,387
W41,132
W38,291
W36,396
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II-3.

==

| S— .
E4AHE
= A

_ 1

(O3] S2AE 24

o
rt

PS|
=~

HI

STHQUANTUM)J|E 20F =2 AE ZAHY

(1) 231AF 2Mo0|2t
EHAHEMEZ A3 mapping)2t FHE ZEISKclusteringyg SAI0 g & U= VOSviewer
OD2)MS AZo10] RIStolAS

O if RA=E & HO7L 8 =20|A SAl Eiet 2l=0] Blotl, &= HHE H|2let TE HotsS

MAPPING W CLUSTERING
Moduarity-based clustering

2kl B0l RE £ EHolS
ko] 2|9t & THojo] JALE wg S, fAE Hols
& 715X Fh 210 2Tt 72| AEslsle 2AH

2 F A E .
=8 FE gy S

In

olot 22 WAlOR SAES TREG F, T2 LR UnalS0| M2t SAAE Lo 43
0f0[R1] 47} BI2 SAE|HIE| RZTh2 HE O} AS HOft

E10ME 229 SHAH M0 2t SHAH-R (Red, 8d), 2HAE-G (Green, £5),
S2AH-B (Blue, W), (Yellow, =), 22HAEH-P (Purple, 22}, Z2{AH-S (Sky
blue), ZHAH-0 (Orange, F&f), 2HAH-D (Dark brown, HE2 ZfH) Z2{AE{-H (Hot pink,

reHES), (Light pink)2 &t

4 DB SCOPUS 34 HAEE HE
|12t 2006-2010
sa0olH 2t A 2] 2,00074 712 X272t 2011-2015
H| 3+t 2019-2023
MR Article, Conference Paper

TITLE-ABS-KEY(((quantumW/1(comput* OR information OR
=g L technology OR communication OR algorithm OR advantage))
ANDNOT "densityfunctionaltheory” ANDNOT" quantumdot"))
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(28] A
A7 |ZHEHEZ0F

LTHQUANTUM)J|E 20 =22 AIZ ZAHE BN

3-2. EMLIE

(1) HHT2H1 P22 23728 + A2 0F

deterministic secure quantum ¢
hyperentanglement

® greenberger-hopme-zeflinger st

linear optieal elemefits bell inequalities . quantum Securedirect communic
' s bellstate
~ s

polarization @ntangiement @ Plptan logs © éntan@sﬁ, state £ . quantum seeret sharing
e..ngl@homns- . 9 e o ® e 00
® .. n(’p ! o .communlcauon&;annels (inform

© rom S v " -
pr:;oh s:’:‘ . :‘9‘;“9‘33"’ £ g dasuea| ifformation
P 3 bb84 prototol

.

hogg-ou m!ndot‘ﬁymc

telecom viaveleAghhs .
telecommunication Wavi ’hs

opagt.i

chiannelcoding

tography. g

l}’ v ',quaml.codqs
\ finitedields
lower bounds

L4 - %
e. :!tl. n e‘cum!

secuh‘l datagryp aplt primitives
asafign

Sycliecode

signatum scheme

o hy ‘r"mum ®
3 [ ]
- / e @lattic
mtrogen v r‘m' algor @' "
TN et t 9. A
° ‘ e © ¢ noaua.r mla(mn
.mmgel&(an(k‘ ¢ - 8(
"'a.“?. ol @Rgeid ° Jauery c@pﬂxny
colorigentérs “"'fp :.: DSy . pLg .' B
H absopti . b ¥ e
coleumﬁ.ers % ™ “ng. . " . ua o “ﬂ;r&omhm
= .elkr{' ‘w o . ) Wiw & 7e¢commgs
l-%“*omﬁb do + ©/° ‘. ‘e |&e&?
diftiond ¢ ¢ ® o el i S0 Qm’ Sieep feap @ npgard
» p:wsmdus O gtu > o ® '. e @ i ) % -
° spg:mscou ar'&s\. P ” ? e ’W mahr%m,' “amm.ng
L ]
Bystal ficturs oie.um- &?ﬂ(ﬁ@chanl@ ann@ing @ gene r'fhm? pites
"“U‘:"“i w.mo-rg:y - a'g‘."" @ o BRoe uh’ lgorithms
‘a n
Smﬁ" al mmemnummwn:‘ 'evgrs*af. Y qua.‘ummsp..a.evoluuonary
h wed ot esin evolutionary algorithm
chemlc%rucaye anie azts oy garbag@output
.

x| 0N Bt SHAHE T 6712 LEH

22AH-R2 YXHRE 20ret A= HOS0| XY JA2H 49| Bl=4(Occurrences)
7|¥== Quantum computers(12286), Quantum theory(8483), Quantum computing(5353)
=02 LiE

SHAH-GE ZUAet HEE HOS0| ZYEH0 U2l MY Bl 7|¥E== Quantum
optics(11086), Quantum communication(4428), Photons(3495) SO 2 LIEf

SHAE-Be YAtelel 2019 #EE HOSO0| ZE0 AUCH 2| BiEs 7|R== Quantum
chemistry(1992), topology(916), ground state(836) S22 LIEt

= ORIEADL BEE TOS0| EEEH QOH A9 HIZA F|== Quantum
entanglement(5561), Quantum information(3698), Quantum cryptography(3338) S22 LIEf

SHAE-PE YARF et B E HOS0| LEHT|0 QOM 49| BIE4 7|EE logic gates(1243),
error correction(916), quantum gates(617) S92 LIEt

SHAH-S= YXAIZH0En HHAE HOSO0| ZE0 JCH 49| Bk 7|E= quantum
simulations(503), simulation platform(66) S92 LIEf

HHZ A7 12 HRE0F E21E14 Topd0 7| =S Ofeho| B2 LERH
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[H] HAE +
HHIZ0F 717 19E

TOP50

10

11

12

13
14

15

16

17
18
19

20

21
22
23
24

25

7lyE
Quantum computers
Quantum optics

Quantum theory

Quantum
entanglement

Quantum computing

Quantum
communication

Quantum information
Photons

Qubits

Quantum
cryptography

Quantum algorithms

Quantum-information
processing

Quantum chemistry
Article
Quantum theory

Quantum
technologies

Particle beams
algorithms
Logic gates

Quantum
computation

Quantum state
Quantum circuits
optimization
atoms

Of quantum-
information

3,698
3,495
3,479
3,338

2,130

2,093

1,992
1,912
1,690

1,608

1,409
1,364
1,297

1,243

1,294
1,229
1,193
1,166

1,157

28

29

30

31

32

33
34
35
36
37
38
39
40

41

42
43

44

45

46

47

48

49

50

7I19E

Computational
complexity

Quantum gates

Quantum key
distribution

Communication
channels

Quantum network

Quantum correlations

Quantum information
processing

Quantum efficiency
Quantum circuits
Machine learning

Single photons

Computer simulation

Learning algorithms
network security

Optical fibers

Quantum genetic
algorithms

degrees of freedom
lons

Quantum information
theory

Quantum
teleportation

Quantum simulations

Superconducting
qubits

Codes

Quantum information
science

Authentication

]

637

622

637

613

610

600

591

579
570
570
567
563
554
550

547

557

525
522

553

518

505

494

486

482

479
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[T ® 1722t
(2006=-20104)
R0 =22

20]

(T2 A 1722t
(2006-2010)
THE0F =2 0P
Hig

STHQUANTUM)J1E 20F =2 AT ZAHY 24

(2) H 1+tZH2006'9-20104)

@ Ml 1712 HH|20F =25T 0]

5,000

2,000

R 177t0] FAIL0} BR =2ET 4 0 28277102 LiEfY

H172te] HHZ0F =2 & = HPHC R SIotk= FH= LEHCH, 2007'E~2008H011=
9F10.56% Hiet

o =& & 372 2006H~2007H 23.11%, 2007H~2008H -10.56%,
2008~2009 5,98% 2009H~2010 22.47%= 20070 71 2 HIE= S7I0I%a

o H 17ZK2006E-2010)2] 28t =2 =L 722 9.34%= LEf

@ Ml 1712 WA 20 =25T 0]

Multidisciplinary
2%

Decision Science Chemical Engineering
- 1% R 1%

Chemistry
4%

Mathmatics
Physics and Astronomy
32%
Material Science
13%

Engineering
17%

Computer Science
18%
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[Z2~] A 1712
(2006=-2010)
THI20F == 20FE
HiE

M
a

STHQUANTUM)J|E 20k =22 AIZ ZAHE

HI

H1712te] B =2 20k IH T2 27 H= A2=2 UEH

Hl 172749 A9 TOP3 £0H= Physics and Astronomy(32%, 5663), Computer Science(18%,
2216), Engineering(17%, 1795)92 MX =

71 2 HIES RHX[GH e 20F= Physics and Astronomy2 K| 17210 &ot= =2 § 2
18%7} olid =2O0F0i| &3t

@ Ml 1712 HX|E0F SHAE

deterministic secure quantum ¢

remote statepreparation
quantun secure diréct communic

@
greenberger-horneszeilinger st [ i

earth fplanet) eﬁfanglen@sm‘pping ®  oblivioustransfer
9 unconditional security

Vo' ;orrunumcauoqgva ls»(ul[ogm
% orwor acti ng code
yptograph
& ‘ép Y. @ convolutianal codes

dtsﬂl”n
e&ment e &uj:!@ codes

@ 2%

photon@etector

SR . ‘quantugy communication complex
fentanglement . - _errorgorrettion,
oD S S iz - wr ﬁ thqpry hmry,xd&

e tum memn' v
e ? Wq‘spaes . onés paynomial ©

) 0% g
elemen(ﬂ'y & v 'OTICS - em,.., . s® "?ra;' ) Wensub‘upproblem
‘% b A e . fackbokes o,
op(lt‘l’amglng & “’ 2 - vector spat
mob\urg.mp“s

Qle:uﬁpuu b
® o

S ceoed G mmga;f

(olor. rs‘ A >, ' 9 . ,» ” : n‘ﬂnﬂ“\ esﬁ“. o

? ) ml.zluuons .

ion impiintation de,.g;"a s@r -~

ma.md L i i#ation
0 eI o® . mc-mdm progabmtywsuyvur!nan ° ie:etz.. v i
o .. ;.g, ChanlCS b"‘ﬁ -. . ¢ o ®
crystal & ation me[h r . egolutionagy algorithm
. al; hmslm.ncn
©  nanoraseria® % i% g.
. Desis
o by
: jw L 2
. L]
J:Remici?sn‘
moleculaBégngrmation

H 120N BEotE 2HAHE & 12 UEH

ZAH-RE YAtetst 2010 &ots HOE0| I o AP BlE4(Occurrences)
7I¥EE Quantum theory(2508), Quantum chemistry(370), Quantum mechanics(244)
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H| 2512t Physics and Astronomy Z0F0i|M HE SAEE= & 802 LEHE

S2AE-RS YXESH 20kt 2 E HOSO0| EHE JACH AP BlE=2(Occurrences)
7|9EE Quantum optics(3164), Quantum communication(1199), Photons(1028) S22
LIEE

ZUHAH-GE YAt HHEE TS0 X0 JAon MY vk 7[9EE= Atoms(364),
Superconducting qubits(217), superconductivity(182) S92 LIEHS

SoAH-BE YRielet 20F2F HEE HOS0| ZyE 0 QoM A9 BlEa 7|¥EE= Quantum
chemistry(353), Spin dynamics(208), topology(187) S22 LIEf:!

= YAEREL #EE HOS0| BTN JACH 9| BlEs 7[RE= Quantum
computers(3087), Quantum theory(2082), Quantum computing(484) S92 LIEH

SHAH-PE YARZeL HEE HOS0| ZYE0 Ul A9 vl 7|9EE= Quantum
entanglemet(1087), Quantum information(1220), quantum correlations(306) S22 LtEt

SHAE-SE YAYSe HAE TS0 EYEH ACH HP HlEs 7|¥E= Quantum
cryptography(513), quantum channel(213), cluster state(131) S22 LtEf

SHAH-Oz Y250 #HE HOS0] ZH0 JUCH MY Bl== 7|%== continuous
variables(208), degreeds of freedom(96), gaussians(63)S2 2 LIEt

SHAH-DE SAS2ef #HEE HO{S0| ZHE A MY Bles 7|}EE statistical
mechanics(69), quantum fisher information(52), bose-einstein condensates(49) S92
LIEfE
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H| 2727t Physics and Astronomy £00fIA B8 2HAH & Quantum information 7|HEE
A5t Z1F Quantum optics, Quantum computers, Quantum channel0| S1EtE Zio=2
ME
S|

O

=
.
=
.

H| 212t Physics and Astronomy =02 £3iE1E4 Top20 7 |HEE Of2Hol| B2 LIEHH

H3 719 E Hie Hs 719 E Hle
1 Quantum optics 3,164 11 Quantum computing 484
2 Quantum computers 3,087 12 Atoms 364
3 Quantum theory 2,082 13 Particle beams 360
4 Quantum 1,807 14 Quantum chemistry 353

entanglement
5  Quantum information = 1,220 15 Quantum state 343
6 Quantum 1199 16 Of Quantum- 319
communication information
7 Photons 1,028 17  Quantum correlations 306
8 Quantum—lnfprmatlon 749 18 Entangled state 266
processing
9 Quantum electronics 719 19 Polarization 246
Quantum
1 cryptography 513 20 Decoherence 246

54



(T3] M 27124
(20114-2015)
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LTHQUANTUM)J|E 20 =22 AIZ ZAHE BN

9 Xl 2512 TOP02 20K Computer Science) 22| AH

X 2517t Computer Science 200l EiEl S2IAHE & 107H= LHEHE

SEAE-RE YAt 20t LAE HOIS0| ZEHE0] QUM Ae| Blia~Occurrences) 7 |¥E=
Quantum optics(1025), Quantum communication(672), Quantum information(321) 522 LIEH

SHAE-Ge YAEFEL #HHE HH{S0] 20 UM 42| Bl 7|2E= Quantum
computing(568), algorithms(376), optimization(213) 2.2 LEfE

SAH-BE Atged HHE HOS0| EeE0 A 9 g 7IRE= Quantum

entanglement(593), quantum state(111), quamtum teleportation(59) S22 LIEH

= GAHAE e HEE HUS0| ZE AW &l B 7IR== Quantum

electronics(248), computational linguistics(128), Quantum system(67) SO 2 LIEHS

SoAH-PE =322 HEE HOS0| ZE0 AU MY Bl 71/E= Quantum
computers(1687), Logic gates(199), quantum circuit(141) SO 2 LIEN

SCAE-SE YAYet HAE HHS0| EYEH ACH HP HlEs 7|¥E= Quantum
cryptography(521), cryptography(145), network security(76) S22 LIEH

SHAE-Oz YAYein tHE HOS0| ZE0 JCH &P Bl 7[9EE= Quantum
theory(961). algorithms(291), computaional complexity(106) SO £ LElE

SAH-De YASUL HHEE HOS0| ZYEN ALK H9 tika 7|¥== information

theory(168), quantum channel(148), communication channels inform(109) S22 LEfL!

ZAH-HE dUT2|ST HHEE HO{S0| ZaEH0 UCH 49 Bles 7|YE= quantum
computation(194), quantum algorithm(48), quantum fourier transforms(34) S22 LIEt

= YARF} HAE HOS0| I A2 &9 vz 7|19== codes(102),
quantum codes(75), quantum correcting codes(44) S22 LIEfE
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Aep1s

LTHQUANTUM)J|E 20 =22 AIZ ZAHE BN
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tme cagplenty ) 3

Ml 2727 Computer Science 20f0A H3E S2AH £ algorithms 7|9ES 245 2t
Quantum optics, Quantum computing, Quantum entanglement, Quantum cryptography”t
CIEE AHo=Z EME

H| 217t Computer Science 02| £318IT 4= Top20 7|HEE 0210 H= LiEH

HS 719= L uk=d 7I%E L

1 Quantum computers 1,687 11 Computation theory 257

2 Quantum optics 1,025 12  Quantum electronics 248
3 Quantum theory 961 13 photons 237
4 Quantum 672 14 optimization 213
communication
5 Quantum 593 15 Logic gates 199
entanglement
16 Quantum 194
6 Quantum computing 568 computation
7 Quantum 521 17 Communication 181
cryptography
8 algorithms 376 18 Information theory 169
9  Quantum information =~ 321 19 Genetic algorithms 166
10  Quantum algorithms 291 20 Quantum channel 148
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TOPO3
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M
a

STHQUANTUM)I|E 20 =22 AIE ZAHY

HI

@ Xl 2512t TOPO3 20KEngineering) S2{AH
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©rosserr gonlinessty . .c.u.,nmm onqgime pads

_ 9 aum@a( P

K| 271¢t Engineering =0F0IA BoiE 2AHAEE & 912 LIEHE

S2AH-R2 YAtstst 20t HAE H0E0| T o AP Bl=4(Occurrences)
7|%== Quantum-information processing(200), Quantum chemistry(102), diamonds(50)
S0 LIEft

=ZHAH-Gz Yue|En #adE H0S0] ZE0 UM é*%’-l ?'JE¢ 7|
algorithms(226), genetic algorithms(160), Optimization(150) S22 LtE

—

n)
rir

ZAH-Be YRt HEE HOS0| ZE0 Ao A9 tiEs 7|¥E= photons(387),
Quantum electronics(354), light(154) SO = LtEf

= YArdeln fEE HOS0| ZE0 Aol M| HlEs 7|RE= Quantum
optics(1056), Quantum theory(629), Quantum entanglement(530) S22 LIEH

SHAE-PE XL EHIAL} A3 E HOS0| ZaE0 JACH &% Bl 7|¥E= Quantum
communication(578), Quantum cryptography(314), quantum key distribution(76) S22
LIEHS

ZHAH-S= YANERHSE #HEE HOS0| ZHE0 A APl Bk 7|¥== Quantum
computers(1199), Quantum computing(351), logic gates(1567) SO =2 LIEt

ZAH-O QAR HHE HOS0| 20 AUCH 9 Hlzs 7|YE= atoms(84),
quantum memory(38), quantum simulations(23) S92 LtEf

SoAH-DE YAetnt #EE HOS0| ZEH0 JACH &9 vl 7|*REE= quantum
system(61), hamiltonians(48), image process(38) S22 LIEH

ZH{AH-He YAEE #EE HO{S0| ZYE0 Ul M Bl 7|Ex= fisher
information(17), quantum image(14), signal detection(14) S92 LIEt
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TOP03 £0}

7 IRE

STHQUANTUM)J1E 20F =2 AT ZAHY 24
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compumu’ complexity

H| 2727 Engineering £0tHAM ES%l 2HAH £ algorithms 7|¥ES 248 A1 Quantum
optics, Quantum electronics, Quantum communication, Quantum computers 0] &=l
202 BNE

X 2512t Physics and Astronomy 20F2| £~ Top20 7 |HEE Of2H0| H= LIEHH

Hs 7|HE Ml HS 7|HE L
1 Quantum computers 1,199 11 algorithms 226
2 Quantum optics 1,056 12 Quantum—lnfqrmanon 200

processing
3 Quantum theory 629 _ _
13 Genetic algorithms 160
Quantum
4 communication 578 14 Logic gates 157
5 Quantum 530 15 Light 154
entanglement
16 timizati 152
6 photons 387 optimization
7 Quantum electronics 354 17 Particle beams 141
uantum genetic
8  Quantum computing 351 18 ° algoritf?ms 146
Quantum 314 19 Electron optics 134
cryptography
10  Quantum information 302 20 Communication 108
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STHQUANTUM)I|E 20 =22 AIE ZAHY

HI

HI37te 2 =2 20k I 87IKZ 2REE A2= LEE

M 3772tel A2 Top 3 £0F= Physics and Astronomy(31.4%, 12,569), Computer
science(18.2%, 7273), Engineering(16.3%, 6507) S MH=

715 2 HIES XX[otl Q= 20k= Physics and AstronomyZ M| 37210 £5k= =2 & <
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vacational quateurn st @ o . moledisestrtbuut

HI 370N HEotE 2HAHE & 6712 UEH

Z2AH-R2 YAEAV | HHEE HOS0| ZaT0 Aon A HlE4(Occurrences)
7|¥E= Quantum Chemlstry(493), Quantum technologies(1468), Quantum information
processing(848) SO =2 LIEtH

SHAE-Ge YAEFHRE #HEE HO{S0] 2T U2 42| Bz 7|2E= Quantum
computing(3360), Quantum theory(2972), Quantum algorithms(1365) S22 LIEH

SoAE-BE YA 20/t #EE HOIS0| EE0 AUCH ¥ Pl 7|3E= Quantum
optics(5055), Quantum entanglement(2957), Quantum communication(2523) S92 LEl

= XYt fEE HOS0| TR0 Ul o9 BlEs 7[¥E= Quantum
Computers(51 60), Quantum cryptography(2097), network security(362) S 2 LIEfL

SoAE-PE UXAtefefnt #EE HOS0| ZEHO UCH ¢ Bl=s 7[9E== Quantum
chemistry(1317), Quantum mechanics(314) S92 LiEt

ZEAE-SE YARIeL HHE HOS0| ZEE0 U2 49 Hlk 7|YEE qubits(2968),
computaion theory(937), timing circuits(855) 522 LIEfE
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(T3] M 372t
(2019'4-20234)
MA|20F Timing
circuits’ o0|2t0|&

quantun‘glement photons

electric nengrk analysis

=]

H 370N B3 ZE2{AE Z Timing circuits 7|YEE 24451 2

Quantum computers, qubits 7t H2HE 2402 2AM =l

t Quantum optics,

X 37 HAIZ0e| EoiR I Top20 7|H=E Ot H= LIE

[H—] | 372t HS F|o|= HICA HS F|o|= HICA
(2019-20234) L) I'FI— T L) I'FI— T
TIH[E0F 7 1/E 1 Quantum computers 5,160 1 Quantum 1 468
technologies ’
2 t ti 5,055 .
Quantum optics 12 Article 1,365
3 Quantum computing 3,360 _
13 Quantum chemistry 1,317
4 Quantum theory 2,972 _
14  Computational theory = 1,149
Quantum
g entanglement 2,957 15 Timing circuits 1,114
6 Quant_um_ 2,523 16 Quantum circuit 1,003
communication
7 Quantum 2097 17 Particle beams 931
cryptography
18 Logic gates 855
8 Photons 1,808
Topology Electron
9  Quantum information = 1,468 19 optics 848
10  Quantum algorithms 1,365 20 Quantum state 819
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electronic structure calculat
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Al 377t Physics and Astronomy &0f0flA B3 S2HAHE= & 9= LIEHE

SHAH-R2 YXNHFES HHE HO{SO0| B UM 4 glE2(Occurrences)
7|¥== Quantum computers(2503), Quantum technologies(749), topology(401) S22
LEFE

SHAH-Gz YA Y 2|E HEE HO{S0| L0 YoM AP B4 7|f1E&= Quantum
computing(1302), Quantum theory(1417), quantum algorithms(641) 522 LIEH

ZAH-BE YAt #EE HOS0| EE0 JAon 49| Bz 7|¥E= photons(1004),
Particle beams(587), quantum-information processing(721) SO & LIEtS

= YAgetnt fEE HOS0| ZYEHN Aol AP HlEs 7|¥EE Quantum
optics(3138), Quantum entanglement(1588), Quantum information(914) S92 LIEf!

ZHAH-PE YARFA HHE HOS0| ZHE0] JACH P vz 7|¥E= qubit(1704),
lgates(339), error correction(308) 522 LIEH

ZEAE-SE LRHERT} HHE HOS0| L5 0 JCH 49 Bl 7|¥E= Quantum
communication(1280), quantum cryptography(716), qguantum network(236) SO LIEHS

ZHAH-O= FE(code)t HHE HHOS0| LT ACH AP HlEa 7|9== quantum
noise(131), codes(108), quantum codes(70) S22 LIE

S0AE-De YXAEelei HEE HOS0| a0 JACH o¢ Bl 7|¥E= quantum
state transfers(37), nonlocal(30), spin chains(16) S22 LIEH

Z2{AH-HE fundamental research(12) 7|YEZ 0|20 2
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M| 37+t Physics and Astronomy =00l A HE24E SHAH & particle beams 7|HEE 24
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Aoz M
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H| 3717t Physics and Astronomy £0f2| E318IE= Top20 7|HEE OF2H0l| E= LIEH

[H—] I‘” 3?’& HS F|le|= |:||EA HS F|le|= |:||EA
(2019:1-2023) == I#= mxT o dR IHE= IS
TOPO1 0¥ 1 Quantum optics 3,138 1 quantum—lnf(_)rmanon 721
Afol7 |9 processing

2 Quantum computers 2,503 ,
12 guantum algorithms 641

3 Qubits 1,704

13 Quantum chemistry 625

Quantum
& entanglement 1.588 14 Particle beams 587
5 Quantum theory | 1,417 45 Article Light 561

uantum
6 corr?munication 1,280 16 Computational theory 502
7 Quantum computing 1,302 17 Quanta computer 451
8 photons 1,004 18 ground state 401
9  Quantum information 914 19 Hamiltonian 386

1

10 Quantum 749 20 Timing circuit 370

technologies
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H| 3+1Zt Computer Science 200l BE3iE S2{AEE= & 7742 LIEHE

ZHAH-RE2 SXEFEL #HHE OIS0 R0 Al M BlE=2(Occurrences)
7Y == Quantum computing(2000), Machine learning(361), optimization(268) S22
LIEHE

SHAE-Ge YAYE #EE HOS0| ZIE Ul AP Bk 7|¥EE= Quantum
computers(2604), Quantum cryptography(1190), Public key cryptography(292) so=
LIEHE

So|AH-BE YAt 2012t HEE HOS0| ZE 0 Ul 4P| BlEs 7|/ E= Quantum
optics(1658), Photons(315), Quantum technologies(307) SOZ LIEf

= YAt 2EE HOIS0| ZEE0] o M| Bl 7|/{EE Qubits(1409),
Quantum circuit(525), Computation theory(494) SO 2 LIEt

SHAH-PE AXNHERFLL HHE HO{S0| ZLE0] AUCH &P Bl 7= Quantum
entanglement(971), Quantum communication(920), quantum information(377) S22
LIEHE

ZAH-SE YXGetn HEE HOS0| ZE0 UK MY gl FI”EE Quantum
theory(1438), Quantum algorithms(814), Computational complexity(204) SO 2 LIEHS

ZCAEH-Oz YALFL4 HHE HOSO0| X0 UM M Bl 7|YE= error
correction(236), codes(179), quantum noise(136)S 22 LIEH
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H| 371t Computer Science 20F2| £2421= Top20 7|I=S OF2HH| H= LEHH

Hs 7|I¥E L HS 7|I¥E B
1 Quantum computers 2,604 11 Timing circuits 521

2 Quantum computing 2,000 12 Computation theory 494

3 Quantum optics 1,658 13 Quanta computers 439
& Quantum theory 1,438 14  quantum information 377
S Qubits 1,409 15 Machine learning 361
e crs;tigtrgr;hy 1,190 16 Cryptography 321
7 en%ﬁg}l:;n t 971 17 Photons 315
£ co rr? rler?Jnntil(J:raTj[ion 920 8 tegﬁsggg?es 307
9  Quantum algorithms 814 19 Crslgfg;rgzﬁy 292
10 Quantum circuit 525 20 Network security 288
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photons(596), Particle beams(355), Quantum technologies(459) SO 2 LIEf!

SoAE-GE= YA Y2150 HAHAE HOSO0| TR0 UCH o e 7|¥E= Quantum
computing(1422), Quantum algorithms(439), machine learning(197) S92 LIEH

SAE-BE YASA 20F2 HHAE HOSO0| ZE0 JOH &P Bl 7|fE= Quantum
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Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
Environmental Sciences
Agricultural and Biological Sciences
Neurosciences
Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
Environmental Sciences
Agricultural and Biological Sciences
Neurosciences
Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary

Raw Data
1,065
163
183
220
216
212
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128
176
162
140
229
18
37
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Engineering
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Mathematic
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Engineering
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A ZMEHY HS 2o} Raw Data
7 Chemical Engineering 20
8 Multidisciplinary 24
9 Medicine 5
OtE|Z 10 Decision Science 7
11 Environmental Sciences 3
12 Agricultural and Biological Sciences 2
13 Neurosciences 2
1 Physics and Astronomy 246
2 Chemistry 4
o 3 Computer Science 223
4 Engineering 199
5 Material Science 108
6 Mathematic 173
A 7 Chemical Engineering 1
8 Multidisciplinary -
9 Medicine -
10 Decision Science 3
11 Environmental Sciences 8
12 Agricultural and Biological Sciences 4
13 Neurosciences -
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y) Al 2412t 2011-2015

[H] SCOPUS YA} &3 2AE/200E =8 AMZT} (27174 2011-2015)

A ZMEFY HS 20} Raw Data
1 Physics and Astronomy 1,781
2 Chemistry 208
3 Computer Science 407
4 Engineering 436
5 Material Science 389
6 Mathematic 480

OlEIZ 7 Chemical Engineering 49

8 Multidisciplinary 156
9 Medicine 7
10 Decision Science 9
11 Environmental Sciences 8
12 Agricultural and Biological Sciences 9

2023 13 Neurosciences 6
1 Physics and Astronomy 241
2 Chemistry -
3 Computer Science 392
4 Engineering 304
5 Material Science 180
6 Mathematic 218

HIHHA 7 Chemical Engineering 1

8 Multidisciplinary 1
9 Medicine 2
10 Decision Science 1
11 Environmental Sciences 1
12 Agricultural and Biological Sciences -
13 Neurosciences 2
1 Physics and Astronomy 1,570
2 Chemistry 212
3 Computer Science 375
4 Engineering 332

2022 OIEIZ 5 Material Science 303
6 Mathematic 446
7 Chemical Engineering 46
8 Multidisciplinary 86
9 Medicine 6
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Agricultural and Biological Sciences
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Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
Environmental Sciences
Agricultural and Biological Sciences
Neurosciences
Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
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Decision Science
Environmental Sciences
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Chemistry
Computer Science
Engineering
Material Science
Mathematic
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Raw Data
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11
6
11
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4
366
294
202
208
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Decision Science
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8 Multidisciplinary 48
9 Medicine 3
olE/2 10 Decision Science 7
11 Environmental Sciences 12
12 Agricultural and Biological Sciences 8
13 Neurosciences 7
1 Physics and Astronomy 331
2 Chemistry 7
3 Computer Science 342
2019 4 Engineering 317
5 Material Science 146
6 Mathematic 225
AmHHA 7 Chemical Engineering 12
8 Multidisciplinary -
9 Medicine 1
10 Decision Science 3
11 Environmental Sciences 4
12 Agricultural and Biological Sciences 2
13 Neurosciences 7
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Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
Environmental Sciences
Agricultural and Biological Sciences
Neurosciences
Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
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Mathematic
Chemical Engineering

Multidisciplinary

Raw Data
5

N o1 o1 © o1 |

> Ol

3,104
429
1,212
1,224
1,094
961
122
200

92



A= ZMEY

OlEIZ
2022
ZHAHA
OlEIZ
2021
Am2A

— —_

[ O Y
w N -

~N OO ok oN -

=0f
Medicine
Decision Science
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Computer Science
Engineering
Material Science
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Raw Data
33
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26
10
19
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29
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13
21
68
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26
22
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Decision Science
Environmental Sciences
Agricultural and Biological Sciences
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Chemistry
Computer Science
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Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
Environmental Sciences
Agricultural and Biological Sciences
Neurosciences
Physics and Astronomy
Chemistry
Computer Science
Engineering
Material Science
Mathematic
Chemical Engineering
Multidisciplinary
Medicine
Decision Science
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Mathematic

Raw Data
7
27
141

2,826
333
813
929
911
667
115
151

17
21
28

240
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571
270
403

19
99
10

2,046
315
701
766
757
596
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A ZMEHY HS 2o} Raw Data
7 Chemical Engineering 100
8 Multidisciplinary 176
9 Medicine 17
OtE|Z 10 Decision Science 24
11 Environmental Sciences 20
12 Agricultural and Biological Sciences 9
13 Neurosciences 11
1 Physics and Astronomy 444
2 Chemistry 118
o 3 Computer Science 909
4 Engineering 748
5 Material Science 549
6 Mathematic 389
HAMHAA 7 Chemical Engineering 9
8 Multidisciplinary 6
9 Medicine 53
10 Decision Science 9
11 Environmental Sciences 34
12 Agricultural and Biological Sciences -
13 Neurosciences -
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