3 H BH 5 3§ 3 X

H343 H2=, 2024, 4
JAARE ZYE =3}
OX aTm = “
A8 X, 4G 7MY, M EET
o ok
s =
FARFEE 1S e A9e) £F Faaka Qaelt dlo] sle] ol E AAE, ol salp sl e 2ol
N BIAE A 5 5ok, ol FHOE 2ol FARFEL ) ABHE FEAAT AN+ 2lch £, 3
wAl#d 5 ohefgh okl HAS 7HAE = o= AW FAFE HoZ FEa 9lr) ¥ IBM, Google, Amazon
Sl AAARLIT 719150] o] Foke] A7 9 Aol Aoz T Slov] wael FAgFE e A2 A
A3z}l oFx7FES $1gk F9E<l IBM Qiskit, Google Cirg, ProjectQ, Amazon Braket, Microsoft Azure Quantum,

Intel Quantum SDK, Pennylane¢l] th3sl &o}lw 32} g}

.M E I. SRAFEH 290 e &

FHAFEHE 71 wHsHEE Bbs Al 2.1. YRAFE
AR QAits el AgE kel g 4 glemw
A AFE R FEa gleh fAAFEE v FAAFEE b oste] 549 g FE
w2 7o ol gk Ak 2 omlal el 7]E ojth. FHIE (qubity= FAFE ] 7] ik 29
o] AsFe ol vle) o] H& st djEA gl Adow 2, 23 % 3|2 (superconducting circuitry), o] E
257t gler, 20199 29| FAFFE o 2 (trapped ions) & ThFEH 7]EE& 9 wEoIAITh
TH2 2048 HIE AAFE FRAAFEIR 28 olelgh fulEx Ak dAal 43 (entanglement)?t
sk 2hdol oF 8A17to] A™ria FAsksiTH1. %A (superposition) A4-g 7Hxlt}, 3l o]2]dh A
=& @l 2ol oF 20004t 7He] FHlEZ} st AE Ze FESS oA Aol Bl oaliA] 1 A
2 @A A elA AlgEls T2 ARe] fA e 7} WstslA Hu, ofefjo} 22 5AS &85t oA}
B A 5 dle At z2adds 3% 5 9ok

sA|a #A) A4l RSA 53 2 EAA= A, 48 Ao FulEs & FuiEe] At
1024, 2048 W] E2] zpedpo] Aalgiafrh ofgivhe= Wtk Helgle ohe FHlES] Add® s
APdell ZHbebar glem e ofAbsrE o] S o] = 5 odvh o2, A2 03 18] AHE FAlel
g °Lie Praj.-@r Al odeks Aol S13el e oR 7Hd F ole AHE w3k kAR E

b T
it wo [o do

E dTE 202495 AR ISR AL oR ARFAV|EH 9] A A ol =8E A7 (<Q|Crypton>, No.2019-
0-00033, wlelF57e] A diu)gk l A 7k ots OPXW A% 714, 50%) 122 B AT 20249 % AT eA
B Aoz ARFAl7 SR E-AlE 9] ]S whol =3 74 (No. 2018-0-00264, 10T 43 22 A9 SE 19k 93
71% AT, 50%).

* gAddlEla 1IT§333 2 (NEhIA, khjl1594012@gmail.com, dudejrdl123@gmail.com, sebbang99@gmail.com)

ok gATEla ggtuokela} (34, hwajeong84@gmail.com)
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22.1. IBM
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IBM2 [£ 113} 22 IBM®] ookz} FE e 2o
Aol meh A ExE DAsigkon, Ayt 20234
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FE CondorE 3t} Condor= IBMo| thqf 2]
IEA FHIEE tH o2 A 4 9leE odF
#A|wt FF 101370 Condor7} IBMellA] Rt=E
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2 74' Fol| el FHE +5 5= oAl A5 F
|EE 23t &&st= o st glen, ol
Xé‘ﬂ]/ﬂ Condor ©]3-ol ®x % %<l Herono| FHwt
3 elth. Herone CondorX.t} FH]E 47} HX|ut 4
=7 A o wae o5 A ssAde] Ut 3
10 IBMe] Z=wjo g 20244 5,00082] Ao|E
#Fso] 7Fs3k Heron®] g 1dlo]= WA& FA3 o
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Flamingo %€ 1,000F4] E7} d& st A 2Hle]
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2.2.2. Google
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Nkstar gl 20199 109 /&S tE 23 A
AR Z2aiwe] 7l 5479 B2 Sycamored:
wEgon dAls 70709 FHEE Alofste ©Ael
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2.2.4. D-Wave
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D-Wave FAH 3¢
R i S AlFRh D-waves Al oAb
=g ols AFste, o

i At

Year 2019 2020 2021 2022

2023 2024 2025 2026

Processor | Falcon Hug;;t(ljlng Eagle | Osprey |Condor|Heron|Flamingo| Crossbill | Kookaburra -
. 10K
Qubit 27 65 127 433 133 | 1,386+ 408 4,158+

~ 100K
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Aol thE <k ZASFElelth. D-Wave®] 2t é
E]+& 5000 FFH]E o]A} (Advantage), 2000 FH]E
A+ (D-wave 2000Q)=- #l|3-gkc}. o]+ 2021 A]F
3l7] AlRbeE oFAF e el Fdd o] FR|EE A
3o, HZede 713 53 A2 Az ESe 3
ol x1¢] o] Erl &iba] 2l 8= 1

A el e AT Agke] §lol g FAE 2 <
AAFEE A 4 ¢lor, VPNS 53 ¢3] A
abA 2k Aee]rkh

f —:(H

Il. YRAFE BUE S8

A 7 29l FAASEE ' SHE
L 2+ IBM Qiskit, Google Cirq, ProjectQ, Amazon
Braket, Microsoft Azure Quantum, Intel Quantum
SDK, Pennylane £°] glom, 7} ZHEL oz} &
Z2adls T3l AT ¢ UEE ekt s
s AlEEolH 2 =gl S AlFdch & el

7 %] SAol ojs) Abs] dehic,
3.1. IBM Qiskit [6]

Qiskit-& IBMol| 4] 7]bgh 9.4
o] =YY =olv, Quantum Lab¥} Quantum
Composer 7]5% Alg3c}. Quantum Labs AHS-3}
" Jupyter notebook 2] 2 2 Python} OpenQASM
(Open Quantum Assembly Language)E &8s}
o] 7153k, Composer 7|55 ARSI =
g =F (Drag and drop) W& F3l fHlE 2 <
Ap Aol EF wiAE £ gle] Bt A 32 1A
sl Ae & qlr}. w3 Composerol| A A3t
A28 755 3l AdE 2o ATl i gE
% azs 7o) el 0 A MEE ST 4 ook
% 2ell= ComposerS 3l AAE 3| 2o T3l zhg]
= A o, 2] A3t Edllagielel s o W
g 325 ZP3EE o] E Hgich °l?43} 2t
32 PAF HH" 715 Qiskito] vﬂioﬂ

o]:]], X E oﬂ

Qiskite ¢kl Zz o] AL ¢s) Al B o]
o} 2pake] AA| steglol g Algdicl oAl Al EH o]
He AT A Fase dabs 233 55E ol
A Fase Ao, EAd me}l AgE £ 9EE

tlofgt Al EHCIHE A3t °]‘4 a —? qasm A
Shots 4= w}?/]r ﬂg"] 7“415]\3} Lf{_ aFAe] =

= ZlES Adsbr vkt A Aol EE A
& 5 glrh statevector AlEHoJE= FHIEL Ad
HE S #AeE 5 ole AEHCIHE, n FH|Ee] o
af 2" Aole] Ae) wEE wkaksh=d] o] A A
EelolE B} o w2 A7k ezt e
L A& A dehe] thekdt 3

mlm

ok w3k ok o]z B
A Ao EE A 4= glv} o}5- 2 &, stabilizer Al
E#o]el = 500078 ES ¥t ¢len Clifford

simulator®] Al E#|o]E] Elg] o2 13709 Clifford A
o]|EE Al&-3F 4= ¢t} extended stabilizer A|E#|9]
Bl stabilizer A E#o]E] B} ALg 71538 Ao E7}
shabsl dejoln, Clifford+T E}}}9] AlE#o]Efo]ch
A= FH|EE 637 Eo|A|% CCX, T, TDG
o AlelEE o AME = gith viAMeR,
Matrix Product State A|E#H°|E]& 10078 ES #]
skt A 5 Aol =8l 5ol A} ol

[3 2]& ‘qasm’¥} ‘statevector’ AlEHo]E]ol vigt
FHE A ARALE HolFTh AEE AR

Aol=2 PAREH, 309 H2 ol F Ao
312wk 319l shots 10242 AA3lsich w3t
B el £ ARl % shmdlel 45 W7
A o o A2 T AEE AL F AT
B 27 325 EE Al gthe Qiskit 34 419t
<= tEA AA R SARE e FHE 7 Seld
of et A4t Al7te]l F438] Frbekslen, gasm 2
statevector Al EHo|El= 27t | 2850 E, 245
B EZA| R 52t 753kl

QiskitS IBM2] AA| sf=gofol] A3 5 gl
3}, 7180l |43 W ‘ibmq manila’?} ‘ibmq nairobi’
= 247k 20234 9€ 3 11972 A ¥e] FEHANL
m, 1 el 770e] st=dolrt AAHY. o] F
Heron rl ZZAA EslS zZ&  ‘ibm torino’ 2}

Eagle 3 Z2AA ©El]S ZE ‘ibm brisbane’,

(Z 2] Qiskit2| AlZ2o[E{of mE FHIEH 3|2 MAMAZH

(el =)
Qubit 10 20 28 29
gasm 0.047 0.085 4.14 Dead
Qubit 10 20 24 25
statevector | 0.40 119.09 | 2319.70 | Dead
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‘ibm_kyoto’ 52 ¥3}3le] 17709 sl=delrt 71
Hlel ‘ibm_ torino’E A 133FH|EES A )sH,
Hro] vl glo] R o]gsluA} s oFE

ARSALE ARS8 4= Q)&= ‘ibm_brisbane’, ‘ibm_kyoto’

© 12770 EE ARl ot o]l 147]9] 3}
=52 A EH‘f’%Ol 127%1:115 & 2790 E
£ At Qi) [ 3] Qiskit?] ‘ibm_brisbane’

=2l i zzl_a AR A7 wel ),
71ENe ARt AR H | 7HHIES] sh=4of
7};(]\:]— U_u_i /\}Q_?ﬂ— 0104 OL]_ 2023L:] 9% 2] o]_r
2E FU AREALlAE 10070 E o]AFe] oAl Al
elof| A 2kelS A3fE 4= 9l Y7k Qiskit Runtime
Al A3kl Azlew, ojAlw MR WL
°] Z*?-EF ﬁ glo] & o] 4AtE AR A 3
sl AbgE 5 gl =3l

Qiskit runtlme—e— 20244 39 194 329} #F 7}
ek shEslold] AZal] Aol Azdlelx] 795}
Wee] (ISA 32 2 $3 7Pseh A4Sl W
bolobbe), Ao m o W AnE el
Az wet EgAoR A S ol Hsleh =
§t, AH$Al= “options.transpilation.skip_transpilation”
< T3 712 24tk oY 2] HA-EE AvHE
5 24T r glon, Edlavede s 3 o 7k
&+ g sja V1R A AR S Zkasste] o wh
23 F§A-ql 734,},__ i}(]—‘g}_}_ z‘q;Gﬂ. 5]041;} ™
g, # E°] Qiskit SDK 1.07} EA|EHA] 7|24
Hl3l e ze] ARg-eFo] 553AlE FFaglon, 16v) T
wkE whele gl EalAubel & AR = glA H i
olell B3l Qiskitoll A= st=ofr} Al EHolH = 3]
2Z AeEl 2ol tiste] z2ke] Abel A A7
*Pﬁ T t=slole] o] FS AT 5 sirh o]

oo rlr o

oIk el A1 S 5 19 o
4R HAT 4 SleE 0AgeRA A8

TL% O]HO] 7H/HE]CH\;]_
o) 9]o| = Qiskit-& AlA| F=goj= of]A|ut IBM
o] AA stzge] T wAlS muElLE pEE

fake hardwareX= A3t} Fake hardware: xo]=

(Z 3) Qiskit Eagle ZZAMAM2| FH|EY 5|2 ASHAIZ
GEEES)
Qubit 50 100

ibm_brisbane
(Eagle 13)

2940.36 26504.85

Ageol A AFHIL 100 FHE olape] Mals
B AT 5 WA, SR O ek Bel

stk
3.2. Google Cirq [7]

Google Quantum Al°l|lA A|&3}= Cirge ko=
7b wE S qFRel kAl NISQ  (Noisy
Intermediate Scale Quantum) A|te] oz} <dae]&
< 3] S8k SEAA ZH Y9 F0]) Cirg?l
Momentzh= 7Hd& 53 vkt Ay 758 7
T odleH o]F &gsle] = IRE FEY T
oA

Python 7|¥te. 2 E2}8lH, Cirqolls 2 325
Bl~Esty] 93k FEdr 2 dWE OWEIAE
Python AlEde]E]7} WA= Igic). 7
‘Simulator’, ‘DensityMatrixSimulator’e]w, F A]&
dolels BF kol=rt gl FAAFH
g Al EHold S $3T 4 glr} Ed Cirges CHE
238 HAT 53 Aol gsimE §H
A gt WA= Al EHelElE ARSElH oF 207H]
EZA] Abgo] 7hsdARE, gsimS 90 F19] Intel
Xeon Y Z2H|o|Adol| A F Y 405710 EZLA] Al EH o]
Aol gl o]¥dt AlEHC]EE-2 Quantum
Virtual Machine®. 2 2} sl=¢o] & mulsl=d] AL
4 5 ook

[3£ 4]+= Cirqell WAE 7182 Al EHole & A3
5 o] FujEd 3|2 AgAzleln, A 307H|E
A I i B = S oA

o}l—_ 7} 7)

(# 4) Cirqel 7= AlZ2fo[Eofl CHEt FulEY 32 4

SHA|Z}
(chel - %)
Qubit 10 20 30
Simulator 0.01 0.05 274.29

3.3. ProjectQ [8]

AZE ] ZHYY=3l ProjectQi= Python 7|4k
2 538, ProjectQollA AlFsle =lo]H g
3l oheFst kA Pi:Lam T 4 oleh =3
AlEEolE, olEwole], Al st=goje} 2 o

23] ANt AFdeld Ak eEa
7]
2

et [o [~

A r°"
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Main engineollA ARS8l 7]E AlE#H]E Q]
‘Simulator’& C++5 7|9t 3lo] wlE &5 7}
A A "E ALS- 7sg R ESE AlgkEe] itk v
&, ‘ClassicalSimulator’+ 23 F5FE oA 51F 7Y
o) 9|27 B4 b5 s, b 5|2l AHEE 7
HE §, A0|E 4 53} 2L oz AdE FA5h=
Wl =9l ‘Resource counter’ SX= &gt} o]l
T BadA AdgEE AT EFPE] Amazon
Braket, Azure Quantum, IBM Qiskit 52| tjujo]~
E Ads] gk WHal=Fe] EAfgict

[3E 5]+ Main engine®] 713 AlEdlelE A
& o] Fu|Ed 32 AgA|zle|n, ol 3154 E
7] SAte] 7hsdk AE gl

(£ 5) ProjectQe 7|2 AlZ2{0|Eof CHEE FHIEY 3
2 Azt

(28 =)
Qubit 10 20 30 31
Simulator 0.21 0.24 119.82 | 319.27

3.4. Amazon Braket [9]

Amazon Braket FE-9-= Au]A e ofxl

8 EAFolvh Brakets &3 Ak AEolA
2 ST & 9on B F=dolE ATH: o
A9 pib AU %S AR + UES ATD
o Braketel 4 A8 75 o shmslo] 2 Al
E 7 2AE ZZA|A, o] Ef LZAA, TA
U 70 A x2AR S5} ol Tkt $R)

o]

N

a)
u

N

“?ﬂ' Pythong 7|42 2 3}+= Jupyter notebook &
Alo g ofx} g 7818 kel 4= ol'_uq’ SIR-A S|
= W A7 o] FE AEEe]Ae] Zsslith
w3k ofA} stedo] Al ik gfule] Er} Ehits)
A o] Fo A AL it

:T’—'jlﬂ F2} = 2 7132 Braketol| A A Esls Al E
tedo) & AREsle] A 4 olch
Braket> T8 AlE#Ho|E]al ‘Local’ AlE#HolE|<}
a2 AM- 7153 State Vector(SV1)’, ‘Density

=
-2
R
N"j

Matrix(DM1)’, ‘Tensor Network(TN1)’ & 47}%] 4|
Bl ATUL wE ABAIH 22 A3
Al Ho| Heped A 7HE 64 7kot) ‘Local’®} SV
/\]—EH ﬁ%lE]E /\]Ezﬂo]ﬁg}l \:ILQ_;HO o]:z], p;li__
|dabe], 242 H o) 2570 B, 3451 EFA] FEHA
7 4 i}, w3k AA| °Jz}7é-rr‘51 AH o]z A=
4ol 7Fsdk ‘DMI” A& olE, fAb Fefol wlgh
(Quantum Fourier Transform, QFT)3} o] 2 4do]
S 32 AlEHeld 2 digtR AlEHelAd 53}
TN AlEHC S Algdeh 22 Zd 1774
E, 5070 E7MA] 244 S qlr) [E 6] ‘Local’
AlEHolEe W s A7kS HolFH, Algske
25T EZRA] WA 5 7hedk AlE elakaleh

N

o

(3 6) Braket Al22{|0|E{o] FH|IEY 3|2 AHAAZH
(e =)
Qubit 10 20 25
Local 0.02 0.48 22.86

3.5. Microsoft Azure Quantum [10]

Azure Quantum-> Microsoftell 4] 2021'd ZA]3
Feh$E oA AFE Aulaz, A AFske gt
zza /i 79 Quantum Development Kit
(QDK)E %3 Jupyter notebook 29| Azure
Quantum AH]~E AR 4 gl 7[RA L
Python¥} QDKeol| %3t ofzx} ZZaziw <lejal
Q#S AREste] 2T = glon, 71k wol ALg-H
= %A} SDK Q! IBM9] Qiskit?} Google?] Cirq= #]
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Grover search, Quantum Lookup Table 5 t}ef3h 4
¥ 3= % Axy 2 A4S 93 FEYLS A
33}

Microsoft®] F2}-= AH]2~98l Azure Quantum
Au]2E ARS8l TonQ, Quantinuum, QCI, Rigetti
o} 7 qﬁ}"]’“ Aol = F2te] 7153t} Azure
Quantum 5= AFE FA60A e tute]
g ARSslE 2AnE AAEke] oA Z2adv
B 4 9lom], glanE AMEEE A7t W 8
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3.6. Intel Quantum SDK [11]

Intelol 4] EA13F Quantum AT ES ] /Ht 7|E
(SDK) °]t}. ¢34l %= LLVM (Low Level Virtual
Machine) H3}d2]E AH&sto] C+2 2= A3
Aol ZraH <lEFeo]~E 7= Aol 5Ao]
t}. @3} Intel®] SDK+ C, C++ 2 Python &8 X
Eagslsl AR LeAelE AL, olef
Ho]”/ugi ookz]' EJ— u :Tl“l*?‘ﬂ‘ M 9\)\7] utH;,_—oﬂ oo]:
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defst o= gledl, 7] J‘iﬁ’i Intel®] FH]E= A
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3.7. XANADU Pennylane [12]
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el dgo] 7hssicth

Pennylane %3+ th2 FAEF} Zo] AlEHIHE
Agget 718 AlEEelH e HEo] C++2 A4
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2048 bit RSA integers in 8 hours using 20 million
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