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Quantum computing is an emerging field that offers the potential to overcome the
limitations of classical computers and is gaining attention as the next-generation
computing platform. With the growth of interest in quantum computers, the
competition to develop more powerful systems has intensified, with leading
companies such as IBM, Google, Intel, Microsoft, and Samsung investing in the
technology. They are working towards creating more advanced and practical
quantum computers that can lead to new applications in various fields. Consequently,
quantum computing has become a game-changer in recent years, with applications
in cryptography, simulation, machine learning, and data retrieval. Quantum
computing is also beingapplied to finance, giving tise to a new field known as quantum
finance. This offers a unique way of processing data and information that is different
from classical computing technologies. With its ability to perform complex
optimization problems faster and more accurately than classical computers, quantum
computing has significant potential in finance.

Quantum finance has numerous advantages and limitless potential applications. For
instance, it can help financial institutions better manage complex financial products
like derivatives and structured products. By providing more accurate risk
assessments, portfolio optimization, and trading strategies, quantum finance can
enhance the efficiency and accuracy of financial markets. This enables financial
institutions to make informed decisions, reduces the likelihood of financial loss, and
ultimately benefits both the institutions and their customers. Quantum computing
can also reduce the time and cost of complex financial calculations, such as Monte
Carlo simulations. This is crucial for financial institutions, as the savings can be
reinvested in other areas of the business. Additionally, quantum computing has the
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potential to increase the stability of financial markets by reducing market volatility
and increasing investor confidence.

The implementation of quantum finance requires cooperation between the financial
sector and the government. Financial institutions should invest in quantum financial
technologies and create the necessary infrastructure and regulations. Governments
should also provide funding and support through regulation to encourage the
development of quantum finance. Financial institutions, governments, and
academia must work together to advance the field and maximize the potential of
quantum computing in finance. However, implementing quantum finance requires
expertise in both quantum computing and finance. Financial institutions need to
secure human resources, such as quantum computing experts, to successfully
implement quantum finance. This requires close collaboration between the financial
sector and academia to develop the necessary skills.

In conclusion, the potential benefits of quantum finance are vast, and its impact on
the financial industry could be significant. By enhancing the efficiency, accuracy, and
stability of financial markets, quantum finance has the potential to revolutionize the
industry and benefit both financial institutions and their customers. It is crucial that
financial institutions, governments, and academia work together to invest in and
support the development of this emerging field. By exploring the potential and
implications of quantum finance, this paper highlights the importance of supporting
its growth, which has the potential to shape the future of finance and quantum
computing.

Keywords Quantum Computer, Quantum Finance, Quantum Finance Research Status,
Quantum Option Pricing, Grover Algorithm
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o}, o]ggt e13te) SRR Gilliam el al.(2021)2 Grover Adaptive Search(GAS)E 11¢ksIsict,
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0]= Variational Quantum Eigensolver(Tilly et al., 2022)2} Quantum Approximate
Optimization Algorithm(Farhi et al., 2014)2] ¥H3 d112|&L o]8slo] 2| A3} EA)of thgt
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MRS Exxo] 913 AT ol nje 4] A 5 ofe] SARIo) tiet B8-S wjEsks Tholr,
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Hop= vlaley Hofo| 4 2Hgo] Hs3ith, WAt mAlEd e K AR AT Hof F S,

g RoolAl 229l Bgo shssict,

2. Pricing of Derivatives

Stefanov et al.(2000)2 otk Ao =S o] 88 W4 A4 HrEES AAIsIAL), o714
ol Ao EL BE 753t 490 48 F3 AR whEo] Fi ofshe 3t 17e] FHlET}
e, 0>} [1> o] FAlol ZAsks Alel7 Hiek, o] 29, 24 Aol 27t 50%0] BEe
XA Ee}, o] FHES ZHEE, (00>, 01>, (10>, 11> 4711 72-99] 27}
ZAs}n, 717ke] SHEL 2502 Vet Ul nolvh ok % 2" ARe) Aee] 48 4
Al o] s Aolet,

(HR HR - @ HQ H)([00--- 00 )
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Z 15E 2"71A Q) AP} B e 889 1/2" 07 ZA ) o] O} Alo|EA &E
AnHs sehal oh, /2" [0,1] WSjellA #53 FES /s U0, 1)) EEGHE
7HAA ek
nlsr S HEZ7]EY A5 Bierhorst et al., 2018) of=7t T2 HTje} BlO] FAQVIS
olg3}o] PAPFRYA7|(QRNG, Quantum Random Number Generator)S 7HEgic}, o] Aht
TR E FARIR 03 19 vIES AAshs FAe] FHE ST F 1 23E 20
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Stamatopoulos et al,(2020)+= 18] ALojlA] 7| v ERFE AL REHZIER AlEg o]
o} Hold 4352 Hol= A YarelEE Ajksleh, 7ol tigk 21 =log—normal) HEE
TEAL, HE 7R e Bl 5 2

F7P} Sroli, 1 BES P(S,), 24 2R (Payof) S f£(Sy), T AHA BA7IA ]

Tl A2 B0, 7)2} she @A) A8 4 e ket gtk

o5t  slo|0ng HgH WAl 7 Ao

1) T AZ F77F S5 olksketet, S0 FHEH(S,, )T HaH(Sy,), 1812 FHE
Me(n)2 2 7hse ARE Sl WA 3719 dolg AlES Al
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e X4+ Snin

o714 it 0%E (2 —1)7kK0] Hoolt,
9) shte] Al (quantum state)ol o117 Aol F712 thHMapping)ShL, g SEE
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n—7ie] FU|EO| CHE SEXIEES et Ut A0|E0ICE 047|M, A= OICtolE AH0|E, F'= Hnverse) LAt E2|of
#H3HQuantum Fourier Transform, QFT) OICt A2 O= ZIZt C}2S BEEShE KLIEZ|(Unitary)O|Ct,

A= Vi—alygy>,+ Valg, >, 11>

Q=ASA'S,, where So=1-210><0] and S§,=1-2ly,>10><7,l<0]

() 10y ] - 7
(n—1) \0) —@ - T

A 20 27 gn-t
0) | Q* | |Q¥ | |¢Q

S

(a2 2) EAETIZS| LAt AOIE

18 2% Quantum Fourier Transform(QFT)S o83t H&2
et al,, 2001). QFT= AlZtell thigt ahsdheE Wlkeof ek 2419 Fej= Mekdich QFT+
PASHE SA3th= oufo]ir, o] dalgjEs o8] FA7H FAle A f13t 719
SFEAIES Whsol W = QY. &, QFTE Sl whs 71 APdsl] Sidt wAIE A Asret
A8 4 Sl wAIE o] = g dith

Ae F7F A=ol tigt 34 &olF2E Altste] B e

WAloE §4 71248 Ak 7] Ae] Sk Rl ofal AaiAln, ol AjE o] it
gepiinh, ey A HE A= FHIEZE 28T 4 s FASEE vl s 52 v
AlEe) 7ol th-g-staL, 1ol et BhE A sk= WAtk o|F A ARt SES A Yok
RS Wl 5 gl Aol Atk ol WAle) o RelvhERE vlEe] el vl
4 28] oA} W2tH(Stamatopoulos et al., 2020).

A AFEE ol8sHd Tkl tith RE2E W WA 0R ke EEE vhe 4 th

2

BEE AL A FE BoPlA SH/1A A olglelw AAY BAlelw B8R

X ok} Alo|Eo|tHWeinstein

w23 A9l EE)7E2(Markov Chain Monte Carlo, MCMC)= 7]&2] g|o]g] NEE 0|23
A4 2 E W S 7Nt R & E BxE A dRbgos MCMC 23S AF 39t

Hste] A7k Hlgo] wol QT of A9 o AHEE BT MCMCE A7k} 1|8
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A, FA ARIE H A dal

FAE(Quantum State)sh FAREE|oA EA419] YIAY EFE 7Isshe S Sulgith
A o A= fetA o2 BA SIHE F7HHilbert Space)ollA] =27](Norm)7} 191 HE|Z
F3it}, ol RIS ALY Ao Muo] FRsslth MY ATL T 74 gk 71

Iet, Dirac(1939)2 o] 7 71| gk& @] el 2 #E](ket vector, |-> )2} He} e (bra
vector, <-[) 7Hd& QST A WEl= A717F n < 19 E¥E (column vector)E BRI,
Bz} wel= 7 WElo] M]3 (transpose matrix)o]™ 1 xnQl YW E|(row vector)o|tt, o]
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v = ofgeall).

Slo] Ao FAEZL WAIBol 191 (B44) T 91) @ Hom AT
5171 RO O3 12 Tl =L PRl QRS FHIE(Qubit, Quantum—bio)
2 FE 34 HE 03 19 E3lo] /RssHIu [ Eo| A GRpAeolA] Hhss B7I)A

Heks Soi FASEIR FHIES HRiRiT, o]
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[T (t+6t) = Ulw(t)]
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FUE D ARz 2715 Ak o,

A} Ao E(Quantum Gate)= FHIE] A-85= fFUE D] WERE onjgith, dHel BE
ALl 7153t AE A AlolERl fUE Y] AgHEkom Hekek 4= qlrh, FAb Alo|EofA =
17 ZAFEolA AREEE= AND, OR, XOR 22 =8| 4kxle} opulth=(Hardamard) 7Alo|E,
2 (Swap) Al0|E, 3Eejo M3 Fourier Transform) Al0|E 52 A}83H}, o]2jgt Ao
[gste] 1 AFE Y BE A det gt daElES v 4 dth(Deutsch, 1985).
AL AFFE A= 3 HFEeL o] =2 AAkS AlO|ER et WiaE |l Hhol st
Zok= W9l FUskh 2eu A AFECAE FHE ol8ste] FHIET 7Fed BE
FHE FAlol dAlsh, o]zlo] At H3FE9] Siiolt,

FHIEE 7Islsta o2 5235 FHBloch sphere)E ©-83HAL:, FE(HE)2 ez #F O]
7hssict, Eelehe AastAU, s sl gigh 2)A]o] W ARgkolebd 3xHe] 757}
dropso)7] ek, Zefut fAkE ol dis A Hehs ARFES | dito] ol%37] o]
ko ROl ofzt Ao|E RE O] AALE o]gatarrt gt

(]

Pt AFEL 7] 222 AES olgsto] FUES UL, oleidt AolEL WAl
32} FoUahA| LeXolN fmoR AZke] BES LERL, thA] e A% gl ke

SAHE ARSI

1. 71252l st

4= Qlek, Al Qitol] 7H wol ARgEl= Az} H(Scalar product, dot product)¥}t B4 5{Tensor
product)®] 7d- oh2at 2,
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-27Z¥at i (bra vector Xket vector = scalar)

<0|1>=(1)(1 0).
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CHIA F
o)) [s
B (1 1\ 0/|_1|0
[0 > ®|O>—|OO>—(0)®(O) . (1) =10
0 0
! 1(1 0))_(1 o)
|0>®<0|—(0)®(1 0)(0(1 0))= 0 0
AgEO] A717F nxXmolal, B FEL] 7|7t k1 A off, "X F-& ok go] Yhkelrt
753t
A X B = C
{nxm} {kx1} {nk < ml}

BlA TS olgal 27 olAke] FHIER HEo| risaltt oS Sof 279 FH|ES}; nE
o "HA 55 B3 ofefiet ol FE= yEhd 4k

[00> =|0>®|0>=

oS oo

HRZEA] WALeR |01 > 2 A WA FHIEZE 0 >, F J FHIEZF (1> 2 ojnoi e

cheat o] ekl 4 gick.

0
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2. X H0|E (Pauli X Gate)

<

0 ATEAL] Not QUEE 08 12, 18 008 Filo} Fi 8] Siolt, o} AfEeM=
o} X AolEeka i}, BRE oAl X AOJEL 1805 B2 ojujgit}, FHERS [0><
11>, [1>2 0> vl3o] 2= o)), o2 #de wdsiy thew) P

x=(1o)

919] HHAS olgalE FUES] X AolE Ak
(o 1\(1) _ (0
X'O>_(1 o)(o) = (1)
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