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Finance X Quantum

QC will become a high-performance computing platform of the future

From GPU to Quantum Computing (QC)
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Finance X Quantum

Quantum Innovation in Finance

Initiatives in the Financial Industry

JPMorgan rigetti

JPMorgan recruited a Received a UK grant to advance
guantum technology expert financial data analysis using
(M. Pistoia) from IBM quantum machine learning
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Collaboration with quantum startups is increasing in the financial industry

MIZLHO

Examples of Quantum Applications in Finance

Improve the efficiency of large-scale stress
Risk Management testing using quantum computing, enhancing
both the accuracy and speed of risk assessment

Accelerate Monte Carlo methods with quantum

DI LIS algorithms to enable more sophisticated pricing

Rapidly process complex probabilistic models
Credit Underwriting using quantum algorithms to speed up lending
decisions

Use quantum machine learning to detect
anomalous patterns quickly in massive volumes
of transaction data

Transaction
Monitoring

Explore optimal asset allocation while
accounting for interest-rate movements and
market risk through quantum computing

Asset-Liability
Management (ALM)

Develop quantum-blockchain and quantum-
cryptography-based products

https://www.nttdata.com/jp/ja/trends/data-insight/2023/032302/
https://financialservicesblog.accenture.com/quantum-computers-begin-to-be-implemented-in-society-why-should-the-financial-
industry-take-advantage-of-quantum-computing

https://www.ipsj.or.jp/dp/contents/publication/62/DP62-S04.html

Digital Assets
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Quantum Computing Project at Mizuho-DL Financial Technology




Our Project: Overview

Preparing for the application of QC through activities across multiple layers

Layers for Practical Adoption
Highlighted Initiative 1 Highlighted Initiative 2

Exploring practical use cases, while
exchanging information through
participation in various conferences

Developing new quantum algorithms in
financial engineering and machine learning

Applications / Software
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Highlighted Initiative 3 Middleware Highlighted Initiative 4

Engaging with vendors and startups to
assess architectures for future hardware
procurement

Defining requirements and developing
middleware from the user perspective,
including compilers, error correction, and
APls

Hardware
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Our Project: Algorithm Development

Bridging Foundational Numerical Algorithms and Financial Applications

Derivative Pricing Credit Risk Measurement Advanced Big Data Analytics Training and Inference for Gen Al
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Quantum pricing with a smile: implementation
of local volatility model on quantum computer,
https.//doi.org/10.1140/epjqt/s40507-022-
00125-2
v' Linear regression by quantum
IVI C I v’ Reduction of qubits in a quantum algorithm for zgg //;Z/Zf ;sgﬁiz)o(/;;z%g Sa tion
onte Carlo %‘Z;ifggf;;’%/am” by a pseudo-random- https://doi.org/10.1103/PhysRev
Methods & https://doi.org/10.1103/PhysRevA.102.022424 A.104.022430 )
- v' Analysis of parameterized
. v’ Quantum Speedup of Monte Carlo Integration vantum circuits: on the
Sa m pl In g with respect to the Number of Dimensions and q tion bet ’ bilit
its Application to Finance, 00/;,/71‘5-0 ron fe Wef:n exp rfSS/ ey
. ; ’ Ao ) and types of quantum gates
https://doi.org/10.1007/s11128-021-03127-8 10.1109/TOE.2025.3571484
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Our Project: Collaboration with Fujitsu

Research Using Fujitsu’s Quantum Circuit Simulators and Hardware

Joint Research with Fujitsu

B Since FY2022, we have conducted joint research with Fujitsu on the use of quantum
computing in the financial domain.

B We focused on validating our proposed quantum algorithms using Fujitsu’s parallel
and distributed quantum circuit simulator built on HPC technologies.

Research Theme

Fujitsu and RIKEN develop superconducting
quantum computer at the RIKEN RQC-Fujitsu
Collaboration Center, paving the way for platform
for hybrid quantum computing

Platform leverages new 64 qubit superconducting quantum
computer to accelerate R&D for quantum chemistry calculations
and quantum financial algorithms

Fujitsu Limited, RIKEN

Tokyo, October 5, 2023

Fujitsu and RIKEN today announced the successful development of a new 64 qubit superconducting quantum
computer at the RIKEN RQC-Fujitsu Collaboration Center. The new quantum computer leverages the technology
developed by RIKEN and a consortium of joint research partners including Fujitsu for Japan's first superconducting

quantum computer, which was first revealed to the public in March 2023.

https://info.archives.global.fujitsu/global/about/resource
s/news/press-releases/2023/1005-01.html

1. Benchmarking credit scoring models using quantum neural networks and quantum kernel methods

2. Developing a machine learning model to predict the expressibility of quantum neural networks from circuit structure

3. Evaluating a credit risk measurement algorithm based on quantum-enhanced MCMC

P Exploring validation on Fujitsu’s quantum hardware

4. Developing FTQC algorithms for quantum simulation targeting Hawkes processes, a class of stochastic processes

widely used in finance and risk modeling.
MIZWHO 6
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Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk
Measurement

Yuichi Sano!, Kazuya Kaneko?, Liu Yu?, Junpei Koyama?, Naoyuki Takeda!l
1 Mizuho-DL Financial Technology Co., Ltd.
2 Fujitsu



Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

Sampling in Data Analysis, Including Finance

Credit Risk Assessment Statistical Parameter Estimation

B Bayesian estimation

P(8|X) < P(X|0)P(6)

posterior  likelihood  prior

Sample parameters 6 given observed
data X to estimate optimal values.

Default scenarios (~1076) are generated randomly to estimate loss
distributions.

B Efficient generation of random numbers following target probability distributions is a critical issue
m Markov Chain Monte Carlo (MCMC) is commonly used for this purpose
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Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

Quantum-Enhanced Markov chain Monte Carlo (QeMCMC)

B Uses quantum circuits for state transition proposals in MCMC
B Stepl. Encode state x as quantum state|x), apply quantum circuit U, and measure output to obtain bit string x’
B Step2. Accept candidate x" with probability A(x - x") = min{1, u(x")/u(x) - Q(x' - x)/Q(x — x")}

mIfU =0T, then Q(x » x") = [(x"|U|x)|?* = x|U|x")|? = Q(x' - x), simplifying calculations

{Rx (1) F - BBk TRy B h— - — R (B h—
B m Ucln) — - W U () Uo(7) W o — Ulm)

‘ Ry(8) ' - ' Rx(8,) ‘ ‘ Rx(8,) : — LJ'

Unsy U Una) Unlh)

e.g. quantum circuit U = UT

Previous studies

[1] Quantum-enhanced Markov chain Monte Carlo, Quantum-enhanced Markov chain Monte Carlo | Nature
[2] QAOA-MC: Markov chain Monte Carlo enhanced by Quantum Alternating Operator Ansatz, No clear advan.tage ha_s been
Markov-chain Monte Carlo method enhanced by a quantum alternating operator ansatz | Phys. Rev. Research demonstrated in praCtlcaI tasks
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Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

The Challenge of Heavy Sampling in Credit Risk Measurement

Credit Risk Assessment
Prob

B |n financial institutions, accurately estimating losses due to EL VaR (100g%)

borrower defaults is a critical aspect of credit risk management
. . ege  ue CVaR(100qg%)
B Annual credit risk is calculated by simulating probabilistic
models_that incorporate multiple parameters, such as T vem oL area = 100 (1-q)%
economic factors and loan amounts
(combining binary and continuous variables) —— Loss

; 2
Z;=a;- X +/1- oyl e,

d; = 1{Z; < C;},

Calculation of risk measures for each borrower

B Value at Risk (VaR)—the estimation of large losses that occur with low probability—is a key metric in risk assessment

B Efficiently sampling the contributions of a large number of borrowers (~10"6) under rare, high-loss scenarios is
essential for practical risk measurement.

Simple model (Merton type)

[Tas09] Dirk Tasche. “Capital allocation for credit portfolios with kernel estimators”. In: Quantitative Finance 9.5 (2009), pp. 581-595.
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Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

Quantum-Classical Two-Block Metropolis-Hastings Method

Proposed Method

B [n this study, quantum circuits are used only for generating proposals for d, while proposals for x and acceptance
decisions for x and d are performed classically.

B The algorithm proceeds as follows:

1. Fix d, generate x'~Q,(x’|x) classically.

2. Update (x,d) — (x’,d) with acceptance probability:
0,(elx),
Qx(x'|x)

Fix x, generate d’'~Q4(d’|d) using quantum circuits.

a, = min{1, exp(—AH,)

4. Update (x,d) — (x,d") with acceptance probability:

Qu(dld),
Qq(d’|d)

5. Repeat steps 1-4 for the desired number of samples.

ag = min{l, exp(—AHy)
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Error

Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

Numerical Results

B The proposed method converged faster than global proposal methods (uniform and conditional default)
for almost all parameters.

B The |local proposal method behaved differently: for £ =40 and ¢ = 360, it achieved low error, but for £
= 120, 200, 280, error was much higher.

2 =40 (Low-Risk Scenario) . ¢ =200 (High-Risk Scenario)
Quantum
conditional default
0.7 4 local
0.5 :
uniform
0.6 1
0.4
Quantum = 0.5
conditional default ©
%31 Ioc'al L o4
uniform
0.2 1 0.3 A
0.2 1
0.1
0.1 A
1‘0 1‘1 1'2 1I3 1I4 1'5 1‘0 1‘1 1'2 1I3 1I4 1'5
Number of Lenders Number of Lenders
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Q-Risk: Applying Quantum-Enhanced MCMC to Credit Risk Measurement

Summary

Research Results

B Extended QeMCMC to propose an algorithm applicable to complex sampling problems in financial risk
measurement

B Conducted numerical experiments comparing the proposed method with three classical methods
B Confirmed superiority of the proposed method over global methods across all parameter regions

B Analyzed cases where the local method outperformed the proposed method, confirming that the
proposed method is expected to be superior in practical settings

Conclusion

B Demonstrated through numerical experiments that quantum computing can accelerate problems
previously impractical in finance due to computational cost, suggesting future use cases
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