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INTRODUCTION



Interest Rate 

models
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Yield curves are key for assessing interest rate risk.

Financial institutions utilize yield curves for regulatory compliance.

Interest rate models are essential for aligning asset and liability 
values in the ALM process.

PCA helps analyze key drivers of yield curve evolution.

https://eur-lex.europa.eu/eli/reg_del/2015/35/oj/eng
https://aktuar.de/content/PDF/Fachwissen/2024-09-27_DAV_Ergebnisbericht_Yield_curves_in_IFRS17.pdf



Classical PCA Approach 
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Increase in computation time with the increase in 

data size.

Reduced computational accuracy with an increase 

in data size.

Increase in regulatory requirements.

Challenges with classical PCA



Our Contributions
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Term Structure Modeling

Assessing dimensional properties of the 

term structure of interest rates.

Principle Component Insights

Evaluating the role of principle 

components in yield curve dynamics.

Capturing complex yield curve behaviors 

with quantum computing.

Yield Curve Dynamics

Improving interest rate forecasts utilizing 

quantum computing. 

Forecasting Capabilities

Quantum Computing Applications

Applying qPCA to interest rate analysis.

Computational Advantages

Leveraging quantum methods for improved 

financial data analysis.

Comparing qPCA-generated interest rates 

with historical data.

Backtesting performance

Assessing qPCA’s robustness vs. 

classical PCA.

Stability Evaluation

qPCA



DEFINITION OF THE PROBLEM SETTING



Data
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Spot Rate Data

6M 1Y 5Y 10Y 15Y 20Y 25Y 30Y

We gathered AAA-rated European government 
bond daily spot rate data from the ECB.

For the analysis, we consider the maturities 6 
months, 1 year, 5 years, 10 years, 15 years, 20 
years, 25 years and 30 years.

Our assessment is based on the correlation 
matrix of the interest rate data.



Quantum Data 

Representation
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The quantum dataset is represented by a 
density matrix.

Density matrices capture statistical properties 
and correlations of the quantum features.

Implementation utilizing the Python IBM Qiskit
package.
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In quantum mechanics, it's all about (state) vectors 
and (linear) operators.

Rodrigo Silva
https://medium.com/towards-data-science/quantum-mechanics-meets-pca-an-un-expected-convergence-5e04bcb16376



RESULTS



STABILITY OF QPCA
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Closely aligned explained variances obtained with qPCA and PCA
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PRINCIPLE COMPONENT DYNAMICS
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Several dominant factors drive spot rate changes over time.
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INTEREST RATE 

RECONSTRUCTION
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Optimization of the reconstruction of interest 

rate curves under consideration of 

computational efficiency

qPCA sequentially derives each PC.

The fewer PCs are retained the better the 

computational efficiency.

The more PCs are retained the better the goodness 

of fit of the reconstructed yield curves.

Fine-tuning necessary for efficient analysis of 

interest rate risks.

Goodness of fit Efficiencyvs.
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INTEREST RATE 

RECONSTRUCTION

16

Optimization of the reconstruction of interest 
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CONCLUSION AND OUTLOOK



Conclusion and Outlook
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Key Contributions

Quantum Dimensionality

Reduction: Quantum computing approach for

efficient spot rate factor analysis.

Scalability: qPCA theoretically handles larger 

datasets with potential for improved analysis as

quantum technology advances.

qPCA Insights: Captures key interest rate 

dynamics with 3 PCs explaining most of the 

variance.

Interest Rate Risk in Insurance: Apply qPCA

to asset-liability management and solvency

assessment.

Broader Insurance Applications: Utilize

qPCA for capital assessments, hedging

optimization, and liability-driven investment.

Integration with Actuarial Modeling: 

Integrate quantum algorithms into financial and 

actuarial modelling for enhanced risk

management.

Possible Extensions



Thank you! Obrigado!

Questions?
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