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Abstract 

 

Financial systems are becoming more complex, and this increases the need for powerful tools that can 

analyze large datasets and handle difficult problems. Quantum computing offers new ways to process 

information faster and solve problems that are hard for traditional computers. This paper explains the basic 

ideas behind quantum computing and explores how they can be used in financial modelling, especially in 

portfolio optimization, risk analysis, and option pricing. It highlights important quantum algorithms such 

as the Quantum Approximate Optimization Algorithm (QAOA) and Quantum Amplitude Estimation 

(QAE), which show strong potential for improving financial computations. The paper also discusses current 

technological challenges, industry readiness, and how quantum-based financial modelling might develop 

in the next ten years. Our findings suggest that although quantum technology is still in its early stages, it 

has the potential to bring major improvements to financial modelling. 
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1. Introduction 

 

Modern financial markets are highly complex because of global connections, fast trading systems, and 

huge amounts of data. Traditional computing methods often struggle with tasks like optimization, 

simulations, and dealing with many interacting variables—tasks that are central to financial decision-

making. Because of these challenges, researchers and financial institutions are looking for new 

technologies that can handle heavy computation more efficiently. 
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Quantum computing has gained attention because it uses quantum bits (qubits), which can exist in several 

states at once. This allows quantum computers to explore many possible solutions at the same time, making 

them suitable for solving optimization and probability-based problems in finance. 

This paper explores how quantum computing can improve financial modelling. Section 3 looks at major 

applications such as portfolio optimization and option pricing. Section 4 discusses the limitations of today’s 

quantum hardware and software. Section 5 focuses on future developments and how industries may adopt 

quantum technologies. Section 6 summarizes the potential impact of quantum computing on financial 

modelling. 

 

2. Background 

Quantum bits (qubits) differ from classical bits, which can only be 0 or 1. Qubits can exist in a superposition 

of both states, allowing quantum computers to examine many possibilities at the same time. Entanglement 

— another quantum property — allows qubits to become strongly linked, enabling faster and more 

powerful computations. 

Quantum gates, circuits, and algorithms designed for today’s Noisy Intermediate-Scale Quantum (NISQ) 

devices try to use these properties in practical ways. Since financial modelling often requires high-

dimensional analysis and complex optimization, quantum computing can provide significant advantages.  

 

3. Emerging Applications 

3.1 Portfolio Optimization 

 

Portfolio optimization is challenging because the number of possible asset combinations grows very 

quickly. This makes the problem hard for classical computers. Quantum algorithms such as QAOA and 

quantum annealing (used by D-Wave systems) can explore the solution space more efficiently. 

Quantum Amplitude Estimation (QAE) can also speed up the process of estimating expected returns and 

risk. Compared to classical Monte Carlo simulations, QAE can offer quadratic improvements in speed, 

which is especially useful for large portfolios. 

 

3.2 Risk Assessment 

Risk management requires modelling uncertainty and rare but extreme market events. Quantum algorithms 

can speed up the simulation of loss distributions and tail risks. Quantum-based Monte Carlo methods make 

it possible to estimate risks faster, supporting real-time decision-making. 

3.3 Option Pricing 

Pricing derivatives such as options often involves solving complex mathematical models. Quantum 

computers can simulate the underlying stochastic processes more efficiently. Quantum Machine Learning 

methods, including Quantum Support Vector Machines (QSVM), also show potential in predicting market 

behaviour and estimating sensitivities. 

4. Challenges and Limitations 

Despite promising progress, quantum computing still faces several major challenges: 

Hardware Noise: Current quantum machines lose information quickly due to decoherence. 

Limited Qubit Numbers: Today’s NISQ devices do not yet have enough high-quality qubits for large 

financial tasks. 
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Error Correction Needs: Building reliable quantum systems requires large amounts of error-correcting 

qubits. 

Verification Difficulty: Checking quantum results against classical benchmarks is often difficult.  

Skill Gap: Financial institutions need training and collaboration between quantum experts and finance 

professionals. 

 

5. Future Outlook 

The coming decade will likely bring major improvements in quantum technologies. Expected 

developments include: 

Better error-mitigation techniques 

More quantum-inspired algorithms usable on classical machines 

Stronger partnerships between academia, industry, and government 

Greater investment in quantum research and financial applications 

As these improvements progress, quantum computing is expected to become a valuable tool in advanced 

financial modelling. 

 

6. Conclusion 

Quantum computing has the potential to significantly change financial modelling by offering faster 

optimization, improved simulations, and greater efficiency for complex tasks. While current systems ar e 

still limited, ongoing research and technological progress suggest strong opportunities for future adoption. 

Financial institutions that start exploring quantum technologies now may gain an important competitive 

advantage as the field grows. 
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