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What is 
portoflio

optimization?



The Classical Approach to Portfolio 
Optimization
• Markowitz Mean-Variance Model (Modern Portfolio Theory)

• Goal: find portfolio with minimal risk(variance) and maximum return, subject to 
constraint (budget can’t exceed 100%)

• Limitations: Computationally intensive for large portfolios (many different assets).



The Quantum Approach to Portfolio 
Optimization
• Encoding the portfolio optimization problem as a Quadratic Unconstrained Binary 

Optimization (QUBO) problem.

• Goal: find portfolio with minimal risk(variance) and maximum return, subject to 
constraint (budget can’t exceed 100%



The Quantum Approach to Portfolio 
Optimization
QAOA for portfolio optimization:

1. Data Preparation: Get and prepare portfolio (e.g. stock) data;

2. Encoding the portfolio optimization problem as QUBO (Quadratic Unconstrained 
Binary Optimization);

3. Encode the QUBO as a quantum Hamiltonian;

4. Construct a parameterized quantum circuit (QAOA circuit);

5. (Use classical optimization to tune circuit parameters for optimal solution)

Output: Probabilities of different portfolio allocations.



Data Preparation

• Data source: Historical price data 
for selected assets (e.g., GLD, S&P 
500);



Calculate daily mean returns and covariance 
matrix



QUBO Construction



Encode the QUBO as a quantum Hamiltonian;



Quantum Circuit Implementation

• Initial state: Superposition of all possible allocations.
• Alternating layers: Cost Hamiltonian (risk/return), Mixer 

Hamiltonian (exploration).
• Measurement: Extract bitstrings representing portfolio 

allocations.



Quantum Circuit 
Implementation



Post-Processing and Portfolio Evaluation

• Decode quantum measurement results into asset allocations.
• Calculate portfolio risk (variance) and expected return for each 

allocation.
• Filter valid portfolios (satisfying constraints).
• Compute Sharpe ratio for risk-adjusted performance.



Results with 300’000 shots
(top 3 portfolios shown)







For 10 stocks with 8 bit accuracy not enough 
memory



6 stocks allocation with 3 bit accuracy



Conclusions and Future Directions

• QAOA successfully solves small-scale portfolio optimization 
problems (e.g., 3–10 assets) with results matching classical 
benchmarks;

• Theoretical speedup potential for large portfolios with quantum 
parallelism;

• Hardware limitations: Current NISQ devices restrict portfolio size.
• Future work: Layerwise optimization, error mitigation, and hybrid 

quantum-classical solvers .
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