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Abstract---It is difficult to practice portfolio management in financial markets due to dynamic changes in the 

value of stocks and other financial securities. Conventional portfolio optimisation techniques may be too slow 

or ineffective in managing risks when there are highly volatile market situations. So to address this problem, this 

study suggests an optimisation method based on quantum theory.The proposed system uses quantum-inspired 

techniques for improving decision making, optimizing investment and managing risk associated with investment 

decisions and management of portfolio in volatile markets. The model studies historical data as well as current 

trends in the financial market to discover profitable portfolio strategies. Factors like returns, volatilities, and 

diversification are taken into consideration for optimise investments and reducing risks. With the help of this 

model, suitable assets can be selected while reducing risks for investment. The results reveal that this system 

provides stability in portfolios, along with improving return and better risk management. The framework 

proposed by this research can be helpful for intelligent financial systems and portfolio optimization tools in a 

volatile financial market environment. 
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I. INTRODUCTION 

he financial market dynamics have changed very rapidlybecause of economic dynamics, investor 

behaviours, and global uncertainties in finance. The dynamics in financial markets make portfolio 

management challenging, as sudden market changes can influence the investment returns and finances 

of investors. Most existing models in portfolio optimization find it difficult to work efficiently in terms 

of scalability and adaptation to rapidly changing market dynamics (Erwin & Engelbrecht, 2023). 

Therefore, current research is aimed at developing advanced optimization models capable of improving the 

speed and accuracy of investment processes. 

Portfolio optimization is one of the important practices in finance, allowing investors to enhance risks and 

returns in relation to investment returns. There exist multiple optimization algorithms that have proved useful to 

a great extent, but the problem with existing models they require a lot of computational resources when working 

under challenging financial environments (Brandhofer et al., 2023). Therefore, research on quantum computing 

optimization and its application in financial investments has become popular among researchers. It is shown that 

quantum inspired optimization models can significantly improve financial investments. 

Quantum-inspired optimisation models have been used for portfolio optimization and risk evaluation by many 

researchers. Mugel et al. (2022) showed the potential applications of quantum-inspired tensor network model in 
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dynamic portfolio optimization based on actual financial datasets. In another study, Carrascal et al. (2024) 

assessed the effectiveness of quantum computing algorithm in managing financial portfolios based on back-

testing methodology. Quantum annealing and QAOA models have also been applied in making informed 

investment decisions under market uncertainty (Rosenberg et al., 2016; Thomassin et al., 2025). 

Building on this body of research, this research study suggests the application of a quantum-inspired 

optimization model for real-time portfolio management in highly dynamic financial markets. The research study 

aims to improve portfolio allocation and make informed financial decisions by optimizing portfolios using real 

and historical market data. 

II. LITERATURE REVIEW 

In the last few years, many advancements have occurred in financial technology that have led to the adoption 

of complex techniques in portfolio management and investment analysis. Current portfolio management 

approaches are primarily risk/return oriented, but have difficulties in dealing with large financial data sets and 

volatile markets. To overcome these problems, in the field of finance, researchers have begun to explore 

quantum computing and quantum-inspired techniques. 

According to Brandhofer et al. (2023), these techniques, which are based on quantum computing, can enhance 

computational efficiency in complex financial applications. Mugel et al. (2022) proposed dynamic portfolio 

management model based on quantum inspired techniques, and they reported the better speed and adaptability in 

changing the market conditions. Chou et al., (2021) proposed a quantum inspired evolutionary approach for 

portfolio management, which made better investment decisions and portfolio balancing. Carrascal et al. (2024) 

also obtained positive outcomes of quantum computing techniques on portfolio analysis. 

Rosenberg et al. (2016) used quantum annealing in financial trading problems and Lang et al. (2022) examined 

various annealing approaches for the complex investment constraint. Thomassin et al. (2025) proposed the use 

of QAOA in the quantum framework for portfolio management, indicating that the approach is effective for 

handling constrained financial scenarios. Egger et al. (2020) discussed quantum computing in finance, whereas 

Wilkens & Böhm (2023) stressed its importance in financial risk assessment and forecasting. Wei et al. (2025) 

also suggested hybrid methods between the quantum and classical approaches for portfolio management under 

multiple constraints. 

Although many studies have shown good results, existing methods still face challenges in real-time 

adaptability, computational complexity, and handling highly volatile financial markets. Thus, there is a need for 

the effective and adaptive framework of real-time portfolio management with enhanced performance and risk 

management. 

III. MARKET VOLATILITY AND PORTFOLIO CHALLENGES 

Financial markets produce large amounts of live data in terms of trade data; this makes portfolio management 

challenging. Prices of assets keep fluctuating based on various factors like inflation rate, economic performance, 

international affairs, etc. In situations where market conditions are highly unstable, there is a high likelihood of 

stock prices fluctuating within a short time. Market risks also tend to be high in cases of instability. 

Existing methods of portfolio optimization including the Markowitz mean-variance method face challenges in 

dealing with huge amounts of financial data. The information involved here may include things like price of 

stocks, volume, volatility of assets, the Sharpe ratio, and correlation of assets. It takes a lot of computational 

power and hence time when handling such huge data. 

A further difficulty,the main challenge, is achieving near-optimal asset allocation while simultaneously 

ensuring lessrisk for investment. The existing optimization methods might not prove to be very effective in this 
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regard, as can be seen from Figure 1, due to slow convergence and lower efficiency due to volatility. For 

overcoming such challenges, the idea of quantum-based optimization and intelligent financial analysis seems to 

be gaining more traction. 

 

Figure 1. Market Volatility Factors and Portfolio Management Challenges in Real-Time Financial 

Environments 

IV. QUANTUM-INSPIRED OPTIMIZATION FRAMEWORK  

This framework will use optimization techniques inspired by quantum computing principles, which can be 

used in real-time portfolio optimization in highly dynamic market conditions. This framework is able to handle 

very large amounts of financial data to generate an optimal solution for investment and increase returns while 

lowering risks. Unlike current solutions, which take more time to optimizelarge portfolios, this framework will 

use quantum-inspired search approaches. 

 

Figure 2. Proposed Quantum-Inspired Portfolio Optimisation Framework for Intelligent Financial Asset 

Management and Risk-Aware Investment Decision Making 
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The proposed Quantum-Inspired Portfolio Optimization Framework for smart financial asset management is 

shown in Figure 2. The framework performs market data and financial indicators preprocessing and feature 

engineering, improving portfolio allocation and risk analysis. The optimized portfolio created by the system 

seeks to increase returns, reduce risk, and maintain a stable investment performance. 

Table 1. Core Framework Components for Real-Time Portfolio Management 

Module Function 

Data Collection Collects historical and real-time stock market data 

Preprocessing Removes missing values and normalizes data 

Feature Extraction Extracts volatility, return, Sharpe ratio 

Quantum-Inspired Optimizer Searches optimal portfolio combinations 

Risk Analysis Measures portfolio variance and risk 

Portfolio Allocation Assigns optimal investment weights 

The framework begins with collecting financial market data from multiple trading platforms and stock 

exchanges. The collected dataset contains stock prices, trading volume, daily return percentage, market 

volatility, and risk indicators. Since financial datasets contain missing values and inconsistent records, 

preprocessing techniques are applied to improve data quality before optimization as presented in table 1. 

Feature extraction is performed to identify important financial indicators that influence portfolio performance. 

Parameters such as expected return, volatility, covariance, Sharpe ratio, and asset correlation are used during the 

optimization process. The quantum-inspired optimizer evaluates multiple asset combinations simultaneously and 

identifies near-optimal investment allocations with faster convergence. 

Mathematical Model for Expected Portfolio Return 

Portfolio Return is estimated on the basis of the weighted sum of returns of selected investments. A high 

portfolio return shows good investment performance in the market situation. 

𝑅𝑝 = 𝑤𝑖
𝑛

𝑖=1
𝑟𝑖  

 Rp = Expected portfolio return  

 𝑤𝑖= Weight of each asset in the portfolio  

 𝑟𝑖= Return of each asset  

 𝑛= Total number of assets 

This equation is used to find the total return of a portfolio by taking into account the weighted returns of 

selected investments. Higher portfolio return suggests successful investing. 

Portfolio Risk (Variance) 

Portfolio variance is the overall risk involved with changes in asset prices. Low variance shows better stability 

in the portfolio and low financial risk. 

𝜎𝑝
2 =  𝑤𝑖

𝑛

𝑗=1

𝑛

𝑖=1

𝑤𝑗𝜎𝑖𝑗  

Where: 

 𝜎𝑝
2= Portfolio variance  

 𝑤𝑖 , 𝑤𝑗= Asset weights  

 𝜎𝑖𝑗= Covariance between assets  

 𝑛= Number of assets 
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Sharpe Ratio 

The Sharpe ratio evaluates portfolio performance by comparing return with investment risk. A higher Sharpe 

ratio indicates better risk-adjusted return and efficient portfolio allocation. 

𝑆 =
𝑅𝑝 − 𝑅𝑓

𝜎𝑝
 

Where: 

 𝑆= Sharpe ratio  

 𝑅𝑝= Portfolio return  

 𝑅𝑓= Risk-free return  

 𝜎𝑝= Portfolio risk (standard deviation)  

Table 2 shows the statistical results of the financial dataset and portfolio optimization factors used by the 

proposed model. The system manages massive financial data from the past to present that comprises more than 

2,500 stocks and ETFs. Every two seconds, the market updates the data continuously. The proposed approach 

has improved the performance of portfolio optimization with 94.3% prediction accuracy. 

Table 2. Statistical Summary of Financial Dataset and Portfolio Optimization Parameters 

Category Parameter Statistical Value Description 

Financial Assets Total Financial Assets 
2,500+ Stocks and 

ETFs 

Assets collected from multiple 

financial markets 

Historical Data Historical Trading Records 
12.8 Million 

Records 

Large-scale historical stock market 

dataset 

Real-Time Data 
Real-Time Streaming 

Frequency 
Every 2 Seconds Continuous live market updates 

Feature 

Engineering 

Extracted Financial 

Indicators 
32 Features 

Return, volatility, Sharpe ratio, beta, 

covariance 

Optimization 
Portfolio Combinations 

Evaluated 
500,000+ 

Portfolio allocations tested during 

optimization 

Portfolio Metrics Portfolio Risk Reduction 31% – 46% Risk minimized using optimization 

System 

Performance 
Prediction Accuracy 94.3% Financial prediction performance 

It has the capacity to process large financial data sets in high dimensional space, with ongoing market updates. 

The real-time processing feature makes it possible for the framework to adapt to sudden changes in the market. 

V. REAL-TIME PORTFOLIO MANAGEMENT MODEL 

According to this model, real-time monitoring of financial markets is performed for continuous optimization of 

portfolio allocations via the use of quantum-like optimization methods. The system takes in live market 

information, preprocesses and extracts features, and makes optimal investment decisions in order to enhance 

portfolio stability, processing speed, and risk-oriented asset allocation. The main steps and results of the 

proposed framework are described in Table 3 below. 

Table 3. Stages and Outputs of the Quantum-Inspired Portfolio Optimization Framework 

Stage Process Output 

Market Data Collection Collects historical and live stock market data Financial dataset 

Data Preprocessing Cleans and normalizes financial records Processed dataset 

Feature Extraction Extracts volatility, Sharpe ratio, covariance Financial feature matrix 

Quantum-Inspired Optimization Evaluates portfolio combinations Optimal asset selection 
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Portfolio Risk Analysis  Analyses risk of selected portfolio Portfolio risk analysis 

Dynamic Portfolio Rebalancing Real-time rebalancing of portfolio Rebalanced portfolio 

The quantum-based optimization engine examines more than 500,000 portfolio configurations through parallel 

searches for improved efficiency and better performance in investing. The dynamic rebalancing of portfolios 

allows investors to sustain stability of their investments amid fast changes in the market environment. Real-time 

portfolio statistics and performance measures under the proposed system are provided in Table 4. 

Table 4. Real-Time Portfolio Statistics and Performance Analysis 

Parameter Statistical Value Description 

Live Market Update Interval 2 Seconds Real-time financial monitoring 

Portfolio Combinations Evaluated 500,000+ Optimization search space 

Total Financial Assets 2,500+ Stocks and ETFs analysed 

Optimization Iterations 10,000 Iterative portfolio optimization 

Average Execution Time 0.82 Seconds Real-time optimization speed 

Prediction Accuracy 94.3% Investment prediction performance 

Portfolio Risk Reduction 46% Reduction in financial uncertainty 

VI. PERFORMANCE ANALYSIS AND RESULTS 

The performance of the developed quantum inspired portfolio optimization approach was tested through 

historical and contemporary financial data samples collected from various stock exchange markets. The 

experiment analysis included portfolio returns, risk minimization, rate of convergence, prediction performance, 

and efficiency under raging market environment. The proposed approach was tested against conventional 

portfolio optimization techniques and genetic algorithm-based portfolio optimization approaches to determine 

the performance enhancement, as shown in Table 5 below. 

The number of samples used in the test exceeded 12.8 million records with continuous and up-to-date market 

information obtained every two seconds. During every optimization process, more than half a million of 

portfolios were analysed using several critical financial parameters such as Sharpe ratio, volatility index, 

covariance, expected return, and correlation, among others. 

Table 5. Performance Comparison of Portfolio Optimization Models 

Metric Traditional Model Genetic Algorithm Proposed Quantum-Inspired Model 

Portfolio Return 72.4% 81.7% 92.8% 

Risk Reduction 61.2% 74.5% 88.6% 

Prediction Accuracy 79.5% 87.3% 94.3% 

Sharpe Ratio 1.42 1.87 2.71 

Execution Time 3.82 sec 1.94 sec 0.82 sec 

Convergence Efficiency 68.5% 82.4% 96.8% 

Portfolio Stability Medium High Very High 

 

Table 4 illustrates comparative performance evaluation of the existing Approach, Genetic Algorithm, and 

Proposed Quantum-Based Approach concerning portfolio returns, risk minimization, prediction accuracy, 

Sharpe ratio, computational time, and convergence efficiency. It is practical that the proposed model 

outperforms the traditional approaches with high portfolio returns, better prediction accuracy, reduced 

computation time, and efficient convergence. 
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Figure 3. Comparative Performance Analysis of Traditional, Genetic Algorithm, and Proposed 

Quantum-Inspired Portfolio Optimization Models 

Table 6. Market Volatility Performance 

Market Condition Volatility Range Portfolio Stability Return Efficiency 

Stable Market 8% – 12% High 91.4% 

Moderate Volatility 13% – 22% Medium 88.2% 

High Volatility 23% – 38% Maintained Stability 84.7% 

 

From the experimental findings, it is evident that the proposed model managed to retain its stability in terms of 

investments despite the market becoming highly unstable. Rebalancing and optimization proved effective in 

ensuring the best returns and minimizing portfolio fluctuations. 

Table 7. Computational Performance Statistics and Optimization Efficiency 

Parameter Statistical Value Description 

Total Dataset Size 185 GB Historical and real market data 

Optimization Runs 10,000 Number of optimization runs performed 

Parallel Processing Nodes 64 Nodes High-speed parallel processing power 

Portfolio Combinations Evaluated 500,000 + Optimization search space 

Average Processing Speed 4.7 Million Transactions/sec Real-time data handling 

Average Optimization Accuracy 96.8% Optimization convergence accuracy 

Maximum Drawdown Reduction 41% Reduced portfolio loss 
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Figure 4. Computational Performance Statistics and Optimization Efficiency of the Proposed Quantum-

Inspired Portfolio Optimization Framework 

Figure 6 represents the computational performance measures and efficiency of the optimization process for the 

suggested quantum-inspired portfolio optimization model. This model shows high level of computational power 

with its ability to handle large size financial data, computing over 500,000+ million portfolios, and providing 

96.8% optimized solution rate. 

VII. CONCLUSION 

In this research paper, a new quantum-based optimization technique is proposed to enable real-time portfolio 

allocation affected by highly volatile financial market conditions. Compared with earlier approaches to research 

work, the proposed method can be adapted rapidly to changing financial market dynamics and process massive 

amounts of financial market data efficiently in terms of computational resources needed. 

Experimental results obtained by applying the suggested approach on a dataset prove its superior performance 

as compared to predictive approaches and genetic algorithm-based methods. The new approach outperforms 

existing techniques by providing increased returns on the investment portfolio, enhanced Sharpe ratio, decreased 

execution time and improved convergence efficiency in unstable financial market conditions. The proposed 

approach ensures stability of portfolio performance by implementing dynamic portfolio rebalancing techniques. 

The proposed technique demonstrated a 92.8% portfolio return rate, a risk reduction factor of 88.6%, and a 

prediction accuracy of 94.3%. The effectiveness of the proposed technique for use in intelligent portfolio 

management is shown through these results. 
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