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Abstract

Purpose: This study aims to optimize investment portfolios by combining Data Envelopment Analysis (DEA) and
machine learning, using multi-source data from the Tehran Stock Exchange. The main goal is to provide an advanced
model for stock selection and portfolio optimization so that investors can adopt strategies that are more efficient than
the traditional methods.

Methodology: First, the DEA model was used to evaluate stock efficiency in terms of historical returns and asset
correlation. Then, using a Support Vector Machine (SVM) and combining multi-source data, the stock price movement
trend is predicted. To improve the accuracy of the model, random search and network methods were used to adjust the
algorithm hyperparameters optimally. Finally, the resulting data are integrated into a portfolio optimization model and a
proposed investment strategy is formulated.

Findings: Experimental results on the Tehran Stock Exchange data showed that the proposed model can improve the
performance of investment strategies compared to traditional methods. Sharpe and Sortino ratios indicate the superiority
of the proposed model over the minimum global variance strategy. It was also found that using a low-diversity investment
strategy can provide greater efficiency than using fully diversified strategies.

Originality/Value: This study proposes a new approach to stock selection and portfolio optimization by presenting a
combined model of DEA and machine learning. The use of multi-source data and advanced machine learning methods
improves the accuracy of investor forecasting and decision-making, paving the way for future research in areas such as
the use of fuzzy models, meta-heuristic algorithms, and the analysis of relationships between financial indicators.
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Figure 1- Stock selection flow based on DEA with multiple data sources.
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Figure 2- Asset efficiency scores in terms of mean-variance of returns.
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Figure 3- Asset efficiency scores in terms of return correlation.
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Table 2- Tuned hyperparameters of the algorithm for the RBF kernel function.
Gamma C j Gamma C j

0.01 1 52 0.02 3 3

0.014 7 53 0.006 1 5

0.008 9 54 0.007 1 9

0.002 8 57 0.039 9 12
0.005 2 58 0.009 5 13
0.019 3 59 0.001 1 14
0.015 1 61 0.005 1 16
0.011 9 62 0.011 1 17
0.008 3 63 0.003 9 20
0.005 1 67 0.031 5 21
0.002 5 74 0.003 3 22
0.002 9 77 0.01 2 25
0.004 3 81 0.016 4 32
0.01 1 83 0.02 1 33
0.008 9 87 0.008 9 34
0.006 7 88 0.001 7 35
0.001 7 93 0.022 7 36
0.019 8 97 0.006 3 41
0.049 8 99 0.001 9 45
0.147 4 100 0.002 8 51

1 Support Vector Machine (SVM) % Radial Basis Function (RBF)

2 Hyperparameter optimization
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Table 4- Stock price forecast performance evaluation.
Cross-Validation

>05 >0.6 lwge  Jila>  Slas b asld
40 36 0.67 0.55 0.83  Accuracy
40 38 0.69 0.54 0.87  Precision
29 19 0.59 0.37 0.97 Recall
33 21 0.61 0.37 0.89 F1-Score
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Table 5- Stock price prediction results.
Predict j Predict j Predict j Predict j

0 74 0 52 0 22 0 3

1 771 53 1 25 1 5

1 81 O 54 0 32 0 9

0 83 0 57 1 33 1 12
0 87 0 58 1 34 0 13
1 88 1 5 0 3% 0 14
0 93 0 61 1 36 0 16
1 97 1 62 0 41 0 17
1 9 1 63 0 45 1 20
0 100 1 67 1 51 0 21
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Table 6- Optimal portfolio of investment strategies.

Y (5,108 4ke s (5551 il

a=0.9

7 62 59 36 12
0.142711 0.236434 0.148537 0.172318 0.3
a=0.6

81 51 36 20 12

0.1 0.1 0.244196 0.255804 0.3

¥ @l ale s (o3 sl

a=0.9

36 22 20 13 12
0.218832 0.1 0.281168 0.1 0.3
a=0.6

100 14 13 12 9
0.147969 0.3 0.152031 03 01
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Table 7- Performance of investment strategies.
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