E-ISSN: | P-ISSN:

0}{, Management Sciences and Decision Analysis e ot
y Decision Analysis
\ Www.msda.reapress.com ‘
p—\ Manag. Sci. Decis. Anal. Vol. 2, No. 1 (2025) 32-47. i f
. . . 3
Paper Type: Original Article 3,

Portfolio optimization using DEA integration with multiple

data sources with machine learning approach

Morteza Sarmadi!, Seyyed Ismail Najafi>*"=", Seyyed Ahmad Edalatpanah’

! Department of Financial Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran;
sarmadi787@gmail.com.

2 Department of Industrial Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran;
najafil 5 15@yahoo.com.

3 Department of Applied Mathematics, Aindegan Institute of Higher Education, Tonekabon, Iran;
saedalatpanah@gmail.com.

Citation:

E Sarmadi, M., Najafi, S. I., & Edalatpanah, S. A. (2025). Portfolio optimization using DEA integration
- with multiple data sources with machine learning approach. Management sciences and decision analysis,
2(1), 32-47.

Received: 14/09/2023 Reviewed: 08/10/2023 Revised: 18/01/2024 Accepted: 22/02/2024

Abstract

Objective: Portfolio optimization is a hot research topic that has attracted the attention of many researchers in recent
decades. The existing literature shows that the performance of traditional mean-variance portfolio strategies is not suitable.

Method: To address this issue, this paper first explains that a complete investment process includes two parts: Asset selection
and investment weight formulation. Then, we design a stock selection scheme that integrates Data Envelopment Analysis
(DEA) with multiple data sources to evaluate the investment value of stocks in terms of historical returns and asset
correlation. In addition, we use a Support Vector Machine (SVM) combined with multi-source data to predict stock price
movements. In the next step, we combine the obtained stock price movements and the proposed stock selection scheme to
build a portfolio optimization model. We also tested the proposed stock selection scheme and investment strategies, in which
the Tehran Stock Exchange index components were selected as experimental samples during the 15 months between June
2021 and November 2022.

Results: The empirical results show that the proposed stock selection scheme can effectively improve the performance of
all investment strategies. Moreover, the proposed investment strategy outperforms the traditional minimum global variance
investment strategy.

Originality: This research presents an innovative approach to portfolio optimization by integrating Data Envelopment
Analysis (DEA) and machine learning algorithms based on diverse data (Technical, fundamental, economic, and sentiment).
Unlike traditional methods, this hybrid model allows for a more comprehensive assessment of stock performance on the
Tehran Stock Exchange and opens a new horizon for intelligent investment decision-making in emerging markets.
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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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Figure 4- Number of selected stocks at stock selection priority level a.
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Table 1- Selected stocks at stock selection priority level a=0.6.
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Table 2- Tuned hyperparameters of the algorithm for the RBF kernel function.

Gamma C j Gamma C j
001 1 52 002 3 3
0.014 7 53 0006 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 77 001 2 25
0.004 3 81 0.016 4 32
001 1 83 002 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
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Table 4- Evaluation of stock price forecasting performance.

Cross-validation

>0.5 >0.6 fwge Pl Sl lgasls
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  FI-Score

O‘)‘Jgdz’.l"’f” 6‘;4 P 0‘}&4; @Ll: ui\ 3] d\j;d‘ ‘ui\f'L" (Cwl JJQJJLE 03 9d>wo 4> rL@.ij\ W&‘«‘i Cib" ASMJL;A Ols ¥ d}-\?
Lol O J 9> 3ae plew Cad DS i il 0 S oLl (658 S bl gl slyls sl shea

Pl oo Sy gl -0 Jguzr
Table 5- Stock price prediction results.

Predict j Predict j Predict j Predict j
74 0 52 0 22 0o 3

1 77 1 53 1 25 1 5
1 81 0 54 0 32 0 9
0 83 0 57 1 33 1 12
0 87 0 58 1 34 0 13
1 88 1 59 0 35 0 14
0 93 0 6l 1 36 0 16
1 97 1 62 0 41 0 17
1 99 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.
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77 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
@=0.9)Y s,la8ale ps 551yl

36 22 20 13 12
0.218832 0.1 0.281168 0.1 03
a=0.6

100 14 13 12 9
0.147969 0.3  0.152031 0.3 0.1
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Table 7- Performance of investment strategies.
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