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Abstract

Purpose: This study aims to determine the optimal stock portfolio using a combination of the Markowitz model
with Support Vector Machine (SVM), Data Envelopment Analysis (DEA), and the DBSCAN clustering algorithm.
The statistical population consists of companies listed on the Tehran Stock Exchange from 2012 to 2022.

Methodology: To achieve the research objectives and form an optimal stock portfolio, dimensionality reduction
approaches, DEA, SVM, and the DBSCAN clustering algorithm were employed. Financial ratios derived from
balance sheets, income statements, and cash flow statements, as well as composite financial ratios and risk-return

analysis based on the hybrid Markowitz model, were used as inputs to construct four portfolios.

Findings: The SVM method and the fourth approach, which includes the hybrid model, exhibited superior
performance in optimizing the stock portfolio.

Originality/Value: Given the innovation of this research in applying the hybrid Markowitz model, the results can
assist investors and stock analysts in managing the quality of an optimal stock portfolio.

Keywords: Optimal stock portfolio, Support vector machine, Data envelopment analysis, DBSCAN, Markowitz
model.
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Figure 1- Stock analysis: Data prep, ML, financial metrics.
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Table 1- Classification of financial ratios.
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Table 2- Stock efficiency models.
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Table 3- Different types of stocks with
different performance status.
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Table 4- Report of deletion of data for the first and second approaches.

p9d 3,Sag, olax  Jol 8,509, slass

Sp o Sy e Ol oS
1 19 20 0 20 1

8 190 198 0 198 2
10 90 100 0 100 3
0 33 33 0 33 4
14 0 20 20 5

12 58 1 69 70 6
11 20 31 0 31 7
203 725 21 907 928 8
251 1149 404 996 1400 o=




Optimal stock portfolio quality management using the combination... 368

1000
800
600
400
200

0 - I_I_. RN | - I

X1 2 3 4 5 6 7 8

| | |

959 ol 9550) ln @ glvosls Bd> ()55 -¥ S
Figure 2- Report of deletion of data for the first and second approaches.
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Table 5- Report of deletion of data for the third and fourth approaches.
Pl %y pew S,
Sy e Oy e olass
7 13 7 13 20
47 151 49 149 198
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28 42 10 60 70
8 23 20 11 31
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Figure 3- Report of deletion of data for the third and fourth approaches.
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Table 6- Investigating the accuracy of support vector machine models with four research approaches.
Individual Models
Comparing $ S-category with category

Partition Testing Training
Correct 425 %68 412 %72
Wrong 185 %32 160 %28
Total 620 572

Comparing $ S 1-category with category

Partition Testing Training
Correct 483 %77 450 %79
Wrong 137 %23 119 %21
Total 620 569

Comparing $ S 2-category with category

Partition Testing Training
Correct 510 %82 470 %83
Wrong 110 %18 95 %17
Total 620 565

Comparing $ S 3-category with category

Partition Testing Training
Correct 517 %83 470 %84
Wrong 103 %17 89 %16
Total 620 559
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Figure 4- Speed of gain index adjustment for accuracy of support vector machine models with four research approaches.
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Table 7- Weight and return and weighted return per share in the
optimal composition of the basket with the first approach.

RT3 T LS N S N O N RS T T =) sles s,
0.029333 0.74298  0.03948  0.334 Lodils 1
0.014422 0.23374  0.061702 0522  o=5ke 2
0.017443 0.33539  0.052009  0.44  olxd 3
0.003166 0.08423  0.037589  0.318 953 4
0.077414 1.21057  0.063948  0.541 sles o 5
-0.00523 -0.08995  0.058156  0.492 S 6
0.037109 0.59347  0.06253  0.529 plos 7
0.015077 0.38304  0.039362  0.333  (sos® 8
0.048685 0.89151  0.05461 0462 &% s 9
0.052918 1.34037 003948 0334 L@l 10

0.01079 0.22156 0.0487 0412  eswls 11
0.015973 0.43591  0.036643 031 Sil» 12
0.011718 0.196690  0.059574 0504  ol»s 13
0.014557 0.32579  0.044681 0378 i 14
0.011963 0.29593  0.040426 0342 b 15
0.040085 0.71847  0.055792  0.472 Als 18
0.029333 0.48957  0.046217  0.391 ol 17
0.014422 0.69973  0.054374 046 5> 18
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Table 8- Weight and return and weighted return per share in

the optimal composition of the basket with the second approach.
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Table 8- Continued.
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0.012677  0.19669 0.064451  0.96 ol 13
0.01448  0.32579 0.044444 0662 v 14
0.010411  0.29593  0.03518 0524 ol 15
0.047271  0.71847 0.065794  0.98 s 16
0.022252  0.48957 0.045451  0.677 ol 17
0.041105  0.69973 0.058745 0.875 (5> 18
0.023381  0.42574 0.054918 0818 »o> 19
0.013755  0.23603 0.058275 0.868  lwwd> 20

Ped)Sa9) b s At S5 53 s 5B (9390 033l 9 0331 9 (139 =% Jgi
Table 9- Weight and return and weighted return per share in the optimal
composition of the basket with the third approach.

09390003k e Jlwoosl g (39 wuyo sles o,

1.010022 0.23374 0.042876 0.514 Lol 1
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Table 10- Weight and return and weighted return per share in the
optimal composition of the basket with the fourth approach.
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Table 10- Continued.
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0.011775 0.29593 0.03979 0.477 RS 13
0.057235 0.71847 0.079663 0.955 g 14
0.026014 0.489857 0.053136 0.637 . lx.., 15
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Table 11- The return of the baskets associated with each approach along with the market return.
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Table 12- Examining the accuracy of the markowitz model with four research approaches.

Individual Models

Comparing $C-category with category

Partition  Testing Training
Correct 501 78% 450 74%
Wrong 34 22% 158 26%
Total 635 608
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Table 12- Continued.

Comparing $C 1-category with category

Partition  Testing Training
Correct 512 80% 460 75%
Wrong 123 20% 148 25%
Total 635 608

Comparing $C 2-category with category
Partition  Testing Training
Correct 550 86% 485 79%
Wrong 85 14% 123 21%
Total 635 608

Comparing $C3-category with category
Partition  Testing Training
Correct 600 94% 500 82%
Wrong 35 6% 108 8%
Total 635 608
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Figure 5- Speed of gain index adjustment for markowitz model accuracy with four research approaches.
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Table 13- Weight and return and weighted return per share in the optimal

composition of the basket with the first approach.
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Table 13- Continued.
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Table 14- Weight and return and weighted return per share in the optimal

composition of the basket with the second approach.
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0.0483817 0.829  0.05424  0.98 (o0 8
0.0704561 134 0252579 095 i%us 9
0.0122869 1.222 0.055346 10 Leb 10
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Table 15- Weight and return and weighted return per share in the optimal

composition of the basket with the third approach.

09390 03k e Jlwoosl peww (35 e slas o,
0.00790869 0.234 0.033798 0.781 9,55 olx! 1
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Table 16- Weight and return and weighted return per share in the
optimal composition of the basket with the fourth approach.
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Table 16- Continued.
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Table 17- Returns of the baskets associated with each approach along with
the market return.
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Table 18- Comparison of stock portfolios prepared using Sharpe.
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