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Extended Abstract

Introduction

Most investment decisions are based on more than one criterion and are often
inconsistent. It comes from a lot of different and contradictory data obtained from
the stock markets which originally indicated the existence of a complex system.
Gray systems theory (GST) was developed in the 1980s; But there are many
models developing today. Hence, there are some models which have been
developed within the grey systems method that can be useful in the management
of portfolios. Gray relation analysis (GRA) is a part of grey systems theory
developed to rank alternatives based on their characteristics. This method is
nonparametric and it is relatively simple compared with other sophisticated
methods of modelling and alternative rating. It is also less subjective than some
optimisation techniques. This study seeks to find the best method for optimal
portfolio selection using novel meta-modern methods in financial issues and
compare them with classic methods and finally increase precision and decrease
time in order to make optimum portfolio. Therefore, the main goal of this research
is to investigate the performance of the gray relationship analysis method using
eleven strategies to optimize the stock investment portfolio and compare it with
random methods of the first and second type. From the aspect of innovation, this
research seeks to introduce the gray relationship analysis method as a new tool for
the dynamic optimization of the stock investment portfolio.
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Literature Review

Selection of proper investment portfolio is one of the important issues that must
be considered by the investors in the capital markets. In this regard, the investor
must pay attention to the existing stock market risk and return. In the world around
us, we have a variety of systems that we face every day and we have to make
decisions about them. Making the right decisions requires adequate information
to present; In practice, few systems can be found that are well-known by all its
information. Because the information that is always obtained from the systems in
question is always incomplete; Therefore uncertainty as an integral part of these
systems is constantly manifested. This in turn presents a greater difficulty in
facing and making decisions about these systems. The main feature of a gray
system is that information about that system is not complete; Therefore, this is the
main point to start studying these systems and the main goal is to explore the real
characteristics of these systems in the context of information scarcity. Gray
relational analysis is a key element of grey system theory. The main idea of grey
relational analysis as a quantitative analysis is based on the importance of the
relationship between two different factors in a growing dynamical process. The
higher the similarity, the higher the degree of the relation between the series and
vice versa. We use Data Envelopment Analysis (DEA) method for comparing the
grey and random relational analysis methods. Data Envelopment Analysis
technique is a nonparametric method which measures the relative efficiency of a
decision-making unit (DMU) using the relative efficiency of a given set of inputs
and outputs and also classifies the considered units as efficient and ineffective
groups. The general stages for performing data envelopment analysis in this
manner are first determined the input and output and determine the evaluation
indicators, then separating the outputs and statements, and then, by showing the
values of the characteristics for each goal, analysis and interpretation of the results
are done. In this research, simultaneous reducing of input and output increases is
important for us. Hence, we use the collective model. The hypothesis that this
research seeks to investigate is as follows: between the stock portfolio created
using gray relationship analysis strategies in the studied industries (investment,
chemicals, banks, oil and iron and steel products) and the stock portfolio created
There is a significant difference with the random approach. Some similar studies
include Huang and Yang, (2004), in their research used the gray wave forecasting
method to estimate China's trade volume. They showed that the use of gray models
is more accurate in forecasting the US dollar exchange rate series compared to
some conventional autoregressive moving average (ARMA) approaches.
Skrinjari¢ (2020) in his research experimentally evaluated the possibilities of
dynamic stock portfolio restructuring according to the results of stock rating using
Gray relation analysis approach. He also used the data coverage analysis method
to compare investment strategies based on financial theory. The results showed
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that by focusing on some aspects of yield distribution compared to other methods,
the gray system method is a useful tool to facilitate analysis; Therefore, strategies
based on gray results can lead to better results compared to parametric analysis
methods. Ramezani and Mokhatab Rafiei, (2022) in their research using gray
relational analysis to choose a dynamic investment portfolio in Tehran Stock
Exchange used gray relational analysis approach to choose a stock investment
portfolio. Return, risk, skewness, and kurtosis were used at the same time as
selection criteria in the construction of stock investment portfolio selection. In
their research, 14 shares of different industries such as metals, banks, financial
institutions, car manufacturers, transportation and oil were randomly selected
from 30 large companies active in the Tehran Stock Exchange and all the moments
mentioned above were calculated for each share. The stock investment portfolio
was dynamically rebuilt every week based on the previous week's ranking. The
result of the analysis showed that the selected method has a better performance
compared to the benchmarks in terms of efficiency, standard deviation and Sharpe
ratio. Silva et al. (2023) in their research a new model called CRITICGRA for
evaluating investment options They offered in the Brazilian stock market. For this
purpose, 190 companies were selected as investment options. To evaluate the
performance, Jed's model was compared with Resik's model and Sharp's
efficiency. The result of the investigation indicated the superiority of the new
consolidated model over the Sharp model.

Research Methodology

This research is of scientific and practical type. In this paper, using hybrid
approach of grey relation analysis and data envelopment analysis, the investment
strategies based on financial theory have been compared. In this study, library
study was used to collect theoretical and thematic literature related to the literature
and theoretical foundations of the research. This study population includes all the
companies listed in Tehran Stock Exchange during the period of research
implementation. The sample of this research includes the top five industries in the
Tehran Stock Exchange, where the following considerations are assumed: these
five industries have the highest marketing value at the beginning of the research
(selected industries remain unchanged in the following years, but the portfolio The
choice between these five industries is different). The research period is five years
(2019-2024) and the investigated companies in five industries must be members
of the Tehran Stock Exchange during the study period and its shares must be
traded. In order to achieve better reliability and validity, five selected industries
have at least 10 participants in the study period. In this study, the Eviews software
was used to perform the necessary analysis and the Jarec Barra test was used to
make sure the raw data was normal. Gray relational analysis and grading was
conducted by a programme designed by the consultant team in EXCEL
spreadsheet format. The data envelopment analysis method by Data Envelopment
Analysis software was used online. Finally, in order to test the hypothesis using
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the data coverage analysis method, DEA software (online from the SoftGaster
site) has been used.In summary, the stages of research performance are:

Collecting raw data with the considerations related to the research sample.
Descriptive data analysis.

Organise data to log in to analysis software.

Performing Gray Relationship Analysis test for the time range.

random methods calculation.

Comparison of the strategy based on gray relational analysis with random
approach using data envelopment analysis and evaluating the results using
software.

e Performing tests for the research hypothesis.

Results

The results show that the grey relationship analysis strategies have a better
performance than the stochastic approaches. The research hypotheses were
investigated using Mann-Whitney U test. To perform the test, the SPSS software
was used around 95% confidence level of evidence supporting the claim. In other
words, the study hypothesis, claiming that there is a significant difference in the
use of grey relational analysis strategies and stochastic method in optimum
portfolio formation, is confirmed.

Discussion and Conclusion

The results of the research show that there is a significant difference between the
stock investment portfolio created using gray relationship analysis strategies and
the random approach. Strategies related to gray relation analysis have higher
efficiency than strategies related to random approach. In the strategies related to
the analysis of the gray relationship, the goal is to invest in the best sector
(according to the allocation of the percentage of investment weight to the first to
fourth moments), while in random strategies, investments are made proportionally
in all sectors. Among the strategies of the analysis of the gray relationship, there
are also strategies7, 9, 10 and 11. have the highest efficiency (Table 4). In general,
the results of the research show that when the goal is to invest in the best sector,
the gray relationship algorithm is a more efficient method than the random
approach, and this result is similar to the results of the work done by Skrinjari¢
(2020). who came to the conclusion in his research that using the gray relationship
analysis method has a better performance than the benchmark methods, and also
Ramezani and Mokhatab Rafiei, (2022), who also reached the same result in their
research, reached this conclusion. that the gray relationship analysis method has
better performance compared to benchmarks in terms of efficiency, standard
deviation and Sharpe ratio. And finally, with the result of Silva et al. (2023), who
created a new model called CRITICGRA through the correlation method between
the CRITIC criterion and gray relation analysis in their research to select the stock
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investment portfolio and showed that the method CRITICGRA has a better
performance than the Sharp model as a classic model.
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Figure (3) Formation of efficient frontier by data envelopment analysis method

1. Data Envelopment Analysis (DEA)
2. Decision-Making Units (DMU)
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