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Abstract: This study aims to compare the Markowitz method and the Genetic Algorithm in forming
an optimal portfolio in the Saudi Arabian stock market, which is known to have dynamic characteristics
and high levels of volatility due to the influence of economic reforms, oil price fluctuations, and inte-
gration with global markets. The study uses daily closing price data for companies indexed in the Tad-
awul All Share Index for the period January 2, 2022, to October 30, 2025, obtained through Yahoo
Finance. Sample selection uses a purposive sampling method based on data completeness and Coeffi-
cient of Variation selection. The optimization process is carried out using the Python programming
language through the Efficient Frontier Markowitz approach and the Genetic Algorithm. While port-
folio performance evaluation is carried out using the Sharpe Ratio, Sortino Ratio, and Omega Ratio to
obtain a more comprehensive assessment of risk and return efficiency. The results show that the Mar-
kowitz method tends to produce higher expected returns, but with a greater level of risk, while the
Genetic Algorithm produces a portfolio with a relatively lower level of risk and more stability. Further-
more, conventional stock portfolios performed better than Islamic stock portfolios based on the per-
formance ratio evalu-ation used. This finding suggests that portfolio optimization methods should be
tailored to investor risk preferences and the characteristics of the investment market.

Keywords: Optimal Portfolio; Markowitz; Genetic Algorithm; Efficient Frontier; Saudi Arabian
Stocks

1. Introduction

Stock investment is a highly sought-after investment instrument due to its ability to generate
relatively high returns compared to other financial instruments. In practice, investors do not
focus solely on maximizing returns but also consider the level of risk involved. Consequently,
constructing an optimal portfolio is a crucial aspect of investment decision-making, as the
goal is to create an asset combination that yields the maximum return for a given level of risk.
A diversification strategy involving portfolio construction is essential to minimize investment
risk without compromising the potential returns available to the investor [5].

In modern portfolio theory, the concept of the efficient frontier developed by [14] setves as
the fundamental basis for constructing an optimal portfolio. The Markowitz model explains
that investors can achieve the best portfolio combination by optimizing the relationship be-
tween expected return and portfolio risk. This approach utilizes variance and covariance
among assets to determine an efficient investment composition. The efficient frontier con-
cept illustrates a set of optimal portfolios that offer the highest return for a given level of risk
or the lowest risk for a given level of return. Due to its ability to systematically explain the
relationship between risk and return, the Markowitz model remains one of the most widely
used methods in investment management [19].
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Nevertheless, the Markowitz model has certain limitations regarding its application in modern
stock markets. It is built on the assumptions that stock returns are normally distributed, rela-
tionships between assets are linear, and market conditions are stable. In reality, stock markets
often exhibit dynamic, volatile, and non-linear movements, making it difficult to fully satisfy
these assumptions. Furthermore, the Markowitz approach is sensitive to changes in input data
such as expected returns and the covariance matrix meaning optimization results can shift
significantly during market fluctuations. Consequently, the Markowitz model is considered
less flexible in handling the complexities of rapidly evolving markets [17].

These characteristics are evident in the Saudi Arabian stock market, represented by the Tad-
awul All Share Index. As the largest capital market in the Middle East, the Saudi stock market
plays a significant role in the regional economy. Its development has been shaped by the
Vision 2030 economic reforms, fluctuations in global oil prices, integration into global mar-
kets, and increased foreign investor participation. According to an MSCI report, the market
has experienced improved liquidity and accessibility for global investors since its inclusion in
the MSCI Emerging Markets Index. However, this rise in trading activity has also been ac-
companied by high market volatility [3].

In addition to being influenced by external factors, the Saudi stock market exhibits internal
characteristics indicating that its level of market efficiency is not yet fully stable. Research [13]
has found that the Saudi stock market possesses "long memory" properties signifying long-
term dependency and thus does not yet fully satisfy the efficient market hypothesis. The mar-
ket continues to experience inefficiencies despite undergoing various governance teforms.
Furthermore, the dominance of retail investors and high sensitivity to oil prices render the
risk-return relationship unstable. These conditions suggest that classical optimization ap-
proaches, such as the Markowitz model, may not effectively generate optimal portfolios
within the dynamic and non-linear environment of the Saudi stock market [1].

Advancements in computational technology within the financial sector have spurred the
emergence of various adaptive alternative optimization methods, one of which is the Genetic
Algorithm (GA). The Genetic Algorithm is an evolution-based heuristic method that employs
selection, crossover, and mutation processes to identify optimal solutions. This method is
considered more flexible than conventional approaches, as it is capable of handling non-linear
relationships and complex investment constraints, while also mitigating the risk of becoming
trapped in local optima. Studies have demonstrated that the Genetic Algorithm yields more
stable portfolio optimization results in highly volatile markets. Research by [12] indicates that
the Genetic Algorithm-based heuristic method produces more flexible portfolio optimization
solutions compared to conventional approaches when dealing with complex constraints. Fur-
thermore, [27] state that the Genetic Algorithm is effective for portfolio optimization, as it
generates solutions approaching the efficient frontier while simultaneously accommodating
minimum transaction lot constraints in dynamic market conditions. Recent research on me-
taheuristic portfolio optimization [6] also highlights the increasing adoption of heuristic ap-
proaches and evolutionary algorithms, noting their superior effectiveness in solving the com-
plex, non-linear optimization problems characteristic of modern portfolio management [15].

While extensive research has been conducted on portfolio optimization, studies specifically
comparing the performance of the Markowitz Efficient Frontier method and the Genetic
Algorithm within the Saudi Arabian stock market remain relatively limited. Most prior re-
search has focused on developed markets or employed only a single optimization method
without conducting a direct comparison. Therefore, this study aims to compare the perfor-
mance of the Markowitz Efficient Frontier and the Genetic Algorithm in constructing opti-
mal portfolios of Saudi Arabian stocks. This research is expected to contribute academically
to the development of portfolio optimization methods and serve as a practical reference for
investors in determining more effective investment strategies tailored to the characteristics of
the Saudi stock market [25].
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2. Literature Review

2.1. Modern Portfolio Theory (MPT)

Modern Portfolio Theory (MPT) was introduced by Harry Markowitz as an approach to con-
structing an optimal portfolio by combining assets to achieve the maximum possible return
for a given level of risk. The theory emphasizes that investment decisions should not rely
solely on the individual performance of assets but also on the interrelationships between as-
sets within a portfolio, utilizing the concept of diversification. In this model, risk is measured
using variance or standard deviation, while asset interrelationships are analyzed through co-
variance and correlation. Markowitz's approach gave rise to the concept of the "efficient fron-
tier" a set of efficient portfolios that offer the highest return for a specific level of risk. How-
ever, the model has limitations; it is built on assumptions of normally distributed returns and
linear relationships between assets, meaning its application in dynamic and volatile markets is
often suboptimal [14]. Research by [18] explains that portfolio diversification can reduce un-
systematic risk by combining assets with varying correlation patterns. Consequently, the con-
struction of an optimal portfolio is a crucial component of modern investment management

(20].

Although the Markowitz model remains one of the most influential portfolio optimization
approaches, recent studies have highlighted several practical limitations. The model relies
heavily on accurate estimates of expected returns and the covariance matrix, making portfolio
allocation highly sensitive to estimation errors. Moreover, the assumptions of normally dis-
tributed returns and linear asset relationships often fail to reflect actual financial market be-
havior, particulatly during petiods of high volatility and market uncertainty. Consequently,
optimization results may become unstable when market conditions change rapidly. Recent
systematic reviews suggest that these limitations have encouraged researchers to integrate
computational intelligence and metaheuristic optimization techniques into modern portfolio
management, allowing more flexible portfolio construction while maintaining efficient risk-
return characteristics [28].

2.2 Genetic Algorithms in Portfolio Optimization

Among various computational intelligence methods, the Genetic Algorithm (GA) has become
one of the most widely used optimization techniques in portfolio management. GA imitates
biological evolution through selection, crossover, and mutation processes to search for opti-
mal portfolio allocations. Unlike classical optimization methods, Genetic Algorithm does not
require strict mathematical assumptions and is capable of handling nonlinear optimization
problems with multiple constraints. Recent studies have confirmed the effectiveness of Ge-
netic Algorithm in portfolio optimization. [10] reported that Genetic Algorithm provides ro-
bust solutions under uncertain market conditions and improves portfolio diversification com-
pared with conventional optimization approaches. [11] proposed an evolutionary multi-ob-
jective optimization framework that successfully generated portfolios with more balanced
risk-return characteristics than traditional mean-variance optimization.

The Genetic Algorithm (GA) is an evolution-based optimization method that adopts natural
selection mechanisms specifically selection, crossover, and mutation to derive an optimal so-
lution from a population of candidates. In portfolio optimization, each chromosome repre-
sents a combination of asset weights to be optimized based on a specific objective function,
such as maximizing returns and minimizing risk. [8] demonstrated that optimization methods
can effectively determine portfolio allocations by considering the interactions among financial
assets, thereby producing more efficient investment decisions under portfolio con-
straints.Compared to conventional approaches like the Markowitz model, the Genetic Algo-
rithm is considered more flexible due to its ability to handle non-linear relationships, complex
investment constraints, and vast solution spaces. Research by [7] demonstrates the effective-
ness of the Genetic Algorithm-based heuristic approach in portfolio optimization subject to
vatious investment constraints, while [9] notes that the method yields portfolio solutions that
are more adaptive to dynamic market conditions. Consequently, the Genetic Algorithm is
widely employed in modern portfolio optimization, particularly in markets characterized by
high volatility and instability. According to [16], the Genetic Algorithm offers superior global
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search capabilities compared to traditional optimization methods, as it can avoid local optima
in complex optimization problems.

Despite its superior flexibility, the Genetic Algorithm is not without limitations. The quality
of the optimization results depends greatly on parameter settings such as population size,
crossover probability, mutation rate, and stopping criteria. Inappropriate parameter selection
may lead to premature convergence or excessive computational time. Nevertheless, compared
with classical optimization techniques, Genetic Algorithm provides stronger global search
capability and is more suitable for solving portfolio optimization problems involving multiple
objectives and nonlinear investment constraints. Recent studies by [10] and [11] demonstrated
that evolutionary optimization methods consistently outperform conventional optimization
in terms of robustness and diversification under uncertain market conditions.

2.3 The Efficient Frontier and Portfolio Performance Ratio Analysis

The efficient frontier concept is a cornerstone of modern portfolio theory, representing the
set of optimal portfolios that yield the highest return for a given level of risk. The efficient
frontier curve illustrates the relationship between expected return and portfolio risk measured
by standard deviation enabling investors to select investment combinations that align with
their individual risk preferences. When evaluating portfolio performance, various ratios are
employed to assess the efficiency of optimization outcomes. The Sharpe Ratio, introduced by
[22], measures excess return relative to total portfolio risk, whereas the Sortino Ratio focuses
on downside risk, making it particularly relevant for high-volatility markets [23] Additionally,
the Omega Ratio is used to evaluate the overall distribution of gains and losses, as it considers
factors beyond mere average return and variance [21]. Utilizing these three ratios allows for a
more comprehensive performance evaluation when comparing the effectiveness of the Mar-
kowitz method and the Genetic Algorithm in constructing optimal portfolios. Research by
[26] indicates that employing the Sharpe, Sortino, and Omega ratios in tandem provides a
more comprehensive performance assessment than relying on a single ratio alone. This ap-
proach is considered more effective for measuring risk-return efficiency within volatile and
dynamic market conditions [4]. Based on the strengths and limitations of both optimization
methods, this study compares the performance of the Markowitz Efficient Frontier and the
Genetic Algorithm in constructing optimal portfolios of Saudi Arabian Sharia and conven-
tional stocks. The comparison is expected to provide empirical evidence regarding the effec-
tiveness of both methods under the characteristics of the Saudi capital market while contrib-
uting to the development of portfolio optimization research.

3. Research Methods

This study employs a quantitative approach with a comparative method to compare the pet-
formance of Markowitz’s Efficient Frontier and the Genetic Algorithm in constructing an
optimal portfolio within the Saudi Arabian stock market. A quantitative approach is utilized
because the study focuses on processing numerical data specifically stock returns, risk levels,
and portfolio performance metrics. Meanwhile, the comparative method is used to analyze
differences in the optimization results yielded by the two methods in forming an optimal
porttfolio.

The study utilizes secondary data consisting of daily closing prices for companies listed on
the Tadawul All-Share Index over the period from January 2, 2022, to October 30, 2025. Data
were obtained via Yahoo Finance and processed using the Python programming language.
The selected study period aims to capture a picture of the dynamic conditions of the Saudi
Arabian stock market, including the impact of market volatility, fluctuations in oil prices, and
global investor activity influencing stock movements. Companies with incomplete daily clos-
ing price data for the specified period were excluded to ensure the study's accuracy based on
stock price performance data.

The population for this study consists of all companies listed on the Tadawul All Share Index
during the observation period. A purposive sampling method was employed, selecting com-
panies that possessed complete daily closing price data throughout the study petriod. Follow-
ing the screening process, the qualifying stocks were evaluated using the Coefficient of Vari-
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ation (CV) to identify those demonstrating superior risk-return efficiency; stocks with lower
CV values were selected as the study sample. Subsequently, the selected stocks were catego-
rized into three portfolio groups: Shatia stocks, conventional stocks, and a combined group
of Sharia and conventional stocks.

Optimal portfolio construction in this study was achieved using the Markowitz Efficient
Frontier method and the Genetic Algorithm. The Markowitz method was utilized to generate
efficient portfolio combinations based on the risk-return relationship, while the Genetic Al-
gorithm served as an alternative optimization method, offering greater flexibility in exploring
asset weight combinations under complex market conditions. Mathematically, the construc-
tion of the optimal portfolio was based on the portfolio's expected return. Portfolio petfor-
mance was evaluated using the Sharpe Ratio, Sortino Ratio, and Omega Ratio to compare the
risk-return efficiency of each method. The entire process spanning data acquisition, data pro-
cessing, and portfolio optimization through to result visualization was conducted using Py-
thon, supported by libraries such as yfinance, pandas, NumPy, SciPy, and Matplotlib, ensuring
a systematic and efficient analysis.

The sample selection process was conducted systematically to ensure that the selected stocks
represented the characteristics of both Sharia-compliant and conventional stocks listed on the
Tadawul All Share Index (TASI). Initially, all eligible stocks were identified and classified into
their respective categories. Stocks with incomplete daily closing price data during the obser-
vation period were excluded to ensure consistency in the calculation of returns and risk.

Subsequently, the Coefficient of Variation (CV) was used as the primary screening criterion.
The CV measures the ratio of the standard deviation to the expected return, indicating the
level of risk associated with each unit of expected return. Stocks with lower CV values were
considered more efficient because they provided lower risk relative to their expected returns.
Therefore, the CV was employed to identify stocks with favorable risk-return characteristics
before portfolio optimization. Based on the CV ranking, six Sharia-compliant stocks and six
conventional stocks with the lowest CV values were selected as the final sample. An equal
number of stocks from each category was chosen to ensure a balanced comparison between
Sharia and conventional portfolios while maintaining computational efficiency during the op-
timization process.

The Coefficient of Variation (CV) was selected because it standardizes portfolio risk relative
to expected return, enabling objective comparison among stocks with different return char-
acteristics. Stocks with lower CV values provide lower risk per unit of expected return and
are therefore considered more efficient investment candidates. This criterion has been widely
adopted in portfolio screening to improve the quality of asset selection before optimization.

Table 1. Sample and Population

CRITERIA AMOUNT
Stocks included in the Tadawul All-Share Index 50
Total Population 50
Stocks with incomplete closing price data 38
Total 12
Stocks listed only on conventional indices 6
Stocks listed exclusively on Sharia indices. 6
Total samples 12
Total data (12 stock x 955 days) 11.460

As presented in Table 1, the final sample consisted of six Sharia-compliant stocks and six
conventional stocks selected based on the lowest Coefficient of Variation (CV) values. This
selection ensured that the portfolio optimization was performed using stocks with relatively
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efficient risk-return characteristics while maintaining a balanced comparison between both
porttfolio groups. Six stocks were selected for each portfolio category to ensure balanced com-
parison between Sharia-compliant and conventional portfolios. Since only six conventional-
only stocks satisfied all screening criteria, the same number was adopted for the Sharia port-
folio to eliminate sampling bias and maintain comparable optimization conditions across
porttfolio groups.

The Coefficient of Variation (CV) was calculated for the obtained sample, and the resulting
CV values served as the basis for stock selection; stocks with low CVs were chosen. Subse-
quently, the number of stocks in each portfolio group was determined based on the smallest
group size specifically the group listed only on the conventional index, comprising six stocks
to ensure fairness and avoid bias. Finally, a combined group was added, consisting of stocks
from all three aforementioned groups, totaling 12 stocks.

The stocks for each portfolio group are as follows:

Table 2. Selected stocks and their portfolio groups

CONVENTIONAL
ONLY SHARIA ONLY COMBINATION

Arabian United Float Glass ~ Bank Aljazira Arabian United Float Glass
Saudi British Bank (SABB) ~ Almarai Saudi British Bank (SABB)
Riyad Bank Yamama Cement Riyad Bank
Al Baha Investment Saudi Investment Bank Al Baha Investment
SADAFCO Al Rajhi Bank SADAFCO
Seera Group Bank Albilad Seera Group

Bank Aljazira

Almarai

Yamama Cement

Saudi Investment Bank
Al Rajhi Bank
Bank Albilad

3.1. Research Flowchart

This flowchart illustrates the systematic stages of the research, ranging from problem identi-
fication to the drawing of conclusions. The research process focuses on comparing the Mar-
kowitz method and the Genetic Algorithm in constructing an optimal portfolio of Saudi Ara-
bian stocks.
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Through these stages, this study aims to produce a comprehensive comparative analysis of
the risk and return efficiency of the two optimization methods.

4. Results and Discussion

Portfolio analysis in this study reveals a trade-off relationship between risk and expected re-
turn across conventional stocks, Sharia-compliant stocks, and combinations of both in the
Saudi Arabian stock market. Optimization was performed using the Markowitz Efficient
Frontier method and the Genetic Algorithm implemented via Python to generate optimal
portfolio combi-nations based on risk and return levels. The optimization process yielded a
set of efficient portfolios visualized as an efficient frontier curve, enabling an analysis of the
risk-return relationship patterns associated with each method. The resulting efficient frontier
curves demonstrate that the Markowitz method forms a more structured frontier pattern
based on the mean-variance approach, whereas the Genetic Algorithm produces a more flex-
ible frontier due to its ability to explore a broader solution space. These findings indicate that
the Genetic Algorithm possesses greater adaptability in handling the characteris-tics of the
Saudi Arabian stock market, which tends to be volatile and influ-enced by oil price dynamics
and global investor activity. Differences in the frontier characteristics of the two methods
indicate that each approach pos-sesses a distinct level of efficiency in generating optimal port-
folios. Portfolios situated on the left side of the efficient frontier curve represent asset combi-
nations with minimum risk, whereas those on the right side indicate combi-nations offering
higher expected returns accompanied by increased risk. In this study, the Genetic Algorithm
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generated a more diverse range of portfolio combinations compared to the Markowitz
method, thereby offering investors a broader array of investment solutions. Heuristic ap-
proaches based on Genetic Algorithms are more effective at solving portfolio optimiza-tion
problems characterized by complex, non-linear solution spaces.

Portfolio performance was evaluated using the Sharpe Ratio, Sortino Ratio, and Omega Ratio
to obtain a more comprehensive assessment. The Sharpe Ratio measures excess teturn rela-
tive to total portfolio risk, thereby indicating general investment efficiency. Meanwhile, the
Sortino Ratio evaluates down-side risk, making it more relevant for illustrating potential losses
during vola-tile market conditions. Additionally, the Omega Ratio compares the distribu-tion
of gains and losses against a specific target return, providing a broader evaluative perspective
than the traditional mean-variance approach. The use of these three ratios demonstrates that
portfolio performance assessment de-pends not only on return levels and total risk but also
takes into account the stability and distribution of returns generated by each optimization
method.

The research findings indicate that there is no single portfolio that is abso-lutely the best;
rather, there is a set of efficient portfolios from which investors can choose based on their
risk preferences. Risk-averse investors tend to select portfolios on the left side of the frontier,
characterized by lower volatility, whereas investors with higher risk tolerance opt for portfo-
lios on the right side, offering higher potential returns. In the dynamic context of the Saudi
Arabian stock market, the use of a Genetic Algorithm offers an advantage by generating more
adaptive portfolio solutions compared to the Markowitz method, par-ticularly when navi-
gating changing market conditions and non-linear stock movement patterns. Consequently,
combining modern optimization ap-proaches with performance evaluations based on the
Sharpe, Sortino, and Omega ratios serves as an effective alternative for supporting investment
de-cision-making in the Saudi Arabian stock market. These results align with the study by [§],
which demonstrated that evolutionary algorithm approaches can generate more flexible port-
folio combinations in markets characterized by high volatility and unstable return relation-
ships.

4.1. Sharia-Only Group

Table 3. Optimal Stock Composition of the Sharia-Only Group

Syariah Only 5 Maximum Expected Return l 5 Minimum Variance
Weight
1020.5R 0,00% 0,00% 0,00% 0,00% 0,30% 0,30% 43% 848% 12,57% 16,67%
2280.5R 0,00% 0,00% 0,00% 0,00% 1,51% 1,51% 5.30% 9,09% 12,88% 16,67%
3020.58 0,00% 0,00% 0,00% 282% 947% 947% 11,27% 13,07% 14,87% 16,67%
1030.5R 0,00% 1,36% 11,02% 18,18% 19,92% 19,92% 19,10% 18,29% 17,48% 16,67%
11205R 0,02% 1544% | 2085% | 2440% | 2417% | 2417% | 2209% 2042% 18,54% 16,67%
1140.5R 99,98% 83,20% 68,13% 54,56% 44,64% 44,64% 37,64% 30,65% 23,66% 16,67%
Expected Return 0,04% 0,04% 0,04% 0,03% 0,03% 0,03% 0,03% 0,03% 0,03% 0,02%
Standard Deviation 1,86% 1,70% 1,55% 1,42% 1,30% 1,30% 1,23% 117% 1,12% 1,09%
Coefficient of Variation (CV) 46,7462 45,0721 434413 42,0637 41,0747 41,0747 41,6037 42,5263 43,9905 46,1973
Sharpe 0,0214 0,0222 0,0230 0,0238 0,0243 0,0243 0,0240 0,0235 0,0227 0,0216
Sortino 0,0308 0,0319 0,0332 0,0343 0,0351 0,0351 0,0347 0,0339 0,0327 0,0311
Omega 1,05508635 | 1,057189948 | 1,059399454 | 1,061403418 | 1,02927622 | 1,062927622 | 1,062103109 | 1,060715596 | 1,058636549 | 1,055758851

Table 3 presents the optimal portfolio compositions for the Sharia-only group generated us-
ing the Markowitz Efficient Frontier and Genetic Algorithm. The maximum-return portfolio
achieved an expected return of 0.04% with a portfolio risk of 1.86%, while the minimum-
variance portfolio reduced the portfolio risk to 1.09% with an expected return of 0.02%.
Furthermore, the highest Sharpe Ratio (0.0243), Sortino Ratio (0.0351), and Omega Ratio
(1.0629) were obtained by portfolios with moderate risk levels, indicating a more favorable
risk-adjusted performance than portfolios targeting either maximum return or minimum var-
iance.
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Figures 2—4 show the generated by the Markowitz and the Genetic Algorithm for a Sharia-
compliant portfolio. Both methods exhibit the expected positive relationship between port-
folio risk and expected treturn, confirming the fundamental principle of Modern Portfolio
Theory proposed by [14]. The Markowitz model generated portfolios with higher expected
returns accompanied by greater portfolio risk, whereas the Genetic Algorithm produced more
stable portfolio allocations with a narrower range of portfolio risk. These findings are con-
sistent with [10], who reported that evolutionary optimization methods improve portfolio
robustness under uncertain matket conditions, and with [11], who demonstrated that evolu-
tionary optimization enhances portfolio diversification while maintaining competitive returns.
Therefore, the Genetic Algorithm represents a practical alternative for constructing Sharia-
compliant portfolios in dynamic market environments. These findings are consistent with
[24], who demonstrated that the Genetic Algorithm is capable of identifying more efficient
portfolio allocations within the mean—variance framework, resulting in improved risk-ad-
justed performance compared with conventional optimization approaches

4.2 Conventional-Only Group
Table 4. Optimal Stock Composition of the Conventional-Only Group

Conventional Only 5 Maximum Expected Return \ 5 Minimum Variance
Weight
2150.5R 0,00% 0,00% 0,00% 2,15% 5,05% 505% 7,96% 10,36% 13,76% 16,67%
1060.5R 0,00% 0,00% 0,14% 3,25% 5,93% 5.93% 8,62% 11,30% 13,99% 16,67%
1010.5R 0,00% 0,00% 4,74% 7,03% 8,96% 8,96% 10,89% 12,81% 14,74% 16,67%
4130.5R 0,00% 15,61% 23,25% 22,24% 2,12% 2,12% 20,00% 18,38% 17,76% 16,67%
270.5R 0,00% 41,07% 35,40% 32,22% 29,12% 29,12% 26,01% 22,90% 19,79% 16,67%
1810.5R 10000% | 4332% 36,47% 33,11% 29,82% 29,82% 26,53% 23,25% 19,96% 16,67%
Expected Return 0,08% 0,07% 0,07% 0,06% 0,06% 0,06% 0,05% 0,05% 0,04% 0,04%
Standard Deviation 1,79% 1,32% 1,37% 1,32% 1,27% 1,27% 1,24% 1,21% 1,19% 1,19%
Coefficient of Variation (CV) 236206 | 184643 | 204856 | 21,0672 | 21,8849 | 218849 | 230140 | 245561 | 26,6488 | 294947
Sharpe 0,0423 0,0542 0,0488 0,0475 0,0457 0,0457 0,0435 0,0407 0,0375 0,0339
Sortino 0,0619 0,0300 00718 0,0697 0,0670 0,0670 0,0636 0,0595 0,0547 0,0493
Omega 1,111960744 | 1,145412528 | 1,130169293 | 1,126357196 | 1,121360112 | 1,121360112 | 1,115075604 | 1,107474044 | 1,098631017 | 1,088704116

Table 4 presents the optimal portfolio compositions for the conventional-only group gener-
ated using the Markowitz Efficient Frontier and Genetic Algorithm. The maximum-return
porttfolio achieved an expected return of 0.08% with a portfolio risk of 1.79%, whereas the
minimum-variance portfolio reduced the portfolio risk to 1.19% while maintaining an ex-
pected return of 0.04%. Furthermore, the highest Sharpe Ratio (0.0542), Sortino Ratio
(0.0800), and Omega Ratio (1.1454) were obtained by portfolios with moderate risk levels,
indicating that balanced portfolios provided superior risk-adjusted performance compared
with portfolios focusing solely on return maximization or risk minimization.
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Figure 5. Efficient Frontier: Conventional Markowitz Method Only
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Figure 6. Efficient Frontier for Conventional Portfolios Using the Genetic Algorithm Method
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Figure 7. Efficient Frontier for Conventional Stocks: Markowitz vs. Genetic Algorithm

Figures 57 illustrate the results for a portfolio consisting solely of conventional assets, using
both the Markowitz approach and the Genetic Algorithm. Both methods demonstrate a pos-
itive relationship between expected return and portfolio risk; however, the Markowitz model
yields a more efficient outcome, offering the potential for higher returns at the cost of in-
creased portfolio volatility. In contrast, the Genetic Algorithm generated portfolios with more
consistent risk profiles and balanced asset allocations. These findings are consistent with [28],
who concluded that the Markowitz framework remains effective for maximizing expected
returns when market parameters are estimated accurately, while evolutionary optimization
techniques provide greater flexibility and robustness under uncertain market conditions. Con-
sequently, investors seeking higher returns may prefer the Markowitz approach, whereas
those prioritizing portfolio stability may benefit from the Genetic Algorithm. This result is in
line with [20], who emphasized that portfolio optimization should consider both return and
risk-adjusted performance measures, as portfolios with lower volatility may provide superior
investment efficiency despite offering slightly lower expected returns.
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4.3 Combined Group
Table 5. Optimal Stock Composition of the Combined Group
Lo Maximum Expected Return | Minimum Variance
Combination "
Weight
1020.5R 0,00% 0,00% 0,00% 0,00% 1,89% 1,89% 3,50% 511% 6,72% 8,33%
2280.5R 0,00% 0,00% 0,00% 0,00% 2,15% 2,15% 3,69% 5,24% 6,79% 8,33%
3020.5R 0,00% 0,00% 0,00% 2,03% 3,81% 381% 4,94% 6,08% 7.21% 8,33%
1030.5R 0,00% 0,00% 141% 4,87% 5,9%% 5,9%% 6,58% 117% 7,75% 8,33%
1120.5R 0,00% 0,00% 2,99% 6,02% 6,38% 6,88% 7,26% 761% 797% 8,33%
1140.5R 0,00% 2,58% 10,63% 11,58% 11,15% 11,15% 10,45% 9,74% 9,03% 8,33%
2150.5R 0,00% 0,00% 0,00% 0,00% 0,10% 0,10% 2,16% 4,22% 6,27% 8,33%
1060.5R 0,00% 0,00% 0,00% 0,00% 0,95% 0,95% 2,7% 4,64% 6,49% 8,33%
1010.5R 0,00% 0,00% 0,00% 212% 3,88% 3,88% 4,99% 6,10% 7,22% 8,33%
4130.5R 0,00% 16,26% 18,72% 1747% 15,68% 15,68% 13,84% 12,00% 10,16% 8,33%
2270.5R 0,00% 39,55% 32,51% 2151% 23,42% 23,42% 19,65% 15,88% 12,11% 8,33%
1810.5R 100,00% 41,61% 33,73% 2840% 24,10% 24,10% 20,16% 16,22% 12,28% 8,33%
Expected Return 0,08% 0,07% 0,06% 0,06% 0,05% 0,05% 0,05% 0,04% 0,04% 0,03%
Standard Deviation 1,79% 130% 1,25% 1,18% 1,11% 1,11% 1,06% 1,03% 1,01% 1,00%
Coefficient of Variation (CV) 2362,06% | 185312% | 1931,94% | 1979,13% | 2059,76% | 2059,76% | 2191,08% | 2389,10% | 2687,15% | 3140,20%
Sharpe 0,0423 0,0540 0,0518 0,0505 0,0485 0,0485 0,0456 0,0419 00312 00318
Sortino 0,0619 0,0797 0,0763 0,0744 00714 00714 0,0670 0,0612 0,0542 0,0462
Omega 1,1120 1,1449 1,1385 1,1350 1,1294 1,1294 11212 1,1106 1,0978 1,0831

Table 5 presents the optimal portfolio compositions for the combined portfolio consisting of
Sharia-compliant and conventional stocks. The maximum-return portfolio achieved an ex-
pected return of 0.08% with a portfolio risk of 1.79%, whereas the minimum-variance port-
folio reduced the portfolio risk to 1.00% while maintaining an expected return of 0.03%.
Moreover, the highest Sharpe Ratio (0.0540), Sortino Ratio (0.0797), and Omega Ratio
(1.1449) were obtained by portfolios with moderate risk levels, indicating that a balanced al-
location of Sharia and conventional stocks provides superior risk-adjusted performance com-
pared with portfolios emphasizing only maximum return or minimum variance.
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Figure 9. Efficient Frontier Comparison

Figures 7 and 8 demonstrate that combining Sharia-compliant and conventional stocks ex-
pands the feasible investment set and improves portfolio diversification under both optimi-
zation methods. The Markowitz Efficient Frontier generated portfolios with relatively higher
expected returns but also higher levels of portfolio risk, whereas the Genetic Algorithm pro-
duced more balanced asset allocations with lower portfolio volatility. These findings are con-
sistent with [6], who reported that meta-heuristic optimization techniques are effective in ex-
ploring broader solution spaces and generating portfolios with improved risk-adjusted per-
formance compared with conventional optimization approaches. Therefore, integrating Sha-
ria and conventional stocks provides investors with greater flexibility in constructing portfo-
lios that balance expected return and investment risk. This finding supports |2], who argued
that portfolio optimization in dynamic financial markets requites optimization techniques ca-
pable of accommodating uncertainty and complex interactions among assets. The balanced
risk—return characteristics observed in the combined portfolio indicate that diversification
across Sharia and conventional stocks enhances portfolio efficiency under the Genetic Algo-
rithm approach.

4.4 Comparative Analysis of Portfolio Optimization Results

Provide a clearer compatison across the three portfolio groups, the main findings of the port-
folio optimization results are summarized in Table 6. This summary consolidates the perfor-
mance of the Markowitz Efficient Frontier and the Genetic Algorithm, thereby reducing rep-
etition in the presentation of the results while highlighting the key differences between the
two optimization methods.

Table 6. Comparative Summary of Portfolio Optimization Results

Portfolio Group

Markowitz Genetic Algorithm Comparative Findings

Sharia Portfolio

Higher expected return with
relatively higher portfolio

risk

Lower portfolio risk and

more stable asset allocation

The Genetic Algorithm demonstrated supe-
rior risk management, whereas the Marko-
witz model emphasized return maximiza-

tion.

Conventional Portfolio

Higher expected return ac-
companied by greater port-

folio volatility

Lower portfolio risk with
competitive expected re-

turns

Both methods produced efficient portfo-
lios, although their performance depended

on investors' risk preferences.
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Combined Portfolio

Greater diversification ben- ~ More balanced portfolio al-  Portfolio diversification enhanced optimi-
efits and higher return po- location with controlled zation efficiency under both optimization

tential portfolio risk methods.

As summarized in Table 6, both the Markowitz Efficient Frontier and the Genetic Algorithm
successfully generated efficient portfolios across all portfolio groups, although each method
exhibited distinct optimization characteristics. The Markowitz Efficient Frontier consistently
produced portfolios with higher expected returns, reflecting its objective of maximizing port-
folio performance under the mean-variance framework. However, these higher returns were
generally accompanied by increased portfolio risk. Conversely, the Genetic Algorithm gener-
ated portfolios with relatively lower risk and more balanced asset allocations, demonstrating
its capability to explore alternative portfolio compositions that improve risk control while
maintaining competitive expected returns.

The empirical findings are consistent with recent studies emphasizing the advantages of evo-
lutionary optimization in portfolio management. [10] reported that the Genetic Algorithm is
capable of generating more robust portfolio allocations under uncertain market conditions by
balancing expected returns and portfolio risk more effectively than conventional optimization
approaches. [11] demonstrated that evolutionary multi-objective optimization produces more
diversified portfolios while maintaining competitive investment performance. The present
study supports these findings, as the Genetic Algorithm consistently generated portfolios with
lower volatility and more stable risk-adjusted performance across the Sharia, conventional,
and combined portfolio groups.

Conversely, the higher expected returns achieved by the Markowitz Efficient Frontier are in
line with the systematic review conducted by [28], which concluded that the mean-variance
framework remains highly effective when portfolio parameters, particularly expected returns
and covariance matrices, can be estimated accurately. However, the findings of this study also
confirm that the superior return generated by the Markowitz model is generally accompanied
by higher portfolio risk. This trade-off suggests that the Markowitz approach is more suitable
for investors with higher risk tolerance, whereas the Genetic Algorithm offers a more con-
servative alternative for investors prioritizing portfolio stability.

Furthermore, the comparative analysis indicates that the combined portfolio achieved supe-
rior diversification benefits compared with the individual Sharia and conventional portfolios.
The integration of Shatia-compliant and conventional stocks expanded investment opportu-
nities and improved portfolio efficiency under both optimization methods. These findings
indicate that portfolio diversification remains an effective strategy for reducing portfolio risk
while maintaining competitive expected returns, particularly in dynamic markets such as the
Saudi Arabian stock market.

Overall, the findings demonstrate that neither optimization method can be regarded as uni-
versally superior. Instead, the choice of optimization technique should be aligned with inves-
tors' objectives, tisk tolerance, and prevailing market conditions. The Markowitz model re-
mains appropriate for investors seeking maximum expected returns despite higher volatility,
whereas the Genetic Algorithm provides a more flexible and stable portfolio optimization
framework under uncertain market environments. Therefore, the two methods should be
viewed as complementary approaches rather than competing alternatives in modern portfolio
management.

4.5 Research Limitations

This study has several limitations that should be acknowledged. First, the analysis only in-
cluded twelve selected stocks listed on the Tadawul All Share Index (TASI), consisting of six
Sharia-compliant and six conventional stocks selected using the Coefficient of Variation.
Consequently, the findings may not fully represent the overall Saudi Arabian stock market.
Second, portfolio optimization was performed using only the Markowitz Efficient Frontier
and the Genetic Algorithm. Other optimization approaches, such as Particle Swarm Optimi-
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zation, Differential Evolution, or Deep Reinforcement Learning, were not examined and may
produce different optimization outcomes. Third, this study employed historical daily stock
prices during the observation period and did not explicitly consider macroeconomic variables,
geopolitical events, or transaction costs that may influence portfolio performance. Future
studies are therefore encouraged to incorporate broader datasets, additional optimization
techniques, and external market factors to improve the robustness and practical applicability
of portfolio optimization models.

5. Conclusions

Based on the study comparing the Markowitz Efficient Frontier method and the Genetic
Algorithm for constructing optimal Saudi Arabian stock portfolios, both methods were found
capable of generating efficient portfolio combina-tions with distinct risk-return characteris-
tics. The Markowitz method tends to yield a higher maximum expected return, albeit accom-
panied by greater vola-tility. In contrast, the Genetic Algorithm produces portfolios with rel-
atively lower and more stable risk levels, owing to its ability to explore asset combi-nations
with greater flexibility. The findings also indicate that conventional stock portfolios offer
higher return potential and performance ratios compared to Sharia-compliant stock portfo-
lios, despite carrying higher risk. Evaluations using the Sharpe, Sortino, and Omega ratios
reveal that portfolios with moderate risk levels tend to achieve more optimal risk-return effi-
ciency than those targeting maximum returns or minimum risk. Under the Markowitz
method, the maximum Sharpe Ratio for conventional portfolios reached 0.0574 with an
Omega Ratio of 1.1548, whereas the Genetic Algorithm yielded a maximum Sharpe Ratio of
0.0558 and an Omega Ratio of 1.1501. Conversely, Sharia-compliant stock portfolios demon-
strated lower risk levels but generated relatively lower expected returns and performance ra-
tios compared to conven-tional portfolios. These results demonstrate that both stock charac-
teristics and optimization methods influence the construction of optimal portfolios. Overall,
the study indicates that the Markowitz method excels in generating maximum expected re-
turns, while the Genetic Algorithm proves more adaptive in creating stable portfolio combi-
nations amidst dynamic market conditions. Consequently, the choice of portfolio optimiza-
tion method should be aligned with investor preferences regarding risk and expected returns.
Furthermore, the use of the Python programming language for data processing and portfolio
optimization has proven effective in enhancing analytical efficiency and facil-itating the visu-
alization of research findings.

References

[1] Al-Faryan, M. A. (2021). Testing for efficiency in the Saudi stock market: Does corporate governance change matter? Review of
Quanti-tative Finance and Accounting. 57(1), 61-90.

[2] Alkhudaydi, M. H. (2025). Investigating the dynamics and uncertainties in portfolio optimization using the Fourier—Mellin transform.
PLOS ONE. 20(06).

[3] Anwar, A. (2022). Ketjasama Ekonomi Arab Saudi-Indonesia Dalam Bidang Investasi Dan Perdagangan (Bachelot's thesis, Program
Studi Hubungan Internasional Fakultas Ilmu Sosial Dan Ilmu Politik Universitas Islam Negeri Syarif Hidayatullah Jakarta).

[4] Ardiansyah, 1. (2025). Analisis Portofolio Optimal Dengan Model Markowitz Sebagai Dasar Kepu-Tusan Investasi Studi Kasus Pada
Saham Indeks Investor33 Yang Terdaftar Di Bei Peri-Ode2022-2023 (Doctoral dissertation, Fakultas Ekonomi, Universitas Islam
Sumatera Utara).

[5] Destina Paningrum, S. E. (2022). Buku referensi investasi pasar modal. Lembaga Chakra Brahmana Lentera.

[6] Erwin, K., & Engelbrecht, A. (2023). Meta-heuristics for portfolio optimization: K. Erwin, A. Engelbrecht. Soft Computing, 27(24),
19045-19073.

[7] Exi, Y. (2025). Penerapan Algoritma Genetika Dan Algoritma Greedy Dalam Menentukan Rute Terpendek Pendistribusian Air Min-
eral Kemasan Di Bandar Lampung,.

[8] Fernandez, A., & Gémez, S. (2007). Portfolio selection using neural networks. Computers & operations research, 34(4), 1177-1191.

[9] Figti, R. R. (2025). Rancang bangun Expert Advisor berbasis strategi Exponential Moving Average (EMA) dan Relative Strength\In-
dex (RSI) dengan manajemen risiko adaptif pada instrumen XAUUSD (Doctoral dissertation, Universitas Islam Negeri Maulana
Malik Ibrahim).

[10] Fransisca, D. C., Sukono, Chaerani, D., & Halim, N. A. (2024). Robust Portfolio Mean-Variance Optimization for Capital Allocation
in Stock Investment Using the Genetic Algorithm: A Systematic Literature Review. Computation, 12(8), 166.

[11] Guarino, A., Santoro, D., Grilli, L., Zaccagnino, R., & Balbi, M. (2024). EvoFolio: a portfolio optimization method based on multi-
objective evolutionary algorithms. Neural Computing and Applications, 36(13), 7221-7243.

[12] Herawati, A., Amalia, A., Setiadi, D. K., Wicaksono, G., & Majid, H. A. (2025). Algoritma Evolusi untuk Masalah Optimasi. Jurnal
Komputasi Cerdas, 1(1), 1-10.



Journal of Management Economics and Financial Accounting 2026 (June) vol 2 no 1 Candeni, et al. 91 of 91

[13] Lamouchi, R. A. (2020). Long memory and stock market efficiency: Case of Saudi Arabia. International Journal of Economics and
Financial Issues, 10(3).

[14] Markowitz, H. (1952). Portfolio selection. The Journal of Finance, 7(1), 77-91.

[15] Merry, W. (2025). Implementasi Algoritma Genetika Untuk Menyelesaikan Drone Routing Problem Implementation Genetic Algo-
rithm To Solve Drone Routing Problem (Doctoral Dissertation, Universitas Sulawesi Barat).

[16] Mutmainah, S., Lorosae, T. A., & Citra, E. E. (2025). Genetic Algorithm Optimization for Solving the Traveling Salesman Problem
in the Indonesian Business Environment. Journix: Journal of Informatics and Computing, 1(2), 88-98.

[17] Nur, R. I. (2024). Optimalisasi Kinerja Portofolio Saham Dengan Model Sigma Rin Dan Risk Adjusted Return (Doctoral disserta-
tion, Universitas Hasanuddin).

[18] Nabila, A., Lorenza, A., Az-Zahra, F. G., & Yusmaniarti, Y. (2025). Efisiensi Portofolio Dengan Teori Markowitz: Studi Pada Saham
Blue Chip Indonesia. Journal of Islamic Economics and Finance, 2(2), 331-342.

[19] Ramadhani, F. (2025). Perbandingan Kinerja Portofolio Optimal Menggunakan Single Index Model dan Capital Asset Pricing Model
(CAPM) pada Saham IDX30 Periode 2021-2024= Comparison of Optimal Portfolio Performance Using the Single Index Model
and Capital Asset Pricing Model (CAPM) on IDX30 Stocks for the 2021-2024 Period (Doctoral dissertation, Universitas Hasanud-
din).

[20] Raya, N. A. M. (2025). Perbandingan Portofolio Optimal Metode Downside Deviation dan Markowitz dengan Evaluasi Kinerja
melalui Indeks Sharpe pada Saham Blue Chip BEI 2020-2024= Comparison of Optimal Portfolios Using the Downside Deviation
and Markowitz Methods with Performance Evaluation through the Sharpe Index on Blue-Chip Stocks Listed on the Indonesia
Stock Exchange from 2020-2024 (Doctoral dissertation, Universitas Hasanuddin).

[21] Rishal, H. (2025). Penerapan Transformasi Hilbert dalam Optimasi Portofolio Metode Mean-Varians= Application of Hilbert
Transform in Mean-Variance Portfolio Optimization (Doctoral dissertation, Universitas Hasanuddin).

[22] Sharpe, W. F. (1966). Mutual fund performance. The Journal of Business, 39(1), 119-138.

[23] Sortino, F. A. (1994). Performance measurement in a downside risk framework. The Journal of Investing, 3(3), 59—64.

[24] Syahla, R., Susanti, D., & Napitupulu, H. (2024). Optimization of Investment Portfolio Mean-Variance Model Using Genetic Algo-
rithm. Int. J. Bus. Econ. Soc. Dev, 5, 227-234.

[25] Sista, A. A. W. (2025). Analisis Perbandingan Optimasi Portofolio Menggunakan Pendekatan Konvensional CAPM dan Pendekatan
Machine learning LSTM-GARCH pada Indeks L.Q45= Comparative Analysis Of Portfolio Optimization Using Conventional
CAPM And Machine Learning-Based LSTM-GARCH Approach In LQ45 Index (Doctoral dissertation, Universitas Hasanuddin).

[26] Sugesti, R. (2024). Kinerja Portofolio Saham Pada Indeks Sektoral Menggunakan Single Indeks Model Dengan Metode Sharpe,
Treynor, Dan Jensen (Doctoral dissertation, Universitas Bina Darma).

[27] Yanto, S., & Sari, P. I. (2025). Dinamika Price Limit dalam Ekosistem Investasi Pasar Modal. Bandar Lampung: HADLA Media
Informasi.

[28] Zhao, Y., Wang, J., Wang, Y., & Lv, M. (2025). How to optimize modern portfolio theory? A systematic review and research
agenda. Expert Systems with Applications, 263, 125780.



