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The current global financial instability has attracted investors in Indonesia to the Sharia
capital market, which promises bright opportunities. This study emphasizes the
importance of using a fuzzy approach in managing multi-objective portfolios to deal with
uncertainty in the Sharia stock market. This approach allows investors to manage their
portfolios more effectively by considering various investment objectives simultaneously,
such as maximizing profits and minimizing risks, which are very important amidst the ever-
changing market dynamics. The method in this study is a fuzzy portfolio approach using
the Treynor and Sharpe ratios in evaluating investment performance. Data is processed
using fuzzy trapezoids, and portfolios are used to minimize risk without using short sales
so that it remains balanced between potential profits and risks. The results of the analysis
show an expected rate of return of 0.00091 and a risk level of 0.000421. When the
allocation is set with a proportion of 93.8% for ANTM shares and 6.17% for KLBF, the
strategy can provide a return of 0.091% with minimized risk. This creates an optimal
balance between profit opportunities and risk management.
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1. INTRODUCTION

The dynamism of the global market has played a role in significantly increasing the number of
investors, including in Indonesia, investing in shares. After going through the COVID-19 pandemic period,
the Indonesian stock market experienced positive growth overall [1]. This condition has good prospects,
Indonesia can attract many investors to invest in stocks in Indonesia. The majority of the population is
Muslim. The Islamic stock market in Indonesia can be a very relevant alternative for investment for investors
[2]. Jakarta Islamic Index (JI1) and Indonesia Sharia Stock Index (ISSI) in Indonesia are designed to measure
the average performance of stock prices that comply with Sharia principles. Global Islamic Financial 2019
revealed that global Sharia financial assets reached 2.4 trillion US dollars in 2018. This data can be used as a
benchmark to see the growth that occurs in Islamic finance at the global level. The last year period has shown
significant growth in the Indonesian sharia market. Price stability is one of the key factors to ensure consistent
performance and help investors navigate market fluctuations. [3], [4]. Fundamental performance, profitability
ratios, leverage, and valuation are information that many investors pay attention to when investing in Sharia
stocks [5]. One of the instruments that can be used as a reference when investing in the capital market is a
portfolio.

A portfolio is a group of investment assets owned by an individual or an organization [6]-[8]. Portfolio
management is essential before investing in the sharia capital market [8], [9]. A portfolio is vital for investors
because it can reduce risk and optimize profits. However, in practice, many factors need to be considered,
such as the number of shares, investor preferences, and other considerations [10], [11]. Price fluctuations and
the amount of assets owned by investors are factors that can influence profits or losses in an investment [12].
The Sharia stock portfolio in Indonesia has promising valuation prospects, along with the significant growth
that has occurred in the Sharia stock market in Indonesia. A portfolio is considered optimal if it generates the
highest return for a given level of risk or minimizes risk to achieve a specified return [13]. Portfolios are
designed to balance profit targets with the level of risk that investors can accept to create the most effective
and efficient investment composition. To compile an optimal and efficient portfolio, investors need to conduct
in-depth analysis. Multi-objective is one method that can be used.

The multi-objective portfolio approach integrates various aspects of investment, such as yield, risk
level, and investor priorities, to achieve optimal results [14]—[20]. This method is different from conventional
strategies, which generally only focus on one aspect, such as maximizing profits [21]. There is a need to study
multi-objective portfolios to deal with the complexity and dynamics of the current Indonesian capital market.
The rapid development of the capital market in Indonesia has made it a key element in driving national
economic growth [22]. The progress and complexity of the Indonesian capital market make multi-objective
portfolio strategies increasingly relevant, as they enable investors to manage various aspects of investment
simultaneously [22]-[25]. The implementation of multi-objective portfolios in Indonesia can be observed
from various aspects. The entry of more foreign investors increases the complexity and dynamics of the
Indonesian capital market due to the diversity of their investment objectives. This diversity encourages the
adoption of multi-objective portfolio strategies to accommodate various investor needs [23]. Tighter
regulations on information disclosure and investor protection have reinforced the need for a multi-objective
portfolio approach. Investors need an investment method that balances multiple objectives, including return,
risk, and regulatory compliance [22], [26]. Financial technology and innovation facilitate the implementation
of multi-objective portfolios in Indonesia. Multi-objective portfolio optimization models and algorithms have
been widely developed and implemented by investment managers and capital market analysts in Indonesia.
One important development is the application of fuzzy logic, which allows for more flexible handling of
uncertainty and complexity in investment decision-making.

A portfolio with a multi-objective fuzzy approach is an innovation in portfolio management that aims
to overcome high levels of uncertainty and complexity in the investment decision-making process [27], [28].
This concept integrates fuzzy theory, which can manage vague information, with a multi-objective approach
to portfolio optimization. In a multi-objective fuzzy portfolio, investors can consider multiple objectives,
such as maximizing returns, minimizing risks, and maintaining liquidity, using a fuzzy membership function
model to represent uncertain preferences and constraints. This approach continues to grow in line with the
increasing need for flexible and adaptive methods of portfolio management, especially in dynamic markets.
Thus, multi-objective fuzzy portfolios offer the tools needed by investors to make more precise and wiser
investment decisions, especially in the face of dynamic markets. The advantage of the multi-objective fuzzy
portfolio model lies in the use of historical data. The data used involves four components, namely the open,
closed, highest, and lowest prices. This makes the estimation process more complete in reading the data
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records owned by the stock. In addition, involving four important data components also makes the resulting
portfolio more accurate.

The novelty of multi-objective fuzzy portfolios lies in their ability to simultaneously integrate
uncertainty in risk and return assessments and consider multiple competing investment objectives. In this
context, the use of fuzzy theory allows for a more realistic representation of investor preferences that are not
always linear or fixed. However, although this approach has made significant contributions to portfolio
optimization, there is a research gap that needs to be explored further, especially in terms of developing more
efficient models that can handle highly dynamic and large-scale market data. In addition, limitations in
empirical validation and practical application in various market conditions are also areas that require further
research. Therefore, our research focuses on developing a more adaptive and robust multi-objective fuzzy
portfolio model, taking into account dynamic factors and the complexity of the global market. We also
explore new optimization methods that can improve portfolio performance while maintaining flexibility and
resilience in the face of market uncertainty.

2. RESEARCH METHODS

This section discusses the supporting theories for compiling fuzzy portfolios using the Treynor ratio
and the Sharpe ratio.

2.1 Fuzzy Portfolio

R is a set of real numbers. Nonlinear adaptive fuzzy numbers A(x), x € R has a membership function:
f),if x € [p,q]
1 ,if x€lqg,r
u(A)={ 1 U xeler] W

g(x),if x € [r,s]
0 ,if x Other

Characteristics f(x) has a real value function, increases, and continues to the right. While the function
g(x) has real value, decreases, and continues to the left. The value p,q,r,s is a real number with the
characteristic p < g < r < s. Fuzzy numbers A(x) which contains functionsf (x) and g(x), defined as:

flx) = (: — Z)n, )
s =) ©)

where n > 0, then it is symbolized by A = (p,q,1,s), as a class of adaptive non-linear fuzzy numbers. If
n = 1, The special form is a general trapezoidal fuzzy number with A = (p,q,r,s). If the case n = 1,n
expected value and variance of trapezoidal fuzzy numbers A = (p, q,,s), that is:
pt+2q+2r+s

6

E(4) = @)

and

(p+2q—2r—s)2+(p—q+r—s)

Var(4) = 36 =

(5)
2.2 Adaptive Fuzzy Number Formation
The fuzzy number formation is built using the opening, closing, highest, and lowest prices of the assets

traded each day. The formation consists of:

Opening price {PP*",t = 1,2,3,..,T,i = 1,2,..,n. },
Closing price {P§°*¢,t = 1,2,3,...,T,i = 1,2, ...,n.},
Highest price {P}*9",t = 1,2,3,...,T,i = 1,2, .., n.},
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Lowest price {P}?",t = 1,2,3,..,T,i =12,..,n. }.
Daily asset return to — i and time to — t expressed in trapezoidal fuzzy numbers as follows:

— min ,.avl ,.av2 ,.max
Tit—(rit Tie 5T ST ) (6)

a-cut r;; which can be described as follows:

[Tiela = [TiTm +a (Ti%m — 1), — (TiTax - Ti%vz)]- (7)
The fuzzy average return of assets i calculated as a trapezoidal fuzzy number as follows:
T
5
== ) Ti.
l T ; it
t=i

Portfolio weight is expressed by the set w; = (wy,..,wy,), and portfolio returns are presented with
trapezoidal fuzzy numbers as follows:

(W) = Z wiT;. 9

The fuzzy covariance of assets i and assets j calculated as a trapezoidal fuzzy number as follows:

T
1
Sij = TZ(T& — 1) — 1), (10)
t=i
Portfolio variance is expressed by trapezoidal fuzzy numbers as follows:

rp(w) = z WiTi . (11)
t=i

Arithmetic operations of trapezoidal fuzzy numbers calculate ;, 7, (w), s;; and sp(y,). The expected
portfolio return and portfolio variance are each defined as the mean. rp(,,y and mean sp(,,) presented as
follows:

tp(w) = Efrp(w)], (12)

op(w) = E[sp(W)]. (13)

Construction of portfolio with minimum variance and tangency This portfolio is without any short
sales. Simulation of stock data is done without considering short sales. Short-selling often requires large
credit qualifications [29], [30]. The minimum fuzzy variance portfolio is defined as follows:

{o2wW)|l'w =1,w > 0} (14)

3. RESULTS AND DISCUSSION

The data used in the study is time series data of Sharia stock prices listed on the Indonesian Sharia
Stock Index (ISSI). The data used was taken from the last five-year period, starting from August 2019 to
August 2024, with a total of 1,214 trading data, including opening prices, closing prices, highest prices, and
lowest prices. Sharia stocks were selected based on several types of sectors, and the information is presented
in Table 1. In the stock selection process used in the research, there are several stock characteristics
representing different sectors. The selected stocks have high liquidity criteria, stocks have high market
capitalization, and stocks comply with sharia. The number five was chosen because five stocks are
representative enough to simplify the analysis and focus on model development while maintaining accuracy
in the research results.
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Table 1. Stock Types and Sectors

Stock  Sectors

ANTM  Mining and metals

ASII Automotive, agribusiness, infrastructure
KLBF  Health, pharmacy, and nutrition

PTBA  Coal mining and energy

UNVR Consumer goods

Detecting stock patterns and movements is possible to analyze through the opening, closing, lowest,

and highest prices which are then used as references in research. The stock data is represented visually in
Figure 1.
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Figure 1. Visualization of Stock Price Trends (2019-2024) for (a) ANTM, (b) ASII, (c) KLBF, (d) PTBA, and (e)
UNVR Based on Opening, Closing, High, and Low Prices Over the Analyzed Period
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3.1 Determining the Value r; , 7, (w) and s, (w)

To find the expected portfolio return and portfolio variance, it is necessary to determine 7y, r,(w),
and s,(w) according to the fuzzy method. Determination r;; done using a formula 7, =

(rjpin, pv1 pAv2 ax) which represents the value of minimum return, average value, and maximum value.
The values obtained are used to define parameters in the fuzzy portfolio model. The calculation of the r;;
value shows the interval for all assets. Rows are used to describe each asset being observed (r; to rg), while
in the columns where a(min),b(avl),c(av2),d(max) are used to describe the value of
(i p vl pav2 pmaxy The results obtained are presented in Table 2.

Table 2. Return Value ( r;,) Assets Based on the Fuzzy Method

T; a(min) b(avl) c(av2) d(max)

ry —0.03551909 —0.01843868 0.01643326 0.03746333
r, —0.02591934 —0.01421090 0.01288688 0.02682805
r3 —0.02868648 —0.01565489 0.01504654 0.02995334
r, —0.02898465 —0.01483295 0.01374839 0.03021291
rs —0.02504700 —0.01383858 0.01210850, 0.02599338

Where:
a(Minimum return), b and c (Average between returns), and d (Maximum return)

After r;; obtained, the next stage determines the value of s, (w) by using the specified formula:

n
Tp (W) = Z wir; = Tp(W) = Wqly + Wary + W3y + Wyty + Wiy
i=1
w; |Is the weight used to represent each asset and r; Is the return value of the asset. The formula is used
to find the value of r, (w), where 7, (w), is the portfolio return calculated based on the weight of each asset.

The calculation shows the combination of weight (w;) and return (r;) of each asset. The obtained value data
is presented in Table 3.

Table 3. Portfolio Return Data r,,(w)

a(min) b(avl) c(av2) d (max)
wyr;  —0.03551909w; —0.01843868w; 0.01643326w; 0.03746333w,
wy,r —0.02591934w, —0.01421090w, 0.01288688w, 0.02682805w,
wsr;  —0.02868648w; —0.01565489w; 0.01504654w; 0.02995334ws;
w,r, —0.02898465w, —0.01483295w, 0.01374839w, 0.03021291w,
ws s —0.02504700ws; —0.01383858ws 0.01210850ws 0.02599338w;

Where:
a, b, c,d (Portfolio return value interval), w; (Weight of Asset—i), and r; (Return of Asset—i)

The next stage searching for value s, (w) Using a predetermined formula:

n
Sp(W) = Z WinSiSj
i=1

The formula is described as:

sp(w) = wi(s11) + 2wiw;p(S12) + 2wiws(S13) + 2wywy(s14) + 2wiws(s15) + w3 (S22) + 2wows(s23)
+ 2wowy (S24) + 2Wows(S25) + W5 (S33) 4+ 2wawy(S34) + 2waws(S35) + Wi (S44)
+ 2waws(s45) + wé (Ss5)

The S;; value is substituted based on the previously obtained value, the S;; value is the covariance value
between assets i and j. The results of the substitution are presented in Table 4.

Table 4. Variance Calculation s, (w)

a(min) b(av2) c(av2) d(max)
w? —0.005940011 —0.0011861367 0.002497573 0.006149464
2wiw, —0.004020425 —0.0012446863 0.001436647 0.004528873
2w;wy  —0.004491071 —0.0014642200 0.001565413 0.004528873
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a(min) b(av2) c(av2) d(max)
2wyw, —0.004558908 —0.0012999399 0.001625401 0.004599416

2w,ws  —0.003188317 —0.0010098793 .001143688 0.003221729
w2 —0.002899658 —0.0006589798 0.001319511 0.002970141

The table shows how each combination can affect the risk in an investment portfolio. Where: a, b, c,d
(Minimum, average, and maximum values), w; (Weight of Asset i), andS;; (Covariance) between returns of
assets i and j.

3.2 Finding Weights to Maximize Returns and Minimize Variance

The next step is to find the value of the combination of weights to find the optimum combination that
allows maximizing returns and minimizing risks. In finding the ideal weight, the following formula will be
used:

Min{o3(wW)|[lI'w = 1,w > 0}
And tangency is used to increase the portfolio's Sharpe ratio, with the formula:
Voip(w)

upw) ; ; ; ;
Where NeT) is the Sharpe ratio portfolio and p,, is the expected return of the portfolio.
First, find the equation value up(w) = E[r,(w)] and o’(w) = E[s,(w)] searched using the values of return
and covariance. The calculation results from the equation up(w) = E[r,(w)] presented in Table 5.

[I'w=1w > 0}

Table 5. Equation Value E[r,(w)]

Variable Equation
a —0.03551909w; — 0.02591934w, — 0.02868648w; — 0.02898465w, — 0.02504700w;
b —0.01843868w; — 0.01421090w, — 0.01565489w; — 0.01483295w, — 0.01383858w;
c 0.01643326w; + 0.01288688w, + 0.01504654w; + 0.01374839w, + 0.01210850wg
d 0.03746333w, 4+ 0.02682805w, + 0.02995334w; + 0.03021291w, + 0.02599338w;

The calculation results from the equation. o2 (w) = E[s,(w)] presented in Table 6.

Table 6. Expected Value Variance E[s,(w)]

Variable Equation

a —0.005940011w? — 0.00804085w;w, — 0.008982142w, w;
—0.009117816w;w, — 0.007749588w,;ws — 0.002995633w?
— 0.006504768w,w; — 0.006555168w,w,
—0.005658986w,ws — 0.003846242wZ — 0.007280878w;w,
—0.00634401w;w; — 0.003856894w7 — 0.006376634w,ws
—0.002899658w?

a

d 0.006149464w?2 + 0.008096918w,w, + 0.009057746w, w5 + 0.009198832w,w,
+ 0.007800388w,ws + 0.003047681w2 + 0.006563734w,w;
+ 0.006605788w,w, + 0.005706138w,ws + 0.003958748w2

+ 0.007339866wsw, + 0.006407632wsws + 0.003958567w2

+ 0.006443458w,w< + 0.002970141w?

To find the w; value, use the formula:
a+2b+2c+d

b

E(A) =
Where A = (a, b, ¢, d) trapezoidal fuzzy numbers.

The equations obtained are then processed for optimization using the software Lingo 20.0
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The optimum value is presented in Table 7.

Table 7. Result Value w;

Stock Weight
ANTM  0.9382179

ASII 0.0000000
KLBF  0.0617821
PTBA  0.0000000
UNVR  0.0000000

The weight value (w;) with a value of 0 is not included in the optimal portfolio, then weights with high
values will be prioritized because they have the potential to get maximum returns and risks that are still
acceptable.

3.3 Calculating Expected Return and Portfolio Risk

The results of portfolio analysis with fuzzy optimization in investment performance show the potential
for profit and risk for each investment choice. Expected Return and Risk values for investment performance
are presented in Table 8.

Table 8. Expected Return Value and Portfolio Risk

Expected Return  0.000910
Risk 0.000421

The analysis results obtained the portfolio weight of ANTM shares is 93.82% and KLBF is 6.17%
while ASII, PTBA, and UNVR shares weight 0. This finding indicates that ANTM shares have the largest
contribution, while KLBF is used as a diversification with a smaller allocation level. The expected return on
the portfolio approach shows a return of 0.0910% which shows the opportunity for financial gain even though
the value is relatively low but still shows a consistent tendency. On the other hand, the risk level of 0.0421%
shows a relatively low fluctuation value, in other words, the potential for loss is relatively limited. These
results illustrate the advantages of investment stability, especially for investors who place their main attention
on risk management. The recommended investment strategy is to divide capital between ANTM and KLBF
by giving the largest proportion to ANTM shares at 93.82% and the remaining 6.17% to KLBF. The
combination of greater profit opportunities compared to the existing risk level makes this strategy a good
choice to increase investment value while maintaining risk at an acceptable level. As an illustration, if an
investor has funds of 1 billion rupiah, around 930 million rupiah, the investment will be focused on ANTM
shares, while 6.7 million rupiah is allocated to KLBF shares. This strategy provides a combination that
includes growth potential and controlled risk.

4. CONCLUSIONS

Portfolios with a fuzzy multi-objective approach are expected to be able to overcome multi-objective
problems in investment portfolios. By considering returns, risks, and liquidity, it is expected to be able to be
passed without obstacles and optimally. The strategy is not only adaptive and flexible but also optimal, along
with the dynamic Islamic capital market in Indonesia. Point-to-point stock distribution, such as ANTM and
KLBF, emphasizes the importance of realistic and stable fundamental stock analysis, which has the potential
to generate sustainable profits with acceptable risks. This approach also increases competitiveness in the
financial sector in Indonesia, especially the Sharia market, increases foreign investment, and has stricter
regulations.
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