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Abstract: Equity market declines fiercely caused by the current liquidity crisis. Investors pay
more attention to optimized portfolio in order to reduce losses. 5 representative indexes were
chosen from capital market to construct financial portfolios. The sketch of the efficient
frontier was plotted, and portfolios with the 1/N, the maximum sharpe ratio and the minimum
volatility were acquired based on 10000 scipy optimization calculations, the FTSE100
accounts for the largest section of the portfolio with the maximum sharpe ratio while the SSE
Composite Index possesses the biggest shares in the portfolio with minimum volatility.
Comparing three portfolio returns of accumulations, it could be observed that the maximum
sharpe ratio portfolio’s performance surpassed the 1/N and the minimum variance portfolio,
several investors could make reasonable decisions refer to this result in the special tough
period.
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1. Introduction

The 2023 global growth, estimated mainly by the GDP considered as a significant indicator, is pre-
dicted to decline to 2.9 percent in 2023 but up to 3.1percent in 2024, is 0.2 percent higher than the
October 2022 World economic outlook’s forecast but lower than the historical average of 3.8 percent.
Economic activities are interfered dramatically by rising interest rates and the Russia to Ukraine mil-
itary conflict [1]. Central banks facing stubbornly high inflation have taken actions such as the con-
stantly tight currency policy to avoid entrenched inflationary pressures [2]. The impact of the net
cumulative GDP gap caused by conflicts remains negative for most relevant countries [3]. production
is disrupted by conflicts, and output is affected negative immediately [4]. Worldwide capital market
has been impacted drastically. Portfolio optimization strategies is considered by investors to adjust
risks amid increase expected returns in this burdensome period.

Based on a given risk level, the maximum portfolio returns are acquired by choosing the best asset
allocations are aimed by the optimization [5]. Nevertheless, Kahneman & Tversky have found that
more risks are undertaken willingly by people to choose loss avoidances, instead of realizing rewards
[6]. Investors are risk-averse confronting returns, nevertheless, investors become risk seeking con-
fronting losses. Quantified expected return-to-risk trade-off adjustments is necessary. Used in an in-
formed tendency, quantified measures are veridical, advantages of quantifications are interpreted viv-
idly by Charney: public and private scrutiny learn quantitative method firmly and share efficiently.
Possessing the characteristic reliability, quantitative measures are formal, couldn’t be restricted by
geographic and temporal distance, don’t take notice of experience and background, could ignore a
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shared natural language absence [7]. The returns from the financial market (excessing the risk-free
rate) have aroused transactional managers and investors’ increased attentions, are divided by the
standard deviation, a measure known as the sharpe ratio is derived [8]. According to MPT, the max-
imum sharpe ratio portfolio locates on the efficient frontier of mean-variance [9]. And after obtaining
the optimal portfolio, some certain indicators are needed to evaluate the performance of the portfolio
[10].

The shortage of global portfolios constructed by indexes research is existent presently. The major
research orientation is the study refers to industrial portfolios. Yehuda and David analyzed a portfolio
model, by which the property-liability insurance industry’s insurance and investment portfolios were
simultaneously optimized. The conclusion is that the company’s investment policy isn’t necessary to
implement more conservative when the risk of insurance portfolio is increased [11]. Noureddine and
Amin adopts a fuzzy interval goal programming approach to study the sustainable and renewable
energy portfolio optimizations, which is a proposed methodology, capably assisting the DMs in the
RE optimized portfolio ascertainment in imprecise environments and under a highly uncertain level
[12]. Wu and other colleagues studied the renewable energy project (REP) portfolio efficiency opti-
mizations with the support of a fuzzy multi-criteria decision-making (MCDM) framework [13]. HOU
and DAVID studied the CRSP monthly returns file and the COMPUSTAT industrial annual file’s
intersections contained all NYSE-, AMEX-, and NASDAQ-listed securities with share condes 10 or
11 during July 1963 to December 2001, drew the conclusion that the risk of highly concentrated
industrial companies is down, because enterprises participate in less innovations, therefore, less ex-
pected returns are obtained [14].

This paper targets to make an analysis about portfolio optimization efficiency, portfolio manage-
ment strategies references were offered to individual investors during this thriving period. 5 global
indexes constructures the portfolios. Scipy optimization stimulation was used to calculate numerous
portfolios, the maximum sharpe ratio and the minimum risk portfolios’ assets weights were gained.
The cumulative returns comparisons of 1/N, 2 risk-based optimizations portfolios were observed vis-
ually, therefore, the conclusion was drawn. The results presented that the maximum sharpe ratio over-
comes 1/N and the minimum volatility portfolios. A stability exam is implemented to prove valid
rational quality of the methodologies and outcomes.

This article is organized as follows, representative indexes selected, and data used in the research
were illustrated in section 2. Methodologies of constructing the efficient frontier and point out the
maximum sharpe ratio and the minimum variance portfolios were described in section 3. Interprets
results and check consequences of stability are interpreted in section 4. Section 5 draws the conclusion
at the end.

2. Data

This paper chooses major 5 influential stocks indexes based on the financial market reflected fluctu-
ated ratios of each nation’s stock market from wind financial terminal. The indexes are as follow:
DJIA, Nikkei 225, FTSE100, SSE Composite Index, CAC40. Closing prices from February 24th,
2021, to February 24th, 2023, are gathered and divided into training set and test set. In order to plot
the efficient frontier, the training set are used to calculate average returns and covariance matrices.
The test set is used to evaluate performances of the chosen asset allocations via comparisons of the
cumulative returns computed with maximum sharpe ratio model, minimum risk model and 1/N port-
folio model ’s weights. Fundamentals of 5 selected assets are listed in Tablel, Table2, Table 3, Fig.
1, respectively. In the duration, CAC40 achieved the highest average rate of return, FTSE100's small-
est standard deviation shows the minimum risk. Fig. 1 reveals FTSE100 has the highest cumulative
return of 7.622%, the cumulative return of SSE Composite Index decreased and reached -9.816% on
the contrast finally.
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Table 1: Chosen assets.

full name
DJIA Dow Jones industrial average
Nikkei 225 Nik.keiStock Average
FTSE100 Financial Times stock Exchange100
FSSE Composite Index Shanghai securities composite index
CAC40 Cotation Assistee en Continu 40

Table 2: Descriptions of the selected data.

Max Min Mean Std
DIJIA 0.0268 -0.0357 -0.0001 0.0098
Nikkei 225 0.0394 -0.0399 -0.0002 0.0124
FTSE100 0.0391 -0.0388 0.0003 0.0096
SSE Composite Index 0.0348 -0.0513 -0.0002 0.0104
CAC40 0.0713 -0.0497 0.0003 0.0123

Table 3; Covariance matrix.
DJIA  Nikkei 225 FTSE100 SSE Composite Index CAC40

DJIA 0.9527
Nikkei 225 0.3053 1.5292
FTSE100 0.4626 0.3892 0.9299
SSE Composite Index  0.0303 0.4003 0.2032 1.0760
CAC40 0.6498 0.4503 1.0155 0.1733 1.5206
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Figure 1. Cumulative returns.

3. Methods

The mean variance model is applied usefully when comprehensively thinking about portfolio ex-
pected returns and risks. The function of portfolio returns and variances.

= Zi W; T (1)

Where portfolio it" component weight and expected return are w; and r; respectively. The details
for deviation are shown below.
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Tp1 = WiT1 + WoTy + Wi + Wyl + wss )
0'3 = Zi T'iZWiZ + 212] 0; O;WiW;pi; (3)
Oij=38 s pm (im = DGm —7) (4)

Where g; is i index's standard deviation, covariance. Three strategic portfolios are considered in
this article and could be observed on the efficient frontier: the maximum sharpe ratio portfolio, the
minimum variance portfolio and 1/N portfolio. 1/N portfolio is used commonly because investors
prefer to distribute currency evenly and invest into several assets. The habitual investment method
1/N portfolio is taken into consideration. The sharpe ratio is used to quantify the adjusted risk com-
prehensively, the following is the function.

Sharpe ratio = il s (5)

o
Where 7, is the expected return of the portfolio, 7y is the free risk rate (namely 10 years American
national bond return rate) and o, is the standard deviation. Portfolio with higher sharpe ratio will

acquire more expected returns if its volatility is same. Risk adjustment performance of the maximum
sharpe ratio surpasses other portfolios.

4.  Empirical Results

10,000 times random portfolio weights calculations were performed with scipy optimization func-
tions, presentations of gathered scatters are as follow (Fig. 2), upward edge curve is the efficient
frontier. The scatter represents each portfolio's individual expected return ratio and risk, recession
curve (sharpe ratios are minus) means the same undertaken risk with lower expected inefficient return
(investors pursue the largest margins).
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Figure 2: Efficient frontier.

The minimum variance and the maximum sharpe ratio portfolios were found on the efficient fron-
tier, two premium portfolios are labeled on Fig. 2, the minimum risk portfolio locates on the left
limitation of the efficient frontier, indexes weights are: DJIA, 0.3425; Nik.kei, 0.0929; FTSE100,
0.2136; SEE, 0.3511; CAC40, 1.7998E-17. The maximum sharpe ratios portfolio weights are: DJIA,
2.8549E-16; Nik.kei, 0.0000; FTSE100, 1.0000; SEE, 3.8246E-17; CAC40, 0.0000 (Table4 pre-
sents). The minimum risk portfolio's deviation is 0.1273, the maximum sharpe ratio portfolio's slope
is 0.5691 (details on Table5). For the minimum risk portfolio, SSE Composite Index accounts for
35.11% while FTSE100 proportion possesses approximately 100% in the maximum sharpe ratio
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portfolio. CAC40 indexes possessions in both portfolios are slightly tiny insignificantly (See Table 4
and Table 5).

Table 4: Weight of each asset in 2 optimized portfolios.

Max sharpe ratio Min volatility
DJIA 2.8549E-16 0.3425
Nikkei 225 0.0000 0.0929
FTSE100 1.0000 0.2136
SSE Composite Index 3.8246E-17 0.3511
CAC40 0.0000 1.7998E-17

Table 5: Characteristics of 2 optimal portfolios.

return deviation sharpe ratio
Max sharpe ratio 0.1079 0.1799 0.5691
Min risk -0.0020 0.1273 -0.0585

Using test sets from July 20th, 2022, to February 24th, 2023, with two obtained asset allocations’
weights, the daily portfolio return ratios could be calculated, furthermore, the cumulative returns were
gained. The cumulative return of the maximum sharpe ratio portfolio is 4.8144%, that of the minimum
risk portfolio is 0.1712% and 1.1942% in 1/N portfolio, the maximum sharpe ratio portfolio and 1/N
portfolio surpass the minimum risk portfolio under most circumstances. The maximum sharpe ratio
portfolio performs optimally, compared with the minimum volatility portfolio and 1/N portfolio (See
Table 6).

Table 6: Cumulative returns comparisons

cumulative return (%)

Max sharpe ratio 4.8144
Minimum risk 0.1712
1/N portfolio 1.1942

The method of stability test would be applied to check the results’ certainty. Firstly, eliminate
CAC40 from the portfolio components because of slightly tiny percentage. Secondly, 10000 scipy
optimization simulations operate again and compute the new cumulative return. The remaining in-
dexes weights for 2 optimal portfolios are listed in Table 7, observation: FTSE100 takes up approxi-
mately 100% in the maximum sharpe ratio portfolio, SSE Composite Index takes up 35.32% in the
minimum volatility portfolio, indicate that the largest proportion assets in 2 portfolios keep the same.
Finally, compute and compare 3 portfolio cumulative returns (See Table 8), those're similar to the
previous results where the maximum sharpe ratio portfolio has the highest cumulative return. Thus,
the methods and outcomes are effective and stable.

Table 7: 4 remaining indexes' weights in 2 optimized portfolios.

Max sharpe ratio Minimum risk
DJIA 0.0000 0.3397
Nikkei 225 2.7062E-16 0.0907
FTSE100 1.0000 0.2164

SSE Composite Index 0.0000 0.3532
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Table 8: Comparisons.

Cumulative return

Max sharpe ratio 0.1280
Minimum risk -0.0332
1/N portfolio -0.0358

5. Conclusion

Three merit portfolios (the maximum sharpe ratio, the minimum volatility and 1/N) constructed by 5
representative indexes were investigated in this article in general. Acquired data from wind finance,
portfolios’ cumulative returns during the sustainable stiff period were obtained. Calculated randomly
ten thousand portfolios by scipy optimization, each portfolio’s expected return correspondence vola-
tility was computed consequently. By gathering the portfolios scatters (represent expected returns
against risks), the visualized data was presented, the efficient frontier curve could be plotted. Two
optimal portfolios’ assets allocations were gained. 1/N portfolio was calculated additionally, equal
assets allocations, haven access to the test set, the cumulative portfolio returns were worked out.

Via comparisons among three portfolios, it could be observed that the maximum sharpe ratio port-
folio performs optimal with obtaining the highest return, surpassed 1/N and the minimum volatility
portfolios. FTSE100 takes up approximately 100% in the maximum sharpe ratio portfolio before and
after the stability test, showing that investors hold a common perspective pursuing the largest benefit,
could put more currency weights on the FTSE100, a remarkable asset.

However, several deficiencies also exist in this study. For example, constant correlation is consid-
ered, actually, dynamic correlation rather than constant correlation is more suitable for financial as-
sets, thus, this investigation seems limited. Considering the dynamic correlation estimated by multi-
GARCH models deserves the in-depth focus.
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