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ABSTRACT

The hedge fund market, stock market and bond market all have high risks. The purpose of our project is to build the
optimal risky portfolio consisting of ten different strategies (which includes Arbitrage, CTA/Managed Futures etc.) to
diversify risk and gain a high return, and we also conducted a 5-fold cross-validation test to validate if our method works
accurately for all the periods. Using more strategies can help us carry out comprehensive analysis on different situations,
periods and types of investment portfolio, so as to disperse risks and obtain high returns, also, ensure the diversity of

portfolio and a lower risk.
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1. INTRODUCTION

Currently, people are more interested in investing in
hedge funds, since hedge funds' returns are very different
from those of standard asset classes, which makes them
attractive to investors looking for a diversified and
balanced portfolio [1-2]. Therefore, the research on
hedge fund investment naturally focuses on finding the
optimal proportion of hedge fund investment, measuring
the performance of hedge fund, identifying the risk
factors of hedge fund, and finally constructing the
optimal hedge fund investment portfolio [1-6].

This research adopted ten different strategies to set up
the optimal risky portfolio and we analyzed monthly
return data and tested those with a 5-fold cross-validation
test. Cross-validation is a statistical method used to
validate statistical models. It is commonly used in applied
machine learning to compare and select a model for a
given predictive modeling problem because it is easy to
understand, easy to implement, and results in skill
estimates that generally have a lower bias than other
methods. So it's a way to tell whether the method of
selecting the optimal risky portfolio works [7].

2. METHODOLOGY

Firstly, we downloaded the original monthly return
data of nine different strategies of hedge funds for the
period between January 2,000 to April 2,021 from
EurekaHedge and the adjusted closing price data of S&P
500 for the same period from Yahoo Finance, and we
calculated the original monthly return rates of S&P 500
for each month by dividing each price by the price for the
previous month. Secondly, we subtracted the risk-free
rates (from Fama-French Table) for each month from the
original monthly return rates to get the monthly excess
return rates, and made a new sheet containing these
numbers. Then we calculated the monthly average excess
return rates and monthly standard deviation of strategies
selected by us. The next step was to deduce the average
monthly excess return rates from the original monthly
return rates data to create a new spreadsheet. Then we
created a spreadsheet containing the covariance matrix,
we also made the correlation coefficient matrix. Nextly,
we added a number (depending on the maximum value in
the diagonal) to every value in the diagonal of the
covariance matrix to create the adjusted covariance
matrix according to robust optimization theorem and then
we calculated the inverse covariance matrix. Finally, we
created a new vector, and we divided each value of the
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sum of all the values in the vector to calculate the optimal
risky portfolio, we also got the expected monthly return
rate for this portfolio, and we calculated the monthly
standard deviation. We multiplied the monthly return by
12 to get the expected annualized return of the optimal
risky portfolio, and multiplied the monthly standard
deviation by the square root of 12 to get the annualized
standard deviation, then we also calculated the
annualized Sharpe ratio by dividing the expected
annualized return rate by the annualized standard
deviation.

We also did a 5-fold cross-validation test on our
optimal portfolio. We allocated 256 monthly return datas
into 5 sets of the same amount of datas, then we firstly
set the first set which contained data from January 2,000
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to April 2,004 as test set, and set other sets as training set,
then we ran the procedure for building the optimal risky
portfolio on the training set, and used this portfolio on the
test set to calculate the excess return and standard
deviation, we repeated such step for 5 times by setting
each of the 5 sets as test set for once and only once.

3. DATA

The research data is shown in Table 1-4. In Table 1,
we presented the average monthly excess return rates for
our ten strategies. Table 2 shows the monthly standard
deviation rates of those strategies. As shown in Table 3,
the chosen strategies’ annualized Sharpe ratio are
presented. Table 4 shows the correlation coefficient
matrix consisting of our selected strategies.

Table 1. shows Average Monthly Excess Return Rate

Long-
. . . . Only
. CTA/Managed | Distressed | Fixed Multi- Relative S&P
Arbitrage . Macro Absolute
Futures Debt Income | Equities Strategy | Value 500
Return
Fund
0.20% 0.30% 0.29% 0.24% | 0.28% | 0.23% | 0.24% 0.16% 0.64% | 0.40%
Table 2. shows Monthly Standard Deviation
Long-
. . . . Only
. CTA/Managed | Distressed | Fixed Multi- Relative S&P
Arbitrage o Macro Absolute
Futures Debt Income | Equities Strategy | Value 500
Return
Fund
0.92% 2.20% 1.45% 1.16% 1.99% | 1.22% | 1.34% 1.32% 3.79% | 4.37%
Table 3. shows Annualized Sharpe Ratio
Long-
. CTAMa Distress Fixed L/S Multi- Relative Only
Arbitrage | naged o Macro Absolute | S&P 500
ed Debt | Income | Equities Strategy Value
Futures Return
Fund
0.74 0.47 0.69 0.71 0.49 0.66 0.62 0.42 0.59 0.32
Table 4. shows Correlation Coefficient
Long-
. Only
Arbitrag :n-;A/glj Distress | Fixed Macro Sl\t/lrzlttg Relative | Absolut S&P
e 9 ed Debt | Income | Equities 9 Value e 500
Futures y
Return
Fund
Arbitrag 1
e
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CTAM
anaged
Futures

0.75

Distres
sed
Debt

0.45

0.25

Fixed
Income

0.81

0.69

0.20

L/S
Equities

0.85

0.72

0.24

0.82

Macro

0.97

0.68

0.32

0.75

0.79

Multi-
Strateg
y

0.69

0.47

0.73

.40

0.49

0.58

Relativ
e Value

0.77

0.43

0.82

0.86

0.95

0.68

Long-
Only
Absolut
e
Return
Fund

0.86

0.80

0.27

0.00

0.84

0.79

0.52

0.88

S&P
500

0.01

0.01

0.01

0.00

0.04

0.01

0.00

0.00

0.03

4. ANALYSIS

The optimal risk portfolio is 5.85% Arbitrage, 11.63%

The expected monthly return is 0.37%, the monthly

standard deviation 1.23%, the annualized Sharpe ratio

CTA/Managed Futures, 10.20% Distressed Debt, 7.99%
Fixed Income, 10.35% L/S Equities, 6.56% Macro, 8.77%

Multi-Strategy, 4.39% Relative Value, 25.85% Long-

Only Absolute Return Fund, 8.41% S&P 500.

1.04.

We conducted 5-fold cross-validation test and got
results as the optimal risky portfolio derived from each

test in Table 5, also with the average monthly excess
return rates and monthly standard deviation rates of each
portfolio in Table 6:

Table 5. shows Optimal Risky Portfolio Derived from Each Test

Long-
. Only
. TA/M . . Multi- .
Arbitrag ;:na /e d Distress | Fixed L/S Macro Str:ttcla Relative | Absolut S&P
e 9 ed Debt | Income | Equities 9 Value e 500
Futures y
Return
Fund
01/01 -
04/04
as Test 4.36% 8.42% 8.96% 9.11% 9.40% 7.07% 5.28% | -0.69% | 22.73% | 25.36%
Set
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05/04 -
07/08
as Test 12.61% | 10.00% | 10.96% | 11.17% 5.22% 6.72% 6.36% 3.81% 16.63% | 16.51%
Set
08/08 -
10/12
as Test 12.44% | 11.34% | 11.98% 6.47% 7.17% 8.96% 8.32% 6.66% 14.81% | 11.86%
Set
11/12 -
01/17
as Test 9.44% 17.85% | 8.55% 9.17% 4.38% 12.72% 7.27% 1.13% | 21.84% 7.64%
Set
02/17 -
04/21
as Test 4.43% | 15.56% | 17.97% | 10.86% | 2.56% | 12.93% | 6.93% 2.16% | 20.26% | 6.33%
Set
Table 6. shows Average Monthly Excess Return Rate and Monthly Standard Deviation of Each Optimal Risky
Portfolio
A Monthl Monthl A Monthl
verage Monthly c?nt. y Standgr_d verage Monthly Monthly Standard
Excess Return Rate | Deviation of Training | Excess Return Rate Deviation of Test Set
of Training Set Set of Test Set
01/01 - 04/04 as 0.43% 1.89% 0.21% 1.76%
Test Set
05/04 - 07/08 as 0.35% 1.28% 0.29% 1.18%
Test Set
08/08 - 1012 as 0.38% 1.23% 0.07% 2.09%
Test Set
11/12 - 01/17
f12 - 0117 as 0.34% 1.67% 0.39% 0.98%
Test Set
02/17 - 04/21 as 0.33% 1.48% 0.19% 1.30%
Test Set

We can conclude that our method to build the optimal
risky portfolio generally worked well by comparing the
average monthly excess return rates and the monthly
standard deviation of training sets to those of test sets.

5. CONCLUSION

The goal of this paper is to identify some well-
developed hedge fund portfolios aiming at managing
risks. It was written to inform its readers of our thoughts
on risk management and offer some strategies through
careful analysis. By utilizing hedge fund’s characteristics
and analyzing their past statistics, we identified the
optimal risk portfolios which contained a total of nine
strategies of hedge funds and S&P 500 that will most

likely obtain an appropriate level of risk management for
investors. Our suggestion is to put 91.59% of your total
money in hedge fund, which is, 5.85% in Arbitrage, 11.63%
in CTA/Managed Futures, 10.20% in Distressed Debt,
7.99% in Fixed Income, 10.35% in L/S Equities, 6.56%
in Macro, 8.77% in Multi-Strategy, 4.39% in Relative
Value, 25.85% in Long-Only Absolute Return Fund, and
8.41% in S&P 500. By such allocation method, the
annualized Sharpe ratio of our optimal risky portfolio is
1.04, compared to the average level of different strategies
of hedge funds, 0.63, is 64.73% higher; compared to
Arbitrage, the highest single strategy of hedge fund, 0.74,
is 39.30% higher; compared to S&P 500, 0.32, is 227.37%
higher, which is even more drastic. Hedge funds are
efficient tools for investors as they can help them achieve
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high risk management while still being capable of
claiming higher returns by posing higher risks. Since
open-ended, however, hedge fund’s potential far exceeds
the presented portfolios, ultimately providing investors
opportunities to elaborate their existing strategy and
expand their capitals [1-6]. Our portfolio provided a
method to generate a relatively higher return and lower
risk, and we proved that such method tends to be of low
bias by 5-fold cross-validation test.
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