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Abstract

Introduction/purpose: In this paper, a new approach to solving the portfolio investment problem is formulated to handle
simultaneous optimization of both maximizing the rate of return and minimizing the variance of the rate of return. Probability -
based multi — objective optimization is combined with uniform design for experiments with mixtures to conduct processing.
Methods: Preliminarily, probability - based multi — objective optimization is employed to synthesize the bi-objective problem of
simultaneous optimization of both maximizing the rate of return and minimizing the variance of the rate of return into a single
objective one of the total preferable probability of each alternative scenario. The total preferable probability is the product of all
partial preferable probabilities of each performance utility; subsequently, the method of uniform design for experiments with
mixtures is used to create a set of effective sampling points for the portfolio investment problem to provide discretization in data
processing and simplifying treatment, of which the proportion x.follows the constraint condition of xl + x, + x3. . . +x,=1
with the total number of variables s for x;.

Results: The new approach is used to deal with the portfolio Investment problem that is, in essence, simultaneous optimization
of both maximizing the rate of return and minimizing the variance of the rate of return, which leads to reasonable consequences.
The results are with the quality of rationality from the respect of the probability theory for simultaneous optimization of
multiple objectives.

Conclusion: This method naturally reflects the essence of the portfolio investment problem and opens a new way of solving the
relevant problem.

Keywords: portfolio investment problem, multi-objective optimization, preferable probability, discrete sampling, probability

theory.
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Pesrome

Beeaenne/nieap: B aaHHOI cTaThe NPEACTABACH HOBBIH ITIOAXOA K PCLICHHIO 3aAaY HHBECTHLIHOHHOTO NOPT(EAS MmyTeM
OAHOBPEMEHHOM ONTUMHU3AIMHU MAKCHUMHU3ALUU CTaBKH AOXOAHOCTH M MHHHMMHBAIMHU AUCIIEPCHU CTaBKH AOXOAHOCTH.
O6paboTka BBIIOAHSETCS IyTeM COYETAHMSI BEPOSTHOCTHOH MHOTOKPUTCPHAABHON ONTHMHUSALHMU € YHUPHUIMPOBAHHOMN
MOAEABIO BAPUALIMOHHBIX 3KCIIEPUMEHTOB.

Metoapr: BeposiTHOCTHASI MHOTOKPUTEPHAABHAS ONITUMHU3ALIMS B OCHOBHOM HCIIOAB3YETCS IIPH COYECTAHMH ABYXKPUTEPHAABHOMN
3aAa4M OAHOBPEMEHHOM ONTUMH3ALUU MAKCUMU3AIIUM CTABKU AOXOAHOCTH U MUHMMHU3AIMU AUCIIEPCUH CTAaBKH AOXOAHOCTH B
OAHOKDHTCPUAABHON 3aAaue OOLICH IPEANOYTUTECABHOM BEPOSTHOCTH IO KaKAOMY aAbTEpPHATHBHOMY cueHapuio. Ofmas
HNPEANOYTUTEAbHAS BEPOATHOCTh SBASETCS NMPOU3BEACHHEM BCEX YACTHBIX BEPOSTHOCTEH IPEANOYTHUTEABHOM IOAE3HOCTH
IPOU3BOAMTEABHOCTH, IOITOMY METOA YHHUQHIMPOBAHHOH MOACAH BAPUALMOHHBIX OKCIIEPHMMCHTOB HCIIOAB3YETCS IPH
CO3AQHMH MHOXKECTBA 3$PEKTUBHBIX TOUCK BHIOOPKH AASI PCLICHMS 33Aa4H HHBECTUL[HOHHOTO IOPTPEAS C LIEABI) AOCTHKCHMSI
AUCKpeTHSanuu npu obpaboTKe AAHHBIX U YHPOLICHUS IIPOLCAYPbl, B KOTOPOH MPONOPLUS Xi HMOAUHHSCTCS YCAOBHIO
OTPaHUYEHMS X + Xp + X3... + Xg = 1 € OOIIMM YMCAOM IIEPEMEHHBIX S AASL X;.

Pesyaprarer: B pemenun 3apad MHBECTHIIMOHHOTO IOPTEAS HCIIOAB3YETCSI HOBBIH ITOAXOA, KOTOPBIH IO CYyTH IPEACTABASICT
c060i1 OAHOBPEMEHHYIO ONTUMH3ALNI0 MAKCHMH3AIHMH CTABKH AOXOAHOCTH U MMUHUMH3ALUH AMCIICPCHHU CTABKH AOXOAHOCTH,
YTO NPHBOAUT K PasyMHBIM pe3yAbTaraM. PesyAbTaThl ODA2AAIOT KaueCTBOM pALMOHAABHOCTH C TOYKH 3PECHUSI TCOPUM
BEPOATHOCTEN AASI OAHOBPEMEHHOM ONTUMU3AITUM HECKOABKHX LIEAEH.

BriBoab: Hacrosimuii Meroa ecrecTBeHHBIM 06pasoM OTpaskaeT CyTh MPOGAEMbI HHBECTUIIMOHHOTO IOPTPEASl U AACT HOBBIN
cr1oco6 penIecHus BaKHEHIIEH 3aAa4H.

KAIO‘ICBI)IC CAOBa: 3apaya UHBECTHIIMOHHOIO I‘IOpT(l)CA}i, MHOTOKPHUTEPUAABHAS ONTUMM3ALNA, IPEAIIOYTUTEAbHAS

BCPOATHOCTD, AUCKPCTHA BbI60pKa, TCOpH BCPOHTHOCTeﬁ.

Abstract

YBoa/unn: PopMysncaH je HOBM IPHCTYI pEIIAaBamby npobaeMa MHBECTHLIMOHOT noprdoauja nomohy mcroBpemeHoOr
ONTHMH30Bakba MAKCHMH3AIMje CTOIE NMPUHOCA M MUHMMM3AlUje BapujaHce crome npuHoca. Ilpouecupame ce usBopu
KOM6I/IHaLII/IjOM BHIIEKPUTEPHjyMCKE ONTUMHU3AIIMje 3aCHOBAHE Ha BepoBarHohu ca yHnpopmMHUM AM32jHOM 32 eKCIIEPHMEHTE Ca
BapujarMjama.

Merope: Bumexpurepujymcka onTuMH3alija 3aCHOBaHA Ha BepoBaTHOMH IIPEBACXOAHO Ce KOPHCTH A ce ABOKPHTEPHjYMCKU
npobACM HCTOBPEMECHOT ONTHMH30Barba MaKCUMHM3aIlMje CTOIle IIPHHOCA U MUHHMMM3AIlMje BapHjaHCE CTONE HPUHOCA
CHHTETHIIE Yy jEAHOKPUTEPHjyMCKH npobaeM YKyIHE IMOXKCHHE BEPOBAaTHOME CBAKOT aATCPHATHBHOT cLeHapuja.  YKyIHa
noxesHa BeposarHoha je TpOM3BOA CBHX TAPITHjAAHUX ITOXKEAHUX BepoBatHoha kopucHocTn cBake nepdopmance. Aakae,
MeTOA YHUPOPMHOT AM3ajHA 32 €KCIICPUMEHTE Ca BAPHjalidjaMa KOPHCTH Ce 3 KPEHPambe CKyna epeKTUBHUX Ta4aka Y30pKOBaba
3a IPOOAEM MHBECTHLIHOHOT noprdoanja Kako 61 ce mocTHraa AMCKPETH3aIIMja Y MPOLECHPAhY ITOAATAKA M MOjEAHOCTaBHO
TIOCTYIaK Y KOjeM ITPOIOPITHja Xi CAEAH YCAOB OTPaHMYEmA X] + X +X3. . . + Xy = 1 ca ykymHuM 6pojCM BaijaGAI/I $3aX;.
Pesyaratn: HoBu nmpucryn xopuctu ce 3a pemasame npobAcMa HHBECTHIIMOHOT nopTdoAHja KOjH, Y CYWITHHH, IPEACTABAA
HCTOBPEMEHO ONTHMHU30BAIhe MAKCHMH3AIMje CTONE MPUHOCA M MHHHMHU3AIUjE€ BapHjaHCE CTOIE NPHHOCA, IITO BOAM AO
PpasyMauBUX IOCAeAMIA. Pe3yATaTn MMajy KBAAMTET PaLHOHAAHOCTH Ca CTAHOBMIUTA TECOpHjE BepoBarHohe 3a MCTOBpeMeHY
ONTHUMM3AIIH]y BUIIECTPYKHX ITHAEBA.

Bakmyyax: OBaj METOA IPUPOAHO OACAHKABA CYIITHHY npobAeMa HHBECTUIIMOHOT nopTdoAUja U IPYXKa HOB HAYMH 32 HEIOBO
pelraBame.

Keywords: IpobACM MHBECTULIMOHOT nopT$oAMja, BUIIEKPUTEPHjYMCKA ONTHMH3AIIU]A, IOXKEHHA BepoBatHoha, AUCKpETHO

y30pKoBabe, Tcopuja BeposaTHohe.
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Introduction

Portfolio investment aims to diversify investment risks in an effective way. Markowitz proposed a
decision - making model of portfolio investment in 1952 which is seen as the foundation of the modern
portfolio theory (Wang, 2022).

In Markowitz's treatment, the expected rate of return and the variance of the rate of return are
employed to evaluate risky securities, with the latter used to reflect risk. The significant consequence of
Markowitz’s investigation is that investors should invest their funds in several securities instead in only
one, so that investment risk could be reduced and appropriate investment returns obtained.

However, Markowitz's algorithm could only deal either with maximizing the expected rate of return and
setting the variance of the rate of return as a restraint condition or with minimizing the variance of the rate
of return and letting the expected rate of return be a constraint condition once at a time. In other words,
such an approach could not handle simultaneous optimization of both maximizing the rate of return and
minimizing the variance of the rate of return rationally due to the lack of appropriate methodology for
dealing with multi-objective optimization (Sarmas et al, 2020; Oberoi et al, 2020; Nisani & Shelef, 2021).

Recently, Zheng et al (2022a) proposed probability - based multi — objective optimization in viewpoint
of system theory, which created a brand new concept of “preferable probability”; furthermore, assessments
for probability — based multi — objective optimization were put forward from the respects of the
probability theory and the set theory. As a rationally novel approach concerning multiple objectives, it
could be used in many fields, including energy planning, programming problems, operation research,
financial affairs, management programs, material selection, mechanical design, engineering design, etc.

In this article, probability - based multi — objective optimization is combined with uniform design for
experiments with mixtures to deal with the portfolio problem, so as to deal with the problem of
simultaneous optimization of both maximizing the rate of return and minimizing the variance of the rate
of return rationally.

Solution of the portfolio problem in the light of probability - based multi -
objective optimization methodology and uniform design for experiments with
mixtures

In this section, probability - based multi - objective optimization and uniform design for experiments
with mixtures are organically combined, which establishes a rational method for solving the portfolio
investment problem of simultaneous optimization of both maximizing the rate of return and minimizing
the variance of the rate of return, ie, a bi-objective problem. The probability - based multi - objective
optimization method is used to transfer a bi - objective optimization problem into a single - objective
optimization problem from the perspective of the probability theory naturally; the discretization of
uniform design for experiments with mixtures provides an effective discrete sampling to simplify
mathematical processing,

The systematic implementation is demonstrated by sub — sections A), B), and C).

A) Fundamental spirit of probabilistic multi - objective optimization

In the spirit of probability - based multi - objective optimization, each objective can be analogically
represented as a single event in a system (Zheng et al, 2022a) and the whole event of multi - objective
simultaneous optimization corresponds to the product of all single objectives (events). All performance
utility indexes of a candidate are preliminarily classified into two types: i.c., beneficial type and unbeneficial
type, in accordance with the role and preference of a candidate in the optimization, respectively.
Specifically, the assessment of the preferable probability P;; of both beneficial indicators and unbeneficial

indicators can be carried out according to the evaluation procedure in Fig. 1 (Zheng et al, 2022a).
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The meanings of the quantities and the factors in Fig. 1 are as follows:

Pj; indicates the partial preferable probability of the j-th performance utility indicator of the i-th
alternative scenario, Xjj; n expresses the total number of the alternative scenario; m reflects the total
number of the performance (objective); X represents the arithmetic value of the j-th performance utility
indicator; Xjmax and Xjpin show the maximum and minimum values of the j-th performance utility
indicator, respectively; (Xj and #; express the normalized factors of the j-th performance utility indicator
Xij in the beneficial status and in the unbeneficial status, individually; the beneficial status or the
unbeneficial status of the j-th performance utility indicator X;j; is determined according to its specific role
or preference in the instant problem; and P; represents the total (overall) preferable probability of the i-th
alternative scenario (Zheng et al, 2022a).

Here, as to the portfolio investment problem, a simultaneous maximization of the rate of return and
minimization of the variance of the rate of return is a typical bi-objective problem which contains a
beneficial indicator and an unbeneficial indicator, respectively.

Probability -
based evaluation of
multi-objective
|
Beneficial utility Unbeneficial utility
of the objective of the objective
Partial preferable probability: Partial preferable probability:
P, xX, By *-X,
B=aX, i=12..m~L2..m|| TP K ¥ = Xy)
a,=1/(nX,) B =V[MX gy + X ) —nX,]
Simultaneous
optimization of
multiple objectives

Integration l

Total preferable probability:

Figure 1
Evaluation procedure of the PMOO method

Puc. 1 - I_Ipoue,A,ypa OIICHKH MCTOAQ MHOFOKPHTCPH&AI}HOﬁ OIITUMHU3ALIHNH, OCHOBAaHHOI Ha BCPOATHOCTH

Caunkal — HOCTyI'IaK CBaAyaI_II/IjC MCTOAQ BI/II.LICKPI/ITCPI/ijMCKC OHTI/IMI/IBaI_II/IjC 3aCHOBAHC Ha BCPOBHTHOhI/I

B) Discrete sampling in the spirit of uniform design for experiments with mixtures
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In this bi - objective portfolio investment problem, the total preferable probability is the decisive
objective function which needs to be maximized in a high-dimensional space, so the complex data
treatment might be involved; thus uniform design for experiments with mixtures (UDEM) can be
employed to simplify data processing rationally.

Uniform design for experiments with mixtures (UDEM), based on the good lattice point (GLP), was
proposed by Fang et al (2018). The method of UDEM can be used to create a set of effective sampling
points for experimental design with the restraint of x; + x, + x3. . . + x; =1 for the proportion xwith
the total number of s (Fang et al, 2018); therefore, it can be used as an efficient sampling method for the
portfolio investment problem here to conduct the simplification of data processing with discretization.

In addition, Fang especially developed uniform design tables and their usage tables for proper
application (Fang et al, 2018).

According to Fang et al (2018), the concrete steps of uniform design for experiments with mixtures
(UDEM) are generally as follows:

I. Selection of the uniform design table

Given the number of mixtures. and the number of sampling points n, select the corresponding table
U*,(n") or U,(n®) and the usage table from the uniform design table provided by Fang et al (2018), and

the number of columns of the usage table is selected as s-1 at this time. Give a mark of the original elements

in the uniform design table U*,(n") or U, (n") with {g;-
II. Constructing a new element cj

For each i, construct its new element cj;according to the following formula,
Cki = (2(;;.;;' — 1)/(2!?) O

III. Constructing uniform sampling points for the mixtures, xy;

1 1 1

— =1 —_— 51 _—

x,:(l—(;‘_s—{ Cp5-J X, =  Cps=]
k K b7 =1, 8178 j=1H

(2)

Thus, {x1;} gives the corresponding uniform design table UM,,(n®) of the mixture under the conditions

Jj=l

k=1, ..., n.

of sand n.
C) Portfolio investment problem

According to Markowitz's study, the return rate function fl1 and the risk function f2 could be
introduced, and their expressions are, respectively,

Ji=E(R)= ZJ:,u ,
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— 2 2 2 2
fo = [(x101)°+ (X202)"+ (X303) +...+ (XnoOn)“+ y1.2(X101)(X202) + y1.3(X101)(X303)
+ 11,4(X101)(Xa03) +.. + 1 j(XiT) (X)) * ...+ Ys1,5(Xs5-105-1) (Xs ) °°.
(4)
In Eq. (3), #4 is the rate of return of the i-th security and s is the total number of the securities. In Eq.
(4),%i is the correlation coefficient between the i-¢h security and the j-th security; i is the risk of the i-th
security.

According to the objective evaluation in probability - based multi - objective optimization methodology
(Zheng et al, 2022a), £; exhibits the bigger the better, which therefore belongs to the beneficial objective,

and £, manifests the smaller the better, which thus belongs to the unbeneficial objective, respectively.

Therefore, the answer to the portfolio problem is the optimization of a bi-objective problem.
Furthermore, probability - based multi - objective optimization methodology can be used to assess it
reasonably. Of course, all the evaluations in probability - based multi - objective optimization methodology
can be applied rationally.

Applications

In this section, an example illustrates the use of the above steps for solving the portfolio investment
problem.

Take a combination of four securities, i.e., securities A, B, C, and D as a typical example. The specific
optimization process is explained in detail.

Let the expected rate of return of Security A be 4} = 11.29%, and let its standard deviation of return be
O | = 24.53%; let the expected rate of return of Security B be #, = 18.10%, and let its standard deviation
of return be O 5 = 19.94%; let the expected rate of return of Security C be H3 = 8.29%, and let its standard
deviation of return be O 3 = 11.80%; and let the expected rate of return of Security D be H4 = 11.52%,
with its standard deviation of return of O 4 = 12.75%. Furthermore, it is assumed that the following
correlation coefficients between two of the above securitiesare V15, =0,713=0.68,714=0,7,3=0,7
24=0, ]/3’4 =0.

Now we need to make a decision of simultaneous optimization of both the maximization of the rate of
return and minimization of the variance of the rate of return on this portfolio investment.

Solution

In this section, the problem of "portfolio” is analyzed based on probability - based multi - objective
optimization methodology. This is a typical bi-objective optimization problem.

Let x}, x5, x3and xbe the investment percentages of four securities, A, B, Cand D, respectively. There is
actually a constraint condition for this problem, i.e., x; + x5 + x3 + x4= 1; therefore, it has actually three
independent variables, namely x;, x,and x3.

Since the sampling points of this bi-objective optimization problem are positioned in the 4 -
dimensional space, it is necessary to include at least 23 sampling points with the characteristics of the "good
lattice point” in the effective region for the discretization of data processing (Yu et al, 2022; Zheng et al,
2022a; Zheng et al, 2022b).

According to Fang et al (2018), this is a "uniform design for experiments with mixtures” problem due to

the constraint condition of the four variables. Let us take the uniform table U*53(237) as the initial table to

construct a uniform test design table UM23(234) with mixtures, as shown in Table 1.
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The uniform test table UM23(234) with the mixtures of Table 1 is based on the uniform design table

U*23(237). Because here the number of variables s equals to 4, and n equals to 23, from the above rules, x;

/3 /3 /2

XCkZI/ZX(I-Ck3), Xp4= ckll XCkZI xcy3 (Fang et al,

=1 -/ 0= P x(1 - 2"?), x5 = e
2018).

Furthermore, we can get the values of the rate of return function £ and the risk function £, the
distribution of their partial preferable probability and their total preferable probability, as well as the
ranking at the sampling points (alternative scenario), which are shown in Table 2.

Fig. 2 shows the variation of the return rate with respect to risk at the discrete sampling points. The
results reflect that the 2nd discrete sampling point gives the maximum total preferable probability closely
followed by the 6th sampling point; therefore, they could be taken as the optimal solution to this portfolio
problem.

Regarding the 2nd sampling point, the corresponding investment ratio is x;"= 0.0222, x,"= 0.3494,
x3"=0.2596, x4" = 0.3688, which leads to the rate of return of 12.98% and the risk of 9.09%.

As for the 6th sampling point, its investment ratio is at x;' = 0.0871, x," = 0.4665, x3' = 0.1068, x4 =
0.3397, and its obtained rate of return is 14.23% with the risk of 10.73%.

Table 1

Uniform test table UM23(234) with the mixtures based on the uniform design table U*,5(237)

q1|9z| 93
0o lo|o
11]17] 19 10.4565 [0.7174 10.8044 [0.2300 | 0.1178 | 0.1276 | 0.5246
22110 14 |0.93480.41300.5870(0.0222  0.3494 | 0.2596 | 0.3688
9 13 [9 ]0.369610.1087 |0.3696 [0.2824 | 0.4810 | 0.1492 [ 0.0874
20120 4 ]0.847810.8478 [0.1522 [0.0535 | 0.0750 | 0.7389 | 0.1326
7 (1323 10.2826 10.5435|0.9783 [0.3438 [ 0.1725 | 0.0105 | 0.4733
1816 | 18 |0.7609(0.2391(0.7609 [ 0.0871| 0.4665 | 0.1068 | 0.3397
5 |23] 13 [0.1957 [0.9783 [0.5435 | 0.4195 | 0.0063 | 0.2621 | 0.3121
16[16] 8 |0.673910.673910.3261|0.1233 | 0.1570 | 0.4850 | 0.2347
3 19 |3 ]0.1087[0.3696 |0.1087 [0.5228 | 0.1871 | 0.2586 | 0.0315
1412 |22 10.587010.0652 [0.9348 [0.1627 | 0.6235 | 0.0139 | 0.1999
1 |19( 17 10.0217|0.8043 [0.7174 (0.7209 | 0.0288 | 0.0707 | 0.1796
12112 12 {0.5 0.5 0.5 0.2063 [ 0.2325 | 0.2806 | 0.2806
2315 |7 10.978310.195710.2826 (0.0073 [ 0.5536 | 0.3150 | 0.1241
101222 10.4130]0.9348 [0.0652 [0.2553 | 0.0247 | 0.6731 | 0.0470
21(15] 21 ]0.8913 [0.6304 |0.8913 [0.0376 | 0.1982 | 0.0831 | 0.6811
8 |8 | 16 [0.3261[0.3261 [0.673910.3117 | 0.2953 | 0.1282 | 0.2649
19(1 [ 11 ]0.8043]0.0217 |0.4565 [0.0700 | 0.7929 | 0.0745 | 0.0626
6 [18]6 ]0.2391(0.7609]0.2391 [0.3793 | 0.0793 | 0.4119 | 0.1295
1711 1 ]0.7174]0.4565(0.0217 [0.1048 | 0.2903 | 0.5917 | 0.0131
4 |4 |20]0.15220.1522 (0.8478 [ 0.4661 | 0.3256 | 0.0317 | 0.1766
1521 15 10.6304|0.8913 [0.6304 [0.1425 | 0.0479 | 0.2992 | 0.5104
2 |14( 10 ]0.065210.5870 |0.4130 [0.5975 | 0.0941 | 0.1810 [ 0.1274
23 |13|7 [5 [0.5435]0.282610.1957 |0.1839 | 0.3822 | 0.3490 | 0.0849
Ta6amma 1 — Tabauna ynuduuuposannoro recra UM,3(23%) ¢ Bapnantamu, ocnosanusiv sa tabanne yunuuuposansoi Moaean
U*y3(23)

Tabeaa 1 —Tabeaa yanudpopmHor recra UM23(234) ca BapujariijamMa 3aCHOBAHUM Ha Tabear yHHPOPMHOT AU3ajHA U*23(237)
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Table 2
Evaluation results of the rate of return f] the risk f, the preferable probability and the ranking at the sampling points

q119z| 93
0 10 0
11]17] 19 10.4565 [0.7174 10.8044 [0.2300 | 0.1178 | 0.1276 | 0.5246
22(10| 14 |0.9348|0.4130(0.58700.0222| 0.3494 | 0.2596 | 0.3688
9 (3 |9 ]0.3696(0.1087 [0.3696 [0.2824 | 0.4810 | 0.1492 | 0.0874
20(20| 4 ]0.8478(0.8478 [0.1522 [0.0535| 0.0750 | 0.7389 | 0.1326
7 |13 23 [0.2826 |0.5435 [0.978310.3438 [ 0.1725 | 0.0105 | 0.4733
18|16 | 18 [0.7609]0.2391]0.7609|0.0871 | 0.4665 | 0.1068 | 0.3397
5 123 13 {0.195710.978310.5435 [0.4195 | 0.0063 | 0.2621 | 0.3121
1616 8 0.673910.6739(0.3261 [0.1233 | 0.1570 | 0.4850 | 0.2347
3 (9 |3 ]0.1087(0.3696 0.1087 [0.5228 | 0.1871 | 0.2586 | 0.0315
14(2 |22 10.5870]0.0652(0.9348 [0.1627 | 0.6235 | 0.0139 | 0.1999
1 (19 17 10.021710.8043 |0.7174 [ 0.7209 | 0.0288 | 0.0707 | 0.1796
121121 12 |10.5 0.5 0.5 0.2063 | 0.2325 | 0.2806 | 0.2806
235 |7 10.9783(0.1957]0.2826 [0.0073 | 0.5536 | 0.3150 | 0.1241
10222 ]0.4130]0.9348 [0.0652 [0.2553 | 0.0247 | 0.6731 | 0.0470
21|15 21 |0.891310.6304 [0.8913 [0.0376  0.1982 | 0.0831 | 0.6811
8 |8 |16 10.3261 [0.3261 |0.6739 [0.3117 | 0.2953 | 0.1282 | 0.2649
1911 | 11 |0.8043|0.0217 [0.4565 |0.0700 [ 0.7929 [ 0.0745 | 0.0626
6 |18] 6 ]0.2391]0.7609 [0.2391 [0.3793 [ 0.0793 | 0.4119 | 0.1295
17[11] 1 |0.7174 [0.4565 [0.0217 {0.1048 | 0.2903 | 0.5917 | 0.0131
4 |4 |20 [0.1522]0.15220.8478 | 0.4661 | 0.3256 | 0.0317 | 0.1766
15(21 15 |0.6304 |0.8913 [0.6304 [0.1425 | 0.0479 | 0.2992 | 0.5104
2 (14| 10 ]0.0652]0.5870 [0.4130 [0.5975 | 0.0941 | 0.1810 | 0.1274
23 |13|7 |5 [0.5435]0.2826(0.195710.1839 [ 0.3822 | 0.3490 | 0.0849

Ta6AI/lL[21 2 - PC3yAbTaTbI OLICHKHU CTaBKU AOXOAHOCTH fl, pucKa fz, HPCAHO‘ITI/ITCABHO]‘/’I BCPOATHOCTH K paH)KI/IPOBaHI/IH 10 TOYKaM BbI60pKI/I
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Figure 2

Variation of the return rate with respect to the risk at the discrete sampling points
Puc.2 - BaPI/IaHTI)I CTaBKH AOXOAHOCTH IIO CPABHCHUIO C PUCKOM B AUCKPCTHBIX TOIKAX BI)I6OPKI/I
Cauxka 2 - Bapujauuja crone npuHoca y 0AHOCY Ha PUSHK Y Ta4KaMa AMCKPETHOT Y30PKOBatba

Conclusion

In this paper, the probability-based multi-objective optimization method is combined with uniform
design for experiments with mixtures to study the portfolio investment problem, which aims to give a
rational approach to handling the problem of simultaneous optimization of both maximizing the rate of
return and minimizing the variance of the rate of return; the analysis shows that probability - based multi -
objective optimization methodology could provide the optimal solution with the characteristics of
simultaneous optimization of both maximizing the rate of return and minimizing the variance of the rate
of return; uniform design for experiments with mixtures could be used to properly conduct discretization
for data processing and simplification.
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