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STRATEGIC MANAGEMENT OF THE PORTFOLIO OF FINANCIAL ASSET

Until now, three approaches to asset portfolio management have been used. The first approach is the classic one, based on the "Efficient Market
Hypothesis" (EMH). The second and more modern approach is related to the "Fractal Market Hypothesis" (FMH). Modern economic practice is char-
acterized by the presence of structurally unstable markets, included as nodes in the network of the world economy, which functions in real time. The
structure of the available financial instruments is heterogeneous and non-Markovian processes arise in them. The third approach is the formation of a
dynamic strategy of investment management of the asset portfolio. Due to the complex structure of the modern global financial market, the heteroge-
neous structure of available financial instruments and traders using different approaches and time horizons, forecasts, as a rule, require a large number
of observations, work poorly at the edges of bifurcations, and do not have a computer model that could build forecasts in real time. In these structures,
slow diffusion-type processes with a memory phenomenon occur, i.e., non-Markovian processes. Therefore, the formation of a dynamic strategy using
modern methods of mathematical and computer modeling is very promising.

Real financial data is expressed in rational numbers. Computational models were developed on the basis of classical substance analysis. There-
fore, p— adic analysis methods are increasingly used in financial mathematical modeling. These methods are used, in particular, in the construction of
neural networks, cellular automata, and percolation models. The paper seems to have taken the first step towards building a "synthetic" model of dy-
namic asset portfolio management. The model has the form of a differential equation in fractional derivatives obtained using the so-called interbasin
kinetics method. A general form of the energy market model is also offered, as one of the specific, especially nowadays, markets.

Key words: portfolio of financial assets, fractal environment, memory phenomenon, p — adic analysis, differential equation in fractional de-

rivatives, interbasin kinetics.
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J10 11bOT0 Yacy BUKOPUCTOBYBAJIMCS TPH MiIXOIH JI0 YIIpaBIiHHS nopTdeneM akTupis. [lepiuii migxin — kiacu4dHuii, 3acHoBaHui Ha «['imoresi edek-
tuHOro punky» (I'EP). [lpyruii i Ginbln cydacHuid minxix noB’si3anuil 3 «rinore3o0 ¢pakranbHoro puky» (I'®P). CyuacHa ekOHOMIYHA PAKTHKA
XapaKTEePU3YETHCS HASIBHICTIO CTPYKTYPHO HECTAOLIbHUX PHHKIB, BKIFOYCHHUX SIK BY3JIM B MEPEXKY CBITOBOI'O TOCHOAAPCTBA, IO QYHKIIOHYE B PEXUMI
peasbHOTO Yacy. CTpyKTypa HassBHHX (piHAHCOBUX IHCTPYMEHTIB HEOJHOpIiZHA i B HUX BHHHKAIOTh HEMApKiBCHKI IporecH. Tperiil minxix — dhopmy-
BaHHs JUHAMIYHOI CTpaTerii IHBECTHLIHHOrO ynpaBaiHHsA nopTdeneM akTHBiB. Uepe3 CKIaaHy CTPYKTYPYy CY4acHOTO CBITOBOrO (piHAHCOBOI'O PHHKY,
HEOJIHOPIJIHY CTPYKTYPY JAOCTYIMHHX (hiHAHCOBUX IHCTPYMEHTIB i TpEi/iepiB, 110 BUKOPUCTOBYIOTh Pi3Hi MiJXOAU Ta YacOBiI FOPU3OHTH, IPOTHO3H, 5K
MPaBHJIO, BUMAraloTh BEIMKOI KiJIbKOCTI CIIOCTEPEkKEHb, IOraHO MPALIOIOTh Ha Kpasx Oidypkaiiii i He MarOTh KOMIT FOTEPHOT MOJIedIi, sika MorJia 6 Oy-
JIyBaTH NPOTHO3H B PealbHOMY Yaci. Y IUX CTPYKTypax BiAOYyBalOThCS MOBIIbHI MpoLecH Au(y3iHHOro THILy 3 SBHIIEM [1aM’siTi, TOOTO HEMapKiBChbKi
npouecy. ToMy [yske IepCHeKTHBHAM € (POpMyBaHHS AUHAMIYHOI CTpaTerii 3 BUKOPUCTAHHSM CY4acHHUX METO/IB MATEMAaTHYHOTO Ta KOMIIT IOTEPHOTO
MoyenoBaHHs. PeanbHi GpiHaHCOBI 1aHI BUPaXKalOThCs B pallioHANBHAX YuciIax. OOUHCIIIOBAIBHI MOJETl PO3POOIICHO Ha OCHOBI KJIACHYHOTO CYOCTaH-
niiiHoro anamizy. ToMy y (hiHaHCOBO-MaTeMaTHYHOMY MOJEIIOBAHHI Je/aii IIHMpIIe BUKOPHCTOBYIOTHCS METONH p — aJudHOro aHamizy. Lli metoxn
BUKOPHCTOBYIOTHCSI, 30KpeMa, TIpU 100y J0BI HEHPOHHUX MepeX, KIITHHHUX aBTOMATIB, MEPKOJILIHHIX Mozeneil. CTaTTs, 31a€Thes, 3po0iIa IepImit
KPOK /10 0OYJOBH «CHHTETHYHOI» MOJENI JHHAMIYHOIO yHpaBiiHHA HopTdeiaeM akTHBIB. Mozenb Mae BUMILA JuepeHLiadbHOr0 PiBHIHHS y IpO-
GOBHX IOXiTHMX, OTPUMAHOTO 32 JOIIOMOTO0 TaK 3BaHOI0 METOMY MiKOaceiHOBOI KiHETHKH. 3aIIpOIIOHOBAHO TaKOXK 3araibHy (GopMy Mozeli eHepre-
TUYHOT'O PUHKY, K OJHOTO i3 crienudiqHuX, 0COOIMBO B HAIII Yac, PUHKIB.

KarouoBi ciioBa: noprdens (hiHAHCOBUX aKTHBIB, ()paKTalbHE CepeOBHIlE, (PCHOMEH MaM’sTi, p — aIuvHU aHaii3, AupepeHIiaIbHe PiBHSH-

HS y IpOOOBHX MOXIJTHUX, MbkOaceifHOBa KiHETHKa.
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Jlo cuX IOp UCIONB30BATUCH TPU MOAXOJA K yIpaBIeHHIO HopTdeneM akTHBOB. IIepBbIi MOaX0x — KIacCHUECKUH, OCHOBaHHBIM Ha «['umorese d¢-
¢exruBHOTO phIHKa» (I'OP). BTopoii 1 Gosee cOBpeMEHHBIN ITOIXOM CBSI3aH C «THIOTE30i (ppakTansHoro peiakay (I'@P). CoBpemeHHas SKOHOMUYE-
CKas MPaKTHKAa XapaKTepH3yeTCsl HaJIMYHEeM CTPYKTYpHO HEYCTOHUYHMBBIX PBIHKOB, BKITIOYEHHBIX KaK Y3IIbl B CETh MHPOBOH YKOHOMUKH, KOTOpPas
(YHKIMOHUPYET B PeXHME peaabHOro BpeMeHH. CTpyKTypa HMeIoImuXcsl (PHHAHCOBBIX HHCTPYMEHTOB HEOAHOPOAHA U B HUX BO3HHKAIOT HEMApKOB-
ckue npoueccel. Tpernii noxxon 3akmodaercss B GOPMUPOBAaHNHM AWHAMHYECKON CTPAaTETMH YNpPaBJICHHs HHBECTULMSIMH HopTderns akTuBoB. M3-3a
CIIO)KHOH CTPYKTYPHI COBPEMEHHOTO MHUPOBOTO (PMHAHCOBOTO PHIHKA, HEOJHOPOIHON CTPYKTYpPHI JOCTYIHBIX (DHHAHCOBBIX MHCTPYMEHTOB U Tpeiige-
POB, UCIIONB3YIONINX Pa3HbIe IOJXOABI U BPEMEHHbIE TOPU3OHTHI, IPOTHO3BL, KaK MPAaBUIIO, TPeOYIOT GOIBIIOrO KOIUYECTBA HAOMIOACHUMH, IIIOXO0 pa-
00TaroT Ha rpaHix OHpypKanuii ¥ He IMEIOT KOMIBIOTEPHOH MOJEIH, KOTOpast MOIJIa OBl CTPOUTH HPOTHO3BI B PEXKUME PEabHOro BpeMeHu. B aTux
CTPYKTypax HPOTEKalOT MeJUIeHHbIE Iporeccsl Auddy3nOHHOTO THIIA C SBICHHEM IIaMATH, TO €CTh HeMapKoBcKHe mpoueccsl. [Toatomy dpopmuposa-
HHUE JMHAMUYECKOH CTpaTeruul ¢ UCMOJIb30BAHUEM COBPEMEHHBIX METOAOB MAaTEMAaTUYECKOTO M KOMIBIOTEPHOTO MOJEIMPOBAHHS BECbMa IEPCIEK-
TUBHO. PeanpHble pHUHAHCOBBIE TaHHbBIE BEIPAKAIOTCS PAalIOHAIBHBIMA YHCIIaMY. BEMHCIHTEIEHBIE MOJIENH OBLIM pa3paboTaHbl HA OCHOBE KJIACCHYe-
CKOTO aHaJiu3a BeliecTBa. [103ToMy METOIbl p — aiMYecKOro aHaIn3a HaXoiT Bee Oojee IIMPOKOe MPUMEHeHHE B (PMHAHCOBO-MaTEMAaTHYECKOM MO-

JICIMPOBAHKUH. DTH METO/IbI HCIIOJIB3YIOTCSI, B YACTHOCTH, IIPH IIOCTPOCHHH HEHPOHHBIX CETEeH, KICTOYHBIX aBTOMATOB M MOJIENIeH nepKoJsiuuy. B cra-
The, MOXOXe, CEJaH IePBbIH IIar K MOCTPOCHHIO «CHHTETHYECKOH» MOJEIHN JHHAMHYECKOTO YIpaBieHus noprdeneM akTHBoB. Moenb uMeeT BHJ
Iu(depeHInaIbHOr0 ypaBHEHUsI B IPOOHBIX IIPOU3BOIHBIX, MOJIYYCHHOTO C IOMOIIBIO TaK Ha3bIBAEMOr0 MeTO/1a MekbacceitHoBoi kuHeTnku. I1pex-
Jlaraetcst Takke oomast hopMa MOJIENIH SHEPreTHYECKOTo PHIHKA, KaK O/{HOTO U3 CHelH(UIECKHX, OCOOCHHO B HACTOSIIIEE BPEMsI, PHIHKOB.

KiroueBble cioBa: noprdensb (pUHAHCOBBIX aKTHBOB, (pakTanbHas cpeia, GEHOMEH MaMsATH, p — aAWYecKHil aHamu3, quddepeHnaTbHoe

ypaBHEHHUE B IPOOHBIX MPOU3BOAHBIX, MEXOAacCeHHOBas KHHETHKA.

Introduction. The stock market has always been an important part of economic processes. That is, it was responsi-
ble for the relations that arise between market subjects within the framework of investment processes. From this point of
view, the stock market was seen as local, and such that mathematical models could use probability theory and mathe-
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matical statistics. Investment decisions regarding optimal portfolio management did not need to be made in real time.
Moreover, optimal portfolios were created by stock traders within the framework of the so-called "investment style", i.e.
from securities of the same type.

However, after the advent of the Internet, the stock market became global. Figuratively speaking, now the global
stock market is, in some sense, a guidepost of the global world economy. Modern economic practice is primarily charac-
terized by the presence of structurally unstable markets, included as nodes in the network of the global economy, which
functions in real time. Thus, investment decisions must also be made in real time. It follows from the theory of dynamic
systems that the network of modern financial markets, functioning in real time, should include structurally unstable sys-
tems and stable areas of chaos. As numerous studies have shown, now market returns do not follow a normal distribu-
tion, the market can be very volatile.

Thus, the task of creating new mathematical models of strategic management of a portfolio of various financial as-
sets (financial instruments) is very urgent.

Analysis of research and publications. Securities determine the relationship between the person who placed (is-
sued) them and the owner, and also provide for the possibility of transferring the rights arising from these documents to
other persons.

Investing in securities involves an assessment of the financial result — an increase or decrease in equity as a result
of investment, taking into account possible risks. It is well known, that, in the classic sense, the investment process is
based on the following procedure: choosing an investment style, analyzing the securities market, forming a portfolio, re-
viewing the portfolio, evaluating the portfolio's effectiveness. Thus, modeling the value of financial assets allows the in-
vestor to choose exactly which securities and in what quantity will be included in his portfolio, as well as to develop a
successful strategy for managing the securities portfolio.

The most important principle of investing is that the value of an asset changes over time. The time for which an in-
vestor places the investment capital is called an investment horizon. At the same time, although investment capital has a
well-defined value at the initial moment in time, its future value at the initial moment is unknown.

It is assumed that investors make decisions in "risk-return" coordinates. Investors who work within the above ap-
proaches are usually called "rational".

Securities, as one of the types of exchange goods, are divided into two groups: primary securities and derived secu-
rities or derivatives. The basis of primary securities are assets to which the securities themselves do not belong. Deriva-
tive securities (derivatives) are contracts that determine the rights and obligations of the parties regarding the underlying
asset (for example, the primary security), which is the basis of this financial instrument, in the future and lead to a posi-
tive or negative financial result for each party.

Investors who try to profit by changing asset prices are called "speculators”. "Speculators" with a short investment
horizon are called "scalpers".

Investors who contribute to the inflation of "soap bubbles" are usually called "noise". For example, the modern
cryptocurrency market is a market of "noise" investors; they are also largely responsible for the financial crashes of the
stock markets.

Portfolio analysis. Most investors choose to invest in more than one financial instrument, that is, form a certain
combination of them, thus obtaining an investment portfolio.

At the stage of formation, the portfolio is a set of financial assets owned by the investor. The assets were selected
based on the analysis of the securities market. In modern practice, a portfolio can include instruments of the same type
or different assets, for example, securities, futures contracts, real estate.

However, for further calculations, the portfolio is understood as a vector, the coordinates of which are the shares of
the full investment in the portfolio of already selected assets:

n
x=(x1,x2,...,xn), in =1.
i=1

If the investor uses only his own funds when investing, then such a portfolio is called standard, and the class of
admissible portfolios forms a standard (n—l) simplex. If the investor also uses loan funds when investing, then the

class of admissible portfolios forms an affine (n - 1) — dimensional hyperplane.

Classical models of all portfolio theories require the fulfillment of certain hypotheses for the asset market.

Based on the above approaches, the so-called portfolio theory of Markowitz emerged, which assumes that the mar-
ket has a probabilistic nature, the value of assets and their returns are random variables, and the risk of changes in re-
turns is a standard deviation. With the appearance of the classic work of Markowitz in 1954, the variance was initially
used as a measure of risk, making the problem of portfolio optimization a problem of quadratic programming, and not a
mathematical one, as in the case of using standard deviation as a measure of risk. Within the framework of Markowitz's
portfolio theory, three options for creating an optimal portfolio are used: portfolio risk is limited from above and profit-
ability is maximized; portfolio profitability is limited from below and risk is minimized; the so-called "utility function"
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is constructed and the optimization problem is solved for it.

Based on Markowitz's classic model, the Efficient Market Model (EMH) was created, which has a large number of
assumptions and limitations, including the so-called "typical investor" behavior model. But there is a very large number
of mathematical models that are based, precisely, on the EMH hypothesis.

The Fractal Market Model (FMH) was created as an alternative to the EMH and is currently the most advanced.
This hypothesis emphasizes the influence of information and investment horizons on the behavior of investors. It is as-
sumed that people do not recognize and react to trends until those trends are well established and investors make deci-
sions based on accumulated but previously ignored information.

This behavior is fundamentally different from the behavior of a rational investor, who, according to the EMH, im-
mediately uses new information to make investment decisions. The main tools of FMH are fractal geometry and chaotic
systems theory. This is due to the fact that fractals allow describing unstable systems, and the need to apply the theory of
chaotic systems arises when analyzing financial data over a long period of time.

There have been attempts to create new or modified hypotheses of the behavior of stock markets - a synergistic
model, a multi-agent model, a modification of the EMH based on the so-called "probability game" theory.

Bayesian methods of risk assessment and profitability forecasting of financial instrument portfolios are described in
[1]. The simulation results are presented in the form of probability distribution histograms, which allows for a detailed
analysis of the "risk-profit" ratio.

Bayesian methodology is actually broader than a set of ways to handle conditional probabilities in directed graphs.
It also includes models with symmetric connections, models of dynamic processes, and a wide class of models with hid-
den variables that allow solving probabilistic problems of classification, pattern recognition, and prediction.

For many years, neural networks have been used in financial trading [2]. This has become widespread due to the
fact that the use of neural networks allows finding patterns in heterogeneous data, in conditions of information noise and
uncertainty. Moreover, modern economic practice is characterized by the presence of structurally unstable markets in-
cluded as nodes in the real-time network of the world economy.

In [3] p— adic cellular neural networks are considered, which have a large number of hidden layers and arise as

boundaries of large hierarchical neural networks.

In [4], based on the model of cellular automata, the processes taking place in the stock market obey the rules of
transactions adopted in China. The market under consideration is artificial and the forecasting results are based on both
technical methods and investor behavior and interaction.

The application of percolation theory to financial market bubbles and crashes is being researched at the Depart-
ment of Entrepreneurial Risk at the Zurich University of Technology under the direction of Professor Didier Sornette.

Since all raw data in the stock markets are expressed in rational numbers, and the price charts do not depend on the
choice of number systems, it is not surprising that quite a large number of publications are devoted to cluster analysis on
a p— adic basis and its use in the selection of portfolios of securities as, for example, in [5, 6].
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Fig. 1 — Bitcoin BTC price change during the day.

Theoretical and practical issues of frequency p — adic probability theory are considered, for example, in [7, 8]. The

result can also be used to analyze the profitability of an investment portfolio.
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Finally, in [9] the Shannon entropy was considered in fractional terms, which allows us to use the results of this
work to build a model.

Another approach that allows monitoring and analyzing complex landscapes with a large number of maxima and
minima is the interbasin kinetics method [10]. They are usually used in chemistry and physics, but the graph of changes
in the price of assets on the stock market is also quite complex (see, for example, Figure 1). Therefore, the methods of
interbasin kinetics, in a certain interpretation, can be used to build a model for managing a portfolio of financial assets.

The portfolio of derivatives was studied in [11]. To hedge the risks of a sharp change in futures prices, a portfolio
of futures as the underlying asset and hedge options of these futures is compiled. Derivatives have an "average" lifetime,
and for this market, the risk of a collapse of rates is also less significant compared to the indeterminacy of rate fluctua-
tions.

In this work, for the management of such a portfolio, the possibility of using the percolation method algorithms to
calculate the fractal dimension of the relevant time series of derivatives rates is added.

For portfolio management, a modification of the well-known Hutchinson-Wright equations was used in [11]:

D}, (F)=AF[1-D" (F) |- uFD ;
D}, (0)=-£0+vOG,

where A, u, v, & are positive parameters; v > &, u are bifurcation parameter; F (N , t) denotes the offer price on

the futures market, which is expressed as a p — adic number; O(N s t) stands for the offer price in the options market,
which is expressed as a p — adic number, N the NASDAQ index value; ¢ denotes time; « is the minimum offer price
for sale on the futures market, which is expressed as a p— adic number; £ is the minimum bid price on the options

market, which is expressed as a p— adic number; D], Dg . are the Riemann-Liouville fractional derivatives; D“ is

the Riesz fractional derivative.
This model has a single value of the equilibrium price and, in general, is not finite-dimensional.

The purpose of the study. It should be noted that all known mathematical formalizations of the functioning of the
investment asset market use certain models of diffusion-type processes in a stationary environment. However, such
processes are "memoryless". By the way, this property is one of the main postulates of technical analysis. On the other
hand, data on exchange rates of past periods are used to forecast exchange rates. This contradiction is implicitly tried to
be eliminated by different methods in different approaches to forecasting. In addition, as a rule, a specific market for
specific assets is considered (rather than the currently existing global one). Currently, one should consider the global
market of heterogeneous assets with an almost infinite set of agents with different types of behavior and different in-
vestment horizons. Note that the effects associated with the topological structures of this market have not yet been stud-
ied. The observed behavior of the modern market does not fit into the standard hypotheses about the independence of
random variables in diffusion-type equations. Perhaps, therefore, it would be appropriate to define risks as Shannon's
fractional information entropy.

Mathematical model. We present a mathematical model of dynamic management of a portfolio of financial assets.

As part of dynamic portfolio management, we will change its structure in real time to improve the portfolio's in-
vestment properties. Based on some approaches of the Elliott wave theory, one can assume the presence of spatial and
temporal non-locality of asset return series. This presence of long-range action leads to the appearance of the phenome-
non of memory, that is, to non-Markov dynamics. Therefore, in our opinion, the following approaches should be com-
bined:

1. A model describing portfolio profitability. It should be described by a diffusion-type equation in fractional de-
rivatives with real time and p — adic incomes;

2. Any series of asset returns contains a large number of local highs and lows. Therefore, it makes sense to use the
methods of "interbasin kinetics" in the appropriate financial interpretation;

3. Since the corresponding equation above takes into account the p — adic probability of the p— adic distance be-

tween the reference lines of the yield plot, it is possible to interpret the solution of the equation as a utility function.

Taking into account all these considerations, we will write a dynamic model for optimizing portfolio profitability
according to well-known equations from medical dynamics as a "binding" of the weights of the vector of portfolio assets
(the p— adic equation of diffusion with a drain created by the fractional Viadimirov operator):

[gwgm(pb)}ux,z):o.
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Here [ (x, t) is the expected portfolio return; x is the vector of weights of portfolio assets; o denotes the Hurst
exponent of the set of asset price graphs of the portfolio; ,u(x) stands for Haar's measure; Q(|x|p) is the characteristic

function on the standard simplex in Q, ; DY is the fractional Vladimirov operator:

I(x,t)—](y,t) d,u(x).

D:I(x,t):r;;l(_a)_[(@p |x_y|l+a

P

There are quite a few methods of numerical solution of equations in fractional derivatives: for example, the method
based on the definitions of Riemann-Liouville and Caputo, ordinary-difference approximations based on the definition
in the sense of Grunwald-Letnikov.

In our opinion, the most convenient to use is the modification of the difference scheme, known as Euler's method
[12], since this scheme is unconditionally stable under any parameters of fractional derivatives.

A special place among assets, especially at the present time, is occupied by the energy market.

We propose a nonlinear model of the most general energy market that meets the following requirements:

Assumes that the cost of electricity includes the cost of services and financial rights.

Assumes that the rate of price change depends on weighted average prices in the past.

Assumes that the weighted average price in the capacity market is a known function.

The model has the possibility of hedging the risks of sudden price changes by a portfolio of futures and options.
There are control parameters that can be determined empirically.

M

Then we get the integro-differential model:

q'(t):/lq(t) 1- Tq(t+r)w(—z‘)dr —,up(t)q(t),

—00

p(t)==ap(t)+Bp(t)a(t)- 1 (p(1).1).
where A, u,a, [ are positive parameters; o > £, u are bifurcation parameter; q(t) is weighted average price of the
offer of the wholesale electricity market; p(t) denotes weighted average price of the offer of the retail electricity mar-

ket; w(t) is weighted average offer price of the wholesale capacity market; f ( p(t), t) stands for the option premium

price.

Comparing these equations with the above-written equations of the derivative portfolio management model, we can
conclude that further on we need to move on to equations in fractional derivatives using fractional operators in some op-
timal sense for this case.

Obtained results. Mathematical models of dynamic portfolio management in the form of differential equations in
fractional derivatives were obtained.
A nonlinear model of the most general energy market was also obtained. This model has a single value of the equi-

librium price. For a kernel w(t) of the general form, the system is not finite-dimensional. But in specific cases, the

model can be reduced to a system of four ordinary differential equations. In such cases, the cycles born at the value A,

of the parameter 4 have asymptotic orbital constancy.

Prospects for further research. In the future, it is quite possible to improve the proposed dynamic model of port-
folio management by developing correct methods for selecting the factors that have the greatest impact on the forecast,
as well as combining it with other methods of forecasting of rates and trend reversal points.

Classical methods of evaluating financial derivatives do not work well for energy markets. Therefore, the task of
building models for evaluating "energy" futures, options, and hedge portfolios is urgent.

The problems of application and computer implementation of integro-differential models have not yet been suffi-
ciently resolved. The study of such models is an important and relevant direction, and the development of methods and
tools for their computer simulation is of importance for a wide range of applied problems.

Conclusions. This work is an introduction to the creation of software implementations of predictive dynamic mod-
els capable of working in real time.
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