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THE HOPFIELD NEURAL NETWORK©

The article presents a methodological approach to assessing the investment attractiveness of an
enterprise based on the Hopfield neural network mathematical apparatus. An extended set of evaluation
parameters of the investment process has been compiled. An algorithm for formalizing the decision-making
process regarding the investment attractiveness of the enterprise based on the mathematical apparatus of
neural networks has been developed. The proposed approach allows taking into account the constantly
changing sets of quantitative and qualitative parameters, identifying the appropriate level of investment
attractiveness of the enterprise with minimal money and time expenses — one of the standards of the Hopfield
network, which is most similar to the one that characterizes the activity of the enterprise. Developed complex
formalization of the investment process allows you to make investment decisions in the context of
incompleteness and heterogeneity of information, based on the methodological tools of neural networks.

Key words: Hopfield neural network, investing, estimation parameters, modeling, formalization,
output parameters.
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PO3POBKA METOJIUKA ®OPMAJIIBALIIL ITPOIECY NPUHHATTSA PIIIEHD 1IOJI0
THBECTYBAHHS HA BA3I HEUPOHHOI MEPEXI XOII®LIIA

PY3AKOBA O.B.,
KaHouoam eKoHOMIiuHUX HAYK,
doyenm Kagedpu Komn’romepHux HAYK ma eKOHOMIUHOT KibepHemuKu

KIIIOPEHKO C.C.,

acucmenm Kagheopu Komn’1iomepHux HAyK ma eKOHOMIUHOi KibepHemuKku
Binnuyvkuit nayionanonuil azpapuuii ynieepcumem

(m. Binnuus)

Y cmammi npedcmasneno memoodonoziunuil nioxio 00 oyinoanHa ineecmuyinnoi npueadIueocmi
nionpuemcmea Ha 6azi mamemamuyno2o anapamy Hetponnoi mepeoici Xonginoa. Cknadeno po3uupery
MHOJICUHY OYIHIOBANbHUX napamempie npoyecy ingecmysanus. Pospobaeno ancopumm opmanizayii
npoyecy RputiHamms — piueHb  wooo  iHgecmuyiunoi npugabaueocmi nionpuemcmea Ha  6asi
MaAMeMamuyHo20 anapamy HeupoHHUX mepedic. 3anpononosanuii nioxio 00380J5€ 8paxy8amu NOCMIHO
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3MIHIOBAHI 8 YACI MHOJMCUHU KIIbKICHUX mMa AKICHUX napamempis, 3 MIHIMAIbHUMU ZPOUIOBUMU MA
yacosumu  eumpamamu  i0enmuixyeamu  8iOnN0GIOHUL  pieeHb  THEeCMUYIHOL  NPUeabIUEOCH
nIONpUEMCmMea — O0OUH 3 emajoHie mepexci Xon@inda, wo € HaudiibwL CXOHCUM 00 MO20, KUl
xapaxkmepu3zye OisnbHicme nionpuemcmesd. Pospobdnenutl komniexc gpopmanizayii npoyecy iH8ecmy8aHHs.
00360151 NPUUMAMU THEeCMUYIUHI PIleHHs 3 VMO8 HEeNOSHOMU Ma HeOOHOPIOHOCmI IHGopmayil,
CRUPAIOYUCH HA MEMOOOI0STUHULL THCIMPYMEHMApitl HEUPOHHUX MePedC.

KarouoBi cioBa: HeiiponHa wmepexa Xomndinma, iHBECTyBaHHS, OIIHIOBAIBbHI TapaMeTpH,
MOJCITIOBaHH:, opMaJIizallis, BUXiTHI TapaMeTpH.

Taba.: 3. Puc.: 1. Jlit.: 12.

PABPABOTKA METOJUKH ®OPMAJIM3ALNUA ITPOLECCA ITPUHATHA PEIIEHUM 1O
HNHBECTUPOBAHUNIO HA BA3E HEUPOHHOU CETHU XOII®PHUJIIA

PY34AKOBA O.B.,
Kanouoam IKOHOMUYUECKUX HAYK,
doyenm Kaghedpvl KOMRBIOMEPHBIX HAYK U IKOHOMUYECKOU KUubepHemuKu

KHIIOPEHKO C.C.,

accucmenm Kageopsl KOMRLIOMEPHUX HAYK U IKOHOMUUECKOI KUOepHemuKu
Bunnuyxuit HayuoOHALHBLIL AZPAPHBLIL YHUGEPCUMEM

(2. Bunnuua)

B cmamwe npedcmagnen  memooonocuyeckuil  HOOX00 K OYEHKE  UHBECHMUYUOHHOLL
NPUGLEKameIbHOCIU NPeOnpusimus Ha Oa3e MamemMamuyecko2o annapama Heluponnot cemu Xongunoa.
Cocmasneno pacuiupenHHoe MHONCeCHE0 OYEHOUHBIX HAPAMEmpos Npoyecca UHBECMUPOBAHUSL.
Paspaboman  ancopumm  opmanusayuu  npoyecca npuHAmMuUs peuileHuli. NO  UHBECTNUYUOHHOU
NPUBTEKAMETbHOCIU  NPeOnpusimus Ha 0a3ze MamemMamuieckoeo annapama HeupoHHbIX Ccemel.
Tpeonoscennviti n0OX00 NO360A5EM YUeCmb NOCHOSHHO USMEHSIOUWUECS CO B8PeMeHeM MHOICeCmed
KOJIUYECBEHHbIX U KAYECMBEHHbIX NAPAMEmpPO8, C MUHUMATLHLIMU OEHENCHBIMU U BPEeMEHHbIMU
3ampamamu UOeHMUPUYUPOBAMb COOMEEMCMEYIOWUL YPOBEHb UHBECIUYUOHHOU NPUBTEKANENbHOCU
npeonpusmust - OOUH U3 IMAIOH08 cemu Xongunoa, A61owuics Hauboiee CXOHCUm ¢ mem, Komopulii
xapaxmepuzyem oOesmenbHocmb npeonpusmus. Paspabomannviii komnnexc opmanuzayuu npoyecca
UHBECMUPOBAHUSL NO360JSIEM  NPUHUMAMb UHBCCTMUYUOHHbIE DEWEHUs. 8 YCIOBUSAX HENOIHOMbL U
HEOOHOPOOHOCMU UHPOPMAYUY, ORUPASCH HA MEeMOOOJI02UYECKUTL UHCIMPYMEHMAPULL HEellp OHHbIX CEemell.

KawueBble ciaoBa: HelipoHHas ceTh Xomnpwiaa, WHBECTUPOBAHUE, OICHOUYHBIC MapaMeTphl,
MOJIeTUpOBaHue, HopMalTu3alivs, BHIXOIHbIC TApAMETPHI.

Ta6a.: 3. Puc.: 1. JIut.: 12.

Problem statement. In recent years a growing interest in mathematical economic models that are
based on the latest computer technology provide new opportunities to solve complex problems, there is a
strong development of artificial intelligence technologies in various fields of human activity. Today
mathematical technologies for solving financial problems, such as fuzzy set theory, threshold elements,
genetic algorithms, etc., are quite effective. However, the use of each of the above devices is not without
its disadvantages. For example, the field of fuzzy logic requires the definition and justification of the type
and form of membership functions; threshold element apparatus — for processing large arrays of expert
data; genetic algorithm technologies require sophisticated setup.

Neural networks are becoming more and more popular today. The first commercial realizations
based on them appeared in the 1980s and were widespread in developed countries. Neural networks are
constructed by analogy of organization and activity of biological neural networks — networks of nerve cells
of a living organism. The concept of neural networks has emerged from the study of processes occurring
in the brain and when trying to simulate these processes. After the development of appropriate training
models and algorithms, the resulting artificial neural networks began to be used for practical purposes: in
prediction tasks, image recognition, control tasks, etc.

Intellectual economic systems based on artificial neural networks can successfully solve problems
of classification of economic objects, optimization of associative memory and management of business
entities. The traditional approaches to solving these problems do not always have the necessary flexibility.
However, the use of neural networks for specific management tasks poses certain requirements to the speed
and complexity of the process of creating and learning a neural network. Assessing approaches and
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describing systems and specific examples of using network models in the rationing process is of particular
scientific interest and identifies ways to further use neural networks for management purposes. In doing
so, a wide range of economic challenges benefit from the use of neural networks because their specificity
is the need to take into account incomplete or distorted information.

Neural networks technologies, such as the Hopfield Network, allow solve the task of classifying and
reproducing images with incomplete and distorted information effectively and easily. The low capacity of
the networks is explained by the fact, that networks not only memorize images, but also allow them to be
generalized according to the maximum likelihood criterion. The ease of building software and hardware
models makes these networks attractive to many practical applications, including financial management.

Analysis of recent research and publications. The problems of investment project risk assessment
and investment rationale are in the focus of many researchers. In particular, the work of such authors as
W. Sharp, J. Bailey [1], L. Hitman, M. Johnk [2], Melnichenko O. [3], Kaletnik G. [4]. The most essential
achievement in the field of neurophysiology include Warren McCulloch and Walter Pitts [5] - the work of
artificial neurons and models of neural networks on electrical circuits; Donald Hebb [6] - subject of
synaptic connections tuning; John von Neumann [7], who proposed the simulation of simple functions of
these neurons using vacuum tubes; John Hopfield [8] — works on restoring the distorted image of the
nearest standard using neural networks.

These works provide an initial understanding of the natural thinking mechanism, where information
is stored in the form of images.

For many economic problems, the choice of the optimal method of decision-making should be made
according to the essence of the problem, since no other dominant approaches are justified. Efforts should
be made to understand the possibilities, prerequisites and scope of the various approaches and to maximize
their additional benefits for the further development of intellectual systems.

Goals setting. The purpose of the article is to evaluate the effectiveness of using neural networks to
decide on the expediency of risk-based investing.

Presentation of the main material of the research. The idea to use fuzzy sets in investment
analysis emerged as a way of dealing with uncertainty not only statistical but also linguistic, that is, the
uncertainty of natural language expressions. The blurry multiple approach is more flexible and allows the
investor or expert to come up with a model that will clearly meet all the requirements and give specific
answers to all the questions.

The theory of neural networks is a generalization and rethinking of the most important areas of
classical mathematics. It is an attempt to combine both formalized and non-formalized methods of analysis.
Neural networks ideally describe the subjective activity of a decision-maker in risk and uncertainty [9].

Most economic object classification problems can be represented and solved as neural network problems
that do not apply the paradigm of teaching with or without a teacher. In these networks, the weight components
of the synopsis are calculated once before the network starts operating on the basis of standard information. All
network training should be down to this calculation. On the one hand, the provision of a priori information is
regarded as "teacher" assistance, and on the other hand, the network actually remembers samples of standards
before the input of information about a real object and cannot change its behavior. Therefore, it is not possible
to confirm the presence of feedback from the "teacher". The most famous network with such similar logic is the
Hopfield network used to organize associative memory.

Thus, it is proposed to classify investment objects by different division criteria using the Hopfield
neural network. To do this, we will build an appropriate decision support system, the structure of which is
considered as a neural network with outputs representing different investment strategies — 0;, (j = 1,3)

and input neurons — x;, (i = 1,10), that are the parameters that evaluate the investment process. As
presented DSS (Decision Support System) (Fig. 1) were used the following parameters to evaluate the
investment object: Beaver Ratio (x1), Altman’s Model (X2), Lis’s Model (x3), Taffler’s Model (X4), which
are designed to bankruptcy probability prediction for the enterprise. Also included qualitative indicators
of the entity's valuation: the level of professionalism (xs) and the decency of the entity (xs), whose values
are measured using expert data.

Simultaneously with the valuation of the investment entity, the investment project itself is evaluated
using the following indicators: Net Present Value (NPV) (x7), internal rate of return (IRR) (xs), Profitability
Index (P1) (xo) and payback period (PP) (x10) of this investment project. Thus, this system has 10 evaluation
parameters that differ in nature (quantitative and qualitative indicators) (Fig. 1). However, neural networks
are used only for systems with quantitative indicators, which implies the need to transform qualitative
indicators in quantitative, as suggested in [10].
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Fig. 1. Structural hierarchical model of the decision-making process

to evaluate the object investment attractiveness
Source: Based on data [11].

It is suggested to use the Hopfield neural network to formalize the built system, which will allow to
map the image of the input vector X = (x;), (i = 1,10), which evaluates investment project, with the
closest reference vector that describes a specific investment strategy0;, (j = 1,3).

First, ranges j of values x; are estimated, the number of which j = 3 corresponds to the number of
investment strategies at the exit. This leads to a sufficient level of precision in the economic decision-
making process. The proposed decision-making system allows to classify the object investment
attractiveness by three investment strategies, to which the following output parameters correspond O;: O1
— investment is advisable; O, — investment is possible if risk mitigation techniques are applied; Os; —
investment is inappropriate. Using Saati’s expert method of paired comparisons by conducting a
guestionnaire survey of employees from credit analysis departments of banking institutions in Vinnitsa,
the limit values of the estimation parameters were substantiated, according to which it is possible to break
the interval of each from ten parameters values into three ranges: L — low, M — medium and H — high
characteristic level (Tabl. 1).
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Table 1
Value ranges of the estimation parameters Xx;
p The name of the The characteristic level
arameter Range S
parameter of the indicator
t0 0.2 High
X1 Beaver Ratio 0.21-0.4 Medium
0.41 or more Low
to 1.8 High
X2 Altman’s Model 1,8-2,99 Medium
3.0 or more Low
to 0.037 High
X3 Lis’s Model 0,038-0,057 Medium
0.058 or more Low
to 0.2 High
Xa Tuffler's Model 0.21-2.99 Medium
3.0 or more Low
9-12 High
X5 Level of professionalism 5-8 Medium
0-4 Low
X6 The decency of the entity 9-12 High
5-8 Medium
0-4 Low
X7 Net present value (NPV) 9-12 High
5-8 Medium
0-4 Low
X8 Internal Rate of Return 9-12 High
(IRR) 5-8 Medium
0-4 Low
9-12 High
X9 Profitability Index (IP) 5-8 Medium
0-4 Low
9-12 H - short-lived
X10 Payback period (PP) 5-8 M — medium duration
0-4 L - long-lasting

Source: calculated according to data [10]

Based on expert data and spectral data processing method [12], 18 reference images for the neural
network were substantiated, which reflects the specifics of the three investment strategies (Table 2).

Table 2
Reference samples for the resulting score
the investment attractiveness of the object 0, (j = 1,3)

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 O

1 2 3 4 5 6 7 8 9 10 11
-1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 O3
-1-1 -11 -1-1 -11 -1-1 -11 -1-1 -11 -1-1 -1-1
-1-1 -1-1 -11 -1-1 -1-1 -1-1 11 -1-1 11 -1-1
-1-1 -1-1 -1-1 -11 -1-1 -1-1 -1-1 11 -1-1 -1-1
-1-1 -11 -1-1 -1-1 -11 -11 -1-1 -1-1 -11 -1-1
-1-1 -11 -1-1 -11 -1-1 -11 -1-1 -11 -1-1 -1-1
-11 -1-1 -1-1 -11 -11 -11 -11 -11 -11 11 02
11 -1-1 -11 11 -11 -11 -11 11 -11 11
-11 -1-1 -11 -11 11 -11 -11 -11 -11 -11
11 11 -11 11 -11 -11 -11 -11 -11 11
-11 -1-1 -11 -11 11 -11 -11 11 -11 -11
-11 -11 -11 11 -11 -11 -11 -11 -11 11
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tabl. 2
1 2 3 4 5 6 7 8 9 10 11
-11 11 -11 11 -11 11 -11 11 -11 11 o]}
-11 -11 11 11 -11 -11 11 11 11 -11
11 11 -11 -11 11 11 -11 -11 -11 11
11 -11 11 -11 11 -11 11 -11 11 -11
11 -11 11 11 11 -11 11 11 -11 11
11 11 11 11 11 11 11 11 11 11

Source: Calculated according to [9]

Hopfield neural networks operate exclusively with numeric values of "1" and "-1", so after receiving
different levels of parameters (high, medium, low), when formalizing a DSS using the Hopfield algorithm, it is
suggested that the values of the indicators be encoded using a regular binary code. It should be noted that the
investment project is characterized by only three resultant evaluations of the object attractiveness investment at
the output, so there is a need to code only three levels of indicators, as suggested in the table 3.

Table 3
Coding the range of change in the estimation parameters
decision-making process

The range of values Code for the Hopfield network
Low parameter -1-1
Medium parameter -11
High parameter 11

Source: calculated according to data [9]

The last stage of the Hopfield neural network is the process of matching the input set X, which
characterizes the real investment attractiveness of the object, with a set of reference samples. As a result,
the most standard reference image is determined, which allows to make a decision on the appropriateness
of this investment project to a particular investment strategy, and therefore further expediency of investing.

So, the algorithm for the process of deciding the object attractiveness investment is as follows:

1. At the input of the system, we submit a value x™ ( k = 1,28) the primary parameters, used to
calculate estimation indicators (x;), (i = 1,10).

2. The estimated values of the x; compare with the ranges of values presented in table 1, and describe
the specific characteristic levels.

3. The corresponding binary code presented in the table is assigned to the characteristic levels.

4. The neural network selects the closest standard corresponding to this vector — the perfect image,
which appears at the output of the DSS.

5. The strategy corresponding to this image is identified according to table 2, and accordingly the
decision on the expediency of investing is made.

The Hopfield network is implemented through a mathematical software package MatLab 7.0 that enables
you to make a quick and accurate decision about determining the investment attractiveness of an object.

Conclusions. Therefore, based on the analysis on the use of mathematical modeling in economics,
the main shortcomings of the existing methods were determined and the relevance of the development of
the new model was concluded.

The methodology for formalizing the investment decision-making process based on Hopfield neural
network has been selected and substantiated, which allows to take into account a wide range of quantitative
and qualitative factors of influence with minimal costs, which ensures the complexity and dynamism of
estimation of the enterprise’s investment attractiveness under the conditions of transient internal
environment business entities. Such models have the properties of flexibility and adaptability to the
changing conditions of a market economy.

The proposed approach allows the expert to formalize their fuzzy ideas by transforming the language
of words into quantitative language using a neural network apparatus. This approach allows taking into
account the uniqueness of any enterprise. If an expert knows the company well from the inside, it will not
be difficult for him to identify the factors that most influence the definition of investment attractiveness,
to compare these factors with quantitative indicators and to standardize them.

The research conducted in this paper can be continued to develop an apparatus for analyzing some
other aspects of economic systems, which would allow the simultaneous analysis of many indicators at
different levels. This would allow for more flexible policies for managing economic systems and,
accordingly, ensure their profitability and functioning at a higher level.
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The use of such systems on the basis of effective mathematical models will help to obtain appropriate
recommendations for the formation of an optimal strategy for managing economic systems, which allows
expecting to intensify and improve the efficiency of investment activities and achieve the most important
goals of social policy.
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CYYACHMX YMOBAX © Binnuyvkuit nayionanvnuii

azpapHuii yHisepcumem
(m. Binnuuys)

Y pobomi poskpumo ocobausocmi cmanoenennus ma poseumky punxy FinTech 6 ymosax
yughposizayii ginancosozo punky. /[osedeno, wio 00Hi€ i3 MeHOeHYill 2100ANbHO20 PUHKY (IHAHCOBUX
nocaye, € akmusHe enposadxicenns FinTech-innosayiil.

Hocnioxcennsn oeghiniyii FinTech, sussuio womupu nioxoou 00 6useieHHs CYMHOCMI NOHAMMAL:
IHemumyyitiHuil, 2anyseeutl, (yHkyionanshutl, onepayitinui. Ob6rpynmosano, wo FinTech nepedbauae
83A€M038 130K 080X CKIAO0BUX — IHHOBAYIN, W0 OA3YIOMbCA HA MEXHON02IAX MPAOUYitino2o ginancogo-
OaHKiBCLK020 cekmopy i HO8UX Oi3Hec-Mooenell HAOAHHSL (DIHAHCOBUX NOCTYe.

Busueno knacugikayiini nioxoou 0o cucmemamusayii FinTech-nocnye: ons niompumxu punxy i 3a
2any3esumu IHHOBAYIAMU.

Oxapakmepuso8ano NPUHYUNU, Ha AKUX 6A3yEMbCs peanizayis QiHaHcO8UX MeXHON0STUHUX CUCTIEM.

Posenanymo nomenyiiini nepesazu i Hedonixku FinTech-innosayiti 015 ekoHOMIKU.

3oiticneno awnaniz ceimogozo punxky FinTech, axuu noxaszye 3uaune 30inbuleHHsI 2100ANLHUX
iHgecmuyitl y Yio 2any3b, NPOMACOM OCMAHHIX pokie. Yxpaincekuii punox FinTech cridye enobanbhum
MeHOeHYiaM ma NoKasye ounamiune 3pocmanua. Bimuusnanuii punox FinTech npeocmaeneni maxumu
Hanpsamamu, K. niamedici i 2poulogi nepexasu, MoobinbHi eamanyi, yughposi 6anxu i Heobanxu, O10KUelH
[ KpUnmMosaioma, MexHoao2ii i ingppacmpykmypa, KOHCANMUH2061 I AHALIMUYHI cucmemu, ocobucme ma
cnoxcugue KpeOumyeauHs, KpeOumyeanmsi Oizmecy, iHuiypmex, Kibepbesnexa, peemex, nepCOHANbHUL
@inancosul meHeOICMeHm, Yupposi incmpymeHmu noOpieHAHHS, 10PUOUYHT MEXHONOT].

Bmomusosano, wo onsa cmeopenns ma poszsumxy FinTech-cmapmanie neobxiowi ineecmysamnus i
sHanHsa. Cvbo200HI iHBecmy8anHs € OOHIEI0 3 KIOU08UX Npodiem po3eumky ykpaincokux FinTech-
xomnaniu. Ilpoananizosano Ooicepena ¢hinancyeanns yxpaincokux FinTech-xomnaniti ma onucamo ix
ocobusocmi.
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