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IDENTIFICATION COHERENT REAL ESTATE MARKET PHASE
BASED ON FUZZY MODEL
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On the basis of consideration for the real estate market in Ukraine coherent market hypothesis, which
assumes the market stay in one of four defined phases ( random walk , unstable transition, chaotic market,
coherence), a method for identifying the corresponding phase based on fuzzy model is given. To this end,
the peculiarities of qualitative and quantitative phases of the real estate market are determined. The
proposed method is based on the use of fuzzy model. The process of building a fuzzy model consists of
four stages. The algorithm of variables of fuzzy model is given. The use with specification of economic
substance is grounded. It’s described the procedures and phasing of construction of fuzzy inference rules.
The criterion of evaluating the accuracy of the model (such as MAPE) is used. To implement the model
identification of the real estate market uses application programming package Matlab. Verification fuzzy
model held a number of speakers for the data yield average property prices in Kyiv for the period from 1
January 1991 to 31 December 2012, an analysis which takes into account changes occurring in the
market. Based on the comparison results of fuzzy model with the results of expert evaluation found error
model, which is 5.2% and confirms its reasonable adequacy. The application of the constructed model to
determine the state of the real estate market on the basis of coherent market hypothesis based on fuzzy
simulation allow for a qualitative analysis of the current situation in the real estate market, to estimate the
probability of transition property market in the next phase, to provide guidance on price forecasting in the
presence in one or another phase. After the identification phase of the real estate market raises the
question of the application of relevant tools for forecasting.
Key words: real estate market, the dynamics of prices, the hypothesis of coherent market, fuzzy modeling.
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[ITamoBanosa B.O., Maxkcumko H.K. [JEHTU®IKAIISA ®A3M KOI'EPEHTHOI'O PHUHKY

HEPYXOMOCTI HA BA3I HEUITKOI MOJIEJII / 3anopisvkuii Hayionansuii yuieepcumem, Yxpaina
Ha 6a3i BpaxyBaHHs IJI1 pPUHKY HEPYXOMOCTI YKpaiHHM TilnOTe3W KOTEPEHTHOI'O PHUHKY, SKa MPHUIYyCKae
nepeOyBaHHs PHUHKY B OJHIH 3 YOTHPHbOX BH3HaueHUX (a3 (BUIAIKOBOIO OJIyKaHHS, HECTIHKOTO
Mepexoy, Xa0OTUIHOTO PHHKY, KOT€PEHTHOCTI), PO3po0IeHO MeTo ineHTHU(dIKaIli BiAMoBiAHOI (a3u Ha
OCHOBI HEYITKOI MOZeli. 3 M€ METOI BH3HAYCHO OCOOJIMBOCTI SKICHHX Ta KUIBKICHHX XapaKTEPHUCTUK
(a3 pUHKY HEPYXOMOCTI. 3ampoONOHOBaHUIA METO]] 0a3yeThCsl HA BUKOPUCTAHHI HeuiTkol Mojeni. [Ipoiec
moOyTOBA HEYITKOI MOJENI CKJIAJAEThCS 3 YOTHPHOX eTamiB. OMUCAaHO aJTOPUTM BHU3HAYCHHS 3MiHHUX
HediTKoT Mojeri. OOIpyHTOBAHO iX BUKOPHCTAHHS HA OCHOBI YTOYHEHHS €KOHOMIYHOTO 3MicTy. OnucaHo
mpoueaypy ¢asudikariii Ta moOyI0BY MpaBUI HEUITKOrO BUBOAY. BU3HaUeHO KPUTEPil OLIHKK TOYHOCTI
moneni (tuny MAPE). [Ins peanmizanii Mmoaeni ineHTudiKalii cTaHy pUHKY HEPYXOMOCTI BHKOPHCTaHO
MPUKIaIHUN MporpaMHui makeT Matlab. Bepudikamis HewiTkoi Momeni MpoBeAcHa IS JaHUX PSIY
IMHAMIKH JTOXITHOCTI CepeaHbOl IiHM Ha HepyxoMicTh Y M. Kuesi 3a nepioa 3 01 ciuns 1991 poky mo 31
rpyaas 2012 poky, aHajgi3 SKOro JO3BOJISE BPAaXOBYBAaTH 3MiHH, IO BiJIOyBalOThCA Ha PUHKY
HepyxoMocTi. Ha OCHOBI MHOpIBHSHHSA pe3yJbTaTiB HEYITKOI MOJeIi 3 pe3yibTaTaMU EKCIIEPTHOTO
OIIHIOBAHHS BHUSBICHO ITOXHOKY MOJENi, IO CTaHOBHUTh 5,2% Ta MATBEPKYE il NPUAHATHY
aJIcKBaTHICTh. 3aCTOCYBaHHS MOOYIOBAHOI MOJENII 3 METOI BH3HAUCHHS CTaHy PHUHKY HEPYXOMOCTI 3
ypaxyBaHHIM TilTOTE3W KOTEPEHTHOTO PUHKY HAa OCHOBI amapaTy HEYITKOTO MOJICITIOBAHHS JTO3BOJHUTH
MPOBECTU SIKICHUH aHali3 MOTOYHOI CHTyallli Ha PUHKY HEPYXOMOTrO MaiiHa, OI[IHUTA WMOBIPHICTH
MEePEX0y PUHKY HEPYXOMOCTI B HACTYMHI (a3u, HaAaTH PEKOMEHAIli 00 MPOTHO3YBAHHS I[IHU IIif
yac 3HAXO/DKGHHS B Ti uu iHmm# casi. Ilicna imenTudikamii ¢da3u pUHKY HEPYXOMOCTI € 3MoOra
BUPIILICHHS POOJIEMHU 3aCTOCYBAHHS PEIICBAHTHOTO IHCTPYMEHTAPII0 MPOTHO3YBaHHS.

Knmouoei cnosa: punox wuepyxomocmi, OuHamika yiHu, 2inome3a KO2EPEHMHO20 PUHKY, HeuimKe

MOOent08anHs.

[ManmoBanoBa B.A., Maxkcumko HK. WJIEHTUOUKALIMA @®A3bI KOI'EPEHTHOI'O PBIHKA

HEJBV)KMMOCTU HA BA3E HEUETKOWM MOJIEJIN / 3anopoxcckuii nayuonanvublii ynueepcumen,

Ykpauna
Ha 6a3e rumoTe3sl KOTEpEeHTHOTO PBIHKA U PHIHKA HEIBHKMMOCTH YKPaWHBI, KOTOPAas MpeaIoIaraet
peOBIBaHMSI PHIHKE B OJHON M3 YETHIPEX OMpEACNCHHBIX (a3 (CiydaifHOTO OITy>KHaHWs, HEyCTOWIHBOTO
Mepexo/1a, XaOTUIHOTO PHIHKA, KOTEPEHTHOCTH), pa3padoTaH METOA MACHTU(DHUKAIINHA COOTBETCTBYIOIICH
da3el Ha OCHOBe He4yeTkoil Mojenu. C 3TOW IENIbI0 OMPEACTICHbI OCOOCHHOCTH KadeCTBEHHBIX U
KOJIMUECTBCHHBIX XapaKTEPUCTHK (a3 phIHKA HEIABWIKUMOCTH. [IpeioskeHHBI METOJ OCHOBaH Ha
WCIOJIb30BaHUU HeueTKoi Moenu. [Ipoiiecc mocTpoeHUs HEYeTKOW MOJIENIA COCTOUT U3 YEThIPEX JTaroB.
OnucaH anropuTM OIpeleeHHs MepeMEHHBIX HeueTkol mojenu. OOOCHOBAHO WX HCIOJB30BAHHE Ha
OCHOBE yTOYHCHHS 3KOHOMHYECKOro coneprkanus. Omnucana mpoueaypa (hassubukaimu ¥ IOCTPOCHUE
MpaBWJI HEYETKOro BbiBoja. OmpeaeneH KpUTepuil orneHKkH TouyHoctu Monenu (tuna MAPE). [ns
peanu3ai MOJETN HICHTHU(MUKAIMN COCTOSTHHS DPHIHKA HEIBIDKUMOCTH HCIOIB30BAHO IPHUKIIAJIHON
mporpaMMHBIN makeT Matlab. Bepudukamnus HedeTKod MOIETH MpoBeIeHa Ul JaHHBIX PAaa JHHAMUKA
JIOXOJTHOCTH CpeJHeH IIeHbl Ha HeBmKUMOoCTh B KrueBe 3a mepuon ¢ 1 suBaps 1991 no 31 agexadbps 2012
rojia, aHaJln3 KOTOPOTO TO3BOJISIET YUUTHIBATH H3MEHECHHUS, IPOUCXOISIIE Ha PRIHKE HeJBIKUMOocTH. Ha
OCHOBE CpaBHCHHUS DPE3YJIbTaTOB HEYCTKOH MOJIENTH C pPEe3yNbTaTaMH JKCIEPTHOH OLEHKH BBIIBICHO
MOrPEIIHOCTh MOJIENH, COCTaBIAET 5,2% M MOATBEPKAAET €€ MPUEMIIEMYIO alleKBaTHOCTh. [IpumeHeHue
MMOCTPOCHHON MOJIENN C UENbI0 ONpPENeJICHHsI COCTOSHUS PBIHKA HEJBUKHUMOCTH HA OCHOBE THIIOTE3BI
KOTepEHTHOTO0 pBhIHKA HAa OCHOBE amnmaparta HEYEeTKOro MOJEIUPOBAaHUS IO3BOJIUT IMPOBECTH
KaueCTBEHHBIN aHAIM3 TEKYIIEH CUTYyallud Ha PHIHKE HEJABM)KMMOTO UMYIIECTBA, OLIEHUTH BEPOSATHOCTD
nepexojia peIHKAa HEABM)KMMOCTH B mocieayiomue (a3u, naTh PEKOMEHIAIMH 10 MTPOrHO3UPOBAHUIO
I[EHBl BO BpEeMs HAaXOXKACHUS B ToW wmm apyroi dasze. Ilocme wumeHtuduxanuu ¢hassl PhIHKA
HEIBIDKIMOCTH ~ CTAHOBUTCS  BO3MOXKHBIM ~ pEUICHHE NpoOJIeMbl TMPUMEHEHHS  PEIICBAaHTHOTO
HHCTPYMEHTAPHS MIPOTHO3HPOBAHUS.

Kurouesvie cnosa: pviHOK HeO8UNMCUMOCMU, OUHAMUKA UYEHbl, 2Unome3d KO2EPEeHMHO20 DbIHKA, HeyemKoe

MoOenuposanue.

STATEMENT OF THE PROBLEM

While making management decisions in real estate, as well as within any financial market, it
IS necessary to bear in mind that, despite the use of existing analytical and expert techniques,
the final decision is made under uncertainty. Largely decisions on real estate market based on
forecasts real estate prices. Some of the real estate market factors can be determined almost
exactly, but others — only with some degree of certainty. In addition, it is known [1] that
coherent market hypothesis is fair for real estate market, which involves the use of complex
tools for forecasting price dynamics. The system of methods and models for forecasting
should be used only after phase identification (random walk, unstable transition, chaotic
market, coherence). For this reason, in our opinion, for the evaluation phase of the real estate
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market on the basis of the hypothesis of coherent market, it is advisable to use the tools of
fuzzy modeling.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

In [2] the author of a concept for price forecasting of real property based on a hybrid approach
that integrates the tools of discrete nonlinear dynamics and cognitive modeling. This concept
makes it possible to increase the economic efficiency of the real estate market in the
preparation and management decisions. However, the study indicated that taking any
decisions on the real estate market, including the definition phase of the real estate market, is
under uncertainty. Therefore, the analysis of the real estate market application of classical
statistical apparatus is inefficient [3]. An alternative may be the instrument of fuzzy modeling,
founded by analysis of economic systems is such scholars as Zadeh, Dubois, Prado, Kofman.
Improving methods of decision-making in the economy based on the methods of fuzzy sets
carry A. Matviichuk [4], A. Nedosekin [5], S. Orlovsky, S. Shtovba. Currently it’s missing
studies that have dealt with the use of fuzzy modeling methodology for the real estate market.

THE PURPOSE OF THIS ARTICLE

The purpose of this article is to develop a method of diagnosis (identification) real estate
market based on the coherent market hypothesis using fuzzy modeling techniques. The object
is market analysis of changes over time in this study are time series (TS) rates of property
prices RP = (rp, t = 1,n) [6]. To analyze the dynamics of the real estate market we will
consider it to be a system comprising a plurality of investors. However, it is well known [7],
the real estate market consists of individual investors with different horizons of decision
making.

The research [1] found that the real estate market Ukraine satisfies the hypothesis of coherent
market [8]. The basic assumption of this theory, which combines non-linear deterministic
model (fractal market hypothesis) and statistical dynamic model is that the probability
distribution of market changes over time based on the fundamental (or economic)
environmental conditions and certain attitudes (or "group consciousness") market. Therefore,
the combination of these factors turns out to change the shape of the probability density
function.

According to the hypothesis of coherent market real estate market may be in one of four
phases q € Q = {1,2,3,4}, membership of which makes it possible to present it as the set of
segments: RP= UL, RP? = UL (a;, b;)9, where i — interval number, a; — the beginning of
the interval, b; — the end of the interval, thus, K — number of intervals. Compliance (in terms
of coherent market hypothesis) segments phase the real estate market means having the
character of this phase. We consider the set Q phases of real estate market as a full event
space T = {Eq}, where E; — phase random walk, E, — unstable phase transition, E; — phase
chaotic market, E4 — phase coherence. Consider them more:

1) random walk phase corresponds to the situation when individual investors make decisions
under the influence of some random factors regardless of the other investors, that there is no
collective decision. This may occur during recession processes, in particular after the acute
recession;

2) phase transition corresponds to an unstable situation, when deciding gradually begins to
form (or break down) public is expected to rational thought;

3) during the chaotic phase (or fractal) market oriented investor sentiment group found that
match their preferences regarding investment horizon;

4) in the coherence phase there is a combination of group awareness and a strong
manifestation of the fundamental factors causing the observed significant change of trend of
price changes.
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Problem identification of the real estate market at the time is set, which belongs to the
segment level time series. Given the high level of uncertainty in the market price dynamics, as
evidenced by its properties such as nonlinearity, nestatsionarnist and others [2] develop a
method for identification of the real estate market on the basis of building a fuzzy model. The
process of constructing the model has the following four stages:

Step 1. Definition of the variables of the model. A result of analysis of the dynamics of return
rates (TS RP)-based statistical and fractal analysis of complex get a set of statistical
characteristics as well as the indicator Hurst H and fuzzy memory depth time series [9].
Variables or as partial criteria model identification phase of the market determine the
following parameters: coefficient of asymmetry of the levels distribution of TS (A), Hurst
index (H), maximum depth memory TS (lnax and the rate of information entropy fuzzy set
memory depth of TS ( Henrop_ )- Let’s consider the contents of the selected features.

The economic meaning of the coefficient asymmetry (A) in this context is as follows. If the
ratio has a positive value, the higher values yield property prices (the right "tail"") are more
likely than low. With the approach of the asymmetry zero real estate market is moving into a
phase of random walk. With an increase in the absolute value of the asymmetry phenomenon
of coherence increases.

Hurst index (H) — a quantitative description of the time series, on which to conclude its
stability (reversal or frequent return to the mean). The closer the absolute value of the Hurst
parameter to unity is the phenomenon of enhanced coherence. Approaching Hurst parameter
to a value of "0.5" indicates the random walk phase. Calculation of Hurst is for time series RP
— yields price sensitivity because this series is higher than the absolute number.

Maximum memory depth (Inay Of fuzzy sets memory depth is a quantitative measure that
characterizes the degree of stability and predictability of the TS RP dynamics on real estate
prices.

Index of information entropy (Hentrop ) fuzzy set memory depth reflects the level of
uncertainty about information concerning the direction and speed of the return.

To reflect changes in the market situation, these indicators will be determined by analyzing
the so-called "pre-window", which has a width and ends on TS level (similar to the principles
of [10]), choose one that is 30 (k = 30). This term is two and a half years, that is a time period
within which might occur structural changes of price changes. In figure 1 shows a graphical
representation of the TS of average real estate prices in Kyiv, Hurst and asimmetry TS with
previous window (for the period from 01.1991 to 12.2012) in accordance with the allocation
phase coherent market hypothesis by an expert [11].
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Fig. 1. Graphical representation of the original TS of average real estate prices in Kyiv, Hurst and asymmetry TS
with previous window k = 30 for the period from 01.1991 to 12.2012 in accordance with the allocation phase
coherent market hypothesis
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Step 2. Definition of linguistic variables (partial criteria) based on histogram segments time
series {(ai, bj)} and expert analysis.

For each parameter defined range of possible values and sub-ranges for which it can be
divided. We set parameters as fuzzy variables defined name and domain of definition

(description of restrictions is presented in Table 1).

Table 1 — Definition of linguistic variables model

Indicator Time-series dynamics of real estate prices | The range of values ngmstl_c value
of the index
local variability that characterizes the (-2,2) Is low
Asymmetry tendency of the time series of significant (-3,21U[2,3) Average
coefficient A changes to the values in a small —
neighborhood of the time (-0, 3] U [3; ) The high is
[0.45, 0.6) Low
inertia that characterizes the dynamics of a
Hurst index H tendency to move in the direction of the [0.6, 0.85) Average
trend ]
[0.85, 1] High
Maximum deoth local resistance that characterizes the [0.4) Low
memory time sgries ability to preserve the values of the time [4,7) Average
yl series with limited neighborhood for some
e (limited) time intervals [7, 10] High
Index of information [0, 2.5) Low
entropy fuzzy set | ,ncertainty that characterizes the dynamics
[2,5,4) Average
memory depth on the predictability
Hentrop_L [4, 5] High

Another difficult task is to determine the type of membership functions for each variable. The
four input variables (asymmetry coefficient A, Hurst parameter H, the maximum memory
depth time series Ima, entropy of TS H_ ., | ) was chosen hauss membership functions that

represent smoothed term — the scale of values {Low, Medium, High}. For the scale of output
variable belonging to one of the four coherent market phases on the basis of expert
assessments interval was chosen function of triangular form [12]. The results of determining
the normal membership function for Hurst parameter and interface real estate market shown
in Fig. 2 as a visualization obtained by application software package Matlab.
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Fig. 2. Visual representation of fuzzy membership functions a) input variable — Hurst parameter H; b) output
variable — phase of the real estate market E
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Step 3. Constructing fuzzy model identification of the real estate market by Mamdani type.

We consider the set of phases estate market as a full event space}, where E; — random walk
phase, E, — unstable transition phase, E; —chaotic market phase, E; — coherence phase. To
define specific phases we will use linguistic variable "degree of belonging to phase"”, for
which we introduce the notation:

ADV(rp) ={ (Eq. #q(rpy). q=14 | (1)

where E4 — linguistic variable;
T —term-set, T = {random walk, unstable transition, chaotic market, coherence}.

For values of linguistic variable that should be the basis for determining the phase of the real
estate market, we apply compositional rule proposed L. Zade which formalizes fuzzy output
on unclear assumptions (values of parameters: the asymmetry coefficient A, Hurst coefficient
H, maximum depth memory time series Ina index information entropy fuzzy set memory
depth Hentmp_L) and opinion ADV (rpy). For its application develop the knowledge base in

the form of inference rules for future use, in particular, in our case Mamdani algorithm. Rules
of the values of the linguistic variable "degree of belonging to phase E4" are presented in
Table 2.

Table 2 — Rules of the values of linguistic variable ADV (rpt) —"The level of belonging to phase E;"

Linguistic values of
oot Index of information Linguistic variable
Maximum dept
Number | Asymmetry Hurstindex H | memory timF()e exgorﬁgr;uégtiet "The level of belonging to
coefficient A ) o
series lnax H phase E,
entrop_ L
1 High High High High Coherence
2 Low Low Low Low Random walk
3 Average Average Average Average Chaotic Market
4 High Average High High Coherence
5 High High Average High Coherence
6 High High High Average Coherence
7 Average High High High Coherence
8 Average Low Average Average Chaotic Market
9 Average Average Low Average Chaotic Market
10 Average Average Average Low Chaotic Market
11 Low Average Average Average Chaotic Market
12 Average High Average Average Chaotic Market
13 Average Average High Average Chaotic Market
14 Average Average Average High Chaotic Market
15 High Average Average Average Chaotic Market
16 High Average High High Coherence
17 High High Average High Coherence
18 High High High Average Coherence
19 Average High High High Coherence
20 Low Average Low Average Unstable transition
21 Average Low Average Low Unstable transition
22 Low Low Average Average Unstable transition
23 Average Average Low Low Unstable transition
24 Low High Low High Unstable transition
25 High Low High Low Unstable transition
26 Low Low High High Unstable transition
27 High High Low Low Unstable transition
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The visual representation of the surface of linguistic variables — “The level of belonging to
phase E, " obtained by application software package Matlab (Fig. 3).

Fig. 3. The visual representation of the surface values of linguistic variable "level belonging to phase E,, where
the coordinates are: a) Hurst index, the coefficient of asymmetry, phase market; b) Hurst index, the maximum
memory the TS phase market; ¢) information entropy index, Hurst parameter, phase market; d) the asymmetry

factor, the maximum memory the TS phase of the market

Step 4. Evaluation of a model.

We introduce criteria for evaluating the quality of the model. For this we consider the cases
that may occur as a result of construction of the model:

1) the length of the interval phase derived from expert evaluation, is less than the result of
building a fuzzy model.

Thus a; > a; and b; < b;, where a; — the lower limit of the interval derived from peer reviews;
a; — the lower limit of the interval derived from the construction of the fuzzy model; b; — the
upper limit of the interval derived from peer reviews; b; — the upper limit of the interval
derived from building a fuzzy model.

2) the length of the interval phase derived from expert assessment is greater than the result of
model building. Thus a; < a; and b; < b;.

3) the length of the interval phase derived from expert evaluation, is approximately equal to
the length of the interval that results from model building. Thus a; > a;and b; > b;

4) the length of the interval phase derived from expert evaluation, is approximately equal to
the length of the interval that results from model building. Thus a; < a; and b; > b;

The error of the constructed fuzzy model, we estimate the following formula:

i~ 4 bi— by
MAPE = 22 (Zi, “2% + 2K, 259

As a result of the proposed model to the real estate price TS in Kyiv for the period from
01.1991 to 12.2012 returned error value MAPE = 5,2%.
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CONCLUSIONS

Thus, a study was based fuzzy diagnostic model (identification) real estate market based on
the hypothesis of coherent market, which revealed verification of sufficient adequacy
compared with the results of expert evaluation. The application of the constructed model to
determine the state of the real estate market on the basis of coherent market hypothesis based
on fuzzy simulation allow for a qualitative analysis of the current situation in the real estate
market, to estimate the probability of transition property market in the next phase, to provide
guidance on price forecasting in the presence in one or another phase. Upon identification
phase of the real estate market question the use of relevant tools prediction [11]. Thus, for
phase random walk and an unstable transition it’s suitable to use statistical techniques short-
term forecasting, including extrapolation, for phase coherence and chaotic market we must
use prediction methodology based on discrete models and methods of nonlinear dynamics.
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