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PRICE DYNAMICS MODELING: CHAOS MODEL APPLICATION

Summary. The article investigates the dynamics of price index that is described by nonlinear difference equations. The simu-
lation model takes into account different initial positions of system as well as different parameters’ values. The decision-making
process depends on the values of exogenous factors that affect the system behavior and lead to stability or instability results. The
simulation results revealed the bifurcation point and showed that the system can behave unpredictable and demonstrate chaos
dynamics even with small change in initial conditions. If the initial value is greater than equilibrium point it has been obtained the
attraction for the system. If the initial value is less than equilibrium point it has been obtained the repelling for the system. The price
dynamics showed a saddle-node bifurcation that determined the equilibrium points of the system and exhibited the U-shaped curve.
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Introduction. The chaos theory applies to wide range of
economic problem associated with optimization issues where
the dynamics of system is highly sensitive to change in ini-
tial condition and reveals the feature of randomness. R. Tang,
S. Fong and N. Dey (2018) conducted ten chaotic approaches
and developed the metaheuristic algorithms to achieve a goal
to extend and explore the efficiency of chaos theory due to
improvement of research capability. Scientists provided sev-
eral extensive experiments and showed that chaotic optimi-
zation is powerful tool for evaluation of optimization algo-
rithms [1]. M. Oliskevych and V. Tokarchuk (2018) revealed
the distinctive regimes of the behavior of the unemployment
rate over time, which is associated with declining and rising
modes, by Markov switching autoregressive model [2].

Literature review. N. Wesner (2004) defined a new sci-
entific approach for indicating of low dimensional chaos in
small sample sets and leveraged it to investigation of finan-
cial data with few annual and monthly available observations
[3]. Scientists provided the nonlinear econometric analysis of
dynamic changes in main macroeconomic indicators of labor
market functioning and revealed the asymmetric behaviour
and the asymmetry in response to positive and negative mac-
roeconomic shocks [4; 5].

M. Akhmet, Z. Akhmetova and M. Fen (2014) explored
the generation of chaos in economic environment caused by
exogenous shocks. The fluctuations were described by the
pulse function with chaotically behaved values. The applica-
tion to Kaldor—Kalecki-type models of aggregate economy
proved the existence of export and rainfall shocks and demon-
strated the important consequences for the policy makers [6].

The chaos theory is also useful tool for investigation of
labor market properties and impact of shocks on employ-
ment and labor force participation. T. Kamihigashi (2000)
examined the wealth distribution dynamics in a small open
economy and focused on discrete-choice problem with opti-
mal policy function that determined the ergodic chaos. The
research showed that the wealth distribution moved to unique
distribution whereas the aggregate wealth converged to the
invariant value [7]. The results, achieved by different numeri-
cal experiments, revealed the evidence that ergodic chaos
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exhibited the aggregate stability and did not follow instability
in behavior. M. Oliskevych and I. Lukianenko emphasized the
role of nonlinearities, structural changes and shock impact on
socio-economic sphere and labor market [8; 9].

Methods. Chaos does not require random nature. If there
is something accidental, it cannot be predicted. On the other
hand, the deterministic system is quite predictable. However,
if the system depends on the initial conditions and moves
quite differently for different initial conditions, even if they
are very close, then the system becomes unpredictable.

Chaotic systems only occur when we have nonlinearities.
Even very simple nonlinear deterministic systems can show chaos.
Consider the nonlinear difference equation for labor force price:

plt+)=pp@) (1 -p@); 0<p<4 ()

This equation applies only to one variable p that depends
on time and the parameter f. To find the sequence of values
for p it needs to determine the initial state p(0) and the value
of . No matter what the sequence looks like it will be always
the same for the same initial condition and the same parameter
value. Let time t changes from 0 to 20. The equation for p(1)
is: p(1)=f p(0 )(1 - p(0)).

For p(0) = 0.5 and f§ = 1.5, the series tends to the steady-
state value of 0.3333. There is nothing chaotic about this se-
ries (Fig. 1). However, if the value of S is set as 3.82, the
resulting series is completely different from the previous one
(Fig. 2). The series alternately reaches a maximum and a mini-
mum by the 10th period, then decreases approximately in the
17th period, and then the cycle starts again. Thus, although
the system is deterministic, it is far from predictable when
£ =3.82. The system seems to be quite chaotic.

Therefore, we received that a simple nonlinear equation
(1) can exhibit rather chaotic behavior. The reason of chaotic
behavior lies in bifurcation. Consider the case where the price
is described by following nonlinear equation with one vari-
able and one parameter:

pa+ D) =fp(0)=15p@) (1-p®) -4  (2)

Bifurcation theory determined the points in a system at which

the behavior of the system changes as the value of the parameter
is changed. A fixed point of this system satisfies the condition
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Figure 1. Dynamics of price index for f=1.5

Source: evaluation of the author
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Figure 2. Dynamics of price index for f = 3.82

Source: evaluation of the author

p*=15p*(1-p*) -1 3)
that gives the equilibrium fixed point
1+41-242
pr= O

The equilibrium point p* depends on the exact value of 1. In
addition, the stability properties of the equilibrium point also de-
pend on the exact value of this parameter. For example, if 1 — 24
A<0,1.e. 1> 1/24, then there is no equilibrium point. If 1 —24 1>
0, i.e. 4 < 1/24, there are two equilibrium points: p,* and p,*. If
A =1/24, the system characteristics change. On both sides of this
magnitude, the characteristics of the system are quite varied.

Results. Stability is determined locally when there is more
than one equilibrium point. Also, the fixed point stability is
determined by the first derivative of function f (p = p*) in (2).
Of course, the equilibrium point depends on the value of 1.
The first derivative is:

Sp*)=15-3p* &)
Substitution of the equilibrium values given in (4) for the
lower fixed point p,* gives

f(p*)=15-3p*= 1.5—31_7 “16‘241: 14051 =241 > 1

for A < 1/24. Since the first derivative is positive at the
equilibrium point p *, this equilibrium point is unstable or
repelling.

Next, consider stability of point p,*

FH=15-3pr=15-31 V=244 “16_2”‘:1—0.5 JT=247 >1,

for 2 < 1/24. However, that is correct only if — 1 <f'(p,*) <1, i.e.

—1<1-05+V1-241<1

—0.625 < 1<0.0417.

This system is stable only for those values of 1 that is lying
in the range —0.625 <1< 0.0417.

The last case is when A = 1/24 = 0.0417. Now two
fixed points have the same value, namely 1/6. In addition,
f(p* = 1/6) = 1 and therefore the stability of a fixed point is
inconclusive or semi-stable. The value p* = 1/6 is a bifurca-
tion value for this problem.

or

81



HayxoBmii BiCHHK Y>KrOpOACHKOI'0 HAIOHAIILHOTO YHIBEPCUTETY

% I
_\/ Bif:-l;i::w
= o |
| 1] N
R |

Figure 3. Bifurcation diagram

Source: Evaluation of the author
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Figure 4. The dynamics of price defined by the equation (2) for A=-1/3

Source: evaluation of the author

All cases are combined on the diagram that has the param-
eter A on the horizontal axis and the equilibrium point p* on
the vertical axis. Figure 3 demonstrates the bifurcation diagram.

Vertical arrows show the properties of equilibrium stabil-
ity. At the bottom of the curved area, the arrows point upwards
when they extend beyond the area. If —0.625 < 1 < 0.0417,
there are two equilibrium points, the greater one of which is
stable and the lower one is unstable.

Value N, defines the number of equilibrium values of
the system that depends on parameter A. If, for any interval
(4,—¢&, 4,1+ €) N, is not a constant, 4, is called bifurcation point,
and the system is said to undergo bifurcation when 4 passes
through A,. For the system that is discussed we received:

N,={2forA<1/24; 2fori=1/24; O0fori>1/24 }(6)
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and so A = 1/24 is bifurcation.

The research shows the dynamics of system for different
lambda. If 2 = — 1/3 the first point is unstable as it is shown in
Figure 4a. The second point (Figure 4b) is stable.

The dynamics of system for A = 1/24 is given in Figure 5. It
appears to be a bifurcation point. If the initial value is greater than
this point, then we see attraction for the system. If the initial value
is less than this point then we see repelling for the system.

Conclusions. The types of bifurcations is associated with
the type of graph that they show such as saddle-node bifurca-
tion or pitchfork bifurcation. For the price dynamics we obtain
a saddle-node bifurcation that is determined so because at 4,
the fixed points of the system exhibited a U-shaped curve, that
is open at one end.
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Figure 5. The dynamics of price defined by the equation (2) for 4 =1/24
Source: evaluation of the author
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MOJEJIOBAHHA HIHOBOI TUMHAMIKH: 3ACTOCYBAHHS MOJIEJIEM XAOCY

Anorauisi. Teopist Xaocy 3aCTOCOBYETBCS IO IIMPOKOTO KOJIa €KOHOMIYHHX MPOOJieM, TTOB'SI3aHUX 3 MUTAHHAMHU ONTHMI3ail,
KOJIM TMHAMIKa CUCTEMH € JIy)Ke 4y TIIHBOIO JI0 3MiHH i1 IOYaTKOBOTO CTaHy Ta BHSBIISE AMHAMIYHI 0COOIMBOCTI NOAIOHI 710 BUIIA-
KOBHX KOJIMBaHb. Mojiesi XaOTHYHOI MHAMIKK HE BUMAararoTh BKITIOYCHHS BHUIIAJKOBOI CKJIaJI0BOI, MTOBEIHKY SIKOT HE HEMOXKJIUBO
riepe0aunuTH, TOMY JaKTh 3MOTY ONMCATH JMHAMIKY I[iH 3a JJOTIOMOTO0 JICTEPMIHOBAHOTO TPOIIECY, 1110 MOKHA MPOTHO3yBaTH. Y
CTarTi JOCIIPKEHO AMHAMIKY 1HJIEKCIB LiH 3a JOIIOMOI'OI0 HEHIMHNX Pi3HULEBUX PiBHSAHB. IMiTaniliHa MoaeIb BpaxoBye pi3Hi Io-
YATKOBI ITOJIOXKEHHSI CHCTEMH, A TAKOXK Pi3Hi 3HaueHHs ii mapametpis. [lokasaHo, 1O AMHAMIKA CHCTEMH LiH CYTTEBO 3alICKHUTh Bijl
TOYATKOBMX €KOHOMIYHHX yMOB i IEMOHCTpY€ 30BCIM Pi3HY SKICHY MOBE/IIHKY HaBiTh 3a Jy’Ke ONM3bKMX [I0YATKOBUX 3HAYEHD. Pe-
3yJIBTATH MOJICIIIOBAHHS 3aCBIIMWIN HASBHICTH TOYOK OihypKaLlii Ta MoKasaly, 1O CHCTEMA LiH B EKOHOMILI MOXe BECTH cebe He-
niepedavyBaHOIO Ta JEMOHCTPYBATH IMHAMIKY Xa0Cy HaBITh 38 HEBEJIMKUX 3MiH y (DyHKIIOHYBaHHI eKOHOMIKH. [Iponec mpuiHsTTS
PpillIeHb 3aJIEXKUTh BiJ 3HAYEHb €K30T€HHUX (AKTOPIB, SIKI BIUIMBAIOTH HA IOBEIIHKY CUCTEMHU Ta MPU3BOAATH 10 CTaOLILHOCTI abo
HECTabLIbHOCTI. Y CTaTTi MOGYI0BAHO HelliHiliHy MOIe/Ib IMHAMIKH LUiH, 1O BUSIBIISE XaOTH4HY MOBeAiHKY. [TokasaHo, 1o npuiuHa
Bi3yaIlbHOI BUIIAJKOBOCTI 0OyMOBIICHA HASBHICTIO TOYOK OiypKautii. Bei Bimajku qiHaMiki OMMCaHO Aiarpamoro, o Bigoopakae
HAIIPSIM TOBE/IIHKA CHCTEMH LiH 3aJIEKHO BiJl IIapaMeTpa KOPUIYBaHHSl, BU3HAYCHOIO Ha FOpI/ISOHTaJII;HH/I oci, Ta TOYKU PIBHOBATH,
3HAYEHHS SIKOi BiIOOpa)KeHO Ha BepTHKaJIbHIN oci. CTPiiKu OOIPYHTOBYIOTH BIACTHBOCTI CTIMKOCTI, MPUTATAHHS 1O PIBHOBArU YU
HABIAKH BIIITOBXYBaHHsI Bijl Hel. SIKIO MOYATKOBE 3HAYCHHS MIEPEBHUILYE PIBHOBOKHE 3HAUYCHHS I_IiHI/I, TO OTPUMAHO MPHUTATATBHI
LIMKIIM [TOBE/IHKH, aTPaKTOPH. SIKIIO MOYATKOBE 3HAYCHHS MEHILE 32 PIBHOBKHE 3HAYCHHSI LlIHHM, OTPUMAHO BIJLITOBXYBAJIbHI IPa-
HuaHi k. Tun Gidypkauiil BUsHa4aeThest THIOM rpadika, KU BOHH XapaKTepu3yloTb. Y Pe3ysIbTari AOCII/KEHHS MHAMIKA
LiHOBHX IH/IEKCIB OTPUMAHO TOUKH OipypKallii, sIKi BU3HAYarOTh PO3Taily’KeHHs! IMHAMIKH THITY CIZUIOBOTO By3la, BUSHAYCHO CTIHKI
TOYKH PIBHOBArM CHCTEMH Ta 00TpyHTOBaHO U-T10/1i0HY KPHBY, BiIKPUTY Ha OIHOMY KiHLIi. PO3po0ieHa Mojiesb 1a€ 3MOTy IPOBOIUTH
QHAaJI3 MOYKTMBUX AJIBTEPHATUBHHX CIIEHAPIIB 1 MPOrHO3YBaTH JMHAMIKY IIiH 32 Pi3HOT MOHETApHOI MOJIITHKH.

KurouoBi ciioBa: Teopist Xaocy, HeNiHiHHI CUCTeMHU, 1HACKC 11iH, OiypKailis, pUHOK Tparii.
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MOJIEJIMPOBAHUE IEHOBOWM JIMHAMUKU: IPUMEHEHUE MOJIEJEN XAOCA

AHHoTanus. B crarbe ncciienyercs AMHaAMMKA WHAEKCA 1I€H, OMUCHIBAEMOTO HETMHEHHBIMU PA3HOCTHBIMU YPABHEHHUSMHU.
MmuTanmoHHast MOJIENIb YYUTHIBACT Pa3IMYHbIC HAUAIbHBIC MOJIOKEHUSI CUCTEMBI, a TAKXKE PAa3JIMYHbIC 3HAYCHUS TApaMETPOB.
Ipouecc NPHHATHS pEICHUI 3aBUCHUT OT 3HAYEHHH BHEITHUX (haKTOPOB, KOTOPHIE BIHSIOT Ha TIOBEJCHUE CHCTEMBI U TPUBOST
K CTaOWUIBHOCTH MM HECTaOMIBHOCTH. Pe3ynbTaTbl MOAEIUPOBAaHUS BBISBIIN TOUKY OM(ypKalnuy U MOKa3aay, YTo CHCTeMa
MOXET BECTH ce0si HelpeJICKa3yeMo U JeMOHCTPUPOBATh JUHAMUKY Xaoca Jjake Ipu HeOOJIbIIOM H3MEHEHUH Ha4ajbHbIX yC-
noBui. Ecny HavyanbHOe 3HaYeHHe OO0JbIIe TOYKH PaBHOBECHS OBUIO MOIYYEHO MPUTSHKEHHE Ul cucTeMbl. Eciin HavanbHOe
3HAUYEHHE MEHBIIE TOUKU PAaBHOBECHS OBLIO MOJYYEHO OTTAJIKMBAaHUE JJISi CHCTEMBL. JIMHAMUKA 1I€H 1oKa3alia pa3BOCHUE Ce/l-
JIOBOTO y3I1a, KOTOPOE YCTAaHOBHJIO TOYKH PAaBHOBECHS CUCTEMBI U onpenenio U-o0pa3HyIo KpUBYIO.

KuiroueBsble ciioBa: Teopus Xaoca, HEJIMHEHHAs ccTeMa, MHJICKC 1IeH, AMHAMHKa, OudypKaius, ppIHOK Tpy/a.
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