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Abstract: The segmentation method of forecasting sestainomic processe@levelopment of

cities and settlements, green tourism, infrastructure, @l segmentation by interests and
activities, recreation)n accordance with the applied fractal crystals growth methods in the fuzzy
attraction potential field was proposed. The impact of model empirical parameters on the fractal
structure fluctuation wface in the form of creating additional aggregation centers was
investigated. The computer experiment gave a possibility to simulate structures which are well
correlated with the experimental data receivétis confirms the assumption that the main iale

the formation of settlements available infrastructure plays, namely roads and existing centers of
attraction. Received segments confirm the basic economic features of the existing infrastructure.
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Introduction

Explosivedevelopment otourist activity becomes a reason of concentratoog capital in
this industry T hotel netwaoks are being created, tourisentersare being built, trasport
infrastructure and restaurant business are being developed etc.

Investing in tourismbig capital seeks to gain maximum profit for the shortest time.
Environment, natural resources, local populaiare beingapperceivd as means for achieving its
goal. No wonder, that massive increasing of uncontrolled vispsaminentnatural complees has
negative impact on them and their local social and cultural environment: rare plants are being
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destroyed, trees are being cut down, water is being pollutechab populations disappears or
decrease considerably. Such kind of tgdagr i sm
decades in many countries.

So, forecasting of tourism development becomes very important. To solve this problem
existing mehods of strategies development should be complemented by different mathematical
models, which allow us to tackle specific tasks watimstruction ofprognostic scenariosand
createsthe opportunity of more accurate multivariate prediction, formation andettigment of
complex social and economic processes.

On the other hand, development of Gieghnology and different international programs of
terrestrial spacephotography, creating digital maps allows everyone easy orientatgeanto
receive topograpbal dataabout location, to plan ubes, to recere foto of locality from space etc.
This information opens huge opportunities conduct research iarea of GlS-technologies,
architecture, sociology, economy and other fielBsto of many localities mad&om space
resembles crystal growth in a particular center (zones of entertainment, recreation, industry etc.)
which is deformed under the influence of sgomogential field.

There is a need to use methodology of fractal crystal growth in the fuzzyiabtietd of
attracton for predicting controlled social process say, in tourisand recreation activity, for
example forecasting apatial form ofdwelling constructionlt is important to stress pros and cons
of modified diffusion-limited aggregationtheory (DLA) and accidental rain (AR)to propose
combined algorithms of this theory to avoid possible mistakes and to gain benefits from advantages.

The aim of tiis paper is to create and test methodologgrgstalgrowth in thefield of fuzzi
potentid attractiveness for prediction of social development processes in the contmxrief
attractions. Forecasting of settlements which have geometric shape has been chosen as an example.

Relevance of the investigation is to develop the concept of weadhtored forecasts of
social processes, namely, cities and settlements growing; active development of green tourism;
infrastructwe creation, including touristsegmentation of population by interests, jobs, rest etc.
Suggested concept is based on metlddsactal crystal growth and molecular dynamics combined
with the theory of fuzzy logic.

Creating of structure with growing surface is presented among the large nunmogions
which are actively studied by scince, especially in crystal growth ticpkar conditions, evolution
of snowflakes in the atmosphereontrolled crystallization in some processes as an important
component in metallurgy.

The growth of settlements is characterized by features which one can observe in physical
processes of grawg crystals, in particular:
T physi cal growth of Acrystal 0O begkeepsa i n
mind industry enterprises, hwsical and cultural places, touristic and recreation
systems, ski resortentertainment centres, beaches etc.;
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1 cluster deformation in natural crystals is caused by diffusion in the potential field.
The role of potential field in social processs a functionof territory attractiveness
that depends from remoteness of infrastructure, innovation and investmengeclimat
legaland other aspects. This territory can be constructed based on fuzzy logic theory.

In the process of development a free particle, which creates random movement is joining to
the center of the cluster or for preliminarily treated particles. Acagrth marketing surveys new
recreation objects, buildings appear in close proximity to neighbors forming blocks similar to
clusters. It follows that base processes of settlements changes are alike to processes which are
evident in crystal growing. It enadd to use DLA and AR theories and to determine specialization
of separate segments and predict cash flow in the system.

But development of settlements has defining features: crystallization occurs not in one
centre as it is observed in natural phenoméneeal life several crystallization centers and regions
are formed within investigating object and their geometry is very complicated. Potentially attractive
territory in its turn has a complex shape. In many cities and megapolicies strategy of changes is
influenced of peer review and approvals of relevant institutiBhanging of small settlements has
probabilistic nature and is largely dependent on the attractiveness of the particulariarpledt
that the classical methoas crystal growthsuch asmitation, dendritic and fractal magnification
can be significantly modified.

Forecasting ofeoméry of settlement growth and their internal structure will allow plan the
development of appropriate infrastructure and communications with the maximurongcon
benefits. There is a possibility to predict structure of new buildings in the vicinity of newly
established tourism and recreation systems (TR®)s, in turn, will allow optimize the
development strategyf TRS,determinng the specialization of c&in segments of the locality and
predicing cash flows of the syste(@urovich, 2003)

Model Of Potential Field

The potential field of territory attractiveness for development could be described using
mathematical tools of fuzzy logic.
In general, the@otentialU is written as:

U= F(al,az,...,an), (2)
wherea, T input parametersF 1 function that determines tlierm of potential

The form of the function and choice of fuzzgfdérence algorithfh depends on the
mechanism of construction of fuzzy production rules used in expert andyemaeat systems that
are based on database formedbyfessionals in relative area or gained through learning of neural
network, training set of kich in turn based on experimental data as a set of fuzzy predicate rules.
Fuzzy logic tools has been well approved itself in social and economic researchs, particularly in

2 Seereviewin: Leorenkov (2005)
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calculations of integrahdicators of efficiency{Petrenkoand Kashuba2006), soling multicriteria
problems Chou et al.2008, determining the competitive growth between regions in CiNfaat
al., 2006. In paper (Vyklyuk, 2008) the possibility of using Mmdani and Sugeno algorithms has
been argued for estimating of recreatiomepdial. It has been demonstrated that results obtained by
these met hods ar e waeadkdsTherefare; ie duacbl@ldtions e used ene pfe r t
these algorithms, namely Sugeno algorithm wit
Kruglov, 2006).The choice of this algorithm is justified by the fact that if we have experimental
database it is appropriate to use hybrid neural networks ANFIS (Adaptive-Rerzy Inference
System) which based on Sugeno method.

For Sugeno fuzzy infereneee must have fuzzy knowledge base (Shtovba, 2007):

=8y Ujxe=8U; Upxa=8&n)  Yebgtbpxatbpxat € +ib, j=1m; (2

wherexy, %, ..., X, 1 input linguistis variablesay;, ayj, ..., a, i terms of linguistic variabledJ; i
logical operation that connects fragments of antecedgfitrafe; Y i fuzzy implication;bj, by, ...,
by, 1 real numbers.

Conclusions rules are specified by the linear function from the inputs:

dj:bj0+éb|jxi . (3

i=1n

Degree ofinput vectormembershipX'=(x;’, X,  €n,) towaluesdj=b,, + § b, x are
i=1n

being calculated as: . . . .
qi(X') = j(£1) j€x2) j€G ;€j(Xn), j=1,m. 4)

As a result, according to input vector X* get fuzzyset

= _ M(X) mu(X)  m(X7)
y =( dl , d2 R ). (5)

m

To obtain result value of outpuimust bedefuzzificated, calculating equilibrium amount:

y=é”&;(x*)d,—- (6)

j=1m

In this paper we used Sugeno method-ti @rder, when logical inference is constant:
=& Uxe=83U; Ujxo=8y) Y yj=ld. , (7)

As input parameters of fuzzy attractiveness potential we proposed to chdasedalis the

nearest road and distance to the nearest crystallization center by road
Let the transport networks of study area would be given as array (Vyklyuly)2008
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W, (X1,Yi1:X2:Y12)s T =100, (8)

wheren i number of road ectors on study are&;,,Y,,X;,,Y;, | coodinates of road vector.

Then distance from poinh with coordinatesx,y to the nearest road can be estimated
according to the next consideration: look at the glian with vertices
Alx,y), B(xfl,yfl), C(xf 2’yfz) with sides defined as:

a:\/(xfl' sz)2 - (yfl' yf2)2 : (9)
b:\/(xfl' X)2 - (yfl' y)2 ; (10)
C:\/(X' sz)2 - (Y‘ yfz)2 . (11)

The height of the triangle to the line, which a ditselongs to (road segment):

i = 2/ P(p-a)(p- bi(p- ¢)
atb+c

p= > (13)

; (12)

Segmentsa, and a, which define distance from the base of the height to the vertices B and
C respectively andoordinates of the base of the hetidh,; ,y,;) can be calculated as

a, =./b?- hj*; (14)
a, =./c?- hj?; (15)
Xy = X¢q - (Xfl - sz)%- (16)

The height (12) is the shortest distance to the road in the case if(pplrwh) liesin road
segment . In the other case the shortest distance to road will be defined as
&€ ata=a hj,

hf:‘:a1+a2>a and b<c, b, (18)
ta,+a,>a andb>c, c.

Coordinates of intersection point respectively
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e ava=a (Xio Vi)
(th’yfh):l a, +a, >a and b<c, (X1’Y1)’ (19)

Ila1+a2 >a and b>c, (Xz,Y2)'

Then the shortest distance to ttearest road defines as

h=min(h, ) (20)

f=1n

To calculaé the shapef potential field of attractionone maymake use of method of
mapping the recreational potenti@yfyak et al, 200Y. For this purpose map of territofly is
covered by ectanglel :[a,b]3 [c,d]. Obviously that rectanglé contains the set (territory)

(TE1 ). Rectanglé is devidednto segmentD=D, 3 D, where

D, =8 {x: (21)
D, = “_A{y.}; (22)
x, =%, +kh, k=0,N; (23)
Y =Y, +lh,, 1=0M; (24)
_b-a,
hx_T’ (25)
_d-c
v (26)

For everymesh point value oinput parameterare beingdefined Obtained matrixes are
input parameters of fuzzy fution of potential fieldof attraction(1). The result of calculations is
matrix that determines the shape of territory T potential.

Modi fi ed meadcidentdl ramfAR)thds deeriused for modeling of central part of
settlements evolutiorP{etroneo, 1989.

AR model was proposed by Wald and Sutherlatrithis model parts move by randomly
determined paths. In (Pietronero, 1985) it was shtvamh the best adjustment with experiment is
provided by model in which clustering center is located incérger of the investigated area and
particles (candidates for aggregation) start to move ftentarge neighborhood tward the center
of circle. Each particle starts from random point and moves by random chord connecting in a
collision with a baséne or clusterwhich grows. AR modelgeneratesamifiedsphericaktructures

3 See:Pietronero, 1985
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If there aren clustering centerg is necessary to estimate normalized weightfor each

center.If the locality has a few centerd attractivenessweighting factors could be calculated as
relative amount of people which visited such objects for a certain period of time:

' as’

i=1n
where S T amount of people which visited object

According toAR algorithm the particle moves by random chord to one of the clustering
centers. Clustering center for each particle is being choosen randomly depending on the size of the
normalized weightw, (Tomashevsk, 2009. To avoid the appearance of empty ar@agklyuk,

200&) after aggregationf the particle its copy is createidransparent partic®, which continues

its movement to the center, not reacting to crystallized partislesoon as it gets intté¢ area
where in small radiusR there are no aggregate particles (ie particle has got into empty area),
fitransparent particle has been assigned the statusfiofdinary particlé, and the accretion
algorithm is continued according ¢tassic rules.

The impact of potential field is taken into account as follows: initial potential field of the
analized region is normalized; probability of aggregatiols defined as probability of two
independent events, namely presence of aggregatedeadar andiopportunity of aggregation
at a given point on the side of the normalized potential fldz(d(,y). In our calculations the

certainty Pa(x,y) of staying close to the moving particle of aggregated cluster sgsred to be

equal to 1, if the aggregated atom is on the neighbor verge of cell,iDthe aggregate atom is
located close to the diagonal, and 0i0btherwise. Then probability gbarticle aggregationis
defined as

P(x,y) =U(x,y) &, (x.y). (28)

Nonzero probability of aggregatioﬁa(x,y) in zone where there are no aggregated particles

within the nearest neighborhood, enhances impact of the potential field on the form of created
cluster, but contributes to the emergence of sepeeatiers of aggregation.

For modeling of periphery of locality the matrix of created structure is devidedanizitidx
of the central part of locality which consists of particles with the closest neighbors, and matrix of
free particles. The first matrix nsidered as the single aggregation center, and particles set by the
second matrix keep moving in the potential field according to the diffusioted aggregation
model (DLA).

Classic DLA model is very simple: particles which carry out randonavementform a
clusteras theresult of aggregation.That is to say particle starts the motion from a randomly
selected remote poimnd joins tocenter pointof clustering orto previously aggregated particles
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Intensive computer studies hademonstratedhat & a result of this proceg®mplex branching
fractals are being created (Pietronero, 1985; Crown@®&5), which have a spherical shape.

In ourcase particle should move iretipotential fieldvhich has an impact on the shape of a
fractal. One can useethals of molecular dynamics for modeling this movemdtdgrézMartin et
al, 2004 Sibona et al, 2003; Moon and Hwang, 2003

Suppose, at the time particle is in the point(x,(t),x,(t)) and movesat the speed
(v, (t).v,,(t). Then on the axis projection the particle will be under force action
described by the following equation:

\,
F(t)=- gradu). (29)
For correct influence of the potential field and prevent a sharp increase of speed authors
propose toconsider the motion of particles in a medium with viscous friction. Analogue is the
movement of bodies in air resistance forces of which at subsonic speeds is proportional to speed

-

F=-, (30)

where b 1 resigancefactor.

Considering that during small timgt the force remains constant acceleration, velocity and
position of the particle at time+ Dt are being calculated

&lt)=" bb(t (31)
vt +Dt) = a(t)Dt +\7(t); (32)
-+ 00)= 20 e () @3

wherem T weightof the particldGould and Tobocnik, 18 Kaplan,2006)

Aggregation of particles occurs when while moving it is faced with the cluster center or
previously aggrgated particlesin case if input parameters of fuzzy potentilich have local
content restrictions prevent aggregation (beach, marsh, pond), the particle is removed from the
calculation.

As empirical parameters of this theory are the partideght and the resistance coefficient
of the mediumWeight m in physicsi measure of inertia of the body. Namely, the biggeightof
body, the less impact of potential field on it. Reduced weight leads to an increase in acceleration
towardsthe maximum gradient of the potential figléig. 1). That is, the lighter particles tend to
roads, while heavy particlesill aggregate in crystallization centers forecasting the complex
social structures such as settlements, wlegght can be intergeted as a measure ofvestment
capacity of certairobject in settlement (resort, hotel, office, cottage, villa etc) orastiucture
(supermarket, shoptd. The density of the medium can be interpreted as a measure of investment
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promotion of the regionFig. 2 shows predicted fractal structures in such approximations:
crystallization center is located in the center of explored reghenstraight horizontal road crosses
crystallization centerin experiment we used particles with weigints=0.1(Fig. 20 and m=0.01

(Fig. 2b).Viscous friction coefficient wa® = 0.000..

Fig. 2. Fractal in the approximation: Center-road, & =0.000!
O )M=0.1, b) m=0.01

From the figures it is clear that the fractal structure formed by particles with weights
m=0.01 is more elongated along the road structtmer m=0.1. Therefoe, they confirm our
assumption about interpretation of pravitateioc | e s €
centers of attractiveness and objects of small and medium businesses a significant impact causing
transport routesThe viscosity of thenedium also plays a significant role in the growth of fractal.

By increasing the resistance coefficiett (reduction of investment promotion of the region) the
absolute velocity of the particles decreases and geometric form of ingréastal will be mainly
determined by the gradient of the potential field (29) and will be weakly dependent from the initial
velocity of the particlesThe maximum change of the gradient is directed to the road, therefore the
trajectory of the particlest the initial stage of fractal growth can be described as damped
oscillations perpendicular to the road with a gradual movement of the particles to the center of
attraction (Fig3a). From this figure we can see that the amplitude of light particlesuitions
subsides more quickiyn contradistinction tdveavy (Fig 3b). That is, the trajectory of the particles
with greaterweight will have a chaotic fluctuating character, determined by random initial
conditions.The trajectory of light particles areeakly dependent from the initial velocity and is
determined mainly only by coordinate of initialization.

0) b)

@

Fig. 3. The trajectory of a particle in a potential field-center road b =0.001:
O )M=0.01, b) m=0.001
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When modeling fractal by 100000 particles with weiglts=0.1 in the medium with
viscous friction & = 0.001 thestructure is being created whibhs thesimilar shapesthe potential

field (Fig. 4a).An interesting effect is observetliringthe fractal modeling by light particleBue

to the mentioned features of motion of particles with the wetlyatving nearthe centerof
aggregatiorthe number of particles moving alp the roaddramatically increases. This creates a
situation that resembles faraffic jamo on the roadsSuch fluctuation leads to aggregation of
particles in these area&s a result, at some distance from the center of aggregation additional area
of aggegation are being formed (Fig. 48).similar effect is being observed in cities and regional
centers, in a neighborhood of which cottage settlements are being created along the roads. Such
settlement has not, as such, the center of attraction for devehbp

b)

Fig. 4. Fractal in the approximation: Center-road, 6 =0.001
O )m=0.1, b) m=0.01.

The difference between obtained fradlictureds a tool for determining both the external
and internal structure of the obtained crystals.

Suppose there ardl types of busiesgsor infrastructure elements thate described by
weights m,,i =1- N and elative quantityp,. Types N and their quantity can be determined by
statistic data, cluster alyais or expert estimation (Durovich, 2003)he economic situation in
Ukraine is characterized by the fact that the value of investment promotion in the region is greater
for large businesses. It means that capital increasing reduces the number oé®ofustalding
businesslin this paper next suggestion has been used: the value of viscous friction is inversely
proportional to the weight of the particlé,(~1/ m ). Fractal growth is modeled according to the
DLA with approximations:

1 index i of weight of particlem is being chosen randomly according to the relative

number p, ; value b, is being determined,;

1 aggregation occurs on particles with weight equabtayreater than the weight of the
moving particle. That is, strong investment objects displace small busiiiBssegich, 2003)

Computer simulation

To test the model experiment has been conducted in which the fractal structure of
settlementdias beemmodeled SudakNovyi Svit, Novoselytsiaand Kitsman The choice othese
settlements was motivated by the presence of distinct suburban cottage sites7(Fifhése
localitieshave geographical features:

1 SudakNovyi Svit is situated on the seashore, dshsignificant historical and cultural
heritage and there is only one access road (Fig. 5);

1 Novoselytsia is district centre; it has two acces roads that are located at an acute angle to
each other; cottage site has been created on only one of thesd-iga@} (
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1 Kitsman is district centre; the maplacesof attraction are located in the centkthe
city; state road has a few turns and crosses the city center (Fig. 7).

In calculating of the potential field as input parameters for fuzzy model usingtlatgo
Sugeno were selected distance to historical and cultural centers, administrative objects, roads,
distance to the nearest object and geometry of the cBadalkNovyi Svit). Relief peculiarities
were not considered.

¥

i J /ij}oo‘gle
Fig. 6. Novoselytsia

F|g.7. Kitsman

In calculations using modified DLA such approximations were used: initial speed of particle
has been choosen randomly; mirror boundasgditions havebeen usedGould and Tobochnik
1996. That is, particle appeared on the opposite side after crossing the brink of studied area,
keeping all other dynamic parameter$he experiment used a particle with weights
m, =1 m, =0.1;, m, =0.01. Relative number is becomg, =0.1; p,=0.2; p,=0.7. Viscous

friction coefficient wasb, =10°, b, =10", b, =10"°.

At research of the regioBudakNovyi Svit received fractal consisted of about 74 000
aggregated particles. The overall structure of the obtained frafiedts all features of the region
that wasmodeled (Fig. 5, Fig. 8Fractal growth at modeling of this region reminds the projection
of physical crystal growtlon the planeThe main objects of attraction are located along the coast

21



-. \) International Journal of Business Quantitative
7 | Economics and Applied Management Research

ISSN: 234%677
Volume 1, Issue 7, Decembe&t014

and near the road.sAit was shown in Figur®, included restrictions impede the growth of fractal in
the sea zone.

Figure 8 clearly displays the segmentation of the infrastructure of the investigated region.
The figure shows that the most expensive infrastructure conséstizlesm=1 located along the
coastline and surrounds major historical and cultural centers of attraction in Sudak, that is covers
the area that has the most attractiveness. Infrastructure of medium class is located close to the
expensive elements and creates a small gap compared with expensive infrastructure objects, despite
the fact that the initial amount of aggregated particles with waight0.1 twice bigger then with
weight m=1. So, evidenti} that large business absorbs medium business. Penetration of-middle
class elements in the area with expensive infrastructure is not essential, which is not true for a small
business. Elements of small businesses that correspond meet the mei@i@il located far from
the main centers of attraction and gravitate to the road. Figure 8c shows that this segment covers
both surroundings of investigated region and
A similar pattern is actuallobserved, especially at resorts where small shops and kiosks are located
in the most prestigious and expensive places near the sea or the center of attraction.

Fig. 8. Segmentof fractal structure of Sudakand Novyi Svit
O )n=1,b) m=0.1, c) m=0.01

As it was mentioned above, the coast can be reached by one exa@sFrom Figure 8b is
clear that centre of aggregation has been created with light particles at the entrance to the explored
region. Aswe @n see in Figures 5 and 8c theoretically obtaiceater ofaggregatiorcorrelates
well by distance to the coaand size with theottagesettlementThe differences of shape can be
explained by considering of territorial restrictions.

Obtained during the simulation fractal structure of settlements Novoselytsia (41000
aggregated patrticles) and Kitsman (30000 egagted particles) repeat the main peculiarities of the
internal structure which have been observed for the reégimiakNovyi Svit (Fig. 9, 10). That is to
say entities of big business are taking over most investment attractive areas, displacing medium
busness.Entities of small business and households on the one hand gravitate to roads and go away
from the center, forming a cottage settlement, and on the other hand penetrate actively through
subjects of big business.
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As we can see in Figure ®btained factal structurepredictcreation of two new centres of
aggregation very close to the centre of settlemétiten compared with the Figure 6 it is evident
thatthe upper center of aggregation repeats this cottage settlement by size andishnapeer, the
botto centre does not have real analogs. This may indicate about the potential attractiveness of this
area for developmenfnd this in turn, is a scientifibasisfor the planning of development strayeg
of thisregion.

Fig. 9. Segmentof fractal structure of Novoselytsia
O =1, b) m=0.1, ¢) m=0.01

Q) B )

Fig. 10. Segmentsf fractal structure of Kitsman
Q) ,b , C)

In Figure 10c one can observe the formation of clearly defined cottage settlement on the
outskirts of town with a distinct peakHoulde) in the place of turn of the roadAs it shown in
Figure 7 this peculiarity of geometricafructure of the settlement is actually observed in photos
from space. Figure 7 shows that there is another settlement at a certain distance from the district
center. In Figurd.Oc in this neighborhoothickeningof fractal structures really observedSo, this
territory has potential attractiveness for constructgBmmehow this faded to the emergenad the
new settlement in this neighborhoodnd now for the simulatioof real structure of this region
centers of attraction of newly establishedlsetent should be considered

The similarity of the theoretical structures and obtained segments from the experimental data

confirms the validity of the proposed method for prediction and segmentation and is the foundation
for further theoretical and pracal researches.
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