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Abstract
The problem of modeling public services based on architectural and planning decisions is considered, the role of traffic in 

the formation of a model of city services is analyzed. An integrated criterion for the quality of public services is proposed. A method 
has been developed for determining segmented public services taking into account the transport areas of the city, which will make it 
possible to evenly disperse public service centers. The basis is a socio-planning organization, as a material-spatial system containing 
anthropogenic and natural components – the territory and institutions where the functional processes that take place in the urban 
planning environment take place. The described model has certain versatility, and is simultaneously suitable for characterizing 
various categories of service institutions. Thus, the task of optimizing the quality of public services in the city is reduced to a math-
ematical model for which, by setting the basic design criteria, the optimal result can be obtained.

On the basis of a questionnaire survey and analysis of statistical data, calculation of traffic intensity, the demand and supply 
of the level of public services фre studied. The structural elements of this model: population, territory, transport and service institu-
tions, are in dialectical interaction, which is described by the mathematical model in this study. The model is based on the calculation 
of the minimum population in the service area, which allows to have i-th type establishments using the social potential method, as 
well as a graph-analytical method in determining the optimal location of service institutions in the city.

As a result of the research, a conceptual model of public services for cities is built, a layout of supermarkets in the territory 
of Uzhhorod and distribution of service areas of these institutions is proposed. This optimization will ensure uniform domestic 
servicing of the territory, optimal performance indicators of service establishments and minimum average service radii of points.
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1. Introduction
In the conditions of intensive urban development, the problem of streamlining transport ser-

vices for the population is gaining priority. The basis for the improvement and development of the 
public service network is customer satisfaction. To provide structural units with services that would 
form an independent network at the micro-district level and, at the same time, be a full-fledged 
component of the service network at the highest levels, a model for optimizing the structure of the 
city’s transport service based on interaction with public facilities is proposed. A feature of the state-
ment of the problem of determining the optimal placement of service facilities is that it is necessary 
to take into account the spatial relationships between service points and points carried out using 
transport modeling. Communication data is determined by their location on the transport network 
and the terrain, which in the conditions of significant slopes significantly affects the choice of route.
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So, the rapid development of requirements for the level and quality of service dictates the 
need to increase the area for public services; and the growing level of motorization in the city  
(299.5 cars/thousand inhabitants as of 2018) necessitates the expansion of the roadway.

The result of solving the problem depends on a number of factors – the terrain, population 
density, planning and functional structure of the city.

The task of transport modeling and public services relates to the problems of mathematical 
and simulation modeling. There are many methods for determining the level of public services, 
described in [1–3]. As shown in [2–4], the structure of the cultural and public services network of 
public territories is examined in terms of the compliance of enterprises and institutions that form 
it with the levels of the planning system of the city and the region and the correspondence between 
the system of public service centers of the region and the city is revealed. But the city-planning 
aspects of the interaction of the traffic flow with the network of service institutions have not been 
analyzed and compared, as indicated in [5, 6].

The analysis of modern scientific publications on flow modeling shows that the study and 
application of the tasks of determining the level of public services in combination with simulation 
models of population movement is relevant [7, 8]. So, in [9, 10] calculations of public services are 
proposed, taking into account the population and inter-district relations, which allow to present the 
interaction of service institutions in the form of graph theory. Such methods, as a rule, allow local 
vector tasks within the same transport service area. The work [11, 12] contains fuzzy analogues 
of methods for determining the logistic estimates of transport services, which allow taking into 
account various types of service institutions. The possibility and methods of using integrated trans-
port indicators are shown in [14–16].

Today in the world there are dozens of software products for macro-modeling of traffic 
flows, for example Tmodel2, Cube, Emme/4, Transcad, Transnet, Visum [5, 9]. Using these soft-
ware systems, transport models are built in cities such as New York, Los Angeles, London, Paris, 
Milan and others. The model of the transport network of almost all of Europe from the borders of 
the CIS to the Atlantic Ocean is constructed.

The most detailed (with the largest number of elements) transport model in the world is the 
German transport model made in PTV Vision VISUM. In addition, a transport model of Switzer-
land has been developed and also includes neighboring European countries as external regions.

In recent years, several Russian and Ukrainian cities have also developed transport models 
using PTV Vision VISUM software and are now successfully operating them on the basis of A+C 
Ukraine, in particular, Kyiv, Lviv, Ivano-Frankivsk, Uzhhorod.

The aim of research is development of an integrated socio-planning model based on trans-
port modeling to improve public services when using the results of expert surveys when forecasting 
and applying new service facilities.

To achieve this aim, the following objectives are set:
– to perform an analysis of the structure and formation of the public service network of the city;
– to develop a transport model of the socio-planning structure of small and medium-sized 

cities in order to improve the level of public services;
– to analyze and evaluate methods for optimizing the existing social planning structure of 

the city, taking into account traffic flows.

2. Statement and analysis of the public service problem depending on the module of transport 
accessibility

To determine the optimal methods for the spatial organization of the network of public cen-
ters of the city, their structural analysis is carried out [1, 2]. For this, two levels of organization are 
distinguished: local and citywide. At the local level, the organization of community centers is char-
acterized by: the functional composition of the community center, and its planning structure. At the 
citywide level, the organization of community centers in the city system depends on the planning 
structure of the city, the natural features of the territory and the social habits of the population [6]. 
Its main characteristics include the place of the social center in the system of relations, the type of 
system-forming connections, the functional role of the social center [7].
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The results of the study allow to state [3]:
1. The network of community centers is a system-forming component of the socially-plan-

ning structure of the city, therefore the issue of the location, composition and place of the commu-
nity center in the hierarchical system of community centers is crucial in its organization.

2. The model of interaction between community centers at various levels forms the migra-
tion flows in the city.

3. The main characteristics of community centers at the local level is the functional compo-
sition, planning structure; in citywide – the place of the community center in the communications 
system, the type of backbone ties and the functional role of the community center.

All the characteristics of community centers directly or indirectly depend on the planning 
structure of the city, the natural features of the territory and the social habits of the population. 
These characteristics make it possible to clearly parameterize the structure, determine the basic 
principles and directions of operation.

The quality of public services is determined using the following criteria:
1) indicators of the service result;
2) indicators (criteria) of service conditions;
3) indicators of the service process;
4) indicators (criteria) of transport accessibility.
The organization of public services is connected with the determination of spatial values 

adapted to the scale of this movement. For this purpose, the territory of the city center should be 
subordinated to a certain value – the public service segment based on the module of transport ac-
cessibility [5] and with its help should find its spatial expression (Fig. 1).

Fig. 1. The scheme of access radiuses based on the transport module:  
a, b, c, d – the full range of accessibility of service facilities; e, f, g – limited access to service 

facilities; h, i, j – linear restriction of accessibility of service facilities

Option A illustrates the most appropriate arrangement of public transport stops, in which the 
distance to any focus of attraction on your territory is 250 m.

Option B shows a solution in which four public transport stops are located in the corners of 
the center after 500 m.

Option С shows the too frequent location of public transport stops (after 250 m) with ap-
proaching the corners of the territory.

Option D shows a public transport service scheme from three sides, with a location module 
of 250 m, where about 5 % of the territory is produced, it has insufficient accessibility.

Option E makes it possible to service the area on both sides with public transport stops after 
500 m, where almost 20 % remain unavailable, in variant F 10 % are left unavailable.

Option G considers accessibility of a linear rectangular area with dimensions of 250 by 
1000 m. The location of public transport stops occurs after 500 m and ensures normal accessibility, 
option H is supposed to have a similar combination, but in a staggered manner.

 



Original Research Article:
full paper

(2019), «EUREKA: Physics and Engineering»
Number 6

22

Computer Sciences

Options I, J provide for indicates an elongated linear structure, with the arrangement of 
stops at 500 and 250 m, respectively, with a minimum percentage of inaccessibility for pedestrians.

3. Study of analytical data of the city traffic flow
During the study of analytical data, a structural-logical diagram of the interaction subsys-

tems is developed. The subsystem “population” is represented by two blocks: structure and needs. 
The “structure” block reflects the basic structural characteristics of the “population” subsystem, 
namely: total population, age structure, marital status, employment structure, social structure, gen-
der composition, and national composition.

The presentation of the “population needs” block is reduced to three categories – material, 
spiritual, and household needs – which makes it possible to clearly define the nomenclature of ser-
vice institutions and to identify the frequency of occurrence of needs and their frequency.

“Territory” subsystem – characterized by blocks “structure of the territory”; and “transport 
potential of the territory”. These blocks are described by a number of criteria and include: func-
tional structure, planning structure, street-road network, departmental structure, administrative, 
source-cultural, spatial and other structures. The “transport potential of the territory” block de-
scribes the types of urban infrastructures – labor (tricks of labor attraction), socio-cultural, trans-
port, engineering and others, as well as the degree of their influence on the spatial organization of 
the processes of vital activity of the population, on the development of environmental elements.

In total, 2339 respondents who provided information on 4880 trips of the previous day took 
part in the mobility survey of Uzhhorod. Of these, 111 respondents did not leave home. The model 
analyzed 100 districts, of which 83 in the city, 13 in the suburban areas, 4 border areas. According 
to the survey, the overall mobility rate for residents of Uzhhorod is 2.09, that is, on average per day, 
residents of the city carry out 2 movements.

On average, there are 349 cars and 279 bicycles (including children) on the 1000 population 
of the city. At the same time, only more than half of the respondents who had cars in the household 
(60 %) used them to move on the previous day. The proportion of those who used the bike to move 
around the city from those who have at least one bike in the family is even less – 18 %.

In general, the cartogram of the passenger flows of individual and public transport can be viewed 
below, which forms the basic understanding of transport hubs, which includes pedestrian traffic.

In general, the distribution of priorities is similar: the majority uses private cars (43 % and 
32 % in line), the second most popular is public transport (36 % and 25 % in line). However, in 
terms of actual movement during the previous day, public transport is almost identical in popularity 
to walking (24 %), in contrast to the lower estimate of the share of walking in general practice –  
12 %, Fig. 2 [4].

Fig. 2. Distribution of travel of the previous day for travel modes [4]

However, the data show that an identical share of bicycle users does not indicate the stability 
of a group of cyclists. In fact, considering exactly which modes the respondents used, determined 
the main mode of movement, it is noticeable that if for groups of users of public transport, personal 
transport and those who travel on foot, their mode of movement and really dominates among those 
used, almost half of those who usually use bicycles, in fact, for the polled day, it was only walking, 
another 15 % used either public transport or did not leave home. While those who indicated usually 
did not leave their homes, they actually carried out trips and movements – one third of the move-
ments – on foot and by public transport; 15 % for personal cars and bicycles.
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When considering trips by gender, one can see that while public transport is used by repre-
sentatives of both sexes relatively equally (26 % and 24 % for women and men, respectively), men 
use personal transport and bicycles more actively than women, while women more often than men, 
they walk or take a taxi (Fig. 3).

Fig. 3. The percentage distribution of movements in demand

Fig. 4. Cartogram of traffic and pedestrian traffic
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When considering trips by gender, one can see that while public transport is used by repre-
sentatives of both sexes relatively equally (26 % and 24 % for women and men, respectively), men 
use personal transport and bicycles more actively than women, while women more often than men, 
they walk or take a taxi (Fig. 5).

Fig. 5. The percentage distribution of movements in demand

The average trip duration for various modes of movement varies from 16 minutes for a 
taxi to 27 minutes for public transport, walking is within walking distance and averages 22 mi- 
nutes (Fig. 6).

Fig. 6. The average duration of the trip for various modes of movement, min.

Distribution by layers of demand. Special attention should be paid to the goals for which 
pedestrian movements of the population of Uzhhorod are carried out. The separation between the 
goal of the starting point and the goal of the end is called the demand layers and in the analysis and 
development of the model the total number of trips was divided into 17 main layers of demand.

As it is possible to see, these statistics indicate that the largest share of pedestrian move-
ments is made by Home-Other and Other-Home movements; almost half as much – moving to and 
from work; less represented are the movements between work and universities (Fig. 7, 8).

Fig. 7. The distribution of movements by layers of demand
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Fig. 8. Distribution of trips by different layers of demand by departure time, (quantity per hour)

4. Experimental verification of research results
To test the effectiveness of the model for optimizing the structure of the city’s public ser-

vices, a network of food stores – supermarkets – is calculated as the main structure-forming ele-
ment [8–11].

Supermarket is a self-service store (shop) with a trading area from 400 m2 to 2499 m2 with 
an assortment of food and non-food items of more than 5 thousand assortment items [3].

This type of shops is periodic service establishments included in the community center of 
a residential area.

To facilitate the calculation, in all cases, let’s assume that service centers are located only 
in settlement units.

The task is determination of the optimal quality of service:

                                                   Qopt=Q (R, n, Si, X),	 		   (1)

in the case of:

                                          R→min; n→ ni; Sc.m≤Si; X→min, 			   (2)

where Qopt – optimal quality of service; Q – quality of service; R – the minimum average radius 
of service; n – population in the service area (to ensure the minimum capacity of the institution);  
ni – the minimum population in the service area, which allows to have establishments of the i-th 
type; X={x1, x2,..., xk} – set of points that need to be served; Sc.m – residential area; Si  – area of influ-
ence of service institutions of the i-th type of service.

The first step to solving the problem of improving the socio-planning organization of the 
average city is to analyze the territory, build a graph and select X points where it is possible to place 
service establishments – centers of the graph. To do this, a breakdown of residential territories 
into residential zones is carried out – points that need to be provided with services. The boundar-
ies of settlement zones are set depending on the required accuracy of calculations, the nature of 
development, and the level of the social planning unit. Consequently, this method provides for the 
collection of the following initial data for calculations: the directions of cultural and everyday grav-
itations in the city, the area of residential zones and the population density of these zones.

In accordance with the graph-analytical method, which is described in detail in [4], those 
points of the district are provided with service, the distances from which to the point under study 
on this road network are less than acceptable. For clarity, in Fig. 9 zones of influence of service 
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institutions are approximated by circles, the area of which corresponds to the service area of these 
institutions. Each network point is assigned its own number.

Let the zone of influence of institution х23 cover the territory of М4 with an area of М4, by 
analogy, it is possible to determine the values of SM4

26,27,28
. In addition, it is necessary to take into 

account that parts of the zones of influence of institutions intersect – х23 and х25, х25 and х26, х26 and 
х27, х27 and х25. The areas of these territories are denoted by SM4

23,26
, SM4

25,26
, SM4

25,27, S
M4
26,27 in accordance.

Fig. 9. Deterministic statement of the problem of rational choice of the influence zone of service 
institutions

On the territory there are sections of overlapping zones of influence of institutions х25, х26, 
х27, which is denote as 4

25,26,27 .MS
It follows that the restriction can be written as a polynomial function:

+ + + − −

− − − ≥

4 4 4 4 4
23 23 26 26 27 27 25 25 23,26 23 26

4 4 4
27,25 27 25 25,26 25 26 25,26,27 25 26 27 .

M M M M M

M M M
tot

S x S x S x S x S x x

S x x S x x S x x x S                                 (3)

An analysis of the resulting inequality (3) shows that the problem formulated is reduced to 
a nonlinear programming problem. As a limitation, it should be noted that the variables х23, х25, х26, 
х27 can take binary values. The essence of the transformation is introducing also Boolean auxiliary 
variables, which replace the terms of the original polynomial. So, the auxiliary variable for the k-th 
term of polynomial (3) will have the form:

                                                           == Π 1�� nk
jjk x

y ,				    (4)

where nk – the number of factors in the k-th term. To ensure the conditions = 1ky  for all = 1jx  and 
= 0ky  otherwise, the following conditions are superimposed on each variable yk:

                                                   ( )
=

− − ≤∑
1

� 1� ,
kn

j k k
j

x n y  			   (5)

                                                        
=

≥∑
1

1
.

kn

j k
jk

x y
n

			    (6)

Thus, these restrictions make it possible to take into account the radii of accessibility of 
service facilities of each x-district when the k-th term of the initial polynomial changes.

The centers of the polynomial graph must satisfy a number of criteria:
1. Have a minimum average radius of accessibility that does not exceed the normative for 

this type of service.
2. Serve the maximum number of points.
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3. Own the minimum population in the service area, which allows to have establishments 
of the i-th type.

From this initial set of points, it is necessary to select the minimum number of N positions 
that will ensure full service to the population of a given territory [11, 12]. If residential areas are 
fully provided with services, then the condition is met:

                                                              Sc.m≤Si,				     (7)

where Sc.m – the area of residential territories; Sc.m – the area of influence of service institutions of 
the i-th type of service.

Let’s suppose that within the city, with a residential area Sc.m, there are M positions suitable 
for placement of service institutions of a certain type of service.

Let’s set the vector X={x1, x2,…, xk}, with X={x1, x2,…, xk} if the k-th position is an establish-
ment, and X={x1, x2,…, xk} if not.

Inter-main territory is represented as a set of positions M, which includes all points on it. 
Then, it is necessary to choose such a set of positions N (N is M, N→ min) at which all points of all 
residential territories will be in the zone of influence of at least one institution.

It is necessary to choose the minimum number of locations for service facilities in a 
limited area (residential area, residential territory) so that the zones of influence of the facilities 
cover the area.

Preliminary data obtained from the initial parameters are listed in Table 1 and plotted on 
the calculation scheme (Fig. 8). Having obtained preliminary results, it is possible to proceed to 
analyze the existing quality of service for a given network, and bring it to the optimum.

In accordance with the graph-analytical method, those points of the district are provided 
with service, the distances from which to point n on this road network are less than acceptable (in 
this case, this value is 1500 m). Accordingly, it is easy to determine at what points it makes no sense 
to place the centers, and at what location of the institution, the service will be provided. Graph-an-
alytical analysis shows that there are a number of points where it would be appropriate to place a 
supermarket. It is necessary to choose the best option (Fig. 11).

Table 1
Studying the needs of points and population flows

Point Area, ha Density, people/ha Population, people
The norm of require-

ments of the item, sq. m. 
of  retail space

The flow of population 
from the point to  

the service, people
1 2 3 4 5 6

Х1 71 28 1988 139 901
Х2 75 28 2100 147 952
Х3 44 28 1232 86 559
Х4 30 30 900 63 408
Х5 32 28 896 63 406
Х6 48 28 1344 94 609
Х7 47 28 1316 92 597
Х8 37 30 1110 78 503
Х9 45 28 1260 88 571
Х10 47 25 1175 82 533
Х11 66 25 1650 116 748
Х12 28 30 840 59 381
Х13 61 30 1830 128 830
Х14 32 25 800 56 363
Х15 68 25 1700 119 771
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Today, the functioning of the urban public service network is taking place against the back-
ground of a low population density with a significant number of residential quarters and an uneven 
distribution of the population throughout the city. In some cases, there is a partial or complete 
absence of public services institutions.

An assessment of the level of public services in the city showed that only 34.5 % of the ter-
ritory is provided with proper service [7]. And although the level of provision with service institu-
tions in the city as a whole is satisfactory, the situation in the districts is far from meeting the stan-
dards (Fig. 10). This indicates significant shortcomings in the functioning of the public services 
sector of the city and, accordingly, a decrease in the urban development quality of the territory.

It has been established that under these conditions of functioning of the city’s public service 
system, there is a need to review the existing structuring of the territory, determine the priority 
criteria for structuring and distribute the territory of the city into self-sufficient structural elements 
against the background of social traditions that have developed.

Based on the described example, the effectiveness of the proposed model for optimizing the 
structure of public services is verified using the example of a grocery store network throughout the 
city. The block diagram of decision making is shown in Fig. 12.

At the first stage, an analysis of the existing public service network is carried out, the com-
pliance of residential areas of each district of the city with the requirements of the regulatory litera-
ture is assessed, residential areas are divided into residential areas – points that need to be provided 
with services. The boundaries of settlement zones are set depending on the required accuracy of 
calculations, the nature of development, and the level of the social planning unit. Each network 
point is assigned its own number. The following initial data are collected for the calculations: the 

1 2 3 4 5 6
Х16 44 22 968 68 439
Х17 47 22 1034 72 469
Х18 64 77 4928 345 2234
Х19 54 77 4158 291 1885
Х20 38 77 2926 205 1327
Х21 51 61 3111 218 1411
Х22 31 61 1891 132 857
Х23 29 61 1769 124 802
Х24 42 77 3234 226 1466
Х25 67 77 5159 361 2339
Х26 48 61 2928 205 1328
Х27 37 61 2257 158 1023
Х28 40 77 3080 216 1397
Х29 28 77 2156 151 978
Х30 43 25 1075 75 487
Х31 45 25 1125 79 510
Х32 38 25 950 67 431
Х33 30 25 750 53 340
Х34 42 25 1050 74 476
Х35 40 22 880 62 399
Х36 23 22 506 35 229
Х37 67 25 1675 117 759
Х38 48 25 1200 84 544
Х39 61 22 1342 94 608

Continuation of Table 1
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directions of cultural and domestic gravitations in the city, the area of residential zones and the 
population density of these zones [3].

Fig. 10. The estimated distribution pattern of cultural and domestic relations  
in the territory of Uzhhorod
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Fig. 11. The calculation scheme for determining the optimal placement of supermarkets in  
the territory of Uzhhorod using the graph-analytical method
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Fig. 12. The decision-making block diagram for improving the socio-planning organization of  
the average city

Fig. 13. The information model of a network of public shopping centers in Uzhhorod
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At the second stage, modeling of the distribution of population flows is performed.
The third stage involves evaluating the work of each center column. All the necessary data 

for the assessment obtained at the first and second stage of this algorithm.
At the fourth stage, proposals are made to improve this category of service based on the 

assessment.
After making suggestions for improving the public services network of the city, the transition 

to the first stage of this flowchart takes place. The network graph is modified taking into account the 
proposed measures for the improvement and enumeration of the changed network elements.

Taking into account the above, general recommendations are formed on improving the so-
cio-planning structure of the city (Fig. 14).

Fig. 14. The study of demand for public services in Uzhgorod
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5. Conclusions
Using the graph-analytical method for modeling the public services sector, as well as the so-

cio-planning structure, the following shortcomings are identified: insufficient radius of accessibil-
ity of service facilities in peripheral areas where the building density is insignificant, imperfection 
of the functional organization of public centers; the concentration of the overwhelming number of 
public functions at the intersections of traffic flows; significant density of such intersections in the 
territory in the central part of cities, and at the intersections of city highways and the like.

That is why the future development of the socio-planning structure should take place against 
the background of a clear structuring of traffic flows with the subsequent linking of the public 
sphere and the corresponding structural units of the city. Only in this case it is possible to optimize 
the existing network of cultural services. In the course of research is:

1. Systematization of options for the placement of public centers of the city (on the example 
of Uzhhorod) in relation to residential groups, and their analysis. The systematization of the layout 
options for microdistricts and the economic analysis of these options have been performed.

2. The effectiveness of the proposed model for optimizing the structure of public services 
is verified using the example of a grocery store chain – supermarkets. The calculation is carried 
out by the method of social potential, and also using the graph-analytical method in determin-
ing the optimal location of service facilities. As a result, a layout of supermarkets on the terri-
tory and distribution of service areas of these institutions is proposed. Similar studies are con-
ducted by “A+C Ukraine” to develop a transport model of Kyiv and its suburban area using the  
PTV VISUM software package. The model of the transport proposal for Kyiv is obtained using the 
Open Street Map geographic information resource (OSM – “open street map”) – this is a non-com-
mercial web-cartographic project to create a free geographical map of the world. After importing 
OSM into PTV Visum, the transport network was carefully checked and adjusted. These results 
show that the optimization carried out will provide uniform consumer services for the territory of 
both Uzhhorod and Kyiv, taking into account the optimal performance indicators of service facili-
ties and the minimum average service radius of the points.

3. It is determined that the presented method for modeling service facilities in residential 
quarters allows to calculate the existing socio-planning organization in the field of: kindergartens, 
schools, physical education and sports facilities, cultural and leisure facilities, community hospi-
tals and polyclinics, relying on traffic flows. This approach allows to obtain basic indicators for 
the development of an integrated socio-planning model based on transport modeling in order to 
improve public services in any studied city.
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Abstract
This paper focuses on Scratch language of programming and traces its math and linguistic features. From a complex con-

sideration about Scratch language programming in linguistic paradigm, focusing on structural, semantic and syntactic features 
and logic of its narration, this research attempts to clarify specifics of the language and correlate it with the English language 
features. Global integration of ideas and sciences underline the crucial importance of programming and language conglomerate. 
Human-computer interfaces, software systems, and development of various programming languages depend on well-balanced 
structure, shape, logic, and appearance of the actual code. Dynamic characteristics of the Scratch programming environment sus-
tain the creation of interactive and media-rich projects. Ad expansion of Scratch for mediation of animated stories, music videos, 
science projects, tutorials, and other contents necessitates multifaceted analysis of this programming environment and evokes 
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