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Summary

For any large territory, optimal and comprehensive development of the territories is
important. All possible directions of such development should be taken into account:
economic, social, demographic, transport, ecology, residential and selitebic zones and much
more. All these directions (subsystems) are mutually connected and in the development of one
of the subsystems, it is necessary not to forget about others. Thus, for the integrated
development of the Territories, it is necessary to create a multi-purpose function that would
lead to the optimal development of all subsystems. This is the purpose of the System
Analysis. But, unfortunately, this analysis was hardly used for the development of the
territories. The development of territories is understood to be the transformation of socio-
economic conditions of life, ecology and other components in a certain direction. This
direction is determined by the target system. The main, integral target and target for each
subsystem are distinguished.

For example, the main, integral goal of socio-economic development of the Territories
is to improve the quality of life of the population. This means raising real incomes (which
makes it necessary to develop production and related employment of the population),
improving the social infrastructure of cities and settlements aimed at increasing the
opportunities of people to receive medical care, to be able to live comfortably, to learn
throughout their lives, to be able to engage in sports, rest for their interests, and to develop
transport accessibility.

Sub-goals are set for each of the above subsystems. Thus, from the point of view of
system analysis, a multidimensional goal appears. However, since the subsystems are
interconnected, it is not possible to fully achieve such a multidimensional goal. Therefore, it
is necessary to identify the most important goals and to prioritize them. Understand which
sub-goals can be implemented not completely, but partially. And to what extent partially.
Thus, a task does not appear with a multidimensional target, but with some function from a
multidimensional target. And this function should lead to the most optimal and effective result
of the Territory 's development. It should be borne in mind that the modern interpretation of
the development of the Territories indicates the need for harmonious and sustainable
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development of the Territories.
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Jlnist 110001 KPYITHON TEPPUTOPHH BaXKHO ONTUMAJIbHOE M KOMIUIEKCHOE €€ pa3BUTHE.
CrnenyeT yuuThIBaTh BCE BO3MOKHBIE HAIIPABJIEHUSI TAKOI'O Pa3BUTHUS: IKOHOMUYECKHUE,
coLUaNbHBIE, IeMorpadudecKkre, TPaHCTIOPTHBIE, SKOJIOTUYECKHE, )KUJIBIE U CENMTEOHBIC
30HBI U MHOTO€ Jipyroe. Bee 3Ty HanpaBiieHus (II0JCUCTEMbI) B3aUMHO CBS3aHbl U IIpU
pa3paboTKe OJJHON M3 MOACUCTEM, HaJI0 HE 3a0bIBaTh 0 Apyrux. Takum obpazom, ams
KOMILJIEKCHOT'O PAa3BUTHUS TEPPUTOPHI HEOOXOAUMO CO3/1aTh MHOTOIIENIEBYIO (DYHKIIHIO,
KOTOpas mpuBeia Obl K ONTUMAIBHOMY Pa3BUTHIO BCEX MOJCUCTEM. DTO Ha3HAYCHHE
cucteMHoro asaiusa. Ho, k coxanenuto, 3TOT aHaJIu3 IPAKTUUECKU HE UCIOIb30BAIICA IS
pasBuTus Teppuropuil. [lox pa3BuTreM TeppuTOpHil MOHUMAETCs TpaHChopMaLus
COLIMATILHO-3KOHOMHMYECKUX YCIIOBUM KU3HU, SKOJIOTMH U JPYTHX COCTaBJISAIOUINX B
OIIPECIICHHOM HAaIIPAaBJICHUH. JTO HAIIPABJICHUE ONPEAECIAETCS LEJIEBOM CUCTEMOM.
Pa3znuyaroT riaBHyr0, MHTETPAJIBHYIO LENb U LENb Ul Kax10i nogcucreMsl. Hammpumep,
IJIaBHAsA, HEOThEMIIEMAs LIEIb COLMAIbHO-D)KOHOMUYECKOTO Pa3BUTUS TEPPUTOPHUH -
HOBBIIIIEHUE KaYeCTBA )KU3HU HACEJICHUs. DTO 03HAYaET MOBBIILIEHHE PeaIbHbIX JOXO0B (U3~
3a 4ero HeoOX0MMO Pa3BUBATh MIPOM3BOJICTBO U CBA3aHHYIO C HUM 3aHATOCTb HaCEJCHMUs),
COBEpILEHCTBOBAHUE COLUATBHOM HH(PPACTPYKTYPBI TOPOIOB U MOCEIECHUH, HAaIIPAaBIEHHBIX
Ha paclIMpeHue BO3MOKHOCTEH JII0AEH M10JIy4aTh MEAULIMHCKYIO ITIOMOIIb, UMETh
KOM(OPTHOE KUJIbE, YUUTHCS HAa NPOTSHXKEHUU BCEH KU3HU, YMETh 3aHUMATHCS CIIOPTOM,
OTJIbIXaTh B CBOMX MHTEpEcaX, pa3BUBaTh TPAHCIOPTHYIO N0CTYIHOCTD. [Tonuenu
YCTAHABIIMBAIOTCA JUIsSl K&KIOM 13 BhILIEYKa3aHHBIX MoacucTeM. Takum 00pa3oM, ¢ TOUKU
3pEHUsl CUCTEMHOI'O aHAJIN3a MOSBJISIETCSI MHOTOMEpPHas 1eib. OJHAKO, TOCKOJIbKY
[IOJICUCTEMBI B3aUMOCBSA3aHbl, HEBO3MOYKHO ITOJIHOCTBIO J1IOCTHYb TaKOH MHOT'0ACIIEKTHON
nenu. [ToaroMmy HEOOX0IMMO OIIPENEIIUTh BAKHEHIITNE e U ONPEICITUTh UX
IPUOPUTETHOCTD. [1OHATH, KaKue MOALETN MOKHO PEAIN30BaTh HE MOJIHOCTHIO, @ YACTUYHO.
U no xakoii creneny yacTuyHo. TakuM oOpa3om, 3ajaua MOSIBJISIETCS HE C MHOTOMEPHOU
1IeJIbI0, & C HEKOTOPOH (QyHKIMEH OT MHOTOMEpHOM 1enu. U aTa GyHKIMS J0JKHA TPUBECTH
K HanboJee ONTUMaIbHOMY U d(PPEKTUBHOMY pe3ysbTaTy pa3BuTHs Tepputopun. Crenyer
YUUTHIBaTh, YTO COBPEMEHHOE TOJIKOBAHUE Pa3BUTUS TEPPUTOPHUI CBUIIETEIBCTBYET O
HEO0OXOJUMOCTH TAPMOHUYHOTO U YCTOMYMBOTO Pa3BUTHUSI TEPPUTOPHIA.
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1. The bases of the use of systems analysis for the development of territories.

System analysis - many scientific approaches, methods, techniques for solving
complex problems in various spheres of human activity. Including problems of territory
development. The system is considered as a set of interconnected objects (subsystems) aimed
at achieving a common goal. It should be understood that the properties of an entire system
may differ from those of its constituent subsystems. Therefore, the system is generally
characterized by its own, specific parameters that are not determined by the characteristics
and parameters operating in its subsystems (elements). System analysis is often applied in
conditions of fuzzy initial data, fuzzy task setting. System analysis is a science that is closely
related to decision-making theory.

It is common to assess the effectiveness of the management of the development of the
territories by the dynamics of the level of socio-economic development of the territorial
entity. There are various approaches and methods for assessing the level of socio-economic
development. They are conditionally divided into international, federal, regional, local.

In planning the development of territories there are situations in which it is not
possible to present all parameters in numerical form. There are only some qualitative
characteristics on which decisions must be taken in order to achieve the Goals. Within the
framework of system analysis, various mathematical disciplines are used at its various stages,
among them: system theory, graph theory, information theory, probability theory and others.
The overall system analysis structure can be represented as the following diagram.
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Structure of the system analysis

Problem (real) system
Decomposition

The analyzed system
(subsystem) i Synthesis l

Receiving models

To Get a Design
Next model of systems

Subsystem Models

Choice of optimum model

Realization

Fig. 1 Structure of the system analysis

In decision theory, decision criteria are very important. These criteria are related to the
targets selected for each subsystem and are actually functions from the parameters of a
particular subsystem. For example, on housing. It is possible to set the goal - to put into
operation in five years a certain amount of living space. It is possible to limit the number of
floors of buildings under construction, thus reducing the population density. Hence, the goal
can be set to provide housing for all residents of the city without exceeding a certain value of
population density. It is clear that this parameter must be consistent with the parameters of
other subsystems. In particular, the production capacity of the region should be calculated on
the basis of population size. A general diagram of the relationship between the main target
and the sub-goals can be presented as follows.

Global purpose

sub-goal 1 sub-goal 2

| | | | |
sub-goal 1.1 sub-goal 1.2 sub-goal 2.1 sub-goal 2.2
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Fig. 2. The goals tree

The figure shows how a global target is generated from a sub-goal hierarchy. Some
target formation techniques involve analysis by comparing and evaluating sub-goals. If a
complex system such as territorial development is considered, it will be seen as a dynamic
system that changes its parameters over time. Therefore, sub-goals at various times may,
depending on the state of the system, be transformed.

In the dynamic version, a scenario is constructed of a sequence of events arising from
a particular solution that may occur in the future.

In case of insufficient population, temporary workers of other regions will have to be
invited. If the number of inhabitants is significantly higher than the demand for productive
capacity, the unemployment rate in the region will increase. Thus, production facilities and
housing are closely linked to each other. At the same time, all these subsystems affect the
environmental situation. And this influence can be expressed in different ways. For example,
harmful emissions of production will exceed the permissible standards for some parameters.
For example, waste-processing or waste-burning plants will not cope with the flow of
emerging garbage. As we can see, all components of the system subsystem are closely
interconnected. In developing subsystems, it is therefore necessary to have criteria for each
objective and their priority. The goals themselves must be interrelated too. In addition, you
must have rules by which you can choose the best solution options. In this step, the analysis
obtained from decompression of the constituents is performed.

One decision method is the minimax method. Minimax is a decision method that is
used when a solution needs to be selected from a variety of options. These variants are
hierarchical and arranged in the form of a tree. l.e. In the first stage, the first level option is
considered. When selected, a plurality of next-level events occur, etc. Each stage (variant) is
pumped by a situation that can be evaluated. To find out how effective this option is. Let us
consider that the estimate is a number obtained according to certain, pre-adopted rules. Final
position estimates of all possible (across all subsystems) variants are information that can be
used to determine the desired variant. The minimax method describes how, using estimate of
information about finite position, to make decisions about the variant that will be best.

There is another method of determining the best option, the ranking method. In this
case, the procedure is used to arrange of all variants. Ordering is done based on categories
such as better, worse, equivalent, significantly better, and significantly worse. The option is
chosen on the basis of own knowledge, experience, skills, skill. On the basis of which, the
expert has the options presented in order of preference, usually based on only a few selected
comparison indicators.

2. Types of ranking
There are several types of ranking:

2.1 Direct ranking.
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Direct ranking requires the decision maker to rank the variants that are part of the
evaluated group by some indicator. For example, if you select a production object.

NN Parameters of estimation of an object
vari | The number of Energy demand How much the Impact on
ants | the involved factor enterprise will the region 's
workers (0to1) replenish the budget ecology.
place place of the region Pollution
coefficient
1 2000 3 0,7 2 25% of budget 3 0,5 1
2 4000 1 0,8 3 40% of budget 1 0,6 2
3 2500 2 0,6 1 30% of budget 2 0,8 3

Assuming that the effect of each parameter on the choice of option is the same, we will

obtain:
NN | place place place place Sum of | Place of
parameter parameter parameter parameter places variants
No. 1 No. 2 No. 3 No. 4
1 3 2 3 1 9 3
2 1 3 1 2 7 1
3 2 1 2 3 8 2

Thus, in the first place in the ranked row will be the second option. Second place is the
third option. And on the third position there was the first option. It should be borne in mind
here, of course, that we have accepted each of the four parameters as equivalent. But, the
decision-maker can attribute to each parameter its weight, which determines its importance. In
other words, from the best option to the worst option, from the most effective to the minimum
effective. Such a method is good when the proposed objects are compared on several
indicators at once. In this case, each evaluation criterion is considered separately, and all
collected results can be tabulated.

2.2 The alternating ranging.

In this case, several criteria are also considered. But, the choice of options is made by
the expert. He determines the best and worst option based on his perceptions. At the
same time a table of the following kind is drawn up (a number of six variants are

ranked:
NN | The first The second The third iteration
of iteration iteration Final ranging
vari
ants
1 3 3 3
2 4 4
3 2
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Here, the first iteration determines the best option from the point of view of the expert
(the second is written in the top line) and the worst (it is written in the bottom line). In the
second iteration, the best and worst option from the remaining is selected. There are only two
options left in the third iteration. They are recorded by the expert, in accordance with his
submission to the third and fourth positions.

2.3 Method of pair comparison.

This method uses a pair comparison matrix that is written to the following table.

Ne of variants 112 3 4 5 |6 [Sum

1 + |+ -+ -3
2 - + - -+ 2
3 -l - + - -1
4 + + |+ +  + 5
5 - -] - - -0
6 + + |+ -+ 4

Here, the variant numbers are written to the first column and duplicated in the first
row. Plus, in the i row means the advantage of this variant, over the variant shown by the j
column. The last column shows the sum of the row benefits. The more pros in the row, the
better the option and stands higher in the ranked row. From the table you can see that the Best
Option is the 4th Option, which has 5 pros. I.e. in method of pair comparison with each option
it turned out to be the best. Next in the row is the 6th option. In the last place the 5th option.

The number of comparisons can be determined by formula for the process of
comparing pairs. The number of comparisons K = N (N - 1)/2, where N is the number of
variants. In this example, 6 variants. The number of comparisons is equal

To =6(6-1)/2=15. And in the table, the number of pros and the number of cons is the number
of comparisons.

3. Some methods of system analysis in the development of territories

System analysis has a wide range of mathematical approaches to solving specific
problems. Let's look at some possible approaches of system analysis in relation to the
development of territories. The basic concepts of territory development are described above.

Study of Elements of System Analysis in Relation to the Development of the Territories of Megacities (10634)
Anastasiya Guseva (Russia)

FIG Working Week 2020
Smart surveyors for land and water management
Amsterdam, the Netherlands, 10—14 May 2020



Let us approach this concept as some complex system consisting of many subsystems, which
can also be decomposed into subsystems. This is the first step in using system analysis -
decomposition. It should be noted at once that it is advisable to distinguish between new
territories (free), built-up and partially built-up. For example, the development of territories
for built-up territories is associated with many conditions that arise from existing and
functioning objects. For example, an existing transport network that cannot be constructed as
a new object. For its development it is necessary to come from already built network. For
example, Moscow has historically developed a road network in the form of rings - garden
ring, 3rd transport ring, MKAD. And radial roads running from the center to MKAD -
Leningrad highway, Warsaw highway, Yaroslavsky highway, Shelckovsky highway,
Dmitrevsky highway, etc. Therefore, further development took place in the construction of
chords of these circles. In the construction of non-built-up areas, the network is usually built
in the form of rectangles. So, what processes (subsystems) are involved in the development of
territories. Subsystems: Region Economics, Social Conditions, Energy, Demography,
Transport, Industry, Housing, Underground Communications, Other Real Estate, Ecology,
Selitebic Zones, Natural Park, Road Network, Informatization Infrastructure, and many
others. These subsystems are closely interrelated and dependent on each other.

The next step. It is a synthesis stage. In our case, for the sake of clarity, the subsystem
data can be represented as a set (synthesis) of information layers.

Fig. 3. Information layers (subsystem)
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For example, a layer of buildings and structures (housing and other real estate), Road
network, energy layer, underground communications layer, etc. Hence, some general models
of territory development must be synthesized. From these models one, best by any parameters
and criteria is selected. And this best model must be implemented. This is the next step in the
system analysis structure. As a mathematical apparatus of modeling, in our opinion, it is
convenient to accept the theory of mass service, and as models of systems (the system of
development of territories) at this level to use the system of mass service (SMS). The SMS
has the concept of simulation's modeling when events are reproduced with time in mind.
Dynamic modeling. In this case, it is convenient to use graph theory, but taking into account
the dynamics of all processes. This possibility is provided by so-called PETRI networks. The
Petri network is an apparatus for simulating dynamic discrete systems (mainly asynchronous
parallel processes). This is exactly what we are seeing in the development of territories. A
Petri network is defined as a quartet <P, T, I, O > where P are finite sets of positions (states),
T are multiple transitions, | input and O-output functions (actions that lead to a new state). As
a mathematical apparatus of modeling, in our opinion, it is convenient to accept the theory of
mass service, and as models of systems (the system of development of territories) at this level
to use the system of mass service (SMS). In other words, a Petri network is a be-fraction
oriented graph in which the positions (states) correspond to vertices represented by circles and
the transitions correspond to vertices represented by thickened strokes; I - functions
correspond to arcs directed from positions to transitions, and O - functions correspond to arcs
directed from transitions to positions.

Fig.4. The Petri network. Example.

Vertices of the same type cannot be connected directly. Positions can contain labels
(markers) that can move through the network. A petri network event is a network transition in
which labels from the input positions of that transition are moved to the output positions.
Events occur instantly, or at different times, when certain conditions are met. Here the fat line
is the time stage of transition to a new state. Such as commissioning of a facility. For
example, underground communications of an area or a fragment of a road network or other
object.

The Petri network, in this case, is a dynamic model. But, considering that we are
dealing with a system with quite a lot of parameters, goals, which, in fact, are connected with
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random processes, especially at the stage of task setting, goals, it is possible to build some
many such models! For example, taking as a basis how the main goal is socio-economic well-
being, we will build one model. If we take, as the main goal of ecology, its stability, the
model will be slightly different. Therefore, the next step will be to select the best model to be
implemented in the future. The following approaches can be used to select the best model.

Methods of the system analysis

Methods related to the use of intuition and

) Formalized System View Methods
expertise

Brainstorming method Analytical methods
Method of scenarios —> Statistical methods

Method o .expert Methods of discrete
Degl?ih::telt?‘::)sd | BN mathematics
Structurization method

Method of examinations
Morphological method

Fig. 5 Classification of system analysis methods

As we can see, methods are divided into two main groups. Methods related to expert
evaluation when models are selected based on expert experience. And methods based on the
formalization of systems. In the latter case, purely mathematical approaches are used.
Statistical methods, discrete mathematics, analytical methods. Based on this approach, the
best model that we believe can be implemented with Petri networks is determined.

4. Conclusion.

Analysis of the method of system analysis, its structure, mathematical apparatus,
showed that this approach can be used to solve multipurpose problems belonging to the class
of dynamic. This is the task of sustainable development of the Territories. But since such an
approach, in this area, has hardly been applied in an integrated manner for all subsystems of
territory development, it requires serious preliminary preparation of the use of system analysis
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at each stage. This report only outlines ways to implement this approach. Implementation of
it, determination of the optimal structure of use of system analysis, formalization of all stages
of territory development requires further scientific research, careful theoretical study of
possible use of certain methods and approaches of system analysis to solve the identified
problem. In addition, many practical experiments will be required to confirm the optimality
and effectiveness of the proposed approaches, techniques and schemes. The task of this report
was to draw attention to this approach in solving the identified problem of territory
development. We hope that the study will be further developed.
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