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OPERATIONAL CONTROL OF CITY ENGINEERING
NETWORKS BASED ON ARTIFICIAL INTELLIGENCE SYSTEMS

Abstract: This article proposes a situational approach to the construction of intelligent
decision support systems for the operational management of city utility networks. This
approach is based on the use of a directed weighted graph of fuzzy situations. The situational
fuzzy control algorithm presented in the article is based on the expert method of forming and
evaluating alternatives to management decisions and the structural generality of the oriented
graph of the fuzzy situational network.
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Introduction

From the point of view of control theory, any large city is a complex non-stationary
spatial system. It is characterized by two main features: the dependence of the parameters of
control objects on their spatial location and the variability of these parameters over time. The
study of such objects that are sufficiently universal to obtain practically significant results,
taking into account the fact that experimental influences on them for various reasons (limited
time frames, danger of irreversible changes, high cost of experiments, etc.) are usually
impossible or undesirable, can be performed practically only by methods of modeling
possible situations.

The functioning of a modern city is based on a complex of various means of ensuring
the life of citizens and the work of organizations, including city utility networks (GIS),
providing a centralized supply of electricity, heat, gas, water, etc.

Today, large cities (especially megacities) contain a very complex configuration of
urban utility networks (gas pipelines, water pipelines, sewerage, etc.). As a consequence,
ensuring the smooth operation of city engineering networks (CEN) is an extremely difficult
task. The CEN manager makes operational decisions in a complex environment characterized
by the following problems [1]:

— uncertainty and inconsistency of information about the emergency situation that
has arisen in the work of the CEN;

— dynamics of changes in emerging emergency situations in CEN;

— aging of information used for decision making;

— compromise between economic benefits for the city and the quality of services for
residents of decisions made by the dispatcher;
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— multiple decision-making options;
— responsibility for a single decision.

Taking into account the above, decision-making requires a lot of psychophysiological tension
from the dispatcher, the consequence of which may be that the dispatcher makes erroneous
decisions. The real way out of this situation is to use decision support systems (DSS). It is

obvious that in this case it is impossible to build a DSS based on mathematical models.
Hence, the most suitable method for implementing effective operational decisions is an
intelligent decision support system (IDSS) of a situational type, the general structure of which
is presented in Fig. 1.
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Fig. 1. Generalized structure of IDSS (DBMS, KBMS, KMUMS, ECBMS -
management systems of database, knowledge base, knowledge model update,

evaluation criteria base, respectively; EX;, EX;,..., EXk —
experts of problematic environment)

Statement of the problem
Let the current situation that has arisen in the CEN be described as a fuzzy situation of

the following form:
Sk = {Ms, (x))/x;}, x; €X, (1)
where Mg, (x;) — membership function of the linguistic variable x;, characterizing the current
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situation Sy,.
Since each linguistic variable corresponds to the j-th term from the set of terms in the
knowledge base, formula (1) can be written as:

Sk = {Mug, TH/T/}, % €X,j=1M, i=1N. @)
Tji — J-th term of the i-th linguistic variable.

The task of operational control of the CEN dispatcher is to identify the emergency
situation that has arisen and optimally transfer it to a given normal situation.

Review of existing desizions

Uncertainty and a large number of contradictory factors are an integral part of the
decision-making processes for most urban entities, including CEN [4]. Uncertainty is
associated with the impossibility of fully taking into account the influence of the external
environment on the current situation in CEN. The inconsistency is associated with an
ambiguous assessment of the current situation in CEN and errors in choosing the priorities of
the right management decisions for it.

It is extremely difficult and practically impossible to reduce the tasks of operational
CEN management associated with a large volume of uncertain and contradictory information
to precisely set goals. One of the common ways to remove uncertainties and inconsistencies
in current information is the subjective assessment of a specialist (expert, manager) in the
subject area, which determines his preferences. Subjective assessment has now turned out to
be the only possible basis for combining heterogeneous physical parameters of the problem
being solved into a single model that allows one to evaluate solution options. Taking into
account the factor of subjectivity of the decision maker (DM) in making a decision violates
the fundamental principle of operations research methodology: the search for an objectively
optimal solution. Recognition of the decision maker's right to subjectivity of decision is a sign
of the emergence of a new paradigm, characteristic of another scientific direction - decision-
making under many criteria. On the other hand, when making decisions based on many
criteria, there is also an objective component. Typically, this component includes restrictions
imposed by the external environment on possible solutions (availability of resources, time
constraints, environmental requirements, social situation, etc.) [1,2,8,9].

Hence, the use of IDSS is an effective tool for making operational management
decisions using specialized information warehouses (Data Warehouse) and OLAP (On-Line
Analytical Processing) technologies for operational data analysis (Data Mining), as well as
the ability to model and forecast various situations in GIS [5- 7]. In addition, the use of IDSS
makes it possible to solve the problem of multicriteria, taking into account the restrictions
imposed by the external environment on possible operational management decisions
(availability of limited resources, time constraints, environmental requirements, social
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situation, etc.) [8-10]. Of particular interest in this subject area are IDSS based on distributed
artificial intelligence. Research in this direction is currently following the path of intensive
theoretical research and applied development aimed at creating integrated intelligent systems
based on the concept of multi-agent systems (MAS) of distributed artificial intelligence [11-
13]. Among the existing IDSS, situational type IDSS should be especially highlighted, built
on the basis of fuzzy logic [14-16], which work effectively in the above-mentioned conditions
of a given subject area. Below we propose IDSS CEN, built on a fuzzy situational network
(FSN), as the basis of a situational algorithm for the operational management of a CEN.

The solution of the task

This article proposes to build a IDSS CEN based on a fuzzy situational fuzzy network
(SFN) [2,3]. In this case, decisions are formed by logical-analytical processing of data about
the situation that has arisen with its subsequent translation into a given standard situation
based on the fuzzy situational algorithm proposed in the article. IDSS CEN provides, in
dialogue with an expert, automated configuration for a specific GIS by entering into the
system basic concepts, attributes, their possible values, connections between them, as well as
types of possible situations. The model of the functioning process of a city infrastructure
subject is specified in the form of a set of “standard” situations, which represent a fuzzy
situational network (FSN), a fragment of which is shown in Fig. 2.

Sy
Ry

Fig. 2. SFN IDSS CEN of situational type

Taking into account the specifics IDSS CEN of the situational type, in the subsystem
of accumulation, storage and updating of information, appropriate requirements must be
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formulated for the main structural unit of this subsystem - the knowledge base (KB). This
concerns the system of concepts, the adequacy of the content and compliance of the
formulated knowledge with the processes being studied and suitability for performing the
required actions. A holistic description of the situation by experts of a specific management
object in CEN is ensured if there is a complete set of indicators characterizing this situation.

We believe that in the knowledge base of the IDSS CEN there is a certain set of
standard fuzzy situations s, = (54,5, ...,Sg)- By specifying one of the selected proximity
measures, we can define some fuzzy relationships between situations, not only in relation to
the current s, but also between those existing in the knowledge base of a given subject area.

As a measure for determining the degree of proximity of fuzzy situations, we will use
the degree of fuzzy inclusion of the fuzzy situation s in the standard fuzzy situation s, . The
inclusion threshold is determined, like the membership functions, in the normalized range
[0,1] as follows:

tin € [@min 1],

where a ,,,;, — the lower limit of the range of inclusion degree, usually a = 0.6-0.7.

In this case, we can talk about how fuzzy the features of the current situation s; are fuzzyly
included in the fuzzy values of the corresponding features of the standard situation s, .

For the knowledge base of the IDSS CEN and the operating conditions of the CEN in
various operating modes, we form standard situations for which control actions are developed in
detail. The connection between typical standard situations in IDSS CEN clearly presented in the
form of an FSN (Fig.2). In this case, a possible transition from one standard situation s, to another

min

sy is carried out using a certain solution R; = R, characterizing the degree of costs normalized in
the range [0,1] during a mutual transition from s, to s; and vice versa [2,3].

The general structure of the situational type IDSS can be interpreted for our case in the
following form (Fig. 3), where the solid line shows the information exchange between the
modules of the IDSS CEN.

The work of the IDSS CEN is as follows. The current situation that has arisen is
compared in the knowledge base with existing standard situations for maximum
approximation to some of them. If such a standard situation is found, then a potentially best
alternative (PBA) is selected from the set of alternative control solutions for it and
implemented for the current situation [17]. If such proximity is not detected, then the current
situation that has arisen is processed accordingly in the “Generation and expert assessment of
alternatives” subsystem. After this, the PBA is determined and its dynamic assessment is
carried out in the subsystem “Modeling and forecasting the development of the situation.” If
the assessment is positive, the corresponding control decision is formed in the “Synthesis of

Control Actions” subsystem, after which this situation is transferred to the standard category.
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The algorithm for implementing a fuzzy situational control decision in the ISSS is shown in
Fig.4 and is shown as a dotted line in Fig. 3. The implementation of a fuzzy situational
algorithm for taking control action is as follows 6:

‘. Dispatcher |
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Fig. 3. Information connection between modules of the IDSS CEN

Block 1 contains information about the current situation in the CEN. In the most
general case, information about the current situation is characterized by both quantitative and
qualitative parameter values. In block 2, the current situation is compared with a set of
standard situations located in the knowledge base (KB) and characterized by the same set of
parameters as the current one. Thus, this block contains a certain set of possible situations for
which the degree of proximity to the current situation can be calculated. In block 3, the degree
of similarity between the current situation and similar standard situations from block 2 is
calculated. Block 4 determines the standard situation closest to the current one. In block 5,
control decisions are generated that correspond to the standard situations selected in block 4.
In blocks 6 and 7, the effectiveness of control actions is ranked in descending order in a
subset of selected standard situations and the optimal one is determined among them. In block
8, the optimal control solution and the corresponding situation are entered as standard into the
knowledge base about the functioning of the corresponding GIS object. It should be noted that
blocks 5-8 are implemented using the method of mixed assessments of alternatives proposed
by the authors in [12]. In block 9, the driving mode is adjusted taking into account the current
situation. Block 10 contains the current situation in the expert environment (ES) and the
knowledge base of this subject area. In block 11, possible control actions are requested from
experts in a given subject area, which are also placed in the knowledge base. In block 12,
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specialists in this subject area are asked questions about possible situations that could lead to
the choice of control action, which is generated by them, and is also entered into the database.
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Fig. 4. Scheme of implementation of a fuzzy situational algorithm

In addition, when the external operating conditions of a certain CEN subject change, it
may be necessary to move from one standard situation to another. The strategy of such a
transition is described by the optimal route along the FSN from the initial situation s, to the
target situation s;. Transitions are determined by decisions R;, which correspond to a certain
degree of cost. Since the total number of situations and transitions between them in the GIS,
and accordingly in the FSN, can be very large, to simplify the task of finding the optimal
strategy for the optimal transition in the FSN, it is proposed to use the FSN compression
method based on the definition of “community structures”. Structures of the community Q;
that have non-empty intersections with each other are called neighboring, and the set of
vertices of the area of intersection of two neighboring structures is called the transition region
of the community structures [15]. We use the minimum total costs as an optimality criterion.
The path that has minimal costs is considered optimal. We will show the essence of the
proposed approach based on the FSN compression method for the given FSN fragment using
the following example.
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An example of determining the optimal path in an NSS network using the
structural commonality method

Let us assume that for a fragment of the NSS (Fig. 2) the structures of the generality of
situations with the costs of mutual transitions have the form shown in Fig. 4. Determine the
optimal transition from situation s, to situation s,. Since 0O, N 0q = @ (empty set), it is
impossible to go from s, to sq using one local control solution. Since there are not a single
pair of vertices adjacent to each other from among those belonging to 0, and 0,4, we proceed
to searching for the shortest of all possible paths between all pairs of vertices of the sets 0,
and Oo. Hence the shortest path is L,,;, = (03, 03, 04, 0-). Moving on to the transition points
of neighboring structures of the common path L,,;,, we obtain the optimal transition strategy:
Copt(S2,59) = (52,54, S5, Sg, Sg). The desired path in Fig. 5 is highlighted with a double line.

O

/Sm ‘ 0,6 S,LIE"J’/;';\

Fig. 5. Community structures of the FSN IDSS

Conclusion

The approach proposed in this article to constructing a situational type GIS IDSS
based on a fuzzy situational network is universal and can serve as a powerful incentive for the
creation of intelligent information technologies and the development of effective management
systems for various types of infrastructure entities on the territory of a municipality [18]. The
situational fuzzy control algorithm presented in the article is based on the expert method of
forming and evaluating alternatives to management decisions and the structural generality of
the oriented graph of a fuzzy situational network.

ISSN 1560-8956 59



MiXBiOMUYNi HayKOBO-TEXHIYHHI 30ipHUK «AJaNTUBHI CHCTEMH aBTOMAaTUYHOTO ynpasiiHHs» Ne 17 (44) 2024

REFERENCES

1. Pakhomov P.I., Nemtinov V.A. Decision support technology for management of
engineering communications. — M.: Mashinostroenie, 2009. — 124 p.

2. Borisov V.V., Avramenko D.Yu. Fuzzy situational control of complex systems
based on their compositional hybrid modeling // Control, communication and security
systems. No. 3, 2021. - P. 207-237. DOI: 10.24412/2410-9916-2021-3-207-237.

3. Borisov V.V., Zernov M.M. Implementation of a situational approach to based on
a hierarchical situational-event network // Artificial intelligence and decision making. No. 1,
2009. - P. 17-30.

4. Stenin A., Pasko V., Soldatova M., Drozdovich I. Multi-agent latent semantic
Internet technology for the formation of a subject-oriented knowledge model/Radio
Electronics, Computer Science, Control. Ne 3, 2021. — P.166-173. DOI: https://doi.org/
10.15588/1607-3274-2021-3-14

5.  Bavad R., Jean-Charles Pomerol An "Intelligent” DSS for the Reinforcement of
Urban Electrical Power Networks. Conference: Decision Support Systems: Experiences and
Expectations, Proceedings of the IFIP TC8/WG8.3 Working Conference on Decision Support
Systems: Experiences and Expectations, Fontainebleau, France, 30 June - 3 July 1992, —
P.153-165.

6.  Phillips-Wren G. Decision Support Systems. In book: Multicriteria Decision Aid
and Artificial Intelligence. Loyola University Maryland, 2013. - P.25-44.
DOI: 10.1002/9781118522516.ch2.

7. Kaklauskas A. Intelligent Decision Support Systems. In book: Biometric and
Intelligent Decision Making Support.__Intelligent Systems Reference Library. Vilnius
Gediminas Technical University, 2015. —P.31-85. DOI: 10.1007/978-3-319-13659-2_2.

8. Evseeva A. A, Krasnikova D. A., Kazakov A. A. Modern approaches to solving

multicriteria problems // Scientific and methodological electronic journal “Conception”.
Volume. 3. - 2013. - P. 2801-2805 — URL.: http://e-koncept.ru/2013/53563.html.

9.  Trofimchuk A., Stenin A., Soldatova M., Drozdovich I. Intelligent decision support
systems in the development of megapolis infrastructure. System research and information
technologies, NTUU KPI, Ne2, 2022. — P. 61-74 DOI:10.20535/SRIT.2308-8893.2022.2.04.

10. Osipov V.P., Sivakova T.V., Sudakov V.A., Nechaev Yu.l. Intelligent core of a
decision support system // Preprints of IPM im. M. V. Keldysh. 2018. No. 205. 23p. DOI:
10.20948/prepr-2018-205.

11. Power, D.J. A Brief History of Decision Support Systems // DSS Resources.COM,
http://DSS Resources.COM/history/dsshistory.html, version 4.0, March 10, 2007.

12. Gorodetsky V. 1., Skobelev P. O. Multi-agent technologies for industrial
applications: Reality and prospects // Proceedings of SPIIRAS, No. 6, 2017. - P. 11-45.

60 ISSN 1560-8956


https://doi.org/%2010.15588/1607-3274-2021-3-14
https://doi.org/%2010.15588/1607-3274-2021-3-14
https://www.researchgate.net/profile/Gloria_Phillips-Wren
https://www.researchgate.net/institution/Loyola_University_Maryland
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F9781118522516.ch2
https://www.researchgate.net/journal/Intelligent-Systems-Reference-Library-1868-4408
https://www.researchgate.net/institution/Vilnius-Gediminas-Technical-University
https://www.researchgate.net/institution/Vilnius-Gediminas-Technical-University
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-319-13659-2_2
http://e-koncept.ru/2013/53563.html
http://dss/

MiXBiOMUYN HayKOBO-TEXHIYHMI 30ipHUK «AJaNTUBHI CHCTEMH aBTOMAaTUYHOTO ynpasiiHHs» Ne 17 (44) 2024

13. Wooldridge M. Intelligent Agents. In: Weiss G. (ed.) Multi-Agent Systems
(second edition). MIT Press, 2013. - P. 3-50.

14. Kroshilin A.V., Babkin A.V., Kroshilina S.V. Features of building decision
support systems based on fuzzy logic // Scientific and Technical Journal of St. Petersburg
State Technical University, No. 2, 2010. - P.58-62.

15. Gelovani V. A., Bashlykov A. A., Britkov V. B., Vyazilov E. D. Intelligent decision
support systems in emergency situations using information about the state of the natural
environment - M.: Editorial URSS, 2015, 304 With.

16. Rizvanov D.A., Yusupova N.l. Intelligent decision support for resource
management of complex systems based on a multi-agent approach // Design Ontology,
volume 5, No. 3(17), 2015. — P.297-312. doi:10.18287/2223-9537-2015-5-3-297-312.

17. Karelin V. P., Kuzmenko O. L. Selection of the best management decision with
fuzzy initial data and multiplicity of criteria. // News of universities. North Caucasus region.
Technical science. No. 1, 2006, - pp. 158-165.

18. Vdovenko A.V., Protasevich E.V. Information technologies in the urban planning
management system of a municipal territory // Bulletin of Tomsk State University. -
Khabarovsk, TOGU, 2009, issue. 4 (15). - pp. 81-88.

ISSN 1560-8956 61



	1_+2023_2 Тарасьонок англ
	2_+Automated healthcare systems’ review
	3_+embedding
	4_+Soft skill in IT students training
	5_+Stenin_Paper_In_Model 17.11.2023_new
	6_+Stenin_Pasko
	7_+Дзівідзінська_Фіногенов_Губський
	8_+Жданова_О_Г_та_ін_Задача_формування_зон
	9_+Застосування_методу_сегментації_на_основі_моделей_нейронних
	10_+Ковальчук_Польшакова_Англ
	11_+Ліневич_Лісовиченко_1
	12_+Михайленко-2024-лютий_Eng-ФІОТ-2
	13_+Статичні_алгоритми_2
	14_+Стаття_Марковський_1
	15_+Стаття_Марковський_2
	16_+СтаттяСмолій_ua2024_1
	17_+Тривимірні_нейроні_мережі_у_завданнях_кластеризації_last
	18_+Формалізація_задачі_формування_200224
	19_+Чимшир Теленик Гавриленко Жаріков - завершено
	20_+Щур_Антон_Стаття
	Зміст
	УДК УКРАЇНА
	UDC АНГЛ
	Про автора


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 1 to page 232; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom right
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240328120711
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     0
     3
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     64
     195
     0
     1
     R0
     12.0000
            
                
         Odd
         1
         SubDoc
         232
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     0
     232
     230
     68c1fd5b-c4a1-4435-bede-0f0a4df1cf76
     116
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 1 to page 232; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom left
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240328120719
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     0
     3
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     64
     195
     0
     1
     R0
     12.0000
            
                
         Even
         1
         SubDoc
         232
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     1
     232
     231
     c917539c-fa7f-43a3-a324-ce76a0ca0486
     116
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 2
     Page size: same as current
      

        
     D:20240329140502
      

        
     Blanks
     Always
     2
     1
            
       D:20180918122136
       841.8898
       a4
       Blank
       595.2756
          

     70
     Tall
     746
     172
     0
     1
     1
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     1
     2
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 230 to page 234; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom left
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240329140718
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     0
     230
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     1114
     197
     0
     1
     R0
     12.0000
            
                
         Even
         230
         SubDoc
         234
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     229
     234
     233
     8abeaf51-0f16-47c6-9b00-c07271088113
     3
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 230 to page 234; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom right
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240329140723
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     0
     230
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     1114
     197
    
     0
     1
     R0
     12.0000
            
                
         Odd
         230
         SubDoc
         234
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     230
     234
     232
     7c39e9d9-41cf-4606-887f-490b36ab2f5b
     2
      

   1
  

 HistoryList_V1
 qi2base





