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Abstract

The main directions of Moscow’s strategy “Smart City - 2030” are defined in the Decree of the Govern-
ment of Moscow. At the same time, the following objectives should be achieved:

- ensuring sustainable growth in the quality of life of Muscovites and favorable conditions for doing
business and other activities;

- centralized, end-to-end and transparent city management;

- improving the efficiency of public spending, including through the introduction of public-private part-
nerships.

The implementation of this strategy of Moscow’s digital transformation into a smart city largely de-
pends on the volume and effective allocation of budget funds for solving the goals and objectives set
in it. To distribute the budget across the 6 main areas of the strategy, a hierarchical model is proposed,
with the use of which the integral indicator of digital transformation would become the maximum. To
solve this task, for example, data from the budget allocated for the digital transformation of Moscow in
2022 were used. The presented integrated model has shown its operability and the possibility of fur-
ther development, taking into account the indications of urban automated systems and new risks in an
interactive mode. The effects of external and internal risks on the implementation of the tasks set in the
Strategy were studied and considered by conditional experts, whose assessments were summarized in
a Bayesian trust network, the structure of which is similar to the hierarchical model.
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AHHOTanus

OcHOBHbIe HanpaBJieHUs cTpaTeruu MockBbl «YMHbIN ropos — 2030» onpeeseHnbl B [locTaHOBIEeHUH
[IpaBuTesnbcTBa I MOCKBBL. [Ipy 3TOM [JOJIKHBI ObITh JOCTUTHYTHI C/IeAYIOLIME ee LesH:

- obecrneyeHue yCTOMYMBOro pocTa KayecTBa )KU3HU MOCKBUYEH U 6/1aroNpUATHBIX YCJIOBUH BeleHUs
npeJIpUHUMATEbCKON U UHOH [lesiTeJIbHOCTY;

- LleHTPa/IM30BaHHOE, CKBO3HOE U IPO3payHoe YIpaBJeHHe FrOpOJoM;

- noBbllleHHe 3GQPEeKTUBHOCTH TOCYJAapCTBEHHBIX PAcXoJ0B, B TOM 4YHC/Je 33 CYeT BHeApPEHUs
roCyAapCTBEHHO-4YaCTHOTO NapTHePCTBa.

Peanuzauus panHod crpaTerud uudpoBod TpanchopMauuu MOCKBbI B YMHBIA TOpOJ BO
MHOTOM 3aBHUCUT OT 06beMa U 3GPEKTHBHOIO pacnpesiesieHUss GIO/PKETHbIX CPEJCTB HA pelleHHe
[I0CTaBJIEHHbIX B Hel Ie/fX U 3a/a4.

Jns  pacnpefesneHuss OlofxeTa MO 6 OCHOBHBIM HalpaBJeHUSAM CTpaTerud IpejJaraeTcs
vepapxuyeckass MoJesb, C HNpPUMEHEHHWEeM KOTOpPOW HHTerpajibHbId IOKa3aTesJb LIUPPOBOH
TpaHcpopMaluu cTaa 66l MAaKCUMaJIbHBIM. [lJ151 pellleHUs IOCTaB/JIeHHOH 3aia4H, B KadyecTBe IpUMepa,
OBbLJIM MCIO/Ib30BaHbI JJaHHblEe OHOJXKETa, BbIJIeJIeHHOr0 Ha HUPPOBYI0 TpaHCchopMaLUio I. MOCKBEI
B 2022 ropy. IlpeacraBieHHass WHTerpUpPOBAHHAs MoJe/b NOKas3ala CBOI PaGOTOCHOCOGHOCTb
Y BO3MOXHOCTb B JaJIbHEHIIEeM pPa3BUBATbCs, yYUTHIBAs B MHTEPAKTHUBHOM peXUMe [OKa3aHUS
FOPOACKUX aBTOMATHU3UPOBAHHBIX CUCTEM U HOBBIX PUCKOB. BJIMAHUSA e BHELUIHUX U BHYTPEHHUX
PUCKOB Ha peajM3alyio MOCTaBJeHHbIX B CTpaTermu 3ajad M3ydajJHUCb M PacCMaTPUBAINCh
YCIOBHBIMU 3KCIIEPTaMHU, YbM OLIEHKH CBOAMJINUCH B CeTb JAoBepus baleca, cTpyKTypa KOTOpoOH
aHaJIOTM4YHAa HepapxuiecKoil Mogesd. [laHHOe O6GCTOSTENbCTBO MO3BOJIET BHOCUTb HW3MEHEHHs
B MepapxU4yecKylo MOAeJb JJIl MOCTAaTeHHOTo pacnpe/iesieHUst GIO/XKeTa, OCHOBAHHbIE Ha OLlEHKe
PHCKOB.

KitroueBbIie €/10Ba: ymMHbII ropog, 610/XKeT, MepapXudeckas MoJiesib, PUCKH, CeTh JoBepus Baiteca
KoH}IUKT MHTEPECOB: aBTOpbI 3a8BJISIOT 06 OTCYTCTBUU KOH(JIUKTA HHTEPECOB.

U1l BUTUPOBAHMA: Boromosos A. Y., Hesexxun B. [I. OnTuMusayus pacnpejesneHus 610pKeTa
cTpaTeruu quopoBoi TpancpopManu MockBbl B yMHbIH ropos // CoBpeMeHHble HHGOPMAIlMOHHbIE
TexHosorun U UT-o6pasoBanue. 2022. T. 18, Ne 4. C. 846-854. doi: https://doi.org/10.25559/SITI-
T0.18.202204.846-854
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Introduction 4.  Opinions of the expert community.

Monitoring and forecasting of the state of megacities of the world
and Moscow is carried out in order to implement their development
strategies determined by the global trend of solving the problems of
large cities, improving the environment and the quality of life of the
population in them. At the heart of these strategies is the digital trans-
formation of cities, as an important part of the digital transformation
strategy of the entire society. The effectiveness of the implementation
of this strategy largely depends on the optimal allocation of the bud-
get to achieve the goals of the digital transformation of the city.

Main part

In terms of technology, digital transformation of cities is based on
several areas of its development - social communications, big data
and predictive analytics, cloud technologies, artificial intelligence,
mobility, the Internet of Things, cybersecurity, digital platforms.
The listed technologies are key for the entire range of solutions of
“smart” cities. The development of megacities in accordance with
the concept of a “smart city” has become a global trend [1-11].

The strategy of digital transformation of Moscow is also developing
in accordance with this concept, as well as on the basis of regulatory
documents of the Government of the Russian Federation and Moscow™.
Why should Moscow become a “smart city”? There are the following
reasons for this:

1. Global Mega Trends;

2. Predictions of futurologists;

3. Expectations of Muscovites;
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Goals of the Strategy Moscow “Smart City -2030”:

S1. Ensuring sustainable growth in the quality of life and favorable
conditions for doing business and other activities;

S2. Centralized, end-to-end and transparent city management;

S3. Improving the efficiency of public spending, including through
the introduction of public-private partnerships.

Among the basic characteristics of “smart cities” are sustainability
and environmental friendliness, public participation in manage-
ment, efficient use of data, the desire to improve the quality of ser-
vices and living standards.

A smart city is a balanced, convenient, safe and “green” metropolis.
Infrastructure elements and residents in such a city are included in
a single information network, the purpose of which is to optimize
the consumption of natural, economic and social resources. The
heart of the city is information and communication technologies:
the Internet of Things, broadband wireless access, cloud computing
and analytics [12-17].

Already, special sensors inform drivers about free parking spaces,
charging stations available for electric vehicles. Traffic lights flexi-
bly control traffic flow and prevent traffic jams, and smart barriers
extend when a bus or cyclist needs a lane. In the event of an acci-
dent, an alarm is instantly sent. Remote monitoring updates infor-
mation about the incident every minute, and drivers receive a GPS
warning and smart road boards.

Recycling companies receive real-time signals from smart containers
if they are overflowing. Lights on the streets are equipped with mo-
tion sensors and light up when someone passes nearby. The state of
ecology of Moscow regions is also monitored interactively (Fig. 1).
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Fig. 1. Ecological map of Moscow districts

Source: https://mwmoskva.ru/ekologicheskaya-karta-moskvy.html

! Moscow “Smart City — 2030". Text of the strategy [Electronic resource]. Moscow; 2018. 110 p. Available at: https://www.mos.ru/upload/alerts/files/3_Tekststrategii.
pdf (accessed 23.08.2022). (In Russ.); Order of the Ministry of Construction of Russia dated September 16, 2020 No. 518/pr “On Amending the Passport of the Depart-
mental Project for the Digitalization of Urban Economy “Smart City”, approved by order of the Ministry of Construction and Housing and Communal Services of the
Russian Federation dated October 31, 2018 No. 695/pr [Electronic resource]. Available at: https://minstroyrf.gov.ru/docs/120503 (accessed 23.08.2022). (In Russ.);
Project of digitalization of urban economy “Smart City” [Electronic resource]. Available at: https://www.minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsifrovizat-

sii-gorodskogo-khozyaystva-umnyy-gorod (accessed 23.08.2022). (In Russ.)
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Information on the level of air pollution (Fig. 2), noise and water
levels in the river (Fig. 3) artificial intelligence analyzes and takes
the necessary measures, for example, to avoid flooding.
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Fig. 2. The condition of water bodies and the collector-river network of the
Moscow region
Source: https://mwmoskva.ru/ekologicheskaya-karta-moskvy.html
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Fig. 3. Interactive map of air pollution in Moscow

Source: https://mwmoskva.ru/ekologicheskaya-karta-moskvy.html

Existing elements of the System monitor the weather and control
the watering of lawns. Water or electricity consumption data are
available to every resident in real time. Interaction with the author-

ities, payment of public services and housing and communal ser-

vices are as transparent as possible and are available 24/7 online.

All of these features increase the number of smart homes that de-

liver high quality of life. Almost in Moscow, city free Wi-Fi works

everywhere.

To solve the goals of the Moscow Smart City-2030 strategy, it is nec-

essary to systematically conduct research aimed at collecting and

analyzing objective socio-economic information, data on the state

of the city’s life support systems, environmental conditions, etc. The

main tasks that need to be solved are as follows:

o efficient organization of information collection;

e availability of a unified information platform for data collec-
tion and processing;

¢ availability of analytical tools for monitoring and forecasting
the state of Moscow;

¢ availability of information and economic and mathematical
models of data processing;

e an objective assessment of the changes taking place;

¢ assessment of external and internal risks;

o forecasting the development of socio-economic processes, the
consequences of the use of innovative technologies;

¢ timely development of regulatory impacts aimed at supporting
positive and mitigating negative trends.

The solution of the set tasks provides for the initial development

of information and economic and mathematical models that deter-

mine the content and algorithms of the analytical tools for process-

ing data obtained from various sources. It is also necessary that the

information and algorithms used by analytical tools to monitor and

predict the state and development of megacities be compatible with

each other within a single information and analytical space. The

subsystems of this analytical space should also include the budget-

ing system for the digital transformation of the city [18, 19].

The implementation of the strategy of digital transformation of

Moscow into a smart city largely depends on the effective distri-

bution of budget funds to solve the tasks set in this strategy. In this

case, the method of analyzing hierarchies by T.L. Saati? is suitable

for solving the problem [20]. It consists in decomposing the prob-

lem into simpler components and further processing the sequence

of judgments of an expert in pair comparisons, and serves to jus-

tify decision-making in conditions of certainty and multi-criteria.

Its procedure is described in sufficient detail in literary sources,

including in work [12] when determining the optimal budgeting of

the enterprise.

A hierarchical model of budget distribution in 6 main areas of the

strategy is proposed, which, in turn, are divided into sub-levels, so

that the integral indicator of digital transformation becomes max-

imum.

The main directions of Moscow’s strategy “Smart City — 2030":

K.1. Urban Environment

1.1. Town planning

1.2. HOUSING AND PUBLIC UTILITIES

1.3. Others

K.2. Digital Mobility

2.1. Transport

2.2. Information Technology and Communications

2 Hierarchy analysis method - is a method of measuring interdependence in a system, a systematic procedure for hierarchical representation of elements of a dominant,

direct or inverse hierarchy that systematically describe the problem.
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2.3. Tourism

2.4. Others

K.3. Urban economy

3.1. Finance

3.2. Industry

3.3. Trade and Services

3.4. Innovations

3.5. Others

K.4. Safety and Ecology

4.1. Safety

4.2. Ecology

4.2. Others

K.5. Digital government

5.1. Open government

4.3. Government activities

4.4. Other

K.6. Human and social capital

6.1. Education

6.2. Health care

6.3. Culture

6.4. Social environment

6.5. Other

At the same time, the above goals of the Moscow Smart City - 2030
Strategy should be achieved.

The relationship between the tasks set and the goals of the strategy
of turning Moscow into a smart city can be presented in the form of
a hierarchical graph (Fig. 4).

Hugerc madposoi
Tparcdopaanm 10

Fig. 4. Hierarchical model of the formation of an integral indicator of the

assessment of the index of digital transformation of Moscow

The presented hierarchical model can be used to select from vari-
ous alternatives the optimal distribution of the Moscow budget in
order to achieve the maximum value of the 1Q index.

As an example of solving this problem, we will use the data on the
budget of Moscow, allocated in the amount of 2.9 billion rubles. for
the digital transformation of the city in 2022, within the frame-
work of the target state program “Development of the digital envi-
ronment and innovation”. Based on the wording of the task, these
funds should be distributed among the 6 areas presented above
(K1,.., K6) based on a pairwise comparison by experts of their im-
pact on the goals of the Strategy (S1, S2, S3). The allocation of funds
will be as follows, see Table 1.

Table 1. Budget allocation to 6 main areas

Direction Relative weight Egg%et (bIn
K.1. Urban Wednesday 0,329 0,9541
K.2. Digital Mobility 0,254 0,7366
K.3. Urban economy 0,198 0,5742
K.4. Safety and ecology 0,116 0,3364
K.5. Digital government 0,087 0,2523
K.6. Human and social capital | 0,026 0,0754

With such a distribution of funds for the budget item of the state
program “Development of the digital environment and innova-
tions,” the target will reach the maximum value. Of course, the given
example is very conditional, since the model should not be two-lev-
el, but include sub-levels of each direction. But this will only slightly
complicae computational difficulties [21-24].

The effects of external and internal risks on the implementation
of the tasks set in the Strategy were considered by conditional ex-
perts, whose assessments were reduced to a Bayes trust network,
the structure of which is similar to the hierarchical model present-
ed above.

A more difficult task is to take into account external and internal
risks for budget items [13], [14], [25], [26]. For their assessment,
experts propose a mutually linked risk network based on the Bayes
trust network (Fig. 5).

Solar_Activity Past_Period_Activation Significant_factor Investments
Min 333 No 500 No 500 WMax 333
Overage 333 Yes 500 Yes 500 Overage 333
Max 333 Sen T Min 333
33.333 £ 0.047 / 33.333 + 0.047
Activation_Risk

Time_Risk
TwoDay 185 Damage_Level
Week 184 61.3
Month 127 27.0]
Not 50.4 cmampmc 1.7
25 +0.0043 33361 2 0.049
Total_Costs

E6.0
o.er.gr.- 266
737

33307 + 0027

Fig. 5. Interrelated Risk Trust Network

We will assume that the value of the risks of financing a particular
budget item and the level of its financing from the expert’s point of
view is determined by the type of “indifference curve” (Fig. 6).

3 Project of digitalization of urban economy “Smart City” [Electronic resource]. Available at: https://www.minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsi-

frovizatsii-gorodskogo-khozyaystva-umnyy-gorod (accessed 23.08.2022). (In Russ.)
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Conclusions
The proposed integrated model showed its performance and abili-
y ty to develop, taking into account the readings of urban automated
® systems and new risks in interactive mode. A city budget manage-
ment system that is dynamic and adaptable to internal and external
risks, in order to effectively implement the city’s digital transforma-
tion strategy, should be based both on objective information about
Yo the functioning of various city systems, and on subjective assess-
ments and forecasts of specialists and experts. The use of models
Ye : " based on the Hierarchy Analysis Method and Bayesian belief net-
0 X b% X §% works included in the budget management system makes it possi-

ble to do this.
Fig. 6. Indifference curves “risk - budgeting level”. Here: X - risk level, Y - budget-

ing level
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