BicHuk TepHONiIbCHKOr0 HAIOHAIBLHOI0 TEXHIYHOT0 YHIBEPCHTETY
https://doi.org/10.33108/visnyk_tntu
Scientific Journal of the Ternopil National Technical University
2023, Ne 1 (109) https://doi.org/10.33108/visnyk_tntu2023.01
ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC 004.415

THE USE OF ABSTRACT MOORE AUTOMATON TO CONTROL THE
SENSORS OF A SERVICE-ORIENTED ALARM AND EMERGENCY
NOTIFICATION NETWORK

Olha Kryazhych' 2; Victoria Itskovych?; Kateryna lushchenko?®; Veronika
Hrytsyshyna*; Danylo Bruvier*; Vyacheslav Nykytyuk?; Ihor Bodnarchuk?

!Institute of Telecommunications and Global Information Space of National
Academy of Sciences of Ukraine, Kyiv, Ukraine
2Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine
3Institute of Telecommunications and Global Information Space of National
Academy of Sciences of Ukraine, Kyiv, Ukraine
“Volodymyr Dahl East Ukrainian National University, Severodonetsk, Ukraine

Summary. The paper aims to achieve the ability of an abstract Moore automaton to control the sensors of
a service-oriented alarm system for notification of emergency situations in a metropolis. An important procedure is
minimization of the internal settings of the automaton, on the basis of which there will be a graph of transitions to
the machine for which a synchronous trigger is turned on — a switch between sensors, - which allows not only to
receive information, but also to confirm that it is necessary to notify about the current emergency situation. The
relevance of those proves the need for security of living in the urban environment. Constant monitoring of the
parameters of the medium is of high necessity. This allows to balance the key factors influencing the system in order
to make a sound management decision. The possible ways of using an abstract Moore automaton to control the
sensors of a service-oriented alarm system about emergency situations in a metropolis is analysed.

Key words: Aufenkamp-Honu algorithm, equivalence, trigger, synchronous transition, graph, signal,
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The problem formulation. Urbanization not only excessively loads the environment
but causes the problems bound with society functioning of in overpopulated cities. One of these
issues is the safety of residence places. The problem lies in comprehensive study of parameters
that influence the result and make it possible to balance the controlling influences on the system
to obtain a considered management solution. This can be achieved through the development of
a service-oriented network, which signals the possibility of an emergency situation, a threat to
the environment and people, by means of installed sensors which constantly monitor the urban
environment.

Analysis of available research results. British Standards Institution embraces all the
mentioned by the term ‘Smart City’ [1]. In particular, this notion also denotes keeping the safety
of human activity and environment by means of modern information communicative
technologies [2]. At the same time, the energy efficiency of networks that transmit information
about the state of the studied urban environment is of considerable importance [3]. That is why
researchers [4—6] tend to use LoRaWaN technology to build service-oriented networks for
notification of emergency situations and critical parameters within the framework of smart city
technology [7]. The main problems to be solved in this case are creating of technologies for
combining devices into a network and their management [8], as well as developing the models
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of a complex system of the research object [9], where network devices are points-sources of
input information [5].

Objective of the research is to study the possible use of the Moore abstract automaton
to control the sensors of the service-oriented network of alarm and emergency notification in
the metropolis. A well-balanced network device management system allows receiving
information without interference, failures and noise, which ultimately leads to efficient network
operation. At the same time, the procedure for minimizing the internal states of automaton is
important, based on which the transition graph of the automaton is built, after which a
synchronous trigger — a switch between sensors — is turned on. This allows not only to obtain
data but also to confirm or deny the occurrence of an emergency.

Statement of the problem. This paper considers the task of sensor management of a
service-oriented network. The sensors of such a network are of the same type according to the types
of tasks. For example, CO; carbon dioxide sensors in the residential area of the city. There can be
several dozens to hundreds of such network devices in just one district of the metropolis. In addition
to sensors, executive devices, controllers and other objects that require control automation with
minimization of repetition of the same type of actions are connected to the network.

The use of abstract automaton for algorithmization of processes in service-oriented
network requires the division of all states of the original abstract automaton into classes of
equivalent states that do not overlap, and the replacement of each equivalence class by one
state. According to this approach, it is possible to describe a mathematical model of a system
where there are many input actions of the same type, transitions between states that allow to
isolate similar input data, and to draw a conclusion for each group of input results, taking into
account the limitations caused by transitions between states [10, 11]. That is, a minimum of
states and a given output function are obtained. The idea of using an abstract automaton to
control the sensors of a service-oriented network arose according to [11].

The given problem can be solved by the Aufenkamp-Hohn algorithm [12] while
minimizing the number of internal states of the Milli automaton S ={X, Y, A, A, 3, ao}:

1. Find successive partitions @1, 7 2,..., T «, T «+1, OF the set A into classes of one-,
two-, ..., K, (K + 1)-equivalent states until at (K + 1) step it will turn out that = mc+1. In
this case, the K-equivalent states are equivalent. The number of steps K, at which 1= mi+1,
does not exceed N-1, where N is the number of internal states of the automaton.

2. In each equivalence class 7, one representative of the class is selected, which form
sets A' of the states of the minimal automaton S'.

3. The function of transitions ¢' and outputs A' of the automaton S' is determined on the
set A'xX. For this, in the table of transitions and exits, the columns corresponding to the states
included in the set A" are crossed out. The remaining columns of the transition table change
their state to the equivalent one from the set A to the corresponding elements.

4. One of the states equivalent to state ao IS selected as a'o.

In the minimization of the Moore automaton, the concept of 0-equivalence of states
and the division of the set of states into 0-classes is introduced: any states of the Moore
automaton, marked by the same output signals, are called 0-equivalent. For example,
minimization of the Moore automaton can be given as follows (Table 1).

Table 1

Table of transitions and outputs of the Moore automaton

Yu | y1 | y3 | Y3 | Y3 | y2 | y3 | Y1 | Y2 | y2 | y2 | ¥2
Qi | a2 | a3 | a4 | as | @ | a7 | as | a9 | a0 | a1 | ar
X1 | a0 | a2 | as | a7 | a3 | a7 | a3 | a0 | a7 | a1 | as | a2
X2 | @ | a7 | @ | a1 | A | a1 | A | A4 | a | ag | a9 | ag

> | <

112 ........ ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (109), 2023 https://doi.org/10.33108/visnyk_tntu2023.01


https://doi.org/10.33108/visnyk_tntu2023.0

Olha Kryazhych, Victoria Itskovych, Kateryna lushchenko,
Veronika Hrytsyshyna, Danylo Bruvier, Vyacheslav Nykytyuk, Thor Bodnarchuk

Then the partition of 7o will be as follows:

mo={B1,B2,Bs};
Bi={au, az, ag}, B>={as, ao, a10, a11, a12}, Bs={as, a4, as, ar}.

Accordingly, the partition by 7o can be presented in the Table 2:

Table 2

Table of partition by mo

Bi1 B> B3
ai | a» | ag | as | a9 | alp a1 | a2 | a3 | a4 | as | ag
x1 | B2 | B2 | Bo | Bs B3 | Bi | Bs | Bt | Bs | B3 | B3 | Bs
x2 | B3 | B3 | Bs | B2 B2 | B1 | B2 | Bi1 | B2 | B2 | B2 | B2

> <

According to the given algorithm, 7 1 is split:

7 1={C1,C2,C3,Ca};
Ci={a1, az, as}, Co={as, a9, a11,}, Ca={ a0, a1z}, Ca={as, ay, as, a7},

with the corresponding partition table (Table 3).

Table 3

Table of partition by w1

Ci Cz Cs Cs
a1 | a2 | ag | as | ag | a11 | a0 | a2 | a3 | a4 | as | ag
X1 | C3 | C3 | C3 | Cs| Cqs  Cqs|C1 | C1|Cq|Cq|Csa| Cs
X2 | Cq4 | Cq | Cq | Co | Co | Co | CL|CL | Co| C2| G2 C2

> | <

If perform the partition of @2, the results will be obtained:

n1={D1, D2,D3,D4};
Di1={au, az, ag}, D2={as, ao, a11,}, Ds={ a0, a12}, D3={as, as, as, a7},

indicating the completion of the splitting procedure, since the n2 split repeats the m1 split.
After that, it is sufficient to choose arbitrarily one representative from each equivalence
class D1, D2, D3, D4 — in this case, by the minimum number: A={ai, a3, as, a10}. Then, by
removing ‘redundant’ states from the original table of transitions, the minimum Moore
automaton can be determined (Table 4).

Table 4

The minimal Moore automaton obtained according to the Aufenkamp-Hohn algorithm

Y iyir | ys | y2 |y
A a as as | aio
X1 a1o as a3z al
X2 | a3 | ae as a
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Considering [12], it should be noted that the equivalence of states can be proved using
iterative methods, but there may be restrictions on the input values. But for this study, this
limitation is not significant, since the states of sensors of the system are clearly defined [13].

Note that, taking into account [14], it would be illogical to stop only at the specified one
(Table 4) to solve the given problem, since further decisions are transferred to the plane of
human management. And this can cause problems of obtaining relevant data during
optimization [15]. That is why it is worth setting a trigger that will direct the sensors to perform
actions according to a certain protocol.

For a trigger-type task, a shortened transition table with two information inputs and a
full transition table of an asynchronous trigger with two information inputs X and Y are built
in practice.

When constructing transition tables of a synchronous trigger, it should be borne in mind
that when C = 0, the internal state of the trigger does not change regardless of the states of
inputs X and Y, i.e. Q (t + 1) = Q (t), and when C = 1, the synchronous trigger functions as a
corresponding asynchronous [16]. Taking this into account, it is possible to obtain both
abbreviated and full transition tables of a synchronous trigger.

It should be mentioned that the study of the synchronous trigger was considered in [17],
where the prospects of using digital automata in modern systems and networks were pointed out,
and it was also noted that a similar task requires multi-faceted analysis in different directions.

Analysis of numerical results. We minimize the abstract Moore automaton designed
to control the sensors responsible for monitoring the state of one object in the service-oriented
network of emergency and emergency notification in the metropolis and specified by the table
of transitions and outputs (Table 5).

Table 5

Table of transitions and outputs

Yy y1 y2 y3 Ya y1 y2 Ya y2 y1 y1

a1 a as a4 as ds arz as dg aio
X1 a1 as ds a4 az as a4 ao az a10
X2 as ai as as aio ag as aio ag as
X3 a7 a as az as as ai as aio ar

We partition no={B1,B2,B3,B4}. For the Moore automaton o is partitioned by the input
signal:

B1={a, as, ag, a10}, B2={ay, as, as}, Ba={as}, Bs={as, ar}.

Construct the o partition table (Table 6).

Table 6

T partition table

B1 B2 B3 Ba

A a1 as Qg a10 az ag as as a4 az
X1 B1 B4 B4 B1 B3 B B1 B2 B4 B4
X2 B Bi1 B B Bi1 B1 B1 Bs B2 B2
X3 B4 B- Bi1 B4 B4 B2 Bs Bi1 B2 Bi1
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According to mo partition table (Table 6), the partition of n; is performed. When
performing this partition, the analysis is carried out only within each separate set of Bi:

n1={C1, Ca2, C3, C4, Cs, Cs, C7, Cg, Co}
C1={ ay, a10}, Co={as}, Cs={ao}, Cs={az}, Cs={as}, Ce={asg}, C7={as}, Cs={as}, Co={ar}.

Due to the obtained results, the table of partition nty is constructed (Table 7)

Table 7

Table of partition of ©l

C1 C Cs Cq Cs Cs Cy Cs Co
A a1 aio as dg as ag as as a az
X1 C1 C1 Co Co Cy C Cs Cs Cs Cs
X2 C Co C1 Cs C1 Cs Ci Cy Cs Ce
X3 Co Co Cs C1 Cs Cs Cr Co Cy Cy

On the basis of the above mentioned table of partition =1, the partition of =2 is
performed:

m2={D1, D2, D3, D4, Ds, D¢, D7, Dg, Do}.
D:1={ a1, a10}, D>={as}, Ds={ag}, Ds={az}, Ds={as}, Ds={as}, D7={az}, Ds={as}, Do={ar},

which ultimately repeats the partition of n;.

That is, the partitioning procedure can be completed, which makes it possible to create
a combined table of transitions with the construction of a graph of transitions and to consider
the combinations of the trigger, which will allow transferring the sensors to two stable states
(action/stop) and make transitions between them (receiving information, transmitting
information, checking own state, saving previous information for control in the cell). These
transitions must be performed by all sensors in a certain sequence to ensure the relevance of the
information received and transmitted by the service-oriented network.

Results of the research. From each equivalence class, we select one representative of
this class. We choose a; from the set D1 = {as, a1}, therefore ai= ao. In the transitions table,
we cross out the column that corresponds to the state of aio, and in the rest of the table, we
replace aio with a;. We obtain a combined table of transitions and outputs of the minimal
automaton (Table 8).

Table 8

Combined table of transitions and outputs of the minimal automaton

Yy V1 Y2 V3 Va V1 Y2 Ya )2 V1

a1 az as as as as arz as dg
X1 a1 as ds as ar as as dg ar
X2 as ai as ds ai dg as ai dg
X3 az a4 as a as as a1 a3 ai

Based on Table 8, it is possible to construct the transition graph of the Moore
automaton (Fig. 1).
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Figure 1. Transition graph of a Moore automaton

The automatic trigger has four possible options for transitions: «0-0», «0-1», «1-0»,
«1-1». Transitions table (Table 9) and signal combinations table (Table 10) were used to create
the network test model.

Table 9

Experimental data of transitions

a) «0-0» b) «0-1»
t (t+1) t t+1
X Y Q X Y Q Q
0 0 0 0 0 0 0
0 1 Q(t) 0 0 1 0
1 0 Q(t) 0 1 0 0
1 1 1 0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1
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The end of the table

C) «1-0» d) «1-1»
t t+1 t t+1
C | X [ v ][] O C | X[ Y ao/lo
0 0 0 Q(t) 0 0 0 0 0
0 0 1 Q(t) 0 0 0 1 1
0 1 0 Q(t) 0 0 1 0 0
0 1 1 Q(t) 0 0 1 1 1
1 0 0 0 0 1 0 0 0
1 0 1 Q(t) 0 1 0 1 1
1 1 0 Q(t) 0 1 1 0 0
T T T T 1 0 [ ¢ [ 1 [ 1 [1
1 0 0 0 0
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 1
1 1 0 1 0
1 1 1 0 1
1 1 1 1 1

Table 10

Combination of signals

Q) | Qt+1) X y
0 0 0 0
0 1
0 1 1 0
1 1
1 0 0 0
1 0
1 1 0 1
1 1

It can be noted that according to the transitions table (Table 9, b) there are
correspondences to combinations of X and Y signals (Table 10).

Thus:

1. For the transition «0-0» X =0, Y can be equal to 0 or 1.

2. For the transition «0-1» X =1, Y can be equal to 0 or 1.

3. For the «1-0» transition, X can be equal to O or 1, and Y = 0.

4. For the «1-1» transition, X can be equaltoOor 1,and Y = 1.

Then the transition matrix of the trigger can be written as follows:

0-0 0 bl
0-1 1 b2
1-0 b3 0
1-1 b4 1



The use of abstract Moore automaton to control the sensors of a service-oriented alarm and emergency notification
network

where:
b1, b2, b3, b4 are random signals (0 or 1).

Determining of interdependence between the input variables of the trigger
is a mandatory condition that provides the possibility of maximum simplification of
circuits with memory, which ultimately also contributes to the energy efficiency of the
network.

The obtained results can also be used in the implementation of 3D resumes, which allow
personnel selection in real time with transitions between task events depending on the
completed/uncompleted previous task. In this case, the trigger type can be RS, and to meet the
conditions of the 3D resume, transitions will be made when a unit is submitted to the output
upon successful completion of the task with a transition to another stage, or zero in the case of
an incorrect response with a transition to questions at a lower level or exit from the testing
service.

Conclusions. Within the research conducted by Academician Viktor Glushkov, it
was noted about the widespread use of digital automata in various areas of business. Modern
informatization and digitalization of society requires new or fundamentally improved
approaches to the automation of operations and process management.

The paper analyses the possibility of using Moore's abstract automaton to control the
sensors of the service-oriented network of emergency and emergency notification in the
metropolis. It has been established that the minimization of the Moore automaton can be
solved using the Aufenkamp-Hohn algorithm, which allows to isolate the equivalent state
of the automaton: choose arbitrarily from each equivalence class one representative with
the minimum number. After that, it is sufficient to remove from the original table of
transitions other states that are superfluous for this case and determine the minimum Moore
automaton. Then, the matrix of transitions of the trigger is formed, which, in this case, is
not only just an action counter, but also triggers the action of the next sensor depending on
what the input signal was.

The developed approach and the results obtained from the implementation of
the test service-oriented network of notification of emergency and emergency
situations in the metropolis allow the use of an abstract Moore automaton to automate
the process of surveying sensors with verification of the received information from the source.

The obtained results can also be used in the implementation of 3D resumes, which allow
personnel selection in real time with transitions between task events depending on the
completed/uncompleted previous task.
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The use of abstract Moore automaton to control the sensors of a service-oriented alarm and emergency notification
network

VJIK 004.415

BUKOPUCTAHHSA ABCTPAKTHOI'O ABTOMATA MYPA JIUIAA
YIIPABJIHHS JATYUKAMMU CEPBIC-OPIEHTOBAHOI MEPEXKI
OMNOBIIIEHHSA ITPO HAI3BUYAWHI TA ABAPIMHI CUTY AL

Oubra Kpsxnu® 2; Bikropia Inkosua®; Karepuna IOmenko?;
Beponika I'punumuna®; Januiao Bpysep*; Bauecias Hukutiok?;
Irop Boanapuyk?

Yuemumym menexomynixayiii i 2nobanvrozo ingopmayiiinozo npocmopy HAH
Ykpainu, Kuis, Ykpaina
2 Teproninbcokutl HayionanbHull mexuiynuti yHieepcumem imeni leana ITymios,
Tepnonins, Ykpaina
3Incmumym menexomyHikayiii i 2106anbno20 ingopmayitinozo npocmopy HAH
Ykpainu, Kuis, Yxpaina
*Cxionoyxpaincekuii nayionanvuuli ynisepcumem imeni Bonooumupa Jans,
Cesepoooneyvk, Yrpaina

Pesztome. Memoio pobomu € 00CHIONHCEHHA MOMHCIUBOCTI BUKOPUCIAHHA ADCMPAKIHO20 A8MOMAMA
Mypa 0na ynpaeninus 0amuukamu cepgic-opicHmo8aHoi mepedici onosiuents npo HaAd36UYAUHi ma aAeapiuHi
cumyayii’ 6 mezanonici. Bajicnueoio ¢ npoyedypa Minimizayii 6HymMpilHiX CManie asmomama, Ha OCHOBI Y020
oyoyemuca epagh nepexodie asmomama, 3a AKUM BMUKAEMbCA CUHXPOHHUL mMpuzep — NepeMuxay Mixc
oamuukamu, — wo 00360JIA€ He NPOCMO ompumamu iHpopmayiio, a ti niomeepOUmu 4u CHPOCmMy8amu HacmaHHs
excmpeHnoi  cumyayii. AxmyanvHicmb memu NiOMEePON’CYEMbCA HeoOXiOHicmioo 3abe3neyenHs 0Oesnexu
NPOACUBAHHSA 8 YpOaHicmuuHOMY cepedosuwyi. HeoOxionum € nocmitinuil MoHimopuHe napamempis cepedosuuyd,
AKI 00360/1510Mb  30a1aHCYBamMU Kepyloui 6NAUSU HA CUCMEMY Ol OMPUMAHHA 36AXHCEHO20 YNPAGIIHCLKO20
piwenna. I[lpoananizosano moociugicms GuKopucmanus abcmpakxmuozo asmomamy Mypa Ona ynpasiinua
OamuuKamu cepeic-opicHMoBanoi mepedici ONoBiWeHHs NPO HAO38UYALIHI MA A8aApitHi cumyayii 6 Me2anouici.
Bcemanoeneno, wo npoeedenna minimizayii asmomama Mypa mooicna eupiwumu 3a aneopummom Aygenxamna-
XoHy, wo 003601A€ GUUNIEHYEAMU EKGIBANEHMHUL CMAK agmomama: eubpamu OO06ilbHO 3 KOJICHO20 KIACy
€KGI6ANEeHMHOCMI N0 OOHOMY NPEeOCMABHUKY 3a MIHIMANbHUM HOMepoM. TTicisa ybo2o docmamnbo GUOAIUMU 3
BUXIOHOT mabauyi nepexooie iHwti, 3au6i 01 0aH020 BUNAOKY, CIMAHU MA GUSHAYUMU MIHIMATbHUL A8MOMAam
Mypa. Ilicaa yvozo gopmyemvca mampuys nepexodie mpuzepa, AKd, ¥ OAHOMY SUNAOKY, He Juule € Npocmo
AUURbHUKOM OIll, a U 3anycKac 6 Oil0 4epe08020 OAMUUKA 3ANEHCHO 8i0 MO020, AKull 0y8 GXIOHUN CUSHAI.
Poszsunenuti nioxio ma ompumani pesyrvmamu 3 peanizayii y mecmogil cep8ic-OpIEHMOBAHI Mepedici
ONoGiuenH s NPO HAO38UYATIHI MA A8APIIHI CUMYAyii @ Me2anonici 00380Js10Mb GUKOPUCIMOBY8AMU AOCMPAKMHULL
asmomam Mypa 0na asmomamu3ayii npoyecy onumysants OamuuKie 3 NepegipKor ompumanoi ingpopmayii io
Ooicepena. Ompumani pe3yiomamu MoOXICymob Oymu makodc euxopucmawi npu peanizayii 3D pesrome, ski
00360.71710Mb 30IICHIO8AMU GIODIP NEPCOHATLY 8 PENCUMI PeAIbHO20 HACy 3 NEPEX00amu Midi¢ NOOIAMU-3A80AHHAMU
3aNEXHCHO 810 BUKOHAHO20/HEBUKOHAHO20 NONEPEOHbO2O 3A80AHHSL.

Knrouosi cnoea: ancopumm Aypenxamna-Xony, exeisaienmuicms, mpueep, CUHXPOHHUU Nepexio,
epag, cuenan, Komoinayis, napamemp.
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