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YIK: 005:004.896:62-65:338.3

Bupoouuurso & Mexarpouni Cucremu 2024: marepianmn VIII-oi MixHapoaHoi koH(epeHLiT,
XapkiB, 25-26 xoBtHs 2024 p.: Te3su nonosined / [penxon. LIII. Hesmomos (BixnoBiganbHuii
penakrop)].-XapkiB: [enekrpoHHuit apyk], 2024. — 135 c.

V 30ipHHUK BKIIIOYCHI TE3H JIOIMOBIICH, SIKi IPUCBSIYCHI CYyYaCHUM TCHICHIIISIM PO3BUTKY TEXHOJIOT1H
Ta 3ac00iB BHPOOHMIITBA Ta MEXaTPOHHUX CHCTEM, IIEPEAOBOMY IOCBiy Ta BIPOBALKCHHIO iX B
rajgys3six CHCTEM IPOMHCIOBOI aBTOMATH3aLil Ta KepyBaHHs BUPOOHMUITBOM; CHCTEMHIH 1H)XEHEpil,
CAD/CAM/CAE cucremax; MexaTpoHili (€IEeKTpO-MEXaHIYHHX CHCTeMaX, EJICKTPOHHHUX
IHCTpyMEHTax cHucTeM KepyBaHHS, MexaHiyHux CAD cucremax); poOoToTexHili Ta 3aco0axm
inTenekryamizanii; MEMS (cydacHux MatepiamiB Ta TexHonorisix BurotoBicHHI MEMS) ta
KOMIIOHEHTaX 1 TEXHOJIOTisAX aBTOMAaTH3allii BUI0OYTKY, NepepoOKH Ta TPaHCHOPTYBaHHS HaTH Ta
rasy.

Penakuiiina xoseris: .11, Hesmronos, B.B. €Bcees.

Manufacturing & Mechatronic Systems 2024: Proceedings of VIII st International Conference,
Kharkiv, October 25-26, 2024: Thesises of Reports / [Ed. I.Sh. Nevlyudov (chief editor).] .- Kharkiv
.. [electronic version], 2024. - 135 p.

The collection includes the thesises of reports on modern trends in the development of technologies
and means of production and mechatronic systems, top experience and implementation of them in
fields of: industrial automation and production management systems; systems engineering;
CAD/CAM/CAE systems; mechatronics (electrical and mechanical systems, electronic control tools,
mechanical CAD systems); robotics and intellectual toolls; MEMS (modern materials and
manufacturing technologies MEMS) and components and technologies for the automation of oil, gas
and oil extraction, processing and transportation.

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev

© Kadenpa koMI'toTepHO-IHTETPOBAHUX TEXHOJIOTIH, aBTOMATH3AIIi1
ta podorotexniku (KITAP), XHYPE,2024

M&MS 2024, 25-26 October, Kharkiv, Ukraine
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KOMITET KOH®EPEHIIII

MI)KHAPOJHUM IMPOT'PAMHUI KOMITET KOH®EPEHIIIT

Irop llakupoBuy
Hesarogos

Ounexcanap IBanoBuu
POuiIuneHko

Mypaa AuBep oriu

Omapos

Baaauciaas
B’saueciaBoBHY
€BceeB

Andrzej Chochowski

Pawel Obstawski

Cepriii Boromosos

MukoJia BacnjiboBu4
3amipeunb

Muxaiijio BacnisoBnu
Jlodyp

€Bren CepriiioBuu
Puxkenxo

rojoBa Komitery KoH(pepeHii, JOKTOp TEeXHIYHHUX Hayk, mpodecop,
3aCIIy’)KCHUH [if4 HayKW 1 TexXHIKH YKpaiHu, jaypeaTr [epxaBHOi
npeMii B raimy3i HayKM 1 TEXHIKM YKpaiHu; Jaypear JepxaBHOI
npemii YkpaiHu B raiysi OCBiTH, 3aBijlyBay KadeIpyu KOMII'IOTEpHO-
IHTEIpOBAaHMX  TEXHOJIOTIH, aBroMmMaru3aiii Ta pPOOOTOTEXHIKH
(KITAP), XapKiBCHKOTO HAIlIOHAJILHOTO YHIBEPCHTETY
paioeNeKTPOHIKH, YKpaiHa

3aCTYIHUK T'OJIOBH KOMITETY KOH(EpEeHLIl, JOKTOp TEeXHIYHUX HAYK,
npodecop, maypear JlepxaBHoi mpemii YkpaiHM B ramysi OCBiTH,
JekaH (akyJabTeTy ABTOMATHKHM 1 KOMITIOTEPU30BAHUX TEXHOJIOTIH
(AKT), XapKiBCHKOTO HAalliOHAJIILHOTO YHIBEPCUTETY
palioeseKTpoHiky, YKpaiHa.

JOKTOp TEXHIYHUX HayK, Npodecop, 3aclyKeHUH iS4 HayKH
Asep0Oaitjpkancbkoi  PecriyOniki  mpopekTop 3 MDKHApOJHOTO
criBpoOiTHUITBA,  XapKiBCbKMH  HaI[lOHAIbHUHA  YHIBEpCUTET
panioeseKTpoHiky, YKpaiHa

ceKperap, JOKTOp TeXHIYHUX Hayk, mpodecop, mpodecop kadenpu
KOMI'IOTEPHO-IHTErPOBAHUX ~ TEXHOJIOTiH,  aBroMaTH3auii  Ta
POOOTOTEXHIKH (KITAP), XapKiBCHKOTO HAI[IOHAILHOTO

YHIBEPCUTETY PajliOe]IeKTPOHIKH, YKpaiHa.

JOKTOp TEXHIYHUX HayK, npodecop BapuiaBcbkoro yHiBepcuTeTy
cinbepkoro rocrnoaapersa (WULS - SGGW), [Monbma

JIOKTOp TEXHIYHHUX HayK, mpodecop BapiiaBcbkoro yHIBepcHUTETY
cinbebkoro rocnogapctea (WULS - SGGW), [ompia.

JIEKTOP/MOEHT,  AoKTOop  ¢inmocodii  (KOMI'IOTEpPHI  HAyKH),
JlocnigHunbKa IIKOJAa KOMII'IOTepHUX Hayk, Konemk imkenepii Ta
KOMIT'IOTCPHUX HayK, ABCTPaJiiiCbKUI HAIlOHAJIbHUH YHIBEPCHUTET,
ABcrtpaunis.

JOKTOp TEXHIYHHX HaykK, mpodecop, 3acayXCHHH isid HAyKH 1
TexHiku Ykpainu, naypear [epxaBHoi mpemii YkpaiHu B raiysi
HAyKH 1 TexHiku, qupekrop JlepkaBHoro mimmpuemcrBa Haykoo-
JIOCJIJTHOTO TEXHOJIOTIYHOr0 IHCTUTYTY NMpHIIa 00y 1yBaHHs, YKpaiHa

JIOKTOp TEXHIYHUX HayK, mpodecop, 3aciayKeHHH [isd HayKH i
TeXHIKM YKpaiHM, BiIMIHHUK HapoAHOI OCBITH YKpaiHM, 3aBigyBau
Kaesipu cHCTEM aBTOMATH30BAHOTO MpOeKTyBaHHA HarioHanbsHOro
yHiBepcutery «JIbBiBChKa IOJNIITEXHIKa», YKpaiHa.

kepiBHuK Bitiny nunaktuku I «Decro», Ykpaina
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JUPEKTOP TOB «HayxoBo-BHpOOHHUOTO MAPUEMCTBA
«YKPIHTEX»», Ykpaina.
KaHAuAaT  TEXHIYHUX  HayK, JOUCGHT, JeKaH  (akyIbTeTy

iHpOpMaLiHHUX TEXHOJOTIH Ta YIpaBliHHA, A3epOailmKaHCHKUN
JepKaBHHUK YHIBEPCUTET HADTH i IPOMHUCIIOBOCTI, A3epOaiimKaH.

KaHAMIAT TEXHIYHUX HAyK, JOLIEHT, 3aBiayBay Kadeapu yIpaBIiHHI
Ta  CUCTEMHOI  imkeHepil, AsepOaii/pkaHChKUIl — aepxaBHUH
yHiBEpCUTET HaTH 1 TPOMUCIIOBOCTI, A3epOaiKaH.

JOKTOp  TeXHIYHMX Hayk, npogecop, mnpodecop kadeapu
AaBTOMATHKH, €JIEeKTPOHIKM Ta TellekoMyHikaiid, HauioHanbnuii
yHiBepcuter «llonraBceka momitexHika iMeHi HOpis KonmpaTrokay
VYkpaiHa.

JOKTOp TEXHIYHUX HayK, mnpodecop, 3aciayXeHHH Iisd HayKH i
TexHiku Ykpainu, paupextop HaBualbHO-HayKOBOrO IHCTHTYTY
CHEPreTUKH, aBTOMATHKH Ta eHepro3oepexeHHs, HamionanpHui
yHiBepcUTET OiopecypciB 1 NPHUPOJOKOPUCTYBaHHS  YKpaiHH,
VkpaiHa.

JIOKTOP TE€XHIYHUX HaykK, Mpogecop, 3aciyKeHUH MpaiiBHUK OCBITH
VYkpainu, 3aBigyBau Kadeapd aBTOMATHKH Ta POOOTOTEXHIYHHX
cucteM iM. akax. l.I. Maprunenka, HarioHansHuili yHiBepcHUTET
6iopecypciB 1 IPUPOTOKOPUCTYBAHHSA YKpaiHH, YKpaiHa.

JOKTOp TEXHIYHUX Hayk, Jaypear JlepkaBHoi mpemii Ykpainu B
ramys3i OcBiTH, mnpodecop Kadeapu pagioKOHCTPYIOBaHHS 1
BUPOOHHMLTBA  pajioanaparypH, HamionanpHuit  TeXHIYHHA
yHiBepcuteT YKpainu «KUIBCbKMII NMOJITEXHIYHUH IHCTHUTYT iMeHi
Iropst Cikopcbkoro», YkpaiHa.

JOKTOp TEXHIUYHMX HayK, mpodecop, 3aciyKeHHH .is4 HayK i
TEXHIKM  YKpaiHu, mpodecop Kadeapun CHUCTEM YIPaBIiHHA
JiTajlbHUMU anapatamu, HalioHaIbHUN aepOKOCMIUHUH yHIBEPCUTET
iMm. M. €. XXykoBchkoro "XapkiBchbkui apiauiifiHuii iHcTHTYT",
Vkpaina.

JNOKTOp TEXHIYHUX HayK, Ipodecop, 3acTyNHHK IHUpEKTopa 3
HaykoBoi poboru JlepxkaBHoro nianpuemctBa «HaykoBo-mociigHui
TEXHOJIOTIYHUN IHCTUTYT NpHIano0yIyBaHHA», YKpaiHa.

JIOKTOp TEXHIYHUX HaykK, npodecop, jaypear [lep:kaBHOI npemiel
Kabinery MinicTpiB Ykpainu, 3aBigyBau kadeapu iHpopMariiHO-
KOMYHIKaLIMHUX MepexX, IHCTHTYT TeleKOMyHIKaliiHUX CHCTEM
HamionansHOro TeXHIYHOrO YyHiBepcuTeTy YKpainu «KuiBchkuit
NoJITeXHiYHuH iHCTUTYT iMeHi Iropst Cikopcbkoroy», Ykpaina.

JOKTOp TEXHIYHHX HayK, mpodecop, HadanbHUK KpHBOPI3HKOTO
Koyie/pKy HarioHanpHOTO aBialiifHOro yHIBEpCUTETY, YKpaiHa.
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KaHIMAAT TEXHIYHHX HayK, [OUpeKTop JlepskaBHOTO IiIpHEMTBA
«[liBreHHui JepKkaBHUM  HPOEKTHO-KOHCTPYKTOPCHKMUIM IHCTUTYT
aBialiitHOT MPOMHUCIIOBOCTI», YKpaiHa.

rerepanbHuil Menepkep Titan Machinery Limited, Ilornanmis.
renepanbHuii Menemxep Titan Machinery Limited, Kuraii.

KaH/UaT TeXHIYHMX HayK, Mpodecop, 3aciayKeHHH ais4 HayKH i
TeXHIKM  YKpaiHu», nepwuii  npopekrop  HanionansHoro
yHiBepcutery «JIbBiBCcbKa HOJIITEXHiKa», YKpaiHa

JOKTOp TEXHIYHMX Hayk, mpodecop, B.0. 3aBigyBaya kadeapu
KOHCTPYKLIi IOBITPIHUX CyJCH, aBiaJBUIYHIB Ta MiATPHUMAaHHSI
JIbOTHOI mpuaaTHOCTi, JIboTHa akamemis HAY, m.KponuBHUIIBKUIA,
VYxpaina.

JOKTOp TEXHIYHMX Hayk, mpodecop, 3aBimyBad kadeapu
CJICKTPOHHUX 3ac00iB Ta iH(OpPMAaIiiHO-KOMII' IOTEPHUX TEXHOJIOT1H,
Opiecbkuil HaliOHAJIBHUH TTOJIITEXHIYHUH yHIBepcHuTeT, YKpaiHa

KaHIUOAT TEXHIYHMX HayK, JONEHT KadeIpu aBTOMATUKU Ta
poboToTexHIUHNX cucTeM iM. akan. .I. Maprunenka, HamionansHuii
yHiBepcuter OiopecypciB 1 IpUPOJOKOPHCTYBaHHS — YKpaiHu,
VYkpaina.
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JleMcbka

3aCTYIHUK TOJIOBUM KOH(EpEeHIii 3 opraHi3aulifHUX MUTaHb, JOKTOP
TEXHIYHUX HayK, Ipodecop KOMIT'IOTEPHO-IHTErPOBAHUX TEXHOJIOTIH,
aBroMmatm3amii Ta  pobororexuiku (KITAP), XapkiBcbkuii
HalliOHAJILHUH YHIBEPCUTET PalioeIeKTPOHIKH, YKpaiHa.

KaHAMJAT TEXHIYHUX  HayK, JOLeHT, mpodecop Kadenpu
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po6ororexniku (KITAP), XapkiBchkuii HaliOHAIBHHN YHIBEPCHTET
pajioenekTpoHiky, YKpaiHa.

KaHJMAAT TEXHIYHUX HayK, JOLEHT, JOLEHT Kadeapu KOMII'FOTepHO-
IHTErpOBaHMX TEXHOJOriH, aBTOMaTHM3alii Ta pPOOOTOTEXHIKH
(KITAP), XapKiBCHKHIA HaI[IOHATbHUI YHIBEpCHUTET
pajioeneKTpoHiku, YkpaiHa.

KaHIMAAT TEXHIYHUX HAyK, JOIEHT, JOLEHT Kadeapu KOMII'TOTepHO-
IHTErpOBaHMX  TEXHOJIOTiH, aBTOMarW3alii Ta pPOOOTOTEXHIKH
(KITAP), XapKiBCbKHUH HalliOHAJIBHUH YHIBEPCHUTET
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Automation of Power Grid Element Management to
Enhance Energy Efficiency

Artem Hubar
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Ukraine, Kharkiv, 14 Nauky Ave, email: artem.hubar@nure.ua.

Abstract: This paper discusses innovative solutions in the
automation of power grid management aimed at increasing
energy efficiency in Ukraine, particularly in the context of
energy shortages caused by the war. Specific technologies and
their impact on energy security are proposed.

Keywords: automation, energy efficiency, power grids, Smart
Grid, energy security.

1. Introduction

Energy is a valuable resource, limited in its
availability. In the modern world, humanity is constantly
seeking ways to improve energy consumption efficiency,
as this issue is not only about savings but also about
responsibility to future generations.

In the context of a global energy crisis, driven by rising
prices and resource depletion, it is important to realize
that our electricity consumption today has a direct impact
on the lives of future generations. The quality of life of
our descendants and their ability to enjoy comfort depend
on the approaches we choose for utilizing energy
resources.

This awareness drives the search for innovative
technologies and solutions that can reduce energy
consumption and lessen the negative impact on the
environment. It is necessary not only to meet the needs of
today but also to leave a sustainable and clean world for
future generations. In this context, the automation of
managing the elements of the power grid is critically
important, as it allows for optimizing energy
consumption and ensuring the effective use of resources,
which, in turn, will contribute to the preservation of our
planet

II. Overview of Relevance

With the onset of the war in Ukraine, the relevance of
efficient electricity consumption has significantly
increased. The conflict has led to energy shortages,
resulting in numerous power outages. This has created
new challenges for consumers, businesses, and the state
as a whole, as it affects not only the comfort of citizens
but also the economic stability of the country.

In conditions of electricity scarcity, it is essential not
only to reduce consumption but also to implement new
automation technologies capable of significantly
enhancing energy efficiency. In this context, the
automation of managing elements of the power grid gains
particular importance, as it can become a key factor in
ensuring reliable and efficient use of energy resources.

In the context of Ukraine's energy security, it is
important to note that the Energy Security Strategy of
Ukraine emphasizes the need to synchronize Ukrainian
energy systems with European ones, which will allow for
sustainable development of the energy sector, particularly

through the automation of networks. In this regard, the
automation of power grids is one of the key steps toward
achieving a secure and efficient energy system [1].

Analysis shows that the relevance of research and
publications related to the automation of managing
clements of power grids to enhance their energy
efficiency is very high. One of the leading technologies is
Smart Grid. In 1886, the first alternating current power
grid was launched in Great Barrington, Massachusetts. It
was a centralized system managed on demand.

In the 20th century, local networks began to
interconnect to improve efficiency and reliability. By the
1960s, they transformed into large systems supplying
energy from thousands of power plants to industrial and
residential consumers through high-voltage lines.

The rapid increase in demand since the 1970s required
the construction of new power plants. During peak loads,
this led to outages, prompting consumers to demand more
reliable services. By the end of the 20th century, heating
and air conditioning systems had become the main
energy consumers, leading to peak loads during the day.
This increased the costs of maintaining the grid, which
were reflected in tariffs.

In the 21st century, countries like South Korea, China,
India, and Brazil have become leaders in implementing
modern smart energy systems. In the 2020s, the number
of publications on this topic in Ukraine has increased
nearly threefold; a pie chart comparing the number of
publications is presented in Fig, 1.

M 2000-2010

= 20102015
2667; m 20152020
65% 2020-2024

Fig. 1. Number of Publications in Different Periods of the
21st Century

The diagram shows the number of published articles
on the topic of automation of managing elements of
power grids to enhance their energy efficiency for four-
time intervals. The percentages in the diagram reflect the
share of each interval in the total number of publications
released on this topic in the 21st century.
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Figure 2 presents a diagram demonstrating the
dynamics of the number of published articles over the
period from 2020 to 2024.
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Fig. 2. Number of Publications in Recent Years

As can be seen from the figures, the number of
publications continues to grow. According to the Energy
Security Strategy of Ukraine, about 50% of Ukraine's
power grid is in a state of disrepair, significantly
complicating its operation. This situation necessitates the
implementation of innovative solutions, such as
monitoring and automation systems, which can help
restore and optimize the functioning of the networks. The
automation of networks will reduce the load on the aging
infrastructure and enhance its efficiency [1].

Automation of managing elements of power grids to
improve energy efficiency encompasses several key
areas. One of these is smart grids (Smart Grid), such as
ABB Ability and Siemens Spectrum Power. ABB Ability
enables the automation, optimization, and resilience of
operations across various sectors, increasing the
reliability and efficiency of energy networks [2]. Siemens
Spectrum Power specializes in reliable and efficient
management of energy markets, allowing for the
integration of various energy sources and real-time
management [3].

Another area is substation automation. Schneider
Electric’s EcoStruxure solution allows for monitoring
and remote control of key components of the power grid,
significantly enhancing its operational efficiency [4]. GE
Grid Solutions provides solutions for the transmission
and distribution of energy, facilitating continuous energy
supply and minimizing losses [5].

In the field of demand response management, notable
solutions include Oracle Utilities Opower and Enel X
Demand Response. Oracle Opower employs artificial
intelligence and behavioral technologies to influence
consumers, helping them reduce energy consumption
through analysis and information [6]. Enel X Demand
Response enables consumers to adjust their energy
consumption based on the state of the grid, helping to
reduce load and increase stability [7].

The integration of renewable energy sources is an
essential component of modern power grids. Schneider
Electric's Advanced Distribution Management System
(ADMS) provides automatic balancing of energy flows
and minimizes losses, allowing for the effective
integration of solar and wind energy [8]. Siemens'
Decentralized Energy Management integrates

20

decentralized energy sources, optimizing their use and
increasing grid flexibility [9].

Particular attention should be paid to real-time
monitoring and control systems. With solutions like
Honeywell Energy Control System and OSIsoft PI
System, it is possible not only to continuously monitor
the condition of the grid but also to automatically adjust
energy flows to maximize efficiency [10]. These systems
provide analysis, load management, and help reduce
energy losses in networks [11].

The results of implementing automation in power grids
and energy-efficient technologies in various countries
demonstrate significant progress in improving energy
consumption efficiency. In the U.S., for instance, Smart
Grid technologies have become the foundation for
modernizing the power grid following the Recovery and
Reform Act of 2009, which allocated about $4.5 billion.
As a result of these measures, electricity losses have been
reduced by 10-15%, and the reliability of energy supply
has improved, particularly in California, where the
duration of outages has decreased by 25%. The
implementation of renewable energy sources has also
gained momentum, with wind and solar energy now
accounting for about 20% of the overall electricity
consumption balance in some states [12].

Germany is implementing the "Energy Transition"
(Energiewende) policy, which involves gradually
reducing dependence on fossil fuels and increasing the
share of renewable sources. In 2020, the share of
renewable sources in total electricity production
exceeded 50%, and CO2 emissions decreased by 42%
compared to 1990 levels. The deployment of smart
meters allows consumers to monitor their consumption
and optimize electricity costs [13].

In South Korea, the Smart Grid project has been
implemented in the city of Gwangju, incorporating
demand management systems and smart meters. This
implementation has resulted in a 20% reduction in
electricity consumption during peak hours, as well as
significant savings on electricity costs through the
integration of renewable energy [14].

These examples demonstrate how automation and
modern technologies can significantly enhance the
efficiency of power grids and energy security, which is
an important direction for Ukraine in the context of its
energy transformation.

Among the implemented automation projects, the
introduction of automated electricity commercial
accounting systems (ACCS) should be noted. This
system optimizes electricity consumption, reduces losses
in distribution networks, and ensures more accurate
accounting of consumption. Thanks to ACCS, energy
companies can manage their resources more effectively,
improving the overall stability of the energy system [15].

Automation systems for managing electricity supply
modes and lighting have also been implemented,
allowing for the optimization of urban electrical networks
[16].

Ukraine faces numerous threats in the energy sector,
including market monopolization, infrastructure wear,
and dependence on energy resource imports. These
problems significantly limit opportunities for sustainable
development of the energy system. The automation of
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power grids is critically important for overcoming these
challenges and ensuring reliable energy supply.

1II. CONCLUSIONS

Automation of managing elements of power grids to
enhance their energy efficiency is a crucial link that
affects stability, economic, and human resources.

To address the current issues in Ukraine’s energy
system, it is advisable to implement several ready-made
solutions that can be the most beneficial.

First, smart grids (Smart Grid) can significantly
optimize energy consumption and reduce peak loads. The
implementation of Smart Grid technologies, such as
solutions from ABB Ability, will facilitate the integration
of renewable energy sources, which, in turn, will reduce
dependence on imported fossil fuels.

Second, substation automation using technologies from
companies like Schneider Electric will increase the
reliability of energy supply and reduce maintenance costs
for infrastructure. This solution will also help lower the
likelihood of accidents, which is critically important for
the stability of the energy system.

Third, demand response management systems, such as
solutions from Oracle Utilities Opower, will allow users
to adapt their energy consumption. This will reduce the
load on the grid during peak periods, improving the
overall stability of the energy system.

The experience of other countries confirms the
effectiveness of these technologies. For example, in the
U.S., the implementation of Smart Grid has led to a 10-
15% reduction in electricity losses and improved supply
reliability. Germany, by implementing the "Energy
Transition" policy, has achieved a share of renewable
sources in electricity production exceeding 50%. In South
Korea, the Smart Grid project in Gwangju has resulted in
a 20% reduction in electricity consumption during peak
loads.

In general, the implementation of these solutions will
enhance Ukraine’s energy security, improve the stability
of energy supply, and reduce energy poverty, creating a
favorable environment for investment in this sector.

Therefore, the successful implementation of power
grid automation is a key condition for achieving the
strategic goals of Ukraine’s energy security, as outlined
in the Strategy until 2025. This will reduce dependence
on imported energy resources, decrease infrastructure
wear, and improve energy resource management, which
is critically important for the country’s economic
development.
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IMPACT OF AUTOMATION AND CALS TECHNOLOGIES ON HUMAN
FACTOR IN PRODUCTION

Sotnik Svitlana Viktorivna,

PhD, associate professor of CITAR department
Hubar Artem Yuriyovych,

student

Kharkiv National University of Radio Electronics
Kharkiv, Ukraine

Introductions. Technological advances in manufacturing necessarily affect
entire process chain, from product concept to manufacturing and delivery to
consumer. Modern technologies are changing paradigm of manufacturing, affecting
automation, data management, analytics, and labor utilization [1-4].

Technologies such as automation, Internet of Things (IoT), artificial
intelligence (AI), 3D printing, and other innovations help speed up production,
reduce time and costs, and improve product quality [5, 6].

In context of automation, it is important to consider how it affects workflows
by reducing manual labor and increasing productivity through use of systems such as
robots, CNC machines (Computer Numerical Control) and automatic assembly lines,
and CALS (Continuous Acquisition and Life cycle Support) technologies.

Given impact of automation and other innovations in modern manufacturing,
CALS technologies play key role in effective management of information at various
stages of product life cycle. These technologies include standardized data exchange
methods, electronic catalogs, and logistics support systems that allow for collection,
updating, and transfer of necessary information quickly and efficiently between all
participants in production process. They help to reduce time spent on data
preparation, improve accuracy and reduce errors, which in turn contributes to overall
efficiency and competitiveness of enterprise. So, topic is relevant.

Aim. The purpose of this article is to study impact of automation and CALS
technologies on human factor in production. The work examines role of these
technologies in changing work processes, employee skills, and social aspects. It is
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planned to identify advantages, challenges and opportunities for improving efficiency
and competitiveness of enterprises and to propose strategy to support employees in
process of adaptation to new technologies.

The impact of automation and CALS technologies on human factor in
production results in increased efficiency, reduced errors, improved product quality,
and increased safety. Automation of routine tasks allows employees to focus on more
complex and creative aspects of their work, which contributes to overall productivity.
CALS technologies integrate information systems, providing access to up-to-date
data in real time, which improves coordination and decision-making.

Materials and methods. CALS is used to ensure effective information
management across entire product lifecycle, including development, production, and
support. The benefits of CALS include standardization of data exchange, which
simplifies integration of different systems and facilitates collaboration between
departments. This helps to increase efficiency of production processes and reduce
information management costs.

The disadvantages of CALS are complexity of implementation and high costs
of staff training and infrastructure to support new technologies. In addition, it is
necessary to constantly update software and ensure compatibility with existing
systems. In terms of impact on people, implementation of CALS may change role of
employees, forcing them to adapt to new software interfaces and data exchange
standards. This may require additional training and competency development.

The human factor in context of CALS includes impact on employee
motivation, readiness for change, and ability to adapt to new technologies. The
integration of CALS can affect work processes and require review of organizational
structures to make optimal use of these technologies.

Let's take look at impact of CALS technologies on human factor in production:

1. Cooperation and communication:

— CALS allow for uniform exchange of information between all participants in
product lifecycle;

— improved communication between customers, suppliers, manufacturers and
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service personnel.

2. Education and training of personnel:

— implementation of CALS technologies requires training of employees;

— skills in working with electronic systems and data exchange become key.

3. Reducing errors and improving quality:

— CALS systems help to avoid errors related to "human factor";

— ensure accuracy and standardization of data.

4. Adaptation to changes:

— CALS technologies allow for rapid implementation of new solutions and
changes;

— employees must adapt to new processes and tools.

Results and discussion. The impact of automation and CALS technologies on
human factor in production is becoming an extremely important aspect today, as
these technologies can both increase and change requirements for employees' skills
and their opportunities in labor market.

When studying economic and social aspects, it is important to understand how
cost of implementing automation and CALS technologies affects society as whole,
taking into account benefits and risks associated with these innovations.

Automation or digitalization of labor has given rise to new concept of "digital
labor." New digital labor markets claim to provide more flexibility, cost-effectiveness
and efficiency for both clients and independent contractors. However, this flexibility
is often accompanied by precarious working conditions and violations of established
legal and social standards of work quality".

Some workers do not have same access to training resources and retraining
opportunities to keep up with rapid technological advances in production. Those with
low levels of qualifications and those living in remote or underdeveloped regions
may face limited opportunities to acquire new skills and knowledge.

These inequalities can widen digital divide between those who effectively use
technology and those who lag behind. Unequal access to training and retraining can

deepen social inequalities and lead to increased unemployment and economic
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inequality. To reduce these negative effects, it is important to ensure broad access to
training programs and retraining initiatives for all categories of workers and regions.
In addition, improvements in educational attainment and technological skills should
be incentivized to ensure fairer and more equitable access to benefits of technological
progress across all sectors of production”.

To summarize, technological progress in manufacturing supported by
automation and CALS technologies has significant potential to improve efficiency
and competitiveness, but requires careful management of social impacts and
implementation costs. In course of this analysis, we will provide rough estimates of
impact of CALS technologies on human factor in various industries (Fig. 1).

Influence of CALS-technologies on human factor in different branches of
production:

1. Automotive industry (40 %) — increasing efficiency of production
processes, reducing errors and improving labor safety.

2. Aviation industry (35 %) — improving coordination between different
stages of production and maintenance, increasing accuracy and speed of tasks.

3. Electronics manufacturing (30 %) — optimization of complex production
processes, reduction of manual labor and increased assembly accuracy.

4. Military industry (25 %) — increasing reliability and quality of products,
improving logistics and service.

3. Pharmaceutical industry (20 %) — ensuring accuracy and reliability in

production and quality control processes, reducing risks to employee health.

20%

40%

® Automotive
industry

® Aviation industry

Electronics
manufacturing

® Military industry

Fig. 1. Influence of CALS-technologies on human factor in different branches

of production
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The study highlighted impact of CALS-technologies on human factor in
manufacturing. The impact of automation and CALS technologies on human factor in
production can significantly improve product quality and avoid errors, but at same
time requires restructuring. This means that employees must not only have relevant
knowledge, but also be mentally prepared for change, motivated and willing to adapt
and learn new things. To support such employees, it is important to provide access to
variety of training resources and retraining opportunities. Here are some examples
that can help employees reorient without significant moral discomfort:

1. Customized training programs, meaning that customized courses need to be
developed that take into account employees' current skills and experience, which will
then allow employees to learn at their own pace, reducing stress and increasing
learning success.

2. Mentoring support, which means that mentoring programs should be
created where experienced colleagues can help newcomers adapt to new technologies
and workflows, and help them adapt to change more quickly and effectively.

3 Online courses and webinars will allow employees to learn new material
at time and place that is convenient for them (as long as they have access to online
resources), and this increases learning flexibility and reduces feeling of being locked
in.

4. Hands-on training and workshops, this facilitates faster learning and
professional competence.

5. Supporting social and psychological well-being can be achieved by
creating specific support programs that include psychological support, professional
development counseling with opportunities to discuss any career change issues.

These measures will help to make retraining process less stressful and more
productive for employees, which, in turn, will help to improve production efficiency
and overall competitiveness of enterprise.

Conclusions. The study summarized problem of influence of automation and
CALS-technologies on human factor in production. The main aspects of this

influence in different industries were considered. The work identified following key
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points:

— impact of CALS technologies varies by industry, with greatest impact in
automotive (40 %), aviation (35 %) and electronics (30 %) industries;

— CALS technologies help improve communication, reduce errors, and
improve product quality;

— implementation of these technologies requires continuous training and
development of workers.

A strategy to support workers in adapting to new technologies is proposed,
including customized training programs, mentoring support, online courses, and
hands-on training. This study contributes to better understanding of complex impact
of CALS-technologies on human factor in production and emphasizes need for
balanced approach to implementation of these technologies, taking into account both
technological and social aspects. This study can serve as basis for further study of
optimization of CALS-technology implementation processes in various branches of
production.
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BUKOPUCTAHHA BEB-IOJATKIB JIJISA MOHITOPIHT'Y
TA YIIPABJIIHHSA

I'y6aps Aprem KOpiiioBuu

3100yBay JPyroro MariCTepchbKoro piBHs

(akybTeTy aBTOMAaTUKH 1 KOMIT FOTEPU30BAHUX TEXHOJIOT1i
XapkiBCHKUI HAI[lOHAILHUH YHIBEPCUTET PATI0CIEKTPOHIKH

MurtueBa Oubra CepriiBaa
K.IIE1.H., TOLEHT Kadeapu ¢irocodii
XapKiBChbKUH HaLllOHAILHUIN YHIBEPCUTET PaiOeIEKTPOHIKH

Be6-nomatkn — 1e yHIKadbHI Iporpamu, sIKi IpaIioloTh B Opaysepi 1
BIZIPI3HAIOTBCS  BiJ] 3BHYaMHUX calTiB. BOHM BUMararoTh OUIBII CKJIQJHHUX
HaJIallITyBaHb, OCKUIBKY KOPUCTYBa4 TYT — aKTUBHHUM yJaCHUK IPOIIECY, a HE IIPOCTO
CIOXKUBAu KOHTEHTy. BeO-monaTku ckiafaloTbes 3 JABOX OCHOBHHUX YacCTHH:
KJIIIEHTCHKOI, 5iKa BifoOpakaeTbcsi B Opaysepl KOpHUCTyBaua, Ta CEpBEpHOI, ska
00pobuisie 3amuTu 1 30epirae AaHi. BOHM HIMPOKO BHUKOPHCTOBYIOThCS B PI3HUX
rajy3six, BKIIOYal04d MOHITOPHHT Ta YIPaBIIHHS, JUTS ITiBUIEHHS TPOAYKTUBHOCTI
Ta €()EKTUBHOCTI.

3apa3 aBToMaTH3allis Bce O1IbIe MPOHUKAe B poOoui Miclid, 1 ii BIUIUB Ha po0oul
IIPAKTUKU Ta POJI € JAIEKOCSHKHUM. PoO04il 3aBIaHHs, K IPaBIIO, aBTOMAaTH3YIOThCS
3 ypaxyBaHHSAM €(EKTUBHOCTI, PE3yJIbTATHBHOCTI Ta OE3MEKH, ajle MEHIIE yBaru
NPUIUTIETCS ACIIEKTaM KOPHUCTYBAILKOTO JOCBiAy. O/HAK MOBHICTIO aBTOHOMHI Ta
O€3JIt0/IHI CUCTEMH PiJIKICHI, OCKUJIBKH JIFOJIM YaCTO BCE I1I€ TTOBUHHI KOHTPOJIIOBATH,
BTpy4YaTHCs, 0OCIyroByBaTU Ta KOHTPOJIIOBAaTH aBTOMaTU30BaHi cepeoBuIna.[2]

Iudposa aBTroMaruzauis NpoHHMKIA B OaraTo cdep HAIIOrO IMOBCIKICHHOIO
JKUTTS, MalO4YM CepHO3HI HACHIAKU U1l COLIAIBHUX, EKOHOMIYHUX Ta HMOJITUYHHUX
CUCTEeM. 3JaTHICTh aBTOMATH3alli MOCTIHHO TMOKpallyBaTH Ta TpaHCchOpMyBaTH
JIIOJICHKE JKUTTS TMOPOIMJIA IUIMPOKE TLIO HAYKOBHMX JIOCHIUKEHb 3 BHECKAMM BiJl
COLIAIbHUX Ta EKOHOMIYHHX HayK, IH)KEHepii Ta TeXHOJIOTiH. [3]

Icuye Garato BeO-monaTKiB, sSKi CIPSIMOBaHI Ha AaBTOMATHU3AII0 POOOTH Ta
MOHITOPHHT 3agau abo pecypciB Ha miampuemctsi. Jira Ta Trello — me momymnspHi
IHCTPYMEHTH ISl YNIPaBIiHHS MPOCKTaMH, SIKI JO03BOJIAIOTH KOMaHAaM €(QEeKTUBHO
BiJCTEXyBaTH nporpec 3axad. Sales Creatio, Worksection, KeyCRM, SalesDrive ta
HugeProfit — ne BeO-gogaTky, sKi J0NOMaralOTb aBTOMATU3YBaTH Pi3HI ACHEKTH
0i3HeCy, BKIFOYAIOUH MPOJAXKI, YIPABIiHHS IPOEKTaMH Ta 00iK.[4 — 7]

Kpim Toro, icHyroTh Be0-/10/1aTKH, SIK1 JOTIOMararoTh aBTOMaTH3yBaTH PO3PaXyHOK
BapTOCTI €KOHOMIYHUX pimens. Hampuknan, EBITDA kanbKynsTop J03BOJISIOTH
KOpHCTYBauaM JIETKO pO3PAaXxOBYBaTH BapTiCTh PI3HUX EKOHOMIYHHMX pIIlICHb.
Frontmen ta IWIS nponony:oTs po3podKy BeO-101aTKiB, sIKi MOXKYTh aBTOMAaTU3yBaTH
TaKi pO3paxyHKH, 1110 MOke OyTH 0COOIMBO KOPUCHUM JIS IIATIPUEMCTB, K1 ITYKaIOTh
crocoOH onTuMmi3allii CBOiX MPOIECiB.
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Hemosxna 3a0yBaty 1m0 iCHYIOTH OUTBII TPOQITBHI 3aBAaHHS, M0 BHPIIIYIOTHCS
OKpEeMHMMH JIOKAJI30BaHUMH JI0/IaTKaMH 1 I1e Bce 30UIbIIy e(peKTHBHICTH pobouoi
Iparli 3a MEHIIUI IPOMIKOK yacy.

Ilepesaru:

e  EdexrusHicTh — BeO-J0AATKH JO3BOJISIOTH aBTOMATH3YBaTH PyTHHHI 3a/1adi,
110 3BUIBHSIE Yac CHiBPOOITHUKIB /111 BUKOHAHHSI OUIBII CKJIATHUX 3aBIaHb;

e Ilenrtpamizamis — BOHM 3a0e3neuylOTh IEHTPATI30BAHUM JOCTYI JI0
iH(OpMaAIIii, [0 MOJIETHIYE YIPaBIiHHS MPOEKTAMU Ta PECYypCaMu;

e  MOHITOPUHI — BOHHU J03BOJISIIOTH BIJICTEXKYBaTH NpPOrpec 3anad Ta CTaH
PECYpPCiB B peaIbHOMY 4aci;

e  CmiBnpals — BOHH MOJIETIYIOTh CIIBIIPALIIO MK KOMaH/1aMH, HE3aJIE)KHO BiJ
iX reorpagiuHOrO po3TaLIyBaHHS.

Henomniku:

e  Bapricte — Jnesiki BeO-10aTKU MOXYTh OyTH JOPOTHMH, OCOOJIUBO IS
MaJIoro Ta cepeiHboro 0i3Hecy;

e HapuanHg — cmiBpoOITHMKaM MOXe€ 3HAJOOUTHCS Yac, MO0 HABYUTHUCS
KOPHUCTYBATHUCSI HOBUMH IHCTPYMEHTAMH;

e  3anexHicTh Bia IHTepHeTy — BeO-IoAaTKU 3aiexarb BiJ IHTepHeTy, Tomy
Oyab-aKi IPOOIEMH 3 MIIKIIOYEHHSIM MOXYTh IIPU3BECTH 710 IEPEPBH B poOoTI.[8 — 9]

Kosxen BeO-10/1aTOK Mae CBOIO CHEIM(]iKy Ta HalpaBlIEHICTh, 1 BIH MoXe OyTH
ONTHMI30BaHUH JJIs1 BUPILICHHS NEBHOTO KoJia 3aBJaHb. lle Moke OyTH BEIHMKOIO
MIEPeBaror, KOJW BaM MOTPIOHO BUPIMIUTH AyXe crenudiuyHy mpobiaemy, ane Ie
TaKO)XX MOXE CTaTH OOMEXEHHSM, KOJIM BaM MOTPIOHO BUPIIIUTU 3aBIAHHS, SKi
BUXOJIATH 32 PaMKH Iii€i crienuiku.

[lono nmoxuOoOK, sIKi HE BPaXOBYIOThCS BXKE ICHYIOUMMM BeO-J0AAaTKaMU, LE €
3arajlbHUM BHMKJIMKOM JUIS BCIX THUIIB IporpamHoro 3abesnedeHHs. HemoxiuBo
nepea0auYnuTi BCl MOXIIMBI CIIEHAapii, SIKI MOKYTh BUHUKHYTH ITiJ1 4YaC BUKOPUCTAHHS
0JaTKa, 0COOJIMBO KOJIM MOBA MIe MPO CKJIAJHI CUCTEMU, TakKl sIK B€O-101aTKU JJIs
MOHITOpPUHIY Ta ynpaBiiHHSA. OpHak, poO3pOOHMKM TOCTIHHO NPALIOTh Hal
BUSIBJICHHSIM Ta BHIIPABJICHHSM IMOXMOOK, @ TaKOX HaJ BIOCKOHAJIEHHSM CBOiX
IPOIYyKTiB HAa OCHOBI BiATYKiB KOPUCTYBAUiB.

Bukopucranus BeO-704aTKiB JUIi MOHITOPIHTY Ta YIPaBIIHHS MOXE 3HAYHO
IiBULIMTH OPOXYKTUBHICTH Ta e(eKTUBHICTH poOoTH. BoOHM /103BOJSIOTH
aBTOMAaTU3yBaTU pYTUHHI 3a4ayl, LEHTpali3yBaTU JOCTyln J0 iH(opmarlii,
BIZICTE)KYBAaTH IPOrpec 3ajJady Ta CTaH pPECYpCiB B peaJbHOMY 4aci, a TaKOX
HOJIETIIYIOTh CHIBIpAL0 MK KoMaHgaMu. OJHAaK, BaXJIMBO IaM’sTaTd Ipo
NOTEHI[IHI BHMKJIMKM, TaKl SIK BapTIiCTh BeO-10JaTKiB, HEOOXIJHICTb HABYAaHHs
CHiBpOOITHHKIB, pU3UK BUTOKY a00 BTpaTH JIAHHX, a TAKOXK 3AIEXKHICTH BiJ [HTEpHETY.
He3Bakaroun Ha II1i BUKIMKH, BeO-J0JATKH TIPOJOBKYIOTH PEBOIIOIIOHI3YBaTH
CydYacHHH 0i3HEC, MPOIOHYIOYN HOBI MOKJIIMBOCTI JUTSL ONITUMI3AIlii Ta aBTOMAaTH3AIli1
nporieciB. BoHU BiKpHBalOTh HOBI TOPU30HTHU JUISl MiJIBULIEHHS MPOAYKTUBHOCTI Ta
e(eKTHUBHOCTI, 1110 POOUTH 1X HE3aMIHHUM IHCTPYMEHTOM B Cy4aCHOMY CBITI.

Otrxe, aBTOMATU3allisl MOXE MaTH 3HAYHMM BIUIMB Ha IPOAYKTUBHICTH Ta
3a/10BOJICHICTh NepcoHaiy. ToMy, IpU BIPOBAPKEHHI aBTOMAaTH3allil, BaXIIMBO HE
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TUTBKMA 30CEPEUTHUCS Ha TpPArMaTHYHHUX AacCTleKTaX, TaKuX SK e(QEeKTUBHICTh Ta
pe3yJIbTaTHUBHICTh, aj€ TaKOXX BpaxyBaTW EMOI[iHI acCHeKTH KOpPUCTYBAIbKOTIO
nocBimy. Ile Moxe BriIO4aTu po3poOKy Oulbll I1HTYITMUBHUX 1HTep(eiiciB,
3a0e3MeueHHs 3BOPOTHOTO 3B 513Ky Ta CTBOPEHHSI OLIBIL IPUEMHOIO KOPUCTYBAIBKOIO
JOCBILY.
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VJIK 519

BEB-JTOJATOK JJIA MOHITOPUHI'Y TA YITPABJIIHHSA 3AITACAMU
B 3D-IPYKAPHI

A.JO. I'yoapsb
XapKiBChbKHH HallIOHAILHUI YHIBEPCUTET PaliOCNIeKTPOHIKI
VYkpaina, 61166, Xapkis, np. Hayku 14
Email: artem.hubar@nure.ua.

AHoTanis: CrarTs NpUCBsiuCHA NPUHIUIIAM Ta MOJISJISIM aBTOMATH3allii yIIpaBiliHHs 3aracaMu Ha
B mpukinaai 3D-gpykapHi. B paMkax mNpoekTy BHKOHaHO aHali3 IIONHUTY, NPOTHO3YBaHHS,
BIJICT&)KEHHSI poOOYOro 4Yacy MpaliBHHKIB, aHali3 BHTpAT Ta BapTOCTi BUpoOHHMUTBA. OTpuMaHi
PE3yNbTaTH CHPHUATHMYTH ONTHMi3alii BUPOOHMITBA Ta 3a0€3MCUCHHIO C(PEKTUBHOTIO YHPAaBIIHHS
pecypcamy B yMOBaX Cy4acHHX BOEHHHX pealtiid.

KniouoBi cjioBa: MOHITOpPMHI, ynpaBiliHHS 3anacamu, 3D-ipykapHs, IPOTHO3yBaHHS, aHaii3
BUTPAT, ONTUMI3allis BAPOOHHUIITBA.

WEB APPLICATION FOR MONITORING AND INVENTORY MANAGEMENT IN A 3D
PRINTER

A.Y. Hubar

Kharkiv National University of Radio Electronics
Ukraine, 61166, Kharkiv, Nauky av.,14

Email: artem.hubar@nure.ua.

Anotations: This article is devoted to the principles and models of automation of inventory
management in the example of a 3D printing house. The project includes the implementation of
demand analysis, forecasting, tracking employees' working hours, and analyzing costs and production
expenses. The obtained results will contribute to optimizing production and ensuring efficient
resource management in the conditions of contemporary wartime realities.

Key words: monitoring, inventory management, 3D printing, forecasting, cost analysis,
production optimization.

IIpeamerom manoi poboTu € po3podka Bed-101aTKa I MOHITOPUHTY Ta yNpPaBIiHHS 3aracaMy B
3D-npykapHi. 3arponoHOBaHUI J10JATOK CIPSIMOBAaHHHW HAa CTBOPEHHS 3pydHOro iHtepdeiicy st
BIICTC)KCHHS DPI3HOMAHITHUX MaTepiajiB 1 JeTalei, IO BUKOPUCTOBYIOTHCS Yy BHpPOOHHHTBI 3D-
BUpPOOIB. J[Ist JNOCATHEHHs 1€l METH TIUTAHYEThCS BHKOPHCTAHHsI 0a3W JaHUX JUIs 30epiraHHs
iHpopMarlii Ipo HasABHI peCypcH Ta IX BUKOPUCTAHHSL.

3anpornoHoBaHa TeMa CTOCYEThCS HE TIIbKM IHHOBALiN y cdepi BUpOOHMITBA Ta BEO-TEXHOJIOTIH,
aJie i 3HaXOJUTh CBOIO aKTyaJbHICTh B yMOBAX IIOBHOMACIITaOHOT BiiiHU B YKpaiHi. 30kpeMa, y 3BITi
Deutsche Welle Bigznaueno, mo texuomorii 3D-IpyKy CTaroThb BaXIUBUM I1HCTPYMEHTOM ISt
3aI0BOJICHHSI NOTPeO y MIIACTUKOBUX JIeTaJIsIX JUIsl BilicbkoBUX notped [1].

VKpaiHCbKI BOJIOHTEpU Ta JApyKapi aKTUBHO BHKOPHCTOBYIOTH 3D-apyKapHi Juli BUIOTOBJICHHS
PI3HOMaHITHUX JIeTaJiel, TAKUX SIK XBOCTOBUKHM JUIsSl CHapsiJiB, KPITUICHHS A1 APOHIB, OOOIOHKH ISt
CHApsIJIiB, IHCTPYMEHTH JUIsl PO3MiHYBaHHS MPOTUTAHKOBUX MiH TomO. L{i Aerasi cTaroTh BaKIMBUMHU
KOMITIOHEHTaMH Ha (POHTI, TOMOMAralouu yKpaiHCbKUM BiCHKOBUM 3abe3meuyBaTH CBOI MOTpeOU B
YMOBaX BOEHHOTO KOH(QJIIKTY.
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3a3Hauvaersbest, Mo TexHoyorii 3D-ApyKy CTalTh YaCTHHOIO KPEAaTHBHOI JIELEHTPai30BaHOT
Mozeni BupoOHuNTBa. Lle 0COOMMBO Ba)JIMBO B yMOBaxX BilHM, Ji¢ IMIIPOBiI30BaHi pIlICHHS Ta
HEBEJHKI BUPOOHNYI TPYIH MOXKYTb IIBUAKO pearyBaTtu Ha nmotpedu ¢pponty [1].

IlizcyMKkoBO, B KOHTEKCTi BiiiHM B YKpaiHi, po3poOka BeO-jojaTka Juisi MOHITOPUHTY Ta
yopaBimiHHA 3amacaMud B 3D-apykapHi BHSIBIIETbCS BaXKJIMBOIO iHiNiaTHBOIO. Bona nomomarae
3a0e3nedyBaTH apMil0 HEOOXIJHMMM pecypcaMu, 30KpeMa, IUIACTHKOBUMHM AETAIAMHM, Ki MOXKYTb
Oyt BupoOaeni musixoM 3D-gapyky. Takuil miaxin € akTyaabHUM Ta €(EKTUBHHM Y KOHTEKCTI
CY4acCHHMX BOEHHHX peajliii, 3a0e3redyioun Ba)INBl MaTepiaabHi pecypcu A MiATPUMKUA 000POHHOL
CIIpaBH.

baza nanux y po3po6ieHoMy BeO-10aTKy € KJIIIOYOBUM KOMIIOHEHTOM, OCKIJIbKY BOHA 3a0e31euye
30epiraHHs CTPYKTYpOBaHOI iH(popMaIii mpo MaTepiaid, AeTali Ta iHII pecypcH. BukopucraHHs
0a3n JaHuX J03BOJIsiE €(DEKTHMBHO OpraHi3yBaTH JaHi, 3a0e3Medyylovd MIBHIAKHH JOCTYI JI0
HeoOxinHoi iHdopMarii Ta CIIpoNyI0YX IPOLECH aHATi3Y.

OCHOBHUMH CYTHOCTSIMH 033 JIaHUX € MaTepiaju, JeTaili, NpaliBHUKH, BUTPATH, 3aMOBJICHHSI.

Koxen 3ammc y 0a3i jgaHux BijjoOpaska€ KOHKPETHY OJMHHIIO MaTepialy 4Yd Jerali,
3a0e3rneuyroud MOBHOTY Ta TOYHICTH OOJIKY 3amaciB. BukopucToByro4M pemsiuiiiHi 0a3u JaHuX
CTBOPIOIOTHCS Pi3HI 3B’SI3KM MK CYTHOCTSIMH TaKi sIK OJJHH JI0 OJIHOTO, 6ararto /10 0AHOro Ta Gararo
10 0araThox.

JonaTtkoBo, BUKOPUCTaHHS 0a3u JaHUX J03BOJIE BIPOBAKEHHS PI3HOMAHITHUX (QYHKILIH, TaKuX
SK TeHepalis 3BITIB, aHalli3 BUKOPHCTaHHS pECypCiB Ta aBTOMAaTH3allisl IPOLIECIB OHOBICHHS
inpopmanii. lle cnpusie eeKTUBHOMY BHUKOPHUCTAHHIO MAaTEpiaJlbHUX PECYpCiB Ta MaKCHUMi3auii
NPOAYKTHBHOCTI BUPOOHUIITBA.

Bukopucranns 0a3u JaHUX B JaHOMY KOHTEKCTi € CTPATEriYHO BAKIIMBHM €JIEMEHTOM, OCKUIbKH
BOHA JIOTIOMAra€ MiAMPHEMCTBAM HE JIMIIC BIACTE)KYBaTH 3alacd, aje 1 mpuiMaTH iHPOpMOBaHi
pillleHHsT 3 ympaBiiHHSA pecypcamu. Hapmami MOXIIMBO pO3IJISAaTH MOKIMBICT PO3IIMPEHHS
¢yHKIiOHAY 0a3u JaHWX, BKJIIOYAIOYH IHTETPALiIo 3 IHIIUMH CUCTEMaMH, 110 JO3BOJIHUTH MOJajIbIIC
MOKPAII[CHHS YIPaBJIiHHA 3anacaMu B 3D-npykapHsix [2].

BakmMBO BH3HAUUTH KOHKPETHI TEXHOJOril 0a3 JaHuX, sIKi 3aCTOCOBYIOTBCS JUIsl 3a0e3NeueHHs
e(eKTUBHOTO (PyHKIIOHYyBaHHS BeO-noAaTKy. OJHIEI0 3 Ba)XJIMBUX TEXHOIOTIH € pensuiiiHi 0a3u
nannx RDBMS (Relational Database Management System), siki Z03BOJISIFOTh CTPYKTYPYBaTH JaHi y
BUTJIsII TaOJIHIb, 3B's13aHKX 3a JIOMOMOrol0 KirouiB. Bukopucranus RDBMS crpusie edekTuBHOMY
30epiraHHio Ta 00poOI iH(popMaIrii.

Kpim Toro, mosa 3anutiB SQL (Structured Query Language) BUKOPHUCTOBY€ETBCS AJIsl B3aeMoii 3
6azoro nanux. SQL 1103Bosse BUKOHYBATH PI3HOMAHITHI 3alIUTH, 3a0e3M1euy0ud HeOOXiIHUI H0CTyI
JI0 JaHUX JUI1 KOPUCTYBAUiB Ta aqMiHICTPATOPIB CUCTEMH.

YV KOHTEKCTI BEIMKOro 00CsTy JaHMX, BUKOPUCTAHHS TEXHOJIOTIH Kiactepusauii 6a3 JaHuX MOxe
3a0e3neunT BUCOKMH pIBEHb JOCTYMHOCTI Ta HajiliHocTi cuctemu. Taki kiacrepu J103BOJISIOTH
PO3IOIUTITH HABAaHTAKEHHS MK PI3HHMH cepBepamMHu, 3a0€3Meuy0un ONTHMAIbHY MPOAYKTUBHICTS.

Cucremu ynpasiiHHA BepcisMu 0a3 1aHux, Hanpukiajg Git, MOXKYTb CIIpUSTH 30epexeHHIO0 icTopii
3MiH Ta BIJICTEXKCHHIO Bepcid cxeM manux. lle BaxummBo mns 3a0e3medeHHs LUTICHOCTI Ta
Bi/IHOBJIGHHSI JJAaHUX Y BHIIAJIKy HEOOXiJHOCTI.

VY BeO-moJaTKy JUli MOHITOPHMHIY Ta yHpaBiiHHS 3anacaMu B 3D-IpykapHi BUKOPHCTOBYIOTHCS
nepeaoBi  MeroaM IMpyBaHHS, CHOPSIMOBaHI Ha 3a0€3MEYeHHS MAaKCHMMAaJbHOTO  PiBHS
koH]iaeHuiitHocTi Ta Oe3nekn oOpobmoBanoi iH(Gopmanii. Lle BaxIMBHIl acrekT, 0cOOIUBO IpU
poboTi 3 KOH(DIACHIIHUMH JaHUMH IIOJO PECYpCiB, MaTepialiB Ta IHIIMX Ba)KJIMBUX TMOKA3HUKIB
BUPOOHUIITBA.
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Meroau mupyBaHHS MOXKYTbh OyTH BUKOPUCTAHI Julst 3aXUcTy KOH(DineHiHHoT indopmauii B 6a3i
JlaHuX, 3a0e3nedyoun Oe3neKky JaHUX KOPHCTYyBadiB Ta Jeralield Ipo BUpOOHULTBO. Bukopucranus
AJITOPUTMIB IIU(PYBaHHS J03BOJISIE 3aXHUCTUTH JIaHi i/ yac nepeaadi ta 30epiraHHs.

3 ocuoBHux MetoniB — ue TLS/SSL wmmdpysanus, AES (Advanced Encryption Standard),
XCIIIyBAaHHS IapOJIiB, MCTOAM ayTeHTH(]IKAIi Ta aBTOpU3aIlil.

InTerparist HUX MeToAiB mHU(PyBaHHSI y BeO-mogaTKy 3a0esneuye MOBHUI CIIEKTp 3aXOMiB UIA
3aXUCTy BijJl IOTEHLIMHUX 3arpo3 Ta Hajae KOPUCTyBauaM BIIEBHEHICTb y KoHGigeHuildHOCTI Ta
Oe3reni IXHIiX IaHUX.

TexHoori1 pe3epBHOTO KOIMiIOBaHHS Ta BIJHOBICHHS JIAHUX € HEBII'€MHOI0 YaCTHHOIO CHCTEMH.
PerynsipHe CTBOpEHHsI pe3epBHUX Komii 0a3u JaHuUX J03BOJIsie 3ano0irtd BTpari iHdopmauii Ta
3a0€3MeUYnTH MOXKJIMBICTh BITHOBJICHHS B pa3i aBapiii.

Takox cnii pO3MISHYTH BHUKOPUCTAHHS CHCTEM MOHITOPUHTY Ta 30€peKeHHs MaHMX, SKi
JIO3BOJISIIOTH BYACHO BUSIBIISATH Ta pearyBaT Ha Oyab-siKi IpoOieMu y poOoTi 6a3u JaHuX.

VYV BeO-104aTKy JUISi MOHITOPMHTY Ta yNpaBiliHHs 3anacamu B 3D-JpykapHi BUKOPHCTOBYETHCS
IPOJyMaHa CHCTEMa MOHITOPUHTY Ta 30€peXeHHs MaHMX, 110 JO3BOJSIE BYACHO BUSIBIATU Ta
e(eKTUBHO pearyBaTH Ha Oyab-siki mpobiemu y poOoti 6a3u manux. Lli 3axomm cmpsiMoBaHi Ha
3abe3rneueHHs cTabiIbHOCTI Ta Oe3nekn PyHKIIOHYBaHHS CHCTEMH.

3 OCHOBHHX METOMIB — II€ MOHITOPHHT pecypciB 0a3u maHuX, Kiach(ikallis 3aIlMTiB, CHCTEMa
AaBTOMATHYHOI'O CHOBIIIEHHS, MOHITOPMHI PE3EPBHOrO KOIIIOBAHHS, aHaJi3 JIOTiB Ta BUSBIICHHS
HECAHKIIIOHOBAHOTO JOCTYILY, 3aX0/11 3aXUCTy Bix SQL-iH'eKIiii Ta IHIINX aTak.

LIi 3axoau GopMyIOTh IHTETPOBaHY CHCTEMY MOHITOPHMHTY Ta 30epekeHHs JaHHuX, sika 3a0e3mneuye
BUacHE BHSBICHHS Ta eQeKTUBHY peakuito Ha Oyjab-gki npoOiemu y poOoTi Oasu JaHux,
3a0e3meuyroun HaaiHHICTh Ta 0e3MmeKy (yHKIIOHYBaHHs BeO-I0qaTKa.

Buesragani TeXHOJOTT B CyKYTTHOCTI CTBOPIOIOTH MOTYXXHHUH IHCTpYMEHTapii juis 3a0e3neueHHs
e()eKTUBHOTO Ta OE3MEYHOr0 BeJCHHS 00IiKy pecypciB y 3D-apykapHi.

Meronosoris, BUKOPHCTaHA B MAaHiii poOOTi, BKIIOYAE ACTANBHUN OIIAA ICHYIOUHMX CHCTEM
YIpaBIIiHHS 3amacaMyd Ta BUKOPHCTAHHS Cy4YaCHHX TEXHOJIOTIH Juisi CTBOpEHHs BeO-10jaTKa.
JletanpHO TNpoaHalli30BaHI IEpeBard Ta HEJONIKH, (DYHKIIOHANbHI MOXIIMBOCTI Ta OOMEXKCHHS
icHyrounx cuctem. Lleit orisig cnyrye OCHOBOIO IUist BHOOPY ONTHMAIBHOTO LUTSIXY B po3po0ii BeO-
Jloj1aTka.

PoGota akIeHTye Ha BHKOPHCTaHHI MEPEIOBHX TEXHOJOTIH JUIi CTBOPEHHS BeO-I0IaTKa.
Po3risimaeTbcss BUKOPHCTaHHS Cy4YyaCHHX MOB IIpOrpaMyBaHHs, (peiMBOpKIB Ta IHCTPYMEHTIB
PO3pOOKH, 110 rapaHTye e(eKTUBHICTh Ta CTAOLIBHICTh pOOOTH JI0JaTKa.

CrBopeHmii BeO cepBic BKIIOYaE€ B ceOc aBTOMATH3ALil0 PYTHHHUX 3aBJaHb, IO CIIPHSIE
e(eKTHBHOMY BUKOPUCTAHHIO POOOYOro yacy.

OuikyeTbCs, 110 pe3yJbTaTH POOOTHM MAaTUMyTh BAaroMHi BKJIaj Y MOJIMIICHHS YIIPaBIiHHSI
3anacamu B 3D-apykapHsx. Po3poOnenuit Be0-101aTOK MOKIMKaHUI 3a0e3nmeunTH e(heKTUBHICTh Ta
TOYHICTh OOJIKY pecypciB, IO J03BOIMTH HIAMPUEMCTBAM, 3aiHATHM y BHpOOHHMITBI 3D-BUpOOIB,
ONITUMI3YBATU CBOIO HisITBHICTD.

OpHUM 13 BaXJIMBHX acHeKTiB pO3poOKM J0faTKa € aHajli3 MONMTY Ta IPOrHO3YBaHHS.
BuxopucroByrouu Aani 3 6a3u JaHUX, CUCTEMa 3JaTHA aHali3yBaTH 1CTOPUYHI Ta MOTOYHI JaHi Ipo
MONUT Ha KOHKPETHI MaTepiajii 4M JeTali, a TaKoXK MPOrHo3yBaTH MaiOyTHI motpedu. Lle no3Bomse
I ITPUEMCTBY O1JTBIII TOUHO MJIAHYBATH BUPOOHHIITBO Ta YIPABIISITH 3allaCaMH.

BaxnuBo TakoX BpaxOBYBaTH €(EKTUBHE BIACTEXKEHHS OOJIKY MPALIBHUKIB y BHPOOHUYOMY
npoueci. Jlogatok Mae 3a0e3MeUNTH MOXIIMBICTH peecTpanii MpamiBHUKIB, iXHIX (YHKI[IOHAJTIBHUX
000B's13kiB Ta pobouoro yacy. lle n03BoNUTH eheKTUBHO BIPOBAIKYBAaTH aHAi3 BUTpAT Ipaui Ta
BU3HAYATH ONTUMAJIbHI CTPATErii BUKOPUCTAHHS pOOOYOro dacy.
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Amnani3 BUTpaT Ta aHajgi3 BapTOCTI BHUPOOHMIITBA € HEBII'EMHUMH  CKJIQJIOBUMH IpOLECY
yIpaBiliHHS 3anacamy. Jl0JaTOK Ma€e BpaXOBYBAaTH BUTPATH Ha Marepiaid, Mpauio Ta iHII pecypcu
JUISL aHAITi3y 3arajbHUX BUTPAT Ta ONTUMI3aLlii BAPTOCTI BAPOOHHUIITBA.

Ww = Wm + Wd. (1)

Jne Ww — BapricTb BupoOHuITBa; Wm — BapTicTh MaTepianiB; Wd — BapTicTh IpyKy.

Wd = Hd = Kwd + Wn. (2)

ne Hd — gac apyky; Kwd — koeditieHT apyky;TWn — BapTiCTh HaJalITyBaHHS.

Amasi3 3anaciB € KIIOYOBHM €TaIroM y BIIPOBaKEHHI e(DeKTHBHOI CHCTEMH YIPaBJIiHHS 3aracaMu
Ha mignpueMmctBi. CHCTEMAaTHYHHMH OIJIS/I HAasBHUX PECYpCiB [O3BOJIIE BUSBUTU ONTHMAJIbHI
crparerii iX BMKOpUCTaHHs Ta 3a0e3re4yeHHs HaMBHUIIOT NPOJAYKTHBHOCTI. B xoxi anamizy ciij
BpaxoByBaTu (hakTOpH, Taki K LIBHAKICTE 00OPOTY 3araciB, MMONUT Ha KOHKPETHI Marepiaju Ta
JIeTalli, a TAKOJK MO>KJIMBI PU3UKH MOB'A13aH1 3 HEOCTa4yeto ab0 MepeBHUIIEHHM 3a11aciB.

M
pr= ZM
Km

ne Pt — momut 3anacis 3a pik; M — oxuHMI MaTepialy 3a OCTaHHIH pik; Km — KinbKicTh MicsLiB
pobotu.

Pz = Pt +Pzw —Zo. (4)

ne Pz — norpeba 3amaciB; Pzw — morpeba B yTBOpEHHI HOPMAaTHBHHX 3aIMLIKIB Ha KiHELb
nepiony; Zo — 3amacu Ha MoYaToK Mepioy.

JletanbHU OIIIs)| 3aMaciB TAKOXK BKJIIOYAE B ce0e BU3HAYCHHS ONTHMAJILHUX PIBHIB 3amacis, mo0
YHHUKHYTH BTpaT BiJ] 3aiiBUX 3anaciB ab0 MOXKJIMBOCTEH HeoOXiiHMX MaTepiaiiB. KpiM Toro, BakimBo
BPaxXOBYBaTH CE30HHI KOJIMBAHHS, 1100 3a0e3MeYnTH BYacCHE MOMOBHEHHs 3araciB Mepej nepiojaMu
I IBUIIIEHOTO TOIHTY.

TakuM 4YHHOM, pO3pOOJCHHI BEO-IOHATOK HE JHINE CIPOCTUTH BIACTE)KECHHS 3amaciB y 3D-
JpyKapHi, aje i 3a0e3neYnTh KOMIUIEKCHUH aHalli3 Ta yIpaBIiHHS PI3HUMH aClleKTaMH BUPOOHHYOTO
nporecy.

VY3aranpHIOIOYH, aHAJIi3 3aIaciB T03BOJISE MIAMPUEMCTBY MPUIMATH iH(GOPMOBaHI PIilICHHS IIOI0
YIpaBIIiHHS CBOIMU PECypcamH, IO € BaXIJIMBUM €JIEMEHTOM cTparerii onTuMisawii BUPOOHHLTBA Ta
3a0e3neueHH s SIKICHOro 00CITyrOBYBaHHS KIIIEHTIB.

Jnst TmomanmbLoro BAOCKOHAJIEHHS CHCTEMH MOXKHA PO3MISIHYTH MOKIJIHMBICTH  iHTerpaii
IHTEJICKTYaIbHUX AITOPUTMIB aHalli3y IONMTY Ta IPOTHO3yBaHHs 3amaciB. Lle 103BOMHTH OLIBII
TOYHO aJaNTyBaTH 3aIlaCd 10 3MiHHUX BUMOT BUPOOHHMITBA Ta MOKYIILIIB.

TakoX BaXKJIMBUM €TalloM PO3BUTKY MOXKE CTAaTH JIOCHI/PKEHHS MOXJIMBOCTEH 3a0e3rnedeHHs
Oe3reKu JIaHUX KOPUCTyBa4iB Ta KoH(igeHuiiHocti indopmanii. Po3poOka Ta BIpOBaJKCHHS
eQeKTHBHUX 3axojiB 3a0e3nedyeHHs KiOepOesnekn Oyae KIOYOBMM UYHMHHHUKOM JUIS YCITILIHOTO
¢yHkIioHyBaHHsT BeO-Jj0aTKa, OCOONMBO IpH poOOTi 3 KOHQiAeHWiNWHOW iH(popMalielo Ta
MIEPCOHAILHUMH TAHUMHU.

VY 3B'13Ky 3 pOCTOM BaXIJIMBOCTI €IEKTPOHHOI KOMepLii B YKpaiHi, CJIil MPOJOBXKUTH BUBUCHHS Ta
BIIPOBA/DKCHHSI HOBITHIX TEXHOJIOTIH JUIS MIATPUMKHU OHJIAHH-NOKYNOK. MOXIHMBICTH iHTErpaii
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CHCTEMH 3 IUIATDKHUMH TUIaTOpPMaMM Ta CEepBiCaMM JIOCTAaBKH MOXE€ 3HAYHO MOJIETIIHTH IMPOLEC
3aMOBJICHHS Ta OTpUMaHHs 3D-BUPOOIB JUIsl KIIIEHTIB.
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(axkynpTeTy ABTOMATHKY 1 KOMIT FOTEPU30BAHMX TEXHOJIOTiN
XapKiBCHKOTO HAI[IOHAJIBHOTO

YHIBEPCUTETY pPajliOeJIeKTPOHIKH

mpotokoix Ne 4 Bix 30.11.2023

ABTOMATU3ALIIA TA IMTPUIIAAOBYAYBAHHS («Automation and Development of Electronic
Devices» ADED-2023) [Enexrponnuii pecypc] : 30ipHUK ~ CTYJEHTCHKUX HAyKOBHX CTaTei /
XapKiBChbKUH HalllOHAIBHUK YHIBEpCUTET panioenekTponiky; [peakon.: LII. HepmonoB Ta iH.]. —
Xapkis : XHYPE, 2023. — Bumn. 2. —408c.

COLLECTION OF STUDENTS' SCIENTIFIC PAPER «<-AUTOMATION AND DEVELOPMENT
OF ELECTRONIC DEVICES» ADED-2023 Part 1 (Key infrastructure 2023) — Kharkiv/ The
Editorial.: Nevlyudov I. (head), that all. Kharkiv: Kind of Kharkiv National Universitety of Radio
Elektronics [electronic edition], 2023.— 408p. with.

30ipHUK MICTHTh HayKoBi cTarTi 3700yBaviB mepumoro (6akanaBpChbKOro), JPyroro
(MaricTepchbKOro) piBHIB BHINOI OCBITH Kadeapd KOMIT IOTCPHO-IHTETPOBAHUX TEXHOJOTIH,
apromaTm3amii Ta pobororexHikun (KITAP) XapkiBCbKOro HAliOHAJBHOTO  YHIBEPCHTETY
pazioeneKTpOHIKH, Kadeapu [adopmaniiinmnx TEXHOJIOT1H €JIEKTPOHHUX 3aco0iB
(ITE[1) 3anopi3bKoro HamioHaIbHOI'O TEXHIYHOTO yHIBepcUTeTy Ta Kadenpu EnexTpoHHux amapatiB
(EA) KpemeH4ybKOTO HallioHaJIBHOTO yHiBepcHTeTy iM. M. OcTporpazchbkoro siki HaBYaKOThCS 3a
cneuianpHocTsIMM: 151  ABroMaTH3aiiss Ta  KOMII'IOTepHO-iHTEerpoBaHi  TexHosorii, 172
TenexomyHikariii Ta pagiorextika, 171 Enekrponika Ta 163 Biomenuuna irmxeHepis. CTaTTi HagaHi B
aBTOPCHKIH penakuii.

408
«AUTOMATION AND DEVELOPMENT OF ELECTRONIC DEVICES»
ADED-2023 Part 2.
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JIOJATOK b JEMOHCTPAILIIMHWI MATEPIAJI



MIHICTEPCTBOOCBITUI HAYKU YKPAITHU
XAPKIBCEKHUI HAIIIOHAJIBHHI YHIBEPCUTET PAJIOEJIEKTPOHIKH

POBOTA HA TEMYV:
«PO3POBJIEHHA CUCTEMU VYIIPABJIIHHS ITPUCTPOSAMU

EJIEKTPUYHWUX MEPEX ITPOMUCJIOBOI'O IIIAIIPUEMTCBA »

BuxkoHnag: KepiBHuK poboTH:
crygeHt rp. KITIIBm-23-2 IOIIEHT
I'y6aps A.1O. Ce3onora LK.

MeTa Ta 00’ eKT AOCAIAXKEHHS

— OO'eKT MO CHIIHKEHHS — apXITEKTypa Ta MPUCTPOT eNEKTPOMEPENK.

- Mera pobGoTH — aBromaTuzallis YIpaBIHHA POOOTOI E€JIEMEHTIB
eJIEKTpOMepek 3 METOIO MIIBUIIIEHHS iX eHepTroe(eKTHBHOCTI.

— Ilpeamer HmOCHKEHHA — IIPOILEC YHOPAaBIIHHSA  €JIEMEHTaMH
EIEKTPOMEPEK.

— MeTtoau o cniaKeHHs — aHaIl3 Ta CHHTE3, MOAEIIOBaHHS, MaTEMAaTHYHI
METO/IH, IIPOTPAMHE MOICJIFOBAHHSI.




147

[MOCTAHOBKQ 3QAQMI

— IIPOBECTH aHaJI3 CydaCHHX TEXHOJIOT1H aBTOMAaTU3allii eJIEeMEHTIB €JIEKTPOMEPEIK;

PO3pOOHTH MaTeMaTUIH1 MOJCITI, 10 ONMHCYIOTh BIUIHB ITapaMeTpiB aBTOMAaTH3aIlii Ha

CHEeProe(h)eKTHBHICTH CIICKTPOMEPEIK;

BHKOHATH MOJICITFOBAHHS CHCTCMH aBTOMAaTH3aIll1 SKa Kepye II0Ka3HUKaMH poOOTH
eIeKTpOMEPEIKi MPOMUCIOBOTO ITi ITPHEMCTBA, BKIIOYAIOYH HAJiHHICTh, CTaO1IBHICTh Ta

MiHIMi3aI[if0 eHepTeTHIHUX BUTPAT.

AHQOAI3 TOTOBMX PiLLEHb
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CTpareris po3B'a3aHHS KAIOHOBMX MPODAEM 4

CucteMH  aBTOMAard4HOro KEpPYBaHHSA IIOTPEOYIOTH OUIBII  T'HYYKOIO
MacHITabyBaHHSI a TaKOX Y3TOJDKEHHS eJIEMEHTIB CHCTEMH Ha PI3HHX PIBHAX.
Ileit momuT 3MyIIye CTBOPIOBAard OUIBII THYYKI CHCTEMH, a camMe IHTerparii
PI3HHX smart J€BaiiciB 3 pI3HHMMH IapaMerpaMu. J[Ji1 MbOTO MPOIOHYETHCS
IHTETPYBaTH CHCTEMY TPHUIepiB, HIKYE MPEACTABIICHO MaTeMaruIHy MOJEIb:

if (Dparm ), TO BUKOHATH A

A€ - Dpyrmy, - TAPAMETD ASBANCY,
A — Ala.

MOBQO NPOrPAMYBAHHA T CEPEAOBULLLE
PO3POOKM

MNepeAiK BUKCPUCTAHMX MPOrPAMHIKMX 3aCO0IB:

— Docker

— Draw.io.

CepeAoBULLE PO3POOKM:

— IntelliJ IDEA Community Edition 2024.1.4

- pgAdmin

— SceneBuilder

— Node-RED

MOoBA NpoOrpaMyBaAHHS:

- Java 21+;

— JavaScript;

- SQL;

AOAQTKOBI TEXHOAOTT:

— InfluxDB — 6a3a AaHMx AA1 OBPODKKM HaACOBMX PAAIB.

— EMQX— 6pokep MQTTAA% pODOTH 3 MOBIAOMAEHHIMM B |OT.
— JavaFX— cbpelMBOpPK AASPO3POOKK rpadoiMHOro iIHTEpdhency Jav aAOAATKIB.

TexHHHe 3abe3nedyeHHs: MK 3 npouecopom Core i3 i BULLLE.
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Opranizaris obmacti imen mis MQTT-6poxepa

AAS onmcy B3aeMOAIT 3 MPUCTPOB, SKi KEPYBATUAMYTLCS CUCTEMOIC, ByAd 0B6paHa HACTYMHA
CTPYKTYPQ:

client /{device_type}/{device_name}/data

Ae client - im'a gke cAyxiMb AAd OB'€AHAHHA BCiX MOBIAOMAEHL KOPMCTYBAHQ,
BIAOKPEMAIOIOHM X BiaA CUCTEMHMX,

device fype — TMN MpUCTPOIO (HAMPUKACA, CeHCOpP). AO3BOAJE AOMYHO PO3AIAATH
MPEMCTROL,

device_name — YHIKQAbHE iM'S MpWCTpolo. BusHauyae npucTpit cepea peLutm Toro
CAMOIO Ty,

data — HaBip AQHKMX, MICTUTL MOBIAOMAEHHS 3 MPUCTPOIB, MOBIACMAEHHS MAIOTL PI3HY
CTPYKTYRY 30AE>KHO BiA TUMY MPMCTROIO.

Taka CTPYKTYPQA AO3BOAIE MCTH CUCTEMY, LLIO POILLMPIOETECS | MACLLTABYETLCS.
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Cuctema ynpasniHHA
€neMeHTaMH eneKTpoMEpPEXK NPOMUCNOBOTO NIANPUEMCTEA

SCADA-cucrena CrpykTypHa
Moayne CXG Ma
MOHITOPUHIY

Oatyuku Ta aleTeKTypH
cucrtema 300
Y CHCTEMH

AaHUX Mogyne ynpasniHHA

IHTEepdenc pr aBHiHHH
eJIEMEHTAMU
CICKTPOMEPEIK
s nasx IIPOMHCIIOBOTO
HIIIPHEMCTBA

oneparopa

MOAYAb MOHITOPUHIY

MQTT-6pokep mocwnae moBitomieanrss B MQTTSubscriber. message

ITicis HOBi,I[OM JICHHS nepeacTbCsAa KOMIIOHCHT

DeviceDataParser, sikuaii aHAT3ye JaHl 3 HOBUIOMICHHA IS MQTTSubscriber

crBopenrs 00'exra Device, cTBopeHmil 00'€éKT 30epiraerscs B

0a3i TaHuxX [ TI0JJANLINOr0 aHAI3Y . meslsage

DeviceDataParser

InflexDB
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MoaAyAb KEPYBAHHS

IPaBWIO IepelacTbes 1o komnoneHra RuleExecutor; RuleExecutor

IPaBWIA MICTATH YMOBH (HAIPHKIAJ , IEPEBIPKA 3HAYCHHA

OKpEMOro JATYMKA Y BHZHAYCHOMY JIATNA3OHI) Ta Jii, SKi

HEOOXITHO BHKOHATH

RuleExecutor mocTiiiHio oTpuMye 3 06a3d JaHHX aKTyalbHl
JlafHl 3 JATYHKIB, HCIA 9YOro 3/HCHIOE MEPEBIPKY YMOB,

343HA9CHHX Y IPaBHIAX;

Y pa3l BUKOHaHHA yMOB, KommoHeHT ActionExecutor

BHKOHYE JIii, BHBHAYCHI Y NPABHIAX . A ctionExecutor

BUCHOBKM

NMPOBEAEHO OrASA QAHAAOTIYHMX FOTOBMX piLIJeHb;

11

NMPOAHAAI30BAHO MEPEBArM Ta HEADOAIKM TAKMX CUCTEM ;
MPEeACTABAEHA CTPATEri PO3B'A3AHHS KAIOYOBMX MPOBAEM HO OCHOBI AHAAI3Y KOHKYPEHTIB;

BM3HOYEHO CUCTEMHI BMMOIM AO pPO3POBKM CUCTEMM  YNPABAIHHS EASKTpOEAeMEHTaMM , OBpaHo Mmosy
MPOrPAMYBAHHS, CEPEAOBULLLE TA AOTMOMIDKHI TEXHOAOTII;

AN TECTYBAHHA CHUCTEMKM, CTBOPEHO MNPOTOTUTMN EAEKTPOCUCTEMU |

PO3POOAESHO CTPYKTYPHY CXEMY QAPXITEKTYPW CUCTEMM YIPABAIHHS EAEMEHTAMM EAEKTROMEPEXK MPOMUCAOBOTO
niANPUEMCTBA

PO3POBAESHO CTPYKTYPHY CXEMY AMOAYAS MOHITOPUHIY.

PO3POBASHO CTPYKTYPHY CXEMY MOAYAS KEPYBAHHS .

PO3POBAESHO NPOrPAMHE 3aBe3NeYeHHS AN CBTOMATUYHOIO YMPABAIHHA EAEKTDOSAEMEHTAMM HA MIAMPUEMCTBI .
MiABEAEHO MIACYMKW BMKOHAHOT poBoTu.

BYAO ONyBAIKOBAHO CTATTIO Y (BUpOBHMUTBO &MeXaTpoHHi Cuctemu 2024), KA CTOCYETbCA
TeMHU MO€T KBaaichikauiitHoi po6oTu.




AJKYIO 30 yBAry

MIHICTEPCTBO OCBITU I HAYKU YKPATHUA

XAPKIBCEKUI HAITMOHAJIBHUI YHIBEPCUTET PAJIIOEJIEKTP OHIKI

POBOTA HA TEMY:
«PO3POBJIEHHACHCTEMH YITPABJIIHHA ITPCTPOAMM
EJIEKTPITYHITX MEPEX ITPOMIICJIOBOI'O IIIAIIPUEMTCBA»

BukoHag: Kepipauk poOoTH:
ctynent rp. AKTCly -20-1 JIOIICHT
[y6aps A.IO. Cezonona LK.




JNOJATOK B Jlictunr nporpamu

package org.example.client.controllers.expression.object;

import javafx.fxml.FXML;

import javafx.scene.control.ComboBox;

import javafx.scene.control.Label;

import javafx.scene.text.Text;

import lombok.Getter;

import org.example.client.factory.DeviceUIFactory;
import org.example.entity.Device;

import javafx.scene.control.Button;

@Getter
public class DeviceController extends ExpressionObjectController {
private final Device device;
@FXML
private Label labelClass;
@FXML
private Label labelName;

@FXML
private Text deviceld;

QFXML

private Button deleteButton;

@FXML

private ComboBox<String> methodBox;

public DeviceController (Object device) {
this.device = (Device) device;

@Override
public Object getObject () {
return device;

@FXML
public void initialize () {
initLabelName () ;
initLabelClass () ;
deviceId.setText (device.getSensorId()) ;
DeviceUIFactory deviceUIFactory = new DeviceUIFactory();
Device deviceUi = deviceUIFactory.getDeviceUi (device) ;
for (var method : deviceUi.getClass () .getDeclaredMethods ()) {
methodBox.getItems () .add (method.getName () ) ;

private void initLabelClass () {
labelClass.setText (getDeviceClassName () ) ;

private void initLabelName () {
if (isDeviceTitleNotEmpty ()) {
labelName.setText (device.getTitle ()) ;




private boolean isDeviceTitleNotEmpty () {
return device.getTitle() !'= null && !device.getTitle () .isEmpty ()

private String getDeviceClassName () {
String[] devicePath = device.getClass () .getName () .split ("\\.");
return devicePath[devicePath.length-1];

public void setMethod (String methodString) {
this.methodBox.setValue (methodString) ;

@Override
public String getMethodString () {
return methodBox.getValue () ;

package org.example.client.controllers.expression.object;

import javafx.fxml.FXML;

import javafx.scene.control.ComboBox;
import lombok.Data;

import lombok.Getter;

@Data

public abstract class ExpressionObjectController ({
protected Runnable actionOnDelete;
public Object object;

@FXML
protected void OnDelete () {
if (actionOnDelete != null) {
actionOnDelete.run() ;

}
public abstract String getMethodString () ;

package org.example.client.controllers.expression.object;

import javafx.fxml.FXML;
import javafx.scene.control.TextField;
import lombok.Setter;

public class TextFieldController extends ExpressionObjectController ({
@FXML
private TextField textField;

public void setInitValue (String initValue) {
this.initValue = initValue;
private String initValue = "";

@Override
public Object getObject () {




return textField;

@FXML
public void initialize () {
if (initValue.length () >0) {
System.out.println (initValue) ;
textField.setText (initValue.toString()) ;

public double getValue () ({
return Double.parseDouble(textField.getText ()) ;

public String getMethodString () {
return "getText";

package org.example.client.controllers.parser;

import javafx.scene.control.ChoiceBox;
import org.example.client.controllers.ExpressionsContainerController;
import org.jetbrains.annotations.NotNull;

import java.util.Optional;

public class ConditionLogicOperatorParser {
public @NotNull String parse (ExpressionsContainerController
expressionContainer) ({
Optional<String> logicalOperatorOptional =
getOperatorFromExpression (expressionContainer) ;
return logicalOperatorOptional.orElse ("AND") ;

private Optional<String>
getOperatorFromExpression (ExpressionsContainerController containerController)
ChoiceBox<String> choiceBox = containerController.getChoiceBox () ;
if (choiceBox != null) {
return Optional.of (choiceBox.getValue()) ;
}
return Optional.empty() ;

package org.example.client.controllers.parser;

import javafx.scene.control.TextField;

import org.example.client.controllers.ExpressionController;

import
org.example.client.controllers.expression.object.ExpressionObjectController;
import org.example.entity.Device;

public class ExpressionObjectListParser
public Object[] getExpression (Object targetObject, ExpressionController
expressionController) {
Object[] expression = new Object[3];
String operand = expressionController.getChoiceBox () .getValue() ;
if (isDevice (targetObject)) {
String method = getMethod (expressionController) ;
expression = new Object[] {targetObject, method, operand};

{




}else if (isTextField (targetObject)) {
TextField textField = (TextField) targetObject;
targetObject = textField.getText () ;
expression = new Object[] {targetObject, null, operand};
}

return expression;

private boolean i1sTextField (Object targetObject) {
return targetObject instanceof TextField;

private boolean isDevice (Object targetObject) ({
return targetObject instanceof Device;

private String getMethod (ExpressionController expressionController)
ExpressionObjectController expressionObjectController =
expressionController.getExpressionObjectController () ;
return expressionObjectController.getMethodString() ;

package org.example.client.controllers.parser;
import org.example.rule.entity.Expression;
import java.util.List;

public class ExpressionParser {

public Expression parseExpressionList (List<Object[]> expressionList) {
Expression|[] expressions = new Expression[expressionList.size()];
for (int 1 = 0; 1 < expressionList.size(); i++) {
Object[] entry = expressionlList.get (i)
expressions[i] = new Expression(entry[0], (String) entry[1l]):;

Expression result = expressions[0];
for (int 1 = 1; 1 < expressions.length; i++) {
String operator = (String) expressionlList.get(i - 1)[2];
if (operator !'= null) {
result = new Expression (result, operator, expressions[i]):;

}

return result;

package org.example.client.controllers;

import javafx.fxml.FXML;

import javafx.scene.Parent;

import javafx.scene.control.ComboBox;

import javafx.scene.control.TextField;

import javafx.scene.layout.Pane;

import javafx.scene.layout.VBox;

import lombok.Data;

import lombok.Setter;

import org.example.client.service.ObjectService;

import org.example.client.view.ExpressionsContainerView;




import java.util.ArrayList;
import java.util.List;

@Data
public class ActionController {
private final List<Object> objects;
@FXML
private ComboBox<Object> actionObjectSelector;
QFXML
private ComboBox<String> actionFieldSelector;
@FXML
private VBox expressionsContainer;

ExpressionsContainerController expressionsContainerControllers;
@Setter

Object selectedObject;

@Setter

String selectedField;

@Setter

ExpressionsContainerView expressionsContainerView;

private Runnable onDelete;

public ActionController () {
ObjectService objectService = ObjectService.getInstance() ;
this.objects = objectService.getObjects()

@FXML
public void initialize () {
actionObjectSelector.getItems () .addAll (objects) ;
actionObjectSelector.setOnAction (e —-> {
Object selectedObject = actionObjectSelector.getValue() ;
if (selectedObject != null) {
actionFieldSelector.getlItems () .clear ()
for (var method : selectedObject.getClass () .getDeclaredMethods())

actionFieldSelector.getItems () .add (method.getName ()) ;

b))
if (selectedObject != null) actionObjectSelector.setValue (selectedObject);
if (selectedField != null) actionFieldSelector.setValue (selectedField):;
if (expressionsContainerView != null) {
addExpressionsContainerView (expressionsContainerView) ;
lelse {
ExpressionsContainerView expressionsContainerView = new
ExpressionsContainerView (objects) ;
addExpressionsContainerView (expressionsContainerView) ;

public void addExpressionsContainerView (ExpressionsContainerView
expressionsContainerView) ({
Parent expressionScene = expressionsContainerView.getView () ;
ExpressionsContainerController expressionsContainerController =
expressionsContainerView.getExpressionsContainerController () ;
expressionsContainer.getChildren () .add (expressionScene) ;
expressionsContainerControllers = expressionsContainerController;

@FXML
private void handleDeleteButtonAction () {
onDelete.run () ;




package org.example.client.controllers;

import javafx.fxml.FXML;

import javafx.scene.Node;

import javafx.scene.Parent;

import javafx.scene.control.ChoiceBox;

import javafx.scene.layout.VBox;

import lombok.Getter;

import org.example.client.SceneManager;

import org.example.client.service.ObjectService;

import org.example.client.view.ExpressionsContainerView;

import java.util.ArrayList;
import java.util.HashMap;
import java.util.List;
import java.util.Map;

@Getter
public class ConditionalController ({

private final List<Object> objects;

List<ExpressionsContainerController> expressionsContainerControllers = new
ArrayList<>();

SceneManager sceneManager;

QFXML

VBox vBox;

@FXML

VBox conditionalBox;

Map<ExpressionsContainerView, String> expressionContainers = new HashMap<> () ;

public ConditionalController () {
this.sceneManager = new SceneManager () ;
ObjectService objectService = new ObjectService();
this.objects = objectService.getObjects () ;

@FXML
private void initialize() {
if (expressionContainers!= null) {
for (Map.Entry<ExpressionsContainerView, String> entry
expressionContainers.entrySet ()) {
addExpressionsContainer (entry.getKey (), entry.getValue()):;
}
lelse {
addConditional () ;

QFXML
public void onAddConditional () {
addConditional () ;

private void addConditional () {
ExpressionsContainerView expressionsContainerView = new

ExpressionsContainerView (objects) ;
addExpressionsContainer (expressionsContainerView, null);

public void addExpressionsContainer (ExpressionsContainerView




expressionsContainerView, String selectedLogicOperator) {
ExpressionsContainerController expressionsContainerController =
expressionsContainerView.getExpressionsContainerController () ;
expressionsContainerController.addRemoveButton () ;
Parent expressionScene = expressionsContainerView.getView () ;
VBox conditionalIltem = new VBox () ;
conditionalltem.setId ("itisVbox") ;
if (!expressionsContainerControllers.isEmpty()) {
ChoiceBox<String> choiceBox = getChoicelLogicOperand() ;
conditionalltem.getChildren () .add (choiceBox) ;
expressionsContainerController.setChoicelogic (choiceBox) ;
if (selectedLogicOperator != null &é&
!selectedLogicOperator.isEmpty ()) {
choiceBox.setValue (selectedLogicOperator) ;

}

conditionalIltem.getChildren () .add (expressionScene) ;

conditionalBox.getChildren () .add(conditionalItem) ;

expressionsContainerController.setActionOnDelete (() ->
onDeleteConditional (conditionalIltem, expressionsContainerController)):;

expressionsContainerControllers.add (expressionsContainerController) ;

public void onDeleteConditional (Parent conditionalPane,
ExpressionsContainerController expressionsContainerController) ({
conditionalBox.getChildren () .remove (conditionalPane) ;
expressionsContainerControllers.remove (expressionsContainerController) ;

private ChoiceBox<String> getChoiceLogicOperand () {
ChoiceBox<String> choiceBox = new ChoiceBox<> () ;
choiceBox.getItems () .addAll ("AND", "OR");
choiceBox.setValue ("AND") ;
return choiceBox;

public void addExpressionsContainer (ExpressionsContainerController
expressionsContainerController) {
expressionsContainerControllers.add (expressionsContainerController) ;
ExpressionsContainerView containerView = new
ExpressionsContainerView (expressionsContainerController) ;
Parent parent = containerView.getView () ;
expressionsContainerController.setActionOnDelete ( () —
>this.onDeleteConditional (parent, expressionsContainerController));
expressionsContainerController.addRemoveButton () ;

public void addExpressionView (ExpressionsContainerView
expressionsContainerView, String logicalOperator) {
expressionContainers.put (expressionsContainerView, logicalOperator);

package org.example.client.controllers;

import javafx.fxml.FXML;

import javafx.scene.control.ChoiceBox;

import javafx.scene.layout.HBox;

import lombok.Getter;

import lombok.Setter;

import org.example.client.controllers.expression.object.DeviceController;




import
org.example.client.controllers.expression.object.ExpressionObjectController;
import org.example.client.controllers.expression.object.TextFieldController;
import org.example.client.factory.ObjectViewFactory;

import org.example.client.view.expression.object.ObjectView;

import org.example.client.view.expression.object.TextFieldView;

@Getter
public class ExpressionController ({

private String lastOperator;

@FXML

private HBox expressionsBox;

private ObjectView objectView;

ChoiceBox<String> choiceBox = new ChoiceBox<> () ;

private ExpressionObjectController expressionObjectController;
@Setter

private String selectedOperator;

public Object getObject () {
return expressionObjectController.getObject () ;

public ExpressionController (Object object) {
System.out.println("obj "+object);

if (object instanceof Number|| object instanceof Boolean) {
System.out.println ("number "+object);

TextFieldController textFieldController = new TextFieldController();

textFieldController.setInitValue (String.valueOf (object)) ;

TextFieldView textFieldView = new TextFieldView (textFieldController);

this.expressionObjectController =
textFieldView.getExpressionObjectController () ;

this.objectView = textFieldView;

}else {
objectInit (object) ;

public ExpressionController (Object object, String lastOperator) {
objectInit (object) ;
this.lastOperator = lastOperator;

private void objectInit (Object object) {
ObjectViewFactory objectViewFactory = new ObjectViewFactory () ;
this.objectView = objectViewFactory.getObjectView (object) ;
this.expressionObjectController =
objectView.getExpressionObjectController () ;

}

QFXML
public void initialize () {
expressionsBox.getChildren () .add (objectView.getView()) ;
if (selectedOperator != null) {
choiceBox.getItems () .addAll ("+", "-", "/",

choiceBox.setValue (selectedOperator) ;

expressionsBox.getChildren () .add (choiceBox) ;
} else if (isNotEnd()) {

choiceBox.getItems () .addAll ("+",




expressionsBox.getChildren () .add (choiceBox) ;

public void setDeviceMethod (String methodName) {
((DeviceController) expressionObjectController) .setMethod (methodName) ;

private boolean isNotEnd() {
if (lastOperator == null) return true;

if |
lastOperator.equals ("==") ||
lastOperator.equals (
lastOperator.equals (
(
(

"
LB

"

lastOperator.equals
lastOperator.equals
return false;

"

}

return true;

package org.example.client.controllers;

import javafx.collections.FXCollections;
import javafx.collections.ObservablelList;
import javafx.fxml.FXML;

import javafx.scene.Parent;

import javafx.scene.control.Button;
import javafx.scene.control.ChoiceBox;
import javafx.scene.control.ComboBox;
import javafx.scene.layout.HBox;

import lombok.Getter;

import lombok.Setter;

import
org.example.client.controllers.expression.object.ExpressionObjectController;
import org.example.client.service.ObjectService;

import org.example.client.view.ExpressionView;

import org.example.entity.Device;

import java.util.ArrayList;
import java.util.List;

@Getter
public class ExpressionsContainerController ({
private final List<Object> objects;

@Setter

private List<ExpressionController> expressionControllers = new ArrayList<>();

@FXML

private HBox deviceContainer;

@FXML

private ComboBox<Object> deviceChoiceBox = new ComboBox<> () ;

@Setter

private Runnable actionOnDelete;

private ChoiceBox<String> choiceBox;

private final ObservableList<Object> objects
FXCollections.observableArrayList () ;

QFXML




HBox controlElement;

public ExpressionsContainerController () {
ObjectService objectService = ObjectService.getInstance() ;
this.objects = objectService.getObjects () ;

@FXML
public void initialize () {
deviceChoiceBox.setItems (objectsObservable) ;
objectsObservable.addAll (objects) ;
if (expressionControllers != null) {
for (ExpressionController expressionController
expressionControllers) {
ExpressionView expressionView = new
ExpressionView (expressionController) ;
Parent expressionPane = expressionView.getView() ;
ExpressionObjectController deviceViewController =
expressionController.getExpressionObjectController () ;
deviceViewController.setActionOnDelete (() —->
onDeleteChildExpression (expressionPane, expressionController)):;
deviceContainer.getChildren () .add (expressionPane) ;

@FXML
public void onAddValue () {
String textField= "textField";
addObject (textField) ;
Device device = (Device) objects.getFirst();
device.updateDevice () ;

@FXML

public void onAddObject () {
Object object = deviceChoiceBox.getValue()
addObject (object) ;

private void addObject (Object object) {
String selectedOperator = null;
if (!'this.expressionControllers.isEmpty()) {
selectedOperator =

this.expressionControllers.getlLast () .getChoiceBox () .getValue () ;

}

ExpressionView expressionView = new ExpressionView (object,
selectedOperator) ;

fillContainer (expressionView) ;

private void fillContainer (ExpressionView expressionView) ({

Parent expressionPane = expressionView.getView () ;
ExpressionController expressionController =

expressionView.getExpressionModelView () ;
ExpressionObjectController deviceViewController =

expressionController.getExpressionObjectController () ;
deviceViewController.setActionOnDelete (() ->

onDeleteChildExpression (expressionPane, expressionController));
deviceContainer.getChildren () .add (expressionPane) ;
expressionControllers.add (expressionController) ;




public void onDeleteChildExpression (Parent expressionParent,
ExpressionController expressionController) ({
deviceContainer.getChildren () .remove (expressionParent) ;
expressionControllers.remove (expressionController) ;

@FXML
public void onDeleteThisExpressionsContainer () {
1f (actionOnDelete != null) {
actionOnDelete.run() ;

public void addRemoveButton () {
Button onDeleteThisExpressionsContainerButton = new Button ("Delete");
onDeleteThisExpressionsContainerButton.setMnemonicParsing (false) ;
onDeleteThisExpressionsContainerButton.setStyle ("-fx-background-color:
white; -fx-font-size: 1l4dpx;");
onDeleteThisExpressionsContainerButton.setOnAction( -
>onDeleteThisExpressionsContainer());
controlElement.getChildren () .add (onDeleteThisExpressionsContainerButton) ;

public void setChoicelogic (ChoiceBox<String> choiceBox) {
this.choiceBox = choiceBox;

package org.example.client.controllers;

import javafx.beans.property.DoubleProperty;

import javafx.beans.property.Property;

import javafx.beans.property.StringProperty;

import javafx.fxml.FXML;

import javafx.scene.control.Label;

import javafx.scene.control.TextField;

import javafx.scene.layout.VBox;

import org.example.client.service.DoubleStringConverter;
import org.example.entity.Device;

import java.lang.reflect.Field;

public class FullDeviceController ({
@FXML
public Label deviceId;
QFXML
private VBox deviceDetailsBox;

public void setDevice (Object device) {
this.device = (Device) device;
devicelId.setText (String. format ("%$s\nDeviceld: s",
this.device.getDeviceType (), this.device.getSensorId()))
populateDeviceDetails () ;

"

private Device device;




public FullDeviceController () {

}

private void populateDeviceDetails () {
try {
if (device != null) {
deviceDetailsBox.getChildren () .clear () ;
Device deviceEnitity = device;

Field[] fields = deviceEnitity.getClass () .getDeclaredFields() ;
for (Field field : fields) {

field.setAccessible (true) ;

try {

Property<?> property = (Property<?>)
field.get (deviceEnitity) ;
if (property instanceof StringProperty) {

Label label = new Label (field.getName () +
TextField textField = new TextField():;

textField.textProperty () .bindBidirectional (((StringProperty) property)):
deviceDetailsBox.getChildren () .addAll (label,

textField) ;
} else if (property instanceof DoubleProperty) {

Label label = new Label (field.getName () + ": ");
TextField textField = new TextField()

textField.textProperty () .bindBidirectional ( ( (DoubleProperty) property),
DoubleStringConverter()) ;
deviceDetailsBox.getChildren () .addAll (label,
textField) ;
}
} catch (IllegalAccessException e) {
e.printStackTrace () ;

}
} catch (Exception e) {
e.printStackTrace () ;

package org.example.client.controllers;

import javafx.beans.property.SimpleStringProperty;

import javafx.beans.property.StringProperty;

import javafx.fxml.FXML;

import javafx.scene.control.Button;

import javafx.scene.control.TextField;

import org.example.entity.Transformer;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisherFactory;

public class MainSceneController ({




@FXML
private Button mainButton;

@FXML
private TextField turnsRation;

@FXML
private String baseTurnsRation;

QFXML
private StringProperty textContent = new SimpleStringProperty("1");

QFXML
public void initialize () {
turnsRation.setText ("1") ;

}

QFXML

private void buttonClicked() {
MQTTPublisher mgttPublisher =

MQTTPublisherFactory.getPublisher ("GUIClientPusher") ;

Transformer transporter = new Transformer () ;
transporter.setSensorId("devicel") ;
transporter.setTurnsRation (Double.parseDouble (turnsRation.getText ())) ;
mgttPublisher.writeData (transporter) ;

package org.example.client.controllers;

import javafx.animation.Interpolator;

import javafx.animation.TranslateTransition;
import javafx.fxml.FXML;

import javafx.scene.Node;

import javafx.scene.Parent;

import javafx.scene.control.ScrollPane;
import javafx.scene.input.*;

import javafx.scene.layout.AnchorPane;

import javafx.scene.layout.Pane;

import javafx.scene.layout.VBox;

import javafx.scene.text.Text;

import javafx.scene.transform.Scale;

import javafx.scene.shape.Rectangle;

import org.example.client.view.FullDeviceView;
import org.example.entity.Device;

import java.util.ArrayList;
import java.util.HashMap;
import java.util.List;

import java.util.Map;
import java.util.logging.Logger;

public class MapController ({

private static final Logger logger =
Logger.getLogger (MapController.class.getName ()) ;

QFXML
private VBox listBox;

@FXML
private AnchorPane dropPane;
QFXML




private ScrollPane scrollPane;

private final Map<VBox, Device> vBoxDeviceMap = new HashMap<> () ;
private VBox draggedVBox = null;

private final List<FullDeviceController> fullDeviceControllers =
ArrayList<> () ;

public MapController () {}

@FXML
public void initialize() {}

public void setDevices (List<Object> devices) {
if (devices == null) {
throw new IllegalArgumentException ("Devices list cannot be null");
}

initialize (devices) ;

private String getDeviceString (Device device) ({
return String.format("%$s %s", device.getDeviceType(),
device.getSensorId());

}

public void initialize (List<Object> objects) ({
if (listBox == null || dropPane == null) {
throw new IllegalStateException ("FXML elements are not initialized");

List<Device> devices = getDevicesFromObjects (objects) ;

initializeDevicelist (devices) ;
setupDragAndDropParsers (devices) ;

private List<Device> getDevicesFromObjects (List<Object> objects) {
List<Device> devices = new ArrayList<>();
for (Object object : objects) {
if (object instanceof Device device) {
devices.add (device) ;

}

return devices;

private void initializeDevicelList (List<Device> devices) {
for (Device device : devices) {
String devicelInfo = getDeviceString (device) ;
logger.info ("Device info: " + devicelInfo);
Text text = new Text (devicelInfo);

text.setOnDragDetected (event -> handleDragDetected (event,
devicelInfo));

listBox.getChildren () .add (text) ;

private void handleDragDetected (MouseEvent event, String deviceInfo) {
Text sourceText = (Text) event.getSource();
Dragboard db = sourceText.startDragAndDrop (TransferMode.MOVE) ;




ClipboardContent content = new ClipboardContent () ;
content.putString (deviceInfo) ;

db.setContent (content) ;

event.consume () ;

private void setupDragAndDropParsers (List<Device> devices) {
dropPane.setOnDragOver (event —-> handleDragOver (event)) ;

dropPane.setOnDragDropped (event -> handleDragDropped (event, devices)):;

dropPane.setOnKeyPressed (e—>{
if (e.getCode () == KeyCode.DELETE && draggedVBox != null) {
dropPane.getChildren () .remove (draggedVBox) ;

b

private void handleDragOver (DragEvent event) ({
if (event.getGestureSource() != dropPane &&
event.getDragboard () .hasString()) {
event.acceptTransferModes (TransferMode.MOVE) ;
}

event.consume () ;

private void handleDragDropped (DragEvent event, List<Device> devices)
Dragboard db = event.getDragboard() ;
if (db.hasString()) {
String devicelInfo = db.getString();
logger.info ("Drag Dropped: " + devicelInfo);
if (event.getGestureSource () instanceof Parent) ({
if (draggedVBox != null) ({
dropPane.getChildren () .remove (draggedVBox) ;
vBoxDeviceMap.remove (draggedVBox) ;

for (Device device : devices) {
if (getDeviceString(device) .equals (deviceInfo)) {
addDeviceToDropPane (device, event):;
event.setDropCompleted (true) ;
break;

}
} else {
event.setDropCompleted (false) ;
}

event.consume () ;

private void addDeviceToDropPane (Device device, DragEvent event) {
FullDeviceView fullDeviceView = new FullDeviceView (device) ;
FullDeviceController fullDeviceController =
fullDeviceView.getController () ;
Parent deviceView = fullDeviceView.getView () ;

VBox vBox = new VBox():;
vBox.getChildren () .add (deviceView) ;
dropPane.getChildren () .add (vBox) ;

vBoxDeviceMap.put (vBox, device);
draggedVBox = vBoOXx;

double x = event.getX():;

{




double y = event.getY ()
vBox.setLayoutX (x - vBox.getWidth() /
vBox.setLayoutY (y — vBox.getHeight () /

setupDragAndDropForVBox (vBox, device);

private void setupDragAndDropForVBox (VBox vBox, Device device)

vBox.setOnMousePressed (event -> {
draggedVBox = vBox;

mouseDragX = event.getSceneX (

mouseDragY = event.getSceneY (

(

(

r

)

) i
startDragX vBox.getLayoutX () ;
startDragy¥Y vBox.getLayoutY ()

vBox.requestFocus () ;

’

});

vBox.setOnMouseDragged (event -> {
if (draggedVBox != null) ({

double deltaX = event.getSceneX() - mouseDragX;

double deltaY event.getSceneY () - mouseDragy;

double = startDragX + deltaX;
double startDragY + deltayY;

draggedVBox.setLayoutX (newX) ;
draggedVBox.setLayoutY (newY) ;
1)
vBox.setOnMouseReleased (event -> {
draggedVBox = null;
1)
vBox.setOnKeyPressed (event -> {
if (event.getCode () == KeyCode.DELETE) {

dropPane.getChildren () .remove (vBox) ;

});

vBox.setFocusTraversable (true) ;

private double mouseDragX, mouseDragY, startDragX, startDragy;

package org.example.client.controllers;

import javafx.fxml.FXML;
import javafx.scene.Parent;
import javafx.scene.control.Alert;




import javafx.scene.layout.VBox;

import org.example.client.view.RuleContainerSceneView;
import org.example.rule.RuleBuilder;

import org.example.service.RuleService;

import java.util.List;

public class RuleBuilderSceneController ({
QFXML
private VBox ruleContainer;

RuleContainerController ruleContainerController;
RuleContainerSceneView ruleContainerSceneView;

public RuleBuilderSceneController () {

@FXML

public void initialize () {
this.ruleContainerSceneView = new RuleContainerSceneView () ;
this.ruleContainerController = ruleContainerSceneView.getController () :;
Parent parent = ruleContainerSceneView.getView () ;
this.ruleContainer.getChildren () .add (parent) ;

@FXML
public void onSaveRule () {
ConditionalController conditionControllers=

~

ruleContainerController.getConditionControllers () ;

List<ActionController> actionControllers
ruleContainerController.getActionControllers () ;
RuleBuilder ruleBuilder = new RuleBuilder ()
.fromUi (conditionControllers, actionControllers);
RuleService ruleService = new RuleService():;
ruleService.saveRule (ruleBuilder.build()) ;
System.out.println ("Rule successfully added!");

Alert alert = new Alert (Alert.AlertType.INFORMATION) ;
alert.setTitle ("Success") ;

alert.setHeaderText (null) ;

alert.setContentText ("Rule successfully added!");
alert.showAndWait () ;

package org.example.client.controllers;

import javafx.fxml.FXML;

import javafx.scene.Parent;

import javafx.scene.control.Alert;

import javafx.scene.layout.VBox;

import lombok.Getter;

import lombok.Setter;

import org.example.client.SceneManager;
import org.example.client.view.ActionView;
import org.example.client.view.ConditionalView;
import org.example.rule.RuleBuilder;
import org.example.service.RuleService;




import java.util.ArrayList;
import java.util.List;

public class RuleContainerController {
QFXML
private VBox conditionsContainer;
@FXML
private VBox actionsContainer;

@Getter

private ConditionalController conditionControllers;

@QGetter

private final List<ActionController> actionControllers = new ArrayList<>();
@Setter

private ConditionalView conditionalView;

private final List<ActionView> actionViews = new ArrayList<>();

public RuleContainerController () {

@FXML
private void initialize() {
if (conditionalView != null) {
addConditionalView (conditionalView) ;
}else {
addCondition () ;
}
if (actionViews !=null) {
for (ActionView actionView : actionViews) {
addAction (actionView) ;

@FXML

public void addCondition () {
SceneManager sceneManager = new SceneManager () ;
ConditionalView conditionalView = new ConditionalView () ;
addConditionalView (conditionalView) ;

private void addConditionalView (ConditionalView conditionalView) ({
Parent conditionalScene = conditionalView.getView() ;
ConditionalController conditionalModelView =
conditionalView.getConditionalView () ;
conditionsContainer.getChildren () .add (conditionalScene) ;
conditionControllers = conditionalModelView ;

@FXML

public void onAddAction () {
ActionView actionView = new ActionView() ;
addAction (actionView) ;

private void addAction (ActionView actionView) {
Parent actionScene = actionView.getView() ;
ActionController actionController = actionView.getController();
actionsContainer.getChildren () .add (actionScene) ;
actionControllers.add (actionController) ;
actionController.setOnDelete ( () —>onDeleteAction (actionScene,
actionController)) ;




QFXML
public void onDeleteAction (Parent expressionParent, ActionController
actionController) {
actionsContainer.getChildren () .remove (expressionParent) ;
actionControllers.remove (actionController) ;

private void clearConditional () {

conditionControllers.getExpressionsContainerControllers () .forEach (ExpressionsConta
inerController: :onDeleteThisExpressionsContainer) ;

}

public void onAddActionController (ActionController actionController) {
ActionView actionView = new ActionView (actionController);
actionViews.add (actionView) ;

package org.example.client.controllers;

import javafx.fxml.FXML;

import javafx.geometry.HPos;

import javafx.scene.Node;

import javafx.scene.control.Label;
import javafx.scene.layout.GridPane;
import javafx.scene.layout.HBox;
import javafx.scene.layout.Priority;
import javafx.scene.layout.VBox;

import org.example.client.ruleparser.RuleSceneControllerParser;
import org.example.client.service.ObjectService;

import org.example.client.view.RuleContainerSceneView;

import org.example.rule.entity.Rule;

import org.example.service.RuleService;

import java.util.ArrayList;
import java.util.List;

public class RulesSceneController ({

List<Rule> rules;
List<RuleContainerController> rulesSceneControllers = new ArrayList<>();

public RulesSceneController () {
ObjectService objectService = ObjectService.getInstance();
rules = objectService.getRules();

@FXML
private GridPane ruleGrid;

@FXML
private void initialize() {
RuleSceneControllerParser ruleControllerParser = new
RuleSceneControllerParser () ;
int rowIndex = 0;
for (Rule rule : rules) {
GridPane hBox = getRuleNodeItem(rule, ruleControllerParser);
ruleGrid.add (hBox, , rowlIndex) ;




GridPane.setHgrow (hBox, Priority.ALWAYS) ;
rowIndex++;

private GridPane getRuleNodeltem(Rule rule, RuleSceneControllerParser
ruleControllerParser) {
GridPane gridPane = new GridPane () ;
gridPane.setHgap (10) ;
gridPane.setVgap (5) ;

Label idRule = new Label (String.valueOf (rule.getId()))
Label descriptionRule = new Label (rule.getDescription()):;

RuleContainerController controller =
ruleControllerParser.getRuleSceneController (rule) ;

rulesSceneControllers.add(controller) ;

Node ruleSceneView = new RuleContainerSceneView (controller) .getView() ;

gridPane.add (idRule, 0, 0);
gridPane.add (descriptionRule, ) £
gridPane.add (ruleSceneView, );

gridPane.setStyle ("-fx-border-color: white; -fx-border-width:

style: solid;");

idRule.setStyle ("-fx-border-bottom-color: white; -fx-border-bottom-width:
lpx;");

descriptionRule.setStyle ("-fx-border-bottom-color: white; -fx-border-
bottom-width: 1lpx;"):;

ruleSceneView.setStyle ("-fx-border-bottom-color: white; -fx-border-bottom

lpx;");

GridPane.setHalignment (idRule, HPos.LEFT);
GridPane.setHalignment (descriptionRule, HPos.LEFT);
GridPane.setHgrow(ruleSceneView, Priority.ALWAYS) ;

return gridPane;

private VBox getRulelabelNode (Rule rule) ({
VBox vBox = new VBox ()
vBox.setSpacing (5) ;
Label idRule = new Label () ;
Label descriptionRule = new Label () ;
idRule.setText (String.valueOf (rule.getId()))
descriptionRule.setText (rule.getDescription()) ;
vBox.getChildren () .addAll (idRule, descriptionRule) ;
return vBox;

package org.example.client.entity;

import javafx.geometry.Insets;
import javafx.scene.control.*;
import javafx.scene.layout.HBox;




import java.util.List;

public class ActionUTI ({
private final List<Object> objects;
private Runnable onDelete;

public ActionUI (List<Object> objects, Runnable onDelete) {
this.objects = objects;
this.onDelete = onDelete;

public HBox createActionRow () {
ComboBox<Object> actionObjectSelector = new ComboBox<> () ;
actionObjectSelector.getItems () .addAll (objects) ;
actionObjectSelector.setPromptText ("Choice object

ComboBox<String> actionFieldSelector = new ComboBox<> () ;

"o

actionFieldSelector.setPromptText ("Choice method") ;

actionObjectSelector.setOnAction (e -> {
Object selectedObject = actionObjectSelector.getValue() ;
if (selectedObject != null) {
actionFieldSelector.getItems () .clear () ;
for (var field : selectedObject.getClass () .getDeclaredMethods ()) {
actionFieldSelector.getItems () .add(field.getName ()) ;

});

TextField actionValue = new TextField()
actionValue.setPromptText ("Input new value");
Button deleteButton = new Button ("Delete");
deleteButton.setOnAction (e -> onDelete.run())

HBox actionRow = new HBox (5, actionObjectSelector, actionFieldSelector,
actionValue, deleteButton) ;

actionRow.setPadding (new Insets (5));

return actionRow;

package org.example.client.entity;

import org.example.entity.CurrentLineSensor;

public class CurrentSensorUI extends CurrentLineSensor({
public CurrentSensorUI (CurrentLineSensor currentLineSensor) {
super (currentLineSensor.getSensorId (), currentlLineSensor.getVoltage(),
currentLineSensor.getCurrent ()) ;

}

@Override
public void setCurrent (double current) {
super.setCurrent (current) ;

@Override
public void setVoltage (double voltage) {
super.setVoltage (voltage) ;




@Override
public double getVoltage () {
return super.getVoltage() ;

}

QOverride
public double getCurrent () {
return super.getCurrent () ;

}

package org.example.client.entity;

import org.example.entity.Device;
import org.example.entity.Generator;

public class GeneratorUI extends Generator
public GeneratorUI (Generator generator) ({
super (generator.getSensorId(), generator.getVoltage(),

generator.getCurrent (),

}

@Override
public double getCurrent () {
return super.getCurrent () ;

}

@Override
public double getVoltage () {
return super.getVoltage() ;

}

@Override
public boolean getIsWorking () {
return super.getIsWorking() ;

}

@Override
public void setVoltage (double
super.setVoltage (voltage) ;

}

@Override
public void setCurrent (double current)
super.setCurrent (current) ;

}

@Override
public void setIsWorking(Boolean isWorking) ({
super.setIsWorking (isWorking) ;

}

generator.getIsWorking()) ;

package org.example.client.factory;

import
import
import
import

org.
org.
org.
org.

example.
example.
example.
example.

client.
client.
entity.
entity.

entity.CurrentSensorUI;
entity.GeneratorUI;
CurrentLineSensor;
Device;




import org.example.entity.Generator;

public class DeviceUIFactory {
public Device getDeviceUi (Device device) {

if (device instanceof CurrentlLineSensor currentLineSensor) {
return new CurrentSensorUI (currentLineSensor) ;

}if (device instanceof Generator generator) {
return new GeneratorUI (generator) ;

}

else {
return device;

package org.example.client.factory;

import javafx.scene.control.TextField;

import org.example.client.view.expression.object.DeviceView;
import org.example.client.view.expression.object.ObjectView;
import org.example.client.view.expression.object.TextFieldView;
import org.example.entity.Device;

public class ObjectViewFactory {
public ObjectView getObjectView (Object object) {
if (object instanceof Device device) {
return new DeviceView (device) ;
telse {
return new TextFieldView() ;

package org.example.client.ruleparser;

import org.example.client.controllers.ActionController;

import org.example.client.controllers.ExpressionsContainerController;
import org.example.client.view.ActionView;

import org.example.client.view.ExpressionsContainerView;

import org.example.rule.entity.Action;

import org.example.rule.entity.Expression;

public class ActionControllerParser {
public ActionController parse (Action action) {
ActionController actionController = new ActionController () ;
actionController.setSelectedObject (action.getTargetObject()) ;
actionController.setSelectedField (action.getFieldName ()) ;
Expression expression = action.getExpression() ;
ExpressionContainerControllerParser expressionParser = new
ExpressionContainerControllerParser () ;
ExpressionsContainerController expressionsContainerController =
expressionParser.getExpressionContainer (expression) ;
ExpressionsContainerView expressionsContainerView = new
ExpressionsContainerView (expressionsContainerController) ;
actionController.setExpressionsContainerView (expressionsContainerView) ;
return actionController;




package org.example.client.ruleparser;

import org.example.client.controllers.ConditionalController;

import org.example.client.controllers.ExpressionsContainerController;
import org.example.client.view.ExpressionsContainerView;

import org.example.rule.entity.ConditionWithOperator;

import org.example.rule.entity.Expression;

import org.jetbrains.annotations.NotNull;

import java.util.List;

public class ConditionControllerParser {
public @NotNull ConditionalController extract (List<ConditionWithOperator>
conditionWithOperators) ({
ConditionalController controller = new ConditionalController() ;
ExpressionContainerControllerParser expressionParser = new
ExpressionContainerControllerParser () ;
for (ConditionWithOperator conditionWithOperator : conditionWithOperators)

Expression expression = conditionWithOperator.getCondition();

ExpressionsContainerController expressionsContainerController =
expressionParser.getExpressionContainer (expression) ;

ExpressionsContainerView expressionsContainerView = new
ExpressionsContainerView (expressionsContainerController) ;

controller.addExpressionView (expressionsContainerView,
conditionWithOperator.getLogicalOperator()) ;

}

return controller;

package org.example.client.ruleparser;

import org.example.client.controllers.ExpressionsContainerController;
import org.example.client.controllers.parser.ConditionLogicOperatorParser;
import org.example.rule.entity.ConditionWithOperator;

import org.example.rule.entity.Expression;

import org.jetbrains.annotations.NotNull;

public class ConditionWithOperatorExtractor ({

public @NotNull ConditionWithOperator extract (ExpressionsContainerController
expressionContainer) {
String logicalOperator = getLogicalOperator (expressionContainer) ;
Expression expression = getExpression (expressionContainer);
return new ConditionWithOperator (expression, logicalOperator);

private Expression getExpression (ExpressionsContainerController
expressionContainer) ({
ExpressionExtractor expressionExtractor = new ExpressionExtractor () ;
return expressionExtractor.extract (expressionContainer) ;

private @NotNull String getLogicalOperator (ExpressionsContainerController
expressionContainer) {
ConditionLogicOperatorParser logicOperatorParser = new
ConditionLogicOperatorParser () ;
return logicOperatorParser.parse (expressionContainer) ;




package org.example.client.ruleparser;

import org.example.client.controllers.ExpressionController;
import org.example.client.controllers.ExpressionsContainerController;
import org.example.rule.entity.Expression;

import java.util.ArrayList;
import java.util.List;

public class ExpressionContainerControllerParser ({
public ExpressionsContainerController getExpressionContainer (Expression
expression) {
ExpressionReverseParser expressionReverseParser = new
ExpressionReverseParser () ;
List<Object[]> expressions =
expressionReverseParser.reverseParseExpression (expression) ;
ArrayList<ExpressionController> expressionControllers = new ArrayList<>();
for (Object[] expressionObject : expressions) {
ObjectExpressionControllerParser objectExpressionControllerParser =
new ObjectExpressionControllerParser () ;
ExpressionController expressionController =
objectExpressionControllerParser.getExpressionController (expressionObject) ;
expressionControllers.add (expressionController) ;
}
ExpressionsContainerController expressionsContainerController = new
ExpressionsContainerController () ;

expressionsContainerController.setExpressionControllers (expressionControllers) ;
return expressionsContainerController;

package org.example.client.ruleparser;

import org.example.client.controllers.ExpressionController;

import org.example.client.controllers.ExpressionsContainerController;
import org.example.client.controllers.parser.ExpressionObjectListParser;
import org.example.client.controllers.parser.ExpressionParser;

import org.example.rule.entity.Expression;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;

public class ExpressionExtractor
public Expression extract (ExpressionsContainerController expressionContainer) {
List<Object[]> expressionlList = getExpressionlList (expressionContainer) ;

return getExpression (expressionList);

private List<Object[]> getExpressionlList (ExpressionsContainerController
expressionContainer) ({
List<Object[]> expressions = new ArrayList<>();
List<ExpressionController> expressionControllers =
expressionContainer.getExpressionControllers () ;
for (ExpressionController expressionController : expressionControllers) {
Object targetObject = expressionController.getObject ()
ExpressionObjectListParser expressionObjectListParser = new
ExpressionObjectListParser () ;




Object[] expression =
expressionObjectListParser.getExpression (targetObject, expressionController);
expressions.add (expression) ;
}

return expressions;

private Expression getExpression (List<Object[]> expressionList)
ExpressionParser parser = new ExpressionParser();
return parser.parseExpressionlList (expressionList) ;

package org.example.client.ruleparser;
import org.example.rule.entity.Expression;

import java.util.ArrayList;
import java.util.List;

public class ExpressionReverseParser {
public List<Object[]> reverseParseExpression (Expression expression) {
List<Object[]> expressionlList = new ArrayList<>();
parseExpression (expression, null, expressionList);
return expressionlList;

private void parseExpression (Expression expression, String operator,
List<Object[]> expressionList) {

if (expression.getlLeftOperand() == null && expression.getRightOperand ()

null) {

Object targetObject = expression.getTargetObject () ;
String method = expression.getMethodName () ;

expressionlList.add (new Object[] {targetObject, method, operator});
} else {

if (expression.getlLeftOperand() !'= null) {
parseExpression (expression.getLeftOperand(),
expression.getOperator (), expressionList);
}

if (expression.getRightOperand() !'= null) {

parseExpression (expression.getRightOperand (), operator,
expressionList) ;

}

package org.example.client.ruleparser;

import org.example.client.controllers.ExpressionController;
import org.example.client.service.PrimitiveParser;
import org.example.entity.Device;

public class ObjectExpressionControllerParser {
public ExpressionController getExpressionController (Object[] expressionData)
Object targetObject = expressionDatal[0];
String method = (String) expressionDatall];
String operand = (String) expressionDatal2];




if (targetObject instanceof Device device) {
ExpressionController deviceController = new
ExpressionController (device) ;
deviceController.setSelectedOperator (operand) ;
deviceController.setDeviceMethod (method) ;
return deviceController;
} else {
PrimitiveParser parser = new PrimitiveParser() ;
targetObject = parser.parse (targetObject) ;
ExpressionController deviceController = new
ExpressionController (targetObject) ;
deviceController.setSelectedOperator (operand) ;
return deviceController;

package org.example.client.ruleparser;

import org.example.client.controllers.ActionController;

import org.example.client.controllers.ConditionalController;
import org.example.client.controllers.RuleContainerController;
import org.example.client.view.ConditionalView;

import org.example.rule.entity.Action;

import org.example.rule.entity.ConditionWithOperator;

import org.example.rule.entity.Rule;

import java.util.List;

public class RuleSceneControllerParser {
public RuleContainerController getRuleSceneController (Rule rule) {
RuleContainerController ruleBuilderSceneController = new
RuleContainerController () ;
ConditionalController controller = getConditionController (rule);
ConditionalView conditionalView = new ConditionalView (controller);
ActionControllerParser actionControllerParser = new
ActionControllerParser () ;
List<Action> actions = rule.getActions|();
for (Action action : actions) {
ActionController actionController =
actionControllerParser.parse (action) ;
ruleBuilderSceneController.onAddActionController (actionController) ;
}

ruleBuilderSceneController.setConditionalView (conditionalView) ;

return ruleBuilderSceneController;

private ConditionalController getConditionController (Rule rule) {
List<ConditionWithOperator> conditions =
rule.getConditionsWithOperators () ;
ConditionControllerParser conditionControllerParser = new
ConditionControllerParser () ;
return conditionControllerParser.extract (conditions);

package org.example.client.ruleparser;

import org.example.client.controllers.ActionController;
import org.example.client.controllers.ExpressionsContainerController;




import org.example.rule.entity.Action;
import org.example.rule.entity.Expression;

import java.util.ArrayList;
import java.util.List;

public class UiActionsExtractor {
private final List<Action> actions = new ArrayList<>();
public List<Action> extractActions (List<ActionController> actionControllers)
for (ActionController actionController : actionControllers) {
Object targetObject =
actionController.getActionObjectSelector () .getValue() ;
String method = actionController.getActionFieldSelector () .getValue()
ExpressionsContainerController expressionsContainerControllers =
actionController.getExpressionsContainerControllers () ;
ExpressionExtractor expressionExtractor = new ExpressionExtractor();
Expression expression =
expressionExtractor.extract (expressionsContainerControllers) ;
actions.add (new Action (targetObject, method, expression));
}

return actions;

package org.example.client.ruleparser;

import org.example.client.controllers.ConditionalController;
import org.example.client.controllers.ExpressionsContainerController;
import org.example.rule.entity.ConditionWithOperator;

import java.util.ArrayList;
import java.util.Collection;
import java.util.List;

public class UiConditionsExtractor {
private final List<ConditionWithOperator> conditionsWithOperators = new
ArrayList<> () ;

public Collection<? extends ConditionWithOperator>
extractConditions (ConditionalController conditionsContainer) ({
List<ExpressionsContainerController> expressionsContainerControllers =
conditionsContainer.getExpressionsContainerControllers() ;
return extracted (expressionsContainerControllers);

public List<ConditionWithOperator>
extracted (List<ExpressionsContainerController> expressionsContainerController)
List<ConditionWithOperator> condition = new ArrayList<>();
for (ExpressionsContainerController expressionContainer
expressionsContainerController) {
ConditionWithOperatorExtractor conditionExtractor =
ConditionWithOperatorExtractor () ;
ConditionWithOperator conditionWithOperator =
conditionExtractor.extract (expressionContainer) ;
condition.add (conditionWithOperator) ;
}

return condition;

{




package org.example.client.service;
import javafx.util.StringConverter;
public class DoubleStringConverter extends StringConverter<Number> {

@Override
public String toString (Number object) {
return object == null ? "" : object.toString() ;

QOverride
public Number fromString(String string) {
try {
return Double.parseDouble(string) ;
} catch (NumberFormatException e) ({
return 3

package org.example.client.service;

import org.example.entity.Device;

import org.example.entity.WindSensor;

import org.example.rule.entity.Rule;

import org.example.service.InflexDBService;

import org.example.service.RuleService;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;

import java.util.ArrayList;

import java.util.List;

import java.util.concurrent.ExecutorService;
import java.util.concurrent.Executors;

public class ObjectService {

private static ObjectService instance;
private final List<Object> objects = new ArrayList<>();
private List<Rule> rules = new ArrayList<>();

public ObjectService () {
InflexDBService inflexDBService = new InflexDBService ()
objects.addAll (inflexDBService.getAllDevices()) ;
updateDevice () ;
updateRules () ;
objects.add (getWindSensor ()) ;
objects.add (MOQTTPublisherFactory.getPublisher ("testClient")) ;

private void updateRules () {
Runnable runnable = () -> {
while (true) {

RuleService ruleService = new RuleService();

rules = ruleService.getAllRule();

try |
Thread.sleep( ) g

} catch (InterruptedException e) ({
throw new RuntimeException (e);




Thread thread = new Thread (runnable) ;
thread.start () ;

private void updateDevice () {
ExecutorService executorService = Executors.newFixedThreadPool (10) ;

Runnable runnable = () -> {
while (true) {
List<Object> objectsCopy = new ArrayList<>(objects);
objectsCopy.forEach (object -> ({
executorService.submit ( () -> {
try {
if (object instanceof Device device) {
device.updateDevice () ;
}
} catch (Exception e) {
updating device: " +
e.getMessage ()) ;

)

)

try {
Thread.sleep ( ) 2

} catch (InterruptedException e) ({
Thread.currentThread() .interrupt () ;

break;

) g

Thread thread = new Thread (runnable) ;
thread.start () ;

private WindSensor getWindSensor () {
WindSensor sensor = new WindSensor () ;
WindSimulator simulator = new WindSimulator (sensor) ;

System.out.println ("Hauamno cumymsguii:");

Thread simulationThread new Thread(new Runnable () {
@Override
public void run () {
simulator.simulateWindChanges () ;
}
) ;

simulationThread.start () ;
return sensor;

public static synchronized ObjectService getInstance() {
if (instance == null) {
instance = new ObjectService();

}

return instance;

public List<Object> getObjects () {
return new ArrayList<> (objects):;




public List<Rule> getRules () {
return new ArrayList<>(rules);

}

package org.example.client.service;
public class PrimitiveParser ({

public Boolean parseBoolean (Object value) {
if (value instanceof Boolean) {
return (Boolean) value;
} else if (value instanceof String) {
String strValue = ((String) wvalue).trim() .toLowerCase() ;
if ("true".equals(strValue)) {
return true;
} else if ("false".equals(strValue)) {
return false;
}
} else if (value instanceof Number) ({
return ((Number) value) .doubleValue() !=

return null;

public Number parseNumber (Object value) {

if (value instanceof Number) ({
return (Number) value;

} else if (value instanceof String) {
String strValue = ((String) wvalue).trim();
try |

return Double.parseDouble (strValue) ;

} catch (NumberFormatException e) {

return null;

return null;

public String parseString (Object value) ({
if (value == null) {
return null;

}

return value.toString() ;

public static boolean isPrimitive (Object value) ({
return value instanceof Boolean || value instanceof Number || wvalue
instanceof String;

}

public Object parse (Object value) ({
Number numberValue = parseNumber (value) ;
if (numberValue != null) ({
return numberValue;




Boolean booleanValue = parseBoolean (value) ;
if (booleanValue != null) {
return booleanValue;

return parseString(value) ;

package org.example.client.view.expression.object;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Getter;

import org.example.client.controllers.expression.object.DeviceController;

import org.example.entity.Device;

@Getter
public class DeviceView extends ObjectView{
private final Device deviceModel;

public DeviceView (Device deviceModel) {
this.deviceModel = deviceModel;
this.setExpressionObjectController ( new DeviceController (deviceModel)) ;
this.setView (loadView () ) ;

public Parent loadView () {

try |

FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/device.fxml")) ;

loader.setController (getExpressionObjectController()) ;
return loader.load();

} catch (Exception e) {
throw new RuntimeException("Failed to load device

package org.example.client.view.expression.object;

import javafx.scene.Parent;

import lombok.Data;

import lombok.Getter;

import
org.example.client.controllers.expression.object.ExpressionObjectController;

@Data
public abstract class ObjectView ({
private Parent view;

private ExpressionObjectController expressionObjectController;

public abstract Parent loadView () ;

package org.example.client.view.expression.object;




import javafx.fxml.FXMLLoader;
import javafx.scene.Parent;

import org.example.client.controllers.expression.object.TextFieldController;

public class TextFieldView extends ObjectView ({

public TextFieldView (TextFieldController textFieldController) {
this.setExpressionObjectController (textFieldController) ;
this.setView (loadView()) ;

public TextFieldView () {
this.setExpressionObjectController (new TextFieldController())
this.setView (loadView()) ;

public Parent loadView () {

try {

FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/value.fxml")) ;

loader.setController (getExpressionObjectController()) ;
return loader.load();

} catch (Exception e) {
throw new RuntimeException ("Failed to load device

package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Data;

import org.example.client.controllers.ActionController;

import java.util.List;

@Data
public class ActionView {
private final Parent view;
private final ActionController controller;

public ActionView () {
controller = new ActionController () ;
this.view = loadView () ;

public ActionView (ActionController actionController)
controller = actionController;
this.view = loadView () ;

private Parent loadView () {

try |

FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/actionView. fxml")) ;

loader.setController (controller) ;
return loader.load() ;

} catch (Exception e) {
throw new RuntimeException ("Failed to load device




package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Getter;

import org.example.client.controllers.ConditionalController;

import java.util.List;
@Getter
public class ConditionalView {

private final Parent view;
private final ConditionalController conditionalView;

public ConditionalView () {

conditionalView = new ConditionalController ()
this.view = loadView () ;

public ConditionalView (ConditionalController controller) {
conditionalView = controller;
this.view = loadView() ;

private Parent loadView () {

try |

FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/ConditionalScene. fxml")) ;

loader.setController (conditionalView) ;
return loader.load();

} catch (Exception e) {
throw new RuntimeException("Failed to load device view

package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Getter;

import org.example.client.controllers.ExpressionsContainerController;

import java.util.List;

@Getter
public class ExpressionsContainerView
private List<Object> objects;
private final Parent view;
private final ExpressionsContainerController expressionsContainerController;

public ExpressionsContainerView (List<Object> objects) ({
this.objects = objects;
expressionsContainerController = new ExpressionsContainerController () ;
this.view = loadView () ;

public ExpressionsContainerView (ExpressionsContainerController




expressionsContainerController) {

this. expressionsContainerController = expressionsContainerController;
this.view = loadView () ;

private Parent loadView () {
try {
FXMLLoader loader = new
FXMLLoader (getClass () .getResource (" /expressionsContainer.fxml")) ;
loader.setController (expressionsContainerController) ;
return loader.load()
} catch (Exception e) {
throw new RuntimeException ("Failed to load device view", e);

package org.example.client.view;

import javafx.fxml.FXMLLoader;
import javafx.scene.Parent;
import lombok.Getter;

import org.example.client.controllers.ExpressionController;

@Getter
public class ExpressionView {

private Object objectModel;
private final Parent view;
private final ExpressionController expressionModelView;

public ExpressionView (Object objectModel, String lastOperator) {
this.objectModel objectModel;

expressionModelView = new ExpressionController (objectModel, lastOperator);
this.view = loadView() ;

public ExpressionView (ExpressionController expressionModelView) ({
this.expressionModelView = expressionModelView;
this.view = loadView() ;

private Parent loadView () {

try |

FXMLLoader loader new
FXMLLoader (getClass () .getResource ("/Expressions.fxml")) ;

loader.setController (expressionModelView) ;
return loader.load() ;

} catch (Exception e) {
throw new RuntimeException ("Failed to load

package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Data;

import org.example.client.controllers.FullDeviceController;




@Data
public class FullDeviceView {
private Parent view;
private FullDeviceController controller;

public FullDeviceView (Object object) {

try {

FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/fullDevice.fxml")) ;

this.view = loader.load()
this.controller = loader.getController ()
controller.setDevice (object) ;

} catch (Exception e) {
throw new RuntimeException ("Failed to load view", e);

package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Data;

import org.example.client.controllers.MapController;

import java.io.IOException;
import java.util.List;

@Data
public class MapView {

private Parent view;
private MapController controller;

public MapView (List<Object> objects) {
FXMLLoader loader = new FXMLLoader (getClass () .getResource ("/map.fxml"))
try {
this.view = loader.load() ;
this.controller = loader.getController ()
controller.setDevices (objects) ;
} catch (IOException e) {
throw new RuntimeException ("Failed

package org.example.client.view;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import lombok.Data;

import org.example.client.controllers.RuleContainerController;

@Data
public class RuleContainerSceneView {
private Parent view;
private RuleContainerController controller;




public RuleContainerSceneView () {
this.controller = new RuleContainerController();
this.view = loadView () ;

public RuleContainerSceneView (RuleContainerController controller)
this.controller = controller;
this.view = loadView () ;

private Parent loadView () {

try {

FXMLLoader loader new
FXMLLoader (getClass () .getResource ("/RuleContainer.fxml")) ;

loader.setController (controller) ;
return loader.load();

} catch (Exception e) {
throw new RuntimeException ("Failed to load device

package org.example.client.view;

import javafx.fxml.FXMLLoader;
import javafx.scene.Parent;
import lombok.Data;

import org.example.client.controllers.RuleBuilderSceneController;

@Data
public class RuleSceneView ({
private Parent view;
private RuleBuilderSceneController controller;

public RuleSceneView (RuleBuilderSceneController controller) {
this.controller = controller;
this.view = loadView() ;

public RuleSceneView () {
this.controller = new RuleBuilderSceneController () ;
this.view = loadView() ;

private Parent loadView () {
try {
FXMLLoader loader new
FXMLLoader (getClass () .getResource ("/RuleBuilderScene.fxml")) ;
loader.setController (controller) ;
return loader.load() ;
} catch (Exception e) {
throw new RuntimeException ("Failed to load device

{




package org.example.client.view;

import javafx.scene.Parent;

import lombok.Data;

import lombok.EqualsAndHashCode;

import org.example.client.controllers.RulesSceneController;

@EqualsAndHashCode (callSuper = true)

@Data

public class RulesSceneView extends View ({
private Parent view;
private RulesSceneController controller;

public RulesSceneView () {
controller = new RulesSceneController (
view = loadView (controller, "/RulesS

package org.example.client.view;

import javafx.fxml.FXMLLoader;
import javafx.scene.Parent;

public abstract class View ({
protected Parent loadView (Object controller, String uriVIew) ({

try {
FXMLLoader loader = new FXMLLoader (getClass () .getResource (uriView)) ;
loader.setController (controller) ;
return loader.load();

} catch (Exception e) {
throw new RuntimeException ("Failed to load device

package org.example.client;

import javafx.fxml.FXMLLoader;

import javafx.scene.Parent;

import org.example.client.controllers.ConditionalController;

import org.example.client.controllers.RuleBuilderSceneController;
import org.example.client.controllers.ExpressionsContainerController;

import java.io.IOException;
import java.util.List;

public class SceneManager (
public Parent getThirdScene (List<Object> objects) {

FXMLLoader loader = new

FXMLLoader (getClass () .getResource (" /expressionsContainer.fxml")) ;
ExpressionsContainerController controller = new

ExpressionsContainerController () ;
loader.setController (controller) ;
return getlLoad(loader) ;

public Parent getConditionalScene (List<Object> objects) {
FXMLLoader loader = new

FXMLLoader (getClass () .getResource ("/ConditionalScene.fxml")) ;
ConditionalController controller = new ConditionalController () ;
loader.setController (controller) ;




return getLoad (loader) ;

Parent loadFXML (String resource) {
return getlLoad (new FXMLLoader (getClass () .getResource (resource))) ;

private Parent getlLoad (FXMLLoader loader) {
try {
return loader.load() ;
} catch (IOException e) {
throw new RuntimeException (e);

public Parent getRuleBuilder (List<Object> objects) {
FXMLLoader loader = new
FXMLLoader (getClass () .getResource ("/RuleBuilderScene. fxml")) ;
RuleBuilderSceneController controller = new RuleBuilderSceneController () ;
loader.setController (controller) ;
return getlLoad(loader) ;

package org.example.client;

import javafx.scene.Parent;

import javafx.scene.Scene;

import javafx.scene.control.Menu;

import javafx.scene.control.MenuBar;

import javafx.scene.control.Menultem;

import javafx.scene.layout.VBox;

import javafx.stage.Stage;

import org.example.App;

import org.example.client.view.MapView;
import org.example.client.view.RuleSceneView;
import org.example.client.view.RulesSceneView;

import java.util.List;

public class UIManager f{
private final Stage primaryStage;
private VBox mainLayout;
SceneManager sceneManager;

public UIManager (Stage primaryStage) {
this.primaryStage = primaryStage;
sceneManager = new SceneManager () ;

public void init () |
mainLayout = new VBox () ;
MenuBar menuBar = createMenuBar () ;
mainLayout.getChildren () .add (menuBar) ;

Scene scene = new Scene (mainlLayout) ;
primaryStage.setScene (scene) ;
primaryStage.setTitle ("EECSystem") ;
primaryStage.show () ;




public void showMainScene () {
Parent mainContent = sceneManager.loadFXML ("/mainScene.fxml") ;
updateContent (mainContent) ;
primaryStage.setTitle ("Main window") ;

public void showRuleBuilder (List<Object> objects) {
Parent secondContent = sceneManager.getRuleBuilder (objects) ;
updateContent (secondContent) ;

public void showRules () {
RulesSceneView rulesSceneView= new RulesSceneView () ;
Parent rulesScene = rulesSceneView.getView () ;
updateContent (rulesScene) ;

public void showMap (List<Object> objects)
MapView MapView = new MapView (objects
Parent MapContent = MapView.getView ()
updateContent (MapContent) ;

’

{
)

2

private void updateContent (Parent newContent) ({
if (mainLayout.getChildren() .size() > 1) {
mainLayout.getChildren () .remove (1) ;

}
mainLayout.getChildren () .add (newContent) ;

private MenuBar createMenuBar () {
MenuBar menuBar = new MenuBar () :;
Menu menuWindows = new Menu ("Windows") ;

Menultem mainSceneltem = new Menultem("Main window") ;
mainSceneltem.setOnAction (e -> showMainScene()) ;

Menultem ruleConstructorItem = new Menultem("Rule builder");
ruleConstructorItem.setOnAction (e —-> showRuleBuilder (App.getObjects()));

Menultem mapltem = new Menultem("Device Map") ;
mapltem.setOnAction (e -> showMap (App.getObjects())) ;

Menultem rulesItem = new Menultem ("Rules");
rulesItem.setOnAction (e->showRules ()) ;

menuWindows.getItems () .addAll (mapItem, rulesItem, ruleConstructorItem) ;
menuBar.getMenus () .add (menuWindows) ;

return menuBar;

package org.example.entity;
import javafx.beans.property.DoubleProperty;

import javafx.beans.property.SimpleDoubleProperty;

import java.time.Instant;
import java.util.Objects;




public class CurrentLineSensor extends Device {
private final DoubleProperty voltage = new SimpleDoubleProperty () :;
private final DoubleProperty current = new SimpleDoubleProperty() ;

public CurrentLineSensor () {
deviceType = DeviceType.CURRENT LINE SENSOR;

public CurrentLineSensor (String devicelId, Double voltage, Double current)
setSensorlId (deviceld) ;
setCurrent (current) ;
this.voltage.set (voltage) ;
deviceType = DeviceType.CURRENT LINE SENSOR;

public double getCurrent () {
return current.get();

public void setCurrent (double current) {
this.current.set (current) ;

public double getVoltage () {
return voltage.get ()

public void setVoltage (double voltage) {
this.voltage.set (voltage) ;

@Override
public String toString ()
return "CurrentlLineSensor{" +
"idDevice=" + getSensorId() +
"current=" + getCurrent () +
oltage=" + getVoltage() +

@Override
public boolean equals (Object o) {
if (this == 0) return true;
if (o == null || getClass() !'= o.getClass()) return false;
CurrentLineSensor that = (CurrentLineSensor) o;
return Objects.equals(getVoltage (), that.getVoltage()) &&
Objects.equals(getCurrent (), that.getCurrent()) 6&&
Objects.equals(getSensorId (), that.getSensorId()):

@Override
public int hashCode () {
return Objects.hash(voltage, current);

package org.example.entity;

import com.fasterxml.jackson.annotation.JsonIgnore;
import javafx.beans.property.SimpleStringProperty;
import javafx.beans.property.StringProperty;

import lombok.Getter;




import lombok.Setter;

import org.example.service.DeviceUpdater;

import org.example.service.InflexDBService;
import org.example.subscriber.MQTTPayloadBuilder;
import org.example.utlity.ClassMethodService;

import java.lang.reflect.Field;

import java.lang.reflect.InvocationTargetException;
import java.lang.reflect.Method;

import java.time.Instant;

import java.util.Optional;

public abstract class Device {
private final StringProperty sensorId = new SimpleStringProperty() ;
private final StringProperty title = new SimpleStringProperty():;
@Getter
@Setter
protected DeviceType deviceType;

public void updateDevice () {
DeviceUpdater deviceUpdater = new DeviceUpdater () ;
deviceUpdater.updateDevice (this,deviceType, getSensorId())

@JsonIgnore
public String toInfluxDBLineProtocol () {
String measurement = deviceType.getMeasurement () ;
String tags = "device=" + getSensorId():;
String fields = getInfluxDBFields (this) ;
String timestamp = String.valueOf (Instant.now() .getEpochSecond()) :;
return measurement + "," + tags + " " + fields + " " + timestamp;

private String getInfluxDBFields (Device device) {
Field[] fields = this.getClass () .getDeclaredFields()
StringBuilder stringBuilder = new StringBuilder () ;
for (int posF = ; posF<fields.length; posF++) {
Field field = fields[posF];
ClassMethodService classMethodService = new ClassMethodService () ;
Method method =
classMethodService.getGetterMethodByFieldName (field.getName (), this.getClass()) ;
Object value;
try {
value = method.invoke (device) ;
} catch (IllegalAccessException | InvocationTargetException e) {
throw new RuntimeException (e);
}
String mgttFieldString = String.format ("%s=%s", field.getName (),

stringBuilder.append (mgttFieldString) ;
if (posF < fields.length-1) {
stringBuilder.append (", ") ;

}

return stringBuilder.toString() ;

@JsonIgnore

public String getMgttPayload() throws RuntimeException {
MQTTPayloadBuilder mgttPayloadBuilder = new MQTTPayloadBuilder () ;
return mgttPayloadBuilder.getPayloadBuilder (this) ;




@JsonIgnore
public String getMgttTopic () {
return String. format ("client/%s/%$s/data", deviceType.getMeasurement (),
getSensorId()) ;
}

public String getSensorId() {
return sensorId.get ()

public void setSensorId(String sensorId) ({
this.sensorId.set (sensorId);

public String getTitle () {
return title.get ();

public void setTitle (String title) {
this.title.set (title);

package org.example.entity;
import lombok.Getter;
import java.util.function.Supplier;

public enum DeviceType {
TRANSPORTER ("transformer", Transformer::new),

CURRENT LINE SENSOR ("currentsensor", CurrentLineSensor::new),

GENERATOR ("generator", Generator::new),

SWITCH BOARD ("switchboard", SwitchBoard: :new),
WIND SENSOR ("windsensor", WindSensor::new) ;
@Getter

private final String measurement;

private final Supplier<Device> deviceCreator;

DeviceType (String measurement, Supplier<Device> deviceCreator) (|
this.measurement = measurement;
this.deviceCreator = deviceCreator;

public Device createDevice () {
return deviceCreator.get():;

public static DeviceType fromType (String typeString) {
for (DeviceType type : values()) {
if (type.measurement.equals (typeString)) {
return type;

}

return null;




package org.example.entity;

import javafx.beans.property.BooleanProperty;
import javafx.beans.property.DoubleProperty;
import javafx.beans.property.SimpleBooleanProperty;
import javafx.beans.property.SimpleDoubleProperty;

import java.util.Objects;

public class Generator extends Device {
BooleanProperty isWorking = new SimpleBooleanProperty();
DoubleProperty voltage = new SimpleDoubleProperty() ;
DoubleProperty current new SimpleDoubleProperty() ;

public Generator () {
super.deviceType = DeviceType.GENERATOR;

public Generator (String id, double voltage, double current,

this.setSensorId(id) ;
this.isWorking.set (isWorking) ;
this.voltage.set (voltage) ;
this.current.set (current) ;
super.deviceType = DeviceType.GENERATOR;
}
public double getVoltage () {
return voltage.get ()

public void setVoltage (double voltage) {
this.voltage.set (voltage) ;

public double getCurrent () {
return current.get();

public void setCurrent (double current) {
this.current.set (current) ;

public boolean getIsWorking () {
return isWorking.get () ;

public void setIsWorking(Boolean isWorking) ({
this.isWorking.set (isWorking) ;

@Override
public String toString () {
return "Generator{" +
"id=" + super.getSensorId() +
1 g " + getVoltage () +
t=" + getCurrent () +
rking=" + getlIsWorking() +
surement=" + deviceType +

@Override
public boolean equals (Object o) {
if (this == 0) return true;

boolean isWorking)




if (o == null || getClass() != o.getClass()) return false;
Generator generator = (Generator) o;
return isWorking == generator.isWorking &&
Double.compare (getVoltage (), generator.getVoltage ())
Double.compare (getCurrent (), generator.getCurrent ())

QOverride
public int hashCode () {
return Objects.hash(isWorking, voltage, current);

package org.example.entity;

import javafx.beans.property.DoubleProperty;
import javafx.beans.property.SimpleDoubleProperty;

import java.util.Objects;

public class SwitchBoard extends Device ({
DoubleProperty current = new SimpleDoubleProperty();

public SwitchBoard() {
deviceType = DeviceType.SWITCH BOARD;

public SwitchBoard(String id, double current) ({
super.setSensorId(id) ;
this.current.set (current) ;

deviceType = DeviceType.SWITCH BOARD;

public double getCurrent () {
return current.get();

public DoubleProperty currentProperty () {
return current;

public void setCurrent (double current) {
this.current.set (current) ;

@Override
public boolean equals (Object o) {
if (this == o) return true;
if (o == null || getClass() != o.getClass()) return false;
SwitchBoard that (SwitchBoard) o;
return Objects.equals(current, that.current);

@Override
public int hashCode () {
return Objects.hashCode (current) ;

@Override
public String toString () {
return "SwitchBoard{" +
" + super.getSensorId() +




"current=" + current +

Ty,
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package org.example.entity;

import javafx.beans.property.DoubleProperty;
import javafx.beans.property.SimpleDoubleProperty;

import java.util.Objects;

public class SwitchBoard extends Device ({
DoubleProperty current = new SimpleDoubleProperty() ;

public SwitchBoard() ({
deviceType = DeviceType.SWITCH

public SwitchBoard(String id, double current) {
super.setSensorId(id) ;
this.current.set (current) ;
deviceType = DeviceType.SWITCH BOARD;

public double getCurrent () {
return current.get():;

public DoubleProperty currentProperty () {
return current;

public void setCurrent (double current) {
this.current.set (current) ;

@Override
public boolean equals (Object o) {
if (this == 0) return true;
if (o == null || getClass() !'= o.getClass()) return false;
SwitchBoard that = (SwitchBoard) o;
return Objects.equals(current, that.current);

@Override
public int hashCode () {
return Objects.hashCode (current) ;

@QOverride
public String toString () {
return "SwitchBoard{" +
+ super.getSensorId() +
"current=" + current +

Ty,
4

package org.example.entity;




import javax.persistence.*;
import java.time.Instant;

@Entity
@Table (name = "Topic", schema = "public")
public class Topic {

@Id

@GeneratedValue (strategy = GenerationType.SEQUENCE, generator =

ic_id topic_seqg")

@SequenceGenerator (name = "Topic id topic seq", sequenceName =
"Topic id topic seq", allocationSize = 1)

@Column (name = "id topic")

private Integer idTopic;

@QColumn (name = nullable = false)
private String title;

@Column (name = "data", nullable = false)
private Instant data;

public Topic() {}

public Topic(String title, Instant data) {

this.title = title;
this.data = data;

public Integer getIdTopic () {
return idTopic;

public void setIdTopic (Integer idTopic) {
this.idTopic = idTopic;

public String getTitle () {
return title;

public void setTitle (String title) {
this.title = title;

public Instant getData () {
return data;

public void setData (Instant data)
this.data = data;

@Override
public String toString () {
return "To
'opic=" + idTopic +
title="" + title + '"\'' +
data=" + data +

’




package org.example.entity;

import javafx.beans.property.DoubleProperty;
import javafx.beans.property.SimpleDoubleProperty;

import lombok.EqualsAndHashCode;

import java.time.Instant;
import java.util.Objects;

@EqualsAndHashCode (callSuper = true)
public class Transformer extends Device ({

private final DoubleProperty turnsRatio = new SimpleDoubleProperty();

public Transformer () {
super.deviceType = DeviceType.TRANSPORTER;

public Transformer (String sensorId, Double turnsRatio) {
super.setSensorld(sensorld) ;
this.turnsRatio.set (turnsRatio) ;
super.deviceType = DeviceType.TRANSPORTER;

public double getTurnsRation () {
return turnsRatio.get():;

public void setTurnsRation (Double turnsRatio) {
this.turnsRatio.set (turnsRatio) ;

@Override
public String toString () {
return "Transformer{" +
"id="'" + super.getSensorId() +
"' turnsRation='" + turnsRatio.get () + '"\'' +

Ty,
4

@Override
public boolean equals (Object o) {
if (this == 0) return true;
if (o == null || getClass() != o.getClass()) return false;
Transformer that = (Transformer) o;
return Objects.equals(getTurnsRation (), that.getTurnsRation()) &&
Objects.equals(getSensorId(), that.getSensorId()):;
}

@QOverride
public int hashCode () {
return Objects.hashCode (turnsRatio) ;

package org.example.entity;




import javafx.beans.property.DoubleProperty;
import javafx.beans.property.SimpleDoubleProperty;
import lombok.ToString;

public class WindSensor extends Device {

private final DoubleProperty windSpeed = new SimpleDoubleProperty();

public WindSensor () {
super.deviceType = DeviceType.WIND SENSOR;
System.out.println(1l) ;
setSensorId("1") ;
this.setWindSpeed ( ) g

public WindSensor (double windSpeed) {
this.setWindSpeed (windSpeed) ;
super.deviceType = DeviceType.WIND SENSOR;

public double getWindSpeed() {
return windSpeed.get () ;
}

public void setWindSpeed (double windSpeed) {
try {
if (windSpeed < 0) {
throw new IllegalArgumentException ("CkopocTb BiTpy He Moxe OyTy
HeraTmBHOKL.") ;
}
this.windSpeed.set (windSpeed) ;
}catch (Exception e) {
System.out.println (e) ;

@Override
public String toString () {
return "Wi Sensor{" +
d=" + getSensorId() +
>d=" + getWindSpeed() +
S + deviceType +

public void updateSensorData (double newWindSpeed) {
setWindSpeed (newWindSpeed) ;
}

package org.example.factory;
import org.example.entity.*;
import java.util.Optional;

import java.util.logging.Level;
import java.util.logging.Logger;




public class DeviceFactory {
public static Optional<Device> getDevice (DeviceType measurement) {
Device device = null;
switch (measurement) {
case DeviceType.CURRENT LINE SENSOR:
device = new CurrentLineSensor () ;
break;
case DeviceType.TRANSPORTER:
device = new Transformer () ;
break;
case GENERATOR:
device = new Generator();
break;
case SWITCH BOARD:
device = new SwitchBoard() ;
break;
default:
Logger.getLogger (DeviceFactory.class.getName () ) .log (Level.SEVERE,
"error sensors factory"):;
}
return Optional.ofNullable(device) ;

package org.example.factory;

import org.example.service.postgres.RuleDataRepository;

public class RuleDataRepositoryFactory {
public static RuleDataRepository getInstance () {
return new RuleDataRepository();

package org.example.factory;
import org.example.service.postgres.TopicRepository;

public class TopicRepositoryFactory {
public static TopicRepository getInstance () {
return new TopicRepository();

package org.example.rule.entity;

import com.fasterxml.jackson.databind.annotation.JsonDeserialize;
import lombok.Data;

import lombok.ToString;

import org.example.rule.serializer.TargetObjectDeserializer;

import java.lang.reflect.Field;

import java.lang.reflect.Method;
import java.util.NoSuchElementException;

@ToString




@Data
public class Action {
@JsonDeserialize (using = TargetObjectDeserializer.class)
private Object targetObject;
private String fieldName;
private Expression expression;

public Action () {

}

public Action (Object targetObject, String fieldName, Expression expression)

this.targetObject = targetObject;
this.fieldName = fieldName;
this.expression = expression;

package org.example.rule.entity;

import com.fasterxml.jackson.databind.annotation.JsonDeserialize;
import lombok.Data;

import lombok.ToString;

import org.example.rule.serializer.TargetObjectDeserializer;

import java.lang.reflect.Method;
import java.util.Objects;

@ToString
@Data
public class Condition {
@JsonDeserialize (using = TargetObjectDeserializer.class)
private Object targetObject;
private String fieldName;
private String operator;
private Object value;

public Condition () {

}

public Condition (Object targetObject, String fieldName, String operator,
Object value) {
this.targetObject = targetObject;
this.fieldName = fieldName;
this.operator = operator;
this.value = value;

public boolean evaluate () throws Exception ({
Object fieldValue = getFieldValue();
return compareValues (fieldValue) ;

private Object getFieldValue () throws Exception ({
Method field = targetObject.getClass () .getDeclaredMethod (fieldName) ;
field.setAccessible (true) ;
return field.invoke (targetObject) ;

private boolean compareValues (Object fieldvValue) {
value = convertValueToFieldType (fieldValue, value);

{




switch (operator) ({

case "==":

return isEqual (fieldValue, value);
case "!=":

return isNotEqual (fieldValue, value);
case ">":

return isGreaterThan (fieldValue, value);
case "<":

return isLessThan (fieldValue, value);
default:

operator) ;
}
}

private Object convertValueToFieldType (Object fieldValue, Object rawValue)
if (fieldValue == null || rawValue == null) {
return rawValue;
}
Class<?> fieldClass = fieldValue.getClass() ;
if (fieldClass.equals (Double.class)) {
return Double.parseDouble (rawValue.toString()) ;
} else if (fieldClass.equals (Integer.class)) {
return Integer.parselnt (rawValue.toString()):
} else if (fieldClass.equals (Boolean.class)) {
return Boolean.parseBoolean(rawValue.toString()) :;
} else if (fieldClass.equals(String.class)) {
return rawValue.toString() ;
} else {
throw new IllegalArgumentException ("Unsupported fie
fieldClass) ;
}

private boolean isEqual (Object fieldValue, Object comparisonValue) {
return fieldValue.equals (comparisonValue) ;

}

private boolean isNotEqual (Object fieldValue, Object comparisonValue) {
return !fieldValue.equals (comparisonValue) ;

}

private boolean isGreaterThan (Object fieldValue, Object comparisonValue) {
if (! (fieldValue instanceof Comparable)) {
throw new IllegalArgumentException ("Field value is not comparable:
fieldvalue) ;
}

return ((Comparable<Object>) fieldValue) .compareTo (comparisonValue) >

private boolean isLessThan (Object fieldValue, Object comparisonValue) {
if (! (fieldValue instanceof Comparable)) {
throw new IllegalArgumentException("Field value is not comparable:
fieldValue) ;
}

return ((Comparable<Object>) fieldValue) .compareTo (comparisonValue) <

@QOverride
public boolean equals (Object o) {
if (this == 0) return true;
if (o == null || getClass() != o.getClass()) return false;
Condition condition = (Condition) o;
return Objects.equals(targetObject, condition.targetObject) &&

{




Objects.equals(fieldName, condition.fieldName) && Objects.equals (operator,
condition.operator) && Objects.equals(value, condition.value);

}

@Override
public int hashCode () {
return Objects.hash(targetObject, fieldName, operator, value);

package org.example.rule.entity;

import lombok.Data;
import lombok.Getter;
import lombok.ToString;

import java.util.Objects;

@Data

@ToString

public class ConditionWithOperator ({
private Expression condition;
private String logicalOperator;

public ConditionWithOperator () {

}

public ConditionWithOperator (Expression condition, String logicalOperator)

this.condition = condition;
this.logicalOperator = logicalOperator;

@Override
public boolean equals (Object o) {
if (this == 0) return true;
if (o == null || getClass() !'= o.getClass()) return false;
ConditionWithOperator that = (ConditionWithOperator) o;
return Objects.equals(condition, that.condition) &&
Objects.equals(logicalOperator, that.logicalOperator):;

}

@Override
public int hashCode () {
return Objects.hash(condition, logicalOperator);

package org.example.rule.entity;

import com.fasterxml.jackson.databind.annotation.JsonDeserialize;
import lombok.Data;

import lombok.ToString;

import org.example.client.service.PrimitiveParser;

import org.example.entity.Device;

import org.example.rule.serializer.TargetObjectDeserializer;
import org.example.service.inflexdb.InflexDBRepository;

import java.lang.reflect.InvocationTargetException;
import java.lang.reflect.Method;

{




import java.util.Optional;

@Data
@ToString
public class Expression {

@JsonDeserialize (using = TargetObjectDeserializer.class)
private Object targetObject;

private String methodName;

private String operator;

private Expression leftOperand;

private Expression rightOperand;

private boolean isGrouped;

public Expression () {

}

public Expression (Object targetObject) {
this.targetObject = targetObject;
this.isGrouped = false;
if (targetObject instanceof Device) updateDevice (targetObject) ;

public Expression (Object targetObject, String methodName) ({
this.targetObject = targetObject;
this.methodName = methodName;
this.isGrouped = false;
if (targetObject instanceof Device) updateDevice (targetObject) :;

public void updateDevice (Object targetObject) {
Device device = (Device) targetObject;
InflexDBRepository inflexDBRepository = new InflexDBRepository():;
Optional<Device> newDevice =
inflexDBRepository.getDeviceById (device.getDeviceType (), device.getSensorId()):;
newDevice.ifPresent (value -> this.targetObject = value);

}

public Expression (Expression groupedExpression) {
this.leftOperand = groupedExpression;
this.isGrouped = true;

public Expression (Expression leftOperand, String operator, Expression
rightOperand) {
this.leftOperand = leftOperand;
this.operator = operator;
this.rightOperand = rightOperand;
this.isGrouped = false;

public Object getTargetObject () {
if (targetObject instanceof Device) updateDevice (targetObject) ;
return targetObject;

public void setTargetObject (Object targetObject) {
this.targetObject = targetObject;
if (targetObject instanceof Device) updateDevice (targetObject) ;

public Object evaluate () {
if (isGrouped) {




return evaluateGroupedExpression () ;

(isExpressionWithOperand()) {

Object leftValue = leftOperand.evaluate();
Object rightValue = rightOperand.evaluate() ;
return performOperation (leftValue, rightValue);

return getFieldValue () ;

private boolean isExpressionWithOperand() {

return leftOperand != null && rightOperand != null;
}

private Object evaluateGroupedExpression ()
if (isExpressionWithOperand()) {
Object leftValue = leftOperand.evaluate () ;
Object rightValue = rightOperand.evaluate() ;
return performOperation (leftValue, rightValue);
}
return getFieldValue () ;

private Object getFieldValue () {
if (targetObject == null) {
throw new IllegalArgumentException ("Target object or method name is

(methodName == null) {
return targetObject;

if (targetObject instanceof Device device) {
InflexDBRepository inflexDBRepository = new InflexDBRepository():;
Optional<Device> newData =

inflexDBRepository.getDeviceById (device.getDeviceType (),device.getSensorId()) ;

newData.ifPresent (value -> targetObject = value);

}

Method field = null;

try |
field = targetObject.getClass () .getDeclaredMethod (methodName) ;
field.setAccessible (true) ;
return field.invoke (targetObject) ;

’

catch (NoSuchMethodException | IllegalAccessException |
InvocationTargetException e) {
throw new RuntimeException (e);
}
}
private Object performOperation (Object leftValue, Object rightValue) ({
PrimitiveParser parser = new PrimitiveParser();
leftValue = parser.parse (leftValue) ;
rightValue = parser.parse(rightvValue) ;

if (leftValue instanceof Boolean && rightValue instanceof Boolean) ({
boolean left = (Boolean) leftValue;
boolean right = (Boolean) rightValue;

switch (operator) ({
case "&&":
return left && right;
case "||":




return left
case "=="_:

return

nwiyp_n,

| | right;

left

== right;
case 2
return left != right;
default:
throw new IllegalArgumentException ("Unsupported operator for
+ operator) ;

values: "

}
} else if (leftValue instanceof Number && rightValue instanceof Number) {
switch (operator) ({
case "+":
return
.doubleValue () ;

nw_mw,

boolean

( (Number) leftValue) .doubleValue () + ((Number)

rightValue)
case
return
.doubleValue () ;
case "*":

( (Number) leftValue) .doubleValue() - ( (Number)

rightValue)

return

.doubleValue () ;
case "/":

if (((Number) rightValue) .doubleValue () =

throw new ArithmeticException ("Cannot

( (Number) leftValue) .doubleValue () * ( (Number)

rightvalue)

}

return
.doubleValue () ;
case

( (Number) leftValue) .doublevValue () /

rightValue)

W==W o

return
CaSe H!:H.
return
case nsn.

return

return

leftValue.equals (rightValue) ;

!leftValue.equals (rightvValue) ;

( (Comparable<Object>)

( (Comparable<Object>)

leftValue) .compareTo (rightValue)

leftValue) .compareTo (rightValue)

default:
throw new IllegalArgumentException ("Unsupported operator:
operator) ;
}
} else {
throw new IllegalArgumentException ("Operands must
booleans, objects with comparable fields");

}

or

private Object parseToBoolean (Object value) {
if (value instanceof Boolean) {
return value;
} else if (value instanceof String) {
String strValue = ((String) value) .trim() .toLowerCase () ;
if ("true".equals(strValue)) {
return true;
} else if ("false".equals(strValue)) {
return false;
}
} else if
return

(value instanceof Number) ({
( (Number) wvalue) .doubleValue ()
}

return value;




package org.example.rule.entity;

import com.fasterxml.jackson.annotation.JsonIgnore;
import lombok.Data;

import java.time.LocalDateTime;
import java.util.List;

@Data
public class Rule {
@JsonIgnore
private long id;
private String description;
private List<ConditionWithOperator> conditionsWithOperators;
private List<Action> actions;
@JsonIgnore
private LocalDateTime timeStamp;

public Rule () {
}

public Rule (List<ConditionWithOperator> conditionsWithOperators, List<Action>
actions) {

this.conditionsWithOperators = conditionsWithOperators;
this.actions = actions;

package org.example.rule.executor;
import org.example.rule.entity.Action;

public interface ActionExecutor ({
void execute (Action action) ;

package org.example.rule.executor;

import org.example.entity.Device;
import org.example.rule.entity.Action;

public class ActionExecutorFactory {

public static ActionExecutor getInstance (Action action) {
return new DefaultActionExecutor():;

package org.example.rule.executor;

import java.util.HashMap;
import java.util.Map;

public class ActionExecutorRegistry {
private static final Map<Class<?>, ActionExecutor> registry = new HashMap<> () ;

public static void registerExecutor (Class<?> clazz, ActionExecutor executor) {




7.put (clazz, executor);

public static ActionExecutor getExecutor (Class<?> clazz)
return registry.get(clazz);

}

package org.example.rule.executor;
import org.example.rule.entity.Action;

public class CustomExecutorForSpecificObject implements ActionExecutor {
@Override
public void execute (Action action) {
System.out.println ("Executing custom action for
action.getTargetObject ()) ;
}
}

package org.example.rule.executor;

import org.example.entity.Device;

import org.example.factory.DeviceFactory;

import org.example.rule.entity.Action;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;

import java.lang.reflect.InvocationTargetException;
import java.util.NoSuchElementException;

import java.lang.reflect.Field;

import java.lang.reflect.Method;

import java.util.Random;

public class DefaultActionExecutor implements ActionExecutor ({
@Override
public void execute (Action action) {

Object targetObject = action.getTargetObject ()

String fieldName = action.getFieldName () ;

Object newValue = action.getExpression () .evaluate()

if (newValue instanceof Double number && number > ) {
System.out.println (action) ;
System.out.println ("newValue " + number);

Class<?> clazz = targetObject.getClass () ;

try |
Field field = clazz.getDeclaredField(fieldName) ;
field.setAccessible (true) ;
field.set (targetObject, newValue) ;

} catch (NoSuchFieldException | IllegalAccessException e) {
Method method = getDeclaredMethod(clazz, fieldName) ;
method.setAccessible (true) ;
invoke (method, targetObject, newValue) ;

}

if (targetObject instanceof Device device) {

Random random = new Random () ;

MQTTPublisher mgttPublisher =
MQTTPublisherFactory.getPublisher (String.valueOf (random.nextInt ()));

mgttPublisher.writeData (device) ;




private void invoke (Method method, Object targetObject, Object newValue)

try {
System.out.println (method) ;
System.out.println (targetObject) ;
System.out.println (newValue) ;
Class<?> parameterType = method.getParameterTypes () [0];
Object convertedValue =

convertValueToMethodParameterType (parameterType, newValue) ;

System.out.println (newValue) ;
method.invoke (targetObject, convertedValue);

} catch (IllegalAccessException | InvocationTargetException ex) {
throw new RuntimeException (ex) ;

private Object convertValueToMethodParameterType (Class<?> parameterType,
Object newValue) ({
if (newValue == null) {
return null;

if (parameterType.equals (String.class)) {
return newValue.toString() ;
} else if (parameterType.equals (Double.class)
return Double.valueOf (newValue.toString ()
else if (parameterType.equals (Integer.class
return Integer.valueOf (newValue.toString (
else if (parameterType.equals (Boolean.class

return Boolean.valueOf (newValue.toString (
else {

{

{

{

)
)
)
)
)
)

)
)7
)
)

’

return newValue;

private Method getDeclaredMethod (Class<?> clazz, String fieldName) {
for (Method method : clazz.getDeclaredMethods()) {
if (method.getName () .equals (fieldName)) {
return method;

}
throw new NoSuchElementException ("Mertonm 3 imenem '" + fieldName +
3HaMmeHo y kjlacci " + clazz.getName());

}

package org.example.rule.executor;
import org.example.rule.entity.*;

import java.util.List;
import java.util.NoSuchElementException;

public class RuleExecutor {
private final Rule rule;

public RuleExecutor (Rule rule) ({
this.rule rule;

{




public void execute () {
List<Action> actions = rule.getActions|();
if (conditionsMet (0, true)) {
System.out.println(rule.getDescription()) ;
for (Action action : actions) {
performAction (action) ;

private boolean conditionsMet (int index, boolean accumulatedResult) ({
List<ConditionWithOperator> conditionsWithOperators =
rule.getConditionsWithOperators () ;
if (index >= conditionsWithOperators.size()) {
return accumulatedResult;

ConditionWithOperator current = conditionsWithOperators.get (index) ;
boolean conditionResult = evaluateCondition (current.getCondition());

2

String logicalOperator = current.getLogicalOperator();
boolean newResult;

if ("AND".equalsIgnoreCase (logicalOperator)) {
newResult = accumulatedResult && conditionResult;
} else if ("OR".equalsIgnoreCase (logicalOperator)) {
newResult = accumulatedResult || conditionResult;
} else {

throw new IllegalStateException ("HerimomMmuyt JIOT1UHMM ONepaTop:
logicalOperator) ;

}

return conditionsMet (index + 1, newResult);

private boolean evaluateCondition (Expression condition) ({
try |
Object object = condition.evaluate();
return (Boolean) object ;
}catch (Exception e) {
throw new NoSuchElementException (e) ;

private void performAction (Action action) {
ActionExecutor actionExecutor = new DefaultActionExecutor();
actionExecutor.execute (action) ;

package org.example.rule.executor;

import org.example.rule.entity.Rule;
import org.example.service.RuleService;

public class RuleExecutorThread extends Thread({

private Rule rule;




public RuleExecutorThread (Rule rule) {
this.rule = rule;

QOverride
public void run() {
while (true) {
RuleExecutor ruleExecutor
ruleExecutor.execute() ;
try {
Thread.sleep( ) &
} catch (InterruptedException e) ({
throw new RuntimeException (e);

new RuleExecutor (rule);

}

RuleService ruleService =new RuleService () ;

rule = ruleService.getRuleDataById (rule.getId()):

package org.example.rule.serializer;

import com.fasterxml.jackson.core.JsonProcessingException;
import com.fasterxml.jackson.databind.ObjectMapper;
import org.example.rule.entity.Rule;

public class RuleDeserializer {

public Rule deserialize (String ruleSerialized) ({
ObjectMapper objectMapper = new ObjectMapper () ;
try |
return objectMapper.readValue (ruleSerialized, Rule
} catch (JsonProcessingException e) {
throw new RuntimeException (e) ;

package org.example.rule.serializer;

import com.fasterxml.jackson.core.JsonProcessingException;
import com.fasterxml.jackson.databind.ObjectMapper;
import org.example.rule.entity.Rule;

public class RuleSerializer ({
public String serializeRule (Rule rule) {
ObjectMapper objectMapper = new ObjectMapper () ;
try {
return objectMapper.writeValueAsString (rule) ;
} catch (JsonProcessingException e) {
throw new RuntimeException (e);




package org.example.rule.serializer;

import com.fasterxml.jackson.core.JsonParser;

import com.fasterxml.jackson.databind.DeserializationContext;

import com.fasterxml.jackson.databind.JsonDeserializer;

import com.fasterxml.jackson.databind.JsonNode;

import org.example.entity.*;

import org.example.factory.DeviceFactory;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;
import org.jetbrains.annotations.NotNull;

import java.io.IOException;
import java.util.LinkedHashMap;

public class TargetObjectDeserializer extends JsonDeserializer<Object> {
@Override
public Object deserialize (JsonParser parser, DeserializationContext context)
throws IOException {
JsonNode node = parser.getCodec () .readTree (parser) ;

if (node.isNumber ()) {
return node.numberValue () ;

} else 1if (node.isTextual()) {
return node.textValue () ;

} else if (node.isBoolean()) {
return node.booleanValue() ;

if (isGenerator (node)) {

return getGenerator (node) ;

else if (isCurrentSensor (node)) {
return getCurrentLineSensor (node) ;

else if (isTransformer (node)) {
return getTransformer (node) ;

else if (isSwitchBoard(node)) {
return getSwitchBoard (node) ;

else if (isMQTTPublisher (node)) {
return getMgttPublisher (node) ;

else if (isWindSpeed (node)) {
return getWindSensor (node) ;

else {
return parser.getCodec () .treeToValue (node, LinkedHashMap.class):;

private boolean isSwitchBoard (JsonNode node) {
return node.has ("sensorId") &é&
node.has ("current") ;

private Object getSwitchBoard (JsonNode node)
String sensorId = getStringField (node, :
Double current = getDoubleField (node,
return new SwitchBoard(sensorId, current);

private boolean isGenerator (JsonNode node) {
return node.has ("sensorId") &é&
node.has ("voltage") &&
node.has ("current") &&
node.has ("isWorking") ;




private Object getGenerator (JsonNode node) {
String sensorId = getStringField(node, "
Double voltage = getDoubleField (node, "voltage");
Double current = getDoubleField (node, "current");
boolean isWorking = getBooleanField (node, "isWorking") ;
return new Generator (sensorlId, voltage, current, isWorking);

sensorId");

private boolean isCurrentSensor (JsonNode node) {
return node.has ("se &&
node.has ("voltage") &&
node.has ("current") ;

private @NotNull CurrentLineSensor getCurrentLineSensor (JsonNode node) {
String sensorId = getStringField(node, "sensorId");
Double voltage = getDoubleField (node, "voltage"):;
Double current = getDoubleField(node, "current");
return new CurrentLineSensor (sensorlId, voltage, current);

private boolean isTransformer (JsonNode node) {
return node.has ("sensorId") &&
node.has ("turnsRation") ;

private @NotNull Transformer getTransformer (JsonNode node) {
String sensorId = getStringField(node, "sensorId");
Double turnsRatio = getDoubleField(node, "turnsRation"):;
Transformer transformer = (Transformer)

DeviceFactory.getDevice (DeviceType. TRANSPORTER) .get () ;

transformer.setSensorlId (sensorld) ;
transformer.setTurnsRation (turnsRatio) ;
return transformer;

private boolean isMQTTPublisher (JsonNode node) {
return node.has ("clientId");

private @NotNull MQTTPublisher getMgttPublisher (JsonNode node) {
return MQTTPublisherFactory.getPublisher(getStringField (node,
ientId"));

private boolean isWindSpeed (JsonNode node) {
return node.has ("wind >

private Object getWindSensor (JsonNode node) {
String sensorId = getStringField(node, "sensorId");
Double windSpeed = getDoubleField (node, in
WindSensor windSensor = new WindSensor (wind
windSensor.setSensorId(sensorId) ;
return windSensor;

private @NotNull Double getDoubleField(JsonNode node, String doubleFieldName)

return Double.valueOf (getStringField(node, doubleFieldName)) ;

private boolean getBooleanField(JsonNode node, String booleanFieldName) {




return Boolean.parseBoolean (getStringField (node, booleanFieldName)) ;

private String getStringField (JsonNode node, String sensorId) {
return String.valueOf (node.get (sensorlId)) .replace ("\"", "");

package org.example.rule;

import org.example.client.controllers.ActionController;
import org.example.client.controllers.ConditionalController;
import org.example.client.ruleparser.UiActionsExtractor;
import org.example.client.ruleparser.UiConditionsExtractor;
import org.example.rule.entity.Action;

import org.example.rule.entity.ConditionWithOperator;

import org.example.rule.entity.Rule;

import java.util.ArrayList;
import java.util.List;

public class RuleBuilder ({

private List<ConditionWithOperator> conditionsWithOperators = new
ArrayList<>();

private List<Action> actions = new ArrayList<>();

public RuleBuilder addCondition (ConditionWithOperator conditionWithOperator) {
if (conditionsWithOperators.isEmpty () &&
I"AND" .equalsIgnoreCase (conditionWithOperator.getLogicalOperator())) {
throw new IllegalStateException ("llepma yMOoBa Ma€ NOYUMHATHUCS 3
omnepatropa 'AND'.");
}
conditionsWithOperators.add (conditionWithOperator) ;
return this;

public RuleBuilder addAction (Action action) {
System.out.println ("OomaBauHg mii: o6'exkT =" + action.getTargetObject () +
, noje=" + action.getFieldName () + ", 3BHaueHHg=" +
action.getExpression () .evaluate()) ;
actions.add (action) ;
return this;

"

public Rule build() {
System.out.println ("llo6ynmora npaBmia 3" + conditionsWithOperators.size() +
yMOBM Ta " + actions.size() + " miavm.");

return new Rule (conditionsWithOperators, actions);

"

public RuleBuilder fromUi (ConditionalController conditionalControllers,

List<ActionController> actionControllers) {
List<ConditionWithOperator> conditionsFromUi =

getConditionsFromUi (conditionalControllers) ;
System.out.println("conditionsFromUi " +conditionsFromUi) ;
List<Action> actionsFromUi = getActionsFromUi (actionControllers) ;
conditionsFromUi.forEach (this: :addCondition) ;
actionsFromUi. forEach (this: :addAction) ;
return this;

private List<Action> getActionsFromUi (List<ActionController> actionsContainer)




UiActionsExtractor uiActionsExtractor = new UiActionsExtractor () ;
return uiActionsExtractor.extractActions (actionsContainer) ;

private List<ConditionWithOperator> getConditionsFromUi (ConditionalController
conditionsContainer) {

UiConditionsExtractor uiConditionsExtractor = new UiConditionsExtractor();
return new
ArrayList<> (uiConditionsExtractor.extractConditions (conditionsContainer)) ;

}

package org.example.service.hibernate;

import javax.persistence.EntityManager;
import javax.persistence.EntityManagerFactory;
import javax.persistence.Persistence;

public class EntityManagerUtil ({
private static final EntityManagerFactory

ThreadLocal<> () ;

public static EntityManager getEntityManager () {

EntityManager em = threadLocal.get();

if (em == null || 'em.isOpen()) {
em = emf.createEntityManager () ;
threadLocal.set (em) ;

}

em.clear () ;

return em;

public static void closeEntityManager () {
EntityManager em = threadLocal.get();
if (em !'= null) {
em.close () ;
threadLocal.remove () ;

eEntityManagerFactory () {

public static void clo
if (emf.isOpen())
emf.close();

{

package org.example.service.hibernate;

import lombok.Getter;

import org.hibernate.Session;

import org.hibernate.SessionFactory;
import org.hibernate.cfg.Configuration;




public class HibernateUtil ({
@Getter
private static final SessionFactory sessi ct buildSessionFactory() ;
private static final ThreadLocal<Session> ¢t [Local = new ThreadLocal<>();

private static SessionFactory buildSessionFactory () {
try {
return new Configuration().configure ("B.xml") .buildSessionFactory()
} catch (Throwable ex) {
throw new ExceptionInInitializerError (ex);

public static Session getSession() {
Session session = threadLocal.get () ;
if (session == null || !session.isOpen()) {
session = sessionFactory.openSession () ;
threadLocal.set (session) ;

}

return session;

public static void closeSession () {
Session session = threadLocal.get();
if (session != null) {
session.close();
threadLocal.remove () ;

package org.example.service.inflexdb;

import org.example.entity.Device;
import org.example.utlity.ClassMethodService;

import java.lang.reflect.Method;
public class DeviceHandler

public static void handleField (Device device, String field, Object value) {
try |
ClassMethodService classMethodService = new ClassMethodService();
String titleSetterMethod =
classMethodService.getSetterTitleByField (field) ;
Class<? extends Device> deviceClass = device.getClass();
Method setterMethod = classMethodService.getMethod (deviceClass,
titleSetterMethod) ;
setterMethod.invoke (device, wvalue);
} catch (Exception e) {
System.err.println ("llomunka npu obOpobui moms " + field + ":
e.getMessage () ) ;
}




package org.example.service.inflexdb;
import com.influxdb.client.InfluxDBClient;

import com.influxdb.client.InfluxDBClientFactory;
import com.influxdb.client.QueryApi;

import com.influxdb.client.WriteApiBlocking;
import com.influxdb.client.domain.WritePrecision;
import com.influxdb.query.FluxRecord;

import com.influxdb.query.FluxTable;

import org.example.entity.Device;

import org.example.entity.DeviceType;

import org.jetbrains.annotations.Nullable;

import java.util.HashMap;
import java.util.List;
import java.util.Map;
import java.util.Optional;

public class InflexDBRepository {

private final String URL = "http://loca ¢

private final String TOKEN = "UzGy Vy1mMNGWdQSCbIi4MUzfdS100J21iVBCGXH-
LJOI6pnSMYNONh1hAzZKTaArKIAz3B3A 9Ce9]

private final String ORG = "nure";

private final String BUCKET = "eecsys

private final InfluxDBClient CLIENT InfluxDBClientFactory.create (URL,
TOKEN.toCharArray (), ORG, BUCKET) ;

private final WriteApiBlocking WRITE API = CLIENT.getWriteApiBlocking();

public void writeData (Device device) {
String lineProtocol = device.toInfluxDBLineProtocol () ;

WRITE API.writeRecord(WritePrecision.S, lineProtocol);

public List<Device> getAllDevices () {
QueryApi queryApi = CLIENT.getQueryApi ();

String fluxQuery = getAllDeviceFluxQuery () ;
List<FluxTable> tables = queryApi.query (fluxQuery):;

Map<String, Device> deviceMap = new HashMap<>() ;
for (FluxTable table : tables) {
for (FluxRecord record : table.getRecords()) {
String measurement = record.getMeasurement () ;
String deviceId = (String) record.getValueByKey ("device") ;
String field = (String) record.getValueByKey (" field");
Object value record.getValueByKey (" value");
String keyMap = String.format("%$s/%s", measurement, deviceld) ;
Device device = deviceMap.get (keyMap) ;
device = getOrCreateDevice (device, measurement) ;
if (device != null) {
device.setSensorlId (deviceld) ;
deviceMap.put (keyMap, device);
}

handleDevice (device, field, value, devicelId);

}

return deviceMap.values () .stream() .toList () ;

private String getAllDeviceFluxQuery () {
QueryCreator queryCreator = new QueryCreator():;
return queryCreator.getAllDeviceFluxQuery (BUCKET) ;




}
private String getDeviceByIdFluxQuery (String measurement, String deviceId) ({
QueryCreator queryCreator = new QueryCreator():;
return queryCreator.getDeviceByIdFluxQuery (BUCKET, measurement,
deviceId) ;

}

private void handleDevice (Device device, String field, Object value, String
deviceId) {
if (device !'= null) {
DeviceHandler.handleField(device, field, wvalue);
} else {
System.err.println ("lpuctpin 3 deviceId " + deviceId + "
abo He cTBOpPeHO.");

}

private @Nullable Device getOrCreateDevice (Device device, String measurement)

if (device == null) {
DeviceType deviceType = DeviceType.fromType (measurement) ;
if (deviceType != null) {
device = deviceType.createDevice () ;

}

return device;

public Optional<Device> getDeviceByld (DeviceType deviceType, String sensorId)

QueryApi queryApi = CLIENT.getQueryApi ()

String fluxQuery getDeviceByIdFluxQuery (deviceType.getMeasurement (),
sensorId) ;

List<FluxTable> tables = queryApi.query (fluxQuery):;

Device device = null;

for (FluxTable table : tables) {
for (FluxRecord record : table.getRecords()) {
String recordMeasurement = record.getMeasurement () ;
String recordDeviceld = (String) record.getValueByKey ("device");
String field = (String) record.getValueByKey (" field");
Object value = record.getValueByKey (" value");

if (recordDevicelId.equals (sensorId)) {
device = getOrCreateDevice (device, recordMeasurement) ;
if (device !'= null) {
device.setSensorlId(recordDeviceId) ;
}

handleDevice (device, field, value, recordDevicelId);

return Optional.ofNullable(device) ;

package org.example.service.inflexdb;

import org.example.entity.DeviceType;
import org.jetbrains.annotations.NotNull;




import java.util.stream.Collectors;
import java.util.stream.Stream;

public class QueryCreator {
public @NotNull String getAllDeviceFluxQuery (String bucket) {
return String. format (

"from(bucket: \"%s\") "
"|> range(start:
"|> filter (fn:
"|> last ()",

bucket,

Stream.of (DeviceType.values())
.map (this: :getMeasurement)
.collect (Collectors.joining(" or "))

public @NotNull String getDeviceByIdFluxQuery (String bucket, String
measurement, String deviceId ) {
return String.format ("from (bucket:

lter (fn: (r) > tz\ device\"] \ WS e
last ()", bucket, measurement, deviceld);

private @NotNull String getMeasurement (DeviceType deviceType) {
return String.format("r[\" measurement\"] == \"$s\"",
deviceType.getMeasurement ()) ;
}
}

package org.example.service.inflexdb;
public class ValueConverter ({

public static Object convertValue (Object value, Class<?> targetType) {

if (value == null) {
return null;

}

if (targetType == Double.class || targetType == double.class) {
return ( (Number) value) .doubleValue() ;

} else if (targetType == Integer.class || targetType == int.class) {
return ((Number) value).intValue () ;

} else if (targetType == String.class) {
return value.toString() ;

}

return value;

package org.example.service.postgres

import lombok.Data;
import lombok.Getter;
import lombok.Setter;

import javax.persistence.*;
import java.time.LocalDateTime;




@Data
@Entity
public class RuleData {

@Id

@GeneratedValue (strategy = GenerationType.IDENTITY)
private Long 1id;

@Column (name = "description", columnDefinition = "text")
private String description;

@Column (name = "data", columnDefinition =
private String data;

"y

@Column (name = , nullable = false, updatable = false)
private LocalDateTime createdAt = LocalDateTime.now() ;

package org.example.service.postgres;

import org.example.service.hibernate.EntityManagerUtil;
import org.example.service.postgres.entity.RuleData;

import javax.persistence.*;
import java.util.List;
import java.util.function.Consumer;

public class RuleDataRepository {

public void save (RuleData ruleData) {
executeInTransaction (em -> em.persist (ruleData))

public RuleData getById(Long id) {
EntityManager em = EntityManagerUtil.getEntityManager();
return em.find (RuleData.class, id);

public List<RuleData> getAll () {
EntityManager em = EntityManagerUtil.getEntityManager();
return em.createQuery ("SELECT r FROM RuleData r",
RuleData.class) .getResultList () ;

}

public void update (RuleData ruleData) {
executeInTransaction (em -> em.merge (ruleData)) ;

public void delete (Long id) {
executeInTransaction (em —-> {
RuleData ruleData = em.find(RuleData.class, id);
if (ruleData != null) {
em.remove (ruleData) ;

1) s

private void executelInTransaction (Consumer<EntityManager> action)
EntityManager em = EntityManagerUtil.getEntityManager();
EntityTransaction transaction = em.getTransaction();
try {
transaction.begin () ;

ext", nullable = false)



action.accept (em) ;

transaction.commit () ;
} catch (Exception e) {

if (transaction.isActive()) {

transaction.rollback () ;

}

System.err.println ("Error: " + e.getMessage());

e.printStackTrace () ;

throw new RuntimeException ("Transaction failed,
} finally {

EntityManagerUtil.closeEntityManager() ;

package org.example.service.postgres;

import org.example.factory.RuleDataRepositoryFactory;
import org.example.service.postgres.entity.RuleData;

import java.util.List;

public class RuleDataService {
RuleDataRepository ruleDataRepository;

public RuleDataService () {
this.ruleDataRepository = RuleDataRepositoryFactory.getInstance() :;

public void saveRuleData (String jsonData) {
RuleData ruleData = new RuleData () ;
ruleData.setData (jsonData) ;
ruleDataRepository.save (ruleData) ;

public RuleData getRuleDataById(Long id) {
return ruleDataRepository.getById(id) ;

public List<RuleData> getAllRuleData () {
return ruleDataRepository.getAll ():;

package org.example.service.postgres;

import org.example.entity.Topic;
import org.example.service.hibernate.EntityManagerUtil;

import javax.persistence.*;

import java.time.Duration;

import java.time.ZonedDateTime;
import java.util.List;

import java.util.function.Consumer;

import javax.persistence.EntityManager;
import javax.persistence.EntityTransaction;
public class TopicRepository {

public void save (Topic topic) {




executeInTransaction (em -> em.persist (topic))

public Topic getById(Integer id) {
EntityManager em = EntityManagerUtil.getEntityManager() ;
return em.find(Topic.class, 1id);

public List<Topic> getAll () {
EntityManager em = EntityManagerUtil.getEntityManager();
return getAllTopicQuery (em)
.getResultlList () ;

private TypedQuery<Topic> getAllTopicQuery (EntityManager em) ({
return em.createQuery ("SELECT t FROM Topic t", Topic.class);

public void update (Topic topic) {
executeInTransaction (em -> em.merge (topic)):;

public void delete(Integer id) {
executeInTransaction (em -> {
Topic topic = em.find(Topic.class, id);
if (topic !'= null) {
em.remove (topic) ;

});

public void deleteByTitle (String title) ({
executeInTransaction (em —-> {
TypedQuery<Topic> query = getTopicByTitleQuery (em) ;
query.setParameter ("title", title);
List<Topic> topics = query.getResultList () ;

for (Topic topic : topics) {
em.remove (topic) ;

});

private TypedQuery<Topic> getTopicByTitleQuery (EntityManager em) {
return em.createQuery (
"SELECT t FROM Topic t WHERE t.title = :title", Topic.class

) 8

public void processTopic (Topic incomingTopic) {
executeInTransaction (em -> {
TypedQuery<Topic> query = getAllTopicQuery (em) ;
List<Topic> topics = query.getResultList () ;

ZzonedDateTime now = ZonedDateTime.now() ;
proceedUpdateTopicList (incomingTopic, em, topics, now);

if (isTopicNotExist (incomingTopic, topics)) {
incomingTopic.setData (now.toInstant ()) ;
em.persist (incomingTopic) ;




private void proceedUpdateTopicList (Topic incomingTopic, EntityManager em,
List<Topic> topics, ZonedDateTime now) {
for (Topic topic : topics) {

if (isTooOld(topic, now)) {
em.remove (topic) ;

} else if (isTopicsEquels (incomingTopic, topic)) {
topic.setData (now.toInstant ()) ;
em.merge (topic) ;

private boolean isTopicNotExist (Topic incomingTopic, List<Topic> topics) {
return topics.stream() .noneMatch(t -> isTopicsEquels (incomingTopic, t)):;

private boolean isTopicsEquels (Topic incomingTopic, Topic topic) {
return topic.getTitle () .equals (incomingTopic.getTitle())

private boolean i1isTooOld(Topic topic, ZonedDateTime now) {
return Duration.between(topic.getData (), now).toSeconds () >

private void executeInTransaction (Consumer<EntityManager> action) {

EntityManager em EntityManagerUtil.getEntityManager() ;
EntityTransaction transaction = em.getTransaction();
try {

transaction.begin () ;

action.accept (em) ;

transaction.commit () ;
} catch (Exception e) {

if (transaction.isActive()) {

transaction.rollback() ;

}

throw new RuntimeException ("Transaction failed,
} finally {

EntityManagerUtil.closeEntityManager() ;

package org.example.service;

import org.example.entity.Device;

import org.example.entity.DeviceType;

import org.example.utlity.ClassMethodService;
import org.jetbrains.annotations.NotNull;

import java.lang.reflect.Field;

import java.lang.reflect.Method;

import java.lang.reflect.InvocationTargetException;
import java.util.Optional;

public class DeviceUpdater ({
private final InflexDBService inflexDBService= new InflexDBService () ;

private final ClassMethodService classMethodService = new
ClassMethodService () ;;

public void updateDevice (Device targetDevice, DeviceType deviceType, String




sensorId) {
System.out.printf ("$s %s\n",deviceType, sensorId);
Optional<Device> newDeviceOptional =
inflexDBService.getDeviceById (deviceType, sensorId);

if (newDeviceOptional.isPresent()) {
Device newDevice = newDeviceOptional.get () :;
Field[] fields = getFields (newDevice) ;
for (Field field : fields) {
Method getter = getGetterNewDevice (field, newDevice) ;
Method setter = getSetterOldDevice (targetDevice, field);

if (isMethodsNotNull (getter, setter
System.out.println ("Getter or setter not found for field:
field.getName ()) ;
continue;

Object value = getNewValue (getter, newDevice);
updateField (targetDevice, field, setter, value);

}

} else {
System.out.println ("Can't update device

private Field [] getFields (Device newDevice) {
Class<?> clazz = newDevice.getClass () ;
return clazz.getDeclaredFields() ;

private Method getGetterNewDevice (Field field, Device newDevice) {

return classMethodService.getGetterMethodByFieldName (field.getName (),
newDevice.getClass()) ;

}

private Method getSetterOldDevice (Device targetDevice, Field field) {

return classMethodService.getSetterMethodByField(field.getName (),
targetDevice.getClass () ),

}

private Object getNewValue (Method getter, Device newDevice) {
try {
return getter.invoke (newDevice) ;
} catch (IllegalAccessException | InvocationTargetException e) {
throw new RuntimeException (e);

private boolean isMethodsNotNull (Method getter, Method setter) {
return getter == null || setter == null;

private void updateField(Device targetDevice, Field field, Method setter,
Object value) {

try |
setter.invoke (targetDevice, wvalue);

} catch (IllegalAccessException | InvocationTargetException e) {
throw new RuntimeException ("Error updating field: " + field.getName(),

"

+




package org.example.service;
import org.example.entity.Device;
import org.example.entity.DeviceType;

import org.example.service.inflexdb.InflexDBRepository;

import java.util.List;
import java.util.Optional;

public class InflexDBService({

private final InflexDBRepository inflexDBRepository;

public InflexDBService () {
this.inflexDBRepository = new InflexDBRepository();

public void writeData (Device device) {
inflexDBRepository.writeData (device) ;

public Optional<Device> getDeviceByld (DeviceType deviceType, String deviceld) {
return inflexDBRepository.getDeviceByld (deviceType, deviceld)

public List<Device> getAllDevices () {
return inflexDBRepository.getAllDevices()

package org.example.service;

import org.example.rule.entity.Rule;

import org.example.rule.serializer.RuleDeserializer;
import org.example.rule.serializer.RuleSerializer;
import org.example.service.postgres.entity.RuleData;
import org.example.service.postgres.RuleDataService;

import java.util.List;

public class RuleService {
RuleDataService ruleDataService;

public RuleService () {
this.ruleDataService = new RuleDataService () ;

public void saveRule (Rule rule) {
RuleSerializer ruleSerializer = new RuleSerializer();
String jsonData = ruleSerializer.serializeRule (rule);
ruleDataService.saveRuleData (jsonData) ;

public Rule getRuleDataById (Long id) {
RuleData ruleData = ruleDataService.getRuleDataById(id) ;
return getRuleByData (ruleData) ;

public Rule getRuleByData (RuleData ruleData) {
RuleDeserializer deserializer = new RuleDeserializer();




Rule rule = deserializer.deserialize (ruleData.getData()):;
rule.setld(ruleData.getId())

rule.setDescription (ruleData.getDescription()) ;
rule.setTimeStamp (ruleData.getCreatedAt ()) ;

return rule;

public List<Rule> getAllRule () {
List<RuleData> ruleData = ruleDataService.getAllRuleData () ;
return ruleData.stream/()
.map (this: :getRuleByData)
.toList () ;

package org.example.service;

import org.example.entity.Topic;

import org.example.factory.TopicRepositoryFactory;
import org.example.service.postgres.TopicRepository;
import java.util.List;

public class TopicService {

private final TopicRepository topicRepository =
TopicRepositoryFactory.getInstance() ;

public void addTopic (Topic topic) {

topicRepository.save (topic) ;

public Topic getTopic (Integer id) {
return topicRepository.getById(id) ;

public List<Topic> getAllTopics () {
return topicRepository.getAll () :;

public void updateTopic (Topic topic) {
topicRepository.update (topic) ;

public void deleteTopic (Integer id) {
topicRepository.delete (id) ;
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public void deleteByTitle (String title) {
topicRepository.deleteByTitle (title)

public void subscribeTopic (String topic) {
Topic topicEntity = new Topic();
topicEntity.setTitle (topic);
topicRepository.processTopic (topicEntity) ;

package org.example.subscriber.parser;

import org.example.entity.CurrentLineSensor;
import org.example.entity.Device;




import org.example.subscriber.DeviceDataParser;
import java.util.Map;

public class CurrentLineDataParser extends DeviceDataParser {
@Override
protected void setDeviceSpecificData (Device device, Map<String, String>
messageData) {
double current = Double.parseDouble (messageData.get ("current")):;
double voltage = Double.parseDouble (messageData.get ("voltage")):;
CurrentLineSensor currentlLineSensor = (CurrentLineSensor) device;
currentLineSensor.setCurrent (current) ;
currentLineSensor.setVoltage (voltage) ;

package org.example.subscriber.parser;

import org.example.entity.Device;
import org.example.entity.Generator;
import org.example.subscriber.DeviceDataParser;

import java.util.Map;
public class GeneratorDataParser extends DeviceDataParser {

@Override
protected void setDeviceSpecificData (Device device, Map<String, String>
messageData) {
double voltage = Double.parseDouble (messageData.get ("voltage")):;
double current = Double.parseDouble (messageData.get ("current"))

boolean isWorking = Boolean.parseBoolean (messageData.get ("isWorking™)) ;

Generator generator = (Generator) device;
generator.setVoltage (voltage) ;
generator.setCurrent (current) ;
generator.setIsWorking (isWorking) ;

package org.example.subscriber.parser;

import org.example.entity.Device;
import org.example.entity.SwitchBoard;
import org.example.subscriber.DeviceDataParser;

import java.util.Map;

public class SwitchBoardParser extends DeviceDataParser

@Override
protected void setDeviceSpecificData (Device device, Map<String, String>
messageData) {
double current = Double.parseDouble (messageData.get ("current")):;
SwitchBoard switchBoard = (SwitchBoard) device;
switchBoard.setCurrent (current) ;




package org.example.subscriber.parser;

import org.example.entity.Device;
import org.example.entity.Transformer;
import org.example.subscriber.DeviceDataParser;

import java.util.Map;

public class TransformerDataParser extends DeviceDataParser {
@Override
protected void setDeviceSpecificData (Device device, Map<String,

messageData) {
Transformer transporter = (Transformer) device;

transporter.setTurnsRation (Double.valueOf (messageData.get ("turnsRat

}

package org.example.subscriber.service.mgtt.publisher;

import lombok.ToString;

import org.eclipse.paho.client.mgttv3.MgttClient;

import org.eclipse.paho.client.mgttv3.MgttConnectOptions;
import org.eclipse.paho.client.mgttv3.MgttException;
import org.eclipse.paho.client.mgttv3.MgttMessage;

import org.example.entity.Device;

import java.util.Objects;
public class MQTTPublisher ({

@Override
public String toString () {

String>

return String.format ("MQTTPublisher{clientId='%s'}",getClientId())

MgttClient client;

public MQTTPublisher (MgttClient client) ({
this.client = client;

public String getClientId() {
return client.getClientId():;

public <T extends Device> void writeData (T device) {
try |
MgttConnectOptions options = new MgttConnectOptions () ;
options.setCleanSession (true) ;
client.connect (options) ;
String payload = device.getMgttPayload() ;

MgttMessage message = new MgttMessage (payload.getBytes()):;

message.setQos (1) ;
message.setRetained (true) ;
System.out.println (message.isRetained());
String topic = device.getMgttTopic () ;
client.publish (topic, message) ;

client.disconnect () ;




catch (MgttException e) {
System.err.println ("Error: " + e.getMessage());
e.printStackTrace () ;

@Override
public boolean equals (Object o) {
if (this == o) return true;
if (o == null || getClass() != o.getClass()) return false;
MQTTPublisher that = (MQTTPublisher) o;
return Objects.equals(client.getClientId (), that.client.getClientId()):;

QOverride
public int hashCode () {
return Objects.hashCode(client) ;

package org.example.subscriber.service.mgtt.publisher;

import org.eclipse.paho.client.mgttv3.MgttClient;
import org.eclipse.paho.client.mgttv3.MgttException;
import org.example.subscriber.service.mgtt.MQTTClientFactory;

public class MQTTPublisherFactory ({
public static MQTTPublisher getPublisher (String clientId) {
MgttClient mgttClient = getMgttClient(clientId) ;
return new MQTTPublisher (mgttClient) ;

private static MgttClient getMgttClient (String clientId) {
MgttClient mgttClient = null;
try |
mgttClient= MQTTClientFactory.getMgttClient (clientId) ;
} catch (MgttException e) {
throw new RuntimeException (e);
}
return mgttClient;

package org.example.subscriber.service.mgtt;

import org.eclipse.paho.client.mgttv3.MgttClient;
import org.eclipse.paho.client.mgttv3.MgttException;
import org.eclipse.paho.client.mgttv3.persist.MemoryPersistence;

public class MQTTClientFactory {
private static final String BROKER = "tcp://localhost:1883";

public static MgttClient getMgttClient (String clientId) throws MgttException {
return new MgttClient (BROKER, clientId, new MemoryPersistence()) ;

}




package org.example.subscriber.service

import java.io.IOException;
import java.net.URI;

import java.net.http.HttpClient;
import java.net.http.HttpRequest;
import java.net.http.HttpResponse;

public class MQTTRepository {

private final String BASE URL

private final String USERNAME

private final String PASSWORD
"OAUNIZ9AFN7wd9CO9AxSbortFfYJ089BemSIFO9CtFhBnmlRXDA";

public HttpRequest getAuthorization (String endpoint) {
return HttpRequest.newBuilder /()
.uri (URI.create (BASE URL + endpoint))

"7

.header ("Authorization", "Basic " +

java.util.Base64.getEncoder () .encodeToString (String. format ("%$s:%s", USERNAME,
PASSWORD) .getBytes () ))

.header ("Content-Type", "application/json")

.GET ()

Lbuild() ;

public String getResponseBodyByEndPoint (String endPoint) throws IOException,
InterruptedException {
HttpClient client = HttpClient.newHttpClient() ;
HttpRequest request = getAuthorization (endPoint) ;

HttpResponse<String> response = client.send(request,
HttpResponse.BodyHandlers.ofString()) ;
return response.body () ;

package org.example.subscriber.service.mgtt;
import java.util.Set;

public class MQTTService {
private MQTTRepository mgttRepository;

public MQTTService () {
this.mgttRepository = new MQTTRepository():;

public Set<String> getTopics () {
try {
String endpoint = "topics
String responseBody =
mgttRepository.getResponseBodyByEndPoint (endpoint) ;
ResponseTopicUnwraper responseTopicUnwraper = new
ResponseTopicUnwraper () ;
return responseTopicUnwraper.unwrapResponse (responseBody) ;
} catch (Exception e) {
throw new IllegalArgumentException (e) ;




package org.example.subscriber.service.mgtt;

import com.fasterxml.jackson.core.JsonProcessingException;
import com.fasterxml.jackson.core.type.TypeReference;
import com.fasterxml.jackson.databind.ObjectMapper;

import java.util.List;
import java.util.Map;
import java.util.Set;
import java.util.stream.Collectors;

public class ResponseTopicUnwraper {
public Set<String> unwrapResponse (String responseBody) {
Map<String, Object> responseBodyUnwrapped = getMessageData (responseBody) ;
List<Object> nodes = (List<Object>) responseBodyUnwrapped.get ("data"):;
return nodes.stream() .map(x -> ((Map<String, String>)
xX) .get ("topic")).filter(x -> !x.equals("client/#")).collect (Collectors.toSet()):
}

private Map<String, Object> getMessageData (String message) {
ObjectMapper objectMapper = new ObjectMapper () ;
Map<String, Object> messageData;
try |
messageData = objectMapper.readValue (message, new
TypeReference<Map<String, Object>>() {
1)
} catch (JsonProcessingException e) {
throw new RuntimeException (e);
}

return messageData;

package org.example.subscriber.strategy;

import org.eclipse.paho.client.mgttv3.MgttClient;
import org.eclipse.paho.client.mgttv3.MgttException;
import org.eclipse.paho.client.mgttv3.MgttMessage;
import org.example.entity.Device;

import org.example.entity.DeviceType;

import org.example.entity.Topic;

import org.example.service.InflexDBService;

import org.example.subscriber.DeviceDataParser;

import org.example.subscriber.DeviceDataParserFactory;
import org.example.subscriber.SubscriberBehaviour;

import java.util.Optional;
import java.util.Set;

public class DeviceDatalistener extends SubscriberBehaviour ({

private final DeviceDataParserFactory parserFactory;
private final Set<Topic> initTopics;

public DeviceDatalListener (DeviceDataParserFactory parserFactory, Set<Topic>
initTopics) {
this.parserFactory = parserFactory;
this.initTopics = initTopics;




@Override
public void execute (MgttClient client, String topic, MgttMessage message) {
String[] topicParts = topic.split("/");

if (isTopicNotEmpty (topicParts)) {
proceedData (topic, message, topicParts);

private void proceedData (String topic, MgttMessage message, Stringl]
topicParts) {
DeviceType deviceType = DeviceType.fromType (topicParts[1]);
DeviceDataParser parser = parserFactory.getParser (deviceType) ;
Optional<Device> device = handleData (topic, message, parser, deviceType)
if (device.isPresent()) {
writeToDataBase (device.get ()) ;

private void updateSubscribedTopic (MgttClient client) {
try {
UpdatedSubscribedTopic updatedSubscriberTopic = new
UpdatedSubscribedTopic () ;
updatedSubscriberTopic.update (client, initTopics);
} catch (MgttException e) {
throw new RuntimeException (e);

private void writeToDataBase (Device device) {
InflexDBService inflexDBService = new InflexDBService ()
inflexDBService.writeData (device) ;

private Optional<Device> handleData (String topic, MgttMessage message,
DeviceDataParser parser, DeviceType deviceType) {
Optional<Device> device = Optional.empty();
if (isParserNotNull (parser)) {

String[] topicParts = topic.split ("/");
device = parser.parserData (topicParts, new
String (message.getPayload()))
} else {
System.err.println ("DeviceDataParser '" + deviceType + "'
found.") ;
}

return device;

private boolean isTopicNotEmpty (String[] topicParts) {
return topicParts.length > 1;

private boolean isParserNotNull (DeviceDataParser parser) {
return parser != null;

package org.example.subscriber.strategy;




import lombok.Getter;

import org.eclipse.paho.client.mgttv3.*;

import org.example.service.TopicService;

import org.example.subscriber.SubscriberBehaviour;

@Getter
public class TopicSubscriber extends SubscriberBehaviour ({

@Override

public void execute (MgttClient client, String topic, MgttMessage message)

TopicService topicService = new TopicService();
topicService.subscribeTopic (topic) ;

package org.example.subscriber.strategy;

import org.eclipse.paho.client.mgttv3.MgttClient;
import org.eclipse.paho.client.mgttv3.MgttException;
import org.example.entity.Topic;

import org.example.service.TopicService;

import org.jetbrains.annotations.NotNull;

import java.time.Duration;

import java.time.ZonedDateTime;
import java.util.*;

import java.util.stream.Collectors;

public class UpdatedSubscribedTopic {
TopicService topicService ;
public UpdatedSubscribedTopic () {
this.topicService = new TopicService () ;

public void update (MgttClient client, Set<Topic> initTopics) throws
MgttException {
Set<Topic> newTopics = new HashSet<> (topicService.getAllTopics())
Set<String> oldTopicsString = getTopicsString(initTopics) :;
proceedTopics (client, initTopics, newTopics, oldTopicsString);

private @NotNull Set<String> getTopicsString (Set<Topic> initTopics) {
return initTopics.stream()
.map (Topic::getTitle)
.collect (Collectors. toSet());

private void proceedTopics (MgttClient client, Set<Topic> initTopics,
Set<Topic> newTopics, Set<String> oldTopicsString) throws MgttException {
for (Topic topic : newTopics) {
String topicTitle = topic.getTitle();
if (isTopicTooOld(topic)) {
client.unsubscribe (topicTitle) ;

if (!'oldTopicsString.contains (topicTitle)) {
client.subscribe (topicTitle) ;

addInitTopicItem(initTopics, topic);




}
private void removeInitTopicItem(Set<Topic> initTopics, Topic topic,
topicTitle) {
if (!initTopics.isEmpty()) {
Optional<Topic> topicFromInit = initTopics.stream()
.filter(x -> x.getTitle() .equals (topic.getTitle()))
.findFirst () ;

topicFromInit.ifPresent (initTopics: :remove) ;
System.out.println ("Unsubscribed topic: " + topicTitle);
wailitNewTopics (initTopics) ;

private void waitNewTopics (Set<Topic> initTopics) {
while (initTopics.isEmpty()) {
Set<Topic> newTopics = new HashSet<>(getAllNewTopic())
if (!newTopics.isEmpty()) {
initTopics = newTopics;

private List<Topic> getAllNewTopic () {
return topicService.getAllTopics () .stream/()
.filter(this::isNewTopic) .toList () ;

private boolean isTopicTooOld (Topic topic) {
ZzonedDateTime now = ZonedDateTime.now() ;
return Duration.between(topic.getData (), now).toSeconds () >

private boolean isNewTopic (Topic topic) {
return !isTopicTooOld (topic)

private void addInitTopicItem(Set<Topic> initTopics, Topic topic) {
initTopics.add (topic) ;

package org.example.subscriber;

import com.fasterxml.jackson.core.JsonProcessingException;
import com.fasterxml.jackson.core.type.TypeReference;
import com.fasterxml.jackson.databind.ObjectMapper;

import org.example.entity.Device;

import org.example.entity.DeviceType;

import org.example.factory.DeviceFactory;

import java.util.Arrays;

import java.util.Map;

import java.util.NoSuchElementException;
import java.util.Optional;

public abstract class DeviceDataParser {

String

public Optional<Device> parserData (String[] topicParts, String message) {

DeviceType measurement = DeviceType.fromType (topicParts[1l]);
System.out.println (Arrays.toString(topicParts));
if (measurement != null) {

Optional<Device> device = DeviceFactory.getDevice (measurement) ;




device.ifPresent (value -> setDeviceData (value, topicParts, message)) ;
return device;

telse {
throw new NoSuchElementException () ;

protected void setDeviceData (Device device, String[] topicParts, String
message) {
device.setSensorId (topicParts[2]) ;
Map<String, String> messageData = getMessageData (message) ;
setDeviceSpecificData (device, messageData) ;

protected abstract void setDeviceSpecificData (Device device, Map<String,
String> messageData) ;

protected Map<String, String> getMessageData (String message) {

ObjectMapper objectMapper = new ObjectMapper () ;

Map<String, String> messageData;

try |
messageData = objectMapper.readValue (message, new TypeReference<> ()
})

} catch (JsonProcessingException e) {
throw new RuntimeException (e);

}

return messageData;

package org.example.subscriber;
import org.example.entity.DeviceType;

import java.util.HashMap;
import java.util.Map;

public class DeviceDataParserFactory ({
private final Map<DeviceType, DeviceDataParser> parsers = new HashMap<>();

public void registerParser (DeviceType deviceType, DeviceDataParser parser) {
parsers.put (deviceType, parser);

public DeviceDataParser getParser (DeviceType deviceType) {
return parsers.get (deviceType) ;

package org.example.subscriber;

import lombok.Getter;
import org.eclipse.paho.client.mgttv3.
import org.example.entity.Topic;

import java.util.*;

@Getter
public class MQTTClientSubscriber ({
private final MgttClient client;
private final SubscriberBehaviour subscriberBehaviour;




public MQTTClientSubscriber (MgttClient client, SubscriberBehaviour
subscriberBehaviour) throws MgttException {
this.client = client;
this.subscriberBehaviour = subscriberBehaviour;
setClientCallback(client) ;

private void setClientCallback (MgttClient client) {
client.setCallback (new MgttCallback () {
@Override
public void connectionLost (Throwable cause) {
cause.printStackTrace () ;
System.err.println ("Connection error: " + cause.getCause());

@Override

public void messageArrived(String topic, MgttMessage message) {
System.out.println (message) ;
subscriberBehaviour

.execute (client, topic, message);

@Override
public void deliveryComplete (IMgttDeliveryToken token) ({
}

})

public void connectAndSubscribe (Set<Topic> topics) throws MgttException {
MgttConnectOptions options = new MgttConnectOptions() ;
options.setKeepAliveInterval (60) ;
options.setAutomaticReconnect (true) ;
client.connect (options) ;
for (Topic topic: topics) {
client.subscribe (topic.getTitle()) ;

package org.example.subscriber;
import org.example.entity.Device;

import java.lang.reflect.Field;
import java.lang.reflect.InvocationTargetException;
import java.lang.reflect.Method;

public class MQTTPayloadBuilder {
public String getPayloadBuilder (Device device) {
StringBuilder jsonBuilder = new StringBuilder () ;
jsonBuilder.append ("{") ;

Field[] fields = device.getClass () .getDeclaredFields() ;

for (int 1 = 0; 1 < fields.length; i++) {
Field field = fields[i];
field.setAccessible (true) ;

String fieldName = field.getName () ;




String methodName = getMethodName (fieldName) ;
Method method;
Object value;
try {
method = device.getClass () .getMethod (methodName) ;
value = method.invoke (device) ;
} catch (NoSuchMethodException | InvocationTargetException |
IllegalAccessException e) {
throw new RuntimeException (e);

}

jsonBuilder.append (String. format ("\"%$s\":\"%s\"", field.getName (),

if (i < fields.length - 1) {
jsonBuilder.append (", ") ;

}
jsonBuilder.append("}") ;
return jsonBuilder.toString() ;

private String getMethodName (String fieldName) {
String sl = fieldName.substring (0, ) . toUpperCase () ;
String nameCapitalized = sl + fieldName.substring(l) ;
return "get" + nameCapitalized;

package org.example.subscriber;

import org.eclipse.paho.client.mgttv3.MgttClient;
import org.eclipse.paho.client.mgttv3.MgttMessage;

public abstract class SubscriberBehaviour {
public abstract void execute (MgttClient client, String topic, MgttMessage
message) ;

}

package org.example.subscriber;

import org.eclipse.paho.client.mgttv3.MgttClient;

import org.eclipse.paho.client.mgttv3.MgttException;

import org.example.entity.Topic;

import org.example.subscriber.service.mgtt.MQTTClientFactory;

import java.util.Set;
public class SubscriberThread implements Runnable {

private String clientId;
private SubscriberBehaviour subscriberBehaviour;
private Set<Topic> topics;

public SubscriberThread (String clientId, SubscriberBehaviour
subscriberBehaviour, Set<Topic> topics) {
this.clientId = clientId;
this.subscriberBehaviour = subscriberBehaviour;
this.topics = topics;




QOverride
public void run() {
try {
MgttClient client = MQTTClientFactory.getMgttClient (clientId) ;
MQTTClientSubscriber clientSubscriber = new
MQTTClientSubscriber (client, subscriberBehaviour) ;
clientSubscriber.connectAndSubscribe (topics) ;
} catch (MgttException e) ({
e.printStackTrace () ;

package org.example.utlity;

import org.example.entity.Device;
import org.jetbrains.annotations.NotNull;

import java.lang.reflect.Method;

public class ClassMethodService {
public @NotNull String getSetterTitleByField (String field) {
return "set" + capitalize (field);

}

public String capitalize(String fieldName) {
return fieldName.substring (0, ) .toUpperCase () + fieldName.substring(l):;

}

public Method getMethod (Class<? extends Device> deviceClass, String
titleMethod) {
Method method = null;
Method[] methods = deviceClass.getDeclaredMethods () ;
for (Method methodItem : methods) {
if (methodItem.getName () .equals(titleMethod)) {
method = methodItem;

}

return method;

public String getGetterTitleByField (String fieldName) {
String sl = fieldName.substring (0, 1).toUpperCase():;
String nameCapitalized = sl + fieldName.substring(1l);
return "get" + nameCapitalized;

public Method getGetterMethodByFieldName (String fieldName, Class<? extends
Device> deviceClass) {
String getterTitle = getGetterTitleByField (fieldName) ;
return getMethod (deviceClass, getterTitle);

public Method getSetterMethodByField (String fieldName, Class<? extends Device>
deviceClass) {
String setterTitle = getSetterTitleByField (fieldName) ;
return getMethod (deviceClass, setterTitle);




package org.example;

import javafx.application.Application;

import javafx.application.Platform;

import javafx.stage.Stage;

import lombok.Getter;

import org.example.client.service.ObjectService;
import org.example.client.UIManager;

import java.util.List;

public class App extends Application {
@Getter
private static List<Object> objects;

@Override

public void start(Stage primaryStage) {
ObjectService objectService = ObjectService.getInstance();
objects = objectService.getObjects();
UIManager uiManager = new UIManager (primaryStage) ;
uiManager.init () ;

@Override

public void stop () throws Exception {
super.stop () ;
System.out.println("Closing all windows") ;
Platform.exit () ;
System.exit (0) ;

public static void main (String[] args) {
launch (args) ;

package org.example;

import org.example.entity.DeviceType;

import org.example.entity.Topic;

import org.example.rule.entity.Rule;

import org.example.rule.executor.RuleExecutorThread;

import org.example.service.RuleService;

import org.example.service.TopicService;

import org.example.subscriber.DeviceDataParserFactory;
import org.example.subscriber.SubscriberBehaviour;

import org.example.subscriber.SubscriberThread;

import org.example.subscriber.parser.CurrentLineDataParser;
import org.example.subscriber.parser.SwitchBoardParser;
import org.example.subscriber.parser.TransformerDataParser;
import org.example.subscriber.parser.GeneratorDataParser;
import org.example.subscriber.strategy.DeviceDatalListener;
import org.example.subscriber.strategy.TopicSubscriber;

import java.time.ZonedDateTime;
import java.util.HashSet;
import java.util.List;

import java.util.Set;

public class SubscribersThread

{

public static void main (String[] args)




SubscribersThread subscribersThread = new SubscribersThread() ;
subscribersThread.topicListener () ;
subscribersThread.deviceDatalListener () ;

try |
Thread.sleep( ) &

} catch (InterruptedException e) ({
throw new RuntimeException (e);

try |
Thread.currentThread() .join () ;

} catch (InterruptedException e) {
throw new RuntimeException (e);

private void deviceDatalistener () {
DeviceDataParserFactory parserFactory = new DeviceDataParserFactory():;
parserFactory.registerParser (DeviceType.CURRENT LINE SENSOR, new
CurrentLineDataParser()) ;
parserFactory.registerParser (DeviceType.GENERATOR, new
GeneratorDataParser ()) ;
TopicService topicService = new TopicService()
Set<Topic> topics = new HashSet<> (topicService.getAllTopics())
while (topics.isEmpty()) {
try |
Thread.sleep ( ) 2
} catch (InterruptedException e) {
throw new RuntimeException (e);

}

topics

new HashSet<> (topicService.getAllTopics())
}
DeviceDatalistener subscriberBehaviour = new
DeviceDatalistener (parserFactory, topics);
String idClient = "DeviceSubscriberClient";

Thread thread = new Thread(new SubscriberThread (idClient,
subscriberBehaviour, topics)):;
thread.start () ;

private void topicListener () {
Set<Topic> topics = new HashSet<>(Set.of (new Topic ("client/#",
ZonedDateTime.now () .toInstant ())));
SubscriberBehaviour subscriberBehaviour = new TopicSubscriber () ;
String idClient = "DeviceEnvironmentListener";
Thread thread = new Thread(new SubscriberThread (idClient,
subscriberBehaviour, topics)):;
thread.start () ;

private void ruleExecutor () {
RuleService ruleService = new RuleService() ;
List<Rule> rulelist= ruleService.getAllRule() ;

for (Rule rule : rulelList) {
Thread thread = new RuleExecutorThread (rule) ;
thread.start () ;
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</children>
</HBox>

<?xml version="1.0" encoding="UTF-8"?>

<?import jave .scene.control.Button?>
<?import javafx ntrol 1Pane?>
<?import javafx =ne.control =parator?>
<?import javafx. =ne.layout.VBox?>

<VBox fx:id="vBox" VBox.vgrow="ALWAYS" xmlns="http://javafx.com/javafx/23.0.1"
xmlns:fx="http://javatx.com/fxml/1
<children>
<Button mnemonicParsing="false" onAction="#onAddConditional" text="Add
condition" />
<Separator prefWidth="200.0" VBox.vgrow="ALWAYS
<ScrollPane fitToWidth="true" prefHeight="200" VBox.vgrow="A
<VBox fx:id="conditionalBox" VBox.vgrow="AL S />
</ScrollPane>
</children>
</VBox>

<?xml version="1.0" encoding="UTF-8"?>

<?import

<?import = . C

<?import javafx.scene.layout.Pane?>
<?import Jjavafx.scene.text.Text?>

<?import javafx.scene.control.Label?>

<Pane focusTraversable*”\tu‘” prefHelght*"lr‘.O" prefwidth="150.0" style="-fx-
background-color: 4 4,; x-border-radius: 10; -fx-border-color: #ccc; -fx-
border-width: 2;" XmIHS*”hft\. /jJavafx.com/javafx/23.0.1"

xmlns: fx="http://javafx.com/fxml/1">
<children>

<Label fx:id="labelClass"></Label>
<Label fx:id="lab itle"></Label>
<Button layoutX="115.0" layoutY="5.0" maxHeight="-Infinity" maxWidth="-
Infinity" minHeight="30.0" minWidth="30.0" mnemonicParsing="false"
onAction*”MOmUe’ef@” prefHeight="30.0" prefWidth="30.0" text="x" style="-fx-
background-color: 274c3c; —-fx-text-fill: white; —-fx-font-size: 14px; -fx-I
radius: 15px; -—-fx- k& kground-radius: 15px;" />
<Text fx:id="de ~eId" layoutX="10.0" layoutY="50.0" text="Device" style="-
-font-size: 1l4px; —-fx-font-weight: bold; -fx-fill: #2c3e50;" />
<ComboBox fx:id="methoc <" layoutX="10.0" layoutY*”ﬁ;.O” prefHeight="30.0"
prefWwidth="130.0" visibleRowCount="5" style="-fx-backgrc or: #ffffff; -—-fx-
border-color: #ccc; -fx-border-radius: 5px; -fx-font i
</children>
</Pane>

<?xml version="1.0" encoding="UTF-8"?>
<?import javafx.scene.layout.HBox?>

<HBox fx:id="expre JﬁD“EOX" alignment="CENTER LEFT"
maxHeight="1.79 157E308" maxWidth="1.7976931348623157E308" minHeight="-
Infinity" minWidth="- Intlulf\” prefHeight="90.0"

= "

xmlns="http://javafx.com/javafx/23.0. xmlns:fx="http://javafx.com/fxml/1">
<children>
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</children>
</HBox>

<?xml version="1.0" encoding="UTF-8"?>

<?import jave .scene.control.Button?>
<?import javafx trol.ComboB
<?import javafx =ne.control.ScrollPane?>
<?import jave =ne.layout.HBox?>
<?import jave .scene.layout.VBox?>

<VBox fx:id="conditionWithOperator" prefHeight="141.0" prefWidth="378.0"
xmlns="http://javafx j £ ). 1" 5 m/fxml/1">
<children>
<HBox fx:id="controlElement" prefHeight="35.0" prefWwidth="378.0"
spacing="10">
<ComboBox fx:id="deviceChoiceBox" prefHeight="29.0" prefWidth="120.0"
style="-fx-font-size: l4dpx;" />
<Button mnemonicParsing="false" onAction="#onAddOb]
text="AddObject"

xmlns: fx="http: 1fx.co

style="-fx-background-color: #4CAF50; -fx-text
ldpx;" />
<Button mnemonicParsing="fals

"

onAction="#o0

style="-fx-background-color: #4CAF50; text

font-size: 1ldpx;" />
</HBox>
<ScrollPane fitToWidth="true" fitToHeight="true" prefWidth="200.0">
<HBox fx:id="deviceContainer" alignment="TOP CENTER"
prefHeight="100.0" prefWidth="378.0"/>
</ScrollPane>
</children>
</VBox>

N

<?xml version="1.0" encoding="UTF-8"?>
<?import javafx ene.layout.VBox?>
<?import javafs - 1
<VBox xmlns:

)P_LEFT" st
ound-radius: 5; -fx-Db
order—-col
<children>
<Label fx:id="devicelc =Y > Details" style="-fx-font-size: 1l4px;
-fx-font-weight: bold; Cox Jing: 0 0 5 0;"/>
<VBox fx:id="deviceDetailsBox" spacing="3" alignment="TOP LEFT" style="-
fx-padding: 5;"> B
</VBox>
</children>
</VBox>

<?xml version="1.0" encoding="UTF-8"?>
g

<?import javafx.scene.control.Button?>
<?import javafx. we.control.TextField?>
<?import javafx. ne.layout.Pane?>
<?import javafx e.layout.VBox?>
<?import 7ja fx. 2. t.Font?>
<?import £

<VBox xmlns="http://javats rafx/23.0.1 )& javafx.com/fxml/1"




fx:controller="org.example.client.controllers.MainSceneController">

<Pane minHeight="201.0" minWidth="798.0" prefHeight="201.0" prefwidth="798.0">

<children>
<Button fx:id="mainButton" layoutX="510.0" layoutY="102.0"
onAction="#buttonClicked" text="Apply" />
<TextField fx:id="turnsRation" layoutX="333.0" layoutY¥="102.0" />
<Text layoutX="205.0" layout¥="61.0" strokeType="OUTSIDE"
strokeWidth="0.0" text="Tra rter Data" wrappingWidth="225.13671875">
<font>
<Font size="21.0" />
</font>
</Text>
<Text layoutX="205.0" layout¥="120.0" strokeType="OUTSIDE"
strokeWidth="0.0" text="turns ratio">
<font>
<Font size="15.0" />
</font>
</Text>
</children>
</Pane>
</VBox>

<?xml version="1.0" encoding="UTF-8"?>
<?import javafx.scene.layout.AnchorPane?>
<?import javafx.: le.layout.Pane?>
<?import javafx ene.layout.VBox?>
<?import javafx ene.control. rollPane?>
<AnchorPane :fx="http://javafx.com/fxml/1"
xmlns="http://javafx.com/javafx/23.0.1"
fx:controller="org.example.client.controllers.MapController">
<children>
<VBox fx:id="1listBox" layoutX="20" layoutY="20" spacing="10">
</VBox>
<ScrollPane fx:id="scrollPane" layoutX="300" layoutY="20"
fitToWidth="true" fitToHeight="true" hbarPolicy="AL " vbarPolicy="A
prefWidth="1600" prefHeight="800">
<content>
<AnchorPane fx:id="dropPane" prefWidth="2000" prefHeight="2000">
</AnchorPane>
</content>
</ScrollPane>
</children>
</AnchorPane>

<?xml version="1.0" encoding="UTF-8"?>

<?import

<?import

<?import =

<?import javafx.scene ontrol.Label?>
<?import ja fx - ntrol rollPane?>
<?import ja X. = ntrol 3
<?import ja fx. ntrol.TitledPane?>
<?import javafx. =ne.layout.HBox?>

<?import javafx.scene.layout.Pane?>
<?import i 2.1

<HBox maxHeight="1.79 3157E308" maxWidth="1.7976931348623157E:
xmlns="http://javafx.com/jave 3.0. xmlns:fx="http://javafx.com/fxml/1">
<children>
<Pane fx:id="toolBarPane" HBox.hgrow="NEVER" />




<VBox alignment="TOP CENTER" maxHeight="1. )31348¢
maxWidth="1.7976931348623157E308" spacing="10" HBox hgrow
<children>
<Pane VBox.vgrow="NEVER">
<children>
<Label layoutxf”353.g” style="-fx-for size:
—-fx-text-fill: #3 33; " text="Rule builder" />
<Button layoutx 0.0" layoutY="13.0" onAction="#
style="-fx-background-color: #4CAF50; -fx-text-fill: white; -fx-font
text="Save" />
</children>
</Pane>
<Separator prefWidth="865.0" />
<VBox fx:id="ruleContainer" VBox.vgrow="ALWAYS"/>
</children>
<padding>
<Insets bottom="10" left="10" right="10" top="10" />
</padding>
</VBox>
</children>
</HBox>

<?xml version="1.0" encoding="UTF-8"?>

<?import javafx.scene.control.Accordion?>
<?import javafx.s le.control.Button?>

<?import javafx.scene.control.ScrollPane?>
<?import javafx. 1€ c@ntrﬁ;.ﬂﬁp%r%fﬂr°>
<?import javafx. ene.control.Ti >dPane?>
<?import javafx. ,;1u.;ay0ut.7EQx?>

<?import javafx.scene.layout.BorderPane?>
<BorderPane meHS*”hffI’//jd?d,x.\um/jdvaix/ZE.O.;”
xmlns: fx="http://javafx.com/fxml/1">
<center>
<Accordion maxHeight="Infinity" maxWidth="Infinity">
<panes>
<TitledPane animated="false" text="Conditionals">
<content>
<ScrollPane fitToHeight="true" fitToWidth="true">
<content>
<VBox fx:id="conditionsContainer" spacing="5" />
</content>
</ScrollPane>
</content>
</TitledPane>
<TitledPane animated="false" text="Actions
<content>
<VBox spacing="5">
<children>
<Button onAction="#onAddAction
style="-fx-background-co
—-fx-font-size: 1l4dpx;"
text="Add action" />
<Separator />
<ScrollPane fitToWidth="true">
<content>
<VBox fx:id="actionsContainer" spacing="5"

</content>
</ScrollPane>
</children>




</VBox>
</content>
</TitledPane>
</panes>
</Accordion>
</center>
</BorderPane>

<?xml version="1.0" encoding="UTF-8"?>

<?import javafx.scene.layout.GridPane?>

<GridPane fx:id="ruleGrid" maxHeight="1.7976931348623157E308"
maxWidth="1.797693 23157E308" minHeight="-Infinity" minWidth="-Infinity"
xmlns="http://javafx.com/javafx/23.0.1" xmlns:fx="http://javafx.com/fxml/1">
<children>
</children>

</GridPane>

<?xml version="1.0" encoding="UTF-8"?>

<?import javafx.scene.layout.Pane?

<?import javafx.

<?import javafx.sc >0 1 Euffln°>

<Pane focusTraversable*”fLWu' prefHeight="100" prefWwidth="120"
style="-fx-background-color: #f4f4f4; -fx-border-radius: 8; -fx-border-

color: #ccc; -fx-border-width: 1;"

xmlns="http://javafx.com/javafx/23.0.1" xmlns:fx="http://javafx.com/fxml/1">

<children>
<Button layoutX="85" layoutY="5" preledth*”?w” prefHelght*”?w' text="x"
style="-fx ckground-color: /4c3c; text-fill: white;
i Fx -1 LOpzs =itx=
background-radius: 10px;"
onAction="#OnDelete"
<TextField fx:id="textField" layoutX="10" layoutY="35" prefWidth="100"
prefHeight="25" />
</children>
</Pane>

package org.example.ClientUI;

import junit.framework.TestCase;

import org.example.entity.Device;

import org.example.entity.DeviceType;

import org.example.service.InflexDBService;

import org.example.service.inflexdb.InflexDBRepository;

import java.util.Optional;

public class ClientUITest extends TestCase {
public void testName () {
InflexDBService inflexDBService = new InflexDBService ()
InflexDBRepository inflexDBRepository = new InflexDBRepository() ;




Optional<Device> device =
inflexDBRepository.getDeviceById (DeviceType.CURRENT L
device.ifPresent (Device: :updateDevice) ;

}

package org.example.ClientUTI;

import org.example.client.controllers.parser.ExpressionParser;
import org.example.entity.DeviceType;

import org.example.rule.entity.Action;

import org.example.rule.entity.ConditionWithOperator;

import org.example.rule.entity.Expression;

import org.example.rule.entity.Rule;

import org.example.service.RuleService;

import org.example.service.inflexdb.InflexDBRepository;

import org.junit.jupiter.api.Test;

import java.util.Arrays;
import java.util.List;

import static org.junit.jupiter.api.Assertions.assertEquals;

public class ExpressionParserTest {
public class Person ({
private int age;

public Person (int age) {
this.age = age;

public int getAge () {
return age;

public void setAge (int age) {
this.age = age;

}

@Test

public void testComplexExpressionWithObjects () {
Person personl = new Person ( ) 2
Person person2 = new Person(5);
Person person3 = new Person (3);
Person person4 = new Person(2);

List<Object[]> expressionList Arrays.asList(
new Object[]{personl, "getAge", "+"},
new Object[]{person2, "getAge", "-"},
new Object[] {person3, "getAge "/},
new Object[] {person4, getAge "=="},
new Object[]{ ,

) 8

ExpressionParser parser = new ExpressionParser();
Expression parsedExpression = parser.parseExpressionlist (expressionlList) ;
Object result = parsedExpression.evaluate();
System.out.println ("Result: " + result);
assertEquals (true, result):;
}
@Test




public void testComplex () {
RuleService ruleService = new RuleService() ;
List<Rule> rulelist= ruleService.getAllRule();

Rule rule = rulelList.get (0);

Expression conditionExpression =
rule.getActions () .getLast () .getExpression () ;

Expression one = conditionExpression.getLeftOperand() ;

Expression two one.getLeftOperand() ;

package org.example.inflexdb;

import junit.framework.TestCase;
import org.example.entity.Device;
import org.example.entity.CurrentLineSensor;
import org.example.service.InflexDBService;

import java.util.List;

public class InflexDBServiceTest extends TestCase ({
public void testWriteData () {
CurrentlLineSensor device = new CurrentLineSensor();
device.setVoltage ( ) g
device.setCurrent (3) ;
device.setSensorId ("testDevice")
InflexDBService inflexDBService
for (int 1 =0 ; 1<10; 1i++) {
inflexDBService.writeData (device) ;

’

new InflexDBService();

public void testGetDevices () {
InflexDBService inflexDBService new InflexDBService () :;
List<Device> devicelist = inflexDBService.getAllDevices();

package org.example.mgtt;

import junit.framework.TestCase;
import org.example.entity.Device;
import org.example.service.inflexdb.InflexDBRepository;

import java.util.ArraylList;
import java.util.List;

public class DeviceGetMethodTest extends TestCase {
public void testGetMQTTTopic () {
InflexDBRepository inflexDBRepository = new InflexDBRepository() ;
List<Device> devices inflexDBRepository.getAllDevices () ;
for (Device device : devices) {
System.out.println (device.getMgttTopic()) ;




public void testGetMQTTPayload() {
InflexDBRepository inflexDBRepository = new InflexDBRepository();
List<Device> devices = inflexDBRepository.getAllDevices () ;
for (Device device : devices) {
System.out.println (device.getMgttPayload()) ;

public void testGetInflex () {
InflexDBRepository inflexDBRepository = new InflexDBRepository():;
List<Device> devices = inflexDBRepository.getAllDevices () ;
for (Device device : devices) {
System.out.println (device.toInfluxDBLineProtocol ());

package org.example.mgtt;

import junit.framework.TestCase;

import org.example.entity.Device;

import org.example.entity.Generator;

import org.example.entity.SwitchBoard;

import org.example.entity.Transformer;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;
import org.jetbrains.annotations.NotNull;

public class MQTTPublisherTest extends TestCase ({
public void testMQOTTWrite () {
MOTTPublisher mgttPublisher =
MQTTPublisherFactory.getPublisher (
Device device = getGenerator();
mgttPublisher.writeData (device) ;

private Device getTransformer () {
Transformer transformer = new Transformer () ;
transformer.setSensorId ("devicel") ;
transformer.setTurnsRation ( ) ¢
return transformer;

private @NotNull Generator getGenerator () {
Generator generator = new Generator();
generator.setSensorId("device2") ;
generator.setVoltage ( ) 2
generator.setCurrent ( ) 2
generator.setIsWorking (false) ;
return generator;

private Device getSwitchBoard () {
SwitchBoard switchBoard = new SwitchBoard() ;
switchBoard.setSensorId("device2") ;
switchBoard.setCurrent ( ) g
return switchBoard;

package org.example.mgtt;




import junit.framework.TestCase;
import org.example.service.TopicService;

import java.net.HttpURLConnection;
import java.net.URL;
import java.util.Scanner;

public class MgttTopicsExample extends TestCase {
public void testName () {
try {
URL url = new URL ("http://localhost:1883/api/v4/topics") ;
HttpURLConnection conn = (HttpURLConnection) url.openConnection();
conn.setRequestMethod ("GET") ;

int responseCode = conn.getResponseCode () ;
if (responseCode == ) |
Scanner scanner = new Scanner (conn.getInputStream()) ;
while (scanner.hasNextLine()) {
System.out.println (scanner.nextLine()) ;
}
scanner.close () ;
} else {
System.out.println ("Error:

"

+ responseCode) ;
}

} catch (Exception e) {
e.printStackTrace () ;

public void test () {
TopicService topicService = new TopicService ()

System.out.println (topicService.getAllTopics());

package org.example.rule;

import org.example.client.entity.CurrentSensorUI;

import org.example.client.ruleparser.ExpressionReverseParser;
import org.example.entity.Device;

import org.example.rule.entity.Expression;

import org.junit.jupiter.api.Test;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;

import static org.junit.jupiter.api.Assertions.assertArrayEquals;
import static org.junit.jupiter.api.Assertions.assertEquals;

class ExpressionReverseParserTest ({

@Test
void testSingleNodeExpression () {
Expression expression = new Expression ("Devicel", "methodl");

ExpressionReverseParser parser = new ExpressionReverseParser();
List<Object[]> result = parser.reverseParseExpression (expression) ;
List<Object[]> expected = new ArrayList<>();

expected.add (new Object[] {"Devicel", "methodl", null});
assertEquals (expected.size (), result.size()):

for (int i = 0; 1 < expected.size(); i++) {




assertArrayEquals (expected.get (i), result.get(i)):;

@Test
void testSimpleBinaryExpression () {
Expression expression = new Expression (
new Expression ("Devicel", "methodl"),

nwon
4

new Expression ( , null)

) 8

ExpressionReverseParser parser = new ExpressionReverseParser();
List<Object[]> result = parser.reverseParseExpression (expression);

List<Object[]> expected = new ArrayList<>();
expected.add (new Object[] {"Devicel", "methodl", "+"});
expected.add (new Object[] { , null, null});

assertEquals (expected.size (), result.size()):
for (int 1 = 0; 1 < expected.size(); i++) {

assertArrayEquals (expected.get (i), result.get(i)):;

@Test
void testNestedExpression () {

Expression expression = new Expression (
new Expression (
new Expression ("Devicel", "methodl"),

nwon
4

new Expression (

)y

msn
new Expression ("Device2", "method2")

) 8

ExpressionReverseParser parser = new ExpressionReverseParser () ;
List<Object[]> result = parser.reverseParseExpression (expression);

List<Object[]> expected = new ArrayList<>();
expected.add (new Object[] {"Devicel", "methodl", "+"});
expected.add (new Object[] { poomadlll, WEEUL e
expected.add (new Object[] {"Device2", "method2", null});

assertEquals (expected.size (), result.size()):;

for (int i = 0; i < expected.size(); i++) {
System.out.println (Arrays.toString(result.get(i))):;
assertArrayEquals (expected.get (i), result.get(i));

@Test

void testComplexExpression () {
ExpressionTest.Person personl ExpressionTest.Person
ExpressionTest.Person person2 ExpressionTest.Person
ExpressionTest.Person person3 ExpressionTest.Person
ExpressionTest.Person personé ExpressionTest.Person

(
(
(
(

Expression exprl = new Expression (personl,




Expression expr2 = new Expression (person2,
Expression expr3 = new Expression (person3,
Expression expri new Expression (person4,

Expression additionExpr = new Expression (exprl, "+", expr2);

Expression subtractionExpr

new Expression (additionExpr, "-", expr3);

Expression divisionExpr = new Expression (subtractionExpr, "/", expri4);
Expression divisionTest = new Expression(divisionExpr, "==", new
Expression ( ))

ExpressionReverseParser parser = new ExpressionReverseParser () ;
List<Object[]> result = parser.reverseParseExpression (divisionTest) ;

List<Object[]> expected
expected.add (new Object
expected.add (new Object

= new ArrayList<>();
( [1{
( [1{
expected.add (new Object[]{
( [1{
( [1{

"lC", nge‘:\_’gen, n+n});
v5vv, ”g(:tr&g(: vvivv});
vi, vv//vv}),.
vv:u, St 7 \ vv::vv});
an
< 7

" null});

v -

expected.add (new Object
expected.add (new Object

for (int 1 = 0; 1 < expected.size(); 1i++) {
System.out.printf ("%s $s\n", Arrays.toString(expected.get(i)),
Arrays.toString(result.get(i)))

package org.example.rule;

import org.example.rule.entity.ConditionWithOperator;
import org.example.rule.entity.Expression;
import org.junit.jupiter.api.Test;

import static org.junit.Assert.assertEquals;

public class ExpressionTest ({
public static class Person {
private int age;

public Person (int age) {
this.age = age;

public int getAge () {
return age;

public void setAge (int age) {
this.age = age;

}

@Test

public void testAdditionWithObjects ()
Person personl = new Person(10);
Person person2 = new Person (5);




Expression exprl = new Expression (personl,
Expression expr2 = new Expression (personz,
Expression addition = new Expression (exprl,

assertEquals ( , addition.evaluate());

@Test

public void testComplexExpressionWithObjects ()
Person personl = new Person ( )
Person person2 = new Person (5);
Person person3 new Person (3);
Person personi4 new Person (2);

Expression exprl = Expression (personl,
Expression expr?2 Expression (person2,
Expression expr3 Expression (person3,
Expression expri4 Expression (person4,

Expression additionExpr = new Expression (exprl, "+", expr2);

"

Expression subtractionExpr = new Expression (additionExpr, "-", expr3);

Expression divisionExpr = new Expression (subtractionExpr, "/", exprid);
nm__mn

Expression divisionTest new Expression (subtractionExpr, "==", new
Expression ( ));

assertEquals (true, divisionTest.evaluate())

@Test

public void testMultiplicationWithObjectMethod ()
Person personl = new Person (4);
Person person2 new Person (5);
Expression exprl = new Expression (personl, '"c
Expression expr2 = new Expression (person2, "get
Expression multiplication = new Expression (exprl,

"k
4

expr2) ;
assertEquals ( , multiplication.evaluate());

@Test

public void testNestedExpressionWithObjects () {
Person personl = new Person (10);

Person person2 new Person (5);
Person person3 = new Person (2);

Expression exprl = new Expression (personl,
Expression expr2 = new Expression (person2,
Expression expr3 new Expression (person3,

Expression additionExpr = new Expression (exprl, "+", expr2);




Expression multiplicationExpr = new Expression (additionExpr, "*", expr3);

assertEquals ( , multiplicationExpr.evaluate())

@Test
public void testDivisionByZeroWithObject () {

Person personl = new Person(10);
Person person2 = new Person (0);

Expression exprl = new Expression (personl,
Expression expr2 = new Expression (person2,
Expression division = new Expression (exprl,

assertEquals (Double.NaN, division.evaluate()):;

@Test
public void testComplexExpressionWithMethods ()

Person
Person
Person
Person

Expression
Expression
Expression
Expression

Expression

Expression

Expression

personl = new Person (
person?2 new Person (
person3 new Person (3);
persond4d = new Person (

) ;
Iy

) ;
exprl = Expression (personl,
expr2 Expression (person2,

(

(
expr3 Expression (person3,
expr4 Expression (person4,

additionExpr = new Expression (exprl, "+", expr2);

subtractionExpr = new Expression (additionExpr, "-", expr3);

nw/n
4

divisionExpr = new Expression (subtractionExpr,

exprd) ;

assertEquals ( , divisionExpr.evaluate())

package org.example.rule;

import
import
import
import
import
import
import

junit.framework.TestCase;

org.
org.
org.
org.
org.

org

example.
example.
example.
example.
example.
.example.

entity.CurrentlLineSensor;

entity.Transformer;

rule.entity.*;

rule.executor.RuleExecutor;
subscriber.service.mgtt.publisher.MQTTPublisher;
subscriber.service.mgtt.publisher.MQTTPublisherFactory;

public class RuleBuilderTest extends TestCase ({
public void testName () {

Transformer objA = new Transformer () ;

MOTTPublisher mgttPublisher =

MQTTPublisherFactory.getPublisher("testClient") ;

OobjA.setTurnsRation ( ) 2




CurrentLineSensor objB = new CurrentLineSensor () ;
objB.setVoltage ( ) 2
objA.setSensorId("devicel") ;
RuleBuilder builder = new RuleBuilder () ;
Expression conditionlExpr = new Expression (

new Expression (objB, "getVoltage"),

nsn
- 4

new Expression (

)

Expression condition2Expr = new Expression (
new Expression (objB, "getVoltage"),

nen
N 4

new Expression (

) ;

Expression condition3Expr = new Expression (
new Expression (objB, "getVoltage"),

nen
N 4

new Expression (

) ;

Expression conditiond4Expr = new Expression (
new Expression (objB, "getVoltage"),

nwsn
g 4

new Expression (

) ;

ConditionWithOperator conditionWithOperatorl
ConditionWithOperator (conditionlExpr, "AND") ;
ConditionWithOperator conditionWithOperator2
ConditionWithOperator (condition2Expr, "AND");
ConditionWithOperator conditionWithOperator3
ConditionWithOperator (condition3Expr, "OR");
ConditionWithOperator conditionWithOperator4
ConditionWithOperator (conditiond4Expr, "AND") ;

Action action = new Action (mgttPublisher, "writeData", new Expression (4)):;

Rule rule = builder
.addCondition (conditionWithOperatorl
.addCondition (conditionWithOperator?2
.addCondition (conditionWithOperator3
.addCondition (conditionWithOperator4
.addAction (action)
Louild () ;

)
)
)
)

RuleExecutor ruleExecutor = new RuleExecutor (rule);
ruleExecutor.execute () ;

System.out.println ("Sensor voltage= " + objB.getVoltage()):;
System.out.println ("Transformer turnsRation= " + objA.getTurnsRation()):;

public void testRuleExecutor () {

package org.example.rule;

import junit.framework.TestCase;
import org.example.entity.Device;
import org.example.entity.DeviceType;




import org.example.factory.DeviceFactory;

import org.example.rule.entity.Action;

import org.example.rule.entity.Expression;

import org.example.rule.entity.Rule;

import org.example.rule.executor.ActionExecutor;

import org.example.rule.executor.DefaultActionExecutor;

import org.example.rule.executor.RuleExecutorThread;

import org.example.service.RuleService;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;

import java.util.List;

public class RuleExecutorTest extends TestCase ({
public void testActionExecutor () {
Device transformer =
DeviceFactory.getDevice (DeviceType. TRANSPORTER) .get () ;
MQOTTPublisher mgttPublisher = MQTTPublisherFactory.getPublisher("test");
Action action = new Action (transformer, "setTurnsRation", new
Expression ( )) ;
Action action2 = new Action (mgttPublisher, "writeData", new
Expression (transformer)) ;
ActionExecutor actionExecutor = new DefaultActionExecutor();
actionExecutor.execute (action) ;
System.out.println (transformer) ;

public void testRuleExecutorThread () {
RuleService ruleService = new RuleService() ;
List<Rule> rulelist= ruleService.getAllRule () ;

for (Rule rule : rulelList) {
Thread thread = new RuleExecutorThread (rule);
thread.start () ;

}
while (true) {}

package org.example.rule;

import com.fasterxml.jackson.core.JsonProcessingException;

import org.example.entity.CurrentLineSensor;

import org.example.entity.Transformer;

import org.example.rule.entity.*;

import org.example.rule.serializer.RuleDeserializer;

import org.example.rule.serializer.RuleSerializer;

import org.example.subscriber.service.mgtt.publisher.MQTTPublisher;

import org.example.subscriber.service.mgtt.publisher .MQTTPublisherFactory;
import org.jetbrains.annotations.NotNull;

import org.junit.jupiter.api.Test;

import java.time.Instant;

import java.time.LocalDateTime;

import java.util.List;

import static org.junit.jupiter.api.Assertions.*;

public class RuleSerializerTest {

private final RuleSerializer ruleSerializer = new RuleSerializer();
private final RuleDeserializer ruleDeserializer = new RuleDeserializer();




@Test
public void testSerializeAndDeserializeRule () throws Exception {
Rule rule = getRule():;

String serializedRule = ruleSerializer.serializeRule (rule);
System.out.println (rule) ;

System.out.println(serializedRule) ;

Rule deserializedRule = ruleDeserializer.deserialize (serializedRule) ;
System.out.println(serializedRule) ;

isRuleEqual (rule, deserializedRule)

public static void isRuleEqual (Rule rule, Rule deserializedRule) {
idRuleIdEqual (rule, deserializedRule);
isConditionsWithOperatorEquals(rule, deserializedRule) ;
isActionsEquals(rule, deserializedRule);
isTimeStampEqual (rule, deserializedRule) ;

private static void isTimeStampEqual (Rule rule, Rule deserializedRule) {
LocalDateTime timeStampOrig = rule.getTimeStamp () ;
LocalDateTime timeStampDes = deserializedRule.getTimeStamp () ;
assertEquals (timeStampOrig, timeStampDes) ;

private static void idRuleIdEqual (Rule rule, Rule deserializedRule) {
Long i1idOrig = rule.getId():;
Long idDes = deserializedRule.getId()
assertEquals (idOrig, idDes) ;

private static void isActionsEquals (Rule rule, Rule deserializedRule) {
List<Action> actionsOrig = rule.getActions()
List<Action> actionsDes = deserializedRule.getActions();
for (int actionPos = 0; actionPos < actionsOrig.size(); actionPos++) {
Action actionOrig = actionsOrig.get (actionPos) ;
Action actionDes = actionsDes.get (actionPos) ;
assertEquals (actionOrig, actionDes) ;

private static void isConditionsWithOperatorEquals (Rule rule, Rule
deserializedRule) {
List<ConditionWithOperator> conditionsOrig =
rule.getConditionsWithOperators () ;
List<ConditionWithOperator> conditionsDeserialized =
deserializedRule.getConditionsWithOperators() ;
for (int condPos = 0; condPos < conditionsOrig.size(); condPos++) {
ConditionWithOperator conditionWithOpOrig =
conditionsOrig.get (condPos) ;
ConditionWithOperator conditionWithOpDes =
conditionsDeserialized.get (condPos) ;
Expression conditionOrig = conditionWithOpOrig.getCondition () ;
Expression conditionDes = conditionWithOpDes.getCondition() ;
String logicOrig = conditionWithOpOrig.getLogicalOperator () ;
String logicDes = conditionWithOpDes.getLogicalOperator () :;
assertEquals (conditionOrig, conditionDes) ;
assertEquals (logicOrig, logicDes) ;




public static Rule getRule () {
CurrentLineSensor sensor = new CurrentLineSensor ("devicel",
CurrentlLineSensor sensor?2 = new CurrentlLineSensor ("device",

Expression exprl = new Expression (new Expression (sensor, "getVo
, new Expression ( ));
Expression expr2 = new Expression (new Expression (sensor2, "getVo
new Expression ( ));

System.out.println (exprl.evaluate());

ConditionWithOperator conditionl new ConditionWithOperator (exprl,
"AND") ;
ConditionWithOperator condition2 = new ConditionWithOperator (expr2,

Transformer transformer = new Transformer ("devicel", ) g

MQOTTPublisher mgttPublisher = MQTTPublisherFactory.getPublisher ("tes

Action action = new Action (transformer, "turnsRatio", new
Expression ( )) ;

Action action2 = new Action (mgttPublisher, "writeData", new
Expression (transformer)) ;

return new Rule(List.of(conditionl, condition2?2), List.of(action,
action?2)) ;

}

package org.example.rule;

import junit.framework.TestCase;
import org.example.rule.entity.Rule;
import org.example.service.RuleService;

import java.util.List;

public class RuleServiceTest extends TestCase {
public void testName () {
Rule rule = RuleSerializerTest.getRule();
RuleService ruleService = new RuleService():;
ruleService.saveRule (rule) ;

List<Rule> rules = ruleService.getAllRule()
System.out.println(rules.getFirst()):;
RuleSerializerTest.isRuleEqual (rule, rules.getFirst()):

package org.example.subscriber;

import junit.framework.TestCase;

import org.eclipse.paho.client.mgttv3.MgttClient;

import org.eclipse.paho.client.mgttv3.MgttException;

import org.example.entity.DeviceType;

import org.example.entity.Topic;

import org.example.service.TopicService;

import org.example.subscriber.service.mgtt.MQTTClientFactory;
import org.example.subscriber.parser.CurrentlLineDataParser;
import org.example.subscriber.parser.TransformerDataParser;
import org.example.subscriber.strategy.DeviceDatalListener;
import org.example.subscriber.strategy.TopicSubscriber;
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import java.time.ZonedDateTime;
import java.util.HashSet;
import java.util.Set;

import static java.lang.Thread.sleep;

public class MQTTSubscriberTest extends TestCase {
private void testBehaviour (SubscriberBehaviour subscriberBehaviour, String
clientId, Set<Topic> topics) {
try {
MgttClient client = MQTTClientFactory.getMgttClient (clientId) ;
MQOTTClientSubscriber clientSubscriber = new
MQTTClientSubscriber (client, subscriberBehaviour) ;
clientSubscriber.connectAndSubscribe (topics) ;
} catch (MgttException e) {
e.printStackTrace () ;

private void deviceDatalListener () {
DeviceDataParserFactory parserFactory = new DeviceDataParserFactory () ;
parserFactory.registerParser (DeviceType.TRANSPORTER, new
TransformerDataParser ()) ;
parserFactory.registerParser (DeviceType.CURRENT LINE SENSOR, new
CurrentLineDataParser());
TopicService topicService = new TopicService();
Set<Topic> topics = new HashSet<> (topicService.getAllTopics())
while (topics.isEmpty()) {
try {
Thread.sleep ( Iy
} catch (InterruptedException e) ({
throw new RuntimeException (e);
}
topics = new HashSet<> (topicService.getAllTopics())
}
DeviceDatalistener subscriberBehaviour = new
DeviceDatalistener (parserFactory, topics):;
String idClient = "DeviceSubscriberClient";

Thread thread = new Thread(new SubscriberThread (idClient,
subscriberBehaviour, topics)):;
thread.start () ;

private void topicListener () {
Set<Topic> topics = new HashSet<>(Set.of (new Topic ("client/#",
ZonedDateTime.now() .toInstant()))) ;
SubscriberBehaviour subscriberBehaviour = new TopicSubscriber () ;
String idClient = "DeviceEnvironmentListener";
MQTTClientSubscriber clientSubscriber = null;
try |
MgttClient client = MQTTClientFactory.getMgttClient (idClient) ;
clientSubscriber = new MQTTClientSubscriber (client,
subscriberBehaviour) ;
clientSubscriber.connectAndSubscribe (topics) ;
} catch (MgttException e) {
throw new RuntimeException (e);

public void testTopicListener () {
topicListener () ;




while (true) {}

public void testDeviceDatalistener () {
deviceDatalistener () ;
while (true) {}

public void testSubscriberThread() {
topicListener () ;
deviceDatalistener () ;
while (true) {
try
Thread.sleep( ) g
} catch (InterruptedException e) ({
throw new RuntimeException (e);

services:
influxdb:
image: influxdb:latest
container name: influxdb
ports:

"ONRAK-QNKA
oUob:ioUObL

volumes:
- ./volume/influxdb:/var/lib/influxdb?2

restart: always

environment:
DOCKERiINFLUXDBiINITiMODEzsetup
DOCKERiINFLUXDBiINITiUSERNAME:admin
DOCKERiINFLUXDBiINITiPASSWORD:admian3
DOCKER INFLUXDB INIT ORG=nure

DOCKER INFLUXDB INIT BUCKET=eecsystem

node-red:
image: nodered/node-red:latest
container name: node-red
environment:
- NODE_RED USER DIR=/data
ports:

volumes:

- ./volume/node-red:/data
restart: always
networks:

- nodered-net

emgx :
image: emgx/emgx:latest
container name: emgx

- ./volume/emgx/emgx data:/opt/emgx/data
- ./volume/emgx/emgx plugins:/opt/emgx/plugins
environment:




EMOX LOADED PLUGINS: "emgx dashboard, emgx management"
restart: unless-stopped

postgres:
image: postgres:latest
container name: postgres
environment:
POSTGRES USER: admin
POSTGRES PASSWORD: adminl23
POSTGRES DB: eecsystem

- ./volume/postgres:/var/lib/postgresgl/data
restart: always
networks:

- my-network

pgadmin:
image: dpage/pgadmind:latest
container name: pgadmin
environment:
PGADMIN DEFAULT EMAIL: admin@example.com
PGADMIN DEFAULT PASSWORD: adminl?23
ports:
"5050:80"
volumes:
- ./volume/pgadmin:/var/lib/pgadmin
restart: always
networks:
- my-network

networks:
nodered-net:
driver: bridge

my-network:
driver: bridge

<project xmlns="http://maven.apache.org/POM/4.0.

xmlns:xsi="http://x w3.0rg/2001/XMLSchema-ins
xsi:schemalocation="http://maven.a

http://maven.apache.org/xsd/maven-4.0
<modelVersion>4.0.0</modelVersion>

<groupld>org.example</groupld>
<artifactId>EECSystem</artifactId>
<version>1.0-SNAPSHOT</version>
<packaging>jar</packaging>

<name>EECSystem</name>
<url>http://maven.apache.org</url>

<properties>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
<java.version>22</java.version>
<javafx.version>23.0.1</javafx.version>

</properties>

<dependencies>
<dependency>
<groupId>junit</groupIld>
<artifactId>junit</artifactId>




<version>3.8.1</version>
<scope>test</scope>
</dependency>
<dependency>
<groupId>com.ghgande</groupId>
<artifactId>j2mod</artifactId>
<version>3.1.0</version>
</dependency>

<dependency>
<groupld>org.projectlombok</groupld>
<artifactId>lombok</artifactId>
<version>1.18.36</version>
<scope>provided</scope>

</dependency>

<dependency>
<groupld>org.eclipse.paho</groupId>
<artifactId>org.eclipse.paho.client.mgttv3</artifactId>
<version>1.2.5</version>

</dependency>

<dependency>
<groupId>com.influxdb</groupId>
<artifactId>influxdb-client-java</artifactId>
<version>7.2.0</version>

</dependency>

<dependency>
<groupId>com.fasterxml.jackson.core</groupId>
<artifactId>jackson-databind</artifactId>
<version>2.15.2</version>

</dependency>

<dependency>
<groupId>org.openjfx</groupId>
<artifactId>javafx-controls</artifactId>
<version>23.0.1</version>

</dependency>

<dependency>
<groupId>org.openjfx</groupId>
<artifactId>javafx-fxml</artifactId>
<version>23.0.1</version>
</dependency>

<dependency>
<groupId>org.hibernate</groupId>
<artifactId>hibernate-core</artifactId>
<version>5.6.12.Final</version>
</dependency>

<dependency>
<groupld>org.postgresql</groupld>
<artifactId>postgresqgl</artifactId>
<version>42.3.6</version>

</dependency>

<dependency>
<groupld>com.zaxxer</groupld>
<artifactId>HikariCP</artifactId>
<version>5.0.1</version>

</dependency>

<dependency>




<groupId>com.google.code.gson</groupId>
<artifactId>gson</artifactId>
<version>2.8.9</version>

</dependency>

<dependency>
<groupld>log4j</groupld>
<artifactId>logdj</artifactId>
<version>1.2.16</version>
</dependency>

<dependency>
<groupld>org.slfdj</groupld>
<artifactId>slfd4j-logdjl2</artifactId>
<version>1l.6.4</version>

</dependency>

<dependency>
<groupId>junit</groupId>
<artifactId>junit</artifactId>
<version>RELEASE</version>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.junit.jupiter</groupld>
<artifactId>junit-jupiter</artifactId>
<version>RELEASE</version>
<scope>test</scope>

</dependency>

</dependencies>
<build>
<plugins>

<plugin>
<groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-compiler-plugin</artifactId>
<version>3.8.1</version>
<configuration>
<source>22</source>
<target>22</target>
</configuration>
</plugin>

<plugin>
<groupld>org.openjfx</groupIld>
<artifactId>javafx-maven-plugin</artifactId>
<version>0.0.8</version>
<executions>
<execution>
<goals>
<goal>run</goal>
</goals>
</execution>
</executions>
<configuration>
<mainClass>org.example.App</mainClass>
</configuration>
</plugin>
</plugins>
</build>
</project>
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