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AKTyaJIbHicTh TeMH. 3pocTaHHs oOcAriB Tpadiky B Mepexi I[HTepHer
cTae Bce OUTBI BaXKIMBOIO MpoOieMoro y cBiti. lle He TUIBKK MPU3BOAWUTH 10
30UTBIICHHS BapTOCTI BUKOPHUCTAHHS CHCTEM, IIO0 KOPHUCTYIOTHCS MEPEKEI0
[HTepHert, ane i CTBOprOE HEOE3MEKy MepexOoIieHHs TpagiKy KOpUCTYBadiB Ha
NUIAXY J0 cepBepiB 0O0poOKM naHux. barato yBarum mpualISIETbCS CHUCTEMAaM,
00YHUCIIEHHS B SIKUX BIJIOYBAETHCSA MAaKCUMaJbHO HAOIMKEHO 10 KIHIEBUX
KOPUCTYBauiB, OCKUIBKM II€ 30UIbIIye 3aXUCT KOHQIAEHIINHHOCTI JaHUX
KOPHUCTYBa4iB 4epe3 MIHIMI30BaHUHN IUISIX Tepeaadl JaHUX, a TaKOoXK 3MEHIIYy€
noTpedy y CTBOPEHHI HOBHMX IUISAXIB MEpeaadl JaHUX, TUM CaMUM 3MEHIIYIOUH
3arajbHI BUTPATH HA MIATPUMKY CUCTEMH 1 HETaTUBHUI BIUIUB HA HABKOJUIITHE
cepenoBuie. OHUM 3 MIJXOAOM JI0 PILIEHHS II€i TPOOJIIEMU € 3aCTOCYBAaHHS
napagurMu nepudepiiiHux 0OYMCIIeHb, 110 TAKOXK OUIbII BIOMI SIK TpaHUYHI
OOYHCIIEHHS, OCKUIbKM OOYHMCIICHHS TEPEHOCHUTHCS 3 IIEHTPY MEpPexXi Ha ii
rpanuii. Bce Ounblie mMocTadalbHUKIB CEPBICIB  XMapHUX OOYHMCIIECHb
NEPEHOCATh OOUMCICHHS K HAaMOMMK4e 0 KOPUCTYBadiB, OyIyrOuW JIOKaJIbHI
IEHTpU OOpOOKM JaHuX, a00 NPOMOHYIOUM KOpHUCTyBadaM Mpuadata ado
OpEHIyBaTH TMpUBAaTHUN nepudepiiinuil cepBep, gkud 00poOisie nmaHi
Oe3nocepeHbO B JIOKAJIbHIN Mepexi KopucTyBada. Lle mpu3BoauTh 10 3HAYHOTO
3MEHIICHHsSI O00CATY MaHMX, IO BiAMPaBISAIOTHCS Ha IIEHTPATi30BaHUN JaTa
LHEHTp, ajie MpPU IbOMY 30UIBLIYETHCS BPA3IUBICTh TAKMX CHCTEM JO aTaKu
BCEepeAMHI JIOKanbHOI Mepexi. Tomy po3poOka cCremiaJbHUX METOJIB
NEePEHECEHHsI OOYMCIICHHS Ha TPUCTPOI IO 3HAXOASATHCA B OJHIN JIOKaJbHIM
MEpeXi Ta 3aCTOCYBaHHS 1X Ha MPAKTHUINl € aKTyaJbHOIO 1 BAKJIUBOIO 33/1a4€IO,
SIK 3 HAYKOBO1, TaK 1 3 IPAKTUYHOI TOYKH 30PY.

06 ’ekmom 0ocniodcenHs € METOMKA peaiizallii r[paHUYHUX 00YHMCIIEHb Ha
JIOKQJIbHUX O0YMCIIIOBATIBHUX MPUCTPOSAX ITHTEPHETY peUek.

Ilpeomemom  Oocnioxcenuss € BUIBHI OOYMCIIIOBAIbHI  MOMJIMBOCTI
OPUCTPOIB IHTEPHETY peueld Ta eQEeKTUBHICTh BUKOHAHHSA mepudepitHux

00YHCIICHB 110 BIIHOMIEHHIO J0 3aJ1THUX PECYPCIB KIIIEHTCHKOTO MIPUCTPOIO.



Merta poGoTu: miaBumieHHs ehekTUBHOCTI cucteMu [HTepHeTy Peueii 3a

paxyHOK 3MEHIICHHS Yacy nepenadi Ta oOpoOku 1H(opmallli Ha HPUCTPOSX

[aTepueTy Peueii 3a paxyHOK peaizallii rpaHUYHUX OOYNCIICHb.

JIns TOCATHEHHS TOCTAaBJIEHOI METH HEOOXIJIHO BHUPIIIUTH HACTYIIHI

3aa4l:

aHall3 ICHYIOYMX MIAXOAIB JO OpraHi3alii rpaHUYHUX OOYMCIIEHb Ha
npuctposax [urepuery Peueit;

TOCHIDKEHHST METOAIB OOMIHY JaHMMH B JIOKAIBHIA Mepexi,
CIIPSIMOBAaHE Ha 3HAXO/KCHHS ONTHUMAJIbHMX 32 4aCOM Ta pecypcaMu
METO/I1B KOJTyBaHHsI Ta Niepeayl JaHuX;

po3poOka crocoly mepemadi AaHUX N0 OOYHCICHHS Ha MOTYJISIX
npuctpoiB [nTepHery Pedeit B Mepexi;

pO3po0Ka CTPYKTYpHU 1 METOAMKU CUCTEMU ISl OpTaHi3alli rpaHuYHUX

oO4HCIIEHb Ha JOKAJIbHUX MPUCTPOsX [HTepHeTy Peueit.

HaykoBa HOBU3HA olep:KAHUX Pe3YJIbTATIB MOJISITA€ B HACTYTHOMY.

l.

3anporoHOBaHO CHOCIO opraHizaimii KOMIUIEKCHUX OOYHCJIEHb Ha
npuctposix IHTepHery Peuel, skuii BIJIPI3HIETHCS BiA ICHYIOUHMX
Croco0iB  BIJICYTHICTIO HEOOXITHOCTI BHKOPHCTaHHS CTOPOHHIX
00YHCITIOBAIBHUX MPUCTPOIB, 1 JO3BOJISIE 3MEHIIUTH Yac 00poOku 6e3
3alTy4eHHs J0aTKOBUX PECYpCIB.

3anpoIroHOBAaHO MiX1/ 0 OpraHi3allii CUCTEMHU peaizallii rpaHuYHUX
oOYMCIIEHb Ha JIOKAJbHUX NpHUCTposix IHTepHeTy Peuelt, sxuil He
3aJIeKUTh BIJ amapaTHOl CKJIaJ0BOI BUKOPUCTAHUX TUIAT, 1 TIO3BOJISIE
J01aBaTH HOB1 MPUCTPOT B CUCTEMY BUKOHAHHS TPAHUYHHUX OOYHCIICHD

0e3 OHOBJIEHHS TTPOTPAMHOTO 3a0€3MEUCHHS HASIBHUX B CUCTEMI TLIAT.

IIpakTMYHA HiHHICTH OJEP:KAHMX Pe3YJIbTATIB IOJISITA€ B TOMY, LIO

3aMpONOHOBAHUM MiAXiA Ja€ 3MOTY IIBUJKO 3HANTH ONTUMAJIbHY OpraHi3ailito

TPaHUYHUX OOYHMCIICHb A MpUCTPOiB [HTepHeTy Peueit 3a xkopoTkuii mepion

qacy

Ta

3acToCyBaTH OTpUMaHy 1HGOpPMAlliI0, BHUKOPUCTOBYIOUM  JUIS

IPAKTUYHOIO 3aCTOCyBaHHA MOBHU mporpamyBanHa Python Ta C/C++.



Po3pobnena cuctema opranizaiii TpaHUYHUX OOUYMCIEHb Ha JOKAIBHHUX
npuctposix Iurepuery Pedeil mae 3Mory po3poOHMKaM MiAiOpaTH ONTHMalbHI
napamMeTpu CHUCTEMHU TPAHWUYHUX OOYUCICHh Ta 3PO3YMITH JOUUIBHICTH ii
aruTiKaIii 11k KOHKPETHOT JIOKAJIbHOT CUCTEMU.

Amnpobaniss podoru. OCHOBHI TOJOXKEHHS 1 pe3yibratd podooTu Oy
IpeicTaBleHl Ta 00rOBOPIOBAIIUCH Ha!

o XIII naykoBiii koH(epeHIlii MaricTpaHTiB Ta achipanTiB «[IpuknagHa
Marematuka Ta komi totuHr» IIMK-2020 (Kuis, 18-20 mmucrtomana
2020 p.);

o XII MDKHapoAHIN HAyKOBO-TIpaKTW4HIA KOoH(epeHIii «lHTerpoBani
IHTEJEeKTyalbHl poOoTo-TexHiuH1 KoMmriuiekcn» [IPTK-2019 (Kuis
21-22 tpasusa 2019 p.).

Iyoaikamii. 3a Temoro Marictepchkoi myOumikariii Oyno omyOmiKoBaHO 3
HayKoBl poOOTH, 3 SIKHUX OJlHa cTarTsi «BUKOHaHHS TpaHWYHUX OOYUCIICHb Ha
npuctposix  IaurepHery  Peueli» B HaykoBoMy  ()axOoBOMY  BHJAHHI
«KOMIT'IOTEPHO-IHTETPOBAHI TEXHOJIOT'I: OCBITA, HAVKA,
BUPOBHUILITBO Ne 43 (2021)» 1 1B1 T€3u KOHPEpEHITi.

Crpykrypa Ta 00csAr po6oru. Marictepcbka AucCepTallisl CKJIaJaeTbes 31
BCTYIY, YOTHPHOX PO3JIIIB, BUCHOBKIB IO KO)KHOMY pO3AULY Ta 3arajibHUX
BHUCHOBKIB MO pOOOTI B LLJIOMY, CIMCKY BHUKOPUCTAHUX JITEPATypPHUX JKEPEN
(32 naitmenyBanb). [loBHuit o6csar muceprartlii — 84 CTOpIHKH, Yy TOMY YHCHi 75
CTOPIHOK OCHOBHOTO TEKCTY, 29 pUCYHKIB.

VY nepumiomy po3auil pO3MISHYTO ICHYKOYl MIAXOAU JO OpraHizaii
IPaHUYHUX OOUYMCIEHBb IJis MpUCTpoiB [HTepHeTy Peueilt, a Takox mpoBeneHuUi
aHaJl3 Cy4YacHMX IMPHUCTPOIB IHTEPHETY pedeil, KUl Jae 3MOry BH3HAUUTHU
OCHOBHI TIEpEBaru Ta HEJOMIKH IUX TXO/IB JIJISl PI3HUX THUITIB CUCTEM.

Y apyromy po3aiii 3amponoHOBAHO MiJAXiA JO OpraHi3ailii I'paHUYHHX
oOumnciieHp Oe3nocepeHbO0 Ha NpUCTposix [HTepHeTy Peueil ansg pi3HUX THUIIB
CUCTEM, IO BHUKOPUCTOBYIOTHCS NPUCTPOSIMU HASIBHUX B JIOKAJIBHIA Mepexi

KOpUCTYyBaya.



VY TperhoMy pO3AUII PO3MISHYTO MPHUKIAJ] peanizallii YHiBepCalbHOI
IporpaMu BUKOHAHHS TpaHMYHUX oOuncieHb MOBOrO Python Ta mpencramneHi
METOJUYHI pEeKOMEHMaIil 10 BUOOpY oOpradizamii rpaHUYHUX OOYHCIICHb IS
KOHKPETHOI CHCTEMHU.

Y derBeproMy pO3AUIl  MPOJAEMOHCTPOBAHO TMPHUKIAJ  peai3alii
yHIBEpPCAJIbHOI TPOrpaMH BUKOHAHHS TPAHUYHUX OOYMCIEHb Ha TPHUCTPOSX
IaTepuery Peueit moOymoBanux Ha 0a3i miatu NodeMCU Ta mpeacTaBieHi
pe3ynbTaTH TeCTyBaHHS €(EeKTUBHOCTI TaKOI CUCTEMHU.

VY BHUCHOBKAaX MpeACTaBlICH] PE3yAbTaT MPOBEACHOI POOOTH.

KurouoBi cioBa: rpanuuni obuucienss, Iurepuer Peueid, nepedupiitai

ob6uucnenus, Python, Arduino, C/C++.



ABSTRACT

Topic relevance. The growth of traffic on the Internet is becoming an
increasingly important problem in the world. This not only increases the cost of
using systems that use the Internet, but also creates the risk of intercepting user
traffic on the way to data servers. Much attention is paid to systems that make
calculations as close as possible to end users, as this increases the protection of
user data privacy through a minimized data path, as well as reduces the need to
create new data paths, thereby reducing overall system maintenance costs and
negative impact on the environment. One approach to solving this problem is to
use a computing paradigm, also known as Edge Computing, as the computation
is transferred from the center of the network to its edge. More and more cloud
computing service providers are moving computing as close to users as possible,
building local data centers, or offering users to purchase or lease a private edge
server that processes data directly on the user's local network. This significantly
reduces the amount of data sent to the centralized data center, but also increases
the vulnerability of such systems to attacks within the local network. Therefore,
the development of special methods for transferring computations to devices on
the same local network and their application in practice is an urgent and
important task, both from a scientific and practical point of view.

The object of the research is methods of implementing edge computing on
local computing devices of the Internet of Things.

The subject of the research is unallocated computing capabilities of the
Internet of Things devices and the efficiency of edge computing in relation to
the resources involved in the client device.

The goal of this work: increasing the efficiency of the Internet of Things
system by reducing the time of transmission and processing of information on
Internet of Things devices through the implementation of edge computing.

The scientific novelty is as follows.

1. Proposed a method of organizing complex computing on Internet of

Things devices, which differs from existing methods by the absence of



the need to use third-party computing devices, and allows to reduce
processing time without involving additional resources.
2. Offered an approach to the organization of the system of
implementation of edge computing on local devices of the Internet of
Things which is independent of a hardware component of the used
cards, and allows to add new devices to the system of performance of
boundary calculations without updating the software of cards available
in the system.
The practical value of the obtained results is that the proposed
approach allows users to quickly find the optimal organization of edge
computing for Internet of Things devices in a short period of time and apply the
information obtained, using for practical application of the programming
language Python and C/C ++. The developed system of organization of edge
computing on local devices of the Internet of Things allows developers to
choose the optimal parameters of the system of boundary calculations and
understand the feasibility of its application for a particular local system.
Approbation. The main provisions and results of the work were
presented and discussed at:
e XIII scientific conference of undergraduates and graduate students
«Applied Mathematics and Computing» PMK-2020 (Kyiv, November
18-20, 2020);

e XII International Scientific and Practical Conference «Integrated
Intelligent Robotic and Technical Complexes» IIRTC-2019 (Kyiv,
May 21-22, 2019).

Publications. 3 scientific papers were published on the topic of the
master's publication, of which one is an article in the scientific professional
publication «COMPUTER-INTEGRATED TECHNOLOGIES: EDUCATION,
SCIENCE, PRODUCTION #43 (2021)» and two abstracts of conferences.

Structure and scope of work. The master's dissertation consists of an

introduction, four chapters, conclusions on each section and general conclusions



on the work as a whole, a list of used literature sources (32 titles). The full
volume of the dissertation is 84 pages, including 75 pages of the main text, 29
figures.

The first chapter discusses the existing approaches to the organization of
edge computing for [oT devices, as well as an analysis of modern 10T devices,
which allows us to identify the main advantages and disadvantages of these
approaches for different types of systems.

The second chapter proposes an approach to the organization of edge
computing directly on the devices of the Internet of Things for different types of
systems used by devices available in the user's local network.

The third chapter considers an example of the implementation of a
universal program for performing edge computing in Python and presents
guidelines for choosing the organization of edge computing for a particular
system.

The fourth chapter demonstrates an example of the implementation of a
universal program for performing edge computing on Internet of Things devices
built on the basis of the NodeMCU board and presents the results of testing the
effectiveness of such a system.

The conclusions present the results of the work.

Keywords: edge computing, Internet of Things, peripheral computing,

Python, Arduino, C/C ++.



