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Pestome

Lenb uccnedoeaHusi. Llenbio 0aHHO20 uccrnedosaHus sierisemcsi ghopmuposaHue Komrsiekca 6a3osbix 3/1eMeHmos
MemoOosioauU CHUXeHUs1 pacxoda 0Cmamo4YHO20 pecypca 8bIYUCIUMESbHbIX yempoucmes, hyHKUUOHUPYOWUX 8
cocmase cucmem pacripelesieHHbIX 6bIYUCIeHUU Ha OCHO8e KOHUEenuul MmyMaHHbIX U KpaeebiX 6bI4UC/eHUU.
KoHuenuuu mymaHHbIX U KpaesbiX 8bIHUC/IeHUT OMHOCUMEesbHO HO8bI U, Heg3upas Ha borbwol obbem nybrukayud
o amoul meme, 80rpoc pacxo008aHUs pecypca 8bIYUCIUMESbHbIX yCmpolcme ¢ MoYKU 3peHusi 3HadeHull BBP He
paccmompeH 8 iumepamype. OOHO8PEMEHHO € 3MUM, nPodrieHuUe cpokKa criyxbbl ycmpolicme 8 Hacmosiujee epemsi
KpaliHe xeflamersibHO, 4mo Oeslaem OaHHoe uccriedosaHue akmyarbHbIM.

Memodbl. OCHOBHbIMU Hay4YHbIMU MemodaMmu, NMPUMeHsIeMbIMU 8 paMKax 0aHHO20 uccriedoeaHusl, sI8/IsIomcsl aHa-
nu3 (npedmemHbix obriacmel), 4ucreHHoe MoOesniupogaHue U HamypHbIU 3KcriepumMeHm, rnodmeepxdaroujue
uesnecoobpasHocmb OCHOBHbIX acrnekmos paspabambigaemMol Memodosioauu.

B pamkax KoHUenuyul mymaHHbIX U KpaesbiX 8bl4UCIeHUl cyumaemcs yenecoobpasHbiM cogue 8bl4uciumerisHol
Hazgpy3Ku K UucmoYHukam OaHHbIX, Komopble, KaKk rpaeusno, Haxodsmcsi Ha kpato cemu. OOHako coepeMeHHble
uccnedogaHusi He 3ampazaugarom OUEHOK 8/IUSIHUS makol cmpameauu 8 pa3mMeuw,eHuUU hyHKUUOHarbHbIX 3aday Ha
OUEHOYHbIe 3Ha4YeHUs1 eeposmHocmu 6esomka3Hol pabombl ycmpolicme, Komopasi xapakmepu3yem COCMmOosiHUe
ocmamo4yHo20 pecypca ycmpoticmea. Mexdy mem, eo3pacmaHue Ha2py3Ku Ha ycmpoticmea MeHblwel 8bIHUCIU-
mernbHOU MowHocmu, Yyem, donycmum, ycmpolicmeo 8 npedesiax damaueHmpa, npueodum K yCKOPEHUIO UX U3Ha-
Wwiu-8aHuUsi, YMo, 8 €80t 04epedb, 8bITUBAEMCS 8 IKOHOMUYECKUE 3ampambl Ha noddepxaHue hyHKUUOHUpYyrouel
8blyucnumernsHol UHgpacmpykmypbl. OOHOBPEMEHHO C 3MUM YMEHbUAemcsi Hagpy3ka Ha [PpOMEXYMmOYHbIe
ycmpolicmea cemu, NMOCKOJbKY OHU nepedaom yMeHbUWEHHbIe 06beMbl QaHHbIX, @ MaKxe yeenu4ueaemcsi 8pems,
Komopoe Moxem 6bimb UCMOMb308aHO Ha 06pabomky OaHHbIX, 8 Crydae, ecriu rocriedHee npou3eooumcs Ha
Kpaesbix ycmpoticmeax. Paspabambieaemasi memodosiocusi npednazaem KOMIMIEKCHbIU Modxo0 npu pasmeweHuu
yHKYUOHarnbHbIX 3aday pacripedesnieHHbIX UHGOPMaUUOHHBIX cucmeM, ydumbigaowul rnepequcrieHHble 0cobeH-
HOCMU UCMOMb308aHUS KOHUENUUU MyMaHHbIX U Kpaeebix 8bI4UCIeHUL.

Pe3ynbmambl. OCHOBHbIMU pe3yribmamamu 0aHHO20 uccriedosaHusi sierissemcsi onucaHue Komrisiekca 6a308bix
mMemodos, cocmasnswux Memodorosulo CHUXeHUsI pacxoda 0CcmamoyHO20 pecypca  8bl4UCIUMENbHBIX
ycmpolicme cucmem pacripedesieHHbIX 8bI4UCIIeHUL Ha OCHO8E MYyMaHHbIX U Kpaesbix 8biqucrieHudl. onydeHHbIl
KOMIeKc onupaemcsi Ha pa3pabomaHHble MoOesnu U pe3ynbmambl [POBEOEHHbIX 3IKCNEePUMEHMarbHbIX
uccriedogaHudl.

3aknroyeHue. B Hacmosiwee s8peMsi, HECMOMPS Ha Maccogoe UCMOo/b308aHUEe KOHUEeNUUl myMaHHbIX U Kpaesbix
8blYUCIEHUU Mpu peanu3ayuu pacrpedesieHHbIX UHGOPMaUUOHHbIX cucmemM, He Obiio paspabomaHo eduHoU
mMemodosioauu, Komopas noseosuna bbl yMeHbWUMb pacxod pecypcos 8blHuciumeribHbIX ycmpolcme u mem
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cambIM rpodnume CpoK ux cryxbbi. B pamkax 0aHHoU pabombi npednazaemcsi KOMIeKc Memooos, dasnbHelwasi
npopabomka KOmMOPbIX M0380/UM y8enu4uUmb CPOK Crlyx6bl ycmpolcmes, COCMasnsiowUX 8blHUCIUMESIbHYO
UHpacmpykmypy cucmem pacrnpedesieHHbIX 8bI4UCTEHUU.

Knrodeenble crnosa: Kpaesble 8bI4UCIEHUS; HA0eXHOCMb,; pacrpedesieHHbIe cucmeMbl; yrpasieHue UHGHOopMalUoH-
HbIMU cucmemamu.

KoHgpriukm uHmepecos: Aemop Oeknapupyem omcymcmeue SI8HbIX U omeHyuarnbHbIX KOHQIIUKMOo8 uUHmepe-
€08, c8s3aHHbIX € nybnukayuel Hacmoswel cmambu.

Ons untnpoBaHusa: KnumeHko A. B. ba3oBble anemMeHTbl METOAOMNOrMM CHMKEHNS pacxoda OCTaTOYHOro pecypca
BbIYUCIIMTENBbHbIX YCTPOWCTB CUCTEM pacnpenerneHHbIX BblYUCIIEHMI HA OCHOBE TYMaHHbIX U KpaeBbIX BbluMCAeHU //
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Abstract

Purpose of research. The purpose of this study is to form a set of basic elements of the methodology for reducing the
consumption of the residual resource of computing devices operating as part of distributed computing systems based
on the concepts of fog and edge computing. The concepts of fog and edge computing are relatively new and, despite
the large volume of publications on this topic, the issue of resource consumption of computing devices in terms of
FBG values has not been considered in the literature. At the same time, extending the service life of devices is cur-
rently highly desirable, which makes this study relevant.

Methods. The main scientific methods used in this study are analysis (of subject areas), numerical simulation and
natural experiment, confirming the feasibility of the main aspects of the developed methodology.

Within the framework of the concepts of fog and edge computing, it is considered appropriate to shift the computing
load to data sources, which, as a rule, are located at the edge of the network. However, modern studies do not affect
the estimates of the impact of such a strategy in the placement of functional tasks on the estimated values of the
probability of non-failure operation of devices, which characterizes the state of the residual resource of the device.
Meanwhile, an increase in the load on devices with less computing power than, say, a device within a data center
leads to an acceleration of their wear, which, in turn, translates into economic costs for maintaining a functioning
computing infrastructure. At the same time, the load on the intermediate network devices is reduced, since they
transmit reduced amounts of data, and the time that can be used for data processing, if the latter is performed at the
edge devices, increases. The developed methodology offers an integrated approach to the placement of functional
tasks of distributed information systems, taking into account the listed features of using the concepts of fog and edge
computing.
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Results. The main results of this study are the description of a set of basic methods that make up the methodology for re-
ducing the consumption of the residual resource of computing devices of distributed computing systems based on fog and
edge computing. The resulting complex is based on the developed models and the results of experimental studies.
Conclusion. Currently, despite the massive use of the concepts of fog and edge computing in the implementation of
distributed information systems, there has not been developed a unified methodology that would reduce the con-
sumption of resources of computing devices and thereby extend their service life. Within the framework of this work, a
set of methods is proposed, the further development of which will increase the service life of devices that make up the
computing infrastructure of distributed computing systems.
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BeeaeHue puting) W KpaeBbIX BbIUMCICHHH (edge-
computing) MpenoiaraeT CABUr oopadboTku
B Hacrosimee BpeMsi KOHIEHIMU TY-
B uH}popMaMK K ee MCTOYHMKAM, KakK Ipa-
MaHHBIX U KPaeBbIX BBIUMCICHUN BCE IUPE
. BWJIO, K Kparo cetu. [Ipu 3TOM TymaHHBIE

NPUMEHSIOTCST Ha mpakThke. OCHOBHOM
5 BBIYHCIICHHS UCTIONB3YIOT MPOMEXYTOUHBIE

TOMY TPUYMHOHN SBJSIETCS BalooOpa3HOe .

YCTPOICTBA, TA€ MPHUHUMACTCS PEIICHHE O
BEJINYCHHE LUPKYIN UX B CETH JaH-
Y HHpRyTHpyIomt A TOM, OTIIPABJISITH AaHHBIE B OOJIAUHBIA cep-
HBIX, B YaCTHOCTH, JIAHHBIX, IOICIKAIIUX
BHUC WK 00paboTaTh UX Ha «TYMAaHHOM» Y3-

00paboTke B MH()OPMAITMOHHBIX CHCTEMaXx
Je, a KpaeBble BBIUKMCIICHUS IPEAONAraroT
M aBTOMAaTHMYECKHX W aBTOMAaTHU3MPOBAH-
00pabOTKy NaHHBIX HEMOCPEICTBEHHO CO-
HBIX WH()OPMAMOHHO-YIIPABISIONINX CH- .
o0lIeCTBaMU KPaeBBIX YCTPOMCTB, HAIPH-
cremax. /laHHbBIe JOJDKHBI TepeaBaThCS
Mmep, coctosmmmu B JIBC opranusanuu [7-
OT WCTOYHHKOB (Pa3JIMYHBIX CEHCOPOB, .
10]. OueBHUHO, YTO yCTPOWCTBA, COCTOS-
Buaeo-kamep, KBU/CBY panapoB u T.1.) K
e B JaTaleHTpax, Ha KOTOPHIX, COO-

JOKaIusaM TporpamMMm obpabotku [1-5].
5 CTBEHHO, TPOUCXOJHUT TPEIOCTABICHHE
OnHako B yCIOBHSX TeorpapuuecKoi pas-
O0JIaUYHBIX CEPBUCOB, 3HAYUTEIBHO IIpe-

HECEHHOCTH BBIYHCIUTEILHBIX KOMIIOHEH-
B BOCXOJSIT BBIYMCIHTEIEHBIMU MOITHOCTSI-
TOB CHCTEMBl CTAaHOBHUTCS YpPE3BBIYAHHO .
B MH YCTPOWMCTBAa TYMaHHOTO H KpaeBOTO
CIIOKHO 00eCIeunBaTh JTOJDKHBIA YPOBEHb .
) ) . cinosa cetu. Kpome Toro, kpail cetu auHa-

Quality of service mo mpuuyMHE IUIOXOil
MHUYEH — M TeM CaMbIM OCJIOXKHSETCS pe-
NPEACKa3yeMOCTH  BpPEMEHH  JIOCTaBKH
mieHue (pyHKIMOHATIBHBIX 3a7a4 (I0JIb30-
TaHHBIX K MecTy o0pabotku [6]. Konmen- .
. BaTEIIbCKOE YCTPOMCTBO MOXKET OKa3aThCs
U TyMaHHbBIX BbluMciaeHui (fog-com- .
BHE 30HBI JICHCTBUS CETH, MOXET OBITh
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BBIKJITIOYEHO, MOKET HMcueprarh 3amac Oa-
Ttapen u T.1.). [IpoGnema m3MeHeHUsT WH-
(bpacTpyKTypbl MOXKET OBbITh pelleHa ITy-
TEM IepepaclpeiesieHus] pelaeMbIX 3aad
cpeny (pyHKIIMOHUPYIOIIUX YCTPOWCTB, O
HaKo Jt000€ pelIeHHe TaKoW 3aJayud J10-
OaBisieT Harpy3Ky Ha ycTpoiictBa. Takum
o0pa3oM, CMEIICHHE BBIYMCIUTEIBHON Ha-
TPY3KH K KParO CETH B yTOAYy COOTBETCTBHUS
QoS npuBOIUT K TOMY, UYTO YCTPOMCTBA C
OTHOCHUTEIIbHO HEBBICOKOW BBIYHCIUTENb-
HOM MOIIHOCTBIO pabOTalOT B YCJOBHSX
MOBBIIICHHOW HArpy3Kd, 4TO MPHUBOIUT K
Oosee ObICTPOIi BEIPAOOTKE X pecypca.

OcrarouHblil pecypc yCTpouCTBa OLe-
HUBAETCSI 3HAYCHHUEM BEPOSTHOCTU 0e30T-
Ka3Hoii pabotel (BBP) Ha BeIOpaHHBIN MO-
MEHT BpeMmeHu. B cBoro ouepenp, pacuer
BbP 11 BBIYMCIHMTENBHBIX YCTPOUCTB
MOXXET OBITh TPOW3BEIEH Ha OCHOBAHHH
OILICHKH WX 3arpy>KEHHOCTH.

JlaHHBIM BOIIPOC OCTAJICSI HEOCBEILCH-
HBIM B TYyOJHMKAIMSAX, MPEACTABICHHBIX B
OTKpPBITOM II€YaTH.

B smreparype [11-15] nmpencrasinena
noapoOHas KiaccuuKamusi HarpaBICHUN
MCCIIEIOBAaHUN B 00JIACTH TyMaHHBIX BBI-
YHUCJICHUN, @ UMEHHO:

1. VYmpaBneHue BBIYHCIUTEIHHBIMU
pecypcamu.

2. YpaBieHrne KOMMyHHUKaIUEH.

3. Opranmzanusi B3auMOJICHCTBUE 00-
JIAYHOTO U TYMAHHOT'O CJIOSL.

4. IlpuknaaHele WCCIENOBAHUS s
peanu3auy CUCTEM 3PaBOOXPAHEHHUS.

5. IlpuknagHple CUCTEMBI I CETEU
MOJIBMKHBIX YCTPOMCTB.

6. «YMHBII» IOM U «YMHBII» TOPO/I.

7. ANTOpUTMBI MO pa3feiCHHUIO BBI-
YHUCIUTEIbHBIX PECYPCOB.

8. AJNropuTMBI 110 OpPraHU3alUN Xpa-
HEHUsI TaHHbIX.

9. ANropuT™MBl, ONTHUMH3UPYIOLIUE
SHEPronoTpeOIeHHE.

Kpome Toro, «HageKHOCThY» B paMKax
MPOBOJIMMBIX HCCIEIOBAHUN TYMaHHBIX U
KpPaeBbIX BBIYHUCICHUN TPAKTyeTCs Kak
«JIOCTYIHOCTb» cepBuca [16], B To Bpemst
KaK BOINPOCHI COEPEeKEHUSI OCTATOUHBIX
pECYpCOB yCTPOMCTB HE 3aTPOHYTHI, HE-
CMOTpSI Ha aKTYaJIbHOCTb.

[TosTOoMy, TpencTaBisieTcs 1e1eco00-
pa3Hoil pa3paboTka 3(ppeKTHBHONH MeETo-
JI0JIOTUH, OPUEHTHPOBAHHOW Ha OepexHOe
pacxoJ0BaHHUE OCTATOYHOI'O pecypca ycCT-
PONCTB, MPUHUMAIOIIUX yYacTHE B TyMaH-
HBIX JTMOO KpaeBbIX BBIYMCICHHSX U BbI-
paxenHoro B BbP ycrpoiictBa Ha 3anaH-

HBII MOMEHT BPEMEHU.

MaTepMan bl U MeTOAbI

Mopaenb oueHkn 3aBucumocTn BBP
YCTPOWCTBA OT Harpysku

BBbP otnensHOro ycrpomcrBa OIMCHI-
BaeTCs HKCIIOHEHIMAIIbHBIM 3aKOHOM. boitee
Toro, B coorBerctBuu ¢ [17,18], BbP u un-
TEHCHBHOCTb OTKa30B HAaXOIWUTCS B 3aBHCHU-
MOCTH OT pabouell Harpy3kd Ha YCTpOii-
CTBO, KakK IMOKa3aHO B BbIpaxkeHWsX (1,2).
WMHTEHCUBHOCTh OTKAa30B YCTPOMCTBA OIH-
CBIBAETCS CJIEIYIOIIUM BBIPAKEHUEM:

A=2, L QATIO (1)
r7e A — MHTEHCUBHOCTh OTKA30B YCTPOWCTRA;

A, — MHTCHCHBHOCTb OTKa30B HEHa-

I'PYKEHHOTO YCTPOMCTBA;

AT — temnieparypa yCTpOUCTBA.
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Tak kak TeMmneparypa yCcTpoHCTBa 3a-
BHCHUT OT pabodeil Harpy3ku, TO, B COOT-

BETCTBUH C [9]:
)\4:%0 '2kD/10’ (2)

rae D — npoueHT 3arpy:>K€HHOCTH  yCTPOU-
CTBa,

k — xo3¢pdunumeHT mponoprroHanb-
HOCTH MEXZY 3arpy’KCHHOCTBIO U TEMIIE-

paTypou yCTpOUCTBA.

Mogenb oueHK/ BIIMAHUS NPUMEHEHUS
KOHLeNUUN TyMaHHbIX/KpaeBbIX
BbluncneHun Ha BBP ycTponcTtea

C TOYKM 3pEeHUs1 YCTPONCTBA,
NpoV3BOAALLEIO BblYNCIEHNS

Hcxonsa us3 Toro, uro BbP ycrpolicTBa
pPacCUMTBHIBAECTCS B COOTBETCTBUM C OJKCIIO-
HEHLIMATbHBIM 3aKOHOM, Oy/IeM MoJ1araThb, 4To

P(ty=e ™2 ", 3)
rae W — cyMMmapHas TPyLOEMKOCTb OIle-
panui, COBEPIIAEMBIX YyCTPONCTBOM,

k — xoa¢pdunument, cazyommii 3a-
IPYKEHHOCTb YCTPOMCTBA U TEMIIEPATYPY,

T — BpeMs1, OTBOAMMOE Ha BBITIIOJHEHUE
peuieHns (pyHKIMOHAIBHBIX 3afad, BKIIIO-
yas 3aJ1a4d NIepeadu v IPUEMa JaHHBIX,

P — npou3BOAMUTENBHOCTH BBIYMCIIH-
TEJILHOI'O YCTPOMCTBA,

t — BpeMsd, IIsI KOTOPOIro MIpPOU3BO-
nutcs pacuer BBP.

CymMapHasi TpyJOEMKOCTb OIleparyii
JUIL YCTPOMCTBA, KOTOpOE pPabOTaeT Kak
TPaH3UTHOE, T.C., IEPENaeT [aHHbIE Ha

JIpYrUe YCTPOMCTBA, BBIYUCIISETCS KaK

W=W+W+> W, “4)

rae Ws — TpyAOEMKOCTh ONEpanuil OT-
MpaBKU JAHHBIX B CETh,

W: — TpynoeMKoCTh onepanui Mmoiy-
YeHMS JaHHBIX U3 CETH.

B ciyuae, eciiu Ha y3en nepeHOCUTCS

(GbyHKIMOHANIBHAS 3aJlaya, MOJyyaeMm clie-

AyroIiee:

WEW+M4ZWﬁW” (5)

rae W, sBIsieTcsl TPYIOEMKOCTBIO Iepe-

S

Jaun JaHHBIX 0e3 00paboTKH B 00JIaKO.

W, ' sBnsieTcs TPYJOEMKOCTBHIO IpH

s
nepenadye MaHHBIX B OOJAKO TMOCHE TMpej-
BapHUTEIbHON 00pabOTKH.

Takum o0Opa3oM, I OTAETHHOTO
YCTPOMCTBA IIEPEHOC HA HEr0 BBIYMCIIHU-
TEJIHHOW HArpy3Kd B II€JIOM HMEET Hera-
THBHOE BIUSHUE, KaK MOKa3aHO Ha puc.l
(rpaduk Pt2 pacnosnoxeH HUXKe U WILIIO-
CTpUPYET pPe3yJIbTaT TOBBIIICHUS BBIYHC-
JUTEIIBHONW Harpy3Kl Ha YCTPOMCTBO).
OmHako OHO MOXET OBITh YaCTHYHO HU-
BEJIMPOBAHO 32 CUET COKpAIIEHUs mepesa-
BAaE€MbIX JAHHBIX, YTO OTPAKAETCS Ha TPY-

noemkoctu W, '.

Taxke Ha puc.l BUIHO, YTO, HECMOT-
Psl Ha HEKOTOPOE COKpalleHne o0bemMa Ie-
penaBaeMbIX IOCJ€ MpeABAPUTENBHONU 00-
paboOTKM MaHHBIX U, CIIEIOBATEIILHO, TeHE-
pUpyeMol mOpH ITOM  3arpyXEHHOCTH
ycTpoKcTBa, 3HaueHuss BBP xyxe, yem B
CUTyallMy, KOTJa YCTPOMCTBO II€peraeT

naHHbIE 0€3 00pabOTKH.
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Puc. 1. lNpumep cHMxeHusa 3HaveHns BEP kpaeBoro ycTponcTsa npu nepeHoce Ha Hero
OOMOSMHUTENBbHOW BbIYUCIUTESNBHOW Harpysku

Fig.1. The example of reliability value decrease due to the computational workload increase

Mogenb oueHKN BAUAHUSA pasmeLleHns
dyHKLMOHanNbHbIX 3aga4 NC Ha BBP
YCTPOMWCTBA C TOYKN 3pEeHns
TPaH3UTHbIX YCTPOWCTB

Jns ycTpoicTBa, KOTOPOE OCYyLIECTB-
JSeT TPaH3UT JaHHBIX, MEpEHOC UX o0pa-
OOTKM Ha TPEIBIAYIINE y3JIbl TPUBOIUT K
YMEHBILICHUIO Harpy3Ku Ha Nepeaavy JlaH-

HBIX, 2 IMEHHO:
W= Z Wtr B Z Wprep > (6)

r1e Wprep — TPYAOEMKOCTh TIEpeauu JaH-
HBIX, KOTOPBIC MPOIILIH MPEIBAPUTEITBHYIO
00pabOTKy Ha yCTPOMCTBE TyMaHHO-

rO/KpaeBoTo CJIOS CETH.

Mogenb oueHKN BAUAHUSA pasMeLleHns
dyHKLUMOHanNbHbIX 3aga4 NC Ha BBP
rpynnbl yCTPOUCTB

BbP g rpynmsl yCTpOWCTB OLEHU-
BacTca Kak mnpousBeacHue ux BDBP, a

uMmeHHo [19]:
Py =]TP(). (7)
Takum oOpa3om, UIsi cpaBHEHUS BITU-

SITHUSL TIEPEHOCA BBIYHCIUTEIBHOM Harpys-

KM, ClefyeT CpaBHHMBaTb 3HaueHHUs BDBP

YCTPOWCTB € yYETOM TOTO, YTO HAa KPA€BOM
yCTpOWCTBE 00bEM BBIUMCICHUHN YBEIUYH-
BAeTCs, a HAa yCTPOUCTBAX, KOTOpPBIE paHee
ObUIM TPAH3UTHBIMU U YYacTBOBAJIU HC-
KJIIOUUTEIBHO B Mepeade JaHHBIX, 00beM
BBIUNCIIEHUN YMEHbBIIIACTCS.

Ha mnpumepe nemouku H3 YETBHIPEX
YCTPOWCTB PAacCCMOTPUM BIIUSIHUE IMEPEHO-
ca Harpys3Ku.

P() =P (1)-P,(t)-Py(t)-P, (). (8)

VYuureiBas Beipaxenus (3, 6, 7) mns
OLIEHKU BJIMSIHHUS 3arpy’KeHHOCTH YCT-
POMCTB, MOJy4YUuM cIeayrolue rpaduku,
JIEMOHCTPHUPYIOIIME BIMSHUE TepeHoca
Harpy3ku Ha BBP rpynnsl ycTpoicTs.

Ha rpaduxke puc. 2 BuaHO, 4TO 3HaUe-
Hug BBP rpynmel ycTpoicTB, peanusyro-
IIUX BBIYUCIIEHUS Ha KpParo, BBIIIE — 3TO
IIPOUCXOIUT 10 KparHEN Mepe 3a CYET CO-
KpallleHUs] Harpy3Ku, I'€HepupyeMoil He-
00XO0MMOCTBIO TIepeaun OOJIBIIUX 00be-
MOB AaHHbIX. [Ipu 3TOM HEO0OX0AUMO yuH-
TBIBaTh, 4TO 3HaueHUss BDBP yctpoiicTsa,
OCYIIIECTBIISIOIIET0 00paboTKy, YXy/AIlaeT-

Ci 3a CUCT NOBBIICHUS HAI'PYy3KH.
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Pwuc. 2. inntocTpauus cuTyaumm ysenuyenus 3Hadenmn BEP rpynnel ycTponcTs B crniyvae nepeHoca
YHKUMOHaNbLHOM 3agaqum 06paboTKM Ha YCTPONCTBO TYMaHHOrO/KpaeBoro Crnos cetu

Fig. 2. The illustration of device group reliability increase in case of shift of the functional task to the

fog- edge- device

Mogaenb OueHKM yBENMYEHNsi BpPEMEHM
Ha 06paboTKy AaHHbIX

Onupasicb Ha NPEACTABICHHbBIE MOJIE-
U OLICHKH BIIMSHUS IEPEHOCA HArpy3Ku
Ha BBP oraensHOro ycrponcrsa u Ha B6P
IPYIIIB YCTPOUCTB, MOXKHO CI€NaTh Mpel-
BAPUTEIIbHBIE BBIBOBI, & UMEHHO:

— TIIEPEHOC HArpy3KH Ha KpaeBoe
YCTPOWCTBO MEHBILEH IPOU3BOAUTEIBHOCTH
HETraTUBHO BIMSET Ha 3HaueHus ero BBP;

— 3a CYET CYILIECTBEHHOIO YMEHbIIIE-
HUS 00beMa TPaH3UTHBIX JAaHHBIX, 3HaYe-
Husg BBP rpynnel ycTpolCTB NOBBIIIAETCS.

PaccMoTpuM  OIMCaHHYIO CHUTYAalUIO
[IEpEeHOCa BBIYMCIMUTEIBHOW HAarpy3ku C
TOYKHU 3PEHHs] BDEMEHHBIX 3aTpar.

Bpems nepenaun naHHBIX CKIIaJIbIBa-
€TCS U3 CIELYIOUX KOMIIOHEHTOB:

— BpeMs IIpUEMa TaHHBIX U3 CETH;

— BpEMs OTIIPABKU JAHHBIX B CCTh.

BpemeneM nepenauu o KaHaity CBSI3U
MO>KHO IIpeHeOpeyb.

Taxum oOpa3om, BpeMsi mepeaayd OT
y31a A B y3en B MOXHO OUEHUTH Kak
CYMMy BpE€MEH Ipuema M mnepeiayu JaH-
HBIX 110 BCEM IPOMEXYTOYHBIM y3JIaM OT
UCTOYHMKA JaHHBIX 10 TNpHEeMHUKA. To
€CTb, JUISI 1Ieno4kH u3 N y3710B, Bpems Iie-

pc€aadun JaHHbIX 6YI[CT OLCHUBATHCSA KaK:
N . .

T0 = Z (treceive] (Vreceive) + tsend] (Vsend )) . (9)
i=l

IIpu sTOM Bpems mpuema-nepenadyu B
CeTh 3aBUCHUT OT 00beMa MPUHHUMAEMBIX U
IIepeAaBaEeMbIX TaHHBIX.

IlycTh 3aBUCHMOCTB MEKy BPEMEHEM
pUeMa-OTIPaBKH JaHHBIX U UX 00beMaMu

AMEET CIEEAYOIINNA BUI:
treceive = C-’Vreceive ) tsend = C-’Vsend .

Takum 00pa3om, CpaBHMBAs CUTYyaIlUH

nepeiayn JaHHBIX B 001ako W 00paboTKu

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



158 VHdbopmaTuka, BblMUCUTENBbHAS TeXHUKa 1 ynpaenenye / Computer science, computer engineering and control

JAHHBIX HA KpPacBOM YCTPOWCTBE, MOIYT
OBITH TIOJyYEeHBI CIEIYIONME OIECHKU (TIpH
JOMYIICHUH, YTO TOcie 00paboTKu 00bheM
JIAHHBIX YMEHBIIIAETCs, HAIIpUMep, B 4 paza).

Jlns BapuaHTa OOpabOTKM JaHHBIX B

oOJake:
Tl = 4C.>(Vreceive + Vsend) : (1 0)

Jlns Bapuanta oOpaOOTKM Ha Kpae-

BOM YCTPOUCTBE:

T2 = C.J(Vreceive + 07 25Vsend) +
+1,5CV,.., =C(V, +1,75V_,)- (11)

receive

Takum oOpa3om, BpeMsl COKpaiaercs

10 2,9 pa3 OTHOCUTENBHO Mepeaadyu MoJ-

HOro o0beMa JaHHBIX 0e3 MpeaBapUTeb-
HOM pa3paboTKu.

IIpm aTOM, €cnu JaHHBIE HE IEepena-
IOTCSl JaJibllle KPaeBOro WJIM TYMaHHOTO
yCTpoOiicTBa-00paboTUNKa, TEHACHIIUU CO-
KpallleH!s] BpeMEHH YCHIINBAIOTCSI.

IIpoBencHHBIN YKCIIEPUMEHT 110 IIepe-
nade JaHHbIX U3 PocrtoBa-Ha-/[oHy Ha
y3el, pPAacHoJIOKEHHbIII B JaTalleHTpe B
Kamudopuuu (cepsuc Amazon), mpoje-
MOHCTpHUpPOBaJ cienyroriee (puc.3).

Ha ocHoBaHuM pe3ynbTaToOB HATYPHO-
r0 HKCIEpUMEHTa CIeNlaeM AOMYLICHHE O
TOM, YTO MPHU YABOECHUH 00beMa repenadn
JAHHBIX MPOUCXOIUT YBEIHMYEHUE BpeMe-

HU niepetauy B 2,5-4 pasa.

Bpems, mc.
S 88888¢8 8 S8

o

128Mb 256Mb
O6bem faHHbIX, 6anT

1Gb 2Gb

Puc. 3. 3aBncMmocTb BpeMeHn nepeaayn faHHbIX oT Mx obbema

Fig. 3. The dependence between the data transfer time and the data volume

OueHka BNUAHNA OYHKUNOHAMNBbHbIX
3agad Ha BBP rpynnbl yCTPOWUCTB € y4eTOM
yBenu4eHns BpeMeHn Ha 06paboTKy AaHHbIX

Panee ObLI0 MOKa3aHO, YTO MPU YMEHb-

[IEHNA 00BEMOB nepcaaBacMbIX JaHHBIX I10

CETH YMEHBINACTCS U BpeMsl, He0OX0uMoe
Ha ux nepenady. lIpoBeneHHbI HaTypHBIN
SKCIIEPUMEHT MOATBEPAWII TEHICHUUIO, M0~
JY4YEHHYIO aHATUTUYECKH.

Takum ob6pazom, mpu HpUOIMKEHUN

00paOOTKM MaHHBIX K WX HCTOYHHKY, T1O-

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



KnumeHko A. B.

Ba3oBble aneMeHTsl METOAOMNOMMU CHUXKEHUS! pacxofa 0CTaToOuHOro pecypca... 159

ABJIAETCA JOINOJHUTENBHOE BpeMs, KOTO-
poe MOXeET OBbITh UCIONB30BAHO JUIS pac-
IIMPEHUsT BPEMEHHOIO HWHTEpBaja, OTBO-
JIMMOTO KpaeBOMY YCTPOMCTBY Juii oOpa-
00TKM HaHHBIX. TakKe 3TO BpPEeMS MOXKET
OBITh MCIIOJIB30BAHO VISl PACIIUPEHUS Bpe-
MEHHOTO HHTepBajia, HEOOXOAMMOTO st
OTIPaBKH M TIONYyYEHHUS [AHHBIX IPOMeE-
KYTOYHBIMHU y31amMu. Omnupasch Ha BbIpa-
xenus (3, 6, 7) onenum 3¢pdext nodase-
HUA BpeMeHu Ha BBP rpynmsr ycrpoiicts
(puc.4, 5).

[IponmtrocTpupyeM pe3ysbTaT OLEH-
k1 3HaueHurd BBP s xpaeBoro ycrpou-
CTBA, MOCJE MIEPEHECEHUS] HAa HETO BBIYMC-
JUTEIbHONW Harpy3ku U J00aBlIEHUS Bpe-
MEHH Ha €€ BhITIoJIHEHHuE (puc. 0).

Ha puc. 6 nokazano, yro 3HaueHusi BbP
KpaeBOI0 YCTPOWCTBA B YCIIOBUSAX MOBBIIIE-
HUS BBIYMCIUTEIBHOW HATPy3KH U yBeJH4e-
HUSl BPEMEHHU Ha €€ BBIIOJIHEHHUE, YBEIUYU-

BarOTCA. CJ'ICJIOB&TCJ'II)HO, 9TOT IIOAXOd MO-

KeT OBITh MCIIOIB30BaH ISl HEUTpaIH3aIluu
BJIMSIHUSL JOTIOJIHUTEIbHOW HAarpy3Ku Ha UC-

TMIOJIL30BAHUE PECypCa YCTPOUCTBA.

Ba3zoBble NONOXEHNst METOAONOMMMN CHUXeE-
HUsI pacxoda OCTaTOYHOro pecypca BblunCc-
NUTENbHbLIX YCTPOMCTB CUCTEM pacnpese-
NEeHHbIX BbIMUCNEHUI HA OCHOBE TYMaHHbIX
W KpaeBbIX BblYMCIEHWI

Taxum oOpa3omMm, onmpasich Ha pas3pa-
O0TaHHbIE MOJENH, PE3YyJbTaThl HATYypHO-
ro SKCIEPUMEHTa U KOMIIBIOTEPHOIO MO-
JEeTUPOBaHMsl, OBbLIM TOJIYYEHbl OLIEHKH,
KOTOPBIE IO3BOJISIIOT CHIEIATh CIEAYIOLINE
BAJKHBIE BBIBOJIBI:

— 7S pacmpenenieHHOW Treorpadude-
CKU HMH(OPMAIIMOHHONW CHCTEMBI, NpH Iie-
peHOCE BBIYMCIMTEIIBHOM HAarpy3Kd Ha
KpaeBbl€ yCTPOMCTBA WJIM YCTPOMCTBA TYy-
MaHHOI'O CJIOS MEHBLIEH MPOU3BOIUTEIb-
HOCTH, 3HaueHHs BDBP »stux ycrpoiicts
CHIJKAIOTCS 110 CPAaBHEHMIO CO 3HAYCHUSIMU

B YCJIOBUSIX MIE€peau JaHHBIX B 00JIaKO;

0,9
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0,7
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0,4
0,3
0,2
0,1
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Bpems, u.
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Puc. 4. ﬂ,OI’IOJ‘IHVITeJ'IbHOG BpemMA BblAeNieHO Ha 3agadu nepenadu n nonyvyeHua gaHHbIX B Lieno4ke

YCTPOWCTB

Fig. 4. The additional time is given for the data transfer tasks
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Puc. 5. Unnioctpaums pesynbtaTta gobasnenus 70% OOMOMHUTENBEHOTO BPEMEHM Ha BbINOMHEeHWe
(bYHKLMOHanNbHO 3a4a4v Ons Kpaesoro yctpoiicTea u 30% Ha npuem-nepeaady AaHHbIX

Fig. 5. The illustration of 70% extra-time addition to the edge-device task performing and of 30% extra-
time addition to the data transfer tasks implementation
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OOMOSNHUTENBHOIO BPEMEHHU

Fig. 6. A comparison of the edge device reliability functions for the cases of functional task performing
and functional task performing under extra-time conditions
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— OJIHAKO B CJIydae MEepeHOca BBIYMC-
JUTETIbHON Harpy3Ku Ha Kpail ceTH, Cyle-
CTBEHHO YMEHBIIIACTCS 3arpyXeHHOCTh
MPOMEXYTOYHBIX YCTPOMCTB, 32 CUET YETO
yBenuuuBaercs 3HadeHue BDBP  aTux
YCTPOMCTB, M Ul TPYIIBl YCTPOMCTB
ouecHka BbP ynyumaercs;

— TaKkKe B CiIydae mepeHoca oopador-
KA JTaHHBIX Ha Kpal CeTH MOCIeayroline
MPOMEKYTOUHbIE YCTPONCTBA MEpeaaoT B
00JIaKO 3HAYUTENBPHO MEHbIINE OO0BEMbI
JaHHBIX, YTO TAaK)K€ YMEHbIIaeT Heo0Xo-
auMoe It 3toro Bpems. Ilonmydyennoe Tta-
KUM 00pa3oM JOMOJIHUTEIHHOE BpEMsI
MOXXET OBITh JOOABJIEHO KO BPEMEHHU BBI-
MOJIHEHUsT (YHKIIMOHATBLHOW 3a7add Ha
KpPaeBOM YCTpOICTBE, 3a CUET Yero MOXKEeT
OBbITh CHMKEHA €ro 3arpy>KeHHOCTh U, Clie-
JIoBaTeNILHO, noBhIiecHa BBP.

OcHOBHBIE KOMITOHEHTHI pPa3padaThi-
BAa€MOW METOJOJIOTUM OINHUPAIOTCS Ha IIe-
pEeYHCIICHHBIC BBINIE YTBEPXKIEHUS. Takum
0o0pa3oM, OCHOBHBIC KOMIIOHEHTHI METO-
J0JIOTUU OYIyT CIeAYIOMIUMU:

— METOJ] CHWXKEHHS pacxo/ia pecypcoB
YCTPOWCTB KPaeBOro0 U TYMAHHOIO CJIOS
ceTd (3a CYeT MHCIOJB30BaHUS JIOMOIHU-
TEJIHLHOTO BPEMEHHU JUISl CHIDKEHUS 3arpy-
KEHHOCTH),

— MeTOJ| BbIOOpa YCTPOMCTB JUIsl pas-
MenieHus PyHKIIMOHATBHBIX 33/1a4,

— METOJ] CHHXKEHHS pacxo/ia pecypcoB
YCTPOWCTB KPaeBOro0 U TYMAHHOIO CJIOA
CETH B YCIIOBUSAX BBICOKOW TUHAMHUKU WH-
bpacTpyKTypBHl.

Cnemyer OTMETHTb, YTO BBIOOp YCT-
POMCTB sl pa3MemnieHuss (QyHKIIMOHAIb-

HbIX 3aJa4d sABJIACTCA OTI[GHLHOI;'I KOM-

IJIEKCHOM 3aJadel, pemaeMord B pamKax
ONMCAaHHON MPOOJIEMBI U HEMOCPEICTBEH-
HO CBsI3aH C TMpoLEIypol peKkoH(puUrypa-
IIUM, KOTOpasi HeM30eKHa B CUCTEMax C
BBICOKOM TMHAMMKOM YCTPOWCTB. B CBA3M
C 3TUM BO3HHKAIOT CJIEIYIOIINE BOIIPOCHL:

— cOop JaHHBIX 00 ycTpoiicTBax, (QyHK-
[UOHUPYIOUIUX B paMKax cuctembl. O0oc-
HOBaHWE BBIOOpa crocoba cOopa W MO-
JepKaHUsl aKTyaJlbHOCTH JIaHHBIX: pPa3o-
BbI€ OIPOCHI YCTPOWCTB JHUOO MOAJepxKa-
HUE (YHKLHOHUPOBAHHUS PACIIPENIEIIEHHO-
ro peecTpa JaHHBIX C TOYKM 3pEHUsS 3a-
IPYKEHHOCTH YCTPOMCTB;

— (opMUpOBaHHE TPYII yCTPOHCTB B
YCIOBHUSX BBICOKOM JUHAMHUKH CETEBOM
UHPPACTPYKTYPBHIL.

@opMHUpOBaHUE TPYIN YCTPOUCTB TaK-
K€ SABJIAECTCS KOMIUIEKCHOM 3a/ayel, y4u-
ThIBasl OIPaHUYEHHUS HAa BPEMs €€ BBINOJ-
HEHUS U OIPAaHWYECHMSI Ha HUCIOJIb3yEMBbIE
pecypceel. B ¢Bsi3u ¢ 3TUM OJHOM U3 NOJ3a-
na4 (OpMUPOBAHUS TPYIII YCTPOUCTB OyaeT
COKpAILEHHE BPEMEHM pEIIEHMs paclpese-
JUTENBHON 3a/1a4d, B TOM 4YHCIE, 34 CUET
PaLMOHATIBHOTO (POPMUPOBAHUS [TOMCKOBO-

ro npocrpascTsa [20].

Pe3ynbTaTtbl U UX 06CyXaeHne

B nannoii paboTe mocraBieHa akTy-
aNbHAs 3a/mada pa3paboTKU METOHOJIOTHH
CHIDKEHUSI pacxofa OCTaTOYHOIO pecypca
BBIYUCIIUTENBHBIX YCTPOICTB CUCTEM pac-
MpEeACIICHHBIX BBIYMCICHHI Ha OCHOBE TY-
MAaHHBIX U KPaeBBIX BhIUMCICHUN. BHHMa-
HUE aKUEHTUPYETCS Ha YCTPOMCTBAaxX Ty-
MAaHHOTO M KpPaeBOI'O CIIOEB C LEIBIO yBE-

JIMYCHHA CpOKa HX CJ'Iy>K6LI H, COOTBCT-
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CTBEHHO, CTOMMOCTH OJKCIUlyaTaluu CH-
creMbl. OCTaTOUHBII pecypc OLICHHBAeTCA
3HayueHueM BBP yctpoiictBa. Cnemyer ot-
METHTh, YTO B paMKaxX IaHHOH paboOThI HcC-
[IOJIb30BAaHO JONYIIEHUWE O TOM, 4YTO I
KaXJJ0r0 YCTPOMCTBA HEU3BECTHO BPEMS €0
(YHKIMOHUPOBAHUS U, COOTBETCTBEHHO,
CTEIeHb M3HOIIEeHHOCTU. [ToaToMy mpenro-
JIaraeTcs NPUMEHEHHWE €IUHOU CTPaTeruu
0 yBenu4yeHHwo 3HaueHud BBP mima Bcex
YCTPOUCTB-Y4aCTHUKOB.

Pa3paboraHHble aHATUTHYECKHE MO-
JENM TIO3BOJIWIIM CHAEJIAaTh BBIBOA O TOM,
YTO, BO-TIEPBBIX, NEPEMELICHNUE BBIUYNCIIH-
TEJIBHOM HAarpy3Kd Ha yCTPOMCTBA MEHb-
LIEN BBIYACIUTEIBHON MOITHOCTH CHUYKAKOT
ux 3HaueHus BBP Ha BhIOpaHHOM BpeMeH-
HOM uHTepBajie. OAHAKO Ui TPYIIbI yCT-
POWCTB, BKJIOYas IIPOMEKYTOYHBIE YCT-
POMCTBA, CIIy>Kalue A TPaH3UTa JaHHbIX
B 00j7aKo, B LIEJIOM OLICHOYHOE 3HaYeHHE
BBP mnoBblIaercs, 3a C4ET CHWOKEHUS TOU
Harpy3Kk, KOTOpas I€HEpUpPYeTCs IpHU Iie-
penade NaHHBIX MTPOMEKYTOUYHBIMU YCTPOU-

CTBaMH.

[Tpu 3TOM, Epemeras BEIYUCIUTENb-
HYI0O Harpy3ky K Kpar CETH, U OCTaBIIss
HEOO0XOUMOCTh MepeJadynd 4acTU4YHO 00-
pabOTaHHBIX JAaHHBIX B 00JIAKO, MBI MOJY-
YaeM BBIMTPBIII B BUJE JONOJHUTEIHHOTO
BPEMEHU 3a CuUeT OOIIEero yMEHbIIEHUS
BPEMEHU Iepeauyd JaHHBIX MEHBIIEro
oobema. [lpemiokeHHple 3HaYCHUS U3MeE-
HEHHsI NOTpeOIeHUsT BpeMEHH MPUBEICHbI
0e3 yueTa BO3MOKHOTO YMEHbILIECHUS IIyTH
JTaHHBIX B Ciyd4ae, ecnu (uHagbHas oOpa-
00TKa TaKXe IMPOU3BOAUTCA Ha YCTPOU-
CTBE KpPaeBOI'0 MM TyMaHHOTO CJIOS U TO-
TOMY SIBJSIFOTCS HWXKHEH OLIEHKOM BO3-
MO>KHOTO BBIMTpbIIIAa BO BpeMeHH. OjHa-
KO, KaK I0Ka3aHo Ha rpadukax puc. 4 u 5,
B Cly4ae paclpeleseHusi HIKCTpa-BpeMeHU
JUIsl TIepeladd JaHHbIX, 3HadeHus BDbP
rpynnsl ycrpoicTs nossimaercs 10 10%,
a B ciyyae pacnpenenenus 70% mnomyyen-
HOTO JIOMOJHUTEILHOIO BPEMEHU Ha pe-
nieHre (yHKIMOHAJIBHOM 3a/aud, 3Hade-
Hug BBP rpynnel ycTpolCTB IOBBIIACTCS
1o 15%, npu 3TOM 11 KpaeBOro ycrpou-
CTBa IMPOUCXOIUT TIOBBIIICHHE 3HAYCHUIN

BBP 10 7% no pe3ynbraTam SKCEpUMEHTA.

Tabnuua 1. Pe3ynbTatbl MOAENMPOBAHMA BNUSHNA NEPEHOCA BbIYMCIIUTENbHOM Harpy3kn Ha BBP

YCTPOWCTB U rpynn yCTPONCTB

Table 1. Results of modeling the impact of the transfer of computational load on the VBR of devices

and groups of devices

[IprnmeneHne KoHLE-
IIUY TYMaHHbIX BbIUHUC-
nenuii / Application of
the concept of foggy
computing

[TpuMeHeHEe KOHIICTIIUY TYMaHHBIX
BBIUHCIICHUM U PACIIpEEICHNE
Harpy3Kk# Bo BpemeHu / Application
of the concept of foggy computing
and load distribution over time

BEP xpaeBoro ycrpoucrsa

Yxymmenue 10 5%

VYayumenue g0 15%

BBP rpynmns! ycTpoicTs,
BKJIIOYas KpaeBoe

VYnyumenune 1o 3%

VYnyumenue 1o 7%
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[TosToMy Meromonorusi, OCHOBaHHast
Ha  pachnpele’eHud  BbIYUCIUTEIbHON
Harpy3KH 10 JIOTOJHUTEIHPHOMY BPEMEHH,
MOSIBJICHUE KOTOPOTO SIBIISIETCS pe3yJibTa-
TOM HCIOJB30BAHHUS KOHIICTIIIMA TyMaH-
HBIX M KpPaeBbIX BBIYHMCICHUH, MPEICTaB-
JSETCSl TEePCINEKTUBHOW C TOYKH 3PECHHS
pecypcocOepekeHus yCTPOWUCTB, TNPUHU-
MAIOIUX Y4YacTHE B BBIYUCIHUTEIHLHOM

npoiiecce.

BbiBogbl

B mHacrosmee BpeMs TyMaHHBIE U
KpaeBble BBIYHCICHHUS OOpETalT IMOMy-
JSIPHOCTh B CHJIy HEOOXOAWMOCTHU IOBBI-
IIEHUs] KayecTBa CEPBHCOB, a TAKXKE pas-
Ipy3Ku cereBoil nHppactpykrypsl. OnHa-
KO MpPaKkTUYECKU HE YJAEICHO BHHMAaHUS
TAKOMY acCIEKTy 3KCIUIyaTalluM pacipene-
JICHHBIX MH(QOPMALMOHHBIX CUCTEM Ha OC-
HOBE KPaeBbIX M TYMaHHBIX BBIYHMCICHUH,
KaK CPOK CITy>KObI yCTPOHCTB TYMaHHOIO U
KpaeBoro cioes cetu. Bo3zMokHOCTH mpo-
JUIEHUSI CPOKa CIY>KObI TaKUX YCTPONCTB
OKa3bIBAET MO3UTHBHBIN APPEKT HA CTOU-
MOCTh JKCIUIyaTallUd paclpeeleHHbIX
MH(POPMAIIMOHHBIX CHCTEM, IIOITOMY CHH-
’KEHUE Pacxo/la PecypcoB YCTPOUCTB SB-
JAETCAd AKTyaJIbHOW COBPEMEHHOM IIPO-
01eMoii, OXBaThIBAIOLIEH MHOTHE KJIACCh
TEXHUYECKHX CHCTEM.

B pamkax uccienoBaHuil TyMaHHBIX U

KpacBbIX BBIUMCIICHUN HE YACJICHO BHUMA-

HUE TaKOMy IOAXOAY K pecypcocOepexe-
HUIO, TIO3TOMY BITOJIHE OYEBHIHA HEO00XO-
IMMOCTh pa3pabOTKH METOIOJIOTHH, OpPHU-
€HTUPOBAHHON HAa COXpPaHEHUE OCTATOYHO-
IO pecypca BIYUCIUTENbHBIX YCTPOUCTB.
JlanHass paborta mocBsiiieHa (GpopmHu-
POBAaHUIO TEOPETUYECKHX OCHOB METOMO-
JIOTUM CHIDKEHHMSI pacxoja OCTaTOYHOTO
pecypca BBIYUCIUTENBHBIX YCTPOUCTB CH-
CTEM pacCHpeesICHHbIX BBIYUCICHUN Ha
OCHOBE TYMaHHBIX U KpPAa€BBIX BBbIUMCIIE-
Huii. Ha 0CHOBE aHAIIMTUYECKUX MOJEIICH,
CeJIaHbl BBIBOABI O TOM, UYTO MEPEHOC J0-
IIOJIHUTEJIBHOM HAarpy3Kd Ha YCTPOMCTBO
cHmxkaeT ero 3HaueHus BDBP, nmpu srtom,
OJIHAKO, MOBHIMAaKTCI 3HaueHus BbP
YCTPOMCTB, paHee Nepeaaroniux OOJbIIre
00BbeMBI JaHHBIX B 00ako. Tem He MeHee,
KOHLICTILIMM TYMaHHBIX U KPaeBbIX BbHIYMC-
JICHUH TpeAroyiaraloT o0paboTKy AaHHBIX
Ha Kparo ceTd (B TYMaHHOM CJIOE), B pe-
3yJbTaT€ YEro CYLIECTBEHHO CHHUXAETCs
00BbEM JaHHBIX, MEpPEeIaBaCMbIX B 0OJAKO,
U, CJIeA0BaTEIbHO, CHIXKAETCS BpeMs, s
3TOro HeoOxoauMmoe. Mcroap30BaHUE J10-
MIOJIHUTEJIBHOTO BPEMEHM C LEIBIO pac-
MIpeJIeJICHUs] BBIYUCIUTEIbHON HAarpy3Ky Ha
YCTPOICTBO M CHWKEHHE TaKWM OOpazoM
3arpy>KEHHOCTU BBIUMCIIUTENS MPUBOJAT K
MOBBIIICHNIO 3HadeHU BBP kak camoro
YCTPOWCTBA, TaK M TPYIIBI YCTPOUCTB,

YYaCTBYIOIIMX B BbIYUCIICHUAX.

Cnucok nutepatypbl

1. Moysiadis V., Sarigiannidis P., Moscholios 1. (2018). Towards Distributed Data
Management in Fog Computing // Wireless Communications and Mobile Computing.

https://doi.org/10.1155/2018/7597686

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



164 VHdbopmaTuka, BblMUCUTENBbHAS TeXHUKa 1 ynpaenenye / Computer science, computer engineering and control

2. Aazam M., Zeadally S., Harras K. A. Offloading in fog computing for IoT: Review,
enabling technologies, and research opportunities. Future Generation Computer Systems.
2018. https://doi.org/10.1016/j.future.2018.04.057

3. Fog computing in healthcare Internet of Things: A case study on ECG feature extrac-
tion / T. N. Gia, M. Jiang, A. M. Rahmani, T. Westerlund, P. Liljeberg, H. Tenhunen // Pro-
ceedings - 15th IEEE International Conference on Computer and Information Technology,
CIT 2015, 14th IEEE International Conference on Ubiquitous Computing and Communica-
tions, IUCC 2015, 13th IEEE International Conference on Dependable, Autonomic and Se,
2015. 356-363. https://doi.org/10.1109/CIT/IUCC/DASC/PICOM.2015.51

4. Chueshev A., Melekhova O., Meshcheryakov R. CLOUD ROBOTIC PLATFORM
ON BASIS OF FOG COMPUTING APPROACH // Lecture Notes in Computer Science.
2018. Vol. 11097 LNAL P. 34-43.

5. Any¢puesa H.1O., Mewepsikos P.B., IlleBnioBa [".A. OnennBanue pe3yabTaTUBHOCTH pa-
60Tb! LeHTpa nHpopmanronnoro odcysxusanus // Tpyasr CIIMMPAH. 2010. Ne 3 (14). C. 76-90.
N3Bectus Beicmx yueOHbIX 3aBeaeHuil. [Ipudopoctpoenue. 2012. T. 55. Ne 11. C. 63-66.

6. Liu, Kangkai & Guo, Linhan & Wang, Yu & Chen, Xianyu. (2020). Timely Reliabil-
ity Analysis of Virtual Machines Considering Migration and Recovery in an Edge Server.
Sensors. 10.3390/s21010093.

7. Stojmenovic 1., Wen S. The Fog Computing Paradigm: Scenarios and Security Issues.
Proceedings of the 2014 Federated Conference on Computer Science and Information Sys-
tems, 2014, 2, 1-8. https://doi.org/10.15439/2014F503

8. Big data processing in cloud computing environments / A. Noraziah, M. A. 1. Fakherldin,
K. Adam, M. A. Majid // Advanced Science Letters. 2017/ https://doi.org/10.1166/as1.2017.10227

9. Aazam M., Huh E. N. E-HAMC: Leveraging Fog computing for emergency alert service
/I 2015 IEEE International Conference on Pervasive Computing and Communication Work-
shops, PerCom Workshops 2015, 518-523. https://doi.org/10.1109/PERCOMW.2015.7134091

10. al Faruque M. A., Vatanparvar K. Energy Management-as-a-Service over Fog Com-
puting Platform // [EEE Internet of Things Journal, 2016, 3(2), 161-169.
https://doi.org/10.1109/JI0T.2015.2471260

11. A Comprehensive Survey on Fog Computing: State-of-the-Art and Research Chal-
lenges / C. Mouradian, D. Naboulsi, S. Yangui, R.H. Glitho, M.J. Morrow, P.A. Polakos
// TEEE Communications Surveys & Tutorials, 2018, 20, 416-464.

12. Vehicular Fog Computing: A Viewpoint of Vehicles as the Infrastructures” /
X. Hou, Y. Li, M. Chen, D. Wu, D. Jin, S. Chen // “IEEE Trans. Veh. Technol., Jun. 2016,
vol. 65, no. 6, pp. 3860 — 3873.

13. R. Brzoza - Woch, M. Konieczny, P. Nawrocki, T. Szydlo, and K. Zielinski “Em-
bedded systems in the application of fog computi ng - Levee monitoring use case” // 11th
IEEE Symposium on Industrial Embedded Systems (SIES) , 2016, pp. 1 — 6.

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



Knumenko A. B. Ba3oBble anemeHTbl METOA0NOMMN CHMKEHNS pacxofa OCTaTOYHOro pecypca... 165

14. Xu Y., Mahendran V., Radhakrishnan S. “Towards SDN - based fog computing:
MQTT broker virtualization for effective and reliable delivery” // 8th International Confer-
ence on Communication Systems and Networks (COMSNETS) , 2016, pp. 1 — 6.

15. M. Aazam and E. - N. Huh, “E - HAMC: Leveraging Fog computing for emergency
alert service” // IEEE International Conference on Pervasive Computing and Communica-
tion Workshops (PerCom Workshops) , 2015, pp. 518 — 523.

16. Inaltekin H., Gorlatova M., Mung C. (2017). Virtualized Control over Fog: Interplay
Between Reliability and Latency. CoRR, abs/1712.0. https://arxiv.org/pdf/1712.00100.pdf

17. A., S. Dolgovechnost Integralnih schem I proizvodstvenniye metody ee prognoziro-
vaniya. ChipNews, 2002, 6, 44—49.

18. Melnik E., Korovin I., Klimenko A. Improving dependability of reconfigurable ro-
botic control system // Lecture Notes in Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics): 2017. Vol. 10459 LNAL
https://doi.org/10.1007/978-3-319-66471-2 16

19. TumomenkoB C. I1., CumonoB b. M. , I'opomiko B. H. OcHOBBI Teopuu HaaeKHO-
ctu. M.: M3a-Bo «tOpaiit», 2019. 445 c. URL: https://urait.ru/bcode/433079 (nata obparie-
Hus: 12.04.2022).

20. Klimenko A., Safronenkova I. A Technique of Workload Distribution Based on Par-
allel Algorithm Structure Ontology. 2019. 10.1007/978-3-030-30329-7 4.

References

1. Moysiadis V., Sarigiannidis P., Moscholios 1. (2018). Towards Distributed Data
Management in Fog Computing. Wireless Communications and Mobile Computing.
https://doi.org/10.1155/2018/7597686

2. Aazam M., Zeadally S., Harras K. A. Offloading in fog computing for IoT: Review,
enabling technologies, and research opportunities. Future Generation Computer Systems,
2018. https://doi.org/10.1016/j.future.2018.04.057

3. Gia T. N., Jiang M., Rahmani A. M., Westerlund T., Liljeberg P., Tenhunen H. Fog
computing in healthcare Internet of Things: A case study on ECG feature extraction. Pro-
ceedings - 15th IEEE International Conference on Computer and Information Technology,
CIT 2015, 14th IEEE International Conference on Ubiquitous Computing and Communica-
tions, IUCC 2015, 13th IEEE International Conference on Dependable, Autonomic and Se,
2015, 356-363. https://doi.org/10.1109/CIT/IUCC/DASC/PICOM.2015.51

4. Chueshev A., Melekhova O., Meshcheryakov R. Cloud robotic platform on basis of fog
computing approach. Lecture Notes in Computer Science. 2018. Vol. 11097 LNAI, pp. 34-43.

5. Anufrieva N.Yu., Meshcheryakov R.V., Shevtsova G.A. Otsenivanie rezul'tativnosti
raboty tsentra informatsionnogo obsluzhivaniya [Evaluation of the effectiveness of the in-

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



166 VHdbopmaTuka, BblMUCUTENBbHAS TeXHUKa 1 ynpaenenye / Computer science, computer engineering and control

formation service center]. Trudy SPIIRAN = Proceedings of SPIIRAN, 2010, no 3 (14),
pp. 76-90. Izvestiya vysshikh uchebnykh zavedenii. Priborostroenie = News of higher educa-

tional institutions. Instrumentation.

6. Liu Kangkai, Guo, Linhan, Wang Yu, Chen Xianyu. (2020). Timely Reliability Anal-
ysis of Virtual Machines Considering Migration and Recovery in an Edge Server. Sensors.
10.3390/s21010093.

7. Stojmenovic 1., Wen S. The Fog Computing Paradigm: Scenarios and Security Issues.
Proceedings of the 2014 Federated Conference on Computer Science and Information Sys-
tems, 2014, 2, 1-8. https://doi.org/10.15439/2014F503

8. Noraziah A., Fakherldin M. A. 1., Adam K., Majid M. A. Big data processing in cloud
computing environments. Advanced Science Letters. 2017. https://doi.org/10.1166/as1.2017.10227

9. Aazam M., Huh E. N. E-HAMC: Leveraging Fog computing for emergency alert service.
2015 IEEE International Conference on Pervasive Computing and Communication Workshops,
PerCom Workshops 2015, 518-523. https://doi.org/10.1109/PERCOMW.2015.7134091

10. al Faruque M. A., Vatanparvar K. Energy Management-as-a-Service over Fog Com-
puting Platform. [EEE Internet of Things Journal, 2016, 3(2), 161-169. https://
doi.org/10.1109/J10T.2015.2471260

11. Mouradian C., Naboulsi D., Yangui S., Glitho R.H., Morrow M.J., Polakos P.A. A
Comprehensive Survey on Fog Computing: State-of-the-Art and Research Challenges. IEEE
Communications Surveys & Tutorials, 2018, 20, 416-464.

12. Hou X., Li Y., Chen M., Wu D., Jin D., Chen S., “Vehicular Fog Computing: A
Viewpoint of Vehicles as the Infrastructures,” IEEE Trans. Veh. Technol., Jun. 2016,
vol. 65, no. 6, pp. 3860 — 3873.

13. Brzoza - Woch R., Konieczny M., Nawrocki P., Szydlo T., Zielinski K. “Embedded
systems in the application of fog computi ng - Levee monitoring use case”. [/th [EEE Sym-
posium on Industrial Embedded Systems (SIES), 2016, pp. 1 -6

14. Xu Y., Mahendran V., Radhakrishnan S. “Towards SDN - based fog computing:
MQTT broker virtualization for effective and reliable delivery” 8th International Confer-
ence on Communication Systems and Networks (COMSNETS), 2016, pp. 1 — 6.

15. Aazam M., E. - N. Huh, “E - HAMC: Leveraging Fog computing for emergency
alert service”. IEEE International Conference on Pervasive Computing and Communication
Workshops (PerCom Workshops), 2015, pp. 518 —523.

16. Inaltekin H., Gorlatova M., Mung C. (2017). Virtualized Control over Fog: Interplay
Between Reliability and Latency. CoRR, abs/1712.0. https://arxiv.org/pdf/1712.00100.pdf

17. A., S. Dolgovechnost Integralnih schem I proizvodstvenniye metody ee prognoziro-
vaniya. ChipNews, 2002, 6, 44—49.

18. Melnik E., Korovin I., Klimenko A. Improving dependability of reconfigurable ro-

botic control system. Lecture Notes in Computer Science (including subseries Lecture Notes

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



Knumenko A. B. Ba3oBble anemeHTbl METOA0NOMMN CHMKEHNS pacxofa OCTaTOYHOro pecypca... 167

in Artificial Intelligence and Lecture Notes in Bioinformatics), 2017, vol. 10459 LNAI.
https://doi.org/10.1007/978-3-319-66471-2 16

19. Timoshenkov S. P., Simonov B. M. , Goroshko V. N. Osnovy teorii nadezhnosti.
[Fundamentals of reliability theory]. Moscow, Yurait Publ., 2019. 445 p. Available at:
https://urait.ru/bcode/433079 (accessed: 12.04.2022).

20. Klimenko A., Safronenkova I. A Technique of Workload Distribution Based on Par-
allel Algorithm Structure Ontology, 2019. 10.1007/978-3-030-30329-7 4.

UHcopmauma o6 aBTope / Information about the Author

Kaumenko Auna bopucoBHa, kaHauaat Anna B. Klimenko, Cand. of Sci. (Engineering),
TEXHUYECKUX HayK, CTaplIni Hay4HbIl coTpynHUK, Senior Research Fellow, Scientific Research
HayuHo-uccrnenoBaTeibCKuii HHCTUTYT Institute of Multiprocessor Computer Systems
MHOTOITPOIIECCOPHBIX BBIYUCIUTENLHBIX CHCTEM of Southern Federal University,

nMenu akanemuka A.B. Kansesa FOxHoro Taganrog, Russian Federation,

(enepanbHOTO YHHBEPCUTETA, e-mail: anna_klimenko@mail.ru,

r. Taranpor, Poccuiickas ®enepanus, ORCID: https://orcid.org/0000-0001-6527-8108

e-mail: anna_klimenko@mail.ru,
ORCID: https://orcid.org/0000-0001-6527-8108

M3BecTna FOro-3anagHoro rocyaapcTBeHHoro yrmsepcuteTa / Proceedings of the Southwest State University. 2022; 26(3): 151-167



