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METO CAMOBIZJHOBJIEHH PO3ITIOAIJIEHOI'O ITPOT'PAMHOI'O
3ABE3IIEYEHHS B TETEPOI'EHHUX KOMIIIOTEPHUX CUCTEMAX

Posenanymo cyuacui pisHi camo8ionogneHHs NpozpamHoz2o 3abe3neyeHHs. 3anponoHosamo
MoOeii po3nooieHuUx NPOSPAMHUX MA 2eMepO2eHHUX KOMN T0OMEPHUX cucmem, SKi 8paxosyoms
apximexkmypy HnpOCSPAMHUX KOMNOHEHMI8 mda 2emepo2eHHy Npupoody CYYACHUX OOUUCTIOBANbHUX
pecypcis. Po3pobneno memoo camogionosnients po3nooileHux npocpamuux cucmem, aKuil 00360J15€
giOHOGUMU NPAYE30AMHICINb NPOCPAMHUX KOMNOHEHM 6 YMOBAX 2emepO2eHHUX KOMN 10MeEPHUX
pecypcis.

Knwuosi cnoea: camogionosnenns, po3nooiieHe npocpamue 3a0e3nedeHHs, 2emepoeHHi
KOMN tomepHi cucmemu
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SELF-HEALING METHOD FOR DISTRIBUTED SOFTWARE
IN HETEROGENEOUS COMPUTER SYSTEMS

Modern software systems are created and executed in the conditions of continuous evolution of
hardware platforms and operating systems. Most of them have a distributed structure, and the
software components of the system are hosted on remote heterogeneous computer resources. At
some moment one of the programs, computing resource, communications equipment or one of the
available services fails. In some cases, there is a likelihood of external influence on the
performance of the software components.

In software systems, the term "self-healing" implies the existence of any application, service, or
system that may find that it is not working properly, and without any human intervention, makes the
necessary changes to restore itself to normal or design state. The system can perform the same
actions if its structural elements are likely to fail. The problem is to make a fault-tolerant system
that is able to respond to software and hardware changes and self-repair after crashes or take
appropriate action in the event of failure.

In in this article levels of software self-healing are considered. Models of distributed software
and heterogeneous computer systems are proposed that take into account the architecture of
software components and the heterogeneous nature of modern computing resources. A self- healing
method for distributed software systems has been developed to restore the functionality of software
components in the context of heterogeneous computer resources. The self-healing systems under
study can be divided into three levels, depending on the type of resources we track and influence:
application software, system software, and hardware level. The developed method allows working
on all three levels.

Keywords: self-healing, distributed software, heterogeneous computer systems
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PaccmompeHbz COBPEMEHRHbIE YPOBHU CAMOB0CCMAHOBIERUA NPOSPAMMHOCO obecneuenusl.

HpedflOcheHbl Mooenu pacnpedeﬂeHHblx npocpammHbIX U cemePOCEeHHbIX KOMNbIOMEPHBIX CUCMEM,
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yuumselearowue — apxXumekmypy —npocpaAMMHbIX KOMNOHEHMO8 U  2eMepO2eHHYI0  NpUpooy
COBDEMEHHbIX — GbIYUCIUMENbHLIX — pecypcos.  Paspaboman — memoo  camosoccmarnognenus

pacnpeoeneHnbix NPOSPAMMHBIX cucmem, Komopuwlii no3eonsiem 80CCMAHOBUMb
pabomocnocooHoCms  NPOSPAMMHBIX KOMNOHEHM 6 YCIOBUSAX 2eMePO2eHHbIX KOMNbIOMEPHbIX
pecypcos.

Knroueevie cnoesa: CaAMO60CCMAHO6IEHUA, pacnpeaeﬂeﬂﬂoe npoecpamvmHoe 06607’16qu1/[€,
CeMEPOCEHHbIE KOMNbIOMEPHbIE CUCNIEMDbL

1.Bcryn

CydJacHi mporpamMHi CUCTEMH CTBOPIOIOTHCSA Ta (PYHKITIOHYIOTh B YMOBAX IOCTIHHOI €BOJIFOILIT
armapaTHUX IIATPOPM Ta ONEpaIlifHAX CHCTEM. BUIbIIICTh 3 HUX MalOTh PO3MOJIICHY CTPYKTYpY, a
MPOrpaMHi KOMIIOHEHTH CHCTEMH PO3MIIIYIOThCS HA BIJJIAJICHUX PI3HOPIMHUX KOMIT IOTEPHHUX
pecypcax. PaHo um mi3HO BinOyBaeThes 301 OaHi€T 3 mporpam, OOYUCITIOBAIBHOTO PEcypcy,
KOMYHIKaIiifHoro obyiagHanHs abo OJUH 3 HasSBHUX CEPBICIB HE 3MOKE BIOPATHUCS 3 ITiJIBUILIEHUM
HaBaHTAXCHHAM. B OKpeMHX BHIaJgKax € WMOBIPHICTh 30BHIIIHBOTO BIUIMBY Ha MpPale3JaTHICTh
MPOrpaMHUX KOMITOHEHT. B yciX mux BUMagkax mocrae mpoOieMa BiIHOBJICHHS ()YHKIIIOHYBaHHS
porpamMHoro 3abesmnedyenns [1].

2. ITocTanoBKa npodieMu

VY mporpaMHHX CHUCTEMax TEpMiH «CaMOBIJIHOBIICHHS» Tependadae HasBHICTH OyIb-SKOTO
J0JIaTKa, CIIy)KOM a00 CHCTEMH, sIKa MOKE BUSBHTH, [0 BOHA HE MPAIIOE HAJICKHUM YHHOM, 1 0e3
OyIb-sIKOTO BTpY4YaHHS JIIOJUHU BHECTHM HEOOXITHI 3MiHH, 00 BiAHOBUTHU ceOe B HOPMAIbHOMY
abo mpoexktHoMy ctaHi [1, 2]. L1i s aii cucTeMa MOKe BUKOHYBATH y BUIIAIKy HMOBIPHOCTI BiIMOBH
ii cTtpykrypHux enemeHtiB [3]. CaMOBiZHOBICHHs IOJsIra€ B TOMY, 100 3pOOMTH CHCTEMY
3MATHOI0 MpPUHAMATH PIMICHHS, MOCTIHHO MEPEBIPSAIOYM 1 ONTHMI3YIO4M ii cTaH 1 aBTOMAaTUYHO
aJanTyl4uch J0 MIHIUMBUX yMOB. [IpoGnema monsrae B ToMmy, 100 3pOOUTH BiIMOBOCTIHKY
CUCTEMY, fKa 3]laTHA pearyBaTH Ha MPOrpamMHi Ta amapaTHi 3MiHHA 1 CAaMOBITHOBIIIOBATHUCS ITICIIA
3001B 200 BUKOHYBATH BiJIOBIIHI JIii y BUNAJIKY Mepe10auyeHHsI BiIMOB.

3.AHani3 nyoJaikaniii

CucreMu caMOBIJTHOBJIEHHSI MOXHA PO3JUIUTH Ha TPH PiBHI, B 3aJIE)KHOCTI BiJl THILYy pECypCiB,
K1 MU BIZCTEKYEMO 1 Ha K1 BIUIMBAEMO: MPUKIIAJHOTO MPOTPAMHOIO 3a0€3ME€YEeHHSI, CUCTEMHOTO
POrpaMHOT0 3a0e3MedYeHHs Ta piBeHb oOnaaHaHHs [1-4].

CaMOBIJTHOBJICHHSI Ha pIBHI MPOrpaMHOro J0JaTKy - L€ 3JaTHICTb OKpPEMOro J0JaTka,
OpOrpaMHOi CHCTeMH a0o CIyXOHM BIiJHOBHTH mpare3gatHicte 3cepeauHu [3,5]. YV Teopii
MporpamMyBaHHsI 3a3BHYail MPOOJIEMU PEECTPYIOTHCS 3a JOMOMOIOK) BHHATKIB 1, B OLIBIIOCTI
BUTAJIKIB, PEECTP BUKOPUCTOBYETHCS JJIS  IMOJANBIIOro aHaiizy. Komm BHHUKAE BHKIIIOYCHHS,
MOJKJIMBI Pi3HI Aii: ITHOPYBaTU HOTo 1 MPOJOBXHUTU BUKOHAHHS, 3YMHUHUTH J10JIaTOK, PO3POOUTH
KO/, SIKUM crpoOye BUSBUTH Ta BUIPABUTH MOMUIKY Ta MEpPE3aBAaHTAKUTH BUKOHAHHS 3ajavi.
3rogom 3'sBuimca Oinbinl  edeKTUBHI cmocoOW BHpIIMIEHHS MpoOJiieM BCcepeArHi JO0JaTKiB,
HamnpukiaJd, MmAa0JOHU TPOEKTYBaHHSA, SIKi JIO3BOJSIOTH CTBOPIOBATH JIOJATKW 1 cepBicH 3
BHYTPIIIHIM CaMOBiTHOBJIEHH:M [6].

CaMOBIZTHOBJIEHHSI HA CUCTEMHOMY PIBHI 3aCTOCOBY€ETHCS JIO0 BCIX CIY»KOOBHX IpOrpamM piBHS
omepamiifHol CHUCTEeMH 1 JOJAaTKIB HE3aJeKHO BiJ iX BHYTPIMIHIX KOMMOHEHTIB. lle Tum
CAMOBIJHOBJICHHS, SKHH MH MOXXEMO pO3pOOMTHM Ha piBHI BCi€l KOMIT'IOTEPHOI CHCTEMH.
[TpukazoM pilIeHHs! CHCTEMHOTO PiBHS € Mepe3aIycK MPorpaMHOro Mpouecy mpu Horo BiJMOBI.

Sxmio BigOymacs BiMOBa O0JIaHAHHS, CAMOBIJHOBIEHHS TOJSATAa€ y 3HAXOKEHHI POOOUYMX
BY3JIiB, Ha SIKI BUKOHYETHCS TEPEPO3MOJIT MPOrPaMHUX KOMITOHEHTIB 3 BCTAHOBJIEHHSM HOBHUX
MEpPEKHUX 3B’SA3KIB. SIK 1 HA CUCTEMHOMY piBHI, HEOOXIJHO MEPIOJUYHO MEPEBIPSITU CTaH PI3HUX
KOMIIOHEHTIB oOagHanHs 1 mistu Biamosigno [4,6]. OcobnmBa yBaro 10 HHMX MUTaHb iCHYE Y
PO3pOOHUKIB CaMO-aJalITUBHUX CUCTEM [7].

18



ISSN 2412-4338  Tenexkomynikamiiini Ta ingopmauiiitni Texnosorii. 2019. Ne 3 (64)

HaiiGinpin BiloMi METOAM CaMOBIAHOBJICHHS TIPOTPAMHOTO 3a0€3MeUeHHs 3aCTOCOBYIOThCS Ha
OJHOMY 3 BKa3aHMX PpIBHSAX, IO Hakjagae oOMEXeHHs Ha eQeKTHUBHICTb opraHizarii
(byHKILIOHATTBHOI CTIMKOCTI CUCTEM.

4. MeTa nociiaKeHHs

Mera moCHijKeHHSI TMOJISIra€ y CTBOPEHHI METOJa, Ha OCHOBI SIKOTO MOJJIMBO PO3pPOOIATH
3aco0M  CaMOBIJHOBIIEHHS  PO3MOAUICHOTO MPOrPaMHOrO 3a0€3MEYeHHs 3  ypaxyBaHHAM
oco0nIMBOCTEH ycix HaBeneHHX piBHIB. Lle 103BomuTH mpoekTyBaTd (YHKIIOHATBHO CTIHMKI
MpOTrpaMHi CHCTEMH, 3HAYHO CKOPOTUTH Yac BiAHOBIEHHS (DYHKI[IOHYBaHHS TaKHMX CHCTEM MIiCIIs
a00 B yMOBax MMOBIpHUX BiJMOB.

5. MojeJti po3nogijieHuX MPOrpaMHUX Ta KOMIT'IOTEPHHUX CHCTEM

Ha puc. 1 mpexacraBneHa y3araabHEHa CTPYKTypa CEpEIOBHUINA BUKOHAHHS PO3IMOALICHOTO
nporpaMHoro 3a0esmeueHHs. [IporpamMHuii KOMIOHEHT Pr, skuii € eIeMeHTOM MHOXHHH
MIPOrPaMHOT CUCTEMH, MOXKE OYTH MPEICTABICHUHN y BUTIISAII TBOX CTPYKTYPHUX CKJIQIOBUX: KOIY
(peani3zye MOBEOIHKY 1 € MOCIIJOBHICTIO BUKOHYBaHHMX I1HCTPYKIiH mpoiecopa abo BipTyadbHOI
mamunan) (Cd), i ganux (Dt), mo BimoOpakarTh CTaH MpOIECY B KOHKPETHHI MOMEHT 4acy. Kox
MIPOrPaMHUX KOMIIOHEHT, Y CBOIO Yepry, MOKHA MOJIUIUTH Ha TPU OCHOBHI IPYIU: OOYUCITIOBAIBHOI
npuknaanoi 3axaui (Cdy), MoniTopunry ta kKoHTpoio(Cdm), 30epexenns manux nporpamu (Cds).
TakuMm 9MHOM, MPOTPAMHA CUCTEMA MOXKE OyTH IpeICcTaBICHA MOICILIIO:

PS =UPr,i=1,N,Pr={UCd, Dt} ={Cd, ,Cdy, Cdg,Dt} (1)
|

PenoswuTopilt

Komn’toTepHi pecypcu

MHOXWHa MHOXWHa
KomninAtopis cepsiciB

MHOXnHa MHoOXnHa
BUXiAHWX KOAIB| | NPMKNaAHMX KOAiB

il
< Komn'ioTepHa mepesxa >

Pe3epBHi Komn'toTepHi pecypcu i

3acobu MoHimopuHay
pecypcy

[aHi nporpamHunx
KOMMNOHEHTIB

Puc.1. Y3aranbHeHa CTpyKTypa cepeloBHILa BUKOHAHHS PO3IOALIEHOT0 TPOrPaMHOTO
3a0e3nedeHHs

BiamoBinHo 10 moxeni (1), BigHOBIEHHS (YHKIIIOHYBaHHS MPOTPaMHOI CHCTEMH MICTHTH JIBa
eTanu: BiHOBJIEHHS KOJY, TOOTO BMKOHAHHS MpPOTpaMM, Ta BiJHOBJECHHS JaHUX, TOOTO CTaHy
mporpaMH y MOMEHT, SIKHH € HaWOIMKYUM JI0 TOTO CTaHy, B SKOMY HIporpama Oyna ImiJ 4ac
BIIMOBH.

Kon mporpamuux kommoneHT Cdy mae BigoOpakeHHS Y MHOKHHI MPUKIAJIHUX KOJIB Ta
MHOXHHI BUXIJJHUX KOJIB Ta MOKE€ BIJHOBUTHCS K AYyOJrOBaHHSIM cebe Ha pe3epBHOMY pecypci,
TaK 1 3aBaHTAXEHHSAM 3 PENO3UTOPil0. BiTHOBIEHHS MOXXJIHMBO IHII[IIOBATH 3a JOMOMOIOI0 KOIY
Cdm, abo, mpu BiZIMOBI KOMIT'IOTEPHOTO PECypcy, 3aco0aMu CHCTEMHU KypYBaHHS PO3NOALICHUM
00YHCITIOBAIBHUM TIPOIIECOM.
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OcobnuBa cuTyallis CKJIaJa€ThbCsl, KOJIW HEMAa€e KOMIT IOTEPHOTO PeCcypcy, KU 3aT0BOJIBHSIE
YMOBaM BHKOHAHHS MpPOTPaMHOr0 KOMIOHEeHTa. Lle MOXiIMBO, KOJNM pe3epBHI KOMI IOTEpHI
KOMIIOHEHTH MalOTh IHIIY ONepaliiiHy cUCTeMy, amapaTtHy Iuiat¢opMmy Ta iHme (3rilHO yYMOBI
TEeTEPOreHHOCTI HAsBHUX pecypciB). Y IbOMY BHIIaJIKy, 3a JOIMOMOIOK XMapHHUX CEpBICIB,
3HAXOSThCS BUXITHI KOJU TMPOTPAMHOTO KOMIIOHEHTa Ta HAJICKHUW KOMITUISATOP Ui HasiBHOL
wiargpopmu. [licns KoMminAwii, NPUKIATHUNA KOJX TIEPENacThCsl Ha PE3EPBHHUU pecypc Ha
BUKOHAHHSI.

Cdy

3MiHa CcTaHy [POrpaMy MPH3BOAUTL A0 3MiHM gaHux: Dt ————> Dt’ . 3mina crany
MojieNi BiZIOYBA€EThCs B TIEBHI MOMEHTH 4acy g, /1€ { € IUIMM YUCJIOM 1 MOXe OyTH MpuUB’I3aHUN 10
CHCTEMHOTO (amapatHoro abo MporpaMHOro) AMCKPETHOTO TaiiMepy. Takum YWHOM, BiJHOBJICHHS
MIPOTPaAMHOTO 3a0€3MEeUCHHSI MMOTPEOYye Mmepe3arycK MporpaMHOro KOMIIOHEHTa (TOOTO BiTHOBJICHHS
KOJy) Ta Iepe3aBaHTaXeHHs iHpopmaii (JaHuX Iporpamu).

VY po6orti [8] BBexeHi /Bi aKTHBHOCTI, 1[0 PEANi3yIOTh 3allUC CTaHy MPOrPaMu OJHHUM 3 JBOX
crioco6iB. Ilepmmii cmoci6 — 30epexeHHs gaHuX nporpamu (mamm mam’sti). Llel cmocid mae
HA/IIMHUN MEXaHi3M MMOBEPHEHHS MPOTPAMHUX KOMIIOHEHTIB B OyIb-SKHH MOMEHT B MHUHYJIOMY,
IS SIKOTO ICHY€E JaMil ram’siti. JlaHoMy croco0y MOCTaBUMO Yy BiAMOBIAHICTG mifnporpamy Prd(tg),
[0 JI03BOJISIE TpOrpami 3amam’aTaTd Bcl CBOI JaHi B MOMEHT uacy tg. pyruit cmoci® - 1e
3amam’ITOBYBaHHS iCTOpii 3MiHM 3MIiHHHX Tporpamu. SIKmo o0car naHuxX HporpaMu (CerMeHT
JaHWX) 3HAYHO TMIEPEBHINYE OOCSAT 3MIHHMX 3HA4eHb, TO MOXHA 3alaM’ sITOBYBAaTH aJlpecy
3MIHIOBaHUX JaHMX 1 iX HOBE 3HAYEHHS. 3T0JIOM YTBOPIOETHCS JIAHIIOXKOK TaKUX 3MiH.
[Tixmporpama, 110 BiOBIA€ ILOMY CIIOCOOY — Prc(Cdad’sz, tq) , ae atpubytu ad i SZ BU3HAYAIOTH
azipecy 1 po3Mip 3MiHIOBAaHUX JaHHUX BiJMOBIHO B MOMEHT 4acy lg.

3icTaBUMO KOXHY 3 IMX mignporpam (1) 3BopoTHIM, TOOTO TaKKM, SIKi MOBEPTAIOTh IIPOTpaMy B
OIMH 3i cTaHiB B MuHYyIOMY: Prig(ty) i Pr'¢(Cd*¥ t;). daxruuno, 3B0poTHa mimmporpama Pr’

. . Cd . .
peanizye omepariito Dt’ —M _5pt, MIOBEPTAIOYU IIPOrpaMy B OJUH 3 INOIEPEIHIX CTaHiB.

HasBHICTB 3a51€)KHOCTI BiJl AUCKPETHOT'O Yacy J03BOJISIE TOBEPTATH MIPOrpamy B OyAb-sIKUil MOMEHT
B MUHYJIOMY.

Bynp-sikuit 3 1mux ABOX croco0iB € JocTaTHiM, 100 30epertu iHdopmaliio mpo CTaHd
mporpamu Tij yac yacy BUKOHaHHS. OHAK KOXEH 3 HUX Ma€ CBOi mepeBard 1 Henomiku. [leprmmit
croci0, 3a3BUYai, BeJe [0 3HAYHMX 4YacCOBUX Ta PECypCHUX BHUTpaT, 00 MOTpiOEH 3HAYHUI
MPOLIECOPHUI Yac Ha KOMIIOBAaHHs JaHMX 1 JIIHIHHO 3pOCcTarounii o0csr nam’ ATl A7 30epiraHHs Beix
CTaHIB MPOTrpaMM MPOTATOM yacy BUKOHAaHHA. Jpyruii, Xod 1 mo30aBiIeHUH 3HAUYHUX PECYPCHHUX
BUTpPAT 3a MaM’ATI0 MpH 30€pekeHHi, BUMarae MiABHIIEHUX OOYMCIIOBAIBHUX BUTPAT y XOJi
peamizaiii BikaTy mporpamu y 4aci. JIJis BUKOHAHHS TOBEPHEHHS IMPOrpamMHu y dYaci, HEOOX1THO
BHUKOHATH JIAHIIOXKOK IMOJIA B 3BOPOTHOMY HOpsAAKY. Te, 110 3MiHA JaHUX MpOrpamu BiJI0OyBa€ThCS
HEOJHOPA30BO, 3HAYHO 301IBIITYE YaC BUKOHAHHS 1IHOTO MPOIIECY.

Pecypcu y KOMITIOTEpHIM CUCTEMI TakoXk yTBOprOIOTH MHOKMHY R ={R j Lhi=1M | nej-

HOMEp O0YMCIIOBAIBHOIO pecypcy, a N — unciao pecypciB y KoM loTepHii cucremi. bynb-skuit
O0YHCITIOBAJILHUIM pecypc, 3alydeHuil 10 OOYHUCIIOBAJIBHOI CUCTEMHM, TaK CaMo, SIK 1 3aBAaHHS,
OIHCYETHCA PSAOM XapaKTEPUCTHUK, SIK1 IPECTABIIEHI KOpTexkeM (2):

Rj:{apj,osj,msj},jzl,M, (2)

Jie ap — apXiTeKTypa Impoiecopa, 0S — omepailiiiHa cuctema, Ms — 06’eM oneparuBHOT Tam’siTi. B
3aJICKHOCTI BiJI THITY 3aBJaHb, IIsi MHOXXHHA MOXe OyTu po3mmupena [9]. HasBHICTh mepiimx JTBOX
€JIEMEHTIB MHOKUHU (2) MAKPECTIOE TeTEPOreHHICTh KOMIT IOTEPHUX CHCTEM.

MHuoxuHa pecypciB Rj B MIuHI 4Yacy JOUHAMIYHO 3MIHIOEThCS (BHIAJCHHS, JOJABaHHSI
00YHCITIOBAJIBHOTO PECYpPCY B CUCTEMY, 3MIHA XapaKTEPUCTUK pecypcy). Y pojl pecypciB MOXYTh
BHUCTYIIATH SIK KJIACTepH, TaK 1 Okpemi poOodi cTaHIlii, SKi HAAAlOTh KOPUCTYBayeBl JOCTYH IO
OTIEPaTUBHOI 1 BIpTYaJIbHOI ITaM’sITi, TUCKOBOTO MPOCTOPY, & TAKOXK IMpoIiecopaM 00UHCITIOBAIBHOTO
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peCypcCy.

6. MeToa caMOBiTHOBJIEHHSI PO3MOAiJIEHOT0 MPOrPAMHOT0 3a0e3neuYeHHs!

3a OCHOBY METOJIOJIOTIYHOTO MiX0y 0 BITHOBJICHHS MIPOrPAMHOTO 3a0e3MeUeHHs Ha ITiICTaBl
36epexxenns ganux (crany) mporpamu [10]. Hiokdye HaBeleHi eramd po3pOOJIEHOIO METOIY
CaMOBIJHOBJICHHSI PO3IOJIJICHOTO TPOTPaMHOr0 3a0e3MEYEeHHs] B T'eTEPOrCHHUX KOMIT FOTEPHHX
CUCTEMaX.

1. Peamizariiss poO3MOJUICHHS MPOTPAMHUX KOMIIOHEHT 3a KOMIT IOTEPHUMHU pecypcamu 3
ypaxyBaHHSIM T'€TEpPOr€HHUX YMOB KOMIT IOTEPHUX KOMITIOHCHTIB (2). 3aBaHTa)KCHHS 3TiJHO CXEM
MPU3HAYCHHS TPOTPAMHUX €JIEMECHTIB Ha BUWAUICHI pecypcH. 3amycK HpPOTPaMHUX KOMIIOHEHT
CHCTEMH, 30€pPEeIKEHHSI IOYATKOBOT'O CTAHY PO3MOJIICHOT MPOrPaMHOi CUCTEMH IIISTXOM BUKOHAHHS
Pr(to) must ycix N nporpam (q=0).

2. BuzHaueHHS MiAMHOXKMHU BUIBHHX pECypCiB Ticls peamizalii cXeMH TNpU3HAUYCHHS
(myHKT 1):

e M N .

R"= U Rpy\ U Rrr:J,V{Pri—>Rj} (3)
m=1 =1

V pasi, KoJau KUTbKICTh O0OYHCIIOBAIBHUX PECYPCiB MEHIIa a00 JOPIBHIOE KIIBKOCTI POTpam B

3aBlaHHi, BHpa3 (3) MOXe JaTh pe3ysbTar RE=2. B IbOMY BHIAJKy MOKHA NPUHHATH
€ M . . .
R” = U Ry . MoxuBa takox Moaudikamis MeTomy, B SKOMY IiIMHOXHHA YIOPAIKOBYETHCS
m=1

Ha OCHOBI 3aBaHTa)KEHOCTI OOYMCITIOBAIILHUX PECYPCiB.

3. BuzHauntu 3HaueHHA dacy tg, q=q+l, ans skoro Oyne BHKOHAHMHA JaMIl ITaM’ ST
pOrpaMHUAX KOMIOHEHTIB. [lepeBipuTH yMOBY 3aKiHUEHHS OOYHMCIIOBAIBHOTO Ipolecy. Ko
yMOBa BUKOHAaHa, NEepexis A0 MyHKTY 8.

N
4. Tlpu nocsrHeHHi yacy tq BukoHaTn Bei mignporpamu muoxud (J Cd, (tq ), U Cdm(tq )
i=1 i=1

N
U Cds(tq ). SIKmo Bci miAmporpaMu BHKOHAIUCS, MEPEXOJMMO 10 MYHKTy 3. SIKmo skacek i3
i=1

MiMporpaM HE BHUKOHAIACh (BIAMOBIAL BiJ HEi HE OJep)kaHO), abo iHIIIAOBaHA TMpoIeaypa
CaMOBIiTHOBJICHHS (TIporpaMHAM KoMroHeHToM Cdm), mepexoanMo 10 myHKTY 5.
5. BuzHauaeMo NiAMHOXKHMHY HPOTPaMHUX KOMIIOHEHTIB 3aBJaHHS, Bl SKUX HE OTPUMAaHO

BiJIMOBiI (He BUKOHAHO fnamm) P Err cP.

. Err . . .
6. JIJISI MAIMHOXHWHU P BUKOHATHU IEPEpO30OJALI PECypCiB 3 OTPHMMAHHIM HOBOlI CXEMH

npusHaueHHs: Sh Err ={P Err —R® }.

7. Peanizaltisi ailrOpuTMy CaMOBITHOBJICHHS 32 HACTYIIHUMHU YMOBAMHU:

- SIKIIIO pecypc L€ Mpalroe, MporpaMHUii KOMITIOHEHT Pr Moske OyTH nepefaHuil Ha pe3epBHUI
pecypc 0e3 3MiH;

- SIKIIO pecypc HEAOCSKHUI Ta € aHAJIOTIYHUM pe3epBHUN pecypc, MPOTrpaMHUIM KOMIIOHEHT Pr
3aBaHTAXYETHCS 3 MHOKUHU MTPUKIIATHUX KOJIB;

- SIKIIO Pecypc HEJOCSKHHMHA Ta HEeMae aHaJOTIYHOTO PE3epPBHOTO pecypcy, alie € pecypc 3
HILIOIO anmapaTHO-TIPOTrPaMHOI0 TIAT(GOPMOIO, BUKOHYETHCSI BUOIpKA MPOrpaMHOI0 KOMIIOHEHTA 3
MHOXXMHM BHXIJHUX KOJiB, KOMIUIALIS HporpaMyM Ta Iepeaada OTPUMAHOIO IPOrpaMHOIO
KOMIIOHEHTA Ha pe3E€pPBHUI pecypc.

[lepecunaHHsi BUKOHYETHCS 3T1ITHO CXEMHU MPU3HAYEHHSI MPOrpPaMHUX E€JIEMEHTIB Ha BUJUICHI

Err . ) .
pecypcu Sh . BukoHyeThCs 3amyCK IpOrpaMHUX KOMIIOHEHTIB, SIK1 BCTAHOBIIIOKOTH CBIM CTaTycC
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PO3MOAICHOI MPOTPaMHOI CHCTEMH IIJISTXOM BUKOHAHHSA Pr’ mis Bcix mporpam (q=0) 3 MHOXWHU

PE". [lepexin 10 MyHKTY 5 TaHOTO METOY.

8. 3aBepuieHHS OOYHMCIIIOBATIBLHOTO MPOIECY, 3aKPUTTS CIYXKO MIATPUMKH CaMOBITHOBIICHHS
MIPOrPaMHOT0 3a0€3MEUEHHS.

Le#t MeTo1 rapaHTye MOBHE CCaMOBIAHOBIEHHS (D)YHKI[IOHYBAaHHS NMPOTrPaMHOro 3a0e3rneueHHs,
ane motpedye Yac aJis 3A1MCHEHHS Tepe3aBaHTAKCHHS Ta TOIIYK 1 BIIHOBJICHHS JaHHWX I1aM ATi
MIPOrPaMHUX KOMITOHEHTIB 3a JJOMTOMOTO0 JIAMIIIB TIaM’SITi, a TAKOXK ISl KOMITUTAIIT BUX1HUK KOJIIB
i HOBUX mardopM. Y [bOMY BHUMNAIKy MPOTPaMU CHCTEMH, ab0 ii OKpeMi KOMITOHEHTH,
npocToroioTh. OCTaHHS BIACTHBICTH MOXE OyTH TOJOJIaHA 32 JOMOMOTOK) BUKOPHCTAHHS
MaXOPUTApPHOTO  MeTony  3abe3neueHHs  (YHKIIOHAIBHOI  CTIMKOCTI  PO3IMOIiICHOTO
00YHCITIOBAILHOTO MPOIIECY, ajie MOTpedye J0JaTKOBUX OOUUCTIOBAILHUX PECYPCIB.

7. BUCHOBKH

OCHOBHOIO  BIMIHHICTIO ~ pO3POOJCHOTO  METOJa  CAaMOBIIHOBIEHHS  PO3IOJILICHOTO
MIPOTPaMHOTO 3a0€3MEUYCHHS B TETEPOTeHHNX KOMIT FOTEPHHUX CHCTEMaX € MOKJIMBICTh BiTHOBJICHHS
(GYHKI[IOHYBaHHSI MPOTPAMHOI CHCTEMH HE3aJIeKHO BiJ HASBHUX alapaTHUX Ta MPOTrPAMHUX
pecypciB. [Ipu nboMy HasiBHICTH LIUX PECYpCiB MOKE€ MaTH €BOJIOIIMHHI XapakTep Ta BPaxoOBYe
MOSIBY HOBUX ITPOTPAMHHX TEXHOJIOTIH Ta I1aT()opM BUKOHAHHS MPOTPaM pEaIbHOTO Yacy.

HampsiMkoM moianbInnx JAOCTIDKEHb Yy chepi CaMOBIIHOBICHHS MPOTPaMHOTO 3a0e3MeUCHHS
MOXe OyTH pO3poOKa IHAMBINYyaJbHHX AITOPUTMIB JJIS PI3HUX THUIIB amapaTHUX IUIATPOpM Ta
BipTyanpbHUX MamuH. OcobnuBy yBary Tpeda NpUALTUTH XMapHUM Ta TYMAaHHUM OOUYMCIICHHSIM, K1
€ IPUPOJHUM CEPEIOBUIIIEM ISl PIllICHHS 3aBAaHb JaHOT 00JacTi.

Cnucox BUKOPUCTAHOI JiTepaTypu

1. Schneider, C., Barker, A., & Dobson, S. A survey of self- healing systems frameworks.
Software: Practice and Experience, 45(10), 2015. pp. 1375-1398.

2. Manzoor A., Rajput U, Phulpoto N, Abbas F, Rajput M. Self-healing in Operating Systems.
IJCSNS International Journal of Computer Science and Network Security, Vol.18 No.5, May 2018,
pp.92-98.

3. Hudaib, AA., Fakhouri, HN., Al Adwan, FE., & Fakhouri, SN. A Survey about Self-Healing
Systems (Desktop and Web Application), Communications and Network, Vol.09 No.01, 2017,
pp.71-88.

4. Wang, Z., & Wang, J. Self-healing resilient distribution systems based on sectionalization
into microgrids, IEEE Transactions on Power Systems, 30(6), 2015, pp.3139-3149.

5. Duarte, DP., Guaraldo, JC., Kagan, H., Nakata, BH., Pranskevicius, PC., Suematsu, AK., &
Hoshina, MS. Substation-based self-healing system with advanced features for control and
monitoring of distribution systems. In Harmonics and Quality of Power (ICHQP), 2016 17th
International Conference on 2016, October, IEEE, pp. 301-305.

6. Ansari, B., Simoes, MG., Soroudi, A., & Keane, A. Restoration strategy in a self-healing
distribution network with DG and flexible loads. In Environment and Electrical Engineering
(EEEIC), 2016 IEEE 16th International Conference 2016, June, IEEE, pp. 1-5.

7. De Lemos, R., Giese, H., Muller, H.A., Shaw, M., Andersson, J., Litoiu, M., Schmerl, B.,
Tamura, G., Villegas, N.M., Vogel, T., et al.. Software engineering for self-adaptive systems: a
second research roadmap. In: Software Engineering for Self-Adaptive Systems Il, Springer, 2013,
pp. 1-32.

8. Bonx M. A. XypHanuzanus COCTOSHHN MPOTPaMMHBIX paclpeelIeHHBIX MOOJIEeH U ee
UCIOJIb30BaHNE B ONTHUMHMCTUYECKUX alFOPUTMAaX CHUHXPOHM3AIMHU. 30IpHUK HAYKOBUX Mpalb
XapkiBcekoro yHiBepcutety [loBiTpsHux Cui. 2010, Bumyck 1 (23). C.104-107.

9. Filimonchuk T., Volk M., Ruban I., Tkachov V. Development of information technology of
tasks distribution for grid-systems using the GRASS simulation environment. Eastern-European

22



ISSN 2412-4338  Tenexkomynikamiiini Ta ingopmauiiitni Texnosorii. 2019. Ne 3 (64)

Journal of Enterprise Technologies. Information and controlling system, 2016. Vol. 3/9 (81). pp.
45-53.

10. Ruban I, Filimonchuk T, Ivanisenko I, Risukhin M, Romanenkov Y. The Method for
Ensuring the Survivability of Distributed Computing in Heterogeneous Computer Systems. 5th
International Scientific-Practical Conference Problems of Infocommunications. Science and
Technology (PIC S&T), Kharkiv, Ukraine, October 9-12, 2018, pp. 233-238.

References

1. Schneider, C., Barker, A., and Dobson, S. (2015) “A survey of self- healing systems
frameworks.” Software: Practice and Experience, 45(10): 1375-1398. Print.

2. Manzoor A., Rajput U, Phulpoto N, Abbas F, Rajput M. (2018) “Self-healing in Operating
Systems.” IJCSNS International Journal of Computer Science and Network Security, Vol.18 No.5:
92-98. Print.

3. Hudaib, AA., Fakhouri, HN., Al Adwan, FE., and Fakhouri, SN. (2017) “A Survey about
Self-Healing Systems” (Desktop and Web Application). Vol.09 No.01: 71-88. Print.

4. Wang, Z., & Wang, J. (2015) “Self-healing resilient distribution systems based on
sectionalization into microgrids.” IEEE Transactions on Power Systems, 30(6): 3139-3149 Print

5 Duarte, DP., Guaraldo, JC., Kagan, H., Nakata, BH., Pranskevicius, PC., Suematsu, AK., and
Hoshina, MS. (2016) “Substation-based self-healing system with advanced features for control and
monitoring of distribution systems.” In Harmonics and Quality of Power (ICHQP), 2016 17th
International Conference on 2016, IEEE: 301-305. Print.

6. Ansari, B., Simoes, MG., Soroudi, A., and Keane, A. (2016) “Restoration strategy in a self-
healing distribution network with DG and flexible loads.” In Environment and Electrical
Engineering (EEEIC), 2016 IEEE 16th International Conference: 1-5. Print.

7. De Lemos, R., Giese, H., Muller, H.A., Shaw, M., Andersson, J., Litoiu, M., Schmerl, B.,
Tamura, G., Villegas, N.M., Vogel, T., et al. (2013) “Software engineering for self-adaptive
systems: a second research roadmap.” In: Software Engineering for Self-Adaptive Systems II: 1-32
Print

8. Volk M. O. (2010) “The logging of the state of software distributed models and its use in
optimistic synchronization algorithms.” Proceedings of Kharkiv University of the Air Force, Vol. 1
(23): 104-107. Print.

9. Filimonchuk T., Volk M., Ruban 1., and Tkachov V. (2016) “Development of information
technology of tasks distribution for grid-systems using the GRASS simulation environment.”
Eastern-European Journal of Enterprise Technologies. Information and controlling system,
Vol. 3/9 (81): 5-53. Print.

10. Ruban I, Filimonchuk T, Ivanisenko I, Risukhin M, and Romanenkov Y. (2018) “The
Method for Ensuring the Survivability of Distributed Computing in Heterogeneous Computer
Systems.” 5th International Scientific-Practical Conference Problems of Infocommunications.
Science and Technology (PIC S&T), Kharkiv, Ukraine: 233-238. Print.

Aemopu cmammi (Authors of the article)

Py6an Irop BiktopoBuu — n.T.H., mpodecop, nepmmidi npopekTop XapKiBChKOTO HAI[lOHAILHOTO
yHiBepcurety pamioenekrponiku (Ihor Ruban — Doctor of Science (Technic), Professor, First Vice-Rector).
Phone: +380 (66) 188 18 85. E-mail: ihor.ruban@nure.ua

Boak Maxkcum QOuaekcanapoBud — JI.T.H.,, JOIeHT, npodecop Kkabeapu EnmexTpoHHHX
obuncmosaipanx Mammua (Maksym Volk — Doctor of Science (Technic), Docent, Professor of Computer
Engineering Department). Phone: +380(50) 342 42 90, E-mail: maksym.volk@nure.ua

Picyxin Makcum BonogumupoBuu — acmipant kadenpu EnekTpoHHHX 00YMCIIOBaJIbHMX MAIIUH
(Maksym  Risukhin -  postgraduate  student of Computer  Engineering  Department).
Phone: +38 (067) 578 03 31, E-mail: risuhin.max@gmail.com

23



