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Self-adaptation of complex systems is a very active domain of research with numerous application domains. Component
systems are designed as sets of components that may reconfigure themselves according to adaptation policies, which de-
scribe needs for reconfiguration. In this context, an adaptation policy is designed as a set of rules that indicate, for a given set
of configurations, which reconfiguration operations can be triggered, with fuzzy values representing their utility. The adap-
tation policy has to be faithfully implemented by the system, especially w.r.t. the utility occurring in the rules, which are
generally specified for optimizing some extra-functional properties (e.g. minimizing resource consumption).

In order to validate adaptive systems’ behaviour, this paper presents a model-based testing approach, which aims to gen-
erate large test suites in order to measure the occurrences of reconfigurations and compare them to their utility values
specified in the adaptation rules. This process is based on a usage model of the system used to stimulate the system and
provoke reconfigurations. As the system may reconfigure dynamically, this online test generator observes the system re-
sponses and evolution in order to decide the next appropriate test step to perform. As a result, the relative frequencies
of the reconfigurations can be measured in order to determine whether the adaptation policy is faithfully implemented.
To illustrate the approach the paper reports on experiments on the case study of platoons of autonomous vehicles.
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Hayunad crarpa ITocne nopa6oTku 10 mapTa 2021 r.
TlonmHBIN TEKCT Ha PYCCKOM fI3BIKE Ilpuusara k my6aukanumm 12 maprta 2021 1.

Camoamanraums CJIOKHBIX CUCTEM SBJIAETCS aKTMBHOI 06IaCThI0 TEOPETUUECKUX U IPUKIATHBIX MCCIeTOBAHMIL, MMEI0-
LN UPE3BBIUAIHO IIMPOKUIL CIIEKTP IIPUMEHEHN.

KoMIIOHeHTHO-OpMEeHTUPOBaHHbIE aJalTUBHBIE CHCTEMbI pa3pabaThIBAalOTCA Ha 6ase KOMIIOHEHT, KOTOpble MOTYT Ile-
PEHACTPOUTBCS B COOTBETCTBUY C ITOJMTMKAMH afaITally, ONMUCHIBAIOIIMMM IOTPeGHOCTH B PeKOHGUTYPUPOBAHNM.
B 5TOM KOHTeKCTe IIOJNUTMKA afalTalyy IIpeacTaBigeT co6oil Habop MpaBuiI, KOTOPbIe YKasbIBAIOT I JAHHOTO MHO-
»KecTBa KOHGUIypaLuii, KaKie oIlepanuy peKOHPUIyPIPOBAHMI MOTYT GBITh MHUIIMMPOBAHEI, IIPY TOM X II0JIEe3HOCTD
IpefcTaBIeHa HedeTKUMY 3HaueHnAMU. [IpaBuia oObIUHO pas3pabaThIBAIOTCS JUI OIITUMU3ALMI HEKOTOPBIX HeYHKIH-
OHAJIBHBIX CBOJICTB, HAIIpMMep, MUHMMU3AIY IOTPeOIeHNA PECypPCOB, II03TOMY PeaIM3allid CUCTEMBI C IONUTIKAMI
aflaTITalMy JOJDKHA OBITH TOYHOI, 0COGEHHO 110 OTHOIIEHNIO K OIIMCAaHHOI B IIPaBIJIaX ITOIe3HOCTY PeKOHQUIYpUpoBa-
HUSA.

C 1menpro BaIuaIyy MoBeAeHN aJalTUBHBIX CUCTEM B 3TOJ CTaThe IpeJICTaBIeH MOMETbHO-OPIEHTIPOBAHHEIN ITOJX0
K TeCTMpPOBAaHIIO, KOTOPHII HAIIpaBJIeH Ha CO3MaHIe OOJBIINX HaOOPOB TECTOB HJIS OLEHKH CIyuaeB PeKOH(UIypupo-
BaHMA U CpaBHEHUS YACTOTHI 3TUX CIydaeB CO 3HAUEHMAMU IT0JIE3HOCTH, ONMCAHHBIMU B IpaBMIaX afalTalui. ITOT
TIpollecc OCHOBAaH Ha MO MCIIOJIb30BaHMA CUCTEMBI B ee Cpefie, Il CTYMYJIMPOBaHNUs ee peKoHpurypuposanmit. ITo-
CKOJIBKY CMCTEMa MOYKET JUMHAMIUECKH M3MEeHATh CBOI0 apXUTEKTYPY, 9TOT TeHepaTop TeCTOB HabI0gaeT 3a OTKIMKAMI
CIICTEMBI Ha COOBITIA I € M3MEHEHMIMI B PEKIMe OHJIAMH, UTOOBI PEINTh KaKIM OyIeT CJIe Iy OLIT ITOAXOMSIIIIL II1ar
TecTa. B pesyspTaTe OTHOCHTEIBHBIE YaCTOTHI PeKOHQUIYPUPOBAHNIT MOTYT GBITh M3MEPEHBI, UTOOBI ONIPENeINTh, IIpa-
BIUTBHO JIY peain30BaHa IMONMTIKA afanTayy. UToObl IPOMLIIOCTPUPOBATH IIPEAJIOKEHHBII IIOIXO, CTAThs OIIMCHIBAECT
SKCIIEPMMEHTEHI 110 MOJEIMPOBAHMIO MIOBEIE€HNA KOJOHH aBTOHOMHBIX MAIIIVH.

KnroueBble ci1oBa: KOMIIOHEHTHO-OPMEHTNPOBAHHbBIE CYICTEMBI; IIOJINTIIKA adallTallVIN; OHJIATH TECTUPOBaHNE; MOEID
VICIIOJIb3OBAHMA
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Dadeau F., Gros J., Kouchnarenko O.

Beegenue

Konrtexcr n motuBanusa IlomuTuky aganTanyy MCIIONb3YIOTCA A YIIPaBJIeHUSA afallTUBHBIMIU CU-
cTeMaMI, YKa3bIBasi, KOTAa MOT'YT ObITh MHMIIMIPOBAHBI Ollepalun peKoH(purypuposauus. B atoit crarbe
IIOJIMTYUKY afanTanyuy GopMaabHO olpeneseHbl KaK HaOOPHI IPaBII, KOTOPbIe yKa3bIBAIOT IJII JaHHO-
TO MHOXXECTBA COCTOSIHUII CHCTEMBI, TaKKe Ha3bIBaeMBbIX KOHQUIYpaLMIMI, KaKye ollepaluy peKoHp!-
TypMpOBaHUA MOTYT OBITH MHUIIMMPOBAaHBL Takmm 00pa3oM, NpaBwla aJalTalNM MCIIONB3YIOTCS I
OIlpeesIeHNsT KOPPEKTHOTO ITOBEJeHN CUCTEMBI, ONMCBIBAS I K&XKIOTO PeKOH(PUIYypUPOBaHNUS ero 00-
JIaCTh, IIpeIBAPUTEIbHOE YCIOBNE U IT0JIe3HOCTh. [IpenBapuTenpHOe ycIoBue 1 061aCTh MOTYT COZIepKaTh
BpeMeHHbIe IIA0JIOHBI [1], Ipy 3TOM 061acTh OTpaHMUMBAET IIPUMEHeHUe peKOHPUrypupoBaHus (Ha-
IpyMep, Ha MHO)KeCTBe KOH(DUIYypaIuil MM IIpY HACTYIIeHMM CoObITHIT). [ yKasaHMs ITOJIe3HOCTU
PeKOH(UTYPUPOBAHNS, T.e. HEOOXOAMMOCTH) €T0 aKTUBAIMI JJIS CUCTeMBI, MICIIONIb3yeTCs HeueTKoe 3Ha-
uyenne (Harnpumep, high, medium, low), npuusaroe B HeueTkoIt soruke. Hammpumep, MOXXHO yKasark, uTo
II0CJIe BXO[]a aBTOHOMHOTO aBTOMOOMJISL B TYHHEJIb, €CJIM €T0 3aI1ac 9HEPrUY OTPaHIYeH, TO OYeHb IT0JIe3HO
OTKJIIOUNTH ero KomnoHeHT GPS.

Kak cireicTBue MCIIOTB30BaHMS TAKOTO HEO0A3aTeIBHOTO XapaKTepa peKOH(GUTIypIpoBaHII BO3MOKHBI
pasIMYHbIe pean3aly KasKI0 IOINTUKY afall TALIY IIPU YCIOBIY, UTO Pe3YyJIbTUPYIOIIIE MCIIOIHEeHUS
aIalITUBHOII CUCTEeMBI He HapyIIaIoT HUKAKIMX BpeMEeHHBIX CBOJICTB. BepmduKkanys 1 Banyaanus aganTyB-
HBIX CMCTEM SIBJITETCS CIIOKHOI 3aJjauell 13-3a 9TUX MHOKECTBEHHBIX, XOTS I KOPPEKTHBIX pean3aluii
CMICTEMBI, IIOMUMHSIONIEeIICA ITONNTUKAM afalTalliy ¢ BpeMEHHBIMY CBOJICTBAMU. DTV JOIIOIHUTEIbHBIE
apredaKThl — BpeMeHHbIe CBOJICTBA ¥ IOJIUTUKM aJalTallly, JAIOT BO3MOKHOCTh YOeIUTHCSI B KOPPEKT-
HOCTY BBIIIOJHEHMII cucTeMbl. Hampumep, ciexeHyue 3a BpeMEHHBIMM CBOVICTBAMM IIPY BBITIOTHEHNI
CHMCTEeMBI IT03BOJIIET YOOCTOBEPUTHCS, UTO HIKAKOTO HApPYIIEHMS 3TUX CBOJVICTB He oOHapyskeHo [2]. On-
HAKO IS ITOJIMTUK aJalTaliy BOIIPOC 00 yCTAHOBJIEHUN TOUHOCTM UX COOMIOMeHMs (MX BaImmauus) He
ABJIETCI B HACTOsAIee BpeMs HOCTATOYHO M3YYEHHBIM. DTO OOBACHAETCA INIABHBIM 00pa3oM TeM, UTO
MOJIMTYUKI afallTal[y He HOCAT IIPeANIIChIBAIOLIINIL XapaKTep.

Kak mpaBmio, MeTobl BaIMAALMM CHCTEM ONMPAIOTCI HA MOMENM MX IIOBeNEeHMNS, VICIIOJIb3yeMbIe
B KauecTBe OIIOPBI JUIS TeCTMpOBaHMUA. [l afalTUBHBIX CUCTEM C IOJIUTMKAMM afallTallVii, 9TO ITOX-
pasyMeBaso 6bI HEOOXOAMMOCTb BBIOOpA HEKOTOPOII OIOPHOI peaTr3alyyi CYCTEMBI IO IOIUTIKAMU
amanranuy 1 TpeGoBaso GBI OT CHCTEMBI TOTO K€ CaMOro BbIOOpa AJISA COOTIOAeHNS ITOJUTUKM, a ITO
CIIMIIIKOM OTPaHMYEeHO B CJlydae ONMCAHHBIX BBIIIE IIONUTHK. B 3TOI cTaThe IpeaIosKeH ITOAXOM I
BaIMJALMI PealM3al(ii ITOJIUTUK afallTall/, KOTOPBIIL UCIIOIb3yeT TOJIbKO CaMU IIOJTUTHUKY B KaueCTBe
orropsl. II0CKONIBKY ITONMMTMKY aJaliTAllVy OMVCBIBAIOT IOTPEOHOCTY PeKOHUTYPIPOBAHNS 110 OTHOIIIE-
HIIO K Cpefie, B KOTOPOII BBIIIOJIHAETCS CMCTeMa, BMECTO MOJENN IOBEeJeHN CUCTeMbI MBI IIpefiaraeM
JICIIOJIH30BaTh MOJENb CPeMbl €€ BBIMOJHEHNUI. JTO II03BOJIAET IIPMHUMATh BO BHMMAaHIeE HACTyILIEHUe
COOBITMIT B Cpefie C IOCJIeAYIOINMMY PeKOH(QUIYpUPOBAaHUAMY, BBISBAHHBIMY STUMM COOBITHAMU. {11
Ka)X[IOTO KOMITOHEHTa TaKas MOMEJb Cpedbl OIUCHIBAET, KaKye COOBITUS, B UaCTHOCTY BHEIIIHIE, MOTYT
CTUMYJIMPOBATh PEKOH(GUIYPMPOBAHMS IIPYU €ro MCIoib3oBaHMM. [[0aToMy OHa HasbIBaeTCAd TaKKe MO-
JeJIbI0 MCIIOJB30BAHMS, M, KaK IIPaBWJIO, OHA 3HAUUTEJIBHO MeHbIIle, YeM MOJeNb CaMoil CUCTeMbl. B
IpeasIayIeil pabore [3] ommcaH moAXox K BaXMAALMM CUCTEMBI IO OTHOIIEHMIO K IIOJUTUKE aJamTa-
LN ITyTeM IIPOBEPKI TOTO, UTO PeKOH(MUTYPUPOBAHMS, KOTOPbIe MHIIMIPOBAHBI BO BpeMs BBIIIOJIHEHN,
COOTBETCTBYIOT PeKOH(DUTYPUPOBAHNAM, pa3pellleHHbIM ITOJINTIKON aTarTall/IL.

Hossele pesyaprarel [laHHasg paboTa IpomoDKaeT pacCMOTpEHME BOIPOCa O COOJIONEHNY ITOJIe3HO-
CTU IPaBUJI MOJIUTUK aJaNnTalluU IIpY MCIOTHEHUN cUCTeMBbl. [JIS Badupmanuy IpejjaraeTcs IpoBeCcTU
CTaTUCTUYECKUII aHAIU3 YacTOT PeKOHPUIrypupoBaHmit. [ TOro, 4To6bl MMETh 3HAUUTEIBHOE KOJIM-
YEeCTBO BBIIIOJHEHUII C OCYII[eCTBIEHIEM PeKOH(UIYPUPOBAaHUIL, B CTaThe MPEIIOKEHO aBTOMATIUECKH
reHepUpPOBATh MHOKECTBO TECTOB. TeCTHI IIOIYyUeHB] CIyUYalfHBIM JICCJIEJOBAaHMEM MOJeJIel Cpeabl KOM-
IIOHEHTOB, ONMCHIBAIOIINX, KAK CTUMYJIMPOBATh aJalITMBHYI0 KOMIIOHEHTHO-OPMEHTUPOBAHHYIO CIICTEMY,
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B UaCTHOCTY, IIOCPEICTBOM BHELIHNUX COOBITHIL. [IOCKOIBKY peKOH(PUIYypUpOBaHUS MOTYT IPOMCXOAUTD
0e3 yIpaBiIeHUs CO CTOPOHBI CIIEL[MATINICTA 10 TECTUPOBAHNIO, IIPOLIecC POPMUPOBAHMS TECTA IIPOUCXOINAT
B peXXyMe OHJIAVH: Ipe/jlaraeMblil HAaMJ TeHepaTop TeCTOB HaOJI0AaeT peKOH(GUIYPIPOBAHNS CUCTEMBI
B OTBET Ha COOBITUSA B €€ Cpejie U BBIUNCISET CIIe YOI 9TAIl TECTa, KOTOPBIN JOJKEH ObITH BHIITOIHEH.

OngHyM M3 MeTOROB Baumparyy Ha 6ase MOJeell SBJISeTCS JCIIONb30BaHue KPUTepUeB ITOKPBITHUS
TeCTaMI BO3MOKHOTO IToBeeHMs cucteMbl. OHM 00eCIIeuBaIOT, UTO CIyYal TECTOB HAIOT XOPOLIIee IIpef-
CTaBJIeHJe O BO3MOJKHOCTSX CUCTEMBI, IOKphIBas ux. Ciemyst 3ToMy MeTOAy, AaHHas paboTa OIpaeTcs
Ha pe3yJIbTarthl [3], rme GbLIN OIIpexeIeHbl KPUTEPUM TECTOBOTO IOKPHITII C aKIIEHTOM Ha ABa apredakTa,
a MMeHHO: (a) MoMMTUKM amanrauyy u (6) MHOXXeCTBO BpeMEHHBIX CBOJICTB, KOTOPBIM CHUCTEMa HOJIKHA
YIXOBIETBOPATH. VIX MOKHO MCIIONB30BaTh VIS MJLTIOCTPALIMN PA3JIMYHBIX CLIEHAPUEB BBIITOJHEHU. DT
apTedaKThl I03BOJILIOT 00ECIIEUNTh Pa3HOOOPA3HOCTh TPACC BBIMOIHEHNI, KOTOpble OyAYT PEerucTpupo-
BaThcsl. Takum 06pa3om obecIieunBaeTcss yBepeHHOCTh B Pe3yJIbTaTax aHAIN3a YacTOT peKOH(PUrypupoBa-
Huil. [JlanHas paboTa COmEP:KUT CIIeayIolye HOBble MaTtepuaisl: (1) onraiin npouecc GOpMUPOBAHMS Te-
CTOB, BKJIFOUAIOLL{MI MOMEJIb CPe bl MCIIOJIb30BAHI CICTEMbI, KOTOPBIII HAIIPABJIeH Ha CO3/1aHe GOJIBIINX
MHOJKECTB TECTOBBIX CIIYyHUA€B, YAOBJIETBOPAIOIIMX KPUTEPUAM ITIOKPBITUSA, OIIPENEIIEHHBIM B Hpenbmymeﬁ[
paborte; (2) Mepa BCTpeuaeMOCTH OIlepalyil peKOH(UIYPUPOBaHs, OTIpeeIeHHas Ha OCHOBE UaCTOTHOTO
aHaju3a U HaIpaBleHHas Ha IOATBEP)KAEHNe IOJMTUK ajanTarun; (3) sKCcIlepMMeHTalIbHOe ITOATBEp-
JKJI€HIIEe 9TOTO IIpoliecca Ha IpyMepe aBTOMOONIIel 1 KOJIOHH aBTOMOOWIIENT Ha JOpoTe.

[MaHHas craThs OpraHM30BaHa CledyoIuM obpasom. Paszmen 1 comepskut HeOOXORMMBIE CBeNEHNS
0 KOMIIOHEHTHO-OPMEHTMPOBAHHBIX CICTEMax M ITOJMTUKAX afanTaiumn s Hux. IIporecc reHepaumm
TECTOB, KOTOPBIII ONMPAETCS Ha MOEJb MICIIOIb30BAHNS CPeIbl CUCTEMBI OIIVCAH B paszeiie 2. OcCHOBaHHas
Ha 4aCTOTHOM aHajN3e OlleHKa HeUeTKMX 3HAUeHMIT [T0JIe3HOCTY PeKOH(UIYypIpOBaHUII IpeICTaBIeHa B
pasmeite 3. Pe3yibpraTsl 9KCIIEPMMEHTOB 10 MOJENIMPOBAHNIO [TOBEIEHNS KOJIOHHBI aBTOHOMHBIX MAIINH
naHbl B pasnene 4. Hakonerr, 6ubnnorpaduueckue 3aMeTKI 1 3aKJIIOUEHNE COlepKATCs B pasjesie 5.

1. IIpumep u HeoOXOAMMBIE OIIPeeIEHUS
1.1. ApanTuBHBIE CHICTEMBI Ha IIpMepe KOMIIOHEHTHO-OpMeHTupoBaHHOII ceTnn VANet

IIpumep 1. Haunem c onucanus npumepa KoMnoHeHmHo-opuenmuposantoti cucmemut cemu VANet (Vehicular
Ad-Hoc Network), komopuiii nokasan Ha pucynke 1. Cemv VANet cocmoum u3 mawuH, komopuie 1ub60 Haxo-
0simcest 6 00UHOUHOM pescume, TUOO 0peaHU3068aHbl 6 KOJOHHYL. Kaxdas KomoHHa 603enasnsemcs tuoupyroujeti
Mawunot. JIo6as Mawura 6 00UHOUHOM pexcume (COTI0) MOKHem NONPoCcUmMb NPUCOEOUHUMBCS K KOIOHHE UTTU
NPUHAMb peuleHue 0 cO30aHUU HOB0U KOTIOHHbL ¢ 0PY20Ul MAWUHOT 6 pescume como. Kaxdas mawuna 6 kononHe
MOJcem NonpocuUmy 6biiimu U3 Hee NOCKOIbKY JTUGO oHa 006panace 00 Mecma Ha3HaueHUst, TUGO eti Heo0x00UMO
60CNOTHUMb 60U IHepzuuecKue pecypcvl. Komonna moicem nomensmo sudepa, eciu 0pyzas MAUWUHA UMeem
60TbULYI0 ABMOHOMHOCMY, TUOO0 U3-3a OoJtee YOaTeHH020 NYHKMA HA3HAUeHUs 0pY20ti MawuHbl. B okpysicenuu
cucmembl MOZym NPoucxooumnv 6HewHue cobbimus. Hanpumep, Hosass Mawuna Moxem 6blexamv Ha 00Pozy,
USTU 600UMeTb MOXem NPUHAMb peuleHue NOKUHYMb KOJIOHHY U3-3a HO8020 MeCMA HA3HAUEHUS.

Omnupasce Ha 3TOT IpMMep, BBeJleM IIOHATIE KOMIIOHEHTHO-OPMEeHTUPOBaHHbIX cucTeM. Kak mpasuio,
KOMIIOHEHTBI — 3TO 00BEKTBI, KOTOpPBIe MOKHO OObeAMHATD IJI CO3JaHNUA CIOXKHBIX cucTeM. Paccmarpnm-
Ba€MbI€ KOMIIOHEHTHO-OPMEHTNPOBAHHBIE CUICTEMBI ABIAIOTCA MEPAPXNUECKMIMY, UMEOINMMI OBa TIUIIA
KOMIIOHeHTOB. [IpuMuTuBHbBIe MM 6a30Bble KOMIIOHEHTHI IIPEIOCTABIAIT MHPOPMALNIO VI yCIYTH,
B TO BpeMs KaK COCTaBHbIe KOMIIOHEHTBI COfleprKaT APyrue KOMIIOHEHTHI. TpeOyeMble M IIpeJoCTaBIIsie-
Mble MHTepQeiChl ABIAIOTCI TOUKAMM B3aMIMOMAEVICTBUA MEXIy KOMIIOHeHTaMn. KoMIIOHeHT peanmusyer
paboTy MM CepBUC M IIOCTABJILeT UX uepe3 IpefocTaBiseMblil nHTepderic. TpeGyeMmsblit nHTepdelic —
aT0 MHTepdelic, HeoOXOMMMBII KOMIIOHEHTY IUId paboTsl. CocTaBHbIe KOMIIOHEHTBI MOTYT [IeJIeTMPOBATh
cBou MHTep(elichl BHyTPpEeHHIM KoMIoHeHTaM. OmpeneseHNs KOMIIOHEHTOB, MHTepdeiicoB, IepeMeH-
HBIX, IPUBSA30K JUI IX COBMECTUMOIL COOPKIM U ITPOUMX 3JIEMEHTOB MO MOTYT ObITh HaliJieHbI B [1, 4].
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CocTosiHME KOMIIOHEHTHO-OPMEHTIPOBAHHOI CUCTEMBI, TaK)Ke HasbIBaeMoe KOHQUIyparyelt, Ipeacras-
JsieT co60it Habop BBILIEYIIOMSIHYTHIX ApXUTEKTYPHBIX 2JI€MEHTOB (KOMIIOHEHTOB, MHTep(deIICoB U Iapa-
METpPOB) BMeCTe C MX TUIIAMMU U OTHOIIIEHUSIMY, YTOOBI CTPYKTypUpPOBATh 1 CBI3aTh nX. PekoHpurypupo-
BaHIE MOXXeT OBITh PACCMOTPEHO KaK IIepexo]] OT ONHOI KOHQUIypalum K Jpyroii.

KoMmnoHeHThI MOTYT OBITH pean30BaHbl He3aBUCHIMO APYT OT Apyra. KOMIIOHEHT MOKeT ObITh CO3[aH
¥ MTHUIMMPOBAH HECKOJIBKO pas, HallpuMep, Kak KOMIIOHEHTHI KOJIOHH I MaIlIyH.

conny

w3 : Vehicle _J—(

next

connV
vd : vehicle

next

r:Road

vehicles

connV
V5 1 Vehicle

next

: Platoon

-

p

cannV

connV

conny

v1.2 : vehicle v1.3 : Wehicle

I

v1.1: Vehicle

leader next next next

p2 ! Platoon

connV

v2.1 : Vehicle

v2.2 ; vehicle _l'(

leader hext

next

Fig. 1. Component architecture (a) vs. Puc. 1. KoMnoHeHTHaa apxutekTypa (a) HanpoTnBe
the considered VANet system state (b) paccmaTprBaemoro coctosiHua cetn VANet (b)

Ipumep 2. Ha pucynxe 1 crresa (a) usoopaxero cocmosinue VANet, coomeemcmeyoujee cumyayuu Ha pucyHke
cnpasa (6). CocmasHoti dopoxcHuiti komnonenm (Road) codepicum xomnonenmu mawun (Vehicles), komopoie
Moeym 6vimv 6 kononHax (1.X, 2.X) unu cono (3, 4, 5). Komnonenmot mawun (Vehicles) coedunenvt 0pye c 0pyzom
uepes uHmepeiicol, NO3GONANULUE 0OMEHUBAMBCT UHPOPMALUET.

IMonuTuxy aganTanmy I TAKUX CUCTEM PacCMaTpUBAIOTCA KaK apTedaKkThl, KOTOpbIE OIMCHIBAOT I10-
TpeOGHOCTY aJaITall CUCTEMBI, He IBJIAI0IeCs, OMHAaKO, 00sg3arenpHpIMy. Hanpumep, KonoHHa Moxcem
IIOMEHSTH JIMJiepa, KOraa OH He 00JafaeT QOCTATOUHBIMIU SHEPreTUUEeCKMMIU pecypcamu, Iubo Korma y
IPYroro TPaHCIIOPTHOIO CpencTBa GOJBIIIe ITUX PECYPCOB, UeM Y JIHiepa, ¥ OHO HampaBigeTcs K Oojee
yIOaJeHHOMY ITyHKTY Ha3HAuUeHMUS.

1.2. Mopean

ITycts C = {c, c1, ¢z, ...} — MHOKecTBO KoHuryparuit. Onmpegeanm Takxe MHOXecTBO CP CBOICTB KOH-
¢uryparuit, KOTopble SBJITIOTCS OTPaHUUEHVIMM Ha KOMIIOHEHTHI M OTHOLIEHMS MeXAy HUMU. B uact-
HOCTY, 9TY CBOJICTBA UCIIOB3YIOTCS I OIIpeesIeHIs HeIIPOTUBOPEeUNBLIX KoHpurypaumit. Hampumep,
OHJ JICIIONIB3YIOTCS AJIsL OIMCAHMS CBOJCTB INIO0JIbHON MHBApUAHTHOCTY (HampuMep, Ha KOMIIOHEHTHI,
mHTepQEeTICHI U UX IPUBSI3KIL), KOTOPBIM apXUTEKTypa Ha 6a3e KOMIIOHEHTOB HOJDKHA YIOBIETBOPITE. VH-
tepnperarysa [ : C — CP pgaer caMylo IIMPOKYI0 KOHBIOHKIMIO cp € CP, xoTopas gBISeTCS MCTUHHOI
Ha ¢ € C, uTo XapaKTepusyeT TeKyLIyI0 KOHPUIypauuio Haubojee TOUHO.
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Omnpenenym MHOKecTBO R oIlepaluil peKOH(GUIypUPOBAaHMS, KOTOPBIE NeJIaloT KOMIIOHEHTHYIO apXU-
TEeKTYpy AMHAMUYHO WU3MeHAWIneiicsa. PekoHdurypmpoBanms mnpepncraBisior coboit KoMOMHALU
NPUMUTUBHBIX OIlepalMii, TaKUX KaK WHCTaHIMMPOBAHMe/pa3pylleHne KOMIIOHEHTOB, BKIIOYe-
HIe/BBIKIIOUEHVEe KOMIIOHEHTOB, IIPUBA3Ka/OTMeHa IIPUBA3KY MHTep(eICOB KOMIIOHEHTOB, 3aIyCK/0CTa-
HOBKa KOMITOHEHTOB 1 T.1. IIycTb Ry = Ru®u{run} — MHOXeCTBO omeparuii, rae R — KOHeUHOe MHOXe-
CTBO OIlepanuit peKOHPUTypupoBaHus, © — MHOKECTBO OIIepallVii, 3aITyCKaeMbIX BHEIITHIMI COOBITUSIMU
(R n® = @), m run — Ha3BaHMe YHUBEPCAJIBLHOTO MeJICTBNUSA, IIPECTAaBIIAIOIET0 BCe TEKyIIUe OIeparymn
BHE PeKOHQUIypMpOBAaHUSA KOMIIOHEHTHO-OPMEHTMPOBAHHON CUCTeMBI. ByJeM CUMTaTh, UTO BHEIIHIE
COOBITMA (GUKCUPYIOTCS CHUCTEMOI ¥ HeMe[IJeHHO 00pabaThIBaOTCA ITOCPEICTBOM 3aITyCKa BHYTPEHHUX
MeTOIOB 13 ©, Kak IpeIoxeHo B [5].

Omnpepenenne 1 (MapkupoBanHas cucrema ¢ nepexogamu (Labelled Transition System (LTS))). Mapxupo-
6anHas cucmema c nepexodamu — amo cmpykmypa S = {C, C°, R yn, —, 1), 20e C mHoxecmeo kongduzypayuii,
C® c C - mHoxecmeo HauambHbix KoH@ueypayuil, — < C x R,un x C — omHoweHue pekoHPuzypuposanus,
ul : C — CP 6cto0y onpedenennas pyHKyus unmepnpemayuu KoHgueypayutl.

ope ope
OGosuauum ¢ — ¢’, korga nepexof (c, ope, ¢’) €—. Ilepexon ¢ — ¢’ TakKe HA3BIBAETCS ULAZOM.

Omnpepnenenne 2 (Ilyts). Jns modenu S onpedenum nymu (pexongueypuposanus) o 6 S kak nociedosamenn-
opeo opel . .
HOCMb WA206 g —> C1, €1 —> Cp, ..., makux umo Vi = 0. (c;, ope;, ¢iv1) €—. [na 0anHoz0 nymu o, e2o mpaccoti

A6TAEMCA CII060 tr(0) = opey.ope;. ... Ope; ..., COCMABIEHHOe U3 UMeH Onepayuil 6 o.

ITycts ¢; mnn o(i) o6o3HauaeT i-1o KOHGUTrypaIo Ha 0, HAYaJIbHYIO I i-ro mara. O6o3sHaueHue o;
ucrosnb3yercs s cypdukca, HaunHaroerocs ot o(i), u o 06o3HauaeT oTpe3ok Myt Mexay o(i) u o(j).
Iycts S5 0o6o3HaUaeT MHOKeCTBO IryTeir S, a X/ (S ) — MHOXecTBO KoHeuHbIX myTeit. Kordurypamus ¢’

opey open_1 .
JOCTIKIMA U3 ¢, KOT/Ia CYIIEeCTBYeT MyTh 0 = Cy —> C1,...Cn-1 —> €, B ¥/ Takoit, uto ¢ = ¢y u ¢’ = ¢,

¢ n = 0. BeimosiHeHme — 370 MyTh 0 B X Takoii, uto ¢(0) € C°.
1.3. TIloamTMKM agarTammmn

INonuTukM agamTalyy COCTOAT M3 IIPaBIJI, KOTOpBIE YKa3bIBAIOT KaKle ONepalyy peKOH(UIypupo-
BaHM C COOTBETCTBYIOIIVM YPOBHEM II0JIE3HOCTI MOTYT OBITh MHMUIIMMPOBAHBI AT JAHHOTO MHOXeCTBa
koHurypanmit. Onepauyuy peKOHQUIYPUPOBAaHMA B IIOJIUTUKAX AalTaIlVM OXPAHAIOTCS COOBITUAMU,
KOTOpBIEe MOTYT JM0O0 JMCIIOJIB30BaTh CBOJICTBAa KOHGUIypaluit, 1160 BKIOYATh CBOJICTBA BpeMEHHOI JIO-
ruKn. B aToM paspgese npuBemeHs! 3JIeMeHTBI TEMIIOPAJILHON JIOTMKM JIMHEITHOT'O BpeMeHY, OCHOBaHHOI
Ha BpeMeHHbIX 11abI0Hax ¢ 06acTaMu ux npuMeHenus [1]. Ota noruka, nassannas FTPL!, ucnonbayercs
Jajee B IMOJIUTUKAX afaIlTallMIL.

Bpemennsle ma6nonsl FTPL ncnonp3yroTes [ ommcaHms CBOMCTB HAJ TPaccaMM BBIIIOJHEHMS, Ha
KOTOPBIX OKIIAKTCA ollepanuy peKoHpurypupoBauusa. O6osnauum Proprrpr, MHOXecTBO dhopmya FTPL,
cootBercTByIOIUX rpammaruke FTPL Ha puc. 2. B mononuenne k cBoitctBaM KoHpurypauuu (cp) B CP 3
pasmena 1, FTPL comepskxut BHeIlIHME COOBITIS U COOBITIS U3 OIepaninii peKoH(UIypUpOBaHs, BpeMeH-
HbIe CBOJICTBA (temp) BMecTe CO CBOICTBaMM Tpacc (trace), MHTETPUpPOBAHHBIMY BO BpeMEHHbIE CBOVICTBA.

Cemantuka FTPL 6su1a npencrasiena B [4]. OHa sIBIsI€TCS KIIACCUUECKOI AJI CBOMCTB KOHPUTYpaInii,
Hanpumep, kKak B PLTL?. [l ApyTrux BpeMeHHBIX MIa0JI0HOB OHA MCIOIb3yeT 0OMACTH WM PAMKU TIPHU-
MeHeHU (7o, IocJIe, ITOKa) CBOVICTB TPACC VIV BOSHUKHOBEHMSA COOBITUIL. IIpemonoxum, uTo BHEIITHIE
coObITMs (TaKMe Kak COOBITUS B [5]) MPOMCXOOIT HEMEIVIEHHO M MOTYT pacCMaTpUBAThCS KaK BBI3OBBI

'FTPL npoucxoaur ot camsaus TPL (Temporal Pattern Language) u "F"nust noruku nepsoro nopska (First Order Logic) ms
OrpaHMYeHNII Ha HEeIIPOTUBOPEUNBOCTD IIPU COOPKY KOMIIOHEHTOB.
*PTPL - Propositional Linear Temporal Logic.
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<FTPL~ <temp> | <events>|cp
<temp> ::=  after <events> <temp>

| before <events> <trace>

| <trace> until <events> | <trace>
<trace> ::=  always cp | eventually cp

| <trace> A <trace>

| <trace> v <trace>

<events> : 1= <event-,<events>
| <event>
<event> ::=  openormal |opeexceptional

| ope terminates | ext

Fig. 2. FTPL syntax Puc. 2. CuHTtakcuc FTPL

METO/OB, BBIIIOJIHSIEMbIX BHEIITHIUMM JaTYNKaMIL IpY OOHAPY)KeHNY U3MEHEHNUIT B OKPY KAIOLIell CICTe-
My cpepe. s K&XXIOTO BHEIIIHErO COOBITUS ext, KOTOPOE MOYKET IIPOM3OMTI HA IIYTY BBIIIOJIHEHUS O,
OIpeenm

1) mpeaBapUTEIBHOE YCIOBUE CPeyt, IPEACTABIAIONIEE COOOI (POPMYILY JIOTUKM IIEPBOTO IOPSAIKA HA

IapaMeTpamn, yKa3aHHBIMI B BBI30BE METOMA, COOTBETCTBYIOIIETO ext, I

2) yrBepxneHue happens, co 3sHaueHueM B {T, L}.
Cnenyst 3a cemanTuKOI Boruucienus coobrruit (Event Calculus [6, 7]) onpenenum happens,(cpext, i,j) = T,
€CJIV CYILECTBYeT II0 KpailHeil Mepe OJHO BXOXKAEHME COOBITUS ext MEXOY i-M ¥ j-M COCTOSHUSIMI Ha
IYTI 0 TaKOE, UTO CPext = 1; B IPOTUBHOM ciIydae OyaeM CUMTaTh, uTO happensy(cpext, i, j) = L.

Onpepenenne 3 (Cemautuka FTPL). ITycmb o € 3. Cemanmuxa FTPL onpedenena Ha 3 x Proprrpr, — Bo
UHOYKMUBHO NO opme PopMYITT CredYUUM 06pa3oM:

st ceoticme koHgpueypayuii:
o(i) Ecp , ecIIn l(o(i)) = cp
s cobvimuil:
o(i) k ope normal , eI i>0n0(i-1)# o(i)ano(i-1) N o(i) e—
o(i) F ope exceptional , eCIu i>0n0(i-1)=0(i)ro(i-1) » o(i) E—
o(i) k ope terminates , €CIIN o(i) k ope normal v o(i) k ope exceptional
o(i) k ext , ecIIn happensg(cpext, i,j) =T
o(i) k event, events , €I o(i) k event v o(i) F events
[na ceéoiicme mpacc:
o k always cp secmm  Vi(i =0 = o(i) Ecp)
o k eventually cp , eI 3i(i 2 0Ao(i) F cp)
o F trace; Atracep , ecIm o F trace; Ao F tracey
o k trace; v tracey , €CIn ok trace; v o E tracey
st 6pemenHbix c60lCmE:
o k after event temp , eCII Vi.(i > 0 A o(i) F event = o; F temp)
o k before event trace , ecnu vi(i > 0 A o(i) k event = of ! k trace)
o k trace until event , ecIIm 3i.(i > 0 A o(i) k event A ol ! k trace)

Mopens pekoHpUTyprpoBaHus S YIOBIETBOPSET CBOIICTBY ¢ € Proprrpr, UTO 0603HaUaeTcs Kak S F ¢,
ecnuVo, (o € X5 A 0(0) € CO = o ¢ ¢).

IMoppo6uas dpopmansHas cemanTuka FTPL moxker 6bITh HatineHa B [4]. [IpuBeqeHHOe BBIlIe HAIO-
munanue FTPL HanpaBieHO Ha WIIIIOCTPALIMIO BpeMEHHBIX I1a0JI0HOB, MHTEIPUPOBAHHBIX B IOIUTUKI
amanTauyyu. HamoMHUM, 4TO 9TV I1a6IOHBI HesaloT IOJUTUKY Gosiee BHIPasUTEIbHBIMY, UeM IIPeJCTaB-
JIeHHBIE B [8], MCIIOIb3YIOIIIIe TOJIBKO CBOVICTBA COCTOSHII M MHBAPMAHTOB HATl KOHPUTYPALMSIMIA.

IIpumep 3. Paccmompum ceoticmeo FTPL ons cucmemuvt VANet:
¢1: after Join normal always Battery = 5 A Dist > 2 until Quit normal
Imo ceolicmeo onucvieaem, Umo nocie NPUcoeOUHeHUss A6MOMOOUTT K KOJTIOHHE €20 A6MOHOMHOCMD
U ocmaswieecs paccmosHue 00 Yeru NPesblulaiom coomeemcmeeHHo 5% u 2 KM, 00 mex nop noka oH He
NOKUHem KOJIOHHY. MO OMHOCUMCS K KANOOMY MPAHCNOPMHOMY cpeOCmEY.
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Ormpepenum Tereps IOINTHUKI aJallTallI ¢ BpeMEeHHBIMI LIa0IOHAMIL, MCIIONb3Ys Kak a3y oIpeeseHus
B [8] u ympoiuas o6o3HaueHus us [4].

Onpenenenne 4 (Ilomutuka aganrauun). [Iycmv S — mapkuposanuas cucmema ¢ nepexooamu LTS c ee
pexongueypuposanusmu R u ©, CP — mHomecme6o c60licme KOHPUeypayuy, Mapkupyrouux ee cocmosHus,
u Ftype — koHeuHoe MHOMecme0 HeuemKkux munos. [lonumuka adanmayuu onpedensiemcs kak A = (Ry, Rr),
2oe:
« Ry € R u © — Henycmoe KoHeuHOe MHON}eCME0 onepayull peKoHPuzypuposanus,
« Rp — KoHeuHoe MHOMecmeo npasun adanmayuu c nemenmamu (b, g,ir) € Propprpr x CP x I, 20e
ir € I ¢ Ry x Ft — napa, céasvisarow,as Heuemkoe 3Hauenue nomesHocmu f u3 obmacmu Ft € Ftype
c onepayueti pekongueypuposanus ope € Ry.

OtMmerum, uro [ gBIAETCA OTHOIIIEHNUEM, IIOCKOIBKY MH)KEHEP MOKET CBA3aTh Pa3jIMUHbIe HeUeTKIE

3HAUEHMI C ONHUM pPeKOHUIYpUpOBaHMEM: MHOTA II0JIEe3HOCTh BhIcoKas (high), mHOTOA OHa HM3Kas
(Low). Kpome Toro, HekoTopsie onepannu pekoHdurypuposanus u3 R u © \ Ry MOryT He 3aTparnBatbCs
paspaboTaHHBIMY IOJUTUKAMIY U He IMeTh CBI3aHHBIX 3HAUEHMNII II0JIe3HOCTI.
Kasxmoe mpaBmio aganranum B Rg CTPOUTCA € MCIIONb30BaHNMEM HECKOJIBKIX KIIOUeBbIX ciioB: when b if
g then utility of ope is f. FTPL cBoiicTBO b mociie KI04eBOro CJI0OBa when oIpefenseT BpeMeHHbIe PaMKU
onepaiun pekoHpurypuposauus mrabiaonom FTPL. B aroit uactu kiroueBoe cioBO and MCIIONb3YeTCSI
IUIS IIOCTPOEHMS CIIOXKHBIX I1a0JIOHOB. 3aTeM IT0CJie KIUeBOro cjioBa if ommchkIBaeTcs mpeamkar g Ha
koHpuryparuu crucremsl. OH oIlpefessieT MHOKECTBO KOHGUIypauuii B IpefesiaX BpeMeHHBIX PaMOK,
re MOKeT OBITh MHUIIMUPOBAHO peKoHpurypuposaHme. Ilocire 9T0r0, UTOOBI NIPUBA3ATH IIOJIE3HOCTD
K omepaium peKoH(UrypupoBaHus, ope € Ry accoumupyercs ¢ ee moje3HocTbio f € Ft ¢ moMoIbo
KIIFOUEBBIX CJIOB then utility of u is. IlonesHoCTh omIpeqesseTcs HEUETKMM 3HaUeHUEM (HAIIpUMep,
high, medium, low).

when after Join normal until Quit normal and Vehicleld.battery < 33
if state = leader then utility of PassRelay is high

when after Join normal until Quit normal and Vehicleld.battery > Leader.battery
if state = platooned then utility of GetRelay is medium

Ipumep 4. Paccmompum 06a npasusia adanmayuu u3 noTumuKku 0s Kax0020 MPpancnopmuozo cpeocmea,
sxouarwue pekongpuzypuposanus PassRelay u GetRelay. InmyumueHo 6bluieyKa3aHHble NPasuia npumeHs-
IOMCSL KO 6CeM MPAHCNOPMHBIM CPeOCMEam U UCNOTb3YIMCs 0TI onpedesieHUs mex MOMeHMo8, K020a Moxcem
npousolmu cmeHa mexoy Tudepom u 0pyzum asmomoOuiem 6 KonoHHe. B nepsom cryuae pekonguzypuposanue
PassRelay npoucxooum, kozda 6amapes nudepa HedocmamouHo 3apsxena. Bo emopom cryuae pexongueypu-
posanue GetRelay unuyuupyemcs, kozda 6amapes mpaHcnopmuozo cpedcmea umeem 6osbuie pPecypcos, uem
y nudepa. 3amemum, umo d0obasneHue/yoaneHue KOMNOHeHMA He A6semcs: 0053amervHbiM, a cKopee npeod-
Jlazaemcsi ¢ HeKOMOPbIM 3HaueHueMm nomesHocmu (Hanpumep, us muoxecmea Ft = { high, medium, low }).
CredosamernvbHo, Hem HUKAKOU 2apaHmuy, 4mo cucmema 6 KOHeUHOM UMOoze 6biNOTTHUM PACCMAMPUBAEMYIO
onepayuio PeKOHPUZYPUPOSAHUSL.

Omnpenennm Tenepdb BIMSHUE IMOJUTUKI afalTalyy Ha IoBefeHMe cucTeMbl S. [lg S 1 KOHEUHOTO
MHOXecTBa AP MOMMTUK aganTanuy onpeaeInM MapKIPOBaHHYIO CUCTeMY ¢ Itepexofgamu S< AP, kotopas
o6o3HauaeT S B IPUCYTCTBUM IONUTHUK afalTalyy M3 MHOXKecTBa AP.

Ompepenenne 5 (LTS ¢ monurukamu aganranum). OzparuueHue modenu S nonumuxkamu adanmayuu AP
onpedesnsiemcsi KAK MapKuposanuas cucmema c nepexodamu S < AP = {C.ap, CSAP,R,W,, —, 1>, 20e Coap —
HauMeHbuiee MHONIeCmMB0 Konguzypayuti maxoe, umo ecnuc € C uA € AP, mo cap € Coap, Rrunn(UacapRN) #
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@,1 : Coap — CP sgnsemes 6ctody onpedesieHHOU pyHKYueli unmepnpemayuu KoHgueypayuil, u 0ist Kaxi ool
onepayuu ope € R ,,, omHnouwerue pexkorngpueypuposanus —>€ Coapx Rypynx Coap onpedeneno kak HaumeHvuiee
MHO#CECMB0 3TeMeHmMo6 (<, ope, ¢/, 4), YOOBIEMBOPAIOUUX CTTEIVIOUSUM NPAGUTIAM:

ope

/
[ACT1] —S7555— (ope € Upeap RN)nbng
Cap — CQA

ope

/
[ACT2] %ec, ope & Jaear RN -
Can — Cly

9TO ompeneNeHNe 03HAUAET, UYTO Ilepexoabl S mon AP SIBIFIOTCS pe3yJIbTaTOM BBIIIOTHEHNS OIlepaluii
PEKOHPUTYPUPOBAHMS B COOTBETCTBUY C IMONUTUKaMu aganranuu (mpasuwio [ACTI]) nin pekoHPUrypu-
pOBaHMIT, HE3ATPOHYTHIX IONUTUKAMU aganTaunu (npaswmio [ACTZ2)).

UYro xacaercs oreHKN ycinoBus npasuina [ACT1], a mMeHHO ero yacti b, ToO 9T0 MOXKeT OBITh CHEJIAHO
JeLIeHTPAJIN30BaHO, UCIIOIb3Ys IPOrPECCUBHYI0 CEMaHTUKY, Kak B [2, 9].

IMonuTuky aganTanyy JOJHKHBI TOUHO COOIIONATEHCS CUCTEMOTL, 0COOEHHO 110 OTHOIIIEHNO K 3HAUEeH-
SIM TI0JI€3HOCTH, BCTPEUAIOIIMMCS B IIPaBIJIaX, KOTOPbIe OOBIUHO OIPENeNsIIOTCS IS ONTUMU3ALUI HEKO-
TOpBIX He(yHKUMOHAIBHBIX CBOVCTB (HampuMep, A MUHUMM3AUUy moTpebieHus pecypcos). C aToit
L[eJIBI0 MOTYT JCIIOJIb30BATHCH PA3JIMUHBIE COOTHOIIEHNS, HATIPUMeEp, OTHOILIIeHe yrouHeHus [10], cu-
mynaiyu [11], npaBuibHOro McnonHeHus [12] u T.x. OQHAKO yCTAaHOBIEHME STUX COOTHOLIEHMIT I
CpaBHEHUS peanusanuil Wi CreluuKaluii B COOTBETCTBUM C IIOJIMTUKAMY afalTalllyl MOXKeT OBITh
TPYLHOI IpobIeMoii, KOTOpas CTAHOBUTCS 00Jiee CI0KHOI IIPY PaCCMOTPEHUY COOBITHIL U3 OKPYKEeHIA
cucTeMbI. ITa IIpobiieMa SIBJILETCsI, KaK IIPABIIIO, HEPA3PeILMMOil TSI CUCTEM ¢ OECKOHEUHBIM UIICIOM
cocTossHUIL. BMecTo 3TOTO B ClIeAyIollieM pasfese Mbl IIpefjaraeM MeTOI0JIOTII0, OCHOBAaHHYIO Ha MOJEIN
Cpenbl MCIIOIb30BaHM IS BAIMAAIIMY pealn3anyii afanTUBHBIX CUCTEM C ITOJIMTUKAMU aalTalli.

2. OwnjpaifH-TecTHMpOBaHUE C MOJEJIBIO ICIIOJIb30BAHMA

B srom pa3fgesie CHadala 000CHOBBIBAETCA JICIIOJIb30BaHMe OHJIAH TECTUPOBAHVIA, 3aTEM OIIMIChbIBA-
I0TCA MOJMAEJN VICIIOJIb30BAHNIA U AJITOPUTM I'€Hepaly TECTOB, HeO6XO,T_U/IMLIe AJI BBIUMCIIEHNS CIIy4JaeB
TECTOB.

2.1. OHmHIaiIH IpoIeCcC TeHepallii TECTOB

AnanTrBHBIE CHCTEMBI PearnpyIoT Ha BHEIIHYE COOBITHUS B COOTBETCTBIIY C ITOIMTUKAMI aaIlTallim,
KOTOPpBbIE IIPeIOCTABISIIOT PpeKOMEH ALY AJIS BBIITOIHEHNS peKOHDUTypupoBanmii cucreMbl. CyIiecTByeT
MHO>XECTBO Pa3JIMIHBIX KOPPEKTHBIX Peam3alyii I CUCTEMBI IIPY 3aJaHHBIX ITOJIUTUKAX aXaIlTaIlIA.
HasoBem uacToToil peKOH(QUIYpMPOBAHNII OTHOIIIEHNE MEXAY KOJMUECTBOM BBIITOJHEHHBIX PeKOHM-
T'YPMPOBAHUI ¥ KOIMUECTBOM BO3MOKHOCTeN UX IpuMeHeHUs. IIpu paccMoTpeHUH Tpacc BBITOJIHEHMS
U OTHOCUTEJIBHBIX UaCTOT PeKOHUTIYPIPOBAHNI, €CIIM OIlepanysa peKOH(PUTIYypUPOBAHNS C BBICOKOI II0-
JIE3HOCTHIO MMeeT Oojiee HUBKYI0O OTHOCUTENBHYIO YaCTOTY, UeM OIlepalyis ¢ HU3KOI II0JIe3HOCTHIO, 3TO
O3HayaeT, YTo 1IN0 peanysanys CUCTeMbI HeIIPAaBMIBHO YUMUThIBAECT 3SHaUCHIE IT0JIe3HOCTH, JIJIV Ke Heo0-
XOAMMO M3MEHUTDb €ro oIpejesieHMe B IOMUTUKe afanTanuy. IIockosbKy BO3MOKHBI pa3jIMUYHbIE pea-
JM3alMI CUCTEMBI NPU 33JaHHBIX IMOJIUTMKAX afalTallMM, MMETh €IMHCTBEHHYIO MOJENIb BCEX TaKUX
peanu3anuil IpencTaBiIseTcs MPodIeMaTUUHBIM: 9TO IIOTPe6OBaIo ObI coenaTh BHIOOP B OTHOLIEHN I10-
BeJE€HMs CHCTEMBI 11 3aCTaBIUJIO ObI pa3jIMUHbIe pealn3aliy COOTBETCTBOBATh 3TOMY BBIOODY.

Yro6s! n36eKaTh OIMCAHMS MOAeNnelt peann3sanny cucteM (MHOxecTBo LTS) 1 mx Banmparmm mo oTHo-
ureHnio K cnenuukanum (LTS ¢ monmntrkamu agantauumn), B JAHHOM CTaThe IPEIaraeTcs pacCMOTPETh
MOJIeJIb MCITOIb30BaHNS TeCTUpyeMoit cucteMsl [13]. Takum o6pasom, B HallleM ciiyuae peds IOIAeT He O
MOJI€eJIN aJAIITUBHOI CUCTEMBI B paMKaX ITOJIMTUK aJAIITAI[N, a O MOLENN ee CPeAbI MCIIOIb30BaHms [14],
OpMEHTMPOBAHHOI Ha IPOMCXOIAIINE COOBITIS, Ha KOTOPhIE CIICTeMa MOKeT pearnpoBarh B COOTBETCTBUM
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C TOJIMTUKAMI afanTtanny. Takue Momenn 0ObIUHO MeHbIIle MOJeJIell, ONMChIBAIOIIX CUCTEMY B LIEJIOM,
¥ MH>XXeHepaM I10 BAIMAAIIMY IIPOLIle UX IIPOEKTIPOBATh BPYUHYIO.

HamomHMM, uTO CucTeMa MOKET MEHITBCS B OTBET Ha BHEIIHMe coObITHA 13 O (Takke paccMarpu-
BaeMble KaK KOHTPOJIMPyeMble COOBITUS, HAIPUMED, IIOChLIAEMble MHKEHEPOM B L(EJIIX BAIUIALIN), €€
COCTOSIHME TaKKe M3MEHseTCs. 9TO MOKeT MHUIMMPOBATh BHYTpeHHMEe (HEKOHTPOJIMpPYeMble) COOBITIS,
KOTOpbIe PETMCTPUPYIOTCA sl HAGTIOMEHMS CO CTOPOHBI °. TO BIMSIET Ha TeHEPAINIO CIeAYIONUX BO3-
MO>KHBIX BHEIITHUX COOBITHUIT, KOTOpbIe OYAYT OTIIPABJIECHEBI B CHCTEMY, IIOCKOJIBKY peKOHPUIypUpoBaHUe
MOJKeT IIPeJOTBPATUTh IIPOMUCXOKIEHe HEKOTOPHIX COOBITHIL B cucTeMe. Takum 06pa3oM, IIpoliecc reHe-
paiun moyKeH u30eratb GOPMUPOBAHNS TECTOB C HEAKTYJIbHBIMM JEVCTBUAMI PEKOH(UTYPUPOBAHIUS.
OH [moKeH TakKe YUUTHIBATH BHYTPEHHUE COOBITUS, KOTOpble OyAyT TOJNBKO HabII0JaeMbIMIL, U COOT-
BETCTBYIOIIVIM 00pa3oM KOPPEKTMPOBATh CIeRYIOIINIL IIIar TecTupoBaHus. Kak ciencTBue, MOJeNb Cpebl
TaK)Ke IIPMHIMaET BO BHIMAaHIe BHYTPeHHIIE COOBITI, KOTOPbIE COOTBETCTBYIOT PEKOH(IUIYPUPOBAHUAM,
KOTOpBIE MOTYT IIPOM30IITI B CHCTEME.

Yro6s! MMeTh BO3MOKHOCTh 00pabaThiBaTh TaKkye CUTYallly, B IIpefjaraeMoM IIOAXOJe OHJIAlH Te-
CTUPOBaHUS: (a) KQXKIBII LI1aT TeCTa BHIMTOJIHIETCI HEIIOCPECTBEHHO Ha TecTupyemoit cucreme (SUT ms
System Under Test), (6) m3MeHeHMe TeCTUPYEMOIL CUCTEMBI OTCIIEKIBACTCSA AITOPUTMOM TeHepalun Te-
CTOB U YUNUTBIBaeTCS [JI TeHepalliy cileyIolllero ara Tecta. [IpemiaraemMslii mpoliecc Iokas3aH Ha puc. 3.
Mogenu ucronp30BaHNA KOMIIOHEHTOB MCCIEAYIOTCA aITOPUTMOM OIS BBIUMCIEHNS CIeAYIOIUX 11aroB
tecta. OHU SBISIOTCI BXOLOM I reHeparopa Tecta (1), koropsii coequuen ¢ SUT. B pexxume omnaiix
aJITOPUTM CJIyUYaifHBIM 00pasoM BBIOMpaeT KOMIIOHEHTY ¥ BBIUMCIISIET IIyTeM JICCIeTOBAHUS ee MOMEIIN
JCITONIb30BAHNS CIEAYIOLUIT 11ar Tecta (2), a MMeHHO COObITHE, KOTOpoe OyIeT IIOCIaHO TECTUPYeMOIt
cucreme. SUT MoxeT oTpearnpoBaTh Ha COOBITNEC ¥ BBIIIOJIHUTb PeKOH(UIYpUpOBaHUe, KOTOpoe Oymer
3aperncTpUpOBaHO B Tpacce BoImonHeHUs (3). {1 BbIUNMCIEHNS II0CIeNYIOIero 1ara reHepaTop TeCTOB
TaKKe paccMaTpyBaeT OOHOBJIEHHYIO TPACCy BBIIIOJHEHNUsI, KOTOpas MCIIOIb3yeTCs s OOHOBJIEHMS Te-
KyII[eTo cocTOosiHMS reHeparopa (4). [TapanmensHo Tpacchl BRIIIOTHEHNS UCIIOIb3YIOTCS IS OOHAPYKEeHIIT
BO3MOYXHOTO HApYLIEHNUS BPEMEHHBIX CBOVICTB B IIOJMTMKAX ANalTALlNM, KaK OMICAHO B [2], mim mius
o0Hapy>KeHMsI HeCaHKI[MOHMPOBAHHOIO PeKOHGUIYPUPOBAHMS, KaK ONMMCAHO B [3]. DTu acmeKTsl ObLIN
y>Ke OIIVICAaHBI paHbIIle U He HAXOAATCA B LIEHTPe BHUMAHMS HACTOSIIEN CTaThIL.

Complies? Adaptation
Policy
Test @ _ (=] @
Generator E i y
o= 8= -8
Component System Traces T
usage model — ih)
Temporal
@ Properties
Fig. 3. Online test generation process Puc. 3. OHnaiiH npouecc reHepaymmn Tectos

2.2. TecroBble ciiyuyau M IIyTH peKOH(PUTYPUPOBAHUS

Ompenenyum TeCTOBBIE CIyUYaM KaK IIOCIE€NOBATEIHHOCTY KOHTPOIMPYEMBIX COOBITHUIT, KOTOPBIE OT-
MPaBIFIOTCA B TECTUPYEMYIO CUCTEMY C HEKOTOPOI IepMOAMUHOCTHIO. B ciiydae amalTMBHBIX CUCTEM,
KOTOpBIE ABISIOTCS TUOPUAHBIMIYL CUCTEMAM, TIe AUCKPETHOE U HeIIPpEPhIBHOE BpeMsI CMELIBAOTCS, MO-
JKeT OBITh IPUHAT OUCKPETU3MPOBAHHBIN IOXO, HOTOOHBIN onucaHHOMY B [15]. B aToM ciryuae coObrTus,

*3Tu 1Ba MHOKECTBA SBJISAIOTCA HEIlePECEKAIOIIMMICS, KaK OIMCAHO B pasil. 1 IiIs onepanuit peKoH(GUrypupoBaHms 1 oTpa-
skeHo B rpammatuke FTPL.
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JCIIOJIb3yeMble IS CTUMYJIMPOBAHUS CHCTEMBI, IIOCHIIAIOTCA € 3aMaHHON MepUOgUUHOCTHIO, CMBOJIN-
3UpyeMOI TaKTaMM, JJINTEIBHOCTh KOTOPBIX ITapaMeTpu3oBaHa. KpoMe Toro, BBereM ITOHATIE 3a0ePKKIA,
0603HaueHHOEe §, KOTOpAs COCTOUT B TOM, UTOOBI He MPeqIPUHUMATS HUKaKnx meitctBuit Ha SUT.

Hpumep 5 (Tecrossuit ciyuait qis cetu VANet). /ns sanudayuu ¢ynkyuonuposanus cemu VANet npedrna-
eaemcs cedyOW Ui mecmosblil cryuai:

6;6; V1join; 8;...; §; V2,join; §; ... V2.quit; ...

On omobpaxcaem uacmoie 6x0i#0eHUs 3a0epicku &, npedcmasusaioujee nepuod epemeHu, 6 meueHue KOmMopozo
COCMOsTHUE CUCmeMbl U3MeHsemcst 0e3 Kakozo-ubo 3anpoca co CmopoHbl OKpyrcaloujeti cpedvl, Hanpumep, 6
MO 6peMsi YMeHbULAEMCsl PeCYPC AKKYMYTIAMOPHbIX bamapetl mparcnopmuuix cpedcms. B amoii nocredosa-
MeIbHOCTU jOin S6Iemcst 3anpocom 0m asmoMOoOUTISL Ha 6x0xcdeHUe 6 KOTIOHHY, a quit ompajcaem vixo0 u3
KOJTOHHDL.

IIpu BeImoHeHUN TectoBoro ciyudas Ha SUT cosmaercs Tpacca pekoHuUrypuposaHus. 3aTeM OHa
MO>KeT OBITh IIPOaHANNM3VPOBaHA, YTOOBI yCTAHOBUTD, COOTBETCTBYET JIM CMCTEMa PasIVUHBIM CIelpu-
KaIMAM, a IMEHHO COOJIIONAIOTCS JIM ITOJIMTUKY QAT I O>KMJaeMble BpeMeHHBIe CBOJICTBA.

Ipumep 6 (IlyTs pexoHGUTypUPOBAHUS 10 OTHOUIEHNIO K BHELIHNM COOBITUAM). Paccmompum Ose no-
c1e006ameTbHOCMU, NOKa3aHHvie Ha puc. 4: nocredo6amerbHOCMb 6HEWHUX cOObLMUTL (@ UMEHHO Mecmoegblli
cyuail), cocmosujuil u3 3anpocos join u forceQuit 6 cmpoke gepxHezo ypoGHs, U NYMb PeKOHPULYPUPOEa-
HUs (@ UMEHHO Mpacca 6biNOTTHEHUS) CUCTEMDbL, C2eHePUPOBAHHDLTL 6 OM6Eem HA 6HeWwHUe coObimus, 6 Cmpoke
HuxcHeeo yposHs. IlocmedosamenvHocmu 6HeWHUX cOObLMUTL 6blOUparmesi ¢ 00UHAKOBOU UACTMOMOU, a ny-
mu peanuzayuu coobwarm o npueme coObimuil U UHUYUUPOSAHUU PEKOHPUZYPUPOSAHUL 6 OmEem HA IMu
cobvimus.

B cemu VANet mozym npoucxodumv credytujue gHewHue cobvimus. Cobbimue join npoucxooum, Koeoda
mpaxcnopmHvie cpedcmea 00CmMamouHo OIU3KU OJis CTUSHUS 6 KOJIOHHY, cucmema Moxcem Jubo NPpuHamo
00veduHeHUe U 6bl36aMb PeKoHPuzypuposarue acceptoin, mubo peuwumv omxkazamucs om 3anpoca refusejoin.
Kozoa so0umenv pewaem 6biiimu u3 KoIOHHbL (6HewiHee coObimue N0 OMHOUEHUI0 K A8MOHOMHOU MAWUHe),
amo evi3vieaem cobvimue forceQuit, u cucmema peazupyem Ha Hezo pekoHgpueypuposaruem (quit). Cucmema
makice Moxcem peazupoeamv Ha EHymMpeHHue coObIMuUs, Hanpumep, udep Moxem NOMeHAMbCA NPU PEKOH-
pueypuposanuu (getRelay).

External Events V1.join V2.join V3.join V1. forceQuit

o g\”.atcept.}oin run é\’z.accepuoin run V2,getRelay g\flaccethoin run é V1.quit
e 0————————— 0 ——— 0~
G Cy Cy G Cont Co Crnis Coniz Cai Cy Chia Canz

Reconfiguration _ run
Path *r—

Fig. 4. A reconfiguration path according Puc. 4. NyTb pekoH$UrypmposaHums
to external events MO OTHOLLEHWIO K BHELLHWM COBbITUAM

2.3. Mopeau 1cH0JbL30BAHNA AJIA OHJIAMH-TECTUPOBAHNS

B aroMm paspgeine ommchiBaeTcsi apTedakT, KOTOPBIl OyXeT MCIIONb30BaThC AJIS TeHepaluy ClIydaeB
TecTa: MOZEJI MCIIONb30BaHN KOMIIOHEHTOB. Takye Mogenu, onycanHble B [14], B OCHOBHOM HaIlpaBJIeHbI
Ha OIIpefesieHNe Pa3INUHBIX COOBITII, KOTOpPble MOTYT IIPOMCXOQUTDh B Cpele CUCTEMBL. ITU COOBITUSL
SBJIAIOTCA KOHTPOJNMPYEMBIMI ¥ MOTYT OBITH OTIIPABJICHBI B TECTUPYEMYIO CUCTEMY, Ha KOTOPYIO OHa
pearnpyer. BoaM0oKXHO Tak)Ke OTIIpaBIeHIe 3a0ePKKI O, IPeICTABIISIOIEl OTCYTCTBYIE BHELITHIIX COOBITIII
B TeUeHIEe 3aJaHHOTO IIepI0a BpeMeH.
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HamGonee pacrpocTpaHeHHBIM IIOOXOXOM OIIpe[esIeHNsI TAaKUX MOMeJIell SBISeTCS MCIIONb30BaHIe
BEpPOSITHOCTHBIX aBTOMATOB. B 3TOJI cTaTbe IPemyIoKeHO CBA3aTh UX C MCIIOJIB30BAaHMEM KOMIIOHEHTOB.
VHTYUTUBHO, KAXKIOMY COCTOSIHIIO TAKOTO aBTOMAaTa COOTBETCTBYET HaGOp COOBITIII, KOTOpPbIe MOTYT OBITH
VHULMMPOBAHKI B HEM, T.e. Ha KOTOpbIe KOMIIOHEHT CIIoco0eH pearupoBatb. OHU OYOYT UCIIOIb30BATHCS
reHepaToOpoOM TecTa AJIS CO3JAaHNUs TeCTOBBIX CIydaes.

Kaxk yxasaHo B pasgeie 2.1, HEKOHTPOJIUPYEMBbIE OIlepariuy peKOHPUTIYPUPOBAHUS MOTYT OBITH 3ape-
TUCTPMPOBAHBI Ha TpaccaxX BbIMOJHeHN. CBA3aHHBIE C HUMI COOBITHS TaKKe YUMTHIBAIOTCA B MOMEJN
JCITONIb30BAHM [JIs OOHAPY KeHMS U PUKCUPOBAHMS N3MEHEHNS TEKYIIET0 COCTOSHISI KOMIIOHEHTA, UTO
He00XOMMMO IS OTIIPABKY IMOOXONAIIMX COOBITUII B TECTUPYEMYIO CUCTEMY.

Omnpepenenne 6 (BeposSITHOCTHBIN aBTOMAT MOJENM UCIIONb30BaHuUA). s kaxcdozo komnonenma C ezo
MOOEeTTb UCNOIb306AHUS OnpedesieHa KaKk 0emepMUuHUPO8anHulll eepossmuocmubiii agmomam Ac = {Q, qo, Es u
O,F,P), 20e Q — mHoxecmeo cocmosnuil, gy € Q — HauawbHoe cocmosiHue, Es — HAG0p KOHMPOTUPyembvlx
éHewHux cobbimuti® emecme ¢ § 0ns 3adepscku (omeymemeus enewHux cobbimuii), O — MHOXeCME0 HeKOH-
mponupyembix cobbimuil, cocmosiujee U3 onepayuii pekonduzypuposanus, Habmrodaembix Ha cucmenme >, F

— omnowenue nepexoda F € Q x (Es u O) x Q, u P — eeposmnocms’ nepexoda P : Q x Es — [0; 1] makas, umo

Vg € Q= g P(q.e) = 1.

KakmoMy KOMIIOHEHTY COOTBETCTBYeT BEPOSTHOCTHBINI aBTOMAT, OyJOb TO COCTABHOI BUPTYaJIbHBIN
KOMIIOHEHT BBICOKOTO YPOBHS (HaIIpuMep, [Opora B HallleM IIpuMepe), Wuin 6a30BbIil KOMIIOHEHT (HaIIpu-
Mep, TPAHCIIOPTHOE CPEICTBO).

Ipumep 7 (Mogenu ucnonb3oBaHms TpaHCIIOpTHBIX cpencts B VANet). B npumepe VANet kaxooe mparc-
nopmHoe cpedcmeo peazupyem Ha mpu 6HeWHUX coObLmusi: enter, 0003HauaKWee, MO MPAHCROPMHOe Cped-
Cmeo 6ve3icaem Ha 00poey; join, komopoe 0003Hauaem, Ymo MpaHcnopmHoe cpedcmeo 3anpauiueaem npu-
coeduHeHue K 0pY20My MPAHCNOPMHOMY CPedCmsy WU cywecmeyrwett Komorte; u forceQuit, komopoe yka-
3vieaem, umo MAawuHa nokuoaem KOJIOHHY U3-3a éMewamenbcmea ooumens. Kpome moeo, umeromes mpu
HeKOHMPOTIUPYEMbLX, HO HAOTI0AeMbLX COObLMUS OMHOCUMETbHO A6MoMobuTel: leave o3Hauaem, umo mpauc-
nopmmoe cpedcmeso nokudaem 0opozy; acceptjoin npedcmasnsem pekoHpueypuposarnue KOIOHHbL Ol NPUHS-
must 3anpoca om MAawuHbL; U quit npedcmasisiem onepayuro PeKOHPuUYpuposanus OJis 6bix00a MAUWUHBL U3
KosoHHbL. Modemv ucnomv3oeanus 0 3moeo npumepa nokaszara Ha puc. 5. Ilpeononazaemcs, umo cobbimus
npoucxodsm ¢ onpedeseHHOU UHNCeHepoM eposmHocmblo (uucio 6 ckobkax). Ha pucymke S-mapkuposarHoie
nepexo0bl nPedCcMassTiom 3a0epicky 6 00Hy eOUHUYY 6peMeHU, a Opyeue nepexodbi C MeMKAMU Npedcmagsiom
Jubo KoHmponupyemvle cobbimus create, join u forceQuit, tubo Habmwdaembvie cobvimus leave, acceptfoin u
quit, obo3Hauarwue pekongueypuposanus 6 cucmeme. Habmooaemvie cobbimus npedcmasienvbl NyHKMUPHbl-
MU JTUHUAMU.

Ha ocHoBe MOpesIei MCII0JIb30BaHMS OTAEIbHBIX KOMIIOHEHTOB MOKHO IIOCTPOMTH KOMITO3MIINIO MOJIe-
JIelT MCIIOIb30BaHMS KOMIIOHEHTOB, ICIIOIb3Ys, HAIIPUMep, OIEPALNI MHKATICYIAINI U padUMHIPOBAHIS
KOMIIOHEHTOB, KOMITO3UIIMIO PACILIVPEHHBIX aBTOMATOB MHTepdelicoB MIN uepapxmdyeckue input/output
aBTOMATHI U T.1. YT0OBI 136€5KaTh TAKOTO ITOCTPOEHN S, TPEOYIOIIEro BpeMeHN U 06'beMOB ITAMSITH, MOKHO
paboTaTs HeleHTpaIN30BaHHO, HATIPUMED, KaK 9TO CIEIAHO B [2, 9] [AJIT OLEHKY CBOJICTB BO BPEMsI BBIIIOJ-
HeHUs. B HalllemM moaxoae MOIeIN MCIOIb30BaHMSI KOMIIOHEHTOB 00pabaThIBAIOTCS qELEeHTPATN30BAHHO.

BbIsBIBarOIME PeKOHPUIYpupoBaHus u3 O, cM. pasgen 1.2.

Spexondurypuposanus us R, cM. pasmen 1.2.

TIpemmonaraeTcs, 4To ey HUKAKOI IepeXo/] U3 TEKYILETO COCTOSHIS He OTMeUeH COOBITUEM, TO BEPOSTHOCTD STOTO COOBITHS
paBHa 0.
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5(0.95) 5(0.97) 5(0.98)
(0.05) ac‘cept]oin

join(0.03)  forceQuit(0.02)

Fig. 5. Usage model of the VANet vehicle Puc. 5. Mogenb Ncnonb30BaHNS aBTOMO6UAS
B ceTn VANet

2.4. TeHepanus TecTOB Ha 6a3e MOJEJIEN CIIOJIH30BAHILA

ITpouecc reHepaium TecToB ONMMpaeTcs Ha MOMENM MCIOIb30BaHMS KOMIIOHEHTOB, COCTAaBJISIOIIUX
SUT, kak mpejcraBiieHO Ha puc. 3. IIoCKOIBPKY KOMIIOHEHTBI MOTYT 3BOJIOLMOHNPOBATh HEKOHTPOJINPY-
eMbIM 00pa3oM, OHJIAIH IIOJXOM TaKXKe OIMPAEeTCs Ha TPACCY BBIITONHEHVS CUCTEMBI, PETMCTPUPYIOUIYIO
IIPOMCXOAAIIINE PEKOHPUTIYPUPOBaHUs. TeCTOBBII CIyyali OnpenesseTcs: Kak II0CIeI0BaTeIbHOCT COOBI-
THII, IOJIyUY€HHBIX NIPU IIPOXOKAEHUN IIePEX0q0B BEPOITHOCTHBIX aBTOMATOB MOJeJIel MCIIONb30BaHNA
KOMITOHeHTOB cucteMsl. IIycts As(C) — MOIens UCIIONb30BaHMs, CBsI3aHHasA ¢ KommnoHeHToM C. [Insa maH-
HOJI KOMIIOHEHTHO-OPMEHTVPOBAHHOI CYCTEMBI TECTOBBII CIy4all, OCHOBAHHBIII Ha MHOKECTBE MO eJIe
MCIIOJIb30BaHM, IIPeCTaBIIgeT CO00iT KOHEUHYIO I10CIeT0BATEIbHOCTD COOBITIII Cé.eé; Cf .e{‘ ; ...C,ll.efl (mom-
HbI 1 + 1), B KOTOPOIT Ha i-M IIIare TecTa 3alyckaemoe coObTue ¢/ cBsizaHo ¢ Kommonentom C/ u umeer
BeposTHOCT Pri(q/, &) > 0.

JI71s1 BBIUMCIIEHNS MHOXKECTBA TECTOBBIX CIIyUaeB, TAK)Ke HA3BIBAEMOTO Ha0OPOM TECTOB, CIYUAITHBII
06x01 MapkoBa [16] BBIIIOTHAETCS 110 BEPOITHOCTHBIM MOZEJIIM JCIIONb30BAHNSI KOMIIOHEHTOB, IIPY 9TOM
JCCIIeTOBaHMe MOJeJIell JICIIOIb30BaHNsI KOMIIOHEHTOB BBIIIOJIHSAETCS CIyUaiHbIM o0pasoMm. [Ipeniarae-
MBIl aJITOPUTM TeHepaluy TeCTOB, IPeACTABIEHHBII AJITOPUTMOM 1, IOBTOpAET CIERyIOLINe IIaru 10
TeX IOp, [T0Ka He OydeT HOCTUTHYTa MaKCUMAalbHas JJIMHA TeCTOBBIX IpuMepoB. CHauaa CIydaiiHbIM
00pa3oM BBIOMpaeTCs OIVH 13 KOMIIOHEHTOB (cTpoka 6). Tekylijee cOCTOSIHIE aBTOMATa OOHOBIISIETCS 110
OTHOIIIEHNIO K TPacce BBIIIOJIHEHMS CUCTeMBI (CTpOoKa 7). DTOT 9Tall IIpeACTaBIseT CO00I YUeT PasIMUHbIX
omepanmit pekoHpurypuposanus (Ha 6aze HaOIIOIaeMBIX COOBITUIT), KOTOPBIE MOTJIM IIPOU3OITHU C MO-
MeHTa IT0CJIeHero BhIbopa KOMIIOHEHTa. 3aTeM Cpeal IIepeX0m0B, NCXOMAIINX U3 TEKYILEer0 COCTOSHNS,
CIIyUaitHBIM 06pa30oM BBIOMPAETCS MTEPEXOL U CBA3aHHASI C HUM BeposSTHOCTS (cTpoka 8). Ecitu mepexon He
ABIIAETCA 3aepPIKKOoit (cTpoka 9), coObITIE IIepeaeTcsa B TECTUPYEMYIO CUCTEMY Uepes3 paccMaTpUBaeMblit
KOMITOHeHT (cTpoka 10-12), n TeKylee cocTossHue OOHOBIsAEeTCA. B KOHIe (CTpoKa 14) mpu yuere peanb-
HOTO BpeMEHJ BBIIIOJIHEHMUS CUCTEMBI, IIPOLlecC reHepalnyl TecTa OKIaaeT (B 3aBUCUMOCTYL OT YaCTOThI
OUICKPETU3ALMU COOBITII), IIPEKIE UEM IIEPENTI K BHIUMCIEHNIO CIIEQYIOLIErO IIIara TeCTa.

9TOT aJroOpMUTM MOXKeT OBITH JMCIIONIB30BaH [AJII TeHepalyy HaGOpOB TeCTOB IIPOM3BOJIBHOTO pasMe-
pa ¥ TECTOBBIX CJIyuaeB IIPOM3BOJIBHON MJIMHBL. ITO IO3BOJIAET IIPOBECTM OLIEHKY TOTO, IPaBUJILHO JIN
peann3oBaHbI HeueTKNe 3HAUEHMN, CBI3aHHbIe C OIlepalyIMI PeKOHGUIYPUPOBAHMSI B ITONNTIKE afarl-
taruu. C 9T0 1{eIbI0 IIPOM3BONUTCS aHAIN3 OTHOCUTEIHHBIX YACTOT PEKOHPUTIYPIPOBAHMIL, OIIMICAHHBIII
B CJIeAYIOIEM pasfele.

3. CoOarogeHne MOJIUTUK agaIlTaIIin

Harmreit 1eb0 SBJISETCA OIEHKA COOTBETCTBUS peayIM3allMI MOJUTUKY afalTalyy II0 OTHOIIEHNIO
K ITOJIE3HOCTY peKOH(UTYPIPOBAHNS, OIIpeReJIeHHO B ClIelMpMKaIM HeYeTKIMM 3HaUeHMAMI. B ipesI-
Ioyueit pabote [3] mpencTaBIeHO MCIIOIb30BaHe IIPABILII IIOIMTUK afallTalNY B KaueCTBe METPUKY (Kpu-
TepueB) MOKPHITYUS MOJEIIN JJIs OLIeHKI peJieBAHTHOCTY Habopa TecToB. B HacTos1eit paboTe mpencTrasie-
HO HOBOE [OIIOJHNUTEIHHOE MCII0TIb30BaHMEe TAKOI METPUKY IIOKPBITH, UTOOBI OLIEHNTh, KaK peanyu3ansi

64



Online Testing of Dynamic Reconfigurations w.r.t. Adaptation Policies

cucTeMBl COOJIONaeT MHUIMUPOBAHUA OIlepalyil PeKOH(QUIypMpOBaHUSA IIPU IPUMEHEHWUM IIPaBILII
TIOJIUTUK afanTaIun.

Algorithm 1. Algorithm for online Algorithm 1. Aaroputm reHepayuu
test case generation TeCToB B OHNAlH

for all Ac do
state(Ac) «<— qo(Ac)
end for
i<—0
while i < n do
C «— selectComponent()
state(Ac) «— update(Ac, trace)
e «— pick(Es, state(Ac¢))
if e #  then
1 C.send(e)
11: state(Ac) < update(Ac, [e])
12: i<—i+1
13:  endif
14:  await()
15: end while

R AT A > e

4

3.1. HOKPBITI/IC, IIPUTOOAHOCTD 11 HaCTOTa IIpaBMJIa

IoxpeiTie mpaBmwia HauneMm c onpenesreHns QyHKIUIM, KOTOPas MOACYUTHIBAET KOJIMUIECTBO BHITIOIN-
HEHUJI IpaBIIIa Ha 3aJaHHOM IIyTU PeKOH(UIYPUPOBAHUS.

Ompenenenme 7 (Ymcno BermonHenwit mpasuna). ITycmp o — nymv pexonguzypuposanus, u actualy;
— pakmuueckas onepayus peKoHgueypuposanus, npoucxodsu,as 6 cocmosnuu o(i). Yucmo evinorHeHull npa-
euna r € Rg Ha o onpedeneno credyrouwum 06pasom:

#actual (o) = Zifar(U(i)),

20e f; (o (i)) — xapakmepucmuueckas ¢pyHkyus npeouxama actualy; € dom(l )’, 6 komopom I — omrowenue,
cés3vi6arWee Onepayuu PeKOHPUYPUPOBAHUS ¢ HEHeMKUMU 3HAUEHUIMU.

I1a mHbOpMALIM MOKET MCIOAB30BATHCS IS OLIEHKII TOTO, OXBATHIBAETCS JIM JAHHOE IIPABIIIO TECTO-
BBIM CJIy4aeM MM, B 6osiee oOIieM IuaHe, HabopoM TectoB. OHAKO eciIy IIPaBIJIO HIKOTAA He OXBAThIBA-
€TCsl, 3TO MOXKeT IMPOMCXOAUTD 10 HeCKOJIBKUM NpUYMHaM. Bo-epBbIX, TeCTOBBIE IIPUMeEPHI He JOCTUTAI0T
KOH(MUrypaium, B KOTOPOJl IPUMEHNMO peKOoHpurypuposanue. B sTom ciydae Habop TECTOB HOJDKEH
OBITH YTOUHEH, UTOOBI OXBATUTH IIPABILIIO. BO-BTOpPHIX, HEKOTOpBIE YACTH IIPABILI aJAIITAI{NY MOTYT OBITH
HAIVCAHBl HEIIPABMIIBHO M COAEP>KaTh CIMIIKOM CTPOTMII MV Ja’Ke HeXOCTVIKIMBIV/HeqoIyCTIMBIN
Tpurrep (CBOMCTBO b My OXpaHHBIN IpequKarT g B onpenenenuy 4). [[7a Takux ciyuaeB MBI IIpejaraeM
MOJICYNTATE KOJIMUECTBO pas, KOTJA 3TY PasiIMUHbIe YaCTU IIPABUII YAOBIETBOPSIOTC.

IIpuromHocTs paBiuia  OmpenenyM Teleph YNCIO NePEeKITIOUeHNI YCIOBM MHUIIMIPOBAHNA IPaBIUJIa
KaK 4MCII0 KOHPUrypaumii, B KOTOPBIX CBOJICTBO 3aITyCKa IIPAaBMJIa CTAHOBUTCSA BEPHBIM.

Omnpenerenne 8 (KomuecTBo MHMIMMPOBAHNIL IpaBWiIa). ITycmp o — nymb pekoHpuzypuposanus, utrigy(;
— MHOJCeCme0 onepayuil PeKOHPUYPUPOBAHUS, KOMOPble MOZYm Oblmb UHULUUPOBAHBL 8 COCMOHUU o (i), MO
ecmv b-mpuezepor komopuvix ucmunHwl 6 o(i). Yucmo uHuyuuposanus npasuna r € Rp Ha o onpedensiemcsi
credytoujum obpasom: #trig' (o) =Y. ; f/ (a(i)), ede f] (o(i)) — xapaxmepucmuueckas pynxkyus npeduxama

r € trigyuy AT € trigyiny A actualyi_yy € dom(I).

"KoTopas paBHa 1, €CIlM IpeAMKAT UCTHUHEH, 1 0 B IPOTUBHOM CIIydae
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ITockonpKy peKOHPUTYypMpOBaHIIe MOKET IIPOUCXONUTE B 00JIaCTI IIpUMEHeH s [IpaBILia, II0Ka CBOI-
CTBO b sBJIsIeTCS BEPHBIM, IIOJICUET KOJIMUECTBA TAKMX KOHPUIypalnii He qaeT MHPOpMaLu 0 peaJbHOI
cuTyanmu ¢ pekoHpurypuposanueM. [losToMy myis HaHHOTO MyTU ¢ OIPENENNM UMCIO IPUTOTHOCTH
(4¥CII0 XOIYCKOB) IIpaBMiIa, KOTOPOE SIBJISETCS YNMCIOM COCTOSIHMIL Ha IIyTH O, KOTJa IIPABIIO CTAJIO IPI-
rogueiM. HasoBeM Takue IpaBuia, UbY TPUITEPEI b 1 OXpaHHbBIE IPEAVIKAThI £ MCTUHHBI B KOHPUIypanumn
o(i), mpreMIeMbIMI B JAHHOM COCTOSTHVIL.

Onpepenenne 9 (KommuectBo mpurogHocTu (IOMyCKOB) IpaBuia). ITycmb o — nymp pekoHguzypuposanus,
a eligy(;) A6MAEMCA MHONKECMEOM NPAGUTT, KOMOPble MO2TU Obl 6bimb npumerenvl 6 cocmogHuu o(i). Yucmo
npuzooHocmu npasuna r € Rg onpedensemces xax #elig’ (o) = Y., f7(0(i)), e0e f] (c(i)) — xapakmepucmuueckas
PyHKyus npedukama

r € eligyi N1 & eligyi1) A actualy;_yy € dom(I).

[ Ka)KOoro ImpaBmiia 9TU METPUMKU ITOMOTAOT OIPENeNNTh, KaKas YacTh IIpaBumia He ObLIa yHIo-
BJIETBOpPEHA BO BpeMs BBIMIOJHEHMS TECTOBBIX ciaydaeB. OHAKO B HEKOTOPBIX CIydasx BO3MOXKHO, UTO
IIPaBUJIO IBJIAJIOCH IPUTOAHBIM, HO IIpefiaraeMas peajansanysa CUCTeMbl HAMEpeHHO UTHOPMpPOBaja ero.
Jlng aHammsa TaKMUX CIIy4aeB B KauecTBe OIOJHUTENBHOIN METPMKM MBI BBIUMICISEM YaCTOTY IIPaBUI
agarTaln.

Yacrora mpaBmia [na gaHHOro Habopa TECTOB IEPUONMYHOCTH VUIM YACTOTA aKTMBALMY IIPaBIIIA
M3MepsIeTcs KaK KOIMUECTBO ero aKTYBALNIL, COOTHECEHHOE K KOIMYECTBY KOHPUIypauuii, B KOTOPBIX 3TO
MPaBUJIO CTAHOBIUIIOCH IIPUTOXHBIM.

Omnpepenenne 10 (acrora npasuna). /g danHozo Habopa mecmos TS, cocmosujezo u3 mecmosvix npumMepos
tc, uacmoma npasuna r € R onpedenena cnedyoujum o6pazom:

icets #actual (exec(tc))

.
req’ (TS) = -

f Sicets #eligh(exec(tc))

Ecnu npasuno He A8IsiemMcst NPUEMIEMbIM HU 6 00HOM COCMOSHUU, MO eCMb YUCTO e20 00NYCKO8 pasHo 0, mo

e20 uacmoma makxe pagua 0.

YT0oOBI IMONyUNTh YaCTOTHI, MMEIOIINE CMBICI, MBI TI0JIaraeMcs Ha IIPOIlecC TreHepaly TeCTOB, OIN-
caHHBIIT B pasgeie 2. C ero IOMOILBI0 MOKHO TeHepMpOBaTh OOJIbIIINEe HAOOPBI TECTOB, OXBAThIBAs IIPU
3TOM IIpaBuJIa IONMTUK ajanTanmuy. 9Ta MeTpMKa IT0oJIe3Ha JJIA OLIeHKM TOro, KaK 4acTO aKTUBMPYETCs
MHTepecyollee Ipasuio. [locie BbIYMCIEHNS 3Ty YacTOTY MOKHO CPaBHUTBL C HEUETKUM 3HadeHMEM,
crennpUUMPOBAaHHBIM B IIpaBuUie, YTOOBI OOHAPYKUTH ITOTEHIMATbHOE HECOOTBETCTBIE B pean3alyi
MONMUTUKY ajantanuu. IIpuMedarenbHo, UTO, HAUMHAA C OIpeNeIeHHOTO MHO)KECTBA HadaJbHBIX KOH-
¢dburypamnuit u mpearonaraeMoro NoBeeHN CUCTEMBI, AaHAJIN3 YaCTOT IT03BOJIIeT OOHAPY>KUTD IIPABIIIO C
BBICOKOIIOJIE3HBIM peKOH(UTypupoBaHyeM (I101e3HOCTh high), koTopoe mpuMeHseTcs peske, 4eM IIPABIIIO
C HI3KOIIOJIE3HBIM PeKOHUTypUpOBaHUeM (II0JIe3HOCTH Low).

3.2. CooOarogeHue MOJIMTUKY aJanTalin

WHTYyNTUBHO COOTBETCTBIE PeaN3alyi 10 OTHOIIEHNIO K IIOJIMTIKE afalTal[Il MOXeT OBITh 00BsIC-
HEHO C IIOMOII[BI0 3HAUEHNII IIOJIE3HOCTY, MCIIOJIb3yeMbIX B IIpaBMiax aganranuu. [1o ompeneneHuso 4,
B mpaBute agantaiumu r = (b, g, ir) mapa ir = (ope, f) mpucBanBaet peKOHPUTYPUPOBAHUIO Ope IOJIE3HOCTD
f. IlpegmonmoXum, UTO HeUeTKNe 3HAUEHNUs [T0JIE3HOCTY YIIOpSIKoueHsbl. Torga mMmKeHep IO BalIMOalun
MOXKET O)KIAATh, YTO KaKI0e MPABIIO C I0Je3HOCThI0 N OymeT IpUMEHSAThCS ¢ GOJIbIIIel YaCTOTOI, ueM
nmr060e mpaBmiIo ¢ moje3Hoctsio N — 1. PopMainpHO, IS SJAHHONM IOJMUTUKM afanTtauuy A ¥ JaHHOTO
Habopa TecToB TS, MOMUTUKA aJalITALUI CUUTAETCS TOUHO peai30BaHHOI, eCIIu

vr,r € A f" > 7 = freq (TS) > freq” (TS).
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ITycts = 06o03HauUaeT M3BeCTHOE OTHOIIEHNe IIOTpy>KeHus cloB. PaccmarpmBas mMHOxecTBO Es u O
KOHTPOJIMIPYEeMBIX ¥ HEKOHTPOJIMPYEeMBIX COOBITIIL, ITOCTIE YAAIeHUs § M3 pacCMaTpUBaeMBbIX CJIOB OymeM
JICIIOTB30BATh OTHOIIIEHIE E He YYUTHIBAA §, C 0003HAUEHUEM Cs.

YrBepxmenne 1. Ecnu nonumuka adanmayuu A mouro peanusosana, mo Vtc € TS, 30 € Xs o, makoii
umo tc c5 tr(o). Bonee mozo, Vi = 0, koHgueypayus o(i) docmuicuma nocpedcmeom 6biNOIHEHUS Onepayuil
peKoHguzypuposanus, 3a0annblx MHoxcecmeom eligy(; npuemmiemblx NPAGUTT A0ANMAYUU.

Hoxazamemnvcmeo Kaskpiii ciayuait Tecta tc € TS reHepupyeTcs ¢ UCIIOIb30BaHUEM alroputMa 1 u Ha
6ase onpenenennd 6. [To ompenenenuio 5 g S.A Kaxgoe cocrosHme o(i) Ha IyTH 0, COOTBETCTBYIOLIEM
TECTOBOMY CJIyYal0 fc, IIOJIyUEeHO IyTeM IpuMeHeHMs nubo npasuia [ACTI] B ciayduae pekoHpuUrypm-
POBaHNUA 110 OXHOMY W3 IIPABMJI ITOJIMTUKY afanTtanuu, 6o npasuna [ACT2] B cmydyae HabGIo0gaeMoro
pexkoH¢urypuposanus. IIpu sTom B ciryuae npasmia [ACT1], HaumHast ¢ HauaJIbHBIX KOHQUTYpaLmii, KaxkK-
o€ cyeyIoliiee COCTOAHME ABTIAETCA Pe3yIbTaTOM OHOI (actual,(;)) u3 oneparuit pekoHUTYypUPOBaHN,
BBIOPAHHOI B COOTBETCTBUU C €€ IOJIe3HOCTBIO M3 MHOKECTBa MPaBMI elig,(;), TPUeMIeMbIX B JaHHOI
KoHpuryparumu. Ber6op a3Toro peKoHGUIypupoBaHUSA IPY VICIIOJHEHUI CYICTEMBI yBEeJINYNBAeT ero Ja-
CTOTY, YTO COOTBETCTBYeT TOUHOII pean3alny MOJUTUKA afanTanuy. JocTIDKIMOCTb KOHGUTYypannii Ha
Iyt o obecreynBaeTcs 3Toi KOHCTpyKuueit. OTHoIIeHMe t¢c Cs tr(0) MOTPYKEeHMs CJI0B MEXIY CIydaeM
TecTa U TPACCOIl IIyTU OCHOBAHO Ha JICIIOJIb30BaHNY OIpeesIeHuit 6, 1 1 5.

4. JKcrepMMeHTUpPOBaHUeE

Yr06bI HOATBEPANTD IIPE/I0KEHHBIN B 3TOJ CTaThe IIOAXO, CIIeAYIOLINIT pa3/ies IPUBOIAT IIPYIMEPhI
9KCIIEPUMEHTOB, T1e ObLIN BIBIEHBI HECOOTBETCTBIS B PeaIM3allii IIOINTUK aJaIITAl[UI 10 CPABHEHIIO
C OIIpefieJIEHHOJ B HUX ITOJIE3HOCTHI0. MBI HauMHaeM 9TOT pasjelt ¢ BOpocoB uccienoBanus (RQ), sarem
OIMILIEM HKCIIEPUMEHTBHI, X Pe3yJIbTAaThl, a TAKXKe X 000CHOBAHHOCTb.

[RQ1.] B kaxoii cmenenu Hawt n00x00 agdexmusen 0 ceHepayuu 60bUL020 KOTUHECEA COOMEEMCMEYIOULUX
mecmoebvix ciyuaes? Llepio SIBISETCS OL[EHKa CIIOCOOHOCTY TeHEPATOPOB TECTOB IIPOM3BOAUTH OOJIbIIIVIE
Ha0OPBI TECTOB C XOPOIUMM OXBATOM IIPABMJI HOAUTUK amanTauuy. Oco0eHHO MBI XOTUM TapaHTUPO-
BaTh, YTO TECTOBBIE CIyYay CIOCOOHBI JOCTMUb COCTOSTHVIII CUCTEMBI, B KOTOPBIX PEKOH(UIYpPUPOBAHNS
SBIIAIOTCA IIPUMEMIIEMBIMI.

[RQ2.] B kakotl cmeneHu aHamu3 4acmom peKoHPueypuposanuti no3eosem oyeHumy Heuemkue 3HaAUeHUs?
Yro6s! MMETh BO3MOKHOCTb M3MEPSITh YaCTOThI JOCTATOUHO TOYHO, MBI CTPEMIMCS IIPOBEPUTH, UTO BBI-
ITOJIHSIETCS. 3HAUNTENFHOE KOJIMUECTBO PEKOHUTIYPUPOBAHMIIL.

[RQ3.] B xakoii cmenenu M03#HO 06Hapyicump nodospumernvhvie pe3yabmamut? Harra o61ast 11e1b COCTOUT
B TOM, YTOOBI OLIEHNUTD, CIIOCOOEH JIM IIpoIfecC OGHAPYKUTh HECOOTBETCTBUS B PEKOH(UIYPUPOBAHMSIX,
KOTOpBI€e BBIIIOIHSIIOTCS C II0JIE3HOCTHIO, 3aJaHHON HEUeTKUMI 3HAUEHUSIMI B IIOJIUTUKAX aJalTalimiL.

JKcHepMMeHTAIbHAA Ipouexypa [g oTBeTa Ha 9TU BOIIPOCHI OBLT pa3paboTaH CIeRyIOLINIT SKCIIe-
pument. s cern VANet 6puin pa3paboTaHbl pasiMuHble peaansanny (Ha s3bIKe Java), KOTOpbIe OTJIN-
YAIOTCS APYT OT Apyra cTpaTerueil BHIITONTHEHNSI PeKOHPUIYPpUPOBaHUil. TUNNUHbIE CTUIN peaTn3aiin
B3SIThI HAMJ U3 paHee OIyOJMKOBAaHHBIX I10 3TOI TeMaTuke crareil. Hanpumep, B [1] aBTOpBI IIpeobpaso-
BBIBAIOT HEUETKIE 3HAUEHMS IS OIlepaIiil peKOH(UTYPUPOBAHMS, MCIIOIb3YsI YIIOPJOUEHIE, PV TOM
II0JIE3HOCTD IPUMEHEHNS OIEPALIMIT TAPAHTUPYETCI IOPOTOBBIM 3HaueHMeM. [IpaBuia MOIUTUK aganTa-
un, peannsoBaHHbIX B Tangram4Fractal [8], paccmarpmBaroTcst B mopsigke oOBSIBIEHUS: I IPUMeHe-
HUS BBIOUpAeTCs MPaBIIO, KOTOPOE SIBJISIETCS IIEPBBIM IIPUMEHSIEMBIM B ITOPSIAKE OIVICAHUS B IIOJIUTUKE
amanrarun. B [17] aBrops! KnaccnduumupyoT peKOHGUIYypUPOBAHIS B COOTBETCTBIM C OIIpeeIeHHBIMU
MIPUOPUTETAMU: €CIIN HOIIYCTUMBI ABE OIEepPAlNY C OAVHAKOBBIM IIPUOPUTETOM, BHIOMpAETCS IIepBas 13
HIIX.

Paspaborannsii skcriepumeHT i1 cetu VANet comep kT 9 oneparnit peKoOHGUIypupoBaHus, 13 KOTO-
peix 3 (GetRelay, PassRelay u Quit) manuuupyrorces 8 npasminamu nonutuku agantauuu (R1-R8). [pasmio

67



Dadeau F., Gros J., Kouchnarenko O.

R1 onpenenser, korga Beayliiee TpaHCIIOPTHOE CPeJICTBO MOKeT IlepefaTh peJe, IIpaBuio R6 ompenens-
€T, KOTJla TPaHCIIOPTHOE CPEeACTBO MOXKET 3aMEHUTh HBIHELIIHEro Juaepa. [Ipyrue mpasuia onpeaeidoT
pasinvHBbIe cIIy4yay, KOrga MallllfHa MOYKET BBIJITY 13 CBOEV KOJIOHHBI 13-3a MICYEPIIaHNA SHEePTUI MJIIN JO-
CTVKEHUA IMyHKTa HasHaueHMs. [IpaBmina R1-R4 mMer0T BBICOKYIO ITOJI€3HOCTD, IT0J1€3HOCTh MpaBmi R5-R6
cpenHsd, a mpasuia R7-R8 onuceiBaroTcs ¢ HU3KOI IT01€3HOCTBIO.

B nmpoBeileHHOM HaMIU SKCIIEpMMEHTE TPAHCIIOPTHBIE CPEACTBA MOTI'YT QUHAMMIUECKY T00aBIATHCSI Ha
IOPOTY U YAANAThCA, KaK TOJIbKO OHM JOCTUTAIOT MeCcTa Ha3HaueHNs. Bo BpeMs pa3InUHBIX SKCIIEPUMEHTOB
KOJIMIYECTBO TPAHCIIOPTHBIX CPEACTB Kojebasoch Mexxay 100 u 250. B mrore MalmHpl B MHAVBUAYAJIBHOM
peXume COIpPOBOXKOAINCH KOJOHHAMU (0T 4 nmo 25), B KaXOO0M M3 KOTOPBIX ObpLI0 mo 8 MammH. Takoe
¢yHKUMOHMpOBaHME 06ecrieunBano 0OOHOBIEHIE TPAHCIIOPTHBIX CPEACTB Ha JOPOTre ¥ IIOBBIIIIAIO0 IIAHChHI
Ha JOCTIDKEHMe KOHGUIYpaIyif, B KOTOPBIX BO3MOXHBI peKOH(PUTIYPUPOBaHUA. 3aMETUM, UTO I'eHepUpPO-
BaHIMe IIpyeMIeMBbIX HaualbHBIX KOHQUIYpAI[Mii, KOTOpble MUHUMU3NPYIOT KOJUUECTBO KOMIIOHEHTOB,
He HaXOAMJIOCH B IIeHTpe BHUMaHNA JAaHHOTO 9KCIIepUMEeHTA.

ITpouecc reHepany TeCTOB, OIIMCAHHBIN aJITOPUTMOM 1, UCIIOIB30BAJICS JIS CO3AaHN U BBHIIIOJIIHEHNS
CJly4yaeB TeCTa Ha pasnMUHbIX peaynn3anysax. OCHOBBIBAsACh Ha TPACCAX BBIIIOJHEHNS, ObLINM BBIUMCIIECHBI
YaCTOTHI IIPMMEHEHNs MPABIUI B COOTBETCTBUM C GOpMyaMl, IpUBeNeHHBIMI B pasneie 3. 3aTeM 3TuU
YaCTOTHI OBLIN CPABHEHBI C HEUETKIMI 3HAUEHSIMI, OIIMICAHHBIMMY B IIPABIUIAX ITOJIUTUKY afganTauuu. B
HallleM SKCIEpPUMEeHTe aHaJIu3 ObLI BBIMIOJIHEH Ha CIydyasx TecTa, cocTosimx u3 100 000 mraros. Ytobst
00ecITeunTh aKTUBALINIO KAXK/IOTO IIPaBIIa afalTalliy [10 MeHbIIIel Mepe ONMH pa3 Ha pacCMaTpUBaeMOM
Habope TeCTOB, MBI MCIIOJIB30BAIN KPUTEPUM ITOKPHITHS, OIIpegesieHHbIe B [3].

U3smepeHns 4acToT peKOHPUIypMPOBAHMUIT Ha Ka)XKIOM IIare BBIIIOJTHEHMUs II03BOJIIIOT HAPICOBAThH
rpaduKy, KOTOpBIe ITOKAa3bIBAIOT SBOJIIOLIMIO YACTOT II0 Mepe BBIMOJHEHMA. [ KaKIoro IpaBmia pe-
KOHGUIYpUpPOBaHMS 3T IpadMKM MOKHO MCIIONIB30BATh AJIS CPAaBHEHUSI €ro YaCTOTHI C II0JIE3HOCTHIO
pekoHpUTypUpOBaHNUs, 33aJaHHON B IIpaBUJIE afalTalMi. B KOHIle BHIMOTHEHNI 9KCIIEPUMEHTa MOXKHO
CPaBHUTH YACTOTBHI, B3IThIE€ B COBOKYIIHOCTH, UTOOBI IIPOBEpNUTh paKTIUeCKOe MHUIINIPOBAHNE peKOHpM-
rypupoBanuii. Kak mpencraBieHo Ha puc. 6, 4UaCTOTHI CTAOMIM3UPYIOTCSA C YBeJIMUYEHNEM UYNICIIA ILIIaTOB,
ITOKa3bIBast, UTO OOJIBIIIOE KOJIMYECTBO FreHepMPYEeMBbIX TECTOB II03BOJISIET BBHITONIHUTEL CpaBHEHIE YaCToT,
KOTOpoe 3aciyxuBaer gosepus (RQ1).

Ucnonp3oBanne rpaduKoB II03BOJISET BU3YAIBHBIN aHAJIN3, KOTOPHIN JeaeT BO3MOKHBIM OOHapy-
JKeHIe IONO3PUTENHHOTO [TOBefeHNs, HAIpUMep, IOTEeHI[MANbHYI0 HeCTa0MIBHOCTh Ha ONHON W3 Ya-
crot (RQ3).

[l o1teHKM CIIOCOGHOCTM K OOHApYKEHUI0 ITOTeHUMANbHBIX IIPO0IeM MM peanusaliuy MOIUTUKA
amanTauuu ObUT0 padpaborano wects peanusauuii (E1-E6), KoTopble OTIMUAIOTCA OPYT OT APYTa CIIOCO60M
BbIOOpa pexoudurypuposanus. [lepsas peannsarus E1 BeiOupaeT peKOHPUTyprpOBaHIS B COOTBETCTBUM
¢ ypoBHeM npuoputera. Kpome toro, eciu npruemieMoe peKOHGUTyprpoBaHMe He ObLIO BBIIIOJHEHO, €T0
NPUOPUTET YBEJIMUMBAETC JJIA CIeqyIolero 1ara. Pe3yabrarsl BelltonHeHUs E1 MOKHO HallTH B JIEBOIL
vactu puc. 6 u B tabnuue 1. [Ipu paccMOTpeHUN PUCYHKA MOYKHO 3aMeTUThb, UTO rpaduk pekoHpury-
pupoBanua R5 Haxomgures nop rpadpukamu pekoHpurypuposanuii R7 u R8. 9tu rpaduku moxaseisaior
HECOOTBETCTBIUE, ITOCKOJIBKY R5 mMMeeT cpeqHMII IPMOPUTET U NOJDKEH MMeTh Oojiee BBICOKYIO UaCTOTY,
yeM HU3KONpMopuTeTHble pekoHpurypmuposanus R7 u R8. 3arem Ml namennu E1, uto6s1 co3mars pe-
anmsauuio E2, yBenuunus ypoBeHb IPHOPUTETA PeKOHPUTYPUPOBaHMI R5, pe3yIpTaTsl KOTOPOro MOKHO
HAITYU B IIPaBOIl yacTu puc. 6 u B tabanue 1. B pesynbrate rpadmk R5 cran pacmonoxeH Boiire, ueMm R7
u R8, cooTBeTCTBYS 3amaHHBIM IIpuopureTaM. TakuM o6pa3oM, 3TOT MpUMep IIOKA3bIBAET, UTO IIPEeNyIO-
JKEHHBIJI ITOAX0J IIOMOraeT OOHApyKUTh HECOIVIACOBAHHBIN BBIOOp peayymsaliiu M 3aTeM IIOATBEPANUTD
IIpOM3BeAeHHYI0 KOppeKTUPOBKY (RQ2).

J1s mpooKeHUS 9KCIIEPMMEHTOB ObLIIN CMOJENPOBAHbI ¥ UMUTUPOBAHbI APYTHe BApUAHTHI peau-
3alMI CO CKOPPEKTMPOBAHHBIM YPOBHEM Ipropureta, Kak B E2. VIx pesyipTarsl npuseneHs! B Tabiuie 1.
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Fig. 6. Frequency analysis of implementations Puc. 6. AHann3 4acToT peannsaunmn
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IIpu peanusanyu E3 ucronb3oBanack rUIoTesa CIpaBeIiINBOCTI: €CJIM ABa PeKOHPUTYyPUPOBAHNUS C ONU-
HaKOBBIM IIPMOPUTETOM SIBJISIOTCS IIPUEMIEMbIMI, TO peKOH(UTIYPUPOBaHIe, KOTOpOe He OBIIIO BBIOPAHO
Ha JJaHHOM Iuare, OyaeT BbIOpAaHO B CIEeXYIOLIMII pas, KOIJa CIOKUTCA Takad ke curyauus. [Ipm mome-
nupoBauuu E4 pekoHpuUrypupoBaHus BeIOMPAIOTCS Ha OCHOBE MX ypOBHA mpuoputera. Peannsarus E5
BBIOMpAeT IPaBMJIO C HU3KOI IOJIEe3HOCTBIO B 20% ciryuaeB. HakoHnern, peanmsarus E6 BeiOupaeT nepsoe
peKoH(UTYpMpOBaHe IOTUTUKY aJalTally, KOTOpOe MOKeT ObITh MHULIIMIPOBAHO.

Pesynprarer Mmogenuposarus E2 n E3 mokaseIBaioT, UTO cIeTaHHBIN BEIOOP peayn3amyy COOTBETCTBYeT
yKasaHHBIM HeUeTKNM 3Had4eHNSAM Ioje3HocTn. Peanmsanna E4 mokassiBaeT IpueMieMble pe3yJIbTaThl,
HO peKOH(UTypupoBaHye R4 mpomcxoguT CIMIIIKOM YacTo IO CPABHEHMIO C APYTUMI PeKOHQUTYpuUpo-
BaHUAMM, IMEIOIIVMIY TaKyIo jKe IT0JIe3HOCTb. Peanmmsanma E5 ABJIsgeTcd HeCOrJIACOBAHHOIL, IIOCKOJIBKY
pexoHdurypuposanue R5 cpeHero nmpuopurera HaxoQUTCI Ha rpaduKe HIDKe peKOHPUrypuposanmit R7
n R8 Huskoro npuopurera. Hakoner, Mmogennposanue E6 mokassiBaeT HeCKOIBKO HECOOTBETCTBIIA B UACTO-
Tax. TV SKCIIEPUMEHTHI IT0Ka3bIBAIOT MHTEPEC IPeJIOKEHHOI0 METO/Ia, ITO3BOJIAIOIIET0 II0Ib30BATEIII0
KaK ITOATBEPANUTD pealn3alyio CYCTeMBbI B IIPUCYTCTBUY IOMUTYK aJalTallNN, TaK ¥ MAeHTUPUIIPOBATh
II0JJ03pUTEIBHOE ITOBeieHNe. B 9TOM ciydae mociie Iy oIl aHaIu3 II03BOJIIeT pa3paboTaTh peaTn3aliiio
CJIOKHOJI CYICTEMBI, COOTBETCTBYIOIYIO IouTukKe aganranym (RQ2).

Table 1. Average results for 100 000-step Ta6nuua 1. CpegHue pesynbTaThl
executions ANs BbinonHeHW 13 100 000 waros

R1(%) | R2(%) | R3(%) | R4(%) | R5(%) | R6(%) | R7(%) | R8(%)
high | high | high | high | med. | med. |low | low
E1 784 67.2 78 82.8 10.6 29.7 16 11.5
E2 | 77 71.3 72.9 87.9 25.5 30 17.3 10.9
E3 | 68.7 64.7 70.8 76 23.1 31.4 14.9 9.4
E4 | 79.2 72.3 74.1 92.9 25 30.2 17.2 114
E5 | 64.4 66 56.6 68.2 17 29.7 19.1 24.4
E6 | 229 14.9 0.7 0 4.2 26.2 10.4 23.3

O060CHOBAHHOCTH Pe3yJabTaTOB IlepBas yrposa 000CHOBAHHOCTI OTHOCUTCS K aHAJIN3Y YACTOT, KOTO-
PBII MOJKET OIIMPAThCS Ha CIAUIIKOM Majioe KOJIMUECTBO MHUIMMPOBAHNIL IIPABILIL, YTOOBI IMETh BO3MOXK-
HOCTD BBIIIOJTHATH TOUHOE YIIOPSIAOUEHVIEe peaIbHbIX 3HAUEHNII IT0JIe3HOCTY IIPaBMil. 3aMEeTUM B CBI3M C
3TUM, UTO BO BpeMs SKCIIEPUMEHTOB Ka)K0oe peKOH(UIYypUPOBaHIe 3allyCKAIOCh OT HECKOJIBKUX HeCsT-
KOB 0 HECKOJIBKMX ThICAY pa3 B CJIyyadx TecToB, cocTroammux u3 100 000 mraros. Takum o6pa30M, OBLIO
obecrieueHO 3HAUUTEIHHOE KOJIMUECTBO NOIYCKOB IJISI KQXKAOrO MPABIIIA, UTO JAET PEJIEBAHTHOCTH BBI-
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YMCISeMBIM YacToTaM. Bropas yrposa 060CHOBAaHHOCTM 3aKJIIOUAETCS B TOM, UTO SKCIEPUMEHTHI OBLIN
IIpOBeEHBI TOJIBKO JJI OJHOM CIOXKHOI CUCTEMBI, XOTd ¥ C MHOTOUMCIEHHBIMI peanu3anuamu. Paciim-
peHMe 5KCIepUMEHTOB Ha Opyrue IpUMepbl CUCTeM fABISETCsS dacThio Oymyiumx pabor. Hakoner, eme
OJIHOJI yTpo3071 060CHOBAaHHOCTU SBJISETCS TOT (akT, UTO MBI caMU pa3paboTaiy BCe peanmsallii, YTO
MOJKET BBI3BaTh HEKOTOPYIO IIPEAB3ITOCTh. 1eM He MeHee, KaK YIIOMIHAJIOChH BBIIIIE, BHIOOp CHETaHHBIX
HaMI peajn3alllil oIMpaeTcsd Ha peajbHble CTpaTeTMy NPMMeHeHNIT afanTaluii, yKe OIMCaHHbIe B CO-
OTBETCTBYIOIIEI JINTEPATYpeE.

5. Buonmorpaduueckme 3aMeTKM U 3aKIIOUEHIE
5.1. Bubsmorpadmueckmue 3ameTKn

HMannas pabora IpomobKaeT pacCMOTpeHMe BOIIPOca O caMOafaIlTaluy CIOKHBIX cucTeM. Crerya-
JIN3UPOBaHHBIE o630p1;1 [18, 19] IIOJUEPKUBAIOT, UTO aJalITUBHbBIE I CaMOaJallTUBHbIE CUCTEMBI JOJIKHBI
obecrieynBaTh 0€30IIaCHOCTD Ha Pa3sHBIX YPOBHAX, YUUTHIBASI aBTOMATMUECKMEe PEKOH(DUIYpUPOBAHNI U
B)XHOCTH UX COTJIACOBAHHOCTHU. ABTOPBI IIPEAJIAral0T OOPATHBIN KOHTPOJIb ITOBEEHMS CUCTEMBI 11 M3Me-
HEHIe CUCTeMBI B ciiydyae HeoOxommuMocTy. Halr moaxon ¢ oHyailH-TeCTMpOBaHMEM TaKKe IIpefiiaraeTt
MHCTpyMeHTHpoBaHMe cucTeMbl. OQHAKO BMECTO M3MeHEeHSI CUCTEMBI, MBI IIpeyaraeM NHPOPMUPOBATh
MHKEHEPOB I10 BaIMJALIMY IV IIOJIb30BATeNell O ITOTeHIMANBHBIX IIpobieMax, IIOCKOIBKY 1) Impsamoit
KOHTPOJIb He IIpeIoaraeTcs IIpy TeCTUpoBaHmMy 3aKpbITIX cucteM (black-box testing), u 2) Mmb1 paccmar-
pMBaeM, YTO OLIMOKM MOTYT IOSABJIATHCA Ha (ase paspaboTKM, HEKeIV MPOMCXOOUTD M3 CPeIbl BBIIIOJ-
HeHUs cucTeMbl. B cratse [20] 6b11 006CysXOeH IIOOXOM K OHJIANH-TECTHPOBAHNIO, I aBTOPHI BBICTYIIVIIN
3a JCIIOJIb30BaHME OHJIAH-OOHApYKeHUs cOOs M OUArHOCTMKM [JI BOCCTAHOBJIEHUS IO IIPABVJIBHOTO
COCTOSIHMS CUCTEMBI IIocsie Hero. B pabore [21] aBTOpBI ITOBEIN UTOT I10 MCIIOIB30BAHNIO MOZENEN I
obecrieueHUsI YBEPEHHOCTH B CAMOANAITUBHEIX cucTeMax. OHM ONpeReiIn METOABI, KOTOPBIE OIIMPAIOT-
s Ha 9BOJIIOLIVIOHHBIE aJITOPUTMBI [JIsT aBTOMATUUECKOT TeHepanyy ciiyuaeB TecToB. [Ipyrue moaxomst [22]
mcriorp3oBany ki MAPE-T nyist MoHUTOpYHTrA IPMMEHIeMOCT 1 II0JIE3HOCTH CJIydaeB TECTOB BO BpeMs
BBIIIOJIHEHM cucTeMbl. Hamr rmoaxon Takke OCHOBAaH Ha NPMHIIIAX MOHUTOPMHTA, HO He IJIS aHAJIU-
3a cIyuaeB Tecra. Harlreil menblo sBJseTCS IPOBEpKa peajms3aliMil CUCTeMBI B IPUCYTCTBUY IIOJNUTUK
afalTalyy, II03TOMY MbI TeHepUpyeM CiIyday TeCTOB HEeIIOCPEeACTBEHHO B peKMMe OHJIAJIH Ha OCHOBE
BBIIIOJIHEHVIS CICTEMBI I MOZEJIN CPedbl MCIIOIb30BAH CHCTEMBL.

Cpenu Mopesell B3aMMOMECTBUA IJIS paclpefesIeHHBIX CUCTeM OTMETMM S3bIK B3aVMOMOEVICTBIUS
B [23], ubs omepanmoHHAas CeMaHTMKA OCHOBaHA Ha IIOIIATOBOM BBIIOJHEHNN. B ormnnmume ot maHHOI
paboThI, TO3BOJIAIOLIEN BAIMAALINIO TPACC BBIIOIHEHMS [TOCPEICTBOM UTEHMS COOBITUIT OQHOTO 32 APY-
T'UM B O(JIajiH pe)kyMe, HAIll IIOAX0] K TeCTMPOBAaHMIO Ha 0ase Mofesell MCIIONb30BaHNI KOMIIOHEHTOB
[103BOJIsIET OHJIAH 00paboTky coOsrtmit. [logxon, onmucaHHbln B [24], TaK)Ke UCIOIB3yeTcsT OuIaitH Iyt
yIIpaBIeHNs COCTOSHMSAMY KOMIIOHEHTHO-OPMEHTMPOBAHHBIX CUCTeM. [[JI9 3TOTO MCIIONB3YIOTCS ITOJIN-
TUKY afalTanuy ¢ IOOMHOKECTBOM BpeMEeHHBIX HIA0JIOHOB HAll COCTOSHMAMU. B oTimume or Haurero
ITOAXOMa TOJIMTUKY IIPUMEHIIOTCA Cpasy, MO3BOJIAA IIOCTPOUTH MHOKECTBO COCTOSHUI CUCTEMBI U 3aTeM
IJIAHMPOBATh B pexyuMme oduiaitH peKOH(PUIypUpOBaHYS, MMEIOII[Ie LeJIbI0 OINTUMM3AINI0 HEKOTOPBIX
He(pyHKIMOHAIBHBIX TPeOOBAHUIL K CUCTEME.

B o6actu cucteM Ha OCHOBe KOMITOHEHTOB OHJIAIH-TECTIPOBAHIIE UCIIONb30BAJIOCH B [25] muist o6Hapy-
KeHIS HapyILIeHNII CBOVICTB CHCTEMBI ITOCJIE PEKOH(DUTYPUPOBAHIIA C L[eJIbI0 BO3BpAII[eH)S B HOPMAaJIbHOE
cocrossHme. HeckoIpKo cTaTeif OTHOCATCS K BCTPOEHHBIM TeCTaM IJIsi KOMIIOHEHTHBIX CUCTEM C aKLIEHTOM
Ha UX apXUTEKTypy. B pabore [26] mcmonp3oBayicss OHIANH-TIOAX0 K TECTUPOBAHUIO Ha 0ase MOIeEIet,
rae Tectupyemas cucrema (SUT) crumynmpoBaiack MapKOBCKIM MpolieccoM mpuHsaTus pernennit (MDP).
CocTostHMSI MOV U IOBeJeHVe CUCTEeMbI ObLIN CBSI3aHbI, YTOOBI T€HEPUPOBATEH MEVICTBUS MOJENN VIC-
IIOJIb30BAHM, KOTOpBIE IIPMBEAYT K HaMEUeHHOMY IIOBeIeHII0. B 0T/IMuMe OT BBIIIIEYIOMSHYTBIX paboT,
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Halll TOAXO0J OCHOBAaH Ha M3BJIeUeHUN MHPOPMAILMY U3 3aIMCell ITOBeJEHNS CUCTEMBI I TeHepaln
cootBeTcTBYIOIUX TecToB mig SUT Ha 6ase Mozesu ee MCIOJIb30BaHMS.

ITpaBmia aganTauuy ¥ MOJUTUKM aJanTallM IIOJE3HBI IJIf yMEHBILIEHUS UM Ja)Ke yCTpaHeHNS
HeOIIpeJeJICHHOCTY, KOI/la HECKOJIBKO Pa3HBIX IeJICTBMII BO3SMOXKHBI B aallTUBHOI cucreMe. B obractu
IOVHAMIYECKOTO [eJIbTa-MOAEIMPOBaHMS I aJallTUBHBIX KOMIIOHEHTHBIX CICTeM paboTa [27] ucmons-
30BaJla MHO>KECTBO IIPABILI C IPMOPUTETAMI B KaUeCTBEe TEXHOJIOTMUeCKIX MapLIpyToB. B craTesax [17, 28]
ITOJIMTYKI aAIITALY COMEPsKaT IIpaBmiIa Co 3HaUEeHMIMI IIPMOPUTETa, TOTAA KakK B [29] dyHKImy moes-
HOCTM UCIIOJIB3YIOTCA AJIS OIpeaesieHMs Iefeit cucreMbl. C 0{HOM CTOPOHBI, Hallle IIOHATYE IT0JIe3HOCTI
OIM3KO K HUM, TaKk KaK OHO ITI03BOJISET YIIpaBJIeHME IIPMOPMTETaMl, UTOOBI BHIOpATh IIPABIUJIO C Hal-
Gostblilelt II0JIE3HOCTHIO 10 OTHOIIEHNIO K HaMeueHHBIM I1esaM. C Ipyroif CTOPOHBI, BBIIIEYIIOMIHYThIE
paboThl He ITOATBEP)KJANIN TOYHOTO BBIOJIHEHNS IpaBuil. B [30] aBTOpBI ynydulnin peakTMBHOCTD Ca-
MOAJANTUBHBIX CUCTEM C ITOMOLIBIO IIPEAVKTUBHBIX alropuTMoB. Hamr mogxon ssisercsa Gojee oOimm,
IIOCKOJIPKY OH IIOJTBEPKAAeT IIOJIE3HOCTD IIPaBI PeKOH(UIYPUPOBAaHMS I pasHOOOPasHBIX CUCTEM B
NPUCYTCTBUM IOJUTUK afalTaIum.

3akiIroueHne

B macrosiei crarbe ObLT IpeACTaBIeH IIOOXOM ¥ METOH IJIg aBTOMATIMUYECKOIl TeHepaliuyl TeCTOBBIX
cIydaeB AJIS BaJNIMAAIMY IIOJMIMTUK afalTaluy KOMIIOHEHTHO-OPUEHTUPOBAHHBIX CUCTEM. IDTOT IIOIXON
HamnpaBJeH Ha IIOJNydyeHye OoNbIINX HAaOOpOB TECTOB Ha OCHOBE BEPOSTHOCTHBIX MOMEJENl Cpembl JIC-
IIOJIB30BAHMSI KOMIIOHEHTOB, UTOOBI MMETh BO3MOKHOCTh OLIEHMBATH METPMUKIM BO BpeMs BBIITOJHEHIST
CHUICTEMBI U TeM CaMbIM CPAaBHMBATH BBIIIOJIHEHIE OIlepaliil peKOHGUIYPUPOBAHMS 110 OTHOIIEHNIO K MX
dopmanbHOI crielnpUKAINY B IOAUTUKAX afanTarui. [IpoBegeHHbIe 9KCIIEPMMEHTHI II0KA3aJIy, UTO ITOT
IIOAXOJ, II03BOJIAET OOHAPYKUTH peany3anyyl, KOTOpble He COONI0NAIOT JODKHBIM 00pasoM II0JIEe3HOCTD
pexondurypuposanumit. [loguepkHeM, YTO 3TOT IMOAXOX, IIPUMEHSIEMBII B JaHHOI CTaThe K CHCTEMaM
KOMIIOHEHTOB, MOKET OBITh JIETKO AJAITMPOBAH K OPYTUM TUIIAM CUCTEM C MCIOJIB30BAaHMEM IIPABILL U
TIOJIUTHUK afalTalun.

OpuuMm u3 Oyoylumx HampaBieHui paGoThl HAa OCHOBE 9TOTO IOAXONA SIBJISETCI IIPeNOCTABIIEHNE
TIOJIb30BATENI0 CPEJCTB IJI IIPOBEPKU TOTO, UTO IOJMTHUKA afalTallii, KOTopas IpaBUIbHO pealn3yer-
cs1, BBITIOJIHAET TaKye HeyHKIMOHAIbHBIE CBOVICTBA, KAK OITUMI3UPOBAHHOE ITOTpebIeHIe PECYPCOB U
T. 1. 9Ta paboTa MMeJa LeJbI0 reHepallio cJIyuaeB TecTa B BUe IIOCJIeq0BaTebHOCTel coObITIII. OmHIM
13 YIyUIIeHUII MOXeT ObITh aBTOMAaTMUecKas reHeparus OOJIBIIIOrO YMCIA MMEIOIINX CMBICT Hayallb-
HBIX KOHQUIypauuii, KOTopble MOTYT OBITh PELIAONIMMIY B IIpoIjecce TeCTMPOBAHMS MJIA TOCTIVDKEHNIA
KOHKPEeTHBIX KOHPUIYpaUNIil BO BpeMsI BHIIIOTHEHNS afallTUBHON CUCTEMBL.
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