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JJIOBEJEHHS BJIACTUBOCTI KOPEKTHOI POBOTHU BAHKIBCBKOI
CUCTEMMHU BUIIVIATU I'POIIOBUX IIEPEKA3IB

1O.A. Ocmanoscvka, T.B. Ilanuenxo, H.B. Iloniwyx, M.O. Kapmaeos

3acTOCOBAHO METOJ| JAOBE/ACHHS BIACTHBOCTEH MapalelbHUX MpOrpam, [0 BUKOHYIOTCS 6araTroek3eMIUIIPHO B PEXXUMI [OYEProBOro Io-
KPOKOBOTO TICPEKIFOYCHHS | B3a€EMO/IIOT 4epe3 CHIJbHY ITaM’ STb, [UIs JOBEACHHS BIACTUBOCTI KOPEKTHOCTI OAHKIBCHKOI CHCTEMHU BHILIATH
IPOLIOBHX MepekasiB. B poGorTi nmocrasieHo 3aady, Ho0yI0BaHO TPAH3ULIHHY CHCTEMY JUlsl MOZIEI 3i CIIPOLICHHM CTaHOM, C(HOPMYJILOBAHO
iHBapiaHT MPOrpamMyu Ta NPOBEACHO JOBEJCHHS iCTHHHOCTI iHBapiaHTy HaJ MPOTPAMHOI0 CHCTEMOIO y JOBUIbHHIA MOMEHT 4acy. 3po0ieHo
BHCHOBKH II0JI0 3pYYHOCTI Ta aI€KBAaTHOCTI 3aCTOCYBAaHHS METOY [UIS OBEACHHS KOPEKTHOCTI MAPANICIBHUX CUCTEM.

KI1r040Bi €J10Ba: KOPEKTHICTh MPOrpaMHOro 3a0e3edeHHsl, JOBSACHH YacTKOBOI KOPEKTHOCTI, MapaielbHa nporpama, interleaving insapi-
anT, IPCL, KoMII03UIIIiHO-HOMIHATHBHI MOBH, (hopMasibHa BepHiKarlis

IIprMeHeH METO A0Ka3aTeIbCTBA CBOMCTB MAPAUICIBHBIX IPOrPaMM, KOTOPHIC BHIIOIHSIOTCS MHOTOIK3EMILIIPHO B PEXXHME ITO0YEPETHOTO
HOIIAroBOTO MEPEKIIOYCHHS U B3aUMOACHCTBYIOT Yepe3 OOLIYI0 aMsTh, sl I0Ka3aTeIbCTBA CBOMCTBA KOPPEKTHOCTH OAHKOBCKOM CHCTEMBI
BBIILIATHI JICHSXKHBIX [IEPeBOJOB. B pabore mocrasieHa 3ajiaua, MoCTpOCHa TPAH3HIIMOHHASI CHCTEMa JUIsl MOZIEIH C YIIPOILIGHHBIM COCTOSIHH-
eM, c(opMyIMPOBAH HHBAPUAHT MPOrPAMMBI U TIPOBE/ICHO AOKA3aTEAbCTBO MCTHHHOCTH HHBAPHAHTA HAJl IPOTPAMMHOI CHCTEMOH B 0001
MOMeHT BpeMeHH. ClieliaHbl BBIBOIbI O yA0OCTBE M a/IGKBATHOCTH MPUMEHEHHs METOZA JUIsl J0Ka3aTelIbCTBA KOPPEKTHOCTH MapaslIedbHbIX
CHCTEM.

KiroueBble C10Ba: KOPPEKTHOCTH IPOrPAMMHOIO OOECIICYEHHMs], TOKA3aTeIbCTBO YaCTUYHON KOPPEKTHOCTH, MapaUIeibHAs IPOrpamma,
interleaving uuBapuant, IPCL, KOMII03ULIIHOHHO-HOMHUHATHBHBIE SI3bIKH, (JOpMalIbHAs BepU(pUKALIHs

The method for properties proof for parallel pragsarunning multiple-instance interleaving with sftamemory was applied in order to
prove the correctness property of the banking sydte remittances payments. The task was statedsitional system was built for the
model with simplified state, and the program inaatiwas formulated and proved to keep true ovesdifizvare system at any given time in
this work. Conclusions about the convenience ardjaacy of method application to prove the corresstroé parallel systems were made.
Key words: software correctness, safety property proof, caectirprogram, interleaving, invariant, IPCL, comfioa-nominative lan-
guages, formal verification

ITocTanoBka 3amxauyi Ta anaiz. @OpMyJIIOBaHHSA BJACTHBOCTI KOPEKTHOCTI CHCTEMH

Po3riisiHeMO 3aCTOCYBaHHS METOAUKHU JOBEIEHHS BIACTHBOCTEM mapanensHux mnporpam y IPCL [1-3]. 3azaua
CTOCYETHCSI JIOBE/ICHHST KPUTHYHUX BIIACTHBOCTEH CHCTEMHU BHILUIATH MIKHAPOJHUX TPOIIOBHX Mepekasis Vigo Remit-
tance Corp.peanizoanoi B BAT “/lepkaBuuii omanuuii 6ank Yxpainu” (Hamani — 6aHK).

Cdopmyiroemo 3amady. s BUIDTATH NIEBHOTO MEpPeKa3y OJCpKyBady 3IiHCHIOETHCS aBTOPU3AIIisl — OTPUMAHHS
JIO3BOJTy Ha BUIUIATY [[BOTO MEpPeKa3y JaHOMY OJepxKyBauy (TOuHille, B JAHOMY BUIMAIKY — IPETSHICHTY Ha OJCpIKaH-
us1). Taka mpoleaypa BUKOHYEThCS B cepenoBuil SQL, Moaens poboTH SKOro — mapaneiizm uepes CIiibHy nam'siTh B
PEKHMMI TIOYEProBOr0 BUKOHAHHS, TOOTO KUIbKA MPOLEIYP BUKOHYIOTHCS “OZHOYACHO' B IMOKPOKOBOMY PEXHMI, IIPH-
YOMY KOKHY JWCKPETY YacCy BUKOHYETBCS TIIBKHM OJHA KOMaH/a TiIbKH OJHOTO Tporiecy (i3 ycix, 3amyIeHnx y mapa-
JIETIB).

[Ipouenypa aBTopu3aiii nmependadae ayreHTU(IKAIIIO Ta iIeHTH(DIKAIII0 TPETeHIEHTa Ha OJIEpP>KaHHS TPOIIeH
[UIIXOM TIEPEBIPKY HAJAHUX HUM JaHHUX Yy 3alUTi CTOCOBHO TPOIIOBOTO Mepekasy. Skimo iHdopMallis HagaHa MpaBUih-
HO, TOOTO CHiBIana€e 3 HassBHOK y 0a3i jmaHux (0a3za JaHUX IOMOBHIOETHCS IapajeibHO 3 MEPECHIAHHAM IPOIIEH IPU
HAJIXO/KEHHI HOBMX II€pPEKa3iB I BUIUIATH), llepeKas3 He 3a0510koBaHo (epekas OJI0KY€eThCs IMICHs KiIbKOX HEBJIAIUX
aBTOpH3alliif a00 3 1HIIUX OCOOJUBUX OOCTaBUH — aHYJIIOBAHHS, TOMIO —Ta MOXE OyTH PO30JIOKOBaHUH CHEHiaIbHUM
OMEPATOPOM CHCTEMH) Ta HE BHILIAYEHO, OJIEPXKYBau € JIWCHO THUM, 3a KOro cebe BUJIAE, TO aBTOPH3ALliSl BBAXKAETHCS
MPOWJICHO0 YCIIIIHO 1 HAJAETHCSI O3B HA BUIUIATY MEPEKa3aHUX TPOIICH oneparopom cuctemu (pariiBHUKOM OaH-
Ky) onmepkyBauy. Ll mpouenypa € HeoOXimHowo (TOOTO MomepeAHii po3mo/ia mepekasiB mo BiAAICHHAX OaHKY € He-
MOITHBHM), OCKIJIbKU TOBHHHA 3a0€3MeUyBaTHCh MOKIIUBICTD OJIEPKYBauy OTPUMATU MPHU3HAYEHHUN HOMY TPOIIOBHIA
nepekas (To0To mepexas Ha CBO€ iM's1) y Oyab-sKiii Touli (B Oyab-IKOMY BiIiIeHH] OaHKY) KpaiHH.

Banky HeoOXiTHO rapaHTyBaTH, IO CHCTEMa IMPAIIO€ KOPEKTHO, IHITUMH CJIOBaMH, 110 BiH HE BTpava€e KOIITH.
Ockineku (opmaiizyBaTu imentudikario ogepkysada (oauHu) Ge3ray3no (mepeBipka BiANOBIAHOCTI MACIOPTHUX
JIaHWX, MTOPIBHIHHS TI0 BKJICEHINH Y TacTIOPT (POTOKAPTIN, MEPEBipKa aBTEHTUYHOCTI (OTOKAPTKH, HEMiAPOOICHICTD mac-
[OPTY B3araji TOILIO), 30CEPEANMOCH Ha ieHTHdiKaLii mepekasy Ta HOro craHy i BiIIOBIIHHUX KpOKax IPOLEIYPH aB-
TopH3arii. 3 MUX MO3UIliA MATAHHSI KOPEKTHOCTI, (DaKTHYHO, 3BOJAUTHCS IO MUTAHHS HEMOXIJIMBOCTI BHILIATH 3aliBHX
KOIITIiB. SIKIIO BpaxyBaTH, 1[0 aBTOpU3aLlis repeadadae, 30KpeMa, MepeBipKy CyMH MepeKasy, TO 3p03yMilo, 10 B Me-
’Kax OJIHOTO IIepeka3dy OaHK He MOKe BTpaTHTH “3aiiBuX’ rpouield. 3BiicH, OaHKY NMOTpPiOHO rapaHTyBaTH, (paKTHUYHO,
110 XKOJHUIA TepeKa3 He MoXke OyTH BHILTaYeHUi Oiibiie oauoro pasy. ([leBHuit mepekas Oyje BUILIAUYCHUN OJUH pa3
JIUIIE 32 YMOBH BiJIOBITHOCTI iH(popMarii B 0a3i TaHUX NepeKasiB 3 HAJAHUMHU NPETCHICHTOM Ha HOTO OJlepXKaHHS
PEKBI3UTAMH.)

3BiJICH, KOPEKTHICTh CUCTEMU 3BOJIUTHCS IO HEOOXiTHOCTI IOBECTH, IO OJMH 1 TOW caMuil TiepeKas He Moxe Oy-
TH BHMIUIa4eHHi aBidi (i Olablie pasis), TOOTO 110 JO3BLI HA HOTO BHUILIATY (ABTOPH3Allis BUILIATH) HE MOKE OYTH OTpH-
MaHui aBiui (i Oiabmre).
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IIpoexkTyBaHHs

Tenep po3rissHEMO NEeTANbHIIIE TIPOIEAYPY aBTopu3aiii. JIerko modyayBaTu OiLIBII-MEHIIT OYEBUIHY TIOKPOKOBY
MIPOLIEYPY aBTOpH3AIlil epeka3y B MePIIoMy HAOIMKCHHI:

1) 3agixcysamu uepeogy cnpoby asmopuzayii

2) saxujo nepexas ne 3a610K08aH0 MO

SAKWO nepekas He GUNIAYEHO MO

AKUWO HAOAHA KOpeKmHa ingopmayis no nepexazy mo (*)
AKWO Ysi iHpopmayis cnienadace 3 danumu y 6azi mo (*)
asmopu3syeamu GUNJIAMY nepexasy

inaxwe (8 ycix imuwux eunaoxkax) iomMosumu 6 asmopuzayii

3) sxwo cnpob asmopusayii HakonUUUIOCH Ginbe 2, Mo
3a0710KY8AMU NEPEKaA3s.

OmycTrMO 3 aHami3y mepeBipKy KOpeKTHOCTI iHdopMaiii (momiueHo *), OCKITbKH peanbHO I He BIIMBAE CYTTE-
BO Ha Pe3yJbTaT aBTOpH3alil (OLIbLI TOro, Ii MEPEBIPKU CKIaqatoTh OAHKIBCHKY TAEMHHMIIIO) — TaK, II€ Jy)KE BaXKIHBa
nepeBipka, aje, K moGayrMMo Jaii, BOHA HE € KPUTHYHOIO IS JOBEJEHHS BJIIACTHBOCTI, sKa HAC WiKaBUTh (iHIIAMH
CJIOBAMH, ILIKOM 3p0O3yMiJio, sK ii poGutn). (O4eBUaHO, 10 KOJHM X04a O OJHa 3 YMOB HE BUKOHYETHCS, aBTOPH3ALlis HE
MIPOM/E, OCKIIbKA BOHA BiAOYBA€ETHCS JIUIIE Y BUMAAKY, KOJH BCI YMOBH MOBEPTAIOTH | FUE ITiJ] Yac MepeBipKH — MpH-
HaMHi JIorigHo Tak Mae 0yTH.) Sk OyIo BigsHadeHo, cepenonuiie SQL € cepe1oBUILEM 3 APANIETIZMOM i3 B3aEMOII€I0
4yepe3 CHiIbHY IMaM’ ATh. B 3B’ 13Ky 3 IIUM CITiJ] TAaKOX 3ayBaXKHTH, IO SKIIO JesKka yMOBa IMOBEpHyJa Truermin gac oo-
YHCJIEHHS 11 3HAYESHHS, TO Mi3Hinie (IpY BUKOHAHHI HACTYIMHHUX KPOKiB) BOHA (TO¥ caMuii MPeUKaT YMOBHOTO OIIEpaTo-
pY) MOXe TOTEHI[IHHO NpUiHATH 3HaueHHs False,omke ko BukoHaHHs Hiiiie no 6noky “then” 3 “if-then-else”, na-
NPUKIA]], TO 3HAYCHHS NpeIrKaTa yMOBH MOXe Bxke Oyt False koua mo Bukonanus Onoky “then” moxxna Gyno mpu-
CTYIHTH JIMIIE B CUTYyaIlil, KOJH IPU OOYHCIEHHsI MPEAUKATy YMOBH OyJI0 OTpUMAHO pe3yibrar True).A orTxe, MH MO-
KEMO OTPUMATH CYIIEPESUINBY CUTYAIIIIO 1 30KpeMa, HAMIPHKIIAA, aBTOPU3YBATH BUILIATY OJHOTO MIEPEKA3y JIBIYi.

He 30cepemxyrounch TOKIAIHO Ha apXiTEKTypHUX PIIICHHIX Ta AU3aiHI CUCTEMH, BIA3HAYUMO KITFOYOBI JYMKH
Ta iX OOTpYHTYBaHHS.

1. By3bke Micte. IHTYiTHBHO 3p0O3yMiio, IO KPUTHYHUM MICIIEM CHCTEMH € IMapajeibHa crpoba aBTopu3aii
OJIHOTO ¥ TOro X IepeKas’y KiibKa pasiB (HampHKIam, KOJIH JEXTO IIEPEXOIHMB KOPEKTHY iH(OPMALiI0 Ipo Mepekas i
HAMara€TbCsl OTPUMATH aBTOPHU3AIIii0 HE OyAydd AIHCHUM oJepiKyBadeM mepekasy). Lleit ¢axr He BIUMBae Ha MOAAb-
11y MoOyI0BY CHCTEMH Ta JOBEIEHHS HEOOXiHOT BIACTUBOCTI, aJie JO3BOJISE Kpallle pO3yMITH BY3bKi MiCIld 1 puiima-
TH MPABWIBHI PIIICHHS 1010 JU3aiHY Ta apXiTEKTypPH CUCTEMHU.

2. Pigens i3omsmii tpansakmii SQL (Transaction Isolation LevelKoxua aBTopusaiiis CKiafae TpaH3aKIIiio
(macmpaBai — qBi TpaH3akuii: ¢ikcauis HamipiB aBTOpH3alil Ta pe3ynbTaT aBTOpU3alil —BIacHe aBTOpH3auis). Pi-
BeHb i30imsiii obupaetbes Read Committed3posymino, o HaMm HeEOOXiAHUH piBeHb, SKUH rapaHTyBaB OM HEMOXK-
JIUBICTH OJIHOYACHOT pOOOTH 3 OJHUM mepeka3oM ((pakTHYHO, HE JI0MyCcKaB O iHTepdepeHiio mpoiecis), aie, mo-
nepie, HalcyBopimMid piBeHb i3omsauii — Serializable He exBiBaseHTHHI MOCTIJOBHOMY BUKOHAHHIO MpPOLECiB (TO-
ni Oyna 6 rapanTroBana cBobGoja Bix iHTepdepeniii), a mo-apyre, pisens izonsinii SerializablepekomengoBanuii no
3aCTOCYBAHHS JIMIIE Y BHMAIKAX 31 CKJIAIHOIO JIOTIKO 00uucieHb (B IaHii cucTeMi JIoTiKa HE € HAATO CKJIAIHO0) i
Ma€ BEJIMKHH BiIICOTOK BimkaTiB Tpamzakiiii (transaction roll-back)io npussoaurs 10 HEOOXiAHOCTI MOBTOPHHUX
cnpo0 BHKOHAHHS TPaH3aKIil, yCKIaJIHEHHs BHYTPILIHBOI JOriKM BUKOHaHHs KoMaHx SQL-cepsepom (Ginbmie 6io-
KyBaHb OyIyTh YTPUMYBATHCh JOBIIH Yac) Ta 3MEHIIEHHS 3araibHOT MBUAKOAII CHCTeMH (IeTambHilIe mpo e Mo-
JKHa [IPOYMTATH B JOKyMeHTaIil 1o Oyab-skomy SQL-cepsepy — Microsoft SQL Server, PostgreSQlrakox B [4]).
3BHUYAiHO, OCTAHHE € HEMPUITYCTUMHUM y BUIMAJKY KPUTHYHHUX 10 4aCy OaHKiBCHKHX CHCTEM.

3. VTouHeHHsl aIropuTMy aBTOpH3allii. BBeieMo mepeBipKy Ha KibKiCTh MapaieabHuX (BUKOHYBAHHUX OJHOYAC-
HO) aBTopu3auiil. Lle MOKITHBO, OCKUIbKH MH (ikcyeMo cnpoOy aBTOpu3alii B XKypHaJi, He3aJIeXHO Bif ii pe3ynbraty,
SIKHI 3’ ICYEThCS Ti3HIIIE.

TakuM 9UHOM, YTOYHEHHH aITOPUTM aBTOPH3aLlii BUTIIATIME HACTYITHUM YHHOM:

1) 3anucamu uepeosy cnpoby aemopuzayii

2) saxwo xinbkicmos oonouachux (napaneavhux) cnpob = 1, mo

AKW0 nepexas He 3a06J10KOBAHO MO

AKW0 nepexas He GUNIAYEHO MO

AKWO HAOAHA KOPEeKMHA TH(opMmayis no nepekasy i ys ingpopmayis cnienaoae 3 danumu y 6aszi mo (*)

asmopu3syeamu 8UNIAMY nepexKasy

inaxute (8 ycix inuux eunaoxkax) iomMosumu 6 asmopuzayii

3) sikwo cnpob asmopusayii HaKONUUUIOCH Ginbiue 2, mo
3a610Ky8amiu nepexkas.
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[TapasiepbHO 3 MM CTEMiANLHUEN OrepaTop MO BUPINICHHIO KOHQIIKTIB MOXe pO30JIOKYBaTH CIIpHI MMEpPEeKasH,
TOOTO MapayielbHO BUKOHYETHCS MIPOLIEC:

Ppo36n0Ky8amu nepexas

IModynoBa nporpamu | PCL Ta Moaenow4oi TpaH3uuiiiHOi cucTeMu

Hawm 3Hano6uthcst Mojieb cucteMu (Mojens peanbHoi cuctemu Ha MoBi SQL B moBi IPCL). Otxe, ogHum 3
KIFOYOBUX MOMEHTIB € BH3HAYEHHS aJeKBATHOTO DiBHs jaertamizamii cucremu (i, BiAmMOBigHO, noBedeHHs). € pi3Hi
MOXITMBOCTI B JAHOMY aCMeKTi — TaKk, MOXHA PO3IJIAJaTd MOJeTb K B [5,6], TOOTO MOJeIIOBaTH BUKOHAHHS OIepa-
uiit SQL-cepBepoM (meTanizyBaTu 0 piBHS omepariii 3 TabauLAM), a MOXKHA abCTparyBaTuch Bil MPEACTABICHHS Ta
pobotu Oe3nocepelHbO 3 JaHUMH —1 pO3TiIsiaTH (PYHKIIOHYBaHHS CHCTEMH Ha BHIIOMY piBHI aOctpaxiii. Mu Oy-
JIEMO MOKJIAZAaTUCh Ha KOPEKTHICTH peanizanii SQL-cepBepa, a, oTke, po3rsgaaTy (TOYHIIIE, BAKOPUCTOBYBATH) HO-
ro omepariii 6e3 geramizamii o0 X peaizamii — TOOTO PO3rIISIIATUMEMO KOPEKTHICTh IporpamMu BigHocHOo SQL.

IIle ogne 3ayBaskeHHsA. B Mojemni Mu 30cepennMoch Ha poOOTi 3 OTHUM TepeKa3oM. 3po3ymisio, 1o podora 3 pi-
3HUMH [IEpeKa3aMu, X04 i BUKOHYBaHa B Mapajeib, He iHTepdepye (HeMae B3a€MHOTO BIUIMBY MPOLIECIB aBTOPH3ALil
PI3HUX TIepeKa3iB OJIMH Ha 1HIIHMA, a/pKe TAKMMH MPOIIECaMH 3a4iNarOThCS PSIKH TaOJIHIlb, TEPETHH SIKUX € TIOPOKHIM —
OCKIJIbKM BOHM MalOTh IPHHANMHI Pi3Hi KOJIH 1epekasiB). ToMy MU SIBHO He OyIeMO BKa3yBaTH Hi HOMeEp IepeKasy, Hi
iH(pOpMAIIiO 11010 HBOTO.

VYTouHeHHsI mpoleaypu aBTopusauii. Hexail y Hac € Tpu Tabmuui: inpopmaniiina (mpo nepekasu) Inf, aBropu-
3amiitHa (kypHan apropusauiil Ta cpo6) Auth ta Tabmnuus 3 iHpopmauiero momo 6nokyBanb Block Asropusauiiina
TaOJIMIs MICTUTH KOPTEXi 31 cTaHOM crpod aBropu3auii — “BumiadeHo” (ToOTO aBTOpH30BaHA BHUILIATA), “crpoba
aBTopu3auii” (3apa3 BimOyBaeThbes, iN progress)ra “BiamoBa” (i3 3a3HAYCHHSAM MPHYHMHH). PO3rIsIHEMO CHTYyaLil0
po6oTu 3 geskuM mepeka3zoM 3 kojaom Invoice TMo3HaurMo KiTbKOCTI PSIIKIB B [UX TAOIHIAX HACTYITHUM YHHOM:

A —KinpKICTh BUILIAT TIepekasy INVOICE To0TO KiUTbKICTh psiakiB Tabmumi Auth siki BimHOCSTBCS 10 INVoice ta
MAaIOTh CTaTyC “BUILIAYCHO",

P —xinbkicTh mapanensaux (0QHOYACHHX) CIPO0 aBTOpH3allil (BUILIATH) IEpeKasy, TOOTO KiIbKICTh PSAKIB Ta0-
i Auth, siki BimHOCsTBECS 10 INVOICeTa MaroTh craryc “crpoda aBropH3aliii’,

T —HakomUYyBaNbHA KUIBKICTh BCIiX CIpo0 BHILUIATH Mepekasy, TOOTO 3araibHa KilbKicTh psakiB Tabmuui Auth,
SIKI BigHOCATBCS 10 INvoice

B — 6nokyBanus nepekasy (0 =Hemae, 1 =€), ToOTO ocTaHHil cTaH GiokyBaHHs INvoice 3rigno Tabmumi Block
skmio taki 3amucu € (1 —3abnokoBano a6o 0 —po3610K0BaHO), abo O, AKIO HEMA€E BiJMOBIIHMX 3aMKCIB B TAOJHII
Block

3p03yMiJIo, 0 3HAYECHHS BCIX 3MIHHUX 3aBXKIM € HEBiJ' €MHUMH I[ITUMHK ynciamu (1€ — KiJIbKOCTi ps/KiB B Tab-
JIMIAX, OKpiM B, 1o npuiimae 3nauenns 0a6o 1).

Tenep MoxkHa BUIIMCaTH npouenypy asropusauii y Burisiai IPCL-iporpamu Han cranom 3i sMminanmu A, P, T, B:

Auth_Prog=
(T, P) := (T +1,P +1);// pikcanis cpobu aBTopu3ariii
if (P=1)then
if (B=0)then
if (A=0)then
if (data_provided_corre€} ) then
A P)=A+1,P-1) [l bikcariis ycmiHoi aBTopu3anii
dseP=P-1 /[3aBepiieHHs aBTOPH3aLlii BiZIMOBOIO
elseP:=P-1
elseP:=P-1
elseP =P -1,

if (T>2)then B:= leseld:;

ne data_provided_corre€t —npeaukar, oo noseprae True,KojM mepeiaHi JaHi o0 IepeKkasy € KOPEKTHUMH 3TiIHO
0a3u gaHux nepekasis (rabnuus Inf) Ta Falsey npotunexxHomy BUMaaKy.

[MapanensHO MOKe BUKOHYBATHCh TIpoLiec “po30I0KyBaTH Iepekas”:

Unblock=
B:=0;

CemanTrKa BianoBiguux ¢pynkuiit anredpu IPCL, Oyne Bu3HaYeHa IPUPOAHUM YHHOM:
semr,py:=r+1,p+1) () Ed O[T (T=(d) + 1),P— (P=(d) + 1) ],
semp =4 (d) =IF (P=(d) = 1,True False),
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semg=o(d) =IF (B=(d) = 0,True, False),
semp=o (d) =1F (A=(d) = 0, True False),
S€Myata_provided_correey () = choice(True, False),
sema p)=@+1,p-1) (d) =d0[A (A=(d) +1),P—> (P=(d) - 1) ],
semMp.=p1 (d)=d 0[P (P=(d)-1) ],
semys, (d) =1F (T=(d) > 2, True, False),
semg.-;(d)=d0[BH 1],
semy (d) =d (identity, nane He 3MiHO€TBCS),
semg.=o(d)=d0[B~ 0],
ne choice(A, B) —uHenerepminoBanuit Bubip Mixk 3Hauennsmu A ta B. [lane d mae 3aranbHuil BUIIIs
d=[PH—p, Tt A>aB—b].
TakuMm unHOM, MaeMo nporpamy B IPCL (touniiue, B migkiaci — SeqlLProgk
Program= Auth_Prod ||Unblock" .

OCKiJIbKM y HAC HEMae JIOKAIbHHUX NaHUX (TOYHIIIe, Ui CIPOIICHHS MH BiJl HUX BIAMOBHIIHCH —30KpeMa, B
data_provided_corre¢)), nobyayemo crnpouieHy Monenb (3i cipouieHuMu ctanamu) [7]. Tlicist BUKOHAHHS anropUTMy
PO3CTaHOBKH MiTOK OTPHMA€EMO!

Auth_Prog=
Mzl (T,P):=(T+1,P +1);
if [M2] (P =1)then
if [M3] (B =0 )then
if [M4] (A=0)then
if [Ms:] (data_provided_corre€} ) then

[Me:] (A, P):=(A+1,P-1)
else [Mz]P:=P-1
else [Mg]P:=P-1
else [Mg:]P:=P-1
else [My:] P:i=P-1;

if [Mll:] (T >2 )then [MlZ:] B:=1€else [Ml3:] Id;
[My4]
Unblock=
[Mis:] B:=0;
[Mi6:]

Muoxnna SStatesOyae npeactaBisTH COOO0 IiIMHOXKHHY N'®xD, srigHo CIPOILCHOTO BapiaHTy METONY,
ne D =ND(V, W) —crinbHi riobanbHi aaHi Juist Beix nporecis, npuuomy {A, P, T, B} OV ta NO{0} OW.

Oyukitist SStef(BukoHaHHs porpamu Prograrn) 6yie Bu3HadueHa 3a UM aJTOPUTMOM HACTYITHAM YHHOM:

{ ( (Sl! 521 83! 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SC|.3! SC|.4! SCI.S! SCI.G! d), (Sl_lv &+1! 831 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SCI.31
Si4 S15, S16 SEM(T, Py = (7 +1,p+1) (d)) ) [$1>0 & UilINgg* SON } [

{ ( (Sli 521 831 541 SS! %l S7l 581 891 SCI.O! S.I.ll SCI.Z! SCI.3! SCI.4! SCI.S! SCI.G! d)l (Sli 52_11 S3+11 541 SS! %l S7l 581 891 SCI.O! S.I.ll SCI.Z! SCI.3!
S14 S15: S16, ) ) |$>0 & Oil0Ngg* SON & semp -4 (d)=True} O

{ ((s1 %2 Ss 1 S5, S60 70 Sr Sov S10y S11y S120 Si3r Sy S5 Si6 0), (S, 1, S5, S, S5, Sey S0 Ser Sov S10td, S1a, Si2r Sias
S14 Si5 St ) ) [$>0 & OilINgg ¢ SON & semp - (d)=False} O

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3! S[l4! SCI.S! SCI.G! d)v (Sl! S'Zv 53_1134-'-11 SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3!
S14 Si5 St ) ) [$>0 & OilINg ¢ SON & semg - (d)=True} O

{ ( (Sli 521 831 541 SS! %l S7l 581 891 SCI.O! S.I.ll SCI.Z! SCI.3! SCI.4! SCI.S! SCI.G! d)l (Sli 521 83_11341 551 %l 571 %l &J+11 SCI.O! S.I.ll SCI.Z! SCI.3!
S14 Si5 St ) ) [$>0 & OilINgg ¢ SON & semg - (d)=False} O
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{ ( (Sl! SZ! 83! 541 851 %1 S71 581 891 lel slll le! 513, 514, 515, slﬁ! d), (Sli SZ! 831 S4_11 S5+11 %1 S71 581 891 lel slll le! SCI.31
S14 Si5 St ) ) [ $>0 & OilINg ¢ SON & semp - (d)=True} O

{ ( (Sl! SZ! 83! 541 851 %1 S71 581 891 lel slll le! 513, 514, 515, slﬁ! d), (Sli SZ! 831 S4_11 551 %1 571 %‘Fl! 891 lel slll le! SCI.31
S14 S15 S1e, 0) ) |S>0 & OildN;g* SON & semy - o (d)=False} O

{ ( (Sl! SZ! 83! 541 851 %1 S71 581 891 lel slll le! 513, 514, 515, slﬁ! d), (Sli SZ! 831 541 %1! %‘Fl! S71 581 891 lel slll le! SCI.31
S14, S15 S16 d) ) |5‘5>0 & Lii DNlG * SDN & Semdata_provided_corre(:) (d):True} O

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3! S[l4! SCI.S! SCI.G! d)v (Sl! S'Zv S?n S4, 35_11%! S7+11 S31 S)! SCI.O! S[ll! SCI.Z! S[l3!
S14 S15 S16 d) ) |55>0 & L |:”\116 * SDN & Semdatafprovidedfcorre(:) (d)=FaIse} U

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3! S[l4! SCI.S! SCI.G! d)v (Sl! S'Zv S?n S4, SS! Sﬁ_lv S71 33! 891 SlOr Sll+11 SCI.Z! S[l3!
S14, 15, S16: S€MA, ) = (a +1,p-1) (0)) ) S0 & Hi00Nyg» SON} O

{ ( (Sl! 521 83! 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SC|.3! SC|.4! SCI.S! SCI.G! d), (Sli 521 831 541 851 %1 37_1! 58! &Jl SlOl Sll+11 SCI.Z! SCI.31
S14, S15, S16, S€Mp =p_1 (d)) ) [S>0 & OilINyg* SON} O

{ ( (Sl! 521 83! 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SC|.3! SC|.4! SCI.S! SCI.G! d), (Sli 521 831 541 851 %1 S71 58_11 &Jl SlOl Sll+11 SCI.Z! SCI.31
S14, S15, S16 S€Mp=p 1 (d)) ) [$>0 & LilINyg* SUN } O

{ ( (Sl! 521 83! 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SC|.3! SC|.4! SCI.S! SCI.G! d), (Sli 521 831 541 851 %1 S71 581 89_1! SCI.O! SC|.1+1! SlZl Sl31
S14, S15, S16 S€Mp=p 1 () ) [$9>0 & LilINyg* SUN } O

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3! S[l4! SCI.S! SCI.G! d)v (Sl! S'Zv S?n S4, SS! SG! 571 S31 S)! 510_1' Sll+1l 8121 8131
S14, S15, S16: S€Mp =p_1 (d)) ) [S16>0 & OilINgg* SON} O

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 S)! SCI.O! S[ll! SCI.Z! S[l3! S[l4! SCI.S! SCI.G! d)v (Sl! S'Zv S?n S4, SS! SG! 571 S31 S)! SCI.O! Sll_ll Sl2+1l 8131
S14 S15 St 0) ) [S17>0 & OiONgg ¢ SON & semy s, (d)=True} O

{ ( (Sl! 521 83! 541 851 %1 S71 581 891 SCI.O! Slll SCI.Z! SC|.3! SC|.4! SCI.S! SCI.G! d), (Sli 521 831 541 851 %1 S71 581 891 SCI.O! sll_l! SCI.Z! SCI.3+11
S14 S15 St 0) ) [S17>0 & OiONye ¢ SON & semy s, (d)=False} [

{ ( (Sl! SZ! 83! 541 551 %1 571 581 891 SlOl Slll SlZl SC|.3! Sl4l SCI.S! Sl6! d), (Sli SZ! 831 341 851 %1 S71 581 &Jl SCI.O! Slll slz_l! Sl31
S1at1, Si5, Si6, S€Mp =1 (d)) ) [$12>0 & LilINgg* SUN} O

{ ( (Sl! SZ! 83! 541 551 %1 571 581 891 SlOl Slll SlZl SC|.3! Sl4l SCI.S! Sl6! d), (Sli SZ! 831 341 851 %1 S71 581 &Jl SCI.O! Slll SCI.Z! 321.3_11
Siat1, Si5, Si6, S€Myg (d)) ) [$13>0 & LilINgg* SUN} O

{ ( (Sl! SZ! S?n 341 SSa SGy S71 S31 S)! SlOr S[ll! SCI.Z! 8131 S[l41 SCI.S! 8161 d)v (Slv S'Zv SB! S4, S:'n SG! S71 33! S)! SlOr S[ll! SCI.Z! 8131 S[l41
Si5-1,816+1,5€Mg = o (d)) ) [$15>0 & ilINyg* SON },

J€ § — KiJIbKICTh MPOLIECiB, 0 3HAXOAATHCA B MO3uLii (Ha mitwi) [M;:] B 1aHHit MOMEHT Yacy.
Bizpmemo

SStartStates { (n, 0,0, 0, 0,0, 0, 0, 0, 0, 0, 0, 0,0,d) | nON, MON, [P 0, T+> 0,A+> 0,B+>0]0d}
Ta

SStopStates { s|s=(0,0,0,0,0,0,0,0,0,0,0,0M0,m d) & nON& mIN & [k, &, ..., §°
(si0SStartState& s=s & (Li0ON_; ¢ (s, S+1)0SStep) }.

B naniit mocTaHOBLI MOJENH MOKHA PO3MIISAATH SIK TaKy, IO ONMUCYE MOBHHUH LUIAX icHYBaHHA (“KUTTEBUIl
LUKI") MEBHOTO mepekasy (ioro cnpobu aBTOpHU3alii — BAaIi Ta HeBasi, OJOKyBaHHS Ta PO30JIOKYBaHHS Crelialib-
HUM omnepartopom). Ockinbk N Ta M (CTyNeHi mianporpam) MOXYTh OYTH AOBITbHHMH LITHMH HEBiJ €MHUMH YHC-
JaMH, TO, OifiCHO, MOJENb 3a1a€ JOBITbHUA MOXKIMBHHA HUISIX POOOTH 3 OYAb-SIKHM OJHUM Mepeka3oM (iHIIMMH CIO-
BaMH, cimeiicTBo mporpam). O6poOKa pi3HHX IEpeKa3iB He MEPETHHAECTHCA — TakKi MPoIecH OOpOoOKH MepekasiB He
inTepdepyrots. Jlo peui, mporpama P, 30kpema, MOXKe MEPETBOPUTHCH Ha MOCiIOBHE BUKOHAHHS il mignporpaM (B
JIOBIILHOMY CTYIIEHI), 3rifiHO 3amanoi cemanThku MoBH IPCL Ta anropurmy mo0ymoBd MOJENI — Taka CUTYAIlis, Ma-
OyTh, HailuacTillle BAHMKAE HA MPaKTHIi. AJle pa3oM 3 TUM nporpama (i MoJelb) nepeadadac MOKIMBICTh IIEpETHHA-
THCH JOBLILHUM YHHOM orepartopam (OKpeMHUM JisiM) IapalelbHUX MporeciB (3riqHO 3a1aH0l CEMAaHTHKH — Ta IPUH-
LUITB [apajiesizMy 3 MOYeproBUM BHKOHAHHsM, interleaving concurrencyydmke, Mojeib nepeabdadae i OMUCye BCi
MOXIIHBI TpacH BUKOHAHHs mporpaMu Programra cuctemu (aBTopu3auii BUMIATH [epEKas3iB), 10 MOJCTIOETHCS.
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JloBe1eHHsI KOPEKTHOCTI
TakuMm 4rMHOM, HEOOXiHO JOoBecTH BiacTuBicTh A<, sikiio Ha mouatky pobotu A<l, to6to {A<1} Program
{A<1}.
SIxmo
PreCond9) = (A=(d)<1), PostCondS) = (A=(d)<1),
e
S: (Sl! S'Zv S?n S4, SS! SG! 571 S31 ng SlOr Sllr 8121 8131 SZ|.41 SCI.S! SCI.G! d)a

TO HEOOX1JHO MMOKA3aTH, 110
O0S0SStartStates (IS [1SStopStates (PreCondS) & (S, S) [0SStep- PostConds)).
Posrasaemo
INV(S) = (sstsstsstsesl) & (SHsatsytSstSetsrtsgtsotsi=P=(d)) & ((A=(d)=0) U ( (A=(d)=1) & (55=0) & (55=0) ) ),
IS
S= (s1, 21 S S S5, S0 71 S8 S, S10, S1, 122 13, S14 S5, i ).

Ie#t inBapiaHT, HACTIPaB/i, JOCHTH JIETKO YTBOPHUTH, PO3YMIIOUH JIOTiKY MPOTpaMH Ta OMHCAHI BHUIE KPUTHIHI
micus. Tak, BiH BKa3ye, 10 KiIbKICTh MapaneibHuX (KOHKYPYIOUHX) MPOLECiB, SIKi HAMAralThCs 6e3MocepeIHbO aBTO-
pHU3yBaTH AaHHi Tepekas, He Moxe OyTH Oinblue omHOro (Sz+Sy+Ss+S<1) —ymosa (P=1) Bincikae iHIII MOXIHUBOCTI,
npH 1boMy 3HaueHHs A Moxe OyTu jmire 0 ado 1. SIkmio  3HaYeHHs € Bxke 1 (lepexas aBTOPU30BAHO i BUILIAYEHO), TO
JKOJIEH TIPOLIEC HE TOTpanuTh B “30HYy Oe3nocepennnoi apropusanii’ ( (A=(d)=1) & (s5=0) & (s5=0) ). Ille monaernes
0JlHa yMOBa “WiJiCHOCTI” — ONEpPaTOpH BUKOHYIOTHCS Y BIAMOBIAHIH mocnigoBHOCTI, “(danToMHi” (HOBI MO XOAy BHKO-
HaHHs) nporpam# (MiANporpaMu aBTOpH3allil) He BUHUKAIOTh, @ KUIBKICTh IPOrpaM B TOYKaX MEPEBIPKH (S, Sz, Suy S5 Sey
S7, S, So, S10) JOPIBHIOE KiIBKOCTI MapaieibHUX crpob aBropu3sauii qaHoro nepekasy (P). Binbin toro, B iHBapiaHTi He
¢irypye 3minHa B, T0OTO GJIOKYBaHHS HECYTTEBO BIUIMBAIOTH Ha XiJ aBTopH3alii (3 TOYKH 30py iHTEpdEpeEHIii Ta mapa-
Jei3My), o 3po3yMmiio 3 joriku nporpamu. (OTxke, omepaTopH, MOB s3aHi 3 OJI0KyBaHHSM, MOKHA Oyno 6 B3araii
OITYCTHUTH 3 MOJIEJI Ta aHAIII3Y.)

3rifHO METOAUKHN TOBEIEMO, IO

InvCondlInv, PreCond PostCondl = True,
IS
InvCondlInv, PreCond PostCon{l = OS1SStartStates ( PreCondS) - Inv(S) ) &

0S0SStopStates (Inv(S) — PostCondS) ) & (S, S)OSStep (InW(S - Inv(S) ),

a Takox mepesipumo, mo SISStartStates PreCondS). Toai 6ynemo matu JSISStopStates PostCondS).
OCKIITBKY ISl KOXKHOTO

S]SStartStatGSIe S: (Slu 521 531 341 551 %1 571 %1 891 SCI.O! Slll SlZl Sl3l Sl4l Sl5l S:L61 d),
MaeEMO

=== S%=5=%=%=510=0, P=(d)=0 ta A=(d)=0 0 A=(d)=1,
o BumwuBae 3 (A=(d)<1), tooto PreCondS), ro 1SS StartStates ( PreCondS) — Inv(S) ).

ITokaxxemo, 1m0
O0SSStates (Inv(S - PostConds) ).
OuyeBHUIHO,

{ (A=(d)=0) - A=(d)<1, A=(d)=1) - A=(d)<l= ((A=(d)=1) & (55=0) & (5=0) ) - A=(d)<1} =
((A=(d)=0) U ((A=(d)=1) & (570) & (55=0) ) ) » A=(d)<1 = (sstsutsstses<l) &
(SotsstSutSstSetStsgtSets;=P=(d)) & ((A=(d)=0) 0 ( (A=(d)=1) & (=0) & (55=0) ) )

- A=(d)<1 =Inv(§ - PostConds).

Orxe, 30Kkpema,
0S0SStopStates ( Inv(S) - PostConds) ).
3anumacTecs JOBECTH, IO
O(s s)dasstep (Inv(§ - Inv(S)).
Posrmsiremo Bei mapu (S, S) 0SSte nokakemo, 1o 1 KOXKHOT TaKO1 Mapy CIpoLeHHX cTaHiB ko INv(S), To

i Inv(S). Hocnianmo muoxuuu nap crauis (S S)SStep no yactunax” (MHOXUHH “OTHOTUIHUX HEPETBOPCHB).

124



Proceedings of the 10th International ConferentBrogramming UkrPROG’2016 (Kyiv, Ukraine)

1. Posrmstremo (S, S) OSStep

{ ( (Sl! SZ! 83! 541 851 %1 S71 581 391 SlOl Slll SlZl Sl3l Sl4l S.|.5! slﬁ! d)! (sl_lv &+1! 831 541 851 %1 S71 581 891 lel slll le! 513, 514, Sl51

SIKIIIO

Jc

TO

Jc

SIKILIO

Jc

Si6: SEM(T, p) := (T +1,p +1) () ) [S1>0 & ilINys * SON }

INV(S) = (Ss+sytssts<l) & (SHsetsutsstSstSrtSstsots;i=P=(d)) & ((A=(d)=0) O( (A=(d)=1) &
(s5=0) & (s6=0) ) ) = True,

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y

INV(S) = (SstsytSste<1) & ((S+1)+SstsutSstSetSrtSgtSots;o=P=(d))
& ((A=(d)=0) O ( (A=(d)=1) & (ss=0) & (5=0) ) ),
d = semq p = qa1pep (@) =d O[T (T=(d) + 1),P— (P=(d) + 1) 1.
Taxum uuHOM,

P=(d) = P=(d) + 1,a A=(d) = A=(d).
3BiacH,

INV(S) = (Sstsutsstsesl) & ((S+1)+SstsutSstSetSrtsetsetsio=P—=(d)+1) & ((A=(d)=0) U
((A=(d)=1) & (s5=0) & (55=0) ) ) =Inv(S) = True.
2. Posrnsremo (S, S)OSStep
{ ((s1, %2 S8 S S50 60 7 S8 S0, S10r S, S12, 13, S14s St 16 0), (S1, -1, S5+1, S, S5, S6, 7 S8y S0y S100 S, Si2,
S13 S14 S15 S16, 0) ) [$>0 & DilINys » SON & semp= 4 (d)=True }

INV(S) = (Ss+sytsst56<1) & (S SetsutSs+Ss+SrtSetSots;i=P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & (5=0) & (%s=0) ) ) = True,

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y

a Takox Semp =4 (d) = (P=(d) = 1) = True;ro6to P=(d) = 1,

TO 3

(So+stsytSstsgtsrHsgtsytsi=P=(d)), P=(d) = 112 >0

BHUILJINBAE, 1110

S=1 Ta S=5=S=S%=S=S=Ss=S15=0,

TOJi, BpaXOBYIOUH

SIKIIIO

Jc

((A=(d)=0) O ((A=(d)=1) & (5=0) & (s6=0) ) ) = TrueInv(S) = ((ss+1)+sytsstse<l) &
(D) *Etl)tstsstsetsrtsgtsgtsi=P=(d)) & ((A=(d)=0) U ( (A=(d)=1) & (s5=0) & ($%=0) ) ) = True.
3. Posrnsremo (S, S)OSStep

{ ( (Sl! S'Zv S?n S4, SSa SGy 571 S31 331 SlOr Sllr 8121 8131 SZ|.41 S15! SCI.G! d)! (Slv SZ_ll SB! 34! S:'n %! S71 33! SQ! Sl0+1l Sllr 8121
S13, S14 Si5 Sie, ) ) | $>0 & OilINgg ¢ SON & semp - ; (d)=False }0

INV(S) = (sstsutsstsesl) & (SHsetstsstsstSrtSetsots;i=P=(d)) & ( (A=(d)=0) O
((A=(d)=1) & (5=0) & (5%=0) ) ) = True,

S:(Sll SZ! 531 341 551 %l 571 %l &Jl SCI.O! S.I.ll SCI.Z! SCI.3! SCI.4| Sl5| SELGI d)l

a Takoxk semp= 1 (d) = (P=(d) = 1) = False,

TO

INV(S) = (Ss+sutsst+56<1) & ((S-1)+Ss+SutSst+SetS+Se+Sot (St 1) =P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & (5=0) & (5=0) ) ) =Inv(S) = True.
4. Posrisaemo (S, S) OSStep
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{ ( (Sfl! SZ! SBy 341 S;'n %a S71 33! SQ! SCI.O! S[ll! SCI.Z! S[l3! S[l4! S[I.Sr 8161 d)v (Sl! S'Zv Sg,_1,54+1, S:'n %! S71 33! 891 SlOr Sllr 8121

S13, S1a S15, S16, d) ) |$>0 & Hi0Ngg * SON & semg - (d)=True }
SAKIITO

INV(S) = (sstsytsstses) & (Stsetsutsstsetsitsgtsts;i=P=(d)) & ((A=(d)=0) O ( (A=(d)=1) & (5=0) & (%5=0) ) )
= True!z[e S:(Sl! S'Zv S?n S4, SS! SG! S71 33! 891 SlOr Sllr 8121 S[l3! S[l4! SZ|.51 3161 d)y

a TakoXX SeMg = ¢ (d) = (B=(d) = 0) = True,
TO

INV(S) = ((ss=1)+Eat1)+s5+56<1) & (S+(S—1)+(St1)+SstSetSrHsetsets;=P=(d)) &
( (A=(d)=0) O ( (A=(d)=1) & (55=0) & (5=0) ) ) =Inv(S) = True.
5. Posrnsaemo (S, S)OSStep
{ (51, %2 S S0 S5, S6 7 Sr So0 S10 Sty S22 $13, S14y S15, St6r 0), (S, S22 S5=1, S, S5, S60 S7 S8y o1, S0, S11, S12, S,
S14, S15 S16, 0) ) | $>0 & OildNyg» SON & semg - o (d)=False }
SAKIIIO
INV(S) = (Sa+SytSs+se<l) & (SptSetsitSstSe+SrtSetSotsi=P=(d)) & ((A=(d)=0) O ( (A=(d)=1) &
(5=0) & (5=0) ) ) = True,

ac
S:(sll SZ! 531 341 551 %1 571 %1 &Jl SCI.O! Slll SCI.Z! SC|.3! SC|.41 Sl5l Sl61 d):

a TakokK SeMg = o (d) = B=(d) = 0) = False,
TO JICTKO n06aq1/m/1, 1o

INV(S) = ((Ss—1)+sstsstSe<1) & (SpH(Ss—1)tsutSstSetsrtsgt(Sot1)+s10=P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & (5=0) & (s5=0) ) ) = True,
ake 3 INV(S) noriuno BurmmuBae INV(S).
6. Posrisaemo (S, S) OSStep
{ ((s1, %2 S3, Sus S50 S60 7 S8, S0, S10v Sits S12, S13, S14s Sis, Si6 0), (S1, 2, S, =1, S5+1, Ss, S7, S8, So, S0y i, Si2,

S13, S1a S15, Siey d) ) |$5>0 & Oil0Ngg * SON & semp = (d)=True }
SIKIIO

INV(S) = (Ss+sutSst56<1) & (S+SutsytSstsetSrtsetsotsi=P=(d)) & (((A=(d)=0) O ( (A=(d)=1) &
(s5=0) & (s6=0) ) ) = True,
pIS
S=(S1, 2, S8, 4, S5, Sey 74 S8y S0, S10, Sia, Si2, Si3, S14, Sis, Sie, ),
a Takok SeMy = ¢ (d) = (A=(d) = 0) = True;ro6to A=(d) = 0,10
INV(S) = (ss+(s—1)+(s5+1)+56<1) & (Sptset(Su—1)+ (S5t 1) +se+SrHSetsotsi=P—=(d)) &
((A=(d)=0) O ((A=(d)=1) & ((ss+1)=0) & (5=0) ) ) = True,
aJpKe TepIi JBa KOH' IOHKTH — icTuHHI 3 iepeaymosu (INV(S) = True),a tperiit — ockinpku A=(d) = 0.
7. Posrisuemo (S, S) OSStep
{ ((s1, 2 S3, Sus S50 S6y 7 S8, S0, S10v Sit, S12, S13, S14s Sis, Si6 0), (S1, 2, S, =1, S5, S, S7, Set+1, S0, S0, S, Stz

S13 S14 Si5 St ) ) |$>0 & OiDNge ¢ SON & semy - (d)=False }
SAKIIO

INV(S) = (S5+e¥SsS5<1) & (sp¥sstSitsstsstsrrsstsai=P=(d) & ((A=(d=0) ( (A=(d)=1) &
(55=0) & (s6=0) ) ) = True,

ac

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y
a TakoXX SeMy = ¢ (d) = (A=(d) = 0) = False,
TO
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INV(S) = (sst(se—1)¥s5+56<1) & (Sp+Set(Se—1)HSstSetsrH(Set1)+sots10=P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & (5=0) & (s5=0) ) ) = True £ Inv(S)
noriuHo BurutuBae INV(S)).
8. Posrisremo (S, S)OSStep
{ ((s1, %2 S3, Sus S50 S60 7 S8, S, S10v Sits S12, S13, S14s Sis, Si6 0), (S1, 2, S3, Sty =1, 5641, S7, Sg, So, S0, S, Stz

$13, S14, S15 S16 d) ) |5‘5>0 & i DNlG ° SDN & Semdata_provit:ied_corre(:) (d):TI’UG }
SKITO

INV(S) = (StsytsstsSl) & (SHSetsutSstSstSrtSstsots;i=P=(d)) & ((A=(d)=0) O( (A=(d)=1) &

(55=0) & (s5=0) ) ) = True,
ac
S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y

a TAKOX S€Myata_provided_corret (d) = (Choice(True, False)) = True,
3BiJCH, BpaxoByrouH S5>0, MaeMo Ss=1 Ta $5=5=S=0 (BuIuIrBac 3 icTHHHOCTI Hepuoro kou' roukra INv(S)), 3Biacu

( (A=(d)=1) & (55=0) & (55=0) ) = Falseromy (A=(d)=0) = True,
mo0
((A=(d)=0) 0 ((A=(d)=1) & (=0) &(s:=0) ) ) = True,

TO1, OYEBUIHO,
INV(S) = (Ss*sut(S5-1)+ &+ 1)) & (SFSstsut(S—1)+ &t 1) +s+setsotrsi=P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & ((s5-1)=0) & ((ss+1)=0) ) ) = True.
9. Posrisremo (S, S)OSStep
{ ((s1, %2 S8 S S50 60 7 S8 S0, S10r S1s S12, 13, S14s St 16 0), (St 20 S8, Sy =1, S, Sr+1, S8, So, S10r S, Stz
S13, S14, S15, St 0) ) [S5>0 & DilINy6 * SON & SEMyata_provided_corregr (d)=False }

SIKIIIO
INV(S) = (ss+sutsstsesl) & (Stsptsutsstsotsrsgtsotsi=P=(d)) & ((A=(d)=0) O ( (A=(d)=1) &
(5=0) & (5%=0) ) ) = True,
ac
S:(Sll SZ! 531 341 551 %1 571 %1 &Jl SCI.O! Slll SCI.Z! SC|.3! SC|.41 Sl5l Sl61 d):
a TaKOX

S€Myata_provided_corree () = (Choice(True, False)) = False,
3BificH, BpaxoByoud >0, Maemo Ss=1 ta $5=54=5=0 (BummBae 3 icTuHHOCTI nepuioro KoH' oHkTa INV(S)), 3Bincu
((A=(d)=1) & (55=0) & (5x=0) ) = Falseromy (A=(d)=0) = True,
m0§ tpeTiii ko 1oHKT ( (A=(d)=0) 0 ( (A=(d)=1) & (55=0) & (55=0) ) ) = True,
Tofi
" INV(S) = (Ss+syt(S5—1)5%6<1) & (S+Sstsut(Ss—1)+se+(Sr+ 1) +etsotsi=P=(d)) &
((A=(d)=0) O ((A=(d)=1) & ((ss-1)=0) & (s5=0) ) ) = True
(meprumii i Apyruit KOH' IOHKTH BHILTMBAIOTH 3 INV(S), a Tpertiii € ictuaanM 3a paxynok (A=(d)=0) = True).
10.Posriusuemo (S, S) OSStep
{ ((s1 52, S5, Su, S5, S60 S72 S8y S0, S0, S11, S12, S, S14s S5, S16 ), (1 52, S0 a0 S5 S= 1,57, S So, S10, S+l Sia

$13, S14 Si5 S16: S€M(a p) = (a+1,p-1) (0)) ) |S>0 & OilN;g* SON}

SAKIIO
INV(S) = (sstsutsstsesl) & (SHsetstsstsstSrtsetsots;i=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (=0) & (5=0) ) ) = True,
i (]
S=(S1, 2 Sz St S51 S S Ser S0, S101 S11s S122 13, S140 S15 i 0), @ TaKOK >0,
TO
INV(S) = (Ss+sytsst(S—1)K1) & (S+Sst+Sutsst(Se—1) 4+t Sotsi=P=(d)) & (((A=(d)=0) O
((A=(d)=1) & (s5=0) & ((ss-1)=0) ) ),
i (]
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d' =sempu py:=@+1,p-1)(d) =dO[A (A=(d) +1),P > (P=(d) - 1) |.

Takum oM, P=(d) = P=(d) — 1,a A=(d) = A=(d) + 1.
Tenep, 3 InV(S) = TruesumuBae, o

SetSutSstSesl, St Syt St St SetSrtSetSots=P—=(d) Ta (A=(d)=0) U ( (A=>(d)=1) & (5=0) & (5=0) ) = True.

Ockinbku >0, To

True = (A=(d)=0) U ( (A=(d)=1) & (55=0) & (5=0) ) ) & (5>0) = A=(d)=0) & (5>0) 0 (A=(d)=1) &

(s5=0) & (s=0) & (55>0) = A=(d)=0) & (ss>0) O False = A=(d)=0) & True = @=(d)=0).

Jaui, 32 BU3HAYCHHSAM CIIPOIICHOrO CTaHy, mepir 16 KOMIIOHEHT € HeBiJl EMHUMH I[UIMMHU YUCIAMH, a OTXKE, 3
S3+S+55+5<1 Ta >0 BunmuBac, mo =1 1a $3=5,=5=0.

3BizcH,

INV(S) = (Ss+Sytss+(Se—1)K1) & (SrtSstsutSst(S—1)+S+Sstso+s1=P=(d)-1) &
((A=(d)+1=0) 0 ( (A=>(d)+1=1) & (5=0) & ((5s-1)=0) ) ).

Iepiui 1Ba KOH'IOHKTH MalOTh 3HaYeHHs True (©uesuaHo, BumwiuBae 3 INV(S) = True).Jani, 3 A=(d)=0, =0 ta =1
BUILIHMBAE, 110
(A=(d)+1=1) & (55=0) & ((ss—1)=0) = True,

TOOTO i TpeTiii KOH FOHKT Mae 3HaueHHs True.Takum unHoM, INV(S) = True.
11.Posrmsuemo (S, S)OSStep
{ ( (Sl! 521 83! 541 851 %1 S71 581 391 SlOl Slll SlZl Sl3l Sl4l S.|.5! SCI.G! d)! (Sll SZ! 531 341 551 %1 57_11 %1 &J! SCI.O! SC|.1+1! SE].Z:

$13, S14, S15, S16: SEMp=p_1 (d)) ) [S7>0 & ilINyg* SCN }
AKILO

INV(S) = (sstsutsstsesl) & (SHsetstsstsstSrtsetsots;i=P=(d)) & ( (A=(d)=0) O

((A=(d)=1) & (55=0) & (5=0) ) ) = True,
ac
S:(Sll SZ! 531 341 551 %1 571 %1 &Jl SCI.O! Slll SCI.Z! SC|.3! SC|.41 Sl5l Sl61 d):
TO

INV(S) = (Ss+Sytsst551) & (SHSetsutsstSet(S—1)+5s+Sets =P=(d)) &
((A=(d)=0) O( (A=(d)=1) & (ss=0) & (5=0) ) ),

ned =semp.-p_1(d)=d0O[PrH (P=(d)-1)].
Takum unaoM, P=(d") = P=(d) — 1,a A=(d") = A=(d).
3BiJcH,

INV(S) = (Sstsutsstsesl) & (SptsSotsetsstset(Sr—1)SetSotS10=P=(d)-1) & ( (A=(d)=0) [
((A=(d)=1) & (5=0) & (5=0) ) ) =InV(S) = True.
12.Posrimsuemo (S, S) OSStep
{ ((s1, 2 S3 S S50 S6 74 S8, Sov S10v Sity S12, S13, S Sis, Si6 0), (St S20 S8, Sy S5, S6, S70 =1, 0, S10, S+l Sio,

$13, S14) S15, S16: S€Mp=p_1 (d)) ) [ >0 & ilINyg* SON }
AKILO

INV(S) = (Ss+Sutsst56<1) & (SHSetsutSs+SstStSstSotsi=P=(d)) & ( (A=(d)=0) O ( (A=(d)=1) & (5=0) &

($=0) ) ) = Trueme S=(s1, S Ss, S S5, S6) S7v S Sov S10 S11y S12 S13, S14s Si5, St ),
TO

INV(S) = (Sstsytsst5es1) & (SHSetsutsstsstsrt(Se—1)+sotS1=P=(d)) & (((A=(d")=0) O
((A=(d)=1) & (s5=0) & (55=0) ) ),

ged =semp.-p_;(d)=dO[PrH (P=>(d)-1)].
Takum untoM, P=(d") = P=(d) — 1,a A=(d") = A=(d).
3BixcH,
INV(S) = (SstSutSstsesl) & (SptSatSatSstSetst(S—1)+sots1=P=(d)-1) &

((A=(d)=0) O ((A=(d)=1) & (55=0) & (5=0) ) ) =InV(§) = True.
13.Posrisremo (S, S)OSStep
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{ ( (Sl! S'Zv S&a S4, SSa SGy 571 S31 331 SlOr Sllr Ser 8131 Sl41 S15! SCI.G! d)! (Slv SZ! SBy 34! S:'n %! S71 33! Sg_ll SCI.O! Sll+1l Ser
S13, S14, S15, St S€Mp =p 1 (d)) ) [9>0 & LilINye * SON }

INV(S) = (Sstsytsstsesl) & (SHSstsutSstSstSrtSstsots;i=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (5=0) & (s%=0) ) ) = True,

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y

INV(S) = (Ss+Sytsst551) & (SHSstsutsstsstSrtSst(S—1)+51=P=(d)) & (((A=(d')=0) O
((A=(d)=1) & (s5=0) & (5=0) ) ),

ned =semp.—p_o () =d 0[P (P=(d) - 1) .

TakuMm oM, P=(d") = P=(d) — 1,a A=(d") = A=(d).
3BizcH,
INV(S) = (Ss+Sytss+se<l) & (SptSatSitSst+Se+Srtset(S—1)+510=P=(d)-1) & ( (A=(d)=0) O

( (A=(d)=1) & (5=0) & (55=0) ) ) =InV(S) = True.
14.Posrinsuemo (S, S)OSStep
{ ((s1, %2 S S S50 S0 S75 S0 So) S10y S115 S12 $13, S14s S5 S5 0), (S22 S8, a0 S5, S 7 S8y S0, S10-1, St L, Sio
$13, S14) S15 S16, SEMp=p 1 (d)) ) |S10>0 & LilINye* SCIN }
INV(S) = (Sstsutss+Se<l) & (Syt+Sa+SytsSstSetSr+Se+Sotsi=P=(d)) & ( (A=(d)=0) O
((A=(d)=1) & (5=0) & (s5=0) ) ) = True,

S:(sll SZ! 531 341 551 %1 571 %1 &Jl le! slll le! SC|.3! SC|.41 Sl5l Sl61 d):

INV(S) = (Ss+sutSstSe<1) & (S+SatsutSs+Se+S+Se+Sot(S;0-1)P=(d)) &
((A=(d)=0) O( (A=(d)=1) & (s=0) & (5=0) ) ),

ned = semp—p; (d)=d 0[P (P=(d) - 1) 1.

TakuMm unroM, P=(d") = P=(d) — 1,a A=(d') = A=(d).
3BijacH,
INV(S) = (Sstsutssts6<1) & (S+SytsutSstsetsrtsgtsot(Sio-1)=P=(d)-1) &
( (A=(d)=0) 0 ( (A=>(d)=1) & (5:=0) & (%=0) ) ) =Inv(S) = True.
15.Posrisuemo (S, S) OSStep
{ ( (Sl! SZ! 83! 541 851 %1 S71 581 391 SlOl Slll Sl21 Sl3l Sl4l S.|.5! slﬁl d)! (sll SZ! 531 341 551 %1 571 %1 &Jl SlOl Sll_lv Sl2+11

$13, S14 Si5: S16, ) ) [512>0 & 0Ny * SON & semy , (d)=True }

INV(S) = (sstsutsstsesl) & (SHsetsutsstsstSrtsstsots;i=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (5=0) & (5%=0) ) ) = True,

S:(sll SZ! 531 341 551 %1 571 %1 &Jl le! slll le! SC|.3! SC|.41 Sl5l Sl61 d):

a TakoxkK SeMy s » (d) = (T=(d) > 2) = True,

INV(S) = (Sstsutsstsesl) & (StSetsatsstsetstSstSotsii=P=(d)) & ( (A=(d)=0) 0
( (A=(d)=1) & (5=0) & (S5=0) ) ) =InV(S) = True.
16.Posrimsuemo (S, S) OSStep

{ ( (Sli SZ! 831 54! SS! %l S7l 581 391 SlOl Slll SELZI Sl3| Sl4| S.I.Sl S.I.Gl d)l (S.I.l SZ! 531 341 551 %l 571 %l &Jl S.LO! Sll_l1 SELZI
S13+1, S14, S5, St 0) ) [S15>0 & OiONge * SON & semy s, (d)=False }

INV(S) = (sstsutsstsesl) & (SHsetstsstsstSrtsetsots;i=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (5=0) & (5%=0) ) ) = True,
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* S=(S1, S2: S8 4y S5 S6r ST S8y S0y S10v S11s S12, 13, S14r S15, S ),
a TakoxX SeMy >, (d) = (T=(d) > 2) = False,
TO
INV(S) = (Sstsutsstse<1) & (St StSutSs+SetSr+SetSo+s10=P=(d)) & (((A=(d)=0) O
((A=(d)=1) & (s5=0) & (56=0) ) ) =Inv(S) = True.
17.Posrsremo (S, S)OSStep
{ ((s1 S S Sus S50 S0 S71 S0 S0 S100 S115 S121 S13, Sar Si5s Ster D), (St 21 S8 Sy S5, S60 ST S8y S0y S100 11,
S1iz-1, 813, S14*+1, Sis, S16 S€Me =1 (d)) ) [S12>0 & LilINyg * SON }
SAKIIO
INV(S) = (Sstsutsstsesl) & (St SetSutSstSetSrtSetSotsi=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (55=0) & (s5=0) ) ) = True,
e

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y
TO

INV(S) = (Ss+sutsst5e<]) & (SHSstsatsstSetStSstSots;=P=(d)) & ((A=(d)=0) O
((A=(d)=1) & (s5=0) & (5=0) ) ),
ned =semg.-; (d)=dO[B—1].
Takum untoM, P=(d") = P=(d), a A=(d") = A=(d).
3Bincy,
INV(S) = (Ss+Sutsst$6<1) & (Sp+SetsutSstSe+Sr+Setsots;=P=(d)) & ( (A=(d)=0) 0
((A=(d)=1) & (s5=0) & (55=0) ) ) =Inv(S) = True.
18.Posrimsuemo (S, S) OSStep
{ ((s1 S, S5, Sus S5, S6r S7 81 S, S10r S11, S12: S13, S14r S15 S16er ), (S1, S0 S0 4 S50 S0 S7r S8y S0y S0
S11, S12, S13-1, S14%1, Si5, Si6 S€Mg (d)) ) [515>0 & LilNgg* SON }
SAKIIO
INV(S) = (Ss+SutsstS6<1) & (Sp+SstSutSstSe+Srt+setsots;=P=(d)) & ( (A=(d)=0) O
((A=(d)=1) & (s5=0) & (5=0) ) ) = True,
i (]

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y
TO

INV(S) = (Ss+sutSst56<1) & (SFStsitSstSe+SrtStSots; =P=(d)) &
((A=(d)=0) O( (A=(d)=1) & (ss=0) & (5=0) ) ),
e d' = semy (d) =d.
Takum unroM, P=(d") = P=(d), a A=(d") = A=(d).
3BixcH,
INV(S) = (Sstsutsstsesl) & (StSetSutSstSetSrtSetSotsi=P=(d)) & (((A=(d)=0) O
((A=(d)=1) & (5=0) & (55=0) ) ) =Inv(S) = True.
19. Posrisremo (S, S)OSStep
{ ((s1 S S5, Sur S5, S6r S71 S8y S0, S10v S11, S122 $13, S14r S5 St D), (S22 Sar Say S50 S0 S0 Ser S0y S04 S11,
S12, S13, S14 S15-1, S1611, S€Mg = (d)) ) |S15>0 & LilON;g* SON'}
AKIIO
INV(S) = (Ss+SutsstS6<1) & (Sp+Ss+SutSstSe+SrtSetsots;=P=(d)) & ( (A=(d)=0) O
((A=(d)=1) & (5=0) & (5=0) ) ) = True,
pi (]

S:(Slr SZ! SB! 34! S;'n %! S71 33! 891 SCI.O! S[ll! SCI.Z! S[l3! S[l41 SZ|.51 8161 d)y
TO

INV(S) = (Ss+sutSst56<1) & (SFSetsitSs+Se+SrtStSots;i=P=(d)) &
((A=(d)=0) O( (A=(d)=1) & (ss=0) & (5=0) ) ),
ned =semg.-o(d)=dO[Br— O].
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Takum unroM, P=(d") = P=(d), a A=(d") = A=(d).
3BiJcH,

INV(S) = (Ss+sutSst56<1) & (S+SstsitSs+Se+StStSots;i=P=(d)) &
((A=(d)=0) O ( (A=(d)=1) & (55=0) & (5=0) ) ) =Inv(S§) = True.
I[OBGI[CHHS[ 3aBepmeHe.

Maemo:
- LJgISStartStates ( PreCondS) — Invw(S) ),
- [dsstates (Inv(S) — PostConds) ),

- (s s)tIsstep (Inv(S) — Inv(S) ).
Tob6To,
InvCond|Inv, PreCond PostCondl = True.

3Bincu { A<1} Program{A<1}.
OueBUIHO, IO

OSSStartStates PreCondS),
aJpKe Ha movatky pobotu Programsanmucis B Ta0muii Authuemae i [ A 0 ]. Toai aBroMaTHYHO OTPUMAEMO
0SS StopStates PostCondS)
SIK HACJIJIOK [IOWHO JI0BECHOTO
InvCondlInv, PreCond PostCondl = True.
Arne

OS0SStates (Inv(S - PostConds) ),

3BizcH HeoOxinHa ymoBa (PostCondS)) BukoHyeTbCS Ha KOKHOMY JOCS)KHOMY KpOIli BUKOHAHHS mporpamu Program
Tobto, dakTruHo, OyJI0 JOBEAECHO OUIBII CHIILHE TBEPAXKEHHS —a caMe, LI0 Iporpama € KOPEeKTHOIO 1 He MopyNIye 3a-
nany yMoBy (A<1) He juIile Ha IIOYATKY i B KiHIIi, @ i Ha IPOTS3i BChOr0 Yacy BUKOHAHHS, TOOTO Ha KOXXHOMY KPOIIi.

ToranbHA KOPEKTHICTH

OCKIJIbKY MporpaMa He Ma€ LUKIIB, aHi OJ0KyBaHb, aHi IHIIUX 3aTPUMYIOUYHX a00 HenependauyBaHux (akTopis,
SIKI MOXKYTh <GallUKJIUTH», 200 3yITUHNATH, a00 SIKUMOCH YHHOM 3aTPUMAaTH BUKOHAHHS — BOHA 00O0B’ SI3KOBO 3aBEPILUTH
po0OOTY 3a CKiHUEHY KiJIbKICTh KpOKiB. OueBHIHE OOMEXEHHS Ha KiJIbKICTh KPOKiB —N * 9 + m, ne 9 — niamerp rpady
nepexoniB Mix MiTkamu nporpamu Auth_Prog

BucHoBku

3actocoBaHo crpouieHnid Meto [7] noBeaeHHs BiaacTuBocteil interleaving concurrencyporpam y IPCL [1-3]
JUIsl IOBEJICHHS BIIACTHBOCTI KOPEKTHOI pOOOTH OaHKIBCHKOT CHCTEMH BUILIATH MI>KHAPOAHUX I'POIIOBHX mepekasis. Lle
JOBEJICHHS € 4eproBuM miareepmxeHHsaM [8—10] Ta aeMoHCTpawLielo 3pyYHOCTI Ta aACKBAaTHOCTI 3aCTOCYBAHHS METOAY
JUIsl TOBEJICHHS BJIACTHBOCTEH NMPOrpaMHUX CHCTEM, L0 BUKOHYIOTBHCS Y PEXHMI Hapajeii3My 3 MepeKIOYeHHSIM Ta
B3aEMOJIIIOTH Yepe3 CIIJIbHY TaM sITh — HAIIPHUKIIA], CEPBEPHUX KOMITOHEHT KIIIEHT-CEPBEPHUX KOMILJICKCIiB, MPOTpam y
apxiTekTypi SMP Ta napanenbHAX CEpEIOBHUII Ha KIITAIT CYIEPKOMIT IOTEPIB.
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