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B ep u $ u Kar\Lrs. H a rrp orp aMH or o
o clrfypfl BaHe Ha KoMrrroTbp Hr4
cI,IcTeMvr 3a y[paBneHlre u crrcTeMr{
3 a nonyHaryp Ho MoAen r4p aIJe
rrpe3 MoAeJrr{ na Xoap I

Ifnaneu Xpucmoe, Ilemap fe4oe,
ffttaneu Auzeaoe

Ilucmumym 3a Koc.^4uqecrcu uscnedeauun, EAH

Crarusra e [poAbnxeHue Ha "fIoAxoA 3a rrpoeKTr,rpale v
bpHH cI{cTeMH 3a y[paBJreHl,re Ha JreTaTeJrHA AnApaTv Ha
Xoap", ny6luxynaua B KH. 1211996 r. Ha nopeplkxJara
e4uarans. n Ebrrapu.f,".

_ _ _ Bepu0uKaqu.s Ha [porpaMr,r - ToBa e npunoxeHr,re Ha Qopualuu MeroALr
(oM)_:a AoKa3BaHe Ha KopeKTHocrra Ha rrporpaMHara cucreMa rrpeArr HaqaJroro
napa6orarari(a uoxe 6uus rpoqeca ua pa6oia;. flo4 roperrHocr Ha rrporpaMa-
ra ce pas6upa sefisara aAeKBarHa peaKrlu.s Ha pa3nr{qHr{ BXoAHrr na:f|f'yt,
loryqaBaHe Ha H3xO.qHrr AaHHr{_3a onpeAeneHo BpeMe (cucrevru 3a peanHo npeue),
Jrunca ua 6esrpafiHr,r rIr{KJrn, 6esxpaftuo 3aeMaHe Ha pecypcu, roero e ocb6eno
cJroxHo 3a AoKa3BaHe I,I Aocrl,rraHe IIpu

flpe4u H.flKoJrKo.roAHHr{ rrpnJroxeH r,r B [porpaMHo-
ro oc[rypflraue (lIO) r{ B qacrHocr - s fI Mlr. ce cM.f,Tarrre
3a HeAocrarbqHo o6ocnosaHo rlo peA nptrsu:atr - lpunoxeHr{ero Ha cJroxgrrre
MaTeMaTUqH[r MeTOAI{ 3aTpyAHSBarue IIporpaMr{cTuTe, cM.f,Talrle Ce 3a HeBb3MOX(HO
Aa ce HarrpaBr,r AocrarbqHo HaAexAHa cnequsuKarlu.s u nepnQznarrufl. Ha
cHcreMara, flprrnoxeHr,rero 6eue 3arpyAHeHo (a u cera e) npu Lr3rroJr3BaHe Ha
KJracHrIecKaTa TexHoJIOtUtr HA [porpaMLIpaHeTO, JrtIrICBaxa [porpaMHr4 IIaKeTIr,
aBToMaru3upaqu npunoxeHrrero Ha oM. flopagr.r roBa [:bpBoHaqanHo HaMepHXa
rrpr.rJroxeHr,re MeroAr.t, 3aHrIMaBarrru ce caMo cbc cnequ$uqupaHe na IIO(z - norat\nr [1-5] r,r Ap.). orgelno 3a .rrpaBJrflBaqr.rre cucreMr4 er oco6eno sa
oJIOXHLITe KOCMI{qecKv il aBnarJ.LtoHHtI Cr{CTeMI,I Ce CMtTaIIre 3a HeAolycTlrMo
rlpr,rJroxeHr{ero Ha @M uopa4r.r r.sxHara yHr{KaJrHocr r4 cJroxHr4Te anropr,rrMtr.

I r'Iscre4nanzara ce Sunancrpar or H@"Hayvul,r uscneananun" upr MoHT - rcr.14-305193.
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Crulenper'aeHHo, ro AaHHr{ na NASA Langley Formal Methods Group [6],
peA KaracrpoSu c JrerareJlHr{ anaparv ca c'rauaJrv rropaAv HeHaAex.4Hocr rra
fIO, ra4narqa or HeBb3MoxHocrra 3a [poBepKara My c KJracrrqecKr.r MeroAI,r,

o F14: ronaAa B cBpeAeJr ropaAr.r rperrrKl.r B raKrr{rrecroro fIO (Softwane
Engineering Notes, Volume 9, Number 5).

o Fl8: raracrpo$upa ropaAr.r rperrrrr.r n IIO (Software Engineering Notes,
Volume 6, Number 2).

o AFTI-F16: rouro nsauuo4eficrBrre Ha rrpoqecr4re B rrporpaMgara cr{creMa,
ApefiO lr [ryM B Aarqr.rqr,rre BoArr Ao orKa3 Ha cr{creMara. flpusevflBa ce c
ynpaBneHue no eAHH KaHaJr.

o X29'. orKpvra e rpe[rKa n fIO -rpes auv.ynarJvrvr cr'ep, 162 rroJrera. Ananusr'T
froKa3Ba, rle fpelrKara 6Lr uoua Aa AoBeAe 4o uecra6uJrHocr uzarylaHa caMonera.

o HiMAT raracrpoSupa nopaAr,r rpernKa no BpeMe n lIO, HeorKpr{ra rrpr4
o6urupuure recroBe.

3aqo ca seo6xo.quvu @M rr KaKBo rrpeAcraBnssar'l.

Kounrorrprara cvc'reMa Moxe Aa He pa6otu rropaAlr noBpeAa Br,B

$u:ravecrure KoMrroHeHTvttrlrv nopaAu rperrrKu n rpoerra/pearvsa\vflTa na fIO.
3a cracreul{, KoI{To rpt6sa Aa lpr,rrexaBar cBpbxBr{coKa HaAexAHocr r.r

6esorracHocr, rp.a6na Aa ce r,rMar npeABprr, u 4Bara crryqafl.. VIv'a ycranoBenir4
TexHoJrorr{r,I 3a orKpI,IBaHe Ha noBpeAla B KoMIoHeHTI{Te, 6azupanu Ha MoAenH Ha
Mapron. lperurure B npoeKTa na fIO upe.qcraBrsBar Mrroro no-roJr.f,Ma 3anlraxa.
3a crxanenr{e, H.f,Ma HayqHo o6ocsonaua 3arqr,rra rrporr.rB Ta3Lr 3arrJraxa, Kosro r(a
e HarIbJIHo [pI,IJroxr.IMa B npaKTrlKara. VIva rpr,r ocHoBHkr crparerurr{, Kolrro oe
lp[narar B To3r{ cttyuafi:

1. Tecrone (narypno uogerupane);
2. Po6actso fIO (Design Diversity), pa6orocnoco6no npu HrKorr rpeux:pr

(N - version nporpaMr,rpaHe, 6rorone 3a Bb3cranbsgsaHe Lr Ap.);
3. trIs6srsaHe Ha rperrrKure - OM ($opvranua cnequ$uraqur,fnepu$uxat1ur,,

ABTOMATI{IIEH CUHTE3 HA NPOIPAMIj N TP.).
flpo6reurr B HarypHolo MoAeJrr{paue e seo6xoAr,rMoro BpeMe 3a AoKa3BaHe

Ha cBpcxBrrcoKara rraAexAHocr Ha cncreMara.HartpuMep,3a Aa ce Aoxaxe l0-e
Bepo.f,THocr 3a orKa3 sa 1 qac v,vrcnfl, cr{creMara rpx6na.qa ce recrBa noBeqe or
114 000 ro.rrr4Hu.

OcnosHara vr4efl.Ha po6acruoro nporpaMl,rpaHe e Aa ce r{3rroJr3Bar orAenr{u
eKr,rrru 3a rrpoeKTlrpauelpeatu3arl[q, 3a Aa ce [onyqar pa3nr4qur.r Bepcr{u or eAHa
crequ$uraqut. Cr.eg roBa ce v3rroJr3Bar HeroqHu rrparoBr{ uz6uparetu,3a ra ce
MacKLIpaT e(peKTI{Te oT rpeIIIKI4Te B IIpoeKTI4paHeTo B eAHa oT BepcHI{Te.
Ha4ex4ara e, rre HeAocrarbrlr,rre B npoeKTa rqe rrpo.f,B.f,T rperIrKI4Te cu He3aBucuMo.
3a crxareune, To3Lr MeroA e orxBbpneH [pr,r HsKorKo eKcrrep]rMeHTa c IIO c nprcra
HaAexAHocr. Ocneu roBa, To3r4 MeroA He Moxe 4a 6r4e rrpoBepeH sa fIO c Br{cora
HaAexAHocr, rcit Karo ce r,r3rrcKBa npeKaJIeHo MHoro BpeMe.

Oopvramrure Mero4rr, Karo qe nH npeAnarar eAI,rHcrBeHuq 3arrlrlTeH MeroA
or rperrrKrr B rrpoeKTa Ha nporpaMara. 3a clrcreMrrre, 3a KoHTo e neo6xoguva
cBpbxBrrcoKa HaAexAHocr, rr3urexAa:aflv,a 4pyr ra:6op, ocBeH Aa ce flpoeKTupzLT
uo nafi-crporvfl:uaLrLr:a, r43BecreH Aocera, a LrMeHHo - r43rroJr3Baue na OM [6].

OM ce LI3IroJI3Bar sa cnequSuq[paHe r.r MoAeJrrrpaHe r{a rroBeAeHr{ero rra
cHcTeMaTa I{ 3a MaTeMaTr{qecKa rrpoBepKa Ha ToBa, AaJrH rrpoeKTbT r{ peanu3a\nflTa
yAoBJrerBopxnar $ynrquoHaJIHI{Te pr 3arrlr{THr{Te r{3rrcKBarurs, Ha clrcreMara.
Cuequ$urar\LrflTa, MoAeJrupaHero r{ aeplrQuraql{.sra Morar !,a ce HanpaBrrr
c u3noJr3Balre Ha pa3JIr{qHII TexHr{Krr u c pa3nvqHa cTerreH Ha cTporoc'T.
Egna npuuepHa pa3[pocrpaHeHa rrocJreAoBareJrHocr e rroKa3aHa [o-Aony:
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Huso 1 : Oopvalua cuequSuraqLrs, Ha \flnara trJrLr Ha qacr or cvrcreMara.
HHso 2: @opuarHa cnequ@uraqkrfl:na rBe r.rnu troBeqe HrrBa Ha a6crpaxHocr

Lr pbqHo ,4oKa3BaHe Ha roBa, ue Aerafilu3lrpaHara cnequszraqr{-s cr,A6pxa [o-
a6crp axruara cnequ@n KarJvs,.

Huno 3: @opvaluu .qoKa3areJrcrBa qpe3 rrporpaMv, AoKa3Barrlu reopeMr4.
B sarrro.{eHr.re na o6ropa Moxe Aa ce uprrlzpal7l "TexHr,rKr.rre, ocHoBaHr{ Ha

Qopvanuu MeroAtl, raKI{Ba Karo e3HKa CSP (Communi-cating Sequential Processes)
AOKa3 aHO gafi - urlno yAoB JI erB O p flBAT ]f.3LTCKB aHLls,T a 3a [p eoAon.fl B a]F'e Ha
cJIOXHOCTTa n Cnequ$uqfipaHero Ha KoHKypeHTHlr, BJTOXeHT{, pa3rrpeAeneHr,r
cI{creMI4 I,I cncreMlr 3a peanHo BpeMe".

,{nec c:rulecrByBar peA roroBrr rrporpaMHr{ npoAyKTLr, fro3BoJrsBauru
cnequQuqupaHe r,r Bepu0nxaqlrr ua IIo c pa3nr4qHa creneH ua a6crparrHocr Ha
cnequQural'1:r,flra. IIle paaue4aMe HaKparKo H.flKou or r_flx.

o B-Method ua6op or MareMaruqecKr{ Mero.4pr ea cnequsuqlrpaHe,
flpoe a [porpaMHH Ko krpa
Karo uu a6crpaxrurE a ce
oruc Machine Notati Hr4fl.e3 ra$uraquu. C AMN cbcro.rrHnero ce MoAenlrpa cLr3 a, orHorrreHIax, $ynrqurr, nocJreAonarerHocru lr 4p.M ce npoBep.sna cnequ$raKarlu.f,Ta saycloituu"o"t 

" *i*.44 ce [poBep.f,Ba rrpoeKTbr r,r peanr.r3arlvflTa 3a KopeKTHOCT (na 4aHuLrre vr
anropr,rrbMa).

o EVES/Verdi - nrlrcqBa e3r,rK sa cnequsu*arluu (Verdi), reHeparop Ha
TIPABI,INA 3A AOKA3BAHE, ABTOMA'ILILIHA CIICTEMA 3A 3AKJIIOqENUC (NEVER),
I'IHTeprrperarop, KoMrrr{Jrarop. verdi e QopruralHa Horarlu_f,, 6azupaua ua
HeTI,IIII{3I,IpaHa Teopr{.9 Ha MHoXeCTBaTa, KO.STO MOXe La ae I{3IIOJI3Ba 3a
IIpeAcTaB.f,He Ha cTporz MaTeMarLIqHI,I KoHUelqzn. Verdi ce v3noJr3Ba 3a noKa3BaHe
Ha reopeMr'r or reopu.fl Ha MHOXeCTBara, 3a AoKa3BaHe Ha @ynrquoualua
KopeKrHocr Ha alaparHr,r crpyKrypH, IIpofpaMHr4 crpyKTypr,r u ap. EVES e cr{creMa
3a BeprQr{Karryfl Ha rrporpaMr.r, HailLrcar na Verdi [ORA : Canada].

o FDR (Failures-Divergence Refinement) - nporpaMeH naKer, rofiro
rIo3BOJI.f,Ba aBTOMaTU!IHa rlpoBepKa Ha MHOIO Bb3MOXHOCTH Ha CUCTeMI{ C KpaeH
na6op cbcrogHtrfl r4nrvr AtraroroBo rI3cJIeABaHe Ha npouecu, Kotrro npoBar.rrr re3lr
rlpoBepKr.r.. Ea:zpaH e Ha craHAap'ruara (untirned) MareMarr{rrua reopr4.rr Ha
nsauvo4eftcrBarrlr{Te rrocJreAoBarenHr.r IIpoqecu (CSP), Ko.trTo ce r{HTepecyBa or
peAa, Ho He r{ or roqHoro BpeMe sa cr6utusra. Paepa6oreH e cl]eqnanHo 3a
lrHAycrpr{anHrr npHnoxeuur. flpulara]H e 3a npoeKTr4paHe Ha VLSI, uacrpofira
Ha MpexoBr{ rrporoKonr,r, yrrpaBneHr{e, o6pa6orra Ha cur:narru u np.r PVS - cbcrora ce or e3r{K :a clequszKauurr, npeABapr,rrenHo 3aAaAeHr,r
Teo,pr{r{, fipo eMv,yrr4lrrrrr.r. Esurm:a cneqz$uKarJwr:
e 6asupan aHa JrorrrKa or Br,rcoro urnnb. pVC
cneqn0uraq aMerpl,I3r.rpaHr{ Teopr{r{, Kor4To cr,AT,pxar
IIpeAIIonoxeHI{.f,, ge$uuu\nu, aKcr4oMr,r r{ TeopeMr{. vvacrnraqrz B rrpoeKTa ca
NASA u Apyrrr aeporocMr4lrecKr4 KoMrraHrru.

o vDM - sL- (M Toolbox) - eaun or Hafi-pasBr{rlrre soprr,rannu MeroAr{,
IIpeAHa3Harreu_:a synrqrroHaJrHa IIpoBepKa Ha IIporpaMHu cucreuz. I_{eHrpaleH
eJreMeHT ua VDM e e3r{KBr sa cneqa$uKarJupr- VDM - SL, rofiro ce 

"snoJtisa 
.ra

Q asure na cnequQu KarJLrs. I,t p eanr.r3arl us na fIO.
px Ha cucTeMv 3a peanHoBpeMe 3a eHr{e II BanutraI]jllrs, Hacfilrequ Mtr paHvr Ha BpeMeHHO r{

Qynxu Ha
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. VDM++ (Venus) - noAAbpxa pa:pa6orKa Ha o6erruo-opI{eHrLIpalflu
KoHKypeHTHvt clr.cTel.zt:a,na6azarana rou6unaqu.f, oT IIpI,IJIorreHIIeTo Ha rpaQuv:uo
MoAenupaHe u $opuarna cnequ$una\as,. B rpa.r Ha rpoqeca ce Aocrura ,qo
f eHepr.rpaHe Ha rlpoToTu[.

O6Iqlr xapaKTepucrrrKu Ha pa3rneAanl{Te MeroArl:
(no-cropo Ha rpolleAypllre 3a paspa6ornase na fIO c rxx)
o B noseqero MeroAr,rxr,r ce [poBep.sBa cnequSnra\r4flTau peaJlu3auttflra,r'sit

Karo re ca paspa6oreHl{ 3a napanennv e3LIIIu.
o floneqero MeroAr{Kr/r npoBep.EBar 3a onpeAeneHI,I BI4IAoBe HeKopeKTHocr.
. Ilpoqecrr ua nepufruKar\prs. o6rzrnoneno e I,IHTepaKTI{BeH vr vr3krcKBa

AOCTaTGqHO AsJrrO BpeMe.
o Hestgruroxna e nepuQuKarluflTa B peanHo BpeMe Ha aBToMaruqHo cb3AaAe.Hu

crequ$uraquu.
o flose.rero flpoAyKru r,r3r{cKBar cpaBHr,rreJrHo MoIIIHI{ KoMnrorpl{ (Sun SPARC,

Silicon Graphics LI Ap.).
o BepuQurarlu.flra e eAHoxpareH rrpouec, rrporuqalq (rvroxe 6u sa H-sKorKo

r,rreparIHH) rrpeALr HarlaJloro Ha paoorara Ha cLIcreMara.
Or gpyra crpaHa, nepr,I$uraqvflTa Ha eAHa peKoH@urypupaua ce clrcrelua

rpr6na ra 6r,r,e HenpeKbcHar rlpoqec - BcsKa nona rou$urypaqplfl ce v3pa3flBat LI

B HoBa cuequ$uraqu.r (nrsuoxHo - cbcraBena 6es yqacrve na uoner),
KopeKTHocTTa Ha KosTo oT cBos cTpaHa rpn6na na 6r4e AoKa3aHa. Tosa usucrna
MeToA, [o3Bon.sBarq HeIIp eKbcHara nepuQux a\us. B 6loroso-voAyJIHHTe cI,IcTeNIII,

npr{ Hanuquero Ha AuaJroroB PrlHrLr aBToMaruqeH IlporpaMeH reHeparop,
crTya\LrflTa ce olpocTflBa oT ToBa, qe He e neo6xoAlltrto Aa ce [poBep.f,Ba rcpaitnara
pearr,r3aul,Ln Ha fIO, rrfi xaro r.s ce reHepl,Ipa aBToMarHqHo uo cnequtpuKallu-sra
(nponepxna ce caMo KopeKTHocrra Ha cnequQuraqurra).

OcnosHu napaMerplr Ha MemAa ra nepuQlrxaqur:
. olpocreH Qoprvralen rroAxoA - rrpueMa ce, qe aKo cnequQuraqvflTa orroBaps.

Ha 3aKolra na Xoap 3a cborBerHara crpyKTypa Ha rlpoqecl{Te, Ts e KopeKTHa;
. "OcuoBHara orroBopHocr" 3a KopeKTHocrra Ha nporpaMara ce npexBT,pn.tr

Bbpxy cuequQunauuqra.'Trfi xaro ce pa6oru cbc craH'AaprHt4 crpyKrypu u o6exru
(rrao4enu na Xoap) lr Sopvralnara creqnSvKalfurl ce c6craB.s aBToMarIrrIHo rlo
TexHoJlorr{rrHara, To ce IIpeAloJIara, qe lporpaMaTa ce cbcTaB-f, npaBI'InHo.

Onucanue Ha MeroAa" CnequQurapflTa Ha cr{creMara e onrrcaHvero Ha

rrpeArroJraraeMoro fr noseAeHue. Koraro cr{creMara e n3rpaAeHa or nsaurvlo4efrcr-
Barqu ilpoqeCu,safr.-ecrecTBeHo lpn na6lrcgeHue Ha nOBeAeHI,IeTO e pa3DIexAaHeTO
na nefinns flporoKon I{ rlporoKonure Ha c:bcraB.f,tql'ITe.s rlpoqeclr. CnequQura\ht;.Ta
Ha eAIIH IIpOqeC Ce CbCTOI{ OT OIIUCaHI,Ie Ha HeTOBLITe IIpOTOKOIIII Ul TexHIiTe
csoficrsa. CueqraQuqupa ce rrocneAoBarenHocrra or gefrctnu.r, Kor{To I{3BbpIr]Ba
lrpoqecGT, raro oco6eno BHI,IMaHue npH B3al,IMoAeficrsalqure rrpoqecrl ce o6prqa
na cleqv$lrKaq:aflTa Ha B3ai,IMo.qeitcrsusra rro KaHaJrlITe Ha rlpoueca.

Aro P e o6ext, orroBap.flul na cnequ$vKa\nflTa S, to ce Kasna, qe P
yAoBJIeTBop.ana S, cGKpaTeHo P sat S. Tosa o3HaqaBa, rle S oltlcBa BcI4qKI{

Bb3MOXHT{ pe3yJrrarH or na6lro4eHltero Ha rIoBeAeHl{ero Ha \uttu, c Apyru AyMI'r,
S : TRUE BceKr{ rrr,T, Koraro HefiHr,rre npoMeHnuBr,r npraeMar 3Ha.leHprs., lonyqeHl,I
B pe3yJrrar or na6roAeHl,Iero na o6erra B r. e.-

Y np.np e trace(P)+ S,

krAero np e [poMeHJrI{Ba, RoffTo o3HaqaBa npoI,I3BoJIeH rrporoKon na lpoqeca P
,{orasna ce KopeKTHocrra He Ha rlporpaMHl{ crpyKTypu (or poAa Ha xi==y,

IF THEN ELSE, FORK, JOIN pr Ap.), a Ha crpyKrypt4 or o6erru (upoqecn,
arperarr,r r,r Ap.) - HarlpuMep:



o flporononrr Ha rrpoqeca -
IIpoueca.
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[ocJIeAoBaTeJIHOCT OT 3BeHa, KOTTTO yqacTBaT B

System= 4ll PziCSP - onprcaHr{eHa cr{creMara

CSP - ouucaHr{eHa npoqecr{rq

P1= Adderll -+ Prop11-+ Staqr -+ SepPoint, -+ Prop12;

P2 = Prop21-+ Prop22 -+ SepPointr, --> Stat21;

Ilporoxoln a cucr euara :

t ra c e (Sy s t e m) = t ra c e (P.')r) t ra c 
"(p r) ;

flporoxonna P1 :

ftace(Pr)= (Adde4r,Pr op11, Stat11, Seppointrr,pr opp);
Ilpororonua P2 :

trac e(Pr) = (P r o prr, P r oprr,S ep p oint2r,Statrr);

3a roperrnocrra Ha ra*aBa crpyKry,pa e AocrarbqHo rrpororfonure (cyuaraql [poroKoJrrrre Ha cbcraB.fiIllllre .s o6erru) la orroBaprr Ha r,r3BeAeH]rre B
CSP gaxonu.

n Ap. 
a, alrep[oA]Iuna, role6aTeJlHa' cyMl{paHe

o flpororco.rrr Ha arperara - crofino crrr Ha BXoAa r,r u3xoAa Ha arDerara.
r ll3.rucJrqsaHe Ha rrporonoJruTe.
B reopzrra na Xoap ca r{3BeAeHr{ 3aKoHrr, [o3BonsBall:?- ra ce AoKaxe, qe

lpoqecbr P crorsercrBa Ha cBo.f,ra cneqnsuxaqfi.f, s. Ero HsKoH OT Tsx:
a. SToP sat (np: <>) - ToBa e uporlei, rofiro He npaBr4 Hr,rulo u vMa rrpa3eH

IIpoToKon;
6. Aro P sat S, ro (c -+ P) sat (np : <> y npo - c & S(np,)), xr,gero np, e

Tbr{ KaTo Bpb3Kr,rTe MexAy arperaTr.rTe ca Jrr4Hev:f'v/.

- Onpe4en.aHero Ha KopeKTHocrra Ha arperarrlTe craBa na6asaraHa rexHr{Te
cnequ4uraqrau. cneqr,rsuraqnure ce onpe4en.f,T Ha lasara Ha Ar.rcKperHure
npexoAHr,r xapaKrepr..rcrr{Klr Ha 3BeHoro H rHTerpaJra na [toavren u QulzvecruotrrrrcBar peaKrlr.rsra Ha arpefara nprf IIpor,r3BoJrHr,r BxoAHU nrs4eficrsui. o$;1gtaTa
QOpMyna 3a orrpeAeJrfr}Je Ha peaKrlr{.rrTa rra arperaTa e:

t
y (r) = I (r) x (o)+ 

J 
nQ -.c),(r)a.c,

KbAero !(t).e rpexoAHara Syurqu-r nuo u.o..uta, x(0) - 3HaqeHr.rero ua x(r)rpu / : 0, y(t) - r.r3xoAeH crrrHaJr, x(t) - nxo4eH cvffHar, prrrr
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g +,lF-LaiJr;+ Lbju*_j,
j=l 

"/=0

KbAero a.u b.ca Koe$uqueHru na guQepeHilHoro ypaBHelrl{e, !uu uu- AI'IcKperHln
BXOAeH r,r r,r3XOAeH CI,IIHaJI Ha arperaTa.

- 3a arperara fI - 3BeHo:

PA= (0 {npi {npi-1+lnpi-K*npr l<1),
KGAero np, ca clerll{aJrHrr rrpoMeHnr{Blr, o6ognaqaBalqlr lrpou3BoJIHu nporoKoJnI,I
Ha arperarr,rre (Harpurraep - 3a PA - np e BxoAeH cHrHaJI, a np' - u:xo4eu); nP' rtE
u3xoAHr,rsr crrrHaJr Ha rrpeAXoAHVfl arperar, K - roeQraqueur Ira yc[nBaHe Ha

3BEIIOTO.

- 3a arperara AnepzogllqHo 3BeHo or rIbpBI{ pey, (AZI) -
' , -t-I

vQ)= " 
r'vo+kl" '' u(")dr.

-0

Karo ce rpr{eMe to:&-l)T u t:kT, ce ronyilaBa

T p7 _kT-r
lk=€rtyr,-t+k lr 't "G)aG).

@J)r
.{uSepenunoro ypaBHeHr,re B cnyqas. vMa Buna

lk=-atyrt+btu*-t'
KoeQuquenrr{Te Ha ypaBHeHuero LIMar cneAHuf, BIIA:

_r f _r)
Qt=-e rt v bf ktT rlr-e r' I

Or ryr cueqnQuna1rnflTaua AZI e: (. 
,/

AZl =(0tnp; <npi-) =lnpi -(o, ! r,-r-tbr u1,-t)l<t.
Onpe4enmrero Ha KopeKTHocrra craBa qpe3 rrpeABaplrreJrHo H3rILIcJItBaHe

Ha nporoKoJrr{Te Ha Xoap sa rrpoqecu ra arperarr,r r{ r{3cJreABaHe Ha cborBercrBl{ero
Ha re3r{ flporoKonr{ Ha 3aKoHrrre na Xoap. 3a rpo[ecure rrporoKora ce orrpeAeJls
oT [ocJreAoBaTeJrHocTTa oT arperaTrr, KorirTo ro QopMI,IpaT, u oT Bpb3KLITe My c
Apyrn npoqecu. 3a arperau.rre rIpeABapHTenHo Moxe r,a ce onpeAeJII,I calvro
Ava;ragona Ha lr3MeHeHve Ha rrpoMeHnr,rBara np. B rosu cM[IcbJI MeroABT 3a
repuQunaq[.f, Mo)Ke Aa rpoAbnxu pa6orara cH B peanHo BpeMe Karo qacr or
MeroAa 3a KoHTpoJr na pa6orara Ha cr.rcreMara qpe3 [poroKonr{ na Xoap.

Mero4rr Moxe Aa ce npeAcraBrr Karo H.flKorKo [ocJreAoBareJrHr{ crbrrKr{:
1. Oupe4ensHe Ha runa (crpyrrypara) Ha rrpoqeca r{Jrr{ rroAcr{creMara;
2. kls'aucrsBaHe Ha nporoKoJrr{re qpe3 SyHrqu.ara trace (P),
Crererrr na $ynrqufi.ra trace (P) e nora3aH no-Aony.Tfl pa6oru no

TurroBlrre KoHcrpyKrlur,r na Xoap (anrepnarnBHr,r [poqecu, napanenHr4 npoqecrr,
peKypcHBHo ofipeAeneHr.r rpoueclr, rpouecu c us6op vr Ap.), nporoKoJrr,rre rra
Korrro ca rr3BeAeHu n [8].
trace (P): (R)* &

if P : (STOP")then trace (P) : {<>};
elsif P: (c -+P) thentrace (P): {<> U }=c>ntlt e trace(P)};
elsif P : (c -+P I d -+Q)then trace(P): {tlt : <> V (t" : c & t'etrace(P)V

(to:d&t'e trace(Q)));



nl
.Jti{! : f*iP -2 p_(l)).: 

LtLt 
: .t_v (to e B & t'e trace(P(to)))}

elsif P : (mX : A.F(x)) : U trace(F"(STOPA));
n)o

elsif P : (P ll Q)then trace(P): trace(P)l^ltrace(Q);
else t : trace(PllQ) then

trace(PllQ):{tl\(t lo R)e trace(P)& 1t ;ts e)e trace(e)& te ( s R U & e)*}
Apyru KoHcrpyKrlt4r.r ua Xoap...
else

end.
3_. flponepra Ha nporoKoJII{Te (rz:6op or MHoxecrBo craHAaprnu uporororu)

upes 4ynrqurra SAT(f;S(np)), Ko.flro n o6q Br{A e rrpuBeAeHa rro-,4ony.
B rosu cMrrcbJr MeroA'T e -''acr or MeroAa 3a KoHTpon na pa6orara na

cucreMara qpe3 nporoKoJrlr Ha Xoap, rrfi raro [poroKoJrr{Te Morar Aa ce
npoBep.flBar KaKTo rrpeABapureJrHo, TaKa r{ no BpeMe ya pa6ota.
SAr(lS('zp)):

if P : STOP then
if np : <> then return TRUE;

else return FALSE;
end;

elsif P sat S(np) & (c -+ P)then
if (np : <> Y (npn: c & S(np'))) then return TRUE;

else return FALSE:
end:

elsif P sat S(np) & (c -+ d -+ P)then
if (np ! <c,d> Y (np i <c,d> & S(np"))) then return TRUE;

else return FALSEI
elsif P sqt S(rzp) & Q sat T(np)& (c-+ Pld-+ e) then

if (np : <> Y (npo: c &S(np'))Y (np^: d & T(np'))) (*S(np') uT(np'))
ca cnequSuKarluu ua uz6panara aJrrepHarzna*)then return T{UE;

else return FALSE;
elsif Vx e B.(P(x) sat S(np,x)) & (x:B --> P(x)) then

if (np
(*npoqec c as6op or vHoxecraox)

else return FALSEI
elsif P sat S(np) & Q sat T(np)& P ll Q then

if S(np l\ cr P)& T(np 1r oc Q) then return TRUE; (x raparemru
upoqecu *)

else return FALSE;
------ Ipyru craHAaprHr,r crpyKrypr{ ------

. glse return FALSE;
eno;

flporparvrHo ocr4rypsBane Ha MeroAa ea nepzQuKarJprs.
fIO pa6orra sa 6azara Ha Macr Bu or AaHHr,r rzn RECORD, n rolrro e 3arrvaa1a

clerluQraraqvflTaHarrpoqecr{Te, arperarlrre (rul u IIapaMerpr.r) u nprenzre Me)KAy
rxx (raHannre). Peanus[paHo e na Modula-2,

Zs.rr4crr,rrenHpr eKcrrepprMeHTr{ c MeroAa sa uepz$raraqux
c ueroga 6'^xa uzs'sprueHlr peA eKc[epr4MeHrr{, Karo My 6rrxa sagananu

KOpeKTHT{ slgqr,r$uxa]qjz'rr H TaKr{Ba, cbAspxaI]Iu HeKopeKTHocrr{ - Hanpr,rMep
rrpr,r 83ar{Mo4eficrnr,re Ha H.f,KorKO npoqeca no eAuH $z:qvecrr,r KaHaJr Moxe Aa
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ce 3a!,a[,e eAuH oT KaHaJIHTe Aa I,I3DbpIrrBa HerlpeMeHHo crlHxpoHHo
B3ar,rMoAeficTBl{e, T. e. - Aa I{3qaKBa roToBHocT or KoMyHI'IKupaulu.fl c Hefo
npouec. Tona ule 6rorupa pa6orata Ha Apyrrrre rrpoqecu, nsauuo4eficrBalrll{
no cbrrlu.s Qnera.recru KaHaJI.

I4zsoAu
flpe4uucrn ara Ha MeroAa ca cJreAHlre:
/ npeure;ra ce onpocreH yHLIBepcaJIeH [oAXoA;
/ ocrtonan e Ha crpora MareMarrrrrHa reopu.fl (CSP), Koero [o3BorqBa rto-

roJr.rrMo AoBeprre KbM pe3yJlrarvITe or pa6orara uy;y' lorpusa Bc]rqKlr Br,rAoBe rreKopeKTHocr Ha rrporpaMHoro ocuryp.flBaHe -
deadlock, pa3xoAr,IMocr, 6eorpafiHo 3aeMaHe Ha pecypcu rI Ap;

/ nogsor.sBa npoBepKa KaKTo npeAr,r HarraJroro na pa6orara Ha cvcrel;,a'ra,
TaKa rr B peanHo BpeMe.

MeroArr e [peAHa3HarIeH 3a pa6ora B cpeAara ua 6roroso-MoAynHl'I
cr.rcreMu, 6asupauu Ha MoAen[ na Xoap, c [peABapI{TeJIHo onpeAeneH na6op
or cr{creMHu o6erru.
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A software verification of computer
control systerns and real time simulation
systems using Hoare's models

Plamen Christov, Peter Getzov, Plamen Angelov

(Summary)

Some possibilities of a formal methods application are con-
sidered and especially the Hoare's models application to the moving objects com-
puter control systems and real time simulation systems software development.
Some common .questions of formal methods application are briefly described.
A Hoare's models based method is presented. It is characterised by simplicity arrd
automatic real time working. Ways and means of system objects Hoare's protocols
are given and the procedures implementing the method too.
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