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Kourp on Ha p a6or ar a HaKoMrrrorbpulr
cr,r cTeMpr 3 a yrrp aB JIeHr4 e 14 HA Cr4 CTeMI:I 3 a
rroJryHaTypHo MoAenr,rp aHe B p ezurHo
BpeMe r{pe3 [poToKoneH MoAeJr Ha Xclapt

Ilnaueu Xpucmoe, Ilemtp fe4oe, Ilnaueu Aueenoe

Ilncmumym 3a Koc.utuuecrcu uscaedeanua. EAH

Crqecrayaar pa3r[trHr{ MeroA}r 3a KoHTpon na padorara
Ha e.qHa KoMrrrorbpHa cr{creMa 3a yrrpaBneHve - MeroALl Ha rexHr{qecKara
.qI{afHocrLIKa, rE4eurrEQuKarlnfl I{ oIIeHKa Ha KaqecrBoro Ha yrrpaBneHr{e B preanHo
BpeMe u Ap. Te:u MeroArr KoHTpon[par auaparHara qacr Ha crrcreMa-],a nnv
o6rqo nefiHoro KaqecrBo. OcirosHara qact .ta KoMrrrorbpHr{Te crrcreM u o6a,ae e
n-porpaMHoro ocEfyp.sBaHe Ir ro r{3r{cKBa rro-c[erlr{aJrHr4 Mero.qr{ 3a Korrrpon.
Koraro cr{creMara e paspa6oreHa Ha lazara ua cSp-vroAeJrn, ,,o.{xoA.f,ruo e
rrprrJroxeHr{ero Ha [poroKonHr4.s MoAen ua Xoap 3a KoHTpOn Ua pa6orara Ha
cr{creMara (Lr3rrucnr,rreJrHrrre rrpoqecrz a uex).

cneqn$nrarlua (cneqzQ vKarJlrpr14 cTeMaTa Ir lpoqecr4Te B He.f, }IKo roAeHr4e Ha rrpoToKoJrlrTe,

Canlnocr Ha rrporoKorHrr.fl MoAen ua Xoap
Ilpororoa Ha noBeAeHr{ero Ha rrpoqeca ce aapr4lra rpafiHa

rrocJreAoBarenHocr or cr{MBOJrn, $uxcupatgn cr6nrur, B Kor{To [poqecbr e
YqACTBAN AO OIIPCAEJIEH MOMCHT OT.BPEME. B CSP-rrOrA\ITfrTA IIPOTOKOJITJT CC
o3HaqaBa c nocneAoBareJrHocr or cLIMBoJII'I' pa3AeJIeHI{ cbc 3allerat - .(X, y)
- rrporoKoJr, cbcrotrq ce or ABe Cr6urut, x 14 cJreA Hero y; <x> - lpol.oKoJr,
cbcrorrq ce or eAHo cr6nrue;

flpunrepu: 
L

flpororol na rpnfypeH rrpoqec:
prot(LoopProceJs{il) :<Adder[0], prop[0.5], Sratl[0.2,0.1], Seppointl:]1, ...>: trace^;trace, : sntr".

I I4rcle4aanrE.rra ce $uuauc[par or H@,,Hayvnr.r rr3cneABaHr.rr,. _ ,qor. 14_305/93.
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flporororure Ha rlpoqecr{Te ce lpeAcraB-sr qpe3 rrocneAoBareJrHocrra or
arperarll (saeHa), Kor{To rrpr,r rexyrqara cnequ{rprKar\ufl, yrracrBar B rrpoueca.
,{ouycrnuocrra Ha rrporoKona ce o[peAeJrq or roBa, AaJrr{ cborBerHr4flT arperar
e BKJrroqeH n aa6yxala Ha rrpoqeca.

Ilpororon Ha arperar - aleplroAr{trHo 3BeHo or rrbpBr,r peA:
AAZII|]: Xnp.,np.'; np. :

KbAero np. u np'.'ca quclloB TZ,
nP'i-r - 

III,ICJIOBIA 3HaqeHI,IS Ha HA
3BeHOTO Ha rrpOI{3BOneH BXOAeH C Ha
XapaKTepI'IcTI4qHoTo ypaBHeHI4e Ha 3BeHoTO, u - BXoAeH cl4rHan Ha 3BeHoiIO.

. K'HK ar"" "u":To:^T'#l Ji";";*:1fi'",o Korrz. B p e:yrrar u a
KOHKaTeHaTIVflTA Ha 6azata Ha ABa rrporoKoJra ce uolyoaoa HoB rrporoKoJr, B
rofiro re ca cbeAlrHeHr{ B yKa3aHr.rf, peA.

o CsHsaHe - (t l\A) - o3HaqaBa rrporoKontr t, cBrar B6pxy rvrHoxecrBoro
A, xoero o6uxnoseHo e aa6yxa Ha rrpoqec. Hosz.f,r rrporoKon ce rocrpoflBa or
t .{pe3 orxB:bpnflHe Ha BcIarIKI,r cI,IMBoJrr{, KoI{To He rlpl,IHaAnexar tta A.

o Inana u onaruKa - so,s' - aKo rlporoKoJlbr s e Herlpa3Ha rlocneAo-
BaTeJIHOCT, TO HeTOBI{.f,T npbB eJIeMeHT Ce O3HaqaBa C S0, a pe3ynTaTb[, IroJryqeH
cneA HefoBoTo r,r3BaxAaHe, c s'.

o 3nesAa - A* - MHo)KecrBo, rrpeAcraBJrflBarqo na6op or BcutrKr4 rcpafiuu
rlporoKonl{, cBcraBeHI{ or eJIeMeHTN na A.

4*:\slslt{:t1
o [uxuna Ha rrporonoJra - # - 6poit Ha eJreMeHTr{Te Ha nporoKona.
o florropeHue - sn - uporoKoJrrT s, rroBTopeH n-rrsTtr.

OcnosHpr flapaMerpra Ha rrpeAnarantrs. MeroA
c MeroArr e ocHoBaH Ha rrporoKoJlHlrfl MoAen na Xoap.
o OSeArEn.sBa KoHTpon ua pa6otara Ha clrcreM ara u r,epuSnnarJus. B peanHo

BpeMe.
o MeroArr e [pelHa3HaireH 3a pa6orara B cpeAara Ha 6norono-MoAynHr.r

cI{creM}I c I{3BecreH Ha6op cl{creMH}r o6exrn, 3a KoI{To rrpeABapr{TeJrHo Morar
Aa ce Lr3qucJr.sr rrporoKoJrure na Xoap.

Crqnocr Ha rrpeAnaranufl. MeroA
MeroArr Moxe Aa ce lpe.ucraBv Karo H.rrKoJrKo rrocJre-

.IIOBATENHI{ CTbIIKI4:
1, Ooprraynurpa ce cnequfrzra\nflTa Ha lporpaMHoro ocufypsBaHe Ha

cr{creMara, Ko.f,To BKJrrOqBa ua6opa or cr{creMHra o6exru (npoqecz, arperarv,
KaHanu,,;

2. Peatuzupa ce [porpaMHa"Ia cr{creMa r4 ce AoKa3Baseianara KopeKTHocr
(Merol 3a AoKa3BaHe Ha KopeKTrrocrra xa cuequQunarJnkr na Xoap).

3. OnpegeJl.sr ce BcI{r{KI4 Bb3MoxHrur rrporoKoJrr{ na cueqr$vrrJvpaHara
cr,rcreMa c rporleAypara trace(F).

4. Craprupa ce ctrcreMara.
5. CnequaneH rrpoqec - rporoKoJrqr{K (tracer), cneALr r,r pefricrplrpa

TIPOTOKONI,ITE B CI{CTEMATA IT OIIPEAEJI[, TAJIKI CABAJI,d.A}J'I/., T, €, _ TAJIYI CE.SB'BAT
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rloAMHoxecrBo Ha MHoxecrBoro [peABapr{TeJrHo onpeAeJreHr,r rrporoKoJrtr. Tosa
ce rlpaBr.r qpe3 rpoqeAypara IsTrace(s,P).

6. IIpz perprcrpnpaHe Ha HeBanr{AeH rrporoKoJr ce npe4riprreMar
cborB erHare Aefi crsus s a anapufi n a cr4Ty arfrtfl,

Eror - cxeMara Ha MeroAa e [peAcraBeHa Ha $ur. 1

@lrr. 1

OcuoBnlr flpo6neMr,r lapv peanu3ar\urs. Ha MeroAa
o Karc npomoKottquKbm da nonyuaea uufiopnaqui sa

npomorcuxume I cucmeuama? Ilpoqecrr Tracer rpt6paAa e pa3rrpeAeJreH Mex(Ay
orAeJrrrr4Te KoMnrorpl,r. Brs' Bcexr{ KoMrrrorbp Aucrreqepbr,, cJreA Karo
yrlpaBJreHl,rero ce BBpHe KbM Hero, rpx6na Aa ro npe.qasa Ha Tracer. Tona peruaBa

lr6

HATIAIO

CrcT ag.r-ce o'r
oI]epaTopa unr4

OT
IIo.qcr{9T0M aTa

- 3A CIIIITE3

Crcransne ua CSP - Mo.[en ,r
TexnoJrr{rrlqsa cnequQuraqur

Onpegendue Ha rrporoKoJr[Te
Ha cr{cTeMaTa - npor{eAypa

Trace (System)

Peanueaqua u nepr.rQuraqur
HA CIICTEMATA - AOXA3BAHE

HA OTEOIIIEHIlETO
System sat Specification

Ha6lroaesue sa
pa6orara rJa clrcreMara.

Perucrpupane na
nporoKoJra tr(System)

KPAI,I?
tr(System) - trporoKon na

System ?

IIpoqe4yp a

, IsTrace(tr,System )

ABapr.reH IIpoqecKPAIZ?



lpo6neMa c rlocJleAoDareJlHocrra or rrpoqecu, Ho He rz c [pororoJrr{Te Ha BceKr4
orAeneH rrpoqec. Tyx rpr6ra Aa ce np[[oMHr4, .re o6exlbr ,,KoHTypeH upoqec,,
urpae pon{Ta Ha Aplcneqep Ha cllrrclbKa or arperaru. B ro3t4 cMr{cbn roft voxe
cJIeA I{3TIT,JIHOIII{OTO Ha BceKI4 afpelaT Aa BpbIIIa yilpaBneHl4eTo Ha uraBHu.s
Ar,rclleqep lrJrrr Ar,rpeKTHo Aa ro [peAaBa Ha Tracer. Tara Tiacer rue Moxe ra
cne4v BcsKo 4eftcrnue Ha cl{creMara rrpe3 rrpoBepKa rra aKTr{BHr{re o6erru s
6asara.rIaHHr{.

o Karc oc6eH cmp))KmypHama rcopeKmHocm Ha usnbnHeHuemo (nocne-
doaamenuocmma om npoqecu, aepeeamu u KaHdru) da ce KoHmporxupa u
fiyurc4uoualxHama KopeKmHocm (rcopeKrnuomo sadaaaHe Hq nqpqJilempume
ua o6ercmume)? Tozunpo6neu ce orHacff rrpeAr,r Bcuqro 3a arperarure. Peurenuero
ce lonyqaBa or roBa, rle uporoKoJII,ITe Ha arperara ce u3rrr,rcJr_sBar rro HeroBara
cnequQuraqr{.f,, B Korro or cBog crpaHa yrlacrBar HeroBr,ITe rrapaMerpr,r.

cxererrr na Qyuxqraxra trace(P)e rroKa3aH rro-.qoJry. Tx pa6oru ro tuuosrre
KOHCTpyKrIuv Ha Xoap (anrepnau,rBHr.r [poq eav, napanenHr{ rrpoqecr{,
peKypcr,rBHo orrpeAeneHx npouecr{, npouecu c ur6op v np.), [poroKonr4re Ha
Kor{ro ca usne4enu n [l].
trace(P): (R)* &

if P : (STOP') then trace(p): \<>\;
elsif P : (c -+ P) then trace(P): \.t U \<c> Atlt
elsif P : (c + P I d -+ Q)then trace(p): \tlt: <> V

(to:d&t'e trace(Q)\;
elsifP : (x:B -+ P(x)) : \tlt : <> V(tn e B &t'e
elsif P : (mX : A.F(x))) : U trace(Fh(STOp^));

e trace(P)\:
(to:c&t'e trace(P)V

trace(P(to)))\

elsif P: (P ll Q)then trace(P): trace(P)11 trace(Q);
else t : trace(PllQ) then

trace(PllQ):\tl(t lR) e trace(P)& (t lQ) e trace(e)& t e (oR U ae)*\
Apyru KoHcrpyKrlvrvr Ha Xoap..........

else
end.

flo-gony e rroKa3aH cKeJrerlr Ha nporleAypara IsTrace, orpeAer.sn\a ranvr
AaAeH rrpoToKo.l e BaJrr,rAeH 3a npoueca.
IsTrace(s,P):

if s : NIL then TRUE:
elsif F(so) : BLEEP then FALSE;
else IsTracels', P(so));

end.
BLEEP e crreuvaneH qI{MBoJr, I{3rroJr3Bar{ a cnyvaft (cavo B To3rr cttyuair),

rre cprMBoJrsr He Moxe ra 6tre HaqaJrHo c.s6urue Ha npo{eca.

flporpavno ocrrrypsBaHe Ha MeroAa

flporpauuoro peanvrcvpa*oHa
Modula-2 Karo orAeJren uo4yl Tra ro craHAaprHr{
nn$oprnlaqzoHHu KaHaJrrl c .qpyfure
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VIs'ruc rnre JrHr,r eK crl e p rIM eHTr,r

cvryar\,,v,,,0"*o"ro"TffitJ'H"#tr"1iltf.H":;'TJ;i:ff ,"iH:ilil";
AarrII,IqI,rre, BoAerrI[ Ao rperrrHr,r currr.al:a, HerrpaBr.rJrHa pa6ora Ha Aucleqepa,
lporpaMHoTo oclrryp.flBaHe KaTo rl.trro lI Ap.

I4snotu
Ilpe4rarauusr MeroA AaBa B63MoxHocr 3a Korrrpon Ha

pa6orara Ha rrporpaMHr,r czcreMr{ sadagaraya crpora MareMarkrqna reopus (CSP).
trInrepec [pe.qcraBJrflBa ca ur sr rroAXoA 3a KOHrpoJr na pa6orara Ha

rrporpaMHu cr{creM}r B peaJrrro BpeMe rrpe3 lpororoJrr{ Ha Xoap, rrfi raro raKbB
noAxoA He ce [punara B r,r3BecrHrrre cr,rcreMr{. Merogrr e [peAHasrHaqeH 3a
pa6o'ta c 6noroso-I\,IoAynHl,r cr{creMu l,t I,I3rIoJr3Ba rrpeABapvreJrno v3rlllcneHure
npororoJll{ Ha cl,rcreMrlure o6exrpr.
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A functional control of computer
control systems and real time simulation
systems by means of Hoare's trace model

Plamen Hristov, Peter Getzov, Plamen Angelov

(Summary)

Some possibilities of using Hoare's trace models lbr a soft-
ware functional control of moving objects computer control systems and real
time simulation systems are considered. A general description of the trace mod-
els is presented. A possibility for the main system objects trace calculation is
inspected, and the main problems of the method implementation and the ways
and means of their resolving too. The method algorithm and the main proce-
dures of the method are presented.
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