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Beegenue.

Bpemenubie norvkn LTL n CTL.

(]

(]

Metoa nposepku mogeneii (model checking). CumonbHas

nposepka mogeneii (symbolic model checking). AsTomaTsl.

Byneea BbinonHMMOCTL 1 €e pons B Bepucbmkaumuu.
MpakTuyeckne Bonpocs Bepudukaymm.
o NuSMV
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BnarogaprocTty

o Clare Dixon, koTopast npegocTasuna cnaiifibl CBOero Kypca.

@ JlioasiM, KOTOpbIE BbIJIOXKMAN B UHTEPHET CBOW CTaTbl,
maTepuansl n kypcel: Marta Kwiatkowska, Ed Clarke, Randy
Bryant, Ken McMillan and Ansgar Fehnke.

o OpraHusatopam u cnoncopam Knyba.

o Cnywarensm
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Bepudunkauus

MeTogn npoBepku TOro, 4TO annapaTHasli Uan NporpaMMHas

CUCTEMa COOTBETCTBYET 3asiBeHHOl cneymndukaumm (To ecTs,
obnapaer HeobxogumbiMK cBOMCTBAMN)

o Yro Takoe cneuyncbukauymns?

@ Kakoii Takoii meton?

He cneposano 66l 0XXupaTh, 4TO NOAHOCTLIO NPOBEPUGNLMPOBATL
CNCTEMY MpOLLE, HYemM CO3[aTb ee

o /lsoiinas pabora?

@ MoxeT, npolue NcnpaBasTh OWMNBOKN N0 Mepe UX HaxXOoKAeHUA?
@ Service pack 1, Service pack 2,. ..
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Hencnpasumsle u/unn goporue ownbku

Cuctembl ynpaeneHus camonetamu, noesfamu, pakeramu. . .
PoboTbi-xupypru, ctTumynsitopbl cepaua, . . -

AnnapaTHoe obecneueHune

®duHaHCOBbIE NpPOrpamMmbl

BoeHHble nporpammel

[ns Bcex Hux
o Llena owunbkn Bbicoka
o Camn cuctembl (OTHOCUTENBHO) PEAKO MEHSIOTCS

o Cnepoeano Bbl 0XunaaTh, YTO NPOBEPKE Ka4YECTBA YAENAETCS
HEMafoe BHUMaHNE
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Ho noyemy nmenHo ¢popmanbHas sepucbukaumus?

“CranpgaptHbiii” nogxon k npobneme
@ TectupoBsaHue
AuncumnnnHa nporpamMmmupoBaHus
Pesunsns kopa

°
°
o CnepoBaHue ctaHpaprtam
o CrpaxoBaHune ywepba

°
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Ho noyemy nmenHo ¢popmanibHas sBepucbukaumns?

“CranpgaptHbiii” nogxon k npobneme
@ TectupoBsaHue
AuncumnnnHa nporpamMmmupoBaHus
Pesunsns kopa

°
°
o CnepoBaHue ctaHpaprtam
o CrpaxoBaHune ywepba

°

N Bce xe. ..
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Ariane 5

o [lepsbiii 3anyck 4 untoHs
1996 ropga

o CamoyHnyTOXMNACh Yepes
37 cekyHp noneta

@ Owwnbka npeobpasosaHus
64-butHoro yncna c
nnaBatouleli 3ansAToli B
16-buTtHoe uenoe

@ OgHa n3 cambix gopormx
ownbok B ncropun (800
MUNJINOHOB A0NNapOB)
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®oboc-1

@ [loTepsin opuenTayuto 2
ceHTsibps 1988 roga nocne

obHOBNEHUSI NPOTrPaMMHOro
obecrneyeHus
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Pentium FDIV

@ Onepauun c nnasatoweli 3ansToii B 3 pasa beicTpee 486DX

@ OnTumusaumsa ¢ ncnonb3osaHmem Tabauusl 3Ha4YeHnii
@ 5 anemeHnTOB OTCYTCTBOBANO!

@ 475 MUNNMOHOB JONNAPOB

@ Ecnu 6b1 owmbka nosTOpUMnack, NporHosupyemMasi CTOMMOCTb
NCTpaBieHNns ~2 MUANapga A0JNapos
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[Mouyemy »e cTaHmapTHbIl noaxon He cpabotan?

“Program testing can be used to show the presence of
bugs, but never to show their absence!”

“Tectuposanmne nozsonser nokasate Hann4mne ownbok, HO
He nx orcytcTeue!”

——Dijkstra
OwnbkM MOryT NposiBAATHLCA OYEHb PEAKO
@ OcobeHHo npo napannensHOM NCNOSTHEH NN

YT10b6bl MCKNOUYUTL OWNBKM, HAAO PacCMOTPETb BCE
BO3MOXXHbIE NOBEAEHNA CUCTEMBI. . .
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[NapannensHoe ucnonHexue

@ TpuemnanbHas owwnbka

Process A Process B

X:=x+tYy, y=y+x

@ PeanbHas owwubka

o KeH MakMunnax onucbiBaeT cuTyauuto, Korga TonbKo
nocnefoBaTeNnbLHOCTbL U3 13 coobueHnii npueognna K
NPOABAEHNIO OLWNOKN.

@ He Obina oTkpbiTa HU amynsaunell HU pesu3neli ansaiiHa.
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ABTOoMaTuyeckas popmanbHas Bepudmrkalms

o DopmansHas BepucbukalLms = METOH NPOBEPKM TOrO, YTO
annapaTHas uau NporpaMMHasi CUCTeMa COOTBETCTBYeT
3asBIEHHOI cneyndunKaLmm, OCHOBaHHbLIN Ha CTpPOrux
MaTeMaTUYecKnx NpuHUmMnax

o Jlornuyeckuii popmanuzm

o MaTtemaTunueckoe onucaHume mMojaenn
o ...

@ AsTOomaTunyeckas cpopmanbHas Bepucbukauus = cpopmanbHas
BepudbrKaLms NpoBOAMMas MallumHol be3 BMelaTensCTBa
YenoBeKa

B atom kypce Bepucbnkayms = asTomaTnyeckas popmanbHast
BepucbnKkayms
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[Mpouecc BepudukaLny

@ MopenupoBaHue
Mpeobpasosatue ansailina/annapaTHON CMCTeMbI/NporpamMmmbi
B dhopmansHyto mogens. B cnyuae npocTeix cuctem — npoctas
3agaya. [ns cnoxHbix cuctem Tpebyetcs abcTpakuyms w
Apyrne mMetoasl.

o Crneuyndpmkayuns
Mepen Tem, kak NpoBepsiTb CBONCTBA, UX HAZO
cchopmynuposaTh.

o Bepudpukauns
Heobxoaumsl acpdbekTUBHbIE anropuTMBbl.
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HemHoro nctopun

1960-e

1970-e

1980-e

1990-e

OcoszHanune npobnembl. Bepudukayuns b6aok-cxem.
JNoruka Xoapa.

AetomaTusauusi. BpemeHHasa noruka n peakTusHble
cuctembl (reactive systems).

Mposepka mogeneii (model checking). CumsonbHas
nposepka mogeneii (symbolic model checking).

Mpoeepka mMopeneii orpatunyentoll rnybunsl (bounded
model checking). Ceegenve k SAT.
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Meton Pnoiiga

Bepudukauyusa bnok-cxem
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Jlornka Xoapa

Mogenb: ynpoLLeHHbI S3bIK NPOrpaMMUPOBAHUS

Mpuceansanne y:=t

Komnosuyus S1; S2

If-then-else if e then S1 else S2 fi
While while e do S od

ApudmeTnuyeckune onepayun  x +y, x/y. ..

Cneuuncpukaumns: CeoiicTBa NporpamMm ONUCLIBAOTCA NpeankaTamu
NOrMKM NepBoro nopsifka (C paBeHCTBOM, onepauuu
WHTEPNPETUPYIOTCS HAZ MHOXECTBOM LiE/bIX YMCEN)

AHHOTVpPOBaHHbIE MPOrpamMMbl:

{PrS{Q}

“ecnu ycnosme P BbinonHeHo n nporpamma S 3asepluaet pabory,
ycnoeue @ byapet BepHo”

[} [ =
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Jlornka Xoapa: lNprmep

yl:=0;

y2 = x1,;

{x1 =yl xx2+y2Ay2>0}

while y2 > x1 do
yli=yl+1

y2:=y2 — x2;

od
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Jlornka Xoapa: HeKOTOpble NpaBuia BbiBOAA

{PL}S1{P2} {P2}S2{Ps}
{P1}51; S2{ P53}

(komTIO3WIIHS )

{Pre}Si{Q} {QA-e}S{Q}
{P}(if e then S; else S, fi){Q}

(if-then-else)
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Jlornka Xoapa: KpUTu4eckume 3ameyaHus

o KoppekTtHocTb n nonnota???

@ [lnoxo aBTOMaTU3MpyeTCA

nncne

o boiiep n Myp cospanun nporpammy, aBToMaTuyeckn
[0Ka3bIBAOLLYIO KOPPEKTHOCTL PEKYPCUBHBIX (DYHKUMTA Ha

o CeteBble KOHTpONNEPHI
o [paiiBepbl ycTpoiicTs

@ He Bce nporpamMMbl fO/XKHbI 3aBepwaTh paboTy
o OnepaymnoHHas cucrtema
[*
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PeakTusHble cuctemsl (reactive systems)

open door
cook

open door start cooking

Mogens pabo-
Thl  MWUKPOBON-
HOBOIA neun (n3
kHurm  Knapk,
Ipymbepr,
Menen).
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[NpoBepka mopenei

Mo paHHoli (0BbIYNHO KOHEYHO) MOAENM, ONPEeeNnTb, BbINOJHEHO

N CBOICTBO

@ [ocTtmwxumocTb

@ BpemeHnHas

NOrnKa

Vbeantbcsa, 4TO COCTO-
AHNE, B KOTOPOM nN€4Yb
paboTaeT u gsepua oT-
kpbita (heat A —close)
He AOCTMXXUMO U3 Ha-
4aNbHOTO
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[Mpobnembl MeTosa NpoBepKy Mogenei

@ Mogenun moryT BbITh 04eHb BonbWUMU

@ Mogenu koHeuHbl (kKak BepucbuLMpoBaTs NPorpamMmbi?)

@ PeanbHble cucTeMbl NCNONB3YIOT CAyyaliHble Yucna,
BPEMEHHbIE WHTEPBabI. . .

DA



[Mpobnembl MeTosa NpoBepKy Mogenei

@ Mogenun moryT BbITh 04eHb BonbWUMU

o CumsonbHoe npeactasnenmne, ceegeHne k SAT

@ Mogenu koHeuHbl (kKak BepucbuLMpoBaTs NPorpamMmbi?)
o AOCTpakums, nHTErpauusi C GeAyKTUBHBIMU METOAAMY

@ PeanbHble cucTeMbl NCNONB3YIOT CAyyaliHble Yucna,
BPEMEHHbIE WHTEPBabI. . .

o HTerpmpoBaHue sTuX CywHOCTe B NPOBEPKY MOAENEiA.

DA



Microsoft Static Driver Verifier

YCNOBUSAM

@ [lposepka cooTsetcTeust kopa (Ha C) gpaiisepa HEKOTOPLIM
@ [pocToii kog,

o MukpocodT bonee 3anHTepecosaH B TOM, 4TOObI ApaiiBep He
dyHKUMN

noaBewWnBana CNCTEMY, HEM B TOM, 4TODbI OH BBINOJIHAN CBOM

@ Opnnakosbie ycnosust ans pasmeix gpalisepos (Microsoft
Windows Driver Model, WDM)
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Microsoft Static Driver Verifier

CooTeetcTeyeT nun ganHbii kog API?

@ AbcTpakums, npoBepka MOAENENR, YTOUHEHNE MOAENN
Rel

do {

KeAcquireSpinLock () ;
Rel

nPacketsOld = nPackets;
if
Acq if (request) {

request

request—->Next;
KeReleaseSpinLock() ;

nPackets++;
}

} while (nPackets !=
nPacketsO1ld) ;
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DopmanbHble MeToabl B pa3pabotke (1)

Kputuka:

@ DTOT NOAX0A MOXET DblTh MCNONB30BAH TONLKO
mMaTemaTukamm

@ Owubounbie gokasatensctea? Owunbkn B peanusayun
cpeacTs sepudpmkayun?

@ 3ameanstoT NpoeKTh

DA



DopmanbHble MeToabl B pa3pabotke (1)

Kputuka + oteetsi:

@ DTOT NOAX0A MOXET DblTh MCNONB30BAH TONLKO
mMaTemaTukamm
3HaThb

] MeTOAbI NCNONb3YKOT MATEMATUMKY, HO 3TO HE 0b6s13aTeNnLHO

@ Owubounbie gokasatensctea? Owunbkn B peanusayun
cpeacTs sepudpmkayun?
yacTeii.

o Bce paBHO meHble owinbok. MoHnmaHmne B3anmoaeiicTens
@ 3ameanstoT NpoeKTh

o Moryt yckoputh (0CObBeHHO, ecin OWMOKM HalLEHbI HA PaHHMX
CTaamsix)
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DopmanbHbix MeToabl paspaboTtke (2)

Yero He cnepyet xpathb

@ AsTOoMaTunyeckas sepudukaumsa HaligeT Bce owunbku

o [lepykTuBHas Bepudpukauns rapaHtTupyet abcontoTHyo
KOPPEKTHOCTb

DA



Y1o panbe?

@ Cuncrembl nepexofoB Kak Moaenu annapatHbix n (B MeHbLuel
CTEMNEHN) NPOrpaMMHbIX CUCTEM

@ Bepundukayus npocteliwmnx coiicTe (aHanm3 JOCTMKUMOCTB)

o ®opmanusm ansa sepucbukauun 6onee CNOXKHbIX CBONCTB

DA
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