MaTtemMmaTmnyeckue
MeToAbl Bepudmnkaunm
nporpamMmm 1 cxem

JIEKTOPBbI:

Bnragumnp AHaTtonbeBnd 3axapos,
Bnraguncnas Bacunbesuy NoabimoB

6 cenTabpsa 2016 r.
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2. [denykTusHbIli MeTon BepudKaLuy Nporpamm

3. [luckpeTHble MOAeNV napanfiefbHbiX NporpamMmm u
CXEM

4. TemnopasbHble NOrUKM

5. Bepudunkauns momeneid nporpamm ans
TEMMOPANBLHOW NOTNKN AEPEBLEB BblHUNCAEHUNA
CTL: TabnnyHblii 1 CMMBOMIbHBIN NOAXOL,

6. Bepndnkauna mogeneii nporpamm asis
TeMMNOopasbHON Noruku nuHerHoro spemenn LTL:
TEOPETUKO-aBTOMATHbIT MOAXOL,
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7.

10.

11.

MeTonbl NoBbILLEHNS 3PPEKTUBHOCTU
BepupmKaLmmn: abcTpakums, CUMynsLmus,
PeLyKUMST HaCTUYHbIX MOPSAKOB, OrpaHnYeHHas
BepUUKaLms

. Mopenu BbIHNCAUTENBHBIX CUCTEM PEANTbHOMO
BpeMeH!

. Bepudpnkauna mopeneii nporpamm peanbHoro
BpeMeH!
MeToabl CTaTnyeckoro aHanmsa Mogenei
nporpaMmm
MeTonbl yTo4HeHNs abcTpakumuii no

KOHTpNpUuMepam
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KoHcnekTbl nekunii bygyT pa3mewatscs no
agpecy
http://mk.cs.msu.ru
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Jlekynsa 1.

3apada Bepudmkauuuv annapaTtypbl 1
NnporpaMMHOro obecnedeHusi

1.

3aueM HyxKHa popmanbHas BepudukaLms
nporpamm’?

. OcHoBHble Noaxoabl K 3agade popmanbHON

Bepudpnkauum.

[MpuHunnel BepudUKaLUy Mogenei Nporpamm.

4. VicTtopuyeckue ceefeHus.

. JocTrxeHns meTonoB hopManbHOI

BepudprKaLmMmu nporpamm.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

3agady cneundrkauum u BepudrKaLUm NPOrpaMm 1 NpPOEKTHbBIX
PELUEHUN MUKPOJEKTPOHHOI annapaTypsl f4ONroe BpeMs bbiio
NPUHSATO PacCMaTpUBaTb KaK HEKOTOPYHO BCMOMOraTesIbHYO
LESITENBHOCTL, KakK CBOEODpa3HbIii HeM3beXXHbIN « LOBECOKY K
OCHOBHOMY 3aHSTUIO NpOrpaMMucTa — paspaboTka n peanusauus
MpPOrpaMMHOrO Koaa.

OgHako B Havane 80-x rogoB npowwsioro Beka paspaboTumku
nporpammHoro obecnedeHnst 0bHapy>Xuau, 4TO CBbILIE NOJIOBUHbI
N3AEPXKEK, CBA3AHHBLIX C N3rOTOBNEHNE NPOrpaMMHOrO MpoAYKTa
NAN MUKPOCXEMbI, MPUXOAATCA UMEHHO Ha 3Tan sepudmkaumm, u
3Ta JOJS1 HEYKJIOHHO BO3pacCTaerT.

Cpean Hanbonee 3HaYNMBbIX NPUYMH, ODBSCHSOLWNX 3TO SIBNEHNE,
MOXHO BbIAENUTL CAeLyHoLMe.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. Bo3pacraHue cronmoctu yuiepba u3s-3a
nponyuiLeHHoi owmnbku B nporpamme

AI'II'IapaTHbIe n nporpaMmMHble CUCTEMBI LLUNPOKO NCNOJIb3YETCA BO
MHOIMNX NPUAOKEHUAX, rae ntoboii oTkas cymTaeTcs
HEAONYCTUMbIM, TAaKUX KakK

> JHepreTuka,

> 3N1EKTPOHHas KOMMepLns,

> TEeNEeKOMMYHMKaLus,

> CUCTEMbl YNpaBieHNs BO3AYLIHbIM N AOPOXHBIM LBUXKEHNEM,
> MeAMUMHCKas annapaTypa,

N CNACOK 3TOT AOBOJIBHO BEJIMK.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. BO3paCTaHVIe CTONMOCTHU yu_l,ep6a n3-3a
NPONyLWeHHOMW oWwunbKn B Nporpamme

22 niona 1962 r. nepeasi cTyneHb pakeTsl Mapunep-1 6bina
B30pBaHa 4epe3 293 cekyHabl nocsie ctapta. AHTeHHa annapaTa
notepsia CBsA3b C HaBoAsLWEl cucTemoli Ha 3emiie, B pe3ynbTaTte
ynpagesieHune B3an Ha cebs BopToBO# kKoMNblOTEP, NporpaMma
KOTOporo cogepxana ownbky. B otuete HACA, otnpasnertom B
Konrpecc B 1963, ynomunaercsa: «[ponyck gednca B
PefAKTUPOBAHNN AAHHbLIX BbIHYAWA KOMMNbIOTEP AaTb CEPUID
HEHY>XXHbIX CUFHAJIOB O KOPPEKLMMN Kypca, KoTopbie counun kopabib
C Kypca U NpuBEaU K €ro YHUHTOXEHUO.»

CnycTs Heckonbko net Aptyp Knapk nucan, uro Mapunep-1 6bin
«YHUYTOXEH CaMbIM AOPOTrMM 0ePUCOM B UCTOPUNS.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. Bo3pacraHue ctonmocTu yuiepba n3-3a
nponyuiLeHHoW owmnbku B nporpamme

4 uroHsa 1996 r. eBponeiickasi KocMuyeckas paketa «Apuat-5»
B30pBasiaCb MEHEE YEeM YEepe3 COPOK CEKYHZ Noc/e 3anycka.
MpuunHoli nocnyxuna ownbka B NporpamMme KOMMbHOTEpPA,
OTBEYaBLUEro 3a pacyeTbl ABUKeHUs pakeTbl. B xope 3anycka
BO3HUKJ/A UCKJIKOYUTENbHAA CUTYauusi, Korga bonbwoe
64-pa3psigHOe YMCIO C NAaBatoLel ToUuKol beio npeobpazosaHo B
16-paspsagHoe uenoe Yucno. Ito npeobpazosaHue He Hb1I0
3aLUMLLEHO KOAOM st 0bpaboTKN UCKNOUYUTENBHBIX CUTYaUni, YTO
1 npueeno k cboto komnbloTepa. Ta e camast ownbka npueena K
cboro pybnupyrowero komnstotepa. B pesynstate Ha bopTosoli
KOMMNbIOTEP pakeTbl bblan nepefaHbl HEBEPHBIE AaHHbBIE O BbICOTE,
YTO BbI3BAJIO YHUUTOXKEHUE PAKETHI.

CronmocTb ywepba — 370 000 000 $.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. Bo3pacraHue ctoumoctu yuiepba us-3a
NPONyLWEHHOW OWKnbKN B Nporpamme

B 1999 r. OavH u3 cybnogpsagunkos NASA nocrasun
nporpamMmmHoe obecneyeHne B KOTOPOM UCMOJbL30BaNACh
aHrNMiickast CMCTEMa Mep, B TO BPEMS KaK U3MEPUTENBHOE
obopygosatue 6b110 0TKaNMOPOBAHO MO METPUYECKON CUCTEME.
3TO NOCAYXKNAO NPUHNHON aBapuu CMyTHWKA, OTMPABJEHHOMO Ha
Mapc. CronmocTb ywepba coctasuna 327 000 000 §.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?
1. BO3paCTaHVIe CTOMNMMOCTMHU yu_l,ep6a n3-3a
NPONyLWEHHOW OWKnbKN B Nporpamme
MeanuunHckuii annapaT pagnaumoHHoil Tepanun Therac-25 nepuog
1985-87 rr. nogagan HEKOTOPbLIM NauMeHTaM Ao03bl obay4yaHus,
npeBblllatowme npegnucarHble Bpadamu B 100 pas. beino
obHapy»KeHO, 4TO NPUYNHOI NocayXnna ownbka B NporpaMMHOM
obecrnedenunn, ynpasastowum annapaTtom. [NpesbieHne 803kl
0bay4YeHnst NOCNYXKNNO HENOCPEACTBEHHOW NPUYNHOW CMEPTN MO
KpaliHeid Tpex naunmeHToB.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?
1. BO3paCTaHVIe CTOMNMMOCTMHU yu_l,ep6a n3-3a
NPONyLWEHHOW OWKnbKN B Nporpamme
MeanuunHckuii annapaT pagnaumoHHoil Tepanun Therac-25 nepuog
1985-87 rr. nogagan HEKOTOPbLIM NauMeHTaM Ao03bl obay4yaHus,
npeBblllatowme npegnucarHble Bpadamu B 100 pas. beino
obHapy»KeHO, 4TO NPUYNHOI NocayXnna ownbka B NporpaMMHOM
obecrnedenunn, ynpasastowum annapaTtom. [NpesbieHne 803kl
0bay4YeHnst NOCNYXKNNO HENOCPEACTBEHHOW NPUYNHOW CMEPTN MO
KpaliHeid Tpex naunmeHToB.

B 2000 r. B [laHame HeCKONBKO NALMEHTOB NOAYYUIN
nepeao3uposky obnyyeHus npu paguotepanum. Beino obrapyxeno,
4TO YNpaBAsOLWAs NporpaMMa 3afaBana MOLWHOCTb N3AYHeHUs B
3aBMCMMOCTW OT MOpPsiAKa, B KOTOPOM MOCTYNajn HEKOTOPbIE
OaHHbIE NO NapasieNbHbIM KaHanaMm (3dekT «roHOK» ).
MNepepo3npoBka nocay>knia NPUYNHOA CMEPTH MO MEHbLUEN Mepe
NATU NaLUEHTOB.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. Bo3pacraHue crtonmocTu yuiepba n3-3a
NponyLiIeHHO’W owmnbku B nporpamme

MporpammHoe obecnedeHmne CCTEMBI yNpaBAEHUS
NpOTBOBO3AYyLWHOro paketHoro komnsaekca MIM-104 Patriot
cogepxKana owubky, B CUly KOTOPOIi TaiiMepbl B pasHbIX
KOMMbOTEPAX B COCTaBE 3TOMO KOMIMIEKCA UMENN TEHAECHLUIO K
paccuHxporunsaumm 0.3 cek Ha 100 yacoe HenpepbiBHO# paboTel. B
pesynbtaTe 25 despans 1991 r. Takoli KOMNAEKC HE CMOT
OCYLLECTBNTb NEPEXBAT UPAKCKOW TaKTUYECKON pakeTbl, YTO
npueeno kK rnbenu 28 soeHHocayxawux apmuun CLLA.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

1. Bo3pacraHue ctonmoctu yuiepba us-3a
NPONyLWeHHOMW oWnbKN B Nporpamme

B 1998 r. B CLLIA Ha nonroga 6bin 3aaepXaH BEOA, B CTPOi HOBOIA
CUCTEMBI ODCIYXKNBAHNUSA aBUALMOHHOIO TPAHCMOPTa U3-3a
Henpekpalatownxcs cboes B paboTe nporpammMmHoro obecne4yexus
aToli cuctemsl. Mo oueHkam skcnepToB yuwiepb CoCTaBuA HECKOJIBKO
COTEH MUJINOHOB A0/Napos.

Knight Capital Group notepsina 440 000 000 $ 3a 45 munyT B
PE3Y/bTAaTE HEKOPPEKTHON YCTAHOBKU ODHOBNEHHON BEpCUM
nporpammHoro obecneyeHnsi Ha CEpBEpPbI, U3-3a YEro B TEYeHMe
HEKOTOPOro BPEMEHU MPOUCXOAMAA NonepemMeHHas paboTa cTaporo
1 HOBOrO KOAA.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?
1. Bo3pacraHue crtonmoctu yuiepba us-3a
nponyuieHHoW ownbku B nporpamme

CTaTuCTUYECKNE MCCNEA0BaHNS NOKa3bIBaOT, 4TO cBbiwe 10%
NPOEKTOB MO pa3paboTke MUKPOINEKTPOHHBIX CXEM TaK U HE
LOOBOAATCS 4O CEPUAHOrO U3rOTOBJIEHUS, BBULY CYLLECTBEHHbIX
ownbok, KoTOpble 0DHAPYXXMBAKOTCA B XO4€ 3KCMAayTaLmm
onbITHbIX 0bpasuos. CtoumocTs paspaboTkn cxembl 1
W3rOTOBJIEHUS €€ OMbITHOro 0bpasLa MOXKET COCTABASATL HECKOJILKO
COTEH TbICAY AONNAPOB.

Wccnepoeanusi, npoeegertHsie B 2002 r. HaunoHanbHbIM
Wuctutytom Crangapros u TexHonoruid, nokasanu, 4To notepu
9KOHOMUKMU U3-33 OWNbOK B NporpaMMHOM obecrnederus
oueHmearoTcs cymmoii 59.5 Munnunapgos gonnapos, npuyem 3TOT
yLiepb MOXXHO COKpaTUTbL Ha TPETh 3@ CHET YCOBEPLUEHCTBOBAHMS
MeToZoB BepndrKaLmm nporpaMm.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?
2. Pacwunpenune obnactn npumMeHeHus nporpaMmmMHoOro
obecneveHus
Mo mepe Toro kak Bo3pacTaer y4acTue nporpamMmMHbIX CUCTEM B
HaLllei XKN3HWU, PpacCTET N 6peM$| OTBETCTBEHHOCTWN 3a NPaBUNBbHOCTb
nx pyHKuMoHnpoeaHns. besonacHocTb yxxe HeNb3s BOCCTaHOBUTD,
MPOCTO OTK/KOYUB HEMPaBUILHO paboTatolwyto cuctemy:
OTKJIOHEHME YCTPOICTBA HeceT BOsbLUYIO ONAaCHOCTb.

Mbl CTaHOBMMCS 3aBMCUMbLIMW OT MPaBUALHOCTY
PYHKLMOHMPOBAHNS BbIYNCAUTENBHBIX YCTpOiicTB. [o3Tomy ele
bonee HacywHOR 3afa4qeli cTaHOBMTCA pa3paboTka MeToAOE,
CMOCODCTBYIOLLMX MOBBILIEHNIO HALLel YBEPEHHOCTU B
npasuiabHoCcTN paboTel NopobHbIX cuctem. Vamensietcs camo
NOHWMaHWe 3aJa4n BepurKaLn: nporpaMmma MOXeT ObITb
NPU3HaHa HAaOEXXHOW He NOTOMY, YTO B HEl HE yOanocb
0bHapyXnTb OWNDOK, a NOTOMY, 4TO yAanoch ybegutenbHo
[0Ka3aTh OTCYTCTBME OLWINOOK.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

3. NMporpammMmupoBaHue ycnoxxHsietcsi

Paspabotka nporpamm (1 yx Tem Bonee MUKPOINEKTPOHHBIX CXEM)
CTaHOBUTCS «KaCKagHbIM» MPOLECCOM, Ha pa3HbiX dTanax
KOTOPOrO MPOUCXOANT YyTOYHEHNE MOAENN NPOrPaMMbl MK
MUKPOSEKTPOHHOI CXEMbI, OKaHYNBAIOLEECS UX peann3aumneil.
Ownbkm, NponyLieHHbIE HAa PaHHUX 3Tanax, HEBO3MOXHO
YCTPaHUTb Ha NOCAEAYIOWMX CTagNAX NPOEKTNPOBAHUS.

MosTomy Heobxogum uenblii apceHan MeTOAOE BepuduKaLum,
KOTOpbIE MOXHO 6bIN10 Bbl NPUMEHSATL HE TONBKO K CaMUM
nporpamMmam (Cxemam), HO U TakXKe 1 K UX MOAENSAM,
NPeACTaBNEHHbBIX HAa Pa3HbiX YPOBHAX abcTpakuuu.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

4. Bo3pacTtaHue TpygoemkocTtu Bepudukaumm

BoluncnnTtensbHas annapaTypa CTaHOBMTCS AelueBsie, a
NMPOU3BOAUTENBLHOCTL KOMMBIOTEPOB BO3paCTaeT.
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4. Bo3pacTtaHue TpygoemkocTtu Bepudukaumm

BoluncnnTtensbHas annapaTypa CTaHOBMTCS AelueBsie, a
NMPOU3BOAUTENBLHOCTL KOMMBIOTEPOB BO3paCTaeT.

I_IOFIBJ'IFHOTCFI HOBblI€ BO3MOXHOCTW aBTOMATNYHECKOIo peLleHna BCce
bonee n Bonee CNOXHbIX 3a4auy.

MpoucxoauT yBennyeHne obbEMOB NPOrpamMMHOrO KOAa.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

4. Bo3pacTtaHue TpygoemkocTtu Bepudukaumm

BoluncnnTtensbHas annapaTypa CTaHOBMTCS AelueBsie, a
NMPOU3BOAUTENBLHOCTL KOMMBIOTEPOB BO3paCTaeT.

I_IOFIBJ'IFII'OTCFI HOBblI€ BO3MOXHOCTW aBTOMATNYHECKOIo peLleHna BCce
bonee n Bonee CNOXHbIX 3a4auy.

MpoucxoauT yBennyeHne obbEMOB NPOrpamMMHOrO KOAa.

BcnepcTeue aToro, yBen4mBaeTcsi BEPOSITHOCTL MOSIBAEHUS
ownboK, KOTOPbIE MOrY BbITh BHECEHbI B 3TOT KOZ KaK Ha 3Tane
MPOEKTMPOBAHNS NPOrpaMMbl, TaK U B XOA4E peasn3aunn npoekTa.



3ayem Hy>kHa chopmanbHasi Bepudukayus
nporpamm?

4. Bo3pacTaHue TpygoemMkocTu Bepucukaumm

CoBpemeHHas TEXHONOrUA NPOeKTPOBaHMA 1 paspaboTkm
NPOrpamMm NO3BOASET NOBLICUTL NPON3BOANTENBHOCTL TPYAA
NporpaMMIUCTOB, U OHA PacTeT NOYTU HACTONLKO XKe BbICTpO,
HACKOMbKO yBENM4YMBaeTcs obbem nporpaMMHoro obecneyeHuns.
Ho 3To oTHocuTCca nuwb K pa3paboTke nporpaMMHOro koga.
Bepudukaums nporpamm bes cneunanbHbiX CpeacTs puckyer
OCTaBaTbLCS IKCTEHCUBHLIM TPYAOM, TPebyOLWMM BCE HOBLIX 1
HOBbIX KBaNMPULNPOBaHHbIX PABOTHMKOB, 3aHNMAOLLMXCA
NCKAKOHYNTENBHO MNOUCKOM OLIMBOK B NPOrPaMMHOM KOAE.
OpHako gaxke Takoii cnocob He nossonset ybeanTensHo
obocHOBaTb HafeXXHOCTb nporpaMMHoro npoaykrta. CoBpemeHHas
BepudbukaLms nporpamm TpebyeT COBCEM APYrux CPEACTE, npu
NOMOLLIM KOTOPbIX MOXHO bb110 Bbl HE TONIbKO 0BHapYXMBaTb
ownbKkM, HO 1 YBEeXAaTLCA B UX OTCYTCTBUM.



OcHoBHble nogxoabl K 3agade Bepudurkaumum

MpocTelilune MeToAbI NPOBEPKM MPABUIBHOCTU NPOrpamMM u
MMWKPO3NEKTPOHHBIX CXeM — NMUTALVIOHHOE MOLENNPOBAHNE 1
TeCTUpOBaHue .

MMuTayumoHHOMy MoaennmpoBaHuUIO nogsepraetcst abcTpakTHas
cXemMa Wian npoToTun, TECTUPOBAHUNE NPYMEHAETCS
HENOCPEACTBEHHO K CAaMOMY MPOAYKTY.

B cnydae snekTpoHHbIX CXeM, Hanpumep, UMUTALUOHHOMY
MOZE/IMPOBAHUNIO MOLBEPTraeTCsl NPOEKT pa3pabaTbiBaeMOii Cxembl,
TOrfa Kak TECTUPOBAHUIO MOJABEPraeTcsl caMa MuKpocxema. B
oboux ciyyasix B 3TUX METOAAX OMNPEAeNeHHble CUTHaNbLI 0BbIYHO
BBOAATCS B 3aJaHHbIX TOYKAX CXeMbl, @ B APYrMX TOYKAaX CHUMAIOT
COOTBETCTBYHOLLME NOKA3aHNS.

STn MeTofbl MOryT ObITb BECbMa SKOHOMWYHbI A5 BbISABJAEHUS
mHorux owmnbok. Ho npoeseputes BCE BOo3MOXHbIE B3aumoaeiicTeuna
n 06o3pers BCE mbicinMble «cueHapumny, npumeHss nuwb
MOZAE/NPOBAHNE U TECTNPOBAHWNE, BPSI4 N YAACTCS.



OcHoBHble nogxoabl K 3agade Bepudurkaumum

DopmanbHele MeToAEl BepudbrKaLny NpegHasHadeHbl as
[0Ka3aTeNIbCTBA TOro, 4TO B npoekTupyemoii cncreme HET
ownboK onpeaeneHHOro BuAa.

OcHogHble noaxoabl K hopManbHON NMPOBEPKE MPABUILHOCTH
CNOXHbIX YNPABASOWMX CUCTEM (MPOrpamMm 1 NPOEKTOB
MUKPONEKTPOHHON annapaTtypbi):

1. nposepka skeusaneHTHocTu (equivalence checking),

2. pepyktusHbiii aHanus (proof-theoretic approach),

3. Bepudcukauma mopgeneii nporpamm (model checking).



OcHoBHble nogxoabl K 3agade Bepudurkaumum

lMpoBepka 3kBMBANEHTHOCTH

Kam,u,aﬂ yApaBadwWas CUCTEMA ONpeaensaeTca oBymMs
COCTaBAALWNMNA:

> ynpaensowas cxemMa X (CMHTaKCNYecKasi XapakTepucTnka),

> Bbluncnsemast dpyHkuua Fy (dyHKLMOHaNbHAS
XapaKTepuCTmMKa).

3aja4a NpoOBEPKN 3KBUBAJIEHTHOCTY : AJ1s 3aAaHHOI napbl CXem X1
1 2o NPOBEPUTH BbIMOJHUMOCTb COOTHOLUEHUS

Fs, =Fs, .



NpoBepka 3kBMBaIEHTHOCTU

Cncrema Ha KpucCTanne npn NPOEKTUPOBAHNN MPEACTABASETCS Ha
pasHbIX ypoBHsiX abcTpakumu. MapupyT npoektuposaHus Synopsis
BKJIIO4AET B CEDSI TPU OCHOBHbIX YPOBHSI:

1. CncremHblil ypoBeHb :

> JT1an 1: co3gaHue aaropuTMMYECKOW MOLENN 1 ee
BepudmnKaums;

> Jtan 2: co3aaHne MOAENN YPOBHSA TpaH3akumii (Moaenn
MaKpOapxXMTEKTYpbl) U ee BepudmMKaLus;

» JT1an 3: co3paHue T.H. "30n0Toli Mogenn" cuctembl Ha

KpNCTanne Kak TEXHUYECKOro 3agaHuna onsa npoeKTupoBaHUA
CXEMblI.



NpoBepka 3kBMBaIEHTHOCTU

2. Jlornyecknii , manm BEHTU/IbHBIN , YPOBEHb, COCTOSLLNIA N3 NATN
3TanoB.:

>

S1an 1: cosganue cuHtesunpyemoii RTL-mogenn cncremsl Ha
KpUCTanie Ha OGHOM U3 A3LIKOB OMUCAHUS annapaTypsl
(Verilog, VHDL);

D1an 2: noruveckas sepudpukaumns RTL-mogenn nocpeacteom
MOLES N POBAHUS;

d1an 3: chusuueckas sepudukayns NoCpeaCcTBOM
NPOTOTMNMPOBaHNS;

STan 4: cnHTes B Hasnce BEHTUNLHBIX CXEM U aBTOMAaTUYeCKas!
reHepaunsi TECTOBbIX CTPYKTYP AJS KOHTPOJS FOAHOCTH;

S1an 5 noruveckas u popmanbHas BepndprkaLmus cnucka
ueneii.

3. Tononornyeckunii yposeHb



NpoBepka 3kBMBaIEHTHOCTU

Takum obpazom, Ha npoTsikeHun npoekTuposanus CBNC
nocfneaoBaTeNbHO CTpoaTcs 5 onucanuii cucremsi:

» Anroputmuueckoe onncatue cuctemsl (Ha sisbike C/C++);

» MakpoapxuTekTypHOe onucaHmne cuctemsl (Ha si3bike
System-C);

» MukpoapxutektypHoe (RTL) onncanne cuctemsl (Ha si3bikax
VHDL wan Verilog);

» Onucanue cnucka ueneii (Ha si3bikax VHDL nnau Verilog n B
cdopmarax IEEE PDEF, DEF, LEF);
» Onucanue Tononorun CBVC (8 dopmate GDSII).

OCHOBHOI NPUHLMN MHOTOYPOBHEr0 NPOEKTUPOBAHUS:
yHKLUMOHaNBHOCTbL Bonee BLICOKOrO ypoBHSI abcTpakuum He
LOOJDKHA HapylaTbca npu nepexoge Ha bosnee HU3KUD YpOBEHb.



NpoBepka 3kBMBaIEHTHOCTU

Boznukaet cnepytowias 3agaqa sepucpmkauun.

Log2Top : Jlormyeckas cxema 2

4

Tononormyeckas peannsauns cxembl 1 ,
Mod : Tononoruyeckas peanusayus cxembl |

4

VnyylleHHaa TOnoAorn4yeckas peannsanmns Cxembl T/
y L
Top2Log : Tononoruyeckas peannsayus cxembl T’

4

Jlorunyeckas cxema ¥’ .

3afada: NpoBepuTbL BLIMOAHMMOCTL COOTHOWeHUA Fy = Fy/ .

[ns normueckux cxem aTa 3agaya ceoguTcs K npobieme
BbINOAHUMOCTM Bynesbix popmyn SAT.



HdenykTunBHbIV aHanus3

TepMuH fefyKTUBHBIA aHANN3 NOAPa3yMEBAET MPUMEHEHNE AKCMOM
W NpaBua BbIBOAA A/ J0KA3aTENbCTBA NPABUSBHOCTU
PYHKLNOHMPOBAHUS CUCTEMBI.

Ha paHHux s3Tanax nccnegoBaHuidA No AeAyKTUBHOMY aHaNU3y
OCHOBHOE BHUMaHNE YAensanocs obecnevyeHnto npaBuibHOCTM
paboTbl KPUTUYECKN BaXKHLIX CUCTEM, U TaKWUE AOKa3aTeNbCTBa
CTPOUSIUCE UCKIOYUTENBHO BPYYHYIHO.

Co BpemeHeM NOSIBUANCH MHCTPYMEHTasbHble CpeacTea (npyeepsi),
MO3BONSIOLLNE MPUMEHATEL CUCTEMATUYECKMIA nepebop ¢ Lenbo
MOMCKa Pa3fiNYHbIX HanpaB/jeHU NOCTPOEHNS [OKa3aTeNbCTBa.



JenykTunBHbIA aHanun3

MpuHUMNbl 4eAyKTUBHOrO aHanM3a NPOrpaMmM TaKOBbI:

1. Mporpamma (cxema) 7T BBIMUCASIIOT OTHOWEHNE R, Mexay
AAaHHBIMN BXOZE 1N Ha BbIXOAE NPOrpamMmbl (Cxembl);



HdenykTunBHbIV aHanus3

MpuHUMNBI AeAYKTMBHOrO aHaNM3a NPoOrpaMm TaKoBbl:
1. Mporpamma (cxema) 7T BBIMUCASIIOT OTHOWEHNE R, Mexay
AAaHHBIMN BXOZE 1N Ha BbIXOAE NPOrpamMmbl (Cxembl);

2. TekcT nporpammsbl (onucaHne cxembl) — 3T0 hOpManbHOE
ONMUCaHme OTHOLWEHUS X Ha A3blke NPOrpaMMNpPOBaHUS;



HdenykTunBHbIV aHanus3

MpuHUMNbl 4eAyKTUBHOrO aHanM3a NPOrpaMmM TaKOBbI:

1. Mporpamma (cxema) 7T BBIMUCASIIOT OTHOWEHNE R, Mexay
AAaHHBIMN BXOZE 1N Ha BbIXOAE NPOrpamMmbl (Cxembl);

2. TekcT nporpammsbl (onucaHne cxembl) — 3T0 hOpManbHOE
ONMUCaHme OTHOLWEHUS X Ha A3blke NPOrpaMMNpPOBaHUS;

3. Tpebosanme (cneundukaums) npasunbHoctn ® nporpammbl —
3TO OMUCaHMe TOro OTHOLIEHUS, KOTOPOE AOJKHA
peasn30BbIBaTb NPOrPaMMa, HO Ha APYrom si3bike (nin B

Apyroii dopme);



HdenykTunBHbIV aHanus3

MpuHUMNbl 4eAyKTUBHOrO aHanM3a NPOrpaMmM TaKOBbI:

1.

MporpaMma (cxema) 7 BbIMMCASIIOT OTHOWEHNE R Mexay
AAaHHBIMN BXOZE 1N Ha BbIXOAE NPOrpamMmbl (Cxembl);

TekcT nporpammbl (onucaHme cxembl) — 3T0 hOpMasbHOe
ONMUCaHme OTHOLWEHUS X Ha A3blke NPOrpaMMNpPOBaHUS;

Tpebosanue (cneymndukayms) npasunsHoct S nporpammsl —
3TO OMUCaHMe TOro OTHOLIEHUS, KOTOPOE AOJKHA
peasin30BbIBaTb NPOrpaMMma, HO Ha APYrom s3bike (uan B
Apyroii dopwme);

MpoBepka NPaBMILHOCTU NPOrpaMMbl T OTHOCUTENBHO
cneyndpmkauumn ¢ — 3To AoKazaTeENLCTBO TOro, 4To Ry = & .



HdenykTunBHbIV aHanus3

MpuHUMNbl 4eAyKTUBHOrO aHanM3a NPOrpaMmM TaKOBbI:

1. Mporpamma (cxema) 7T BBIMUCASIIOT OTHOWEHNE R, Mexay
AAaHHBIMN BXOZE 1N Ha BbIXOAE NPOrpamMmbl (Cxembl);

2. TekcT nporpammsbl (onucaHne cxembl) — 3T0 hOpManbHOE
ONMUCaHme OTHOLWEHUS X Ha A3blke NPOrpaMMNpPOBaHUS;

3. Tpebosanme (cneundukaums) npasunbHoctn ® nporpammbl —
3TO OMUCaHMe TOro OTHOLIEHUS, KOTOPOE AOJKHA
peasn30BbIBaTb NPOrPaMMa, HO Ha APYrom si3bike (nin B
Apyroii dopwme);

4. MpoBepka NPaBWILHOCTW NPOrpaMMbl T OTHOCUTENLHO
cneyndpmkauumn ¢ — 3To AoKazaTeENLCTBO TOro, 4To Ry = & .

O6biuHo cneuundbrkaLmsi 3a4aeTCs NPeyClOBUEM © ,
ONUCHLIBAIOWMM MHOXECTBO AAHHbIX, KOTOPbIE MOFYT NOCTyNaTh Ha
BXOZ, MPOrpamMmel, 1 NOCTYC/NOBUEM 1) , OMUACHLIBAIOLINM OTHOLLEHME
MEXJY BXOAHBLIMU U BbIXOAHLIMU JaHHBLIMU.



HdenykTunBHbIV aHanus3

[enykTueHbI aHann3 okasan 3HAYMTENbLHOE BAUSIHWE HA NOAXO4b
K pa3paboTke nporpammuoro obecnevenus (Hanpumep, noHsTe
MHBapMaHTa 3aUMCTBOBAHO U3 UCCIELOBAHMIA MO AEAYKTUBHOMY
aHanmnsy).

Tem He MeHee, OH 3aHUMAET MHOrO BPEMEHU N MOXET ObIThb
OCYLLECTBJIEH TONILKO SKCMEpTaMu, 0bnafatow My 3HaHUAMU B
0obnacTu AOrnYecKoro BbIBOAA M WMEKOLLUMI HEMAJbIiA
npakTu4eckunii onbiT. JJokazaTensCTBO NPaBUIBHOCTU OTLENBHOIO
MPOTOKOJIAa WAN SJIEKTPOHHON CXEMbI MOXET 3aHATb LEbIE SHU WK
LaXke MeCsiLbl.

MosToMy menyKTUBHbLIA aHANM3 WCNO/b3YETCS TIaBHbIM 0bpa3om
OJ151 MPOBEPKN CUCTEM, Haubonee YyBCTBUTENBHLIX K cBoAM, Korga
MOXHO BbIAENNTEL HeobxoAMMbIE pecypcbl, A4jisi TOro YTobbi
rapaHTUpOBaTh UX HE30MacHOEe UCMONL30BAHME.



HdenykTunBHbIV aHanus3

BaxxHo oco3HaBaTh TakxKe, YTO HE CYLLUECTBYET aNropuTma,
CMOCODHOro pacno3HaTh, 3aBepLUAETCs M paboTa NPOU3BOALHOIN
BbIYUCANTENILHOW NPOrpaMmbl (HaNMCaHHOR Ha OLHOM N3 SI3bIKOB
nporpammuposarus, Hanogobue Cu unn Mackans). 370
OrpaHM4MBaeT 1 BO3MOXXHOCTM aBTOMaTn4eckoli sepudukayuu. B
4aCTHOCTU, NPaBUIBLHOCTL 3aBepLueHns paboTbl nporpamMmbl B
obuiem ciyyae Henb3s NpoBepuTL aBToMaTndecku. o aTol
npuynHe BONBWIMHCTBO CMCTEM MOCTPOEHUST AOKA3ATENbCTE He
MOFYT BbITh MNONHOCTBIO ABTOMAaTU3UPOBaHSI.

MpenmyLiecTBO METOAOB AEAYKTUBHOIO aHann3a COCTOUT B TOM,
4TO OHU MOTYT ObITh MPUMEHEHBI K CUCTEMAM C BECKOHEYHBIM
YNCAOM COCTOSIHWIA. DTy 3aga4y MOXKHO A0 ONpPeaesieHHbIX
npegenoe aeTomatusupoeats. OfgHaKko faXke B TOM Ciydae, Koraa
npoBepsieMoe CBOWCTBO AEWCTBUTENbHO BbINOJIHAETCS, Hefib3s
Ha/IOXKNTb HUKAKNX OFPaHNYEHNIA Ha NPOMEXYTOK BPEMEHN 1
obbem namsATu, HeobxoauMbIli AN NOMCKA AOKa3aTeNbLCTEa.



Bepuduvkauusa mogeneii nporpamm

Metog Bepucbukanum mogeneii (MAM NPOBEPKM BbINOAHUMOCTY
cneyndbukauum Ha mogenu , mam model checking ) npumensieTcs
ans sepndrKaumn CUCTEM C KOHEYHBbIM YUCAOM COCTOSIHUIA.
Ob6biyHO npoueaypa BepubUKaLUM 3aKIHOHAETCA B
ncyepnbiBaoweM obxoae NpOCTpaHCTBa COCTOAHMN cuctembl. [pn
HaJMYMU BOCTAaTOUHbLIX PECYPCOB 3Ta Mpoueaypa BCerga
3aBEPLIAETCA N MOXET DbiTh peasin3oBaHa AOCTATOYHO
3hheKTUBHLIM aNropuTMOM.

XoTsi orpaHu4eHune, CBA3aHHOE C KOHEYHbLIM HYUCIOM COCTOSIHMIA
CUCTEMBI, OYEHb CYLLECTBEHHO, METOA Bepudukauum Mogeneli
MPUMEHNM KO MHOFMM Ba>XHbIM KJlacCaM Bbl4NCANTENBHbIX CACTEM:
KOHTpOJI/Iepbl, ApaiiBepbl, KOMMYHUKALMOHHbIE NMPOTOKObI.

B HekoTopbix cnydasix cucTembl ¢ HECKOHEYHBIM YUCIOM
COCTOSHWUI MOTYT BbITh NPOBEPEHbI 3TUM METOLOM B COYETaHUN C
pa3HoODpasHbIMU NpaBuaamMu abCcTpakLuum v MHAYKUAN.



Bepuduvkauusa mogeneii nporpamm

nOCKO.Hbe METOL NPOBEPKN Ha MOLENN MOXET NPUMEHATLCA
HNCTO aBTOMATNHECKIN, OH NPeEANOYHTUNTENbHEE AEAYKTUBHOIO
dHaJIN3a B TEX CAy4asiX, KOraa MOXeT BbITh NCNONb30BaH.

Tem He MeHee, BCerga OCTaHYTCS HEKOTOPbIE XU3HEHHO BaXKHbIE
NPUAOKEHNS, 4J1st NOJHOW BepmprKaLmu KOTOPbIX Heobxoanmo
NPOBOAUTL JOKA3aTENbCTBO TEOPEM.

B cBsI31 € 3TM MOXXHO OTMETWUTL HOBOE MEPCMNEKTUBHOE
HanpaBfeHune, NpeAyCMaTpPUBAIOLLIEE TaKyO MHTErpaLuio
OEAYKTMBHOrO aHanMsa W METoAa NpOBEPKM Ha Mogenwn, 4Tobsbl
dparMeHTbl CUCTEMBI, UMEIOLLNE KOHEYHOE YUNCAO COCTOSHWNA,
NPOBEPSINCE aBTOMATUYECKN.



Npouecc Bepuddpukauun mogene nporpamMmm
MpuHuunnsl model checking

1. Onsa 3aganHoli BblYMCAUTENBHON CUCTEMbI (MPOrpamMmbl U
NPOEKTa MUKPO3NEKTPOHHOMN CXeMbl) nocTponTs Mogens M —
JOVNCKPETHYIO CTPYKTYpY, KOTOpast



Npouecc Bepuddpukauun mogene nporpamMmm
MpuHuunnsl model checking

1. Onsa 3aganHoli BblYMCAUTENBHON CUCTEMbI (MPOrpamMmbl U
NPOEKTa MUKPO3NEKTPOHHOMN CXeMbl) nocTponTs Mogens M —
JOVNCKPETHYIO CTPYKTYpY, KOTOpast

> MOXET paCCMaTpUBaTbCA KaK MHTEpNpeTauns AJist HEKOTOPOI
dopmansHoi noruku, n



Npouecc Bepuddpukauun mogene nporpamMmm
MpuHuunnsl model checking

1. Onsa 3aganHoli BblYMCAUTENBHON CUCTEMbI (MPOrpamMmbl U
NPOEKTa MUKPO3NEKTPOHHOMN CXeMbl) nocTponTs Mogens M —
ONCKPETHYHO CTPYKTYpY, KOTOpast

> MOXET paCCMaTpUBaTbCA KaK MHTEpNpeTauns AJist HEKOTOPOI
dopmansHoi noruku, n

> onucbiBaeT (Ha HEKOTOPOM ypOBHe abCTpakumu) nosegeHne
BbIYNC/INTENBHON CUCTEMBI.



Npouecc Bepuddpukauun mogene nporpamMmm
MpuHuunnsl model checking

1. Onsa 3aganHoli BblYMCAUTENBHON CUCTEMbI (MPOrpamMmbl U
NPOEKTa MUKPO3NEKTPOHHOMN CXeMbl) nocTponTs Mogens M —
ONCKPETHYHO CTPYKTYpY, KOTOpast

> MOXET paCCMaTpUBaTbCA KaK MHTEpNpeTauns AJist HEKOTOPOI
dopmansHoi noruku, n

> onucbiBaeT (Ha HEKOTOPOM ypOBHe abCTpakumu) nosegeHne
BbIYNC/INTENBHON CUCTEMBI.

2. Ons TexHuueckux TpeboBaHWi, NPeAbSABASEMbIX K CUCTEME,
cchopmynnpoBaTh 3Tn TpeboBaHusi Ha hopManbHOM
JIOTNYECKOM $I3bIKE — 3afaTb crieuudukaLmo ¢ .



Npouecc Bepuddpukauun mogene nporpamMmm
MpuHuunnsl model checking

1. Onsa 3aganHoli BblYMCAUTENBHON CUCTEMbI (MPOrpamMmbl U
NPOEKTa MUKPO3NEKTPOHHOMN CXeMbl) nocTponTs Mogens M —
ONCKPETHYHO CTPYKTYpY, KOTOpast

> MOXET paCCMaTpUBaTbCA KaK MHTEpNpeTauns AJist HEKOTOPOI
dopmansHoi noruku, n

> onucbiBaeT (Ha HEKOTOPOM ypOBHe abCTpakumu) nosegeHne
BbIYNC/INTENBHON CUCTEMBI.

2. Ons TexHuueckux TpeboBaHWi, NPeAbSABASEMbIX K CUCTEME,
cchopmynnpoBaTh 3Tn TpeboBaHusi Ha hopManbHOM
JIOTNYECKOM $I3bIKE — 3afaTb crieuudukaLmo ¢ .

3. MNpoBepuTh BLINOAHUMOCTL creundmkauum ¢ Ha mogenu M :

M=



Npouecc Bepuddpukauun mogene nporpamMmm

MpnmeHeHne MeTOAa NPOBEPKM BLINOAHUMOCTMN cneundrkaLmmn Ha
MOZeNN COCTOUT U3 HECKOJIbKMX 3TanoB.

MogenvposaHue

MNepeasi 3agayva 3akKO4aETCS B NPUBEAEHNIN NPOEKTNPYEMOIi
CUCTEMBI K TaKOMY (pOpMasbHOMY BULY, KOTOPLIA Bbin Bbi
npueMaeM ANsi MHCTPYMEHTAbHbBIX CPEACTB BepuduKkaLum
Mogeneil nporpamMm.

Yacto ato npocto 3agava komnuasumn. B gpyrux cayvasx, npw
OrpaHM4YeHnsIX NO BPeMEHN N 0bBEMY NaMsaTn, MOAENUPOBaHNE
MOXeT noTpebosaTh abcTpakumu, 4Tobbl N3baBUTLCS OT
HECYLLECTBEHHbIX AETaNEA, HE OTHOCALLUXCA K Leny.



Npouecc Bepuddpukauun mogene nporpamMmm

Cneundonkauyms
Mepes npoeeneHnem BepuduKaLum Hy>XHO CHOPMYIUPOBaAThL
CBOWCTBA, KOTOPLIMM [0J)KHA 0bnafaTh NpoeKTUpyemMasi CUCTEMBI.

ObbiuHo cneumndprkaLuy 3a4at0TCs Ha sA3bike DOPMaALHONR JIOTUKM.
[nsa annapaTypbl n nporpaMmmHoro obecnedeHusi, Kak Npasuo,
MPUMEHSIIOT TEMMOPAsbHYIO IOTUKY , NO3BOJSIOLLYIO ONUCHIBATS,
KaK NOBEAEHWNE CUCTEMbI NMPOTEKAET BO BPEMEHN.

BaxHbiM BOnpocom cneumndpunkauun ssasietcst nosHota . Metog,
MPOBEPKN HA MOLENUN AAET BOIMOXHOCTb YOEANTLCS, 4TO MOAeNb
NPOEKTUPYEMOI CMCTEMbI COOTBETCTBYET 3afaHHON cneundukaumm,
O[HaKO ONpeaennTb, OXBaTbIBAET NN 3aAaHHas cneundukaums ece
CBOWCTBa, KOTOPLIMM [0JIXKHA 0bnafaTh cMCTEMa, HEBO3MOXKHO.



Npouecc Bepuddpukauun mogene nporpamMmm

Bepudukauyuns
B ngeansHom cnyvae epudpmkaums npoBogUTCS NOAHOCTHIO
aBToMaTuyeckn. [lns aToro ncnonb3yroTcst CTaHgapTHble
anropuTMbl AUCKPETHON MaTEMATUKM, K YUCAY KOTOPbIX OTHOCATCS
anropuTMbl
> NpPOBEPKM BbINOJHUMOCTN Bynesbix chopmyn;
> NPOBEPKM AOCTUXKIMOCTU 3afaHHbIX BEPLUMH B KOHEYHOM
rpadpe;
> NPOBEPKMN AOCTUKNMOCTU CUJIBHO CBSI3HBIX KOMMOHEHT B
OpPUEHTUPOBAHHOM rpade;
> NOCTpoeHust cxem (gnarpamm), peanusyrowmx byness
dbyHKL NN,



Npouecc Bepuddpukauun mogene nporpamMmm

VYTouyHeHne moaenu

Ha npakTuke Bepudukauns 4acto TpebyeT COaeicTBMs YenoBeKa.
OpfHOl N3 CTOPOH AEATENLHOCTU YE0BEKA SIBASIETCA aHaIn3
pesynbTaToB Bepucbukaummn. Ecnm pesynbratel nposepku
OTpULATENbHbBIE, TO NONBL30BATENO HEPEAKO NPEAOCTaBAAIOT
Tpaccy, cogepxaluyto owmnbky. OHa cTpouTcs B KadecTse
KOHTPNpUMEpa A5t NPOBEPSEMOro CBONCTBA 1 MOXET NOMOYb
MPOEKTUPOBLLNKY MPOCNEANTL, TAe BO3HMKAET owunbka. B atom
cny4yae aHanu3 ownbOYHOR Tpacchl MOXET NoBaAeYb 3a coboi
MOANPUKALNIO CUCTEMBI U MOBTOPHOE MPUMEHEHWNE aIrOpUTMa
NPOBEPKN Ha MOZENN.

CyLecTByOT MeTOAbI, KOTOPbIE MO3BOJSIKOT aBTOMAaTUYECKN
YTOYHATbL MOZENb NPOBEPSEMOI NporpamMmMbl B TOM Cly4ae, Koraa
NpPeasIoKeHHbI KOHTpRpUMeEp (Tpacca NPesnoNoKNTENBHO
OWNBOYHOrO BLIYUCAEHNSI) HE PEANIN3YETCSI B NPOrpaMMe.



Temnopaanasl JIOrMKka m Mmoaenm

TemnopasnbHble IOFMKN — NOJIE3HOE CPEACTBO cneundmnKaunn
napanfefnbHbIX CUCTEM, MOCKOJbKY OHW MO3BOJISIIOT ONUCHIBATL
nopsifok cobbiTuii BO BpemeHn 6e3 npneneyeHnst napamerpa
BPEMEHU B SIBHOM BUIE.

TemnopanbHele nOrmkn 0bbIYHO KNacCUULUPYOTCS B
COOTBETCTBUUN C TEM, SIBJSETCA SIU CTPYKTYypa BPeMEHN
» JINHEHOW MAN BETBALLENCS ;
> OVCKPETHON WAWN HENPEPbLIBHON .

Cwmbicn BCskoid hopMynbl TEMMOPAIbHON JIOFUKY ONPeaessieTcs no
OTHOLLEHUIO K pa3MedeHHOMY rpadpy nepexogos. B cuny npudnn
MCTOPUYECKOrO XapaKTepa CTPYKTYypbl TaKOro BUAa HasblBalOTCS
mogensmmu Kpunke .



McTtopuyeckmne ceegeHus

MoganbHbie nornku (ApuctoTesns)
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McTtopuyeckmne ceegeHus

MoganbHbie nornku (ApuctoTesns)

AkcuomaTtuzaums moganshbix noruk (C.1. Lewis, 1910)
Temnopanshbie sorukn (A.N. Prior, 1957)

CemaHnTunka Bo3moxHbix mupos (S. Kripke, 1959)

MpumeHeHe MaTEMATUHECKONR NOrUKK
Ans pokasatenbctea npasunsHoctu nporpamm (C.A. Hoare, M.
Floyd 1968)



McTtopuyeckmne ceegeHus

MoganbHbie nornku (ApuctoTesns)

AkcuomaTtuzaums moganshbix noruk (C.1. Lewis, 1910)
Temnopanshbie sorukn (A.N. Prior, 1957)

CemaHnTunka Bo3moxHbix mupos (S. Kripke, 1959)

MpumeHeHe MaTEMATUHECKONR NOrUKK
Ans pokasatenbctea npasunsHoctu nporpamm (C.A. Hoare, M.
Floyd 1968)

Ounnamunueckue norukn (V. Pratt, 1976)



McTtopuyeckmne ceegeHus

MoganbHbie nornku (ApuctoTesns)

AkcuomaTtuzaums moganshbix noruk (C.1. Lewis, 1910)
Temnopanshbie sorukn (A.N. Prior, 1957)

CemaHnTunka Bo3moxHbix mupos (S. Kripke, 1959)

MpumeHeHe MaTEMATUHECKONR NOrUKK
Ans pokasatenbctea npasunsHoctu nporpamm (C.A. Hoare, M.
Floyd 1968)

Ounnamunueckue norukn (V. Pratt, 1976)

MpuMeHeHe TeMNOpaNbHbIX JIOMUK
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CamonacTtpausarowuiica anroputm model checking,
(Counter-example guided abstraction refinement, CEGAR)
CucTtembl Bepudbukauun Blast, Slam

(T. Ball, S. Rajamani, 2000)
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MOAEﬂb BbIYNCNUTENbHbBIX CACTEM PEAJIbHOIO BPEMEHN!
BPEMEHHbIE aBTOMaAThI

(R. Alur, D.L. Dill, 1990)

Anroputm Bepuukaunm BpeMeHHbIX aBTOMaTOB

(R. Alur, D.L. Dill, 1996)

Cucrema sepudprkauun UPPAAL
(K. Larsen, 1995)



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

Opant 13 nepebIX NPUMEPOB YCMELIHOMO NPaKTUYECKOTO
npuMeHeHns hopMabHbIX METOAOB BepudMKaLmyu nporpamm
apnsiercs obHapyxenune B 1993 r. owmnbok B npoTokone
KoreppeHTHOCTM Kew-namaTu FutureBus+, kotopelii 6b1 npuHsT B8
kadectee |[EEE cTangapra n onpegenser apxutektypy wuHbl gns
BbICOKOMPON3BOAUTENBHBIX KOMMbIOTEPOB. [1poBepka npasuibHOCTY
NpOTOKONA MPOBOAWAACE NPU MOMOLLM CUCTEMBI BepuddrKaLmu
mogerneii nporpammm SMV.



HdocTtunxxeHna metonos hopmManbHo
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[pyrvue npnmepbl yCnewHoro npuMeHeHns CpeacTs popMabHOii
BepuUKALMYN BKIKOHAKOT

1. MpoekT komnanun Immos Ltd (1988 r.) cospaHnus
MUKPONPOLECCOPOB AS TPAHCMbIOTEPOB.
A3bik cneyndpmkauyum Z.
Azbik nporpammuposanus Occam.
MeTog BepudbrkaLmm — LOKa3aTENLCTBO MPABUALHOCTY B
nornke Xoapa.
AdbpekT: 0bHapyxeHbl OWKMBKN B NpoLeaypax OKPYriaeHUs u
BbIYNCAEHUA OCTAaTKOB B Dnoke apndmeTnkmn ¢ nnasaroLel
TOYKOIA; pa3paboTka 3aBeplumnace Ha 3 mecaua beicTpee, Yem
y aNbTepHaTUBHON rpynnbl pa3paboTyHMKoE, He
NCMONBb30BABLUNX METOALI hOpManbHOl BepuuKaLmm.
Okcdpopacknii yHusepcntet n Immos Ltd 6biim ygoctoeHsl
Queen’s Award for Technological Achievement.



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

2. MpoekTt komnanuii GEC Alsthom, MATRA Transport, RATP
(onepaTop napmxckoro obLLeCTBEHHOrO TpaHCNopTa) no
KOMMBIOTEPN3ALMN CUCTEMbI YTIPABJIEHUSI MAPUXKCKUM METPO
(RER) (1988 r.).

Asbik cneyndukayum B.

Asbik nporpammuposarus Modula-2.

MeTog Bepucbmkaumm — [0Ka3aTeNbCTBO NPaBUALHOCTY B
noruke Xoapa.

AddekT: ncnonbsosanne popmanbHbIX METOLOB
BepudMKaL MU MO3BONNAO N30EXaTh TECTUPOBAHUS OTAEbLHBIX
MOZynell CUCTEMbI U OrPaHMYNTLCA rNobanbHbIM
TecTuposaHuem. Bnocneacteuu no Toli xe meToauke
npoBoAMiack NOAHAA aBTOMATW3auWs O4HOW U3 NUHWNA
MapuKCKOro MeTpO.



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

3. MpoekT National Westminster Bank n komnanun Platform
Seven no co3gaHuio 3NEKTPOHHON MAATEXKHON CUCTEMBI C
npumMeHeHnem smart-cards (8-6utosbili Mukponpoueccop, 256
baiit RAM n neckonbko knnobaiit ROM) (1992 r.).

A3bik cneyndpmkauyum Z.

MeTtogn BepucbukaLmm — [oKa3aTeNbCTBO (BPYHHYHO) CBOACTB
besonacHocTn.

DdphekT: 0bHapyKeHbl 1 UCMpaBAeHbl YASBUMOCTY; NOAYYEHO
[0Ka3aTeNbCTBO BbINOJHUMOCTY TpeboBaHnii cTaHaapTa
besonacHoctn (200 cTp.).
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4. TpoekT komnanum Airbus no aBTOMaTN3auMM NPOEKTMPOBAHUS
nporpaMMHOro obecnedeHunst n 3neKTpOHHOro obopyaoBaHns
AN aBnauum n HasemHoro TpaHcnopta (1982- nact. Bpewmsi r.).
Asbik cneundumkauynn Esterel.

Asbik nporpammuposanus C, Verilog.

Metog Bepudprkauuu — model checking, aeTomaTuyeckas
reHepauusi Koga no creyuukayusim.

ddekT: cokpawenne yncna ownbok B koge, 70% kopa
FEHEPUPYIOTCA aBTOMATUYECKU, MOBLILLEHNE ONEPATUBHOCTY
BHECEHUSI N3MEHEHWNIA B MPOEKT.



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

5. TpoekT cucTembl aBTOMAaTUYECKOrO YNpPaBiAeHNUs NOABUKHbLIM
bapbepom ans 3awmtel PoTTepgama ot HasogHenmii (1992-
HaCT. BPeMsi T.).

Asbik cneundukaumn Z, Promela.

A3bik nporpammuposanus C.

Metog Bepudprkauuu — model checking ¢ ncnonssosatnem
cuctemsl Bepudpukauun SPIN.

AdbdhekT: obHapyxeHue owmnbok B cneundurKkaumusax n Koge.



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

6. Monnas sepudunkauyms mukposgpa linux (seL4) rpynnoii
nporpammucTos u3 dpupmsl «NICTA» (Asctpanus). (2009-
HaCT. Bpemsi T.).

Asbik cneundmkaumn Hascel.

Asbik nporpammuposarus C, Assembler

Metog sepucpukauumn — Isabelle/HOL (nHTepakTusHbiii,
noNyaBTOMaTUHECKN NpyBep).

dddekT: JokazaTenscTo oTCyTCTBUSA OWNbOK
onpeneneHHoro suaa B koge Mukposapa. "We can predict
precisely how the kernel will behave in every possible
situation."



HdocTtunxxeHna metonos hopmManbHo
BepudurKauum nporpamMmm

B 2003 r. A. Xoap MHULUNPOBAN MEXAYHAPOLHbIA NPOEKT
co3ganus sepuduumpyrowero komnunstopa kak Grand Challenge
for Computer Science. B 2006 HauaTo co3gaHne v NonosHeHne
Verified Software Repository.

Moapasaenenns popmanbHbix METOAOB BEPUMKALNN NMEIOTCA B
Takux komnaHuax kak Microsoft, Intel, Cisco, IBM, Cadence,
Synopsys, Mentor Graphics.

Mo oueHkam akcnepToB 3aAadamMu pa3paboTKu U NpUMEHEHUs
dopmManbHbIX METOLOB BepudMKaLMKM B MUPE 3aHUMAtOTCS CBbILLE
4000 nccnepoBaTeneii.
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