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Jlekynsa 1.

Y10 n3yyaert norunka?
Jlornka B nndpopmaTtuke.
CtpykTypa Kypca.
NcTtopunyeckne ceegeHus.
Jlornyeckue napagokchbl.



Y10 nsydaer noruka?

JIOTNKA — mexaucumnivHapHas oTpacib Hayk,
n3y4aroLas

> 3aKOHbI MPUYNHHO-CNEACTBEHHOI CBA3N B
OKpYy>KatoLeM Mupe;

> NnpoAaBaeHNE NPUHYNHHO-CNEACTBEHHbBIX 3aKOHOB B
paunOoHANbHOM MbIWNEHNN HETOBEKA,

> OTPakEHNEe MPUHNHHO-CIEACTBEHHBIX 3aKOHOB B
13blkax (ECTECTBEHHBIX U NCKYCCTBEHHBIX).



Y10 nsydaer noruka?

®POPMAJIbHAA JTOI'MKA

n3y4aet hopMbl , B KOTOPbIX NPOSIBASIOTCS 3aKOHbI
MPUYMHHO-CNEACTBEHHbIX CBSI3€el, BHE 3aBUCUMOCTH
OT cogiepatust (cmbicna) Tex siBneHuii (npegmeTos),
K KOTOPbIM 3TN 3aKOHbI OTHOCATCS.



Y10 nsydaer noruka?

MosicHsitowmii npumep.

P1: Kaxxablii meTann — nNpoBOAHVK.

P2: Ptyte — meTann.

3HaYUT, pTyTb — NPOBOAHNK.

3akoH uznku (7)



Y10 nsydaer noruka?

MosicHsitowmii npumep.

P1: B ka>xxaom roxxHOM ropofe NeToM TenJo.

P2: Coun — toxHbIli ropod.

3HaunT, B Coum netom Tenno.

3akoH reorpacpuu (7)



Y10 nsydaer noruka?

MosicHsatowmii npumep.

P1: Kaxablii NnpecTynHuK AojKeH ObITb
Haka3aH.

P2:V. 6. J1. — npecTynHuk.

3naunT, VY. 6. J1. gomkeH bbITh HakasaH.

3akoH topucnpygerumn (7)



Y10 nsydaer noruka?

MosicHsatowmii npumep.
O6buwan dopma Bcex 3TUX 3aKOHOB

P1: Kaxablii npegmet, obnagatoLmnii
ceolicteom R, obnagaet ceoiicTeo Q.

P2: MNpeamet ¢ obnagaer ceolicteom K.

3HauuT, npegmeT ¢ obnagaeT ceolicteoM Q.

3akoH dopmansHoii norvkn (H1)



Y10 nsydaer noruka?

MosicHsatowmii npumep.

Obuias hopma BCEX 3TUX 3aKOHOB

PL VX (R(x) — Q(x)).
P2: R(c).

Q(c).

3akoH dopManbHOii Norvki (B CUMBOIBHOM BUAE)




Jlornka B nHdpopmaTuke

BepHemca k npumepy.
ITO — UCxXoAHble 3HaHus (ba3a 3HaHWiA).

P1: Kaxablii meTann — nNpoBOAHVK.

P2: PtyTb — meTann.

A 3TO — HOBble 3HAHUS.

PTyTb — npoBOAHMK.

OTKyaa B3si/IMCb HOBble 3HAHUA?7?7?



Jlornka B nHdpopmaTuke
MpumeHeHne 3akoHa poOpManbLHOWM JIOTUKK.

Jlornyeckuii 3aKoH:
P1:¥x (R(x) — Q(x)).
P2: R(c).

Q(c¢).
NhTepnpeTayns:
R(x) — «npegmeT x — meTann »;

Q(x) — «npegmeT x — NPOBOAHMKY;

C — <PTYTb>.



Jlornka B nHdpopmaTuke
Ewe oaHo npumeHeHune 3akoHa hopManbHOA NOrMKK.

Jlornyeckuii 3aKoH:
P1:¥x (R(x) — Q(x)).
P2: R(c).

Q(c).

[Opyrast nHtepnpetayus:
R(x) — «npegmeT x — tOXHbIN FOPOA »;
Q(x) — «npeamer x — Tennblii NETOM Y ;

¢ — «Couny.



Jlornka B nHdpopmaTuke

Jloruka He no3BonsieT Nosy4yaTb HOBYHO
nHcpopmauuio!!!

3HaHus — 310 dopma npefcTaBneHns nHopMaumn B Buae
popManbHbIX BbICKa3blBAHMIA.

3akoHbl hopmasibHOl Noruky nNpeobpasyoT ogHM BbICKa3bIBaHUS B
apyrue.

Takum obpasom, 3akoHbl hOPMaNBLHOR NOMMKN NO3BONAIOT
npeobpa3oebiBaTh NHMOPMALMIO U3 OAHOW hOPMbI NpeaCTaBNeHNs
B APYryto.

3akoHbl hopManbLHOW NOrMKN — 3TO
WHCTPYMEHT npeobpa3oBaHna nHgpopmayunmn.



Jlornka B nHdpopmaTuke

OcHoBHas 3apga4va cbopmManbLHOW NOTNKN.

Baza 3nanuin: I = {1, 02,..., 0N}
MpeanoxxeHue: 1.

3apaya (HecbopmasnibHas): BbISICHUTL, SIBASIETCS N
NpefsiOKeHNe 1) CNEACTBNEM yTBEPXKAEHUA a3kl 3HaHuiA I

3apava (chopmansHas): nposeputb, 4TO ) BbiBOgUTCA U3 [ NoO
3akoHaM pOpMabHOW NOrUKY.



Jlornka B nHdpopmaTuke

[Npunoxxenue 1.
DKcnepTHbIE CUCTEMDI.

Baza 3HaHuii [ — 6a3a 3HaHMii SKCNepTHOW CUCTEMBI.
MpepnoxeHune 1) — 3anpoc k Hase 3HaHWIA.
AnnapaT n0rn4eckoro BbiBOAA — SIAPO dKCMEPTHON CUCTEMBI.

[MpunoxeHue 2.
ABTOMaTM3auusl HayYHbIX UCCNEA0BaHNIA.

Baza 3HaHuii [ — cucTtema akcnom MaTeMaTUYECKON Teopuu.
MpepnoxeHune 1) — MaTeMaTUYeCKOe YTBEPXKIEHNUE.
AnnapaTt norn4yeckoro BbiBoAa — sAPO aBTOMATUYeCKON
CUCTEMbI [OKa3aTe/IbCTBA TEOPEM.



Jlornka B nHdpopmaTuke
[Mpunoxenus 1, 2.

Ons 3TOro Hy>KHO ymeTb:

PaspaboTtaTb hopmasbHblii S3bIK 4151 NPEACTaBIEHNS 3HAHWIA.

> CO3/J,3Tb cncrtemy HeO6XOﬂ,VIMbIX 3aKOHOB cbopmaanoﬁ
JNOrnKn.

> [lpoBepuTb KOPPEKTHOCTL IOMMYECKNX 3aKOHOB.

[MpoBepuTb NOAHOTY NOCTPOEHHOW CUCTEMbI IOTUYECKINX
33KOHOB.

» PaspaboTaTb anropuTm nNpoBepKu BLIBOLUMOCTU OQHUX
NPefIoXXeHNA N3 JPYrux No 3afaHHbIM 3aKOHaM.

OTuM Mbl 3aiiMemMcsl B NepBOi 4acTu Kypca.

» OnNTMMN3npoBaTh NOCTPOEHHBIN anroputm (caenaTb ero
MPaKTUYECKU MPUrOAHBIM).

ITM Mbl 3aiimeMcsi BO BTOPOI 4acTu Kypca.



Jlornka B nHdpopmaTuke

MNpunoxxenue 3.

MporpammupoBatHue.

Bblumncnerne nporpammel — nocnefoBatenibHoe npeobpasosaHme
MHTEPNPETAaTOPOM OAHUX COCTOSIHUIA JaHHbIX B ApYyrue COriiacHo
3aaHHOMY anropuTMmy .

JNornueckuii BbIBoA (fOKa3aTENBCTBO) — NOCIEA0BATENBHOE
MOCTPOEHMNE MO 3aKOHaM (DOPMasbHON JIOTUKN OAHUX YTBEPKAEH NI
U3 OPYrUXx, UCXOL4S W3 3aAaHHON Hasbl 3HaHUI .

Basza 3HaHui [ — nporpamma.
Mpeapno>xxeHue ) — BbI3OB NPOrpaMMei.
AnnapaT N0rM4eckoro BbiBOAA — WHTEPMPETATOP NPOrpamMm.

Ho BbluncieHne nporpaMmbl 3aBepLUIAETCS! PE3YSIbTATOM, OLHAKO,
He BCSIKOE [J0KA3aTesIbCTBO SIBNSIETCS «PE3y/IbTaTUBHBIM
(KOHCTPYKTUBHBIM).



Jlornka B nHdpopmaTuke

[Npunoxxenue 3.
Mpumep.

3apava. CylecTByoT M Takne [Ba WPPaLMOHabHBIX YNCAa & 1
B, 4to a — paumoHanbHoe Yncno?

Pewenne.
V2
1. Ecan ﬂ — payumoHafNbHOE 4Yncno, To o = 3 = ﬂ

2
2. Ecnn \/Ef — MPpPaALMOHANbHOE YNCNO, TO

a=v2"2 g=v2

Mbl gokazanu, 4To o 1 [ CyLLECTBYIOT, HO HE CMOFAMN KX
BbIYUC/INTb. DTO HEKOHCTPYKTUBHOE [40Ka3aTeNbCTBO.

Y106kl nornyeckoe [OKa3aTeNIbCTBO MOIO UrpaTtb pojb
BblHNCNEHNA, OHO OOJIXXHO ObITh KOHCTPYKTUBHbIM.



Jlornka B nHdpopmaTuke

[Npunoxxenue 3.

Ansa 3TOro Hy>KHO ymeTb:

» PaspaboTaTb hopManbHbIli S3bIK 4151 NPeACTaBiAeHMNs!
nporpamMmMm B BUAE JIOTNYECKNX YTBEPKAEHUIA.

> Cﬂ,eﬂaTb NIOrN4eCKoe N0Ka3aTe/IbCTBO KOHCTPYKTUBHbIM,
4TObbI OHO MOrI0 nrpaTb poJib BblHUCIEHNA.

> [1poBepuTb BLINUCAUTENBHYIO KOPPEKTHOCTL 3TOrO crnocoba
[lOKa3aTeNnbCTBa.

> [poBepuTb aNropUTMNYECKYIO MOJIHOTY 3TOro crnocoba
[lOKa3aTeNbCTBa.

> Cﬂ,eflaTb 3TOT cnocob nporpaMmMmnpoBaHn- yp,O6HbIM Ans
NoJIb30BaHUA.

3TumM Mbl 3alimemcs B TpeTbei YacTu Kypca.



Jlornka B nHdpopmaTuke

[NpunoxxeHue 4.

Mporpammel MOryT BbITh NPABUALHBIMUA U HEMPABUILHBLIMN.
[NpaBuibHas nporpaMma — 3TO Takasli NporpamMma, noeefeHne
KOTOpOWi YAOBNETBOPSIET 3aAaHHbIM TpeboBaHusam (cneundukaumm)
KOPPEKTHOCTN.

[MpoBepuTb NPaBUNLHOCTL NPOrpaMMbl — 3HAYUT AOKA3aTb, YTO
nporpamMmma yaoB/JeTBOPSiET TPebOBaHUAM KOPPEKTHOCTH.

[ns pokasaTenbCTBa MPaBUNLHOCTY MPOrpamMM MOryT ObiTb
NCNONb30BaHbl MeTOAbl JIOFUKN.



Jlornka B nHdpopmaTuke

[MpunoxeHue 4.

Ona 3TOro Hy>kHO ymeTs:

» PaspaboTaTb chopManbHbIli S3bIK A5 onucaHus TpebosaHuli
NPaBUILHOCTY NPOrpamMMm.

» PaspaboTaTb npaBnaa NOrMYeCcKoro 10KasaTenbCTea
NPaBULHOCTY NPOrpamm.

» PaspaboTatb anroputm (MeTof) NpUMEHEHNS 3TUX NPaBU
A5 [10KA3aTeNbCTBA NPaBUIBHOCTU NPOrPaMM OTHOCUTESIBHO
3afaHHbIX cneumnduKaumii.

3TUM Mbl 3aliMeMcsi B HeTBEpPTOli YacTu Kypca.



NcTopuyeckne ceegeHus

384 n.H.3.

APNCTOTEJIb

322 a.H.3



VlCTOpI/I‘-IeCKI/Ie cBeaeHuns

1716

roTePug BUNbIrEJIbM ®OH JIEUBHUL],



VlCTOpI/l‘-IeCKI/le cBegeHns

1815 1864

A>XXOPO>XXK BYJIb



VlCTOpI/I‘-IeCKI/Ie cBeaeHuns

1848 1925

FrOTTNOB ®PETE



VlCTOpI/I‘-IeCKI/Ie cBeaeHuns

1862 1943

OABUAO TNMIbBEPT



NcTopuyeckne ceegeHus

1872

1970
BEPTPAH PACCEN




VlCTOpI/I‘-IeCKl/le cBegeHns

1906 1978

KYPT NEQENb



VlCTOpI/l‘-IeCKI/le cBegeHns

ANb®PEL TAPCKUIA



VlCTOpI/I‘-IeCKl/le cBegeHns

"y

o

1008 1031

XKAK 3PBPAH



VlCTOpI/I‘-IeCKI/Ie cBeaeHuns

1909 1945

FrEPXAPA NEHUEH



NcTopuueckne ceepgeHuns

1941
AJ1AH KOJIMEPO>



VlCTOpI/l‘-IeCKI/le cBegeHns

1956
MUXANI 3AXAPBALLEB



Jlornueckue napagokchbl.

[NapafoKchl - ABMXKYLLAA CUAA JIOTUKMN.

MpoTuBopeynBbIe NapafoKehl (aHTMHOMUY ) 3aCTaBASIOT
3afyMbIBaTbCA Had TaKUMU BOMPOCaMu, Kak

» YTo Takoe UCTUHHOE yTBEpPXKAEHNE?

» Yto Takoe fokasyemoe yTeepKaeHue?

» B kakoli Mepe MOXXHO (hOpMann30BaTh HalwM 3HaHUSA?



Jlornyeckue napagokchbi.
Napagokc o kpokogune

Kpokognn cxsatun pebeHka.

MaTb pebeHka npocuT Kpokoauna:
«BepHun mHe pebenka! »

Kpokogunn ortseuaer:
«5 BepHy Tebe pebeHka, ecnu Tbl
yrajaeub, UCMNOJIHIO JIN 51 TBOKO NPOCLOyY. »

«He ncnonHnwb », — roBpopuT >XeHulnHa.

BepHeTt nu kpokoann pebeHka matepu?



Jlornueckue napagokchbl.

NMapapgokc nxxeua



VTBEP>XXOEHUE,
KOTOPOE HAMMNCAHO HA
3TOM
CNANAE, — JIOXXHOE.



Jlornyeckue napapgokchbi.

NMapapgokc nxxeua

NcTuHHO nan noXKHO npegbsB/iEHHOE BaMm
yTBep>xxaeHue?




Jlornueckue napagokchbl.

NMapapokc yTpeHHel 3Be3abl

BeHnepa BngHa paHHnm Beyepom, n nosatTomy
ee Ha3blBAalOT Be4depHen 3Be3401.

BeHepa BngHa paHHum yTpom, U noatomy
€e Ha3bIBAlOT yTpPeHHen 3Be340W.

O3HavaeT nn 3710, 4YTO Be4depHsia 3Be3a
BUAHA paHHUM yTpom?



Jlornueckue napagokchbl.

Mapapokc mopckoii buTebl

Heknii pnoToBogew, obpaTuics kK npopuuaTento ¢ BONPOCOM,
COCTOMTCS N 3aBTpa Mopckasi butsa. lNpopuuaTens oTeeTUA:
«BbuTea 3aBTpa coctouTcs».

Ha cnepytowmii geHb cayqmncs wtopm, n ot He CMOr BbIATY B
mope. PasrHeBanHblii pnoToBofel, noTpebosas oT npopuuaTens
BEPHYTb AEHbIU, MOCKOJIbKY €ro NMPOrHO3 OKa3asicsi JIOXKHbLIM.
MpopuuaTens oTeeTUA: « TBOWM MOPSKM BYEpPa KYMUJM Ha PbIHKe
cBexxee MoJsioko. CerofHsi 3TO MOJIOKO yXKe He CBeXee, HO OHU He
NPOCAT BEPHYTHL UM feHbru obpaTHo. Moii nporHos Toxe 6ol
BEPHbIM BYepa, 1 Tbl HE BMPaBE XKafNoBaTbCsl HAa TO, YTO OH HEBEPeH
CEroaHs».

Mpas nn npopunuyartens?



[TapagoKchl HEN3DEXXHbI.

Ho nx BansiHne MOXXHO OrpaHnYunTb.

15t 3TOro Hy>XHbl MaTeMaTUYECKNE MOLENN
JIOTNYECKNX 3aKOHOB.

Tak nosiBunace

MaTemaTmnyeckast 1ormka



PEVIMOH/, C. CMAJIJIMAH. "Kak e Ha3biBaeTcst 3Ta KHura?"

Y MNopuun (reponnn komegum "Berneumnanckuii kyneu") 6b110 Tpn
WKATYJKWA: U3 30/10Ta, cepebpa n cBuHua. B ogHOR 13 WwkaTynok
xpaHuncst noptpeT MNopuuu. MoknoHHKKY npeanaranocs BuIbpaTh
LUIKATYJIKY, N €C/IN OH BblN JOCTaTOYHO YMeH, 4Tobbl BbIbpaThb
LIKATY/IKYy C NOPTPETOM, TO MoJiy4an npaso Ha3eaTb [lopuunto
HeBecToli. Ha KpbllWwKax WKaTynoK Bblnn Hagnucu:

Ha 3onoToii Ha cepebpsiHoii Ha cBuHuoBoii
MopTpeT B aTol | MNopTpeT He B 310N | [opTpeT He B 3010TOIA
LUKaTYSIKE LIKaTyNKe LUKaTYSIKE

Ceoemy noknoHHuky [Mopuus nosicHnna, 4To N3 Tpex
BbICKa3bIBAHNI HA KpbILLKaX LWKATYNOK, NO KpaliHeil mepe ABa
JIOXKHBI.

Kakyto wkaTynky cneayet BblOpaTb noknoHHuky Mopuun?



KOHEL, NEKLIUW 1.



OcHoBbl  _
MaTeMaTNYeCKo
JIOTNKWN U JTIOFNYHECKOro
nporpaMMmnpoBaHmnA

JIEKTOP:
Bnagnmnp AHaTtonbesn4 3axapos

zakh@cs.msu.su
http://mathcyb.cs.msu.su/courses/logprog.html



Jlekynsa 2.

Knaccuyeckas norvka npegnkaTtoB
nepBoro nopsigka
CunTtakcuc. Tepmbl n cpopmyibi.
CemaHTuka. MHTepnpeTauyus.
BbinonHnmoctb dopmyn.



NMPEOAVNKAT

naTuHCKuii TepmMud («npeasuaeTs,
npeackasbiBaTb>» ), 0003HavaoLW Wi
YeH NpeaioXKeHnsa — ckalyemoe.

CrypeHT cnywaet NleKTopa
CybbekT [lpegukat Obwekt

B bonee obuiem cMbicie npeankaT — 3To
CBOICTBO, aTpubyT nNpeameTa, OTHOLLEHME
MeXay npegmeTamu, cobbiTuamu,
ABNEHUAMMU.



AJTGABUT

Basosbie cumBObI.

MpeameTHblie NnepemMeHHble Var = {x1, X2, ..y Xky - - };
MpegmeTHble KOHCTaHTbI Const = {c1,¢2,...,¢1y... };
MDyHKUMOHaNbHbIE CMMBONbLI  Func = {fl("l), 6("2), o f,("’), b
MpeaukaTHbie cMMBONbI Pred = {P{ml), P§m2), e Ps(ms), S

Tpoiika (Const, Pred, Func) Ha3biBaeTcs curiatypoii andasura.



AJTGABUT

Basosbie cumBObI.

I'Ipe,qmeTHble KOHCTAHTbI

— 3TO MMEHa NPEOMETOB;

(DyHKLI,I/lOHaJ'IbeIe cumBOAbl  0603Ha4YalOT onepaynn

npe,D,VIKaTHbIe CnMBOJIbI

Mpumep.
KoHcTaHTbI

cDyHKLI,I/IOHE].HI:»HI::Ie CNMBOJIbI

M peaAnNKaTHbIE CUMBOJIbI

Hag npeamMmeTamMu;

0603HavaT OTHOLLEHNS
Mexay npeameTamu.



AJTGABUT

Jlornyeckue cesasku n KBAaHTOPBbI.

Konbtonkuust  (noruyeckoe 1) &
Aunsbionkuma  (noruyeckoe NJIN) Y
OTpuuanue (nornueckoe HE) -
Wmnnnkaumusa  (nornyeckoe ECJZIN-TO) —.

KBaHTOp BCeobuiHOCTM («pns kaxgoroy) YV
KBaHTop cyuiecTtBoBaHus  («xoTs 6bl oguHy») 3

3HaKky npenvHaHus.

Paspenutens y

Ckobku ( )



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

OnpepenerHue Tepma.

Tepm — 3710

X , ecnm x € Var X — MepeMeHHas;

c , ecnu ¢ € Const C — KOHCTaHTa;

f(”)(tl, to,...,tn) ,€cam (") e Func COCTaBHOW TepM.
t1, t2, ..., tp — TEPMBbI

Term — MHOXeCTBO TEPMOB 3a4aHHOIo aﬂ(baBVITa.
Vart — MHOXXECTBO MEPEMEHHbIX, BXOAALMNX B COCTaB Tepma t.

t(x1,x2,...,Xn) — 3anucb 0bo3HavatoWwas TepM t, y KOTOPOro
Vary C {x1,x2,...,Xn}

Ecan Var; = (), To Tepm t Ha3biBaeTCs OCHOBHLIM TEPMOM.



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

Mpumepbl Tepmos.

X T. K. Xp € Var;
a T. K. ¢c; € Const;
f(xo, c) 1. k. f®) € Func, xo,c € Term;

X (x,+(1,exp(2,y))) T k. X,4,exp € Func,
1,2 € Const, x,y € Var;

x x (142Y) MHPUKCHasi popma 3annucu TEPMOB;

f(c1,g(h(c1), 2)) OCHOBHOM TEpM.



CMHTAKCNC: TEPMbl N1 ®OPMVYJ1bl
Onpepgenenne popmyrnbl.

®dopmyna — 3to
aTomapHas dopmyna

P (ty, ta, ... t) ,ecnn PUM) € Pred, {t, ta,... tm} C Term;

cocTtaBHasi popmyna

(p&)) , ecam @, 1) — opmynsl;
(o V)
Eso — 1))

(Vxp) , ecam x € Var, ¢ — dopmyna.

Form — mHoXecTBO BCex dhopMyn 3agaHHOro andasuTa.



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

PU™(t,ts,..., tm) «3HAaYeHUst TEPMOB t1, b, ..., tm
HaXOAATCA B OTHOLLEHUN p(m)y, .

(p&)) «puy;

(p V) «p nuan Py;

(p — ) «KECNUN ©, TO Vy;

(=) «HEBEPHO, 4TO Y;

(Vx¢) «ANst NODOro 3HAYEHUS X BEPHO ©»;
(3xp) «CyLLeCTBYET Takoe 3HAYEHME X,

ONsA KOTOPOro BEPHO ©».



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

Mpumepbl cbopmyn.

P®)(xq, f(c, x2)) T. k. P(?) € Pred,
x1, f(c,x2) € Term;
RMW(x) 1. k. R1) € Pred,
x1 € Term;
(=RW(x1))

(1 (=RW(x1))) — PP (xa, f(c, x2)))

(Fe((xa(-RW(x1))) — PP (x1, f(c, x2))))



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(3 (Ma(=RM(x1))) — PP (x1, f(c, x2))) )



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(3 (Ma(=RD(x))) — PP (x1, f(c, x2))) )

Obnactb peiicTBusi KBaHTOpa J



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(32 (Ma(=RM(x))) — PP (x1, f(c, x2))) )

nepemMeHHas, CBA3aHHasA KBAHTOPOM 3

Obnactb peiicTBusi KBaHTOpa J



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(32 (Ma(=RM(x))) — PP (x1, f(c, x2))) )

CBSI3aHHbIE BXOXXAEHUNS
nepemMeHHOl Xp

nepemMeHHas, CBA3aHHasA KBAHTOPOM 3

Obnactb peiicTBusi KBaHTOpa J



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(E| X2 ( \ X1(—|R(1)(X1)) — P(z)(Xl, f(C,XQ))))

ObnacTb gelicteusa kBaHTopa VvV



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(E| X2 ( \ X1(—|R(1)(X1)) — P(Z)(Xl, f(C,XQ))))

nepemMeHHas, CBA3aHHasA KBAHTOPOM Y

ObnacTb gelicteusa kBaHTopa VvV



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(E| X2 ( W X1(—|R(1)(X1)) — P(Z)(Xl, f(C,XQ))))

CBA3aHHbIE BXOXAEHWNA

nepemMeHHOl Xi

nepemMeHHas, CBA3aHHasA KBAHTOPOM Y

ObnacTb gelicteusa kBaHTopa VvV



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(E| X2 ( W X1(—|R(1)(X1)) — P(Z)(Xl, f(C,Xg))))

cBObOAHbIE BXOXKAEHUS
NepemMeHHOn Xxi

ObnacTb gelicteusa kBaHTopa VvV



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CeoboaHble U CBsA3aHHbIE NEepeMeHHble.

(3 xe (Da(=RM(x1))) — PO (x1, f(c, %)) )
cBObOAHbIE BXOXKAEHUS
NepemMeHHoOn xi

CBSI3aHHbIE BXOXAEHUS
nepemMeHHoOn xq

CBA3aHHbIE BXOXKAOEHWNA I'IepeMeHHOVI X2



CNHTAKCUNC: TEPMbI N1 DOPMVIJ1bI
CeoboaHble U CBsI3aHHbIE NEepeMeHHbIe.

KBaHTOp CBA3bIBAET Ty NEPEMEHHYIO, KOTOpPAaA CNEAYET 3a HUM.

BxoxaeHune nepemenHoli B obnactu aeiicTeusi KBaHTopa,
CBSA3bIBAIOLLErO 3TY NEPEMEHHYIO, HAa3blBAETCS CBA3AHHbLIM .

BxoxaeHune nepeMeHHoli B hopMyny, He ABAAIOLEECS CBA3AHHbLIM,
Ha3blBaeTCA CBOOOAHBLIM .

MNepemeHHas HasbiBaeTcs CBOOOAHONM , ecau oHa umMeeT cBobogHoe
BXOXAeHune B hopmyny.

Mpumep .
p = (@ x (Va(-RD(x))) = PO (1, f(c,x))) )

DopmMyna @ UMEET eAUHCTBEHHYHO CBODOAHYIO MEPEMEHHYIO Xi.



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

CBobopgHble U cBA3aHHble NepemMeHHble.

Var, — MHOXeCTBO CBODOZAHbIX NepeMeHHbIX hopMynbl .

Y = P(m)(t17t27'-'7tm) Vaﬁp = ) Vart’.;
i=1
o = (v1&y) Var, = Vary, U Vary,,
¢ = (Y1Vio)
o = (Y1 —12)
e = () Var, = Vary;
o = (xv) Var, = Vary \ {x}.
¢ = (Ixv)



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

o(x1, X2, . .., Xp) — 3anucb, obosHavatoLas hopmysy , y KOTOpOi
Var, C {x1,x2,...,Xn}.

Ecan Var, = (), To dpopmyna ¢ HasbiBaeTcst
3aMKHYTOl (hopMynoli , Uan NpeasiodKeHnem .

CForm — MHOXECTBO BCEX 3aMKHYTbIX hopMy.
CornaweHune o npuopuTeTe JIOrMYEeCcKux onepauuni

B nopsigke ybbiBaHus npruopuTeTa CBA3KU U KBAHTOPSI
pacnofiaratoTcs Tak:

| < & <



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

Mpumep npaBuIbHOrO BOCCTaHOBAEHUSI CKODOK

Vx1 =P(x1) & IxoR(x1,x2) — Ix1 (—P(x1) V P(x2))

(Vx1 (=P(x1))) & (3x2 R(x1,x2)) — (3x1 ((=P(x1)) V P(x2)))

((Vx1 (=P(x1))) & (3xeR(x1,x2))) — (Fxa ((=P(x1)) V P(x2)))

(W (=P(x1))) & (FxeR(x1,%2))) — (Bx ((=P(x1)) vV P(x2))))



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

Mpumep popmynbl, BbipaXkatowieii maTeMmaTnyeckoe
onpegeneHune

Andasut

KoHcTaHTbI

0 — KOHCTaHTa, AefiCTBUTENbHOE YNCIO HOb;
®yHKLNOHaNbHbIE CUMBOJIbI

h®)(x,y) — «abcontoTHasi pasHOCTL YMCen X 1 y»;
NpegukaTHbie CUMBOJIbI

RM(x) — «x — pelicTBuTENbHOE HUCAOY;

N (x) — «x — HaTypanbHoOe 4MCAO»;

SM(x) — «x — nocnefoBaTENLHOCTL AENCTBUTENBHBIX HUCEN >
E®)(x,y,7z) — «x — 3T0 y-blil uneH NOCNEAOBATENLHOCT 2%

<) (x,y) — «uncno x memblue 4ncna y>.



CVHTAKCUNC: TEPMbl N ®OPMVYJ1bl

Mpumep popmynbl, BbipaXkatowieii maTemaTnyeckoe
onpegeneHune

®dopmyna limit(x,y)

limit(x,y) — «4MCno x — npegen nocnefoBaTeNbHOCTY
AENCTBUTENbHBIX YNCEN V.

limit(x, y):

R(x) & S(y) & Vz(R(z) & < (0,z) —
Ju(N(u) & Yv(N(v) & < (u,v) —
Aw(E(w,v,y) & < (h(w,x),2)))))



CEMAHTUKA: MHTEPIMPETALUUN

CemaHTrka — 3TO CBOA NPaBuWJl, HAAENAIOWNX 3HAYEHNEM
(CMBIC/IOM) CUHTAKCUYECKME KOHCTPYKLMN SA3bIKa.

B s3blike NOrMKM NpefnkaToB 3HAYEHUEM TEPMOB SIBASILOTCS
yHKLMM, 3 3HaYeHneM POpMya — OTHOLWEHUS (MpeanKaTsl).

3HaueHns TepMoB 1 hopMyN ONPEEensitoTCA Ha OCHOBE
anrebpanyeckux CUCTem .

Anre6pav|quKv|e CUCTEMDbI, NCNOJIb3YEMbIE B TaKOM Ka4eCTBE,
Ha3bIBAOTCA NMHTEPNpETALUAMN .



CEMAHTUKA: MHTEPIMPETALUUN

Vntepnpetauns curnatypel (Const, Func, Pred) — ato
anrebpaunyeckas cuctema | = (Dy, Const, Func, Pred), rge

> D; — HENycToe MHOXECTBO, KOTOPOe Ha3blBaeTcss 06nacTbio
WHTEpNpeTauun , NpeaMeTHOR 0bNacTbiO , UAN YHUBEPCYMOM ;

» Const : Const — D; — oueHKa KOHCTaHT ,
COMOCTABASAIOLLAS KaXKAON KOHCTaHTe ¢ 3NneMeHT (npeamer) €
13 obnacTu uHTepnpeTaLmny;

» Func : Func(" — (D] — Dj) — ouenka
hyHKLMOHABHBIX CUMBONIOB , CONOCTABAAIOWLAA KaXXAOMY
dyHKumoHansHoMy cumeony (") mectHocTu n Bcrogy
onpeAeneHHyto n-mecthyto dyHkumo F" Ha obnactu
MHTepnpeTaLmny;

> Pred : Pred™ — (D" — {true,false}) — ouerka
NpeanKaTHLIX CUMBOJSIOE , CONOCTABAAIOWANA KaXKA0MY
npeankatHomy cumeony P{™) mectHocTn m BCrogy
onpegenerHoe m-mectHoe otHowenune P(™ na obnactu
VHTepnpeTaumm.




CEMAHTUKA: MHTEPIMPETALUUN

Mpumep

Curnatypa Const = {c1, o}, Func = {fV}, Pred = {P(1) R(2)}
WNutepnperauns | = (Dy, Const, Func, Pred):

Obnactb nntepnperauyun Dy = {dy, da, d3};
OueHka KOHCTAaHT €1 = di, Cp = d3;

OLI,EHKa beHKLI,I/IOHaJ'IbeIX N NpeankKaTHbIX CUMBOJIOB

() P(x) R(x,y)
x | f x | P di d> ds
di | do di | true di | true | true | false
dr | d3 d> | false d> | true | false | true
d3 | di dz | true d; | false | true | true




CEMAHTUKA: MHTEPIMPETALUUN

3HauveHne Tepma

Myctb 3apanbl untepnpetaunsi | = (D;, Const, Func, Pred), Tepm
t(x1,x2,...,Xn) ¥ Habop d1,d>, ..., d, anemenToB (NpegmMeToB) U3
obnactu untepnpetauuu D;.

3Havenne t(xy, x2,...,Xn)[d1, d2, ..., dp] Tepma t(x1,Xx2,. .., Xn)
Ha Habope di, d>, ..., d, onpefensieTcs pekypcuBHO.
» Ecim t(x1,x2,...,%,) = Xj, TO
t(Xl,Xg, ce. ,X,,)[dl, d2, ceey dn] =d;;
» Ecnm t(x1,x2,...,%,) = ¢, TO
15'(X1,X27 ... ,Xn)[dl, do, ..., dn] =C;
» Ecm t(x1,x2,...,%0) = f(t1,...,tk), TO

t(Xl,Xgl. .. ,X,,)[dl, do, ..., d,,] =
f(tl[dl, do, ..., dn], ce tk[dl, do, ..., dn])



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

OTHoweHne BbINOIHUMOCTU chopmyn

3HaueHne hopMyN B MHTEPNpPETaLMM ONPEAENSIETCS NPU NOMOLLY
OTHOLLUEHUS BbINOJIHUMOCTH |=.

MycTtb 3aganbl uxtepnpetaumns | = (D;, Const, Func, Pred),
dopmyna o(x1, X2, ..., Xp) U Habop di, do, ..., d, neMeHTOB
(npeametoB) n3 obnactu nutepnpetayun D).

OtHowenue BoinonHumoctn | = o(x1, X2, ..., Xn)[d1, d2, . . ., dn]
chopmynbl ¢ B nHTepnpetauun | Ha Habope di, b, . .., d,
OMpesensieTCss PEKYPCUBHO.

» Ecan p(x1,x2,...,xn) = P(t1,...,tm), TO
/ ): gO(Xl,X2, N ,Xn)[dl, d27 ey dn]
<:>_
P(tl[dl, do, ..., dn], RN tm[dl, do, ..., dn]) = true;



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

OTHoweHne BbINOIHUMOCTU chopmyn

» Ecan QO(X]_,X2, s 7Xn) = ¢1&¢2, TO
I = o(x1,x2, ..., xp)[d1,da, ..., dn]

<
{ / ): 1/)1(X17X2a e 7Xn)[d17 d27 DR dn]
/ ): ¢2(X1,X2, e ,Xn)[dl, d2, ey d,-,]
> Ecan p(x1,x2,...,Xn) = 1 V 12, TO

I'E o(x1, %2, ..., xn)[d1,d2, ..., dn]
<

/ ): 1/}1(X17X27 cee aXn)[dla d2’ SER) dn]

nam
I = a(x1, x2, . ., xn)[dh, da, - . ., dp]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

OTHoweHne BbINOIHUMOCTU chopmyn

> Ecan p(x1,x2,...,Xn) = Y1 — 2, TO
= o(x1,x2, ..., xp)[d1, da, . .., dpn]
<
e 91(x 501 50) [0, s ]
nnm
I = a(x1, x2, . ., Xn)[d1, da, . . ., dp]
» Ecnm o(x1, X2, ..., Xp) = 1), TO
/ ): gO(Xl,XQ, N ,Xn)[dl, d2, N dn]
<

/ % w(XhXQ?‘ <. 7Xn)[d17 d27' . .,d,-,]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

OTHoweHne BbINOIHUMOCTU chopmyn

> Ecan p(x1,x2, ..., Xn) = Vx0 ¥(X0, X1, X2, - - ., Xn), TO

I = o(x1, %2, ..., xn)[d1,d2, ..., dn]
A
ans noboro snemenTa dy, do € D;, nmeet mecto

I = (X0, X1, X2, . ., Xp)[do, d1, da, .. .., dn]

» Ecan p(x1,x2, ..., Xxn) = 3Ix0 Y(X0, X1, X2, - - ., Xn), TO

I = o(x1, %2, ..., xn)[d1,d2, ..., dn]
S
4Nl HEKOTOPOro anemeHTa dy, dy € Dj, umeet mecTo

/ ): lﬂ(Xo,Xl,Xg, . 7Xn)[d()7 dl, d2, ey dn]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

NHuTtepnpeTtauuns

| = (Dy, Const, Func, Pred)
Obnactb nntepnpetauyun D) = {d1, da, d3};
OugeHka KOHCTAaHT €1 = di, Cp = dj;

OLI,eHKa beHKLI,I/IOHaJ'IbeIX N NpeankaTHbIX CUMBOJIOB

) P R(x.y)
x | f x | P <V | di d d3
di | dy di | true di | true | true | false
dr | d3 d> | false do | true | false | true
dz3 | di d3 | true d; | false | true | true
®opmyna

o = Vx1 (P(x1) — Ixe(R(x1,x) & ~P(f(x2))))



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
X f X P x Y d1 dg d3
di | do di | true di | true | true | false
d | d3 d, | false d» | true | false | true
d3 | di d3 | true d; | false | true | true

I = R(x1, x2)[d1, di]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
X f X P <V | di d» d3
d | do di | true dy | true | true | false
d | d3 dy, | false d> | true | false | true
d3 | dh d3 | true d; | false | true | true

I = R(x1, x2)[d1, di]

1= P(f (x2))[dh]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
X f x | P <V | di d> ds
d | db dq | true dy | true | true | false
d | d3 d> | false d» | true | false | true
d3 | dh d3 | true d; | false | true | true

I = R(x1,x2)[d1, di]

I P(fO))la] = 1= —-P(f(x))ld]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
5% f X P <Y | di d> d3
di | dy di | true di | true | true | false
d | d3 d» | false d» | true | false | true
d3 | di d3 | true d; | false | true | true

/ ): R(Xl,Xz)[dl,dl]
I P(f(x2))ldi] = I'|==P(f(x2))[d1]

/ ): R(Xl,XQ) & —HD(f(XQ))[dl,dl]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

F(x) P(x) R(x,y)

X f x | P <V | di d> ds
di | o> di | true di | true | true | false
d | d3 d» | false d>» | true | false | true
d3 | dh d3 | true d; | false | true | true

I = R(x1,x2)[d1, di]
I P(fO))la] = 1= —~P(f(x))ld]
/ ): R(Xl,Xg) & —\P(f(Xg))[dl,dl]

I'E 3x(R(x1, x2) & =P(f(x2)))[dh]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

F(x) P(x) R(x,y)
X f x | P <V | di dy ds
di | o> di | true di | true | true | false
d | d3 d» | false d>» | true | false | true
d3 | dh d3 | true d; | false | true | true

I = R(x1,x2)[d1, di]
I P(fO))la] = 1= —~P(f(x))ld]
/ ): R(Xl,Xg) & —\P(f(Xg))[dl,dl]

I'E 3x(R(x1, x2) & =P(f(x2)))[d]
| = P(x1) — 3x(R(x1, x2)&—P(f(x2)))[d1]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

) P R(x,y)
x | f X P <V | di d> ds
di | dy d; | true di | true | true | false
d | d3 d, | false d> | true | false | true
dz | di d; | true d; | false | true | true

I = P(xa)[d2]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
f x | P Ul dh do d3
di | dy di | true di | true | true | false
d | d3 d, | false do» | true | false | true
dz | di d3 | true d; | false | true | true
I = P(x1)[d>]

I'E Plxa) — 3x(R(xi, x2)&~P(f(x2)))[d]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

F(x) P(x) R(x,y)
x | f X P <Y | di d> ds
di | d> di | true di | true | true | false
dr | d3 dr | false d» | true | false | true
d3 | di d3 | true d; | false | true | true

I'= P(a)lds]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
x | f x | P <V | dr d> ds
di | dy di | true d; | true | true | false
d | d3 d, | false d» | true | false | true
ds3 | di d3 | true d; | false | true | true
' P(x1)[ds]

I = R(x1, x2)[d3, di]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
x | f x | P <V | di d> ds3
di | dy di | true di | true | true | false
d | d3 d, | false do | true | false | true
ds3 | di d3 | true d; | false | true | true
' P(x1)[ds]

/ b& R(Xl,Xz)[d3,d1] = | l# R(Xl,X2) & ﬁP(f(XQ))[d3,d1]



CEMAHTUKA: BbINMOJIHUMOCTb ®OPMVIJI
f(x) P(x) R(x,y)
x | f x | P xY | di d> d3
di | db di | true di | true | true | false
d | d3 d, | false d>» | true | false | true
d3 | dh d; | true d; | false | true | true
I'= P(x1)[ds]

' R(x1, x2)[d3, d1]

I ~P(f(x2))[d]

= | I# R(Xl,XQ) & ﬁP(f(Xg))[d3,d1]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
X f X P x Y dl d2 d3
di | do di | true di | true | true | false
d | d3 d, | false dr | true | false | true
dz | di ds | true d; | false | true | true
I'= P(x1)[ds]

I R(x,0)[dsy di] = 1 ¥ R(x1, %) & —P(f(x2))[ds, ]
I =P(f(x))[d] = [ R(xi,x) & —P(f(x2))[ds3, da]



CEMAHTUNKA: BbINMOJIHUMOCTb ®OPMVIJI
f(x) P(x) R(x,y)
X f X P x| di d> d3
di | o> di | true di | true | true | false
d | d3 d, | false dr» | true | false | true
d3 | di d3 | true d; | false | true | true
' P(x1)[ds]

I = R(x1, x2)[d3, di]

I —~P(f(x2))[do]
I ~P(f(x2))ds]

= | b& R(Xl,Xg) & _‘P(f(XQ))[d37d]_]
= |/ 175 R(Xl,Xg) & —\P(f(Xg))[dg;,dQ]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
x | f x | P <V | dh d> ds
di | dy di | true di | true | true | false
d | d3 d, | false dr» | true | false | true
ds3 | di d3 | true d; | false | true | true
' P(x1)[ds]

/ 175 R(Xl,Xz)[d3,d1] = | b& R(Xl,Xg) & _‘P(f(XQ))[d37d]_]
/ 175 _|P(f(X2))[d2] = | l# R(Xl,Xg) & —\P(f(Xg))[dg;,dQ]
I = =P(f(x2))[d3] = |~ R(x1,x) & =P(f(x2))[d3, d5]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
x | f x | P xY | di d> d3
di | do di | true di | true | true | false
dy | d3 d» | false d>» | true | false | true
dz | di d3 | true d; | false | true | true
I = P(x1)[ds]

I R(x1,%0)[ds, di] = 1 1 R(x1, %) & ~P(f(x2))[ds, di]
1 =P(foo))[d] = I R(x1,x) & ~P(f(x2))[ds, do]
e -P(f(x))[ds] = |} RGxa,x) & ~P(f(x2))[d3, ds]

I'# 3x2 (R(x1, %) & ~P(f(x2)))[ds]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

f(x) P(x) R(x,y)
x | f x | P <V | dh d> ds
di | dy di | true di | true | true | false
d | d3 d, | false do» | true | false | true
ds3 | di d3 | true d; | false | true | true
I P(x1)[ds]

/ b& R(Xl,Xz)[d3,d1] = | b& R(Xl,XQ) & —\P(f(XQ))[d3,d1]
/ l# _‘P(f(XQ))[dQ] = |/ l# R(Xl,Xg) & —\P(f(Xg))[d3,d2]
/ 175 _|P(f(X2))[d3] = | l# R(Xl,Xz) & —\P(f(Xg))[d3,d3]

' 3% (R(x1,x2) & —P(f(x2)))[ds]
I P(x1) — Ixe(R(x1, x2)&~P(f(x2)))[ds]



CEMAHTUKA: BbINMTOJIHUMOCTb ®dOPMVIJI

NTak, Mmbl umeem

I'E (P(x1) — Fxe(R(x1,x) & 2P(f(x2))))[d1]
I'E (P(x1) — 3x(R(x,x) & ~P(f(x2))))[d]
I'E (P(x1) — Fxe(R(x,x) & ~P(f(x))))[ds]

3HayuT,

[ Vx (P(x) — 3x(R(x1,x) & ~P(f(x))))



KOHEL, NEKLUW 2.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekynsa 3.

BbinosHnmble n obuwesHavdnmsblie
chopmynbil.
Mopaenun. Jlorndeckoe cnegoBaHue.
[Mpobnema obuwie3HaYMMOCTH.
CemaHTunyeckmne tabnuubi.



BbIMOJIHWMbIE N OBLLUE3HAYHYNMBbIE
dOPMVIJIbI

®opmyna ¢(xi1, ..., Xp) Ha3bIBAETCS BLINOJHUMON B MHTEPNPETALAN
I, ecnun cyuiecteyeT Takoli Habop snemeHToB di,...,d, € D), ans
koToporo umeet mecto | = p(x1,...,xn)[d1, ..., dn].

®opmyna ¢(x1, ..., Xp) Ha3bIBAETCS NCTUHHOI B nHTepnpetaumnn /,
ecnn ans noboro Habopa 3nemeHToB di, ..., d, € D; numeet mecto
= o(x1,...,xn)[d1, ..., da]

®opmyna ¢(x1, ..., X,) Ha3bIBAETCS BLINONHIMOI , €CIN €CTb

uHTepnpetauusi /, B KOTOpoii 3Ta hopmMyna BbINOJHUMA.

®opmyna ¢(xi, . .., Xp) HasbiBaeTCs obuiesHaqrmoi (unm
TOM/ECTBEHHO UCTUHHON ), €can 3Ta hopmMysa UCTUHHA B 10O
NHTepnpeTauum.

®opmyna ¢(x1, ..., Xp) Ha3bIBAETCS NPOTUBOPEHNBOA (1an

HEBbLINOJIHNMOIA ), €CJIN OHA He SBJISIETCS BbINOJHUMOIA.



BbIMOJIHWMbIE N OBLLUE3HAYHYNMBbIE
dOPMVIJIbI

Mpumepsbl

P(x1)&—P(x2),

VxP(x) — 3xP(x),

IxP(x) — VxP(x) — BbINOJIHNMble (hOPMYJIbI.

Lh : D= {dl, dQ}, F_’(dl) = true, F’(dg) = false

Il ': P(Xl)&—uD(Xz)[d]7 d2], Il ): VXP(X) — HXP(X)

b : D;={d}, P(d) = true

L = 3xP(x) — VxP(x)

Popmynsl P(x1)&-P(x2), IxP(x) — VxP(x) HeobliesHaunmble.
b ¥~ P(x1)&=P(x)[d, d], h B 3xP(x) — VYxP(x).

®opmyna VxP(x) — IxP(x) siBnsietcst obLiesHaunmoii.

Ho noyemy? U kak B 3TOM ybeanTtbcs?



BbIMOJIHWMbIE N OBLLUE3HAYHYNMBbIE
dOPMVIJIbI

BoinosHumele hopmyssl — 3TO NOrmyeckne opmbl, KOTopble
cAyXaT A5t NpeacTaBieHns 3HaHmii. Kaxgast BbinonHumas
dopmMyna HeceT onpefeneHHyo nHopMaumio.

Obuwesnaunmbie hopmysbl — 3TO TPOM3MbI, baHanbHOCTK,
TaBTOJIOTUN, HE HECYLUNE HNKAKOW MHpopMaLun.

Kakyto e ponb urpatoT obuiesHauumble hopmynbl?



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Myctb [ — HekoTopoe MHOXeCTBO 3aMKHYThIX chopmyn, I C CForm.
Torpa kaxpaas uHTepnpetauusi /, B KOTOPOUi BbINOJAHAOTCA BCe
dopmynbl mHoXecTBa [, Ha3biBaeTCA Momenbo ANa MHoxecTBa [ .

Mogenb pnsi mHoxectea cpopmyn [ — 370 uHTepnpeTayus
(peanbHbI NN BUPTYasbHBIA MUP), YCTPOWCTBO KOTOPOrO
aJleKBAaTHO BCEM MpPeJsIOKEHUSM U3 MHOXecTBa [ .

Mpumep

| Dy ={di,dr}, P(dy) = true, P(d,) = false

| — mogenb anst mHoxecTBa dopmyn I = {IxP(x), Ix—P(x)}.
3ameyaHue

A Kakas nHTepnpeTauus ABNSETCA MOAEbIO MYCTOrO MHOXECTBA
cdbopmyn [ = (7
MpaBunbHblii oTBeT: Ntobas uHTepnpetauus . MNovemy 7



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Mpumep

C(x) — «x — kBagparty;

S(x) — «x — wapy;

B(x) — «x — 4epHblii npeamMeTy;
W(x) — «x — benblii npegmeT;

U(x,y) — «NpeaMeT x NeXUT nog NpeAMETOM .



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kaxxabiii benbii KyO NexxXuT nof KakKUM-TO YepHbIM LLIAPOM.

Vx (W(x) & C(x) — Fy (By) & S(y) & U(x,y)))

Mogaenb /

AW &) & Ty (Bl ) &Sty ) & iy

Kaxabiii npegmet siBnsieTcs 6enbim kybom
N NeXUT NoA, KAKUM-TO YepHbIM LIapoM.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To 6enblii Kyd ne>xxkut nog, BCemMu YepHbIMU LLapamMu.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To 6enblii Kyd ne>xxkut nog, BCemMu YepHbIMU LLapamMu.

Ix (W(x) & C(x) & Yy (B(y) & S(y) — U(x,y)))



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To Genbiii KyD NeXX1MT Noj BCEMU HEepHbIMU LLUApPaMU.

Ix (W(x) & C(x) & Yy (B(y) & S(y) — U(x,y)))

Mogaenb /




MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To Genbiii KyD NeXX1MT Noj BCEMU HEepHbIMU LLUApPaMU.

Ix (W(x) & C(x) & Yy (B(y) & S(y) — U(x,y)))

Mogaenb /

Ix (W(x) & C(x) — Yy (B(y) & S(y) — U(x.y)))



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To Genbiii KyD NeXX1MT Noj BCEMU HEepHbIMU LLUApPaMU.

Ix (W(x) & C(x) & Yy (B(y) & S(y) — U(x,y)))

Mogaenb /

Ix (W(x) & C(x) — Yy (B(y) & S(y) — U(x.y)))

Kakoii-to npeamet nnbo He siBnsieTca benbim Kyoowm,
B0 NEXUT NoA, KaXKAbIM YepHbIM LLapoM.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Kakoii-To Genbiii KyD NeXX1MT Noj BCEMU HEepHbIMU LLUApPaMU.

Ix (W(x) & C(x) & Yy (B(y) & S(y) — U(x,y)))

Mopenb J

AWy ABly ) &Sty —txy)))

Kakoii-to npeamet nnbo He siBnsieTca benbim Kyoowm,
B0 NEXUT NoA, KaXKAbIM YepHbIM LLapoM.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

O6wwmii NnpuHUMN NpaBuALHOro nNoctpoexHust hopmyin.

Kaxablii npeamert, HageneHHblli atpubytom A, obnagaer

ceoiicteom B:
Vx (A(x) — B(x))

HekoTopelii npeamer, HageneHHbli atpubytom A, obnagaer

ceoiicteom B:
Ix (A(x) & B(x))



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Onpepenernne

Myctb [ — HEKOTOPOE MHOXECTBO 3aMKHYTbIX (POPMY, N © —
3amMkHyTasi chopmyna. Popmyna  Ha3bIBAETCS JIOMNHECKIIM
CNEACTBNEM MHOXECTBA NpeasoxeHnii (6a3bl 3HaHwii) I, ecin
KaXkAasi Mofenb Anst MHoXecTBa chopmyn [ saBnseTca moaensto
ans popmynibl @, T. €.

Ansi noboii nutepnpetaymmn 11 =T = [ o

Jlorndeckune cnegCcTeusi — 3TO «NPOU3BOAHbLIEY 3HAHUSA, KOTOPbIE
Hen3bexxHO conyTCTBYIOT «b6a30BbIMy 3HaHuAM [, HaxoasTCs B
MPUYNHHO-CNEACTBEHHON 3aBucMMocTu oT npegnoxenuii [. OgHa
N3 rnaeHbix 3agay (M ogHOBpeMeHHO Hambonee xapakTepHoe
MPOsIBNIEHNE) NHTENNEKTYaAIbHOR AEATENBHOCTM — 3TO U3BJEHEHUE
NOTNYECKNX CNEACTBUIA U3 6a3 3HAHWIA.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

O603HaveHusn

3anuck [ |= ¢ obosHavaeT, 4To ¢ — norudeckoe cnepcrene I .

A Kakue bopmysbl ABAAIOTCA NOrMYECKUMIN CAEACTBUAMU NYCTON
6a3bl 3HaHuii [ = (07 MpaBuabHLIA OTBET: 0bLLE3HAYMMBIE .

Moatomy ansi obosHayeHnst obuiesHaqnmocTy opmynbl @ byaem
NCnosIb30BaTh 3annchb E o.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Teopema O Norn4eCkom cnegcrtsun

Nycte I = {¢1,..., ¢} € CForm, ¢ € CForm. Torpa
I ):(p <~ ):1p1&&1/1n—>(p

HokazsaTtenbctBo. = [lycTb | — npousBosibHasi UHTepNpeTauus.

Ecnn | 101& ... &y, To | = r& ... &y — .

Econm | = 1& ... &, To Il =, 1 <i<n, T e | — mogens
ana I

Mockonbky ' = ¢, nonyyaem | |= . 3Hauur,

I =Er&... &, — .

Takum obpasom, ansa nwoboi nHtepnpetauun | nMeeT MecTo

I = i1& ... &p — .

3HaunT, Y1& ... &, — ¢ — obwesnadumas dpopmyna.



MOAOEIN. TOM'MYHYECKOE CIEACTBUE

Teopema o nornyeckom cneacTsuu

Nycte I = {¢1,...,¢¥,} € CForm, ¢ € CForm. Torpa
FTEe = Fhi&... &Y, — .

HokazaTtenbctBo. <= [lycTb | — Mopenb Ans MHOXeCTBa
npegnoxennii I, . e. [ =1, 1 <i<n.

Torpa | = Yr& ... &y,
Tak kak = 1& ... &Y, — ¢, Bepro | E 1 & ... &1, — .
3nauur, | E .

Tak kak | — npousBonbHas mogens ans [, npuxogum K
3akntodenuto [ = .



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Obuwesnaunmbie hopmysbl — 3TO KaHasbl MPUYNHHO-CNEACTBEHHON
CBS31, MO KOTOPbIM MEPefatoTCst 3HAHUS, NPEACTaB/IEHHbIE B BUAE

noruyecknx hopmys, npeobpasysick nMpu 3TOM 13 OLHOR PopMbI B

Apyryto.

npaKTVI‘-IECKI/I Ba>XHO YMETb ONPEAENATb 3TN KaHaJbl "
HAaCTpPanBaTb UX HA U3BJIEHEHNE HYXXHbIX 3HAHWIA.

» Basza 3HaHuii — MHOXeCTBO npeaJsioxernii
» 3anpoc k base 3HaHWI — NpeasioxKeHmne ©;

> [MonyyeHne oTBeTa Ha 3anNpoc — NpPoOBEpKa JIOTMHECKOrO
cnepcteust [ = .

Ecnn [ — koHe4YHOE MHOXXECTBO, TO MPOBEPKA JIOTMYECKOrO
CNeACTBUSA CBOAUTCS K NPOBepKe obLie3HaYnMocT hopMyIib

D& .. &t —



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Takum obpasom, Bo3HMKaeT npobsiema
obuiesHaunmocT dhopmyn:

Ons 3apaHHon cpopmynbl @
NpoBepuUTb ee o0LLe3HAYNMOCTb:

=7



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

YTBepxaeHue.

Ons noboit popmynbl ¢(x1, ..., X,) BEPHO, YTO
1. E olxt,...,xn) <= E ¥xi... Vxp o(x1,...,xn);
2.

©(x1,...,Xn) — BBIIOJHUMAST
—
Ixg ... Ixn ©(x1,...,Xn) — BBHINOJHUMAS;

©(x1,-..,Xn) — BBIIOJHUMA B JIIOOOI MHTEPIIPETAINN
=

E 3xi... 3x, p(x, ...y Xn)-

D,O Ka3aTes1bCTBO

CamocTosiTenibHO. TO NPoOCTO.



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Kak >xe pewlaTb npobsiemy
o0l e3Ha4YnMoCTun

= 7

Mo>xeT ObITb NpoBepsiTb BCe
MHTepnpeTaunnm no odvepean ?



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Het, Takoli nogxon 3asegoMo obpedeH Ha Heyaady. lNovemy?
MoTomy, 4TO BEPHO

YTBepxaeHue.

CyuwiecTByeT Takas 3aMmkKHyTas popMyna ¢, KOTOpasi UICTUHHA
B N0boii nHTepnpeTauun / ¢ KOHEYHOW npeameTHON
obnacteto D;, HO He siBnsieTcs 0OLE3HAYMMON .

Vx=R(x, x) &
WXy Vz(R(x, Y)&R(y,2) — R(x,2)) —
IxVy-R(x, y).



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

JokasatenbcTtBo.

R(x,y): «CybbekT y — Ha4anbHUK CybbekTa X»;
1). Vx—R(x, X): <HUKTO He KOMaHAyeT camum coboii;

2). VxVyVz (R(x,y)&R(y,z) — R(x,z)): «HavanbHUK MOEro
Ha4yaNbHUKa — MOV HAaYaNbHUKY ;

3). IxVy—R(x,y): <KTO-TO HUKOMY HE MOAHUHSIETCS >.

B kaxfoii KOMNaHUM C KOHEYHBIM MHOXXECTBOM COTPYLHUKOB, B
KOTOPOIi [eliCTBYIOT 3aKOHbI 1) 1 2), BbIMONHSAETCS U 3aKoH 3).

3HaynT, Hawa hopMyna UCTUHHA BO BCEX MHTEPMNpeTaunsix C
KOHEYHOII npeaMeTHOl 0bnacTbio.



NMPOBJIEMA OBLUESHAHNMOCTIN ®OPMVYI
HokasaTenbcTBo.

Ho Hawa dropmyna He sBnsieTcs obuiesHa4ynmoii.

R(x,y): «HaTypanbHoe 4nc/io y bonbliue HAaTYpaabHOrO YMcna X»
1). Vx=R(x, x);

2). VxVyVz (R(x,y)&R(y,z) — R(x,z));

BbINOJIHSAOTCS Ha MHOXECTBE HATYPasibHbIX YNCe.

3). IxVy—R(x,y) Ha MHOXeCTBe HaTypasbHbIX YNCEN HE
BbINOJIHSIETCSA: HEBEPHO, YTO CYLLUECTBYET MAaKCMMasibHOE
HaTypajbHOE Yncno.



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

He Tonbko nepebop Bcex vHTEpnpeTaumii, HO faXke NMPOBEPKY
UCTUHHOCTM (POPMYJbI B UHTEpNpeTaumnm ¢ beckoHevHO
npeAMeTHON 061aCTbi0 OCYLLECTBUTL 3aTPYAHNUTENBHO.

3HaunT, HeobxognuMo npuiymaTh bonee U3oLWpPeHHbIT cnocob
NpoBEPKMN.



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 0bLWE3HAYNMOCTL POpMYIIbI
v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

R



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =VYx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa
CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. Ni3yunm a1y KoHTpMoOgens.
I'#
I~V

I = Vx (P(x) — R(x)) x P(x) — Vx R(x)



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

= ¥x (P(x) — R(x)) | I}~ Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

I'#
= ¥x (P(x) — R(x)) | I}~ Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)

I'# R(x)[d]



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

I'#
= Vx (P(x) — R(x)) | I} Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)

I RE)Ld]

I'= (P(x) — R(x))ld]



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

I'#
= ¥x (P(x) — R(x)) | I}~ Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)
I RE)Ld]
I'= (P(x) — R(x))ld]
I = P[d]




MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

I
= ¥x (P(x) — R(x)) | I}~ Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)
'~ R(x)[d]
I'E (P(x) — R(x))[d]
I = P(x)[d]
I'E= R(x)[d]

Monyunnu npotueopeyune. 3HauuT, KOHTpMogenu | He CyllecTByeT.



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.
MposepuTb 0bliesHaYMMOCTL hopMyIbl

v =Vx (P(x) — R(x)) — (Vx P(x) — ¥x R(x)) .
Mpeanonoxum, 4to ¢ HeobuiesHadnma. Toraa AoskHa

CyLecTBOBaTL nHTepnpeTtauunsi | (KOHTPMOAEb), ONpoBepratoLLas
. VIayuum aTy KoHTpMoOAenb.

I
= ¥x (P(x) — R(x)) | I}~ Vx P(x) — ¥x R(x)
I &= Vx P(x) I = Vx R(x)
'~ R(x)[d]
I'E (P(x) — R(x))[d]
I = P(x)[d]
I'E= R(x)[d]

Monyunnn npotusopeymne. 3HaumuT, KOHTPMOZENN | He CyLLecTByeT.
3HauuT, = .



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI
v =3x (P(x) — ¥x P(x)) .



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI

¢ =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI

¢ =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .

‘ I B~ 3x (P(x) — Vx P(x))



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI
v =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .
I /= 3x (P(x) — Vx P(x))
I'E= 3x (P(x) | I = Vx P(x)



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI
v =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .
I /= 3x (P(x) — Vx P(x))
I'E= 3x (P(x) | I = Vx P(x)
I'= P(x)[di]



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI

¢ =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .

I = 3x (P(x) — ¥x P(x))
I'E 3x (P(x) | I = Vx P(x)

I'= P(x)[d]
I P(x)[d]



MPOBJIEMA OBLUE3HAYNMOCTWN ®OPMVJI

Mpumep.

MpoBepuTs 06WE3HAYMMOCTL OpMYIIbI
v =3x (P(x) — Vx P(x)) .
Mpegnonoxum, 4To ¢ Heobliesnaduma. Torga cywiecTeyer
nuTepnpetauyusi | (KOHTPMOAEsb), KOTOpasi ONpPOBEPraeT .
I /= 3x (P(x) — Vx P(x))
I'E= 3x (P(x) | I = Vx P(x)
I'= P(x)[di]
' P(x)[d2]
MpoTuBopeyns Her.
| = <D/,%>Z D, = {dl, dz}, P(dl) = true, P(dg) = false,
I .

CnepoBatensHo, [ .



CEMAHTUYHECKNE TABJINUDbI

Monpobyem cnctemaTusnpoBaTh 3TOT CNocob nposepku
obuiesHaynmocTmn dopmysn.

> ObwesHaunmocTs hopMysibl AOKA3LIBAEM «OT MPOTUBHOIO»,
MbITasiCb NOCTPOUTL KOHTPMOZEb.

» KoHTpmogens cTpoum, ykasbiBasi, Kakne hopMysibl AOSKHbI B
Heli BbINOMHATLCS, a Kakue HeT. T pebosaHus
(He)BbINONHUMOCTM hOPMYJI, MPEABSBASIEMbIE K KOHTPMOZENN,
CBOAMUM B Tabsnuy N NOCNefOBaTENbHO UX YTOYHSIEM.

» Ecnu TpeboBaHus, koTopble NPeabABAAIOTCA K KOHTPMOZAEH,
0Ka3bIBAOTCAA HECOBMECTHBLIMU, 3HAYNT, NPOBEPsiEMas
cdopMmyna HeonposepXuma, T. €. obLie3HaAYMMa.



CEMAHTUYHECKNE TABJINUDbI

CemanTtuyeckas Tabiinya — 3TO ynopsioHeHHast napa MHOXeCTB
copmyn ([, A ), T,A C Form.

[ — 5To MHOXeCTBO pOpMYJ, KOTOPbIE Mbl XOTUM CHUTATb
NCTUHHBLIMU,

A — 3T0 MHOXeCTBO (hOPMYJ, KOTOPbIE Mbl XOTUM CHUTaTb
JIOXKHBIMUA.

Myctb {x1, X2, ..., Xn} — MHOXXECTBO CBODOAHBIX MEPEMEHHBIX B
dopmynax muoxecte I, A.

CemaHTuyeckasi Tabsmua ( I; A ) Ha3blBaeTCs BLINOJHUMON ,
€C/IN CYLLECTBYET Takasi uHTepnpetauust | u Takoii Habop 3HaueHwii
di,ds,...,d, € Dy cBOBOLHBIX NEpeMEHHbIX, AJisi KOTOPbIX

> | = o(x1,x2,...,%n)[d1, da, ..., ds] Bns noboii popmynbl p,
pel,

> | (xa, %2, ..., xp)[d1, day . . ., dp] BN5 n0BOI dbopmybl 1P,
P e A.



CEMAHTUYHECKNE TABJINUDbI

Mpumepsbl

CemaHTuueckas Tabnmua

T= ({3x P(x), =P(y)} : {¥xP(x), P(x) & =P(x)} )
BbINOMIHUMA. Ee BbINOMHUMOCTL NOATBEPXKAAET MHTEPNpETALUS
| = <D/7 Pred): D, = {dl, dz}, P(dl) = true, P(dz) = false, u
Habop di, d> 3HaYeHNA CBOBOAHBIX MEPEMEHHBIX X, Y.

CemaHTuueckas Tabnnua
T=(0; {3yVxR(x,y) — VxIyR(x,y)})

HeBbInoaHMMa. oyemy?



CEMAHTUYHECKNE TABJINUDbI

Teopema (o TabnnyHoW nNpoBepke OOLLE3HAYMMOCTN)

= ¢ <= Tabnuua T, = (0 ;{p} ) HeBbINONHMMA.

[okazatenscteo. = ¢ <= pnsa noboit uHtepnpetaunu | n ans
noboro Habopa di, ..., d, € D; 3Ha4eHniA cBOBOAHLIX NEpEMEHHBIX
X1, ..., Xp uMmeeT mecto | = @(x1,...,%x,)[d1,...,dy] =
Tabmuua T, = (0 ;{¢} ) HeBbINONHNMA HU B OAHOI
MHTepnpeTauuu.



CEMAHTUYHECKNE TABJINUDbI

CemaHTuyeckas Tabnuua ( I; A ), y kotopoii [ N A # (),
Ha3bIBAETCA 3aKPbLITON .

VYTBepxaeHune

3akpbiTas Tabnvua HeBbINOAHUMA.

[Hokazatenscteo. CamocTosiTeNbHO.

CemanTnyeckast Tabnuua ( I'; A ), y koTopoii mHoxecTBa [, A
COCTOAT TOJILKO U3 aTOMapHbIX hOPMY, Ha3bIBAETCSH aTOMapHOI .

VYTBepxaeHune

HesakpbiTas atomapHas tabnuua sbinosHuma.

Hokazatenscteo. CamocTosATeNbHO.



CEMAHTUYHECKNE TABJINUDbI

Takum obpasom, Ans fokasaTenbCTBa obLiesHaynmMocTn = ¢
[lOCTaTO4YHO pa3paboTaTb CUCTEMY MpaBu, NO3BOASIOLLINX
npeobpaszosbiBaTh cemaHTuyeckyto Tabaugy T, = ( 0 ;{p} ) K
3aKpbITbIM Tabnuuam.

,D,OKa3aTeJ'IbCTBa TaKOro Bnaa Ha3bIBAtOTCA JIOTMHECKM BbIBOLOM .
Ecnn e BbIBOAE YHACTBYHOT CEMAHTN4YECKNE Ta6J'II/ILI,bI, TO
JIOrNYeCcKunia BbIBOJ, HAa3bIBAE€TCA TabanyHbIM .

Y106kl TabnnyHbIA BbIBOA, ObIN KOPPEKTHBIM, NpaBuaa
npeobpasosaHus Tabauy, (npasuia TabnuyHOro BLIBOAA ) HOMKHBI
COXPaHATb BbINOJHUMOCTb CEMaHTMYeCKMx Tabauu.

MoaTomy Ha4HeM C pa3paboTku npaBui TabiM4HOro BbIBOAA U
NMPOBEPKN NX KOPPEKTHOCTMN.



KOHEL, NEKLW 3.



OcHoBbl  _
MaTeMaTunyeckom
JIOFTKN N JIOFTNHECKOro
nporpaMmMmnpoBaHmnA

JIEKTOP: B.A. 3axapos

zakh@cs.msu.su
http://mathcyb.cs.msu.su/courses/logprog.html



Jlekuusn 4.

MoacTtaHoBkW.
Tabnn4Hbli BbIBOL,.
KoppekTHOCTb Tab/iM4HOro BbIBOAA.



MOACTAHOBKM

MoncTtaHoska — 3TO BCsikoe oTobpaxenune 6 @ Var — Term,
COMOCTAB/IAIOLLEE KAXKAOW NEPEMEHHON HEKOTOPLIA TEPM.
MoacTaHOBKM HYXXHbI AJ1s1 TOro, 4Tobbl UMETb BO3MOXXHOCTb
nepexoanTb oT obwmx yTeepxaeHuii VxVyP(x, y) K ux 4acTHbIM
BapuanTam P(f(z), c).

MuoxectBo Domy = {x : 0(x) # x} Ha3biBaeTcs obnacTsio
noactaHosky . Ecnn obnacTtb nogctaHoBKM — 3TO KOHe4YHoe

MHOXECTBO MEPEMEHHbIX, TO Takasi NOACTAHOBKA HAa3bIBAETCA
KOHeYHOI. MHOXECTBO KOHeYHbIX MNOACTaHOBOK 0bo3Havyum Subst .

Ecin 0 € Subst w Domg = {x1,x2,...,Xn}, TO NogcTaHoBKa 0
OAHO3HAYHO ONPEfENsieTCsl MHOXXECTBOM nap

{x1/0(x1), x2/0(x2), ..., xn/0(xn)}

Kaxgas napa x;/60(x;) Ha3blBaeTCs CBSA3KON .



MOACTAHOBKM

Ins 3apgaHHOro normyeckoro BolpaxkeHns E n nogcraHosku 6
3anucek E0 obosHavaeT pesynbTaT npuMeHeHus noactaHoskm 6 K E,
KOTOpbI/i OnpeaeneTcs Tak:

Ecm E = x, x € Var, To Ef = 0(x);
Ecim E = ¢, c € Const, 70 Ef = c;
Ecnm E = f(t1, to, ..., tx), TO EO = f(t16, t20, . .., t,0);
Ecnn E = P(t1, to, ..., tx), To EQ = P(t16, t20, . .., t,0);
Ecnun E = &), 10 EO = b & 40
(ananornyto gns hopmyn o Vb, ¢ — 1, =p);
Ecnu E = Vxo @, To EO = Vxg (p8'), rae n — Hosast
NOLCTaHOBKA, YAOBNETBOPSIOLLAS YCIIOBMIO
X X = X
0'(x) = { 9(();<)e,CJeICJH/I X 750;(0,
(ananornutHo ans dopmyn Ixp ).



MOACTAHOBKWU

Mpumep

¢ 1 Vx(P(x) — =R(y)) — R(f(x)) v JyP(y)
0={x/g(x,c), y/x, z/f(z) }

Boigensitotcs Bce cBoboaHble BXOXKAEHUSI MEPEMEHHbBIX B (0
¢ 1 Vx(P(x) — =R(y)) — R(f(x)) vV 3yP(y)

K cBObOAHbLIM BXOXKAEHUAM MEPEMEHHbLIX NMpUMeHsieTcs

pf - Vx(P(x) — —R(x)) — R(f(g(x;¢))) v IyP(y)



NMNOACTAHOBKWU

B pesynbTaTe npumeHeHnst HEKOTOPbIX NOACTAHOBOK CMbIC
yTBEpXKAEHUN (POPMYN) MOXKET 3HAYNTENBLHO NCKA3UTHCS.

«Ecnmn y kaxporo ecTb ge, To y cybbekTa x TOXe eCTb Aef»
p(x) :VxAyP(x,y) — TyP(xy)

Ouesngro, = ¢(x)

Mpumennm k ¢(x) nogctanoeky 0 = { x/y }

p(x)0 = VxIyP(x,y) — AyP(y,y)

«Ecnun y Kakgoro ectb fesl, TO €CTb 1 Takue, KOTOpble NPUXOAATCs
aefomM camum cebe»

Ouesngro, = o(x)0

Kak cTpanHo: obuiee yTBepxaeHne p(x) BEPHO, @ €ro YacTHbIi
cnyyaii o(x)0 — Her.



MOACTAHOBKM

MepemenHas x HasbiBaeTCst cBobOAHON Ansi Tepma t B hopmyre
©(x), ecnn noboe cBobOLHOE BXOXKAEHNE NEPEMEHHON X B
copmysie ¢(x) He NeXUT B 061ACTU JENCTBUS HU OAHOTO
KBAHTOPA, CBSI3bIBAIOLLErO NEPEMEHHYIO U3 MHOXecTBa Vary.

MoacTtaHoBka O = { x1/t1,...,Xn/tn} HA3BIBAETCS NPABUILHON A5
chopmysibl p, ecnn ans aoboi CBA3KM X;/t; NepemMeHHas X;
ceobogHa gnsi Tepma t; B chopmysie .

Mpumep

MepemeHHas y He siBNsieTcsa ceobogHoml anst tepma f(x,z) B

dopmyne
¢ Vx(P(x) — =R(y)) — R(f(x)) vV 3yP(y)

A BoT ans Tepma f(y, z) nepemenHas y B cdopmyne ¢ csobogHa.



TABJIMYHbLIN BbIBOA,

Mpasuna Taban4HoOro BbIBOAA UMEIOT BUS,

To T

nnn -,
Ty T, T2
rae To, T1, To — cemanTuyeckmne Tabnuubl. MNpoyteHune npasuna
TaKoBO:

Tabnuua Ty BbINONHMMA TOrAa U TOAbLKO TOraa, Koraa
BbinonHuma Tabnuua T; (vm T)).

B Tex cnyvasix, korga tabnnua Ty peayumpyeTcs B napy Tabnauy
T1, T, bygem roBopuTb, 4TO NPaBUIO UMEET aNbTEPHATUBDI.



TABJIMYHbLIN BbIBOA,

MpaBuna TabnuyHoro BbIBOAA

(I, p&1)|A) (MA, &)
L oA RE A T TA)

(FoVela) (MA, oV )
o mann ey B TG

(Moo= wl) o (TAp—v)
(VNN (RETND

(F,—plA) (rA, ~¢)
(FA, ¢) (M 0lA)

[ —

L— R—




TABJIMYHbLIN BbIBOA,

MpaBuna TabnunyHoro BbiBOAA

(I, Vxp(x)|A)

LY
(I, ¥xo(x), o(x){x/t}A)
nepemMeHHas x ceobogHa Ans Tepma t
8 chopmyne ¢(x)

RY <r|A:VX90(X)>

(MA, p(x){x/c})

KOHCTaHTa € HE COAEPXKMTCS B popMysax
n3 I, A n B hopmyne ¢(x)



TABJIMYHbLIN BbIBOA,

MpaBuna TabnunyHoro BbiBOAA

(T 3xp(x)|A)
BT 00T/ cTIA)

KOHCTaHTa C He cogepXutcs B hopMynax
n3 I, A n B popmyne ¢(x)

R4

(T'A, ngp(xg

)
(TA, 3xp(x), p(x){x/t})

nepemeHHas x cBobogHa Ans Tepma t
B dhopmyne p(x)



TABJIMYHbLIN BbIBOA,

3a4em Hy>XHbl OrpaHu4YeHust Ha NOACTaBsSIEMble TEPMbI
B npasunax LY, RV, L3, R3?

Ecnu B npasune tabnuyHoro BeiBoga LV He npuaepXneatbcs
npaBubHbIX NOACTAaHOBOK, TO BbIMNOJHMMasA Tabnuuya

(Vx3yR(x,y) | IyR(y,y) )
( Vx3yR(x,y), yR(y,y) | IyR(y,y) )

npeobpasyeTcsi B 3aKpbITYIO, T.€. HEBbLINOJIHUMYIO Tabauuy .

— LV :

I_Ipl/l‘-lI/IHa B TOM, 4TO NEPEMEHHaA X HeCBO60,D.Ha ona TepMma 'y B
dopmyne JyR(x, y).



TABJIMYHbLIN BbIBOA,

3ayemM Hy>KHbl OrpaHUYeHusi Ha NoAcCTaB/sieMble TEPMbI
B npasunax LY, RV, L3, R3?

Ecnn e npasune TabanyHoro BbIBOAA L3 noACTaBUTb KHECBEXYHO»
KOHCTaHTY, TO BbINOJIHNMAaA Ta6nmu,a

(I P(x) | P(c) )
( P(c) | P(c))

npeobpasyeTcsi B 3aKPbITYIO, T.€. HEBbLINOJIHUMYIO Tabauuy .

=

I'Ipmqvma B TOM, YTO KOHCTaAHTa, noAcCTaBJiseMana BMECTO
I'IepeMeHHOVI X, OOJI>KHa ObITb OTANYHA OT BCEX paHee
NCNOJIb30BaHHbIX KOHCTAHT.



TABJIMYHbLIN BbIBOA,

Onpepenenne TabnnyHoro BbiBOAA

Tabnununblli BblBOA Ans Tabnuusl To — 3TO KOPHEBOE AEPEBO,
BEPLUMHAMMN KOTOPOro CyXKaT ceMaHTu4eckune Tabanupsl n Npu 3Tom

1) kopHem pepeBa siBnsietcst Tabnuua To;

To

T; Ty " R



TABJIMYHbLIN BbIBOA,

OnpepeneHne TabnnyHoro BbiBOAA

2) n3 BeplwmnHbl T; ncxoaat ayru B sepwunbl T; (Ty)
e
i _ npaBuio Taban4HOro BLIEOAA;
Tjs (Tk)
To
N
R& LY
T; T " N
L3 R—

T3 Ty



TABJIMYHbLIN BbIBOA,

Onpep,eneHme TabnunyHoro BbiBO4A

3) AncTbsMM aepeBa MOryT ObiTb TOJILKO 3aKpbITble
aTomapHble Tabnunupl.

To
.
T
LY
Tk ® T
L3 aTom. Tabn.
T3 T

3akp. Tabn.  3akp. Tabn.



TABJIMYHbLIN BbIBOA,

Onpepenenne TabnnyHoro BbiBOAA

TabnnuHblii BbiBOA DyAeM HasbiBaTb ycnelwHsiM (Man TabansHbim
OnpoBEPXXEHNEM ), €cnin AepeBo BbiBOAA — KOHEYHOE, N BCE NNCTbA
JepeBa — 3aKpbiTble TabauLbl.

CyuwiecTBoBaHME YCNELWHOrO BbIBOAA O3HAYaET, YTO KOPHEBas
cemaHTU4eckas Tabnuua Ty HeBbINOAHMMA.

Ecom To = (0| ¢ ), To 370 03HavaeT, 4to |= .



To= (0| Vx(P(x) — B(x)) — (VxP(x) — VxB(x)) )



= (0] Vx(P(x) — T(X)) (VxP(x) — ¥xB(x)) )
(R =)
T = (Vx(P(x) = B(x)) | ¥xP(x) — ¥xB(x) )



To= (0| Vx(P(x) — B(x)) — (VxP(x) — VxB(x)) )
l (R—)

T1 = ( Vx(P(x) — B(x)) | ¥xP(x) — ¥xB(x) )
(R—)

T = ( Vx(P(x) — B(x)),VxP(x) | VxB(x) )



= (0 [ vx(P(x) = B(x)) = (VxP(x) = VxB(x)) )
l (R—)

T1 = ( Vx(P(x) — B(x)) | ¥xP(x) — ¥xB(x) )
(R—)

T, = (Vx(P(x) — BIX)) ,VxP(x) | VxB(x) )
(RY)
= (Vx(P(x) — B(x)),VxP(x) | B(c) )



= (0 [ vx(P(x) = B(x)) = (VxP(x) = VxB(x)) )
l (R—)

T1 = ( Vx(P(x) — B(x)) | ¥xP(x) — ¥xB(x) )
(R—)

= (Vx(P(x) = B(x)), VxP(x) | VxB(x) )
RY)

(x)
| (
= (Vx(P(x) = B(x)), "xP(x) | B(¢) )
|
(x)

= (Vx(P(x) = B(x)), vxP(x), P(c) | B(c) )



To= (0| Vx(P(x) — B(x)) — (VxP(x) — VxB(x)) )
l (R—)

T1 = ( Vx(P(x) — B(x)) | ¥xP(x) — ¥xB(x) )
(R—)

T = ( Vx(P(x) — B(x)),VxP(x) | VxB(x) )

Ts = (Vx(P(x) = B(x)), P(c) — B(c), VxP(x), P(c) | B(c) )









To= (0| Vx(P(x) — B(x)) — (VxP(x) — VxB(x)) )

l (R—)

T1 = ( Vx(P(x) — B(x)) | ¥xP(x) — VxB(x) )
l (R—)

T = ( Vx(P(x) — B(x)),VxP(x) | VxB(x) )

Ts = (Vx(P(x) — B(x)), P(c) — B(c), VxP(x), P(c) | B(c) )
/ (L—) \
T = (Wx(P(x) = B(x)),|B(c)) Tz = (vx(P(x) — B(x)),|B(c), P(c))
VxP(x), B(c), P(c) VxP(x), P(c)

3aKpblTas Ta6n|/|u.a 3aKpblTas Ta6n|/|u,a



To= (0| 3Ix(P(x) — VxP(x) )



To= (0| 3Ix(P(x) — VxP(x) )
l (R—)
T1 = ( IxP(x) | VxP(x) )



To= (0| 3Ix(P(x) — VxP(x) )
l (R—)
T1 = ( 3xP(x) | VxP(x) )
(L3)
T, ={( P(a) | VxP(x) )






To= (0| 3Ix(P(x) — VxP(x) )
l (R—)
T1 = ( IxP(x) | VxP(x) )
l (L3)
T, ={( P(a) | VxP(x) )
| (RY)

T3=(P(a) | P(c) )
aTomapHas Tabauua



To= (0| Vy3dxP(x,y) — 3IxVyP(x,y) )



To= (0] VYy3dxP(x,y) — IxVyP(x,y) )
l (R—)

T1 = (Vy3xP(x,y) | IxVyP(x,y) )



To= (0] VYyIdxP(x,y) — IxVyP(x,y) )
l (R—)

Ty = ( Vy3xP(x,y) | IxVyP(x,y) )
l (LY)

To = (VyaxP(x,y),IxP(x, c1) | IxVyP(x,y) )



To= (0| Vy3dxP(x,y) — 3IxVyP(x,y) )

l (R—)

Ty = (Vy3axP(x,y) | IxVyP(x,y) )
| (1)

To = (VyaxP(x,y),IxP(x, c1) | IxVyP(x,y) )
l (R3)

T3 = ( Vy3axP(x,y),3xP(x, c1) | VyP(c2,y), IxVyP(x,y) )



To= (0] VYyIdxP(x,y) — IxVyP(x,y) )
l (R—)

Ty = (Vy3xP(x,y) | IxVyP(x,y) )
l (LY)

To = (VyaxP(x,y),IxP(x, c1) | IxVyP(x,y) )
| (”3

T3 = ( Vy3axP(x,y), 3xP(x, c1) | YyP(c2,y), IxVyP(x,y) )
l (L3)

Ty = ( Vy3IxP(x,y), P(c3,c1) | VyP(c2,y), IxVyP(x,y) )



To= (0] VYyIdxP(x,y) — IxVyP(x,y) )
l (R—)

Ty = (Vy3xP(x,y) | IxVyP(x,y) )
l (LY)

To = (VyaxP(x,y),IxP(x, c1) | IxVyP(x,y) )
| (”3

T3 = ( Vy3axP(x,y),3xP(x, c1) | VyP(c2,y), IxVyP(x,y) )
l (L3)

Ta = (VyaxP(x,y), P(cs, c1) | VyP(c2,y), IxVyP(x,y) )
l (RV)

7—5 = < \V/_)/ElXP(X,y),P(C:)”Cl) | P(C2,C4),E|XVyP(X,y) >



To= (0] VYyIdxP(x,y) — IxVyP(x,y) )
l (R—)

Ty = (Vy3xP(x,y) | IxVyP(x,y) )
l (LY)

To = (VyaxP(x,y),IxP(x, c1) | IxVyP(x,y) )
| (”3

T3 = ( Vy3axP(x,y),3xP(x, c1) | VyP(c2,y), IxVyP(x,y) )
l (L3)

Ta = (Vy3axP(x,y), P(cs, c1) | VyP(c2,y), IxVyP(x,y) )
l (RY)

7—5 = < \V/yleP(X,y),P(C:)”Cl) | P(C2,C4),E|XVyP(X,y) >

|

o0



KOPPEKTHOCTb TABJINHHOIO BbIBOAA

Jlemma 0 KOppeKTHOCTM NpaBu BbIBOAA

KakoBo 6bl HU BbIO NpaBuio TabAnM4YHOro BbiBOAA
L&, R&,LV,RV,L - R —,L—- R~ LVY,RY, L3, R3

Ty

T1, (Tp)’

Tabnuua Ty BbINONHMMA TOrAa U TONbLKO TOrAa, Korpa
BbINONHMMA Tabnuua T; (Mnm BeiNnonHuma Tabauua T).



KOPPEKTHOCTb TABJINHYHOIO BbIBOAOA

JokasaTenbcTBO N1eMMbl

PaccmoTtpum npasuno L —: < (M, — p[|A)

o), (T, 8)°
Tabauua (I, o — |A) BbinonHUMa <>
cylecTyeT uHTepnpetauus | n Habop d = (di,...,d,) 3HaveHnit
CBODOAHBIX MEPEMEHHBIX, AJ1s1 KOTOPbIX
I | rd], = rd],
{/%A[&], = {/F&A@], =
I'= (¢ — ¥)[d] I'f= [d] wma 1= od]

/= Td], I T(d],
= { I Ald],  wan { N
I'Evld] I}~ ¢ld]

ogHa n3 tabauy T3 = ([, Y|A) nam Tr = ([, A) BbINOAHUMA.



KOPPEKTHOCTb TABJINHHOI'O BbIBOAA

JokasaTenbcTBO NeMmbli

AHanornyto OOKa3bIBA€TCA KOPPEKTHOCTb OCTAaJIbHbIX 7 npasun
AN NOrm4ecKnx CBsA30K



KOPPEKTHOCTb TABJINHHOIO BbIBOAA

[JokasaTtenbcTBO NeMmbl

(T, ¥x00(x0)|A)

(I, Vxo(x0), p(x0){x0/t}HA)
Tabnnua (I, Vxop(xo)|A) BbinOnHUMA <=  cyljecTBYeT

PaccmoTtpum npasuno LY:

nHTepnpetauns | n Habop di, ..., d, 3HayeHnii cBOBOAHBLIX
NepeMeHHbIX, A8 KOTOPbIX

I =T[dh,...,dn],

I = Aldy, ..., dn], Mycts dy = t[dh,...,ds]|. Torpa

I = (VXO@)[dla-~7dn]
/ ): (VXo(p)[dl,...,dn] = | ): (p[do,dl,...,dn] =

= | ': (p[t[dl, ceey dn], di,..., dn] = | ): (p{Xo/t}[dl, ey d,,].
CneposaTtenbHo, Tabnmua (I, Vxop(x0), o(x0){x0/t}A)
BbINOJAHMMA B nHTepnpetauyuu /.

Ha kakom 3Tane gokasaTesbCTBa CyL|eCTBEHHO UCMOJL3YETCS TOT
chakT, 4TO nepemeHHas xo cBobogHa ans Tepma t B hopmyne © ?



KOPPEKTHOCTb TABJINHYHOIO BbIBOAOA

Joka3aTtenbcTBO NeMMbl
(T 3xp(x)IA)
(I o(x){x/cila)
OueBugHo, 4to BbinonHumocTb Tabaunubl (I, o(x){x/c}|A) Bnever
BbinoaHuMocTb Tabnauubl (I, Ixp(x)|A)

PaccmoTtpum npasuno L3:

Honyctum, yto BbinosHuma Tabauua (I, Ixp(x)|A). Torga

cywecTByeT uHtepnpetauus | n Habop di, ..., d, 3HaveHnid
CBODOAHbBIX NEPEMEHHBIX, ANSI KOTOPbIX

I =ETdi,...,dn],

I £ Aldy, ..., dn],

I = (3xp)[di, ..., d]
Beimonnnmocts Ixp[d, . . ., ds] 03Hauaer, 4TO CywlecTByeT TaKoii

anemeHT dy € Dy, uto | |= ¢[dy, di, ..., dp].



KOPPEKTHOCTb TABJIN4HYHOI'O BbIBOAA

JokasaTtenbcTBO NeMmbl

Paccmotpum nHTepnpetauyuto J, kotopast otamyaercs ot [, Tonbko
TeM, 4To B J KOHCTaHTa C MMEET Apyroe 3HayeHue, a UMEHHO
C=dp.

Torpa J = (p{x/c})[di,. .., dn].

Kpome Toro, J =Td1,...,ds] n J = Ald,. .., dn].
CnepgosatenbHo, Tabnuua (I, o(x){x/c}|A) BbinonHuma B
uHTepnpetauuun J.

Ha kakom 3Tane gokasaTesbCTBa CyL|eCTBEHHO UCMONL3YETCS TOT
haKT, 4TO KOHCTaHTa € He BXOZuUT B cocTas dopmyn n3 [, A n
copmynbl ¢ 7



KOPPEKTHOCTb TABJINHYHOIO BbIBOAOA

Teopema KoppekTHOCTM Tabn4HOro BbIBOAA

Ecnn gns cemantuyeckon Tabnuubl Ty cyuwiecteyer
ycnewHbli TabnnyHbiid BbiBOA, TO Tabnnua Tg
HEeBbINOHMMA.

JokasaTtenbcTBO
Cnepyet us
> onpegeneHuns TabiMyHoro BbIBOAA,
» NneMMbl O KOPPEKTHOCTWU NpaBun T36J'II/I‘-IHOFO BblBOAA,

> 1 yTBEPXKAEHNSA O HEBLIMOJIHUMOCTIN 3aKPbITbIX Ta6J1I/ILI..

Cneactsue

Ecnu ans tabnanubl Ty, = (0 | ) MOXKHO MOCTponTL yCneLuHbIi
TabnuyHbIz BbIBOA, TO = .



KOHEL, NEKLUW 4.



OcHoBbl  _
MaTeMaTunyeckom
JIOFTVKN N JIOFTNHECKOro
nporpaMmMmnpoBaHmnA

JIEKTOP: B.A. 3axapos

zakh@cs.msu.su
http://mathcyb.cs.msu.su/courses/logprog.html



Jlekynsa 5.

[MonHoTa TabnnyHoro BbiBOAA.

Teopema JleBenrenma-Ckonema.

Teopema komnakTHocTu Manbuesa.

ABTOMaTn4eckoe AoKa3aTes/IbCTBO
Teopem.



MOJIHOTA TABJINHHOIO BbIBOAA

Teopema NOMIHOTbI TabAn4yHoro BbiBO4Aa

Ecnu cemanTuyeckas tabnuua Ty HeBbinonHuma, To ans T
CyWeCTBYeT yCnewHblii TabanyHblii BbIBOA,

JokasaTtenbcTtBo.

MpoBenem OAs1 yNpOLWEHHOrO YacTHOrO ciny4vasi Tabauubl Ty, B
KOoTOpOIi

> IMEETCS NNLb KOHEYHOE 4ncao hopmys,

> BCe (hOpPMY/bl 3aMKHYThIE,

> B hopMysiax HET PYHKLMOHAbHBIX CUMBOJIOB.
Mycte To = (o | Ao ) — HeBbINnONHMMas Tabauua. Bysem

CTponTb TabnuyHblii BbIBOA AN Tg, PYKOBOACTBYSICh CNeAytoLLei
cTpaTerue.



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.

@



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.

To

o L Nk



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.

To

Tl . T2

CME e -



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.

To

T1 T

@ e - o’

3aKkp. Tabn.



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsiLKOBLIVi HOMEp, 1 NpaBuaa TabanyHOro BoIBOAA
NMPUMEHSIIOTCA K Tabauuyam B NopsiiKe BO3paCTaHUst nx
HOMEpOB.

To

T1 T

T3 .T4 .T

3aKkp. Tabn.

3aKkp. Tabn.



MOJIHOTA TABJINHHOIO BbIBOAA

1). Kaxpas HesakpbiTast Tabnnua B fepeBe BbIBOAA MOMyHaeT
NOPsIAKOBbLIVi HOMEP, U NpaBuia Taban4HoOro BbIBOAA
NPUMEHSAIOTCA K Tabauuam B Nopsiike BO3pacTaHUst ux

HOMEpOB.
To
T1 T
T3 T4 . T
3aKkp. Tabn.
T Ts

3aKkp. Tabn. n. T. 4.



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.




MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

T0:<VX§07¢1*>¢27I— | Xl\/X2aA>



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

T0:<VX907¢1*>¢27I— | Xl\/X2aA>



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

To = < VX(,O,Q,Z):[ H@Z)%r | Xl\/X2aA >
(LV)

7—l = < ¢1 —>¢27F7VX99799/ | X1VX27A>



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

To = <VX§0711Z)1 H@Z)%r | Xl\/X2aA >
(LY)

7—l = < ¢1 —>¢2,F,VXQD,QDI | X1VX27A>



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

T0:<VX§07¢1*>¢27I— | Xl\/X2aA>
(LY)

Tl = < wl —>¢2,F,VXQD,QDI | X1VX27A>
(RV)

T2 = < wl - ¢27ravx% (P/ | A7X17X2 >



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

To = <VX§0711Z)1 H@Z)%r | Xl\/X2aA >
(LY)

7—l = < ¢1 - ¢2,F,VXQD,QDI | X1 \/X27A >
(RV)

To = (1 — o, T, ¥, ¢ | A, x1,X2 )



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

T0:<VXS07¢1 H@Z)%r | Xl\/X2aA>
l (LY)

7—l = < ¢1 - ¢2,F,VXQD,QDI | X1 \/X27A >
l (RV)

To = (1 — o, T, ¥, ¢ | A, x1,X2 )

/ (L_)) \

T3 — < r7VX<Pa<PI7¢2 ‘ A7X15X2 > T4 — <r7VX907§0/ | A5X17X2777/}1 >



MOJIHOTA TABJINHHOIO BbIBOAA

2). Tabnnubl cOCTOAT U3 YNOPSIAOHEHHbIX MHOXECTB (hOpMYyJI
(cnuckos). MpaBuna npuMeHsIOTCS K hOpMynaM B MOPsifKe nX
pacnonoxenus B cnuckax. Popmynbl, y4acTeytowme B
MPUMEHEHUN MPaBWUJ, MOMELLAIOTCS B XBOCT HY>XHOMO CMUCKA.
AtomapHble hopMysbl NPOCTO NEPEXOAAT U3 FOJIOBbLI CMUCKA B
ero XBOCT.

T0:<VXS07¢1 H@Z)%r | Xl\/X2aA>
l (LY)

7—l = < ¢1 - ¢2,F,VXQD,QDI | X1 \/X27A >
l (RV)

T2 - < wl - w%rvvx‘pa (P/ | A?XlaXQ >

T3 — < rvvx%ﬁﬂlﬂ/’z ‘ A7X15X2 > T4 — <r7VX907§0/ | A5X17X27¢1 >

n. T. 4.



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = ( Ixp(x), b1 — oo, T | Vyx(y), A ), Lo={c,c"}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = ( Ixp(x), 91 — 2, T | Yyx(y), A ), Lo={c,c"}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = < EIX@(X)vdjl — o, T ‘ va(y)vA )1 Lo = {C/7CH}
l (L3)
T = < 1 — Yo, rv@(cl) ‘ va(y)vA >v Ly = {C/7C”a Cl}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = ( Ixp(x), 11 — 2, T | Vyx(y),A ), Lo={c,c"}
l (L3)
Ty = (1 — 2, T, p(cr) | Yyx(y),A), L={cd," a}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = < HXQO(X)vdjl — o, [ ‘ va(y)vA )1 Lo = {C/7CH}
e

Ti= (Y1 — 2, T, 0(c) | Vyx(y),A), Li={c, " a}
(RV)

To= (11— o, T,po(c) | A x(e) ), L={d, " a, o}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = < HXQO(X)vdjl — o, [ ‘ va(y)vA )1 Lo = {C/7CH}
e

Ti= (Y1 — 2, T, 0(a) | Vyx(y),A), Li={c, " a}
(RV)

T2 = < /1/11 - /l/)27 rv(P(Cl) ‘ A:X(CZ) >' L2 = {C/7 CH: c1, CZ}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCMOJIb30BaHHbIX KOHCTAHT L7. BHavane B 3TOT cnucok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoXxaeHHol Tabnuubl A0baBNAETCA «CBEXast KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

To = ( Ixp(x), 1 — 2, T | Vyx(y),A), Lo={c,c"}
l (L3)
Ty = (Y1 — P2, T, 0(a) | Vyx(y),A) Li={c, " a}
(RV)
T2 = < /1/11 - /l/)27 rv(P(Cl) ‘ A:X(CZ) >' L2 = {C/7 CH: c1, CZ}
/ (L H) \
T3 = (T,0(c1),v2 | A, x(c2) ) Ty = (T, 0(ct) | A, x(c2), 91 )
Ly ={c,c" c1,} Ly ={c', ", c1, 2}



MOJIHOTA TABJINHHOIO BbIBOAA

3). C kaxpoii Tabnnuein T accounmposaH CnmMcok
NCNONb30BaHHbIX KOHCTAHT L7. BHavane B 3ToT cnncok
BKJIIOYAIOTCA BCE KOHCTaHTbI, cogepxalumecs B Tabnuue To.
B cnyyae npumenenusi npasun (L3) n (RV) B cnncok
nopoxaeHHol Tabnanupl fobaBNAETCA «CBEXAsA KOHCTaHTa».
B ocTanbHbIx cnydasx cnucok Hacneayetcst 6e3 nameHeHuin.

TO = < HXSO(X)MZJI - 1/}2> r ‘ \V/yX(y),A )1 LO = {C/7 C”}
e
Ty = (91— P2, T 0(ct) | Vyx(y),A), Li={c, " a}
(RY)

To= (91 =92, T p(c1) | A x(e2) ) Lo={c,c" c1,c}
/ (L—) \
T3 = < r,gp(Cl),”l/}Q | AaX(Cz) > Ty = <r790(cl) | A?X(C2)7¢1 >

L3 = {Clucllvcl)CZ} L4 = {C/aC”7C17C2}
n. T. 4.



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQD(X), r | El)/X(y)aA >v Lo = {C17C2}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQO(X), r | El)/X(y)aA >v Lo = {C17C2}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXS‘Q(X)v r | El)/X(y)aA >v Lo = {C17C2}
| ()

T1 = (T, Yxp(x), p(c1), 0(c2) | Iyx(y), A ), Li={c,c}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQD(X), r | HYX(Y)aA >v Lo = {C17 C2}
l (L)
T = (T, Vxp(x),p(c1), o(c2) | Iyx(y),A ), Li={a,c}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQD(X), r | El)/X(y)aA >v Lo = {C17 CQ}
l (LY)

T1 = ([, Vxp(x), p(c1), p(c2) | yx(y),A ), Li={a,c}
l (R3I)

To = (T, Vxp(x), p(c1), p(e2) | A, Ixx(x), x(c1), x(e2) ),

Ly = {c1, o}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQD(X)v r | HYX(Y)aA >v Lo = {C17 C2}
l (LY)

T = (T, Vxp(x), p(c1), p(ec2) | Iyx(y), A ), L1 ={c,c}
l (R3)

Ty = < r7VX(p(X)790(C1)790(C2) ‘ A73XX(X)7X(C1)7X(C2) >'

Ly = {c1, o}



MOJIHOTA TABJINHHOIO BbIBOAA

4). B cnyyae npumenennsi k Tabanue T npasun (LV) n (R3) B
Ka4ecTBe NMOACTAHOBOYHBIX TEPMOB UCMOJIL3YIOTCS BCE
KOHCTaHTbI U3 cnucka L.

To = < VXQD(X)v r | HYX(Y)aA >v Lo = {C17 C2}
l (LY)

T = (T, Vxp(x), p(c1), p(ec2) | Iyx(y), A ), L1 ={c,c}
l (R3)

Ty = < r7VX(p(X)790(C1)790(C2) ‘ A73XX(X)7X(C1)7X(C2) >'

Ly = {c1, o}



MOJIHOTA TABJINHHOIO BbIBOAA

MpeanonoXum, 4To yKasaHHasi CTpaTerns He NpUBOAUT K
NOCTPOEHMIO YCMELIHOrO BbIBOAA A5 HEBBLINOJHUMON Tabnuubl
To={(To| Ao ). Toraa B fepese BbiBOAA NMOO CyiecTByeT
beckoHeuYHas BETBb, He cofepKallas 3akpbIThix Tabnul,

To — T1 — Th—...— Tp— Thi1 — ...

Anbo CyLIeCTBYET BETBb, OKAHYMBAIOLLAACA HE3AKPbLITON aTOMapHOIA
Tabnuueii

To — T — T — ... — — —

atom atom atom

Byaem nonaratbk, 4TO B Noc/iegHeM Ciay4vae NOCAELOBATENbHOCTb
Tabany, Takxe beckoHevHa.



MOJIHOTA TABJINHHOIO BbIBOAA

Ha ocHoBe beckoHe4HOl NMOC/Ie[0BATENLHOCTU HE3AKPbITBLIX TabauL
To, T1,..., Tn, The1, ..., KOKAAS N3 KOTOPbIX UMEET BUS,
Th={(T,| A, ) nocTponm Tpn MHOXeECTBa:

(o]
1).T,=UT; MHOXKECTBO BCeX POPMYN U3 JIEBLIX HaCTel
i=0 Tabnuy,
o
2). A, = A MHOXKECTBO BCeX hopMys U3 NpaBbIX YacTel
i=0 Tabauy,
(e.0)
3). L.=U LT, MHOXECTBO BCEX KOHCTAHT W3 CMUCKOB KOH-
i=0

CTaHT, acCcoUMMPOBaHHbIX C Tabauuamu us
beckoHe4HOli BeTBM.

Wcnonbsys mHoxectea I, A,, L., nocTpoum uHTepnpetayuto I,
B KOTOpOIi DyneT BbINONHATLCA KaxAaas Tabnuua
MnocnefoBaTENIbHOCTHU.



MOJIHOTA TABJINHHOIO BbIBOAA

l, = (Dy, Const, Pred)

Dl =L,
npeaMeTHasi 0bNacTb COCTONT N3 BCEX KOHCTAHTHbLIX CUMBOJIOB,
BXOASAWMX B cocTas chopmyn us [, n A,

Const : Const — Ly,

3HaYeHMEM C KaXKAOoi KOHCTaHTbI € (kak cmBoa u3 andasuTta)
SBJISIETCS ee cObCTBEHHOE n30bpaxeHue ¢ ( Kak a71emMeHT
MHoXecTBa L), T. e. € = ¢,

Pred : Pred — (L," — {true,false})
Ans kaxaoro npeaukatroro cumeona P(" u nabopa anemenTos
Ciyy- .-, Ci, 3 L

n

P(ci,...,ci,) =true < P(ci,...,c) €.



MOJIHOTA TABJINHHOIO BbIBOAA

[Mokaxkem, 4TO

nobas dopmyna ¢, ¢ € I, BoinonHuma B uHtepnpetauyuu 1,

nobast opmyna v, 1 € A, HeBbINOAHMMA B MHTEpnpeTauun .

[lokasaTenbcTBO NpoBeAeM Npu NOMOLLM UHAYKLMW MO YNCNy
JIOFNYECKIX OMnepaumii (CBA3OK N KBAHTOPOB) B hopmyJie.



MOJIHOTA TABJINHHOIO BbIBOAA

Basuc nugykuum

©, 1) — aToMapHble POpMybI.

Bo Bcex Tabnnuax T; copepxaTcsi TONBKO 3aMKHYThIE POPMYJibI

(noyemy 7).
Moatomy cpopmynbl @, 1) umetot sug P(ci, ..., Ci,).
Ecwm ¢ €Ty, 70 P(cy, - .., ci,) = true, n nostomy I, = .

Ecam ¢ € Ay, 1o 9 €T, (nodemy 7).
3uaunt, P(cj, ..., c;,) = false, n nostomy 1, = 1.



MOJIHOTA TABJINHYHOIO BbIBOOA
MHuaykTuBHbIN nepexop,

MpeanonoXum, 4To yTBEPXKAEHNE BEPHO ANt BCex chopmyn,
UMeroLLMX He Bosiee n CBA3OK 1 KBaHTOPOB. PaccmoTpum dopmyinebi
©, 1, copepxawme n + 1 CBA3KY N KBaHTOP.

Ecim ¢ = p1 — @2 €Ty, To ectb Takasi Tabnuua T; = ([;|A)),
4to 1 — o € I},

CornacHo onmcaHmio NPUMEHSIEMOIA CTpaTernm NOCTPOEHNS
TabnuyHoro BLIBOAA, CylecTByeT Takas Tabnuua T; = (I|A ),
J =i, 470 1 — @o — nepeasi opmyna B cnucke copmyn ;.
MosTomy nnbo 1 € Aji1, nnbo o € Ijy.

B nepsom cnyuae, cornacHo MHAYKTUBHOMY MPeAnOSKEHNIO,
o [~ @1, n noatomy I, = .

Bo BTOpOoM ciiyyae, COrnacHo WHAYKTUBHOMY NPefnoSiKEHNIO,
l, = @2, n noatomy I, = .

VTak, B oboux cnyvasx noayyaem , = o1 — 2 .



MOJIHOTA TABJINHHOIO BbIBOAA

MHaykTuBHLIN nepexop,

AHanornytble PaCCyXAeHnA NpUMEHNMbI N ANsa OAPYrnx CBA30K.



MOJIHOTA TABJINHHOIO BbIBOAA

NHaykTuBHLIN nepexop,

Ecnu ¢ = Vxp1(x) € Ty, To chopmyna Vxp1(x) beckoHeuHo HacTo
BCTpevaeTcs B neBbIx HacTax tabauy T; = ([;|A;) (nodemy 7).
Mostomy npasuno (LY) npumensietcs k dpopmyne Vxp1(x)
beckoHe4HO YacTo.

Torpa, cornacHo onMcaHWio NPUMEHSIEMOli CTPATErM NOCTPOEHMNSE
TabnnyHoro BbIBOAA, ANs NtobOl KOHCTaHTLI ¢, € € L,
cywectByeT Takast Tabauua Tj = ([j|A;), 4to ¢1(c) € T;.

3HaumnT, COrnacHo MHAYKTUBHOMY npegnomkeHnto, I, = pi(c) ans
noboli KOHCTaHTLI ¢, € € Ly,.

Tak kak Dy = L,,, npuxognm K 3aKJtOHEHUIO O TOM, HTO
by = Vxp1(x).



MOJIHOTA TABJINHHOIO BbIBOAA

NHaykTuBHLIN nepexop,

Ecim ¢ = Vxpi(x) € Ay, To ecTb Takast Tabnuua T; = ([;|A)),
4To Vxp1(x) € Aj.

CornacHo onucaHuto NpUMeHsieMol CTpaTerun NoCTPOeHMs
TabnuyHoro BbIBOAA, CyllecTByeT Takas Tabnuua T; = (I|A)),
J > i, uTo Vxp1(x) — nepsas cdopmyna B cnucke copmyn A;.
MoaTomy cywiecTByeT Takasi KOHCTaHTa ¢, € € L, 4TO

p1(c) € Ajya,

CornacHo MHAYKTUBHOMY MPEANO/IKEHNIO, STO O3HAYAET, YTO

Ly = @1(c), n noatomy I, = Vxp1(x).

AHanornyHble paccyAeHnsi MpUMEHUMbI 1 Asis popmMyn €
KBaHTOpoM d.



MOJIHOTA TABJINHHOIO BbIBOAA

Takum obpasom,

nobas dopmyna ¢, ¢ € I, BoinonHuMa B uHTepnpetauuu ,,
nobas dopmyna ), 1 € Ay, HEBbINOAHMMA B UHTEpnpeTauun .

Mockonbky, g C Ty, n Ag C Ay, NPUXOANM K 3aKJHOYEHNIO O TOM,
4TO

lo ETo, L [~ Do.

D70 o3HayaerT, 4To Tabsnua Ty BbINOAHMMA B UHTepnpeTauuu |,
BOMPEKUN YCJIOBUIO O HEBbINOJIHUMOCTU Tg.

NcTOYHMK NONYHEHHOrO NPOTUBOPEHNS — NPELNOJIOKEHNE O
HEBO3MO>XHOCTW NOCTPOUTbL YCMELLHbIA BbIBOL, PYKOBOACTBYACH
onmcaHHol cTpaTerueil. 3Ha4YnT, NPEAIOKEHHAs CTpaTerns
MO3BOJISAET NMOCTPOUTbL YCMELUHbIV BbIBOA, ANS BCAKOL
HEBLIMOJHUMOIA Tabnuuebl.



MOJIHOTA TABJINHHOIO BbIBOAA

9T0 BbIIO YNPOLLEHHOE [0KA3aTEIbCTBO TEOPEMbI MOJIHOTLI.
A HaACKONBbKO CyLLECTBEHHbI T€ YNPOLLUEHNS!, KOTOpble Bbln
0bbsBAEHbI B HaYane Aoka3aTenbcTBa’! A MMEHHO,

» Kakne n3MeHeHnsi Hy>XHO BHECTU B CTPYKTYPY AaHHbIX,
npeacTaBaAsioWmnx Tabanybl, 4Tobbl A0KA3aTENLCTBO MOXHO
6bIN10 pacnpocTpaHnTb U Ha Tabauubl, cogepxkalyune
beckoHeYHble MHOXECTBa dhopmyn?

» Kakune n3aMeHeHUsi Hy>XKHO BHECTU B CTPATErMUO MOCTPOEHUSI
TabiMYHOro BbIBOAA, YTODLI NOCTPOUTL YCMELLHbIA BbIBOA AJS
HEBbINOJIHUMON Tabauubl, hopMYyJibl KOTOPOI cofep)KaT
CNOXHblE TEPMbI?

» Kakune nameHeHUs HY>XXHO BHECTU B OnpejeseHmne
nHTepnpeTaunmn ,, 4Tobbl AOKa3aTENLCTBO MOXKHO ObLIO
NPUMEHNTL K Tabimuam, cogep>KaliyM He3aMKHyTble
dopmynbi?



MOJIHOTA TABJINHHOIO BbIBOAA

Teopema lNegens (o nonHore)

Ecnn cdopmyna ¢ obuiesHaunma, TO CywiecTByeT yCnewHblii
Tabnunynbiii BoiBOg Ans Tabnuuy T, = (0|p).

Joka3aTtenbcTBO

CnepyeT n3 TeopemMbl NOJIHOTbI.

VTak, dpopmyna ¢ obuiesHaqnma
<~
Anst Tabnuupsl T, CyLlecTBYeT yCrnelHblii BbIBOA,.

73 AO0Ka3aTENbCTBE TEOPEMbBI MOJIHOTblI NOKAa3aHO, KAK MOCTPOUTb
3TOT BbIBOA.



TEOPEMA JIEBEHTEMMMA-CKOJIEMA
Teopema

®opmyna ¢ BbINONHUMA <= ( MMeeT MoAesb C
KOHEYHOW AN c4HeTHO-OeckoHe4YHOW npeaMeTHO o0bnacTbio.

JokasaTtenbcTBO

Ecnm ¢ Beinonnuma, To ans tabanusl T = (¢[()) Henbas
NOCTPONTb YCMeLHbIA BbIBOA. [pumennm cTpaTeruto ns
/AOKa3aTe/IbCTBA TEOPeMbl MONHOTLI. T. K. T% BbINONHMMA,
MOAYYMM [EPEBO C BETBbIO, B KOTOPOUi HET 3aKpbITbix Tabauw.

TS:TO — 71 — Th—...— Tp— Tphi1 — ...

[ns oToii BeTBM NOCTpOMM UHTepnpeTauuio /, , B KOTOPOIA

» D; =L, ={c,c,...} — KOHEHHOE NN CHETHO-BECKOHEYHOE
MHOXXECTBO KOHCTAHT U3 Ta6ﬂV|L|, NnoCNeENOBATENIBHOCTN,

> BbINONHUMBI Bee Tabauubl T; (B T.4. n T7).



TEOPEMA KOMMNAKTHOCTW MAJIbUEBA

Teopema

Ny = CYLLECTBYET TakKOe KOHEYHOEe NOAMHO-
xecteo [, ["CT, uto [’ = .

Hoka3aTenbcTBo

1.TE¢ <= Tabauua T = (I'|¢) HeBbINOAHUMA (novemy? )

2. Tabnuua T = ([|¢) HeBbINONHNMA <=> CylyecTBYyeT
ycnewHbli BoIBog Anst T (nodemy? )

3. ycnewHblii BbIBOL — 3TO KOHEYHOE AEPEBO, U MO3TOMY
CylLleCTBYeT nb KoHedoe MHoxecTso dopmyn [/, M C T,
K KOTOPbIM NMPUMEHAKTCA NpaBWla BbiBOAA.

4. Ho Ttorga pgns tabnuuel T = (IM|¢p) cywectByeT To4HO Takoi
)Ke yCnellHbIli BbIBOA,.

5. 3uauur, [N = .



ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

CrpaTterusi nocTpoeHusi TabnM4HOro BbIBOAA, UCMOJb30BaHHAs B
[lOKa3aTeNIbCTBE TEOPEMbl MOJIHOTbI — 3TO aJIFOPUTM NOCTPOEHNS
[lOKa3aTeNIbCTBa UCTUHHOCTU YTBEPXKAEHWUN, BblpaXKeHHbIX
copmMynamm nOrvkn NpesuKkaTos.

ABTOMaTNYECKNE CUCTEMBI NMOCTPOEHUS! [OKA3aTENbCTB
(nornueckmx BbiBOgOB) HasbiBatoTcs npysepamu . OT npysepos
TpebyloTCsi CnepytoLime KavecTsa:

> KOppeKTHOCTL (abCcoNtoTHO HEOBXOAMMO)
> nosiHoTa (O4EHb-O4EHb XKENATENBHO)

> 3hPeKTUBHOCTL (KenaTensHo)

Mepebiii npyBep (kpaiite HeadbdekTUBHLIA) bbil paspaboTaH B
1957 B8 CLLIA (Newell, Simon, Show)



ABTOMATNYHECKOE OOKA3ATEJIbCTBO

TEOPEM

[ ®opmynsbl, |

Tabnnubl

Obuiasn cxema npysepa

A

Y
Pk ©m

J

©n

N

Y

Appo
npysepa

( MpaBsuna

BbiBOAA

My

A

M

My

N




ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

Haw npysep (TabanyHblii BbIBOA) KOppekTeH u nonoH. Ho
HacKoNbKo OH 3dhdekTrBeH?

B anroputme noctpoenusi gepeea TabamyHoro eBeiBoga
NPUMeEHSIETCS 4BOIHON nepebopHbIii Nonck:

> BbIbop (hOPMYJIbI , K KOTOPOU HYXHO MPUMEHNTL NPaBUIIO
BBOAA,

> BbIOOp MpaBuaa , KOTOPOE HY>XXHO MPUMEHSITL K chopMysie.



ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

Bbibop chopmynbl

TpyaHo nsbexatb nepebopa Bcex hopmyn Tabamubl.

Baza 3HaHwii 3anpoc
B oropoge bysuHa. B Kuneese gagbka.
Pactet(by3unHa, oropog) Jy(Osabka(y)&

Muget(y, Kues))




ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

Bbibop chopmynbl

TpyaHo nsbexatb nepebopa Bcex hopmyn Tabamubl.

Baza 3HaHwii 3anpoc
B oropoge bysuHa. B Kuneese gagbka.
Pactet(by3unHa, oropog) Jy(Osabka(y)&

Muget(y, Kues))
Bce B oropoge nocagun gsiabka.

Vx(Pacret(x, oropog) —
Jy(Nocagun(y, x)&Osabka(y)));




ABTOMATNYHECKOE OOKA3ATEJIbCTBO

TEOPEM
Bbibop chopmynbl

TpyaHo nsbexatb nepebopa Bcex hopmyn Tabamubl.

Baza 3HaHwii 3anpoc
B oropoge bysuHa. B Kuneese gagbka.
Pactet(by3unHa, oropog) Jy(Osabka(y)&

Bce B oropoge nocagun gsiabka.

Vx(Pacret(x, oropog) —
Jy(Nocagun(y, x)&Osabka(y)));

Ey3VIHy nocaansi KNEBJAHNH.

Vx(Mocagun(x, bysuHa) —
Muget(x, Kues));

Muget(y, Kues))



ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

Hanbonee KpuTuyHbIi 3Tan noTpoeHusi Tabam4HOro BbIBOJA —
BbIDOp Hy>XHOro npasuia. 1o Kacaercst npasun (LV) n (R3).

(I, Vxp(x)|A)
(T, Vxp(x), o(x){x/t}A)
(TA, 3xp(x))
(TA, Ixp(x), e(x){x/t})
NOCKOJILKY BblbOp Tepma t npaBuaamm He orosapusaetcs. [pocToii
nepebop BCex TEPMOB MPaKTUYECKN HEBO3MOXeEH. (noyemy 7 )

LY

R




ABTOMATNYHECKOE OOKA3ATEJIbCTBO
TEOPEM

MMoToMy 4TO TepMOB O4eHb-O4YeHb MHOro. Ecnu ecTb oguH
ABYXMECTHbIN byHKLMOHabHBIA cumeon f(2) u gee KoHCTaHTEI

C1, C2, TO C X MOMOLLLIO MOXHO nocTpouTts 6onee 101090 ocHoBHbIX
TepMoB BbIcOTbl 10. TO KOIMYECTBO 3HAYNTENLHO MPEBOCXOAUT
4MCIIO HAHOCEKYHA, npoweawmnx ¢ MmomeHTa bonbworo Bapoiga.
3HaunT, HY>KHO NpUAyMaTb CNOCOD, MNO3BOASOLNIA DbICTPO N TOYHO
BbIYNCNSATL TOT TEPM, KOTOPbIi HY>XHO NOACTAB/ATH BMECTO
nepeMeHHbIX, CBSA3aHHbIX KBAaHTOpPaMu.

Ity 3agady B 1964 r. cymenu pewnts [x. Pobuncon (metog
pesontoynin) n C. Macnos (obpaTHbiii MeTog e-TepmoB).



KOHEL, NEKLIUW 5.
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Jlekuuns 6.

O6buwian cxema meToaa Pe30JHOLLNiA.
PaBHocunbHblie dbopmynbil.
Teopema o paBHOCUIbHOI 3aMeHe.
[MpeaBapeHHas HopmanbHas cdpopma.
CkonemoBckasa cTtaHgapTHasa c¢gpopma.
Cuncrembl AN3bIOHKTOB.



OBLLIASI CXEMA METOA PE30J1HOLL

3apava npoeepku obLE3HAYMMOCTI POPMYN JIOFUKK MPesUKaTOB.
Foe?

Stan 1. CeeaeHne npobnembl obliesHa4yMMocTu K npobaeme
NPOTUEBOPEHNBOCTN.

Y P =P
 obLie3HauMMa <> o NPOTUBOPEHUBA.

Itan 2. MNMocTpoenune npeasapeHHoii HopmanbHoii dopmbl (MTHP).
wo ~ 1= Qix1Qoxa... Quxn (D1&Dr& ... &Dy)

o paBHocunbHa w1, T.e. [ = @0 < | | 1.



OBLLIASI CXEMA METOA PE30J1HOLL

Jtan 3. MNMocTpoenue ckonemosckoili ctaHaaptHoli popmbl (CCP).
©1 ~ 2 = VX VX, ... VX, (D1&D2& ... &Dy)
(01 NPOTMBOPEYNBA <> (Yo MPOTUBOPEYMBA.
S1an 4. NocTpoeHue cMCTeMbl A3 BIOHKTOB.
w2 ~ S, ={D1, Do, ...,Dpn},

rae Di =L VLpV---VLin .

(2 MPOTUBOPEUNBA <=> CUCTEMA [U3BIOHKTOB S, NPOTUBOPEUNBa.



OBLLIASI CXEMA METOA PE30J1HOLL

S1an 5. PesontoTusHbIli BbIBOA TOXAECTBEHHO JIOXKHOTO
(npoTuBOpe4nBoro) AnsbioHkTa [ U3 cuctemsl Sg.

Dy =D{VL Dy=DyV-L
Do = D]V D}, '

AunsblonkT Dy Ha3biBaeTCst pe30/ibBEHTON An3bloHkToB Db n D).

[MpaBuno pesontounn Res :

Pe30nbBeHTbI CTPOAT, NOKa He DYAET Noay4YeH nycToi ansbroHKT [,
570 BO3MOXHO B ciydae Dy = L, Dy = —L:
Di=L,D,=-L
Dy =0

Cuctema ansbIOHKTOB S, NPOTMBOpPEYNBA <> U3 S, PE30/IOTUBHO
BbIBOAWM MNYCTOW AU3bHOHKT [

NTOI. ®opmyna ¢ obujesHaumMa < 13 CUCTEMbI JU3BIOHKTOB S,
Pe30JIOTUBHO BbIBOAUM MYCTON AU3BIOHKT [



OBLLIASI CXEMA METOA PE30J1HOLL

IQ)CXOF'-Ha” | Otpuuanne
opmy”na > .
© ¥
Y
CCo MH®
©2 ) 1
Y
Cucrema PesontoTusHbIii BbIBOA
AN3BIOHKTOB » nycToro AusbtonkTa [

S, n3 cuctemsl S,




PABHOCWJIbHBIE ®OPMVJ1bI

Beeaem BcnomoraTenbHyto NOFMYECKYHO CBS3KY SKBMBaEHLN =.
BoipaxkeHune ¢ = 1) — 3TO COKpallyeHHast 3anucb opmysibl

(o = ¥)&(¥ — ¢).
Onpepenenne

Popmynbl ¢ 1 1 Byaem Ha3blBaTb PaBHOCUILHLIMY , €CIIN
cdopmyna ¢ = 1) obwesHauuma, T. e. = (¢ — V)& (Y — ).

VTBepxaeHue.

1. OTHoweHne PaBHOCUNIBHOCTN — 3TO OTHOLUEHMNE
SKBUBAJIEHTHOCTU.

2. Ecan dopmyna ¢ obesHaunma (BbINOSHUMA) N paBHOCKIbHA
¥, To popmyna 1) Takxe obuiesHaunma (BbINoNHMMA), T. €.

Fou o=y = EF9¢



PABHOCWJIbHbIE ®OPMVIJIbI

Mpumepbl paBHOCUABLHBLIX chopmyn

1. VYpanenue nmnankayun. = ¢ — ¢ = - V),
2. lMNepenmeHoBaHne NepeMeHHbIX.
E ixe(x) = 3y ely)
3pecb opmyna p(x) He COAePXXNT CBODOAHBIX BXOXAEHMWIA
nepemeHHoil y, a popmyna (y) He CoaepXUT CBOLOAHbBIX
BXOXXAEHNA NEPEMEHHON X.
3. MpopBuxeHne oTpuLAHNS.
= A
= ( V)
E —|3x =

W&ﬂw

ER
v X7,



PABHOCWJIbHbIE ®OPMVIJIbI

Mpumepbl paBHOCUNBLHBLIX hopmMyn

4. BblHeceHne KBaHTOPOB.
E Ixp(x)&p = Ix(p(x)&),
E Ixp(x) Ve = Ix(e(x) V),
34ecb hopMyna 1) He COAEPXKMUT CBOBOLHLIX BXOXAEHUI
nepemeHHo X,

5. 3akoHbi bynesoii anrebpei.

E oy = ¢y,

E o) = (e¥)¥x

F & Vx) = (p&y) V (p&x),
F eV (@&x) = (pVi)&(eVx),
Eoo¥p = o

[okasaTb paBHOCU/IBHOCTL METOLOM CEMaHTUYECKUX Tabnuu,.



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

3anuck @[] o3HavaeT, 4To hopmyna ¢ copepxuT nogdopmysy .
3anuck ¢[1)/x] obosHaqaeT copmyny, koTopasi obpasyercsi u3
chopmynbl  3aMeHoli HekoTopbIxX (He obsizaTenbHO BCex)

BXOXKAeH Wi nogdpopmynbl 1) Ha dbopmyny X.
Teopema

Fyv=x = F ¢l =elv/x]

Joka3aTtenbcTBo
NHpykumeli no 4ncny CBsI30K M KBaHTOpOB B chopMmyne ¢

Basuc. ¢[¢)] = 1. OueBngHo.



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

NhpykTusHblii nepexoa. @[] = Vxp1[¥](x).
Mo MHAYKTUBHOMY MPEANONOXKEHUNIO, eCn = 1) = X, TO B /toboi
uHTepneptauun | n gns noboro anementa d € D; BepHo

I'= ea[¢](d) — ¢y /x](d)
I'E ey /xI(d) = ealy](d)

3HayuT,
I'E Vx(p1[¥](x) = e1[/x](x))
I'E Vx(e1[v/X](x) = e1[¥](x))

Kak cnegyet u3 npumepa = Vx(A — B) — (VxA — VxB)
(cm. Jlekuumsi 3),

I'E xpi[](x) — Vxpa[1h/x](x))
I'E Yxei[/x](x) = Vxei[9](x))

(OcranbHble cnyyan hopmysbl ¢ — CaMOCTOSITENBHO. )



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep

[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep
[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).

E VxP(x) — 3xP(x) = —VxP(x) V IxP(x)
Mockonbky = ¢ — 1 = —p VY



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep
[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).

E VxP(x) — 3xP(x) = —VxP(x) V 3xP(x)

E —VxP(x) V 3IxP(x) = Ix—P(x) V IxP(x)
Mockonbky = —Vxp = Ix—p



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep
[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).

E VxP(x) — 3xP(x) = —VxP(x) V 3xP(x)
E —VxP(x) V 3xP(x) = 3x—-P(x) V IxP(x)

= 3x-P(x) V3xP(x) = 3x-P(x) V 3yP(y)
Mockonbky = Ix p(x) = Ty p(y)



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep
[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).

E VxP(x) — 3xP(x) = —VxP(x) V 3xP(x)
E —VxP(x) V 3xP(x) = 3x—-P(x) V IxP(x)
E Ix=P(x) vV 3IxP(x) = Ix=P(x) Vv IyP(y)

E Ix=P(x) VvV 3yP(y) = 3IxJy(—P(x)V P(y))
Mockonbky = Ixp(x) VY = Ix(p(x) V)



TEOPEMA O PABHOCWJ/1IbHOW 3AMEHE

PaBHOCMNIbHbIE 3aMeHbI MO3BONAIOT ynpowaTb hopMynbl,
MOJIHOCTBLIO COXPAHsIsi MPK 3TOM NX 3HadveHue (cMmbich).

Mpumep
[okasatb obuesHaunmocTs copmynsl VxP(x) — 3IxP(x).

= WxP(x) — 3xP(x) = —¥xP(x) V 3xP(x)
= —VxP(x) V 3xP(x) = 3x=P(x) V IxP(x)
= 3x-P(x) V3xP(x) = Ix=P(x) V 3yP(y)
= 3x=P(x) V3IyP(y) = 3xJy(-P(x) V P(y))

Taknm obpasom, Bonpoc 06 obwesHaqsnmocTn VxP(x) — IxP(x)
cBOANTCS K BOmpocy 06 obuyesHaummoctu IxIy(—~P(x) V P(y))



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Onpepenexne

3amkHyTasi popMyna ¢ Ha3bIBAETCS MPefBapPeHHON HOPMasIbHON
copmoii (MHD) , ecan

v = Qix1Qxz... Quxn M(x1,x2,...,Xn),

roe
> Q1x1 Qaxo ... Qpx, — KBAHTOPHAs NPUCTaBKa , COCTOSILLAs
n3 kBaHTopoB (1, Q>,..., Qn,
> M(x1,x2,...,X,) — MaTpua — beckBaHTOpHas

KOHBIOHKTMBHAsi HopMmasibHas hopma (KHDP), 1. e.

M(Xl,Xz,...,Xn) == D1 & D2 &... & DN,
rae Di = Lix V Lip V- -V Ly, — AU3HLIOHKTEI , cOCTOSLIME U3
nntep Lij = Ajj wan Ljj = —Aj; , rae Ajj — aTomapHas
dopmyna.



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Mpumep

Vx3Jy3dzVu (P(x) & —R(x,u) & (=P(y) vV R(x,z))),
KBaHTOpHas npucraeka: VxdydzVu
MaTpuua: P(x) & =R(x,u) & (=P(y) V R(x,z))

An3bioHkTel: D = P(x),
D2 = —|R(X, U),
D3:_"D(.y) v R(X’Z)



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Teopema o NH®

Ons noboii 3amkHYTO (hopmMynbl ¢ CywiecTByeT
paBHOCUbHaA NpegBapeHHas HopManbHas cdopma 1.

Joka3aTtenbcTBO

3amkHyTYI0 hopmyny ¢ MoxHo npusecTu kK [TH® npumerermnem
paBHOCUNLHLIX NpeobpazoBaHuii. Mokaxkem, Kak 3To Hago fenatb
Ha npumMepe hopmyIbl

¢ == Ix( (P(x) & (VxP(x) — JyR(x,y))) — JyR(x,y))



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Joka3aTtenbcTBO

1. lepenMeHOBaHNE NepeMeEHHbIX.

MprMeHsieM paBHOCWIILHOCTU = ; x p(x) = ;

y »o(y)
¢ == Ix( (P(x) & (VxP(x) — 3yR(x,y))) — 3IyR(x,y))

- I (P(xa) & (Vx2P(x2) — JyR(x1,y))) — FyR(x,y) )

= 3x( (P(x) & (VeP(x2) — Iy1R(x1,y1))) — Fv2R(x1,y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Joka3aTtenbcTBo

2. Ynanenue nMmnankauuii.
MpuMeHsieM PaBHOCUABHOCTL = @ — ¢ = —p V )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBo

2. YnaneHue nMmnankauuii.

= 3a( (POa) & (YxeP(e)—=3nR(xa, 1)) — Fy2R(x1,y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBo

2. YnaneHue nMmnankauuii.

= 3a( (POa) & (YxeP(e)—=3nR(xa, 1)) — Fy2R(x1,y2) )

= 3Ixa( (P(xa) & ("% P(x)VIyiR(x1, y1))) V Fy2R(x1, y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

Joka3aTtenbcTBo

3. MNpopaeuxeHne oTpulaHns Braybb.
MpruMeHsieM paBHOCUABHOCTU

E e = o

E —(e%y) = ey,

= ﬁgxcp = gxﬁgo



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBO

3. MpoaBuxeHmne oTpuLaHus Braydb.

- Ixa( ~(P(a) & (-¥xP(x2) V IiR(x1, 1)) V FyaR(x1,y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBO

3. MpoaBuxeHmne oTpuLaHus Braydb.

- Ixa( ~(P(a) & (-¥xP(x2) V IiR(x1, 1)) V FyaR(x1,y2) )

Vx1( ~(P(x1) & (-Vx2P(x2) V IyiR(x1,¥1))) V Fy2R(x1,y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBO

3. MpoaBuxeHmne oTpuLaHus Braydb.

- Ixa( ~(P(a) & (-¥xP(x2) V IiR(x1, 1)) V FyaR(x1,y2) )

Vx1( ~(P(x1) & (-Vx2P(x2) V IyiR(x1,¥1))) V Fy2R(x1,y2) )

Vxi( 7=(P(a) & (=¥x2P(x2) V 3y1R(x1, 1)) & —3yaR(x1, y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBO

3. MpoaBuxeHmne oTpuLaHus Braydb.

- Ixa( ~(P(a) & (-¥xP(x2) V IiR(x1, 1)) V FyaR(x1,y2) )
Vx1—( ~(P(x1) & (-¥xP(x2) V Iy1R(x1,51))) V Iy2R(x1,y2) )
Vx1( -=(P(x1) & (-¥xP(x2) V 3y1R(x1,y1))) & —Fy2R(x1, y2) )

Vxa( (P(x1) & (mYxP(x2) V 3y1R(x1,y1))) & Vy2~R(x1, y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokasaTtenbcTBO

3. MpoaBuxeHmne oTpuLaHus Braydb.

- Ixa( ~(P(a) & (-¥xP(x2) V IiR(x1, 1)) V FyaR(x1,y2) )

Vx1( ~(P(x1) & (-Vx2P(x2) V IyiR(x1,¥1))) V Fy2R(x1,y2) )
Vxi( —=(P(x1) & (=Vx2P(x2) V Iy1R(x1,y1))) & —Fy2R(x1, y2) )
Vxi( (P(x1) & (-Vx2P(x2) V Iy1R(x1,y1))) & Vy2=R(x1,y2) )

Vxa( (P(x1) & (3x=P(x2) V Iy1R(x1, 1)) & Vy2=R(x1, y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

JokazaTtenbcTBO

4. BblHeceHre KBAHTOPOB KHAPYXY>».
[MprmeHsieM paBHOCWMIBHOCTU

= \;X@(X)&w = gx(go(x)&w),
= gxga(x)\/w = Zx(go(x)\/lb),
= evy = ¥ie



NPEAOBAPEHHbBIE HOPMAJIbHbIE ®OPMbI
Joka3aTtenbcTBO

4. BblHeceHe KBAHTOPOB «HAapPYXy>».

Vxi( (P(x1) & (3x2a=P(x2) V 3y1R(x1,01))) & Yy2=R(x1, y2) )



NPEAOBAPEHHbBIE HOPMAJIbHbIE ®OPMbI
Joka3aTtenbcTBO

4. BblHeceHe KBAHTOPOB «HAapPYXy>».

Vxi( (P(x1) & (3x2a=P(x2) V 3y1R(x1,01))) & Yy2=R(x1, y2) )

Vxa( (P(xa) & 3xa(=P(x2) V 3y1R(x1, 1)) & Vya=R(x1,y2) )



NPEAOBAPEHHbBIE HOPMAJIbHbIE ®OPMbI
Joka3aTtenbcTBO

4. BblHeceHe KBAHTOPOB «HAapPYXy>».

Vxi( (P(x1) & (3x2a=P(x2) V 3y1R(x1,01))) & Yy2=R(x1, y2) )

Vxa( (P(xa) & 3xa(=P(x2) V 3y1R(x1, 1)) & Vya=R(x1,y2) )

Vxa( Fx(P(xa) & (=P(x) V 3niR(x1, 1)) & Vy2-R(x1, y2) )



NPEAOBAPEHHbBIE HOPMAJIbHbIE ®OPMbI
Joka3aTtenbcTBO

4. BblHECEHNE KBAaHTOPOB «HAPYXKY».
Vxi( (P(x1) & (3x2—P(x2) V Iy1R(x1,y1))) & Vy2—-R(x1,y2) )
Vx1( (P(x1) & Ix2(=P(x2) V IniR(x1,y1))) & Vy2—=R(x1,y2) )

Vxa( Fx(P(xa) & (=P(x) V 3niR(x1, 1)) & Vy2-R(x1, y2) )

Vxi3xa( (P(x1) & (=P(x2) V Iy1R(x1,¥1))) & VyoamR(x1,y2) )

N Tak Janee...



NPEAOBAPEHHbBIE HOPMAJIbHbIE ®OPMbI
Joka3aTtenbcTBO

4. BblHECEHNE KBAaHTOPOB «HAPYXKY».
Vxi( (P(x1) & (3x2—P(x2) V Iy1R(x1,y1))) & Vy2—-R(x1,y2) )

Vxa( (P(a) & 3xa(=P(x2) V 3y1R(x1, 1)) & Vya=R(x1,y2) )
Vxa( Fx(P(xa) & (=P(x) V 3niR(x1, 1)) & Vy2-R(x1, y2) )

Vxixa( (P(x1) & (=P(x2) V 3y1R(x1, 1)) & Vy2~R(x1,y2) )

N Tak Janee...

Vx13x3y1Vys( (P(x1) & (=P(x2) V R(x1,y1))) & =R(x1,y2) )



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

D,O Ka3aTes1IbCTBO

5. MNpuBegeHne mMaTprLbl K KOHBIOHKTUBHON HOpMasibHON hopMe.
MprmeHsiem 3akoHbl byneBoii anrebpbl.



NMPEOBAPEHHbBLIE HOPMAJIbHbIE ®OPMbI

D,O Ka3aTes1bCTBO

5. MNpuBegeHne mMaTprLbl K KOHBIOHKTUBHON HOpMasibHON hopMe.

Y = Vx13x3y1Vy2(P(x1) & (=P(x2) V R(x1,y1)) & =R(x1,y2) )

B pesynbTtaTe nonydaem dopmyny 1, kotopas
> ABNAETCA NpefBapeHHON HOpManbHON hopmoii,

> PaBHOCUIbHA UCXOAHON hopmysie .



OBLLIASI CXEMA METOA PE30J1HOLL
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CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Onpepenexne

MNpeaBapeHHas HopmasibHas dopma BuAaa
o = VXV, ... Vxi,, M(Xi, Xiys - - - Xi)s

B KOTOPOI KBaHTOPHAsi MPUCTABKa HE COAEPXUT KBaHTOPOB J,
Ha3bIBAETCS CKONIEMOBCKOI cTaHaapTHoii dopmoii (CCP) .

Mpumepsl CCD

VxiVy2(P(x1) & (=P(f(x1)) V R(x1, 8(x1))) & —~R(x1,y2) )

R(Cl, f(Cl, C2)) V P(Cz)



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Teopema o CCD

Ona noboit 3amMkHyTOl hOpMynbl ¢ CyLiecTByeT Takasi
CKONEeMOBCKasi cTaHgapTHas opma v, 4To

@ BBIIIOJTHUMa <~ w BLIIIOJIHUMaA.

JokasaTtenbcTBo

BOCI'IOJ'IbByeMCﬂ nemmoli ob YAANEHNN KBAHTOPOB CyLLECTBOBAHUA .



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Jlemma 00 yaaneHun KBaHTOPOB CyLLLECTBOBaHUS

rlyCTb Y = VX1VX2 N VXkSXkJr]_ <,00(X1, X2y o ooy Xk Xk+1) —_—
3amMkHyTasn cdopmyna, k > 0, n k-MecTHbIin hyHKLMOHANbHbI
cumeon (K e cogepxutcs B cbopmyne ©.
Torpa dopmyna ¢ BbINOSHAMA B TOM U TOJIbKO TOM Ciy4ae,
Koraa ebinonHuma cdopmyna

¢ = VX1VX2 .o .VXk gOo(Xl,XQ, cee s Xk f(k)(Xl./ X2y ... ,Xk)).

D,OKa3aTeJ'I bCTBO JieMMbl.

(<) Nyctb | — mopens ans 1.

Torpga ans noboro Habopa di, da, ..., di € D; umeet mecTo
I'E poldi, do, ... di, fF)(di, da, ..., dk)],

T. e. ans moboro Habopa di, da, . .., dkx € D; cywecTByeT Takoii
3NEMEHT dii1 = f(k)(dl, da, ..., dg), 4to

I'= pold1, da, ..., di, diy1].
710 o3HauvaeT, 4to | |= Vx1Vxp ... VX IXk41%0-



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

JokasatenbcTBo nemmbl 00 yaaneHun .

(= ) Nyctb | — mogenb anst ¢. Torpa ans noboro Habopa
di,da,...,dx € Dy cywecTtByeT Takoii anemeHT diy1 € Dy, uT0

I = woldi, da, ..., dk, dks1].

MycTs f: D,k — Dy — 270 HekoTOpasi PyHKLMSI, BbIHUCASIOLWAS
ANs KaXxgoro Habopa di, db, ..., dx € D; Takoii snemeHT

dk+1 = f(dl, d2, ey dk), 4TO

/ ): gDo[dl, d2, ey dk, dk+1].

PaccmoTtpum nnHtepnpetauuio I/, koTopas otamdaertca ot | Tonbko
TEM, 4TO OLEHKOI dhyHKLMoHanbHoro cumsona f(K) sensietcs
dbyHkuus f.

Torpga ana noboro Habopa di, ds, ..., d, BEpHO

I't= poldi, do, ..., die, FR)(dy, dba, ..., dy)]. (nouemy? )

ITO O3HayaeT, 4To

I = Vx1Vxa ... Vxk @o(x1,x2, ..., Xk, f(k)(xl,xz, cey Xk))- O



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Mpogon>xxeHne gokasartenscrea Teopembl 06 CCP
Vaansiem no odepeayn KBaHTOpPbI CyLLECTBOBAHUS C MOMOLLbIO
NEMMBbI.
»Y = VX]_ NP VXkHXk+1VXk+2 e VXmE!Xerl PN
©o(X1y« -+ s Xky Xkt1y Xkt-2 « « - Xy X1y -« - )

O =Vx1 . X YXka2 e X X -

00 (X1 oy Xhey (X1 e o XK )y Xkt2 + + « Xy X1y« -+ )
(p// = VXl ...VXk VXk+2. ..VXm...
O(XTy ooy Xiey (X1 ooy XK )y Xkb2 + o Xy 8(XTy e ooy Xkey Xkt e ey Xim )y -+ -

n. T. 4.
[Mpy 3TOM BLINOAHUMOCTL (POPMYJST COXPAHAETCS. O



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Mpumep

o =VYx1DeInVy2(P(x1) & (=P(x2) V R(x1,y1)) & ~R(x1,y2) )



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Mpumep

v = Vx13x3y1Vya(P(x1) & (=P(x2) V R(x1,y1)) & = R(x1,y2) )

¢ =VYx13y1Vy2(P(x1) & (=P(f(x1)) V R(x1,y1)) & ~R(x1,y2) )



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Mpumep

© = Vx13xIy1Vya(P(x1) & (=P(x2) V R(x1,y1)) & = R(x1,y2) )

¢ =V¥x19y1Vy2(P(x1) & (=P(f(x1)) V R(x1,y1)) & ~R(x1,y2) )
¢" =VxaVya(P(x1) & (—P(f(x1)) V R(x1,2(x1))) & =R(x1,y2) )

@ BbinonHUMa < " BbINonHUMa.



CKOJIEMOBCKWVE CTAHOAPTHBIE ®OPMbI

Tepm f(k)(xl, ..., Xk), KOTOPbIii MOACTABASETCA BMECTO YAANSEMOI
NepeMeHHON Xj 41, CBA3aHHOM KBAaHTOPOM d, Ha3bIBAETCS
CKOJNNIEMOBCKM TEPMOM .

Ecanm kK =0, To TepM Ha3bIBAETCS CKOJIEMOBCKON KOHCTAHTOI .

Mpouenypa ynaneHns KBaHTOPOB J Ha3bIBAeTCsl CKOJieMu3aLuel .



OBLLIASI CXEMA METOA PE30J1HOLL
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CNCTEMbI AN3 BHOHKTOB

VYTBepxaeHune

F Vx(p&t) = Vxp&Vxip

WNHave roeopsi, KBaHTOpbl V MOXHO paBHOMEPHO pacnpeaennTb no
comHoxuTensim (gusbtonktam) KHP.

Teopema

CkonemoBckas cTaHgapTHas dopma

¢ = VxiVx2...Vxm (D1 & Dy &...& Dy)
HEBLIMOJIHMMA TOM4A U TOJILKO TOTAA, KOFAa MHOXKECTBO hopMyn
Sy = {Vx1Vxo .. .VxmD1,Vx1Vx2 .. .VxmDo, ..., Vx1Vx2o .. . Vxm Dy}

HE NMEET MOAENN.



CNCTEMbI AN3 BHOHKTOB

Kaxpaas dopmyna MHoxecTsa S, umeeT Buj,
Vx1Vxo .. .VXm(Ll VipVv---V Lk)

1 Ha3bIBAETCS [UN3BIOHKTOM .
B panbHeiiwem (no ymondanuto) byaem nonaraTs, 4TO BCe
nepemMeHHble JU3bIOHKTA CBA3aHbl KBAHTOPaMu V, U KBaHTOPHYIO
NPUCTaBKY BbIMUCLIBaTL He Dyaem.

Kaxablli gn3bloHkT coctouT us nutep Ly, Lo, ..., Lg.
Nutepa — 310 Anbo atom, NnMbo oTpuLaHUe aToma.

Ocobo BbleNeH AU3BIOHKT, B KOTOPOM HET HU OJHOW NUTepbI.
Takoii AU3BIOHKT Ha3bIBAETCS MYCTLIM [JU3BIOHKTOM I
obosnavaercst L. MycToii AnsbIoHKT [ TOKAECTBEHHO NIOXKEH
(nouemy? ).

Motomy uto = L1 V-V Ly = L1 V-V L V false, n noatomy
npu k = 0 umeem = O = false.



CNCTEMbI AN3 BHOHKTOB

CucteMy AU3BIOHKTOB, HE UMEIOLLYIO MoAeNei, byaem HasbiBaTb
HEBLIMOJHNUMOU , WAW MPOTUBOPEHNBO CUCTEMOW QU3 BIOHKTOB.

3agava npoBepku obLE3HAYNMOCTIM POPMYN IOFUKU MPESUNKATOB.

Ee?

© obLiesHauMMa <= (g = T HEBLINOJHUMA.
o HeBbIMoNHUMa <= [TH® (1 HeBbINONHMMA.
(1 HeBbInoNHUMa <= CCD py HeBbINONHUMA.
(P2 HEBBIMOMHMUMA <=> CUCTEMA AN3BIOHKTOB S, HEBLINONHMMA.

Mtak, npoBepka obLie3Ha4MMOCTI = ¢ 7 CBOANTCS K MPOBEPKE
NPOTUBOPEHNBOCTY CUCTEMBI AN BIOHKTOB S,



CNCTEMbI AN3 BbHOHKTOB: NPUMEP

VicxopHas dopmyna:
p = Ix( (P(x) & (VxP(x) — JyR(x,y))) — TyR(x,y))
Ee otpuuanue:
o = = Ix((P(x) & (VxP(x) — 3yR(x,y))) — FyR(x,y))
MNpepBapeHHasi HopmasibHas chopma s pg:
01 = Vx1IxIy1Vya(P(x1) & (—P(x2) V R(x1,¥1)) & =R(x1,y2) )
CkonemMoBckas cTaHgapTHas dopma:

2 = Vx1Vy2(P(x1) & (=P(f(x1)) V R(x1,8(x1))) & —R(x1,y2) )



CNCTEMbI AN3 BbHOHKTOB: NPUMEP

Cuncrema AN3BIOHKTOB:

590 ={
D1 = P(Xl),
Dy = =P(f(x1)) V R(x1, 8(x1)),
D3 = =R(x1, y2)

3apgava:
KaK NpoOBeEpuUTb NMPOTUBOPEHNBOCTb
NPOU3BOJZIbHOW CUCTEMDI
ON3BbIOHKTOB?



KOHEL, NEKLIW 6.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuusn 7.

DpbOpaHOBCKMe MHTepnpeTauunn.
Teopema DpbOpaHa.
3apava yHudomkaumum.
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OPBPAHOBCKWE MHTEPIPETALUUN

Mposepka obuiesHaunMocTu hopMysibl 0 CBOANTCS K NMPOBEPKE
NPOTNBOPEHNBOCTN CUCTEMbI AN3BIOHKTOB Sy .

Stan 1. CeegenHne npobnembl obliesHa4yMMocTn K npobaeme
NPOTUBOPEYUBOCTU: (0 ~> (Vg = —p

Jtan 2. MNocTpoeHne npeasapeHHoii HopmasbHoii copmbl (MHP).
wo ~ 1= Qx1@Qox2 ... Qpxpy (D1&D2& ... &Dy)
Itan 3. MocTpoenune ckonemoBckoii cTaHaapTHoli dpopmbl (CCP).
01~ P2 = VX VX, ... VX, (D1&Do& ... &Dy)
Jtan 4. MNocTpoeHmne cncTeMbl U3 BIOHKTOB.
w2 ~» S, ={D1, Dy, ...,Dn},

2 o6u.|,e3Ha'-|mmaﬂ <— CUCTeEMa OU3BIOHKTOB 599 npoTneope4mnBa.



OPBPAHOBCKWE MHTEPIPETALUUN

Cuctema gunsbionktos S = {D1, Dy, ..., Dy} npoTnsopeunsa
TOrga 1 TOSILKO TOrfa, Korga

ONs KaXkaoi natepnpetaunn /

B cucteme S HalAeTCsl Takol AU3BIOHKT
Di =Vxy...Vxq (L1j V Loj V -+ -V Lyi)
n B npeameTHoli obnactn D; HailgeTcs Takoi Habop 37eMeHTOoB
di,...,d,
ONS1 KOTOPbIX VMEKOT MECTO
I Lyj[dy, ... dp], | Loj[dh, ... dn], .., | & Lildh, ..., da].

A MOXXHO /1M COKPaTUTb MHOXXECTBO pacCMaTpuUBaeMbIX
nHTepnpetauunii?



OPBPAHOBCKWE MHTEPIPETALUUN

Jpbpanosckue nutepnpetaunii (H-nHTepnpeTauum, HasBaHHblE TakK
no umeHn cppaHuy3ckoro metemaTuka Herbrand ) — ato
crneumasnbHasi pa3HOBUAHOCTb UHTEPMPETALMNIA, B OCHOBE KOTOPbIX
nexaT ceobopHble anrebpsbl.

MpeameTHast obnacTb 3pbpaHOBCKMX MHTepRpeTauuii Ha3blBaeTCst
3pbpaHoBCckuM yHuBepcymom (H-yHusepcymom).
Onpepenenne H-yHunsepcyma

MycTb 3apaHa HekoTopas curHatypa o = (Const, Func, Pred).
Torpga 3pbpaHOBCKUM YHUBEPCYMOM 0 Ha3blBAETCS MHOXECTBO

o0
Tepmoe H, = |J Hi, rae
i=0
. Const, ecm Const # (),
i=0 Hy = _
{c}, eciiu Const = ) (spOpanosckas Koncranra );

i—i+1 Hiy1=H U {f(k)(tl,...,tk) - (k) e Func, t1,...,tx € H;}.



OPBPAHOBCKWE MHTEPIPETALUUN

DpbpaHOBCKUIT YHUBEPCYM — 3TO MHOXECTBO BCEX TEPMOB,
KOTOpPble MOXHO MOCTPONTL U3 KOHCTAHT U (PYHKLNOHABbHbBIX
CUMBOJIOB 3aJaHHOl CUTHATYpbl. TepMbl 3pbpaHOBCKOro
YHWBEPCYMA He CofepXaT NepeMeHHbIX U Ha3blBalOTCS OCHOBHbLIMY
TepmMamu .

MNpumep
Mycts Const = B, Func = {f(1), g}, Torpa

i =0 Hy = {c} (spbpaHoeckas koHcTaHnTa, T.k. Const = ());
i=1 H =A{c, f(c), glc.o)};
i =2 Hy={c,f(c),gl(c,c),

f(f(c)), f(g(c. c)), g(f(c), c), g(c, f(c)),
g(f(c),f(c)),&(c,g(c,c)). &(g(c, c), c),
g(g(c,c),g(c,c)). g(f(c). glc, ), g(g(c, c), f(c))}:

i=3 n T 4.



OPBPAHOBCKWE MHTEPIPETALUUN

Onpepenervue H-uHTepnpeTtauum

Jpbparosckas untepnpetaumns Iy = (H,, Consty, Funcy, Pred)
curHatypel o = {Const, Func, Pred) coctount un3s

> CTaHAapTHOI npeAaMeTHOl 0bnacTu — apbpaHOBCKOro
yHuBepcyma Hy;

> cTaHAapTHoO oueHkn koHcTaHT: Consty(c) = c,
T. €. 3HAYEHNEM KaXKAOrO KOHCTAHTHOrO CUMBONA C
ABNSIETCS1 €ro cobCTBEHHOE N306paXKeHue;

> CTaHOAPTHOW OUEHKUN PYHKLMNOHANBHLIX CUMBOJIOB:
Funcy(FM) =f: f(ty, to, ..., ty) = F(ty, to, ..., 1),
T. €. KaXAblii PYHKLUNOHANbLHLIA cMMBOA f WrpaeT posib
KOHCTPYKTOpa TEPMOB 3pbpaHOBCKOrO YHUBEPCYMa;

> MPON3BOJILHOW OLEHKUN MPefNKaTHbIX CUMBOJIOB.

Takum 0bpazom, pasHble H-UHTepnpeTaunm oTanYaoTCs TONLKO
NCTOJIKOBAaHMEM MpPeANKaTHbIX CUMBOJIOB.



OPBPAHOBCKWE MHTEPIPETALUUN

MpeunmyuiecTBa a3pOpaHOBCKUX UHTepnpeTaunii.

» He Hy>xHO 3aboTuTbcst 0 Bbibope obnacTu uHTepnpeTaumn — y
BCcex H-nHTepnpeTaumii ogHa 1 Ta >Xe npeameTHas obnacte —
H-yHuBepcym.

» He Hy»HO 3260TUTLCA 06 oueHKe (hyHKLMOHABbHBIX CUMBOJIOB
— y Bcex H-uHTepnpeTaumnii ogHa 1 Ta Xe CTaHAapTHas
ouenka Const n Func.

» W, kak byaeT nokasaHo, 4J1si MPOBEPKN MPOTUBOPEHNBOCTH
CUCTEM [U3BIOHKTOB AOCTAaTOYHO OFPaHUHUTLCS
paccMoTpeHneM H-uHTepnpeTauuii.



OPBPAHOBCKWE MHTEPIPETALUUN

Teopema o H-nHTepnpetayunsx

Cuctema gM3BIOHKTOB S BLINOMHMMA TOrA4a 1 TOJILKO TOrAa, KOraa
S nmeeT 3pbpaHOBCKYIO MOLESb, T.€. BbINOJAHUMA XOTsl Obl B 0fHON
H-nHTepnpetayun.

JokasaTtenbcTBO

(<) OuesupHo.

(=) Nycte S ={Dx1, ...,Dn}, n | = (Dy, Consty, Func, Predy)
— HekoTopasi mogenb anst S, T. e. ans Noboro AN3bIOHKTA
D; =Vx1...Vx, (Ll,' ViV V Lk,-i) 3 S n gns noboro
Habopa anemenTOB d1,...,d, us D; umeeT mMecto

I (LyiV Loi V-V Ligi)[dy, ..., dn].

[Mokaxkem, 4To cywecTByeT H-uHTepnpetayusa Jy, B KoTOpOIi
BbINOJIHAETCA KaXKAbIA AN3BIOHKT D; n3 S.



OPBPAHOBCKWE MHTEPIPETALUUN

Joka3aTtenbcTBO

MycTb o — curHaTypa cuctemsl Au3bloHKkToB S. PaccmoTpum
spbpaHoBckunii yHusepcym H, n otobpaxeHune

OZZHJ—>D/,

KOTOPOE KaXKAoMy OCHOBHOMY Tepmy t € H, conoctasnsieT
anemeHT «(t) = dy € Dy, paBHblIli 3Ha4eHnto Tepma t B
uHTepnpeTauun /.

Ouetky Predy npegukaTHbix cumeosioB B H-untepnpetauun J
onpefenum Tak:

ans noboro npeaukatHoro cumeoia P u ntoboro Habopa 0CHOBHbIX
TEPMOB t1, ..., tm € Hy nonoxum

Pu(ty, ..., tm) =true <= P;(a(t1),...,a(tm)) = true.

ITa oueHka ofHO3Ha4HO onpeaensieT H-untepnpetauuio Jy



OPBPAHOBCKWE MHTEPIPETALUUN

Joka3aTtenbcTBo

Torga gns noboro yHKLMOHaNLHOrO cumeona f, NpeaukaTHOro
cumBona P v ntoboro Habopa OCHOBHBLIX TEPMOB t1,. .., tm € Hy
BEpHO

a(f(ty, .-y tm)) = fr(a(tr), ..., a(tm)),
Jh = Plt, ..., tm] < | }=Pla(tr),...,a(tm)]

OT1obpaxeHne o« — 310 romomopdun3m uHtepnpetauuu Jy B
nHTepnpeTauuto /.

3nauuT, ans Aoboro ansbionkta D' = Vxg ... Vx, (L1 V-V L)
1 ntoboro Habopa OCHOBHbIX TEPMOB t1, ..., t, € H, BEepHO

JH):(Ll\/-”\/Lk)[tl,...,tm]

/ ': (Ll VeV Lk)[a(tl), RN Oé(tm)]



OPBPAHOBCKWE MHTEPIPETALUUN

JokasaTtenbcTBo

WNTak, gns noboro An3bIOHKTA
Di =Vx1...¥x, (L1j V Loj V -+ -V Lg;j) 3 S n ntoboro nabopa
OCHOBHBIX TEPMOB t1, ..., ty, € H, nmeem

Jy ’: (Ll,' ViV V Lk,.,')[tl, ce tn]

/ ): (Ll,' ViV V Lk,’i)[a(tl)a ... ,a(tn)].
Mockonbky
I = (Lii V Loi V-V Ligi)[a(tr), .. ., a(ts)],

BCE AU3BIOHKTbI U3 S BbINOAHUMBI B NOCTPOEHHON 3pbpaHOBCKOIA
nHTepnpeTauun Jy. O



OPBPAHOBCKWE MHTEPIPETALUUN

CneacrtBue

Cuctema gM3BIOHKTOB S NpOTMBOpPEYMBa TOrAAa U TOJILKO TOrAQ,
Korga S HEBLINOMHMMA HU B OAHON 3pOPaHOBCKONA MHTepnpeTaunm.

3HauuT, 415 NPOBEPKM MPOTUBOPEHNBOCTN CUCTEM AN3BIOHKTOB
LOCTAaTOYHO UCCNELOBaTh TOJILKO SpOPaHOBCKME UHTEPNPETALNN.



OPBPAHOBCKWE MHTEPIPETALUUN

Kak 3apgaBatb H-untepnpetaunun?

JpbpaHOBCKME NHTEPNPETALMN NOAHOCTHLIO ONPEAENAIOTCA OLLEHKON
MPeanKaTHbIX CUMBOJIOB. 3HA4YMT, LOCTAaTOMHO YKa3aTb OLEHKY BCEX
NpeauKaTHbIX CYIMBOJIOB.

MycTb P(M c Pred, n ti,...,tn € Hy — HabOp OCHOBHbIX TEPMOB.
Torpa dopmyna P (ty, ..., ty) HA3BIBAETCH OCHOBHLIM AaTOMOM .
MHOXeCTBO BCEX OCHOBHBLIX aTOMOB Ha3blBAETCS 3pbpaHOBCKUM
basncom n oboszHavaeTca By.

Bcesikast H-untepnpertauns | 3agaetcs nogmHoxecteom B/
WCTUHHBIX OCHOBHbIX aTOMOB:

B' = {P")(ty,.. . tm) : 1= P (tr, ... tm), {t1,..., tm} C H}.



OPBPAHOBCKNE MHTEPMNPETAUNU
Mpumepsbl

» B! = () cooteTcTBYET MHTepnpeTauun |, B koTopoii Bce P
TOXAECTBEHHO JIOXKHbI.

e Pt te] = P™(t,. .. ty) €0.

» B! = By cootsetctayeT nnTepnpetauyuu /, B koTopoii Bce P
TOXAECTBEHHO UCTUHHBI.

> MMepeceyenne B N B2 3apgaet untepnperauunio, B KoTopoii
WCTWHHBI T€ U TOJIbKO T€ OTHOLLUEHUS, KOTOPbIE UCTUHHBI B
oboux nHtepnpetauusx h u b.

3HauuT, 3TO OYeHb YAODHLIA cnocob 3afaHus NHTepnpeTaLuii,
NO3BOSOLWMNIA NPOBOAUTL HAZ HUMMU
TEOPETNKO-MHOXECTBEHHbIE OMnepaLuu.

B manbHeiiwem sce H-unTepnpeTaummn mbl byaem accoummposaTh C
nogMHoXecTBamu 3pbpaHosckoro basuca By.



TEOPEMA 3PBPAHA

BepHeMCﬂ K cncremMmam AnN3bHOHKTOB

Myctb umeeTcst An3bloHKT D = Vxq ... Vxy (L1 V -+ V Lk) v Habop
OCHOBHbIX TEPMOB t1, . . ., tm 13 3pbpaHoBcKkoro yHueepcyma H.

Torga gusbionkt D' = (L1 V-V L) {x1/t1, .. s Xm/tm}
nosy4deHHbli M3 D noacTaHOBKOW OCHOBHBIX TEPMOB ti,. .., ty
BMECTO BCEX NEPEMEHHbIX AN3bIoHKTa D Ha3bIBAeTCSA OCHOBHLIM
nprvmMmepomMm AnsbloHkTa D.

Mpumep

D =Vx1¥x (—R(x1,x2) V P(h(x1))) — BN3BIOHKT,

D" ==R(g(c'),c") v P(h(g(c"))) = D{x1/g(c’), x2/c"} —

OCHOBHOW npumep.



TEOPEMA 3PBPAHA

Cucrema gusbtonktos S = {Dj, Dy, ..., Dy} npotusopedynsa
<~

ans kaxgoiwi H-untepnpetauun | B S HaligeTcsl Takol AUSBIOHKT
Dj = (L1j V Ly; V - -+ V Ly;i) v Takoii Habop OCHOBHbIX TepMOB
t1,..., tm, 0N KOTOPbIX UMEIOT MECTO

/ b& (Ll,' ViV... Lk;i)[t17 R tm]

<
ana kaxgol H-untepnpetauun | cywiecTeyeT OCHOBHOI NpumMep
D' = Di{xi/t1,...,Xm/tm} BU3bIOHKTA U3 cucTembl S, Ans
KOTOPOro

I D



TEOPEMA 3PBPAHA

PaCCMOTpVIM MHO>XECTBO OCHOBHbIX MPUMEPOB AN3BIHOHKTOB

Gs ={D': D’ — ocuosnoii nupumep ju3biOHKTa U3 S,
cymiecTByeT 3pbpaHoBcKkas uarepnperaius | C By

I £ D'}.
Torpa cuctema AU3BIOHKTOB S NpoTUBOpEUYNBa

—

CUCTEMA OCHOBHbIX NprMepoB Gg NMPOTUBOPEHMBA.



TEOPEMA 3PBPAHA

BcnomHum Teopemy komnaktHocTu Manbuesa

MHoxecTBO 3aMKHyThIX hopmyn T nmeeT Mofenb TOrAa U TONbKO
Torpa, Koraa Kakaoe KoHedHoe nogMHoxectso T/, T/ C T,
nMeeT Mofenb.

Takum 0b6pa3om, MHOXKECTBO OCHOBHbIX MPUMEPOB AU3BIOHKTOB Gg
NPOTWBOPEYNBO
<~

CYLLECTBYET KOHEYHOE MpPOTMBOPEHNBOE NOAMHOXECTEBO G,
!
g CGs.

M B pe3ynbTaTe NpoBeAEHHbLIX PACCY)KAEHNIA Mbl NPUXOLUM K
Teopeme Jpbpaxa



TEOPEMA 3PBPAHA

Teopema DpbOpaHa

Cucrtema gusbtonktoB S = {Ds,..., Dy} npotusopeuusa
e

Cyw,ecTByeT KOHeYHOe NPoTUBOPEeYMBOe MHOXeCTBO G’
OCHOBHbIX MPUMEPOB U3 BIOHKTOB CUCTEMbI 5.

B dem coctout rnasHas ocobeHHOCTb Teopembl DpbpaHa?

OcHOBHOIA NprMep AN3BIOHKTA HE COAEPXUT NPeAMETHbIX
nepemMeHHbIX, 1 NO3TOMY SIBASIETCs NpocToii Oynesoii chopmynoii

Takum obpazom npobnema obuwesHauumoctn opMysn JOrMKK
npegukaTtos (cnoxHas npobnemalll) ceogutcs k npobneme
BbINOJHUMOCTU Bynesoit hopmynsl (npoctoii npobneme??!!).



TEOPEMA 3PBPAHA

ManeHbkoe NykaBCTBO.

VBbl, TeopeMa JpbpaHa He coobujaeT HaM Hudero o Tom, KAKUE
OCHOBHblE MPUMEPBI AN3BIOHKTOB 00pasytoT 3TO NPOTUBOPEUMBOE
MHOXecTBO G'.

Ham Hy>XHO npuaymaTb MexaHW3M MoMCKa 3TOFO NPOTUBOPEYNEOrO
MHo)ecTBa G'.

Haeuc n NaTHem npefnoxmam ncnosib3oBaTb KOMMLIOTEP A5
nepebopa Bcex 3pbpaHOBCKMX MHTEPNpPETaLnii B NONCKE
MPOTUBOPEHUNBOI CUCTEMbI OCHOBHbIX MPUMEPOB AN3bIOHKTOB. Ho
[>x. PobuHcon noctynun xutpee...

N3 gu3bioHKTOB CUCTEMBI S HYXKHO YCTPaHSTL NOTEHUMAbHbIE
NPOTUBOPEYNs, NOKa He ByAyT yCTpaHEeHbl BCE MCTOYHUKM
NPOTUBOPeYNst UAN He ByAeT NonyHeHO HeycTpaHMMoe (sIBHOE)
npoTuBoOpeyue.



TEOPEMA 3PBPAHA

Ecnn B cucteme S cogepxatcs ansbtonktel Dy = L v Dy = L,
TO, 04eBNUAHO, S NpoTMBOpeqnBa (SIBHOE NPOTUBOpPEYUE).

A ecan B S ecTb gusbtonktsel Dy = D} V L n Dy = D5V L, 10
I = D1 v | |= Dy Bnever | = Dj Vv Db. 3naunT, gobasnenue
ansbionkta Dy = Dj V D) k S He HapyLuaeT ee BbIMOAHUMOCTH.
3aTo ycTpaHsieTcs noTeHumansHoe npoTusopedne L n —L.

[MpaBuno BeiBOfA, pa3peLuatoLlee NPOTUBOPeYUs,

DiVv L, Dyv-L
Di v D)

Ha3bIBAETCSA MPaBUJIOM PE3OJIOLMNY . DTO MPABUIO MOXHO
MPUMEHATL [0 TeX Mop, Noka He BOSHUKHET HeyCTpaHMMoe
npotusopedne Dy = L v Dy = —L. 710 n byger cnyxutsb
NPU3HaKOM NPOTNBOPEHNBOCTM CUCTEMbI S.



TEOPEMA 3PBPAHA

Hy, a ecnin Dy = P(x) n D, = =P(f(y)), To Kak bbiTb TOrga?
Benb 3geck HET sSIBHOrO MpOTMBOpPEYMSI.

[MpoTueopeumne 3geck ckpbitoe. AusbioHkTel D n Dy nmetot
OCHOBHble NMPUMEPSI

P(f(c)) = Difx/f(c)} m —P(f(c)) = D2{y/c},
KoTopble 0bpasytoT npotusopedue. 3HauuT, D1 n Dy Toxe
npoTueopednsbl. Ho Kak OTbICKaTb 3TO CKpLITOE NpoTUBOpeYmne?

Hy>xHo noctapaTscst npusectu sutepsl P(x) u P(f(y)) k obwemy
Bugy. [puBeferne BbiparkeHunii k obLieMy BUAy Ha3biBAETCs
yHudbukauueii .

Ham Hy>xxeH anroputm yHudpukauumn!



SA0AHA YHNDPUKALNN

Mpuseaenne asyx atomos A’ n A” k obwemy Buay gocturaercs
npuMmeHeHnem Takoil noactaHosku 6, ans kotopoii A’ = A”6.

3HaunT, ANs pelweHns 3agadm yHudmKauum npuaeTcs usyy4nTb
anrebpanyeckme CBOWCTBA NOACTAHOBOK.

Bocnomunanusa

[opctaHoBka — 370 oTobpaxkenue @ : Var — Term.
KoHeuHas noactaHoBka 0 = {xy/t1,x2/t2, ..., Xp/tn}.

E6O — npumenerne noacrtaHoeku 6 K BbipakeHuto E.



SA0AHA YHNDPUKALNN

Komno3nyus noacraHoBOK

Mycts 6, € Subst. Komnosuuus noacraHosok 1 — 370
NOACTAHOBKA [1, KOTOPasi ONPEAENSIETCS CNELYIOLMM
COOTHOLLEHNEM:

u(x) = (x0)n pns nwboin x € Var.

VTBepxaeHue

Mycte 0 = {x1/t1, ..., xn/th}, 1 ={¥1/S1s- -+, ¥Ym/Sm}. Torga
noACTaHOBKA

w = {xi/tin, ..., xa/tan} U
{Yi/si . yi%{xlvxﬁ"'vxn}} -

{xi/tim = x; = tin}.

ABJSIETCS KOMMo3uLmeid 0.



SA0AHA YHNDPUKALNN

Joka3aTtenbcTBO

no= {Xl/tlna e 7Xn/tnn} U

{y,-/s,- S Yi ¢ {X17X27 cee 7Xn}} -

g/t = X = tn-
PaccmoTtpum npoussonbhyto z € Var. BoamoxHbl 3 BapuaHTa.
1. z = x; € Domy. Torpa z(0n) = (x;0)n = tjn.
Ecnn tin # x;, To x; € Dom,,, v xjju = tjn.
Ecnn tin = x;, To x; ¢ Dom,,, v xju = X;.
B niobom cnyyae x;(0n) = xip.
2. z=y; € Dom,, \ Domy. Torpa z(0n) = (yif)n = yin = si,
n zu = s;.

3. z=y; ¢ Dom, U Domy . Torpa z(n) =z wn zp = z.



SA0AHA YHNDPUKALNN

Mpumep

0 ={x/f(x,¢c), y/g(u), z/y},
n={x/gly), y/z, u/c}.

on =



SA0AHA YHNDPUKALNN

Mpumep

0 ={x/f(x,¢c), y/g(u), z/y},
n={x/gly), y/z, u/c}.

on =



SA0AHA YHNDPUKALNN

Mpumep

0 = {x/f(x,c), y/g(u), z/y},
n=1{x/gly), y/z, u/c}.

on = {x/f(x,c)n, y/g(u)n, z/yn} U {u/c}



SA0AHA YHNDPUKALNN

Mpumep

0 = {x/f(x,c), y/g(u), z/y},
n=1{x/gly), y/z, u/c}.

on = {x/f(x,c)n, y/g(u)n, z/yn} U {u/c}
{x/f(g(y),c), y/g(c), z/z, u/c}



SA0AHA YHNDPUKALNN

Mpumep

0 = {x/f(x,c), y/g(u), z/y},
n=1{x/gly), y/z, u/c}.

on = {x/f(x,c)n, y/g(u)n, z/yn} U {u/c}
{x/f(g(y),c), y/g(c), z/z, u/c}
{x/f(g(y),c), y/g(c), u/c}



SA0AHA YHNDPUKALNN

Onpepenexne
Mycte E; v E; — fBa NOrnyeckux BblpaxkeHnsi (TEpMbl, aTOMbl,
copmynbl 1 gp.)
MopcTaHoBeka 6 HasbiBaeTCA yHUdKaTOpoM BblpaXkeHnin E1 u Ej,
ecnn E19 = E29.
MopctaHoeka 6 HasbiBaeTcs Havbonee obwyM yHUPUKATOPOM
(HOV) Bbipaxenuii Ey n Ep, ecan

1. 8 — yHudpukaTop Bbipaxenuii E; n E;

2. pns noboro yHudmkaTopa 1 BolpaxeHnii E; n Ep cywecteyet
Takasi NOACTAHOBKA p, fJ1s1 KOTOPOI BEPHO PABEHCTBO

n="0p

HOM(E;, Ez) — mHoxecTBO Hanbosiee obLwmx yHMDMKaTOPOB
BblpaxkeHuin £1 n Es.



SA0AHA YHNDPUKALNN

Mpumep
E1 = P(f(Xl),XQ)
Ey = P(y1,¢c)

n={x1/f(c), x2/c, y1/f(f(c))} — ynudpukatop E; n E;, T.k.

Ein = P(f(f(c)), c) = Ex.

0 ={x2/c, y1/f(x1)} — nanbonee obwuin ynucpmukatop E; n Ej,
T.K.

E10 = P(f(Xl), C) = E20,
n=0{x1/f(c)}.
Boipaxennsi E; v Ep yrincbuumpyemer , u 6 € HOV(Ey, Ep).



SA0AHA YHNDPUKALNN

Mpumep
E1 = R(f(Xl),Xl)
Ey = R(y1,f(y1))

Boipaxkenusi E; n E; He umetoT yHMbUKaTOPOE., 1
HOV(E;, Ey) = 0.



SA0AHA YHNDPUKALNN

3agaya yHudpmkauum
COCTOUT B TOM, 4TObbI Ansi ABYX BbipaxkeHuli £y n Ep BbISICHUTD,
ABNSIOTCS SN 3TU BbIPaXKEHUs1 YHUPULMPYEMBIMU,
W, B CJly4ae ux yHUpUUNPYEMOCTM, BbIYUCINTD
Hanbonee obwmii yHudmkaTop.



KOHEL, NEKLUW 7.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuuns 8.

Anroputm yHudpukaymu.



AJITOPUTM YHNONKALUNIA

MopctaHoeka 6 HasbiBaeTcs Hanbonee obwyUM yHUPUKATOPOM
(HOV) Bbipaxenuii Ey n Ep, ecan

1. @ — yHudpmkaTop Bbipaxenuii £y n Ep, T. e. E10 = Ex0;

2. pns noboro yHudmkaTopa 1 BolpaxeHnii E; n Ep cywecteyet
Takas NOACTaHOBKA p, AJ1t KOTOPOIi BEPHO PaBEHCTBO

n=~0p

3agava yHudpmkauun
COCTOWT B TOM, 4TODbI A5t ABYX BbipaxkeHuii £y n Ep BbiSiCHUTB,
ABASAIOTCS I 3TU BbIPAXKEHUST YHUPULMPYEMBIMU,
n, B C/lyHae UX yHUUUNPYEMOCTU, BbIYUCINTD
Hanbonee obwmnii yHucukaTtop E1 n Ep.



AJITOPUTM YHNONKALUNIA

HauHem ¢ camoii npocToro BapuaHTa 3agaqn yHubUKaLuum.

Kak Haiitu HOY Bbipaxkenuin E; n Ep, ecnm ogHo U3 aTux
BbIPaXXEHU — nepemeHnHas, T. e. £y = x € Var?

JNlemma (o cBsizke)
Mycte x € Var, t € Term. Torga
1. Ecnm x ¢ Varg, 10 {x/t} € HOV(x, t);
2. Ecan x € Vary v x # t, To HOV(x,t) = 0.



AJITOPUTM YHNONKALUNIA

Jlemma (o cesizke)
MNyctb x € Var, t € Term. Torpa
1. Ecan x ¢ Varg, 1o {x/t} € HOY(x, t);
2. Ecan x € Vary n x # t, 7o HOV(x, t) = 0.

JlokazaTenbcTBO.
1. Cnyyaii x ¢ Vary.

> 0 = {x/t} — yHudmkaTop BbipaxxeHuii x n t.
[enicteutensHo, x =t n t0 =t (1. k. x ¢ Var).

> KakoB bbl HU Bbl yHUMKATOP 7) BBIPaXKEHUii X 1 t, BEPHO

n={x/t}n.

Bosbmem npousBosibHYO nepemerHyto y, y € Var.
Ecim y = x, 10 x{x/t}n = tn = xn. (no4emy? ) A ecin
y # x, 10 y{x/t}n = yn.
Takum obpazom, ans noboit nepemMeHHOl ¥y BepHO
yi{x/tyn =yn 7. e {x/t}n = 1.



AJITOPUTM YHNONKALUNIA

Jlemma (o cBsizke)
Myctb x € Var, t € Term. Torga
1. Ecan x ¢ Varg, 1o {x/t} € HOY(x, t);
2. Ecnm x € Vary n x # t, To HOY(x, t) = ().

HokazaTenbcTBO.

2. Cnyvaii x € Vary.

Ons noboii nogctaHosku 6 gsvHa Tepma xf NPeBOCXOAUT AJNHY

Tepma t(x)6.

Mostomy x8 # tf pns noboii nogcraroskn 6, T. e. HOV(x, t) = 0.
O



AJITOPUTM YHNONKALUNIA

Obwnii cnyyaii.

Mycts E1 = P(tl, tr,..., tn), E, = P(Sl, S0y, Sn).
[ns pewenns 3agaqm yHudmUKaLmm conocTaBum nape aTomMos
E;, E> cnctemy ypaBHeHwi

t1 =51

th = S
5(E1,E2)2 .

th = Sp

u Bysem pewaTe 3agadvy yHUPUKALNA 47151 CUCTEM YPaBHEHMIA.



AJITOPUTM YHNONKALUNIA

Onpegenexne
MopcTaHoBka 6 Ha3bIBAaETCA YHUDUKATOPOM CUCTEMBI YpaBHeHUA &
hh =35
th =5
c- 2= 5
th = Sp
ecnn gna moboro i, 1 < i < n, Tepmbl tif n s;f ogHaKoBbI.

®akTuueckn, ynudukatop 0 = {x1/r, ..., xx/rk} — 310 pewenne
cnctembl ypaeHeHuii £ B cBobogHoli anrebpe TepmoB
(spbpaHoBckoit nHTepnpeTauum).

CooTeeTcTBYIOWIMM 0Bpa3om onpefensieTcst u Haubonee obLnii
YHUPUKATOP CUCTEMbBI YPaBHEHWIA
(onpegnenexne gaTb CaMOCTOSITENBHO ).



AJITOPUTM YHNONKALUNIA

[Mpumep
Haunbonee obwum yHNpMKaTOPOM CMCTEMBI YpaBHEHWIA
‘- { fle,x) =1f(y.&(y))
1
gly) =z
sBsieTcs noactaHoeka 0 = {x/g(c),y/c,z/g(c)}.

A cncrtema ypaBHeHWi
c { fle,y) =fy.&(v))
1!
gly)=z

He nMeeT peleHunii (HeyHnuunpyema).



AJITOPUTM YHNONKALUNIA

[Mpumep
Haunbonee obwum yHNpMKaTOPOM CMCTEMBI YpaBHEHWIA
) fle,x) =1f(y,8(y)) ) f(c g(c)) = f(c,g(c))
&1 &10 -
g(y) =z g(c) = g(c)
sBsieTcs noactaHoeka 0 = {x/g(c),y/c,z/g(c)}.

A cncrtema ypaBHeHWi
< { fle,y) =f(y,g(y)
1:
gly) =z

He nMeeT peleHunii (HeyHnuunpyema).



AJITOPUTM YHNONKALUNIA

[Mpumep
Haunbonee obwum yHNpMKaTOPOM CMCTEMBI YpaBHEHWIA
) fle,x) =1f(y,8(y)) ) f(c g(c)) = f(c,g(c))
&1 &10 -
g(y) =z g(c) = g(c)
sBsieTcs noactaHoeka 0 = {x/g(c),y/c,z/g(c)}.

A cncrtema ypaBHeHWi
< { fle,y) =f(y,g(y)
1:
gly) =z

He nMeeT peleHunii (HeyHnuunpyema).



AJITOPUTM YHNONKALUNIA

[Mpumep
Haunbonee obwum yHNpMKaTOPOM CMCTEMBI YpaBHEHWIA
) fle,x) =1f(y,8(y)) ) f(c g(c)) = f(c,g(c))
&1 &10 -
g(y) =z g(c) = g(c)
sBsieTcs noactaHoeka 0 = {x/g(c),y/c,z/g(c)}.

A cncrtema ypaBHeHWi
< { fle,y) =f(y,g(y)
1:

gly) =z

He nMeeT peleHunii (HeyHnuunpyema).

Moyemy?



AJITOPUTM YHNONKALUNIA

MpocToii cnyyaii.

Onpegenexne
Cuctema ypaBHeHuii £ Ha3bIBAETCA MpPUBELEHHON , €CAN

X1 = 51

X2 = 5
E:

Xn = Sn

“ Npyu 3TOM
» {x1,...,%p} C Var,

> BCe NMepeMeHHble X1, ..., X, MOMNapHO pasfnyHbIe,

n
> {x1,....x,} N J Vars, = 0.
=1

=



AJITOPUTM YHNONKALUNIA

[Mpumep

Cuctema ypagHeHuii £1 ABNAETCA NPUBEAEHHONR, a £y — HeT.
x=f(y,g(y)) x=f(y,g(y))

E1:¢ z=w Erxid z=w
u=g(c) u=g(x)



AJITOPUTM YHNONKALUNIA

MpocToii cnyyaii.

Jlemma (o npuegeHHoIi cucteme)

Ecan cucrema ypasHenuii £

X1 =851
X2 = S
E:
Xn = Sn
SIBNISIETCS NPUBEAEHHON, TO MOACTAHOBKA {Xx1/S1, X2/, ..., Xn/Sn}

ABNsAeTCA Hanbonee O6LLI,VIM yHI/I(bI/IKaTOpOM cuctemsbl £.

[lokazaTenbcTBO

CamocTtoaTtensHo. C ncnonb3osaHnemM ieMMbl O CBSA3KE.



AJITOPUTM YHNONKALUNIA

Obwuii cnyyaii.

HaliT yHndbukaTop — 3TO 3HaYNUT penTb CUCTEMY YPaBHEHWIA.
Pewatb cucremy bysem MeTOAOM MCKIIIOHEHNSI NepeMeHHbIX (Kak B
«0bbiyHoly anrebpe). Wckntoume Bce nepemeHHble, Noay4Yum
peweHmne (npuBegeHHyto cuctemy). BaxHo, 4Tobbl Bce cnctemsi
ypaBHEHUI, KOTOpbIE Mbl ByAeM CTPOUTb B NPOLECCE K UCKIHOYEHNS
NepeMEeHHbIX» BblN PaBHOCKJIIbHBI NCXOAHONR CUCTeME.

Onpegenexne

Cuctembl ypaBHeHunii €1 n £1 Ha3bIBAOTCSA PAaBHOCUIIBHLIMU , €CAN

HOV(&1) = HOV(&).



AJITOPUTM YHNONKALUNIA

Onucanune anroputMa yHudukaumum
(Anropntm Maptennin—-MoHTaHapwm).

ITO — HeLEeTEPMUHUPOBAHHbIW anropuTm, coctosiunii n3 6 npasun,
KOTOPbIE MOXHO MPUMEHSITL B JIKODOM MoOpsiike 40 Tex nop, noka

> mbO HKU OQHO M3 MPaBU NPUMEHUTL HEBO3MOXHO
(nocTpoeHa npuBeAeHHas CUCTEMA ypaBHEHUI),

> nubo NpUMEHsIeTCS NpaBuIO, YCTaHABAUBAtOLLEE
HEBO3MOXHOCTb YHUMKaLuUu.

WNexopHas cuctema &; i = 0;

while npumeHumo ogHo n3 6 npasun do
BbIOpaThL NpaBuno R, npumenumoe K Ej;
it = R(E)

od



AJITOPUTM YHNONKALUNIA

[MpaBuna npeobpa3oBaHus pelleHnst ypaBHEHNIA.

(1) ypasHenue f(ty, th, ..., t,) = f(s],s),...,s,) 3ameLlaeTcs
COBOKYMHOCTbIO YPaBHEHUI 1] = 5|, th = b, ... t, =s;;
(2) ecnu B cucteme ectb ypasHenue f(t1, ..., t,) = g(si,...,sh),

roae f,g € Func U Const, f # g, To cncTema ypaBHEHHUI He
umeeT pewennii: CTOIM: “Het yHudpukatopa";

(3) ypaBHeHue s = x , rge x € Var, s ¢ Var, 3amewaercs
yPaBHEHMEM X = S ;

(4) ypaBHeHne s = s ypansieTcsi 3 CUCTEMbI;



AJITOPUTM YHNONKALUNIA

MpaBuna npeobpazoBaHus pelleHnst ypaBHEHNI.

(5) ecnn B cuCTeMe eCTb ypaBHEHME X = S , NPUHEM
» x € Var,
> x ¢ Varg, mn
> nepemeHHas x BCTPeYaeTcs B Kakux-nmbo apyrux
YpaBHEHNAX CUCTEMDI,
TO KO BCEM APYrUM YpPaBHEHUS CUCTEMbI MPUMEHSETCS
NoACTaHOBKa {x/s} ;
(6) ecnu B cuCTEMe eCTb ypaBHEHME X = S , MPUHEM
X # s, x € Vars, To cuctema ypaBHEHHUI HE VMEET peLleHunii:
CTOI: “Het yHudmkatopa".



AJITOPUTM YHNONKALUNIA



AJITOPUTM YHNONKALUNIA



AJITOPUTM YHNONKALUNIA

Mpumep 1.
g ffx.y)=fly.f(z.2) @) o
f(“? V) =Yy



AJITOPUTM YHNONKALUNIA

Mpumep 1.
g ffx.y)=fly.f(z.2) @) o
f(”? V) =Yy



AJITOPUTM YHNONKALUNIA

Mpumep 1.
_ f(x,c) =y
e w1
’ f(u,v)=y
{ f(x,c)=y 3) { y = f(x,¢)
&1 y="1f(z,z) = & y =f(z,2z)
flu,v)=y f(u,v)=y



AJITOPUTM YHNONKALUNIA

Mpumep 1.
f(x,c)=y
f(f(x,¢c),y)="f(y,f(z,z)) ()
& & =f(z,2)
’ {f(u,V)—y ! {);(u,v)y



AJITOPUTM YHNONKALUNIA

Mpumep 1.
f(x,c)=y
f(f(x,¢c),y)="f(y,f(z,z)) ()
& & =f(z,2)
’ {f(u,V)—y ! {);(u,v)y



AJITOPUTM YHNONKALUNIA



AJITOPUTM YHNONKALUNIA

Mprmep 1.
y = f(x,¢) " i:i(x, c)
&:{ flx)—f(zz) L gl X7
f(u,v) = f(x,c) c=

f(u,v) =f(x,c)



AJITOPUTM YHNONKALUNIA

Mpumep 1.
y = f(x,¢) y =f(x,¢c)
531{ f(x,c) = f(z,z) Q) & Xiz
flusv) = flx.c) (. v) = F(x.0)
y = f(x,c)
.



AJITOPUTM YHNONKALUNIA

Mpumep 1.
y = f(x,¢c) @
&3 f(x,c)=1F(z,z) = &4
f(u,v) =f(x,c)
y = f(x,¢)
L) x=z (5)

y = f(x,¢)
X =z
c=z

c=z

f(u,v)="f(z,c)



AJITOPUTM YHNONKALUNIA

Mpumep 1.

f(u:v)
y = f(x,¢)
( f(u,v) =
y =f(z,¢)
RS

y = f(x,¢)
X =z
c=z

c=z

f(u,v)="f(z,c)



AJITOPUTM YHNONKALUNIA

Mpumep 1
.
y: f(X, C) (1) i_Z(X’ C)
&3 f(x,c)=1F(z,z) = &4 .
flu,v) =f(x.c) [ f(u,v) =f(x,¢c)
y =f(x,¢) [y =1f(z,c)
] =z (5) ) X=2z
€a: c=z — &5 c=z
[ f(u,v) ="f(x,c) f(u,v) =f(zc)
y = (Z,C) y = f(Z,C)
Es x=z g & : x=z
c=z z=c
[ f(u,v)="f(z,¢c) f(u,v) = f(z,¢)




AJITOPUTM YHNONKALUNIA

MNpumep 1.
y =f(z,¢)
X =2z

& : L.

f(u,v) =f(z,¢)



AJITOPUTM YHNONKALUNIA

[Mpumep 1.
y:f(Z,C) y:f(c,c)
& : x=z g><‘,’7: e
zZ=cC Z=C

f(u,v) =f(z,¢) f(u,v) =f(c,c)



AJITOPUTM YHNONKALUNIA

MNpumep 1.
(y =f(z,¢) y = f(c,c)
L) X=Z (5) ) x=c
56- 7 —c — 57. S—c
f(u,v) =f(z,¢) f(u,v) = f(c,c)
[y =f(c,¢)
X=c
& e
f(u,v)=f(c,c)




AJITOPUTM YHNONKALUNIA

Mpumep 1.
y =f(z,¢)
X=1z

€ : z=¢c¢

f(u,v)="f(z,c)

\

y =f(c,c)
xX=c
& .

f(u,v)=f(c,c)

\

(5)

= &7

1)

= &g

Ve

y =f(c,c)
X=c
z=c¢

y =f(c,c)
X=cC
zZ =



AJITOPUTM YHNONKALUNIA

Mpumep 1.
y =1f(z,¢) y =f(c,c)
& : x=2 g &7 e
Z=C Z=C
L f(u,v)=1(z,¢) [ f(u,v)="f(c,c)
_ y:f(c,c)
i:i(QC) (1) =
&7 B = & z=c
z=c¢ u=-c
[ f(u,v)="f(c,c) e
(v =1f(c,c)
X=c
Eg:Q z=c¢ — npuBeaeHHas cucrema
u=-=c
v=c




AJITOPUTM YHNONKALUNIA

Mpumep 1.
y =f(c,c)
F(f(x,c),y) = fly, f(z,2)) (135) x=c
& {f(u,V)—y %y 2=

0 ={x/c,y/f(c,c),z/c,u/c,v/c} € HOV(&)



AJITOPUTM YHNONKALUNIA

Mpumep 2.

g(u) = g(y)
E:q gx)=v
fu,v) = f(x,y)



AJITOPUTM YHNONKALUNIA



AJITOPUTM YHNONKALUNIA

g(u) = g(y) O u=y
E:{ gx)=v = &1:% gx)=v
= fu,v) =f(xy)



AJITOPUTM YHNONKALUNIA

g(u) = g(y) O u=y
E:{ gx)=v = &1:% gx)=v
= fu,v) =f(xy)



AJITOPUTM YHNONKALUNIA

g(u) = g(y) O u=y
E:{ gx)=v = &1:% gx)=v
= f(u,v) =f(x,y)
u=y u=y
51:{g(x)v gf,‘g:{g(x)v
= f =

(v,v) =f(x)



AJITOPUTM YHNONKALUNIA

Mpumep 2.

g(u) = g(y) O u=y
E:{ gx)=v = &1:% gx)=v

f(u,v) =f(xy) f(u,v) =f(x,y)

u=y u=y
51:{g(x)v gf,‘g:{g(x)v

fu,v) = f(x,y) Fy,v) = f(x.y)



AJITOPUTM YHNONKALUNIA

Mpumep 2.

f(”’ V) f(X?y) f(u, V)_ f(Xa)/)
u=y u=y

& { g(x)=v O & { g(x)=v
flu,v) =f(x,y) fy,v) =1f(xy)



AJITOPUTM YHNONKALUNIA

[Mpumep 2.

u=y
E: ¢ v=g(x)
fly,v) =f(x,y)



AJITOPUTM YHNONKALUNIA

[Mpumep 2.

. u=y 5) . u=y
E: ¢ v=g(x) = & :< v=g(x)
fly,v) =f(x.y)



AJITOPUTM YHNONKALUNIA

[Mpumep 2.
u=y ) u=y
&g v=gK) = & =g
fly,v) =f(x,y) fy,

u=y
& { v = g(x)
fy,8(x)) = f(x,y)



AJITOPUTM YHNONKALUNIA

[Mpumep 2.

u=y u=y
83:{vg(x) g&;:{vg(x)

fly,v) = f(xy) f(y,2(x)) = f(x,y)

u=y

u=y
54:{vg(x) g&); ;:i(x)

f( (x)) = f(x,y) g(x) =y



AJITOPUTM YHNONKALUNIA

[Mpumep 2.

u=y u=y
53:{vg(x) g&;:{vg(x)

fly,v) = f(xy) fly,g(x)) = f(xy)

u=y
y

2 {vg(x) G g q v TEW

(7. ()) = F(x.) L



AJITOPUTM YHNONKALUNIA

[Mpumep 2.
u=y u=y
53:{vg(x) g&;:{vg(x)
fly,v) = f(xy) fy, gl
u=y
y
& {vg(x) G g q v TEW
(7. ()) = F(x.) L



AJITOPUTM YHNONKALUNIA

MNpumep 2.
u=Xx

g1 v=8K)
y=x

g(x) =x



AJITOPUTM YHNONKALUNIA

MNpumep 2.
u=Xx u=2Xx

& : V:g(X) Q} & V:g(X)
y=x =

g(x)=x x = g(x)



AJITOPUTM YHNONKALUNIA

[Npumep 2.

& :

&7

u—Xx u=2Xx
v =g(x) g & - v =g(x)
y =X "

[ g(x) =x x = g(x)

u—=—Xx
v =g(x)
y=x

[ x=g(x)



AJITOPUTM YHNONKALUNIA

[Npumep 2.
u=x
V:g(X) g(c/' .
y=x a

[ g(x) =x

& :

x < < ©

(I T 1
B,
X

u=x
& ;fi(x) B cTON: HET YHN®UKATOPA.
[ x=8(x)




AJITOPUTM YHNONKALUNIA

[Mpumep 2.
u—=—Xx u=2Xx
o a0 o ) vea
y=x y=x
[ 8(x) =x x = g(x)
u=XxX
& ;ff(x) L cTon: HET YHU®UKATOPA.
\ X:g(X)

Cuctema ypaBHeHMii

g(u) =g(y)
E:q gx)=v
f(u,v) =f(xy)
He nmeeT pewenus (yHudukaTopa).



AJITOPUTM YHNONKALUNIA

Teopema (06 yHudpmkaumm)
KakoBa 6bl Hu Bblna cuctema ypasHeHuii £,

1. anroputm yHudpmkauun Maptennu-MoHTanapu Bcerga
3aBeplaet pabory;

2. ecnn cuctema ypaeHeHuii £ yHuuLrpyeva , To B pe3ynbraTte
paboTbl anropntMa yHudukauum byaet nocTpoeHa
NpUBEAEHHasi CUCTEMA YPaBHEHWIA, PaBHOCU/IbHAS UCXOAHOW
cncteme &;

3. ecnu cuctema ypasHeHuit £ HeyHuuLmpyema , TO B

pesynbTaTe paboThbl anroputma yHudpmkauum byger BbigaHo
coobuienne CTOIM: HET YVHUDPUKATOPA.



AJITOPUTM YHNONKALUNIA

HokazatenbcTto. 1. 3aBepLuaemMoCcTb anropuTma.
VpagHenue x = t, rge x € Var, x ¢ Var, bygem HasbiBaTb
MPUBELEHHBIM YPaBHEHUEM CUCTEMbI £ , €CIN NEPEMEHHAN X He
COAEPXKUTCA HN B KAaKUX JPYrUX ypaBHeHUsiX cuctembl E.
MNepemeHHyto x B 3TOM Ciydae byaem HasbiBaTb NPUBEEHHON
nepemMeHHoin cuctembl £

Kaxkgoii cucteme ypasHeHuii £ CONOCTaBUM XapakKTEPUCTUKY
H(E) = (hi(E), ha(E), h3(E)), — ynopsizodeHHyto Tpoiiky

HaTypaJibHbIX YNCeS, B KOTOPOIA

1. h1(€) — obuiee 4ncno HeNPUBEAEHHbLIX NEPEMEHHbIX,
copiepxalymxcst B cucteme &;

2. hy(E) — obyee 4ncno yHKL,. CUMBOJIOB 1 KOHCTaHT,
COAEPXKALLMXCS B JIEBbIX YACTSIX YpaBHEHWHA cuctemsl &;

3. h3(E) — obuee yncno ypasHenuii B cucteme &.



AJITOPUTM YHNONKALUNIA

[okasaTenbcTBo. 1. 3aBepLuaeMocTb anropuTMma.

Ha MHoXXecTBe ynopsifloyeHHbIX TPOEK HaTypasibHbIX YNCEN BBEAEM
OTHOLLEHUE NIeKCHKOrpadhnyeckoro nopsiaka :

(My, Mo, M3) — (Ny, Na, N3)
()

N1<M1
mwm Ny = My u No < Ms
nma Ny = My, No = Mo u N3 < M.

[Mpumep.

(2,11,2) > (2,10,5578) = (1,1001,78)



AJITOPUTM YHNONKALUNIA

Hokasatenscteo. 1. 3aBepluaeMoCcTb anropuTMma.

BcnomoraTtenbHasa nemma.

B MHOXecTBe Tpoek HaTypasbHbIX YnCEN He CyulecTByeT
beckoHeYHO ybbiBatoLWEl NocNeoBaTENLHOCTH

(ki, m1,m) > (ko, mo, np) = -+ = (ki,mj, nj) > (kit1, mjy1,njy1) > ...

ﬂ,OKa3aTEJ1bCTBO BCNOMOraTe/sibHOWN JIeMMbl.

CamocToaTensHo.



AJITOPUTM YHNONKALUNIA

Npes poka3aTenbcTBa BCNOMOraTesibHOW J1IeMMbl.

Mpegnonoxum, 4to y Bac ects 1 000 000 pyb. B npon3sobHbIX
kyntopax. Coirpaem B urpy. [TpaBuna urpbl TakoBbl.

1. Bbl gaete MHe OeHeXHYIO Kynopy U B3aMeH MnoJiydaeTe npaso
noTpeboBaTb OT MeHs1 OBy CYMMY B KyNiOpax MEHbLLLEro
OOCTONHCTBA.

2. Ecnn Bbl BpyyaeTe MHe Kyniopy HaUMeHbLLEro AOCTOUHCTEA,
TO B3aMeH HE NOJy4aeTe HUYEro.

HokaxuTe, 4yTo urpa Bcerga byneT okaH4YMBaThCS Tem, 4To Bel
ocTaeTech be3 peHer.



AJITOPUTM YHNONKALUNIA

HokazatenbcTeo. 1. 3aBepiaemMoCcTb anropuTma.

MokaxkeM, 4TO B pe3dysnbTaTte npumeHenus npasun (1), (3, (4), (5)
XapaKTepPUCTIKA CUCTEMbI YPaBHeHMIi yObIBaET, T. €.

g D oen H(E) = H(E"), rae i =1,3,4,5.



AJITOPUTM YHNONKALUNIA

HokasatenscTeo. 1. 3aBepluaeMoCcTb anropuTMma.

Mokaxkem, 4ToO B pesynbTaTte npumenenus npasun (1), (3, (4), (5)
XapaKTepUCTUKA CUCTEMbI YPaBHEHUN yDObIBaeT, T. e.

g Woen o HENY - HE),  raei=1,3,4,5.

Mpasuno (1)

/ (1) . th =851
& f(ty,...,th) =f(s1,...,8) —> &":< ...
.. t1 =5

hi(E") = h(E"), (&) = ha(E")



AJITOPUTM YHNONKALUNIA

[okasaTenbcTBo. 1. 3aBEpLUIAEMOCTb afiropuTMa.

Mokaxkem, 4To B pesynbTaTte npumenenus npasun (1), (3, (4), (5)
XapaKTepUCTUKA CUCTEMbI YPaBHEHUN yDbIBaeT, T. e.

g he" = HE) - HEY,  raei=1,3,45.

Mpasuno (3)

5’:{ s=x 8, 5”:{X$

hl(gl) = hl(g,/), hg(g,) - hz(g,/)



AJITOPUTM YHNONKALUNIA

[okasaTenbcTBo. 1. 3aBEpLUIAEMOCTb afiropuTMa.

Mokaxkem, 4To B pesynbTaTte npumenenus npasun (1), (3, (4), (5)
XapaKTepUCTUKA CUCTEMbI YPaBHEHUN yDbIBaeT, T. e.

g he" = HE) - HEY,  raei=1,3,45.

Mpasuno (4)

5’:{55 ﬂ>8”:{...

hl(gl) - hl(g”), hg(g,) = h2(€,/), h3(gl) - h3(5”)



AJITOPUTM YHNONKALUNIA

HokasatenscTeo. 1. 3aBepluaeMoCcTb anropuTMma.

Mokaxkem, 4ToO B pesynbTaTte npumenenus npasun (1), (3, (4), (5)
XapaKTepUCTUKA CUCTEMbI YPaBHEHUN yDObIBaeT, T. e.

()

g ~5&" = H(E) = HE), roe i =1,3,4,5.
Mpasuno (5)

t1=si ti{x/sj} = si{x/sj}
& x: sj ), e x: sj

=, talx/ 57} = salx/57)

h(E) = m(E")



AJITOPUTM YHNONKALUNIA

Hokasatenscteo. 1. 3aBepluaeMoCcTb anropuTMma.

3nauur, npasuna (1), (3, (4), (5) He MOryT NpuMeHsTLCS
HeckoHeYHO AoAro.

3HaunT, paHo nau nosgHo nubo ByseT NpUMEHEHO OZHO U3 NPaBuUJ
(2), (6), nubo bygeT nonyyeHa cucTema, K KOTOPOIA HEMPUMEHNMO
HW oaHo npaswuno. B nobom cnyyae paboTa anroputma
yHuMKaLMN 3aBepLINTCS.



AJITOPUTM YHNONKALUNIA

HokazatenbctBo. 2. KOppekTHOCTb anroputma.

Mokaxkem, 4To B pe3ynbTaTte npumenenus npasun (1), (3, (4), (5)
MoJIy4aeTCst CUCTEMA YPABHEHUI, PAaBHOCUIILHAS NCXOLHOM, T. €.

& ), g = & ~¢&, roei=1,3,45.
370, o4eBnaHo, Bepro ansi npasun (1), (3, (4) (ybeantecs camu ).

Mokaxkem, 4To npasusio (5) Takxxe NPUBOANT K PaBHOCWIILHOIA

CNCTEME.
th=s ti{x/si} = s1{x/s;}
.
Eiq x=s5 QS”: X =5

R tnx/5} = sn{x/5}



AJITOPUTM YHNONKALUNIA

HokazaTtenbctBo. 2. KOppekTHOCTL anroputMma.
Mpeanonoxum, 4To  — yHudmkaTop cuctemsl ypasHenuii £, T. e.

t10 = 5160

x0 = s;0

t,0 = s,0
T. k. xt) = s;0, x ¢ Var;, cornaco nemme o ceaske ¢ = {x/s;}0.
CnepoBaTtensHo,

tl{X/Sj}9 = Sl{X/Sj}9

x6 = SJ'H

ta{x/57}0 = su{x/5}0
3HaunT, 6 — yHudmkatop cuctembl ypaeHenunii £”. AHanornyHo
[0Ka3blBaeTCsl, 4TO BCskul yHudmkatop cuctemsl £ apnsiercs
yHucukatopom cuctembl £’



AJITOPUTM YHNONKALUNIA

[HokazaTtenscteo. 3. MNonHoTta anroputma yHudmkaumu.

Kak Mbl nokasanu, paHo nnu nosgHo npu pabote anroputma anbo
OyaeT npumeneHo ogHo n3 npasun (2), (6), nmbo byget nonyyeHa
CMCTEMA, K KOTOPOUi HEMPUMEHUMO HN OAHO MPaBUJIO.

Ecnm k cucreme npumensietcs npasusio (2), To B cucteme ectb
ypasHenue f(si,...,sn) = g(t1,-..,tm), f # g. OuveBngHo, ans

ntoboii nogcranoskn 0 BepHo f(s1,...,5p)0 Z g(t1,. .., tm)0.
3HauuT, cucTeMa, cofepXallasi Takoe ypaBHEHue,
HeyHudMunpyema.

Ecnn k cucreme npumensietcs npasuso (6), To B cucteme ectb
ypaBHeHne x = s, x € Vars. CornacHo sieMme o cBsizke st ntoboii
nogcraHoeku 6 BepHo xf Z sf. 3HauuT, cuctema, cogepkallas
TaKoe ypaBHEHME, HeyHNbLMpyema.

3HauuT, Bbigada coobuwenns CTOM: HET VHUDOUNKATOPA
03Ha4aeT, 4TO cucTema HeyHudnuMpyema.



AJITOPUTM YHNONKALUNIA

Hokazatensctio. 3. [TonHoTa anroputma yHudukauum.

Ecnu k cucteme ypaBHeHuMii HENPUMEHUMO HU OAHO MPaBMIO, TO
> B JIEBbIX YaCTSIX yPaBHEHUN COAEPXKATCS TONBKO MEPEMEHHbIE
(nHave npumennmebl npasuna (1), (2) wm (3));
> HU OAHa NepeMeHHasi U3 IEBOIi YacTu bonblue HUrAe He
copepxunTcs (nHave npumerumsl npasuna (4), (5) nan (6)).
3HauNT, NOCTPOEHHAs CUCTEMA YPABHEHUI SIBASIETCS NPUBELEHHON

U UMeEeT YHUUKATOP, KOTOPbI BLIYUCIASETCA MO JIEMME O
NpVBeLEHHON cUCTeME . g



KOHEL, NEKLLUW 8.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuunsa 9.

Pe3sontoTuBHbIN BbIBOA,
KoppekTHOCTb pe30/ItoTUBHOIO
BbIBOAA.
[MpnmeHeHne meTopa pesontouuii.



PE3OJIOTUBHLIN BbIBOA

O TepmuHonoruum.

Mycte 3agaHo BbipaxkeHne E n nogcraHoska 6.

MoacTtaHoeka  : Var — Var Ha3blBaeTCs NepenmMeHoBaHEM ,
ecnn 0 — buekuns.

BbipaxkeHue E6 HasbiBaeTca npumepom BbipaxkeHus E.

Ecnn Vargg = 0, To npumep E0 HasbiBaeTCs OCHOBHLIM MPUMEPOM
BblpakeHust E.

Ecnmn 0 — nepenmeroBanue, 1o npumep E6 HasbiBaeTcs BapnaHToM
BblpakeHust E.



PE3OJIOTUBHLIN BbIBOA

Mpumep

Mycte E = P(x,f(y)) vV =R(y, ¢).

0 ={x/u,y/z,u/x,z/y} — nepenmeHoBaHue.

E' = E{x/g(d),y/2} = P(g(d). F(2)) V ~R(z,c) — npumep E.
E" = E{x/g(d),y/c} = P(g(d),f(c)) V —R(c,c) — ocHosHOIA
npumep E.

E" = E{x/u,y/z} = P(u,f(z))V =R(z,c) — BapuaHT E.

B HaCTHOCTKU, NyCTas (TO)Kp,eCTBeHHaH) NnoACTAHOBKA ABNIAETCA
nepemMmeHoOBaHNEM.



PE3OJIOTUBHLIN BbIBOA

MpaBuno pesontoyun.

Mycte D1 =Dy V L1 n Dy = Dé V =Ly, — ABa AN3BIOHKTA.
Mycts 0 € HOY(L4, L>).

Torpa ansbionkt Dy = (D] V D5)6 HasbiBaeTcs pe3onbeeHTOl
ansbtonkToB D1 n Do,

Mapa nutep L1 n —Ly Ha3bIBAeTCA KOHTPapHOIA Nnapoii .

MpaBuno pesontouyun

Di V Ly, Dé V aly

(D:’l v D£)9 , 0 e HOV(Ll,LQ)




PE3OJIOTUBHLIN BbIBOA

anMep npnMeHeHnsa npaswua pe3osnitounn.
Dy = P(x,f(y)) V -R(g(x,2), f(2))
D, = Q(X) \ R(y,X) \ _'P(g(Z,y),Z)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuna pesontounn.
Dl = P(Xv f(y)) \ —|R(g(x,z), f(Z))
D
D> = Q(x) V R(y,x)V=P(g(z,y),2)
—_———

D;

BoamoxHas koHTpapHas napa P(x, f(y)), =P(g(z,y),z)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) vV ~R(g(x, 2), f(2))
Dy
D> = Q(x) V R(y,x) V-P(g(z.y). 2)
N—

D;

BoamoxHas koHnTpapHas napa P(x, f(y)), ~P(g(z,y), z)

HOY(P(x. f(1)). P(g(2.). 2))



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) vV ~R(g(x, 2), f(z))
Dy
D> = Q(x) V R(y,x) V-P(g(z.y). 2)
N——
Dy

BoamoxHas konTpapHas napa P(x, f(y)), ~P(g(z,y), z)
HOV(P(x, (), P(g(z.¥).2))

. X:g(Z,y)
%o { fly)=z



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) vV ~R(g(x, 2), f(z))
Dy
D> = Q(x) V R(y,x) V-P(g(z.y). 2)
N——
Dy

BosmoxHas koHTpapHas napa P(x, f(y)), =P(g(z,y),z)

HOY(P(x. f(1)). P(g(2.). 2))

| x=g(z,y) (3.5 ] x=g(f(y),y)
gO'{f(y)—z Sl'{zzf(y)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.

D, = P(Xv f()/)) \ ﬁR(g(X,Z), f(z))

Dy
Dy = Q(x) V R(y, x) vV-P(g(z.v). 2)
Dl

BoamoxHas konTpapHas napa P(x, f(y)), ~P(g(z,y), z)

HOV(P(x, f(y)), Plg(z.),2))= 0 = {x/g(f(y).¥).2/f(¥)}

[ x=g(z,y) (3).(5) _ g(f(y),y)
gO'{f(y):z Sl'{ f(y)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) vV ~R(g(x, 2), f(z))
Dy
D> = Q(x) V R(y,x) V-P(g(z.y). 2)
N——
Dy

BoamoxHas koHnTpapHas napa P(x, f(y)), =P(g(z,y), z)

HOV(P(x, f(y)), Plg(z.).2))= 0 = {x/g(f(y).¥).2/f(¥)}
Pe3sonbBeHTa

Do=(=R(g(x,2). F(2)) v Q(x) V R(y, %))
D} D}




PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHnst npaBuna pesonounn.
D, = 'D(Xv f(y)) \ ﬁR(g(X,Z), f(z))
D]
D> = Q(x) V R(y,x)V-P(g(z,y). 2)
—_——
D]

BosmorxkHas koHTpapHas napa P(x, f(y)), ~P(g(z,y),z)
HOY(P(x. f(y)), P(g(2.¥).2))= 0 = {x/&(F(y),¥).2/f()}

PesonbeenTa

Do=-R(g(g(f(y).y)y)f(f(¥))VQ(g(f(y).y))VR(y, g(f(y).y))-



PE3OJIOTUBHLIN BbIBOA

anMep npnMmeHeHnsa npaswua pe3osirounn.
D1 = P(x,f(y)) V-R(g(x, 2),f(2))
—_———
Dj
Dy = Q(x) VR(y,x) V —=P(g(z,y), z)
—— —_———

D; D;

[pyras kouTtpapHasi napa —~R(g(x, z), f(z)), R(y, x)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x, f(y)) V-R(g(x, 2), f(2))

————

Dy

D> = Q(x) VR(y,x) vV ~P(g(z,y), z)

—— —_—

Dy Dy

[lpyras kouTtpapHas napa ~R(g(x, z), f(2)), R(y, x)
HOY(R(g(x,2), f(2)), R(y.x))



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) V=R(g(x, 2), f(2))

———

Dy

D2 = Q(x) VR(y,x) vV ~P(g(z,y), z)

—— —_—

Dy Dy

[pyras konTtpapHas napa ~R(g(x, z), f(2)), R(y, x)
HOY(R(g(x,2), f(2)), R(y,x))

a2y



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x,f(y)) V=R(g(x, 2), f(2))

———

Dy

D2 = Q(x) VR(y,x) vV ~P(g(z,y), z)

—— —_—

Dy Dy

[pyras konTtpapHas napa ~R(g(x, z), f(2)), R(y, x)
HOY(R(g(x,2), f(2)), R(y,x))

a:{ ATy 00 g {1 ZgO9



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.

D, = 'D(Xv f(}/)) \/ﬁR(g(X,Z), f(z))
D’

Dy = Q(x) VR(y,x) vV ~P(g(z,y), 2)
D, D}

[pyras konTtpapHas napa ~R(g(x, z), f(2)), R(y, x)
HOY(R(g(x,2), f(2)), R(y,x) )= = {x/(2), y/g(f(2). 2)}

fgxz)=y  ©3).06) o | (f(2),2)
o { B2 e {12H)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontounn.
Dy = P(x, f(y)) V=R(g(x, 2), f(2))

———

Dy

Dy = Q(x) VR(y,x) vV ~P(g(z,y), z)

—— —_—

Dy Dy
[Npyras kouTtpapHas napa ~R(g(x, z), f(2)), R(y, x)
HOY(R(g(x,2), f(2)), R(y,x) ) =n = {x/(2), y/g(f(2). 2)}
Pe3sonbBeHTa

Do=(P(x (1) V QL) V ~P(g(z.¥).2) )
D} DY




PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npasuia pesontoyuun.
D1 = P(x, f(y)) V-R(g(x, 2),f(z))
—_—
D;
D> = Q(x) VR(y,x) V =P(g(z,y), 2)
~—~— —_—

D; D;

[pyras konTpapHas napa —R(g(x, z), f(z)), R(y, x)
HOV((R(g(x. ). F(2)). R(y.x))= 1 = {x/F(2).y/&(F(2).2)}
PesonbeeHTa

Do=P(f(2).f(g(f(2) 2)))V Q(f(2))V~P(g(z.8(f(2),2)), 2).



PE3OJIOTUBHLIN BbIBOA

MpaBsuno ckneiikn.

Mycte D1 = Dy V L1 V Ly — BU3BIOHKT.

Mycte n € HOV(Ly, Ly).

Torpa ansbioHkt Dy = (D V L1)n HasbiBaeTCst ckielikoi
ansbtonkTa Di.

Mapa nutep L1 n Ly Ha3bIBaeTCS CkienBaemoli napoi .

lNpaBuno ckneiiku

Dy VLV L

o T HOV(Ly, L
(D1 V L)y e (b L2)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHnsi npaBuia ckenku.

D1 = P(x)V =R(y,z,f(x)) V=R(x, f(c), z)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npaBuia cKNenku.
D1 = P(x)V=R(y,z,f(x))V =R(x, f(c),z)
~—~—

Dy

BoamoxHas cknemsaemasi napa —R(y, z, f(x)), =R(x,f(c), z)



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npaBuna ckneknu.
Dy = P(x)V=R(y,z,f(x)) V =R(x, f(c), 2)
——

Dy
BoamoxHas cknemsaemasi napa —R(y, z, f(x)), —R(x, f(c), z)

HOY(R(y, 2, f(x)), R(x, f(c). 2))



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHns npaBuia CKNenku.
Dy = P(x)V=R(y,z,f(x)) V =R(x, f(c), z)
—~—

D
BoamoxHas ckneusaemasi napa —R(y, z, f(x)), =R(x,f(c), z)

Hoy(R(y, z, f(x)), R(x, f(c), z))

y =x
50:{ z="f(c)
f(x)=z



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHust NnpaBuia ckNenku.
D1 = P(x)V=R(y,z, f(x))V =R(x, f(c), z)
—~—

D
BoamoxHas ckneusaemasi napa —R(y, z, f(x)), =R(x,f(c), z)

HOV(RQ@Z,NX»,RQgﬂcLzU

y=x (1).(3),(5) y=-<
&4 z="1(c) == &K z=1(c)
f(x)=z =



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHusi NpaBuna ckNenku.
D1 = P(x) V-R(y. 2, f(x)) V ~R(x, £(c), 2)
~——
D
BoamoxHas ckneusaemasi napa —R(y, z, f(x)), =R(x,f(c), z)

HOV(R(Ya Z, f(X))v R(X7 f(C),z)): n= {X/C,y/C,Z/f(C)}

ARNECIYONG) y =
&4 z="1(c) == &K z=1(c)
f(x)=z xX=c



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHust NnpaBuna cknemnku.
Dy = P(X) \/_'R(yvz'/ f(X)) v _'R(Xa f(C)>Z)
~—~—
D
BoamoxHas cknemsaemasi napa —R(y, z, f(x)), =R(x,f(c),z)
HOY(R(y, 2, f(x)), R(x,£(c),2) )= n = {x/c,y /<, z/(c)}
Ckneiika

Do=(P() V=R(y, 2, f(x)))n
Dy



PE3OJIOTUBHLIN BbIBOA

Mpumep npumeHeHus NnpaBuna cknenku.
Dy = P(x)V=R(y,z,f(x)) V =R(x, f(c), 2)
~—~—
D
BoamoxHas ckneusaemasi napa —R(y, z, f(x)), =R(x,f(c), z)
HOY(R(y, 2, £(x)), R(x. f(c),2)) = n = {x/c,y/c,2/f(c)}
Cknelika

Do=P(c)V R(c,f(c), f(c)).



PE3OJIOTUBHLIN BbIBOA

OnpepeneHne pe3oat0OTUBHOIO BbiBOAA.
Mycte S = {D1,Dy,...,Dy} — cuctema gU3BIOHKTOB.

Pe3ontoTrBHbIM BbIBOAOM N3 CUCTEMbI ON3BIHOHKTOB S HasbiBaeTcst
KOHE€YHas nocnenoBaTe/IbHOCTb AN3BHOHKTOB

/ / / / /
D1,D;,...,D;,Dj,q,...,Dy,
B KOTOpoii ans moboro /, 1 < i < n, BbINONHSETCS OQHO W3 TPeX
yCJIOBWIA:

1. nmbo D! — BapnaHT HEKOTOPOro AnN3bIOHKTa U3 S;

/ / / H I
2. nubo D — pe3onbBeHTa [U3BLIOHKTOB Dj w D, rpej k<i
3. nubo D! — ckneiika gusbtonkta D!, rae j < i.

Ausbtonktel Di, D), ..., D) cuutatores pesontoTnsHo
BLIBOAVMbBIMI N3 CUCTEMBI S.



PE3OJIOTUBHLIN BbIBOA

Mpumep pesontoTuBHOro BbIBOAA.

S ={D1y,D,, D5}
D1 = P(x,f(y)) vV R(y),
D> = —R(y),
D3 = =P(f(x),z) V =P(y,y).

PesontoTueHblin BeiBOA 13 S

Di = P(x1,f(y1)) V R(y1), BapnaHT ansbtonkTa Dg

D} = =R(y2), BapnaHT gusbtonkta D>

D} = P(x3, f(y3)), pesonbeenTa gusbtonktos D, D)

D) = =P(f(xa), zs) V = P(ya, ya), Bapnant gusbtorkra D3
DL = —P(f(xs), f(xs)), ckneiika D}

D} = [, pesonbsenTa gnsbionktos Dj n D

ok wbH=

3npeck [ — nycToii AU3bIOHKT , TOXXAECTBEHHAA SI0XKb.



PE3OJIOTUBHLIN BbIBOA

Mpumep pesontoTuBHOro BbIBOAA.
A noyemy nycToii An3bIOHKT [] — 3TO TOXAECTBEHHAS JIOXKb?

A noTomy, 4TO Kaxablih gu3bHkT D = L1 V -+ -V L, paBHOCU/EH
yTBepxaeHuto Ly V-V L, V false.

MoaTomy pesosibBeHTON ansblonkToB Di = LV false un
D, = =LV false byget ansbionkt Dy = false.

DTOT LU3BIOHKT HE COLEPXXUT HU OLHOA NUTEPLI, N NOSTOMY
Ha3bIBAETCS MYCTbIM AU3BLHKTOM .



PE3OJIOTUBHLIN BbIBOA

ObpaTuTe BHUMaHWE HA TO, YTO S MOCTOSAHHO MEPEUMEHOBBLIBAIO
NepeMeHHbIE TaK, YTODbl KaXKablli AN3BIOHKT PE30JIFOTUBHOIO
BbIBOZA COAEPXKas CBOIO UHAUBUAYASIbHYIO CUCTEMY MepemMeHHbix!

PesontotueHblli BoiBOA U3 S

1. Dy = P(x1,f(y1)) V R(x1)

2. Dy ==R(y2)

3. D§ = P(x3,f(y3))

4. Dy = —P(f(xa), za) V =P(ya, ys)
5. D{ = =P(f(xs), f(xs5))

6. D =0

3a4eM 3TO Hy>KHO?



PE3OJIOTUBHLIN BbIBOA

Bce peno B Tom, 4TO BCe NepeMeHHble JU3BIOHKTOB CBSI3aHbl
KBaHTOpamMm YV, 1 NO3TOMY UX MMEHA MOXHO JOCTAaTOYHO
MPOU3BOJIbHO U3MEHSTb, MOJHOCTHIO COXPaHSis CMbIC hOPMYI.
OpHako, cnyyaiiHoe COBMajeHne NMeH nepemMeHHbIX (Konimsust)
MOXXeT MPUBECTUN K TOMY, HTO Pe30JIbBEHTY AN3BIOHKTOB NOCTPOUTL
He yaacTca.

Mycte S = {D; = P(x), D, = =P(f(x))}.

1. Df = P(x) 1. DY = P(x1)

2. D} = —P(f(x)) 2. DY = =P(f(x2))
3, Hoy(P(x), P(f(x))) =0, 3.D/=0

n nostomy Di, D} pesonbeeHta DY, DY .

HE NMEIKOT PE30JIbBEHTbI.

Wtak, Haw gesus:
HOBBbIIA AN3BHOHKT — HOBbLIE MEPEMEHHBIE.



PE3OJIOTUBHLIN BbIBOA

PesontoTuBHbIA BbIBOA HasbiBaeTCs ycrewHsiv (Mam, no Apyromy,
PE30JIIOTUBHLIM ONPOBEPXKEHNEM ), €CIN STOT BbIBOA OKAHYMBAETCS
nycTelM AnsbloHkTOM [.

B yem e cocTouT ycnex Takoro pesosIloTUBHOIO BbIBOAA M YTO
npw 3TOM OMpPOBEPrHYTO?

VeneLwHblii BbIBOg — 3TO CBUAETENLCTBO TOrO, 4TO CMCTEMA
ON3BIOHKTOB S NPOTUBOPEYMBA 11 ONPOBEPIHYTO MPELNOIOXKEHMNE
0 ee BbInoAHUMOCTM!

Ho >To npugetca obocHoBaTh.



KOPPEKTHOCTb PE30JIOTUBHOIO
BbIBOJA

Teopema KOpPpPeKTHOCTM pPe30JII0TUBHOIO BbIBOAA

Ecnn n3 cuctembl An3bIOHKTOB S Pe30AIOTUBHO BbIBOAUM MYCTONA
AM3boHKT [J, To S — npoTuBOpeYnBas CMCTEMA AUSBIOHKTOB.

[JokasaTenbcTBO Teopembl

MycToii U3 BIOHKT TOXXAECTBEHHO JIOXKEH, T.€. HE UMEET Mopaeneil.
[MokaXkeM, 4TO Ka)kAblii OU3BIOHKT, Pe30JOTUBHO BbIBOAUMbI U3
S, aBnsietca nornyeckum cneactenem S. Torga

S E 0O,

1 3TO O3HAYAET, YTO S TaKXXE HE UMEET MOAENEl, T.e. SBIAETCS
NPOTUBOPEYNBOIN CUCTEMOIA.

Ocraetcs AO0Ka3aTb ABE JIEMMbI.



KOPPEKTHOCTb PE3OJIOTUBHOIO
BbIBOOA
Jlemma 1.
Ecin Dy — pesonbeenTa gusbionktos D1 u Dy, o Dy, Dy |= Dy
HokazatenbcTtBo nemmsbl 1.
Dy = DiVLi, Dy = Div~-ly, € HOY(L1,Ls), Do = (DjVv D)0
Takum obpasom, L10 = L0 = L.

|-I03TOMy Mbl nosiy4aem cnepyrouine COOTHOWEHNA

Dy, D, = D46, D1, D, = Dy6
D1, D, ): D{H\/Lle, D1, D, ): Dé@\/—!ng
D1, D, ’: Dicg\/Lo, D1, D, ): Dé@\/—\Lo
D1, D, ): D{Q\/Dﬁ@\/Lo, D1, D, ): D{Q\/Dée\/ﬂLo
D1, D, ): Di@ V Dég
D1, Dz = Do
BoT un Bce. [



KOPPEKTHOCTb PE30JIOTUBHOIO
BbIBOJA

JNemma 2.

Ecnu Dy — ckneiika gusbiorkta D, To D = Dy.
JokasaTtenbcTBo nemmbl 2.

CamocToaTensHo.



NMPUMEHEHVE METOAA PE30J1HOLN

Mpumep.
PaccmoTtpum dopmyny ¢

Vx (VyHVVu <(A(u, v) — B(y, u))&

(—3IwA(w, u) — VZA(z, v))) — EIyB(X,y))

3apava
MpoBepuTb, BEpHO U, 4TO = .
PeweHne

MeTtogom pezontouuii.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnne

Stan 1. MNokaxeM, 4To hopMyna @1 = — NPOTUBOPEYHNBAS.

1 = Vx (VyElvVu <(A(u, v) = By, u)) &

(—=3IWA(w, u) — VZA(z, v))) — EIyB(x,y))



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

Stan 2. MNpueegem @1 kK MHP 5.
NexopnHas dopmyna
—Vx <Vy§ivVu ((A(u7 v) — B(y,u)) &

(—=3IwWA(w, u) — VZA(z, v))) — EIyB(x,y))



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

Stan 2. MNpueegem @1 kK MHP 5.
MNepenmeHoBaHmMe nepeMeHHbIX
—Vx <Vy’§|vVu ((A(u, v) — B(y',u)) &

(—=3IwA(w, u) — VZA(z, v))) — EIy”B(x,y”))



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnune

Stan 2. MNpueegem @1 Kk MH® 5.
VYapanenne nmnankauuii
VX <ﬁVy’E|vVu <(ﬂA(u, v)V B(y',u)) &

(—m=3IWA(w, u) V VZA(z, v))) % EIy”B(x,y”))



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

Stan 2. MNpueegem @1 kK MHP 5.
MpogBrxeHne oTpuuaHuii
Ix <Vy/EIVVu ((—|A(u, v)V B(y',u)) &

(IwA(w, u) V VZA(z, v))) & Vy”ﬂB(x,y”)>



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnne

Stan 2. Mpusegem @1 k MMHD 5.
BbiHeceHue kBaHTOpOB
w2 = IxVy'IvVuIwVzvy” ( (mA(u,v) VB(y',u)) &

(A(w,u) V A(z,v)) &
_‘B(Xay”)



NMPUMEHEHVE METOAA PE30J1HOLN

Pewenne

Stan 3. MNpueegem w3 k CCP 3.

ps= VY Vu V2 ( (<A, (/) v By 1)) &
(Ale(y'. u), u) v Az, F(/) &
jB(vaﬂ)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnne

Jtan 4. ®opmMupoBaHme CUCTEMbI U3 BIOHKTOB S,.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(u1, f(y1)) vV B(y1, 1),

= A(g(yz t2), 2) V A(z2, f(y3)),
= Alg(y3, (¥3)), f(¥3)):

= B(ys (s, f(va)));

= —B(c,y3),

= 0.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

Se = { D1 = —AW () VB, u).

Dy = Ag(y'su),u) vV Az, f(y')),
Dy = ~B(c,y") }

D; = —-A(u1,f(y1))V B(yi, u1), (Bapnant Dy)

D; = A(g(ys, u2), u2) V A(z2, f(y3)),

Dy = Alg(ys, f(¥3)). f(v3)):

Dy = Blys (s f(va)));

Dy = —B(c,y),

D, = O.

I o



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(ur, (1)) vV Blyy, u1),

= Alg(y, u2), u2) V A(z2, f(y5)), (BapuanT Ds)
= Alg(y3, f(¥3)). f(3)):

= B(ys,8(ys:f(va))),

= —B(c,y3),

= 0.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(u1, f(y1)) vV B(y1, 1),

= A(g(yz t2), 2) V A(z2, f(y3)),

= A(g(ys: f(3)): f(v3)), (ckneiika D;)
= B(ys (s, f(va)));

= —B(c,y3),

= 0.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(u1, f(y1)) vV B(y1, 1),

= A(g(yz t2), 2) V A(z2, f(y3)),

= Alg(y3, (¥3)), f(¥3)):

= B(ys,8(v4: f(v2))); (pesonseenta Dy n D3)
= —B(c,y3),

= 0.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(ur, (1)) vV Blyy, u1),

= A(g(yz, u2), o) V A(z2, f(¥3))
= Alg(ys: f(v3)): f(¥3)),

= B(ys,8(ys:f(va))),

= =B(c,yl), (Bapuant D3)

= 0.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

J7an 5. PesontoTusHbIii BbiBOA 13 S,

I o

D}
D
D
D,
D;
D;

S = { D= Al f(Y) VB, u),
Dy = Ag(y'.u),u) v Alz. £(y)).
Ds = ~B(c,y") }

= —A(ur, (1)) vV Blyy, u1),

= A(g(yz t2), 2) V A(z2, f(y3)),
= Alg(ys: f(v3)): f(¥3)),

= B(ys,8(ys:f(va))),

= —B(c,y3),

= O . (pesonbeenta Dy n D)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHne

3akntodenne. YcnelwHblii pe3ontoTUBHbIA BbIBOA U3 S, 03HaYaerT,
4T0 S, — NPOTUBOpPEYMBas CUCTEMA U3 BIOHKTOB.

3HaunT, 1 = —p — HeBbINOMHUMAs popmMyna.

3HaunT, ¢ — obwesHaunmas dopmyna,

F ¢



NMPUMEHEHVE METOAA PE30J1HOLN

Bonpoc nonHoTbl

A MOXHO N1 TakKM CNocoboM NpoBepsiTb 0bLLE3HAYNMOCTL NHODbIX
dhopmyn?

DTOT BOMPOC MOXET ObITh YTOYHEH Tak:

1. BepHo sn, 4to ans noboii oblesHaunmoii popmybl ¢
MOXXHO MOCTPOUTL YCMELIHbIN PE30IOTUBHbIA BbIBOA U3
COOTBETCTBYIOLLEN CUCTEMbI U3 BIOHKTOB S, 7

2. BepHo nu, 4TO B TOM Ciiyyae, korga hopmysibl
HeobLe3HauYMMa (CMCTEMaA AN3BIOHKTOB S, BbINOJHIMA), Mbl
CMOXEM KaKUM-TO 0bpa3oM oBHapyXnNTb HEBO3MOXHOCTb
MOCTPOEHUSI YCNELHOro Pe30JIIOTUBHOMO BbIBOAA !



KOHEL, NEKLLUW 9.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyusn 10.

[MonHoTa pe3ontoTBHOro BbiBOAA.
[NMpumeHeHne meToaa pe3ontounia.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Teopema o0 nonHOTe pe30sOTUBHOIO BbIBOAA

Ecnn S — npoTueopeumsas cuctema AU3BIOHKTOB, TO U3 S
PE30JOTUBHO BbIBOAUM NYCTOR AU3BIOHKT L.

[JokasatenbcTBo.

Ecam S — npoTtusopeynBasi cuctema guU3bIOHKTOB, TO COrJ1acHO
Teopeme JpbpaHa CyLWECTBYET KOHeYHasi NPOTUBOPEYNBasi CUCTEMA
S’ OCHOBHbIX NpUMepOB AN3bIOHKTOB 13 S. [oaToMy Mbi

1. BHavane noka)em, 4TO U3 NPOTUBOPEHMBON CUCTEMbI OCHOBHbIX
NPUMEPOB AN3BIOHKTOB S’ MOXHO pe30AOTUBHO BbIBECTU MYCTON
AnsbroHkT [,

2. A 3aTeM Ha OCHOBe 3TOro BbIBOAA MOCTPOUM PE30HOTUBHbII
BbIBOA MYCTOrO AM3bIOHKTA U3 CaMoil cuctems S.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Jlemma 00 OCHOBHbIX NpUMepax AU3BIOHKTOB

Ecnn S’ — koHeyHas npoTuBopeqnBas CUCTEMa OCHOBHbIX
NPMMEPOB AM3BIOHKTOB, TO U3 S’ Pe30NtOTMBHO BLIBOAUM MYCTOA
an3broHkT .

JokasaTtenbcTBO NnemMmmbi.

NHaykuneli no vucny N pasnnyHbiX OCHOBHbLIX aTOMOB B CUCTEME
ansbloHkTos S'.

Basuc (N = 0). Cucrema S’ npotusopeuusa. 3nauut, S’ # ().

Ho B8 S’ HeT Hn oaHoro aToma. 3HauuT, B S’ comepXmnTcs ToAbKO
nyctoli ausbloHKT [J. W oH pesontoTueHo BbiBoguM 13 S'.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTtenbcTBO NnemMmbi.

NupykTusheiii nepexop, (N +1 — N). Paccmotpum
MPON3BOJ/IbHbIA OCHOBHOW aToM Ap, BXOASALWMNIA B COCTaB
AN3bIOHKTOB U3 S’ n pasobbem cuctemy S’ Ha Tpu vacTu:

1.S0={D : DeS, D=DyV A}

2.8={D : DeS, D=D,V-Ap}.

3.4={D : DeS§', Ay ¢ D};
MocTpoum BCe pe30sibBEHTHI NO KOHTPapHoli nape Ag, —Ag
S{={D1VD, : Di=DiVA €S, Dy=DyV-A € S}}

M MOKAXEM, YTO MHOXECTBO AnsbioHkToB S” = 5§ U 54
NPOTUBOPEYNBO.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTenbLcTBO NeMmbl.

S1 S S3
51 V Ao 52 V —Ag HeT aTomoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTenbLcTBO NeMmbl.

S1 S; S3
51 V Ag 52 V =Ag HeT aTomoB Ag

So S3

D1V D, HeT aTomoB Ap

pPe30/1IbBEHTbI




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

[Joka3aTtenbcTBO NnemMmbi.

PaccmoTpuM npounssonbHyto nHTepnpeTauumto /.

[ns onpegenennoctn bygem nonarats, 4to | = Ao
(ecnmn | = —Ag, To paccykpeHnst OyayT aHanOrmyHbl).
Mokaxem, uto | = S”.

T. k. S’ npoTneopeunsas cucrema, sepro / = S; U S5 U Si.
TklIEAuuS, ={D: DeS, D=DVA} sepro | |= S!.
3Hauur, | & S5USS.

Bo3amoxHbl ABa BapuaHTa.

Bapuant 1. | |~ Si.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

[Joka3aTtenbcTBO NnemMmbi.

PaccmoTpuM npounssonbHyto nHTepnpeTauumto /.

[ns onpegenennoctn bygem nonarats, 4to | = Ao
(ecnmn | = —Ag, To paccykpeHnst OyayT aHanOrmyHbl).
Mokaxem, uto | = S”.

T. k. S’ npoTneopeunsas cucrema, sepro / = S; U S5 U Si.
TklIEAuuS, ={D: DeS, D=DVA} sepro | |= S!.
3Hauur, | & S5USS.

Bo3amoxHbl ABa BapuaHTa.

Bapmant 1. | = S5. Torpa | = S”, 4to n tpebosanoce.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao
S S5 S3
51 V Ao 52 V —Ag HeT aTomoB Ag

S//

So S3
51 V 52 HeT aTtomoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao
true S] S, S5
51 V Ao 52 V —Ag HeT aTomoB Ag

S//

So S3
51 V 52 HeT aTtomoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuanT 1.

s/
true S] S, S5

51 V Ao 52 V —Ag HeT aTomoB Ag

I D

S/I
S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuanT 1.

s/
true S] S, S5

51 V Ao 52 V —Ag HeT aTomoB Ag

I D

S/I
S3

HeT aToMoB Ag

I b D




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

[JokasaTtenbcTBO NeMmmbi.

Bapuant 2. | |~ S).

3HauNT, CyLLECTBYET TaKON AU BIOHKT 52 V =Ag € S, uto
I = Dy vV —Ag. CneposatensHo, | [= Dy (nouemy? ).

PaccmoTtpum Tenepb unTepnpetauuio I/, koTopas otanyaerca ot /
Tonbko Tem, uto ' (= Ap.
T. k. I" =51 US,U S, (Bepb S’ npotneopeunsas),
I'"=S)(Beab S5 ={D:D €S, D=DV-Ay} unl |=-A),
I" = Si (a nHave mbl 6ol nmenn BapuanT 1, Beab Ag ¢ S3),
Bepro I’ [~ Si.

3HauNT, CyLLIECTBYET TaKON AN3BIOHKT 51 V Ap € 51, uto
I" = Dy V Ag. Cneposatensho, I’ = Dy. A nockoneky Ag ¢ Dy, a |
otanyaetcs ot I’ Tonbko Ha atome Ag, BepHo | £ Dy .



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuanT 2.

true S] S, S

true

51 V Ao 52 V —Ap HeT aTtomoB A

So S3

D1V Dy HeT aTomoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuanT 2.

true S] true S5

Dy VvV Ag HeT aTomoB Ag

S//
S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuanT 2.

true S] true S5

Dy VvV Ag HeT aTomoB Ag

S//
S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuaHnT 2.

S] true S5

Dy VvV Ag HeT aTomoB Ag

S//
S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuaHnT 2.

sl
S3

true

HeT aTomoB Ag

S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuaHnT 2.

sl
S3

true

HeT aTomoB Ag

S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

I = Ao BapuaHnT 2.

sl
S3

true

HeT aTomoB Ag

S3

HeT aToMoB Ag




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTtenbcTBO NnemMmbi.
BapuanT 2.
Tk. I%Blmlbéﬁz BepHolbéB;lng

OCTaeTCﬂ 3amMeTuTh, 4TO D1 \Y, D2 — 3TO pe30/IbBEHTA N3 BIOHKTOB
D2\/—|A0 €Sin DlvAo € Si, n noatomy D1\/D2 € 50



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTtenbcTBO NnemMmbi.
BapuanT 2.
Tk. I%Blmlbéﬁg BepHolbéﬁl\/Bg

OCTaeTCﬂ 3amMeTuTh, 4TO D1 \Y, D2 — 3TO pe30/IbBEHTA N3 BIOHKTOB
D2\/—|A0 €Sin DlvAo € Si, n noatomy D1\/D2 € 50

CneposatensHo, | = Sy. Torga | = S”, 4to n Tpebosanocs.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

JokasaTtenbcTBO NnemMmbi.

BapuanT 2.
Tk. /%Blmlbéﬁg, BepHolbéﬁl\/Bg

OCTaeTCﬂ 3amMeTuTh, 4TO D1 \Y, D2 — 3TO pe30/IbBEHTA N3 BIOHKTOB
D2\/—|A0 €Sin DlvAo € S/, n nostomy D,V D, c So

CneposatenbHo, | [~ 50- Torpa | (£ S”, uto u Tpebosanocs.

Wtak, B obomux cnyuasix | £ S”. T. k. | — nponssonbHas
NHTEpNpeTauusl, NPUXOANM K 3aKNIOYEHMIO O TOM, YTO CUCTEMA
pmnsbionkToB S” = S) U S}

> MpoTUBOPEYMBas,
> noaydeHa u3 S’ npu nomowin npasuna pesoaouum,
> He cofepXuT aToma Ap.

VlH/J,yKTVIBHbIVI nepexon 3aBepLlleH, n 1eMMa JOKa3aHa. ]



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Jlemma o nogbeme
Mycte Dy u D1 — aBa pusbloHkTa, n npu 3tom Varp, N Varp, = 0.

Mycte D} = D10 n D) = D20 — pBa OCHOBHbIX NpUMepa 3TUX
ansbtonkToB D1 n Dy.

Mycts Dy — pesonbenTa gusbionktos D n D).

Torpa us gusbioHkToB D1 1 Dy pe3ontoTUBHO BbIBOAUM AU3BIOHKT
Dy, 0CHOBHBIM MPUMEPOM KOTOPOIA SIBASIETCS ANSBIOHKT D).



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Jlemma o nogbeme

Dy D,




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Jlemma o nogbeme

Dy D,




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

Jlemma o nogbeme

Dy D,




MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

D,OKaBGTeJ'IbCTBO JieMMbl O noabemMe

Myctb Ly, —Ly — 3To KOHTpapHas napa nnTep, No KOTOPOii Obina
nocTpoeHa pesosibBeHta Dy gusbionktos D n D).

D, = D} v L},
D) = D}V -L},
D) = D} v Dj.

Mockonbky Varp, N Varp, = (), noactaHoBky 6 MOXHO paspennTs
Ha ABe noJioBuHbl f1, 0> Tak, yTo

0 = 61 U0, Domy, C Varp,, Domy, C Varp,.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

ﬂ,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

Dy D,

Y Y

D; v Ly = D16, Djy v =L}y = D6y

D} v D}



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

,D,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

Mockonbky Dj = D161, nutepa Ly SiBASIETCS OCHOBHBIM NPUMEPOM

HekoTopbix AnTep Li1, L12,..., L1k, BXOAAWMX B COCTaB
ansvtonkTa D1, T.e.

/
Ly = L110 = L1101 = -+ - = L1y, 01.
AHanoruyHo, nutepa Ly sIBNSIETCS1 OCHOBHBLIM MPUMEPOM
HekoTopbIX AnTep —Lo1, —loo, ..., 7L, BXOAAWMX B COCTaB
ausblonkTa Do), T. €.
LG = —lp102 = —logly = - - - = Lok, b5.
3HauurT,

D1:51VL11VL12\/"-\/L1/<1

D, = 52\/—|L21\/—|L22\/"'\/_|L2k2



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

,D,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

51\/L11\/---\/L1k1 52\/—\L21\/-~'\/ﬂL2k2
D|V L = D6, D}V —L) = Dyb,

D; v D}



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

,D,OK&SaTeJ'IbCTBO JleMMbl O noabemMe

Tak kak Ly = L1160 = L1061 = -+ - = Ly, 61, nnTepsi
Li1, L12, ..., L1k, yHudunympyemsl. 3Hauut, oHn umetot HOV 7,
T. e

nm € HOM(L11, Ly, ..., Lik), 01 =nip1.

3naunt D11 — cknelika gusbtonkta Di no autepam
Li1, L12, ..., L1k, v npn atom D] = D161 = (D1m1)p1 — ocHoBHOIA
npumep ckneiku Dinpo.

Ananornyno, nutepbl —Lo1, 7loo, ..., 2Log, umetor HOV n5.
Torpa Donp — ckneiika gnsbionkta Dy no autepam

/
—\L21,—|L22, e ,—\L2k2, n npn 3sTomMm D2 = D292 = (Dﬂ]g)pQ —
OCHOBHOIi npumep ckneliku Do1p.



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

,D,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

51\/L11\/---\/L1k1 52V‘\L21\/-~'\/ﬂL2k2
Dym V Liym = Dy Dyna— V Loymy = Donp
D v Ly = Dimp: Djy v =Ly = Dynapy

D; v D}



NMOJIHOTA PE3OJIOTUBHOIO BbIBOJA
[okasaTtenbcTBO N1eMMbl 0 nogbeme
CornacHo Halwed NpuBbIYKE NEPENMEHOBLIBATL NEPEMEHHbIE,
OM3bIoHKTbI-cknelikun Diny u Donp copepxaT pasHbie Habopbl

nepemenbix. Mostomy Dom,, N Dom,, = (}, n cywectayer
noficTaHoBKa p = p1 U po:

(Liim)p = (Luzm)pr,  (Loamz)p = (Loim2)p2

Tak Kkak Ly = Lizmpr n —Ly = =Lo1m2p2, BepHO

(Lizm)p = (La1m2)p, 7. e. nauTepbl Liiny v Loimz yHudbuumpyemsl.
3HauuT, oHn umerot HOV A, T e.

AE HOV(L11771, L21772), p= )\,u.

ﬂoaTomy AN3BIOHKTbI-CKneliku Dyn; = D1771 Vv L11n1 n
Donp = D2772 V —lo11p UMeEKOT pesonbeeHTy Dy = (D1771 vV Dgng))\
1 Npn 3TOM

DO = Dl vV D2 D1’I71,0 V D2772p = (D1771 V D2772))\[L Do,u



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

,D,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

51\/L11\/---\/L1k1 52\/—\L21\/-~'\/ﬂL2k2
Dimi V Liym = Dy Donp V Lot = Do
R (517/1 V 521’]2))\/\
D{ \Y L6 = Dimp Dé \Y —|L6 = Domop

D; v D}



MOJIHOTA PE3OJIOTUBHOIO BbIBOOA

D,OKa3aTeJ'IbCTBO JleMMbl O noabemMe

akum obpasom, u3 ausbioHkToB D7 1 Dy pe30oatoTUBHO BLIBOAUM
T 6 Diwn D
AN3BIOHKT Dy, OCHOBHBIM NPUMEPOM KOTOPOro siBASIHTCS D).

YT1o n TpeboBanoch AoKasaTb B JIEMME O NOABLEME. Il
3aBepLueH|/|e AO0OKa3aTesibCTBa TeopeMbl NOJIHOTbI.

Mbl nokasanu, 4to

1. MpoTuBopeymBasi cMCTeMa AN3BIOHKTOB S MMEET KOHEYHYHO
npoTMBOpeYMBYytO cucTeMy S’ OCHOBHbIX NpuMepoB (Teopema
JpbpaHa ).

2. VI3 npoTnBOpeynBoii CUCTEMbI OCHOBHbIX MPUMEPOB
AN3BIOHKTOB S’ MOXHO PE30JIIOTUBHO BbIBECTN MYCTON
An3bioHKT [ (1lemma 0b 0CcHOBHbIX npumMepax ).

3. Ecan O pe30ontoTUBHO BLIBOAUM M3 CUCTEMbI OCHOBHbIX
npuMepoB An3bioHKTOB S’ To [] pe30noTUBHO BLIBOAUM U3
WCXOLHOW CUCTeMbl AU3BIOHKTOB S (iemma o nogbeme ). [



NMPUMEHEHVE METOAA PE30J1HOLN

MeToa pesontounii
> KOPPEKTEH,
> MOJIOH,

> AITOPUTMU3YEM.

Ho kak nosib30BaThbCs UM [J1s1 PELLEHUS]
NnpakKTU4YecKux sagad’



NMPMMEHEHVWE METOOA PE30J'II-OLI,I/II7I
BoT nogxoasiiiaa norvdeckast 3ajada

I3BecTHO, 4TO
» Hawa nrobut Cauwy,
» a Cawa nobut nueo,

» a [lawa nobuTt nneBo 1 Bcex Tex, KTo
AbuT TO, 4TO NtobuT lawa.

Bonpoc: k1o ntobut Hawy?



NMPUMEHEHVE METOAA PE30J1HOLN

Pewenune 3agauu.
Brauane copmynmpyem 3agady Ha si3blKe JIOTMKN MPEANKATOB.

Cdbopmupyem andpaBuT, COCTOALLMIA U3:

v

KonctanTtel Jawa ,
» Konctantel Cawa ,
» KoHcTaHTbl [lawwa
» KoHcTaHTbI nuso
>

Mpeaunkathoro cumesona L(2) : «L(x,y) — x nobut y».



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

,El,anee 3anuwemM yCcioBuA 3a4a4MN Ha A3blKe JIOTUKW NPeanKaToB.

» [Nawa nwobut Cawy: w1 L(Hawa, Cawa),
» a Cawa ntobuT nuso: @2 L(Cawa, nuso),

» a [lawa nbuT NMBo 1 BCex Tex, KTO AOOUT To, 4TO NbuT
Mawa: w3 & ©a,

@3 @ L(Mawa, nuso)

wa: Vx (3y (L(Mawa,y) & L(x,y)) — L([Mawa, x)).
Krto ntobut Jawy? : o : 3z L(z, Jawa).
®opmynnposka 3agaqu.

MposepuTsb, BepHo nu, uTo {1, ¥2, V3, Ya} E ®o.



NMPUMEHEHVE METOAA PE30J1HOLN

Pewenne 3apaun.

1. Ceogum npobsieMy IOrMYECKOro CliefoBaHus

{<P1, ©2, 3, 904} ): 2]
K npobneme obLLE3HAYNMOCTM
F o1& @2 & 93 & 4 — o

2. Ceogum npobnemy obuesHa4ymMocTu K npobneme
NPOTUBOPEHUBOCTY

1 = 2 (p1 & 2 & p3 & w4 — o)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnune 3apaun.

3. CTpouM npeasapeHHyto HopMasbHyto dopmy MHD

Yo = VxVyVz (L(Cawa, o) &
L(Cawa, nuso) &
L(Mawa, nuso) &
(-L(Mawa,y) V —L(x,y) V L(Mawa,x)) &

—L(z, Jawa) )

4. CTpouM CKONEMOBCKYIO CTaHAAPTHYHO pOpMy — OHa COBMaAaeT
c NH®.



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

5. CTponm cnucTemy AnW3bIOHKTOB S

S = {D:1 = L(Cawa, nuso),
D, = L(Cawa, nuso),
D L(Mawa, nueo),
Dy —L(Mawa,y) V —L(x,y) V L([Mawa,x),
Dy = —L(z,[Jawa) }.

6. A Tenepb byaem CTPOWUTbL PE30JIIOTUBHBIN BbIBOA,.

bynem pykoBofCTBOBaTLCS TaKOW CTpaTermeii:
» HayHem c gusbtoHkTa-3anpoca Dy;

> Ha kaxpgom ware BbiBoga bysem ncnosib30BaTh NOCAEAHIO
13 MOCTPOEHHbBIX PE30JIbBEHT (JINHEHBIA BbIBOS, ).



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = —L(MNawa, y1) V = L(x1,y1) V L([awa, x1)
01 = {z/MNawa, x1 /| Jawa}

D} = —~L(Mawa, y1) V ~L(Jawa, y1)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )
01 = {z/fawa, x; /Jawa}

Dy = =L(Mawa, y1) V ~L(Hawa, y;) D1 = L(Hawa, Cawa)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )
01 = {z/fawa, x; /Jawa}

Di — —|L(I73Lua7 yl) \V _‘L(,aaLUa,)Q) D, = L(,ﬂawa, CaLua)
92 = {yl/CaLua}

D} = —L(MNawa, Cawa)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )
01 = {z/fawa, x; /Jawa}

Dy = =L(MNawa, y1) V ~L(Hawa, y;) D1 = L(Hawa, Cawa)
92 = {yl/CaLua}

D} = —L(Mawa, Cawa) Dy = —L(Mawa, ys) V —L(x2,y2) V L(Mawa, x2)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )
01 = {z/fawa, x; /Jawa}

Dy = =L(MNawa, y1) V ~L(Hawa, y;) D1 = L(Hawa, Cawa)
02 = {yl/CaLua}

D} = —L(Mawa, Cawa) Dy = —L(Mawa,y>)V —=L(x2,y2) V L([Mawa, x)
03 = {xp/Cawa}

D:; = ‘!L(”QLUB,}Q) vV ﬁL(CaLLIaa y2)



NMPUMEHEHWE METOOA PE30J1HOLUNIA
PeweHnue 3apaun.
6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,
Dy = —L(z, fawa) Dy = =L(Mawa, y1) V =L(x1, y1) V L(Mawa, x1 )
01 = {z/fawa, x; /Jawa}

Dy = =L(MNawa, y1) V ~L(Hawa, y;) D1 = L(Hawa, Cawa)
92 = {yl/CaLua}

D} = —L(Mawa, Cawa) Dy = —L(Mawa,ys) V —L(x2,y2) V L(Mawa, x»)
03 = {xo/Cawa}

D} = —L(Mawa, y») V —~L(Cawa, y»)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

D:/‘i = —\L(ﬂawa,yz) V ﬁL(C.aLLlaa }’2)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

D} = =L(Mawa, y>) V ~L(Cawa, y>) Do = L(Cawa, nuso)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

D} = =L(Mawa, y>) V —L(Cawa, y») D, = L(Cawwa, nuso)
04 = {y»/nuBo}

D) = —L(Mawa, nuso)



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

D} = =L(Mawa, y>) V ~L(Cawa, y>) D, = L(Cawa, nuso)
04 = {y2/nuBo}

D) = —L(Mawa, nuso) Ds; = L([Tawa, nuso)



NMPUMEHEHWE METOOA PE30J1HOLUNIA
PeweHnue 3apaun.
6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,
D} = =L(Mawa, y>) V ~L(Cawa, y>) D, = L(Cawa, nuso)
04 = {y2/nuBo}

D) = —L(lawa, nuso) Ds; = L([Tawa, nuso)

92:6




NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnue 3apaun.

6. JInHeliHbIli pe30NtOTUBHLIN BbIBOS,

D} = =L(Mawa, y>) V ~L(Cawa, y>) D, = L(Cawa, nuso)
04 = {y2/nuBo}

D) = —L(Mawa, nnso) Ds; = L([Tawa, nuso)

05:&‘

VYcnelwHblii pe30atoTUBHbI

BbIBOA, 3aBepLueH!



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnune 3apauu.
NTak, cucrema gu3bIOHKTOB S NMpoTuMBOpeYmnBa.

3HayuT,
{<P1, ¥2, $3, <P4} |: ©0-
B pamkax Halell 3a4a4m 3TO 03HaYaeT, 4TO BEPHO YTBEPXKAEHME:

«Kro-1o ntobut dawy>.

Ho KTo »e 3TO TanHCTBEHHOE CyLWeCTBO, tobsiLLee
Hawy?



NMPUMEHEHVE METOAA PE30J1HOLN

PeweHnune 3apaun.

Y10bblI OTBETUTL U Ha 3TOT BOMPOC, BO3bMEM BCE
NOACTAHOBKU-YHNPUKATOPbI, KOTOPbIE Mbl BbIYUCININ MO XO4Y
BbIBOZAA, U MOCMOTPUM, KaKoe AeliCTBUE OHN OKaXKyT Ha UeneBylo
NEepPeMEHHYIO Z B JN3blOHKTe-3anpoce

Do = —|L(Z, ,ﬂawa).

01 = {z/MNawa, x1 /awa},
0> = {y1/Cawa}
03 = {xz/CaLua}
04 = {y>/nuBo}
95 =&
29192030495 = [lawa

Urak, [Mawa nobut dawy!



KOHEL, NEKLUW 10.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuynsa 11.

CrpaTernn pe3ostoTUBHOINO BbiBoAA.
Pe3sontoTuBHbIN BbIBOA Kak
CpeAcCTBO BblY4UNCAEHUS.



CTPATErmMn PE3OJIOTNBHOIO BbIBOAA

MeTop pesontounii He NpPeANMCHIBAET 3apaHee HUKAKOro
pUKCMPOBAHHOrO MOPsiAKA NMPUMEHEHUSI MPABU PE3OIOLMNA 1
CKNekn ansi BbIBOAA NYCTOro Au3bloHkTa [ U3 npoTuBOpeynBoro
MHO>XeCTBa [U3bIOHKTOB.

CyLIJ,eCTByI-OT Pa3INYHble CTPaTErnm pPe3oJITNBHOIO BbIiBOAA ,
Hanararowme JONOJIHUTENbHbIE OFrPaHUYEHNA Ha Bbl60p
noaxogoAaAwmnx nap AU3bHOHKTOB AJ1A NMOJYHEHNA PE30JIbBEHT.

CrpaTerusi pesositoTMBHOMO BbIBOAA HA3bIBAETCS MOJIHONM , €C/IN OHA
NO3BOJISIET BLIBECTW MYCTO AuU3bIOHKT [1 u3 noboro
MPOTMBOPEYMNBOrO MHOXECTBA AN3BIOHKTOB.

PaccmoTtpum npumep.



CTPATErmMn PE3OJIOTNBHOIO BbIBOAA

Mpumep.
MycTb
S ={ Di=-PV-QVR,
D, =PVR;
D3 = QV R;
Dy = =R }

MO)KHO NOCTPONTb MHOIO Pa3HbIX PE30JIbBEHT:
Di+D,==-QVR, Di+D3==-PVR, Di+Dy=-PV-Q,
Do+ Dy=P, D3+ Dy =Q, vt A

Ho Kak orpaHM4mnTbLCA TOMIBKO TEMU, KOTOPbIE AEiCTBUTENLHO
HY>XXHbl A1s BbiBOAa (17



CTPATEI M PE3OJIOTNBHOIO BbIBOAA

CemaHTuyeckas pesontouus

Pasgennm gu3bloHKTEI HAa ABa NMOAMHOXECTBA MO ClefytoLleMy
npuHLMNY:

Bbibepem H-unTepnpetauuto | 1 nonoxum
S{={D : DeS, I =D},
52’:{D : DeS, |~ D}.

Hanoxum orpaHuyeHmne Ha npuMeHeHne NpaBuia Pe3oNtoLNN:
Mpun NocTpoeHnn pesonbeeHTbl, 0b6a AN3BIOHKTA-NPesNoChIIKM
AOJDKHbI NPUHAOANEXAThb Pa3HbIM MHOXECTBaAM 51 n 52.
D1:D{VL1, DQZDé\/_‘L2
7 7
DO = (Dl V D2)9

, Dy € S|, Dy e S).6 € HOY(Ly, Ly).

Takoe npasusio bygem HasblBaTb NpaBuIoM [-pesosounn .



CTPATEIrMn PE30OJIOTUBHOIO BbIBOOA

Mpumep.
Mycte I =0, m.e. [ P, I £ Q, | £ R. Torpa

Sl Di=-PV-QVR; Si  Dy=PVR;
Dy = —R; Ds =QVR;

|-pe30nbBeHTbI ByayT CTpOUTLCA Tak:

ST 1 Di+D==QVR; S : Dy+Dy,=P"P;
D1+ D3 =—-PVR, Dy + D3 = Q;
(D1+D2)+D3:R;
(D1 + D2) + D3) + Dy =0



CTPATEI M PE3OJIOTNBHOIO BbIBOAA

Teopema nonHoTtbl /-pe3ontouynn

Ecnn cuctema gusbloHKTOB S npoTmBopedunBsa, To ans Ntoboii
uHTepnpetaunn | cywecTeyeT ycnewHblli /-pe3ontoTMBHbIN BbIBOA
nycrtoro gnsbtonkta (1 us S.

JokasaTtenbcTBo:

CamocTosTentsHo.



CTPATErmMn PE3OJIOTNBHOIO BbIBOAA

JluHeliHas pe3ontouuns

MpeanonoXumm, 4To B CUCTEME AU3BIOHKTOB S Bblfe/ieH HEKOTOPbIi
An3bloHKT Dy.

Torpa pe3ontoTUBHBIA BbIBOG NYCTOro An3bloHkTa [ U3 cuctemsl
ON3BIOHKTOB S MOXHO CTPOUTb, PYKOBOACTBYSICb C/IEAYHOLMMU
COrNalleHNsIMN:

» [Ins nocTpoeHust nepeoii pe3osabBeHTbl Di BbibupaeTcs
An3bloHKT Dy 1 HekoTopbiii gnsbionkt D € S\ {Dp};

» [lna noctpoeHus i-oii pesonbBeHTbl D; BbIbMpaeTcs
pe3onbBeHTa Dj_1, NOCTpPOEHHas Ha MpeAblAyLiem ware
BbIBOAA, U AN3blOHKT D € S.

PesontoTueHbIl BbIBOS Takoro BUAa bygem Ha3biBaTb JIMHENHLIM
PE30JIIOTUBHBLIM BbIBOLOM , UHULMNPOBAHHLIM AN3BIOHKTOM Dj.



CTPATErmMn PE3OJIOTNBHOIO BbIBOAA

Mpumep.
MycTb

S ={ Di=-PV-QVR, D=PVR,
D3 = QV R; Dy = —-R }

N BblgeNieHHblli An3bioHKT Dy — ato Dy = —R.
Toraa NUHeVHLIA Pe30aIOTUBHLIA BbIBOA DyLeT TakuM:

1. Dy + Dy = =PV —-Q;

2. (Ds+D1)+Dr =RV -Q;

3. ((Ds+ D1)+ Do)+ D3 = R;

4. (((Da + D1) + Do) + D3) + Dy = O,



CTPATEI M PE3OJIOTNBHOIO BbIBOAA

Teopema NONHOTbI INHEWHOrO Pe30JIFOTUBHOIO
BbIBOAA

Ecnn cucrema gusbioHkTOB S MpoTMBOpeYMBa, a cuctema
ansbionkToB S’ = S\ {Do} HenpoTuBopeunsa, To cyliecTByeT
yCNeLWHbIi INHERHbIA Pe30a0TUBHbIN BbIBOA NMYCTOrO AU3BIOHKTA

O wus S.

JokasaTtenbcTBo:

CamocToaTensHo.



CTPATEI M PE3OJIOTNBHOIO BbIBOAA

ABTOMaTnyeckne npysepbl

The World Championship
for 15t Order Automated Theorem Proving

Vampire (Manchester, A. Voronkov),

SPASS (Max Plank Institute, M. Keil),

SNARK (AIC, California, E. Stikel),

Otter (Argonne National Laboratory, USA, W. McCune),
Gandalf (Goteborg, Tartu, T. Tammet),

Carine (Montreal, Quebec, P. Haraoun).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

MeTopn pesontoLmnii MOXKHO NCNOb30BaTh AN PELUEHNST Pa3HbIX
3agay. Hanpumep, gnst nonyveHusi oteeta Ha BOMpoC

A BygeT nu yTBEpXKAEHUE o 0DA3aTENBHO BEPHO,
€C/I U3BECTHO, YTO BEPHbI YTBEPXKAEHNS V1, P2, ..., Pn !

3aech 91,92, ..., @, — 3T0 Haza 3HaHuil , Yo — 3TO 3anpoc .



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

MaTemaTun4eckas NOCTaHOBKA 3aJa4n TaKoBa: NPOBEPUTH
{1,902, ., 9n} [ @o.

MpoBepka NOrMYeECKOro CNeACTBUS CBOAUTCS K NPOBEpKe
obwesHaunmoctu: = (p1& & ... &pn) — @o.

MpoBepka 0bOLE3HAYNMOCTN CBOANTCS K MPOBEPKE
NpoTUBOPEYNBOCTN hOPMYIbI ﬂ((cpl&cpz& o &pp) — goo), unu,
4YTO PaBHOCWJIBHO, MPOTUBOPEHYUBOCTU CUCTEMBI hOpMY
S={p1,02,...,n 0}

[ns npoBepkn NpOTMBOPEUMBOCTU CUCTEMBI S MPUMEHSIEM METOS,
pe3ontouunia.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Ho meTog pesontouuii noseonsietT pewaTs U bosee U3oLWPEHHbIE
3aga4n.

Myctb umeeTcs 6asa sHavmii [ = {1, ¢2,...,pn} 1 3anpoc
Q= po(x1,-.-,Xm)-

3afaya: BbIYNCANTL 3HAYEHUS MEPEMEHHBIX X1, . . . , Xm, NPU
KOTOpbIX 3anpoc @ norudveckn cnegyet us 6asbl 3HaHuii .



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

PewnTs 3Ty 3a4a4dy MOXHO NONbITAaTbCA TakK:

3a/1a4y NPOBEPKMN JIOTUYECKOro CeACTBUA
{1,092, .., ont E Ix1 ... Ixmpo(x1, ..., Xm)-
CBECTW K NPOBEPKE NPOTUBOPEYMBOCTN CUCTEMbI hopMy

S={p1,02,. ., 0n wo(X1,. .., Xm)}
(3mechb X1, ..., Xm MO YMONYAHMIO CBSI3aHbl KBAHTOPOM V),

NOCTPOUTL PE30JIIOTUBHOE ONpPOBeEPXeEHNE S, 1

NPMMEHNUTL NOCAEA0BaTENIbHOCTb YHU(PUKATOPOB
01,05, ...,0n, BbIMUCNEHHBIX NO XO4Y MOCTPOEHUS
Pe30J0TUBHOIO BbIBOAA, K LIE/IEBLIM MEPEMEHHbIM X1, . .., Xm:

x16102 ... 0N, ..., xmb102...0N.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

OToT TptoK cpaboTan nNpu pelleHnn 3agadm o «atoboBHOM
kBagpate Cawa—-[awa-llawa—nneo>».

Monpobyem npuMeHNTL €ro elle pas Afsl pPeleHnst Kakoi-Hubyab
OPYroi BblYNCANTENLHOW 3a4aqn.

Mounck nytu B rpade.

MycTb 3agaH opneHTUpoBaHHbIi rpad [, B KOTOPOM BblAeNeHbI
[BE BEPWNHbI U U v . TpebyeTcst HallTX MapLUpyT W3 BEPLUVHbI U B
BEPLUUHY V .



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytun B rpade.

rpacp I

Vi Vo -\/\ vz

Ve .

V5



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytun B rpade.

rpacp I

Vi Vo .V\ vz

Ve .

V5



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Mounck nytun B rpade.

rpacp I

Vi Vo -Vx vz

Ve .

V5



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

BHauane Hy>XHO cymeTb chopMynnpoBaTh 3Ty 3ajady Ha si3blke
JIOTNKN NPeNKaToB.

pach I MmoxeT BbITb 3aaH nepeyHem ero BepwnH n ayr. Beegem
> KOHCTaHTbl Vi, V2,...,Vp, ... AN 0DO3HAYEHUS BEpLUUH
rpados;
> NpeankKaTHbIi CUMBOJ Vert() nns obosHayeHns CBONCTBA:
«X — BepwuHa rpacgpa» ;
> NpeanKaTHbI CUMBOJI Arc(® Ansi 0bo3HaYeHNs CBONCTBA:
«(x,y) — pyra rpaca».
YT106bl OTANYATL NEPEMEHHBIE OT KOHCTAHT, B AaJibHeliLleM

ycnoBuMcsi obosHavate nepemenrsie SAFTJTABHBIMUA
BYKBAMMW, a KoHCTaHTbl — CTPOYHbLIMU BykKBamu.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytun B rpade.

Torpa rpad MoxeT bbITh onucaH cneayowmm Habopom dopmyn
NOTVKN NPEANKATOB.

KBr = { Y1 = Vert(vl), Arc(vl, V2),
Y2 = Vert(vz), C(V2, V3),
3 = Vert(V3), Arc(va, vs),
wa = Vert(va), ¢4 = Arc(V3, V6),
w5 = Vert(vs), 15 = Arc(vs, va),
e = Vert(ve), 1/J6 = Arc(va, v6),
o7 = Vert(vs), 7 = Arc(vs, vs) }



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nyTun B rpade.

OpueHTMpoBaHHbIA NyTb B rpache — 3TO NOC/IEA0BATENBHOCTb
(cnucok) Ayr. 3HaunT, HY>KHO NMETb MOAXOASALLYIO CTPYKTYpY
JaHHbIX ANs NPefCcTaB/JeHNs CNUCKA HA A3bIKE JIOTMKW NPefNKaToB.

[ns atoro mel BBEAEM
> crieumanbHyro KOHCTaHTY nil ons obosHaveHus nyctoro
CMNCKa, He COOEPXALLErO HW OJHOrO 3/IEMEHTA;
> cneunanbHbli hyHKLNOHANbHBIA cumeon « (2 gas

0b03HaueHns1 ABYXMECTHON Onepaunm npucoesnHeHns
3/1EMEHTA X K CMUCKY ¥ B Ka4YeCTBe 3arosioBKa (KOHCTPYKTOp

CMICKOB ).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nyTun B rpade.

[Mpn nomown BBEAEHHBIX cMBOOB Nil n « onpegenum
cneunanbHOE MHOXKECTBO TEPMOB — CIUCKN
» koHcTaHTa nil — 370 cnucok;

> ecnn t — Npou3BOJIbHbIA TepMm, a T — cnucok,
TO TepMm « (t, T) — 3TO cnncok;

> NpYyrux CnmcKOB HET.

Tepm t HasbiBaTCa 3arosioBkom , @ T — xsBoctom cnucka « (t, T).
Yr1obbl caenatb 0bosHaueHus bonee ecTecTBEHHBIMU, Mbl Dyaem
3anncbiBaTh 3HAK ABYXMECTHOI OMepaLn « MEXAy aprymMeHTamm
(MHdbMKCHas 3annck), Kak 3TO AenaeTcst Ans onepaunii +, X.

Takum obpasom, 3anuck . (t1, tp) paBHOCUAbHA 3anuUCK ty  to.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytu B rpade.

Mpumepsbl cnuckos
MycToii cnucok:  nil
Cnucok us ogHoro anemenTta X: X «nil
VnopsigodenHas napa (X, Y): X (Y anil)

MocnepoBatenbHocTh Byke a,6,8,r:  aa (6. (B« (ranil)))
Tabauua (matpuua) ( ; i ):

(1. (2.nil)). ((3 - (4unil)) . nil)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytu B rpade.

nOCKOJ‘Ibe B bOMbLINHCTBE Caly4HaeB CNNCKU UCNONb3YHTCA ANns
npeacTaBN€HNA KOHEYHbIX I'IOCﬂe/J,OBaTeﬂbHOCTeVI, YyNpoCTum
3aMNCb JINHEMHbIX CMNCKOB:

YCJIOBUMCSI OMyCKaTb CKODKM, CHMTasi MO YMOJIHAHWIO, HTO BCe
CKODKIM accoummpyroTcst BNpago, T.e. 3anucb

2. (64 (8 (renil)))
6yp,eT CYHNTATbCA paBHOCI/IJ'IbHOI7I 3anuncu

asbaBaranil



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nyTu B rpade.

Ewe HeckoNbKko NpuMepoB CNUCKOB
Tepm nil « nil 0bo3HayvaeT cnncok, cocToALmMii U3 OAHOrO deMeHTa
— MYCTOro ChnunckKa;

Tepm aa 6. 8. r BoobLYe He siBnsieTcst cnmckom (nodemy? );

Tepm (1. nil) « 2.4 nil . nil 0bo3HauaeT cnucok, cocTosiwmnii U3 Tpex
S/IEMEHTOB!

MEePBbIA 3N1EMEHT — 3TO CMNCOK, COCTOALLUNA U3 OLHOMO 3emeHTa 1,
BTOPOIi 3/IEMEHT — 3TO KOHCTaHTa 2,

TpeTuii 3N1eMeHT — MYCTOW CMUCOK.

Cnepyet noMuuts, 4to Tepmbl X « nil 1 X — cywecteeHHo
pazsinyHble (MMEIOT pasHble TUMbI):

X « nil — 370 cnucok (maccme) us ogHoro anementa X,

X — 3TO NPOCTO 37eMEHT (MepeMeHHast NI KOHCTAHTa).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nyTu B rpade.

Takum 0bpasom, MapLIpPyT B OPUEHTUPOBAHHOM rpade — 3TO
CMNCOK AYr, B KOTOPOM KaXkAasi gyra — 3TO CMUCOK, COCTOSILLNIA 13
OBYX BEPLUVH.

Mpumep: (vi « v2 « Nil) a (V2 « v3 4« nil) « nil — 370 MapLpyrT,
cocrosiunii n3 asyx ayr (vi, va) u (vo, v3).

A Tenepb 3anuwieM Ha A3bIKE NIOTUKU NPEMKATOB OnpeaeneHne
MapLIpyTa B OpueHTupoBaHHOM rpacpe. [ns sToro Beegem
TPEXMECTHbI NpeanKaTHbIE CUMBOJI RG):

R(X,Y,t) byaet obo3HauaTb yTBEPXKAEHNE O TOM, 4TO TepM t
3afiaeT MapLupyT u3 BeplinHbl X B BEPLUIMHY Y.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

OnpegeneHve mMaplipyTa B rpade COCTOUT U3 ABYX YacTeii:

X1 = VX R(X, X, nil)

«un3 X B X BefeT nycToil MapLpyTy;

X2 =YXVYVZVU (Arc(X, Y)&R(Y,Z,U) = R(X,Z,(X - Y «nil) . U))

«ecnn u3 X B Y Beget pyra, a us Y B Z Beget mapwpyt U,
To u3 X B Z Beger mapwpyt t' = (X, Y), U».



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

NTtak, Mmbl umeem
Ba3zy 3naHuii KB, coctosiwyto us dopmyn
SOi,lSI.S?? ¢/»1§/§77 X1, X2,

Mpy MOMOLLM KOTOPLIX OnpeaensieTcs ycrpoiicteo rpada [
3HaHNS O TOM, YTO Takoe MapLupyT B rpade.

3anpoc « 6aze snanunii Q(X) = R(v1, v, X) ¢ oaHoli LieneBoii
nepemeHHoli X.

Hawa 3agaya: HaliTu Takoe 3HadeHune t LENeBOi nepemeHHon X,
NP1 KOTOPOM MMEET MECTO JIOTNYECKOe CNeACTBME

KB = Q(t).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

Bynem pelatb 3aady noncka Nyt METOAOM PE3OJIHOLMIA.
KB = 3X Q(X)

CeefiemM BOMPOC O NIOrMYECKOM C/IEACTBUN K BOMPOCY O
NpOTUBOPEYNBOCTN POPMYIbI

ﬁ((;\sof & A& & xz) — 3X Q(X)>
i=1 j=1

Hanee npneoanm nonyyernyto dpopmyny k [MHP, k CCP, n
U3BJIEKAEM CUCTEMY AU3BIOHKTOB S.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

MocTponM pe3osIlOTUBHOE OMPOBEPXKEHME MONYHEHHON CUCTEMBI
LON3BIOHKTOB S:

S= { 1 = Vert(v1), 1 = Arc(vi, va),
w2 = Vert(v), o = Arc(va, v3),
w3 = Vert(v3), 3 = Arc(va, vs),
w4 = Vert(va), g = Arc(vs, v),
o5 = Vert(vs), Vs = Arc(vs, va),
e = Vert(vs), e = Arc(va, vp),
w7 = Vert(v7), 7 = Arc(ve, vs5),

x1 = R(X, X, nil),
X2 = ~Arc(X, Y)V =R(Y,Z,U) Vv R(X,Z,(X.Y.nil).U),
P = =R(v, v, X) }



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

(Do:—\R(Vl,Vﬁ,X)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

X2 = 2Arc(X1,Y1)V-R(Y1,21,Ur) V R(X1,Z1,(X1a Yianil)a Up)
®o==R(v1,v6,X)



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

—|Arc(X1,Y1)\/—|R( Y1,Zl,U1)\/R(X1,Zl,(X1.Yl.rlil).Ul)
q)o:—\R(Vl,V6,X)

91 = {X/(Vl.ylnnil).Ul,Xl/Vl,Zl/V6}

Di = —|AI"C(V1,Y1)\/_‘R( Y17V67U1)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

X2 = 2Arc(X1,Y1)V-R(Y1,21,Ur) VR(X1,Z1,(X1a Yianil)a Up)
®o==R(v1,v6,X)

91 = {X/(vl.Yl.niI).Ul,Xl/vl,Zl/v6}

Di = —Arc(vq,Y1)V-R(Y1,v6,U1) Y1 = Arc(vy, v2)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

X2 = —|AFC(X1,Y1)\/—\R( Yl,Zl,Ul)\/R(Xl,Zl,(Xln Yl.nil). Ul)
¢0:—\R(V1,V5,X)

91 = {X/(vl.Yl.niI).Ul,Xl/vl,Zl/v6}

Dy = = Arc(v1,Y1)V-R(Y1,v6,U1) Y1 = Arc(vi, v)
02 = {Y1/v2}

D£=_\R(V2,V6,U1)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

X2 = 2Arc(X1,Y1)V-R(Y1,21,Ur) VR(X1,Z1,(X1a Yianil)a Up)
®o==R(v1,v6,X)

91 = {X/(vl.Yl.niI).Ul,Xl/vl,Zl/v6}

Di = —Arc(v1,Y1)V-R(Y1,v6,U1) Y1 = Arc(vy, v2)

92 = {Y]_/Vz}

—|AI’C(X2,Y2)\/—|R( YQ,ZQ,U2)\/R(X2,Z2,(X2.Y2.I1i|).U2)
Dé:—!R(Vz,V(j,Ul)




PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BblHNCJIEHUA

Mownck nyTun B rpade.

X2 = 2Arc(X1,Y1)V-R(Y1,21,Ur) VR(X1,Z1,(X1a Yianil)a Up)
®o==R(v1,v6,X)

91 = {X/(vl.Yl.niI).Ul,Xl/vl,Zl/v6}

Di = —Arc(v1,Y1)V-R(Y1,v6,U1) Y1 = Arc(vy, v2)

D;

=1

tr = {Y1/v2}
SArC(Xa, Ya)V R (Ya,Z2,Us)V R(Xo, Zo,(Xou Youniil)a Us)

93 = {U]_/(V2- Yz-nil)- U27)<2/V27 Z2/V6}

Dé = ﬁArC(V2,Y2)\/“R( Y27V67U2)



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

X2 = 2Arc(X1,Y1)V-R(Y1,21,Ur) VR(X1,Z1,(X1a Yianil)a Up)
®o==R(v1,v6,X)

91 = {X/(vl.Yl.niI).Ul,Xl/vl,Zl/v6}

Di = —Arc(v1,Y1)V-R(Y1,v6,U1) Y1 = Arc(vy, v2)

92 = {Y]_/Vz}

—|AI’C(X2,Y2)\/—|R( YQ,ZQ,U2)\/R(X2,Z2,(X2.Y2.I1i|).U2)
Dé:—!R(Vz,V(j,Ul)

93 = {U]_/(V2- Yz-nil)- U27)<2/V27 Z2/V6}

D} = —Arc(va,Y2)V-R(Ya,v6,U2)



Dé:_‘ArC(V27Y2)\/_'R( Y27V67U2)



Dé:—|ArC(V2,Y2)\/—|R(Y2,V6,U2) o :AFC(V27V3)



Dé:_\ArC(V2,YQ)\/_‘R(YQ,V(;,UQ) > :ArC(V27V3)

94 = {Y2/V3}

Dy =-R(v3,vs,U>)



Dé:—|ArC(V2,Y2)\/—|R(Y2,V6,U2) > :AFC(V27V3)

04 = {YQ/V3}
—|AI’C(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)
Dy =-R(v3,v,U>)




Dé:_|ArC(V27Y2)\/_|R(Y2,V6,U2) > :AFC(VQ,V3)

04 ={Y2/v3}
—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)VR(X37Z3,(X3- Y3.nil). U3)
Dy =—-R(vs3,v,U2)

95 — {UQ/(V3.Y3.ni|).U3,X3/V3, Z3/V6}

Dé:_‘ArC(V3,Y3)\/_'R( Y37V67U3)



Dé:—|ArC(V2,Y2)\/—|R(Y2,V6,U2) > :AFC(VQ,Vg)

04 = {YQ/V3}
—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)
Dy =-R(v3,v,U>)

95 — {Ug/(Vg,.Y3.ni|).U3,X3/V3., Z3/V6}

Dé:—|ArC(V3,Y3)\/—|R(Y3,V6,U3) (N :ArC(V3,V6)



Dé:_‘ArC(V2,Y2)V_'R( Y27V67U2)

Dy =-R(v3,v,U>)

D = AI’C(VQ, V3)

04 ={Y2/v3}
—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)

95 — {UQ/(V3.Y3.ni|).U3,X3/V3, Z3/V6}

=-Arc(vs,Y3)VoR(Ys,v6,Us) s = Arc(vs, vs)
b6 ={Y3/ve}



Dé:—|ArC(V2,Y2)\/—|R(Y2,V6,U2) > :AFC(VQ,Vg)

04 = {YQ/V3}
—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)
Dy =-R(v3,v,U>)

95 — {Ug/(Vg,.Y3.ni|).U3,X3/V3., Z3/V6}

Dé:—|ArC(V3,Y3)\/—|R(Y3,V6,U3) (N :ArC(V3,V6)
06 = {Y3/ve}

Dé = —|R(V6, Ve, U3) X1 = R(X4,X4,l‘li|)



Dé:_‘ArC(V2,Y2)V_'R( Y27V67U2)

Dy =-R(v3,v,U>)

Dé = —\R(V6, Ve, U3)

D = AI’C(VQ, V3)

04 = {Y2/V3}

—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)

95 — {UQ/(V3.Y3.ni|).U3,X3/V3, Z3/V6}

4 = AI’C(V3, Vﬁ)

06 = {Y3/ve}

X1 = /'?()(4./)(47 nll)
97 = {X4/V6, U3/I’II|}



Ds

:—|ArC(V2,Y2)\/—|R(Y2,V6,U2) 2 :AFC(VQ,V3)

04 = {Y2/V3}
—|ArC(X3,Y3)\/—\R( Y3,Z3,U3)\/R(X3,Z3,(X3- Y3.nil). U3)
:_'R(V37V6aU2)

95 — {Ug/(V3.Y3.ni|).U3,X3/V3, Z3/V6}

:—|ArC(V3,Y3)\/—|R(Y3,V6,U3) 4 :AI’C(V3,V6)

06 = {Y3/ve}

==R(v6,v6, U3)  x1 = R(Xa, Xa, nil)
07 = {X4/V6, U3/I’II|}

BbIBO,lJ, ycnewHo 3aBepLieH.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

VTak, cucteMa AM3bloHKTOB S NpoTMBOpeYnBa, T. €. MapLIpyT 13
BEPLUMHBbI Vi B BEPLUNHY Vg CyliecTByeT. Ho kakoB 3TOT mMappyT?

PaCCMOTpVIM nocnenoBaTeNIbHOCTb BbIHNCEHHBIX yHVId)I/IKaTOPOB

61
02
03
04
05
s
67

{X/(Vl. Yl.l"l“). Ul,Xl/Vl, Zl/v6}
{Y1/v2}

{U]_/(VQ- YQ-I‘I“)-UQ,XQ/VQ, ZQ/V@}
{Y2/vs}

{UQ/(V3- Y3-I‘Ii|)-U3,X3/V3, Z3/V6}
{Y3/ve}

{X4/V67 U3/nil}

M NPUMEHUM KX K LeNeBoii nepemerHoi X:

X0102030405060607 =777



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mownck nyTun B rpade.

VTak, cucteMa AM3bloHKTOB S NpoTMBOpeYnBa, T. €. MapLIpyT 13
BEPLUMHBbI Vi B BEPLUNHY Vg CyliecTByeT. Ho kakoB 3TOT mMappyT?

PaCCMOTpVIM nocnenoBaTeNIbHOCTb BbIHNCEHHBIX yHVId)I/IKaTOPOB

61
02
03
04
05
s
67

{X/(Vl. Yl.l"l“). U1,X1/v1, Zl/v6}
{Y1/v2}

{U]_/(VQ- Y2-ni|)-U2,X2/V2, ZQ/V@}
{Y2/vs}

{UQ/(V3- Y3-I‘Ii|)-U3,X3/V3, Z3/V6}
{Y3/ve}

{X4/V67 U3/nil}

M NPUMEHUM KX K LeNeBoii nepemerHoi X:

(v1 = v2 « nil) « (v2av3anil)a(v3avganil)anil



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mounck nytun B rpade.

rpacp I

Vi Vo -Vx vz

Ve .

V5

X¢91929394959697 = (V1 V2 I"Ii|) . (V2.V3-I‘Ii|)-(V3.V6.I‘Ii|).I‘Ii|



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Ham onate NOBE3J10, N METOA pEBOﬂIOLI,I/IVI BblHncann I'Ip3BI/IJ1beII7I
OTBET.

Hey»xenn Tak xopolio 1 kpacuso beiBaeT Bcerga’
PaccmoTpum elwe ogHy 3apady.

Fne mbl npoBegem Beuep?

Ecnn Beyepom ByaeT natv AoXnab, TO Mbl NOMAEM B KUHO, a €C/n
JOXnas He byaeT, To Mbl noiigem B napk. [ge xe mMbl nposegem
Beuep?



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

lne mbl npoBegem Beyep?

Beegem HeobxoamMmble KOHCTAHTBI N NpeanKaThbl:
> KWHO N MapK — KOHCTaHTHI;
» RO — O-mecTHbiii npeanKkaTHbI CUMBOA, obo3Havatow it
yTBEPXKAEHNE KBEYEpPOM MOMAET JOXAbY;
» E() — 1-mecTHblii npeaukaTHbIi cumeon; E(X) obosnadaet
YTBEPXKAEHUE «3TUM BEYEPOM Halle pa3BiedeHune — X».

Ba3a 3HaHwuiA:

©v1 = R — E(kuHo),
w2 = =R — E(napk),

3anpoc: Q(X) = E(X).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Fne mbl nposBegem Bevep?

L {e1, 02} | 3IX E(X)?
2. E p1&ypr — IX E(X)?
3. MNpoTtusopeynsa an —|(g01&<p2 — 3X E(X))?

3. NpoTnBopeynBa 1 cucTema

S= { Di=-R VvV E(kuno),
D, =R Vv E(napk),
Do = ~E(X) )



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Fne mbl nposegem Beyep?

Do = ~E(X)



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Fne mbl nposegem Beyep?

Dy = =E(X)
D1 = =R V E(kuHo) D> = RV E(napk)



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Fae mbl npoBeaem Bevep?
Dy = —E(X)
Dy = =RV E(kuHo) D> = RV E(napk)
01 ={X/kuno} 0, ={X/napk}



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Fne mbl nposegem Beyep?

D1 = =R V E(kuHo) = RV E(napk)
91—{X/KMH0} 92—{X/napK}
D3 = —|R D4 =



PE3OJIFOTVBHLIN BbIBOO KAK CPEACTBO
BblHNCJIEHUA

Fne mbl nposegem Beyep?

Dy = =E(X)
D1 = =R V E(kuHo) D> = RV E(napk)
01 ={X/kuno} QQ{X/V
D; = =R Ds=R

AN

PesontoTusHoe onpoBep)keHre NOCTPOEHO



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Fne mbl nposBegem Beuep?

MocTpoue pe3onoTUBHOE ONPOBEPXKEHNE, Mbl MOXKEM BbIThb
YBEPEHbI, YTO

{1,902} E 3IX E(X),

T. €. KyAa-TO BE€4epoM Mbl Moigem.
Ho kyma »e mbl noligem?

MockonbKy B 3TOM BbIBOA€ BMECTO LieneBoli nepemeHHoi X 6bian
O4HOBPEMEHHO (I'IapaJ'IJ'IeJ'IbHO) noacCTaBN€Hbl Pa3Hble TEPMbl KMHO
W 1Mapk, TO BCe, YTO Mbl MOXeM cKa3aTb — 310 X € {kuHo, napk}.

Mebl cymenu gokasaTtb cyuiecTBoBaHue Tpebyemoro npeamera X, HO
HE CyMEMN BbIYNCINTbL €ro KOHKPETHOE 3HaYeHUue. Takue
[l0Ka3aTeNIbCTBA Ha3bIBAlOTCA HEKOHCTPYKTUBHBLIMU .



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

YT10obbl pe30MOTUBHbIN BbIBOJ, MO3BOJIS NPOBOAUTL BbIYUCAEHUS,
OH [IOJIXKEH BbITb KOHCTPYKTUBHLIM .

Ho, kak nokasbiBaeT NprMep «BEYEPHEro pasBfieHeHUs1», He BCe
NMPOTWBOPEYMBbIE CUCTEMbI AU3BIOHKTOB AOMNYCKAOT
KOHCTPYKTMBHOE PE30/IIOTUBHOE OMPOBEPXKEHNE. 3HAYUT, ANs
BBIYUCIUTENBHBIX Leneli Hy)KHO BbibpaTb Takoll noakiacc dhopmyn
JIOTVKMN NPeAnKaToB, A1 KOTOPbIX PE30JIIOTUBHOE ONMpPOBEP)KEHNE
OKa3blBAETCS KOHCTPYKTUBHbIM.

3ameTnm, 4TO Npu peleHnn 3agay «NtoboBHOrO KBagpaTay u
«MapLupyTa B rpade» Mbl MOCTPOUSIN JIMHERHOE PE3OIIOTUBHOE
OMpOBEPXXEHMNE, a MPU PELUEHNN 33[a4N KBEYEPHEro pasBieyeHus>»
JINHeliHOoe pe30NtoTNBHOE ONPOBEPXKEHNE MOCTPONTL B NPUHLMME
HEBO3MOXXHO.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

3HauuT, 4ns Toro, 4TODObI UCNONBL30BATL METOZ, PE3OIOLMIA KaK
CPeACTBO BbIYNCAEHN, HYXKHO OrPaHNYNTbLCA JINHERHBIM
PE30NIOTUBHBLIM BbIBOLOM. YAaNOCh OOHAPYXUTb WMPOKUI Knacc
popmyn, 415t KOTOPbIX PE30JIIOTUBHOE OMPOBEPXKEHNE BCEMAA MMEET
JINHENHYIO CTPYKTYPY. DTO — XOPHOBCKME AU3BIOHKTHI .

OnpepenerHne

Jlntepa L HasbiBaeTCA nosioxxunTessHoin , ecam L — 3To aToMm.
Jlntepa L HasbiBaeTcs oTpuuatesnsHoii , ecam L = —A, rge A — 310
aToMm.

Ausblonkt D = L1 V Ly V - -+ V L,, Ha3bIBaeTCst XOPHOBCKIM
anzsionktom (horn clause ), ecnn cpean antep Ly, Lo, ..., L,
nmeeTca He bonee oaHON NOJSIOXKUTENLHOW NNTEPLI.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Mpumepsb.

XOpPHOBCKUE AN3BIOHKTbI:

D; = -Ll(Mawa,Y) vV =L(X,Y) VvV L([Mawa, X),
Dé = —|Arc(v1,Y1) \Y —|R(Y1,V6,U1),

D = Arc(ve,va),

D, = -R V E(kuHo).

A BOT 3TOT AN3BIOHKT — HEXOPHOBCKMWIA:

D" = R Vv E(napk).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

XOPHOBCKUIA AN3BIOHKT
Ao V -A1 V —Ay V-V DA,
paBHocuneH chopmyne
A1&AK .. . &A, — Ao,

KOTOpasi BbIpaXkaeT YyTBEPXKAEHNE:
«Ecnn BbinonHeHsl ycnoensa Ay n Ay n ... n A,, To BepHo Ap».

B nopasnstowem bonblIMHCTBE CNyYaeB UMEHHO B Takoi dropme
Mbl BbIPaXKAaEM HalUN MO3UTUBHbIE 3HAHUS (YCIIOBHbIE 1
BesycoBHbIe).



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

XOPHOBCKUIA AN3BIOHKT
-G V-G V-V Gy
paBHocusieH chopmyne
(G & G&...& Cp),

n 370 ecTb oTpuuanme 3anpoca Q(Xi, ..., Xx) = G&G& ... &Cp,
KOTOPbINi BbipaXkaeT TpebosaHue:

«Halitn Takne 3HauyeHust nepeMeHHbIx Xi, ..., Xk, KOTOpble
yposnetgopsitoT ycnosusam C; m G ... n Cy».

BoNbWKWHCTBO HALLIMX BOMPOCOB NPEACTABIEHO UMEHHO B TaKO
dopme.



PE3OJIOTUBHbLIN BbIBO4 KAK CPEACTBO
BbIHNCJIEHUA

Pe30ontoTBHOE ONPOBEPXKEHNE CUCTEM XOPHOBCKMX
OAVN3BIOHKTOB — 3TO BbIYUC/IEHNE OTBETOB Ha MPOCTbIE
3anpochl, obpalleHHble K ba3e NO3UTUBHbLIX 3HAHWIA.

Basbl no3uTuBHbIX 3HaHUN (XOPHOBCKME ANSBIOHKTbI)
CTaHOBSITCH, TakuM 0bpasom,

JNIOTMYHYECKMIW MPOIrPAMMAMN .



KOHEL, NEKLW 11.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



JNlekyna 12.

XOpHOBCKMe siornyeckune
NnporpamMmmbl: CUHTaKCUC.
IleknapatnBHasi cemaHTuKka
NIOrnyecknx nporpamMmm.
OnepayunoHHasi cemaHTUKa
JIOrM4ecknx nporpamMmm:
SLD—pe30ost0TUBHbIE BblHUCIEHUS.



XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

NMAPAONT Mbl NTPOrPAMMWPOBAHWA

/ImnepatueHoe nporpammMupoBaHme : NnporpaMMa — 3TO aBTOMaT,
ONUCHIBAOLLNIA NOCNEAOBATENLHOCTI ONEPATOPOB (KOMaHA).
Matematuyeckasi Mogenb: MawmHbl Tbtoputra—Tlocra.

Asbiku: Assembler, Pascal, C, Java.

PDyHKLUMOHAbHOE MPOrpaMMUPOBaHKE : NPOrpaMMa — 3TO CMCTEMaA

YypaBHEHNTA, OMMCHIBAIOLLAsH BLIHUCASIEMYIO (DYHKLMIO.

MaTtemaTnyeckas mogenb: A-ucyucnenne Hepya—Knunn,
ypaBHeHus DpbpaHa—Tegens.

Aswiku: Lisp, ML, Haskell.

Jlornyeckoe nporpammupoBaHmne : NPOrpaMmma — 3TO MHOXECTBO
dopmMyn, onucelBaloOWMX YCIOBUSI pellaemoli 3ajaqn.
MaTemaTuyeckasi MOLESb: JIOFMHECKME UCHNCIEHUS.

Asbiku: Prolog, Godel.




NMAPAONTMA JTOTMHECKOIO

NMPOrPAMMUPOBAHNA
OMMCAHME 3AOA4HN NMPOrPAMMA
OeknapaTtusBHasi cemaHTuka OnepaymnoHHas cemaHTuKa

OMMCAHUE 3AO0A4YN = NMPOITPAMMA

HeknapaTtusHas OnepauuvoHHas
<~
cemMaHTuka cemMaHTuKa




XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

CuHTaKcuc normyeckux nporpamMmm

Mycte o = (Const, Func, Pred) — nekoTopas curHaTypa, B
KOTOPOIi ONpPefessitoTCst TEPMbI 11 aTOMbI.

«3arosioBoOK» 1= <«aToOM»

«Tenoy = <«aTom» «TENO», KaToM>»

«MPaBUIOY» 1= <«3aroJIOBOKY» <— <«TEN0Y;

«akT» = «3arofloBOK»;

KyTBEPXAEHME» 1= «npaBuno» | «ddakT»

«nporpammay = <«Nycto» | <«YyTBEpPXKAEHME» <«MNPOrpaMma»

«3anpocy = O | 7 «Teno»



XOPHOBCKWE JIOTMHECKUVE MNMPOIrPAMMBI

Mpumepsbi

Mpasuno: L(mawa,Y) «— L(Y,X), L(nawa, X);

3aroJIOBOK TeJIO

®akt:  L(gawa, cawa);

3anpoc (uenesoe yTBepXaeHue ):

7 Vmubiii(X), Jobpsrii(X), Kpacusstii(X), JIoour(X, meHs)
Vv N Ve Vv NV
HOAIIE b HOAIIE b MOAIIE]b HOAIIE b

3necb X — uenesasi nepeMeHHas .



XOPHOBCKWE JIOTMHECKUVE MNMPOIrPAMMBI

Mpumep noruyeckoii nporpamMmel

P elem(X,X.L);
elem(X,YaL) — elem(X,L);
concat(nil, Y, Y);
concat(Ua X, Y,UsZ) «— concat(X,Y,Z2);
common(X, Y) « elem(U, X), elem(U, Y);

N 3anpoca K Hei
? concat(L1, L2, 11 pa Ou I'n Pu an Ma Ma aa Nil), common(L1, L2);

Kakoli OTBET Mbl OXKWAAEM MOJY4UTb Ha STOT 3anpoc?



XOPHOBCKWE JIOTMHECKUVE MNMPOIrPAMMBI

Mpumep noruydeckoii NnporpamMmmel

simp_path(X,X,Vert,Arc,nil) «— elem(X,Vert,U);

simp_path(X,Y,V,A,Path) «— elem(X,V,U1),elem(Y,U1,U2),
find_path(X,Y,U2,A,P);

find_path(X,Y,V,A, (X.Y.nil) .nil) «— elem(X.Y.nil,A Al1);
find_path(X,Y,V,A, (X.Z.nil) .Path) < elem(Z,V,V1),
elem(X.Z.nil,A,A1),
find_path(Z,Y,V1,A1,Path);
elem(X,X.L1,L1);

elem(X,Y.L1,Y.L1) « elem(X,L1,L2);

1 3anpoca K Hel
7simp_path(4,2,1.2.3.4.nil, (1.2.niD. (2.3.nil). (2. 4.nil). (3. 1. niD.nil ,X)

Y70 >e BbIYMCANT NporpamMma B OTBET Ha 3TOT 3afpoc?



XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

Kak HY>XHO NMOHMMATb JiIorn4eckue ﬂpOFpaMMbl?

[naBHasi 0COBEHHOCTL IOFMYECKOrO MPOrpaMMuUpPOBaHUST —
MOJIMCEMAHTUYHOCTb : O4Ha U Ta XKE JIOrM4ecKasi NporpaMma MMeeT
[lBe PaBHOMpPABHbIE CEMAHTUNKU, ABa CMbIC/A.
Yenoek—nporpaMMUCT 1 KOMMNbIOTEP—BLIYUCANTENb UMEIOT [BE
pa3Hble TOYKN 3PEHUS HA NPOrpaMmy.

Mporpammucty BaxkHo noHumaTtb, HTO BbluncasieT nporpamma.
Takoe NoHWMaHWe NPOrpaMMbl Ha3bIBAETCS LeKapaTUBHON
CEMAHTUKOI NPOrpaMmbl.

KomnbtoTepy BaxkHO «3HaTby», KAK npoBognTb BblHMcieHne
nporpaMmel. Takoe NOHMMaHWe NPOrpaMmbl Ha3bIBAETCS
OnepaumnoHHOl CEMAHTUKOI NPOrpaMmbl.



Kak HY>XHO NOHMUMATb J10Tv

XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

Yeckue nporpammoi?

[eknapaTuBHas cemaHTuKa

OnepaumoHHasi ceMaHTKa

Mpasuno Ag «— A1, A, ..., Ay,
Ecan  BbinonHeHbl  ycnosust | YTobbl  pewwnTs 3amady Ao,
A1,As, ..., Ay, TO cnpaBefnun- || 4OCTaTOMHO PpeWNTb 3ajadu
BO 1 yTBEpXAeHune Ag. A1, A .. L AL
®akT Ap;
V1eepxaeHune Agp cuntaetcs | 3agadya Ap obbsiBnsieTcs pe-
BEPHbIM. LLIEHHOIA.
3anpoc 7Cy, Gy, ..., Cpy

[Mpu Kaknmx 3HaveHUsix uenesbix || PewunTs CNuUCcok 3ajad
nepeMeHHbix byayt Bephbl Bee || C1, Co, ..., Cpy.

otHowenus Cy, G, ..., Cp?




XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

I'Ipvlmep WCTOJIKOBaHUS1 N1Orn4yeckom nporpamMmmbl

P elem(X,XaL);
elem(X, Y. L)

— elem(X,L);

[eknapaTuBHaa cemaHTuKa

OnepaymoHHas ceMaHTIKa

1. Beskuii npegmer X BxoguT
B COCTaB TOro CMWCKa, 3arosoB-
KOM KOTOPOrO OH SIBSIETCA

1. CyuTaetcs peleHHoli 3aga-
Yya nowucka npegmeta X B Ato-
bom cnucke, cogepxkauiem X B
Ka4yecTBe 3aroJioBKa.

2. Ecnu npegmer X copepxuT-
cs B XBOCTe cnmucka, To X co-
OEPXKNTCS U B CAMOM CUCKE.

2. YT1obbl 0bHapyXuUTb NpegMeT
X B cnucke, JOCTaTOYHO HATM
€ro B XBOCTE 3TOro CMUCKa.




XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

TepmuHonorus

Mycte P — nornyeckasi nporpamma, D — nporpammHoe
yTBEPXAeHUE, a § — nopcTaHoska. Torga
» DO — npumep nporpammHoro yteepxaexusi D,
» ecau @ — nepenmeHoBatue, To DO — BapuaHT nporpaMMHOro
yTBepxaeHuns D,
» ecinm Varpg = (), To DO — ocHoBHOII npumMep NPOrpaMMHOro
yTBepXaenus D,
> [D] — MHOXeECTBO BCEX OCHOBHBIX MPUMEPOB MPOrpaMMHOrO
yTBepxaeHus D,
> [P] — MHOXeCTBO BCeX OCHOBHbIX NMPUMEPOB BCEX
yTBEPXAEHWUI nporpammbl P.



XOPHOBCKWE JIOTMHECKUVE MNMPOIrPAMMBI

TepmuHonorus
MNycte G =7C1, Gy, ..., Cyy — 3anpoc. Torga

» atombl C1, Gy, ..., Gy Ha3biBatOTCS nopuenamu 3anpoca G,
m
> nepemeHHble MHOXecTBa |J Varc, HasbiBatoTCs LieneBbiMY

i=1
nepemMeHHbIMN

» 3anpoc [] Ha3bIBaeTCA NyCcTbIM 3aMNpoCcoM |,
> 3anpockl byaeM Takxe Ha3bIBaTb LENEBLIMU YTBEPXKAEHUSIMU .
[ns ynobctea obosHaueHust ycnosumcs B gasbHeliweM akTol A;

paccMaTpuBaTh Kak mpasuia A «—; ¢ 3arosioBkKoM A 1 nycTbim
TesoM.

elem(X, Xa L); elem(X, Xa L) —;



XOPHOBCKWE JIOTNHECKWE MNMPOIrPAMMBI

Mpumepsbi

Mycte D = elem(X,Y «Z) «— elem(X,Z); — nporpammHoe
yTBepxAeHue. Torga

D' =D{X/Y,Z/nil} = elem(Y,Y «nil) — elem(Y,nil);
MpUMep NPOrpaMMmHoOro yteepxaerust D,

D" = elem(X",Y'.Z') «— elem(X',Z');

BapuaHT NPOrpaMMHOro yTeepxgaeHus D,

D" = D{X/1,Y /2, Z/nil} = elem(1,2.nil) — elem(1,nil);
OCHOBHOII MPUMepP NPOrPaMMHOro yTBepxaeHns D,



AOEKJTIAPATUBHAA CEMAHTUKA

Bonee cTporoe onucaHune cemaHTuk TpebyeT npusaedeHus
annapaTta MaTEMATUYECKON NOTUKMU.

Jlornyeckue nporpammbl n noruyeckune hopmysbi

KaxxgoMy yTBEPXXAEHUIO IOMMYECKOA NMPOrpaMMbl CONOCTABUM
noruyeckyto opmysy:

Mpasuno: D' = Ag « A1, As, ..., Ap;

n
D' =VX1.. VX (Ar&Ar& .. . &A, — Ag), tie {X1,..., X} = U Vara,
i=0

®dakT: D' = A;
D" =YXy ... VXkA, tie {X1,..., Xk} = Vara
3anpoc: G =7 (1, G, ..., Cyy
G=G&G&& ... &(C,



AOEKJTIAPATUBHAA CEMAHTUKA

C Toukn 3PEHNA /J,eKﬂapaTVIBHOVI CEMAHTUKNM,

> nporpammHbie yTBepaeHnst D n 3anpocel G — 370
norunyeckne hopMybl,

> nporpamma P — 370 MHOXeCTBO popmyn (6asa 3HaHwii),

> a NpaBUJIbHbI/ OTBET Ha 3aMpOC — 3TO TaKME 3HAYEHNS

nepemenHbix (NMOACTaHOBKA), NpU KOTOPOIA 3anpoc
OKa3blBaETCsl JIOMMYECKUM CNeACTBUeM Hasbl 3HAHWIA.



AOEKJTIAPATUBHAA CEMAHTUKA

Onpegenenue (nNpaBunbLHOro oTBeTa)

Mycte P — nornyeckasi nporpamma, G — 3anpoc kK P ¢
MHOXECTBOM LENIEBbIX NepeMeHHbIX Y7, ..., Yk.

Torpa Besikasi nogctaroska 0 = {Y1/t1, ..., Yk/tk} Ha3biBaeTcs
oTBeTOM Ha 3anpoc G k nporpamme P.

Oteet 0 = {Y1/t1,..., Yk/tx} Ha3bIBAETCS NPaBUIIbHLIM OTBETOM
Ha 3anpoc G k nporpamme P, ecnn

k
P = VZ..VZNGO,  tme{Z,...,Zy} =] Var,.
i=1



XOPHOBCKWVE TOIMMYECKUME NMPOIrPAMMBbDI
MpuMepbl NpaBUbHBLIX OTBETOB

MpasunbHbIMK oTBeTaMu Ha 3anpoc G : ? elem(X, ca Ta 0 s1a nil);
obpalleHHbI K IOFMYECKOoii nporpaMmme

P elem(X,X. L),
elem(X,Y.aL) — elem(X, L);

SABNSIOTCS YeTbIpe NMOACTAHOBKU
01 = {X/c}, 02 = {X/r},03 = {X/o}, 04 = {X/n},
NOCKOILKY A1 J10DOIA M3 3TUX NOACTAHOBOK BEPHO COOTHOLLEHMNE

{VXVYVL(elem(X, L) — elem(X, Y.L)),
VXVL elem(X, Xa L)} = elem(X, caTa 0 1a nil)f; .

Ho kak nckatb npaBuJibHbIE oTBETHI?



ONEPAUNOHHAA CEMAHTUNKA
NOIMYECKUX NPOIrPAMM

KoHuenuusa onepaynoHHOW ceMaHTUKU

Mon onepaLoHHOV CeMaHTIKON MOHUMAKOT NpaBuia NOCTPOEHNS
BblYMcneHunii nporpammol. OnepauroHHas CEMaHTIKa
onucbieaet, KAK gocturaercs pesynstat paboTbl nporpammebi.

Oxxungaemblii pesynbTaT paboTbl NOrMYeCcKoli NporpaMmbl — 3TO
NPaBUIbHbLIA OTBET Ha 3anpoc K Nporpamme. 3Ha4yuT,
onepaunoHHas CEMaHTUKA JOJIKHA ONUCbIBAaTb METOA BblHUC/IEHNS
MpaBuibHbIX OTBETOB.

TakuM METOAOM BbIYNCIEHNST MOXKET ObITb Pa3HOBUAHOCTL
MeToaa pe3o/touunid, YHUTbIBaKOLWas 0COBEHHOCTM YCTPOiCTBa
MPOrpaMMHbIX YTBEPXKAEHUIA.



ONEPAUNOHHAA CEMAHTUNKA

Jlornueckn npennocbliyiku OﬂepaLl,I/IOHHOVI CeEMaAHTUKMn

3anpoc G(Y1,...Ym) =7 G1, Gy, ..., Gy K NOTMYECKOI NporpaMme
P ={Dx,...,Dy} nopoxpgaer 3agaqy o JIOrM4ECKOM CIEACTBIN:

{D1,....Dy} E3IY1... IYU(C&C& ... &Cp),
KOTOpasi paBHOCM/IbHA 3afaqe 06 obuiesHaunmocTm
EDi&...&Dy — 3Y1...3Y(G&G& ... &Cp),
KOTOpasi PaBHOCUJIbHA 3aja4e O NPOTMBOPEHUBOCTI hOPMYbI
—(D1& ... &Dy — Y7 ... 3IY(G&G& ... &Cp),
paBHOCUALHOI dhopmyne

Di& ... &DyN & VY] .. .VYk(ﬂCl V-GV V —\Cm),



OMEPAUNOHHAA CEMAHTUKA

Jlornyeckn npenonocbliiku OﬂepaLl,MOHHOVI CeMaHTUuKun

Monyyennyto popmyny
Di&...&Dyn & VY1 ... VY (-G V-G V-V aCy),
MOXHO PacCMaTpuBaTb KaK CUCTEMY AU3BIOHKTOB
Spc = {D1,....Dn,~CV -G V-V Cpty

N [OKa3blBaTb ee MPOTUBOPEYUBOCTbL METOAOM PE30IOLNIA.



OMEPAUNOHHAA CEMAHTUKA

Jlornyeckune nporpamMmmMmbl N XOpHOBCKNe ON3BHBHOHKTDI

KakgoMy yTBEpXKAEHUIO JIOTNYECKOW NPOrpaMMbl COMOCTaBUM
XOPHOBCKUII AN3BIOHKT:

Mpasuno: D' = Ag «— A1, As, ... A,
D' =AyV-ALV-A V-V —A,

DakT: D' = A
D// — A
3anpoc: G =7 G, G, ..., Cyy

G=-CGV-GV---V-aC,

Kak 1o NPUHATO Y AN3BIOHKTOB, Npeanosiaraetcsa, 4T1o BCe
nepeMeEHHbIE CBA3aHbl KBAHTOPaMu V.



ONEPALUNOHHAA CEMAHTUNKA
Jlornyeckmne nporpamMmbl U XOPHOBCKUE AU3BIOHKTbI

Mbl 6yp,eM NMPUMEHATDb CI'IeLU/Iaaner CTpaTerno NOCTpoOEHUA
pe3OJ'IIOTVIBHOrO BblBOAA:
Go D;,

L—

G1 D;,

L—

i

O



ONEPALUNOHHAA CEMAHTUNKA
Jlornyeckmne nporpamMmbl U XOPHOBCKUE AU3BIOHKTbI

Ml 6yp,eM NMPUMEHATL CNEUNaNbHYHO CTPATErMtO NOCTPOEHUA
Pe30oNTUBHOIO BbliBOAA:!

)
—
[

L inear resolution with S election function for D efinite
clauses

SLD-pe3ontouuns (P. Kosansckn)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepgenenune (SLD-pesontouun)

MycTb
» G=7C,...,C,...,Cyn — ueneeoe yTBepXXaeHue, B
KoTopoMm BblgeneHa noguens C;,
> D)= A) «— A}, A, ..., A}, — BapuaHT HEKOTOPOro

NporpaMMHOro yTeepxaeHus, B kotopom Varg N Varp: = ),

» 0 € HOVY(C;, Ay) — Hamb. obuy. yHudbukatop noguenun C; n
3arosoBKa NPOrpaMMHoOro yTeepxaerus Aj.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepgenenune (SLD-pesontouun)

MycTb
» G=7C,...,C,...,Cyn — ueneeoe yTBepXXaeHue, B
KoTopoMm BblgeneHa noguens C;,
> D)= A) «— A}, A, ..., A}, — BapuaHT HEKOTOPOro

NporpaMMHOro yTeepxaeHus, B kotopom Varg N Varp: = ),

» 0 € HOVY(C;, Ay) — Hamb. obuy. yHudbukatop noguenun C; n
3aro/IoBka NporpaMMHOro yTeepXxaeHus Aj.

Torga 3anpoc
G =7°C,...,C1,AL A, .. AL Ciit,. .., Cn)O

Ha3biBaeTca SLD-pesonbeeHToli nporpammuoro yteepxaeHus D' un
3anpoca G c eblgenenHon noguensto C; u yHudukaTopom 6.



SLD-PE3OJIKOTUBHbIE BbIHNCJTEHUA

Onpegenerune (SLD-pesontouun)

G=7C,....C,...,Cn

KOMMEHTAPUN.



SLD-PE3OJIKOTUBHbIE BbIHNCJTEHUA

Onpegenerune (SLD-pesontouun)

G=7C,....,C.....Cn

KOMMEHTAPUN.

Bbigensiem noguens B 3anpoce.



SLD-PE3OJIFOTUBHbIE BblHNCJ1IEHNA

Onpegenerune (SLD-pesontouun)

G=7C,....,C.....Cn

D= A0<—A1,A2,...,An;

KOMMEHTAPUN.

Buibupaem nporpammHoe yTeepxxaeHue.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepenerue (SLD-pesontouyunn)

G=7C,....C,...,Cn

D = Ay — ALA, ... A

KOMMEHTAPUN.
NepenMeHOBbLIBaEM MepeMeHHbIe B BbIDPaHHOM yTBEpPXKAEHNN,

Tak 4tobbl Varp N Varg = 0.



SLD-PE3OJIFOTUBHbIE BblHNCJ1IEHNA

Onpegenerune (SLD-pesontouun)

G=7G,....C...,Cm
D = Al ALA, ... A

n

0 = HOY(Ci, AY)

KOMMEHTAPUN.

Bbluncnsem Hanbonee Obwnii YuudpumkaTtop.



SLD-PE3OJIFOTUBHbIE BblHNCJ1IEHNA

Onpepenerue (SLD-pesontouyunn)

G=7C,....,C.....Cn

= Ay e AL A A

0 = HOY(Ci, AY)

Y

G =7(C...,Ciit, AL A, . AL Cist,..., C)O

KOMMEHTAPUN.

Crpoum SLD-pesonbeeHTy



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepenerue (SLD-pesontouyunn)

G=GV---VaGV---Valy

"= AQ VoAV -AL Y - VAL

0 = HOY(Ci, AY)

Y

G =(-GV--- VG VoA V-ALY - VoA V=G V- VG

KOMMEHTAPUN.

[elicTBNTENbHO, 3TO pe30/ibBEHTA ABYX AU3BIOHKTOB



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

KOMMEHTAPUN.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

KOMMEHTAPUN.

Buigensem noguens B 3anpoce.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

D= R(Y,X)« P(X),R(c,Y);

KOMMEHTAPUN.

Buibupaem nporpammHoe yTBepXaeHue.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

D, = R(Yl,Xl) — P(Xl), R(C, Yl);

KOMMEHTAPUWN.
MNepenmeHOBLIBaEM MepeMeHHbIE B BbIDPaHHOM YTBEPXAEHWN,

Tak 4T0bbl Varp: N Varg = (.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

D' = R(Y1,X1) < P(X1),R(c, Y1);

0 = HOV(R(X, £(Y)), R(Y1, X1)) = { Y/ X, X1 /F(Y)}

KOMMEHTAPUN.

Bbluncnsiem Hanbonee Obwnii YuudpumkaTtop.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

"= R(Y1,X1) « P(X1),R(c, Y1);

6 = HOV(R(X, F(Y)), R(Y1, X1)) = { Y1/ X, X1 /F(Y)}

Y

G =7 (P(X),P(X1),R(c,Y1),R(Y,c))o

KOMMEHTAPUN.

Crpoum SLD-pesonbeeHTy



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 1.

G =17 P(X),R(X,f(Y)),R(Y,c)

"= R(Y1,X1) « P(X1),R(c, Y1);

0 = HOV(R(X, F(Y)), R(Y1, X1)) = { Y1/ X, X1 /F(Y)}

Y

G' =7 P(X),P(f(Y)),R(c,X),R(Y,c)

KOMMEHTAPUN.

BoT oHa.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X unil)

KOMMEHTAPUN.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X unil)

KOMMEHTAPUN.

Buigensiem noguens B 3anpoce.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X unil)

D= R(X.nil,Y) —;

KOMMEHTAPUN.

Buibupaem nporpammHoe yTBepXaeHue.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 2.

G =7 R(X, X unil)

D' = R(Xy.-nil,Yy) —;

KOMMEHTAPUN.
MNepenmeHOBLIBaEM MepeMeHHbIE B BbIDPaHHOM YTBEPXAEHWN,

Tak 4T0bbl Varp: N Varg = (.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X unil)

D' = R(Xy-nil, Yy) —;

0 = HOY(R(X, X «nil), R(Xy « nil, Y1)) =
{X /Xy «nil, Y1 /(Xq « nil) « nil}

KOMMEHTAPUN.

Bbluncnsiem Hanbonee Obwnii YuudpumkaTtop.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X «nil)

I = R(Xl . nil, Yl) —;

0 = HOY(R(X, X «nil), R(Xy « nil, Y1)) =
, {X /Xy «nil, Y1 /(Xq « nil) « nil}
G = (O

KOMMEHTAPUN.

Crpoum SLD-pe3onbeeHTy



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 2.

G =7 R(X, X «nil)

I = R(Xl . nil, Yl) —;

0 = HOY(R(X, X «nil), R(Xy « nil, Y1)) =
, {X /Xy «nil, Y1 /(Xq « nil) « nil}
G =0

KOMMEHTAPUN.

BoT oHa.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X «nil), P(c, Y)

KOMMEHTAPUN.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

KOMMEHTAPUN.

Buigensiem noguens B 3anpoce.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

D= R(X.nil, X) —;

KOMMEHTAPUN.

Buibupaem nporpammHoe yTBepxaeHue.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

D' = R(Xy«nil, X;) —;

KOMMEHTAPUN.

MNepenmeHOBLIBaEM MepeMeHHbIE B BbIDPaHHOM YTBEPXAEHWN,



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

D' = R(Xy«nil, X;) —;

HOV(R(X, X «nil), R(X1 « nil, X1)) = 0

KOMMEHTAPUN.

ATombl HeyHunumnpyembi!



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

D' = R(Xy«nil, X;) —;

HOV(R(X, X «nil), R(X1 « nil, X1)) = 0

KOMMEHTAPUN.

3HaunT, SLD-pe30sibBEHTY HENb3si NOCTPOUTL.



SLD-PE3OJTOTUBHDbIE BblHNCJIEHUA
Mpumep 3.

G =7 R(X,X .nil), P(c, Y)

D' = R(Xy«nil, X;) —;

HOV(R(X, X «nil), R(X1 « nil, X1)) = 0

KOMMEHTAPUN.

Hy>xHo BbIZENNTL Apyryto noauens uan

BbIOpaTh Apyroe NporpamMMHOE YTBEPXKAEHME.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpegenerune (SLD-pe3ontoTUBHOro BblYNCIEHUS)

MycTb
> Go=7 (1, G, ..., Cy — uenesoe yTBEPXKAEHNE,
» P ={D1,Ds,...,Dy} — xopHOBCKasi Iornyeckasi nporpamma.

Torpa (4acTnunbiM) SLD-pe3onoTUBHLIM BbIYNCEHEM |
MOpPOXAeHHbIM 3anpocom Gy K J0rnyeckoin nporpamme P
Ha3bIBA€TCA NOCNAEAOBATE/NIbHOCTb TPOEK (KOHe'-IHa;I nnn
BeckoHeuHas)

(Djlaela Gl)7 (Dj27027 G2)7 .. '7(Djn79n7 Gn)a ey

B KoTopoli ans nwboro i, i > 1,
» Dj € P, 6 € Subst, G; — uenesoe yTBepxaeHue (3anpoc);

» 3anpoc G; saensietca SLD-pesonbBeHTOl nporpamMmHoro
yTeepxaeHus D; u 3anpoca G;_1 c yHudukatopom 0;.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepenenune (SLD-pe3ontoTuBHOro BbluucaeHus )

YactuuHoe SLD-pe3ontoTnsHoe BblvmMcneHune
comp = (DJ'17917 Gl)v (Djza 027 G2)7 ) (Djkv ena Gn)

Ha3bIBAE€TCA

> ycrewnsim Beldncneqnem (SLD-pesontoTusHbIM
onposepxeHuem), ecin G, = [J;

> DECKOHEYHbBIM BbIYUCIEHNEM , €CAN comp — 3TO DeckoHevHas
nocne0BaTENLHOCTb;

> TYNUKOBBIM BbIYUCIEHNEM , €CAN COMP — 3TO KOHEeYHas
NOCNEAOBaTENLHOCTD, N NPY 3TOM AJA BbIAENEHHONW NoAUenn
3anpoca G, HEBO3MOXXHO MOCTPOUTL HU OAHOI
SLD-pe30onbBeHTHI.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Onpepenerune (SLD-pe3ontoTuBHOro BblunucaeHms)

MycTb
> Gop=7 (1, C,. .., Cp — uenesoe yTBEPXKAEHNE C LENEBLIMU
nepeMeHHbeiMu Y1, Yo, ..., Y,
» P ={D1,Ds,...,Dy} — xopHOBCKasi JIorn4eckasi nporpamma,

> comp = (DJ'1791) Gl)7 (Dj27 02a G2)a ) (Djm‘gna D) -
ycnewHoe SLD-pe30otoTBHOE BbIYNCIEHUNE, NOPOXAEHHOE
3anpocom G K nporpamme P.

Torpa nopctanoska 6 = (6162...05)|v1,vs, v,
npeacTaeasowas coboli KOMNO3NLMIO BCEX BblYNCAEHHBIX
yHudpvkaTopos 61, 6o, ..., 0,, OrpaHNYEHHYIO LENEBLIMY
nepemeHHbiMun Y1, Yo, ..., Yk,

Ha3bIBAETCA BbIYMCIEHHLIM OTBETOM Ha 3anpoc Gp K nporpamme P.



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 4.
Jlornyeckas nporpamma P:
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Gg:

? elem(X,a«bucanil)




SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 4.
JNornyeckas nporpamma P: Go =7elem(X,a s bacanil)
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bucanil)




SLD-PE3OJIOTUBHbLIE BbIHNCJIEHUA
Mpumep 4.
JNornyeckas nporpamma P: Go =7elem(X,a s bacanil)
elem(X, X « L); elem(X1,Y1al1)«—elem(Xy,L1);
elem(X,Y . L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bucanil)




SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 4.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bucanil)

elem(X1,Y1al1) —elem(Xy1,L1);
61 ={X /Xy, Y1/a, L1 /bucanil}

G1 =?elem(X1, b ¢« nil)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 4.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bucanil)

elem(X1,Y1al1) —elem(Xy1,L1);
91:{X/X1, Yl/a, Ll/b.c.nil}

G1 =?elem(X1, b ¢« nil)
elem(Xz,Y2.Lp) «— elem(Xz,L5);



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 4.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bacanil)

Go =?elem(X,a s b canil)
elem(X1,Y1al1) —elem(Xy1,L1);
0, ={X/X1, Y1/a, L1 /becanil}
G1 =?elem(X1, b ¢« nil)
elem(Xz,Y2.Lp) < elem(Xz,L5);
0, ={X1 /X, Yo /b, Ly /canil}

Y
Gy =7elem(Xz, ¢ « nil)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 4.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bacanil)

Go =?elem(X,a s b canil)
elem(X1,Y1al1) —elem(Xy1,L1);
0, ={X/X1, Y1/a, L1 /becanil}
G1 =?elem(X1, b ¢« nil)
elem(Xz,Y2.Lp) < elem(Xz,L5);
0, ={X1 /X, Yo /b, Ly /canil}

Y
Gy =7elem(Xz, ¢ « nil)
elem(X3,Xzanil);



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 4.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(X,a«bucanil)

elem(X1,Y1al1) —elem(Xy1,L1);
0, ={X/X1, Y1/a, L1 /becanil}

G1 =?elem(X1, b ¢« nil)

elem(Xz,Y2.Lp) < elem(Xz,L5);
92 = {)(1/)(27 Yg/b, LQ/C-rlil}

Y

Gy =7elem(Xz, ¢ « nil)

elem(X3,X3zanil);
03={X2/c, X3/c}

Y

Gz =0
VCMNEX!



SLD-PE3OJIOTUBHbLIE BbIHNCJIEHUA
Mpumep 4.
JNornyeckas nporpamma P: Go =7elem(X,as bacanil)
elem(X, X « L); elem(X1,Y1al1) —elem(Xy1,L1);

elem(X, Y o L) — elem(X,L): | | h=1X/%, /e, La/beconil)
G1 =?elem(X1, b ¢« nil)
elem(Xz,Y2.Lp) < elem(Xz,L5);
? elem(X,a«bucanil) 0o = (X1 /X0, Ya/b, Lp/canil}
Y
Gy =7elem(Xz, ¢ « nil)
elem(X3,X3zanil);
93={X2/C,X3/C}

3anpoc Ggp:

Y

Gz =0

VCMNEX!
Bbiuncnennbiii oteet: 0 = (616203)|x = {X/c}



SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 5.
Jlornyeckas nporpamma P:
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Gg:

? elem(c, a« b nil)




SLD-PE3OJIOTUBHbLIE BbIHNCJIEHUA
Mpumep 5.
JNornyeckas nporpamma P: Go =7elem(c, a s banil)
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(c, a« b nil)




SLD-PE3OJIOTUBHbLIE BbIHNCJIEHUA
Mpumep 5.
JNornyeckas nporpamma P: Go =7elem(c, a s banil)
elem(X, X « L); elem(X1,Y1al1)—elem(Xy,L1);
elem(X,Y . L) — elem(X, L);
3anpoc Ggp:

? elem(c, a« b nil)




SLD-PE3OJIOTUBHbIE BbIHNCJIEHNA
Mpumep 5.
JNornyeckas nporpamma P: Go =7elem(c, a s banil)

elem(X, X « L); elem(Xy,Y1aL1)— elem(Xy,L1);

01=1{X1/c, Y1/a, L1/banil
elem(X,Y « L) — elem(X, L); 1={X1/c,V1/a, L1/ }
3anpoc Go: Gy =7elem(c, b « nil)

? elem(c, a« b nil)




SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 5.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(c, a« b nil)

Go =7elem(c, a s b« nil)
elem(X1,Y1al1) —elem(Xy,L1);
91 = {Xl/C, \/1/37 Ll/b-nll}

G1 =7elem(c, b « nil)
elem(Xz,Y2.Lp) «— elem(Xz,L5);



SLD-PE30OJIOTUBHbLIE BBIHNCJTIEHNA
Mpumep 5.
JNoruyeckas nporpamma P: Go =7elem(c, a s banil)
elem(X, X « L); elem(X1,Y1al1) —elem(Xy,L1);

elem(X, Y « L) — elem(X,L);| | b1={X1/c, Y1/, L1/bunil}
Gy =7elem(c, b« nil)

; elem(Xz,Y2.Lp) < elem(Xz,L5);
? elem(c,a« b nil) 0, ={X1/Xo, Ya/b, Lp/nil}

Y
Gy =7elem(c, nil)

3anpoc Go:




SLD-PE30OJIOTUBHbLIE BBIHNCJTIEHNA
Mpumep 5.
JNoruyeckas nporpamma P: Go =7elem(c, a s banil)
elem(X, X « L); elem(X1,Y1al1) —elem(Xy,L1);

elem(X, Y o L) — elem(X,L);| | b1={X1/c, Y1/a, L1/bunil}
Gy =7elem(c, b« nil)
elem(Xa,Yaalp) — elem(Xa,L5);
7 etemlea-benl) b= {X0/ X, Ya/ b, Lo/nil}
Y
Gy =7elem(c, nil)
elem(X3,X3aL3);
HeT yHndukaTtopa

3anpoc Go:




SLD-PE30OJIOTUBHbLIE BBIHNCJTIEHNA
Mpumep 5.
JNoruyeckas nporpamma P: Go =7elem(c, a s banil)
elem(X, X « L); elem(X1,Y1al1) —elem(Xy,L1);

elem(X, Y o L) — elem(X,L);| | b1={X1/c, Y1/a, L1/bunil}

Gy =7elem(c, b« nil)

elem(Xa,Yaalp) — elem(Xa,L5);

7 etemlea-benl) b= {X0/ X, Ya/ b, Lo/nil}

Y

Gy =7elem(c, nil)
e/em(X3,Y3.L3)<—e/em(X3’[_3);

HeT yHndukaTtopa

3anpoc Go:




SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 5.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(c, a« b nil)

TVINK!

Go =7elem(c, a s b« nil)
elem(X1,Y1al1) —elem(Xy,L1);
0, =1{Xi/c, Y1/a, L1 /bunil}
G1 =7elem(c, b « nil)
elem(Xz,Y2.Lp) < elem(Xz,L5);
0, ={X1/Xo, Ya/b, Lo /nil}

Y
Gy =7elem(c, nil)

failure

Het SLD-pe3osibBeHTHI



SLD-PE30JIFOTUBHbLIE BbIYNCEHUS
Mpumep 6.
Jlornyeckas nporpamma P:
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Gg:
? elem(a, X)




SLD-PE30JIIOTUBHbIE BbIYNCIEHNS
Mpumep 6.
JNornyeckas nporpamma P: Go =7elem(a, X)
elem(X, X L);
elem(X,Y « L) — elem(X, L);
3anpoc Gg:
? elem(a, X)




SLD-PE30JIIOTUBHbIE BbIYNCIEHNS
Mpumep 6.
JNornyeckas nporpamma P: Go =7elem(a, X)
elem(X, X « L); elem(X1,Y1al1)«—elem(Xy1,L1);
elem(X,Y « L) — elem(X, L);
3anpoc Ggp:
? elem(a, X)




SLD-PE30OJIOTUBHbLIE BBIHNCJTIEHNA
Mpumep 6.
JNoruyeckas nporpamma P: Go =7elem(a, X)

elem(X, X « L); elem(Xy,Y1aL1)— elem(X1,L1);

91:{X1/37X/Y1-L1}
elem(X,Y . L) — elem(X, L);

3anpoc Gp: Gy =7elem(a, L1)

? elem(a, X)




SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 6.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(a, X)

Go =?elem(a, X)
elem(X1,Y1al1)«—elem(Xy,L1);
91:{X1/37X/Y1 . Ll}

G1 =7elem(a, L;)
elem(Xz,Y2.Lp) «— elem(Xz,L5);



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 6.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(a, X)

Go =?elem(a, X)
elem(X1,Y1al1)«—elem(Xy,L1);
01={X1/a,X/Y1a L1}
G1 =7elem(a, L;)
elem(Xz,Y2.Lp) «— elem(Xz,L5);
0y =1{Xo/a, L1/ Ya « Lo}

Y
Gy =7elem(a, Ly)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 6.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(a, X)

Go =?elem(a, X)
elem(X1,Y1al1)«—elem(Xy,L1);
01={X1/a,X/Y1a L1}
G1 =7elem(a, L;)
elem(Xz,Y2.Lp) «— elem(Xz,L5);
0y =1{Xo/a, L1/ Ya « Lo}

Y
Gy =7elem(a, Ly)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 6.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Ggp:

? elem(a, X)

Go =?elem(a, X)

elem(X1,Y1al1)«—elem(Xy,L1);
01={X1/a,X/Y1a L1}

G1 =7elem(a, L;)

elem(Xz,Y2.Lp) «— elem(Xz,L5);
0y =1{Xo/a, L1/ Ya « Lo}

Y
Gy =7elem(a, Ly)
elem(X3,Y3aL3) — elem(X3,L3);

93:{X3/a, L2/Y3 . L3}

Y
Gz =7elem(a, L3)



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Mpumep 6.

Jlornyeckas nporpamma P:
elem(X, X L);

elem(X,Y « L) — elem(X, L);
3anpoc Gg:

? elem(a, X)

BeckoHeuHoe BblYUCEHNE.

Go =?elem(a, X)

elem(X1,Y1al1)«—elem(Xy,L1);
01={X1/a,X/Y1a L1}

G1 =7elem(a, L;)

elem(Xz,Y2.Lp) «— elem(Xz,L5);
0y =1{Xo/a, L1/ Ya « Lo}

Y
Gy =7elem(a, Ly)

/93:{X3/3,L2/Y3-L3}

Gz =7elem(a, L3)

. T. g. 10 0O



SLD-PE3OJIOTUBHbIE BbIHNCJIEHUA

Tenepb y Hac eCcTb fBa TWMNa OTBETOB HA 3aMpoOCbl K JIOTMYECKNM
nporpamMmmam:

> MpaBwWibHble OTBETbI, KOTOPbIE JIOTNYECKUN CleAyIoT 13
nporpamMmsil;

> BbIYMC/IEHHbIE OTBETbI, KOTOPbIE KOHCTPYUPYIOTCS MO XO4Y
SLD-pe30ontoTUBHbLIX BbIYUCIEHNIA.
MpaBusibHble OTBETLI — 3TO TO, YTO Mbl XOTUM MONYHUTL,

obpalasick ¢ Bonpocamun K nporpaMme.

BbluncneHHble 0TBETbI — 3TO TO, YTO HaM B AEACTBUTENBHOCTU
BbIAAET KOMMbIoTEp (MHTEpPNpeTaTOp NporpaMmbi).

KakoBa CBA3b MEXAY NMPpaBUAbHBIMW N
BbIHNCNEHHbBIMW OTBeTaMI/I?



KOHEL, NEKLW 12.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyus 13.

KoppekTHOCTb onepaunoHHOM’
CEMaHTUKMN.
[MlonHoTa onepaynOHHOW ceMaHTUKN
JIOrM4Yecknx nporpamMmm.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

V Hac ecTb fBa TUMNa OTBETOB HAa 3anNpocChl K JIOrMYECKUM
nporpaMmmam:
> NpaBu/fibHbIe OTBETbI, KOTOPbIE JIOTMYECKMN CIELYIOT U3
nporpammei;
> BblYUC/IEHHbIE OTBETbI, KOTOPbIE KOHCTPYMPYIOTCS MO XO4Y
SLD-pe30nt0TNBHLIX BbIYUCIEHNA.

[paBusibHbIe OTBETHI — 3TO TO, YTO Mbl XOTUM MOJYHUTb,
obpalasick ¢ BONpocaMun K NporpaMme.

Bbl4ncneHHble OTBETEI — 3TO TO, YTO HaM B AEACTBUTENBHOCTM
BbIJAET KOMMbIOTEP (MHTEPNPETATOP MPOrpammbl).

KakoBa cBA3b MEXAY NMPaBUABbHBIMW N
BbIYNCAEHHBIMUN OTBETaMM !



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

OnpepeneHve npaBuabHOro oTBeTa

Mycte P — nornyeckasi nporpamma, G — 3anpoc kK P ¢
MHOXECTBOM LESIEBbIX NepeMeHHbIX Y7, ..., Yk.

Torpa Bcsikasi nogcraHoeka 6 = {Y1/t1, ..., Yi/tk} Ha3biBaeTcs
oTBeTOM Ha 3anpoc G Kk nporpamme P.

Oteet 0 = {Y1/t1,..., Yk/tx} Ha3bIBAETCS NPaBUIIbHLIM OTBETOM
Ha 3anpoc G k nporpamme P, ecnn

k
P = VZ..VZNGO,  tme{Z,...,Zy} =] Var,.
i=1



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKWU

Onpe,u,eneHme BblIHNCN1E€HHOIo OoTBeTa

MycTb
> Gop=7 (1, (G, ..., Cp — uenesoe yTBEPXAEHMNE C LENEBLIMU
nepemerHoiMn Y1, Yo, ..., Y,
» P ={D1,Dy,...,Dyn} — xopHOBCKasi normyeckas nporpamma,

> comp = (D_h?elv Gl)? (Djza 02a G2)a R (D_I'mena D) -
ycnewHoe SLD-pe30toTBHOE BbIYUCIEHUE, NOPOXAEHHOE
3anpocom G Kk nporpamme P.

Torpa nopcranoska 6 = (6162...00)|vy.vs....vs>
npeAcTaBAAoWas coboli KOMMNO3NLMIO BCEX BbIYNCAEHHbBIX

yHudpmkaTopos 61, 6o, ..., 0,, OrpaHNYEHHYIO LiENEBLIMN
nepemenHbiMn Y1, Yo, ..., Yk,

Ha3bIBAETCA BbIYNCAEHHBIM OTBETOM Ha 3anpoc Gg K nporpamme P.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKWU

Teopema (KOPpPEKTHOCTU ONEpaLMOHHON CEeMaHTUKM)

Mycte
> Go =7 (1, (..., G — uenesoe yTBEpXKAEHME,
» P={D1,Dy,...,Dn} — xopHOBCKasi NOrmyeckas nporpamma,

» ¢ — BbluMC/EHHbIV OTBET Ha 3anpoc Gy K nporpamMme P.

Torpa @ — npaBusibHbI 0TBeT Ha 3anpoc Gy k nporpamme P.

JokasatenbcTBo.

PaccmoTpuM ycnelHoe BblYncneHne, NopoxkaeHHoe 3anpocoM Gp K
nornyeckoii nporpamme P:

comp = (D_jl?ela G1)7 (Djza 92, Gz)a R (Djmenv D)
MokaXkemM MHAYKUMel NO AANHE BBIYNCAEHUA N, 4TO
0 = (0102 ...60)|v,.Y,,...,v, — TO NPaBU/bHbIA OTBET.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

D,O Ka3aTes1bCTBO.

Basuc wnaykumm (n = 1). Torga
Go=?CG Djl = Ao; 01 € HOV(Cl,Ao)‘

3HaunT, (101 = Agfy. Mockoneky Dj € P, Mbl npuxoanm K
CnefyoLLeMy BbIBOAY:

P = VXA, nouemy?
N, cneaoBaTenbHo,
P = VZAgb1, novemy?
N, cneaoBaTenbHo,
P =VZCiby, nodemy?

n, cnegosatensHo, 6 = 01|y, y, .y, — 3TO NpaBUNbHbIA OTBET.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKWU

JokasaTtenbcTBo.

WNnpykTuensiii nepexog (n —1 — n). MycTs

G = 7C,GCo....Cirerr)Con

D, = Ag<— Ay ... A;

0, € HOV(Ci,A()),

Gi = 7(Ci,Core. s ALy A, Co)oh.

Torpa
I ) .
comp = (DJ2, 92, Gg), ey (D_/n7 0,7, |:|)
— 3TO YCMELWHOEe BbIYNCAEHNE ganHbl N — 1, NOpOXAeHHOE

3anpocoM Gi. 3HayuT, MO NPEANONOXKEHNIO UHAYKLUN,
/ -
0 =0,. ..0,,]\/3,61 — npaBubHbIl OTBET Ha 3anpoc Gi.

3HauuT,

PEVZ(C&GE. . &A& .. &AL . .. &Cpn)010 .



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokasaTenbcTtBo.

Ns P EVZ(C&G& .. &A% . . &AL .. &Cp)ort

cnepyer
P EVZ(A& ... &A)00.

Mockonbky D; € P, BepHo
P lE=VX(A&. .. &A, — Ao).

3HayunT, BEPHO TaKXxe

Takum obpasom,
P =VZAb10'.

N, nakonew, scnomums, 4to Agfy = Cif1 (nouemy? ), 3akitovaem
P =VYZCi6:0'.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokasaTenbcTtBo.

Ns P EVZ(C&G& .. &A% . . &AL .. &Cp)ort

cnepyer
P EVZ(A& ... &A)00.

Mockonbky D; € P, BepHo
P lE=VX(A&. .. &A, — Ao).

3HayunT, BEPHO TaKXxe

Takum obpasom,
P =VZAb10'.

N, nakonew, scnomums, 4to Agfy = Cif1 (nouemy? ), 3akitovaem
P =VYZCi6:0'.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokasatenbcTtBo.

ns P ): V?(Cl&CQ& ce &Al& . &Ar& . &Cm)l919/

cnepyet
P EVZ(A&. . &A)60.

Mockonbky D; € P, BepHo
PEVX(AL&...&A, — Ao).
3HaunT, BEpHO TaKxe
P v?((Al& &AL — A0619’>.

Takum obpasom,

P l=VZAg010'.
W, nakoHeu, Bcnomhums, 4to Agfy = C;f1 (nouemy? ), 3aknioqaem

P E=VZCi610'.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokasatenbcTtBo.

ns P ): V?(Cl&CQ&. .. &Al& . &Ar& . &Cm)t919/

cnepyet
P EVZ(A& ... &A)00.

Mockonbky D; € P, BepHo
PEVX(AL&...&A, — Ao).
3HaunT, BEpHO TaKxe
P v7<(A1& &AL — A0919’).

Takum obpasom,

P l=VZAg010'.
W, nakoHeu, Bcnomhums, 4to Agfy = C;f1 (nouemy? ), 3aknioqaem

P E=VZCi610'.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokasatenbcTtBo.

ns P ): V?(Cl&CQ& ce &Al& . &Ar& . &Cm)l919/

cnepyet
P EVZ(A&. . &A)60.

Mockonbky D; € P, BepHo
PEVX(AL&...&A, — Ao).
3HaunT, BEpHO TaKxe
P v?((Al& &AL — A0619’>.

Takum obpasom,

P l=VZAg010'.
W, nakoHeu, Bcnomhums, 4to Agfy = C;f1 (nouemy? ), 3aknioqaem

P E=VZCi610'.



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUNKN

JokazaTtenbcTBoO.

Wrak, ns P = YZ(CL&G& ... &A& .. . &A& ... &Cr)010'
cnepyet B
PEVZ(C& .. &C1&Cii1& ... Cn)6r0'.

Mbl nokasann, 4to
P = YZCi0,0'.
3HayuT,
PE V?(Cl& &G 1& G Ci1& ... C) 0.6 .
Go 0

/ ~
3HauuT, 610 |\/;,,,GO = (0162...00)|v1,vs,...y, = 0 — npaBunbHbIii
oTBeT Ha 3anpoc (. ]



KOPPEKTHOCTb OMEPALVOHHON
CEMAHTUKN

ITak, BCSKWIA BbIYMCNEHHbI OTBET — MPaBUIbHbIN.

A MOXHO /1 BBIYUCAUTL Nt0DOIA NpaBubHbIA OTBET !

[MonHa Au HaWwa onepauuoHHast CeMaHTMKa?



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN
NNOMYECKUX NPOIrPAMM

Mpobnema nonHoTbI

MycTb § — npaBUnbHLIA O0TBET Ha 3anpoc Gy K XOPHOBCKOI
nornyeckoii nporpamme P, T.e. P = VZ Gob.

Cyuwiectsyet nin Takoe ycnewHoe SLD-pe3ontoTuBHOE BbIYUCEHME,
nopoxaeHHoe 3anpocom Gy K nporpamme P

(Dju Ui Gl)’ (Dj27772’ G2)7 B (Djmnna D)7

KoTopoe BbluucnsietT oteet B, T. e. 0 = (mn2. .. 77n)|VarG0?



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN
JIOMMHECKUX NMPOIrPAMM

Teopema NosHOTLI.

MycTb
P ={D1,Dy,...,Dy} — xopHOBCKasi NOrmyeckasi nporpamma,
Gy =7C1, G, ... Cpy — 3aNpoC C MHOXECTBOM LIENEBbIX
nepeMeHnHbix Y1, Yo, ..., Yy,

f — npaBusibHbLIT OTBET Ha 3anpoc Gy K XOPHOBCKOI
nornyeckoii nporpamme P.

Torga cyuwiecTByeT Takoli BbIYUC/IEHHBIR OTBET 7) Ha 3anpoc Gg K
nporpamme P, 4yto

6 =mnp
ansa HeKOTOpOI7I noACTaHOBKWU p.

Teopema NMOSIHOTHI M1ACUT, YTO KaXKAbIA NPaBuJibHbIA OTBET — 3TO
npumMep (HacTHbIf Ciy4vail) HEKOTOPOrO BbIYUMCIEHHOrO OTBETA .



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN
JIOMMHECKUX NMPOIrPAMM

JokasaTenbcTtBo.

k
Mycte 0 = {Y1/t1,..., Yi/t} nnycte |J Vary, ={Z,...,Z}.
i=1
Bbibepem HEKOTOPOE MHOXECTBO HOBbIX «CBEXWX» KOHCTaHT
{c1,...,ck}, He copepxawmxcs Hu B nporpaMme P, HU B
3anpoce G, HM B TepMax NOACTAHOBKM 6, 1 paccMOTpUM

nogcraHoeky A = {Z1/c1, 22/, ..., Z,/cr }-

Mockonbky 6 — npaBunbHbI OTBET, BepHO P |= V271 ... VZ, Gob.
3anpoc Gj = GofA — ocHoeHoit npumep 3anpoca Gp, 1 No3TOMY

P = GofA.



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN
JIOMMHECKUX NMPOIrPAMM

JokasaTenbcTtBo.
Obunit 3ambicen aoKa3aTenbCTBa

1. Brauane nokaxem, 4To 3anpoc Gj = Gob\, obpalueHHbIii k
MHOXeCTBY [P] OCHOBHBIX MPUMEPOB MPOrPaMMHbIX YTBEPXKAEHNIA
nporpammel P, nmeet ycnewroe SLD-pesontoTusHoe BblYUCIEHNE
(neMma 06 OCHOBHbIX BbIYNCIEHUSIX ).

2. 3aTem NokKaXkeM, 4TO UCxoaHblid 3anpoc Gp, obpalleHHbIi K
camoii nporpamme P, umeet ycnewHoe SLD-pesontotusHoe
BbIYNC/IEHNE C TaKUM BbIHMCAEHHBIM OTBETOM 1), A1 KOTOPOro
BEPHO paBeHCTBO O\ = 1np’ ansa HekoTopoli noacTaHoBkM p’
(neMma o nopbeMe AN XOPHOBCKUX LU3BIOHKTOB ).

3. 3aTeM nokaxkeM, 4TO OTClOfA CledyeT PaBeHCTBO 6 = np ans
HEKOTOPOW NOACTAHOBKN p.



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

Jlemma 00 OCHOBHbIX BbI4UCIEHUSIX.

MycTe
P ={D1,Dy,...,Dy} — xopHOBCKasi nOrnyeckasi NporpaMma,
Gy =7C{, G}, ... C], — ocHOBHOI 3anpoc,

n npu aTom BepHo P = Gf.

Torga cyuwecteyeT ycnewHoe SLD-pe3ontotTusHoe BolYnCneHNE

3anpoca Gy, obpalleHHOro K MHOXECTBY [P] OCHOBHbIX NpUMepPOB
NPOrpaMMHbIX YTBEpPXKAEHUI NporpaMmbl P.



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

,D,OKa3aTeJ'IbCTBO JeMMbl O BblHUCIeHnsAXx.

(D1, Ds,...,Dy} E Cl&C ... &C!

<~
MHOXeCTBO An3btoHkTOoB {D1, Dy, ..., Dy, = C{V- G V.. .V=C)}
NPOTMBOPEHNEO.

<= (no Teopeme JpbpaHa)

CyLLEeCTBYET TaKO€ KOHEHHOE MHOXXECTBO OCHOBHbIX NMpUMepoB

nporpammusix yteepxxaenunin {D1, Dj, ..., Dy,} C [P], uto
MHoXecTBO ausbtonktos {Df, D5, ..., Dy, -GV -GV ---V ()}
NPOTUBOPEHNBO.

<= (no Teopeme MOSHOTLI METOAA PE30IOLNIA)

n3 cuctembl gusstonktos {Df, D}, ..., Dy, ~C{V=CiV.. . v=Cl}
PE30/OTUBHO BLIBOAUM MYCTON AN3bIOHKT L.



JIEMMA OB OCHOBHbIX BbIHNCJIEHUNAX

D,OKa3aTeIIbCTBO JieMMbl O BblHUNCNIEHUSAX.

Ha, nyctoii an3btoHKT [ MOXHO pe30ntOTMBHO BLIBECTU U3
cucTeMbl
{D1,D;5,...,Dp;, =C{ V-GV --- V(G
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.
CMELUaHHbIE OAN3BHOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

D1:A01V—\A11\/'--V_\Ak1 Géz_\C{\/_\Cé\/'--V_\C,/7
Dé:AOQV —A1 V-V —oAn

D;\/]:AOMV “Aipm V-V aAmm



JIEMMA OB OCHOBHbIX BbIHNCJIEHUNAX

D,OKa3aTeIIbCTBO JieMMbl O BblHUNCNIEHUSAX.

Ha, nyctoii an3btoHKT [ MOXHO pe30ntOTMBHO BLIBECTU U3
cucTeMbl
{D1,D;5,...,Dp;, =C{ V-GV --- V(G
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.
CMELUaHHbIE OAN3BHOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

D1:A01V—\A11\/'--V_\Ak1 Géz_\C{\/_\Cé\/'--V_\C,/7
Dé:AOQV —A1 V-V —oAn

D;\/]:AOMV “Aipm V-V aAmm



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

Ha, nyctoii an3btoHKT [ MOXHO pe30ntOTMBHO BLIBECTU U3
cucTeMbl
{D1,D;5,...,Dp;, =C{ V-GV --- V(G
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.
CMELUaHHbIE OAN3BHOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

D1:A01V—\A11\/'--V_\Ak1 G(g:_\C{\/_\Cé\/'-'V_\C,/1
Dé:AOQV —A1 V-V —oAn

D;\/]:AOMV “Aipm V-V aAmm
BO3MOXHbl Pe€30J1IbBEHTbI ABYX TUNOB



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

Ha, nyctoii an3btoHKT [ MOXHO pe30ntOTMBHO BLIBECTU U3
cucTeMbl
{D1,D;5,...,Dp;, =C{ V-GV --- V(G
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.
CMELUaHHbIE OAN3BHOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

D{:@\/ —AL V-V oA

Dé:AOQV —A1 V-V —oAn

D!y =AomV —Aiy V-V ~Agy 9710 SLD-pesonbeeHTa

BO3MOXHbl Pe€30J1IbBEHTbI ABYX TUNOB

=AYV VoAV -GV, V()



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

Joka3zaTenbCcTBO NeMMbl O BbIHYUCIIEHUSIX.
Ha, nycToii an3bioHKT [J MOXHO pe30/OTMBHO BbIBECTU 13
CUCTEMBI
/ / / / ! !
{D17 D2, ceey DM7_‘C1 \/ _‘C2 \/ cet \/ _‘Cn}
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.

CMELWaHHblE€ ON3BIOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

—An V- VoA Go=—CV -G V- V(]

D;\/]:AOMV “Aipm V-V aAmm
BO3MOXHbl Pe€30J1IbBEHTbI ABYX TUNOB

A 510 He SLD-pe3sonbBeHTa
=AYV VoAV -GV, V()

ApoV—A»V.. VoAV AV, . VoA



JIEMMA OB OCHOBHbIX BbIHNCJIEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

Ha, nyctoii an3btoHKT [ MOXHO pe30ntOTMBHO BLIBECTU U3
cucTeMbl
{D1,D;5,...,Dp;, =C{ V-GV --- V(G
Ho 3To He obszaTensHo SLD-pesontoTusHblin BeiBOA. PaccMoTpum
ero bonee noapobHo.
CMELUaHHbIE OAN3BHOHKTDbI HEFraTUBHbIE OAN3BHOHKTHI

D1:A01V—\A11\/'--V_\Ak1 Géz_\C{\/_\Cé\/'-'V_\C,/1
Dé:AOQV —A1 V-V —oAn

D;\/]:AOMV “Aipm V-V aAmm
BO3MOXHbl Pe€30J1IbBEHTbI ABYX TUNOB

=AYV VoAV -GV, V()
ApoV—A»V.. VoAV AV, . VoA



JIEMMA OB OCHOBHbIX BbIHNCJIEHUNAX
[oka3aTenbLCTBO IEMMbI O BblHUCAEHUSAX.
I—IOKa)KeM, HYTO 3TOT BbIBOA4 MOXHO NEPECTPOUTDL Tak, l'|T06b| B HEM

ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb x0Ts bbl ofgHa SLD-pesonbeeHTa (noqemy? ),



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

MokaXkem, 4TO 3TOT BbIBOA MOXHO MEPECTPOUTL TaK, YTODbI B HEM
ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb xoTs1 bbl ogHa SLD-pesonbeeHTa (nodemy? ), notomy 4TO
MNyCTOl AN3BIOHKT — 3T0 Beerga SLD-pesonbeHTa (noyemy? ).



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

MokaXkem, 4TO 3TOT BbIBOA MOXHO MEPECTPOUTL TaK, YTODbI B HEM
ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb xoTs1 bbl ogHa SLD-pesonbeeHTa (nodemy? ), notomy 4TO
MNyCTOl AN3BIOHKT — 3T0 Beerga SLD-pesonbeHTa (noyemy? ).
Torpa byaem noctynaTb Tak:

SIC A CAVERRAVE I

Ag\/\/m\/ﬂAj(

Ecan nNpaBUaO PE3OJIIOLNN BHA4Yane NPpUMEHAETCA
K ABYM MPOrpaMMHbIM YTBEPXKAEHUAM,



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

MokaXkem, 4TO 3TOT BbIBOA MOXHO MEPECTPOUTL TaK, YTODbI B HEM
ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb xoTs1 bbl ogHa SLD-pesonbeeHTa (nodemy? ), notomy 4TO
MNyCTOl AN3BIOHKT — 3T0 Beerga SLD-pesonbeHTa (noyemy? ).

Torpa bynem nocTynath Tak:
@vﬁcgv---vﬂc;,,

ALV ALV -V AL

AGV =AYV v R AT

vﬁAgv---vﬁA;vﬁA’l’\/---vﬁA’/

ALV VS AV ALY - A GV -V =Gl

a 3aTeM NPUMEHSETCSA K MOJIYHEHHOW pe30sbBeHTE 1 3amnpocy,



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

MokaXkem, 4TO 3TOT BbIBOA MOXHO MEPECTPOUTL TaK, YTODbI B HEM
ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb xoTs1 bbl ogHa SLD-pesonbeeHTa (nodemy? ), notomy 4TO
MNyCTOl AN3BIOHKT — 3T0 Beerga SLD-pesonbeHTa (noyemy? ).

Torpa bynem nocTynath Tak:
@vﬁcgv---vﬂc,’n

(A ~AG v v A

AGV —ALV -ov R AT

ALV ALY VALY G VeV Gy

TO U3BMEHUM NOPALOK NMPUMEHEHNA NpaBun



NNEMMA Ob OCHOBHbIX BbIHNCITEHUNAX

D,OKa3aTeJ'IbCTBO JieMMbl O BblHUNCNIEHUSAX.

MokaXkem, 4TO 3TOT BbIBOA MOXHO MEPECTPOUTL TaK, YTODbI B HEM
ocTtanuck Tonbko SLD-pesonbBeHThl. B 3ToM BhIBOAE 0BA3aTENbHO
ecTb xoTs1 bbl ogHa SLD-pesonbeeHTa (nodemy? ), notomy 4TO
MNyCTOl AN3BIOHKT — 3T0 Beerga SLD-pesonbeHTa (noyemy? ).
Torpa byaem noctynaTb Tak:

SIC A CAVERRAVE I

ALV ALV -V AL

vﬂA’l’v---vﬂA’/
vﬁAgv---vﬁA’kvﬁczv---vﬁCm

ALV -V SA Y SALY VA Gy Y -V Cl

1 MOAYYMM TOT XK€ CaMblii pe3y/bTar,
HO y>Ke Tosibko npu nomowm SLD-pesontoyuu.



JIEMMA OB OCHOBHbIX BbIHNCJIEHUAX

JokasatenbcTBo.

Bynem npumeHsiTe 3TOT npuem, 4O TEX MOpP MOKa B BLIBOAE HE
ocTaHyTcst Tonbko npaeuna SLD-pesontouun. Takum obpasom, B
MTOre MoJIy4MM BbIBOL NYCTOro AN3bloHKTa [ N3 MHOXECTBa
ON3BIOHKTOB

{D1, Dy, ..., Dy, _\C]/_\/_\CQV' . \/ﬂC,/,}

ToNbKO Mpu nomowy npasuna SLD-pesontouun.

970 1 ecTb ycnewHoe SLD-pe30nt0TMBHOE BbIYUCEHNE OCHOBHOIO
sanpoca Gy =7Cy, C}, ... C}, 0bpalLeHHOro K MHOXXECTBY OCHOBHBbIX
NPUMepOB NporpamMMHbIx yTeepxaeHuii [P].

YT1o n Tpebosanock AoKasaTh. O



JIEMMA O NOABEME

Jlemma o nogbeme (pN151 Normyecknx nNporpamMmm)

Mycts G{ = G’ — ocHosHoll npumep 3anpoca Gy C MHOXECTBOM
LeneBbIx nepeMeHHbIX Y1, ..., Y, obpalleHHbIli K XOPHOBCKOI
Jornyeckoii nporpamme P.

Ecnn 3anpoc G, obpalleHHbIii K MHOXXECTBY OCHOBHbIX NPUMEPOB
NporpaMMHbIX yTeepxaeHuii [P], nmeeT ycnewHoe BblYMCIEHNE,

TO mcxogHblii 3anpoc Gy, obpalueHHbIll K camoli nporpamme P,
TaKXXe NMEET YCMeLWHOE BbIYUCIEHNE C OTBETOM 1), KOTOPBbIiA
YLOBJETBOPSIET PAaBEHCTBY

/

0" =np

A1 HEKOTOPOUi NOACTaHOBKM p.



JIEMMA O NOABEME

,D,OKGBGTeﬂbCTBO JleMMbl O noabemMe

PaccmoTpum SLD-pesontoTusHoe BbitncieHne 3anpoca Gy = Gob’
C UCMOJIL30BaHNEM OCHOBHbIX MPUMEPOB MPOrPaMMHbIX
yTBEpXAeHuli u3 MHoxecTBa [P]

(D1,¢, Gy), (D5, e, Gh), ..., (D), e,00)

1 Mokaxkem, 4To cyulectsyeT SLD-pesontoTuBHOE BbIYUCAEHME
3anpoca Gy C NCnonb30BaHMEM nporpaMmmsl P

(D1,m1, G1),(D2,m2, G2), - ., (Dn,na,0),

yAoBAETBOpPAOLWEE YCNOBNAM JIEMMBbI.



JIEMMA O NOABEME

Go



JIEMMA O NOABEME

Go

Got'



JIEMMA O NOABEME

Go

0/

Got’

M1

Dr

2

D;

VG{

rcé

!
Gnl



JIEMMA O NOABEME

Go /r]«lGl 7;62

Dy D>
o' M1 w2
Dy D3
Y

Got! * G * G}




JIEMMA O NOABEME

Go /7;1 G1 4’/7]42 G

Dy D>
o' M1 w2
Dy D3




JIEMMA O NOABEME

D,OKa3aTeJ'IbCTBO JieMMbl O noabemMe

Bocnonbayemcst nemmoii 0 nogbeme anst 0bbIYHbLIX AN3BIOHKTOB.
Go Dl

A H1

Gy = Gob' D] = D1y



JIEMMA O NOABEME

D,OKa3aTeJ'IbCTBO JieMMbl O noabemMe

Bocnonbayemcst nemmoii 0 nogbeme anst 0bbIYHbLIX AN3BIOHKTOB.
Go Dl

96 M M1

Gl=G#' © Dl=Dyu



JIEMMA O NOABEME

D,OKa3aTeJ'IbCTBO JieMMbl O noabemMe

Bocnonbayemcst nemmoii 0 nogbeme anst 0bbIYHbLIX AN3BIOHKTOB.
Go Dl




JIEMMA O NOABEME

D,OKa3aTeJ'IbCTBO JieMMbl O noabemMe

Bocnonbayemcst nemmoii 0 nogbeme anst 0bbIYHbLIX AN3BIOHKTOB.
Go Dl

G] = Gip1

N npmn sTom BepHo paBeHcTBO 8 = (1N101)|v4,.... V-



JIEMMA O NOABEME

,D,OKGBGTEJ'IbCTBO JleMMbl O noabemMe

MocnenoeaTensHO NPUMEHSISt STOT NPUEM HA BCEX Larax
BbluMCeHNs 3anpoca Gj, nonydaem SLD-pesontotnsHoe
BblumMcneHue 3anpoca Go:

(D177717 G1)7 (D277717 G2)7 DRI (Dlhnna D)

A1 KOTOPOro BbINOJIHAETCA CNCTEMA PAaBEHCTB

0" = (mplvi,...vm
p1 = (m2p2)|Varg,
p2 = (m13p3)Varg,
pn = (Mnpn)l Varg,

3 sToii cuctembr cnepyet paseHcTBo 8 = (m1m2 ... 10)|v4,.. Y P
ANA HEKOTOPOIi NofaCTaHOBKM p. O



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

[okasaTenbcTBO TeopeMbl NOMHOTHI (3aBepLueHune).
WNTak, y Hac ecTb

> npaBubHbIA oTBeT 0y Ha 3anpoc Gy K XOPHOBCKOIA
nornyeckoii nporpamme P;

» noactavoska A = {Zy/c1,Z»/ca, ..., Zy/Cr} «CBEXUX>
KOHCTAHT Ha MECTO BCEX MEePEMEHHbIX /1, ..., Z, N3 TEPMOB
noacTaHoeku 6.

> ocHoBHoIi npumep By = Gp A npaBuibHoro oteera 6.



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

Joka3aTenbcTBO TeopeMbl NOSHOTHI (3aBepLueHue).

fp — npaBuabHbIA OTBET Ha 3anpoc Gy K XOPHOBCKOW JIOrMHECKOiA
nporpamme P;

I
P ': Go@o/\;
(3 (no nemme 06 OCHOBHbIX BbIYUCIEHUSAX )

0oCHOBHOIA 3anpoc GpfpA K MHOXXECTBY OCHOBHbIX MPUMEPOB
NporpaMMHbIx yTeepxaeHuii [P| nmeeT ycnewHoe BblYNCEHNE;

[} (no nemme o nogbeMe Anist IOrNYECKNX MPOrPamMMm )

3anpoc Gy k nporpaMmme P nMeeT yCrnewHoe BblYUCIeHNE C

BblHNCNEHHBIM OTBETOM n, Ans KOTOPOro B€pHO pPaBEHCTBO
oA = np’

AJ1S HEKOTOPOUi NofCTaHOBKM p.



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

[Joka3saTenbcTBO TeopeMbl NOMHOTHI (3aBepLueHune).

A Tenepb 3aMeHVM B JIEBOW 1 NpaBoOii 4acTsiX paBeHCTBa

oA = np’
BCE KOHCTaHTbI Ci, ..., C, HA CUMBOJIbI NEpPeMeHHbIX 21, ..., Z,.
MockonbKy KOHCTaHTLI €1, . .., C, HE BXOAAT B cocTas 3anpoca Go un

nporpammbl P, 3TN KOHCTaHTbI HE BXOASAT B COCTaB TEPMOB
BbIYMC/IEHHOrO OTBETA 7], U, 3HAYNT, MOTYT COAEPKATHLCS TONBKO B
nogcraHoeke p'.

B neBoii yactu pasencTBa noactaHoeka A = {Z1/c1, ..., Z,/cr}
MPeBPaLLAETCs B NYCTYIO MNOACTAHOBKY E.

B npagoii 4acTu paBeHcTBa NoacTaHOBKa p' NMpeBpallaeTcs B
HEKOTOPYIO HOBYHO MOACTAHOBKY p.
B utore pasencTBo g\ = 1p’ npeepaliaeTcs B paBeHCTBO

o = np



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

MosicHaowmii npumep.
PaccmoTpum 3anpoc ?P(U, V) k norudeckoii nporpamme
P P(f(X),X) — R(X); (1)
R(Y) < (2)
Q(c) «; 3)
Nerko sugets, yto 0 = {U/f(c), V/c} — 370 npaBunbHbIi oTeeT
Ha 3anpoc K Nporpamme.

Bmecre ¢ TEM, e,EI,VIHCTBeHHbIVI BbIYNCNEHHbIA OTBET — 3TO
n=A{U/f(Y),V/Y}.

Bce geno B Tom, 4to 6 — 3710 HacTHbIli cayyaii : 0 = n{Y/c}.



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

WNTak, ntoboii npaBufibHbIl OTBET Ha 3aNpoC K XOPHOBCKOIA
JIOTUHECKOV NPOrpaMMe MOXKHO BbIYMCANTL (BO3MOXHO, C
0b0bweHnem) no npasuny SLD-pesontouun, n nroboii
BbIYMC/IEHHbIV OTBET DYAET NpaBubHbLIM.

A KaK OpraHnm3oBaTb BbIYUC/EHUS JIOTMYECKUX NMPOrpamMm, 4Tobbl
Boluncante BCE oteeThl?



KOHEL, NEKLW 13.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuynsa 14.

MpaBuna BbiboOpa noguenei.
[epeBbst BblUNCAEHUI NOrnyecknx
nporpamMmm.

CtpaTternu BblHUCAEHUSI NNIOFTNYECKUX
nporpamMmm.



MPABUJIA BbIBEOPA MOALUENEN

SLD-pe3ontoTuBHOE Bbl4MCeHMe 3anpoca G K JIOrMYecKoii
nporpamme P onpeaensieTcsi HEOAHO3HAUHO.
PaccmoTpum 3anpoc ?P(U, V), R(U) k norndyeckoii nporpamme

P: P(X,Y)— R(X),Q(Y);, (1)

P(X, X) — Q(X); (2)
R(b) «; (3)
Q(c) «: (4)

V>Ke Ha NepBOM LLare BblYUCIEHUS BO3HNKAIOT BOMNPOCHI Bbibopa:
> Kakyto noguesnb BblgennTs?

?P(U, V), R(U) 7P(U, V), R(U)

» Ecnn Bbigenena, Hanpumep, nepsasi noguens ?P(U, V), R(U),
TO Kakoe NporpamMmHoe yTBepXaeHue Boibpath?

P(X,Y) «— R(X),Q(Y): (1) P(X,Y) «— R(X),Q(Y); (1)

)

P(X, X) — Q(X); (2) P(X, X) — Q(X); (2)



MPABUJIA BbIBEOPA MOALUENEN

PaccmoTpum aBa Bbivncnenus 3anpoca ?P(U, V), R(U)

?P(U, V), R(U)
P(X1, Y1) < R(X1), Q(Y1)
91 = {U/Xl V/Yl}
R(X1),

R(b
92 = {Xl/b}

7Q(Y1),

Q(c
= {Yl/c}

R(b

-~

V

94:&‘

O

?P(U, V), R(U)

R(b) —
m = {U/b}

2P(b, V)
P(X1, Y1) < R(X1), Q(Y1)
2 = {X1/b, V/Y1}
?R(b), Q(Y1)
Q(c)

. m={n/e

0

0= 01020394|{U vy = {U/b V/C}
n=mmmn|iyvy = {U/b,V/c}



MPABUJIA BbIBEOPA MOALUENEN

Kak BNANTE, Mbl NOJlyHaeM OANHAKOBbLIE BbIHUNC/IEHHbIE OTBETHI B
0b0oUX BbIYUCAEHUSAX HE3ABUCMMO OT nopsgkKa Bbl60pa nop,u,enel‘/'l B
LUENEBbLIX YTBEPXKAEHUAX.

D70 cnyyvaiiHOCTb uau Tak bbiBaeT Bcerga?

C Toukn 3peHnA OHean,I/IOHHOVI CEMAHTUKN NporpamMmm, 3anpoc —
3TO CNUCOK 3afa4d, KOTOPbIE HYXXHO PELNTb.

» [lns pelweHns 3anpoca HY>XKHO pellnTb BCE NOALEaN 3anpoca.
3Ha‘-||/|T, pPe3ynbTaT BbIHUCNAEHNA HE 3aBUCUT OT TOro nopsgka,
B KOTOPOM peluatoTcst 3agaqn (Bbibupatotes noguenm).

» PelueHune ofHOW 3aa4n MOXXET NMOMOYb PELLNTb APYrYHO.
3HaynT, NpaBuUaLHO BbIDPaHHLIV NOPSAOK pelleHnst 3a4ad
CYLLECTBEHHO BANSIET HA 3(PPEKTUBHOCTL BbIYNCIEHNS
3anpoca.

[NokakeM, 4TO BEpHO NepBOE MPEANONOKEHNE.



MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

Onpepenenne.

OTobpaxeHune R, KOTOpoe CONOCTABASET KaXKAOMY HEMYCTOMY
3anpocy G : 7Cy, Gy, ..., Gy opHy u3 noguenein C; = R(G) B atom
3anpoce, HasbIBaeTCsa NpasuioM Bbibopa noguenen .

[ns 3agaHHoro npaeuna Bbibopa nogueneii R Boluncnenmne
3anpoca G k norudeckoii nporpamme P Ha3biBaeTcs
R-BbIYNCNEHNEM , €CAIN HA KAXKAOM LUare BbIHYUC/IEHUS OYepefHast
noguens B 3anpoce Boibupaetca no npasuay R.

OTBeT, I'IOJ1y‘-IeHHbII7I B pe3ynbTaTe yCnewHoro R—Bbl‘-II/ICﬂeHI/IFI,
Ha3bIBAeTCSA [R-BbIYUCIIEHHbLIM .

BosHukaet Bonpoc:

MNpun kakom npaeune Bbibopa nofueneil R KakAblli BbIYNCIEHHbIT
OTBET OKa3blBeTCs1 R-Bbl4MCAEHHBIM?



MPABUJIA BbIBEOPA MOALUENEN

[ns Kaxaoro nporpaMMHOrO YTBEPXKAEHUS

D: Ay« A1, A, ..., A, ycnoBumcs ncnonb3osaTth 3anuce D
nns obosHadeHms atoma Ag, a 3anuce D~ — ans obosHaveHuns
cnucka atomoB A1, Ay, ..., A, B yactHoctn, ecnn D — 3710 dhakT
Ap <, To D™ — 3T0 nycToii cnncok.

Bbibop obo3HaueHnin obycnoBneH Tem, YTO yTBEPXKAEHME
D: Ag«+ A1, Ay, ..., A, COOTBETCTBYET AN3BIOHKTY

NOJIOXKNTENIbHAA NNTEPA

Ao VoAV Ay V-V DA,

OoTpuuaTeNbHbIE JINTEPDI




MOJIHOTA ONEPALUNOHHOIWN CEMAHTUKN

MepekntovyaTtenbHas nemma.

Mpepnonoxum, 4to 3anpoc Go :?Cy,..., G,..., G, ..., Cyk
XOPHOBCKOI Norn4yeckoii nporpaMmme P nMeeT BblHUCIEHNE

Go Z?Cl,...,C,' ...,C:,',...,Cm

Dy

Moy( G, DY)
Y

Gl Cy,...,Dy 1., Gyt C)Oy

D>

Mowcjal, D)
Y

Gé :?(C161,...,D1_01,...,D2_,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

MNepekntoyvaTenoHaa nemma.

Torp,a 3anpoc Go K nporpamMmme P Takxe UMeET BblYUCIEHNE

Go:?C,...sGCiyo o Gy, Com

D

//ﬁowcj, D;)
Y

G{,:?(Cl,...,C;,...,D;,...,Cm)nl

Dy

/%OV(CWL Dr)
Y

Gé, :?(Clnly"'7D;7"'aD5nl ~-'aCm"71)"72

n npu 3Tom 3anpockl G n G sensitoTcs BapuaHTamu apyr apyra,
T. e. 01020 = mimp v mmpp” = 010> pna nekotopwix o', p”" € Subst.



MPABUJIA BbIBEOPA MOALUENEN

MNepekntoyaTenbHas eMma roBOPUT O TOM, YTO MPU U3MEHEHUN
nopsifka Bblbopa MoALeneid pesynbTaT BbIHUCIEHNS COXpaHsieTcst (C
TOYHOCTBIO 0 MEPENMEHOBAHUS NMEPEMEHHBIX).



MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:?C,.. s Ciy s Gy, Com

Dy

‘//ﬁoy( G, D)
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)Hl

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Dl’el,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaccmoTpum nepeoe Bbl4ncieHue

rAacHoO on SIEHN
Go :?Clv 7Ci7' 7Cj7 "7Cm Cornactio o peaeneniio
SLD-pe30nt0TUBHOIO BbIYUCAEHUS

Dy Domg, N Varp, = 0.

/%oy( G, D)
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

CornacHo onpegeneHuto
Go:?Ciy.. -, Ciyo ooy Gy, G PeA
SLD-pe30nt0TUBHOIO BbIYUCAEHUS
Dy Domg1 N VarD2 = (.

'/%OV(C:%DT) Mostomy D 60 = Dy 6165.

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaccmoTpum nepeoe Bbl4ncieHue

rAacHoO on SIEHN
Go :?Cb 7Ci7' 7Cj7 "7Cm Cornactio o peaeneniio
SLD-pe30nt0TUBHOIO BbIYUCAEHUS

Dy Domg1 N VarD2 = (.

' /%OV(G»DD Mostomy Dj 6, = D 6106,

G{ :?(Cl,...,D;,...,Cj,...,Cm)Hl
CnepoBaTtentHo,
D 616, = Dy 02 = DF 0165,

’Moy(cjelﬁf) 1. e. G; n DY ynucpmuympyemsi.

Gé :?(C1(91,...,Df@l,...,Dg,...,Cm91)92




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go?Crroo i oo oo Gy A P32 G DY yiuchuiiapyem,
cywecteyet 1 € HOV(C;, Dy ),
Dy n npn atom 616> = M.

/%oy( G, D)
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:7Cr... .G Ciro C HAanee, sametum,
’ ’ ’ T ’ 4TO C,'9192 = Df9192,
D1 n noatomy CimA = Dfnl)\.

‘//ﬁoy( G, D)
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Dl’el,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:7Cr... .G Ciro C HAanee, sametum,
’ ’ ’ T ’ 4TO C,'9102 = Df9192,
Dy n noatomy CimA = Dfnl)\.

'/%OV(C,-7DT) T. k. Dom,, N Varp, =0,

Gl 2Crvv. D5\, Ciy., C)oy BPHO Dt = Dy’

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:?Cr, ..., Gy Gy fR2NIEE, 33METUM,
4TO C,'9102 = Df9192,
Dy n noatomy CimA = Dfnl)\.
'/%OV(C'HDD T. k. Domy, N Varp, =0,
+
Gl 2ChyvvvsDs ety Cire, Gy BPHO DIt = Dy

3nauur, GimA = D1 A,

D T.e Cmw D1+ yHUPULMPYEMbI.

Mowqel, Dy)
Y

Gé :?(C1(91,...,Df@l,...,Dg,...,Cm91)92




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:?CiyeeesCireee s Cirons Gy A P33 Cimu DI yruduupyensi,
cywectsyeT 12 € HOV(Cim, Df)
Dy n npu 3Tom \ = 120",

/%oy( G, D)
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

PaCCMOTpI/IM nepBoe BblHNCNEHNE

Go:?Ct, ..., Ciron Gyt Gy VITAK, MONYHAEM
m e HOV(C], D;_)'

Dy n2 € HOV(Cimy, DY),

/%oy(ch D;) 0102 = mA = mn2p'.
Y

G{ :?(Cl,...,D;,...,Cj,...,Cm)91

D»

Mowqel, Dy)
Y

Gé :?(C101,...,Df@l,...,Dg,...,Cm91)02




MPABUJIA BbIBEOPA MOALUENEN

Joka3zaTenbcTBo (NepekntovaTenbHOW NeMMbl).

[onyyaem apyroe BbluncaeHne

Go:?C1, ..., G Gy Gy VITAK, MONYHAEM
m e HOV(CI: D;_)'

D n2 € HOV(Cimy, DY),

Moy(cj, D) 0102 = mA = mnzp’.
Y

G{,:?(Cl,...,C;,...,D;,...,Cm)nl

3nauuT, 3anpoc Gy umeet
D,y

n npyroe Bbl4ncaeHune.
MOV(CHW DY)
v

Gé, 1?(C17717 RN va SRR D;T]]_ ) Cm771)772




MPABUJIA BbIBEOPA MOALUENEN

Joka3aTenbcTBo (NepekntovaTenbLHOW NeMMbl).
[MpumeHsis Te e paccyxaeHus
GO :?Clv 7Ci7' 7Cj7 '7Cm P P YA
K NOCTPOEHHOMY BbI4YNCAEHUIO
D, nonyuum n1mp = 0162p".

Y

G{,:?(Cl,...,C,',...,D{,...,Cm)nl

Dy

//ﬁoy(c,-m, Dr)
Y

Gél Z?(Clnl,...,Df,...,Dgnl ...,Cmn]_)nz




MPABUJIA BbIBEOPA MOALUENEN

[dokasaTtenbcTBo (NepekntoyaTenbHOW NemMMbl).
MpumeHsia Te xe paccyaeHus
Go:?Ciy...,Ciyoo s Gy, G P paccya
K I'IOCTpoeHHOMy BbIHNCNEHNIO
D, nonyuum nynp = 016p".

Moy(cj, D)
Y

Gll/Z?(Cl,...,C,',...,D{,...,Cm)nl

Dy

MOV( Cim, DfL)
Y

Gé/ :?(Cﬂ’]l,--.,Dl_,---,D;??l ...,Cmnl)ng

PagencTea 0102 = mimpp’, mna = 0102p” o3HavatoT, 4To
noacTaHoBku 7172 u 01607, a Takxe 3anpocsl G5 u GJ ssnstoTcs
BapvaHTaMu Apyr gpyra. ]



MPABUJIA BbIBEOPA MOALUENEN

Teopema cuUNbHOI NOSHOTLI

KakoBo 6blI HUM Bblno npasuno Bbibopa nogueneii R, ecnn 8 —
npaBuibHbIA OTBET Ha 3anpoc Gy K XOPHOBCKON JIOrMYECKOiA
nporpamme P, TO CyLlecTByeT Takoii R-BblYUC/EHHbIi OTBET 17,
4TO PaBEHCTBO

0 =np

BbIMNOJIHAETCA ONA HeKOTOpOI7I NOACTAHOBKU p.

D,O Ka3aTes1bCTBO

Mo TeopeMe NOAHOTBLI CyLLECTBYT TaKON BbIYNCNEHHbIN OTBET 177/,
yto 0 = 1/ p’. PaccmoTpum COOTBETCTBYIOLLEE S3TOMY OTBETY
ycnewHoe Bbluncaenue 3anpoca G

comp/ = (D1777:,l? Gl)a sy (DNv’r/;W D)’

B KOTOpPOM 1) =1} ... 7).



MPABUJIA BbIBEOPA MOALUENEN

Joka3aTtenbcTBo

Mpeanonoxum, 4to R(Gy) = C;. NMockonbky comp’ — aT0
YCMELLHOE BblYNC/eHMe, cyllecTByeT ki, 4To noguenb C; Bnepsble
BbibrpaeTcs Ha k;-om ware Boiducaenns comp’. MNpumenss
NOC/NeA0BaTENLHO k; pa3 NepeKtoHaTENbHYO JIEMMY, MOXHO
NONYYNTb YCMELIHOE BbIHYNCIEHNE

Comp// :( Ik77717G (Dl 77 G ) "7(DN777KI7D)7

B KOTOPOM Ha nepBoMm Lware Boibupaercs noauens C; = R(Gp), Ho
Mpu 3TOM BbIYNCEHHbIR pesynsTaT 1’ =1y ... 17}, — 370 BapmanT

BbIYNC/IEHHOTO OTBeTa 1) = 7)) ... 7, W 3HaunT 6 = 1" p".

MoeTopsia aToT Tptok N pas, nosy4um Tpebyemoe ycneLiHoe
R-BbluncneHne.

MNonHoe n cTporoe AoKasaTenbCTBO TpebyeT NpuMeHeHUs
MaTeMaTuyeckoli uHaykuun. [poBecTrn CaMoCTOATENBHO. O



MPABUJIA BbIBEOPA MOALUENEN

TeopeMa CU/IbHOI MOAHOTLI FOBOPUT O TOM. YTO MpaBuo Bbibopa
noaueneid He UrpaeT CyLeCTBEHHO POaN NPU BbIYMCAEHUN OTBETA:
ntoboe npaeuno Bbibopa nogueneid NO3BOASET NONAYYUTL BCE
BbIYNCNEHHbIE OTBETHI.

MosToMy anst eanHoobpasHoOli opraHM3auun BoIYUCIEHWT
JIOTMYECKUX NPOrpamMM BCErfa WCMNosb3yeTcst CTaHaAapTHOE
npaBuao BbIOOpa : B KaXAOM 3anpoce BCeraa BbibupaeTcs camast
nepsasi (neBas) NoaLenb.

Tenepb 3aliMeMCsi BOMPOCOM O TOM, KaKylo poJib UrpaeT Bblbop
NOAXOAALLMX MPOrPAMMHBIX YTBEPXKAEHWIA.



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Obpatumcsi cHosa k 3anpocy ?P(U, V), R(U) k nornueckoii
nporpamme

P

1 Bysem NprMeHsTL CTaHLAPTHOE NPaBuo BbIbOpa noguenei.



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Torpa BO3MOXHbI CieflytoLme Ba BbIYUCAEHUS 3anpoca
?P(U, V), R(U)

?7P(U, V), R(U) 7P(U, V), R(U)
L/P(xl, Vi) — R(X), Q%) P(X, X)) — Q)
01 ={U/X,V/Y1} m = {U/X1, V/Xi}
?R(X1), Q(Y1), R(X1) ?Q(X1), R(X1)
R(b) «— Q(c) «
02 = {X1/b} S om=1a/q
2Q(Y1), R(b) 7R(c)
L/Q(c) . failure
03 ={¥1/c} TYNUKOBOE BbIYNCIIEHMNE
?R(b)
R(b) —
0y = ¢
0

9:9190000,1'“: 73 :{Il/h \//f‘l



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Kak BUAHO 13 3TOro npumMepa, BbIGOP NMPOrpaMMHbIX YTBEPXKAEHNT
NrpaeT 3HAYUTENbHYIO POJib.

MporpammHoe yTBepxAeHne — 370 crnocob (peuenT) pelueHns
3apaun (noguenn). SIcHo, 4TO HEKOTOpbIE CNOCObLI pelleHnst MoryT
6b|Tb L«XopownmMmny, a HEKOTOPbIE — KTJIOXUMU>.

Taknm 0bpasom, 4Tobbl BLIYNCAUTL BCE OTBETHI Ha 3anpoc (I/IJ'II/I,
4YTO TO X€ CaMO, rapaHTUpPOBaTb BbIHNC/EHNE XOTA 6b| OAHOro
OTBETa), HY)XHO YMETb MPOCMATPNBaTL BCE BapuaHTbl Bbibopa
nporpaMMHbIX yTBEPXKAeHWiA. V1 Hy>KHO NpaBUALHO OpraHM30BaThb
3TOT nepebop.



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Onpepenexne

Oepesom SLD-pe3ontoTuBHbIX BbluucneHuii 3anpoca Gy K
norudeckoii nporpamme P Ha3biBaeTCs NOMEYEHHOE KOPHEBOE
nepeso T, p, YAOBNETBOPAIOLLEE ClieAyOWMUM TPpeboBaHNSM:

1. KopHem gepeBa siBnsieTcst ucxogHblii 3anpoc Gy;

2. MNotomkamu Kaxgoii BepwmnHbl G ABAAIOTCS BCEBO3MOXKHbIE
SLD-pe3onbeeHTbl 3anpoca G (npw dpukcuposaHHOM
CTaHAApTHOM npaBue Bbibopa nogueneii);

3. JIncToBbIMU BEPLUMHAMU SIBASIIOTCS MYCTblE 3anpochl
(3aBepLuatolyme yenewwHble BbINUCAEHNS) 1 3aMpoChl, He
nmetowme SLD-pesonbBeHT (3aBepluatowyye TyNmKoBble
BbIYNCIIEHNS).



NEPEBbSA BbIYNCNEHNN NOTMYECKNX

NMPOIrPAMM
NnnocTpauyus
7Go
S R
7G; ?G;

?G! Gl

26" Y Te

" ] o

0

-




NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Mpumep 1.
P P(X,Y) < R(X),Q(Y);
P(X, X) < Q(X);
R(b) «; (1), {U/X, V/ Y1} (2) {U/x1 V/xl}
Q(c) «;
7R(X 7Q(X1),
{x1 /b} (2),{X1/c}
Q(Y1), R(b)

(4), {Yl/c} fallure

(3) €

<—.<—.



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Mpumep 2. ?P(X.Y)
P P()f- L) = P(L), RX): (1) /. 1/ v)
P(nil) —; 7P(Y), R(X)
R(a) «; (1),{Y/X2 = Ly} (2),{Y/nil}
R(c) —

?P(L2), R(X2), R(X)
(1), {L2/X3 = L3}

7R(X)
4),{X/c}

?P(L3), R(X3), ), {Lz/ni}
?R(X2), R(X) Y
R(X2), R(X) ’
. (3),{X1/a} (3), {x1/ay?] 7]
(2), {Ls/nil} R(X) 2RX)
o0 ® ! !
7R(X3), R(X2), R(X) 4),{X/c} 4),{X/c}
(3),{X/a (3),{X/a
o [ ] [ ] [ ]

{0 R Y I Y (N



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

WNTak, aepesbs BolYMCAEHUN NOMMYECKUX NPOrpamMmm bbiBatoT
pasHble — KOHEYHble N BECKOHEUHbIE, C KOHEYHBIM WU
BeCKOHEYHBIM MHOXXECTBOM BeTBeli, U T. M.

Kaxxpas seTBb flepea T, p COOTBETCTBYET OHOMY U3
BO3MOXHbIX BblHMCAeHui 3anpoca Gy K normyeckoii nporpamme P.

HekoTopble 13 BeTBeii 0OpasyroT yCnewHoe BbIYMCAEHNE 1 LaAtOT
OTBET Ha 3anpoc.

BosHukaeT Bonpoc:

Kak Ham 0bHapyXuTb BETBU YCMELLHbIX BbIYUCIEHWUI B AepeBe
SLD-pe30nt0TUBHBIX BbIYNCIEHNIA NPOrpaMMbl?



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Onpepenenue

CrpaTervei BbiYMCAEHUS 3anpocoB K JIOrMYECKUM MporpaMMam
Ha3bIBAETCS aNropuTM nocTpoeHunsi (obxoaa) Aepesa
SLD-pesontotuBHbIX Bbl4UCAeHNA T, p BCAKoro 3anpoca Go k
MPON3BOILHO JIormyeckoi nporpamme P

CtpaTerns BblYMCNEHUI HA3bIBAETCA BbIYNCINTENILHO MOJIHOM ,
ecnn gns moboro 3anpoca Gy u noboii nornyeckoit nporpammsl P
3Ta cTpaterusi cTpouT (0BHapy>KMBaeT) BCe yCneLHble
BbluMCeHus 3anpoca Gg Kk nporpammbl P



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

DakTn4eckmn, cTpaTerms BbIHUCIEHUS — 3TO OAHa CTpaTeruii
obxona KopHeBoro aepeea. Kak n3BecTHO, Takux cTpaTeruii
CYLLLECTBYET MHOrO, HO Cpean HUX BbIAENSOTCS ABe Haubonee
XapaKTepHble:

» crTpaterusi 00xo4a B LWIMPUHY , NPU KOTOPOIA AepeBo
ctpoutcs (0bxo[uTCs) NOsIPYCHO — BEPLUMHA i-TO He
CTPOMTCS, [0 TeX NOp MoKa He ByayT MOCTPOEHbI BCe BEPLUMHBI
(i — 1)-ro sipyca;

» crTpaTerus obxopa B rnybuHy ¢ BO3BpaTOM, MpU KOTOPOIi
BETBU AepeBa 0bX0AsTCA NOOYEpPeaHO — OYepeaHasi BETBb
hepesa He 0boXAUTCs, [O TEX Mop Moka He ByayT npoiigeHbl
BCE BEPLUMHbI TEKYLLEW BETBU.



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B LWINMPUHY.
P: P(X,Y)— R(X),Q(Y);
P(X,X) — Q(X);
R(b) «;
Q(c) «—;



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep o0bxoga B WNpPUHY.

P P(X,Y) — R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) —; ¢
Q(c) «—;



CTPATErM BbIHYNCIEHNIA NOMTMMYECKWNX
NMPOIrPAMM
Mpumep 06xoaa B LWIMPUHY.
P P(X,Y) < R(X), Q(Y);
P(X, X) — Q(X): ?2P(U, V), R(U)

R(b) <—?_ (1), {u/Xa, V/Y/
Qle) ?R(X1), Q(Y1), R(X1)



CTPATErM BbIHYNCIEHNIA NOMTMMYECKWNX
NMPOIrPAMM
Mpumep 06xoaa B LWIMPUHY.
P P(X,Y) < R(X), Q(Y);
P(X, X) — Q(X): ?2P(U, V), R(U)

g((b)) o (1),{U/X1, V/Y1} (2), {U/ X1, V/ X1}
C) «;
?R(Xl)vQ(Y1)7R(X1) ?Q(X1)7R(Xl)



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B LWINMPUHY.
P P(X,Y) — R(X), Q(Y);

P(X,X) — Q(X); 2P(U, V), R(U)
g((b)) - (1), {U/X0, V/ Y1} (2),{U/X1, V/X:}
T R4), @), R(X) 2Q(X1), R(X)
(3), {X1/b}

?Q(Y1),R(b)e



CTPATErM BbIHUCNEHUN NOMMMYECKUNX
NMPOIrPAMM

anMep 06X0,D.a B LLUNPUHY.

P: P(X,Y)— R(X),Q(Y);

P(X, X) < Q(X); 2P(U, V), R(V)
g((b)) - (W), {U/%. v/ v} (2), (U)X v/ X}
c) «—;
?R(X1), Q(Y1), R(X1) 7Q(X1), R(X1)
(3). {x1/b) (2). {1/}

?Q(Y1),R(b) o’R(c)



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B LWINMPUHY.
P: P(X,Y)«— R(X),Q(Y);

P(X, X) — Q(X);
R(b) «; (1),{U/ X1, V/Y1} (2) {U/X1 V/Xl}
Q(c) «; 2R(X ?
Q(X1),
{Xl/b} (2), {Xl/c}

(4), {Yl/c}

Q(Y1), R(b) I



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B LWINMPUHY.
P: P(X,Y)«— R(X),Q(Y);

P(X, X) — Q(X);
R(b) «; (1),{U/ X1, V/Y1} (2) {U/X1 V/Xl}
Q(c) «; 2R(X ?
Q(X1),
{Xl/b} (), {Xl/c}
Q(Yh), R(b
(4), {Y1/c} fallure

R(b) &



CTPATErM BbIHUCNEHUN NOMMMYECKUNX
NMPOIrPAMM

anMep 06X0,D.a B LLUNPUHY.

P: P(X,Y)— R(X),Q(Y);

'D(va)‘_Q(X); ?P(U, \/),R(U)
g((b)) o (1),{U/X0, V/ 1} (2),{U/X1, V/X1}
c)
?R(X1), Q(Y1), R(X1) 7Q(X1), R(X1)
(3), {X1/b} (2),{X1/c}
?7Q(Y1), R(b) o’R(c)
(4),{Y1/c} failure
2R(b)

(3),e

N @—O0<+—O

~
O



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

CrpaTerusi obxofa B WNPUHY SABASIETCS BbIYNCINTENLHO MOJIHOM,
NOCKONbKY
> KaXXAbliA 3aNpocC nMeeT KoHe4dHoe Yncno SLD-pesonbeeHT, un
NosToMy B KakaoM sipyce aepesa SLD-pe3ontoTueHbIx
BbIYUCIEHU VMEETCSI KOHEYHOE YUCIO BEPLUMH;
> Ka)K[0e YCMelHOoe BbI4MC/IEHNE 3aBEPLIAETCA HA HEKOTOPOM
Aapyce;
> 1 NOSTOMY KaXK[oe yCrelHoe BblyncaeHne byaet paHo uam
NO34HO MOJIHOCTBLIO MOCTPOEHO.
Ho cTpouTb nHTepnpeTaTop NIOrMYECKUX NPOrpaMM Ha OCHOBE
cTpaTerun obxofa B WnpuHY HeuenecoobpasHo. Mpu obxoae
[EPEBa B WUMPUHY HY)XHO 0BS13aTE/IbHO XPaHUTL B NaMsATy BCE
BEPLUMHbI O4epeHOro sipyca. JTo TpebyeT bonblioro pacxoga
namsaTu. Hanpumep, 8 100-m sipyce fBOMYHOrO AepeBa COAEPKUTCS
29 BeplinH. BblunNCaNTENbHBIX PECYPCOB BCErO 3eMHOTO LIapa He
XBaTUT, 4TObbI XpaHnTbL MHOPMaUMIo 060 BCEX 3TUX BEPLUMHAX.



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Crpaterus obxoaa B rnybuHy c BO3BpaTOM OCHOBaHa Ha
cAeayoWwmx NpUHLMNax:

1. BCe nporpamMMHble YTBEPXKAEHNS YNOPAA0OYNBAIOTCS;

2. Ha KaXJoMm Lare obxoga us Tekyuel sepwunHbl G
OCYLLIECTB/ISETCA Nepexos,

» anbo B HOBYIO BepluMHy-noToMok G’, koTopas sBaseTcs
SLD-pe3onbBeHTOl 3anpoca G 1 NepBoro no nopsigky
nporpammHoro yteepxgeHus D, paHee He UCNONb30BaHHOIO
ANns aTOM uenu;

» nnbo B paHee NOCTPOEHHYIO POAUTENLCKYO BepwuHy G’
(oTkaT), ecnm Bce nporpaMMHbIe YTBEPXKAEHUS Yxe Bblin
onpoboBaHbl ans noctpoeHns SLD-pesonbeeHT 3anpoca G.



CTPATErM BbIYNCNEHNN NOMTMMYECKUNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X),Q(Y);

P(X,X) «— Q(X);

R(b) —;

Q(c) «;



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.

P P(X,Y) < R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) y
Q(c) «;



CTPATErM BbIHYNCIEHNIA NOMTMMYECKWNX
NMPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y) — R(X),Q(Y);
P(X, X) — Q(X): ?2P(U, V), R(U)

R(b) <—?_ (1), {u/Xa, V/Y/
Q) ?R(X1), Q(Y1), R(X1)



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X), Q(Y);

P(X, X) — Q(X): ?2P(U, V), R(U)
R(b) (1), (U/X0 v/ Y1)
AD = rix), Q). RO

(3), (X /b}

?Q(Y1),R(b)e



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)«— R(X),Q(Y);

P(X,X) Q(X
R(b) (1), (U/X0 v/ Y1)
A= %) %)
3), (X1}
R(b

{vl/c}
7R(b) &



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X), Q(Y);
PIX, X) = QLX) 7P(U. V). R(U)

R(b) «; (1), {U/X1, v/}
Q(c) «;
?R(X1), Q(Y1), R(X1)
(3)1 {Xl/b}
(4), {v1/c}

7R(b)
(3).

N

~
O



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X), Q(Y);
PIX, X) = QLX) 7P(U. V). R(U)

R(b) «; (1), {U/X1, v/}
Q(c) «;
?R(X1), Q(Y1), R(X1)
(3)1 {Xl/b}
(4), {v1/c}

7R(b)
(3).

™ @+—O0+— @
—_—

~
O



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X), Q(Y);

P(X, X) — Q(X); JP(U. V), R(U)
R(b) —; (U {U/%. V/ Vi)
A= R, @), ROX)

(3), {X1/b}

?Q ), R(b)
{Yl/c}

(3) €

|
|

.<—.<—.

~J
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CTPATETMN BbIYNCIEHN JTOTMYECKINX
NMPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)— R(X),Q(Y);
P(X, X) — Q(X): ?2P(U, V), R(U)
R(b) — (. U/%. v/}
AT ara).e(n). ROG)
. 1) 1) 1
(3), {X1/b}
7Q(Y1), R(b)
(4),{¥1/c}
?R(b)
(3),¢

4

N @—O0+—O

~
O



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mpumep obxopa B rnybuHy c BO3BpaTOM.
P P(X,Y) < R(X), Q(Y);

P(X, X) — Q(X); 2P(U, V), R(U)
R(b) () (U/X0, VW)
Qe) = 2R(X1), Q(YA), R(X1) /
(3). {x1/b)
?Q(Y1), R(b)
(), {v1/c}
2R(b)

(3),e

N @—O0+—O

~
O



CTPATErMn BblHNCJIEHNW NOTMYECKINX
MPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)— R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) = (1), {U/%0, v/ Y} (2), {0/, v/}
AD = rix), Q). RO / 20(X1), R(X1)
(3), {x1/b}
?Q(Y1), R(b)
(4), {v/c}

7R(b) % ‘




CTPATErMn BblHNCJIEHNW NOTMYECKINX
MPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)— R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) = (1), {U/%0, v/ Y} (2), {0/, v/}
AD = rix), Q). RO 20(X0), R(X1)

(3). {X1/b} (2). {X/c}
?Q(Y1), R(b) ¢ ’R(c)
(4), {vl/c}I
?R(b) §,
(3)%




CTPATErMn BblHNCJIEHNW NOTMYECKINX
MPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)— R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) = (1), {U/%0, v/ Y} (2), {0/, v/}
AD = rix), Q). RO 20(X0), R(X1)

(3). {/b} [ (2), {%/c}
?Q(Y1), R(b) ¢ ?R(c)
(4),{Y1/c}[ failure
?R(b) §,
(3),%




CTPATErMn BblHNCJIEHNW NOTMYECKINX
MPOIrPAMM
Mpumep obxopa B rnybuHy c BO3BpaTOM.
P: P(X,Y)— R(X),Q(Y);
P(X, X) — Q(X); ?2P(U, V), R(V)
R(b) = (1), {U/%0, v/ Y} (2), {0/, v/}
AD = rix), Q). RO 20(X0), R(X1)

(3). {/b} [ (2), {%/c}
?Q(Y1), R(b) ¢ ?R(c)
(4),{Y1/c}[ failure
?R(b) §,
(3),%




CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

CrpaTerusi obxoga B rybmHy ¢ BO3BpaTOM

> uMeeT 3(PPEeKTUBHYIO pean3aunto: B NaMsiTu HY>KHO XPaHUTb
JILWb 3anpocbl TOW BETBMW, MO KOTOPOI MAET OOXOA, N KaXKAbIiA
3anpoc AOJKEH BECTU YYET MCMOJIb30BAaHHbIX NMPOrPaMMHbIX
YTBEPXKAEHNN;

> SBJIAETCHA, K COXKANIEHNIO, BbIYNCANTENBbHO HEMOHON.



NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

ObpaTtumca k npumepy 2. 7P(X.Y)
P PX L) = PD.ROD: (1) vy
P(nil) —; ?P(Y), R(X)
R(a) «—;

R(c) —; ?P(L2), R(X2), R(X)

Obxop, aepeBa TG p yxoauT B rnybuHy
no GECKOHEYHON BETBM U HE MOXKET BO3BPaTUTLCS,

4TObbI OBHAPYKUTL YCMELWHOE BbIYUCEHME.



CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

CrpaTerusi obxona B rnybnHy C BO3BPAaTOM YyBCTBUTENbHA K
NOPSIAKY PaACMOIOXKEHUSI MPOrPaMMHbIX YTBEPXKAEHWNIA B JIOMUYECKUX
nporpammax. Pe3synbTaT BbIYUCIEHNS 3aNpoca MOXKET CYLLECTBEHHO
U3MEHNTLCS MPY NEPECTAHOBKE MPOrPaMMHBIX YTBEPXKAEHNA.



AEPEBbS BbIHNCNEHNN NOTMYECKNX
NMPOrPAMM

Ewe pa3 npumep 2. 2P(X.Y)

P P(nil) —
P(X ) P(L), R(X);
R(a) —
R(c)



AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)
P P(nil) —
P(X ) P(L), R(X): (@), {X/X, L1/ Y} 2P(Y), ROX)
R(a) — *
R(¢) —



AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

e PR, R ?P(Y), R(X)




NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Ewe pa3 npumep 2. 2P(X.Y)
) (L), R(X): (2),{X/X, L1/ Y} PPV RO
' (2){Y/Xe » L2}
?P(Ly), R(X2), R(X)




NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Ewe pa3 npumep 2. 2P(X.Y)
) (L), R(X): (2),{X/X, L1/ Y} PPV RO
' (2){Y/Xe » L2}
?P(Ly), R(X2), R(X)




NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Ewe pa3 npumep 2. 2P(X.Y)
) (L), R(X): (2),{X/X, L1/ Y} PPV RO
' (2){Y/Xe » L2}
?P(Ly), R(X2), R(X)




AEPEBb4A BbIYNCJIEHUIA NOTMYECKUX
NMPOIrPAMM
Ewe pa3 npumep 2. 2P(X.Y)

(2), {X1/X,L1/Y}

(X a L)« P(L), R(X); ?P(Y),R(X)

R(a) <—, (2),{Y/Xz2 = Lo}

R(c) «; ?P(L2), R(X2), R(X)
7R(X) (3).{X2/a}

@, (x/ey TRIX)
(3), {X/3}
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NEPEBbSA BbIYNCNEHNN NOTMYECKNX
NMPOIrPAMM

Ewe pa3 npumep 2. 2P(X.Y)
) (L), R(X): (2),{X/X, L1/ Y} PPV RO
' (2){Y/Xe » L2}
?P(Ly), R(X2), R(X)




CTPATEIMMN BbIYNCNEHNWN NOTMYECKNX
NMPOIrPAMM

Mockonbky coobparkeHnst 3PPEKTUBHOCTU NPEBANUPYIOT Hag,
TpeboBaHUAMU BLIYNCINTENLHONR MOJHOTLI, B Ka4eCTBe
CTaHOAPTHOM CTPaTErny BbIYNCIEHNS JIOMNYECKUX NPOrpPaMMm
6bina BbibpaHa cTpaTerus obxoga B rinybuHy C BO3BpaTOM.

MporpaMMuCT Ao/KeH caM No3aboTUTLCS O HAANEXALLEM MOPsIAKe
PaCMoJIOKEHUS MPOrPaMMHBIX YTBEPXKAEHNA, YTODbI CTaHZapTHas!
CTpaTernsi BblYUCIEHNSA NO3BONANA OTbICKAaTh BCE BblYNCI/IEHHbIE
OTBETHI.



KOHEL, NEKLIW 14.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekyus 15.

AnropuntmMmmnyeckasi nosiHoTa
Nornyeckmnx nporpamMmm.
MopennpoBaHne mawinH TbropuHra
NIOrM4ecknmMm nporpamMmmamm.
Teopema YHepua.



ANMTOPUNTMNYHECKAA MNMOJIHOTA

Bonpocobi:

A 4TO MOryT BbIYUC/IATb
XOPHOBCKMUE flornyeckue
nporpamMmmbi?

Kakune 3aga4m MOXXHO peliaTb C UX
NOMOLLbIO, @ Kakue Henb3sa?



AJITOPNTMWYHECKAA MNMOJIHOTA

Ectb MHOro pasHbix mogeneii BolducneHuii. OfHu U3 HUX NPoOBOAAT
BbIYNCIIEHUS HAZ CTpokamu (crioBamu), Apyrue — Hag rpadamu,
TpeTbu — Hag monekynamun OHK, n 1. n. Kak cpaBHuTh nx
BbIYNCNUTENbHBIE CNOCOBHOCTIN?

CTpyKTypbl AaHHbIX, HAaA KOTOpbIMK paboTatoT 3T Mogenu,
NO3BOJISIOT KOAMPOBaThL HaTypasibHble Yucna. [oatomy 4TobbI
CPaBHUTb BbIYUCINTENbBHBIE CMOCOOHOCTI aIrOPUTMUNYECKIX
mMogeneli, JOCTaTOYHO BbISICHUTb, Kakue PyHKLMN HaTypasibHOro
aprymeHTa CrnocobHbl BbIYUCASATL 3TN MOZEN.

NccnegoBaHus nokasanum, 4TO BCe M3BECTHbLIE aNrOPUTMUYECKUNE
MOEeNN CNOCOBHbI BLIYNCASATL TOJILKO YaCTUYHO-PEKYPCUBHbIE
hYHKLMM HaTypaNbHOrO aprymeHTa. JTo OTKpbITUE Aaso
ocHoBaHne MHorum matematukam (Totopunr, HYepy, Knuhn,
lenens, MapkoB, 1 4p.) BbIABMHYTb CNeaytowmnii TE3NC.



AJITOPNTMWYHECKAA MNMOJIHOTA

Te3suc Hepua

Knacc acpcbekTnBHO (aIropuTMmuHeckn) BbIYMCIMMbIX
apuMETNYECKNX PYHKLUUIA B TOYHOCTU COBMafaeT C KJ1acCoMm
apudmMeTnyecknx PyHKUNA, BEIYNCINMBIX B KaXK4oN 13
NEPEYNCIEHHBIX HUXE MOAENEl BbIYNCIEHNI

» mawwuHbl TbtopuHra—I[locra,
A-ucuncnernmne Hepua—Knunn,
cucTembl paBeHcTB JpbpaHa—legens,
anropudpmbl Mapkosa,
cuctembl Konmoropoesa—LLlenxare,

MallWHbI MI/IHCKOFO,

vV v vV vV Vv Y

Mopnenun BbIYMCNEHUI TaKOrO BUAA HA3bIBALOTCS aJIrOPUTMUYECKN
nonHbiMu . HaligeTca nn mecTto B 5TOM psify ANS XOPHOBCKUX
NOrMYecKnx nporpamm?



AJITOPNTMWYHECKAA MNMOJIHOTA

[ns Toro 4tobbl ybeanTLCS B aNropMTMMYECKOR NONHOTE
XOPHOBCKMX JIOMMYECKUX MPOrpamMm, JOCTAaTOYHO B3ATb Ntobyo U3
NepPeYNCIEHHbIX AIFTOPUTMUYECKN MOJHBLIX MOAEJIEA BbIHNCIIEHNIA
(Hanpumep, MawwmHbl THIOPUHTA) 1 NOKa3aTb, YTO A5 Ntoboi
nporpammsl [1 B BbIbpaHHOl Mogenn HaligeTcs noaxoasiwast
nornyeckas nporpamma Pp, Bocnponssoasiwasi (MoaenmpytoLasi)
BbIYUCAEHUST nporpaMmbl [1.

WNTak, BCMOMHUM, KaK YCTPOeHbl MaluHbl TblopuHra, n nonpobyem
MOCTPONTL JIOTMYECKYIO MPOrpaMMy-UHTEPNPETATOP MaLLWH
ToetopuHra.



AJITOPNTMWYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Mporpamma — 1

Komangbl:

yeuges "1", crepetsb ero, 3anucatb "0"u caBuHyTLCS Bnpaso



AJITOPUTMUNYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Mporpamma - Q2

Komangbl:



AJITOPNTMWYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Mporpamma - Q2

Komangbl:

yeuges "0", crepertb ero, 3anucats "1"u caBuHyTLCA BeBO



AJITOPUTMUNYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Mporpamma - g3

Komangbl:



AJITOPUTMUNYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Bonee cTporo mogenb Bbl4nCAeHWA MawmnH T bropuHra
OMNUCLIBAETCS TaK.

3apaH nentoynbiii ancaent A = {ag,ar,az,...,an},
B KOTOPOM 0C0b0 BblfeNeH ofHa u3 byks ag (nycToin cumeon ).

JleHTOUHbIM C/I0BOM Ha3bIBETCA BCsAKOe CNIOBO B andasute A.
MHOXeCcTBO BCEX NIEHTOUHBIX CNoB 0bosHaunm A*. [ns kaxgoro
CNoBa W = 2125 . .. Z,_1Z, DyAeM Ucnonb30BaTh 3anuce w ! ans

obo3HayeHusi 0bpaTHOro CIoBa ZpZp_1 . .. Z2Z1.

3agan andasut coctosnnii @ = {qo, g1, 92, - -, qm}
B KOTOPOM 0C0b0 BbILENEHO OfHO N3 COCTOsHMIA go (HauasbHoe
COCTOsIHME ).



AJITOPNTMWYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

JleHTouHOI KOHUrypaLell Ha3bIBAETCA BCSIKOE C/IOBO BMAA

w g x w’, roe
> g — cocTosiHue, q € Q,
> X — neHTo4YHas bykea, x € A,

w’, w” — nentounble cnosa, w’, w” € A*.

> g — 3TO TO COCTOsiHME, B KOTOpPOM Haxogutcst MT,

> x — 370 DykBa, KOTOpasi 3anncaHa B TOW siYelike NIEHTHI,
KoTOopyto 0bo3peBaeT cunTbiBatowas roaoska MT,

> w — 3TO JIEHTOYHOE C/OBO, COCTABJIEHHOE N3 CMMBOJIOB,

3anncCaHHbIX CneBa oT O603PEBQEMOI7I AYenkn,

> W// — 3TO NNIEHTOYHOE C/IOBO, COCTAaBJIEHHOE N3 CMMBOJIOB,

3anucaHHbIX cNpaBa oT 0b03peBaeMoli siHelikn.

Mo YMONHAHNIO CHUTAETCA, YTO BO BCEX OCTAJIbHbIX si4yeiikax NeHTbl
3aMnCaHbl NyCTble CUMBOJbI.



AJITOPUTMUNYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

a1
OO

JNlentounas koHdurypauwms: 0111q;1011110



AJITOPNTMNYECKA4A NMOJIHOTA

MawwuHbl TblopuHra

JleHTouHas koHUrypaumst BUAa u go X V Ha3bIBAETCSA Ha4asbHOI
KOHbUrypauueii .

MHoxxecTBO BCex koHcburypaumii obosHauum Confy q.

MHOXeCTBO BCeX HayvasbHbIX KOH(UIrypaumii 0bosHaumnm Conf2 Q
el



AJITOPNTMWYHECKAA MNMOJIHOTA

MawuHbl TblopuHra

Komanzoll Ha3blBaeTCs BCAKas NsATepka BUAA
gxyq D, rpe
» q,q' — coctosnus, q,q € Q,
> X,y — NEeHTOYHble byKkBbI, X,y € A,

» D — nanpasnetnue casura rososkn, D € {L, R}.

DTy KOMaHAYy HY>XXHO MOHMMATb TakK:

ecnn MT HaxoauTcst B cocTsiHum g u obospesaeT cMMBOA X, TO
3anncaTb B 0bo3peBaeMyto siyeliky CUMBON y, nepeliTu B COCTOsIHME
G’ W CABWHYTbL CHUTLIBAIOLLYIO FONIOBKY Ha OAHY AYeliKy B
HanpaeneHuun D.



AJITOPUTMUNYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra
Kaxgas komaHaa K 3afaeT OoTHOLLEHME Mepexoia — K Ha

MHOXECTBE JIEHTOYHbIX KOHUrypauuii

a —k 3

OHo onpepensieTcs Tak:
> ecin o = uzgxv u K = gxyq'L, 70 3 = uq'zyv,
> ecim a = gxv u K = gxyq'L, To 3 = q'apyv,
» ecim o = ugxzv u K = gxyq'R, 70 3 = uyq'zv,

> ecm o = ugx n K = gxyqg'R, 10 8 = uyq’ ao.



AJITOPNTMWYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

[MporpammMa MawuHbl TbHOPMHIra — 3TO NPOU3BOJSILHOE MHOXECTBO

komang ™ = {Ki, K, ..., Ky}. MNporpamma 7 HasbiBaeTcs
NETEPMUHUPOBAHHON , €CAN AAst JODbIX ABYX KOMaHL 3TOl
nporpamMmei

Ki = qixyq.D;,

— /
Kj = qjztq; D;,
BbIMOJIHAETCSA XOTS Obl OAHO W3 ABYX YCNOBWIA q; # qj, X 7# Z.

Mporpamma 7 3agaet OTHOLIEHNE NEPEXOAOB HAa MHOXECTBE
NIEHTOYHBIX KoHpUrypauuii —-= |J —k.

Kenm
KoHdurypaums o HasblBaeTCsl 3ak/I0HNTENBHOV AN NPOrpaMMbl
T, €C/IN HE CYLLECTBYET HUKAKOIW KoHdurypauun 3, Ans KOTOpbIxX
BbIMOJHAETCA (v — (3. DTO O3HAYAET, “TO QA =U G X V, U B
nporpamme 7 HET HU OfHOW KoMaHabl K = gx....



AJITOPNTMWYHECKAA MNMOJIHOTA

MawwuHbl TblopuHra

Bbluncnenvem malwvHbl TblOpUHra C NPOrpamMmoli 7 Ha HavasbHOIA
KoHdUrypaunm ag, ag € Conf® HasbiBaeTcs nocnenoBaTeNbHOCTH

KoHdpurypauuii
m(ao) = ao, 1,02, .., Q) Qg 1, ..

YAOB/IETBOPSOLLAA CNEAYIOLMM YCIOBUAM:

> ans ntoboro i,i > 0, BEPHO f — 5 (iji1;
> nocnegoBaTensHocTb () Nnbo sensieTcst beckoHeu HOM,
nnbo 3aKaHYMBAETCS 3aKOUNUTENBHON KOHUIypaumei ay.

B nocnepHem cnyyae oy Ha3bIBaeTCA pe3ysibTaTOM BbIYNCIEHUS .
PesynbTaT 6eCKOHEYHOrO BBIYUCIEHUST CYNTAETCS HEOMPEAENEHHBIM.
SlcHo, uTO BbIunCneHne () LETEPMUHUPOBAHHON MaLLWHbI
ThloprHra O4HO3HAYHO OMPEAENSETCS HAYaNIbHON KOHpUrypaLmeli
QQ N NporpamMMmolii .



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

YT1obbl Nornyeckne nporpaMMbl MOMAU MOAEANPOBATbL BbIYNCIEHUS
MalnH TbIOpUHra, HY)KHO BbIOpaTh NOAXOASILLNE JOTNYECKMNE
KOHCTPYKLMWN AJ1s1 MPEACTaBAEHNS] KOHDUIYPaLMiAi U KOMaHA,.

JleHTOuYHbIE C/lOBa 6y,u,eM npeacTaBaATb CNNCKaMn:
CNOBO W = Z1Z5 ... Z, ByAeT npeacTaBiaeHo CNUCKOM
/ISt(W) =Z1wZDw ... nZpn nil

Kaxkgas neHTouHast koHdurypauusi & = u q z v byger
npeacTaeneHa napoii cnuckos left(«), right(«), rae
left(a) = list(u1),

right(a) = quzalist(v).

Hanpumep,

left(0111g;1011110) = 114140 nil,



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Kaxpgoii komange K = g b ¢ ¢’ L conoctaBum napy nporpammHbix
yteepxaenuii D1(K), Da(K):

Di(K): P(ZeX,qubaY,X',Y') — P(X,qdeZuc.Y,X,Y):
Di(K): P(nil,g.b. Y, X',Y)  — P(nil,¢ -ap=c.Y, X, Y");

Kaxpgoii komanae K = g b ¢ ¢ R conoctaenM napy nporpammHbix
yreepxaeruii D1(K), Da(K):

Di(K): P(X,qubaZsY,X,Y") — P(caX,qdsZ:Y,X,Y),
Di(K): P(X,qg«banil, X" Y") — P(caX,q wap-nil, X" Y’);



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Kpome Toro, ans kaxgoli napel q,z, rae g € Q, z € A, seeaem
akT Dy ;-

Dg,:P(X,quzaY,X,quzaY)

Tenepb anst kaxgolt mawwuHbl Tetopunra m = {Ky, Ko, ..., Ky}
BbIAENM MHOXECTBO T, BCEX Nap gx, KOTOpble He SABASIIOTCS
Havanamy HU OAHON M3 KOMaHA NpPOrpamMmbl ...

N NOCTPONM XOPHOBCKYHO JIOFMHYECKYHO MPOrpaMmmy
Pr={D1(K),D2(K) : Ken}U | Dgx
(gx€Tx)

MoxHo HaOeATbCA, YTO JIOrM4eckasa nporpamMmma 7)71—
BOCNPOMN3BOANT BCE€ BbIHUCIEHNA MalUWHbI Tb}OpVIHI'a .



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Mpumep

Mycts A ={0,1} n nycte 7 = {K1, Ko, K3}, rae
Ki= q01q R,
K2 a1 01 do L,
Ks= a1 1laq1 R

MawwuHa TblopuHra ¢ nporpaMmoli 7 TPaHCAUPYETCS B
JIOrNYecKyto nporpammy Pr.



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Mpumep

Jlornyeckas nporpamma Py :

P(X,q0.0.Z.Y. X, Y') — P(1.X,q1+ZY,X,Y");
P(X,qO-O-nil,X/, Y/) — P(l-X,ql-O-niLX’, Y/),

P(Z-X,ql-o- Y,X’, Y,) — P()(,C]()-Z-].-\/,)</7 Y/),
P(nil, g1 .0. Y, X", Y') — P(nil,go-0.1.Y, X" Y");

P(X,ql-l-ZlY7X,7Y,) — P(llX,qllZlY,X/7Y/);
P(X,ql-l-nil,X,,Y,) — P(llX,q]_-OlniI,X/7Y/);

P(X,qo-llZ,X,q()ll-Z) < ’



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Jlemma 1

Ons noboii napbl neHToYHbIX KoHdurypauuii o, B € Conf n
KoMaHAbl K OTHOLIeHne nepexofa o —k [3 BbINMOJHSAETCS TOrAa u
TOJIbKO TOrAa, Koraa 3anpoc

Gq : TP(left(a), right(a), X, Y)

n ogHO 13 nporpammubix yteepxaeHunii Dy (K), Dy(K)

nmetot SLD-pesonbsenty Gg :?P(left(3), right(5), X, Y).

JokasaTtenbcTBO

CamocToaTenbHo.



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Jlemma 2

NenTouHas kondurypaums o € Conf SBNAETCS 3aKIOUYUTENBHON
4151 MalunHbl ThlOpyHra m TOrAa 1 TONbKO TOrAa, KOrha 3anpoc
Gq : TP(left(w), right(a), X, Y)

N OfHO W3 NPOrpaMMHbIX yTBepxaeHuiA MHoxecTBa | J Doy

(CIXETW)
UMEIOT nycToll An3bioHKT [ B kavecTBe SLD-pe3onbBeHTbI.

JokasaTtenbcTBo

CamocToaTensHo.



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Teopema (o mopgenuposaHun MT nornyeckumm
nporpammamu)

KakoBbl 6bl HM BbiAn MawmHa TelOpUHFra T 1 HaYanbHasA
KOH(bVIryan'Mﬂ Qp, Bbl4NCneHne
Qg —g 01 —g Q2 =g 0 —p ON

3aBEPLUIAETCA 3aKNOYNTENBHON KOHUrypaumeid ay Torga u
TONIbKO TOrja, Korga 3anpoc

Gay : TR(left(ag), right(ag), X, Y)

K XOPHOBCKOWi JIOrnyeckoii nporpaMmme P, nmeeT ycnewHoe
BbIYNCIEHWNE C BbIYUCJEHHBIM OTBETOM

0 = {X/left(an), Y /right(an)}.
JokazaTtenbcTBO

Cnegyet n3 nemm 1 u 2.



MOAOEJINPOBAHVWE MALLUNH TbHOPUNHTA
NOIM4YeCKNMI NMPOrPAMMAMN

Takum 0bpa3oM, XOPHOBCKUE JIOTMYECKUE NporpaMMmbl obnagator
HE MEHBLUUMMN BbIYNCAUTENBHBIMUA BOMOXXHOCTSIMU, YeM MaLUUHbI
ThtopuHra. 3HaumT, NOrMYECKOE NMPOrpaMMUPOBaHME — 3TO
YHUBEpCaNbHAsi MOAEb BblYNCAEHU, NO3BOASIOWLAN BEIYNCAATE
BCe 3(pPeKTUBHO BbIYNCAUMBIE (DYHKLIMN.

Ho 3To Tak)ke 03HA4aeT, YTO JIOrMYECKOMY MPOrpPaMMUPOBAHUIO
MPUCyLLM BCE Te TPYAHOCTM aHan3a NOBEAEHUS MPOrpaMm,
KOTOpbIE MPUCYLLM 1 APYTM YHUBEPCAIbHLIM MOAENSM
BbluncneHnii. Peub naet 06 anropuTtMmyeckin HepaspeLMbix
3ajavax.

Hanpumep, nHTepeceH BONpoC 0 TOM, MOXXHO 1 MO 3aJaHHOMY
3anpocy G K normyeckoii nporpamme P BbISICHUTb, UMEET Jin STOT
3anpoc xoTsl Obl OAHO YCMeWHOoe BblYUCAeHNe. Torga He NpuLaoCk
becrnone3Ho TpaTTh BPEMSI Ha MOCTPOEHME fepeBa
SLD-pe30ntoTUBHbLIX BbIYUCIEHNIA.



TEOPEMA HEPYA

Teopema TblopuHra ob anroputmMuyeckoii
Hepa3pewnmMocTu nNpobsiembl OCTaHOBA

Mpobnema octaHoBa MalwmnH TbOPUHIa aAropuTMUYECKN
Hepa3pelunMa, T. . He CyLLeCTBYeT anropntMa (MawmHbl
TbtoprHra), cnocobHOro BbIYNCAUTL CHEAYIOLYIO (DYHKLNIO

1, ecnm x — 3TO HayasbHasi IEHTOYHAsH KOHUrypauus,
F(x,y) = ecnm y — 3T1o cnucok komarg MT T,
n BbluncieHne mm(x) KOHEeUHO;
0 B nNpoTuBHOM chny4ae.

Joka3aTtenbcTBO

N3BeCTHO Ka)KAOMY NEPBOKYPCHUKY. g



TEOPEMA HEPYA

N3 TeopeMbl 0 MOLENMPOBaHUM MALLNH T bIOPUHTA JIOFMYECKUMN
nporpaMmamMmu 1 Teopembl 06 anropuTMUYECKON HEPA3PELLNMOCTY
npobsieMbl 0CTaHOBA MalIVH T bIOPUHra NOJy4aeM HECKOJIBKO
Ba>XHbIX CNefACTBUNA

Cnepctsue 1.
He cywiecteyeT anroputma, cnocobHoro onpeaennTb no 3agaHHOMY
3anpocy G K XOPHOBCKOI Oorm4eckoit nporpamme P,
> siensietcs au gepeso SLD-pe3ontoTuBHbIX BblHUCAEHNM
3anpoca G KOHeYHbIM;
> copepXxuT aum aepeso SLD-pe3ontoTneHbIX Bbl4ncaeHui
3anpoca G xoTs Bbl OGHO YCMELIHOE BbIYUCIEHME;
> SBJSIETCS SN 33faHHast NOACTAHOBKA 6 BbIYNCIEHHBIM OTBETOM
Ha 3anpoc G.



TEOPEMA HEPYA

Cnepcteue 2 (Teopema Hepua).

He cyuwectsyeT anroputma, cnocobHoro onpegenuts no
3ajaHHOl 3aMKHYTOW hopMyne NIOrMkn NpeagukaTos (o,
aBasercs nu ata cpopmyna obuwesHaymmom, T. e. npobaema
obwesHaunmoctun "= ¢ ?"anroputMmuyeckn Hepaspeluvnma.

HokasaTtenbcTBO
Mycts G : 7Cq, ..., C; NPOU3BOJLHLINA 3aMpoC K NPOU3BOJLHON
nornyeckoii nporpamme P = {D;, ..., Dy}.

Torpa...



TEOPEMA HEPYA

Joka3aTtenbcTBO
3anpoc G k nporpamme P umeeT xoTs Bbl 0gHO ycnewHoe
SLD-pe30nt0TNBHOE BbIYMCNEHNE

= (Teopembl KOPPEKTHOCTM 1 MOAHOTHI)

3anpoc G k nporpamme P nMeeT xOTb OAVH NpaBUbHbIA OTBET 0

= (onpepenerune npasnbLHOTO OTBETA)

{D]_,. .« oy DN} ): VZl . .Vzk(Cl&.. &Cm)9

<~ (TEOpEMa O Norm4eckom cnep,OBava)

': Dl& N &DN}\V/Zl . .\V/Zk(Cl& e &Cm)9



TEOPEMA HEPYA

Teopema Yepua 06 anroputMuyeckoii HepaspewnMocTu npobiemsi
0bLLE3HAYNMOCT I NOKA3bIBAET, YTO HU OfHA CUCTEMA
aBTOMATUYECKOrO A0KA3aTeIbCTBA TEOPEM HE MOXKET
rapaHTUpOBaTh PELLEHNE CNEAYIOLLMX BOMPOCOB AJis MPONU3BOJIbHBIX
dopmyn:

> ABASETCS N1 3ajaHHas dhopMyna ¢ obLie3HaYnMoin?

> SBNSIETCS SN 3aAaHHast GopMy/a ¢ BbINOJHUMON ?

> ABNSIETCA SN 3aAaHHas PoOpMyia © NOrMYECKUM CNeaCcTBUEM
3afaHHOro MHoxecTea copmyn 7



KOHEL, NEKLW 15.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyusn 16.

YnpaBnaeHne BblYUCACHUAMN
NIOrN4YecKnx nporpamMmm.
OnepaTop oTce4eHus.



YIMNMPABJIEHVNE BbIHNCJIEHNAMMW

Bonpocsbi:

A KakK OpraH1M30BaHO BblYUC/IEHUE
NOrn4Yecknux nporpamMm Ha
KoMnbloTepe?

Kak ycTpoeH nHtepnperatop
JIOrnyecknx nporpamm?



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

MpocTeliwnii cnocob opraHusaunm paboTbl NOrNYECKNX NPOrPaMm
Ha OCHOBe CTaHAapTHON cTpaTernn obxopa Aepesa
SLD-pe3ontoTuBHbIX BbIYUCIEHNA B TybrHY C BO3BPaTOM — 3TO
paboTa co ctekom (uaum marasmHom ).

B kaxxgom anemeHTe S, CTeka COAEPXUTCS CreAyoLLas
nHopmauus:

> Tekyuiee uenesoe yteepxaerue (3anpoc) Gp;
> Komnosuums Bcex paHee BblYUCAEHHbIX YHUUKATOPOB
N = (01...0n)|uenes.nepem;

> CYEeTHMK UCNOAb30BaHHbIX MPOrPaMMHBIX YTBEPXKAEHWI
countp;

» CneumanbHble noMeTkU (O HEKOTOPbLIX U3 HUX ByaeT
pacckasaHo fasnee).



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), Q(Y);
P(X, X) Q(X);
R(b) —
Q(c) =

MpoTokon:



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)

Mporpamma P: n=c¢;, count=1

P(X,Y) < R(X),Q(Y); (1
P(X, X) Q(X); (2
R(b ) (3
Q (4

MpoTokon:

VHudunkaums



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm

3anpoc: ?P(U, V), R(U) P(U, V), R(U)

Mporpamma P: n=c¢;, count=1
P(X,Y) = RX),Q(Y); (1) | 7R QV).R(U)
P(X, X) < Q(X) (2) n=c¢;, count=1
R(b) «; (3)
Q(c) < (4)

MpoTokon:

SLD-pezontouns
HOY ={X1/U,Y1/V}



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=2




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

VHudunkaums

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1

P(X, Y) — R(X), Q(Y); R(V), QV), R(V)

(1)
PEX)7X)<—Q(X) 523 n=c¢;, count=3
R(b) «; 3
Q(c) — (4) ?Q(V), R(b)
n={U/b};, count=1
MpoTokon:

SLD-pezontouns
HOY = {U/b}



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1
P(X,Y) = RX),Q(Y); (1) | 7R QV).R(U)
P(X, X) < Q(X) (2) n=c¢;, count=3
R(b) «;
o0 - GE R
n={U/b};, count=1
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1

P(X, Y) — R(X), Q(Y); R(U) QV), R(V)

(1)
PEX)7X)<—Q(X) 523 n=c¢;, count=3
R(b) «; 3
Q(c) — (4) ?Q(V), R(b)
n={U/b}; count=2
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1
P(X,Y) = RX),Q(Y); (1) | 7R QV).R(U)
P(X, X) < Q(X) (2) n=c¢;, count=3
R(b) «;
o0 - GE R
n={U/b}; count=3
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1
P(X,Y) = RX),Q(Y); (1) | 7R QV).R(U)
P(X, X) < Q(X) (2) n=c¢;, count=3
R(b) «;
o0 - GE R
n={U/b}; count=4
MpoTokon:

VHudunkaums



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:
SLD-pezontouns
HOY ={V/c}

2P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

2R(b)
n={U/b,V/c};count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

2R(b)
n={U/b,V/c};count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

2R(b)
n={U/b,V/c}; count =2




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1

P(X, Y) — R(X), Q(Y); R(U) QV), R(V)

(1)
PEX)7X)<—Q(X) 523 n=c¢;, count=3
R(b) «; 3
Q(c) — (4) ?Q(V), R(b)
n={U/b};, count=4
[MpoTokon: 7R(b)

Vuudukaums n={U/b,V/c}; count =3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:
SLD-pezontouns
HOY =¢

2P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

?R(b)
n={U/b,V/c}; count =3

O
n={U/bV/c}




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=1

P(X, Y) — R(X), Q(Y); R(U) QV), R(V)

(1)
PEX)7X)<_Q(X) 523 n=c¢;, count=3
R(b) «; 3
Q(c) — (4) 7Q(V), R(b)
n={U/b};, count=4
MpoTokon: ?R(b)
Venex: 1) = {U/b, V/c} n={U/b,V/c}; count =3
O

n={U/bV/c}




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:

OTkaTt

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

?R(b)
n={U/b,V/c}; count =3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4

7R(b)
n={U/b,V/c}; count = 4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

MpoTokon:

OTkaTt

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=3

7Q(V), R(b)
n={U/b}; count=4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm

3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)

Mporpamma P: n=c¢;, count=1
P(X,Y) = RX),Q(Y); (1) | 7R QV).R(U)
P(X, X) < Q(X) (2) n=c¢;, count=3
R(b) «; (3)
Q(c) < (4)

MpoTokon:

OTkaTt



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=1

TR(U), Q(V),R(U)

n=c¢;, count=4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)

Mporpamma P: n=c¢;, count=1

P(X,Y) < R(X),Q(Y); (1
P(X, X) Q(X); (2
R(b ) (3
Q (4

MpoTokon:

OTkaTt



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)

Mporpamma P: n=c¢;, count=2

P(X,Y) < R(X),Q(Y); (1
P(X, X) Q(X); (2
R(b ) (3
Q (4

MpoTokon:

VHudunkaums



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) — R(X),Q(Y); (1) |7Q(X1)R(X1)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=1
R(b) «; (3)
Q(c) — (4)
MpoTokon:

SLD-pezontouns
HOY ={U/X1,V/X1}



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) Q(X); (2) n={U/X1,V/X1};count=1
R(b) — (3)
Q(c) — (4)
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) Q(X); (2) n={U/X1,V/X1};count =2
R(b) — (3)
Q(c) — (4)
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) Q(X); (2) n={U/X1,V/X1};count=3
R(b) — (3)
Q(c) — (4)
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) Q(X); (2) n={U/X1,V /X1 };count =4
R(b) — (3)
Q(c) — (4)
MpoTokon:

VHudunkaums



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QX).R(4)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=4
R(b) «; (3) R
Qle) — (4) | "R
n={U/c,V/c};count =1
MpoTokon:

SLD-pezontouns
HOY = {Xi/c}



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=4
R(b) «; (3) R
Qle) — (4) | "R
n={U/c,V/c};count =1
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=4
R(b) «; (3) R
Qle) — (4) | "R
n={U/c, V/c}; count =2
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) 7P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) — R(X),Q(Y); (1) |7Q(X1)R(X1)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=4
R(b) «; (3) R
Q(c) — (4) | "R
n={U/c,V/c}; count =3
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamMmm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) < Q(X) (2) n={U/X1,V/X1};count=4
R(b) «; (3) R
Qle) — (4) | "R
n={U/c,V/c}; count = 4
MpoTokon:

HeT yHudukaTopa



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep CTeKOBOro Bbl4mncineHnsa norn4ecCkKkmx

nporpamm
3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)
Mporpamma P: n=c¢;, count=2
P(X,Y) = R(X),Q(y); (1) |7QUX).R(4)
P(X, X) Q(X); (2) n={U/X1,V /X1 };count =4
R(b) — (3)
Q(c) — (4)
MpoTokon:

OTkaTt



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U) ?P(U, V), R(U)

Mporpamma P: n=c¢;, count=2

P(X,Y) < R(X),Q(Y); (1
P(X, X) Q(X); (2
R(b ) (3
Q (4

MpoTokon:

OTkaTt



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

I'Ipmmep CTEeKOBOIo Bbl4HunciieHnAa aorn4eckmnx

nporpamm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=3




YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

I'Ipmmep CTEeKOBOIo Bbl4HunciieHnAa aorn4eckmnx

nporpamm
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y);

P(X, X) Q(X);
R(b )
Q(

MpoTokon:

HeT yHudukaTopa

?P(U, V), R(U)

n=c¢;, count=4




YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep cTekoBOro BbIYUCNEHUS JIOrMYHECKUX
nporpamm

3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X),Q(Y); (1)
P(X, X) Q(X); (2)
R(b) — (3)
Q(c) — (4)

MpoTokon:

KoHeL, BblumcneHunii



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

. Voppen npegnoxun bonee achdekTUBHYIO CxeMy peannsauun
nHTepnpetaTopos sornyeckux nporpamm (Warren Abstract
Machine), B KOTOpOIi BMECTO €4MHOIO CTEKA NCMOJIb3YETCst
HECKOJIbKO CTEKOB, Mepepacrnpelensitolinx faHHbIE BbIYNCIEHNS
Hanbonee ONTUMabHBIM CMOCOBOM. JTa CXeMa MOJIOKEHA B OCHOBY
BCEX COBPEMEHHbIX KOMMUAATOPOB JIOrMYECKNX NPOrpaMm.
A Kak NporpaMMuUCT MOXET YMNPaB/siTh BbIYUCIEHUEM JIOTMYECKOIA
nporpaMmbi?
Ectb nBa ocHOBHbIX cnocoba ynpasneHus:

> BbibupaTth npaBunbHbIA NOPSLOK PacnoOKEHNSI aTOMOB B

Tenax npouegyp (nMo npuHuMny: BHavane pewaTb NPOCTbie
3afa4m, a NOTOM CJIOXKHbIE).

> BblbupaTb npaBuibHbIA NOPSAOK PacnofNoXeHUs
MPOrpamMMHbIX YTBEPXKAEHUHA (N0 NpuHLMNY: BHaYane
npeafiaraTb NPOCTble CNOCODbI PELLEHNS, @ MOTOM CIIOXKHBIE).



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep

PaccmoTpum gBe nporpammbl noncka mapLupyTta B
OpPMEHTUPOBAHHOM rpade.

Pr: Path((X«Zenil)s U, X,Y) — Path(U, Z,Y), Arc(X « Z «nil);
Path(nil, X, X) «;

Ps: Path(niI,X,X) —;
Path((X « Z anil)« U, X, Y) — Arc(X « Z unil), Path(U, Z, Y);

3a cyeT NpaBusILHOrO YNopsifo4eHNst aTOMOB 1 NPOrpaMMHbIX
yTBEPXAeHU nporpamma P NpoBOAUT BbIYMUCIEHNE MapLLpYTa
bonee acpdpekTnBHO Hem nporpamma P;. Ha camom gene, obe
NPOrpaMMbl HECOBEPLLEHHBI, NOCKOJbKY 0be MOryT 3aLUnKANTbCS
Aaxe B cnydae npoctbix rpagos. ([Mpusectu npumep. )



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Ho uHorga v aTnx cpefcTs ynpaBaeHusl BbIYUCAEHNEM NPOrpaMm
HEAOCTaTOYHO ANt 3(PEKTNBHOrO PeELLIEHNs 3a4aun.

[MpeanonoXunumM, 4To HaM HY)KHO HanucaTb NporpaMmy, kKoTopas
MPOBEPSIET, BEPHO /i, YTO 3afaHHas bByKBa COAepXXUTCS B
3agaHHom crnose (Hanpumep, bykBa a B crose abaa).

Mo>KHO NpeanoXXnTb BOT TaKyto NporpamMmmy:

G: 7Elem(a,a«ba.asaanil)

P Elem(X,XaY) «—;
Elem(X,Z «Y) <« Elem(X,Y);

Torpa BblumcneHnsi OynyT pa3BuBaThCS Tak.



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)
Elem(X,Z.Y) « Elem(X,Y); ®



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,X.Y) «; ?Elem(a,a« b« aaan.nil)

Elem(X,Z.Y) — E/em(x,y/

0



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

P: Elem(X,X.Y) «; ?Elem(a,a« b« aaan.nil)

Elem(X,Z.Y) — E/em(x,y/

0

OTeeTt: YES



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

0



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z +Y) «— Elem(X, y
?Elem(a, bsa.aa.nil)

0



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

OTeeTt: YES



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

OTeet: YES



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

?Elem(a, nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

?Elem(a, nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

?Elem(a, nil)



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

?Elem(a, nil)




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)

Elem(X,Z . Y) — Elem(X, y

?Elem(a, bsa.aa.nil)

?Elem(a, a s anil)

?Elem(a, a « nil)

?Elem(a, nil)




YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)
Elem(X,Z + Y) — Elem(X, Y);

0

Ho 3auyem Ham obxoauTb BCe aepeso,
ecan gna oteeta YES pmocraTtouno
NpoTK Nno oaHoli BeTBK?



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

P: Elem(X,XaY) «; ?Elem(a,as baasaa.nil)
Elem(X,Z + Y) — Elem(X, Y);

?Elem(a, b« a«aanil)

XoTenocb bbl MMeTb cnocob 5 .
?Elem(a, a s a«nil)
obpesaTb B AepeBe BblHUCAEHNI
HEHY>KHble BETBU.

?Elem(a, a « nil)

?Elem(a, nil)



OMEPATOP OTCEHEHUA

[nst 3TOro B si3blkax JOrMHYECKOro NpOrpaMMmpOBaHNs BBOAUTCS
onepaTtop oTtceyenus (cut ).

ITOT onepaTop npeacTansieT coboit 0-MecTHbIA npegukaT I
oKasblBatowuii cneymnasnbHblli NoboYHbIl adhdeKT.

C TouKkM 3peHUs feknapaTUBHOW CEMaHTUKU, NpeankaT ' nmeet
NoCTosiHHOe 3HadeHue true. [Insa ero onucaHus He Tpebyetcs
HUKaKUX MPOrpaMMHbIX YTBEPXKAEHW (' — BCTPOEHHbINA
npegmkart). [osToMy onepaTop OTCEYEHUSI MOXET UCMOJb30BATHCS
B 3aMpocax W B Tenax NpPOrpaMMHbIX YTBEPXKAEHWUI, HE OKa3bliBas
NPV 3TOM HUKAKOrO BANSHUS HA UX JIOTNYECKUA CMbICH.

OpHako onepauMoHHas CeMaHTMKa onepaTopa I ONnpeaensieTcs BHe
pamok SLD-pesontotueHoro eeieoga. Onepatop oTcedeHus
npeaHa3HaYveH ANs BbIAENEHUS TEX BETBEl B AepeBe
SLD-pe30nt0TUBHbBIX BEIYUC/IEHWNIA, KOTOPbLIE HE A0>KHbI
MPOXOAUTbLCA MO XOA4Y BbIYUC/IEHUS! 3anpoca.



ONEPATOP OTCEHEHUA
I

OnepaynoHHas cemaHTMKa OnepaTopa OTCeYeHnsl - 3afjaeTcs
cneayloWuMI npasuiaMu:
» Ecnu 3anpoc G n nporpaMmHoOe yTBEpXKAEHUE
D:Ay«< Ai,...,+,..., A, nopoxgatoT SLD-pesonbeeHTy
G', To B CTeke BblYMCAEHNA nporpamMMbl 3anpoc G nonydaet
cneymanbHyto CyxxebHyto nometky (%, NHANBUAYaNbHYIO AJist

KaXX[10ro BXOXKIEHWS OMnepaTopa - ;
» Ecnu B 3anpoce G onepaTop I aKTUBEH, T. €.

G :?!, Ci, ..., Ck, TO B CTEKE BLINUCIEHUI NPOrpamMMbl
3anpoc G nosy4aeT cneyunasnbHyro ClyxxebHyto NMOMeTKy ),

VHAVBUAYANLHYIO 051 KAXKAOr0 BXOXAEHUS onepaTopa I n
npu 3ToM nopoxpgaetcs Hosbll 3anpoc G’ =7Cy, ..., Cy;

» Ecin no xopy BblYNCNEHUS NPU OTKATE JOCTUraeTCst NEMEHT
CTEeKa BbIYMC/IEHMNIA NPOrpaMMbl, MOMEYEHHBIN *), TO U3 CTeKa
YOANAIOTCS BCE 3/IEMEHTBI, PACMONIOKEHHbBIE MEXAY
aneMeHTamu, noMedeHHbIMU (x 1 *) (BkatOYast U camum 3Tn
3/1EMEHTBI).



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U)
Mporpamma P:
P(X,Y) — RX), oY), @)
P(X,X) — Q(X); (2)
R(b) «; (3)
Q(c) (4)
Q(b) «; (5)

MpoTokon:



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U) P(U, V), R(U)
n=¢, count=1

Mporpamma P:
P(X,Y) —RX), L o(y) ()
P(X,X)<— Q(X); (2)
R(b) —; (3)
Q(c) —; (4)
Q(b) —; (5)

MpoTokon:

VHudunkaums



VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns
|

MosineHune onepatopa -

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=¢ count=1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U) 7P(U,V),R(U)
n=¢; count=1

Mporpamma P:

?2R(U), L, Q(V), R(U)
P(X,Y) — R(X), !7Q(Y);

n=¢ count=1

(1)
P(X,X) — Q(X); (2)
R(b) «; (3)
Q(c) —; (4)
Q(b) «—; (5)

MpoTokon:

Het yHudpmkaTopa




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U) 7P(U,V),R(U)
n=¢; count=1

Mporpamma P:

?2R(U), L, Q(V), R(U)
P(X,Y) — R(X), !7Q(Y);

n=e¢, count=2

(1)
P(X,X) — Q(X); (2)
R(b) «; (3)
Q(c) —; (4)
Q(b) «—; (5)

MpoTokon:

Het yHudpmkaTopa




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U) 7P(U,V),R(U)
n=¢; count=1

Mporpamma P:

?2R(U), L, Q(V), R(U)
P(X,Y) — R(X), !7Q(Y);

n=e¢, count=3

(1)
P(X,X) — Q(X); (2)
R(b) «; (3)
Q(c) —; (4)
Q(b) «—; (5)

MpoTokon:

VHudunkaums




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) «—;
Q(b) —;

MpoTokon:

AkTuBM3aymsa onepaTopa -

P(U, V), R(U)
n=c¢;, count=1

R(U), 1, Q(V), R(U)
n=¢, count=3

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=2




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

VHudunkaums

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count =4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

7R(b)
n={U/b, V/c}; count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

7R(b)
n={U/b, V/c}; count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

?R(b)

n=1{U/b,V/c}; count = 2




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

VHudunkaums

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

?R(b)

n={U/b,V/c}: count =3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

7R(b)
n={U/b,V/c}; count =3

0

n={U/b.V/c};




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

Venex: n={U/b,V/c}

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

7R(b)
n={U/b,V/c}; count =3

0

n={U/b.V/c};




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

OTkaTt

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

?R(b)

n={U/b,V/c}: count =3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

?R(b)

n={U/b,V/c}; count = 4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n=e¢, count=3

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =4

?R(b)

n={U/b,V/c}; count =5




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

OTkaTt

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count =4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

VHudunkaums

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=25




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}: count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}: count =1




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}: count =2




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

VHudunkaums

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}: count = 3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

SLD-pezontouns

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

7R(b)
n={U/b,V/b}: count = 3

0

n={U/b, V/b},




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

Venex: n = {U/b, V /b}

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

7R(b)
n={U/b,V/b}: count = 3

0

n={U/b, V/b},




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

OTkaTt

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}: count = 3




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}; count = 4




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

HeT yHudukaTopa

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};

7Q(V), R(b)
n=1{U/b}; count =5

?R(b)

n={U/b,V/b}; count =5




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

OTkaTt

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

21 Q(v), R(b) *)
n={U/b};
2Q(V), R(b)

n={U/b}; count=25




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopoM oTceYeHust
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

OTkaTt

P(U, V), R(U)
n=c¢;, count=1

R(U), V. Q(V), R(U)
n==¢e; count==4%4

2l Q(v), R(b)
n={U/b};




VYIMPABJIEHVNE BbIHNCJIEHUNAMW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U) 7P(U,V),R(U)
n=¢; count=1

Mporpamma P:

?2R(U), L, Q(V), R(U)
P(X,Y) — R(X), !7Q(Y);

n==e; count==4%

(1)
P(X, X) — Q(X); (2)
R(b) —; (3)
Q(e) (4)
Q(b) (5)

MpoTokon:

CpabatbiBaHue onepatopa -




YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

I'Ipmmep BblHUNC/N1EHNA NOrmn4eCKux nporpamm cC

onepaTopomM OTCeYeHuns
3anpoc: ?P(U, V), R(U)
Mporpamma P:

P(X,Y) — R(X), !, Q(Y);

P(X,X) — Q(X);
R(b) «;
Q(c) —;
Q(b) «—;

MpoTokon:

CpabatbiBaHue onepatopa -

P(U, V), R(U)
n=c¢;, count=1




YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

Mpumep BblYUCEHUS NOrMYEecKNX NporpamMm c
onepaTopoM oTceyveHust

3anpoc: ?P(U, V), R(U)
Mporpamma P:
P(X,Y) — RX), oY), @)
P(X,X) — Q(X); (2)
R(b) «; (3)
Q(c) (4)
Q(b) «; (5)

MpoTokon:

CpabatbiBaHue onepatopa -



YIMNPABJIEHVNE BbIHNCJITIEHNAMMUW

anMep BblHUcCiaeHna norm4HeCkKmnx I‘IporpaMM C
OnepaTopoM OTCeYeHus:
3anpoc: ?P(U, V), R(U)
Mporpamma P:
P(X,Y) — RX), oY), @)
P(X,X)<— Q(X); (2)
R(b) «; (3)
Q(c) «; (4)
Q(b) «—; (5)

MpoTokon:

KoHeL, BblumcneHunii



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: .?P(U, V), R(U)

P(X,Y) —RX), 1 QY), @)
P(X,X) — Q(X); (2)
R(b) —; (3)
Q(c) «; (4)
Q(b) (5)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)

P(X,Y) — RX), L a(vy @)

P — :

jo), i); Q(X) 8 2R(U), 1, Q(v), R(V)
Q(c) —; (4)

Q(b) — (5)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: JP(U, V), R(U)

P(X,Y) — RX), L a(vy @)
P — Q(X);
jo), i); Q(X) 8 ?R(U), L, Q(v), R(U)
Q(c) ()
(5)

Q(b) «; 21.Q(v), R(b)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: JP(U, V), R(U)

P(X,Y) — RX), L a(vy @)
P — Q(X);
jo), i); Q(X) 8 ?R(U), L, Q(v), R(U)
Q(c) ()
(5)

Q(b) «; 21.Q(v), R(b)

?7Q(V), R(b)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)

21 Q(v), R(b)
2Q(V), R(b)

7R(b)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)

21 Q(v), R(b)
2Q(V), R(b)

7R(b)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)

21 Q(v), R(b)
2Q(V), R(b)

7R(b)



OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)

21 Q(v), R(b)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @)
RE) X) = QX); 8 2R(U), 1, Q(v), R(U)
Q(c) « (4)
Q(b) — (5)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)

P(X,Y) — RX), L a(v): ()
ggj(), i) — Q(X); 8 ?R(U), L Q(V), R(U)
Q(c) ()
Q(b) —; (5) 21 Q(v), R(b)
CpaboTan onepaTop oTcedeHus. 7Q(V). R(b)

MocTpoeHune aepesa /
BbIYUCJIEHNI 3aBEPLUEHO. ?’R(b)

7R(b)




OepeBo SLD-pe30nt0TUBHbLIX BbIHNCIEHWIA

Mporpamma P: 7P(U, V), R(U)
P(X,Y) —RX), 1 QY), @) %?Q(U), R(U)
PIX. X) — Q(X); G B R
R(b) «; (3) ' P ’
Q(c) (4)

Q(b) —; (5)

21 Q(v), R(b)

?7Q(V), R(b)

CpaboTan onepaTop oTceveHus.

[NocTpoeHne pepesa /
< ?

BbIYMC/IEHWY 3aBEPLLEHO. ?R(b)

[Npn aTOM YacTb BeTBei

7R(b)

bblna oTceyeHa.



ONEPATOP OTCEHEHUA

[MporpammHoe yTBepXKaeHUe
Ao — Anpeo Ag L A, A

copepxallee onepaTop OTCEYEHUSI MOXKHO NMPOYUTBLIBATE ABOSIKO:

> YT06bI pewnTb 3aga4y Ag HYXKHO HaliTu TONILKO NepBoe
peweHne 3agad A1, ..., Ax 1 ganee pewartb 3a4a4n
Aki1,-..,An. Ecnn pewenne 3agay Ag, ..., Ax HaliTn He
YAAETCs, TO BOCMOJIb30BATHLCS aNbTEPHATUBHBIMU
npoueaypamu pewerunst 3agadu Ag.

> Y706bl pewnTb 3agady Ag HY>KHO MPOBEPUTL YC/IOBUS
A1,...,Ak. Ecam aTu ycnoBus BbINOJIHEHBI, TO NPUCTYNUTL K
peweHnto 3agad Agi1,..., A, 1 He 0DpaWaTbcs K Apyrum
BapuaHTaMm pewieHns 3agaqn Ag. Ecin xe aTu ycnoeus He
BbIMOJIHEHbI, TO 0OPaTUTLCS K aNbTepHATUBHLIM Cnocobam
peweHmns 3agaqu Ag.



OMEPATOP OTCEHEHUA

Takum obpaszom, onepaTop oTceveHns No3eonsieT ynobHo
ncnosib30oBaTb B JIOFTMYECKOM NMPOrpaMMmMpoBaHnN CTaHOAPTHbIE
KOHCTPYKLMN MMMEPAaTUBHOIO MPOrpamMMUpPOBaHNS.

» Bersnenune. Sp: if P then S else S, fi
Pif—_then—else : 50 — Pu !’51;
So « S2;
» Wrtepauus. Sp: while P do S; od

Puhile—do :  So « P, !,51, So;
So —;



OMEPATOP OTCEHEHUA

C BBEAEHUEM B NOrMHYECKME NporpaMmsbl onepaTopa OTCe4HeHUA
TEOpPEMaA NOJIHOThI onepaLleHoﬁ CEMAHTUKN OTHOCUTENBHO
,D,eKﬂapaTMBHOVI CEMAHTUKIN NEepecTaroT BbITh cnpaeegnebiMn.



OMEPATOP OTCEHEHUA

Mporpammel P1 1 Po BbIMUCAEHUS TNACHBIX BYKB

P1 P2

Elem Vow(X,X u Y) «— Vowel(X); Elem Vow(X,X u Y) «— Vowel(X), !
Elem Vow(X,Z a Y) — Elem_Vow(X,Y); Elemyow(X,Z aY) «— Elem_Vow(X,Y);
Vowel(a) «; Vowel(a) «;

Vowel(e) «—; Vowel(e) «—;

Vowel(i) «; Vowel(i) —;

Vowel(o) «; Vowel(o) «;

Vowel(u) —; Vowel(u) —;

Vowel(y) «; Vowel(y) «;

PaBHOCWJ/IbHBI B [€K1apaTUBHON CEMaHTUKE , N 3anpocC
G :?Elem_Vow(X, 0. naeanil)

ANst 0beux NporpaMm MMeeT ABa npasuibHbix oTeeTa 01 = {X/o}

n 0 = {X/e}.



OMEPATOP OTCEHEHUA

Mporpammel P1 1 Po BbIMUCAEHUS TNACHBIX BYKB

P1 P2

Elem Vow(X,X u Y) «— Vowel(X); Elem Vow(X,X u Y) «— Vowel(X), !
Elem Vow(X,Z a Y) — Elem_Vow(X,Y); Elemyow(X,Z aY) «— Elem_Vow(X,Y);
Vowel(a) «; Vowel(a) «;

Vowel(e) «—; Vowel(e) «—;

Vowel(i) «; Vowel(i) —;

Vowel(o) «; Vowel(o) «;

Vowel(u) —; Vowel(u) —;

Vowel(y) «; Vowel(y) «;

HO HEPABHOCWJIbHbI B OMEPaLVIOHHON CEMaHTUKe © 3anpoc
G :?Elem_Vow(X, 0. naeanil)

K P1 Bbiuncasiet 01 = {X/o} n 6 = {X/e},
a ToT e 3anpoc k Pp Bbiuucasiet Tonsko 01 = {X/o}.



OMNMEPATOP OTCEHEHUA

C BBEfeHMEM B JIOTMYECKUE MPOrPaMMbl ONepaTopa OTCEYEHUS
TeopeMa MOJIHOThI OMepPaLMHHON CEMAaHTUKN OTHOCUTENBHO
LEKIapaTMBHOW CEMaHTUKN MEPECTAET ObITb CNpaBesNBLIMU.
MNosTtomy onepaTopom oTceveHuns I HY>XHO NOJIb30BATbCSA OYeHb
OCTOPOXKHO.

A 4TO ewle Nosie3Horo n yaobHoro
MOXXHO BCTPOUTb B JIOFMYECKMe NporpaMmbl?



KOHEL, NEKLW 16.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyna 17.

OTpuuyaHne B JIOrM4eckom
nporpaMmMunpoBaHnN.
OnepaTop not.
BcTpoeHHble npeankaTtbl n
cpyHKLNN.
OnepaTop BblYNCEHUS 3HAYECHUIA.
Moandukauns 6a3 gaHHbIX.



OTPNUAHWNE B JIOTNHECKOM
NMPOrPAMMUNPOBAHNN
OTpmu,aHme — — 3TO O4YeHb NoJie3Has Jlormyeckas cesiska. Yacrto
Mbl o6pau.|,aeMC;1 C BONpoCamMu, Ncnoab3ysa oTpunuaHune.

Mpumep

P : nruna(open) «—;
nrura(Bopobeit) «—;
nTuna(TMHIBAH) «—;
seraer(opes) «;
seraer(Bopobeii) «—;
seraer(camosier) «—;

Cdbopmynunpyem Bompoc: kakasi NTULA He eTaer?
G : 7 nwruna(X), ~ureraer(X)

Kakoii oTBeT Mbil OXnAaeM noJy4nTb Ha 3TOT 3anpoc?



OTPNUAHWNE B JIOTNHECKOM
NMPOrPAMMUNPOBAHNN

Mpumep

C Toukn 3peHnA ,D.eKﬂapaTI/IBHOVI CEMAHTUKW, ONA NONYyHEHUA
OTBETA Ha 3TOT 3anpoOC HYXXHO BbIACHUTb, BbIMOJIHAETCA N
Norn4yeckoe cnegoeaHne

P = IX(oruna(X)&—ueraer(X)),

rae P = {uruna(open), nruna(Bopobeit ), nruia(IuHrBIH),
aeraer(opeu), eraer(Bopobeii), setaer(camodier) }

OHo He BblnosHseTCH, T. K.
Bp =P, Bp [~ 3X(uruna(X)&—~eraer(X)).

3HaunT, OTBET Ha 3TOT 3anNpPOC AOJIKEH BbITb OTPULIATENbHBIM:
TaKol NTULbI HET .



OTPNUAHNE B JIOTMNHECKOM
NMPOrPAMMNPOBAHNIN

Mpumep

OpHako B 0DbIAEHHOR XXU3HU Mbl B TaKUX CAy4asix JaemM COBCEM

Opyroi oTBeT.

O6HapyxuB, 4To B Haweli baze 3HaHui P

ecTb cBeAeHne nUTHNA(IIMHIBAH) W

HET HNKAaKNX CBEAEHWI O TOM, 4To JieTaeT(IIMHIBHH),
Mbl OTBEYAEM:

«Hackonbko noseonsiet CyanTb Hawla 6aza 3HAHWUA, HEneTarLwas

nTULUA — 3TO NMNUHIBUH».

B toprnpyaeHunn Takoil Nogxon K peLUeHMto BONPOCa O BUHOBHOCTM
YeNoBEK Ha3blBaeTCs Npe3ymnunein HEBUHOBHOCTM :

B Cny4dae OTCYTCTBUA CBUAETENBCTB BUHOBHOCTN
HEJNTIOBEK CHUTAETCA HEBMHOBHbIM.



OTPNUAHWNE B JIOTNHECKOM
NMPOrPAMMUNPOBAHNN

Mbl MoXxem PaCnpoOCTPaHNTb NpUHUMNN Npe3yMnunn HEBUHOBHOCTN
N Ha Norn4eckme nporpamMmmebl.

Oonywenue 3amkHyToctu Mupa
rlyCTb NMEETCA HEKOTOPOE HEMPOTNBOPEHNBOE MHOXKECTBO
3aMKHYTbIX popmyn [ (Hanpumep, XOpHOBCKasi IOrM4YecKas

nporpamma) u 3amkHyTasi hopmyna ¢ (Hanpumep, 3anpoc uim
OTAeNbHAs NOALEND).

Toraa dopmyna @ ABNAETCS JIOTMYECKUM CIELCTBUEM MHOXKECTBA
" B fonyweHN 3aMKHYTOCTU MUpa

I =cua o,

ec/n HEBEPHO, 4TO  norudecku cnegyet us [, 1. e. [ £ .

3aece CWA — abbpesuatypa Closed W orld A ssumption.



OTPUNUAHNE B JIOT MHECKOM
NMPOrPAMMUNPOBAHNN

Cytb Honywenus 3amkHytoct Mupa (CWA) coctout B TOM, 4TO
npun nsenevennn CWA-noruyecknx cnegctenii ns 6assl sHanuii [
(Ecwa) HyHO paccmaTpuBaTb He Bce Mogenn ansi [, a Tonbko
TaKyl0 MUHUMAbHYIO MOAENb, B KOTOPOU UCTUHHBIMU SBAAIOTCS
OfHM Wb knaccuyeckue cneacteus (=) ns I

Takast MUHUMasbHast MOAENb CyLLECTBYET, BOODLLE rOBOPsi, He
Bcerga (Hanpumep, ecnu I = {AV B}).

Ho B ciiydae XOpPHOBCKUX NOrMYECKMX NPOrpaMM, MUHUMAbHO
MOZENbIO /1St NpOorpaMmel P ABASieTCS HauMeHbLiasi 3pbpaHoBCKast
mogens Mp.



OTPNUAHWE B JIOTNHECKOM
NMPOrPAMMUNPOBAHNN

O6paTnMcst K OPHUTONIOMUHECKOMY NPUMEPY.

Mpumep
P = {oruna(open), nruna(Bopobeit), nruia(IuHrBIH),
neraer(opeu), eraer(Bopobeii), etaer(camodter) }

¢ = uruna(uuarsun) & —eraer(IMHIBYH )

Torpa
P E=cwa nruna(nunrsun), nockonbky Mp = nruna(nuarsun),

P E=cwa —neraer(nunrsun), nockonbky Mp = neraer(nunrsu).

3naunt, P =cwa nruna(nmarsun) & —ieraeT(IHHIBHH).



ONMNEPATOP not

WTak, Tenepb K NOrMYecknM nporpammamM MOXHO obpalatbest ¢
3anpocamu, cofepxalimumM OTpULAHNA nogueneli, n
JeKapaTMBHast CEMaHTNKa YMeEeT pa3yMHO obpalaThCsi C Takum
OTPULATENbHBIMU MOALENAMMU.

Ham ocTaeTcst Hay4nTb 3TOMy ObpalleHnto KOMNbLIOTEP, T. €.
BBECTM B OMepaLMoOHHYIO0 CEMaHTUKY Npasuia ass obpaboTtku
OTpULATENBHBIX NOALENEN.

OpAHaKo 34eCh HAC OXXUAAET HEMPUATHBIA CLOPNPU3.



ONMNEPATOP not

Mpegnonoxum, 4To umeetcs 3anpoc G : 7—(Cy k nporpamme P.

Y106l nony4nTb yTBepp,VITeﬂbeIVI OTBET Ha 3anpocC G (T. €.
JokasaTb, 4To P ):CWA ﬁCo), NHTEPNPETATOP AOJIXKEH NPOBEPUTD,
4TO M'p l?é Co.

[ns aToro nHTepnperaTop AOMKeH YOeANTLCS, YTO 3anpoc
G’ : ?7Cy k nporpamme P He MMeEeT HM O4HOro YCnewHoro
BblYMCNEHMS.

Ho sTa 3apava siBAsieTCA anropuTMUYECKN HEPA3PELLUMOii
(nouemy? ).

[a notomy, 4TO K Hell CBOAUTCS NMpobnema oCTaHOBA MaLLUH
ToetopuHra.

CnepoBaTe/ibHO, HUKAKO NHTEPMPETATOP JIOrMHECKNX MPOrpamm
HEe MOXET rapaHTMpPOBATb MOJlyYeHNE YTBEPAMTENBHOIrO OTBETA Ha
3anpoc G : 7= (y pake B TOM C/lyHae, €C/in 3TOT OTBET CyLUECTBYeT.



ONMNEPATOP not

AnropuTMnyeckas HepaspewnMocTb NpobaeMbl CyLLIECTBOBAHUS
(OTCyTCTBUS) YCMELIHOrO BbIYNCAEHNS JIOTUYECKNX MPOrPpamMM —
5TO HEMPEeOJOIMMOE NPENsATCTBUE HA MYTW CO3A4aHUS Takoi
onepaunoHHOl CeMaHTUKK, KoTopas bbina bbl agekeaTHa
OEeKIapaTMBHOI ceMaHTuke B pamkax [onyuieHnss 3aMKHyTOCTH
Mupa.

MOo>XXHO JILLb MOCTPOUTL TaKo MHTeprpeTaTop (OnepaunoHHONM
CEMaHTUMKN), KOTOPbIA Kak MOXHO Nydwe cooTeetcTByeT CWA npn
obpatueHunn ¢ oTpuuaTensHbiMu noguensmu —Cp.

[lnsi 3TOro B S3bIK JIOrMYECKOro NPOrpamMMnpoBaHns bbin BBEAEH
cneyuanbHblii (BCTPOEHHBIN) onepaTop not.



ONMNEPATOP not

AprymeHTamMun onepaTtopa not siBASOTCA aTOMbI.

[ns Bbiuncnenus oteetos Ha 3anpoc ? not((Cp) BBOANTCS NpaBuao
SLDNF-pezontounu (N ot as F ailure), koTopoe onpegensietcs
cnegyowmm obpasom.

MpaBuno SLDNF-pe3ontoyum

Myctb nmeercs 3anpoc Gy : ? not((y), Gy, . .., C, k nporpamme P.
Ons eeiuncnenns SLDNF-pesonbeenTsl Gy
1. dopmupyetcsa 3anpoc G’ : ? Cy k nporpamme P;
2. nposoguTcs noctpoerue (obxon) aepesa BbluucneHuii T
zanpoca G’ : ? Co;
3. B 3aBUCUMOCTU OT YCTPOICTBa AepeBa T BO3MOXEH OLUH 13
TPEX NCXOLOB.



ONMNEPATOP not

MpaBuno SLDNF-pe3ontoyunu
BapuanT 1: Venex.

Oepeso T koHeuHo, n Bce ero BetBu (SLD-pe3ontoTusHbie
BbIYNCIEHUS1) SIBASIKOTCSA TYNUKOBbLIMMU.

Torpa 3anpoc Gy : ? not((), i, ..., C, umeeT
SLDNF-pesonbeenty Gy = 7 (y, ..., C,, KOTOpas noay4aercs
MCMOIb30BaHNEM MYCTON MOACTAHOBKU E.
G :?7 G Go: ?I‘IOt(C()),Cl,...,C,,
T = £
failure

G:?GC,....Cp



ONMNEPATOP not

Ol'lepaLl,I/IOHHaﬂ ceMaHTnKa onepartop not
BapuanT 2: Heypaua.

Mpu noctpoerun (obxoae) aepesa T GbiNO 0OHapy>xeHO
ycnewHoe BblYuCaeHue.

Torpa 3anpoc Gp : 7 not( (), Gy, . . ., C, He nmeeT
SLDNF-pe30/ibBEHT, 1 BbIYNC/IEHNE 3TOrO 3aMNpoca SIBASETCS
TYMKOBBIM .

G':7? G Go : ?I‘IOt(C()),Cl,...,C,,
[ ]
T = failure

failure 0



ONMNEPATOP not

OﬂepaLl,I/IOHHaH ceMaHTnKa onepartop not
BapuanT 3: BeckoHeuHoe BblunCIEHME.

Oepeso T beckoHe4Ho n npu ero noctpoeHun (obxoae) He
ObI710 0OHApPY>KEHO YCNeLlWHbIX BbIYUCAEHWUIA.

Torpa 3anpoc Gp : ? not( (), Gy, . . ., G, He nmeeT
SLDNF-pe30/ibBEHT, 1 BbIYUC/IEHNE 3TOrO 3aMNpoca SIBASETCS
BeckoHeuHbIM («CUHTYNsIpHAsi BECKOHEHHOCTb ).

G :7QG Go : ? not( (o), Gy, ..., Gy
°

failure 00



ONMNEPATOP not

OnepaynoHHas cemaHTuka onepaTtop not
BapuanTt 3: BeckoHe4Hoe BbluucneHue.

Hepeso T beckoHe4Ho n npu ero noctpoeHun (obxope) He
Ob1110 0OHApPY>XXEHO yCNeLWHbIX BbIYUCIEHWIA.

Torga 3anpoc Gy : ? not((), Gy, . . ., C, He umeet
SLDNF-pe30/ibBEHT, 1 BbIYUCAEHNE 3TOO 3anNpoca sIBASIETCS
BeckoHeuHbIM («CUHTYNsipHAsi BECKOHEHHOCTBY ).

Vcnoeue cylecTBOBaHMS BECKOHEYHOrO BBIYNCIEHNS 3anpoca
not(Cp) onmcaHo He BMOJIHE CTPOrO, MOCKOJIbKY ODHapy»xeHue
YCMELIHOro BbIYUCAEHMS CYLLLECTBEHHO 3aBUCUT OT CTpaTerum
obxona pepesa SLD-pesontoTuBHbIX BblYMcaeHmnid. Tak, Hanpumep,
CTaHAapTHas cTpaTerust obxoda B rybuHy MoXeT He oBHapyXuTb
CYLLLECTBYIOLLLErO YCMELLHOTO Bblyncaenus (nodemy? ).



ONMNEPATOP not

Teopema (koppektHocTu SLDNF-pe3ontoyun)

Ecnn 3anpoc G : 7 not(Cy) K XOpPHOBCKOIA NOrMYECKOIA nporpamme
P nmeet ycnewroe SLDNF-pesontoTBHOE BbIYMCAEHME, TO

P E=Ecwa ~Fy G.
[JokasaTenbLcTBo

CamocToaTensHo .

A BOT 0bpaTHOe yTBEp)KAEHME (TEOpEMa MOAHOTHI) AN
SLDNF-pe30ontoTnBHOrO BbI4MCAEHNS DYAET YK€ HEBEPHO.



ONMNEPATOP not

Mpumep.

PaccmoTpum nporpammy noucka Bcex Tex byks X cnosa L',
KOTOpble He copepxaTcs B cnose L.

P S(X, UL —
E(X,XuL) «
E(X,Y.L) «

E(X, L"), not(E(X,L"));
E(X> L)v
1 obpaTumMcst K Hell ¢ 3anpocom

Go: ? S(X,a«bunil bacanil).



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

75(X,a. b.. nil, b ¢ nil)



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 = {Xi/X,L'/a b anil,
(1) ' ' L"/ba canil}
7E(X,a«banil),
not(E(X, b canil))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E L ] L .I
(a, b - C + i )



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E(a,bacanil)

(3)

?E(a, canil)



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E(a,bacanil)

(3)

?E(a, canil)

(3)

7E(a, nil)



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E(a,bacanil)

(3)

?E(a, canil)

(3)

7E(a, nil)

failure



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E(a,bacanil)

(3)

?E(a, canil)

(3)

7E(a, nil)

failure



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

?E(a,bacanil)

?E(a, canil)

7E(a, nil)

failure



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L///bl Cnm nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))

Ycnex

?E(a,bacanil)

?E(a, canil)

7E(a, nil)

failure



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))
09326
(]

Oteer: {X/a}



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))
09326
(]

Oteer: {X/a}



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}
?2E(X, 2. bnil),
not(E(X, b canil))

not(E(a, bacunil))
03 =¢ ‘
(]

Oteer: {X/a}



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

U
Oteer: {X/a}



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2) |65 = {X/b, Ls/nil}

U
OTeeT: {X/a} ?not(E(b, bacCa nll))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2) |65 = {X/b, Ls/nil}

U
OTeeT: {X/a} ?not(E(b, bacCa nll))

?E(b, b canil
(b, .C nil)



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2) |65 = {X/b, Ls/nil}

U
OTeeT: {X/a} ?not(E(b, bacCa nll))

?E(b, bacanil)

(2)

g



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil b.canil)

01 ={X1/X,L’'/awbanil,
L/,/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

02 = {X/a,Li/banil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2) |65 = {X/b, Ls/nil}

U
OTeeT: {X/a} ?not(E(b, bacCa nll))

Heypaua
?E(b, b« canil)

(2)

g



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2) |65 = {X/b, Ls/nil}
0

Orser: {X/a} ?nofta(iﬁj(rl: bacanil))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« cunil))
03 =¢

(2) |65 = {X/b, Ls/mil}
0

Orser: {X/a} ?nofta(iﬁj(rl: bacanil))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),

not(E(X, b« canil))
03 =£ (2)‘ 95 _ {X/b’ L3/(8|)} 95 = {)(3/)(7 Y3/b, L3/ni|}
7E(X, nil),
0 not(E(X, b cnil))

Orser: {X/a} ?nofta(iﬁj(rl: bacanil))



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil

04 = {Xa/X, Ya/a, Ly /b u nil}

ot(E(a, bacanil)) ?E(X,banil),

not(E(X, b« canil))
03 =£ (2)‘ 95 _ {X/b’ L3/(8|)} 95 = {)(3/)(7 Y3/b, L3/ni|}
7E(X, nil),
0 not(E(X, b cnil))

Orser: {X/a} ot(E(b, bacanil))
failure failure



S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 ={X1/X,L’'/awbanil,
L”/bl Cn nil}

?2E(X, 2. bnil),

not(E(X, b canil))

0, = {X/a,L1/b = nil
04 = {Xa/X, Ya/a, La/b = nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2)‘ 95 — {X/b, L3/(N: {X3/X7 Y3/b7 L3/I1l|}
2E(X, nil),
s (X, nil)

Oreer: {X/a}  TMOL(E(b, bucanil)) not(E(X; b c.nil))
failure failure




S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 = {X1/X,L'/awbunil,
L”/b aCanm nil}

2E(X, 2. banil),

02 = {X/a, L1/b unil not(E(X, b canil))
/%\94 = {Xa/X,Ya/a, Lo /b = nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2)‘ 95 — {X/b, L3/(N: {X3/X7 Y3/b7 L3/I1l|}
2E(X, nil),
s (X, nil)

Oreer: {X/a}  TMOL(E(b, bucanil)) not(E(X; b c.nil))
failure failure




S(X, L', L") — E(X, L), not(E(X,L")); (1)
E(X,X al)«—; 2
E(X,Y u L) — E(X, L); (3)

?5(X,asbanil bacanil)

01 = {X1/X,L'/awbunil,
L”/b aCanm nil}

(1)}
2E(X, 2« banil),

02 = {X/a, L1/b unil not(E(X, b canil))
/%\94 = {Xa/X,Ya/a, Lo /b = nil}

ot(E(a, bacanil)) ?E(X,banil),
‘ not(E(X, b« canil))
03 =¢

(2)‘ 95 — {X/b, L3/(N: {X3/X7 Y3/b7 L3/I1l|}
2E(X, nil),
s (X, nil)

Oreer: {X/a}  TMOL(E(b, bucanil)) not(E(X; b c.nil))
failure failure




ONMNEPATOP not

B Tom cnyuae, korga noctpoerue gepesa SLD-pe3ontoTuBHbIX
BbIYUC/IEHUI NPOBOAUTCS MO CTAHAAPTHOI CTpaTermm, onepaTop

not MoXxHO BblIPa3nNTb 4YE€pe3 OonepaTop OTCEHEHNA ..

[nsa storo eeegem norudeckyto koHcTaHTy fail — O0-mecTHbIi
npeaunkat, umetowuii NOCTosiHHoe 3HaveHue false. C ToUKM 3peHus
onepaumnoHHoii cemaHTukm, fail — ato 3agaya, koTopast He nmeer
pewennii. Torga...

Anst obpabotkm 3anpoca ? not((Cp) B pamkax SLD-pesontotusHoro
BbIBOJlA C OTCEYEHMEM JOCTaTOYHO A0baBUTL K nporpamme P asa
JONONHNTENBHBIX NPOrPaMMHbIX YTBEPXKAEHUS

not(Go) — Co, ! fail;
not(Gy) «—



BCTPOEHHbBIE ®YHKUNN N MTPEONKAT b

XOpHOBCKME NIOFMYECKIMe NporpaMMbl — 3TO YHUBEPCAJIbHAs
MOAESIb BbIYWNCIIEHNIA, B KOTOPOI MOXXHO peasnn3oBaTh Jioboii
anroputm. OpHako Ans ynobCTBa Nosb30BaHNS JIOTNYECKUMU
NPOrpamMmamu K HUM MOXXHO A06aBAsATb CreunanbHble BCTPOEHHbIE
yHKLMMN 1 NpeanKaTbl, ONepaLMoHHas CEMaHTNKa KOTOPbIX
onpefensieTcss BHe pamok SLD- pesontoTueHoro BeiBoga.

PaccmoTpum HekoTopble Haubosee WNPOKO UCMOMb3YEMBbIE
BCTPOEHHbIE CPEeACTBA JIOTMYECKOrO NMPOrpaMMUpPOBaHNS.



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

I'Ipep,MKaT paBeHCTBa —

Mpeavkat paBeHcTBa t] = tp — 3TO 2-X MECTHbIA NpefunKar,
npeAHa3sHaYveHHbIl Ans yHudmkaumm TepmoB. Ero onepaunoHnHas
CEMaHTNKa 33JaeTcsa caepyrownmmn npaBuiamun:

THh==0

PPN {HOV(tl,tz);é@

0 c HOV(tl, tz)



BCTPOEHHbBIE ®YHKUNN N MTPEONKAT b

I'Ipep,MKaT paBeHCTBa —

Mpeavkat paBeHcTBa t] = tp — 3TO 2-X MECTHbIA NpefunKar,
npeAHa3sHaYveHHbIl Ans yHudmkaumm TepmoB. Ero onepaunoHnHas
CEMaHTNKa 33JaeTcsa caepyrownmmn npaBuiamun:

THh==0

PR { HOV(t,b) 0  ThEt

< HOY(t1, t) =
0 € HOV(t1, t2) failure (b,82) =0



BCTPOEHHbBIE ®YHKUUN N NPEOVKATbI

MpepnkaTt paBeHcTBa =

Mpumep
?PX+2=3+Y

{X/3,Y/2}



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

MpepnkaTt paBeHcTBa =

Mpumep

?X+2=34+Y

?734+2=2+3
{X/3,Y/2} N
failure



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

Mpepnkat ToXaecTBa ==

Mpeankat ToXAeCcTBa t; == tp — 3TO 2-X MECTHbI NpeamKaT,
npefHa3Ha4YeHHbIA AN NPOBEPKN TOXAECTBEHHOCTM
(cuHTakcuyeckoi naeHTYHOCTH) TepmoB. Ero onepaunonHas
CEMaHTMKA 33JaeTcs CelyoWwmMy npasuiamMu:

Tt==t



BCTPOEHHbBIE ®YHKUNN N MTPEONKAT b

Mpepnkat ToXaecTBa ==

[MpeankaT ToxaecTea t; == tp — 3TO 2-X MECTHbIW Npeaunkar,
npefHa3HaYeHHbI AN NPOBEPKN TOXAECTBEHHOCTY
(cuHTakcuyeckoi naeHTYHOCTH) TepmoB. Ero onepaunonHas
CEMaHTNKA 33[AeTCs CAeayoWUMN NpasuiaMu:

Tt==t

THh=—="b
€ ° < t1,t) — pasHble

failure TepMb



BCTPOEHHbBIE ®YHKUUN N NPEOVKATbI

Mpepgukat ToxXpgecTBa ==

Mpumep
PX+2=X+2

e



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

Mpepnkat ToXaecTBa ==

Mpumep

TX+2==X+2

PTX+2==24+Y
e °
failure



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

MpepvkaTbl HepaBeHcTBa \ =, =\ =

MpeaukaTbl HepaBeHcTBa t; \= tp, t1 =\ = tp onpegensitoTcs
npu NOMOLLX onepaTopa OTPULLAHNSA BblIpaXXeHUsAMN not(t1 = t2) n
not(t1 == tz).

[Mpumep
?7342\=2+3

€



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

MpepvkaTbl HepaBeHcTBa \ =, =\ =

MpeaukaTbl HepaBeHcTBa t; \= tp, t1 =\ = tp onpegensitoTcs
npu NOMOLLX onepaTopa OTPULLAHNSA BblIpaXXeHUsAMN not(t1 = t2) n
not(t1 == tz).

[Mpumep

?7342\= 243
734X =\= 3+X

6 .
failure



BCTPOEHHbBIE ®YHKUNN N MTPEONKAT b

Twunbl gaHHbIX

[ns onpeneneHns HGonee CNOXHbIX BCTPOEHHLIX NPEANKATOB
BBOAATCS TUMbl AAHHbIX

integer, real, boolean, char, u T. .

Kaxablil TMN AaHHbIX ONPeAEeNsieTcss MHOXKECTBOM KOHCTAHT,
obo3HavaloWmX 3NeMEHTLI 3TOrO TUMa AaHHbIX. Hanpumep,
boolean = {true, false}.

Torpga B KaXkAoM TUNE AaHHbLIX BBOAATCS HEObXoQUMBble
OTHOLLEHUSI, NPUCYLLE 31eMeHTaM 3Toro Tuna. Hanpumep, B Tune
LaHHbIX integer MOXHO BBECTU OTHOLLUEHUSI CPABHEHUS

<, <=, >=, >, nap.



BCTPOEHHbBIE ®YHKUUN N NPEOVKATbI

Tunbl gaHHbIX

Mpumep

72 < 3



BCTPOEHHbBIE ®YHKUN N TTPEOVNKATDbI

Tunbl gaHHbIX

Mpumep

72 < 3
7141 < 5-2
[ ]

failure



BCTPOEHHbBIE ®YHKUNN N MTPEONKAT b

Twunbl gaHHbIX

[ns BBEAEHHBIX TUMOB AAaHHbLIX MOXHO BBECTU BCTPOEHHbIE
yHKumy (onepaumm), NpUCyLLnNe SNEMEHTAM STUX TUMOB
Hanpumep, B Tune gaHHbIX integer MOXXHO BBECTN ABYXMECTHbIE
dyHkuum (onepauun) +, —, x, div, u ap.

OpHako 4TObbl BbIYMCIEHHBIE 3HAYEHUSI MOXKHO DblIlo nepeaasaThb
nepeMeHHbIM, HeobxoanMo cneumansHoe cpeactso. peankat
PaBEHCTBA = AN 3TON LENN He rofnTcs, NOCKObKY OH
3aHMMaeTCs Anwb yHudmKaumeli TepMOoB.

P X=2+3

0 ={X/2+3}



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

[NpepukaT BblYUCNEHUS 3HAYeHNIT IS — 3TO BCTPOEHHbI Npeaukar,
npeaHa3HaYveHHblli A5 BbIYNC/IEHUS 3HAYEHUI BCTPOEHHbIX
yHkunii. OnepaunoHHasi ceMaHTUKa 3TOro MpefnkaTa 3af4aeTcst
cneAyroWUMN NpaBuaaMun.

Ycnosnmest ucnonb3osats 3anuck val(t) ans obosHaueHns
3HaueHne TepmMa t, COCTaB/IEHHOTO U3 BCTPOEHHbIX (OYHKLMIA 1
KOHCTaHT. Toraa...

7t is b

oupezesero val(tp)

O QZ{tl/Va/(tz)}



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

[NpepukaT BblYUCNEHUS 3HAYeHNIT IS — 3TO BCTPOEHHbI Npeaukar,
npeaHa3HaYveHHblli A5 BbIYNC/IEHUS 3HAYEHUI BCTPOEHHbIX
yHkunii. OnepaunoHHasi ceMaHTUKa 3TOro MpefnkaTa 3af4aeTcst
cneAyroWUMN NpaBuaaMun.

Ycnosnmest ucnonb3osats 3anuck val(t) ans obosHaueHns
3HaueHne TepmMa t, COCTaB/IEHHOTO U3 BCTPOEHHbIX (OYHKLMIA 1
KOHCTaHT. Toraa...

7t is b

oupezesero val(tp)

O QZ{tl/Va/(tz)}



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

[NpepukaT BblYUCNEHUS 3HAYeHNIT IS — 3TO BCTPOEHHbI Npeaukar,
npeaHa3HaYveHHblli A5 BbIYNC/IEHUS 3HAYEHUI BCTPOEHHbIX
yHkunii. OnepaunoHHasi ceMaHTUKa 3TOro MpefnkaTa 3af4aeTcst
cneAyroWUMN NpaBuaaMun.

Ycnosnmest ucnonb3osats 3anuck val(t) ans obosHaueHns
3HaueHne TepmMa t, COCTaB/IEHHOTO U3 BCTPOEHHbIX (OYHKLMIA 1
KOHCTaHT. Toraa...

7t is b

.
0 { t; € Var, ‘h 5 t2 B OCTAJILHBIX

ounpesernero val(t2)  failure CIIydasax

O QZ{tl/Va/(tz)}



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

Mpumep
?Xis3+2

{X/5}



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

Mpumep

?7Xis3+2

?7Xis Y +1
{X/5} °

failure



NMPEAVKAT BbIYNCNEHNA 3HAYEHNN

Mpumep

?7Xis3+2

3+1is4
{X/5} °

failure



MOANDUKALINA BA3 JAHHbIX

Obbi4HO nornyeckas nporpamMmma P pasgensietcst Ha ABe YacTn —

cuctemy npasuil Pejayses U 033y AaHHbIX Pyatapase. Das3a faHHbIX
COCTOWUT U3 BCEX OCHOBHLIX (haKTOB MPOrpaMMbi.

Cuctema npaBun Pgjauses MPEACTABASET, MO CYyTU Aefa, aJropuTM
PELLUEHNS 334N, U Er0 HEPA3YMHO U3MEHSTbL MO XOAY peLleHunst
3ajayu.

A BOT 6a3y gaHHbIX Pyatapase MO XOAY BbIYUCAEHNS MOXHO
moauudumposats. VI ana stoii uenn B cuctemax JOrny4eckoro
NPOrpamMMUPOBaHNS €CTb CreLmnabHble BCTPOEHHbIE ONepaTopsbl
MOMOJIHEHNSA N COKpalLeHnst 6a3sbl gaHHbIX.



MOANDUKALINA BA3 JAHHbIX

OnepaTtop nonosnHeHus 6a3bl fanHbix assert(A), rae A — aTom,
nobaenset k 6ase gaHHbIX hakT A «—;

? X is 2 + 2, assert(Oyenka(X)) P

? assert(A) P ? assert(Oyerka(4 D

O PU{A «—;} O P U {Ouenka(4) —; }



MOANDUKALINA BA3 JAHHbIX

OnepaTtop nonosnHeHus 6a3bl fanHbix assert(A), rae A — aTom,
nobaenset k 6ase gaHHbIX hakT A «—;

? X is 2 + 2, assert(Oyenka(X)) P

? assert(A) P ? assert(Oyerka(4 D

6 I
O PU{A «—;} O
MockonbKy B IOFMYECKMX NPOrpaMMax npasuaa u (akTb

YMOpsSiAOYEHbI, HYXKHbI 4Ba BapMaHTa onepaTopa nonosHeHusi 6as
AaHHbix: asserta(A) n assertz(A).

P U {Ouyenka(4) —



MOANDUKALINA BA3 JAHHbIX

Onepatop cokpalieHus 6asbl gaHHbix retract(A), rae A — atom,
yoansiet u3 6asbl faHHbIX hakT A «—;

? Ects(X), retragt(X), not(Ects(X))
X/5 P = {Ecrs(5) «—; }

Y

? retract(Fl),.not(Ecrb(ﬂ))

€ P = {Ectb(4) —; }
? retract(A) P ? not(Ecrs(5))

O P\{A «;} O P=0



MOAN®UKALUNA BA3 OAHHBLIX

TBopueckas 3agayva

A 4TO ecnn paspewnTb B Tesle NpaBuUfia UCNOJIb30BATb Hapsay C
aTOMaMU TakXXe 1 NporpammHble yTeepxaeHus? Kak To,
Hanpumep,

Ag — At,..., A, (Bo < B1,..., Bn), Aig1, ..., A
nnn Ao — A]_,...,A,',(Bo <—),A,‘+1,...,An;

1. Kak onpefenuts pasyMHyt feKnapaTUBHY CEMaHTUKY TaKumx
«COCTaBHbIX» Mpasun’?

2. Kak onpesennTb ageKBaTHYIO OMEPaLVOHHYHO CEMaHTIKY
Takux npasun?

3. MoxHO Ny onpeaennTb afeKBaTHYO ONEPaLIVOHHYHO
CEMaHTUKY «COCTaBHbIX» MNPABU Ha OCHOBE PE30JIIOTUBHOMO
BbIBOAA?



KOHEL, NEKLW 17.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
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Jlekunsa 18-19.

NHTynumnoHmncrTckas noruka.
MopanbHble nornku.



MOZdaJ/ibHblE

JNIOTNKN
NHTYNUNOHUCTCKAA 1 TEOopUA
JIOrnKa OOKa3aTeNbCTB
Apyrune
Jlorn4yeckmne
Aapyras onepayun

apyrue
opmbl
JIOrN4€eCKoro
BbIBOAA

CeMaHTnkKa
JIOrn4ecKnx
CBA30K

____Apyrve KBaHTOpPbI v~ cneuymasibHbie UHTEpnpeTayumn
®- O o
NOrnNKn adKCMoMaTn4eckume
BbICLLUNX NOPAOKOB KJIACCUHECKAA

Teopuu

JNIOrMKA



MHTYNUNOHNCTCKAA JIOT NKA

VinTynumonnsm — 3710 dunocodpckoe TedeHne B MaTeMaTUKe,
BO3HMKILEE B Hadane 20 BEKa KaK KPUTMYECKMIA OTKAMK Ha
HEOrpaHn4eHHoe npumMmeHeHne hopMasbHbIX JOrMHYECKUX METOMO0B B
MaTeMaTUKe, NPUBOASILLEE K NapagokcaM (aHTUHOMUSM).

Mo mHeHuto nHTynymoruncrtos (Bpaysp, Beiinb, MyaHkape),
NapafioKCbl BOSHUKAOT B CBA3M C TEM, YTO 3aKOHbI JIOFUKM,
CNpaBeaBbIe 415 KOHEYHbIX MHOXECTB, HE30CHOBATENBHO
nepeHocaTcs Ha beckoHeUYHble MHOXKECTBA.

He Bce mMaTemaTuyeckume yTBEP)KAEHUS, BEPHbIE 151 KOHEYHbIX
MHOXECTB, OCTAlOTCA CNPaBEASIMBLIMUA N ANS BECKOHEUHbIX
MHOXeCTB. Hanpumep, A5t KOHEYHbIX MHOXECTB BEPEH MPUHLMM
Apxnmepa «HacTb Bcerga meHblue Lenoroy, a ans
BECKOHEUHBIX MHOXECTB — HET.

Bnonte BO3MOXHO, 4TO HE BCE 3aKOHbI KJ1aCCUYECKON
(apucToTenieBoii) OrMKN JOMYCKAOT HEOTPaHNYEHHOE 1
6e30roBOPOYHOE MCMONB30BAHNE B MAaTEMATUKE.



MHTYNUNOHNCTCKAA JIOT NKA

Hanpumep, paccMOTpUM OfHY LLIMPOKO PaCNpOCTPAHEHHYHO CXEMY
[l0Ka3aTeNibCTBa.

[okazaTb: Ecnm Bbinonnensl ycnosusi A, o Ix P(x).

Cxema pokasatenbctsa: [Npegnonoxum npotusHoe, T. e. Vx —P(x).

Torpa ...(dba-cha, ns-n151)..., 4TO NPOTUBOPEHUT yCrOBUAM A.

3HaunT, npeanonoxerne Vx —P(x) HesepHo, n nostomy Ix P(x).
QED

Bce xopowo, Ho rae xe Ta x, Ans kotopoii BepHo P(x)?
I/|3 TAaKOro AOKa3aTENbCTBA 3TO 3HAYE€EHNE N3BJIEYb HEBO3MOXXHO.

Ho Torga, no MHeHWUO NHTYULMOHNCTOB, 3TO HE JOKA3aTeNbCTBO, a
cnoeobnygue.

YT10b6bI NCKNOUYNTE AOKA3aTENLCTBA TAaKOrO POAA, HY>KHO
MepecMoTpPeTb CEMAHTUKY JIOTMYECKNX CBSA30K N KBAHTOPOB.



MHTYNUNOHNCTCKAA JIOT NKA

CemaHnTuka Konmoroposa—bpayaspa—Teiituira

Monpobyem B3rnsiHyTb Ha norudeckue opmysibl Kak Ha
YTBEPXXAEHUSA O Pa3peLnMoCT MaTeEMaTMYECKUX 3ajay.

Kaxpas aTomapHas dopmyna A byaet obo3HayaTb HEKOTOPYHO
3agayvy. ictunHocts A Bynet o3HavaeT, 4To 3aja4va umeer
peLleHmne, 1 3TO pelleHne MoXHO nNpeabsenTb. JloxHocTe A bygert
03Ha4aTb, YTO 3a/a4a PELIEHNS HE UMEET.

Jlornyeckune cBsI3KM NO3BOJISIIOT KOHCTPYUPOBATh U3 MPOCTbIX
33/a4 COCTaBHble 3a4a4ML.

OueHum, kak (He)paspewmMoCcTb COCTaBHbIX 3aAa4 3aBUCUT OT
(He)pa3pelnmMocTy NPOCTLIX 3aAaY.



MHTYNUNOHNCTCKAA JIOT NKA

CemaHtuka Konmoroposa—bpayaspa—TeiiTuira

o & PewnTts 0be 3agaum ¢ 1 1) n NpeLbsaBUTL PELLEHNE;

p Vo BoibpaTh ogHy U3 ABYX 3ajay U 1), PEWNTL Bbli-
OpaHHylO 33434y U NPegbsBUTL PELLEHNE,;

p — Y [Moka3aTb, 4TO pelueHne 3a4a4u ) CBOAUTCS K pe-
WEHUIO 33Ja4n @, T. €. NPeLbsaBUTL CNOCOD, KOTO-
pblii NO3BOJISIET, pacrnonaras peleHnem 3ajaqnm @,
MOCTPOMUTL peLleHne 3agaqn i,

- HokasaTb, 4TO 3afa4a ¢ He UMEET peLLEHNS.
3aKoHaMUN MHTYNLMOHNCTCKOM JIOFUKM CHUTAIOTCS TOJIBKO Te
cpopMybl, KOTOPbIE COOTBETCTBYIOT ONMCAHMSAM COCTABHbLIX 3a4ad,
VMEIOLLNX PEeLLeHne Mpu NtobbIX YCAOBUSIX.



MHTYNUNOHNCTCKAA JIOT NKA

3aKoHbI I/IHTyI/ILI,I/IOHI/ICTCKOIZ ornkun

> P — P — Kaxayto 3a4a4y MOXHO CBECTU K Heii camoii;

> (P — Q)&(Q — R) — (P — R) — utobbl cBecTn 3agaya R
K 3agade P poctaTtouHo HaiiTu 3agady @, K KOTOPOW MOXHO
cBecTu 3aja4vy R, n KOTOpYlo, B CBOKO OYEPESb, MOXKHO CBECTU
K 3agave P;

» P — == P — 4yT0obbl ybeanTbLCA B TOM, Y4TO He CyLLeCTBYeT
[0Ka3aTeIbCTBa HepPaspelnmMocTu 3agadm P, goctaTo4Ho
HaliTn pelleHune 3agaun P;

> (=P V-=Q) — =(P&Q) — 4tobbl nokasaTs, 4TO 0be 3aaaun
P n Q Henb3si pewmTb OAHOBPEMEHHO, JOCTATOYHO BbIOpaTh
OfiHY U3 3TWX 3ajay M NOKa3aTb, YTO OHA HepaspeLnMma.



MHTYNUNOHNCTCKAA J1I0IrMKA

cDOpMyJ'IbI, He ABnduineca 3aKoHamMmum
l/IHTyVlU,VIOHI/ICTCKOVI JIOrMKun

> ——P — P — ecnn Bbl MOXeTe 0bOCHOBaTb, Y4TO HEsb3A
MOCTPOMTL JOKa3aTeNIbCTBA HEPA3PeLWMMOCTM 3agaun P, To
3TOro elle HeAOCTaTOYHO, YTODbI NONYUYNTL peLeHne CaMoli
3aga4n P;

» PV =P — Henpagga, 4to gnst ntoboii 3aga4m MoxHO nbo
NoAy4YnTb pelueHne, NMbo [oKa3aTb, YTO HUKAKOTO peLleHust
HE CyLIEeCTBYeT;

> (P&Q) — (=P V —=Q) — ecnm MOXHO A0OKa3aTb, YTO obe
3agaun P un Q Henb3si pewmnTs OGHOBPEMEHHO, TO 3TO HE JaeT
OCHOBaHUSl CYUTATb, YTO XOTs Obl OAHA U3 HUX ABASAETCS
Hepa3peLInMONn.

[a kak e 370 Tak?
V>K HE CKpbIBAaETCA AM 34eCh NPOCTas urpa cnos?



MHTYNUNOHNCTCKAA JIOT NKA

Monpobyem cTporo onpegennTe CEMaHTUKY YTBEPXKIEHWIA,
KacatoLMxXcs paspeLunmocTy 3a4ad.

NcTuHHoCTb chbopMyn oueHuBaeTcs B uHTepnpeTauusix. [lockonbky
3afa4n pelatoT JIoAN, B KAHECTBE UHTEPNpeTaLmnii MoryT
BbICTYNaTb CNOCOBHOCTU ntofeli pelwaTh 3a4a4u.

Ho 3Tn cnocobHocTu y ntofein co BpeMeHeM U3MEHSIOTCSA. 3HAYMT,
WHTEPNPETaLNN JO/KHBI DbITh AVHAMUYECKAMY .

PaccmoTpum mogens ugeansHoro matematuka (Dutch
Mathematician), kotopbiii

> MOXET NpebbIBaTb B PasHbIX COCTOSIHUSIX 3HAHUS 1
nepexoanTb U3 OAHUX COCTOSAHUIA 3HAHUS B ApYrue;

> B KaXXAOM COCTOSIHUW 3HaHWA OH TOYHO 3HAET, Kakume n3
SQIEMEHTAPHbLIX 3a4a4Y OH YMEET peLlaTb, a KaKNE€ HET;

> He yTpa4uBaET HAaBbIKOB B PELUEHUN 3a[a4y NpW Nepexone u3
OOHOIM0 COCTOAHUA 3HAHUA B Apyroe.



MHTYNUNOHNCTCKAA JIOT NKA

Onpegenenune (mogens Kpunke)

Mycte P = {P1, P2, ..., Pp,...} — MHOXeECTBO aTOMapHbIx
chopmyn (HasBaHus 3agaq).

V|HTyVILI|VIOHVICTCKaﬂ NHTEPNpeTaumAa — 3TO penAunoHHasa CUCTEMa

I =(5,R,&), B koTOPOIA
1. S # () — mHOXeCTBO cocTosiHMIE (COCTOSIHWIA 3HaHWS);

2. RC S xS — oTHolweHne nepexonos Ha S, KOTOpPOe SIBASIETCA
OTHOLLUEHNEM HECTPOroro 4acTUYHOrO NOpsifKa:
pedpnekcmeHoe R(s,s);

TPaH3NTNBHOE R(s1,%2)&R(s2,53) = R(s1,53);
aHTncummetpuytoe  R(s1, )& R(sz,51) = 51 = 5

3. £ © S x P — {true,false} — ouenka atomapHbix hopmyn,
YOOBIETBOPAIOLLAS YCIOBMIO MOHOTOHHOCTM:

R(s1,%) & &(P,s1) = true = &(P,sy) = true.



MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN




MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false




MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false

P = false
CbI/IpMa PROG S Q = false




MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false

P = false
So Q = false

P = false
Sq Q = true

3K3aMe€H



MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
Sq Q = true

P = false
So Q = false

P = false
S1 Q = false

Q = false S3




MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false

P = false
So Q = false

Q = false S3

P = false
Sq Q = true Q = false

3K3aMeH



MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false

P = false

So> Q =false | Q = false S3

P = false
Sq Q = true Q = false

SK3aMeH



MHTYNUNOHNCTCKAA J1I0IrMKA

ﬂpmmep I/IHTyI/ILI,I/IOHI/ICTCKOI7I NHTEPNPETALNN

P = false
S1 Q = false

P = false
So Q = false

Q = false S3

P = false
Sq Q = true Q = false




MHTYNUNOHNCTCKAA JIOT NKA

Onpegenenune (cemantuka Kpunke)

Mycte | = (S, R, &) — vHTynumoHUCTCKast nHTepnpeTtayms. Torga
OTHOLeHMe BbinosHumocTn [,s =7 ¢ dopmynbl ¢ B cocTosHun s
nHTepnpetauun | onpeaensieTcs Tak:

l.eemp=PeP,10l,skEr¢ <= &(s,P)=true

2. IsErpi&ypr = IskErpiunls =1 o

3. sk iV <= I,skE7¢1wm s =1 @2

4. 1,5 =1 p1 — 2 <= pns noboro coctosiHus s', ecnu
(s,sYeRn l,s" =7 1, 10 I,s" =7 025

5. 1,s E1 ~¢1 <= pns awboro coctosHus s', ecan
(S,S/) €R, T0 /,S, I#I ©1.

Popmyna ¢ Ha3bIBAETCS UHTYULMOHNCTCKI 0DLLE3HAYNMON
(3aKOHOM MHTYWNLNOHNCTCKOM NOTUKM), ecnn s atoboii
nuTepnpetauumn | n ans noboro coctosivus s BepHo I, s =1 .



MHTYNLUNOHNCTCKAA JTOIMMKA

Mpumep HeobuiesHaummol hopmyibl

Ker PV =P

P = false
S1 —P = false
PV =P = false

P = false P = true

ONCKOTEKa S2 =P =true —P = falseS3

bubnmnoTeka



MHTYNLUNOHNCTCKAA JTOIMMKA

[pyrue HeobuesHauynmMble hopmysbl

JokaxkuTe camMoCTOsITENBHO, BbIDPAB MOAXOASLLYIO MHTEPMPETALNIO
(konTpmogens) |,

e =P — P
[#I ﬁ(P&Q) — (—|P V —\Q)

[#I —|(P vV Q) — (ﬂP&—\Q)



MHTYNUNOHNCTCKAA J1I0IrMKA

MNprmep obuiesHaunmoii dopmysibl

'22'P—>—\—|P

Ot npotusHoro. [onyctum, yto /, sy = P — ——P. Torga

P = true
——P = false S0
- P = true

S1
P = false
P = true S2

[NonyyeHHoe NpoTMBOpeYNE CBUAETENBCTBYET O HEBO3MOXKHOCTH
NOCTPOeHUsi KOHTpMogenu anst opmynbl P — ——P.



MHTYNLUNOHNCTCKAA JTOIMMKA

Hpyrue obuiesHaynmble dhopmysbl

JloKa)KnTe camoCTOATENIbHO MHTYWLIMOHUCTCKYHO OBLLE3HAYMMOCTb
cnepyowmx hopmys

1 (-PV Q) — ~(P&Q)

7 PV =P



MHTYNLUNOHNCTCKAA JTOIMMKA

HekoTopble 0COBEHHOCTN NHTYULMOHNCTCKOR JIOTUKN

Teopema 1

Fre = Fco

Teopema 2 (AM3BIOHKTUBHOE CBOWCTBO)

FreVvey <= FErenm Fr¢

Teopema 3 (3K3ucTeHuManbHOe CBOCTBO)

):I VXl .. ‘VXIEU/SD(Xla s 7Xn7.y)

<~
CYLLECTBYeT TaKoi TepM t(xi,...,Xp), 4TO
E1r o(x1, ..oy Xxn, t(x1, ...y Xn))
t(x1,...,Xp) — 3TO NPOrpamMMa peLUeHns 3ajaqn .

3710 Ha3biBaeTcs «un3omopcpusmom Kappu—Xosapaa».



MOAOAJIbHBIE J1OI' MK

3UMOIA naet cHer

3umoli Bcerga naet cHer

3uMoli nHorga naer cHer

DT0 pasHble BbiCcKasbiBaHus. Wl mosToMy oHU JomKHbI BbITh
3anucaHbl pasHbiMu hopMynamu.

OTK BbICKa3bIBaHUS MO CMbICIY CBA3aHbl Apyr ¢ gpyrom. W ato
OOJKHO BbITh 0TpaxeHo B dropMynax. [ockonbky BbICKasbiBaHUS
OT/NIMHAOTCS /Wb C/0BaMu Bcerga, nHoraa (mMopansHocTu
BPEMEHN ), HYXKHO BBECTM KaKME-TO JIOMNYECKME KOHCTPYKLMN AJ1si
BbIPaXKEHUS1 3TUX MOAAILHOCTEIA.

MoxkeT bbITe 4151 3TOW LeNn NpUrogHbl KBaHTOpbI?



MOAOAJIbHBLIE J10T UKW

CTyaeHTbl MocewatoT JeKunum
CTyaeHTbl 0bsi3aHbl MocewaTh JeKLnN
CTyaeHTbl UMEtoT MPaBO MOCELATh JeKLUN
00s13aH, UMelo NPaBO — [EOHTUYECKNE MOJAILHOCTY .

A ByayT An NpUrogHbl KBAHTOPbI B 3TOM C/y4ae As BblPaXkeHns
MOJaNIbHOCTEl ?



MOAOAJIbHBIE J1OI' MK

3asaya umeeT pelueHne

|/|3B€CTHO, 4TO 3aja4a UMEET pelleHne
MoxxHo AONYCTUTb, 4TO 3a[a4a NMMEET pELLEHNE

3Hato, npeanonarak — 3NUCTEMNYECKe MOAATLHOCTI.

A Kak bbITb 3p€ech?



MOAOAJIbHBIE J1OI' MK

MoganbHocTn (B €CTECTBEHHOM $I3bIKE OHU, KakK MpaBuio,
npeactaBaeHbl Hape4Ynamm nian C}'Iy)Ke6HbIM|/| rnaronaMM)
BbIPaXKatoOT Pa3/inyHble OTTEHKN UCTUHHOCTM (YBEPEHHOCTb,
HeODXOANMOCTb, [OKAa3yeMOCTb, OCBEAOMJIEHHOCTb 1 Ap.).

DT OTTEHKN MOXXHO KaccubuumpoBaTs:

MoganbHocTn Heobxogumoro | MoganbHOCTU BO3MOXHOIO
Heobxoanmo BO3MOXXHO

obszaTenbHO HE UCK/KOHYEHO

BCeraa nHoraa

JOMKHA MMeto Npaeo

3Hato npeanonarato

[OKa3yeMo HENPOTUBOPEYNBO

O O




MOAOAJIbHBIE J1OI' MK

CuHTakenc MoganbHbIX hopmMyn

Paclumpum CUHTaKCUC KNACCUYECKOI JIOTMKIA NPEefNKaToB, BBEAS
ABa JIOrMHECKMX ornepaTopa

[0 (MoganbHOCTb Heobxoaumoro) u

O (MoAanbHOCTL BO3MOXHOTO),

MpY NOMOLLYM KOTOPbIX Pa3peLlaeTcsi CTpouTb hopMysibi
cnepylowero Buaa:

(m)! «Heobxoanmo >,

(Op) «BO3MOXHO ©».
Bo nsbexanune 6onblioro Konuyectea ckobok, byaem cumTaTh, 4TO

MoJasibHble ONepaTopbl UMEIOT TaKOW »Xe NPUOPUTET, 4TO 1
KBaHTOPbI.



MOAOAJIbHBIE J1OI' MK

CemaHTuka MoganbHbIX POpMy MHOroobpasHa 1 HempocTa.
Paccmotpum

[Mpumep
Bepro nu, yto dopmyna [y — ¢ — 3TO 3aKOH MOAAJLHON
norukn?

Ecnn 00 — moganbHOCTb BpemeHu, «Bcergay, 1o Ly — ¢ — ato
3aKOH MOAAJIbHOWM NOTrnKN.

Ecnu cTtyaeHThl BCcerga xoasaT Ha NeKLMmn, TO OHW XOASAT Ha JeKLun.

A BoT ecnn [ — AEOHTNYECKada MOAAJIbHOCTb, KAOJIXKHbI», TO
cbopmyna D(p — © YXK€ HE MOXET MNPETEHA0BATbL Ha CTaTyC
NNOrM4YeCKOro 3akKoHa.

Ecan CTYAEHTbI OOJIKHblI XOAUTb HA NIEKUUN, TO OHN XOOAT Ha JEKUnn.

70 HEnpaBAa, @ 3aKOHbl JIOTUKW HE 3aBUCAT OT NPUXOTU CTYAEHTOB.



MOAOAJIbHBIE J1OI' MK

CemanTuka Kpunke MmoganbHbix hopmys
Onpepenum camoe obLiee OTHOLLEHWE BbINOAHUMOCTY A5
MOAanbHbIX hopMy”.

Mycte P = {P1, P2, ..., Pp,...} — MHOXeECTBO aTOMapHbIx
chopmyn (3NeMeHTapHbIE BbICKa3bIBaHUS ).

MopanbHast nHTepnpeTtaums nam mogens Kpunke — 3to
pensiymonHas cuctema | = (W R, €), B koTopOIii

1. W # () — mHoxecTBO cocTosituii (BO3MOXHbIE MUPbI);
2. RC S x § — orHoweHne poctmxumocTtun Ha W,

3. & ¢ W x P — {true, false} — ouerka atomapHbix copmy.

Cucrema (W, R) HasbiBaetcs wkanoii Kpunke (frame).

Ecan (w, w') € R, To Bo3amMOXHbIl Mup w' HasbiBaeTcs
aJIbTEPHATUBHBIM MUPOM AONA S.



MOAOAJIbHBIE J1OI' MK

OTHOLWEHME BBIMOSHUMOCTN 4151 MOAAJIbHBIX hOPMYJI
Mycts | = (W, R, &) — mopens Kpunke. Torga oTHowweHune
BbINOJHUMOCTU [, 5 |= ¢ dopmynbl ¢ B Mupe s mogenu |
onpeaensieTcs Tak:
l.eemp=PeP, 0l,sEp << &w,P)=true;
2. lbwE¢m&py, <= lLwEpinl,wEp);
B lwEpVey <= LLwkEerwnl,wlEp;
4 liwEpr— o2 <= lL,wlpruml,wE p);
5. wkE o1 <= |,wler;
6. lLwEOp <=
ansa noboro ansTepHaTUBHOrO Mupa w’
ecm (w,w') €R, To I,w | ¢;

7. LwEQp
CyLIECTBYET TaKoli anbTepHaTUBHbIA Mup W,
qyto (w,w') e Ru I, w' = o.



MOAOAJIbHBIE J1OI' MK

[Mpumep

Mopgenb Kpunke

p = true p = false

[,wi = 0p
I,wy = Op
[,wi |=00p
I,ws = Op
I, ws [= Op

p = false p = true



MOAOAJIbHBIE J1OI' MK

[NMpocTeiiine cBoiicTBa

2. FO(p1 = ¢2) — (D1 — Do)
3. E ¢ = = Oy (npaBuno Heobxopnmmoctn).

B pasHbix npuaoxeHnsax MoaanbHOCTb HEOBXOANMOro MOXET
noHumatbecst no pasHomy. OTcioaa 6osbwoe pasHoobpasue
MOZa/bHbIX NOrMK. B pasHbix MoganbHbIX NOrMKax OTHOLLEHWE
BBINOJIHUMOCTI OMpefenseTcs Ha pasHbix knaccax wkan. Kaxaas
PasHOBUAHOCTL WKan (oTHoweHust goctmxkumoctu R)
XapaKTepPN3YeTCsi OMPEeAEsIEHHbIM 3aKOHOM (hOpMYJI0ii) MOLAILHOIA
NOTUKM.



MOAOAJIbHBIE J1OI' MK

XapakTepuctunyeckme opmybi

1. Op —
pedieKCUBHbIE LLIKaSbI
VwR(w, w);
2. Oy — OOy
TPaH3UTUBHbIE LLIKAbI
VYwiVwoVws (R(wi, wo)&R(wa, ws) — R(wi, w3));
3. o0p — Do
CUMMETPUYHBIE LIKANbI
VYwiVwa(R(wi, wo) — R(wa, wr)).

PaccmoTpuM HekoTopble pa3sHOBUAHOCTY MOZAbHbBIX JIOTUK,
KOTOpbIE UCMOJIb3YIOTCSt UHOPMaTUKE.



MOAOAJIbHBIE J1OI' MK

dnucTeMmu4eckne JOrukn u MYNbTar€HTHblIE CNCTEMDbI

DNMCTEMUYECKIE IOTNKN — 3TO Pa3HOBUAHOCTY MOZAJIbHbIX JIOTUK,
N3y4atoLime MOJALHOCTM 3HAHNSI N MHeHns (Bepbl)
NAeanN3NpoBaHHbIX areHToB. VIHTepec npeacTaBastoT BONPOCHI O
TOM, KaKWMU 3HAHUSIM pacnonaraet CybbekT, HACKOJIbKO OH
OCO3HaEeT CBOW 3HaHUs (1M HE3HAHWS), 1 KaKue
NPUYNHHO-CNIEACTBEHHBIE CBA3N BO3HNKAIOT MEXAY
YTBEPXKAEHUAMM, KACatOWNMUCS BONPOCOB 3HAHUS U BEPbI.

B snuctemunyeckoii noruke moganbHeiii onepatop Ly cnegyert
npo4mnTBIBaTL « I 3Hat0, 4TO », a O — «5 gonyckato, HTO Y».



MOAOAJIbHBIE J1OI' MK

AnucTeMmn4ecKne JIOruKn u MYyNbTareHTHble CNCTEMDbI
OcHOBHble 3aKOHBI (aKCVIMbI) 3NNCTEMUNYECKO JIOTUKK:

1. Akcmoma afekBaTHOCTW 3HaHua: [y —
«Mow 3HaHUs BeEpHbIY.

2. Akcuoma nosuTusHoi uHTpocnekuun: Ly — g
«51 BNONIHe NpeAcTaBAsiio BCE, YTO MHE N3BECTHOY.

3. Akcnoma HeraTtmeHoi# untpocnekuyun:  HUp — Lo
«51 BNO/IHE CO3HAIO, 4YTO UMEHHO MHE HEN3BECTHOX.

Ho yauwe Bcero Bo3HMKAlOT 3a4a4m, KOr4a KOJIEKTUB CYyOBEKTOR
(MynbTMareHTHasi CUCTEMA) MbITAETCS COBMECTHLIMU YCUANSIMU
WU B KOHKYPEHTHOI Bopbbe gocTnyb Kakoii-1o uenu. B Takom
Cllyyae KaXkAblil areHT JO/KEH NPUHUMATh B PacyeT He TOJIbKO
3HaHUS O nNpeaMeTHON 0bnacTn, HO U MPeACTaBNAEHUSt O TOM,
KaKMMU 3HAHWSIMUW pacrnofiaratoT Apyrue areHThl.



MOAOAJIbHBIE J1OI' MK

3apava.

Tpun myapeLa cnopuau o Tom, KTO U3 Hux myapee. [1poxoxnii
B3si1Csl paspewnTb ux cnop. OH ckasan: «Y MeHsi B MeLlKe NsiTb
wanok: 3 YepHbIx 1 2 benbix. 9 3aBsXKy BaM rnasa, HageHy
Ka>XAOMY Ha rOJIOBY OAHY M3 LIAMOK, a NOTOM Pa3BsiXXy rnasa. 1oT
U3 BacC, KTO MEPBbLIM JOrafaeTcsi, KAKOro LiBETa LUAMKa y HEro Ha
ronoee, byaet npusHaH myapeiwmumy. Myapeubl cornacuaunce, u
MPOXOXUiA UCMOJHM BCE TO, O 4em OH roeopus. [locne Toro, Kak ¢
rnas MyApeuoB Obiny CHATHI NOBA3KM, HEKOTOPOE BPEMSI HUKTO HE
npousHec Hu cnosa. Wl nocne atoro oguH N3 MyapeuoB 3asBu:
«Ha moeii ronose yepHasi wankay. OH okasancs npae, u 6bin
Npu3HaH MyApeinm.

Bonpoc: [dokaxxute, 4To myapeiwnii s mMygpbix cier.



MOAOAJIbHBIE J1OI' MK

InucTeMmn4ecKne JIOruKn u MYyNbTareHTHbl€ CNCTEMDbI

B MynbTmareHTHbIX cMcTeMax Hy>XXHO BBeCTU bosee cneyuanbHble
MoJaJsibHble OnepaTopsbl.

Mycte A = {a1,a2,...an} — MHOXeCTBO areHToB. Toraa
[, 03HavaeT «AreHT 3 3HaeT, YTO (Y BEPHOY.
Ocp o3HavaeT «Bce areHTbl 3HALOT, YTO ¢ BEPHO>.

CI'IeLI.I/IaJ'IbeIe Pa3HOBMAHOCTU SNNCTEMNYECKNX JIOTNK
MPUMEHSIIOTCS 4151 ONMCAHNSA 1 NPOBEPKMN TpeboBaHuMii
6e30MacHOCTN CeTEBbIX NPOTOKOJIOB.



MOAOAJIbHBIE J1OI' MK

Temnopaanble JNNOTNKN

TemnopanbHble (BpeMeHHbIE) NOTUKIA NMPUMEHSIIOTCS fJ1s1 ONMUCAHNS
W UCCNENOBaHUS MPUYNHHO-CNEACTBEHHBIX 3aBUCUMOCTEN,
Pa3BNBAOLUXCS BO BPEMEHMN.

MopanbHbiii onepatop [J o3HavaeT «Bcergay,

a onepatop ¢ — «Korga-Hmbyab>y.

CeMaHTMKa TeMnopanbHbIX NOrMK CyLLECTBEHHO 3aBUCUT OT TOM
MaTEMATUYECKON MOZLENN, KOTOPasA NCNONb3YETCA AJid ONUCaHnA
cdeHomeHa Bpemenn. B camom obliem cnyyae B KayecTee moaenu
BPEMEHUN MOXXHO B3Tb JIl0BOE 4aCTUYHO YNOpPsiA0YEHHOE
MHO>XECTBO. 3ﬂeMeHTb| 3TOro MHOXeCTBa COOTBETCTBYHOT
pa3nan4HbiM MOMEHTaAM BPEMEHN.

B kauyecTBe TemnopasnbHbIX MOAENEH MOTYT BbICTYNaTh Jitobble
mogenn Kpunke, NOCTPOEHHbIE HAa OCHOBE HaCTUYHO
YNOPsifOYEHHbIX LWKaa. Pa3Hble OTHOLLEHUSI YaCTUYHOrO Nopsigka
MOPOXKAAIOT pasHble TEMMNOPAbHbIE JIOTUKMN.



MOAOAJIbHBIE J1OI' MK

Temnopaanble JIOTNKN

Mockonbky BbIYMCAEHWE — 3TO MPOLLECC, Pa3BUBAOLLNIACA BO
BPEMEHU, COCTOSIHNSI KOTOPOrO HaxXoAsTCs B
MPUYNHHO-CNIEACTBEHHONW CBS3M APYr C APYFrOM, TeMMopaJibHble
JIOTVKN UCTIONB3YIOTCS 415t cneyundpukaumm n sepudukaLmm
nporpamm. Hanbonee wmnpokoe pacnpocTpaHeHune nonyyunmn age
Pa3HOBMAHOCTM TEMMOPaJbHbIX JIOTUK.

Jlorunka nuHeiHoro spemenn LTL

LLikana Kpunke gnsi LTL (Linear T emporal L ogics) — aT0
HaTypasbHbIi Psifi C eCTeCTBEHHbIM OTHOWeHMeM nopsigka (N, <).




MOAOAJIbHBIE J1OI' MK

Jloruka nuHeiHoro spemenn LTL




MOAOAJIbHBIE J1OI' MK

Jloruka nuHeiHoro spemenn LTL

1,0=0p, [,00q, 1,0 0q




MOAOAJIbHBIE J1OI' MK

Jlornka nuHeiiHoro spemexun LTL

1,0 = Op, 1,0 % Ogq, 1,0 = Oq

Mpumenenne LTL ana sepudbukauum mogeneli nporpamm bonee
nofapobHo byaet obcyxaaTbCsl B NOCAEAYIOWMNX NEKLMSIX.



MOAOAJIbHBIE J1OI' MK

Temnopaanble JIOTNKN

B APYrnx TeMnNOpPanbHbIX IOrMKax BPpEMA — 3TO BETBALLAACA
CTPYKTYpa; B K3)K,D,b|l7| MOMEHT BPEMEHUN MOXET BbITh HECKOSIBKO
ANIbTEPHATUB p,aaneVlu.lero Pa3BuTnNA cobbITuiA.




MOAOAJIbHBIE J1OI' MK

Jloruka pepesbe Bbiuncnennii CTL

TemnopasibHble NOMMKN TaKOrO BUAA HA3bIBAKOTCA JIOMIKaMu
seteserocs spemern (BTL, Branching Time Logics).

OpHoll 13 NOTVK BETBSILLLETOCS BPEMEHUN SIBASIETCS JIOTNKA [EPEBLER
guivncnennii (CTL, Computational Tree Logic), ucnonssyemas ans
cneyndbmKaLuy 1 BepubuKaLMm pacnpefesieHHbIX NporpamMm u
MUKPOSIEKTPOHHBIX CXEM.

B nornke CTL umetoTca TemnopasnbHble onepaTopbl ABYX TUMOB —
YHUBEPCasbHbIe N 3K3UCTEHUMANbHBIE.

VO, VO, o, 30.

Twn TemnopansHOro onepaTopa yKasblBET Ha To, bygeT nm
BbIMOJIHUMOCTb (POPMYJibl MPOBEPSTLCS HA BCEX BETBSX [PEBECHOIN
MOZEeNV NN TONbKO Ha Of4HOW BETBW.



MOAOAJIbHBIE J1OI' MK

JNoruka pepesbe Bbiuncnenmnii CTL

Mycte | = (S, R, &) — ppesecHasi mogens Kpunke ans noruku
CTL, sp € S — onHO u3 cocTosiHuii mogenun. Toraa

l,s0 = Vy <—
B KaXKOM COCTOSIHUU S, OCTVIKUMOM 13 COCTOSIHUSI Sp, BEPHO
lis = ¢

I,s0 =30y <—
CYLLECTBYET BETBb, UCXOAALLAA U3 COCTOSHUSA Sg, B KAaXKAOM
COCTOSIHUM S KOTOPOIi BepHO [, s = ¢;

l,s0 EVOp <—
B Ka)KOOl BETBU, UCXOASLLENA N3 COCTOSIHUS Sy, €CTb COCTOSIHUE S, B
KOTOpPOM BepHO /, s |= ¢;

l,s0 = 30p <—
CyLeCTBYET BETBb, UCXO4sALWaAA N3 COCTOAHUA Sp, B OQHOM N3
COCTOSIHUM S KOTOpOIi BepHO [,s = .



MOAOAJIbHBIE J1OI' MK

Jloruka pepesbes Bbluncnenmnii CTL

I, 50 = VOp

S0

S11

p = true p = true p = true p = true p = true p = true



MOAOAJIbHBIE J1OI' MK

Jloruka pepesbes Bbluncnenmnii CTL

I,s0 = 30p
S0
p = true
S1 S2
. p = true
S3 | S4 S5
p = true
S6 57 S8 59 510 S11

p = true



MOAOAJIbHBIE J1OI' MK

Jloruka pepesbes Bbluncnenmnii CTL

l,50 = VOp
50
S1 S2
S4 S5
p = true
S9 510 S11

p = true p = true



MOAOAJIbHBIE J1OI' MK

Jloruka pepesbes Bbluncnenmnii CTL

l,50 = 30p
50
S1 S2
S3 | S4 S5
56 57 S8 59 510 S11

p = true



MOAOAJIbHBIE J1OI' MK

JNoruka pepesbes Bbldncnenuii CTL

®opmynbl CTL MOXHO ncnonb3oBaTh st (POpPMasibHON
cneundrKaLMy MHOTUX MHTEPECHBLIX CBOMCTB MOBEAEHUSI MPOrpaMm

VO 3O Restart:
Ha 1lobom sTane PyHKLNOHUPOBAHUSI CUCTEMbI MOXHO
OCYLLECTBUTL €€ nepesanyck,;

VO (Request — Y{ Response):
Korga bbl HKM BbL1 NocnaH 3anpoc, paHo WAN NO3A4HO Ha Hero
0bs3aTeNbHO NOCTYNUT OTKIINK.



MOZAJIbHbLIE J1OI'MKU

A Kak npoBepuTh,
4TO BbIYWCAEHUS NMPOTrPaMM
YAOBNETBOPSIOT 3aJaHHbIM CrieuupuKkaunam?

I MmoxxHO nn 3Ty nposepky
aBTOMaTMU3MpoBaTb’



KOHEL, NEKLLWN 18-19.



OcHoBbl
MaTemMaTuyecko
JIOTUKU N JIOTNYHECKOro
nporpaMmmMmupoBaHung

JIEKTOP: B.A. 3axapos



Jlekuusa 19.

Heknaccunyeckune normkm m mx
npuMeHeHne B nHpopmaTunke



MOAa/NibHbIE
JIOTNKN

NHTYNLMNOHNCTCKAS 1 Teopus
Jloruka JOKa3aTeNnbCTB
Aapyrue
JIOrn4ecKyie
Apyras onepayun

CEMAHTUKA
JOrNHeCKux
CBsI30K
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MHTYNUNOHUNCTCKASA J1IOrMKA

Nutynumnonnzsm — 310 chunocodckoe TeHeHe B MaTEMATUKE,
BO3HMKILEE B Hadane 20 BEKa KaK KPUTUYECKNI OTKANK Ha
HEOrPaHUYEHHOE NMpUMeEHeHNe POpManbHBIX TOFMYECKNX METOAOE B
MaTeMaTuKe, NPUBOASLLEE K Napagokcam (aHTUHOMUAM).

Mo muenuto nntynunonucros (Bpayasp, Beiins, Myankape),
NapagoKChl BOSHWKAOT B CBA3M C TEM, 4TO 3aKOHbI NOTMKMN,
CMpaBeAMNBbIE A1 KOHEUYHbIX MHOXECTB, DE30CHOBATENBHO
NEPEHOCATCA Ha BECKOHEUYHbIE MHOXECTBA.

He BCE€ MATEMATUNYHECKNE YTBEPXKAEHNSA, BEPHBIE ANA KOHEYHbIX
MHOXXECTB, OCTAaKOTCA CNpaBeaUBbLIMN N ONA 6ECKOHE‘-IHI:>IX
MHOXeCTB. Hanpumep, 4151 KOHEYHbBIX MHOXECTB BEPEH MPUHLMM
Apxumepa «HacTb Bcerga MeHblue Lenoroy, a 4as
6eCKOHe‘-IHbIX MHO>XECTB — HET.

BnosHe BO3MOXHO, 4TO He BCE 3aKOHbI KJ1aCCUYECKOI
(apucToTENEBOIH) NOTMKN [ONYCKAKOT HEOrPAHUYEHHOE 1
Be30roBOPOYHOE NCNOB30BAHNE B MaTEMATUKE.



MHTYNUNOHUNCTCKASA J1IOrMKA

Hanpumep, paccMOTpuM OfHY LLUPOKO PaCnpOCTPAHEHHYH CXEMY
LOKa3aTeNbCTBa.

[okazate: Ecnn Beinontenbl ycnosus A, To Ix P(x).

Cxema pokasatenscrtsa: lNpegnonoxum npotusHoe, T. e. Vx —P(x).

Torpa ...(cdba-da, ns-ns)..., yto npoTusopeqnT ycnosnsim A.

3HaunT, npegnonoxerne Vx —P(x) HesepHo, n nostomy Ix P(x).
QED

Bce xopowo, HO rae xe Ta x, gns kotopoii BepHo P(x)?
V|3 TAKOro A0OKa3aTeNbCTBd 3TO 3HAYEHNE N3BJI€EYb HEBO3MOXXHO.

Ho TOorga, N0 MHEHNKO MHTYWLMNOHNCTOB, 3TO HE AOKA3aTENbCTBO, A
cnosobnygue.

Y7106b1 NCKAOUNTE AOKA3aTENLCTBA TAaKOMO POAA, HY>KHO
nepecMoTpeTb CEMaHTUKY NOMMYECKUX CBSA3OK N KBAaHTOPOB.



MHTYNUNOHUNCTCKASA J1IOrMKA

CemanTuka Konmoroposa—bBpayapa—Teiituira

Monpobyem B3rasiHyTb Ha normydeckne opMysibl Kak Ha
YTBEPXIEHNS O pa3peLlMMOCT MaTeMaTUYeCKMX 3a4au.

Kaxgas atomapHas dopmyna A byaet 0b603HauaTb HEKOTOPYHO
3agady. VictuHocTe A ByaeT o3HavaeT, 4To 3afjada umeer
PELUEHME, N 3TO PELLEHNE MOXHO NpeabsasnTb. JloxHocTs A byaet
03HayaTh, 4TO 3a[aya PELUEHUN HE UMEeET.

Jloruyeckune cBA3KM NO3BONSIOT KOHCTPYMPOBATL U3 MPOCTbIX
3a/la4 COCTaBHbIE 3a4ayu.

Ouenum, kak (He)paspewMMoCTb COCTaBHbIX 3a4a4 3aBNCUT OT
(He)pa3pewnmMocTn NpocTbIX 3ajau.



MHTYNUNOHUNCTCKASA J1IOrMKA

Cemantuka Konmoroposa—bpayapa—Teiituira

p & Pewnts 0be 3agaum ¢ n ) n npegbABATL PELLEHNE;

VvV . BbibpaTb ogHy M3 aBYx 3agay @ u 1), PeWNTb Bbl-
BpaHHYIO 3a4ady N NPefbABUTL PELLIEHNE;

p — Y MokasaTb, 4TO pelweHmne 3a4a4m P CBOGUTCS K pe-
WEHUNIO 33aJ341 @, T. €. NPegbABUTL CNOCob, KOTO-
pbili NO3BOJISIET, PAacnonarasi peLeHnemM 3a4a4un o,
NOCTPOUTL peLleHue 3ajaqm ;

- [okasaTb, 4TO 3aa4ya ¢ HE UMEET peLUeHus.
3aKoHaMN UHTYULLUOHUCTCKON NOTMKN CHUTAOTCS TOMBKO Te
cpopMybl, KOTOPbIE COOTBETCTBYIOT ONMUCAHNSM COCTABHbIX 3aj4ad,
WMEIOLLMX PELLEHNE NMPU NHODLIX YCAOBUSIX.



MHTYNUNOHUNCTCKASA J1IOrMKA

3akoHbl NMHTYN LI,VIOHVICTCKOI7I OrnKun

v

P — P — kaayto 3aja4y MOXHO CBECTW K HEA Camoii;

(P— Q)&(Q — R) — (P — R) — 4tobbl cBectn 3apgaqa R
K 3agaye P gocTtaTouHo HaliTn 3agady @, K KOTOPOW MOXKHO
CBECTM 3af1a4y R, 1 KOTOPYHO, B CBOK OYepefb, MOXKHO CBECTH

v

K 3agave P;

v

P — == P — 4Tobbl ybeanTbCS B TOM, 4TO HE CYLLECTBYET
LOKa3aTeNbCTBA HEPA3PELWMMOCTM 3a4a4n P, [OCTaTOYHO
HaWTKW peweHne 3agayn P;

v

(=P V =Q) = =(P&Q) — 4Tobbl nokasaTk, 4T0 0be 3agaun
P v Q Henb3si pewnTb OQHOBPEMEHHO, AOCTaTOYHO BbIOPATH
OfHY W3 STNX 3afay 1 NOKasaTb, YTO OHA HEPa3peLLnMa.



MHTYNUNOHUNCTCKASA J1IOrMKA

®dopmynbl, He ABASAOLWMECA 3aKOHaAMU
WHTYULNOHNCTCKOW JIOTUKWU

» =P — P — ecnu Bbl MoxxeTe 0DOCHOBaTb, 4TO HENb3A
NOCTPOMTL AOKA3aTENbCTBA HEpa3pewnmMocTu 3agadn P, 1o
3TOrO ELe HeJOCTAaTOYHO, Y4TObLI NOAYYUTL peLleHne camoii
3agaun P;

» PV —P — Henpasga, 4To gasi atoboii 3aga4nm MoxHo nnbo
noAyYnTh pelleHmne, 1ubo JOKa3aTh, YTO HUKAKOrO PeLLeHUs
HE CYLLECTBYET;

» —(P&Q) — (=P V =Q) — ecnu MOXHO AOKasaTb, 4TO obe
3agaun P n Q Henb3s pewmnTb OQHOBPEMEHHO, TO 3TO HE AaeT
OCHOBaHUSA CYNTaTb, YTO XOTA Bbl OfHA U3 HUX SBASETCA
Hepa3peLnmon.

a kak e 3710 Tak?
VK HE CKPBIBAETCA AM 3A€Ch NPOCTas urpa cnos?



MHTYNUNOHUNCTCKASA J1IOrMKA

Monpobyem cTporo onpefennTe CEMaHTUKY YTBEPKEHMWIA,
KacatoLLMXCS Pa3peLlnMocTy 3a4au.

WNctrnHuocTs chopmyn oueHneaeTcs B uHTeprnpetauusx. [lockonbky
3a4a4M pewatoT JO4W, B KAa4ECTBE UHTEpRpeTaunii MoryT
BBICTYNaTb CNOCOBHOCTU Ntoaeli pewaTs 3ajaqu.

Ho 3mn cnocobrocTu y ntofeil co BpeMeHeM U3MEHAOTCS. 3HauuT,
WHTEPNpeTaLnmn [O/MKHbI BbITh AVHAMUYECKUMN .

PaccmoTpum mogens naeansHoro matemaTuka (Dutch
Mathematician), koTopbiii

> MOXeT NpebbiBaTh B Pa3HbIX COCTOSIHUAX 3HAHUS
NnepexoauTb U3 OJHUX COCTOAHWUIA 3HAHWUS B ApYrue;

> B KaXKOM COCTOSIHUM 3HaHWUS OH TOYHO 3HAET, Kakme 13
9NeMeHTapHbIX 33434 OH YMeeT pellaTh, a Kakue HeT;

> He yTpayMBaeT HABbIKOB B pelleHWW 3aAay Npu nepexope us
OLLHOTO COCTOSIHUS 3HAHWA B A4pPYroe.



MHTYNUNOHUNCTCKASA J1IOrMKA

Onpepenenue (mogens Kpunke)

Mycte P ={P1,Pa,...,Pp, ...} — MHOXECTBO aTOMapHbIX
hopmys (Ha3BaHus 3apad).

VIHTynunoHmncTckas nHTepnpetayms — 3TO PeNsiLMOHHAs CUCTEMa
I =(S5,R,&), B koTOpOIi

1. S # () — mHOXeCTBO coCTOsHNIE (COCTOAHMI 3HAHUA);

2. RC § x S — oTHoweHne nepexofos Ha S, KOTOpoe ABAseTCs
OTHOLLIEHNEM HECTPOroro YaCTUHHOrO MOPSAKa:
pecbnekcnBHoe R(s,s);

TPaH3UTUBHOE R(s1,52)&R(s2,53) = R(s1,5s3);
aHTncummetpuytoe  R(s1, 52)&R(s2,51) = s1 = ;

3. £ : S x P — {true,false} — ouenka atomapHbix chopmys,
YAOBNETBOPSAOLLAS YCIOBUIO MOHOTOHHOCTH:

R(s1,52) & &(P,s1) = true = £(P,sp) = true.



MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm




MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

P = false
S1 Q = false




MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

P = false
S1 Q = false

P = false
cbVIpMél PROG S2 Q = false




MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

S4 Q = true

2K3aMeH

P = false

P = false
So Q = false

P = false
S1 Q = false



MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

S4 Q = true

P = false

P = false
So Q = false

P = false
S1 Q = false



MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false

2K3aMeH



MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false

9K3aMeH



MHTYNUNOHUNCTCKASA J1IOrMKA

[NpyMep MHTYMUMOHNCTCKON MHTepnpeTaLnm

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false




MHTYNUNOHUNCTCKASA J1IOrMKA

Onpepenenue (cemantuka Kpunke)

Mycte | = (S, R, §) — nHTynumoHncTckas uHTepnpetauns. Torga
OTHOLEHME BbINOSHUMOCTN [, S =7  dopmynbl B COCTOSHUN S
nuTepnpetauun | onpegensietca Tak:

l.ecmp=PeP,10l,sErp <= &(s,P) = true;

2. I,sEr pi&ypr <= liskEzp1nl s po;

3. I,sEr iV <= I,skE7 @1l s =7 ¢

4. I,s E1 p1 — p2 <= pna nwoboro coctosiHus s', ecnn
(s,s) eRm I,s" =z @1, 10 1,8 =1 02;

5. 1,5 E1 ~¢p1 <= pns awboro coctosHus s’, ecan
(s,s') € R, o I,s" 1 1.

Popmyna @ Ha3bIBAETCS UHTYULNOHUCTCKY 0DLLE3HAYNMON
(3aKOHOM MHTYMLMOHNCTCKOA NOruKkmn), ecnu gas ntoboi
nutepnpetauyun | n gns aroboro cocrosiHus s sepHo I, s =7 ¢.



MHTYNUNOHUNCTCKASA J1IOrMKA

Mpumep HeobuiesHaummon dopmyibi

Kz PV =P

P = false
S1 —P = false
PV =P = false

P =false P = true
Sp —P = true —P = falseS3

ONCKOTEKa

bubnunoTeka



MHTYNUNOHUNCTCKASA J1IOrMKA

[pyrue HeobuwesHaunmbie hopmysbl

[JokaxknTe camocTosTeNnbHO, BLIOPAB NOAXOASALLYIO NHTEPNPETALNIO
(konTpmogenb) /,

ey =P — P
Fz ~(P&Q) = (=P Vv -Q)

#z ~(PV Q) = (-P&=Q)



MHTYNUNOHUNCTCKASA J1IOrMKA

Mpumep obLiesHaunMoin opmyibi

':I P — —=P

Ot npotustoro. [onyctum, yto /,sp = P — ——P. Torga

P = true
——P = false S0
- P = true

S1
P = false
P = true S

[MonyyeHHoOe NpoTUBOpEYME CBUAETENLCTBYET O HEBO3MOXXHOCTM
NOCTPOEHMsi KOHTPMOAenn Ans copmynsl P — ——=P.



MHTYNUNOHUNCTCKASA J1IOrMKA

Hpyrue obwesHaunmble hopmMysbl

Jokakute CaMOCTOATENBHO NHTYWNLNOHNCTCKYHO 0ObLIE3HaYNMOCTb
cnegytowux hopmyn

):Z —|—|—|P — —|P

Fz (7P V-Q) = ~(P&Q)

Ez PV =P



MHTYNUNOHUNCTCKASA J1IOrMKA

HekoTopblie 0CODEHHOCTN MHTYMLVOHNCTCKON NOMMKIA

Teopema 1

Fry = Fcy

Teopema 2 (AU3BIOHKTMBHOE CBOWCTBO)

FreVy <= FErowm |1

Teopema 3 (3k3ucTeHUMaNbHOE CBOWCTBO)

Fz Vx1 .. Vxadye(xa, ... Xn, y)
<~
CyLUECTBYeT Takoli TepMm t(xi, ..., Xp), 4TO

2 (X1, Xy E(Xs s X))

t(x1,...,Xn) — BTO NPOrpaMMa pELIEHNS 334N .



MOOAJIbHBLIE NTOTMKU

3UMOiA naet cHer

3umoli Bcerga naet cHer

3UMOiA nHOrAA MAET CHer

370 pasHble BbiCcKasbiBaHusA. Ul noaTomy oHu fomxHbI ObITh
3anncaHbl pasHeiMu hopmMynamu.

3TK BbLICKA3bIBAHWSA MO CMbICAY CBA3aHbI Apyr ¢ gpyrom. W ato
OOJKHO BbITh 0TpaxeHo B dropmynax. [ockonbky BbiCKa3biBaHUS
OTAMHAKOTCS NUWb C0BaMu BCErga, nHoraa (mMopansHocTu
BPEMEHI ), HYXKHO BBECTU KAKNE-TO JIOTUHECKNE KOHCTPYKLMN ANst
BbIPa’KEHUS 3TUX MOAAIbHOCTENA.

MokeT bbITh An5 3TO Lenn NpuUrogHbl KBaHTOpPbI?



MOOAJIbHBLIE NTOTMKU

CTyneHTbl mocewiatoT Nekunm

CTyaeHTbl 0bsi3aHbl NoCewaTh NeKLnm
CTyaeHTbl MMetoT NpaBo NOCELIaTh NEKLNN

005A3aH, Melo NPaBo — [EOHTUYECKNE MOAABHOCTH .

A ByayT An NpUroaHbl KBAHTOPbI B 3TOM CAYYae AAS BbIPaXKEHUS
MOAaNbLHOCTENR?



MOOAJIbHBLIE NTOTMKU

3ajava NMeeT peLleHmne

VI3B€CTHO, 4YTO 3ada4a WMEET peLleHne
MoxxHo AONYyCTUTb, 4TO 3aa4ad MMEET peLleHuneE

3HaK, npegnonarak) — anNuUCTeMnNYeCKne MoLasibHOCTN.

A kak BbITb 30€Ch?



MOOAJIbHBLIE NTOTMKU

MoganbHoCT (B €CTECTBEHHOM SI3blKe OHU, KaK MpaBuio,
NpeaCTaBNEHbl HAPEYMAMN NN CNY>XXEBHbIMU rnaronamm)
BbIPAXKAOT Pa3/INYHbIE OTTEHKU NCTUHHOCTN (YBEPEHHOCTD,
HeobXxo4MMOCTb, [OKA3yeMOCTb, OCBEAOMIIEHHOCTb 1 Ap.).

DT OTTEHKN MOXXHO KiacCupuumnpoBaTh:

MogansHOCTU HeobXxoaMMOoro

MoganbHOCTN BO3MOXHOIO

Heobxogumo BO3MOXHO
obsizaTensHO HE UCKIOHEHO
BCeraa MHorga

AOJIXKEH NMEK NpaBoO
3Hato npeanonarawo
A0Ka3yemo HENnpOTNBOPEYNBO




MOOAJIbHBLIE NTOTMKU

MoganbHoCT (B €CTECTBEHHOM SI3blKe OHU, KaK MpaBuio,
NpeaCTaBNEHbl HAPEYMAMN NN CNY>XXEBHbIMU rnaronamm)
BbIPAXKAOT Pa3/INYHbIE OTTEHKU NCTUHHOCTN (YBEPEHHOCTD,
HeobXxo4MMOCTb, [OKA3yeMOCTb, OCBEAOMIIEHHOCTb 1 Ap.).

DT OTTEHKN MOXXHO KiacCupuumnpoBaTh:

MogansHOCTU HeobXxoaMMOoro

MoganbHOCTN BO3MOXHOIO

Heobxogumo BO3MOXHO
obsizaTensHO HE UCKIOHEHO
BCeraa MHorga

AOJIXKEH NMEK NpaBoO
3Hato npeanonarawo
A0Ka3yemo HENnpOTNBOPEYNBO




MOOAJIbHBLIE NTOTMKU

MoganbHOCTM (B €CTECTBEHHOM SI3blKe OHU, KaK MpaBuio,
NpeaCcTaBaEHbl HAPEYMAMN WAN CNY>XXeBHbIMU rnaronamm)
BbIPAXKAOT Pas3/iNYHbIE OTTEHKM NCTUHHOCTN (YBEPEHHOCTD,
HeobXo4MMOCTb, [OKA3yeMOCTb, OCBEAOMIIEHHOCTb 1 Ap.).

DT OTTEHKN MOXXHO KiacCUpuunpoBaTh:

MopgansHocTn Heobxognmoro

MopanbHOCT BO3MOXHOrO

Heobxogumo BO3MOXHO
obsizaTensHO HE UCKIOHEHO
BCeraa MHorga

JOJIKEH MMEIO NpaBo
3Hato npeanonaraw
A0Ka3yemo HENnpOTNBOPEYNBO

]

O




MOOAJIbHBLIE NTOTMKU

CuHTakcnc moganbHbix popmyn

Pacwmpum crHTaKCUC KNAaCCUYECKO NOrMKN NPeaUKaToOB, BBEAS
[Ba JIOMMYECKNX onepaTopa

O (MoganbHOCTL HeobxogMMOro) u

¢ (MogZanbHOCTL BO3MOXHOrO),

MPN NOMOLLM KOTOPbIX Pa3pEeLIAETCs CTPOUTL POPMYJbi
CJIeAytoLLEero Buaa:

(Ov) «Heobxoanmo >,

(Op) «BO3MOXHO (.

Bo unsbexatmne bonblioro konnyectea ckobok, byaem cynTaTh, 4TO
MOAabHbIE ONEPATOPbI UMEIOT TaKOIi XKE NPUOPUTET, YTO 1
KBaHTOPbI.



MOOAJIbHBLIE NTOTMKU

CemaHTuka MoganbHbIX popMyn MHOroobpasHa v HEmpocTa.
PaccmoTpum

[Mpumep
BepHo nu, yto dpopmyna [l — ¢ — 3T0 3aKOH MOZANbHOIA
normkn?

Ecan O — moganbHocTb BpeMeHun, «Bcergay, 1o Ly — ¢ — 370
3aKOH MOAANLHOW NOTUKN.

Ecan CTYAEHTbI BCE€raa XOoAAT Ha NEKUUN, TO OHU XOAAT Ha NEeKUUNN.

A BoT ecnn [J — geoHTMYeCcKas MOAANbHOCTb, «AO0JIXKHbIY, TO
dopmyna Oy — ¢ yKe HE MOXET NPETEHAO0BATL Ha CTaTyC
JIOTMYEeCKOro 3aKoHa.

Ecnn CTYAEHTbI AO0/>KHblI XO4AUTb Ha JIEKUUN, TO OHN XOAAT Ha NeKuyun.

J710 HeNnpaBAa, a 3aKOHbl JIOTNKN HE 3aBUCAT OT NPUXOTU CTYAEHTOB.



MOOAJIbHBLIE NTOTMKU

CemanTuka Kpunke moganbHbix hopmys
Onpeaenum camoe obuiee OTHOLLEHNE BbINOAHUMOCTU AJ15
MoZaNbHbIX hopmyi.

Mycte P ={P1,Pa,...,Pp, ...} — MHOXECTBO aTOMapHbIX
hopmys (aneMeHTapHblE BbICKa3bIBaHUS).

MoganbHasi uHTepnpetauust nam mogens Kpunke — aT1o
pensiunonHas cuctema | = (W, R ), B koTOopoii

1. W # ) — mHOXecTBO cOCTOSHUI (BO3MOXHbIE MUPbI);
2. RC W x W — otHoweHune goctmxumocTtu Ha W,
3. £ © W x P — {true, false} — oueHka aTomapHbix dopmy.

Cuctema (W, R) nasbisaetcs wkanoii Kpunke (frame).

Ecam (w, w') € R, To Bo3MOXHbIA Mup w' HasbiBaeTcs
aNbTEPHATUBHLIM MUPOM AAS W.



MOOAJIbHBLIE NTOTMKU

OTHOLLEHVE BBINOMHUMOCTN A1 MOAASIbHBIX hOPMYI
Mycte | = (W, R, &) — mogens Kpunke. Toraa oTHoweHue
BbinonHuMocTu |, w = ¢ dopmynbl ¢ B8 mupe w mogenm |
onpegensieTca Tak:
l.ecmp=PeP, 10ol,wk=¢p < &w,P)=rtrue;

I7W):spl&s02 — lvw):SOlVl/aW):SOz;
LwkEeiVer <= LwgEpiumlw=p);
LbwlEpr — @ l,wlE o1 nan lw = o
/,W):_‘QD]_ — /,Wl?éQO]_;
lbwEOp <~

ana moboro ansTepHaTUBHOrO MuUpa w’

ecnn (w,w') € R, To I, W' |= ¢;

7. bwEQp —
CyLLECTBYET TaKOl anbTepHaTMBHbIA Mup W',
yto (w,w') e Rm I,w' = o.

o ke W



MOOAJIbHBLIE NTOTMKU

[Mpumep

LLIkana Kpunke

w1 w2

ws @ w3




MOOAJIbHBLIE NTOTMKU

[Mpumep
Mogpens Kpunke

p = true p = false
w1

p = false p = true



MOOAJIbHBLIE NTOTMKU

[Mpumep
BbinonHnmocTtb
p = true p = false
[,wi = Op w1 w2

p = false p = true



MOOAJIbHBLIE NTOTMKU

[Mpumep
BbinonHnmocTtb
p = true p = false
[,wi = Op w1 w2
l7 w1 % Dp

p = false p = true



MOOAJIbHBLIE NTOTMKU

[Mpumep
BbinonHnmocTtb
p = true p = false
I, wy ): <>p w1 wo
l7 w1 % Dp
lv w1 ): |:|<>p

p = false p = true



MOOAJIbHBLIE NTOTMKU

[Mpumep

BbinonHnmocTtb

p = true p = false

I, wy ): <>p w1 wo
l7 w1 l7£ Dp
lv w1 ): |:|<>p
lv Ws ): Dp
lv W5 % <>P

p = false p = true



MOOAJIbHBLIE NTOTMKU

[NpocTeiiwine cBORCTBA

1. EOp =-0-y;
2. FO(pr = ¢2) = (Be1 = Dp2);
3. ¢ = = Og (npaBuno HeobxogmmocTn).

B pasHbix nprnaoxeHnax MoganbHOCTb HEOBXOANMOrO MOXET
noHumMaTtbcs no pasHomy. OTcroga bosblwoe pasHoobpasue
MOAANbHBIX NOrUK. VI N03TOMY B pasHbIX MOAANbHbLIX JOFMKax
OTHOLLEHNE BbINOAHUMOCTM ONPEAENSeTC Ha PasHbIX KNaccax
wkan. Kaxgas pasHOBMAHOCTbL WKan (OTHOLIEHUS AOCTUXKUMOCTM
R) xapakTepusyeTcsi onpeaeneHHbiM 3akoHOM (hopmynoii)
MOZANbHOI IOTnKWU.



MOOAJIbHBLIE NTOTMKU

XapakTepuctnyeckmne hopmMyJib

1L.Op—= o pedbIeKCMBHbIE LKA
VwR(w, w);
2. Op — OO TPaH3NTNBHbIE LIKAbI

VW1VW2VW3(R(W1, WQ)&R(WQ, W3) — R(W;[7 W3));

3.00p — ¢ CMMMETPUYHbIE LLKab

VW1VW2(R(W1, W2) — R(WQ, Wl)).

V1BepxaeHne

Llkana F = (W, R) TpaH3uTnBHa TOrAa u TONAbKO TOrga, KOraa
ana noboii oueHkn £ n gna noboro anbTepHaTUBHOIO MUpa W
BEPHO COOTHOLLEHNE

(W,R,&),w F Op — O0p .



MOOAJIbHBLIE NTOTMKU

JokazaTenbcTeO:
(=) QHonyctum, yto wkana F = (W, R) HeTpaH3nTueHa.



MOOAJIbHBLIE NTOTMKU

JokazaTenbcTeO:

(=) DHonyctum, yto wkana F = (W, R) netpananTtusHa. Torga
PacCMOTPUM BOT TaKyr OLEHKY & Ha Hell.

I, wy = Op — Op

I, wy = O0p

I7W1:Dp IWQ%DP

p = true p = true p = false
wy \ Wo // w3



MOOAJIbHBLIE NTOTMKU

[lokazaTenbCTBO:

(<) Honyctum, uto wkana F = (W, R) TpansutusHa un
(Wa R7£)7 wi }Z DQO



MOOAJIbHBLIE NTOTMKU

[lokazaTenbcTBo:

(<) Honyctum, uto wkana F = (W, R) TpansutusHa un
(W,R,§), w1 = Up.

Ecnun B wkane He cyliecTByeT Takoll napbl MUPOB Wo, W3, ANS
koTopoii BepHo R(wy, wn) n R(ws, ws), To (W, R, &), ws E OOp
n, cnegosatensto, (W, R, &), w = Op — O0p.



MOOAJIbHBLIE NTOTMKU

[lokazaTenbcTBo:

(<) Honyctum, uto wkana F = (W, R) TpansutusHa un
(W,R,§), w1 = Up.

Ecnun B wkane He cyliecTByeT Takoll napbl MUPOB Wo, W3, ANS
koTopoii BepHo R(wy, wn) n R(ws, ws), To (W, R, &), ws E OOp
n, cnegosatensto, (W, R, &), w = Op — O0p.

lMpeanonoXxum, 4TO Takasi napa MUpOB €CTb

I,wi = Op — Olp
I,wy =00 [, wo = U
I,wi = Ogp l,wo = l,ws = ¢
o -0 -9
wy \ Wo / w3



MOOAJIbHBLIE NTOTMKU

JokazaTenbcTeO:

3naunT, copmyna [ — Oy nctrHha npu noboii ouerke B
nobom Mupe wkansl F (T. e. SBNSETCA NOrMYECKUM 3aKOHOM
wkanbl F) Toraa v Tonbko TOrga, KOraa wkana F TpaHsMTMBHA.



MOOAJIbHBLIE NTOTMKU

Xapaktepuctuyeckue dhopmyssi
4. 00¢ — ) = Op

CTPOrnii 4aCTUYHbIA Nopsagok bes beckoHeYHO BO3pacTatoLMX
nocjefoBaTe/IbHOCTEN

HEBbIpa3nM POpPMyIamMu JIOTMKIA NPEANKATOB;

5. uppednekCnBHbIE LKA bI
Vx=R(x, x);

HEJIb3S OXapaKTepU30BaTh MOZAsbHLIMU POpMyIaMu.

PaccmoTpnum MoganbHble IOFMKN, aKTUBHO UCNONb3yEMbIE B
nHbopMaTUKe.



MOOAJIbHBLIE NTOTMKU

InNnMcTeMmn4ecKne JIOTUKN 1 MYNbTUAr€HTHbIE CUCTEMBbI

SnncTemmnyeckne NOrMKNM — 3TO Pa3HOBUAHOCTU MOAANBHBIX JIOTUK,
N3y4aroLme MOAANbHOCTN 3HAHMS N MHeHus (Bepbl)
NAEANN3NPOBAHHBIX areHTOoB. VIHTepec npescTaBAstOT BONPOCH! O
TOM, KaKMMI 3HAHWUSIM pacnonaraeT cybbekT, HaCKOILKO OH
OCO3HAET CBOW 3HaHUs (N HE3HAHWS), N KaKue
NPUYMHHO-CNEACTBEHHbIE CBA3M BOBHUKAIOT MEXIy
YTBEPKAEHUSMY, KAaCaOWMMUNCS BOMPOCOB 3HAHWS 1 BEPBI.

B sanucremnyeckoii normke moganvhbiii onepatop Llp cneayer
npo4uTeIBaTH S 3Ha, 4TO P», a O — «5 gonyckaro, 4TO Y>.



MOOAJIbHBLIE NTOTMKU

INUCTEMNYECKIE NIOTVKI N MYSbTUATEHTHBIE CUCTEMBI
OcHoBHble 3aKOHbI (aKCMOMBI) 3MUCTEMUYECKOI NOTUKM:

1. Akcrnoma apekBaTHOCTM 3HaHusa:  [p — ¢
«Mowu 3HaHUS BepHbIY.

2. Akcuoma nosnTmeHOW mHTpocnekuuun: [y — Olp
«51 BNofHe MpefCcTaBAsito BCE, YTO MHE W3BECTHOY.

3. Akcuoma HeraTusHOR unTpocnekuun:  QLp — ¢
«51 BNOSIHE CO3Ha0, HTO UMEHHO MHE HEM3BECTHOY.

WicnonbayeTcs npu pewwennn 3aaay, KOrLa KoJekTue CyObekToB
(My/bTMareHTHasi CNCTEMA) MbITAETCS COBMECTHBIMU YCUANSMI
WK B KOHKYPEHTHOIi Bopbbe gocTnyb kakoii-1o uenn. B Takom
chyyae KaXKAblli areHT AOJKEH NPUHMMATh B pacyeT He TO/bKO
3HaHUA O NpeaMeTHOl obnacTu, HO U NPeaCTaBAEHUS O TOM,
KaKMMW 3HAHMSMIW pacnojiaratoT Opyrue areHTbl.



MOOAJIbHBLIE NTOTMKU

3agaua.

Tpn Mmyapeua cnopuan o TOM, KTO 13 Hux myapee. [Tpoxoxknii
B3saCs paspewnts nx cnop. OH ckazan: «VY MeHsi B MELLKE NAThb
wanok: 3 YepHbix 1 2 besbix. S 3aBsXy BaM rnasa, HageHy
Ka><AO0MY Ha rOJIOBY OAHY U3 LUAMNOK, a NOTOM Pa3BsXy rfiasa. 1oT
13 BaC, KTO MEPBbIM JOrafaeTcsi, KAKOro LiBETa LUamnka y Hero Ha
ronose, byaet npusHan mygpeiwumy. Myapeubl cornacnancs, u
NPOXOXUii UCMONHUA BCE TO, O Yem OH rosopus. [locne Toro, kak ¢
rna3s MyapeuoB bblau CHATBI NOBA3KM, HEKOTOPOE BPEMS HUKTO HE
npousHec HU cnoea. [l nocne 3Toro oguH M3 MyApeLoB 3asiBuI:
«Ha woeii ronose yepHas wankay. OH okasancs npag, u 6610
MPU3HaH MyZapelLInm.

Bonpoc: JokaxuTe, 4TO Myapeiwunii n3 Myapbix Caen.



MOOAJIbHBLIE NTOTMKU

3apgava 2.

HECKOJ'IbKO CMbILWIEHHbIX, HO HeaKKypaTHbIX ,queﬁ eNln Ha
COJIHeYHOI BepaHae knybHn4Hoe BapeHbe. HekoTopble 13 Hux
Mcnaykanm ceou eku B Bapenbe. Ha Bepanay 3awen otew,
3aMETNN NCNAYKABLUUXCA B Bap€HbE AETEM, n CKa3an: <<Te N3 BacC,
Y KOro WweKn ncnavykaHbl B Bap€Hbe, AO/DKHbI HEMEOANEHHO nonTun
yMbITbCﬂ)).

Bonpoc: Ckonbko pas [osiKeH NOBTOPUTL OTEL, CBOE yKasaHue, Afis
TOro 4Tobbl BCE YyMasble LETU BCTaNW, U MOWAN YMbIBATLCA?!



MOOAJIbHBLIE NTOTMKU

INNCTEMUYECKUNE IOTUKIN 1 MYNbTUAreHTHbIE CUCTEMDbI

B MynbTuareHTHbIX cucTemMax Hy>XHO BBeCcTW bonee cneunanbHble
MOZaJjibHble onepaTopsbl.

Mycte A = {a1,az,...a,} — MHOXeCTBO areHToB. Torga
0,p 03HavaeT «AreHT a 3HaeT, 4TO ( BEPHO>.
Ocp o3Havaet «Bce areHTsbl 3HAOT, 4TO ¢ BEPHO>.

CnevumanbHble pa3HOBUAHOCTY SMUCTEMUYECKNX JIOTUK
NPUMEHSIIOTCS AN ONUCAHUSI U NpoBepKu TpebosaHwii
Be30MacHOCTI CETEBBLIX MPOTOKOJIOB.



MOOAJIbHBLIE NTOTMKU

[Mpumep
Xopownii dytbonuct — 310 pyTboNMCT, Nepenatomnii My
napTHEpPy BOBPEMS.

P : doytbonuct A nepepaet msiu dpytbonucty b.
Mpn kakux ycnosnsax?

(AP : dpytbonucT A genaet 370 CO3HATENLHO.

OgP : dytbonuct b 3naeT, 4To 37O Nnpounsoiiger.
Oa0gP : doytbonuct A 3Haet, uto b rotoe k nacy.
Oglla0gP : dbytbonuct b 3Haet, 4To A B HEM YBEPEH.

dopmyna B3aMMONOHMMAHUSA NAPTHEPOB:

P — (DAP & DBP & DADBP & DBDADBP)



MOOAJIbHBLIE NTOTMKU

TemnopanbHbie NOrMK®

TemnopanbHbie (BpeMeHHbIE) NOrNKIN NPUMEHSAIOTCS 4151 ONUCAHUS
M NCCNefOBaHNS MPUYUHHO-CNEACTBEHHBIX 3aBUCUMOCTEN,
Pa3BMBAOLLMXCA BO BPEMEHM.

MoganbHblii onepatop [] o3Ha4aeT «BCerga»,

a onepatop ¢ — «Korga-Hubyaby.

CemaHTUKa TEMMNOpPasbHbIX IOTUK CYLLECTBEHHO 3aBUCUT OT TOI
MaTeMaTU4YeCKOW MOZEeNN, KOTOpas UCNOJb3yeTCs A1s ONMCAHNS
cheHomeHa Bpemenun. B camom obuiem cnydae B KadecTee Mogenu
BPEMEHMN MOXHO B3ATb JIHODOE 4aCTUYHO YNOPsAOHEHHOE
MHOXECTBO. DJIEMEHTbI 3TOMO0 MHOXKECTBA COOTBETCTBYIOT
pPa3/INYHBIM MOMEHTaM BPEMEHN.

B kavecTse TemnopanbHbIX MOAENER MOFYT BLICTYNaThb tobble
mMogenu Kpunke, NOCTPOEHHbIE Ha OCHOBE YaCTUYHO
YyNOPsiOYEHHbIX WKa. PasHble OTHOLWEHMS YacTUYHOro nopsigka
MOPOXAAIOT pasHble TEMNOPAJIbHbIE JIOTUKN.



MOOAJIbHBLIE NTOTMKU

TeMI'IOpaJ'IbeIe NOrnKn

[Nockonibky BblYMCAEHNE — 3TO NPOLECC, Pa3BMBAOLWMIACS BO
BPEMEHMN, COCTOSIHNS KOTOPOr0 HaXOAATCs B
NMPUYUHHO-CNEACTBEHHOW CBS3M ApYr C APYrOoM, TeMMopasibHble
JIOTMKN NCTIONB3YHOTCS Asis creumdbukaumm n sepudpmkanun
nporpamm. Haubonee wnpokoe pacnpocTpaHeHue nofyyunn age
Pa3HOBUAHOCTI TEMMNOPA/bHbBIX JIOTUK.

Jloruka nuHenHoro spemeHn LTL

LLikana Kpunke gna LTL (Linear T emporal L ogics) — ato
HaTypasbHbIli Psf C eCTECTBEHHbIM OTHOweHMeM nopsaka (N, <).




MOOAJIbHBLIE NTOTMKU

Jloruka nuHenHoro spemeHn LTL




MOOAJIbHBLIE NTOTMKU

Jloruka nuHenHoro spemeHn LTL

1,0 = Op, 1,0}~ Og, 1,0 = Oq




MOOAJIbHBLIE NTOTMKU

Jlornka nuHeridHoro spemenun LTL

Mpumenenne LTL ansa sepudbukaunm moaeneli nporpamm bonee
noapobHo byaeT obcyx[aThCs B NOCIELYHOLLMX JEKLUSIX.



MOOAJIbHBLIE NTOTMKU

TemnopanbHbie NOrMKK

B opyrux TemnopanbHbiX JIOrMkax BpemMsi — 3TO BETBALLASCS
CTPYKTYpa; B KaXKAblli MOMEHT BPEMEHUN MOXET ObITh HECKOBKO
anbTEepPHATUB JaNbHENLIEro pa3suTus CobbITUiA.




MOOAJIbHBLIE NTOTMKU

Jloruka pgepesbes Bbluncnennii CTL

TemnopanbHble NOTVKA TAaKOrO BUAA HA3bIBAKOTCS JIOMMKaMU
setBserocst spemenn (BTL, Branching Time Logics).

OpHoli N3 NOTNK BETBSALLErOCS BPEMEHU SIBASIETCA JIOTNKA [JEPEBLER
seiqucnennii (CTL, Computational Tree Logic), ncnonssyemas ans
creyndukauum n BepudrKaLum pacnpeaeneHHbIX NporpamMmm un
MUKPO3EKTPOHHBIX CXEM.

B noruke CTL umetoTca TemnopanbHble onepaTopbl ABYX TUMNOB —
YHUBEPCAJbHbLIE 1 3K3UCTEHLMNASBHbIE.

VO, VO, o, 30.

Tun TemnopanbHOrO OnNepaTopa yKasbIBET Ha To, byaeT au
BBINONIHUMOCTE POPMYSbl MPOBEPSITLCS HA BCEX BETBAX [PEBECHOI
MOZENN UAN TOJIbKO Ha OAHOW BETBU.



MOOAJIbHBLIE NTOTMKU

Jloruka pepesber Bbluncnenmnii CTL

Mycte | = (S, R, &) — npesecHas mogens Kpunke ans norukn
CTL, sp € S — oaHo u3 cocTosHuii mogenu. Toraa

l,s0 = Vp <=
B Ka>XAOM COCTOAHUN S, OOCTUXKUMOM N3 COCTOAHUA Sp, BEPHO

l,s = o

l,s0 = 30p <—
CYLLECTBYET BETBb, NCXOASLLAS U3 COCTOSIHNS S, B KaXKAOM
COCTOSIHMM S KOTOpPOI BepHO [, s = ¢;

l,50 EVOp <—
B KaXKOOl BETBU, UCXOZALLEA N3 COCTOSIHUSA Sy, €CTb COCTOSIHUE S, B
koTOopoM BepHO [, s = ¢;

I,s0 = 30p <—
CYLLECTBYET BETBb, MCXOASLLAS N3 COCTOSIHUA Sp, B OLHOM U3
COCTOsIHUM S KOTOpOIi BepHo I, s = .



MOOAJIbHBLIE NTOTMKU

Jlornka pepesber Bbluncnenmii CTL

l,s0 = VOp

S0

S11

p = true p = true p = true p = true p = true p = true



MOOAJIbHBLIE NTOTMKU

Jlornka pepesber Bbluncnenmii CTL

I, s0 ': 30p
50
p = true
S1 52
. p = true
S3 | S4 S5
p = true
S6 s7 S8 So 510 S11

p = true



MOOAJIbHBLIE NTOTMKU

Jlornka pepesber Bbluncnenmii CTL

I, s0 ': v<>p
S0
S1 52
S4 S5
p = true
S9 510 S11

p = true p = true



MOOAJIbHBLIE NTOTMKU

Jlornka pepesber Bbluncnenmii CTL

I, s0 ': E|<>p
50
S1 52
S3 | S4 S5
S6 s7 ¥ S8 So 510 S11

p = true



MOOAJIbHBLIE NTOTMKU

Jlornka pepesber Bbluncnenmii CTL

Dopmynbl CTL MOXHO uCnonb30BaTh Ans hopMaibHOl
cneundprMKaLmmM MHOTUX MHTEPECHBIX CBOCTB NOBEAEHUSI MPOrpamMm

VO 3O Restart:
Ha oboM 3Tane (PyHKLUOHUPOBAHUSI CUCTEMbI MOXHO
OCYLLECTBNTL €€ nepe3anyck;

VO (Request — Y{ Response):
Korga bbl HU BbI1 NOCNaH 3anpoc, paHO WAKN NO3AHO Ha HEro
obsA3aTenbHO NOCTYNUT OTKIMK.



MOOAJIbHBLIE NTOTMKU

A Kak nNpoBepuTh,
4TO BbIYUC/IEHUSI MPOrpPaMM
YAOBNETBOPAIOT 3afaHHbIM Creundukaumnsm?

/I MoXKHO nu 3Ty npoBepky
aBTOMATU3NPOBATL’



KOHEL, TEKLLW 19.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyus 20.

[lpaBunbHbIE NpOorpamMmmbil.
MIMmnepaTuBHbIe NnporpamMmmbil.
3apava Bepudmkauum nporpamm.
Jlornka Xoapa.
ABTOMaTmn4eckasi npoBepka
NPaBUJIbLHOCTN NPOrpamMm.



NMPABWJIbHbLIE NMPOIMPAMMBbI

Kakasi koMnbloTepHasi nporpaMma CHYMTaeTcst xopowen?
Ta, koTopasi paboTaet MPABUNJIBHO v achpekTMBHO .

A kakasi nporpamMmma cuyMTaeTcsi npaBubHOR?

[MpaBuNbHOW cHMTaeTCa Ta NporpaMMa, KOTOpasi BbIMOJHAET B
TOYHOCTW TO, YTO OT Hee TpebyeTtcs.

A kak ybeauTbcsi, 4TO NporpamMmma BbIMOJIHSET TO, YTO OT
Hee TpebyeTtcsa?

[ns aToro Hy»Ho
1. Onucatb cTporo (dopmansHo) TpeboBaHMs NPaBUILHOCTY
BbIYUCIEHWIA;

2. [poBepuTb, 4TO BCE BbIYUCIEHUS NPOrpPaMMbl YOOBAETBOPSIIOT
5TUM TpeboBaHUAM.



NMPABWJIbHbLIE NMPOIMPAMMBbI

Onucanmne TpebosaHnii NpaBnaLHOCTN DYHKLMOHNPOBAHUS
NporpaMMbl Ha3bIBaeTCs Crieundukalneil NPorpamMmmsi.

MpoBepka cobntopeHns BoIYNCAEHUAMYN NPOrpaMMbl TpeboBaHwii
NPaBUALHOCTY (DYHKLMOHNPOBAHUSA Ha3bIBAETCS BepuduKaLmei
nporpammei.

Ecnn cneyndmkaumm nporpamMm 3anmcaTe Ha pOpPMasbHOM
JIOTNYECKOM $I3blKe U CTPOro OMPESENNTb ONepaLnoHHYO
CEMaHTNKY NPOrpamm, TO AJ1si [OKA3ATENbCTBA NPaBUIILHOCTM
NporpaMM MOXHO UCMOJIb30BaTb METOAbI MAaTEMATUHECKON JIOTUKM
(noruueckuii BbIBOA).



NMPABWJIbHbLIE NMPOIMPAMMBbI

®dopmanbHasn Bepudmrkaums nporpamMmm

[NMpenmyLecTBa

Mpobnembl

1. ABcontoTHO ToYHas npoBepKa
NpaBUJbHOCTM MPOrpaMM.

2. BosmoxHocTe aBTOMaTuM3a-
UMM MOCTPOEHUSI  JIOTMYECKOrO

BbIBOAA.

1. Kak 3actaBuTb nporpammu-
cToB nucatb bopMasnbHble Cre-
undukauum?

2. Kak 3actaeuTb npysep pabo-
TaTb 3pdheKkTNBHO?

N, Tem He meHee,

nonpobyem...




MMM EPATUBHbLIE NMPOIMPAMMDbI

Onpe,u,em/lM CUHTAKCNC N CEMAHTUKY NMMNEPATUBHbBIX MPOrpamMm.

Myctb 3apana curHatypa o = (Const, Func, Pred), B koTopoii
ONPEAESHO MHOXXECTBO TEPMOB Term 1 MHOXECTBO aTOMapHbIX
dopmyn Atom.

Vcnosumcst, 4to <= — 3T0 CNyXebHbIli CUMBO, He
npuHagnexawmii CUrHaType o.

Onpepenenne
NpuUcBaMBaHne = <«MNEPEMEHHasI» < «TePM>»
ycnosue = «aTtomy | (—ycnosue ) |
(ycnoeue & ycnosue ) | (ycnosue V ycnosue )
nporpamMma = npucBamBaHue |

nporpamma ; nporpamMma |
if «ycnoeney then nporpamma else nporpamma fi |
while ycnosne do nporpamma od



MMM EPATUBHbLIE NMPOIMPAMMDbI

Mpumep

Mporpamma BelunCieHNs HanbosbLWEro OBLIEro AennTens 4Byx
HaTypasbHbIX YuUCen.

Const ={0,1,2,...},

Func = {+(2), -,

Pred = {=?), >() <)}

while =(x = y)
do
if x>y
then x = x—y
else y =y —x
fi
od



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnepaynoHHas ceMaHTUKa UMNEPATUBHbIX NPOrpamMm

CemaHTuKa 3agaeT cMbiCh (3HaYEHUE) CUHTAKCUYECKMX
KOHCTPYKUWii (C/10B, popmysn, mporpaMm u np.).

3HayYeHnemM UMMNepaTUBHON NPOrpaMMbl SBASIETCA OTHOLLEHUE
BXOO—BbIX0O[, MeXJy BXOAHbIMU AaHHbIMU U Pe3ySibTaTOM
BbI4YNCIEHUS.

OTHOLWEHNE BXOA—BLIXOA, MPOrPaMMbl ONPEAENSIETCS MPU NOMOLLN
OTHOLLUEHNS MEPEXOAOB MeXAY COCTOSHUAMU BblYUCIEHNS
nporpamMmei.

CocTosiHne BbIYMCIEHNS NPOrPaMMbl OMPERENAETCS ABYMS
KOMMOHEHTaMN — COCTOSIHUEM YMPaBJIEHNS U COCTOSAHUEM
OAHHbIX .



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (cocTosiHUA BblHUCAEHMS)

Mycts Var — 3To MHOXeCTBO nepemeHHbix, a GTerm — ato
MHOXECTBO OCHOBHbIX TEPMOB CUTHaTypbl O.

Ouenkoll nepemeHHbIx (COCTOsIHMEM faHHbIX) byfem Ha3biBaTb
BCsikoe oTobparkeHune (nogcranoeky) 0 : Var — GTerm.

CocrosiHnem ynpaenenusi byfem Ha3bIBaTb BCAKYHO NMPOrpaMMy, a
TaKXe CreLunabHbIii cuMBON .

CocrosiHnem Bolumncienns bygem HasbiBaTb BCsikyto napy (m, 6), roe
T — COCTOSIHME ynpaBieHusi, a  — oueHKa NepemMeHHbIX.

3anunce State, bygeT 0603Ha4aTb MHOXKECTBO BCEBO3MOXHbIX
COCTOSIHUIT BbIYNCAEHU CUTHATYPbI 0.



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (oTHOWeEHU NepexonoB)
Mycts | — 37O MHTEpnpeTauns CUrHaTypbl o.

Torp,a OTHOLLEHNE NepexoaoB AJsiA UMNEPATUBHbLIX NporpaMmm — 3TO
BUHapHOE OTHOLIEHNE —— HA MHOXECTBE COCTOSIHUIA BbIYNCIEHNS
State,, yaoBneTBopsioLee CleayoWwmnM TpeboBaHnsM:
ASS: (x = t, 0) — (9, {x/t}0);
COMP_@: (m1;m0, 0) — (w2, 1)

TOrga v TONbKO TOraa, korga (w1, 0) —; (T, n);
COMP: (rr1; 12, 0) — (7};m2, 1)

TOrAa 1 ToNbKo Toraa, Koraa (i, ) ——; (m), n) n ) # &,



MMM EPATUBHbLIE NMPOIMPAMMDbI

Onpegenexune (OTHOLWEHUS Nepexonos)

IF_1: (if C then 7 else m fi, ) —, (w1, 0)
Toraa u Tonbko Torga, korga | = C#6;
IF_0: (if C then m; else m fi, ) —, (m2, 0)
Toraa u Tonbko Torga, korga I = Co;
WHILE 1: (while C do 7 od, §) —, (m; while C do 7 od, 6)
Toraa u Tonbko Torga, koraa | = Co;
WHILE 0: (while C do 7 od, 0) —, (@, 0)
Torga u Tonbko Toraa, korpa | = CH.

OTHoLIeHNE NepexofoB —— | OMPEAENSIET, KaK N3MEHSIETCS
COCTOSIHME BbIYNCAEHUS 32 OAMH War paboTbl MHTepnpeTaTopa
MMNePaTUBHbBIX NPOrpaMm.



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (Bbl4ncaeHnst NnporpaMmmbl)

MycTb w9 — 3TO UMNepaTuBHast nporpamma, p — oueHka
NepPeMEeHHbIX.

HacTU4YHbLIM BbIYMCIEHNEM MPOrPaMMbl Ty HA OLIEHKE MepPeMeHHbIX
0o B nHTepnpeTauum | Ha3bIBAETCS MOCNEROBATENBHOCTL (KOHEYHast
nin BecKOHeYHast) COCTOSIHNIA BbIYNCAEHUS

<7T07 00>7 <7T1, 91)) ey <7TI7—17 917—1>7 <7TI17 6n>7 ey

B KOTOpOI Ansa ntoboro n, n > 1, BLINONHSAETCS OTHOLIEHWNE
<7Tn—179n—1> 4 <7rna9n>-

Bbiuncnernvem nporpamMmmbl Ty Ha OLLEHKe NepeMeHHbIX By B
nHTepnpetauny | Ha3bIBAeTCA BCSKOE YaCTUYHOE BblYMC/IEHNE,
KOTOPOE HENb3s MPOLO/IKUTL.



MMM EPATUBHbLIE NMPOIMPAMMDbI

Mpumep

Myctb | — uHTepnpetaums curvatypel o = (Const, Func, Pred):
Const = {0,1,2,...,}, Func = {+®) -3},

Pred = {=0), (), <@},

NpeaMeTHOl 0b1aCTbiO KOTOPOIA SABASIETCS MHOXXECTBO
HaTypanbHbIx Yncen Ny ¢ obbluHbIMU apudMeTnYeCKIMN
onepaumMsiMn 1 OTHOLLEHUSIMU.

PaCCMOTpI/IM Bbl4YNCNEHNE NPOrpamMmbl

mo: while =(x = y)
doif x>ythenx<x—yelsey < y—xfiod

Ha oueHke nepemenHbix 0y = {x/4,y/6}.



MMM EPATUBHbLIE NMPOIMPAMMDbI

mo: while =(x = y)
doif x> ythenx<x—yelsey < y—xfiod

90 = {X/4a.y/6}
Mpumep

(ro, 1x/4,y/6)
(if x>y then x < x — y elselly ey —xfiimo, {x/4y/6})
by —xim, (x/a /o)

(ros (x5 — 41



MMM EPATUBHbLIE NMPOIMPAMMDbI

mo: while =(x = y)
doif x> ythenx < x—yelsey < y—xfiod

00 = {X/47.y/6}
MNpumep

(o, 1x/4,y/6-4})
(if x > y then x < x — y else i/@ y— x fi im0, {x/4y/6—4})
e x— yimar (xfoy o)
(0 /4 (6-4). 64}
(0, {x/4(6-4).y 62}



MMM EPATUBHbLIE NMPOIMPAMMDbI

Kak cnepyet u3 onpegenerus, ntoboe BblyncieHne nnbo sisnsietcs
6eCKOHEeYHOI NocCNefoBaTENbHOCTLIO, NMMDO 3aBepLIaeTCs
coctosiHmem (&, 7). B nocnegHem cnydae oueHka 7) Ha3blBaeTCs
Pe3y/NbTaTOM BbIYNCIEHUSI.

Bynem ncnonb3zosaTek 3anuce —; Ans obosHayeHus
pPedNEKCUBHOrO N TPAH3UTUBHOIO 3aMblKaHUSI OTHOLLEHUS]
nepexofos —.

Tor,u,a OUEHKa NEPEMEHHLIX 7] ABNAETCA PE3Y/IbTATOM BblHNCIEHNA
nporpaMmsbl ™ Ha OUEHKE MEPEMEHHBbIX 0B NHTEpNpeTaunn | B TOM
N TONBbKO TOM Cny4ae, Korga BbIMOJIHAETCA OTHOLUEHMNE

(m,0) —1 (2,n).



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

HedopmanbHas nocraHoBka.

Mporpamma 7 cuntaercs (HacTuHHO ) KOPPEKTHON , € ANs
NOBbIX HaYaNbHbIX JAHHbBIX, YAOBIETBOPSIOLMX ONPESEEHHOMY
YC/IOBUIO (0, PE3YNbTAT BbIYMCAEHNS (€CNN BbIYUCNEHNE
3aBEPLUAETCS) YAOBIETBOPSIET ONPELESNEHHOMY YCIOBULO 1.

OrpaHuyeHune @, KOTOPOE HaMaraeTcs Ha HadasibHble AaHHblE,
Ha3bIBAETCA NpeaycioBmeM , a TpeboBaHue 1, KOTOPOMY AOKHbI
YAOBNETBOPSATL Pe3y/ibTaTbl BbIYUCIEHNS, HA3bIBAETCA
MOCTYC/NOBMEM MPOrpaMMbl.

3apaya BepnpuKaLy NporpaMMbl T 3aK/IKOHAETCS B NMPOBEPKE
YaCTUYHOWN KOPPEKTHOCTY NMPOrpaMMbl T OTHOCUTEIbHO 334aHHOIO
NpeaycioBUs (o U 3aJaHHOTO NOCTYC/IOBUS ).



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

CDopmaanaﬂ MNOCTaHOBKaA.

Pacwmnpnm MHOXeCTBO hOpMyN NOTMKK NPeaUKaToB, BBEAS B
PacCMOTPEHNE B Ka4yecTBe POPMYS BbIPaXKEHUsI HOBOTO
cneynanbHoOro Buaa.

OnpepenerHne

Tpunnetom Xoapa (Tpoiikoii Xoapa) Ha3bIBaeTCst BCSIKOE
BbIpa>keHUe BUAa

p{m iy,

roe ¢, 1) — opMysibl JIOTMKIN NMPEANKATOR,
a ™ — MMNepaTMBHasA MporpamMma.

O6osHauum HT, MHOXeCTBO TpunsieToe Xoapa CUrHaTyphbl o.



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

BbinosnHnmocTb Tpunnetos Xoapa B MHTEpNpeTaLusx
onpeaensierTcs Tak:

I Ep{m}y <= pnsa nobbix oueHok nepemeHHbIx 6,17,
ecam | = o0 n (,0) —7 (2,7),
Tol = yYm.

OnpepeneHune (4aCTUYHON KOPPEKTHOCTM NPOrpamMmbl)

MycTb @, 1) — popMynbl NOFUKK NPEesMKaTOB, a T — UMMepaTMBHas
nporpamma.

Mporpamma 7 Ha3bIBAETCS HACTUYHO KOPPEKTHON B MHTEPNpETaLnm
| oTHOCUTENBHO NPEefyCNoBUSt Y U NOCTYCIOBUS 1), €CN TPUNIeT
p{7}1 BbInONHUM B nHTepnpetauyun /, T. e.

I'Ee{rt .



JIOFMKA XOAPA

Kak xe AO0Ka3aTb HaCTUYHYHK KOPPEKTHOCTb I'IpOFpaMMbI?

Monpobyem nocTpouTb cUCTEMY NpaBWa BbIBOAA, aHANOMMYHbLIX
npaBufaam BbIBOAA A1t CEMaHTUYECKuUX Tabauy,

Takyto cuctemy npegnoxun B 1968 r. Xoap. lNpasuna BbiBoga
Xoapa umeroT BUj,

0] 0] $ (O]
v’ 90’ \U]_,\U2’g0,\u,77/)7

roe ©, W, W1, Wy, — Tpunnetsbl Xoapa,
©, ) — hopMyJIbl NOTVMKN NPEJUKATOB.



JIOTMKA XOAPA

NMpaBuna BbiBoga Xoapa

opix/th {x =ty
ASS: us ,

. o{r}y
CONS: o I, v =9

. p{m; mo}ip
COMP: o{mitx, x{m}y’

@ {if C then 7; else m, fi} v
(p&C) {m1} ¥, (p&=C) {m2} ¢’

¢ {while C do 7 od} (p&—-C)
(p&C) {7} '

IF:

WHILE:




JIOTMKA XOAPA
OnpepenerHne BbiBOga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOpHeBoe f1epeBo,



JIOTMKA XOAPA
OnpepenerHne BbiBOga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOpPHEBOE AepeBo,



JIOTMKA XOAPA
OnpepenerHne BbiBOga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOPHEBOE [1epeBo, BEPLUMHAMUN KOTOPOro CNy>KaT TpUneThl u
cbopMysbl IOFMKKM NPEANKATOB 1 NpK 3TOM

o

) @ +: 3 @ 2

©3 'z



JIOTMKA XOAPA
OnpepenerHne BbiBOga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOPHEBOE [1epeBo, BEPLUMHAMUN KOTOPOro CNy>KaT TpUneThl u
cbopMysbl IOFMKKM NPEANKATOB 1 NpK 3TOM

1) kopHeMm pepeBa siBnsietcs Tpunnet Pg;

0N

) @ +: ®3 @ 2

©3 2



JIOFMKA XOAPA

OnpegenexHuve BbiBOoga B nornke Xoapa

2) n3 BeplnHbl P; ncxopat ayru B BepwmnHy @
)
3’: — npasuao TabauyHoro BLIBOAA;
J

O



JIOFMKA XOAPA

OnpepenerHne BbiBOga B noruke Xoapa

2) n3 BeplnHbl P; ncxopat ayru B BepwmnHy @
)
3’: — npasuno TabsM4yHOro BbIBOAA;
J

O



JIOFMKA XOAPA

Onpep,eneHme BblBO4Aa B JIOTUKe Xoapa

2) 13 BepwunHbl ®1 ncxogat ayrn B BepwmHbl @1, P3, o
—
m — npasnno Ta6ﬂ|/|'-|H0rO BblBOA A,
o
q)l (Dl
®; @ - ¢3 @ 2

3 P4



JIOFMKA XOAPA

OnpepeneHune BbiBOga B normke Xoapa

3) AncTbsMKM aepeBa SIBASIOTCS POPMYJibl JIOFMKU NPEANKATOB.

®g

®; @ /! 3 @ ¥2

¥3 P4



JIOFMKA XOAPA

OnpepeneHune BbiBOAga B normvke Xoapa

Beisog Tpunneta ®g = g {mo} Yo B Nnoruke Xoapa HasbiBaeTcs
yCnewHsIM B uHTepnpeTauun |, ecnm aepeso BbIBOAA SIBNSETCS
KOHEYHBIM, 1 BCE €ro JINCTOBbIE BEPLUNHBI — 3TO UCTUHHBIE B
uHTepnpetauun | dopMynbl AOrMKKU NPeanKaTos.



JIOFMKA XOAPA

Mpumep

[Mokaxxkem, 4TO nMporpamma

7o: while =(x = y)
doif x>ythenx<x—yelsey < y—xfiod

NPaBUALHO BblYMCASIET Haubonbwnii obWnii gennTens AByX
NOJIOXKUTENBHBIX LIeNbIX YNCEN.

[ns aToro Heobxonumo chopmMynnpoBaTe NPeRyCaoBUE Qg 1
NOCTYCIOBME 1)y, COOTBETCTBYIOLLEE 3TOMY TpeboBaHMIO, 1
NOCTPONTL YCMELLHbINA BbIBOA Tpunnieta ¢o {mo} 1o B noruke
Xoapa.



JIOFMKA XOAPA

Mpumep
,D,J'Iﬂ yﬂ,O6CTBa O603Ha'-IEHVII7I BBEAEM HEKOTOPbIE BCNOMOraTeJibHbIE

opmynbi:

DIV(x,z) : Ju (u x z = x),
GCD(x,y,z) : DIV(x,z) & DIV(y,z) &
Yu (DIV(x,u)&DIV(y,u) — (u < 2)).

Torpa
QOO(Xa.yaZ) : (X>0)&(y>0)&GCD(X7y72)7

Yo(x,z) : z=x.



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
SOO(X’va) - QOO(XayJZ)

®
vo(x,y,2)&=(x = y) = (2 = x)

wo(x,y,2) {mo} po(x,y,z)&==(x = y)

wo(x,y,zR(x = y){if x>y then x<=x—yelse y<y—xfilpo(x,y, z)

()
@ vo(x,y,2)&~(x = y)&=(x > y){y <=y —x}tpo(x,y, 2)
vo(x,y,2)&=(x = y)&(x > y){x<=x—y}po(x,y,2)



JleBasa BeTBb

po(x,y,2)&=(x = y)&(x > y){x=x—y}po(x,y, z)

/‘\

o
cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)

—WOO(X—}/;}’:Z) 1
o
wo(x = y,y,2){x<=x—y}po(x,y, z)

ASS




MpaBas BeTBbL

Po(x,y,2)&=(x = y)&=(x > y){x<=y—x}po(x,y,2)

o o
QO()(X,}/,Z)&_‘(X = _y)&_\(X > y) - SOO(Xava) - CPO(X,}’,Z)
- @O(X,y—X,Z) ¥

wo(x,y —x,z){y =y —x}po(x,y,z)

ASS




JIOFMKA XOAPA

Mpumep

MokaXkem, 4TO MOCTPOEHHbIA BbIBOA, B Nornke Xoapa SBASETCS
yCrewHbIM ANs CTaHAapTHOl apudMeTnyeckoll MHTepnpeTaLmm
IO = <DIO = {07 17 27 s }a {+7 ) X}7 <, >,=, Za S>

[ns aToro JOCTaTOYHO YCTAHOBUTL UCTUHHOCTB B MHTEpPNpeTaLum
lo BCEX hOpMYI, CTOSILUMX B IUCTbSIX NMOCTPOEHHOrO BLIBOAA.

L b olx,y, z) = o(xy,2) OyeBngHo.

2. b Ewo(x,y,z)&(x=y) = (z=x), T. e
b = (x> 0)&(y > 0)&(x = y)&GCD(x,y,z) — (z = x).
BepHo.



JIOTNKA XOAPA
Mpumep

3. o = wo(x, ¥, 2)&(x = y)&(x > y) =
— @o(x—y,y,2), T e
I & (x> 0)&(y > 0)&(x > y)&GCD(x,y, z) —
— (x—y >0)~&(y > 0)&GCD(x — y,y, z).
BepHo.

4. Iy E vo(x,y,2)&(x = y)&-(x > y) —
— wo(x,y — x,2), T. e.
I = (x> 0)&(y > 0)&(y > x)&GCD(x,y,z) —
— (x > 0)&(y — x > 0)&GCD(x,y — x, z).
BepHo.

5. Iy | true. OueBngHo.

Takum obpasom, Bce ncToBbIE POPMYIIbI BLIBOAA UCTUHHLI B
nHTepnpetauun lp. 3HaunT, BbIBOA TpunaeTta o {mo} Yo sBnseTcs
yCMNeLHbIM BbIBOAOM B MHTepnipeTauum fy.



JIOFMKA XOAPA

Teopema KOppekTHOCTMU

Ons noboii nutepnpetaunn | n gns ntoboro npasuna BbIBOAA
norukmn Xoapa

o 6 o o o
Vool VLT Wy
I'E e,
ecm I =V, 1=, {;E& eV,
> I,
ol = o.
D,OKa3aTeJ'IbCTBO.

PaccmoTpuMm nooyepegHo Bce npaeuia BbIBOAA Aorukm Xoapa.



JIOFMKA XOAPA

JokasatenbcTtBo.

Mpasuno

ASS: @{X/t}t£§e<: t} ¢ )

MokaxkeM, 4To B NtObOI MHTepnpeTaunn | BepHO

I'Eelx/ty {x=tte. ()

rlyCTb 0 — NPON3BOJIbHAA OUEHKA NEPEMEHHbIX, N NYCTb

I'E= {x/t}0.
Torpga cornacHo onepauuoHHON CEMaHTUKE UMMEPaTUBHbIX
nporpamMM MMeeTCs eAUHCTBEHHOE BblYUCIIEHNE

(x<=t, 0) — (T, n),

n npu stom 1 = {x/t}6.
OueBungHo, | = ¢n, n 310 fokasbiBaeT ().



JIOFMKA XOAPA

JokasaTenbcTtBo.

Insi ocTanbHbIX NpaBuA 4OKA3aTeNbCTBO KOPPEKTHOCTU
MPOBOAUTCS MO TON XKe Cxeme, HO bosee M30LpeHHO.
MonpobyiiTe 3aBepWNTL AOKA3aTENBCTBO CAMOCTOSITEBHO.

Cnepcrsue.

Ecnun tpunner {7} nmeer ycnewnsiii 8 uHtepnpetaunn | BbIBOA,
TO NporpaMMa 7 4aCTW4YHO KOPPEKTHa B WHTepnpeTauun [
OTHOCUTENIbHO MPERYCAOBUS ¢ U NOCTYCNOBUS .

B uvacTHocTM, 3TO 03HAYaeT, 4TO NCCNefOBaHHAs HaMK MPOorpaMma
BbIYUCIEHUST HAaMbObLLEro ObLWEro YaCTUYHO KOPPEKTHA B
apudmMeTnyeckoin nHTepnpetayun .



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Kak aBTOMaTu3npoBaTh BepudmKaLuio nporpaMmm?

[nsi 3TOro Hy><HO BbISICHUTb

1. MNMonxa nu cuctema npaeun BbIBoAa Noruku Xoapa?

2. CywecTByeT A asropuTM NOCTPOEHUSI YCMELWHOrO BblBOAA”?



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBoga Xoapa.

Ha camom pgene, 3gech He oguH a Tpu Bompoca.

1. BepHo nu, 4To ans kaxgoi nHtepnpetauum | cyuiectesyeT
cucTema npasua BbIBOAA, MO3BOMSIOLLAS 4151 KXKAOrO TpUMeTa

& = p{7}1 noctponTb ycnewnbiii Boiog P B nHTepnpetayun | un
JoKa3aTb ero ycrnewHocTb B cnyyae | = 7

OTset otpuuatenshblii . CnegyeT ns Teopemsl [egensi o HenosHOTE.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBoga Xoapa.

2. BepHo nu, 4to ans kaxkaoi untepnpetauumn | cyuwecteyer
CUCTeMa NpaBuJl BbIBOAA, MO3BOASIOWAS ANst KAXKAOro TpUnieTa
® = @{m}1) noctpoutb ycnewHsbiii BbiBog ¢ B nHTepnpetayun |/
(HO He rapaHTupyloLasi [0Ka3aTebCTBA €ro YCNewHocTH) B
cnyyae | = &7

OTeeT oTpuuatensHelii . Ba3osbie npegukaTbl cMrHaTypbl 0 MOTYT
BbITb HEAOCTATOYHO BbIPA3UTENLHLIMI ANt NPEACTABAEHNA BCEX
Tex OTHOLUEHNI MeX[y NepeMEHHbIMU NPOrpaMMBbl, KOTOpble
HYXHbI AN NOCTPOEHUA YCMELHOro BbIBOAA.
B pesynbTtaTe He HaiigeTca HyxHbIx dopmyn ¢, 1) ans
NPUMeHeHNs NpaBMna
CONS: B4 3 CRR—

=@ p{mi, P =




ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

BOﬂpOC O NOs1HOTEe npaBu BbiBO4A Xoapa.

3. BepHo nu, 4to ans HekoTopbix uHTepnpetaymii | cywecTsyer
cucTeMa npasui BbiBoAa Xoapa, KOTopasi NO3BONSIET AJIS KaXKAOro
Tpunneta ® = p{7}1) nocTponTb ycnewHsiii Boisog P B
nuTepnpetayun | B cnydae | = &7

OTeeT nonoxutesnsHblii . JlocTaTouHo, 4Tobbl gns noboro uukna
7 = while C do 7’ od cywecTsosan Takoii TepMm t;, 4To AnA
Noboii oLeHKN nepeMeHHbIx € 3HadeHune Tepma t 0 pasHo n+ 1
TOrAa 1 TONABKO TOrAA, KOrAa UMK 7 B BblducneHun (m, 6)
COBEPLUAET N UTepauuii.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Y710 HY>KHO ANs1 NOCTPOEHUS ycnewHoro BbiBoga?

» Heobxognmo umeTtb adbheKTUBHLIA NpyBEp AJIS NPOBEPKU
WCTUHHOCTY (POPMYA B Pa3HbIX WHTEPNPETALMSAX:

I=¢o.

CONS: ot ,

o — ¢, p{ri, o -y
NOCKOJIbKY HesACHO, Kakme hopmysbl ¢’ 1)) Hy>KHO BbIBUpaTL B
Ka>Kp,OM Cﬂy"lae.




ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

CTpaTervm BblBO4A B JiOrnke Xoapa.

Onpepenenue

MycTb 3agaHbl uHTepnpeTauust |, uMnepaTuBHas nporpamma m u
nocrtycnosue 1. Torga dpopmyna ¢ HasbiBaeTcs cnabeiiwm
npeaycnoenem (weakest postcondition) gns nporpammsl 7
MOCTYC/I0BUS 1), €Cnn

® /= po{m}e,
2. pns noboii opmynbl , ecin | = o{mr}ip, To | = ¢ — ¢p.

Cnabeiiwee npepycioBue anst NporpamMMbl 7 1 MOCTYCNOBNS 1)
ycnoBumcst obosHavate wpr(m, ).



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Kakas nonb3a ot cnabeiiwero npegycnosusa?

Teopema

o = (S

Takum 0bpasom, 3afa4a NOCTPOEHUSI YCMELLHOIO BbIBOAA CBOANTCS
K 3agaye Bblumcnerus wpr(m, ).



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

A kak Bbl4uCNATbL cnabeiiwee npeaycnosue?

Teopema
wpr(x < t, ) = P{x/t},
wpr(7T1; 2, @Z}) = Wpr(7r1, WPf(7T2a 1/))),
wpr(if C then 7 else 7 fi,y)) =
C&wpr(m1, V)V ~C&wpr(ma, ¥),
[okasatenbcTBo

CamocToaTensHo.

Takum obpasom, ans MHorux onepatopos (nporpamm) cnabeiiwee
npefycnoBne BbIYMCNAETCA aBTOMaTUHECKM.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Hey>xenun Bce Tak npocrto?

VBblI, HeT. [NaBHYIO TPYAHOCTbL NpeACTaBAsieT onepaTop LMKAa
while C do 7 od. EauHcTeeHHbIli cnocob BepudunmposaTh 3TOT
onepaTop — 3TO BOCMO/b30BaTbCA NPOU3BOAHLIM NPABUJIOM:

¢ {while C do 7 od} (¢)
e —x, (X&C) {m} x, (x&~C) =¥

ST0 npaBuno TpebyeT BBEAEHUSI BCMOMOraTeNLHOR popMybl X,
KOTOpasi Ha3bIBaeTCA nMHBapmaHToMm uukaa . MiHeapuaHT umkna
3aBUCUT OT nporpammel 7 n ycnosust C.

ABTOMaTMYeCKasi reHepaLusi HBAPMAHTOB LKA — 3TO KJtOYeBast
3aja4a B pelueHnn npobaeMbl aBTOMATUHECKONR BepudrKaumm
nporpamm.

WHILE-GEN:




KOHEL, NEKLLW 20.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyusn 21.

Bepuduvkauna pacnpegeneHHbix
nporpamMmm.

Jlornka nuHeinHoro BpemeHn PLTL.
PasmeyeHHble cnucrembl nepexoos.
3apayva Bepudmkaunm moaenei
nporpamMmm.



BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

3agava

MmeeTcsa HeCKoNbKO KOMNbKOTEPOB N TOJIBKO OAWNH MPUHTEDP. Hu
OANH KOMMNbIOTEP HE OCBEAOMIJIEH O CyLLECTBOBaHNN OAPYyrunx
KOMNbKOTEPOB. Kak NPaBUJIbHO OPraHnN30BaTb UX B3aI/IMOp,eI7ICTBV|e,
4TOBbI BCE OHU MOFM NOAL30BATLCA 3TUM I'IpVIHTepOM?

[ ]
[ ] [ ]




BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

3apava

MpepnonaraeTcs Takxe, 4TO y NPUHTEPA €CTb EAUHCTBEHHDI
ogHobuToBbIA perncTp R, obLiefocTynHbIli Ans CHUTLIBAHNS 1
3anncu. ITOT PErucTp MOXET HAXOAUTCS B OAHOM U3 ABYX
cocTosiHniA — busy (npuHTep 3aHaT) n free (npunTep cBobogEH).

[ ]
[ ] [ ]




BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

Mpexae 4em nucatb nporpammy (apaiisep), obecneynBatoLyto
B3aMMOZECTBUE KAXXAOrO KOMMbIOTEPA C NPUHTEPOM, HYXKHO
cchopmynuposaTb TpeboBaHus, NpeabsBAsSEMbIE K 3TOl NporpaMMe.

1. Bcsiknia pas, korga npuHtep cBobogeH n xoTsi bbl oguH
KOMMbOTEp COBMpaeTcs OTNPaBUTL AAHHLIE HA NeYaThb,
npuHTep ByaeT paHo UNM NO3AHO 3aHST,

2. Bcsikuii pas, nocne TOro Kak NpUHTEP OKa3afcs 3aHSAT, OH
OOJKEH KOrga-Hubyab NMpUCTYNnTbL K neyatwu;

3. KomnbloTep, 3aBeplunBLINiA NeYaTb, SOJDKEH KOrga-Hubyab
0CcBObOAUTL MPUHTEP;

4. [laHHble Ha nevaTb BCerga nepefaeT He bonee Hem OAnH
KOMMNbIOTEP.

A kakue eule TpeboBaHUS Pa3yMHO NPEABABUTL K HalleMy
apaiisepy?



BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

[ns cBA3M C NpUHTEPOM MPOrpaMMMICT MPeaIoKua cHabanTb
KaXKAbIi KOMNbIOTEP OAHOI 1 TOW e NMPOorpaMmoin

Ly: while R # free do wait od ;
Ly: R = busy;
L3: output(X,printer);

La: R = free;

DT0 NpocTas u pasymHas Nporpamma.

Ho byaeT nu cncrema KOMNbIOTEPOB, CHABXXEHHBLIX 3TO
nporpammoii, Bectu cebs B COOTBETCTBUM C yKa3aHHbIMU
TpebosaHuammn?



BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

Ecam mbl nmeem geno ¢ nocnegoBaTesibHOW NPOrpamMMoOid, To
Hanbonee NPoCcToii cnocob NpoBepky ee NPaBUILHOCTU — 3TO
TecTupoBaHue. TecTuposaHue, BoobLe roBopsi, He rapaHTUpyeT
TOro, 4TO BCE BbIHYUNCIEHNA ABAAKOTCA NMpPaBUJIbHbIMU, HO OHO
No3BOJISIET, NO KpaiiHel mepe, ybeauTbCs B TOM, 4TO Nporpamma
BefeT cebsi MpaBULHO Ha TECTOBLIX MPUMEpPaXx.

Ho ecan mbl 3aHumaemcsa Bepudpnkauueii pacnpegeneHHbix
NPOrpamMMm, COCTOSILLIMX U3 HECKOJIbKUX NPOLLECCOB, paboTatoLmx
Ha HE3aBUCUMbIX BbIYUCINTENbBHBIX YCTPOWCTBAX, TO TECTUPOBAHUE
He NO3BOJISET MPOBEPUTL MPABUILHOCTbL NOBEAEHUS
pacnpeaeneHHoli CUCTEMbI JaXke Ha TECTOBbIX MpUMepax.

Movemy?



BEPNOUKAUWNA PACIMNPEAOEJIEHHbLIX
NMPOIrPAMM

MpeanonoXum, HTO Ha 3afaHHbLIX BXOAHBIX AaHHbIX (TECTOBOM
npumMepe) Kaxabiii n3 20 NpoLeccoB pacnpefeneHHOR CUCTEMBI
BbIMOJIHSIET BCEro JiNb OAHO AelicTBue. Torga BblYMUCEHME
CUCTEMbI MOXET ObITb busmyeckn peanusosaro 20! > 218
cnocobamm B 3aBUCUMOCTYW OT TOl MOC/IEAOBATENBHOCTM, B KOTOPOIi
OyayT 3aBeplUaTLCs BbIMOJIHEHUS 3TUX AEACTBMIA. FlcHO, 4TO
PacCMOTPETb BCE 3TN BbIMOJIHEHUS NMPAKTUYECKN HEBO3MOXXHO.

A BMmecTe C Tem OOHWN TE XKe ﬂ,eVICTBVIﬂ, BbINOJIHEHHbIE B pa3H0|7|
nocnenoBaTe/NIbHOCTU, MOTYT NPUBOANTL K Pa3HbIM pPe3y/bTaTaM:

«HanonnnTb bacceiin Bogoity || «[MpbirHyTs B bacceiit ¢ BbILLKNY

Kak >ke npoBepsTb NpaBUIbLHOCTL pacnpeaesieHHbIX cuctem?



BEPNOPUNKAUUNA PACIMNPEOEJIEHHbLIX
NMPOIrPAMM

Bepudmkaumnto pacnpegeneHHbIx CUCTEM HY>XXHO
aBTOMAaTN3MPOBaTb. DTO MOXKHO CAenaTh, HanpuMep, Tak.

1. BbibpaTtb noruyeckmii si3bik L, Ha KOTOPOM MOXHO OMUCHLIBATH
TpeboBaHus, npeabsiensieMble K nporpamme. lpencrasuts 3Tu
TpeboBaHus B Buge hopMyn o1, ..., Pp.

2. BbibpaTb MaTemaTuyeckyto mogens M, agekBaTHoO
NPeLCTaBSIOWYHO BCE BbIYUCIEHNS nporpaMMbl. Mogens
[OJDKHA ObITb YCTpOeH Tak, 4Tobbl Kaxgoe Bbluncnerue | B
mogenn M sensnocb uHTepnpetaunei assika L.

3. MNpoBepuTb BBINOAHUMOCTL POPMYI 1, . . ., Oy HA BCEX
Bbluncnennsax mogenu M. [Ins nposepku BbINOSHUMOCTH
cdopmyn s3bika L Ha mogenn nporpammel M gonxeH 6biTh
paspaboTaH 3¢pdeKTUBHBIA anropuTMm.

Takoll nogxon K NpoBepKe MPaBUabHOCTI NPOrpaMM Ha3BaeTcs
Bepudpukaumein mogeneii nporpamm (aHrn. model-checking ).



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

Mpu BepudbrKkaumm pacnpegeneHHbIX CUCTEM, KaK NpaBuo,
TpebyeTcsi NPOBEPUTDL, YTO B KaXKAOM BbIYUCIEHUN CUCTEMbI
HekoTopble CobbITUS (BbIMOMHEHNE TOFO UAN UHOTO AEACTBUS,
npuem/nepefada coobLueHMid N Np.) NPOUCXOASAT B OMpPEAEEeHHOI
NOCNeA0BaTENBHOCTN.

Kaxxpoe cobbiTue event MOXHO oOxapakTepn3oBaTh bynesoli
nepemeHHOR (0-MeCTHbIM NPEfUKATOM) Peyent, KOTOPAsi MPUHUMAET
3HaYeHne true B TOM 1 TOJILKO TOM CJly4ae, KOrfha OCYyLUECTBASIETCS
cobbiTue event. Takum 0bpa3om, B JIOTMHECKOM si3blKe L HE HYXKHbI
NPeAMETHBIE NEPEMEHHbIE, TEPMbI, KBAHTOPbI.

OpAHako OCyLEeCTBUMOCTb CobbITUN (3HaueHUs DyneBbIX MPeMeHHbIX
Pevent) W3MEHSIETCSI CO BPEMEHEM. 3HAYUT, B JIOTNYECKOM si3blke L
OOJIKEH BbITh ABHO y4TeH heHOMEH BPEMEHN.

Takum obpasom, ansi onucaHusi TpebosaHuii, KOTOpbIe
NPeABSBASIOTCS K PacrpeAeneHHON CMCTEME, JOCTAaTOYHO
BOCMOJIb30BaTbCS SA3bIKOM MPOMO3NLMOHABHONR TEMMOPabHOI
norvkn nuxeiiHoro spemenn (PLTL).



VlCTOpI/l‘-IeCKI/Ie cBegeHnsA
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JNOTMKA TIMHEMHOIO BPEMEHW PLTL

CunTakcuc PLTL

B PLTL Hapsagy c byneBbiMy JIOFMYECKUMI CBSI3KaMU AJist
ONUCaHNsi MPUHNHHO-CNEACTBEHHONM 3aBUCUMOCTU CODBITUN BO
BPEMEHUN MPUMEHSIIOTCS TEMMOPAJIbHBIE ONEPaTOPbI

X (neXttime) «B ciefyoWwmnii MOMEHT BpPEMEHN  ;

F (sometime in Future) «korga-To B bygylems;

Globally) «Bcerga B bygywemy;

vV vVv.v. v Y

G (
U (Until) «go Tex nop nokay;
R (

Release) «BbicBObOAUTL, OTKPENUTL .



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

MycTb 3aaHO MHOXECTBO By/EBbIX NepeMeHHbIX
AP ={p1,p,...,Pn,-..} (ByAem HasblBaTb UX aTOMapPHLIMU
BbICKa3bIBAHMAMN).

CunTakcuc PLTL
®opmyna PLTL — aT0

pi, ecnn p; € AP,

(p&)), ecnu ¢ n 1) — popmynbl;

(o V),

(= ¥),

(=),

(Xe), «B CNefytoLmnii MOMEHT ByeT BEPHO > ;

(Fo), «Korga-To B byayuiem byaer BepHO ©»;

(Gy), «BCErfa BEPHO ©»;

(eUv), «(p OCTaeTCsl BEPHOIA, NOKa He CTaHET BEPHON Py ;
(pRY), «1) MOXET mepecTaTb ObiTh BEPHOI TONLKO MOC/E TOro,

KaK CTaHEeT BepHOI7I ©>».



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

Cemantuka PLTL
NHTepnpetayma PLTL — 3To TemnopanbHas mogens Kpunke
I =(N,<,¢&), rpe

» N={0,1,2,...} — MHOXeCTBO MOMEHTOB BpPEMEHU,;
» < — OTHOLUEHWUE HECTPOroro AuHeliHoro nopsigka Ha N;

» ¢ N x AP — {true, false} — oueHka aTomapHbix
BbICKA3bIBAHNIA Ha LUKane BPEMEHN.

p=true p=~false p=true p=true p = false
q =false g =false g =true g = false g — false

0 1 2 3 4




JNOTMKA TIMHEMHOIO BPEMEHW PLTL

CemanTuka PLTL
WNutepnperauns | = (N, <, &) — 310 BbIYMCIMTENBHAS TPacca
nporpammel, 1 B 3TOW Tpacce

» N={0,1,2,...} — 3T0 nocnepoBaTenbHOCTb COCTOSIHUIA
BbIYNCNEHUSA, IMHENHO YNOPALOYEHHAs OTHOLIEHWUEM
nepexopos <;

> ouenka & : N x AP — {true, false} ykasbiBaeT, kakue
CODLITUS NPONCXOAAT B T€ WIN UHbIE MOMEHTbI BPEMEHU.

@opmynbl PLTL — 310 yTBEpXKAEHNS O TOM, B KaKOii
NOC/NIEA0BATENBHOCTY LOSKHBI MPONCXOANTL CODBLITUS MO XOAY
BbIYUCNEHNI NPOrpamMm.

Y7106kl OUEHNBATL, B KaKOW Mepe BblYNCINTENbHAsSH Tpacca
(nHTepnpeTauus) yaoBNETBOPSIET 3ajaHHOMY TpeboBaHuMio
(cbopmyne PLTL), onpeaennmm oTHoLLEHME BBIMOJHUMOCTM hOPMY
PLTL B TeMnopasbHbIX UHTEpPNpPETaLUsIX.



JTOTrMMKA MTMHENHOIO BPEMEHW PLTL
CemanTuka PLTL

Mycts | = (N, <, &) — TemnopasbHasi MHTEPNpeTaLuns
(BbluMcnuTeNbHAS Tpacca), n € N — MoMeHT BpemeHu (cocTosiHne
BblYNCAeHus ), ¢ — opmyna PLTL.

Torpa oTHoweHue BoinoaHUMoOCTY |, n = ¢ bopMysbl ¢ B MOMEHT
BPEMEHU n B MHTepnpeTauum | onpegensieTcs Tak.

1. Ecom ¢ = p, p € AP (1. e. ¢ — aTOMapHOe BbICKa3biBaHUE), TO

I,nE= ¢ < &(p) = true.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

Cemantnka PLTL
2. Ecnm ¢ = p1&po, TO

Ian):SO — Ia”):W1M/>”):<P2-

I»n):(tol
I,nE @2
ooo+>‘—>‘—>.—>.—> cee
n n+1 n+2

Ons cdopmyn Buaa ©1 V w2, @1 — @2, —p1 OTHOLUEHNE
BbINOJAHUMOCTY B TEMMNOPASIbHOW MOAENN ONPEENsieTCs TOYHO TakK
XKe, KaK B KJ1TACCUYECKOli JIOrMKe NpeanKaTos.



JTOTrMMKA MTMHENHOIO BPEMEHW PLTL
Cemantuka PLTL
3. Ecnn ¢ = Xap, 10

I,nlEp < I,n+1E1.

o+l

n n+1 n+2

4. Ecnn ¢ = Fy, 1o
I,nlE ¢ <= cywectsyer Takoe k, k >0, uto I, n+ k |= .

’,"+k'=¢

n n+1 n+2 n+ k



JTOTrMMKA MTMHENHOIO BPEMEHW PLTL
Cemantuka PLTL
5. Ecnm ¢ = Gy, 10

I,n= ¢ <= pns noboro k, k >0, sepHo I, n+ k = 1.

LnEv Ln+lEvy lLn+kE

n n+1 n+2 n-+k

6. Ecnn ¢ = xUv, 10

I,nlE ¢ <= cywecrtsyer Takoe k,k >0, uto I, n+ k |E 1,
n ans noboro 1,0 < i < k, BepHo I, n+ i = x.

I»n):X Ivn+1':X Ivn+k71':X Iv"+k':'¢}

n n+1 n+2 n+ k



JNOMMKA JIMHENHOIO BPEMEHW PLTL
CemaHtnka PLTL
7. Ecnn ¢ = xRy, 10

I,nE¢ <= nnbo pns nwboro k, k >0, sepro I, n+ k =1,

LnEv Ln+lEvy lLn+kE

@ @ @ @ @
n n+1 n+2 n-+k




JNOMMKA JIMHENHOIO BPEMEHW PLTL
CemaHtnka PLTL
7. Ecnn ¢ = xRy, 10

I,nE¢ <= nnbo pns nwboro k, k >0, sepro I, n+ k =1,

nnbo cywectayet Takoe k, k >0, yto I, n+ k = ¥,
n ans moboro i,0 < i < k, BepHo I, n+ i = 1.

ILnEy Lnt+tlEy ILntkE
n n+1 n+2 n—+k
Ln+k=x

I,nEvy Ln+1lEY Ln+k—1FE+ Ln+tkE=y

n n+1 n+2 n+k



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

Bynem HasbigaTh dhopmyny PLTL ¢
> BbINOAHUMOIE B nHTepnpetauun , ecan Bepro 1,0 = ¢
(obozHauaetcs | = ¢);
» PLTL-obuwesHaynmoii , ecnu ans noboit untepnpetauun |/
BepHo | |= ¢ (obosHavaetcs = ).

Y10bblI 0berynThb 3anucb opmMyn n ns3baBUTLCS OT JNLIHNX
CKODOK, YCIOBUMCSI, YTO

oAHOMecTHble TemnopasbHble onepatopsl X, F, G obnagatoT Takum
XKe NMPUOpUTETOM, KakK OTpULaHue —,

a BYXMecCTHble TemnopanbHble onepatopbl U, R umetor
HaNBLICLUMNI NMPUOPUTET CPEAU ABYXMECTHBIX CBSI3OK.

Takum obpasom, 3anuck
Xp1Up2&Fps — —p1Rp2
obozHavaeT chopmyny

(((Xp1)Up2)&(Fp3)) — ((—p1)Rp2).



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

PaBHocubHble hopmysibl

TemnopanbHble onepatopbl PLTL cBaA3saHbl gpyr ¢ apyrom
OMpeAeneHHbIMN COOTHOLEHUSAMIN (PaBHOCMNBHOCTSIMI).
BoT Hanbonee BaXkHble U3 COOTHOLLEHUN PaBHOCUABHOCTH.

3aKkoHbI [BOVICTBEHHOCTMN.

1. =Xy = X=p;
—-Fyp = G—y;

~(pU) = mpR—1;
—(pR) = ~pU—).

o~ b
m - m



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

PaBHocubHble hopmysibl

TemnopanbHble onepatopbl PLTL cBaA3saHbl gpyr ¢ apyrom
OMpeAeneHHbIMN COOTHOLEHUSAMIN (PaBHOCMNBHOCTSIMI).
BoT Hanbonee BaXkHble U3 COOTHOLLEHUN PaBHOCUABHOCTH.

3aKkoHbI [BOVICTBEHHOCTMN.
1. E = Xp = Xy,
2. E —Fp = G—y;
3. E =Gy = F—y;
4 | (pU) = mpR~y;
5 [ —(¢Ry) = ~pU—p.
[okazatenscteo. Cnepyet HENOCPEACTBEHHO N3 ONpPEAENeHMs

OTHOLUEHUNSA BbINOJHUMOCTU.
Moka>keM CnpaBeaMBOCTb COOTHOLWEHUS 4).



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

[okasaTenbcreo.

Mycts 1,0 = =(pUv), T. e. 1,0 = pUw. Torga cornacHo
OMpefesieHnto OTHOLLEHNS BbINONHUMOCTM Ansi onepaTtopa U BepHo
XOTsl Obl OQHO U3 ABYX:

1. nubo pns noboro k, k > 0, BepHo I, k [~ 9

Loy L1y Ik
.. >‘ 4>.—>.—>.—> L )
0 1 2 k

2. nnbo cywectryet Takoe k, k >0, uto I, k £, I,k = ¢
n npw 3ToM ans aboro iecim 0 < i < k, 1o/, k béz/J I,k =¢

LOEYy L1y Lk—1p= Lk b
LoEe LlEe Lk—=1kE¢ Lkl



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

[okasaTenbcTeo.
Ho 370 o3HauaeT, 4To BEpHO XOTs Bbl OAHO U3 ABYX:

1. nnbo gns nwoboro k, k > 0, BepHo I, k = —p

1LOE— 1,1 LkE—¢
'. ,' 4>.—>.—>.—> o 00
0 1 2 k

2. nubo cywectsyet Takoe k, k >0, uto I,k =), Ik = -y
u npm 3ToM gns noboro i ecim 0 < i < k, To I, k |E

10k~ 11— b=l Lk
I’k':_'(ro

oooﬂ—»‘—»‘—»‘—»‘—» )
0 1 2 n+k

A 570 Kak pa3 n o3Hayaer, 4to /,0 = (—p)R(—¢)).
3Haunt, | |E ~(pUy) — —pR—1) pns nwoboii nutepnperayum /.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

[okasaTtenbcreo.

I_IpOBO,D,FI dHaAJIOTN4YHbIE PACCYXXOEHUA NMOKAXKUNTE CaAMOCTOATENIBHO
4YTO BEPHO COOTHOLUEHNE

I'= —~eR=) — =(pU9),

a TaKXKe OCTasibHble 3aKOHbI 4BOWCTBEHHOCTU TEMMOPAJbHbIX
onepaTopoB.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

PaBHocunbHble hopmysbl

3aKkoHbl B3aUMHOIi 3aBUCUMOCTMN.

1. E Fo=-G—y;

. E Gy = -F-y;

- eUY = ~(-pR-y);
- F @Ry = =(—pU—y);
E Fy = true Uy;

6. = Gy = false Ryp.

oA~ w N

HokazaTtenscteo. CaMmocTosTENBHO.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

PaBHocuibHbIE hopMysibl

3aKoHbI HEMOABMXKHON TOYKN.
1. E Fop=¢ V XFy;
2. E Gp=p & XGy;
3. F pUdp =9 V (¢ & X(pU);
4 FE eRY =19 & (¢ V X(¢R).

Hokazatenscteo. CamocTosATeNbHO.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

PaBHocunbHble hopmysbl

A Kakue 3aKOHbI AUCTPUBYTUBHOCTY BEPHbI!

E F(e V) =777,
E G(pVy) =177,
E F(p&y) =777,
E G(p&y) =777,

- E U@V x) =777,
. E eU(&x) =777
E (¢Vx)Ux =777
E (p&x)Ux =777.

© N OO AW e



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

BeipasuTensHble BosamoxHocTn PLTL

A Tenepb NOCMOTPUM, HAaCKONIbKO afeKBaTHO U MPOCTO MOXHO
BblpaxkaTb npu nomouim PLTL Te TpebosaHus, koTopble
NPeabsBAAIOTCA K MNOBEAEHUIO PACMpefeneHHbIX CUCTEM MPOrpaMm.

1. Bcsiknia pas, korga npuHtep cBobogeH n xoTs bbl oguH
KOMMBIOTEP COBMPaeTCcs OTNPaBUTL AaHHbIE HA MeYaTb,
npuHTEp DyAET paHO WM NO3AHO 3aHAT;

2. Bcakuii pas, nocne TOro Kak NpUHTEP OKa3aics 3aHAT, OH
JOJKEH KOrga-Hubyab NpuCTynuTb K Nedatw;

3. KomnbtoTep, 3aBeplunBLINiA NeYaThb, AOJXKEH Korga-Hubyab
ocBoboANTb NpUHTEP;

4. JlaHHble Ha nevaTh BCeraa nepegaeT He bonee yem ogmH
KOMMbOTEP.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

BbipasuTensHble Bo3amoxHocTtn PLTL

BBe,El'eM cnegyrowime atToMapHbl€ BblCKa3blBaHUA, COOTBETCTBYOLWME
OCHOBHbIM CODBITUAM BblHUCEHNT nporpaMmmbl:

1. try; — i-blii KOMNBLIOTEP COBUMpPAETCs OTNPaBUTL AAHHBIE HA
neyaTsb;
2. pri — i-blii KOMNbIOTEP NepefaeT JaHHble Ha MeYaTh;

3. free — npuHTep cBobopeH;
4. busy — NpUHTep 3aHsT.
MycTb nMeeTcs cuctema, COCTosAWAA N3 2 KOMMbIOTEPOB.

Torpa Bce nepevncrieHHble TpebOBaHUS BbipaXkatoTcs hopmynamm
PLTL Tak.



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

BeipasuTtensHbie Bo3amoxHocTtn PLTL

1. Bcsiknia pas, korga npuHtep cBobogeH n xoTsi bbl oguH
KOMMbIOTEP COBMpaeTCs OTNPaBUTL AaHHbIE HA NeYaTb,
npuHTep OyAeT paHO WAM NO3LHO 3aHST:

01 = G((free & (try1 V trys)) — Fbusy) ;

2. Bcesknii pas, nocne Toro Kak nNpuHTEp 0Kasascst 3aHAT, OH
[OJKEH KOrga-Hubyab nMpucTynuTb K neyaTu:

w2 = G(free & Xbusy — XF(pri V pr));



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

BeipasuTtensHble Bo3amoxHocTn PLTL

3. KomnbtoTep, 3aBeplInMBLINIA NeYaTb, JOJKEH KOrga-Hubyab
ocBoboanTb NpuHTeEp:

v3i = G(pr; & X—pr; — XFfree) ;

4. [lauHble Ha nevaTb BCerga nepefaeT He bosee Yem OfuH
KOMNbHOTEP!
¢4 = G(=(pr. & pr2)) -



JNOTMKA TIMHEMHOIO BPEMEHW PLTL

BeipasuTensHble Bo3amoxHocT PLTL

5. [lo Tex nop noka xoTst Bbl OANH KOMMbIOTEP OTMNpPaBASET
[JaHHbIE Ha NeYyaTb, NPUHTEP OCTAETCA 3aHATbIM:

o5 = G((—=(prn V pr2) R busy) ;
NN MOXET 6b|T|:> 2TO ﬂyl'lUJe BblPa3nTb TakK:

¢5 = G(busy R (=(pr1 V pr))) ?
NN MOXKeET 6b|Tb TaK:

¢y = G((pn V pra) — busy)?



PASMEYEHHbLIE CNUCTEMbI NEPEXOO0OB

Tenepb Mbl MoXXeM ucnonbsosatb PLTL B kavecTse hopmasnbHOro
A3blKa creynukaLmm nporpamMm.

Y10bbI NMETH BO3MOXXHOCTb MPOBEPUTL, YAOBAETBOPSIOT JIN BCE
BbIYMC/IEHUSI PACNPESENEHHOR CMCTEMb! MPOrPaMM 3a4aHHbIM
cneundpmkaumsiM, KoTopble npeactasnedsl dopmynamu PLTL,
HY>XHO OMPEAENNTL MAaTEMATMYECKYIO MOLESb MPOrpamMm.

Mpn pa3paboTke MaTeMaTUYECKOA MOZENN NPOrPaMM HY>KHO
CTPEMUTLCS K TOMY, 4TObbI

> Ka)Xk[l0e BblYUCIEHNE pacnpeseneHHOW CMCTEMbI MPOrpamMMm
NpeacTaBasio coboil TEMNOPanbHYO NHTEPMPETALMIO;

» BbIYWCJIEHNSA NporpamMm B I'Ipep,J'IO)KeHHOﬁ MaTeMaTn4eckoii
MOZLENIN COOTBETCTBOBAJIN pPE€asibHOMY MOBEAEHWUIO
BbIYNCNNTENBHbIX yCTpOI7ICTB, BbIMOJTHAKOLWNX 3TN NpOorpamMmbl;

> MOofenb NporpaMm MMesia MpoCToe YCTPOMCTRO.

B kauecTtee Takoii Moenn nporpamMmm Mbl 6y,u,eM NCnonb30BaTb
pa3MeHe€HHblE CNCTEMbI MEPEXOJOB .



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

Onpegenenne LTS

Pasmeuennas cuctema nepexopos (LTS, Labelled Transition
System) — 370 nsatepka (AP, S, So, —, p), B KOTOPOIA

1. AP — MHOXEeCTBO aTOMapHbIX BbICKa3blBaHUI;
2. § — HenycToe MHOXECTBO COCTOSIHUIA BbIYUCIEHN;

3. S0, So € S, — HenycToe MOAMHOXECTBO Ha4asbHbIX
COCTOSIHWIA;

4, —C S x S, — TOTanbHOE OTHOLLEHNE MEPEXOIOB,
TOTaNbHOCTb OTHOLLEHNUS — O3HaYaeT, 4To Ans noboro
COCTOSAHMA S, S € S, CylecTByeT Takoe COCTOsiHME S', 4TO
s — s’ (1. e. n3 n6Oro CoCTosHNS MOXKHO CAeNaTb XoTs bbl
OAMH nepexoq);

5.p: S — 24P — thyHkums pasmeTku, NPUNNCHIBAOLWAs]
KaX/IOMy COCTOSIHWIO BbIYUCIEHWNIA S, 5 € S, MHOXECTBO
p(s), p(s) C AP, Bcex Tex aToMapHbIX BbICKa3blBaHNIA,
KOTOpble ABNSIOTCS UCTUHHLIMU B COCTOSIHUN S,



PASMEYEHHbBLIE CUCTEMbI NMEPEXOOOB
Mpumep LTS

M = (AP,S, S, T, p)
AP ={p,q}, S={s1,%,53,5,55,5,57}, So={s1,%}

s, {p,q}

53 {r} s (P, a) 6, {p:q} st AP}



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

LTS n PLTL-vHTepnpeTtayum

Tpaccoin 8 LTS M = (AP, S, Sy, —, p) Ha3biBaeTCs BCsiKast
beckoHeYHas NoCNefoBaTENbHOCT COCTOAHNI

tr:S,'O,S,'l,...,S;n,S,'n+1,..., (>I<)

B KOTOPOIA Ans noboro n,n > 0, BepHo (s;, — Sj,,,).

Ecnn Sj, — HaYasibHOE COCTOsIHUE, Sj; € So, TO Tpacca tr
Ha3bIBAETCS Ha4as/IbHOM TPaCCOIA.

3anucs Tr(M) obosnayvaet mHoxXecTBO BCex Tpacc LTS M, a

3anuck Tro(M) — MHOXeCTBO BCex HadanbHbix Tpacc LTS M.

Kaxgoii Tpacce tr € Tr(M) Buga (*) conoctasum
PLTL-untepnperauunio /(tr) = (N, <, &), B koTOpoii gns ntoboro
n,n>0,unp, pe AP, BepHO COOTHOLIEHNE

§(n,p) =true < pe€ p(s;,) .



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

Mpumep LTS

p = true
q = false

sg {p} s {p,q} s, P q} s, {p}



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

Mpumep LTS

p = true p = true
q = false p = true

sg {p} s {p,q} s, P q} s, {p}



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

Mpumep LTS
p = true p = true p = false
q = false p = true q = false
0 1 2
Cy) S4 S3

sg {p} s {p,q} s, P q} s, {p}



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

Mpumep LTS
p = true p = true p = false p = false
q = false p = true q = false q = true
0 1 2 3
Cy) S4 S3 S5

s’ {p} s {p,q} s, P q} s, {p}



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

Mpumep LTS
p = true p = true p = false p = false
q = false p = true q = false q = true
® -@ -@ -@ A
0 1 2 3
Cy) S4 S3 S5

s’ {p} s {p,q} s, P q} s, {p}



PASMEYEHHbLIE CNUCTEMbI NEPEXOO0OB

LTS v pacnpeneneHHble nporpammbl
LTS, cooTBeTCTBYIOLLYIO NPOrpaMMe T, MOXKHO MOCTPOUTL TakK:

» CocTosiHusimu LTS nonaratoTcsi coCcTosiHms BbIHUCIEHNS
nporpammbl. CocTosiHne BbIYNCIEHNS NPOrpaMMbl T — 3TO
napa (coctosiHne ynpassienusi, coctosiHune aavtbix). CocrosiHme
yNpaBAeHNs — 3TO 3HAYeHNe CHETYMKA KOMaHA MporpamMmel.
CocTosiHne faHHbIX — 3TO MOACTAHOBKA, YKa3bIBatoLLEes
COOTBETCTBUE MEXAY MEPEMEHHBIMU 1N NX 3HAYEHUAMMU.

» Ecnun B Touke count; nporpaMmbl 7 BbINOJIHSIETCA onepaTop
op, nNpeobpasyownii gaHHbIe U3 COCTosIHMA &1 B cocTosiHue &)
W nepepatolnii ynpasneHume B To4Ky countp, To B LTS
nmeetcs nepexoq (county, &1) — (county, &2).

> ATOMapHbIM BbICKa3blBaHUEM p MOXET bbITb ntobast hopmyna

JIOTUKN NpeanKaToB, 3aBUCALLAA OT NEPEMEHHbBIX NPOrpaMMbl
N CHETHNKA KOMaHA. PazmeTka P ONPEefEnAETCa TaK:

p € p((count,£)) <= I = pl(count,&)].



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

[Tporpamma gpalieepa m1

while true do
L1: while R # free do wait od ;
Ly: R = busy;
L3: output(X,printer);

La: R = free;
od



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

LTS ansa nporpammbl 7y

(L1, {R/free}) (543

(L1, {R/busy})

(L2, {R/free})

(L3, {R/busy})

(La, {R/busy})



PASMEYEHHbLIE CNUCTEMbI NEPEXOO0OB

LTS v pacnpegeneHHble nporpammbl

HekoTopble nepemeHHble MporpamMmmbl MOTYT ObITb AOCTYMNHbI 4151
APYrux nporpamm (T. H. pasgesnsiemMble NepeMeHHbIe ) Uan As
OKpy>atoLeil cpeabl (JaTHNKM, CEHCOPbI, CPEACTBA YNpaBeHUs ).

B Tom cnyuvae, korga nporpaMmma 7 B3aUMOLEACTBYET C
okpyxatoweii cpegoii, B LTS M, BHOCATCA cneaytowine
N3MEHEHWUA:

Ansi kaxgoro coctositus (1, €) Beogstes nepexogpl (1,€) — (1,£)
BO BCEBO3MOXHble cocTositust (/,¢’), B koTopbIx nogcraHoskm &',
OT/IMYAOLWMECS OT £ TONbKO 3HAYEHUSIMU MEPEMEHHBIX, JOCTYMHbIX
AIS OKpY>KaloLLeli cpebl.

Hanpumep, nonarasi, 4to peructp npuHtepa R — 310 Tymbnep,
KOTOPbIVi MOXET NEepPeKNOHATLCS CKOJb YFOAHO HacTo B pasHble
MOMEHTbI BpeMeHM, nonyuum caeaytowyto LTS, onuceisarouyto
B3auUMOZeliCTBMe ApaliBepa NPUHTEPA C OKPY>XaloLLen cpenoii
(nonb3oBaTenem npuHTEpa).



PASMEYEHHBIE CUCTEMbI MEPEXO0OB

LTS ans cuctembl 7y || environment

(L1,{R/free})

(L1, {R/busy})

-

(Lo, {R/free}) (L2, {R/busy})

(L3, {R/free})
(Ls, {R/busy})

(La; {R/busy})

(L3, {R/free})




PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

LTS v pacnpegeneHHble nporpammbl

LTS pnsi pacnpefeneHHoll CuCTeMbl, COCTOsILLEN U3 ABYX NPOLLECCOB
T W T2, B3aUMOAENCTBYIOLMX NOCPEACTBOM pasfesisieMblxX
NEPEMEHHbIX, CTPONTCA Ha OCHOBE CEMAHTUKN HepenyrLInXxXca
BbIYNCNEHNIA.



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

LTS v pacnpegeneHHble nporpammbl

LTS pgnsi pacnpegeneHHol cucTembl, COCTOSILLER N3 ABYX MPOLLECCOB
1 W T, B3aUMOLECTBYIOLNX NOCPEACTBOM pa3fefisieMbixX
NEPEMEHHbIX, CTPONTCA Ha OCHOBE CEMAHTUKN HepenyrLInXxXca
BbIYUCNEHWIA.

Coctosiusimn LTS pns cucrembl 7y || m2 obbsiBnsitotcs Habopbl
(county, county, &1, €2, X), The
> county, count, — 3HaYeHNS CHETUYMKOB KOMaHA MpOLECCOB 71
n o,
> &1,& — MOACTAHOBKU, OMpPeLENstoLmne 3HaYEHNST NOKaJIbHbIX
MepeMeHHbIX MPOLECCOB 7Ty U 7o,
> Y — MOACTAHOBKA, ONPEeAENsoLlast 3HA4YEHNs! Pasae/isieMblxX
NnepeMeHHbIX.



PASMEYEHHbLIE CNUCTEMbI NEPEXOO0OB

LTS un pacnpeneneHHble nporpammbl

LTS pns pacnpeneneHHol CMCTEMbI, COCTOSILLENR U3 ABYX NPOLLECCOB
1 W 72, B3aUMOZECTBYIOLWMX MOCPEACTBOM pa3fensieMblX
nepeMeHHbIX, CTPOUTCA Ha OCHOBE CEMAHTUKN YepenyoLLnXcs
BbIYNCNEHWNTA.

/ / / / /
|'|epex0,q (Countl7 county, 617 527 X) (COUI'Itl, COUHt2, 617 §27 X )
BO3MOXXEH B TOM U TONbKO TOM C/ay4ae, KOrga BbIMOJIHEHO OAHO 13
[ABYX YCNOBWIA:

» B LTS M(m1) ectb nepexoa (county, &1, x) — (county, &1, x')
n npm 3ToMm county = county, & = &3;

» B LTS M(m2) ectb nepexop (county, &, x) — (county, &, X")
n npu 3ToMm count; = county, & = &1.

Takum 0bpa3oM, B CEMAHTNKE HepeayoLNXCsl BbIHUCAEHWNI

napannenbHoe BbINOJHEHUE MPOLECCOB pacnpeAeseHHON CUCTEMBI
MOZENPYETCS HEAETEPMUHNPOBAHHLIM BbIDOPOM TOrO WM UHOFO
nopsiika, B KOTOPOM BbIMOJHSAIOTCS AECTBUSA Pa3HbIX NPOLLECCOB.



PASMEYEHHbBIE CUCTEMbI NMEPEXOOOB

LTS ansa nporpammsbl 7’ n nporpammbl 7’

/4—@ (L1, free) @Q (LY, free) @Q
(L7, busy)

(LY, busy)
<5 (L%, free)

(LY, free)

(L3, busy)

k{b (L}, busy)

(LY, busy)

(LY, busy)



PASMEYEHHbLIE CNCTEMbI NMEPEXOAOB

LTS ans cucrembr  mf || 7
(L4, LY, free)

(L%, LY, busy) (L1, LY, busy)

(L}, LY, busy (L7, Ly, busy)

)@ | @
(L7, LY, busy)

: (L%, LY, busy)

(L5, LY, free)

(L}, LY, busy)

(L1, LY, free)

(L], LY, free) (LS, LY, free)

S’»’ o oﬂD



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

WTak, ons Bepucpukaumm pacnpegeneHHblX nporpamMmm Hy>KHsbi

> TpeboBaHus npaBunbHOCTM (cneyndunkaym) BolYNCAeHNT
nporpammebl, npegcraeseHHbie dopmynoii PLTL ¢,

> MaTEMaTNYeCcKasi MOAE/b PacrpeAesieHHON NPorpaMmsI T,
npeacTasieHHast koHedHoii LTS M(r).

Torga Ans NPOBEPKM NPaBMJILHOCTM NPOrpaMMbl T AOCTaTOYHO
npoBepuUTL, 4TO Ans ntoboii Tpaccwl tr, tr € Tro(M(7)), dopmyna
© BBbINOJIHSIETCS B TeMnopasbHoli uHtepnpetauuu /(tr), T. e. nmeet
mecto [(tr),0 = .

Bocnonbayemcs zanuceto M = ¢ anist 0bosHaueHnst yTBepXAeHNS
«Ans noboii Tpaceel tr, tr € Trg(M), nmeet mecto I(tr),0 = p>.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

3agaqa sepndbukauum mogeneii nporpamm (model checking) ans
PLTL cdopmynupyetcs Tak:

Anst 3apanHoin popmynbl PLTL ¢ u LTS M nposepute M = .

CyuwiecTByeT v aqroputTM peLlueHuns
3a4a4m Bepudmnkaumum mMoaenei
nporpamm?



KOHEL, NEKLW 21.



OcHoBbl  _
MaTemMaTun4yeckom
JIOTNKN N JIOFTNHECKOro
NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekyna 22.

3apgayva Bepudmkaunm moaenei
nporpamMmm.
Moadopmynbl Puiiepa-JlagHepa.
TabnuyHbiii meTo Bepudnkauum
Mojesieiln nporpamMmm.
Anroputm Bepudmkaunm moaeneii
nporpamMmm.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

3apaya model checking ans PLTL

Ons 3aganoii dopmynbl PLTL ¢ n koHedHoiw LTS M nposeputs M = .

Mouemy 3apava model checking nenpocta? MoTomy uTto

» BbiNoSHUMOCTL chopmyn PLTL nposepsieTcst Ha BeckoHeuHbIX
NHTEprpeTaunsx,

» B LTS M umeercs beckoHe4yHo MHOro nntepnpetauuii (Tpacc).

Moyemy 3apaya model checking umeet acbcbekTusHoe pelermne?
MNoTomy uTo

> BCe 5TO HECKOHEYHOE MHOXKECTBO BECKOHEYHbIX NHTEPMpeTaLuii
«yMNakKoBaHO» B KOHeYHYt0 cTpykTypy — LTS M.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

3ambicen TabanyHoro mertoga

1. BmecTo npoBepku BbIMOJHUMOCTU (p BO BCEX UHTEPMNPETALUSIX
NyydLle 3aHATHCA MOWCKOM KOHTPMOZEeNW — uHTepnpeTauum /,
B KOTOPOI He BbINO/IHSETCA .

2. BobinonHumMocTb Besikoli hopMysibl P MOSHOCTLIO ONPELENseETCs
BbINOJIHUMOCTbIO ee nogopmya. oatomy (He)BbINONHUMOCTb
popMYyN MOXKHO MPOBEPSITL UHAYKTUBHO.

3. (He)BbinosHnmocTs dopmynbl Ha ogHoli u3 Tpacc LTS M,
HaYMHAKOLWENCS B COCTOSHMN S, — 3TO CBOCTBO COCTOSIHUSA S.
3HauuT, npoBepsist (HE)BbINOJHUMOCTL BCeX Nogdopmys
dopmynbl ¢ ans Beex coctosiimii LTS M, MoXXHO BblYMCINTL
MHO>XeCTBO gsa BCEX TEX COCTOSIHUMA, B KOTOPbIX He
BbinoNHseTcs dopmyna . Ecim Sy NS, # @, To M = .



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

BcnomorartenbHble onpegeneHna mn obo3HaueHus

Ons 3agannoii LTS M = (AP, S, So, —, p), Tpacchbl
tr = Siyy Sits - -5 Sins Siny1s - -- B LTS M u cbopmynel PLTL ¢ bygem
NCNoAbL30BaTh 3anuch

> tr = ¢ ans 0bo3HaueHUst OTHOLLEHUS BbINMOJHUMOCTH
I(tr),0 = ¢;
» tr[j] ans obosHauenns j-ro cocTosHus s;; B Tpacce tr;

/ . ) -
> tr|; ans obosnauenns Tpaccel tr' = si,s; ..., ABnA0LWelics
CcychcbMKCOM Tpacchl tr, HA4MHAIOLLEHCS COCTOSIHUEM ;.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

Y1BepxaeHune 1.

Ons moboii LTS M wn dopmyna PLTL ¢ sepHo

M}~ @ <= cywecTByer Takas HavasbHas Tpacca tr, tr € Tro(M),
415 KOTOPOIA tr [~ .

[JokasaTtenbcTBo.

CamocToaTensHo.

Taknm obpasom, Bmecto 3agaqn M = ¢ mbl Dyaem paccmaTtpusaTh
Apyryto 3agjady:
HaliTn B LTS M HawanbHyto Tpaccy tr, ansi Kotopoii tr f~ .

Ecnn Takoii Tpaccel HaliTn He ygactes, To BepHo M = .



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

MpuseaerHue dopmynbl K NO3UTUBHOW chopme

MprmeHssi paBHOCUIBbHBIE NpeobpazoBaHust, ynpocTum hopMyny .

O1an 1. YpaneHne nMnavkauum — v TEMNOPasibHbIX ONEPAaTOPOB
G, F Ha ocHOBaHWM 3aKOHOB B3aVMHOIA 3aBMCMMOCTM

FY—v=vVy
= Fy = true Uy, = Gy = false Ry.

O7an 2. pogemxerHne — Braybb hopmysibl Ha OCHOBaHMMN 3aKOHOB

,D,BOVICTBEHHOCTVI
F (&) =V - E (¥ VXx) = W&y;
- =4 F Xy = X~

E —(¥Ux) = ¢YR-x; = —(¥YRx) = ~pU-x.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

VYTBepxaeHune 2.

B pesynbTaTe npuMeHeHUs paBHOCUJILHLIX Npeobpa3oBaHuii 3Tanos
1 n 2 nobas dopmyna PLTL ¢ npneogutcs K paBHOCUNLHOIA
cbopmyne ', npeacTaBneHHON B No3nTNEHON hopme, B KOTOPOIA

> UCMOJIb3YHOTCS TONBKO JIOTUYECKUE CBA3KMN V, &, — 1
TemnopansHsle onepaTtopel X, F, G,

> CBsi3Ka — MPUMEHSIETCSA TOJIBKO K aTOMapHbIM BbICKa3blBaHUSIM

p, p<€ AP.

HokasaTtenbcTBO.

CamocToaTentsHo.



3AOAYA BEPUDUKALMY MOOEJIEWN
MPOrPAMM

MpuseaerHue dopmynbl K NO3UTUBHOW chopme
Mpumep.

¢ = G(free & Xbusy — XF(pr1 V pr2)).

JTan 1.

¢’ = false R (—(free & Xbusy) V X(true U(pr1 V pr))).
JTan 2.

p1 = false R (—free vV X—busy VvV X(true U(pr1 V pn))).



nogeOPMVJIbl PUNLLEPA-JTAOHEPA

Myctb w1 — dopmyna PLTL B nosutneHoii opme. Torpa
MHoXecTBOM noncdopmyn Puiepa—SlagHepa HasbiBaeTCs
HauMeHbluee MHoXecTBo dopmyn PLTL FLSub,,, copepxatiee
dopmyny 1 1 YAOBNETBOPSIIOLLEE CIEAYIOLUM YCIOBUSIM:

> ecnm p € FLSub,, w p € AP, To ~p € FLSub,,,

> ecnm P& x € FLSub,,, 1o {1, x} C FLSub,,,

ecnn ¢ V x € FLSuby,, 1o {1, x} C FLSub,,,

ecnu —p € FLSub,,, To v € FLSub,,,

ecnn Xy € FLSub,,, To ¢ € FLSub,,,

ecan YUx € FLSub,,, 1o {1, x, X(¢Ux)} C FLSub,,,
ecnn YRy € FLSub,,, To {1, x, X('Rx)} C FLSub,, .

vV v v v Y

VY1BepxaeHune 3.

Ecnn 1 copepXuT n N0ormyecknx CBA30K 1 TEMNOPabHbIX
onepatopos, To |FLSuby, | < 3n.



nogeOPMVJIbl PUNLLEPA-JTAOHEPA

Mpumep.

MycTb
1 = false R (—free V X—busy V X(true U(pri V pr))).

Torpa

FLSub,, = {1,
false, X1, —free Vv X—busy V X(true U(pri V pn)).
—free, X—busy, X(true U(pri V pr)),
free, —busy, true U(pri V pr),
busy,true, pry V pro,
pri, pr2, —pri, _‘pr2}-



noaAPOPMVJIbl ®DNLLIEPA-JIAOHEPA
Next-nogdopmynbi
MycTe @1 — cbopmyna PLTL B nosutueHoii chopme n FLSub,, —
MHOXecTBoM noacopmyn Puwepa—SlagHepa cdopmysnbl 1.

Torpa 3anuce XSub,, bynet 0bo3Ha4aTb MHOXECTBO BCeX Tex
noadopmyn Puiwepa—SlagHepa, KOTOpble HAYNHAKOTCA ONEPATOPOM
X (neXttime), T. e.

XSuby, ={v¢ : 1 =Xx, @ € FLSub,, }.

Mpumep.
MycTb
1 = false R (—free Vv X—busy V X(true U(pri V pr))).

Torpa
XSub,, = {Xp1, X—busy,
X(true U(pr1 VvV pr2))}.



noaAPOPMVJIbl ®DNLLIEPA-JIAOHEPA
(Until-Release)-noadopmynbi
MycTe 1 — cbopmyna PLTL B nosutueHoii chopme n FLSub,, —
MHOXecTBoM noacopmyn Puwepa—SlagHepa cdopmysbl 1.

Torpa 3anuce URSub,, bynet 0bo3Ha4aTb MHOXECTBO BCeX Tex
noadopmyn Puiwepa—SlagHepa, KOTOpble HAYNHAKOTCA ONEPATOPOM
U (Until) nunn R (Release), T. e.

USuby, = {¢ : ¢ =xaUxe, ¢ € FLSub,, }U
{ + ¥ =x1Rx2, ¢ € FLSub,,}.

Mpumep.
MycTb
1 = false R (—free V X—busy V X(true U(pri V pr))).

Torpa
USub,, = {p1,true U(pry V pr)}.



noaAPOPMVJIbl ®DNLLIEPA-JIAOHEPA
CornacoBaHHble MHOXecTBa noadopmyn

MycTb @1 — cbopmyna PLTL B nosutusHoii chopme, n FLSub,, —
MHOoXecTBO nogdopmyn Puwepa—SlagHepa ans ¢1.

Torpa cornacoBaHHbIM MHOXECTBOM MOAMOPMYIT POPMYIIbI (01
Ha3blBaeTCs BCsikoe nogMmHoxectso B, B C FLSub,,,
YOOBNETBOPSIIOLLEE CEAYIOLMM YCAOBUSIM:

1. true € B, false ¢ B,

2. ansa noboro aToMapHOro BbICKa3biBaHUSA
p, p € AP N FLSub,,, BeinONHsETCA B TOYHOCTN OAHO U3
ABYX BKJIKOHeHMii: nbo p € B, nanbo —p € B;

YVyxyeB < ¢YeBwmyeB,

Y&y € B <— Y€ BwnyxeB,

YUy € B < x € B wuw {¢,X(vUx)} C B,

YRy € B <= x € B nnpnatom x € B unn X(¢)Ry) € B.

oo ks~ w



noaAPOPMVJIbl ®DNLLIEPA-JIAOHEPA
CornacoBaHHble MHOXecTBa noadopmyn

CornacoBaHHble MHOXXECTBA NOAMOPMYSI — 3TO MaKCUMasbHble
MHOXECTBa (POPMYJI, KOTOPbLIE HE COAEPXKAT K SIBHLIX>
NPOTUBOPEYUNA, T. €. TaKUX NPOTUBOPEHNIA, KOTOPbIE MOXHO
ObHapYXNTb B TEKYLLNIA MOMEHT BPEMEHN.

Hanpumep, MHOXeCTBO, cocTosiwiee n3 aByx opmyi
Xp — 3aBTpa s MoiAy Ha NeKUKHo,
X-p — 3aBTpa s He Noligy Ha NeKuuto,

MOXET ObITb COrIAaCOBAHHbBIM (XOTS 11 MPOTUBOPEHNBbLIM),
MOCKOJIbKY CErofHsA BO3MOXXHOE MPOTUBOPEUYNE, COAEPXKaLLeecs B
3TUX BbICKa3bIBAHUSAX, HE NPOABNSAETCS.

CornacoBaHHOE MHOXECTBO NOA(OpMYn ABASIETCS aHaNOroM
CEMaHTNYECKOI Tabinmubl — OHO BbIPAXKAET HaLLE MOXeNaHne
chenaTb BCE YTBEPXKAEHUS, COAEP>KALLMECS B STOM MHOXECTBE,
WCTUHHBIMU, a BCE YTBEPXKAEHUS, HE COLEPXKALLNECS B HEM, —
JIOKHBIMI.



nogeOPMVJIbl PUNLLEPA-JTAOHEPA

CornacoBaHHble MHOXecTBa noadopmyn

MNpumep.
MycTb

FLSub,, = ({free, busy, pri, pro, —free, —~busy, —pri, —pra,
pri vV pr,
true U(pr1 VvV pnr),
X=busy, X(true U(pry V pr)),
—~free V X—busy V X(true U(pri V pr)),

o1, X1}

Toraa ogHWM 13 COrNacOBaHHbIX MHOXECTB nofcopMyn hopmysibl
(p1 SABNISIETCS MHOXXECTBO

B = {true,pri, —pry, —free, busy,X—busy,
true U(pry Vv pr2), X(true U(pry V pr)),p1}.



nogeOPMVJIbl PUNLLEPA-JTAOHEPA

VTBepxaeHue 4.

MycTb | — npomsBosibHas TeMnopasbHash MHTEPNpPETaUUs, u ¢ —
npon3soJibHast hopMyna B NO3UTUBHON dhopMme.
Toraa gist Noboro MOMEHTa BPEMEHN N1 MHOXECTBO popMyi

Bn={¢ : ¢ € FLSub,, v I,n |= ¢}

ABNAETCA COrnaCoBaHHbIM.

JokasatenbcTtBo.

CamocTonTenbHo. HeI'IOCpe,EI,CTBeHHO N3 onpeneneHns
COrnacoBaHHOro MHOXecCTBa.

A BepHO N1 0bpaTHOE YTBEPXKAEHME: KaXK40Ee COracoBaHHOE
MHOXeCTBO (POPMYJ1 BbINOJHAMO B HEKOTOPOI MHTEpRpeTaLun B
HavasibHbIA MOMEHT BpemeHu?



nogeOPMVJIbl PUNLLEPA-JTAOHEPA

VYTBepxaeHune 5.

Myctb 1 — popmyna PLTL B nosutueHoli dopme. Torga

1. ans nwoboit napel B € AP N FLSub,,, B” C XSub,,,
CYLLIECTBYET TaKOE COrlacCoBaHHOE MHOXeCTBO noadopmyn B,
Ansi kotoporo sepHo BN AP = B', BN XSub,, = B”;

2. nns noboli napel By n By cornacoBaHHbIX MHOXECTB
nogdgopmyn Puwepa-JlagHepa 1 BepHbI COOTHOLLEHUS
Bi=B, < BiNAP=BNAP n

B1 N XSub,, =By N XSub,, .

JokasaTtenbcTBO.

CamocTosTensHo.
VYTBepxaeHune 6.
Ecnn @1 conepxut n nornyecknx CBA30K W TEMMOPAJIbHBIX

OMNEepaTopoB, TO YUCAO PA3J/INYHbLIX COMIACOBAaHHbLIX MHOXECTB
noacdopmyn Puiepa-SlagHepa He NPeBOCXOANT BeANUMHbI 237



TABJINYHbLIN METO/, BEPND®UKALINA
MOZAEJIEN MPOrPAMM

MycTtb 3agana dopmynbl PLTL ¢ un koHeunas LTS
M = <AP’ S, So, %,p>

Hy»Ho npoeeputb BbinonHumocts M = .

Ons atoro

1. dopmyna ¢ NpuBOANTCS K NO3UTUBHOR hopMme (1,

2. pns popmynbl 1 CTPOSITCS
> MHoxecTBo noacopmyn Puwepa—Slagruepa FLSub,,,
> mHoxecTso Next-noadopmyn XSub,,,
» mHoxectso U-noadopmyn FLSub,,,
> coBOKYMHOCTb Con,, BCEX BOSMOXHbIX COTTACOBaHHbIX

mHoxecTB nogdopmyn Puwepa—SlagHepa.



TABJINYHbLIN METO/, BEPND®UKALINA
MOOENEN NPOrPAMM

Cucremoin Xuntukkn gns cpopmynsl PLTL 1 u LTS M
Ha3bIBAETCS PaCKpaLLEHHbIi OPMEHTUPOBAHHbIA rpad

Gy,m = (V, E) c MHOoXecTBOM BeplunH V' 1 MHoxecTsom ayr E,
KOTOPbIE YCTPOEHbI Tak:

V={(s,B) : se€S§, Be Con,,, p(s)=BnNAP},

T. €. BepwinHaMm rpada siBSOTCA BCEBO3MOXKHbIE Napbl
(cocTosiHue s, cornacoBaHHOe MHOXeCTBO B),
ANt KOTOPbIX pa3meTKa p(S) COCTOsHMA S MOATBEpPXKAAET
WCTUHHOCTb BCEX aTOMapHbIX BbICKa3blBaHU MHOXeCTBa B;
E — {<($I7 BI)’ (S//, B//)) : S/ SN s//
n ans noboii Next-noacopmyner X1p, Xep € XSub,,
BepHo Xy € B' <= 1 € B"},

T. e. gyramu rpadpa siBnsoTCs BCe Takue nepexogsl LTS M,
KOTOpble MO3BOIAIOT NOATBEPAMUTL BCe obelaHns X BbINOAHUTL
1) B CNefyowmnii MOMEHT BPEMEHU.



TABJINYHbLIN METOA BEPUND®UKALNN

Tenepb nposesiem packpacky BepwuH rpada [, v = (V, E).
PaccmoTpum muoxectso (Until-Release)-noadopmyn

URSubg, = {x1UX7: - - XiUX X1 RXG 10+ X mRXi -
Kaxpoii chopmyne 1; ns muoxectsa URSub,, conoctasum
VHAMBUAYaNbHBIN LBET .

Packpacum B uset i Bce Bepwumtbl (S, B), pnsi KOTOPbIX BbIMOJHEHO
XOTsl Obl OQHO U3 OBYX YC/IOBUIA

B cnyyae, korga ¢ = x;Ux?: | B ciyuae, korpga ¢ = x'Rx”:
1) xj € B, 1) X7 & B,
2) X(x;Ux7) ¢ B. 2) X(x;Rxj) € B.

BeckoHeuHbIli MapLpyT

(sivs Biy), (siy, Biy)s - - - (Sins Bi)s - - -

B rpache I, p HA30BEM pajly’xHbIM, eC B HeM BECKOHEHYHO YacTo
BCTPEYalOTCsl BEPLUMHbI Kaxkgoro ugeta 1,2, ... k.



TABJINYHbLIN METOA BEPUND®UKALNN

OcHoBHasa Teopema

Ons nmoboii dopmynsl PLTL 1 B nosutusHoii opme n LTS
M = <A,P, Sa 507 — p>

M%@l
(i

B rpacbe F%M CYLLECTBYET XOTA 6ol oaunH pa,qymelﬁ MapLupyT,
MCXOp,ﬂUJ,VIVI N3 BEPLWUNHbI Vo = (So, BO), B KOTOpOVI So € 50 n
¥1 ¢ Bo.



TABJINYHbLIN METOA BEPUND®UKALNN

JokasaTenbcTtBo.

(1) Npeanonoxum, 4To B rpade Iy, v €CTb pafyXXHbIl MapLpyT

(507 Bo)v (517 Bl)7 L) (Sm Bn)v (Sn+1a Bn+1)a L)

yKasaHHOro Buga, B KoTopoM ¢1 ¢ By.
Torpa cornacHo onpepenenuto cuctembl Xuntukkn I, v 8 LTS M
eCTb HavasbHasi Tpacca

tr‘g‘:Bg tr\l\:Bl tr‘g‘:Bg tr\n\:B,, tr‘,-,+1 ’:Bn+1
tr:.—>.—>.—>...4>.—>.—>...
S0 S1 52 Sn Sn+1

Mokaxem, 4To ans noboii hopmynel 1, 1 € FLSub,,, v pgns
moboro n, n > 0, BepHO

trlh EY <= v eB,.



TABJINYHbLIN METOA BEPUND®UKALNN

JokasaTenbcTBO.

ECJ‘IVI yp,aCTCﬂ NOKa3aTb, 4TO
trlp Ev <= ¢ eB, (*)

TO, yunTbiBas p1 ¢ By, npugem K 3akntodeHnto tr = 1.
s pokasaTenbCTBa COOTHOLEHUS () BOCMOJb3YEMCS MHAYKLMEV
Mo YNCNy CBA30K B hopmyne 1.

Basuc nuaykuun. p € AP.
peEB, < pecl(sy) < trlhf=p.

pEB, <= p¢ B, <= p¢l(sn) < tripEp < trln=—p.



TABJINYHbLIN METOA BEPUND®UKALNN

JokasatenbcTBo.

NHupykTuBHBbIA nepexoa.

1. Jlornueckune cesazkm & n V.

D1&Yp€By <= 1 EBn € By < tr|aE1utr|Ein
<= tr|,,):1,b1&w1 .

2. TemnopanbHblii onepaTtop X.
XYeB, <= YEBpi1 < trlnr1EYEBpi1 < tr|n =X



TABJINYHbLIN METOA BEPUND®UKALNN

MHaykTuBHLINA nepexos,.

3. Temnopanbhblii onepatop R.
3.1. Mokaxem 1 Ry» € B, — tr]n ): P1R,.

3ameTuM, 4TO COrNacHO ONpeaeneHnNto COrNacoBaHHONO MHOXECTBa
1Ry € B <= 1€ B v npu atom 1)1 € B nnm X(¢1Re)p) € B.

Myctb ¥1RYy € B,,. Torpa Bo3aMoXHbI 2 ciy4asi.

Bapuant 1. X()1Rv») € By ans nwoboro i, i > 0.

Torpa no onpenenenuto 'y, v B KaXKAOM MHOXecTBe By, i > 0,
cogepxuntcs popmyna 1Ry n, cneposatensHo, Y € By .

Torpa no NHAYKTUBHOMY MPEANONOXKEHNIO tr|yy; = 12 A noboro
i, i > 0. CnepoBatensHo, tr|, = 1¥1R,.

trln = b2 trlns1 = 42 trlnti = 2

n n+1 n+2 n+i



TABJINYHbLIN METOA BEPUND®UKALNN

MHaykTUBHLIV nepexop,.

Bapuant 2. X(¥)1Rv») ¢ Bhik Bnsi HekoToporo k, k > 0.

Torpa cywectsyeT Takoe kg, 4to X(91R1)2) ¢ Bp iy, HO
X(1¥1R1)p) € By ans nwoboro i, 0 < i < ko.

Torpa no onpepenenuio rpada Iy, v B KaxxaoM MHOXecTse B,
0 < i < ko, copepxutcst popmyna 11 Rs.

Torpa no onpefeneHnto COrnacoBaHHbIX MHOXECTB Y2 € By ans
ntoboro i, 0 < i < ko, un, kpome TOro, ¥1 € Bpi,-

Torpa Mo MHAYKTUBHOMY MPEAMNONOXKEHNIO tr|yy; = 12 A noboro
0<i<kowtrlpsk, = 1. 3HauwuT, tr|, = Y1Rs.

tr|n+ko =1
trln =2 trlni1 = 42 trlnrko—1 FY2  trlapky EY2
n n+1 n+2 n+ k

/tak, B 0boux cnyvasx 1Ry € By, = tr|, = ¥1RY».



TABJINYHbLIN METOA BEPUND®UKALNN

MHaykTuBHLINA nepexos,.

3.2. Mokaxxem 11 Ryfn ¢ B, — tr|,, I;é P1Rs.

Mycte ¥1Re)o ¢ By T. k. ¢1Ryp € URSub,, s7oii dopmyne
COOTBETCTBYET HEKOTOPbIN LBET .
MockonbKy paccmMaTpuBaeMblii MapLipyT

(507 BO)? (517 81)7 RN (Srh Bn)a (Sn+17 Bn+l)7 cee

ABNSETCA Pafy>XHbIM, TO BEPLUMHbI, OKPALUEHHbIE B LBET J,
BCTPEYAOTCA B 3TOM MaplupyTe BECKOHEYHO YacTo.

3HauuT, cywecTsyet Takoe k, k > 0, yto BepwnHa (Spik, Bpik) —
nepsasi, OKpalleHHas B LBET j BepLUMHA, CeAylowas B 3TOM
pafly>KHOM MapLUpyTe BC/IEA 3a BEPLUMHON (S, By).

VmetoTcst aBe npuymHbl, no koTopbiM BepunHa (Spik, Bnik)
OKa3anacb OKPALIEHHON B LBET J:

> ¢2 ¢ Bn-i—ky
> x(wlRQpQ) € Bn+k:

PaccMoTbUM KaXkKabld M3 9TUX CAVYAEB MO OTAENBHOCTU.



TABJINYHbLIN METO/, BEPND®UKALINA
MHaykTuBHLINA nepexos,.

Bapuant 1. ¢ & Bpyk.

T. k. Bce BepwmHbl (Spi, Bnyi), 0 < i < k He oKpalueHbl B LUBET j,
4151 KaxX[oro n3 mHoxecTs B, ;, 0 < i < k, BepHbl COOTHOLIEHUS

Y2 € By n X(¥1Rv2) & By

Torna no onpeaenenuio rpada Iy, v AN KaXKAOrO MHOXeCTBa
Bn+i, 0 < i < k, BepHo cooTHowwenme 1Ry, ¢ By A oTcropa
cnepyer, 4To 11 ¢ Bpyi ans noboro i, 0 < i < k.

Toraa nNo MHAYKTUBHOMY NPEANONOMKEHNIO

trlnyi | W2 n tripei P& 1 s noboro i, 0 < i < k,

trlngk = o

trinfEr  trlav1 Y1 tr|nsk—1 1
trln = b2 trlns1 = 42 trlppk—1 Y2 trlapkE2

n n+1 n+2 n+k

A 370 o3Hauaer, uTo tr|, & ¥1RyY,.



TABJINYHbLIN METOA BEPUND®UKALNN

NuaykTneHbin nepexoa,.
Bapuant 2. X(¢¥1Rv») € Byik.

T. k. Bce BepwmHbl (Spi, Bnyi), 0 < i < k He oKpalueHbl B LBET j,
4151 KaxX[oro n3 mHoxecTs B, ;, 0 < i < k, BepHbl COOTHOLIEHUS

Y2 € By n X(¥1Rv2) & By

Torna no onpeaenenuio rpada Iy, v AN KaXKAOrO MHOXeCTBa

Bh+i, 0 < i < k, BepHo cooTHowwenme 1Ry, ¢ By A oTcropa
cnepyer, 4To 1 & By ans moboro i, 0 < i< kn iy ¢ Byik.
Toraa no MHAYKTUBHOMY NPEANONOKEHNIO

trlnyi | W2 n trinei P& 1 s noboro i, 0 < i < k,

trlngk = o

trinfEr  trlav1 Y1 tr|nsk—1 1
trln = b2 trlns1 = 42 trlppk—1 Y2 trlapkE2

n n+1 n+2 n+k

N Bo BTOPOM Cnyyae tr|, = ¥1Ry;.



TABJINYHbLIN METOA BEPUND®UKALNN

MHaykTuBHLIG nepexop,.

Takum obpasom, ecnim 1Ry ¢ B, 10 tr|, &= ¥1Ry,.

B unTore, ans noboii dopmynsl Buga 1Ry, n ans noboii
BepLwuHbl (S,, B,) Hawero pagy>XHOro mMapLupyTa BEpHO
COOTHOLLEHNE

w1R¢2 € B, <— tr],, ): wlR’(/JQ .

4. TemnopanbHblii onepaTop U.

ﬂ'ﬂﬂ AOKa3aTeNbCTBa COOTHOLWIEHNA

1/J1R’¢2 S Bn < tr\,, ': ¢1R1/12

NPUMEHSIIOTCS PACCY>XXAEHUS!, aHASIOTMYHbIE TEM, KOTOpPbIe Dblin
MCNONb30BaHbl A5l UccnefoBaHus onepatopa R.

CamocToaTentsHo.



TABJINYHbLIN METOA BEPUND®UKALNN

3aBeplune 06OCHOBaHNE NHAYKTUBHOMO NEPEXOAa, Mbl TEM CaMbIM
3aBepLININ [OKA3aTeIbCTBO NEPBO H4acTU TEOPEMbI:

M ¥ 1
f

B rpacbe [, v CyllecTByeT xoTs bbl OAVH pady>XHbIi MapLIpyT,
nexomswmii n3 Bepwmnkbl vo = (Sp, Bp), B koTOpoii sp € So u
¥1 §§ Bo.

MokaxkeM, 4TO B TOM cCiiy4ae, korga umeet mecto M = 1, B
rpacbe [, o U3 HekoTOpOU BepwHbl Vo = (So, Bo), B KoTOpoOii
so € So v @1 ¢ By, ncxopmt xoTst Obl OAMH Pagy>KHbIli MapLUpPYT.



TABJINYHbLIN METOA BEPUND®UKALNN

Mycte M = 1. Torpa B LTS M cywecTtByeT Takasi HaqanbHas
Tpacca tr, ansi KOTopoii tr = ¢1. PaccmoTpum a1y Tpaccy tr.

Ons kaxpgoro i, i > 0, nonoxum

Bi = {1 : ¢ € FLSub,,, tr|; =1 .}

CornacHo yTBepxaeHunio 4, BCe MOCTPOEHHbIE MHOXeCTBa B;
SABNAKOTCA COMNacOBaHHbIMU.

rIOKa)KeM, HTO NOCNe[oBaTENbHOCTb Map

(tr[0], Bo), (tr[1], B1), (tr[2], Bz), ..., (tr[n], Bn), (tr[n+1], Bpt1), .- .

obpasyeT nckoMblii pagy>kHbiii MapwpyT B rpadge Iy, .



TABJINYHbLIN METOA BEPUND®UKALNN

HeiicTBUTENBHO,

1. Ons noboro n, n > 0, BepHo tr[n] — tr[n + 1], nockonbky tr
— mapwpyT B LTS M.

2. ins noboro n, n > 0 v ans noboii hopmynel Xt € XSub,,,
BEPHO
XY e B, <= 9 € Bp1

MOCKOJIbKY

XpeB, < trln EX¢Y) < trlpt1 E < ¥ € Byy1 .
3. tr[0] € So (7. k. tr — HavanbHas Tpacca B M) u @1 ¢ By (T. k.
trlo %= ¢1).
3HauuT, NOC/efOBaATENLHOCTb

(tr[0], Bo), (tr[1], Br), (tr[2], Ba), ..., (tr[n], Bn), (tr[n+1], Bas1), . ..

SBNSETCA MaplpyToM B rpacbe [, 7, NCXOASLNM N3 HY>KHOI
BEPLUNHBI.



TABJINYHbLIN METOA BEPUND®UKALNN

4. OcTtanocb nNokasaTtb, H4TO MapLUpyT

(tr[0], Bo), (tr[1], B1), (tr[2], Bz), ..., (tr[n], Bn), (tr[n+1], Bpt1), - - .

ABJIAETCA Pajy>XHbIM.

PaccmoTpum npoussonbHoe 4ncio n, n > 0 1 NPoN3BOSILHYHO
cbopmyny ; € URSub,,. Mokaxem, 4TO CylecTByeT Takoe
k,k >0, uto BepwuHa (tr[n+ k|, Byt k) OKpalleHa B LBeT i.



TABJINYHbLIN METOA BEPUND®UKALNN

Orpanuunmcsa paccmotperunem Until-dhopmynsr ; = x'Uxsa.
(Ons dopmyn Buga v; = x'Rx2 fokasaTenbcTeo nposegute
CaMOCTOSITENBHO. )

1. Ecan tr|, = X(x1Ux2), To X(x1Ux2) ¢ B, n,
cneposatenbHo, BeplmHa (trn], B,) okpaiweHa B uBeT J.

2. A ecn tr|, = X(x1Ux2), 70 tr|p+1 E x1Ux2. Toraa
cywecTByeT Takoe k, k > 1, uto tr|,1k | x2. MNoatomy
X2 € Bnik, v Bepwumna (tr[n + k], Bpik) OkpalueHa B LBET J.

Takum 0bpa3oM, BepLUMHBI LBETA j BCTPEYAIOTCS B HalleM
MapLupyTe beckoHeuHo YacTo. MockonbKy v; Bblna NpousBosILHOI
(Until-Release)-cpopmysnoid, 3To 03HaqaeT, 4TO Haw MapLipyT B
rpacbe [, v ABNSETCS paflyXHbIM. Il



ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

Ho kak nposepuTb, 4TO U3 3aAaHHOI BeplunHbl B rpacbe [,
HE UCXOAMT HN OQHOrO Pafy>XHOro MapLupyTta?

OpuenTtupoBatHblii rpac I Ha3bIBaeTCS CUJILHO CBSI3HBIM , €CAU
ans noboii napel BepwmnH v n u B rpade I cywecteyeT mMaplpyT
M3 vV B U N MapLpyT U3 U B V.

Bcakunii makcuManbHblli cuibHO cBA3HLIN nogrpad rpada I
Ha3bIBAETCA KOMMOHEHTOW CUJIBHOW CBA3HOCTHN .

KomnoHeHTy cunbHoii cBsisHocTn rpada (cnctembl XUHTUKKM)
oM Dyaem HasbiBaTb pajyxHOI, ecnu B Hell copepxaTcs
BEPLUMHBLI BCEX LBETOB.



ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

Teopema.

N3 sepwmnel v B rpacbe ', p MCxoanT pasy>kHblii MapLipyT Toraa
N TOMIBKO TOrAA, KOrAa CyLLEeCTBYET MapLipyT , BeAyLuid ns
BEPLUMHBI V XOTs1 Dbl B OAHY M3 BEPLINH XOTs Obl OQHOV pagy>XHO
KOMMOHEHTbI CUJIbHOW CBSI3HOCTMN.

JokasaTenbcTtBo.

CamocTosTensHo. 3aeck BCE 04EBUAHO.



ANTOPNTM BEPUDOUKALNN MOAEJIEN

NMPOIrPAMM
NcxopHble panHble: copmyna PLTL ¢ n LTS

M =
1.
2.
3.

7.

(AP, S, So,—, p).
MocTponTb paBHOCUIIbHYIO NMO3UTUBHYIO POPMY 1.
MocTponTb cuctemy Xuntukkn [y, p.

Beigennte muoxectso nogcbopmyn URSub,, v packpacuts
BeplnHbl rpacpa [y, m.

. BbI,EI,eJ'II/ITb Pafy>XXHbl€ KOMMNOHEHTbI CUNIBHOW CBSI3HOCTU B

rpacbe ') .

Boeigenute mHoxectso V' Bcex Bepwimn rpacba Iy, s, 13
KOTOPbIX AOCTUXMMbI Pagy>XHble KOMMOHEHTbLI CUJILHONA
CBA3HOCTM.

Boigenuts muoxecto V' Bcex Bepuut (sp, By), anst koTopoii
BbINOSIHsIETCS Sp € Sp, p1 ¢ Bo.

Beluncants V = V' N V7.

Pesynbtam: M@ <— V =2.



ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

Mpumep.

© = pUgq

LTS M:

S0

&(s0)={p}




ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

Mpumep.

¢ = F(pUq)

1. MoautneHas cdhopma p; = pUq
FLSuby, = {p,—p,q,~q,pUq,X(pUq)};
XSub,, = {X(pUq)};

URSub,, = {pUq}.



AJITOPNTM BEPUNDOUNKALNN

2. Crpoum cuctemy Xuntukkn Iy p

S0

{pv "q}

w1, X1}

-

{p,—q,

{-p, q}
v1, X1}

{P’ -q,
v1, X1}

{p,~q} {p,~q}
1, X1} w1, X1}

{p,—q} {p, -q}



AJITOPNTM BEPUNDOUNKALNN

3. Packpawmugaem Bepwmtbl cuctembl [y

{-p, q}
v1, X1}

{P’ -q,
v1, X1}

S0 S0
[

{p,~q} {p, g,
w1, X1}

{p,—q} {p,—q}
w1, X1} 1, X1}

\ {p,~a} - {p,—a} /




AJITOPNTM BEPUNDOUNKALNN

4. Boipensiem pagy»Hble KOMMOHEHTbI CUJIbHOW CBA3HOCTH

So

{p7 "q}

{p7 —-q,
%1, X1}

{P’ -q, {_‘P7 q} ‘
v1, X1} w1, X1} |

{p,~q}
w1, Xep1}

{p,—q}
1, Xep1}




AJIFTOPNTM BEPND®UNKALINA

5. Bbl,ﬂ,GﬂﬂEM BEPLUNHBI N3 KOTOPbLIX OOCTUXNMbI pagy>XXHbl€ KOMMOHEHTDI

{P’ -q, {_‘pz q} I
I o1, X1} w1, X1} |

50 50
{p,~q} {p, g,
w1, X1}

{p,—q} {p,~q}
w1, X1} 1, X1}




AJIFTOPNTM BEPND®UNKALINA

6. Nwem sepwinny (sp, B) Ha koTopoii onpos

{P’ —-q,
I w1, X1}

S ) S0
{p, ﬁqc {p, g,
w1, X1}

{p,—q}
1, X1}

epraertcsi 1

{=p,q} |
w1, Xp1} |

{p,—q}
w1, Xep1}




ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

OnucaHnHblii 3aeck noaxod K Bepudpmkauuy pacrnpeseneHHbIx
nporpamMm peann3oBaH B NPOrpaMMHO-UHCTPYMEHTAsIbHON CUCTEME
sepudpukayuun SPIN .

Mogenu napannenbHbIX B3aMMOAENCTBYIOLUX NPOLECCOB
onuceiatotcs Ha sizbike PROMELA  (Process Meta Language),
cHabxatoTcst TemnopanbHbiMu creundukauusimu (PLTL
copmynamm), a 3aTeM BbINOJHUMOCTb 3TUX POPMYS MPOBEPSIETCS
cuctemoii Bepudcpmkauuu SPIN .

B cucreme SPIN npumensietcs TabnudHblii anroputm
BepudpmKaL My Mofeneid pacnpegenerHbix nporpamm. s
noBbIweHnst ero 3pheKTUBHOCTI UCMONB3YETCS Psif, MPUEMOB:

> NpoBepKa MOAENN KHa NETYY,
> peaykKunm 4aCTUYHbIX NOPSAKOB,

» CMMBOJIbHOE NMpeACTaBJIEHNE OaHHbIX U Op.



ANTOPNTM BEPUDOUKALNN MOAEJIEN
NMPOIrPAMM

Bonee nogpobHo o cucteme sepucpukaumm SPIN Bam pacckaxyT

Konctantun Onerosny CaseHkos
n
WNrope Baagumunposuny KoHHoe

B Kypce
«Bepudukayus nporpamm Ha mogensx»

B BECEHHEM CEMECTPE.



KOHEL, NEKLLWN 22

SOK3AMEH COCTONTCA 11
AHBAPA B8 10 yacos.

KOHCVJIbTAUNA — 10 AHBAPHA
B 15 yacos.



OcHoBbl
MaTemMaTuyecko
JIOTUKU N JIOTNYHECKOro
nporpaMmmMmupoBaHung

JIEKTOP: B.A. 3axapos



Jlekyna 23.

3apaya Bepudnkaunmn
Mozesneil NporpamMmm.
Moadopmynbl Puwepa-JlagHepa.
TabnuyHbii meTon, Bepudnkauun
Mozesneil NnporpamMmm.
Anropntm Bepudukaumnn
MojeJsieri NporpamMmm.



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

3agaya model checking ana PLTL

[Ons 3apannoin popmynsl PLTL ¢ n koneunoii LTS M nposepnts M = .

Mouemy 3agayva model checking nenpocta? MoTomy uto

> BbINOAHNMOCTL hopmyn PLTL npoeepsieTcs Ha GeCckoHeUHbIX
WHTEpNpeTaLusix,

» B LTS M umeetca beckoHeuHO MHOrO MHTepnpeTauunii (Tpacc).

Mouemy 3agayva model checking umeer scpdpekTurHoEe pelwenne?
MoTtomy uTo

> BCe 3TO BeCKOHEYHOE MHOXKECTBO BECKOHEYHbBIX MHTEPNPETAL Ui
«YyNakoBaHO» B KOHEYHYH cTpykTypy — LTS M.



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

3ambicen TabnuyHoro meropa

1. BmecTo npoBepki BbINMOJHUMOCTY © BO BCEX MHTEPNpPETALMsiX
NyYyLUE 3aHATHCA NOWCKOM KOHTPMOZENN — uHtepnpeTtauun /,
B KOTOPOI He BbINOJHSETCA ©.

2. BbINOAHUMOCTL BCSIKOI POPMYbI 0 MONHOCTBLIO ONpefensieTcs
BbINONIHUMOCTbIO ee nogopmys. MMosTomy (He)BbINOAHUMOCTL
hopMyN MOXKHO MPOBEPSITE NHAYKTUBHO.

3. (He)BbinonHumocts copmynsl Ha ogHoli us Tpacc LTS M,
HAYMHAKOLWENACA B COCTOSAHNMN S, — 3TO CBOMNCTBO COCTOSAHUSA S.
3HaunT, nposepsis (HE)BLINOIHUMOCTL BCEX NOAGOPMYJ
opmynbl ¢ aas Bcex coctosHmii LTS M, MoxHO BblumncInTb
MHOXeCTBO S, BCEX Tex COCTOSIHUNA, B KOTOPbIX He
BbINONHsAETC dopmyna . Ecnn SoN'S, # @, To M £ .



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

BcnomorartenbHble onpegeneHna v obo3HaveHus

Nns sagannoii LTS M = (AP, S, So, —, p), Tpaccsl
tr = Sig,Siys -+ -3 Sips Sipy1r - - - B LTS M n cbopmyner PLTL ¢ bynem
NCNOAbL30BaTh 3aNUCh

> tr = ¢ anst 0603HaYEHNST OTHOLLEHNS BbIMOJIHNMOCTH
I(tr),0 = ¢
> tr[j] ans obosnayenms j-ro cocTosHms s; B Tpacce tr;

! . ) ~
> tr|J- ansi obosHaveHus Tpaccel tr' = Siis Sijpys - - - » ABNAIOLLENCA
cychchMKCOM Tpacchl tr, Ha4MHAIOLEHCs COCTOSHMEM ;.



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

VT1BepxaeHue 1.

Ons noboii LTS M wn dopmyna PLTL ¢ Bepho

M= ¢ <= cywecTsyeT Takas HayanbHas Tpacca tr, tr € Trp(M),
AN1st KOTOPOIA tr [~ .

Jdoka3atenbcTBo.

CamocToaTensHo.

Takum obpasom, BmecTo 3agaqin M = ¢ mbl byaem paccmaTtpusaTh
Opyryto 3agady:
HaiiTy B LTS M HauanbHhyto Tpaccy tr, gns kOTopoii tr = .

Ecnn Takoii Tpaccel HaiiTn He ygactes, To BepHo M = .



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

MpueeaerHue dopmynbl K NO3nTUBHOW chopme

Mpumensas paBHOCUNbHBIE Npeobpa3oBaHus, ynpoctum opmyny .

dtan 1. YganeHne nMniankauum — n TEMNOPaibHbIX ONEPaTOPOB
G, F Ha ocHOBaHMM 3aKOHOB B3aWMHOIi 3aBMCMMOCTY

Eyv—-oyv=YVy
E Fiy = true Uy; = Gy = false Ry.

d71an 2. lNMpoasuxerune — Briybb popmMysbl Ha OCHOBAHUM 3aKOHOB

JBOWCTBEHHOCTI
F o(Y&x) = ¢V ox; E (VX)) = P&
|: —|—|w = Q)Z); ): —|X’¢ = X—ﬂ/};

F —(¥Ux) = ¥R-x; F —~(¢¥Rx) = ~¢U~x.



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

VTBepxaeHune 2.

B pesynbTaTe npuMeHeHUs paBHOCUALHBLIX NpeobpazosaHuii 3Tanos
1 n 2 nobas dopmyna PLTL ¢ npneogutcs Kk paBHOCUALHOIR
cdbopmyne ¢/, npeacTaBneHHol B No3uTnEHON hopme, B KOTOPOIA

> NCMNOJIL3YHOTCS TOJILKO JIOrMYeckne cBasku V, &, = un
TemnopansHble onepaTtopel X, U, R,

> CBA3Ka = MPUMEHAETCSA TOJIbKO K aTOMapHbIM BblICKa3blBaHNAM

p, p<€ AP.

JokasatenbcTBo.

CamocToaTensHo.



3AJAYA BEPUDUKALMN MOOEJIEN
MPOrPAMM

Mpuseaerue dopmynbl K NO3nTUBHOW hopme
Mpumep.

v = G(free & Xbusy — XF(pri V pr2)).

STan 1.

¢’ = false R (—(free & Xbusy) VvV X(true U(pr1 V pr2))).
Jtan 2.

1 = false R (—free Vv X—busy V X(true U(pry V pr))).



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

MycTtb 1 — popmyna PLTL B nosutueHoii cdopme. Torga
MHOXKeCTBOM noacdopmyn Puwepa—SlagHepa Ha3biBaeTcs
HauMeHblee MHOXeCTBO popmyn PLTL FLSub,,, conepxatuee
popmyny (1 1 YAOBIETBOPSOLLEE CAEAYIOLMM YCNOBNSM:

» ecim p € FLSub,, v p € AP, To ~p € FLSub,,,

» ecnn Y&y € FLSub,,, To {1, x} C FLSub,,,

» ecam Y V x € FLSub,,, To {1, x} € FLSub,,,

> ecnu —1) € FLSub,,, To 1) € FLSub,,,

» ecnu X € FLSub,,, To ¢ € FLSub,,,

» ecam YUx € FLSub,,, 1o {1, x, X(¥Ux)} C FLSub,,,
» ecam YRy € FLSuby,,, To {1, x, X(¢Rx)} C FLSub,, .

Y1BepxageHue 3.

Ecau 1 cogepXuT n normyeckux CBA30K U TEMNOPAsbHbIX
onepatopos, To |FLSub,, | < 3n.



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

Mpumep.

MycTb
1 = false R (—free V X—busy V X(true U(pr1 V pr))).

Torpa

FLSub,, = {1,
false, X1, —free V X—busy V X(true U(pri V pr)).
—free, X—busy, X(true U(pri V pn)),
free, —busy, true U(pr1 V pr),
busy,true, pri V pr,
pri, pr2, =pri, —pr2}.



NnoO®OPMVYJIbl ®DUNLLIEPA-JTIAOHEPA
Next-noadcopmynbl
MycTe @1 — cbopmyna PLTL 8 nosutusHoii cbopme u FLSub,, —
MHoxecTBOM nogdopmyn Puwepa—SlagHepa copmynbl 1.
Torpa 3anuce XSub,, bynet obosHauaTb MHOXECTBO BCeX Tex

noacdopmyn Puwepa—SlagHepa, KOTOpLIE HAYMHAKOTCA OMNEPATOPOM
X (neXttime), T. e.

XSuby, = { : ¥ =Xx, ¢ € FLSub,, }.

Mpuwmep.
MNycTb
1 = false R (—free v X—busy V X(true U(pr1 V pr))).

Torpa
XSub,, = {Xp1, X—busy,
X(true U(pr1 VvV pr2))}.



NnoO®OPMVYJIbl ®DUNLLIEPA-JTIAOHEPA
(Until-Release)-noadopmynsi
MycTe 1 — cbopmyna PLTL 8 nosutueHoii chopme u FLSub,, —
MHoxecTBOM nogdopmyn Puwepa—SlagHepa copmynbl 1.
Torpa 3anuce URSub,, byaeT obo3HauaTb MHOXECTBO BCex Tex

noacdopmyn Puwepa—SlagHepa, KOTOpLIE HAYMHAKOTCS ONEPATOPOM
U (Until) nan R (Release), . e.

USub,, = {3 : 1 = x1Uxa, ¥ € FLSuby, }U
{4+ = x1Rx2, ¥ € FLSub,,}.

Mpuwmep.
MycTb
o1 = false R (—free v X—busy V X(true U(pr1 V pr))).

Torpa
USub,, = {p1,true U(pry V pr)}.



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

CornacosaHHble MHOXecTBa noadopmyn

MycTb 1 — cbopmyna PLTL B nosutusHoii bopme, n FLSub,, —
MHOXecTBO nogdopmyn Puwepa—SlagHepa ans 1.

Torpa cornacosaHHbiM ceMeicTeOM noadopmyn dopmynsl @1
Ha3blBaeTCs BCsikoe nogmHoxecTso B, B C FLSub%,
YLOBNETBOPSIOLLEE CIEAYIOLLMUM YCIOBUSIM:

1. true € B, false ¢ B,

2. ana noboro aToMapHOro BbICKa3blBaHUA
p, p € AP N FLSub,,, BbiNnONHsieTCS B TOHHOCTU OAHO W3
ABYX BKJoYeHni: nnbo p € B, nubo —p € B;

YVx€eEB < ¢Ye&BwumyeB,

Y&y eB < YeBuyxeB,

YUx € B < x € B wnn {¢p,X(vUx)} C B,

YRy € B < x € Bunpuatom ¢ € Buan X(¢)Ryx) € B.

ook w



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

CornacoBaHHble MHOXecTBa noadopmyn

CornacoBaHHble cemelicTea NOAMOPMYST — 3TO MaKCUMasbHble
MHOXECTBA (POPMYJI, KOTOPbIE HE COAEPXKAT KSIBHBIXY
MPOTUBOPEYUIA, T. €. TaKNX NPOTUBOPEYINIA, KOTOPbIE MOXHO
0BHapyXnTb B TEKYLLM i MOMEHT BpPEMEHU.

Hanpumep, mHOXecTBO, cocTosiwee ns asyx dopmyn
Xp — 3aBTpa s NOAAY Ha NEKLNLO,
X-p — 3aBTPa A HE MONAY Ha NEKUUIO,

MOXeT ObiTb COrIaCOBAHHbBIM (XOTS 1 MPOTUBOPEYNBbLIM),
MOCKOJIbKY CErofHsA BO3MOXHOE NPOTUBOPEYNE, CoAepKalleecs B
3TUX BbICKA3bIBAHUAX, HE MPOSBASETCA.

CornacoBaHHoe cemeiicTBO NogpopMy ABISETCS aHANOrOM
CEMAHTMYECKON Tabiuusl — OHO BLIPAXKAET HalUe NoXeNaHue
caenaTb BCE YTBEPXKAEHNS, COLEPXKALLMECS B 3TOM MHOXECTBE,
WCTUHHBIMU, a BCE YTBEPXKAEHUS, HE COLEPXKALLUECS B HEM, —
NOXHbIMU.



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

CornacoBaHHblie cemeiicTBa nogcopmyn

Mpumep.
Myctb

FLSub,, = {free, busy, pri, pro, —free, —busy, —pri, —pra,
pri V. pr,
true U(pr1 VvV pr),
X=busy, X(true U(pry V pn)),
—free V. X—busy V X(true U(pri V pr)),

o1, X1 }.

Torga ogHUM K3 COrNacoBaHHbIX CeMelicTs nogdopmMys hopmysbl
(p1 SABASIETCSA MHOXXECTBO

B = {true,pri, —pra, —free, busy,X—busy,
true U(pry VvV prp), X(true U(pr1 V pr2)), 1}



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

VTBepxaeHue 4.

MycTb | — npou3BoNbHAs TeMnopasibHasi MHTEPNPETALNS, U Y1 —
nponseoibHas hopMyna B NO3UTUBHOR dhopMme.
Torpga ans noboro MOMEHTa BPEMEHN N MHOXECTBO hopMy

Br={v : € FLSub,, v l,n=1}

ABNAETCA COrNaCOBaHHbIM.

JokazatenbcTBo.

CamocTosTensHo. HenocpeaAcTBeHHO M3 onpeaeneHus
COr/1acoOBaHHOTO CEMeliCTBa.

A BepHO N1 0bpaTHOE yTBEPXKAEHNE: KaXKL0E€ COracoOBaHHOE
cemelicTBO (POPMYJT BLINOJHUMO B HEKOTOPOIi MHTEPNpeTaLnn B
HaYasbHbIA MOMEHT BpeMeHn?



noA®OPMVYJIbl ®PULLEPA-JTIAOHEPA

V1BepxageHue 5.

Mycts w1 — popmyna PLTL B nosutueHoii dpopme. Toraa

1. pns moboit napsl B C AP N FLSub,,, B” C XSub,,,
CYLECTBYET Takoe COrNacoBaHHOE ceMelicTeo noadopmyn B,
Ansi kotoporo BepHo BN AP = B', BN XSub,,, = B”;

2. pas noboii napel By n By cornacoBaHHbIX CEMENCTE
noacdopmyn Puwepa-SlagHepa 1 BEpHbI COOTHOLLEHUS
Bi=B, — B ﬂAP:Bg NAP n

B1 N XSuby,, = By N XSub,, .

Jdoka3atenbcTBo.

CamocToaTensHo.
Y1BepxgeHue 6.
Ecnu @1 cogepxut n 10rnyecknx CBA30K U TEMMOPASIbHBIX

ONepaTopoB, TO YUCAO PA3/INYHbLIX COMIACOBAHHbLIX CEMENCTE
noadopmyn Puepa-TlagHepa He NpeBocxoanT BenuumMHbl 237,



TABJINYHbLIVN METO BEPN®UKALINN
MOOEJNEN NMPOrPAMM

MycTb 3agana dopmynbl PLTL ¢ n koneyHasi LTS
M = (AP, S, So, —, p).

Hy»Ho nposeputb BbinonHumocts M = .

Hna atoro



TABJINYHbLIVN METO BEPN®UKALINN
MOOEJNEN NMPOrPAMM

MycTb 3agana dopmynbl PLTL ¢ n koneyHasi LTS
M = (AP, S, So, —, p).

Hy»Ho nposeputb BbinonHumocts M = .

Hna atoro

1. dopmyna ¢ NpMBOANTCS K NO3UTUBHONR hopme 1,

2. pas hopMyAabl (1 CTPOSATCA
» mMHoxecTBO noacbopmyn Puwepa—Slaguepa FLSub,,,
» mHoxecTeo Next-nogdopmyn XSub,,,
» muoxecteo UR-noacopmyn URSub,,,
> COBOKYMNMHOCTb C‘Onw1 BCEX BO3MOX>XHbIX COrnaCoBaHHbIX

cemeiicte nogcgpopmyn Puwepa—SlagHepa.



TABJIMYHbLINN METO/ BEPUD®UKALNN

MOOEJNEN NMPOrPAMM

Cucremon Xuntukkn gns cdopmynsl PLTL o1 u LTS M
Ha3bIBAaETCA PaCKPaLUEHHbIi OPUEHTNPOBaHHLINA rpad

Goy,m = (V, E) ¢ MHOXecTBOM BeplunH V' 1 MHoxecTBoM ayr E,
KOTOpbIE YCTPOEHbI TaK:

V={(s,B) : seS5, Be Con,,, p(s)=BnNAP},

T. €. BepwnHamu rpacha SABASIOTCA BCEBO3MOXHbBIE Mapbi
(cocTosiHme s, cornacosaHHoe cemelicTso B),
A5t KOTOPbIX pa3meTka p(S) COCTOsHMA S NOATBEPXAAET
NCTUHHOCTb BCEX aTOMAapHbLIX BbICKa3blBaHN MHOXeCTBa B;
E — {<($/7 B/)’ (S//7 B//)> : S/ SN S//
n ans noboii Next-noadopmynel Xvp, Xtp € XSub,,,
BepHO cooTHoweknne Xip € B < ) € B"},

T. e. gyramu rpadpa siBAsIOTCA BCe Takue nepexoabl LTS M,
KOTOpblE NO3BONSIOT NoLgTBEPAUTL BCe obewanns Xi) BbINONHUTD
1) B CAeayolmnii MOMEHT BpEMEHU.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Tenepe nposesem packpacky sepuwiund rpaca [, v = (V, E).
Paccmotpum mHoxectso (Until-Release)-noadopmyn

URSuby, = {x1UX7; - -, XikUXio X 1 RXei 15 -+ X mRX e m -
Kaxpoii dbopmyne 1; s mHoxectsa URSub,,, conoctasum
VHOWBUAYabHBI LBET .

Packpacum B uBeT i BCe BepwmHbl (s, B), A5 KOTOPbIX BbIMOJHEHO
XOTS Obl OAHO W3 ABYX YC/NOBMIA

B cnydae, korga ¢ = x;Ux?: | B cnyuae, korga ¢; = x'Rx”:
)1/ € B, 1)1/ ¢ B,
2) X(x;Uxi) ¢ B. 2) X(x;Rx7) € B.




TABJIMYHbLINN METO/ BEPUD®UKALNN

Tenepe nposesem packpacky sepuwiund rpaca [, v = (V, E).
Paccmotpum mHoxectso (Until-Release)-noadopmyn

URSuby, = {x1UX7; - -, XikUXio X 1 RXei 15 -+ X mRX e m -
Kaxpoii dbopmyne 1; s mHoxectsa URSub,,, conoctasum
VHOWBUAYabHBI LBET .

Packpacum B uBeT i BCe BepwmHbl (s, B), A5 KOTOPbIX BbIMOJHEHO
XOTS Obl OAHO W3 ABYX YC/NOBMIA

B cnydae, korga ¢ = x;Ux?: | B cnyuae, korga ¢; = x'Rx”:
)1/ € B, 1)1/ ¢ B,
2) X(x;Uxi) ¢ B. 2) X(x;Rx7) € B.

BeckoHeuHbli MapwpyT

(Sf17 Bi1)7 (51'27 Bi2)7 SRR (Sin’ Bin)7 cee

B rpacpe [, \ Ha30BeM pafy)xHbIM, eCn B HeM BECKOHeYHO HacTo
BCTPEYalOTCS BEPLUNHbI Kaxkaoro ugeta 1,2, ... k.



TABJIMYHbLINN METO/ BEPUD®UKALNN

OcHoBHas Teopema

Ona moboii popmynsl PLTL @1 B no3utneHoi dopme n LTS
M = <AP’ Sa 507 —, p>

M = o1
i}

B rpacpe [, v CyLLeCTBYeT XOTA Obl OAMH Pajly>HbIli MapLIpyT,
nexogsALWmMii n3 sepwmnkbl vo = (Sp, Bp), B koTOpOii So € Sp 0
V1 ¢ Bo.



TABJIMYHbLINN METO/ BEPUD®UKALNN

JokazatenbcTBoO.

(1) Mpeanonoxxum, uto B rpace ', v ecTe pasyxHbIli MapwpyT

(So, Bo), (51, Bl), ey (Sn, Bn), (Sn+1, Bn+1), e

YKa3aHHOro BUAa, B KoTopoMm 1 ¢ By.



TABJIMYHbLINN METO/ BEPUD®UKALNN

JokazatenbcTBoO.

(1) Mpeanonoxxum, uto B rpace ', v ecTe pasyxHbIli MapwpyT

(So, Bo), (51, Bl), ey (Sn, Bn), (Sn+1, Bn+1), e

YKa3aHHOro BUAa, B KoTopoMm 1 ¢ By.
Torpa cornacvo onpeaenenuto cuctembl Xuntukkn [,y 8 LTS M
€CTb Ha4vasibHas Tpacca

tr=@—@—@—++¢o——@ @ ¢ ¢ ¢

So S1 2 Sn Sn+1



TABJINYHbIN METOA BEPNOUNKALUNU
JokazatenbcTBoO.

(1) Mpeanonoxxum, uto B rpace ', v ecTe pasyxHbIli MapwpyT
(So, Bo), (51, Bl), ey (Sn, Bn), (Sn+1, Bn+1), .

YKa3aHHOro BUAa, B KoTopoMm 1 ¢ By.
Torpa cornacvo onpeaenenuto cuctembl Xuntukkn [,y 8 LTS M
€CTb Ha4vasibHas Tpacca

tr‘g‘:Bg tr\l\:Bl tr‘Q‘IBQ tr\n\:Bn tr\,,+1 ‘:Bn+1
tr:.—>.—>.—>-o.4>.—>.—>ooo
So S1 52 Sn Sn+1

Mokaxcem, 4To ans noboii bopmynel 1, ¥ € FLSub,,, v gns
moboro n,n > 0, BepHo

trlh =Y <= Y eB,.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Jdoka3atenbcTBo.

Ecan ypacrtcs nokasaTb, 4TO
trl, Ev <= ¢ €B, (*)

TO, yunTbiBas w1 ¢ By, npugem Kk 3aknodeHnto tr - 1.
[ns pokasaTenbCTBa COOTHOWEHMUS () BOCMONB3YEMCS MHAYKLMED]
no 4mcny ces3ok B dhopmyne .

Basuc nugykuuu. p € AP.
pEB, < pec(s)) < trlnEp.
—pEB, <= pé¢B, <= p¢&(sy) < tr|nlEp < tr|nl=—p.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Joka3atenbcTBoO.

MHpaykTuBHbIA nepexop,.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Joka3atenbcTBoO.

MHpaykTuBHbIA nepexop,.

1. Jlormueckne ceazsku & n V.

’(/Jl &¢2 € Bn



TABJIMYHbLINN METO/ BEPUD®UKALNN

JokazaTtenbcTBO.

MHaykTuBHbLIA nepexop,.

1. Jlornyeckne ceaskn & n V.

¢1&¢2€Bn¢> ¢1€Bnl/lw2€ B,

no onpeneneHn0 CornaCcoBaHHOro MHOXeECTBa



TABJIMYHbLINN METO/ BEPUD®UKALNN

JokazaTtenbcTBO.

MHaykTuBHbLIA nepexop,.

1. Jlornyeckne ceaskn & n V.

D1&Yn € By <= Y1 E€Bpnipn € B, <= tr|,=v1ntr|nEi2

No UHOAYKTUBHOMY NPeanONOXKEHWHD



TABJIMYHbLINN METO/ BEPUD®UKALNN

Joka3atenbcTBoO.

MHpaykTuBHbIA nepexop,.

1. Jlormueckne ceazsku & n V.

V1&r € By <= Y1 EBynin € B, < tr|,Ev1ntr|,E12
= tr|n’:¢1&¢2 .



TABJIMYHbLINN METO/ BEPUD®UKALNN

Hdoka3atenbcTBo.

MHpaykTuBHbIA nepexop,.

1. Jlornueckune ceasku & n V.

V1&r € By <= 1 EBynin € B, < tr|pEv1ntr|,E12
= trlnE1&)s .

[na cdopmyn Buga 1 V Yo NpUMEHSIOTCA aHANOTMYHbIE
paccy>KaeHusl.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Joka3atenbcTBo.

NHpaykTuBHbLIG nepexop,.

1. Jlornueckune ceaskn & n V.

V1&r € By <= Y1 E€Bynin € B, < tr|pEv1ntr|,E12
<~ tr\,,):wl&wz .

[Ons cdopmyn Buga 1 V o NpUMEHSIOTCA aHANOTUYHbIE
paccy>KaeHusl.

2. TemnopanbHblii onepatop X.
Xy e B,



TABJIMYHbLINN METO/ BEPUD®UKALNN

JokasatenbcTBoO.

MHpaykTuBHbLIA nepexop,.

1. Jlormueckne ceasku & un V.

P1&Yn€Bp <= Y1 E€Bynipa€ B, <= tr|,=v1ntr|n =12
<~ tr|,,):z/11&zp2 .

[Ona cdopmyn Buga 11 V Y NpUMEHSIOTCA aHANOTMYHbIE
paccy>aeHusl.

2. TemnopasnbHblii onepatop X.
XYeB, <= YeBy1

T. K. (Sp, Bn) — (Snt1, Bnt+1) TOrAa n Tosbko TOrga, Korga Ans
nroboii neXttime-cpopmynbl Xy BepHo Xy € B, <= x € But1



TABJIMYHbLINN METO/ BEPUD®UKALNN

JdokazatenbcTBoO.

MHaykTuBHbLIA nepexog,.

1. Jlornyeckne ceaszku & un V.

P1&Yn€Bp <= Y1 E€Bynipa€ B, <= tr|,=v1ntr|n =12
< tr|,,):1/11&1/12 .

[Ons dopmyn Buga 11 V 1 NpUMEHSIOTCA aHANOTMYHbIE
paccyaeHus.

2. TemnopanbHblii onepatop X.
XYeB, <= YeEB11 < tr|pr1EVEB1

No UHOAYKTUBHOMY NPeanoONOXKEHWHO



TABJIMYHbLINN METO/ BEPUD®UKALNN

JdokazatenbcTBoO.

MHaykTuBHbLIA nepexog,.

1. Jlornyeckne ceaszku & un V.

P1&Yn€Bp <= Y1 E€Bynipa€ B, <= tr|,=v1ntr|n =12
< tr|,,):1/11&1/12 .

[Ons dopmyn Buga 11 V 1 NpUMEHSIOTCA aHANOTMYHbIE
paccyaeHus.

2. TemnopanbHblii onepatop X.
XYeB, <= YEB11 < trlpr1 EYVEBpi1 < tr|, EXv.

no onpeaeneHnto BoINOAHUMOCTU chopmyn Xy



TABJIMYHbLINN METO/ BEPUD®UKALNN

NHpaykTuBHbIA nepexop,.

3. TemnopansHeiii onepaTtop R.

3.1. Mokaxem 1Ry € B, = tr|, = ¥1R2.

3ameTuM, 4TO COrNacHO ONpPeaeseHNto COracoBaHHOro CEMeRcTBa
1Ry € B <= 1€ B n npn atom 91 € B unun X(¢P1Ry») € B.
MNycte Y1RYy € B,. Torga Bo3amoxHbl 2 ciydasi.

Bapuant 1. X(¢1R2) € By ans noboro i, i > 0.

Torpa no onpegenenunto ', p B kaxaom muoxecTse B, j, i > 0,
cogepxunTcs popmyna Y1 Ro n, cnepgosatensHo, P € By .

Torpa no MHAYKTUBHOMY MPEANONOXKEHNIO tr|py; = 12 Ans noboro
i, i > 0. CnepoBatensHo, tr|, = 1¥1R,.

trln =2 trlnel = Y2 trlnti =12

n n+1 n+2 n4+1



TABJIMYHbLINN METO/ BEPUD®UKALNN

MHaykTuBHbLIA nepexog,.

Bapuant 2. X(¢¥1Rv) ¢ B,1k ons nekotoporo k, k > 0.

Torpa cywectsyet Takoe kg, 4to X(11Rw)2) ¢ Bpyg,, HO
X(11Rv») € Bpyi ana nwboro i, 0 < i < ky.

Torpa no onpenenenuto rpacpa I,y B Kaxxaom mHoxecTse B,
0 < i < ko, conepxutcs popmyna 11 Rs.

Toraa no onpegeneHnto CornacoBaHHbIx cemelicTe nogdopmyn

Y2 € Bnyj ans aroboro i, 0 < i < ko, n, kpome Toro, Y1 € By, .

Torpa no MHAYKTUBHOMY NPEANONOXKEHNIO tr|,y; = 12 ansa noboro
0<i<kym tr|n+k0 ): P1. 3HauuT, tr|,, ): 11 Rs.

trntko FE 1
trln = b2 trine1 42 trlniko—1FY2  trlnik E2
n n+1 n+2 n+ k

/iTak, B oboux cnyyasx 1Ry € B, = tr|, = ¥1Rs.



TABJIMYHbLINN METO/ BEPUD®UKALNN

NHpaykTuBHbIG nepexop,.

3.2. Mokaxxem 1)1 Ryn ¢ B, — tr]n I# 1 R,.

Mycte Y1RY2 ¢ By, T. k. 1Ry € URSub,, sToii dopmyne
COOTBETCTBYET HEKOTOPLIN LBET J .
MockonbKy paccMaTpuBaemblii MapLipyT

(507 BO)) (517 B].)7 sty (5n7 Bn)7 (5n+17 Bn+l)7 LU

ABNSAETCA pajy>KHbIM, TO BEPLUMHbI, OKPaLLEHHbIE B LIBET /,
BCTPEHAKOTCA B 3TOM MapLupyTe BeCKOHEYHO HacTo.

3HaunT, cywecTeyet Takoe k, k > 0, yto BepwmHa (Spik, Bpik) —
nepeasi, OKpalLEHHas B LBET | BEpLIMHA, CNeAyoWas B 3TOM pagy
XKHOM MapLupyTe BCaeq 3a Bepwntolt (s,, By).

NmetoTcs gee npuymHbl, no koTopbiM BepwnHa (Spik, Bnik)
oKaszaJslaCb OKPaLUEHHOW B LBET J:

> 1/}2 Qf Bn—i—k:
» X(¢1R2) € Bpik,

PaccmoTpum kaxaplii 3 3Tux CAyHaeB no OTAENLHOCTU.



TABJIMYHbLINN METO/ BEPUD®UKALNN

MNHpykTuBHbBIG nepexop,.

Bapuant 1. ¢ ¢ Bk

T. k. Bce BepwmnHbl (Spti, Bpti), 0 < i < k He oKpaweHbl B LBET J,
0151 KaXKgoro ns MHoxecTs B i, 0 <7 < k, BepHbl COOTHOLLUEHUS

Y2 € Boyi " X(1Rvp2) ¢ Bnyi-
Torpa no onpenenenuto rpadpa I, A AN KaXKAOrO MHOXECTBA
Bn+i, 0 < i < k, BepHo cootHowenue 1Ry, ¢ B,y A oTcropa
cnepyer, 4To 11 ¢ By ans avoboro i, 0 < i < k.
Toraa no NHAYKTUBHOMY NPEANOAOKEHUIO
trinyi |E W2 n tringi & 1 gna noboro i, 0 < i < k,
tr‘n—i—k % ¢2-

trlnfEr  trlav EYn tr|nk—1 1
trln =2 trlni1 = 42 trlppk—1FEY2  trlapk Ee

n n+1 n+2 n+ k

A 370 03Hauaer, uTO tr|, = ¥1RY,.



TABJINYHbIN METOA BEPNOUNKALUNU
NHAayKTUBHLIA nepexog,.
Bapunant 2. X(¢1R2) € Bpik-

T. k. Bce BepwmnHbl (Spti, Bpti), 0 < i < k He oKpaweHbl B LBET J,
0151 KaXKgoro ns MHoxecTs B i, 0 <7 < k, BepHbl COOTHOLLUEHUS

Y2 € By " X(1Rvp2) ¢ By
Torpa no onpenenenuto rpadpa I, p AN KaXKAOrO MHOXECTBA
Bh+i, 0 < i < k, BepHo cootHowenue 1Ry, ¢ B,y A oTcropa
cnepyer, 4To 11 ¢ By ans avoboro i, 0 < i< k n iy ¢ Byig.
Torga no MHAYKTUBHOMY MPeANONOKEHNIO
trinyi |E W2 n tringi & 1 gna noboro i, 0 < i < k,
tr‘n—i—k % ¢2-

trlnfEr  trlav EYn tr|nk—1 1
trln =2 trlni1 = 42 trlppk—1FEY2  trlapk Ee

n n+1 n+42 n+ k
1 Bo BTOPOM Cnyuae tr|, i~ 11R;.



TABJIMYHbLINN METO/ BEPUD®UKALNN

MHaykTuBHbLIA nepexog,.

Takum obpasom, ecnn 1Ry & By, 10 tr|, = ¥1Ry.

B ntore, ansa nwoboii dopmynsl Buga 11 RYo n ana noboii
BepLwnHbl (S,, B,y) Halero pagyHOro maplupyTta BepHO
COOTHOLUEHNE

¢1R1/)2 S Bn < tr],, ): 1/)1R¢2 .

4. TemnopanbHbiii onepatop U.

,D'J'Iﬂ AOKa3aTENbCTBA COOTHOLLUEHNA

1/)1R1/)2 S Bn <= tl’|n ': @Z)1R¢2

MPUMEHATCA PaACCY>XKAEHNA, aHANOMM4YHbIE TEM, KOTOPbIE Bblan
NCnonb30BaHbl ANA NCCNeqoBaHnA onepaTopa R.

CamocToaTensHo.



TABJIMYHbLINN METO/ BEPUD®UKALNN

3aBeplune 060CHOBaHME MHOYKTUBHOMO NEPEXofa, Mbl TEM CaMbIM
3aBepPLUNAN [0KA3aTENbCTBO NEPBOM YaCTu TEOpPEMbI:

M ¥ 1
f

B rpade [, v CyLIeCTBYeT XOTs Obl OAMH pajfy’<HbIli MapLIpPyT,
nexoaswmnii ns Bepntbl vo = (sp, Bp), B KoTOpoii so € S 1
v1 ¢ Bo.

MokaxeMm, 4TO B TOM Ciy4ae, Korga umeet mecto M (= ¢1, B
rpacbe [, A U3 HeKOTOPOI BepwMHbI Vo = (So, Bo), B koTopoii
S0 € So n @1 ¢ By, ncxonmt xoTs bbl OAMH pagy>KHbI MapLUpyT.



TABJIMYHbLINN METO/ BEPUD®UKALNN

Mycte M B~ 1. Torpa B LTS M cywecTtByeT Takasi Ha4anbHas
Tpacca tr, ons KoTopon tr bé 1. PaccmoTtpum a1y Tpaccy tr.

Onsa kaxgoro i, i > 0, nonoxum

Bi ={¢ : ¢ € FLSub,,,tr|j =1 .}

CornacHo yTeepxaeHuto 4, BCe MOCTPOEHHbIE MHOXECTBA B;
SABJISIIOTCS COMNAaCOBAHHbIMU.

rlOKa)KEM, 4YTO NOCNenOoBaTENBLHOCTL Nap

(tr[0], Bo), (tr[1], Br), (tr[2], B), .. .. (tr[n], Ba), (tr[n+1], Bpr1), - ..

obpasyeT nckomblii paayxHbili MapwpyT B rpade Iy, .



TABJIMYHbLINN METO/ BEPUD®UKALNN

HelictentensHo,

1. s nwoboro n, n > 0, sepro tr[n] — tr[n+ 1], nockonbky tr
— mapwpyTt B LTS M.

2. ns noboro n, n > 0 u ans noboii bopmynel X € XSub,,,
BEpPHO
XpeB, <= ¢ € Bp1

NOCKOJIbKY
XpeB, <= trlp EX¢Y <= trlps1 E ¢ <= ¢ € Bhy1 .

3. tr[0] € Sp (7. k. tr — HauyanbHas Tpacca B M) un @1 ¢ By (1. k.
trlo = ¢1).
3Ha4YuT, NOCNeA0BaTENBHOCTh

(tr[0], Bo), (tr[1], B1), (tr[2], Bz), ..., (tr[n], Bn), (tr[n+1], Bpt1), .- .

ABNSeTCA MapwpyToM B rpace [, 7, NCXOASLLNM 13 HYXKHOI
BEPLUMHBI.



TABJIMYHbLINN METO/ BEPUD®UKALNN

4. Octanocb nMokasaTb, YTO MapLupyT

(r[0], Bo), (tr[1], B1), (tr[2], Ba), ..., (tr[n], Bn), (tr[n+1], Bas1), - ..

ABNAETCA pagy>XHbIM.

PaccmoTpum npouseonbHoe 4yncno n, n > 0 u Npon3BOALHYIO
copmyny ; € URSub,,. MNokaxem, 4TO CyliecTByeT Takoe
k,k > 0, 4to Bepwuna (tr[n+ k], By4«) OKpalueHa B LBET .



TABJIMYHbLINN METO/ BEPUD®UKALNN

Orpanununmcs paccmotpenunem Until-cpopmynsi 9; = x'Uxea.
(Ons dopmyn uga v¥; = x'Rx2 fokasaTenscTeo nposegute
CaMOCTOATENBHO. )

1. Ecam tr|, = X(x1Uxz2), o X(x1Ux2) ¢ Bn, n,
cnepoBatensHo, BepwuHa (tr[n], B,) okpaluexa B LBeT /.

2. A echm tr|, E X(x1Uxz2), 10 tript1 = x1Ux2. Torga
cywecTtsyeT Takoe k, k > 1, uto tr|, ik = x2. MNoatomy
X2 € Bpik, v Bepwmna (tr[n+ k], Byyx) okpalleHa B uBet /.

Takum 0bpa3om, BepLUMHbI LBETa j BCTPEHAOTCA B HalUeM
MapLipyTe beckoHedHo 4acTo. [MockonbKy 1); bbina NPOU3BONLHOA
(Until-Release)-dbopmynoid, 3to 03HauaeT, 4To Hal MapLupyT B
rpacbe [, v ABNSETCSA pajyxHbIM. 0



ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Ho kak nposepuTb, 4TO n3 3ajaHHoli BepwuHbl B rpade [y, v
HE NCXOAUT HU OLHOrO pagy>Horo mapupyTa?

OpuenTupoBaHHblii rpach [ Ha3bIBAETCA CUIIBHO CBSI3HBIM , €CIN
ans noboii napbl BepwmnH v 1 u B rpacpe I cywecTsyer mapwpyT
W3 V B U N MapLpyT U3 U B V.

Bcaknii makcumManbHbIli cunbHO CBA3HLIA nogrpadd rpadpa I
Ha3bIBAETCH KOMMOHEHTOW CUAbHON CBA3HOCTHU .

KomnoneHTy cunbHoli cesisHocTM rpacha (cuctembl XMHTUKKY)
[, ,m Byaem HasbiBaTb pajy»xHON, ecnn B Heli coaepkaTcs
BEPLUMHbI BCEX LBETOB.



ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Teopema.

W3 sepwnnbl v B rpade ', 7 MCXOANT paayxHblii MapupyT Torha
1 TONbKO TOrfa, Korga CyLlecTByeT MapLipyT , Beaylwmuii us
BEPLUMHBI V XOTS Bbl B OAHY 13 BEPLUUH XOTS Bbl OAHOW pagy>xHOI
KOMTMOHEHTbI CUJIbHOW CBS3HOCTMW.

Joka3atenbcTBo.

CamocTosaTensHo. 3aechk BCE 04EBUAHO.



ANTOPUTM BEPUDUKALUUN MOOEJIEN

NMPOrPAMM
NcxoaHble gavubie: dopmyna PLTL ¢ n LTS

M =
1.

(AP, S, So, —, p).

MocTpouTh PaBHOCWIIbHYKO MO3UTMBHYIO (DOPMY 7.

2. MNoctpounts cuctemy Xuntukkn Iy, .

3. Beigenute muoxectso nogcbopmyn URSub,, n packpacuts

7.

BepwuHbl rpacpa [, .

BblgenuTs pagy>xkHble KOMNOHEHTbI CUABLHON CBA3HOCTY B
rpacpe I, m-

Boigenute mHoxecteo V' Bcex Bepwun rpacba [y a1, u3
KOTOPbIX AOCTUMUMbI PafdyXHbI€ KOMMOHEHTbI CUALHOA
CBA3HOCTW.

Boigenuts muoxectso V' scex Bepwunt (sp, By), anst koTopoi
BbINONIHAETCA Sp € Sp, p1 ¢ Bo.

Bouncante V =V N V",

Pesynbtam: M@ <— V =2.



ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Mpumep.

LTS M:

S0

€(s0)={p}




ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Mpuwmep.

v = pUq

1. MosutuneHas cdopma p; = pUq



ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Mpuwmep.

v = pUq

1. MosutuneHas cdopma p; = pUq
FLSub,, = {p,—p,q,—q,pUq, X(pUq)};
XSub,, = {X(pUq)};

URSub,, = {pUq}.



AJITOPUTM BEPN®OUNKALUNN

2. Ctpoum cuctemy Xuntukkn Iy p

S0

{p,—q}

®1, X1}

-

{P7 —-q,

{p, g,
w1, X1}

{p,—q} {p,—q}
1, X1} ©1, X1}

{p,—q} {p7 -q}



AJITOPUTM BEPN®OUNKALUNN

3. Packpawmueaem seplintbl cuctembl Iy,

{p,—q,
Y1, X§01}

S0 S0
[

{p,—q} {p, g,
1, X1}

{p,—q} {p,—q}
o1, X1} o1, X1}

g en




AJITOPUTM BEPN®OUNKALUNN

4. Boigensiem pagy<Hble KOMMNOHEHTbI CUJIbHOW CBABHOCTM

S0

{p,—q}

{P7 —-q,
o1, X1}

{p, g,
w1, X1}




AJITOPUTM BEPN®OUNKALUNN

5. Bbl,ﬂ,GﬂﬂEM BEPLUUHBI N3 KOTOPbLIX AOCTUXNMbI pagy>XHbl€ KOMMNOHEHTHI

{p, a,
I o1, X1} w1, X1} |

0 50
{P, _‘q} {P, —-q,
o1, X1}

{p,—q} {p,—q}
o1, X1} o1, X1}




AJITOPUTM BEPN®OUNKALUNN

6. Nwem sepwnny (sp, B) Ha koTOpoii onposepraeTcs @1

{p, a,
I o1, X1} w1, X1} |

5 50
®
{P, _‘q} {p7_|q5
o1, X1}

{p,—q} {p,—q}
o1, X1} o1, X1}




ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

OnucaHHblii 38eck NOAxoq K BepudnKaumum pacrnpeseneHHbix
nporpamMmm peann3oBaH B NPOrpaMMHO-UHCTPYMEHTAbHONR CucTeme
sepucpukauyuu SPIN .

Mogenu napannenbHbiX B3aMMOLEHCTBYIOLLMX MPOLECCOB
onucbiBatotcs Ha s3bike PROMELA  (Process Meta Language),
cHabxatoTcst TemnopansHbimu cneundukaumsimu (PLTL
cbopmynamm), a 3aTeM BbINOJAHUMOCTb 3TUX DOPMYN NPOBEPSETCS
cuctemoii Bepucpnkauunm SPIN .

B cucreme SPIN npumensietcs Tabnnynblii anroputm
BepudbnkaLmu Mmogeneii pacnpegenerteix nporpavm. dns
NOBbILLIEHNSI €ro 3PPEKTUBHOCTI UCMOBb3YETCS PsiZ NPUEMOB:

> NpPOBEPKa MOAENN KHA NIETY»,
> peaykunmm HaCTUYHbIX NOPAAKOB,

> CUMBOJNIBHOE NpPeACTAaBNEHNE OaHHbIX U 4p.



ANTOPUTM BEPUDUKALUUN MOOEJIEN
MPOIrPAMM

Bonee nogpobro o cucreme sepndpukaunm SPIN Bam pacckaxer
Konctantun Oneroeuy Cagenkos

B Kypce
«Bepudwmkauua nporpamm Ha mogenax»

B BECEHHEM CeMECTpE.



KOHEL, NEKLW 23

N KOHELL BCEMY KYPCV
NEKLWNI!



9K3AMEH (BEPOSITHO)
COCTOWNTCHA 15 SIHBAPS B 10.00

KOHCVJIbTAUWA (BEPOATHO)
COCTONTCHA 14 AHBAPA B 15.00



