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MHTYNUNOHNCTCKAA J10IMKA

ViuTynumonnsm — 3710 dunocodpckoe TedeHne B MaTeMaTuKe,
BO3HUKLIEE B Havane 20 Beka KakK KPUTUHECKMIA OTKINK Ha
HEOrpaHNYEeHHOE NPUMEHeHNE POPMAJIbHBIX JIOTUYECKUX METOAOB B
MaTeMaTuKe, NPUBOAsILLEE K napagokcam (aHTUHOMUSIM).

Mo mHeHuto nuTynymormncros (Bpaysp, Beiinb, MyaHkape),
NapafioKCbl BOSHUKAIOT B CBSA3M C TEM, YTO 3aKOHbI JIOTUKMN,
CNpaBeAsiNBbIE ANSI KOHEYHbLIX MHOXECTB, He30CHOBaTENLHO
NepeHOCATCS Ha BECKOHEYHbIE MHOXKECTEA.

He Bce mMaTemaTnyeckme yTBEPKAEHUS, BEPHbIE A1 KOHEYHbIX
MHOXECTB, OCTalOTCA CNPaBEASINBLIMUA N ANS BECKOHEUYHbIX
MHOXeCTB. Hanpumep, 4151 KOHEUYHBIX MHOXECTB BEPEH MPUHLMM
Apxnmepa «HacTb Bcerga meHblue uenoroy, a ans
BECKOHEUYHBIX MHOXXECTE — HET.

BnonHe BO3MOXXHO, 4TO He BCE 3aKOHbI KIAaCCUYECKO

(apucToTeneBoii) NOrMKM LONYCKAKOT HEOrPAHUHEHHOE 1
Be30roBOPOYHOE NCMOL30BaHNE B MaTEMaTHKE.



MHTYNUNOHNCTCKAA J10IMKA

Hanpumep, paccMOTpuM OAHY LUMPOKO PacMpOCTPAHEHHYIO CXEMY
[lOKa3aTeNbCTRa.

[okazateb: Ecnn BeinonxeHsl ycnosust A, 1o 3x P(x).

Cxema pokasatenbctsa: [Npegnonoxum npotueHoe, T. e. Vx —P(x).

Torpa ...(dba-dpa, nsi-ns1)..., 4To NpoTUBOPEHNT yCnoBusiM A.

3HaunT, npeanonoxenne Vx —P(x) HesepHo, n nostomy Ix P(x).
QED

Bce xopowo, Ho rae xe Ta x, ans kotopoii BepHo P(x)?
/13 Takoro gokasaTenbcTsa 3TO 3HAYEHUE U3BJIEYb HEBO3MOXKHO.

Ho TOorga, N0 MHEHNKO UHTYULMOHNCTOB, 3TO HE OAOKA3aTENbCTBO, A
cnosobnygme.

Y106kl UCKAOHYNTL A0Ka3aTe/IbCTBA TAKOro poAa, Hy>KHO
NEPECMOTPETb CEMAHTUKY JIOTNHECKNX CBA3OK N KBAHTOPOB.



MHTYNUNOHNCTCKAA J10IMKA

CemanTuka Konmoroposa—bpayapa—Teiitnira

Monpobyem B3rnsiHyTb Ha noru4deckue bopmysbl Kak Ha
YTBEPXKAEHUS O Pa3peLIMMOCT MaTeMaTUYeCKMX 3ajaud.

Kaxpas atomapHas dopmyna A byaet obosHavaTb HEKOTOPYHO
3agayvy. Victunrocts A byaeTt o3HavaeT, 4ToO 3agaya umeet
peLLeHME, U 3TO peLleHne MOXHO NpeabsBnTb. JloxHocTe A byger
03Ha4aTb, YTO 337a4a PELUEHUS HE NMEET.

Jlornyeckune cBsA3KM NO3BONSIOT KOHCTPYMPOBATb U3 NPOCTbIX
3a/la4 COCTaBHble 3a4a4u.

OueHum, kak (He)paspewMMoCTb COCTaBHbIX 3a4ay 3aBUCUT OT
(He)paspeLnMoCTy NPOCTLIX 3aAau.



MHTYNUNOHNCTCKAA J10IMKA

CemanTuka Konmoroposa—bpayapa—Teiituira

p&up:

oV

o — P

_'SD:

Pewntb 0be 3agaum ¢ 1 1) n NpefbsaBUTL PELLEHNE;

BbibpaTh ogHy 13 AByx 3agay ¢ U v, pewnTb Bbl-
OpaHHylO 33424y U NPeSbsBUTL PELLEHUE;

MokasaTb, 4TO pelweHmne 3a4a4m P CBOGUTCS K pe-
WEHUIO 33Ja4U @, T. €. NPeLbsBUTL CNOcob, KOTo-
pbili MO3BONSET, pacnonarasi peLleHnemM 3ajaqm o,
MOCTPOUTL peLleHne 3ajaqn ;

Joka3aTb, 4TO 3aa4a ¢ HE UMEET peLUeHNs.

3akoHamu I/IHTyVILI,I/IOHVICTCKOI7I JIOTUKN CHUTAKOTCA TOJIBKO TE
CbOpMyJ'IbI, KOTOpPbl€ COOTBETCTBYHOT ONMNCAHNAM COCTaBHbIX 3a4a4,
NMMELNX peeHne npu nobbIx YCNnoBunsx.



MHTYNUNOHNCTCKAA J10IMKA

3akoHbl VIHTyI/lLl,I/IOHVICTCKOI7I Nornkun

> P — P — Kaxgyto 3aaqy MOXHO CBECTU K Heli caMoii;

» (P — Q)&(Q — R) — (P — R) — utobbl cBecTn 3agava R
K 3agadve P poctaTouHo HailTu 3agady @, K KOTOPOW MOXHO
cBecTu 3agadvy R, n KOTOpyto, B CBOIO OYepefb, MOXHO CBECTH
K 3agade P:

» P — == P — 4y10bbl Y6eanTbLCs B TOM, Y4TO HE CyLLECTBYET
[0Ka3aTeIbCTBa HEPA3pPELIMMOCTM 3a4a4n P, focTaTo4HO
HallTK peweHne 3agaqn P;

> (=P V-Q) — =(P&Q) — 4tobbl nokasaTs, 4To obe 3aaaum
P u @ Henb3si pewnTs O4HOBPEMEHHO, JOCTAaTOYHO BbIOpaTh
OAHY M3 3TWX 3343y M MoKasaTb, YTO OHA HepaspeLnma.



MHTYNUNOHNCTCKAA J10IMKA

®dopmynbl, He ABASIIOLWMECS 3aKOHaMU
WHTYNLMNOHNCTCKONA NOIMMKNn

» =P — P — ecnn Bbl MOXXeTe 0BOCHOBaTb, 4YTO HEMb3S
NOCTPOUTb JOKA3aTeNbCTBA HEPA3PeELIMMOCTM 3aga4dn P, To
3TOrO eLle HEAOCTAaTOYHO, YTODbI MONYUYNTL PELUEHNE CaMOIi
3aga4n P;

» PV =P — Henpasaa, 4To Ans noboli 3aga4m MoXHO nubo
nosy4nTb pelieHune, AMbo A0Ka3aTb, YTO HUKAKOIO PELLEHUS
He CyLLecTByeT;

> (P&Q) — (=P V —=Q) — ecnm MOXHO JoKa3aTb, 4To obe
3agaum P n @ Henb3si pelnTb OAHOBPEMEHHO, TO 3TO HE AaeT
OCHOBaHUSA CYUTATb, YTO XOTA Obl OfHa U3 HUX SIBNAETCS
Hepas3peLnMon.

[a kak xe 370 Tak?
VK He CKpbIBAeTCs /M 3[eCb NpocTas urpa cnos?



MHTYNUNOHNCTCKAA J10IMKA

Monpobyem cTporo onpefennTb CEMaHTUKY YTBEPXKAEHUIA,
KaCaloLMXCA paspeLnmocTy 3agaq.

NcTuHHocTb chopMyn oueHnBaeTcs B uHTepnpeTauusix. [lockonbky
3a4a4M PeLatoT SIIOAN, B KA4eCTBE MHTEpRpeTaunii MoryT
BbICTYMNaTb CNOCODHOCTU Atofeli pelwaTh 3a4aquun.

Ho 3Tu cnocobHocTu y noaeii co BpeMeHEM U3MEHSIIOTCS. 3Ha4UT,
WHTEpNpeTaLumn AO/KHbI BbITh AVHAMUYECKAMN .

Paccmotpum mogens npeansHoro matemaTuka (Dutch
Mathematician), kotopebiii

> MOXET NpebbiBaTb B pa3HbIX COCTOSIHUAX 3HAHUS U
nepexoanTb U3 OJHUX COCTOAHUNA 3HAHUSA B ApYrue;

> B KaXK[OM COCTOSIHUM 3HAaHUS OH TOYHO 3HAET, Kakume un3
3/IeMeHTapHbIX 33434 OH YMeEeT pellaTb, a Kakne HeT;

> He yTpayMBaeT HaBbIKOB B peLUeHUN 3aAay Npu nepexoge u3
OfAHOTO COCTOSIHNA 3HaHWUS B ApYroe.



MHTYNUNOHNCTCKAA J10IMKA

Onpegenenue (mogens Kpunke)

Mycte P ={P1,Pa,...,Pp, ...} — MHOXeCTBO aTOMapHbIX
chopmyn (HasBaHus 3agad).

VIHTynumoHncTckas nHTepnpeTayus — 3To pefsinoHHas cucTema
I =(5,R,&), B kKoTOpOIA

1. S # () — MHOXecTBO cOCTOsIHWIA (COCTOSIHMIE 3HAHUA);

2. RC § x S — oTHoweHne nepexogoB Ha S, KoTopoe ABASETCA
OTHOLLUEHMEM HECTPOrOro Y4acTUYHOrO NOPALKA:
pedpiekcnBHOE R(s,s);

TPaH3UTUBHOE R(s1,52)&R(s2,53) = R(s1,53);
aHTncummetpuytoe  R(s1, )& R(s2, 1) = s1 = so;

3. £ : S xP — {true,false} — ouenka atomapHbix chopmyn,
YOOB/IETBOPAIOLLASH YCIOBMIO MOHOTOHHOCTM:
R(s1,5)&&(P,s1) = true = &(P, s3) = true.



MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn




MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false




MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false

P = false
d)VIpMa I/D 0G S2 Q = false




MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

S4 Q = true

SK3aMeH

P = false

P = false
So Q = false

P = false
S1 Q = false



MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false

P = false
So Q = false

P = false
S4 Q = true



MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false

3K3aMeH



MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false

3K3aMeH



MHTYNUNOHNCTCKAA J10IMKA

[NpyMep MHTYMUMOHNCTCKON MHTEpNpeTaLnn

P = false
S1 Q = false

P = false
So Q = false

P = false P = true
S4 Q = true Q = false




MHTYNUNOHNCTCKAA J10IMKA

Onpepenenue (cemantuka Kpunke)

Mycts | = (S, R, §) — nHTYnumMoHnCTCKas MHTepnpetauus. Torga
OTHOLLEHME BbINOAHUMOCTY [, S =7 ¢ dopmynbl ¢ B coCTOsHUN S
nHTepnpetayun | onpegensietcs Tak:

l.ecmp=PeP,10l,sErp <= &(s,P)=true;

2. /,S ):I gol&cpg < /,S 'ZI @1 1n /,S ’:I ©2;

3. LsEr iV <= I,skE7r @1 vl s =7 ¢o;

4. I,s =7 o1 — @2 <= pns noboro coctosiHus s', ecan
(s,s) eRm l,s" =1 @1, 10 1,8 =1 025

5. 1,s E1x ~¢1 <= pns nwboro coctosHus s', ecnn
(s,s') € R, to 1,5 £ 1.

Popmyna ¢ Ha3bIBAETCS UHTYULMOHNCTCKI 0DLLE3HAYNMOT
(3aKOHOM MHTYMLMOHNCTCKOIA IOTUKK), ecnu st ntoboi
nHTepnpetauun | n gns noboro coctosiHust s BepHo 1,5 =7 ¢.



MHTYNUNOHNCTCKAA J10IMKA

Mpumep HeobuiesHaummoli hopmMysbl

Kz PV =P

P = false
S1 —P = false
PV =P = false

P =false P = true
Sp —P = true —P = falseS3

ONCKOTEKA

bubnmnoTeka



MHTYNUNOHNCTCKAA J10IMKA

[pyrue HeobuesHaunmMblie hopmysbl

[lokakute caMoCTOSTENbHO, BbIDPAB NOAXOASLLYIO UHTEPMPETALMIO
(koHTpmogens) 1,

F&I -—=P - P
Fr ~(P&Q) — (=P V-Q)

#z ~(PV Q) — (-P&=Q)



MHTYNUNOHNCTCKA4A JIOTMKA
Mpumep obLiesHa4nMoii opmynbi

':IP_)_'_'P

Ot npotusHoro. [onyctum, yto /, sy = P — ——P. Torga

P = true
——P = false S0
- P = true

S1
P = false
P = true S

Mony4eHHOe NPOTNBOpPEHME CBUAETENLCTBYET O HEBO3MOXXHOCTM
NOCTPOEHUst KOHTpMogenu anst opmynsl P — —=P.



MHTYNUNOHNCTCKAA J10IMKA

Hpyrue obuwiesHaunmbie hopmysbl
,DlOKa)KI/ITe CaMOCTOATENIbHO MHTYNUNOHUCTCKYHO O6L|.l,e3Ha‘-II/IMOCTb
cnenyowmx opmys

):Z —|—|—|P — —|P

Fz (7P V-Q) — ~(P&Q)

E7 -PV =P



MHTYNUNOHNCTCKAA J10IMKA

HekoTopble 0COBEHHOCTU MHTYNLMOHUCTCKON NOMMKN

Teopema 1

Fre = Fcy

Teopema 2 (AM3bIOHKTUBHOE CBOWCTBO)

EroVYy <— Erowm E1

Teopema 3 (3K3ucTeHuManbHOe CBOCTBO)

ErVxi...Vxadye(xi, ... Xn, Y)

<~
CYLLECTBYET TaKoMi TepM t(x1,...,Xp), 4TO
):Z SO(Xla <oy Xny t(Xla s 7Xn))
t(X1,...,Xn) — OTO NPOrpamMMa peLLEHNs 3ajaqn .

O7To Ha3bIiBaeTcs «unsomopcpusmom Kappu—Xosapaa».



MOAOAJIbHbIE J10T KU

3UMOIA naet cHer

3umoli Bcerga naet cHer

3UMOiA nHorga MAET CHer

D70 pa3Hble BbiCcKasbiBaHus. U noaTomy oHu JomxHbl BbiTh
3anncaHbl pasHbeiMu chopMynamu.

DTV BbICKa3bIBaHUSA MO CMbICAY CBA3aHbI Apyr ¢ gpyrom. U ato
LOOJKHO BbITh oTpaxeHo B dhopmynax. Nockonbky BbICKasbiBaHUS
OTANYAIOTCS NINLWb CNOBaMM BCerpa, nHoraa (MozpansHocTy
BPEMEHI ), HYXKHO BBECTM KAaKNE-TO JIOTUHECKUE KOHCTPYKLMN AJist
BbIPaXKEHUS 3TUX MOAANLHOCTEA.

MoxkeT bbITb 415 3TOW LeNn NpUrogHbl KBaHTOpPbI?



MOAOAJIbHbIE J10T KU

CTyaeHTbl nocelaroT Nekunm

CTyaeHTbl 0bsi3aHbl MocelaTh JEKLNN
CTyoeHTbl UMEOT NpaBo MoceLlaTh NeKLun

00s13aH, UMeto NPaBO — [EOHTUYECKNE MOLANBHOCTY .

A ByayT An NpUroAHbl KBAHTOPbI B 3TOM CJ1y4ae s BblpaXkeHns!
mMoganbHocTeli?



MOAOAJIbHbIE J10T KU

3ajada VMeeT pelleHune

13BecTHO, 4TO 3aadva UMEET pelueHmne
MoykHO JonyCTUTh, 4TO 3aZa4a UMEET peLleHue

3HAK0, npegnonararn — anncreMmHeckmne MmoLasibHOCTN.

A Kkak bbITb 30€Ch?



MOAOAJIbHbIE J10T KU

MoganbHocTn (B €CTECTBEHHOM $I3bIKE OHUM, KaK MPaBuUo,
NPeLCTaBEHbl HAPEYUAMN NN CRY>XeOHBIMI Faarosamu)
BbIPaXKalOT Pas3/iNyHble OTTEHKN UCTUHHOCTM (YBEPEHHOCTS,
HeobX04MMOCTb, [OKa3yeMOCTb, OCBEAOMJIEHHOCTb 1 Ap.).

DT OTTEHKN MOXXHO KacCMPULMpoOBaTh:

MoganbHocTun Heobxogumoro | MoganbHOCTU BO3MOXHOIO
Heobxogumo BO3MOXHO

obsizaTensHo HE UCKIOYEHO

BCerga nHorga

[ONXKHA NMeI MpaBo

3Hato npegnonarato

LOKa3yemo HENpOTNBOPEYUNBO

0 O




MOAOAJIbHbIE J10T KU

CnHTakenc MogasnbHbIX hopmyn

Paclumpum cmHTakcuc K1accuyeckol JIOrMKn NMpeanKkaTos, BBEAS
ABa JIOTMYECKMX onepaTopa

[0 (MoganbHOCTL HEOGXOAMMOTO) 1

¢ (MoganbHOCTL BO3MOXHOrO),

MNPy MOMOLLM KOTOPbIX Pa3PeLLaeTCsi CTPONTL hOpPMYJibl
ClleAytoLLero Buaa:

(Op) «Heobxoanmo >,

(Op) «BO3MOXHO (.

Bo usbexanune bonblioro konmyectea ckobok, bygem cumTtaTth, 4TO
MOZasIbHblE ONepaTopbl UMEIOT TaKol Xe NPUOPUTET, YTO U
KBaHTOPbI.



MOAOAJIbHbIE J10T KU

CemaHTuka moganbHbix hopMyn MHOroobpasHa n HenpocTa.
PaccmoTtpum

[Mpumep
Bepro nm, yto dopmyna [ — ¢ — 3T0 3aKOH MoAanbHOM
normku?

Ecnn O — mopanbHOCTb BpemeHu, «Bcergay, 1o Ly — ¢ — aTo
3aKOH MOJaNIbHOW JIOTUKN.

Ecnn CTYAEHTbI BCeraa XoAAaT Ha JIEKUUN, TO OHWN XOAAT Ha JNeKunn.

A Bot ecnu [J — geoHTUYeCcKast MOAANBLHOCTb, «AOJKHbI®, TO
dopmyna [y — ¢ yxe HEe MOXKET NpPeTeHAoBaTb Ha CTaTyC
JIOFMYECKOro 3aKoHa.

Ecnn cTypeHTbl LOMKHBI XOAUTL HA JIEKLUKN, TO OHU XOASAT Ha JIEKL N,

JT0 HeNnpaBAa, a 3aKOHbl JIOTUKN HE 3aBUCAT OT NPUXOTUN CTYAEHTOB.



MOAOAJIbHbIE J10T KU

CemanTuka Kpunke moganbHbix dhopmysn
Onpepenum camoe obuiee OTHOLLEHNE BbINOAHUMOCTY AJ1s
MogabHbIX hopmyi.

Mycte P ={P1,Pa,...,Pp, ...} — MHOXECTBO aTOMapHbIX
hopmyn (aneMeHTapHblE BbICKAa3bIBaHUS).

MoganbHas nHTepnpeTaums uan mogenb Kpunke — 31o
pensiunoHHas cuctema | = (W, R, ), B koTopoii

1. W # () — MHOXeCTBO COCTOsIHUIA (BO3MOXHbIE MUPbI);
2. RC S x § — oTtHoweHne poctmxumoctn Ha W,

3. £ : W x P — {true, false} — ouerka atomapHbIix dopmy.

Cuctema (W, R) nasbiBaetcs wkanoii Kpunke (frame).

Ecnm (w, w') € R, To Bo3MOXHbI Mup w' Ha3biBaeTcs
aNbTEPHAaTUBHBIM MUPOM AJIst S.



MOAOAJIbHbIE J10T KU

OTHoLlEeHNE BBINOAHUMOCTY A/t MOAANbHBIX hOpMYI
Mycte | = (W, R, &) — mopens Kpunke. Torga oTHoweHue
BbinosiHumocTu 1, s = ¢ dopmynsl ¢ B Mupe s mogenn |
onpeaensieTcs Tak:
l.ecmmp=PeP,10l,sEp <= &w,P)=true;
2. /7W):SD1&802 — /7W):¢1MI7W):¢2;
3 lwE@mVey <= LLwgEerwnl,wlkEp;
4 w1 — @2 w e o1 [w = o
5. wkE-pr <= Liwl e,
6. LwEOp <~
ans noboro ansTepHaTUBHOro Mupa w’
ecnm (w,w') € R1o I, w' = ¢;
7. LwEQp —
CYLLECTBYET TaKoM anbTepHATUBHbIA Mup w’,
yto (w,w') e Rm I,w' £ ¢.



MOAOAJIbHbIE J10T KU

[Mpumep

[,wi = Op
I,wy = Op
I[,wi |=00p
I,ws = Op
I, ws = Op

LLikana Kpunke

p = true p = false
w1

p = false p = true



MOAOAJIbHbIE J10T KU

[Mpumep
Mopenb Kpunke

p = true p = false
[,wi = Op wy

I,wy = Op
I[,wi |=00p
I,ws = Op
I, ws = Op

p = false p = true



MOAOAJIbHbIE J10T KU

[Mpumep

BbinonHnmocTtb

p = true p = false

I, wy ):<>p w1 wp
I7W1 %Dp
I7W1 ):DQP
I7W5 ):Dp
I7W5 %QP

p = false p = true



MOAOAJIbHbIE J10T KU

[NpocTeiiwne cBoiicTBa

L E Op=-U-¢;
2. FO(#1 = ¢2) — (Opr — Oga);
3. ¢ = = Og (npaBuno HeobxopmmocTn).

B pasHbix NpuaoKeHNsX MogasbHOCTb HEOBXOANMOrO MOXET
noHumatbcst no pastvomy. OTcropa bosbwoe pasHoobpasue
MOZAAsIbHBIX NOMMK. B pasHbix MoAasibHbIX JIOFMKax OTHOLIEHWUE
BbINOJIHUMOCTI ONpefenseTcs Ha pasHbix knaccax wkan. Kaxaas
PasHOBUAHOCTbL LWKas (oTHoweHus goctmkumoctu R)
XapaKTepu3yeTcsi OnpeaeneHHbIM 3akoHOM (dopMynoit) MogabHOI
JOTUKM.



MOAOAJIbHbIE J10T KU

XapakTepuctnyeckne opmybi

1. Oy —
pedpieKCHBHbBIE LWKab
VwR(w, w);
2. Oy — OO
TPaH3NTNBHbIE LLIKabI
VwiVwoVws(R(wi, wo)&R(wa, wz) — R(wi, w3));
3. O0p — Oy
CUMMETPUYHBIE LIKab
VW1VW2(R(W1, W2) — R(WZ, Wl)).

PaCCMOTpVIM HEKOTOPbIE PA3HOBNAHOCTUN MOAA/IbHbIX JIOTUK,
KOTOpPbIE NCNONBb3YLOTCA VIH(bOpMaTVIKe.



MOAOAJIbHbIE J10T KU

IAnucTeMmn4ecKne JIOruKn n MYNbTareHTHbl€ CNCTEMDbI

dnMcTeMnYecKne OrMKN — 3TO PA3HOBUAHOCTN MOAANIbHBIX JIOMUK,
N3y4atoLMe MOAANLHOCTN 3HAHUS N MHeHUs (Bepbl)
NAEeann3npoBaHHbIX areHTos. VIHTepec npeacTaBnsitoT BOMPOCh! O
TOM, KaKUMI 3HAHWUSIM PacnonaraeT CybbekT, HaCKOIbKO OH
OCO3HAET CBOW 3HaHMsi (11 HE3HAHUS), U KaKue
MPUYMHHO-CNIEACTBEHHBIE CBA3M BO3HNKAOT MeXAy
YTBEPXKAEHUSIMU, KACAIOLMMUCS BOMPOCOB 3HAHUSH 11 BEPbI.

B anuctemunyeckoii noruke moganbHelii onepatop Uy cnepyet
npounTbIBaTh « I 3Hat0, 4TO >, a O — «51 gonyckato, 4TO P>».



MOAOAJIbHbIE J10T KU

dNnNCcTeMNYeCKne NOTUKN U My/IbTareHTHble CUCTEMDbI
OcHoBHble 3akOHbI (aKCUMbI) SMNCTEMUYECKON JIOTUKMU:

1. Akcuoma agekBaTHocTu 3HaHusa: [y — ¢
«Mou 3HaHUs BepHbI».

2. Akcuoma nosuTueHoOl mHTpocnekumun: e — Olp
«51 BNOJIHE MPeACTaBAsO BCE, HTO MHE U3BECTHO.

3. Akcnoma HeratmeHoi untpocnekuyuu: Ol — Oy
«51 BNOJIHE CO3HAD, YTO MMEHHO MHE HEN3BECTHOX.

Ho value Bcero Bo3HMKalOT 3aa4m, KOraa KOJIEKTUE CyObeKTOB
(MynbTWareHTHasi CUCTEMa) MbITAETCS COBMECTHBIMU YCUIUSIMM
WU B KOHKYPEHTHOI bopbbe mocTnyb kakoii-To uenu. B takom
cny'-|ae Ka)Kp'bII7I aAreHT OOJIXKEH I'IpI/IHI/IMaTb B pac'-|eT HE TOJIbKO
3HaHUSA O NpeaMeTHOl 0b6nacTn, HO 1 NPEACTaB/IEHNS O TOM,
KAaKUMW 3HAaHUAMN pacnonara+OT p,pyrvle Alr€HThI.



MOAOAJIbHbIE J10T KU

3apayva.

Tpw Myapeua cnopuamn o TOM, KTO U3 Hux myapee. [1poxoxnii
B3s1Cs paspewnts ux cnop. OH ckazan: «Y MeHsl B MELUKE NATb
wanok: 3 YepHbIx 1 2 benbix. 9 3aBsiXKy Bam rnasa, HageHy
Ka>XAOMY Ha rOJIOBY OAHY U3 LUAMOK, a NOTOM Pa3BsXXy rnasa. 1oT
13 BaC, KTO MepBbIM JOrafaeTcs, KaKoro LBeTa Luanka y Hero Ha
ronose, byaet npusHaH mygpeiwmumy. Myapeubl cornacuaunce, u
MPOXOXXUiA UCNOSTHUA BCE TO, O Y4eM OH roeopun. [locne Toro, kak ¢
rna3 MyApeuoB Obiny CHATHI MOBSA3KM, MPOXOXUI CNpOCcKa: « 3HaeT
AN KTO-HMOYAb U3 BaC, KaKOro LiBETA LIanka y Hero He rofose’»
HukTo n3 MyapeLoB HE NPOPOHMUA HU CNOBA. « Tak HTO Xe,
Hey>KeN HUKTO N3 BaC HE 3HAEeT, Kakasl Lanka y Hero Ha rosioee?»
— cHoBa cnpocun npoxoxuii. VI Torga oguH n3 myapeLos 3asasun:
«Ha moeii ronoee yepHast wankay. OH okasancs npas, u 6bin
NPU3HaH Myapeinm.

Bonpoc: [dokaxuTe, 4to myapeiiwunii us mMygpbix cien.



MOAOAJIbHbIE J10T KU

INNCTEMUYECKMNE IOTUKN 1 MYNbTar€HTHbl€ CNCTEMDbI

B MYNbTUAr€HTHbIX CUCTEMAX HY>XHO BBECTU bonee cneunanbHble
MOAaJibHbIE OMEPATOPLI.

Mycte A = {a1, a2,...a,} — MHOXeCTBO areHToB. Torga
(a0 03Ha4aeT «AreHT a 3HAET, YTO  BEPHO».
Ocp o3HauaeT «Bce areHTbl 3HAOT, 4TO ¢ BEPHOY.

CneumnanbHble pa3HOBUAHOCTY 3MUCTEMUYECKNX JIOTUK
NPUMEHSIOTCS AJIS1 OMMCAHUSE U NMPOBEPKU TpeboBaHMii
6e30MacHOCTN CETEBbLIX NPOTOKOJIOB.



MOAOAJIbHbIE J10T KU

TemnopasbHble NOTMKA

TemnopasbHble (BpeMeHHbIE) JIOFNKI NPUMEHSIOTCS A5 ONUCAHNS
N NCCNefoBaHNUS NMPUHNHHO-CIEACTBEHHbBIX 3aBUCUMOCTENR,
Pa3BUBAOLLNXCS BO BPEMEHMU.

MopanbHbiii onepaTtop [ o3Ha4aeT «Bceraay,

a onepatop { — «Koraa-Hmbyab>».

CemaHTrKa TeMMOpasibHbIX JIOTNK CYLLECTBEHHO 3aBUCUT OT TOIA
MaTeMaTNYeCKOl MOAENN, KOTopas UCNOJIb3YeTCsl AN ONUCaHus
deHomeHa BpeMeHun. B camom obuiem ciayyae B KadecTee Mogenu
BPEMEHN MOXHO B3sTb J1t0DOE YaCTMYHO ynopsaoyeHHoe
MHOXECTBO. DJIEMEHTbI 3TOrO MHOXXECTBA COOTBETCTBYIOT
Pa3/InyHbIM MOMEHTaAM BPEMEHN.

B kaudecTBe TemnopanbHbIX MOAeNel MOTyT BbICTYNaTb Jitobble
mogenu Kpunke, NOCTpOeHHbIE Ha OCHOBE YaCTUYHO
YNOPsifOYEHHbIX WKa. PasHble OTHOLIEHUS YacTUYHOro nopsifka
MOPOXKAAIOT pa3Hble TEMMNOPasbHbIE JIOTUKMN.



MOAOAJIbHbIE J10T KU

Temnopaanble JNNOTNKN

[NockonbKy BblYMCNEHNE — 3TO MPOLIECC, Pa3BUBAOLLNIACS BO
BPEMEHU, COCTOSIHNSI KOTOPOro HaxoAsITCs B
NMPUYNHHO-CNIEACTBEHHOI CBS3M APYr C APYrOM, TeMMopaJibHble
JIOTVKN UCTMIONB3YIOTCS A5t Creuundukaumm n sepuduKkaLmm
nporpamm. Hanbonee wnpokoe pacnpocTpaHeHune noayyunmn age
Pa3HOBMAHOCTN TEMMOPaNbHbIX JOTUK.

Jloruka nuHeiiHoro spemenn LTL

LLikana Kpunke gnsi LTL (L inear T emporal L ogics) — aT0
HaTypanbHbIli Psif C ECTECTBEHHBIM OTHOLEeHMeM nopsigka (N, <).




MOAOAJIbHbIE J10T KU

Jloruka nuHeiiHoro spemenn LTL




MOAOAJIbHbIE J10T KU

Jloruka nuHeiiHoro spemenn LTL

1,0 = Op, 1,0}~ Og, 1,0 = Oq




MOAOAJIbHbIE J10T KU

Jlornka nuHeiiHoro Bpemenn LTL

Mpumenenne LTL ana sepudbukauun mogeneii nporpamm bonee
nogpobHo byaeT obcyxAaThCs B NOCIEAYHOLMX JEKLMNSIX.



MOAOAJIbHbIE J10T KU

Temnopaanble JNNOTNKN

B aopyrux TeMnopanbHbIX JIOrMKax BpeMsi — 3TO BETBSILLASACS
CTPYKTYPa; B KaXKAblli MOMEHT BPEMEHN MOXET DbITb HECKOJIBLKO
aNbTepHATMB JajibHelWero passuTusi CobbITUIA.




MOAOAJIbHbIE J10T KU

Jloruka pepesbes Bbldncnenmnii CTL

TemnopasibHble NOFMKN TAaKOrO BUAA HA3bIBAKOTCA JIOMKaMy
seteslerocs spemenn (BTL, Branching Time Logics).

OAaHOM M3 NOTMK BETBSILLErOCS BPEMEHUN SIBNSIETCA JIOMVIKa [EPEBLER
soiquciennii (CTL, Computational Tree Logic), ncnonbsyemas ans
cneyudmkauum n BepuduKaLM pacnpesesieHHbIX NporpamMmm 1
MUKPO3JEKTPOHHBIX CXEM.

B noruke CTL umetoTca TemnopanbHble onepaTopbl ABYX TUMOB —
YHUBEPCAJIbHbIE 1 3K3UCTEHLUMAbHbIE.

VO, VO, o, 30.

Twun TeMnopanbHOro onepaTopa yKasblBET Ha To, byaer au
BbINOJIHUMOCTE POPMYJIbl MPOBEPSITLCS HA BCEX BETBAX [PEBECHOI
MOZENN UM TOJIbKO Ha OLHOIW BETBM.



MOAOAJIbHbIE J10T KU

Jlorvka pepesbes Bbluncnenmnii CTL

Mycte | = (S, R, &) — ppesecHas mogens Kpunke gns norukm
CTL, sp € S — onHo u3 coctosiHuii mogenun. Toraa

l,s0 =Vp <~

B KaXXAOM COCTOAHUWN S, JOCTUXKMNMOM N3 COCTOAHUA Sq, BepHO
l,s = o

l,s0 =30y <—
CYLLLECTBYET BETBb, NCXOASLLAS U3 COCTOSIHUS Sy, B KAXKAOM
COCTOSIHUM S KOTOpPOIi BepHo [, s = ¢;

l,50 = VO0p <=
B Ka)K[O0l BETBU, UCXOZALLENR U3 COCTOSIHUSA Sy, €CTb COCTOSIHUE S, B
KOTOpoM BepHo /,s = ¢;

I,s0 E 30p <—
CYLLECTBYET BETBb, UCXOAALLAA U3 COCTOSIHUSA Sg, B OAHOM U3
COCTOSIHUM S KOTOPOIi BepHO /.5 = .



MOAOAJIbHbIE J10T KU

Jloruka pepesber Bbluncnenmnii CTL

l,s0 = VOp

S0

S11

p = true p = true p = true p = true p = true p = true



MOAOAJIbHbIE J10T KU

Jloruka pepesber Bbluncnenmnii CTL

I, s0 ': 30p
50
p = true
S1 52
. p = true
S3 | S4 S5
p = true
S6 S7 S8 So 510 S11

p = true



MOAOAJIbHbIE J10T KU

Jloruka pepesber Bbluncnenmnii CTL

I, s0 ': v<>p
S0
S1 52
S4 S5
p = true
S9 510 S11

p = true p = true



MOAOAJIbHbIE J10T KU

Jloruka pepesber Bbluncnenmnii CTL

I, s0 ': 3<>p
50
S1 52
S3 | S4 S5
S6 S7 \ S8 So 510 S11

p = true



MOAOAJIbHbIE J10T KU

Jloruka pepesbes Bbluncnenmnii CTL

Popmynbl CTL MOXHO ncnonb3osaTh Anst hopMasbHONA
cneungnKaLmm MHOMMX NHTEPECHBIX CBOWCTB MOBEAEHUSI NPOrpamM

VO 3O Restart:
Ha J1l0bOM 3Tane PYHKLMNOHUPOBAHUSI CUCTEMbI MOXHO
OCYLLIECTBUTL €€ nepesanyck;

VO (Request — YO Response):
koraa 6bl HKM BbI NOCNaH 3aMpoc, paHO UM MO3AHO Ha HEro
O6ﬂ3aTeJ'|bHO NOCTYNNT OTKIUNK.



MOAOAJIbHbIE J10T KU

A Kak npoBepuTh,
4TO BbIYUCIEHNS MPOrpPamMm
YAOBNETBOPAIOT 3aJaHHbIM Creundukansm?’

I MOXXHO nn 3Ty npoBepky
aBTOMaTU3NpPOBaTL’



KOHEL, NEKLW 109.



