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Jlekyna 3

Jlornka npepgukatoB
CuHTakcuc: Tepmbl n popmynbl
CemaHTuKa: MHTepnpeTayum, OTHOLIEHME BbINOJAHUMOCTH
BbinonHumsble n obuiesHaunmbie popmyinbl
Mopenu
Jlornyeckoe cneacrseue

Mpobnema obuiesHavmmocTu dpopmyn



BcTynneHune

I'Ionpo6yeM CbOpMaJ'IVBOBaTb TaKO€ BblCKa3blBaHUE!

Ecnu kTo-TO nporynmueaeTt nekymn, To 3K3aMeH OH He CAacT



BcTynneHune

|_|OI'IpO6yEM CbOpMaJ'IVBOBaTb TaKO€ BblCKa3blBaHUE!

Ecnun kTo-TO nporynuBaeTt nekuymun, To sKk3amMeH OH He caacT

JIOrMKa BbICKa3bIBAHWIA:
Shirk——Pass



BcTynneHune

I'Ionpo6yeM CbOpMaJ'IVBOBaTb TaKO€ BblCKa3blBaHUE!

Ecnun kto-T0 nporynmuBaeTt nekyumn, 1o sKk3amMeH He CAacT ero cocep,

JIOTMKA MPEANKATOB:
Vx (Shirk(x)——Pass(neighbour(x)))

Jlornka npeankaToB 13y4aeT 3aKOHbl NPUYNHHO-CIEACTBEHHOL
3aBUCUMOCTIN MeXAYy YTBEPKAEHUAMU, NPeACTaBAEHHbIMY B Buae
OTHOLUEHWN

cDOpME]J'II::Hin?I A3bIK JIOTMKN NPEANKATOB OPUEHTUPOBAH Ha
OonMcaHne TakKnUx OTHOLLEHWIA



HemHoro o HaszBaHum

Mpeaunkat! (nat. praedicatum — ckasaHHoe, ckasyemoe):

MOHsITUE, OnpefensitoLiee NpeameT cyxaeHns (CyobekT)

Krto-To nporynneaet nekynto

(cybvekt) (npeaukat) (obbekr)

B bonee obuiem cmbicne:

> CBOIICTBO, aTpubyT npeameTa, siBNeHUs, CObbITUS, ...

> OTHOLWEHNE MeEXAY ABNEHNAMWU, NpeaMeETaMN, CO6bITVI$IMVI,

1 Oxeros, LLsenosa. TonkoBbIi CnoBapb PycCKOro sibika



HemHoro o HaszBaHum

KJZ1aCCn4yeckas
J1I0INNKa
npeamnkaToB
nepBoro nopsaanka



HemHoro o HaszBaHum

J1I0INNKa
npeamnkaToB
nepBoro nopsaanka



HemHoro o HaszBaHum

J1I0INNKa
npeamnkaToB



HemHoro o HaszBaHum

AV

J1I0INNKa

nepBoro nopsaanka



HemHoro o HaszBaHum

EyﬂeN|MCﬂOﬂb3OBaTb'TaKOe Ha3BaHWE:

JIOIr'nMKa
npeaomnkaToB



Andasut

I. basoBble cumBOIbI
[NpeameTHble NEpemMeHHble
[lpesMeTHbIE KOHCTaHTHI

chHKLI,I/IOHaJ'IbeIe CAMBOJbI

npep,l/lKaTHble CAMBOJbI

Var = {x4,%5,...}

— 3TO MMeHa nNpeaMeToB
obo3HavaloT onepauun
Haj npeaMeTamMm
0b03Ha4alT OTHOLLEHUS

Mexay npegMetramu



Andasut

I. Bazosble cUMBObI

[peaMeTHbIE NepemMeHHble Var = {x4,%5,...}
[peAMETHbIE KOHCTaHTI Const = {cy,c2,... }
DyHKumoHanbHble cumponbl  Func = {f(™) f,(™) 1
[peankaTHbIE CUMBOJIbI Pred = {Pl(’"l), Py(m) }

n; — MeCTHOCTb yHKLMOHaNbHOro cumeona f;
m; — MEeCTHOCTb npeaunkaTHoro cumeona P;
3anncb MECTHOCTW DymeT onyckaTbcs

Tpoiika (Const, Func, Pred) — curnatypa andasura



Andasut

I. Bazosble cUMBObI

[peaMeTHbIE NepemMeHHble Var = {x4,%5,...}
[peAMETHbIE KOHCTaHTI Const = {cy,c2,... }
DyHKumoHanbHble cumponbl  Func = {f(™) f,(™) 1
[peankaTHbIE CUMBOJIbI Pred = {Pl(’"l), Py(m) }
Mpumepsbl
KOHCTaHT: 0,1, mc, ...

dbyHKumoHansHbix cumeonos:  +3), ) lim®)

NpeanKaTHLIX CUMBOJIOB: <@ =G



Andasut

II. Jlormyeckne CBA3KM

KoHBIOHKLUMSA
[An3broHKums
OTpuuanne

Nmnnnkaumsa

III. KeaHTOp®I
KeaHTop BCeobLHOCTY
KBaHTOp cyLlecTBOBaHUS

IV. 3Hakun npenuHaHus

Ckobkn
Paspgenutens

(noruyeckoe 1)
(noruyeckoe NJIN)
(noruyeckoe HE)
(noruyeckoe ECJ/I-TO)

("mns kaxgoro")
(“xoTs 661 0pnH")

L <C



CunHTakcuc: Tepmbl

Tepm — 370:
x (x € Var)
C (c € Const)
f(tr,....tn) (F(" € Func; t;,...t, — Tepmbi)

Term — MHOXeCTBO BCEX TEPMOB B 3afjaHHOM andasute
Mycte t — Tepm. Torpa:
Var; — MHOXEeCTBO BCEX NMEPEMEHHbIX, BXOASALLUX B TEPM t

t(xl, e Xp) — CUHOHMM ¢, ecu Vart C{xy,...,%Xn}
X" — coKpalleHune ais Xy, ..., X,

Tepm t — ocHosHoli, ecam Var, = ()



CunHTakcuc: Tepmbl

Mpumepbl Tepmos

3

exp(3, z)
{(x,+(1,exp(3,2)))
(1 + 3%)

1-(1+ 3%

(z € Var)

(3 € Const)

(exp® € Func)

(-®,+® ¢ Func; 1 € Const; x € Var)
— MHUKCHas popma 3anucu

— OCHOBHOIi TepM



CunTtakcuc: doopmyibl
Dopmyna — aTo:

P(t1,...,tn) (aTomapHnas dopmyna (P(™ € Pred,

, WM aTOM) t1,...,tm € Term)

- ‘ (¢, ¢ — dopmynei,
COCTaBHad Cb()pl\[yﬂd
—p) x € Var)

Form — mHoXxecTBO BCex hopMyn B 3ajaHHOM asidhaBuTe



CunTtakcuc: doopmyibl
MosicHeHnne

P(ty,...,tn) “NpeAMeTbl, ONnCbIBaEMble TepMaMK ty, . . ., ty
HaxoOATCSA B OTHOwWeHUN P

p&1) PR

V) o uam "

© — 1) “ecnn @, 10 "

(

(

(

(=) “HeBepHO, 4TO "

(Vx ) “ans noboro npeameTa x BepHO 0
(

Ix @) “XoTsa Obl ANt OQHOTO NpeaMeTa X BEPHO ¢



CunTtakcuc: doopmyibl

Mpumepbl bopmyn

P(y, f(x,y)) (P® € Pred,

£ ¢ Func, %,y € Var)

((vx =P(y,f(x,7))) — R(x)) (R(l) € Pred)



CunTtakcuc: doopmyibl

MpuoputeTt nornyecknx onepauuii (B nopsiake ybbisaHus)
V, El, -
&
V
_>
Mo>HO onyckaTb CKODKU COracHO MpuopuTeTy
Mpumep
Cnepytowime opMysibl CHNTAOTCA OAUHAKOBLIMUL

Vx =P(x) & 3y R(x,y) — 3x (=P(x) V P(y))

Vx (2P(x)) & (Fy R(x,y)) — 3x ((5P(x)) V P(v))
(vx (5P (x))) &(Fy R(x,¥)) — (F= ((-P(x)) V P(y)))
((vx (=P (x))) &3y R(x,y))) = Bx (=P(x)) V P(y)))
(((vx (=P(x))) &y R(x,¥))) = (3= ((=P(x)) V P(y))))



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

Jy (vVx =P(y, f(x,y)) = R(x))



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

Iy (vx =P(y, f(x,y)) = R(x))

Obnactb gelicTBus kBaHTopa J



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

3 (vx =P(y, f(x,5)) = R(x))

L’IepemeHHaﬂ y CBSi3aHa KBAHTOPOM 3



CunTtakcuc: doopmyibl

CBobopgHble U cBA3aHHbIE NEepeMeHHble

B

CeazaHHble BXOXKOEHNA 3TOM nepemeHHoVI



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

3y (vx 2P(y, f(x,5)) — R(x))

Obnactb gelicteus keaHTopa v



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

Jy (vx 2Py, f(x,5)) — R(x))

T

[NepemeHHas x cBsi3aHa KBaHTOpPOM VY



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

Jy (vx 2Py, f(x,y)) — R(x))

T

CBsizaHHOE BXOXKAEHWE 3TOM NepeMeHHO



CunTtakcuc: doopmyibl

CBO60,D,HbIe N CBsA3aHHble NepeMeHHble

Jy (vx 2Py, f(x,5)) — R(x))

T

CeobopaHoe BXoXeHne nepemMeHHol x



CunTtakcuc: doopmyibl

KBaHTOp CBA3bIBAET Ty NEPEMEHHYIO, KOTOpasi CleayeT 33 HUM

Obnactb AeiicTBIS BHEWHErO KBaHTOpa B hopmyne Yx p — 370
noacdopmyna ¢

BxoxaeHne nepemeHHoin B 0bnacTb AeliCTBUS CBSA3bIBatOLLErO eé
KBAHTOpa — CBSA3aHHOE BXOX[EHNE

BxoxaeHne nepeMeHHoi, He SBASIOLLEECS CBSA3aHHLIM, — CBODOAHOE
BXOXKAEHME

MNepemeHHas, nMerowasi cBOboaHOe BxoXaeHne, — ceoboaHas
nepemeHHasi (popmysibl

Hanpumep, B paccmoTpeHHoii hopmyne
Jy (vx —P(y, f(x,5)) — R(x))

CBODOLHOI ABNAETCS TONBKO NEPEMEHHAs X



CunTtakcuc: doopmyibl

MopManbHO, MHOXecTBO Var, cBOOOAHbIX NepeMeHHbIX hOpMyIbi
(p ONpefenseTca Tak:

ecim o = P(ty, ..., tm), 1o Var, = |J Vary
1<i<m

ecim o = (—), 1o Var, = Vary,

ecm o = (Y &x)/(¥V x)/(¢¥ = x), To Var, = Var, U Var,

ecnun ¢ = (Vx ¢)/(3x ), 10 Var, = Var, \ {x}

Myctb ¢ — dopmyna. Torga:
o(x") — cnronnm @, ecnm Var, C {xq,...,%,}
ecan Var, = (), To ¢ — 3amkHyTas opmyna, Win npeasioxeHue

CForm! — MHOXeCTBO BCeX 3aMKHYTbIX hopmyn
B 3aJlaHHOM andasuTe

I Closed Formulae



CunTtakcuc: doopmyibl
CopepxaTtenbHblii npumep

Tpebyetcs HanucaTb popmyny

lim(x,s) =
"X — npefen nocnefoBaTeNbHOCTY AEACTBUTENbHBLIX Yncen s

B andaBuTe C Takoli CUrHATYpPOI:
0 € Const
ad® e Func:  ad(x,y) ="|x — y|"
RM N® SO EG) <@ ¢ Pred:

R(x) = "x — peiicTBuTensHoe 4ucio”

N(x) = "x — HaTypanbHoe 4ncno”

S(x) = "x — nocnefoBaTENbHOCTL AENCTBUTENbHBIX Yncen”
E(x,n,s) = "x — n-ii 4neH nocnegosatiesHocTn s”

X <y — CpaBHEHWEe 4ucen x u y



CunTtakcuc: doopmyibl
CopepxaTtenbHblii npumep

Tpebyetcs HanucaTb popmyny

lim(x,s) =
"X — npefen nocnefoBaTENbHOCTY AEWCTBUTENbHBIX Yucen s’

OrtgerT:
R(x) & S(s) & Ve (R(¢e) &(0<e) —
dn (N(n) & Vm (N(m) &(n<m) —
vy (E(y,m, s) = (ad(x,y)<¢)))))



CunTtakcuc: doopmyibl
CopepxaTtenbHblii npumep

Tpebyetcs HanucaTb popmyny

lim(x,s) =
"X — npefen nocnefoBaTeNbHOCTY AEACTBUTENbHBLIX Yncen s

OrtgerT:
R(x) & S(s) & Ve (R(¢e) &(0<e) —
dn (N(n) & Vm (N(m) &(n<m) —
3y (E(y,m, s)&(ad(x,y)<¢)))))

A Tak Toxe BepHO?



CemaHTuka: nHTepnpertaunu

A Kak B JIOTMKE NMPEANKATOB BbIMNSAAUT UHTEpNpeTauns —
“Mup, B KOTOPOM XUNBET chopmyna’?
/inTepnpeTtauus coctont n3
> NPeAMETOB, HACENSIOWMUX MUP
> onepaumii’ Hag npeaMeTamu

> OTHOLIJeHVII7I2, CBA3bIBAOWNX NpeEOMETbI

Takum 0bpa3oM, B OCHOBE MHTEPMPETALI JIOTUKN MPeANKaTOB
nexaT anrebpanyeckme cuctembl’

1 370 cMblcn (DYHKLMOHANLHBIX CUMBOIOB

2 3TO CMbICN NPEAUKATHLIX CUMBOJIOB

3 He cnenyeT nyraTbCs 3TOrO TEPMUHA; 3TO U €CTb COBOKYMHOCTb
“npeameTbl 4+ onepauun + OTHOLWEHUS'



CemaHTuka: nHTepnpertaunu

Nntepnperauns (curnatypst (Const, Func, Pred)) — ato cucrema
(D, Const, Func, Pred), rge:

» D — HenycToe MHOXeCTBO MNpeiMETOB
(obnactb MHTepnpeTaLny; npegmMeTHast 0bnacTb; YHUBEPCYM)
» Const : Const — D — oLjeHka KOHCTaHT
» Func : Func — U,>1(D" — D) — ouerka
(bYHKLMOHA/IbHBIX CUMBOJIOB
» Pred : Pred — U,>1(D" — {t,f}) — ouenka
NPeAnKaTHbIX CUMBOJIOB

Const(c) — npegMmeT, COMOCTaBNEHHbIN KOHCTaHTE C
Func(f) : D" — D — dyHkums, conocTtaenenHas cumsony f()
Pred(P) : D" — {t,f} — npeaukar,

conocTaeneHHblii cumeosy P(7)

| =~ ol
I



CemaHTuka: nHtepnpertaynm
Mpumep
Curnatypa: Const = {c1, €2}, Func = {f('}, Pred = {P(H) R}

NuTepnpetayms:
npeameTHas obnacte: D = {di, b, d3}
OLEHKa KOHCTAHT: C; = di, Co = d»

OLIEHKa beHKLI,VIOHa)'IbeIX N NpeankKaTHbIX CUMBOJIOB!

) P R(ny)
x | f(x) x | P(x) <V |di | d| dz
d | do d; t d |t |t
d | d; d> f d | t | f
d3 | d; d3 | t ;| f |t |t




CemaHTuka: nHTepnpertaunu
3Ha4veHune Tepma

MycTtb t(x*) — Tepm, Z — uHTepnpeTaLuns

3navenne t(x*)[d"] Tepma t B uHTepnpetauun Z Ha Habope
npeaMeToB di, ..., d, 13 obnactn nHTepnpeTaynm onpeaensiercs
Tak:

> TEPM-NEPEMEHHAA!
> TE€PM-KOHCTaHTa:

> WNHa4e:

f(t, ..., t)[d"] = F(t[d", ..., t[d"])



CemaHTUKa: BbINOJIHUMOCTb
OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

» aToMapHas dopmyna:
T EP(ty,.... t)[d"]

~
P(t[d"], ... t[d"]) =t



CemaHTUKaA: BbINMOJIHUMOCTb

OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> KOHBIOHKLUUA:

T k= (p &)
@ ~

I k= pld"]
]

T |= [d"]



CemaHTUKaA: BbINMOJIHUMOCTb

OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> ON3BIOHKLUWS:

T k= (¢ V)[d7
@ ~

7 k= pld"]
N

T |= [d"]



CemaHTUKa: BbINOJIHUMOCTb
OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> OTpULAHME:

T = (=¢)[d"]

@ ~
T ¥ o[d"]



CemaHTUKaA: BbINMOJIHUMOCTb

OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> MMNANKauns:

T k= (¢ — ¥)[d"]
@ ~

T [~ o[d"]
N

T |= [d"]



CemaHTUKaA: BbINMOJIHUMOCTb

OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> KBaHTOP BCeODLYHOCTH:

T = (V20 90, %))[d"]
54
Ans noboro npegmerta dy n3 obnactu nHTepnpeTauun BepHo

7 }: @(Xovin)[dov dn]



CemaHTUKaA: BbINMOJIHUMOCTb

OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

> KBAHTOP CyLeCTBOBAHUA:

T |= (3% (0, %))[d"]
=
X0Tsl Obl 4Ns ogHOro npeamera dy

" n3 O6J'IaCTI/I NHTEpNpETaunn BEPHO
z ): ‘P(szn)[dm dn]



CemaHTUKa: BbINOJIHUMOCTb
OTHoweHne BbiNONHUMOCTU chopmyn |=
Myctb ¢(x*) — dopmyna, Z — uHTepnpeTauus

Othowenue Beinonrumoctn I = o(x2)[d"] dopmynsi ¢ &
nHTepnpetayun Z Ha Habope npeameToB di, . .., d, n3 obnactu
NHTEPNpEeTaLMN ONpeaensieTcs Tak:

Alxy/di, ... x,/d,] — curonum gnst A(xy, ..., %,)[d1,- .., dy]



CemaHTUKa: BbINOJIHUMOCTb
Mpumep
Bynem paccmaTpuBaTh MHTEpNpeTaunMy Takoro BuAa:

npeameTHasi 0biacTb — KBagpaThbl U Kpyrn 6enoro n 4€pHoro
LiBETA, PACMONOXKEHHbIE HA NIOCKOCTHU

CUrHaTypa COCTOUT U3 NATU NpPegnKaTHbIX CUMBOOB,
oTBEHaWnMx cnegyrowmnm CBOWCTBaAM:

C(x): “x — kpyr”
S(x): "x — kBagpaT’
(X) "X — 4épHblii npegmet”
W(x): “x — benbiit npegmert”
U(x,y): "npeameT x nexut nog npegmeTom y"



CemaHTUKaA: BbINMOJIHUMOCTb

o0

PaccmoTpum Takyto uHTepnpetauyuto Z:

1 Takyto popmyny ©:
Vx (W(x) & S(x) — Ty (B(y) & C(y) & U(x,7)))

Kak npouynTbiBaetcs ata cdopmyna?

[na kaxporo npeamera x: eCNn OH SBASIETCA DenbiM 1 SBNSeTCs
KBagpaTOM, TO CYLLUEeCTBYET NpeaMeT y, TAaKOl YTO OH sIBASIeTCA
YEPHbIM, N OH ABASETCH KPYroM, W MpeaMeT X JIEXUT MOZA
npeamMeToMm y

[Npouye rosops,
Kaxaplli benblii KBagpaT NeXNUT Nof KaKWM-TO YEPHBIM KPYrom

Kak cTporo ybeanTbcsi, 4To 3TO yTBEpPXKAEHME BEPHO?

MpoBeputh cooTHoweHne Z = ¢



CemaHTUKaA: BbINMOJIHUMOCTb

o0

PaccmoTpum Takyto uHTepnpetauyuto Z:

1 Takyto popmyny ©:
Vx (W(x) & S(x) — Ty (B(y) & C(y) & U(x,7)))

[Mepebepém BCe NpeaMeThl, NOACTABASA NX HA MECTO X

1. x + d1:

- T W]

> T (W(x)&S(x))[d1]

» I (W(x)&S(x) = Jy (B(y) & C(v) & U(x, v)))[<1]
2. X 4 dy:

> T W(x)[do]

> I (W(x)&S(x))[d:]

> I (W(x)&S(x) = 3y (B(y) & C(y) & U(x,y)))[d-]



CemaHTUKaA: BbINMOJIHUMOCTb

o0

PaccmoTpum Takyto uHTepnpetauyuto Z:

1 Takyto popmyny ©:
Vx (W(x) & S(x) — Ty (B(y) & C(y) & U(x,7)))

[Mepebepém BCe NpeaMeThl, NOACTABASA NX HA MECTO X

3. x + ng

» T = B(y)[d]

» T C(y)[di]

» T = U(x,y)[y/d,x/ds]

» T (B(y)&C(y) & U(x,y))ly/di,x/ds]

» T (3y (B(y) & C(y) & U(x,)))[d:]

» T (W(x)&S(x) — 3y (B(y) & C(y) & U(x,7)))[d:]



CemaHTUKaA: BbINMOJIHUMOCTb

0

PaccmoTpum Takyto uHTepnpetauyuto Z:

1 Takyto popmyny ©:
Vx (W(x) & S(x) — Ty (B(y) & C(y) & U(x,7)))

[Mepebepém BCe NpeaMeThl, NOACTABASA NX HA MECTO X

4, x < d4:

> 1= B(y)[d]

> 1k C(y)[d]

> T 1= U(x,y)[y/d2, x/da]

> T (B(y) & C(y) & U(x,y))ly/ da, %/ da]

> T 1= (3y (B(y) & C(y) & U(x,y)))[d]

> Tl (W(x)&5(x) = 3y (B(y) & C(y) & U(x, v)))[d:]



CemaHTUKaA: BbINMOJIHUMOCTb

o0

PaccmoTpum Takyto uHTepnpetauyuto Z:

1 Takyto popmyny ©:
Vx (W(x) & S(x) — Ty (B(y) & C(y) & U(x,7)))

NToro:
T b (W) &S(x) = 3y (B(7) & C(7) & Ul 7)) [e]
T = (W(x)&S(x) = 3y (B(y) & C(y) & U(x, y)))[d2]
T (W(x)&S(x) = Iy (B(y) & C(v) & U(x, y))) ]
T = (W(x)&5(x) = 3y (B(y) & C(v) & U(x, y)))[d4]
A 3HaunT,

Z | vx (W(x)&S(x) — Jy (B(y) & C(y) & U(x.y)))



CemaHTUKaA: BbINMOJIHUMOCTb

Eweé oanH npnumep
PaccmoTpum Takyto uHTepnpeTaumio Z:
curnatypa: Const = ), Func = {f}, Pred = {PM) R}
npeameTHas obnacte: D = {di, b, d3}

OLIEHKa d.)yHKLI,I/IOHa}'IbeIX N NpeankaTHbIX CUMBOJIOB!

f(x) Px) R(x,y)

x | f(x) x | P(x) V| di|da| ds
di | db d| t d |t |t
& | ds & F &t

ds | dy d3| t ds | f

n Takyto opmyny :
Vx (P(x) = Jy (R(x,y) & —P(f(y))))

Mposepum cooTHoweHne Z = ¢



CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x,y)
X f(X) X P(X) x y dl d2
di | db d| t d|t|t
d2 d3 d2 f C/g t f
ds | di d3| t ds | f




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))
f(x) Px) R(x,y)
X f(X) X P(X x y dl d2 d3
d1 d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy ds | t d; | f t




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = Jy (R(x,y) & ~P(f(y))))
f(x) P(x) R(x,y)
x | f(x) x | P(x) V| d | db
d| d d| t d|t|t
d2 d3 d2 f C/g t f
ds3 | dy d3 | t ds | f
I |= P(x)[ds]

T # R(x,y)[y/ 1, x/d5]



CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x,y)
X f(X) X P(X) x y dl d2
di | db d| t d|t|t
d2 d3 d2 f C/g t f
ds | di d3| t ds | f
T = P(x)[d3]

T # R(x,y)[y/d1, x/ ds]
T = (R(x,y) & =P(f(y)))[y/d1, x/ d3]



CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x y)
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds dy | f d |t | f]t
ds | di d3| t ds | f t
T = P(x)[d3]

T R(xy)&

~P(f(y)))ly/dv, %/ ds]




CemaHTUKaA: BbINMOJIHUMOCTb

Tk
Ty
Tk

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

fx) P Ry
X f(X) X P(X) x y dl d2 d3
d1 d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t
P(x)[d3]

(R(x,y) & =P(F(y))ly/dr, x/ ds]
P(f(y))[c]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

fx) P Ry
X f(X) X P(X) xy dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t

T = P(x)[d3]

T - (R(x,y) & ~P(F(y)))ly/dh. x/d]

T = P(f(y))ld]

T | (=P(f(y)))[d2]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px)  R(xy)
X f(X) X P(X) xy dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t

T = P(x)[d3]

T - (R(x,y) & ~P(F(y)))ly/dh. x/d]

T = P(f(y))ld]

T = (=P(f(y)))ld2]
T~ (R(x,y) & =P(F(y))ly/dz, x/ d3]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px)  R(xy)
X f(X) X P(X) xy dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t
T = P(x)[d3]
T - (R(x,y) & ~P(F(y)))ly/dh. x/d]
T = (R(x, )&ﬁP(f(Y)))[y/de/ds]




CemaHTUKaA: BbINMOJIHUMOCTb

T
I
T
T

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x,y)
X f(X) X P(X) x y dl d2 d3
di | db d| t d |t |t |f
dr | ds d| f |t | f |t
d3 dl d3 t d3 f t
P(x)[d3]

(R(x,y) & ~P(f(y)))ly/dr, %/ ds]
(R(x,y) & =P(f(y)))ly/dz2, x/ ds]

P(f(y))[d:]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px)  R(xy)
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t
T = P(x)[d3]

T~ (R(x,y) & =P(F(y))ly/dr, x/ ds]
T I~ (R(x,y) & ~P(F(y))ly/dz, x/ 5]
T = P(f(y))lds]

T = (=P(f(y)))lds]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px)  R(xy)
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t
T = P(x)[d3]

T~ (R(x,y) & =P(F(y))ly/dr, x/ ds]
T I~ (R(x,y) & ~P(F(y))ly/dz, x/ 5]
T = P(f(y))lds]

T = (=P(f(y)))lds]

T~ (R(x,y) & ~P(f(y))ly/ds, x/ d5]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x,y)
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t

= P(x

T~ (R(x,y) & =P(F(y))ly/dr, x/ ds]
7~ (R(x, )&ﬂP( (Y))ly/d>2, %/ ds]
7 (R(x,y) & =P(F(y)))ly/ds, %/ ds]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) P(x) R(x, )
x | f(x) x | P(x) V| d | db
di | > di| t di |t |t
d | d; do f d |t | f
ds | oy ds | t ds | f

7 | P(x)[ds]

Z i~ (R(x,y) & =P(f(y)))ly/d1. x/ds]

Z = (R(x,y) & =P(f(y)))ly/da, x/ ds]

T = (R(x,y) & =P(f(y)))ly/ds, x/ ds]

Z I~ (3y (R(x,y) & ~P(f(y))))[4]



CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

f(x) Px) R(x y)
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds dy | f d |t | f]t
ds | di d3| t ds | f t
T = P(x)[d3]

Z = (Fy (R(x,

y) & ~P(f(y))))lds]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

fx) P Ry
X f(X) X P(X) x y dl d2 d3
dl d2 d1 t dl t t f
dr | ds d| f |t | f |t
d3 | dy d3| t d; | f t
T = P(x)[d3]

T Gy (R(x,y) & =P (f(y))))[d3]
T |~ (P(x) = 3y (R(x,y) & =P((y))))d5]




CemaHTUKaA: BbINMOJIHUMOCTb

Vx (P(x) = 3y (R(x,y) & ~P(f(y))))

fx) Px)_ Ry
X f(X) X P(X) x y dl d2 d3
d1 d2 dl t dl t t f
d2 d3 d2 f C/g t t
ds | di d3| t d; | f t
T = P(x)[d3]

T Gy (R(x,y) & =P (f(y))))[d3]
T |~ (P(x) = 3y (R(x,y) & =P((y))))d5]

3HayuT,
T | vx (P(x) — 3y (R(x,y) & ~P(f(y))))




BbinonHumsbie n obuiesHadnmobie popmyinbl

®opmyna ¢(x*) BbinonHuma B nHTepnpetaunn Z, ecnu

cyuiecTByeT Habop npeametos d” u3 obnactu uxTepnpetauuu 7,
Takoii 4to Z = o(%)[d"]

®opmyna ¢(x*) uctnrna B nuTepnpetaunn Z, ecnm ans nroboro
Habopa npeameTos d” us obnactu uHTepnpetaumn Z sepHo

T |= p(x)[d"]

qDopmyna @ BbINOJIHNMa, €Cqin CYLWECTBYET NHTEPNPETALUNA, B
KOTOpOﬁ OHa BbIMOJIHNMaA

®opmyna ¢ obuiesHaunma (MM TOKAECTBEHHO UCTUHHA), ECIN OHa
NCTMHHA B 0DOI MHTepnpeTaunn

CDopmyna @ NpoTuBOpe4MBa (VIJ'IVI HEBbINOJIHNMa, Nnn
TOXAOECTBEHHO J'IO)KHa), €CJIN OHa He SIBJISIETCS BbINOJAHUMOI



BbinonHumsbie n obuiesHadnmobie popmyinbl

MNpumep
1 VxP(x) — 3x P(x)
Y IxP(x) = Vx P(x)
x: VxP(x) — Vx —|P(x)
P(

Nutepnpetauns Z;: D = {d}, P(d) =

L= L=y L = x
Nntepnpetaumns Z,: D = {di, db}, P(di) =t, P(dy) = f
Ly L Fv L I x

Y70 Mbl TONLKO 4TO fokazann?
Popmynbl p, 1) BLINOJHUMbI; (POPMYAbI 1), X HeobLLe3HaYNMbI
A kak ybeauTbCst B 0DLLE3HAYNMOCTY ¢ N HEBBLIMOJHUMOCTU X7

1 3a4yem BOODOUIE yaeNnsTL BHUMAHME ODLLE3HAYUMBIM 1
HEBbINOJHUMbLIM dhopMysiam?



BbinonHumsbie n obuiesHadnmobie popmyinbl

BbinonHumble HeobuiesHaummMble hOpMybl — 3TO JIOFMYECKNEe
bopMbI, KOTOpbIE CAYXKAT A4J1s NPEACTABNEHNS 3HAHWUN, HECYLLUX B
cebe “HeTpuBuanbHyto” (“nonesnyto”’) nnopmayuto

ObuwesHaurmMble hopmynbl — 3TO HaHANBHOCTM, TaBTOJOMUN,
3HaHUS, He Hecylme B cebe HMKaKoI ‘nonesHoli’ mHdopmMaymn

ﬂpm 3TOM O6LLI,€3Ha‘-II/IMbIe CbOpMyJ'IbI B JIOTNMKE CHNTAKOTCA
l-IPGBBI:I‘-IaI\/'IHO Ba>XHbIMU

[Touemy?

ItoT BONPOC (B HEKOTOPOIT CTeneHn) pasbacHUTCA Aanblie

1 B TeopeMe 0 JIOrMHECKOM CReACTBIM



Mopaenn
Mycts F — MHOXecTBO npeanoxeHuii (¢ — npeanoxeHue),
n Z — nutepnpetayus
Ecnun kaxgas dopmyna us F (dpopmyna ¢) BeinonHuma 8 Z,
10 Z — mogens ansi F (ans @)
Kak MOXHO noHumaTs Mogens?

STO MuUp, YCTPOICTBO KOTOPOro afeKBaTHO BCEM MPEASIOKEHNAM
n3 F

Muwa gna pasmbiwneHui
» Kakue nHTepnpetauun siBASOTCA MOAENbBIO AJist MYCTOro
MHOXecTBa chopmyn?
» OTeet: nobble. A nodvemy?

» CyuwiecTBylOT a1 MHOXECTBa pOpMYA, He umetoe Mogenn?
» OTteet: pa. A kakune?



Mopaenn

Mpumep
CHoBa paccMOTpUM MHTEpNpeTaunmn C KBagpaTtaMu U Kpyramu
6enoro n YEpHOro uLBeTa Ha MAOCKOCTN:

C(x): "x — kpyr”

S(x): "x — kBagpaT’

B(x): “x — 4épHblii npegmet”
Wi(x): “x — benbiii npegmet”

U(x,y): “npeaMer x NeXuT nog npesMeTom y-

Paccmotpum Takyto dopmyny ¢:
Vx (W(x) & S(x) = 3y (B(y) & C(y & U(x,7)))

“noboii benblii KBagpaT NEXNUT Mof KaKUM-TO YEPHLIM KPYroM'

N TaKnNe MHTEpNpETaUnn:

Ili o0 I2I 0 ®
O o ]

Torpa Z; ABnsieTca mopensto ans ¢, a Z, He siBNsieTcs



Jlornyeckoe cnepcrteue
[Nycte F — MHOXXecTBO npeanoXeHunid, n ¢ — npegioxeHue

Torga dopmyna ¢ — norundeckoe cneacrTere MHoxecTsa F, ecnn
nobasi Mogenb ans MHoxecTea F siBnsieTcs mogensto ans i, To
ecTb ecnu assi noboli nHTepnpetaumm Z BEpHO:

IEF = Ikgyp
Kak MOXXHO NMOHMMaTb JIOrMYECKOe CNneacTeme ¢ MHOXECTBA F?

Ecnun F — umetowmecs y Hac “0asoBble”’ 3HaHMs, TO ¢ —
HEObXOAMMO CriefytoLLEe U3 HUX MPON3BOAHOE 3HaHWe

OpHa 13 rnaBHbIX 33434 (M xapakTepHOe MposiBIEHNE)
WHTENNEKTYaIbHON AEATENbHOCTI — 3TO U3BJieYeHne
NOMNYECKMX CNeacCTBUA U3 nmeowmxcs bas 3HaHuii

DTa 3ajaya BO3HMKAET B OFPOMHOM 4ucsie obnacTeii ‘pasymHol
AEeATENbHOCTI' " 3KCMEPTHbIE CUCTEMBI, (aBTOMATUHECKOE N PYYHOE)
[lOKa3aTeNbCTBO TeopeM, (hOpMasibHbIA aHaNU3 Nporpamm, . .., ...



Jlornyeckoe cnepcrteue
[Nycte F — MHOXXecTBO npeanoxxeHuii, n ¢ — npepnoxxeHne

3anuck F = ¢ ncnonbsyercs gns obosHayeHms Toro, 4TO  —
normnyeckoe cnencraue mHoxecTsa F

A Kakue bopMysibl ABASAIOTCS JIOTMYECKUMU CIEACTBUSIMIA MYCTOrO
MHoXecTBa chopmyn?

O6uwie3Haummblie, N NO3TOMY ODLLE3HAYNMOCTL POPMYIIbI
obosHavaeTcs Tak:!

A KaK BbIrNAQAT NOrM4eckne cnenctemA HerlyCTle MHOXeCTB
npeanoXeHni?

1 Bcé nemHoro cnoxHee: y ¢ MoryT 6biTb CBOBOAHBIE NepeMeHHble, a
NOTVYECKMY CNEACTBUSMI COFNACHO ONPEAENEHNIO MOryTh BbITh TONBLKO
npeasioxkeHus, Ho obo3HayeHme BCE paBHO Takoe



Jlornyeckoe cnepcrteue

Mpumep

Moka)keM, 4TO MNpeacTaBAstOT CODO Jlormyeckne CleaCTBUSI, Ha
NPOCTOM, HO NOKa3aTE€JIbHOM NpuMepe

VIsBecTHO, yTO:

» Hawa nobut Cawy,
» a Cawa nobut nueo,

» a [lawa nobut nneo n ecex TEX, KTO nobut To XK€, 4TO 1N OH

JTtobut nn kTo-HMbYaL Jawy?

Monpobyem nepecopmMynnpoBaTe 3Ty 3agady Ha s3blke JIOTUKM
npeAnKaToB
HauHém c curHatypel andaenTa; B Heé BOMAYT:

» koHcTaHTbl Jawa, Cawa, lMNMawa, nuso

» npeaukaTHbiii cumson L) L(x,y) = “ukc nobut urpeka”



Jlornyeckoe cnepcrteue
Mpumep
VcnoBus 3afaqun nepenmnceIBaloTCs Tak:
» [awa nobut Cawy: ¢ : L(Aawa, Cawa)
» Cawa nobut nueo: ¢, : L(Cawa, nuso)

» [Mawa nobnt NnBo n Bcex Tex, KTO NOBNT TO XKe, YTO U OH:
¢3 : L(Mawa, nnuso)
@q 1 Vx (Jy (L(Mawa, y) & L(x,y)) — L(Mawa, x))

» Jlobut nn kTo-Hnbyas pawy?: ¢o : Ix L(x, Oawa)

Cama 3a4a4a TOrga 3anncCbliBa€TCyd TakK:
NpoBepUTL CooTHOLWEHNE {1, 2, ¥3, Pat = $o

N kak »e 3To nposepuThb?
/N npuyém 3peck obuwesHaqnumocTts popmyn’?



Jlornyeckoe cnepcrteue

Teopema 0 flOrM4eckoM cneacTeun
Myctb F = {¢1,v5,...,1,} — KOHEYHOE MHOXXeCTBO
npegsioxxeHnii, n © — npeasioxexve. Toraa

FlEe = E 1 &Y & .. &n— ¢

Hokasatensbcrso. (=):
PaccmoTpum nNpou3BosibHYO nHTepnpetauunio 7
EcmZ EF, 10T 11 &. .. &, a 3HaumT,

IFEY1&. &Py ¢
MycTtb Teneps Z = F

Tak kak F = ¢, umeem: Z |= ¢ — a 3Ha4uT, cHOBa BEpHO

TEVI&...&V,— ¢

NToro, ana nponssonbHoOi nHtepnpetauun Z BepHo:

TE1&. . &y —

Ho ato n o3HauaeT obwesHauumocts dopmynbl U1 & ... & Uy — ©



Jlornyeckoe cnepcrteue

Teopema 0 flOrM4eckoM cneacTeun
Myctb F = {¢1,v5,...,1,} — KOHEYHOE MHOXXeCTBO
npegsioxxeHnii, n © — npeasioxexve. Toraa

FlEo < E 1 &Y & .. &n— ¢

Hokasatenbcrso. (<):
PaccmoTpum npousBonbHyto mogens 7 anst MHOxecTBa F:
T E 4, . T =,
Torpa Z =1 & ... &V,
Mo paccmaTtpueaemomy cnydato dopmyna U1 & ... &YV, — @
obwesHaunma, a 3HawnT, Z =1 & ... &, — @
JTO BO3MOXHO TOJIbKO B TOM CJlydae, ecau BepHo Z = ¢

Takum obpasom, npou3BonbHasas mogens Z pans MHoxectBa F
SABNSETCA MOLENbIO AN © v



[Mpobnema obuiesHauvmmMocTu popmy

Y70 e npeactaenstoT coboii obuiesHauumble hopmysibl?

970 cnocobbl NnpeobpazoBaHns 3HaHWIA U3 oaHON DOPMbI B ApPYryto,
YUYUTBIBAOLNE MPUYNHHO-CNENCTBEHHbBIE CBSA3M, KOTOPbLIE MOXHO
OnmMcaThb C MOMOLLBIO JIOTUKMN MPeanKaToB

YH10bbl yMeTb M3BNEKaTb HOBbIE 3HAHUS () N3 UMEIOLLNXCA
(F = {t1,...,1,}), HY>)XHO NMOHNMaTb, KaK YCTPOEHbI 3TN CMOCODbI
npebpasoBaHusi 3HaHWIA
Bonee ctporo, nposepka sornyeckoro cnegcreus F = o cBoguTcs
K NpoBepke 0bLie3Ha4YMmMocT hopmyibi:

Fi1&. .. &Un— @
DTO 1 03HaYaeT BaXKHOCTb MpobnemMbl obuiesHaynmocTn dhopmyi:

AN 3agaHHol popmynbl
nposepuTb €€ 0O e3HaYMMOCTb:

Fe?



KoHeu nekunn 3



