Tema 5 Ananmu3 cMbIC/IAa NIPEAJIOKEHU N

EcrecTBeHHBIN A3BIK, CEMAHTHKA H JIOTHKA

MpbI HavaM NBITATHCS CXBATUTh 3HaueHue (1a), mepeBo/is ero B 3ampoc Ha Jpyrom si3bike, SQL,
KOTOPBIH KOMITBIOTEP MOT ObI HHTEPIPETHPOBATH U BHIMOIHATE. HO OTBET Ha BOIIPOC, OBLIT JIH
NepeBOI MPAaBUIIBHBIM, TaK M He OblT aH. OTCTYNUB OT 3ampoca K 6a3e TaHHbBIX, Mbl OTMETHIIH,
YTO CMBICIT M, K&XKETCsI, 3aBUCHT OT BO3MOKHOCTH YKa3aTh, KOTJ[a YTBEPKICHUS BEPHBI, a KOT/1a
HET B TOW WJIM HHOM CUTyaluu. BMecTo Toro, 4To0bI MEPEBOIUTH MPEJIOKEHNE S C OJHOTO
SI3bIKA Ha JIPYrO#, MBI IIBITAEMCS CKa3aTh, O YeM S, CBSI3bIBAS €T0 C cUTyauueil B mupe. JlaBaiite
npoJioJkuM fanblie. [lpencraBpTe cebe cutyanuio S, B KOTOPOM ecTh 1Ba 00beKkTa, Margrietje u
ee mobumas kykia, Brunoke. Kpome Toro, cymiecTByeT cBsI3b MEX]y IBYMsI 3TUMHU 00BEKTaMH,
KOTOPYIO MbI Oy/IeM Ha3bIBaTh OTHOIICHUEM J1006u. Eciii BbI HOHUMaeTe 3HaueHue (3), TO BbI
3HaeTe, YTO OHO UCTUHHO B CUTYalluH S. B 4acTHOCTH, BBI 3TO 3HAETE, IOTOMY UTO BHI 3HACTE,
gyro Margrietje otnocurcs k Margrietje, Brunoke otHocutcst k Brunoke, a houdt van otHocutcst

[Tocne Toro, Kak Mbl IPUHSUIA MTOHATHE UCTUHBI B HEKOTOPOM CUTYallMH, Y HAC €CTh MOIIHBII
MHCTPYMEHT JIJIsl pacCyXAeHUi. B yacTHOCTH, MBI MOYXEM paccCMOTPETh HAOOPbI MPEATIOKEHUN U
CHPOCUTH, MOTYT JIU OHU OBITh UICTUHHBIMH BMECTE B KAKOW-TO CUTYAIIUU.

5) a. Sylvania is to the north of Freedonia.
b. Freedonia is a republic.
(6) a. The capital of Freedonia has a population of 9,000.
b. No city in Freedonia has a population of 9,000.
7. a. Sylvania is to the north of Freedonia.
b. Freedonia is to the north of Sylvania.

Ms1 BeIOpanu MpeIoKEeHNsS O BBIMBIIUICHHBIX CTpaHax (u3 ¢umbma 1933 roma Vmuwuwui cyn
OpatbeB Mapkc), 4TOOBI IO TYEPKHYTH, YTO Ballla CIIOCOOHOCTh PACCYKIaTh 00 ATUX MPUMEpPAX HE
3aBUCHUT OT TOTO, YTO SIBJISIETCS MCTHMHHBIM WJIM JIOKHBIM B peasibHOM mupe. Eciau Bbl 3Haere
3HaYeHHUE CJI0Ba NO, a TaKXKe 3HaeTe, YTO CTOJIMIA CTPAHBI - 3TO TOPOJ B 3TOM CTpaHe, TO BbI
JIOJDKHBI OBITh B COCTOSIHMHU C/I€IaTh BBIBOJ O TOM, YTO JBa HpeasiokeHus B (6) HECOBMECTUMBI
HE3aBHCHMO OT TOTO, T/ie HaxoauTcst OpuIOHNS UITH KaKOBA YMCIIEHHOCTh HACEJICHUS €€ CTOJHUIIBL.
To ecTp, HET HUKAKOW BO3MOYKHOCTH CHUTYyallMH, B KOTOPOil 00a MpeasiokeHrus MOTiau Obl ObIThH
npaBaoi. TOYHO Tak e, ecu Bbl 3HAETE, YTO OTHOIICHHE K CEBEPY OT aCHMMETPHYHO, TO BBI
JIOJDKHBI OBITh B COCTOSTHHU CIIEJIaTh BBIBOJI O TOM, YTO JBAa MPEIoKeHHs B (7) HECOBMECTUMBI.

BOO6H.I€ roBops, MnoAxXozbl, OCHOBAHHLIC Ha JIOTHUKC, K CCMAHTUKEC CCTCCTBCHHOI'O A3bIKa
COCPCAOTOUYCHBI Ha TEX ACIICKTAX €CTCCTBCHHOTI'O A3bIKAa, KOTOPBIC HAIIPABJIAIOT HAIIU CYXICHUS
0 COBMECTHMOCTH M HECOBMECTUMOCTH. CHHTAKCHUC JIOTTUECKOTO S3bIKa pa3pa60TaH Tak, YTOOBI
clenarb STH CBOMCTBaA Q)OpMaHBHO BBIPpA’>KCHHBIMH. B pe3yibTaTe OIPCACICHUC CBOMCTB
COBMECTHMOCTH YaCTO MOKET OBITh CBEICHO K CUMBOJHNYECKOMN MaHUITYJIAUA, TO €CTh K 3a1a4e,
KOTOpast MOXKET OBITH BBINOJIHEHA KOMIIBIOTCPOM. I[J'IH peaim3ani 5TOro noAaxoda Mbl CHa4dajia
XOTHM pa3pa60TaTb MCTOAUKY IS IMMPEACTABIICHUSA BO3MOXKHOM CUTYyaluu. Mgl genmaeM 3TO ¢
IIOMOIIIBIO TOT'O, YTO JIOTHMKHW HA3bIBAXOT MOACJIBIO.

Mogenp 111 MHOKECTBa HpeI[JIO)KeHI/Iﬁ W sBiseTcs Q)OpMaHLHLIM npeACTaBJICHUEM CUTYyallUU, B
KOTOpOfI BCC MNPCIAJIOKCHUA B W sBnsitorcss ucTUHHBIMU. OOBIYHBIN CITOCOO MNpEaACTaBJICHUA
MoJenei HCIOJIB3YET TCOPHUIO MHOXKCCTB. I[OMCH D AUCKYpCa (BCG O6’beKTLI, KOTOPBIC HAC
HHTCPCCYIOT B HACTOAIICC BpeM}I) MMpEACTABJIACT coboit COBOKYITHOCTb HWHIAUBUAYAJIBHBIX
O6’LCKTOB, a4 OTHOHICHUA paCCMATPUBAIOTCA KakK HaGOpBI, NMOCTPOCHHBIC U3 D. I[aBaf/'ITC



MIOCMOTPUM Ha KOHKpeTHOM mpumepe. Ham nomen D Oyner coctoars u3 Tpex amereit: Stefan,
Klaus u Evi, mpeacTaBieHHBIX COOTBETCTBEHHO KaK s, k M e. 3aIUIIEM 3TO CJICTYIONTUM 00pa3oM:
D = (s, k, e}. Bopaxenue boy o6o3nagaer MHOXecTBO, coctosiiee u3 Stefan u Klaus,
BeIpakeHHe girls o003HayaeT MHOKECTBO, cocTosiee u3 Evi, a Beipaxkenue IS running obo3xavyaer
MHOecTBO, cocrosimee u3 Stefan u Evi. Pucynok 1.2 mpencrammsier coOoil rpadudeckoe
O0TOOpaXeHUE MOJICTIH.

[To3xe B 9TO¥ I1aBe MblI OyIeM HCIOJIB30BAaTh MOJIEIH, YTOOBI OLICHUTh WCTUHHOCTH WIIU
JIO)KHOCTh AHTJIMHCKUX TMPEIJIOKEHUNH, W TaKUM 00pa3oM MPOMJUIIOCTPUPOBATH HEKOTOPHIC
METOJBI IS TIpe/AcTaBiieHus 3HaueHus. OHaKO Mpexie, 4YeM OCTAaHOBUTHCA Ha 3TOM Ooliee
moApoOHO, TaBaliTe MOMECTHM OOCYKJIeHHE B 00JIe€ IMUPOKYIO MIEPCIICKTUBY U BEpPHEMCSI 00paTHO
K BOTIPOCY, KOTOPBI MBI 3aTPOHYJIA B 5. MOXKET JIM KOMIIBIOTEP TOHUMATh CMBICI MPEIOKEHHUs?
U xak MbI MOTIIH OBI CKa3aTh, YTO OH 3TO cliea? DTO MOX0XkKe Ha BOpoc: "MOXKET JI KOMITBIOTEP
MBICTUTE?" AnlaH ThIOPUHT MPEIOKUIT OTBETUTH HA ATOT BOMPOC MyTEM H3Y4E€HHsI CTOCOOHOCTH
KOMIIBIOTEpa BECTH UMEIOIINE cMbIcT Oecenpl ¢ uenoekoM (Turing, 1950). [Ipeamonoxum, 4To
BBI BeJleTe JBE Oece/bl B 4aTe ¢ YeJIIOBEKOM M KOMITBIOTEPOM, HO BaM HE CKa3alid, KTO U3 HUX KTO.
Ecnu mocne Gecenpbl ¢ KakJAbIM M3 HUX Bbl HE MOXKETE OINPECIIUTh, KTO U3 BalllUX MapTHEPOB
KOMIIBIOTEP, TO KOMITHIOTEP YCIENTHO UMUTHUPOBAJ YeJIOBeKa. ECIM KOMMBIOTEp YCIENTHO BhIAAI
ce0s 3a yesoBeKa B 3TOW "UMUTAIIMOHHOM urpe" (IH1poko u3BecTHOM Kak "rect Triopunra"), To
coryiacHO THIOPHHTY MBI JIOJDKHBI OBITH TOTOBBI CKa3aTh, YTO KOMIIBIOTEP MOKET TyMaTh U MOYXKET
ObITh Ha3BaH pa3yMHBIM. Tak uyto ThrOpHHT o00OIIENT BOMPOC KAKOTO-IMOO WCCIIEIOBAHUS
BHYTPEHHUX COCTOSIHMM KOMITBIOTEPA, WCIOIB30BaB BMECTO J3TOTO €ro TIOBEICHHE Kak
CBUJIETEILCTBO MHTEIUICKTa. [0 TO# ke MpUYMHE MBI MPEANOJIOKIIHA, YTO IS TOTO, YTOOBI
CKa3aTh, YTO KOMIBIOTEP MOHUMAET MO-aHTJIMICKH, OH MPOCTO JOJKEH BECTH ce0s TaK, Kak OyaATo
Obl 3T0 ObUIO Tak. YTO Ba)KHO 3/1€Ch - TaK ATO HE CTOJIbKO CHelH(HKa UMHTAUOHHON WP
ThiopuHra, CKOJBKO MPEANIOKEHNE CYIUTh O CIOCOOHOCTH MOHMMATh €CTECTBEHHBIN SI3BIK IO
Ha0II0aeMOMY TTOBEICHHUIO.

Jlornka BpICKa3bIBAHU N

Jloruueckuii si3bIK pa3padboTaH, YTOOBI CeNaTh PacCyX AeHHs (GopMaibHO BHBIMU. B
pe3yNbTaTe OH MOKET CXBATHIBATh ACMEKThl €CTECTBEHHOT'O SI3bIKa, KOTOPbBIE OMPEAEISIOT,
SIBJIIETCS JIM MHOXKECTBO MPEJUI0KEHUIH COBMECTUMBIM. B paMKax 3TOro mojaxoja Mbl JOJKHBI
pa3paboTaTh JIOTHYECKHE MPEACTABICHUS PEUIOKEHHS (P, KOTOpbIe PopMalIbHO OyayT
CXBaThIBaTh YCIOBUS UCTUHHOCTU . HauHem ¢ mpocToro npumepa:

(8) [Klaus chased Evi] and [Evi ran away].

JlaBaiiTe 3aMEHUM J1Ba MPOCTHIX Mpeyioxenus B (8) Ha ¢ [u] u y [1cH]| COOTBETCTBEHHO U
MOCTaBHUM & [aMIIepCaH] AJisl JIOTHYECKOro ONepaTopa, COOTBETCTBYIOIIETO aHTJIMHCKOTO CIOBY
and: ¢ s . Dta cTpyKTypa SBJsIeTCs Jorndeckoit hopmoii (8) .

Jloruka BpICKa3bIBaHUM MO3BOJISIET MPEACTABUTDH TOJIBKO T€ YACTH SI3bIKOBOU CTPYKTYPBHI,
KOTOPBIE COOTBETCTBYIOT KOHKPETHBIM CBSI3KaM MPEII0KEHUN. MBI TOJIBKO YTO paCCMOTPEIU
and. JIpyrumu o j00HBIMHU CBSI3KaMu SIBISTIOTCS NOt, or u if ..., then ... B dopmanuszanuu goruku
BBICKa3bIBaHUM aHAJIOTU TaKUX CBA30K MHOTJA HA3bIBAIOT JJOTUUYECKUMHU OlleparopaMu. ba3zoseie
BBIPKEHUS JIOTUKH BBICKa3bIBAaHUN CYyTh CHMBOJIbI BHICKA3bIBAHUH, YACTO 3aMKChIBaeMbIe Kak P,
Q, R u .. CymecTByIOT pa3auyHbIe COTJIAICHHUS TS TPEACTABICHUS JIOTUYECKUX ONIEPATOPOB.
Tax xak MbI Oy/ieM COCPeOTOUYEHBI Ha CIOC00ax U3yueHUs JIOTHKH ¢ momotsio NLTK, Mbr
Oynem npuaepxkuBaThes cienyronux ASCII-Bepcuit onepaTopos:
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>>> nltk.boolean ops|()
negation -
conjunction

disjunction |
implication ->
equivalence <=>

W3 cuMBOJIOB BBICKa3bIBAaHUH M JIOTHYECKUX OTIIEPATOPOB Mbl MOKEM IOCTPOUTH OECKOHEUHOE
MHOYKECTBO XOPOIIO C(HOPMHUPOBAHHBIX POPMYIT (WK TIPOCTO (POPMYIT JUTsl KPATKOCTH) JIOTUKH
BBICKa3bIBaHUI. Bo-TepBBIX, Kak/1asi CAMBOJI BEICKa3bIBaHUH sBisieTcst popmyroi. Torma ecim ¢
aBisieTcst GopMyIIon, To U - sSBiIgeTCS PopMyoi. A eciau ¢ U y ABISIOTCS PopMyIaMH, TO U

dopmynamu sBisitotest: (o & ) (o | ¥) (0 => ) (o <=> v).

Tabnuna 2.1 xapakTepu3yeT yCIOBUS UCTHHHOCTH [T GOPMYII, COEPIKAIIUX STH OTIEPATOPHI.
Kak u nipexie, MbI HCIIOJIB3YeEM @ U\ B KAUeCTBE MEPEMEHHBIX IS MTPEUTOKEHUI U COKpaIaemM
TOrJa ¥ ToJbKO Tornaa kax iff.

Jloruveckuii oneparop YcioBust HCTUHBI

-() UICTUHHO B
S

(0 &)
UCTUHHO B S

Otpunanue (3T0 He TOT CiTy4aii, KOT/a...) iff @ moxHO B S

KOHBIOHKITHS (1) Iff @ UCTHMHHO B S M \y HICTHHHO B C

: UCTHUHHO B S WJIM \y HCTUHHO
T3 BIOHKITHS (JIH ) (o 1) iff © v
UCTHHHO B S BS
-> . JI0KHO B S MJTH \y HCTHHHO B
UMILTAKALUSA (€CIH ..., TO ...) (0> ) iff v
WCTHUHHO B S S

@ 1y 00a SIBISIOTCS
iff MCTMHHBIMY B S WJIH JIOKHBIMHA
BS

(0 <-> )

SKBUBAJICHTHOCTH (TOTa M TOJIHKO TOT/Q)
HWCTHHHO B S

Tabmuma 2.1:

VcnoBus HCTHHHOCTH JJI1 JIOTHYCCKUX
OII€paToOpOB B JIOTHKE BBICKA3bIBaHM.

OTH npaBuiia, B 001IeM, TPOCTHI, XOTS YCIOBUS UCTUHHOCTH JJI1 UMILTAKAIIUU UCXOJIST BO
MHOTHX CITy4asiX U3 HAIIUX OOBIYHBIX MPEJICTABICHUI 00 YCIOBHBIX MPEIOKEHUSIX B
aHIIIMICKOM si3bIke. PopMylia BUAa (P -> Q) JOXHA TOJIBKO TOT/A, KOIAa P UCTUHHA, a Q
noxHo. Ecnu p 1oxkHO (ckaskeM, P cooTBEeTCTBYeT JIyHa clienana u3 3eJIeHOT0 ChIpa) U Q
HCTUHHO (CKa)XeM Q COOTBETCTBYET JiBa ILTIOC JBa PABHO YETHIPE), TO P -> O OKa3bIBAETCS
WCTUHHOM.

O6bexT NLTK Expression MOXeT nepepadaTbiBaTh JOIMYECKHE BBIPAXKEHUS B pa3IMYHbIe
IIOJKJIACChI Expression.

>>> read expr = nltk.sem.Expression.fromstring
>>> read expr('-(P & Q)'")

<NegatedExpression - (P & Q)>

>>> read expr('P & Q')

<AndExpression (P & Q)>

>>> read expr('P | (R -> Q)")
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Pl (R->0Q))>
P <> -- P")
(P <=> —-P)>

<OrExpression (
>>> read expr ('
<IffExpression

C BBIYHMCIIUTEIBHOM TOYKH 3PCHUS JIOTHKH JAI0T HAM BaXKHBIH MHCTPYMEHT JJIsI
ymo3akitoueHuil. [Ipennonoxum, Bel yrBepkaaere, uto Freedonia is not to the north of
Sylvania, u Bl yka3bsIBaeTe B KaueCTBE apryMeHTOB, 4To Sylvania is to the north of Freedonia. B
3TOM clly4ae, Bbl mpou3sBein apryment. [Ipemioxkenne Sylvania is to the north of Freedonia
SIBJISICTCS TTOCBUIKOM apryMeHTa, B To BpeMs kak Freedonia is not to the north of Sylvania
SIBJISICTCS €70 BBIBOJIOM. DTall Iepexo/ia OT OJJHOM MIIM HECKOJIbKUX TOCHUIOK K BBIBOIY
Ha3bIBACTCs YMO3akKiIoueHneM. HeopmanbHO 0OBIYHO 3alMCHIBAIOT apryMEHTHI B (hopMarte, B
KOTOPOM BBIBOY MpemecTByeT "cienoBarenbHo” (therefore).

(9) Sylvania is to the north of Freedonia.
Therefore, Freedonia is not to the north of Sylvania

ApFYMCHT SIBJISICTCA I[GI\/'ICTBI/ITGJ'II)HBIM, €CIIM HET BO3MOXKHOM CUTyaluu, B KOTOpOI\/’I BC€ €Iro
MIpEaAIOChIJIKW UCTUHHBI, 4 €0 BBEIBO/L HENCTHUHHBIN.

Teneps cripaBeuBOCTD (9) B pelaroiiei CTeneH 3aBUCUT OT cMbIcia ¢passl to the north of, B
YaCTHOCTH, OT TOTO (paKTa, YTO OHA BHIPAXKAET ACHMMETPUYHOE OTHOIIECHHE:

(10) if x to the north of y, Toraa y is not to the north of x.

K coxalrenuio, MbI He MOXKEM BBIPA3UTh TAKUE TPaBUJIa B JIOTUKE BHICKA3BIBAHUI: CaMbIe
MaJICHBKHE 3JIEMEHTBI, C KOTOPBIMU MBI MOYKEM pabOTaTh - aTOMapHBIC BHICKa3bIBAHUS, U MBI HE
MOXeM "3arJITHYTh BHYTPh'" HUX, 9TOOBI CKa3aTh 00 OTHOIICHUSIX MEX,Ty WHIMBHU YA TbHBIMHU
o0bekTaMu X 1 Y. Jlydiee, 9To0 MBI MOXEM CETIATh B 3TOM CITy4ae, - CXBAaTUTh YaCTHBIN CITydan
acuMMeTpuu. J{aBaiiTe HCIOIB30BaTh CHMBOJI BBICKa3bIBaHUS SnF st Sylvania is to the north of
Freedonia u Fns mist Freedoniais to the north of Sylvania. Yro6s! Beipasuts, uto Freedonia is not
to the north of Sylvania, mber Haruiem -Fns.To ecTh, MbI paccMaTpuBaeM NOt Kak SKBHBAJICHT
(bpasbl 3TO HE TOT CITy4ail, KOTJa... ¥ IEPEBOIUM 3TO KaK OJJHOMECTHBIN JIOTHYECKUH OIepaTop —
. Tak 4TO Temepsr MbI MOKeM 3anucars uMILHKanuto B (10) kak

(11) SnF -> -FnS

Kak Hacuet Toro, 4toObl 1aTh BEPCUIO MOJTHOTO aprymMenTa? Mbl 3aMeHUM HepBOE MPETI0KEHHE
(9) Ha n1Be GopMYyJIBI IOTHKH BbICKa3bIBaHUI: SnF U MMIUTHKaIHIO B (11), koTopasi BeIpakaet
(BecbMa c1a00) Hatie (POHOBOE 3HAHKE O CMbICie BhipakeHus to the north of. Mer numem [21,
., An] / C, yTOOBI IPEACTABUTH APTYMEHT, BBIBOJI KOTOPOTO C CIIEyeT U3 MOChUIOK [Al,
., An].DTO NPUBOJUT K CICIYIONIEMY BHIPAKECHHIO KaK MPEICTaBICHUIO aprymenTa (9):

(12) [snF, SnF -> -FnS] / -FnS

DTO0 NeHCTBUTENBHBIN apryMEHT: €CIIU SnF U SnF -> -FnS 00a SBISIOTCS UCTUHHBIMU B
CUTYAIUH S, TO —~FnS JOJKHO TaKkkKe ObITh UCTHHHO B S. HanmpoTuB, ecnu FnS ObIJIO0 ObI HCTHHOM,
TO 3TO MPOTUBOPEUUIIO OBl HAIIEMY MOHUMAHHIO TOTO, YTO JIBa 00BEKTa HE MOTYT OBITh 00a K
CeBepYy APYT OT JApyra B Jt000H BO3MOXKHOM CUTyalli. DKBUBAJIEHTHO, CIIUCOK [SnF, SnF -> -
FnS, FnS] HECOBMECTHUM - 3TH MPEATI0KEHUS HE MOTYT ObITh HICTUHHBIMHU BMECTE.

AprymMeHTbI MOTYT OBITh TIPOBEPEHBI Ha ""CUHTAKCHUYECKYIO JEUCTBUTENBHOCTD" C TIOMOLIBIO
CHCTEMBI JIOKa3aTeNbCTB. MBI cKaXkeM 00 3TOM HEMHOTO Oobine B 3. Jlornueckue
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JI0Ka3aTeJIbCTBA MOT'YT OBbITh BBINOJIHEHBI ¢ TOMOLIBI0 MOyl NLTK inference, HanpuMmep,
yepe3 UHTEpQEHc K CTOPOHHEMY IAKeTy IS 0Ka3aTeslbcTBa TeopeM Prover9. Bxoasr ms
MeXaHU3Ma JIOTHYECKOT0 BBIBOJIA CHAYajIa JOJKHBI OBITh MPEOOpPa30BaHbI B IOTHUECKUE
BBIPAKECHUS.

>>> lp = nltk.sem.Expression.fromstring
>>> SnF = read expr('SnF')

>>> NotFnS = read expr('-FnS')

>>> R = read expr('SnF -> -FnS')

>>> prover = nltk.Prover9()

>>> prover.prove (NotFnS, [SnF, R])

True

Bor emte onuH cioco6 yBuAETh, IOUEMY CIIEIYET 3TOT BBIBOA. BhIpaxkeHue snk -> -Fns

CEMaHTUYECKH SKBUBAJIEHTHO BBIPAXKEHUIO —SnF | —-FnS, [Te " | " SBISETCS ABYXMECTHBIM
OTIEPATOPOM, COOTBETCTBYIOIIHNM WJIH. B 0011eM, ¢ |  MICTUHHO B CUTYaIlUH S, €CIIA WU ¢
WCTHUHHO B S, UJIM () UICTUHHO B S. Terneps MpearnoaokuM, 4To 00a SnF U -SnF | -FnS UCTUHHBI

B CUTyalluun S. Eciiut snF HUCTUHHO, TO —-SnF HE MOXET 6I>ITI) TaKXK€ UCTUHHBIM,
dbyHIaMEHTATBHOE MPEOJIOKEHUE KITACCUISCKOM JIOTHKU 3aKITI0YAETCS B TOM, UTO
MPpEATOKCHNUE HC MOXKET 6I)ITI) OJIJHOBPEMCHHO UCTUHHBIM H JIO)KHBIM B O}IHOI>'I CUTyaluu.
CnegoBaTenbHO, -FnS JOKHO OBITh HCTUHOM.

HanomHuuMm, 4T0 MBI HHTEPIIPETUPYEM TIPEIOKEHUS JJOTUUECKOTO SI3bIKa, OTHOCSILETOCs K
MO/IENIN, KOTOpas SIBJISIETCS OYEHb YIPOIIEHHON Bepcueit Mupa. Mozenb sl JOTUKA
BBICKa3bIBAHU JI0JKHA MPUCBOUTH 3HAYECHUS VicTuHa WM Jloxs JUISI KaKIOM BO3MOKHOU
dbopmyibl. MBI 1enaeM 3TO UHAYKTUBHO: CHayvaja KakJIoMy CUMBOJI BbICKA3bIBaHUH
MpUCBaNBAETCs 3HAUECHUE, a 3aTEM MbI BHIYHCIIIEM 3HaUCHHE CIOXKHBIX (opMyI, oOpamiasich K
3HAYEHUSIM JIOTHYECKUX OMepaTtopoB (T.e. 2.1) u npuMeHsst UX K 3HaYSHUSIM KOMIIOHEHTOB 3THX
(bopMyIl. Valuation - 3TO CO€AMHEHUE UCXOAHBIX BBIPAKEHUM JIOTUKU C UX 3HAYCHUSIMHU
(omenka). Bot mpumep:

>>> val = nltk.Valuation([('P', True), ('Q', True), ('R', False)])

MBpI co3/taeM Valuation ¢ TOMOIIBIO CITHCKA MAp, KAKIast U3 KOTOPBIX COCTOMT U3
CEMaHTHYECKOTO CUMBOJIA M CEMAHTUYECKOTO 3HaueHHs. [1omydeHHbI 00BEKT SBISETCS MO
CYIIECTBY BCETO JIMIIb CIIOBAPEM, KOTOPBIA COCTHHSIET JIOTUIECKAE BhIPAKCHUS
(oOpabaTpiBacMbI€ KaK CTPOKH) U COOTBETCTBYIOIINE 3HAUCHUSI.

>>> val['P']
True

Kak MbI yBHIIUM 1033K€e, HAIIIA MOJICITH JIOJDKHBI ObITh HECKOJIBKO 00JIee CIIOKHBIM JUIS TOTO,
4TOOBI 00pabaThIBaTh O0JIEE CIOXKHBIE JIOTUYECKUE GOPMBI, 00CYKIaeMble B CIEAYIOIIEM
paszzene; 0 MOpkl 10 BpeMEHU MPOCTO UTHOPUPYHTE apaMeTphl dom U g B CIEIYIOIIUX
JeKIapaIusx.

>>> dom = set ()
>>> g = nltk.Assignment (dom)

Ter[epL JaBaiiTe HMHUIUATIM3UPYEM MOJECIIb m, KOTOpas UCIIOJIB3YET val:
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>>> m = nltk.Model (dom, val)

Kaxnpiii 06bexT Model umeer MeTon1 evaluate (), KOTOPBIA OyJIET ONMPEAEISITh CMBICIIOBOE
3HAYCHUC JIOTUUYCCKUX Bpra)KeHI/If/'I, TaKHuX KakK (bOpMy.]IS JIOTUKHU BBICKEBBIBaHI/II\/'I; KOHCYHO, 3TH
3HA4YCHUS 3aBUCIT OT HAYAJILHBIX 3HAUCHUN HUCTUHHOCTH, KOTOPBIC Mbl HA3HAYMUJIN CUMBOJIaM
BBICKa3BIBaHHﬁ, TAaKUM KaK P, Q U R.

>>> print (m.evaluate('(P & Q)', 9))
True

>>> print (m.evaluate('-(P & Q)', g))
False

>>> print (m.evaluate('(P & R)', Qg))
False

>>> print (m.evaluate('(P | R)', g))
True

3ameuanue

Bama ouepenb: [loskcriepuMeHTHPYHTE C OLIEHKOHN pa3iInyHbIX POPMYIT JIOTUKU
BBICKa3bIBaHUM. JaeT JIn MOJIeNTb OLIEHKH, KOTOPBIE BbI OKUAAIA YBUJIETH ?

210 CHX IIOPp MBI IIEPCBOJIUIN HAIIA AHTIINICKUE MMpEAIOKCHUSA HA A3BIK JIOTUKHU BBICKA3bIBaHUH.
HOCKOHBKy MBI OT'PAaHUYCHBI IPEACTABIICHUECM aTOMAPHBIX HpeHHO}KeHI/Iﬁ C ITIOMOIIBIO
CHUMBOJIOB, TAKUX KaK P U Q, Mbl HE MOKEM KOIAThCS B UX BHYTPEHHEHN CTPYKType. DaKkTHuecKku
MBI TOBOPHUM, YTO HET HUYETO, IPEICTABIISIONIET0 HHTEPEC C TOYKU 3PEHUSI JIOTUKU B JCICHUU
aTOMAapHBIX NMPEJI0KEHUN Ha CYOBEKThbI, 00BbEKTHI U MpeauKaThl. OHAKO 3TO KaXeTcs
OIIMOOYHBIM: €CITH MBI XOTUM (POpMaTM30BaTh apryMeHThI, Takue Kak (9), Mbl JIOJDKHBI UMETh
BO3MOYKHOCTH "3arjIiiHYTh BHYTPb'" MCXOJHBIX MPEJIOKEHUN. B pe3ynbTaTe Mbl BbIiEM 3a
IIpeieNbl JJOTMKU BhICKa3bIBaHU K UeMy-TO 00Jiee BbIpa3UTEIbHOMY, @ UIMEHHO JIOTUKE EPBOTO
MopsiiKa. ITO TO, K YEMY MBI IIEPEXOUM B CIEAYIOLIEM pa3iere.

3 Jloruka nepBoro mopsiaika

B ocTaBmieiics yacTu 3TOH I'1aBbl MBI 6y/:[eM MMPEACTABIATE CMBICII BBIpa}KeHI/Iﬁ €CTECTBCHHOTI'O
sA3bIKa, IIEPEBOJA UX Ha A3BIK JIOTUKHU IICPBOI'O IMOPAaKaA. He Bce 3 ceMaHTHKH €CTECTBEHHOTO
SI3BIKA MOYKET OBITH BBIPA’KCHO B JIOTHMKE IICPBOT'O IIOPAIKA. Ho 310 XOpOI_HI/Iﬁ BbI60p JJIA
BBIUMCIIUTEIbHOM CCMAHTUKH, ITIOCKOJIbKY OHA JOCTATOYHO BbIPA3UTCIIbHA, YTOOBI MMpCACTaBIATb
co0Ooii XOopoumee pCICcHueE, a € I[perﬁ CTOPOHBI, CYHIECCTBYIOT OTJIMYHBIC TOTOBBIC CUCTEMBI JJIA
ABTOMATHU3HWPOBAHHBIX YMOSaKHI-O‘leHI/Iﬁ B JIOTHKC IICPBOI'0 IMOpsAAKaA.

Ham CJ'IC,Z[YIOH_II/Iﬁ miar 6yz[eT 3aKJII0O4YaThCs B TOM, 4TOOBI OIINCAaTh, KakK CI)OpMy.]'IBI JIOI'MKH
IICPBOr'o MopAaaKa CTpOATCs, a 3aTEM, KaK TaKHEC (I)OpMYJ'ILI MOTYT OBITE OLCHCHBI B MOACIIN.

3.1 CuHTakcuc

Jloruka nepBoro nopsijika COXpaHseT BCe JJOTMUECKUE ONepaTopsl JJOTMKU BbICKa3biBaHUil. Ho
OHa 100aBIISET HEKOTOPbIE BAXKHBIE HOBBIE MeXaHU3Mbl. HauHeM ¢ Toro, 4to BhICKa3bIBaHUs
pacuwIEHSIOTCS Ha IPEUKAThl U apryMEeHTHI, UTO JleJaeT Hac Ha LIar OJImKe K CTPYKType
€CTECTBEHHBIX A3BIKOB. CTaHJapTHBIE MTPaBUIIa IOCTPOCHHUS ISl JJOTUKU IIEPBOTO MOPSIKA
MPU3HAIOT TaKUE TEPMHUHBI, KaK OTJENIbHbIE TIEPEMEHHBIE U KOHCTAHTBHI, a TAKXKE MPEAUKATHI,
KOTOpBIE MPUHUMAIOT Pa3HOE Yuciio aprymeHToB. Hanmpumep, Angus walks MosxeT ObITh
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odopmiieHa kak Walk(angus), a Angus sees Bertie kak see(angus, bertie). Msi OyznemM Ha3bIBaTh
walk yHapHBIM npeaukaToM, a See OMHapHBIM npeanKaToM. CUMBOJIBI, HCIIOJIB3yEMbIE KaKk
npeaArKaTbl HC UMCIOT BHYTPCHHCTO CMBICJIA, XOTA 3TO TPYAHO 3alIOMHHUTD. B03BpaH_[a$ICB K

OJTHOMY M3 HAIIKX MPEABIAYIIUX IPUMEPOB, HET HUKAKOTO JIOTHYECKOTO pasnyus Mex iy (13a)
u (13b).

(13) a. love(margrietje, brunoke)
b. houden_van(margrietje, brunoke)

Cama o ceGe JI0THKa IepBOTO MOPsIKA HE UMEET HUUETO CYIIECTBEHHOTO CKa3aTh O
JIEKCUYECKOW CEMAHTHKE - CMBICIIE OTAEIIBHBIX CIIOB - XOTSI HEKOTOPBIE TEOPHUHU JIEKCHUECKOU
CEMaHTHUKHU MOT'YT ObITh 3aKOJUPOBAHbI B JOI'MKY [IEPBOrO MOpsiAKa. SBiseTcs a1 aToMapHas
npeauKaIys, kKak see(angus, berie), HCTHHHOM WITK JIOXKHOW B HEKOTOPOW CHTYAIlMH, HE BOIIPOC
JIOTUKH, a 3aBUCUT OT KOHKPETHOM OLIEHKH, KOTOPYIO MbI BBIOpAJIN /11 KOHCTAHT See, angus u
betie. 1o 3Toii MpUYNHE TaKKUEe BHIPAKCHUS HA3BIBAIOTCS HEJIOTMUSCKHE KOHCTAHTHI. B
MIPOTUBOMOJIOKHOCTh STOMYJIOTMUYECKHE KOHCTaHTHI (TaKue Kak JIOTHUeCKHe OlepaTophl) Beeraa
MIOJTY4aroT OJHY Ty K€ MHTEPIPETALUIO B KaKI0M MOJEIIHN VISl JIOTUKU NIEPBOTO MOPSAIKA.

Crnenyetr OTMETUTH 37€Ch, UYTO OJIMH IBOMYHBIN MpPEAUKAT UMEET 0COObIN CTaTyc, a UMEHHO
PaBEHCTBO, Kak B GopMysax, TaKUX Kak angus = aj. PaBeHCTBO paccMaTpuBaeTcs Kak
JIOTMYECcKasi KOHCTaHTa, TaK KaK [ WHAWBUIYaTbHBIX TepMHUHOB t1 1 12, popmyna tl = t2
WCTHHHA TOT]Ia M TOJIBKO Tor/a, Koraa t1 u t2 oTHOCATCS K OTHOMY U TOMY K€ OOBEKTY.

YacTo ObIBaeT MOJE3HO MPOBEPUTH CHHTAKCUYECKYIO CTPYKTYPY BBIPAXKEHUH JIOTHUKH IIEPBOTO
MopsiaKa, OOBIYHBIN CIIOCOO CAENATh 3TO - HA3HAYUTH TUIIBI IS BhIpaKeHu. Crienys Tpaauiiuu
rpammaTuku Montague, MbI Oy/IeM HCIIOJIb30BaTh JIBA OCHOBHBIX THIA: € 3TO THUI OOBETOKB, at -
U GOPMYJI, TO €CTh BRIPAKCHUN, KOTOPHIE UMEIOT 3HAYCHHSI HCTHHHOCTU. C MOMOTIIBIO ATUX
JIBYX OCHOBHBIX THUIIOB, MBI MOKE€M C(POPMHUPOBATH CIOXKHBIE THIIBI IS (DYHKITMOHATBHBIX
BbIpakeHui. To ecTh 11 M0OBIX TUIIOB G [cUrMa] U T [Tay]| <o, T npeacTaBiseT co0oit
CJIOKHBIN THI, COOTBETCTBYIONINI (HyHKIIMAM U3 "o Bemel" B "'t Benu'". Hampumep, <e, t>
SIBJISIETCS] TUTIOM BBIPQKEHUN U3 00BHEKTOB B 3HAYCHUS HICTHHHOCTHU, TO €CTh OJJHOMECTHBIC
NpearKaThl. JIornueckoe BeIpaKeHHE MOYKET OBITh 00pabOTaHO ¢ MTOMOIIBIO IPOBEPKH THIIA.

>>> read expr = nltk.sem.Expression.fromstring

>>> expr = read expr ('walk(angus)', type check=True)
>>> expr.argument

<ConstantExpression angus>

>>> expr.argument.type

e

>>> expr.function

<ConstantExpression walk>

>>> expr.function.type

<e,?>

[Touemy MbI BUIUM <e, 2> B KOHIIE 3TOro mpumepa? HecMoTpst Ha To, 4TO MporpaMMa mpoBepKU
THUIIA TIOTIBITAETCS BHIBECTH KaK MOKHO OOJIbIIIE TUIIOB, B IAHHOM cliy4dae ei He yJIaloch
MOJHOCTBIO ONPEJEINUTh TUII walk, TAK KaK THII €r0 Pe3yJabTaTa HEU3BECTEH. XOTs MBI
MPEANOoJIaraeM, 4ro walk MOIYYUT THUI <e, t>, B COOTBETCTBHH C TEM, YTO IpOrpamma
MIPOBEPKHU TUTIA 3HAET, B 3TOM KOHTEKCTE OHO MOXKET OBITh KAKUM-JINOO IPYTUM THUIIOM, TAKUM
KaK <e, e> WIH <e, <e, t>. YTOOBI IOMOYbH MMPOrPaMMe MTPOBEPKHU THIA, HEOOXOIUMO yKa3aTh
MOJNUCH B BUJIE CJIOBaps, KOTOPBIN SIBHO CBSI3bIBAET TUIIbI C HEIOTHUYECKUMU KOHCTAaHTaMU:
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>>> sig = {'walk': '<e, t>'}

>>> expr = read expr ('walk(angus)', signature=sig)
>>> expr.function.type

e

bunapHblil npeaukaTt umeer Tin <e, <e, t>>. HecMoTps Ha TO, YTO 3TO THUII YETO-TO, YTO
coYeTaeTcs B IEPBYIO OYEpElb C ApIYMEHTOM THIIA €, 4TOOBI 00pa30BaTh yHAPHBIN MPEIUKAT,
MBI TIPEJICTABIISIEM OMHAPHBIC MTPEAUKATHI KaK COUCTAIOIIMECS HEMIOCPEJCTBEHHO C UX JBYMSI
aprymenTamu. Hanpumep, npenukar see B nepeBoje Angus sees Cyril Oynet coueraTbes co
CBOMMH apryMEHTaMH, 4TOObI JaTh pe3ynbTat see(angus, cyril).

B noruke nepBoro nopsjika apryMeHThbl IPEAUKATOB TaK)K€ MOTYT ObITh MHAMBU1YaJIbHBIMU
IIEPEMEHHBIMH, TAKUMH Kak X, Y ¥ Z. B NLTK MbI nprHHMaem cornameHnue, 4To nepeMeHHbIe
THIIA € - BCE B HJKHEM peructpe. HauBH1yaabHbIE IEPEMEHHBIE TIOXO0KH HA JTUYHbIC
MECTOMMEHHS], KaK OH, OHA U OHO, B TOM, 4YTO MbI JIOJDKHBI 3HATh O KOHTEKCTE UCIIOIb30BAHNS,
YTOOBI BBISICHUTH UX JIEHOTAT.

OnuH u3 croco6oB UHTEpIpeTanuu MmectTouMmeHus B (14) sBnsercs ykazaHue Ha
COOTBETCTBYIOIINI MHANBUAYATHHBIN OOBEKT B IOKATHHOM KOHTEKCTE.

(14) He disappeared.

Jpyroii cioco® 3axiroyaeTcsi B TOM, YTOObI MPEAOCTaBUTh TEKCTOBOTO MPE/IIECTBEHHUKA JISI
MECTOMMEHHS OH, Hanpumep, ripousHecs (15a) nepex (14). 3neck MbI ToBOpUM, 4TO he
COOTHOCHTCS ¢ mMeHHOM ¢pazoit Cyril. B pesynbrare (14) cemanTruecku skBuBaieHTHO (150).

(15) a. Cyril is Angus's dog.
b. Cyril disappeared.

Cpasuure ¢ he B (16a). B aTom cityuae oHO CBsI3aHO ¢ HeompeaeaeHHOM NP a dog, u 310
OTHOIIICHUE OTJIMYHOE OT COOTHECEeHHOCTH. Ecin 3amenuts Mecronmenue he Ha a dog,
pesyabrat (16b) He OyaeT ceMaHTHYECKH YKBUBAICHTHBIM (16a).

(16) a. Angus had a dog but he disappeared.
b. Angus had a dog but a dog disappeared.

B cootBetcTBHU ¢ (17a) MBI MOKEM MOCTPOUTH OTKPHITYIO hopmyity (17b) ¢ nByms
BXOKJICHUSMU 1iepeMeHHOoN X. (Mbl UTHOpHpYeM BpeMs Ui YIIPOILEHUS U3JI0KEHHS. )

a7 a. Heisadog and he disappeared.
b. dog(x) A disappear(x)

Pasmenias kBantudukatop cymiecrsoBanus Ix ('t HekoToporo X') nepen (17b), Mbl MOXkeM
CBsI3aTh T MepeMeHHbIe, Kak B (18a), yto o3nauaer (18b) mnm, 601ee nauomarnyecku, (18c).

(18) a. 3x.(dog(x) A disappear(x))
b. At least one entity is a dog and disappeared.
c. A dog disappeared.

NLTK npeacrasnenue (18a):

(19) exists x.(dog(x) & disappear (x))
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B nomnosinenue Kk KBaHTU(UKATOPY CYIIECTBOBAHMUS JIOTHKA IIEPBOTO MOPSIIKA AaET HaM
yHUBepcaJbHBIN KBaHTH(UKaTOop VX (‘miist Beex X'), mporsunocTpupoBanHbiid B (20).

(20) a. Vx.(dog(x) — disappear(x))
b. Everything has the property that if it is a dog, it disappears.
c. Every dog disappeared.

Cunraxcuc NLTK s (20a):

(21) all x.(dog(x) -> disappear (x))

Xots (20a) sBAsieTCs CTaHAAPTHBIM MepeBoIoM (20¢) Ha SI3bIK JIOTUKH [IEPBOTO MOPSIIKA,
YCIIOBUSI HCTUHHOCTU HEOO0s3aTeNbHO TaKue, Kak Bbl oxkuaaere. @opmynia roBOPUT, YTO €CIH
KaKoe-TO X - cobaka, TO X Mcue3aeT, HO OHa He TOBOPUT O TOM, YTO €CTh Kakue-To cobaku. Takum
o0pa3oMm, B CUTyalluH, KOTJa HU y KOro HET cobak, (20a) Bce paBHO OyJEeT UCTUHHBIM.
(ITomHuTe, 4TO (P -> Q) MCTUHHO, KOT/Ia P JIO’KHO.) Ceifuac Bbl MOTJIM Obl BO3Pa3UTh, YTO
every dog disappeared Ha camoM JieJie MPeANoaraoT HajJrudue co0aK, U YTo JJOTHYecKas
¢dbopmanuzanus npocto ommboyHa. Ho MOXKHO HallTH U Ipyrue npuMepbl, B KOTOPBIX
OTCYTCTBYET Takoe npeamnosoxenue. Hampumep, Mbl Moriu 01 0OBSCHUTD, YTO 3HAYCHHE
BBIPAXKCHUS Python astring.replace('ate', '8'") ABIACTCA PE3YJIbTAaTOM 3aMECHBI KAXKJI0TO
BXOXKJIEHUS 'ate' B astring Ha '8', XOTS Ha CaMOM JieJie B HEH MOKET He ObITh TaKUX
BXOXJIeHHUH (3.2).

Mps1 BUIETH MHOKECTBO TTPHUMEPOB, KOT/Ia TIEPEMEHHBIE CBsI3aHbI KBaHTHU(PHKaTOpamMu. UTo
MIPOUCXOJUT B POpMyNax, TAKMX Kak 3ta?

((exists x. dog(x)) -> bark(x))

Cdepoii kBanTHGUKATOpA exists x ABIAETCS dog (x), HOITOMY MOSBIEHUE x B bark (x) HE
orpanuueHHo. Cre0BaTeabHO, OHO MOXKET CTaTh CBSI3aHHBIM KaKUM-JIMOO APYrumM
KBaHTHU(PHUKATOPOM, HAIIpUMeEp, all x B cienyoomen Gopmye:

all x.((exists x. dog(x)) -> bark(x))

Boo01ie BxoxkaeHrne nepeMeHHoM x B hopMysie @ SBIsETCs] CBOOOIHBIM B (, €CIIH 3TO
BXOJKJICHHE HE MOMaiaeT B cepy NeHCTBUS all x WU some x B . W, HA000poOT, ecnu x
cB00OOEH B (popmyIie ¢, TOTJa CBA3aH B all x.( M exists x.@. Ecu Bce BXOXIEHUS
MIEPEeMEHHBIX B (popMyIie CBS3aHbl, TO (GoOpMyIia Ha3bIBAETCS 3aKPHITOM.

Mpl YK€ YHOMUHAJIK paHEEC, YTO 00BEKT Expression MOXET 06pa6aTLIBaTL CTPOKH U

BO3BpalIaTh 00BEKTHI KJacca Expression. KaxkIplii 3K3eMILISAP expr 3TOTO Kacca UMEET METOJ]
free (), KOTOPBIA BO3BpaIaeT HAOOP MEPEMEHHBIX, KOTOPbIE CBOOOIHBI B expr.

>>> read expr = nltk.sem.Expression.fromstring

>>> read expr ('dog(cyril) ') .free()

set ()

>>> read expr ('dog(x) ") .free()
{Variable('x")}

>>> read expr ('own(angus, cyril)').free()
set ()

>>> read expr('exists x.dog(x)"'").free()
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set ()

>>> read expr (' ((some x. walk(x)) -> sing(x))"').free()
{Variable ('x")}
>>> read expr('exists x.own(y, x)').free()

{Variable('y"')}

3.2 Jloka3aTeJibCTBO TEOPEM JIOTUKHU MEPBOro MOPsiAKa
Bcenomuute orpannuenue Ha to the north of which, kotopoe mbl ipeanoxuu panee kak (10):
(22) if x is to the north of y then y is not to the north of x.

\Y 08¢ 3aME€THUJIN, YTO JIOTHKa BBICKA3bIBAaHUH HE AO0CTAaTOYHO BBIPA3UTCIbHA IJIA MPEACTABIICHUA
0000111eHII 0 OMHAPHBIX MPEAUKATAX U B PE3YJIbTATE Mbl HE IPABUIIBHO CXBAaThIBAEM apryMEHT
Sylvania is to the north of Freedonia. Therefore, Freedonia is not to the north of Sylvania.

BBI, 0e3 COMHCHUS, YK€ J0TaJaJIMCh, YTO JIOTHKA IMEPBOTO MOPAAKA, HAITPOTHUB, UACATIbHO
noaAXO0OUT JJIA q)OpMEU'II/IBaHI/II/I TaKUX ITPaBUJI:

all x. all y.(north of(x, y) —-> —-north of(y, x))

Bonee Toro, MbI MOXeM clienaTh aBTOMaTHYECKUN BBIBOJI, YTOOBI MOKa3aTh 000CHOBAaHHOCTh
apryMeHra.

OO6mmM citydaeM B J0Ka3aTeIbCTBE TEOPEM SIBIISIETCS OMPEIETICHIE TOT0, MOXKET i (popmyia,
KOTOPYIO MBI XOTHM JI0Ka3aTh (1€ I0Ka3aTeIbCTBA) OBITH MOJYY€HA C IIOMOIHI0 KOHEUHOMN
MTOCJIEI0BATEIILHOCTH BBIBOJIOB U3 CIHCKA (DOPMYI-TIOCHUTOK. MBI 3anTUChIBaEM 3TO Kak S + (,
rae S - (BO3MOXKHO, ITyCTOM) CITUCOK MPEANOCHUIOK, a g - IIeJIb I0Ka3aTeIbCTBA.
[Tpoummoctpupyem 310 ¢ momonisio naTepdeiica NLTK k cucreme noka3pIiBaHUS TEOPEM
Prover9. Crauana mMbl pazOupaem 11ei1b 10Ka3aTeIbCTBa 1% JIBE€ MPEANOCHITKI 00O 3irevm v
CO3/1aeM PK3EMIUISP Prover9 @11 sri3BaEM €ro METOJ prove () B OTHOIIECHHUH LIEIN
JI0Ka3aTesIbCTBa /ISl JAHHOTO CIUCKA MPEIANOChIIIOK (5}

>>> NotFnS = read expr ('-north of (f, s)')

>>> SnF = read expr('north of(s, f)"')

>>> R = read expr('all x. all y. (north of(x, y) -> -north of(y, x))"')
>>> prover = nltk.Prover9 ()

>>> prover.prove (NotFnS, [SnF, R])

True

K C4HacCTbIO, Prover9 cormamaercs ¢ HaMH, 9TO apTyMCHT SBJISICTCS JeicTBUTENbHBIM. Y
HaO60pOT 3aKJII04acT, YTO HE IPEACTABIACTCA BO3MOXXHBIM CAEIaTh BBIBOJ O north of (£, s)
N3 HAIUX IMPCAIICBIIOK:

>>> FnS = read expr('north of(f, s)')
>>> prover.prove (FnS, [SnF, R])
False

3.3 Pe3roMe f13bIKA JIOTUKHU MEPBOr0 MOPSAKA
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MBI BOCTIOJIB3yeMCsI 3TOM BO3MOXKHOCTBIO, YTOOBI BHOBb C(IOPMYIIUPOBATH YIOMSIHYTbIE HAMHU
PaHCC CUHTAKCUYCCKUC ITpaBuJIa IJIsd JIOTUKH BBICKA3bIBAaHUHU U I[O6aBI/ITB ImpaBujia
(bOpMI/IpOBaHI/Iﬂ JJISA KBaHTI/I(I)I/IKaTOpOB; BMCCTC, OHH JAalOT HaM CUHTAKCUC JIOTUKH IICPBOTO
nopsaka. Kpome Toro, Mbl ciesiaéM sBHBIMM THIIBI YYaCTBYIOIIUX BhIpaKeHUNW. MBI ipuMeM
coramenue, 9ro <e", t> ABJIIeTCs THIIOM IPEeIUKaTa, KOTOPBIM COYeTaeTCsi ¢ N apryMeHTaMu
TUIIA €, LITO61)I IMOJIYYHUTDb BBIPAXKCHUEC TUIIA t. B satom cj1yda€ Mbl TOBOPHM, YTO N ABJIIETCA
apHOCTHIO (Pa3MEPHOCTHIO) MPEIUKATA.

1. IfPis a predicate of type (en, t), and al, ... an are terms of type e, then
P(al, ... an) is of type t.

2. foand B are both of type e, then (a = B) and (o != ) are of type t.

3. Ifoisoftypet, thensois -o.

4. If ¢ and y are of type t, then so are (¢ & v), (¢ | v), (¢ -> ) and (¢ <->
V).

5. Ifgisoftypet, and x is a variable of type e, then exists x.¢ and all x.¢ are
of type t.

Tabmuma 3.1 06001aeT HOBBIE JIOTHYECKUE KOHCTAHTBI MOAYJIS 1ogic U JIBA METOA

ExpressionsS.

IIpumep Onucanue
- PaBEHCTBO
= HEpPaBEHCTBO
exists KBaHTH(UKATOP
CYIIECTBOBAHUS
all YHUBEpPCAIbHBIN
KBaHTU(UKATOP
e.free() MOKa3aTh CBOOOIHEIE
MIEPEMEHHBIC e
e.simplify () MIPOU3BECTH [3-
) COKpallleHHE Ha e
Tabmuma 3.1:

Pe3roMe HOBBIX JIOTHYECKHX OTHOIICHUH U OoIIepaTopoB H606XOI[I/IMI>IX
JJIA JIOTHKHU IIEPBOI'0 OopsAAKa, HapAaAy € ABYMS IMOJIC3HBIMU METOJaMU
KJjlacca Expression.

3.4 UcTuHHOCTHL B MOJI€JIA

Mpl PaCCMOTPECIIN CHHTAKCUC JIOTUKH IICPBOT'O IIOPAIKA, 4 B 4 MBI UCCIIEAYEM 3aavy IepeBoaa C
AQHTJIMMCKOTO S3bIKa Ha S3bIK JOTUKU IEpBOIro NOopAaKa. Tem HE MCHCC, KaK Mbl 3asBHUJIN B l, 9TO
MMpOABUTACT HAC BIICPC, TOJIBKO €CJIIM MBI MOXKEM NIPHUAATE CMBICII ITPEIJIOKCHUAM JIOTUKU
TNEpBOTO MMOPAAKaA. I[pyTI/IMI/I CJIOBAMU, MbI JOJUKHBI ITPUAATh CEMAHTUKY YCHOBHOﬁ HCTHUHHOCTH
JIOTUKC MEPBOT'0 MMOpAaKa. C Touku 3pCHUA BBIYHCIUTEIIFHOMN CCMAHTUKH, CYIICCTBYIOT
OYCBUAHBIC OI'PAHUYCHUA TOT'O, KaK JAJICKO MOKHO NIPOJABUHYTH 3TOT INOAXO. HCCMOTpH Ha TO,
YTO MBI XOTHUM T'OBOPUTH O IMPEIJIOKCHUAX, KOTOPBIC SABJIAIOTCA UCTUHHBIMHA WUJIA JIO)KHBIMU B
CUTYyalludX, Y HAC €CTh IJIs IIPCACTABIICHUA CI/ITyaI_U/Iﬁ B KOMIIBIOTEPE TOJIBKO CpCACTBA B
CHUMBOJIMYECKOM (I)OpMC. HCCMOTpH Ha 3TO OrpaHUYCHUC, BCC K€ BO3MOKHO ITOJIYYHUTH Ooiee
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SICHYIO KaPTUHY CEMAHTHUKHU YCIOBHOW UCTUHHOCTH IIOCPEACTBOM KOJUPOBAHUS MOJIEIH B
NLTK.

JI1st maHHOTO sI3BIKA JIOTUKHU NepBoro nopsiaka L moxens M s L npeacrasisier cooit mapy
<D, Val>, rne D npencrapisier co0oii HEMyCTOE MHOXKECTBO, KOTOPOE HAa3bIBACTCS 00J1aCTh
(momeH) mozenu, a Val - pyHkuus, KoTopas Ha3bIBaeTCs (QYHKIUS OLCHKH, KOTOPas
npucBauBaeT 3HaueHus u3 D Beipaxkenusm L ciaenyrommm o6pazom:

1. Jlns kaxa0¥ MHIMBUAYaIbHOM KOHCTaHThI C B L, Val(C) sBistercs
anemeHnToM D.

2. Jlns kaxgoro cuMBoJia ipeaukara P pasmeproctu n > 0, Val(P) sBisercst
¢byuxuueii w3 D" B {True, False}. (Eciu pasmeprocts P pasro 0, To
Val(P) nmpocto uctunHOe 3Ha4YeHue, P paccMaTpuBaeTcs Kak CUMBOJT
BBICKa3bIBAHUA. )

CorunacHo (ii), ectu P umee pazmeprocts 2, toraa Val(P) 6yxer dpyukuueit f u3 nmap snemeHToB
D B {True, False}. B monensix, kotopbie Mbl Oynem ctpouts B NLTK, Mbl OyaeM npuHUMaTh
Oostee ynoOHyro ansTepHaTuBy, B KoTopoi Val(P) npeacrasisier coboii Habop S map,
OTIPENICIIEHHBIX CIIETYIOIINM 00pa3oM:

(23) S={S|f(s) = True}

Takas f Ha3bpIBaeTCS XapaKTepUCTHUECKON QyHKIUEH S (B COOTBETCTBHHU C OOCY)KICHUEM B
JIOTIOJTHUTEIbHBIX MaTepHaliax).

OtHomenus npencrapieHbl cemanTudeckd B NLTK cTtangapTHbIM criocoO0M TEOpUH MHOYKECTB:
KaK MHOKECTBa KOopTexxeil. HanmpuMep, maBaiiTe mpemnooKuM, 4T0 Mbl IMEEM 00J1acTh
JTUCKYpCa, COCTOSIIYIO W3 HHIUBHUIYyaTbHBIX 00heKkTOB Bertie, Olive u Cyrill, rne Bertie
Manpumk, Olive neBouka, a Cyril cob6aka. [To MHEMOHWYECKUM MPUYUHAM MBI HCTIOJB3YEM b, o U
c B KAYECTBE COOTBETCTBYIOIIMX SIPJIBIKOB B MOJIeU. MBI MOXkeM 00BSBUTH 001aCTh
CJIeIYIONTUM 00pa3oM:

>>> dom = {'b', 'o', 'c'}

Mgl Oynem UCHOIb30BaTh YTHIIUTAPHYIO QYHKIUIO Valuation. fromstring (), YTOObI
peoOpa3oBaTh CIUCOK CTPOK GOPMbI CUMBOJI => 3HaUE€HUE B OOBEKT Valuation.

>>> y o= "nn
bertie => Db
olive => o
cyril => ¢

boy => {b}

girl => {o}

dog => {c}

walk => {o, c}

see => { (b, 0), (c, b), (o, <)}

mwwn

>>> val = nltk.Valuation.fromstring(v)
>>> print (val)
{'bertie': 'b',

'boy': {('b',)},

'cyril': 'c',

'dog': {('c',)},



'olive' o',
'see': {('o', '¢"), ('¢c', 'b"), ('b', 'o")},
'walk' {('c'y), ('o',)1}}

Takum 006pa3om, COTITACHO ITOH OICHKE 3HAYEHHE see - 3TO MHO)KECTBO KOPTEXKEH, TAKUX YTO
Bertie sees OnmuBOlive, Cyril sees Bertie u Olive see Cyril.

3ameuanue

Bama ouepens: Hapucyii pucyHok 061acTH m 1 MHOXKECTB, COOTBETCTBYIOIINX KAKIOMY U3
OJTHOMECTHBIX TPEAUKATOB, TI0 AaHAIOTHU cO cxeMoi Ha Pucynke 1.2.

BbI BO3MOKHO 3aMeTHIIM, YTO HAIIU YHAPHBIE MPEIUKATHI (T.€., boy, girl, dog) TaKkKe
OKa3bIBAIOTCS HA0OpaMU OJIMHOYHBIX KOPTEKEH, a HE MPOCTO HA0OPaMU MHAUBUIYATbHBIX
00BEKTOB. DTO CAENaHO JUIsl yI00CTBA U MO3BOJIIET HAM UMETh 0JIHOO0Pa3Hy0 00paboTKy
OTHOIIEHUH 11000# pasmepHocTu. [Ipenukanus Buga P(ty, ... tn), rie P umeer pazmepHocTs N,
OKa3bIBACTCSI BEPHO TOJIBKO B CiTydae, €CIM KOPTEeXK 3HAYCHHUI, COOTBETCTBYIOIMIUX (T1, ... Tn)
MIPUHAIEKUT MHOKECTBY KOPTEKel B 3HaUCHUH P.

>>> ('o', 'c¢') in val['see']
True

>>> ('b',) in val['boy']
True

3.5 UnauBuayaibHbIe EPpeMEeHHbIC U IPUCBOCHMS

B Hammx Mozensx cCOOTBETCTBHEM KOHTEKCTA YIOTPEOICHHS SIBIISICTCS TIPHCBOCHUE
NepeMeHHON. DTO COeIMHEHNE NHINBUIYaATbHBIX IEPEMEHHBIX C 00BEKTaMHU B 00JIACTH MOJIEIN
muckypca. [IpucBOeHUs CO3Mar0TCs C TIOMOIIBIO KOHCTPYKTOPA Assignment, KOTOPBIH TaKKe
MPUHUMAET 00JIaCTh MOJICNIH IMCKYypCa B KauecTBE mapamerpa. Mbl He 00s13aHbl (JaKTUUECKH
BBOJIMTH BCE MPUBS3KU, HO €CIIM MBI ATO JiejlaeM, OHU JatloTcst B popmate (repeMeHHas,
3HAa4YCHUE) aHAJIOTUYHOM TOMY, KOTOPBI MBI BUJICIIH PaHEe JUIsl OI[CHOK.

>>> g = nltk.Assignment (dom, [('x', 'o'), ('y', 'c")1])
>>> g
{lyl: 'C', 'X': lol}

KpOMe TOro, €CTb (1)0pMaT print () A4 HaBHa‘leHHﬁ, KOTOPBIC UCIIOJIB3YIOT 00o03HaueHue 0oJjee
OJIH3KO€E K TOMY, 9YTO 4aCTO BCTPEHACTCA B y‘le6HI/IKaX JIOT'UKH:

>>> print (g)
glc/yl[o/x]

JlaBaiiTe Ternepb NOCMOTPUM Ha TO, KAK MBI MO’KEM OLIEHUTh aTOMapHYI0 (popMyiTy JOTUKH
nepBoro nopsika. CHavaia Mbl CO3Ja€M MOJEIIb, 3aTEM MBI BBI3BIBAEM METOJ evaluate () VI
BBIUMCIIEHUS 3HAUYEHHSI HCTUHHOCTH.

>>> m = nltk.Model (dom, wval)
>>> m.evaluate ('see(olive, y)', 9)
True
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UYro Tyt npoucxoaut? Msl orieHnBaeM (opMyity, KOTopas IOX0Xka Ha Haml O6osiee paHuit
npuMep, see (olive, cyril).OmHaKo Koraa GYHKIUS UHTEPIPETANUN BCTPEUALT
NEpEMECHHYIO y, BMCCTO TOTIO, YTOOBI MMPOBCPATHL €C 3HAYCHUC B val, OHa 3arpaummrBacT
IMPHUCBOCHUC IICPCMCHHBIX g IJIA MTOJIYYCHHUA 3HAYCHUA:

>>> g['y']
lcl

Tak xak MBI y)K€ 3HaeM, 9YTO HHAUBUAYAIBHBIC OOBEKTHI 0 M c CTOSAT B OTHOIIICHUU SEE, 3HAUCHUE
VcTmHa - 3TO TO, YTO MBI OKHIATU. B 3TOM ciiydae, Mbl MOKEM CKa3aTh, YTO MPUCBOCHUE g
YIIOBJIETBOPSAET POPMYJIE see (olive, y). B MPOTHBOMOIOKHOCTH 3TOMY cieayromas Gopmyina
OIIEHUBAETCA KaK Jioxs OTHOCUTEIBHO g - IPOBEPHTE, UTO BbI BUAUTE, IIOYEMY ITO TaK.

>>> m.evaluate ('see(y, x)', qg)
False

B Hamewm noaxose (XOTS M HE B CTaHAAPTHOM JIOTHKE NEPBOTO MOPsAKa) MPUCBOCHUS
MEPEMEHHBIX SBIIAIOTCA YaCTUUHBIMU. HanmpumMep, g HU4ero He TOBOPUT O KaKUX-TH00
IIEPEMEHHBIX, KPOME x U y. METOJI purge () OYMIIAET BCE CBSI3U IPUCBOCHMUS.

>>> g.purge ()
>>> g
{}

Ecnu MBI Tenephb mombITaeMcsi OLICHUTh (OPMYITY, TAKYIO KaK see (olive, y) OTHOCHTEIBHO g,
3TO BCE PABHO YTO MBITATHCS HHTEPIPETUPOBATH MPEATIOKEHHUE, coaeprKaiiee him, koraa Mbl He
3HaeM, K yemy oHo (him) otHocutcs. B aToM citydae QyHKIHS OIEHKH HE B COCTOSHUHU
YCTaHOBHTH 3HAYCHNUE HCTUHHOCTH.

>>> m.evaluate ('see(olive, vy)', 9)
'Undefined’

Tak xak Hamm MOJCIIN YK€ COACPKAT IIpaBuJia HHTCPIPECTALUU JIOTHYCCKHUX OIIEPATOPOB, CKOJIb
YTOJHO CJIOXHBIC (bOpMy.HBI MOI'yT OBITH COCTaBJICHBI U OLCHCHBI.

>>> m.evaluate ('see (bertie, olive) & boy(bertie) & -walk(bertie)', qg)
True

OO01uit mporecc onpeaesieHrs HCTUHHOCTH WK JIOKHOCTU (DOPMYIIBI B MOJIETTH Ha3bIBACTCS
MIPOBEPKON MOJICIH.

3.6 KpanTudpukanus

OpHMM M3 Ba)KHEHIIMX IPO3PEHUI COBPEMEHHOM JIOTUKH SIBJIIETCS TO, YTO MOHATHE
YIIOBJIETBOPEHUS IEPEMEHHON MOKHO HMCIIOJIb30BaTh Ul HHTEPIIPETALINU
KBaHTU(UIMPOBaHHBIX Gopmyi. [laBaiite ucnonb3yem (24) B kauecTBe NMpUMepa.

(24) exists x.(girl(x) & walk(x))
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Korna sto nctunano? JlaBaiite qymars 000 BCeX HHIMBUAYaIbHBIX 00BEKTAX B HAIIEM JJOMEHE,
TO €CTh B dom. MBI XOTUM IPOBEPUTH, 00IAAET JIM KaKOH-TNO0 13 3TUX 00BEKTOB CBOHCTBOM

girl u walking. JIpyrumu ciioBamu, Mbl XOTHM 3HATh, €CJIH €CTh HEKOTOpPbIE U B dom, TAKHE YTO

g[u/x] YIOBIETBOPSET OTKPBITON popmyie (25).

(25) girl(x) & walk(x)

Paccmotpure cnenyronee:

>>> m.evaluate('exists x. (girl(x) & walk(x))', g)
True

evaluate () BO3BpalIACT VicTuHy 34E€CH, IOTOMY YTO €CTh HEKOTOPhIC U B dom, TAKHUE YTO 25
YAOBJIETBOPSIETCS MPUCBOCHUEM, KOTOPOE CBSI3BIBAET x ¢ U. Ha camom pene, o sBisieTcs Takou U:

>>> m.evaluate('girl(x) & walk(x)', g.add('x', 'o'))
True

OHUM U3 MOJIE3HBIX HHCTPYMEHTOB, ipeuiaraembix NLTK, sBisercs Mmeron satisfiers ().
OH Bo3BpaiaeT Habop BCEX MHANBUIYATBHBIX 00BEKTOB, KOTOPHIE YIOBIECTBOPSIOT OTKPHITON
dbopmyre. [lapameTpamu MeTo1a SABISIOTCS pazoOpanHas Gopmysa, mepeMeHHas U IPUCBOCHUE.
BoT HECKOJIBKO TPUMEPOB:

>>> fmlal = read expr('girl(x) | boy(x)"')
>>> m.satisfiers (fmlal, 'x', qg)
{lbl, lol}

>>> fmla2 = read expr('girl(x) -> walk(x)"')
>>> m.satisfiers (fmlaz2, 'x', qg)

{lcl, lbl, lol}

>>> fmla3 = read expr('walk(x) -> girl(x)")
>>> m.satisfiers (fmla3, 'x', qg)

{lbl, lol}

MOJIE3HO TMOJyMaTh O TOM, ITOYEMY fmla2 U fmla3 MOJTYYUTh 3HAUCHHSI, KOTOPHIC OHH
MOJTyYaroT. Y CJIOBHSI HCTHHHOCTH JIJISl —> 03HAYAIOT, YTO fmla2 SKBUBAICHTHO —-girl (x) |
walk (x), 9TO YJIOBJIETBOPSECTCS YeM-TO, 4TO 00 He girl, mnb6o He walks. [TockosbKy HU b
(Bertie), Hu c (Cyril) He girl B cooTBeTCTBHM ¢ MOAEIBIO m, OHU 00a YAOBJIETBOPSIOT BCEH
dopmyie. U, KoHEUHO, o yIOBIETBOPSET PopMyJie, TaKk Kak o YIOBJICTBOPSET 0OOUM YIeHAM
IU3bIOHKIMH. Ternepp, Tak Kak BCe WICHBI 00JIACTH JUCKYpPCa YIOBIETBOPSIOT fmla2,
COOTBETCTBYIOIIAs YHUBEPCAILHO KBaHTU(UIIMPOBaHHAs ()OPMYJia TAK)KE UCTUHHA.

>>> m.evaluate('all x. (girl(x) -> walk(x))', qg)
True

JIpyrumMu c10BaMu, YHHBEPCAJIbHO KBaHTU(GHUIHMPOBAHHS GopMyia VX.(p MICTUHHA B OTHOIIEHUU
g, TOJIBKO B CITydae €cliy sl JII0O00ro U, () MICTUHHO B OTHOLIEHUH g [u/x].

3ameuanue

Bama ouepean: [lonpoOyiiTe BBISICHUTB, CHa4Yajla ¢ KapaHAalIoM U OyMaroi, a 3aTtem ¢
IIOMOIIIBIO m. evaluate (), 3HAYEHUS UCTUHHOCTH I all x. (girl(x) & walk(x)) M exists
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x. (boy(x) -> walk(x)). YGGI[I/ITCCB, YTO BbI IOHUMACTC, MTOYCMY OHH ITOJTYUAlOT 3THU
3HaA4YCHUA.

3.7 HeomHo3HAYHOCTH cepbl AeiiCTBUA KBAHTH(UKATOPA

YTo mpoMCXOAUT, KOTIa MBI XOTHUM JIaTh (JOPMAaTIbHOE MPEICTABICHUE MPEIUIOKECHUS C 08y M5
KBaHTU(HUKATOPAMHU, TAKOTO KaK Clieayromee?

(26) Everybody admires someone.

Ectb (10 kpaiineit mepe) aBa cnocoba BeipakeHus (26) B JOTHKE MEPBOTO MOPSIKA!

(27) a. 2all x.(person(x) -> exists y. (person(y) & admire(x,y)))
b. exists y.(person(y) & all x.(person(x) -> admire(x,y)))

Mo>keM T MBI HCIIOJTB30BaTh 00a 3THX BapuaHTa? OTBET 112, HO OHU UMEIOT Pa3HbIC 3HAYCHHUS.
(27b) noruyecku cusbHee, 4eM (27a): OH YTBEP)KIAET, YTO CYIIECTBYET €AMHCTBEHHBIH YENOBEK,
ckaxeM, bproc, koTopsliif Bocxuiaet Bcex. C apyroit cropoHsl, (27a) npocto TpedyeT, YTOObI
TUTSL KQKJIOTO YeJloBeKa U MOYKHO OBIJIO HAWTH YeoBeKa U', KOTOPHIM U BOCXHUIIIAETCS; HO 3TO
MOYeT OBbITh KaXKIbIil pa3 apyroi yenosek U'. Mel paznuuaem (27a) u (27b) no chepe neiictus
KBaHTU(UKATOPOB. B mepBoM BapuanTe V nmeer OoJiee MUPOKUI 0XBaT, 4eM I, Tora KakK B
(27Db), cootHomenue cdep obpaTaoe. Tak 4TO TEHEPh Y HAC €CTh JBa CIIOC00a MpeACTaBICHUS
3HaueHus (26), 1 oHM 00a BIIOJIHE IPAaBOMEPHBI. J[pyriuMu clioBamu, Mbl yTBEpIKaaem, 9to (26)
HeoOHO3HAYHO OTHOCUTEIBHO OXBaTa KBAaHTU(HHKATOPOB, a GopMyJIbl B (27) maroT HaM
BO3MO’KHOCTb CJI€JIaTh /1B IIPOUYTEHUS IBHBIMU. T€M HEe MEHee, Mbl 3aMHTEPECOBAHbI HE IIPOCTO
B CBSI3bIBAHHH JIBYX PA3JIMYHBIX TIpecTaBlIeHui ¢ (26). MBI Takke XOTHM ITOKa3aTh B ICTAISIX,
KaK 9TH J1Ba MPE/ICTaBJICHUS NPUBOJAT K Pa3IMYHBIM YCIOBHSIM UCTUHHOCTU B MOJAEIH.

J1J1s ToT0, 9TOOBI OOJIee BHUMATEIBLHO N3YYHUTh HEOJHO3HAYHOCT, IaBalTe UCIIPABUM HAIIly
OIIEHKY CJICYIOIINM 00pa3oM:

>>> y2 = """
bruce => b
elspeth => e
julia => jJ
matthew => m
person => {b, e, j, m}
admire => {(j, b), (b, b), (m, e), (e, m)}

mwrwwn

>>> val2 = nltk.Valuation.fromstring(v2)

OrHourerre admire MOXHO BU3YyaJIH3HPOBATH C IIOMOIIBIO CXEMbI OTOOPaXKEHHUsI, TIOKa3aHHO Ha
pucynke (28).
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(28)

Ha pucynke (28) ctpenka Mex 1y ABYMSI HHIUBUIYyaIbHBIMH OOBEKTAMHU X U Y O3HAYAET, U4TO X
Bocxuiiaercs y. Takum o0pa3om, j U b o0a BocxuiarTcs b (bproc ouens nmokasHoi), a e
BOCXHIIIAETCS m M m BOCXHUIIIAeTCs e. B 3T0# Moenu dopmyia (27a) uctuHHa, a (27b) noxHa.
OnHuM U3 cocoO0B U3yUEHUS ITUX PE3YyIbTATOB SBISETCS METOJ satisfiers () OOBEKTOB
Model.

>>> dom2 = val2.domain

>>> m2 = nltk.Model (dom2, val2)

>>> g2 = nltk.Assignment (dom2)

>>> fmlad4 = read expr (' (person(x) -> exists y.(person(y) & admire(x,

vy
>>> m2.satisfiers(fmlad, 'x', g2)

{lel, lbl, lml, ljl}

DTO MOKA3BIBAET, YTO fmla4 COJMEPIKHUT IS KaXKJI0T0 HHAMBUAYAITHHOTO O0OBETKA B JoMeHe. B
MIPOTHBOTIOJIOKHOCTD ATOMY, PACCMOTPpUM (POpMYITy fmla5 HUXKE; OHA HE UMEET
YAOBJIETBOPSIOIINX TSI IEPEMEHHOH .

>>> fmlab5 = read expr (' (person(y) & all x.(person(x) -> admire(x, y)))")
>>> m2.satisfiers (fmla5, 'y', g2)
set ()

To ecTb, HET HU OJTHOTO YEJIOBEKa, KOTOPHIM BOCXUINAIOTCS Bee. [[pruHMMas APYryo OTKPBITYIO
dhopmyny, fmla6, MBI MOKEM YOSIUTHCS B TOM , UTO €CTh YEJIOBEK, & IMEHHO Bproc, KOTOphIii
BBI3bIBAET BocxuilleHue kak KOnuu, Tak u bproca.

>>> fmla6 = read expr (' (person(y) & all x.((x = bruce | x = julia) ->
admire (x, y)))")

>>> m2.satisfiers (fmla6, 'y', g2)

{'b"}

3aMmeuaHue
Bama ouepenb: IIpuaymaiite HOBYIO MOJEIb, OCHOBAaHHYIO HA m2, TAKYIO 4TO (27a)

OKa3bIBa€TCs JIOJKHBIM B Ballleh MOJCIHU, aHaAJIOTMYHbIM o6pa30M HpI/II[yMaI\/’ITe HOBYIO MOJCIIb,
TAaKYyIO 4TO 27b) oka3bIBaeTCS MCTUHHBIM.

3.8 IlocTpoenue moaeu
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Jlo cux mop MbI Ipearnojaraiy, 4YTo y Hac YK€ €CTh MOJIEJIb, U XOTEJIH MPOBEPUTh UCTUHHOCTD
MPEAJIOKEHUS B MOJIENIU. B MPOTHUBOTIOJIOKHOCTD 3TOMY ITOCTPOCHUE MO/IEIH MBITAETCS CO3/IaTh
HOBYIO MOJIEJIb ISl JaHHOTO HaOopa mpeanoxenuii. Eciu 310 ynaercs, Toraa Mbl 3HaeM, 4TO
MHOECTBO COBMECTUMO, TaK KaK Mbl IMEEM JI0Ka3aTeJIbCTBO CYILIECTBOBAHUS MOJICIIU.

Me1 BBI3bIBaEM MOCTPOUTENH Mojienielt Mace4 myTeM co3aHus SK3eMILIsipa Kiacca Mace () U
BBI30Ba METOJIa build model () aHAJIOTUYHO BBI30BY Jl0Ka3aTens TeopeM Prover9. Omaum u3
BApUAHTOB SBJISIETCS 00pabOTKa Hallero Habopa MPeAJI0KEHNN B KaueCTBE MOCHUIOK, OCTABUB
ek He onpeaeneHHoi. Chemyromiee B3anMOACHCTBUE TOKA3bIBACT, M0OYEMY [a, cl] U [a, c2]
SABJIAKOTCA COBMCCTHUMBIMHU CITMCKaMH, TaK KakK Mace YAACTCs NOCTPOUTH MOACIIb AJId KaXKA0TO U3
HHUX, B TO BpCMs KaK [cl, c2] HECCOBMECCTHUM.

'exists x. (man(x) & walks(x))"')
'mortal (socrates) ')

>>> c2 = read _expr('-mortal (socrates) ')

>>> mb = nltk.Mace (5)

>>> print (mb.build model (None, [a3, cl]))

>>> a3 = read expr
>>> cl = read expr

—~ e~~~

True
>>> print (mb.build model (None, [a3, c2]))
True
>>> print (mb.build model (None, [cl, c2]))
False

MsI Takke MOKEM HCTOJIB30BaTh MOCTPOUTENb MOIENICH B KAYECTBE JOMOTHEHUS K JJOKA3aTeI0
TeopeM. JlaBaiiTe MpearnoaoKuM, 4YTO MbI IIBITAEMCS JOKa3aTh S b g, T.€. g JOTUYECKH
BBIBOJIMMOE M3 TIPEANOJIOKEHUH S = [sl, s2, ..., sn]. MBI MOXXEM BBECTH ITH )K€ JJaHHBIC
B Mace4, u oH OyJieT NBITaThCsl HAWTH KOHTPIPUMED, TO €CTh IMOKa3aTh, YTO g He CIEAYeT U3
s.Takum 006pa3om, Ij1st JTaHHOTO BX0J1a Mace4 momnbITaeTcss HAWTH MOJIEIb JIsl MHOYKECTBA S
BMECTE C OTPHUI[AHUEM g, TO €CTh JJIA CIIUCKa S' = [sl, s2, ..., sn, -gl.Ecmm gHe
cienoyer u3 s, To Mace4 BoJiHE MOXKET BEPHYTh KOHTpIIpUMEp ObIcTpee, yeMm Prover9 mpuaer k
BBIBOJTY, YTO OH HE MOKET HalTH TpedyeMoe JoKa3aTeabCcTBO. Ml Ha0060pOT, €Cii g BHIBOJUMO U3
s, Mace4 MOXeT JJIUTeIIbHOE BpeMs O€3YCIICIIHO MBITAThCs HAUTH KOHTPMOJIETh U B KOHCUHOM
HUTOT'€ CAATHCS.

PaccMoTpuM KOHKpPETHBIN crieHapuii. Harm mockuiku - 9to crmcok [There is a woman that every
man loves, Adam is a man, Eve is a woman]. Ham BeiBoa: Adam loves Eva. Mosker mu Mace4
HaWTH MOJIEITb, B KOTOPO# TIOCHUIKH HCTHHHBI, a 3aKJIF0YEeHHe JIOKHO? B ciemyromeM Koie Mbl
HCITOJIb3YeM METOJI MaceCommand () , KOTOPBIH MTO3BOJIMT HAM OCMOTPETH MOJIEIb, KOTOpast Oblia
MOCTPOEHA.

>>> a4 = read expr('exists y. (woman(y) & all x. (man(x) -> love(x,y)))")
>>> ab = read expr ('man(adam) ')
>>> a6 = read expr('woman(eve) ')

>>> g = read expr('love (adam,eve)')

>>> mc = nltk.MaceCommand (g, assumptions=[a4d4, a5, a6])
>>> mc.build model ()

True

Tak 4To OTBET Ha: Mace4 namen KOHTPMOZCIIb, B KOTOpOfI €CThb KaKasA-TO JKCHIIHNHA, KPOME

EBb1, koTOpyro Anam mobut. Ho naBaiite moapobHee paccMoTpuM Moens Mace4,
npeoOpa3oBaHHYIO B (hOpMAT, KOTOPHIN MBI UCTIOTB3YEM TSI OI[EHOK.

>>> print (mc.valuation)



'adam' 'a',

'eve': 'a',

'love': {('a', 'b')},
'man': {('a',)},

'woman': {('a',), ('b',)}}

O6mast popma 3Toi OIIEHKH JOJDKHA OBITH BaM 3HAKOMA: OHA COJIEPIKUT HEKOTOPhIE
UHJUBUAYaJIbHbIE KOHCTAHThI U IPEIUKATHI, KaKIbI N3 KOTOPBIX UIMEET HaJJIeXkKallui BU
3HaueHus1. YTo MOXkKeT ObITh HE3HAKOMBIM, TaK 3T0 C1. D10 "KoHCcTaHTa Ckojema'", KOTOpyIo
HAaIll IOCTPOUTENb MOJIEIH BBOJUT B KaUECTBE MPEICTABUTENS KBaHTU(UKATOpa
cyuiecTBoBaHus. To ecTh, KOrjja MOCTPOUTENIb MOJIENH CTOJIKHYJICS C exists y YacTbhlO a4, OH
3HaJ, YTO €CTh HEKOTOPBIH HHIMBHUIYaTbHBIN OOBEKT b B JAHHOU 0071aCTH, KOTOPHIH
YIOBJIETBOPSET OTKPBITON opMmyse B Tene a4. OHAKO OH HE 3HAET, SIBJISIETCS JIU b TaK JKe
0003HaYeHNEM WHIUBUAYAIbHON KOHCTAHTHI I/1€-IH00 €llle B €ro BX0JIE, TaK YTO OH CO3/acT
HOBOE€ UM4 JUId b "Ha jieTy", a UMeHHO C1. Tenepb, Tak KaK HAIllU MOCBUIKM HUYETO HE TOBOPST
00 MHAMBUAYAbHBIX KOHCTAHTAX adam U eve, IOCTPOUTENb MOJIENN PELINII, YTO HET HUKAKUX
OCHOBAHHUH paccMaTpyBaTh UX KaK 0003HAYAIOIINE PAa3IMYHbIE 0OBEKTHI, U OHU 00a OBLITN
COIOCTaBJIEHbI C a. Kpome Toro, Mbl HE yKa3aiii, 4TO man U woman 0003HA4aoT
HEeMepeceKaInecs MHOKECTBA, IO3TOMY MOCTPOUTENb MOJEIH MO3BOJISET UX ACHOTAUIM
MEePEeKPbIBATh APYT Apyra. ITO UIUTIOCTPUPYET JOBOJIBHO PE3KO HESIBHOE 3HAHHE, KOTOPHIE MBI
MIPUBHOCHUM B MHTEPIIPETALIMIO HALIIETO CLIEHAPHS, 0 KOTOPOM MOCTPOUTEH MOJIENIN HUYETO He
3HaeT. [loaromy naBaiite 700aBUM HOBOE IIPEIIOJIOKEHUE, KOTOPOE JIeJaeT MHOXKECTBA MY>KUUH
1 KEHILUH He nepecekaromumucs. [locTpouTens Moienu Bce paBHO MPOU3BOIUT KOHTPMO/IENb,
HO Ha 3TOT pa3 OHa O0JIbIIe COOTBETCTBYET HAILIUM UHTYHUIUSAM O CUTYallUu:

>>> a7l = read expr('all x. (man(x) -> -woman(x))")

>>> g = read expr('love (adam,eve) ')

>>> mc = nltk.MaceCommand (g, assumptions=[ad4, a5, a6, a7l])
>>> mc.build model ()

True

>>> print (mc.valuation)

{lcll: ot

Ilo 3ApaBOMY pasMBIIIJIICHHUIO MBI MOKEM YBUICTh, YTO B HAIIMX IIOCBUIKAaX HET HUYET0, 4TO
TOBOPHUT, YTO EBa aBnsercs CHHHCTBGHHOﬁ JKEHIIMHOM B obnactu AUCKYpCa, TIO3TOMY
KOHTpMOZACIIb, HAa CaMOM JICJIC, SABJIACTCA HpHeMHCMOﬁ. Ecnu OB MBI XOTENH UCKIIOYUTD 3TO, MBI
JOJIDKHBI OBLIH OBI I[O6aBI/ITI> CIEC OOHO MPEAIOJIOKCHUE, TAKOC KaK exists y. all x.

(woman (x) -> (x = vVy)), YTOOBI rapaHTUpoOBaTb, YTO €CTb TOJIBKO OJIHA JXCHIIIKMHA B MO/JICJIN.

Pe3ome

e Jloruka IEPpBOro nNopsgaaKa ABJIACTCA IO AXOAANIUM A3bIKOM I IPEACTABIICHUSA CMBICIIA
€CTECTBEHHOTO S3bIKa B BEIYMCIUTEIBHON cpeac, NOCKOJIbKY 3Ta JIOTUKA ABJISACTCA
JA0CTAaTOYHO TH6KOﬁ, YTOOBI NpeaACTaBUTb MHOXKCCTBO ITOJIC3HBIX dACIICKTOB
C€CTCCTBCHHOT'O OCMBICJICHUA, U CYIIICCTBYIOT 3(I)(I)CKTI/IBHLIG nporpaMmabl 10Ka3aTCIIbCTBA



TEOPEM JUIsl PACCYXICHHUH ¢ MCTIOIB30BaHUEM JIOTHKH IepBoro nopsiaka. (PaBHo kak
CYIIECTBYET MHOXECTBO SIBJICHUI B CEMAaHTUKE €CTECTBEHHOTO S3bIKa, KOTOPBIE, KaK
MOJIAraroT, TPEOYIOT 60J1e€ MOIIHBIX JOTHYECKUX MEXaHU3MOB.)

PaBHO KaKk MBI MOKEM MEPEBOIUTD MPEIOKEHHUS €CTECTBEHHOTO S3bIKa Ha JIOTUKY
MIEPBOTO MOPSIKA, MBI MO’KEM YCTaHABIMBATh YCIOBHUS HCTUHHOCTHU 3TUX MPEIOKEHHIH
yTeM H3y4YeHHUs1 MOJieNieii opMysT IEpBOTO MOPSIIKA.

JUi1st TOro 9TOOBI MOCTPOUTH MPEACTABICHHUS CMBICIIA KOMIIO3UIIMOHHO, MBI JIOTIOJTHSIEM
JIOTHKY TIEPBOTO MOPSAKA A HCUUCICHUEM.

[-cokpaieHue B A MCUHUCICEHUH COOTBETCTBYET CEMAaHTUYECKH ITPUMEHEHHIO (PYHKIINU K
aprymeHTy. CHHTaKCHYECKH OHO BKJIIOUAET B ce0sl 3aMEHy [IEpEMEHHOM, CBA3aHHOM ¢
MOMOIIBIO A B ()YHKIIMOHAIFHOM BBIPA)KEHHUH, Ha BRIPAXKEHUE, KOTOPOE IPEAOCTABIISET
apryMeHT B IPUMEHEHUU (QYHKITUH.

OHUM U3 KITFOYEBBIX AJIEMEHTOB CO3/IaHUS MOJICIH 3aKIIF0YaeTCsl B TIOCTPOCHUH OICHKH,
KOTOpasi Ha3HAYaeT MHTEPIIPETAIIH HEJIOTHIECKUM KoHCcTaHTaM. OHK
WHTEPIPETUPYIOTCS JINOO Kak N-MEPHBIE MPETUKATHI, JIN00 KaK HHIUBUIyaTbHbIE
KOHCTAHTBHI.

OTKpBITOE BEIpOKEHHE TPEACTABISIET COO0H BBIpKEHHE, COJIepKAIee OTHY WITH
HECKOJIBKO CBOOO/IHBIX TIEPEMEHHBIX. OTKPHITHIC BRIPAKESHHS OTYIaI0T
WHTEPIPETAIHIO, TOJIHKO KOTJIa UX CBOOOIHBIC TIEPEMEHHEBIE MTOTyYar0T 3HAYCHUS U3
Ha3HAYCHUS TIEPEMEHHBIX.

KBantudukaTopsl HHTEPIPETUPYIOTCS IPU CO3AAHUU 111 (GOPMYIBI O[X] OTKPBITON B
MEPEMEHHOM X, MHOKECTBA MHAUBUIyaIbHBIX 00BEKTOB, KOTOPHIE JENalT ([X]
WCTHHHOM, KOTJ]a TPUCBOCHHE J NMTPUCBAaNBAET UX B KAYECTBE 3HAUYCHUS X.
KBanTHhMKATOP 3aT€M HAKIIAABIBACT OTPAHUYCHUS HAa 9TO MHOYKECTBO.

BripaxkeHue sBsieTCs 3aMKHYTBIM, €CJTH OHO HE UMEET CBOOOIHBIX MIEPEMEHHBIX; TO €CTh
BCE MIEPEMEHHBIE CBSI3aHbl. 3AMKHYTOE MPEAIOKEHUE SBISETCS UICTUHHBIM UITU JIOKHBIM
OTHOCHUTEIILHO BCEX MPUCBOCHUN MEPEMEHHBIX.

Ecnu nBe dhopmysbl 0TIIMYAIOTCS TOJTBKO OYKBOM NEPEMEHHOM, CBSI3aHHOM CBSI3YIOITUM
onepaTopom (T.€. A WM KBaHTU(PUKATOPOM ), OHH HAa3bIBAIOTCS O-DKBHUBAJICHTAMH.
Pesynbrar nepeobo3HaueHHsI CBI3aHHOW MTepEMEHHOM B (hOpMyIie Ha3bIBaeTCsA O
npeoOpa3oBaHUEM.

Jlnst manHOM (pOpPMYJIBI C IBYMS BJIOKEHHBIMU KBaHTH(GHUKaTopamMu Q1 1 Q2 cambrii
BHEIIHUH KBaHTH(HKaTop Q1, TOBOPSAT, UMEET MHUPOKYIO chepy (umu cdepy,
BKITIOUArONy10 Q2). AHIrIHMCKUE NMPeNIOKEeHNS YacTO HEOJHO3HAUHBI OTHOCUTENIBHO
cdepsbl AelcTBUS KBAaHTU(HUKATOPOB, KOTOPhIE OHU COJEPIKAT.

AHTrnuiickue mpeioxKeHuss MOryT ObITh aCCOLMUPOBAHBI C CEMAaHTHYECKUM
MIpe/ICTaBJICHUEM IyTEM HCIIOJIb30BAHMS sem B KAYECTBE CBOMCTBA B TpaMMAaTHKE Ha
OCHOBE CBOICTB. 3HaUCHHUE sem CIOKHBIX BBIPAKEHUMN, KaK MIPABUIIO, BKIIOYAET B CeOs
(YHKIIMOHATBFHOE IPUMEHEHHUE 3HAYEHUH sem KOMIOHEHTHBIX BBIPaKEHUMA.



