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Heckonibko cnoB 0 napagmrmax nporpaMmmMmumnpoBaHunst
[lBe oCHOBHbIe NapaanrMbl NPOrpaMMUPOBAHMS:

1. NimnepaTunBHas
> [lporpamma — 310 Habop koMaHg (MHCTPYKUWiA)
» CemaHTVKa nNporpamMMbl 3aJaéTcs Kak cnocob noLaroBoro
(nocnefoBaTeIbHOIO) BbIMONHEHNST KOMaHA
> Ha kaxxaoMm Lare BbIMNOJHEHUsI TeKyLLed KoMaHAol npeobpasytoTcs
TekyLe 3Ha4YeHUst JaHHbIX U ONpeaensieTcs To, Kakasi KoMaHAa A0JIXKHa
ObITb BbIMNOMHEHa cneaytoLLel

2. [eknapaTuBHas

» [lporpamMma — 3To Habop cBOWCTB, 3agatoLnx (ONpeaensitoLinx)
NpaBU/IbHbIA pe3ynbTaT BbIMNOJIHEHUS

» B OCHOBHOW CEMaHTUKe NPOrpamMMbl HE NCMNOJIb3YIOTCSA MOHATUS
BbIMOJHEHUS!, MPOMEXYTOYHbIX 3HAYEHU AAHHbIX, TEKYLLEA KOMaHAbl 1
T.N., ONpefensieTCcst TONbKO OBLUNIA BUJ XKENAeEMOro pe3ybTaTa

> B neknapaTuBHO pa3spaboTaHHOl nporpaMme, 3anyckatolleincs Ha
«ODbLIYHOM» KOMMbIOTEPE, B CBA3M C NOLIAroBoli Npupoaol kKoMnbloTepa
1N BblYUCNEHN NCNONL3YETCA BCNOMOraTesibHadA CEMaHTUKa:
UMMepaTNBHAs, COrNacytoLlasiCsi C OCHOBHOW AeknapaTuBHOWA
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Heckonibko cnoB 0 napagmrmax nporpaMmmMmumnpoBaHunst
Mpumep
3apayva: BCKUNSATUTL BOLY B DNEKTPUYECKOM YaliHuKe

PeweHune B vmnepaTusHoii napaanrme (ynpoLyéHHoe):
» Ecnu B 4aliHuke HeT BOAbl, TO HalUTL eé
» HaxaTb Ha KHOMKY KUNS4YeHus

» JloxgaTbCs, KOraa KHOMKa KUMNSTYEHUST OTOXKMETCS

PeweHue B feknapaTvBHoil napagurme (rge-Tto ynpoLyéHHoe, rae-To
YCIIOXMHEHHOE AJ1S1 HAIr/IsAHOM aHa0rum):

> Xenaemblii pe3ynbTaT — 3TO YallHUK, B KOTOPOM ropsidas BoAa
» Bopa nosiBnsieTcs B YallHUKe, eCnun eé HannTb
> KHoMKa KUNSiYeHNs MOXKET OTXKaTbCS TOJIbKO eCcnun nepej aTuM HaxkaTa

> Ha)kaTas KHOMKa KUMSYEHUST OTXKUMAETCS < BOJla B YalHUKe ropsa4as
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Heckonibko cnoB 0 napagmrmax nporpaMmmMmumnpoBaHunst
MMHepaTI/IBHaFI napagnrMma nporpaMmMmnpoBaHnsAa — CaMasd nonynsdapHasa n
N3BECTHAaA, TaK KaK 3Ta NnapagnrmMma

> NCNOoNb3yeTCA Ha KHU3KOM YPOBHE» B COBPEMEHHbLIX BblHNCINTE/bHbLIX

YCTPOWCTBaX U NPU 3TOM
> AJOCTATOYHO MOHATHA U €CTECTBEHHA ANA NPOorpaMmMmnCTa n

» 06bIYHO M3y4aeTcs NepBoit (M MHOrAa eANHCTBEHHOA)

COBpeMeHHbIe A3bIKWU NMPpOrpaMMmnpoBaHnA, Kak npasuio,
MyNnbTUNapagnrMeHHbI (anHa,qnex(aT HECKOJIbKM I'Iapa,D,I/II'MaM), HO
3a4aCTYHO MOXXHO OMNpejennTb ﬂp605ﬂaﬂafOLL{yl-O napagnrmMmy A3blKa

[MpyMmepbl A3bIKOB, B KOTOPLIX NpeobnajaeT nmnepaTuBHas napagurma: C,
C+ +, Pascal, Java, Python (xoTs mecTamu MOXXHO 1 MOCMOPUTHL O TOM, HTO
B HEM npeobnagaet), Perl, PHP, malumHHble koAbl 1 acceMbriepHble s13bIKY,

OcHoBHast MaTeMaTU4ecKast BbIYUCIUTENbHAS MoJeNb 3TOol napagnrmMbl:
MalllHa TbI'OpVIHFa
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Heckonibko cnoB 0 napagmrmax nporpaMmmMmumnpoBaHunst

JlBe caMbIxX N3BECTHbLIX JeKNapaTUBHbLIX Napagnurmbi:
1. ®@yHKUMOHaNbHAs

2. Jlornyeckas

B dyHKUMOHaNbHOW napaaurmMe:

» [IporpamMma — 370 dyHKUMS (B MaTEMATUYECKOM MOHUMaHUW),
3anucaHHasi npu nomolyn 6a3oBoro Habopa dyHKLUWIA 1 onepaLwnii
KOMMO3MLUUN YHKLWIA

» B OCHOBHOI CEMaHTWKe He FOBOPUTCS, KaK BblYUCANTb PYHKLNIO
NpoOrpamMMbl, FOBOPUTCS TONbKO YTO 3TO 33 (PYHKLUS

Heckobko N3BECTHbIX S3bIKOB MPOrpaMMUpoBaHus ¢ NpeobnagatoLeli
yHKUMOHaNbHOW napagurmoii: Lisp/Scheme, Erlang, Scala (cm. JVM),
Haskell, ML (cm. OCaml), Python (xoTs1 oH no 6osbLueri 4acTu
VMNEPaTUBHBINA, HO U B (hYHKLUMOHAIbHOM CMbIC/IE TOXE MPUMEHSIETCST), ...

OcHoBHast MaTeMaTMYeCcKast BblYUCANTENbHAS! MOAENb 3TOM Napagnrmbi:
A-UcyncneHne
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Heckonibko cnoB 0 napagmrmax nporpaMmmMmumnpoBaHunst

B norundeckoli napagurme:

» [Iporpamma — 3T0 Habop nornyeckux dopmyn, NPeacTaBASOWNX
coboii onpegeneHne (KpuTepuii) pesynbTaTa

» [IpaBufibHbIli pe3yNbTaT — 3TO JIOMMYECKOe CNEACTBIE NPOrPaMMbl Kak
Habopa cdopmyn

» B OCHOBHOI CeMaHTWKe He FOBOPUTCS, KaK BblUNCASATL (M3BEKATb)
Nlornyeckne cneacTBusi, FOBOPUTCS TONBKO YTO SIBASETCS OCHOBaHUEM
NSt U3BNEYEHNsT CneacTBul

Heckoibko N3BECTHbIX 5I3bIKOB NPOrpamMMUpoBaHns ¢ npeobnagatoLeli
norundeckoit napagurmolii: | Prolog |, Datalog, Planner, Mercury, Godel, ...

OcHoBHasi MaTeMaTHyecKasl BbIYUCITENbHAsA MOAeNb STOl NnapaanrMbl:
JIOFVHeECKNin BbIBoj, (NOrMYecKne NCHUCNeHns )
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XJ1N: cnHTakcuc

XopHoBckas norvyeckast nporpamma (XJIM) curnatypsi o noruku
MpeanKaToB — 3TO KOHeYHas NoCNeAoBaTENbHOCTb MPOrpaMMHbIX
YTBEPXKIEHWNN, KaXKA0e N3 KOTOPbIX NpelcTaBaseT cobol hakT uan npasuio

DakT umeeT BUA <A;», rae A — aTOM JIOMMKN NPeanKaToB

[MpaBuno nmeet Bug «A < B, ..., Bi;», roe:
> k>1
» A — 3aro/ioBOK: aTOM JIOTUKW NpeankaToB

» By,..., By — Teno: nocnenoBaTenbHOCTL aTOMOB NIOFMKU NPeAnKaToR,
pPa3feNEHHbIX 3ansaTomn

3anpoc k XJIM (unu, no-apyromy, LeneBoe YTBEPXKAEHVE, WU NMPOCTO LIENb)
nmeet Bug «7Cqy, ..., Ce», roe
» k>0, n ana cnydaa k = 0 3anpoc NpuvHSATO 3anncbiBaTb Tak: [l

» Ci,...,Ck— Teno

MaTemaTnyeckasi norvka u sornyeckoe nporpammuposarue, brok 31 7/17



XJ1N: cnHTakcuc

VHbiMu cnosamu, XJIT u 3anpoc K Hell 3agatoTcs cnenyrollein bBH®:

XJi = | yrBepxmenme XJII
yTBepxgeHHe ::= (¢arkT | mpaBmio
¢akT 11=  aToM;

IIpaBHIIO 1:1= 3aroJIOBOK <— Teo ;
3ar0JI0BOK 1:=  aToM

TeJIo ::= aroM | aroM, Teio
3amnpoc = O | ? Temo

[ns TexHn4eckoro eanHoobpasnsa bygemM cHMTaThb, YTO DAaKT — 2TO NpPaBUJIO
C NYCTbIM TEJIOM:
KAy = «A+—>»

Kaxablii aTom B Tene 3anpoca (Lenn) NpruHATO Takke Ha3blBaTb MOALENLIO

MNepemeHHble, coaep)Kalymnecst B 3anpoce (Lenu), NprHATO Ha3biBaTb
LeseBbIMY
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XJ1N: cnHTakcuc

Ecnun 3axoTuTte TpaHcauposaThk XJII 1 3anpoc B s3bIk Prolog, To ans atoro
JOCTaTOYHO CcAenaTh ClefytoLlee:

1. 3aMeHnTb BCE «;» HA «.», «<—» Ha «:-», «7» Ha «7-» 1 JobaBUTL
«.>» B KOHLIE 3anpoca
» B kypce octaBuM cuHTakcuc X/ kak ecTb, 4TOObl He U3MeHSTb
CNIOXKVBLUYIOCS MaTeMaTUKY paan OJHOrO KOHKPETHOIO S3bIKa
nNporpaMMmnpoBaHns

2. HauvHaTb BCe nepemeHHble ¢ nponucHoli (6onbluoii) OykBbl, a
OCTaslbHble MAEHTUDUKATOPLI — CO CTPOUHOI (MaseHbKo)
> By,ueM NPNAEPXKNBATBLCA TAKOIro HaMUCaHmA, AOMNONHUTENBHO pa3indas
KaTeropmn CMMBoO0OB LLJpI/ICbTaMI/IZ X — nepemMeHHadA, @ — KOHCTaHTa Nan
hyHKUNOHANbHBIA CUMBOJ, p — NPeAUKaTHbI CUMBOJ
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XJIM: cnHTakenc
Mpumepsbi

Mpasuno: mobur(nawa, Y)  mobur(Y, X), mobur(nawa, X);
» 3aronosok: «jobur(nawa,Y)»
» Teno: «mobur(Y, X), mobur(nawa, X)»
» [lepementbie: Y, X
» KoHCTaHTbI: nawa
» [IpegnkaTHble CUMBOJIbI: JIIOOUT

PakT: mo6uT(nawa, NuBeo); srobur(nawa, nmBo) <—;
)

3anpoc: ?ymusii(X), 106psrii(X), kpacussrii(X), mobunr(X, Aawwa)

» B 3anpoce copepxxaTtca 4 noauenn: «ymubiii(X)», «m1o6psbrii(X)>,

«kpacuBbli(X)y, «mobur(X, pawa)y

» X — uenesas nepemMeHHas

MaTemaTnyeckas normka n noruyeckoe nporpammuposaHue, Bnok 31
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XJIM: peknapatnBHas ceMaHTUKA

Psaay anemenToB £ cuntakcuca XJI MOXHO eCcTeCTBEHHbIM 06pa3oM
CONOCTaBNTb POPMYAY JIOTVNKN NPeANKaToB Pg:

SnemeHT  obwwii Bua €  copmyna P

dDakT A; AY

Teno Bl,...,Bk Bl&...&Bk
Mpasuno A< (Pg— A)Y
3anpoc 7y o,

XopHoBckoli nornyeckoii nporpamme P = (Rq ... Rpy) CONOCTABUM CUCTEMY
bopmyn Sp = {Pg,, ..., Pr,}
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XJIM: peknapatnBHas ceMaHTUKA

CoaepxaTtenbHo, feknapaTueHas (ocHosHas) cemanTuka XJIM P u
3anpoca Q K Heli yCTpoeHa Tak:

» [Iporpamma — 370 6a3a UMEOLLMXCSA 3aBEAOMO BEPHbIX 3HAHWI
> [lpaBuno «A <« [Bi, ..., Bk];» — 3To yTBep)aeHue O TOM, 4YTO ANS
NtoBbIX 3HAYEHN NEepeMeHHbIX yTBEPXKAEHNE A BEpHO [eCan Ansa Tex e
3HaYeHii BepHbl BCe yTBepXKAeHust By, . . ., Bkl

> 3anpoc K NporpaMme — 3TO BXOAHble aHHble, ONpPeAensioLLIMe BONPOC
06 UMEIOLLIMXCS 3HAHUSAX, HA KOTOPLIA TpebyeTcs OTBETUTL, 3anncas
OTBET B LieNieBble NepeMeHHble (Kak 3ampoc k 6ase AaHHbIX)

» 3anpoc «?Cy, ..., Cp» OTBEYAET BOMPOCY «AJIsl KAKUX 3HAYeHWi
LeneBbIX NEPEMEHHBIX CTAHOBATCA OAHOBPEMEHHO BEPHbLIMU BCE
ytepxaeHus Ci, ..., Cy?»

» [lpaBusibHbIA OTBET Ha 3aNpoc K NporpaMMe — 3TO 3HadeHns LeNeBbIX
nepeMeHHbIX 3anpoca, Npu KOTOPbIX 3TOT 3anpoc Kak dopmyna cieayet
13 NporpamMMbl Kak cUCTeMbl hopmyi
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XJIM: peknapatnBHas ceMaHTUKA

dopmMankbHO, LUeHTpasbHOE NOHATUE AEKNAPATUBHON CEMAHTUKN — 3TO
NpaBU/bHLIA OTBET, K 3TO MNOHATWE ONpeaensieTcs Tak

VarQ = Var¢Q — TaK 3alnwemM MHOXXECTBO BCEX MNeEpPEMEHHbLIX 3anpoca Q

OTeeT Ha 3anpoc @ — 370 nofcTaHoBka 6, Takas 4to Domy C Varg

[MpaBusbHLIA OTBET Ha 3anpoc Q@ K nporpamMme P — 3To OoTBeT 6 Ha 3anpoc
Q, ANst KOTOPOrO BbINOJHEHO COOTHOLLIEHNE

Sp = (900)”
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XJIM: peknapatnBHas ceMaHTUKA

Mpumep

Mporpamma P:
nepHaThiii(Opén); ecTb_KuBOii(OpEn); seraer(opén);
nepHaThiii(4Yaiika); ecTb KuBoOii(4alka); seraer(4anka);
repHATHI (MUHIBUH); ecTb  KUBOT(MUHIBUH);

nepHaThiii(BenoymMpanTop);
nruna(X) < nepuareiii(X), ecrb  kuBoi(X);
3anpoc Q:
?uruna(X), seraer(X)
B dakTax nepeyncneHo BCE, YTO N3BECTHO MPO MEPHATOCTb, COBPEMEHHOCTb
1 CNOCOBHOCTL NEeTaTb YETHIPEX CyLLECTB

EanHcTBEHHOE NpaBMAO NporpamMMbl TPAKTYETCs Tak:
Ecnmn npon3BosibHO B3siTOE CyLLecTBO X MePHATO U eLlé He BbIMEPJ/IO, TO OHO
obs3aTenbHO NTULA

3anpoc K nporpaMme TPakTyeTCst TakK:
[ns kakoro cyuiectsa X BEPHO, YTO OHO NTULA 1 NeTaeT?

MaTemaTnyeckasi nornka u sornyeckoe nporpammuposarue, brok 31 14/17



XJIM: peknapatnBHas ceMaHTUKA

Mpumep

Mporpamma P:
nepHaThiii(Opén); ecTb_KuBOii(OpEn); seraer(opén);
nepHaThiii(4Yaiika); ecTb KuBoOii(4alka); seraer(4anka);
repHATHI (MUHIBUH); ecTb  KUBOT(MUHIBUH);

nepHaThiii(BenoymMpanTop);
nruna(X) < nepuareiii(X), ecrb  kuBoi(X);
3anpoc Q:
?uruna(X), seraer(X)

CyliecTByeT pOBHO fiBa MpaBUNibHbIX OTBETA Ha 3anpoc Q K nporpamme P:
{X/opén} " {X/uaiika}

To ecTb BepHO
Sp | (uruna(X) & neraer(X)){X/opén} n
Sp | (urnna(X) & sneraer(X)){X/4aiika},
a ANs ApYrux OTBETOB Ha Q aHaNOrMYHble COOTHOLUEHUSI HEBEPHbI
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XJIM: peknapatnBHas ceMaHTUKA

Mpumep

Mporpamma P:
nepHaThiii(Opén); ecTb_KuBOii(OpEn); seraer(opén);
nepHaThiii(4Yaiika); ecTb KuBoOii(4alka); seraer(4anka);
repHATHI (MUHIBUH); ecTb  KUBOT(MUHIBUH);

nepHaThiii(BenoymMpanTop);
nruna(X) < nepuareiii(X), ecrb  kuBoi(X);
3anpoc Q:
?uruna(X), seraer(X)

A Ha 3anpoc «?uruia(opén), seraer(opén)» K P eCTb TONbKO OAUH
NpaBW/bHbIA OTBET: £ (TOXAECTBEHHASI NOACTAHOBKA)
lNoTomy 4TO cornacHo P, opén — 3To AefCTBUTENLHO NIeTaroLas NTuLa

A Ha 3anpoc «?uruna(MUHrBMH), tetact(MUHIBUH)» K P HET HU OJHOrO
NpaBuILHOroO OTBETa

[oToMy 4TO M3 P HEBO3MOXXHO JOCTOBEPHO 3aK/IHOYNTb, YTO MUHIBUH
netaet
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XJIM: peknapatnBHas ceMaHTUKA
Opyroin npumep: cHosa [lawa, Cawa, lNawa n nuso

[Mporpamma P:
arobur(pawa, cawa); sobur(cawa, nmBo); Jirobur(nawa, nueo);
arobur(nawa, X) < aobur(nawa, Y), mobur(X, Y);
3anpoc Q:
?06ur(X, pawa)

EanHcTBEHHOE NpaBWAO NporpamMMbl TPAKTYeTCs Tak:
[ns nobbix Npon3BoabHO B3ATbIX npeaMeToB X, Y, ecnn v MNMawa, n X nobsaT
Y, To lMawa nobut X

3anpoc K nporpaMmme TpakTyeTcsl Tak:
Kakune npeameTbl X 0bsizaTensHo ntobst Jdaiy?

CyLLecTByeT pOBHO OAWH NpaBUbHbLIA OTBET Ha 3anpoc @ K nporpamme P:
{X/nawa}
To ectb {X/nawa} — eAnHCTBEHHbIV OTBET O Ha Q, A1 KOTOPOro BEPHO
Sp = (mobut(X, pawa)d)”
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