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BBEJIEHUE

B Mmeroguueckux — yka3aHMAX ~ COAEp)KATCsl ~ MaTepuallbl, HEOOXOAUMBIE IS
CaMOCTOSITENIbHOW TOATOTOBKM CTYJCHTOB K BBIMOJIHEHUIO JabopaTopHBIX paboT. B ommcanue
7a00paTOPHBIX PabOT BKJIIOYEHBI 1L€db padOThl, HOPSJAOK €€ BBINOJIHEHUS, PACCMOTPEHBI
TEOPETUYECKHE BOINPOCHI, CBA3aHHBIE C pealn3allield IOCTaBICHHBIX 3aJay, IpHUBEICHA
HeoOXxouMast TuTeparypa.

Mertoanyeckne yKa3zaHUS TIOCBALICHBI Kypcy «BBeaeHune B (yHKIMOHAJIBHOE
nporpaMMupoBaHue». Ha NpoTskeHMM MHOTMX —THICSYENETUH UeIOBEYECTBO 3aHUMAeTCs
HAKOIUICHHEM, 00paboTKoM U mepenavel 3Hanui. s 3Tux 1eneil HempepbIBHO U300pETAOTCS
HOBBIE CpEJICTBA M COBEPIIECHCTBYIOTCS CTapble: pedb, HMUCbMEHHOCTb, II04YTa, Teuerpad,
tenepoH W T. 1. bompmryro posnb B TexHoJoruu 0OpaOOTKM 3HAHUM CHITpajo TOsBJICHUE
KOMITbIOTEPOB.

B oxTa6pe 1981 ronma SlnmoHCKkOe MUHUCTEPCTBO MEXKIYHApOAHOM TOProBIM U
IPOMBIIIJICHHOCTH OOBSBUIIO O CO3JaHUU HCCIIEI0BATENIbCKOM opranuzauuu — MHcTtuTyTa no
pa3paboTKe METOIOB CO3/IaHUsI KOMIIBIOTEPOB HOBOTO mokosieHus (Institute for New Generation
Computer Technology Research Center). Llenpio maHHOro mpoekta ObUIO CO3/JaHHUE CHUCTEM
0o0paboTku wHpopManuu, OazupyromMXcs Ha 3HaHUAX. llpeamomaranock, 9TO STH CHCTEMBI
OyayT o0ecrieunBaTh MPOCTOTY YIPABICHUS 3a CYET BO3ZMOKHOCTH OOLICHHUS C MOJIb30BaTENIIMU
OpA TIOMOIIM ©CTECTBEHHOT'O S3bIKa. OJTH CHUCTEMBl JOJDKHBI OBUIM CcamMooOy4aThes,
UCMOJIb30BaTh HaKalVIMBaeéMble B NAMITH 3HAHUSA Ui PELICHHUs pa3IMyHOro pojaa 3ajad,
IIPEIOCTABIATh II0Jb30BATENIAIM HKCIEPTHHIE KOHCYJbTAllMU, IMPUYEM OT IIOJb30BaTENsl HE
TpeboBajoCh ObITH cnenuaiucroM B UHpopmaruke. [Ipeamonaranock, 4yTO 4YEIOBEK CMOXKET
ucnoip30BaTh OBM mATOro MoKoJIEHUs TaK K€ JIETKO, KaK JII0Oble OBITOBBIE 3JIEKTPOIPUOOPHI
TUIIA TeJeBM30pa, MarHutodoHa M mbuiecoca. Bcekope Bciex 3a SIMOHCKUM  CTapTOBAIU
AMEPUKAHCKUI U €BPONEUCKUIN ITPOEKTHI.

[TosiBNEeHre TaKMX CUCTEM MOIJIO ObI U3MEHUTh TEXHOJIOTUH 33 CUET MCIOJIb30BaHUs 0a3
3HaHUM U IKCHEPTHBIX cucTeM. OCHOBHAs CyTh Ka4€CTBEHHOI'O Mepexoa K MATOMY MOKOJIECHHUIO
OBM 3akirodanack B Imepexojie OT 00paOOTKM JaHHBIX K 0OpaboTKe 3HaHUU. SMOHIBI
HAJIESUTMCh, YTO WM YyIAcTCSd HE TMIOJCTPauBaTh MBIIUICHHE YEIOBEKA 110/ TPUHIIUIIBI
(YHKLIIMOHUPOBAHUS KOMIIBIOTEPOB, a MPUOIU3UTH PabOTy KOMIBIOTEpa K TOMY, KaK MBICIUT
YeJIOBEK, OTOW/S MPHU ATOM OT ()OH HEHMaHOBCKOW apXWUTEKTYypbl KoMibioTepoB. B 1991 rony
HpPENoiaragoch Co3/1aTh MEPBBII MPOTOTUI KOMITBIOTEPOB MSATOTO MOKOJIEHHUS.

Terepp yke TOHSATHO, YTO IIOCTABJICHHBIC MENM B TIOJHOH Mepe Tak W He ObUIH
JOCTUTHYTBI, OJHAKO JTOT MPOEKT MOCIYXHJ HUMIYIbCOM K pa3BUTHIO HOBOTO BHTKa
UCCJIEIOBaHUM B 00JIACTM HCKYCCTBEHHOI'O MHTEJUIEKTa M BbI3Bal B3pBIB HHTEpeca K
JIOTMYECKOMY MPOrpaMMUpOBaHMI0. Tak Kak 1yt 3QpPeKTUBHON peanu3aluuu TpaauluoHHas (HoH
HEMMaHOBCKasi apXUTEKTypa HE MOIXOHIIa, OBIIH CO3/JaHbI CIICIIUAIN3UPOBAHHBIE KOMITBIOTEPHI
jorudeckoro nporpamMmmuposanust PSI u PIM.

B kauecTBe OCHOBHOI METOAOJOTMH Pa3pabOTKU MPOrPaMMHBIX CPEJICTB IJI MPOEKTa
OBM nmgroro nmokojeHHs Obul0  HM30paHO  JIOTMYECKOE MPOTrpPaMMHUpPOBAHHE, SIPKUM
IpeJICTaBUTENIeM KOTOporo ssisgercss sa3blk Ilpomor. Jlymaercs, 4yTo M B HacTodllee BpeMs
[Tposior ocraercsa Hambosiee MOMYJSPHBIM SI3HIKOM HCKYCCTBEHHOTO WHTEJUIEKTa B SIMOHMU U
Esponie (B CIIA, tpamunimonHo, 0Ooyiee pacmpoCTpaHEH JPYroil S3bIK HCKYCCTBEHHOTO
MHTEJUIEKTa —sI3bIK (DYHKIIMOHAILHOTO IporpaMMupoBanus Jlucm).

HasBanne s3pika "Ilposor" mpoumcxomut ot cioB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢paniy3ckom Bapuante 1 PROgramming in LOGic — B
AHTJIMICKOM).

IIponor ocHOBBIBaeTCS Ha TAaKOM pasjiele MaTeMaTUYecKOW JIOTHKH, KaK HMCYHCICHHE
npeaukartoB. TouHee, ero 0as3uc COCTaBIIAET IMpOLEAypa I0Ka3aTeIbCTBA TEOPEM METOA0M
PE3OJIIOIHH 11 XOPHOBCKHX JU3BIOHKTOB.



1. IEJIb ¥ 3AJJAYYM N3YUYEHUS JUCHUTIINHBI

Llesnb ocBoeHMS MUCHUIUIMHBI «BBeneHHWE B (YHKIIMOHAIBHOE MPOTPAMMHUpPOBAHHE» -
dopmupoBanne HabOopa TpPO(ECCHOHANBHBIX KOMIIETEHIMH Oyaymiero OakamaBpa IO
HarpasieHuto nmoAarotoBku 09.03.02 «MapopManimOHHBIE CUCTEMBI B TEXHOJIOTHI.

3amaun OCBOGHUS JUCIHIUIMHBI: HM3yUYEHUE OCHOBHBIX MOHATHH (HYHKIMOHAIHLHOTO
OpOrPaMMHUPOBaHUsS, OCBOCHHE  HWHCTPYMEHTOB  peHICHUs  3a7a4  (DYHKIIMOHAIBHOTO
POrPaMMHUPOBAHUS.

2. OBOPYJJOBAHUE U MATEPHUAJIBI

AnmnaparHble CpeJICTBA: MEPCOHATBHBIN KOMIIBIOTED;

[Iporpammubie cpenctBa AnbT Pabouas cranuus 10, AnsT PaGouas cranuus K, Anbt
«Cepsep», [laket opucHbIx mporpamm - P7-Oduc.

VYueOnblii kiacc ocHameH [IBM-coBMECTHMBIMH KOMIBbIOTEpaMHU, OOBEAMHEHHBIMH B
JIOKAJIbHYIO ceTh. JIoKallbHas ceTh Y4eOHOTO KJlacca MMEET MOCTOSIHHBIN JOCTYIT K ceTu Internet
no BblAeNeHHOW nuHUM. [l mpoBeneHuss 1a00OpaTOPHBIX PabOT HEOOXOIUMO CIEeAyIoliee
porpaMMHOE OOeCTICUeHHe: OornepanroHHas cucrema AnbT Pabouas craHIus, makeT o(UCHBIX
nporpamm P7-Odwuc.

3. YKA3AHUA 110 TEXHUKE BE3OITACHOCTH

Ilepen nHawyamoMm paOoOTHl clieAyeT YOEOUTbCS B MCIPABHOCTU 3JIEKTPOIPOBOJIKH,
BBIKJIFOYATEJICH, IITETCEIbHBIX PO3ETOK, NMPH MOMOIIM KOTOPBIX 000pyIOBaHHME BKIIOYACTCS B
CeTb, HAJIMYMU 3a3€MJICHUS] KOMITBIOTEPA, €r0 PabOTOCIIOCOOHOCTH.

JUisi CHWKEHHS WU TPEeJOTBpAICHHUs] BIMSHHUA OINACHBIX M BpEeIHBIX (PAKTOpOB
HE00X0/MMO CoOONI0/IaTh CAaHUTApHBIE MpaBUJa U HOPMBI, TMTHEHMYECKHE TpeOOBaHUS K
MEPCOHAIBHBIM 3JIEKTPOHHO-BBIYMCIUTENBHBIM MalllMHAM.

Bo wuszbexxaHue MOBpeXIEHUS H3O0JALUM TPOBOJOB U BO3HUKHOBEHUS KOPOTKHX
3aMbIKAaHUW HE pa3pellaeTcs: BellaTh YTo-11M00 Ha MPOBOJIA, 3aKpalluBaTh U OEIHUTH LIHYPHI U
IPOBOJIA, 3aKJIa/IbIBaTh MPOBOJA U IIHYPHI 3a ra30Bble M BOJONPOBOAHBIE TPYObI, 3a OaTapen
OTOINUTENIbHOM CHCTEMBbI, BBIJIEPTUBaTh IITENCEIbHYIO BWIKY M3 PO3ETKH 3a IIHYp, YCUIIHE
JIOJKHO OBITh MPHIIOKEHO K KOPITYCY BUJIKH.

JUi MCKITIOUYEHHUS MOPakeHUsl JEKTPUUECKUM TOKOM 3alpeniaeTcs: 4acTo BKIIOYaTh U
BBIKJIFOYATh KOMITbIOTEp 0€3 HeoOXOAMMOCTH, MPUKACAThCS K JKpPaHy M K ThUIBHOW CTOpOHE
0JIOKOB KOMIIbIOTEPA, pabOTaTh Ha CPENCTBAaX BBIYUCIUTEIBHOW TEXHUKH WU TNEepUPEpUHOM
000pyJIOBaHUM MOKPBIMH pyKaMHu, paboTaTh Ha CPEACTBAX BBIYMCIMTEIBHON TEXHUKH U
nepudepuitHoM 000pYJOBaHUM, HMEIOLIUX HAPYHIEHHUS IIEJIOCTHOCTH KOpIlyca, HapyLICHHs
M30JSIIMM  TIPOBOJIOB, HEWUCIIPaBHYIO MHJMKALMIO BKJIIOYEHMsS] MHUTaHUSA, C NpPU3HAKAMHU
AIIEKTPUYECKOT0 HAINPSKEHHUs] Ha KOpIyce, KJIacTh Ha CpPEACTBA BBIYHUCIUTEIBHOW TEXHUKH M
nepupepuitHoM 000pyOBaHUH TOCTOPOHHHUE TPEAMETHI.

3ampemiaercs MO~ HAaNpsOKEHUWEM  ouubiaTh  OT  MbUIM M 3arpsA3HEHUd
AIIEKTPOOOOPYAOBaHUE.

Bo  wu3bexxaHue  moOpakeHUsS ~ DJIEKTPUYECKMM  TOKOM, IpH  IOJIb30BAHUU
AIIEKTPONPUOOpaMU HeNb3s KacaTbCs OJHOBPEMEHHO KaKMX-IMOO TpyOOnpoBoJOB, Oarapeit
OTOIUICHUSI, METAINTHYECKUX KOHCTPYKIUH, COEIMHEHHBIX C 3eMJIEeH.

ITocne oxoHuaHust pabOTHI HEOOXOIUMO OOECTOUMTH BCE CPEACTBA BBIYUCIUTEIHLHOU
TeXHUKU U mnepudepuitnoe obopynoBaHue. B ciaydae HempepbsIBHOrO y4eOHOTo Ipoliiecca
HE00XO0/IMMO OCTAaBUTh BKJIIOUEHHBIMH TOJIBKO HEOOXOIMMOe 000pyI0BaHHE.



4. COOEP)KAHUE JIABOPATOPHBIX PABOT

JlaGopaTopHas padora 1. BBenenue B nporpammupoBanue Ha sizbike PROLOG

Heap padoThl: W3ydyeHUE MHCTPYMEHTOB JIOTHYECKOTO MPOrPAMMHUPOBAHMS, H3YUCHHE
SWI-PROLOG. Coznanue u 3amyck nporpamm Ha PROLOG. Pa6ora ¢ uaTepnperaropom SWI-
PROLOG.

OcHoOBBI TEOpUM

HNMnepaTuBHbIe U 1eKJIAPATHBHBIE A3bIKH NPOrPaMMHUPOBAHNUSA

TpaauumoHHO MOA MPOrpaMMON MOHMMAIOT IOCIENOBATEIBHOCTE ONEPATOPOB (KOMaH[,
BBIIIOJHAEMBIX ~ KOMIIBIOTEPOM). OTOT CTWJIb IIPOrPaMMHUPOBAHUS IPUHATO  HA3bIBaTh
umnepaTuBHbIM. IIporpaMMupyst B UMIEpaTMBHOM CTHIIE, IIPOIPAaMMMCT JOJIKEH OOBSICHUTh
KOMIIBIOTEPY, KAK HY’KHO PellaTh 3a4a4y.

[IpoTHBONONIOKHBIM €My  CTWIb IPOrPaMMHUPOBAaHHUA — TaK  Ha3bIBaeMbIH
JEKJIapaTUBHBIM CTWIb, B KOTOPOM Iporpamma IpeACTaBiIsieT COOOH COBOKYIHOCTh
YTBEP)KJICHHM, OMUCHIBAIOUINX (PArMEHT MPEeAMETHON O0JIACTH WM CIOKUBIIYIOCS CUTYalMIO.
IIporpammupys B I1€KIapaTUBHOM CTHJIE, IPOrPAMMMCT JIOJKEH ONKUCATh, YTO HYKHO pPEIIaTh.

COOTBETCTBEHHO M  S3BIKM  IPOTPAaMMHUpPOBaHUS J€ISAT Ha HMMIIEPAaTUBHBIE U
JIeKJIapaTUBHBIE.

VmnepaTuBHble S3bIKM OCHOBaHbI Ha ()OH HEWMAHOBCKOH MOJENIN BBIYMCIECHUN
KoMIlbloTepa. Pemas 3amady, HMMIEpaTHBHBIM IPOrPAMMHUCT BHAdalle CO3JaeT MOJEIb B
HEKOTOpOi (popManbHOM cucteme, a 3aTeM NEpenuChIBACT PELICHHE Ha MMIIEPATUBHBIA S3BIK
IIPOrpaMMHUPOBAaHUsl B TEPMHHAX KOMIbIOTEpa. HO, BO-IIEpBBIX, I 4YEIOBEKA pacCykAarh B
TEPMHHAX KOMIIBIOTEPA JIOBOJBHO HEECTECTBEHHO. BO-BTOpBIX, IOCIEOHMI 3Talm 3TOU
JeSTENIbHOCTH (MIepEeNUChIBAHNE PEIICHUS Ha SI3bIK POrPpaMMHUPOBAHUS) 0 CYTH J€jla HE UMEET
OTHOLIECHUS K PELICHUIO UCXOAHOM 3anauu. OueHb 4acTO MMIIEpAaTUBHBIE MPOTPAMMUCTBI JJaXKe
paszenstoT paboTy B COOTBETCTBHMHM C JByMsl ONMCAaHHBIMHM Bbille 3Tanamu. OnHU JHOAM,
MIOCTAaHOBIIMKU 3a/a4, IPUAYMBIBAIOT pELICHUE 3aJaud, a APYrue, KOAUPOBIIUKH, MEPEBOIAT
9TO pEUICHUE Ha S3bIK IPOTPAMMHUPOBAHUS.

B ocHOBe nekiapaTHBHBIX SI3BIKOB JIEKUT (hopMann30BaHHas deloBedecKas JIOTHKA.
UYenoBek IUIIb ONMKCHIBAET PEHIAEMYIO 337a4y, a IOMCKOM pPELICHUS 3aHUMAETCs UMIIEPATUBHAS
cucTeMa mporpaMMHpoBaHus. B urore moiaydaeM 3HaYUTETBHO OOJIBIIYIO CKOPOCTh Pa3pabOTKU
MIPUIOKEHUH, 3HAYUTEIIBHO MEHBIIMKA pa3Mep MCXOJHOTO KOJa, JErKOCTh 3alMCH 3HAHWM Ha
JICKJIapaTUBHBIX sI3bIKAaX, Oojiee MOHATHBIE, MO CPAaBHEHHIO C HMMIIEPATUBHBIMU SI3bIKAMH,
IIPOrpaMMBI.

M3BecTtHa KiaccupuKanys S3bIKOB MNPOrpaMMHUpPOBAaHHUS MO HX Oau3octH JuOO K
MalIMHHOMY S$I3bIKY, JUOO K €CTECTBEHHOMY 4YeJOoBeYecKoMY s3bIKy. Te, uTo Ommke K
KOMITBIOTEPY, OTHOCAT K SI3bIKAM HHU3KOI'O YPOBHA, a T€, YTO OJIMXKE K YEJIOBEKY, Ha3bIBAIOT
A3BIKAMH BBICOKOT'O YpOBHA. B 3TOM CMBICIIE I€KIapaTUBHBIE SI3bIKM MOYKHO HAa3BaTh SI3bIKAMH
CBEPXBBICOKOT'O MJIM HAMBBICILIETO YPOBHsSI, IOCKOJBKY OHHU OYEHBb OJIM3KH K UYEIOBEUECKOMY
A3BIKY U YEJIOBEYECKOMY MBIIUICHHUIO.

K mmnepaTtuBHBIM fA3bIKAM OTHOCSITCSI TAKHUE SI3BIKM NMpOTrpaMMHUpoBaHus, kak [lackais,
beiicuk, Cu u T. 1. B otnnure ot HuXx, [Iponor sBisercs NeKIapaTUBHBIM S3BIKOM.

IIporpammupoBanue Ha si3bike IIpoJior
IIpu nporpammupoBanuun Ha [lponore ycunus mnporpaMMucra JOJKHBI — OBITH
HafpaBJIeHbl Ha OMMCaHUE JIOTMYEeCKOM Mozenu ¢parMeHTa NpeAMETHOW obiacTu perraeMoit
3aJa4i B TEPMHUHAX OOBEKTOB MPEIMETHOM 001acTH, UX CBOICTB M OTHOIICHUN MEXIy cOOOH, a
He netaneil mporpammHoi peanu3zauuu. @aktudecku Iposor npeacraiser co0oi HE CTOIBKO
A3BIK JIJIS1 IPOrPaMMUPOBAHUS, CKOJIBKO S3BIK JUISI OMMCAHUS JaHHBIX U JIOTMKU X 00pabOTKH.
IIporpamma Ha IIposiore He sBIsE€TCA TAaKOBOM B KJIACCUYECKOM IIOHMMAaHHM, IIOCKOJIBKY HE
COJIEPKUT SBHBIX YNPABJISIONIMX KOHCTPYKIIMH THUIIA YCIOBHBIX ONIEPATOPOB, OIIEPATOPOB LKA
u T. 1. OHa mpencrasisieT coboi Moaenb (pparMeHTa NMpeaMETHONW 00JIACTH, O KOTOPOM HJET
5



peub B 3amaue. U pemieHue 3aa4yn 3amMChIBaeTCs HE B TEPMHHAX KOMIIbIOTEpA, a B TEPMUHAX
IpeIMETHON 00JacTh pelaeMoil 3a1a4u, B [yxe MOAHOIO ceiluyac 0O0bEeKTHO-OpUEHTUPOBAHHOTO
IIPOrPaMMHUPOBAHUS.

IIponor o4eHb XOpOLIO MOAXOAMUT JUIsl ONUCAHUS B3aMMOOTHOIICHUN MEX1y OObEKTaMHu.
[Toaromy Ilposior Ha3pIBarOT peNALUOHHBIM s3bIKOM. [Ipuyem "pensuronHocTs" Ilposora
3HAYUTENBbHO OoJiee MOIIHAs U pa3BUTas, YyeM "PEeNSLIMOHHOCTB' SI3BIKOB, UCIOJIb3YEMBIX IS
o0pabotku 0a3 manubix. Yacrto IIpornor umcmomb3yeTcss Il CO3JaHHUS CHCTEM YIIPaBIICHUS
0a3aMM JaHHBIX, TJ€ MPUMEHSIOTCS OYEHb CIIOXKHBIE 3alpPOChl, KOTOpPbIE IOBOJIBHO JIETKO
3anucars Ha [Iposore.

B Ilposore ouyeHb KOMIIAKTHO, II0 CPAaBHEHUIO C MMIIEPATUBHBIMU SI3BIKAMH,
ONMCHIBAIOTCS MHOTME aJropuTMbl. [lo cTraTHUCTHKE, CTpOKa MCXOJHOIO TEKCTa IPOrpaMMbl Ha
a3bike IIposior cooTBEeTCTBYET 4EThIpHAAUATH CTPOKAM MCXOJHOI'O TEKCTa IpOrpamMMbl Ha
MMIIEPATUBHOM $3BIKE, pelIalolieM Ty ke 3agady. IIponor-mporpammy, Kak NnpaBuiio, OY€Hb
JIETKO IucaTh, MOHUMATh M OTJaXWBaTb. JTO NPUBOAUT K TOMY, 4YTO BpeMs pa3pabOTKu
OpUIoKeHnss Ha s3pike [Iporor BO MHOrHX cilydasx Ha TOPSJIOK ObICcTpee, YeM Ha
umInepaTuBHbIX s3blkax. B [Iposore serko ommceiBaTh U 00pabaThiBaTh CIOXKHBIE CTPYKTYPHI
naHHbIX. [IpoBepuM 3TH yTBEpkAEHUS Ha COOCTBEHHOM OIBITE IIPU U3YYEHUHU JAHHOTO Kypca.

[Iponory mpucyml psj MEXaHU3MOB, KOTOPbIMH HE 00JalaloT TPaJULUOHHBIE S3bIKH
IPOTPaMMHUPOBAHUS: COMOCTABJICHUE ¢ 00pas3IoM, BBIBOJ C MOWCKOM M BO3BparoM. Emie ogHO
CYLIECTBEHHOE OTJIMYME 3aKJIK4YaeTcss B TOM, 4YTO Ul XpaHeHMs JaHHbIX B Ilposore
UCIIOJIb3YIOTCSl CIIMCKH, @ HE MAacCUBBL. B s3bIk€ OTCYTCTBYIOT OIE€paToOpbl MPUCBAUBAaHUS U
0e3yCcIIOBHOIO Iepexosa, yKaszaTeslud. EcTecTBEeHHBIM M 3a4acTyl0 €IMHCTBEHHBIM METO/0M
IIPOrPaMMUPOBAHUS SBJISIETCS PEKYPCHSL.

Jns pemieHust 1000# 3a1auM €CTh ONTHUMAIbHBIM S3bIK (SI3BIKM) MPOrpaMMHMPOBAHUS.
MHorue 3agauy, XOpoOILIO pellaeMble UMIEpaTUBHbIMU si3bikamu Tuna [lackans u Cu, mioxo
pewatotcs Ha [Iposore, u Ha060poT. OcHOBHBIE 06sacTH mpuMeHeHus [Iposnora:

- ObIcTpast pa3paboTKa MPOTOTUIIOB IPUKIIAHBIX POTPaMM;

- aBTOMaTUYECKHUH NIEPEBOJI C OJHOTO SA3bIKA HA APYTOM;

- CO3/JaHNE €CTECTBEHHO-A3BIKOBBIX HHTEP(ENCOB I CYIIECTBYIOIINX CUCTEM;

- CHMBOJIbHBIE BBIYMCICHUS JJIi PpELICHUs YypaBHEHUH, Iu(QepeHuupoBaHus MU
UHTETPUPOBAHUS;

- IPOEKTUPOBAHHNE AUHAMHUECKUX PESLHOHHBIX 0a3 1aHHBIX;

- OKCIIEPTHBIE CUCTEMBI U 000JI0YKH IKCIIEPTHBIX CUCTEM;

- aBTOMaTU3UPOBAHHOE YIIPABJIEHNE IIPOU3BOACTBEHHBIMU IPOLIECCAMU;

- aBTOMaTHUYECKOE J10Ka3aTeIbCTBO TEOPEM;

- IOJIyaBTOMAaTHYECKOE COCTABIIEHUE PAaCIIUCaHU;

- CHCTEMBbl aBTOMAaTH3UPOBAHHOTO MPOEKTUPOBaHUS, Oa3upyrolieecs Ha 3HAHUAX
porpaMMHoOe o0ecrieueHue;

- OpraHu3allus cepBepa JaHHBIX WJIM, TOYHEe, cepBepa 3HAaHUM, K KOTOPOMY MOXKET
oOpamarbest KIMEHTCKOE MPUIIOKEHNE, HATUCAHHOE Ha KaKOM-JTHOO0 sI3bIKE MPOTrPaMMHUPOBAHHUS.

3HakomcTBO ¢ nHTepnperaropom SWI-PROLOG

B mnanke c ycranoBnenHsiM SWI-PROLOG Boiigute B aupektoputo pl/bin, co-
nepxantyto (aiin plwin.exe, u 3amyctute ero. Ha skpaHe MosSBUTCS IIaBHOE MEHIO U TJIABHOE
(mmanorooe) okHo ¢ npurnamenueM SWI-PROLOG (cm puc.1).



{14 SWI-Prolog (Multi-threaded, version 5.6.25)

File Edit Settings Run Debug Help

Welcome to SWI-Prolog (Multi-threaded, Version 5.6.25) A
Copyright («) 1990-2006 University of Amsterdam.

SWI-Proloy come= with ABSOLUTELY NO WARRANTY. Thi= i= free software,

and you are welcome to redistribute it under certain conditions.

Plea=e wvi=it http://wwvw.=wvi-prolog.oryg for details.

For help, use ?— help(Topic). or ?— apropos (Woxd) .

T2

Pucynoxk 1.1 - Bun nuanorosoro okaa SWI-PROLOG

I'maBHOE MEHIO MOXKHO caeiaTh akTHMBHBEIM, HaxkaB F10 uinn Alt. Korga riiaBHoe MeHIO
AKTUBHO, €r0 JJICMEHTHI MOXXHO BBIOpaTh C TMOMONIBIO KJIABUII YIIPABICHUS KypcOpOM |
MOCNEAYIOIUM HakaTueMm kiaBuiin Enter. BeiOuparh 31€MEHTHI TJITaBHOTO MEHIO MOXKHO
TaK)K€ U MBIIIBIO.

IIporpamma Ha IlpoJiore
[Tporpamma na IIposnore cocTouT U3 GakToB U MPaBHII, KOTOPbIE 00pa3yroT 0a3y 3HaHUI
[Tposior-mporpaMmel, 1 3ampoca K 3Toil 6a3e, KOTOpbIH 3a/1aeT LeIb TOMCKA PELICHUH.

Ipenukarsl
OnucelBalOT OTHOIICHHE MEXIy OOBbEeKTaMH, KOTOpbIe SBISIOTCA AapryMeHTaMu
MpeauKaTa.

PdakTbI
KoHCTaTHpYIOT HajdWyue 3aJaHHOTO MPEIMKATOM OTHOIICHHUS MEXKIy YKa3aHHBIMHU
00BEKTaMHU.

IMPUMEP
Koncratanus ¢axra B mpeaoxkeHun
OJIUIeH JIFI0OOUT TEHHHUC.

B CHHTaKCHCE Hponora BBITVIAUT TakK:

| AOHT(INeH, TeHHHC).

HM$ OTHOLLCHHA HMEHA 00BEKTOB
(MM npeauKaTa) (3HAYEHHA apTYMEHTOR)

Pucynok 1.2 — Cunrakcuc IIponor

Nwms npenukara (¢pyHKTOpa) W O0BEKTa JIOJKHO HAYMHATHCS C MaJICHbKOW OYKBBI U
MOJKET COJepX aTh JAaTHHCKUE OYKBbI, KUPWUIUIY, HUPPHI U CUMBOJ MoadepkuBaHus ().
Kupminuua ucnone3zyercss HapaBHe ¢ JaTUHCKUMHU OykBamu. OOBIYHO MpeAMKaTaM JaloT TaKue
MMEHa, 4YTOOBI OHHM OTpa)kaJii CMbICT OTHomieHus. Hampumep: main, add file name. [IBa
npearKaTa MOTYT MMETh OJMHAKOBBIE MMEHa, TOTJa CHCTEMa pPAaclo3HaeT MX KakK pa3Hble
MIPEANKATHI, €CJIM OHW MMEIOT Pa3IMdHOE YMCIIO0 apryMEHTOB (apHocTh). Hampumep, mobut/2,
aro6uT/3.



Nwms mpenukaTa MOKET COBMAIaTh C MMEHEM KaKOro-TuO0 BCTpoeHHOTo npeankaTa SWI-
PROLOG. Opnnako, ecny COBHAJIM MMEHa IOJb30BaTEILCKOTO U BCTPOEHHOI'O MpEAuKaTa, TO
npu oOpameHnd K HeMy (OO W3 MHTepHperaTropa, JUOO W3 MpOrpammbl), OyJeT BbI3BaH
MOJIb30BATENbCKUN  TpEJuKaT, T.e.  IOJb30BAaTEIbCKOE  OMNPEICIICHUE  «IIEePEeKpPOeT
npenonpenenennoe B SWI-PROLOG.

IIpaBunia
HpaBI/ma OIIMCBIBAIOT CBA3U MCKY NPCAUKATAMMU.

Bumnn nodbuT BCe, UTO JIOOUT ToM.
B cuHTakcuce [Iponora:
Jaodut ('Bunn', HeuTo) :- jgwodut('ToMm', Heuto) .

[IpaBuso B:-A cootBercTByeT nmmuukanuu A—B («kECJIN A , TO By).

B 06miem Buzie mpaBuiio - 3TO0 KOHCTPYKITUS BUJIA:

PO:-P1,P2,....Pn.

kotopas untaercs «P0 uctunno, ecnu P1 u P2 u ... Pn uctuaab.

[Ipenukar PO Ha3piBaeTcs 3arojioBKOM MpaBuia, Belpaxkenue P1,P2,....Pn - Terom
npaBuIia, a npeaukatsl Pi - monuensmu npaswia. 3amstas o3Hadaet jorudeckoe "MN".

@akThl ¥ NpaBWJIA HA3BIBAIOTCA TAKXKE YTBEPKIACHUSAMU WM Kio3aMu. PakT MOMKHO
paccMaTpuBaTh Kak MPaBUII0, UMEIOIIEE 3ar0JI0BOK U ITyCTOE TEJIO.

IIpoueaypa

[Ipouenypa - 3T0 COBOKYITHOCTh YTBEPKIACHHUM, 3ar0JIOBKH KOTOPHIX UMEIOT OJIMHAKOBBIN
GbyHKTOp U OIHY U TY K€ apHOCTh. [Iporenypa 3agaet onpeaeneHyue npeaukara.

Konen npeanokeHuss Bcerga OTMEUAeTCsl TOUKOM, MOATOMY Bce (DakThl, MpaBuia U
3aMpochl JOJKHBI 3aKAHYUBATHCS TOUYKOW. 3aMETHUM TaKKe, 4TO MEXAY MMEHEeM MpeauKara u
CKOOKOM HE JOJKHO OBITh MPOOEIIOB.

Iepemennas
HepeMeHHaﬂ - IOMMEHOBaHHas 00/1acTh maMsATHU, IIC MOXKET XPAHUTHCA 3HAYCHUC.
Ecnu nepemeHHas He CBsi3aHA CO 3HAUEHUEM — OHA Ha3bIBAETCSl CBOOOIHOM MepeMEHHOM.

Yuupurkauus

VYHudukanus - mnpouecc Moxyd4eHus CBOOOJHOW NepeMEeHHOW 3HAYeHMs B pe3ysbTaTe
coIocTaBJIeHus pu JjorndeckoM BeiBosie B SWI-PROLOG.

IlonaTne mnepeMeHHOW B JIOTMUECKOM MPOTPaMMUPOBAHUHM OTIUYAETCS OT 0a30BOTO
MOHSTHSI IEPEMEHHOM, KOTOpPOE BBOJUTCSA B CTPYKTYPHOM IporpammupoBaHuu. [Ipexne Bcero,
3TO OTJIMYME 3aKIoyaeTcss B TOM, 4To nepemeHHas B SWI-PROLOG, onHaxasl 1ojIyd4nuB cBOe
3Hau€HUe MpH YHUPHUKAIUMU B IIpolecce padoThl MPOrpaMMbl, HE MOXKET €ro U3MEHHTH, T.€. OHA
CKOpee SBISETCS AaHAJOrOM MAaTEMaTH4YECKOro IOHATHS «IIEPEMEHHas» — HEU3BECTHAas
BennunHa. [lepemennas B SWI-PROLOG He nMeeT npeaonpeAesieHHOro THIa JAHHBIX U MOKET
OBITH CB3aHA CO 3HAYEHUEM JIFOOO0T0 THIIA TaHHBIX.

[lepemennas B SWI/PROLOG o603HauaeTcst Kak MocieA0BaTeIbHOCTh JATUHCKUX OYKB,
KUPWUIMLBL U 1K(p, HAYMHAIOLIAsCA C 3arjlaBHOM OyKBBI MJIM CHMBOJA MOA4YepKuBaHus ().
3aMeTuM, YTO €CiM 3HAYeHHE apryMeHTa MpeAuKaTa WIM ero UMs HauMHAeTCsl C 3aryiaBHOM
OYKBBI, TO OHO MUIIETCS B anocTpodax.

B SWI-PROLOG paznu4aroTcst CTpoYHbI€ U 3arjlaBHbIE OyKBBI.

Paccmorpum  crnenyromyto  mporpammy Ha  SWI-PROLOG, «kortopyio Oyaem
WCIIONIb30BaTh [UISl WJIIIOCTPALMK TPOLIECCOB CO3/JAaHUS, BBIOJHEHUS U PEAAKTUPOBAHUS
ITposnor-nporpamm.

JIncrnur 1.1.

/* KTO 4uTOo JIIOBUT */



JaduT ('Snyen', TeHHMC) . 3OJJIeH JIOOUMT TEeHHMC
aodbut ("IxoH', dyTbos) . IIXOH JOUT PyTOOI
aobut ('ToMm', Oemcbos) . $Tom Jjodur Oericbon
JoOUT ('Spuk', OjaaBaHMe) . $OPUK JIOOUT I1JlaBaHUe
JobuT ("Mapk', TeHHMC) . FMapk JOOUT TEHHUC
noduT ('Bunn', X) :—awodur ('Tom', X) .

$Bunn goduT TO, YUTO JIIOOMT ToM

KommMmenTapuii B cTpoke mporpaMmbl HAYMHAETCSA ¢ CUMBOJIA % U 3aKaHYMBACTCSI KOHIIOM
CTPOKH. BJIOK KOMMEHTapHEB BBIACISCTCS CIICIUATBHBIMU CKOOKAMH:
/* (mavano) u */ (koHen).

3aganme 1.1

Jlnist Toro 4toObl HAOpaTh TEKCT MPOTPAMMBI, BOCIIOJIB3YHTECh BCTPOCHHBIM TEKCTOBBIM
penakTopoM. UToOBI co3maThk HOBBIN (aitnm BeiOepeTe komaHay File/New, B TuasioroBoM OKHE
YKaXUTE MMs HOBOTO (paiiyia, Hanpumep, Tect. s penakTupoBaHus y)Ke CO3JaHHOTO (aiina ¢
UCTIOJIb30BAaHUEM BCTPOCHHOTO PEAAKTOpa MOXHO BOCIOJB30BaThess Komanaon mento File/Edit.
Habeiite mporpammy 1 (TeKcT mporpaMmsl BbilIe Mo TeKCTy) U coxpanuTte ee (File/Save buffer).

Fraf TecT. pl

File  Edit Browse Compile  Prolog  Poe Help

JHGHT (" SaneH”, TeHHEMC) . 3S0NeH OHOMT TeHHHC

qbMT (" OxoH", dyvrlon) . $OwoH Jwbur dyTBon

THBGHT ("ToM™ , BelcBon) . %ToM mmbuT BelHcBol

JobMT (T9pue T, InapadMe) . (39pME O0EHT OUABAHHS

JbMT ("Mape', TeHHMc) . $Mape JHBMT TeHHMCO

THGHT ( TBnanT, ¥) i —mwbur ("Tom',¥) . %BMIO MHGHT To, 4To JHOHT TOM‘
=& Line: B

Pucynok 1.2 - BHemHuii BU1 peiakTopa

KpacHpIM 11B€TOM NOJICBEUMBAIOTCS MPEAUKATHI B 3ar0JIOBKAaX MPEUIOKEHUH, KOTOPbIE C
toukn 3peHuss cuHTakcuca SWI-PROLOG koppekTHbl. VYkazaTenb “Kypcop” MOXKHO
MCIIOJIb30BAaTh Ul BBIBEPKU (HaIpUMep, KOPPEKTHOCTH) PACCTAaHOBKU CKOOOK. 3€TIEHBIM 1IBETOM
BBIICTISIIOTCS. KOMMEHTApUHM, TEMHO-KPACHBIM ILIBETOM - TIiepeMeHHble. [loguepknBanneM
BBIIETISIIOTCSL MPEAMKAThl B Telle IMpaBWila, KOTOPbIE COBMAJAIOT C TMPEAMKATOM 3arojioBKa,-
TakKUM 00pa3oM aKIEHTHPYETCS BHUMaHUE Ha BO3MOXXHOM 3allMKJIMBAHUN IPOrPaMMBI.

YroObl 3alyCTUTh NPOrpaMMy, CHayasia Heooxoaumo ee 3arpy3uts B SWI-PROLOG nns
BBITIOJIHEHHS. JT0 jaenaercsa BeioopoM omiuu Compile/Compile buffer 3 okna pemakrtopa.
Pesynprar xommuisiuu otoOpaxaercss B okHe wuHTeprperaropa SWI-PROLOG. Tam xe
YKa3bIBAIOTCS OIIMOKM, BO3HMKIIHME MPU KOMMMWIALMHM, Yallle BCEro OHM OTOOpakaloTcs U BO
BCIUTBIBAOIEM OKHE oIHO0K. OOBIYHO Mepel KOMIUIISIIHUEN peaaraeTcs COXpaHuTh Qaii.

Hpyroit cnoco0 3arpy3uTh yKe CYLIECTBYIOIIMHM (pailm — 3TO BBIIOJHEHHE KOMAH/IbI
Consult B monmento File nuanoroBoro okna SWI-PROLOG. Ha skpane mosIBUTCSI 1UAIOTOBOE
OKHO.



Load file into Prolog @

Nanka: I_} Swl-prolog _vJ ek B~

7 ‘3 ‘:’.E’TBE T

HeaasHue
AOKYMEHTbI

I

Patouuii cton

Mou nokymeHTer
=9
Mol komneloTep
‘:‘} Wma eaiina: I L] OTkpbme
Ceresoe Tun eaiinos: | Prolog Source ~| OTmeHa

OKpYKeHUe
Ry I Tonbko yreHue

Pucynok 1.3 - JluamoroBoe okHO

Vxkaxure ums ¢aiina, KOTOPHIA BBl XOTHTE 3arpy3uTh, U BeiOepuTe OTKpBITh. ECin BB
HOIBITAETECh 3arPy3UTh Ul BBINOJHEHUS (aiij, B KOTOPOM €CTh CMHTAKCHYECKHE OLIMOKH, TO
OH HE 3arpy3HTCs, a BBl TIOJYyYUTE COOOIIECHHE 00 OMMOKE B TJIABHOM OKHE. YTJIOBBIC CKOOKH <<
>> OynyT BBIAEIATh MECTO, TJ€ BCTpeTHiach omunoka. [To ymomyanuto Qaiissl, accouupyemMble
¢ SWI-PROLOG uwmetor pacuupenue.pl.

Dailibl TAK)KE MOKHO 3arpy3UTh, HCIIOJIb3YSl BCTPOSCHHBIN [TPEINKAT:

consult (Mma damnmia MM MMeHa HEeCKOJIbBKMX (QaniioB) .

Jlucrnur 1.2

consult (Test) . % test - mmMma dansa
consult ([Testl, Test2]). % Barpy3ka OBYX GaljoB.

consult (‘test.pl’) .1

I[J'ISI BBITIOJITHCHHUA 3arpy3ku OTOT MPCAUKAT HYKHO HAIMCATh B TJIAaBHOM OKHE ITOCJIC
MMpUrjIalliCeHus UHTCPHIpPETATOPa (?'), KOTOPOC 03HAYACT, UTO UHTCPIPLETATOP KACT 3aIIpOC.

3anpoc
3anpoc -3TO KOHCTPYKIUS BUJA:
?-P1,P2,...,Pn.

koTopas untaercs "Bepro nmu P1 u P2 u ... Pn ?". [Ipenukatsl Pi Ha3pIBaroTCs MOAUENSIMH
3amnpoca.

3ampoc sIBIsSIETCS CIIOCOOOM 3amycka MeXaHW3Ma JIOTUYECKOTO BBIBOAQ, T.€ (PaKTHUYECKU
3anyckaet [Iponor-nporpammy.

Jlis mpocMOTpa TPEANOKEHUN 3arpyKeHHOW Oa3bl 3HAHUKW MOXKHO HCIOIB30BaTh
BCTPOEHHBIN mpenukar listing.

ITpoBepbTe 3arpy3ky ucxonHoro ¢aiia (Jlucrunr 1.1), 3agaiite 3anpoc:

?-listing.
Bsenure 3ampoc:
[e)

?—Jqobut ('Bunn', bencbod) . % Jobur am Buaa 6emncbo?

[Tonyunte oTBET yes (Zla) M HOBOE MpHIJAllleHHWe K 3ampocy. Bmeaurte cnemyroiue
3aMpochl U MIOCMOTPUTE HA PE3YJIbTATHI.

JIucrnur 1.3

?=gobuT ('Buin', TeHHUC) . SJoOmUT JIM BUIIJI TEeHHMUC?

10



?=obut (KTo, TeHHMC) . 3KTO JI0OOUT TEHHMUC?

?-Jo0uT ( 'Mapk',YTto) , uobuT (' Oaynen' ,dTo) . 3UTO JsobaT Mapk u

SJ1eH?
?=qobut (Kro, 4YTo) . $KTo uTO JIIOOUT?
?-moout (Kro, ). $KTo jwobur?

[Tpu noucke pemrennii B 6a3e [Iposora BeigaeTcst IepBOE peIicHUE.
Jluctunr 1.4

?=JobuTt (KT0, TEHHUC) .

Kro = 'Onnen'

Ecnu HeoOXoaumo MpoNOIDKUTH MOUCK B 0a3e MO 3TOMY K€ 3ampocy U IOJyYUTh
ATbTePHATHBHBIC PEIICHUS, TO BBOJUTCS TOUYKA C 3aIISATOM;

Ecnu HeoOxoammo mpepBaTh BBIMIOJIHEHUE 3ampoca, (HampuMep, Hy>KHO HaOpaTh APYyroi
3a1poc), UCTIOIB3YHTE KIIaBUIILY b.

He BBouTe MM (aitia ¢ pacmmpenuem 6e3 anmoctpodos.

Ecim Bbl XOoTHTE TOBTOPHTH OJWH W3 TPEIABIAYIINX 3alpPOCOB, BOCIOJIB3yHTECH
KJIaBUIIaMHU "cTpesika BBepX' wiM "cTpenika BHU3'.

[lepesarpy3utb, M3MEHEHHBIC BO BHEIIHEM peaakTope, (aiapl MOXKHO, WC- TOJIB3Ys
BCTpOeHHBIH npeankaT make. Hampumep tak: ?-make.

|14 SWI-Prolog (Multi-threaded, version 5.6.25)
File Edit Settings Run Debug Help

1 ?— Warning: (£:/ nporp P Smwif swiprolog+npmmtepm mporpa A
o/ mecT.pl:2) :
Fingleton wvariables: [Hewuro]

T £:/1L nporp P /SWI/H FWIprolog+npmmsepn nporpams/ TecT.pl co
wmpiled 0.00 sex, 1,704 bytes
T £:/1L mporp /SWI/H FWIprolog+npmsepn nporpams/a.pl.txt o

orpiled 0.00 =ec, 1,324 bytes
1 ?- % SWI-Proloyg ver=ion 5.6.25 by Jan Wielemaker (jan@=wi-prolog.org)
Copyright () 1990-2006 Univer=ity of Amsterdan.
BWI-Proloyg comes with ABSOLUTELY NO WARRANTY. Thi=s i=s free software,
and you are welcome to redistribute it under certain conditions.
Pleame wvi=it http://www.swi-prolog.oryg for details.
1 ?- make.
Warning: (£:/ xoe mpor P Fmwi/ swiprolog+np px mporpanms/ Te
ar.pl:2):
Singleton variable=: [Heuro]
T E:/ nporp Fmwif =wiprolog+npwmsepn nporpamms/TecT.pl oo
rpiled 0.02 =ec, 196 bytes
s £:/ nporp P Smwi/ =wiprolog+npmsepm nporpamns/a.pl.txt o
orpiled 0.00 =ec, 296 byte=
% Beanning reference= for 1 pommibly undefined pradicates

R

Ye=
2 =

Pucynok 1.4 — BctpoeHHBII npeaukat make

[lepesarpy»katorcst Bce u3MeHeHHbIe (aiiibl U Qailyl HayaabHOM MHUIMATU3auuu pl.ini; o
€ro Ha3HaYeHUU OyAET OrOBOPEHO MO3THEE.

Hcnonb3oBaHnue BCTPOEHHBIX NPEeIUKATOB
B untepnperatope SWI-PROLOG umerorcsi, kak ObIJIO OTMEUYEHO BBIIIE, MHOXKECTBO
BCTPOEHHBIX MpeauKkaToB. ONUIleM HEKOTOpblE W3 HUX:

consult (Mms ¢aiiaa).
— 3arpy3Ka OJIHOTO UJTM HECKOIBKHX (HaIIOB.

?—- consult(test). test - umsa ¢amnna

pwd

— TMOKa3bIBaeT TEKYIIUN pabounii KaTasor.
?- pwd. c:/prolog workspace

make
— Tepe3arpy3uTh Bce n3MeHeHHbIe (aiimsl (*.pl). B Tom uncne u pl.ini. Ananor
11



consult. Y 1o0Ha npu penaktupoBaHuu (hailioB BO BHEITHEM PEIAKTOPE.
?- make.

working_directory(X,Y)
CMeHa pabouero karaiora, rae X — TeKyImuid padouuii kataior, Y — HOBBIA pa- Oouuit
KaTaJjor.

Is
IIPOCMOTP CHHCcKa (hailiIoB B TEKyIeM pabodyeM KaTajore.

?- 1s. a.pl

3aganue 1.2

[lepeBenaute mNpemIoKEHHUS PYCCKOTO s3bIKa B NpeAWKaTHYI (opMy, cosznaiire,
COXpaHHTE U 3arpy3ute 0a3y 3HaHUU.

DmieH moOUT uteHue. Mapk mooutr KommnbloTepbl. [[KOH J1I0OUT OGaIMUHTOH. DpHK
JTIOOUT YTEHHUE.

bagmuHTOH - 3T0 BHJ criopTa. TEHHHC - 3TO BUJI CIIOPTA.

®yTtOou - 3TO BHA criopTa. beiicbon - 310 Bu criopra

CHOpTCMEH - 3TO TOT, KTO JIFOOUT KaKOH-HUOY/b BHI CIIOPTA.

OO0benuHUTE 3Ty 0623y ¢ 6a3oit 3 3amanus 1.1.

BrinosiHeHHe ¥ TPACCMPOBKA MPOrPaMMbl

Anroput™m BbinosHeHus [Iponor-nporpaMMbsl OCHOBaH Ha ME€XaHU3MeE IPSIMOro repedopa
C BO3BPATOM U OIEpaly COMOCTaBiIeHUs (YHU(PHUKAIIUN).

BoinonHenue mporpaMMbl HadMHaeTca c 3ampoca. lIponor-cucrema Oeper mepByrO
MOALCNIb 3alpoca U TbITaCTCA JO0Ka3aTb €€ MCTHUHHOCTh. J[Ji1 3TOro mpocMaTpuBarOTCs
nporpaMma (CBEpXy BHM3) M HILETCS MEpPBOE YTBEp)KIEHUE, (YHKTOpP U apHOCTh KOTOPOTO
COBIAJAIOT ¢ YHKTOPOM M apHOCTBIO 3TOM MOJIIIEINH.

Ecnu Takoe yTBep)kKlleHHE CYIIECTBYET W IPOUCXOAUT YCHEIIHOE COMOCTaBJICHHE
apryMeHTOB, TOTJa B Cilydae yTBep)KAeHus-¢pakra - MOJLENb Joka3zaHa, U I[Iporjor-cucrema
MEePEXOAUT K JOKA3aTENbCTBY CIENYIONIEeH noauenu. B cinydae yrep:xkaenus-npasuia IIposor-
CUCTEMa IBITAETCA JOKa3aTh ICTUHHOCTH MOALENIEH Tella IIPaBUila CJIEBA HAIIPABO.

Ecniu npu mnoucke pemieHus OOHapyXEHO HECKOJIBKO BapHaHTOB JOKa3aTelbCTBa
UCTUHHOCTH 1ienu, To lIposor-cucrema 3amoMHMHAeT aJbTEpHATHBHBIE BapHUaHTBHl PEIICHUS -
TOYKH BO3BpATa.

Ecin 11t HEKOTOpOM LM HET HU OJHOIO YTBEPXKACHMS, C KOTOPBIM €€ MOXKHO
COINOCTaBUTh, TO LIEJIb CYATAETCS HEyCNEemHOM. Ecy npu 3TOM OCTaIMCh HENPOWIEHHBIE TOUKH
BO3BPAaTa, TO BBINOJIHAETCS BO3BpaT (OEKTPEKUHT) U €Ille pa3 JeaeTcs MONbITKA J0Ka3aTelbCTBA
MTOALIEIIH.

Brinoinenune nporpammel Ha si3bike IIposior
Jluctunr 1.5

Basa BHaHUM:

12



3anpoc
?- a(X),b(X),e. IOEPEBO BHBOIA

Ha pucynkax npeacraBieHo J1epeBo BbIBOAA. JKUPHBIMU JIMHUSMU B iepeBe 0003HaYCHBI
W-nepeBbss — A7 0Ka3aTeIbCTBA TAKOTO JIepeBa HEOOXOIUMO, YTOOBI KaK[as €ro BeTKa
«omupanach» Ha ucTuHHOe yTBepxkaeHue. WJIM-nepeBbs UCXOAAT M3 BEPIIMH C TOYKAMU
BO3BpaTa, TakKO€ JAEPEBO HMCTUHHO, €CIM XOTs OBl OJHa BETKa ONUPAETCS Ha MCTUHHOE
yrBepxaeHue. [lyHKTupHbIE TUHUH — alIbTepHATUBHBIE BETKH, HE paccCMaTpUBaeMble Ha JaHHOM
stane (0o JOKHKIE, MO0 eIle He PACCMOTPCHHBIE).

B nanHoM mpumepe moiyuyeHHE pelIeHHUs CKIIaJbIBaeTcs U3 Tpex JTamnoB. BHauane
paccMaTpuBaeTcs nepBas MOJIENb — OHA UMEET J[Ba MPEUIOKEHUsI B 0a3e, 3aroJOBKM KOTOPBIX
COIMOCTaBUMBI C HEH, MOITOMY OHa SIBJISIETCS TOYKOMl BO3BpaTa. BriOupaercs mepBoe cBepXy
npemioxkenue — 31o ¢akrt a(l), mpu 3Trom cBOOOAHAs mMepeMeHHas X TojydaeT 3HadeHue 1.
[lepBas uenp 3ampoca nokazaHa. Bropas menb - b(l) (X yxe cBs3aHa co 3HadeHHeM 1) He
COITOCTABJISIETCS. HA C OJJHAM MPABUIIOM 0a3bl, CIIEJOBATEILHO, SBISICTCS JIOKHOM.

BbakTpekunr — Bo3BpaT k Onmxaiiiiedr Touke Bo3Bpata, T.e. a(X). Ha BTOpoMm depese
0TOOpa)keH BBIBOJ 110 BTOPOIl anbTepHaTHBe. CBA3BIBAIOTCS JIBE IIepeMeHHble X U3 3amnpoca U Y
W3 IpaBwmiIa A npenukata a. @akrudecku 3amnpoc ?-a(X),b(X),e nmoameHsercs Ha HOBBI Habop
neneir ?-¢(Y),d(Y),b(Y),e. IlepBas moamens — 310 c(Y) — OHA SBISETCS HOBOH TOYKOU
BETBJICHUS, TaK Kak yHU(PHUIMpYyeETCs ¢ AByMs MpeanoxkeHusMu B 0aze. [lepBoe mpennoxxenue —
¢axT npuBoauT K yHU(UKanuu Y ¢ 1, HO cneayromas B Habope noauens d(1) — moxHa.

Tperse nepeBo oTpaxaer anbrepHatuBy it c(Y) ¢ yHuduxamumern Y=2. [{nsg atoit
QIbTEPHATHBBl HMCTUHHBI BCE TMOCIEAYIOIIME Iedu U3 Habopa (OHM YHHDUIUPYIOTCS C
COOTBETCTBYIOIIUMU (haKTaMu).

3ananue 1.3

3arpysure IIponor-nporpammy u3 3ananus 1.2.

B SWI-PROLOG ectp nBa BHAa OTIAAUMKOB: KOMaHAHBIHZ2 U rpaduyeckuii3, B
HOCJIETHEM TPACCUPOBKA BBITIAAUT OOJIee HATJIsTHO.

Jlnst mepexona B PEXHUM TPACCHUPOBKM HEOOXOAMMO HaOpaTh BCTPOCHHBIA MpPEIUKAT
debug. Jlns BBIXOA U3 peXUMa TPACCUPOBKHU — mpeaukar nodebugs.

‘% Prolog debugging

Mode: ﬂnrmallgebug Trace |
?factarial.-’l?
ikes/2
'sasongﬂ
Predicate: ﬂ B | &

Pucynok 1.5 — PesxuM TpaccupoBku

[lepeiiniuTe B pexXuM TpacCUpOBKU. Jlias TpaccMpoBKM HEOOXOIUMO  yKazaTh
KOHTpOJIbHBIE TOYKH (Spy points) B meHto Debug->Edit spy points->Predicate, rae ykazaTb
UMEHa IpeauKaToB. B 1aHHOM ciyyae ykakute mpeaukar Jroour. OOpaTu- Te BHUMAHUE, YTO
CIpaBa BHU3Y HAXOMATCS TPU KHOIIKH, TJ€ YKA3bIBAIOTCSA KaK KOH- TPOJbHBIE TOUKH, TaK U TOUKU
TpaccupoBku. KoHTpombHBIE TOUKH (Spy points) MO3BOJISIOT BBI3BATh TpauecKuil OTIaauuK.
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Touku TpaccupoBku (Trace points)— KOHCOJNBHBIA OTJIAAUUK. TpeTuil BEIOOp — MPOCMOTP U
penaktTupoBaHue (aiinga mporpammsl, cojepxaileii, BBeaeHHbI B mone Predicate, mpenukar.
Buemnuii Bua n300pa’keH Ha CHUMKE HIDKE.

[ 2- a(X),b(X).e. ]

a(X) [ b(1) }
(Touka BO3BpaTa) fail

A=Y
a(Y):-c(Y),d(Y).

Pucynok 1.6 — BrinosiHeHne nporpaMmsl

[ *-a{}(}bp{)c ]

a{K}
(TouKa anﬂpa’ra}

X—lr’ ‘
a(Y):-c(Y).d(Y).
I

I
e(Y) d(1)
(TouKa BO3BpaTa) fail

I |

Y=1I
o(1)

true

Pucynok 1.7 — BeinosiHeHHE TpOrpaMMBbl

I'paduueckuii 0TIa UMK HE MOAEPKUBAT PYCCKUX MPEIUKATOB (He paboTaeT KOPPEKTHO
yKa3aHWe KOHTPOJIbHBIX TOYEK U TOYEK TPACCHUPOBKU depe3 rpaduueckuil uurepdeiic). B cpszu
C OTUM ONMIIEM MpEAUKaThl, OTHOCALIMECS K OTIAJAKE IPOrpaMMbl C HCIOJb30BAHUEM
KOMaHJHON CTPOKH.

Tabmuna 1.1 — IpeaukaTsl TpacCUPOBKHU

[Ipeaukar Onucanue

trace BKIIIOYMTDh PEXUM TpacCUpOBKU. EciaM He yKa3aHbl TOYKH TPaCCHPOBKH,
OyIeT TPOU3BOAUTHCS TTOJTHAS

MoIaroBast TpaCCUpPOBKA.

traCing YCHCH_ICH, C€CJIX BBI3BIBACTCSA U3 PCIKUMA TPACCUPOBKH.

notrace BbixoJ U3 pexxuma TpacCUPOBKH.
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guitracer, BxatounTe rpaduueckoro pexuma TpaccupoBkH. OKHO Tpaduyueckoro
gtrace [peKUMa TPACCUPOBKH BKJIIOYAETCA IIPU BCTpEYE IMEPBOW KOHTPOJIBHOW TOUYKHY|

(spy-point).

noguitracer OTKITIOYUTH IPaUIECKOT0 PeKUMa TPACCUPOBKH.

trace(Pred)  |YcTaHOBUTH TOYKY TpPAacCHpOBKM Ipeaukata ¢ uMmeHeM Pred (To ecth
0TOOpaXkaThCss HPU TPACCHPOBKE OYAET KaXI0€ COOBITHE CBS3aHHOE C
npenukaTom Pred).

trace(Pred,PortYcranoBuTh TOYKY TpacCHpOBKM THpenukara ¢ uMeHeM Pred
S) AKTUBUPYIOLIEHCS MO COOBITHAM (TIPU TPOXOXK- JIeHHH 1Mo mopram) Ports.
CoObITHS MOTYT OBIT CIIEAYIOLIMX THUIIOB:

fail — coObITHE COOTBETCTBYIOIIICE HEYITAYHOMY BBI3OBY MpEIUKATa C UMEHEM

Pred;
call — coObiTHE COOTBETCTBYIOIIEE MIEPBOMY BhI- 30BY IpEIMKaTa C MMEHEM
Pred;
redo — coObITHE COOTBETCTBYIOIIEE IIOBTOPHOMY BBI30BY MPEIHKATa C UMECHEM
Pred;
exit — coObITHE COOTBETCTBYIOIIEE YCICHIHOMY OKOHYAaHUIO BBI30BA

npeauKaTa ¢ iMeHem Pred.

Cam >xe mapametrp Ports MoxeT mpUHMMAaTh 3HAUYEHHUS TUIIOB COOOLICHHH C
npeguKcaMu COOTBETCTBYIOIUMU J00ABICHUIO U YAICHUIO COOBITHUS (TIOPTa)
M3 TOYKU TPACCHPOBKH a TaK XK€ CIIUCKU TaKUX 3HaueHuid. Hampumep, 3arpoc
?- trace(foo/2, +fail), trace(foo/2, [+call,-fail]). mobGaBiser B TOUKY
TPAacCCHpPOBKM CBSI3aHHYIO C Tipenu- katoMm foo/2 coObitue fail. s
No0aBIICHHSI COOBITUSI UCIIOJB3YIOT TMpeduKe +, s u3bATHs -. Kpome Toro
MOXHO OIIEPHPOBATh Cpa3y CO BCEMH THUIAMH COOBITHH, WCHOIB3YS
o6o3HaueHue all.

[Ipumep:

trace (foo/2, +all).

debug Brutounts pexxum otnaaku. Ilpu 3ampocax k mporpamme B peskuMe OTJIAAKH
BBIBOJIATCS BCE COOBITUS, NPOUCXOASIIME IIPU BBIIOJHEHUU 3aIlpoca,
CBSI3aHHBIE C YCTAHOBJICHHBIMU TOUYKAMU OTJIA/IKH.

nodebug OTKITIOYUTH PEIKUM OTIAIKH.
debugging [Toka3aTh OTCICKUBAIOIIMECS TOYKU TPACCHPOBKH M KOHTPOJIBHBIE TOUKH
spy(Pred) 'V CTaHOBUTH KOHTPOJIBHYIO TOUKY, CBSI3aHHYIO ¢ TipeaukaTtom Pred.

ospy(Pred)  [YOparh KOHTPOJBHYIO TOUKY, CBI3aHHYIO C mpeankaroM Pred.

nospyall 'YOpatb Bce KOHTPOJIbHBIE TOUYKH.

2 Ornanka IpOUCXOAWT B KOMaHAHOW cTpoke B auainoroBom okHe SWI-PROLOG u
0TOOpa)xkaeT MocJIeJ0BATEIbHOCTD BHIOIHAEMBIX MOIENIEN U pe3yNIbTaT BhIMOTHEHHUS.

3 I'padpuueckuii oTIaaAuuK 0TOOpaXkaeT HHPOPMALIUIO B COOCTBEHHOM — OTJICIIbHOM OKHE.

4 He 3a0bIBaiiTe KaXXJIblil pa3 CTaBUTh TOUKY M1OCJIE MTPEIUKATOB WM FPYMIbI IPEIUKATOB
(3amMcaHHBIX Yepe3 3aIATYI0) — KaK0€ MPeAsIoKeHHE 3aKaHUYMBAEeTCsl TOUKOH.

Torna mMeHHO Ha yKa3aHHBIX NpeaUKaTax TpacCUpoBKa OyAeT OCTaHaBIUBATHCA U
MOKa3bIBaTh MPOMEKYTOUHBIM pe3ynbTar. OcTanbHble HE yKa3aHHbIE NpeAMKaTbl HE OyayT
MOKa3aHbl (€CJIM HE YKa3aHbl HMKaKWE KOHTPOJBHBIE TOYKHU, TO PEKUM TPACCHUPOBKU OyAeT
HEOTJINYMM OT OOBIYHOTO peXHMa pabOThl HHTEPIPETATOPA).

3agaiTe 3anpoc

?=J100UT (X, TEHHUC) , JIIOOUT (X, KOMIIBIOTEPHI) .
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U TMOCMOTpUTE, 4TO mnpou3ouaeT. [locie momydeHus mepBOTrO pEHIeHUs! MOIYYUTE BCE
ocTajbHbIe, BBOAS;. TpaccupoBKa N300pakeHa Ha CIEAYIONEM PUCYHKE:

H SWI-Prolog (xxMulti-threaded, version 5.6.29)

File Edit Settings Run Debug Help
22 ?—- debug. -3

Yes
[debug] 23 ?- likes (X, tennis),likes (X, computers).

T Call: (8) likes( G578, tennis)

T Exit: (8) likes('Ellen', tennis)

T Call: (8) likes('Ellen', computers)
T Fail: (8) likes('Ellen', computers)
T Redo: (8) likes( G578, tennis)

T Exit: (8) likes('Mark', tennis)

T Call: (8) likes('Mark', computers)
T Exit: (8) likes('Mark', computers)
X = "Mark' ;

T Redo: (8) likes('Mark', computers)
T Redo: (8) likes( G578, tennis)
T Call: (9) likes('Tom', tennis)
T Fail: (9) likes('Tom', tennis)

No
[debug] 24 2- |}

Pucynok 1.7 — TpaccupoBka nporpaMmsl

B neBoii BepxHei yacTi OKHA TpadUIecKOro OTJIaJIrKa OTOOPaKEHBI TEKYIIHE 3HAYCHUS
MEPEMEHHBIX TEKYIIEr0 BBINOIHAEMOIO MpeauKaTa, CIOpaBa CTEK BBI30BOB IPEAUKATOB, B
HIDKHEH 4acTu (pakThl U mpaBuia, TAe IIBETOM OTMEYEH CIEAYIOIIMN BBI3BIBAEMBIH MpPEIHUKAT.
Buemnuit Bua rpadudeckoro oriaauuMka u3oOpakeH Ha pucyHke. CBepxy, B BUJE KHOIIOK,
HaXOJATCs JONMYyCTUMbIe AeicTBUs. BTopas kHOmKa (CTpeika BIpPaBO) MO3BOJISET BHIIOJIHATH
porpaMMy IMOMIAroBo (MpeauKar 3a mpeaukaToM). LIBeT BblIeneHus Takke MUMeeT 3HadeHHue.
KpacHhplii iBeT 0003Ha4aeT Heynauy, JI0)KHOCTh PELICHHUS.

song.pl |:| |E| g'

Tool Edit Compile Help

3= F o BB atlal| Wl -2 2D ||

Bindings Call Stack
o g

M1

3
2

1 I pl
song (X) :-X>1,write('run, '), (Y is X-1),song(Y). -
song (1) .
factorial (0,1).
factorial (N, F) :—
N>0,
N1 is N-1,

[= fackorfal (NI, 1),

— Fis NeFL. -
factorial_ iter (N,FactN):-

fact (N,FactN,1,1) .

faect (N, FactN,I,P):—

I<N,

I1 is I+1,

Pl is P*I1,

fact (N, FactN,I1,P1l).
fact (N, FactN, N, FactN) .
factorial iter2(N,FactN):-

fact2 (N,FactN,1) .

fact2 (N, FactN,P) :—

Call: factorial/2

Pucynok 1.8 — Pe3ynbTat TpaccupoBku

IMocTanoBka 3agauu K J1abopaTopHoi padore 1

1. M3yuuTh nipeasiaraeMblii TEOPETHIECKUI MaTEepHal.
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2. Pa3paboraiite mporpamMMel U chopMupyiiTe K HUM 3alpoOChl, UCIONb3YyS (pParMEeHTHI
Koma u3 jmeruaros 1.1-1.5.

3. Bemomnnute 3amanus 1.1-1.5.

4. OTyer NOJKEH CoAepKaTh TUTYJbHBIN JIMCT, BKIIOYAIOIINWNA Ha3BaHUE J1aDOpaTOPHOM
paboThI 1 HOMEp BapHaHTa, a TAKXKE CBeJIeHHs 00 aBTOpe ((haMHITUS CTyIeHTa U HOMEP TPYIIIBI).

5. OdopmueHne Kaxaoro 3aJaHusi HauWHAWTE C YKa3aHHUS €ro HOMepa, Harpumep
«3ananue Ne 1» u Tekcra 3a1anusl.

6. Odbopmisiss perieHue 3aJaHuil, cleAyeT BKJIIOYAaTh B JOKYMEHT CKPHHIIOTHI U
KOMMEHTApPUU JIJIS TIOSICHEHUS! HCTIONIb3YeMbIX 0003HAUCHHH U BBITIOTHSAEMbIX ACHCTBUM.

7. OpopMuth otdyeT MO JlaboparopHoil padote. [IpencTtaBuTh OTUeT MO JTAOOPATOPHOI
paboTe 11l 3alTUTHI.

3aganme 1.1

Jlyis Toro 9To0Bl HaOpaTh TEKCT MPOTPAMMEBI, BOCIIOIB3YHUTECh BCTPOCHHBIM TEKCTOBBIM
penaktopoM. UToObl co3math HOBBIN (paiin BeiOepere komaHay File/New, B nuanoroBom okHe
YKa)KUTE UMsI HOBOTO (paiiia, Hampumep, TecT. s pegakTupoBaHus yKe CO3JaHHOro (Qaiina ¢
MCII0JIb30BaHUEM BCTPOCHHOI'O PEIaKTOpa MOXHO BOCIIOJIb30BaThCcsl KoMaHaoi MeHto File/Edit.
HabetiTe mporpammy 1 (TeKcT mporpaMMsl BeIle 1o TeKCTy) u coxpanure ee (File/Save buffer).

3aganme 1.2

[lepeBenure TpEUIOKEHHUSI PYCCKOTO sI3bIKa B MPEAMKATHYIO (opMy, CcoO3JaiTe,
COXpaHMTE U 3arpy3ute 0azy 3HaHUM.

OnneH mro0uT uteHHe. Mapk JTrOOMT KOMITBIOTEpHl. J[XKOH JIOOMT OaaMHUHTOH. DpHK
JTOOUT YTCHUE.

bagmuHTOH - 3T0 B ciopTa. TEHHHC - 3TO BUJ CHOPTA.

®dyT601 - 3TO BUJ criopTa. belic6on - 3To BUa ciopta

CnopTcmeH - 3TO TOT, KTO JIIOOUT KaKoW-HUOYIb BUJI CTIOPTA.

O6benunuTe 3Ty 6a3y ¢ 6a30it u3 3aganus 1.1.

3ananmne 1.3
3arpysure IIponor-nporpammy u3 3ananus 1.2.

3ananmue 1.4

Hcnonb3ys KOMaH bl BHELIHETO pelakTopa, 3aMeHuTh Berofy 'Eric' Ha "Tom'. IToctpouts
JIEPEBO BBIBOJIA /IJIsl IOCTPOEHHOM B 3a1aHnu 1.2 6a3bl JaHHBIX U 3aIipoca

?-sportsman(‘Mark").

3aganue 1.5

ITocTpouTh 6a3y 3HaHUIT HA OCHOBE TEKCTA:

XKuser 3e0pa Ha 3emie. Kuper cobaka Ha 3emie. JKueT kapn B Boje. JKu- BeT KUT B
Bosie. Komika >xuBeT Tam ke, rae kuBeT cobaka. JKUBeT KpoKoaus B BoJie U Ha 3emuie. JKuBer
JSTYIIKA B BOJIE U Ha 3emiie. JKUBET yTKa B BoJie, Ha 3eMJie U B Bo3ayxe. JKUBET oper B BO3ayxe
u Ha 3emiie. JKuBeT OypeBEeCTHHK B BOJIE U B BO3IYXE.

3amaiite k 3TOM 0asze 3ampochl (BOCMOJB3YHTECh NpenukaTtoMm help st moumc- Ka
OTHOILIEHHS "HepaBHO").

Kto rme xnBet?

Kro xuBeT Ha 3emiie, HO He sBisgeTcs cobakoii? Kro xuBeT u Ha 3emie, u B Boje?

BapuaHTbl HHAUBUAYAIBbHBIX 3aIaHUN

Pa3pa60TaI?ITe TCXHUYCCKOC 3aJaHHUC Ha HIPOCKTHPOBAHUC 3KCHCpTHOﬁ CHUCTCEMBI B
COOTBETCTBUH C BAPHUAHTOM. O6paTI/ITe BHUMAaHUEC Ha q)yHKHI/IOHaJ'IBHOCTI) " COCTaB 3aIllpoOCOB K
3KCHCpTHOI>i CUCTEME, a TAKXKXC Ha COCTaB 0a3bl 3HAHMI HpOeKTpreMOﬁ CHUCTCMBEI.

Tabnuna 1.1 —BapuanTsl 3aganuii

‘ Ne ‘ [IpenmerHas 061acTh ‘ Ilenesas ayguropus
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1 byxrantepus PykoBoauTens npeanpusTus
2 IOpucnpynenus PykoBonuTens npeanpusTus
3 HR-cnyx6a Cowuckarenb

4 KommnbrorepHslii Marasus ITokynarens

5 MarasuH 3JeKTPOHUKHU [Tokynarenn

6 KHuxHbIl Marasux Menemkep no npojaxam

7 ATEHTCTBO HEABUKUMOCTH Menemkep no npojaxam

8 CrpowutenbHas hupma [Toxymnarenn

9 Typdupma MeHexep 1o mpojiaxam

10 KMB kak Typucrckuit kinactep | Knuenr

Conep:xanue oT4yeTa

Ilo BbImosHEeHHON paboTe cocraBisgercs oT4eT. OTYET BBINOJHACTCA B 3JIEKTPOHHOM
Buje. [1o BeINONHEHHOMY OTYETY IPOBOAMTCS 3alllUTa JJAOOPaTOPHOU PadOTHI.

Otuer mo saboparopHOW paboTe AOIKEH COCTOATh M3 CIHEAYIOUIMX CTPYKTYPHBIX
3JIEMEHTOB!

- TUTYJIbHBIN JIUCT;

- BBOJHAaA 4acCTh,

- OCHOBHasl YacThb. ONKUCaHKE PabOThI, BKIIOYAOIIEe CKPUHILIOTHI JeHCTBUI;

- 3aKJII04YEHUE (BBIBOBI).

BBosHas yacTh oT4eTa JOJHKHA BKIKOYATh ITYHKTHI:

- YCIIOBHE 3aa4H;

- IOPSZ0K BBITOJIHEHMUS.

- IpOrpaMMHO-aNnapaTHbIe CPEJCTBA, UCIIOIb3yEMbIE MPU BHIIOIHEHUH PaOOTHI.

3ammMra oT4era 1o J1adopaTopHoi paboTe 3aKIIt04YaeTcs B IPEIbsIBICHUY PENOAABATEINIO
MOJIyYEHHBIX PE3yJIbTaTOB B BUJE (aiiia U JEMOHCTPALUU MOJIyYEHHBIX HaBBIKOB IPU OTBETAX
Ha BOIPOCHI NPENOAaBaTeNs.

KOHTpOJIbHLIe BOIIPOCHI

. Kak MoxHO 3arpy3uth mporpamMmmy u3 ¢aiina?

. Kak 3anyckaercsa nporpamma Ha [Iposore?

. Kak orobpasxatorcs B mporpamme Ha [Iponore cBoiicTBa cymiHocTeit?

. Kak otoGpaxkarorcst B mporpamme Ha [Iposiore oTHOIIEHMS MEXIY CYIIHOCTSAMHU?
. Kak oTro6pa3uts B mporpamme Ha [Iponore npoBepKy KOHBIOHKIIMH JBYX MPEIUKATOB?
. Uro takoe ynuduxamus B [Iposnore?

. Uro takoe npasuiio B [Iposore?

. Onumrre GyHKIIMOHATBHBIE BO3MOXHOCTH JIOTHYECKOTO MPOTPAMMUPOBAHUS.

. Kaxumu Bo3sMoxHOCTSIMH 00J1a1aeT 0a3a 3HaHUA?

10. Yro Takoe jJoruveckoe U GyHKIHOHATBHOE TPOrpaMMHUPOBaHUE?

O©OoOo~NOoO ol WwWwN -

JlaGopaTopuas padora 2. Ctpykrypa nporpammsl Ha si3sbike PROLOG. Cunrakcuc
s3pika PROLOG

Heas padorbi: M3yuyenue crtpykrypsl mporpammbl Ha sizbike PROLOG. U3yuenue
cuHTakcuca si3pika PROLOG.

OcHoBBI TECOPUH

Cunrakcuc s3bika Iposor

ITpu popmManbHOM ONMCAHUU CUHTAKCHCA KOHCTPYKIMH aIrOPUTMHUYECKUX S3BIKOB YACTO
UCIIONIb3YETCS TaK Ha3biBaeMasi «HopMaibHas ¢popma bakyca-Haypa» (BH®), pazpaboranHas B
1960 JIxxonom bakycom u Ilurepom Haypom. Brepssie BH® O6puta mpumenena Ilurepom
Hayspom mnpu 3ammcu cuHTakcuca sizbika Aron-60. OCHOBHBIMH KOHCTpyKuMsiMu BH®
SIBIISIIOTCSI CIIETYIOIIHE.
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CHUMBOJI «::=» UHUTAETCA KaK «I10 ONMPEAEIECHUIO» («ITO», «eCThy»). ClieBa OT pa3faeuTes
pacrnosaraeTcsi 00bsICHsIeMOe IOHATHE, CIpaBa - KOHCTPYKIIHS, pazbsicHstomas ero. Hampumep,

<Ums> ::= <Unpentuduxarop>

B yrioBbie ckoOKH «< >» 3aKJII0YaeTCd YacTh BBIPAXKEHHS, KOTOpas UCIOIb3YeTCs NS
0003HAYCHHSI CUHTAKCUYECKOW KOHCTPYKIIMU S3bIKA, B YAaCTHOCTH OOBICHSIEMOE MOHsATHE. B
MIPUBEJICHHOM BbIIIe pumepe 310 <Ums> u <Unentudukarop>.

CumBon «|» o3Hagaer B Hotauud BbH® «wnmm». OH mpuMeHsieTcs IS pa3JeiiCHUs
aNbTepHATUBHBIX TOJIKOBAHUM onpeenseMoro nousatus. Hanpumep, necatuunyto udpy MoKHO
OTIPEICIIUTh CICTYIOIUM 00pa3oMm:

<umdpa> ::= 0[1]2|3|4/5|6/7|8|9

YacTh CHMHTAKCHYECKON KOHCTPYKIIMH, 3aKJIFOUEHHAs B KBaJPaTHBIC CKOOKH, SIBISICTCS
HeoO0s3aTeTbHOM (MOXKET MPUCYTCTBOBATH MIIM OTCYTCTBOBATH), HAIIPUMED

<Ilenoe uncio> ::= [-]<IlosI0KUTETBHOE MEIO0C YNCITI0>

03HAYyaeT, YTO LEJ0€ YUCIO MOXHO OIPENCIUTh Yepe3 MOJOKHUTEIbHOE LEJI0€ YHUCIIO,
nepea KOTOPBIM MOXKET CTOSITh 3HaK MUHYC.

CumBoI «*» 0003HAYaET, YTO YACTh CHHTAKCUYECKON KOHCTPYKIIUU MOKET MOBTOPATHCS
MPOU3BOJILHOE YHCIO pa3 (Hoib W Oosiee). 3aMeTUM, YTO HMHOTJAa BMECTO CHMBOIA «*»
UCTIIONB3YIOT (UTypHBIE CKOOKM «{ }». Hampumep, monoxxureiabHOE LEN0e YHUCIO B HOTAIUU
BH® moxHO cneayronmm 00pa3oMm:

<IlonmokuTenbHOE 1eI0e YUCI0> ::= <nudpa>[<mudpa>]*

W

<IlonmoXHTENbHOE 1EI0e YUCI0> (= <uudpa>{<iudppa>}.

T.e. MOJOXKUTETHHOE 1IEJI0€ YHCIIO COCTOUT U3 OJHOM MM HECKOJIBKHUX 1UP.

[Iporpamma Ha Ilpomore cocrout w3 mpemioxeHuit (yrBepxkaenuii). Kaxmoe
MIPEIOKEHUE 3aKaHYMBACTCS] TOUYKOM.

[IpennoxxeHus OBIBAIOT TPEX BUAOB: (PaKTHI, MpaBUiIa, BOMPOCHL.

[Ipennoxxenue nmeeT BUI

B :-
Al, ..., An.
B HA3bIBACTCA 3arojJJOBKOM HWJIN 1“0J'IOBOI71 Hpe,Z[J'IO)KeHI/ISI, a Al, veey Al’l - TCIIOM.

[Tpennoxenue sBisieTcss nepeBepHyTol ummiukauuei (B :- A skBuBaneHtHo B « A, «B
cienayer U3 Ay») wim Qpazoil XopHa. CHMBOJ «:-» O3HAUAeT «CIEAYET U3», CUMBOJI «» —
KOHBIOHKIHSA (Jloruyeckoe U, A).

[Ipn HEoOXxoauMocTH HpuUMeHeHus Au3broHKuMU (noruueckoe MJIN, v) ucnombiyercs
CUMBOJI <G», JACUCTBYIOIIMH 1O CIEOYIOWEH IU3BIOHKIMM, OKOHYAaHMs NIPaBWJIA HIIHU
3aKpbIBarolei Kpyrioil ckoOku. Hampumep,

ITposior Jloruka npenukaToB

C:- (ALA..AAN)v(BLA..ABmMm)—>C

Al, ..., An;

Bl1, ..., Bm.

WIN

D :- AAr(BvC)—>D

A (B; C).
®axT pukcupyeT (onpenensier) HeKOTOpoe OTHOLIeHHE MeXAy oObekTaMu. OH COCTOUT

TOJILKO M3 3aroyioBKa. MOXHO CUMTATh, YTO (PaKT — 3TO MpeIoKEeHUE, y KOTOpOro Het Tena. B

TEPMHHAX JIOTUKH MPEAUKATOB, (JaKT — 3TO U €CTh IPEIUKAT.

Hanpuwmep, ¢axt, uro Hatama sBrnsercs mamoit Jlamm, MoxeT ObITh 3amucaH B BHJE (B
SWI-Prolog cTpoKu-KOHCTaHTHI 3aIMCHIBAIOTCS B OJMHAPHBIX KaBBIUKaX):

mama('Harama', '[lama’).

daxkT npeAcTaBIseT co00i 6€3yCIOBHO UICTHHHOE YTBEPKICHHE.

Ecnu Bocnosnb3oBatbess HOpMaibHOM (opmoit bakyca-Hayspa, To mpeaukar MoO>KHO
OIPENIENIUTh CIEAYIOIINUM 00pa3oM:
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<[Ipemukatr> ::= <Umsa> | <Ums>(<aprymeHT> [,<aprymeHr>|*),

T.€. MPEAUKAT COCTOMUT JIMOO TOJBKO M3 UMEHH, JMOO0 M3 UMEHU U CIEeAYIOIEH 33 HUM
MOCJIEI0BATEIHHOCTH apTYMEHTOB (TEPMOB), 3aKIFOUSHHON B CKOOKHU.

ApryMeHTOM (TEpMOM) IIpeuKaTa MOXKET ObITh KOHCTaHTa, IEpEMEHHAasl MJIM COCTaBHOM
00BEKT (CIIMCOK WU (QYHKIHS). UUCIIO apryMeHTOB MIPEeUKaTa Ha3bIBAECTCS ApHOCTHIO.

IIpaBuio — npeoKeHne, ICTUHHOCTb KOTOPOI'O 3aBHCUT OT MCTMHHOCTU OJHOTO WIIU
HECKOJIBKUX MpeioskeHri. OOBIYHO MPABUIIO COACPKHUT HECKOIBKO XBOCTOBBIX IIEJIEH, KOTOPBIE
JIOJKHBI OBITh MICTUHHBIMM 11 TOT'O, YTOOBI CAMO MPaBUIIO ObIJIO UICTUHHBIM.

B noranun BH® npasuno Oyner umeTs BUL:

<IIpaBwiio> ::= <mpeauKar> :- <npeaukar> [,<npeauxar>]*.

Hanpuwmep. M3BecTHO, 4TOo OabyIika 4emoBeka - 3T0O MaMa ero MaMbl HJIM MaMa €ro Iarbl.
CoortBeTcTBYIOIIKE IIPaBUIA OYAYT UMETh BUL:

grandmama (X, Y):-

mama (X, Z), mama(Z, Y).
grandmama (X, Y) :-

mama (X, Z), papa(z, Y).
WU

grandmama (X, Y) :-

mama (X, Z), mama(Z, Y);
mama (X, 2), papa(Zz, Y).
WU

grandmama (X, Y) :-

mama (X, 2), (mama(z, Y); papa(Zz, Y)).

Nwms nepemennoil B Ilponore Moxxker cocTtosiTh M3 OYKB JJATUHCKOTO andaBuTa, LUPD,
3HAKOB MO{YEPKUBAHUS U JIOJDKHO HAUMHAThCS C MIPOMUCHOM OYyKBBI MJIM 3HAKa MOJYEPKUBAHMUS.
[Ipu 5TOoM mnepeMeHHble B Telleé MpaBWiIa HESIBHO CBSI3aHbl KBAHTOPOM BCEOOIIHOCTH U
HKBUBAJIEHTHBI 00bEKTaM MpeAMETHON 00JIaCTH.

[lepemenHbIE MOTYT OBITH CBOOOIHBIMU UJIU CBSI3aHHBIMH.

CBoOosiHas mepeMeHHasi — IepeMeHHas, KOTopas ellle He Mojyuuia 3HaueHus. OHa He
paBHSETCS HU HYIIO, HU Mpo0eiy; y Hee BOoOoOIlle HET HUKAKOTo 3HaueHus. Takue nepeMeHHbIe
€11le Ha3bIBAIOT HEKOHKPETU3UPOBAHHBIMH.

[lepemenHas, KoTopas NOJydWiIa Kakoe-TO 3HAUEHME U OKa3ajach CBSI3aHHOM ¢
OTpeielIeHHBIM 00BEKTOM, Ha3bIBaeTcs CBsi3aHHOM. Eciu mepeMeHHas Oblia KOHKPETU3UPOBaHA
KaKHUM-TO 3HAYEHUEM U €l COMOCTaBJIEH HEKOTOPBIM OOBEKT, TO 3Ta MepeMEHHas! YK€ HE MOXKET
OBbITh U3MEHEHA.

ObnacTbio neiicTBusl nepemeHHoi B Ilposore siBisiercst oqHO mpesuiokeHue. B pasHbix
NPEUIOKEHUSIX MOXET HCIOJIb30BATHCS OJHO M TO K€ MMs NEpeMEHHOH Ui 0003HaueHUs
pa3HbIX 00beKTOB. VckitoueHWeM U3 MpaBuia OIpenesaeHus o0jacTu NeHCTBUS SIBISETCS
AHOHUMHas TIepEeMEHHas, KOTopass 0003HayaeTcs CUMBOJIOM MOTYEPKUBAHHS « ». AHOHMMHAas
NepeMeHHas TNPEeINUChIBAeT HHTEpHpeTaTopy (KOMOWIATOPY) HPOUTHOPUPOBATH 3HAUEHUE
aprymeHra (tepma). Ecam B npaBuile HECKOJIBKO AHOHMMHBIX IIEPEMEHHBIX, TO BCE OHHU
OTJIMYAIOTCS IPYT OT Jpyra, HECMOTPSI Ha TO, YTO 3alMCAHbI C UCIIOJIb30BAHUEM OJHOTO U TOTO
e CUMBOJA («_»). AHOHUMHBIE MTEPEMEHHBIE MOTYT 3alUCBIBATHCS TOJBKO B KayecTBE TEpMa
npenukara. Mcnonap3oBaTh UX B BRIpaKEeHUSIX (Hampumep, apupMeTHIecKrX) Helb3s.

TperbuM crieruduueckuM BUAOM MpeiokeHui [Ipomora MOXHO CYMTaTh BOMPOCHI
(3ampockl, 1eNn).

Bompoc cocTouT TONBKO U3 Tena U MOKET ObITh BhIpakeH ¢ momotisio BH® B Bue:
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<Bomnpoc> ::= <IIpenukar> [,<[Ipenukar>]*

Bormnpocs! Hcnonbp3yroT i1 BBIACHEHHS BBIIOJIHUMOCTH HEKOTOPOTO OTHOUIEHUS MEXKIY
ONKCAaHHBIMH B Nporpamme o0bekTamu. CucTeMa paccMaTpuBaeT BOINPOC Kak IIeb, K KOTOPOU
Halo cTpeMuThcsa. OTBET Ha BOIMPOC MOXKET OKa3aThCsAd IMOJIOKUTENbHBIM (true) Wiau
orpunarenbHbeiM (false), B 3aBUCHMOCTH OT TOTO, MOXKET JIM OBITh IOCTUTHYTA COOTBETCTBYIOIIAs
Leb.

IIporpaMMa MOXeET cozep:kaTh BONPOC B Teje (BHYTpeHHss 1ienb). Eciau mporpamma
COJIEPUT BHYTPEHHIOKO 1I€JIb, TO IOCJE 3allycKa IPOrpaMMbl HAa BBIIIOJIHEHUE CHCTEMA Cpa3y
MPOBEPSAET JOCTUAKUMOCTD 3aJaHHOM LieH. Eciu BHYTpEHHEN LEnu B POrpaMMe HET, TO MOCIIE
3alycKa NporpaMMbl CHCTEMA BBIJAET MPUIJIALIEHUE BBOJIUTH BOMPOCHI B IHATIOTOBOM PEXUME
(BHemHss 1enb). Ilporpamma, komMmuiaupyeMasi B UCHOJHIEMbIH (aiin, 00s3aTeIbHO AODKHA
MMETh BHYTPEHHIOIO 1IEJIb.

Ecnu nenb noctur"yra, cucteMa OTBEYAET «yes» («true»), B MPOTUBHOM CIIydae «no»
(«false»). Cnmemyer OTMETHTb, YTO OTBET «NO» HA BOMNPOC HE BCErJa O3HAYaeT, YTO OH
oTpuuatenbHbiii. CucremMa MOXET AaTh TaKOMl OTBET W B TOM cllyyae, KOIJIa y Hee IMpOCTO
HEJO0CTAaTOYHO MH(OpPMAIINH, MMO3BOJISIONIEH MOJOKUTENFHO OTBETUTH Ha Bompoc. T.e. IIpomnor
OCHOBAH Ha T.H. «MOJEJIM 3aKPBITOTO MUPa», B KOTOPOU BCE, YTO MOKHO ITOJIyYUTh HA OCHOBE
ONMUCaHUsl MOJEIIU SABJISIETCSI HCTUHOM, 8 OCTAIBHOE — JIOXKBIO.

dakT, mpaBWIO M BOMpPOC ¢ TOYKK 3peHus ¢pa3 Xopua (B <« A) MOxHO
HUHTEPIPETUPOBATH CIASAYIOLUIIM 00pa3oM:

- (hakT: B <« true;

- npaBuwio: B < A;

- Bompoc: true < A.

T.o. mporpamma (6a3a 3Hanwuii) Ha [Iponore coctouT u3 (GakToOB W MPaBUI, KOTOPHIE
MPEJICTABISIFOT COOON MPOIYKIIMU C TpEArKaTaMH B JICBOH M TPaBOM dacTH. Tem caMbIM
porpaMMa BbIpa)kaeT HEKOTOPbIE 3HAHUS O MPeAMETHON 00JacTu, HE0OXOAUMBIE Ul peIIeHUs
3a/1a4M. 3amnpoc - 3TO TaKKe HEKOTOPBIN MpeInKaT, ICTUHHOCTh KOTOPOro Hac uHTepecyer. Ecin
3alpoc HE COAEP>KUT NEPEMEHHBIX, TO BBIYHCIEHUE €r0 3HAUYEHHUS JAET OTBET «irue» IpH €ro
UCTUHHOCTH, 00 oTBeT «false» mpu ero nmoxkHoctu. Ecim ke B mpenukare 3ampoca €cTb
NEepeMEeHHbIe, TO UUIYTCS WX 3HA4YeHUs (MHTepHpeTanus), MpH KOTOPHIX 3TOT MpeJuKaT U Bce
IpEeIUKaThl MPOrpaMMbl CTAHOBATCS HCTUHHBIMH. B 3TOM M COCTOUT CyTh BBIYHUCIEHUI
(Jrormueckoro BbIBOJa) mporpaMmMsel Ha [Iposore.

IIpumep nporpammupoBanus Ha sa3bike [Iposor
PaccmoTpuM Heckonbko mpumepoB. IlycTe B mporpamme 3aiaHbl cleayromue (GaxTbl
(mpeauKaThl) U MpaBUIIa:

Juerunr 2.1
mama ( 'Harama', 'Iama').
mama ('Jama', 'Mama').

mama ( 'HaTama', 'Bacsa').

papa ('Baca', 'Mama') .

grandmama (X, Y) :-

mama (X, 2), (mama(z, Y); papa(z, Y)).

grandpapa (X, Y) :-
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papa (X, Z), (mama(z, Y); papa(Zz, Y)).

Bonpoc 1 — sBnsgercs nu Harama mamoit lamm:
?— mama ('HaTrama', 'Jama').
true.

Bormpoc 2 — kto siBisiercst Mamoit Jlamu:

?- mama (X, 'IDama').
X = 'Harawa' ;
false.

IlepBas cTpoka COOOIIEHHS O3HAYaeT, YTO OTBET HaWAeT W Mamou Jlamm sBisieTcs
Harama; Bropast — 4ro B 6a3e 3HaHWU JJIsl OCTABIIMXCS MPEAJIOKECHUN HE OOHAPYKEHBI IPYTHE
MaMbl Jlamm.

Bonpoc 3 — ectb 1 y Jlamm mama:

?—- mama( , 'Hama').
true.

Bonpoc 4 — HaiiTu Bcex MaM U JIeTel:

?- mama (X, Y) .

X = 'Harama',
Y = "Hama' ;

X = '"Hama',

Y = '"Mama' ;
X = 'Harama',
Y = 'Bacsa'.

B nmannoMm ciydae mociie TpeThero oTBeTa He Bhimaercs «falsey, T.k. B 0aze 3HaHMIA OBLITH
nepeOpaHbl BCE MPEATIOKEHNUS U OHU BCE UCTUHHBI.
Bormpoc 5 — nnst koro Harama siBnsiercst 6a0ymikoit:

?- grandmama ('HaTama', X).
X = '"Mama' ;
X = "Mama'.

B manHOM ciydae BeIIaeTcs IBa OJIMHAKOBBIX OTBeTa «Marmay, T.K. mpaBuio grandmama
B OJTHOM ciy4ae cpabotano mo nenouke «Harama — Jlamma — Marmay, a B gpyrom - «Harama —
Bacst — Mamay. OdeBuaHO, 4TO B IPUBEICHHOM MpumMepe 0a3wl 3HaHui 6o Hatamm - 310 1B
pa3n4YHbIe KEHIIUHBI, TH00 Maru.

Kpartkue cBeneHus 06 onepanusix 1 BCTpoeHHbIX npeankarax SWI-Prolog
B Ttabn. 2.1 mpuBeneHsl HeKOTOpble omepanuu W npeaukarsl SWI-Prolog, kotopsie B
JanbHeNIeM Oy1yT UCIIONb30BaThCs ISl MIUTFOCTPAIIUU IIPUMEPOB.

Tab6muma 2.1 - Hexoropsie onepaiuu u npeaukarsl SWI-Prolog

Omneparust / | Haznauenue
IIpenukar

true Hctnna

fail, false Jloxn
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= Yuudukanus (mpucBanBaHue 3HAYCHUS HECBI3aHHON IEPEMEHHOM )

<, =<, >=,> Apudmernueckue (TOIBKO IS YHCEN) ONEPALUU CPABHEHUS

== Apudmernieckoe paBeHCTBO

=\= Apudmernieckoe HEPaBEHCTBO

is Breruncnenne apudmeTnaeckoro BeIpakeHus (Hanpumep, A is 5 + 2)

@<, @=<, @>=, | Onepanuu CpaBHEHUS s KOHCTAHT M MEPEMEHHBIX JIFOOOro THMa (YUCe,

@> CTPOK, CITUCKOB H T.]I.)

== PaBeHCTBO KOHCTAHT W MEPEMEHHBIX JIIO00T0 THIIA

== HepaBeHCTBO KOHCTAHT U MIEPEMEHHBIX JIFOOOT0 THIIA

not(A) OTpuIaHKe JJOTHIECKOTO BBIPAKCHHS A

read(A) YreHne 3HaYCHHUS C KJIIABUATYPbI U IPUCBAaUBAHHE €0 MEpEeMEHHONH A

write(A) [lewath A Ha DJKpaH C YCTaHOBKOW Kypcopa IIOCIE MOCIEIHETrO
Hale4aTaHHOTO CUMBOJIA

writeln(A) [Teyats A Ha 9KpaH C MEPEBOJIOM Kypcopa B Ha4aIo CICAYIONICH CTPOKH

nl [TepeBon Kypcopa B Ha4aj0 CICAYIONICH CTPOKH

repeat [lpenukar, BBIJAIONMA HOBOC HWCTUHHOE 3HAYCHUE IIPU BO3Bpare.
[Tepenoka3bpiBaeMblil TPEIUKAT

! [Ipeaukar (cut, COKpaTUTh), 3aNPEIIAIOIINN BO3BpAT Jajiee TOW TOYKH, IJIe
OH CTOUT

assert(A), Junamuyeckoe no06aBieHue (akra (mpaBuiia) B KOHEI[ CHHCKA IMOJ00HBIX

assertz(A) ¢dakToB (rpaBui1) 6a3bl 3HAHUH (TIPOrPaMMBbI)

asserta(A) Junamuyeckoe nobapieHue ¢akTa (MpaBuia) B HAYAJIO CIUCKA MOJI00HBIX
¢dakToB (1paBui1) 6a3bl 3HAHUH

retract(A) VY nanenue nepsoro (akra (mpasuiia) 6a3sl 3HAHHUIA

retractall(A) VY nanenue Bcex ¢GakToB (mpaBmii) 0a3bl 3HAHUN C UMEHEM A

IMpoueaypa
IIpu moucke

BbiBO/AA B IIposiore
peieHus (qoka3aTenbeTBa Leir) B [posore ncnonb3yercs Meron nepedopa

c Bo3Bparamu (mouck B rinyOuHy). [Ipomor mpu moka3zaTenbCTBE YTBEPKICHHS MMOOYEPETHO
MBITACTCS YCTAaHOBUTHh HCTUHHOCTh BXOJSIIMX B HEro mnpenukatoB (yTBepxkaeHuit). Ecmu

HEepBbIM Npenukar

HCTUHCH, TO HpOHOF NepexoauT KO BTOPOMY. Eciu u oH HUCTHUHCH, TO

MEePEXOAUT K TpeTheMy. Eciii BTOpO#l mpeaukar joxkeH, To [Ipojaor nmeiTaeTcs yCTaHOBUTH €0
MCTUHHOCTbh IPU IPYTUX 3HAYECHUSX, BXOMSIIMX B HEro nepeMeHHbiX. Eciau 3Toro He ymaercs
clenaTh, TO OH BO3BpAallaeTCs K MEPBOMY MPEAUKATY U MBITAETCA YCTAHOBUTH €r0 UCTUHHOCTH
JUI HOBBIX 3HAUYEHUM NEPEMEHHBIX, a 3aT€EM CHOBA BO3BpAILAETCS K JOKa3aTEIbCTBY BTOPOIO

npeaukara. Takas i

porienypa moBTOpSIETCs 0 TeX Mop, MOKa He OyJeT TOCTUTHYTAa UCTUHHOCTh

nocyienHero mnpeaukara. [locie moka3zaTenbcTBa HMCTHHHOCTH IOCIETHETO TPEIUKaTa IeIH
I[Tposnor 3aBepiaer padory. IIponecc Bo3Bpara B I[Iposore HazpiBaercs backtracking.
Hanpumep, myctb nmeeTcs 3arpoc Ha OIpe/ieNieHUs] BHY4YeK W BHYKOB «Hartamm»:

?— mama ( 'HaTama',

(mama (Y,

Y),

Z); papal(lY, Z)),

write(Z);

write ('Bcé').

OTrerT.
Maua;
Mama;

Bcé;
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BbinenenHass JKUpHBIM —4YacTh COOTBETCTBYET NPaBWIIy ONpeAeieHus 0alyIiKu
(grandmama).

IMocTanoBka 3a1aum K J1a0opaTopHoii padorte 2

1. 3yuuTh nipeasiaraeMblil TEOPETUHICCKUI MaTepHal.

2. OT4eT IOJDKEH COJNIEPKaTh TUTYIBHBIN JIMCT, BKIFOYAIONIMN HAa3BaHHUE JTaOOPATOPHON
paboThl M HOMEp BapUaHTa, a TAKXKe CBeJeHUs 00 aBTope ((hamMmins CTyIeHTa 1 HOMEp TPYIIIbI).

3. OpopmieHre KakJIOro 3aJaHusl HAYMHAWTE C yKa3aHWA €ro HOMepa, Hampumep
«3amanue Ne 1» u TekcTa 3agaHusl.

4. Odbopmisais pelnieHWe 3aqaHUil, ClIEAyeT BKJIOYATh B JOKYMEHT CKPUHIIOTHI H
KOMMEHTapUU JJIs MOSICHEHUS UCIIOJIb3YEMBIX 0003HAUEHUI U BBINOJIHIEMbIX JEHCTBHIA.

5. Opopmuts otyer mo nabopaTopHoil padote. IIpencraBute order mo JabopaTOPHOM
paboTe JIsl 3aIIUTHI.

3ananus K 1a060paTopHoii padoTte

B cooTBercTBUU € MOTYyYEHHBIM 33JaHUEM C(POPMHUPOBATH PEIICHHE U AAaTh €ro OMHMCAaHNe
CO CKPHUHIIIOTAMU BBITTOJIHEHHBIX JEHCTBUM.

[Tokaxute Ha CKPUHILIOTAX pE3YJIbTAT 3alpOCOB, MPUBEIACHHBIX HIDKE, HUCIONIB3Ys K
KadecTBe 0a30Boii mporpammel Jluctunr 2.1.

Bonpoc 1 — sBnsiercs nmu Hartama mamoii Jamm:

?- mama ('Harama', 'Iama').

true.
Bomnpoc 2 — xto aBisierca mamoint Jlammu:

?- mama (X, 'IDama').
X = 'Harama' ;

false.

ITepBas cTpoka cooOiIeHusT 03HAYaeT, YTO OTBET HaWaeT U Mamoii Jlamu aBnserca Hararna;
BTOpas — 4yTo B 0a3e 3HAHWI JIs OCTABIIMXCS MPEIJIOKEHUM HE OOHApYKEHBI IPyrue MaMbl
Jlamm.

Bonpoc 3 — ectb 11 y Jlamm mama:

?- mama( , 'Hama').

true.
Bomnpoc 4 — HaliTi BceX MaM U JIETEM:

?—- mama (X, Y) .

= 'Harama',

= 'Jama' ;

— \} 1
Hama',

= 'Mama' ;

= 'Harama',

KX KX KX
I

= 'Baca'.
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B nmanHOM ciyuae mocie TpeThero orBeTra He BbimaeTcs «falsew», T.k. B 0a3e 3HaHWI ObUIH
nepeOpaHbl BCe NMPEAIOKECHNUS U OHH BCE UCTUHHBI.

Bonpoc S — 1 koro Harama siBnsiercst 6a0ymkoii:

?- grandmama ('HaTtama', X).
X = "Mama' ;

X = '"Mama'.

B nanHOM ciydae BBIIAETCs J1Ba OJJMHAKOBBIX oTBeTa «Marra», T.K. mpaBmwio grandmama B
OJIHOM citydae cpabotano no nenouke «Haramra — Jlamma — Mamay, a B apyrom - «Harama —
Bacst — Mamay. O4eBuaHO, 4TO B IPUBEJICHHOM MpuMepe 0a3bl 3HaHui 6o Hartamm - 310 nBe
pa3JInyHbIC KEHIIUHBI, JTU00 Marm.

BapI/IaHTI)I HHAUBUAYAJTBbHBIX 3agaHuH

B cooTBeTcTBUY € ITOJyYEHHBIM 3aJlaHeM C(OPMHUPOBAThH PELICHUE U JaTh €ro OIMCAHue
CO CKPHUHIIIOTAMU BBITTOJTHEHHBIX JEHCTBUM.

1. IToxkaxxuTe Ha CKPUHILOTAX Pe3yJbTaT 3alPOCOB, MPUBEAECHHBIX HUXKE, UCHONb3Yys K
KadecTBe 0a30Boii mporpammel Jluctunr 2.1, Beimonaute onepanuy, ykazaHaeie B Tadmuie 2.1

Tabnuua 2.3 — BeimoaHeHne npocTeHmx onepanui

Ne n/mt | [Ipenukar 3ampoca [IpoBepsiembrii  mpenukar | Pesynprar
0a3bl 3HAHUI
1 mama('Harama', Y) mama('Harama', 'lama') | Y ="'/lama’
2 mama(Y, Z) = mama('/lama’, Z) mama('Harama', '[]ama’) backtracking
3 mama(Y, Z) = mama('lama’, Z) | mama('dama’', 'Mama') Z ='Mama'
4 write(Z) = write('Mama') 'Maiua'
5 mama(Y, Z) = mama('Jama', Z) mama('Harama', 'Bacs') backtracking
6 papa(Y, Z) = papa('dawa’, Z) papa('Bacs', 'Mara') backtracking
7 mama('Harama', Y) mama('[lama', 'Marma') backtracking
8 mama('Harama', Y) mama('Harama', 'Bacsi') | Y ='Bacs'
9 mama(Y, Z) = mama('Bacs', Z) mama('Harama', '[Tama') backtracking
10 mama(Y, Z) = mama('Bacs', Z) mama('Jama', 'Marma') backtracking
11 mama(Y, Z) = mama('Bacs', Z) mama('Harama', 'Bacs') backtracking
12 papa(Y, Z) = papa('Bacs’, Z) papa('Bacs', 'Mama') Z ='Mama'
13 write(Z) = write('Mama') 'Mama'
14 write('Bcé") 'Beé’

1) Yka3zaHHas mocieaoBaTelbHOCTh UMeeT MecTo, eciu B SWI-Prolog nocne BriBoga Ha
KOHCOJIb HMMEHHM BHYUYKHM (BHyKa) HaXUMaTh KIABUIIY «;» (IIOMCK aJIbTEPHATUBHOIO
JTIOKA3aTeNIbCTBA).

2) XKupHBIM BBIJIENIEHBI CTPOKH, JJIs1 KOTOPBIX BBIIIOJHEHHE MPeAUKaTa HICTUHHO.

3) st ucnionb3yeMont 6a3bl 3HaHMM 00 HaTamm - 3To 1Be pa3iIuyHbIe )KEHIIUHBI, JTHOO0
Maruu.

Conep:xkanue oTyera

ITo BbImonHeHHON paboTe cocraBisgercs oTdeT. OTYET BBINOJIHSAETCS B DIIEKTPOHHOM
Busie. [10 BBITOTHEHHOMY OTYETY MPOBOIUTCS 3AIIUTA JTaOOPATOPHON PaOOTEHI.
Otuer mo naboparopHOW paboOTe MOIKEH COCTOATH M3 CIEAYIOMIMX CTPYKTYPHBIX
3JIEMEHTOB:
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- TUTYJIbHBIN JIUCT;

- BBOJIHAS 4aCTh;

- OCHOBHAsI YacTh. ONMHUCaHNe PadOoThl, BKIIOYAIOIIEe CKPUHILIOTHI ICHCTBU;

- 3aKJIFOYCHHE (BBIBOJIBI).

BBojaHas yacTe oTueTa 10JIKHA BKIKOYATh ITYHKTHI:

- yCIIOBUE 3aJ]auu;

- TIOPSIIOK BBINOJIHEHHUS.

- IPOrpaMMHO-aMNMnapaTHbIe CPECTBA, UCIIOIb3yEMbIE MPU BHIIOIHEHUH PAOOTHI.

3ammTa oTyeTa 1o J1adopaTopHOi paboTe 3aKII0YaeTCs B IPEIbSIBICHUH MPEMOAABATEIIO
MOJIyYEHHBIX PE3yJIbTaTOB B BUJE (aiiia U JEMOHCTPALUU MOJIyYEHHBIX HaBBIKOB IPU OTBETAX
Ha BOIIPOCHI PENO01aBaTENs.

KonTpoJibHBIE BOIPOCHI

1. IlepeunciuTe TOCTOMHCTBA U HEIOCTATKH JIOTUYECKOTO IMPOTPAMMHPOBAHUS.
2. [lepeuncnure ornepaTopsl JOTHYECKOrO MIPOrPaAMMHUPOBAHHS.

3. 11 yero nmpuMeHseTCst TPAaCCUPOBKa?

4. B xakux ciy4asx MPUMCHSIOTCS YKCIICPTHBIC CUCTEMBI?

5. UeM oTIM4aeTCs JIOTHUECKOE MPOTPaMMHUPOBAHUE OT (YHKITHOHATHLHOTO?

6. JlaiiTe onpejieieHHUE TOHATHS KIIPEIMKATY

7. aiiTe onpeneneHue peKypcuu

8. B xakux ciydasx siBIseTCs Leecoo0pa3HbiM ucnob3oBanue [Iposora?

9. [lepeunciure OCHOBHBIC KOMITOHCHTHI HHTEIUICKTYAIBHBIX CHCTEM.

10. B ueM oTiimyue 0a3sl JaHHBIX OT 0a3bl 3HAHWA?

JlabopaTopHasi pa6oTa 3. AIropuTMbI JOTHYECKOr0 MporpaMmMupoBanus. Pemenue
3a/1a4 Ha PeKypPCHIO

Hens pabotel: M3yunTh W NOPUMEHUTh Ha MPAKTHUKE aJITOPUTMBI JIOTHYECKOTO
IpOrpaMMHUpPOBaHUs. BBIMOIHUTE pa3paboTKy MpOrpaMM, UCILUIb3YIOLINX PEKYPCHIO.

OcHoBBI TEOPUH

Pexypcus B IIpoaore

[IpaBumiio sBIsIeTCSI pEKYPCUBHBIM, €CIIU COJEPKUT B KaueCTBE KOMIIOHEHTHI caMoO ceOsl.
Pexypcust nonyctuma B OOJIBIIMHCTBE S3BIKOB NpOrpaMMHpoBaHus (Hampumep, B Ilackane), HO
TaM 3TOT MEXAaHHU3M HEC ABJIACTCA TAKUM BaXXHBIM, ITIOCKOJIBKY MMCIOTCA APYTruUc, CBOMCTBEHHEIE
IPOLIETYPHBIM SI3bIKAM, MEXaHU3MBbI — IUKJIBI, TPOLEYypPhl U PYHKIIUH.

HYCTI) HMCIOTCA CIICAYIOIHEC q)aKTBI 0O TOM, Kakasd BajJlrOoTa KOTHPYCTCSA BBIIIC:

doroje(dollar, rubl).

Jluerunr 3.1
doroje(evro, rubl).
doroje(rubl, iena).
doroje (funt, euro).

Brimosum 3anpoc:
? doroje(evro, rubl).
Yes

Byner mnonyudeH yTBepOMTENbHBI OTBET, IMOCKOJIbKY TakoW (hakT SIBHO ONKMCAaH B
nporpamme. Ecin ke caenarts 3anpoc,

? doroje(evro, iena).

To oTBeT OynmeT oTpUIIaTENBHBIN, TOCKOJIBKY TAaKOU (PAaKT OTCYTCTBYET.
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AHanoru4HeIM Oy/IeT OTBET Ha BOTIPOC:
? doroje(funt, rubl).

N36exaTh TaKuX HENPaBUIBHBIX OTBETOB 3/I€Chb MOYKHO BBEIEHHEM IIPaBUIIA, B KOTOPOM
JIOITYCTUMO CPaBHEHHE MEXY COOON HE TOJBKO /IBYX, HO U TPeX OOBEKTOB:

dorojel (X, Y):- doroje(X, Y). /* nBa obbekrTa */
dorojel (X, Y):- doroje(X, Z), doroje(Z, Y).
/* Tmpu obwekTa */

BTopoe nmpaBuiio onuckiBaeT BapuaHT, Koraa X>7Z, a Z>Y, OTKyAa JeIaeTcsl BbIBOJ, YTO
X>Y.

OnmHako 1ernovyka B3auMHBIX CpaBHEHUH MOKET ObITh JUTMHHOW. Hampumep, mpu yeTbIipex
CPaBHEHHSIX TIOTPEOYETCSI KOHCTPYKIIHS:

doroje2 (X, Y):- doroje(X, M), doroje(M, K), doroje(K, Z),
doroje(Z, Y).

OnuceIBaTh Takue AJIUHHBIE NTPaBUiia HEYA00HO. 31eCh BbIrOIHEE IPUMEHUTh PEKYPCHIO,
00paTUBIIKCH K ITPaBUILy U3 CaMOI'0 ATOrO MIpaBuUIa:

JIuctunr 3.2
dorojel (X, Y):- doroje(X, Y).
dorojel (X, Y):- doroje(X, Z), dorojel(Z, Y).

IlepBoe mnpeanokeHHe B OSTOW KOHCTPYKLIMH ONpEAENsieT MOMEHT IpeKpalleHus
PEKYpPCUBHBIX BHI30BOB.

Bropoe npaBuiio onuceBa€T BO3MOXHOCTH PEKYPCHUBHBIX BBI30BOB, KOT/A CYILECTBYIOT
HENPOBEpPEHHbIE BapHaHThl pelieHus. BooOmie, mobas pekypcuBHas NOpouLeaypa JI0JDKHA
COJIEPIKaTh:

HepexypcuBHoe npaBuio, IpUMEHSEMOE JJIsl 3aBEPIICHUS PEKYpCHM (MX MOXKET OBbITh
HECKOJIbKO, 3aJIal0I1e pa3Hble YCIOBUS JUISl 3aBEPIICHUS] pEKYPCHH),

PexypcuBHOe mpaBuiio, nepBas MOJLEIb KOTOPOrO BbIpaOaThIBa€T HOBBIE 3HAUEHUS
apryMeHTOB, a BTOpasi — PEKypCUBHas MOJLENb — UCIIONb3YET ITH 3HAYEHUS.

Habop npaBun npocmarpuaercsi cBepXy BHU3. CHavasia AenaeTcsl MOMbITKa BBIITOJIHEHUS
HEpeKypCUBHOIO Mpasuia. Ecin 0HO OTCYyTCTBYET, TO PEeKYpCHBHOE NMPaBUIIO MOXET padoTaTh
0ECKOHEUHO.

IIpnMeHeHne peKypcHH B JIOTHYeCKOM NPOrPpaMMHPOBAHUM

Pexypcust — mpoliecc MOBTOPEHHUS AJIEMEHTOB CaMONoJI00HBIM 0OpazoM. Pexypceus (B
IPOTPaMMHUPOBAHUH) — AITOPUTMHUUECKUI METO/I, 3aKIF0YAOIINIICS B BOBMOKHOCTH OOpaIieHus
npaBuia (PyHKIIMH, TIPOIETYPHI) K caMoMy cebe OJIMH Wiu Oosee pas.

Pexypcus sBasieTcss 4acTo MCHOJIB3yeMBIM NpUEeMOM B mporpammax Ha IIposore. [Ins
pPacCMOTPEHHOTO BbIIe TNpuMepa 0Oa3bl 3HaHUH «POJICTBEHHUKH» BBEIEM IPAaBUJIO,
OTMCHIBAIOIIEE OTHOLLIEHUE «IIPEJIOK» - (TIOTOMOK» C IIOMOIIBIO PEKYPCHUH.

Jluctunr 3.3 - PoacrBeHHUKH

% 1 mapamMeTp - MM OTLa WM MaTepu
% 2 mapaMeTp - ¥MMA CHHa MM OoYUepu
roditel ('Bacsa', 'Buka').

roditel ('Bacsg', 'Komsa').

roditel ('Komg', 'lOng').

roditel ('IOnmg', 'Muma').
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roditel ('IOng', 'Mama').

(
roditel ('Komsa', 'Csera').
roditel ('CBeTa', 'Poma').
roditel ('CBeTa', 'Jlema').

% 1 mapamMeTp - OpPEenok

% 2 napaMeTp - IIOTOMOK
predok (A, B) :- roditel (A, B).
predok (A, B) :- roditel (A, C), predok(C, B).

Ha Bompoc predok('Bacst', 'Muia') oTBeT OyaeT MOJI0KATEIbHBIM.

Bropoii npumep ucnons30BaHus PEKYpCHH — pacyeT (pakTopuana.

Jluctunr 3.4 - Pacuer pakropuana

o)

fact(l, 1):- !. % dakTopmMall €OMHMLLE PABEH EOMHULE
fact (N, F):-
Nl is N - 1,

fact (N1, Fl), % Fl pareH bakTopMally uMcJia Ha eIMHUILY
MeHpIero N

F is F1 * N. % daxTopman umucja N paBeH npouseeneHuno Fl Ha
caMo umciio N

Ha Bomnpoc fact(6, F) otBer Oyzaer «F = 720».

JIrobast pexypcuBHas mpouenypa B Ilpomore nomkHa BKIOYaTh, KaK MMUHHMYM JBa
npaBuiIa:

1) HepeKypCHUBHOE MPaBUIIO, ONPEAEISIONIEE €0 BU B MOMEHT NPEKPALEHUs PEKYPCUH;

2) peKypcuBHOE TpaBuio. [lepBas TOIENb, BbBIPA0ATHIBACT HOBBIC 3HAYCHHUSI
apryMEeHTOB, a BTOpasi - BBI30B CaMOI'0 MPaBUIIa C HOBBIMU 3HAYEHUSIMH apTyMEHTOB.

YrnpasJieHHe mpoueccoM BbIBOAA

B Ilposore mmeercs aBa CTaHIAPTHBIX MpEIUKaTa, KOTOPHIE IO3BOJIAIOT YIIPABIATH
npoLeaypol mepedopa ¢ BO3BpaTaMu:

- fail (false) — npeaukar, KOTOpHIA BCeria BO3BpAIIAET JIOXKb;

- | — mpenukar (cut, COKpaTHTB), 3alpeIIAOINil BO3BPAT Jajiee TOH TOUKH, I7I€ OH CTOUT.

HepBBIﬁ N3 HUX HUCHOJB3YCTCA JIA OpraHU3allMi LUKIIOB, a BTOpOﬁ JJI1 YCKOPCHHA
npoueaypsl nepedopa.

Ecam MBI kemaeM Y3HAaTb BCEX IMPCIAKOB «Mummy u IIpHU 3TOM, 4TOOBI BblJla4ya IMPECIAKOB
Ha KOHCOJIb ObLIa BBIMIOJHEHA aBTOMAaTHYECKH, a HE B THAJIOTOBOM PEXHUME (ITyTEeM HaXKATHUS <
MOCJIE KKIOTO OTBETA), TOT/Ia 3aPOC JIOJHKEH BBIMIISICTh CICSIYIOIIMM 00pa3oM:

JIuctunr 3.5
?- writeln ('lIpenky Mumm: '),
predok (A, 'Muma'),
writeln (A),
fail;
true.

OrreT:
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Mpenxm Mumm:
05na
Bacsa
Komna

Takum oOpa3zom, mpenukar fail BBIMOMHSAET NPUHYAWTENBHBIA OTKAT M 3aCTaBISET
[Tposior 3aHOBO mepenoOKa3blBaTh BCE MpPEAbIAYIIME IOJLEId C HOBBIMM 3HAYEHUSMHU
nepeMeHHbIX. [leperokazarenbcTBy B MPHUBEJCHHOM HpuMepe OyJeT TMOABEPKEH TOJBKO
npeaukat predok(A, 'Mumia'), T.K. mpeaukarsl write u writeln He reHepupyroT HOBbIC 3HAUCHUS
nepeMeHHbIX. Eciam mocne npeaukarta fail HaxonsaTes aqpyrue npenukaThl IpaBuila, yKa3blBacMble
yepes «,» (Jioruyeckoe M), To oHM HUKOTJa He OyyT BBIIOJIHEHBI.

PaccmoTpum Oosee ci0XHBINM IPUMEpP: BBISICHUTH BCEX MPAaBHYKOB «Komm».

JlucTunr 3.6
?- roditel ('Koma', A),
write ('IlpaBHyku ('), write(A), writeln('):"),
roditel (A, B),
writeln (B),
fail;
true.
OrBeT:
[lpaBHykM (0;1g) :
Muia
Mama
[lpaBuyku (CBeTa) :
Powma
Jlema

Ecnu B nanHo# nenu ucnonb3oBarh npeaukat ! nociue roditel('Komnst', A), To pesynbrarom
paboThI MporpaMMbl OyAET NEPBLIX TPU CTPOKH, eciu nocie roditel(A, B) — nepBbIX 1Be CTPOKH.
Ecnu nipu BEITOTHEHNH TTpaBHIIa B pe3yiibTaTe BO3BpATa ISl EPEA0Ka3aTeIbCTBA MIPEIUKATOB C
HOBBIMHM 3HAYEHMSMHU NEPEMEHHBIX OyAeT BCTpeueH mpeaukar !, To BCE MpaBWIO B LIEIOM
BO3BpaTuT «false», make ecim y HEro HMMEIOTCS aJbTEPHATHBHBIE ITyTH JOKA3aTeIbCTBA,
yKka3bplBaeMble uepe3 «;» (ormdyeckoe WMJIM) wmnm ompeneneHus, 3agaBaeMble OTIEIbHBIMU
MPEUTOKEHUSIMH.

IMocTanoBka 3a1aum K J1a00paTOpHOii padore 3

1. 3yuuTh npejiaraeMblii TEOPETUUECKUN MaTepual.

2. Pa3pabotaTh mporpaMmebl, UCTIOJB3Ys (GparMeHThl Koja (Jauctinru 3.1-3.6).

2. OTyer NOMKEeH COoAepKaTh TUTYJIBHBIA JIMCT, BKIIOYAIOMMI Ha3BaHHE Ja00OpaTOpHOM
paboThl 1 HOMEp BapuaHTa, a TAKXKe CBeACHUs 00 aBTope ((pamMmins CTyIeHTa 1 HOMEp IPYIIIbI).

3. OpopmneHne KakIOro 3aJaHus HAyMHAWTE C yKa3aHUA €ro HoMepa, Harnpumep
«3aganne Ne 1» 1 TexcTa 3amaHus.

4. Odopmisis pelieHHe 33JaHUM, CIeAyeT BKJIIOYaTh B JOKYMEHT CKPUHUIOTHI H
KOMMEHTapUU /7S TOSICHEHUS MCII0JIb3YEMbIX 0003HAUEHHUH U BBIOJIHAEMbIX ACHCTBUI.
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5. Opopmuts otyer mo nabopatopHoil padote. IlpeacraBuTh oT4eT MO JTA0OPATOPHOM
paboTe 1S 3alHTHL

BapuaHThl HHAUBHAYAJIBHBIX 32 IaHUH

B cooTBeTcTBHM € MMOTyYEHHBIM 3ajaHieM C(HOPMUPOBATH PEIICHUE U JaTh €r0 OMMCAHUE
CO CKPHUHIIIOTAMU BBIITOJIHEHHBIX AEHCTBUM.

3aganmue 1.
1.1 CoctaBuTh CIUCOK (pe3epHBIX CTAHKOB C MX IMapaMeTpaMH, OCYIIECTBUTH IMOUCK
CTaHKa B JIaHHOM CIIMCKE M BBIBECTH ero napamerpbl. OCHOBHOM HapameTrp — 3TO HIMPHHA

croyia. [lysi JaHHBIX CTAHKOB IIMPUHA CTOJNA UMeeT cienyromue pasmepsl: 200, 250, 320, 400,
500.
B Tabinue 1 npuBeaeHb! BUABI CTAHKOB € TapaMeTpaMH.

Tabnuna 3.1 - [lepeueHb CTaHKOB

Tun cranka IHazBanue Pa3mep crona
BEpPTUKAIBHO-(Dpe3epHbIT 6M10 200 Mmm
BEPTUKAIbHO-(PE3EPHBIIL 6H11 250 MM
FOPU30HTAIBLHO-(PE3EePHBINA 6M80I" 200 MM
TOPU30HTATILHO-(PE3CPHBIN 6H81T 250 MM
BEPTUKAIbHO-(PE3EPHBIIL 6H11 320 MM
TOPU30HTATILHO-(PE3CPHBIN 6M82T 320 MM
BEPTUKAIbHO-(PE3EPHBIIL 6M13 400 MM
TOPU30HTATILHO-(PE3CPHBIN 6M83T 400 Mmm
BEPTUKAIbHO-(PE3EPHBIIL 6H14 500 MM
FOPU30HTAIBLHO-(PE3EPHBIN 6H84T" 500 Mmm

1.2 TTosKCIEpUMEHTHPOBATh C TPABWIOM «IPHHAUICKUT», H3YUYUTh C ITTOMOIIBIO
OTIIJUMKa, KaK paboTaeT peKypCUBHBIN Mepedop IEMEHTOB CITUCKA.

1.3 Co3matb BO BCTPOGHHOM pENAKTOpPE IMpOrpamMMmy, B KOTOpPOW IpelcTaBlieHa
uH(poOpMallisg W3 BHIINIE MPUBEIECHHOW TaOMUIBI B BUAEC YHAPHBIX NPEIUKATOB CTAaHOK C
apryMEHTOM — CITUCKOM M3 TpeX MapameTpoB (M3 CTOJIOIOB TAOJMIIBI), TTPABUI JIOTHYECKOTO
BBIBOJA C PEKYpCHEH sl MOMCKAa MapaMeTpoB CTaHKAa MO 3aJaHHOMY OJIHOMY HapameTpy.
[IpeankaroB «cTaHOK» AOMKHO OBITH 10 (1O OJHOMY Ha KXY CTpOKY Tadmwuilsl). [Iporpamma
JIOJKHA COZIepKaTh CIEeAYIOIMe MTpaBua;

- IPaBWJIO HAMTH, C KOTOPOI'O 3allyCKaeTcs Mporpamma:

HamTh (X) : - cTaHok (L), napameTpr (X,L), phh(L).

rjae: L — cnucok mapameTpoB.

- IPaBWJIO «IapaMeTPhl» C peKypcuei NS MOMCKa 3aJaHHOro mapamerpa X (HamucaTth
CaMOCTOSITENILHO)

- mpaBwiIo phh 11s BbIBOJAa Ha JKpaH CINMCKAa TMapaMEeTpOB B BUIE CTPOKU (HAMUCaTh
CaMOCTOSITEIIBHO).

3ananmue 2.

HeobOxomumo  paspabotaTh mporpammy  «POJCTBEHHBIE  CBSI3W»,  OTBEYANOIIYIO
CIIETYIOIIUM TPEOOBAHUSIM.

2.1 Tlporpamma JToJKHA COAEPKATh OOIIME sl BCEX BApUAHTOB (DAKThI U MpaBUIIA!

- JKCHIIMHA;

- MY>XYHHA;

- MaTh;

- OTell;
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- POIUTETD;
- CYNpyTH.

2.2 Tlo BapuanTaM 100aBUTH B IpOrpaMMy IMpaBuiia JJis ONpeesieHUs POJCTBEHHUKOB:

03N LN kW~

27.

. Opar;

. cecTpa;

. peOeHOK;

. balOymika;

. IeylIKa;

. BHYK;

. BHYYKa;

. TIpajieTy1IKa;

npabadymika;

. IPaBHYK;

. IpaBHYYKa;

. 35Th (MY JOYEpH, CECTPBI, 30JI0BKH);

. HeBeCTKa (3KeHa ChIHA JJI €T0 OTIIa, )KeHa OpaTa);

. CBEKOD (OTel Myxa);

. CBEKpPOBb (MaTh MyKa);

. TeCTh (OTeII )KCHBI);

. Tema (MaThb JKEHbI);

. CHOXa (’KeHa ChbIHA JIJISl €T0 MaTepH);

. cBar (OTeI] OJJHOTO U3 CYNPYTOB JJIsi POJUTEIIEH APYTrOro Cynpyra);

. CBaThs (MaTh OJHOTO U3 CYNPYTOB JJIsl POAUTENEH IPYroro Cymnpyra);
. CBOSIK (MY CECTpPBI KEHBbI);

. CBOSIYEHHMIIA (CECTpa >KEHBI);

. CBOSIKM (JIMLIa, )KEHAThIE Ha JIBYX CECTpax);

. AeBepb (POAHOI Opat MyXka JUisl )KEHBbI);

. 30JI0BKa (cecTpa MyxKa);

. IIypuH (OpaT >KeHbl);

s (Opar oTIa WIIM MaTepH M0 OTHOIICHHUIO K AETSAM, IUIEMSHHUKAaM, KpOMe TOTO,

TS7IeH SBISETCS MK TETKH);

28

. TeTKa (cecTpa OTIla WJIK MAaTepPH MO OTHOIIEHUIO K JIETSIM, INIEMIHHUKAM. KpOME TOTO,

TETKOM SIBJISICTCS JKeHA TSN );

29.
30.
31.
32.
33.
34.
35.
36.

IJIEMSIHHUK (peOeHOK OpaTta WM CeCTphbl);

BHYYaTbIil MJIEMSHHUK (BHYK OpaTa UM CECTphl);

BHy4aras IUIEMsSIHHMIIA (BHY4YKa Oparta WM CeCcTpbl);
JIBOIOPOJHBIN AeAyIIKa (A1 0TI U MaTepH);
JBOIOpO/IHAs 6a0yIKa (TeTKa OTIia Wik MaTepH);
JIBOIOPOJHBIN Opat — Ky3eH (ChIH POJAHOTO AU WIN TETH);
JIBOIOPOJIHAS CeCTpa — Ky3WHa (J0Yb POHOTO SN WIIA TETH);
JIBOIOPOJHBIN /15 (IBOIOPOIHBIN Opat oTLa U MaTepH);

37. ABOIOpOIHAS TE€TKA (IBOIOPOIHAS CECTPA OTIA U MATEPH);

38.

Mauexa (HepoJHast MaTh peOeHKa);

39. orunuM (HEpOIHOM OTell peOeHKa);
40. maguyepuiia (HepoiHas 10Yb 110 OTHOILIEHUIO K OJTHOMY U3 CYNPYTOB);

41.

MaChIHOK (HEPOHOM CHIH MO OTHOIICHUIO K OJJHOMY U3 CYIIPYTOB);

42. cBOJIHBIN Opat (ChIH HEPOJHOTO POAUTENS (MayeXu, OTYUMA) 110 OTHOIIECHUIO K JIETAM
POJIHOTO);

43

. CBOAHAs cecTpa (I0Yb HEPOJHOTO POAMUTENS (Mayexw, OTYMMA) MO OTHOUICHHIO K

JIETSIM POJTHOTO);
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2.3 [Ipu HeoOxoauMocTH M00aBUTH B NIpOrpamMMy HedocTaiomme (pakTbl M TpaBuUia,
TpeOyemMble A1 padOTHI TpaBuiI U3 1. 2.2.

Conep:xanue oT4yeTa

Ilo BbImosHEHHON paboTe cocraBisgercs oTdeT. OTYET BBINOJHACTCA B 3JIEKTPOHHOM
Buze. [1o BeIMOTHEHHOMY OTYETY MPOBOAUTCS 3alUTa 1a00paTOpHOM paboTHI.

Otuer mo saboparopHOH paboOTe AOIKEH COCTOATh M3 CIEAYIOUIMX CTPYKTYpPHBIX
DIIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJHAaA 4acCThb,

- OCHOBHasI 4acThb:. ONKUCaHKE PabOThI, BKIIOYAIOLIEEe CKPHUHILIOTHI JeHCTBUI;

- 3aKJII04YEHUE (BBIBOBI).

BBopHas yacTh oT4eTa JOJDKHA BKIKOYATh ITYHKTHI:

- YCIIOBHE 3aJjauy;

- IOPSZ0K BBITOJIHEHMS.

- IPOrpaMMHO-aMNMapaTHbIE CPEJCTBA, UCIIOIb3yEMbIE IIPU BHINIOJTHEHUN PAOOTHI.

3ammMra oT4era 1o J1adopaTopHOi paboTe 3aKiI04YaeTCsl B IPEIbsBICHUH PENOAABATEINIO
MIOJIyUYEHHBIX PE3yJIbTaTOB B BUJIE (aiiia U JEMOHCTPALMU TOJIyYEHHBIX HaBBIKOB IPU OTBETAX
Ha BOIIPOCHI MPENoaBaTesl.

KOHTpOJIbeIe BOIIPOCHI

. Kak MoxHO 3arpy3uth mporpamMmmy u3 ¢aiina?

. Kak 3anyckaercsa nporpamma Ha [Iposiore?

. Kak orobOpasatorcs B mporpamme Ha [Iposore cBoiicTBa cymHocTei?

. Kak oroOpakatorcs B nporpamme Ha IIponore oTHOLIEHUST MEXIY CYyLIHOCTAMU?

. Kak oto06pa3uts B mporpamme Ha [Iposore npoBepky KOHBIOHKLUH JIBYX IPEIUKATOB?
. Uro takoe ynuduxamus B [Iposnore?

. Uro takoe npasuiio B [Iposore?

. Onummre QyHKIMOHATBHBIE BO3MOXKHOCTH JIOTUYECKOTO MPOrpaMMHUPOBAHUS

. Onummre OCHOBHBIE CBOMCTBA PEKYPCHH

10. Kak Ha s3b1ke [Iposior MokeT OBITh pean3oBaHa peKypcus?

O©oOo~NOoO Ol WN -

JlaGopatopHas padora 4. [Ipumenenue cnuckos B IIpoJiore
Hean pabdotbi: HayunThes ncnons3oBath cniucku B [Iporore.
OcHoBBI TECOPHH

Hcnoan3oBaHue CIUCKOB

Crnucku — ogHa U3 Haubosee yacTo ynorpeodnseMbix cTpyktyp B [Iponore. Crincok — 310
Ha0Op OOBEKTOB OJIHOTO W TOTO ke Tuma. [Ipy 3amucu CHHCOK 3aKIIOYal0T B KBaJApPaTHBIE
CKOOKH, a SJIEMEHTHI CIIMCKA Pa3AelisioT 3alsIThIMHU, HAlPHUMeED:

[1,2,3]
[1.1,1.2,3.6]
[“Buepa”, "ceronua’”, "zarTpa’]

DOneMeHTaMH CHHCKa MOTyT ObIThb Jt00Oble TepMmbl I[Iposora, T.e. aTombl, 4YucIia,
NepeMEeHHbIE U COCTaBHbIE TepMbl. Kajk/blil HEMyCTON CIMCOK MOKET OBbITh pa3/iefieH Ha TOJIOBY
— TEpBbI 3JEMEHT CIUCKa M XBOCT — OCTajlbHbIE 3JeMEeHThl crnucka. [Ipm 3rtom chucok
IIPEJICTABIISIETCS B BUJIE!

[AIB] mim [1]| [2,3]] miam [1] B] wmim [“Buepa”|
[“ceronua”, "zarTpa’”]].
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DTO TO3BOJISET BCAKHI CIHCOK MPEACTaBUTH B BUAe OuHapHOro nepea (puc.l). YV
CIIMCKa, COCTOSILEr0 TOJIBKO U3 OJIHOTO 3JIEMEHTA, TOJIOBOM SBJISETCS 3TOT 3JIEMEHT, @ XBOCTOM —
MycTO# cucok. J{Jist MCTOIb30BaHUS CIIMCKA HEOOXOAUMO OIUCATh MPEANKAT CIIHCKA.

[1,23.4]

[
—
1
=
—

ad
—_—
i %
i

Pucynok 4.1 - bunapHoe epeBo CIucka.

B cnenyromem npumepe 1 - rosnosa crnucka, a [2, 3, 4, 5] - xBoct. [Iponor mokaxer 310
IIPH IIOMOIIY COMTOCTABIICHUS CIMICKA YMCEN ¢ 00pa3IioM, COCTOSIIIMM U3 TOJIOBBI U XBOCTA.

?- [1, 2, 3, 4, 5] = [Head | Tail].
Head =1

Tail = [2, 3, 4, 5]

Yes

3neck Head u Tail - Tonpko MMeHa mepeMeHHBIX. Mbl MOTJIM OBbI MCIOJB30BaTh X U Y
WJIM KaKue-HUOY/b IPyrue UMeHa MEePEMEHHBIX C TEM K€ YCIEeXOM. 3aMEeTHM, YTO XBOCT CIHCKa
BCETJla SABJIIETCSA CHUCKOM. ['0y10Ba, B CBOKO OY€pelb, €CTh JJIEMEHT CIMCKA, YTO BEPHO U JJIA
BCEX JIPYTHX AJIEMEHTOB, PACIOJIOKEHHBIX O BEPTUKATHHOM YEPThl. ITO MO3BOJISIET MOJTYYHUTh,
CKa)XeM, BTOPOM JIEMEHT CIIMCKA.

B Prolog ucnons3yercs creuuanbHbIi CUMBOJ JUIsl pa3/eleHHs] CIUCKAa Ha TOJIOBY U
XBOCT — BEpTUKAJbHAS YepTa |.

Hanpuwmep:

(1, 2, 3] wmm [1 | [2, 3]] wmm [1 | [2] [3]1]] mom [1 | [2
[ [3 1 [ 111]

BepTI/IKaHBHYIO YCPTY MOKHO UCIIOJB30BATb HC TOJIBKO JISA OTACJICHUSA T'OJIOBBI CIIMCKA,
HO 1 JJIA OTACJIICHUA ITPONU3BOJIBHOI'O YK CJla HAYAJIbHBIX 3JICMCHTOB CITUCKA!:

(1, 2, 3] wm [1, 2 | [3]] wmm [1, 2, 3 | [ ]]

IIpumep
Hcnons3yeM aHOHMMHBIE IIEPEMEHHBIE IS TOJIOBBI M CIIHCKA, CTOSIIETO IIOCIE YEPTHI,
€CJIM HaM HYKEH TOJIBKO BTOPOM 3JIEMEHT CITHCKA!

?- [cmnoH, nomans, ocen, cobakal = [ , X | 1. X = jomanb

Yes

PaccmoTpum HeckoibKo mpouenyp oopaboTku cnuckoB. OOpaTtuTe BHHUMaHUE, YTO BCE
OHU HCHOJB3YIOT PEKYpPCHIO, B KOTOPOH TepMHHaIbHOE (0a30BO€) MPaBUJIO ONPEAETICHO M
IyCTOT'O CIIHCKA.

IIpumep
[Ipenukar «mepecTaHOBKa» BBIAACT CIMCKH, IOJYYCHHBIC MEPECTAHOBKOW 3JIEMEHTOB
CBOETO MEPBOTO apryMEHTA.
niepectanoBka([],[]).
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nepecranoBka([H|L],Z):- mepecranoBka(L,Y), mecto(H,Y,Z).

IIpumep uCnoIb30BaHUSA:
JIuctunr 4.1
?- IHepecTaHoBKka ([a,b,c],X). X = [a, b, c] ;
= [b, a, ¢
= [b, ¢, a
[a, ¢, b
b

= [CI a,

XXX X X
Il

]
]
1
]
]

= [c, b, a] ; No

[Ipenmonoxum, 9T0 UMEETCsI HEKOTOPBIM CIUCOK, B KOTOpOM X 0003HaYaeT €ro rojoBy,
a Y — XBoCT cmucka. Takod CIUCOK MOXKHO 3ammcarh, Kak [X|Y]. DTOT CHHCOK MOXKET
COJIeprKaTh, HAPUMEP, UHCTPYMEHT JIsl 00pabOTKH JIeTallei:

[dbpesa, cBepio, peser, XOH]|

Tenepp MNpeAnonok UM, YTO MBI XOTUM ONPEAEIUTh, COAEPKUTCA T HEKOTOPBIN
MHCTPYMEHT B yKa3zaHHOM crnucke. B Ilpornore 310 MOXHO clienarb, ONpeaesnB, COBIAAAET JIU
JaHHBIA WHCTPYMEHT C TroJIOBOM cmucka. Ecium coBmagaer, TO Hall CHUCOK 3aBepIIaeTcs
ycnexoM. Ecnu HeT, TO MBI MpOBEpsieM, €CTh JIM HY>KHBI MHCTPYMEHT B XBOCTE HCXOJIHOTO
CIIMCKa. JTO 3HAYMT, YTO CHOBA IPOBEPSETCS TOJ0BA, HO YK€ OYEPEIHOr0 XBOCTa cnucka. Ecimu
MBI JIOXOJUM J0 KOHIIA CIIUCKA, KOTOPBIN OyAeT MyCThIM CIIMCKOM, TO HAIll ITOUCK 3aBEPIIACTCS
HEeyJaueii: yKa3aHHOTO MHCTPYMEHTa B UCXOJHOM CITUCKE HET.

Jlst Toro, uyToOBI 3anucath Bce 310 Ha [Iposore, cHavana Hao:

Y CTaHOBUTH, YTO MEXAY OOBEKTOM U CIUCKOM, B KOTOPBIN 3TOT 0OBEKT MOXKET BXOAUTh,
CyIIEeCTBYeT OTHOIIeHue. J[Jisg 3amucu 5TOro OTHOIIEHWsS OyaeM HCIOJIb30BaTh MPEIUKaT
NPUHAUICKUT:  1eJeBOoe  YTBEpXKIAeHHEe  MNpuHAmIekKUT(X,Y)  sSBIASETCS  UCTHHHBIM
(«BBITIOJIHSETCS»), €CITU TE€PM, CBS3aHHBIN ¢ X, SBJISETCS AJIEMEHTOM CIHCKA, CBS3aHHOTO C Y.
HNmeroTcst 1Ba yclOBHS, KOTOpPbIE HAJI0 MPOBEPUTH AJIsl ONPEAEICHUS UCTUHHOCTH IMpeauKara.
[TepBoe ycnoBue roBoput, uro X OyleT 2JIEMEHTOM CIUCKa Y, €Clid X COBMAJaeT C TOJIOBOM
cnucka Y. Ha IIposore 5ToT akT 3anuchIBaeTCs CIEAYIOMUM 00pazoMm:

npuHamimexut (X, [X] ).

Ora 3anmuch KOHCTaTHPYET, 4TO X SBISETCS JIEMEHTOM CIMCKa, KOTOpbId mMeeT X B
Ka4yecTBe TOJIOBbl. B MaHHOM cilyuac aHOHMMHAs NMEpPEMEHHas « » s 00O3HAYEHMs XBOCTa
CIIUCKaA.

Bropoe mpaBuio roBopuT o0 TOM, YTO X HPUHAUIEKUT CIHCKY MPHU YCIOBHH, YTO OH
BXOJIMT B XBOCT 3TOTO CIIMCKa, 0003HavaeMblil yepe3 Y. i 3TOro UCHOiIb3yeM TOT Ke CaMblit
NpeIuKaT MPUHAAJICKUT ISl TOTO, YTOOBI ONPENENINUTh, MPUHAIICKUT JU X XBOCTY crucka. B
3TOM M COCTOMT CyTh pekypcuu. Ha IIponore 310 BBINISIINT Tak:

npuHamimexut (X, [ [Y]) :- npuHammexut (X,Y) .

JlBa STHX TpaBWIa B COBOKYIIHOCTH ONPEACNSIOT MpeauKaT s OTHOIICHUS
NPUHAIEKHOCTH M YKa3bIBatoT [Iposory, kakuM 00pa3oM MpoCMaTpUBaTh CIIMCOK OT Hadala 10
KOHIIa IIPU TOMCKE HEKOTOPOro 3JeMeHTa B crucke. Hambosee BakHBIE MOMEHT, O KOTOPOM
CJIeZlyeT TIOMHUTh, BCTPETHBIIUCH C PEKYPCHBHO OTPEICICHHBIM TPEAUKATOM, 3aKITI0UaeTCsS B
TOM, YTO MPEXkKIE BCEr0 HAJI0 HAMTH TPaHUYHBIE YCIOBHS U CIIOCOO MCIIOIB30BAHUS PEKYPCUH.

JIns mpenukara «IIpUHAUICKUATY B JCHCTBUTEIBHOCTH MMEIOTCS /1Ba THUIA T'PAaHWYHBIX
ycnoBuid. JInGo OOBEKT, KOTOPHI MBI HIIEM, COJEPXKHUTCA B coucke, aubo Her. IlepBoe
TPaHWYHOE YCIIOBHE Ul TNPEIUKaTa «IIPHHAIICKUT» PACIO3HACTCS MEPBBIM YTBEPKACHHUEM,

34



KOTOpO€ MPUBOAUT K MPEKPAIICHUIO MOMCKA B CIUCKE, €CIU MEPBbI apryMeHT IpeauKara
MIPUHAJUJICKUT COBIAJAET C IOJOBOW crucka. Bropoe rpaHnyHOe yciIoBHE BCTpeyaeTcs, Korja
BTOPOW apryMEHT MpEeArKaTa «IIPUHAIIICHKUT SBISIETCS MyCTHIM CITIUCKOM.

DTO0 Bce AEMOHCTpUpPYET cieayromnuii mpumep Ha [Iposore: npunamgnexut(X,[X| ]).

nprHanigexutT (X, [ |Y]) : - npuHangmexur (X,Y) .
?- nDpuHaniexurt (bppeza, [dpesa, cBepJsio, pesel, XOH]).

true

?- NPUHAIJIEXUT (IPOTaXka, [bpe3a, cBepJo, pes3el, XOH]).

false.

Cnoco0Obl opranu3anum HUKJIOB

B IIponore oTcyTCTBYIOT KOHCTPYKLIMM LIMKJIOB C IIAPAMETPOM, IPEJ- U IOCTYCIOBHUEM,
HO C TTOMOIIIbIO COOTBETCTBYIOIIMX MEXAaHU3MOB MOKHO OPTraHU30BaTh PAa3HbIE THUIIBI IIUKIIOB.

1 cioco6. Ucnomnb3yst pexypcuio.

2 cnoco0. Mcnonb3ys npeaukar, KOTOpbIi MOKHO TMepefioKka3aTh, U mpenukar fail.

3 croco6. Hcmomnp3yst mpenukar, KOTOPBIM MOXHO TepeaoKa3aTh, M JIOTHYECKOE
yTBepxkAeHue. Hampumep, BbIIaTh Mapbl «IIPEIOK» - «IOTOMOK» JO TeX IOp, MOKa He
BCTpCTI/ITCﬂ IIOTOMOK C UMCHEM <<MI/IHIa)).

JIucTuur 4.2

?- predok (A, B),

write (A), write(' saBnsercs npenkom '), writeln(B),
B == '"Muyma';

true.

OrBerT:

Buka apBjgaeTcda npenkoMm Koid
Baca aBmaerca npenkoM Koisa
Komna aengeTcsa npenxkoM K0nsa
Ona aBngeTca npenxoM Muma

Takast KOHCTPYKIIHS COOTBETCTBYET LIMKJIY C TIOCTYCIIOBUEM.

4 cioco6. OpraHuzanusi LUKIA CO CYETYUKOM, HCHOJIb3ysl MpeauKkaT repeat u
JMHaMu4eckoe fo0aBieHue GpakToB B 0azy 3HaHUH (Iporpammy).

Crnemyer OTMETHTB, YTO B HEKOTOPBIX peanu3alusax s3blka [Iponor OTcyTCTByeT
BCTPOCHHBIM Mpenukar repeat. Torja IaHHBIM NpenukaT HaIO0 ONPEACTUTh B MPOrpaMMme
CIIEIyIOIINUM 00pa3oM

repeat.

repeat:- repeat.

Ero wucmone3yloT BMecTO Iepefoka3biBaeMoro npeaukara. Ho eciu  npu
NepeI0Ka3aTeIbcTBE OOBIYHBIX TPEANKATOB MOXKET HACTYMHTh MOMEHT, 4YTO BCe€ (DaKThI
ucuepnansl (Hanpumep, predok(A, ‘Muma’) ... fail), To nmpu ucmonp30BaHUM MpeANKaTa repeat
TaKOW MOMEHT HE HACTyIaeT HUKOT/IA.

JlucTuur 4.3

?— assert (count(l)),

repeat,
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retract (count (X)),

X2 is X * X,

write(X), write('”"2 = '), writeln (X2),
X1l is X + 1,

(X1 > 10, !,

assert (count (X1)), fail).

[TpuBenennas nmporpaMma OyJaeT UMKIMYECKH BBIIABAaTh HA dKpaH KBAApaThl yuceld oT |
no 10. B kaudecTBe cyeTuyMmKa HCMONb3yeTcs npeaukar (paxT) count, KOTOPbI AMHAMUYECKU
n00aBIIsIeTCS U yaayseTcst u3 0a3bl 3HaHUH.

Cyl1ecTBYIOT TakXke JIpyrue crnocoObl OpraHu3aluu IUKIOB.

IIpumenenne cnuckos B IlpoJiore

B Ilposiore HeT Takoi pacpOCTPAHEHHOW M YaCTO MCHOJb3YyEMOM CTPYKTYPbl XpPaHEHHS
JAHHBIX KaK MacCHBBI, HO 3aTO €CTh Pa3BUThIE BO3MOXKHOCTH paboOThl cO cnuckamu. CIHCOK —
VIOPSAOYCHHBIH HA0Op SJIEMEHTOB OJHOIO THUMa. B oOTiMYuMe OT MAacCHUBOB, KOJIUYECTBO
DIIEMEHTOB KOTOPBIX CTPOr0 (PUKCHPOBAHO (B OOJBIIMHCTBE SI3BIKOB IPOTPAMMHUPOBAHUS),
CIIUCKH TO3BOJIAIOT MOAU(DUIIMPOBATH, TOOABIATH WU YIAIATH U3 HETO AJIEMEHTHI.

Cnucku B Ilposore 3akiouaroTcsi B KBajpaTHbie CKOOKHU, Hanpumep [1, 2, 8, 123] umm
['TIH', 'B1', HetrBepr']. Ciucok, He coAeprKaluuil HU OAHOTO 3JIEMEHTA «[ |», Ha3bIBAECTCS IIyCTHIM.
Kaxxp1ii HEmycTOM CIMCOK COCTOMT M3 JBYX 4YacTe€i: IOJIOBBI M XBOCTa. ['0JI0BOH sBiseTCS
MIEPBBII 3JIEMEHT CIHUCKA, XBOCTOM — BCE OCTaJIbHOE.

Ta6muna 4.1 - Ciucky ¥ ero cocTaBHBIE YaCTH

Cnucok I'osioBa XBOCT
[1,2,8,123] 1 [2, 8, 123]
['TId', 'B1', 'Uersepr'] | 'TIH' ['Bt', 'Uetsepr']
[1.25] 1.25 [

1 HE OMpe/Ie/icHa | He Onpe/esicH

B mporpamme rojoBa oTAensSeTCs OT XBOCTa CUMBOJIOM «|».

YacTo HCIoIb3yeMbIMH OITEpaIHsIMH IPU pad0Te CO CITUCKAMU SBIISIOTCS:
- IPOBEpKa HAJINYHUS JIEMEHTA B CIHCKE,;

- 1o0OaBJIeHUE DJIIEMEHTA B CITMCOK;

- KOHKaTeH1us (00beMHEHNE) CIIUCKOB;

- yIaJIeHUE 3JIEMEHTA U3 CITUCKA;

- 3a/1aHre OOPATHOTO MOPSAKA CIIEOBAHUS YIIEMEHTOB CIIHCKA,

- pa3JeNieHre CIUCKa Ha JIBa.

1 [IpoBepka HaTMIHI DJIEMEHTA B CITHUCKE.
JlucTuur 4.4

o)

% 1 mapamMeTp - 2JIEeMEHT, HaJMuMe KOTOPOI'O B CIMCKE
TpebyeTCcsa NPOBEPUTH

% 2 napameTp - CIMCOK

member (X, [X | ]).

member (X, [ |Tail]) :- member (X, Tail).

?—- member (2, [1, 3, 45, 2, 741),
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write('Ia') ;
write ('Her') .

Ja.

OrreT:

2. JloGaBieHue 3neMeHTa B CMCOK. {151 naHHOW omnepauuu He TpeOyeTcs OTIAEIbHOIO
IpaBuiIa, €CIIM AIEMEHT X J00aBiIseTcs B Hadauo cnucka List

NewList = [X|

List].

3. KoHkareH1us ABYyX CIIHCKOB.

JIncTuur 4.5

o°

1 napameTtp -

o°

2 mnapamMeTp -—

o°

3 mapameTp -—
concat ([], L2,

concat ([X|L1l],

?—- concat([1,
write (L) .
OrseT: [1, 2,

3,

IIEPBEI CIOMUCOK
BTOPOM CIMCOK

pesysibTaT oOBeIMHEHUS IBYX CIIICKOB

L2) .
L2, [X|L3]):- concat(Ll, L2, L3).
21, [3, 451, L),

457.

4, Y naneHue sjaeMeHTa M3 COUCKA U 3aJaHue O6paTH01"O IopsaaKa CJIICJOBAHUsA 3JICMCHTOB

CITMCKa.

JlucTuur 4.6

o°

1 napameTrp -

o\©

2 napameTp -

o\©

3 mapameTp -—

o°

4 napameTp -—

yOaJISEMEI BJIEMEHT
UCXOOHHIM CIMCOK
paboumy CHOUCOK

[IEPEBEPHYTEM CHOMCOK 0Oe3 BJIeMeHTa

delete( , [], L, L).

delete (X, [X|L], L1, L2):- delete(X, L, L1, L2).
delete (X, [Y|L], L1, L2):- X \==Y, delete(X, L, [Y|L1l],
L2).

% 1 mapamMeTp - MCXOHOHEM CIMCOK

% 2 napameTp - paboumMy CIMCOK

% 3 mapaMeTp — [IePeBEPHYTHM CIUCOK

reverse([], Lr, Lr).

reverse ([X|L], L1, Lr):- reverse (L, [X|L1l], Lr).
?- delete(1, [1, 3, 1, 45, 11, [1, L),
reverse (L, Lr),

write (Lr) .
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OreeT: [3, 45].
5. Paznenenue coucka Ha JBa.

JIucTunr 4.7

o°

1 napawmetTp BJIEMEHT, 3ajaluul pas3bueHue

o°

2 mapameTp MCXOOHEM CIUCOK

% 3 mapaMeTp — 3JIEMEHTEH, MeHbIME MIM PaBHEE 1 HapamMeTrpy
% 4 mapaMeTp — 3JIeMeHTEH, OoJnbpmme 1 mapameTrpa

split(_, (1, [1, [1).

split (Y, [X|L], [X|Ll], L2):- X @<=Y, split(y, L, L1,
L2).

split (Y, [X|L], L1, [X|L2]):- X @> Y, split(y, L, L1,
L2).

?- split(7, [1, 3, 1, 45, 1, 33], L1, L2),
writeln(L1l),
writeln (L2) .
Orser: [1, 3, 1, 11 m [45, 33].
IMocTanoBka 3agauu K JabopaTopHoii padorte 4

1. 3yuuts npesuiaraeMplii TEOPETUUECKUI MaTepual.

2. CocTaBHTh MPOrPaMMBI, UCTIOIB3Ys (PparMeHThI TUCTUHTOB 4.1-4.7.

2. OTyer NOJIKEH COo/Aep)KaTh TUTYJBHBIA JIMCT, BKIIOYAIOMUI Ha3BaHHE Ja00paTOpPHOM
paboThl 1 HOMEp BapHaHTa, a TAK)Ke CBEACHUsI 00 aBTOpe ((haMuiIus CTyIeHTa 1 HOMEp TPYIIIIbI).

3. OpopmneHre KakIOro 3aJlaHusl HAYMHAWTE C yKa3aHWA €ro HoMepa, Harnpumep
«3ananue Ne 1» u Tekcra 3a1aHusl.

4. Odopmitsas pelieHHe 3aJaHui, cleayeT BKIIOYaTh B JOKYMEHT CKPUHUIOTHI MU
KOMMEHTApHUH JIJIS TIOSICHEHUS! HICTIONIb3YeMbIX 0003HAUEHHH U BBITTOTHSAEMBIX ACHCTBUIA.

5. Opopmuts otyer nmo nabopaTopHoil pabote. IlpeacraBuTh oTdeT Mo 1abOpPaTOPHOM
paboTe 1S 3alTUTHI.

BapuanThl HHAUBUAYAJNBHBIX 3aJaHUM

B cootBeTcTBHE C IMMOJIYYCHHBIM 3aIaHUCM C(i)OpMHpOBaTB PEIICHUEC U JaTb €TI0 OIMMCAHUEC
CO CKpUHIIOTaMHU BBIITOJIHCHHBIX ,Z[CI>'ICTBI/II>'I.

3ananue 1

Pazpabotare mporpamMmy pacyera (yHKIHMH C MCIOJIb30BAaHHEM PEKYPCHUBHBIX MpaBUII,
OTBEYAIONIYIO CJIENYIONUM TpeboBaHusM (Tadi.4.1).

1.1. TIporpamma J0/DKHA 3aIPaIlIMBATh Y TOJIb30BATEIS:

- N — KOTM4eCcTBO YICHOB PAJIa;

- X — 3HayeHue nepeMeHHoi (eciau B hopmye ecth X).

1.2 Pe3ynbTatsl paboThl, BEIIaBaeMbIe Ha SKPaH:

- IpUOIMKEHHOE 3HaUeHNEe (DYHKIUY;

- TOYHOE 3HAUYeHUE (PYHKIUH.

Tabnuua 4.1 — I[Iporpamma pacuera GyHKIHH

‘ Ne ‘ Beipaxxenue
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1

1| y=rz=1-x+x"—x* 4+ + ()" "
2 }’=ﬁ=1—2x+312 —4x3 4+ ()" M+ D™
3 V= 1+1x2 —1— IZ + xﬂi» . IG + e (_1)n—1x2n—2

4 ly= 1-|—J2-|—-"-|—\/(n—1)+xf'ﬁ

5 y:n:wuz@fﬁg+i——i—+m+{—uwﬂ——i——)

532 733 (2n-1)3n-1
6 |y=c=1l-c+i— 4+ (D" —
Ty= Talt(ﬁ —3)= 2-2-4 B 4-;-6 + 6-;-8 B 8-91-1{] ot (DT 2n{2n+11}{2n+2}
8 |y=C =1t atatat ot
9 yz%z:1+3i2JrsizJr?iz+--++{2n1_1}2
o[y =R s g
3aganue 2

Pa3paborate mporpammy pacuera GYHKIUU C HCIIOJIB30BAHHEM PEKYPCHUBHBIX IMPaBUII,
OTBEYAIONIYIO CJIENYIOMUM TpeboBaHusM (Tabi.4.2).

2.1. Ilporpamma J10JKHA 3alpallMBaTh y MOJIb30BATEIS:

- N — KOTM4eCTBO YICHOB pAJA;

- X — 3HaueHue nepeMeHHoil (eciu B popmyre ectb X).

2.2 PesynbraThl paboThl, BEIIaBaeMBbIC Ha SKPAH:

- IpUOIMKEHHOE 3HaYeHHe (PYHKLUY;

- TOYHOE 3HAYCHHUE (PYHKIIUH.

Tabnuma 4.2 — [Iporpamma pacuera CI0XKHON HyHKIIUN

Ne | Buiparkenne

1 yzgzl—%+$—%+m+ﬂdﬁﬂafﬁ
2 |y=C =1 b bt

3|y =l =l ettt
ST e

5 y=ﬁ=1+%+i+i+m+;:;
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Conep:xanue oT4yeTa

Ilo BbImonHeHHON paboTe cocraBisercs oT4eT. OTYET BBINOJHAETCS B 3JIEKTPOHHOM
Buze. [1o BeIMOTTHEHHOMY OTYETY MTPOBOAUTCS 3alUTa Ja00paTOpHOM paboTHI.

Otuer mo saboparopHOW paboTe MOIKEH COCTOATh M3 CIEAYIOUIMX CTPYKTYPHBIX
DJIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJHAaA 4acCThb,

- OCHOBHas1 4acTh (OnucaHue paboTsbl);

- 3aKJII04YEHUE (BBIBOBI).

BBosHas yacTh oT4eTa JOJHKHA BKIKOYATh ITYHKTHI:

- YCIIOBHE 3aJjauy;

- IOPSZ0K BBITOJIHEHMUS.

- IPOrpaMMHO-aMapaTHbIE CPEJCTBA, UCIIOIb3YEMbIE IIPU BHINIOJTHEHUN PAOOTHI.

3ammMra oT4era 1o J1abopaTopHON paboTe 3aKI04aeTCs B IPEIbABICHUH PENOAABATEINIO
MOJIyYEHHBIX PE3YyJIbTaTOB B BUJIE (aiiia U JEMOHCTPALMU MOJIyYEHHBIX HaBBIKOB IPU OTBETAX
Ha BOIIPOCHI NPENOAABATEIS.

KOHTpOJIbeIe BOIIPOCHI

1. IlepeuncnuTe JOCTOMHCTBA U HEOCTATKU JIOTMYECKOTO IPOTrPAMMHUPOBAHHUS.
2. Ilepeunciute onepaTopsl JIOTHIECKOTO MPOTPaMMHUPOBAHHS.

3. J171s1 yero nmpuMeHseTCsl TpaCCUPOBKa?

4. B xaKkux cIy4asx MPUMEHSIOTCS YKCTIEPTHBIE CHCTEMBI?

5. Uem oTnuyaeTcst JOrMYECKoe IpOrpaMMUpPOBaHUE OT (DYHKIIMOHAILHOTO?

6. JlaiiTe onpeeneHne OHATHS «IIPEAUKAT

7. JlaiiTe onpeneneHue perpeccun’?

8. B kakux ciyJasx siBIISIeTCS 1IeJIecCO00pa3HbIM ucoiib3oBanue [1pomora?

9. Ilepeuncnute OCHOBHbIE KOMIIOHEHTHI MHTEIIJIEKTYAIbHBIX CUCTEM.

10. B yem otiuume 6a3bl JaHHBIX OT 0a3bI 3HAHUIN?

JlaGopaTopHas padora 5. Pa3padoTka 3KCnepTHBIX CHCTeM

Henb pabotsl: IlokazaTb METOIOJIOTHIO KOMIBIOTEPHOM pealn3allMd MaTeMaTHYecKUX
BBIUNCJIEHUM, TPUMEHUB HHCTPYMEHTBI KOMIIBIOTEPHOT'O MOJIETTUPOBAHUS.

OcHoBBI TEOpHUU

Pa3zpaborka nporpamm Ha sisbike IIpoJior

Ilocme 3amycka wmHTepnperatop IIponora BblIaeT NpUITIAIEHHE BBOIUTH 3ANPOCHL,
KOTOpbIE TaK)Ke Ha3bIBAIOT gonpocamu Win yenamu. Kak nmpaBuiio, 3anpoc npeacTaBiseT cooon
BBI3OB IMPOLHCAYPBI W 3alMMCBIBACTCA KaK WM MNPOLCAYPHI, 3@ KOTOPBIM B KPYTJbIX CKOOKax
CIIENYIOT apryMEHTBI, pa3/IeJICHHbIC 3alAThIMU. B KOHIIE 3ampoca ctaButcs Touka. [Iponenypsl B
[Tposore Ha3pIBaIOT npedukamamu. HeKOTOpbIe U3 HUX BCTPOEHBI B SI3bIK M X MOKHO BBI3bIBATh
HEME/JICHHO.

?— true.

Yes
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?- fail.

No

Bcerpoennbie nmpeaMkaThl true W fail MPEACTABISIOT COOTBETCTBEHHO TOXIECTBEHHO
MCTUHHOE U TOXKJIECTBEHHO JIO’KHOE BbICKa3biBaHue. OTBET Ha MEPBBIA Bompoc Beeraa "aa" , a Ha
BTOpoi "HeT". ['OBOpAT, YTO 3ampocC true 3aKAaHYUBACTCS ycnexom, a fail - HeyOdaueul. TOYHO
TakK e JII000i1 3ampoc 3aBepiuaeTcs Tu00 ycrnexom, Tu0o Heyaaue.

JlucTuur 5.1

?- integer (1) .
Yes
?- 3+4 < 3*2.
No

?- write ('npumeT') .

IIPUBET

Yes

OOparuTe BHUMaHHUE: MEXJly UMEHEM IpPEeUKaTa U OTKpbIBAIOIIEH CKOOKOW HE JTOKHO
ObITh IpoOesioB. BTopoil 3ampoc 3amucaH B TpaJWLMOHHON MH(PUKCHON (opme - HEKOTOpbIe
OpeIUKaThl JOMYCKalOT TAaKyl0 3amuch. BrimomHUB nocienHuit 3anpoc, [Iposnor oreeuaer Yes,
XOTd Mbl Bpoje Obl HU O 4YeM He chpamuBaid. Takum oOpa3oM OH HPOCTO COOOLIaeT o

6J1aronoIy4HOM 3aBEpIIEHUH 3a1poca.
EcTs enre ojjHa BO3MOYKHOCTD - 3aIIPOC MOKET 3aBEPIIUTHCS OLIMOKOM.

Jlucrnur 5.2
?— abracadabra.

ERROR: Undefined procedure: abracadabra/0

?- 3/0 > 1.

ERROR: //2: Arithmetic: evaluation error: ‘zero divisor'

[Tockonbky cHcTeME€ HE H3BECTHO HHUYEro MO TNOBOJY abracadabra, BO3HHUKAET
WCKITIOUHTENIbHAS cuTyarus. Bo BTopoM ciydae ommbka BOZHHUKIIA B TIPOIiecce apupMETHIECKUX
BbIUKCIIeHHUA. B mpuHnumne, ommoKa - To)ke Heyaada, HoO Heyaada oco00ro poja, mocie KOTOpoi
JanbHeNIIee BHITOJIHEHUE 3aIIpoca HE UMEEeT CMbICIA.

Hmest HEKOTOPBIH OMBIT paboThI ¢ (PYHKIIMOHAIBHBIMHU SI3bIKAMH, MBI MOYKEM IOIIBITATHCS
HaTH CyMMY YHCEI:
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?- 2 + 3.
ERROR: Undefined procedure: (+)/2

U Toiy4yaeM cooOmienre o0 ommuOke. Ham 3ampoc He mmeeT ¢GOpMBI TPEIIOKCHHS.
[TonpoGyem 1o apyromy.

?— write (2+3).

243
Yes

Cucrema BBIBOJIUT BBIPAKEHUE, JJAKE HE MBITASCh YTO-HUOYh BRIYUCIUTH. MOXKET OBITh
Tak?

?- X = 2+43.

X = 2+3
Yes

CnoBa Heynaua. Ilpomor paspaGaTbiBajics IpeKA€ BCEro Kak S3bIK 00pabOTKH
CHUMBOJBHOH HMH(OpPMAUU M BBIpaKEHHS BHma "2+3" - 3T0 ero OOBEKThl NaHHBIX (OHU
Ha3bIBaIOTCS mepmamu). IMEHHO 3TO BbIpakeHue U mpucBauBaercs nepemenHoi X. Ho Hano xe
KaK TO BBIMOJIHATh apupMeTHYecKre BBIYHCICHHs. {1 3TOro mpeaHasHaueHbl CleUaIbHBIC
apughmemuuecxue npeouxkamol.

JlucTuur 5.3

?-— X 1is 243.

Yes

Hakonen-to! Tlpenukar is BBIYKCISET 3HAYEHHWE BBIPAKEHHUS W TPUCBAUBAET €T0
MEepEMEHHOM. 3ampoc 3aBEepIIAeTCsl YCIEXOM M 3HAYEHUE NMEPEMEHHON BBIBOJUTCA B KAaYECTBE
OTBeTA.

Hpyrue apudmeTnueckue npeaukaTsl ( =:=, =\=, <, =<, >, >= ) BBIUUCISIIOT 002 CBOUX
apryMeHTa U CPaBHUBAIOT UX 3HAYCHHUS.

JIluctunr 5.4
?- 3+ 2 =:= 5.

Yes

-2 % 2 =:

2 + 2

Yes

?- exp(2) >= sin(2)
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Yes

Jlpyras pa3HOBUIHOCTh TPUMHTHUBHBIX OOBEKTOB - amomsi. Yaiie BCEro OHH
3aMUCHIBAIOTCS KaK MOCJIEI0BATEIbHOCTU OYKB U LU(Dp, HAUMHAIOIMIEHCS CO cmpOyHOU OYKBBI.
DTO OTIMYAET UX OT MEPEMEHHBIX, KOTOPbIE HAYUHAIOTCSA C NPONUCHOU OYKBBI. ATOMBI MOXHO
CpaBHMBaTh IIOCPEACTBOM HpPEAMKATOB == , \==, @<, @=<, @>, @>= . Apudmerndeckue
MPEIUKATHI I 3TOTO HE MOAXOMST, MOCKOJIBKY OHHU MOMBITAIOTCS BRIYUCIUTH apu(METHICCKUE
3HAYEHUS] aTOMOB, YTO MPUBEIET K OMMOKe. A BOT Uncia (HO HE 3HAUYEHUS BHIPAKEHUIN) MOKHO
CpPaBHUBATh U TEMH U JIPYTUMHU.

Jlucernur 5.5
?- a @< b.

Yes

?- 1 @< 2.

Yes

?- 2 < a.

ERROR: Arithmetic: “a/0' is not a function

- 2 < e.
Yes
[Touemy mocnenHwmit 3a1Ipoc yCIENIeH, 10TalalTech CaMH.

?—- X 1is 24+3.

?- Y is X+1.
ERROR: Arguments are not sufficiently instantiated

B coobmienne 00 omuOKke yKa3aHO 4YTO TiepeMeHHas(MMeeTcs B BHIY X) He
KOHKpeTu3upoBaHa. Ho MbI %e TOJBKO 4TO MPUCBOMIM €ii 3HadeHue! Jleo B TOM, 4TO 3TO yiKe
npyras nepeMenHas. OOnacTh JEGHCTBHS TMEPEMEHHOW pPACHpPOCTPAHSETCS TONBKO Ha OJHMH
3arpoc. Ho 3ampockl MOTYT OBITh M CITIOKHBIMH, COCTOSIIIIMMH M3 HECKOJIBKUX IEJICH.

JlucTunr 5.6
?- X is 2+3, Y is X+1.
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Yes

[Toka Hamia BO3MOXHOCTh 3aJlaBaTh BOMPOCHI orpaHudeHa. UtoOwl 3amaBath Oolee
WUHTEPECHBIC BOMPOCHI, HAJ0 3arpy3dTh KaKylO-HHOYIb MpOrpaMMmy. ITO MOXHO MPOIEIypOit
consult, JUIi KOTOPOM MpHIYMaHO coKpamieHue. Hampumep, ecnu mporpaMMa HaXxOAUThCS B
daitne 'my_ program.pl', To €e MOKHO 3arpy3uTh, BBEIS

?— consult (my program) .
JZNpNZ
?- [my program].
A xomaHIa
?- [my program,another program,yet another program].

3arpys3uT Cpa3y BCC YKA3daHHBIC IIPOTpPAMMBI. Ho MpEeKAC YCM 3arpyKarb IporpamMmy
Haao0 €€ HalucarTh.

ITIporpammupoBanue Ha si3bike IlpoJtor

[Tporpammer Ha [Iposore 4acto Ha3pIBarOT "0a3aMu JaHHBIX" WK naxe "O0a3zamMu 3HaHUN"
B TOM CMBICJE, YTO OHHU MPEACTaBISET COOOW COBOKYIMHOCTH MPEIIONKECHHUM, OMPEICIISIIOMINX
OTHOLIEHUSI MEX1y O0bEKTaMH MPEAMETHON 00JIaCTH UM CBOWMCTBAa 3THX 00beKkTOB. CBOMCTBA
u otHoueHus B [Iposore, kak ¥ B IOTHKE, HA3bIBAIOT MPEIUKATAMHU.

Kaxnplii mpenukar onpeaensercss MOCIeI0BaTENbHOCTBIO 1peodiodiceHuli, KOTOPYIO
HA3BIBAIOT npoyedypou. TpaaullMOHHO BBIACNAIOT [Ba THIA MPEAJIOKEHUN: hakmbl U npasuia.
Jlis Hagana pasdepemcs ¢ mepBOil pasHOBUIHOCTHIO. [IpemnoxkeHue-GpakT COCTOWT U3 MMEHU
npeauKara, 3a KOTOPBIM B KPYIJIBIX CKOOKax CHIeAyloT apryMeHThl. Takoe MpennoKeHue
OTIMCHIBACT YTBEPKICHUE O KOHKPETHBIX 00bekTax. [Iporpamma, coctosias TOIbKO U3 (GaKkTOB B
CYIITHOCTH SIBIISIETCS PEISIIMOHHOM 0a30i JaHHBIX.

BosemMemM B kadecTBe mipuMmepa ¢parMeHT O0a3bl JaHHBIX HEOOJBIIOW KOMITAaHUH
Horns&Hoofs Ltd. OnHomecTHBIN mNpeauKaT employee YCTaHABIMBAE€T CBOMCTBO "OBITH
paboTHUKOM".

Jluctunr 5.7.1
employee (anthony) .
employee (barbara) .
employee (charles) .
employee (diana) .
employee (edward) .
employee (frederic) .
employee (gregory) .
employee (herbert) .
employee (isabella) .
employee (john) .

Boo6mie To, mmMeHa cOOCTBEHHBIE MOJI0KEHO MHUCATh C MPONUCHOM OyKBHI, HO B [Iposore
MMEHa OTHOIICHUU U OOBEKTOB JTOKHBI HAYMHATHCS CO CTPOYHON OYKBBI HUIM 3aKITHOYATHCS B
kaBbIukH. Kak mpaBuiio, mpeanodnTaroT o0XoauTest 6e3 kaBbiuek. [IporpaMma MOXeT copepKaTh
MpEeIUKaThl ¢ OJUHAKOBBIMM HWMEHAMH, HO C pa3HBIM KOJUYECTBOM AapryMEHTOB. YUTOOBI
pa3ianyaTh UX YHOTPeOJSIOT MMEHA COCTOSIIME U3 MMEHHU NpeaukaTta u ero apHoctu. IlomHoe
MM$ TOJIBKO YTO ONPEEICHHOT0 MPeauKara: employee/ 1.
[Ipenukar salary/2 yCTaHaBIMBAET OKJIAJ KaXA0ro pabOTHHKA.
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JlucTunr 5.7.2
salary (anthony, 500) .
salary (barbara, 200) .
salary (charles, 180).
salary(diana, 150).
salary (edward, 150) .
salary (frederic, 140).
salary (gregory, 150) .
salary (herbert, 100).
salary (isabella, 90).
salary (john, 160) .

[Ipenukar boss/2 ycTaHABIUBAET ONMUCHIBACT OPTAHU3AIMOHHYIO CTPYKTYPY KOMITAHHH.
YTBepxkaenue boss(A,B) o3nauaert, yto B - pykoBoaurens A.

Jluctunr 5.7.3

boss (barbara, anthony).

boss (charles, anthony).
boss (diana, barbara) .
boss (edward, Dbarbara).
boss (frederic, charles).
boss (gregory, charles).
boss (herbert, charles).
boss (isabella,gregory) .
boss (john, gregory) .

3arpy3uB TpoOrpaMMy, MOXKHO 33JaBaTh BOIPOCHI, HEMOCPEJACTBEHHO K HeEH
OTHOCSIIIAECS.
Jluctuur 5.7.4
?— [hh].
(o}

% hh compiled 0.00 sec, 0 bytes

Yes

?—- employee (anthony) .

Yes

?- employee (ronald) .

No

?- boss (barbara, anthony).
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Yes

Orto mpocteimuii Tun BorpocoB. CHucTeMa MpOCTO MPOBEPSAET 3aMKUCAHO JIM HEKOTOPOE
NpEeJI0KEHUE B MporpaMMe U oTBedaeT "ma" eciim 3To Tak Wiu "HeT" B MPOTHBHOM Ciyyae.
Taxum 00pa3oM, MPEATIOKEHUE CUNTACTCS JIOKHBIM, €CITH SIBHO HE 3alMCaHO OOPaTHOTO.

bonee mHTEepecHble BOMPOCH! MOJIYYAIOTCS, €CIU MOJCTAaBUTh B 3alpPOCHI MEpEeMEHHbIE.
Hanpumep, Mbl MOkeM y3HaTh 3apruiaTy Yapib3a, CIpOCHUB.

?- salary(charles, S).

S = 180
Yes

OtBeuas Ha 10T Bompoc [Iposor comocrasisieT ero co BceMu (GaxTamu U3 0a3bl JaHHBIX,
NBITAACh MOAOOpPATh MOAXONAIISE 3HAYCHHE IMepeMeHHOW. HekoTopbie BOIMPOCHI JOMYCKArOT
HECKOJIbKO BAPUAHTOB OTBETA. Takue BONPOCHI, HA3BIBAIOT HedemepMUHUPOBAHHBIMU.

?- boss (A, charles).

A = frederic
Yes

Ho sTo He enuHcTBeHHBIN 0TBET. OTBEYasi HA BOIPOCHI C IEPEMEHHBIMU CHCTEMa, BbIIAB
3HauYeHHe XKIeT HaxkaTus Ha Enter. Ha camom nesne, oHa uHTepecyeTcsi HYXKHBI TU HaMm JIpyrue
orBeTrbl. Haxkxumast Ha Enter mbl rosopum "cnacu0o, AocTaToyHO" M cucTeMa OTBEYaeT YES.
YtoObl NOTYyYUTH APYrue OTBETHI HAJ0 BBecTH ;"

?- boss (A, charles).

BN
|

= frederic ;
A = gregory ;
A

herbert ;
No

[Tocnennee NO o3HauaeT, 4To APyrux OTBETOB HET. OTBETHI BBIIAIOTCS B TOM XKE
MOpsIZIKE, B KOTOPOM OHHM BCTpEYaroTCs B mporpamme. Bompoc ¢ 1ByMs NepeMEHHbIMH BEPHET
BCC Iapbl NOAXOAAIINC 3HAUCHUM.

?- boss (A,B).

= barbara

B = anthony ;

= charles

B = anthony ;

A = diana

B = barbara
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Yes

B Tex cnywasx, korma TpeOyeTcs ykazaTh MEPEMEHHYI0 HO e 3HaueHHE Ui Hac
HECYLIECTBEHHO MOKHO HCIIOJIb30BATh TAaK HA3bIBAEMYIO AHOHUMMHYIO NEPEMEHHYIO, COCTOSIIYIO
U3 €IUHCTBEHHOI'O0 CHMMBOJIa MoauyepkuBaHus. OTBeuass Ha BOINPOC, COJEPIKALIUN aHOHUMHYIO
nepeMeHHyto, [Iposor moxdupaer /i Hee 3HaYeHUE, HO HE BBIBOAMT €TO0.

?— boss (A, ).
A = barbara ;
A = charles ;
A = diana ;
A = edward

Yes

Jlo cux mop Mbl 3aJaBajd JIOBOJIBHO TPOCTHIE BOMPOCHL. UTOOBI OTBETHUTh HA HUX
JIOCTAaTOYHO OBLIIO MPOCMOTPETh OJJHO OTHOIIEHHE. Ho Kak MbI 3HaeM, ITPOCTHIE BOIIPOCHI MOYKHO
00beIMHATh B O0JIee CIIOXKHBIC. 3amsiTas Mpyu 3TOM MOJyYaeT JOTUYECKUM CMBICT KOHBIOHKIIUU
npeioxeHuii. Harpumep, cipocuM He OTy4daeT JIM KTO TO OOJibllie CBOETO HaYallbHUKA

?- boss(A,B), salary(A,SA), salary(B,SB), SA > SB.

= john
B = gregory

SA = 160
SB = 150 ;
No

1 oOHapyXUM HenopsAIoK: oknan J[>xoHa Gosnblie, yem y I'peropu.
Kpome KOHBIOHKIMM ISl COEIMHEHUS TPEII0KEHUI MOKHO IPUMEHATD U IU3BIOHKIUIO,
KoTopasi 0003HavaeTcst TOUKoi ¢ 3amsToi ";".

?- salary(X,S), (5<100;5>200) .

= anthony
S = 500 ;,

= isabella
S = 90 ;
No

Otpunanue o6o3Hauvaercs "\t" (WM not, HO 3Ta (opma, XOTS M NPUBBIYHAS, HE
PEKOMEHIyeTCsl).

?- \+ employee (X).
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No
3anpoc o3HayaeT "He CYIIECTBYET HH OJJHOTO pabOTHHUKA", UYTO, KOHEYHO, JIOKHO.

?- \+ (employee (X),salary(X,300)).

X = G157
Yes

A »aTOT 3ampoc "HE CymecTByeT HU OJHOTO paboTHMka ¢ okiagoM 300". Takux
pabOTHUKOB, TIEHCTBUTENBHO, HET. [lepemenHas X ocranack CBOOOIHOM (HE MOJTydnIa HUKAKOTO
3HAYEHUS ), TOITOMY B KaUECTBE 3HAUECHHUS BHIBOJIUTCS HEUYTO MAJIOBPa3yMUTEIHHOE.

Kak BumHO, oTpuIlaHWe TO3BOJIICT (GOPMYIHPOBATH OO0ImMKe (0OMEOTPUIIATEIILHEIC B
TEPMHHOJIOTHH KJIACCUYECKOM JIOTUKU) CYXJICHHUA. BBISICHMM, KTO HE SBJISETCS HAYaIbHUKOM U
KTO HE UMEET HaYaJIbHUKOB.

?- employee (X), \+ boss( ,X).

X = diana ;

X = frederic ;
X = herbert ;

X = isabella ;
X = john ;

No

?- employee (X), \+ boss(X, ).

X = anthony ;
No
Haiigem camMoro BhICOKOOIJIaYNBAEMOT0 pabOTHHUKA.
?- salary(A,Smax), \+ (salary( ,S), S>Smax).

A = anthony

Smax = 500
S = Glel
Yes

WHuTepecHoe mnpHUMEHEHHME OTpULaHMs - KOHCTpykuus (\+ (Q, \+ P)), KoTOpas
npoBepsieT, 4To Bee pemeHus Q Oynyt pemenusmu s P. Hanpumep

?- \+ (employee(X), \+ salary(X, )).
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X = _G157
Yes

D10 OYKBaJIBHO O3HAUYAeT "HE CYIIECTBYET paOOTHHMKA, HE MMEIOIIEro OKIaaa" uin "Bce
pabotHuku uMmeroT oknaapl". B SWI-Prolog ectb BCTpoeHHBIN MpeauKaT forall, UMEIOLIHHA TOT
7K€ CMBICII.

?—- forall (employee (X), salary(X, )).

X = _Gl57
Yes

Kpome ¢hakToB - 6€3ycI0BHO UCTUHHBIX MPEIJIOKEHUN, B TPOrPaMMbl MOKHO BKJIFOYATh
Y YCIIOBHBIE TIPEAJIOKECHHUS - NPABUId, KOTOPBIE ONPEACIISIOT HOBBIC MPEIUKATH B TEPMUHAX yXKE
cymecTBymux. Kaxnoe mpaBuio COCTOMT M3 ABYX 4YacTed, pa3/ieleHHBIX CHUMBOJOM :-".
JleBas yacTh mpaBuUia - 3a20/1060K OTIUCHIBACT MPEAUKAT, a MpaBasi - mejlo ONPENEIsieT YCIOBUS,
IPU KOTOPBIX OH MCTHUHEH. TemoMm MokeT ObITh JIt000H 3ampoc, KOTOPBIA U BBIMOIHIETCSA MPU
BBI30BE MpEIMKaTa, OMPECICHHOrO B 3arojioBke. Hampumep, MokHO 0(hOpMUTE B BUJIE TIPABHIL,
BOIIPOCHI, KOTOPBIE MBI 33/1aBaJIH.

all paid :- forall (employee(X), salary(X, )).

costly(A) :- boss(A,B), salary(A,SA), salary(B,SB), SA >
SB.

noboss (A) :- employee (A), \+ boss( ,A).

boss(B) :- boss( ,B).

I[OHOJ'IHI/IB nmporpamMmMy HOBBIMH ITIpaBHJIaMH, CMOXCEM 3a/laBaTb HOBBLIC BOIIPOCHI. HpI/I
9TOM HC MHTCPECYIOINHUEC HAC ICPEMCHHBIC OKa3bIBAIOTCA CIIPATAHHBIMH BHYTPU IPABUII U HE
BBIBOJSATCA.

?- all paid.

Yes

?— costly(A).

No

?— noboss (A) .
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A = diana ;

A = frederic ;
A = herbert ;
A = isabella ;
A = john ;

No

?— boss (charles).

Yes

?- boss (B) .

= anthony ;
= anthony ;
= barbara ;
= barbara ;
charles ;
= charles ;
= charles ;
= gregory ;
= gregory ;

w W W W W wm w w w
[

No

OOparute BHUMaHHUE, YTO B TOCJIEIHEM 3aMpOCe KaXIbld OTBET BBIJAETCS HECKOJBKO
pa3, pPOBHO CTOJIBKO, CKOJIBKO OH BCTpeyaercs B Iporpamme. Ham erie npuaercst CTOIKHYTHCS C
3TOW 0COOEHHOCTHIO - [IpoJIOT BBITAET OTBET CTOJIBKO pa3, CKOJIBKUMHU CITIOCOOaMH OH MOXKET €0
HalTH.

IlocTanoBka 3a1auu K JJabopaTopHoii padorte 5

1. 3yuuTh npejiaraeMblii TEOPETHUECKUN MaTepual.

2. CocTaBHUTh MPOTPaMMBI, UCTIOIB3Ys ()ParMeHThI TUCTUHTOB 5.1-5.6.

2. OTyer NOMKEeH COoAepKaTh TUTYJBHBIA JIMCT, BKIIOYAIONIMI Ha3BaHHE Ja00OpaTOpHOM
paboThl 1 HOMEp BapuaHTa, a TAaKXKe CBeACHUs 00 aBTope ((haMuiIus CTyIeHTa 1 HOMEp TPYIIIIbI).

3. OpopmneHne KakIOro 3aJaHus HAyMHAWTE C yKa3aHWA €ro HoMepa, Hampumep
«3aganmne Ne 1» 1 TekcTa 3amaHus.

4. Odopmitsais pelieHHe 3aJaHUM, CleAyeT BKJIIOYAaTh B JOKYMEHT CKPUHUIOTHI H
KOMMEHTapUH JJIs MOSICHEHUS UCIIOJIb3YEMBIX 0003HAUEHU U BBIMOIHSIEMbIX JEHCTBHIA.

5. Opopmuts otyer mo jabopatopHoil pabote. IlpeacraBuTh oTdeT MO J1aGOPATOPHOM
paboTe I 3aTUTHI.

BapuaHThl HHAUBUAYAJNBHBIX 3aJaHUM

B cooTBercTBHM ¢ MONTyYeHHBIM 3ajaHueM C(HOPMUPOBATH PEIICHUE U JaTh €r0 OMMCAHUE
CO CKPHUHIIIOTAMU BBIITOJIHEHHBIX AEHCTBUM.
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BBectu (axtel 1 mpaBuia u3 IMCTUHroB 5.7.1-5.7.4. ChopmupoBats 3anpocs! (Tadin.5.1).
1.1. TIporpamma q0/DKHA 3aIPallIMBATh Y TIOJIH30BATEIIS:

3ampoc, chopMyTHpOBaHHBIN B TaOIHIIE.

1.2 PesynbTaThl pabOTHI, BbIJIaBACMbIC Ha SKPaH:

OtBert Ha 3ampoc.

Tabmuua 5.1 — 3anpocsl

BeIpaxxenue

Haiitu 3apmuiary Yapabsa

HaiiTu 3apruiatel cCOTpyITHUKOB

BrisicHuTb, ubs 3apruiata 60sbine

HaiiTi camoro BeICOKOOIIIauMBa€MOro pabOTHHKA

Kto 3apabarsiBaeT Oosibllie HauYaIbHUKA?

KTO He sBIIsIeTCsl HAaYaJIbHUKOM M KTO HE UMEET HayaJlbHUKOB
Haiitu 3apmuiarst {uansl u @penepuka

CpasuuTs 3apmiatsl 'epbepra u [[xona

Haiitu 3apriater Jluanel, ®penepuika, ['epoepra u [xona
CpaBHuTs 3apmiathsl ['epbepra, [IxoHa, Jluanel u @peneprka

OO NO|T|BWIN P =
io

=
o

Conep:xkanue oTyera

[lo BbImoNHEHHOUW paboTe cocTaBisieTcss oT4eT. OTUET BBINOIHSETCS B 3JIEKTPOHHOM
Buze. I1o BeIMOTHEHHOMY OTYETYy ITPOBOAUTCS 3alllUTa 1a00paTOpHOM paboTHI.

Otuer mo naboparopHOW paboOTe JOIDKEH COCTOATh M3 CIEAYIONIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBO/IHAs 4aCTh;

- OCHOBHas 4acThb (OMHcaHue paboThl);

- 3aKJIF0OYEHHE (BBIBOJIBI).

BBopHas yacTh oTYeTa TOJHKHA BKIIFOYATH ITYHKTHI:

- YCIIOBHE 3aJIauH;

- TOPSOK BBITTOJTHEHHS.

- IPOrpaMMHO-aINapaTHbIE CPE/ICTBA, UCIOIb3YyEMbIE IPU BBITOJIHEHHH PAOOTHI.

3amuTa oT4YeTa 1o JlabopaTopHOW paboTe 3aKiI0YaeTCs B IPEAbIBICHUU IPENO1aBaTeINIo
HOJYYEHHBIX Pe3yJIbTaToOB B BUjE (ailia M JEMOHCTpAIMM MOJYyYEHHBIX HABBIKOB IPH OTBETAX
Ha BOIPOCHI MPENOo1aBaTesl.

KoHnTpoJsbHbIe BONPOCHI

1. Kak npeacrasnsiercs cnucok B [Iposnore?

2. IlpuBeaure npumepsl ciuckoB Ha [Iposore

3. Uto Takoe pexypcus?

4. JIns 4ero MCIoJib3yeTcs MpeCTaBlIeHue CIMCKa B BUJE TOJIOBBI M XBOCTA?

5. Kakoe MuHMManpHOE KOJIMYECTBO mpeioxeHui [lpomora HeoOXomumo Jis
IIPOrPaMMUPOBAHUS PEKypCUU?

6. B ueM mpenMyIecTBO NCIOIh30BAHUS PEKYPCHH?

7. OYHKIIMOHAIBHOCTh KCIIEPTHBIX CHCTEM

8. ®ynkmonansHoCcTh CITITP
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5. VYEBHO-METOJNYECKOE U MTHOOPMALIMOHHOE OBECITEYEHHE
TACIHATITAHBI

5.1. IlepeyeHb OCHOBHOI U 10NIOJHUTEIbHOI JTUTEPATYPbI, HEOOXOAUMOI 1JIs1
OCBOEHMS JHCHHIIIMHBI

5.1.1. IlepeyeHb OCHOBHOM JIMTEPATYPHI

1. [lykanoBa H.M, [ImutpueBa T.A. Jlornyeckoe mporpaMMHupoBaHue Ha si3bike Visual
Prolog. Cepus: CnermansHocTh. st BhICIIMX y4yeOHBIX 3aBeneHuil — M.: I'opsdas nauHus-
Tenexom, 2016.

2. Makkonnemn, C. CosepumeHHbI kon. Macrep-knace. / CtuB MakkonHemt. - M.:
Pycckas Penpaxnus, 2016.

5.1.2. IlepeyeHb 1ONMOJTHUTEJBLHOM JIUTEPATYPbI

1. Ixxozed Jxapparano, ['apu Paitnmn. DxcniepTHble cucTemsl. [IpuHIMIIBI pa3paboTKu U
nporpamMmmupoBaHnue, 4-e uznanue. — M.: Bumibsimc, 2017,

2. Yezapunu @., Tommcon C. [Iporpammupoanue B Erlang. - M.: JIMK Ilpecc, 2016.

5.2. IlepeyeHnb yueOHO-MeTOAUYECKOTO O0ecTiedeHHsI CAMOCTOSITE/IbHOI PadoThI
00y4YAIOIIHXCS MO JUCIUTLINHE

1. Meroaudeckue yka3zaHUS 1O  BBIMOJHEHUIO JaOOPAaTOPHBIX pabOT MO AMCIUILINHE
«BBegenne B pyHKIIMOHAILHOE POTPAMMHUPOBAHHE.

2. Meronuveckne PEKOMEHJAIUU ISl CTYAEHTOB IO OpPTaHU3alUU CAMOCTOSTEIHHOMN
paboTsl o gucruIuinHe «BBenenue B QyHKIIMOHATBEHOE IPOTPAMMUPOBAHHE).

5.3. Ilepeuennb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH
HNHTepHeT, HEOOXOTUMBIX /IJISI OCBOEHHSI TUCHUTITIHHBI

1. HanmonansHbiit OTKpbITEIM YHUBepcuter. MHTYHMT. http://www.intuit.ru.
2. ®enepanbhblii noptan «Poccuiickoe oOpazoBanue. http://www.edu.ru.
3. Poccwmiickas rocynapcTBeHHas onbnuoreka. http:/ www.rsl.ru.
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MMWHHUCTEPCTBO HAVKH U BBICHIEI'O OBPA3OBAHMS POCCUMCKOM
OEJIEPALIN
denepalibHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOC YUPEIKICHUE
BBICIIIETO 00pa30BaHMS
«CEBEPO-KABKA3CKHI ®EJIEPAJIBHBIN YHUBEPCUTET»
[Taturopckuit uHCTUTYT (punuan) CKOY

MeTtoauyeckue yKasaHus
110 BBINIOJIHEHHIO CAMOCTOSITEJIbHBIX PAa0OT 110 IMCUHUIIHHE
«BBEJEHHUE B ®YHKIHMOHAJIBHOE ITPOI'PAMMMUPOBAHUE»
HarpasyieHUs: ToATroTOBKH 09.03.02 UHpopmManunoHHbIe CHCTEMbI M TEXHOJIOT MU

Hanpasnennocts (mpodus): UHgpopMannoHHble CHCTEMbI H TEXHOJIOTHH
00padoTK HMPPOBOro KOHTEHTA

[TsTuropck, 2026r.
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BBEJIEHUE

Meroauueckie PpeKOMEHJAIMM  COJEpKaT IepedeHb TeM C  BONpocaMu  JUis
CaMOCTOSITENIFHOW ~ MPOpadOTKH, TMepedeHb JabopaTopHbIX paboOT ¢ BOmpocaMu  JUis
CaMOCTOSITENIbHON IIPOPaOOTKHU.

Mertoanyeckre yKa3aHUS TIOCBALICHBI Kypcy «BBeaeHune B (yHKIMOHAJIBHOE
nporpaMMupoBaHue». Ha NpoTskeHMM MHOTMX —ThICSYENETUH UeIOBEYeCTBO 3aHUMAeTCs
HAKOIUICHHEM, 00paboTKoW U mepenavei 3HaHui. s 3Tux 1eneil HempepbIBHO U300pETArOTCS
HOBBIE CpEJICTBA M COBEPIICHCTBYIOTCS CTapble: pedb, HMUCbMEHHOCTb, I04YTa, Teuerpad,
tenepoH U T. 1. bombmryto posnb B TexHoJoruu 0OpaOOTKM 3HAaHUM CHITpajo TOSBJICHUE
KOMIIbIOTEPOB.

B okra6pe 1981 roma SmoHCKOE MHMHHCTEPCTBO MEXIYHAPOJHOW TOPTOBIM U
IPOMBIIIJICHHOCTH OOBSBUIIO O CO3JaHMU HCCIIENOBATENIbCKOM opranuzauuu — MHctutyTta no
pa3paboTKe METOIO0B CO3/IaHUs KOMIBIOTEPOB HOBOTO mokosieHus (Institute for New Generation
Computer Technology Research Center). Llenpio maHHOro mpoekta ObUIO CO3/JaHHUE CHUCTEM
o0paboTku mHpopManuu, Oazupyrommxcs Ha 3HaHUAX. llpeamomaranock, 9TO STH CHCTEMBI
OyayT o0ecrieunBaTh MPOCTOTY YIPABICHHS 32 CYET BO3ZMOKHOCTH OOLICHHUS C MOJIb30BaTENIIMU
OpA  TIOMOIIM ©CTECTBEHHOTO S3bIKa. OJTH CHUCTEMBbl JOJDKHBI OBUIM camMooOy4aThes,
UCMOJIb30BaTh HaKalVIMBaeéMble B NAMITH 3HAHUSA Ui PELICHHs pa3IMyHOro pojaa 3ajad,
IIPEIOCTABIIATh IOJb30BATENIAIM HKCIEPTHHIE KOHCYJbTAllMU, IMPUYEM OT IOJb30BaTENsd HE
TpeboBajoCh ObITH cnenuaiucroM B UHpopmaruke. [Ipeanonaranock, 4yTO 4YEIOBEK CMOXKET
ucnoip30BaTh OBM mATOro MoKosIeHUs Tak K€ JIETKO, KaK JII0Oble OBITOBBIE 3JIEKTPONPUOOPHI
TUIIA TeJeBM30pa, MarHuTodoHa M mbuiecoca. Bckope Bcien 3a SIMOHCKUM  CTapTOBAIU
AMEPUKAHCKUI U €BPONEUCKUN ITPOEKTHI.

[TosiBneHre TakKMX CUCTEM MOIJIO Obl M3MEHUTh TEXHOJIOTUH 32 CUET MCIOJIb30BaHuUs 0a3
3HAHUH U SKCHEepPTHHIX cucTteM. OCHOBHAS CYTh Ka4eCTBEHHOTO MEPeXoia K MATOMY TTOKOJICHUIO
OBM 3akirodanack B Imepexojie OT 00paOOTKM JaHHBIX K 0O0paboTKe 3HAaHUU. SMOHIBI
HA/IeSUTCh, YTO WM YyIAcTCd HE TMOJCTPauBaTh MBIIUICHHE 4YeEJIOBEKa 110/ TPUHIIUIIBI
(YHKLIMOHUPOBAHUS KOMIIBIOTEPOB, a MPUOIU3UTH pabOTy KOMIBIOTEpa K TOMY, KaK MBICIUT
YeJIOBEK, OTOW/S MPHU ATOM OT ()OH HEHMaHOBCKOW apXWUTEKTYypbl KoMibloTepoB. B 1991 rony
HPENoiaragoch Co3/1aTh MEPBBII MPOTOTUI KOMITBIOTEPOB MSTOTO MOKOJIEHHUS.

Terepp yke TOHSATHO, YTO IIOCTABJICHHBIC IENM B TIOJHOH Mepe Tak W He ObLIH
JOCTUTHYTBI, OJHAKO 3TOT MPOEKT IMOCIYXHJI HUMIYJIbCOM K pa3BUTHIO HOBOTO BHTKa
UCCJIEIOBaHUM B 00JIaCTM HCKYCCTBEHHOI'O MHTEJUIEKTa M BbI3Bal B3pbIB HHTEpeca K
JIOTMYECKOMY MPOrpaMMUpOBaHMI0. Tak Kak 1yt 3pPeKTUBHON peanu3aluuu TpaauluoHHas (HOH
HEMMaHOBCKasi apXUTEKTypa HE MOIXOHIIa, ObIIH CO3/JaHbI CIICIIUAIN3UPOBAHHBIE KOMITBIOTEPHI
jorudeckoro nporpamMmmuposanus PSI u PIM.

B kauecTBe OCHOBHOI METOAOJOTMH Pa3pabOTKU MPOrPaMMHBIX CPEJCTB IJI MPOEKTa
OBM nmaroro moxojeHHss ObulO  KM30paHO  JIOTMYECKOE IMPOTrpaMMHUpPOBAHHE, SIPKUM
IpeJICTaBUTEeNIeM KOTOporo ssisgercss sa3blk [Ipomor. Jlymaercs, yTo M B HacTodllee BpeMs
[Tposior ocraercsa Hambosiee MOMYJSPHBIM SI3BIKOM HCKYCCTBEHHOTO WHTEJUIEKTa B SIMOHMU U
Esponie (B CIIA, tpamunnonHo, Oojiee pacrnpoCTpaHEH HOPYroil s3bIK HCKYCCTBEHHOTO
MHTEJUIEKTa —sI3bIK (DYHKIIMOHAILHOTO IporpaMMupoBanus Jlucn).

HasBanne s3pika "Ilposor" mpoumcxomut ot cioB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢paniy3ckom Bapuante 1 PROgramming in LOGic — B
AHTJIMICKOM).

[Iponor ocHOBBIBaeTCS Ha TAaKOM pa3lielie MaTeMaTW4YeCKOM JIOTMKH, KaK HCUYMCICHHE
npenukatoB. TouHee, ero 0a3uc COCTaBJSeT MpOLENypa J0Ka3aTeIbCTBA TEOPEM METOJIOM
PE3OJIOIHH Il XOPHOBCKHX JU3BIOHKTOB.
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1. IEJIb ¥ 3AJJAYYM N3YUYEHUS JUCHUTIINHBI

Llesnb ocBoeHMS MUCHUIUIMHBI «BBeneHHWE B (YHKIIMOHAIBHOE MPOTPAMMHUPOBAHHEY» -
dopmupoBanne HabOopa TpPO(ECCHOHANBHBIX KOMIIETEHIMH Oyaymiero OakamaBpa IO
HarpasieHuto nmoAarotoBku 09.03.02 «MapopManimOHHBIE CUCTEMBI B TEXHOJIOTHI.

3amaun OCBOGHUS JUCIHIUIMHBI: HM3yUYEHUE OCHOBHBIX MOHATHH (HYHKIMOHAIHLHOTO
OpOrpaMMHUPOBaHUS, OCBOCHHE HWHCTPYMEHTOB  peHICHUs  3a7a4  (DYHKIIMOHAIBHOTO
POrPaMMHUPOBAHUS.

2. PEKOMEHJJALIMH JIJ151 CAMOIIOJAIOTOBKH

2.1 IToaroroBka Kk JekuusiM. CaMocTOAITeJIbHOE U3yYeHUEe JIUTEePATYPbI.

Ba3oBblii ypoBeHb

Tema 1. UcTopusi pa3BUTHSA JIOTHYECKOT0 NPOrPaMMHUPOBAHUS
1. ®akThl: onpeneneHne, Ha3HauCHHUE, IPUMEPHI
2. OCHOBHbIE U HEOCHOBHBIE (DAKTHI
3. Bormpocsl: onpenenenue, Ha3HAYEHUE, TPUMEPHI
Tema 2. OcHOBBI MaTEeMATHYECKOM JIOTHKHU
4. OcCHOBHbIE 1 HEOCHOBHBIE BOIIPOCHI
5. IlpaBuia: onpenenenue, Ha3Hau€HUE, IPUMEPHI
6. OmpeneneHue JOrHUECKONW TPOTPAMMBI U JIOTUYECKOTO CIICACTBUS
Tema 3. Ucunciienne BbICKa3bIBAHUN M NPEIUKATOB
7. Tepmbl, BUIBI TEPMOB
8. TloHATHSA KOPPEKTHOCTU U CIOXKHOCTH JIOTMUECKONW IPOrpaMMbl
9. DK3UCTEHIMAIBHBIC BOTPOCHI, TIPABUIIO 000OIIICHHS
Tema 4. IlpuMeHeHHe JIOTHYECKOI0 MPOrPAMMHMPOBAHUS B NMPOEKTHPOBAHMM IKCIEPTHBIX
cucTeM
10. YHuBepcanbHble (akThl, IPaBUIIO KOHKPETU3ALUT
11. KoHbIOHKTUBHBIE BOITPOCHI
12. Yaudukarop AByX TEpMOB, YHU(PULIUPYEMbIE TEPMbI
Tema 5. BBenenune B nporpammupoBanne Ha sisbike PROLOG
13. Haunbonpimii o0mumii yHupukaTop.
14. Anroput™m yHU(pUKALUU.
15. A6ctpakTHblil nuHTepnperatop. OnpeneneHne BEIYUCICHUS Leln
Tema 6. CtpykTypa nporpammbl Ha si3bike PROLOG. Cunrakcuc sispika PROLOG
16. IIpenukats! B s1361ke [Iponor
17. Tlpeanosxenus B s3bike [Iposor: ¢akTel u nmpasuiia
18. 3anpocsl (11enun) B si3bike [Iposnor
Tema 7. Pemienue 3a1a4y Ha BbIYUCJIEHUE L EJH
19. Cunraxkcuc s3bika Ilposor. [lepemennble.
20. ComnocraBnenue u yaugukamus. [Ipenukar paBeHcTsa. JleTepMuHI3M
21. OcHOBHbIE MPUHLIUIIBI TIOUCKA C BO3BPATOM
Tema 8. ITouck peuieHusi B 3aa4ax JOrM4eCKOro NporpaMMipoOBaHuUs
22. YrpaneHue MoMcKoM pentenuii (mpenukarsl fail u 1)
23. YpaBieHHe IOUCKOM PelIeHH (INHAMHYECKOe OTCEUCHHUE)
24. TIpocteie 00beKThI JaHHBIX. CocTaBHBIE 00BEKTHI TaHHBIX. CoCcTaBHBIC O0BEKTHI JAHHBIX
25. IIpenukar repeat
26. Pexypcusi. XBoCTOBast peKypcust
27. lnnamuyeckue 0a3bl JaHHBIX
28. Criucku, mpumepsbl padboTel. COpTHPOBKA CITUCKOB
29. JlepeBbsi, IpUMeEpBI pabOTHI
56



30.I'padsl: mpeacTapiaenue u aeiicTsus Haz rpadamu

IloBblIEHHBII YPOBEHb

Tema 1. UcTopusi pa3BUTHSI JIOTHYECKOT0 NPOrPAMMHUPOBAHUS

1. AOctpaktHbiii  uHTepnperaTop. llpomsBoanble W mopoxzaeHHble — nenu.  llenu-
MPEIIECTBEHHUKHU U POJICTBEHHBIE LEJIH

2. Anroputm paboThl aOCTPaKTHOTO MHTEPIIPETATOPA

3. JlekymapaTUBHBIN CMBICI MPOJIOT-IIPOrPaMM

4. TlpomnenypHas ceMaHTHKA IPOJIOT-IIPOTrPAMM

Tema 2. OcHOBBI MaTeMATHYECKOM JIOTUKHU

5. ITlpencraBneHue CIMCKOB, TOJIOBA U XBOCT CITUCKA

6. OcHOBHBbIE ITPEAUKATHI AJIsl paOOTHI CO CIIUCKAMU

7. Tlpenmkart findall

8. 3amaua o HeAETEPMUHUPOBAHHOM KOHEYHOM aBTOMATE

Tema 3. UcuuciieHue BbICKA3bIBAHUI U PEIUKATOB

9. Orpanunuenue nepedbopa, OTceyeHEe

10. Hemnw fail u true

11. Orpunanue B [Iposore

12. O6paboTka CTPOK, OCHOBHBIE TTPEIUKATHI

Tema 4. [IpuMeHeHUE JIOTUYECKOT0 MPOrPAMMHIPOBAHHUS B IPOEKTHPOBAHUM IKCIEPTHBIX
cHucTeM

13. Ctpykrypa nporpammsl B Visual Prolog

14. OObsBiIeHNE MOTB30BATEIBCKUX JIOMEHOB, AJIbTEPHATUBHBIC JOMEHBI
15. Onucanue npeaukatos B Visual Prolog

Tema 5. BBenenune B nporpammupoBanne Ha sisbike PROLOG

16. Ynpasnenue nerepmuausmom B Visual Prolog

17. Onucanue nuHaAMUYEeCKUX 06a3 (HakToB

18. [Ipenukatsl asnst pabOTHI C TMHAMUYECKHUMH 0azaMu (hakToOB

19. Ympasiienne 1eTepMUHU3MOM B 0a3ax (pakToB

Tema 6. CtpykTypa nporpammsbl Ha sisbike PROLOG. Cunrakcuc siseika PROLOG
20. 3amaga 0 BOCbMU (ep3siX B TpeX BapuaHTaX

21. OcHOBHBIE MTPEAUKATHI ATl 00PabOTKU CTPOK

22. O01mIMe MOAXO0/bI K PEIICHUIO TOJIOBOJIOMOK

23. 3amava 0 XaHOICKOM OarrHe

Tema 7. Pemienne 3a1a4 Ha BbIYMCJICHHE LEJIH

24. 3agaya o0 KpeCcThsIHUHE, BOJIKE, KO3€ U KallyCcTe

25. OmnpepeneHue MpOCTPAHCTBA COCTOSTHHMA

26. IIpumeps! ornpeneneHus] OTHOIIEHUS TOCHe ISl pa3HbIX 3a1a4

27. Ilouck B TITyOMHY B IIPOCTPAHCTBE COCTOSTHHMA

Tema 8. [louck pemenusi B 3a/1a4ax JJOrH4eCKOro NporpaMMHpOBaHUSA
28. Iowuck B TyOMHY ¢ 0OOHApY)KEHUEM ITUKIIOB

29. Ilouck B rmyOMHY C OTpaHUYEHHUEM TITYOUHBI

30. Ilonck B mMUpHHY B MPOCTPAaHCTBE cocTosHUM. [IpepcraBieHue myTeii-KaHIUIATOB B BUIE
CIHCKOB
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2.2 lloaroToBKa K JIaGOPaTOPHBIM padoTam

Ba3zoBblii ypoBeHb

Tema 1: BBenenne B nporpammupoBanue Ha sizbike PROLOG

ABTOMaTH3aIUs JIOKA3aTeIbCTBA B JIOTHKE MPEANKATOB

MeTto1 pe30IOIHiA B UCUHUCIICHUN BhICKa3bIBAHUN

CpaBHHUTENBHASI XapaKTEPUCTHKA COBPEMEHHBIX TEICKOMMYHUKAITUOHHBIX CUCTEM.
[TpaBwio yHUUKAIMK B JTOTHKE MPEAUKATOR

MeToa pe3oolnil B UCUUCICHUN TIPEINKATOB

Tema 2: Ctpykrypa nporpammsl Ha s3bike PROLOG. Cunrakcuc s3bika PROLOG
6. IIpouenypuocts ITposora

7. Crpykrypa nporpamm IIposora

8. OcHoBBI cuHTaKCHCA s13b1Ka [Ipostor

9. Hcnonp3oBaHHE TUIBIOHKIUU U OTPULIAHUSA

10. Yuuduxanus 8 I[Iposore

Tema 3. AJIrOpuTMBI JIOTHYECKOT0 MporpaMMupoBanus. Pemenne 3a1a4y Ha pekypcuio

oo

11. VI3yunth CHHTAKCHC U CEMAaHTHKY OTIEpaIliii MATEMATHYECKON JTOTHKH
12. Tate onmcanue 3a1a4 MaTeMaTHYECKOM JIOTHKHU C UCTIOJIB30BAHUEM TEPMOB U HOpMYIT
13. V3yuuth npaBuiia HaMCaHus IPOrpaMM Ha si3bike [Iposior
14. TIpoBectu mpocThie BhIYKCICHUS Ha s3bike [Iposior
15. BBINOMHUTE OMepaliy Ha/l CIIMCKaMHU C HCTIONB30BaHueM si3bika [Iporor
Tema 4. [Ipumenenue cnuckos B [IpoJiore
16. CocTaBuTh aaropuT™sl Jyist 33424 JIOTHYECKOTO TIPOrPAMMHUPOBAHUSI
17. BBIOTHUTH MOKCK 3IIEMEHTA B CIIHCKE C HCTIOIB30BaHueM si3bika [Iporor
18. BoinonHuTh 00BEqMHEHNE IBYX CIIMCKOB MCIIOIb30BAaHUEM s3bIKa [Iposior
19. BeimonHUTH Omnpe/ieieHrne pa3MEpPHOCTH CITHCKA C MCIIOIb30BaHUEM si3bIka [Iposor
20. BbIIOIHUTE OTIpejie/ieHHe MAKCUMAILHOTO 3JIEMEHTA B CIIUCKE
21. 3anaua 0 KpPECTbAHUHE, BOJIKE, KO3€ U KAITyCTe
22. OrnpejieneHue MPOCTPAHCTBA COCTOSIHHUI
23. TIpuMepbl ONpeIeNieH st OTHOLIEHUS MOCIIE ISk Pa3HBIX 3a/1a4
24. Tlouck B TiTyOHHY B IPOCTPAHCTBE COCTOSIHHUI
IloBBIlICHHBI YPOBEHB

Tema 1: BBenenue B nporpammupoBanue Ha sizbike PROLOG

1. OcHoBHBIE CTpaTeruy NOUCKA PELICHUH B IPOCTPAHCTBE COCTOSIHUI

2. BpluncieHue neny B 3a/1a4ax JOTHYECKOTO MPOrpaMMHUPOBAHHS

3. VYmpasiieHHE IOMCKOM pELICHHs B 337a4ax JIOTHYECKOr0 IPOrpaMMHUPOBAHUS

4. llpumeHeHHE CIMCKOB B 3a[a4ax JOTUYECKOT0 MPOrpaMMHUPOBAHUS

Tema 2: CtpykTrypa nporpammsl Ha si3bike PROLOG. Cunrakcuc s3bika PROLOG
Hcuncnenue BpICKa3bIBaHUM U NPEIUKATOB

Onepanuu JIOTH4ecKoro NporpaMMHpOBaHMS

INouck B royOuny

Ilouck B mupuny

Pemenne urpoBsix 3aiau

0. MuHMMaKCHBIA NPUHLIMT TOUCKA PEILICHUH

Tema 3. AJITOpUTMBI JIOTHYECKOT0 MporpaMMupoBanns. Pemienne 3a1a4y Ha peKypcuIo
11. Pa3zpaboTarh cTpaTernIo MOKCKA PEICHNH B TPOCTPAHCTBE COCTOSTHUH.

12. BbINOJIHUTH MTOKUCK B TIYOHHY

13. BBINOJIHUTH MOKMCK B IIUPHHY

Tema 4. Ilpumenenue cnuckos B Ilposore

14. Pa3zpaboTarh pelieHre UrpoBbIX 3a1a4

15. [IpMeHUTH, MUHUMAKCHBIN TIPUHITHAIT TTOMCKA PEIIICHHMA

16. Pa3zpaboTtaTs 5KCIEpTHYIO CUCTEMY [UIs IPOBEPKH YPOBHSI 3HAHHMA

2o oo~No O

17. Pa3paboTaTh SKCIIEPTHYIO CHCTEMY IIJISl OTIICHKH PabOTOCIIOCOOHOCTH amnmapaTHO-IIPOTPaMMHO
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UHPPACTPYKTYPhI
18. Pa3paboTaTh SKCIIEPTHYIO CHCTEMY ISl OIIEHKH Ka4eCTBa MPOrPaMMHUPOBAHUS

19. Pa3pa60TaTL I/IHTeJIJIeKTya,HI)HI)IfI CCPBHUC OJId JUArHOCTUKU HCUCIIPABHOCTH annapaTHo-nporpaMMHoﬁ

UHPPACTPYKTYPHI
20. Pa3paboTarh MHTEIUICKTYaIBHBIN CEPBUC JUTS MOJCKA3KU B OMPEIEICHUN TPOQPUIIS CAHATOPHUS

3. TEOPETUYECKHU MATEPHAI
3.1 BBEAEHHUE B IIPOTPAMMMUWPOBAHMUE HA A3BIKE PROLOG

HNMnepaTuBHbIe U 1eKJIApATHBHBIE A3bIKH NPOrPaMMHUPOBAHUSA

TpaauumoHHO MO NPOrpaMMON MOHUMAIOT MOCJIEA0BATENBHOCTh ONEPATOPOB (KOMAHJ,
BBIMOJIHAEMBIX ~ KOMIIBIOTEPOM). OTOT CTWJIb MPOrPaMMHUPOBAHMs IPHUHITO Ha3bIBaTh
uMmnepatuBHbIM. [IporpaMmupys B UMIEPAaTHUBHOM CTHJIE, NPOTrPAMMMCT JODKEH OOBSCHUTH
KOMIIBIOTEPY, KaK HY)KHO peliarh 3a1aqy.

[IpoTHBOMNONIOXKHBIE €My  CTWJIb  HPOrPaMMHUPOBAaHUS — TaK  Ha3bIBa€MbII
JIeKJIapaTUBHBIA CTWIb, B KOTOPOM IporpaMma IpejacTaBiseT Cco00M COBOKYITHOCTh
YTBEPAKACHUM, OMMUCHIBAIOIIUX (PparMEeHT MPEeIMETHOW 00JACTH WU CIIOXKUBILYIOCS CUTYALUIO.
ITporpamMmupys B J€KIapaTUBHOM CTHJIE, IPOTPAMMHUCT AOJDKEH OMMCATh, YTO HYKHO PEIIaTh.

CoOOTBETCTBEHHO Y  S3bIKM NPOrPaMMHUpPOBAaHUS JAENAT HA UMIEPAaTUBHbIE U
JIE€KJIapaTUBHBIE.

HmnepaTuBHbIE S3bIKM OCHOBaHBI Ha ()OH HEWMAaHOBCKOH MOJIENM BBIYMCICHUHN
KoMIbploTepa. Pemias 3amady, MMIEpaTHBHBIA IPOrpaMMMCT BHadaj€ CO3JaeT MOZCIb B
HEKOTOpO# (popManbHON cuCTeMe, a 3aTeM NEePenuCHIBACT PEIICHHE HAa MMIICPATHBHBIN S3BIK
IIPOrPaMMUPOBAHUS B TEpPMUHAX KommbroTepa. Ho, BO-mepBBIX, AJI 4YENOBEKAa paccykiaTrb B
TEPMUHAX KOMIIBIOTEPA JOBOJBHO HEECTECTBEHHO. BO-BTOpBIX, IOCIEAHMM JTalm ITOU
JeSITebHOCTH (MIEPENUChIBAaHNE PEIIEHHUs Ha SI3bIK IPOrPaMMUPOBAHUS) 110 CYTH Jefla He UMEET
OTHOLICHUSI K PELICHUIO UCXOAHOM 3a1auu. OueHb 4acTO UMIIEpAaTUBHBIE MPOTrPAMMUCTBI JJaxke
pa3zienstoT paboTy B COOTBETCTBMM C JIBYyMsl ONHMCAHHBIMU Bbllle 3TanamMu. OJHH JHOAM,
IIOCTAaHOBIIMKHU 3a/1a4, IPUAYMBIBAIOT PEUICHUE 3a/a4yd, a APYrue, KOAUPOBUIUKH, IEPEBOIAT
JTO pELICHUE Ha SA3bIK IPOrPAMMUPOBAHUS.

B ocHOBe nekmapaTHBHBIX S3BIKOB JIEKHUT (hOpMaIn30BaHHAs YelloBe4ecKas JIOTHKA.
YennoBek UL ONMUCHIBAET PELIAEMYIO 3a1a4y, a IIOMCKOM PELICHHUS 3aHUMAETC UMIIEPATUBHAs
CUCTeMa IporpamMmupoBaHus. B utore nosydyaeM 3Ha4uTENBHO OOJIBLIYIO CKOPOCTH pa3pabOTKu
MIPUIOKEHUH, 3HAYUTEIIBHO MEHBIIMKM pa3Mep MCXOJHOTO KOJa, JErKOCTh 3allMCH 3HAHWKM Ha
JEKJIapaTUBHBIX S3bIKaX, OoJjiee TOHATHBIE, MO CPaBHEHHIO C WMIIEPAaTUBHBIMU S3bIKAMU,
IIPOrPaMMBI.

W3BectHa knaccudukamus s3bIKOB IPOrpaMMHUPOBaHUA MO HMX Onau3zoctu ubO K
MalIMHHOMY $I3bIKYy, JMOO K €CTECTBEHHOMY 4YellOBeUeCKOMY s3bIKy. Te, 4uro Ommke K
KOMIIBIOTEPY, OTHOCST K SI3bIKaM HHU3KOTO YPOBHS, a T€, YyTO OJIKEe K YeOBEKY, Ha3bIBalOT
A3bIKAMU BBICOKOI'O YpOBHsS. B 3TOM CMBICIIE IEKJIApaTUBHBIC S3bIKA MOXKHO Ha3BaTh S3BIKAMU
CBEPXBBICOKOTO WJIM HAMBBICHIETO YpPOBHS, IMOCKOJIBKY OHU OYE€Hb OJIM3KH K YEJIOBEYECKOMY
A3BIKY U YEJI0BEUYECKOMY MBIIUICHHUIO.

K nMnepaTtuBHBIM S3BIKAM OTHOCSITCSI TAKWE SI3BIKM IPOTrpaMMHUpoBaHus, Kak [lackans,
beiicuk, Cu u T. 1. B otimnune ot Hux, [Iposor SBAsSETCS NE€KIapaTUBHBIM SI3BIKOM.

IIporpammupoBanue Ha si3bike IIposior
IIpu mporpammupoBanuu Ha [Iponore ycunauss mnporpamMMmucTa JOJKHBI  OBITh
HanpaBJieHbl Ha OINKCAaHUE JIOTMYECKONM Mojenu (parMeHTta MpeiMeTHOM o0iacTu perraeMoit
3aJa4d B TEPMHUHAX 00BEKTOB MPEIMETHON 00J1aCTH, UX CBOMCTB M OTHOLICHUN MEXIy co00ii, a
He JeTrajneil mporpammHoi peanusauuu. Paxtudecku [Iposor mpencraBiseT co0oi HE CTOJIBKO
SA3BIK IJIg MPOrpaMMHUPOBAHUA, CKOJIBKO S3BIK JJISI OMMUCAHUA JAaHHBIX W JIOTUKU HUX 06pa6OTKI/I.
[Iporpamma Ha IIposiore He sBIsAETCS TAaKOBOW B KJIACCUYECKOM IMOHMMAaHUHU, MOCKOJBKY HE
COZICPKUT SBHBIX YIIPABJIAIOLINX KOHCTPYKLIMM TUIIA YCIOBHBIX OIIEPATOPOB, OIEPATOPOB LUKJIA
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u T. 1. OHa mpencraBisieT coboi Moaenb (pparMeHTa NMpeaMETHONW 00JIACTH, O KOTOPOM HJET
peub B 3ajaue. U pemieHue 3aaun 3anMchIBaeTCs HE B TEPMHUHAX KOMIIBIOTEPA, a B TEPMUHAX
IpeIMETHOM 00JIacTH pelaeMoil 3a1a4u, B yXe MOJHOTO ceifuac 00beKTHO-OpUEHTHPOBAHHOTO
POTrpaMMHUPOBAHMUSL.

[Tponor o4eHp XOpPOLIO MOAXOAMT JUIS ONMUCAHUS B3aMMOOTHOIICHUN MEXITYy OOBEKTaMHu.
[Tostomy Ilponor Ha3bIBalOT peNAUMOHHBIM s3bIKOM. [Ipudem "pensiumonnocts" IIposora
3HAYUTEIBHO OOJiee MOINHAS M Pa3BUTAsA, YeM '"PEISIUOHHOCTB" S3BIKOB, MCIOIb3YEMBIX IS
o0pabotku 0a3 panHbIX. Yacto IIposnor ucmomb3yercss A CO3[JaHHUA CHUCTEM YIIpaBIICHUS
0azaMu JAaHHBIX, IJI€ NPUMEHSIOTCS OYEHb CIIOXKHBIE 3allPOChl, KOTOPHIE JIOBOJIBHO JIETKO
3anucats Ha [Ipoore.

B IIponore o4eHb KOMIAKTHO, II0 CPAaBHEHHMIO C HMIIEPATUBHBIMHU SA3BIKaMH,
OIUCBIBAIOTCS MHOTUE aIropUTMBbl. [lo cTatucTHke, CTpOKa MCXOAHOIO TEKCTa MPOrpaMMbl Ha
a3blke [Iposior COOTBETCTBYET UETBIPHAALATU CTPOKAM MCXOJHOTO TEKCTa IMpOrpamMMmbl Ha
UMIIEpaTUBHOM S3bIKE, pellalolleM Ty ke 3ajady. [Iporjor-nporpammy, Kak NpaBWiIO, OYEHb
JIETKO THUCaTh, MOHUMATh M OTJAXWBaTh. JTO NPUBOAUT K TOMY, YTO BpeMsl pa3pabOTKu
npuiokeHnss Ha s3plke [Iporor BO MHOrMX ciyyasX Ha HOpsIOK ObIcTpee, 4eM Ha
UMIEpaTuBHbIX s3blkax. B Ilposiore serko onuceiBath U 00padaThIBaTh CIOKHBIE CTPYKTYPbI
JaHHbIX. [IpoBepuM 3TH yTBEpP)KICHHSI HA COOCTBEHHOM OIIBITE IPU U3YyYEHUH JIaHHOTO Kypca.

[Iponory mpucyu psja MEXaHHW3MOB, KOTOPbIMH HE 00]a/lal0T TPaJULUOHHBIE SI3bIKU
IPOrpaMMHUPOBAHUS: COMOCTaBJIEHUE ¢ 00pas3loM, BbIBOJ C IMOUCKOM U Bo3BparoM. Emie oano
CYLIECTBEHHOE OTJIMYME 3aK/II0YaeTcs B TOM, 4YTO s XpaHeHus JaHHbIXx B IIposore
UCIIOJIBb3YIOTCSl CIIUCKH, @ HE MAacCUBBL. B s3bIKe OTCYTCTBYIOT ONepaTopbl NpPHUCBAaMBaHUS U
0e3ycI0BHOIO IEpexo/a, yka3aTesld. ECTeCTBEHHBIM M 3a4acTyl0 €IMHCTBEHHBIM METOJIOM
IPOTrPaMMHUPOBAHUS SIBIISETCS PEKYPCHUSL.

JUia pemeHust ar000H 3a7ayu €CTh ONTUMAIbHBIN S3BIK (S3bIKM) MPOTrPaMMUPOBAHMUSL.
MHorue 3agadn, XOpoUIo pelaeMble MMIEpaTUBHBIMU sA3blkamu Thna Ilackans um Cu, muoxo
pematotest Ha [Iposore, u Hao0opoT. OcHOBHBIE 00acTu pumeHenus [Iposora:

- ObIcTpas pazpaboTKa MPOTOTUIIOB MPUKIIAJHBIX IPOTPAMM;

- aBTOMaTHYECKUI MepeBO/I C OHOIO sA3bIKA Ha APYTOH;

- CO3/1aHUE €CTECTBEHHO-A3BIKOBBIX HHTEP(EHCOB IS CYIIECTBYIOIIUX CUCTEM;

- CHMBOJIbHBIE BBIUMCJIEHMSI JJs pELIeHus ypaBHEHHH, nuddepeHrpoBaHus U
UHTETPUPOBAHUS;

- IPOEKTUPOBAHUE TMHAMUYECKHUX PEJIILUOHHBIX 0a3 JaHHBIX;

- OKCIEPTHBIE CUCTEMBI M 000JIOUKH SKCHEPTHBIX CUCTEM;

- aBTOMaTU3MPOBAHHOE YIIPaBJIEHNE IPOU3BOJICTBEHHBIMU IIPOLIECCAMU;

- aBTOMaTH4YECKOE J10KA3aTEIbCTBO TEOPEM;

- I0JIyaBTOMAaTUYECKOE COCTABIIEHUE PACIIUCaHUII;

- CUCTeMbl aBTOMAaTHU3UPOBAHHOIO IPOEKTUPOBAHMS, Oasupymolieecs Ha 3HAHHUIX
porpaMMHO€E 0OecrieyeHHE;

- OpraHu3alus cepBepa JaHHBIX WJIM, TOYHEE, CEpBepa 3HAHUMN, K KOTOPOMY MOXKET
oOpalaThecsi KIMEHTCKOE MPUIJIOKEHNE, HATMCAaHHOE Ha KaKOM-JIHOO0 SI3bIKE MPOTrpaMMHUPOBAHUSI.

3nakomcTBO ¢ nHTepnperaropom SWI-PROLOG

B mnanke c ycranoBnenHsiM SWI-PROLOG Boiigute B aupektoputo pl/bin, co-
nepxantyto (aiin plwin.exe, u 3amyctute ero. Ha skpaHe MosSBUTCS IIaBHOE MEHIO U TJIABHOE
(muanoroBoe) okHo ¢ npuriamenuem SWI-PROLOG (cm puc.1.1).

I'maBHOE MEHIO MOXHO cJienaTh akTHUBHBIM, HaxaB F10 uwnmu Alt. Korna rmaBHoe MeHIo
aKTHUBHO, €T0 DJIEMEHTHI MOKHO BBIOpPAaTh C IMOMOINBIO KJIABHII YIPABICHHUS KypcopoM |
NOCJEAYIOMM HakaTheM KjiaBuimd Enter. BeiOupaTh 351€MEHTHI TJITaBHOTO MEHIO MOKHO
TaKXKe U MBIIIBIO.
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IIporpamma na Ilpoaore
[Iporpamma Ha Ilponore cocTouT u3 GakToB U MpaBUl, KOTOpbIE 00pa3ytoT 0a3y 3HaHUIA
[Iponor-mporpammel, 1 3ampoca K 3Toi 6a3e, KOTOPBIA 3a/1aeT e TOUCKA PEIICHUH.

IMpenukarsl
OnuchIBalOT OTHOLICHHE MEXAY OOBEKTaMH, KOTOpBIE SBIAIOTCA apTyMEHTaMH
MpeanKaTa.

{14 SWI-Prolog (Multi-threaded, version 5.6.25)
File Edit Settings Run Debug Help

Welcome to SWI-Prolog (Multi-threaded, Version 5.6.25) A
Copyright (e) 1990-2006 University of Amsterdam.

SWI-Proloy come= with ABSOLUTELY NO WARRANTY. This i= free software,

and you are welcome to redistribute it under certain conditions.

Please wvisit http://www.svi-prolog.oryg for details.

For help, use ?- help(Topic). or ?- apropos(Word).

1 2=

Pucynok 1.1 - Bua quanorosoro okaa SWI-PROLOG

PdakTbI
KoHcTratupytoT Hanmuuue 3aJaHHOTO NPEAMKATOM OTHOLIEHUS MEXAY YKa3aHHbIMHU
00BEKTaMHU.

INPUMEP
Koncratanus ¢gaxra B npeanoxxeHun
OneH MoOUT TeHHHUC.

B CHMHTaKCHCC Hponora BBITTIAAUT TaK:

| M0OHT(aeH, TEHHHC).

HM$ OTHOIICHHA HMEHA 00BEKTOB
(MMA IpeIHKaTa) (3HA4YEHHA apTYMEHTOR)

Pucynok 1.2 — Cunrakcuc [Iponor

Nms npenukara (pyHKTOpa) M 0O0BEKTa JOHKHO HAUYMHATHCSA C MaJeHbKOM OyKBBI U
MOXET COJlepkKaTh JIATUHCKHE OYKBBI, KUPWIUIUIY, IU(GPbHl U CUMBOJ MoauyepkuBaHus ().
Kupwmmmia nenonbs3yercs HapaBHE C JTATHHCKUME OykBaMu. OOBIYHO MpenuKaTaM JaroT TaKue
UMEHa, 4TOOBl OHM OTpaKalu CMbICH oTHomeHus. Hampumep: main, add file name. /IBa
nperKaTa MOTYT WMETh OJIMHAKOBBIE MMEHA, TOTJa CHCTEMa paclo3HaeT WX KakK pa3HbIe
OpEIUKaThl, €CIM OHM MMEIOT pa3jIMyHOe YUCIO apryMeHToB (apHocTh). Hampumep, mo0ut/2,
ToouT/3.

Wms npenrkara MOXKET COBNAAATh C MMEHEM Kakoro-iu0o BCTpOeHHOTo npeankara SWI-
PROLOG. OpnHako, ecny COBNAIM MMEHA MOJb30BATEILCKOTO M BCTPOEHHOIO MpEanKaTa, TO
npu oOpameHMH K HeMy (OO W3 MHTepmperaropa, JUOO W3 Mporpammbl), OyJeT BbI3BaH
NOJb30BATENbCKUM  IpeAuKaT, T.e.  I0JIb30BaTEIbCKOE  OINPENEJIEHUE  «IIEPEKPOeT»
npenonpenenennoe B SWI-PROLOG.

IpaBunia
HpaBI/ma OIMUCBIBAIOT CBA3U MCIKIY NPCAUKATAMMU.
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Bunn nobuT BCce, UTO JioOUT ToM.

B cuHTakcuce [Iponora:
nodut ('Bunn', Heuro) :- awodut ('ToMm',HeuTo) .

[IpaBuiio B:-A coorBerctByeT umminkauuu A—B («ECJIM A, TO By).

B o6miem Bujie mpaBmiIo - 3TO KOHCTPYKITUS BHJIA:

PO:-P1,P2,...,Pn.

kotopas uutaercsi «P0 uctunno, eciiv P1 v P2 u ... Pn uctunub».

[Ipeaukar PO Ha3piBaeTcs 3arojloBKOM mpaBwiia, Beipaxkenue P1,P2,....Pn - temom
npaBuja, a mpeaukarsl Pi - moanensMu npaBuia. 3armsTas o3Havaet joruueckoe "MN".

@dakThl ¥ NpaBWIa HA3BIBAIOTCA TAKXKE YTBEPKIACHUSMU WM Kii03amMH. DaKT MOKHO
paccMaTpuBaTh Kak MPaBUiI0, UMEIOIIEE 3ar0JIOBOK U ITyCTOE TEJO.

IMpoueaypa

[Ipouenypa - 370 COBOKYITHOCTh YTBEPKICHH, 3ar0JIOBKH KOTOPBIX UMEIOT OJJMHAKOBBIN
(GYHKTOp U OIHY U TY k€ apHOCTh. [Iponienypa 3agaeT onpeeneHue npeaukara.

Koneny mpeanoskeHus Bcerja OTMEUaeTCsl TOYKOW, MOATOMY Bce (akThl, MpaBuia U
3ampoChl JTIOJDKHBI 3aKaHYUBATHCS TOYKOW. 3aMETHM TaKXKe, YTO MEXKIYy MUMEHEM IpeauKara u
CKOOKOH HE JOJKHO OBITh IIPOOEIIOB.

Ilepemennas
[TepemeHHas - mOMMEHOBaHHAsL 00JIACTh MMAMSITH, TJ€ MOXKET XPaHUTHCS 3HAYCHUE.
Ecnun nepemennas He cBsi3aHa CO 3HAUEHHEM — OHA HA3bIBAE€TCA CBOOOHOM MEPEMEHHOM.

YHaupurkanus

YHu}UKanus - mpouecc MOoIXyd4eHUs CBOOOTHOW NMEepeMEHHOW 3HAYeHHS B PE3yJbTaTe
comnocTaBiieHHs npu JorudeckoM BeiBojie B SWI-PROLOG.

[lonsiTe MepeMeHHOM B JIOTMYECKOM MPOTrpaMMHUPOBAHUHU OTJIMYAETCS OT 0a30BOrO
MOHSTHS IEPEMEHHOM, KOTOPOE BBOJUTCSA B CTPYKTYPHOM IporpammupoBanuu. [Ipexne Bcero,
ATO OTIWYHE 3aKiIro4aeTcs B ToM, 4To nepemenHas B SWI-PROLOG, oaHaxxbl OJIy4uB CBOE
3Ha4YeHHE NMPH YHUPHUKAIUH B IIpoliecce paboThl MPOrpaMMbl, HE MOXKET €ro U3MEHUTh, T.€. OHA
CKOpee SBISETCS aHAaJOrOM MAaTE€MAaTHYECKOrO0 TIOHATHS <«IIEPEMEHHas» — HEWU3BECTHas
BennunHa. [lepemennas B SWI-PROLOG He nMeeT npeonpeesIeHHOro TUIA JaHHBIX U MOKET
OBITH CBSI3aHA CO 3HAUEHUEM JIF0OOT0 THUIIA JaHHbIX.

ITepemennas B8 SWI/PROLOG o603HayaeTcsi Kak OCIEJ0BATEIbHOCTh JATUHCKUX OYKB,
KUPWTUIBI U IU(P, HAYMHAIOIIAsACA C 3arjlaBHOM OYKBBI MJIM CUMBOJIA MOJYEpPKUBAaHUA ().
3aMeTHUM, YTO €CIM 3HAYeHUE apryMeHTa INpeAuKaTa WIA €ro MMs HAauMHAETCSA C 3arjaBHOU
OYKBBI, TO OHO THUIIETCS B anocTpodax.

B SWI-PROLOG pa3nuyarorcsi CTpOUYHBIE U 3arJIaBHbIE OYKBBI.

Paccmotpum  cnemyromryto  mporpammy Ha  SWI-PROLOG, xortopyro Oyaem
WCIIOJIb30BaTh JUIsl WJIIKOCTPALUK IIPOLIECCOB CO3JAHMS, BBIIIOJHEHUS W PEAAKTUPOBAHUS
[Tponor-nmporpamm.

JlucTuur 1.1.

/* xTO UYTO JUOOUT */

JaduT ('Snyen', TeHHMC) . 3OJJIeH JIOOUT TEeHHUC
aodbuT ("IxoH', dyTdos) . IIXOH J0OUT PyTOOI
aodbut ('ToMm', Oemcbos) . %ToMm Jodur Oericbos
aoouT ('Spuk', nJaraHue) . SOPUK JIOOUT IJaBaHUe
moduT ('Mapk', TeHHMC) . $Mapk JOOUT TEHHUC
JaoduT ('Bunn', X) : —aodurt ('Tom', X) .
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$Bunn goduTt TO, YUTO JIOOMT ToM

KomMmeHTapuii B CTpOKE MPOrpaMMbl HAUMHACTCS ¢ CUMBOJIA % U 3aKAaHYMBACTCS KOHIIOM
CTPOKHU. BIIOK KOMMEHTapHEB BBIACISACTCS CHEHUATbHBIME CKOOKAMHU:
/* (mauano) u */ (koHer).

3amanme 1.1

Jnist Toro 4ToObl HAOpaTh TEKCT MPOTPAMMBI, BOCIIOIB3YHTECh BCTPOCHHBIM TEKCTOBBIM
penaktopoM. UToObl co3math HOBBIN (aitn BeiOepere koMaHay File/New, B 1uamoroBoM oxkHe
YKa)KUTE UMs HOBOTO (paiina, Hampumep, TecT. s perakTupoBaHus yKe CO3JaHHOTO (Qaiina ¢
HCITOJIb30BaHUEM BCTPOCHHOTO PEIaKTOpa MOXKHO BOCIIOJIb30BaThcs kKomaHaoi MeHto File/Edit.
HabetiTe nporpammy 1 (TekcT mporpaMmsl Bblle 1o TeKCcTy) u coxpanure ee (File/Save buffer).

Eraf TecT. pl EI[EW@
File Edit Browse Compile Prolog Pce  Help

moBMT (Tonnen’, TeHHMC) . 39MTeH NHEMT TeHHHC

noGHT (TOxcH’, dyvrhon) . $0moH mwbHT dyTEon

moBMT (TToMm', BeficBon) . %Tom mobur BeHcbomn

NOGHT (TOpuET, InaBaHMe) . $9pME JNHEMT INABAHME

JwBuT ("Mapr', TedHrc) . (Mapr mHEMT TeHHHMC

TG ("Buan’, X)) —anbur (TToM', X)) . $BMIT JOHEMT To, U4UTO JHOHT TOM‘
A Line: B

Pucynok 1.2 - BHewmHuii BU1 peakTopa

KpacHbIM 1IBETOM IO/ICBEYHMBAIOTCS MPEIUKATHI B 3ar0JIOBKaX MPEII0KEHUN, KOTOPBIE C
toukn 3penuss cuHrakcuca SWI-PROLOG «koppekTHbl. VYkazatenb “Kypcop” MOXKHO
MCIIOJIb30BAaTh Ul BBIBEPKU (HaIIpUMEp, KOPPEKTHOCTH) PACCTAHOBKU CKOOOK. 3€JIEHBIM LIBETOM
BBIJICJIAIOTCS KOMMEHTApUHM, TEMHO-KpacHbIM LIBETOM - mepeMeHHble. [loguepkuBaHueM
BBIJICIIIIOTCS. TIPEIUKATHl B TeJIe MPaBHJIa, KOTOPBIE COBMAJAIOT C TPEIUKATOM 3arojioBKa,-
TaKUM 00pa3oM aKLIEHTHPYETCs] BHUMaHUE Ha BO3MOKHOM 3allMKJIMBAaHUU IIPOTPaMMBI.

Yrto0sl 3ayCTUTh IpOrpaMMy, cHavana Heooxoaumo ee 3arpy3utb B SWI-PROLOG nns
BBIMIOJHEHH. DTo Aenaercss BbiOopom omumu Compile/Compile buffer uz okna pemakropa.
Pesynprar xommwisiimu otoOpaxkaercs B okHe wuHTeprperaropa SWI-PROLOG. Tam xe
yKa3bIBAlOTCS OLIMOKH, BO3HUKIIME MPU KOMIMWISAILUM, Yallle BCETO OHM OTOOpaXaroTcs U BO
BCILTBIBAIOIIEM OKHE OMIMOOK. OOBIYHO Tepe] KOMIMISIITUEH TIpeIiaraeTcsi COXpaHuTh (ai.

Jpyroii cnoco0 3arpy3uTh yxke CYHIECTBYIOUIMH (aill — 3TO BBINOJHEHHE KOMAaH[bI
Consult B nonmento File nuanorosoro okHa SWI-PROLOG. Ha skpane mosiBUTCSI 1MajIoroBoe
OKHO.

X

Load file into Prolog -
Nanka: I_} Swl-prolog _vJ ek E-

7 ‘3 ‘g‘!r'rec'r

HeaasHue
AOKYMEHTbI

>

Patouuii cton

\$

Mou gokymeHTe!

Mot komneloTEp

‘:} Wma patina: I LI OTkpbmb
Ceresoe Tun paiinos: IF’roIog Source _vJ OtmeHa

OKpYKEeHUE
Py I Tonbko yreHue

Pucynok 1.3 - J/lnanoroBoe okHO
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VYxkaxure ums ¢aiina, KOTOphId BBl XOTHTE 3arpy3uTh, U BeiOepuTe OTKpHITh. ECin BbI
HOIBITAETECh 3arPy3UTh Ul BBINOJIHEHUS (aiiia, B KOTOPOM €CTh CUMHTAKCHYECKHE OLIMOKH, TO
OH HE 3arpy3UTCs, a BBl MOJIY4YUTE COOOIIeHNE 00 ONIMOKE B TJIABHOM OKHE. YTJIOBBIE CKOOKH <<
>> OynyT BBIAEIATh MECTO, TJ€ BCTpeTHiach omunoka. [To ymomyanuto Qaiiisl, acconuupyemsble
¢ SWI-PROLOG uwmerot pacummpenue .pl.

DaiiIbl TAKKE MOKHO 3arpy3UTh, HCIIOJIb3YSl BCTPOCHHBIN ITPEINKAT:

consult (MMsa daniia MM MMeHa HEeCKOJIbkUxX (anjion) .

JlucTunr 1.2

consult (Test) . % test - mmMma danna
consult ([Testl, Test2]). % Barpy3ka IOBYX GaljoB.

consult (‘test.pl’) .1

JUisi BBIMOJHEHUS 3arpy3KHM 3TOT NPEAUKAT HY)KHO HalMcaTh B IVIABHOM OKHE IIOCIE
IpuriameHus HHTepuperaropa (?-), KOTopoe 03HauaeT, YTO HHTEPIPETATOP KIET 3apoc.

3anpoc

3anpoc -3TO KOHCTPYKIIUS BUIA:

?-P1,P2,....Pn.

kotopas untaercs "Bepro mu P1 u P2 u ... Pn ?". [Ipenukarel Pi Ha3pIBarOTCS TIOIIEIISIME
3amnpoca.

3amnpoc gBIAETCS COCOOOM 3amycka MeXxaHHW3Ma JOTMYECKOro BBIBOJA, T.€ (paKTUUECKU
3amyckaet IIposior-nmporpammy.

Jlis mpocMOTpa TNPEeANOKEeHUN 3arpyKeHHOW Oa3bl 3HAHUH MOXKHO HCIOJIB30BaTh
BCTPOCHHBIN npeaukar listing.

ITpoBepbTe 3arpy3ky ucxonHoro ¢aiia (Jlucrunr 1.1), 3agaiite 3anpoc:

?-listing.
Bsenure 3amnpoc:
°

?=Jobut ( 'Bunn', bencboi) . % Jlobur Jgm Bumnn 6encboi?

[Tonyunte oTBeT yes (Zla) M HOBOE MpUIJAllleHHWE K 3ampocy. Bmeaurte ciemyroiue
3aMpochl U IOCMOTPUTE HA PE3YIIbTATHI.

JImcrunr 1.3
?=JobuT ('Bunan', TeHHUC) . SJobuT M Buija TeHHUC?
?-nobut (Kro, TeHHMC) . $KTOo J1I0OUT TEeHHUC?

?-JobuT ( 'Mapk',YTo) , moduT (' Oaynen' ,dTo) . 3UTO sodaT Mapk u

SJ151en?
?-nobut (Kro, Yro) . $KTo uTO JIIOOUT?
?-noout (Kro, ). $KTo snobur?

[Tpu nmoucke pemenuii B 6aze [Iponora BeigaeTcs mepBoe perieHue.
JIuctunr 1.4

?=Jobur (KTo, TeHHMC) .

Kro = 'Onanen'

Ecnmu HeoOXoauMo MpOMOIDKUTH MOUCK B 0a3e MO ATOMY e 3ampocy M TOMYyYUTh
IbTEPHATHUBHBIE PEIICHUS, TO BBOAUTCS TOYKA C 3aISTOH,;

Ecnu HeoOXoauMo mpepBaTh BBINOJIHEHHE 3a1poca, (HanmpuMmep, Hy>)KHO HabpaTb Apyrou
3ampoc), UCTIOIB3YHTE KIaBuIy b.
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He BBOAMTE MM# (haiina ¢ pacmupenueM 6e3 anoctTpodos.
Ecnu Bbl XOTHUTE MOBTOPHTH OAWH M3 MPEIBLAYIIMX 3allPOCOB, BOCHOJIb3YHTECH

KJIaBuIIaMHu "cTpenka BBepX' uiu "crpenka BHU3'.

[lepe3arpy3uTb, M3MEHEHHBIE BO BHEIIHEM pelakTope, (aiabl MOXKHO, HUC- TMOIB3YS

BCTpOCHHBII npeankaT make. Hampumep tak: ?-make.

{1 SWI-Prolog (Multi-threaded, version 5.6.25)
File Edit Settings Run Debug Help

1 ?—- Warning: (£:/ nporp Smwif saxa swiprolog+mpimsepm mporpa A
s/ TecT.pli2):
Fingleton wvariables: [Hewrol

3 £:/TL nporp /SWI/H SWIprolog+npumepm nporpaums/TeaT.pl co
mpiled 0.00 =mecz, 1,704 bytes
T £:/7L nporp /UL M SWIprolog+npymepn nporpamms/a.pl.txt o

ompiled 0.00 =ex, 1,324 bytes

?- % 3WI-Prolog version 5.6.25 by Jan Wielemaker (jan@swi-prolog.ora)
% Copyright (o) 1990-2006 University of Amsterdam.

% 3WI-Proloy comes with ABSOLUTELY NO WARRANTY. This iz free software,
% and you are welcome to redistribute it under certain conditions.

=

-

Please visit http://wwvw.swi-prolog.oryg for details.
1 ?— make.
Warning: (£:/ nporp Smwi/ swiprolog+np pr nporpaums/ Te

Singleton variables: [Heuro]
x £:/ nporp 35 Smwis =wiprolog+npwmsepn nporpams/TecT.pl co
mpiled 0.02 =ec, 196 bytes
s £:/ aporp P Smwi/ =wiprolog+npimsepm nporpaws/a.pl.txt o
orpiled 0.00 =ec, 296 bytes
% Scanning reference= for 1 pom=ibly undefined predicates=

Yeam
2 R

Pucynok 1.4 — BcTpoeHHBII nipeukaT make

[lepezarpyskatorcst Bce n3MeHeHHbIe (haiiibl U (ail HadanbHON MHUIMATU3auu pl.ini; 0

€ro Ha3Ha4YCHUH 6}’I[CT OTOBOPCHO IMO3JHCC.

Hcnoab30Banne BCTPOCHHBIX NPEIUKATOB
B untepnperatope SWI-PROLOG umerorcsi, kKak ObIJIO OTMEYEHO BBIIIE, MHOXKECTBO

BCTPOCHHBIX IIPCIUKATOB. Onumem HCKOTOPBIC M3 HUX!

consult (Mms daiiaa).
— 3arpy3Ka 0JTHOTO WJIM HECKOJIBbKUX (haiiioB.

?—- consult (test). test - uma danna

pwd

— MOKa3bIBaeT TEKyIIUH pabounii KaTajor.
?- pwd. c:/prolog workspace

make
— 1epe3arpy3uTh Bce n3MeHeHHble (aiiibl (*.pl). B Tom umcne u pl.ini. Ananor
consult. Y 100Ha npu penaktupoBaHuy (hailioB BO BHEIIHEM PeJIaKTOpeE.

?— make.

working_directory(X,Y)
cMeHa pabouero karajiora, rae X — TeKylmui pabounii katanor, Y — HOBBIH pa- 6ouuit

KaTaJjor.

Is
MPOCMOTP cHHCKa ¢ailyioB B TEKyIeM paboyeM KaTajiore.

?- 1s. a.pl

3ananue 1.2
[lepeBenure mTpeUIOKEHHUSI PYCCKOTO sI3bIKa B MpEAMKaTHYIO (opMy, co3faiire,

COXpaHUTE U 3arpy3ute 0a3zy 3HaHUH.

OnneH mro6uT uteHue. Mapk JroOUT KoMmIbloTepbl. J[KOH JIOOUT OGaJMUHTOH. DPHUK

JIFOOUT YTEHHE.
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bagmuHTOH - 310 BUA ciopTa. TEHHHC - 3TO BUJ CHOPTA.
®dyTt6oi - 3TO BHA criopTa. beicbon - 3To Buj ciopra
CropTcMeH - 3TO TOT, KTO JIFOOUT KaKOW-HUOYAb BHUJI CIIOPTA.
OO6beaunauTE 3TY 0a3y ¢ 6azoi u3 3amanus 1.1.

BbinoJsiHeHHe M TPacCMPOBKA IPOrPaMMBbI

AnroputMm BbinonHeHus IIposor-nporpaMmMel OCHOBaH Ha MEXaHU3MeE MIPSIMOTO nepedopa
C BO3BpPATOM M OT€pAIMH COMOCTABICHUS (YHU(PHUKAIINHN).

Beinmonnenue nporpamMMbel HauumHaercss ¢ 3ampoca. Ilposor-cucrema OGeper mnepByro
HOJLENIb 3alpoca M IBITAETCS J0Ka3aTb €€ HCTHHHOCTb. I 3TOro IpOCMAaTpHUBAIOTCA
nporpaMMa (CBepxy BHM3) U HILETCS IE€pPBOE YTBEpXkAEHUE, (PYHKTOP M apHOCTb KOTOPOIO
COBIAJIAIOT ¢ PYHKTOPOM U apPHOCTBIO 3TOH MOALIEIN.

Eciun Takoe yTBepXkJEHHE CYIIECTBYET M IPOUCXOAUT YCIEIIHOE COINOCTaBJIEHUE
apryMeHTOB, TOIZla B Cilydae yTBepikAeHUs-(hakta - mojuenb gokazaHa, u IIposor-cucrema
HEePexXOoANT K JI0Ka3aTeNbCTBY clenyrolel noauenu. B caydae yrBepxkaenus-npasuia [Iposor-
cucTeMa IbITAeTCs JOKa3aThb UCTUHHOCTD MOJLEIIEH Tela IpaBula ClIeBa HaIpaso.

Ecnmu npu noucke pemieHuss OOHapyXEHO HECKOJIbKO BapHAaHTOB JOKa3aTelbCTBA
HUCTUHHOCTH 1CJIU, TO HpOHOF-CI/ICTeMa 3alIOMHUHACT AJBTCPHATUBHLIC BAPWAHTLI PCHICHUSA -
TOYKHU BO3BpATa.

Ecmm JIIA HGKOTOpOfI ey HET HU OJHOI'0 YTBCPKIACHHA, C KOTOPBIM €€ MOXKHO
COIIOCTaBUTh, TO 1€JIb CYMTAETCs HeycrnemHoi. Eciau npu 3ToM octanuck HenpoieHHbIe TOUKU
BO3BpaTa, TO BBIIOJIHAETCS BO3BpaT (OEKTPEKUHT) U €LIE pa3 JAEJIaeTCsl MOIbITKA 10Ka3aTeIbCTBA
HO/IIEIH.

Boinosinenue nporpammel Ha sizbike IIpoJsior
Jlucrnur 1.5

Bama 3BHaHUM:

3anpoc
?- a(X),b(X),e. IOEPEBO BHBOIA

Ha pucynkax npezacraBieHo J1epeBo BbIBOAA. JKUPHBIMU JIMHUSMU B JiepeBe 0003HaYECHbI
W-nepeBbss — A 10Ka3aTeIbCTBA TAKOIO JiepeBa HEOOXOIUMO, YTOOBI KaK[as €ro BeTKa
«omupanack» Ha HCTUHHOE yTBepkiaeHue. WNJIM-nepeBbs HCXOOSIT W3 BEPIIMH C TOYKAMH
BO3Bpara, Tako€ JEepPeBO HMCTUHHO, €CIM XOTs Obl OJHa BETKa ONUPAETCS Ha MCTUHHOE
yrBepxaeHue. [IlyHKTUpHbBIE TUHUH — aJIbTepHATUBHbBIE BETKH, HE paccCMaTpUBaeMble Ha JaHHOM
sTarne (J100 J0XkKHbBIE, TH00 elle HE PACCMOTPEHHBIE).

B nanHOM mnpumepe mHojyuyeHUE pEIIeHUs CKIIAJbIBaeTcsl W3 Tpex 3TanoB. BHauane
paccMaTpuBaeTcs nepBas MOJeIb — OHA UMEET J[Ba MpeJUIoKeHusl B 0a3e, 3arojIOBKM KOTOPBIX
COIMOCTaBUMBI C HEH, MOITOMY OHa SIBJISIETCS TOYKOM Bo3BpaTa. BriOupaercs mepBoe cBepxy
npeiokeHne — 3To ¢akt a(l), mpu 3ToM cBOOOIHAS MepeMeHHas X Mojy4yaeT 3HaueHue I.
[TepBas menp 3ampoca mokazana. Bropas menp - b(l) (X yxke cBszaHa co 3HaueHHEM 1) He
COIOCTABJISIETCS. HU C OJJHUM MIPABUIIOM 0a3bl, CI€JOBATEIILHO, SBISETCS JIOKHOM.

BakTpexkuHr — Bo3BpaT Kk Omwpkaifmiei Touke Bo3Bpara, T.e. a(X). Ha BTOpom nepese
oToOpakeH BBIBOJ 110 BTOPOU ajbTepHaTuBe. CBA3BIBAIOTCS JIBE NepeMeHHbIe X U3 3arnpoca u Y
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U3 MpaBuia Jjs npeaukara a. @axtuuecku 3ampoc ?-a(X),b(X),e moaMeHseTcs Ha HOBBIN Habop
neneit ?-¢(Y),d(Y),b(Y),e. Ileppas mommenr — 310 c¢(Y) — OHa ABJISICTCS HOBOM TOYKOU
BETBJICHUS, TaK KaK YHHU(pULIUpPYETCs ¢ ABYMS MpeioKeHus MU B 6aze. [lepBoe mpenioxenue —
dakT npuBouT K yHUUKaIMU Y ¢ 1, HO crieayromnias B Habope noamensb d(1) — noxHa.

Tperbe nepeBo orpaxaer ambTepHatuBy ais c(Y) c¢ yHubukamumedr Y=2. Jlns sToif
albTepHATHBBl HUCTHHHBI BCE IMOCIEAyolue Iend u3 Habopa (OHUM YHUPUIUPYIOTCS C
COOTBETCTBYIOIIUMH (pakTamn).

3aganme 1.3

3arpysurte [Iponor-nporpammy u3 3aganus 1.2.

B SWI-PROLOG ectp nBa BHaa OTJIQAYMKOB: KOMAaHIHBIN2 W Tpaduveckuiil, B
MOCIICTHEM TPACCUPOBKA BBITJISIIAT OOJIEe HATIISTHO.

Jlnst mepexoga B PEXKHM TPACCHPOBKH HEOOXOAUMO HaOpaTh BCTPOCHHBIM MpEIUKaT
debug. /lns BeIx0/1a U3 peKMMa TPACCUPOBKH — ipeaukat nodebug4.

L Prolog debugging

Mode: Mormal Trace

?factoriah@
“likes/2
4 song/1

Predicate: ﬂ 8 ||

Pucynok 1.5 — Pexum TpaccupoBKu

[lepeiinute B pexuM TpaccHUpoBKH. [l TpacCUpOBKM HEOOXOAMMO yKa3aThb
KOHTpOJbHBIE TOukH (Spy points) B mento Debug->Edit spy points->Predicate, rue ykasath
UMEHa MpeauKaToB. B maHHOM ciyyae ykaxurte mpeaukar Jroour. ObpaTtu- Te BHUMaHUE, YTO
CIIpaBa BHM3Y HaXOJATCS TPU KHOIKH, TJI€ YKa3bIBAIOTCS KaK KOH- TPOJIbHbIE TOUKU, TAaK U TOUKU
TpaccupoBKu. KoHTposnbHbIE ToukH (Spy points) MO3BOJISIIOT BBI3BAaTh I'paMuecKuil OTIa4MK.
Touku TpaccupoBku (Trace points)— KOHCOJBHBIM oTiHaauuK. TpeTuil BEIOOP — HPOCMOTP U
penakTupoBaHue (aiiya mporpammsl, cojepxaileii, BBeAeHHbIH B mone Predicate, mpeamkar.
Buewnuit Bua n300pakeH Ha CHUMKE HUXKE.

[ 2-a(X).b(X).e. ]

o ()

=i X=Y
a(l) a(Y)-c(Y).d(Y).
true

a(X) W
(Touka BO3BpATa)

Pucynok 1.6 — BeimosnHenue nporpammsl

I'padmueckuit oTIaauMK HE MOAAEPKUBAT PYCCKUX NMPEAUKATOB (HE paboTaeT KOPPEKTHO
yKa3aHHe KOHTPOJBbHBIX TOUYEK M TOUYEK TPACCUPOBKHU uepe3 rpaduueckuil untepdeiic). B csazu
C OTUM ONMIIEM MpEAUKaThl, OTHOCALIMECS K OTIAJKE IPOrpaMMbl C HCIOJIb30BAHUEM
KOMaHJHOHN CTPOKH.
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?- a(X),b(X).e.
1 | 1
a(X)
(Touka Bo3Bpara)

X=1I ‘ X=¥ ‘

a(Y):-¢(Y).d(Y).
1

e(Y) d(1)
(Touka Bo3BpaTa) fail

Pucynok 1.7 — BeinosiHeHHE TPOrpaMMBbL

Tabmuna 1.1 — Ilpeaukatel TpaccHpOBKU

[Ipenukar Onucanue

trace BKIIIOUMTh pEeXUM TpacCUpOBKU. EciaM He yKa3aHbl TOUKH TpPacCHPOBKH,
OyZeT MPOU3BOIUTHLCS TIOTHAS
MoIIaroBast TpaCCUPOBKA.

tracing YcnelieH, eciiu BbI3bIBACTCS U3 PEKMMA TPACCUPOBKH.

notrace BbIXox U3 peKrMa TpaCCUPOBKHU.

guitracer, Brximtounts rpadudeckoro pexuma TpaccUpoBKH. OKHO Trpaduveckoro

gtrace [peKUMa TPACCUPOBKU BKJIKOYAETCS MPHU BCTpeUe MepBOM KOHTPOJIBHOM TOUKY|

(Spy-point).

noguitracer

OTKITI0YUTH TPaQUUECKOro pexuma TPacCUPOBKH.

trace(Pred)

YCTaHOBUTH TOYKY TpPAacCHpPOBKH TNpeaukara ¢ uMeHem Pred (To ecTh
oToOpaXkaTbcsl TPU TPACCHUPOBKE OYAET KakJ0€ COObITHE CBA3aHHOE C
npenukaroM Pred).

trace(Pred,Port

5)

YCTaHOBUTH TOYKY TPAacCUPOBKM Ipenukata ¢ uMeHeM Pred y
AKTUBUPYIOLIEHCS N0 COOBITUSAM (IIpU MPOXOX- AeHMM 1o noptam) Ports.
CoOBITHSI MOTYT OBITH CIIEAYIOIIMX THUIIOB:

fail — coObITHE COOTBETCTBYIOIICE HEYITAYHOMY BBI3OBY MpEIUKATa C UMEHEM
Pred;

call — coOpITHE COOTBETCTBYIOIIEE MMEPBOMY BBI- 30BY MpEIUKaTa C MMEHEM
Pred;

redo — coObITHE COOTBETCTBYIOIIEE TIOBTOPHOMY BBI30BY MPEIUKAaTa C IMEHEM
Pred;

exit — coOblTHE COOTBETCTBYIOIEE YCIENITHOMY OKOHYAaHHUIO BBI30BA
npenvkara ¢ umeHem Pred.

Cam >xe mapamerp Ports MokeT NMpUHMMAaTh 3HAYEHMS TUIIOB COOOIIEHUH C
npedruKcaMu COOTBETCTBYIOIIMMHE JT00ABICHUIO U YIAJIICHUIO COOBITHS (TIOpTA)
13 TOYKU TPACCHPOBKHM a TaK e CIIUCKU TakuX 3HaueHuid. Hampumep, 3arpoc
?- trace(foo/2, +fail), trace(foo/2, [+call-fail]). moGaBnser B TOUYKY]|
TPACCUPOBKU CBsI3aHHYIO C Tmpenu- karom foo/2 cobOwitne fail. Jlng
MoOaBIIEHHSI COOBITUSI MCTIONB3YIOT Tpeduke +, Jus u3bATus -. Kpome toro
MO>KHO OIIEPHPOBATh Cpa3y CO BCEMH THUIAMHU COOBITHH, HCHOIB3YA
o0o3HaueHue all.

ITpumep: trace(foo/2, +all).
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debug Bxmounts pexkuM otnaaku. [Ipu 3ampocax k mporpaMMe B peKMMe OTIaJKU
BBEIBOJATCS BCE COOBITHSI, NPOUCXOMSINME IIPH BBINOJIHEHUU 3arpoca,
CBSI3aHHBIE C YCTAHOBJICHHBIMU TOYKAMHU OTJIAIKH.

nodebug OTKITIOYUTH PEIKUM OTIAJKH.
debugging [TokasaTh OTCICKHBAIOUIMECS TOYKU TPACCHPOBKH M KOHTPOJIBHBIC TOUKU
spy(Pred) VCTaHOBHUTH KOHTPOJIBHYIO TOUKY, CBA3aHHYIO ¢ mpeaukaToM Pred.

ospy(Pred)  [YOparh KOHTPOJBHYIO TOUKY, CBI3aHHYIO C mpeaukaroM Pred.

nospyall 'YOparh Bce KOHTPOJIbHBIE TOUKH.

2 Otnaaka MPOUCXOAMT B KOMaHIHOW cTpoke B auanoroBom okHe SWI-PROLOG wu
0TOOpaxkaeT MOCIIeJ0BATEILHOCTD BHITIOMHSAEMBIX MOIICNICH U Pe3yJIbTaT BHITIOTHCHHMS.

3 I'padmyeckuii oTIaauuK oToOpaxkaeT HHGOPMAIIHIO B COOCTBEHHOM — OT/CIIBHOM OKHE.

4 He 3a0pIBaiiTe KaXKIbI pa3 CTaBUTh TOUYKY ITOCIIC MTPEAUKATOB WIIH TPYIIIIBI IPSIUKATOB
(3amMCaHHBIX Yepe3 3aMATYI0) — KaKI0€ MPeAI0oKeHNEe 3aKaHUYUBACTCS TOUKOM.

Torma WMeHHO Ha yKa3aHHBIX NPEIUKATaX TPACCHPOBKA OYIET OCTAHABIMBATHCS W
MOKAa3bIBaTh IMPOMEXKYTOUHBIN pe3ynbraT. OcTanbHble HE yKa3aHHbIE NpPEIuKaThl HEe OyayT
MOKAa3aHbl (€CJIM HE YKa3aHbl HUKAKWE KOHTPOJBHBIC TOUYKH, TO PEKUM TPACCHPOBKH OyICT
HEOTJIMYHUM OT OOBIYHOTO PEKHMa pabOThl HHTEPIIPETATOPA).

3apaiiTe 3anpoc

?=JobuT (X, TEHHUC) , JTOOUT (X, KOMIIBIOTEPEHL) .

U TOCMOTpPHUTE, 4TO mpousoiaeT. [locne mosydeHus mepBOro peuieHus MOITYYUTE BCE
ocTajbHbIe, BBOAS;. TpaccupoBKa N300pakeHa Ha CIEAYIOIEM PUCYHKE:

H SWI-Prolog (xxMulti-threaded, version 5.6.29) - @g‘

Fle Edit Settings Run Debug Help
22 ?- debug. b

Yes

[debug] 23 ?- likes(X,tennis),likes (X, computers).
T Call: (8) likes( G578, tennis)

T Exit: (8) likes('Ellen', tennis)

T Call: (8) likes('Ellen', computers)
T Fail: (8) likes('Ellen', computers)
T Redo: (8) likes( G578, tennis)

T Exit: (8) likes('Mark', tennis)

T Call: (8) likes('Mark', computers)
T Exit: (8) likes('Mark', computers)
¥ = '"Mark' ;

T Redo: (8) likes('Mark', computers)
T Redo: (8) likes(_G578, tennis)
T Call: (9) likes('Tom', tennis)
T Fail: (9) likes('Tom', tennis)

No
[debug] 24 2- |}

Pucynok 1.7 — TpaccupoBka nporpaMmsbl

B neBoii BepxHei yacTu OKHa TpaUIecKOro OTIaIIMKa OTOOPAKEHBI TEKYIIUE 3HAYCHUS
MEePEMEHHBIX TEKYIIETO BBIMOIHAEMOTO TpeauKaTa, CIpaBa CTEK BBI3OBOB IMPEAUKATOB, B
HIOKHEW YacTu (akThl U MpaBWIa, TIe [[BETOM OTMEUEH CIEAYIOUINI BBI3BIBAEMBINA MpPEIUKAT.
Bremnnit Bua rpadudeckoro oriaguMka w3o0paxeH Ha pucyHke. CBepXy, B BHJE KHOIIOK,
HAXOJATCS JOMYyCTUMBIE AeWcTBUs. BTopas KHOmMKa (CTpelka BIpPaBO) MO3BOJSET BHITOIHATH
mporpamMmy IMomaroBo (IpeaukaT 3a mpeaukaToMm). L[BeT BhIgeneHus Tak)Ke UMEeT 3HaueHUe.
KpacHsrii iBeT 0003Ha4aeT HEY[aqy, JIOXKHOCTh PEIICHHMS.
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song.pl Q@S'

Tool Edit Compile Help

L= o B -] atlal] vel -2 2 (D% 21

Bindings Call Stack

N 3
N1 2

T factorial/2

7

8 |1 factoriali2
9 factorial/2|
10 |2 factoriali2

c:/prolog workspace/song.pl
song (X) :-X>1,write('run, '), (¥ is X-1),song(Y). -
song (1) .
factorial (0,1).
factorial (N,F):-
N>0,
Nl is N-1,
factorial (N1,F1},
F is N*F1. -
factoriaﬁ._iter (N, FactN) : —
fact(N,FactN,1,1).

fact (N, FactN,I,D):—

I<N,

I1 is I+1,

Pl is P*I1,

fact (N, FactN,I1,P1).
fact (N, FactN, N, FactN) .
factorial_iter2 (N,FactN):—

fact2 (N, FactN, 1) .

fact2 (N, FactN, D) :—

Call- factorial/2

Pucynok 1.8 — Pe3ynbTat TpaccupoBku

3.2. CTPYKTYPA TIPOI'PAMMBI HA A3BIKE PROLOG.
CHUHHTAKCHC S3bIKA PROLOG

Cunrakcuc s3bika Illposaor

[Tpu popmManbHOM ONMCAHWU CHHTAKCHCA KOHCTPYKIMNA aITOPUTMUYECKHX S3BIKOB YacTO
UCTOJIb3YyeTCsl TaK HaszbiBaeMas «HopMasibHas ¢opma bakyca-Haypa» (BH®), pa3paborannas B
1960 [Ixonom bakycom u Ilutepom Haypom. Bnepseie BH® Opina mpumenena Ilutepom
Hayspom mnpu 3amucu cuHTakcuca si3bika Anron-60. OcHOBHbIMH KOHCTpyKuusimu BH®
ABIISIOTCS CIEAYIOLIHE.

CHUMBOI «::=» YUTAETCS KaK «I10 OMpPEICIIEHUIO» («3TO», «ecThb»). ClieBa OT pa3aeauTens
pacnosnaraercsi o0bsICHIEMOE MOHITHE, CIIpaBa - KOHCTPYKIUS, pa3bicHsAomas ero. Hanpumep,

<Ums> ::= <Unentuduxarop>

B yrioBbeie cKOOKM «< >) 3aKIIIOYAETCsl YaCTh BBIPAKEHUS, KOTOpAsk UCIIONB3YeTCs JUIS
0003HaueHMsI CUHTAKCHYECKON KOHCTPYKIMHU $I3blKa, B YAaCTHOCTU OOBsSCHsAeMoe NoHsATHe. B
IPUBEIEHHOM BbIlIe npumepe 3To <Umsa> u <Unentudukarop>.

CumBon «» o3Hauaer B HoTauuu BH® «wmmm». OH mpumeHsieTcs Ais pasieleHHs
IbTEPHATHUBHBIX TOJKOBAHUH OIIpeeNsieMoro moHaATus. Hampumep, aecaTnanyo nudpy MOKHO
OTIPENIeNIUTh CIIEAYIOIINUM 00pazoM:

<uudpa> ::= 0[1/2|3]4/5|6|7|8|9

YacTh CHMHTAKCHYECKOM KOHCTPYKLMH, 3aKIIOUEHHas B KBaJpaTHbIE CKOOKH, SIBISETCS
HeoOs3aTeTbHON (MOYKET MPUCYTCTBOBAThH MWJIM OTCYTCTBOBATD), HAIIPUMED

<Ilenoe uncio> ::= [-]<IloysI0)KUTETBHOE 1EI0€ YHUCIT0>

03HAYaeT, YTO IIEJI0€ YUCIO MOXKHO OMNpPENETUTh Yepe3 IMOJOKUTEIbHOE IEJI0Ee YUCIIO,
nepea KOTOPBIM MOXKET CTOSITh 3HAK MUHYC.

CumBon «*» 0003HaYaeT, YTO YaCTh CUHTAKCUYECKOH KOHCTPYKLIUU MOKET MOBTOPSATHCS
MIPOM3BOJIBHOE YHWCIO pa3 (HOoib M Oojee). 3aMeTHMM, YTO HHOTAAa BMECTO CHMBOJA «*»
UCTIONB3YIOT (GUrypHble ckoOkHu «{ }». Hampumep, MonoXuTeNbHOE LI€]0€ YUCIO B HOTALUHU
BH® moxHO creqyronum o0pazoMm:

<[lonoxxuTenpHOE 1eJI0€ Ynucio> ::= <uudpa>[<uudpa>]*

WIH

<[lonoxutenpHOE 1EI0e YUCo> ::= <nudppa>{<uudpa>}.

T.e. monoXxxuTesnbpHOE 1€JI0€ YUCIO COCTOUT U3 OAHOM MM HECKOJIBKUX LU(D.
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IIporpamma Ha Ilponore cocrour wu3 npemioxeHuil (yrBepxacHuil). Kaxnoe
IPEUI0KEHNE 3aKaHYMBAETCS] TOUKOH.

[Ipemioskenus ObIBatOT TPEX BUIOB: (DaKThI, IpaBUIiIa, BOIIPOCHL.

[Iperiosxxenue umeeT BUJ

B :-
Al, ..., An.
B HaszbiBaeTcsi 3arosioBKOM WIM TOJIOBOM mpemjoxkenus, a Al, .., An - Teinom.

[Ipennoxxkenue sBisercss nepeBepHyTol umruiukanuedn (B :- A skBuBamentHo B < A, «B
cienayer U3 Ay») wim Qpazoil XopHa. CHMBOJI «:-» O3HAUACT «CIEAYET U3», CHMBOJI «» —
KOHBIOHKIHS (Jlorudeckoe U, A).

IIpu HeoOxoauMocTH NpUMEHEHUs AU3bIOHKIMU (Jlormdeckoe WMJIM, v) ucnone3zyercs
CUMBOJ «;», JEHUCTBYIOIIMM 1O CIEAYIOIIEH AU3BIOHKLIMM, OKOHYaHUsA IIpaBUja WIIU
3aKpBIBArONICH Kpyriaoi ckoOku. Hanmpumep,

ITponor Jloruka npeaukaroB

C:- (ALA..AAN) VvV (B1A..ABM)—>C
Al ..., An;
B1,..,Bm.
WIH

D :- AA(BvC)—>D
A (B; C).

@akt ukcupyer (onpenenser) HEKOTOPOe OTHOIICHHE MeXay oObekTaMu. OH COCTOUT
TOJIbKO U3 3aroyIoBKa. MOXHO CUMTaTh, YTO (PAKT — 3TO MpeJUIoKEeHUE, y KOTOporo HeT Tena. B
TEpPMUHAX JIOTUKU PEIUKATOB, (PAKT — 3TO U €CTh MpPEAUKAT.

Hanpumep, ¢axt, uro Hatama ssinsercs mamoit Jlamm, MoxeT ObITh 3amnucaH B Buje (B
SWI-Prolog cTpoKu-KOHCTaHTHI 3alIMCHIBAIOTCS B OAMHAPHBIX KaBBIUKAX):

mama('Harama', '[lama').

®axT npeacTaBiseT co0oil 6€3yCIIOBHO HCTUHHOE YTBEPKICHHUE.

Ecnu Bocnonb3oBaTbess HOpMaibHOM (opmoit bakyca-Hayspa, To mpeaukar Mo>KHO
OTIPEAENIUTh CIETYIOINUM 00pa3oMm:

<[Ipemukar> ::= <Umsa> | <Ums>(<aprymeHT> [,<aprymeHr>|*),

T.€. IPEIMKAT COCTOUT JIMOO TOJNBKO M3 MMEHH, JU00 W3 UMEHM U CIeNYIoLEeH 3a HUM
M0CJIEI0BATEIbHOCTH apIYMEHTOB (TEPMOB), 3aKIFOYEHHON B CKOOKH.

AprymeHTOM (TEpMOM) MpenrKaTa MOXKET ObITh KOHCTAHTA, IEPEMEHHAsi UM COCTaBHON
00BEKT (CIIMCOK WM QYHKIHS). HUCIIO apryMEHTOB IIPEIUKaTa Ha3bIBAETCS ApHOCTBIO.

[IpaBmiio — npeanokeHue, HCTUHHOCTh KOTOPOrO 3aBUCUT OT MUCTUHHOCTU OJHOTO WIIH
HECKOJIBKUX Mpe1okeHN. OOBIYHO MPABUIIO COJEPKHUT HECKOIBKO XBOCTOBBIX II€JIeH, KOTOpbIE
JOJIKHBI OBITH UICTUHHBIMHU ISl TOTO, YTOOBI CAMO MPABUIIO OBIJIO HCTUHHBIM.

B noranuun BH® npasuio Oynetr umeTh BUL:

<IIpaBwiio> ::= <mpeauKar> :- <mpeaukar> [,<npeauxar>]*.

Hanpuwmep. N3BecTHO, uTo OabyIika yeaoBeka - 3T0O MaMa ero MaMbl HJIM MaMa €ro IMarbl.
CootBeTtcTBYIOLIME NTpaBuiIa Oy1yT UMETh BUJ:

grandmama (X, Y) :-

mama (X, Z), mama(Z, Y).
grandmama (X, Y) :-

mama (X, Z), papa(Zz, Y).
Rz

grandmama (X, Y) :-

mama (X, Z), mama(zZ, Y);
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mama (X, %), papa(z, Y).

W

grandmama (X, Y) :-

mama (X, 2Z), (mama(Z, Y); papal(Z, Y)).

Nwms nepemennoii B Ilponore MoXeT cOCTOATh M3 OyKB JIATHHCKOTO andaBuTa, U,
3HAKOB NOJYEPKUBAHMS U TOJDKHO HAUYMHATHCS C MPOMMCHOM OyKBBI MM 3HAKA MO{YEPKUBAHUSL.
[Ipu >TOM mnepeMeHHbIE B Tele IMpaBHUja HESIBHO CBS3aHbl KBAHTOPOM BCEOOIIHOCTH U
9KBUBAJIEHTHBI 00BEKTAM IPEAMETHON 001aCcTH.

[lepemeHHbBIE MOTYT OBITH CBOOOAHBIMH WIJIH CBSI3aHHBIMHU.

CBoOosHas nepeMeHHasi — IepeMeHHas, KOTopas elle He Mojy4yusia 3HadeHus. OHa He
paBHSETCS HU HYJIO, HU Mpo0ery; y Hee BOOOIe HET HUKAKOro 3HaueHus. Takue rnepeMeHHbIe
€11le Ha3bIBAlOT HEKOHKPETU3UPOBAaHHBIMH.

[lepemenHas, koTopas IOJydWiIa Kakoe-TO 3HAUEHME U OKa3ajach CBSI3aHHOM cC
OIpe/ielIeHHBIM 00BEKTOM, Ha3bIBaeTcs CBs3aHHOM. Ecnu nepemenHas Obula KOHKpETH3HPOBaHA
KaKMM-TO 3HAUYEHUEM U €l CONOCTaBJIEH HEKOTOPBIH OOBEKT, TO 3Ta MIEpEMEHHAs! YK€ HE MOXKET
OBITH U3MEHEHA.

ObnacTbio neiicTBus nepemeHHol B Ilposiore siBisiercs ogHO mpeiokeHue. B pasHbix
IPEJIOKEHUSAX MOXKET HCIIOJIb30BAThCA OJHO M TO K€ HUMs IMEPEMEHHOM Juisi 00O3HaueHus
pasHbIX O00BEKTOB. VCKIOYeHHEeM M3 NIpaBuUia ONpeAeieHHs o0JacTh JeHcTBUs sBISETCA
AHOHUMHAsI TIEpEMEHHas, KOTopas 0003HAYaeTCs CHMBOJIOM MOTYEPKUBAHUS « ». AHOHMMHAs
IepeMEeHHasl MpPEANUCHIBACT HHTEPHpPeTaTopy (KOMIWIATOPY) MNPOUTHOPUPOBATh 3HAUYEHUE
aprymenta (tepma). Ecam B mnpaBuiie HECKOJIBKO AHOHUMHBIX IE€PEMEHHBIX, TO BCE OHHU
OTIIMYAIOTCS APYT OT Apyra, HECMOTPsI Ha TO, YTO 3allMCaHbl ¢ UCIOIb30BAaHUEM OJHOIO M TOTO
ke cuMBoJa (« »). AHOHMMHBIE IEPEMEHHBIE MOTYT 3alMCBIBATHCSA TOJIBKO B KaueCTBE TepMa
npeaukara. Mcnonb30BaTh UX B BRIpAXKEHUAX (HapUMep, apuPpMETUIECKHUX ) HENb3sl.

TperpuMm cneunpuryeckum BUIOM mpenioxkeHuil [Iporora MOXKHO cUMTaTh BOIPOCHI
(3ampocswl, 11enn).

Bonpoc cocTouT TONIBKO U3 TeNa U MOKET ObITh BhIpaskeH ¢ nomoiisto BH® B Bue:

<Bomnpoc> ::= <IIpenukar> [,<IIpenukar>]*

Bonpoce! ucnonb3yroT 1715 BBISICHEHHS BBIITOJIHUMOCTH HEKOTOPOI'O OTHOLICHUS MEXKIY
ONKCaHHBIMU B Nporpamme oObekTamMu. CucremMa paccMaTpuBaeT BONPOC Kak 1elb, K KOTOPOH
HaJ0 cTpeMuThesa. OTBET Ha BOINPOC MOMKET OKa3aThCsAd IMOJIOKUTENbHBIM (true) uiau
orpunarenbHbM (false), B 3aBUCUMOCTH OT TOT'O, MOXKET JIM OBITh IOCTUTHYTA COOTBETCTBYIOLIAS
uenb. [IporpaMMa MokeT conepkaTh BONpOC B Tejle (BHYTpeHHsd Lenb). Ecium mporpamma
COJIEP’)KUT BHYTPEHHIOIO 1I€JIb, TO IIOCJIE 3allycKa IPOrpaMMbl Ha BBIIIOJIHEHHE CHCTEMA Cpasy
MPOBEPSAET JOCTUAKUMOCTD 3aJaHHOM 1eu. Ecu BHyTpeHHE! ey B MporpaMmMe HET, TO MOCIe
3alycKa IIporpaMMbl CHCTEMA BbIIAET MPUIJIAIIEHUE BBOAUTH BOIIPOCHI B IMAJIOTOBOM PEKUME
(BHewHsAA 1enb). [Iporpamma, xkomnuiupyemass B HCHONHsEMbIN (aiii, o0s3aTenbHO TOJIKHA
UMETh BHYTPEHHIOIO LIENb.

Ecnu nenps nocturnyra, cucrtemMa OTBEHaeT «yes» («truey»), B MPOTHBHOM CIIydae «noy»
(«false»). Cnemyer OTMETHUTH, YTO OTBET «NO» Ha BOMNPOC HE BCErja O3HAYaeT, 4TO OH
oTpunatenbHbiii. Cucrema MOXET JaTh TaKoil OTBET W B TOM cllyyae, KOIJla y Hee IMpOCTO
HEI0CTaTOYHO MH(pOpMAIKH, TO3BOJISIONIEH MOJI0KUTEIbHO OTBETHTh Ha Bompoc. T.e. Ilpomor
OCHOBaH Ha T.H. «MOJIEJIA 3aKPBITOTO MHUpPa», B KOTOPOU BCE, YTO MOKHO MOJYYUTh Ha OCHOBE
ONMCAHUS MOJIEIH SIBIISIETCSA UCTUHOM, @ OCTAJIBHOE — JIOXKBIO.

dakt, mpaBWIO W Bompoc C Touku 3peHus (Pppa3 Xopua (B <« A) MoxHO
UHTEPIPETHPOBATH CIEAYIOIIMM 00pa3oM:

- akT: B < true;

- mpaBwio: B < A;

- Bompoc: true «<— A.
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T.o. mporpamma (6aza 3Hanuii) Ha IIpomore cocTtouT W3 (GakTOB U MpaBHJI, KOTOpPHIE
IPEACTaBIAT COOOH MPOAYKLUMU € MpeiuKataMu B JIEBOM M NpaBod yacTh. Tem cambIM
porpaMMa BBIpaKaeT HEKOTOPBIE 3HAaHUS O MPEAMETHON 00JacTu, HE0OXOAUMBIE IS PEIICHUS
3a7jauy. 3anpoc - 3TO TaKkKe HEKOTOPbIH MpenKaT, ICTUHHOCTh KOTOPOro Hac uHTepecyer. Eciu
3arpoc HE COJEPKUT NMEPEMEHHBIX, TO BBIYMCICHHE €Tr0 3HAUYCHHs HAaeT OTBET «true» MpH ero
UCTUHHOCTH, 1100 oTBeT «false» mpu ero noxnocrtu. Ecnu ke B mpenukare 3ampoca ecTh
NEpEeMEHHbIE, TO MIIYTCS WX 3HA4YCHHUs (MHTEpIpeTalys), MpH KOTOPHIX 3TOT MpEAuKaT M BCe
IOpPEIUKaThl MPOrpaMMbl CTAHOBSTCA MCTUHHBIMH. B 3TOM M COCTOUT CyTb BBIUHCIIEHUH
(Jornyeckoro BbIBOAA) IporpaMmel Ha IIposore.

IIpumep nporpammupoBanus Ha si3bike IlpoJsior
Paccmorpum Heckonbko mpumepoB. IlycTh B mporpamme 3aiaHbl cieayroniue (hakTsl
(mpenuKaThl) U IpaBUIa

Jluctunr 2.1
mama ( 'Harama', 'IJama').
mama (' Jama', 'Mama') .

mama ( 'Harama', 'Bacsa').

papa ('Baca', 'Mama').

grandmama (X, Y) :-

mama (X, Z), (mama(z, Y); papa(Z, Y)).

grandpapa (X, Y):-
papa (X, Z), (mama(Z, Y); papal(Z, Y)).

Bompoc 1 — sBasiercst mu Harama mamout larmm:
?— mama ('Harama', 'Jama').
true.

Bormpoc 2 — ko siBisieTcst Mamoit Jlamu:

?- mama (X, 'IDama').
X = 'Harama' ;
false.

IlepBasi cTpoka cOOOIIEHHs O3HAYaeT, YTO OTBET Haijaer u Mamoi [lamm sBusercs
Harama; Bropass — yto B 0a3e 3HaHUI 75 OCTaBUIMXCS MPEIOKEHUN HEe OOHApYKEeHbI Ipyrue
Mambl Jlamm.

Bomnpoc 3 — ecth u y Jlamm mama:

?- mama( , 'Hama') .
true.

Bonpoc 4 — HaliTu Bcex MaM U I€Tel:
?- mama (X, Y) .

X = 'Harama',
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Y

'Tama' ;
'Tama ',

'Mama' ;
'HaTama',

'Baca'.

B nannom ciydae nocie TpeThero orsera He Bbiaetcs «false», T.k. B 6a3e 3HaHUN ObLTH
nepeOpaHbl BCE MPEAJIOKEHUS U OHU BCE UCTHHHBI.
Bormpoc 5 — s koro Harama siBnsiercst 6a0ymikoii:

X

?—- grandmama ('HaTama', X).
VM |l .
ama' ;
'Mama'.

X

B nanHOM ciryuyae BBIIAeTCs IBa OJIMHAKOBBIX OTBETa «Maray, T.K. mpaBuiio grandmama
B OJJHOM ciy4ae cpabotaio o nenouke «Harama — Jlama — Maimay, a B apyrom - «Harama —
Baca — Mamay. OueBuHO, YTO B IPUBEIEHHOM NIpuMepe 0a3bl 3HaHu 6o Haramm - 3To n1Be
pas3JIn4HbIe KEHIUHBI, 1100 Maru.

Kparkue cBeeHust 06 onepanusix 1 BCTpoeHHbIX npeaukarax SWI-Prolog
B tabn. 2.1 npuBenensl HekoTophie omepauuu U npeaukatsl SWI-Prolog, xoTopsie B
JanbHENIIeM OyIyT UCTIOIB30BAThCS IS WIUTFOCTPALIMH IIPUMEPOB.

Tabnuiua 2.1 - Hexoropsle onepaiuu u npeaukarsl SWI-Prolog

Onepanus / | Ha3nauenue

IIpeaukar

true Hctuna

fail, false Jloxb

= Yuudukanus (nprucBarBaHUE 3HAYCHUS HECBSI3aHHOW TTEPEMEHHOM )

< =<,>=> ApH(bMeTquCKHe (TOJ‘ILKO U1 qncen) oIepaly CpaBHEHU:

== ApudmeTnieckoe paBeHCTBO

=\= ApubmeTnieckoe HepaBeHCTBO

IS Brruncnenue apupmeTnueckoro BbipaxkeHus (Harnpumep, A is 5 + 2)

@<, @=<, @>=, | Onepanuu CpaBHEHUS s KOHCTAHT M MEPEMEHHBIX JIFOOOro THMa (YUCer,

@> CTPOK, CITUCKOB H T.]I.)

== PaBeHCTBO KOHCTAHT M MIEPEMEHHBIX JIIO0OT0 THTIA

== HepaBeHCTBO KOHCTAHT U EPEMEHHBIX JTF000T0 THIA

not(A) OTpuIiiaHye JJOTHYECKOTO BRIPAKCHHS A

read(A) UTteHre 3HaYeHMsI ¢ KJIAaBUATYPhl U IPUCBAMBAHKE €r0 IEPEMEHHON A

write(A) [Tewath A Ha OKpaH C YCTaHOBKOH Kypcopa TIOCIEe TIOCJIEIHErOo
HaAINe4aTaHHOTO CHMBOJIA

writeln(A) [Tewatp A Ha 3KpaH C EPEBOJIOM Kypcopa B HAYAJIO CISAYIONICH CTPOKU

nl [TepeBo Kypcopa B HA4AJIO CIIEIYIOIICH CTPOKH

repeat [Ipenukar, BBIAAOIIMI HOBOE WCTMHHOE 3HAUYEHHWE TIPU BO3Bparte.
ITepenoka3piBaemMblil mpeaKaT

! [Ipenukar (cut, COKpaTHUTh), 3alpelaonuii BO3BpaT aajiee TOH TOYKH, T
OH CTOWT

assert(A), Jlunamudeckoe aobOaBieHue (akra (IpaBuiia) B KOHEIl CIUCKA MOIOOHBIX

assertz(A) ¢akToB (ripaBuiT) 0a3bl 3HAHUH (TPOTPAMMBI)

asserta(A) Junamuueckoe no6asnenue (akra (mpaBuia) B Ha4ajao CIUCKA MOJOOHBIX

(dakToB (mpaBui1) 6a3bl 3HAHUHT
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retract(A) VY nanenue nepsoro (akra (mpaBuia) 6a3pl 3HAHUH

retractall(A) VY nanenue Bcex GpakToB (mpaBuil) 6a3bl 3HAHUI C UMEHEM A

IIpouenypa BoiBoaa B IlpoJiore

[Tpu moucke pemenus (goka3arenbeTBa 1enu) B [Iponore ucnonszyercs MeTo nepedopa
¢ Bo3Bparamu (mouck B riyOuny). [Iposor mpu moka3zaTenbCTBe YTBEP)KIACHHS MOOYEPEIHO
NBITACTCS YCTAHOBUTHh HMCTUHHOCTh BXOJSIIMX B HEro mnpeaukaroB (yTrBepxkiaeHuid). Ecmu
NEpBbI IpeauKaT HUCTUHEH, TO IIponor mepexoauT ko BTOpoMy. Ecium M OH HCTHHEH, TO
MEPEXOAUT K TpeTbheMy. Eciii BTOpPOM MpeauKar JI0kKeH, TO IIposaor neiTaeTcs yCTaHOBUTH €0
WMCTUHHOCTD NPU JPYTUX 3HAYEHUSX, BXOJSIIMX B HEro NepeMeHHbIX. Eciu 3Toro He ymaercs
clenaTh, TO OH BO3BpAIAeTCs K MEPBOMY IMPEAMKATY U INBITAETCS YCTAHOBUTH €r0 UCTUHHOCTh
JUIsl HOBBIX 3HAYEHUN NEPEMEHHBIX, a 3aTEM CHOBAa BO3BpAIIACTCS K J0KA3aTeIbCTBY BTOPOIO
npenukara. Takas mporeaypa moBTOPSIETCS A0 TEX MOp, MOKa He OyJeT JOCTUTHYTa HCTHHHOCTD
nocienHero npenukara. Ilocie nokasaTenbCTBa HMCTUHHOCTU IIOCIEAHErO IpPEAUKaTa Leln
[Tposnor 3aBepmaet padory. [Iponecc Bo3Bpara B [Iposore HazpiBaercs backtracking.

Hamnpumep, nyctb nmeercs 3ampoc Ha onpeeseHns BHyYeK U BHYKOB «Haramm»:

?- mama ('Harama', Y),
(mama (Y, Z2); papal(Y, Z)),
write (Z);
write ('Bcé').
OrBerT.
Mama ;
Mama ;
Bcé;
Broinenennass KUpHBIM 4YacTh COOTBETCTBYET TIPABWIIY OMpeneieHus 0alymku

(grandmama).

3.3 AJITOPUTMBI IOTHUYECKOTI'O ITPOTPAMMUWPOBAHMUAI.
PEHIEHUE 3ATAY HA PEKYPCHUIO

Pexypcus B IIposore

[IpaBuio sBIsIETCS PEKYPCUBHBIM, €CIIH COAEPKUT B KAUeCTBE KOMIIOHEHTHI caMoO ceOsl.
Pexypcust nonyctuma B OONBIIMHCTBE SI3bIKOB MporpamMmupoBaHus (Hanpumep, B Ilackane), HO
TaM 3TOT MEXAHU3M HE SIBIISETCS TAKUM BAXKHBIM, MIOCKOJIBKY MMEIOTCS IPYT'He, CBONCTBEHHBIE
MPOLEAYPHBIM SI3bIKaM, MEXaHU3MbI — LUKJIbI, TPOLEAYPHI U PYHKIIHH.

Ilycte wumerorcs cnenyromue (akTbl O TOM, Kakas Bali0oTa KOTHPYETCS BBIIIE:
doroje(dollar, rubl).

Jluctunr 3.1
doroje (evro, rubl).
doroje (rubl, iena).
doroje (funt, euro).
Brimosaum 3anpoc:
? doroje(evro, rubl).
Yes

Byner momyudeH yTBepAMTEIbHBIM OTBET, IMOCKOJIbKY TakoW (pakT SIBHO ONKCaH B
nporpamme. Ecim ke caenaTs 3ampoc,
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? doroje(evro, iena).

To otrBeT OyneT oTpHUIIATEIBHBIN, TOCKOJIBKY TAKOH ()aKT OTCYTCTBYET.
AHanoruuHbeIM OyJIeT OTBET Ha BOIIPOC:

? doroje (funt, rubl).

N36exaTh TaKuX HENPaBHIBHBIX OTBETOB 3/1€Ch MOXHO BBEJIEHHEM IPaBUIIA, B KOTOPOM
JIOITYCTUMO CpaBHEHHE MEXLy OO0 HE TOJIBKO JIBYX, HO M TPEX OOBEKTOB:

dorojel (X, Y):- doroje(X, Y). /* mBa obbekTa */
dorojel (X, Y):- doroje(X, Z), doroje(Z, Y).
/* Tpu obbexTa */

BTopoe nmpaBuiio onuckiBaeT BapuaHT, Koraa X>7Z, a Z>Y, OTKyaa JeJaeTcs BbIBOJ, YTO
X>Y.

OnmHako 1ernovyka B3auMHBIX CPaBHEHUH MOXKET ObITh JUTMHHOW. Hampumep, pu yeThipex
CpaBHEHUAX MOTPEOYETCS] KOHCTPYKIIHS:

doroje2 (X, Y):- doroje (X, M), doroje(M, K), doroje(K, 2),
doroje(Z, Y).

OnuceIBaTh Takue AJIUHHBIE NTPaBHiia HEYA00HO. 31eCh BbIrOIHEE IPUMEHUTh PEKYPCHIO,
00paTUBIIKCH K MTPaBUILy U3 CaMOI'0 ATOrO MIpaBUIa:

Jucrunr 3.2
dorojel (X, Y):- doroje(X, Y).
dorojel (X, Y):- doroje(X, Z), dorojel(Z, Y).

IlepBoe mnpemyio)keHHEe B JTOM KOHCTPYKLIHMH OIPENEISIET MOMEHT IpEKpaleHus
PEKYpPCHUBHBIX BHI30BOB.

Bropoe npaBuiio onuceiBa€T BO3MOXHOCTH PEKYPCUBHBIX BBI30BOB, KOTJa CYIIECTBYIOT
HENPOBEpPEHHbIE BapHaHThl pemieHus. BooOmie, mobas pekypcuBHas NHpouLeaypa JI0JDKHA
COJIEPIKaTh:

HepexypcuBHoe npaBuio, IpUMEHSEMOE NIl 3aBEPIICHUs PEKypcuu (MX MOXKET OBITh
HECKOJIbKO, 3aJIal0I1e pa3Hble YCIOBUS JUISl 3aBEPIICHUS] pEKYPCHH),

PexypcuBHOe mpaBuiio, nepBasi MOJLEIb KOTOPOrO BbIpaOaThIBa€T HOBBIE 3HAUEHUS
apryMeHTOB, a BTOpasi — PEKypCUBHas MOJLENb — UCIIONb3YET ATH 3HAUYEHUS.

Habop npaBun npocmarpuBaercsi cBepxy BHH3. CHavasa jeaaeTcsl MONbITKa BHITOJIHEHUS
HEpeKypCUBHOIO Mpasuia. Eciiu 0HO OTCYTCTBYET, TO PEKYpCHBHOE NMPaBHIIO MOXKET padoTaTh
0ECKOHEUHO.

IIpuMeHeHne peKypCcHH B JJOTHYECKOM MPOrPaMMHPOBAHUM

Pexypcusi — mpoliecc MOBTOPEHHUS AJIEMEHTOB CaMONOJIOOHBIM 00pazoM. Pexypceus (B
IPOTPaMMHUPOBAHUH) — AITOPUTMHUYECKUI METO/I, 3aKITI0YAIOLINICS B BOBMOKHOCTH 00pallieHHs
npaBuia (PyHKIIMH, TIPOIETYPHI) K caMoMy cebe OJIMH uiu Ooee pas.

Pekypcus siBiseTcss 4acTo MCHOJb3yeMbIM IpueMoM B mporpammax Ha [Iponore. Jlms
pPacCMOTPEHHOIO BbIllle mpuMepa 0a3bl 3HaHUUW «POJNCTBEHHUKHW» BBEAEM IPaBUIIO,
OTHCBIBAIOIIEE OTHOILIEHHUE «IIPEIOK» - «TIOTOMOK» C TIOMOIIBIO PEKYPCHH.

JIuctunr 3.3 - PoacTBeHHUKH

o°

1 mapameTp - uMA OTLA MIM MaTepu

o°

2 rnapamMeTp - MMsS CBhHa MM IOYepHu
roditel ('Bacsa', 'Buxka').

roditel ('Bacsa', 'Komasa').
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1

roditel ('Komsa', 'lOna').

(
roditel ('IOnmg', 'Muma').
roditel ('IOng', 'Mama').
roditel ('Komsa', 'Csera').
roditel ('CeeTa', 'Powma').
roditel ('CBeTa', 'Jlema').

Q

% 1 mapamMeTp - NOPEenokK

% 2 napaMeTp - IIOTOMOK
predok (A, B) :- roditel (A, B).
predok (A, B) :- roditel (A, C), predok(C, B).

Ha Bompoc predok('Bacs', 'Muia') oTBeT OyA€T MOJI0KUTEIbHBIM.

Bropoii npumep ucnons30BaHus PEKYpCHH — pacyeT (pakTopuana.

Jluctunr 3.4 - Pacuer pakropuana
fact(l, 1):- !. % dakTopmMall €OMHMLLE PABEH EOMHULIE
fact (N, F):-
Nl is N - 1,

fact (N1, Fl), % Fl pareH daxkTopMally uMclia Ha €IMHMUIY
MeHbIlero N

F is F1 * N. % daxkropuan umuciia N paBeH npomseerneHuio Fl Ha
camMo umcio N

Ha Bomnpoc fact(6, F) orBer Oyzner «F = 720».

JIrobast pexypcuBHas mpouenypa B Ilpomore nomkHa BKIOYaTh, KaK MMUHHMYM JBa
npaBuiIa:

1) HepeKypCHUBHOE MPaBUIIO, ONPEIEISIONIEE €0 BU B MOMEHT NPEKPALCHUs] PEKYPCUH;

2) peKypcuBHOE TIpaBwio. IlepBas TO/lelb, BbIPA0ATHIBACT HOBBIC 3HAYCHUS
apryMEHTOB, a BTOpasi - BBI30B CaMOI'0 MPaBUIIa C HOBBIMU 3HAYEHUSIMH apTyMEHTOB.

YrnpasJieHHe mpoueccoM BbIBOAA

B Ilposore mmeercs nBa CTaHIAPTHBIX NPEIUKATA, KOTOPBIE ITO3BOJISIOT YIPABIATH
npoleaypol mepedopa ¢ BO3BpaTaMHu:

- fail (false) — npeaukar, KoTOpHIiA Bceria BO3BpaIIaeT JIOXKb,

- | — mpenukar (cut, COKpaTHTB), 3alpEIIAIOINil BO3BPAT Jajiee TOH TOUKH, I/I€ OH CTOUT.

[lepBbIil M3 HHUX HMCHOJIB3YETCS IJIs OPraHU3alMU LMKJIOB, a BTOPOM Il YCKOPEHMS
npoueaypsl nepedopa.

Ecam MBI kemaeMm Y3HAaThb BCEX IMPCIAKOB «Mumm» n IIpH 3TOM, 4TOOBI BblJIa4ya MPCIAKOB
Ha KOHCOJIb ObLIa BBIMIOJHEHA aBTOMAaTHYECKH, a HE B TMAJIOTOBOM PEXHUME (ITyTEM HaXKATHUS <
TIOCJIE KKJIOTO OTBETA), TOT/Ia 3aIpOC TOJDKEH BBIMISAICTh CIACTYIOIIMM 00pa3oM:

JIuctunr 3.5
?- writeln ('lIpenxky Mumm: '),
predok (A, 'Muma'),
writeln (A4),

fail;
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true.

OTBerT:
[Tpenxm Mumm:
Onna

Bacsa

Komnsa

Takum oOpa3zom, mpenukar fail BBIMOMHSET NPUHYAWTENBHBIA OTKAaT M 3aCTaBISET
[Iposor 3aHOBO TmepemoOKa3blBaTh BCE MPEOBIAYIIME TOIIECTH C HOBBIMH 3HAaYCHUSIMHU
nepeMeHHbIX. [leperokazarenbcTBy B MPHUBEICHHOM MpuMepe OyJdeT TOIBEPKEH TOJIBKO
npeaukatr predok(A, 'Mumia'), T.K. mpeaukatsl write u writeln He reHepupyroT HOBbIC 3HAUCHUS
nepemMeHHbIX. Ecian mocne npenukata fail HaxonsaTes apyrue npenukaThl IpaBuila, yKa3blBaeMble
gepes «,» (Jorudeckoe M), To oHM HUKOTA HE OYIyT BBIOJIHEHBI.

PaccmoTpum Gosee coKHBIN MpUMeEp: BBIICHUTH BCeX MPAaBHYKOB «Kommy.

Jluctunr 3.6
?- roditel ('Komsa', A),
write ('IlpaBHyku ('), write(A), writeln('):"),
roditel (A, B),
writeln(B),
fail;
true.
OrBerT:
[IpaBHykM (H011g) :
Muia
Maia
[lpaBHyku (CBeTa) :
Powma
Jlema

Ecnu B nanHo# nienu ucnons3oBaTh npenukar ! nociue roditel('Komst', A), To pesyiabratom
paboThI MpOrpaMMbl OyAET NMEPBBIX TPU CTPOKH, eciu nocie roditel(A, B) — nepBbIX 1B CTPOKH.
Ecnu npu BBINOJIHEHUM NpaBUia B Pe3yabTaTe BO3BpaTa sl IEPEI0KA3aTeIbCTBA IPEAUKATOB C
HOBBIMU 3HAYEHUSIMU TIEpPEMEHHBIX OyJeT BCTpEYeH MpeauKar !, TO BCE MPaBHIO B IIEJIOM
BO3BpatuT «false», nmaxke eciam y HEro MMEIOTCS albTEpPHATHUBHBIE MYTH JI0KA3aTelbCTBA,
yKa3bIBaeMbie uepe3 «;» (Jormueckoe WJIM) wnum ompeneneHus, 3amaBaeMble OTAEIbHBIMU
IPEI0KEHUSAMM.

3.4 MIPUMEHEHHUE CITUCKOB B [TIPOJIOT'E

Hcnonb3oBaHue CIUCKOB

Crucku — ogHa U3 Hanbosee 4acTo ynorpebiseMmsix cTpyktyp B [Iposmore. Crincok — 310
HAO0Op OOBEKTOB OJHOTO M TOTO k€ Tuma. [Ipu 3amucH CIHCOK 3aKIOYaloT B KBaapaTHBIC
CKOOKH, a 2JIEMEHTBI CITUCKA Pa3/ACIISIOT 3alsIThIMU, HAIPUMED:

[1,2,3]
[1.1,1.2,3.6]
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[“Buepa”, "ceronua’”, "zarTpa’]

OnemMeHTaMM CHUCKa MOryT ObIThb Jr00ble TepMmbl Ilposora, T.e. aTromsl, yucia,
IIEpEMEHHbIE U COCTaBHbIE TepMbl. Ka)kplil HEMYCTON CIMCOK MOKET ObITh pa3/ielieH Ha rOJIOBY
— IEpBbI 3JEMEHT CIMCKAa M XBOCT — OCTajJbHbIE 3JIeMEHTHl crnucka. [lpum 3tom cnucok

IIPEACTaBISICTCS B BUAC:

[A|B] mam [1]| [2,3]] miom [1] B] wmim [“Buepa
[“ceromua”, "zaBsTpa”l]l].

/Il

DTO MO3BOJIAET BCSKHI CIUCOK MPEICTaBUTh B BHjae OuHapHoro naepesa (puc.l). Y
CIHCKA, COCTOSIIETO TOJIBKO U3 OJHOTO AJIEMEHTA, TOJIOBOM SBJISICTCS ATOT AJIEMEHT, & XBOCTOM —
HYCTOﬁ CIIMCOK. I[J'ISI HUCIIOJIB30BAaHUsA CIIMCKaA HCO6XOI[I/IMO OInucaTh NpcauKarT CIiucCKa.

[
—
1
=
—

lud
=

Pucynok 4.1 - BunapHoe epeBo crucka.

B cnenyromem npumepe 1 - ronosa crnucka, a [2, 3, 4, 5] - xBoct. IIponor nokaxer 310
IIPU ITIOMOIIY COITOCTABIIEHUS CIMCKA Yncel ¢ 00pa3loM, COCTOSIIIMM U3 TOJIOBBI U XBOCTA.

°- [1, 2, 3, 4, 5] = [Head | Tail].
Head =1

Tail = [2, 3, 4, 5]

Yes

3neck Head u Tail - Tonpko umeHa nepeMeHHBIX. Mbl MOTM Obl MCHONB30BaTh X U Y
WIN KaKue-HUOYylb JpyTrue HMEeHa MEePEMEHHBIX C TEM K€ yCIIeXOM. 3aMEeTUM, YTO XBOCT CITMCKa
BCErJa sIBJIETCsl CHUCKOM. ['oyoBa, B CBOIO o4yepesb, €CTh IEMEHT CIIUCKA, YTO BEPHO U IS
BCEX IPYIHX DJIEMEHTOB, PACIIONIOKEHHBIX 1O BEPTUKAJIBHONW YEPTHI. JTO MO3BOJISIET MOJIYUYUTD,

CKa)K€M, BTOPOU 3JIEMEHT CIIUCKA.
B Prolog ucnonb3yercs crnenuanbHbli CUMBOJ Uil pa3fefieHus CIHCKAa Ha TOJOBY H

XBOCT — BEpTUKaJIbHAs YepTa |.
Hanpumep:
(1, 2, 3] womm [1 | [2, 3]] vy [1 | [2] [3]]] wom [1 | [2
03 1 [ 1111

BepTI/IKaJ'IBHyIO YCPTY MOKHO HUCIIOJB30BATh HC TOJIBKO JIA OTACICHUSA T'OJIOBBI CIIMCKA,
HO 1 JJIA OTACJIICHUA ITPONU3BOJIBHOI'O YK Clla HAYaJIbHBIX 3JIEMCHTOB CITUCKA!:

(1, 2, 3] wm [1, 2 | [3]] wmm [1, 2, 3 | [ ]]

IIpumep
Hcnons3yeM aHOHMMHBIE IIEPEMEHHBIE IS TOJIOBBI U CIIHCKA, CTOSIIETO IIOCIE YEPTHI,
€CJIM HaM HYXEH TOJIBKO BTOPOM 3JIEMEHT CIIMCKa:

?- [cnoH, nomans, oceJjs, cobakal = [ , X | 1. X = jomanb
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Yes

PaccmoTpum Heckonpko mporenyp oopabotku cnuckoB. OOpaTHTe BHUMaHHUE, YTO BCE
OHU HCHOJB3YIOT PEKYpPCHIO, B KOTOPOIl TepMHHaiIbHOE (0a30BOE) MPABUIIO ONPENEIECHO s
IIyCTOrO CIHMCKA.

IMpumep

[Ipenukar «mepecTaHOBKa» BBIAACT CIHCKH, MOJTYYCHHBIE TMEPECTAHOBKOW 3JIEMEHTOB
CBOETO TIEPBOT'0 apryMEHTA.

nepectanoBka([ ],[]).

nepectanoBka([H|L],Z):- mepecranoBka(L,Y), mecto(H,Y,Z).

[Ipumep ucnonab30BaHUS:

JlucTuur 4.1

?—- nepectaHoBKka([a,b,c],X). X = [a, b, c] ;
X = [b, a, c] ;

X = [b, ¢, al ;

X = la, ¢, bl ;

X = [c, a, b] ;

X = [c, b, al ; No

[Ipenmonoxum, 9T0 UMEETCSI HEKOTOPBIM CIUCOK, B KOTOpOM X 0003HaYaeT €ro rojoBy,
a Y — XBOCT cmucka. Takod CIMCOK MOXKHO 3ammcarh, Kak [X|Y]. DTOT CHHCOK MOXKET
COJIepIKaTh, HAIPUMEP, MHCTPYMEHT JJIsl 0OpabOTKH JIeTaNeii:

[bpe3a, cBepio, peserr, X0H]

Tenepb NPeANOIOXKUM, YTO MBI XOTHM ONPEAEIUTh, COACPKUTCA JIM HEKOTOPBII
MHCTPYMEHT B yKa3zaHHOM crucke. B Ilposiore aTo MOXHO caenarb, onpeaenus, COBNAlAET JIH
JAHHBI MHCTPYMEHT C TOJOBOM cnucka. Eciam coBmagaer, TO Hall CIHCOK 3aBEpIAETCA
ycnexoM. Ecnu HeT, TO MBI MpoOBEpsieM, €CTh JIM HY>KHBI WHCTPYMEHT B XBOCTE HCXOJIHOTO
CIIMCKa. DTO 3HAYMT, YTO CHOBA MPOBEPSAETCS rOJI0BA, HO YK€ OYEPEIHOI0 XBOCTa cucka. Ecimu
MBI JTOXOJUM J0 KOHIA CIIUCKA, KOTOPBIN OyAeT MyCThIM CITMCKOM, TO Halll TIOUCK 3aBEPIIAeTCs
Hey/auel: yKa3aHHOTO MHCTPYMEHTA B UCXOJHOM CITHCKE HET.

Jlst Toro, uyToOBI 3anucath Bce 310 Ha [Iposore, cHavana Hao:

Y CTaHOBUTD, YTO MEXAY OOBEKTOM U CIHCKOM, B KOTOPBIH ATOT 0OBEKT MOXKET BXOAUTH,
CyIlIeCTBYeT OTHoOIeHue. J[Jig 3amucu 3TOro OTHOIIEHUS OyAeM HCIOJIb30BaTh MPEIUKAT
NPUHAUICKUAT:  1IeJeBOe  yTBEpXKIAeHWe  NpuHaIekuT(X,Y)  sABISETCS  UCTHHHBIM
(«BBITIOTHSETCS»), €CITU T€PM, CBSI3aHHBIN ¢ X, SIBISIETCS AJIEMEHTOM CITHCKA, CBSI3aHHOTO C Y.
HNmeroTcst 1Ba ycioBHS, KOTOpPbIE HAJ0 MPOBEPUTH AJIs ONPEEICHUsT UCTUHHOCTH IpeauKara.
[TepBoe ycnoBue roBoput, uto X OyIeT 2JIEMEHTOM CIUCKa Y, €Clii X COBMAaaeT C TOJIOBOM
cnucka Y. Ha I[Iposore 3ToT akT 3anuchIBaeTCs CIeTyIOMUM 00pa3oMm:

npuHagmexut (X, [X] 1) .

Ora 3anmuch KOHCTaTHPYET, YTO X SBISETCS JIEMEHTOM CIMCKa, KOTOpbId nMeeT X B
Ka4yecTBe TOJIOBbl. B MaHHOM cilyuae aHOHMMHas NEpEeMEHHas « » s 00O3HAYEHMs XBOCTa
CIIHCKa.

Bropoe mpaBwio roBopuT 0 TOM, 4yTO X MNPHUHAJIEKUT CHUCKY IPH YCIOBUH, YTO OH
BXOJIMT B XBOCT 3TOTO CIIMCKa, 0003HauaeMblil yepe3 Y. s 3TOro UCHOIb3yeM TOT Ke CaMblit
IOpeauKaT NPUHAIEKUT U1 TOTO, YTOOBI ONPENENINTh, IPUHAUIEKHUT I X XBOCTY crucka. B
9TOM M COCTOMT CyThb pekypcuu. Ha IIposore 310 BBINIAINT Tak:

npuHamimexut (X, [ [Y]) :—- npuHazgexut (X,Y) .
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JlBa HSTHX TpaBWIa B COBOKYIIHOCTH ONPEACNSIOT MpEeIuKaT s OTHOIICHHS
MPUHAJJIKHOCTH U yKa3biBatoT [Iposory, kakuM o0pa3om mpocMaTpuBaTh CIUCOK OT Havaja J10
KOHIIAa IpU IIOMCKE HEKOTOpOro 3jeMeHTa B cnucke. Haunbonee BakHbIE MOMEHT, O KOTOPOM
ClielyeT TIOMHUTb, BCTPETUBIINCH C PEKYPCUBHO OMPEEICHHBIM MPEAUKATOM, 3aKII0YaeTCs B
TOM, YTO MPEXkKIE BCETO HAZ0 HAMNTH TPAaHUYHBIE YCIIOBHSI U CIIOCOO MCIIOJIb30BaHUS PEKYPCHUH.

Jlia mpenukara «IpUHAUICKUT» B JIEHCTBUTEIBHOCTH HMEIOTCS JIBa TUIA TPAHUYHBIX
ycnoBuid. JInGo 0OBEKT, KOTOPBI MBI HINEM, COJEpXKHUTCA B coucke, naubo Her. Ilepsoe
rpaHUYHOE YCJIOBHME JJIsl MpeauKaTa «IPUHAJUICKUT» PACIIO3HAETCS MEPBBIM YTBEPKIACHHUEM,
KOTOpO€ IPUBOAUT K IPEKPALIEHUIO NOMCKA B CIMCKE, €CIM IMEPBbIl apryMeHT IpeauKara
MIPUHAJJICKUT COBIAAAET C TOJOBOM crucka. Bropoe rpaHndHOe ycioBHE BCTpedaeTcs, Koria
BTOPOI apryMEeHT NpeUKaTa «IIPUHAIIEKNUT SIBISIETCS ITYCTHIM CIIMCKOM.

DTO0 Bce AEMOHCTpUpPYET cieayromnuii mpumep Ha [Iposore: npunamnexut(X,[X| ]).

nprHanigexutT (X, [ |Y]) : - npuHangmexuT (X,Y) .

?- npuHanuexutT (bpeza, [bpeza, cBepiso, pesell, XOH]).
true

?— NPMHAOJIEXUT (DpoTsaxka, [dpesza, CcBepso, pesel, XxXO0H]).
false.

Cnoco0Obl opranu3anum MUKJIOB

B Ilponore oTcyTCTBYIOT KOHCTPYKIIMM LIMKJIOB C IIAPAMETPOM, IPEJ- U IOCTYCIOBHUEM,
HO C TOMOIIbIO COOTBETCTBYIOIUX MEXaHU3MOB MOYKHO OpPraHM30BaTh Pa3HbIE TUIIBI IIUKIIOB.

1 cioco6. Ucnomnb3yst pexypcuro.

2 cnoco0. Mcnonb3ys npeaukaT, KOTOPbIi MOKHO Tiepeioka3aTh, 1 peaukar fail.

3 croco6. Hcmomnp3yst mpenukar, KOTOPBIM MOXHO TepeaoKa3aTh, M JIOTHYECKOE
yTBepxkAeHue. Hampumep, BbIIaTh Maphl «IIPEOK» - «IOTOMOK» JO TeX MOp, MoKa He
BCTpeTI/ITCﬂ IIOTOMOK C UMCHEM «Mnma».

Jluctunr 4.2

?—- predok (A, B),

write (A), write(' saBnsercs npenkom '), writeln(B),
B == '"Muma';

true.

OrBerT:

Buka gaBjgaeTcda npenkoMm Koisd
Baca aBmaeTca npenkoM Koisa
Koma gapigerca npenkoMm g
Ona aengeTca npenkoM Muma

Takast KOHCTPYKITUSI COOTBETCTBYET IIUKIY C MIOCTYCIOBHEM.

4 cioco6. OpraHu3anusi IMKJIA CO CYETYMKOM, HCIONB3ys TMpEeAuKar repeat u
TUHaAMHU4YecKoe 1o0aBieHne GakToB B 6a3y 3HaHUH (Tporpammy).

Crnemyer OTMETHTh, YTO B HEKOTOPBIX peanu3alusax s3bika [Ipomor oTcyTcTByer
BCTPOGHHBIM mpeaukaT repeat. Torma naHHBIM TpeauKaT HAAO OMNPEICIUTh B Iporpamme
CJIeIyIOIIUM 00pa3om

repeat.

repeat:- repeat.

Ero wucnome3yloT BMecTO Tiepeqoka3blBaeMoro mpeaukata. Ho ecom  mpu
NepeI0Ka3aTeIbcTBE OOBIYHBIX TPEINKATOB MOXKET HACTYHTh MOMEHT, 4YTO BCE (DaKTHI
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ucuepnansl (Hanpumep, predok(A, ‘Muma’) ... fail), To mpu ucmonp30BaHUM MpeANKaTa repeat
TaKOW MOMEHT HE HACTYIaeT HUKOT/IA.

JlucTunr 4.3

?— assert (count(l)),

repeat,

retract (count (X)),

X2 is X * X,

write(X), write('”2 = '), writeln (X2),
X1l is X + 1,

(X1 > 10, !;

assert (count (X1)), fail).

[TpuBenennas nporpamMMa OyAeT HMKIMYECKH BBIAABaTh HAa KpaH KBaJpaThl yuces oT 1
no 10. B kauectBe cyeTyMKa UCHONB3yeTcs mpenukar (¢paxT) count, KOTOPHIA JMHAMHUYECKU
N00aBIsIeTCs U yAassieTcst U3 0a3bl 3HaHHM.

CyIecTBYIOT TaKk)Ke IpYrHe CrIOCOOBI OpraHU3aIlH UKJIIOB.

IIpumenenune cnuckoB B IIpostore

B IIposiore HeT TakoM paclpOCTPAaHEHHON M YacTO MCIIOJb3yEeMOM CTPYKTYPbI XpPaHEHHS
JAHHBIX KaK MAaCCHBBI, HO 3aTO €CTh Pa3BUThIE BO3MOXHOCTU PalbOTHI co crnuckamu. CIHCOK —
YIOPSAIOYCHHBIM HAa0Op AJIEMEHTOB OJHOTO THMa. B oTiau4Me OT MacCHMBOB, KOJIMYECTBO
3JIEMEHTOB KOTOPBIX CTPOro (PUKCUPOBAaHO (B OONBIIMHCTBE S3BIKOB IMPOTPAMMHPOBAHUS),
CITMCKH TMO3BOJISIIOT MOAU(PUITUPOBATH, T00ABIATH WIH YAIITh U3 HETO SJIEMEHTHI.

Crnucku B [Iponore 3akmoyaroTcss B KBajpaTHble ckoOku, Hanmpumep [1, 2, 8, 123] ummu
['TIH', 'BT', HetBepr']. Criucok, He coAep Kalliuii HA OJHOTO 3JIEMEHTA «|[ |», Ha3bIBACTCS MTyCTHIM.
Kaxnp1ii HemycToil CNHMCOK COCTOMT W3 JBYX 4YacTeil: royioBbl M XBocTa. ['0JI0BOH sBisieTCs
MIEPBBII 2JIEMEHT CIIHCKA, XBOCTOM — BCE OCTaJIbHOE.

Tabmuia 4.1 - COUCKHA U €ro COCTAaBHBIE YaCTH

Cnucok I'osioBa XBOCT

[1, 2,8, 123] 1 [2, 8, 123]
['TId', 'B1', 'Uetsepr'] | 'TIH' ['Bt', 'UeTBepr']
[1.25] 1.25 [

1 HE ONpeieicHa | HE OnpeecH

B nporpamme rososa oTAeIS€TCSA OT XBOCTa CUMBOJIOM «|».

YacTo UCToIb3yeMbIMU OIIEPALIUSMHE ITPH pabOoTe CO CIIUCKAMU SIBIISIOTCS:
- IPOBEpKa HaJIN4HUs JIEMEHTA B CIHCKE;

- 1o0aBlIeHUE IEMEHTA B CIHCOK;

- KOHKaTeH1Us (00beAMHEHNE) CIIUCKOB;

- yaJIEHUE JIEMEHTA U3 CIIUCKA;

- 3ajaHle 0OpPaTHOrO MOPsI/IKA CIEJOBAHUS DJIEMEHTOB CITUCKA,;

- pa3JesieHne CIMCKa Ha JIBa.

1 HpOBepKa HaJIU4HUA 3JIEMCHTA B CITMCKC.

JIucruur 4.4

)

% 1 mapamMeTp - BJIEMEHT, HAJMYMEe KOTOPOTO B CIMCKE
TpebyeTCsa MNPOBEPUTH
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% 2 TapamMeTp - CIMCOK
member (X, [X | _]).
member (X, [ [Tail]) :- member (X, Tail).

?—- member (2,
write('IOa');
write ('Her') .

Ja.

OrreT:

[1,

3, 45, 2, 741),

2. JloGaBieHue ayneMeHTa B crucok. Jiig gaHHOM omepamuu He TpeOyeTcs OTIAEIbHOTO
MpaBwIIa, €ciu 3JIeMeHT X n00aBseTcs B Hayano crucka List

NewList = [X|

List].

3. KonkareHus AByX CIIHCKOB.

JIucTuur 4.5

o°

1 napameTrp -

o

2 napameTp -

o

3 napameTp -
concat ([], L2,

concat ([X|L1l],

?- concat([1,
write (L) .
OrseT: [1, 2,

3,

IIEPBEI CIMUCOK
BTOPOM CIMCOK

pesyJibTaT oOBbeOIMHEeHUS IBYX CIIMICKOB

L2) .
L2, [X|L3]):- concat(Ll, L2, L3).
21, [3, 451, L),

457.

4, Y nanenue »aeMeHTa U3 CIIMCKA U 3aJJaHNe O6paTHOFO nopsajaKa CJaCcJ0BaHUs 3JICMCHTOB

CITMCKa.

Jluctuur 4.6

o°

1 napameTrp -

o°

2 napamMeTp -

o°

3 napameTp -

o°

4 napameTp -—

yOaJISEMEI BJIEMEHT
UCXOIOHEIM CIMUCOK
pabouuy CHOUCOK

[IEPEBEPHYTEIM CIOMCOK 0e3 BJIeMeHTa

delete( , [], L, L).

delete (X, [X|L], L1, L2):- delete(X, L, L1, L2).

delete (X, [Y|L], L1, L2):- X \==Y, delete(X, L, [Y|L1l],
L2) .

o°

1 napameTrp -

o°

2 mapameTp -—

o°

3 napameTp -

reverse ([],

Lr,

MCXOIOHBEIM CIIMCOK
pabouuy CHOUCOK
IIEePEeBEPHYTHM CIMCOK
Lr).
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reverse ([X|L], L1, Lr):- reverse (L, [X|L1l], Lr).

?- delete(1, [1, 3, 1, 45, 11, I[1, L),
reverse (L, Lr),
write (Lr) .
OrBeT: [3, 45].
5. Pa3znenenue cnucka Ha JBa.

JIucTunr 4.7

% 1 nmapameTp — BJIEMEHT, 3ajalMy pas3bueHue

% 2 mapaMeTp — MCXOOHHM CIMCOK

% 3 mapaMeTp - 2JIeMeHTEH, MeHblMe MM PaBHEEe 1 napamMeTpy
% 4 mapaMeTp — 3JIeMeHTEH, Oonbume 1 mapameTpa

split(_, [1, [1, []1).

split (Y, [X|L], [X]|L1l], L2):- X @<=Y, split(y, L, L1,
L2).

split (Y, [X|L], L1, [X|L2]):- X @> Y, split(Yy, L, LI,
L2).

?- split (7, (1, 3, 1, 45, 1, 33], L1, L2),
writeln (L1),

writeln (L2) .

OrBeT: [1, 3, 1, 11 m [45, 33].

3.5. PABPABOTKA 3KCIIEPTHBIX CUCTEM

Pa3pa0orka 3xcnepTHbIX cucTeM Ha si3bike IIposor

Ilocne 3amycka wmHTepnperatop IIposora BelgaeT NpUINIANICHWE BBOAHUTH 3aNPOCHL,
KOTOpbIE TaK)Ke HA3bIBAIOT gonpocamu Win yenamu. Kak nmpaBuiio, 3anpoc npeacTaBiseT cooon
BBI3OB IMPOLHCAYPBI W 3alMUCBIBACTCA KaK WM MPOLCAYPHI, 3@ KOTOPBIM B KPYTIJbIX CKOOKax
CIENYIOT apryMEHTBI, pa3/IeJICHHbIC 3alATbIMU. B KOHIIE 3ampoca cTaBUTCs TOuKa. IIpouenypsl B
[Iposore Ha3pIBaIOT npedukamamu. HeKOTOpbIe U3 HUX BCTPOEHBI B SI3bIK M UX MOKHO BBI3bIBATh
HEME/JICHHO.

?— true.

Yes

?- fail.

No

Bcerpoennble mpeauMkaThl true W fail MNPEACTABISIOT COOTBETCTBEHHO TOXIECTBEHHO
MCTUHHOE U TOXKJIECTBEHHO JIOKHOE BbICKa3biBaHUE. OTBET Ha NEPBHIM Bompoc Beeraa "na" , a Ha
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BTOpoi "HeT". ['0OBOPAT, UTO 3ampoc true 3aKAaHUUBACTCS ycnexoM, a fail - meyodaueti. TOUHO
TakK ke J1000M 3arpoc 3aBepIiaeTcs JM00 yCrexoM, JInbo HeynadeH.

JlucTuur 5.1

?- integer (1) .
Yes

?- 3+4 < 3*2.

?- write ('nmpuset') .

IIPUBET

Yes

OOparuTe BHUMaHUE: MEXJly UMEHEM IpeuKaTa U OTKpbIBAIOIIEH CKOOKOW HE JTOJKHO
ObITh TpoOesioB. BTopoiil 3ampoc 3ammcan B TpaauIIMOHHONW MH(PHUKCHOH (GopMe - HEKOTOpHIE
IpeIUKaThl JOIMYCKAIOT TAaKyl0 3almuch. BeimoaHuB nociennuit 3anpoc, Ilponor orBeyaer Yes,
XOTd MBI Bpoje Obl HM O 4YeM He chpamuBaiv. Takum o0pa3oM OH MPOCTO COOOLIAeT O
6J1aronoIy4HOM 3aBEpIIEHUH 3a1poca.

EcTb enie ojjHa BO3MOYKHOCTD - 3aIIPOC MOKET 3aBEPIINUTHCS OIINOKOM.

JlucTunr 5.2
?— abracadabra.

ERROR: Undefined procedure: abracadabra/0

?- 3/0 > 1.

ERROR: //2: Arithmetic: evaluation error: ‘zero divisor'

IlockonpKy cHCTEME HE H3BECTHO HHYETO IO IOBOJY abracadabra, BO3HHUKAET
UCKJTIOUMTENbHAs CUTyalusi. Bo BTopoM ciiydae ommnbka BO3HUKIIA B IIpoIiecce apuPMEeTUUECKUX
BbIUMCIIeHNH. B npuHnumne, ommoka - Toxke Heyaada, HO Hey/jadya 0coboro poja, mocie KoTopoi
JanbHeNIIee BHITOJIHEHUE 3aIpoca He UMEET CMbICIa.

Vimest HEKOTOPBIH OMBIT paboThI ¢ (PYHKIIMOHAIBHBIMHU SI3bIKAMH, MBI MOYKEM IOTBITATHCS

HalTH CyMMY YHCEI:
?- 2 + 3.
ERROR: Undefined procedure: (+)/2

U monyyaeM cooOmieHne o6 ommOke. Hamr 3ampoc He umeer (GoOpMBl MpeIOKEHHUS.
[TormpoGyem mo apyromy.

?- write (2+3).
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243
Yes

CucTeMa BBIBOJUT BhIPaKEHHE, TaKe HE IMBITAACh YTO-HUOYIb BEIYUCIUTH. MOKET OBITh
Tax?

- X = 2+43.

X = 2+3
Yes

CHoBa Heymawa. Ilpomor paspabaThiBaiCcsi MpeXae BCEro Kak s3bIK  00paboOTKH
CUMBOJILHON HH(OpManuu W BbIpakeHus Buaa "2+3" - 3TOo ero OOBEKTHl JaHHBIX (OHU
Ha3bIBalOTCs mepmamu). IMEHHO 3TO BbIpa)keHUeE U pucBauBaeTcs nepeMmenHoit X. Ho Hano xe
KaK TO BBINOJHATH apupMeTHUYEeCKHe BbIUMCICHUS. [ 9TOro mpeaHa3zHA4YeHbI ClelHaIbHbIC
apugmemuueckue npeouxkamol.

Jlucrnur 5.3

?- X 1s 2+3.

Yes

Hakoneu-to! Ilpenukar is BbIUMCIAET 3HAYCHHE BBIPAKEHHS U IPUCBAUBACT €ro
NEPEMEHHO. 3arpoc 3aBepIlaeTCsl YCIEXOM M 3Hau€HUE MEPEMEHHOM BBIBOJUTCS B KAueCTBE
OTBeTA.

Hpyrue apudMeTnyeckre MpeaukaTsl ( =:=, =\=, <, =<, >, >= ) BBIUUCISAIOT 00a CBOUX
apryMeHTa U CpaBHUBAIOT UX 3HAUYCHHUS.

JlucTunr 5.4
?- 3 4+ 2 =:= 5,

Yes

-2 % 2 == 2 + 2

Yes

?- exp(2) >= sin(2)

Yes

lpyras pa3HOBUIHOCTh MPUMHUTHUBHBIX OOBEKTOB - amomsi. Yaie BCero OHH
3aMMCBIBAIOTCS KaK MOCJIEI0BATENBHOCTH OyKB M LU(pP, HAYMHAIOLIEHCS CO cmpounoti OYKBBI.
OTO OTIMYAeT WX OT NMEPEeMEHHBIX, KOTOPbIE HAUMHAIOTCS C MponucHoti OyKBBI. ATOMBI MOXKHO
CpaBHUBATh IIOCPEJCTBOM IIPEIUKATOB == , \==, @<, @=<, @>, @>= . Apudmerudeckue
HPEANKATHI ISl 3TOTO HE MOJIXO/AT, IIOCKOJIBbKY OHHU MOIBITAIOTCS BEIYUCIUT apu(METHIECKUE
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3HAUEHUsSI AaTOMOB, YTO MPUBEIET K OMHOKe. A BOT uncia (HO He 3HAYCHUS BBIPAKECHUN) MOXKHO
CPaBHHMBATh U TEMU U JIPYTHUMH.

Jluctuur 5.5
?- a @< b.

Yes

?2- 1 @< 2.

Yes

?2- 2 < a.

ERROR: Arithmetic: “a/0' is not a function

?- 2 < e.
Yes
[Touemy nmocnegHuid 3apoC yCIENIeH, 10raJaiTeCh CaMu.

?- X 1is 24+3.

?- Y is X+1.
ERROR: Arguments are not sufficiently instantiated
B coobmienne 006 omuOke yKazaHO 4YTO TiepeMeHHas(MMeeTcs B BHAY X) He
KOHKpeTu3upoBaHa. Ho MbI e TOJBKO 4TO MPUCBOMJIM €l 3HaueHue! Jleso B TOM, UTO 3TO yiKe
npyras nepeMeHHas. OOnacTh JEHCTBHS MEPEMEHHOW pPACHpOCTPAHSETCS TONBKO Ha OJHMH
3arpoc. Ho 3ampockl MOTYT OBITh U CITOKHBIMHU, COCTOSIIIIUMU M3 HECKOJIbKUX IIEJICH.
JlucTunr 5.6
27— X is 243, Y is X+1.

Yes

IToka Hamia BO3MOXKHOCTH 3a/laBaTh BOMPOCH orpaHudeHa. UtoObl 3amaBath Oosee
WHTEPECHBIE BOMPOCHI, HAJIO 3arpy3uTh KaKyl-HHOYAb MPOrpaMmy. DTO MOXKHO MPOIEAypoi
consult, AJIg KOTOPOH MPUAYMaHO COKpaiieHue. Hampumep, eciu mporpamMmma HaXOJUTHCS B
daiine 'my program.pl', To €€ MOKHO 3arpy3uTh, BBEIS

?- consult (my program) .
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JZNpNZ
?- [my program].
A xomaHIa
?- [my program,another program,yet another program].

3arpy3uT cpasy Bce yKa3zaHHble Iporpammbl. Ho mpexae deM 3arpykarh Mporpammy
HaJI0 €€ HaINUCaTh.

IIporpammupoBanue 6a3bl 3HaHMA HA s3bIKke [IpoJsor

[Tporpammer Ha [Iposore gacto Ha3bIBarOT "0a3aMu JaHHBIX" WK Jaxe "0azamu 3HaHUN"
B TOM CMBICJ€, YTO OHHU IPEACTaBISET COOOW COBOKYIMHOCTH MPEIIONKEHHUM, OMPEICIIIOMINX
OTHOILIEHHSI MEXy O0OBEKTaMHU MPEAMETHON 00JIaCTH MIIM CBOMCTBa 3THX 00BeKTOB. CBOICTBA
u otHoueHus B [Iposore, kak U B JIOTHKE, HA3bIBAIOT MPEIUKATAMHU.

Kaxnpiii mpenukar onpeaensercss MOCIel0BaTENbHOCTBIO 1peodiodceHuli, KOTOPYIO
HA3BIBAIOT npoyedypou. TpaaullMOHHO BBIACNAIOT [Ba THIA MPEAJIOKEHUN: hakxmel U npasuia.
Jlis Hagana pasdepemcsi ¢ MepBO pa3sHOBUIHOCTHIO. [IpennokeHue-GpakT COCTOWT U3 MMEHU
npeauKara, 3a KOTOPBIM B KPYIVIBIX CKOOKaxX CHEAYIOT apryMeHThl. Takoe MpenioKeHue
OTIMCHIBACT YTBEPKICHUE O KOHKPETHBIX 00beKTax. [Iporpamma, coctosinas TOIbKO U3 (GaKkTOB B
CYIIIHOCTH SIBIISICTCS PEJISIIMOHHOM 02301 JaHHBIX.

Bosemem B kaudecTBe mpuMepa QparMeHT Oa3bl JaHHBIX HEOOJBIIONW KOMITAHUU
Horns&Hoofs Ltd. OmnomecTHBII mNpeaukar employee YCTaHABIMBAaeT CBOWUCTBO "OBITh
paboTHUKOM".

Jluctunr 5.7.1
employee (anthony) .
employee (barbara) .
employee (charles) .
employee (diana) .
employee (edward) .
employee (frederic) .
employee (gregory) .
employee (herbert) .
employee (isabella) .
employee (john) .

Boob6mie To, mmMeHa cOOCTBEHHBIE MOJI0KEHO MHUCATh C MPONMUCHOM OyKkBHI, HO B [Iposore
MMEHA OTHOIICHUN U OOBEKTOB JIOJDKHBI HAYMHATHCSI CO CTPOYHON OYKBBHI WIIM 3aKIIIOYaThCS B
KaBbpIukH. Kak mpaBuiio, mpeanodnTaroT o0XoauTes 0e3 kaBbiuek. [Iporpamma MokeT copepxaTh
MpeIUKaThl ¢ OJUHAKOBBIMM HWMEHAMH, HO C Pa3HBIM KOJUYECTBOM AapryMEHTOB. YUTOOBI
paznuyaTh UX YMOTPeOJSIOT MMEHA COCTOAIIME M3 MMEHU Mpeaukara u ero apHocth. [lomHoe
UM TOJIBKO YTO ONPENEIIEHHOI0 IPEANKATa: employee/ 1.
[Ipeaukar salary/2 ycTaHAaBIWBAET OKJIA] KaXJI0TO pabOTHUKA
Jluerunr 5.7.2
salary (anthony, 500) .
salary (barbara, 200) .
salary (charles, 180).
(

salary (diana, 150).
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salary (edward, 150) .
salary (frederic, 140).
salary (gregory, 150) .

(

(

(
salary (herbert, 100).
salary(isabella, 90).
(

salary (john, 160) .

[Ipenukar boss/2 yCTaHaBIMBAET ONKCHIBAET OPraHU3ALMOHHYIO CTPYKTYPY KOMIIAHHH.
YTBepxaenue boss(A,B) o3navaer, uto B - pykoBoauTens A.

Jluctunr 5.7.3
boss (barbara, anthony).
boss (charles, anthony).
boss (diana, barbara) .
boss (edward, Dbarbara).
boss (frederic, charles).
boss (gregory, charles).
boss (herbert, charles).
boss (isabella, gregory) .
boss (john, gregory) .

3arpy3uB TmporpamMmy, MOXHO 3a/laBaTh BOIPOCHI, HEMOCPEJACTBEHHO K HEH
OTHOCSIIIIECS.
Jluctuur 5.7.4
?— [hh].
o)

% hh compiled 0.00 sec, 0 bytes

Yes

?— employee (anthony) .

Yes

?— employee (ronald) .

No

?- boss (barbara, anthony).
Yes

DTO mpOoCTEeHIMi TUIT BOMPOCcOoB. CucTeMa MPOCTO MPOBEPSET 3alMCAHO JIM HEKOTOPOE
IIPEUIOKEHUE B MPOrpaMMe M OTBeYaeT "na" €ciau 3TO TaKk WM "HeT' B NPOTHBHOM CIlydae.
Takum oOpa3oMm, MpenIoKEHNE CUUTACTCS JIOKHBIM, €CJIU SBHO HE 3allMCaHO OOPaTHOTO.

bonee mHTEpecHbIE BONPOCH! MOJIYYAKOTCs, €CAU MOJACTABUTh B 3alpOCHl IEPEMEHHBIE.
Hanpumep, Mbl MOkeM y3HATh 3apriaty Yapibsa, COpOCHB.

?- salary(charles, S).
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S = 180
Yes

OtBeuas Ha 3TOT Bompoc [Iposor comocraisieT ero co BceMu (GakTamu U3 0a3bl JaHHBIX,
IBITAACh MOAOOpPaTh MOAXOAAIIEE 3HAYCHHE IMepeMeHHOW. HekoTopeie BOIPOCHI JOMYCKArOT
HECKOJIBKO BAPUAHTOB OTBETA. Takue BONPOCHI, HA3BIBAIOT HedemepMUHUPOBAHHBIMU.

?- boss (A, charles).

A = frederic
Yes

Ho sT0 He enuHcTBeHHBIN 0TBET. OTBEYasi Ha BOMPOCH C IEPEMEHHBIMU CUCTEMA, BBIJIaB
3HauYeHHe KIeT HaxkaTus Ha Enter. Ha camom nesne, oHa uHTepecyeTcss HYKHBI TU HaMm JIpyrue
orBeTtbl. Haxkxumast Ha Enter mbl rosopum "cmacu0o, goctaToyHo" M cucTeMa OTBE4aeT YES.
YtoObl NOTYyYUTH APYrue OTBETHI HAJ0 BBecTH ;"

?- boss (A, charles).

A = frederic ;

A = gregory ;
A = herbert ;
No

[Tocnennee NO o3HauaeT, 4To APyrux OTBETOB HET. OTBETHI BBIIAIOTCS B TOM XKE
MOpsIZIKE, B KOTOPOM OHHM BCTpEYArOTCsA B Mporpamme. Bompoc ¢ 1ByMsI nepeMEHHbIMH BEPHET
BCC Iapbl NOAXOAAIINC 3HAUCHUM.

?- boss (A,B).

A = barbara

B = anthony ;

= charles

B = anthony ;

= diana

B = barbara

Yes

B Ttex caywasx, xorma TpeOyercs yka3aThb TMEpPEMEHHYIO HO €€ 3HaueHue I Hac
HECYIIECTBEHHO MOYXHO MCIIOJIb30BATh TaK HA3BIBAEMYIO AHOHUMHYIO NepeMeHHyl0, COCTOALLYIO
W3 €IUHCTBEHHOIO0 CHMMBOJIa MoayepkuBaHus. OTBeYas Ha BOINPOC, COAEPKAIIMi aHOHHUMHYIO
nepeMeHHnyo, [Iposor moxOupaer A Hee 3HaYeHHEe, HO HE BBIBOJUT €TO0.

?— boss (A, ).
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A = barbara ;
A = charles ;
A = diana ;

A = edward
Yes

Jlo cux mOp MBI 3aJaBajid JIOBOJIBHO HPOCTbIE BOMPOCHL. UTOOBI OTBETHUTh HAa HHX
JIOCTaTOYHO OBLIO MPOCMOTPETH OJIHO OTHOIIEeHHE. Ho Kak Mbl 3HaeM, IIPOCTHIE BOIIPOCHI MOYKHO
00BbeIMHATH B 0OJIee CIOXKHBIC. 3amsaTasi IPH 3TOM MOJIY4aeT JIOTUYECKUN CMBICI KOHBIOHKIIHU
npeioxkeHnil. Hanpumep, cripocum He mostydaeT i KTO TO O0JIbliIe CBOEr0 HayaJlbHUKA

?- boss(A,B), salary(A,SA), salary(B,SB), SA > SB.

A = john
B = gregory

SA = 160
SB = 150 ;
No

1 o0HapyXUM HenopsAIokK: oknan Jl>xona Gosnblie, yem y I'peropu.
Kpome KOHBIOHKIMY JUIsl COEAMHEHNUS TPENI0KEHUI MOKHO IPUMEHATH U IU3BIOHKLUIO,
KoTopasi 0003HavaeTcst TOUKoi ¢ 3amsTon ";".

?- salary(X,S), (5<100;5>200) .

X = anthony

S = 500 ;

= 1isabella
S = 90 ;
No

Otpunanue ob6o3Hauvaercs "\t" (M not, HO 3Ta (opma, XOTS M NPUBBIYHAS, HE
PEKOMEHIYETCs).

?- \+ employee (X).

No
3anpoc o3HayaeT "He CYIIECTBYET HH OJHOTO paOOTHUKA", UTO, KOHEYHO, JIOKHO.

?- \+ (employee (X),salary(X,300)).

X = G157
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Yes

A »o1OT 3ampoc "He cymiecTByeT HU OAHOro pabotHuka ¢ okmagom 300". Takux
pabOTHUKOB, NIeHCTBUTENBHO, HET. [lepeMenHast X ocranack CBOOOTHON (HE MOTyYrIia HUKAKOTO
3Ha‘-IeHI/ISI), MMO3TOMY B KaUYCCTBC 3HAYCHHA BBIBOAUTCA HECYTO MAJIOBPA3YMUTCIIBHOC.

Kak BumHO, oTpuuianue mo3BoisieT (GopMmynupoBaTh oOmue (0OIIEOTPHUIIATEIBHBIC B
TCPMHHOJIOTUN KJIACCHYECKOU JIOFI/IKI/I) CYKACHUA. BBIﬂCHHM, KTO HE€ ABJIACTCA HAYAJIbBHUKOM U
KTO HE MMEET HaYaJIbHUKOB.

?- employee (X), \+ boss( ,X).

X = diana ;

X = frederic ;
X = herbert ;
X = isabella ;
X = john ;

No

?- employee (X), \+ boss (X, ).

X = anthony ;
No
Haiimem caMoro BEICOKOOTIIIaYMBAEMOT0 PAOOTHHKA.
?- salary(A,Smax), \+ (salary( ,S), S>Smax).

A = anthony

Smax = 500
S = Glel
Yes

WNHuTepecHoe mpuMeHEHHE OTpULAHHUS - KOHCTpyKmus (\+ (Q, \+ P)), KoTOpas
poBepsieT, 4To Bee pemeHus Q Oynyt pemenusmu i P. Hanpumep

?— \+ (employee (X), \+ salary(X, )).

X = G157
Yes

D10 OYKBaIBHO O3HAUaeT "HE CYIIECTBYET paOOTHHKA, HE MMEIOIIETO OKiIaaa" wim "Bce
paboTHuKkH uMeroT oknaabl". B SWI-Prolog ectb BCcTpoeHHBIN MpeauKkaT forall, UMEIOLIMHA TOT
e CMBICIL.

?— forall (employee (X), salary(X, )).
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X = G157

Yes

Kpome (akToB - 6€3ycI0BHO UCTHHHBIX MPEIOKEHUH, B IPOrpaMMBbl MOKHO BKJIFOYATh
U YCIIOBHBIE IIPENJIOKEHUS - NPA6Uid, KOTOPBIE ONPEACIIAIOT HOBBIE IPEIUKATHI B TEPMUHAX YiKE

cymecTByromux. Kaxnoe mpaBuiao COCTOMT M3 ABYX 4YacTed, pa3/ieJ€HHBbIX CHMBOJIOM

n, n

JleBas yacTh IPaBUJIA - 3420/1060K ONMCHIBAET MIPEIUKAT, A IPaBas - mMeJlo ONPENENsIeT yCIOBHUs,
pU KOTOPBIX OH UCTHHEH. TenomM MoXeT ObITh JH000H 3ampoc, KOTOPBIA U BBIMOIHSACTCS MPH
BBI30BE IIpeJIMKaTa, OIPEeICHHOro B 3arojoske. Hammpumep, MoxHO 0)OpMUTH B BUJIE TIPaBUIL,
BOIIPOCHI, KOTOPBIE MBI 33/1aBAJIN.

all paid :- forall (employee(X), salary(X, )).

costly(A) :- boss(A,B), salary(A,SA), salary(B,SB), SA >
SB.

noboss (A) :— employee (A), \+ boss( ,A).

boss(B) :- boss( ,B).

I[OHOJIHI/IB mporpamMmMy HOBBIMH IIpaBHJIaMH, CMOXCM 3aJlaBaTb HOBLIC BOIIPOCHI. HpI/I
O9TOM HC HUHTCPCCYHOHIUC HAC TICPCMCHHBIC OKA3bIBANOTCA CIPATAHHBIMU BHYTPH IIPABUJI U HC

BBIBOJSATCA.

?- all paid.

Yes

?— noboss (A) .

A = diana ;

A = frederic ;
A = herbert ;
A = isabella ;
A = john ;

No
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?— boss (charles).

Yes

?— boss (B) .

= anthony ;
= anthony ;
= barbara ;
= barbara ;
charles ;
= charles ;
= charles ;
= gregory ;
= gregory ;

v W W W W m w w W
[

No

OOparute BHUMaHHE, YTO B TOCJIEIHEM 3alpOCe KaXIbl OTBET BBIJAETCS HECKOJIBKO
pa3, POBHO CTOJIbKO, CKOJIBKO OH BCTpeYaeTcs B Iporpamme. Ham emie npuaercss CTOJKHYThCS C
3TOW 0COOEHHOCTHIO - [IpoJIOT BBITAET OTBET CTOJBLKO pa3, CKOJIBKUMU CITIOCOOaMU OH MOXKET €0
HalTH.

3.6 PASPABOTKA UHTEJJVIEKTYAJIBHBIX CEPBUCOB

baiiecoBckas kiaccupukanus

AnbpTepHaTUBHBIE Ha3BaHUs: OailecoBCKoe MojenupoBaHUe, OaliecoBCcKas CTaTHCTHKA,
meron OaifecoBckux ceteil. M3HauanbHO OaliecoBckas KiaccH(UKalUs HMCIOJb30BaNach s
dopManu3anuM 3HaHMM SKCIIEPTOB B JKCHEPTHBIX CHCTEMax, ceddac OailecoBckas
Ki1accuHKaIus TakKe IPUMEHSIETCsl B KauecTBe oHOro u3 metoaoB Data Mining.

Tax Ha3piBaeMas HauBHas Kiaccu(uKalMs WIM HauBHO-OalleCOBCKHMI moaxon (naive-
bayes approach) sBusercs HamOonee TMPOCTHIM BapUAHTOM METOJA, HCIIOIb3YIOUIErO
OaifecoBckue cetu. [Ipm »TOM moaxoae pemaroTcsl 3agadyd Kiaccu(UKAIMK, pe3ylbTaToM
paboThl MeTO/1a ABISIOTCS TaK Ha3bIBaeMble "TPO3pavHble’ MOAEIH.

"HauBHas" xknaccuukamusi - JOCTATOYHO TMPO3PAYHBIA U TMOHITHBIA  METOJ
kinaccupukanuu. "HauBHOH" OHa Ha3pIBaeTcs MOTOMY, YTO HMCXOJUT W3 TPEAINOJIONKEHHUS O
B3aMMHOU HE3aBHCUMOCTH MPHU3HAKOB.

CaoiicTBa HAaMBHOM KJIaCCU(PUKAIIUU:

- Mcnonp30BaHue BCeX MEPEMEHHBIX U ONPEEICHUE BCEX 3aBUCHUMOCTEN MEXAY HUMH.

- Hayinume aByX NMpeAnonoKeHuil OTHOCUTEIBHO IIEPEMEHHBIX

- BCE MIEPEMEHHBIE ABJISIIOTCA OJAMHAKOBO BaXKHBIMM;

- BCE IIEPEMEHHBIC SBIAIOTCS CTATUCTHUYECKU HE3aBUCHUMBIMU, T.€. 3HAYECHHE OJHOU
MIEPEMEHHON HUYETO HE TOBOPUT O 3HAYEHUU JPYTOM.

BosbIIMHCTBO APYyruX METOAOB KJIACCHU(HUKAIMU MPEAINONAralT, YyTo Iepea HadaloM
KJaccu(UKalMU BEPOSITHOCTh TOTO, YTO OOBEKT MPHUHAMICKUT TOMY WIM HMHOMY KIaccy,
OJIMHAKOBA; HO 3TO HE BCEra BEPHO.
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JlomycTum, U3BECTHO, YTO OMPEIEICHHBIN MPOIEHT JAHHBIX MPUHAICKUT KOHKPETHOMY
Kjaccy. Bo3HHKaeT BOMpoC, MOXKEM JIM Mbl MCIIOJNB30BaTh 3TY MH(GOPMALIUIO TPU MOCTPOCHUH
mojenu kinaccupukanuu? CymecTByeT MHOXKECTBO pEalbHBIX MPUMEPOB UCIOIB30BAHUS ITHX
AnpUOPHBIX 3HAHUI, MOMOTAIOIIUX KiIacCUPUIUPOBaTh OOBEKTh. THUMUYHBIA MpUMEp U3
MEIMIUHCKOW MPAaKTUKUA. Ecou MOKTOp OTHpaBiseT pe3yibTaThl aHAIM30B MalMeHTa Ha
JOTIOTHUTEIbHOE HCCE0BaHNEe, OH OTHOCHUT MallMeHTa K KaKOMY-TO OIPE/ICJICHHOMY KJaccy.
Kakum 00pa3oM MOXHO HpPUMEHHTH 3Ty HHpopmanuioo? Mbl MOXeEM HCIOIb30BaTh €€ B
KauyeCTBE JIOMOJHUTENbHBIX JAHHBIX [P MOCTPOCHUH KJIacCU(DUKAIIMOHHOW MOJIETH.

OTMeuaroT Takue JOCTOMHCTBA OalleCOBCKUX cerei kak merona Data Mining:

- B MOJICIM OMPEICINAIOTCS 3aBUCUMOCTH MEXIY BCEMH MEPEMEHHBIMH, 3TO MO3BOJSET
JeTKo 00pabaThIBaTh CUTYalluH, B KOTOPBIX 3HAYCHHUS HEKOTOPHIX MIEPEMEHHBIX HEU3BECTHBI,

- OailecoBckHE CETH TOCTATOYHO IMPOCTO WHTEPIPETHPYIOTCS U TO3BOJIAIOT Ha dTame
MPOTHOCTUYECKOTO MOAETHPOBAHHUS JIETKO MTPOBOJIUTH aHAIN3 O CLIEHApHIO "4To, ecnn';

- OaliecOBCKUI METOJ] MO3BOJSET €CTECTBEHHBIM 00pa3oM COBMEIIATh 3aKOHOMEPHOCTH,
BBIBEJICHHBIC U3 JAHHBIX, H, HAIIPUMEP, SKCIIEPTHBIC 3HAHUSI, IOJTYYCHHBIC B IBHOM BHUJIC;

- UCIOJNIb30BaHME O0aleCOBCKUX CeTeil MO3BOJSET M30ekaTh MPOOJIEMbI MepeydrBaHUS
(overfitting), TO ecThb W30BITOYHOTO YCIIO)KHEHUS MOJCIIH, YTO SBJISETCS CJIA00W CTOPOHOM
MHOTUX METOJ/IOB (Hampumep, AepeBbEB PEIICHUN U HEHPOHHBIX ceTel).

HauBHo-0aliecoBCKU OIX0/] UMEET CJICAYIOIINE HETOCTATKH:

- TIEPEMHOXKATh YCJIOBHBIE BEPOSITHOCTH KOPPEKTHO TOJIBKO TOT/Ia, KOTJa BCE BXO/IHBIE
NEpEMEHHbIC JICHCTBUTEIBHO CTATHCTUYECKH HE3aBHCHUMBI, XOTS YacTO JAHHBIA MeETOJ
MOKA3bIBAET JOCTATOUYHO XOPOIIHE PE3YyIbTAaThl MPU HECOONIOJCHUU YCIOBHSI CTATUCTHUECKOMN
HE3aBUCHMOCTH, HO TEOPETHUYECKH TaKasi CHUTyallus JOJDKHA 00padaThIBaThcs 00Jee CIIOKHBIMU
METOJIJaMH, OCHOBAaHHBIMU Ha 00y4YeHHH 0alleCOBCKUX CETEH;

- HEBO3MO)XKHA HETOCpeACTBEHHass 00paboTKa HENpEephIBHBIX NMEPEMEHHBIX - TpeOyeTcs
ux npeoOpa3oBaHHe K WHTEPBAIBHOW IIKale, YTOObI aTpUOYThl OBLTU AMCKPETHBIMH; OJHAKO
TaKue MpeoOpa3oBaHMsI HHOT/Ia MOTYT MPUBOIUTH K MOTEPE 3HAYMMBIX 3aKOHOMEPHOCTEH;

- Ha pe3ynpTaT KiIacCU(pHUKAIMK B HAUBHO-OAH€COBCKOM MOAXOJIE€ BIMSIOT TOJIBKO
WH/IMBUyalIbHBIC 3HAYCHHS BXOJIHBIX TIEPEMEHHBIX, KOMOMHUPOBAHHOE BIMSIHUE TIap WA TPOEK
3HaYeHUH pas3HbIX aTpUOYTOB 37€Ch HE YUYUTHIBACTCA. DTO MOIJIO OBl YIY4YLIMTh KayecTBO
KJIacCU(UKAMOHHOW MOJIENIM C TOYKH 3pEHHUs €€ MPOTHO3UPYIOIIEH TOYHOCTH, OJHAKO,
YBEJIMYUIIO OBl KOJIMYECTBO MPOBEPSEMBIX BAPUAHTOB.

baiiecoBckas kiaccudukanys Haluia MUPOKOe MPUMEHEHNE Ha MPAKTHKE.

baiiecoBckas puiabTpanusd 1o cjoBam

He Tax naBHO OaifecoBckas kiaccudukanus OblUIa TpeIOKeHa Il TEPCOHATBHOMN
¢ubTpanun crnama. [lepseiit punbTp ObU1 paspadotan Ilonem I'paxemom (Paul Graham). lns
paboThl anropuTMa TpeOyeTcs BBIMOTHEHUE ABYX TPEOOBAHMIA.

IlepBoe TpebGoBaHue - HEOOXOAMMO, YTOOBI Yy KIACCHPHUIHUPYEMOIO OOBEKTa
MPUCYTCTBOBAJIO JOCTAaTOYHOE KOJWYECTBO IMPU3HAKOB. DTOMY HJI€ATbHO YIOBJIETBOPSIOT BCE
ClIOBa IIMCEM TMOJb30BATENsA, 3a HCKIIOYEHHMEM COBCEM KOPOTKMX M OYEHb PEIKO
BCTPEYAIOLINXCA.

Bropoe TpeGoBaHMe - MOCTOSIHHOE MepeoOydYeHHe W MOIOoJIHEHHe Habopa 'cmam - He
craM". Takue ycJoBHSI OY€Hb XOpOIIO pabOTAaIOT B JIOKAJIBHBIX MOYTOBBIX KIMEHTaX, TaK Kak
MOTOK "He crmama" y KOHEYHOro KJIMEHTa JIOCTATOYHO IOCTOSHEH, a €CIU U3MEHSIETCs, TO He
OBICTpO.

Opnnako Uil BCeX KJIMEHTOB CepBepa TOYHO OINPENENIUTh MOTOK "He crama' J0BOJIBHO
CJIOHO, TTOCKOJIbKY OJHO U TO K€ MUChMO, SIBISIOLIEECS ISl OJHOTO KJIMEHTa CIamoM, AJist
Ipyroro cmamoM He sBisercs. CloBaph MOTy4aeTcs CIMIIKOM OOJBIIUM, HE CYIIECTBYET
YETKOTO pa3JieJIeHUs] Ha craM U "He craM', B pe3yJbTaTe KaueCTBO KJIACCHU(PUKAIINH, B TAHHOM
ClIy4ae pelieHue 3a1auu (GUIbTpaluy TUCceM, 3HAYUTEIIbHO CHIDKASTCS.
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Metoas!l KiaccH(PUMKANMH M IPOrHO3UPOBaHusd. /[epeBbs pelieHuit

Meron aepeBbeB perieHuit (decision trees) sIBJASETCS OJHUM M3 HanOoJIee MOIMYISIPHBIX
METOJIOB PEIICHHUS 3a/1a4 KJIacCH(pUKAIIMK U IPorHo3upoBanus. Muoraa atot meto Data Mining
TaK)Ke Ha3bIBAIOT IEPEBBSIMHU PEIIAIOUINX MTPaBUIL, AEPEBbIMHU KilaccupuKkaluu u perpeccuu. Kak
BUJHO M3 TIIOCJIEIHEro Ha3BaHMs, IpU IMOMOIIM JAHHOTO METOJa pelIaloTCs 3ajauu
KJIacCCU(UKALUU U IPOTHO3UPOBAHUS.

Ecnn 3aBucumas, T.e. LeneBas IepeMEeHHash NMPUHUMAET JAUCKPETHBIC 3HAYCHUS, IMPHU
MOMOIIN METO/1a JIepeBa pellIeHul peaercs 3aj1a4ya KiaccuuKaimi.

Ecnn xe 3aBucuMasl mepeMeHHas NPUHUMAET HENPEPbIBHbIC 3HAYEHUS, TO JIEPEBO
pellleHni yCTaHABIMBAEeT 3aBUCHUMOCTh 3TOM MEPEMEHHOW OT HE3aBHCHUMBIX NMEPEMEHHBIX, T.€.
pelaeT 3a7a4y YMCIEHHOIO IPOrHO3UPOBAHMUS.

Bnepsrie nepeBbsi pemieHunit Obutn mpeasiokeHbl XoBuieHaoM u XantoM (Hoveland,
Hunt) B xonme 50-x rogos nponutoro Beka. Camasi paHHsisE U U3BecTHas pabora XaHTa u Jp., B
KOTOpOM M3Naraercsi CyTh JAepeBbeB pelieHuil - "OkcrnepuMeHnTsl B uHAyKIuu" ("Experiments
inInduction") - 6bu1a ony6ukoBana B 1966 rony.

B nauGonee mpocToM BHE NEPEBO PEIIEHUN - 3TO CHOCOO MpEeACTaBICHUS MPaBUI B
MepapXUUyeCcKoM, MOCIeI0BaTeIbHON CTpyKType. OCHOBA TakoM CTPYKTYpHI - oTBeTHl "Jla" umun
"Het" Ha psn Bonpocos.

Ha pucynke 8.1 mpuBeneH nmpumep JAepeBa pelIeHUH, 3ajadya KOTOPOro - OTBETUTh Ha
Bonpoc: "Urpate nu B ronbd?" UToObl pemuTh 3aqady, T.€. NPUHATH PELICHUE, UTPaTh JIU B
roibd, CIeayeT OTHECTH TEKYIIYI0 CHUTYaIllMi0 K OJHOMY M3 M3BECTHBIX KIJIACCOB (B JaHHOM
ciydae - "urpatp" win "He urpath'"). s aToro tpedyercst OTBETUTH Ha PsIT BOIIPOCOB, KOTOPHIE
HaXOJATCS B y3J1aX 3TOr0 J€PEBa, HAUMHAs C €r0 KOPHS.

[lepBbiit y3en Hawero nepeBa "CosiHeyHO?" SBISETCSA Y3JIOM IPOBEPKHU, T.€. YCIOBHEM.
[Ipy MONOXUTENTPHOM OTBETE Ha BOIPOC OCYILECTBISETCS MEpPEXO]] K JIEBOM 4YacTU JepeBa,
HA3bIBAEMOM JIEBOM BETBBIO, MPU OTPUIIATEIHLHOM - K MPaBOW YacTu nepeBa. Takum oOpazom,
BHYTPEHHUH y3€Jl JepeBa SBISETCS Y3JIOM IPOBEPKHM ONpENeNeHHOro ycioBus. Jlamee uuer
CIEeIYIOIUNA BOMPOC U T.JA., TIOKa He OyAeT JOCTUTHYT KOHEYHBIN y3en JepeBa, SBISIOIIUNCS
y370M penieHus. st Hamero nepeBa CymecTBYeT JIBa THUIA KOHEYHOro y3ia: "urpate" u "He
urpats" B rojibQ.

B pesynpraTe mNpOXOXKIEHHS OT KOpHS JepeBa (MHOTJa Ha3bIBAEMOr0 KOPHEBOM
BEPILMHOIN) 0 €ro BepIIMHBI peliaeTrcs 3aiadya Kiaccu(uKaluu, T.e. BbHIOMpaeTcss OAWH U3
KJ1accoB - "urpate" u "He Uurpatp" B roybd.

HET

Hper m1 mowne?

hi:| HET

He HIPaTh HI'paTh HE HI'PATh HIrpaTh

Pucynoxk 6.1 - JlepeBo pemenuii "Urpats 1u B ronsgp?"

[lenpr0 MOCTpOEHUS JepeBa PEIICHHs B HAIIEM CITydae sIBJISIETCS OMpe/IeJICHuEe 3HAYCHUS
KaTerOpUaJIbHON 3aBUCUMON IIEPEMEHHOMN.

Urak, nys Hamen 3aa4M OCHOBHBIMU 3JIEMEHTaMU JIEPEBA PELICHUH SIBIISIFOTCS:

- Kopens nepesa: "Conneuno?"
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- Buyrpennuii y3en nepeBa mnM y3en npoBepku: "TemmepaTypa Bo3ayxa BbIcokas?',
"Unet 11 noxap?"

- JIuct, kOoHeuHBIH y3en AepeBa, y3en pemenus win BepuuHa: "Urpates", "He urpars"

- BetBb nepena (ciydaun otBera): "Jla", "Het".

B paccMoTpenHOM npumepe perraercs 3aaa4a OnHapHOW Kiaccu(uKanuy, T.€. CO3AaeTCs
TUXOTOMHUYECKas KiaccuUKaluoHHas Mojenb. I[lpumep neMoHcTpupyeT paboTy Tak
Ha3bIBAEMBIX OMHAPHBIX JIEPEBHEB.

B y31ax GuHapHBIX epeBhEB BETBICHHE MOXKET BECTHCH TOJIBKO B JABYX HAlpaBICHHSIX,
T.€. CYILIECTBYET BO3MOXKHOCTb TOJIbKO JIBYX OTBETOB Ha ITOCTaBJIEHHBIN Bonpoc ("xna" u "Her").

IMocTpoenue kiaaccupuKaAUOHHOM MO

bunapubie nepeBbsi ABISIOTCA CaMbIM MPOCTHIM, YACTHBIM CIIy4aeM JCPEBLEB PEIICHUM.
B ocranpHbBIX ciy4asx, OTBETOB M, COOTBETCTBEHHO, BETBEH JiepeBa, BBIXOISAIIMX U3 €ro
BHYTPEHHETO Y3714, MOXKET OBITh OOJIBIIE JBYX.

Paccmotrpum Oonee crnoxHbli mpumep. basa naHHBIX, Ha OCHOBE KOTOPOH JIOJKHO
OCYIIECTBISITECS TMPOTHO3UPOBAHUE, COJCPKUT CIEAYIONIUE PETPOCTEKTUBHBIE IaHHBIE O
KIIMeHTax OaHKa, SBIJIAIOIINECS ee aTpuOyTaMu: BO3pacT, HATMYUE HEIBUKUMOCTH, 00pa30BaHUeE,
CpPEIHEMECSYHBIN 10X0/]1, BEPHYJI JIM KJIIMEHT BOBPEMS KPEIUT. 3aja4a COCTOUT B TOM, YTOOBI Ha
OCHOBaHUU TEPEUMCIICHHBIX BBINIE JAHHBIX (KpOME MOCIEAHEro aTpudyTa) ONpeaeauTh, CTOUT
JIY BBIIABaTh KPEIUT HOBOMY KIIUEHTY.

Takas 3amada pemraeTcss B JBa dTala: MOCTPOCHUE KIACCU(PUKALMOHHONW MOJIEIH U ee
HCIIOJI30BaHUE.

Ha stane moctpoenusi Moienu, COOCTBEHHO, U CTPOUTCS JI€PEBO KJIACCU(DUKAILMU WIH
co3naeTcsi Habop HEeKUxX npaBwi. Ha srarme ucmoib30BaHus MOJEIHM TTOCTPOCHHOE AEPEBO, WU
OyTh OT €ro KOpHS K OJHOW W3 BEpIIWH, ABISAIOIIUACS HAOOpPOM MpaBWi JUIsi KOHKPETHOTO
KJIMEHTA, UCIIOJIB3YETCs IJIsi OTBETA HA TIOCTABJICHHBIN Boripoc "BrigaBate au kpeaut?"

[IpaBuiiom siBsieTcs JOoruYecKast KOHCTPYKIIHSI, TPeICTaBIeHHasl B BUE "eclu...: TO... " .

Ha pucynke 9.2 mpuBeneH mpumep nepeBa KiacCH(PUKAIMU, C TOMOIIBI0O KOTOPOTO
pemaercs 3anaya "BeigaBaTh M KpeauT KiaueHTy?". OHa sBIsS€TCS THUNMYHOM 3ajadvei
KJIaccu(hUKaluu, ¥ IPU TTOMOIIH JEPEBHEB PEIICHUH MOJIYYalOT JOCTATOYHO XOPOIIIHE BapHAHTHI

€c peIIeHHUs.

aa

Hozog » 200

\

a
HET A

J N\

obpazoEaHuA EEICIIEE
/ HeT CpEnHEE
He BEITaBaTh / EBIIAEATE

Pucynoxk 6.2 -/lepeBo pemenuii "BrigaBats au kpeaut?"
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Kak mbl BUguM, BHYTpEeHHHUE Y37l JepeBa (BO3pacT, HaIU4Ue HEABMKMMOCTH, TIOXOMA U
oOpazoBaHHe) SBJSIOTCS aTpuOyTaMH ONKMCAHHOW BbIMIe 0a3bl JAaHHBIX. OTH aTpUOYTHI
Ha3bIBAIOT MIPOTHO3UPYIOIIUMH, WK arpubyramu pacuieruieHust (Splitting attribute). Koneunsie
y3JIbl IEPEBa, WU JIUCThI, IMEHYIOTCS METKaMHU Kjlacca, SBISIOIUMUCS 3HAYCHUSIMU 3aBUCUMOMN
KaTeropuajibHOM nepeMeHHO! "BbljaBaTh" WIM "HE BbIABaTh" KPEIUT.

Kaxnas BerBb JnepeBa, uaymias OT BHYTPEHHEro Yy3ja, OTMEUYEHa MPEIUKaTOM
pacmieruienus. [locmeaHuii MOXXKET OTHOCHTHCS JHUIIb K OJHOMY aTpUOyTy paclieTUIeHUs
JAHHOTO Yy3/1a. XapakTepHas OCOOCHHOCTh TPEIUKATOB paCIICIJICHHUS: KaJaas 3aluch
UCIIOJIB3YeT YHHUKAJIbHBIM MYTHOT KOPHS JEpeBa TOJbBKO K OAHOMY Y3Jy-pELICHUIO.
O6benunennas uHdopmaius 00 arpuOyrax paculeIUIeHUs U MpeArKaTaxX pacllelUIeHUs B y3lie
Ha3bIBAaCTCs KpuTepueM pacuieruieHus (Splitting criterion).

Ha pucynke 6.1 wu300pakeHO OAHO U3 BO3MOXKHBIX JIEPEBBEB PEIICHHH IS
paccmarpuBaemoii 6a3pl JaHHBIX. Hanpumep, kputepuii pacmeruienus "Kakoe o6pasoanue?",
MoT OBl UMETh J[Ba MpeIUKaTa PACIICIJICHUs U BBITIIAICTh HHAYe: oOpasoBaHue "Boiciiee" U "He
Boiciiee". Toraa 1epeBo peleHuii umeno Obl Ipyroi BUJI.

Taxum oOpa3om, [71s JaHHOM 3aa4u (Kak U JUIsl IF00O0M Ipyroi) MOKET OBITh MOCTPOEHO
MHOKECTBO JI€PEBBEB PEMICHUN PA3JIMYHOIO KAueCcTBa, C PA3JIMYHOW MPOTHO3ZUPYIOLIEH
TOYHOCTBIO.

KauecTBO mocTpoeHHOro JepeBa pellleHUss BeCbMa 3aBUCUT OT IPaBWJIBHOTO BbIOOpa
KputTepus pacuiersieHus. Han pa3pa®oTkoil M ycOBEpIIEHCTBOBAaHHMEM KpUTEpUEB pabOTaroT
MHOTHE HCCIICIOBATEIH.

Meron nepeBbeB pEIICHHH 4YacTO Ha3bIBaloT "HauBHBIM' moaxoiom. Ho Omaromaps
LEJIOMY Py MPEUMYIIECTB, JAHHBIA METOJ SIBJISICTCSI OJHUM W3 HauOosiee MOMYJISPHBIX IS
peleHus 3a1a4 KiacCupuKalnu.

IIpeumymecTBa nepeBbeB pelieHUi

WuTynTHBHOCTH JepeBbeB pemieHuil. Knaccudukanmonnas mMopenb, MpeicTaBiIeHHas B
BUJIE J€peBa pEIICHUM, ABJISETCS MHTYUTHBHOM M YNPOIIAET NMOHUMAaHHE peliaeMod 3aJayu.
PesynpTar paboThl adrOpuTMOB KOHCTPYMPOBAHUS JEPEBbEB PELICHH, B OTJIMYHE, HAIIPUMED,
OT HEHPOHHBIX CeTeH, MPEeICTaBISAIOUIMX CO00M "depHble SIIUKH', JIETKO HUHTEPIPETUpPYETCs
II0JIB30BATEIEM. JTO CBOMCTBO [JEPEBBEB DPEIICHUN HE TOJIBKO BaXXHO INPU OTHECEHHH K
ONpeeIECHHOMY KJacCy HOBOIO OOBbEKTa, HO W TIOJE3HO IMpPH HHTEPIpEeTaluy MOJAEIN
KjJaccupukanuu B 1enoM. JlepeBo pelieHHi IMO03BOJIAET MOHATh U OOBSACHHUTH, IOYEMY
KOHKPETHBIN 00BEKT OTHOCUTCS K TOMY WUJIM MHOMY KJIAccCy.

JlepeBbsi pelleHuil JaroT BO3MOKHOCTh M3BJIEKAaTh MpaBHUia K3 0a3bl JaHHBIX Ha
ecTecTBeHHOM si3bIke. [Ipumep npaBuna: Eciu Bospact > 35 u Jloxox > 200, To BBIIATh KPEIHUT.

JlepeBbst pelieHnii MO3BOJISAIOT CO3/4aBaTh KJIACCU(PHUKAIIMOHHbBIE MOJIENTH B T€X 00IacTsX,
/1€ QaHAIUTUKY JOCTAaTOYHO CI0XKHO (hOpMaTN30BaTh 3HAHUS.

AJNTropuTM KOHCTPYHpPOBAaHMS JI€peBa peIleHHil He TpeOdyeT OT MoJsib30BaTelNst BhIOOpa
BXOJIHBIX aTpuUOYyTOB (HE3aBUCHUMBIX MepeMeHHbIX). Ha BXox anropuTma MOKHO I0/aBaTh BCE
CYIIECTBYIOIIME aTpHOyThI, aJITOPUTM caM BBIOEpeT Haubosee 3HaUUMble CPEIH HUX, U TOJIBKO
OHM OYAYT HCIIOJIb30BaHbI JUIsl TIOCTPOEHUS JepeBa. B cpaBHeHuu, Hampumep, ¢ HEHPOHHBIMHU
CEeTSAMH, 3TO 3HAYUTEIHHO OO0JIeryaeT MOoJb30BaTeNI0 paboTy, MOCKOIbKY B HEHPOHHBIX CETAX
BbIOODP KOJIMYECTBA BXOJHBIX aTpUOYTOB CYIIECTBEHHO BIMSIET HA BpeMs 00yUeHHUsI.

TouHoCTE MoOAENEH, CO3MaHHBIX INpPHU IOMOIIM JEPEBbEB PELICHHWH, COMOCTaBUMa C
IPYTMMH METOJIaMU TIOCTPOEHHUSl KIJIACCU(PHUKAIMOHHBIX MOJENel (CTaTUCTUYECKHUE METObI,
HEHpPOHHBIE CETH).

PazpabGoran psg macmTabupyeMbIX ajarOpUTMOB, KOTOPBIE MOTYT OBITh HCIIOH30BaHbI
JUI TIOCTPOCHMS JEPEBHEB pEIICHUs Ha CBEpXOONbIIMX 0a3axX MAHHBIX; MAcHITaAOMPYyEeMOCTb
3/IeCh O3HA4YaeT, 4YTO C POCTOM 4YHCIa MPUMEPOB WM 3amuceil 0a3bl JTaHHBIX BpEMs,
3aTpaynuBaeMoe Ha 00y4eHHUe, T.€. IOCTPOCHHE JAEPEBhEB PELICHHM, pacTeT JuHEHHO. [Ipumepsl
Ttakux anroputmon: SLIQ, SPRINT.
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BeicTpeiit mporiecc oOydenus. Ha mocTtpoenHue KiacCH(UKAMOHHBIX MOAETCH Npu
MOMOIIN aJTOPUTMOB KOHCTPYHPOBAHMS E€PEBbEB pEHICHUN TpeOyeTcs 3HAYUTENIbHO MEHbIIE
BpPEMEHH, YeM, Harpumep, Ha 00ydeHne HeMPOHHBIX CETEH.

BonbIIMHCTBO aNrOPUTMOB KOHCTPYUPOBAHUS JIEPEBbEB PELICHUM MMEIOT BO3MOXHOCTh
CHenHanbHON 00pabOTKH MPOMYIICHHBIX 3HAYCHUH.

MHorue Ki1accu4eckue CTATUCTHUYECKHE METOJbl, MPU MOMOIIU KOTOPBIX pEIIaloTCs
3aaun KJIACCU(HUKAIMKU, MOTYT PabOTaTh TOJIBKO C YHCIOBBIMH JaHHBIMH, B TO BpeMs Kak
JIEPEBbsI pelIeHu paboTalOT U ¢ YMCIOBBIMU, M C KATETOPUATbHBIMU TUIIAMH JAHHBIX.

MHorue cTaTUCTUYECKHE METOAbl SIBJISIOTCS NapaMeTPUYECKUMM, M I0JIb30BaTellb
JOJKEH 3apaHee BIaJeTh ONpPEeIeHHON MH(popMalel, HalpuMep, 3HaTh BUJ MOJIEIH, UMETh
TUIIOTE€3Y O BHUJE 3aBUCHUMOCTH MEXAY IE€PEMEHHBIMM, IIpeAarosiaraTb, KakoW BHJ
pacripeziefieHusi UMEIOT JaHHble. JlepeBbsl pelleHuid, B OTIUYME OT TAaKUX METOOB, CTPOST
HermapaMmeTrpuyeckue Monenu. Takum o0pa3oM, JepeBbs pelIeHHH CHOCOOHBI peliaTb TaKue
3agaun Data Mining, B KOTOpBIX OTCYTCTBYET anpHOpHas HHQpOpMAIUs O BUIEC 3aBUCUMOCTHU
MEXJly UCCIIEAYEMBIMU JAHHBIMU.

[Ipouiecc KOHCTPYHPOBAHUS IepeBa PEIICHUIA

Hanomuum, 4To paccMarpuBaemasi HaMH 3a/a4ya KjJacCU(QUKaMU OTHOCUTCS K CTpaTeruu
o0ydeHHUs C yyuTelleM, MHOT/Ia Ha3bIBA€MOT0 MHIYKTHBHBIM OOyueHHeM. B 3Tux ciyuasx Bce
00BEKTHI TPEHUPOBOYHOI'O HAOOpa JIaHHBIX 3apaHee OTHECEHBI K OJIHOMY U3 MPEONpeaeICHHBIX
KJIACCOB.

ANropUTMBI KOHCTPYUPOBAHHUS JE€PEBbEB PEIICHUN COCTOST W3 3TANoB "mocTpoeHue"
win " cozmanue " gepeBa (tree building) m "cokpamienue " mepema (tree pruning). B xome
CO3/aHUSI IEPEBA PELIAIOTCS BOIPOCHI BEIOOpA KpUTEPHsI pacILEIVIEHUs] U OCTAaHOBKU OOy4EHUs
(ecu 3TO MpeayCMOTPEHO anropuTMoM). B Xxozie sTama cokparieHus iepeBa peraeTcs BOIpoc
OTCEUYEHUSI HEKOTOPBIX €r0 BETBEH.

PaccMmoTpuM 3TH BOIpockl HOApOOHEH.

Kpurepuii pacuernnenns

IIpouecc cozmaHus nepeBa MPOUCXOAMT CBEPXY BHU3, T.€. SBIETCS HHUCXOMAIMM. B
XOJIe Tpolecca AIrOpUTM JIOJDKEH HAWTH TAKOMKPUTEPHH PpACIIEIJICHUs, HWHOTAA TaKkKe
Ha3bIBaEMBI KpuUTepueM pa3OueHHsl, 4TOObl pa3dUTh MHOXKECTBO Ha MOJMHOKECTBA, KOTOpbIE
OBl acCOLMHUPOBAIUCH C JaHHBIM Y3JI0M MNpoBepku. Kakaplii y3en mpoBepKH AOKEH OBITh
IIOMEYEH Olpe/ieNeHHbIM aTpuOyToM. CyliecTBYeTIIpaBUIO BbIOOpa aTpuOyTa: OH JIOJIKEH
pa30uBaTh MCXOJIHOE MHOYKECTBO JAHHBIX TaKUM 00pa3oM, 4TOObI OOBEKTHI IMOJAMHOXKECTB,
MOJYy4aeMbIX B pe3yJbTaTe 3TOro pa3OueHus, SBISINCH MPEACTaBUTEIIMU OJHOTO Kiacca WIn
ke ObUIM MaKCHUMAaJIbHO MPUOIMKEHBI K Takomy pazouenuto. [locnennss gpasza o3Hayvaer, 4To
KOJINYECTBO OOBEKTOB U3 JPYrHMX KJIACCOB, TaK Ha3blBa€MBIX 'MpuMeceil”, B KaXKaA0M Kiacce
JIOJI’KHO CTPEMUTHCS K MUHUMYMY.

CylecTBYIOT pa3iuyHble KpUTepuHM pacuiersienus. Haumbonee wu3BecTHBle - Mepa
sHTponuU 1 nHAeKke Gini.

B HekoTopeiIx MeTonax i BBIOOpAa aTpuOyTa pacIICIJICHHs HCIONb3YeTCs Tak
Ha3bIBaeMas Mepa MH(OPMATUBHOCTH IMOANPOCTPAHCTB aTpUOYTOB, KOTOpas OCHOBBIBAeTCS Ha
HHTPONMUIHOM MOJXO/€ W HU3BECTHA IOJ Ha3BaHHWEM '"Mepa WH(OPMAIMOHHOIO BBIMIpHIMIA"
(information gain measure) uiu Mepa SHTPOITHH.
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4. VYEBHO-METOJAYECKOE 1 TH®OPMAIIMOHHOE OBECITEYEHUE
TACIHATITAHBI

4.1. IlepeyeHb OCHOBHOM U JONOJHUTEIbHOM JUTEPATYPbI, HEOOX0AMMON 15
OCBOEHMS JHCHHIIIMHBI

4.1.1. IlepeyeHb OCHOBHOI JIUTEPaTypPbl

1. [TyxkanoBa H.M, [Imutpuea T.A. Jlorndeckoe nmporpaMMHUpoOBaHue Ha s3bIke Visual
Prolog. Cepus: CnermansHocTh. st BhICIIMX y4yeOHBIX 3aBeneHuil — M.: I'opsdas nauHus-
Tenexom, 2016.

2. Makkonnemn, C. CosepumieHHbI Kon. Macrep-knace. / CtuB MakkonHemt. - M.:
Pycckas Penpaxnus, 2016.

4.1.2. IlepeveHb 1ONOJHUTEIbHON JTUTEPATYPHI

1. Ixxozed Jxapparano, ['apu Paitnmu. DxcniepTHble cucTemsl. [IpuHIUIIBI pa3paboTKu U
nporpamMmmupoBaHnue, 4-e uznanue. — M.: Bumibsimc, 2017,

2. Yezapunu @., Tommcon C. [Iporpammupoanue B Erlang. - M.: JIMK IIpecc, 2016.

4.2. [lepeyeHb y4eOHO-METOAMYECKOT0 00eCIeYeHUsI CAMOCTOATEIbHON padoThl
00y4YAIOIIHXCS MO JUCIUTLINHE

1. Meroaudeckue yka3zaHUS 1O  BBIMOJHEHUIO JaOOPAaTOPHBIX pabOT MO AMCIUILINHE
«BBegenne B pyHKIIMOHAILHOE POTPAMMHUPOBAHHE.

2. Meronuveckne PEKOMEHJAIMU ISl CTYACHTOB IO OpPTraHU3alMU CaMOCTOSTEIHHON
paboTsl o gucruIuinHe «BBenenue B QyHKIIMOHATBEHOE IPOTPAMMUPOBAHHE).

4.3. IlepeueHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKALIMOHHOM CeTH
HNuTepHeT, HEOOXOAMMBIX /15l OCBOEHHUS TUCHUILINHBI

1. HanmonansHbiit OTKpBITEIN YHUBepcuteT. UHTYHT. http://www.intuit.ru.
2. ®enepanbblii nopran «Poccuiickoe odpazoBanue. http://www.edu.ru.
3. Poccwmiickas rocynapcTBeHHas onbnuoreka. http:/ www.rsl.ru.
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