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BBEJEHHUE

B Meromuueckux — yKazaHHMSAX ~— coAepXkKarcd ~— MaTepualibl, HEO0OXOIUMBbIE IS
CaMOCTOSITENILHON TOATOTOBKH CTYJCHTOB K BBINOJIHEHHIO JaOOpaTOpHbBIX paboT. B ommcanue
1ab0paToOpHbIX PabOT BKIIOYEHBI 1€db PabOThl, MOPAJOK €€ BBIIOJHEHHS, PACCMOTPEHbI
TEOPETUYECKHE BONPOCHI, CBA3AHHBIE C pealu3aldell IIOCTABJIECHHBIX 3a/Jay, IpHUBEJEHA
HeoOXoauMast TUTeparTypa.

Mertoauueckue yKa3zaHus MIOCBSIIIIEHBI Kypcy «OCHOBBI JIOTHYECKOT 0
MporpaMMHUpOBaHus». Ha MNpOTSIKEHUM MHOTMX ThICSUENIETUH YeJIOBEYECTBO 3aHUMAETCs
HaKoIJIeHHeM, 00paboTKol U nepenaueit 3HaHUM. [ 3TUX 1esel HempepbIBHO M300peTaroTCs
HOBBIE CpEJICTBA U COBEPUICHCTBYIOTCSA CTapble: peub, NMUCbMEHHOCTh, IMO4YTa, Tenerpad,
TeneoH W T. A. BonplIyl0 poiib B TEXHOJOTMH OOpaOOTKM 3HAHUU CHITPAJIO MOSIBICHUE
KOMITBIOTEPOB.

B okta6pe 1981 roma SnmoHCKOE MHMHHCTEPCTBO MEXAYHAPOJHONW TOPrOBIM U
MIPOMBIIIJIEHHOCTH OOBSBUIIO O CO3JaHUM HCCIIE0BATEIbCKOM opraHnuzanuu — WHCTUTYTa 10
pa3paboTKe METOJI0B CO3JaHMs KOMITbIOTEepoB HOoBoro nokojeHus (Institute for New Generation
Computer Technology Research Center). Llenpto maHHOTO MpoeKTa OBIIO CO3MaHHUE CHCTEM
00paboTku uHpOpManuy, Oaszupyromuxcs Ha 3HaHMAX. [Ipenmoryaranoch, YTO 3TH CHUCTEMBI
OyayT obecrieyuBaTh MPOCTOTY YIPABIIEHUS 32 CYET BO3MOKHOCTU OOIICHHUS C MOJIb30BATEISIMU
IpY TIOMOIIM €CTECTBEHHOIO s3blKa. OTH CHUCTEMBl JOJDKHBI OBUTM  caMooOydaThCs,
UCIIOJIb30BaTh HAKAIlJIMBAaEéMble B MaMSATH 3HAHUS JUIsl PELICHHUsS pPAa3IMYHOrO pojaa 3ajad,
IIPEIOCTABIIATE IIOJB30BATENSAM DKCIEPTHBIE KOHCYJbTAllMM, HPUYEM OT IOJIb30BaTENs HE
TpeOOBaAJIOCH OBITH CHENHAIUCTOM B HHpopMartuke. lIpenmonaramoch, 4TO YETOBEK CMOXKET
UCMob30BaTh OBM MATOro MOKOJIEHHS TaK K€ JIETKO, KaK JI00ble OBITOBBIE 3JEKTPONPHOOPHI
TUNIA TEJEeBM30pa, MarHuTopoHa M TMbulecoca. Bckope Bciieq 3a SMOHCKUM CTapTOBAIH
AMEPUKAHCKUHI U €BPOICUCKUI ITPOEKTHI.

[TosiBNeHHEe TakMX CHUCTEM MOTJIO Obl M3MEHUTH TEXHOJOTUH 32 CUET MCIOJb30BaHus 0a3
3HAaHUU U 3KCHEPTHBIX cucTteM. OCHOBHAsI CyTh KaUECTBEHHOTI'O NEPEX0/1a K MATOMY IMOKOJIEHHIO
OBM 3axmovanack B Tepexojge OT o0pabOTKM JaHHBIX K 00paOoTke 3HaHWH. SMOHIIBI
HAJEsUINCh, YTO MM YJIAcTCs HE TMOACTpauBaTh MBIIUICHUE YEJIOBEKA I10J IPHUHIIHUIIBI
(GYHKIIMOHUPOBAHUS KOMITBIOTEPOB, @ MPUOIM3UTh pabOTy KOMIIBIOTEpA K TOMY, KaK MBICIHUT
YeJIOBEK, OTONAS MPH 3TOM OT (JOH HEHMAHOBCKOM apXHUTEKTyphl KommbioTepoB. B 1991 rony
MIPEIoJIarajioch CO31aTh MEPBbI MPOTOTUI KOMITBIOTEPOB MATOTO MOKOJIEHUS.

Tenepb yXe NOHATHO, YTO IMOCTaBJICHHBbIE IENM B TOJHOM Mepe Tak M He ObulM
JOCTUTHYTBI, OJIHAKO JTOT MPOEKT IMOCIYXKUJI HUMIYJIbCOM K Pa3BUTHIO HOBOI'O BHTKa
UCCIICIOBaHUI B O0JIACTM MCKYCCTBEHHOI'O MHTEJUIEKTa M BbI3Bal B3pHIB HHTEpeca K
JIOTUYECKOMY MPOrpaMMUpOBaHuI0. Tak Kak Juist 3pGEeKTUBHOMN peanu3alnuu TpaJulMoHHas (oH
HEeIMaHOBCKasi apXUTEKTypa He MMOJX0AMIa, ObIIIM CO3/aHbl CIIeUATN3NPOBAHHBIC KOMITBIOTEPHI
joruyeckoro nporpammupoBanus PSI u PIM.

B kayecTBe OCHOBHOI METOJIOJIOTHH Pa3pabOTKU MPOTPaMMHBIX CPEJCTB JUIS MPOEKTa
OBM nmsAroro mnokoneHus ObUI0  KM30paHO  JIOTMUECKOE MPOTpaMMHUpPOBAHUE,  SPKUM
IIPEJICTaBUTENIEM KOTOpOro sBisiercs sA3bIk Ilposor. /lymaercs, 4To M B HacTosllee BpeMs
[Iposor ocraercss Hambosee MOMYJSPHBIM S3bIKOM HCKYCCTBEHHOI'O WHTEIJIEKTa B SMOHUU U
EBpone (B CIIA, TpaguuuoHHo, O0ojee pacHpoCTpaHEH JApPYrod s3bIK HCKYCCTBEHHOTO
MHTEeIJIeKTa —sI3bIK ()YHKIIMOHAJIBHOTO NMporpaMMupoBanust Jlucm).

HasBanue s3pixka "IIposior" mpoucxoaur ot cnoB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢panirysckom Bapuante u PROgramming in LOGic — B
AHTJIMHACKOM).

[Tposor ocHOBBIBaeTCS Ha TAaKOM pasfelie MaTeMaTUYeCKOW JIOTMKH, KaK HCYHCIICHHUE
npeaukaroB. TouyHee, ero 0as3uc COCTaBIISET MPOLEAypa JI0Ka3aTeNbCTBA TEOPEM METOA0M
PE30IIIOLMHU TSI XOPHOBCKUX TU3BIOHKTOB.
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1. HEJIb U 3AJJAYX U3YYEHUA JUCHUTIJIMHBI

[lenbto OCBOEHHMS NUCUUIUIMHBI sBIsieTCs (opmupoBaHHe Habopa MpodecCHOHATbHBIX
KoMIeTeHIMi Oyaymiero 6akanaspa mo HampasieHuto 09.03.02 MupopmalMoHHbIE CUCTEMBI U
TEXHOJIOTHH.

3a1aul OCBOEHMS AMCLHUIUIMHBI U3Y4YEHHE JIOTUYECKOTO MPOrpaMMHUPOBAHUS, OCBOEHUE
METO/JIOB JIOTUYECKOTO MPOTrpaMMHUPOBAHUSI.

2. OBOPYJIOBAHME U MATEPHAJIbI

ATmmapaTHbIe CpEJICTBA: TEPCOHATBHBINA KOMITBIOTED.

[Iporpammusie cpeactea: MS Windows, MS Office, SWI-Prolog, Visual Prolog.

VYuebnblii kiacc ocHameH IBM-coBMecTHMBIME KOMMBIOTEpaMHU, OOBEAMHEHHBIMH B
JIOKaJIbHYIO0 ceTh. JlokalbHas ceTh yueOHOTo Kiiacca MMeeT MOCTOSIHHBIN JOCTyM K ceTu Internet
Mo BbIACNEHHON nuHUH. [ mpoBeaeHUs m1abopaTOpPHBIX PabOT HEOOXOIUMO CIICTYIOIIEe
nmporpaMMHoOe obecrieueHue: oneparronHas cucreMa MS Windows, makeT oUCHBIX MPOrpaMm
MS Office, naketst SWI-Prolog, Visual Prolog.

3. YKA3ZAHUA 110 TEXHUKE BE3OITACHOCTH

[lepen w©awgamoMm pabOTHI cleayeT YOEOUTHCS B HWCHPABHOCTH DIIEKTPOIPOBOIKH,
BBIKJIOYATEJIeH, IITENCeNbHBIX PO3ETOK, NMPH MOMOIIM KOTOPBIX 000pYy/IOBaHHE BKIIOYACTCS B
CEeTh, HAIMYUH 3a3eMJICHUSI KOMITBIOTEPA, €T0 pabOTOCITOCOOHOCTH.

Jisi CHMKEHUS WM TpeJOTBpAIlleHHs BIMSHUS OINACHBIX M BpeIHBIX (DakTOpoB
HEOOXOIMMO COONIONIaTh CAaHWTApHBIC MpaBHJIa W HOPMBI, THTHCHHYECKHE TpPeOOBaHUS K
MEPCOHAIBHBIM 3JIE€KTPOHHO-BBIUUCIUTEFHBIM MAITHHAM.

Bo wu30exaHne TOBpPEXKICHHUS W30JSIMA TPOBOJOB M BO3HUKHOBEHHS KOPOTKHX
3aMBIKaHU{ HE pa3pelaeTcs: BellaTh 4TO-TM00 Ha MPOBOA, 3aKpaIlMBaTh M OCIUTH IIHYPHl U
MPOBOJIA, 3aKJIA/IbIBAaTh MPOBOJA W IIHYPHI 32 Ta30BbIE M BOJOMPOBOIHBIC TPyOBI, 3a OaTapew
OTONHUTENILHOW CHUCTEMBbI, BBLIEPTUMBATh ILUTENCEIbHYI0 BWIKY W3 PO3ETKU 3a IIHYpP, YCHUIIHE
TOJDKHO OBITH MPHIIOKEHO K KOPITYCY BHIIKH.

JUIs MCKITIOUEHUS] OPayKEHHsI AIIEKTPUYECKUM TOKOM 3alpellaeTcs: 4acTo BKIIOYATh U
BBIKJTIOYATh KOMITEIOTEp 0€3 HeoOXOAMMOCTH, MPUKACaThCsl K AKPaHy M K THUTLHOH CTOpPOHE
OJIOKOB KOMIIbIOTEpa, PabOTaTh HA CPEACTBAX BBIUMCIUTENBHOW TEXHUKH M mepudepuitHoM
00OpYZIOBaHUM MOKPBIMH pyKaMHu, paboTaTh Ha CpEICTBAaX BBIYHACIHUTEIEHOW TEXHUKU H
nepudepuitHoM 000pYJIOBAaHMHU, MMEIOUIMX HAPYLIEHUs HEJIOCTHOCTH KOpIyca, HapyIICHUsS
W30JISIIUM  TPOBOJIOB, HEUCTIPAaBHYI0 WHAMKALMIO BKIIOYCHUS THTaHUS, C TpU3HAKaMU
AJIEKTPUYECKOTO HANpPSIKEHUsI Ha KOPIyCe, KJIACThb Ha CPEJCTBA BBIYMCIUTEILHOW TEXHUKU U
nepudepuitHoM 060pyJOBaHUU TOCTOPOHHHUE MPEAMETHI.

3ampeniaercss  1OJ  HANpsDKEHHMEM — OYMINATh  OT  TBUIM W 3arps3HEHHA
AIEKTPOOOOPYTOBAHHE.

Bo  wusbexxanue  mOpakeHHs ~ DJICKTPUYECKUM  TOKOM, IpH  TOJb30BaHUM
ANIEKTpONpUOOpaMH HEJb3s KacaThbCsi OJHOBPEMEHHO KaKUX-TMOO TpyOOmpoBOAOB, Oartapeii
OTOIIJICHUSI, METAINTNYECKUX KOHCTPYKIUH, COeIMHEHHBIX C 3eMJICH.

[Tocne oxonuyanus pabOTHI HEOOXOIMMO OOECTOYUTH BCE CPEICTBA BBIYMCIHTEIBHOM
TEXHUKH U nepudepuiinoe obopyroBaHue. B ciydae HempepbIBHOrO ydeOHOro mporiecca
HE00XO0IUMMO OCTaBUTh BKIFOUEHHBIMH TOJIBKO HE00X0IMMOE 000pyJ0BaHHUE.



4. HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

No Tewmsl | HammeHoBaHME TEM JTUCHMIUIMHBI, X KPATKOE COAEPKaHUE Oo0vem | U3 HUX
JTUCIUTLIT 4acoB | MpaKTUueC
WHBI Kas
MOATOTOBKA
, 4aCOB
4 cemecTp
1 Tema 1. Ucrtopus pa3BUTHUSL jJorudeckoro | 4 4
MIPOrpaMMHUPOBAHUS
2 Tema 2. OCHOBBI MaTEMaTUYECKOM JIOTUKHU 4 4
3 Tema 3. Mcuuciienue BbICKa3bIBaHUM U IPEIUKATOB 4 4
4 Tema 4. IlpuMeHeHHe JIOTMYECKOTO NPOrpaMMHUpPOBAHUS B | 4 4
MIPOCKTUPOBAHUH IKCIIEPTHBIX CUCTEM
Hroro 3a 4 cemectp 16 16
Hroro 16 16

5. COAEP)KAHUE JJABOPATOPHBIX PABOT

JlaGopaTtopnas patora 1. UcTopusi pa3BUTHS JIOTHYECKOT0 IPOTPAMMMPOBAHU

Heab pabdoTbl: M3ydyeHHE MHCTPYMEHTOB JIOTUYECKOTO MPOrPaMMHPOBAHUS, H3yUYECHUE
SWI-PROLOG. Co3znanue u 3amyck nporpamm Ha PROLOG. Pa6ota ¢ uaTepnperatopom SWI-
PROLOG.

OcHOBBI TEOpPUM

HNMmnepaTuBHbIe U AeKJIapaTHBHbIE SI3bIKU NPOrPAMMHUPOBAHUSA

TpaauLMOHHO MO MPOTrpaMMOIl MOHMMAIOT MOCJIEOBATEILHOCTE ONEPAaTOPOB (KOMAaHJ,
BBINIOJHAEMBIX ~ KOMIIBIOTEPOM). OTOT CTWJIb HIPOrpaMMHUpPOBAaHUS TNPUHATO  Ha3bIBaTh
umnepaTuBHbIM. IIporpaMMupyss B MMIEpaTUBHOM CTWIIE, MPOIPAaMMUCT JOJDKEH OOBSICHUTh
KOMIIBIOTEPY, KaK HY>)KHO pelaTh 3a1auy.

[IpOTMBOMONIOXKHBIM €My  CTWIb NPOrPpaMMHpPOBaHUS — TaK  HAa3bIBAEMBIN
NEKIapaTUBHBIA CTWJIb, B KOTOPOM TIpOrpaMMa MpPEJCTaBisieT Cco00Ml  COBOKYIHOCTb
YTBEPKJICHUH, ONMUCHIBAIOLINX (ParMEeHT MPEIMETHON 00JIACTH WIIM CJIOKUBLIYIOCS CUTYAlHUIO.
[IporpamMMupys B JeKIapaTUBHOM CTUJIE, IPOTPAMMMUCT JOJDKEH OMMCATh, YTO HYXKHO PEIaTh.

COOTBETCTBEHHO M S3BIKM  NPOTPAaMMHUPOBAaHUS  JEISAT HA MMIIEpaTUBHBIE U
JIeKJIapaTUBHBIE.

HmnepaTuBHble S3bIKM OCHOBAaHbI Ha ()OH HEHMAHOBCKOM MOJENN BbIUMCICHHUH
KOMIIploTepa. Pemias 3amauyy, WMIepaTHBHBIM IPOTrpaMMMCT BHaudaje CO3/l1aeT MOJEIb B
HEKOTOpOoi (hopManbHOM cucteMe, a 3aTeM NEPENHCHIBACT PELICHHE Ha MMIIEPATUBHBIN S3bIK
IIPOrpaMMHUpPOBAaHUS B TEpMUHAX KommbioTepa. Ho, Bo-mepBbIX, JJIs YEIOBEKa paccyXkJIaTh B
TEPMHHAX KOMIIBIOTEPA JIOBOJBHO HEECTECTBEHHO. BO-BTOpBIX, NOCIENHHMN 3Talm 3TOU
NeSITEbHOCTH (TIEPENMChIBAHUE PEIIEHUS Ha SI3bIK IPOrPaMMUPOBAHNS) 110 CYTH Jieja HE UMEET
OTHOILEHUS K PEIICHUI0 UCXOAHOU 3anayr. OueHb 4acTO MMIIEPAaTUBHBIE MIPOIPAMMUCTBI JaXe
pasfendioT paboTy B COOTBETCTBHM C JBYMsI OINMCAHHBIMU Bbllle STanamu. OJHU JIIOIH,
IIOCTAaHOBIIMKY 3374, IPUAYMBIBAIOT PEIICHUE 3a7a4dd, a APYrue, KOOUPOBLIMKHU, NEPEBOIST
3TO PELIEHUE Ha A3BIK IPOrPAMMUPOBAHMSL.

B ocHOBe nexiapaTHBHBIX SI3BIKOB JIKUT (HhOpMaM30BaHHAs ueIOBEYecKas JIOTHKA.
UYenoBek JUIIb ONMUCHIBAET PEIIAEMYIO 3a]auy, a [IOMCKOM PEIIEHUS 3aHUMAETCs UMIEpaTUBHAS
crcTeMa IporpaMMUpoBaHusl. B uTore mosnydaem 3Ha4UTENBHO OOJBIIYIO CKOPOCTh pa3pabOTKH
MIPWIOKEHNHN, 3HAYMTEIbHO MEHBIINN pa3Mep MCXOAHOTO KOJa, JIETKOCTh 3alUCH 3HAaHUN Ha
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JEKJIapaTUBHBIX fA3bIKaX, Ooyiee TMOHATHBIE, MO CPAaBHEHHIO C HMMIIEPATUBHBIMU SI3BIKAMHU,
MIPOrpaMMBI.

W3BectHa KinaccupuKanus S3bIKOB TNPOTPaMMHUPOBAHMSA IO HUX OJM30CTH JIMOO K
MalIMHHOMY SI3bIKy, JIMOO K €CTECTBEHHOMY 4YeJIOBEYeCKOMY s3bIKy. Te, 4To Ommke K
KOMITBIOTEPY, OTHOCAT K sI3bIKaM HHU3KOTO YPOBHA, a T€, YTO OJIMKE K YEJIOBEKYy, Ha3bIBAIOT
SI3bIKAMH BBICOKOTO YPOBHA. B 3TOM CMBICIIE E€KIIapaTUBHBIE SI3bIKM MOYKHO Ha3BaTh A3BIKAMU
CBEPXBBICOKOTO MJIM HAMBBICIIETO YPOBHS, IMOCKOJIbKY OHM OY€Hb OJIM3KM K YEIOBEUECKOMY
SI3BIKY M YEJIOBEYECKOMY MBIIUICHHIO.

K mMmnepaTtuBHBIM fA3bIKaM OTHOCSITCSI TaKME€ S3bIKM MpOTrpaMMHpoOBaHus, kak [lackais,
beiicuk, Cu u T. A. B otinnure ot Hux, [Iponor sBisercs qeKIapaTUBHBIM S3bIKOM.

IIporpammupoBanue Ha sisbike IIposior

[Ipu nporpammupoBanun Ha I[lponore ycuiauss nporpaMMucCTa JOJKHBI — OBITh
HarpaBJIeHbl Ha OMMCAaHHUE JIOTMYECKOM Mojenu ¢parMeHTa HpeAMETHOH o0jacTu perraeMoit
3aJjauM B TEpMHUHAX OOBEKTOB MPEeIMETHONW 00JIacTH, UX CBOMCTB M OTHOIIEHUIN Mexay co0oil, a
He netaneil mporpamMmmHoi peanusauuu. @aktudecku [Iposor nmpeacrasiser co0oil HE CTOIBKO
SI3BIK JUISI IPOTPAaMMUPOBAHUS, CKOJIBKO SI3BIK JUISI OMMCAHMS TAaHHBIX U JIOTUKH MX 00paOOTKH.
IIporpamMma Ha Ilponore He sBIsS€TCS TAaKOBOM B KJIACCHYECKOM IOHMMAHHU, IOCKOJIBKY HE
COJIEPKUT SBHBIX YIIPABIISIFOIIMX KOHCTPYKUUH THIA YCIOBHBIX ONEPAaTOPOB, ONEPATOPOB IIUKIA
u T. 1. OHa mpencrasisier coboi Mozaenb (parmMeHTa mpeaMeTHONH 00JacTH, O KOTOPOM HJIET
peub B 3amaude. U pemieHue 3amauM 3amuchIBaeTCs HE B TEPMHHAX KOMIIBIOTEPA, a B TEPMHUHAX
IpeIMETHON 00JacTh pelaeMoil 3a1a4un, B TyxXe MOJAHOTO ceiyac 0ObEeKTHO-OPUEHTUPOBAHHOTO
IIPOrpaMMHUPOBAHUS.

[Iponor o4eHp XOpOIIO MOAXOIAMT JUISl ONUCAHUS B3aUMOOTHOILICHUN MEX1y 00BEKTaMu.
[Tostomy Ilponor Ha3piBarOT perAUMOHHBIM s3bIKOM. [Ipruem "pemsmumonnocts" Ilponora
3HAUUTEJILHO OoJiee MOIIHAs U pa3BHUTas, YyeM "PEeSILIMOHHOCTB" SI3BIKOB, MCIOJIb3YyEeMBbIX IS
oOpaboTku 0a3 ganHbix. Yacto Ilponor wucnonb3yercs il CO3JaHHSl CHUCTEM YIIpaBIICHUS
0a3aMu JaHHBIX, /1€ NPUMEHSIOTCS OYEHb CIIOKHBIE 3alpOChl, KOTOpBIE JOBOJIBHO JIETKO
3anucathb Ha [Iposnore.

B [Ilponore o4eHb KOMIAKTHO, IO CPAaBHEHHIO C MMIEPATUBHBIMHM  SI3BIKAMU,
OIUCHIBAIOTCS MHOTHE anropuTMmbl. [lo cTatuctuke, cTpoka MCXOAHOTO TEKCTa MpPOTrpamMMbl Ha
a3blke [Iposior COOTBETCTBYET YETBIPHAALIATU CTPOKAM MCXOJHOIO TEKCTa IMpOorpamMmbl Ha
MMIIEPAaTUBHOM $f3bIKE, pelIallieM Ty ke 3amady. IIponor-nporpamMmy, Kak HOpaBHIIO, OYEHb
JIETKO MHUCaTh, MOHUMATh M OTJIAXKUBaTh. JTO NPUBOJUT K TOMY, YTO BpeMs pa3pabOTKH
NpUIOKEHUsT Ha s3blke [Ipomor BO MHOTMX cllydasx Ha TOpSAIOK ObICTpee, 4YeM Ha
uMIepaTuBHbIX s3blkax. B I[Iponore snerko omuceiBate 1 00pabaThIBaTh CIOXKHBIE CTPYKTYpPHI
naHHbIX. [IpoBepuM 3TH yTBEepkK/A€HNS HA COOCTBEHHOM OMbBITE MPU U3yUYEHUH JAHHOTO Kypca.

[Iponory mpucymi psii MEXaHHU3MOB, KOTOPbIMH HE 00JIaJal0T TPAJAULMOHHBIC S3BIKU
MIPOrpPaMMHUPOBAHHUSA: COIMOCTABIIEHHE C 00pa3loM, BBIBOJ C IMOMCKOM M Bo3BpaTtoM. Ermie onHO
CYLIECTBEHHOE OTIMYME 3aKJIIOYaeTcss B TOM, YTO i1 XpaHeHUs JaHHbIX B Ilposore
UCIOJIB3YIOTCSl CIHMCKH, @ HE MAacCHBBL. B s3bIke€ OTCYTCTBYIOT ONEPATOpPbl NMPUCBAaUBAHUS U
0e3yCIIOBHOTO Tepexona, ykazaTelu. EcTecTBEHHBIM M 3a4acTyl0 €IMHCTBEHHBIM METOI0M
MIPOrPaMMUPOBAHUS SBIISETCS PEKYPCHSL.

Jns pemieHus 000W 3aaud €CTh ONTUMAIBHBIA SI3BIK (S3BIKM) MPOTPaMMHUPOBAHMSL.
MHorue 3ajaud, XOpoUIO peliaeMble UMIEepaTHUBHBIMU si3bikaMu Tuna Ilackans u Cu, miuoxo
pematotcs Ha [Iposnore, nu Hao60poT. OcHOBHBIE 0OsacT puMeHeHus [Iponora:

- OpICTpast pa3pabOTKa MPOTOTUIIOB MPUKIIATHBIX TIPOTPAMM;

- aBTOMAaTHYECKHI NIEPEBOJI C OJJHOTO fA3bIKA HA APYTOM;

- CO3JITaHNE €CTECTBEHHO-A3BIKOBBIX HHTEP(PEICOB I CYIIECTBYIOMIUX CUCTEM;

- CHMBOJIbHBIC ~BBIYMCJICHUS JJISi PpEIICHUS YpaBHEHUH, Iu(QepeHIUpoBaHUsS U
MHTETpUPOBAHUS;

- IPOEKTUPOBAHHUE JUHAMUUYECKUX PENISIUOHHBIX 0a3 JaHHBIX;

- OKCTIEPTHBIE CUCTEMBI M 00OJIOUKH IKCIIEPTHBIX CUCTEM;
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- aBTOMaTU3UPOBAHHOE YIIPABJICHHE POU3BOICTBEHHBIMH MTPOIIECCAMHU;

- QBTOMaTHYECKOE JIOKA3aTEILCTBO TEOPEM;

- IOJTyaBTOMAaTHYECKOE COCTABJICHHE PACIIHCaHUH;

- CUCTEMBI AaBTOMATU3HWPOBAHHOI'O IPOCKTHPOBAHUA, 633pr10HIGCC$[ Ha 3HaAHUAX
porpaMMHOE 00eCTIeueHHE;

- OpraHuM3anys cepBepa JAaHHBIX WJIM, TOYHEE, CEpBEpa 3HAHHWM, K KOTOPOMY MOKET
oOpalarbesi KIIMEHTCKOE TPUIIOKEHUE, HAMCAHHOE Ha KAaKOM-JIMOO SI3BIKE MTPOTPAMMHUPOBAHHSL.

3nakomcTBO ¢ nHTepnperatropom SWI-PROLOG

B manke c ycranoBiaeHaeiMm SWI-PROLOG Bolimute B aupekropuro pl/bin, co-
nepkamtyto aiin plwin.exe, u 3amycture ero. Ha skpaHe mosiBUTCS TJTaBHOE MEHIO M TJIaBHOE
(mramoroBoe) okHo ¢ npurnameaueM SWI-PROLOG (cm puc.1).

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

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

SWI-FProloyg comes with ABSOLUTELY NG WARRANTY. This iz free scoftware,

and you are welcome to redistribute it under certain conditions.

Please wrisit http:/ /wrvw.swi-prolog.org for details.

For help, use ?— help (Topic) . or 7— apropos (Word) .

W il

Pucynoxk 1.1 - Bug auanorosoro okna SWI-PROLOG

I'maBHOE MEHIO MOJKHO clellaTh akTuBHBIM, HaxkaB F10 wim Alt. Korga riomaBHOe MEHIO
aKTUBHO, €ro 3JIEMEHThI MOXXHO BBIOpaTh C TIOMOIIBIO KJIABHUIN YIIPABJICHUS KypcOpOM H
MOCIEAYIOMUM HakaTueMm kiaBumu Enter. BeiOuparh 37€MEHTHI TVIABHOTO MEHIO MOYKHO
TaKXXe U MBIIIBIO.

IIporpamma na Ilposore
[Tporpamma na IIposore coctout u3 (pakToB M MpaBuil, KOTOPhIE 00Pa3yIOT 6a3y 3HAHUI
[Tposnor-nmporpamMmel, 1 3ampoca K 3Toi 6a3e, KOTOPBIN 33JaeT eb IOUCKA PEIICHUH.

IIpeankarbi

OnuchIBalOT OTHOIICHHE MEXKAYy OOBEKTaMH, KOTOpBIC SBISIOTCS apryMEHTaMu
MpearKaTa.

dakThl

KoHcTaTupyoT Hajaumyue 3aJaHHOrO MPEIUKAaTOM OTHOLICHHS MEXKAY YKa3aHHbIMU
00BbEKTaMH.

INPUMEP
Koncraranus ¢axra B mpeasioxkeHun
DJuieH JIF0OUT TEHHNC.

B CHHTAaKCHCE Hponora BBITJIAOUT TakK:
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| JAOHT(DIeH, TEHHNC).

HM$ OTHOIICHHSA HMEHA 00BLEKTOB
(MMA IpeIHKaTa) (3HAYCHHA APTYMEHTOB)

Pucynok 1.2 — Cunraxcuc IIposor

Nms npegukara (dhyHKTOpa) M 00BEKTa JODKHO HAYMHATHCS C MAJICHBKOW OYKBBI U
MOXKET COJEpXaTh JATUHCKUE OYKBbI, KUPWILIMIY, LUUPpPbl U CUMBOJ NoadepkuBaHus ().
Kupunnuna ucnonb3yercss HapaBHe ¢ JTaTHHCKUMHU OykBaMu. OOBIYHO MpeAuKaTaM JaloT TaKHe
UMeHa, 4TOObl OHU OTpakadu CMBICT OTHomeHWs. Hampumep: main, add file name. [IBa
npeauKata MOTYT MUMETh OJMHAKOBBIE HMMEHA, TOTJla CHCTEMa pAaclo3HAeT WX KaK pas3HbIe
MPEIUKATHI, €CJIM OHU MMEIOT PAa3IMYHOE YHCIIO apryMEHTOB (apHOCTH). Hampuwmep, mrobut/2,
To0uT/3.

Wms mpenkaTa MOXKET COBMAAATh C MMEHEM KaKoTro-JIM00 BCTpoeHHOro npeaukara SWI-
PROLOG. Opmnako, eciay COBMAdd MMEHA IMOJIb30BATEIBCKOTO UM BCTPOSHHOTO MpEAHKaTa, TO
npu oOpameHnd K HemMy (MO0 W3 MHTEepHperaTtopa, JUOO W3 Mporpammbl), OyJeT BBI3BaH
MOJIb30BATENbCKUI  TpEJUKaT, T.e.  IOJB30BAaTEIbCKOE  OMpEIeNIeHHE  «IEePEKpPOeT»
npenonpeneneiHoe B SWI-PROLOG.

IIpaBuaa
HpaBHna OIMUCBIBAIOT CBA3U MCKY NMPCAUKATAMMU.

bunn mrobut Bee, yto moout Tom.
B cuHTakcuce [Iposnora:
moout('bumn’, Heuro):- mobut('Tom',Heuro).

[IpaBuno B:-A coorBerctByeT ummuinkaunu A—B («ECJIM A , TO By).

B o6miem Bujie mpaBHIIO - 3TO KOHCTPYKIIHS BUA:

P0O:-P1,P2,...,Pn.

kotopas uutaercs «P0 uctunno, ecnu P1 u P2 u ... Pn uctunHb.

[Ipenqukar PO Ha3piBaeTcs 3arojloBKOM mpaBwia, Beipaxenue P1,P2,....Pn - Tenom
npaBuJja, a MpeauKkartel Pi - moanensMu npaBuia. 3amsrasi o3Havaet jorudeckoe "M".

@®akThl ¥ TpaBWIa HA3BIBAIOTCA TAKXKE YTBEPKACHUSAMHU WM Kio3aMu. DakT MOXHO
paccMaTpuBaTh Kak MpaBUJI0, UMEIOIIEE 3aroj0BOK U IyCTOE TEJO.

IIpouenypa

[Tporieaypa - 370 COBOKYIHOCTh YTBEPIKACHHM, 3ar0JIOBKA KOTOPHIX UMEIOT OJTMHAKOBBIN
(GYHKTOp ¥ OZIHY U Ty K€ apHOCTh. [Iporienypa 3agaeT onpenercHue npeaukara.

Koner mpennoxeHusi BCerja OTMEYAaeTCsl TOYKOHM, MOITOMY Bce (DakThl, MpaBWiIa M
3aMpochl JTOJDKHBI 3aKAaHYMBATHCS TOYKOW. 3aMETUM TaKKe, YTO MEXIy MMCHEM MpeauKara u
CKOOKOM HE JTIOHKHO OBITH MPOOEITOB.

Ilepemennasn
[TepemenHas - moMMEHOBaHHAsI 00JIACTh MAMSTH, TJI€ MOYKET XPaHUTHCS 3HAYCHUE.
Ecnu nmepeMeHHast He CBsi3aHa CO 3HAUEHUEM — OHA HA3bIBACTCS CBOOOIHOM MepeMEHHOM.

Yaupurkanus

YHu}uKanus - mnpouecc MOIXy4eHUs CBOOOJHON TEepeMEeHHOW 3HAueHHsI B pe3yJIbTare
comnocTaBiieHus Tipu jorudeckoM BbiBojJie B SWI-PROLOG.

[lonaTtne mepeMeHHON B JIOTUYECKOM MPOTPAMMHUPOBAHUHM OTIMYAETCS OT 0a30BOTO
MIOHSTHS NIEPEMEHHOM, KOTOPOE BBOJUTCS B CTPYKTYpHOM IporpamMMmupoBanud. IIpexne Bcero,
3TO OTJIMYME 3aKiItodaercs B ToM, 4uTo nepeMeHHas B SWI-PROLOG, ogHaxapl MOIy4YHB CBOE
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3HAYEHHUE MpU YHUPHUKAIMU B IIporiecce paboThl IPOrpaMMbl, HE MOXET ero U3MEHUTh, T.€. OHa
CKOpee SBJSETCS aHaJoroM MaTeMaTHYeCKOro TIOHATHS «IepeMEHHas» — HeHW3BecTHas
BennunHa. [lepemennas B SWI-PROLOG He umeeT npenonpenencHHoro TUa JaHHbIX U MOXKET
OBITh CBSI3aHA CO 3HAYEHHUEM JIF0OOT0 THUIIA JaHHBIX.

ITepemennas B8 SWI/PROLOG o6o3Ha4aercsi Kak MOCJIE0BAaTEIbHOCTh JATUHCKUX OYKB,
KUPWLTUIBI U (P, HAUMHAIOIIAsACS C 3arjlaBHOM OYKBBI MJIM CUMBOJIA MOAYEpKUBaHus ().
3aMeTHM, YTO €ClM 3HAueHHE apryMeHTa NpeAuKaTa WIA €ro MMs HAauMHAeTCs C 3arjaBHOU
OYKBBI, TO OHO TIUIIETCS B anoCTpodax.

B SWI-PROLOG pa3nuuarorcsi CTpOUYHbIE U 3arjlaBHbIE OYKBBI.

Paccmotpum  ciemyromyro  mporpammy Ha  SWI-PROLOG, xotopyro Oymem
UCIIOJIB30BaTh JUIsl WUIFOCTPALlMM IIPOLIECCOB CO3/IaHUS, BBINOJHEHUS W PENAKTHPOBAHUSA
[Iponor-nporpamm.

Jluctunr 1.1.
/* KTO 9TO JTHOOUT */
nro6ut('DiieH', TeHHHC). Y% DIUIeH TI0OUT TEHHHC
moout('[IxoH', hyToom). % xoH mroouT GyTdOIT
mro6ut('Tom', 6eiic6oin). % Tom modbur Geiicoon
moout('Dpuk', maBanue). % IpUK TOOUT TUTABAaHUE
moout('Mapk', TeHHHC). YoMapk JHOOUT TEHHUC
moout('bunn', X):-moobut('Tom', X).
%buin moout To, uro aoout Tom

KommeHnTapuii B CTpOKe MporpaMMbl HAUMHASTCS ¢ CUMBOJIA % W 3aKAaHUYMBACTCS KOHIIOM
CTpOKH. b10K KOMMEHTapueB BBIACIAETCS CIEIHATbHBIMA CKOOKaMU:
/* (Hadano) u */ (koHer).

3anganue 1.1

Jnist Toro 4To0BI HAOpaTh TEKCT MPOTPAMMBI, BOCIOIB3YHTECh BCTPOCHHBIM TEKCTOBBIM
penakrtopoM. UtoObl co3naTh HOBBIHM (aitn BeiOepere komanay File/New, B n1uanoroBoMm okHe
YKaXHTE UMs HOBOTO (aiina, Hanpumep, TecT. [isd pemakTupoBaHus yke co3gaHHoro (aiina ¢
UCITOJIb30BAaHUEM BCTPOSHHOTO PEIaKTOpa MOXKHO BOCHOJIB30BaThCsl KoMaHaoi MeHto File/Edit.
Hab6eiite mporpamMmy 1 (TekcT nmporpaMmsl Belle o TeKCTy) U coxpanute ee (File/Save buffer).

] TecT. pl

File Edit Browse Compile Prolog  Pce  Help

NHGHT (T SaeHT, TeHHMC) . $390TeH NHSHT TeHHMC

qbxue (Do, dyvrbon) . (0xoH mwfurm dyrhon

NHOBHT ("ToMm', Beldcbon) . %TomM nHEUT DeHobon

Jbxe (T2puE ', ONaBaHMe) . SIpHME JHGHMT MIABAHMS

qbue ("Mapk', TeHHM:) . (Mape N0SMT TeHHMO

BT ("Buan' X)) —nmbur ("Tom',X) . %Buan mwSHT To, UTo JHOHT TOM‘
A Line: b

Pucynok 1.2 - Baemnuii Bua pegakropa

KpacHbIM IIBETOM IOJICBEUYMBAIOTCS MIPEIUKATHI B 3ar0JIOBKAX MPEUIOKEHUH, KOTOPHIC C
toukn 3peHust cuHTakcuca SWI-PROLOG «koppekTHbl. VYkazarenb “Kypcop” MOXHO
UCTIOJIB30BaTh JIJISl BRIBEPKHU (HAIIpUMEp, KOPPEKTHOCTH) PACCTAHOBKH CKOOOK. 3eJIEHBIM I[BETOM
BBLACIAKOTCA KOMMCHTApUH, TCMHO-KpaCHbBIM LIBCETOM - MCPECMCHHBIC. HOI[‘{epKI/IBaHI/ICM
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BBIICIISIIOTCS NPEAMKAThl B TEJE IPAaBWIA, KOTOPBIE COBNAJAIOT C IMPEIUKATOM 3arojloBKa,-
TakKUM 00pa3oM aKIEHTHPYETCS BHUMAHKUE HA BO3MOKHOM 3allMKJIMBAHUU [TPOTPAMMBI.

UrtoOBbI 3ayCTHTh NPOrpamMMy, cHauvaa Heo0xoaumo ee 3arpy3utb B SWI-PROLOG nist
BBITIOJIHEHMsI. JTO jaenaercs BeiOopoM omimu Compile/Compile buffer u3 oxna pemaxTopa.
Pesynprar KoMmwisiuuu oToOpaxaercss B okHe uHTepnperaropa SWI-PROLOG. Tam xe
yKa3bIBalOTCAd OMIMOKH, BO3HHUKILIWE MPH KOMIMJISIUM, Yalle BCEr0 OHU OTOOpa)karoTcs U BO
BCIUTBIBAIOIEM OKHE OoHO0K. OOBIYHO Mepe]l KOMITMIALUEH MpeiaraeTcs COXpaHUThb (hail.

Hpyroit cmocob 3arpy3uTh YK€ CYMIECTBYIOIHUMA (aili — ATO BBIMOJTHEHHE KOMAaHJIbI
Consult B mogmento File nquamoroBoro okaa SWI-PROLOG. Ha skpaHe mosIBUTCSI 1UAJIOTOBOE
OKHO.

Load file into Prolog @
Manka: | 2 Sw/l-prolog j £ Ef-
= r‘! TEeCT
Hepaerie
LOKYMEHTEL
-
Patiouuii cton
tMou gokyreHTEl
b
Mok KomMnewTED
€ (peewwe | = G
Ceresoe Tun aiinoe: |F'r0|og Source j OtraeHa
DERIREC IS [T Tonbko greHme

Pucynok 1.3 - JlnanoroBoe okHO

Vkaxute ums (Qaitna, KOTOPBIM BBl XOTUTE 3arpy3uTh, U BeiOepuTe OTKPBITh. ECin BBI
MOTIBITACTECh 3arPY3HUTh ISl BBHIMIOJHEHUS (haiiyl, B KOTOPOM €CTh CHHTAKCHUYECKHE OIMIMOKH, TO
OH HE 3arpy3uTcs, a Bbl MOJIY4YUTE cooOIIeHne 00 ouIrOKe B TJITaBHOM OKHE. YTIIOBBIE CKOOKH <<
>> OyIyT BBIICIATh MECTO, TJIe BCTpeTHwiach ommoka. [To ymomyanuto (haiibl, acCOUUpyeMble
¢ SWI-PROLOG umeroT pacmupenue .pl.

DaiiJIbl TAK)KE MOKHO 3arpy3UTh, UCIOJIb3Ysl BCTPOCHHBIN MPEIUKAT:

consult(Mms daiina wim nMeHa HeCKOJIbKUX (ailiioB).
Jluctunr 1.2

consult(Test).

consult([Test1,Test2]).

% test — ums (aiina
% 3arpy3ka nByX (aiinos.
consult(‘test.pl’).1

st BBIMOMHEHUS 3arpy3Kd 3TOT MPEIUKAT HYKHO HamucaTh B TJIaBHOM OKHE IOCIIE
MpUriameHus: uHTepnperaropa (?-), KOTopoe 03HaYaeT, YTO UHTEPIIPETATOP HKIET 3arpoc.

3anpoc
3anpoc -3TO KOHCTPYKIIUS BUAA:
?- P1,P2,....Pn.

koTopas untaercs "BepHo i P1 u P2 u ... Pn ?". IIpenukaTe! Pi Ha3pIBaroTCs moauensiMu
3arpoca.

3amnpoc sBISETCS CIIOCOOOM 3alycka MeXaHU3Ma JIOTUYECKOrO BBIBOJA, T.€ (haKTUYECKU
3anyckaet lIposor-nporpammy.

Jis mpocMoTpa MpeasioKeHUH 3arpyKeHHoW 0a3bl 3HAaHMW MOXKHO HCIOJIb30BaTh
BCTPOCHHBIN mpeaukar listing.
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[IpoBepbTe 3arpy3ky ucxonanoro ¢aina (Jlucrunr 1.1), 3agaiite 3anpoc:
?-listing.

Bsenure 3amnpoc:
?-mro6uTt('bumt',6eticoom). % JIroOut nu bumn 6eiic6on?

[Monmyunte oTBeT yes (l1a) U HOBOE MpUTTIAIICHHWE K 3ampocy. BBemute cremyromiue
3aMpochl ¥ MOCMOTPUTE Ha PE3yJIbTaThI.

Jluctunr 1.3
?-mro6ut('bunt', TeHHuUC). %JTro0ut 1u bumn tennnc?
?-moout(KT0, TeHHNC). %KTO MH06UT TeHHUC?
?-mro6uTt('Mapk',Uto),1r06uT('Imier',Uto).%YUro mr06sT Mapk u DmieH?
?2-nmroouTt(KTo, YTO). %Ko uTo MmroouT?
?-mobut(Kto, ).%KT0 mo6ut?

[Tpu nmoucke pemenuii B 6aze [Iponora BeiaeTcs MepBOE peIIeHUE.

JIuctunr 1.4
?-moout(KT0,TeHHMC).
Kto = "Dnnen'

Ecnn HeoO0XonuMO NpOJODKUTH MOUCK B 0a3e MO 3TOMY JK€ 3ampocy U MOJIY4YHTh
aIbTepHATUBHbIE PELICHMSI, TO BBOJUTCS TOUYKA C 3aISTOMN;

Ecnu Heo6xoauMo mpepBaTh BBIIIOJHEHUE 3a1poca, (HanpuMmep, Hy>KHO HaOpaTh IpyTroi
3ampoc), UCTIOIB3YHUTE KIIABHIITY b.

He BBotMTE NMS (aiina ¢ pacimpenueM 6e3 anoctpodos.

Ecin Bbl XoTuTE NOBTOPUTH OJUH W3 MPEAbLAYIIMX 3alpOCOB, BOCIOJIB3YHTECH
KJIaBuIIaMH "cTpenka BBepX' wim "cTpenka BHU3'.

[lepe3arpy3utb, M3MEHEHHbIE BO BHEIIHEM pEAAKTOpe, (aillibl MOKHO, UC- TOJb3Ys
BCTpOEHHBIN nmpeaukat make. Hampumep tak: ?-make.

1 SWI-Prolog (Multi-threaded, version 5.6.25)

File Edit Settings Run Debug Help

1 9= Warning: (£:/ nperp r Fmwis mwiprologtnpmmsapm mporpa A

s/ TecT.pli2) :
Zingleton wvariables: [Hewrrol

T £:/0L nporp P FEWI M SWIprolog+npmsepn mporpaum/TecT.pl =o

mpiled 0.00 sez, 1,704 bytes

3 £:/0L nporp P FEWI N SWIprolog+npmepn mporpaum/a.pl.txt o

cmpiled 0.00 sec, 1,224 bytes

?— % SWI-Prolog wersion 5.6.25 by Jan Wislemaker (janBswi-prolog.ora)

Copyright (o) 1990-2006 University of Amsterdam.

SWI-FProloy comes with ABSOLUTELY NG WARRANTY. This iz free scftware,

and you are welcome to redistribute it under sertain conditions.

H

Please wri=it http://www.swi-prolog.crg for details.
17— make.
Warning: [£:/ nperp P Fmwif =wiprclog+npmmepsn nporpamms/ Te

Singleton variablas: [Hewrol
T £:/ nporp Fmwis mwiprolog+opmaep:m mDporpaum/ TecT.pl oo
mpiled 0.02 ===, 196 bytes
= E:/ mporp F=mwis =wiprolog+opmaepm oporpams/a.pl.txt o
cmpiled 0.00 ===, 296 bytas
% Zocanning refarances for 1 pom=ibly undefined pradicates

Ve
T

Pucynok 1.4 — BcTpoeHHbIH npenukaT make

[lepezarpyskarorcs Bce n3MeHeHHbIE (paiibl U Qailyl HayaabHOM MHUIMAIK3auuu pl.ini; o
€ro Ha3Ha4eHUH OyJEeT OrOBOPEHO MO3HEE.

Hcnonb3oBaHue BCTPOEHHBIX NMPEeJUKATOB
B untepnperatope SWI-PROLOG wumerorcsi, kak ObUIO OTMEYEHO BBIIIE, MHOXECTBO
BCTPOEHHBIX NpeauKaToB. ONUIIeM HEKOTOphIE U3 HUX:
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consult (Ums ¢aiina).
— 3arpy3Ka OJIHOTO WJIM HECKOJIbKHUX (haiiiioB.

?- consult(test). test — ums ¢aiina

pwd
— MOKa3bIBaeT TEKYUIHH paboumii KaTauor.

?- pwd. c:/prolog_workspace

make
— Tepe3arpy3uTh Bce u3MeHeHHbIe (aiinsl (*.pl). B Tom uucne u pl.ini. Ananor
consult. Y100Ha npu pepakTupoBaHuM (hailIoB BO BHEIIHEM PEIAaKTOpE.

?7- make.

working_directory(X,Y)
cMeHa pabouero kartaiora, rae X — TeKyImuid pabounii KaTayior, Y — HOBBIM pa- Oounid
KaTaJor.

Is
IIPOCMOTp crHCcKa (QailyioB B TEKyIeM paboyeM KaTayore.

?-1Is. a.pl

3aganme 1.2

[lepeBenure mnpennokKeHUss PYCCKOro sA3bIKa B NpeAuKaTHyio (opmy, cosznaiire,
COXpaHHTE U 3arpy3ute 0a3zy 3HaHUIL.

OnneH moOUT uyteHue. Mapk JrOOUT KOMIBIOTEephl. J[KOH JIOOMT OaJMHHTOH. DpUK
JIOOUT YTEHHE.

BagmuHTOH - 3T0 BUJ criopTa. TeHHHUC - 3TO BUJI CHIOPTA.

®dyTt6o - 3T0 BUA criopTa. beiicbon - 310 BU ciopTa

CropTcMeH - 3TO TOT, KTO JIIOOUT KaKOH-HUOYAb BUJ CIIOPTA.

OO6weaunaUTE 3TY 0623y C 6a3zoii u3 3amanus 1.1.

BbinosiHeHHe H TPACCUPOBKA MPOIrPaMMbl

Anroput™m BoinosiHeHUs [Iponor-porpaMMbl OCHOBaH Ha MEXaHU3MeE MPSAMOro nepedopa
C BO3BpATOM M OIE€pallii CONOCTaBIeHUs (yHU(DUKALUH).

BreimonHenne mnporpaMMbl HauMHaeTcss ¢ 3ampoca. I[Iponor-cuctema OepeT mNepBYrO
MOJALENb 3allpoca M MBITAETCS JOKa3aTb €€ HCTUHHOCTh. JlJIg 3TOro mpocMaTpHUBAKOTCS
nporpaMMa (CBEpXy BHHM3) M HILIETCS MEpPBOE YTBEPXKIEHUE, (PYHKTOP M apHOCTb KOTOPOTO
COBIIAJAI0T C PYHKTOPOM U apHOCTHIO 3TOM MOJIIIEIH.

Ecniu Ttakoe yTBep)kJeHHE CYIIECTBYET U MPOUCXOJUT YCIEUIHOE COIMOCTABIICHUE
apryMEeHTOB, TOTJa B Cilydae YTBEpXKAEHHUSA-(pakTa - MOALENb JoKa3aHa, u IIpomor-cucrema
MepeXOUT K JOKA3aTeIbCTBY Cleayrolen noaunenn. B cioydae yrBepxaenns-npasuia [Ipomor-
CHCTEMa IIBITaeTCs A0Ka3aThb MICTUHHOCTD MOJLIEIIEN Teja IpaBuila caeBa HaIpaBo.

Ecniu npu mnowucke pemieHuss oOHapyKEHO HECKOJIbKO BapHaHTOB JI0Ka3aTelIbCTBA
UCTUHHOCTH 1ienu, To llponor-cucrema 3amoMHHAET allbTEPHATUBHBIE BapUAHThl PEILICHUS -
TOYKH BO3BpAaTa.

Ecin U1 HEKOTOpOM LieM HET HU OAHOIO YTBEPXKACHUSA, C KOTOPBIM €€ MOXKHO
CONOCTaBHTh, TO LEJIb CYUTAECTCS HEYCNENTHOW. Eciii mpu 3TOM OCTaIuCh HENMPONUACHHBIE TOUKH
BO3BpPAaTa, TO BBINOJHAETCSA BO3BpAT (OEKTPEKUHT) U eIl pa3 JiesaeTcs MOMNbITKa J0Ka3aTebCTBa
MTO/ALICIIH.

Boinosinenue nporpammsl Ha a3bike IIposor
Jluctuur 1.5

basa 3nanmii:
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?- a(X),b(X),e. a(1).
a(Y):- c(Y),d(Y). b(2).
c(1).
c(2).
d(2).
e.
3anpoc
?- a(X),b(X),e. IEPEBO BbBIBOJ/IA

Ha pucynkax mpeacraBieHo JepeBo BbIBOJA. JKUPHBIMU JIMHUSAMH B IepeBe 0003HAUYEHBI
U-nepeBbss — Ui A0Ka3aTeNbCTBA TAKOTO JepeBa HEOOXOJUMO, YTOOBI KaXkJas €ro BeTKa
«onupanack» Ha HUCTHMHHOE yTBepxkiaeHue. MJIM-nepeBbs HMCXOOAT U3 BEPIIMH C TOYKaMU
BO3BpaTa, TaKOE€ JI€peBO HCTHHHO, €CIM XOTs Obl OJlHA BETKa OINUpAaeTCd Ha HMCTUHHOE
yTBepxkaAcHUE. [lyHKTUpHBIE TMHUM — aJIbTEPHATUBHBIE BETKU, HE PACCMATPUBAEMbIE HA TaHHOM
stane (JIn0o JI0XKHBIC, TUOO0 elle He pACCMOTPEHHBIE).

B nanHOM mnpumepe nosyuyeHHE pEIICHUs CKIAIbIBAa€TCs W3 Tpex JSTanoB. BHavane
paccMmarpuBaeTcs ImepBas IOJIleNb — OHAa UMEET JiBa MpeasioKeHusl B 0ase, 3arojOBKH KOTOPBIX
COIOCTaBUMBI C HEH, MO3TOMY OHa SBIIsIeTCS TOYKOM BO3Bpara. BriOupaeTcs mepBoe cBepXy
npemayioxkenue — 3To ¢akt a(l), mpu 3ToM cBoOOAHAs TepeMeHHas X ToJydaeT 3HaueHue 1.
IlepBas menp 3ampoca gokazaHa. Bropas memp - b(l) (X yxe cBA3aHa co 3HaueHHeM 1) He
COTIOCTABJIIETCS HU C OJHHUM IMPaBUIIOM 0a3bl, CIIEJOBATEIBHO, SBIISETCS JIO)KHOM.

BokTpexkuHr — Bo3BpaT K Ommkaiimeil Touke Bo3Bpara, T.e. a(X). Ha BTOpoM nepese
0TOOpakeH BBIBOJ] IO BTOPO anbTepHaTuBe. CBA3BIBAIOTCS JIBE NepeMeHHble X U3 3ampoca U Y
U3 MpaBuia Jis npeaukara a. @axtuyecku 3anpoc ?-a(X),b(X),e moameHsiercss Ha HOBBIM Habop
neneir ?-c¢(Y),d(Y),b(Y).e. IlepBas moauenr — 310 c(Y) — OHa SBISETCS HOBOW TOYKOM
BETBJICHUS, TaK KaK YHU(DUIUPYETCs ¢ ABYMS MpeuiokeHusiMHu B Oaze. IlepBoe mpeiokeHne —
¢dakT npuBoUT K YHUUKauuu Y ¢ 1, Ho cienyromas B Habope nozuens d(1) — noxHa.

Tpetbe nepeBo oTpaxkaer anmbTepHatuBY ais c(Y) c¢ yHubukamumed Y=2. Jlns sroii
albTepHATUBBl HMCTUHHBI BCE TMOCIEAYIOUIME Meaud M3 Habopa (OHM YHUPHUIUPYIOTCS C
COOTBETCTBYIOIMMHU (haKTaMH).

3ananme 1.3

3arpysure IIponor-nporpammy u3 3aganus 1.2.

B SWI-PROLOG ects nBa BHIa OTJIQTYMKOB: KOMAaHIHBIN2 H rpaduyecKuii3, B
MOCJIeTHEM TPACCUPOBKA BBITIAUT OOJIee HArJISTHO.

Jns mepexona B PEKHMM TPACCHPOBKH HEOOXOAMMO HaOpaTh BCTPOCHHBIA MpPEIUKAT
debug. Jlns BEIXOAA U3 PeKUMA TPACCUPOBKH — NpeaAuKat nodebugs.

& Prolog debugging

Mode: MNormal|Debug | Trace |

? factorial/2
likes/2
£ song/1

Predicate: ﬂ B || P
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Pucynok 1.5 — Pexxum TpaccupoBku

[lepeiinute B peXWM TpacCHpPOBKU. J[Is TpacCHpOBKM HEOOXOAWMO yKa3aTh
KOHTpOJIbHBIE TOUKH (Spy points) B meHto Debug->Edit spy points->Predicate, rne ykaszatb
MMEHa MpeauKaToB. B JaHHOM ciydae ykakuTe mpeaukar jqroout. OOpaTH- Te BHUMaHUE, YTO
cIpaBa BHU3Y HAXOMAATCS TPHU KHOIKH, /1€ YKA3bIBAIOTCA KaK KOH- TPOJIbHBIE TOUKH, TAK U TOUKH
TpaccupoBku. KoHTponbHbIe ToukH (Spy points) MO3BOJSIOT BhI3BATh rpadpuyecKuii OTIATIUK.
Touku TpaccupoBku (Trace points)— KOHCOJBHBIA OTIHAIYUK. TpeTuil BHIOOp — MPOCMOTP H
pemakTupoBaHue (haiiia TporpamMMbl, cojepXKaiiel, BBeJICHHBIM B mone Predicate, mpenukar.
Buemnuii Bua n306paxeH Ha CHUMKE HUXKE.

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

a(X) b(1)
(TouKa BO3BpaTa) fail

X=Y
a('Y):-c(Y).d(Y).

PucyHnok 1.6 — BeinosiHeHHEe MporpaMMmsl

[ - a{}(}*b{}{]ﬁc. ]

a{}{]
(TOUKA RO 3EpaTa}

X—lr ‘
al(Y):-c(Y).d(Y).
I

I
(Touka Bo3BpaTa) fail

y=1
(1)

true

Pucynok 1.7 — BeinosiHeHHEe MporpaMMabl

I'paduueckuii oTIaguuK HE MOJIEPKUBAN PYCCKUX MTPEIUKATOB (He paboTaeT KOPPEKTHO
yKa3aHHe KOHTPOJIbHBIX TOYEK U TOYEK TPACCHUPOBKU uepe3 rpaduueckuil uatepdeiic). B cBsa3u
C OTUM OIHIIEM MPEAUKATHI, OTHOCAIIMECS K OTJIAAKE IPOrpaMMbl C HCIIOJIb30BAHUEM
KOMaHJHON CTPOKH.

Tabmuua 1.1 — [IpenukaTsl TpacCUPOBKH

[HpemeaT |On1/1caHne
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trace BKITIOYUTH PEKUM TpacCUpOBKU. Ecian He yKa3aHbl TOUKU TPACCHPOBKH, Oy/eT
MTPOU3BOIUTHCS TIOTHAS
roiaroBast TpaCCUPOBKA.

tracing YcnenieH, eciiu BbI3bIBACTCS U3 PEKMMA TPACCUPOBKH.

notrace BoixoJ U3 pexuma TpacCUpPOBKHU.

guitracer, Bxmrounts rpaduueckoro pexuma TpaccupoBku. OKHO rpaduueckoro

gtrace peXrMa TPACCUPOBKHU BKIIIOYAETCS MPHU BCTPEUYE NEPBOM KOHTPOJIBHOM TOYKH
(spy-point).

noguitracer  |[OTKIIOUUTH TpaUYECcKOro pekrUMa TPACCUPOBKHU.

trace(Pred)  [YcTaHoBUTH TOUYKY TpacCHpOBKH mpeaukara ¢ umeHeM Pred (To ecTh
oTOOpaXkaTbCcsl TPU TPACCUPOBKE OYJIET KaxkI0€ COOBITHE CBSI3aHHOE C
npenukarom Pred).

trace(Pred,Port|YcTtaHoBUT, TOYKY TpacCHpOBKM TMpeaukara ¢ uMeHeM Pred wu

S) AKTUBUPYIOIIEHCS MO COOBITUAM (IIPH TPOXOXK- JIEHUH Mo mopram) Ports.
CoOBITHSI MOTYT OBITh CJIETYIOIINUX TUIIOB:
fail — coOpITHE COOTBETCTBYIOIIEE HEYAAYHOMY BBI30BY IpEAUKATa C UMEHEM
Pred;
call — coOpITHE COOTBETCTBYIOIIEE MEPBOMY BbI- 30BY IpEAUKaTa ¢ UMEHEM
Pred;
redo — coOBITHE COOTBETCTBYIOIIEE MOBTOPHOMY BBI30BY IPEAMKATa C UMEHEM
Pred;
exit — COOBITHE COOTBETCTBYIOIEE YCIEIIHOMY OKOHYAaHUIO BBI30BY
npenukara ¢ umenem Pred.
Cam >xe mapamerp Ports MOXeT NpUHUMATh 3HAYEHUS THUIIOB COOOIIEHUH ¢
npeduKcaMu COOTBETCTBYIOIIMMU JOOABIICHUIO U YJIAJICHUIO COOBITUS (TTOPTA)
13 TOYKH TPACCHPOBKHU a TaK e CITUCKU TaKUX 3HaueHuid. Hampumep, 3ampoc
?- trace(foo/2, +fail), trace(foo/2, [+call,-fail]). nmobGaBmsier B TOUKY
TPACCUPOBKU CBSI3aHHYIO C Tpeau- katoM foo/2 cobwitue fail. [{nst mobaBneHus|
COOBITUA HCNONB3YIOT Tpeduxkc +, mig uzbitusg -. Kpome TOro MoxHO
OTIEPUPOBATH CPa3y CO BCEMH THUTIAMH COOBITUH, HCIIONIB3YsT 0003HaueHwue all.
[Tpumep:

trace(foo/2, +all).

debug Brrounts pexkuM oTinaaku. [lpu 3ampocax Kk mporpaMme B pekuMe OTIaAKH|
BBIBOJSITC BCE COOBITHS, TPOUCXOASIIME TPU BBIIOJHEHUH 3aIpoca,
CBSI3aHHBIE C YCTAHOBJICHHBIMU TOYKAMU OTJIAJIKH.

nodebug OTKIIIOYUTD PEKUM OTIIATKH.

debugging [Toka3aTh OTCIIEKUBAIOIINECS TOUKH TPACCUPOBKU U KOHTPOJIbHBIE TOUKH

spy(Pred) 'Y CTaHOBUTH KOHTPOJIBHYIO TOUKY, CBSI3aHHYIO C npeaukaTtoMm Pred.

ospy(Pred) YOpaTh KOHTPOIBHYIO TOUKY, CBSI3aHHYIO ¢ IpeaukaToM Pred.

nospyall 'YOpaTh Bce KOHTPOJILHBIC TOUKH.

2 Omnagka NMpOMCXOAUT B KOMaHAHOM cTpoke B auanoroBoM okHe SWI-PROLOG u
0TOOpakaeT MOCIeA0BATEIbHOCTD BBIMOIHIEMbIX MOALEIEH U PE3yJIbTaT BhIIOIHEHHUS.

3 I'paduueckuii oTnaaunKk oToOpaxaer HHPOPMALUIO B COOCTBEHHOM — OTJIEIbHOM OKHE.

4 He 3a0bIBaiiTe KaXXJIblil pa3 CTaBUTh TOUKY I10OCJIE IPEIUKATOB WIH IPYIIbl IPEIUKATOB
(3amMcaHHBIX Yepe3 3aIATYI0) — KaXK10€ MPEI0KEHHE 3aKaHYMBAETCS TOUKOH.
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Torma WMEHHO Ha yKa3aHHBIX TNpPEIUKaTaX TPAcCUpPOBKa OyAeT OCTaHABIUBATHCS U
MOKa3bIBaTh MPOMEXKYTOUHBIM pe3ynbTar. OcTanbHbIE HE yKa3aHHBIC MPEANKATHI HE OymyT
MOKa3aHbl (€CIM HE yKa3aHbl HUKAKUE KOHTPOJBHBIC TOYKH, TO PEXHM TPACCUPOBKU Oyjaer
HEOTJIMYUM OT OOBIYHOTO PEXMMa pabOThl HHTEPIIPETATOPA).

3anaiite 3anpoc

?-mo0uT(X,TeHHUC ), TH0OUT(X,KOMITBIOTEPHI ).

U TIOCMOTpPHTE, 4TO mpousoiinet. [locie mojgydeHus MEpBOrO PEUICHHS IMOJyYUTE BCE
ocTaJbHbIC, BBOS;. TpaccupoBka n300paxkeHa Ha CICIYIONIEM PUCYHKE:

1 SWI-Prolog (xxMulti-threaded, version 5.6.29)
Fle Edit Settings Run Debug Help
22 ?- debug. A

Yes

[debug] 23 ?- likes (¥, tennis),likes (¥, 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 z- |}

Pucynok 1.7 — TpaccupoBka nmporpaMMsl

B neBoii BepxHel yacTn okHa rpad)UIECKOro OTJIaIu4uKa OTOOPaKEHBI TEKYIIINE 3HAYCHUSI
NEPCMCHHBIX TCKYIICTO BBIMMOJIHACMOIO IMPEAUKaTa, ClipaBa CTCK BbLI3OBOB IMPCAUKATOB, B
HIOKHEW YacTu (akThl M MpaBWia, Ie IBETOM OTMEYEH CJIEeIYIONIMI BbI3bIBAEMbIN MpEAUKAT.
Buemnuii Bun rpadgudeckoro oriamuuka u3oOpakeH Ha pucyHke. CBepXy, B BUIE KHOIIOK,
HAXOJATCsl JAOMyCTUMBble AeicTBUA. BTopas kHOmka (CTpeika BIpPaBO) MO3BOJSET BBHIMOIHSATH
IIporpaMMy IOIIAroBO (MpeaukaT 3a mpeaukatoM). L[BeT BbIAENEHUS TaKKe€ MMEET 3HAUEHHE.
Kpachsiit 1BeT 0003Ha4aeT HeyAady, JIOKHOCTh PEIICHUSI.
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song.pl g@z'

Tool Edit Compile Help
1 [={{ % o Bl 2-[Bhlm atlal| v -2 2 DX 2~

N
N1

Call Stack

3
2

T factorial/2

7

8 [T factoriali2
9 factorial/2|
10 12 factoriali2

c:/prolog workspace/song.pl
song (X) :-xX>1,write('run, '), (¥ is %-1),song(Y). o
song (1) .
factorial (0,1).
factorial (N, F):-

N>0,

N1l is N-1,
facEorsal (NI ETI

F is N*F1. -
factoriaﬁ._itar (N, FactN) :—

fact (N, FactN,1,1) .

fact (N, FactN, I, D) :—

I<N,

Il 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, P) : —

Call: factorial/2

Pucynok 1.8 — Pe3ynbpTaT TpaccupoBku

I[MocTanoBka 3agaum K JabopaTopHoii padore 1

1. U3yuuTh npeajaraeMblii TEOPETUUECKUN MaTepHall.

2. Pa3paboraiite mporpaMMbl U chopMupyiiTe K HUM 3alpOCHI, UCTIONB3Ysl (pParMEeHTHI
Koga u3 jquctuHros 1.1-1.5.

3. Bommonnawure 3aganus 1.1-1.5.

4. OT4eT MOKEH colepKaTh TUTYJIBHBIN JIUCT, BKIIOYAIOIMINNA Ha3BaHHUE J1aOOPaTOPHOM
paboThI ¥ HOMEpP BapHaHTa, a TAKXKe CBEACHUS 00 aBTOpe ((haMWIHs CTyIEHTa M HOMED TPYIIIIBI).

5. OdopmieHre Kaxaoro 3ajlaHusi HayMHAWTE C yKa3aHUS €ro HOMepa, Hampumep
«3amanue Ne 1» u TekcTa 3a7aHusl.

6. Odopmisist pelieHue 3aJaHui, CcJleayeT BKIOYaTh B JIOKYMEHT CKPUHIIOTHI H
KOMMEHTApUH JJIs1 IOSICHEHHS UCITIOJIb3yEeMbIX 0003HAUYEHUN U BBITIOJIHSIEMBIX JCHCTBUH.

7. Odopmuts otueT mo jaboparopHoil pabore. [lpencTaBuTh OTYET MO JTaOOPATOPHOM
paboTe IS 3aIIUTHI.

3aganue 1.1

Jlyist Toro 9To0Bl HAOpaTh TEKCT MPOTPAMMBI, BOCIIOJIB3YUTECh BCTPOSHHBIM TEKCTOBBIM
penaktopoM. UToObI co3naTh HOBBIN (haiin BeiOepere komaHay File/New, B 1ualioroBoM OKHE
YKaXHUTEe UMs HOBOTO (paiiyia, Hampumep, Tect. i perakTupoBaHus yxe co3qaHHoro (Qaiina ¢
HCIIOJIb30BaHUEM BCTPOCHHOT'O PEIaKTOpa MOXKHO BOCIIOJIb30BaThes koMaHaon MmeHto File/Edit.
HabeiiTe nmporpammy 1 (TekcT mporpaMMel BhIIe 1o TekeTy) u coxpanute ee (File/Save buffer).

3aganue 1.2

[TepeBeure TpEUIOKCHUS PYCCKOTO S3bIKa B MPEAMKATHYIO (opMmy, co3faire,
COXpPaHHUTE U 3arpy3uTe 0azy 3HaAHUII.

OnneH mroOuT uyteHne. Mapk JIOOMT KOMIBIOTEphl. J[XKOH JIOOMT OagMHHTOH. DpUK
JIFOOUT UTEHUE.

bagMuHTOH - 3T0 BUI criopTa. TEHHHC - 3TO BHJI CIIOPTA.

®yT1601 - 3T0 BUJ ciopTa. beiicOon - 3To BUI ciopTa

CropTcMeH - 3TO TOT, KTO JIFOOUT KaKOH-HUOY b BH]I CTIOPTA.

O6benunuTe 9Ty 0a3y c 6a3oit u3 3aganus 1.1.

3ananue 1.3
3arpysute [Iponor-nporpammy u3 3ananus 1.2.
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3amanue 1.4

Hcrnonp3yst KOMaHIbI BHEIITHETO pelakTopa, 3aMeHuTh Beroay 'Eric' Ha "Tom'. [Toctpouts
JIepeBO BBIBOJA JIJISl TIOCTPOSHHOM B 3aaHuM 1.2 0a3bl TaHHBIX U 3ampoca

?-sportsman('Mark’").

3aganue 1.5

[Toctpouts 6a3y 3HaHHI Ha OCHOBE TEKCTa:

Kuser 3eOpa Ha 3emie. KuBer cobaka Ha 3emie. JKuBeT kapm B Boje. JKu- BEeT KUT B
Bozie. Komika »uBeT TaM ke, T/ie )KUBET cobaka. JKuBeT KpoKoauia B BOJie U Ha 3emiie. JKuBet
JATYIIKA B BOJIe U HA 3eMJie. JKuBeT yTka B BoJie, Ha 3eMJie U B Bo3ayxe. JKUBET opern B BO3Ayxe
1 Ha 3emiie. JKuBeT OypeBECTHHK B BOJIC U B BO3IIyXE.

3amaiite k 3TOM 0a3e 3ampochl (BOCHONB3yiHTech mpeaukatoMm help mis mowmce- ka
OTHOILIEHUs "HepaBHO").

Kro rane xxuset?

KTo >xuBeT Ha 3emiie, HO He aBJIgeTcs codakoi? KTo kuBeT 1 Ha 3emiie, U B Boje?

BapuaHThl HHIMBUAYAJIbHBIX 3aIaHUI

Pa3zpaboraiiTe TexHUUecKOe 3aJlaHUE Ha TMPOEKTUPOBAHUE OHKCHEPTHOM CHCTEMBbI B
COOTBETCTBHHM C BapuaHToM. OOpaTuTe BHUMaHHE Ha (PYHKLIMOHAIBHOCTh M COCTaB 3allpOCOB K
AKCIIEPTHOM cHCTEME, a TaK)Ke Ha cOCTaB 0a3bl 3HAHUN MPOEKTUPYEMOI CHCTEMBI.

Tabnuna 1.1 —Bapuantsl 3a1aHuit

Ne [IpeameTHast 00J1aCTh LleneBast ayauropus

1 byxranrepus PykoBouTenb npeanpusTus
2 IOpucnpyaenms PykoBouTens npeanpusTus
3 HR-ciryx6a Cowuckarelb

4 KomnbroTepHbIii Marazui [Tokynarenb

5 Mara3uH 3J1eKTPOHUKHU [Tokynarens

6 KHmxHbIl Marazu MeHepxep 1o mpojaxam

7 ATeHTCTBO HEBMKUMOCTH MenemKep no npojaxam

8 CrpoutenbHas pupma [Tokynarens

9 Typdupma MeHemxep 1Mo mpojiaxam

10 KMB kak Typuctckuii kaacrep | KimmeHt

Copnep:xxanue oTyera

[To BbIMONHEHHON paboTe cocramisgercss oT4eT. OTYET BBIMOTHACTCS B DJICKTPOHHOM
Bujie. I1o BeIMOIIHEHHOMY OTYETY MPOBOAUTCS 3alllUTa Ja00paTOPHOM paboTHI.

Otuer mo mnabopaTopHOW pPabOTE MOKEH COCTOSITh W3 CIEIYIOIIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJIHAs 4aCTh;

- OCHOBHAsl 4aCTh: OMMCaHKe PabOoThI, BKIIOYAOIIEe CKPUHILIOTHI IEHCTBUIA;

- 3aKJIIOYCHUE (BBIBOJIBI).

BBognas yacTe oT4eTa TOMHKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 3aJ]auy;

- IOPSAZOK BBITIOJIHEHHUS.

- IPOrpaMMHO-aIIapaTHbIE CPEACTBA, UCIOIb3yEMbIE ITPU BBIMOJIHEHUH PaOOTHI.

3amuTa oT4eTa 1o JJabopaTopHOi padoTe 3aKII0YaeTCs B IPEIbABICHUH MPENO1aBaTENIO
MOJIyYEHHBIX PEe3yJIbTaTOB B BUAE (hailyia M JEMOHCTpAIMK MOJYyYEHHBIX HABBIKOB IMPU OTBETAX
Ha BOMPOCHI MPETMOAABATEIS.

KonTpoabHbie BOIPochI

1. Kak MOXHO 3arpy3uTh porpammy u3 Qaiina?
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. Kak 3anyckaercsa nporpamma Ha IIponore?

. Kak oroOpasxatorcs B nporpamme Ha [Iposnore cBoiicTBa cymiHocTeit?

. Kak otobpasatorcs B nmporpamme Ha [Iposore oTHOIIEHUS MEXy CYIIHOCTSIMU?
. Kak oro0Opa3uth B nporpamme Ha [Iposore npoBepKy KOHBIOHKIIUU JBYX IPEIUKATOB?
. Uro Takoe ynudukamus B [Iponore?

. Uto Ttakoe npaBuiio B [Iposore?

. Onummmre GyHKIMOHATBHBIE BO3MOXHOCTHU JIOTHYECKOTO MPOTrPaMMHUPOBAHHUS.

. Kaknmu Bo3MoxkHOCTSIMU 00amaeT 0a3a 3HaHUI?

10. Yro Takoe jJoruyeckoe U PyHKIHOHAIBHOE TPOrpaMMHUPOBAHHUE?

O 00 1O\ D K~ Wi

JlaGopaTtopnas padora 2. OCHOBbI MATEMATHY€ECKOH JIOTUKH

Hear padorei: M3yueHue crTpykTypbl nporpammbsl Ha s3pike PROLOG. U3zyuenue
cuHTakcuca si3pika PROLOG.

OcHoBBI TEOpUH

Cunrakcuc sa3bika I[poJior

[Ipu popmanbHOM ONMMCAHUU CUHTAKCUCA KOHCTPYKIMHA alrOPUTMUYECKHUX S3bIKOB YacTO
UCIIONIb3YETCS TaK Ha3biBaeMasi «HopMaibHas ¢popma bakyca-Haypa» (BH®), pazpaboranHas B
1960 Jlxxonom bakycom u Ilurepom Haypom. Brmepsoie BH® Obina nmpumenena I[lutepom
Hayspom mnpu 3ammcu cuHTakcuca s3pika Anron-60. OcHoBHBIMH KOHCTpyKmusmMu BHO
SABJIAIOTCS CIEAYIOLIHE.

CHUMBOJ «::=» YUTaeTCs KaK «I0 OIMpPeIeICHHUIO» («ITO», «ecTh»). CeBa OT pa3aenuTes
pacrionaraercst 00bsCHsIeMOe MOHTHE, CIIpaBa - KOHCTPYKIHS, pa3bicHsomas ero. Hampumep,

<Ums> ::= <Unentuduxarop>

B yrnoBble ckOOKM «< >)» 3aKIIIOYAETCs 4acTh BBIPAKEHUS, KOTOpAsk UCIONb3YyeTCs JUIs
0003HAUYEHNS CUHTAKCHYECKOW KOHCTPYKIUH SI3blKa, B YAaCTHOCTH OOBsACHsAEeMoe MoHsTHE. B
NIPUBEJICHHOM BbIIIe TipuMepe 310 <Ums> u <Upentuduxarop>.

CumBon «|» osHagaer B Hotauuu BH® «unm». OH mpumeHsercs Ajis pas3aeicHUs
aJIbTepHATUBHBIX TOJIKOBAHUH ompezensieMoro nousatus. Hanpumep, necatuunyto uuppy MOKHO
OTIPEICTUTH CIEAYIOIIUM 00pa3oM:

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

YacTh CHHTAaKCHYECKOM KOHCTPYKIMH, 3aKIIOYCHHAsl B KBaJpaTHbIE CKOOKH, SBISETCS
HEeoO0s13aTeIbHON (MOXKET MPUCYTCTBOBATh UM OTCYTCTBOBATD), HAIIPUMED

<Ilemoe uncno> ::= [-]<IloioKHUTETBHOE MEI0e YNCITI0>

03HAYaeT, YTO ILIEJI0O€ YMCIIO MOYKHO OIPEJEIUTh YEPE3 MOJIOKHUTEIBHOE LIEJI0€ YHUCIIO,
nepesi KOTOPbIM MOKET CTOSATh 3HaK MUHYC.

CumBon «*» 0003HAaYaET, YTO YaCTh CHHTAKCUYECKON KOHCTPYKLUU MOXKET MOBTOPSTHCS
MIPOM3BOJIBHOE YHWCIO pa3 (HOMb M Oozee). 3aMeTHM, YTO HMHOI/IAa BMECTO CHMBOJA «*»
UCTIONB3YIOT (urypHele ckoOku «{ }». Hampumep, MON0OXHUTENbHOE LEIOE YUCIO B HOTALUU
BH® moxHO criemyronm o0pa3oMm:

<[lonoxxuTenpHoeE 1eJ10€ Ynucio> ::= <mudpa>[<uudpa>]*

17003

<[lonoxxuTenpHOE 1eN10e YUCiIo> 1= <uudpa>{<uudppa>}.

T.e. MOJTOKUTETHHOE TIEJI0€ YHCIIO COCTOUT U3 OHOM MITM HECKOJIBKHUX ITUP.

[Iporpamma Ha Ilponore cocrour w3 mnpemiokeHud (yTBepxkacHui). Kaxnoe
MpeIoKEHNE 3aKaHYMBAETCSI TOUKOM.

[Ipennoxxenus: ObIBalOT TPEX BUJOB: (DaKThl, IPaBUIIA, BOIIPOCHI.

[Ipennoxxenue nMeeT BU

B :-
Al, ..., An.
B HaszpiBaeTcsi 3arosioBKOM WIM TOJIOBOM mpemioxkenus, a Al, .., An - TenoM.

[Ipennoxenue sBusieTcss nepeBepHyToil mmiummkanuei (B :- A skBuBasienTHO B «— A, «B
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cienyer uz A») unn ¢pazoir XopHa. CUMBOJ «:-» O3HAYAET «CIEAYET H3», CUMBOI «,» —
KOHBIOHKIHS (JTorudeckoe U, 7).

IIpy HeoO6XOAMMOCTH NMPHMMEHEHHUs JU3bIOHKIMH (Jormdeckoe MJIW, “) mcnomnbsyercs
CUMBOJI «;», JEWUCTBYIOIIMH J0 cleayromeil IU3bIOHKIWK, OKOHYaHHS TMpaBujia WIH
3aKphIBaIOIIeH Kpyrioil ckooku. Hanpumep,

[Iponor Jloruka npenukaToB

C:- (A1".."An)"(B1".."Bm)—> C

Al, ..., An;

BI1, ..., Bm.

WIH

D :- A"BYC)—»D

A, (B;O).
®axT ¢pukcupyer (OnpenensieT) HeKOTOpoe OTHOLIeHHEe Mexay oObekTamMu. OH COCTOUT

TOJIBKO U3 3arojioBKa. MOXHO CYMTaTh, YTO (DaKT — 3TO MPEAJIOKEHHE, Y KOTOPOro HeT Tena. B

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

Hanpuwmep, ¢axt, uro Hatama sBnsercs mamoit Jlamu, MoxxeTr ObITh 3amucaH B BHUJE (B
SWI-Prolog cTpoKH-KOHCTaHTHI 3aIIUCHIBAIOTCS B OJMHAPHBIX KaBbIUKaX):

mama('Hatama', 'Jlama').

®dakT npeAcTaBiIsieT co00i 6€3yCIIOBHO UCTUHHOE YTBEPKICHUE.

Ecnn Bocnonb3oBaThcsi HOpManbHOU (opmoii bakyca-Hayspa, To mpeaukar MOKHO
OIIPEJICNIUTh CIIEIYIOIIUM 00pa3oM:

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

T.€. IPEIUKAT COCTOUT JUOO TOJILKO M3 UMEHH, JIMOO U3 MMEHHU U CIEAYIOIEeH 3a HUM
M0CJIEI0BATEIbHOCTH apIryMEHTOB (TEPMOB), 3aKIIFOYEHHON B CKOOKH.

AprymeHToM (TepMOM) MpeIruKaTa MOXKET ObITh KOHCTaHTa, IEpeMEHHasi Wi COCTaBHOMN
00beKT (crucok uiaH GyHKIMs). Yucno apryMeHTOB perKaTa Ha3bIBaeTCsl apHOCTHIO.

[IpaBuno — npeanokeHue, HCTUHHOCTh KOTOPOIO 3aBUCUT OT MCTUHHOCTH OJHOIO HIIU
HECKOJIbKUX Mpe1oskeHUi. OObIYHO MPABUIIO COACPKHUT HECKOIBKO XBOCTOBBIX IIeJeil, KOTOpbIE
JOJKHBI ObITh HICTUHHBIMU JUISI TOTO, YTOOBI CaMO MPAaBUIIO ObLIIO UCTUHHBIM.

B noranun BH® npasuio Oyner uMeTh B

<IIpaBmno> ::= <npeaukar> :- <upeaukar> [,<npenuxar>]*.

Hanpumep. M3BecTHO, yTO 0abyIika yenoBeka - 3T0 MaMa €ro MaMbl MJIM MaMa €ro Marbl.
CooTBeTcTBYIOIIME MTpaBUiia Oy yT UMETh BUJ:

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

grandmama(X, Y):-
mama(X, Z), mama(Z, Y);
mama(X, Z), papa(Z, Y).
WA

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

Nwmsa nepemennoil B Ilponore Moxer coctosiTh U3 OyKB JIaTUHCKOro andaButa, Udp,
3HAKOB MOJUYEPKUBAHUA U JTOJDKHO HAYMHATHCS C MPOMMCHONW OYKBBI MM 3HAKA MOAYEPKUBAHUS.


https://sites.google.com/site/anisimovkhv/learning/knowledge/lecture/tema9
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IIpu »TOM mnepeMeHHble B Tejie IpaBUia HESIBHO CBS3aHbl KBAHTOPOM BCEOOIIHOCTH U
SKBUBAJICHTHBI 00BEKTaM MPEAMETHOM 00IaCTH.

IlepemeHHbIE MOTYT OBITH CBOOOHBIMU MJIH CBSI3aHHBIMHU.

CBoOosiHas mepeMeHHasi — NMepeMeHHas, KoTopas ellle He Mojydymia 3HadeHus. OHa He
paBHsIETCS HM HYJIIO, HU Mpo0ely; y Hee BOOOIe HET HUKAKOro 3HaueHUus. Takue rnepeMeHHbIe
€llle Ha3bIBAIOT HEKOHKPETU3UPOBAHHBIMHU.

[lepemenHas, koTopass NOJydYWiIa KakOe-TO 3HAUYEHHWE M OKa3ajJlach CBA3aHHOM C
oTpesieNIeHHbIM OOBEKTOM, Ha3bIBaeTCs CBA3aHHOM. Eciiu mepemenHast Obljia KOHKpETU3MPOBAaHA
KaKMM-TO 3HaYCHHUEM U € COMOCTaBJIEeH HEKOTOPBIH OOBEKT, TO ATa MEepeMEHHast y>Ke HE MOXKET
OBITh U3MEHEHA.

Ob6nacteio neiicTBus nepeMeHHol B IIposore siBiseTcst OJTHO TpeUIoKeHue. B pasHbIx
MPEJIOKEHUSIX MOXKET HCIOJIb30BAaThCA OJHO M TO K€ MMS IMEPEeMEHHON aisi 0003HauYeHHUS
pasHbIX 00BeKTOB. VICKIIOYEeHHMEM M3 NpaBWiIa ONpeAeieHus o0JacTu JCUCTBUS SBISETCS
aHOHMMHAasl TepeMeHHasi, KoTopas 0003Ha4YaeTcsi CUMBOJIOM MOJYEPKUBAHMS « ». AHOHHUMHAS
IIEPEMEHHAsl NPEANUCHIBAET HHTEpHpeTaTopy (KOMOWIATOPY) IPOUTHOPUPOBATH 3HAUEHUE
aprymenta (tepma). Eciu B mpaBuie HECKOJIBKO AHOHUMHBIX I€PEMEHHBIX, TO BCE OHHU
OTIMYAOTCA APYT OT APYyra, HECMOTPS Ha TO, YTO 3aIllMCaHbl C MCIIOJIB30BAHUEM OJHOTO W TOTO
&Ke CUMBOJIa («_»). AHOHUMHBIE NEpEMEHHbIE MOTYT 3allMChIBAThCSl TOJBKO B KayecTBE TepMa
npeaukara. Mcrnonb30BaTh X B BRIPAXKECHUAX (HApUMep, apu(pMETHUIECKUX ) HEeb34.

TperbuMm cneunpuyeckuM BUAOM mpenioxkeHuil [Ipojsora MoXXHO cyHMTaTh BOMPOCHI
(3ampocsl, 1eNn).

Bonpoc cocTout TonbKo U3 Tena U MOXKeT ObITh BhIpaskeH ¢ nomoipio BH® B Buse:

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

Bonpock! ucnonb3yroT ISl BBISCHEHUS! BBHIIIOJTHUMOCTH HEKOTOPOTO OTHOILIEHHS MEX]TY
OINMCAHHBIMU B Mporpamme oObekTamu. CucreMa paccMaTpHBaeT BONPOC Kak LeNb, K KOTOPOi
HaZo cTpeMuThcs. OTBET Ha BONPOC MOXET OKas3aTbCsl MOJOXKUTENbHBIM (true) wiu
oTpuuaTenbHbIM (false), B 3aBUCHMOCTH OT TOTO, MOKET JIM OBITh JJOCTUTHYTA COOTBETCTBYIOLIAS
LEJb.

[Iporpamma MoXeT cojaepkaThb BONpPOC B Tesie (BHYTpeHHss 1eib). Ecium mporpamma
COJIEP’KUT BHYTPEHHIOIO 1I€JIb, TO IMOCJE 3allyCKa MpOTrpaMMbl Ha BBIIIOJHEHHE CHUCTEMa Cpasy
IIPOBEPSIET AOCTHXKMMOCTD 3aJJaHHOW 1ienu. Eciu BHYTpeHHE! 1enu B IporpaMMe HET, TO MOCIIe
3aIrycKa MporpaMMbl cHUCTEMa BbIIaeT MpUIJIAlIeHHe BBOJIUTH BOMPOCH B JUATIOTOBOM PEXKHME
(BHemHAA 1enb). IIporpamma, kKoMmuiaMpyeMass B UCHOJHSIEMbIH (aiin, o0s3aTenbHO J0DKHA
UMETh BHYTPEHHIOIO LEJTb.

Ecnu nenb gocTurHyTa, cucreMa OTBeuyaeT «yes» («true»), B MPOTHBHOM CIIy4ae «no»
(«false»). CrnemyeT OTMETHTBH, YTO OTBET «nNO» Ha BONPOC HE BCETJa O3HAYaeT, 4YTO OH
oTpunarenbHblid. CucTeMa MOXXET JaTh TaKOM OTBET M B TOM CiIyyae, KOrja y Hee IMpOoCTO
HEJ0CTaTOYHO MH(OpMaLNHY, MO3BOJISIONIEH MOJIOKUTEIBLHO OTBETUTh Ha Bompoc. T.e. IIposor
OCHOBaH Ha T.H. «MOJEJU 3aKPBITOI0 MUPa», B KOTOPOM BCE, YTO MOXHO IOJyYHUTh HA OCHOBE
OTHCAHUS MOJIEIH SIBJISIETCS UCTUHOM, a OCTAIbHOE — JIOXKbIO.

@dakT, NpaBWIO W BONPOC € TOUKH 3peHus ¢ppaz3 Xopna (B < A) MoxHO
MHTEPIIPETUPOBATH CIEAYIOLIUM 00pa3oM:

- (pakt: B « true;

- mpaBwiIo: B < A;

- Bompoc: true < A.

T.o. mporpamma (6a3a 3Hanuii) Ha [Iposore coctouT w3 (GakTOB W MPaBUJI, KOTOPHIC
NPEJCTaBISAIOT COOOW MPOJYKUMU C TpeIuKaTaMu B JIEBOM W MpaBod 4acTu. TeMm caMmbIM
IporpaMMa BbIpaskaeT HEKOTOpbIE 3HAHUS O MPeIMETHOM 001acTH, HEOOXOIMMBbIE JJISl pelICHUs
3aJa4d. 3arnpoc - ITO TAaKKE HEKOTOPBIN NPEIUKaT, HCTUHHOCTh KOTOPOT0 Hac MHTepecyeT. Eciau
3arpoc He COJEPKUT MEePEMEHHBIX, TO BBIUMCICHHUE €r0 3HAYEHHS JaeT OTBET «true» Mpu ero
UCTUHHOCTH, 7100 oTBeT «false» mpum ero noxkHoctu. Ecnu ke B mpeaukare 3ampoca ecTb
MepPEeMEHHbIe, TO MIIYTCS MX 3HA4Y€HHUs (MHTEpHpeTanus), MpU KOTOPBIX 3TOT MpeIuKaT U BCe
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IIPEIUKAThl MPOrpaMMbl CTAHOBATCS HCTUHHBIMU. B 3TOM M COCTOHUT CYTh BBIYHCICHHUU
(Jtornyeckoro BbIBOAA) mporpaMMmel Ha [Iposore.

IIpumep nporpammupoBanus Ha a3bike IIpoJior
Paccmotpum Heckoibko mpumepoB. IlycTh B mporpamme 3anaHbl cienyroniue (akTbl
(mpenuKkaThl) U IpaBUIA:

JIucTunr 2.1
mama('Harama', '/lama').
mama('/lama', 'Marra').

mama('Harama', 'Bacs’).

papa('Bacs', 'Mama').

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

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

Bomnpoc 1 — sBasiercs nu Hartama mamoit [lamm:
?- mama('Harama', '/{ama').
true.
Bonpoc 2 — kto siBisgercs Mmamoit Jlamm:
?- mama(X, '/lama').
X ='Harama' ;
false.

[lepBass cTpoka COOOIICHHsSI O3HA4YaeT, YTO OTBET Haijer w Mamoi [lamm siBnsercs
Harama; Bropast — 4yTo B 6a3e 3HaHHIA ISl OCTABIIUXCS MPEINIOKCHUNH HE OOHAPYKEHBI IPyTHe
Mambl Jlamm.

Bomnpoc 3 — ectb 1 y Jlamu mama:

?- mama(_, '[ama').
true.

Bonpoc 4 — HaliTH BceX MaM U JIETEN:

?- mama(X,Y).
X ='Harama',
Y ="Jlama’ ;

X ="]lama’,

Y ='Mama' ;

X ='Harama',
Y ='Bacs'.
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B nmanHOM ciydae mocie TpeThero oTBeTa He BhigaeTcs «false», T.k. B 6a3e 3HaHU ObLTH
nepeOpaHbl BCe MPEIIOKCHHS M OHU BCE HCTUHHBI.
Bormpoc 5 — nns xoro Haramma siisiercs 6a0yIiKoid:

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

B nanHOM cityuae BeIJaeTCs JiBa OJMHAKOBBIX OTBeTa «Maray, T.K. npaBuio grandmama
B OJIHOM ciyyae cpabotano no nenouke «Harama — /lama — Mamay, a B agpyrom - «Harama —
Bacs — Mamay». OdeBuiHO, 4TO B PUBEACHHOM NpuMepe 0a3bl 3HaHui 1ubo Haramm - 3To 1Be
pa3IUYHBIC KEHITUHBI, THO0 Maru.

Kparkue cBenenns 00 onepauusix 1 BCTpoeHHbIX npeaukarax SWI-Prolog
B T1abn. 2.1 mpuBeneHsl HeKOoTOpble omepanuu u npenukatel SWI-Prolog, koTopsie B
JanbpHeleM OyIyT UCTIONIb30BaThCs Ul WILTFOCTPAIMK IPUMEPOB.

Tabnuna 2.1 - Hexotopsle onepanuu u npenukatsl SWI-Prolog

Onepanus / | Ha3Hauenue

IIpenukar

true HcruHa

fail, false Jloxn

= YHudukanuys (mpucBanBaHUe 3HAYCHUST HECBSI3aHHON TIEPEMEHHOM )

<, =<,>= > Apudmernueckue (TOIBKO JJI YUCEN) ONEpaIlii CPAaBHEHUS

== Apudmernueckoe paBeHCTBO

=\= ApudmMeTnueckoe HepaBeHCTBO

is Boruncnenue apudMeTuueckoro BeipaxkeHus (Hampumep, A is 5 + 2)

@<, @=<, @>=, | Onepanuu CpaBHEHUS AJsl KOHCTAHT M MEPEMEHHBIX JIOOOro THMa (YHucel,

@> CTPOK, CIIMCKOB H T.J.)

== PaBeHCTBO KOHCTAHT U MEPEMEHHBIX JIIO0O0T0 THIIA

== HepaBeHCTBO KOHCTAHT U EPEMEHHBIX JIF0O0T0 THIA

not(A) OTpuIlaHue JOTHYECKOTO BBIPAKEHUS] A

read(A) UreHue 3HaYeHHMsI C KJIABUATYPHI U IPHCBANBAHKE €T0 MEPEMEHHON A

write(A) [leuatb A Ha O9KpaH ¢ YCTaHOBKOW Kypcopa IIOCIE IOCIEIHErO
Hame4yaTaHHOTO CHMBOJIA

writeln(A) [TeyaTp A Ha DKpaH C IEPEBOIOM Kypcopa B HAYaJIO CIEAYIOLIEH CTPOKU

nl [lepeBoa Kypcopa B Ha4ajIo CIEAYIOLIeH CTPOKH

repeat [Ipenukar, BbIOAIONIMI HOBOE HWCTUHHOE 3HAYE€HHWE TMPU  BO3BpaTe.
[Tepeoka3biBacMblil IPEAUKAT

! [Ipenukar (cut, COKpaTHTb), 3aMpeliaonnii BO3BpaT Aajiee TOW TOUKH, T/e
OH CTOUT

assert(A), Jlunamuueckoe nob6asneHue ¢akra (MpaBuia) B KOHEIl CIUCKA MOJOOHBIX

assertz(A) ¢axToB (paBmir) 6a3bl 3HAHUHN (IPOTPaMMBI)

asserta(A) Junamuueckoe nobapieHue (akra (mpaBuiia) B HA4ajo CHUCKa MOJOOHBIX
(hakToB (mpaBmi1) 6236l 3HAHUHT

retract(A) Y nanenue nepBoro dakra (mpaBuia) 6a3el 3HAHUN

retractall(A) VY nanenue Bcex GakToB (mpaBmiT) O0a3bl 3HAHUHA C UMEHEM A

IIpoueaypa BeiBoaa B IIpoJiore
ITpu noucke pemenus (aokazarenbcTBa 1eau) B [Iposore ncnomns3yercs meroa nepedopa

c BO3Bparamu (mouck B rinyOuny). IIpomor mpu noka3aTenbCTBE YTBEPXKICHHS MOOYEPETHO
IBITACTCA YCTAHOBUTHh HCTUHHOCTh BXOJIIMX B HEro IpeaukaTtoB (yTBepxkiaeHuit). Ecmm
NIEPBBIM IIpeAMKaT MCTHHEH, TO IIponor mepexomur ko BTOpoMy. EciM M OH HCTUHEH, TO
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NepexoanT K TperbeMy. Eciiu BTOpoi mpeaukat JioskeH, To IIposor mbiTaeTcss yCTaHOBUTH €0
WCTHHHOCTH TIPH JIPYTHX 3HAYCHUSX, BXOMSIIMX B HErO nepeMeHHbIX. Ecim sToro He ymaercs
clienarh, TO OH BO3BpAIIAETCS K MEPBOMY NPEAMKATY U IMBITAETCS YCTAHOBUTH €r0 MCTUHHOCTD
JUTST HOBBIX 3HAYCHHWH TIEPEMEHHBIX, a 3aT€M CHOBA BO3BpAIAeTCs K JIOKA3aTEIBCTBY BTOPOTO
npenukara. Takas mporeaypa HOBTOpSIETCS 10 T€X HOp, MoKa He OyAeT JOCTUTHYTa UCTUHHOCTh
nocieaHero mpeaukara. [locie mokasaTenbcTBa MCTHHHOCTH MOCIEOHETO TpEauKara IeiH
ITposnor 3aBepuaet padoty. IIporecec Bo3Bpara B [Iposore HazpiBaercst backtracking.
Hampumep, mycTb nMeeTcst 3anpoc Ha OIpe/iesieHus BHyYeK U BHYKOB «HaTammmy:

?- mama('Harama', Y),
(mama(Y, Z); papa(Y, Z)),
write(Z);

write('Bcg').

Ortser.

Mara;

Maria;

Bcé;

Boigenennass KMpHBIM  9acThb COOTBETCTBYET IMPaBWIIy OIpeaeneHus 0alyIiKu
(grandmama).

IHocTranoBKka 3aga4u K J1a00paTOpHON padoTe 2

1. U3yunTh npeasiaraeMplil TEOPETUUECKUI MaTepHUal.

2. OTueT n0IKEeH CcofAepKaTh TUTYJIBHBIN JHMCT, BKIIOYAIOLINIA Ha3BaHUE J1a00OpaTOpHOM
paboThl 1 HOMEp BapUaHTa, a TaKXKe CBeACHUs 00 aBTope (aMuiIns CTyIeHTa 1 HOMEP IPYyIIIbl).

3. OpopmieHre KaXXAOro 3aJaHus HAYMHANTE C yKa3aHUS €ro HOMepa, Harmpumep
«3aganme Ne 1» 1 TekcTa 3a7aHUS.

4. Odopmiaa pelieHHe 3aJaHuil, cienyeT BKJIIOYaTh B JOKYMEHT CKPHHIIOTHI H
KOMMEHTapUH JJIs MOSICHEHUS UCIIOJIb3YEeMbIX 0003HAUYEHUI U BBINOJIHAEMbIX JEHCTBHIMA.

5. Opopmuts otder mo naboparopHoil padorte. IlpeacTaBuTh OTYET MO J1AOOPATOPHOU
paboTe IS 3alTUThI.

3aganus k JadoparopHoii padore

B cooTBeTcTBHM C IMOJIYUYCHHBIM 3aIaHUEM CCbOpMPIpOBaTI) PEIICHUE U JaTh €TI0 OIMMMCAaHUEC
CO CKPHUHIIIOTaMH BBITIOJIHEHHBIX JHCTBUIL.

[ToxaxkxnTe Ha CKPHMHINOTaX pe3yJIbTaT 3allpOCOB, NPHUBEIACHHBIX HIXKE, HCHOJB3Yys K
KadyecTBe 6a30Boif mporpammsl Jluctunr 2.1.

Bonpoc 1 — sBasiercs nmu Hatama mamoit [Jamm:

?- mama('Harama', '/ama').

true.
Bonpoc 2 — xto sBasiercss Mamoit Jlamu:

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

false.
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[TepBas cTpoka cooOieHus 03HAYaeT, YTO OTBET HaiAeT u Mamoii Jlamm sBnsercst Harama;
BTOpas — 4To B 0a3e 3HAHWU ISl OCTABIIMUXCS TPEAJIOKEHUI HE OOHAPYKEHBI JAPYTHE MaMbl
Jamm.

Bonpoc 3 — ectb u y Jlamm mama:

?- mama(_, 'ama').

true.

Bonpoc 4 — HaiiTu Bcex MaM U A€Tel:

?- mama(X,Y).
X ='Harama',
Y ="Jlama' ;

X ="Ilama’,

Y ='Mama' ;

X ='Harama',
Y = 'Bacd'.

B nanHoMm ciywae mocne TpeTbero orBera He Bbiaaercs «false», T.k. B 0a3ze 3HaHMIT ObUIH
nepeOpaHbl BCe MPEJIOKECHUS U OHU BCE UCTHHHEI.

Bonpoc 5 — s xoro Harara siBisiercst 6a0yKoi:

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

B nmanHoM citydyae BbITAeTCs ABa OJIMHAKOBBIX OTBeTa «Marmay, T.K. mpaBmwio grandmama B
OJHOM citydae cpaborano mo nenouke «Harama — Jlama — Mamay, a B apyrom - «Harama —
Bacs — Mamay. O4eBuaHO, 4TO B MPUBEACHHOM NpuMepe 0a3bl 3HaHui 160 Hartamm - 3To aBe
pa3MYHbIC KEHIIUHEI, TH00 Marmmu.

BapuaHThl HHIMBUAYAJIbHBIX 32IaHUI

B cooTBeTcTBUU C MOTYYeHHBIM 3a7jaHiEeM c(hOPMHUPOBATH PEIICHNUE U AAaTh €r0 OMHUCaHue
CO CKPUHIIIOTaMH BBIITOJIHEHHBIX AEHCTBUH.

1. [TokaxkuTe Ha CKPUHILOTaX Pe3yJbTaT 3alPOCOB, NMPUBEIACHHBIX HIXKE, HCIONb3Ys K
KadyecTBe 6a30Boii mporpammsl Jluctunr 2.1. BeinonaHute oneparun, ykazaHable B Tadmume 2.1

Tabnuna 2.3 — BeinonHeHne npocTelmmx onepanui

Ne n/m | IIpenuxkar 3anpoca [IpoBepsiembrii  mpenukar | Pesynbrar
0a3bl 3HAHUHU
1 mama('Harama', Y) mama('Harama', 'lama') | Y ="'/lama’
2 mama(Y, Z) = mama('[lama', Z) | mama('Harama', '[lamia') backtracking
= \ '

3 ;)ama(Y, Z) = mama(llama’, mama('lama', 'Mama') | Z="Mama'
4 write(Z) = write('"Mama') 'Mama'

5 mama(Y, Z) = mama('[ama', Z) | mama('Harama', 'Bacs') backtracking
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6 papa(Y, Z) = papa('[Jama', Z) papa('Bacs', 'Mama') backtracking
7 mama('Harama', Y) mama('/lama', 'Mama') backtracking
8 mama('Harama', Y) mama('Harama', 'Baca') | Y ='Bacsa’
9 mama(Y, Z) = mama('Bacs', Z) mama('Harawa', '/lama') backtracking
10 mama(Y, Z) = mama('Bacs', Z) mama('/lama’, '"Marma') backtracking
11 mama(Y, Z) = mama('Bacs', Z) mama('Harama', 'Bacs') backtracking
12 papa(Y, Z) = papa('Bacsa’', Z) papa('Bacs', 'Mama') 7. ='Mama'
13 write(Z) = write('Mama') 'Mama'

14 write('Bcé') 'Beé’

1) Yka3zaHnHas mocienoBaTeIbHOCTh UMeeT MecTo, ecini B SWI-Prolog mocne BeiBoga Ha
KOHCOJIb HMMEHH BHYYKM (BHYKa) HAXHMATh KIABUINY <«;» (TOWCK aJlbTEPHATUBHOTO
JTI0OKa3aTeIbCTBA).

2) J)KupHBIM BBII€TIEHBI CTPOKH, JJIsl KOTOPBIX BBITIOJIHEHHE MPEIUKaTa UCTUHHO.

3) ns ucnonp3yemoit 6a3el 3HaHUM 1100 Hartamm - 3To ABe pa3nuvHbIE )KESHITUHBI, JIN00
Mamnu.

Conepxanue oT4yeTa

[To BeIMoOMHEHHON paboTe cocTaBisgeTcss oT4eT. OTYET BBIMONHIETCS B AJIEKTPOHHOM
Bu/jie. [1o BBIMOTHEHHOMY OTUYETY MPOBOAUTCS 3aIUTA JIA0OPATOPHOU PabOTEHI.

Otuer mo mnaGopaTopHOW padOTe MOKEH COCTOSITh W3 CIENYIOIIMX CTPYKTYPHBIX
JJIEMEHTOB:

- TUTYJIbHBIH JIUCT;

- BBOJHAs 4acTh;

- OCHOBHAsI YaCTh: OMUCaHUE pabOThI, BKIIIOYAIOIIEE CKPUHIIOTHI 1eHCTBUM;

- 3aKJII0UYEHUE (BBIBOIBI).

BBoaHas yacTh oT4eTa JOJKHA BKIIOYATh MYHKTHI:

- YCIIOBUE 33]1a4H;

- TIOPSIIOK BBITIOJTHEHHUS.

- MPOTpaMMHO-aNapaTHbIC CPEJICTBA, UCIIOIH3yEMbIE TIPU BHITIOTHEHUH PAOOTHI.

3amuTa oT4eTa Mo JabopaTopHOi padoTe 3aKII0YaeTCs B MIPEIbIBICHUH MPENO1aBaATENIO
MOJTyYEeHHBIX PE3YyJbTATOB B BHJE (ailia U AEMOHCTPAllMU MOMYyYEHHBIX HABBIKOB MPH OTBETAX
Ha BOIPOCHI MPEMNo1aBaTesl.

KonTpoJbHBIe BOPOCHI

. [lepeuncnure JOCTOMHCTBA U HEJAOCTATKH JIOTUYECKOTO MPOrpaMMHPOBAHUSI.
. [lepeuncnure onepaTopsl JIOTHUYECKOTO MPOrPaMMHUPOBAHHUS.

. ns wero npumensiercs TpaccupoBka?

. B xakux ciayyasx npuMEHSIOTCS SKCIEPTHbIE CUCTEMBI?

. UeM oTnu4aeTcs JOrHuecKoe MporpaMMUpoOBaHue OT GYHKIIMOHATBHOTO?

. [lalite onpeneneHye NOHATHS KIIPEIUKAT»

. [aiite onpenenenue pekypcuu

. B kakux cinyuasx sBiseTcs 1esiecoo0pa3HpIM ucnoib3oBanue [Iponora?

. [lepeuncnure 0OCHOBHbIE KOMIIOHEHTHI HHTEIUIEKTYaIbHbIX CHCTEM.

10. B ueM otnuume 6a3bl TaHHBIX OT 0a3bl 3HAHUN?

O 0 1N DN K W —

JlaGopatopnas padora 3. UcuucieHue BbICKA3bIBAHUH U NIPEIMKATOB

Henp paGorel: W3yunTh M OPUMEHUTh HA MPAKTHKE aJTOPUTMBI JIOTUYECKOTO
MIPOrpaMMHUPOBaHUA. BEIOTHUTH pa3paboTKy MporpamMm, UCIUIb3YIOIMIUX PEKYPCHIO.
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OcHoBBI TEOpUH

Pexypcus B IIposore

[IpaBuso sBIsIeTCS PEKYPCUBHBIM, €CIH COAEPKUT B KaueCTBE KOMIOHEHTHI CaMoO ceOsl.
Pekypcust nomyctiuma B OOJIBIIMHCTBE SI3BIKOB IporpaMMupoBanus (Hanpumep, B [lackane), HO
TaM 3TOT MEXaHU3M HE SIBJSIETCS TAKMM BaXKHBIM, ITOCKOJIBKY UMEIOTCS JpYyTue, CBOMCTBEHHbBIE
MPOLEAYPHBIM SI3bIKaM, MEXaHU3MbI — LUKJIIbL, TPOLEAYPHI U PYHKITHH.

[Iycte wumerorcst cneayromue (akTbl O TOM, Kakas BalioTa KOTHUPYETCS BBIIIE:
doroje(dollar, rubl).

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

Brimosiaum 3anpoc:

? doroje(evro, rubl).
Yes

byaer mnomydeH yTBEpAMTENbHBIM OTBET, MOCKOJIbKY TakoW (HakT SBHO OIKCaH B
nporpamme. Ecin xe caenars 3amnpoc,

? doroje(evro, iena).

To otBeT OyeT OTpUIATENbHBIHN, TOCKOJIBKY TaKOH (akT OTCYTCTBYET.
AHaJ0rM4HbIM Oy/I€T OTBET Ha BOIPOC:

? doroje(funt, rubl).

H30exaTh TaKux HCIIPaBHUJIBHBIX OTBETOB 31€Ch MOXXHO BBCIACHHEM IIpaBUJid, B KOTOPOM
AOIIYCTUMO CPABHCHUC MCIKIAY c000# HE TOJIBKO ABYX, HO U TPEX 00BEKTOB:

dorojel(X, Y):- doroje(X, Y). /* nBa oobekTa */
dorojel (X, Y):- doroje(X, Z), doroje(Z, Y).
/* Tpu oOBekTa */

Bropoe npaBuiio onuceIBaeT BapuaHT, Korga X>7Z, a Z>Y, OTKyJa JeJIaeTcs BbIBOJ, YTO
X>Y.

OpnHako 1ernoyYka B3auMHBIX CPaBHEHH MOXeT ObITh NTMHHON. HampuMmep, npu yeTbipex
CpaBHEHUSAX OTPEOYETCS] KOHCTPYKITHS:

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

OrnuceIBaTh TakWe JJIMHHBIC TTPaBUJIa HEYTI0O0HO. 371€Ch BBITOIHEE TPUMEHUTH PEKYPCHIO,
O0OpaTHUBIIMCH K MIPABHITY M3 CAMOTO ATOTO MPaBHIA!

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

[lepBoe mnpemiokeHHEe B OTOH KOHCTPYKLIMH OIpPENEISET MOMEHT IpEKpallleHus
PEKYPCUBHBIX BBI30BOB.

Bropoe npaBuiio onuceIBa€T BO3MOXHOCTH PEKYPCUBHBIX BBI30BOB, KOI/Ia CYIIECTBYIOT
HENPOBEpPEHHbIE BapuaHThl pemieHus. BooOmie, mo0as pekypcuBHas Npoleaypa JI0JDKHA
COJIEPKaTh!
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HepekypcuBHOE MpaBUiIO, MPUMEHSIEMOE Ui 3aBEPIICHHS PEKYPCHU (MX MOXET OBITh
HECKOJIBKO, 3a/Iaf0IINe pa3HbIe YCIOBHUS JIJIS 3aBEPIICHUS PEKYPCHH),

PekypcuBHOe TpaBWIiO, TepBas MOJIIETbL KOTOPOTO BbIPAOATHIBAET HOBBIC 3HAUYCHHS
aPFYMeHTOB, a BTOpaSI — peKprI/IBHaSI IIOALICIIb — PICHOJ'IB?;yeT OTHU 3HAUYCHUS.

Habop nmpaBui npocmaTpuBaetcst cBepxy BHU3. CHauaa JeIaeTcsl MOMbITKA BBITIOJTHEHHSI
HEPEKYPCUBHOTO TMpaBwia. Eciu OHO OTCYTCTBYET, TO PEKYPCHBHOE MPABHIIO MOXKET pabOTaTh
OECKOHEYHO.

IIpumeHeHne peKypCcHH B JIOTHYECKOM NPOrpaMMHPOBAHUM

Pexypcusi — npoiiecc MOBTOPEHUSI 3JIEMEHTOB camMonoJo0HbIM oOpa3zoMm. Pekypcusi (B
MIPOTPAMMHUPOBAHUH) — aJITOPUTMHUYECKUI METOI, 3aKITFOUAIOIIHICS B BOBMOKHOCTH OOpaIieHus
npasuia (GyHKIMH, IPOLEAYPHI) K caMoMy cebe oJTuH uiH OoJjee pas.

Pexypcus sBisieTcss 4aCTO MCHOJB3YyEeMBIM IpUeMoOM B mporpammax Ha [Iponore. s
pPacCMOTPEHHOro  BbIIe TNpuMmepa 0Oa3bl 3HaHUM «POJACTBEHHUKW» BBEAEM  IPAaBUJIO,
OIMCHIBAIOIIECE OTHOIICHHUE KIIPETOK» - KIIOTOMOK)» C IIOMOIIBIO PEKYPCHH.

JInctunr 3.3 - PoacTrBeHHUKH
% 1 mapameTp - UM OTLIa WM MaTepH
% 2 mapameTp - UMs CbIHA WIH JOUEPH
roditel('Bacs', 'Buka').
roditel('Bacs’', 'Kons').
roditel('Komns', 'FOmst").
roditel("FOns', 'Muma').
roditel("HOns', 'Marma').
roditel('Kons', 'Cera').
roditel('Csera’, 'Poma').
roditel('Ceera’, Jlema').
% 1 mapamerp - mpeIoK
% 2 mapameTp - IOTOMOK
predok(A, B) :- roditel(A, B).
predok(A, B) :- roditel(A, C), predok(C, B).

Ha Bonpoc predok('Bacs’', 'Mumia') oTBeT OyAeT M0JI0KUTEIbHBIM.

BTopoii npuMep UCNOIb30BaHUS PEKYPCHH — pacdeT (akTopuana.
JInctunr 3.4 - Pacuer pakropnana
fact(1, 1):- !. % daxkTopuan eTUHUAIIB pPaBEH EIUHUIIE
fact(N, F):-
NlisN-1,
fact(N1, F1), % F1 paBen (akropuany yrcia Ha eAMHUIY MeHbLIero N
Fis F1 * N. % ¢akropuan uucna N pasen npoussenenuto F1 Ha camo uncino N

Ha Bonpoc fact(6, F) otBer 6yaer «F = 720».

JIrobast pekypcuBHas mporeaypa B I[Iposore momkHa BKITIOYaTh, KaKk MHHHMYM JBa
MpaBuia;

1) HEpeKypCHBHOE TTPABHUIIO, ONIPEICIISIONICE €r0 BU B MOMEHT MPEKPAIICHUS PEKYPCUH;
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2) pexypcuBHoe TmpaBwio. IlepBas monuens, BblpabaThiBaeT HOBbIE 3HAYCHHSA
apryMeHTOB, a BTOpPas - BBI30B CAMOT'0 IPaBUJjia C HOBBIMH 3HAUYEHUSIMU apTyMEHTOB.

YnpagpjieHue npoueccoM BbIBOIA

B Ilponore mmeercs ABa CTaHIAPTHBIX NpeIUKaTa, KOTOPBIC MO3BOJSIOT YIPABISATH
poILe Ay POl Tiepedopa ¢ BO3BpaTaMu:

- fail (false) — mpeaukaT, KOTOPBIN BCEeTAa BO3BPAIIAET JIOKb;

- | — mpenmkar (cut, COKpaTUTh), 3aPEIIArOIIHA BO3BPAT Jajiee TOH TOYKH, TJC OH CTOUT.

[lepBeIif U3 HUX WCHONB3YETCS AJS OpPTaHU3AlMU IUKJIOB, a BTOPOW I yCKOPEHUS
poreaypsl mepedopa.

Ecnu ™Mbl jxenaeM y3HaTh BceX MPeAKoB « MUIIM» W TPU 3TOM, YTOOBI BbIaya MPEIKOB
Ha KOHCOJIb ObIIa BHITIOJTHCHA aBTOMATHYECKH, a HE B JHAJIOTOBOM PEXHUME (ITyTEM HaXKATHS «;»
MocJie KaXI0T0 OTBETA), TOT/a 3aIPOC JOJDKEH BITJISIICTh CIEAYIOIIMM 00pazoMm:

Jluctunr 3.5
?- writeln('Ilpeaxu Mummu:'),
predok(A, 'Muma'),
writeln(A),
fail;
true.
Otger:
[Ipenkn Mumu:
O
Bacs
Koms

Takum oOpaszom, mpenukar fail BBIMONHAET NPUHYIUTENBHBIM OTKAT M 3aCTaBISET
[Ipomor 3aHOBO TEepenOKa3piBaTh BCE MPEABIAYIINE TOMAIETA C HOBBIMH 3HAUYCHUSIMHU
nepeMeHHbIX. [lepenoka3atensCTBY B MPUBEICHHOM TNpuUMepe OyAeT TOABEPKEH TOIBKO
npeaukat predok(A, 'Muma'), T.K. IpeAUKaThl Write U writeln He TEHEpUPYIOT HOBBIC 3HAUCHUS
nepeMmeHHbIX. Ecnu mocne npeaukata fail HaxoasiTes apyrue npeaukathl MpaBuia, yKa3blBaeMble
gepe3 «,» (Jrormueckoe M), To oHM HUKOTIa HE Oy Xy T BHITIOJHEHHI.

PaccMoTpum Gosee CI0KHBINM MPUMEpP: BBISICHUTH BCEeX MPaBHYKOB «Kommy.

JIuctunr 3.6
?- roditel("Komst', A),
write('IIpaBuyku ('), write(A), writeln("):'"),
roditel(A, B),
writeln(B),
fail;
true.
Ortser:
[paBuyku (FOns):
Mura

Mara
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IIpaBuyku (Cera):
Poma
Jlemra

Ecnu B nanHo# nenu ucnonb3oBath npeaukar ! nocne roditel('Kons', A), To pesynbratom
paboThI MporpaMmbl OyAET NEPBLIX TPU CTPOKH, eciu nocie roditel(A, B) — nepBbIX ABe CTPOKH.
Ecnu nipu BEITOJTHEHNH TIpaBwiia B pe3yiIbTaTe BO3BpaTa /IS TIepEI0Ka3aTeIbCTBA MPEANKATOB C
HOBBIMHM 3HAYCHMUSMHU TEPEMEHHBIX Oy/leT BCTpeueH mpeaukar !, TO BCE MPaBHIO B LEIOM
BO3BpaTUT «false», maxke ecim y HEro HMMEIOTCS aJbTEPHATHBHBIC IYTH JOKa3aTeNbCTBA,
yKa3bplBaeMble uepe3 «;» (ormueckoe WJIM) unu onpeneneHus, 3aaBaeMble OTIEIbHBIMU
NPEIOKEHUAMU.

IlocTtaHoBKa 3a7a4u K JJabopaTopHoii padoTte 3

1. M3yunTh npennaraeMblii TEOpETUUECKUI MaTepHrall.

2. Pa3paboraTh mporpamMmsl, UCHIOIb3YS pparMeHTs! KoAa (MUCTUHTH 3.1-3.6).

2. OTueT A0JKEeH CcojepKaTh TUTYJIBHBIN JHCT, BKIIOYAIOLINA Ha3BaHUE J1a00OpaTOpHOM
paboThl 1 HOMEp BapUaHTa, a TakXKe CBeACHUs 00 aBTope ((haMuiIns CTyIeHTa U HOMEP IPYIIIbl).

3. OpopmieHne KaXAOro 3aJaHus HAYMHANTE C yKa3aHUS €ro HOMepa, Harmpumep
«3aganme Ne 1» 1 TekcTa 3a7aHUS.

4. Odopmiaa pelieHHe 3aJaHuil, cienyeT BKJIIOYaThb B JOKYMEHT CKPHHIIOTHI H
KOMMEHTapUH JJIs NOSICHEHUS UCIIOJIb3YEeMbIX 0003HAUYEHUI U BBINOJIHAEMbIX JEHCTBHIMA.

5. Opopmuts otder mo naboparopHoil padorte. IlpeacTaBuTh OTYET MO J1AOOPATOPHOU
paboTe IS 3alTUTHI.

BapuaHThl HHIMBUAYAJIbHBIX 32IaHUI

B cootBeTcTBUM C IMOJIYUYCHHBIM 3aIaHUEM CCbOpMI/IpOBaTI) PEICHUE U JaThb €TI0 OIMMMCAaHUEC
CO CKpUHIIOTAaMH BBIIIOJIHCHHBIX I[eﬁCTBHfI.

3amnanue 1.
1.1 CoctaButh CHHMCOK (DpE3epHBIX CTAHKOB C WX MapaMeTpamu, OCYIIECTBUTH MOMCK
CTaHKa B JJAHHOM CIIMCKE W BBIBECTH €ro napamerpbsl. OCHOBHOM mapameTrp — 3TO IIHpPHHA

crosia. JIyisi JaHHBIX CTAHKOB IIMPUHA CTOJIA UMEET cieayromue pasmepsl: 200, 250, 320, 400,
500.
B tabnune 1 npuBeaeHBI BUABI CTAHKOB C TapaMeTPaMH.

Tabnuma 3.1 - [lepeyeHb cTaHKOB

Tun ctanka HazBanue Pasmep crona
BEPTUKAIIbHO-(PE3EPHBIA 6M10 200 Mmm
BEPTHKAIbHO-(PPE3ePHBI 6H11 250 MM
FOPU30HTATBLHO-(PE3SPHBIN 6M80I" 200 MM
FOPHU30HTAIBLHO-(PE3CPHBIM 6HS1T 250 MM
BEPTUKAIIbHO-(PE3CPHBIN 6H11 320 MM
FOPU30HTAITLHO-(pe3epHBIN 6M82I 320 Mmm
BEPTHKAIBHO-(PPE3epHBIi 6M13 400 Mm
FOPU30HTATBLHO-(hPE3ePHBINA 6M83I 400 Mmm
BEPTHKAITBHO-(PPE3ePHBIH 6H14 500 Mmm
FOPU30HTATBLHO-(PE3SPHBIN 6H84T" 500 MM

1.2 [To9KCTIEpUMEHTHPOBATh C TPABWIOM «IPHHAICKUTY, H3YYUTh C TOMOIIBIO
OTJIaJYMKa, KaK paboTaeT peKypCUBHBIH epeOop JIEMEHTOB CIHCKA.
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1.3 Co3matb BO BCTPOEHHOM pEJAKTOpe IpOrpaMMy, B KOTOpPOM IpeacTaBieHa
uHbopMals U3 BbIIIE NPUBEIECHHOW TaOMUIBI B BUJEC YHApHBIX NPEIUKATOB CTAHOK C
apryMEHTOM — CIHCKOM U3 TpeX MapaMeTpoB (M3 CTOJOLOB TaOIMIIbI), MPAaBUI JIOTHUECKOTO
BbIBOJIa C pEKypcuel Ui MOMCKa MapaMeTpoB CTaHKa IO 3aJaHHOMY OJIHOMY IapameTpy.
[IpenukaToB «cTaHOK» AOJKHO OBITH 10 (10 0HOMY Ha KaXKAyIo CTpOKy Tabmuisl). [Iporpamma
JIOJKHA COZIEPKATh CIEyIOIIHe ITpaBuiIa:

- IPaBUJIO HAWTH, C KOTOPOTO 3aIlyCKaeTCsl IporpaMmma:

HanTH(X):- cranok(L), mapamerpsi(X,L), phh(L).

rae: L — ciucok mapameTpos.

- IPaBWJIO «IApaMETPhl» C peKypcuer Ajs MOMCKa 33JaHHOro napamerpa X (HamucaTh
CaMOCTOSITEIILHO)

- nmpaBwio phh 11 BbIBOJa Ha 3KpaH CIMCKa MapaMeTpoB B BUJIE CTPOKM (HAmUcaThb
CaMOCTOSITEIILHO).

3ananmue 2.

HeoGxonmumo  paspaborate nporpamMMmy «POICTBEHHBIE  CBSI3W»,  OTBEYANOLLYIO
CIICAYIOLIMM TPEOOBaHUSM.

2.1 Ilporpamma osKHa cofiepaTh 00IIKe AJi BCeX BapuaHTOB (DaKThl U MpaBUia:

- JKCHIL[MHA;

- My>XK4HHa;

- MaTh;

- oTel;

- pOZIUTEIND;

- CYIpYyTH.

2.2 Tlo BapnanTaM J00aBUTH B IpOrpamMMy IpaBUIIa Ui ONpPEesIeHUs] POACTBEHHUKOB:
. Opar;

. CecTpa;

. pebeHoK;

. 6albymka;

. JeyIIKa;

. BHYK;

. BHYYKa;

. IpaJieAy1IKa;

. ipabalymika;

. IpaBHYK;

. IpaBHYYKa;

. 35Tb (MY’ JJOYEPHU, CECTPBI, 30JI0BKH);

. HeBecTKa (’KeHa ChIHa JJIs ero OTIIa, keHa Opara);

. CBEKOD (OTeI] My>Ka);

. CBEKpOBb (MaTh MyXka);

. TECTb (OTEll XKEHbI);

. Teua (MaTh KEeHbI);

. CHOXa (’KeHa ChbIHA JJISl er0 MaTeph);

. cBarT (OTel OJHOTO U3 CYNPYTOB AJISL POJUTENEN IPYroro Cynpyra);
. CBaThs (MaTh OJTHOTO U3 CYNPYTOB JJIS POJIUTENIECH APYTOro Cynpyra);
. CBOSIK (MY’ CECTpBbI JKEHBI);

. CBOsSTUEHHIIA (CECTpa JKEHBI);

. CBOSIKM (JIMILIA, )KEHATBIE Ha JIBYX CECTPaX);

. IeBepb (poJHOM OpaT My»Ka /sl )KEHBI);

. 30JI0BKa (CecTpa My Ka);
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. IrypuH (Opart >keHbl);
. msins (Opat oTIa WITM MaTepy MO OTHOWICHHIO K JIETSIM, TUIEMSHHHKAM, KpOME TOTO,

TSI SBIISICTCS. MYXK TETKH);

28

. TeTKa (cecTpa OTIla WM MaTepH MO OTHOIICHUIO K JIETSAM, TIIEMSHHAKaM. KPOME TOTO,

TETKOM SIBJISICTCS JKCHA JISI/TN );

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41

42.

IUIEMSIHHUK (peOeHOK OpaTa WK CeCTphl);

BHYYAaTbIi MJIEMSIHHUK (BHYK OpaTa WM CecTphl);

BHyYaTas IUIEMsSHHULA (BHYYKa OpaTa WJIn CECTphl);

JIBOIOPOJIHBIN JeyIIKa (1711 OTIA UM MaTepu);

JBOIOpOAHAs 6a0yIiKa (TeTKa OTIa WM MaTepH);

JIBOIOPOJTHBIN Opat — Ky3eH (ChIH POJAHOTO A WK TETH);
JIBOIOPOJIHAS CECTpa — Ky3UHa (J0Yb POTHOTO IS WA TETH);
JIBOIOPOJTHBIN /17151 (IBOIOPOIHBIN Opat oTIia U MaTepH);
JIBOIOPOIHAS TETKA (JIBOIOPOIHAS CECTpa OTIIa U MaTEpH);

Mauexa (HepoHast MaTh peOeHKa);

OTYUM (HEpPOJHOM oTel] pebeHKa);

najdyepuiia (HepoHasi 1oyb 110 OTHOIICHHUIO K OJTHOMY U3 CYTIPYTOB);
. TACBIHOK (HEPOHOM CHIH 110 OTHOMICHHUIO K OJTHOMY U3 CYNPYTOB);
CBOJHBIN Opat (CHIH HEPOAHOTO POIUTENS (MayexH, OTYMMA) O OTHOLICHUIO K JIETSIM

POJHOTO);

43

. CBOJJHadA CCCTpa (I[qu HCPOAHOTO POAUTCIIA (Ma‘-IeXI/I, OT‘-II/IMa) IO OTHOIICHHIO K

JIETSIM POJTHOTO);

2.3 Ilpu HeoOxonuMOCTH /100aBUTH B MpPOrpaMMy HeAocTaromue (akThl M TpaBuia,
Tpedyemble st paboTHI MpaBMII U3 1. 2.2.

Copnep:xxanue oTyera

IIo BeIIIOIHEHHOM pa60Te cocTaBiseTca oTrdeT. OTUET BBINOJHACTCS B 9JICKTPOHHOM

Buze. I1o

BBIMIOJTHEHHOMY OTYETY MPOBOJIUTCS 3aIIuTa J1a00paTOpHOM paboTHlI.

Otuer mo naboparopHOW pabOTe MOIKEH COCTOATh M3 CIEAYIOUIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIHCT;

- BBOJIHAs 4acCTh;

- OCHOBHAsl 4acTb: ONMHCaHKe PabOoThl, BKIIOYAOIIEe CKPUHILOTHI 1HCTBUI;

-3

aKJII0YeHHE (BBIBOJIBI).

BBoanas yacTh oT4eTa JOJKHA BKIKOYATh ITyHKTHI:

- YCIIOBHE 3a]1a4H;

- IIOPSZIOK BBIIIOJIHCHMSL.

- MpOrpaMMHO-aNMNapaTHbIe CPEJICTBA, UCIIOIb3yEMbIE MPU BHITIOIHEHUH PAaOOTHI.

3ammTa oT4eTa Mo J1abopaTopHON padoTe 3aKII0YACTCs B IPEIbSBICHUH MPETIO1aBaATEII0
MOJTyYEHHBIX PE3YyJbTaTOB B BHUJE (ailyia U AEMOHCTPALMU MOJYyUYEHHBIX HaBBIKOB IPH OTBETaX
Ha BOIIPOCHI IIPETIO1aBATEIIS.

KoHTpo/ibHBIE BOIPOCHI

O 00 1IN DN K W~

. Kak Mo>xHO 3arpy3uts nporpammy u3 Qaiina?

. Kak 3amyckaercs nporpamma Ha [Iposore?

. Kak orobpasatorcs B mporpamme Ha [Iposore cBoiicTBa cymHocTen?

. Kak oroOpaatorcs B nporpamme Ha [Iposore oTHOIIEHHST MeXAy CYLTHOCTAMU?

. Kak otob6paszuts B mporpamme Ha [Iposore nmpoBepky KOHBIOHKLUH JIBYX IPEAUKATOB?
. Yro takoe ynuduxamus B [Iponore?

. Uro takoe npasuiio B [Iposore?

. Onummre QyHKIMOHATBHBIE BOBMOXHOCTH JIOTHYECKOTO MPOTrpaMMHPOBaHUS

. Onummure OCHOBHBIE CBOMCTBA PEKYPCHH
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10. Kaxk Ha s3b1ke [Iponor MoxeT OBbITh peann3oBaHa peKypcus?

JlaGopatopnas padora 4. [IpumeHeHne JJOrH4eCKOro NporpaMM1poOBaHUA B
NMPOEKTHPOBAHUHU IKCHEPTHBIX CHCTEM

Hean padorbi: HayunThest ncnosp3oBath criucku B [Iposore.
OcHoBBI TEOpUH

Hcnoan3oBaHne cnucKoB

Crucku — ofHa U3 Haubosee 4acTo ynorpediseMbix cTpyktyp B [Iponore. Criucok — 310
Ha0oOp OOBEKTOB OJHOTO W TOTO k€ Tuma. [Ipu 3ammMcu CMHMCOK 3aKIIOYalOT B KBaJIpaTHBIC
CKOOKH, a DJIEMEHTBI CITUCKA Pa3AeIsIOT 3aMaThIMU, HAIPUMeED:

[1,2,3]
[1.1,1.2,3.6]

29 9 % 9

[“Buepa”,”’ceromus’,”3aBTpa’’]

DJeMeHTaMH CIHCKa MOryT ObITh Jr00ble Tepmbl Ilposora, T.e. aTombl, 4YHcHa,
MIepEMEHHbIE U COCTaBHbIE TepMbl. KaXk/blil HEMyCTON CIIUCOK MOXKET OBbITh pa3JielieH Ha TOJIOBY
— TEPBBIM DJJIEMEHT CIUCKA U XBOCT — OCTAJbHBIC JJIEMEHTHI chucka. [Ipu sTtom cmmucok
MIPEACTABIISIETCS B BUJIE:

[A|B] wmm [1] [2,3]] wu [1| B] wnu [“Buepa”| [“ceronus”,”’3aBTpa’]].

b

DTO TMO3BOJIAET BCSAKHM CIUCOK MPEJACTaBUTh B BHje OuHapHOTO nepea (puc.l). ¥V
CIHCKA, COCTOSIIETO TOJIBKO M3 OJTHOTO JIEMEHTA, TOJIOBOH SIBIISIETCS STOT JIEMEHT, & XBOCTOM —
HYCTOﬁ CITUCOK. JIJ'ISI HCITOJIB30BAHUsA CIIMCKaA HeO6XO)II/IMO OmucaTh Npe€auKaT CIIMCKa.

[
—
o
=
—

ad
—_—
i %
i

Pucynok 4.1 - bunapHoe aepeBo crucka.

B cnenyromem npumepe 1 - ronosa cnucka, a [2, 3, 4, 5] - xBocT. [Iposior nokaxer 3To
MIPU TIOMOIITY COTIOCTABIICHHUS CITMCKA YHCEII ¢ 00pa3IioM, COCTOSIIIUM U3 TOJIOBBI U XBOCTA.

?-11,2,3,4,5]=[Head | Tail].

Head =1
Tail = [2, 3, 4, 5]
Yes

3necy Head u Tail - Tonbko umeHna nepeMeHHbIX. Mbl Moriu Obl UCTIONB30BaTh X U Y
WIN KaKkue-HUOYyIb ApyTrue MMeHa IEPEMEHHBIX C TeM K€ YCIIeXOM. 3aMEeTHM, YTO XBOCT CITUCKA
BCerja SBJISIETCSl CIUCKOM. ['0sioBa, B CBOIO OYepeib, €CTh 3JIEMEHT CIHCKA, YTO BEPHO U JUIA
BCEX JIPYTUX 3JIEMEHTOB, PACIOJIOKEHHBIX O BEPTHKAIBHOW YepThl. DTO MO3BOJISET MOIYYUTD,
CKa)keM, BTOPOI1 3JIEeMEHT CITUCKaA.

B Prolog wmcmonws3yercs cnenuaibHBIA CHMBOJ IS pa3lelieHus] CIHCKa Ha TOJIOBY U
XBOCT — BEpTHKaJIbHAS YepTa |.
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Hamnpuwmep:
(1,2, 3] womm [1 [ [2, 3] v [1 ] [2[ [3]]] o [T [2 ] [3 [[]]]]

BepTI/IKaHBHyIO YCPTYy MOXKXHO HCIIOJIb30BATh HC TOJIBKO AJIA OTACIICHHA I'OJIOBBI CIIMCKA,
HO 1 U1 OTACJIICHHUA ITPOU3BOJIBHOT'O YK CJIa HAYaJIbHBIX 3JICMCHTOB CITMCKaA:

(1,2,3]wmum [1,2 | [3]]mwmm [1,2,3 | []]

IIpumep
Hcnonp3yeM aHOHMMHBIE IIEPEMEHHBIE JJIS TOJIOBBI U CIIMCKA, CTOSILErO IOCIE YEPTHI,
€CJIM HaM HY’KEH TOJIBKO BTOPOM 3JIEMEHT CITHCKa:

?- [cnon, nomanp, oceln, codbakal =[ , X | ]. X = nomaap
Yes

PaccmoTpuM Heckonbko mpolenyp oopaboTku cnuckoB. OOpaTuTe BHUMaHHE, UYTO BCE
OHU HCIIONIB3YIOT PEKYpPCHIO, B KOTOPOH TepMHHalIbHOE (0a30BOE) MPaBUIIO ONPEICIICHO IS
MyCTOTO CIHCKA.

IIpumep

[IpenukaT «mepecTaHOBKa» BBIJACT CIUCKH, IOJyYEHHbIC MEPECTAaHOBKOH 3JIEMEHTOB
CBOETO MEPBOr0 apryMeHTa.

nepecranoBka([],[]).

nepecranoBka([H|L],Z):- nepecranoBka(L,Y), mecto(H,Y,Z2).

[Ipumep ncnoap30BaAHMS:
JInctunr 4.1

?- mepecranoBka([a,b,c],X). X =[a, b, c] ;

X=1b,a,c];
X=1[b,c,a];
X=Ja,c,b];
X=]c,a,b];

X =[c,b,a];No

[Ipenmnonoxum, 9T0 UMEETCSI HEKOTOPBIM CIHCOK, B KOTOpOoM X 0003HA4aeT ero ToJoBY,
a Y — XBOCT cmucka. TakoW CHMCOK MOXHO 3amucarth, Kak [X|Y]. DTOT CIUCOK MOXKET
COJIep>KaTh, HAPUMEP, UHCTPYMEHT JIsl 00pabOTKU JeTaseit:

[bpe3a, cBepio, peserr, X0H]

Tenepp MNPEANONOKUM, YTO MBI XOTHUM OMPEACIUTh, COJACPKUTCS U HEKOTOPBIN
MHCTPYMEHT B yKa3zaHHOM crucke. B IIponore 310 MOXHO chenartb, onpeaenuB, COBNANAET JIH
JAHHBIA WHCTPYMEHT C TOJIOBOW cmucka. Eciu coBmagaer, TO Hall CHHCOK 3aBEPIIACTCS
ycriexoMm. Ecnmu HeT, TO MBI TIpOBEpsieM, €CTh JIM HY>KHBI WHCTPYMEHT B XBOCTE HCXOJIHOTO
CIUCKA. JTO 3HAUUT, YTO CHOBA MPOBEPSETCS r0JIOBA, HO YK€ 0YepeTHOTO XBOocTa crnucka. Eciaun
MBI JIOXOJUM JIO0 KOHIIA CTIHCKA, KOTOPBIM OyAeT MyCThIM CITUCKOM, TO HAIIl IMMOUCK 3aBEPIIACTCS
HeyJauel: YKa3aHHOTO MHCTPYMEHTA B UICXOJAHOM CIIMCKE HET.

Jnst Toro, uToOBI 3anucath Bee 3T0 Ha [Iposore, cHavana Hamo:

Y CTaHOBUTH, YTO MEXAY OOBEKTOM U CIIUCKOM, B KOTOPBIH ATOT 0OBEKT MOXKET BXOAUTH,
CyIIEeCTBYeT OTHOIIeHue. [l 3amMcu STOTO OTHOIICHHWS OyJaeM HCIOJb30BaTh MPEIUKAT
MPUHAUICKUT:  [EIeBOe  yTBEpXKIACHHEe  NpuHAANSxKuT(X,Y)  SBISETCS  HCTUHHBIM
(«BBITIOTHSETCSY), €CITU TEPM, CBA3AHHBIM C X, SIBISCTCSA DJIEMEHTOM CIIMCKA, CBA3aHHOTO C Y.
Nmerotcs 1Ba ycloBUs, KOTOPhIE HAAO0 MPOBEPUTH IS ONpPENCTICHHs] UCTUHHOCTH TpEeIrKaTa.
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[TepBoe ycioBue ToBOpUT, YTO X OYyIET AJIIEMEHTOM CHUCKa Y, ecld X COBMAJaeT C TOJIOBOM
cnucka Y. Ha I[Iposore 3ToT pakT 3anucbiBaeTcs CleayomuM 00pa3om:

npuHaIeKUT(X, [ X]_]).

OTa 3amuch KOHCTAaTHUPYET, YTO X SABISETCA JIEMEHTOM CIHCKA, KOTOpbIA nmeeT X B
KayecTBe TOJIOBBl. B JTaHHOM cilyuyae aHOHMMHAs MEpeMEHHas « » A 0003HAYeHHs XBOCTa
CIIUCKA.

Bropoe mpaBmwiio roBopuT 0 TOM, 4TO X INPUHAUICKUT CIIMUCKY IPHU YCIOBHH, YTO OH
BXOJIUT B XBOCT 3TOT0 CIHUCKa, 0003HauaeMblil yepe3 Y. [l 3TOro MCrosnb3yeM TOT K€ CaMblii
NpeauKaT MPUHAUICKUT Ui TOTO, YTOOBI ONpPEeNUTh, MPUHAMICKUT I X XBOCTY CHHUCKa. B
3TOM M COCTOMT CyTh pexkypcuu. Ha IIponore 3To BBINISIINAT Tak:

npuHaanexuT(X,[ |Y]) :- npunammexut(X,Y).

JlBa o3TuX mpaBWia B COBOKYNHOCTH ONPENENSIOT MpeIuKaT s OTHOILICHUS
MPUHAIICKHOCTH U yKasbIBatoT [Iposory, kakum o0pa3oM MpocMaTpuBaTh CIIMCOK OT Havaja J10
KOHIIAa MpHU TIOMCKE HEKOTOpOro 3jeMeHTa B cnucke. Haunbosiee BaXHBIE MOMEHT, O KOTOPOM
ClIeyeT TIOMHUTb, BCTPETUBILNCH C PEKYPCUBHO ONPEICIEHHBIM IIPEIMKATOM, 3aKJIFOUAETCs B
TOM, YTO MPEKIEe BCEro HaJ 0 HAWTH TPaHUYHBIEC YCIOBUS U CIIOCO0 MCIOIB30BAHUS PEKYPCHH.

Jlna mpenukata «IpUHAUIEKUT» B JIEHCTBUTEIBHOCTH MMEIOTCA [Ba TUIA T'PaHMUYHBIX
ycinoBuil. JInGo 0OBEKT, KOTOpBI MBI HIIEM, COAEPXKHUTCA B chucke, nubo HeT. IlepBoe
IPaHUYHOE YCJIOBHE i NpEeAuKaTa «IPUHAIJIECKHUT» PACIO3HAETCS NMEPBBIM YTBEPXKICHUEM,
KOTOpO€ MPHUBOJIUT K MPEKpALICHUIO TOWCKAa B CIHCKE, €CJIM MEepBBbIA apryMeHT IpeauKara
IIPUHAJUIEKUT COBIAJAET C IOJOBOM CNHCKAa. BTopoe rpaHMYHOE yCloBHE BCTpedaeTcs, Korja
BTOPOI apryMeHT NpearKaTa «[IPUHAJICKUT ABISETCS MYCThIM CIIUCKOM.

370 BCe IeMOHCTpUpYET ciaenyromuii npumep Ha Iponore: npunamiexut(X,[X]| ]).

npuHaIexkuT(X,[ |Y]):- npunamiexut(X,Y).

?- npuHaanexut(dpesa,[ ppesa, cBepino, peser, XoH]).
true

?- mpUHAANESKUT(TIPOTSHKKA, [ ppe3a, CBEpII0, pe3el], XOH]).
false.

Cnoco0bl Oprann3anum HUKJIOB

B Ilpostore OTCYTCTBYIOT KOHCTPYKIIMH IUKJIOB C ITAPAMETPOM, MPEI- U TIOCTYCIOBUEM,
HO C TIOMOIIbIO COOTBETCTBYIOIINX MEXaHU3MOB MOXHO OPTaHM30BATh Pa3HbIEC TUITHI IIUKIIOB.

1 crtoco6. crmonb3ys pexkypcHro.

2 cnoco0. Mcnonp3ys npeaukat, KOTOPBI MOXKHO Mepeioka3aTh, U npeaukar fail.

3 cioco6. Hcmonb3yst TpeawkaT, KOTOPBIM MOXKHO TIE€peIoKa3aTh, W JIOTUYECKOE
yIBepkaeHue. Hampumep, BbIAATH Mapbl «IPEAOK» - «IIOTOMOK» JI0 TeX IOop, IOKa He
BCTPETHUTCS TOTOMOK C IMeHeM «MHuIiay.

Jluctunr 4.2
?- predok(A, B),
write(A), write(' aBrsercs npeakom '), writeln(B),
B == 'Muma’;
true.
Ortger:
Buxka siBnsiercs nmpenkom Kouns

Bacs aBnsercs npeaxom Koms
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Kons ssnsiercsa npenkom HOms
Ona saBnsercs npenkom Muia

Taxast KOHCTPYKIIMSA COOTBETCTBYET IIUKIY C ITOCTYCIOBHEM.

4 crtoco6. OpraHm3anusi IMKJIA CO CYETYAKOM, HWCHOJIB3ys TMpeauKaT repeat u
TUHaMH4YecKoe no0aBneHue GpakToB B 0a3y 3HaHUH (IporpamMmy).

Crnemyer OTMETHTh, YTO B HEKOTOPBIX peanu3alusx s3bika [Ipomor oTcyTcTBYyeT
BCTPOCHHBIM MpenukaT repeat. Torja aHHBIM MpeauKaT HAAO ONPEAETUTh B Iporpamme
CJIEIYIOIIM 00pa3oM

repeat.

repeat:- repeat.

Ero wucnonp3yloT BMecTO IepefoKasbiBaeMoro nmpeauvkara. Ho ecaum  mpu
MepeI0Ka3aTeIbcTBE OOBIYHBIX TPEIUKATOB MOXKET HACTYINHTh MOMEHT, 4YTO BCE (aKThI
ucueprnansl (Hanpumep, predok(A, ‘Muma’) ... fail), To npu ucnoab30BaHUU TpeAMKaTa repeat
TaKOW MOMEHT HE HACTYyIaeT HUKOT/Ia.

Jluctunr 4.3

?- assert(count(1)),

repeat,

retract(count(X)),

X2is X * X,

write(X), write(''2 ="), writeln(X2),
Xlis X +1,

(X1>10,1

assert(count(X1)), fail).

[IpuBenennas mporpamMma OyJeT HMKIMYECKH BBIaBAaTh HA SKpaH KBaJApaThbl yuced oT |
no 10. B xayecTtBe cuerynka Hcmojib3yeTcss mpenukar (¢akt) count, KOTOPBIH TUHAMHYECKH
no0aBisieTcs U yaanseTcs U3 6a3bl 3HaHHM.

CyIIecTBYIOT TaKXKe IPYTUe COCOOBI OPTaHU3AINH ITUKIIOB.

IIpumenenne cnuckos B IIposore

B Ilponore HeT Takoil pacupOCTPaHEHHON M YaCTO UCIOIb3YEMOM CTPYKTYPbl XpaHEHUS
JAHHBIX KaK MAaCCHBBI, HO 3aTO €CTh Pa3BUTHIE BO3MOXKHOCTH padOThI co cruckaMu. CIHCOK —
YIOPSIIOYCHHBI HAa0Op AJIEMEHTOB OJHOTO THIMA. B OTiMYMe OT MAacCHBOB, KOJHWYECTBO
AJIIEMEHTOB KOTOPBIX CTPOTO (UKCHUPOBAHO (B OONBIIMHCTBE SI3BIKOB MPOTPAMMHPOBAHUS),
CIIUCKH TTO3BOJITIOT MOIU(DHUITUPOBATH, TOOABISITH HIIA yAAJIATH U3 HETO JIEMEHTHI.

Crnucku B IIponore 3akmodaroTcs B KBaJpaTHbIe CKOOKH, Hampumep [1, 2, 8, 123] unm
['TIH', 'BT', YeTtBepr']. Cucok, He copep KaIlfii HA OJTHOTO dJeMeHTa «||», Ha3bIBaeTCs My CThIM.
Kaxnp1ii HemycToil CNHMCOK COCTOMT W3 JBYX 4YacTeil: roJIOBbI MU XBOCTA. ['0J0BOM siBIIsE€TCA
MIEPBBII DJIEMEHT CITMCKa, XBOCTOM — BCE OCTAIBHOE.

Tabmuua 4.1 - ClUCKY ¥ €ero COCTaBHBIE YaCcTU

Crncok ['onoBa XBOCT
[1,2,8,123] 1 [2, 8, 123]
['Td', 'BT', 'YetBepr'] | 'TIH' ['BT', 'UeTBepr']
[1.25] 1.25 []

[] HE OlpeJieieHa | HE ONpeIelIeH
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B nporpamme rosiiosa oTAenseTcst OT XBOCTa CUMBOJIOM «|».

YacTo ucmob3yeMbIMH OTIEpAIUsIMHU MPU PabOTE CO CTUCKAMU SBIISFOTCS:
- IPOBEPKA HAMYMS JIIEMEHTA B CIHICKE;

- no0aBNeHNE 3JIEMEHTA B CITUCOK;

- KOHKaTeHus (00beIMHEeHNE) CIIHCKOB;

- yAaJleHue 3JIEMEHTa U3 CIIHCKA;

- 3a/1aHKe 0OPaTHOTO MOPSAKA CIIEJOBAHUS SJIEMEHTOB CITHCKA;

- pasJeseHre cyucKa Ha JiBa.

1 TIpoBepka HamM4Ks IIEMEHTA B CIIUCKE.
JIncrunr 4.4
% 1 mapameTp — 2JIEMEHT, HaJIu4he KOTOPOro B CIIUCKE TpeOyeTcsi MPOBEPUTH
% 2 mapameTp - CIIMCOK
member(X, [X | ]).
member(X, [_|Tail]):- member(X, Tail).

?- member(2, [1, 3, 45, 2, 74]),
write('a");

write('"Het').

Ortger: /la.

2. JloGaBrieHue snemMeHTa B crnucok. [[nst maHHON omepanuu He TpeOyeTcs OTISIBHOTO
TpaBuja, €CIIM AJeMEHT X T00aBseTcsl B Havano crucka List

NewList = [X] List].
3. KonkareHuus IByX CIHCKOB.
Jluctunr 4.5
% 1 mapameTp — nepBBIN CITUCOK
% 2 mapameTp — BTOPOH CIIUCOK
% 3 mapameTp — pe3yabTaT 00bEeTUHEHUS IBYX CIIMCKOB
concat([], L2, L2).
concat([X|L1], L2, [X|L3]):- concat(L1, L2, L3).

?- concat([1, 2], [3, 45], L),
write(L).
Otsert: [1, 2, 3, 45].

4, VY naneHue 3IeMEHTa U3 CIHCKA U 3aJaHHUe O6paTHOFO nopsiiKka CJICIA0BAHUA 3JICMCHTOB
CIIMCKa.

JIncrunr 4.6
% 1 mapameTp — yaansieMblil 2JIEMEHT
% 2 mapameTp — UCXOHBIN CIIMCOK

% 3 mapameTtp — pabouHii CITUCOK
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% 4 mapameTp — NMepeBepHYTHIN CIHCOK 0€3 AIeMEeHTa
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|L1], L2).

% 1 mapameTp — HCXOIHBIA CITUCOK

% 2 mapameTp — pabo4uii CIIUCOK

% 3 mapameTp — MepeBEPHYTHIA CITHMCOK
reverse([], Lr, Lr).

reverse([X|L], L1, Lr):- reverse(L, [X|L1], Lr).

?- delete(1, [1, 3, 1,45, 1], [], L),
reverse(L, Lr),
write(Lr).
Otser: [3, 45].
5. Pa3nenenue cimcka Ha JBa.
Jluctunr 4.7
% 1 mapameTp — 3JIEMEeHT, 3aJaloIni pa3oneHne
% 2 mapameTp — UCXOHBIN CIIMCOK
% 3 mapameTp — 3JIeMEHThI, MEHbIIINE WIH paBHbIEe | mapameTpy
% 4 mapameTp — 3JIeMeHTHl, bosbire 1 mapamerpa
split(_, [1, [1, [-
split(Y, [X|L], [X|L1], 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(L1),
writeln(L2).
Otser: [1, 3, 1, 1] u [45, 33].
IlocTtaHoBKa 3a1a4u K J1a06opaTopHOii padoTe 4

1. M3yunTh npennaraeMblii TEOpETUUECKUI MaTepHrall.

2. CocTaBUTh NPOTrpPaMMBbl, UCTIONb3Ys PparMeHThI JIUCTUHTOB 4.1-4.7.

2. OTueT n0JKEeH Co/Aep)KaTh TUTYJIBHBIN JHMCT, BKIIOYAIOLINIA Ha3BaHUE J1a00OpaTOpHOM
paboThl 1 HOMEp BapUaHTa, a TaKXKe CBeACHUs 00 aBTope ((aMuiIus CTyIeHTa U HOMEP IPYyIIIbl).

3. OpopmieHre KaXAOro 3aJaHus HAYMHANTE C YyKa3aHUS €ro HOMepa, Harmpumep
«3aganme Ne 1» u TekcTa 3a7aHUS.

4. Odopmiaa pelieHHe 3aJaHuil, cienyeT BKJIIOYaThb B JOKYMEHT CKPHHIIOTHI H
KOMMEHTapUH JJis NOSICHEHUS UCIIOJIb3YEeMbIX 0003HAUEHUI U BBIOJIHAEMbIX JEHCTBHIMA.
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5. Odopmuts otueT mo naboparopHoit padore. IlpencTaBuTh OTYET MO JTaAOOPATOPHOM
paboTe IS 3alTUThI.

BapuaHThl HHAMBUAYAJIbHBIX 32IaHUI

B cootBeTcTBUM C IMOJIYUYCHHBIM 3aIaHUEM CCbOpMI/IpOBaTI) PEICHUE U JaTh €TI0 OIMMMCAaHUEC
CO CKpUHIIOTaMH BBIIIOJIHCHHBIX HeﬁCTBHﬁ.

3aganue 1

Pa3zpaborate mporpammy pacdera (GyHKIIUU C HCIIOJB30BAHHEM PEKYpPCHUBHBIX MPAaBUIL,
OTBEYAIONIYIO CIIeTyIONTUM TpeOoBanusM (1adm.4.1).

1.1. TIporpamMma 10JKHA 3alpalliiBaTh Y MOJIb30BATEIS:

- N — KOJIM4eCTBO YIEHOB pAla;

- X — 3HaUeHHe TIepeMeHHO (eciu B popmyre ecTh X).

1.2 Pe3ynbTaThl pabOThI, BbIJaBa€MbIC HA IKPAH:

- IpUOIMKEHHOE 3HAYCHNUE (DYHKIINY;

- TOYHOE 3HAYCHUE (YHKIIUH.

Tabnuua 4.1 — [Iporpamma pacdera GyHKIUU

Ne | Belpakenue

T L— —_ 2 __ .3 - _ n—1,n—1
Ly=z=1-x+x"—x>+ + (—1)" *'x

h ;— _ 2 _ 3 cen _qyn—1 n—1
2 }_{1+x}2_1 2x +3x° —4x* + -+ (-1)" ' (n+ Dx

. 1 4.2 4 _ .64 ... _qyn-1..2n-2
3 |\y=gz=1-x"+x*—x"+ + (—1)" 1x
4y 1-|—J2-|—--+-|—\/(n—1)—|—v’ﬁ

1 1 1 _ 1

s | y=n=VR2(1-gtim—pt ot G o)

R R B T N S TR R R S B
6 1) 4_1 3+5 ?+ +(=D Zn—1

1, N 11 11 L -1 1
Ty=L 3)_2-3-4 4-5-6+6-?-8 8-9-1{]+ +(=D" 2n(2n+1)(2n+2)

mw? 1 1 1 1
8 | ¥ ?:1+2_2+3_2+4_2+”++n_2
e 1 1 1 1

9 | v E:1+3—2+5—2+?—2+'"+W
1|, __t, 1t ot a1t

3amanmue 2

Pa3zpaborats mporpammy pacuera (hyHKIIUH C HCIIOJIB30BAHHEM PEKYypPCHUBHBIX IMPaBUII,
OTBEUAIONIYIO CIEAYIOIUM TpeboBaHusaM (Tabm.4.2).

2.1. [IporpamMma noKHA 3aMpalivBaTh y MOJIb30BATENS:

- N — KOTM4ecTBO YJICHOB Psa;

- X — 3HaUeHUE TIepeMeHHOM (eciu B popmyrie ecth X).

2.2 Pe3ynbTaThl pabOTHI, BbIIaBaEMbIE HA IKPAH:

- MPUOIMKCHHOE 3HAYCHHUE (DYHKIINY;

- TOYHOE 3Ha4YeHUe (QYHKIUH.

Tabmuma 4.2 — [Iporpamma pacdera CII0KHON (QyHKITUH
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Ne | Beipaxxenue

I y=£=1——+——% m+odwﬂaiﬁ
2 |y=C =1 i et

3 yzi;1+ tot ot ot
R

s |y=er=1+245 4% +m+{;_

7 }“:mezl+}ﬁx+“fx+““x+uw—;:?
8 y=5ﬂ=1—§+§—§+m+(U“%;;

T — — _i i_ﬁ - — n_lx_
9 |y=In(14+x)=x St 5t + (—1) ~

— 1ty qymal
10 y=nh2=1 Sts—ot +(—1) -

Copnep:xxanue oTyera

[To BbIMONHEHHON paboTe cocraBisgercss oT4eT. OTYET BBIMOTHACTCS B DJICKTPOHHOM
Bujie. I1o BeIMONIHEHHOMY OTYETY MPOBOAUTCS 3alllUTa Ja00paTOPHOM paboTHI.

Otuer mo mnabopaTopHOW pPabOTE MOKEH COCTOSITh W3 CIEIYIOIIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJIHAs 4aCTh;

- OCHOBHasl 4acThb (OnucaHue padoThI);

- 3aKJIIOYCHUE (BBIBOJIBI).

BBognas yacTs oT4eTa TOMHKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 3aJ]auy;

- IOPSAZOK BBITIOJIHEHHUS.

- IPOrpaMMHO-aIIapaTHbIE CPEACTBA, UCIOIb3yEMbIE ITPU BBIMOJIHEHUH PAOOTHI.

3ammuTa oT4eTa 1o J1abopaTopHOi padoTe 3aKII04aeTCsl B IPEIBABICHUH MPENO0IaBaATENI0
MOJIyYEHHBIX Pe3yJIbTaTOB B BUAE (hailyia U JEMOHCTpAIMK MOJYyYEHHBIX HAaBBIKOB IMPU OTBETAX
Ha BOMPOCHI MPETOAABATEIIS.

KonTpoabHbie BOIPoCchI

1. Ilepeuncnute TOCTOMHCTBA U HEJOCTATKH JIOTHUECKOTO MPOrPaMMHUPOBAHUS.
2. Ilepeuncnure onepaTopsl JOTHIECKOTO MPOrPaMMHUPOBAHUS.

3. Jlns uero npuMeHsieTcs TpacCUpoBKa?

4. B xakux cimydasix MIPUMEHSIOTCS IKCIEPTHBIE CUCTEMBI?

5. UeM oTIM4YaeTCs JIOTHYECKOE MPOTPAMMHUPOBAHUE OT (QYHKITHOHATHHOTO?

6. JlaiiTe onpeneneHue MOHATHS «IIPEIUKAT»

7. JaiiTe onpeneneHue perpeccuun?

8. B kakux ciydasix siBIsieTcs 1efiecoo0pa3HbIM ucnonb3oBanue [Ipomora?

9. llepeuncnute OCHOBHBIE KOMIIOHEHTHI UHTEJUICKTYaJIbHBIX CUCTEM.

10. B ueM omiimune 0a3nl JaHHBIX OT Oa3bl 3HAHWI?
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6. YAEBHO-METOJUYECKOE U HTHOOPMAILIMOHHOE OBECIIEYEHUE
JUCLMIIINHBI

6.1. IlepeyeHb OCHOBHOI U 1OTOJHUTEJIBbHOM JTUTEPATYPHI, HEOOXOAUMOI IS
OCBOCHUA JUCHUIIIMHBI

6.1.1. IlepeyeHb OCHOBHOI JINTEPATYPbI

1. [lyxanosa H.M, JImutpuena T.A. Jlornueckoe mporpaMMupoBaHue Ha si3bike Visual
Prolog. Cepus: CneunanbHocTb. s Bblcmmx y4deOHBIX 3aBeneHuid — M.: 'opsuas nauHus-
Temexom, 2021.

2. Makkonnemnn, C. CosepuieHHbI kon. Macrep-kinace. / CtuB MakkoHHemt. - M.:
Pycckas Penaknns, 2020.

6.1.2. IlepeyeHb JONOTHUTEIBLHOM JIUTEPATYPbI
1. xxozed xappatano, ['apu Paitnu. DxcneptHbie cuctemsl. [IpuHIune! pa3paboTku U
IIpOrpaMMUpOBaHue, 4-¢ uzganue. — M.: Buibsamc, 2021.

2. Yezapunu @., Tommcon C. [Iporpammupoanue B Erlang. - M.: JIMK Ilpecc, 2020.

6.2. [lepeyeHb yueOHO-METOANYECKOT0 00ecTeYeHusI CAMOCTOSITEeJIbHOM PadoThI
00y4YarIMXCs MO TUCHUIJINHE

1. Meroauueckue yka3aHHs IO BBIIOJHEHUIO JJaOOPaTOPHBIX pabOT IO JUCIMILIMHE
«OCHOBBI JIOTUYECKOTO ITPOrPaMMUPOBAHUSD.

2. Meroanueckue peKOMEHJALMK [UIsl CTYJIEHTOB II0 OPraHM3alMM CaMOCTOSTEIBHON
paboThl o gucuurunHe «OCHOBBI IOTHYECKOTO MPOrPaMMHUPOBAHUS.

6.3. [lepeuenb pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKAIMOHHOM CeTH
HNuTepHeT, HEOOXOAUMBIX [IJIS OCBOCHHS TUCIHUTITTHHBI

1. Hanmmonaneueiit OTKpeITEIN YHUBEpcuTeT. MHTYHT. http://www.intuit.ru.
2. ®enepanbHeblii moptan «Poccuiickoe oOpasoBanue. http://www.edu.ru.

3. Poccuiickas rocymapctBenHas oubauoreka. http:// www.rsl.ru.

4. Pecypc 1o maTeMaTH4eCKOMY MoOJIeIupoBanuio. Exponenta.ru.
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MMHUCTEPCTBO OBPA30BAHMS 1 HAYKU POCCUMCKOIM ®EJIEPALIUN
denepanbHOE TOCYJaAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHNE BBICIIETO 00pa30BaHus
«CEBEPO-KABKA3CKUI ®ENEPAJIbHBI YHUBEPCUTET»

[Iaturopckuit macTuTyT (prmman) CKOY

METOAAMYECKHE PEKOMEHJAINA JJIA CTYAEHTOB 110 OPTAHU3ALIAN
CAMOCTOATEJBHOU PABOTHI 10 JUCHUIIVIMHE OCHOBBI JIOTHYECKOI'O

MNPOT'PAMMUPOBAHUA
Hanpagnenne moaroToBku 09.03.02
NudopmanuoHHbie CHCTEMBbI M TEXHOJIOTHHI
Hanpasnennocts (mpo¢uiib) HNudopmanmonHbie cMCTeMb]l M TEXHOJIOTHH
00paboTku HUGPOBOro KOHTEHTA
Kpanudukariust BbITyCKHHKA bakanasp

[Iaruropck, 2024
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BBEJEHHUE

Metoauueckue peKOMEHJAIUM  CcoAepXkaT IepeyeHb TeM C  BONpocaMu st
CaMOCTOSITENILHOM ~ MPOpPa0OTKM, TepeueHb J1abopaTopHBIX pPabOT ¢  BOMpocamMH  JJIs
CaMOCTOSITENTLHOM MPOPaOOTKH.

Mertoauueckue yKa3zaHus MIOCBSIIIEHBI Kypcy «OCHOBBI JIOTHYECKOT 0
MporpaMMUpOBaHus». Ha MNpOTSIKEeHUM MHOTMX ThICSUENIETUH 4YeJIOBEYECTBO 3aHUMAETCs
HaKoIJIeHHeM, 00paboTKoi M nepenaueit 3HaHu. [ 3TUX 1eel HempepbIBHO M300peTaroTCs
HOBBIE CpEJICTBA U COBEPUICHCTBYIOTCSA CTapble: peub, NMUCbMEHHOCTh, IMO4YTa, Teinerpad,
TeneoH W T. A. BonplIylo poiib B TEXHOJOTUH OOpaOOTKM 3HAHUU CHITPAJIO IOSIBICHUE
KOMITBIOTEPOB.

B okta6pe 1981 roma SImoHCKOE MHMHHCTEPCTBO MEXAYHAPOJHONW TOPTOBIM U
MIPOMBIIIJIEHHOCTH OOBSBUIIO O CO3JaHUM HCCIIE0BATEIbCKOM opranuzanuu — WHCTUTYTa 10
pa3paboTKe METOJIOB CO3JaHMs KOMITbIOTEpOoB HOBOro nokojeHus (Institute for New Generation
Computer Technology Research Center). Llenpto maHHOTO MpoeKTa OBIIO CO3MaHHUE CHCTEM
00paboTku uHpOpManuy, Oaszupyromuxcs Ha 3HaHMAX. [Ipenmoryaranoch, YTO 3TH CHUCTEMBI
OyayT obecrieyuBaTh MPOCTOTY YIPABIIEHUS 32 CYET BO3MOKHOCTU OOIICHHUS C MOJIb30BATEISIMU
OpY TIOMOIIM E€CTECTBEHHOIO s3blKa. OTH CHUCTEMBl JOJDKHBI OBUTM  caMooOydaThCs,
WCIIOJIb30BaTh HAKAIJIMBAaE€Mble B NaMSATH 3HAHUS JUIsl PELICHHUsS pPa3IMYHOrO pojaa 3ajad,
IIPEIOCTABIIATE TIOJB30BATENSAM DKCIEPTHBIE KOHCYJbTAllMM, HPHUYEM OT IOJIb30BaTENs HE
TpeOOBaAJIOCh OBITH CHENHAIUCTOM B HHpopMartuke. lIpenmonaramoch, 4TO YETOBEK CMOXKET
UCMoNb30BaTh OBM MATOro MOKOJIEHHS TaK K€ JIETKO, KakK JI00ble OBITOBBIE 3JEKTPONPHOOPHI
TUNIA TEJEeBM30pa, MarHuTopoHa M TMbulecoca. Bckope Bciieq 3a SMOHCKUM CTapTOBAIH
AMEPUKAHCKUHI U €BPOICUCKUI ITPOEKTHI.

[TosiBNeHHEe TakMX CHUCTEM MOTJIO Obl M3MEHUTH TEXHOJOTUH 32 CUET MCIOJb30BaHus 0a3
3HAaHUU U 3KCHEPTHBIX cucteM. OCHOBHAsI CyTh KaUECTBEHHOT'O NEPEX0/a K MATOMY IOKOJIEHHIO
OBM s3zaxmovanack B Tepexojae OT o0pabOTKM JaHHBIX K 00paboTke 3HaHWM. SMOHIIBI
HAJEsUINCh, YTO MM YJIAcTCs HE TMOACTpauBaTh MBIIUIEHUE YEJIOBEKA I10J IPHUHIIHUIIBI
(GYHKIIMOHUPOBAHUS KOMIIBIOTEPOB, a MPUOIM3UTh pabOTy KOMIIBIOTEpA K TOMY, KaK MBICIHT
YeJIOBEK, OTONAS MPH 3TOM OT (JOH HEHMAHOBCKOM apXHUTEKTyphl KommbioTepoB. B 1991 rony
MIPEIIoJIarajioch CO3aTh MEPBbI MPOTOTUI KOMITBIOTEPOB MATOTO MOKOJIEHUS.

Tenepb yXe MHOHATHO, YTO MOCTaBJIECHHBIE IENM B TOJHOM Mepe Tak M He ObulM
JOCTUTHYTBI, OJIHAKO JTOT MPOEKT TMOCIYXKUJI HUMIYJIbCOM K Pa3BUTHIO HOBOI'O BHTKa
UCCIIEIOBaHUH B O0JIACTM MCKYCCTBEHHOI'O MHTEIUIEKTa M BbI3Bal B3pHIB HHTEpEca K
JIOTUYECKOMY IIPOrpaMMUpOBaHuI0. Tak Kak JuIs 3pGEeKTUBHOMN peanu3alnuu TpaJulMoHHas (oH
HEeIMaHOBCKasi apXUTEKTypa He MMOIXOAMIa, ObIIIM CO3/aHbl CIIeUATN3UPOBAHHBIC KOMITBIOTEPHI
joruyeckoro nporpammupoBanus PSI u PIM.

B kayecTBe OCHOBHOI METOJIOJIOTHH Pa3pabOOTKU MPOTPAMMHBIX CPEJCTB JUIS MPOEKTa
OBM nmsAroro mnokoneHus ObUI0  KM30paHO  JIOTMUECKOE MPOTpaMMHUpPOBAHUE,  SPKUM
IIPEJICTaBUTENIEM KOTOpOro sBisieTcst sA3bIk Ilposor. /lymaercs, 4To M B HacTosllee BpeMs
[Iposor ocraercss Hambosiee MOMYJSPHBIM S3bIKOM HCKYCCTBEHHOI'O WHTEIJIEKTa B SMOHUU U
EBpone (B CIIA, TpaguuuoHHo, Oojee pacHpoCTpaHEH JApPYrod s3bIK HCKYCCTBEHHOTO
MHTEIJIeKTa —sI3bIK ()YHKIIMOHAJIBHOTO MporpaMMupoBanus Jlucm).

HasBanue s3pixka "IIposior" mpoucxoaur ot cnoB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢panirysckom Bapuante u PROgramming in LOGic — B
AHTJIMHACKOM).

[Tponor ocHOBBIBaeTCS Ha TAaKOM pasfelie MaTeMaTUYeCKOM JIOTMKH, KaK HCUYHCIICHHUE
npeaukaroB. TouyHee, ero 0as3uc COCTaBIISET MPOLEAYpa JI0Ka3aTeNbCTBA TEOPEM METOA0M
PE30IIIOLMHU ISl XOPHOBCKUX TU3BIOHKTOB.
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1. HEJIb U 3AJJAYX U3YYEHUA JUCHUTIJIMHBI

[lenpl0 OCBOCHHWS JWCIMIUIMHBI —sBIsieTcss  (opMHpoOBaHMe Habopa TpodecCHOHaTbHBIX
KOMIICTCHIIMH Oyaymiero OakanaBpa 1o HampasieHuto 09.03.02 HudopmaroHHBIE CHCTEMBI U
TEXHOJOI'HH.

3ama4un OCBOCHUS JUCIHUILUINHBI: U3yYeHHEe JIOTHIECKOT0 MPOrpaMMHUPOBAHUS, OCBOCHNE METO/IOB
JIOTHYECKOTO TPOTPAMMHPOBaHUSI.

2. TEMbI CAMOCTOSITEJIbHOM PABOTHI

Ne temb! | HanMeHoBaHMe TeM JUCHMILTUHBI, UX KPATKOE COACpKaHHE O0beM
qacoB*

4 cemecTp

Paszpnen 1. Konuenmuu 10ru4eckoro nporpaMMUpOBAHMS

1 Tema 1. McTropus pasBUTHS JIOTHYECKOIO POTPAMMHUPOBAHUS 17

2 Tema 2. OcHOBEI MaTEeMaTUUCCKOM JIOTUKHU 17

Paznen 2. OcHOBBI pabOTHI C HHCTPYMEHTAIBHBIMH CPEJICTBAMHU

JIOTUYCCKOTr 0 IMporpaMMHupoOBaHUsA

5 Tema 5. Benenwne B nporpammupoBanne Ha sisbike PROLOG 42

Hroro 3a 4 cemecTp 76

3. TEXHOJIOTUYECKASI KAPTA CAMOCTOSTEJIbHOM PABOTHI

OBYYAIOHIEI'OCsI

Konbr Cpenctsa u | OO0BeM 4acoB, B TOM YHUCJIE
peanu3yemsl TEXHOJIOTUH CPC KonraktHa | Beero
X B OLICHKH s paborta ¢

91 JIEATEIbBHOCTH
KOMIICTCHIIH npernoaana
o CTYJICHTOB
i, TeJIeM
uHANKaTOpa(
OB)
4 cemecTp
12])1(-5(1/1/1'1»1/111' IToAroTOBKA K JIEKLHASIM CobGecenoBanue | 41,58 4,62 46,2
MK-6(U-1,1]1-
2)
2“K-5(”11-1’“21' CaMoCTOsTEIBLHOE CobecenoBanue | 17,82 1,98 19,8
H)K-6(I/I/:[-1,I/m- U3yYCHHE JUTEePaTyphl 110
2) TemaMm 1, 2, 5
ZHK'5(HII-1:HI[' IToaroroska K | Otuer 9 1 10
H)K_G(HH_LHH_ n1abopaTopHbIM paboTaM | MMUCEMEHHBIH
2)
Wroro 3a 4 cemecTp 68.4 7,6 76
Htoro 68,4 7,6 76

4. PEKOMEHJIALMA JIA CAMOIIOAT'OTOBKH

4.1 IloaroroBka k JekuusiM. CaMoCTOATeJIbHOE H3yYeHHE JINTePaTypbl

Ba3oBblii ypoBeHb
Tema 1. UcTopust pa3BUTHS JIOTHYECKOT0 NPOrPAMMHUPOBAHUS
1. @akTsl: onpeneneHue, Ha3HadYeHNe, IPUMEPBI




46

2. OCHOBHBIC U HEOCHOBHBIE (DAKTHI

3. Bompocsl: onpenenenne, Ha3HAYEHHUE, TPUMEPBI

Tema 2. OcHOBBI MaTeMAaTH4Y€CKOM JTOTUKH

4. OCHOBHBIE U HEOCHOBHBIE BOITPOCHI

5. IlpaBuna: onpeneneHue, Ha3HauYECHHUE, IPUMEPBI

6. OmnpezaeneHue JOrMUECKON MPOTPAMMBbI U JIOTUYECKOTO CIEACTBUS
Tema 3. Ucunciienne BbICKA3bIBAHUI U NPEINKATOB

7. Tepmbl, BUIBI TEPMOB

8. TloHATHS KOPPEKTHOCTH U CIOKHOCTHU JIOTUYECKON MTPOrpaMMBbI
9. DOK3HuCTeHLHaJIbHbIE BOIPOCHI, IPABUIIO 0000IIEHNUS

Tema 5. BBegenune B nporpammuposanne Ha sisbike PROLOG
10. YHuBepcanbHble (haKThbl, IPaBUIIO KOHKPETU3AIUH

11. KOHbIOHKTHBHBIE BOIIPOCHI

12. YHudukaTop AByX TEpMOB, YHUDUIUPYEMBIE TEPMbI

Tema 6. CTpykTypa nporpammsbl Ha a3bike PROLOG. Cunrakcuc sa3sika PROLOG
13. Hanbonpmuit o0mmii yHUPHUKATOP.

14. Anroput™m yHU(DHKALINH.

15. AGcTpakTHbIil mHTEpHIpeTaTop. OnpeneneHne BEIUUCACHUS 1IN
Tema 7. Pelenue 3a1a4 Ha BbIYHCJIEHHE 1eJIH

16. IIpenukatsl B si3b1ke [Iposior

17. Ilpennoxenus B si3pike [Iponor: akTel U mpaBuia

18. 3anpocs! (enun) B s3b1ke [Ipomor

[ToBBIlIEHHBIN YPOBEHB

Tema 1. McTopusi pa3BUTHSI JIOTHYECKOTO NPOTPAMMUPOBAHHUS

1. AGcrpaxtHblii HHTEpIpeTaTop. [Ipor3BOIHbIC U MOPOKACHHBIC IIEIH.
2. Aunroput™ paboThl aOCTPaKTHOTO HHTEPIPETaTOpa

3. JleknmapaTHBHBINA CMBICI IPOJIOT-MPOrPaMM

4. TlpouemypHasi CEMAaHTHKA MPOJIOT-TIIPOTPAMM

Tema 2. OCHOBBI MaTeMATHYECKOM JTOTUKH

5. TlpexacTaBieHue CIUCKOB, FOJIOBA U XBOCT CIMCKA

6. OCHOBHBIC MPETUKATHI 751 PAOOTHI CO CITUCKAaMHU

7. Tpenuxar findall

8. 3amaua 0 HeIETEPMUHUPOBAHHOM KOHEUYHOM aBTOMATE

Tema 3. UcunciieHue BbICKA3bIBAHUI M NIPEJUKATOB

9. Orpannuenne nepebopa, OTCEUCHHE

10. Lenu fail u true

11. Orpunanue B Iposore

12. O6paboTKa CTPOK, OCHOBHBIE MTPEAUKATHI

Tema S. Beenenne B nporpammupoBanne Ha sisbike PROLOG

13. Crpykrypa nporpammsl B Visual Prolog

14. OObsiBIEHUE TOJIB30BATENBCKUX JOMEHOB, AIbTEPHATHBHBIE JOMEHBI
15. Omucanune npeaukaros B Visual Prolog

Tema 6. CTpykTypa nporpaMmmbl Ha sisbike PROLOG. Cunrakcuc sisbika PROLOG
1. VYupasnenue nerepmunusmom B Visual Prolog

2. OnucaHue IMHaAMHYECKHX 0a3 GakToB

3. Tlpeaukarsl 1jst paboOTHI ¢ JUHAMHYECKUMHU OazaMu (pakToB

4. VYmupasineHue AeTePMHHH3MOM B 6a3ax (HakToB

Tema 7. Penienue 3aa4 HA BLIYHUCJIEHUE HETH

5. 3agaya o BockMH (ep3sx B TpeX BapHaHTaX

6. OCHOBHBIE ITPEITUKATHI [JIst 00PAOOTKH CTPOK

7. OOume moaxoas! K perIeHHIO TOJI0BOIOMOK

8. 3amaua 0 XaHOMCKOII GamrHe

Tema 8. [Tonck pemrennsi B 3a1a4ax JOrn4ecKOro NporpaMMupoOBaHUs
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9. 3Bazmaua 0 KpecThSIHHHE, BOJIKE, KO3¢ U KAIyCTe

10. Omnpenenenre IpoCTPaHCTBA COCTOSHUM

11. Ipumeps! onmpeeNieHus OTHOLICHHMS MOCIIE AJIs Pa3HbIX 3a/1a4
12. Tlouck B rimyOHHY B IPOCTPAHCTBE COCTOSIHUI

13. Towuck B riayOuHy ¢ OOHApYKEHHEM LIUKIIOB

14. Tlouck B ryOUHY C OTpaHUYCHHUEM TITYOUHBI

16. Tlpencrasnenue nyTeii-kaHAUAATOB B BUIE CIIMCKOB

4.2 TloaroroBka K J1a00paTOPHLIM padoTam

ba30BbIi1 ypoBEHb

ABTOMaTH3anNA J0Ka3aTeIbCTBA B JOTHKE MPEINKAaTOB

Merton pe30onuil B HICUNCICHUH BhICKa3bIBAaHUI

CpaBHUTENbHAs XapaKTEPUCTUKA COBPEMEHHBIX TEJIEKOMMYHHKAIIHOHHBIX CHCTEM.
[IpaBuno yHuukanuy B JIOTHKE IPEIUKATOB

Merton pe30IIoLUil B UCUNUCIEHUY IPEAUKATOB

[Ipouenypuocts IIpomora

Crpykrypa nporpamm [Iposnora

OcHOBBI cHTaKcHca s13b1ka [Iposor

NN R WD =

9. Wcnons3oBaHUEe AU3BIOHKIIMN U OTPUIIAHHS
10. Yuudukanus B ITponore
11. M3yunTh CHHTAKCHC ¥ CEMAHTHUKY OIEPAINi MATEMAaTHIECKON JIOTHKU
12. laTh onucaHue 3a1a4 MaTeMaTHIECKOI JIOTHKHU C HCTIOIb30BaHHEM TEPMOB U GopMyT
13. 3yuuts npaBuiia HaMCAaHKs TPOTpaMM Ha si3bike [Ipostor
14. TIpoecTr mpocThie BhIYUCIICHUS Ha s3bIKe [Ipomor
15. BoInonHUTh ONepalyy HaJl CIIUCKaMH C UCTIO0JIb30BaHKUEM si3bIKa [Iposior
16. CocTaBuTh aNrOPUTMBI TS 33124 JIOTHIECKOTO IPOrpaMMHPOBAHHS
17. BBIMTOTHKUTE TIOMCK DJIEMEHTA B CITUCKE C MCIIOIB30BaHMEM s3bIka ITposor
18. BoinonHuTh 00BEAMHEHHE IBYX CIHCKOB HCIIOIb30BaHUEM si3bika [Iposor
19. BeimomHuTh Onpe/iesieHre pasMepHOCTH CIIMCKA C UCIIONB30BaHUEM si3bika [Iposor
20. BbINONHKUTH ONpe/IeIeHIe MAaKCUMAJIBHOTO JIEMEHTA B CITHCKE
21. 3agaua 0 KpeCThSIHUHE, BOJIKE, KO3€ H KaITyCTe
22. OnpezeneHne IPOCTPAHCTBA COCTOSIHHUIM
23. IpuMepsl OmpeIesieHUsI OTHOLICHHS MOCIIE JJIsi Pa3HbIX 3a/1a4
24. Tlouck B rIyOUHY B MPOCTPAHCTBE COCTOSHMUIA
MoBbILIEHHbI YPOBEHb

OCHOBHBIE CTPAaTErHH MOUCKA PEIIEHUH B MTPOCTPAHCTBE COCTOSHUIT
Brruncienune nienu B 3a1a4ax JJOTHYECKOTO TPOrpaMMHUPOBaHHS

VYnpapneHue MOUCKOM pEeIIeHUs B 3a7jadax JOTMYECKOro MPOrpaMMHUpPOBaHUS
[IpumeHeHne CITMCKOB B 3a/1a4ax JIOTUYECKOT0 TPOrpaMMHUPOBAHUS
Hcuncnenne BBICKAa3bIBAHUN U TPEIUKATOB

Omnepanuy TOrn4eckoro NporpaMMHPOBAHUS

[lownck B rirybuny

ITouck B mupuHy

9. Pemenne urpoBbIx 3a1au

10. MuHMMaKCHBINA MPUHIIMI TOUCKA PEIICHUN

11. Pa3paboTaTh CTpaTeruio MONCKa pEeIIeHUH B IPOCTPAHCTBE COCTOSTHHM.

12. BBIMOTHATE MOKCK B TIyOHHY

13. BBINOTHUTH MOKCK B HIMPUHY

14. Pa3paboTarh pemieHne UTPOBBIX 33124

15. IIpMeHNnTH> MUHUMAKCHBIHN MPUHIINI TTOUCKA PEIICHUN

16. Pa3paboTarh 3KCIIEPTHYIO CUCTEMY JUISI IPOBEPKU YPOBHSI 3HAHUM

17. Pa3paboTaTh 3KCIEPTHYIO CUCTEMY LI OLIEHKH paboTOCIIOCOOHOCTH alapaTHO-IPOrPaMMHOM

HHPPaCTPYKTYPbI

PN RO =
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18. Pa3paboTarh SKCIEPTHYIO CHCTEMY JJIsl OLICHKU Ka4yecTBa MPOrpaMMHUPOBAHHS
19. Pa3paboTaTh HHTEIICKTYATbHBIA CEPBUC JUTS JUATHOCTUKH HEHUCIIPABHOCTH aNapaTHO-MPOrPaMMHOMN

HHQPACTPYKTYPHI
20. Pa3paboTarh MHTEIJIEKTYalbHBIN CEPBUC JUIS OACKA3KH B ONPEAeNICHUN POMUIIS CaHATOPHS

5. TEOPETUYECKHI MATEPUAJI
5.1 BBEJAEHHUE B ITIPOTPAMMMWPOBAHUE HA A3BIKE PROLOG

HNMmnepaTuBHbBIC U JeKJIAPATHBHBIE SI3bIKH NPOrPAMMHUPOBAHUSA

TpaauIMOHHO MOJ NPOrpaMMON MOHUMAIOT MOCJIEI0BATEILHOCTh ONEPATOPOB (KOMaH/,
BBIMOJIHAEMBIX ~ KOMIIBIOTEPOM). OTOT CTWIb NPOTPaMMHUpPOBAHMS TNPHUHITO Ha3bIBaTh
uMnepatuBHbIM. [IporpaMmupysi B UMIEpPATUBHOM CTHJIE, NMPOTPAMMUCT JOKEH OOBSICHUTH
KOMIIBIOTEPY, KaK HY>KHO pelIaTh 3a1ady.

[IpoTMBOMONOXKHBI €My  CTWIb  HPOTPaMMHUPOBAaHUS — TaK  Ha3bIBAEMBIN
JeKJIapaTUBHBIA CTWJIb, B KOTOPOM HporpaMMa IpeJCcTaBisieT Cco00H COBOKYIHOCTh
YTBEPKICHUM, OMUCHIBAIOIIUX (PparMeHT MPEeIMETHOM 00JIACTH WM CIIOKMBILYIOCS CUTYaLUIO.
IIporpaMmMupys B J€KIapaTUBHOM CTHJIE, IPOTPAMMMUCT JAOJDKEH ONMCATh, YTO HYXKHO PELLIATh.

COOTBETCTBEHHO U SI3bIKM NPOTPAaMMHUPOBAHUS  JEIST HA HMIIEpaTUBHbIE U
JEKJIapaTUBHBIE.

HNmnepaTuBHbIE S3BIKM OCHOBaHBI Ha ()OH HEWMAHOBCKOM MOJIENN BBIYHUCICHUIH
KoMIIplOTepa. Pemias 3amady, WMIepaTHBHBIA IPOrpaMMMCT BHAadaje CO3JaeT MOJEIb B
HEKOTOpOi (hpopManbHOM cHUCTeMe, a 3aTeM MepenyChIBAaeT PElIeHHe Ha MMIIEPATUBHBIN SI3BIK
IIPOrpaMMUPOBAaHUS B TEpMUHAX KommbioTepa. Ho, BO-NepBbIX, I YEIOBEKA PacCyXkIaTb B
TEpPMUHAX KOMIIBIOTEPA JOBOJBHO HEECTECTBEHHO. BO-BTOPBIX, IOCIEIHHMN 3Tal 3TOU
JeSITeNbHOCTU (IepenyChIBaHUE PEIEHHs Ha SI3bIK IPOTPAaMMHUPOBAHMA) 110 CYTH Jieja He UMeeT
OTHOILIEHUSI K PEIICHUI0 UCXOAHOU 3a1aur. OueHb 4acTo MMIIEpaTUBHBIE TPOIPAMMUCTBI JaXe
pa3znenstoT paboTy B COOTBETCTBMM C JIByMsl ONMCAaHHBIMHU Bbllle 3Tanamu. OJHM JHOAH,
ITOCTAaHOBIIMKHY 3a/1a4, IPUAYMBIBAIOT PELICHUE 3aJayy, a APYTrHe, KOAUPOBUIUKH, MEPEBOISAT
9TO PELIEHUE HA A3BIK IPOTPAMMUPOBAHMS.

B ocHOBe nmekmapaTHBHBIX S3BIKOB JISKHUT (popMann3oBaHHAs 4YeJIOBEYeCKas JIOTHKA.
YenoBeK JIUIIb ONMUCHIBAET PEIIAEMYIO 3aa4y, a [IOUCKOM PEIIEHUS 3aHUMAETCs UMIIEpaTUBHAs
cUCTeMa MporpaMmMHupoBaHusi. B utore nojgyyaem 3HaAYUTENBHO OOJIBIIYIO CKOPOCTh Pa3padOTKU
IIPWIOKEHUHM, 3HAYUTEIBbHO MEHBIINN pa3Mep MCXOJHOTO KOJa, JIETKOCTh 3allMCH 3HAaHUN Ha
JEKIapaTUBHBIX SI3bIKaX, Oojiee MOHATHBIE, IO CPABHEHMIO C HMIIEPATUBHBIMHU SI3bIKaMH,
IIPOrPaMMBI.

N3BectHa kinaccupuKanysi S3bIKOB TPOTPAMMHUPOBAHMSA IO WX ONHM30CTH JIMOO K
MAIlMHHOMY $3BIKy, JHUOO K €CTeCTBEHHOMY YEJIOBEYECKOMY s3bIKy. Te, uTo Oymke K
KOMIIBIOTEPY, OTHOCST K SI3bIKaM HHU3KOI'O YPOBHSI, a T€, YTO OJMKE K YeJOBEKY, Ha3blBarOT
A3bIKAMH BBICOKOTO YpPOBHS. B 3TOM CMBbICIIE IEKIIapaTUBHBIE S3bIKM MOXKHO HAa3BaTbh SI3bIKAMU
CBEPXBBICOKOTO WJIM HAWBBICIIETO YPOBHS, IMOCKOJBKY OHH OUY€Hb OJM3KHA K YEIIOBEYECKOMY
A3BIKY U YEJIOBEUECKOMY MBIIIJIECHHIO.

K nMmnepaTtuBHBIM s13bIKAM OTHOCSITCS TaKWE€ S3BIKM IpOrpaMMHUpoBaHus, Kak [lackans,
belicuk, Cu u T. 1. B otinuune ot Hux, IIposor sBisiercsa qeKi1apaTUBHBIM SA3bIKOM.

IIporpammupoBanue Ha s3bike [Iposor

Ilpu nmporpammupoBanuu Ha Ilpomore ycunaus mnporpamMmucTa JOJDKHBI  OBITH
HaNpaBJICHbl HA OMHCAaHHE JIOTMYECKOM MOZenu (parMeHTa MpeAMETHOH 00JacTh penraeMoi
3aJ]aud B TEPMUHAX OOBEKTOB MPEIMETHON 001aCTH, UX CBOMCTB U OTHOLLEHUN MeX1y coOOH, a
He jaertaneil nporpammHoi peanuzanuu. @axtuuecku [Iponor mpencrasisieT coO0i HE CTONBKO
A3BIK JJI1 IPOTPAMMUPOBAHMS, CKOJIBKO SI3bIK JUIS ONUCAHMS JaHHBIX U JIOTUKU MX 00pabOTKH.
[Iporpamma Ha IIposiore He sBIsSETCS TAaKOBOM B KJIACCMUYECKOM MOHUMAHHWH, MOCKOJBKY HE
COJIEP’KUT SIBHBIX YNPaBIISIONMX KOHCTPYKIMNA THUIIA YCIOBHBIX ONEPATOPOB, ONEPATOPOB LIUKIIA
u 1. 1. OHa mpenacraBiser coboi Moaens ¢parMeHTa MPEeIMETHOW 00JacTH, 0 KOTOPOM HJET
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peub B 3amaue. M pemieHue 3agauM 3alKchbIBaeTCsl HE B TEPMHMHAX KOMIIBIOTEPA, a B TEPMHUHAX
MpeAMETHOM 00IaCTH pelaeMoi 3a/1auu, B IyXe MOJIHOTO ceidac 00BEKTHO-OPUEHTHPOBAHHOTO
IIPOrpaMMHUPOBAHUS.

[Tposor odeHb XOpPOIIO MOAXOIUT VIS ONMKUCAHUS B3AaUMOOTHOLICHUH MeX1y 00BbEeKTaMu.
IToaromy Ilposor HaspiBaroT penssUUOHHBIM sA3bIKOM. [Ipumuem "pemsaumonnocts" Ilponora
3HaYUTENbHO OoJiee MOIIHAs M pa3BHUTas, 4eM "PESIMOHHOCTD' S3bIKOB, MCIOJIB3YEMbIX IS
o0paboTku 06a3 nanHbIX. Yacto Ilposor ucmonbp3yercs IUIsl CO3MAHHsSI CHUCTEM YIpPaBJICHHUS
0a3aMHM JaHHBIX, TJl€ MPUMEHSIOTCS OYEHb CIJIOKHBIE 3alPOChl, KOTOpBIE JIOBOJILHO JIETKO
3anucath Ha [Iposore.

B Ilponore oudeHb KOMMAKTHO, IO CpPaBHEHHIO C MMIIEPATUBHBIMU S3bIKAMHU,
OIHCBHIBAIOTCS MHOTHE anropuTtMmbl. Ilo cTatucTuke, cTpoka MCXOAHOIO TEKCTAa MPOTrpamMMbl HA
s3pike [Iposior COOTBETCTBYET UETHIPHAALIATH CTPOKAM MCXOJHOTO TEKCTa MpOrpamMMmbl Ha
UMIIEPATUBHOM $I3bIKE, pEIIaloIeM Ty ke 3amady. IIponor-nporpamMmy, Kak IpaBHIIO, OYEHb
JIETKO THUcaTh, MOHMMATh U OTJIAXKUBaTh. JTO MPHUBOJUT K TOMY, YTO BpeMs pPa3pabOTKH
npuiokeHuss Ha s3plke [Iponor Bo MHOrMX ciyyasx Ha TOpSIOK OblcTpee, 4eM Ha
UMIEpaTUBHBIX s3blkax. B Ilponore snerko omuceiBaTh U 00palaThIBaTh CIOXKHBIE CTPYKTYpPHI
naHHbIX. [IpoBepUM 3TH yTBEpKICHUSI HA COOCTBEHHOM OIBITE NMPH W3YYEHUH JTAHHOTO Kypca.

[Iposnory mpucyul psl MeXaHU3MOB, KOTOPHIMH HE OOIaJaloT TPATULMOHHBIE SI3BIKU
IIPOTPaMMHUPOBAHUS: COIMOCTaBJICHUE ¢ 00pas3loM, BBIBOJ C MOMCKOM M Bo3BpaToM. Eme oxHO
CYILIECTBEHHOE OTJIMYME 3aKJIo4yaeTcss B TOM, 4YTO JJig XpaHeHUs naHHeIXx B Ilponore
UCIIOJIB3YIOTCSL CIIMCKHM, @ HE MAacCUBBl. B S3bIK€ OTCYTCTBYIOT ONEPATOpPHI NPUCBAUBAHUS U
0e3yCIOBHOTO MEpexojia, yKa3aTenu. EcTecTBEHHBIM U 3a4acTyl0 €JUHCTBEHHBIM METOJOM
IIPOrPaMMUPOBAHUS SIBJISIETCS PEKYPCHSI.

Jna pemenust ar000M 3a7a4dl €CTh ONTHUMAJbHBIM S3bIK (S3BIKM) MPOTPaMMHPOBAHUS.
MHorue 3agaun, XOpoulo pellaeMble UMIIEpaTHUBHBIMU si3blkaMu Tuna llackans u Cu, mioxo
pemmatorcs Ha [Iposnore, u Hao6opot. OcHOBHBIE 00nacTH mpuMeHeHus [Iposora:

- ObIcTpas pa3paboTKa MPOTOTUIOB MPUKIIAJIHBIX POTPaMM;

- ABTOMaTUYECKUH NIEPEBOJL C OAHOTO SI3bIKA HA JPYIOW;

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

- CHMBOJIbHBIE BBIUMCJICHMSI [JJIsl pELIeHHs ypaBHeHUH, nuddepeHnpoBaHus u
MHTETPUPOBAHUS;

- MPOEKTUPOBAHUE TMHAMUYECKHUX PENILUOHHBIX 0a3 JaHHbIX;

- OKCIIEPTHBIE CHCTEMBI M 000JIOUKH SKCHEPTHBIX CUCTEM;

- aBTOMaTU3UPOBAHHOE YIIPaBJIEHNE IPOU3BOJICTBEHHBIMU IPOIIECCAMH;

- aBTOMAaTHYECKOE J0Ka3aTEIbCTBO TEOPEM;

- MOJTyaBTOMAaTUYECKOE COCTABJIEHUE PACIIMCAHUM;

- CHCTeMbl aBTOMATHU3MPOBAHHOIO TPOEKTUPOBAHMs, Oa3upyromeecss Ha 3HAHUAX
MIpOrpaMMHOE 0OecTIeYeHHE;

- OpraHuzalusi cepBepa JaHHBIX WM, TOYHEE, CEpBepa 3HAHUH, K KOTOPOMY MOXET
oOpaiaThCsl KIMEHTCKOE MPUII0KEHUE, HAITMCAaHHOE Ha KaKOM-JIHOO S3bIKE MPOTrPaMMHUPOBAHHUSL.

3nakomcTBO ¢ nHTepnperatropom SWI-PROLOG

B manke c¢ ycranoBiaenaeiM SWI-PROLOG Bolimute B aupekropuro pl/bin, co-
nepxkamtyto (aiin plwin.exe, u 3amycture ero. Ha skpaHe mosiBUTCS TJITaBHOE MEHIO M TJIaBHOE
(mramoroBoe) okHo ¢ npurinamenueM SWI-PROLOG (cm puc.1.1).

['maBHOE MEHIO MOXHO cenath akTHBHBIM, HaxaB F10 wnu Alt. Korma rinaBHoe MeHro
aKTHBHO, €r0 DJIEMEHTHI MOXXHO BBIOpaTh C TIOMOIIBIO KJIABHII YIPABICHUS KypCOpOM H
MOCTEAYIOMUM HakaTueMm kinaBumi Enter. BeiOuparh 31€MEHTHI TNIABHOTO MEHIO MOYKHO
Tak)Ke ¥ MBIIIBIO.

IIporpamma na IlpoJiore
[Iporpamma Ha [Iposore cocTouT u3 PakToB U MpaBUi, KOTOPhIE 00pa3yroT 0a3y 3HaHUN
[Tposor-porpaMMel, U 3ampoca K 3Toi 6a3e, KOTOPBIH 3a/1aeT LeIb MOUCKA PELICHUH.
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IMpeaukarsi
OHI/ICBIBaIOT OTHOIICHUC Me>1<11y O6’beKTaMI/I, KOTOpBIe SABIISAIOTCS apFYMeHTaMI/I
MpearKaTa.

1 SWI-Prolog (Multi-threaded, version 5.6.25)

File Edit Settings Run Debug Help

Welwome to SWI-Frolog (Mulvi-threaded, Version 5.6.25) A
Copyright (=} 1990-2006 University of Amsterdam.

BUI-Proleg comes with ABSOLUTELY HO WARRANTY. frwars,

and gou ars walsome to radistributs it undsr certain conditions.

Plea=e visit http://vvv.swi-prolog.org for details.
For help, use ?- help(Topic) . or 7— apropos (Word) .

12—

Pucynok 1.1 - Bun quanorosoro okHa SWI-PROLOG

PdakTbI
KoHcTaTupyloT Hanuuue 3alaHHOTO MPEIUKATOM OTHOIIEHUS MEXIy YKa3aHHBIMU
00BEKTAMU.

IHPUMEP
Koncraranus ¢akra B mpeanoxeHun
OieH MoOUT TEHHUC.

B CUHTAaKCHUCC Hponora BBITJIAOUT TaK:

| M0ouT(IaeH, TeHHHC).

HM$ OTHOIICHHSA HMEHA 00LEKTOB
(MMA MpeaUKaTa) (3HAYEHHA apTYMEHTOR)

Pucynok 1.2 — Cunrakcuc IIponor

WNms mpenukarta (¢pyHKTOpa) W 0O0BEKTa JTOHKHO HAUYMHATHCS C MAJCHBKON OYKBBI H
MOXET coJepXaTh JAaTHHCKHUE OYKBbI, KUPWLIHIY, HUPpPbI U CHUMBON momuepkuBaHus ().
Kupumiia uenonp3yercss HapaBHe ¢ JaTUHCKUMH OykBamu. OOBIYHO NpenuKaTaM JaroT Takhe
MMeHa, 4YTOObl OHU OTpakajdu CMbICHT OTHomieHus. Hampumep: main, add file name. Jla
nperKaTa MOTYT WMETh OJMHAKOBbIE MMEHa, TOTJa CHCTEMa pPAaclo3HaeT MX KaK pa3Hble
MPEeIUKAThl, €CIM OHU MMEIOT Pa3IMYyHOE YMCIIO apryMEHTOB (apHOCTh). Hampumep, mobur/2,
mroouT/3.

Wms mpeaukaTa MOKET COBMAIaTh C UMEHEM KaKoro-J1u0o BCTPOCHHOTO npeankata SWI-
PROLOG. Opnako, ecay COBNAIM MMEHA IOJIb30BATEIbCKOIO M BCTPOEHHOIO INpEAMKaTa, TO
npu oOpamieHMH K HeMmy (Iub0 W3 HMHTeprnpeTaTtopa, JTuOO0 W3 Mporpammbl), OyAeT BbI3BaH
MOJIb30BATENbCKUI ~ TpeAWKar, T.e.  IOJIb30BATEIbCKOE  OMNpPENEIICHUE  IEPEKPOEeT»
npenonpeaeneHHoe B SWI-PROLOG.

IIpaBuna
[TpaBuiia OMKUCHIBAIOT CBSA3M MEXAY NIPEIUKATAMHU.

Buin mrobur Bee, uto moout Tom.

B CUHTAaKCHUCC Hponora:
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mroout('bumt’, Heuro):- moout('Tom',Heuto).

[TpaBuiio B:-A coorBerctByeT nmmnukauuu A—B («ECJIN A, TO By).

B o0miem Buzie mpaBUiIo - 3TO KOHCTPYKIUS BHJA!

P0:-P1,P2,...,Pn.

koTtopas unrtaercs «P0O ucrunno, ecnu P1 u P2 u ... Pn uctunHb.

[Ipenukar PO Ha3biBaeTcs 3arojoBKOM TmpaBwia, Bblpaxenue P1,P2,....Pn - Temom
npaBuia, a npeaukaTsl Pi - moanensmMu npasuia. 3amnsras o3Hadaet jorndeckoe "N".

@akTel U TpaBUJa HA3bIBAIOTCS TAKXKE YTBEPKACHUAMU WIHM Kio3aMu. DakT MOXHO
paccMaTpuBaTh Kak IIPaBUIIO, UMEIOIIIEE 3ar0JI0BOK U ITyCTOE TEIIO.

IIpouenypa

[Ipouenypa - 3T0 COBOKYITHOCTb YTBEPKIACHHM, 3ar0JIOBKH KOTOPBIX UMEIOT OJAMHAKOBBII
(GyHKTOp M OZHY U Ty ke apHOCTh. [Iporienypa 3agaeT onpeeneHue npeaukara.

Konen mpeanoxkeHus Bcerja OTMeUYaeTcs TOYKOM, MOITOMY Bce (akThl, MpaBHiIa U
3arpochl JTOJKHBI 3aKaHYMBATHCS TOUYKOW. 3aMETUM TaKKe, 4TO MEXAYy UMEHEM IpeauKara U
CKOOKOU HE JIOJDKHO OBITH MPOOEIOB.

Ilepemennasn
[Tepemennas - mouMeHOBaHHAs 00JIACTH TAMSITH, T/Ie MOKET XPaHUThCS 3HAUCHUE.
Ecnu mepeMenHast He CBsi3aHa CO 3HAUYEHHWEM — OHA HAa3bIBAETCSl CBOOOTHOM TIEPEMEHHOM.

Yuudukanus

VYHudukanusa - nporecc MojyuyeHus: cBOOOJHOM NepeMeHHOM 3Ha4yeHHs] B pe3yibTare
COIIOCTaBJIEHUs IIpH JorudeckoM BbiBosie B SWI-PROLOG.

[TonsiTue mepeMeHHON B JIOTMYECKOM IPOrpPaMMUPOBAHMU OTIMYAeTCs OT 0a30BOro
MIOHSITHS NIEPEMEHHOM, KOTOPOE BBOJUTCS B CTPYKTYpHOM IporpamMMmupoBanud. IIpexne Bcero,
ATO OTJIMYME 3aKirodaercss B ToMm, 4To nepeMenHas B SWI-PROLOG, oaHaxabl MOJIy4yuB CBOE
3HAYEHHUE MpU YHUPHUKAIMU B IIporiecce paboThl IPOrpaMMbl, HE MOXET ero U3MEHUTh, T.€. OHa
CKOpee SBJSETCSl aHaJoroM MaTeMaTHYeCKOro TOHATHS «IepeMEHHas» — HeHW3BecTHas
BennunHa. [lepemennas B SWI-PROLOG He umeeT npenonpenenceHHoro TUa JaHHbIX U MOXKET
OBITh CBSI3aHA CO 3HAYEHHUEM JII0OOT0 THUIIA JaHHBIX.

ITepemennas B8 SWI/PROLOG o603Ha4aercsi Kak MOCJIE0BATEIbHOCTh JATUHCKUX OYKB,
KUPWLTUIBI U (P, HAUYMHAIOIIAsACS C 3arjlaBHON OYKBBI MJIM CUMBOJIA MOAYEpKUBaHus ().
3aMeTHM, YTO €ClM 3HAY€HHE apryMeHTa NpeAuKaTa WIM €ro MMs HAauMHAeTCs C 3arjaBHOU
OYKBBI, TO OHO TIUIIETCS B anoCTpodax.

B SWI-PROLOG pa3nuuarorcsi CTpOUYHbIE U 3arjlaBHbIE OYKBBI.

Paccmotpum  ciemyromyro  mporpammy Ha  SWI-PROLOG, xotopyro Oynmem
UCIIOJIB30BaTh JUIsl WUIFOCTPALlMM IIPOLIECCOB CO3/IaHUS, BBINOJHEHUS W PEIAKTHPOBAHUSA
[Iponor-nporpamm.

Jluctunr 1.1.
/* KTO 9TO JTHOOUT */
nro6ut('DieH', TeHHHC). Y% DIUIeH TI0OUT TEHHHC
moout('Ixon', bytdom). % xoH moout GyTrdot
mroout('Tom', 6eiicOoi). % Tom modbur Geiicoon
moouT('Dpuk', mnaBanue). % IPpUK JFOOUT IUIABAHHE
moout('Mapk', TeHHHC). YoMapk JHOOUT TEHHUC
moout('bumt’, X):-moout("Tom', X).

%bun 1rodut To, uto arour ToMm
9



52

KomMmeHTapuii B CTpOKe MporpaMMbl HAUWHACTCS C CUMBOJIA % M 3aKaHYMBACTCS KOHIIOM
CTPOKHU. biok KOMMCHTApPUEB BBIACTIACTCA CIICIUAJIBHBIMU CKOOKaMu:
/* (nayano) u */ (koHer).

3ananme 1.1

st Toro 4ro6bl HAOpaTh TEKCT MPOrpaMMBbl, BOCHOIb3YHTECh BCTPOCHHBIM TEKCTOBBIM
penaktopoM. UToOb! co3aTh HOBBIHN (haiin BeiOepere koMmanay File/New, B n1uanoroBom okHe
yKaKuTe UMsl HOBOTO (paiina, Hampumep, TecT. s peaakTUpOBaHUs yXke Co3/1aHHOro (aitia c
HCIIOJIb30BaHUEM BCTPOEHHOI'O PelaKTopa MOXKHO BOCIOJIb30BaThcs koMaHaoi MmeHto File/Edit.
HabeiiTe nporpammy 1 (TekcT mporpaMMsl BhlIIe 10 TekeTy) U coxpanute ee (File/Save buffer).

& TecT. pl E][E|E|
File Edit Browse Compile Prolog  Pce  Help

moBuT (TSnneH’, TeHHMC) . $9TeH JHOMT TeHHMHC

BT (T Oxou’, dyrhon) . $0moH mwbHT $yTEon

moBum ("ToM', Beficton) . 3ToM MHEMT CeHcbon

MoBHT (T opMET, InaBaHMe) . $9pME JMHEMT INABAHME

JWBUT ("Mapr'T, TeHHMC) . (Mapr IHOMT TeHHMC

moBum ("Bunan', ¥) :-anbur ("ToM',¥) . 3BMILT JOHGMT To, 4TO JHOHT TOM‘
A Line: B

Pucynok 1.2 - Baemnuii Bua pegakropa

KpacHbIM 11BETOM MOJCBEUMBAIOTCS MPEAUKATHI B 3ar0JIOBKax MPEAIOKEHUHN, KOTOPBIE C
toukn 3peHust cuHTakcuca SWI-PROLOG «koppekTHbl. VYkazarenb “Kypcop” MOXHO
MCIIONIb30BAaTh VIS BBIBEPKU (HAIIpUMEp, KOPPEKTHOCTH) PACCTAHOBKU CKOOOK. 3€JIEHBIM LIBETOM
BBIJICTISIIOTCS. KOMMEHTApUHM, TEMHO-KPAaCHBIM IIBETOM - TiepeMeHHbie. [lomuepkuBaHueM
BBIICTISIIOTCSL MPEAMKAThl B TeJie MpaBHJia, KOTOPHIE COBMAJAIOT C MPEIUKAaTOM 3arojloBKa,-
TakuM 00pa3oM aKIEHTHPYETCS BHUMAHNUE HA BO3MOYKHOM 3aIlMKJIMBAHUU ITPOTPAMMEI.

YToOBI 3aImyCTUTH MpOTpaMMy, cHadaina Heooxoaumo ee 3arpy3uth B SWI-PROLOG mnsa
BHITIONTHEHHsI. JTO fAenaercss BeiOopom ommuuu Compile/Compile buffer 3 oxna pemaxTopa.
Pesynbrar xommumsiuu otoOpakaercs B okHe wuHTeprnperaropa SWI-PROLOG. Tam xe
YKa3bIBAIOTCSA OMIMOKH, BO3HUKIIWE MPH KOMITHIISIUY, Yallle BCETO OHU OTOOPaXKaroTCs U BO
BCIUIBIBAIOIEM OKHE omIHOOK. OOBIYHO Mepe]] KOMIUIISIUEH npeiaraeTcs COXpaHUTh (aii.

Jpyroit cmoco0 3arpy3uTh yke CYMIECTBYIOIIUN (halil — 3TO BBIMOJHEHHUE KOMAaHJIbI
Consult B mogmento File muanoroBoro okna SWI-PROLOG. Ha skpane mosiBUTCS JUAIOTOBOE
OKHO.

Load file into Prolog

Danka: |._7 S'w/l-prolog j Iff( '

; z :EE-TEET

HenaeHue
A0KYREHTEI

Fatouui cton

%

Mo pokyreHTen

&

Mokt kormnecTep

“;? Hraa patina: I j Orrpere
- B
Ceresoe Tun thatinoe: | Prolog Source - OTraeHa

K] EEHHE
B4 I Tonbko MTeHMHe

Pucynok 1.3 - JlnanoroBoe okHO



53

VYxkaxure ums ¢ailna, KOTOpIA BBl XOTUTE 3arpy3uTh, U BbiOepute OTKpbITh. Eciiu BbI
MOTIBITAETECh 3arpy3UTh ISl BBIMIOJIHEHUS (ailil, B KOTOPOM €CTh CHMHTaKCHYECKHE OMIMOKH, TO
OH HE 3arpy3UTCs, a BbI MOJIy4YUTE COOOIIEHHE 00 OMNOKE B TJIABHOM OKHE. YTJIOBbIE CKOOKH <<
>> OyIyT BBIICNATH MECTO, TJIe BcTpeTuiachk omuodka. [To ymonuanuio ¢aiiibl, accouunpyemble
¢ SWI-PROLOG umerot pacuupenue .pl.

@ainbl TaKKE€ MOXKHO 3arpy3UTh, UCITOJIb3YsI BCTPOCHHBIN ITPEIHNKAT:

consult(Mms daiina uian nMeHa HECKOIbKUX (HaityioB).
Jluctuur 1.2

consult(Test). % test — ums Qaiina

consult([Test1,Test2]). % 3arpyska AByx ¢ailsios.

consult(‘test.pl’).1

Jlns1 BBITIOTHEHMS 3arpy3KH 3TOT MPEAUKAT HYKHO HAmUcaTh B TJIABHOM OKHE IOCIIE
MpUriIaeHus: HHTepnperaropa (?-), KOTopoe 03HAYAET, YTO UHTEPIIPETATOP KIET 3ampoc.

3anpoc
3anpoc -3TO KOHCTPYKIIUS BUJA!
?- P1,P2,....,Pn.

koTopas unurtaetcs "Bepro mu P1 u P2 u ... Pn ?". Ilpenukate! Pi Ha3pIBatoTCS MOALICTSIMEU
3amnpoca.

3arpoc SBISETCs CIOCOOOM 3allycka MEXaHHW3Ma JIOTMYECKOTO BBIBOJA, T.€ (PaKTHUYECKH
3anyckaet [Iposor-nporpammy.

Jnis mpocMoTpa NpeUIOKEHHM 3arpykeHHOW 0a3bl 3HAHMH MOXHO HCIOJIb30BaTh
BCTPOEHHBIN Mpenukar listing.

[IpoBepbTe 3arpy3ky ucxonanoro ¢aina (Jlucrunr 1.1), 3agaiite 3anpoc:

?-listing.
Beenure 3amnpoc:
?-mro6uTt('bumt',6eticoom). % JIroOut nu bumn 6eiic6on?

[Monmyunte oTBeT yes (l1a) U HOBOE MpUTTAIICHHWE K 3ampocy. BBemute cremyromiue
3arpochl ¥ MOCMOTPUTE Ha PE3yJIbTaThI.

Jluctunr 1.3
?-mro6ut('bunt', TeHHuUC). %JTroOut mm by tennnc?
?-moout(KT0, TeHHNC). %KTO MH00UT TeHHUC?
?-mro6uTt('Mapk',Uto),1r06uT('Imier',Yto).%Yro mr06sT Mapk u DmieH?
?-nmroout(KTo, YTo). %Ko uTo MmoduT?
?-mobut(Kto, ).%KTO0 mo6ut?

[Tpu nmoucke pemenuii B 6aze [Iponora BeiaeTCs epBOE peIIeHUE.

JIuctunr 1.4
?-moout(KT0,TeHHMC).
Kto = "Dnnen'

Ecnmu HEoOX0AMMO MPOTOMIKUTH MOMCK B 0a3e MO ITOMY Ke 3alpocy U TMOTY4YHUTh
AJIBTCPHATUBHBIC PCHICHUA, TO BBOJUTCA TOYKA C SaHﬂTOI\/’I;

Ecnu HEeoOxoauMo mpepBaTh BHITIOTHEHHE 3ampoca, (HalpuMep, HyKHO HaOpaTh Apyroi
3anpoc), UCTIOIB3YHUTE KIIABHIITY b.

He BBOauTE MM# (haiina ¢ pacmupenueM 6e3 anoctpodos.



54

Ecin Bbl XoTuTE NOBTOPUTH OJWUH H3 MPEABIAYLIMX 3alPOCOB, BOCIOJIB3YHTECH
KJIaBHILIAMHM "CTpeJIKa BBEPX' WJIM "CTpenka BHH3'.

[lepe3arpy3uTb, M3MEHEHHBIE BO BHEIIHEM pEIaKkTope, (ailibl MOXHO, HC- IOJIB3YS
BCTpOEHHBIN npenukatr make. Hanpumep tak: ?-make.

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

1 ?— Warning: [(£:/ nporp P Fmwis swiprolog+npmaepn mporpa A
s/ TecT.pli2) :
Zingleton wvariables: [Hewrrol

T £:/0L nporp P FEWI M SWIprolog+npmsepn mporpaum/TecT.pl =o
mpiled 0.00 sez, 1,704 bytes
3 £:/0L nporp FEWI N SWIprolog+npmepn mporpaum/a.pl.txt o

cmpiled 0.00 m=c, 1,324 bytes
1 ?-— % BWI-Prolog wer=icn 5.5.25 by Jan Wielemaker (jan@=wi-prolog.org)
Copyright (o) 1990-2006 Univer=ity of Am=terdam.
SWI-FProlog come= with ABIOQLUTELY NO WARRANTY. Thi= i= free =cftware,
and you are welcome to redi=mtribute it under certain conditicons=.
FPlea=e wri=it http://wwv.swi-prolog.org for details.
1 ?— mak=.
Warning: (£:/ nporp v Fmwif mwiprolog+opmmaepa Oporp A Te
cm.pl:iz):
Singleton variablas: [Hewrol
T £:/ nporp v Fmwis mwiprolog+opmaep:m mDporpaum/ TecT.pl oo
mpiled 0.02 ===, 196 bytes
= E:/ mporp P F=mwis =wiprolog+opmaepm oporpams/a.pl.txt o
ompiled 0.00 =ec, 2396 byta=
% Zocanning refarances for 1 pom=ibly undefined pradicates

o

Ve
T

PucyHnok 1.4 — BcTpoeHHBIN ITpearKaT make

[lepesarpysxaroTcsi Bce U3MEHEHHbIe (hailibl ¥ (aiin HauyalbHOW MHUIMAIU3auy pl.ini; o
ero Ha3Ha4YCHUH OyIET OrOBOPEHO MO3HEE.

Hcnonb3oBanne BCTPOCHHBIX NMPEIUKATOB
B unrepnperatope SWI-PROLOG wumerotcs, kak ObJIO OTMEYEHO BBIIIE, MHOXKECTBO
BCTPOEHHBIX NpeauKaToB. ONUIIEM HEKOTOpBIE U3 HUX:

consult (Ums ¢daiina).
— 3arpy3Ka OJIHOTO WJIK HECKOJIbKHUX (haliiIoB.

?- consult(test). test — umst ¢aiina

pwd
— IOKa3bIBaeT TEKyIIMH paboumii KaTajor.

?- pwd. c:/prolog_workspace

make

- i *pD.B Lini. A
nepe3arpys3uTh Bce u3MeHeHHble ¢aitnel (*.pl). B Tom uncne u pl.ini. Ananor

consult. Y 1006Ha nipu pegakTupoBaHUM (PailyioB BO BHELTHEM pEIaKTOpe.

?- make.

working_directory(X,Y)
cMeHa pabouero karajora, rae X — TeKylmuil pabounii katauor, Y — HOBbI pa- Ooumii
KaTaJIor.

Is
MPOCMOTp CcrHCcKa (ailioB B TEKYIIEM paboueM KaTayore.

?-1s. a.pl

3ananne 1.2

[lepeBenute mpemyoxKeHUsT PYCCKOTO s3bIKa B NpeAUKaTHyrO (opMy, coszmaiire,
COXpaHMTE U 3arpy3ute 0a3zy 3HaHUIL.

OmieH mobut ureHue. Mapk no0UT KOoMIbHOTEpbl. [[XKOH J10OUT OagMHUHTOH. DpUK
JOOUT YTEHHE.

bangMHHTOH - 3T0 BUJ cniopTa. TeHHUC - 3TO BUJ CHIOpTA.
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®yTbou - 3T0 BUA cnopTa. beiicboun - 3T0 BUA copTa
CnopTcmeH - 3TO TOT, KTO JTIOOUT KaKoW-HUOYAb BUJ CTIOPTA.
OObenuuuTe 9Ty 0a3y ¢ 6a3oit u3 3aganwus 1.1.

BeinosiHeHue ¥ TPacCMPOBKA NMPOIrPaMMBbI

Anroput™m BeinonHeHus [Iponor-nporpaMmsl OCHOBaH Ha MEXaHU3Me MPSMOro nepedopa
C BO3BPATOM M ONEpaLlMU COMOCTaByIeHUs (YHUDUKALINN).

Brimonnenue mnporpaMMbl HauumHaeTcsi ¢ 3ampoca. Ilponor-cucrema Oeper mepByro
HOJIENb 3alpoca M MBITAETCS J0Ka3aTh €€ HCTHHHOCTh. [l 3TOro mnpocMaTpUBAIOTCS
nporpamMMa (CBepXy BHHM3) W HILETCS IEpPBOE YTBEpXKACHUE, (PYHKTOP M apHOCTb KOTOPOIo
COBIAJAIOT C (PYHKTOPOM U apPHOCTBIO 3TOU MOJIIIEIH.

Ecin Takoe yTBEp)KIEHHE CYIIECTBYET M IPOUCXOAUT YCIEHUIHOE COIOCTABIECHUE
apryMeHTOB, TOTJa B Cilydae YTBEpXkAEHUs-(pakTa - MoALenb Joka3aHa, u IIponor-cucrema
NIEPEXOUT K J0Ka3aTeIbCTBY cieayroulei noauenu. B cioyuae yrBepxkaenus-npasuia [Iposor-
crcTeMa MbITaeTCsl JOKa3aTh HCTUHHOCTD MOJLENeH Tesla IIpaBuila clieBa HaIllpaBo.

Ecnmu mpu noucke pemieHHss OOHApyKEHO HECKOJIBKO BapUaHTOB JIOKAa3aTeIbCTBA
HUCTHUHHOCTHU IICJIHN, TO HpOJ’IOF-CI/ICTeMa 3alIOMUHACT aJIbTCPHATHBHBIC BapHUAHTBI PCIICHHUA -
TOYKH BO3BpATa.

Ecan I HeKOTOpOﬁ oM HET HHU OJAHOIO0 YTBCPKIACHUA, C KOTOPBIM €€ MOXKHO
COIIOCTAaBUTb, TO LI€JIb CUYUTAETCS HEYCNEIHOW. Ecau npu 3ToM ocTanuch HENPONIEHHbBIE TOUKU
BO3BpaTa, TO BBIMOJIHIETCS BO3BpAT (OEKTPEKUHT) U €lIe pa3 JIelaeTcs MOMbITKA JI0Ka3aTelbCTBa
MOJILIETH.

BeinosiHenue nporpammsl Ha si3bike IIposor
JIncrunr 1.5

basa 3HaHnii:

?- a(X),b(X),e. a(1).

a(Y):- c(Y),d(Y). b(2).

c(1).

c(2).

d(2).

e.

3anpoc

?- a(X),b(X),e. IEPEBO BbIBOJIA

Ha pucynkax mpeacraBieHo JepeBo BbIBOJA. JKUPHBIMU JIMHUSAMH B IepeBe 0003HAUYEHBI
W-nepeBbss — Ui A0Ka3aTeNbCTBA TAKOTO JepeBa HEOOXOJUMO, YTOOBI KakJas €ro BeTKa
«onupanack» Ha HUCTHMHHOE yTBepxkiaeHue. MJIM-nepeBbs HMCXOOAT U3 BEPIIMH C TOYKaMU
BO3BpaTa, TaKOE€ JIepeBO HCTHHHO, €CIM XOTs Obl OJlHA BETKa OIUpaeTcsd Ha HMCTUHHOE
yTBepxAcHUE. [lyHKTUpHbIE TMHUN — aJbTEPHATUBHBIE BETKH, HE PACCMATPUBAEMbIE HA TaHHOM
sTane (JIn0o JI0XKHBIC, TUOO0 eIle He pACCMOTPEHHBIE).

B nanHOM mnpumepe nosyueHHE pEIICHUs CKIAIbIBAa€TCs W3 Tpex JTanoB. BHavane
paccMmatpuBaeTcs mepBasi MOJIeNb — OHAa UMEET JiBa MpeasioKeHusl B 0ase, 3arojOBKH KOTOPBIX
COIOCTaBUMBI C HEH, MO3TOMY OHa SIBIIsIeTCS TOYKOM BO3Bpara. BriOupaeTcs mepBoe cBepXy
npemaioxkenue — 3To ¢akrt a(l), mpu 3ToM cBoOOAHAs TepeMeHHas X TOoJydaeT 3HaueHue 1.
IlepBas menp 3ampoca gokazaHa. Bropas mens - b(l) (X yxe cBA3aHa co 3HaueHHeM 1) He
COTIOCTABJIIETCS HU C OJHUM IMPaBUIIOM 0a3bl, CIIEOBATEIbHO, SBIISETCS JIO)KHOM.

BokTpexkuHr — Bo3BpaT K Ommkaiiieil Touke Bo3Bpara, T.e. a(X). Ha BTOpoM nepese
0TOOpakeH BBIBOJ] IO BTOPOM anbTepHaTHBe. CBA3BIBAIOTCS JIBE NepeMeHHble X U3 3ampoca U Y
U3 MpaBuia Jis npeaukara a. @axtuyecku 3anpoc ?-a(X),b(X),e moamensiercss Ha HOBBIM Habop
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neneir ?-¢(Y),d(Y),b(Y),e. IlepBas moaumens — 3To c(Y) — OHa SBISETCS HOBOW TOYKOM
BETBJICHUS, TAK KaK YHHU(DUIIUPYETCS ¢ ABYMS IpeuiokeHusiMu B Oaze. [lepBoe mpemioxkenne —
¢axT npuBoauT K yHu(uKanuu Y ¢ 1, HO cneaytomas B Habope noauens d(1) — goxHa.

Tperbe nepeBo otpaxaeTr anbrepHatuBy il c(Y) ¢ yHubukauuedn Y=2. Jlng stoit
aJIbTEpHAaTUBBl WCTHHHBI BCE IMOCIEAYIOIIME LEeMM M3 Habopa (OHM YHUQUIHUPYIOTCA C
COOTBETCTBYIOIIMMU (haKTaMu).

3ananne 1.3

3arpysute [Iponor-nporpammy u3 3aganus 1.2.

B SWI-PROLOG ecth ABa BHAA OTIAJUUKOB: KOMaHAHBIM2 M Tpaduueckuii3, B
MOCJIEAHEM TPACCUPOBKA BBITJISLIUT OOJIee HarJIIHO.

Jns mepexoia B peXHM TPACCUPOBKUM HEOOXOAWMO HaOpaTh BCTPOCHHBIA IMpeIuKaT
debug. [{ns BeIxXoaa U3 pexuMa TPaCCUPOBKHU — npenukaT nodebug4.

i& Prolog debugging

Mode: MNormal Trace

?factorial!?
Pikes/2
E song/1

Predicate: ﬂ ||

Pucynok 1.5 — Pexxum TpaccupoBKU

[lepefinure B pexuM TpaccHUpoBKH. [l TpacCUpOBKM HEOOXOAMMO yKa3aTb
KOHTpoJIbHBIE Touku (Spy points) B menro Debug->Edit spy points->Predicate, rae ykazaThb
MMEHa MpeauKaToB. B maHHOM ciydae ykaxkuTe mpeaukar jqoout. OOpaTH- Te BHUMAHUE, YTO
CIpaBa BHU3Y HaXOJSATCS TPU KHOIMKH, TJI€ YKa3bIBAIOTCSI KAK KOH- TPOJIbHBIE TOUKH, TaK U TOUKH
TpaccupoBKku. KoHTponbHbIe Touku (Spy points) MO3BOJSAIOT BbI3BaTh rpaduyeckuil OTIaAYUK.
Touku TpaccupoBku (Trace points)— KOHCOJBHBIA OTIHaIYUK. TpeTuil BEIOOp — MPOCMOTP U
penaktupoBaHue (aiiya mporpaMmsl, cojeprkaileii, BBeAeHHbIH B mone Predicate, mpeaukar.
Buemnuiil Bua n300paxeH Ha CHUMKE HUXKE.

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

| 1
[ a(X) ‘ ‘ b(1) ] [
(Touka BO3BpaTa) fail
— f

X=] X=Y
a(l) a(Y)-e(Y).d(Y).

true

Pucynoxk 1.6 — BeinonneHnne nporpaMmel

['padmueckuii oTIaguMK HE MOEPKUBAT PYCCKUX MPEIUKATOB (HE paboTaeT KOPPEKTHO
yKa3aHHe KOHTPOJIbHBIX TOUEK M TOYEK TPACCHUPOBKH 4epe3 rpaduyeckuii uurepdeiic). B cBssu
C OTHUM OIHIIEM I[pPeIUuKaThl, OTHOCSIIMECS K OTJAJKe MPOrpaMMbl C HCIOJIb30BAHUEM
KOMaHJHOH CTPOKH.
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a(X)

?- a(X).b(X),e.
| 1
(To4Ka BO3BpaTa)

____________ S

x=i ‘ X=¥ ‘

fail a(Y):-e(Y).d(Y).
I
———
(TouKa BO3BpaTa) fail
y=1I
c(l)
true

Pucynok 1.7 — BeinosiHeHrE TPOrpaMMBbl

Tabmuua 1.1 — [IpenukaTsl TpacCUPOBKH

[Ipenukar Onucanue

trace BKITIOUNUTH PeKUM TpacCUpOBKH. Eciu He yKazaHbl TOUKH TPACCUPOBKH, OYIET|
MTPOU3BOIUTHCS TIOJTHAS
MOIIaroBasi TPACCUPOBKA.

tracing 'YcnenieH, ecliv BbI3bIBACTCS U3 PEXKUMA TPACCUPOBKH.

notrace BoixoJ U3 pexuma TpacCUPOBKHU.

guitracer, Bximrounte rpaduueckoro pexuma TpaccupoBku. OKHO rpaduueckoro

gtrace pSKUMa TPACCUPOBKHU BKITIOYACTCS MPU BCTPEUYE MEPBON KOHTPOJIBLHON TOYKH]
(spy-point).

noguitracer  [(OTKIIOYUTH TPaPUIECKOTO PEKUMA TPACCUPOBKH.

trace(Pred)  [YcraHOBUTH TOYKY TpacCHUpOBKH Tpenukara ¢ umeHeM Pred (To ecth
0TOOpakaTbCcsl TMPH TPAacCUpPOBKE OyAeT Kaxaoe COOBITHE CBSI3aHHOE C|
npenukarom Pred).

trace(Pred,Port|YcTtaHoBUT, TOYKYy TpacCHpOBKM TMpeaukara ¢ uMeHeM Pred wu

S) AKTUBUPYIOIIEHCS MO COOBITUAM (NIPH TPOXOXK- JEHUH Mo mopram) Ports.

CoOBITHSI MOTYT OBITh CJICTYIONTUX THUIIOB:
fail — coObITHE COOTBETCTBYIOIIEE HEYJAYHOMY BBI3OBY MpEAHKATa C UMEHEM|
Pred;

call — coOpITHE COOTBETCTBYIOIIEE NMEPBOMY BbI- 30BY INpEAUKaTa ¢ UMEHEM
Pred;

redo — coObITHE COOTBETCTBYIOIIEE MOBTOPHOMY BBI30BY IpEAHMKAaTa C UMEHEM
Pred;

exit — COObITHE COOTBETCTBYIOIEE YCIEIIHOMY OKOHYAaHUIO BBI30BY
npeaukara ¢ umeHeM Pred.

Cam >xe mapamerp Ports MOXeT NpUHUMATh 3HAUYEHUS THUIIOB COOOIIEHHH ¢
rnpeduKcaMu COOTBETCTBYIOIIMMU JOOABICHUIO U YIAJICHUIO COOBITUS (TTOPTA)
13 TOYKU TPACCUPOBKHU a TaK e CIUCKU TaKUX 3HaueHuid. Hampumep, 3ampoc
?- trace(foo/2, +fail), trace(foo/2, [+call,-fail]). mobGaBmsier B TOUKY
TPACCUPOBKU CBSI3aHHYIO C Mpeau- katoM foo/2 cobwitue fail. [{nst mobaBneHus|
COOBITHSI HCIIONIB3YIOT TpeduKc +, s u3biATHA -. KpomMe TOro MOXHO
OTIEPUPOBATH CPa3y CO BCEMH TUTIAMH COOBITUH, HCTIONB3YsT 0003HaueHwue all.

[Tpumep: trace(foo/2, +all).
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debug Bxmtounts pesxuM otnaaxu. Ilpu 3ampocax k mporpaMMme B pekUMe OTIAAKY]
BBIBOJSTCA BCE COOBITUS, NPOUCXOASIIME TPU BBIIOJHEHUH 3aIpoca,
CBSI3aHHBIE C YCTAHOBJICHHBIMU TOYKAMU OTJIAJKH.

nodebug OTKITIOYUTH PEKUM OTIAIKH.
debugging [Toxa3aTh OTCIIEKUBAIOIINECS TOYKH TPACCUPOBKU M KOHTPOJIbHBIE TOUKH
spy(Pred) 'Y CTaHOBUTH KOHTPOJIBHYIO TOUKY, CBSI3aHHYIO ¢ mpeaukaroM Pred.

ospy(Pred) YOparh KOHTPOIBHYIO TOUKY, CBA3aHHYIO ¢ TIpeaukaTom Pred.

nospyall 'YOpaTb Bce KOHTPOJIbHBIE TOUKH.

2 OTnaaka TPOUCXOIUT B KOMaHAHOW cTpoke B auanoroBoMm okHe SWI-PROLOG wu
0TOOpaKaeT MOCJIEI0BATEILHOCTh BBITIOJHAEMBIX MOJIIEICH U pe3yJIbTaT BHITTOJIHEHHUS.

3 I'paduueckuii oTiramuuk oToOpakaeT HHPOPMAIIHIO B COOCTBEHHOM — OT/ICJILHOM OKHE.

4 He 3a0bIBaiiTe Ka)/Iblii pa3 CTaBUTh TOUKY TOCIIE TIPEAUKATOB WIIH TPYIITHI PEINKATOB
(3amMCaHHBIX Yepe3 3aMATyI0) — KaKI0€ MPEAI0KEHUE 3aKaHYMBACTCS] TOUKOM.

Torma mMEHHO Ha YKa3aHHBIX MpEIUKAaTaX TPacCHUpOBKa OYJIET OCTAHABIMBATHCA U
MOKa3bIBaTh MPOMEXKYTOUHBIN pe3ynbrar. OcTajbHble HE yKa3aHHBIE MpeIuKaThl He OyayT
MoKa3aHbl (€CIM HE yKa3aHbl HUKAKWE KOHTPOJIbHBIE TOYKH, TO PEXKUM TPACCUPOBKH OyAeT
HEOTJIMYUM OT OOBIYHOTO PEKHMa pabOThl HHTEPIIPETATOPA).

3anaiite 3ampoc

?-mro6uT(X,TeHHUC), TFOOUT(X ,KOMIIBLIOTEPHI ).

YU TOCMOTPHUTE, YTO Mpousonner. Ilocne momydeHuss mEpBOrO PEIICHUS MOJyYUTE BCE
ocTajibHble, BBOAS;. TpaccupoBka H300pakeHa Ha CIEAYIOLIEM PUCYHKE:

1 SWI-Prolog (xxMulti-threaded, version 5.6.29)
Fle Edit Settings Run Debug Help
22 ?- debug. A

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 z- |}

Pucynok 1.7 — TpaccupoBka mporpaMmsl

B neBoit BepxHell 4acTH 0OKHa rpa)uyeckoro OTIaauuKka 0TOOpPaXKeHbI TEKYIIe 3HaUeHUs
IIEPEMEHHBIX TEKYIIETO BBINOJIHAEMOIO MpPEIUKaTa, CIpaBa CTEK BBI3OBOB IPEAUKATOB, B
HIDKHEH 4yacTu (akThl ¥ MpaBuia, A€ LIBETOM OTMEYEH CIEeNYIOIIMI BBI3bIBAEMBIN MpEaUKaT.
Bremnunii Buj rpadudeckoro oriamdynka u3o0paxkeH Ha pucyHke. CBepxy, B BHIE KHOIIOK,
HaXOJATCS JOMYyCTHMbIe aeHcTBHsA. BTopas kHomka (cTpenka BIPaBO) MO3BOJIAET BBINOJIHATH
[IporpaMMy IoOIIaroBo (MpedaukaT 3a mnpeauxkatoM). L{BeT BbleneHHs Takke UMEET 3HAueHHeE.
KpacHblii 1BeT 0603Ha4aeT Heynauy, JOKHOCTh PEIIEeHHS.
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song.pl g@z'

Tool Edit Compile Help
1 [={{ % o Bl 2-[Bhlm atlal| v -2 2 DX 2~

N
N1

Call Stack

3
2

T factorial/2

7

8 [T factoriali2
9 factorial/2|
10 12 factoriali2

c:/prolog workspace/song.pl
song (X) :-xX>1,write('run, '), (¥ is %-1),song(Y). o
song (1) .
factorial (0,1).
factorial (N, F):-

N>0,

N1l is N-1,
facEorsal (NI ETI

F is N*F1. -
factoriaﬁ._itar (N, FactN) :—

fact (N, FactN,1,1) .

fact (N, FactN, I, D) :—

I<N,

Il 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, P) : —

Call: factorial/2

Pucynok 1.8 — Pe3ynbpTaT TpaccupoBku

5.2. CTPYKTYPA ITIPOI'PAMMBI HA A3BIKE PROLOG.
CHUHTAKCHUC A3bIKA PROLOG

Cunrakcuc sizbika [posor

[Tpu GpopmabHOM ONMKMCAHUU CUHTAKCUCA KOHCTPYKIUI aITOPUTMHUECKUX S3BIKOB YacTO
UCTIONB3YEeTCs TaK HaszbIBaeMasi «HOpManbHas ¢opma bokyca-Haypa» (BH®), papaborannas B
1960 [Ixonom boskycom u Ilutepom Haypom. Bnepseie BH® 6bpina nmpumenena I[lutepom
Hayspom mnpu 3ammcu cunTakcuca s3pika Anron-60. OcHoBHbIMH KOHCTpyKuusiMmu BHO
SIBJIIOTCS CIIEAYIOLIHE.

CHUMBOJI «::=» YUTAETCA KaK «I10 OMPEACICHUIO» («ITO», «ecTh»). CiieBa OT pa3aenuTens
pacnojaraercsi o0ObsICHsIeMOe MOHSTHE, CIPaBa - KOHCTPYKIIHS, pazbsicHsomas ero. Hanpumep,

<Uwms> ::= <Upentuduxarop>

B yrnoBsie ckOOKH «< >)» 3aKJIIOYAeTCs YacTh BBIPAKEHMS, KOTOpask MCIIOJIb3YeTCs IS
0003HAYCHUS CUHTAKCUYECKOW KOHCTPYKIIUU SI3bIKa, B YACTHOCTH OOBSCHsAEMOE MOHATHE. B
MIPUBEJICHHOM BbIIIIe MpuMepe 3To <Mms> n <Mnerrtudukarop>.

CumBon «|» osHagaer B Hotanmu BbH® «unmm»y. OH mpuMeHseTCs I pa3aeicHUs
aIbTePHATUBHBIX TOJIKOBAHUM OMpezensieMoro nousatusi. Hanpumep, necatuunyo mudpy MOKHO
OTIPEETUTH CIAEAYIOIUM 00pa3oM:

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

YacTh CHHTAKCHUYECKON KOHCTPYKIIMH, 3aKIIOUEHHAs B KBaJpaTHbIE CKOOKH, SBIISICTCS
HeoOs3aTeIbHON (MOXKET MPUCYTCTBOBAThH WIIM OTCYTCTBOBATD), HATIPUMED

<Ilenmoe uncno> ::= [-]<Ilos0KUTETBHOE 1EJI0C YNCITIO>

03HAYaeT, YTO IIEJI0€ YUCIO MOXKHO OIpPENEIUTh Yepe3 MOJOKHUTEIbHOE 1IeJI0e YHCIIO,
nepea KOTOPBIM MOKET CTOSITh 3HAaK MUHYC.

CumBoI «*» 0003HaYaET, YTO YACTh CUHTAKCUYECKONW KOHCTPYKIIMH MOXET MOBTOPSITHCS
MPOU3BOJBHOE YHCIO pa3 (HOJMB W Ooree). 3aMeTHM, YTO HWHOT/IAa BMECTO CHMBOJA <«*»
UCTIIONB3YIOT (UrypHbIe CKOOKH «{ }». Hampumep, moJOXUTENbHOE IEJI0€ YKCIO B HOTAIUU
BH® moxHO ciienytonmm o0pa3oMm:

<ITomoXkuTeNnbHOE 11e]10€ YUCI0> == <mudppa>[<uudpa>]*

W

<ITomoXkHTENbHOE 11EJI0€ YUCII0> = <mudpa>{<imudpa>}.

T.e. MONOXXUTENBHOE 1EJIOE YUCIIO COCTOUT M3 OHOM MM HECKOJIBKUX HU(D.
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[Iporpamma Ha Ilposore cocrour w3 mnpemiokeHud (yTBepxkacHui). Kaxnoe
MIPEIOKEHUE 3aKAHYUBAECTCS TOUKOM.

[Ipennoxxenus: ObIBalOT TPEX BUJOB: (DaKThl, IPaBUIIA, BOIIPOCHI.

[Ipennoxxenne nMeeT BU

B :-
Al, ..., An.
B HaszbpiBaeTcsi 3arosioBKOM WIM TOJIOBOM mpemioxkenus, a Al, .., An - TenoM.

[Ipennoxenue sBuseTcss nepeBepHyToil mmiumukanuei (B :- A skBuBasienTHO B «— A, «B
cienyer uz A») unn ¢pasoir XopHa. CUMBOJ «:-» O3HAYAET «CJIEAYET H3», CUMBOI «,» —
KOHBIOHKIHS (JTorudeckoe U, 7).

IIpy HeoOXOAMMOCTH NMPHMMEHEHHUs JU3bIOHKIMH (Jormdeckoe MJIW, “) mcnonbsyercs
CUMBOJ «;», JCHUCTBYIOIIMH N0 CIEAYIOUIEH JIU3bIOHKIMM, OKOHYAHWS IpaBWJIAa WIH
3aKphIBaIOIIEH Kpyrioil ckooku. Hanmpumep,

[Iponor Jloruka npenukaToB

C:- (A1".."An)"(B1".."Bm)—> C
Al, ..., An;

BI1, ..., Bm.

WIH

D :- A"BYC)—»D

A, (B;O).

®axT ¢pukcupyer (OnpenesnsieT) HeKOTOpoe OTHOLIEHHEe Mexay oObekTamMu. OH COCTOUT
TOJIBKO U3 3arojioBKa. MOXHO CUMTaTh, YTO (DaKT — 3TO MPEAJIOKEHHE, Y KOTOPOro HET Tena. B
TEPMHHAX JIOTUKH MPEAUKATOB, (DAKT — 3TO U €CTh IPEIUKAT.

Hanpuwmep, ¢axt, uro Hatama sBnsercs mamoit Jlammu, MoxeTr ObITh 3amucaH B BUJE (B
SWI-Prolog cTpoKH-KOHCTaHTHI 3aIIUCHIBAIOTCS B OJMHAPHBIX KaBbIUKaX):

mama('Hatama', 'J{ama').

®dakT npeAcTaBiIsieT co00i 6€3yCIIOBHO UCTUHHOE YTBEPKICHUE.

Ecnn Bocnonb3oBaThcsi HOpManbHOU (opmoii bakyca-Hayspa, To mpeaukar MOKHO
OIIPEJIENIUTh CIIEIYIOIIUM 00pa3oM:

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

T.€. IPEIUKAT COCTOUT JUOO TOJILKO M3 MMEHH, JIMOO U3 MMEHHU U CIEAYIOIEH 3a HUM
M0CJIEI0BATEIbHOCTH apryMEHTOB (TEPMOB), 3aKIIFOYEHHON B CKOOKH.

AprymeHToM (T€pMOM) MpeIruKaTa MOXKET ObITh KOHCTaHTA, [IEpEMEHHAasi WM COCTaBHOMN
00beKT (crucok Ui GyHKIMs). Yucno apryMeHTOB perKaTa Ha3bIBaeTCsl apHOCTHIO.

[IpaBuno — npeanokeHue, HCTUHHOCTh KOTOPOIO 3aBUCUT OT MCTUHHOCTH OJHOTO HIIU
HECKOJIBKUX Mpe1oskeHUi. OOBIYHO MPABUIIO COACPKHUT HECKOIBKO XBOCTOBBIX IIeleil, KOTOpbIE
JOJKHBI ObITh HICTUHHBIMHU JUISI TOTO, YTOOBI CaMO MPAaBUIIO ObLIIO UCTUHHBIM.

B noranun BH® npasuio Oyner uMeTh B

<IIpaBmno> ::= <mpeaukar> :- <upeaukar> [,<npeauxar>]*.

Hanpumep. M3BecTHO, yTO 0abyIika yenoBeka - 3T0 MaMa €ro MaMbl MJIM MaMa €ro Marbl.
CooTBeTcTBYIOIIME MTpaBUiia Oy yT UMETh BUJ:

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

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


https://sites.google.com/site/anisimovkhv/learning/knowledge/lecture/tema9
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WA
grandmama(X, Y):-
mama(X, Z), (mama(Z, Y); papa(Z, Y)).

Nms nepemennoit B IIposore moxer coctosith U3 OyKB JaTMHCKOro ajidasButa, uudp,
3HAKOB MOJYEPKUBAHUA U JIOJDKHO HAYMHATHCS C MPOMMCHONW OYKBBI MJIM 3HAKA MOAYEPKUBAHUS.
[Ipu 5TOM mnepeMeHHblE B Telle MpaBWiIa HESIBHO CBSI3aHbl KBAaHTOPOM BCEOOIIHOCTH H
HKBUBAJICHTHBI 00BbEKTaM IpPeAMETHON 00IaCTH.

[TlepemeHHbIE MOTYT OBITH CBOOOIHBIMH UJIH CBSI3aHHBIMHU.

CBobosHas mepeMeHHasi — MepeMeHHasi, KoTopas ele He Mojy4uia 3HaueHus. OHa He
paBHsIETCSl HU HYJIIO, HU Ipo0eny; y Hee BOOOIle HEeT HUKAKoro 3HaueHus. Takue rnepeMeHHbIe
€111€ Ha3bIBAIOT HEKOHKPETU3UPOBAHHBIMHU.

[lepemenHas, KkoTopas TOJy4YWJa KaKoe-TO 3HAUY€HHWE M OKa3ajach CBA3aHHOM C
OIpe/IeIEHHBIM 0OBEKTOM, Ha3bIBaeTCs CBsI3aHHOM. Ecnu nepemeHHas Oblila KOHKPETU3UPOBaHA
KaKHUM-TO 3HaYE€HHEM U €l CONOCTaBJIEH HEKOTOPBIH OOBEKT, TO 3Ta EPEMEHHAs YK€ HE MOXKET
OBbITh U3MEHEHA.

Ob6nacteio neiicTBus nepemeHHoi B Ilponore siBisiercs ogHO mpeiokeHue. B pasHbix
NPEUIOKEHUSIX MOXET HCIOJb30BAThCS OAHO M TO € HMMs HEpEeMEHHOM s 0003HaYeHHA
pa3HbIX 00BEKTOB. VckimtoueHHMeM U3 MpaBWila OIpeneieHHus o0JacTh JEHCTBHUS SBISETCS
aHOHMMHAasl TepeMeHHas, KOTopas 0003HA4aeTCsi CUMBOJIOM TOJYEPKHBAHUSA « ». AHOHUMHas
NepeMeHHas NPEeINUChIBaeT HHTEpHpeTaTopy (KOMOWIATOPY) HPOUTHOPUPOBATH 3HAYEHHE
aprymeHra (tepma). Ecnu B mpaBuie HECKOJIBKO AHOHUMHBIX IIEPEMEHHBIX, TO BCE OHH
OTIMYaOTCA APYT OT ApPYyra, HECMOTPS Ha TO, YTO 3aIllMCaHbl C MCIOJIb30BAHUEM OJHOTO M TOTO
&Ke cUMBoJIa («_»). AHOHUMHBIE TIEpEMEHHbIE MOTYT 3allMCHIBAaTbCS TOJIBKO B KauecTBE TepMa
npenukara. Mcnonab3oBaTh UX B BhIpaXeHUIX (HampuMmep, apupMeTHUECKUX ) HEb34.

TpetbuM crienuguuecKuM BUIOM MpeiokeHui Ilpomora MOXXHO CYMTaTh BOMPOCHI
(3ampockl, 11eNH).

Bonpoc coctout TONBKO U3 TeNa U MOXKET OBITh BhIpaXkeH ¢ oMolnsio BH® B Buje:

<Bompoc> ::= <IIpenukar> [,<[Ipenukar>]*

Bormpockl ucnonb3yroT 1715 BBISICHEHHS BBIIIOJIHUMOCTH HEKOTOPOTO OTHOILEHUS MEXIY
ONHCaHHBIMU B Mporpamme oobekTamu. CrucreMa paccMaTpUBaeT BOIPOC Kak IIeNib, K KOTOPO
Hago cTpeMuTbcs. OTBET Ha BONPOC MOXKET OKa3aTbCsl IOJOXKUTEIBHBIM (true) win
oTpunareabHbIM (false), B 3aBUCMMOCTH OT TOT0, MOXKET JIU ObITh IOCTUTHYTa COOTBETCTBYIOIIAS
nenb. [Iporpamma MokeT cozepkaThb BOIpOC B Tene (BHYTpeHHsAs uenb). Ecnu mporpamma
COJIEP’KUT BHYTPEHHIOIO 1I€JIb, TO IMOCJE 3allyCKa MpOrpaMMbl Ha BBINIOJHEHHE CUCTEMa Cpasy
IIPOBEPSIET AOCTHXKMMOCTD 3aJJaHHOM 1ienu. Eciu BHYTpeHHE! 1eNu B IporpaMMe HET, TO MOCIIe
3aIycKa MporpaMMbl cHUCTEMa BbIJIaeT MpUIJIAlIeHHe BBOJIUTH BOMPOCH! B JHATIOTOBOM PEXKHME
(BHemHsAA 1enb). IIporpamma, kKoMmuiaMpyeMass B UCHOJHSIEMbIH (aiin, o0s3aTenbHO J0DKHA
UMETh BHYTPEHHIOIO LEJTb.

Ecnu nenb pocTurHyTa, cucreMa OTBeuYaeT «yes» («true»), B MPOTHBHOM CIIy4ae «no»
(«false»). CrnemyeT OTMETHTBH, YTO OTBET «nO» Ha BOINPOC HE BCETJa O3HAYaeT, 4YTO OH
oTpuuarenpHblid. CucTeMa MOXKET JaTh TaKOM OTBET M B TOM CiIyyae, KOrja y Hee IMpOoCTO
HEJ0CTAaTOYHO MH(OpMaLNHY, MO3BOJISIONIEH MOJIOKUTEIBHO OTBETUTHh Ha Bompoc. T.e. IIposor
OCHOBaH Ha T.H. «MOJEJIU 3aKPBITOI0 MUPa», B KOTOPOM BCE, YTO MOXHO IOJyYUTh HA OCHOBE
OTHUCAHUS MOJIEIH SIBJIIETCS UCTUHOM, a OCTAIbHOE — JIOXKbIO.

@dakT, TpaBWIO W BONPOC € TOUKH 3peHus ¢ppaz3 Xopna (B < A) MoxHO
MHTEPIIPETUPOBATH CIAEAYIOLUIUM 00pa3oM:

- (pakt: B « true;

- mpaBwiIo: B < A;

- Bompoc: true < A.

T.o. mporpamma (6a3a 3Hanuii) Ha [Iposore coctouT w3 (GakTOB M MPaBUII, KOTOPHIC
NPEJCTaBISAIOT COOOW MPOJYKUMU C TpeIuKaTaMu B JIEBOM W MpaBod 4acTu. TeM caMmbIM
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porpaMMa BbIpakaeT HEKOTOPbIE 3HAHHS O MPEJAMETHON 00JacTH, HEOOXOUMBIE Ul peIIeHUs
3aa4u. 3amnpoc - ITO TaKKe HEKOTOPBII MpeuKaT, HCTUHHOCTh KOTOPOTO Hac uHTepecyeT. Eciu
3alpoc HE COJEP)KUT MEPEMEHHBIX, TO BBIUMCIEHUE €0 3HAYEHHS JAeT OTBET «irue» Ipu €ro
UCTUHHOCTH, 00 oTBeT «false» mpu ero nmoxkHoctu. Ecnu ke B mpeaukare 3ampoca ecTb
NepEeMEHHbIE, TO MIIYTCS MX 3HAUYEHUs (MHTEpHpeTalys), IpU KOTOPHIX ITOT MpeIuKaT U BCe
MpEeIUKaThl MPOTrpaMMbl CTAaHOBATCS HCTUHHBIMU. B 3TOM M COCTOUT CYTh BBIYHCICHHH
(Jrormueckoro BbIBOJA) mporpamMmsl Ha Ilposore.

IIpumep nporpammupoBanus Ha a3bike IIpoJior
PaccmoTtpum Heckonbko mpumepoB. IlycTe B mporpamme 3aaaHbl clieayromue (GaxTbl
(mpeaukaThl) U MpaBUIIa:

Jlucrunr 2.1
mama('Harama', '/lama').
mama('/lama’', 'Marma').

mama('Hatama', 'Bacs').

papa('Bacs', 'Mamma').

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

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

Bonpoc 1 — sBnsercs nu Hatama mamoit Jlamm:
?- mama('Harama', 'Jlama’).
true.
Bomnpoc 2 — xto siBasiercs mamoit Jlamu:
?- mama(X, '/lama').
X ='Harama' ;
false.

IlepBasg cTpoka cooOlIeHHs O3HAyYaeT, YTO OTBET Haiaer W Mamol Jlamm sBiseTcs
Harama; Bropass — yTo B 6a3e 3HaHM ISl OCTaBIIMXCS MPEIVIOKEHUNH HE OOHApYy>KEHbI IpyTrHe
Mamsbl [amm.

Bonpoc 3 — ectb 1 y Jlamm mama:

?- mama(_, '[ama).
true.
Bompoc 4 — HaiiTu Bcex MaM U A€TEl:
?- mama(X,Y).
X ='Harama',

Y ="ama';
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X ="Jlama’,
Y ='Mama' ;
X ='Harama',
Y ='Bacs’.

B nmanHOM ciydae mocie TpeThero oTBeTa He BbigaeTcs «false», T.k. B 6a3e 3HaHU ObLTH
nepeOpaHbl BCe MPEIIOKCHHS M OHU BCE HCTUHHBI.
Bormpoc 5 — nns koro Harama siisiercs 6a0yIikoid:

?- grandmama('Hararma', X).

X
X

'Mama' ;

'Marma'.

B nanHOM cityuae BeIJaeTCs JiBa OJMHAKOBBIX OTBeTa «Marmay, T.K. npaBuio grandmama
B OJIHOM ciyyae cpabotano no nenouke «Harama — /lama — Mamay, a B agpyrom - «Harama —
Bacs — Mamay. OueBuiHO, 4TO B IPUBEACHHOM NpuMepe 0a3bl 3HaHui 1ubo Haramm - aTo 1Be
pa3IUYHBIC KEHIUHBI, THO0 Maru.

KpaTtkne cBenennsi 00 onepanusix 1 BCTpoeHHbIX npeankarax SWI-Prolog
B Tabn. 2.1 npuBenensl HekoTophle omepauuu U npeaukarsl SWI-Prolog, xotopeie B
JanpHeleM OyIyT UCTIONIb30BaThCs Ul WILTIOCTPAIUK IPUMEPOB.

Tabnuna 2.1 - Hexotopsle onepanuu u npenukatsl SWI-Prolog

Onepanus / | Ha3Hauenue

IIpenukar

true HcruHa

fail, false Jloxn

= YHudukanus (mpucBanBaHUe 3HAYCHUST HECBSI3aHHON NIEPEMEHHOM )

<, =<,>= > ApudmMernueckue (TOIBKO JJI YUCEN) ONepaIiii CPaBHEHUS

== Apudmernueckoe paBeHCTBO

=\= ApudmMeTnueckoe HepaBeHCTBO

is Boruncnenue apudMeTnueckoro BeipaxkeHus (Hampumep, A is 5 + 2)

@<, @=<, @>=, | Onepanyu cpaBHEHUS JUI1 KOHCTAHT U MEPEMEHHBIX JHOO0ro THMa (YHcen,

@> CTPOK, CIIMCKOB H T.J.)

== PaBeHCTBO KOHCTAHT U MEPEMEHHBIX JII00O0T0 THIIA

== HepaBeHCTBO KOHCTAHT U EPEMEHHBIX JIFOO0T0 THIA

not(A) OTpuIlaHue JOTHYECKOTO BBIPAKEHUS] A

read(A) UreHue 3HaYeHHsI ¢ KJIABUATYPhI U IPHCBANBAHKE €0 MEPEeMEHHON A

write(A) [leuatb A Ha O9KpaH C YCTAaHOBKOW Kypcopa IIOCJIE IOCIEIHErO
Hame4yaTaHHOTO CHMBOJIA

writeln(A) [TeyaTp A Ha DKpaH C IEPEBOIOM Kypcopa B HAYaJIO CIEAYIOIEH CTPOKU

nl [lepeBoa Kypcopa B Ha4ajIo CIEAYIOUIeH CTPOKH

repeat [Ipenukar, BbIOAIONIMII HOBOE WCTUHHOE 3HAYE€HHWE TMPU BO3BpaTe.
[Tepeoka3biBacMblil IPEAUKAT

! [Ipenukar (cut, COKpaTHTh), 3aMpeliaonuii BO3BpaT Aajiee TOW TOUKH, T/Ie
OH CTOUT

assert(A), Jlunamuueckoe nob6asnenue ¢akra (MpaBuia) B KOHEIl CIUCKA MOJOOHBIX

assertz(A) ¢axToB (paBwir) 6a3bl 3HAHUHN (IPOTPAMMBI)

asserta(A) Junamuueckoe nobapieHue (akra (mpaBuiia) B HA4ajo CHUCKa MOJOOHBIX
(hakToB (mpaBmi1) 6236l 3HAHUHT

retract(A) Y nanenue nepBoro dakra (mpaBuia) 6a3el 3HAHUN

retractall(A)

VY nanenue Bcex GakToB (paBmiT) O0a3bl 3HAHUA C UMEHEM A
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IIpouenypa BeiBoaa B IIpoJiore

[Tpu mowncke pemenns (Ho0kazaTenbeTBa 1enH) B [Iposore ncnomip3yercs MeToa nepedopa
C BO3BpaTaMu (mouck B rinyOuny). IIposmor mpu noka3aTenbCTBE YTBEPXKICHHS MOOYEPETHO
MBITACTCS YCTAaHOBUTh HWCTUHHOCTH BXOJSIIMX B HEro mnpeaukatoB (yTBepxkaeHuit). Ecmum
MEepBBIA TMpeNuKaT WCTUHEH, To [Iponor mepexoauT ko BTOpoMy. Eciu W OH HCTHHEH, TO
MEePEeXOAUT K TpeTheMy. Eciin BTOpoil npeaukaT jnoxkeH, To [Iposor meiTaeTcsi yCTaHOBUTH €r0
WUCTUHHOCTH MPH JPYTUX 3HAUEHUSX, BXOJSAIIUX B HETO MEpPEeMEHHBIX. Eciau 3Toro He ymaercs
CACIaTb, TO OH BO3BpalIaCTCA K NCPBOMY NPCAUKATY U IBITACTCA YCTAHOBUTH €TI0 UCTUHHOCTDH
JUIS HOBBIX 3HAUCHUH MEpPEMEHHBIX, a 3aT€M CHOBA BO3BPAIACTCS K JIOKA3aTEIbCTBY BTOPOTO
npeaukara. Takas mporeaypa MoBTOPSETCs A0 T€X MOp, OKa He OyJeT JOCTUTHYTa UCTUHHOCTh
nocienHero mnpenukara. Ilocnme poka3zaTenbCTBa MCTUHHOCTH IOCIEIHETrO NpeAuKara Ielu
[Ipomnor 3aBepmraet padoty. [Ipouecc Bo3Bpata B [Iponore naspiBaercs backtracking.

Hampumep, mycTs uMeeTcs 3ampoc Ha omnpesieNieHus] BHy4YeK U BHyKOB «Hararmmmy:

?- mama('Harama', Y),
(mama(Y, Z); papa(Y, Z)),
write(Z);
write('Bcg').
Ortser.
Maria;
Marma;
Bcé;
BoigenenHass JKMpPHBIM — 4acTh COOTBETCTBYET NPaBWIy ONpeleieHus 0aOymiku

(grandmama).

5.3 AJITOPUTMBI JIOTMYECKOI'O ITPOI'PAMMMUWPOBAHMUSI.
PEHIEHHUE 3ATIAY HA PEKYPCHUIO

Pexypcus B IIposore

[IpaBuso sBIsIeTCS PEKypPCUBHBIM, €CIIH COAEPKUT B KaueCTBE KOMIOHEHTHI caMo ceOsl.
Pexypcust nomyctiuma B OOJIBIIMHCTBE SI3BIKOB MporpaMMupoBanus (Hanpumep, B [lackane), HO
TaM 3TOT MEXaHHU3M HE SIBJSIETCS TAKMM BaXKHBIM, ITOCKOJIBbKY UMEIOTCS Jpyrue, CBOMCTBEHHbBIE
MPOLEAYPHBIM SI3bIKaM, MEXaHU3MbI — LUKJIIbL, TPOLEAYPHI U (PYHKITHH.

[lycte wumerorcss cneayromue (akTbl O TOM, Kakas BalioTa KOTHUPYETCS BBIIIE:
doroje(dollar, rubl).

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

Brimosaum 3anpoc:

? doroje(evro, rubl).
Yes

byaer mnomydeH yTBepAMTENbHBIM OTBET, MOCKOJbKY TakoW (HakT SBHO OIKCaH B
nporpamme. Ecin xe caenars 3anpoc,

? doroje(evro, iena).
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To otBeT OyeT OTpHUIIATENbHBIHN, TOCKOJIBKY TaKOH (akT OTCYTCTBYET.
AHaJ0ruuHbIM Oy/IeT OTBET Ha BOIPOC:

? doroje(funt, rubl).

H30exaTh TaKux HCIIPAaBHUJIBHBIX OTBETOB 3€Ch MOXXHO BBCIACHHEM IIpaBUJid, B KOTOPOM
AOIIYCTUMO CPABHCHUC MCIKIAY c000# HE TOJIBKO JABYX, HO U TPEX 00BEKTOB:

dorojel(X, Y):- doroje(X, Y). /* nBa oobekTa */
dorojel (X, Y):- doroje(X, Z), doroje(Z, Y).
/* Tpu oOBekTa */

Bropoe npaBuiio onuceIBaeT BapuUaHT, Korga X>7Z, a Z>Y, OTKyJa JeJIaeTcs BbIBOJ, YTO
X>Y.

OpHako 1ernoyYka B3aUMHBIX CPaBHEHH MOXeT ObITh NITMHHON. HampuMmep, npu yeTbipex
CpaBHEHUSAX OTPEOYETCs] KOHCTPYKITHS:

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

OrnuceIBaTh TaKWe JJIMHHBIC MTPaBUiIa HEYT0OHO. 371€Ch BBITOIHEE TPUMEHUTDH PEKYPCHIO,
OOpaTHUBIIMCH K MIPABHITY M3 CAMOTO ATOTO MPaBHJIA!

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

[lepBoe mnpemiokeHHEe B OTOH KOHCTPYKLIHMH OIpPENEISET MOMEHT IpEKpallleHus
PEKYpPCUBHBIX BBI30BOB.

Bropoe npaBuiio onmceIBa€T BO3MOXHOCTH PEKYPCUBHBIX BBI30BOB, KOI/Ia CYIIECTBYIOT
HENPOBEpPEHHbIE BapuaHThl pemieHus. BooOmie, mo0as pekypcuBHas Npoleaypa JI0JDKHA
COJIEPKaTh!

HepexypcuBHoe npaBuiio, IpUMEHseMOe JJIsl 3aBEpIICHUs] PEKypCcuu (MX MOXKET ObITh
HECKOJIbKO, 33/Ial0I1e pa3Hble YCIOBUS /IS 3aBEPIICHUS PEKYPCUH),

PexkypcuBHOe mnpaBuiio, mepBas MOAIEIb KOTOPOro BbIpaOaThIBA€T HOBBIE 3HAYCHUS
apryMEHTOB, a BTOpasi — peKypCHUBHAsI IOALEIb — UCIIOJIB3YET 3TU 3HAYCHMUSL.

Habop npaBun npocmarpuBaeTcst cBepxy BHH3. CHayvasa enaeTcs MONbITKA BHITOJTHEHUS
HEPEeKypCUBHOIO IpaBuia. Eciyu 0HO OTCYTCTBYET, TO PEeKYpPCHBHOE MPaBHIIO MOXET padoTaTh
OECKOHEUHO.

IIpuMeHeHHe peKypPCHH B JIOTHYECKOM MPOrpaMMHPOBAHUHU

Pekypcust — nporecc MoBTOPEHHUsS! 3JIEMEHTOB caMoINoA0O0HbIM oOpa3oM. Pekypcusi (B
IPOTPaMMUPOBAHUH) — AITOPUTMHUYECKUI METOJI, 3aKITFOUAIOLINICS B BOBMOKHOCTH OOpaIlieHus
npaBuia (PyHKIIUH, TIPOLIEYPHI) K caMoMy ce0e OJIMH Uitk OoJiee pas.

Pexypcust sBisieTcss 4acTO MCHOJIb3YyeMBbIM IpueMoM B mporpammax Ha [Iponore. s
PacCMOTPEHHOTO BbIllle MpuMepa ©0a3bl 3HAaHUNH «POJICTBEHHUKW» BBEAEM IPaBUIIO,
OIMCBHIBAIOIIEE OTHOLICHHUE IIPEIOK» - KITOTOMOK» C TIOMOIIBIO PEKYPCHH.

JIuctunr 3.3 - PoaxcTBeHHUKH
% 1 mapameTp - UM OTLIa WM MaTEpH
% 2 mapameTp - UM ChIHA WIH JJOYEpH
roditel('Bacs’', 'Buka').
roditel('Bacs’', 'Kons').
roditel('Kons', "FOns").
roditel("FOns', 'Muma').



66
roditel("FOns', 'Marma').
roditel('Kons', 'Cera’).
roditel('Csera’, 'Poma').
roditel('Csera', 'Jlema').
% 1 mapamerp - npenok
% 2 mapameTp - MOTOMOK
predok(A, B) :- roditel(A, B).
predok(A, B) :- roditel(A, C), predok(C, B).

Ha Bompoc predok('Bacs', 'Muima') orBeT Oy €T MOJIOKUTETBHBIM.

BTopoii npuMep KUCHOIB30BaHUS PEKYPCUH — pacyeT pakTopHaa.
JIuctunr 3.4 - Pacuer pakropuana
fact(1, 1):- . % ¢akropuan enuHUIIBI paBEH €IUHULIC
fact(N, F):-
NlisN-1,
fact(N1, F1), % F1 paBen ¢axropuany yucia Ha eIUMHUILY MEHbIIETO N
Fis F1 * N. % ¢axropuan uncna N paBeH npoussenenuto F1 Ha camo uncio N

Ha Bomnpoc fact(6, F) otBet Oyaer «F = 720».

JIrobast pexypcuBHas mpouenypa B IIpojore nomkHa BKIOYAaTh, KaK MUHUMYM [Ba
npaBmJIa:

1) HepeKypCHBHOE MPaBUIIO, OTIPEIENIAIONIEe €0 BU B MOMEHT MPEKPAICHUsT PEKYPCUH;

2) pexypcuBHoe mpaBwio. llepBas mojuens, BblpaOaThIBa€T HOBBIE 3HAYCHUS
apryMEHTOB, a BTOpasi - BBI30B CAMOT'0 MPaBHJia C HOBBIMU 3HAYCHUSAMHU apryMEHTOB.

YnpasieHue npoueccoM BbIBOIa

B Ilposore mmeercs nBa CTaHAApTHBIX MPEAUKATa, KOTOPBIE IMO3BOJISAIOT YIIPABIATH
npolielypoii nepedopa ¢ BO3BpaTaMu:

- fail (false) — npeaukat, KOTOpHIN Bceraa BO3BpalIaeT JOXKb;

- | —npeaukar (cut, COKpaTUTh), 3aNPEIIAOINI BO3BpAT Jajiee TOW TOUYKH, I/1€ OH CTOUT.

[IepBbIil M3 HUX MCHOJB3YyETCA Uil OPraHU3all{ LHKIOB, & BTOPOW ISl YCKOPEHUS
mpoLeaypsl iepedopa.

Ecan MBI kemaeM Y3HATh BCEX IPECIKOB «Mummy u IIpu 3TOM, 4TOOBI BblJla4ya IIPCIAKOB
Ha KOHCOJIb ObLIa BBINIOJHEHA aBTOMAaTHUYECKH, a HE B IMAIIOTOBOM PEXUME (ITyTeM HAXKATHUS <«;»
ocJie KaX/10ro 0TBETa), TOTIa 3aIpOC J0JKEH BBIMJISIIET CIEIYIOIMIUM 00pa3oMm:

JIncrunr 3.5
?- writeln('Tlpeaxun Mummu:'),
predok(A, 'Mumma'),
writeln(A),
fail;
true.
Ortser:

[Ipenxn Mummu:



67

1O
Bacs
Kong

Takum o6paszom, mpenukar fail BbIMONHAET NPUHYIUTENBHBIM OTKAaT M 3acTaBisET
[Iponor 3aHOBO meperoOKa3blBaTh BCE MPEAbIAYLIME MOJNETd C HOBBIMH 3HAYCHUSMHU
nepeMeHHbIX. [lepenoka3arensCTBY B NPUBEICHHOM MpuMepe OyAeT MOABEPKEH TOIbKO
npeaukar predok(A, 'Muma'), T.K. mpeauKaTsl write 1 writeln He TeHepUPYIOT HOBbIE 3HAUCHHS
nepeMmeHHbIX. Ecnu nocne npeaukara fail Haxoasites apyrue npeaukarsl npaBuia, yka3biBaeMble
yepes «,» (Jioruueckoe M), To OHM HUKOT/Ia HE OYIyT BBIOJIHEHBI.

Paccmotpum Oosee cioxKHBIA IpUMEp: BBISICHUTH BCeX MPaBHYKOB «Kommy.

JIncTunr 3.6
?- roditel("Komst', A),
write('[IpaBuyku ('), write(A), writeln("):"),
roditel(A, B),
writeln(B),
fail;
true.
Otger:
IIpaBuyku (FOmns):
Mura
Maiua
[IpaBHyku (Cseta):
Poma
Jlemra

Ecnu B nanHoO# 11enu uenonp3oBath npeaukat | nocie roditel('Kons', A), To pesyiabratom
paboTHI TporpamMmMbl OyAET MEPBBIX TPHU CTPOKH, eciu nocie roditel(A, B) — mepBbIX 1BE CTPOKH.
Ecnu npu BEINOJIHEHUH NpaBUiIa B Pe3yJbTaTe BO3BpaTa JUIs NEPEJ0OKa3aTEIbCTBA IPEAUKATOB C
HOBBIMU 3HAYEHUSIMHU TEPEMEHHBIX OyJeT BCTpEYeH IMpeauKar !, TO BCE NPaBWIO B IIEJIOM
BO3BpatuT «false», naxke eciaum y HEro HMEIOTCS albTepHATHBHBIE IyTH J0Ka3aTelbCTBa,
yKa3pIBaeMble depe3 «;» (Jormueckoe WMJIM) wnm ompeneneHus, 3amaBaeMble OTACIbHBIMU
IIPETI0OKEHUSIMH.

5.4 IPUMEHEHUME CIIUCKOB B ITPOJIOT'E

Hcnonb3oBaHue CIUCKOB
Cnucku — ofHa U3 Haubosee yacTo ynorpebiseMbrx cTpyktyp B [Ipomore. Cricok — 3To
HAaO0Op OOBEKTOB OJHOTO M TOTO ke Tuma. [Ipw 3ammMcu CHUCOK 3aKII0Ya0T B KBaJpaTHBIC
CKOOKH, a DJIEMEHTHI CITUCKA Pa3/ICIISIOT 3aISATHIMU, HAIIPUMED:
[1,2,3]
[1.1,1.2,3.6]
99 9 29 9

[“Buepa”,”’ceroans’,”3aBTpa’|

DOneMeHTaMH CHHCKa MOTYyT ObIThb Jto0ble TepMmbl Ilposora, T.e. aToMbl, 4wucia,
NIEpEMEHHbIE M COCTaBHbIE TepMbl. KaXkplif HEMMyCTON CIIMCOK MOKET OBbITh pa3zieieH Ha roJOBY
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- HepBBIfI OJICMCHT CIIMCKa M XBOCT — OCTaJIbHBIC OJJICMCHTBLI CIIMCKAa. HpI/I 9TOM CIIMCOK
MMpEaACTABIACTCA B BUJC:

2 9

[A|B] wmm [1] [2,3]] wu [1| B] wnu [“Buepa”| [“ceronns”,”’3aBTpa’]].

DTO TMO3BOJIAET BCSAKHM CIUCOK TMPEJACTaBUTh B BHje OuHapHOro nepea (puc.l). ¥V
CIHCKA, COCTOSIIETO TOJIBKO M3 OJTHOTO JIEMEHTA, TOJIOBOH SIBIISIETCS STOT JIEMEHT, & XBOCTOM —
HYCTOﬁ CITUCOK. JIJ'ISI HCITOJIB30BAHUsA CIIMCKaA HeO6XO)II/IMO OmucaThb Npe€auKaT CIIMCKa.

[
—
o
=
—

ad
—_—
i %
i

Pucynok 4.1 - bunapHoe aepeBo crucka.

B cnenyromem npumepe 1 - ronosa cnucka, a [2, 3, 4, 5] - xBocT. [Iposior nokaxer 3To
IIPU TIOMOIITY COTIOCTABIICHHUS CITMCKA YHCEI ¢ 00pa3IioM, COCTOSIIIUM U3 TOJIOBBI U XBOCTA.

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

Head =1
Tail = [2, 3, 4, 5]
Yes

3necy Head u Tail - Tonbko umeHa nepeMeHHbIX. Mbl Mornu Obl UCTIONB30BaTh X U Y
WIN KaKue-HUOyIb IpyTrue UMEeHa MePeMEHHBIX C TeM XKe YCIeXOM. 3aMEeTUM, YTO XBOCT CITUCKA
BCerja SBJISIETCS CIUCKOM. ['0yioBa, B CBOIO OYepeib, €CTh 3JIEMEHT CIHUCKa, YTO BEPHO U JUIA
BCEX JPYTUX DIIEMEHTOB, PACIIOIOKEHHBIX JI0 BEPTHKAIBLHOW YePThl. ITO MO3BOJISIET TOJTYYHTH,
CKa)keM, BTOPOI1 3JIEeMEHT CITUCKaA.

B Prolog wmcmonws3yercs cnenuaibHBIA CHMBOJ IS pa3lelieHus] CIHCKa Ha TOJIOBY U
XBOCT — BepTUKAIbHAS YepTa |.

Hanpuwmep:

(1,2, 3] wma [1][2, 3] wma [1 [ [2] [3]]] o [1 ] [2[[3 | [1]]]

BepTI/IKaHBHy}O YEPTY MOXKHO HUCIIOJB30BaTh HE TOJIBKO JJISI OTACIICHHA I'OJIOBBI CIIMCKaA,
HO 1 U1 OTACJICHHUA ITPOU3BOJIBHOT'O YK CJIa HAYaJIbHBIX 3JICMCHTOB CITUCKA:

(1,2,3]mmu [1,2 | [3]]Jmmm [1, 2,3 | []]

Ipumep
Hcnonp3yeM aHOHMMHBIE NIEPEMEHHBIE Ul TOJIOBBI U CIIMCKA, CTOSILErO MOCIE YEpTHI,
€CJIM HaM HYKEH TOJIBKO BTOPOM DJIEMEHT CIIHCKA:

?- [cmon, momazk, ocen, cobaka] =[ , X | ]. X = nomaas
Yes

PaccMoTpum HECKOJIBKO TIporienyp 0O0paOoTku cnuckoB. OOpaTtuTe BHUMAaHHE, YTO BCE
OHH HCIIONB3YIOT PEKYPCHIO, B KOTOPOH TepMHHaIbHOE (0a30BOE) MPaBUIIO OMPEICICHO IS
MyCTOTO CIHCKA.
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Ipumep

[IpeaukaT «mepecTaHOBKa» BBIIACT CHHCKH, TMOJYYEHHBIE TEPECTAHOBKOW 3JIEMEHTOB
CBOETO MEPBOT0 apryMeHTa.

nepectanoBka([],[]).

nepecranoBka([H|L],Z):- nepecranoBka(L,Y), mecto(H,Y,Z).

[Ipumep ucnosb30BaHUA:
Jluctunr 4.1

?- nepectranoBka([a,b,c],X). X =[a, b, c] ;

X=1[b,a,c];
X=[b,c,a];
X=Ja,c,b];
X=]c,a,b];

X =[c,b,a];No

[Ipeanonoxxum, 9T0 UMEETCST HEKOTOPBIN CIHUCOK, B KOTOpoM X 0003HAYAET €ro rojioBY,
a Y — XBoCcT cmucka. Takoil cHMCOK MOXHO 3amucaTh, Kak [X|Y]. DTOT CIHUCOK MOXET
coJiepkaTh, HAIPUMEP, UHCTPYMEHT JJIs1 00pabOTKH J1eTajei:

[bpe3a, cBepIo, pe3er, XOH]

Teneps NPEANOTOKUM, YTO MBI XOTHM OTMPEICITUTH, COJCPKHUTCS JIM HEKOTOPBIA
MHCTPYMEHT B yKa3aHHOM cnucke. B Ilposiore 370 MOXHO cnenaTh, ONpe/ieuB, COBMAIAET JIU
JAHHBIA MHCTPYMEHT C TOJIOBOM cmucka. Eciam coBmagaer, TO Hall CHUCOK 3aBEPIIACTCS
ycnexoM. Ecnau HeT, TO Mbl HpOBEpsieM, €CTh JIM HYXHBII MHCTPYMEHT B XBOCTE€ HCXOJHOTO
CIMCKA. JTO 3HAYUT, YTO CHOBA IPOBEPSETCS OJIOBA, HO YK€ 0YEPETHOTO XBOCTa crucka. Eciaun
MBI JJOXOJIUM JI0 KOHIIA CIIHCKA, KOTOPBIA OyAET MyCThIM CITUCKOM, TO HAIl TTOMCK 3aBepIIacTCs
HEyJauei: YKa3aHHOTO MHCTPYMEHTA B UCXOJHOM CITUCKE HET.

Jlist Toro, yTOOBI 3amucath Bee 3T0 Ha [Iponore, cHauana Hajo:

Y CTaHOBUTH, YTO MEXKITY OOBEKTOM U CITUCKOM, B KOTOPBIN ATOT OOBEKT MOXKET BXO/IUTD,
CYILIECTBYET OTHOmIeHUe. [l 3amucu 3TOro OTHOIICHHsS] Oy/IeM WCIONb30BaTh MPEIUKaT
MPUHAIJICKUT:  TIEJIEBO€  yTBepKaeHue  npuHaaIexuT(X,Y)  sABISETCS  HMCTUHHBIM
(«BBITIOHSIETCS»), €CIIU TEPM, CBA3AHHBIM C X, SIBISETCA DJIEMEHTOM CIIMCKa, CBA3aHHOTO C Y.
Nmerotcs nBa yclioBus, KOTOPbIE HAIO MPOBEPUTH ISl ONMPEIEICHUS] UCTUHHOCTH TMPEIUKaTa.
[TepBoe ycioBue ToBOpUT, YTO X OYyIET AJIEMEHTOM CHHUcKa Y, eclu X COBMAJaeT C TOJIOBOM
cnucka Y. Ha I[Iposore 3ToT pakT 3anucbiBaeTcs CleyomuM 00pa3om:

npuHaISKUT(X, [ X]_]).

OTa 3amuch KOHCTAaTUPYET, YTO X SABJISETCA JIEMEHTOM CIIHCKA, KOTOpbIA nmmeeT X B
KayecTBe TOJIOBBl. B JaHHOM cilyuyae aHOHMMHAs MEpeMEeHHas « » A 0003HAYeHHs XBOCTa
CIIUCKA.

Bropoe mpaBmwiio roBopuT 0 TOM, 4TO X INPUHAUICKUT CIIMUCKY IPHU YCIOBHH, YTO OH
BXOJIUT B XBOCT 3TOT0 CIHUCKa, 0003HauaeMblil yepe3 Y. [l 3TOro MCmosnb3yeM TOT K€ CaMblii
NpeauKaT MPUHAUICKUT Ui TOTO, YTOOBI ONpPEeNUTh, MPUHAMICKUT I X XBOCTY CHHUCKa. B
3TOM M COCTOMT CyTh pexkypcuu. Ha IIponore 3To BBINISIINAT Tak:

npunaanexuT(X,[ |Y]) :- npunamiexut(X,Y).

ﬂBa 9TUX TIIpaBuWJla B COBOKYIIHOCTU OIPCACIIAOT MNpEAUKAT JIA OTHOIICHHA
MPUHAJJIC)KHOCTHU U YKA3BIBAIOT HpOHOFy, KaKuM 06p2130M npocMaTpuBaThL CIIMCOK OT Ha4YaJia 10
KOHIa IMpU MOHUCKE HCKOTOPOro 3JIEMCHTA B CIIMCKCE. Haubonee BakHBINM MOMCHT, O KOTOpOM
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ClIeyeT TIOMHUTb, BCTPETUBILNCH C PEKYPCUBHO ONPEICIEHHBIM IIPEIMKATOM, 3aKJIIOUAETCs B
TOM, YTO MPEKJE BCEro HaJl0 HAWTH TPaHUYHBIEC YCIOBUS U CIIOCO0 MCIOIB30BAHUS PEKYPCHH.

Jlng mpenukarta «IpUHAUIEKUT» B JIEHCTBUTEIBHOCTH MMEIOTCSA [BAa TUIA T'PaHMYHBIX
ycinoBuil. JInGo 0OBEKT, KOTOpBI MBI HIIEM, COAEPXKHUTCA B chucke, nubo HeT. IlepBoe
IPaHUYHOE YCJIOBHE NS NpEeAuKaTa «IPUHAMJICKHUT» PACIO3HAETCS NMEPBBIM YTBEPXKICHUEM,
KOTOpO€ MPHUBOJIUT K MPEKpPALICHUIO TOWUCKAa B CIHCKE, €CJIM MEepBBIA apryMeHT IpeauKara
IIPUHAJUIEKUT COBIAJAET C IOJOBOM CNHCKAa. BTopoe rpaHMYHOE yCloBHE BCTpedaeTcs, Korja
BTOPOI apryMeHT NpeauKaTa «[IPUHAJICKUT SABIISETCS MYCThIM CIIUCKOM.

370 BCe IeMOHCTpUpYET ciaenyromuii npumep Ha Iponore: npunamnexut(X,[X| ]).

npuHaIexkuT(X,[ |Y]):- npunamiexut(X,Y).

?- npuHaanexut(dpesa,[ ppesa, cBepno, peser, XoH]).
true

?- mpUHAANESKUT(TIPOTSHKKA, [ ppe3a, CBEpIIo, pe3el], XOH]).
false.

Cnoco0bl Oprann3anum HMKJIOB

B Ilpostore OTCYTCTBYIOT KOHCTPYKIIMH IUKJIOB C ITAPaMETPOM, MPEI- U TOCTYCIOBUEM,
HO C TIOMOIIbIO COOTBETCTBYIOIINX MEXaHU3MOB MOXHO OPTaHM30BATh Pa3HbIE TUITHI IIUKJIOB.

1 ctoco6. conb3ys pexkypcHro.

2 cnoco0. Mcronp3ys npeankat, KOTOPBI MOXKHO Mepeioka3aTh, U npeaukar fail.

3 cmoco6. Hcmonb3yst TpeawkaT, KOTOPBIM MOMKHO TIEpeaoKa3arh, W JIOTUYECKOE
yIBepkJaeHue. Hampumep, BbLAATH Mapbl «IPEAOK» - «IIOTOMOK» JI0 TeX IOop, IOKa He
BCTPETHUTCS TOTOMOK C IMeHeM «MHuTIiay.

Jluctunr 4.2
?- predok(A, B),
write(A), write(' aBrsercs npeakom '), writeln(B),
B == 'Muma’;
true.
OtBer:
Buxa sBnsercs npeakom Komst
Bacs aBnsercs npeaxom Ko
Kons siBnsercsa npeakom KOs
Ons sBasiercs mpenkom Muria

Taxast KOHCTPYKIIMSA COOTBETCTBYET IIUKIY C ITOCTYCIOBHUEM.

4 crioco6. OpraHm3anusi IMKJIA CO CYETYHKOM, HWCHOJIB3ys TMpeauKkaT repeat u
JIMHaMU4Yeckoe qobasiieHue (pakToB B 0a3zy 3HaHU (IIporpamMmy).

Crnemyer OTMETHTh, YTO B HEKOTOPBIX peanu3alusx s3bika [Ipomor oTcyTcTByeT
BCTPOCHHBIM MpenukaT repeat. Torja aHHBIA MpeauKaT HAAO ONPEACTUTh B Iporpamme
CJIEIYIOIIUM 00pa3oM

repeat.

repeat:- repeat.

Ero wucnonp3yloT BMecTO IepeloKasbiBaeMoro nmpeauvkara. Ho ecaum  mpu
MepeI0Ka3aTeIbcTBE OOBIYHBIX TPEIUKATOB MOXKET HACTYINHTh MOMEHT, 4YTO BCE (aKTHI
ucuepnansl (Hanpumep, predok(A, ‘Muma’) ... fail), To nmpu ucnonbp3oBaHUM TpeAMKaTa repeat
TaKOW MOMEHT HE HACTyIaeT HUKOT/Ia.
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Jluctunr 4.3

?- assert(count(1)),

repeat,

retract(count(X)),

X2is X * X,

write(X), write('"2 ="), writeln(X2),
Xlis X +1,

(X1>10,!

assert(count(X1)), fail).

[IpuBenennas mporpamMma OyJeT HMKIMYECKH BBIIABAaTh HA SKpaH KBaJApaThbl yuced oT |
no 10. B xayecTtBe cuerynka ucmojib3yeTcs: mpenukar (¢akt) count, KOTOPBIH TUHAMHYECKH
no0aBisieTcs U yaanseTcs U3 6a3bl 3HaHHH.

CyIecTBYIOT TaK)Ke IPYTUe CIOCOOBI OPTaHU3AINH ITUKIIOB.

IIpumenenne cnuckos B IIposore

B Ilponore HeT Takoil pacnpOCTPaHEHHON M YaCTO UCIOIb3YEMOM CTPYKTYPbhl XpaHEHUS
JAHHBIX KaK MAaCCUBBI, HO 3aTO €CTh Pa3BUTHIE BO3MOXKHOCTH pabOThI co cruckaMu. CIHCOK —
YIOPSIIOYCHHBIM HAa0Op AJIEMEHTOB OJHOTO THIMA. B OTiMYMe OT MAacCHBOB, KOJHUYECTBO
AJIIEMEHTOB KOTOPBIX CTPOTO (UKCHUPOBAHO (B OONBIIMHCTBE SI3BIKOB MPOTPAMMHPOBAHUS),
CIIUCKH TTO3BOJITIOT MOIU(DHUITPOBATH, TOOABISITh I yAAJIATH U3 HETO JIEMCHTHI.

Crnucku B Ilponore 3akmodaroTcss B KBajJpaTHbIe CKOOKH, Hampumep [1, 2, 8, 123] unm
['TIH', 'BT', YeTtBepr']. Cnucok, He coaep KaIliii HA OJTHOTO dJeMeHTa «||», Ha3bIBaeTCs IMyCThIM.
Kaxnp1ii HemycTo#l CNHMCOK COCTOUT W3 JBYX 4YacTeil: roJIOBbI MU XBOCTa. ['010BOM siBIIsi€TCA
MEPBBII DJIEMEHT CITMCKa, XBOCTOM — BCE OCTAIBHOE.

Tabmuua 4.1 - ClIuCKY ¥ €ro COCTaBHBIE YaCcTU

Crucok ['onoBa XBOCT
[1,2,8,123] 1 [2, 8, 123]
['MTd', 'BT', 'YetBepr'] | 'TIH' ['BT', 'UeTBepr']
[1.25] 1.25 []

[] HE OlpeJieieHa | HE ONpeIelIeH

B nporpamme rosioBa OTIENSIETCS OT XBOCTa CHMBOJIOM «|.

YacTo UCIoIb3yeMbIMU OTIEPAIHSIME TPU padOTE CO CITUCKAMU SBIISIOTCS:
- MPOBEPKA HAJTUYHUS JIEMEHTA B CITUCKE;

- 1o0aBJIeHUE PJIEMEHTA B CITHCOK;

- KOHKaTeHIUs (00bETMHEHHE) CITUCKOB;

- yIaJleHue 3JIEMEHTA U3 CIIHCKA;

- 3a/1aHe 00PaTHOTO MOPSKA CIICOBAHUS SJICMEHTOB CITHCKa;

- pasJeNieHre CIucKa Ha JiBa.

1 ITpoBepka HAIWYMS JIEMEHTA B CIHCKE.
JInctunr 4.4
% 1 mapameTp — 3JIEMEHT, HAJIMYHE KOTOPOTO B CIIUCKE TPeOyeTcs MPOBEPUTH

% 2 mapameTp - CIIHCOK

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

?- member(2, [1, 3, 45, 2, 74]),
write('{a");

write('"Het').

Ortger: /la.

2. JloGaBrieHue snemMeHTa B crnucok. [[nst maHHOW omepanuu He TpeOyeTcs OTIEIBHOTO
TpaBuja, €CJIM dJeMEeHT X 100aBseTcsi B Havano crucka List

NewList = [X] List].
3. KonkareHuus AByX CIHCKOB.
Jluctunr 4.5
% 1 mapameTp — mepBbBIN CITUCOK
% 2 mapameTp — BTOPOH CIIUCOK
% 3 mapameTp — pe3yabTaT 00bETUHEHUS IBYX CIIMCKOB
concat([], L2, L2).
concat([X|L1], L2, [X|L3]):- concat(L1, L2, L3).

?- concat([1, 2], [3, 45], L),
write(L).
Otsert: [1, 2, 3, 45].

4, VY naneHue 3IeMEHTa U3 CIHCKA U 3aJaHHUe O6paTHOFO nopsiiKka CJICA0BAHUA 3JICMCHTOB
CITMCKa.

Jluctunr 4.6
% 1 mapameTp — yaansieMblil 2JIEMEHT
% 2 mapameTp — UCXOHBIN CIIMCOK
% 3 mapameTtp — pabouHii CITUCOK
% 4 mapameTp — nepeBepHyThIN CIIMCOK 0€3 AIeMeHTa
delete( , [], L, L).
delete(X, [X|L], L1, L2):- delete(X, L, L1, L2).
delete(X, [Y|L], L1, L2):- X \==1, delete(X, L, [Y|L1], L2).

% 1 mapameTp — HCXOIHBIA CITUCOK

% 2 mapameTp — pabo4uii CIIUCOK

% 3 mapameTp — MepeBEPHYTHIA CITMCOK
reverse([], Lr, Lr).

reverse([X|L], L1, Lr):- reverse(L, [X|L1], Lr).
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?- delete(1, [1, 3, 1, 45, 1], [], L),
reverse(L, Lr),
write(Lr).
Otser: [3, 45].
5. Paznenenue cnucka Ha JBa.
Jluctuur 4.7
% 1 mapameTp — dJIEMEHT, 3aAar0IIui pa3oueHne
% 2 mapameTp — UCXOIHBIA CITUCOK
% 3 mapameTp — AJIIEeMEHThI, MEHBIIINE WIH paBHBIC | mapameTpy
% 4 mapameTp — aJeMeHThl, 6osbinne 1 mapamerpa
split(_, [1, [1, [-
split(Y, [X|L], [X|L1], L2):- X @<=, 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(L1),

writeln(L2).

Otser: [1, 3, 1, 1] 1 [45, 33].

5.5. PABPABOTKA 3KCIIEPTHBIX CUCTEM

Pa3paboTka 3xcnepTHbIX cucTeM Ha sisbike IIposor

[locne 3amycka wunTepnperatop Ilposora BblIaeT NpuriameHue BBOIUTH 3aNPOCHL,
KOTOPBIE TAK)K€ HA3BIBAIOT gonpocamu WIn yenamu. Kak npaBuiio, 3anpoc NnpeacTaBiseT cooon
BBI30B NPOIEAYPHl M 3aNHCHIBACTCA KaK MMs HPOLEAYpHl, 3a KOTOPbIM B KPYIJIBIX CKOOKax
CIIEyIOT apryMEHTHI, pa3ziesieHHbIe 3amsThiMU. B KoHIle 3ampoca ctaButcs Touka. [Ipouenyps B
[Tposore Ha3bIBAIOT npeduxamamu. HEKOTOpbIE U3 HUX BCTPOCHBI B SI3bIK U UX MOYKHO BBI3BIBAThH
HEME]JIEHHO.

?- true.

Yes

?- fail.

No

BcerpoeHHble mpeaukarbl true W fail IPENCTABISAIOT COOTBETCTBEHHO TOKIECTBEHHO
VCTUHHOE U TOXJIECTBEHHO JIO)KHOE BbICKa3bIBaHWe. OTBET Ha NEpBBIN BOIIpoc Beerna "na" , a Ha
BTOpOil "HeT". '0BOpSAT, UTO 3ampoc true 3aKaHYUBACTCS ycnexom, a fail - Heyoauei. TOYHO Tak
e 100011 3arpoc 3aBepiiaercs MO0 ycrnexom, JIM00 Heyaauei.

JlucTunr 5.1

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

?- write('npuser’).

MIPUBET

Yes

OOparuTe BHUMaHHE: MEXJly UMEHEM IpeAuKaTa U OTKpPhIBAIONIE CKOOKON HE JOKHO
ObITh TpoOenoB. BTopoii 3ampoc 3amucaH B TpaauIMOHHON HH(UKCHOW (popme - HEKOTOpbIe
IIPEIUKAThl JOIYCKAIOT TaKylo 3aluch. BeInonHuB nocnennuil 3amnpoc, IIposnor oreeuaer Yes,
XOTSI MBI Bpoje Obl HM O YeM HEe CHpammBain. TakuM o0pa3oM OH TMPOCTO COOOIAeT O

OJ1aronoy4HOM 3aBEpILEHUH 3aMpoca.
EcTb enie o1Ha BOZBMOXHOCTB - 3aPOC MOXKET 3aBEPIIUTHCS OMIUOKOM.

JIncTunr 5.2
?- abracadabra.
ERROR: Undefined procedure: abracadabra/0

?2-3/0>1.

ERROR: //2: Arithmetic: evaluation error: zero_divisor'

ITockonbky cuCTEME HE H3BECTHO HHUYEro IO TIOBOJY abracadabra, BO3HHUKAET
UCKITIOYUTENbHAs CUTyalusi. Bo BTopoM ciydae ommnbka BO3HUKIIA B IIpoIiecce apuPpMETHUECKUX
BBIYHMCIICHUI. B npuniumne, ommuobka - To’ke HeyJja4ua, HO HeyJa4a 0co00ro poja, mociie KOTopou
JaJIbHENIIIEE BBINIOJIHEHUE 3apOCa HE UMEET CMBICIIA.

Hmest HeKOTOpEIH OMBIT PabOTHI ¢ (PYHKITMOHATBHBIMU SI3bIKAMHU, MBI MOYKEM TOTBITATHCS

HaWTH CyMMY YHCeI:
?-2+3.
ERROR: Undefined procedure: (+)/2

U Toiay4daeMm cooOmierne 00 ommOke. Hamr 3ampoc He mMeeT (OpMBI MPEIIOKEHUS.
[TorpoOyem 1o npyromy.

?2- write(2+3).

243
Yes

Cucrema BBIBOJUT BBHIpOXKECHHE, JaKe HE MBITAsICh YTO-HUOYb BBIYUCIUTE. MOXXET OBITh
TaKk?
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?7- X =2+3.
X=2+3
Yes
CHoBa Heynawa. IlIponor paspaOaTbiBajics TpexkIe BCEro Kak S3bIK 00pabOTKH
CUMBOJIbHOM HH(popManuu U BblpaxeHus Buga "2+3" - 3T0 ero oOBEKTHl JaHHBIX (OHH

Ha3bIBAIOTCS mepmamu). IMEHHO 3TO BhIpakKeHHUE U MpucBauBacTcs nepemerHoit X. Ho Hamo ke
KaK TO BBIMOJIHATH apU(PMETHUIECKHE BBIYMCIACHHS. J[JIs 3TOro mpeaHa3Ha4YeHbI CICIHaIbHbIC
apugmemuieckue npeouKamasi.

JlucTunr 5.3
?- X is 2+3.

X=95
Yes

Hakonen-to! Ilpeaukar is BBIYMCISET 3HAUYEHHE BBIPAXKEHHMS W TMPUCBAMBAET €T0
MepeMeHHOM. 3ampoc 3aBepIiacTcss YCIEeXOM W 3HAYCHHE MEePEMEHHOMN BBIBOJIUTCS B Ka4eCTBE

OTBETA.
Hpyrue apudmernyeckue mpeaukarsl ( ==, =\=, <, =<, >, >= ) BBIYUCIAIOT 00a CBOMX
apryMeHTa U CPaBHUBAIOT UX 3HAYEHUS.

JlucTunr 5.4
?2- 3+2==35.

Yes

7-2*2==2+2.

Yes

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

Yes

Jlpyras pa3HOBHJIHOCTb NPUMHUTHUBHBIX OOBEKTOB - amomul. Yaile BCero OHHU
3aIUCHIBAIOTCS KaK TOCIIE0BATENILHOCTH OYKB M IU(p, HAUWHAIOMICHCS CO CmpouHol OYKBBHI.
OTO OTIAMYAET UX OT MEPEMEHHBIX, KOTOPble HAYMHAIOTCS C NponucHol OyKBbl. ATOMBI MOXHO
CPaBHHBATh IOCPEJCTBOM TMPEANKATOB == , \==, @<, @=<, @>, @>= . ApudmMernveckue
IPEIUKAThl JJIs 3TOrO HE MOJXOMST, TOCKOJIbKY OHH IHOIBITAIOTCS BEIYUCIUTD apu(MeTHUECKUE
3HAYEHMs] aTOMOB, YTO MPUBEAET K OMHMOKe. A BOT uncia (HO HE 3HAYEHUS BHIPAKEHUI) MOKHO
CPaBHMBATh U TEMU U JPYTHMH.

JIucTunr 5.5
?-a@<b.
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Yes

-1 @<2.
Yes

?7-2<a.

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

7-2<e.
Yes
[Touemy nocnegHuii 3arpoc yCHeueH, J0ralanTech CaMH.

?- X is 2+3.

X=95
Yes

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

B coobOmenne 00 ommOke yka3aHO 4YTO TIepeMeHHas(huMeeTcss B BUAY X) He
KOHKpeTu3upoBaHa. Ho MbI e TOJBKO 4TO MpUCBOMIM eif 3HaueHue! Jleo B TOM, YTO 3TO yikKe
apyras mepemeHHas. OOiacTh IEHCTBHS TEPEMEHHOH paclpoCTpaHsSeTcss TOJIBKO Ha OJUH
3arpoc. Ho 3anpockl MOTYT OBITh U CIIO’KHBIMHU, COCTOSIIIUMH U3 HECKOJIBKUX LIEJIEH.

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

Yes

Iloka Hama BO3MOXXHOCTH 3a/1aBaTh BONPOCHI orpaHudeHa. UtoObl 3ajaBaTh Oosiee
WHTEPECHBIC BOTIPOCHI, HAJIO 3arpy3uTh KaKylO-HUOY/b MPOTpaMMy. DTO MOXKHO MPOIEAYPOit
consult, JUI1 KOTOpOH NpuAyMaHo cokpaiieHue. Hampumep, ecnm mporpamMMa HaXxOIUThCS B
¢aiine 'my_program.pl', To ee MOXXHO 3arpy3uTh, BBEs

?- consult(my_program).
Win
?- [my_program].

A xomanIa
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?- [my_program,another program,yet another program].

3arpy3uT cpasy Bce yKa3zaHHbIe Iporpammbl. Ho mpexie uem 3arpyxaTh HNpOrpaMMmy
HaJ0 €€ HaINCaTh.

[IporpammupoBanue 60a3bl 3HaHMIT HA A3bIKe [IpoJior

[Iporpamms! Ha [Iposore yacto Ha3piBaoT "0azamMu HaHHBIX" WM faxe "Oazamu 3HaHUN"
B TOM CMBICJIE, YTO OHHU HIPEJACTAaBISIET COOONH COBOKYIHOCTH MPEIJIOKEHUHN, ONpeAesIonuX
OTHOIICHUSI MEXIYy 00bEKTaMH MPEeIMETHOM 00JacTH MM CBOMcTBa 3THUX 00BEKTOB. CBONCTBA
u otHomeHus B [Iposore, kak U B IOTHKE, HA3bIBAIOT MpPEAUKATaAMHU.

Kaxnaplii mpeaukaTr ompenensercss MOCIeA0BaTeIbHOCTRIO Hpednodcenutl, KOTOPYIO
Ha3bIBAIOT npoyedypou. TpaaulIMOHHO BBIJCNSAIOT JBA THUIA MPENTIOKEHUN: ¢hakmbl U npasuna.
Jns Hayana pazbepemcsi ¢ mepBOil pasHOBUAHOCTHIO. IIpemnoskenue-pakT cOCTOUT U3 MMEHHU
MpeauKara, 3a KOTOPBIM B KPYIJIBIX CKOOKax CIEAyIOT apryMeHTbl. Takoe MpeljioxKeHHe
OIMCBIBACT YTBEPXKICHHE O KOHKPETHBIX 00bekTax. [Iporpamma, cocrosiast TOIbKO U3 (PakToB B
CYIIIHOCTH SIBJISIETCS PEISIIMOHHON 0a30 JaHHBIX.

Bo3zpMem B KkayecTBe mnpumepa (parMeHT O0a3bl JAHHBIX HEOOJBIIOW KOMITAHUH
Horns&Hoofs Ltd. OpHomecTHBIN mpeaukaT employee yCTaHABIMBAET CBOWCTBO "OBITh
paboTHUKOM".

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

Boob1ie To, MeHa COOCTBEHHBIE MOJI0XKEHO MHUCATh ¢ IPONUCHON OyKBHI, HO B [Ipomore
MMEHA OTHOIICHUH M OOBEKTOB JOJDKHBI HAYMHATHCS CO CTPOYHON OYKBBI WJIM 3aKITIOYATHCS B
KaBbIYKU. Kak mpaBuiio, npeanoyntaroT o6xoaurcs 6e3 kaBeruek. [IporpamMmma MoKeT cofepxKaTh
MpPEANKAThl C OJMHAKOBBIMH HMMEHAMH, HO C Pa3HBIM KOJHWYECTBOM apryMeHTOB. UToObI
pa3ianyaTh X YHOTPEOISIOT MMEHA COCTOSIIME M3 MMEHHU MpeauKaTta u ero apHoctu. I[lomHoe
UM TOJILKO YTO OIPEACIICHHOI'O IIpeauKaTa: employee/1.

[Ipenukar salary/2 yCTaHaBIMBaeT OKJIAJ] KaXJI0r0 paOOTHHKA.

JIuctuur 5.7.2
salary(anthony,500).
salary(barbara,200).
salary(charles,180).
salary(diana, 150).
salary(edward,150).
salary(frederic,140).

salary(gregory,150).
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salary(herbert,100).
salary(isabella,90).
salary(john,160).

[Ipenukar boss/2 yCTaHAaBIMBAaET OMHCHIBAET OPTraHU3ALMOHHYIO CTPYKTYPY KOMIIaHUU.
VY1BepxaeHue boss(A,B) o3nauaer, yto B - pykoBoautess A.

Jluctuur 5.7.3
boss(barbara, anthony).
boss(charles, anthony).
boss(diana, barbara).
boss(edward, barbara).
boss(frederic,charles).
boss(gregory, charles).
boss(herbert, charles).
boss(isabella,gregory).
boss(john, gregory).

3arpy3uB NpOrpaMmy, MOMKHO 3aJaBaTh BOMNPOCHI, HEMOCPEACTBEHHO K HEH
OTHOCAIIUECH.

Jluctuur 5.7.4
?- [hh].
% hh compiled 0.00 sec, 0 bytes
Yes

?- employee(anthony).
Yes

?- employee(ronald).
No

?- boss(barbara, anthony).
Yes

Orto mpocTtemmnii TUI BorpocoB. CHucTeMa MpOCTO MPOBEPSIET 3alUCAHO JIM HEKOTOPOE
MIPEAJIOKEHUE B IIPOrpaMMe M OTBedaeT "ma" eciau 3TO Tak Wiau "HET' B IPOTHBHOM CIIydae.
Taxum 00pa3oM, NpeIoKEHUE CUUTACTCS JIOKHBIM, €CIIH IBHO HE 3aIIICAHO 0OPaTHOTO.

bonee mHTEepecHble BOMPOCHI MOIYYarOTCs, €CIU MOJCTaBUTh B 3alPOCHl NEPEMEHHBIE.
Hanpumep, Mbl MOkeM y3HaTh 3apIuiaty Yapibsa, CIpOCHB.

?- salary(charles,S).

S§S=180
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Yes

OtBeuas Ha 3TOT Bompoc [Iposor comocraisieT ero co Bcemu (GakTamu U3 0a3bl JaHHBIX,
MBITAACh MOAOOPaTh MOAXOJAIISe 3HAYCHHE MepeMeHHOW. HekoTopwie BOMPOCH AOMYCKAIOT
HECKOJIbKO BApUAHTOB OTBETA. Takue BOMPOCHI, HA3bIBAIOT He0emepMUHUPOBAHHBIMUL.

?- boss(A,charles).

A = frederic
Yes

Ho »T10 He enuHcTBEHHBIN 0TBET. OTBEYask Ha BOIPOCHI C IEPEMEHHBIMHU CUCTEMA, BbIAB
3HaueHHe XJeT HaxkaTus Ha Enter. Ha camom nene, oHa uHTepecyeTcsl Hy>KHBI JTU HaM JIpyrHe
orBeThl. Haxkumas Ha Enter mbl roBopum '"crmacubo, JOCTaTouHO" W CUCTeMa OTBeyaeT Yes.
Yto06bl NOTYYUTH APYTUE OTBETHI HAJ0 BBeCTH ";".

?- boss(A,charles).

A = frederic ;
A = gregory ;
A = herbert ;
No

[locnennee No o3HauaeT, 4TO APYrux OTBETOB HET. OTBETHI BBIJAIOTCA B TOM K€
MOPSIIKE, B KOTOPOM OHHM BCTpEYaroTCs B Iporpamme. Bompoc ¢ 1ByMs NEpeMEHHBIMH BEPHET
BC€ Iaphl MOAXOIAIINE 3HAYCHUN.

?- boss(A,B).
A = barbara
B = anthony ;
A = charles
B = anthony ;
A = diana

B = barbara
Yes

B Tex cmywasx, korma TpeOyercs yKas3aTb IEpEMEHHYI0 HO €€ 3HaueHue il Hac
HECYIIECTBEHHO MO>KHO HCIOJIb30BATh TAK HA3BIBAEMYIO QHOHUMHYIO NEepPeMEeHHYI0, COCTOSILYI0
U3 €MHCTBEHHOTO CHMMBOJIa mojadyepkuBaHus. OTBeyas Ha BOIPOC, COJEPKALINM aHOHUMHYIO
nepeMeHHy1o, [Iposor noxbupaer /i Hee 3HaYCHUE, HO HE BBIBOAMT €TO0.

?- boss(A, ).

A = barbara ;
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A = charles ;
A =diana ;
A = edward
Yes

Jlo cux mop MBI 3aJaBalid JOBOJIBHO MPOCThIE BOMPOCHL. UTOOBI OTBETHUTh HA HUX
JIOCTaTOYHO OBLTO MMPOCMOTPETH OJHO OTHOMmIeHHe. Ho kKak MbI 3HaeM, MPOCTHIE BOMPOCHI MOYKHO
00BEIMHATH B OOJiee CIIOXKHBIE. 3amsaTasi MPU ATOM TOTY4YaeT JIOTUYECKUN CMBICT KOHBIOHKIUH
npeaiokeHuii. Hanpumep, cripocuM HeE MOTydYaeT JIM KTO TO OOJIBIIE CBOSTO HAaYaIbHUKA

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

A = john

B = gregory
S4 =160
SB =150,

No

U O0HapYXHUM Hemopsok: okian Jxona 6osnbiie, ueM y I'peropu.

Kpome KOHBIOHKIINHU IS COeTMHEHUS IPEUI0KEHUH MOKHO IPUMEHSATh U TU3bIOHKIUIO,
KOTOpast 0003HavaeTcs TOUKOM ¢ 3amsroit ";".

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

X = anthony
S=500,

X = isabella
S=90,

No

Otpunanue o6o3Hauaercs "\+" (WM not, HO 3Ta ¢Gopma, XOTS M MPHUBHIYHAS, HE
PEKOMEHTyeTCsl).

?- \+ employee(X).

No

3anpoc o3HavyaeT "He CYIIECTBYET HH OJHOTO paOOTHHUKA'", 9TO, KOHEYHO, JIOKHO.
?-\+ (employee(X),salary(X,300)).

X=_G157
Yes
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A orToT 3ampoc "He CymecTByeT HHM OfHOro paboTHuka c oxmamom 300". Takux
pabOTHUKOB, IeHCTBUTENBHO, HET. [IlepemenHas X ocranach cBOOOIHOM (HE MOJTydnsIa HUKaKOro
3HAYEHUSs ), TOITOMY B KaY€CTBE 3HAUCHUS BBIBOJAUTCS HEUTO MAJIOBPa3yMHUTEIILHOE.

Kak BumHO, oTpuianme mo3BoysieT (HopMyTupoBaTh 00muMe (00IIeoTpHUIaTeIbHBIC B
TEPMUHOJIOTHH KJIACCUYECKOH JIOTUKHU) CYKICHUS. BBIACHUM, KTO HE SIBJISETCS HaYaJbHUKOM U
KTO HE NIMEET HaYaJIbHUKOB.

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

X =diana ;
X = frederic ;
X = herbert ;
X = isabella ;
X =john ;
No

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

X = anthony ;
No
Haiiem caMoro BhICOKOOIIJIAUMBAEMOTO Pa0OTHHKA.

?7- salary(A,Smax), \+ (salary(_,S), S>Smax).

A = anthony
Smax = 500
S=_Glé6l

Yes

HHTepecHoe nmpUMeHEHUE OTpULAHUs - KOHCTpyKIus (\+ (Q, \+ P)), KoTOopas pOBEPSET,
yT0 Bee pemierus Q OynyTt pemenusimu s P. Hanpumep

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

X= _GI57
Yes

OT10 OyKBaJbHO O3HAYaeT "HE CyLIECTBYeT pabOTHUKA, HE MMEIOLIEero okyiaaa" uim "Bce
pabotHuku umerot oknaael". B SWI-Prolog ectb BcTpoeHHbIH npeaukar forall, UMEIOIIHUMA TOT ke
CMBICIL.

?- forall(employee(X), salary(X, )).
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X= _GI57
Yes

Kpome (hakToB - 6€3yCI0BHO HCTUHHBIX MPEATOKEHUH, B TPOrpaMMbl MOKHO BKIIIOUATh
Y YCJIOBHBIE TIPEIIOKECHHUS - NPABUIA, KOTOPBIC OMIPEACIISAIOT HOBBIC MPEANKATHI B TEPMHUHAX YKE
cymecTByromux. Kaxaoe npaBuio COCTOMT M3 ABYX YacTeH, pa3felieHHBbIX CUMBOJIOM '":-".
JleBast vacTh mpaBUIIA - 3A2071060K OTIMCHIBACT MIPEANKAT, a TIPaBasi - mejlo ONPEACIIsIeT yCIOBUS,
MIPH KOTOPBIX OH MCTHUHEH. TemoM MoKeT OBITh 000U 3ampoc, KOTOPBIH W BBITIONHSETCS MPH
BBI30BE TpeIUKaTa, OMpEeIeICHHOTO B 3arojioBke. Hampumep, MokHO 0hOpMHUTE B BUJE TTPaBUII,
BOIIPOCHI, KOTOPBIE MbI 3a/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 nporpamMmMy HOBBIMH TIpaBHJIaMH, CMOXCM 3a/1aBaTb HOBLIC BOIIPOCHI. HpI/I
9TOM HE€ HMHTCPECYIOIIME HAC MEPCMCHHBIC OKA3bIBAIOTCA CIPATAHHBIMH BHYTPHU IpPaBUJII U HE
BBIBOAATCA.

?- all_paid.

Yes

?- costly(A).

A = john ;

No

?- noboss(A).

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

No
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?- boss(charles).

Yes

?- boss(B).

B = anthony ;
B = anthony ;
B = barbara ;
B = barbara ;
B = charles ;
B = charles ;
B = charles ;
B = gregory ;
B = gregory ;
No

OOpatuTe BHUMaHHE, YTO B IMOCJIETHEM 3aMpoce KaXKAbli OTBET BBIAAECTCS HECKOJIBKO
pa3, pOBHO CTOJBKO, CKOJIBKO OH BCTpedaeTcsa B mporpamme. Ham elie mpuaeTcs CTOJKHYTHCS €
3TOU 0COOCHHOCTHIO - [IpoJior BEITAET OTBET CTOIBKO pa3, CKOIBKUMHU CIIOCOOaMU OH MOXET €T0
HaWTH.

5.6 PABPABOTKA UHTEJUVIEKTYAJIBHBIX CEPBUCOB

BaiiecoBckas kiaccupuxkanus

AnbTepHaTUBHBIC Ha3BaHMA: OailecOBCKoe MoJienupoBaHHUe, OaifecoBcKas CTAaTHCTHKA,
Meron OaifecoBckux ceTeil. M3HauanpHO OaiiecoBCKas KiacCHU(UKAIUS HCIIONh30BaIach IS
dbopmanuzanM 3HAHMHA OKCIEPTOB B OKCHEPTHBIX CHCTEMax, ceiyac OaifecoBckas
KJ1accuuKaIus Takke MPUMEHsIETCS B KaueCTBE OJHOT0 13 MeTo0B Data Mining.

Tak Ha3piBaeMasi HauBHas Kiaccu(uUKalus WIM HaWBHO-OailecoBCKMil moaxona (naive-
bayes approach) sBnsiercs Hambojee TMPOCTHIM BApHAHTOM METOJd, HCIIOIB3YIOMIErO
OaifecoBckue cetu. [Ipu 3TOM MOAXOJe peIIAlOTCs 3ajaud KiacCU(UKAIUH, Pe3yIbTaToM
paboThl MeTO/1a ABJISIOTCS TaK Ha3bIBaeMble "Mpo3padyHble” MOACIH.

"HauBHasg" xmaccuukanms - JIOCTaTOYHO TPO3PAUYHBIMA M TOHATHBIA METOJ
knaccuukanuu. "HauBHON" OHa Ha3bIBaeTCs MOTOMY, YTO HMCXOJIUT W3 MPEAMNOIOKEHHUS O
B3alMHOM HE3aBUCUMOCTH ITPU3HAKOB.

CaolicTBa HaMBHOM KJIacCU(UKALINU:

- Hcnonb3oBaHKe BceX MEPEMEHHBIX U ONIPEEIIEHNE BCEX 3aBUCUMOCTEN MEXKTy HUMHU.

- Hanuune nByx npeanonokeHuit OTHOCUTEIBHO MEPEMEHHBIX:

- BCE NIEPEMEHHBIE SABJISIOTCS OJUHAKOBO BaKHBIMY;

- BCE NEpEMEHHBIE SIBISIOTCS CTATUCTUYECKH HE3aBHCHUMBIMH, T.€. 3HAYEHHE OJHOMN
IIEPEMEHHOI HUUYETO HE TOBOPUT O 3HAYEHUH JIPYTOM.

BonbmMHCTBO Apyrux METOAO0B KiacCU(UKALWK MPEANoNaraioT, 4YTo Mepes] HayaloM
KJIaccu(UKaUM BEPOSITHOCTh TOTO, YTO OOBEKT NPUHAUIKUT TOMY WJIM HHOMY Kiaccy,
OJIMHAKOBA; HO ATO HE BCETJa BEPHO.

JlonycTuM, U3BECTHO, YTO ONPEAEIICHHBIN NPOLEHT NaHHBIX MPUHAIIEKUT KOHKPETHOMY
Kjaccy. Bo3HukaeT Bompoc, MOeM JIM Mbl HCIOJIb30BaTh 3Ty MH(OPMALIHMIO TPU MOCTPOCHUH
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Mmojienu knaccupukanuu? CymecTByeT MHOXKECTBO PeasIbHBIX MPUMEPOB MCIOIb30BAHUS ATHX
anpUOPHBIX 3HAHWM, MOMOTralIMX KilaccuPUIUpPoBaTh OOBEKTH. THUNUYHBIA MHpUMEp U3
MEIULIMHCKON MpakTUKUA. Eciyu TOKTOp OTHpaBisieT pe3ysibTaThl aHAIW30B MAlUMEHTa Ha
JIOTIOJIHUTENIBHOE MCCIIeI0BAaHUE, OH OTHOCHUT MAalMeHTa K KaKOMY-TO ONpEIeNIEHHOMY Kiaccy.
Kakum 00pa3oM MOXHO HpPUMEHHTh 3Ty HHpopmauuioo? Mbl MOXEM HCIOJIb30BaTh €€ B
KauyeCTBE JIONOJHUTENbHBIX JAHHBIX TP MOCTPOSHUH KJIACCU(PUKALMOHHON MOJIEIH.

OTMmeyaroT Takue JT0CTOMHCTBA OailecOBCKUX ceTe kak Metona Data Mining:

- B MOJIEJHM OMNPEIEINAIOTCS 3aBUCUMOCTH MEXAY BCEMH MEPEMEHHBIMH, 3TO MO3BOJSET
JIeTKO 00pabaThIBaTh CUTYallMH, B KOTOPBIX 3HAYEHUSI HEKOTOPBIX IEPEMEHHBIX HEU3BECTHBI;

- OaliecOoBCKHME CETH JIOCTaTOYHO IMPOCTO HWHTEPIPETHPYIOTCS M MO3BOJIAIOT Ha 3Tare
IIPOrHOCTUYECKOI0 MOJIETTUPOBAHUS JIETKO MPOBOIUTH aHAJIU3 IO CLIEHApHIo "4To, ecan';

- OalfecoBCKUI METOJ| MO3BOJSET €CTECTBEHHBIM 00pa3oM COBMEIAaTh 3aKOHOMEPHOCTH,
BBIBEJICHHBIE U3 IaHHBIX, U, HAIIPUMEp, SKCIIEPTHBIE 3HAHHUS, IIOJyUYEHHBIE B IBHOM BUJIE;

- HCIOJIb30BaHUE OalecOBCKUX CeTei MOo3BOJIAeT M30ekaTh MPOOJIEeMbl MepeyynBaHUS
(overfitting), To ecTh W30BITOYHOTO YCIOXHEHUS MOJENH, UYTO SBJSIETCS CJIa0O CTOPOHOM
MHOTHX METOJ/IOB (Hampumep, JepeBbEB pEeIIeHNN U HEMPOHHBIX ceTeil).

HauBHo-06aiiecoBCKU IOJXO0/1 UMEET CIICAYIONINE HeIOCTATKH:

- MEPEeMHOXAaTh YCIOBHBIE BEPOSTHOCTH KOPPEKTHO TOJIBKO TOT/Ia, KOTJa BCE BXOJHBIE
IIEPEMEHHbIE JEHCTBUTEIBHO CTAaTUCTUYECKM HE3aBUCUMBI; XOTS YacTO JaHHBIA METOJ
MOKA3bIBAET JIOCTATOYHO XOPOILIWE Pe3yJbTaThl NMPU HECOOIOJEHUHN YCIOBUS CTAaTUCTUYECKOU
HE3aBUCHMOCTH, HO TEOPETHUYECKH TaKas CUTYyallus J0JDKHA oOpadarbiBaThes Oosiee CIOKHBIMU
METOJIaMH1, OCHOBaHHBIMHU Ha 00y4eHHH 0alleCOBCKHUX CeTel;

- HEBO3MOXHA HeNoCpeACTBEHHass 00paboTka HEMpephIBHBIX MEPEMEHHBIX - TpedyeTcs
ux npeoOpa3oBaHHe K MHTEPBAJIbHOW IIKaje, 4TOObl aTpuOyThl ObUIM JUCKPETHBIMH; OJHAKO
TaKue Npeodpa3oBaHMs WHOT/Ia MOTYT MPUBOJUTH K MOTEPE 3HAUMMBIX 3aKOHOMEPHOCTEH;

- Ha pe3yJapTaT KIacCHU(pUKAUU B HAMBHO-0all€COBCKOM IOAXOJIE€ BIIUSAIOT TOJBKO
WH/IMBUYalIbHbIC 3HAYCHUSI BXOHBIX IEPEMEHHBIX, KOMOMHUPOBAHHOE BIMSHUE Map WIN TPOEK
3HAYEHUHN pa3HbIX aTpUOYTOB 3/1€Ch HE YUMTHIBAETCS. DTO MOIVIO OBl YJIYyYIIUTh KAayeCTBO
KJIacCU(UKAITMOHHOW MOJIEIM C TOYKHM 3pEHHsl €€ MPOTHO3MPYIOIIEH TOYHOCTH, OJHAKO,
YBEJIMYMIIO OBl KOJIMYECTBO MPOBEPSEMBIX BAPHAHTOB.

BaiiecoBckas knaccuukanus Haluia MUPOKOE MPUMEHEHHE Ha MPaKTHKE.

BaiiecoBckas puiabTpanus 1Mo cJI0Bam

He Ttak naBHO OaifecoBckas KiaccupuKanus ObUla MpeAsioKeHa IS MepCOHATBHON
¢unbTpanuu cnama. Ilepsoiit punbTp 6611 paspadboran [lonem ['paxemom (Paul Graham). [ns
paboThI aIropuT™Ma TpeOyeTCsl BHIIOJIHEHUE JIBYX TPEOOBAHHIA.

[lepBoe TpeboBaHue - HeEOOXOIUMO, 4UYTOOBI Yy KiIacCUPUIMPYyeMOro oOBbeKTa
IIPUCYTCTBOBAJIO JIOCTATOYHOE KOJWYECTBO IPU3HAKOB. DTOMY MJICAIBHO YJIOBJIETBOPSIOT BCE
CllOBa IHCEM TMOJb30BaTeNs, 3a UCKIIOYEHHEM COBCEM KOPOTKMX M OY€Hb peaKo
BCTPEYAIOLINXCS.

Bropoe TpeGoBaHue - MOCTOSIHHOE TMepeoOydeHue M TOMOJHEHUE Habopa 'crmam - He
cnaM". Takue ycioBuS O4EHb XOpOLIO paboTalOT B JIOKAJIHHBIX MOYTOBBIX KIHEHTaX, TaK Kak
NOoTOK "He cmama" y KOHEYHOTO KJIMEHTa JOCTATOYHO MOCTOSIHEH, & €CIM HU3MEHSIETCS, TO He
OBICTPO.

OnHako A1l BCEX KIMEHTOB CE€pBEpa TOYHO OMPENENUTh MOTOK "HE crmama' JOBOJIBHO
CJI0’KHO, TOCKOJIBKY OJHO M TO K€ IUCBMO, SBIISAIOLIEECS JJIS OJHOTO KJIMEHTa CIaMmoM, s
apyroro cmamoM He sBisiercs. ClioBapb IMOJIy4aeTcs CIMIIKOM OOJIBIIMM, HE CYIIECTBYET
YEeTKOTO pa3fiefieHHus Ha criaM M "He crmaM", B pe3ysibTaTe KayecTBO KJIACCH(PHKAINU, B JTaHHOM
cllydae peleHue 3aauu GuibTpaluy MUCceM, 3HAUYUTEITbHO CHUKAETCS.

Metoas! Ki1accuGpUKAUMU U NPOrHO3UPOBaHu. /lepeBbs peleHni
Meton nepeBbeB perieHuit (decision trees) sBIsS€TCS OJMHUM W3 HaubOosee MOMYJISPHBIX
METOIOB PELICHUs 33134 KJIacCU(pUKalUU U porHo3upoBanus. Horaa 3ot meto Data Mining
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TaKXe Ha3bIBAIOT JIEPEBbIMH PEILAIOINX MPaBUI, IepeBbIMHU KiIaccupuKauu u perpeccun. Kak
BUJHO W3 TMOCJEIHEro Ha3BaHMSA, MpPH TOMOIIM JAaHHOTO METOoJla pEIIAIoTCs 3aJadu
KJIaccu(UKaIKi ¥ IPOTHO3UPOBAHUSI.

Ecnu 3aBucumasi, T.e. 1eneBas mepeMeHHass NPUHHUMAET IUCKPETHbIE 3HAUYECHHUS, MPHU
MIOMOIIIM METOJIa IEPEBA PELICHUH perraeTcs 3a/1a4a Kiaccu(uKarum.

Ecnu ’xe 3aBucHMasi mepeMeHHass MPUHUMAeT HENpEepbIBHbIE 3HAYEHUS, TO JEPEBO
pELICHNH YCTaHABIMBAET 3aBUCHUMOCTb 3TOM NEPEMEHHON OT HE3aBUCHMBIX NEPEMEHHBIX, T.€.
peliaer 3aja4y YUCICHHOIO MPOrHO3UPOBAHHSL.

BrniepBoie nepeBbs perieHuil ObliM mpesuioskeHbl XoBuwieHzaoM u Xantom (Hoveland,
Hunt) B xonue 50-x rogoB nporuioro Beka. Camasi paHHsisl U U3BecTHas pabota XaHTa U JIp., B
KOTOPOH M3NaraeTcs CyTh JIepeBbeB pelleHuil - "DkcrnepuMenTsl B uHaykuuu" ("Experiments
inInduction") - 6p1a omyOMKoBaHa B 1966 roxy.

B naumbosiee mpocToM BHJE AE€PEBO PELICHUH - 3TO CHOCOO MpEeACTaBICHUS MpPaBUI B
HepapXUYECKO, MOCIeI0BaTeIbHON CTpyKType. OCHOBA TaKkOM CTPYKTYpHI - oTBEeTHI "Jla" ninun
"Het" Ha psi1 BOnpoCoB.

Ha pucynke 8.1 mpuBeneH npumep aepeBa pelIeHUM, 3aJadya KOTOPOrO - OTBETHTh Ha
Bonpoc: "Urpate a1 B roned?" YToObl pemmTh 3aaady, T.€. MPUHATH pEIIeHHE, UTrpaTh JIU B
rojbd, CleayeT OTHECTH TEeKYIIyI0 CHUTyallMlI0 K OJHOMY W3 H3BECTHBIX KJIacCOB (B JTaHHOM
ciryyae - "urpats” wim "He urpats"). g aTOoro Tpedyercs OTBETUTH Ha Psii BOIPOCOB, KOTOPBIE
HAXOZATCS B y3JIaX 3TOTO JE€peBa, HAUMHAs C €r0 KOPHSI.

[TepBoiit y3en nHamero aepeBa "CoiiHeuHO?" SIBISETCS Y3JIOM NMPOBEPKHU, T.€. YCIOBHEM.
[Ipy MoNOXHUTETPHOM OTBETE Ha BOMNPOC OCYIIECTBISIETCS IEpPeXoja K JIEeBOM yacTH JepeBa,
Ha3bIBAEMOM JIEBOM BETBBIO, IPU OTPULATEIBHOM - K IPaBOi yacT aepeBa. Takum oOpazom,
BHYTPEHHUH Y3€N JepeBa SBJSETCS y3J0M IPOBEPKU OIpeaeseHHoro ycioBus. [lanee uaet
CIICAYIOIIMHA BOMPOC M T.X., IOKa HE OyJeT AOCTUTHYT KOHEUHBIM y3ell JepeBa, sBISIOLIHACS
y3JIoM pemieHust. JlJis Hailero aepeBa CylIeCTBYET JBa THIA KOHEYHOro y3ia: "urpate" u "He
urpatp" B rojbQ.

B pesynprate mnpoxoxAeHHS OT KOpHsS JepeBa (MHOIa Ha3bIBAEMOIO KOPHEBOM
BEpLIMHON) 7O €ro BEpIIMHBI pelIaeTcsl 3ajadya Kiaccu(uKaluu, T.e. BbIOMpAeTCcs OAMH M3
KJ1accoB - "Urpate" 1 "He Urpatp" B roybd.

HET

Haet m1 goxges

oa HET

He HIPATh HIpaTh HE HI'PpaTh HIpaTh

Pucynok 6.1 - JlepeBo pemenuii "Urpate 1u B ronsh?"

Henbio mocTpoenust AepeBa pelieHns B HallleM Cilydae SIBJISETCS OlpeaesieHue 3HaUYeHUS
KaTEropuajibHOW 3aBUCUMON IIEPEMEHHOM.

Hrax, nys Hamen 3aa4i OCHOBHBIMHU 3JIEMEHTaMU JIEPEBA PEIICHUI SBIISIFOTCS

- Kopens nepesa: "Conneuno?"

- BuyTpennnii y3en nepeBa wim y3en mpoBepku: "Temmeparypa Bo3myxa BbeIcokasi?',
"Unet 11 1ok ap?"

- JIuct, KOHEUHBIN y3el aepeBa, y3el pemenus win epinHa: "Urpate", "He urparp"
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- BerBsb nepeBa (ciayuau otsera): "la", "Her".

B paccmotpenHOM npuMepe pemaeTcs 3a1a4a OMHApHOHM KiIacCu(UKaAIHHY, T.€. CO3/1aeTCs
IMXOTOMHUYEcKass KiaccupuKanuoHHass Mojens. Ilpumep aeMoHcTpupyeT paboTy Tak
Ha3bIBA€MBIX OMHAPHBIX JIEPEBHEB.

B y3max OMHapHBIX JEpEBbEB BETBICHUE MOXKET BECTHUCH TOJIBKO B JIBYX HAllpaBJICHUSX,
T.€. CYIIECTBYET BO3MOXHOCTh TOJILKO JIByX OTBETOB Ha MOCTaBJIeHHBIN Bonpoc ("aa" u "Het").

HHocTpoenne Kiaccu(PUKANMOHHONH MOACIH

bunaphble fepeBbs SBISIOTCS CaMbIM MPOCTBIM, YaCTHBIM CIY4YaeM JIEPEBHEB PEILICHUM.
B ocranpHBIX ciy4asX, OTBETOB U, COOTBETCTBEHHO, BETBEH JEpEBa, BBIXOAALIUX H3 €TI0
BHYTPEHHETO y3J1a, MOKET ObITh OOJIbIIE IBYX.

Paccmotpum Oonee cnoxHblii mpumep. basa gaHHBIX, HA OCHOBE KOTOPOH JOJKHO
OCYIIECTBIISITBCS MPOTHO3UPOBAHUE, COACPKHUT CIEIYIOIIME PETPOCIEKTUBHbIE JIaHHBIE O
KJIMEeHTaX OaHKa, SBJISIONIMECs ee aTpuOyTaMu: BO3pacT, HAJIM4Ke HeJIBUKUMOCTH, 00pa3oBaHue,
CpeIHEMECSIUHBIN J0X0/, BEPHYJ JIU KIMEHT BOBpEMS KpeIuT. 3ajauya COCTOUT B TOM, YTOOBI Ha
OCHOBAHUU MEPEUMCIICHHBIX BBIIIE JaHHBIX (KpOME IMOCIEIHEro aTpudyTa) OMpeaeianTh, CTOUT
JIY BBIIABaTh KPEIUT HOBOMY KJIMEHTY.

Takast 3amaua pemraercss B JiBa 3Tama: MOCTPOCHUE KIACCH(PHUKAIMOHHON MOJETH U ee
UCIOJIb30BaHUE.

Ha stane moctpoeHust MOj€IH, COOCTBEHHO, U CTPOUTCS JEPeBO KJIACCU(PUKALMU MU
co3zaercsi Habop Hekux npaBwi. Ha aTame ucronb30BaHUS MOJENU MOCTPOCHHOE JIEPEBO, WIH
NyTh OT €ro KOPHA K OJHOM W3 BEpIIWH, SBJSAIOIIMICS HAOOpOM MHpaBWI AN KOHKPETHOTO
KJIMEHTA, UCTIOJIB3YETCS JJIsl OTBETA HA MOCTABJIEHHBIN Bonpoc "BeiaaBars au kpeaut?"

[IpaBunom siBsieTCs TOrMYecKasi KOHCTPYKIMSL, IPEICTAaBICHHAsl B BUE ""eclu. ... TO...:".

Ha pucynke 9.2 npuBeneH npumep AepeBa KiacCU(UKALUK, C MOMOIIBI0 KOTOPOTO
pemaercs 3amada "BelgaBaTe s KpeauT KiaMeHTy?". OHa ABISETCS TUNMYHOM 3aaaueit
KJIacCU(UKALUH, U TIPU TIOMOILY JEPEBbEB PEIICHUH MOTYUYaloT JOCTATOYHO XOPOIIUE BaPUAHTHI

€€ peIICHHS.

na

a
HET A

J N\

obpasopanua ELICIIEE

/ HET CpREdHEE
1 peismate /

Pucynok 6.2 -JlepeBo pemenuii "BrinaBats 1u kpeaur?"

Kak MBI BUIMIM, BHYTPEHHHUE Y37l JepeBa (BO3pacT, HAJTHYUE HEIABIKUMOCTH, TOXOJ H
o0Opa3oBaHKe) SBIAIOTCA AaTpuOyTaMu ONMCAHHOW BhIIE O0a3bl JAHHBIX. OTH aTpPUOYTHI
Ha3bIBAIOT MPOTHOZUPYIOIKUMH, WK aTpulOyTaMu paciuervienus (splitting attribute). Koneunsie
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y37Ibl IEPEBA, WK JIUCTHI, UMEHYIOTCS METKaMU Kjlacca, IBJISIOIIMMUCS 3HAUCHUSIMH 3aBUCUMOI
KaTeropHaJIbHOM NepeMEHHOM "BbIIaBaTh" WM "HE BBIJABATh' KPEOUT.

Kaxnas BeTBb JepeBa, wuaymias OT BHYTPEHHETO Yy371a, OTMEYEHa MpeIuKaToM
pacmieruienus. I[locmeaHuii MOXKET OTHOCHTBCS JMIb K OJHOMY aTpuUOyTy paculieryieHUs
JAaHHOTO Yy3/1a. XapakTepHas OCOOCHHOCTh TMPEAUKATOB pACHICTUICHUS: KaXK[as 3aruch
WCTIONIB3YET YHHUKAJIBHBIM TYTHOT KOPHSA JIepeBa TOJIBKO K OJHOMY  Y3JIy-pEIICHHIO.
O0benuHenHass HHPOpMAIHs 00 aTpuOyTax pacHICTUICHUS W MpeauKaTax pacIieryieHUs B y3ie
Ha3bIBaeTCs KpuTepreM paciuerienus (splitting criterion).

Ha pucynke 6.1 wu300pakeHO OJHO U3 BO3MOXHBIX JCPEBbEB pEIICHUNA IS
paccmaTtpuBaeMoi 0a3wl maHHbIX. Hampumep, kputepuii pacmerenus "Kakoe obpazoBanue?",
MOT ObI IMETH JIBa TPENKaTa PACIIEIUICHUs U BBITJISIETh HHAYe: oOpa3oBaHue "Briciiee” U "He
Boiciiee". Toraa nepeBo peueHuit uMeno Obl Ipyroi BUJI.

Takum oOpa3om, sl JaHHOW 3a1a4u (KaK U JUIsS TI000M Ipyroif) MOKET ObITh TOCTPOEHO
MHOKECTBO JIEPEBbEB pELICHUH PpazIU4YHOIO KauyecTBa, C PAa3IMYHOW MPOTHO3UPYIOLIEH
TOYHOCTBIO.

KauyecTBO MOCTpOEHHOTO JepeBa peuieHHs BechbMa 3aBUCHUT OT MPaBUIBLHOIO BHIOOpA
KpuTepus paciiervieHus. Han pa3paboTkoil ¥ yCOBEpIICHCTBOBAHHEM KPHUTEPHEB pPabOTArOT
MHOTHE UCCIIEe0BATENH.

MeTton nepeBbeB peIIeHHN YacTO HaszbiBalOT "HauBHBIM" moaxoaoM. Ho Omaromaps
[EJIOMY Py TMPEUMYIECTB, JaHHBI METOJ SBISCTCS OJAHUM HM3 HauOoJiee MOMYJSPHBIX IS
pelIeHus 3a1a4 KiacCu(uKaIuu.

IIpeumyiecTBa 1epeBbeB pelieHHi

WuTynTHBHOCTH JiepeBbeB pemieHuil. KiaccudukanuonHass Mozenb, NpeacTaBleHHas B
BHJIC JIEPEBA PEILICHUM, SIBJISAETCS MHTYWTUBHOW M YNPOLIAET NMOHUMAHWE pPEIIacMOM 3aJadu.
Pesynbrar paboThl alrOpUTMOB KOHCTPYHPOBAHUS JAEPEBHEB PELICHUH, B OTIUYUE, HAIPUMED,
OT HEMpPOHHBIX CEeTeH, MPEICTABISIOMINUX COOON '"depHble SMIMKHU', JIETKO WHTEPIPETHPYETCS
II0JIB30BATENEM. OJTO CBOWCTBO JEPEBBEB DEIIEHUII HE TOJIBKO Ba)XXKHO IIPM OTHECEHUH K
OTIpEeIEICHHOMY KJIacCy HOBOTO OOBEKTa, HO U TMOJIE3HO NPHU HUHTEPIpPEeTalud MOJEIH
KjJaccu(uKauy B LeNoM. JlepeBo pelieHHi TMO03BOJISET TOHATh U OOBSICHUTH, MOYEMY
KOHKPETHBIH 00BEKT OTHOCUTCS K TOMY MJIM HHOMY KJIaccy.

JlepeBbsi pelieHuil TaloT BO3MOXKHOCTh H3BJEKAaTh NpaBWiIa U3 0a3bl JaHHBIX Ha
ecTecTBeHHOM s3bike. [Ipumep npaBuna: Eciin Bospact > 35 u Joxon > 200, TO BbIIATh KPEIUT.

JlepeBbs peleHuit TO3BOJISIOT CO3/1aBaTh KIACCU(UKALMOHHBIE MOJIETH B TE€X 00JACTX,
I/le QaHAJIUTUKY JOCTaTOYHO CJI0XKHO (hOpMaIn30BaTh 3HAHMUSL.

AJNTOpUTM KOHCTPYHMPOBAHHUS JIepeBa pelIeHU He TpeOyeT OT MoJib30BaTels BbIOOpa
BXOJIHBIX aTpHOyTOB (HE3aBUCUMBIX MepeMeHHbIX). Ha BXoJ anropuTMa MOKHO IOJIaBaTh BCE
CYLIECTBYIOIME aTpUOyThl, AITOPUTM CaM BbIOepeT Haubojee 3HaYMMbIe Cpelld HUX, U TOJIBKO
OHU OyAYT KCIOJIb30BaHbI Ul TIOCTPOEHUS JiepeBa. B cpaBHeHuH, Hampumep, ¢ HEHPOHHBIMU
CEeTSMH, 3TO 3HAYMTEIBHO 00JIeryaeT MOJIb30BaTENI0 paboTy, MOCKOJIbKY B HEHPOHHBIX CETAX
BbIOODP KOJIMUECTBA BXOJHBIX aTpUOYTOB CYIIECTBEHHO BIMSIET HA BpeMs 00yUEeHHUS.

To4HOCTE MOJENEN, CO3MaHHBIX IIPU IIOMOIIU JEPEBLEB PEILICHUH, CONOCTaBUMa C
OPYTMMHU METOJaMHU TOCTPOEHUS KiIacCU(UKAIIMOHHBIX MoJiene (CTaTUCTUYECKHE METO/BbI,
HEHpPOHHBIE CETH).

Pa3zpaboTan psii MacmTabupyeMbpIX aJIrOPUTMOB, KOTOPHIE MOTYT OBITh MCTOJIB30BaHBI
IUI TIOCTPOEHUS JIEPEBBEB DPELICHHS Ha CBEpPXOONbIIMX 0a3ax NaHHBIX; MacIITaOUPyeMOCTb
3/IeCh O3HA4YaeT, 4YTO C POCTOM 4YHCIa MPUMEPOB MM 3amnuced 0a3bl JAHHBIX BpeMs,
3aTpayrBaeMoe Ha O00ydeHHue, T.e. IOCTPOCHUE JIEPEBbEB PELICHUH, pacTeT JnHeHo. [Tpumepsl
takux anroputmon: SLIQ, SPRINT.

Brictpriii mponiecc oOydenus. Ha mocTtpoeHue KinacCU(PHUKAIMOHHBIX MOJAEICH IpH
MOMOUIN aJTOPUTMOB KOHCTPYHPOBAHMSI JIEPEBHEB pEHICHUN TpeOyeTcs 3HAaYUTENbHO MEHbIIE
BpPEMEHH, YeM, Harpumep, Ha 00yueHHe HEMPOHHBIX ceTeil.
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BonpmMHCTBO alrOPUTMOB KOHCTPYMPOBAHUS JEPEBbEB PELIEHUH MMEIOT BO3MOXKHOCTh
CHelHaTbHON 00pabOTKU MPOIMYIIEHHBIX 3HAYSHU.

MHorue KiIaccUu4ecKue CTaTUCTHUYECKHE METOABI, NPH IOMOIIM KOTOPBIX PELIArOTCs
3aaul KJIacCU(pUKALMU, MOTYT paboTaTh TOJBKO C YUCIOBBIMH JaHHBIMH, B TO BpeMsl Kak
JIepEeBbs pelIeHUH paboTaloT U ¢ YMCIOBBIMU, M ¢ KATETOPHAIbHBIMU THIIAMU JIAHHBIX.

MHorue cTaTHCTUYECKHE METONbl SIBISIOTCS IapaMeTPUUYECKUMH, U IMO0JIb30BaTelb
JIOJDKEH 3apaHee BIAJIETh OINpeesieHHON MH(OpMaluel, Hanpumep, 3HaTh BUJ MOJETH, UMETh
TUIOTE3y O BUAE 3aBUCUMOCTH MEXIy IEepEeMEHHbIMHU, MpeArnoiarath, Kakoil BuUJ
pacnpezelieHuss UMEIOT JaHHble. JlepeBbsl pelleHuii, B OTIMYUE OT TaKUX METO/OB, CTPOST
HenmapaMmeTpuueckue Mojaenu. Takum 00pa3oM, JepeBbs pEIIeHUH CIHOCOOHBI pelaTh TaKHhe
3ajaun Data Mining, B KOTOPBIX OTCYTCTBYET amnpuopHas WH(poOpMalus O BHUJE 3aBHUCUMOCTH
MEX/1y HCCIeAyEeMbIMHU JaHHBIMU.

[Ipouiecc kOHCTpYyHpOBaHUS I€pEBA PELICHUN

HanomuumMm, 4to paccMatpuBaemasi HAaMH 3a/1adya Kiaccu(UKau OTHOCUTCS K CTpaTeruu
0o0y4YeHHsl C yUMTeJIeM, WHOT/Ia Ha3bIBaeMOT0 MHAYKTHBHBIM OoOyueHHeM. B 3Tux ciyuasx Bce
00BEKTHI TPEHUPOBOUHOTO HAOOpa TaHHBIX 3apaHee OTHECEHBI K OJJHOMY U3 MPEeAOIpeIeICHHbBIX
KJIACCOB.

ANTOpPUTMBI KOHCTPYUPOBAHHUS JCPEBbEB PEIIEHUN COCTOAT M3 ATANoB '"MOCTpoeHHe"
win " co3manue " nepeBa (tree building) u "cokpamienue " nepeBa (tree pruning). B xone
CO3/IaHUs JiepeBa PELIalOTCsl BOMPOCH! BbIOOpA KPUTEPHS PACIICTIIICHHUS] U OCTAHOBKU OOy4eHUs
(ecu 3TO MPEAYCMOTPEHO alropuTMoM). B Xoze sTana cokpallieHus: JepeBa pelaeTcs: BOIpoc
OTCEYEeHMsI HEKOTOPBIX €ro BETBEH.

PaccmoTpum 3TH BoIpock! OApoOHE.

Kpurepuit pacuennenus

[Ipouecc cozmanus nepeBa NPOUCXOAMT CBEPXY BHU3, T.€. ABIIAETCA HUCXOLAIMM. B
X0Jle Tpouecca aNrOpUTM JIOJDKEH HAUTH TaKOMKPUTEPUM pacCUICIUICHHs, WHOIA TaKXke
Ha3bIBAEMBIN KpUTepueM pa30ueHHs, yTOOBbl pa3dUTh MHOXKECTBO Ha IOJMHOXECTBA, KOTOPHIE
Obl acCCOLMUPOBAINCH C JAHHBIM Y3JIOM NpoBepkHu. Kaxplil y3en mpoBepku JOKEH ObITh
MIOMEYEH OIpeseleHHbIM aTpudyToM. CylecTByeTIpaBUiIo BblOopa arpulyTa: OH JOJDKEH
pa3buBaTh HCXOJHOE MHOXECTBO JAaHHBIX TakKUM OOpa3oM, 4TOObI OOBEKTHI MOJIMHOKECTB,
MOJIy4aeMbIX B pe3yJibTaTe 3TOro pa3OMeHHs, SBISUIMCH MPEICTABUTENIIMU OJHOTO Kilacca WU
e ObUTM MaKCHMaJIbHO MPHUOIIKEHBI K TakoMy pa3zouenuto. [locnenusis ¢pasa o3HadaeT, 4yTo
KOJINYECTBO OOBEKTOB M3 APYTMX KIACCOB, TaK Ha3bIBaeMbIX '"MpuMecei", B KaKJIOM Kiacce
JOJKHO CTPEMUTHCS K MUHUMYMY .

CylecTByIOT pa3iM4yHble KpUTEpHM paciieruieHusi. Haumbosee u3BecTHbIE - Mepa
sHTponuu U uHAeke Gini.

B HekoTopeix MeTomax i BbIOOpa arpuOyTa pacIICIUIEHHS MCIONB3YeTCs Tak
HasbIBaeMasi Mepa MH(OPMATUBHOCTH MOJAMPOCTPAHCTB aTpUOYTOB, KOTOpasi OCHOBBIBAECTCS Ha
SHTPONMUITHOM TOJXOJI€ M HM3BECTHA IOJl Ha3BaHMEM ''Mepa HH()OPMAIMOHHOTO BHIMTpbIIIA"
(information gain measure) Wid Mepa YHTPOITHH.

6. YAEBHO-METOJUYECKOE U HTHOOPMAILIMOHHOE OBECIIEYEHUE
JUCLMIIINHBI

6.1. IlepeyeHb OCHOBHOI U 1OTOJHUTEJIbHOM JTUTEPATYPHI, HEOOXOAUMOI IS
O0CBOCHUSA JUCHUITIIMHBI

6.1.1. IlepeyeHb OCHOBHO¥ JINTEPATYPbI

1. HykanoBa H.M, JImutpueBa T.A. Jlorndeckoe mporpaMMHupoBaHue Ha si3bike Visual
Prolog. Cepus: CneunanbHocTh. s Bblcmmx y4eOHbIX 3aBeneHuid — M.: 'opsyas nauHus-
Tenexom, 2021.

2. Makkonnemnn, C. CosepuieHHbI kon. Mactep-kinace. / CtuB MakkoHHemt. - M.:
Pycckas Penaknns, 2020.
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6.1.2. IlepeyeHb JONOTHUTEIBHOM JIUTEPATYPbI
1. Ixo3ed [xapparano, l'apm Paitim. OxcreptHeie cuctemsl. lIpuHImIBI pa3paboTku u
porpaMMHpoBaHue, 4-¢ usganue. — M.: Bunbsmc, 2021.

2. Yezapurau @., Tomricon C. [Iporpammuporanme B Erlang. - M.: JIMK Ilpecc, 2020.

6.2. IlepeyeHb y4eOHO-METOAUYECKOT0 00ecIedYeHNsI CAMOCTOSTE/IbHOI PadoThI
00y4YarIMXCs MO TUCHUIJINHE

1. Meroauueckue yka3aHHs IO BBIIOJHEHUIO JJaOOPaTOPHBIX pabOT MO JUCLMILIMHE
«OCHOBBI JIOTHYECKOTO ITPOrPaMMUPOBAHUSD.

2. Meroauueckue peKOMEHJALMK JUIsl CTYJIEHTOB II0 OpraHM3alMi CaMOCTOSTEIbHON
paboTsl o guctuminHe «OCHOBBI JIOTHYECKOTO TPOrPaMMUPOBAHUSY.

6.3. Ilepeuennb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIUOHHOM CeTH
HNuTepHeT, HEOOXOAUMBIX /IJIS OCBOCHHSI TUCIHUTITIHHBI

1. YauBepcurerckas 6udbmuoreka online. http://www.biblioclub.ru.

2. 9BC «IPRbooksy. http://www.iprbookshop.ru.

3. DnexrtponHas 6ubmorexka CKDY .. http://catalog.ncstu.ru.

4. T'ocynapcTBeHHas IMyOJW4YHAsh HaydyHO- TexHudeckas Omonuorexka Poccuu. (I'TIHTH

Poccun). www.gpntb.ru.
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