[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

ONO: LLed
e 3VX°MH£FWW AVKI 1 BRICIIELC

[lomKHOCT: ,D,VIDEKTOD ATUTOPCKOro l/IHCTl/ITyTa q)mnma BKE]3CEK:EJI'O

1

(enepanbHOro yHUBEpCUTETa All

[lata nonnucanvs: XD AEPATEHGE rOCy1TapCTBEHHOE ABTOHOME
YHUKanbHbI MPOrpaMMHbIN KIKOY: BEICIIIETO 06pa'

) OBPABOBAHU S POCCUICKOM
15041

10€ 00pa30BaTEIbLHOE YUPEIKICHUE
3OBaHUA

d74ce93cd40e39275c3ba2f58486412a1c86f96f o
CEBEPO-KABKA3CKHI DELEP

JIbHBIIT YHUBEPCUTET»

e - = g

Hsaruropckunii HHCTUTYT (puianan) CKOY

MeToauyeckue yKkasaHus
10 BBINOJHEHUIO J1a00PAaTOPHBIX PpadoT MO INCHHUILINHE
«OCHOBBI TIOI'MYECKOI'O TIPOTPAMMUWPOBAHUS»
HarpasyieHUs: 1oAroToBKH 09.03.02 UHdopMannoHHbIe CHCTEMbI M TEXHOJIOTHH

Hampanennocts (npoduis): UH(popMannoHHbIe CHCTEMbI H TEXHOJIOTHH
00pa6oTKu LMPPOBOro KOHTEHTA

[Iaruropck, 2025r.



COJAEPKAHUE

BBEIIEHIIE . ..ot e e et e e e et e e e e e e e et e e e et e e et e e ———aan—_s 3

1. Ilenp ¥ 321290 U3YUCHUS TUCIIUIIIHIHDL .....vvvvvreeeeeeeesennrrrereseeeesesiissreseseseeeensnsssssseseseesmmssssresesesens 4

2. O0ODVIOBAHUE T MATEPIIATIBL «...eeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e, 4

3. VKA3aHUA O TEXHUKE OC30TIACHOCT  .vevvnnnneeeeeeeeeennaeeeeseeeseeenenaaseseesseeenennasesseeseeennnaasaeeeeeeeennnn 4

4. HauMeHOBAHNE JTAOOPATOPHBIX PADOT. .....vveeereereerureerreereeteensreenseesaeeseesssesseessseessessssesssessseennns 4

IR @) (c10;:¢21 504 (SI0) P-10T0) 0 Y- N010) 21 0.4l 0 Y- 1010 1 APPSR 5

JlaGoparopHas pabota 1. Beenenue B mporpamMmupoBanue Ha si3bike PROLOG....................

JlabopaTopHas padora 2. CtpykTypa nporpammsel Ha si3bike PROLOG. CuHTakcuc s3bika

PROLOG . ...ttt ettt et et s b e et beene s

Ha60|2&TO|2HaH [za60Ta 3. AJ'IFO[!I/ITMBI JIOTHUYCCKOI'O MPOTrpaMMHUPOBAHWA. Pemenwne 3a1a4d Ha

JlaGopaTopHas padota S. Pa3paGoTKa IKCIEPTHBIX CHCTEM .....ccuvveerereeesereeessreeassseeenseeessseeenseens

6. YueOHO-MeToInYecKoe U HHMOPMAITMOHHOE 00€CTICYCHUE TACIIMIIIMHBL ...........vvveeeeerreeeenns

6.1. [TepevyeHb OCHOBHOH W JIOMIOTHATEIBHON JTUTEPATYPhI, HEOOXOMMMOM JIIE OCBOSHUS

JUCHUTIIIHHDBI ..ovviiiiiiiiiiiiiiiiiiiiieiieeieeineeaes

6.2. HepequL yqe6HO-MeT02!I/I‘leCKOFO o0ecreYeHns caMOCTOATENbHON [Za6OTBI

00VYAIOIIUXCA 0 JUCHHUIIUHE ...................

6.3. IlepeueHs pecypcoB HHOOPMAIIMOHHO-TEIEKOMMYHUKAITMOHHON ceT MHTEpHET

HCOGXOQI/IMLIX JJI OCBOCHHWA AHUCIHUITIMHBI



3

BBEJIEHUE

B meroauueckux  yka3zaHUSX ~ CcOJepXKaTcs ~— MaTepuaibl, HEOOXOAUMbIE  JUIf
CaMOCTOSITENIbHOW TOATOTOBKM CTYJICHTOB K BBIMOJHEHHUIO JabopaTOpHBIX paboT. B omucanue
7a00paTOpHBIX pPa0OT BKIIOYEHBI 1L€Tb pabOThl, MOPAJOK €€ BBIIOJHEHUS, PAaCCMOTPEHbI
TEOPETUYECKHE BONPOCHI, CBA3AHHBIE C peaJn3allMeld IOCTaBJICHHBIX 3aJad, IPHUBEICHA
HeoOXoauMast TUTeparypa.

Meroauueckue yYKa3aHUs MIOCBSIIIIEHbI Kypcy «OCHOBBI JIOTUYECKOT0
porpaMMupoBanusi». Ha MNpoTSHDKEHMH MHOTUX —ThICSYETIeTHH YeJIOBEYeCTBO 3aHUMAETCs
HaKoIlJIeHHeM, 00paboTKol U nepenadeit 3HaHUN. J{71s1 9THX 1ieneil HempepbIBHO W300peTaloTces
HOBBIE CpEACTBA U COBEPIIEHCTBYIOTCSI CTapble: pedb, MHUCbMEHHOCTb, I0O4Ta, Teyerpad,
tenepoH W T. A. bonblryto ponb B TeXHOJOTHMM 0OpaOOTKH 3HAHUM CHITPajio MOSIBICHHE
KOMITBIOTEPOB.

B okta6pe 1981 roma SInoHckoe MHHHUCTEPCTBO MEXIYHApOJHOW TOProBIU U
MIPOMBIIIJIEHHOCTH OOBSBUIIO O CO3/IaHUU HCCIEN0BaTeNIbCKOM opraHu3auuu — MHcTutyTa no
pa3paboTKe METOJ0B CO3/IaHMsI KOMITbIoTepoB HOBoro nokosieHus (Institute for New Generation
Computer Technology Research Center). Llenpto manHOrOo mpoekTa OBUIO CO3JAaHHUE CUCTEM
0o0paboTku uHpoOpManuu, Oazupyrommxcs Ha 3HaHusAX. Ilpeamomaranoch, 4TO 3TH CHCTEMBI
OynyT obecrnieunBaTh MPOCTOTY YIPABJICHUS 33 CYET BOZMOXKHOCTH OOLIEHUS C MOJIb30BATEIIMU
OpU TOMOIIM €CTECTBEHHOI'O S3blKa. OJTH CHUCTEMbl JOJDKHBI OBUIM camMooOyuaTbes,
UCIIOJIb30BaTh HAKAIJIMBA€Mble B NAMSATH 3HAHUS JUIsl PELICHHUS pPA3IMYHOrO pojaa 3ajad,
IIPEOCTABIATE II0Jb30BATENIAM HKCIEPTHHIE KOHCYJIBTALlMU, INPUYEM OT IIOJb30BATENs HE
TpebOBaAJIOCh OBITH crenUaMCTOM B HHpopMatuke. lIpenmonaranock, 4TO YEJIOBEK CMOMKET
ucnonb30BaTh OBM IATOro MOKOJNEHUS TaK K€ JIETKO, KaK JII0Oble OBITOBBIE 3JIEKTPOIIPUOOPHI
TUIIA TEJEBU30pa, MArHUTOpoHa M MbUIecoca. Bckope Beien 3a SIOHCKUM CTapTOBalU
AMEPUKAHCKUHI U €BPONEUCKUIN ITPOEKTHI.

[losiBeHHE TaKuX CUCTEM MOTJIO Obl U3MEHUTHh TEXHOJIOTMH 33 CUET MCIOJIb30BaHUs 0a3
3HAHUW U DKCHEPTHBIX cucTeM. OCHOBHAs CyTh KaUECTBEHHOIO MEPEX0/a K IATOMY MOKOJIEHUIO
OBM 3zaknrovanach B Tepexoie OT OOpaOOTKM HaHHBIX K 00paboTke 3HaHWUN. SMOHIIBI
Ha/esUINCh, YTO MM YJacTcd HE IMOJACTPauBaTh MBIIUICHHE YeNOBEKa 0]l IMPHUHLUIIBI
(YyHKIIMOHUPOBAHUSI KOMIIBIOTEPOB, a MPHUOIN3UTh pabOTy KOMIBIOTEpPAa K TOMY, KaK MBICIUT
YeJ0BEeK, OTOUIS MPU 3TOM OT (POH HEMMaHOBCKOW apXUTEKTypbl KommbioTepoB. B 1991 rony
IPEIoJIarajioch CO3aTh MEPBbI MPOTOTUI KOMIIBIOTEPOB MATOIO MOKOJEHUSI.

Tenepp yxe MNOHATHO, YTO IOCTABJEHHbIE LENM B MOJHOM Mepe Tak U He ObUIU
JOCTUTHYTBI, OJHAKO JTOT IMPOEKT TMOCIYXWI HMIIYJIbCOM K pPa3BUTHUIO HOBOTO BHUTKa
UCCIICIOBAaHUM B O0ONACTHM UCKYCCTBEHHOTO MHTEJUIEKTa M BbI3BaJl B3pHIB HHTEpeca K
JIOTHYECKOMY TIPOTPaMMHUPOBaHHIO. Tak Kak s 2 PEeKTHBHON peann3anuu TpaauluoHHas (HOH
HelIMaHOBCKas apXUTEKTypa HE MOAXO0IUIA, ObLITU CO3/IaHbI CIICIHATU3UPOBAHHBIE KOMIIBIOTEPHI
aorudeckoro nporpamMmmuposanus PSI u PIM.

B kadecTBe OCHOBHOI METOAOJOTHH pa3pabOTKH MPOTPAMMHBIX CPEICTB AJIS MPOEKTa
OBM msaroro mokoJeHHs ObUIO  KM30paHO  JIOTMYECKOE TPOTrPaMMHUpPOBAHHE, SIPKUM
MpEeCTaBUTENIeM KOTOpOro sBisieTcss s3blk [lpomor. Jlymaercs, 4To ¥ B HacTosIee Bpems
[Iponor ocraercst Hanboee MOIMYJSPHBIM SI3BIKOM HCKYCCTBEHHOTO HHTEIUICKTa B SINOHUM H
Epone (8 CIHIA, TtpagunuoHnHo, Oojee pacmpoCTpaHEH MAPYroil sI3bIK HCKYCCTBEHHOTO
MHTEJUIEKTa —S3bIK (DYHKIIMOHAILHOTO IporpaMMupoBanust Jlucr).

Ha3Banue s3pika "Ilponor" mpoucxomut ot cinoB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢paniry3ckom Bapuante 1 PROgramming in LOGic — B
AHTJIMACKOM).

[Iponor ocHOBBIBaeTCS HAa TAKOM pa3jeiie MaTeMaTHYECKOW JIOTMKH, KaK HCUHCIEHHE
npenukatoB. TouHee, ero 0a3uc COCTaBIseT MpOIEaypa AOKa3aTelbCTBA TEOPEM METOAOM
PE30IIIOIMH ISl XOPHOBCKUX JTU3bIOHKTOB.
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1. HEJIb 1 3AJTAYU U3YYEHUA JUCHUTIJIMHBI

Lenbto ocBOeHMSI AMCUMILIMHBI sIBiIsieTcs (opMupoBaHHE Habopa NMpodeccHOHANbHBIX
KOoMIIeTeHIIMH Oyxaymiero 6akanaBpa rno HampasiaeHuio 09.03.02 MudopmanmonHble CUCTEMBI U
TEXHOJIOTHH.

3azayn OCBOEHUS JUCLMIUIMHBL M3yUEHHUE JIOTHUECKOTO IIPOrPaMMUPOBAHUS, OCBOCHHE
METO/IOB JIOTUYECKOT0 MPOTrpaMMHUPOBAHUSI.

2. OBOPYJTOBAHUME U MATEPHAJIbBI

ArnmapaTHble CpeICTBa: IEPCOHAIBHBIA KOMIIBIOTED;

[Iporpammusbie cpenctBa Anbt PabGouas crannus 10, AneT Pabouast cranmus K, Anpr
«Cepsep», [TakeT odpucHbix mporpamm - P7-Oduc.

Y4eOHblii kmacc ocHameH [BM-coBMeCTUMBIMH KOMIBIOTEPAMH, OOBEIUHEHHBIMH B
JIOKaJIbHYIO ceTh. JIOKabHAs ceTh yueOHOTO Kilacca MMEET TOCTOSIHHBIN TOCTYM K ceTu Internet
no BblAeNeHHOW nuHUH. [l mpoBeneHus 1ab0paTOpHBIX PabOT HEOOXOIMMO CIEAyIoIee
MporpaMMHOE OOECTICUCHHE: OTNepaonHas cucteMa AnbT Pabouas cTaHIus, makeT o(pUCHBIX
nporpamm P7-Oduc.

3. YKA3AHUS 1O TEXHUKE BE3OITACHOCTHU

Ilepen nHauyamoMm paboThl cleayeT YOEIUTbCs B MCIPABHOCTU AJIEKTPOIPOBOJIKH,
BBIKJIIOYATENICH, MITETCEIbHBIX PO3ETOK, IPU MOMOIIM KOTOPBIX 00OpYIOBaHUE BKIIOYAETCS B
CeTb, HAJTMYMU 3a3€MJICHUS] KOMIIBIOTEPA, €r0 Pab0OTOCIIOCOOHOCTH.

JUis CHWXXEHMS WIM TMPEeJOTBpAIllEHUs] BIMSHMS ONACHBIX U BPEAHBIX (HaKTOPOB
HEoOX0IUMO COOJII0JIaTh CaHUTApHbIE IpaBUJa U HOPMbI, TMTHECHHYECKHE TpeOOBaHUSA K
NEPCOHAIBHBIM 3JIEKTPOHHO-BBIYMCIUTEIBHBIM MaIlIMHAM.

Bo wuszbexxaHue MOBpeXAEHUS H3OJSALUM IPOBOJAOB U BO3HUKHOBEHHUS KOPOTKHX
3aMbIKaHUN HE pa3pelIaeTcs: BellaTh YTO-JIM00 Ha MPOBOJA, 3aKpallluBaTh U OCJIUTH HIHYPHI U
IpOBOJIA, 3aKJa/JbIBaTh MPOBOJA U IIHYPHI 32 Ta30Bble M BOJONPOBOIHBIE TPYObI, 3a Oarapen
OTOIUTENIbHOM CHUCTEMBbI, BBIIEPIUBATh IUTEICENIbHYI0 BUJKY U3 PO3ETKU 3a IIHYp, YCHIIHE
JIOJPKHO OBITh MPHIIOKEHO K KOPIYCY BUIIKH.

JUig MCKITIOUYEHHUS MOPaKeHUs 3JIEKTPUUECKUM TOKOM 3alpeliaeTcs: 4acTo BKIIOYATh U
BBIKJIFOYATh KOMITIBIOTEp 0€3 HeoOXOAMMOCTH, MPUKACAThCS K IKpaHy U K THUIBHOW CTOpPOHE
0JIOKOB KOMIIbIOTEPA, paboTaTh Ha CPEACTBAX BBIUUCIMTEIBLHOW TEXHUKH M TNepupepritHOM
00OpYJIOBaHUM MOKPBIMH pyKaMH, paboTaTh Ha CpeJICTBaX BBIYMCIUTEIbHONM TEXHMKH U
nepudepuitHOM 00OpPYTOBAaHWHU, HMMEIONIMX HAPYIICHUs IEIOCTHOCTH KOpIyca, HapyHICHHUS
W30JIIIMM  TIPOBOJOB, HEHUCIPABHYIO WHIMKALMIO BKJIIOYEHWS TMTAaHHA, C IPU3HAKAMU
JNEKTPUYECKOT0 HANpsHKEHUs] Ha KOpITyce, KJIaCTh Ha CPEJCTBA BBIYUCIUTEIBHOM TEXHUKU U
nepugepruitHoM 000pyJ0BaHUH TOCTOPOHHUE MPEAMETHI.

3anpemniaercs  MOJ ~— HAOpsOKEHUWEM — OoudliaTh  OT  MBUIM M 3arpsA3HEHUs
3JIEKTPO0OOpYIOBAHHUE.

Bo  wu3bexxaHune  moOpakeHHs ~ DJIEKTPUYECKUM  TOKOM, IpH  IOJIb30BaHUU
JIEKTPONIPUOOpaMH HeJb3s KacaTbCs OJHOBPEMEHHO KaKHX-JIMOO TpyOOIpoBOiOB, Oarapeid
OTOIUICHHUS, METAITINYECKUX KOHCTPYKIUH, COEAMHEHHBIX C 3eMJIEH.

ITocne oxoHuaHHsT pabOTHI HEOOXOIUMO OOECTOUYMTH BCE CPEACTBA BBIYUCIUTEIHHON
TEXHUKH M mepudepuitnoe obopynoBaHue. B ciyuae HempepbIBHOTO y4eOHOro Iporecca
HE00XO0IMMO OCTAaBUTh BKJIIOUEHHBIMH TOJBKO HEOOX0AMMOE 000py10BaHHE.



4. HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

No Tewmsl | HammeHoBaHME TEM JUCHMIUIMHBI, UX KPAaTKOE COAEpKaHUE O6reMm | U3 HUX
JUCITUTLIT YacoB | MpPaKTHYEC
VHBI Kas
MOJATOTOBK
a, 4acoB
4 cemectp
1 Tema 1. Uctopus pa3BUTHS jJorudeckoro | 4 4
IpOrpaMMHUpPOBAHUS
2 Tema 2. OCHOBBI MATEMATHYECKON JIOTHKHU 4 4
3 Tema 3. Mcuncnenue BhICKa3bIBAHUN U IPEIUKATOB 4 4
4 Tema 4. IlpuMeHeHue JIOrMYECKOTO NpPOrpaMMHUpPOBaHus B | 4 4
MIPOCKTUPOBAHUH IKCIIEPTHBIX CUCTEM
Htoro 3a 4 cemecTp 16 16
Hroro 16 16

5. COAEP)KAHUE JJABOPATOPHBIX PABOT

JlaGoparopHas pabora 1. UcTopusi pa3BUTHS JIOTHYECKOT0 IPOrPAMMMPOBAHU

Heas padoThbl: U3ydyeHUE MHCTPYMEHTOB JIOTHUECKOTO MPOrPaMMHUPOBAHUS, U3YUCHUE
SWI-PROLOG. Co3znanue u 3amyck mporpamm Ha PROLOG. Pa6ota ¢ uaTepnperatopom SWI-
PROLOG.

OcHoOBBI TEOpUH

HNMnepaTuBHbIe U IeKJIAPATHBHBIE I3bIKH NPOTPAMMHUPOBAHNS

TpaguionHo Moj MporpamMmoi MOHUMAIOT MOCIEI0BATEIbHOCTh ONEPaTOpoB (KOMaHI,
BBITIOJIHSIEMBIX ~ KOMIIBIOTEPOM). ITOT CTWJIb MPOrPaMMHPOBAHUSI TPUHATO HA3bIBATh
umnepatuBHbIM. [IporpaMmupysi B UMIIEpaTUBHOM CTHIIE, MPOTPAMMHUCT JOJDKEH OOBSCHUTH
KOMIIBIOTEPY, KaK HY>KHO pelIaTh 3a1auy.

[IpoTHBOMONOXHBIA €My  CTWIb  NPOrPAaMMHUPOBAaHUS —  TaK  HA3bIBAEMbIil
JCKJIapaTUBHBIA CTWIb, B KOTOPOM IIpOrpaMma TpEACTaBiIsgeT €000 COBOKYIHOCTb
YTBEPKACHUI, OMUCHIBAIONIUX (DparMeHT MpeIMETHOW 00JaCTH WU CIIOKUBILIYIOCS CUTYAIUIO.
[IporpamMmupyst B 1€KIapaTUBHOM CTUJIE, IPOTPAMMMUCT JOJDKEH OMMCATh, YTO HYXKHO PEIaTh.

COOTBETCTBEHHO W  S3BIKM NPOrPaMMHMPOBAaHMS  JI€IAT HA UMIIEPaTUBHBIE U
JIEKJIapaTUBHBIE.

NmmnepatvuBHBIC S3BIKM OCHOBaHbBI Ha (OH HEHMAaHOBCKOW MOJENH BBIYUCICHHUI
KOMIbIOTEpa. Pemias 3agady, WMIEpaTUBHBIM NPOrpaMMHCT BHAdaje CO34acT MOJENIb B
HEKOTOpOoH (popMaIbHOW CHUCTEME, a 3aTeM TEPENHCHIBACT PEIICHUE HAa WMIIEPATUBHBINA SI3BIK
IPOrpaMMHUpPOBAaHUs B TEpPMUHAX KommbroTepa. Ho, Bo-mepBBIX, A YEIOBEKa paccy’kaaTh B
TepMHHAX KOMIBIOTEPA [OBOJIBHO HEECTECTBEHHO. BO-BTOPBIX, MOCIECIHUN dTam 3TOM
JESATENIbHOCTH (TIEPENUCHIBAHNE PELICHUS HA SI3bIK IPOrPAMMUPOBAHMSI) 110 CYTH A€jla HE UMEET
OTHOILIEHUS K PEIICHHUI0 UCXOAHOM 3a7aur. O4eHb 4acTO MMIIEPATUBHBIE TPOTPAMMHUCTHI 1aKe
pa3fensioT paboTy B COOTBETCTBHHM C JABYMS OIMCAaHHBIMM BbIlie 3Tanamu. OAHU JIOIH,
MOCTAHOBIUMKY 3a/1a4, IPUAYMBIBAIOT PELICHUE 3a/ayd, a APYrue, KOAMUPOBLIUKH, IEPEBOIAT
3TO pELIEHUE Ha S3bIK MPOTPAMMHUPOBAHUSI.

B ocHoBe nekiapaTHBHBIX $3BIKOB JIEKHUT (hopManu3oBaHHAs YeIOBEYECKas JIOTHKA.
UenoBek UMb OMUCHIBAET PELIAEMYIO 3aJa4y, a TOMCKOM pPELICHUsI 3aHUMAETCs] UMIIepaTUBHAS
cUCTeMa IporpamMmupoBanus. B utore mosiydyaeMm 3HauuTeIHHO OOJBIIYIO CKOPOCThH pa3paboTKu
NIPUJIOKEHUH, 3HAYUTEIIBHO MEHBIIMM pa3Mep HMCXOJHOIO KOJA, JIETKOCTh 3allMCH 3HAHUU Ha
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JICKJIapaTUBHBIX S3bIKAaX, 0Oojiee TOHATHBIE, MO CPAaBHEHUIO C HUMIIEPATUBHBIMU SI3bIKAMH,
MIPOTrpaMMBI.

N3BecTHa KiaccuUKanys S3bIKOB TMPOTPAMMHUpPOBAHMA MO HUX OJIM30CcTH JHOO K
MalIMHHOMY SI3bIKy, JIMOO K €CTECTBEHHOMY UYEJIOBEYECKOMY S3bIKy. Te, 4uro Ommxke K
KOMITBIOTEPY, OTHOCAT K SI3bIKAM HU3KOTO YpPOBHS, a T€, YTO OJMXKE K YeJIOBEKY, Ha3bIBAIOT
A3BIKAMHU BBICOKOT'O YpPOBHS. B 3TOM CMBbICIIE NeKIapaTUBHBIE SI3bIKM MOYKHO HAa3BaTh SI3bIKAMHU
CBEPXBBICOKOI'O MJIM HAMBBICILIEIO YPOBHS, IMOCKOJBKY OHM OYEHb OJIM3KH K UYEIOBEUYECKOMY
A3BIKY M YEJIOBEYECKOMY MBIIUICHHIO.

K mmnepaTtuBHBIM fA3bIKaM OTHOCSTCSI TaKHMe€ S3bIKM IpOrpaMMHUpoBaHus, kak [lackais,
beiicuk, Cu u T. 1. B otinuune ot Hux, [Iposor sBisieTcst [eKIapaTUBHBIM SI3bIKOM.

IIporpammupoBanue Ha si3bike IIpoJior

[Ipu mporpammupoBanuu Ha [Iponore ycwimus TNpPOrpaMMHUCTa JOJDKHBI  OBITh
HanpaBJIeHbl Ha OMNMCAaHUE JIOTMYECKON Mojenu (parMeHTa MpeaIMETHOM 00JacTH peraeMon
3a/la4il B TEPMHHAX OOBEKTOB MPEAMETHOM 001acTH, UX CBOICTB U OTHOIIEHUN MEXIYy COOOH, a
He JieTaneil nporpamMmmHoi peanuszauuu. @akrtudecku I[posor npeacrasisier co0oi HE CTOIBKO
SI3BIK TSI TIPOTPAMMHUPOBAHHUSI, CKOJIBKO SI3BIK JUTSI OMMCAHUS TaHHBIX M JIOTHKH UX 00pabOTKH.
IIporpamma Ha Ilposore He SBIsSETCS TAaKOBOW B KJIACCHYECKOM MOHUMAaHMHM, MOCKOJIBbKY HE
COJICPKUT SBHBIX YNPABJISAIONIMX KOHCTPYKIMNA THUIIAa YCIOBHBIX ONEPATOPOB, ONEPATOPOB LIUKJIIA
u T. 1. OHa mpeacrasisieT coOoi Mozenb (pparMeHTa NpeaMETHOW 00JIACTH, O KOTOPOM HJAET
peub B 3ajmade. M perieHue 3amauu 3aluchIBaeTCs HE B TEPMUHAX KOMIIBIOTEPA, a B TEPMUHAX
npeaMeTHON 00JacTu penraeMoil 3a1a4un, B 1yxe MOAHOTO ceiyac 0ObeKTHO-OpPUEHTUPOBAHHOTO
IPOTPaMMHUPOBAHHUSL.

IIponor oyeHp XOPOLIO MOAXOIAUT JUIsl ONMCAHUS B3AaUMOOTHOILICHUH MEXAy 0OBbEKTaMH.
[Hoatomy Ilponor Ha3pIBalOT pesIUMOHHBIM s3bIKOM. [lpuuem "pensimmonnocts" Ilposora
3HAYUTENbHO OO0Jiee MOILHAS M Pa3BUTAsA, YeM "PENSIUOHHOCTh" S3bIKOB, HUCIOJb3YEMBIX IS
oOpaboTtku ©0a3 nanHbix. Yacto [Iposor ucmnomnb3yercs Uis CO3AaHUS CUCTEM YIPABIIECHUS
0a3aMM JaHHBIX, TJ€ MPUMEHSIOTCS OYEHb CIIOXKHBIE 3alpOChl, KOTOPbIE JOBOJIBHO JIETKO
3anucarthb Ha [Iposore.

B Ilposmore oueHb KOMIAKTHO, IO CPaBHEHHIO C UMIIEPATUBHBIMU SI3bIKAMU,
OIMMCHIBAIOTCS MHOTHME alropuTMbl. [lo cTaTHcTHKe, CTpOKa MCXOJHOTO TEKCTa MPOrpaMMbl Ha
a3bike [Iposor cooTBETCTBYET 4YeThIpHAALATH CTPOKAM HMCXOJHOIO TEKCTa IMpOrpaMmbl Ha
UMIIEPAaTUBHOM $I3bIKE, pelIallieM Ty ke 3agady. IIposior-nporpammy, Kak MmpaBWilo, OY€Hb
JIETKO MucaTh, MOHUMATh M OTJaXWBaTh. JTO MPUBOAUT K TOMY, YTO BpeMs pa3pabOTKH
OpUIOKEHUsT Ha s3blke [Iposor BO MHOIMX cCiy4asX Ha TMOpSJIOK ObIcTpee, 4YeM Ha
UMIepaTuBHbIX s3blkax. B I[lponore snerko omnuceiBate 1 00pabaThIBaTh CIOXKHBIE CTPYKTYPBI
TaHHBIX. [IpoBepHM 3TH yTBEp)KIEHHSI HA COOCTBEHHOM OITBITE TIPY U3YUYSHHUH JTaHHOTO Kypca.

[Iponory mpucymi psii MEXaHHM3MOB, KOTOPBIMM He 00JIaAaloT TPaJULHMOHHBIE S3BIKU
IPOrpaMMHUPOBAHUS: COIOCTABJIEHUE ¢ 00pa3IoM, BBIBOJ C MOMCKOM M Bo3BpaToM. Eie oaHo
CYUIECTBEHHOE OTJIMYME 3aKJII4YaeTcss B TOM, 4YTO JUIs XpaHeHMs JAaHHbIX B I[Iposiore
UCIIOJIB3YIOTCSl CIMCKH, @ HE MAacCUBbl. B s3bIke OTCYTCTBYIOT oOlepaTopbl INPUCBAUBAHUS U
0€3yCIIOBHOIO Nepexoja, yKa3aTend. ECTECTBEHHBIM M 3a4acTylO0 €AMHCTBEHHBIM MeETOJIOM
IPOTPaMMHUPOBAHHUS SBIISIETCS PEKYPCHSL.

Jns pemieHust 1000# 3a71a4d €CTh ONTHMAJIbHBIN SA3bIK (S3bIKM) MPOrpaMMHUPOBAHMUS.
MHorue 3agadd, XOpOIIO peliaeMble MMIIEpaTUBHBIMU si3bikamu THna [lackans u Cu, mioxo
pewatotcs Ha [Iposore, u Hao60poT. OcHOBHBIE 0OsacTH npuMeHenus [Iposnora:

ObIcTpast pa3paboTKa IPOTOTUIIOB NPUKIIAIHBIX IPOTPAMM;

aBTOMATHUYECKUIl IepEeBO C OJJHOTO SI3bIKa Ha IPYIOH;

CO3/1aHHUE€ ECTECTBEHHO-S3bIKOBBIX UHTEP(ENCOB JIJIsl CYLIECTBYIOLIUX CUCTEM;

CHUMBOJIbHBIE BBIYUCIEHMS JJIs pelleHus ypaBHEHUH, audQepeHuUpoBaHUs U
UHTETPUPOBAHMS,

IPOEKTUPOBAHNE TNHAMUUYECKUX PEISLIMOHHbBIX 0a3 TaHHbIX;

AKCIIEPTHHIE CUCTEMBI U 000JIOUKH 3KCIIEPTHBIX CUCTEM;
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aBTOMAaTU3UPOBAHHOE YIIPABIECHHUE IPOU3BOJCTBEHHBIMHU IIPOLECCAMU;

ABTOMATHYECKOE JJOKA3aTEILCTBO TEOPEM;

NOJTyaBTOMaTHYECKOE COCTABJICHHE PACIHCAHHN;

CUCTEMBI AaBTOMATU3HUPOBAHHOTO IIPOCKTUPOBAHUA, 6a3I/Ipy10HICeC${ Ha 3HaAHUAX
porpaMMHoOe obecreueHue;

OpraHu3alus CcepBepa JaHHBIX WM, TOYHEE, CepBepa 3HAHMI, K KOTOPOMY MOXKET
oOpalaTbcst KIIMEHTCKOE PUIIOKEHNE, HAITMCAaHHOE Ha KaKOM-JIMOO SI3bIKE POrPaMMHUPOBAHUSL.

3nakomcTBO ¢ uHTepnperaropom SWI-PROLOG

B manke c¢ ycranoBnenneiM SWI-PROLOG Boiinure B mupektoputo pl/bin, co-
nepxairyto (aiin plwin.exe, u 3amyctute ero. Ha skpaHe MOSBUTCS IIaBHOE MEHIO U TJIABHOE
(mmanoroBoe) okHo ¢ npurinamenueM SWI-PROLOG (cm puc.1).

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

Uelcome to SWI-Prolog (Multi-threaded, Version 5.6.25) P
Copyright (=) 1990-2006 University of Amsterdam.

SWI-Prolog comes with ABSOLUTELY NG WARRANTY. This= i= free software,

and you are welcome to redistribute it under certain conditions.

Please visit http://wwwv.swi-prolog.org for details.

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

1l 2=

Pucynox 1.1 Bun aguanorosoro okna SWI-PROLOG

['maBHOE MEHIO MOJKHO clelaTh akTUBHBIM, HaxkaB F10 umm Alt. Korpa riiaBHoe MeHIO
aKTHBHO, €r0 3JIEMEHTHI MOXKHO BBIOpaTh C TMOMOINBIO KJIABUIN YMPABICHHUS KypCcoOpoM |
MOCJeNYIOUM HaxaTueM kiaBuiiu Enter. BoelOuparh 31eMeHTBI TJIABHOTO MEHIO MOXKHO
TaKXe ¥ MBIIIBIO.

IIporpamma na IlpoJsiore
[Tporpamma Ha IIposiore coctout u3 ¢akToB M MpPaBUJI, KOTOPBIE 00pa3yroT 0a3y 3HaAHHI
[Iponor-nporpaMmel, U 3ampoca K 3Toil 6a3e, KOTOPBIN 3a/1aeT LeJb MOMCKA PELICHUH.

IMpennkarsl
OnuchIBalOT OTHOLICHHE MEXAY OOBEKTaMH, KOTOpBIE SBIAIOTCS apryMEeHTaMHu
MpearKara.

dakTbI
KoHcTatupytoT Hamuyue 3aaHHOTO TPEIUKATOM OTHOIICHUS MEXIy YyKa3aHHBIMH
00BEKTaMU.

IIPUMEP
Koncraranus ¢akra B mpeanoxKeHun
DJu1eH JIFOOUT TEHHUC.

B CHHTaKCHCE Hponora BBITJIAAUT TakK:
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|ﬂmﬁuT(BﬂJeu,Temmc).

L]

HM$ OTHOILICHHS HMeHa 00LeKTOB
(MM#A npeaUKaTa) (3HAYCHHA apIYMCHTOB)

Pucynoxk 1.2 — Cunraxcuc IIposor

Nwms mpenukara (pyHKTOpa) M O00BEKTa JOHKHO HAYMHATHCA C MaJeHBKOW OYKBBI
MOJKET COJEpXaTh JATUHCKUE OYKBbI, KMUPWUIMIY, UUPPBl M CUMBOJ TNOJYEpKUBaHUS ().
Kupunnuna ucnonb3yercs HapaBHE € JIATUHCKUMHU OykBamu. OOBIYHO MpeIuKaTaM Jal0T TaKue
UMeHa, 4TOObl OHU OTpakalu CMbBICT OTHomeHWs. Hampumep: main, add file name. [IBa
npeauKata MOTYT MMETh OJMHAKOBBIE HMMEHA, TOTJla CHCTEMa pAaclo3HAaeT WX KaK pa3Hble
NPEIUKATHI, €CJIM OHU MMEIOT Pa3IMYyHOE YHCIIO apryMEHTOB (apHOCTh). Hampumep, mro0ut/2,
Tr00uT/3.

WwMs mpennkata MOKET COBMAaTh C MMEHEM KaKOro-I11ubo BCTpoeHHoro npeankara SWI-
PROLOG. OpHako, eciu COBNANM MMEHA IOJIb30BATEIBCKOTO M BCTPOCHHOrO MpeauKaTa, TO
npu oOpameHnd K Hemy (MO0 W3 WHTEepHperaTtopa, JUOO W3 MpOorpammbl), OyJeT BBI3BaH
MOJIb30BAaTEIbCKUN  TpeauKaT, T.e.  IOJb30BaTEIbCKOE  ONpPENEICHHE  IEPEeKpPOeT»
npenonpeneneiHoe B SWI-PROLOG.

IMpaBuiaa
HpaBI/IJIa OIMMCBIBAIOT CBA3U MCKY NPCAUKATAMU.

bunn mobut Bee, uto moout Tom.
B cuHTakcuce [Iponora:
moout('bumn’, Heuro):- moobut('Tom',Heuro).

[IpaBuio B:-A coorBerctByeT ummuinkauuu A—B («ECJIM A , TO By).

B o6miem Bujie mpaBMIIo - 3TO KOHCTPYKITUS BUIA:

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

kotopas uutaercsi «P0 ucrunno, eciu P1 v P2 u ... Pn uctunuey.

[Ipequkar PO nHa3piBaeTcs 3arojloBKOM mpaBwmia, Beipaxkenue P1,P2,....Pn - temom
npaBuia, a MpeauKartsl Pi - moanensMu npaBuia. 3amsras o3HavaeT jJorudeckoe "MN".

@akThl ¥ NpaBWIa HA3BIBAIOTCS TAKXKE YTBEPKIACHUSMU WU Kio3aMu. DaKT MOKHO
paccMaTpuBaTh Kak MPaBUIIO0, UMEIOIIEE 3ar0JIOBOK U ITyCTOE TEJIO.

IMpoueaypa

[Iporiemypa 3TO COBOKYIMHOCTh YTBEPIKICHHM, 3ar0OJIOBKH KOTOPHIX UMEIOT OJIMHAKOBBII
(hyHKTOp M OZIHY U TY e apHOCTh. [Iporienypa 3aaeT onpeneiacHne mpeaukara.

Konen mpemyokeHus: BCerma OTMEYAeTCs TOYKOM, MOATOMY Bce (paKThl, MpaBWia M
3aHpOCBI JOJIP)KHBI 3aKAaHYNBATLCA TOqKOﬁ. 3aMeTI/IM TaKXKC, 4TO MG)K[[Y NMCHEM HpeIII/IKaTa 148
CKOOKOM HE JOHKHO OBITH MPOOEIIOB.

IMepemennas
[lepemenHas - mnonMeHOBaHHas 00JIACTh AMSITH, I7I€ MOKET XPaHUTHCS 3HAUCHUE.
Ecnu nepemMeHHas He CBsi3aHA CO 3HAUEHUEM — OHA HA3BIBAETCSI CBOOOIHOM MepeMEHHOM.

Yuudukanus

VYHudukanus - mnpouecc MOoIXy4eHUs: CBOOOIHONM NMEepeMEHHOW 3HaueHHsI B pe3yJbTare
CONOCTaBJICHUS TIpu JorudeckoM BbiBosie B SWI-PROLOG.

[loHaTHe mepeMeHHOW B JIOTMYECKOM IPOrpaMMHMPOBAHUHU OTJIMYAETCS OT 0a30BOro
NOHATHA NIEPEMEHHOM, KOTOPOE BBOJUTCS B CTPYKTYpPHOM IporpammupoBanuu. [Ipexne Bcero,
9TO OTJIMYME 3aKirouyaeTcss B ToM, uTo nepemeHHas B SWI-PROLOG, oaHaxkapl 1ojy4uB cBOE
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3HAa4YeHHE NMPH YHU(UKAIMH B MIpoLiEecce pabOThl MPOrPaMMbl, HE MOKET €ro U3MEHUTh, T.€. OHA
CKOpee SIBIISIeTCSl AaHaJOTOM MAaTEMaTH4YeCKOro TMOHSTHS «IEpPeMEHHas» — HEU3BeCTHas
BennunHa. [lepemennas B SWI-PROLOG He nmeeT npeonpeaeeHHOro TUIa JaHHBIX U MOKET
OBITH CBSI3aHA CO 3HAUEHUEM JIF0OOT0 THUIIA JaHHBIX.

ITepemennas B8 SWI/PROLOG o603Ha4aeTcsi Kak MOCJIE0BATEIbHOCTD JATUHCKUX OYKB,
KUPWTUIBL U UG, HAYMHAIOIIAsICS C 3arjiaBHOM OyKBbI WJIM CHUMBOJA MOJYepKUBaHUS ().
3aMeTHUM, YTO €CIM 3HAUEHUE apryMeHTa NpeauKaTa WIM €ro MMs HauyuHAaeTCs C 3arjlaBHOM
OYKBBI, TO OHO TIHIIETCS B arocTpodax.

B SWI-PROLOG pa3nuyarorcsi CTpOUYHBIE U 3arjlaBHbIE OYKBBI.

Paccmotrpum  cnepyromyro  mporpammy Ha  SWI-PROLOG, xotopyioo Oyaem
HCIIOJIb30BaTh JUIsl WIIIOCTPALIMKM TPOLIECCOB CO3JAaHMsI, BBINOJIHEHUS W PENAKTUPOBAHUSA
[Tponor-nporpamm.

Jluctunr 1.1.
/* KTO 4TO MHOOUT */
mo6uT('DieH', TeHHUC). %DIIeH TI00UT TEHHUC
moout('Ixon', hpyToom). % xoH mroouT GyTdOIT
mobut('Tom', 6eiicOoin). % Tom mobur GeiicOon
moouT('Dpuk', mnaBanue). %IpUK JTIOOUT MJIaBaHUE
mo6ut('Mapk', TeHHHC). YoMapk JI0OUT TEHHUC
moout('bun', X):-moout('Tom', X).
%buin moour to, uto moouT Tom

KomMMeHnTapuii B CTpoKe IporpaMMBbl HAYMHACTCS ¢ CHMBOJIA % M 3aKaHYHUBACTCS KOHIIOM
CTPOKHU. bJIOK KOMMEHTapHeB BBIALCISIECTCS CIIEIUATBHBIMU CKOOKAMH:
/* (mavaino) u */ (koHern).

3aganue 1.1

Jist Toro 4ToOBI HAOpaTh TEKCT MPOTPAMMBI, BOCIIOJIB3YHTECh BCTPOSHHBIM TEKCTOBBIM
penakrtopoM. UtoObl co3aTh HOBBIH (aitn BeiOepeTe komaHay File/New, B ananoroBom okHe
YKa)KATE UMs HOBOTO (paiina, Hanpumep, TecT. s perakTupoBaHus yKe CO3JaHHOTO Qaiina ¢
UCIIOJIb30BAaHUEM BCTPOCHHOTO PEIaKTOpa MOXHO BOCIHOJb30BaThcss KoMaHoi MeHro File/Edit.
Hab6eiite nporpammy 1 (TekcT mporpammsl Bbllie 1o TekcTy) U coxpanure ee (File/Save buffer).

£ TecT. pl B@@

File Edit Browse Compile Prolog Pece Help

TG (TSnnen’, TeHHMc) . (50MeH MOBMT TeHHMC

Jbue (TOxou', dyrBon) . $0mcH nwbur dyrhon

JHBMT (TToM'™ , Belicbon). 3%Tom mwbur Gelcbon

NbMP (TOpKuE', InapaHMe) . $9pME JMHOMT JIABaHME

Jbue ("Mapr', TeHHMC) . $Mapk NHEMT TeHHMC

JHBMT ("Buan’,¥) i —mwbur ("TToM' ,¥) . %Bnian mmBSHT To, UTo MHOHT TOMIIi
A Line: B

Pucynoxk 1.2 Buemnuii Bua pegakropa

KpacHpIM 11BETOM 1OJICBEUMBAIOTCS MPEAUKAThI B 3ar0JIOBKaX MPEIOKEHUH, KOTOPbIE €
Toukn 3peHua cuHTtakcuca SWI-PROLOG xkoppekTHbl. VYka3zatenbp “Kypcop” MOXHO
WCIIOJIb30BAaTh sl BRIBEPKH (HAaIpUMeEp, KOPPEKTHOCTH) PACCTAHOBKH CKOOOK. 3€JIEHBIM 1IBETOM
BBIIETISIIOTCS. KOMMEHTApUM, TEMHO-KPACHBIM LIBETOM - IepeMeHHble. [loguepkuBaHuem
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BBIICJISIIOTCS. NIPEAMKATBl B TEJE IIPaBWa, KOTOPBIE COBMAJAIOT C INPEAMKATOM 3aroJoBKa,-
TakUM 00pa3oM aKIEHTHPYETCS BHUMAaHKE HAa BO3MOXKHOM 3allMKJIMBAaHUH [TPOTPAMMBI.

YroObl 3ayCTHTh NpOrpaMMy, cHauana HeoOxoaumo ee 3arpy3utb B SWI-PROLOG ans
BBITIOJTHEHUS. DTO jAemaercss Beibopom ommmu Compile/Compile buffer u3 oxna pemakrtopa.
Pesynbrar kommuisiuu otoOpaxaercs B okHe wuHTeprperatopa SWI-PROLOG. Tam xe
yKa3bIBalOTCA OMIMOKM, BO3HUKILIKE MPH KOMIWISALWHU, Yallle BCErO0 OHM OTOOpa)kaloTcs U BO
BCIUTBIBAOIEM OKHE OIIMOOK. OOBIYHO Mepe KOMITMWIALNEH MpeiiaraeTcs COXpaHUTh (haill.

Jpyroii cmoco0 3arpy3uTh YK€ CYMIECTBYIOIIHMHN (aiiil — ATO BBIMOJHEHHWE KOMAaHIIbI
Consult B nogmento File quanoroBoro okna SWI-PROLOG. Ha skpaHe MosSBUTCSI TUAIOrOBOE
OKHO.

Load file into Prolog
Nanka: | 3 Swl-prolog LI ¥ Ea-
Y .
© M recr
HegasHue
AOKYMEHTE
77'1}_
Padouii cron
Mo gokymeHTE!
=2
59
Moii komneoTERD
“‘;} Wraa datina: | ﬂ Orkperms l
-
CeTesoe Tun aiinos: |F'r0|0g Source LJ Orrena
DERRHORHE I Tonbko yreHue

Pucynok 1.3 JluanoroBoe oKHO

VYkaxute ums (aiina, KOTOPbIA BBl XOTUTE 3arpy3uTh, U BeIOepuTe OTKpBITH. Eciu BbI
MOTIBITAETECh 3arPy3UTh JIJISl BBHITIOJIHEHHS (aiijl, B KOTOPOM €CTh CUHTAKCHYECKHE OIIMOKH, TO
OH HE 3arpy3uTcs, a Bbl NOJy4YuTe cooOIIeHne 00 ommulKe B TNIABHOM OKHE. YTJOBBIE CKOOKHU
<< >> 0OyayT BBIICIATH MECTO, TAe BeTpeTwiach ommoOka. [lo ymomdanwio (aidisl,
accouuupyembie ¢ SWI-PROLOG umerot pacuupenue .pl.

@DaiJIbl TAaKKE MOKHO 3arpy3UTh, UCIOJIb3YSl BCTPOCHHBIN MPEIUKAT:

consult(Mms ¢aiina wim uMeHa HECKOJIBKUX (aiiioB).
Jluctunr 1.2

consult(Test). % test — ums ¢aiina

consult([Test1,Test2]). % 3arpy3ka aByx ¢aitios.

consult(‘test.pl’).1

JIsi BBITIOJTHEHUS 3arpy3Kd 3TOT MPEIUKAT HYKHO HAmucaTh B TJIaBHOM OKHE IOCJe
IpUIIalieHus: HHTeprperaropa (?-), KoTopoe 03HaYaeT, YTO HHTEPIPETATOP HKIET 3ampoc.

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

koropas untaercs "BepHo i P1 u P2 u ... Pn ?". [Ipenukarel Pi Ha3pIBaroTCS MOALICIISIMHU
3amnpoca.

3anpoc SBISIETCS CIOCOOOM 3amycka MEeXaHW3Ma JIOTHYECKOTO BBIBOJA, T.€ (hPaKTHUECKH
3anyckaet IIposor-nporpamMmmy.

Jlnst mpocMoTpa TPEUIOKEHUN 3arpy>KeHHOM 0a3bl 3HAHWH MOXXHO HCIOJIb30BaTh
BCTPOCHHBIN npeaukar listing.
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[TpoBepbTe 3arpy3ky ucxonnoro ¢aia (Jlucrunr 1.1), 3agaiite 3anpoc:
?-listing.

Beenure 3ampoc:
?-mooobut('bumt',6eiicoom). % JlroOut nmu bum 6etic6on?

[Tonyuute oTBeT yes (1a) M HOBOE MpHIVIALIEHHE K 3ampocy. Bmenute cremyromue
3anpochl ¥ MOCMOTPUTE Ha PE3YJIbTAThI.

Jluctunr 1.3
?-moobut('but', TeHHuUC). %JIroOut 1u byt tennnc?
?-mobut(Kto, Ternuc). %Kto mrobur teHHuC?
?-mobut('Mapk',Uto),1r06uT('Imien',Uto).%Uto m06sT Mapk u DrneH?
?-moout(KTo, Uto). %Ko uTo MOOUT?
?-mobut(Kto, ).%Kto mro6ur?

[Tpu nmoucke pemenuii B 6aze [Iponora BeiaeTcs mepBoe perieHue.

Jluctunr 1.4
?-moout(KT0, TeHHMC).
Kto = "Dnen’

Ecnu Heo0XoaMMoO MpONOJKUTH MOMCK B 0asze MO 3TOMY K€ 3alpocy M TMOIYyYUTh
albTepHATUBHBIE PELIEHUS, TO BBOJUTCS TOUYKA C 3aISTOM;

Ecnu HeoOxoauMo mpepBaTh BBINOJIHEHHE 3ampoca, (HampuMmep, Hy>KHO HabpaTh Apyrou
3ampoc), UCTIOIB3YUTE KIIABHIILY b.

He BBoauTe ums Qaiina ¢ pacmmpenueM 6e3 anoctpodos.

Ecniu Bbl xoTuTe NOBTOPUTH OJMH U3 MPEABIAYIIMX 3alpOCOB, BOCIOIb3YyHTECH
KJIaBUIIaMHU "cTpeiika BBepX" win "crpenka BHU3'.

[lepe3arpy3uTh, U3MEHEHHBIE BO BHEIIHEM peakTope, (aiabl MOXKHO, HUC- MOJIb3YSA
BCTpOEHHBIN npeaukat make. Hanpumep tak: ?-make.

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

1 ?- Warning: (£:/ xoe mporp P Smwif swiprolog+npmuepm mporpa A

s/ mecT.pliZ) :
Singleton variable=: [HewTo]
3 £:/JNlormuecros nporpaumumponamme/IVI/ Meronwmura SWIprolog+npmumepsm nporpawms/TecT.pl oo
mpiled 0.00 =mec, 1,704 byte=
3 £:/Jlormuecros nporpaummponamme/3VI/ Meronmura SWIprolog+npimumepm nporpawmms/a.pl.txt o
cmpiled 0.00 =ec, 1,324 bytes
1 ?- % 3WI-Prolog wvermion 5.6.25 by Jan Vielemaker (jan@=wi-prolog.org)
Copyright (o) 1990-2006 Univer=mity of Am=terdam.
BWI-Proloyg come=s with ABSOLUTELY NGO WARRANTY. This i=s free =moftware,
and you are welcome to redistribute it under certain conditions=.
Please wvisit http://wwvw.svi-prolog.oryg for details.
1 ?- make.
Warning: (£:/ nporp v mwif =wiprolog+np Pm mporpaums/ Te
am.pl:2):
Singleton wvariables: [Hewuro]
T E:/ nporp v Fmwis mwiprolog+npmaepm nporpawma/ TecT.pl oo
mpiled 0.02 =ac, 196 bytes
: £:/ nporp P fmwi/f =wiprolog+npmsepm nporpams/a.pl.txt o
ormpiled 0.00 =ac, 296 bytes
% Scanning refaerence= for 1 pom=ibly undefined pradicates

R

YTa=
TN

Pucynok 1.4 — BcTpoeHHbI# npenukat make

[epesarpysxaroTcsi Bce M3MEHEHHBIE (Daiiinbl U (aiin HadanbHON MHUIMANK3aun pl.ini; o
€ro Ha3HaYeHUH OYJET OrOBOPEHO MO3THEE.

Hcnosb30BaHue BCTPOEHHBIX MPEIUKATOB
B unrepnperatope SWI-PROLOG umerorcsi, kak ObUIO OTMEUYEHO BBIIIE, MHOMXECTBO

BCTPOCHHLBIX IIPCAUKATOB. OnuiieM HCKOTOPBIC M3 HUX!
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consult (Ums ¢aiina).
— 3arpy3Ka OJIHOTO WJIM HECKOJIbKUX (haiioB.

?- consult(test). test — ums ¢aiina

pwd
— MOKa3bIBaeT TEKYLIMHA paboymii KaTaor.

?- pwd. c:/prolog_workspace

make
— 1epe3arpy3uTh Bce u3MeHeHHble (aiibl (*.pl). B Tom uucne u pl.ini. Ananor
consult. Y 100Ha npu penaktupoBaHuu (ailioB BO BHEIIHEM PEIAKTOPE.

?- make.

working_directory(X,Y)
cMeHa pabouero karajiora, rae X — TeKyluil padouuii katanor, Y — HOBBIH pa- Oouunit
KaTaJjor.

Is
MIPOCMOTp CHHCKa (ailyioB B TEKyIlIeM pabodeM Kartajore.

?-1Is. a.pl

3aganue 1.2

IlepeBenure mnpemokKEHUs PYCCKOrO s3bIKa B NpeAuKaTHyio (opMy, cozaaiire,
COXpaHUTE U 3arpy3ute 0azy 3HaHUH.

OnneH aro0UT uyTeHHe. Mapk mroOUT KoMIbloTepbl. JPKOH JIIOOUT OGaJIMUHTOH. DpHK
JHOOUT YTEHHE.

bagmuHTOH - 3T0 BUJ criopTa. TeHHHUC - 3TO BUJ CHOPTA.

®dyTtOoi - 3TO B criopTa. beiicbon - 3To Bu ciopTta

CrnopTcMeH - 3TO TOT, KTO JIIOOUT KaKoi-HUOYAb BUJ CIIOPTA.

O6benunauTE 9TY 623y ¢ 6azou u3 3ananus 1.1.

BrinoJiHeHHe U TPaACCHPOBKA NPOrpaMMbl

AnroputM BbeIntoTHeHHS [Ipostor-nporpaMMbl OCHOBaH Ha MEXaHU3ME IIPSIMOTO Tiepedopa
C BO3BPATOM U OIEPAIMU COTIOCTaBICHUS (YHUPUKAIIUN).

Brimonnenue mnporpaMmbl HauMHAEeTCs ¢ 3ampoca. l[Iposor-cuctema Oeper NEpBYIO
MOJLENb 3alpoca M NBITAETCA J0Ka3aTh €€ HUCTUHHOCTb. /[l 3TOro mpocmMaTpuBarOTCs
nporpaMMa (CBEpXy BHH3) M HIIETCS TIEPBOE YTBEpKICHUE, (PYHKTOP M apHOCTh KOTOPOTO
COBMAA0T ¢ GYHKTOPOM U aPHOCTHIO ITOM MOIIIEIH.

Ecnu Takoe yTBEpKIEHHE CYIIECTBYET M NPOUCXOJUT YCIEIIHOE COMOCTABICHHE
apryMeHTOB, TOTJIa B Ciy4yae YTBepKIeHHUs-pakTa - MOALETbh AoKa3aHa, u llpomor-cucrema
MEPEXOJAUT K JOKA3aTEIbCTBY ClIeAyromel noamnenu. B coydae yrBepxkaeHus-npasuia IIposor-
CUCTEMa MbITaeTCs 10Ka3aTh UCTUHHOCTh NOJLIENEN Tela MpaBuiia CieBa Halpaso.

Ecmu mpum mowcke pemnieHuss OOHApY)KEHO HECKOJBKO BapHUAHTOB JOKa3aTelIbCTBA
MCTUHHOCTHU 1ienu, To [lposor-cucrema 3amoMuHaeT albTEpPHATUBHBIC BApUAHTHI PEUICHUS -
TOYKH BO3BpaTa.

Ecam anga HeKOTOpoll 1enu HET HU OJHOIO YTBEPXKICHUS, C KOTOPBIM €€ MOKHO
COINOCTaBUTh, TO LIEJIb CUATAECTCS HEyCHEHOM. Eciiiu mpu 3TOM OCTaIMCh HEMPOUAECHHBIE TOUYKHU
BO3BpATa, TO BHIMTOJHICTCS BO3BPAT (OCKTPEKHUHT) | €IIIe pa3 JAeJIaeTCs MOMbBITKA JI0Ka3aTeIbCTBA
IO IIICTIH.

BbinosiHenne mporpamMmMsl Ha si3bike IIpostor
Jluctunr 1.5

baza 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 BBIBOJ/IA

Ha pucynkax npeacraBieHo JepeBo BbIBOjA. JKUPHBIMU JIMHUSAMH B JiepeBe 0003HaUEHBI
W-nepeBbss — Ui 1oKa3aTeNbCTBA TaKOTo JiepeBa HEOOXOIMMO, YTOOBI Ka)aas €ro BeTKa
«omnupanace» Ha ucTuHHOE yTBepkacHue. WJIM-nepeBpss MCXOASAT M3 BEPLIIMH C TOYKAMU
BO3BpaTa, TaKO€ JEPEeBO HCTUHHO, €CIM XOTS Obl OJHA BETKa OMHPAETCs Ha HCTUHHOE
yTBepkAcHUE. [lyHKTUpHBIE TUHUY — aJIbTEPHATUBHBIE BETKH, HE pAaCCMaTPUBAEMbIE Ha JAHHOM
stane (Jin0o JIOXKHBIE, TUOO eIle HE paCCMOTPEHHBIE).

B nanHOM mnpumepe NoJyuyeHHE pElIeHHs CKJIaAbIBAaeTCsl M3 Tpex dranoB. Brauane
paccmaTpuBaeTcs IepBast MOJALEIb — OHa UMEET JBa NpeUIoKeHHs B 0a3e, 3aroJ0BKH KOTOPBIX
COIIOCTAaBUMBI C HEH, MOATOMY OHa SBJISETCS TOUYKOW BO3BpaTa. BrlOupaercs mepBoe CBEpXy
npemioxenue — 3to ¢akt a(l), mpu dToM cBOOOIHAS MEpeMEHHass X IMOJydaeT 3HadyeHue 1.
IlepBas uenp 3ampoca nokaszaHa. Btopas umenb - b(l) (X yxke cBsizaHa co 3HaueHueM 1) He
COIIOCTABJISIETCS HU C OJHUM NPaBUIIOM 0a3bl, CIIE0BATENbHO, SBIISETCS JIOXKHOM.

BbokTpexkuHr — Bo3BpaT K Onwmkaiiiieir Touke Bo3BpaTa, T.e. a(X). Ha BTopom nepeBe
0TOOpa)keH BBIBO/J| [10 BTOPOil anbTepHaTuBe. CBA3BIBAIOTCS JIBE IIepeMeHHble X U3 3ampoca U Y
13 mpaBuia g npeaukata a. @aktudecku 3amnpoc ?-a(X),b(X),e moaMeHseTcss Ha HOBBIM HaOOp
ueneit ?-¢(Y),d(Y),b(Y).,e. Ilepas moauens — 310 c(Y) — OHa sBISETCS HOBOM TOUYKOMN
BETBJICHUS, TaK KaK yHHU(ULIUpPYETcs ¢ ABYMs NMpeanoxeHusMu B 6ase. IlepBoe npeanoxenue —
¢akt npuBoauT K yHU(uKanuu Y ¢ 1, Ho cienytonias B Habope noauens d(1) — noxHa.

Tperbe nepeBo orpaxkaer ambTepHatuBy ais c(Y) ¢ yHupukaunmeit Y=2. Jlns sToi
anbTepHATHBBl HMCTHHHBI BCE MOCIEAyloIIMe Ienu u3 Habopa (OHM YHUUUIUPYIOTCS C
COOTBETCTBYIOIIUMH (PaKTaMu).

3ananmne 1.3

3arpysure [Iponor-nporpammy n3 3ananus 1.2.

B SWI-PROLOG ectp aBa BuAa OTJIaIYMKOB: KOMAaHIHBIN2 ¥ Tpaduveckuii3, B
HOCJIETHEM TPACCUPOBKA BBITTIAUT OOJiee HATJISATHO.

Jlnst mepexona B PEXHUM TPACCHUPOBKH HEOOXOAUMO HaOpaTh BCTPOCHHBIM MpEIUKaT
debug. Jlns BBIXOAA U3 peKUMa TPACCUPOBKHU — IpeaAukat nodebug4.

‘& Prolog debugging g@

Mode: uormalmebug Trace |

ﬁfacturial.@
“likes/2
b4 song/1

Predicate: lJ 'g ﬂ
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Pucynok 1.5 — PesxuMm TpaccupoBku

[lepeiimuTe B peXWM TpacCHpPOBKU. JIIs TpacCUpoBKH HEOOXOIUMO yKasaTh
KOHTpOJIbHBIE TOUKH (Spy points) B meHio Debug->Edit spy points->Predicate, rne yka3zaTh
UMEHa MpeIuKaToB. B MaHHOM ciyyae ykaxuTe mpeaukar moout. Obpatu- Te BHUMaHHUE, YTO
CIIpaBa BHU3Y HaXOAATCS TPU KHOIKH, I/I€ YKa3bIBAIOTCS KaK KOH- TPOJIbHBIE TOUKH, TaK U TOUKHU
TpaccupoBKu. KoHTponbHBIE ToukH (Spy points) MO3BOJIAIOT BBI3BATh IpadUUECKUil OTIaTUHK.
Touku TpaccupoBku (Trace points)— KOHCOJBHBIM OTIaMYUK. TpeTwii BHIOOp — MPOCMOTP U
penakTupoBaHue (aiima mporpaMMbl, COJepIKaIliel, BBeACHHBINM B moie Predicate, mpemmkar.
Buewrnuit Bua n300pakeH Ha CHUMKE HUXKE.

[ ?2- a(X),b(X),e. ]
f 1 1
a(X) b(1)
(Touka BO3BpaTa) fail
I_l

X=1 X=}
a(l) a(Y):-c(Y),d(Y).

true

PucyHnoxk 1.6 — BeinosiHeHHE TporpaMMBbl

[ 9- a(x;hb(xm. ]

a{X)
(To4uka Bczﬁpara}

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

I
(Touka BO3BpaTa) fail

e e e re ]

Y=/
e(1)

true

PucyHnoxk 1.7 — BeimosiHeHHE TPOrpaMMBbl

I'paduueckuii 0TIa UMK HE NOJIEPKUBAN PYCCKUX MPEIUKAaTOB (HE paboTaeT KOPPEKTHO
yKa3aHHe KOHTPOJIbHBIX TOYEK M TOYEK TPACCUPOBKH depe3 rpaduyeckuil uurepdeiic). B cpszu
C OTUM ONMWIIEM MpEeAUKaThl, OTHOCALIMECS K OTJIaJKEe IPOrpaMMbl C HCIOJb30BaHUEM
KOMaHJHOM CTPOKH.

Tabmuua 1.1 — [IpeaukaTsl TpacCCUPOBKH

|Hpe;[HKaT |OHHcaHHe
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trace BKIIIOYNTh PEXUM TpacCUpoBKHU. EciaM He yKa3aHbl TOYKH TPAaCCHUPOBKHU,
OyZeT MPOU3BOIUTHCS TOTHAS
[oIIaroBast TpaCCUPOBKA.

tracing YcrnelieH, eciiu BBI3bIBACTCS U3 PEXKMMa TPACCHPOBKH.

notrace Boixos U3 pexuma TpacCUPOBKH.

guitracer, Brxitounts rpaguyeckoro pexuma TpaccupoBKu. OKHO Trpaduyueckoro

gtrace peKuMa TPACCUPOBKHU BKIIIOYAETCS IPU BCTpEYe MEPBOM KOHTPOJIBHON TOYKH|
(spy-point).

noguitracer  |[OTKIIOYUTH IpaUUECKOT0 pexKruMa TPACCHPOBKHU.

trace(Pred)  [YcTraHOBUTH TOUYKY TpacCHMpOBKHM TIipeaukara ¢ uMmeHem Pred (To ecth
oToOpaXkaTbCs TPU TPACCHUPOBKE OYIEeT KakJoe COObITHE CBA3aHHOE C
npeaukarom Pred).

trace(Pred,PortYcranoBuTh TOYKYy TpacCHUpOBKM Tnpeaukara ¢ uMmeHeM Pred #

S) AKTUBUPYIOIIEHCS MO COOBITUSAM (IpU MPOXOX- AeHUU Mo moptam) Ports.
CoOBITHSI MOTYT OBITH CJIEAYIOLIMX THUIIOB:
fail — coObITHE COOTBETCTBYIOLIEE HEYAAYHOMY BBI3OBY MpEIUKaTa C UMEHEM|
Pred;
call — coObITHE COOTBETCTBYIOLIEE MEPBOMY BBI- 30BY IPEIUKaTa C UMEHEM|
Pred;
redo — coObITHE COOTBETCTBYIOIIEE TOBTOPHOMY BBI30BY IpEAMKATa C UMEHEM
Pred;
exit — CcOObITHE COOTBETCTBYIOLEE YCIEUIHOMY OKOHYaHHUIO BbHI30BA
npeaukaTa ¢ uMeHem Pred.
Cam >xe mapamerp Ports MoxeT MpUHMMATh 3HAYCHHSI THUIIOB COOOMICHUH C
npeguKcaMu COOTBETCTBYIOIIMMU J00ABICHUIO U yIATICHUIO COOBITHUS (TIOPTA)
13 TOYKU TPACCHPOBKH a TaK XKe CITUCKU TaKuX 3HaueHuid. Hampumep, 3ampoc
?- trace(foo/2, +fail), trace(foo/2, [+call,-fail]). moGaBnser B TOUKY)|
TPACCUPOBKU CBSI3aHHYIO C Tpenu- karom foo/2 coOwitue fail.  [Ins
noGaBieHUsI COOBITUS UCHOJB3YIOT Npedukc +, A u3bAtus -. Kpome toro
MOXXHO OIIEPHPOBATh Cpa3y CO BCEMH THUIAMH COOBITHH, WCHOIB3Ys
o6o3HaueHue all.
[Ipumep:

trace(foo/2, +all).

debug Brutounts pexum otnaaku. [lpu 3ampocax K mporpamme B peskuMe OTJIAAKH
BBIBOJIATCS BCE COOBITUS, NPOUCXOASIIME IIPU BBIIOJHEHUU 3aIlpoca,
CBSI3aHHBIC C YCTAHOBJICHHBIMH TOUKAMHU OTJIAJIKH.

nodebug OTKIIIOYUTD PEKUM OTIIATKH.

debugging [TokazaTh OTCIEKHUBAIOIIMECS TOUKH TPACCUPOBKU U KOHTPOJIbHBIE TOUKH

spy(Pred) Y CTaHOBHUTH KOHTPOJIBHYIO TOUKY, CBSI3aHHYIO C npenukaTtoM Pred.

ospy(Pred)  [YOpaTh KOHTpOJIBbHYIO TOUKY, CBSI3aHHYIO C npeaukaToM Pred.

nospyall 'YOpaTh BCE KOHTPOJILHBIC TOUKH.

2 Ornajnka IpOUCXOAMT B KOMAaHIHOW cTpoke B auainoroBoM okHe SWI-PROLOG u
0TOOpaXxkaeT MocJIeJ0BATEIbHOCTD BBIMOIHAEMBIX MOIENIECH U pe3yIbTaT BbIIOIHEHHUS.

3 I'paduueckuii oTnaauuKk oToOpaxkaeT HHPOPMAIIKIO B COOCTBEHHOM — OT/ICIbHOM OKHE.

4 He 3a0bIBaiiTe KaXXJIblil pa3 CTaBUTh TOUKY MOCIJIE MPEAUKATOB WIH TPYIIIBI IPEIUKATOB
(3amMcaHHBIX Yepe3 3aMATyI0) — KaXk/10€ MPeUI0KEHNE 3aKaHUYNBAeTCsl TOYKOM.
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Torma MMeHHO Ha yKa3aHHBIX NpPEIUKaTaX TPACCHPOBKA OYIET OCTAaHABIMBATHCA W
MOKa3bIBaTh TPOMEKYTOUHBIN pe3ynabTaT. OCTalibHBIE HE YKa3aHHBIE TPEIUKaThl HE OyayT
MOKa3aHbl (€CM HEe YyKa3aHbl HUKAaKHE KOHTPOJIBHBIE TOYKH, TO PEXHUM TPACCUPOBKU Oyjaer
HEOTJIMYUM OT OOBIYHOTO peXUMa pabOThI HHTEPIIPETATOPA).

3apaiite 3ampoc

?-mo0uT(X,TeHHUC ), TH00UT(X,KOMITBIOTEPHI).

U TIOCMOTpHTE, 4TO Tpom3oizaer. [locie monydeHus mepBOro peIieHUs] MOJY4YHTe BCE
ocTanbHbIe, BBO;. TpaccupoBka n3o0paxeHa Ha CICIYIONIeM PUCYHKE:

- SWI-Prolog (xxMulti-threaded, version 5.6.29) g@g
File Edit Settings Run Debug Help

22 ?- debug. e
Yes

[debug] 23 ?- likes (X, tennis),likes (X, computers).
T Call: (8) likes(_G578, tennis)

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

T Call: (B) likes('Ellen', computers)

T Fail: (B) likes('Ellen', computers)

T Redo: (8) likes(_G578, tennis)

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

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

T Redo: (8) likes('Mark', computers)

T Redo: (8) likes(_G578, tennis)
T ‘@all: {9) lLikes('Tom!, tennis)
T Fail: (9) likes('Tom', tennis)
No

[debug] 24 ?- I

Pucynok 1.7 — TpaccupoBka nmporpaMmsl

B neBoii BepxHelt yacTn OkHa rpad)UuECcKOro OTJIaTYuKa OTOOPaKEHBI TEKYIIIUE 3HAYCHHS
NEPCMCHHBIX TCKYIICTO BBIINOJHACMOrI0O MNpCauKara, cClpaBa CTCK BbISOBOB IIPEAUKATOB, B
HIOKHEW yacTu ¢akThl W MpaBuia, TJ€ IBETOM OTMEYEH CIIECAYIOIIMN BBI3bIBAEMBIN MpeIuKar.
Bremnuit Bun rpadudeckoro orinaaurMka u3o0pakeH Ha pucyHke. CBepxy, B BHJIE KHOIIOK,
HaxoJaTCs JOMyCTHMbIE JeiicTBUs. BTopasi KHOIKa (cTpesika BIPaBO) IMO3BOJISIET BBITOJIHATH
porpamMMmy IOIIAroBo (IMpeaukar 3a mpeaukaroM). L[BeT BbIAeNneHHs Takke UMeeT 3HaueHHe.
KpacHuplii 1BeT 0003Ha4YaeT HeyJaqy, JOKHOCTh PEIICHHUS.
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zeet.pl LB
Tool Edit Compile Help
3[4/ o B2 5m] el s 2D 2
Bindings Call Stack
N =3
N1 =2
5
B |1 factorial/2
w9 factorial/2)
10 |% factoriali2)

c:/prolog workspace/song.pl
song (X) : —-X>1,write('run, '), (¥ is X-1),song(¥). -
song (1) .
factorial (0,1).
factorial (N,F) :-
N>0,
N1l is N-1,
Fad fac]

_ﬁ F is N*F1. e
factorial iter (N, FactN):-—

fact (N, FactN,1,1).

fact (N, FactN,I,P):—

I<N,

I1l:is I+1;

P1 is P*I1,

fact (N, FactN, I1,P1).
fact (N, FactN,N, FactN) .
factorial iter2 (N, FactN):-—

fact2 (N, FactN,1) .

fact2 (N, FactN,D) : -

Call- factorial/2

Pucynok 1.8 — Pe3ynbTaT TpacCUpOBKHU

IMocTanoBka 3agauu K JadopaTopHoi padore 1

1. U3yunTh npenniaraeMplii TEOPETUUECKUN MaTepHaIl.

2. PazpaboraiiTe mporpaMmbl U COPMHUPYHUTE K HUM 3ampocChl, HUCIOJIB3Ys (parMeHTHI
Koza w3 juctuHros 1.1-1.5.

3. Bemonnute 3aganus 1.1-1.5.

4. OT4UeT NOJDKEH colepikKaTh TUTYJIBHBINA JIUCT, BKIIOUYAIOMIUNA Ha3BaHHE J1ab0OpaTOpHOM
paboThI 1 HOMEp BapHUaHTa, a TAaK)Ke CBEACHHS 00 aBTOpe ((haMuius CTyIeHTa ¥ HOMED TPYIIIIBI).

5. OdopMmienne Kaxaoro 3aJaHds HAaYMHAWTE C YyKa3aHWs €ro HoOMepa, Hampumep
«3ananue Ne 1» u Tekcra 3a1aHusl.

6. OpopMmisiss pelIeHue 3aJaHuid, CIEIYyeT BKJIOYaTh B JIOKYMEHT CKPUHIIOTHI M
KOMMEHTApHUHU IS TOSICHEHHSI HCII0JIb3YEeMbIX 0003HAYCHHIA U BHITIOTHICMBIX JIEHCTBUH.

7. OpopMuth oTdeT 1O JiabopatopHoil padote. [IpencraButh oTueT MO JTAOOPATOPHOI
paboTe A7 3alIuTHL.

3ananue 1.1

Jnist Toro 4ToObl HAOpaTh TEKCT MPOTPAMMBI, BOCIIOJIB3YHTECh BCTPOSHHBIM TEKCTOBBIM
penakropoM. UToObl co3aaTh HOBBIM (aiin BeiOepeTe komaHay File/New, B quanoroBom OkHe
YKa)XUTE UMs HOBOTO (aiina, Hanpumep, TecT. g perakTupoBaHus yKe CO3JaHHOTO (Qaiina ¢
HCIIOIb30BAaHUEM BCTPOSHHOTO PEIAKTOpa MOXKHO BOCIIOJIB30BaThCs KoMaHoi MeHio File/Edit.
HabetliTe nporpammy 1 (TekcT mporpaMMsl Bhlle o TekcTy) u coxpanure ee (File/Save buffer).

3aganue 1.2

IlepeBenure mNpemoKEHUsT PYCCKOTO s3bIKa B NpeAuKaTHyio (opMy, coznaiire,
COXpaHUTE U 3arpy3ute 0azy 3HaHUU.

OnneH mo6uT uyteHne. Mapk mroOUT KoMIbloTepbl. JPKOH JIIOOUT OGaJIMUHTOH. DpHK
JTOOUT YTCHHE.

bangMuHTOH - 3T0 BUJ criopTa. TeHHHUC - 3TO BUJ CHIOPTA.

®dyTtOou - 3TO BUA criopTa. beiicbon - 3To Bu ciopTa

CrnopTcMeH - 3TO TOT, KTO JIIOOUT KaKoi-HUOYAb BUJ CIIOPTA.

O6benuauTE 3TY 623y ¢ 6azoi u3 3aganus 1.1.

3ananme 1.3
3arpysure [Iponor-nporpamMmmy u3 3aganus 1.2.
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3ananmue 1.4

Hcnons3ys koMaHABl BHEITHETO PEIAKTOPa, 3aMeHuTh BCioay 'Eric' Ha 'Tom'. Iloctpouts
JIEPEBO BBIBOJIA JIJIsl TOCTPOSHHOM B 3a1aHuu 1.2 6a3bl JaHHBIX U 3ampoca

?-sportsman('Mark").

3aganue 1.5

[TocTpouts 6a3y 3HaHHI Ha OCHOBE TEKCTA!

XKuser 3e0pa na 3emie. XKuper cobaka Ha 3emiie. J)Kuser kapn B Boje. JKu- BeT KUT B
Boje. Komka skuBeT TaM ke, Tlie )KUBET cobaka. JKuBeT KpoKoawiI B Boje M Ha 3emiie. JKuBer
JATyIIKa B BOAE U Ha 3emiie. JKUBET yTKa B Bojie, Ha 3eMJie U B Bo3ayxe. JKuBeT open B BO3ayxe
u Ha 3emJie. JKuBeT OypeBeCTHHK B BOJIE U B BO3/IyXe.

3amaiite k 3TOil 06a3e 3ampochl (BOcHOJdb3yWHTeCh mpeaukaroMm help ans mouc- xa
OTHOIIEHUS "HEpaBHO").

Kro rae xxuser?

Kto xuBeT Ha 3emie, HO He ABJIeTcs cobakoii? KTo »KuBeT 1 Ha 3emJie, U B Boje?

BapuaHThl HHAUBUAYAJIBLHBIX 321aHUHI

Pa3paboraiiTe TexHHYeCKOE 3aJaHWE Ha MPOEKTUPOBAHHUE HKCIIEPTHOM CHUCTEMBI B
COOTBETCTBUM ¢ BapraHToM. OOpaTuTe BHUMaHUE HA (DYHKIIMOHAJIBHOCTh M COCTaB 3allPOCOB K
9KCIIEPTHOM CHCTEME, a TAK)KE HA COCTaB 0a3bl 3HAHUN MIPOEKTUPYEMOM CHCTEMBI.

Tabnuma 1.1 —Bapuantsl 3a1anuit

Ne [IpenmerHas 00J1aCTh Ileneas ayauropust

1 Bbyxrantepus PykoBoauTe b NpeaAnpusTHUs
2 HOpucnpyaenrms PykoBoauTenp npeanpusTus
3 HR-cayx0a Couckarenb

4 KoMmnbroTepHBI MarasuH [Tokymarens

5 MarasuH 3JeKTPOHUKHU [Toxkymnarenb

6 Kunxueiii Mmarasug Menepkep 0o npogaxam

7 ATEHTCTBO HEJBMKUMOCTH MenemKep Mo npogaxam

8 CrpoutenbHas pupma [Tokymnarens

9 Typbupma Menepkep no nmpogaxam

10 KMB kak Typuctckuii kaacrep | KnueHt

Conep:xkanue oTyera

[To BbImonHEeHHON paboTe cocraBisiercs oT4eT. OTYET BBHIMOJIHSACTCS B AJIEKTPOHHOM
Buzie. [1o BEITOTHEHHOMY OTYETY POBOIUTCS 3AIIUTA JTaOOPATOPHON PaOOTHI.

Otuer mo naboparopHOW paboTe MODKEH COCTOATh M3 CIEAYIOUMX CTPYKTYPHBIX
3JIEMEHTOB:

TUTYJIbHBIN JIUCT;

BBOJIHAS 4aCTh;

OCHOBHAs YacTh: ONMMCAHKUE PabOThI, BKIIOYAIOIIEEe CKPHHIIOTHI ACHCTBUH;

3aKTI0YeHUE (BBIBOJIBI).

BBonHast 4acTh oT4YeTa TOJKHA BKITIOYATh MTYHKTHI:

yCJIOBHE 33/1a4H;

HOPSIOK BBITTOJTHEHUS.

IPOrpaMMHO-ANIapaTHBIE CPEACTBA, UCTIONIB3yEMBbIE TIPH BHITOJTHEHUH PAOOTHI.

3ammTa oTyera o JabopaTopHOil paboTe 3aKIoYaeTcsl B IPeAbSBICHUN PENoIaBaTeIo
HOJyYEHHBIX pe3yJbTaTOB B BHJAE (hailla U AEMOHCTpAMU MOJYyYESHHBIX HaBBIKOB IIPU OTBETaX
Ha BOIIPOCHI IIPENoJaBaTersl.

KoHTposibHbIE BOPOCHI

1. Kak MOHO 3arpy3uthb nporpammy u3 aiina?



19

. Kak 3anyckaercsa nporpamma Ha IIponore?

. Kak oroOpasatorcs B mporpamme Ha [Iponore cBoiicTBa cymiHocTeit?

. Kak oro6pasatorcs B nporpamme Ha [Iposore oTHOImIEHUS MEXy CYLTHOCTSMU?
. Kak oTroOpa3uth B nporpamme Ha [Iposore npoBepKy KOHBIOHKIIMH JBYX IIPEIUKATOB?
. Uto Taxkoe ynudukamus B [Iponore?

. Uro Takoe mpasusio B [Iponore?

. Onuumre (GyHKIMOHATBHBIE BO3MOKHOCTH JIOTHYECKOTO IPOTPaMMHUPOBAHHUS.

9. Kakumu BO3MOXKHOCTIME 00J1azaeT 0a3a 3HaHUI?

10. Yro Takoe J0ruyeckoe U GyHKIHOHATBHOE TPOrpaMMHUPOBAHUE?

(e BN o) NNV, I - NRVS I \O]

JlabopaTopHasi padora 2. OCHOBBI MaTeMATHY€CKOM JIOTUKH

Henp padorbr: M3ydenuwe crpykrypsl nporpammel Ha s3bike PROLOG. H3ydenue
cuHTakcuca si3pika PROLOG.

OcHoBBI TECOPUH

Cunrakcuc sisbika Ilposaor

[Tpu popmManbHOM OMHCAHUN CHHTAKCHCA KOHCTPYKIIUN alrOPUTMUYECKUX SA3BIKOB YaCTO
UCIIOJIB3YETCsl TaK Ha3blBaeMasi «HopMaibHas ¢popma bakyca-Haypa» (BH®), pazpaborannas B
1960 Jlxonom bskycom u Ilurepom Haypom. Bnepsie BH® 6buta mpumenena Ilurepom
Hayspom mnpu 3ammcu cunTakcuca sizbika Anron-60. OcHOBHBIMH KOHCTpyKuusmu bH®
SIBJIIFOTCSI CIEAYIOLIHE.

CHUMBOJI «::=» YUTAETCS KaK «II0 OMPEACICHHUION» («ITO», «ecThy»). CieBa OT pa3ieauTes
pacrionaraercst 00bsiICHsIeMOe MOHATHE, CIIpaBa - KOHCTPYKIUS, pa3bicHsonas ero. Hanpumep,

<Ums> ::= <Unenruduxatop>

B yrnoBbie ckOOKH «< >)» 3aKJIIOYaeTCs 4acThb BBIPAXKEHHUsS, KOTOPAs UCHOIb3YeTCs IS
0003HaYEHUsI CHHTAKCUYECKOW KOHCTPYKLHMHU SI3bIKa, B YAaCTHOCTU OOBsICHsEMOe MoHsATue. B
NPUBEACHHOM BbIIIe npumepe 31o <Ums> u <M nentuduxarop>.

CumBon «» o3Hadaer B Hotauun BH® «unm». OH mnpumensiercss uis pasiesieHus
JIbTEPHATUBHBIX TOJIKOBAHUH oIpeaessseMoro nouaTus. Hanpumep, aecaTuuHyo Huppy MOKHO
OTIpEeENUTh CIIEAYIOMNUM 00pa3oMm:

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

YacTh CHMHTAKCMYECKON KOHCTPYKLMH, 3aKJIIOUEHHAs B KBaJpaTHbIE CKOOKH, SIBISIETCA
HeoO0s3aTebHON (MOXKET MPUCYTCTBOBAThH MIIM OTCYTCTBOBATH), HAIIPUMED

<Ilenoe uncio> ::= [-]<IlooKUTEITBHOE MEJI0e YNCII0>

03HAYaeT, YTO LEJO0€ YUCIO MOKHO ONPEIEIUTh Yepe3 MOJOKHUTEIbHOE LEI0€ YUCIIO,
nepes KOTOPbIM MOKET CTOSATh 3HaK MUHYC.

CumBoI «*» 0003HAYAET, YTO YACTh CHHTAKCUYECKOM KOHCTPYKIIMH MOKET MOBTOPSATHCS
IPOU3BOJIBHOE YHUCIO pa3 (HOub M Oojee). 3aMeTHM, 4YTO HHOTAAa BMECTO CHMBOJA «*»
UCTIONB3YIOT (UrypHble CKOOKH «{ }». Hampumep, monoxurenpbHOE LeJI0e YHCIO B HOTalUU
BH® MoxHO ciienyromuM o0pa3om:

<IlonmokHTeNbHOE 1e0€ YUCI0> = <mudppa>[<uudpa>]*

WIH

<IlonmokHTENbHOE 1E0e YUCI0> ;= <mudppa>{<imudpa>}.

T.e. MOJOXKUTETHHOE 1IEJI0€ YHCIIO COCTOUT U3 OAHOM UM HECKOJIBKHUX IUP.

[Iporpamma Ha [Ipomore coctouT wu3 mpemioxkeHuil (yTBepxkaeHuil). Kaxmoe
IpeJI0KEHUE 3aKaHYMBAETCSI TOUKOM.

[Ipennosxenus ObIBAIOT TPEX BUAOB: (DaKThI, MpaBUIa, BOMIPOCHI.

[Ipennoxxenue nmeeT BUI

B :-
Al, ..., An.
B Ha3piBaeTcss 3arosioBKOM WJIM TOJOBOM TmpejioxeHus, a Al, .., An - Teiom.

[Ipennoxxenue sBusiercs nepeBepHyTor nMIuinkanueit (B :- A sxBuBanenTHo B = A, «B cienyer
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u3 A») win ¢pazoir XopHa. CUMBOII «:-» O3HAYAET «CJIEIYET U3», CUMBOI «,» — KOHBIOHKIIUSA
(moruueckoe 1, U).

Ipy HeOOXOIMMOCTH TIPUMEHEeHHs Au3bloHKIMK (normueckoe MIIH, U) mcronssyercs
CUMBOJI «;», JACUCTBYIOIIUMN 1O ClEAylomeld IU3bIOHKIMK, OKOHYaHWsS IMpaBWia WU
3aKkphIBaroLIeil Kpyrinoi ckooku. Hanpumep,

[Iposor Jlorrnka npeaukaToB

C:- (AlIU..UAn)UBIU..UBm)®C

Al, ..., An;

Bl, ..., Bm.

WIH

D :- AUBUC)®D

A, (B;C).
®daxT pukcupyer (OnpenensieT) HEKOTOpoe OTHOLIEHHE MeXAy oObekTaMu. OH COCTOUT

TOJILKO U3 3arojioBKa. MOXHO CUUTaTh, YTO (PAKT — 3TO MpPEUIOKEHUE, Y KOTOpOro Het Tena. B

TE€PMMHAX JIOTUKH NPEAUKATOB, ()aKT — 3TO U €CTh MPEIUKaT.

Hanpuwmep, ¢axt, uro Hatama siBisercst mamoii Jlamm, MoxeT ObITh 3amucaH B Buze (B
SWI-Prolog cTpOKH-KOHCTaHTHI 3aIIUCHIBAIOTCS B OJMHAPHBIX KaBbIUKaX):

mama('Haramra', '/lamma').

dakT npeacraBsieT co00i 0e3yCIO0BHO HCTHHHOE YTBEPIKICHHE.

Ecnu Bocmonbp3zoBaThcsi HOpManbHOM ¢opmoit bokyca-Hayspa, To mpeawikaT MOXHO
OTIpEeENIUTh CIIEAYIOMNUM 00pa3oMm:

<[Ipemguxatr> ::= <Umsa> | <Ums>(<aprymeHT> [,<aprymenr>]*),

T.€. TIPEIUKAT COCTOMT MO0 TOJBKO M3 UMEHH, MO0 M3 UMEHH M CIEAYIOIIEH 32 HUM
I0CJIEI0BATEIbHOCTH apIyMEHTOB (TEPMOB), 3aKIIIOYEHHOU B CKOOKH.

AprymeHTOM (T€pMOM) MpeAUKaTa MOXKET ObITh KOHCTAHTA, IEPEMEHHAs WM COCTaBHOM
00BEKT (CIMCOK WU QyHKIUS). HUCIIO apryMEHTOB ITpeIuKaTa Ha3bIBACTCSl apHOCTBIO.

[IpaBuio — npeanokeHue, UCTUHHOCTh KOTOPOI'O 3aBUCUT OT MUCTUHHOCTH OJHOTO WM
HECKOJIBKUX Ipe1oskeHNi. OObIYHO MPABUIIO COAEPKHUT HECKOIBKO XBOCTOBBIX 1I€JIeH, KOTOpbIE
JIOJKHBI OBITH UCTUHHBIMH TSI TOTO, YTOOBI CAMO MPABUIIO OBLJIO UICTUHHBIM.

B votatuu BH® npasuno 6yaetr uMeTs BUA:

<IIpaBmio> ::= <npeaukar> :- <upeaukar> [,<npeauxar>]*.

Hanpumep. M3BecTHO, 4TO 0abyIika yenoBeka - 3T0 MaMa ero MaMbl WJIM MaMa €ro Marsbl.
CooTBeTcTBYIOIIKE TPaBUIIa OYAyT UMETh BHI:

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

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

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

Nwms nepemennoii B Ilpomore mMoxkeT cocTosATh M3 OyKB JIATHHCKOTO andaBuTa, U,
3HAKOB MOJYEPKUBAHMS U I0JIKHO HAUMHATHCA C MIPOIUCHON OYyKBBI MJIM 3HAKa MOYEPKUBAHUSL.


https://sites.google.com/site/anisimovkhv/learning/knowledge/lecture/tema9

21

IIpu STOM mNEpeMeHHbIE B Teje MpaBWiIa HESBHO CBSA3aHbI KBAaHTOPOM BCEOOLTHOCTH H
SKBUBAJICHTHBI 00BEKTaM MPEAMETHON 00IaCTH.

IlepeMeHHBIE MOTYT OBITH CBOOOAHBIMH WIJIM CBSI3aHHBIMHU.

CBoOoHas mepeMeHHasi — NepeMeHHas, KoTopas ellle He Mojay4yuia 3HadeHus. OHa He
paBHsETCsS HHU HYJIO, HU NpoOeiy; y Hee BOOOIIe HET HUKAKOro 3HaueHHs. Takue nepeMeHHbIe
€I1l€ Ha3bIBAIOT HEKOHKPETU3UPOBAHHBIMHU.

IlepemenHas, KkoTopas ©OJydWIa Kakoe-TO 3HAYEHHE W OKa3ajach CBSI3aHHOM ¢
orpezieieHHbIM 00BEKTOM, Ha3bIBaeTcs cBA3aHHOM. Eciu nepemeHHas Obula KOHKPETU3HMpOBaHA
KaKMM-TO 3HaY€HHEM U el COMOCTaBJICH HEKOTOPBIA OOBEKT, TO 3Ta NEPEMEHHAs YKe HE MOXKET
OBITH N3MEHEHA.

Obnacteio neiictBus nepemeHnHoi B IIposore siBisieTcss oHO mpeanoxkeHue. B pazHbix
MPENTIOKEHUSIX MOXKET HCIIOJIb30BAThCS OAHO U TO K€ MMs MEpEeMEHHOW Uisi 00O3HaueHUus
pa3HbIX 00bEeKTOB. VCKiIodeHHeM U3 MpaBuia OMNpeleNieHHs O0JacTH JEeHCTBUS SBISETCA
AHOHMMHas NepeMeHHas, KoTopas 0003HAa4YaeTcs CUMBOJIOM IMOJAYEPKUBAHUS « ». AHOHUMHAas
IepeMEeHHasl MPEANUCHIBACT HUHTEPHpeTaTopy (KOMIMIATOPY) NPOUTHOPUPOBATH 3HAYECHUE
aprymenra (tepma). Ecnum B mnpaBuiie HECKOJIbKO AHOHMMHBIX IEPEMEHHBIX, TO BCE OHHU
OTIIMYAIOTCS APYT OT Apyra, HECMOTPSI HA TO, YTO 3allMCaHbI C UCIOJIb30BAHUEM OJHOIO U TOTO
*e cuMBoJa (« »). AHOHHMHBIE NIEPEMEHHbIE MOTYT 3alUCBIBATHCS TOJIBKO B KAa4eCTBE TepMa
npeaukara. Mcrnosib30BaTh UX B BRIPAXKECHUAX (HapUMep, apu(PpMETUUECKUX ) HEJIb3sL.

Tperpum cneunpuyeckuM BuIOM MpennoxkeHuil [Iporora MoXXHO cyuTaTh BOMPOCHI
(3ampockl, 1eH).

Bompoc cocTouT ToJIbKO U3 TeNa U MOKET ObITh BhIpaXkeH ¢ oMolbio BH® B Buze:

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

Bonpockl ucnonb3yroT A7 BBISICHEHHS BBIIIOJIHUMOCTH HEKOTOPOTO OTHOIICHUS MEXKIY
OINMCaHHBIMU B Iporpamme oobvektamu. CuctemMa paccMaTpUBaeT BONPOC KaK 11€J1b, K KOTOPOH
Hajo0 cTpeMuThes. OTBET Ha BOINPOC MOXKET OKa3aTbCsid IMOJIOKUTEIbHBIM (true) uium
oTpuuatesnbHbIM (false), B 3aBUCUMOCTH OT TOT'O, MOXKET JIM OBITh IOCTUTHYTA COOTBETCTBYOILAS
LEJb.

IIporpamma MOXeT cojepkaThb BONpOC B Tene (BHYTpeHHAA 1ienb). Eciam mporpamma
COJIEP’KUT BHYTPEHHIOIO 11€JIb, TO IOCJIE 3allycKa MPOrpaMMbl Ha BBIIIOJIHEHUE CHCTEMa Cpasy
IIPOBEPSET AOCTHXKMMOCTD 3alaHHON 1iesn. Ecny BHYTpeHHEHN 1enu B IporpaMMe HET, TO Mociie
3aIlycKa MporpaMMbl CUCTEMa BBIAAET MpUIJallleHue BBOAUTH BOIIPOCHI B IMAJIOTOBOM PEXKHUME
(BHewHss 1ens). [Iporpamma, komnuiupyemas B HCIOJNHSAEMBIN (ailsl, 00s3aTeIbHO JT0JKHA
UMETh BHYTPEHHIOIO LIEJTb.

Ecnu nenp JOCTUrHyTa, CUCTEMa OTBEYaeT «yes» («true»), B MPOTUBHOM CIIyyae «no»
(«false»). Crmemyer OTMETHTH, YTO OTBET «NO» HAa BOMPOC HE BCErjJa O3HAYaeT, YTO OH
oTpuuatenpHbplid. CHcTeMa MOXET AaTh TaKOH OTBET M B TOM Cilydae, KOrja y Hee IpOCTO
HEJ0CTaTOYHO MH(OpMaLMY, MO3BOJISIIOIIEH MONOKUTEILHO OTBETUTH Ha Bompoc. T.e. IIposor
OCHOBAH Ha T.H. «MOJIEJIM 3aKPBITOTO MUPa», B KOTOPOH BCE, YTO MOXHO MOJIY4YUTh Ha OCHOBE
OINMCAHUS MOJIEJH SIBJISIETCS UCTUHOM, a OCTAJIbHOE — JIOXKbIO.

@akT, NOpaBWIO U BONPOC C TOYKU 3peHus ¢paz Xopua (B — A) MOXHO
MHTEPIIPETUPOBATH CIAEAYIOLIUM 00pa3oM:

- pakt: B — true;

- npaBuwio: B = A;

- Bompoc: true — A.

T.o. mporpamma (6a3a 3HaHmii) Ha [Iponore coctouT U3 (GakTOB W MPaBUI, KOTOPHIE
NpPEACTaBIAIOT COOON MPOJAYKUMU € MpeiuKaTaMu B JIEBOW M MpaBoid yacTH. TeM cambIM
IporpaMma BbIpa)kaeT HEKOTOpbIE 3HAHUS O NMPEAMETHON 00JacTH, HEOOXOAUMBIE JUISl PELLIEHUS
3aauu. 3anpoc - 3TO TaKKe HEKOTOPBIN MpeAUKaT, HCTUHHOCTh KOTOPOro Hac uHTepecyer. Eciu
3arpoc HE COJAEPKUT NEPEMEHHBIX, TO BBIYMCICHUE €ro 3HAUECHHUS JAeT OTBET «true» IpHu €ro
UCTUHHOCTH, 1100 oTBeT «false» mpum ero noxnoctu. Ecim ke B mpenukare 3ampoca €cTh
IEPEMEHHbIE, TO MIIYTCS MX 3HA4YE€HUs (MHTEpIpeTalus), NP KOTOPHIX ATOT MPEAUKAT U BCe
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NpeJAUKaThl MNPOrpaMMbl CTAHOBATCS MCTHHHBIMM. B 3TOM M COCTOMT CyTh BBIUMCICHUHN
(Jrormdeckoro BbIBOIA) porpammel Ha [Iposore.

IIpumep nporpamMmupoBanus Ha a3bike IIposor
PaccmorpuMm Heckonbko mpumepoB. [lycTe B mporpamme 3afaHbl CIEAYIOUIHE (aKThl
(mpenuKaTel) U MpaBuiIa:

JlucTuur 2.1
mama('Harama', '[{ama').
mama('/lama', '"Marma').

mama('Harama', '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)).

Bomnpoc 1 — sBasiercs nu Harama mamoit lamm:
?- mama('Harama', '/lama').
true.
Bomnpoc 2 — kro sBisierca mamoit lamm:
?- mama(X, 'Jlama').
X ='Harama' ;
false.

[lepBast cTpoka coOOOIICHUS O3HA4YaeT, YTO OTBET HalAeT W Mamou Jlamm sBiseTcs
Harama; Bropast — uro B 6a3e 3HaHUHM JUIsl OCTABLIMXCS MPEJUIOKEHUN He OOHApYy>KEHbI Ipyrue
Mambl Jlamm.

Bompoc 3 — ectb mu y Jlamm mama:

?- mama(_, '[amma’).
true.

Bormpoc 4 — HaiiTi Bcex Mam U JI€Tei:

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

X ="Nlama',

Y ='Mamia’ ;

X ='Harama',
Y ='Bacs’'.
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B nmanHoM ciydae mocie TpeThero oTBeTa He BhimaeTcs «false», T.x. B 6aze 3HaHUI ObUTH
niepeOpaHbl BCe MPEUIOKCHHUS 1 OHH BCE NCTUHHBI.
Bompoc 5 — nns koro Hararma sinsiercst 6a0yIiKoid:

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

B nanHoMm ciyuae BbIZaeTcs ABa OAMHAKOBBIX OTBeTa «Marmay, T.K. mpaBuio grandmama
B OJIHOM ciiyuyae cpaborano no nenouke «Harama — Jlama — Mamay, a B apyrom - «Harama —
Bacs — Mama». OueBuHO, 4TO B IPUBEJICHHOM MpuMepe 6a3bl 3HaHuil 160 HaTamm - 310 1B
pa3uYHbIC KEHIIUHBI, TH00 Marm.

Kpartkue cBenennst 00 onepanusix ¥ BCTpoeHHbIX npeankarax SWI-Prolog
B 1abn. 2.1 npuBenensl HekoTophle omepauuu u npeaukarsl SWI-Prolog, xotopsie B
JanpHemeM Oy 1yT UCTIONIb30BaThCs I MILTIOCTPAIIMH TPUMEPOB.

Tabnuna 2.1 Hekotopsie onepanuu u npeaukarsl SWI-Prolog

Oneparust /Ha3zHaueHue

[Ipenukar

true HcTuna

fail, false JI0XB

= YHudukanus (nprucBanBaHUe 3HAYCHUS HECBSI3aHHOW ITEPEMEHHOM )
<, =<,>=,> ApudmMerraeckne (TOIBKO JIJIS YHCelT) Onepallii CpaBHESHHUS

== ApudmeTHIecKkoe paBeHCTBO

=\= ApudMeTHIeCKOe HEPABEHCTBO

is Brrurciienue apuMeTHIecKoro BeIpakeHus (Hampumep, A is 5 + 2)

@<, @=<, @>=,/Onepanyy CpaBHEHUS JI1 KOHCTAaHT M NEPEMEHHBIX JIIOOOro TUMa (YHcen,
@> CTPOK, CITMCKOB H T.]I.)

== PaBeHCTBO KOHCTAHT U IIEPEMEHHBIX JIF0OOr0 THIIA

== HepaBeHCTBO KOHCTAHT M IIEPEMEHHBIX JIFOOOTO THIA

not(A) OTpuilaHue JOrHYeCKOro BEIpaKeHUs A

read(A) UreHne 3HaUCHUS C KJIABUATYPhl U MPUCBAWBAHKE €T0 TIEPEMEHHOM A

write(A) [leuath A Ha D9KpaH C YCTAaHOBKOW Kypcopa TIOCJE€ TIOCIETHErO
HaleyaTaHHOTO CUMBOJIA

writeln(A) IleuaTh A Ha 3KpaH ¢ NIEePEeBOJOM Kypcopa B HA4aI0 CIEAYIONIEH CTPOKHU

nl [lepeBoa Kypcopa B HA4aJIO CJIEAYIOLIENH CTPOKHU

repeat [Ipequkar, BBIAONIMI HOBOE WCTUHHOE 3HAYCHHE TIPU  BO3BpaTe.

IlepenokasbpiBaeMblil IpeAUKAT
! [Ipenukar (cut, COKpaTUTh), 3aMpeniaronuii BO3BpaT Aajiee TOH TOYKH, IJIe OH

CTOUT
assert(A), Jlunamuueckoe nobapieHne ¢akra (MpaBuia) B KOHEI[ CIHCKa IMOAOOHBIX
assertz(A) (hakToB (mpaBmi1) 0a3bl 3HAHUHK (IIPOTrPAMMBI)
asserta(A) Jlunamuueckoe noOamieHue (akrta (MpaBuia) B HA4YaJlO CIHMCKA MOAOOHBIX
(haxToB (1mpaBui1) 0a3nl 3HAHUI
retract(A) Y nanenue nepporo ¢akrta (mpaBuia) 0a3sl SHAHUH
retractall(A) Y nanenue Bcex ¢akToB (mpaBui) 0a3bl 3HAHUHN C IMEHEM A

IIpoueaypa BeiBoaa B IlpoJiore

ITpu noucke pemenus (qokas3arenbeTBa 1enn) B [Iposore ucnonssyercs MeTo nepedopa
¢ Bo3BpaTamu (mMoMCcK B riyouny). IIporyor mpu noka3aTenbcTBE YTBEP)KACHUS MOOUYEPETHO
MBITAETCS YCTAaHOBUTh HICTUHHOCTH BXOJSIIUX B HErO MpennuKaToB (yTBepxkaeHuil). Eciu nepsbiit
npeaukar ucTuHeH, To IIponor nmepexonur ko BropoMmy. Eciau U OH MCTMHEH, TO NEPEXOAUT K
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TperbeMy. Ecnu BTOpO# mpenukaT joxeH, To [Iponor meiTaeTcs yCTaHOBUTH €r0 MCTHHHOCTD
MIPH IPYTHUX 3HAYEHUSX, BXOJSIINX B HETO MEPEeMEHHBIX. Ecim 3Toro He ymaeTcs clienars, TO OH
BO3BpAIIaeTCs K MEPBOMY IPEIUKATy U MBITAETCS YCTAHOBUTH €r0 MCTUHHOCTH Ui HOBBIX
3HAUYEHHWH TEepPEeMEHHBIX, a 3aTeM CHOBAa BO3BPAIAETCS K JOKA3aTeIbCTBY BTOPOTO TpEIUKaTa.
Takast mporeaypa MOBTOPSETCS 10 T€X MOp, MOKa He OyAeT JOCTUTHYTa UCTUHHOCTD IOCIIEHEr0
npeaukata. Ilocnme mokasaTenbcTBa HMCTHHHOCTH IOCHEOHEro mpeaukara unenu IIposor
3aBepiuaet padory. [Iporecc Bo3Bpara B IIponore Ha3biBaetcs backtracking.
Hanpumep, mycTh nMeeTcs 3arpoc Ha ONpeieNIeHUs] BHYYeK 1 BHYKOB «Harammm:

?- mama('Harama', Y),
(mama(Y, Z); papa(Y, 2)),
write(Z);

write('Bcg').

Ortser.

Mama;

Mama;

Bcé;

Boigenennass JKMpHBIM 4acTh COOTBETCTBYET TMpaBWIIy OMpeAeNieHus: 0alyuiku
(grandmama).

IlocTanoBka 3aga4u K J1a00paTOpHOIi padoTe 2

1. I3yunTs npeuraraeMblii TEOPETUYECKUM MaTeprall.

2. OTueT AOJKEH COAEp)KaTh TUTYJbHBIM JIUCT, BKJIIOYAIOIIMN Ha3BaHUE JIAOOPaTOpHOU
paboThl 1 HOMEp BapHUaHTa, a TAKXKe CBEACHUs 00 aBTOpe ((haMuiIus CTyI€HTa U HOMED IPYIIIIbI).

3. OpopmieHne KaxIoro 3aJaHus HAYMHAWTE C yKa3aHMS €ro HoMepa, HalpuMep
«3amanne Ne 1» 1 TekcTa 3aaHus.

4. Odopmiisiss pelieHue 3aJaHuM, CIeAyeT BKJIIOYaTh B JIOKYMEHT CKPHUHIIOTHI U
KOMMEHTapUU JJIs1 HOSICHEHUS UCIIOJIb3YEMBIX 0003HAUEHUI U BBIIOJIHAEMbIX JEHCTBUIMA.

5. Opopmuts otyer no jabopatopHoit padote. IIpencraBute order mo gabopaTOpPHOM
paboTe 1S 3alTUTHI.

3aganus K jadopaTopHoii padore

B cooTBeTcTBHY C MOTYYEHHBIM 33JJaHUEM CPOPMHUPOBATH PELICHHUE U JaTh €ro OMHCAHNE
CO CKPMHIIOTaMH BBIMIOJTHEHHBIX JEHCTBUH.

[lokaxxure Ha CKpHMHIIOTaX pPE3yJIbTAT 3alpPOCOB, IPUBEACHHBIX HHUXKE, UCIOJB3YS K
KadyecTBe 0a30Boii mporpammsl Jluctunr 2.1.

Bomnpoc 1 — sBnsgercs mu Harama mamoit lamnu:

?- mama('Harama', 'J{ama').

true.
Bomnpoc 2 — xTo sBasiercs mamon Jlammu:

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

false.
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[TepBas cTpoka cooOIIEHUS 03HAYAET, YTO OTBET HalaeT U Mamoit Jlamm siBnsiercss Hartamra;
BTOpasi — 4TO B 0a3e 3HAHWU /i1 OCTABIIUXCS MPEAJIOKCHHN HE OOHAPY)KEHBI JPYTHE MaMbl
Jarmm.

Bonpoc 3 — ectb mu y Jlamm mama:

?- mama(_, '[lama").

true.

Bonpoc 4 — HaliTu Bcex MaM U JI€Tel:

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

Y ='Mamia’ ;

X ='Harama',
Y ='Bacs'.

B nanHOM ciyuae mocie TpeThero orBeta He Bbimaercs «false», T.k. B 6a3e 3HaHUU ObUIH
niepeOpaHbl BCe MPEATIOKEHUS U OHU BCE UCTHHHEI.

Bonpoc 5 — s koro Haraia siBisiercst 6a0ymikoi:

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

B nanHOM ciyuyae BblaeTcs JBa OJMHAKOBBIX OTBeTa «Mama», T.K. mpaBuio grandmama B
OJTHOM ciydae cpabotaino mo nenouke «Harama — [lama — Mamay, a B qpyrom - «Harama —
Bacs — Mamay. O4eBuHO, 4TO B IPUBEACHHOM IIpuMepe 0a3bl 3HaHmi b0 Haramm - 3To nBe
pa3nuYHbIe KEHIIUHBI, 1100 Maru.

BapuaHThl HHAUBUAYAJIBHBIX 321aHUHI

B cooTBeTcTBHY C MOTYUYEHHBIM 33JaHUEM CPOPMUPOBATH PELICHHUE U JaTh €ro OMHCAHUE
CO CKPUHIIIOTaMH BBIIIOJIHEHHBIX AEUCTBUH.

1. IlokaxkuTe Ha CKPUHIIOTAxX PE3yJIbTAT 3aIIPOCOB, NMPUBEICHHBIX HMKE, UCIOIb3YS K
KadyecTBe 06a30Boii mporpammsl Jluctunr 2.1. BemmonauTte onepanuu, ykazaHHble B Tadmauue 2. 1

Tabnuna 2.3 — BeinonHeHne npocTelmux onepaunit

Ne n/n[Ipenukar 3ampoca [IpoBepsiembrii  npenukat{Pe3ynbrat
0a3bl 3HAHMIA

1 mama('Harama', Y) mama('Harama', 'Tama'))Y = 'lama'

2 mama(Y, Z) ° mama('ama', Z) |mama('Harama', 'Jama') |backtracking

3 mama(Y, Z) ®° mama('lama’, Z)mama('{ama', '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 apa(Y, Z) ° papa('Jlama', Z) papa('Bacs', 'Mama') backtracking
7 mama('Harama', Y) mama('/lama', 'Marua') backtracking
8 mama('Harama', Y) mama('Harama', 'Bacsi') |Y = 'Bacs’

9 mama(Y, Z) ° mama('Bacs', Z) |mama('Harama', 'Jama') |backtracking
10  |mama(Y, Z) ° mama('Bacs', Z) |mama('/lama', 'Mama') backtracking

11  |mama(Y, Z) ° mama('Bacs', Z) |mama('Harama', 'Bacs')  |backtracking
12 |papa(Y, Z) ° papa('Baca',Z) |papa('Bacs', 'Mama') Z ='Mama'
13 |write(Z) ° write('Mama') 'Mama'
14  |write('Bcé") 'Bceé!
1) YkazaHHas MocaeI0BaTeIbHOCTh UMeeT MecTo, eciii B SWI-Prolog mociie BhiBoa Ha
KOHCOJIb HMMEHH BHYYKH (BHyKa) HaXUMaTh KIaBHUIIY «;» (IMMOMCK aJbTEPHATHBHOIO
JI0Ka3aTeIbCTBA).

2) XKupHBIM BBIJCIICHBI CTPOKH, JIJIS1 KOTOPBIX BBHITIOJHEHUE TMPEIUKATA HCTUHHO.

3) My ucnonb3yemoi 6a3sl 3HaHu# 1100 Hartarm - 3T0 1B pa3iudHbIe KEHIHHBI, JIHOO0
Maru.

Conep:xkanue oTyera

[To BemosHEeHHON paboTe cocTaBisieTcss oTdyeT. OTYET BBIMOJHSAETCS B DJIEKTPOHHOM
Buje. [1o BeIMONHEHHOMY OTUYETY MPOBOAMTCS 3allUTa J1JaOopaTOPHOU PadOTHI.

Otuer mo maboparopHOW paboTe MODKEH COCTOSTh M3 CIEAYIONUX CTPYKTYPHBIX
3JIEMEHTOB:

TUTYJIbHBIN JIUCT;

BBOJIHASI YaCTh;

OCHOBHAs 9acTh: OMMCAHUE PabOTHI, BKIIOYAIOIIEEe CKPUHIIIOTHI JCHCTBHIA,

3aKTI0YeHUE (BBIBOJIBI).

BBojanas yacTh oT4eTa IOJKHA BKIIOYATh MyHKTHI:

yCIIOBHUE 3a/a4u;

MOPSIIOK BBITTOJTHEHUSI.

IIPOrpaMMHO-aINapaTHbIe CPEACTBA, UCIOIb3YEMBbIE MTPH BBITOIHEHUN PaOOTHI.

3ammTa oTyera mo JabopaTopHOil paboTe 3aKiI0YaeTcsl B IPEAbSBICHUN PENOIaBaTeII0
MOJyYEHHBIX PE3yJbTaTOB B BHJE (haiia U JEMOHCTPALMH MOJYYSHHBIX HABBIKOB IPU OTBETAaX
Ha BOIIPOCHI IIPETOIaBATEIIS.

KoHTposibHbIE BOPOCHI

1. Ilepeuucnure TOCTOMHCTBA U HEJOCTATKH JIOTHUECKOTO MPOTPaMMHUPOBAHUS.
2. [lepeuncanre onepaTopsl JOTHYECKOTO MIPOrPaMMUPOBAHHUS.

3. s 4ero npuMeHseTcsl TpacCUpoOBKa?

4. B Kakux clly4asix IPUMEHSIOTCSI SKCIIEPTHBIE CUCTEMBbI?

5. YeM oTnu4aeTcs JIOTHUECKOE MPOrpaMMHUPOBAHUE OT (QYHKITMOHATHLHOTO?

6. JlaiiTe onpenesieHUe MOHATUS KIIPETUKAT»

7. [JaiiTe onpeneneHue peKypCcun

8. B kakux ciyuasix sBIseTcs 1eaecoo0pa3HbIM ucnoibzoBanue [Ipomora?

9. [lepeuncnute OCHOBHbIE KOMIIOHEHTHI MHTEJUICKTYaJIbHBIX CUCTEM.

10. B yem omiimune 0a3bl JaHHBIX OT 0a3bl 3HAHUIT?

JlabopaTopHasi padora 3. UcunciieHne BbICKa3bIBAHUI U NPEINKATOB

Hens pabotel: M3yunTh W NOPUMEHHUTH HA NPAKTHKE aJITOPUTMBI JIOTHYECKOTO
IpOrpaMMHUpPOBaHUs. BBIMOIHUTE pa3paboTKy MpOrpaMm, UCIUIB3YIOLINX PEKYPCHIO.
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OcHoBBI TEOPUM

Pexypcus B IIpoJsore

[IpaBuso sBIsIETCS PEKYPCUBHBIM, €CIIM COACPKUT B Ka4eCTBE KOMIIOHEHTHI caMO ceOsl.
Pexypcus nomyctuma B OOJNBIIMHCTBE SI3bIKOB MpOrpaMmMupoBaHus (Hampumep, B Ilackane), HO
TaM 3TOT MEXaHU3M HE SIBJSIETCS TaKUM Ba)KHBIM, IIOCKOJIBKY MMEIOTCS IpyTrHe, CBOMCTBEHHBIE
MPOLIEAYPHBIM S3bIKAM, MEXaHU3MbI — LUKJIIBI, TPOLEAYPHI U PYHKITHH.

Ilycte wumerorcss cneayromue (akTbl O TOM, Kakas BalioTa KOTHPYETCS BBIIIE:
doroje(dollar, rubl).

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

Brinosinum 3anpoc:

? doroje(evro, rubl).
Yes

Byner mnosydyeH yTBepOUTENbHBIM OTBET, IMOCKOJbKY Takoil (akT SIBHO oOmNHCaH B
nporpamme. Ecin xe caenars 3amnpoc,

? doroje(evro, iena).

To orBeT OyneT oTpuLaTENbHbIHM, TOCKONBKY TaKOH (aKT OTCYTCTBYET.
AHanoruuHeIM OyzieT OTBET Ha BOIPOC:

? doroje(funt, rubl).

H30exaTh Takux HCIIPABUJIBHBIX OTBCTOB 31€Ch MOYXHO BBCIACHHUCM IIpaBujia, B KOTOPOM
A0IIYCTHUMO CPAaBHCHUC MCIKIY c000i1 HE TOJIBKO ABYX, HO U TPEX 00BEKTOB:

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

Bropoe npaBuiio onuceiBaeT BapuaHT, Korna X>7Z, a Z>Y, OTKyaa JAeJIaeTcs BbIBOJ, YTO
X>Y.

Opnako 1ernoyYka B3auMHBIX CPaBHEHHUH MOXeET ObITh AMUHHONW. Hanmpumep, npu geToipex
CpaBHEHUAX MOTPEOYETCS KOHCTPYKITHS:

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

OrnuceIBaTh Takue JJIMHHBIC MTPaBUJia HEYA00HO. 3/1eCh BHITOJIHEE IPUMEHUTH PEKYPCHIO,
00paTHBIIKCH K MPABUIIy U3 CAMOTO 3TOTO MpaBUIIa:

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

[lepBoe mnpennoxkeHue B O3TOH KOHCTPYKLHMHM ONPEAEISeT MOMEHT NpeKpalleHHs
PEKYPCHUBHBIX BHI30BOB.

Btopoe npaBuiio onuceiBaeT BO3MOXKHOCTH PEKYPCHUBHBIX BBI30BOB, KOTJa CYIIECTBYIOT
HENPOBEPEHHbIE BapHaHThl pemieHus. BooOmie, no0as pekypcuBHas HpoLeaypa I0JDKHA
COJIEpXKAaTh:
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HepekypcuBHOe MpaBUiIO, MPUMEHSIEMOE Ul 3aBEPILEHUS] PEKYpCHH (MX MOXET OBbITh
HECKOJIBKO, 3aJIaf0IINe pa3HbIe YCIOBHUS JIJIS 3aBEPIICHUS PEKYPCHH),

PexypcuBHOe TpaBmIiio, mepBas MOJIE]Ib KOTOPOTO BbIpa0aThIBACT HOBBIC 3HAYCHUS
apFYMCHTOB, a BTOpaH — peKprI/IBHaH IIOLICIIb — I/ICHOJ'II)3yeT OTHU 3HAUYCHU .

Habop mpaBui npocmaTpuBaeTcs cBepxy BHU3. CHavasa JeiaeTcs MOMbITKA BHITIOTHCHUS
HEPEKYPCHUBHOTO TMpaBwia. ECiu OHO OTCYTCTBYET, TO PEKyPCHUBHOE MPABUIO MOXKET paboTarh
OECKOHEYHO.

IIpumeHeHMe peKypcUH B JIOTHYECKOM NPOrpaMMHUPOBAHUM

Pexypcusi — mpoliecc MOBTOPEHHS 3JIEMEHTOB caMOIoA00HBIM o0pa3oMm. Pekypcus (B
MIPOrpaMMUPOBAHHUN) — AITOPUTMHUECKUNA METO/I, 3aKJIFOUAOLIUICS B BOBMOKHOCTH OOpaleHus
npaBuia (GyHKLIKH, IPOLEAYPHI) K caMOMy cebe oJIuH uin 0ojee pas.

Pexypcus siBisieTcst yacTo MCIONB3yeMbIM IpUeMoOM B mporpammax Ha Ilponore. s
pacCMOTPEHHOTO  BblIIe NpuMepa 0a3pl  3HaHUNH «POACTBEHHMKHM» BBEJEM IMPABUIIO,
OTHCHIBAIOLIEE OTHOLLIEHUE «IIPEJIOK» - «IIOTOMOK» C IIOMOIIBIO PEKYPCHUH.

Jluctunr 3.3 PoacTBeHHUKH
% 1 mapameTp - UMs OTIIa WJIA MaTepH
% 2 mapameTp - UMs CbIHA UJIU 104€pU
roditel('Bacs', 'Buka').
roditel('Bacs', 'Komst').
roditel('Kosst', 'FOns").
roditel("tOns', 'Mua').
roditel("tOns', 'Mama').
roditel('"Komnst', 'Ceta’).
roditel('Csera’, 'Poma').
roditel('"Caera’, 'Jlema').
% 1 mapameTp - mpeIoK
% 2 mapameTp - NIOTOMOK
predok(A, B) :- roditel(A, B).
predok(A, B) :- roditel(A, C), predok(C, B).

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

BTopoii npumep 1CTIOIB30BaHUS PEKYPCUH — pacueT (akTopuaa.
Jlncrunr 3.4 Pacuer pakropuana
fact(1, 1):- !. % dakropuan enuHULIBI PaBEH €AUHUIIE
fact(N, F):-
NlisN-1,
fact(N1, F1), % F1 paBen ¢akropuany yrcia Ha eAMHUIY MeHbLIero N
Fis F1 * N. % ¢akropuan uucna N paBeH npousBeaeHuto F1 Ha camo uncino N

Ha Bompoc fact(6, F) otBet Oyzaet «F = 720».

JIrobast pexypcuBHas mpouenypa B Ilposore momkHa BKIIOYAaTh, KaK MUHUMYM JIBa
paBHiIa;

1) HepeKypCUBHOE TIPABUIIO, OTIPEIETISIONIEE €0 BUI B MOMEHT MPEKPAIEHUs PEKYPCHH;
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2) pekypcuBHoe mpaBuio. IlepBas moauenb, BbIpabaTbiBaeT HOBBIE 3HAYCHUS
apryMEHTOB, a BTOpas - BEI30B CAMOTI'0 ITpaBUJjla C HOBBIMH 3HAYEHUSIMU apTyMEHTOB.

YnpagpiieHue NpoueccoM BbIBOIA

B TIlpomnore mmeercss aBa CTaHAAPTHBIX NpPEIUKaTa, KOTOPHIC MO3BOJSIOT YIIPABIATH
Tporeypoit mepedopa ¢ BO3BpaTaMu:

- fail (false) — mpeankaT, KOTOPHI Bceraa BO3BPAIIAET JIOKb;

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

[lepBBIii U3 HUX HCIONB3YETCS A OPraHM3AIMH LUKIOB, a BTOPOHM ISl YCKOPEHHUS
MpoIe Ay psI iepedopa.

Ecnu MBI jxenaeM y3HaTh BeeX MPEaKoOB « MHUIIN» U MPH 3TOM, YTOOBI BbiJaua MPEIKOB
Ha KOHCOJIb ObLJIa BBITIOJTHEHA aBTOMATUYECKH, a HE B THATIOTOBOM PEKUME (ITyTeM HAXKATHUS <«;»
MocIie KaXI0T0 OTBETA), TOT/Ia 3aMPOC JO0JDKEH BBITJISIICTh CIEIYOIIMM 00pa3oMm:

JIucrunr 3.5
?- writeln('IIpeaku Mumu:'),
predok(A, 'Muma'),
writeln(A),
fail;
true.
Orger:
IIpenkun Mumu:
HOns
Bacs
Kouns

Takum o6pa3zom, npenukar fail BBIMOMHSET NPUHYAMTENbHBIM OTKAaT M 3acTaBIIseT
[Iponor 3aHOBO mepenokas3blBaTh BCE MPEIbIAYIIHE MOJALEINM C HOBBIMH 3HAUYEHUSMU
nepeMeHHbIX. Ilepenoka3arenbcTBy B IMPHUBEICHHOM HpuMepe OyJeT MOABEPKEH TOJIBKO
npenukat predok(A, 'Muma'), T.K. npeaukaTsl write U writeln He TeHepUpYIOT HOBbIE 3HAUEHUS
nepemMeHHbIX. Ecim nocne npenukata fail HaxonsTes Apyrue npenukaThl IpaBuila, yKa3blBaeMble
yepes «,» (iornueckoe M), To oHM HUKOT1a HE OyAyT BBIITOJIHEHBI.

PaccmoTpuM Gosiee croXHBIN pUMeEp: BBIICHUTH BCeX MPaBHYKOB «Komuy.

JIucTunr 3.6
?- roditel('Kons', A),
write('[IpaBayxkwu ('), write(A), writeln("):"),
roditel(A, B),
writeln(B),
fail;
true.
Otser:
[TpaBuyku (FOmns):
Muia

Mara
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ITpaBHyku (CBeta):
Poma
Jlema

Ecnu B nanHoii nenu ucnonb3oBaTh npeaukat ! nocne roditel('Komst', A), To pe3ynbraTom
paboThI MpOrpaMMbl OYJIET MEPBLIX TPH CTPOKH, eciu nocie roditel(A, B) — mepBbhIX 1Be CTPOKH.
Ecnu nipu BEITIOTHEHUH TIpaBWIIa B pe3yJIbTaTe BO3BpaTa JuIs MepeoKa3aTeIhCTBa MPEIUKaTOB C
HOBBIMH 3HAUEHHUSIMU TMEPEMEHHBIX OyZeT BCTPEUYEeH MNpeauKar !, To BCE MPaBUJIO B IEJIOM
Bo3BpatuT «false», maxe ecnmu y HEro HMMEIOTCS ajlbTePHATUBHBIC ITyTH JIOKA3aTEIbCTBA,
yKa3plBaeMble depe3 «;» (normdyeckoe WMJIM) wmnm ompenenenus, 3anaBaeMble OTAEIbHBIMU
MPEUIOKESHUSIMH.

ITocTanoBKa 3a1a4u K J1adopaTopHoii padore 3

1. M3yunTthb npeanaraeMblii TEOpETUYECKUI MaTepHUall.

2. Pa3paboTtaTk mporpaMmsl, HCIIOJIB3YS (parMeHThl KoAa (MUCTUHTH 3.1-3.6).

2. OTueT AOJKEH COAEp)KaTh TUTYJbHBIM JIUCT, BKJIIOYAIOIIMN Ha3BaHUE JIAOOPATOPHOU
paboThl 1 HOMEp BapHaHTa, a TAK)Ke CBEACHUs 00 aBTOpe ((haMuiIus CTyIeHTa 1 HOMED IPYIIIIbI).

3. OpopmieHne KaxIoro 3aJaHus HAYMHAWTE C yKa3aHMS €ro HoMepa, HalpuMep
«3amanne Ne 1» 1 TekcTa 3aaHus.

4. Odopmiisis pelieHue 3aJaHuM, CIeAyeT BKJIIOYAaTh B JIOKYMEHT CKPHUHIIOTHI U
KOMMEHTAapUH I MOSICHEHUSI HCII0JIb3YEMbIX 0003HAYEHUI U BBIMOIHIEMbIX JIEHCTBUH.

5. Opopmuts otyer no jabopatopHoil padote. IIpencraBute order mo gabopaTOpHOM
paboTe IS 3anTUTHI.

BapuaHThl HHAUBUAYAJIBHBIX 321aHUHI

B cootBeTcTBHY C MOTYYEHHBIM 33JaHUEM CPOPMUPOBATH PELICHHUE U JaTh €ro OMHCAHUE
CO CKPHMHILIOTaMH BBITTOJIHECHHBIX JIECUCTBUM.

3ananue 1.
1.1 CoctaButh CHUCOK (Ppe3epHBIX CTAaHKOB C WX IMapaMeTpaMH, OCYIIECTBUThH IMOUCK
CTaHKa B JIaHHOM CIIMCKE U BBIBECTH €ro napamerpbl. OCHOBHOW mapameTp — 3TO IIMpUHA

cronia. [{ns gaHHBIX CTAaHKOB IIMPUHA CTOJA UMeeT cieayromue pasmeps: 200, 250, 320, 400,
500.
B tabnune 1 mpuBeaeHbI BUABI CTAHKOB C TapaMeTpPaMH.

Ta6muma 3.1 IlepeueHs cTaHKOB

Twun cranka HasBanue Pasmep crona
BEPTUKAIBHO-(PE3epHBII 6M10 200 MM
BEPTUKAIBHO-(hpE3epHBII 6HI11 250 MM
TOPHU30HTATBLHO-(DpE3EPHBII 6MS80I" 200 MM
rOPH30HTAILHO-(DpE3EPHBII 6H81I 250 MM
BEPTHKAIIbHO-(Dpe3epHbIi 6HI11 320 MM
rOpH30HTAILHO-(DpE3EPHBII 6MS82I" 320 MM
BEPTHKAIIBHO-(Ppe3epHbIi 6M13 400 MM
TOPU30HTAITBLHO-(Ppe3epHBIN 6M8&3T 400 MM
BEpTUKAIBHO-(DpE3epHBIH 6H14 500 MM
TOPU30HTATEHO-(PE3ESPHBINA 6H84I" 500 MM

1.2 TloaKCriepUMEHTHPOBATh C MPABUIOM «IPHUHAIJICKUTY, HU3YYUTh C IOMOIIBIO
OTIIQIUMKa, KaK paboTaeT pEKypCUBHBIN Mepedop SJIEMEHTOB CITUCKA.
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1.3 Co3gatb BO BCTPOEHHOM DEIAKTOpE IporpaMMmy, B KOTOpOHl IpeIaCcTaBiIeHA
uHbOpMaNKs W3 BBIIIC TPUBEACHHOW TAaONWIBI B BHJE YHAPHBIX MPEIUKATOB CTAHOK C
apryMEHTOM — CIIUCKOM U3 TpeX MapameTpoB (M3 CTOJOIOB TaOJUIIBI), MPAaBHI JOTUYECKOTO
BBIBOJIA C PEKypCHEH Ui MOWCKAa IapaMeTpoB CTaHKAa MO 3aJaHHOMY OJHOMY Mapamerpy.
[IpenukaToB «cTaHOK» NOKHO OBITH 10 (10 0JJHOMY Ha Kaxayro cTpoky Tabmiuusl). [Iporpamma
JIOJDKHA COZIEPIKaTh CIIETYONIE IpaBuia;

NPaBUJIO HAWTH, C KOTOPOTO 3aIlyCKaeTcs IporpaMma:

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

rae: L — cnucok nmapameTpos.

IIPAaBUIIO «IIApaMETPhl» C peKypcuel A MoMcKa 3aJaHHOro mapamerpa X (Hamucatb
CaMOCTOSITEIIBHO)

npaBwio phh nns BeIBOJa Ha 3KpaH CHUCKa MapaMeTpoB B BUAE CTPOKM (HamucaTthb
CaMOCTOSITEJILHO).

3aganue 2.

HeoOxonumo  paspaborath mnporpammy  «PojacTBeHHblE — CBSI3W»,  OTBEYAIOIIYIO
CJICAYIOUIMM TPEeOOBaHUSM.

2.1 Ilporpamma foiKHa coaepKaTh OOIIME /Ul BCEX BAPUAHTOB (paKThl U IPABUIIA!

- JKEHIIINHA;
- MyX4YHHA;

- MaTh;

- oTer;

- pOaUTEND;

- CyTpyTH.

2.2 Tlo BapuaHTaM 100aBUTH B MPOTpaMMy TIpaBUIIa ISl ONIPEICIICHUS POJICTBEHHUKOB!
1. Opar;

2. cectpa;

3. peOeHoK;

4. 6abymika;

5. nenyuka;

6. BHYK;

7. BHyYKa;

8. mpazenyika;

9. npa6abymika;

10. npaBHyK;

11. npaBHyuKa;

12. 39Th (My>X JAOYEPH, CECTPHI, 30JI0BKH);

13. HeBecTKa (JKeHa ChIHA JIJIs €ro OTIIa, )KeHa OpaTta);

14. cBexop (oTel Myxa);

15. cBekpoBb (MaTh MyXka);

16. TecTb (OTEL )KEHBI);

17. Temra (MaTh KEHBI),

18. cHoxa (KeHa ChIHA ISl €T0 MaTEpH);

19. cBar (oTel 0OTHOTO U3 CYMIPYTOB ISl POJIUTENEH JPYTroro Cynpyra);
20. cBaths (MaTh OJJHOTO U3 CYIPYTOB JJIsL POJUTENIEH APYTOro Cynpyra);
21. cBOSIK (MY CECTPBI KEHBI);

22. cBOsiueHUIA (CECTpa KEHBI);

23. cBOSIKM (JTUIIa, )KEHATHIE Ha JIBYX CECTpPaXx);

24. neBepsb (poaHOM OpaT My>Ka ISl )KE€HBI);

25. 30510BKa (cecTpa MyKa);
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. mrypuH (OpaT >KeHbl);
. asinst (Opat oTIa MM MaTepH MO0 OTHONIICHHUIO K AETSM, IUIEMSHHUKAM, KpOME TOTO,

TSIIeH SBISIETCS MYK TETKH);

28

. TETKa (ceCTpa OTHa UK MAaT€pH 110 OTHOIICHHUIO K JCTAM, INICMAHHUKAaM. KPOME TOTO,

TETKOM SIBJIICTCS JKCHA JIS/TN );

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

41

42.

IUIEMSIHHUK (peOeHOK OpaTta Wi CecTphbl);

BHYYaThI MJIEMSHHUK (BHYK OpaTa UM CECTpHl);

BHy4aTas IUIeMsIHHMIIA (BHYUYKa OpaTa WM CeCTphbl);

JIBOIOPOJHBIN eAyIiKa (s OTIa UM MaTepu);

BOIOpOIHAs 0a0yIiKa (TeTKa OTIa WK MaTepH);

JIBOIOPOJHBIN OpaT — Ky3eH (ChIH POJHOTO 11 WU TETH);
JIBOIOPOJIHASI CECTPpa — Ky3WHa (A0Yb POTHOTO JSAM WIIW TETH);
JIBOIOPOTHBIN Js171s1 (ABOIOPOHBIN Opat oTIa U MaTepH);
JBOIOPOJIHAS TETKA (JIBOIOPOIHAS CECTpa OTIa U MaTEPH);

Mauexa (HepoJHasi MaTh peOeHKa);

OTYUM (HEPOJHOM OTell peOeHKa);

najyepuna (HepoaHas 104b M0 OTHOLIEHUIO K OJTHOMY M3 CYNpPYTOB);
. IACBIHOK (HEPOTHOM CHIH IO OTHOMICHHUIO K OJJHOMY U3 CYIIPYTOB);
CBOJIHBIN OpaT (ChIH HEPOJHOIO POAUTEN (Mauexy, OTYMMA) 110 OTHOLICHHUIO K JETSIM

POIHOTO);

43

. CBOJHasA CeCTpa (,[[O‘lb HEPOAHOI'O POAUTCIIA (Maqexu, OT‘II/IMa) IO OTHOLICHHUIO K

JETSIM POJIHOTO);

2.3 Ilpu HEoOXOAMMOCTH A00aBUTH B MpOrpaMMmy HejocTarolue (akThl U IpaBUia,
Tpebyemble s paboThI MpaBmil U3 1. 2.2.

Conep:xanue oTyeTa

Ilo BeIOJIHEHHOM pa60Te cocraBisgeTcs oTdeT. OTYET BBIINOIHSACTCA B QJICKTPOHHOM

sune. [1o

BBITIOJTHEHHOMY OTYETY MPOBOJUTCS 3alUTa Ja00paTOpHOI pabOTHI.

Otuer mo sabopatopHOW paboTe AOIKEH COCTOSATh M3 CIHEAYIOUUX CTPYKTYPHBIX

QJICMCHTO

B:

TUTYJbHBIH JIHCT;

BBOJHAas 4acCThb,

OCHOBHAs 4acTh: OMMCAaHKUE PabOThI, BKIIOYAIOIIEe CKPUHIIOTHI AEHCTBU;
3aKJII0UYEHNE (BBIBObBI).

BBozaHas yacTh oT4eTa 1OJKHA BKIIKOYATh ITYHKTHI:

YCIIOBHE 3aJjauy;

HOPSII0K BBIOJTHEHHUS.

IIPOrpaMMHO-aINapaTHbhIE CPEACTBA, UCIOJIb3YEMBIE ITPH BBIITOJIHEHUHN PaOOTHI.

3a

IIIUTA OTYCTA I10 J'Ia60paT0pH0fI pa60Te 3aKJII09acTCA B IPCABABIICHUH ITPCIIOaBaATCIIIO

MOJIyYEHHBIX PE3YyJbTaTOB B BHJE (paiiia U JEMOHCTpALMK MOJYYEHHBIX HAaBBIKOB IPU OTBETAX
Ha BOIIPOCHI IIPETIOJaBaTEIIs.

KOHTpOJIbHI)Ie BOITPOCHI

O 00 1 AN DN K~ WK =

. Kak Mo>xHO 3arpy3uts nporpammy u3 aiina?

. Kak 3anyckaercs nporpamma Ha [Iponore?

. Kak orobOpasatorcs B mporpamme Ha [Iposore cBoiicTBa cyniHocTen?

. Kak oroOpaskatorcs B nporpamme Ha IIponore oTHOLmIEHUST MEXAy CYLIHOCTAMU?

. Kak oro0Opasuts B nporpamme Ha [Iposore npoBepky KOHBIOHKIUH JIBYX IPEAUKATOB?
. Uro Takoe ynudwukamus B [Iponore?

. Uto takoe npaBuiio B [Iposore?

. Onummmre GyHKIMOHATBFHBIE BO3MOKHOCTH JIOTUYECKOTO TIPOTPAMMHUPOBAHHS

. Onuimmre OCHOBHBIE CBOMCTBA PEKYPCUH
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10. Kak Ha si3p1ke [Iponor MoxeT ObITh peau3oBaHa peKypcHs?

JlaGoparopHas padora 4. [IpumeHeHue JTOrH4eCKOro NpOrpaMMHUpoOBaHUS B
NPOEKTHPOBAHUYU IKCIEPTHBIX CUCTEM

Heab padoTbi: HayuuTthes ucnonb3oBaTh criucku B [Iposore.
OcHoBBI TECOPUM

Hcnoan3oBaHue CIMCKOB

Crucku — ogHa U3 Hanboee yacTo ynorpednseMbix cTpykryp B [Iponore. Crincok — 310
Ha0Op OOBEKTOB OJHOTO W TOTO ke THuma. [Ipu 3amucu CHUCOK 3aKIIOYaloT B KBaJIpaTHBIC
CKOOKH, a SJIEMEHTHI CIIUCKA PA3eIAIOT 3aMsIThIMU, HAPUMED:

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

29 9 99 9

[“Buepa”,”’ceromus’,”3aBTpa’’]

DneMeHTaMM CIHCKa MOTyT ObITh Jr00ble TepMmbl IIposyora, T.e. aTOMbl, uucCIa,
MIEPEMEHHBIE U COCTaBHbIE TEpMbI. Kax/1pIil HEMyCcTOM CIMCOK MOXET ObITh pa3zesieH Ha IOJIOBY
— IIEPBBIM DJIEMEHT CIHCKa M XBOCT — OCTajJbHBbIE DJIEMEHTHI cnucka. IIpum 3TOM crmcok
IIPEACTABIISIETCS B BUJE:

99 99

[A|B] wmwm [1] [2,3]] unu [1]| B] wnu [“Buepa”| [“ceromus™,”’3aBTpa’]].

DTO TMO3BOJISIET BCSAKHM CIUCOK TMPEICTaBUTh B BHUAEC OmHapHOTrO aepeBa (puc.l). YV
CIIMCKA, COCTOSIIIETO TOIBKO U3 OJTHOTO 3JIEMEHTA, TOJIOBOM SBISETCS 3TOT SJIEMEHT, a XBOCTOM —
HYCTOﬁ CIIMCOK. I[J'IH HCITOJIB30BAHUA CIIMCKaA HCO6XO)II/IMO OImucCaTh NpC€auKaT CIiucCKa.

(]

.
[
r

—

tud
\E
=

Pucynok 4.1 bunapHOe nepeBo CIHCKa.

B cnenyromem npumepe 1 - ronosa crnucka, a [2, 3, 4, 5] - xBoct. [Iponor nokaxer 310
MIPY TIOMOIITU COTIOCTABIICHHUS CIMCKA YHCEI ¢ 00pa3IoM, COCTOSIIIUM U3 TOJIOBBI U XBOCTA.

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

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

3necs Head u Tail - Tonbko nMeHa nepeMeHHBIX. Mbl MOTIM Obl MCIIONB30BaTh X U Y
WIN KaKkue-HUOyAb Apyrue NMeHa MEPEMEHHBIX C TEM )K€ YCIeXOM. 3aMETHUM, YTO XBOCT CIHCKa
BCEra sBJIACTCS CIUCKOM. ['010Ba, B CBOKO OYepenb, €CTh JIEMEHT CIIMCKA, YTO BEPHO U JUIA
BCEX JIPYI'MX 3JIEMEHTOB, PACIOJIOKEHHBIX 10 BEPTUKAIBHONW YEPThl. ITO MO3BOJISIET MOJTYUHUTH,
CKa)K€M, BTOPOU 3JIEMEHT CITUCKA.

B Prolog ucnonb3yercst cnenuaibHbIii CUMBOJ JUISl pa3felieHusl CIMCKa Ha TOJIOBY U
XBOCT — BEpTHUKaJIbHAs uepTa |.
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Hanpumep:
[1,2, 3] wma [1][2, 3]] o [1 | [2] [3]]] wma 1] [2][3 [ [ 111]

BepTI/IKaJIBHYIO YCPTY MOKHO HUCIIOJB30BATH HC TOJIBKO IJIA OTACICHUA I'OJIOBBI CIIMCKA,
HO U JJIA OTACJICHUA ITPOU3BOJIBHOI'O YU CJIa HAYAJIIBHBIX 3JICMCHTOB CITMCKA:

[1,2,3 wmu [1,2 | [3]]wm [1,2,3 |[]]

IIpumep
Hcnons3yeM aHOHMMHBIE IIEPEMEHHBIE IS TOJOBBI M CIHCKA, CTOSIIETO IIOCIE YEPTHI,
€CJIM HaM HY’KEH TOJIBKO BTOPOM 3JIEMEHT CIIHCKa!

?- [cnoH, nomanap, ocen, codbakal =[ , X | ]. X = nomaap
Yes

PaccmoTpuM HeckosibKo mporenyp oopaboTku cnuckoB. OOpaTuTe BHUMAaHUE, YTO BCE
OHM HCIOJIB3YIOT PEKYpPCHUIO, B KOTOpPOW TepMHUHalIbHOE (0a30BOE€) MPABHIIO ONPEAENICHO s
IYCTOIO CIHCKA.

IIpumep

[IpenukaT «nepecTaHOBKa» BbINAET CIUCKHU, MOJyYEHHbIE MEPECTaHOBKOW 3JIEMEHTOB
CBOET0 MEPBOT0 apryMEHTa.

nepecranoBka([],[]).

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

[Ipumep ucnosp30BaHus:
JlncTunr 4.1

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

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

X =[c,b,a];No

[Ipennonoxum, 4TOo UMEeTCsl HEKOTOPBIN CIHUCOK, B KOTOPOM X 0003Ha4aeT ero roJioBy,
a Y — xBoct crnucka. Takoil crnucok MOXXHO 3amucath, Kak [X|Y]. DToT cnucok Moxker
coJiepkKaThb, HATPUMEP, UHCTPYMEHT Ui 00pabOTKU AeTalei:

[ppe3a, cBepio, peserr, X0H]

Tenepp mNpenAnonoX UM, YTO MBI XOTUM ONPEIENIUTh, COJIEPKUTCA JU HEKOTOPHIH
MHCTPYMEHT B yKa3zaHHOM crucke. B IIpornore 3170 MOXHO cnenaTh, OnpesenuB, COBNALAET JIn
JTaHHBIA WHCTPYMEHT C TONIOBOM cmucka. Ecim coBmagaer, TO Hall CHUCOK 3aBepIlaeTcs
ycnexoMm. Eciau HeT, To Mbl MpoBepsieM, €CTh JIM HYXHbIH MHCTPYMEHT B XBOCT€ HCXOIHOIO
CIUCKa. DTO 3HAYUT, YTO CHOBA MPOBEPSIETCS TOJIOBA, HO YK€ OYepeHOr0 XBOCTa criucka. Ecnu
MBI JIOXOJIUM JI0 KOHIIA CIIMCKa, KOTOPBIH OyJeT MyCThIM CIIMCKOM, TO HAll MOUCK 3aBEPIIACTCS
HEeyJla4yeil: yKa3aHHOTO MHCTPYMEHTAa B UCXOJHOM CITUCKE HET.

Jist Toro, 4yToOBI 3anucaTth Bce 3To Ha [Ipoore, cHayana Hazo:

Y CTaHOBUTH, YTO MEXAY OOBEKTOM U CIIHUCKOM, B KOTOPBIN 3TOT 0OBEKT MOXKET BXOAUTD,
CyllecTByeT OTHomleHue. [y 3ammcu 3TOro OTHOUIeHHs OyleM HCIOJb30BaTh IPEAUKAT
NPUHAJICKUT:  LEIeBOoe  yTBEpKIAeHHe  OpuHamIexkuT(X,Y)  sSBISETCS  UCTUHHBIM
(«BBIIOJTHSAETCS»), €CIIU TEPM, CBSI3aHHBIN ¢ X, SIBISIETCA 3JEMEHTOM CIIMCKa, CBA3aHHOIO C Y.
Nmetrotcsa aBa ycloBusi, KOTOPbIE HAI0 MPOBEPUTH ISl OMpEENIeHNUsT UICTUHHOCTH TpeauKara.
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[TepBoe ycnoBue roBoput, uTo X OyIeT 3JIEMEHTOM ChucKa Y, eciu X COBIMAAaeT C TOJOBOM
cnucka Y. Ha [Iposore 3ToT axT 3anuchiBaeTcs CleayomuM o0pa3om:

npuHaIeKuT(X,[ X]_]).

DTa 3anmuch KOHCTATUPYET, YTO X SBJSETCS DJIEMEHTOM CIUCKa, KOTOPBIM uMeeT X B
KadyecTBE TOJIOBBL. B JTaHHOM cilyuyae aHOHUMHAs MEpeMeHHas « » i 0003HaueHHs] XBOCTa
CITHCKa.

Bropoe mpaBwiio roBopuT 0 TOM, 4TO X NPUHAICKUT CIMUCKY IPU YCIOBUH, YTO OH
BXOJUT B XBOCT 3TOT0 CIIMCKa, 0003HauaeMblil uepe3 Y. Iy 3TOro UCHOIB3yeM TOT K€ camblit
OpeauKaT MPUHAUICKUT Ui TOTO, YTOOBI ONPENeNIUTh, MPUHAUICKHUT I X XBOCTY clucka. B
3TOM M COCTOUT CyTh peKypcuu. Ha IIposore 3To BBINISIINAT Tak:

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

JlBa 2THX TpaBWiIa B COBOKYHHOCTH OIPENCISIOT TPEAUKaT Ui OTHOIICHHUS
NPUHAIEKHOCTH U yKasbIBatoT [Iposory, kakum o6pa3oM nmpocMaTpuBaTh CIIUCOK OT Havyasa a0
KOHIIa MIPH TOWCKE HEKOTOPOTO dJIEMEHTa B crmcke. Hambosee BaXHBIII MOMEHT, O KOTOPOM
clieflyeT MOMHUTb, BCTPETHBIIUCH C PEKYPCHBHO ONPEAEICHHBIM MPEAUKATOM, 3aKII0YaeTcs B
TOM, YTO MPEXKJIC BCETO HAZ0 HAWTH TPAHUYHBIC YCIOBHS U CIIOCOO MCIIOIB30BAHUS PEKYPCHH.

Jlns mpeaukara «IpHHAUICKHUT» B JIEHCTBUTENBHOCTH MMEIOTCS JBa TUIA TPAHUYHBIX
ycioBuil. JIn6o 0OBEKT, KOTOpbI MBI HIIEM, COAEPKHUTCS B coucke, jubo Her. Ilepsoe
IPAaHUYHOE YCJIOBHE Il NpeIuKaTa «IPUHAUIEKHUT» PACIIO3HACTCS MEPBBIM YTBEPXKICHUEM,
KOTOpOE TPHUBOJUT K IMPEKPAIICHUIO TIOMCKAa B CIHCKE, €CIHM IEPBBIA apryMEeHT NpeauKara
NPUHAJICKUT COBMAJAET C TOJIOBOU crucKa. Bropoe rpaHu4yHOE ycioBHE BCTpeudaeTcs, KOrjaa
BTOPOH apryMEHT MPEIUKaTa «IPUHAIICHKHUT SIBIISIETCS ITyCTHIM CITUCKOM.

D10 BCe IeMOHCTpUpYeT ciaenyromuii npumep Ha [ponore: npunamiexut(X,[X]| ]).

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

?- mpunHaexut(dpesa,[ ppesa, ceprno, pesen, XoH]).
true

?- mpuHaANSKUT(MPOTSIKKA, [ ppe3a, CBepIIo, pe3el], XOH]).
false.

Cnoco0b1 Oprann3anuy HUKJIOB

B IIposnore oTcyTCTBYIOT KOHCTPYKIIMH LIMKJIOB C MapaMeTpoM, MPEJI- U MOCTYCIOBHUEM,
HO C TIOMOIIBIO COOTBETCTBYIOIINX MEXaHU3MOB MOYKHO OPTaHU30BaTh Pa3HbBIE THUIIHI [IUKJIOB.

1 cioco6. Ucnionb3ys pexkypcHro.

2 cniocoO. VMcnonb3yst npeankaT, KOTOPhIM MOKHO Tiepeioka3aTh, 1 mpeaukar fail.

3 cnoco6. Hcmonb3yst mpeaukar, KOTOPBIH MOXHO TepefoKa3aTh, M JIOTHYECKOEe
yTBepkaeHHe. Hampumep, BBIIATh Mapbl «IOPEJOK» - «IOTOMOK» JO TeX IOp, TOKa He
BCTPECTUTCA ITIOTOMOK C MMCHEM «Mumay.

Jluctunr 4.2
?- predok(A, B),
write(A), write(' sBasiercs npeakom '), writeln(B),
B =='Muma';
true.
Ortger:
Buka sBnsercs npenkom Kons

Bacs sBisercsa npeakom Koms
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Komns sBngercsa npenkom HOms
Ona aBnsercs npenkom Mua

Takast KOHCTPYKIIMS COOTBETCTBYET IIUKIIY C TOCTYCIOBHUEM.

4 cioco6. OpraHm3anusi IMKJIA CO CYETYMKOM, HWCIIONB3ys TpenuKar repeat u
JMHaMu4eckoe fo0aBieHue (GpakToB B 0azy 3HaHUH (Iporpammy).

Crnemyer OTMETHTh, YTO B HEKOTOPBIX pealm3anusx si3blka [IpoJjor OTCYTCTByeT
BCTPOCHHBIA MpenukaT repeat. Torja JaHHBIM TNpenuKaT HaIO ONpPEIETUTh B MPOrpaMMme
CIIEIYIOIUM 00pa3om

repeat.

repeat:- repeat.

Ero wucnons3yloT BMecTO IepegokasbiBaeMoro mpeaukara. Ho ecim  npu
MepeIoKa3aTenbCcTBE OOBIUYHBIX TIPEAMKATOB MOXET HACTYIUTh MOMEHT, 4YTO BcCe (DaKThI

ucueprnansl (Hanpumep, predok(A, ‘Muma’) ... fail), To npu ucnonp30BaHUM MpeIuKaTa repeat
TaKOW MOMEHT HE HACTyIaeT HUKOTIa.

JlucTuur 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).

ITpuBenenHas nporpaMma OyJleT LHMKIMYECKH BbIAABATh HA HKPaH KBAApaThl yucen oT 1
no 10. B kauecTBe cyerumka Mcnosb3yercs npeaukar (paxTt) count, KOTOPbI AMHAMUYECKU
no0aBIsieTCs U yanseTcst U3 6a3bl 3HAHUM.

Cy1ecTBYIOT TaKkke Apyrue crocoObl OpraHu3aluy HUKIIOB.

IIpumenenne cnuckos B IIpoaore

B Ilposiore HeT Takoi pacnpOCTPAHEHHONW M YaCTO MCIOJb3YEMON CTPYKTYPBI XpaHEHHUS
JTAHHBIX KaK MacCHBBI, HO 3aTO €CTh Pa3BUThle BO3MOXKHOCTH paboThl co crnuckamu. CIHCOK —
YHOPSAOYEHHBI HAa0Op 3JIEMEHTOB OJHOIO TuUMa. B oTiMume OT MaccuBOB, KOJIMYECTBO
JJIEMEHTOB KOTOPBIX CTPOTrO (UKCHPOBAHO (B OOJBIIMHCTBE S3BIKOB IMPOrpaMMHUPOBAHUS),
CIMCKH MTO3BOJISIOT MOAUDUITUPOBATH, TO0ABISATH WIH yIAIATh U3 HETO DJIEMEHTEHI.

Cnucku B IIposiore 3akimovarorcs B KBajpaTHble CKOOKH, Hampumep [1, 2, 8, 123] unu
['TId', 'BT', YetBepr']. Criucok, HE coAepKaIluii HU OJJHOTO dJIeMEHTa «[ |», Ha3bIBAETCS IMyCThIM.
Kaxplii HemyCTON CHHCOK COCTOMT M3 JIByX yacTel: rojOBbI M XBocTa. 1'0JI0BOH sBIseTCA
NEPBBIN 3JIEMEHT CIHMCKA, XBOCTOM — BCE OCTAJIbHOE.

Tabmuma 4.1 CHucKH U €ro cOCTaBHBIE YAaCTH

Cnucok ["onoBa XBOCT
[1,2,8,123] 1 [2, 8, 123]
['ITd', 'BT', 'YeTrBepr']'TIH' ['BT', 'UeTBepr']
[1.25] 1.25 [

[] HE ONpeJeIeHaHE ONPEaeIIeH
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B nporpamme rosgoBa oTAENSAETCS OT XBOCTAa CUMBOJIOM «|».
YacTo ucnonb3yeMbIMU ONlepalusiMU IPH paboTe CO CUCKAMU SBIISIOTCS:
- IPOBEPKA HAJIMUNUS DJIEMEHTA B CIHCKE;
- nto0aBieHNE 3JIEMEHTA B CITUCOK;
- KOHKaTeHIUs (0ObeAMHEHHUE) CIIICKOB;
- yAaJieHUE 3JIEMEHTa U3 CIIHCKa;
- 3aJ1laHle 00PaTHOTO MOPs/IKA CIETOBAHUS DJIEMEHTOB CITUCKA;
- pa3zeeHue CIIMCKa Ha JBa.
1 IIpoBepka HamM4us JIEMEHTA B CIIUCKE.
JIncTunr 4.4
% 1 mapameTp — 3JI€MEHT, HAJINYMe KOTOPOIo B CIHCKE TpeOyeTcsi IPOBEPUTH
% 2 mapameTp - CIIUCOK
member(X, [X | ]).

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

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

write('"Het').

Otser: [a.

2. JloGaBieHue 3neMeHTa B CHHCOK. [ maHHOW omepamnuu He TpeOyeTcsl OTIeIbHOTrO
npaBuia, €Cliv AIeMeHT X 100aBisieTcsi B Havano crucka List

NewList = [X] List].
3. KoHKaTeHIHsI IBYX CIIUCKOB.
Jluctunr 4.5
% 1 mapameTp — IEPBBIA CIIHUCOK
% 2 mapameTp — BTOPOM CIIMCOK
% 3 mapameTp — pe3yJIbTaT 00bEIUHEHUS JIBYX CITUCKOB
concat([], L2, L2).
concat([X|L1], L2, [X|L3]):- concat(L1, L2, L3).

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

4, VYV naneHue sJaeMeHTa M3 CIHUCKa U 3aJaHue O6paTHOl"O nopsadKa CJICI0BaHUA 3JICMCHTOB
CITMCKa.

JIuctunr 4.6
% 1 mapameTp — yaaiasieMblil 2JIEMEHT
% 2 mapameTp — UICXOAHBIN CITUCOK

% 3 mapameTp — pabouHii CIIHUCOK
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% 4 mapameTp — MepeBepHYTHIN CIUCOK 0€3 DIIeMEeHTa
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 — UCXOIHBIA CITUCOK

% 2 mapameTp — pabo4Hii CICOK

% 3 mapameTp — MepeBEPHYTHII CIIUCOK
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 crncka Ha /iBa.
Jluctunr 4.7
% 1 mapameTp — 3JIEMEHT, 3a/1al0IIHi pa3OueHue
% 2 mapameTp — UCXOJHBIN CIIMCOK
% 3 mapameTp — 371€MEHTbI, MEHbLINE UM paBHbIE | mapameTpy
% 4 mapameTp — 3J1eMeHThI, 6onblre 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).
Ortser: [1, 3, 1, 1] u [45, 33].
IocTanoBKka 3a1a4yu K J1ab6opaTopHoii padore 4

1. 3yunTts npenngaraeMblii TEOpETUYECKUI MaTepHUall.

2. CocTaBuTh NpOrpamMMmbl, UCIOIb3YsI PParMeHThI JIUCTUHTOB 4.1-4.7.

2. OTueT AOJKEH COAEp)KaTh TUTYJbHBIM JIUCT, BKJIIOYAIOIINN Ha3BaHUE JIaOOpaTOpHOU
paboThl 1 HOMEp BapUaHTa, a TAK)KE CBEACHUs 00 aBTOpe ((haMuiIus CTyI€HTa U HOMED IPYyIIIbI).

3. OpopmneHne KaxIoro 3aJaHus HAYMHAWTE C yKa3aHMS €ro HoMepa, HalpuMep
«3amanne Ne 1» 1 TekcTa 3aIaHus.

4. Odopmiisis pelieHue 3aJaHuM, cleAyeT BKJIIOYaTh B JIOKYMEHT CKPHUHIIOTHI U
KOMMEHTapUU JJIs1 HOSICHEHUS UCIIOJIb3YEMBIX 0003HAUEHUI U BBINOJIHAEMbIX JEHCTBHIA.
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5. Opopmuts otyer nmo jabopatopHoil pabote. IIpencraBute order mo gabopaTOpHOM
paboTe 1S 3anTUTHI.

BapuaHThl HHAUBUAYAJIBLHBIX 321aHUI

B cooTBeTcTBHY C MOTYyUYEHHBIM 33JaHUEM CPOPMUPOBATH PELICHUE U JaTh €r0 OIMCaHHE
CO CKPHMHILIOTaMH BBITTOJIHEHHBIX JIEUCTBUM.

3aganue 1

Pa3paborate mporpammy pacuera (hyHKIIUU C HCIIONH30BAHHEM PEKYPCHUBHBIX IMPAaBUII,
OTBEYAIONIYIO CIeAYIomUM TpeboBanusM (Tadm.4.1).

1.1. IIporpamma nomKHa 3anpalivBaTh y MOJIb30BATENS:

- N — KOJIM4eCTBO YIEHOB pAJa;

- X — 3HaUeHHe IepeMeHHoi (eciu B popmyre ecth X).

1.2 Pe3ynbTatTel paboThl, BbI1aBa€MbIe HAa SKpaH:

- IpUOIMKEHHOE 3HAYCHNE (DYHKIIUY;

- TOYHOE 3HAYCHHUE (PYHKIIUHU.

Tabnuua 4.1 — [Iporpamma pacuera GyHKIMU

Ne | Beipaxkenue

s Hn o  wmgesa  omms g _ayn—-1.n-1
1 | =™ S o Al cdh RLUE f G 5 e -

e e W ooovey o ey w2 A3 4 e (131 n—1
2 | = g 1—2x+3x° —4x* + -+ (D" "(n+ 1x
3 | y= 1+1x2 = 1—x?+x*—x®+ 0+ (1M Ix2n2

‘ly= 1+Jz+m+J@pau+¢ﬁ

s |y=m=vR2(1-S+m—om+m+ (DO ———)

532  7.3% (2n—-1)3"—1
6 y=4—1——+———+m+(]y*z:1
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3aganue 2

Pazpabortare mporpamMmy pacuera (yHKIMH C HMCIIOJB30BaHMEM DPEKYPCHUBHBIX IMpaBHII,
OTBEYAIONIYIO CIEAYIOMUM TpeboBaHusIM (Tabdi.4.2).

2.1. Tlporpamma foyKHa 3alpalinBaTh y IOJIb30BaTEINS:

- N — KOJIM4YECTBO WICHOB PAIA;

- X — 3HaUeHHE IEpeMeHHOM (ecnu B popmyre ecth X).

2.2 Pe3ynbrathl paboThI, BEIJaBAEMbIE HAa DKPaH:

- MpUONMKEHHOE 3HaYeHHEe (PYHKIINY;

- TOYHOE 3HauYeHue QyHKIUH.

Tabnuua 4.2 — [Iporpamma pacyera clI0KHOW (QyHKIIUN
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Ne | BeipaxkeHnue

3 1 1
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TEE
3 |y=o =14+ttt
H'B
4 }’—9450 1-|- -|- +—8+'“+j
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Conep:xkanue oTyera

[lo BeImoNHEHHOW paboTe cocTtaBisieTcss oT4eT. OTYET BBHIMOIHSIETCS B 3JIEKTPOHHOM
Buje. [1o BeIMONHEHHOMY OTUYETY MPOBOAMTCS 3allUTa 1JaOopaTOPHOU PadOTHI.

Otuer mo nabopaTopHOW pPabOTE HOKEH COCTOSTh W3 CIEAYIOUIMX CTPYKTYpPHBIX
3JIEMEHTOB:

TUTYJIbHBIN JIUCT;

BBOJIHASI YaCTh;

OCHOBHas 4acTh (omucanue padboTsl);

3aKIr0YeHUE (BBIBOJIBI).

BBoaHas yacTe oTueTa 10JIKHA BKIHOYATh TyHKTHI:

yCIIOBHUE 3a/auu;

MOPSZIOK BBIITOJIHEHUS.

IIPOrpaMMHO-aINapaTHbIE CPEACTBA, UCIOIB3YEMBbIE MTPH BBHITOJTHEHUN PAOOTHI.

3ammrTa oTyera mo JabopaTopHOil paboTe 3aKioYaeTcsl B IPEAbBICHUN PENOoIaBaTeII0
MOJyYEHHBIX PE3yJbTaTOB B BHJE (haiiia U JEMOHCTPALMH MOJYYSHHBIX HABBIKOB IMPU OTBETAX
Ha BOIIPOCHI NMPEIN01aBaTesl.

KoHTpoJibHbIE BOPOCHI

1. Ilepeuucnure TOCTOMHCTBA U HEJOCTATKH JIOTHUECKOTO MPOTPAMMHUPOBAHUS.
2. [lepeuncanre onepaTopsl JOTHYECKOTO MTPOrPaMMUPOBAHHUS.

3. s 4ero npuMeHseTcsl TpacCUpOBKa?

4. B Kakux clly4asix MPUMEHSIOTCS SKCIIEPTHBIE CUCTEMBbI?

5. UeM oTnu4aeTcs JIOTHUECKOE MPOTpaMMHUPOBAaHUE OT (QyHKIIMOHATIHLHOTO?

6. JlaiiTe onpenesieHUE MOHATHUS IIPEIUKAT»

7. JaiiTe onpeneneHue perpeccuun?

8. B kakux ciyuasix sBIseTCs 1eaecoo0pa3HbIM ucnoibzoBanue [Ipomora?

9. [lepeuncnure OCHOBHbIE KOMIIOHEHThI MHTEJUICKTYAJIbHBIX CUCTEM.

10. B yem omitune 0a3bl JaHHBIX OT 0a3bl 3HAHUI?
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6. YYAEBHO-METOJUYECKOE U HTHOOPMALIMOHHOE OBECHIEYEHUE
JUCLUIINHBI

6.1. IlepeyeHb OCHOBHOI 1 I0TIOJHUTEJIbHOI JTUTEPATYPBI, HEOOXOAUMOI IS
0CBOCHMUSA NUCHUIIJIMHBI

6.1.1. IlepeyeHb OCHOBHOM JIMTEPATYPHI

1. lykanoBa H.M, JIlmutpueBa T.A. Jloruueckoe nporpamMmmupoBaHue Ha si3bike Visual
Prolog. Cepusi: CnenmanbHOCTb. J{s1 BbICIIMX y4ueOHBIX 3aBeaeHuil — M.: T'opsiuas nuHUS-
Tenexom, 2021.

2. Makkonnemn, C. Cosepuiennslii koa. Macrep-knace. / CtuB MakkoHHe1. - M.:
Pycckas Penakmus, 2020.

6.1.2. IlepevyeHb JONMOTHUTEIBHOM JIUTEPATYPbI
1. Txxo3ed xapparano, 'apu Paitnu. DkcnepTHble cucteMsbl. [IpuHnunel pa3paboTku u
porpaMMHupoBaHue, 4-e¢ uznanue. — M.: Bunbsamc, 2021.

2. Yezapunu @., Tomncon C. [Iporpammuposanue B Erlang. M.: JIMK Ilpecc, 2020.

6.2. IlepeueHb y4eOHO-METOAUYECKOTO 00ecTieYeHHsI CAMOCTOSITE/ILHOI PadoThI
00y4JaIOIIMNXCS MO AUCIHUTLINHE

1. Meroauueckre yka3aHusi IO BBIIOJIHEHHUIO JTAOOPATOPHBIX pabOT MO AUCIUIUIMHE
«OCHOBBI TIOTUYECKOTO MPOTPAMMUPOBAHHUSI.

2. Meroanueckue peKOMEHAAIMH ISl CTYJIEHTOB IO OpraHU3aIlMU CAMOCTOSTEIbHOMN
paboTsl o quctumInHe «OCHOBBI JJOTHYECKOTO MTPOrPaMMHUPOBAHUSY.

6.3. Ilepeuensb pecypcoB HH(POPMALMOHHO-TEJIEeKOMMYHUKAIIUOHHOM ceTH
HNHTepHeT, HEOOXOAUMBIX /IJISI OCBOEHHSI AU CIUTITIHHBI

1. HatmonaneHbiit OTKpeITHIA YHEBEpcuTeT. MHTYHT. http:/www.intuit.ru.
2. ®enepanpHbIil opTan «Poccuiickoe odpazoBanwme. http://www.edu.ru.

3. Poccwuiickas rocynapctBenHast oubanorexa. http://www.rsl.ru.

4. Pecypc 1o MaTeMaTu4eckoMy MojenupoBaHuio. Exponenta.ru.
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MUHHUCTEPCTBO HAYKHU U BBICIIET'O OBPA3OBAHU S POCCUMCKOM
OEJIEPALIN
denepanbHOE rocyAapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
«CEBEPO-KABKA3CKUI ®EJIEPAJIBHBIN YHUBEPCUTET»
Hsaruropckunii HHCTUTYT (puianan) CKOY

MeToauyeckue yKkasaHus
10 BBINIOJTHEHHIO CAMOCTOSITEJILHBIX PA0OT MO AMCUMIIINHE
«OCHOBBI JIOTHYECKOT'O ITPOI'PAMMMUMPOBAHMU SA»
HarpasyieHUs: 1oAroToBKH 09.03.02 UHdopMannoHHbIe CHCTEMbI M TEXHOJIOTHH

Hampanennocts (npoduis): UH(popMannoHHbIe CHCTEMbI H TEXHOJIOTHH
00pa6oTKu LMPPOBOro KOHTEHTA

[Iaruropck, 2025r.
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BBEJIEHUE

Metonuueckiue peKOMEHJAlMU COAepXKaT IepedyeHb TeM ¢ BOMNpocaMH  JUis
CaMOCTOSITENIbHOW ~ MPOpadOTKH, TMepedyeHb JabopaTOpHbIX padOT ¢ BOOpocaMu IS
CaMOCTOSITENIbHOM MPOPabOTKH.

Meroauueckue yYKa3aHUs MIOCBSIIIIEHbI Kypcy «OCHOBBI JIOTUYECKOT0
porpaMMupoBaHusi». Ha MNpoTSDKEHMH MHOTUX ThICSYETIeTHH YeJIOBEYeCTBO 3aHMMAETCs
HaKoIJIeHHeM, 00paboTKol U nepenadeit 3HaHUN. J{71s 9THX 1ieneil HempepbIBHO H300peTaloTcs
HOBBIE CpEACTBA U COBEPIIEHCTBYIOTCSI CTapble: pedb, MHUCbMEHHOCTb, IO4Ta, Tenerpad,
TtenepoH W T. A. bonburyto ponb B TeXHOJOTHMM OOpaOOTKH 3HAHUM CHITpajio MOSIBICHHE
KOMITBIOTEPOB.

B okta6pe 1981 roma SnoHCKOe MHHHUCTEPCTBO MEXIYHApOJHOW TOProBIU U
MIPOMBIIIJIEHHOCTH OOBSBUIIO O CO3/IaHUU HCCIIEI0BATeNIbCKOM opraHu3auuu — MHcTutyTa no
pa3paboTke METOJIOB CO3/IaHMs KOMIbIoTepoB HOBoro nokosenus (Institute for New Generation
Computer Technology Research Center). Llenpto maHHOrO mpoekTa OBUIO CO3JaHUE CUCTEM
o0paboTku mHpoOpManuu, Oazupyrommxcs Ha 3HaHusAX. Ilpeamomaranoch, 4TO 3TH CHCTEMBI
OynyT obecrnieunBaTh MPOCTOTY YIPABJICHUS 32 CYET BOZMOKHOCTH OOLIEHUS C MOJIb30BATEIIMU
OpU TOMOIIM €CTECTBEHHOI'O S3blKa. OJTH CHUCTEMbl JOJDKHBI OBUIM camMooOyuaTbes,
UCIIOJIb30BaTh HAKAIJIMBA€Mble B NaMSATH 3HAHUS JUIsl PELICHHUS pPA3IMYHOrO pojaa 3ajad,
IIPEJOCTABIATh I0Jb30BATENIAM HKCIEPTHHIE KOHCYJIBTALMU, IMPUYEM OT IIOJIb30BATENs HE
TpeOOBaJIOCH OBITH cHeNMUAIMCTOM B HH(popMatuke. lIpenmonaranoch, 4TO YEIOBEK CMOMKET
ucnosib30BaTh OBM IATOro MOKOJNEHUS TakK K€ JIETKO, KaK JII0Oble OBITOBBIE 3JIEKTPOIIPUOOPHI
TUIIA TEJEBU30pa, MAarHUTOpoHa M MbUIiecoca. Bckope Beien 3a SIMOHCKUM CTapTOBalU
AMEPUKAHCKUHI U €BPOIICUCKUIN ITPOEKTHI.

[losiBeHHE TaKUX CUCTEM MOTJIO Obl U3MEHUTH TEXHOJIOTMH 33 CUET MCIOIb30BaHUs 0a3
3HAHUH U DKCHEPTHBIX cucTeM. OCHOBHAs CyTh KaUECTBEHHOIO MEPEX0/]a K MATOMY MTOKOJIEHUIO
OBM 3zakmrovanach B Tepexoie OT OOpaOOTKM JaHHBIX K 00paboTke 3HaHWN. STMOHIIBI
HAJEsJINCh, YTO MM YJAacTCs HE TMOACTPAauBaTb MBbIIUICHUE 4YEJIOBEKA II0J IPUHIMIIbI
(YyHKIIMOHUPOBAHUSI KOMIIBIOTEPOB, a MPHUOIU3UTh pabOTy KOMIBIOTEpPAa K TOMY, KaK MBICIUT
YeJ0BEeK, OTOUIS MPU 3TOM OT (POH HEMMaHOBCKOH apXUTEKTYypbl KommbioTepoB. B 1991 rony
IPEoJIarajoch CO3aTh MEPBbI MPOTOTUI KOMIIBIOTEPOB MATOIO MOKOJEHUS.

Tenepb yxe NOHATHO, YTO IOCTABJECHHBbIE LENM B MOJHOM Mepe Tak U He ObUIH
JOCTUTHYTBI, OJHAKO 3TOT IMPOEKT TMOCIYXHWI HMIIYJIbCOM K pPa3BUTHUIO HOBOTO BHUTKa
UCCIIEIOBaHUM B 00JIACTM MCKYCCTBEHHOIO MHTEJJIEKTa M BBI3BaJl B3pBIB MHTEpeca K
JIOTHYECKOMY TIPOTPaMMHUpPOBaHHIO. Tak Kak st 2 PEeKTHBHON peann3annu TpaauluoHHas (HOH
HeliMaHOBCKasi apXUTEKTypa He MOAXOMa, ObIIIM CO3JaHbl CIELUAIN3UPOBAHHbIE KOMIIBIOTEPHI
aorudeckoro nporpamMmmuposanus PSI u PIM.

B kauecTBe OCHOBHOH METOJIOJIOTHH Pa3pabOTKU MPOTPAMMHBIX CPEICTB JUIsl MPOEKTa
OBM msroro mokojeHHs ObUIO  WM30paHO  JIOTMYECKOE TPOTrPaMMHUpPOBAHHE, SIPKUM
npecTaBuTeNleM KOToporo siBisercss s3bik IIposor. Jlymaercs, 4ro M B HacTrosiiee BpeMms
[Ipomnor ocraercst Hanboee MOIMYJSPHBIM SI3BIKOM HCKYCCTBEHHOTO HHTEIUICKTa B SINOHUM H
Espone (B CIIA, TpaguuuoHHo, Ooiee pacHpoOCTpaHEH JpYyrod s3blIK HCKYCCTBEHHOI'O
MHTEJUIEKTa —sI3BbIK (DYHKIIMOHAILHOTO IporpaMMupoBanust Jlucr).

HasBanue s3pika "Ilponor" mpoucxomut ot cinoB JIOI'mueckoe ITPOrpammupoBanue
(PROgrammation en LOGique Bo ¢paniry3ckom Bapuante 1 PROgramming in LOGic — B
AHTJIMIACKOM).

[Iponor ocHOBBIBaeTCS Ha TAKOM pa3jeiie MaTeMaTHYECKOW JIOTMKH, KaK HCUHCIEHHE
npeaukaroB. TouyHee, ero 0a3uc COCTaBiISET MPOLEAYypa A0KA3aTebCTBA TEOPEM METOJOM
PE30IIOIMH ISl XOPHOBCKUX JTU3BIOHKTOB.
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1. HEJIb 1 3AJTAYU U3YYEHUA JUCHUTIJIMHBI

Llenpto OCBOEHHS IMCIIHATLIMHEI
KOMIETeHIuN Oyaymero OakanaBpa mo HampaeieHuio 09.03.02 WHpopMalMoHHBIE CUCTEMBI U

TCXHOJOTHUH.

saBisgeTcs  (HOpPMHUpPOBAHHUE

Habopa mpodecCHOHATBHBIX

3amaun OCBOCHUS AUCIHUILINHEL: N3YYCHHEC JIOTUYECKOI'O IMpOorpaMMHUpOBaHns, OCBOCHUE METOL0B
JIOTUYECKOT'0 IporpaMMHpPOBaHMA.

2. TEMbI CAMOCTOSTEJbHOM PABOTbHI

No trembl | HamMeHOBaHME TeM TUCIUILIMHBI, UX KPATKOE COJIEpKaHUe O6beM
yacoB*

4 cemecTp
Pa3nen 1. Konuenuuu noruueckoro nporpaMMupoBaHus

1 Tema 1. McTopus pa3BUTHS JIOTHYECKOTO MPOrpaMMHUPOBAHHUS 17

2 Tema 2. OCHOBBI MATEMATHYCCKON JIOTHKH 17
Paznen 2. OcHOBBI pabOTHI C HHCTPYMEHTAJIbHBIMHU CPEJICTBAMH
JIOTUYECKOT0 MPOTPaMMUPOBAHUS

5 Tema 5. Beenenue B nporpammupoBanue Ha sisbike PROLOG 42
HToro 3a 4 cemecTp 76

3. TEXHOJIOTUYECKAS KAPTA CAMOCTOSTEJbHOM PABOTHI

OBYYAIOULIETIOCA
Konrr CpencrtBa u | O0bEM 4acoB, B TOM YHCJIIE
peanusyeMsl TEXHOJIOTMH CPC KonraktHa | Beero
X B OIIEHKHU s pabora ¢
15,01 IEeITEILHOCTH
KOMIIETEHIU npenojana
. CTYJ/ICHTOB
", TeneM
uHauKaTopa(
OB)
4 cemectTp
g[)K'5(Hﬂ'1=HIl' IToaroToBka K JEKIUAM CobGecenoBanue | 41,58 4,62 46,2
K-6(WI-1,1]1-
2)
glKﬁ(Vlﬂ-l,Mﬂ' CaMOCTOSITENIbHOE Cobecenosanue | 17,82 1,98 19,8
H)K_6(HH_1,HH_ U3y4eHUE JUTEePaTyphl IO
2) TemaM 1, 2,5
2HK'5(HJ1'LHI[' IToaroroska K | Otuer 9 1 10
H)K_6(H LWL 1ab0paToOpHBIM paboTaM | MTUCbMEHHBIN
2)
Htoro 3a 4 cemecTp 68.4 7,6 76
Hroro 68,4 7,6 76

4. PEKOMEHJAIMH IS CAMOIIOATI'OTOBKHA

4.1 IloaroroBka k JexkuusiM. CaMocTosiTeIbHOE H3YYeHHE JTUTEPATyPhI

ba3oBblil ypoBeHb

Tema 1. UcTopusi pa3BUTHSA JIOTHYECKOI0 POrPAMMHPOBAHUSA

1. ®axTbl: onpeaeneHue, Ha3HaAYCHUE, TIPUMEPHI
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2. OCHOBHBIE 1 HEOCHOBHBIE (DAKTHI
3. Bompocsl: onpeneneHne, Ha3HAYEHHUE, TPUMEPBI
Tema 2. OcHOBBI MaTeMaTH4YeCKOI JTOTHKH
4. OCHOBHBIE U HEOCHOBHBIE BOIIPOCHI
5. IlpaBuna: onpeneneHue, Ha3HauYECHUE, IPUMEPDI
6. OmnpezaeneHue JOrMUYECKON MTPOTPAMMBI U JIOTUYECKOTO CIEACTBUS
Tema 3. UcunciieHne BbICKA3bIBAHUI U MPEINKATOB
7. Tepmsl, BUIBI TEPMOB
8. TloHATHUS KOPPEKTHOCTH U CIOKHOCTU JOTUYECKON POrPAMMBI
9. DK3uCTeHLMaJIbHbIE BOIPOCHI, IPAaBUIIO0 00001IeHNUS
Tema 5. BBegenne B nporpamvupoBanne Ha sisbike PROLOG
10. YHuBepcanabHble (PaKThl, IPABUIIO KOHKPETU3ALUH
11. KoHbIOHKTUBHBIE BOIIPOCHI
12. YHu}pukaTop AByX T€pMOB, YHUPUIIUPYEMbIE TEPMbI
Tema 6. CTpykTypa nporpammsl Ha si3bike PROLOG. Cunrakcuc sa3pika PROLOG
13. Hanbonpumuii o0mumii yHUpHUKaTOP.
14. Anroput™M yHU(DHKALIHH.
15. AGcTtpakTHbIi mHTEpHIpeTaTop. OnpeaeeHne BEIYUCICHUS 1ETN
Tema 7. Pemienue 3a1a4 Ha BbIYKCJICHUE L EJIH
16. [Ipenukats! B si3bike [Iposor
17. lpennoxenus B si3pike [Iponor: ¢akTel 1 mpaBuia
18.3anpocs! (uemm) B s3biKe [Iponor
IToBBIIEHHBIN YPOBEHD
Tema 1. UcTopusi pa3BuUTHSI JIOTHYECKOr0 IPOrpaMMHUPOBAHUS
1. AoctpaktHblii nHTEpIIpeTaTOp. [I[POM3BOAHBIC U TIOPOKICHHBIC LICIIH.
2. Anroput™ paboThl a0CTPAKTHOTO HHTEPIIPETaTOpa
3. JlekmapaTHBHBIM CMBICI MPOJIOT-IIPOrPAMM
4. TlpouenypHasi CeMaHTHKa IIPOJIOT-IIPOrpPaMm
Tema 2. OCHOBBI MATEMATUYECKOIi JJOTUKHU
5. [IlpencraBieHue CIUCKOB, TOJIOBA M XBOCT CITHCKa
6. OCHOBHBIE IIPEIUKATHI ISl PAOOTHI CO CITUCKAMU
7. Tlpemuxar findall
8. 3amgaya 0 HeETePMUHUPOBAHHOM KOHCUYHOM aBTOMATE
Tema 3. Ucuncienne BICKA3bIBAHMI 1 IPEANKATOB
9. Orpannuenue niepebopa, OTCEUCHHE
10. Lemnwu fail u true
11. Orpunanue B ITposore
12. O6paboTKa CTPOK, OCHOBHBIE MPEAUKATHI
Tema 5. BBegenne B nporpammupoBanue Ha si3bike PROLOG
13. Crpykrypa nporpammsl B Visual Prolog
14. O6bsBICHNE TTOTB30BATEIBCKUX JOMEHOB, aJbTEPHATHBHbIE JOMEHBI
15. Omucanune npeaukaros B Visual Prolog
Tema 6. CTpykTypa nporpammbl Ha s3bike PROLOG. Cuntakcuc sa3pika PROLOG
1. Vmpasnenue nerepmunmnsmom B Visual Prolog
2. Ommcanve IMHAMHYECKHX 6a3 paKToOB
3. Tlpeaukarsl s paboOThI ¢ AMHAMHYICCKHME Oa3aMu (HakTOB
4. VmupasreHue IeTEpPMUHU3MOM B 0a3ax (pakToB
Tema 7. Pemienne 3a1a4 Ha BbIYMCICHHE L EJIH
5. 3azmaua 0 BOCbMHU (ep3six B TPEX BapHaHTAX
6. OCHOBHBIE PEAUKATHI ISl 00PabOTKU CTPOK
7. OO6Ii¢e MoaX0/bl K PELICHUIO FOJIOBOJIOMOK
8. 3amaua 0 XaHOWCKOIi OarHe
Tema 8. Ilouck pemieHus B 3aJa4aX JIOTHYECKOr0 NPOrpaMMHUPOBAHUS
9. 3anaga o0 KpecThIHUHE, BOJKE, KO3€ U KAITyCTe
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10. Omnpenenenne TpoCTpaHCTBA COCTOSIHHIA

1'1. TIpumeps! onpeaeneHust OTHOIICHHS TTOCTIC JJIsl Pa3HBIX 3a/1a4
12. Touck B riayOHHY B MPOCTPAHCTBE COCTOSHUI

13. Tlowuck B riay6uHy ¢ OOHApYKEHUEM [IUKIIOB

14. Touck B riayOuHY ¢ OrpaHHYCHHEM TTyOUHBI

16. IpejcTaBienue MyTed-KaHAUIATOB B BUJIE CITHCKOB

4.2 lloaroroBka K J1200paTOPHBIM padoTam

Ba3oBblii ypoBeHb

ABTOMaTH3aIIUs JI0OKA3aTENbCTBA B JIOTUKE MPEINKATOB

Merton pe3ontonuil B ICUUCIECHUN BbICKA3bIBAHUN

CpaBHUTENIbHASL XapaKTEPUCTHKA COBPEMEHHBIX TEIEKOMMYHUKAIIHOHHBIX CUCTEM.
[IpaBuo yHU(UKAIMH B JOTHKE MPEINKATOB

Meron pe3osronuil B ICUUCIEHUU IIPEIUKATOB

[Ipouenypuocts IIposnora

Crpykrypa nporpamm [Iposora

OcHoOBBI cUHTaKcHca si3bika [Iposor

Hcnonp3oBanue IM3bIOHKIMN M OTPHLIAHHS

10. Yuuduxkamms B IIposore

11. M3y4nTh CHHTAKCUC M CEMAHTUKY OTEpaInii MATEMATHUECKON JTOTHKH

12. [lats onucanue 3a1a4 MaTeMaTHYECKOW JIOTHKH C UCIIOJIb30BaHUEM TEPMOB U (hopMyt
13. 3yunTts npaBuia HaNMCcaHus porpaMM Ha si3bike [Iposor

14. TIpoBecTH IPOCTHIE BRIYKCIEHMS Ha s3bIKe ITpoior

15. BeInomHUTh Onepalvi HaJl CIIUCKAMHK C UCIIONB30BaHUEM si3bika [Iposor

16. CocraBuTh aqrOpUTMBI IS 337124 JIOTHUECKOTO MPOrPaMMHUPOBAHHUS

17. BBINOMTHUTD TIOMCK AJIEMEHTA B CIIMCKE C UCOIb30BaHueM si3bika [Iposor

18. BoImoHUT 00BEIMHEHHE IBYX CITHCKOB MCIOJIB30BaHUEM si3bika [Ipostor

19. BoInonHUTh OMnpesiesieHHe pa3MEPHOCTH CITHCKa C MCIOIb30BaHHeM si3bika [Tposior
20. BBIMONHKUTH OMpe/IeTIeHIE MAKCUMAILHOTO 3JIEMEHTA B CITHCKE

21. 3amaya o KpecThsIHUHE, BOJIKE, KO3€ U KaIyCTe

22. OnpeeneHye MpOCTPaHCTBA COCTOSHUI

23. Tlpumepsl OnpeIe/ICHNs] OTHOIICHHS TIOCIIE ISl PA3HBIX 33124

24. Tlouck B ryOUHY B IPOCTPAHCTBE COCTOSIHHI

WX N kD=

IloBbIIEHHBIN YPOBEHD

OCHOBHBIE CTpaTeruy MOKCKa PeIIeHUH B MPOCTPAHCTBE COCTOSIHUN

Brruncnenue nenu B 3aadax JOrMUECKOr0 MPOrpaMMHUpPOBaHUS

VYnpapneHre MOUCKOM PEHIEHH B 33a49aX JIOTHYECKOTO MPOrPaMMUPOBaHUS

[IpumeHeHue cIMCKOB B 337a4ax JOTMYECKOTO IPOrpaMMHUPOBAHUS

Hcuncnenne BbICKa3blBaHUN U IPEAUKATOB

Onepanuy JIOTHYeCKOro NporpaMMHUPOBAHHS

[Touck B rrybuny

ITouck B mupuny

. Pemenne urpoBsIx 3a1a4

10. MUHUMAaKCHBIN PUHITATI TTIOMCKA PEIICHUI

11. Pa3paboTarh cTpaTeruio NoMcKa peleHnii B MPOCTPAHCTBE COCTOSIHUH.

12. BBINONHUTH TOUCK B TITyOUHY

13. BBINOJHUTH MOUCK B IIUPUHY

14. PazpaboTath perieHre UTPOBBIX 3214

15. IIpMeHUTHs MUHMMAKCHBII PUHIIMIT TOUCKA PELLIEHUH

16. Pa3paboraTh 3KCIIEPTHYIO CHCTEMY IS POBEPKU YPOBHS 3HAHUH

17. Pa3zpaboTaTh IKCIEPTHYIO CHCTEMY JIJIS OIICHKH PabOTOCIIOCOOHOCTH ammapaTHO-IIPOTPaMMHOM
HHPPACTPYKTYpHI

18. Pa3zpaboTaTh 3KCIEPTHYIO CUCTEMY AJISl OLICHKH KaueCTBa MPOrpaMMHUPOBAHUS

19. Pa3paboTaTh HHTEIICKTYAIBHBINA CEPBUC IJIS AMATHOCTHKH HEUCIIPABHOCTH aIlapaTHO-TIPOTPaMMHON

PN R WD =

Ne)
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UHQPPACTPYKTYPHI
20. PazpaboTaTh HHTEIIIEKTYaIbHBIN CEPBUC IS IMTOACKA3KU B OIPEIEIICHUH POQUIIS CAaHATOPHUS

5. TEOPETUYECKHU MATEPHAI
5.1 BBEAEHHUE B IIPOI'PAMMMUWPOBAHHUE HA A3BIKE PROLOG

HNMnepaTuBHbIe U IeKJIapPATHBHBIC A3BIKH NPOrPAMMUPOBAHUSA

TpaauumoHHO MO MPOrpaMMOil MOHMMAIOT MOCJIE0BATEIBHOCTD ONEPATOPOB (KOMaHJ,
BBIMOJHSEMBIX ~ KOMIIBIOTEPOM). OTOT CTWIb HPOrPaMMHUPOBAHUSA IPUHATO  HA3bIBATh
uUMIepaTuBHbIM. [IporpaMMupyss B UMIEpaTUBHOM CTHIIE, NPOIPAMMUCT JOJDKEH OOBSICHUTH
KOMITBIOTEPY, KaK HY’KHO PEIlaTh 3a/1a4y.

I[IpoTHBOMONOXKHBIA €My  CTWIb  INPOrPaMMUPOBAaHUSA —  TaK  HAa3bIBAEMbII
JEKJIapaTUBHBIM CTWJIb, B KOTOPOM IIporpamMma MpeAcTaBiseT CcoOOH COBOKYIHOCTb
YTBEP)KJICHHUH, OMUCHIBAIOLINX (PAarMEeHT MPEAMETHON 00JIACTH WM CIOXKMBIIYIOCS CUTYALHIO.
[IporpamMmmMmupys B A€KIapATUBHOM CTHJIE, IPOTPAMMMUCT JOJKEH OMHUCATh, YTO HYXKHO pelIaTh.

COOTBETCTBEHHO M  S3BIKM NPOTPAaMMHUpPOBAaHUS J€NAT Ha HUMIEPAaTUBHBIE U
JI€KJIApaTUBHBIE.

VmnepaTuBHbIE S3bIKM OCHOBaHbI Ha ()OH HEMMaHOBCKOM MOJENIM BBIYMCICHUN
KoMIIbtoTEpa. Pemas 3amady, WMIEPATHBHBIM IIPOrPaMMHUCT BHA4aJle CO3AACT MOJEIb B
HEKOTOpOoi (hopManbHOM cucTeMe, a 3aTeM NEPEeNUCHIBACT pelIeHHE HAa MMIIEPATUBHBIA S3bIK
IIPOrpaMMHUPOBAHUS B TEPMHHAX KOMIIBIOTEpa. Ho, BO-IEpBBIX, M 4YEIOBEKA pacCykaaTh B
TEPMHMHAX KOMIIBIOTEPA JIOBOJBHO HEECTECTBEHHO. BO-BTOpBIX, NOCIEAHMM dTanm 3TOU
JESATENIbHOCTH (TIepENUChIBAHNE PEIICHUS HA SI3bIK MPOrPAMMUPOBAHMSI) O CYTH Jejia HE UMEET
OTHOILIEHHS K PELICHUIO UCXOAHOM 3aaaun. O4eHp 4acTO MMIEPATUBHBIE MPOTPAMMUCTHI J1aXKe
pasfensioT paboTy B COOTBETCTBHMM C JIByMSl ONMCAaHHBIMHM Bbille 3TanamMu. OaHM JHOIM,
IIOCTAHOBIIMKY 3a7a4, IPUIYMbBIBAIOT PEIICHUE 3aJaud, a APyTrHue, KOAUPOBILUUKH, NEPEBOISAT
3TO pELIEHUE Ha SA3bIK IPOIPAMMHPOBAHHSI.

B ocHoBe nekmapaTHBHBIX S3BIKOB JICKHUT (popMaiv30BaHHas dYeJoBeyecKas JIOTHKA.
UYenoBek IuIIb ONMMCHIBACT PEIIAEMYIO 3aJady, a IOMCKOM PELICHUs 3aHUMAETCs] UMIIEpAaTUBHAS
cucTeMa nporpaMMHUpoBaHus. B nTore noiaydaeM 3HaYUTEIBHO OOJIBIIYIO CKOPOCTh pa3pabOTKU
IIPWIOKEHUHM, 3HAYUTEIBHO MEHBIIWKM pa3sMep UCXOJHOTO KOJa, JIErKOCTh 3allMCH 3HAHUM Ha
JICKJIapaTUBHBIX s3bIKAaX, 0Oojiee IOHATHBIE, O CPAaBHEHUIO C HUMIIEPATUBHBIMU S3bIKAMH,
IIPOrpaMMBI.

N3BecTtHa KiaccupuKanus S3bIKOB NPOrPaMMHUpPOBaHMs MO HX Oiauzoctu JubO K
MalIMHHOMY SI3bIKy, JUOO K €CTECTBEHHOMY 4YEJIOBEYECKOMY A3bIKy. Te, uro Ommxe K
KOMIIBIOTEPY, OTHOCAT K SI3bIKAM HU3KOI'O YpPOBHS, a T€, YTO OJMXKE K YeJOBEKY, Ha3bIBaIOT
SI3bIKAMH BBICOKOT'O YPOBHs. B 3TOM CMBIC/IE ACKIApPATUBHBIE S3bIKM MOKHO HA3BaTh S3BIKAMM
CBEPXBBICOKOI'O MJIM HAaMBBICILIEIO YPOBHs, IMOCKOJBKY OHHM OYEHb OJIM3KM K UYEIOBEYECKOMY
SI3BIKY M Y4EJIOBEYECKOMY MBIIICHUIO.

K mMmnepaTtuBHBIM fA3bIKaM OTHOCSTCSI TaKHMe€ S3bIKM IPOrpaMMHUpOBaHus, Kak [lackais,
beiicuk, Cu u T. 1. B otimuune ot Hux, [Iposor sSBisieTcs 1eKIapaTUBHBIM SI3bIKOM.

IIporpammupoBanue Ha si3bike [Iposor

I[Ipu mnporpammupoBanuun Ha [Iporore ycwius NOpPOrpaMMHCTa JOJKHBI  OBITH
HaIpaBJIeHbl Ha ONMHUCAHWE JIOTHYECKOW Mojenu (parMeHTa MpeaMETHOH 00JIacTH perraeMoin
3a/la4il B TEPMHUHAX OOBEKTOB MPEAMETHOMN 007aCTH, UX CBOMCTB U OTHOIICHHUI MEXKIY COOOH, a
He JeTane mporpaMMmHoi peanusanuu. Paktudecku [Iposor mpencraBiser co00i HE CTOIBKO
SI3BIK JIJTIS IPOTPAaMMHUPOBAHUS, CKOJIBKO SI3BIK JIJISl ONMUCAHUS JAHHBIX M JIOTUKUA WX O0O0pabOTKH.
[Iporpamma Ha [Iposiore He sIBIsSIETCS TaKOBOW B KJIACCUMYECKOM IMOHMMAaHWHU, MOCKOJBKY HE
COAEPKUT ABHBIX YIPABIAIONIMX KOHCTPYKLHUI TUIIA YCIOBHBIX ONEPATOPOB, OMEPATOPOB LIUKIIA
u 1. 1. OHa mpencrasisieT coOoi Monenb ¢parMeHTa MPeAMETHOW 00JIaCTH, O KOTOPOM HJET
peub B 3anaye. U pelneHue 3agauu 3anuChbIBAETCS HE B TEPMUHAX KOMIIBIOTEpPA, 4 B TEPMHUHAX
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npeaMeTHON 00JacTu penraeMoil 3a1a4un, B [yxe MOAHOTO ceiyac 0ObeKTHO-OPUEHTUPOBAHHOTO
MIPOrpaMMHUPOBAHHSL.

IIponor o4eHp XOPOLIO MOAXOAMUT JUIsl ONMCAHUS B3aUMOOTHOILICHUH MEXAy OOBEKTaMH.
[TosTomy IIponor Ha3bIBalOT pENSIMUOHHBIM s3bIKOM. IIpuuem "pemsumonHocTs" Ilposora
3HAYUTENbHO Oo0Jiee MOIIHAS M Pa3BUTAsA, YeM "PENSIHOHHOCTh" S3BIKOB, HUCIOJIb3YEMBIX IS
oOpaboTtku 0a3 nanHbix. Yacto [Iposor ucmomnb3yercs Uis CO3AaHUS CUCTEM YIPaBIIECHUS
0a3aMM JaHHBIX, TJ€ MPUMEHSIOTCS OYEHb CIIOXKHBIE 3alpOChl, KOTOPbHIE TOBOJIHO JIETKO
3anucarthb Ha [Iposore.

B Ilponore o4eHb KOMIAKTHO, IIO CPAaBHEHMIO C HWMIEPATUBHBIMHU SI3BIKAMH,
OIMCHIBAIOTCS MHOTHME alropuTMbl. [lo cTaTHcTHKe, CTpOKa MCXOJHOTO TEKCTa MPOrpaMMbl Ha
s3plke [Iposnor cooTBeTCTByeT 4eThIpHAAATH CTPOKaM HMCXOAHOIO TEKCTa IPOrpaMMbl Ha
MMIIEPaTUBHOM $3bIKE, pellarolieM Ty ke 3anady. [Iposor-mporpammy, kak npaBuio, OYEHb
JIETKO MucaTh, MOHUMATh M OTJaXKWBaTh. JTO MPUBOAUT K TOMY, YTO BpeMsi pa3pabOTKH
NpPWIOKEHHUs Ha s3plke [lponor Bo MHOrMX ciayyasx Ha MOpsJAOK ObIcTpee, 4YeM Ha
UMIIepaTuBHbIX s3blkax. B I[Iponore snerko omuceiBate U 00paOaThIBaTh CIOXKHBIE CTPYKTYPHI
naHHbIX. [IpoBepuM 3TH yTBEpKAeHMSI Ha COOCTBEHHOM OIBITE IPU M3YYEHUH JaHHOTO Kypca.

[Iponory mpucyml psii MEXaHM3MOB, KOTOPBIMH HE 00JIaAal0T TPaJULMOHHBIE S3BIKU
IPOrpaMMUPOBAHHUSA: COIMOCTABJIEHUE ¢ 00pa3IoM, BBIBOJ C MOMCKOM M Bo3BpaToM. Eine oaHo
CYLIECTBEHHOE OTJIMYME 3aKJIIOYaeTcs B TOM, YTO JUIsl XpaHeHus JaHHbIX B [Iposore
UCIIOJIB3YIOTCSl CIMCKH, @ HE MAacCUBbl. B si3bIke OTCYTCTBYIOT OlepaTopbl IPUCBAUBAHUS U
0€3yCIIOBHOIO Iepexo/a, yKas3aTenu. ECTECTBEHHBIM M 3a4acTylO0 €AMHCTBEHHBIM METOJIOM
IPOrpaMMUPOBAHUS SIBIISIETCS PEKYPCHSL.

Jns pemieHust 1r000# 3a71a4M €CTh ONTHMAJIbHBIN SA3bIK (S3bIKM) MPOrPaMMHUPOBAHMUS.
MHorue 3agauu, XOpOIIO pellaeMble UMIEepaTUBHBIMU si3blkamu Tumna [lackans u Cu, mioxo
pewatotcs Ha [Iposore, u Ha060poT. OcHOBHBIE 0OsacTH puMeHeHus [Iposnora:

ObIcTpast pa3paboTKa IPOTOTUIIOB MPUKIIAIHBIX IPOTPAMM;

aBTOMAaTUYECKUI NIEPEBOJ C OTHOTO SI3bIKA Ha IPYIOW;

CO3/1aHHE€ €CTECTBEHHO-S3bIKOBBIX MHTEP(ENCOB JIJIsl CYIIECTBYIOIUX CUCTEM;

CHUMBOJIbHBIE BBIYUCIEHHMS JJIs pelleHus ypaBHeHUH, JudQepeHuupoBaHUs U
UHTETPUPOBAHUS;

IPOEKTHUPOBAHNE TUHAMMUYECKUX PEISILIMOHHBIX 0a3 TaHHbIX;

AKCIEPTHBIE CUCTEMBI U 000JIOUKH SKCIIEPTHBIX CUCTEM;

aBTOMAaTU3MPOBAHHOE YNPABIEHUE IPOU3BOICTBEHHBIMH ITPOLIECCAMU;

aBTOMAaTHUYECKOE JOKa3aTeIbCTBO TEOPEM;

II0JlyaBTOMaTH4YECKOE COCTABIICHUE PACIIMCaHU;

CUCTEMBl aBTOMAaTHU3MPOBAHHOIO IPOEKTUPOBaHHUA, Oasupylolieecs Ha 3HAHUIX
IpOorpaMMHOE 00eCTIeUeHHE;

OpraHM3aiusl cepBepa JaHHBIX WM, TOYHEE, CepBepa 3HAHUNW, K KOTOPOMY MOXKET
o0pamiarbest KIMEHTCKOE NPUI0KEHNE, HATUCAHHOE Ha KaKOM-JIMOO0 S3bIKE MPOrpaMMHUPOBAHHUS.

3nakomcTBO ¢ uHTepnperaropom SWI-PROLOG

B mnanke c¢ ycranonenHsiM SWI-PROLOG Boiiaute B aupektopuio pl/bin, co-
nepkarryto daitn plwin.exe, u 3amyctute ero. Ha skpaHe mosBHTCS TIaBHOE MEHIO M TJIaBHOE
(muanorosoe) okHo ¢ npurnamenueM SWI-PROLOG (cm puc.1.1).

I'naBHOE MEHIO MOXKHO cjeliaTh akTUBHBIM, HaxkaB F10 mim Alt. Korga rimaBHOe MEHIO
aKTUBHO, €r0 AJIEMEHThl MOXHO BbIOpaTh C MOMOUIbIO KJIABUII YHPaBIEHUS KypCOpOM U
MOCTICAYIONUM HaXKaTUeM KiaBumu Enter. BeiOuparh 37eMEHTHI TITaBHOTO MEHIO MOYKHO
TaK)Ke ¥ MBIIIBIO.

IIporpamma na IlpoJsiore
[Iporpamma Ha Ilponore cocTouT U3 GakToB U MpaBUI, KOTOPbIE 00pa3yloT 0azy 3HAHMIA
[Iponor-nporpamMmel, U 3ampoca K 3Tol 0a3e, KOTOPBI 33a/1aeT e TOUCKA PEIICHUH.
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IMpeaukarsl
OnuceiBalOT OTHOLIEHHE MEXAy OObEeKTaMH, KOTOpble SBISIOTCA apryMEHTaMu
MpeIrKaTa.

- SWI-Prolog (Multi-threaded, version 5.6.25) E|@@

File Edit Settings Run Debug Help

Velcome to SWI-Proloy (Multi-threaded, Version 5.6.285) ~
Copyright (=) 1990-2006 University of Amsterdam.

#WI-Prolog comes= with ABSOLUTELY NGO WARRANTY. Thi= i= free =oftware, =
and you are welcoms to redistribute it under certain conditions.

Plea=e wvisitc hoop://vww.swvi-prolog.ory for decails.

Foxr help, use ?- help(Topic). or 2?- apropos (Vord) .

L 2=

Pucynok 1.1 Bupn nuanorosoro okHa SWI-PROLOG

dakTbI
KoHcratupytoT Hamuuue 3aaHHOrO NPEIUKATOM OTHOLIEHUS MEXIY YKa3aHHBIMHU
00BEKTaAMHU.

IIPUMEP
Koncraranus gakra B nmpeyioxeHun
DnneH M00UT TEHHUC.

B CMHTaKCHCC Hponora BBITTIAAUT TaK:

|nmﬁnr( JaeH, TeHHHC).

HMS OTHOIICHHSA HMEHa 00LEKTOR
(HMs IIpeIMKaTa) (3HAYCHHA apryMEHTOB)

Pucynoxk 1.2 — Cunrakcuc IIposor

Nmsa npenukara (pyHKTOpa) M OOBEKTa JOJKHO HAUYMHATHCA C MaJIeHbKON OYyKBBI U
MOJKET COJIepXKaTh JIATUHCKHE OYKBbI, KUPWUIMIY, HU(PBl M CUMBOJI NOg4YepKuUBaHHUS ().
Kupnmnna ucrons3yercst HapaBHe ¢ JJATHHCKUMHU OykBamu. OOBIYHO TIpEMKATaM JIal0T TaKHe
UMeHa, 4TOObl OHM OTpakalu CMbICA OTHolleHus. Hampumep: main, add file name. /[Ba
MpearuKaTa MOTYT HMMETh OJMHAKOBBIE WMEHA, TOTJa CHUCTEMa pACIO3HAeT WX KakK pa3HbIe
MPEeIUKAThl, €CIM OHM MMEIOT PazIMYHOE YMCIIO apryMeHTOB (apHocTh). Hampumep, mrobut/2,
aro6uT/3.

Wms npearkara MOXKET COBNAAATh C MMEHEM KaKoro-Iu0o BCTpOoeHHOro npeaukata SWI-
PROLOG. Opnnako, eciu coBHajld MMEHA MOJb30BaTEIbCKOTO M BCTPOCHHOTO MpEIuKara, TO
npu oOpameHuH K HeMy (1100 M3 MHTepIperaTopa, Ju00 M3 MporpaMmsl), OyneT BBI3BaH
MOJB30BATEIICKUN  IIPEIAWKAT, T.6.  IOJH30BATEIBCKOE  OIPEICICHUE  «IIEPEKPOeT»
npenonpenenessoe B SWI-PROLOG.

IIpaBuna
[IpaBuia ONKMCHIBAIOT CBA3U MEXKAY IIPEAUKATAMU.

bunn mobut Bce, uto moout Tom.

B CMHTaKCHCC Hponora:
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moout('bunn’, Heuto):- mo6ut('Tom',Heuto).

[IpaBuino B:-A coorBetrctByetr ummuinkanuu A—B («ECJIM A , TO By).

B o0rmiem Buie mpaBuiio - 3TO KOHCTPYKIUS BHJIA!

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

kortopas ynraercs «P0O uctunno, ecnu P1 u P2 u ... Pn uctunHb).

[Ipenukat PO Ha3piBaeTcs 3arojioBKOM mpasuia, Beipaxkenue P1,P2,....Pn - Tenom
npaBuia, a npeaukaTsl Pi - moanensmu npasuia. 3amnsras o3Hadaet jorndyeckoe "M".

@®akThl ¥ NpaBUa HA3BIBAIOTCS TAKXKE YTBEPKACHUAMU WIM Kio3aMu. DakT MOXHO
paccMaTpuBaTh Kak IpaBUiio, UMEIOIIEE 3ar0JI0BOK U IyCTOE TEIIO.

IIpouenypa

IIpouenypa 3TO COBOKYIHOCTb YTBEP)KIEHUH, 3ar0JIOBKH KOTOPBIX UMEIOT OJUHAKOBBIN
(hyHKTOp M OZHY U Ty ke apHOCTh. [Iponienypa 3aaeT onpeneiaeHue npeaukara.

Konen mpeanoxeHus Bceraa OTMEUYaeTcss TOYKOM, MOITOMY Bce (DakThl, MpaBWia U
3ampochl JTOJDKHBI 3aKaHUMBATHCA TOYKOM. 3aMETUM TakXke, YTO MEXIy MMEHEM IpeauKaTra u
CKOOKOIi HE JOJKHO OBITh MPOOEIIOB.

Ilepemennas
[lepemennas - mouMeHOBaHHas 00JIACTh AMSTH, T/I€ MOKET XPAaHUTHCS 3HAUCHUE.
Ecnm nepemennas He cBsi3aHa CO 3HAUEHHEM — OHA HA3bIBAETCSA CBOOOHON MEPEMEHHOIA.

Yuupukanus

VYHudukauusa - nporecc NojyuyeHuss cBOOOJHOM NEpeMEHHOM 3HayeHHs] B pe3yibTare
cornocTasiieHus Ipu JorudeckoM BoiBozie B SWI-PROLOG.

[lonsiTe nepeMeHHOM B JIOTMYECKOM MPOTpaMMHUPOBAHUHU OTJIMYAETCS OT 0a30BOr0
IIOHATHS NIEPEMEHHOM, KOTOPOE BBOAUTCS B CTPYKTYpPHOM InporpammupoBanuu. [Ipexne Bcero,
9TO OTIWYHE 3aKirodaeTcs B ToM, uTo nepemerHas B SWI-PROLOG, ogHaxnbl moJryduB cBOE
3Ha4YeHHe NP YHU(UKAIMK B MpoLiecce pabOoThl MPOrpaMMbl, HE MOYKET €ro U3MEHUTh, T.€. OHa
CKOpee SIBJISIeTCS AaHAJOrOM MAaTEMaTH4YEeCKOro IOHSATHS «IEPEeMEHHas» — HEU3BeCTHas
BennunHa. Ilepemennas B SWI-PROLOG He nmeeT npeonpeaeeHHoro TUIa JaHHBIX U MOKET
OBITH CBSI3aHA CO 3HAUEHUEM JIF0OOT0 THUIA JaHHbIX.

ITepemennas B8 SWI/PROLOG o603Ha4aeTcsi Kak IOCJIEJ0OBATENIbHOCTh JATUHCKUX OYKB,
KUPWLIUIBI U [U(P, HAUMHAIOIIASICS C 3arJIaBHOM OYKBBI WJIM CHUMBOJAa NMOJYEpKUBaHUS ().
3aMeTHM, YTO €CIM 3HAUEHUE apryMeHTa MpeauKaTa WIM €r0 MM HAauyMHAeTCs C 3arjlaBHOM
OYKBBI, TO OHO THUIIETCS B arocTpodax.

B SWI-PROLOG pa3nuyarorcsi CTpOYHBIE U 3arjIaBHbIE OYKBBI.

Paccmorpum  cnemyromyro  mporpammy Ha  SWI-PROLOG, xotopyro Oyaem
UCIIOJB30BaTh Ul WUIOCTPALMK IPOLIECCOB CO3LAHMS, BBIIOJIHEHUS M PEOAKTUPOBAHUS
[Iponor-nporpamm.

JIuctunr 1.1.
/* xT0 uTO NMEOOWT */
mo6uT('DieH’, TeHHUC). %DIeH TI00UT TEHHUC
moout(' Ixon', pyroomn). % Jxon mrodut GyTdoT
mobut('Tom', 6eiicOomn). % Tom mobur GeiicOon
moout('Dpuk', TuiaBanue). %o IPUK JTFOOUT TUTABAHKE
mo6ut('Mapk', TeHHuUC). Y%oMapk JTI0OUT TEHHUC
moout('bumt’, X):-mroout("Tom', X).

%buin nroout To, uto moouT Tom
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KoMMeHTapuii B cTpoke IporpaMmMbl HAUMHAETCS ¢ CUMBOJIA % U 3aKaHUMBAETCS KOHLIOM
CTPOKH. biok KOMMCHTAPHUEB BBIACIACTCA ClICIUAIIBHBIMU CKOOKaMu:
/* (nayano) u */ (koHer).

3ananme 1.1

Jlnist Toro 4ToObl HAOpaTh TEKCT MPOTPAMMBI, BOCIIOJIB3YHTECh BCTPOSHHBIM TEKCTOBBIM
penakTopoM. UToOBI co3iaTh HOBBIN (aiin BeiOepere komaHay File/New, B nuanoroBom okHe
YKa)XUTE UMs HOBOTO (aiina, Hanpumep, TecT. g perakTupoBaHus yKe CO3JaHHOTO (Qaiina ¢
HCIIOJIb30BAaHUEM BCTPOEHHOTO PEAaKTOpa MOXKHO BOCHOJIb30BaThcsl KoMaH1oil meHto File/Edit.
HabetliTe nporpammy 1 (TekcT mporpaMMsl Bhlie o TekcTy) u coxpanure ee (File/Save buffer).

T TecT.pl

File Edit Browse Compile Prolog Pce Help

MoBMT (T SnaneH’, TeHHMC) . $5MMeH JHOHMT TeHHMC

NBMT (T IxoHT, dyrhon) . F0xodH J0EMT dvTSon

BT ("ToMm', Belicbomn) . 3$ToMm mwbuT Gelcbomn

NOBMT (T SpuET, nnapaHMe) . $9pME NREMT ONABaHMe

NBMT ("Mapr', TeHHKMc) . FMapr JIHEMT TeHHHC

T8 ("Bunan’, ¥) i —nobur ("ToM',¥) . %Bunn mmEMT To, UTo JEHOMT TOM‘
- Line: &

Pucynok 1.2 Bremnuii Bua pegakropa

KpacHbIM 1IBETOM IMO/ICBEYHMBAIOTCS TMPEANKATHI B 3ar0JIOBKaX MPEIIOKEHUH, KOTOPBIE C
Toukn 3peHusa cuHTakcuca SWI-PROLOG «koppekTHbl. VYkaszatenbp “Kypcop” MOXHO
WCII0JIb30BAaTh sl BBIBEPKH (HaIpUMep, KOPPEKTHOCTH) PACCTAHOBKH CKOOOK. 3€JIEHBIM 1IBETOM
BBIJICJIAIOTCS. KOMMEHTApUHM, TEMHO-KpacHbBIM LBETOM - nepeMeHHble. lloguepkuBanuem
BBIJICJIIIOTCSL TIPEIUKATHl B Telle TMpPaBHia, KOTOPBIE COBMAJAIOT C IPEIUKATOM 3arojlOBKa,-
TaKUM 00pa3oM aKLIEHTHPYETCSl BHUMaHUE HAa BO3MOXHOM 3allMKJIMBAaHUH [TPOrpaMMBbI.

Yrto0bl 3amycTUTh IpOrpaMMy, CHauana Heooxoaumo ee 3arpy3utb B SWI-PROLOG s
BBIMOJHEHUsI. DTO fAenaercss BbiOopom omuuu Compile/Compile buffer u3 okxna pemakropa.
Pesynprar kommuisiiuu oToOpakaetcss B okHe uHtepmperatopa SWI-PROLOG. Tam xe
YKa3bIBAIOTCS OIIMOKM, BO3HUKIINE NPU KOMIMWJISALMM, Yallle BCETO OHM OTOOpakaroTcs U BO
BCIUTBIBAOIIEM OKHE OImIO0K. OOBIYHO Tepe]] KOMITHIISIUEH MpeiaracTcss COXpaHUTh (aii.

Jpyroii cnoco0 3arpy3uth yxe CyIIECTBYIOUIMH (ailsl — 3TO BBINOJHEHHE KOMAH[bI
Consult B nogmento File quanmoroBoro okaa SWI-PROLOG. Ha skpaHe MOsSBUTCSI TUAIOTOBOE
OKHO.

Load file into Prolog @@
Nanka: | 7 5'wl-prolog _‘J ﬁi( '
- | i:!rTECT
HegagHue
OOKYMEHTEL
‘7“_[:_}
Fatoumii cron
hou gokyraeHTEl
kot komMieoTER
"‘;2 Hria datina: I _ﬂ Otkpere I
. 3
CeTesoe Tun eainos: |F'r|:|||:|g Source LJ Otrena
DEPREChHS I Tonbko yreHue

Pucynok 1.3 [InamoroBoe OKHO
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VYkaxure ums ¢aiina, KOTOPbI BBl XOTHTE 3arpy3uTh, U BeiOepuTe OTKpBITh. ECiau BbI
MOTBITAETECHh 3arPY3UTh JJISl BHIMOJIHEHUS (Daiil, B KOTOPOM €CTh CUHTAKCHUYECKHE OIIHUOKHU, TO
OH HE 3arpy3uTcs, a Bbl MOJy4YHUTEe cOOOIIeHHe 00 OmMOKe B TJIaBHOM OKHE. YTJIOBBIE CKOOKU
<< >> 0OyayT BBIIENATH MeECTO, e Bcerperwnach omubka. [lo ymomuanuto aiiisl,
accoruupyemslie ¢ SWI-PROLOG umetot pacmmpenue .pl.

@ainbl TaKKe€ MOXKHO 3arpy3UTh, UCITONIb3YsI BCTPOCHHBIN ITPEIMKAT:

consult(Mwms daiina nuian nMeHa HECKOIbKUX (HaitioB).
JlucTunr 1.2

consult(Test). % test — ums Qaiina

consult([Testl,Test2]). % 3arpy3ka nByx (aitios.

consult(‘test.pl’).1

JIisi BBITIOTHEHMS 3arpy3Kd 3TOT MPEIUKAT HY)XHO HANUCaTh B TJIABHOM OKHE IOCIE
IpUrIalieHus: HHTepnperaropa (?-), KOTopoe 03HAYAET, YTO HHTEPIPETATOP KIET 3ampoc.

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

koTopas untaercs "Bepro mu P1 u P2 u ... Pn ?". [Ipenukatsl Pi Ha3pIBatoTCS MOAUENSIMH
3amnpoca.

3amnpoc sBiseTcs cnocoOOM 3alycka MeXaHM3Ma JIOTHYECKOro BBIBOJA, T.€¢ (PaKTUUECKU
3amyckaet [Iposior-nmporpammy.

JUis mpocMOTpa HpPEeUIOKEHUM 3arpykeHHOW 0a3bl 3HAHMH MOXHO HCIOJIb30BaTh
BCTPOEHHBIN npenukar listing.

ITpoBepbTe 3arpy3ky ucxonnoro ¢aia (Jlucrunr 1.1), 3agaiite 3anpoc:

?-listing.
Beenure 3amnpoc:
?-moout('bunt',6eiicoom). % JlroOut nmu bumnn 6etic6on?

[Tonyuute oTBeT yes (1a) M HOBOE MpHIVIALIEHWE K 3ampocy. Beenute cieayromue
3arpochl ¥ MOCMOTPUTE Ha PE3YJIbTATHI.

Jluctunr 1.3
?-moout('but', TeHHuUC). %JTroOut 1u by tennuc?
?-mobut(KTo, Ternuc). %Kto mrobur teHHuc?
?-moout('Mapk',Yro),mroout('Dmier', Yto).%Uto mrodst Mapk u DiieH?
?-mo6ut(KTo, UToO). %Kto uro moouTt?
?-mobut(Kto, ).%KTO0 1r00UT?

[Tpu nmoucke pewmenuii B 6aze [Iponora BeigaeTcs mepBoe perieHue.

Jluctunr 1.4
?-moouTt(KT0,TeHHHMC).
Kto = "Dnnen’

Ecimu HeoOXoaMMO TPONOIKHTH MOMCK B 0a3e MO 3TOMY JKE€ 3alpocy M TOIYYHUTh
aIbTePHATHBHBIC PEIICHUS, TO BBOJUTCS TOUYKA C 3aISATOM;

Ecnu HeoOXoauMo mpepBaTh BBIMOJIHEHHUE 3ampoca, (HanpuMmep, Hy)KHO HaOpath JApyrou
3amnpoc), UCTIOIB3YUTE KIIABHIILY b.

He BBOMTE MM4 (aitna ¢ pacmmpenuem 6e3 amoctpodos.
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Ecan Bel XOoTUTE NOBTOPUTH OAMH M3 IMPEABIAYIIUX 3alPOCOB, BOCIOJIB3YHTECH

KJIaBUILIaMH "cTpesika BBepX' mim "cTpenka BHU3".

Hepe3ar PYy3UuTb, U3MCHCHHBIC BO BHCIIHCM PCIAAKTOPC, @aﬁnm MOKHO, HC- IIOJIb3Yid

BCTpOEHHBIN npeaukat make. Hanpumep Tax: ?-make.

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

1 ?— Warning: (£:/ nporp P Fmwis =wiprolog+mpmmepm mporpa A
s/ mecT.pli2) :
Zingleton wvariakble=: [Hewro]

3 £:/7 nporp P SEWI/ M SWIprolog+npmsepn mporpaum/TecT.pl oo
mpiled 0.00 sex, 1,704 bytes
3 £:/7 nporp SEWI/ M SWIprolog+npmsepn mporpaum/a.pl.txt o

cmpiled 0.00 =ex, 1,224 bytes

1 ?- % 3WI-Prolog version 5.6.25 by Jan Tielemaker (jan@swvi-prolog.org)
Copyright (<) 1990-2006 University of Amsterdam.

SWI-Proloyg comes with ABSOLUTELY NG WARRANTY. This= iz free software,
and you are welcome to redistribute it under certain conditions.
Plea=e wvi=it http://www.svi-prolog.oryg for details.

E R

1 ?- rmaaks.
Varning: (£:/ nporp v fmwif =wiprolog+np pm mporpaums Te
ar.pl:2):

Singleton variables=s: [Hewuro]
z E£:/ nporp r Fmwis swiprolog+mopaepm mporpaums/ TecT.pl oo
mpiled 0.02 =ec, 196 bytes
| S nporp P Fmwi/ =swiprolog+npmaepm nporpams/a.pl.txt o
orpiled 0.00 =meac, 296 bytes
% Scanning reference= for 1 po==ibly undefined predicates=

Yes
2 2=

Pucynox 1.4 — BcTpoeHHbIN peaukaT make

IepesarpysxaroTcsi Bce M3MEHEHHBbIe (ailnbl U ¢aiin HauanbHOM MHUIManu3anuu pl.ini; o

€ro Ha3HA4eHUU OYJIET OrOBOPEHO MO3/IHEE.

Hcnonb3oBanne BCTPOCHHBIX NMPEAUKATOB
B unrepnperatope SWI-PROLOG umerorcsi, kak ObUIO OTMEUYEHO BBILIE, MHOMXECTBO

BCTPOCHHBIX IIPCAUKATOB. Onumiem HCKOTOPBIC M3 HUX!

consult (Ums ¢aiina).
— 3arpy3Ka OJIHOTO MJIM HECKOJIbKHX (haiioB.

?- consult(test). test — ums daitna

pwd
— MOKa3bIBaeT TEKyIIMHA pabounii KaTasor.

?- pwd. c:/prolog_workspace

make
— Tepe3arpy3uTh Bce u3MeHeHHsbIe (aiimbl (*.pl). B Tom uucne u pl.ini. Ananor
consult. Y1o0Ha nipu perakTupoBaHuy (DaiiyIoB BO BHEITHEM PEIaKTOpE.

?- make.

working_directory(X,Y)
cMeHa pabouero karajora, rae X — TeKyHuil padouuii katanor, Y — HOBBIA pa- Oouunit

Karajor.

Is
MPOCMOTP crHcKa ¢aitioB B TeKylieM pabodeM Katajore.

?-1s. a.pl

3aganmne 1.2
[lepeBeuTe TpEUIOKEHHUS PYCCKOTO S3bIKa B MpeAMKaTHYI0 (opMy, co3faiire,

COXPAHHUTE U 3arpy3uTe 633y 3HAHHH.

Onnen mro6uT uyteHne. Mapk TrOOMT KOMITbIOTEpbl. J[PKOH JIIOOUT OaIMUHTOH. DpHK

JIFOOUT YTEHHUE.

bagMuHTOH - 3T0 BuI criopTa. TEHHHC - 3TO BUJI CIOPTA.
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®yTtbo01 - 3TO BUA cnopTa. beiicbon - 3T0 BUA copTa
CropTcmeH - 3TO TOT, KTO JTIOOUT KaKOW-HUOYAb BUJ CTIOPTA.
O6benunuTe ATY 6a3y ¢ 6a3oit u3 3aganus 1.1.

BeinosiHeHHe ¥ TPacCMPOBKA MPOrPaMMbI

Anroputwm BbInoaHeHUs [Iponor-nporpaMMel OCHOBaH Ha MEXaHM3MeE MPSIMOTo nepedopa
C BO3BPATOM U OIEpalMU COMOCTaBICHUS (YHUPHUKAILIUN).

BrimonHenue nporpaMMbl HauumHaeTcss ¢ 3ampoca. [Iponor-cucrema OepeT mHepBYyIO
MOJIENb 3alpoca W NbITAeTCAd [J0Ka3aTb €€ MCTUHHOCTh. JlJIi 3TOro IHpocMaTpUBarOTCS
nporpamMMa (CBepXy BHM3) W HILETCS IEpBOE YTBEpXKAECHUE, (PYHKTOP M apHOCTb KOTOPOIo
COBIAJAIOT ¢ PYHKTOPOM U ApPHOCTBIO 3TOU MOIEIH.

Ecnu Takoe yTBepXkIEHUE CYIIECTBYET U IPOMCXOAUT YCHEIIHOE COMNOCTaBICHHE
apryMeHTOB, TOTJa B Cilydae YyTBepKIeHMsA-(paKTa - MOALEIb JoKa3aHa, u I[Ipomor-cucrema
NEPEXOUT K JI0Ka3aTeIbCTBY cienyroulei noauenu. B cioyuyae yrepxkaenus-npasuna [Iposor-
cucTeMa IMbITAeTCs 10Ka3aTh UCTUHHOCTD MOJLENIEH Tena MpaBuia CIeBa HalpaBo.

Ecnmu npu noucke perieHuss OOHapy’KEHO HECKOJIbKO BapHaHTOB JOKa3aTelbCTBA
HCTHHHOCTHU IICJIHU, TO HpOJ'IOF-CI/ICTCMa 3alIOMUHACT AJIBTCPHATUBHBLIC BAPHUAHTHI PCHICHUA -
TOUYKH BO3BpAaTa.

Ecmm JAJIA HCKOTOpOfI oeJii HCT HU OAHOI'O YTBCPXKIACHHA, C KOTOPBIM €€ MOXHO
COIOCTaBUTh, TO LIEJIb CYUTAETCA HEyCHEHoM. Eciin npu 3ToM ocTanuch HENPOIEHHbIE TOUKU
BO3BpaTa, TO BBINOJIHIETCS BO3BpAT (OEKTPEKUHT) U €lle pa3 JiejaeTcs MONbITKa 10Ka3aTeabCcTBa
HOJILIENH.

Brinosinenue nporpammel Ha sizbike IIposior
Jlucrunr 1.5

ba3za 3naHwmii:

?- 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 pucyHkax npeacraBieHo epeBo BbIBoAA. JKUPHBIMH JIMHUSMU B JIepeBE 0003HAYEHBI
W-nepeBbst — ansi OKa3aTeNbCTBA TAKOTO JIEpeBa HEOOXOIUMO, YTOOBI KaKIas €ro BeTKa
«omupanace» Ha ucTuHHOe yTBepxkaeHue. WNJIM-nepeBbs UCXOAST M3 BEPUIMH C TOYKAMHU
BO3BpaTa, TaKO€ JEPeBO HCTUHHO, €CIM XOTs OBl OJHa BETKa ONMHPAETCs Ha HMCTUHHOE
yTBepkAeHue. [lyHKTUpHBIE TUHUH — allbTEPHATUBHBIE BETKH, HE paccMaTpUBaeMble Ha JaHHOM
stane (Jin0o JIOXkKHBIE, TUOO0 eIle HE paCCMOTPEHHBIE).

B nanHOM mpumepe monyueHHE pEIIeHUs CKJIaAbIBaeTCcsl W3 Tpex dSTanoB. Brauane
paccMaTpuBaeTCs MepBas MOJIENb — OHA UMEET J[Ba MPEIUIOKEHUsS B 0a3e, 3aroJIOBKH KOTOPBIX
COTOCTaBUMBI C HEH, MOATOMY OHa SIBJISETCS TOYKOM BO3BpaTa. BriOupaeTcs mepBoe CBepXy
npemioxkenrne — 3to ¢akt a(l), mpu 3TroM cBOOOJHAS mMepeMeHHas X TOoJydaeT 3HadeHue 1.
[TepBas wenp 3ampoca nokazana. Brtopas nenb - b(l) (X yxke cBs3aHa co 3HaueHHeM 1) He
COIIOCTABJISIETCS. HU C OJJHUM MPAaBUIIOM 0a3bl, CIEJOBATEIBHO, SIBISIETCS JIOKHOM.

BbakTpexkuHr — Bo3BpaT K Onumkaifiiell Touke Bo3BpaTa, T.e. a(X). Ha BTOopom nepese
0TOOpa)keH BBIBOJ| 10 BTOPOil asnbTepHaTuBe. CBA3BIBAIOTCS JBE NEpeMeHHble X U3 3ampoca U Y
U3 IpaBwmiIa A npeaukaTa a. @aktudecku 3anpoc ?-a(X),b(X),e moameHseTcss Ha HOBBI Habop
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neneit ?-¢(Y),d(Y),b(Y),e. IlepBas moamens — 510 c(Y) — OHa SBISETCS HOBOM TOYKOMN
BETBJICHUS, TaK KaK YHUPHIUPYETCS C IBYMs TpeIoKeHUIMHU B O0aze. [lepBoe npemioxeHne —
¢akT npuBoUT K yHH(UKanuu Y ¢ 1, HoO crneayromias B Habope noaueins d(1) — moxHa.

Tperbe nepeBo otpaxaer anbrepHatuBy Ui c(Y) ¢ yHuduxammen Y=2. [lns stoit
QJIbTEPHATHBBl MCTUHHBI BCE TMOCIEAYIOIIME ILeau U3 Habopa (OHM YHHPUUIUPYIOTCS C
COOTBETCTBYIOIIUMH (haKTaMu).

3apanue 1.3

3arpysure [Iponor-nporpamMmmy u3 3aganus 1.2.

B SWI-PROLOG ectp aBa BHAa OTIAAUYMKOB: KOMaHAHBIH2 U Tpaduyeckuitl, B
MOCJIETHEM TPACCHUPOBKA BBITVISIIUT 00JIee HATJISITHO.

Jlns mepexofa B PEeXHM TPACCUPOBKH HEOOXOAMMO HaOpaTh BCTPOCHHBIN MpeauKar
debug. [{ns BeIXOAa U3 peKkUMa TPACCUPOBKH — IpenukaT nodebug4.

‘& Prolog debugging g@@

Mode: Normallgebug Trace |

.ﬁfactorial.@
Plikes/2
gaongﬂ

Predicate: LI b:3tan

Pucynok 1.5 — Pexxum TpaccupoBku

Ilepeiinure B peXUM TpacCUpoBKU. s TpacCUpOBKM HEOOXOJUMO  yKasaTh
KOHTpOJIbHBIE TOukH (Spy points) B meHto Debug->Edit spy points->Predicate, roe yka3zate
UMEHa MpeauKaToB. B naHHOM ciyyae ykaxure nmpeaukar aoour. Obpatu- Te BHUMaHHUE, YTO
CIpaBa BHU3Y HAaXOJATCS TPU KHOIKH, TJI€ YKA3bIBAIOTCS KaK KOH- TPOJIbHbIE TOUKHU, TaK U TOUKU
TpaccupoBKu. KoHTponbHbIe ToukH (Spy points) MO3BOJISAIOT BbI3BaTh IpadMuecKuil OTIal4MK.
Touku TpaccupoBku (Trace points)— KOHCONBHBIM OTIaaAuuK. TpeTuil BEIOOp — MPOCMOTpP U
penakTupoBaHue (aiiiga mporpaMMmsl, cojepikailei, BBeAeHHBIH B moie Predicate, mpemukart.
Buewnuit Bua n300pakeH Ha CHUMKE HUXKE.

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

| | 1 1
a(X) ‘ b(1)
(Touka BO3Bpara) fail
’_l

—————————— 1
1

A=l
a(l)
true

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

Pucynok 1.6 — BrinonHeHnue nporpaMmsl

I'paduueckuii 0TIIATUMK HE TIOJACPKUBAI PYCCKUX MPEIUKATOB (HE paboTaeT KOPPEKTHO
yKa3aHHe KOHTPOJIbHBIX TOYEK M TOYEK TPACCUPOBKH depe3 rpaduyeckuit unrepdeiic). B cpsazu
C OTUM ONMILEM TMpeAuKaThl, OTHOCALIMECS K OTJIaJKe IPOrpaMMbl C HCIHOJb30BaHUEM
KOMaHJTHOM CTPOKH.
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?- a(X),b(X),e.

1 1

|
o souper J
(TouKa BO3Bpara)

fomemeo o
X=1 X=Y
{fail’ ‘ a(Y):-e(Y).d(Y). ‘
I
(TOYKa BO3BpATa) fail

y=1
(1)

true

PucyHnok 1.7 — BeinosiHeHHEe TporpaMMBbl

Tabmuua 1.1 — [IpeaukaTsl TpacCCUPOBKH

[Ipegukar Onucanue

trace BKIIIOYNTh PEXUM TpacCUpOBKHU. Ecim He yKasaHbl TOYKH TPAaCCHUPOBKHU,
OyZeT MPOU3BOIUTHCS TOTHAS
[10111aroBas TPACCUPOBKA.

tracing YcnenieH, eciiu BbI3bIBA€TCA U3 PEXKUMA TPACCUPOBKHU.

notrace BbIxos U3 pexuMa TPacCUPOBKH.

guitracer, Brxitounth rpaguyeckoro pexuma TpaccUpoBKH. OKHO Trpaduueckoro

gtrace [peKuMa TPACCUPOBKHU BKIIFOYAETCS IPU BCTpEYE MEPBOM KOHTPOJIBHON TOYKH|
(spy-point).

noguitracer  |OTKIIOYUTH TPAPUUECKOTO PEKUMA TPACCUPOBKHU.

trace(Pred)  [YcTraHOBUTH TOUYKY TpacCHpOBKHM TIipeAaukara ¢ uMmeHem Pred (To ecth
oToOpaXkaTbCs TPU TPACCHPOBKE OYIET KakJoe COObITHE CBA3aHHOE C
npeaukarom Pred).

trace(Pred,PorYcTanoBUTh TOUKYy TpacCHpOBKM mpeaumkara ¢ uMeHeM Pred

S) AKTUBUPYIOIICHCS 1O COOBITHAM (IIPH TPOXOXK- JEHWW IO moptam) Ports.

CoOBITHSI MOTYT OBITH CJIEAYIOLIMX THUIIOB:

fail — coObITHE COOTBETCTBYIOIICE HEYJAaYHOMY BBI30BY MpeauKaTa ¢ UMEHEM
Pred;

call — coObITHE COOTBETCTBYIOLIEE MEPBOMY BbI- 30BY IPEIUKaTa C UMEHEM|
Pred;

redo — coObITHE COOTBETCTBYIOIIEE TOBTOPHOMY BBI30BY IpEAUKaTa C UMEHEM
Pred;

exit — CcOOBbITHE COOTBETCTBYIOLEE YCIEUIHOMY OKOHYaHHUIO BbHI30BA
npeaukaTa ¢ uMeHem Pred.

Cam >xe mapamerp Ports MoxeT MpUHMMATh 3HAYCHHSI THUIIOB COOOIICHUH C
npedruKcaMu COOTBETCTBYIOUIMMHU JOOABICHHUIO U YJAJIEHUIO COOBITHA (TIOpTa)
M3 TOYKH TPACCUPOBKH a TaK e CITUCKU TaKuX 3HaueHwuid. Hampumep, 3arpoc
?- trace(foo/2, +fail), trace(foo/2, [+call,-fail]). nmoGaBiser B TOYKY
TPACCUPOBKU CBSI3aHHYIO C Tpenu- karom foo/2 cooOwitue fail. [
noGaBieHUsI COOBITUS UCHOJB3YIOT HpeduKce +, A u3bATus -. Kpome toro
MOYKHO OIIEPHPOBATh Cpa3y CO BCEMH THIAMH COOBITHH, WCHOIB3Ys
o6o3Hauenue all.

[Tpumep: trace(foo/2, +all).
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debug Bxmrounts pesxuM otnaaku. [Ipu 3ampocax K mporpamme B peXHME OTJIAJKH
BBIBOJATCS BCE COOBITHS, IPOUCXOMAILIME IIPU BBINOJIHEHUHM 3alpoca,
CBSI3aHHBIE C YCTAHOBJIECHHBIMU TOYKAaMHU OTJIAAKH.

nodebug OTKIIOUYUTD PEKUM OTIIATKH.
debugging [lokazaTh OTCIEKHUBAIOIIMECS TOUKH TPACCUPOBKU U KOHTPOJIbHBIE TOUKH
spy(Pred) Y CTaHOBHUTH KOHTPOJIBHYIO TOUKY, CBSI3aHHYIO C mpenukaTtoM Pred.

ospy(Pred) YOparh KOHTPOIBHYIO TOUKY, CBSI3aHHYIO C TIpeanKkaTom Pred.

nospyall 'YOpaTh BCE KOHTPOJILHBIC TOUKH.

2 Ornajnka ODpOUCXOAMT B KOMAaHIHOW cTpoke B auanoroBoM okHe SWI-PROLOG u
0TOOpakaeT MoCeI0BATEIbHOCTD BBITIOHAEMBIX ITOIIETICH U PE3yIbTaT BHITOJHEHHS.

3 I'paduueckuii oTaguuk oroOpaxkaeT HHPOPMALIKIO B COOCTBEHHOM — OT/ICIIbHOM OKHE.

4 He 3a0bIBaiiTe KX/l pa3 CTAaBUTh TOUKY IMOCJIE PEIUKATOB WIIM TPYIIIHI TPEIUKATOB
(3amMcaHHBIX Yepes 3aMATyI0) — KaX/10€ MPEUI0KEHUE 3aKaHUYUBACTCsl TOYKOM.

Torma wMeHHO Ha yKa3aHHBIX MpPEIUKATaX TPACCUPOBKA OyAeT OCTaHABIMBATHCI U
MOKa3bIBaTh IMPOMEXKYTOUYHBIH pe3ynbraT. OCTanbHbIE HE yKa3aHHbIE IpeIuKaThl He OyayT
MOKa3aHbl (€CJIM HE YKa3aHbl HUKAaKWe KOHTPOJIGHBIC TOYKH, TO PEXHM TPACCHPOBKH OyIeT
HEOTIUYHM OT OOBIYHOTO PeKUMa PabOTHI HHTEPIIPETATOPA).

3agaiite 3anpoc

?-mo0uT(X, TeHHUC ), THIOOUT(X,KOMITLIOTEPHI).

U TIOCMOTpPHUTE, 4TO mpousoiaeT. [locne mosydeHus mepBOro pemieHus MOIYyYHUTE BCE
ocTaJbHbIe, BBOJS;. TpaccupoBka n300pakeHa Ha CIEAYIONIEM PUCYHKE:

- SWI-Prolog (xxMulti-threaded, version 5.6.29) = @@
File Edit Settings Run Debug Help
22 2= debug- A

Yes

[debug] 23 ?- likes (X, tennis),likes (X, computers).
T Call: (8) likes(_G578, tennis)

T Esxak: (B likes("Ellen', tennis)

T €all: (8) likes({("Ellen"', computers)

T Fail: (8) likes('Ellen', computers)

T Redo: (8) likes(_G578, tennis)

T Exit: (8) likes("Maxk", tennis)

T Call: (8) likes{('Mark', computers)

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

T Redo: (8) likes{"Mark', computers)
T Redo: (8) likes( G578, tennis)

I Ealds {9) likes (1Tom’, Tennis)

T REail: (9) likes{’ TFom’; Ttennis)

No
[debug] 24 2- |}

Pucynok 1.7 — TpaccupoBka nporpaMmsl

B neBoii BepxHei yacTi OKHA TpaUIecKOro OTIaTIMKa OTOOPAKEHBI TEKYIIUE 3HAYCHUS
MIEPEMEHHBIX TEKYLIEro BBIMOJHAEMOIO NpeIHuKaTa, CIpaBa CTEK BBI30BOB IMPEIUKATOB, B
HIOKHEW 9acTu (akThl W MpaBWiIa, TJE IBETOM OTMEYEH CIIEAYIOIIUN BBI3BIBAEMBIN MPEIUKAT.
Baemamii Bua rpaduveckoro oTiagurka M300pakeH Ha pucyHke. CBepxy, B BHJAE KHOIIOK,
HaxoJsTCsl JOIMyCTUMBbIE JelcTBUsl. BTopas KHOmMKa (CTpesika BIPABO) IMO3BOJISET BBIMOJIHATH
MporpaMMy MoOIIaroBo (Impeaukar 3a mpeaukaTtom). LIBeT BblfeneHus Takke HMeeT 3HaueHHUE.
KpacHsrii 1BeT 0003Ha4aeT HEY1aqy, JIOXKHOCTh PEIICHHS.
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song.pl D@
Tool Edit Compile Help
3| =7 o BB m] atial w18 (@DX &/
Bindings Call Stack
N =3
N1 =2
5
B |1 factorial/2
w9 factorial/2)
10| factorial/2
c:/prolog workspace/song.pl
song (X) : -X>1,write('run, '), (¥ is X-1),song(¥). ji
song (1) .
factorial (0,1).
factorial (N,F):-
N>0,
M1 2SN
= factorial (N1,F1),

| F is N*F1.
fac\:oriaﬁ_iter (N, FactN) : —
fact (N, FactN,1,1).
fact (N, FactN,I,P):-

I1l:is I+1;
P1 is P*I1,
fact (N, FactN, I1,P1).
fact (N, FactN,N, FactN) .
factorial iter2 (N, FactN):-—
fact2 (N, FactN,1) .

fact2 (N, FactN,D) : -

Call- factorial/2

Pucynok 1.8 — Pe3ynbTaT TpacCUpOBKHU

5.2. CTPYKTYPA ITIPOI'PAMMBI HA A3BIKE PROLOG.
CHUHTAKCHC A3BIKA PROLOG

Cunrakcuc si3bika Iposaor

[Ipu popmanbHOM OMKMCAHUN CUHTAKCHCA KOHCTPYKIUH alrOPUTMUUYECKUX A3BIKOB YaCTO
UCTOJB3YETCsl TaK Ha3biBaeMmas «HopMaibHas (opma bakyca-Haypa» (BH®), paspaborannas B
1960 JIxonom bakycom u Ilutepom Haypom. Bmepseie BH® Obuta mpumenena Ilutepom
Hayspom mnpu 3anmcu cunTakcuca sizbika Aunron-60. OcHOBHbIMU KOHCTpyKuusmu BbH®
ABIISAIOTCS CIIEYIOLIHE.

CHUMBOII «::=» YUTAETCS KaK «I10 OMPEACICHHUION» («3TO», «ecThy»). CieBa OT pa3ieauTes
pacnosaraercsi o0bsICHIEMOE MOHATHE, CIIPaBa - KOHCTPYKIMS, pazbscHstomas ero. Hanpumep,

<Ums> ::= <Unentuduxarop>

B yrioBbie ckoOKH «< >» 3aKII0YaeTCsl 4aCTh BBIPAKEHUS, KOTOpask UCIOJIb3YETCs IS
0003HAYCHHUS] CHHTAKCUYECKOW KOHCTPYKIMHU $3bIKA, B YACTHOCTU OOBSICHSIEMOE MOHsATHE. B
MIPUBEICHHOM BbIIIIe mpuMepe 3To <Ums> u <Unertudukarop>.

CumBon «» osHadaer B Hotauud BH® «unm». OH mpumeHsiercs Ui pasieiieHus
aNbTepHATUBHBIX TOJIKOBaHUM onpeenseMoro noustus. Hanpumep, necatuunyio uudpy MoxHO
OTIPEACIUTh CIICAYIOIMUM 00pa3oMm:

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

YacTh CMHTAaKCHUYECKON KOHCTPYKIIMH, 3aKIIFOUEHHAs B KBaJpPaTHbIC CKOOKH, SIBISICTCS
HE00s3aTeNbHOM (MOKET MPUCYTCTBOBATh WIIM OTCYTCTBOBATH), HATIPUMED

<Ilenoe uncio> ::= [-]<I1oyI0KUTETBHOE 1IEJI0C YHUCITI0>

03HAYaeT, YTO IIeJI0€ YMCJIO MOKHO OIPEAETUTh Yepe3 MOJIOKUTEIbHOE LEN0e YHCIIO,
nepe KOTOPBIM MOXKET CTOATh 3HAK MUHYC.

CumBot «*» 0003HaYaeT, YTO YaCTh CHHTAKCUYECKONH KOHCTPYKIIMH MOXKET TTOBTOPSATHCS
MPOU3BOJBLHOE YHUCIO pa3 (HOMb W Oornee). 3aMeTUM, YTO HMHOTJAa BMECTO CHUMBOJA «*»
HCTIONB3YIOT (PUTypHBIE CKOOKH «{ }». Hampumep, moNOXKUTENBHOE IEJIO€ YHCIO B HOTAIUH
BH® moxHO crnenyromuM o0pa3om:

<IlonmokuTeNnbHOE 11eI0€ YUCI0> ;= <mudppa>[<uudpa>]*

WA

<IlonmokuTeNnbHOE TeT0e YUCI0> = <uudppa>{<imudpa>}.

T.e. moNMOXXUTENBHOE TIEJI0€ YUCIIO COCTOMT U3 OJHOM HIIM HECKOIBKHUX IUMD.
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IIporpamma Ha Ilposore cocroutr u3 mpemiokeHuil (yrBepkaeHuii). Kaxmoe
MPEUIOKEHUE 3aKaHIMBAETCS TOUKOM.

[Ipenosxenus: ObIBAIOT TPEX BUIOB: (DaKThl, IPAaBUIIA, BOIIPOCHI.

[Ipennoxxenne numeeT BUI

B :-
Al, ..., An.
B HaszpiBaeTcs 3arojioBKOM WIM TOJIOBOM mpemnioxkenus, a Al, .., An - Teinom.

[Ipennoxxenue sBisiercs nepeBepHyTor nMIuinkanuei (B :- A sxBuBanentHo B = A, «B crnenyer
u3 A») win ¢paszoit XopHa. CUMBOII «:-» O3HAYAET «CJIEIyeT U3», CUMBOI «,» — KOHBIOHKLIUS
(mormaeckoe U, U).

Ipy HeOOXOIMMOCTH TPUMEHEeHHs Au3bloHKIMK (normueckoe MIIM, U) mcronssyercs
CUMBOJI «;», JCUCTBYIOIIUMH 1O CIEAYyIOIeld JIU3bIOHKIMM, OKOHYaHWsS IMpaBWiIa WU
3aKphIBarolIeil Kpyrinoi ckooku. Hanpuwmep,

[Iposior Jlornka npe1nKaToB

C:- (A1U..UAn)UBIU...UBm)®C
Al, ..., An;
Bl, ..., Bm.
WIN

D :- AUBUC)®D
A, (B ; C).

@akt (ukcupyeT (onpenenser) HEKOTOPOe OTHOIICHHE MeXAy o0bekTaMu. OH COCTOUT
TOJILKO U3 3arojioBKa. MOXHO CUUTaTh, YTO (PAKT — 3TO MpPEUIOKEHUE, Y KOTOpOro Het Tena. B
TEpPMHUHAX JIOTUKU TPEAUKATOB, (PaKT — 3TO M €CTh MPeInUKaT.

Hanpuwmep, ¢axt, uro Hatama siBisercst mamoii Jlamm, MoxeT ObITh 3amucaH B Buze (B
SWI-Prolog cTpoKu-KOHCTaHTHI 3aITMCHIBAIOTCS B OJIMHAPHBIX KaBBIYKAX):

mama('Haramra', '/lama').

dakt npeacTaBisieT co00i 0e3yCI0BHO HCTHHHOE YTBEPIKICHHE.

Ecnu Bocnonw3oBaThess HOpMasibHOH (opmoil bakyca-Hayspa, To mpeaukar MOxHO
OTpEAENUTh CIEAYIOINUM 00pa3oMm:

<IIpemguxatr> ::= <Umsa> | <Ums>(<aprymeHt> [,<aprymenr>]*),

T.€. TIPEIUKAT COCTOMT JTUOO TOJBKO M3 UMEHH, JTHOO0 M3 UMEHH M CIEAYIOIIEH 32 HUM
II0CJIEI0BATEIBHOCTH apIyMEHTOB (T€PMOB), 3aKJIIOYEHHOU B CKOOKH.

AprymeHTOM (T€pMOM) MpeIUKaTa MOXKET ObITh KOHCTAHTA, IEPEMEHHAs WJIM COCTaBHOU
00BEKT (CIMCOK WU QyHKLUS). HUCIIO apryMEHTOB IIpeIuKaTa Ha3bIBA€TCSl apHOCTBIO.

[IpaBuiio — npeanokeHne, UCTUHHOCTh KOTOPOI'O 3aBUCUT OT MUCTUHHOCTH OJHOTO WM
HECKOJIBKUX Ipe1oskeHNH. OObIYHO MPABUIIO COACPKHUT HECKOIBKO XBOCTOBBIX LI€JIeH, KOTOpbIE
JIOJDKHBI OBITH UCTUHHBIMH JJISL TOTO, YTOOBI CAMO MPABUIIO OBIJIO UICTUHHBIM.

B vHotanuu BH® npaBuiio OyieT uMeTh BHUI:

<[IpaBuio> ::= <mpeaukar> :- <npeaukar> [,<npemukar>]*.

Hanpumep. M3BecTHO, 4TO 0abyIika yenoBeka - 3T0 MaMa ero MaMbl WJIM MaMa €ro Marsbl.
CooTBeTcTBYIOIIKE TPaBUIIa OyAyT UMETh BU/I:

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

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

61

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

Nwmsa nepemenHoit B Ilposnore MoxxkeT cocTosiTh M3 OYKB JIATUHCKOTO andaButa, Udp,
3HAKOB MOJYEPKUBAHUS U JIOJKHO HAUWHATHCA C IMPOMTUCHON OYKBBI MM 3HAKa MOTYEPKUBAHUSL.
[Ipn sTOM mnepeMeHHble B Tejl€ MpaBuUja HESBHO CBS3aHbl KBAHTOPOM BCEOOLIHOCTH U
9KBUBAJIEHTHBI 00BbEKTaM IPEAMETHON 00IaCTH.

[lepemenHble MOTYT ObITH CBOOOIHBIMH UJTU CBSI3aHHBIMH.

CBoOosiHas mepeMeHHasi — MepeMeHHas, KoTopas elle He Hojiyduia 3HaueHus. OHa He
paBHSETCS HU HYJIO, HU Mpo0eily; y Hee BOoOoOIle HET HUKAKOro 3HaueHus. Takue nepeMeHHbIe
€11l€ Ha3bIBAalOT HEKOHKPETU3UPOBAHHBIMHU.

[lepemenHas, KkoTopasi NOJyuYWia Kakoe-TO 3HAUEHHE U OKa3ajach CBS3aHHOM ¢
OTIpeIelIeHHBIM 00BEKTOM, Ha3bIBaeTCs CBs3aHHON. Eciiu nmepeMeHHast ObU1a KOHKpETH3HMpPOBaHA
KaKUM-TO 3HAUE€HUEM U €M COIMOCTaBIIEH HEKOTOPbIN 00BEKT, TO ATa EPEMEHHAs yKEe HE MOXKET
OBbITh U3MEHEHA.

Obnacthio neiicTBus nepemeHHoi B Ilponore sBisieTcst onHO npeioxkeHue. B pa3Hbix
NPEUIOKEHUSIX MOXET HCIOJIb30BATHCS OJHO M TO K€ MMs MEpPEeMEHHOM A 00O03HauYeHUs
pa3HbIX 00bekTOB. MckitoueHueM U3 MpaBuia ONpeAeseHUus 00JacTH AEWUCTBUA SIBISIETCA
aHOHUMHAs TEepeMeHHas, KoTopass 0003HayaeTcs CUMBOJIOM MOJYEPKUBAHUS « ». AHOHMMHAas
NepeMEHHas TNPEeINUChIBAeT HHTEpHperaTopy (KOMOWIATOPY) HIPOUTHOPUPOBATH 3HAUYEHUE
aprymenra (tepma). Ecinum B npaBuiie HECKOJIBKO AHOHMMHBIX IIEPEMEHHBIX, TO BCE OHU
OTJIMYAIOTCS JPYT OT Jpyra, HECMOTPSI Ha TO, YTO 3alMCaHbl C UCIOJIb30BAHUEM OJHOIO U TOTO
&Ke CHUMBOJIA («_»). AHOHUMHBIE NIEPEMEHHbIE MOTYT 3allUCBhIBATHCS TOJBKO B KayecTBE TE€pMa
npenukara. Mcrnonp3oBaTh UX B BRIpaXKEHUSIX (Hapumep, apupMeTUIECKrX) Helb3sl.

TperbuM crenuduueckuM BUAOM MpemioxeHuil Ilpomora MOXXKHO CUMTaTh BOMPOCHI
(3ampocswl, 1enn).

Bomnpoc coctout TONBKO U3 T€a U MOXKET ObITh BhIpaXeH ¢ nomolsio BH® B Buze:

<Bomnpoc> ::= <Ilpenukar> [ ,<I[Ipenukar>]*

Bonpocel UCcnonb3yrOT A7 BBIICHEHMS BBIITOJIHUMOCTH HEKOTOPOIO OTHOLIEHMS MEKIY
OMMCAaHHBIMU B Mporpamme oobekTamu. CHUcTeMa paccMaTpuBaeT BONPOC Kak Leib, K KOTOPOH
Hato cTpeMuThes. OTBET Ha BONPOC MOXKET OKa3aThCs MOJOKUTENBHBIM (true) win
orpunatesbHbIM (false), B 3aBUCHMOCTH OT TOTO, MOXKET JIX OBITh JOCTUTHYTA COOTBETCTBYIOIIAS
nensb. [Iporpamma MOXKET coaepkaTh BOIPOC B Tese (BHYyTpeHHss Lenb). Ecinm mporpamma
COJIEP’)KUT BHYTPEHHIOIO 11€JIb, TO IOCJIE 3allycKa MPOrpaMMbl Ha BBIIIOJIHEHUE CHCTEMa Cpasy
poBepsieT AJOCTHKUMOCTh 3aJjaHHOM 1enu. Eciau BHyTpeHHeH 1enu B mporpamme HeET, TO Mociie
3aIrycKa MporpaMMbl CUCTEMa BBIAAET MpUIJallleHue BBOAUTH BOIIPOCHI B MAJIOTOBOM PEXHUME
(BHewHss 1ens). [Iporpamma, komnuiupyemas B HCIOJNHSAEMBbIN (ailyl, 00s3aTeIbHO JT0JKHA
UMETh BHYTPEHHIOIO LEJIb.

Ecnu nenp JOCTUrHyTa, CUCTEMa OTBEYaeT «yes» («true»), B MPOTUBHOM CIIyyae «nox»
(«false»). CremyeT OTMETHTH, YTO OTBET «NO» Ha BONPOC HE BCErJa O3HAYaeT, 4TO OH
oTpuuatenbHbplid. CucTeMa MOXET AaTh TaKOM OTBET M B TOM Cilydae, KOrja y Hee IpOCTO
HEJ0CTAaTOYHO MH(OpMAaLMY, MO3BOJISIIONIEH MONOKUTEILHO OTBETUTH Ha Bompoc. T.e. IIposor
OCHOBAH Ha T.H. «MOJIEJIM 3aKPBITOTO MUPa», B KOTOPOM BCE, YTO MOXHO MOJIY4YUTh Ha OCHOBE
OINMCAHUS MOJIEJH SIBJISIETCS UCTUHOM, a OCTAJIbHOE — JIOXKbIO.

@akT, nOpaBWIO M BONPOC C TOYKU 3peHus ¢paz Xopua (B — A) MOXHO
UHTEPIIPETUPOBATH CIEAYIOLIUM 00pa3oM:

- akt: B — true;

- npaBuiio: B = A;

- Bompoc: true — A.

T.o. mporpamma (6a3a 3HaHmii) Ha IIponore cocrout U3 (GakTOB W MPaBUI, KOTOPHIC
NPEACTaBIAT COOON MPOJYKLUMU C MpeluKaTaMH B JIEBOW M MpaBod yacTH. TeM cambIM
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porpaMMa BbIpakaeT HEKOTOPBIE 3HAHUS O MPEAMETHON 00JacTH, HEOOXOAUMBIE JUIS PELICHUs
3a/1a4yy. 3amnpoc - 3TO TaKKe HEKOTOPBIN MpeIuKaT, HCTUHHOCTh KOTOPOro Hac uHTepecyet. Ecnu
3alpoC HE COAEPKUT NEPEMEHHBIX, TO BBIYUCIEHUE €r0 3HAUYEHHs JAET OTBET «true» IpH €ro
HUCTUHHOCTH, MO0 oTBeT «false» mpu ero noxHoctu. Ecnam ke B mpeaukarte 3ampoca ecTb
NepeMEHHbIE, TO MIIYTCS UX 3HA4YeHHUs (MHTEpIpeTalus), MpH KOTOPHIX 3TOT HpeIuKaT U Bce
MpeIUKaThl MPOTpaMMbl CTAaHOBSTCS WCTUHHBIMU. B 3TOM W COCTOMT CyThb BBIYUCIICHUN
(Jormueckoro BbIBOJIA) Mporpammsl Ha [Iposore.

IIpumep nporpamMmmupoBanus Ha s3bike IIposor
PaccmoTtpuMm Heckonbko mpumepoB. IlycTe B mporpamme 3afaHbl cleAyrouiue (GaxThl
(mpeaukaThl) ¥ MpaBuia:

JIuctunr 2.1
mama('Harama', 'lama').
mama('dama’, 'Maa').

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 — aBngercs nu Harama mamoit lamm:
?- mama('Harama', 'Jlama’).
true.
Bomnpoc 2 — kto sBasiercss mamoit Jlamu:
?- mama(X, 'Jlama').
X ='Harama' ;
false.

IlepBass cTpoka coOOOLIeHHs O3HAYaeT, YTO OTBET HaineT u Mamoil [lamm sBisercs
Haramia; Bropast — uto B 6a3e 3HaHUM AJIs OCTAaBIIMXCS MPENIOKEHUIN HE OOHapYKEHbl Apyrue
MaMbl Jlamm.

Bompoc 3 — ectb nu y Jlamu mama:

?- mama(_, '[lama').
true.
Bomnpoc 4 — HailTh Bcex MaM U JIeTei:
?- mama(X,Y).
X ='Harama',

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

B nanHOM ciydae mocie TpeThero oTBeTa He BhimaeTcs «false», T.x. B 6aze 3HaHMI ObUTH
nepeOpaHbl BCE MPEAJIONKEHUS U OHU BCE UCTUHHBI.
Bompoc 5 — nns koro Harama siisiercst 6a0yIikoid:

?- grandmama('Harama', X).

X

'Mama' ;

X ="Mamra'.

B nanHoMm ciyuae BbIZaeTcs ABa OAMHAKOBBIX OTBeTa «Marmay, T.K. mpaBuio grandmama
B OJIHOM ciiyyae cpaborano no nenouke «Harama — Jlama — Mamay, a B apyrom - «Harama —
Bacs — Mama». OueBuHO, 4TO B IPUBEJICHHOM MpuMepe 6a3bl 3HaHuil 160 HaTamm - 3710 1BE
pa3uYHbIC KEHIIUHBI, TH00 Marm.

Kpartkue cBenenns 00 onepanusix 1 BCTpoeHHbIX npeankarax SWI-Prolog
B 1abn. 2.1 npuBenensl HekoTophle omepauuu u npeaukarsl SWI-Prolog, xotopsie B
JanpHemeM Oy 1yT UCTIONIb30BaThCs I MILTIOCTPALIMH TPUMEPOB.

Tabnuna 2.1 Hekotopsie onepanuu u npeaukarsl SWI-Prolog

Onepanus /|Haznauenwue

[Ipenmkar

true HcTuna

fail, false JIoXb

= Yuudukanus (mpucBauBaHue 3HAYSHUS] HECBSI3aHHOU MePEeMEHHON )

<, =<,>= > ApudmMerraeckne (TOIBKO JIJIS YHCelT) Onepallii CpaBHESHUS

== ApudMeTHIECKOE PAaBEHCTBO

=\= ApudMeTHIecKOe HEPABEHCTBO

is Brrurciienue apuMeTHIecKoro BeIpakeHus (Hampumep, A is 5 + 2)

@<, @=<, @>=,|Onepanyu CpaBHEHUS JI1 KOHCTAHT M NEPEMEHHBIX JII0OOro TUMa (4ucen,

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

== PaBeHCTBO KOHCTAHT U MIEPEMEHHBIX JIFOOOTO THIA

= HepaBeHCTBO KOHCTAHT U NEPEMEHHBIX JIFOO0T0 THIA

not(A) OTpuilaiue JOrHYeCKOro BEIpaKeHUs A

read(A) UreHue 3HaYeHUsI ¢ KJIaBUATYphl U IPUCBAMBAHKUE €r0 MEPEMEHHOM A

write(A) [leuath A Ha D9KpaH C YCTAaHOBKOW Kypcopa TIOCJ€ TIOCJIETHErO
Hane4yaTaHHOTO CUMBOJIA

writeln(A) [Teyats A Ha 3KpaH C IEPEBOJOM Kypcopa B HAYaJIO CIEAYIOUIEH CTPOKH

nl [lepeBo1 Kypcopa B Ha4Yallo CIEAYIOLIEH CTPOKU

repeat [Ipenukar, BBIJAIONIMH HOBOE WCTHHHOE 3HAYCHHWE TIIPU  BO3BpaTe.
[lepenoka3pIBaeMbIil IPEAUKAT

! [Ipenukar (cut, COKpaTUTh), 3aMpeniaronuii BO3BpaT Aajiee TOH TOYKH, IJIe OH
CTOUT

assert(A), Jlunamuueckoe nobapieHue ¢akra (MpaBuiia) B KOHEIl CIHCKA IMOAOOHBIX

assertz(A) (akToB (mpaBmi1) 0a3bl 3HAHUHK (IIPOrPAMMBI)

asserta(A) Jlunamuueckoe noOamieHue (akrta (mMpaBuia) B HAYaJIO CIHCKA MOAOOHBIX
(axToB (1paBui1) 0a3bl 3HAHUI

retract(A) Y nanenue nepporo ¢akrta (mpaBuia) 0a3sl SHAHUI

retractall(A) Y nanenue Bcex ¢akToB (mmpaBui) 0a3bl 3HAHUHM C UMEHEM A
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IIpoueaypa BeiBoaa B IlpoJiore

[Tpu mowmcke pemeHus (0Ka3aTenbcTBa 1enn) B [Iponore uemons3yercs MeTo mepedopa
¢ Bo3BpaTamu (TMOMCK B riyOuHy). IIporyor mpu 1oka3aTenbcTBE YTBEP)KACHUS MOOUYEPETHO
MBITAETCS YCTAaHOBUTh HICTUHHOCTD BXOJSIIUX B HETO MpennuKaToB (yTBepxkaeHuil). Eciu nepsbiit
npeauKar UCTUHeH, To IIposor mepexoauT ko BTopoMy. Eciy v OH MCTHHEH, TO MEPEXOaUT K
Tperbemy. Eciu BTOpOHM mpeaukar JioxeH, TO IIposor mbiTaeTcsi yCTaHOBUTH €r0 MCTUHHOCTh
IpU IPYTUX 3HAYECHUSAX, BXOJSIINX B HETO NEpeMEHHBIX. Eclii 9TOro He ynaercs caenath, TO OH
BO3Bpalla€TCsad K HNEPBOMY IMPEAUKATY M IBITACTCA YCTAHOBUTH €r0 MCTUHHOCTH JII HOBBIX
3HAUEHUH MEepPEMEHHBIX, a 3aTeM CHOBA BO3BPAIIAETCS K JOKA3aTEIbCTBY BTOPOTO IMpeauKara.
Taxkast mpoueaypa NoBTOpsIETCS 0 TE€X MOP, MOKa He OyJeT JOCTUTHYTa UCTUHHOCTD MOCJIETHETO
npeaukara. [locme oka3aTenbCTBa HCTHMHHOCTH TOCHEAHEro mnpeaumkara unenu Ilposor
3aBepiraet padory. [Iporecc Bo3Bpara B [Iponore HazpiBaeTcs backtracking.

Hampumep, mycTs MeeTcs 3ampoc Ha onpeieNieHus: BHyueK U BHyKOB «Hararmmmy:

?- mama('Harama', Y),
(mama(Y, Z); papa(Y, Z)),
write(Z);
write('Bcé'").
OtBer.
Mama;
Mama;
Bcé;
Brinenennass KuUpHBIM 4YacTh COOTBETCTBYET TIPAaBWIIY ONpeneieHus 0alymiKu

(grandmama).

5.3 AJITOPUTMBI JIOTUYECKOI'O ITIPOI'PAMMMUWPOBAHMUSI.
PEIIEHUE 3AJAY HA PEKYPCHUIO

Pexypcus B IIposore

IIpaBuso sBIsIETCS PEKYPCHUBHBIM, €CIIM COAEPKUT B KaUeCTBE KOMIIOHEHTHI caMO cedsl.
Pexypcus nonmyctuma B OONBIIMHCTBE SI3bIKOB MpOrpaMMHupoBaHus (Hampumep, B Ilackane), HO
TaM 3TOT MEXaHU3M HE SIBISIETCS TaKUM BaXKHBIM, IOCKOJIBKY MMEIOTCS JIpyTrHe, CBOMCTBEHHBIE
POLEAYPHBIM S3bIKaM, MEXaHU3MbI — HUKJIIbL, TPOLEAYPHl U PYHKIIHH.

Ilycte wumerorcs cneayromue ¢akTbl O TOM, Kakas Ball0oTa KOTHPYETCS BBIIIE:
doroje(dollar, rubl).

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

BeimonauM 3anpoc:

? doroje(evro, rubl).
Yes

Byner momydeH yTBEpOWTENbHBI OTBET, IOCKOJIBKY TakoW (hakT SIBHO OMHCAH B
nporpamme. Ecin xe caenats 3amnpoc,

? doroje(evro, iena).
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To orBeT OyneT oTpUIATENbHBIH, TOCKOIBKY TaKOH (haKT OTCYTCTBYET.
AHanoruuHeIM OyJIeT OTBET Ha BOIIPOC:

? doroje(funt, rubl).

H30exaTh Takux HEIIPABUJIBHBIX OTBCTOB 3/1€Ch MOXXHO BBCIACHHUEM IIpaBujia, B KOTOPOM
A0IMYCTHUMO CPAaBHCHUC MCIKIY €000 HE TOJIBKO ABYX, HO U TPEX 00BEKTOB:

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

Bropoe nmpaBuiio onuceiBaeT BapuaHT, korna X>7Z, a Z>Y, OTKyAa JeJIaeTcs BbIBOJ, YTO
X>Y.

OpHako 1ernoyYka B3auMHBIX CPaBHEHHU MOXeET ObITh AMUHHOW. Hanmpumep, npu 4eToipex
CpaBHEHUAX MOTPEOyeTCs] KOHCTPYKITHS:

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

OmnuceIBaTh Takue JJIMHHBIC MTPaBUiia HEYA00HO. 3/1eCh BHITOIHEE PUMEHHUTh PEKYPCHIO,
00paTHBIIKCH K MPABUIIY U3 CAMOTO 3TOTO MpaBUJIa:

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

IlepBoe mnpemiokeHHEe B ITOW KOHCTPYKLMM OIPEAEISET MOMEHT IpEKpalleHUs
PEKYPCHUBHBIX BHI30BOB.

Bropoe npaBuiio onuceIBa€T BO3MOXXHOCTU PEKYPCUBHBIX BBI30BOB, KOIJa CYLIECTBYIOT
HEIPOBEpPEHHbIE BapHaHThl pemieHus. BooOmie, no0as pekypcuBHas Npoleaypa JI0JKHA
COJIEPIKaTh:

HepexypcuBHoe npaBuiio, IpUMEHSEMOE JJIsi 3aBEpIICHUs] peKypcud (MX MOXKET ObITh
HECKOJIbKO, 33/1al01I1e pa3Hble YCIOBUS [l 3aBEPIICHUS] PEKYPCUH),

PexypcuBHOe mpaBmiio, mepBas MOJLENb KOTOPOrO BbIpaOaThIBa€T HOBHIE 3HAUYECHUS
apryMeHTOB, a BTOpasi — peKypCUBHas MOJLEIb — UCIIOJIb3YET 3TH 3HAUEHUS.

Habop npaBun npocmatpuaercs cBepXy BHU3. CHavasa JeaeTcs MOMbITKA BBIMOJTHEHUS
HEpeKypCUBHOIO IMpaBuia. Eciu oHO OTCYTCTBYET, TO PEeKYpCHBHOE MPABMIIO MOXET paboTaTh
0ECKOHEUHO.

IIpnMeHeHne peKypcHuH B JIOTMYeCKOM MPOrPaMMHPOBAHUM

Pexypcusi — mpoliecc MOBTOpEHHUS AJIEMEHTOB caMONoJ00HbIM oOpazoM. Pexypcus (B
IpOrpaMMHUPOBAHUM) — AJTOPUTMHUYECKUI METOI, 3aKIFOYAOLINICSA B BOZMOKHOCTH OOpaIleHus
npaswiia (PYHKIHH, TPOIIEAYPHI) K caMoMy ceOe OJIMH WIH 0oJiee pas.

Pexypcusi siBisieTCs 4acTO MCIONB3yeMBIM NpPHEMOM B Tporpammax Ha [Ipomore. /s
pPacCMOTPEHHOI'O  BbIII€ MpuMepa ©0a3pl 3HaHUM «PoACTBEHHHMKN» BBEIEM MPABUIIO,
OITUCHIBAOIIEE OTHOIICHHE «IIPEJOK» - KITOTOMOK» C TIOMOIIBIO PEKYPCHHU.

Jluctunr 3.3 PoacTBeHHUKH
% 1 mapameTp - UMs OTLIA UJIK MaTEPU
% 2 mapameTp - UMs CbIHA WJIH JOYepHr
roditel('Bacs', 'Buxka').
roditel('Bacs', "Kosst').
roditel("Komnst', 'HOnst").
roditel("tOns', 'Muma').
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roditel("tOns', 'Mama').
roditel('"Komnst', 'Cera').
roditel('Cera’, 'Poma').
roditel('Cgera’, 'Jlema').
% 1 mapamerp - npenok
% 2 mapameTp - MOTOMOK
predok(A, B) :- roditel(A, B).
predok(A, B) :- roditel(A, C), predok(C, B).

Ha Bomnpoc predok('Bacs', 'Muia') orBeT Oy €T MOJIOKUTETbHBIM.

BTopoii npuMep ncnonab30BaHUs PEKYPCUU — pacdeT pakTopHaa.
Jluctunr 3.4 Pacuer ¢pakropuasna
fact(1, 1):- !. % ¢akropuan e1uHUIIBI paBEH €IHMHULIE
fact(N, F):-
NIlisN-1,
fact(N1, F1), % F1 paBen ¢akropuany yucia Ha eIMHUILY MEeHbIIEro N
Fis F1 * N. % ¢axropuan uncna N paseH npousBeaenuto F1 Ha camo yncino N

Ha Bonpoc fact(6, F) oreet Oyzaet «F = 720».

JIrobast pekypcuBHas mpouenypa B Ilponore nomkHa BKIOYAaTh, KaK MUHUMYM [Ba
npaBuIa:

1) HepeKypCUBHOE MPaBUIIO, ONPEEISIONIEE €ro BU B MOMEHT NPEKPALICHUs] PEKYPCUH;

2) pexypcuBHoe npaBwio. IlepBas monuenb, BbelpadaTbIBa€T HOBBIE 3HAUYECHUS
apryMEeHTOB, a BTOpas - BbI30B CaMOI'0 MpaBWJia C HOBBIMHU 3HAUEHUSIMU apTyMEHTOB.

YnpagsiieHue npoueccoM BbIBOIa

B Ilposore mmeercs aBa CTaHIAPTHBIX MpPEIUKaTa, KOTOPHIE ITO3BOJIAIOT YIIPABIAThH
npoleypoi nepedbopa ¢ BO3BpaTaMu:

- fail (false) — mpeaukaT, KOTOpHIN BCeraa BO3BPAILAET JIOKb;

- | —npeaukar (cut, COKpaTUTh), 3aNPEIIAOLINI BO3BpAT Aajiee TOW TOUKH, I/1€ OH CTOUT.

[lepBbIii M3 HHUX HMCHOJIB3YETCS I OPraHU3ALMM LUKJIOB, a BTOPOM Ui YCKOPEHMS
nporeaypsl nepedopa.

Ecim MBI kemaeMm Y3HAaTh BCEX NPCIAKOB «Mummy n IIpu 3TOM, YTOOBI BblJla4da IPCAKOB
Ha KOHCOJIb ObLIa BHITIOJHEHA aBTOMAaTHUECKH, a HE B IMAJIOTOBOM PEKUME (ITyTeM HaXKaTHUs «;»
HocJie KaX/10ro OTBETA), TOT1a 3aIPOC J0JKEH BBIMVISIIET CIEIYIOIIUM 00pa3oMm:

Jluctunr 3.5
?- writeln('Ilpeaxu Mumu:"),
predok(A, 'Muma'),
writeln(A),
fail;
true.
Otser:

[Ipenkn Mumu:
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Onsa
Bacs
Komna

Takum o6pazom, mpenukar fail BBINONHSET NPUHYIUTENBHBIA OTKAaT W 3acTaBIIsSET
[Iponor 3aHOBO mepenoOKa3blBaTh BCE MPEAbLIYIIME TMOALENIM C HOBBIMH 3HAUYCHHUSIMH
nepeMeHHbIX. llepeoka3aTenbcTBY B MIPHUBEIEHHOM IpuMepe OyleT MOABEPKEH TOJIBKO
npeaukat predok(A, 'Muma'), T.K. npenukaTsl write 1 writeln He reHepUpyIOT HOBbIE 3HAUECHUS
nepemeHHbIX. Eciiu mocne npenukara fail HaxonsTces Apyrue npeauKaThl MpaBuiia, yKa3blBaeMble
yepes «,» (Jjoruueckoe M), To oHM HUKOTAAa HE OYIyT BBITOJTHEHBI.

PaccMoTpum Gosee cia0KHBIA IPUMEpP: BBISICHUTH BceX MpaBHYKOB «Kommy.

JlucTunr 3.6
?- roditel('Kouns', A),
write('TIpaBayku ('), write(A), writeln('):"),
roditel(A, B),
writeln(B),
fail;
true.
Orger:
[TpaBuyku (FOms):
Muira
Mara
[TpaBHyku (Caeta):
Poma
Jlema

Ecnu B nanHo# nenu ucnonb3oBath npeaukar ! nocine roditel('Konst', A), To pesynbratom
paboThI IporpaMMbl OYJIET MEPBLIX TPH CTPOKH, eciu nocie roditel(A, B) — nepBbIX 1Be CTPOKH.
Ecnu npu BeInosiHeHUH NpaBuiia B pe3yJibTaTe BO3BpaTa JJIs MEPeoKa3aTeIbCTBA MPEIUKATOB C
HOBBIMH 3HAYCHHSMHU TIEPEMEHHBIX Oy/JeT BCTpeYeH MpeauKar !, To BCE MpPaBWIO B IIEJIOM
BO3BpatuT «false», naxe ecaum y HEro MMEIOTCS albTEPHATUBHBIE IyTH JI0OKa3aTeNbCTBA,
yKa3piBaeMble uepe3 «;» (yormueckoe WMJIM) unu ompeneneHusi, 3amaBaembie OTACIbHBIMU
IPEeIOKEHUSIMH.

5.4 IPUMEHEHHUE CIIMCKOB B I1POJIOT'E

Hcnonb3oBanue CIUCKOB
Crucku — ogHa u3 HanboJsee 4yacTo ynorpediseMbix cTpykTyp B [Iponore. Criucok — 31o
Ha0Op OOBEKTOB OJHOTO M TOro ke Tuma. [Ipu 3amucu CIHCOK 3aKJII0YaloT B KBaJApaTHbBIE
CKOOKH, a 2JIMEHTHI CITUCKA PA3CIIIOT 3aISITHIMU, HAPUMED:
[1,2,3]
[1.1,1.2,3.6]
29 9 29 99

[“Buepa”,”’ceronns’”,”3aBTpa’|

DOnemMeHTaMM CHUCKa MOryT ObITh Ji00Oble TepMbl [Iposora, T.e. aTomsbl, YucIna,
IIepEeMEHHbIE M COCTaBHbIE TepMbl. Ka)kplii HEMyCTON CIIMCOK MOKET ObITh pa3/iesieH Ha TOJIOBY
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— HepBLIf/'I QJIEMCHT CIIMCKa M XBOCT — OCTaAJIbHBIC 3JICMCHTHI CIIMCKA. HpI/I 9TOM CIIMCOK
OpeACTaBISACTCA B BUIC:

99 99

[A|B] wmwm [1]| [2,3]] unu [1] B] wnu [“Buepa”| [“ceromus’™,”’3aBTpa’]].

DTO TO3BOJISIET BCSAKHI CIUCOK TMPEICTaBUTh B BHUAEC OwHapHOTO aepeBa (puc.l). YV
CIIMCKA, COCTOSIIIETO TOIBKO U3 OJTHOTO dJIEMEHTA, TOJIOBOM SBISETCS 3TOT DJIEMEHT, a XBOCTOM —
HYCTOﬁ CIIMCOK. 21.]'[5[ HCITOJIB30BAHUA CITMCKA HeO6XO)II/IMO OmnmucaTh Npe€auKaT CIiucCKa.

[1,2,3.4]

[S~]
iy
4l
r
—

tud
\E
=

Pucynok 4.1 bunapHoe gepeBo crucka.

B cnenyromem npumepe 1 - ronosa crnucka, a [2, 3, 4, 5] - xBoct. [Iponor nokaxer 310
TIPY TIOMOIIY COTIOCTABJICHHSI CTIHICKA YUCEN ¢ 00pa3I[OM, COCTOSIIIIMM M3 TOJIOBBI U XBOCTA.

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

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

3necs Head u Tail - Tonbko nMeHa nepeMeHHBIX. Mbl MOTJIM ObI MCIIONB30BaTh X U Y
WM KaK1e-HUOyb Jpyrue UMeHa MEePEeMEHHBIX C TEM e YCIIeXOM. 3aMEeTHM, YTO XBOCT CITUCKa
BCEra sBJIICTCS CIUCKOM. ['00Ba, B CBOKO OYepenb, €CTh JIEMEHT CIIMCKA, YTO BEPHO U JUIA
BCEX JIPYTHX AJIEMEHTOB, PACHOJIOKEHHBIX /10 BEPTUKAJIBLHOM YepThl. DTO MO3BOJISET MOIYUYHTD,
CKa)KEM, BTOPOU 3JIEMEHT CITUCKA.

B Prolog ucnonb3yercst cnenuaibHbIii CUMBOJ JUIsl pa3fesieHusl CIHCKa Ha TOJIOBY U
XBOCT — BEpTHKAJIbHAs uepTa |.

Hanpuwmep:

(1,2, 3] wma [1[[2, 3] wma [T [ [2] [3]]] womm [1 ] [2 [ {3 [[]]]]

BepTI/IKaJ'II)HYIO YCPTY MOKHO HUCIIOJB30BATHh HE TOJIBKO [JIA OTACJICHUA I'OJIOBBI CITMCKA,
HO 1 JJI1 OTACJICHHUA ITPOU3BOJIBHOT'O YHCJIA HAYAJIbHBIX 3JICMCHTOB CIIMCKA:

[1,2,3]wmma [1,2 | [3]]wmm [1,2,3 |[]]
IIpumep

I/IcnonmyeM AHOHUMHBIC NIEPEMCHHBIC IJI T'OJIOBBI U CIIMCKA, CTOALICTIO ITOCJIC YCPThI,
€CJIM HaM HY7KCH TOJIBKO BTOpOI\/'I 9JICMCHT CITMCKa:

?- [cnon, momiak, ocen, cobaka] =[ , X | ]. X = nomaas
Yes

Paccmotpum Heckonbko mporeayp oOpaboTku crmckoB. OOpaTuTe BHUMaHHE, YTO BCE
OHM HCTIONB3YIOT PEKYpPCHIO, B KOTOPOW TepMHUHalbHOE (06a30BOE€) MPAaBHIO OMPEACICHO s
IIyCTOTO CIHCKA.
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IIpumep

[Ipenukar «mepecTaHOBKa» BBIJACT CITMCKH, IMOJYYCHHBIC TEPECTAHOBKOW 3JIEMCHTOB
CBOETO MEPBOTO apTyMEHTA.

nepectanoBka([],[]).

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

[Ipumep ucnonb30BaHUsA:
JlucTunr 4.1

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

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

X =]c, b, a];No

[Ipenmnonoxum, 4To0 UMEETCsI HEKOTOPBIM CIUCOK, B KOTOPOM X 0003Ha4yaeT ero rojioBy,
a Y — XBOCT cmucka. Takod CIHCOK MOXHO 3amucarh, kak [X|Y]. DTOT CHUCOK MOKET
COJIepKaTh, HAIPUMEDP, UHCTPYMEHT JIsl 00pabOTKU JeTale:

[dpesa, cBepio, pe3el, XoH]|

Teneps NpeANOIOXKUM, YTO MBI XOTHM OIPEIEIUTh, COACPKUTCA JIM HEKOTOPBII
UHCTPYMEHT B yKa3aHHOM cnucke. B IIpoisiore 310 MOXHO caenarh, OIpENeInB, COBIANAET JIU
JAHHBI MHCTPYMEHT C TOJOBOM cmucKka. Eciam coBmajgaer, TO Hall CIMCOK 3aBEPIIACTCS
ycnexoM. Ecinu HeT, TO MBI IIpOBEpsAEM, €CTh JIM HY>KHBI MHCTPYMEHT B XBOCTE HUCXOIHOIO
CIHUCKa. DTO 3HAYUT, YTO CHOBA IPOBEPSIETCS TOJIOBA, HO YK€ OYepeaHOro XBocTa cnucka. Eciu
MBI JIOXOJIUM JI0 KOHIIA CIIUCKA, KOTOPBIH OyJeT MyCThIM CIIMCKOM, TO HAlll MOUCK 3aBEpIIacTCs
HEy/auel: yKa3aHHOTO HHCTPYMEHTA B HCXOJHOM CITHCKE HET.

Jst Toro, yToObI 3anucath Bee 310 Ha [Iponore, cHavyana Hajo:

VY CTaHOBUTH, YTO MEXAY OOBEKTOM U CIIUCKOM, B KOTOPBIN 3TOT 0OBEKT MOXKET BXOAUTD,
CylLlecTByeT OTHouleHue. [y 3amMcu 3TOro OTHOUIeHHs OyleM HCHOJIb30BaTh IMpEAHKaT
OPUHAUICKUT:  LeJeBoe  yTBepkIAeHHe  npuHamIexuT(X,Y)  sABIsSeTCS  UCTHUHHBIM
(«BBITOJIHSACTCSY), €CIM TE€PM, CBA3aHHBINA ¢ X, SIBISETCS JIEMEHTOM CIUCKa, CBS3aHHOTO C Y.
HNmeroTcs aBa ycnoBus, KOTOPBIE HAJIO MPOBEPUTH I ONPEAEICHUS MCTUHHOCTH MPEIUKATA.
IlepBoe ycnmoBue roBoput, 4yto X OyJeT 3JIEMEHTOM cHucka Y, eciliu X COBHaJaeT C rOJO0BOM
ciucka Y. Ha Ilposore 3ToT (hakT 3anmichIBaeTCs CIEAYIOUIM 00pa3oM:

npuHaIesxkuT(X,[ X]|_]).

DTa 3amuch KOHCTATUPYET, UTO X SIBIISAETCS DJIEMEHTOM CIIMCKAa, KOTOpPhIA uMeeT X B
Ka4yecTBe TOJIOBBl. B JTaHHOM cilydyae aHOHUMHAs NEpeMeHHas « » i1 0003HaueHHsl XBOCTa
CIIHCKa.

Bropoe npaBusio roBopuT O TOM, YTO X NPHUHAUIEKUT CIHMCKY IIPH YCIOBHMH, YTO OH
BXOIMT B XBOCT 3TOTO CITUCKa, 0003HauaembIil yepe3 Y. Iy 3TOro MCHOIb3yeM TOT JKE CaMbIi
npeauKaT MPUHAUICKUT Ui TOTO, YTOOBI ONpPENENINTh, MPUHAUIEKHUT I X XBOCTY crucka. B
3TOM M COCTOMUT CYTh peKypcuu. Ha IIposore 3To BBINISIINAT Tak:

npuHaiesxkuT(X,[ |Y]) :- npunagnexut(X,Y).

I[Ba OTUX TIIpaBUJIa B COBOKYIHOCTH OHNPCACIAIOT NpCAuKaT I OTHOIICHHA
IMPUHAAJIC)KHOCTHU U YKA3BIBAIOT HpOHOFy, KaKumM 06p2130M IpoCMaTpuBaTh CIIMCOK OT Ha4dajia 10
KOHLa IIpU IIOHUCKE HCKOTOPOI'O 3JIEMCHTA B CIIMCKC. Haubonee Ba)kHbBINM MOMCHT, O KOTOpOM
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ClIeZlyeT MOMHUTb, BCTPETHBIIUCH C PEKYPCHBHO ONPEAEICHHBIM MPEAUKATOM, 3aKII0UacTCs B
TOM, YTO MIPEXKJIC BCETO HAZ0 HAWTH TPAHUYHBIEC YCIOBHS U CIIOCOO MCIIOIB30BAHUS PEKYPCHH.

Jlns mpeaukara «IpPHHAUICKHUT» B JIEHCTBUTENBHOCTH MMEIOTCS JBa TUIA TPAHUYHBIX
ycinoBuil. JIn6o 0oOBEKT, KOTOpPbI MBI HIIEM, COAEPKHUTCS B coucke, iubo Her. Ilepsoe
IPAaHUYHOE YCJIOBHE ISl NpeluKaTa «IPUHAUIEKHUT» PACIIO3HAECTCS IMEPBBIM YTBEPKICHUEM,
KOTOpPOE€ TPUBOIUT K IPEKPAIICHUIO TIOWCKAa B CIIMCKE, €CIM TEPBBIA apryMeHT NpeauKara
NPUHAJICKUT COBIAJAeT C TOJIOBOU crucka. Bropoe rpaHu4yHOE ycloBHE BCTpeudaeTcs, KOrjaa
BTOPOH apryMEHT MPeIUKaTa «IPUHAIICHKHUT SIBIISIETCS ITyCTHIM CITUCKOM.

D10 BCe IeMOHCTpUpYeT ciaenyromuii npumep Ha [ponore: npunamiexut(X,[X]| ]).

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

?- mpunHaexut(dpesa,[ ppesa, cepino, pesen, XoH]).
true

?- mpuHAANSKUT(MPOTSKKA, [ ppe3a, CBepIIo, pe3el], XOH]).
false.

Crnoco0b1 Oprann3anum HUKJIOB

B IIpomore oTCyTCTBYIOT KOHCTPYKIIMHU IIMKIIOB C TTAPAMETPOM, TIPEA- M MOCTYCIOBHEM,
HO C MIOMOIIbIO COOTBETCTBYIOIIMX MEXaHU3MOB MOXHO OPraHU30BATh Pa3HbIE TUIHI IIUKIIOB.

1 cioco6. Ucnions3ys pexkypcuro.

2 cnoco0. Mcnonb3ys npeankar, KOTOpbId MOXKHO MepeioKa3aTh, U npeaukar fail.

3 cmoco6. Hcmonp3yss mnpeaukar, KOTOPBIM MOXXHO TIepeloKa3aTh, W JIOTHYECKOE
yTBepkaeHne. Hampumep, BblIaTh Mapbl «HOPEJOK» - «IOTOMOK» A0 TeX IOp, TOKa He
BCTPETHUTCS IOTOMOK C UMeHeM «Mmuriay.

Jluctunr 4.2
?- predok(A, B),
write(A), write(' sBrisercs npenkom '), writeln(B),
B =='Muma’;
true.
Ortsert:
Buxka siBnsercs npeakom Komst
Bacs sBisercsa npeakom Koms
Kons sBnserca npeakom FOmns
Ons snsiercst mpenkom Muria

Takast KOHCTPYKIMS COOTBETCTBYET ILIUKIY C TOCTYCIOBHUEM.

4 cioco06. Opranuzanusi LUKIA CO CYETYMKOM, HCHOJB3ys IMpeauKar repeat Hu
TUHaMHueckoe no6asienue GpakToB B 6a3y 3HaHUH (Tporpammy).

Crnemyer OTMETHTHh, YTO B HEKOTOPBIX pealm3anusx s3blka [Ipojor OTCyTCTByeT
BCTPOCHHBIM MpenukaT repeat. Torja NaHHBIM NpenukaT HaXO ONpPENENUTh B IpPOrpaMme
CJIEAYIOIIUM 00pa3omM

repeat.

repeat:- repeat.

Ero wucnone3yloT BMecTO IepeqokasbiBaeMoro mpenukara. Ho ecim  npu
NepeI0Ka3aTeIbcTBE OOBIYHBIX TPEINKATOB MOXKET HACTYHUTh MOMEHT, 4YTO BCE (DaKThI
ucyepmanbl (Harpumep, predok(A, ‘Mwuma’) ... fail), To npu KUCMONB30BaHUU MpEaUKaTa repeat
TaKOW MOMEHT HE HACTyIaeT HUKOT1a.
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JlucTuur 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).

[TpuBenenHas nporpamMma OyJeT LHMKIMYECKH BBIAABATh HA AKPaH KBAApaThl yucen OT 1
no 10. B kauecTBe cyeTumka MCNoNb3yeTcs npeaukar (paxTt) count, KOTOPbI AMHAMUYECKU
no0aBIsieTCs U yaanseTcst U3 6a3bl 3HAHUM.

Cy1ecTBYIOT TaKkKe Apyrue crocoObl OpraHu3aluy HUKIIOB.

IIpumenenne cnuckos B IIpoaore

B Ilposiore HeT Takoi pacnpOCTPAHEHHOW M YacTO MCIOJb3YyEMON CTPYKTYPhI XpaHEHHS
JTAHHBIX KaK MAaCCHBBI, HO 3aTO €CTh Pa3BUThIE BO3ZMOXKHOCTU PabOTHI co cruckamu. CIUCOK —
YIOPSAIOYCHHBIM HA0Op JJIEMEHTOB OJHOTO THMa. B oOTiaMYMe OT MacCHMBOB, KOJIHYECTBO
JJIEMEHTOB KOTOPBIX CTPOro (PUKCHUPOBAaHO (B OONBIIMHCTBE S3BIKOB IMPOTPAMMHPOBAHHS),
CITMCKH TMO3BOJISTIOT MOJAU(PHUIIUPOBATH, T00ABIATH WIH YIAISITH U3 HETO SJIEMEHTHI.

Crnucku B IIponore 3akmioyaroTcsi B KBaJpaTHble ckoOku, Hampumep [1, 2, 8, 123] unu
['TId', 'BT', "YetBepr']. Criucok, HE coaeprKaIiuii HA OJJHOTO AJIeMEHTa «[ |», Ha3bIBAETCA Iy CTHIM.
Kaxnplii HemycTol CHMCOK COCTOMT M3 JIBYX 4acTel: TOJOBbl M XBOCTa. ['0JIOBOM siBIIsieTCA
MEPBBII 2JIEMEHT CITMCKa, XBOCTOM — BCE€ OCTaJIBHOE.

Tabmuua 4.1 COouckuy U ero coCTaBHBIE YaCTU

Cnucok ["osoBa XBoCT
[1,2,8,123] 1 [2, 8, 123]
['ITd', 'BT', 'YeTrBepr']'TIH' ['BT', 'UeTBepr']
[1.25] 1.25 []

[] HE onpeAciaeHaHe onpeaccH

B nporpamme rojioBa OTAEISAETCS OT XBOCTA CHMBOJIOM «|.

qaCTO I/ICHOJ'H:ByeMLIMI/I OHepaI_[I/ISIMI/I HpH pa60Te CO CIIMCKaMU SBJIAKOTCA:
- MPOBEPKA HAJMYMS DJIEMEHTA B CITHCKE;

- 100aBJICHUE DJIIEMEHTA B CIIUCOK;

- KOHKaTeHIUs (00bEeTMHEHHE) CITUCKOB;

- yAaJieHue 3JIEMEHTA U3 CIIHCKA;

- 3a/1aHre OOPATHOTO TOPSAKA CIICOBAHUS YJIEMEHTOB CITHCKa;

- pa3aeNeHre CIucKa Ha JBa.

1 TIpoBepka HamM4usl HIEMEHTA B CIIUCKE.
JIncTuur 4.4
% 1 mapameTp — 3JIEeMEHT, HAJIMYNE KOTOPOTO B CIIHCKE TPeOYeTCsi IPOBEPHUTH

% 2 mapameTp - CIUCOK

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

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

write('"Het').

Ortser: /Jla.

2. JloGaBieHue >neMeHTa B CHHCOK. J[s maHHOW omepamnuu He TpeOyeTcsl OTIeIbHOTrO
TpaBUiia, €CJIM dJIEMEHT X A00aBiseTCs B Hadamo criucka List

NewList = [X] List].
3. KoHnkaTeHIus IByX CIUCKOB.
Jluctunr 4.5
% 1 mapameTp — IEPBBIA CIHUCOK
% 2 mapameTp — BTOPOH CIIMCOK
% 3 mapameTp — pe3yJbTaT 00bEIMHEHUS JIBYX CITUCKOB
concat([], L2, L2).
concat([X|L1], L2, [X|L3]):- concat(L1, L2, L3).

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

4, VY anenue »JaeMeHTa U3 CIIMCKa U 3aJlaHue O6paTHOFO nopsaKa CJICI0BaHUA 3JICMCHTOB
CITMCKa.

Jluctunr 4.6
% 1 mapameTp — yaaiasieMblil 2JIEMEHT
% 2 mapameTp — UCXOJHBIN CIIMCOK
% 3 mapameTp — paboumii CIIUCOK
% 4 mapameTp — epeBEPHYTHIM CIUCOK O€3 371eMeHTa
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 — UCXOIHBIN CITUCOK

% 2 mapameTp — pabo4Hii CIMCOK

% 3 mapameTp — MepeBEPHYTHII CITUCOK
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 — 3JI€eMeHT, 331011 pa3oueHune
% 2 mapameTp — UCXOJHBIN CIIMCOK
% 3 mapameTp — 3JIEMEHThI, MEHbIIINE WIN PaBHbIE | mapaMeTpy
% 4 mapameTp — 31eMeHThI, Oonbiire 1 mapameTpa
split(_, [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).

Otsert: [1, 3, 1, 1] u [45, 33].

5.5. PASBPABOTKA 3KCIIEPTHBIX CUCTEM

Pa3zpaboTka 3xcnepTHbIX cucTeM Ha si3bike IIposor

Ilocne 3amycka wuntepnperatop IIposora BblgaeT NpuIIalleHWE BBOAWUTH 3anpocChl,
KOTOPBIE TAK)KE HA3BIBAIOT gonpocamu WIN yenamu. Kak npasuiio, 3anpoc npeacTaBiseT cooon
BBI30B NPOLIEAYPHl M 3aMUCHIBACTCS KaK MMsI HPOLEIYphl, 3a KOTOPBIM B KPYIJIBIX CKOOKax
CIIETyIOT apryMEHTBI, pa3/JelIeHHbIe 3ansaThIMU. B KoHIIe 3anpoca craButcs Touka. [Ipouenypsl B
[Iponore Ha3bIBalOT npeduxamamu. HEKOTOpbIE U3 HUX BCTPOEHBI B A3bIK M UX MOXKHO BBI3bIBATh
HEME]UIEHHO.

?- true.

Yes

?- fail.

No

Bcerpoennbie mpenukarsl true M fail IPEACTABISIIOT COOTBETCTBEHHO TOXKIECTBEHHO
VCTUHHOE U TOXIECTBEHHO JIO)KHOE BbhICKa3bpIBaHWe. OTBET Ha MEpBBIN BoIpoc Beernaa "na" , a Ha
BTOpOil "HeT". '0BOpAT, UTO 3ampoc true 3aKaHUUBAETCS ycnexom, a fail - neyoaueu. TouHO Tak
ke 00011 3anpoc 3aBepiaercs 100 ycrnexom, 1100 HeyJauek.

JIucTunr 5.1

?- integer(1).
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Yes

?-3+4 <3%2.

No

?- write('npuser').

pUBET

Yes

OOpaTuTe BHUMaHHE: MEX/1y UMEHEM IpeuKaTa U OTKphIBAIOIIeH CKOOKOM HE JOKHO
ObITh MpoOenoB. Bropoil 3ampoc 3amucaH B TpaJulMOHHONM MH(UKCHON (Qopme - HEKOTOpble
IIPEAMKAThl JOIYCKAKT TAKYH 3aluch. BeImomHuB nociennuid 3ampoc, IIponor orBedaer Yes,
XOTS MBI BpoJie ObI HM O YeM He cCHpaliuBaid. TakuM o0Opa3oM OH MPOCTO COOOIAeT O
0J1aronoIy4HOM 3aBEPIIECHUH 3a1poca.

EcTb erie ofHa BO3MOKHOCTB - 3aIIPOC MOXKET 3aBEPLIMTHCS OLUIMOKOIA.

JlucTuur 5.2
?- abracadabra.

ERROR: Undefined procedure: abracadabra/()

?-3/0> 1.

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

IlockombKy cucTeME€ HE UW3BECTHO HHMYEro II0 IIOBOAY abracadabra, BO3HHKAET
UCKJIIOUUTENbHAs cuTyalus. Bo BTopoM ciydae ommnbka BO3HUKIIA B IIpoLiecce apupMETHIECKUX
BbIUMCIeHUH. B npuHuune, ommbka - Toke HeyJada, HO Heyjaua 0coboro poja, nocie KoTopon
JAJIbHEHIICE BBIIIOJHEHUE 3a1IPOCa HE UMEET CMBICIIA.

Hmest HeKOTOpPBI ONBIT pabOThI C PYHKUMOHAIBHBIMU SA3bIKAMHU, MBI MOXKEM IONbBITATHCS
HalTU CyMMY YHCEIL:

?7-2+3.
ERROR: Undefined procedure: (+)/2

U moiydaeM cooOiieHue o0 ommbke. Hamr 3ampoc He umeer (GopMbI MPEITIOKCHHUS.
[TormpoOyem 1o npyromy.

?- write(2+3).

2+3
Yes

CucreMa BBIBOJIUT BBIPAKEHHE, AK€ HE IMBITAACh YTO-HUOYIb BEIYUCIUTH. MOKET OBITH
Tax?
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?7- X =2+3.
X=2+3
Yes

CHoBa Heymawa. IIponor paspabaTbiBajics MpexJe BCEro Kak s3bIK 00pabOTKH
CUMBOJIbHOI WHpoOpManuu W BbIpakeHuss Bujpa "2+3" - 3T0 ero oObBEKThl JaHHBIX (OHU
Ha3bIBaIOTCS mepmamu). IMeHHO 3To BbIpakeHue U nmpucBauBaeTcs nepemenHoi X. Ho Hazmo xe
KaK TO BBIMOJHATH apupMeTHdecKue BbIYMCIEHUsS. [ 3TOro mpegHazHauyeHbl CrelHajbHbIe
apugmemuueckue npeouKamol.

JIlucTunr 5.3

?7- X 1s 2+3.

X=95
Yes

Hakonen-to! Ilpenukar is BBIUMCISIET 3HAYEHHWE BBIPDAKEHUS M IPUCBAUBAET €r0
NEPEMEHHO. 3arpoc 3aBepIlaeTcss yCIeXOM U 3Hau€HUE MEPEMEHHON BBIBOJUTCS B KauecTBE
OTBETA.

Hpyrue apudmernueckue mpeaukarbl ( ==, =\=, <, =<, >, >= ) BBIYUCIAIOT 002 CBOUX
apryMeHTa U CpPaBHUBAIOT UX 3HAYCHMS.

Jluctunr 5.4

?- 3+2==35.

Yes

-2%2==2+2.

Yes

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

Yes

Jllpyras pa3HOBUIHOCTh TPUMHTHBHBIX OOBEKTOB - amomsl. Yamie BCEro OHH
3aMMCHIBAIOTCS KaK MOCJIEeI0BATEILHOCTH OYKB U HHU(p, HAYMHAIOMICHCS CO cmpOouHOl OYKBBI.
DTO OTIMYAET UX OT MEPEMEHHBIX, KOTOPBIE HAYMHAIOTCS C NPONUCHOL OYKBBI. ATOMBI MOKHO
CpaBHUBATh TOCPEJACTBOM IMPEAMKATOB == , \==, @<, @=<, @>, @>= . Apudmerudeckue
MPEIUKATHI JJI 3TOTO HE MOAXO/ST, IIOCKOJIBKY OHU TIOMBITAIOTCS BBIUUCIUTH apu(MeTHIeCKre
3HAYEHUS! aTOMOB, YTO MPUBEJET K OMINOKe. A BOT 4Kciia (HO He 3HAYCHHsI BBIPAXKEHHI) MOXKHO
CpaBHUBATh U TEMU U IPYTUMHU.

JlucTuur 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 nocnenHuii 3aIpoC yCHEUIEH, JOTaJaUTECh CAMH.

?7- X is 2+3.

X=5
Yes

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

B coobmenune 006 omubke yka3aHO 4YTO INepeMeHHas(umeercs B BuAy X) HeE
KOHKpeTu3upoBaHa. Ho MbI e TOJIBKO 4TO NpUCBOMIM €if 3HaueHue! Jleo B TOM, UTO 3TO yKe
npyrasi nepemenHas. OOnacTe JEHCTBHS TEPEMEHHOW pPACIpOCTpPAHIETCS TOJIBKO HAa OJHMH
3arpoc. Ho 3ampockl MOTyT ObITh U CIIOKHBIMHU, COCTOSIIIIMMU M3 HECKOJIBKUX LIEJIEH.

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

~
Il

Yes

IToka Hama BO3MOXXHOCTb 3a/1aBaTh BONPOCHI OorpaHudeHa. UtoObl 3ajgaBaTh Oosiee
MHTEPECHBIE BOIPOCHI, HAJ0 3arpy3uTh KaKyl-HUOYIb Iporpammy. OTO MOKHO HpOLEAYypOi
consult, 711 KOTOpPOH NpuaymMaHo cokpaiieHue. Hampumep, ecim mporpaMma HaXOAWTHCS B
¢aiine 'my_ program.pl', TO €€ MOXHO 3arpy3HuTh, BBEIs

?- consult(my_program).
170071
?- [my_program].

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

3arpy3uT cpady Bce yKazaHHbIC Tporpammbl. Ho mpexkae dem 3arpykath Mmporpammy
HAJI0 €€ HaIUCAaTh.

IIporpammupoBanue 6a3bl 3HaHMI HA A3bIKke [IpoJior

ITporpammsl Ha [Iponore yacto Ha3pIBaroOT "0a3aMu JaHHBIX" WK Aaxe "O6a3amMu 3HaHUH"
B TOM CMBICJIE€, YTO OHHU MPEACTaBISET COOOW COBOKYMHOCTH MPEIIONKEHHH, OMpenestomx
OTHOIIEHUS MEXTY 00BEKTaMHU MpEeAMETHON 00JIaCTH WM CBOMCTBa 3TUX 00BeKTOB. CBOICTBA
u otHoleHus B [Iposore, kak u B JIOTHKe, Ha3bIBAIOT MIPEIUKATAMHU.

Kaxnplii mpeaukar ompenensercss IMOCIeI0BaTeIbHOCTRIO HNpednodcenutl, KOTOPYIO
Ha3bIBAIOT npoyedypou. TpaJulIMOHHO BBIACISIIOT JIBa TUIA MPEUIOKEHUN: ¢hakmbl U npasuia.
Jlns Hauana pas0OepeMcsi ¢ MepBOM pa3HOBHIHOCTHIO. [IpennoxeHue-pakT COCTOMT U3 UMEHH
MpenrKara, 3a KOTOPhIM B KPYTJBIX CKOOKax CIEQYIOT apryMeHThl. Takoe mpeuioKeHue
OTMCBIBAET YTBEPXKACHUE O KOHKPETHBIX 00bekTax. [Iporpamma, cocrodias TOIbKO U3 (PaKTOB B
CYIIHOCTH SIBJIICTCS PEISAIIMOHHON 0a301 JaHHBIX.

Bo3zpmem B kauecTBe mnpumepa ¢parMeHT Oa3bl JaHHBIX HEOOJBINON KOMIAHUU
Horns&Hoofs Ltd. OpgHomecTHBINI mpeaukatr employee yCTaHaBIWBAaE€T CBOWCTBO "OBITH
paboTHUKOM".

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

Boo01ie To, MeHa cCOOCTBEHHBIE MOJI0XKEHO MHUCATh C MPOMUCHON OyKkBbI, HO B [Iponore
MMEHa OTHOIICHUI U OOBEKTOB JOJKHBI HAYMHATHCSA CO CTPOYHOM OYKBBI HJIM 3aKJIIOYATHCS B
KaBbIYKHU. Kak mpaBuiio, npeanoyntaroT o6xoaurcs 6e3 kaBbruek. [IporpaMMa MoKeT coaepkaTh
NpEeIUKaThl C OJMHAKOBBIMH HMMEHAMH, HO C Pa3HbIM KOJMYECTBOM apryMeHTOB. YUTOOBI
pa3inyuaTh UX YHOTPEOISIOT MMEHA COCTOSINME M3 MUMEHHU MpeAuKaTa u ero apHocTH. [lomHoe
MM TOJILKO YTO OIPEACIICHHOI'O IpeauKaTa: employee/1.

[Ipenukar salary/2 ycTaHaBIMBaeT OKJIAJ] KaXI0TO paOOTHHUKA.

Jluctunr 5.7.2
salary(anthony,500).
salary(barbara,200).
salary(charles,180).
salary(diana, 150).
salary(edward,150).
salary(frederic,140).
salary(gregory,150).
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salary(herbert,100).
salary(isabella,90).
salary(john,160).

[Ipenukar boss/2 ycTaHaBIMBAET OIMCHIBAET OPTaHU3ALMOHHYIO CTPYKTYpy KOMIAHHH.
VYrBepxnenue boss(A,B) oznauaert, yto B - pykoBoautens 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 TporpaMmy, MOXHO 3a/laBaTh BOIPOCHI, HEMOCPEACTBEHHO K HEH
OTHOCALIHECH.

Jluctunr 5.7.4
?- [hh].
% hh compiled 0.00 sec, 0 bytes
Yes

?- employee(anthony).
Yes

?- employee(ronald).
No

?- boss(barbara, anthony).
Yes

Orto mpocTeimnii TiI BorpocoB. CHucTeMa MpoCTO MPOBEPSET 3alMCAHO JIM HEKOTOPOE
IpeJUIoKEeHNe B MporpaMMme U OoTBedaeT "na" eciau 3TO Tak Wiu "HeT"' B NMPOTHBHOM CIIy4ae.
Taxum 00pa3oM, NpeAIoKEHUE CUNTACTCS JIOKHBIM, €CIIH SIBHO HE 3alTUCAHO 0OpPaTHOTO.

Bonee uHTEpecHble BONPOCH MOJMYYaAIOTCS, €CJIM MOACTABUTh B 3alpOChl EPEMEHHBIE.
Hanpumep, Mbl MOXeM y3HATh 3apriaty Yapib3a, CIpOCHUB.

?- salary(charles,S).

§=180
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Yes

OtBeuas Ha 3TOT Bompoc [Iposor comocraBiseT ero co BceMu (hakTamu 13 0a3bl TaHHBIX,
IBITAACh MOAOOpPATh MOAXOJAIISe 3HAYCHHE MepeMeHHOW. HekoTopwie BOMPOCH AOIMYCKAIOT
HECKOJIbKO BApUAHTOB OTBeTA. Takue BOIPOCHI, HA3bIBAIOT HedemepMUHUPOBAHHBIMU.

?- boss(A,charles).

A = frederic
Yes

Ho »T10 He enuHCcTBEHHBIN 0TBET. OTBEYast Ha BONMPOCHI C IEPEMEHHBIMU CUCTEMA, BBIJIAB
3HaueHue kJeT Haxkatus Ha Enter. Ha camom nene, oHa mHTepecyeTcs HY)XHBI JIM HaM JpyTrue
orBeThl. Haxkumass Ha Enter Mbl roBopum '"cmacu0o, JocTaTOYHO" M cHCTEMa OTBEYaeT Yes.
UTo06b! NOMYUYUTH APYTUE OTBETHI HaJ0 BBECTH ";".

?- boss(A,charles).

A = frederic ;
A = gregory ;
A = herbert ;
No

Ilocnengnee No o3HauaeT, 4TO APYruX OTBETOB HET. OTBETHl BBINAIOTCA B TOM K€
HOPsZIKE, B KOTOPOM OHM BCTpEYaroTCs B Iporpamme. Bompoc ¢ IByMsi IEPEMEHHBIMU BEPHET
BC€ Iaphbl MOAXOJALINE 3HAYCHUN.

?- boss(A,B).
A = barbara
B = anthony ;
A = charles
B = anthony ;
A = diana

B = barbara
Yes

B Tex cmyuasx, xoraa TpeOyeTcs yka3aTb INEPEMEHHYI0 HO €€ 3HaueHHe A Hac
HECYIIIECTBEHHO MO)KHO HCIOJIb30BATh TaK HA3bIBAEMYIO AHOHUMHYIO NepeMeHHYI0, COCTOSILYIO
U3 €JMHCTBEHHOIO CUMBOJIa MojauyepkuBaHus. OTBeuyass Ha BONPOC, COAEPIKALIUN aHOHUMHYIO
nepeMeHHy1o, [Iposor nmoxdupaer /i Hee 3HaYEHUE, HO HE BBIBOAMT €TO0.

?- boss(A, ).

A = barbara ;
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A = charles ;
A = diana ;
A = edward
Yes

Jlo cux mop MBI 3agaBaiy JOBOJBHO MPOCTHIE BOMPOCHL. UTOOBI OTBETUTHh HAa HUX
JIOCTAaTOYHO OBLIIO MPOCMOTPETh OHO OTHOIICHHE. Ho Kak MBI 3HaEM, TPOCTHIE BOITPOCH MOXKHO
00BeIMHATH B O0Jiee CIIOXKHBIE. 3amsiTasi IpHU dTOM IMOJIy4aeT JOTHUECKH CMBICT KOHBIOHKIIUU
npeioxkeHuit. Hampumep, cripocum He MOTydaeT JU KTO TO OOJIbIIE CBOETO HaYaIbHUKA

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

A = john

B = gregory
S4 =160
SB =150,

No

1 O0HapY UM Henopsiok: oknaa Jxona 6onbiie, yem y ['peropu.
Kpome KOHBIOHKIMH ISl COEAMHEHUS TPEI0KEHUN MOKHO IPUMEHSATh U AU3bIOHKLUIO,
KOTOpasi 0003HayaeTcs TOYKOMU ¢ 3amsToit ";".

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

X = anthony
S =500,

X = isabella
S=90;

No

Otpunianue oOo3Hauaercs "\+" (WaM not, HO 3Ta ¢Gopma, XOTd M TPHUBBIYHASA, HE
PEKOMEHTyeTCs1).

?- \+ employee(X).

No
3anpoc o3HavyaeT "He CYHIECTBYET HH OJJHOTO paOOTHHUKA'", UTO, KOHEYHO, JIOKHO.

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

X=_ G157
Yes
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A »o1OT 3ampoc "He cymiecTByeT HU OAHOro pabotHuka ¢ okmagoM 300". Takux
pabOTHUKOB, AeUCTBUTENBHO, HET. [lepemennast X octanack cBOOOAHOM (HE MOITy4Hia HUKAKOTO
3HA4YeHHs), I0O3TOMY B KaUueCTBE 3HAYCHHUS BBIBOAUTCS HEUTO MAJIOBPA3yMHUTEIbHOE.

Kak BunHO, oTpuianue mno3BoJiseT (QopMyaupoBaTh o0Imue (00meoTpuIaTeNIbHbIE B
TEPMHHOJIOTMH KJIACCUYECKOW JIOTUKHN) CYXAEHUA. BBIICHUM, KTO HE SBJISAETCS HaYaJIbHUKOM U
KTO HE UMEET HaYaJIbHUKOB.

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

X =diana ;
X = frederic ;
X = herbert ;
X = isabella ;
X =john ;
No

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

X = anthony ;
No
Haiinem camoro BbICOKOOIIJIAUMBAEMOI0 paOOTHHKA.

?- salary(A,Smax), \+ (salary(_,S), S>Smax).

A = anthony
Smax = 500
S=_@Gleél

Yes

HHTepecHOe NMpUMEHEHNE OTPULIAHUS - KOHCTpYKIHs (\+ (Q, \+ P)), KOTOpas MPOBEPSET,
yTO Bee pemeHus Q OynyT pemenusamu it P. Hanpumep

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

X= _GIl57
Yes

OT10 OyKBaJbHO O3HAYaET "He CylIecTByeT pabOTHHKA, HE MMEIOLIEro okiaja" uim "Bce
pabotHuku umeroT oknansl". B SWI-Prolog ects BcTpoeHHBIH npeanKkar forall, MIMEIOIIHIA TOT ke
CMBICIL.

?- forall(employee(X), salary(X, )).
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X= _GI57
Yes

Kpome (hakToB - 6€3yCcI0BHO HCTUHHBIX MPEJIOKEHUN, B TPOTPaMMbI MOKHO BKJTFOYATh
Y YCJIOBHBIC TIPEJIOKEHUS - NPABUIA, KOTOPBIE ONIPEICIISIIOT HOBBIE MPEINKATHl B TEPMUHAX yIKE
cymectByromux. Kaxmoe mpaBuiao cOCTOMT M3 JBYX 4YacTeH, pa3/ieleHHbIX CHUMBOJIOM '":-".
JleBast 4acTh TIpaBUIIA - 3A201060K OTMCHIBACT MIPEIUKAT, a TPaBasi - meo ONPEACIIsieT yCIOBUS,
IPU KOTOPBIX OH MCTHUHEH. TeloM MOKeT OBITh 000U 3ampoc, KOTOPBIM M BBIMONHSIETCS MPU
BBI30BE IMPEAMKATA, ONPENIEIEHHOTO B 3aroyioBke. Hampumep, MOkHO 0pOpMUTH B BUIE TIPABUII,
BOIIPOCHI, KOTOPBIE MbI 33/1aBaJIH.

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

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

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

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

Z[OHOJIHI/IB nporpaMmmy HOBBIMHU IIpaBUJIIAMHU, CMOKEM 3a4aBaTb HOBBIC BOIIPOCHI. HpI/I
OTOM HE HHTCPCCYIOMIUE HAC INEPEMCHHBIC OKA3bIBAIOTCA CIIPATAHHBIMU BHYTPHU IIPaBHUII U HE
BBIBOJSATCH.

?- 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 BHHUMaHHE, YTO B IMOCJIETHEM 3allpoce KaKIbIH OTBET BBIJACTCS HECKOIBKO
pa3, POBHO CTOJIBKO, CKOJIbKO OH BCTpedaeTcs B nmporpamme. Ham eme npuaercsi CTOJKHYThCA C
3TOI 0COOEHHOCTHIO - [IpoJIor BRIIAET OTBET CTOIBKO pa3, CKOJIBKHUMH CIIOCOOAMU OH MOXKET €ro
HalTH.

5.6 PABPABOTKA HHTEJUVIEKTYAJIBHBIX CEPBUCOB

BaiiecoBckas kiaccupuranus

AnbTepHAaTUBHBIE Ha3BaHUs: OalleCOBCKOE MOJEIMpOBaHUE, OaillecOBCKas CTAaTUCTHKA,
MeToa OaifecoBCkuX ceTeil. M3HadanpHO OaiiecoBCKasi KiaacCHU(UKAIUS HMCIOIb30BaIaCh s
(dopmanuzanuy 3HAHUM OKCHEPTOB B JIKCHEPTHBIX CHUCTeMax, cedvac OaliecoBckas
KJaccuuKanus Takke MPUMEHSIETCS B KaueCTBE OHOT0 13 MeTo0B Data Mining.

Tak Ha3piBaeMas HauBHas Kiaccu(uKalus WIM HauBHO-OailecoBckuil moaxoxa (naive-
bayes approach) sBnsercs Haumbojee TMPOCTHIM BapPHUAHTOM METOJA, HCIOIL3YIOMIETO
OaifecoBckre cetu. [Ipum 3TOoM moaxoje pemaroTcs 3alaud KiacCHU(HKalWU, pPe3ylbTaToM
paboThl MeTO/1a ABJISIOTCS TaK Ha3bIBaeMble "MPO3payHble’ MOJEIH.

"HauBHas" xmaccupukanuss - JAOCTaTOYHO NPO3pAyHBIE M TMOHATHBIA  METOA
kinaccuukamuy. "HauBHOH" OHa Ha3pIBaeTCs MOTOMY, YTO HMCXOIHUT W3 TPEAINOJIOKEHHS O
B3aMMHON HE3aBUCHUMOCTH IPU3HAKOB.

CBoiicTBa HAaMBHOM KJIaCCH(PHUKALINN:

Hcnonp3oBaHue BCeX MEPEMEHHBIX U ONPEACTIEHUE BCEX 3aBUCUMOCTEN MEXKIy HUMHU.

Hanuuune aByx npeamnonaokeHuil OTHOCUTEIbHO EPEMEHHBIX:

BCE TIEPEMEHHBIE ABISIOTCS OJMHAKOBO BAXKHBIMU;

BCE IIEPEMEHHBIE SIBISIOTCA CTATHUCTUYECKHM HE3aBUCHUMBIMHU, T.€. 3HAUYE€HHUE OJHOU
MEPEMEHHOI HUYETO He TOBOPUT O 3HAYCHHUH JPYTOH.

BonbmuHCTBO Apyrux METOAOB KIACCU(UKAIMHM TPEIIONararoT, 4TO Mepel] Ha4ajaoM
KJIaCCU(UKAIIMU BEPOATHOCTh TOTO, YTO OOBEKT MPHUHAMICKUT TOMY WM HHOMY KJjaccy,
OJIMHAKOBA; HO 3TO HE BCEr/ia BEPHO.

JlommycTiM, U3BECTHO, YTO OMPEIEICHHBIN MPOLEHT JAHHBIX MPUHAMICKHUT KOHKPETHOMY
kjaccy. Bo3HukaeT Bompoc, MOXKEM JIM Mbl UCHOJIb30BaTh ATy MHQOPMAIUIO MPU NOCTPOECHUU
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mojenu kinaccupukanuu? CymecTByeT MHOXKECTBO PEAlbHBIX MPUMEPOB HUCHOJIb30BAHUS ITHX
anpUOPHBIX 3HAHUI, MOMOTAIIUX KIacCUPUIMPOBaTh OOBEKThl. TUNMHUYHBIA TNpuUMep U3
MEIUIUHCKON NpPaKkTUKUA. Ecau IOKTOp OTHpaBiseT pe3yibTaThl aHAIW30B MAalMeHTa Ha
JIOTIOJIHUTENBHOE HCCIE0BaHNE, OH OTHOCUT MallMe€HTa K KaKOMY-TO OIpPENIEJIeHHOMY KJaccy.
Kakum o0pa3oM MOXXHO NpUMEHUTHh 3Ty HHpopMmanuoo? Mbl MOXXEM HCIIOJIb30BaTh €€ B
KauecTBe JIONOJHUTENIbHBIX JaHHBIX MPH MOCTPOECHUH KiIacCU(DUKAIIMOHHOW MOIEIH.

OTMeyaroT Takue TOCTOMHCTBA OallecOBCKUX ceTel kak MeTona Data Mining:

B MOJIEJIM ONPEIENSIFOTCS 3aBUCUMOCTH MEX]y BCEMHU IEPEMEHHBIMH, 3TO IO3BOJISIET
JeTKo 00pabaThIBaTh CUTYallMH, B KOTOPBIX 3HAYEHUsI HEKOTOPBIX MIEPEMEHHBIX HEU3BECTHBI;

OaifecoBCKHME CETH JOCTAaTOYHO MPOCTO HMHTEPHPETUPYIOTCS M TO3BOJISAIOT Ha JTare
IIPOrHOCTUYECKOI0 MOJIETIMPOBAHUS JIETKO MPOBOIUTH aHAJIU3 IO CLIEHapHIo "4To, ecan';

OaifecoBCKMII METOJI TIO3BOJISIET €CTECTBEHHBIM 00pa3oM COBMeEUIaTh 3aKOHOMEPHOCTH,
BBIBEJICHHBIC U3 JJAHHBIX, U, HAIPUMEP, SKCIIEPTHBIC 3HAHMS, TIOJTYUYCHHBIE B IBHOM BUJIE;

UCIIOJIb30BaHNE OalecOBCKUX CeTel Mo3BoyigeT H30ekaTh MNpoOJIeMbl MepeyurBaHUS
(overfitting), ToO ecTh HM30BITOYHOI'O YCIIOKHEHHMSI MOJEIH, UYTO SIBJISETCS CIAab0H CTOpOHOH
MHOTUX METO/I0B (Hampumep, AepeBbEB PEIICHNN U HEMPOHHBIX CeTel).

HausHo-0aiiecoBCcKkUii OAX0T UMEET CIEAYIOIINE HETOCTATKH:

MIEPEMHOXKATh YCJIOBHbIE BEPOSATHOCTU KOPPEKTHO TOJBKO TOTJa, KOTJa BCE BXOJHBIE
IIEPEMEHHbIE JEHCTBUTEIBHO CTAaTUCTHUUECKH HE3aBUCHMBI; XOTd 4YacTO JaHHBIM METOJ
MOKA3bIBACT JOCTATOYHO XOPOILIWE PE3YJbTaThl MPU HECOONIOJECHUU YCIIOBHUSI CTaTUCTHUYECKON
HE3aBUCHMOCTH, HO TEOPETHUYECKHU TaKas CUTyalus J0JDKHA oOpaldaThIBaThCs O0see CII0KHBIMU
METO/1aMH, OCHOBAaHHBIMU Ha 00y4eHUHN 0ali€COBCKUX CETEH;

HEBO3MO)KHA HENOCPEICTBEHHAs: 00pab0TKa HEMPEPBIBHBIX NEPEMEHHBIX - TPeOyeTCs uX
npeoOpazoBaHue K HHTEPBAJIbHOM 1IKaie, 4ToObl aTpUOyThl ObUIN TUCKPETHBIMU; OJHAKO TaKue
npeoOpa30BaHusl MHOTJa MOTYT NPUBOAUTH K MOTEPE 3HAUMMBIX 3aKOHOMEPHOCTEH;

Ha pe3ysibTaT Kilaccuukaluy B HaMBHO-0al€COBCKOM MOAXOJAE BIMSIOT TOJIBKO
UH/IMBUAyaJIbHbIE 3HAYCHUS BXOHBIX ME€PEMEHHBIX, KOMOMHUPOBAHHOE BIMSHUE Nap WK TPOEK
3HaUEHUN pa3HbBIX aTpUOyTOB 37€Ch HE YUYUTHIBAETCA. DTO MOIJO Obl YJIy4YlIUTh KayecTBO
KJacCU(UKAMOHHOW MOJIEIM C TOYKH 3pEHHUs €€ MPOrHO3UpYIoIIeld TOYHOCTH, OJIHAKO,
YBEJIMYMIIO ObI KOJIMYECTBO IPOBEPSIEMBIX BApUAHTOB.

baiiecoBckas kinaccuukalus Haluia IMUpoOKoe MPUMEHEHHE Ha MTPaKTHKeE.

BaiiecoBckasi puiabTpanus 1o cjoBam

He tak nmaBHO OaiiecoBckas kimaccuukanusi Oblia MPEANOKEHA MM MEePCOHATBHOM
¢mnbTpanmu cnama. Ilepsoiii unbTp 061 pa3padoran Ilonem I'paxemom (Paul Graham). s
paboThl anropuT™Ma TpedyeTcs BHIMOIHEHHUE JBYX TPEOOBaHHIA.

[TepBoe TpeOoBaHWe - HEOOXOAWMO, YTOOBI Yy KIACCUPUIUPYEMOro OOBEKTa
MPUCYTCTBOBAJIO JTIOCTATOYHOE KOJIWYECTBO MPHU3HAKOB. DTOMY HJI€aJIbHO YIOBJIETBOPSIOT BCE
CIOBa TIMCEM IIONb30BATENsl, 3a MCKIIOUYEHHEM COBCEM KOPOTKHX M OYEHb pPEIKO
BCTPEYAIOLTNXCA.

Btopoe TpeGoBanme - mocTosiHHOE TepeoOydeHHE U TOMOJIHeHHE Habopa 'cram - He
cnam". Takue ycloBusi 0O4eHb XOpOILIO PabOTAOT B JOKAIbHBIX MOYTOBBIX KIUEHTAX, TaK Kak
NOTOK "He crmama" y KOHEYHOro KJIMEHTa JOCTATOYHO IMOCTOSIHEH, a €CITU U3MEHSETCS, TO He
OBICTpO.

Opnako Juid BceX KJIMEHTOB CepBEpa TOYHO OINpPEAEIUTh MOTOK "He crama' J0BOJIBHO
CJI0HO, TIOCKOJIbKY OJHO U TO € MHCHhMO, SIBJISIOIIEECs ISl OJHOTO KIIMEHTa CIaMoM, s
Ipyroro cnamoMm He sBisieTcs. CioBapb TOJTy4aeTcsl CIHMIIKOM OOJNBIIUM, HE CYIIECTBYET
YETKOTO pa3/esieHus Ha craM U "He cram', B pe3yJibTaTe KauecTBO Kiaccuukaiuu, B JaHHOM
cllydae pelieHue 3a/1aui QUIbTPALUH IHCEM, 3HAYUTEIHHO CHUKAETCSI.

MeToabl KaaccupuKanum 4 NPOrHo3upoBaHus. JlepeBbsl pemeHuii
Meton nepeBbeB pemieHuil (decision trees) SBISETCS OJHUM W3 HauOoOJiee MOMYJISPHBIX
METOJIOB pelIeHHs 3a/1a4 Kiaccuukaiuu u nporao3uposanus. uorna atot metog Data Mining
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TaKXKe HA3bIBAIOT JIEPEBBSIMH PEILAIOIINX MPaBHII, IEPEBbIMHU KiIaccupukauu u perpeccun. Kak
BUJHO W3 TMOCJEIHEro Ha3BaHMs, MPU TOMOIIM JAHHOTO METOAa pelIaloTcs 3adaduu
KJIaccu(UKaIUKM U IPOTHO3UPOBAHUSI.

Ecnu 3aBucumas, T.e. LeneBas NepeMeHHas NPUHUMAET IWCKpPETHbIE 3HAuUeHUs, MpU
MIOMOIIIM METO/JIa JIepPeBa PELICHNUH perraeTcs 3a1a4a KiaccuuKaum.

Ecnu ke 3aBucumas mnepeMeHHas NPUHUMAET HENpPEpbIBHbIE 3HAYEHHS, TO JIEPEBO
pELIeHNH yCTaHABIMBAET 3aBUCUMOCTb ATON NEPEMEHHOM OT HE3aBUCHMBIX NEPEMEHHBIX, T.€.
pelIaer 3agaqy YUCICHHOTO IPOrHO3UPOBAHHUSL.

Briepsbie nepeBbsi perienuil ObuiM mpezioskeHbl XoBuiieHaoM u Xantom (Hoveland,
Hunt) B xonue 50-x rogos npouutoro Beka. Camasi paHHsg U u3BecTHas pabora XaHTa U JIp., B
KOTOPOIl M3naraeTcs CyTh JIepeBbeB pelleHuil - "OkcnepuMeHTsl B uHaykuuu" ("Experiments
inInduction") - 6s11a omyGuKoBaHa B 1966 romy.

B naumbosiee mpocToM BHJE JE€PEBO PEUICHUN - 3TO CHOCOO MPEACTAaBICHHS IMPaBUI B
HepapXxuuecKom, Mocae10BaTeNbHON CTpykType. OcHOBa Takoi CTPYKTYphl - oTBeTHl "Jla" miun
"Het" Ha psi1 BOIPOCOB.

Ha pucynke 8.1 mpuBeneH mpumMep aepeBa pelICHMi, 3ajJadya KOTOPOTO - OTBETUTh Ha
Borpoc: "Urpats a1 B rosnbd?" YToObl pemmTh 3aaady, T.e. MPUHATH pEIICHUE, UrpaTh JU B
rojabpQ, ciaenayeT OTHECTH TEKYIIyI0 CUTYyalUl0 K OJHOMY M3 H3BECTHBIX KJIaccoB (B JaHHOM
ciydae - "urpare" uiam "He urpats"). s aToro TpeGyercss OTBETUTH Ha PsiJi BOIPOCOB, KOTOPbIE
HaXOJSTCS B y3J1aX 3TOrO JIEpPEeBa, HAUMHAs C €r0 KOPHSI.

[lepBoiii y3en Hamero aepeBa "CoyiHeuHO?" SBISETCS Y3JIOM NPOBEPKHU, T.€. YCIOBHUEM.
[Ipy monoXUTENTBHOM OTBETE Ha BOIPOC OCYLIECTBISETCS NEPEXOo] K JEBOW YacTU JepeBa,
Ha3bIBAEMOM JIEBOM BETBBIO, IPU OTPULIATENILHOM - K MpaBOM yacTu jaepeBa. Takum oOpazom,
BHYTPEHHUH Yy3€J JepeBa SIBJSIETCS y3JOM IPOBEPKU OINpeiesieHHOro ycioBus. [Jlamee uuer
CJICAYIOUIMIA BONPOC M T.J., IOKa HE OyJeT JOCTUTHYT KOHEUHBIH y3eJ JepeBa, SBISIOLIMNACS
y370M pemieHus. [[jisi Hamero nepeBa CymIecTBYeT JiBa TUIA KOHEYHOTo y3na: "urpate'" u "He
urpatp" B rojibQ.

B pesynbraTe mNpoxXoXKAEHUS OT KOpHS JiepeBa (MHOTAA HAa3bIBAEMOr0 KOPHEBOM
BEPILIMHON) 70 €ro BEpIIMHBI pelIaeTcs 3ajada Kiaccudukanuu, T.e. BbIOMpAeTcss OAMH M3
KJIaccoB - "urpate" u "He Uurpatp" B roybd.

CoxaeyHo?

—~

a//
2l HET
MOepaTypa
VXA BBIC QR ¢ Hper mi noxne?
~ /\
/ N \
Ja HET Ja HeT
He HIpPaTh HrpaTh HE HI'DaTh HIpaTh

Pucynok 6.1 JlepeBo pemenuit "Urpath iu B robd?"

[enbto nmocTpoeHus AepeBa pelieHys B HAILIEM CIy4ae sIBJISETCS ONpeIeIeHUE 3HAUCHUS
KaTEeropuajbHOM 3aBUCUMOM MEPEMEHHOM.

Urak, nys Hamel 3aa4M OCHOBHBIMU 3JIEMEHTaMU JIEPEBA PEIICHUH SBIISIOTCS:

Kopens nepesa: "Conneuno?"

BuyTtpennuii y3en gepeBa unu ysen nposepku: "Temmeparypa Bo3ayxa BbIcokas?",
"Unet 11 noxan?"

Jluct, KoHEuHbIH y3en AepeBa, y3eln pemeHus uiu BepmuHa: "Urpartes", "He urpars”
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BetBb aepeBa (ciydau otBeta): "/la", "Het".

B paccMoTpeHHOM npumepe pemraercs 3agada OMHapHOW KilacCU(UKaLuy, T.€. CO3JaeTCs
JTMXOTOMHMYECKasi Kiaccu(UKaluMoHHAs Mojenb. llpumep neMoHCTpupyeT paboTy Tak
Ha3bIBa€MbIX OMHAPHBIX JI€PEBHEB.

B y3nax OMHapHBIX J€peBbEB BETBICHHE MOXKET BECTHUCH TOJIBKO B JIByX HallpaBlICHUSX,
T.€. CYIIECTBYET BO3MOXHOCTb TOJILKO JIByX OTBETOB Ha MOCTaBJIEHHBIH Bompoc ("aa" u "Het").

IMocTpoenune KiaccupuKaAMOHHOM MOACIH

bunapHbie nepeBbst SBISIFOTCS CaMbIM MIPOCTBIM, YACTHBIM CIIy4aeM JE€PEBbHEB PELICHUII.
B ocranbHBIX cioyuyasx, OTBETOB M, COOTBETCTBEHHO, BETBEM J€peBa, BBIXOJAIIMX U3 €ro
BHYTPEHHETO Y3714, MOKET ObITh OOJIbIIE IBYX.

PaccmoTtpum Oonee cnoxHblii npumep. basa naHHBIX, Ha OCHOBE KOTOPOW JIOJIKHO
OCYIIECTBIISATECS TPOTHO3UPOBAHUE, COJCPKUT CIEAYIOLUIME PETPOCHEKTUBHBIE JAHHBIE O
KJIMEeHTaX OaHKa, SBJISIOIIUECS ee aTpHOyTaMu: BO3PACT, HAINYHME HEIBUKUMOCTH, 00pa3oBaHHe,
CpEeIHEMECSYHBIN JJOX0/I, BEPHYJI JIM KJIMEHT BOBPEMs KpeIuT. 3ajlaya COCTOUT B TOM, YTOObI Ha
OCHOBAHMU MEPEUYHMCICHHBIX BbIIIE AAHHBIX (KpOME MOCJIEAHEro aTpudyTa) OnpeaenuTb, CTOUT
JIM BBIJABATh KPEIUT HOBOMY KIIUEHTY.

Takast 3amaua pemraercs B J1Ba 3Tala: MOCTPOCHUE KIACCU(PHUKAIMOHHON MOJAEIH U ee
UCIIOJIb30BaHUE.

Ha srane moctpoeHust Mojienau, COOCTBEHHO, U CTPOUTCS JIEPEBO KJIACCU(PHUKALMU WIN
co3ziaercs Habop Hekux mpaBwi. Ha sTane mcnoiab30BaHUS MOJETN NOCTPOECHHOE JEPEBO, WU
OyTh OT €ro KOpHA K OJHOM M3 BEpIIMH, ABISIOMIMKCA HAOOPOM MpaBHJ Ui KOHKPETHOI'O
KJIMEHTA, UCIIOJIB3YETCs IJIsi OTBETA HA TIOCTABJICHHBIN BOTpoc "BrigaBate a1 kpeaut?"

[IpaBuiiom sBiIsieTCS IOTMYECKasi KOHCTPYKIMS, IPEACTaBIEHHAs B BUAE "€Clu. ... TO...:".

Ha pucynke 9.2 mpuBeneH mpumep JepeBa Kiaccu(UKalMM, ¢ MOMOILBIO KOTOPOIO
pemaercss 3anada "BbelgaBath s KpeauT KiaMeHTy?". OHa sBISETCS TUIMYHOM 3amadei
KJIacCU(UKALMK, U TIPU TIOMOIIU JIEPEBbEB PELICHUH MOJIy4al0T JOCTATOYHO XOPOIINE BAPUAHTHI

€¢ peIICHHUS.

na

a
HET A

J \

obpasoBaHHa BEICIIEE
/ HeT CPERHEE
He BHIIaBaTh / BHIJaBaTh

Pucynok 6.2 JlepeBo peuiennii "BreigaBars i kpeaut?"

Kak MbI BUIUM, BHYTpEHHHE Y3IIbI JiepeBa (BO3pacT, HAIM4KME HEIBUKUMOCTH, JOXOA U
o0paszoBaHHe) SIBISIOTCS aTpuOyTaMu ONKWCAHHOW BbIIE Oa3bl JaHHBIX. OTH aTPUOYTHI
Ha3bIBAlOT MPOTHO3UPYIOIUMH, WIH aTpubyTamu pacuierieHus (splitting attribute). Koneunsie
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y3Jbl I€PEBA, UJIU JIMCTHI, UMEHYIOTCS METKaMM Kjlacca, SBJISIOIMMUCS 3HAUEHUSIMU 3aBUCUMOMN
KaTeropuaJIbHOW ITEPEMEHHON "BbIJIaBaTh" WM "HE BBIJABATh' KPEIOUT.

Kaxxnas BeTBb JepeBa, uAylas OT BHYTPEHHETO Yy37a, OTMEUEHA MNPEAUKATOM
pacmerienus. [locieqHuii MOXeT OTHOCUTBHCS JIMIIb K OJHOMY aTpHOyTy paclleIuieHus
JAHHOTO Yy371a. XapakTepHas OCOOEHHOCTh MPEAMKATOB pacUICIUICHUs: Kaxjaas 3amuch
WCIIOJIb3YeT YHUKAJIbHBIM IyThOT KOpHS JepeBa TOJbKO K OJHOMY Y3JIy-pelIeHHIO.
OO6wenunenHas uHpopmalys 06 aTpudyTrax paculelIeHUs U NMpeJuKaTax paclleUIeHus B y3Iie
Ha3bIBaeTCs KpUTEepueM pacuierienus (splitting criterion).

Ha pucynke 6.1 wu3o0pa’keHO OJHO M3 BO3MOXHBIX JIEPEBBEB pELICHUH s
paccMmatpuBaeMmoi 0a3wl maHHbIX. Hampumep, kputepuii pacmermienus "Kakoe obpasoBanue?",
Mor ObI UMETH J[Ba MIPEUKaTa paclleuIeH!s] U BRIMIAACTh MHave: oOpa3oBaHue "Boiciiee" U "He
Boiciiee". Toraa nepeBo peieHuii uMeno Obl Jpyroi Bu.

Taxum obpazom, As JaHHOU 3a7auu (Kak U 7Sl JII0OOH APYTroit) MOXKET OBITh IOCTPOEHO
MHO>KECTBO JIEPEBbEB PELICHUM pa3IMYHOrO KayecTBa, C pa3jMYyHOM MPOTrHO3UpPYIOIEH
TOYHOCTBIO.

KauecTBO mocTpoeHHOro JepeBa pellleHUsi BeCbMa 3aBUCUT OT IPaBWJIBHOTO BbIOOpa
Kputepus pacuieruieHus. Haj pa3pa®oTkoif M yCOBEpIIEHCTBOBAHHEM KpHUTEpHEB paboTaroT
MHOTHE HCCIIEA0BATENH.

Meton nepeBbeB pELIEHMH 4acTo Ha3bIBalOT "HauBHBIM" moaxonom. Ho Omaromaps
HEeJIOMY pSAYy HNPEeUMYIIECTB, AAHHBIM METOJ SBISETCS OJHUM M3 HauOoJiee MOIMYJISPHBIX IS
peleHus 3a1a4 Kiaccu(uKaum.

IIpeumymecTBa nepeBbeB pelIeHU

WHTYyuTHBHOCTH JiepeBbeB pelieHuil. Knaccudukanuonnas Mozenb, MpeCTaBiICHHAs B
BHJIC JIepEBa PEIICHUM, SBIISIETCS MHTYUTUBHOW M YNPOUIAET ITOHUMAHUE pPEIIaeMOM 3aJadu.
PesynbraT paboThl aNropuTMOB KOHCTPYMPOBAHUS JEPEBbEB PEICHHM, B OTIMYHME, HAIIPUMED,
OT HEHpPOHHBIX CeTeH, MPEeICTaBISIOUIMX CO0O0M "udepHble SIIUKU", JErKO HHTEPHIpPETHpYEeTCs
II0JIb30BaTEEM. OJTO CBOWCTBO JEPEBbEB DPEIIEHUN HE TOJIBKO Ba)XXHO IIPU OTHECEHHH K
ONpe/IeIECHHOMY KJlacCy HOBOTO OOBEKTa, HO M TIOJ€3HO IpPU MHTEPHpPETalud MOJAEIU
KjIaccupukauy B LenoM. JlepeBo peleHHi I03BOJIAeT MOHATh U OOBSCHHUTH, MOYEMY
KOHKPETHBIN 00BEKT OTHOCUTCS K TOMY WJIM UHOMY KJIAcCy.

JlepeBbsi pelleHuil JaroT BO3MOMKHOCTh M3BJIEKAaTh NpaBWiIa U3 0a3bl JaHHBIX Ha
ecTecTBeHHOM si3bIke. [Ipumep npaBuna: Eciu Bospact > 35 u Jloxon > 200, To BeIIATh KPEIUT.

JlepeBbsl pelieHuii O3BOJISIOT CO3/4aBaTh KJIACCU(PUKALMOHHBIE MOAEIH B T€X 00JIaCTsIX,
TJIe aHAJMTUKY JTIOCTaTOYHO CIIOKHO (hOpMaIIN30BaTh 3HAHUSI.

ANropuUTM KOHCTPYHMpOBAHHUsS JiepeBa pelleHHi He TpeOyeT OT MoJib30oBaTess BblOOpa
BXOJHBIX aTpuOyTOB (HE3aBUCHUMBIX MepeMeHHbIX). Ha BX0J anropurmMa MOKHO I0/1aBaTh BCE
CyULIeCTBYIOIIME aTpUOyThI, aJITOPUTM CaM BbIOEpET Haubosiee 3HaUUMBble CPEH HUX, U TOJIBKO
OHM OYAYT MCIIOJIb30BaHbI JUIsl IOCTPOCHHUS JepeBa. B cpaBHeHMH, HapuMep, ¢ HEMPOHHBIMU
CEeTSMH, 3TO 3HAYUTEIBHO OO0JIEryaeT IMOJb30BaTEI0 paboTy, MOCKOJIbKY B HEHPOHHBIX CETIX
BBIOOP KOJIMUECTBA BXOTHBIX aTPUOYTOB CYIIECTBEHHO BIHSET HA BpEeMs OOy4CHHUSI.

TouyHoCcTe MoOzenel, CO3MaHHBIX IPHU IOMOILIM JCPEBbBEB PELICHHWH, CONOCTaBUMa C
JIPYTUMH METOJaMH TIOCTPOCHHS KIacCU(UKAMOHHBIX MOJENeH (CTaTHCTUYECKHE METOJIBI,
HEMpOHHBIE CETH).

Pazpabotan psg mMacmTabHUpyeMbIX alTOPUTMOB, KOTOPBIE MOTYT OBITH HCIIOJIb30BaHBI
JUI TIOCTPOEHHUS JEPEBBbEB pEIEHUs Ha CBepXOOoJbIIMX 0a3aX AAHHBIX; MAcCHITaOMPyEeMOCTb
3/1eCh O3HAuYaeT, 4YTO C POCTOM 4YHCJa NPUMEPOB WIM 3amnuced 0a3bl JIaHHBIX BpEMs,
3aTpayuBaeMoe Ha o0y4yeHHUe, T.€. IOCTPOEHHE JEePEBhEB pelleHuil, pacTeT auHelHo. [Ipumepsl
takux anroputmon: SLIQ, SPRINT.

beictpeiit mponiecc oOydenus. Ha mnocTpoeHue kiaccu(UKalMOHHBIX MoJeNed npu
IIOMOIIIM JITOPUTMOB KOHCTPYHPOBAHHUS JIEPEBHEB PEIICHHUN TPeOyeTCs 3HAYUTEIHHO MEHBINE
BpPEMEHH, YeM, Harpumep, Ha 00yueHHe HEMPOHHBIX ceTeil.
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BoJIbIIMHCTBO aIrOpUTMOB KOHCTPYMPOBAHHS IEPEBbEB PELICHUNH UMEIOT BO3MOKHOCTh
CHelHaibHON 00pabOTKH MPOIYIIEHHBIX 3HAYCHUI.

MHorue Ki1acCH4ecKue CTaTHCTUYECKHE METOJbI, MPH IOMOIIM KOTOPBIX PEIIAloTCs
3aa4 KJaccu(UKalUK, MOTYT paboTaTh TOJIBKO C YMCIOBBIMU JaHHBIMH, B TO BpeMs Kak
JIepeBbs pelIeHuil paboTaloT U ¢ YUCIOBBIMU, U ¢ KATETOPUAIIbHBIMU THITAMU JIAHHBIX.

MHorue cTaTUCTHYECKHE METOAbl SBIAIOTCS MapaMeTPUYeCKUMH, U TOJIb30BaTellb
JIOJDKEH 3apaHee BIIAJIETh ONpe/ielieHHOW nHpopManuei, HalpuMep, 3HaTh BUJ MOJIEIH, UMETh
TUIOTE3y O BHUJE 3aBUCUMOCTH MEXAYy IE€pEeMEHHBIMM, IMpearoyiaraTb, KakoW BHJ
pacrpenienieHus UMEIOT JaHHbIe. JlepeBbs pelleHuidd, B OTIMYME OT TAKMX METOJIOB, CTPOST
HemapaMmeTpuueckue mozenu. Takum oOpa3oMm, JIepeBbsl pELIeHH CIOCOOHBI pellaTh TaKue
3agaun Data Mining, B KOTOpPBIX OTCYTCTBYET ampuopHas MH(opMaius o BUIE 3aBUCUMOCTH
MEX]Ty UCCIIEAYEMBIMU TAaHHBIMH.

IIpouecc KOHCTpyHpOBaHUS IepeBa PELICHUN

Hanomuum, yTo paccmarpuBaemasi HaMH 3ajiaua KJIacCU(pUKALUU OTHOCUTCS K CTpaTeruu
o0yuyeHHs C y4yuTeJeM, MHOTJAa Ha3bIBAa€MOI'0 MHIAYKTUBHBIM OOydeHueM. B 3THX ciydasx Bce
00BEKThI TPEHUPOBOYHOI'O HAOOpa JaHHBIX 3apaHee OTHECEHBI K OJIHOMY M3 IPEIONpPEeesIEHHBIX
KJIACCOB.

ANropUTMBI KOHCTPYUPOBAHHUS JEPEBbEB PEILIEHUN COCTOST U3 ATAanoB '"MOcTpoeHHe"
win " cozmanue " nepesa (tree building) u "cokpamenue " nepeBa (tree pruning). B xone
CO3/1aHUA JIepeBa PEIIAIOTCs BONPOCH! BEIOOpA KpUTEpUs PACLIEIUIEHUS U OCTaHOBKU OOyuYeHUs
(ecau 3TO MPELYCMOTPEHO aIropuTMOM). B Xoze 3Tama cokpalleHus JiepeBa penaeTcss Bonpoc
OTCEUYEHHSI HEKOTOPBIX €ro BETBEH.

PaccmoTpuM 3TH BOIpock! HOApoOHE.

Kpurepuii pacuennenus

IIpouecc coznanus nepeBa NPOUCXOAMT CBEPXY BHU3, T.€. SBIETCA HUCXOLAIMM. B
XO0JIe TpoLecca AITOPUTM JIOJDKEH HAWTHM TAaKOMKPUTEPHUM pACILEIICHUs, HWHOTAA TaKkKe
Ha3bIBaEMBI KpUTEpueM pa30ueHMs], YTOOBl pa3dUTh MHOKECTBO Ha MOJMHOXKECTBA, KOTOPbIE
OBl acCOLMHMPOBAIUCH C JAHHBIM Y3JI0M IpoBepku. Kaxkaplil y3en NpoBepKH J0JKEH ObITh
IIOMEYEH Ompe/ieleHHbIM aTpuOyToM. CyllecTByeTNpaBuio BblOOpa aTpuOyTa: OH JOJDKEH
pa3buBaTh HCXOJHOE MHOYKECTBO JAHHBIX TaKUM 00pa3oM, 4TOOBbI OOBEKTHI MOJAMHOXKECTB,
NOJy4YaeMbIX B pe3yJbTaTe 3TOro pa3OueHus, SIBISUIMCH MPEJICTaBUTEISIMA OJHOTO Kiacca WIn
ke OBUTM MaKCUMaJIbHO MPHUOIMKECHBI K TakoMmy pa3zouenHwuro. [locnmennsist ¢ppasa o3Havaer, 4To
KOJINYECTBO OOBEKTOB M3 APYTHMX KIJIACCOB, TaK Ha3blBaeMBIX "MpHMeceil", B KaXJ0M Kiacce
JIOJDKHO CTPEMUTHCS K MUHIMYMY.

CymiecTByIoT pa3iuyHble KpuTepuH pacuiernsieHus. HaubGonee wu3BecTHble - Mepa
SHTpONUH U uHAEKC Gini.

B HekoTophlIx Meronax i BbIOOpa aTpuOyTa pacUIeNeHHs HCIONb3yeTcsl Tak
Ha3bplBaeMasi Mepa MH()OPMAaTUBHOCTH MOIIPOCTPAHCTB aTpHOYTOB, KOTOpas OCHOBHIBACTCS HA
SHTPONUHHOM MOJXOAE€ W H3BECTHA IMOJA Ha3BaHHWEM "Mepa HMH(OPMAIMIOHHOIO BbIMIpbIMIA"
(information gain measure) WM Mepa SHTPOTIHH.

6. YYHEBHO-METOJUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHHUE
JUCIHHUIIVIMHBI

6.1. IlepeyeHb OCHOBHO H JONOJHUTEIBHON JUTEPATYPbI, HEOOXOAUMOM 1JI1
OCBOCHHUSA TUCHHUIINHEI

6.1.1. IlepeyeHb OCHOBHOM JIUTEPATYPbI

1. IlykanoBa H.M, JImutpuena T.A. Jlorudeckoe mporpaMMupoBaHUe Ha s3bike Visual
Prolog. Cepusa: CneumanbHocTh. J{nsi BeIcuX ydeOHBIX 3aBefieHH — M.: ['opsiuas nunwMs-
Tenexom, 2021.

2. Makkonnemn, C. CoepmieHHbIH Kon. Macrtep-kinacc. / CtuB MakkoHHemn. - M.:
Pycckas Penakuus, 2020.
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6.1.2. IlepevyeHb JONMOTHUTEIBHOM JIUTEPATYPbI
1. xozed Jxapparano, ['apum Paiimu. DxcmeptHble cHCTeMBl. [IpHHITUIBI pa3paOOTKH |
nporpamMmupoBanue, 4-¢ n3ganue. — M.: Buissamc, 2021.

2. Yezapunau @., Tomrcon C. [Iporpammuposanue B Erlang. M.: IMK Ilpecc, 2020.

6.2. IlepeyeHb y4eOHO-METOAUYECKOT0 00eCIeYeHNsI CAMOCTOATE/IbHOI PadoThI
00y4yaouuxcs Mo JUCHHUIJINHE

1. Meroanyeckue yka3aHus 110 BBINOJIHEHHUIO J1a0OpaTOpHBIX padOT IO AMCLUIUIMHE
«OCHOBBI JIOTUYECKOTO ITPOTrPAMMUPOBAHUSI.

2. Meronuueckne peKOMEHJALMU JUIsl CTYJIEHTOB IIO OPTaHU3ALMHA CAMOCTOSTEIbHOU
pabdoThl 1o JucuuIuInHe «OCHOBBI IOTHYECKOTO TPOTrPAMMUPOBAHUS.

6.3. Ilepeuennb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIHOHHOM CeTH
HNuTepHeT, HEOOXOAUMBIX /IJIS OCBOCHH S AUCIHUIIIHHBI

1. YHuBepcurerckas ounbmuoteka online. http://www.biblioclub.ru.

2. OBC «IPRbooksy. http://www.iprbookshop.ru.

3. DnextponHas 6ubnnoreka CKOVY. http://catalog.ncstu.ru.

4. TocynapcTBeHHas IMyOJMyHAs Hay4dyHO- TexHuueckas OuoOmmoreka Poccun. (I'TTHTH
Poccun). www.gpntb.ru.
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