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MMPEJAWUCJ/IOBUE PEJAKTOPOB TEPEBOJIA

fIsnik nporpammuposanus [Tposor noaeuaca s 1970 r. oJHOBpeMEHHO C Ta-
KHMH cefiyac IUHPOKO paclpocTpaHEHHbIMH fi3bikaMmH, Kak [lackauas # Cu. Ero
OpHEHTALlHA — (HETPAAHIHOHHbIEY MPHMEHEHHS BBIUHCIMTEJILHOH TeXHHKH: MOHM-
MaRHe eCTeCTBEHHOI'O fI3hIKa, 6a3nl 3HAHHH, 9KCIEePTHRIE CHCTEMB! H ADYTHe 3ajayH,
KOTOpBIE NPHUHATO OTHOCHTH K OpoGieMaTHKe HCKYCCTBEHHOTO HHTesJeKta. CHia
3TOFO A3b1Ka — B NIPHHIHNHMAIBHO OTJHYHOM OT TPaIHIIHOHHBIX SI3EIKOB IPOTPaMMH-
poBarHA MOJXOJe K ONHCAHHIO crocofa pelleHHs 3ajauH: nporpamMa Ha Ilposore
OIIUCHIBAET He TPOLEAYPY pelleHAs 3afauH, & JOTHYeCKYo MOAE]b NpPeIMEeTHOH
00J1aCTH ~— HEKOTOpHIe (DAKTEI OTHOCHTENLHO CBOMCTB NMpeaMeTHOH 06JacTH H OTHO-
WeHHH MEXIY STHMH CBOHCTBAMH, a TaKKe MPaBHJA BHIBOJA HOBHIX CBOHCTB H OT-
HOIeHH{t H3 y»ke 3ajaHHEIX. TakuMm oOpazom, [lponor — onucartelbHbH A3BIK,
Kak oTMeueHO B a8TOPCKOM NPEIHCAOBHH, TAKOH JIOTHYECKHIT TOAXOL K MPOrpaMMH-
POBAHHIO CO3JaeT H HEKOTOpble NpofiieMbl B PACNPOCTPAHEHUH A3BIKA: OCHOBHGLIE
TOHSTHA A3bIKA ONHTHRIMHA NPOTPaMMHCTAMH NOHAMalOTest 6e3 TpyJAa, OAHAKO npak-
THYeCKO€e NPETBOPEHHE 3TOFO NOHHMAHHS B NOJE3HBIE IPOTPaMME BLI3LIBAET 3aTPY -
HEHHSI,

HecmoTpsi Ha odeBHjAHBIE H ApKHe AOCTOHHCTBRA, [IpoJior, 8 OTJIHYHE OT CBOHX
«cBepeTHHKOBY (T1ackaas u Cu), NIpoJosKHTEILHOE BpeMs pasBHBa/cs, IPHMEHsAICS
1 ofcyXAaACH B CPABHUTENBHO Y3KOM KPyTy Hcchaepopatesiel, paboramimux &
00J1aCTH HCKYCCTBEHHOTO HuTesdiekta. M aHwe 8 nocaegnue roaw [Iposor monan s
noJe 3peHHsT MHPOKHX KPyros cneuHalHcTo No HupopmaTtHke. Pesknit pocT ero
NONyJAsIPHOCTH OOBSACHAETCH, NO-BHAMMOMY, BBIXOAOM TEOPHH HCKYCCTBEHHOTO
WHTeNNeKTa B 00JacTh NPAKTHYECKOTO, «KOMMEPUECKOTos MPOTPAMMHDOBAHHA.

B nacrosee BpeMs pacteT Kpyr NpakTHUECKHX CHCTEM, HCTIONB3YOMIHX JIOCTH-
JKEHHS HCKYCCTBEHHOTO MHTeJIIEKTa HA cOBpeMeHHnIX DBM, nosBHIHCH MpecTHK-
Hble HAUHMOHAJLHBIE TPOEKTH co3fanugd OBM HOBEIX NOKOJeHHH, B KOTOPBIX HH-
TeJNEKTYaNbHBIA HHTEPEHC C KOHEeYHBbIM TOJNb30BaTeNIeM (HeNpodecCHOHANIOM B
HHpOpMAaTHKe) ABJAACTCA LEHTPANIbHBIM 3JeMEHTOM. B INOHCKOM NPOEKTE CO3AaHus
3BM nsartoro nokonaenus [Iposor npaMo HasbizaeTcst 6a30B5IM A3LIKOM NPOTPaMMi-
posanus. [To-suaumomy, [Tposior peasbHO NpeTeHAyeT HA POJb OAHOTO H3 OCHOBHBIX
WHCTPYMEHTANbHBIX SISBIKOB JJISL «HETPAHIHOHHBIX» NPHMEHEHHH BBEIUHCIHTENBHON
TEXHHKH, MOSTOMY CBOCBPEMEHHOE 3HAKOMCTBO C HHM OTEUeCTBEHHbIX CTIELHAJIHCTOB,
pabotalollluX B JaHHOH o06aacTH, 6yZeT HECOMHEHHO MOJe3HbIM.

B couuaJHCTHYECKHX CTPaHaX aKTHBHOE yuacTHe B pa3paboTKaX, CBS3aHHBIX C
[ponorom, npuuumator yuenole BHP., B HuctHtyTe mo KoOpAHHALHH BBIYHCJH-
TeJbHOH TexHUKH (F. Bynanewr) cosnana sepcua Ilponora — MIlposor, nonyuus-
Iwast MexJAyHapojiHoe npusHanue. He ucknaioueno, uto Mllposor 6yneT LHpoKo
LOCTYNeH H MOJB30BATe/IAM Haluell CTpaHbl. THM OGBACHSIETCST BKJIOYEHHE B pyc-
CKOe H3JlaHHe chelHalbHOro npuiaoxenHs (F) nmocsenHoro MIlposory.

[Tpn nepeBofe KHHFH BCTPETHJAHCh 3HAYHTEJbHBIE TEPMHHOJOTHUECKHE Mpch-
JIeMH, MOCKOJIBKY YCTAHOBHBINAfACS PYCCKash TEPMHHOJOTHS B AaHHOK ofaacTu
NpaKTHYECKH OTCYTCTBYET, @ CTAHeT JIH TAKOBOH AHIVIOA3bIYHBIN KaproH CrenHalnn-
cToB — MOKaxer speMs. Jaa yno6eTsa unTaTesell B MpejMETHOM yKasaTesle NpH-
BelleHbl aHIVIHACKHE 5KBHRAJNEHTH TePMHHOB, YNOTpebJasieMEX B Tiepesoje.

[peaucaosue, raasm 1,3—6, 9,10 u [Ipunoxenne B nepesenr M. M. Ko-
Mapoe, rs1asut 7, 8, 11, Ipuaoxeuusa A,C, D, E, F— A, B. l'op6yuos, riasy 2 —
10. M. JlasyTuu,



[MMPEANMC/IOBME KO BTOPOMY H3JAHUIO

[Mocne Beixoza B 1981 r. mepBoro uznanus KHuru «I[Iporpammu-
poBaHue Ha fisbike [Iposor» 39TOT fA3BIK BHI3BA HEOKHIAHHO 6O/Ib~
oK HHTEepeC y CMNEelMaNHCTOB Mo HHQOpMATHKE, H B Hacrosllee Bpe-
Msl OH paccMaTPHBAeTCs Kak BO3MOXKHAA OCHOBA A/ MPHHIHMOHA/b-
HO HOBOTO I[OKOJIEHHSI S3BIKOB M CHCTEM NPOrpPaMMHpPOBaHHA.

Mbl Hazeemcsl, 4TO jaHHAs KHHIa YacTHYHO YIOBJETBOpHJA BO3-
pacramomyo noTpeSHOCTs B IPOCTOM H B TO XK€ BPEMsl HCUEPINBIBalO-~
IleM BBEJEHUH B $I3BIK NPAKTUYECKOTO MPOTPaMMHPOBAHHSA, KaKHM
aBaserca llposor. IlpH noaroToBke BTOPOro M3JAHMS KHHUFH MBI
BOCIIO/Ib30BAANCh CJydaeM, 4TOGBl YJYUILIMTL H3JOXKeHHe MaTepHa-
Ja H HCNpaBUTb pa3/IHYHLle He3HauHTeqdbHble OWHOKH, Mb! 6aaro-
JApHBl MHOTHM UYMTaTesNsM, BbICKA3aBLUKHM NpeN/IOXKeHHs (10 HCIpaB-
JEHHIO H YJIYUIIEHHIO KHUTH,

Y. Kaoxkcun
K. Mearuw

Kembpudo, Aneaus,
aseycm 1984



[MPEAVCJ/IOBUE K TIEPBOMY H3IAHHIO

$13bik mporpammupoBanus IIposor 6bICTPO 3aBOEBHIBAET HOMYASIP-
HOCTb BO BceM MHpe. C MOMEHTa ero CO3JaHHs, NPHOIH3UTETHHO
B 1970 r., Gonbwoe 4uciao OporpaMMHucToB BRIGpasu [lposor s
HCIIOJIbL30BAHUA TNIPH PEINeHHH 33/ad B pPasJHYHbIX OGJACTAX CHM-
BOJIbHEIX BBIYHCJIEHHH, BKJIOYAIOLIHX:

@ peasnHOHHBIe 6a3bl JaHHBIX,

@ MaTeMaTHYECKYIO JIOI'HKY,

@ pelueHHe aOCTPAKTHBIX 3aJad,

@ [TOHHMaHHE eCTECTBEHHOIO f3bIKa,

@ aBTOMAaTH3aLHIO NMPOEKTHPOBAHHSA,

® CHMBOJIbBHOE pellleHHe YpaBHEHHH,

® aHa/u3 GHOXUMHUECKHX CTPYKTYP,

@ pasJjuyHble 06J1aCTH MCKYCCTBEHHOIO HHTE/IEKTA.

Jlo Hacrosiliero BpeMeHH He OBLIO KHHI, CTaBHBLIHX CBOEH HeJbIO
o0yunth [lposiory Kak sisblKy NPaKTHYECKOrO NPOrPaMMHPOBAHHMS .
Buaumo, [lposor okasajcs HAacTOMIBKO NPUBAEKATEIBHBIM JJ51 MHO-
THX Jojell, YTO OHHM CTaldH €ro HM3yyaTb, HCIIO/b3Yys HeH30EKHO
KpaTKHe CIIPaBOYHbIE PYKOBOACTBA, HEGOJIBIIOE YHCIO ONYGJNHKO-
BaHHBIX cTarell U nepejaBaeMblll YCTHO Cpeld MOJIb30BaTesel A3biKa
«ponbkriop». Onnako ¢ BHegpeHHeM [IpoJsora B yueGHBIE [POrpaMMbl
JVIST CTYJEHTOB U aCIHPAHTOB MHOIMM H3 HAIMX KOJIEr NoHazoGu-
JIOCh yueGHOe pYKOBOACTBO no [IpoJsory. Mel Hajeemcs, 4TO Hauia
HefoJ/blIasE KHHIA JO HEKOTOPOH CTENeHH YAOBJETBOPHUT 3Ty MO-
TpeGHOCTD,

MHorue HOBHYKM OGHapyXKHBaJH, YTO 3ajaua HalHCaHHA IIpo-
rpamMbl Ha Ilposore He noxoxa Ha ClenH(HKaLHIO allOPHUTMA NpPH
NpOrpaMMHUPOBAHUH Ha TPaiHLMOHHOM si3bIK€ MpOrpaMMHPOBaHHS.
[Iporpammuct, ucnonsayiouwit [Iposior, GoJblle HHTEpECYeTCs TeM,
KaxkHe (opMasbHbIe OTHOILEHUS] H 00BEKThl HMEIOT MeCTO B pelaeMot
8ajaye M KaKHe OTHOIIEHHs CIIPaBeMJIHBBl I DPa3bICKHBAaEMOro
pemenusi, Takum o6pasom, ITposor MOXKHO paccMaTpHBaTh KakK s3bIK
onucaxuli, a He Kak A3biK npednucanuti, Vcnonsayemerii B [1posore
NOJX0N COCTOMUT TJIaBHbIM O0pa3oM B OMHCAHHH H3BECTHHIX (PaKTOB
H OTHOLIEHHH, KacalomuXCcs pellaeMofl 3ajauu, a He B NpeANHCaHHH
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NOCJIEI0BATENLHOCTH 1LAaroB, BHINOJMHAA KoTopble OBM pemmr 3a-
rauy. Ilpn peanmsanun nporpammnul Ha Ilposore ¢axkTtHyeckas no-
C/IeJI0BaTeNLHOCTD BEIYHCJEHHH, BbloaHsemas DBM, onpenensiercs
YaCTHYHO JOTHUeCKoH JAekJapaTHBHOH ceMaHTHKOH [Ilposora, ua-
CTHYHO HOBHIMH (pakTamM, Koropble IIposor MoXKeT «BBIBECTH» H3
3aJdHHBIX eMy (DAKTOB, U JHLIb OTYACTH yHpaBJsiolied HHpoOpMann-
efl, IBHO 3aJaHHOH POrPaMMHCTOM.

[Iponor siBasiercad npaxmuueckod W apgexmusrod peanusanhel
MHOTHX [PHHLHKIIOB, OTHOCSLIMXCS K «HUHTE/VIEKTYaJbHOMY» BHI-
NOJIHEHUIO TNPOrpaMMBI, TAKHX, KaK HeleTepMHHH3M, MNapaJluie/b-
HOCTb, BBI30B IIpolleayp 10 o6pasny. Ilposor umeer eqMHOOOPA3HYIO
CTPYKTYPY AAHHBIX, Ha3bIBAEMYIO MepMOM, HAa OCHOBE KOTOPOH KOH-
CTPYHPYIOTCS BCe AaHHBlE H B TOM yHcae nporpammel Ha [Iposore.
{Iporpamma Ha [IpoJsiore COCTOMT H3 MHOMXECTBA YTBEDXKIECHHH, KaXK-
Jioe U3 KOTOpHIX sIBJAsieTcs Ju6Go (GakToM O 3aJaHHOH HHpopMauuy,
160 IIPaBHJIOM, YKa3BIBAIOUWIMM, KaK pelieHHe CBA3aHO C 3aJaHHbIMU
(haKTaMH HJIH KaKMM 06pa3oM ero MOXKHO H3 HUX BBIBECTH. Takum
ofpasoM, IIposor MOXKHO CYHTATh MEPBLIM LIAroM Ha NYTH K KOHey-
HOU LeTH — npozpammuposanuio Ha asvike A02uky. B 3ToOl KHHre MBI
He 6yzeM NoapoGHO paccMaTpHBaTh HH GoJee IIHPOKHE CJAENCTBHS,
BbITEKAIOIINe M3 HAEH JIOTHUECKOI0 NPOrpaMMHPOBAaHHS, HH BOINpOC
o toM, nouemy IlpoJior Heap3s paccMaTpHBaTbh KaK OKOHYaTeJbHBIH
SI3BIK JIOTHUECKOrO MPOrpaMMHpOBaHHA. BMecTo 3TOro MBI noKaxew,
KaK, HCIO/b3ysl CYLIECTBYIOINe CEerofHs CHCTeMbl NPOrpaMMHpOBa-
Hus Ha [Iposiore, MOXKHO CO31aBaTh n0Ae3HbIE TIPOrPAMMEL,

Ota KHHTa MOXKET CJIYKHTh HECKONBKUM LeasM. Mel He cobHpaem-
€1 YYHTb HMCKYCCTBY INIpOrpaMMHMpOBaHHSl Kak TakoBoMmy. Ham ka-
WETCS, 4TO He/b3sl HayuuTbCsl NPOrpaMMHDOBAHMIO, MPOCTO YHTas
KHHTH HJH caylias JeKiud. Bel RO/LKHBL npoepammuposarns, 4ToGwl
HayuuThbes AefaTbh 3T0. MBI HajeeMcsl, YTO HAYHHAIHE IPOTpaMMu-
CThl, HE HMEIOLIHe MATeMaTHYeCcKofl NOATOTOBKH, CMOTYT OCBOHTh
TIposior no 370l KHUTE, XOTA B 3TOM CJy4ae Mbl COBETOBaJIH Obl, UTOGHI
HayuHAIOIIM MPOrpaMMHCT OCBaHBaJ $3bIK NOX PYKOBOACTEOM
nporpammucra, sHawoulero [Iposor, B paMkax BBOLHOTO Kypca 1o
NIPOrpaMMHPOBAHHIO Kak TakoBoMy. llpexnosaraercs, 4to Hauu-
HAMILKHA TPOrpaMMHUCT MOXKET NOJYYUTh JOCTyI K OBM, Ha Kotopo#
umeercs [Iposor-cucrema, u 4To OH mpotles HeOGXOAUMBIA HHCTPYK-
TaX 10 pabore ¢ TepMuHasoM. ONBITHOMY NPOTPAMMHCTY He
norpe6yeTcs AONOJHHTENbHAS MOMOLIb, HO OH TaK¥Ke He JO/IXKeH
BIaJaTh B YHbIHHE OT HalINX YCHJAHH OrpaHHYUTE MaTeMaTHUYeCKHe
H3JIHLIecTBa. Mbl HCMOMbL30BadH IPeABapHTENbHBIH BapHaHT STOH
KHHTH [IpH 00Y4YeHHH BBIMYCKHHKOB YHHBEPCHTETA, HMEBIINX MaTeMa-
THYECKYIO MOArOTOBKY HA YPOBHE IIKOJBHOH NpPOrpaMMBl H Chelua-
JMH3HPOBABIIKXCA B yHHBepCHMTeTe MO (UIOCODHH H [ICHXOJIOTHH.

Hauw onbiT nokassiBaer, 4t0 HayMHAKOMMM nporpammbl Ha [1po-
JIoré  IPeACTaBSIOTCS Goslee NOHATHBIMH, 4eM COOTBETCTBYIOIHE
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{IporpaMMbl Ha TPAJMLHOHHEIX f3bIKaX NporpamMMHpoBaHus. OfHAKO
Te JKe Camble JIIOAW He CKJOHHBI LEeHHTh Te OrpaHHYeHHs, KOTOphie
HAKJa/bIBAlOT TPAJHIHOHHEIE A3bIKH HA WCHOJB30BAHHE BLIYHCJIH-
TeJMbHBIX pecypcoB. C APYrofl CTOPOHBI, NPOTPAMMHCT, HMEIOUIHH
ONBIT paGoTHl HAa TPAAMLIHOHHBIX S3bIKAX NpPOrpaMMHpOBaHHA, Jy4-
e NOArOTOBJEeH K BOCHPHATHIO TaKHX aGCTPAKTHBIX MOHATHIH, Kak
nepeMeHHbIE M yOpaBJieHHe [OCaeN0BaTeNbHOCThIo AeficrBuid. Ho,
HECMOTDS! Ha NPeXHHUH ONBIT, HPKCIOCOOJEHHE K CTUJIO MPOrpaMMH-
poBanus Ha lIpoJsore MoxeT BbI3BaTb y HETrO 3aTPYNHEHHS, U MOXKET
noTpeGoBaTLCSl MHOIO YOeIUTeNbHLIX IPHMEPOB, NMPeXKJe YeM OH Hau-
HeT OTHOCHTBCS K IIposiory Kak K NOJME3HOMY CPEeACTBY IpOrpaMMH-
poBaHMA. KOHeuHO, MBI 3HaeM MHOTO BBICOKOKBaJU(HIHPOBAHHBIX
IpOrpaMMyCTOB, BOCHPHHABIIKUX [Iposor ¢ GOJBUIMM 3SHTY3HA3MOM.
TeM He MeHee, ILeJIb TOH KHUTH HE B TOM, YTOGBI «OGPATHTH B HHYIO
Bepy», @ B TOM, YroGBl HayuyHTh MporpammupoBaTh Ha [Iponore.

Kax n GoJIbIIMHCTBO APYTHX SI3BIKOB HporpaMMHpoBaHnus, [IpoJsor
CYILeCTBYeT B MHOXKeCTBe PasJIHYHBIX peaM3alui, Kaxias cO CBOH-
MH CeMaHTHYECKMMH H CHHTaKCHUeCKHMMH ocobeHHoctsimu, s onu-
CaHHs B 9TOH KHHre BhIGpaH «6a3oBbiil» [IpoJior M Bce NpHBOZUMEIE
npHMephl HalucaHbl AJA CTAaHRAPTHOH BepCHH, KOTOpas COOTBET-
CTBYyeT peajH3alusM, pa3paboTaHHBIM TJIaBHBIM 006pa3oM B IDuH-
Oypre mJId HECKOAbKHX pPas3/UUHBIX BBLIYHCIHTEAbHBIX  CHCTEM:
DEC-10 ¢ onepauuonnoii cucremoit TOPS-10, DEC VAX u PDP-11
¢ onepaunonnoli cucremoét Unix, DEC LSI-11 ¢ onepaiyonHo#l cu-
cremort RT-11 m ICL 2980 c onepanmnonHoii cucremoii EMA. Pea-
auzauud s OBM ¢upmer DEC asnsiiorest, BeposiTHO, HauGosee
pacnpocTpaHeHHBIMU. Bce npuMeprl, npuBeleHHBIE B 3TOH KHHTeE,
AOAXOJAT IS BCeX YKa3aHHBIX peannsaunufi. B Npu/oxeHHAX Mpu-
BE/IeHbl ONHCAHHSI HEKOTOPHIX M3 CYLIECTBYIOLIMX peanusauuil IIpo-
Jora ¢ yKasaHHeM HX OTIHYHi OT craHgapra. UuTaTesdb CMOXKET
y6enuThesl, 9To GOJBUIHHCTBO OTJIHUHH HMEET YUCTO KOCMETHUECKYIO»
MPUPOAY.

Kxura nocrpoeHa TakuM o6pa3oM, 4TO YUTATh ee Hajo OCJ]ej0-
BatespHO. TeM He meHee, OyJeT MOJIE3HO NMPOYUTATH IVI, 8§ B TOT MO-
MEHT, KOIJia yuTaTelb HAyHeT NucaTh mporpammbl Ha [Iposore, co-
croaue 6osiee yeM M3 JeCATH yTBepxaeHuH. KpoMe Toro, pasymHo
IIPOYNTATh COOTBETCTBYIOLIEE NPHJIOKEHHEe, COAepXKallee ONHCAHUE
ucnonb3yeMol peasisauud llposora. B npuioxkeHusix roBopures,
KaK BBOAHTL yTBEpPIXKAEHH:, KaKHe CPeJCTBA OTJIaAKH MMEITCS B CH-
cTeMe, W paccMaTpuBaloTcA ApYrue NpakTHuecKHe Bonpockl, He Gy-
JeT 0co6oro Bpefa, ec/ii Bbl JHIHbL IPOCMOTPHTE KHUTY, HO cTapalitech
NpH 3TOM HE NPONYCKAaThb IVIaBHI.

Kaxnas ryiaBa KHHTH JeJIUTCS Ha HECKOJIBKO Pa3fiesioB, H MBI CO-
BETyeM YUTATeNIO BHINOJHATH yNpaKHeHHd, NMPUBOJUMBIE B KOHIE
MHOTUX pasfiesioB, PemeHust K HEKOTOPBIM H3 3THX YIpPaXKHEHHH JaHBI
B KoHHe KHHrH. I'maBa | nmpexacraBisieT co6oi BBezeHue, UeIb KOTO-
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poro — Jiath YMTaTeNIO MOYYyBCTBOBAaTh XapaKTep NpOrpaMMHpOBA-
nua Ha [lposore. 3aech BBOAATCS OCHOBHbiE MIEH sidbika I[Iposior H
UMTATENI0 PeKOMEeHAYyeTCs TILlaTeJbHO H3yuHTb HX. B ri. 2 copep-
KHUTCS GoJiee NOJMHOe OOCYKIeHNEe HAeH U NOHSTHH, BBeJeHHbIX B IV, 1.
B ra. 3 paccmatpuBaloTCA CTPYKTYPHL JAHHBIX U NPHBOAATCS B Ka-
4eCTBe NPHMEPOB HECKOJBKO HeGOJbLIKMX nporpamm. B ra. 4 Gosee
noApoOHO OOCYXAAeTCss MEXaHH3M BO3BpaTa, BBOJAMTCS CHMBOJ «OT-
CeYeHHs», UCNONL3YeMBIH [ yNpaBJIeHHst MEXaHH3MOM BO3BpaTa.
B ra. 5 BBoAsATCA HMeOlIMecsi B SI3bIKe CPENCTBA BBOJA-BHIBOJAA.
B ra. 6 onuceiBaeTCsl KaXKAbl BCTPOEHHBIA NMpeiuKar §a30BOH Bep-
cun sspika [posior. Taiasa 7 npeacrasasier coboii «nonyppu» U3 NpH-
MepOB NporpamM, B3fTBIX H3 MHOI'MX HCTOYHMKOB M CHAGXeHHBIX
KOMMEHTapHsIMH, NOACHsIoWUME HX pabory. B ri. 8 patorcsi Heko-
TOpBIE COBETH IO OTVIafKe nporpamm Ha [Iposore. B ru1. 9 BRoauTCA
CHHTAKCHC TPaMMaTHYECKHX MPABHJ U H3YYalOTCS MPeJNOJIONKEeHH],
JieJKalllie B OCHOBe NpOTrpamm JAJisi aHaJH3d4 €CTECTBEHHOIO $13bIKa
C HCIOJIb30BAHHEM I'paMMaTHyeckuX npasui. B ru. 10 onmuceiBaercs
cBasb [Iposiora ¢ maesMu MaTeMaTHYECKOTO J0KA3aTeJNbCTBA TEOPEM
N JIOPHYECKOTO NPOrpaMMHUPOBaHHS, JEXKallMIMH B OCHOBE $3bLIKa.
B ra. 11 nmpencrasied psax npoekTOB, Ha KOTOPHIX 3aWHTEPECOBAH-
HBIE YUTATEIH MOIYT MOYNpPaKHATHCA B PA3BUTHH HABHIKOB IPOrPaM-
mupoBanusi Ha Ilposore.

Mnr BBIpaxaeM 6J1aroAapHOCTh HALUMM Y4YHTENAM, chOpMHPOBAB-
IMM HallH B3rJsAbl Ha nporpammuposanue: Pony Bopcroaay, [lu-
Tepy Ckorry JlsHrcrony u Po6uny Ilonnscroyny. Mer 6aarojpapHel
JIpy3bsIM, YYacTBOBABUIHM BMecTe C HaMd B COBEpILEHCTBOBaHHH
Ilposora kKak npakTHYECKOI'O M HOJIE3HOrO CPEACTBA NpOrpaMMHpO-
BaHHs H NOJJEPXMBABLIHX HAC B MPOIlECCe NOJTOTOBKH 3TOM KHHUTH!
Anany banan, Jlopency bafipay, Potepry KoBanbcku, ®epHanno
[lepeiipa n [efiBuny Yoppeny. B uacrHoctu, Jloypeuc bafipa noj-
JlepKuBaJ paboTy N0 CO3JAHMIO KHHTH C CaMOTo ee HayaJja, npeja-
ras NpOrpaMMmel, ynpax<HeHHs!, HEKOTOpble NPOEKTH!, NPHBeJeHHbIE
B I, 11, u MHOro mzeifl no opraHmsauuu KHHIH. Mul Takke G.jaro-
JAapHEl HallMM JAPY3bsM, BHeCIIMM CBOH BKJajJ B Co3jaHHe KHHIH
MOJIE3HBIMH 3aMEYaHUSIMH H COBETAMH [0 YJYUILEHHIO MNpEeABapH-
TenbHoro ee Bapuadta: JlxkoHy Kanuunramy, Puuapny O’Kndy,
Jaen Ilefin, DepHanno llepefipa, T'opaony Ilnotkuny, Pobepty
Pen, Iurepy Poccy, Makcsenny optepy, Apony Crnomeny u Hei-
Buay Yoppeny. B atom ornowenun Y. KnokcuH ocob6ento 6iaaroxa-
peH cBouM acmupaTtam u3 School of Epistemics n Department of
Artificial Intelligence, KoToprie MOMHMO HX BOJH CTAJH OGBEKTOM
MHOTOUYHCJIEHHEIX 3KCHEPHMEHTOB B oOjacTu OOyueHUs NporpaMMH-
poBanuio. [Ipu BbiGOpe NMPpuMEpoB Mbl CBOGOAHO MOJB30BaJIHCh pac-
NPOCTPAHEHHbIM NPOrPaMMHCTCKHM (DOJIBKJIOPOM H B CBSI3H C 3THM
NPUHOCHM HallM H3BHHEHHST BCceM, KTO uyBCTBYeT ce6s1 00OMIeHHBIM
BHHMaHHeM, :
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Jra KHHra Oblja NOArOTOBJIEHA B NePHOA paGoThl aBTOPOB Ha ¢a-
KYJIbTETE HCKYCCTBEHHOTO HHTEJIEKTa JIUHOYDPICKOro yHHBEpPCHTE-
Ta. Mbl Gaarogapum [[kumy Xoy, BO3IVIaBisiBlIeMy (aKyJbTeT,
3a co3faHue OJaronpHATHBIX YCJIOBUH NpH pafore Haj KHHUIOH.

V. Kaokcun
K. Meaauws

Iounbype, Ulomaandus,
urons 1981



-TJIABA 1

BBEJEHHE

Ilposor — 43bIK NPOrpaMMHpOBAaHHS, HCNOJAb3YEeMBIH A5 pelie-
HHUS 3374, CBOJMMBIX K OOBEKTaM H OTHOLIEHHSM MeXJy OOBEKTaMH.
B 3TOH riaBe Mbl IPOAEMOHCTPHPYEM OCHOBHBIE 3JIEMEHTH s13bIKa Ha
npuMepax peasbHBIX MPOrpaMM, He BAaBasiChb OCOGEHHO B LeTaJH,
(opMaJsbHBle NpaBUJa U UCKJOueHHS. Mcxomst U3 5TOro, M He cra-
pasuch, yToOb H3J0:KeHHe GBIIO MOJHBIM HJIH JOCTATOYHO TOYHBIM.
MBIl XOTHM KaK MOXKHO GBICTpee HOABECTH Bac K TOMY MOMEHTY, KOrja
BBl CMOXKeTe CaMOCTOSITENILHO NMUCATh MOJIe3HbIE MPOrpaMMel, H UTOGHI
IOOHTbCA 3TOTO, Mbl NOJIKHBI CKOHIEHTPHPOBAThL BHHMaHHE Ha OC-
HOBHBIX MOHATHAX: (akTax, 3anpocax, nepeMeHHbiX, KOHBIOHKIUSX
v npasusax. Jpyrue ocofennocty sisbika [Iposior, Takue Kax CNHCKH
" pekypcus, OyAyT pacCMOTpPeHH B MOCJTEAYIOUMX TJIaBax.

Ilponor npiuMeHseTCA B TeX CaAydasx, KOrAa HeoOXOAUMO HCIO/b-
30BaTb OBM 1J151 peuleHus 3ajaud, KOTOpas MOMeT ObITh BbIpaxkeHa
B TepMHHaX OOBEKTOB M OTHOIUeHHHA Mexay HUMH. Hanpumep, korza
Mbl TOBOPHM: «[I7KOH HMEET KHHIYy», Mbl OGbABISIEM, UTO MEXAY Of-
HHM 00BeKTOM «II>KOH» M JIpyruM OGBEKTOM «KHHTa» HMEEeT MeCTO
OTHOLeHHe obaafaHHsi. BoJiee TOTo, 3TO OTHOLIEHHE HMEET Onpene-
JIeHHBIH nopsifoK: JI?KOH MMeeT KHHTY, HO KHHra He nmeer [lxkonal
Korna mur 3agaem Bonpoc: «Mmeer s J1xKoH KHUTY?», TO HAc HHTEpe-
CyeT npaBHJBHOCTE HMEHHO OTHOLIEHHS.

Ilpn koHcTaTalHH HEKOTOPBIX OTHOMEHHH He Bcerja yIoOMHHa-
l0TCs BCe OOBEKTHI, BKJAOYaeMble B HHX. Hanpumep, koraa Mbl roso-
puM: «/IparoleHHble KaMHH SIBJSIIOTCS LIEHHBIMUY», MBI HMeeM B BHIY,
YTO CYLIECTBYET OTHOINIEHHE, HA3LIBAEMOE «SIBJASITHCA LEHHBIM», KOTO-
poe BKJIOuaeT AparolleHHble KaMHH. [l Hac He MMeeT 3HauyeHHd,
KTO CUMTaeT, YTO AparoneHHble KAMHH BJAAIOTCS UEHHBIMH, U TIOYeMY
OH TaK CUHTaeT. DTO BCe 3aBHCHT OT TOrO, YTO Bhl XOTHTE CKa3arTb.
Ipu ucnonszobanuu Ilposora, Koraa nporpaMMUpYIOTCS OTHOLIEHHS,
nofoGHble NMpPHUBEJEHHBIM, YPOBeHb TpeGyeMoH [eTalH3aliH TaKxKe
3aBHCHT OT TOI'O, YTO BBl XOTHTE 3aCTaBHThb fesaTb DBM.

CyectByerT ellle OfHH BONPOC UAEHHOrO MJIaHa, KOTOPBIH cliefyeT
yNOMAHYTb, NpeXJe 4YeM NpHCTYNaTb K NpOrpaMMHpPOBAaHHIO. Mgl
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BCe 3HAKOMBI C HCHONb30BaHHEM NPaBHJ JJIsl ONHCAHHS OTHOILEHHIi
Mexny ofbekramu. Hanpumep, npasumo «[IBa uenoseka ssasiorcs
cecTpaMy, ecsid OHH 06a MKEeHCKOro 110J1a H HMEIOT OHHX H TeX XKe
poauTeseli» 0ObsICHAET HAM, UTO 3HAYUT ObITh cectpami. OHO TakKe
yKasbIBaer, KaKk OnpefenuTsh, ABASIOTCA JM [Ba YeJIOBEKA CECTpaMu:
HeoOXOIHMO HPOCTO NPOBEPHTh, OTHOCSTCS JIM OHH 063 K JKEHCKOMY
HOJTy U HMEIOT JIX OJHHX H TeX Ke poputeseli. BaxHo oTMeTHTb, YTO
XO0T npasufia o6LMHO OLIBAIOT YIPOIMIEHHLIMH, TEM HE MEHEe OHH
npHeMJieMbl B KauecTBe onpefeseHHH. B KOHIle KOHIOB, He cJlelyeT
OXHJATh, YTO ONpeAesIeHHe TOBOPHT HaM Bce 00 onpejesasieMoM 00Db-
ekte. Hanpumep, GoJbIIMHCTBO JIIOLEH COTJIACHTCS C TeM, YTO B pe-
aJbHOM XKHM3HH «ObITb CeCTpaMU» 3HAUUT OOJblle, YeM 3TO CJelyer
u3 npuBegeHHoro npasuna. OpHako, pelias KOHKPETHYIO 3ajauy,
HeoOXOAMMO COCPENOTOUHTL BHUMAaHHE MMEHHO Ha TaKUX NpaBHJax,
KOTOpBIE MOMOTYT ee pellNTh. Takum o0pasoM, ciaeryer 0OpaTHTLCS
K CXeMaTH4HOMY M YNPOIIEHHOMY OMpeje/eHHIO, eCJU ero J0CTaToy-
HO IJs JIOCTHXKEHUS NOCTaBJEHHON uesH.

IlporpammupoBanue Ha sisbike IIpoJor cocTOMT H3 caelyOmUX
3TanoB:

@ 00bsBJICHHSA HEKOTOPHIX (paxmos 06 OOBEKTaX M OTHOLIEHHAX
MexXK1y HHMH, ,

@ onpeneneHHs HEKOTOPbIX npasus o6 OOBEKTAX U OTHOLIEHHSIX
MexJy HUMH H

® GopMyHPOBKH 80npocos 06 OOBEKTaX M OTHOLIEHHSIX MEXIy
HHMH.

Hanpuwmep, npexnonoxum, yro Mul 3anucany Ha [Iposore Haile npa-
BHJIO O cecTpax. Mel MorsiM 6l clies1aTh 3apoc O TOM, SIBASIIOTCA JIH
Mapu u [Lxefin cecrpamu. Ilposor npocmorpena Gul Bce, uTO emy
u3BectHO 0 Mapu u JIkefiH, U BblAan Gbl OTBET LA HJIH HET B 3aBHCH-
MOCTH OT TOTO, UTO €My H3BecTHO. Takum o6pasoM, MOXKHO paccmar-
pusath [Iposior kak HeKOTOpOe XpaHUJMILE QAKTOB W NPABMI, HC-
Ho/b3yeMblX IJIS MOMCKA OTBETOB Ha Bompochl. [IporpammupoBanue
na [Iposore sakJioyaercsi B TOM, 4TOGbl ONMMCATh BCE 3TH (PAKTHl U
npasuna. Ilponor-cucreMa no3poJsieT UCnoab3oBare DBM kak xpa-
HuMe GaKTOB H NPaBUJ H PEAOCTABJAET MEXaHH3M, NO3BOJAIOLINA
Je/IaTh BEIBOJBL, MEPEXOAs OT OAHUX (PAKTOB K APYTHM.

[Iponor AB/sieTCss NUAJOTOBBIM F3LIKOM. DTO CJEAYET MOHHMATh
Tak, YTO NoJb3oBaTeb H IBM ocyinecTBIsIIOT HEKOTOpoe nopoSue
nuadora. IlpeanosoxuM, 4To BaM MpeisIOKUIA NopaboTarth 3a Tep-
muuanoM 9BM u BocnonsaoBathest [Iponorom. Bam repmunan cocto-
UT U3 Kaasuamypel W Oucnaes. Bel ucnosnnsyere xiosuamypy RAs
BBoAa uHpopManuun B IBM, a DBM ucnonssyer ducnaeti (Moxer
6LITb, 3KPaH JH60 GYMaXKHYIO JIEHTY) M/ BHIBOAA MOJYYEHHHIX pe-
ayJabTaroB. [Iposor 6yneT naTh, NOKa BEI BBezleTe GhaKkThH U MPaBHa,
orHocsilHecd K 3ajaue, KOTOPYIO Bbl XOTHTe PeLIHTb. 3areM, eC/d
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Bbl CMOXe€Te 3aJaTh BONPOCH H €CJM BBl JlelaeTe 3TO [PABUJBHO,
Ilposor Gyser HcKkaTh COOTBETCTBYIOIME OTBETHl H BBHIBOZHTL MX Ha
JAucriedt. '

Teneps MBI mocnenoBatesbHO BBeieM KaxI0€ U3 OCHOBHBLIX MO-
Hatuii siseika [Tposor. He Gecriokoiitech 0 TOM, 4TO BHI He moJyuHTe
€pasy MOJIHOrO IIpeJICTaB/ICHUST 0 BceX 0COGEHHOCTSIX s3bika [Ipodor.
B nocaenyomux raasax GyIeT JaHO HX HCUePIbIBAIOLIee OMHCAHUe
u OyJeT NpHBeJEeHO H pa300paH0o MHOIO NMPHMEPOB pellieHus 33434 Ha
s3bike [Tposor.

1.1, Paxth

Haunem o6cyskaenne ¢ ¢pakmos 06 o6bektax. IIpennonoxum, Mol
xotuMm coobuwuth Ilpostory ' gakr: «IxkoHy HpaBuTcs Mspu». DTOT
(hakT BKJIOUAeT B ceOs JBa 0O6beKTa, 0003HAUEHHBIX UMeHAMH «M3pH»
1 «[12KOH», ¥ OTHOLIeHHE, OG03HAUEHHOE CJIOBOM KHPABHTCA». B s3bike
[Mposior ucnonb3dyercsi cranjgapTHas ¢opma 3anucH (GakToB:

HpaBUTCA(IKOH,M3PH).

BaxkHo cobaionark ciepyiolmite npasuJa:

@ lvena Bcex orHOWeEHHH H OGBEKTOB JO/KHBI HAUMHATLCA CO
cTpouHofi OyKBbl. Hanpumep, HpaBuTcs, TKOH, M3IpH.

© Crauana 3anmHCHIBAeTCSl UMS OTHOILEHHs. 3areM depes 3amATyio
3aMUCHIBAIOTCST UMeHAa OOBEKTOB, a BeCh CIUCOK MMeH OOBEeKTOB
3aKRJIOYaeTcsl B KPYIJVIbe CKOOKH.

@ Kaxzuelt ¢axkT A0MKeH 3aKaHUHBATBCH TOUYKOM.

Onpegensiss ¢ NOMOILbIO (PAKTOB OTHOILUEHUSl MEXKAY OOBEKTAMH, He-
00X0MMO YUHTBIBATh, B KAKOM IOpsiIKe [epeurcyasioTess uMeHa o6b-
€KTOB BHYTPH KPYIJBIX CKOOOK. DTOT MOPSIIOK MOMXKET GLITh [POW3-
BOJILHEIM, HO, BHIGpAB OAMH pa3 KakoH-TO OnpelesieHHbIH NOPsiioK,
MBI IOJIKHDE Be3Jle CJIeIOBAThL eMy U nasee. Hanpumep, B npuBenennom
Bbie (pakTe MBI [TOCTABUJIM HA MepBOe MECTO B CNUCKE OOBEKTOB «TO-
ro, KOMy HPaBUTCH», a OOBEKT KKOTOPBIH HPABUTCS» CTOMT BO BTOPO#
nosunii. TakuMm o6pasoM, GakT HpaBUTCH(IKOH,M3pH) HE ONHO H
TO JKe, YTO HPaBHTCA(MIPH, IKOH). B cooTBeTcTBHY ¢ MpUHATOH HaMu
(XOT M TPOU3BOJBLHHIM 06pa3oM) AOTOBOPEHHOCTBIO NEepBBIH (akT

b B kuure tepmun «[Iposors ynorpeGasercs B Tpex 3Hauenusix: 1) [Mposor —
A3blK TPOrPaMMHPOBAHUSI C COBOKYMHOCTbIO CHHTAKCHYECKHX H CeMaHTHUeCKHX
npasuJ 3anucy nporpamm; 2) [Iposior — nporpammias cucTema (MHTEpIpeTarTop),
peasM3ylomas A3blK; 9Ta CHCTEMA H OCYILECTBJsAET AHAJIOT € NoJb3oBaTesen; 3) TTpo-
JIOT — MallifHa, Ha kortopo#t [Iposor-ciictemMa BHINOJHSET (MHTepMpeTHPYET) Ipo-
FpaMMEl, HaHCaHHbe Ha s3kiKe [Iposor, Kak npapuio, U3 KOHTEKCTA BCETAA fCHO,
KaKoe 3HaUeHHe HCIOo/b3yeTcs B KaX/JIoM KOHKPeTHOM ciiydae. [Tpu Heo6xoauMOcTH
SIBHOTO YKasaHHs NPH ODepeBofie UCMOJb30BANHCh TEPMHHDLL «A3blk [Ipoaor», «Ilpo-
Jor-cucremar, «[lposior-mamunar,— Ilpum. nepes, '
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FOBOPHUT O TOM, 4to [[>kOHy HpaBuTCcs MapH, B TO BpeMs Kak BTopo#
¢axT rosopurt, uro Maspu Hpasutcs [3koH. Ecsi MBI XOTHM CKasaThb,
yTo Mspu HpaButcsi [KOH, TO MBI NOJ/KHBI CHOPMYyJHPOBATH 3TO
yTBepkIeHHe SIBHO, B BUJle haKTa

HpAaBUTCS(MIDH, KOH).

BsrasiauTe Ha crenyoiiie npuMepnt PakToB, NpHBeleHHblE BMeCTe
€ BO3MOXKHOH WX HHTepIpeTanyell Ha eCTeCTBEHHOM f3bIKe:

LEeHHbIH(30J0TO). 3040M0 A8496MCA YEHHBIM.
MeHunHa(JKelR). Horcetin — oceHuUHA.

BJafteeT(A K OH,30/10T0). Jlocon earadeem 3040MoM.
oTel(JUKOH,M3pH). Hocon seasemes omyom Mapu.
AaeT(JKOH, KHUra, M3pH). Howon daem Mapu kuuey.

Besaxku#i pas Korza HCnosib3yetcsi HEKOTOpOe HMsl, OHO YKasbiBaer
Ha onpefie/leHHbI UHAUBHAyaJbHBIH 00BEKT. B cHy XKU3HEHHOro
OMNbIT2 HaM COBEPILEHHO SICHO, YTO HMeHAa JMOH U JUKeHH OTHOCATCS
K WHAMBHIYAJBLHBIM 0o6bekTaM. Ho B HEKOTOPBIX JApyTHX (akTax
MBIl MCIOJb30BAJIH HMeHa 30J0TO U LIeHHBIH, U COBCEM He O4eBUJHO,
4TO OHHM 3HauaT. JIOrHKH Ha3bIBAIOT UMEHa TaKOT'0 COPTa «CJIOBAMH,
He HMEIOLIMMH ONIpeNe/ieHHOTO 3HAUeHMsi BHe KOHTekcTar. Mcmosb-
3ys Takde MMeHa, MBI JO/KHBl PelUTb, KaK URMepnpemuposarns
3TH uMeHa. Hanpumep, uMsi 3040T0 MOTJI0 Gbl OTHOCHTBCST K HEKOTO-
poMy o6bekTy. B 3TOM ciayuae mbicsieHHBIH 00pas ofbekTa HMeeT
BHJI KOHKPETHOTO KYyCKa 30/10Ta, KOTOPBbIH Mbl 0003Ha4YaeM HMeHeM
3onoto. M Korja Mel 3anmuceiBaeM Ha [Jposiore LeHHBINA(30J0T0), MbI
JOJKHBI TTOHUMATh 3TO B TOM CMBICJIE, YTO 3TOT KOHKPETHBIH KYCOK
30J10Ta, AJas 0003HAaueHUs KOTOPOr0 Mbl HCHOJbL30BaJH HMA 30J0TO,
siBJIsiercs1 HeHHbIM. C Ipyro#l CTOPOHBL, MBI MOIVIH 6bl HHTEPIPETHPO-
BaTb HMS 30J0TO KaK (1080, 0003HQUQIOUEe XUMUHECKULL 3AeMEHM
3040MO ¢ QmMOMHbIM ecom 79, 1, KOrja Mbl 3aNHCHIBAeM LEHHBIH(30-
JI0T0), Mbl JOJKHBl MOHHMATh 3TO TaK, 4TO XHMHUYECKHH 3JeMeHT
30JI0TO  SIBJIAETCS NEeHHBIM. TakuMm o6pasoM, HMEeTCsl HeCKOJbKO
CII0COB0B HHTEPIPETHPOBAThL HMSI H HMEHHO aBTOp IPOrpaMMbl onpe-
JleJisieT KOHKPETHYIO HHTeprperanyoo. Lo Tex nop moka nocienosa-
TeJIbHO UCMOIb3YETCsl OfIHA U Ta XKe HHTepIlIpeTalus MMeH, HUKaKHX
npobJeM He BO3HHKaeT. BHIABAATL OTJIHUHS MEXIY PasIHYHBIMM
HHTEpNpeTauusaMi HeoOXOAMMO C CaMoro Hayasa, ¢ TeM 4TOGH! ObITh
COBEpPILEHHO YBEPEHHLIM B TOM, UTO 0003HaualT MMeHa.

Teneps npyia nopa ckazaTb HECKOJIBKO CJI0B O TeDMHHOJOMHH.
MmeHa oGBEKTOB, CHHCOK KOTOPHIX B KaXKJOM (paKTe 3aKJKOUeH B
KPYIJible CKOOKH, Has3blBAlOTCs apryMeHTaMH. 3aMeTHM, 4TO B NpO-
rpaMMHPOBAHUH 3HaueHHe CJIOBA «<apIYMEHT» He HMeeT HHUero obuero
¢ ero o6uleynoTpeGHTeIbHBIM 3HaUYeHHeM, HCNOJIb3yeMbIM B KOHTEKCTe
CJIOB «JUCTYT», «1e6aThly, «IHCKYCCHSI», «cnopy U T. 1. Mmsa orHole-
HHs, KOTOpOe 3anHChBACTCS HENOCPEACTBEHHO MNepel KPYIJbIMH
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ckob6kamu, HasbiBaercsi npeduxam. Takum obGpasoM, HeHHbIH —
3TO TpefUKaT, UMeloWH:d OJVH apryMeHT, a HpPaBHTCA — MpejuKar
C IBYyMsl apryMeHTaMH.

Hmena o6peKTOB ¥ OTHOIIEHHH SIBJSIOTCS] MOJHOCTBIO NPOH3BOJIb-
ueivi. Hanpuwmep, BMecTo Tepma HpaBHTCS (JKOH, M3PH) MBI MOTJIH Obl
C TAKUM Xe YCIIEXOM NMPENCTaBUTh 370 Kak a(b,c), MOMHS NPH 3TOM,
YTO a 3HaAuuT Hpasumcs, b osHawaer [acon, a ¢ — Mspu. OpuHako
06BIYHO MBI BHIOHpaeM UMeHa TakHUM o6pa3oM, 4ToObl OHH CaMH HAIo-
MHHAJH HaM, 4TO OHH 3Hayart. CJeoBaTeNbHO, MbL 3apaHee JOJKHBI
peuTs, urd 3HAYAT HAIOH WMeHa H KakKUM JOJKeH OblThb NMOPSAOK
apryMenToB. C 3TOr0o MOMeHTa HEOGXOMMMO I10C/]eI0BATENBHO NpH-
Jep:KABATbCA TPUHATHIX COIVIALICHUH.

OTHoOLIEHHST MOrYT UMETb NPOU3BOJILHOE YHCJIO apryMeHToB. Ecin
MBI XOTHM OTpEIeJUTh NpPeIUKaT HrpaTh, B KOTOPOM YIOMHHAIOTCA
IBa UTFpPOKa U UIpa, B KOTOPYIO OHU UTPaOT MeXAy cobol, TO Heob-
XOAUMBl TPH aprymeHTta. 31ech NpHBeAEHLI ABa NpHMepa, MOKa3bl-
BalOUIMe, KaK 3TO MOXKHO CJIeJATh:

Urparth(IKoH, M3pH,HyT60.).
urparb(Ixeis, [:KUM,6a IMEHTOH).

Kax Mbl yBUINM Jajee, TakOH cnocof obecrneyuBaeT BO3MOMKHOCTb
NpeCTaBNeHUs] CJIOKHEIX B3aUMOAEHCTBHH MeX1y OTHOIIEHHSIMH.

B Ilposore MoxHO 00BABHTD (PAKThl, KOTOPbIE HE ABJSIOTCS HCTHH-
HBIMH B peasibHoM mupe. Hampumep, Moxuo 6BIO 6B Hanucartb
KOpOJIb(1:KOH, hpaHUHus), UYTOOBL OOBABUTB, 4YTO J{oCOH ssasemcs
Kopoaem Ppanyuu. B peasbHOM MHpe 3TOT (HaKT CO Bcell OUeBHIHO-
CTBIO SIBJASIETCS JIOKHBIM, B YacTHOCTH, TOTOMY, YTO MOHAPXHUs BO
@paHnuy yHUUTOXeHa NpuGausutesnbuo B 1792 r. Ho Ilposior ne
3HaeT 3TOro H He 3a6oTuTcst 06 310oM. PaxTel B [Iposiore npocto no3so-
JISIOT BhIpaXKaTh NPOH3BOJIbHBIE OTHOUIEHHS MEXKIY OOBEKTaMH.

CoBokynHocTh ¢aktoB B Ilposore HaseiBaeTcst 6a30i Oarntbix.
Mbl GyzeM nosb30BaThbCsl TEPMHHOM 0032 OaHHbLX BCIKHH pas mpH
o0beIHHeHHH BMecTe HEKOTOPHIX $akToB (a B JasibHeHIeM H npaBuJi)
JIIST COBMECTHOTIO HX HCIIOJIb30BAHHSI NMPH pelleHHH HEeKOTOPOH KOH-
KpEeTHOH 3ajauH.

1.2, Bonpocsl

ViMest HEKOTOPYIO COBOKYMHOCTh (haKTOB, MBI MOXKEM 06paLlaThCsi
K [lposory ¢ Bonpocamu o Hux. B ITposore Bonpoc samMchbiBaercs
MOYTH TaK e, Kak M (aKT, 32 HCKJIOUEHHEM TOTO, UTO Nepei HHM
CTaBUTCS CIIENHAJLHBIA CHMBOJ. CrenMafbHBI CUMBOJI COCTOHT U3
BONPOCHTENBLHOTO 3HAKA W CJelyIOUlero 3a HUM THpe. Paccmorpum
BOMPOC:

1) Cpsasp BBeJIEHHOTO MOHATHA C MAaTeMaTHYECKOH JIOTHKOH O6CyXKpaetcss B
1. 10.— Ipum. ped.
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?— umeeT(M3DH,KHHTA).

Ecau Mbl HHTepNpeTHPYeM MIPH Kak u€esogexka no umenu Moapu, a
KHHIa — 9TO KaKasi-ToO KOHKPeTHAs KHHMTa, TO CMBIC/ BONpoOCa B CJEAY-
fomeM: «Hmeem au Mapu (Oaunyio KOHKpemHny) Kruzy?» WIH
«Hmeem au mecmo paxm, wmo Mapu umeem Oanryrwo kruey?». Ml He
CIpalyBaeM, UMeeT JIH OHA BCe KHHTH WJIE KHHLH BOOOIIE.

O6pamenue k [Iponory ¢ BonpocoM HHHIMHPYeT NPOLELY Py MOUC-
Ka B Gase NaHHBIX, paHee BBeJCHHOH B cucTeMy. IIpoaor uiner gpakThi,
conocmasumbte ¢ dpakToMm o Bonpoce. IlBa daxTa conocmasume: (wjau
COOTBETCTBYIOT OIMH IPYrOMYy), €cJH HX [peIUKaThl OJMHAKOBHI
(no6yKBeHHOE COBNAJieHHE) H HMX COOTBETCTBYIOIIHE apryMEHTHI HO-
napHo coenagaior. Ecmu Ilposior HaxoauT (axT, COMOCTaBHMBIH C
BOIIPOCOM, TO OH OoTBeuaeT Aa'’. Ecau B 6ase JaHHBIX Takoro (akra
He cymectByeT, To [Iposor orBeyaer Her. OTBeT, BhlgaBaeMuiil [1po-
JIOFOM, BBIBOAMTCSH Ha AHCIVIER TepMHHAJa HENOCPEJACTBEHHO MOJ
sanpocoM. IlycTb umeerca cielymwouas 6a3a JaHHBIX:

HPaBUTCA(12KO, ppIGa).
HPaBHTCA(JPKO,M3DH).
HPaBUTCA(MIPHU,KHHUTA).
HPaBHTCS(13KO, KHHTa).

Ecau Bce 311 hakThl BBeeHH B IIposor-ciucteMy, TO MOXHO GBIJIO Gl
JlenaTh CJelyIolife BONPOCH, OTBeTHl Ha Koropble Ilposor manncan
OBl HEMOCPEACTBEHHO TMOJX TEKCTOM BOMpOCA:

?— HpaBUTCA (KO, IeHbTH).
?— HpaBHTCSH (M3PH,1XKO).

P— HpaBuTCH(M3DH,KHUTA).
Ja
?— KOpOJb(IXKOH,ppanuus).
HeT

OTBeTH Ha TPH MepBHIX BOMpPOca NOJKHBEI ObITb NMOHATHLI. Kpowme
atoro, IIposor orBeuaeT HeT Ha BONPOC O TOM, sABAserca Ju JIxKoH
koposieM @pannuu. CHcTeMa BbIJaeT TakOH OTBET, TaK KakK Cpenu

1) B sanucu nporpamm Ha [Iposore u 8 oTBeTax ITpoJior-cucTeMbl HCMOMB3YIOT-
¢s CJI0Ba JBYX THIOB: 1) HMeHa, onpefesseMble NOJb30BATE]EM (HaNDHUMED, RHKOH,
KHHTra, HpaBuTcA); 2) MMeHa M cayXebHble cjIoBa, OnpejesienHsle B A3nike [Iposor
(Hanpumep, is, get). YuuTEIBas, 4TO CJIOBA NEPBOTO THIIA HMEIOT HEKOTOPYIO CMBIC-
JIOBYIO Harpysky {(IJsi uurareas, Ho He jgasa Ilposora), Bce OHM mepeBejieHbl HA
pycckHii s3bik. CIOBa BTOPOTO THNA 3ape3epBHpoBaHl B A3biKe [Iposor. ITostomy
B TEKCTE OHM OCTaBJIeHb! B HCXOJHOM BHJie, 3a HCKJIIOUeHHeM NepeseleHHBIX Ha PycC-
ckHUil n3nK oTeetoB IIposora Ha BONpocH yes — jAa, no — Her.— [lpum. nepes.
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(dakToB B 6ase JAHHBIX, NPENCTaBJACHHOH [PHBEJEHHLIMH BhILIE Ye-
TBIDbMSl OTHOLIEHHSIMH HPAaBHTCH, HET OTHOLUEHHH, YKAa3bIBAIOILUX
Ha xoponesckHe 3BaHHsA. B Tlponore orBer HeT ucHoOsB3yeTCs B
CMBICJIe Huumo 8 6a3e OaHHKbix He coeaacyemccs c 6onpocom. BaxHo
NOMHHTh, 4TO OTBET HET BOBCE He 3KBHUBAJIEHTEH OTBETY ABAACMCA
A00cHbIM. T1peAnoNOoKHM, HanpuMmep, 4ro 6a3a JaHHBIX COLEPHKUT
TpH ¢akta 06 H3BECTHbIX MbICAHTeNaX I'peuu:

4eJJ0BeK(COKpaT).
ueJI0BeK(apHCTOTE/b).
aduHsiHHH(COKpAaT).

MoxHO GBLTO OBl Clle1aTh HECKOJIBLKO BOMPOCOB:
?P— adpuHAHUH(COKpAT).
1a
?— aduHAHUH(apUCTOTEID).
HeT
?— rpex(cokpar).
HeT

Xots tor Qakr, uto ApHcTOTeNbL KM KOrjaa-T0 B AGHHAX, MOKeET
ObITb UCTOPHUECKH BePHLIM, MBI MPOCTO He MOxKeM Jokasame ero Ha
OocHOBe (PaKTOB, IpeAcTaBJeHHbIX B 0ase JaHHBIX. DoJsee Toro, xota
B 6ase JaHHBIX coflepxHTcs dakT o ToM, yto Cokpart Kua B AduHax,
3TO He 0oKa3bi8aem TOTO, YTO OH ObII TPEKOM, eCJH TOJbKO B (ase
JAHHBIX HeT JONoJHuTebHOH MH(opmaiuu. Takum obpasoMm, Koria
[Iposior Ha BONpOC OTBeYaeT HET, 3TO 3HAUUT He OOKA3Yemo, He
cozaacyemes ¢ 64308 OaHHbIX.

B npusenenHoM panee npumepe [>kony u Mspu HpaBuTCA OAHH
H TOT XKe 00beKT. MBI 3HaeM, UTO UM HPABUTCS OJMH H TOT Ke 0OBEKT,
TAK KaK OJHO M TO 3Ke UMsI KHUTa NOSBASETCA B 000MX (daKTax.

O6cyxnaBuiyecss 10 CHX nop GakThl H BONPOCH He NPeICTaBASI0T
GosblIoro MHTepeca. Bce 4ro MBI MOXeM chesaTb —— 3TO MOJYYHTb
o6paTHO Ty ke caMmylo HHQOpMAaLHI, KOTOPYIO Mbl BBEMH B CHCTEMY.
Bousiee monesnsl Gblsin 6bt BOOpOCH Buja: «Karxue 00vexmot npasamca
Mapu?». VIMeHHO /151 pealu3aluy TaKOH BO3MOMKHOCTH IpeAHa3Ha-
YeHbl NepemeHHbie.

1.3. MepemeHnHble

Ecou BB XOTHTE Y3HAaTh, uTO HpaBUTCsA [LKOHY, TO 6blIO 6Bl yTO-
MHTEJBHO crnpaluuBath «Hpasames au Hocony xrueu?», «Hpasumesa
au Hocory Mapu?» u Taxk nanee, mojydasi Kakablil pa3 OTBeT Aa HJH
Her. DBonee pasymno o6patithcst K Ilposor-cucreme ¢ mpocbGoit
Ha3BaTb 4YTO-HUGYIB, uro HpaButca JI:koHy. TaxkoHh BONpOC MOXKHO
chopMyIHpOBaTh caelyouM ofpasom« «Hpagumes au [acony X?».
3azaBasi BONPOC, Mbl He 3HaeM, I/ 0603HAUeHHS KaKOro o0bekTa
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ucnosab3oBana autepa X. Ham xorenoce 651, ytoGel [Tposor nepeunc-
JIUJT BCe MMEIOIHecs: BO3MOXHOCTH 045 0003HQueHUA KaKoeo 06BeKxma
ucnoaszosara aumepa X. B Ilponore MoxHO He TONBKO NMPHCBAHBATDH
HMeHA KOHKPETHBIM O6BEKTaM, HO M UCIOMb30BAThH HMEHA, NOAOOHLIE
X, AnA ofo3HaueHUsT OOBEKTOB, KOTOPHIE AOMKHBI OBITH ONpeae/eHbl
ITposior-cucremoii. MMeHa Takoro THNa Ha3bIBAIOTCS HEPEMEHHBIMU.
ITepemennast B Ilposore moxer uMerb JHG0 He HMETh KOHKPETHOE
snayeHue. [lepeMeHHas] KOHKPEeTH3HPOBAHA, €CHH HMeeTcsl OGBEKT,
KOTODBIH 0003Hauaer 3Ta nepeMeHHas. IlepemMeHHas He KOHKPETH3H-
pOBaHa, ecJu ellle He U3BECTHO, UYTO HMeHHO oHa o6osHauaet. B Ilpo-
JIOT'e HCIOJIb3YETCS COTJIalleHNe, [T03BOSIONIee OTIHYATD TepeMeHHbIe
OT HMEH KOHKPETHBIX OGBEKTOB — Kaxdoe uMA, HALUHAKUeeCs ¢
nponucHotl Gykest, paccmampusaemcs KaK nepemennas.

Ilpu noncke oreera Ha Bompoc [Iposior opraHu3yer NPOCMOTD
Bcex GakToB B 06ase NaHHBIX, UTOOB OGHAPYKUTHL OOBEKT, KOTOPHIH
9Ta nepemMeHHas Mmorga 6bf 0003HauaTh. Tak, KOrJa MBI CIpAlIHBaeM
«Hpasumes au Hdocony X?», Ilposor mpocmaTpuBaeT Bee M3BeCTHBIE
eMy (GakTHl AJsd OOHAPYKEHUS TeX Belllel, KoTopble HpasaTcs xKoHy.

Taxas nepemenHnas, kak X, cama no cefe He sBJAsIeTCH HMeHeM
KaKOro-T0 KOHKPETHOro o0beKTa, HO OHa MOXKeT ObITh HCIIOJIb30BaHa
17 0603HAYEHNS OGBEKTOB, KOTOPHIM MBI He MOxeM AaTb ums. Ha-
npuUMep, Mbl He MOXEM weMy-mo, umo upasumcs [Ioony, XaTbh UM
KaK OOBbeKTY, T09TOMY AJs BhIpaxKeHHst NOJOGHBIX BONPOCOB BMECTO
BOMPOCOB BHJA

?— HpaBuTcs(AxOH, Ymo-mo, wno wmobum [lxcon).
[Tposor no3BoJsieT HCNOML30BATH TEPEMEHHbIE H 3a2/aBaTh BOMPOCH
B BUJE

?— HpaBHTCA(1XKOH, X).
[Tpn xenaHuM MOXKHO JaBaTb NepeMeHHBIM GoJiee IJIHHHBIE HMEHA.
Crenyromnii Bonpoc BIOJHE TpuemieM B [lposore:

?— HpPaBUTCA(IXKOH, UTO-TOUTOHPABUTCAIKOHY).
[Mouemy? Iloromy uto mepemeHHOH MOMKeT OBITH J000€ MMA, HauH-

Hatollleecs: ¢ npomucHol 6ykBel, Paccmorpum cienytomyo 6asy naH-
HbIX M 3anpoc K [Iposory:

HDaBHTCA(LKOH, L BEThI).
HPaBHUTCA(J12KOH,M3PH).
HPaBHTCHA(NIOMb,M3DH).

P— HpaBuTCA(QKOH, X).

B Bompoce cnpawmBaercs: Cywecmsyern au 4mo-nu0yob, 4mo Hpa-
aumcs- [doucony?. B orser [Iposor nareuaraet:

X ==11BeThl
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a 3areM GyJieT XKaTh Ja/NbHeHIINX MPHKA30B; 3TO Mbl BKpaTLe 06Cy-
Ium pasee. Kak sto npousofiser? IIpu nocryn/ieHHH Takoro sonpoca
B [lpoJior-cucteMy nepeMeHHas, BXOAsIlash B BOIPOC, H3HAYAILHO
ABJISIETCST HeKOHKpeTH3HpoBaHHOH. [Iposor npocMarpuBaer Gasy
JIAHHEIX B NOUCKax (akTa, conocmasumozo ¢ Bonpocom. Ecau HeKoH-
KDETH3HPOBaHHAs MepeMeHHas MOsBJAseTcs B KayecTBe apryMeHTa,
to I'IpoJior cuntaer, 9T0 TaKOH apTryMeHT CONIOCTABHM C A00bLM APYTHM
apryMeHTOM, HaXOASLIUMCS B TOU e camof mosuuMH dakra. B Ha-
meM npumepe Ilposor uier a060H GaKT ¢ NpesHKaTOM HPABHTCS
¥ MEPBHIM apTYMEHTOM JUKOH. Bmopodi apryMeHT B 9TOM CJIydae MOXKeT
OBITh KAKUM YTOJIHO, TaK KaK B BOIPOCE BTOPHIM apryMEHTOM sIBJIS-
eTcsl HEKOHKPeTH3UpoBaHHasa nepeMenHas. Ilpyu o6HapyxkeHUH Tako-
ro ¢axra nepemenHas X CTaHOBUTCS KOHKDETH3HPOBaHHOH, 0003Ha-
yasi OOBEKT, SBJSIOIHHACS BTOPBIM apryMeHTOM HaljeHHOro ¢akra,
KakuM Obl 3TOT apryMeHT HH 6bl1. [lposor mpocMarpuBaer (axTet
fasbl J1aHHBIX B TOM MOPSiIKe, B KAKOM OHM BBOAHJNCHL (HA meyatHOH
CTPaHUIE 3TO COOTBETCTBYET NPOCMOTPY CBEPXY BHH3), M03TOMY DaKT
HPaBUTCA(1KOH, UBeTbI) HalijeH nepsblM. C 3TOr0 MOMeEHTa HepeMeH-
Hag X ofo3HayaeT OOBEKT WUBEThbl UJM, TOBOPS IPYTHMH CJIOBAMH,
nepeMenHass X KOHKPETU3UDYETCs 3HAueHHeM uBetwl. Ilposor ¢
NOMOILBIO CIEUHAJBHOTO MapKepa OTMedaeT MecTO B (ase JAHHBIX,
B KOTOPOM MpPOH30III0 comocTaBaeHne. O6CYyINM KpaTKO NPUUYHHBL,
N0 KOTOPBIM 0Ka3asJoch HeOoOXOAYMBIM HCIOJNb30BAHHE TAKOrO Map-
Kepa.

O6uapyxkuB akT, COOTBeTCTBYIOUIHH Bonpocy, [Iposor neyartaer
HMeHa 00BEKTOB, KOTOPLIE Tenepb 0603HAaYaloT nepeMenunie. B Hamem
IpUMepe eCcTb TOIBKO OfHA NepeMeHHass X, KOTOPOH COOTBETCTBYeT
oOsekT uBeTbl. 3ateM IlpoJior xier nanbHeHIIMX yKa3aHuH, Kak o6
3TOM FOBOPHJIOCH BhIle. Ecii B 3TOH CHTYalMH HAXKaTh Ha TepMHHAJIE

KJIaBULIY IRETURNI, YKashlBasg TeM CAMBIM, 4TO BBl yAOBJIETBOPEHEI
nosyueHHbIM OTBeroM, TO IIposior mpekpatHT AaibHeHAMHH MOHUCK
B 0ase naHHBIX. Ecan BMecTo 3TOro Haxatb K/aBHIWY | ; I 8:1

3a Hell KJaBHUILY ]RETURNI), to Ilposior npoio/MKHT NOHCK B Gase
IaHHBIX, HQYUHAA C MeCma, OMMedeHH020 mapkepom. B takoit cutya-
uud, koraa IlpoJjior HauHHaeT NOMCK He C HayaJjia 6ashl AaHHBIX, a ¢
MecTa, OTMEYeHHOI'0 MapKepoM, MBI FoBOpHM, uTe [Iposior neitaercst
3aHOBO COTJIACOBaTh BOMpOC.

[TpeanonoxuM, 4TO B OTBET Ha nepBoe HalleHHoe [Iposorom co-
otBeTcTBHe (X==1BeThl!) MBI NIpe/IaraeM cCHCTeME MPOXOKUTL MOHCK
(BBenst l ;|).9To 3HAYAT, YTO MEl XOTHM COIJIacoBaTh BOMPOC HHAYE;
Mbl XOTHM HaHTH JpYrod OOBEKT, KOTOpHIH Morsia 6bi 0603HauaTh
nepemennas X. DTO Takxke 3HauHT, 4To [Iposior JoJxeH «3a6bITby
0 ToM, uTO nepemeHHas X 00O3HAuaeT LBETbI, H CHOBA MPOAOJIKMTb
NOHCK C HEKOHKpeTH3HpoBasHOH nepeMenroil X. Tak Kak Mbl uiuem
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a/NpTepHAaTHBHOE pellieHHe, TO MOHUCK MNPOAOJIKAEETCS C Mecra, OTMe-
yeHHOro MapkepoM. Chefyomuii HaljeHHBIH cHcTeMOR ¢akT, cOOoT-
BETCTBYIOIIUH BONPOCY, ecTh HpaBHTCA(MKOH,M3pH). Ilepemennas X
BHOBb CTAHOBHTCS KOHKPETH3HPOBaHHOH, 0603Hauas MapH, a IIposor
OTMeuaeT MapkepoM GakT HpaBHTC(MKOH, MapH). [Tposior HaneuaTaeT
X==Mapu u OyneT OXUIaTb AajbHeHIIMX KoMaHJ. EcAu Mbpl BHOBb
BBelleM TOUKY ¢ 3amsaToil, To Ilposor npomo/mXkuT nouck. B Hamem
rpuMepe HeT GoJbine HHYero, yto HpaBuTcs Jxkony. [Toatomy Ilposor
3aBepLUUT TOMCK U HPeAOCTABUT HAM BO3MOXKHOCTb CleJaTh HOBLIE
3ampoChl UJIH BBECTH HOBble (haKThI.

Uro npousoiifer, ecii, UMes Te ke (akThl, YTO U paHee, MHI 3a-
JaJuM BONPOC:

?— Hpasurcs(X,MapH).

B stom Bonpoce cnpammmaercs: «Cyujecmsyem Au 06BeKim, KOmopomy
Hpasumes Mapu?». Tenepb BBl caMH MOXKeTe MOHSTB, UTO B IpUMepe
o6beKTaMH, KOTOpble HpaBsitcs Mospu, SBASIOTCA JUKOH H NOJb.
OnaTb, ecyH OBl MBI XOTeJH YBHIETh BCe BapHaHTHl, MBI JOJIKHBI

Oblin OBl BBOJIUTH |T| nocJie KaxJoro OTBeTa, BegaBaemoro Ilpo-
JIOrOM: -
?— npasurca(X, mMapu). Hauw sonpoc
X-1KOH; nepeouti omeem. Mol 6800um ,Tl
X-nob; emopoti omseem. Broso 8800um IT,
HeT 6oablue OMBemos Henl. _

1.4, KOHBIOHKIHH

[IpeanosoxuM, 4TO MBI XOTHM NOJY4YaTh OTBETH Ha BOMpPOCH O GoJsee
CJIOKHEIX OTHOUIEHHAX, TAKHX Kak: «Hpasamca au [Qocon u Mapu
Opye Opyey?». OgHH M3 cnocoGOB CAeaaTh 3TO — Y3HaTh CHAyYaJa,
HpaBuTcs Jan Jixony Mapu, u ecan IpoJior oTBeTHT 42, TO CIPOCHTD,
HpaButcs JiH Mapu IxkoH. Takum o6pasomM, 3Ta 3agaua COCTOHT U3
JIBYX «L€JeBbIX YTBEp:KIeHHH» (MJH uesei), kotopule [lposor nou-
JKeH CcorJacoBaTb. BBuay Toro uro nojo0Has KOMOMHALMSI 4YacTo
HCIIOJIB3YeTCA MpH NporpaMMmupoBaHun Ha [lposore, ajsi Hee HMeer-
cA cnelHajJbHoe ofo3HaueHHe, IlpeanmosoxkuM, MBI UMeeM CJeRyio-
mylo 0asy naHHBIX:

HpPaBHTCSI(M3DH, HLILA).
HpaBUTCs(M3DH,BHHO).
HPaBHTCS(2KOH, BUHO).
HPaBHTCA (12KOH,M3pH).

Mn: xotuMm y3HaTh, HpaBatcst gau JxkoH u Mspu apyr apyry. das
3TOro Mbl cnpawuBaem: «Hpasumcs au Jocon Mapu u npasumes au
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Mospu [ocon?s. CeA3Ka 4 BEIpaxkaer TOT (GakT, YTO HAC HHTepecyeT
KOHBIOHKIIHS JBYX YKa3aHHBIX WeJefl — Mbl XOTHM MOC/eN0BaTeNb-
HO COrJiacoBaTh ¢ 6a30fl ZaHHBIX ofe nesd, Mbl BHIpaKaeM 3T0 B BO-
npoce, 3anuceiBasi ofe Lesd uepes 3anATyIo:

?— HpaBUTCA(KOH,M3pH),HPABUTCS(MIDH, J2KOH).

3ansiTas YUTAETCH KaK «H» M HCIOMB3YeTCs VA pasfe]eHHs Mpous-
BOJIbHOTO YUCJIa PA3JHYHBIX LeJell, KOTOpbIe LOMKHBI OLITH COTJIaco-
BaHb! ¢ 6a30H AAHHBIX JJsl TOTO, YTOObl OTBETHTBL MOJIOXKUTENBHO HA
Bompoc. EcaH 3a7aHa nocienoBaTebHOCTh Henell (pasfeneHHbIX 3a-
nsiteiMe), TO [IpoJior neitaeTcst coraacoBaTh KaxKaylo Iie/b o oyepe-
M, npocmarpuBasi 0a3y JAHHBIX B MOHCKaX COMNOCTABHMBIX (hak-
T0B. UTOOHI cOrNacoBarth ¢ 6a30i JAHHBEIX NOC/IeA0BATENBHOCTD Hedel,
HeoGXOIMMO COI1acoBaTh BCe OTAENBHBIE Lead. HUTo fo/xKeH Haneya-
TaTh [lpostor B OTBeT Ha MpHBeleHHHN Bhliie Bonpoc? Otser Gyner
Her. [leficTBUTe/IbHO, TaK KakK HMeeT Mecto (akr, uyro [[JKOHY Hpa-
BuTC Mapu, To nepBas uenb corsacyercs ¢ 6a3oil AaHHBIX. OfHAKO
BTOpas LeJab He corjacyercs ¢ 6a30ff JaHHBIX, TaK Kak B Hell 0TCyT-
cTByeT (akT HPAaBUTCHA(MSPH,KOH). YUHTHIBAs, YTO MBI XOTEJaH
3HaTh, HPABATCS JIK OHH 00a APYT LPYTY, OKOHUYATEALHBIM OTBETOM
Ha BOMpPOC SBJAETCH Her.

Couertasi BO3MOXKHOCTH KOHBIOHKIIMH M HCHOJb30BaHUS NepeMeH-
HbIX, MOXXHO CTPOMTH HAOCTaTOYHO COJeprKaTejbHble BOHNpPOCHL. Te-
nepb, KOTJia MBI 3HaeM, UTO HeJb3s BBIICHHTL, HpaBsaTcs Ju JIKOH u
Mapu apyr apyry, Mul crpawuuBaeM: «Cywecmsyem Ay 4rmo-nubyode
makoe, umo wpasumes o6oum — Locony u Mapu?». Sror Bonpoc
TaKXKe COAepKHUT ABE LeJH:

© CyuectByer qm Takoil 06bekT X, KOTOpHIA Hpasutcs Mspu.
® HpaBI/ITCH au JIkony HafileHHOe 3Hauennhe X.

B Ilposiore 1Ba yxa3aHHBIX LEJNEBBIX YTBEPKAEHHS ClefyeT OObenu-
HMTb, HCNOJb3YS KOHBIOHKLHIO, KaK NOKA33aHO HHUKE:

?— upasurtcs(MapH,X), HpaBUTCA{LKOH,X).

[Tposior oTBeyaeT Ha BOMPOC, NHITASCh MOAOCOPATb COOTBETCTBHE J15
nepBoii nenu. Eciy B 6ase JaHHBIX ecTb (hakT, COOTBETCTBYIOLM 1ie-
JIEBOMY BBICKa3bIBaHHIO, TO IIposior oTMeTHT HaliileHHOe MecTo U mo-
NBEITAETCA COrJacoBaTb BTOPVYIO Lesb. ECIH M OHA JOCTUIHYTA, TO
Ilponor takxke oTMeuaeT B 6a3e NaHHEIX COOTBETCTBYIOILEe €l MeCTo,
H TakuM 00pa3oM HAXOAWTCS pelleHHe, YAOBJIETBOpSIOlee 00enM
HeJsIM.

BaxkHO NMOMHHTB, 4TO Ka)Kjasd ledb HMeeT CBOH COOCTBeHHBIH
MapKep RSl YKa3aHus Mecta B §a3e NaHHBIX, IJe HaiflJleHbl COOTBET-
cTBywoine UM ¢aktel. Eciu, oaHako, Bropas Lefdb He corJacyercs
¢ 6asol naHHBIX, TO [Iposor momerraeTcst HAHTH HOBOE COOTBETCTBHE
LIS npeAblaylned neaH (B AaHHOM cayuwae AJsi nepsoi ueau). Ilom-
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Hute, uro [lposior nomHocThio npocMarpuBaer 6a3y JAHHBIX /1A

Kaxpao# u3 ueseft. Eciu cayuuTes Tak, 4To HEKOTOpHIA (hakT B Gase

JAHHBIX MOXHO COIIOCTaBHTb C 33JlJaHHOMH 1eJbio, To [Iposor orMerur

3TO MeCTO B Ga3e JAHHBIX Ha CJyual, ec/lH BIOCJeICTBHH OH OyjeT

BBIHY2KJIeH CHOBAa HCKaTb AJs 3TOH ueJH apyroe cootsercrsue. H ko-

r1a BO3HUKHET HeOOXOAMMOCTb HAaHTH IJf1 Ledd [pYyroe COOTBET-

cTBHe, [lpoJsior HayHeT NOHCK He ¢ Hauasia 6a3pl JaHHLIX, 4 C MECTa,

OTMEYeHHOI'0 MapKepOM, COOTBETCTBYIOIMM 3TOH uesn. Ham npe-

apunymui Bonpoc: «Cyujecmsyem au 4mo-1ubyob, 4mo Hpasumes u

Moapu u Hdowony?s UNIIOCTPHPYET IPHMEP TAKOTO MOHCKAa C BO3Bpa-

ToM («GekTpekuHras). [Iposor BhHITOMHAET CAeRyOLYIO [10C/]Ie10Ba-

TEJIbHOCTE JEHCTBUH:

1. Basa gaHHBIX NpOCMaTPHBAETCA B MOMBITKE COrJIACOBATH NEPBYIO
ueab. Tak kak Bropo# apryMeHT (X) HeKOHKPeTH3HPOBAH, TO
€My MOXKeT COOTBETCTBOBATh Bce uTo yrogHo. [lepsulft dakr, comno-
CT@BHUMBIH C 1e/BIO, B IPHUBeJleHHOH Bbllle 6a3e JAHHBIX €CTb
HpaBUTCA(MapH, nHa). C 3TOro MOMEHTa KancdoMy MOSBAEHHUIO
nepeMeHHoH X B BONPOCE COOTBETCTBYET 3HAaueHue mHuma. [Iposor
oTMeyaeT B 6ase aHHBIX TO MeCTO, rje Gbl1 OGHApYyKEH COOTBETCT-
BYIOWHH HakKT, TAK YTO NpH HeO6XOAHMOCTH HaHTH APYToOH crnocob
COTJIACOBAHHUSA LN ¢ HAaKTAMH OH MOMKET BEPHYTHCHA B Ty TOUKY
H NpPONO/IKHTE MOHCK. Bonee Toro, cienyer nomMsauTh, 4TO Nepe-
MeHHas X Oblia KOHKPETU3UpOBaHa B 3TOH TouKe U [Iposor Moxer
«3a6bIThy HaljeHHOe M X 3HaueHHe B cJyyae HeOoOXOJHMOCTH
HAUTH HOBOE COOTBETCTBHE B (paKTax A1 pacCMaTPHUBAeMOH Lie/H.

2. Tenepp B 6ase AAHHBLIX HueTC (AKT HPABUTCHA(JKOH, MHILA),
TaK KaK CJelyiollas Leab — 3TO HpaBUTCA(IKOH, X), a nepeMeH-
Has X Temepb uMeeT 3HaueHHe nMma. Kak MoxHO BHJeThb, 6asza
IAHHBIX TAKOro (GakTa He COMNEepP:KUT, TAK YTO 3TA Uelb ¢ Gasol
JAHHBIX He corsacyercs. B 3Tofi cUTyauMH MBI JOJKHBI MOIIBI-
TaTbCsl HAHTH HOBOE COOTBETCTBHE B (akTax s Hpefplayllei
uesan. ITostomy Ilpomor mpeanpHHuMaeT HOMBITKY HAWTH HOBOE
COOTBETCTBHE A5 HpaBHUTCcA(MIpH, X), MpH 3TOM MOHCK B Gase
HAaHHBIX HAUMHAETCST C OTMEYeHHOTO MapkepoM mecta. Ho chauana
HeoOXOAUMO «PACKOHKDETH3UDPOBAThy NepeMeHHYI X Tak, YTOOKI
X onsaTh MorJa ObIThb CONOCTABJEHA € JIIOOBIM OOBEKTOM.

3. OTMeueHHBIM MapKepOM MeCTOM SIBJIseTCs (HhaKT HpaBUTCSH(MIpH,
numa). [losromy Ilposor HaunHaeT MOUCK CO CJIEAYIOHIEro Hero-
CpelCTBEHHO 3a HUM (akTa. Tak Kak M ellle He NOCTHIVIM KOHIA
6a3bl JaHHBIX, TO Mbl He HCyepraJ/H Bcex 00BbEKTOB, KOTOpHIE Hpa-
BsiTcst Mapu. CrenylomuM cornocTaBUMBIM (aKTOM SIBJISETCS Hpa-
BUTCA(MADH, BUHO). Tenepb mepemeHHas X NpHHAMAeT 3HauyeHHe
BuHO, 1 IlpoJor orMeuaeT 3T0 MeCTo Ha cydaH, ec/Id notpebyercs
HaHTH HOBOE COOTBETCTBHE JJIS1 TOrO, YTO HpaButcs Mspu.

4. Kak u panee, [Iposor neiTaercs Tenepb COrJacoBaTh ¢ GaKkTaMH
BTOpYIO LieJb B BONpOCe, OCYLIECTBJAAS MOHUCK B 6a3e JaHHBIX
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¢dakra HpaBHTCA(RKOH,BHHO). [lposor He mnbITaeTcss mpu >5TOM
HCIIOJNB30BATH MEXAHH3M MOHCKA HOBOTO COOTBETCTBHA VISl 3TOH
nejqH. 3TO HOBas Lelb, KOTOPYIO OH BBHIGHPAeT, NPOABHIAsCH,
KaK M paHbllie, ¢JeBa HanpaBo MO CHUCKY Iesel B HCXOJAHOM BO-
npoce, MO3TOMY OH JOJI2KEH HayaTh NMOUCK ¢ Havana 6a3bl JAHHBIX.
Korna nocne Hemosroro moucka GyjaeT HalileH CONOCTABHMbI
takr, Ilposor Brinaet naanexaiiee coobienne. Kax ToMbKO BTO-
pas ne’ap corsacoBaHa, [IpoJsior ormeuaer COOTBETCTBYIOUIHH el
takr B 6a3e JAHHBIX Ha cayy4ail, ecqu BAPYr norpebyercs HaHTH
JJIs1 Hee HOBOe COOTBETCTBHe. [{ist Kax Aol nenu, koropyio [Iponor
nbITaeTCse COrJacoBaTb, B 6a3e JaHHBIX HMMeeTcsl CBOH Mapkep,
VKa3pIBAIOWKA (aKT, MOCTABJEHHBIH B COOTBETCTBUE 3TOH LEJIH.
5. Tenepy ofe wnenn corgacosaubl. [lepemennas X 0603HauaeT
UM BHHO. Mapkep nepBOro ILeJ€BOr0 yTBEPXKIEHHS OTMeuaeT
B 6a3e AaHHBIX GaKT HpaBHTCA(MIpH,BHHO), a MapKep BTOPOro
IeJeBOTO YTBEPXKIEHHSA OTMeuaeT (akT HPaBHTCS(JKOH, BHHO).

Kaxk u B cyyae npyrux 3anpocoB, KaK ToJbKO IlpoJsor Haxoaut
OTBET, OH INIpeKpaulaeT NMOMCK U OXHJAAeT AajbHEHIIMX YKa3aHHH.

Ecmu BBectH |_,_|, 1o [1posior NpofoJKHUT NOHCK O6BEKTOB, KOTOPHIE

HpaBsTcs ofHOBpeMeHHO /:koHY W Mspu. Tenepb MbI 3HaeM, uTO BCe
nocseyolie NONBITKH MOUCKA HOBBIX OTBETOB HA BOMPOC C JBYMf
HenAMH HAYHHAIOTCS ¢ MeCT, OTMEUeHHbIX MapKepaMy, KOTOphle 0CTa-
BHJIM 3TU 1IeJIH HA NpeAblaylleM 3Tare.

[lonBoxs HTOT, MOXHO NPEACTABHTH KOHBIOHKUHIO Hesell B BO-
Ipoce Kak CMHCOK liesiefl, yNOpsilOueHHBIX CJieBa HanpaBo M pasje-
JIEHHBIX 3anfAThiMH. Kaxjas 1eab MOXKET HMeTh COCela cjieBa H Co-
cela cnpasa. SICHO, YTO LleJiM, 3aHUMAIOUIMe B CIIHCKe KpaiiHee JieBoe
U KpaHHee NpaBoe MOJIOKeHHs!, He OYILyT UMeTb cocellell COOTBETCT-
BeHHO cJeBa U crpasa. O6pabaTteiBast KOHBIOHKUHIO neseil, [Iponor
NbITaeTCAd 1O odYepedd coryacoBath ¢ 6a30fl NAHHBIX KaXAYI0 Hedb,
npocMartpuBasi BOIpoC cJleBa HanpaBo. Ecau o6HapyxuBaercs (akt,
COMOCTaBUMBIHA ¢ 1enblo, To [Iposor ocrasisier B 3TOM MecTe 6asbi
IaHHBIX MapKep, CBS3aHHLIH C LeJbio. DT0 MOKHO HATVIALHO NIPECTa-
BUTb C MOMOUIbIO CTPEJKH, BeAylleill OT LeJH K HeKOTOPOMY MecTy
B 6a3e JaHHBIX, TJ€ HaXOIATCA COOTBeTCTBYIomHH dakt. Kpome Toro,
HEKOTOpHIe DaHee HEKOHKPETH3HPOBAHHEIE NepeMeHHBle MOFYT NpH
5ToM OBITb KOHKDPETH3HPOBAHBIL, KaK 3TO HUMEJO MeCTO Bhillle Ha Mia-
re 1. Ecni HekoTOpas nepeMeHHAasi KOHKPETH3HPYETCH, TO KOHKPETH-
3UPYIOTCH H BCe BXOXKJAEHHsS 3TOH NepeMeHHOH B Bompoc. [lanee
[Iposor meITaeTcs yJMOBJAETBOPHTL NPABOrO COCENAA ITOH Lesd, HauH-
Hasa TOHCK C BepINMHBLI 6asbl JAHHBLIX (HanoJjHeHHe 6asbl AAHHHIX B
Ilponore ocyuiecTBasieTcss CBepXy BHH3, TaK 4TO BepLUMHA — 3TO
¢haxT, BHeceHHHIH B 6a3y namHBIX nepBeiM). Kak u jobast apyras
neab, A8 KOTOPOH HafileHO COOTBETCTBHE, OHA OCTaBJASET Nocje
ce6s1 B Gase JaHHBIX MapKep (NpOBOJMT elle OJHY CTPEJKY OT 3TOH
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HOBOH LIENH K COOTBETCTBYIOUIeMY el ¢daKTy), Ha cryuaidl eciM BHO-
CJIEICTBHH BO3HHKHET HEOOXOMUMOCTb HAHTH AJIS LEeJH APYToe COOT-
BerctBue. Kaxkablli pas, KOrla leseBoe yTBepXKJACHUe HE BBINOJHS-
ercs (HeMb3s1 HAlTH comocraBuMoro ¢akTa), [Iposor Bo3Bpauaercs u
NBITAETCSE HAATH HOBOE COOTBETCTBHE ISl COCeNla CAe8a JAHHOH llesH,
HAYHHAsi MOUCK C MECTa, OTMEUeHHOI'0 COOTBETCTBYIOIIUM eMy MapKe-
pom. Kpowme Toro, IlpoJsor nomkeH cHadaja pPacKOHKPeTH3HPOBAThb
BCE TNepeMeHHble, KOTOphle ObLIH KOHKPETH3HPOBAHLI MpPH JIOCTHIKE-
nuy s1oft nequ. Jdpyrumu cioBamut, kornaa ITposor Hiler HoBoe coort-
BETCTBHE JJIs1 1IEJH, OH JOMKEH «YHHUTOXKHTLY CTApOe 3HAUYEHHE 3THX
nepemenHrix. Ecan aas uesmd, K paccMOTpeHHIO KOTOpPOH ObLI BO3-
BpAT CIIpaBa, Hesb3si HAHTH HOBOE COOTBETCTBHE, TO [Iposior nepesiner
ellle JieBee, IOCTENEHHO NPUOMUIKASICh K JIEBOH I'DaHUIE KOHBIOHK-
uud. Ecan He yaaercss HaliTH HOBOe COOTBETCTBHE Ui KpafiHefi c/ieBa
LeJM, KOTopas yXKe He HMeeT cocella c/IeBa, TO B 3TOM CJydae CUHTa-
eTCsl HecorJacyeMoH ¢ 6a30# NaHHBIX BCSI KOHBIOHKUMS Hesed B BO-
npoce K Ilposory. Takoe nosenenue, koraa IIposor neonHokparuo
MBITAETCS] COTJ1acoBaTh (M BHOBb COIJIAcoBaTh) LIENH, BXOASILHE B
BONIPOC-KOHBIOHKIIHIO, HA3bIBAETCS TOHCKOM C BO3BpaToMm (Gextpe-
kHHroM). B caenyroueil riape naeTcsi KpaTtkoe ONMHCaHHE MEXAHH3Ma
BO3Bpara, a B IJ1. 4 npoBoauTCa GoJiee MOMHOE U JIeTaJbHOE PACCMOT-
peHHe 3TOro mpoliecca.

Pas6upasi npuMeprl, noJsesHo 3amUchBaTh MO KaxA0H nepeMeH-
HOHU, BXOAsLIEH B LieseBoe YTBep:KJAeHHe, 3HAaueHHe (UMsI 00BeKTa),
KOTOPOe OblJ10 TPUCBOEHO 5TOH NepeMeHHOH MPH YCTaHOBJIEHUH COTa-
COBAHHOCTH LeJH ¢ Gaszoll jgauHbix. CaejyeT Takxke H306pakaTh
CTpeJKH, HAYLIHe OT LeJH K COOTBeTCTBYIOIeMYy el Mapkepy B Gase
nanubix. Ha puc. 1.1 npuBemen mnpuMep Takoil HJIOCTpAlMH Ha
Oymare pabornl Ilposora, cocrosmuil 13 YeThpex «MIHOBEHHBIX
CHHMKOB» Ipollecca NOMCKa B NpHBeAeHHOM Bhlue npumepe. Ha kax-
JOM CHHMKe NOKa3aHbl nosiHas 6a3a AaHHBIX M BONPOC, a TaKXKe Npo-
HYMepOBaHHAs# [OC/eJ0BaTeJbHOCTh KOMMeHTapHeB. Ha pucyuke
ey, st KOTOPBIX HaH[eHbl COOTBETCTBHSA, 3aK/IOYeHbl B MPAMO-
YTOJIBHHK.

Ha npors:keHUH Bcell KHHIM Mbl [10CTAPAEMCsl [0Ka3aTb, Ife B
paccMaTpUBaeMBIX NpPMMeDax HMeeT MeCTO BO3BpaT U KakyIo pOJb
OH HIpaeT B PemeHuM 3ajayd. 3HayeHHe MeXaHHM3Ma BO3Bpara MpH
NOMCKe HACTOJBKO BEJHKO, YTO €My IIOJHOCTBIC TNOCBsuleHA I 4.

¥Ynpaxuenue 1.1. Ilponomxutb pasGop pacCMOTPEHHOrO BhIlle
npuMepa ¢ NOMOHLbI0 Kapanaauia M fymaru, NpeinosioKiB, UTO B

BBeJIH TOYKY C 3ansToH I ; I, UHMIHHEDYS1 BO3BPAT A5 TOrO, UTOGH! Of-

pelenuTh, CyLUIeCTBYeT JH ellle YTO-HHUGYAb, YTO HPABHTCS OAHOBpE-
menHo Ilxony u Mspu,
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?- [Hpasumcs(M3pu,X1]  Hpasumcs (dxoH, X)

HpagumcA(M3Ipu,nuwLa).
HpasumcA(M3pu, BUHO).
HpPasuMCA (3HOH,8UHO).
: Hpasumcs (31OH,M3pu).

{. Mepeoe Uenesoe YmeepaKdeHue BbINOAHARMCA,

8 peaysbmame NPUCBOHUA NepemMeHHoll X 3HQUYEHUA DUKD.
| 2. Caedyowul wae, noneimka JoKA3@ms 8MOpoE uenesoe ymeepxdexue:

kR [npasumca(M3pu,X)], [Hpasumcs (34 0H, X)]

HPasumCH (Mmapu, NUWQ).
HpasumcR(M3Ipu, BUHO).
Hpasumcs ( §21coH, BUNO),
Hpasumcs (3acon, MIpU).

3. [lokalamensemso BMOPOl ueAU okanyusRemcn Heydaued,

f 4. Cnedyrowul wae; so3spam: 3abbime npedeidywee 3HONEHUE NepeMERHOD X U NORbIMAmbCA
Halmy HoBoe coomsemcmeue (nepedoxasame) 0nR neps0z0 uenesoan ymsepmcdenus:

?- [npasumca (M3pu, X)] , Hpasumcs (3moH, X)

HpasumecA(M3Ipu, nuwa),
Hpasumcs (M3pu, BUHO),
HPasUMCA (DX OH,BUHO).
HPaBUMCA(3NCOH, MIPUL),

5, Mepsoe yenesoe ymeepacdenue BHOBL BLINGAHAEGMCA, 8 PR3YALMAME NPLCBOEHUR
nepemetoll X 3HAYEHUR BUHO.
5. Credyrowul waz, noneiMKo. d0Ka.30mb BMOPOE Yenesoe ymeepxicdenue:

? - [Hpasumcs(Mapu,X)]  [Hpasumcs (3% oH, X)]

HpagumcA (Mapu,nuwa).
Hpasumcs (M3pu,BuHO ).
HpasumcA (33¢oH,8uK0),
Hpasumcs (dxcon,mapu).

7. Bmopoe uenesoe ymeepaxdeHue BbinOAHAEMCS.

8. fpoace cooSwaem am 06 yCnewHOM BbINCAHEHUY 3QNpOCa.,
u cxcudoem omeema,.

.

Puc. 1.1.



I'a. 1. Begedenue 31

1.5. Ipapuaa

[Mpennonoxum, Mbl XoTHM cHOPMYJHPOBATH YTBEPKAEHHE, YTO
H>xony HpaBstcs Bee Jofn. ORMH U3 CHOCOGOB CAEMATh 3TO 3aKII04a-
eTcd B 3anHCH IVisl KaXJA0ro 4esioBeKa, yNOMHHaeMoro B 6ase naH-
HBIX, OTJEJBHOrO ¢aKTa:

HpaBUTCA(IKOH, albdpen).
HpaBUTCA(1KOH,6epTpaH).
HpPaBHTCA(IKOH,4apa3).
HpaBHTCA(KOH, Ae{BH]).

310 6b1710 OB OUEHb YTOMHTEIBHEIM, OCOGEHHO eC/IH B HallleH rnporpam-
me Ha [Iposiore ynoMrHaercss HeCKOJIBKO COT yenoBek. [pyroii crioco6
BBIPa3uThL (¢akT, uto JIXKOHY HpaBATCA BCe JIOAH,— 3TO CKa3aTh
Howony npasumes aoboll ob6sexm npu ycrosuu, 4mo smom o06vexm
A6ASEMCS 4eA06eK0M, 31eCh 3TOT PaKT Npe]CTaBNeH B hopme npasuia
JJ151 oNpefeqeHus TOro, YTo HpaBuTcs JI:KOHY, a He OPSIMOTO Nepeyuc-
JIEHHSl BceX JIoJeld, KOTOphle eMy HpaBsitcsi. B cHTyauuu, Korjia
J>koHy Mor OBl HPaBHTHCA JIOGOH UeNOBEK, NPEICTABJAEHHE yTBEPHK-
JleHusl B BHJE IPABHJA sIBISEeTC 3HAUHTEIbHO 00J€e KOMIAKTHBIM,
yeM CIHCOK (DaKTOB.

B Ilponore npaBu/ia HCNOMB3YIOTCS B TOM c/Iydae, KOTAa Heo6X0-
JMMO CKa3aTb, YTO HEKOTOPLI (GaKT 3agucusm OT TPYIILL APYTHX dak-
TOB. B ecTeCTBeHHOM $i3bIKe IJIST BBIpAXKEHHS] NDABHJA MBI MOMKEM
HCMOJB30BaTh €J10BO ecau. Hanpumep:

©® 51 noassyrocs 3onmom, ecau udem 00xc0b.
© [Iocon nokynaem 6uro, ecau OHO Oetiese, 4em NUBO.

[lpaBusia HCMoJB3YIOTCS TaK:Ke A/ BbIpayKeHHs ONpeleneHui, Ha-
npUMEp:
X ssasemcs nmuyed, ecau:
X ABASLIMCA HUBLIM CYULECMBOM U
X umeem nepos.

HJH

X asasemcsa cecmpod 'Y, ecau:
X asasemesn oeHuluHol U
X u Y unmerom odnux u mex e podumenetl.

B mocnejHHX OpHMepax Mbl HCMOJAb30Bajau nepemeHHbie X H Y.
BaxxHo NOMHHUTB, YTO KaXKioe BXOXKIEHHE NepeMEeHHOH B MNpaBHJIO
o603HauaeT OJHH M TOT ke oObeKT. MHaue Mbl paspyuwiujn Obl camy



32 . Ta. 1. Beedenue

cyTb onpenenenusi. Hanpumep, HCNIONB3ys NpHBEJEHHOE BhILIE Olpe-
JieJieHde NTHLE!l, Mbl He CMOIJM Obl nokasartb, uTo ®pen sBAseTCA
NTHUEA Ha OCHOBaHHH TOro, 4to PuUo — 3TO KHBOE CYILIECTBO,
a Maspu uMeeT nepbsi. OTOT NPUHIHN COrAaCOBAHHOH HHTEPNpPETAlUH
nepeMeHHBIX CIPABEIJIMB TaKXkKe H AJs npasuJa B IlpoJore,

[IpaBusno — 370 HeKoTOpOe 0bwiee ymeepxcOeHue 06 06BeKMax
1 06 omuowenuax mexcdy numu, Hanpumep, MBI MOXKeM CKaszaTb, 4TO
®pen aBasercs OTHLeH, ecaH ®pea ABAAETCA KHUBBIM CYIUECTBOM H
®pen uMeeT mepbst, MBI MOXKEM TaKike cKasaTb, 4ro beprpam B-
JsieTcsl NTHLel, ecan BeprpaM fBJsieTcs XKUBBIM cyliecTBoMm u bept-
pam umeet nepbs. Takum o6pa3oM, MBI JOMYCKaeM, YTO MPH KaXKIOM
HOBOM WUCMOAb308QHUN TIpaBUJa IlepeMeHHas o00603HayaeT HOBbIA,
OT/IHYHBIA OT HpexHero o6beKT. KoHeuHO, B paMKax KOHKPETHOTO
HCMOJb30BAaHUS NpAaBHUJa MepeMeHHble HHTEPNPeTHPYIOTCst corda-
COBAaHHO, KaK HA 3TO YKa3bIBaJOCh BHILIE,

PaccMOTpUM HECKOJBKO NMPHMEPOB, HauaB C [IPaBHJA, COjepKa-
LIETO OfHY NEepEMEHHYIO H KOHBIOHKIIHIO:

Hocony npasumen 40606, KOMY HpaBUMCS BUMO, WIH,
IDYTHMM CJIOBaMH,

Lwony npasumea 4mo-mo, ecau Hemy-mo HPpasUMCs 6UHO,
HJIH, HCMOJB3Ysl NepeMeHHEIe,

Howcony npasumes X, ecau X Hpasumes 6UHO.

B Hponore NIPaBHJIO COCTOUT U3 3a20406KQ U meAa NIpaBHJia. 3aroJo-
BOK H TeJO COCIJHHAKTCA C MNOMOIUIBIO CHMBOJA — | KOTOpI:Iﬁ co-

CTOUT H3 ABOETOUHS I : |H THpE ‘ -|. CumBonr ':—' uuraercsa ecau.

[penpiaymuii npumMep sanuceiBaercs Ha [lposore caeayiounm o6pa-
30M:

HpaBATCA(IXKOH, X) :— HpaBuTCA(X,BHHO).

OTmeTnM, 4TO MpaBHJAa TakK:kKe 3aKAaHYHBAIOTCH TOUKOH. 3arosioBKOM
3TOro npaBuja fABjAsercs HpaBUTcA(koH,X). 3arosoBok npaeuJja
onuchiBaeT (akKT, AJs ONpPefesNeHHs KOTOPOTo NpefHa3HaueHO 3TO
npaBuso. Teso npaBnia, B AaHHOM ciyuae HpasHTca(X, BUHO), omH-
CHIBAET KOHBIOHKIHIO 1leJ1el, KOTOPbIe JOMKHB OBITh OCJIEN0BATEe  b-
HO COTJIacOBaHBI C 62301 AaHHBIX, 415 TOro YTOOBI 3ar0JIOBOK NMPaBHJA
6bi1 uetnHubiM. Hanpumep, el MoxkeM crenats [koHa Gosee pas-
GOpuMBEIM B BHIOODE TeX, KTO eMy HPaBHTCS, NPOCTO NOGABHB K TNy
NpaBuJa elle HECKOMBKO LeJeBHX YTBepKAeHUH, Pa3feanB X 3amns-
TBIMH:

HpaBuTCcA(AKOH,X) :— HpaButca(X,BHHO), HpaButcs(X,nuiia).

MR, APYTHMH caoBamu, ocoHy Hpasumcea a060l, Komy Hpassmes
euno u nuwa. Viau, npeanonoxuM, uro JXoHy HpaButca mobas
JKEHUIMHA, KOTOPOH HPaBHTCH BHHO:

HpaBHTCSI(JKOH, X) :— :KeHumuHA(X), HpaBHTCA(X,BHHO).
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Besikuii pas, Korja Mel HMeeM JeJlo ¢ paBujoM B Ilposore, neo6xo-
JIMMO OTMeYaThb BCe BXOXKIEHHS lepeMeHHHIX. B nocrenneM npumepe
nepeMenHas X HCTONL30BaHa TPH pasa. Besakuil pas, Kak nepeMeHHas
X KOHKpeTH3HpyeTcsl HEKOTOPhIM O0BEKTOM (€H NpHcBauBaercsi 3Ha-
uenue), Bce Bxoxaenus X B npelenax obracmu Oelicmsusn smotl
nepemeHHol CTAHOBATCH KOHKPETH3HPOBAHHLIMH. Hpu KaXJIOM yIo-
TpeleHuH mnpaBuna obaacme Oedcmsus nepemenHoll X — 310 Bce
IPABHJIO, HAUMHAS C 3aroJI0BKA H 1O TOUKH .’ B KOHIIE 3TOrO MpPAaBH-
ga. Tak, ecnd B npHBeJeHHOM BRI NPaBHJIe MepeMeHHas X OKasa-
Jlach KOHKDPETH3HDOBAHHOH, NMPHUHHMAs 3HaueHHe M3pH, To [lposor
MONBITAETCA COTNIacoBaTh ¢ 0a30f JAaHHBIX Le/eBble YTBEpPKASHHA
XKeHIUHa(MIpU) U HPABUTCSH (M3PH, BHHO).

Tenepb, yToGBl NpPOXEMOHCTPHPOBATH HPABHJO, HCNOJB3VIOLIEE
6oJlee OIHON TepeMeHHOH, paccMOTpuM 0asy JAHHBIX, CONEPKALLYIO
dakThl 0 cemeficTBe KopoJseBs! Bukropun. Mel GyjneM HCro/nb30BaTh
npelvKaT PORMTENH, HMEWWHE TpH aprymedra. poaurean(X,V¥,Z)
osnauaet: Podumeaamu X ssaaromes Y u Z. Tlepemennas Y o6osHa-
yaeT Math, a nepemeHHast Z o6osHayaer otua. Kpome Toro, Mt 6yaeM
HCNOMB30BATh NpeIUKAaThl KeHIMHA U MYKXYHHA B UX OYeBHIHOM 3Ha-
yenuu. Hekoropas uacte 3To#l 6a3bl JaHHBIX MOrJa Gbl BHITJIAJET
chenyomuM obpasom:

MYy2KuHHa(a1b0epT).
MYKUHHA(3Ayaph).

KeHIIMHAa(aauca).
KeHILKWHa(BUKTOPUSA).
poauTesaHn(34y apl, BUKTOPHS, aab0epT).
pozxurenu(anrca, BHKTOPHs, albOepT).

3llech MbI BOCIMOJb3yeMCs ONHCAHHBIM paHee NPaBUJIOM S8ASEMCA_
cecmpoti. [IpaBusio onpefenneT npeiRKaT ABJISETCS _CECTPON, HMelo-
ILHA JBa apTyMeHTa, TakHM ofpasoM, uro seasieTcs._cectpoid (X, Y)
UCTHHHO, ecau X siBasiercsi cectpoit Y. OGpaTuM BHMMaHHe Ha Hc-
N0Jb30BAHHE B HMEHH [MpelHKaTa CHMBOJA NONYEPKHMBaHHsS
XoTs 1o cuX Nop He ObIO AAHO MOJHBIX NMPaBHJ KOHCTPYHPOBAHH A
UMeH, OTMETHM, 4TO JOMYCKaeTcss HCNOJNb30BaHHe TNORYePKHBAHHS
B UMeHax, a 6oJee NMoAPOO6HO 06 3TOM OYIeT CKa3aHO B cJelyolled
raage. Torpa X siBasercs cecrpofi Y, ecau:

@ X saBjasercsd XKeHIUHOH,
@® X umeer matb M 1 otua F u
® Y umeer Tex ke Math U oTna, uto U X.

D10 MOXKHO 3anUcaTh B BHIe cJenylouiero npasuaa IIposora:
apaserca_cectpoi(X,Y) :—
keHmuHa(X),
pozutemi(X,M,F),
poanrenn(Y,M,F).
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Mbl ucnonssyem nepemenunle M u F 1ss o6o3HaueHns mamepu M
oMy, XOTS APH KeJAaHHH MbI MOTIJIH OB HCNIOJNB30BATh UMeHa MaTb
u Orey. OrMeTHM, YTO MBI ynorpe6ssieM NepeMeHHBIE, KOTOpbie He
NOSIBJISIOTCS B 3aroJIOBKe npaBuna. Ity nepeMenunle, M u F, obpa-
OaTLIBAIOTCST TAKHM XKe 00pasoM, Kak H Jiodas apyras nepeMeHHas.
Korza Iposor ucnoas3yer 510 npasuno, nepemennpie M 1 F u3na-
YaJbHO OYyAYT HEKOHKPETHSHPOBAHHBIMU. DTHM TepeMeHHLIM OyieT
NPUCBOEHO HEKOTOPOe 3HAYEHUWE B MOMEHT YCTaHOBJEHHS COOTBETCT-
BUs 1 npearkara poauteau(X, M, F). Onnaxo, Kak TOJbKO OHH KOH-
KPETH3UPYIOTCS, CTAHOBATCS KOHKPETH3MPOBAHHBIMHU H 6Ce BXOXKIe-
HMsi nepemeHHBIX M u F, coorBeTcTBylOUMe TeKyLleMy HCIO/bL30Ba-
Huio npasuia. Crexyomuil npuMep J0/KeH NOMOYb OOBACHUTD, Kak
HCHOJB3YIOTCS STH TepeMeHHLIE.
Hagafite 3ajjauM BONpoc:

?— sBJsETCSA_ CeCTpoii{anuca,sfyaph).

Wmes onucanubie Beille a3y NAHHBIX H IPABHJA SIBASETCS_ CECTPOM
U NOJy4YuB Takoil Borpoc, [Iposor BEINOMHSAET cleayomue fefcTBrs:

1. CHauasa BOMPOC CONOCTABJAETCS C eAMHCTBEHHBLIM IIPABHJIOM JIs1
npeauKara sIBJASIETCSi_CecTPoid, NpuBefeHHbIM Bbiie. I1pH sToMm
nepeMenHas X KOHKpeTU3UpYyeTCs, NPUHMMAs 3HAueHHe aJjmuca,
U nepeMeHHas Y KOHKpeTu3Hupyercs: 3HayeHneM anyapa. [Ipasuso,
C KOTOPHIM TIPOH3OLLJIO CONOCTABJIEHHE, OTMEYaeTCsl MapKepoM.
Teneps IIpoJor nelTaeTes roc/aegoBaTENBHO COMIACOBATE ¢ §a30H
JaHHBIX TPH MpejavKaTa, BXOJsYe B TeJO NMpaBHJIA.

2. Tak Kak Ha npeblAyIleM iuare fepeMeHHod X MPUCBOEHO 3HAUe-
HUe ajuca, TO NepBOH 1eabio ABAdAercss WeHuiMHa(aauca). Hc-
THHHOCTb 3TOTO TIpeJHKAara caefyer H3 clUcKa (PAaKTOB, TaK YTo
uenb AocturHyrta. [lockosabky paHHas neab corsiacoBaHa, ToO
Ilposor ormewaer cooTBercTBYIOUleE el MeCcTO B 0ase JaHHBIX
{rperbe yTBepxkaentie B Gaze pausmx). llpu sToM HE HPOH3OHIIO
HHKaKHX TpUCBOeHMH 3snavenufi nepemenuwiM. Hasee [lpostor
NEITAETCS] COTJIACOBATH CJEAYIOUIYIO LEJb.

3. Tenepr Ilposor wmmer cooTBercTBHE A1 NPEINKATA DPOZHTENH
(anuca,M, F), rie nepemennnie M u F conocraBuMul ¢ J100kMu
apTyMEHTaMH, TaK KaK NepBOHAYAILHO OHH HEKOHKPETH3HDOBAHEL.
DaxkT, ¢ KOTOPHIM MPOUCXOJAUT CONOCTAB/JEHHE, €CTh PONAHTEIH
(aAMCa, BAKTOPHS, anb0epr), U TeM caMbiM BTOPAs LeJb JOCTUTHY-
ta. [lpojor orMeuaer mMapkepoM COOTBETCTBYIOiIEE MECTO B Gase
IAaHHEIX (WlecToe yTBepKIeHHe CBepXY) M 3anuchiBaeT, yto M
NPHCBOCHO 3HAueHHe BHKTOpUs, a F — 3nauenue anvbepr. (Eciu
XOTHUTE, BBl MOXKETEe [eJaThb COOTBETCTBYIOUIYIO 3aniiCh Haj, IieJe-
BbIM YTBePXKJeHHeM B mpaBuJie.) 3areM [IpoJsior neltaerca HafiTH
COOTBETCTBHE JUISl CJICAYIOLIErO NpeJnKaTa B NpaBulie.

4. Tenepp Ilposior umer B Gase JaHHBIX (akT popUTENH(3Lyaph,
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BHUKTOpHH, anbbepTt), Tak Kak U3 3anpoca HaM H3BecTHO, 4yTo Y —
3TO 9AyapA, a U3 NpPeIblAyliero mara Mel 3HaeM, 4to M u F o6osua-
YaIT BUKTOPHS H anbGepT. ITa Ienb JOCTHraercs, MOCKOJAbBKY
Hal/IeH NOAXOAAWMH GaKT (ngToe YTBepKaeHHe cBepXY). Tak rak
3TO MOCJENHAs IeJb B KOHBIOHKUHH, TO W [OJHOE IlejeBoe yT-
BepKAeHNE SBJSETCS COrVIACOBAHHBIM ¢ 6a30/i TAHHBIX, H TeM ca-
MBIM JIOKa3aHO, 4TO (DaKT siBaAsieTcsi_cecTpoii(anuca,snyapn) sis-
JisieTcsl UCTHHHEBIM, [lposor orBeyaer pa.

[IpeanosnoxuM, Mel XOTHM 3HATh, SIBJAsieTCS JH AJHca 4bel-1HEO
cectpoil. CooTBeTcTBYIOMWHUE Bonpoc Ha [Iposore nmeer B

?— saBJasieTcs _cectpoii(annca, X).

B oreer Ha Bonpoc Ilposor BEINOJHSIET cjefyouiie NeHCTBHSA:

1. Bompoc conocraBisieTcst ¢ 3aroJOBKOM €IHHCTBEHHOrO MpaBUJa
A5 NpeauMkara ssasercs_cectpoit. [lepemennas X, Bxojsiiast
B 3TO IIPaBHJO, KOHKpeTH3HpyeTcss 3HaueHHeM aamca. Tax Kak
nepeMenHas X B 3anpoce HEKOHKPeTH3HPOBaH4, TO H NlepeMeHHas
Y B nmpaBuJjie Takxe OyAeT HeKOHKpeTH3HpoBaHHOH. OIHAKO 3TH
JBe nepeMeHHble Tenepb CTAHOBATCS cyenaenHoimy. Kax Tosabko
OJIHOH M3 MepeMeHHBIX NPHCBAaHBAETCS HEKOTOPOe 3HaueHMe, APY-
rasi iepeMeHHas CTAHOBHTCS] KOHKPETH3UPOBAHHON TeM Ke caMbiM
3HaueHHeM. KoHeuHo, B JaHHBLIH MOMEHT OHH HEeKOHKpeTH3HpOBa-
HEL.

2. IlepBas neap — xeHwHHa(anuca), KOTopas JAOCTUTAETCS TaK XKe,
Kak U B MpejbloylleM MpHMepe.

3. Bropasa uenp — pogureau(anuca, M, F). Dra nens conocraBasiercs
¢ poautenu(annca, BUKTOpUA, anboepT). Ilepemenusie M u F cra-
HOBSITCS KOHKPETH3HPOBAHHBIMH.

4. Tak kak nepemenHass Y [oOka HeH3BeCTHA, TO TpeTbeH Ie/bio
Oyner poantenu(Y,BHKTOPHA,anb6epT), H OHA COMNOCTABASETCH
c pomuTeaun(sayapi, BEKTopUs, anbGept). [lepemennas Y Koukpe-
TH3UpYeTCca 3HaueHUeM 3AyaphH.

5. Tak Kax Bce IesleBble YTBEPIKAEHHS COIMIacoBaHEL ¢ 6a30f AaH-
HBEIX, TO TEM CaMbIM COTJIACOBAHO W NPABUJIO B LEJOM, NPH 3TOM
nepemennasn X (Kak #3BeCTHO U3 BONpoca) paBHa annca H Y paBHa
3pyapn. YuuthiBasg, uro Y (B npaBuje) aABAACTCT CyenteHHoLl
¢ X (B Bompoce), To X TakKe KOHKPETH3HPOBAHA 3HAUYCHHEM
apyapn. [lposor neuataer X==3pyapu.

Kak o6eruno, [Iposor oxupaer, noka Bbl COOOLIHMTE €My, XOTHTE
JIM BBl HAHTH Bce OTBeThl Ha Bonpoc. OkaswiBaeTcs, YTO HA JaHHBIN
BOIpoc HMeercsd GoJee ofHoro orsera. Kak Ilposor naxomdrt ocras-
iHecs: OTBETHl (OTBET), SB/ISETCH COAEPKAHUEM YNPaXKHEHHsi, NpH-
BEeJICHHOTO B KOHIE TJ1aBbl.

Kak MBI BHIeNH [0 CUX MOP, CYIlecTBYIOT ABa cnocofa npenocTa-
BuTh Ilposiory uHGoOpMauMio OTHOCHTENIbHO NMpefHKaTa, noJo6HOro
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npeauKaTy HpaBuTca. MBI MOXKeM C/e/arb 3T0, HCHOIb3Ys Kak $ak-

THI, TAK W MpaBuJja. B olulem ciayyae NMpejMKaT OYIeT onpeieseH

CMechio (akTOB M NpaBHJ. DTH (aKTbl M NpaBua, Ompeesiouine

npeinKaT, HasbBaIOTCst ymeepacdenuamu . Mul 6yaeM Hcnoib3oBaTh -
CJI0BO ymeepxdenue B CIyvaax, KOrja Mbl cchliaemcs: JiHOo Ha ¢akr,

U600 HA TMPAaBUJIO.

B kauecTBe CJEAYIOIIEro IpHUMepa, Ha 3TOT pa3 He HMeIOLIero
OTHOIIEHNS K MOHapXaM, PACCMOTPHUM OpaBu/Io: Yerosex moowerm yk-
pacme 4mo-aubo, ecau MO 4eA08eK 80P U eMY HPABUMCS Gewib 1 Ima
cewp seasemes yernoti, Ha Tlposore 370 3anHCHIBAETCS CIEAYIOLIUM
ofpasom:

moxeT_yKpacts(P,T):— Bop(P), #pasurcsi(P,T), uennsiii(T).
[Ipenskar MoxeT_ykpacTb, KOTOpLifi HMeeT e nmepemennsle P u T,
IPEJCTaBAseT OTHOLIEHUE: Hexomopeul ueaogex P moocem yxpacme
gewp T. D10 npaBUAO 3aBHCHT OT YTBEPKACHHH, ONpeeAomux
NpeAUKaTH BOP, HPABUTCA U LeHHbIH. OHM MOryT OBITh IPeACTaBJEHB!
60 Kak (dakThl, JUGO KaK NpPAaBHJIa B 3aBUCHMOCTH OT TOrO, YTO
sBJseTcsa GoJlee NOAXOAIUAM, Hanpumep, paccMOTPHM CJIeAYIOULYIO
0a3y JaHHBIX, COCTABJEHHYIO B TOM UHCJIe H3 YTBEPKJAEHUH, 00CY K-
JaBLIMXca paHee. Mbl 7o6aBUM K HHM HOMEpAa yTBEPKACHUH, 3aKJiO-
YeHHBle MeXIy CIelnuajbHbIMH ckofkaMu /. . .&/. ViMeHHO Takum
obpa3oM B [Iposor-cucreme sanucelBaetcsi Kommermaputi. Kommen-
TapuH UrHopupyiorcs llposor-cucremoli, HO Mbl MOKeM J0OaBUTH
HX B mporpaMmmy st yro6erBa. B mocnmenyiomeMm oGCyiKIEHUH MBI
6yJeM cchlIaTbCsl Ha HOMepa OpeAJoKeHHH, NpeAcTaB/aeHHble B BUJE
KOMMeHTapHeB.

[#1%/ BOP (1L>KOH).

[x2%/ HPAaBUTCS(M3pH,THINA).
[x3] HPaBHUTCs1(MIPH, BHHO).
Jxds/ HpaBUTCA(IKOH, X) :— Hpasutcsa{X,BUHO).

J#5%/ Moxer_ykpactb(X,Y) :— eop(X), upasutca(X,Y).

OrmerHM, 4TO OmNpeje/feHHe IMPeJHKAaTa HPABHTCS COAEPXKHT TPH
OTHeJBHBIX YTBEePKJeHUA: ABa ¢daxkta U npasuio. Has Ilposora sto
He MMeeT 3HaueHUsi. CAMHCTBEHHOE pasjaHyle COCTOMT B TOM, 4TO
KOTa OCyIIeCTBJsIeTcss INOUCK B 6ase NaHHBIX, 4TOGH! COTVIACOBATH
C Hell HEKOTOPYIO MeJb, TO MPABUJIO BHI3LIBAET AAJbHEHNIHH TOUCK,
yToGBl COrJ4COBATH €ro COGCTBEHHble HPeAHKATHI-NOAUE H. PakT
He UMeeT mojuesef, TaK 4TO NPH CONOCTABJEHHH C (HAKTOM MOMCK
JM60 cpasy 3aBepluaercs, JUOO cCpa3y NPOHUCXOIUT MEPeXo] K cie-
IyloueMy yTBep:KieHuto. Hamnpumep, nasalite npocaemuMm 3a Tem,
YTO TOJYYHTCA, ecJqH oOpatuThca K Ilpormory c¢ Bompocom: Ymo

1 B opurunane — clause for a predicate — TepmHH, OnpeNensONU KOHBIOHK-
Thl DpeAHKaTa, repeMeHKLe KOTOPBIX CBS3aHbl KBAHTOPOM O6ILHocTH. CBsI3b 5TOro
HOHATHA ¢ MaTeMaTHyeckofi JIorukofi o6cyxpaercss B . 10.— Hpum. ped,
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Hacor moocem yxpacme? Ilpexae BCero 3TOT BONPOC TPAHCAHDYeETCA
Ha Ilposore:

P-— MOXKeT._YKpacTb{JKOH, X).

Yro6bl OTBETHTD Ha 3TOT Bonpoc, [1poJior ocyliecTB/IseT NOUCK Clle-
LYIOUIUM 0OpasoM:

1.

[Ipexne Bcero Ilposor uier B 6a3e JaHHBIX YTBEPKACHHE, ONH-
ChIBAKOILEE NPEAMKAT MOKET_YKPACThb, H HAXOJMT TAKOE YTBEPHK-
Jenne. OHO NpejCTaBJeHO B BHJe [paBH/a H HMeeT HOMep b.
ITposor ormeuaer 310 MecTo B Gase jaHHBIX. Tak KaK 3TO yTBEpK-
JeHHe SBJAETCS NPAaBUJOM, TO, YTOOLL YCTAHOBUTB, COrJacyercs
JIK 3ar0JIOBOK IIPaBHJa ¢ 6a30H JAHHBIX, HEOGXOIMMO MOILITATHCSH
corJacoBarth ¢ Hell Tes10 npasuJjia. Torja nepemensol X B npasuse
5 mpHcBauBaeTcs 3HayeHHe JUKOH, KOTOpoe Gepercs M3 BOMpoOca.
Kak # B npempinymiux rnpuMepax, Mbl JOJKHBEI COIOCTABHTb He-
KOHKpeTH3HpoBaHHble nepeMeHHble (X B Bompoce H Y B nipaBuJe),
TaK 4TO Tellepb OHH OYAYT cyenaersi. Ecay BBl He YBEepeHBI, YTO
J0 KOHIIA MOHMMAaeTe, YTO 3TO 3HAYUT, TO HEOOXOIUMO BepHYThCS
Ha3aj K InpuMepaMm c npegukartoMm spasiercsa_cectpoi (X, Y).
Hnst Toro utoGel npaBUJIO BHIMOJIHIIOCE, HEOGXOAMMO COIIaCcOBaTh
nequ ¢ 6a30f naHHbIX. TakuMm o6pasoM, Tenepb NPOBEPACTCH HA
COTJIACOBAHHOCTL ¢ 6a30f  JaHHBIX INepBOe  YTBepiKIeHHe
BOP(JKOH).

dta uedb AOCTUraeTcst, TAK Kak (akT BOP(IKOH) COACPHMTCA
B 6Gase padHbiX (yTBepxkieHHe 1). Ilposor ormeuaer 510 Mecto
B 6asze NaHHBIX, U NIPH 3TOM NPUCBOEHHUs] SHA4YeHHH MepeMeHHBIM
He mpoucxoaut. [lanee [lposior nbitaercss JAOCTHIHYTb BTOPYIO
uesnb, rnpumeHsas yreepxkienue 5. Tak xak X, Kak u paHee, 060-
3HayaeT AMOH, TO Tenepb Ilposor Himer HpaBuTcs (JKOH, Y).
3ameTum, 4TO K 3TOMy MOoMeHTy Y OCTaercs HeKOHKPeTH3HPOBaH-
HOH.

Llesb HpaBHTCA(MKOH, Y) CONOCTAB/ISAETCS € 3aroJIOBKOM NpaBH/Ia
(yreepxknenre 4). IlepeMennass Y, BXOAsINAA B LeJlb, ClUENAALMCA
¢ X B 3arojloBke npasusa, 1 obe 5TH IepPeMEHHbIE OCTaloTC He-
KOHKPETH3HpOBaHHbIMH, UTOGBI 10Ka3aTh 3TO MPaBHJO, Telepb
uiercst Hpasurtcsa(X, BHHO).

Ata 1eAb AOCTHraeTcd, TaK KaK OHA CONOCTABJSETCH C HPABHTCS
(MapH, BHHO) — (HAKTOM, SIBJASIOMUMCH yTBEPKJIEHHEM C HOMEPOM
3. Tak yto Teneps X CTAHOBUTCS M3PH.

Tak Kax 1elb B yTBepkAeHHH 4 NOCTUTHYTa, TO COIVIacOBAHO U
npaBuJo B HejgoM. PakT HpaBUTCS(JKOH, MIpPH) CIeAyeT U3 yT-
BepxKIeHHs 4, TaK Kak nepeMeHHas Y B YTBePKIeHHH b cuemjeHa
¢ X, U efl Toxe NpHcBaHBaeTcs 3HAYEHHE M3pH.

YrBepxaenne 5 Tenepb corsacyercss ¢ 6a3ofl jaHHHIX npu Y,
HMeloleM 3HayeHne MapH. Tak Kak nepemenHas Y Oblia cuemieHa
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€O BTOPHIM apryMeHTOM HCXOZHOTO BONpPOCA, TO nepemeHHas X

B BONMpOCE KOHKPETH3UPYeTCsl, MPUHNMas 3HaueHHE MapH.

[IpuBenem paccyxieHue, o60CHOBHIBaollee (AT [lacon mooicem
yxpacms Mapu:

Has moezo umobsr yxpacme umo-aubo, npexde sceeo [Jaicor 00.axcen
boumb gopom. H3 ymeepydenus 1 caedyem, 4mo smo umeent Mecmo.
Hanee, [locony doascen Hpagumocs noxuujaemvii npedmem. H3
ymeepocOeriua 4 mot eudum, wmo [ocony Hpasumea ao6ol, Komy
npasumesa euno. H3a ymeepacdenun 3 mor eudum, umo Mapu wpa-
eumes uro. Caedosameavro, Hocony Hpasumes Moapu. ITosmomy
00a Yea08us 048 NOXULEHUS HEKOMOPO20o 00BeKMa UMErOn Mecmo,
a snauum, Axcon moocem yxpacms Mapu,

3amerM, uto GakT (YTBEpXKIeHHE 2) O TOM, 9TO M3pu HpaBHTCS
MUILA, He HMeeT HMKAKOIo OTHOIUGHHS K JAHHOMY KOHKDETHOMY 3a-
npocy, TaK Kak OH HUIJE He NOoHanobuiIcd.

B npuBefeHHOM MpHMepe Mbl IOBTOPHO HCMOIb30BAN NEPEMEHHBIE
X 1 Y B pasnauuHBIX yTBepkKAeHusix. Hanpumep, B NpaBusie moxker._
ykpacth X 0603Hauder 00beKT, KOTOPHIH MOXKeT 4TO-HUGY b YKPACTh.
Ho B npasune HpaButcs X o603HauaeT o6BEKT, KOTOPOMY YTO-TO
HpaButcs. [l Toro 4robul npuBeAeHHas NMporpaMMa HMeJsa CMbIC,
B [Iposore nomKHa HMETHCA BO3MOXKHOCTbL YKa3bIBAThH, 4TO X MOMKET
0603HauaTh Pa3IMYHbIC BEllH B DPa3/JUYHBIX YNOTPEOIEHUSX YTBEPK-
nenuii. TlomHuTe, uTO 3HAHUE 06aacmu OelicmBus NEPeMeHHOR MOXKeT
paspelluTh JoGple HeACHOCTH. Mbl MOIJIM Obl HCHOJB30BATh GoJiee
MHEMOHHUYHble HMeHa, YTOObl MONBITAThCA MNPEAOTBPATHTDL JHOGHIE
HEsICHOCTH, HO MBI HCIOIb3yeM IIPOCThie UMeHa, Takde Kak X, yToGbl
NPOJEMOHCTPHPOBATL paGoTy npuHuHMNa OOJACTH JAeHCTBHS mepe-
MEHHOH.

1.6. 3axmoueHue M ynpaxHeHus

K 3ToMy MOMEHTY MBI yKe OOGCYIMJH OGOJBIUIMHCTBO OCHOBHBIX
yepT s3plKa [Iposior. B yacTHOCTH, MBI paccMOTpesy:
® obbsapieHne (HakToB 06 00BEKTAX;
@ 3ajaHHe BOMPOCOB OTHOCHTENBbHO U3BECTHBIX (PaKTOB;
@ poJb TepeMeHHBbIX W HX 06JacTH JeHCTBHS;
@ KOHDBIOHKIIMIO Kak Ccrocol OMHCAHHA u-yCJAOBUH;
@ npeicTaBleHKHE OTHOLUCHHA B BHJAE NPABHJ;
@ ofwyio cXxeMy MOUCKAa ¢ MeXaHH3MOM BO3BparTa.
C >TuM HeboabLINM HAGOPOM 3/JEMEHTAPHBIX KOHCTPYKUHE MOMKHO
y>Ke IHCATh NOJIe3HHEe NPOrPaMMBl 1Js1 PabOThl ¢ NMPOCTEIME 6a3amu
Jannpix. CKopee Bcero, HanboJiee NPaBUIbLHO TaK U NOCTYHHTh, pado-
Tag HajJ YNPa*KHEeHUSIMH, NPUBENEHHBIMHA HUXKe.

Urobbl NMOHSTH, KaK MOJb30BATHCH 5TOH KHMIOH, BaMm clenyer
NpOYHTaTh NPEAUCIIOBYE, €CJIH Bbl He CAeNaAH 3T0 J0 chx nop. Kpome
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TOro, KOTJa Bbl HaUHeTe MUCaTh NPOrpaMMbl AJ151 UMeIoLLeilcs B BalleM
pacnopsiKEHUHN CHCTEMB! MporpaMMHpoBauua Ha IIpoJore, Bam cie-
LyeT oGpaTHThCS K COOTBETCTBYIOLIEMY MPHJIOXKEHHIO, YTOOBL V3-
HaTb, KaK OpPraHuadyercsi B3auMojieHcTBHe ¢ crcTeMoll. Brl Takke Hail-
JleTe HEeCKOJBbKO NMPAaKTHYECKUX COBETOB B IJI. 8.

Tenepb, Korzma Bbl MMeeTe B CBOeM PacCIOpPSIXKeHHH IOCTaTOYHO
Goabino#t apcenasn cpeicTB [lposora, BaM ciefyer nepedTd K cJe-
Jytoltell rJjaBe, B KOTOPOH 00CYKIAIOTCH HEKOTODbIE BOMPOCH, He
paccMmarpuBaBiiMecs B 310# raBe. KpoMe Toro, Ml MOKaxKeM, KaKHe
cpelcTBa 1Jist pabotsl ¢ uncaamu umetoresi B [postore. HepTer s3biKa,
paccMaTpUBaeMble B HECKOJALKHX IOCHEAYIOMMX [/aBaX, JAeJaior
OUEBH/IHBIMH BLIpa3UTe/bHble BO3MOXHOCTH u ypoberso Ilposora.

VYnpaxnenue 1.2, [Ipy npuMeHeHUH NpaBusa siBAsSETCS . cecTpoil
K ofcy:xaaBiefics paHee Gasze AAHHBIX, cojepxxauledl HHGbOPMAILHIO
0 ceMeliCTBe KOpOJIeBEl BHKTOPHH, MOMXKET OBITh NOIYUYEHO HECKOJIbKO
orBeToB. OOBSCHHTE, KaK MOryT OBITH NOJYYeHBl BCe OTBETHl H Ka-
KOBBI OHH.

Ynpaxudenue 1.3. B 0CHOBY 3TOr0 ynpasKHeHHS MOJOKEHO ONHO
u3 ynpaxuennil u3 kuuru Kowalski R. Logic for Problem Solving,
North Holland, 1979. IlpeanonoxuM, 410 KeM-TO y»Ke HanucaHbl Ha
[Nposiore yTBEpKAEHHS, ONpeAesIOUHE CJAeyIOUlHe OTHOLIeHH:

orern(X,Y) /% X aBasieTcs OTHOM Y %/
MaTh(X,Y) /#* X dBjasercs Matepbio Y %/
MyxkunHa(X) J# X —MY>KUHHA %/
xkeHuuHa(X) /% X — > KeHIMHA =/
porutean(X,Y) /& X sABAAETCA poauTeneM Y %/

pasmuunbl(X,Y) /¥ X n Y pasJinyHbl %/

3ajzaua cocToUT B TOM, uTOOBl HANHMCATh NpaBUad A CJAELYIOMHI X
OTHOIIEHHH:

sABJsieTc _MaTepbio( X) /# X ABJSETCS MAaTepbio %/
aBJsieTcs _oTioM(X) /& X ABJSETCH OTLOM %/
ABJAseTCsA _ ChIHOM( X ) /% X dgBJSIeTCS] CHIHOM %/
aBysieTcsi _cectpoit(X,Y) f# X siBJsieTcsl cecTpol Y #/
Jenywira(X,Y) /% X siBaseTcs JeAyIIKOH Y %/
obmue_pogutenu(X,Y) /= X 1 Y uMeroT oOluX poauresel #/

Hanprmep, MBI Morsg Gbl HanucaTb NPaBUJIO JJIA IPeJHKarta Ters,
IPH YCJIOBHH YTO y HAC yKe HMEIOTCA NpaBuJa A/ XKeHlMHA, 006-
IHEe_POJMTENH H POLUTENb.

ters(X,Y) :—
)eHmuna(X),
o6uue_popuremn(X,Z),
pomutens(Z,Y).
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DTO MOXKHO TaKKe 3aMHCATh CIEAYIOMNM 06pasoM:
rera(X,Y) (—
spasercsi_cectpoi(X,Z), poaurens(Z,Y).

NpH YCJAOBHH UYTO Mbl HMEEM NPABHJO [/ OTHOLIEHUS SABAAETCHA._
CecTpoH.

Vupaxuernue 1.4, Mcrnosssyst npaBiao A1 OTHOIUCHHS SIBJISET-
cA_cecTpo#, onpejesieHHOe B TekcTe, OGBSICHHTE, KakKUM 06pasoM
CTAHOBHTCH BO3MOXHBIM, YTO HEKTO MOKeT OBITb CBOelt cOGCTBEHHOMH
cecTpoll. Kak MOxHO OBLIO OBl H3MEHHUTb 3TO NPABUJIO, €CJH TaKOe
cBOHCTBO HexenaTeasHo? Cunrafite, 4TO OpPeJUKaT pas3jH4YHbl U3
yrop. 1.3 yxe onpejeeH.



T'JIABA 2

BOJIEE JETAJIbHOE ONMUCAHHUE

B nanHo@i rmaBe npuBomuTCcs GOJIee NMOJMHOE ONMCaHhe TeX 3Je-
MeHTOB Ilposora, KoTopble GbIM BBeJ€HHl B Mpeiblaylied IvaBse.
Ilposor mpepoctaBasier cpeacTBa A CTPYKTYPHPOBAHHA JAAHHBIX,
a TaK:Ke CPeJCTBa AJIsi CTPYKTYPUPOBAHHS TOH nocaedosamenrsrocmit,
B KOTOPOW COBEPILAIOTCS MONEITKH COMVIACOBATb LeseBLIe YTBEPXKIe-
HHA ¢ 6a30¥ JaHHBIX. /1 CTPYKTYpHPOBAaHHUS JAHHLIX HEOOXOAUMO
3HaHMe CHHTAKCHYECKUX MPABHJ, HCHOJAb3YyeMbIX A1 0003HaueHHs
JAaHHbIX. CTPYKTYpPHpPOBaHUE IMOC/IELOBATENbHOCTH, B KOTOPOH OyAyT
COBEpLIAThCS TOMBITKH COrMIacoBaTh LeJEBble YTBepKAeHUA ¢ 6asol
JaHHBIX, NpejnoJjaraeT 3HaHHe NMPUHLHKIIOB paboThl MeXaHH3Ma BO3-
Bpara.

2.1. CuHTaKCHUecKHe npapuaa

CuHTakcHueCckue MNpaBusa SI3LIKA OIHCBLIBAIOT JONYCTHMEE CIIO-
cOOBI COeNHHEHMS CJNOB. B COOTBETCTBMH C HOpMaMH aHTJHHCKOro
sI3bIKa NpeasiokeHne «l see a zebra» («s1 BHXKY 3e6py») ABAAETCA CHH-
TAKCHUECKH IPaBHJAbHLIM B OTJIMUHE OT NpENJOxeHHna «zebra see
T a» («sefpa BuauT f1»). B nepBoii raase cunrakcuc [Iposora saBHO He
oficyXKnaJca, NPOCTO MOKa3blBAaJOCh HA IPHUMEpPax, Kak BBIMIAAAT
HeKkoTopble 3JeMeHTHl Ilposora. B namHOoM paspele mpusosurca
KDaTKOe ONHCAaHHe CHHTAKCHUECKUX MPaBHJ AJIS yKe 3HAKOMBIX HaMm
sJqemenToB [IpoJiora.

[IpoJior-nporpaMMel cocTosiT U3 mepmos. TepM — 3T0 AHOO KOH-
cmanma, 6o nepemernasn, abo cmpykmypa. Kkt 43 3TUX Tep-
MOB (pUrypHpOBaJ B npepIAyiedl [JiaBe, HO He Ha3BIBAJICA TaM TaKUM
uMeHeM, TepM 3amHChiBaeTcs KaK [OC/TIEA0BATEAbHOCTL AUMED.
JIHTepHl JessiTCs Ha YeTelpe KaTerOpHH:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklIm pgqrstuvwzxyz
4 89

SREEX
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[lepBasi crpoxa coctoHT u3 nponuctetx 6yke. Bropas crpoka —
u3 crmpournix 6yxs. B TpeThell cTpoke — yugpor. B ueTBepToit cTpoKe
Nepequcaenbl crneyuatvHole aumeps: (cneyswaxu). B nelictBuTensb-
HOCTH CMel3HAKOB 00Jblle, yeM [OKa3aHO0 B YeTBEPTOi CTPOKe, HO
OCTAJIBHBIE HCITOMB3YIOTCH TOMBKO B OCOOBIX CAyYasix, o6CyXKAaembix
ke V. L1st TEPMOB KasKJOro THNA, TAKHX KaK KOHCTAHTA, [epe-
MEeHHasi, CTPYKTypa, HMEIOTCH CBOH NpaBuJa o0pasoBaHHs HMEH
TepMOB K3 Jautep. Huxke BRpartine ofcyXKAaloTCs KaKIb M3 TUIIOB
TEpPMOB.

2.1.1. Koncmanmer

KoHcrantamu sIBASIOTCSH TOXMEHOBAHHBIE KOHKpemmble 06Bexmol
HII  KOHKpemHbie OMHOUIEHILA. CYHLECTByeT JABa BHIa KOHCTAHT:
amomst 1 uyeable 4ucaq. anMepaMI/I aToOMOB fBJISIOTCST UMEHA, NpH-
BOJMBIIHECH B npeﬂbmymeﬁ rJjase:

HPaBHTCH M3IPH JUKOH KHHFa BHHO HMeeT APArOUEHHOCTH MOKET_
yKpacTh

CrienvianibHble CHMBOJIBEL, Hcnofb3yeMele [lposorom mnst ofosna-
YeHHs1 BONPOCOB '?—’ M MPABHJ ~ :—', TAKIKE SIBJISAIOTCH aTOMAMH,
Ectb 1Ba BHJA aTOMOB: COCTABJEHHbIE H3 6YKB M IHGD U COCTABRJEH-
Hble U3 cren3HakoB. [lepBrie, Kak MBI BUAEH B Npeiblmyliesl riase,
JOJIPKHBI OOBIYHO HAYMHATHCS CO CTPOUHOH OYyKBBEL. ATOMEI, COCTaB-
JIeHHbIe M3 CNEI3HAKOB, KaK NPaBHJO, COCTOAT MOALKO U3 CIEN3HA-
xoB. VMlHorna BosHuKkaeT HEOOXOMUMOCTE UMETL aTOM, HAUMHAIMIUHACS
¢ nponucHOoil 6yKBHl HJH nHPEL. Ecay aToM 3akJ04aeTca B OQHHOY-
Hble KaBblUKH, TO €r0 HMsl MOXKET COfep:KaTh 2w0bste antepul. Y Hako-
Hell, A/ OPOCTOTHl YTEHHS BHYTPb aTOMa MOXKHO BKJIIOYATb CHENH-
anbHylo JuTepy — nomuepkuBanue _ . Huke npuBeaeHo Heckodb-
KO aTOMOB:

a
CROGOAHBIH

* KO P I2K-CMHT’

—

JUKOPJK _ CMHT

ieh 2304

Crenytomine oO6beKThl He SABJSIOTCH aTOMaMH}

2304 ieh
JOKOP K -CMHT

L' B xHHre HUYEro ne roBopHTCA 0 6YKBaX pyccKoTo aidasuTa, Mpl 6ymeM cud-
Ta7h, 4T0 8 Ha6OP RONYCTHMEIX JIATED Hponora BXOJAIT PYCCKHE 6yx5bx — CTpOuHLIe
# nponucHeie,~ [Ipumn. ped, - * -
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[lycro#
—anbda

Jpyro# BUI KOHCTAHT, [e/ble YHCa, HCIIOAb3YETCH IS NPEACTaBIIE:
HH$ UHCJIOBBIX JJAHHBIX, UTO [I03BOJISIET BLINOJAHATE HAJ HUMH apugme-
THYecKHe onepalit. B npexwiayiedi riase He o6CyKAaMHCh CIIOCOGHL
BRITIOJIHEHH ST apHdMeTHUeCKUX onepanuil B [Iposore, takue cpeacTea
Oyayt onpefesensl vuxe. Llenbie yncaa coctoaT Toabko us mudp H
He MOTYT COJIepKaTh AECATHYHOH 3ansATod. B sTolt KHHre 6yAyT HC-
NOJIb30BaTbCsl CPABHUTENBHO HeCOJbllHe INOAOKHTENbHBIE YHCJA,
Takue Kak

0 1 999 512 8192 14765 6224

[Iposnor peannsopan Ha pasyHuHbix DBM M B 3aBHCHMOCTH OT TOrO,
Ha Kakof uMeHHO DBM pafoTaer nporpaMMHCT, €My MOXKET OBIThb
paspelleHo UJH He Pa3pelleHo UCIMOJAb30BaTh GO/bILNE HJH OTPHUILA-
TesabHBle udcaa. OIHAKO B JaHHOH KHMIe NPUBOIATCA TONBKO MPH-
MepBl, DOMYyCTHMBIe A/ JI0G0H U3 CyllecTBYIOIUX Bepcuil [Ipoora.
MoKHO yTBepKAaTh, UTO BCErja pasperaercss HCIOJB30BATh YHCHIA
13 nanaszona ot 0 go 16 383. Bo3aMoxkHO, 4TO Ha AOCTYTIHOH YHTATEN IO
OBM jonycTuMBL 1 Apyrue yucaa (npeseimatoniie 16 383 unu orpi-
narespHble), OZHAKO JAajibHeiilllee N3/0KEHHE 3TOTO He YYHTHIBAeT.
Moxer ObITh, 3TO NOKaXKeTCAd YAHBHTENBHBIM, OJHAKO B 3aJayaXx,
B KOTOPBIX OKazaJjcs rosesnbM [lposor, Kak npaBHjo, He HYXKHLI
CpeAcTBa A8 paboThl ¢ O4eHb OOJAbLIIMMH, LPOOHBIMU WU OTPUNA-
TeJbHBLIMH uHcJamMH. Tem He MeHee, MockoabKy [lpojor spasiercs
paclupsieMbIM $I3BIKOM, [POrpPaMMHCT, 00JaJaI0IHH COOTBETCTBYIO-
LWIHMH pecypcamMH, MoxeT 06e3 ocoforo Tpyaa A00aBHTb K CHCTEME
IPeUKATE], ONpefeadioiiie Takie Bo3MoxHOCTH. Hanpumep, Heko-
topele [Iposor-cucreMel npefoCTABIAIOT MOJAb30BATENAM OUOIHOTEY-
HBle NPOTPaMMEl, ONpelesioliHe onepanuy Haj palloHaJbHBIMH
YHCJIAMH M YHCJIaMH IPOH3BOJbHOR TOUHOCTH.

2.1.2. Hepemernoie

Bropoit pasHoBuaHocThi0 TepMOB B IlpoJiore siBasiioTes: nepeme-
Hble. [lepeMenHble BHELIHE IOXO0XKH Ha aTOMbI, 32 HCKJIIIOUEHVEM TOTO,
UTO OHH HAYMHAIOTCH ¢ NPONUCHON GYKBH HJH 3HAKA NOLUEPKHBAHHS
', TlepemeHHas CAyXKUT JJ19 OPEACTABJEHUS 00bEKTa, HA KOTOPHIH
Heb3s COCAAThC 10 UMeHH. 31eCh MOXKHO NPOBECTU aHAJOTHIO C
HCIIOJIE30BAHAEM MECTOMMEHHH B eCTeCTBEHHOM s3blKe. B npHBeseH-
HBIX BhIlIIE DpHMepax GUIrypHpoBadH DepeMeHHbe ¢ TAKUMH HMEHaMH
kak X, Y u Z. Onnako uMeHa MOTYT OBITh CKOJB YTOQHO JJIMHHBIMH,
Hanpumep:
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OtBer

Bgon
Boabwas_Brinnara
_3_caenple _ MBILIH

Mrorna Bo3HMKaeT HeOGXOAUMOCTb B HCIOJAb3OBAHHH NepeMeHHOH,
uMs KoTopoil He Gyjer Hurae ynotpebiasitbes. Hanpumep, ecin He-
06X07MMO ONpeNeNnTh, HPaBHTCA JH KoMy-HHOynb JxoH, um npH
3TOM He BaKHO, KOMY MMEHHO OH HpPaBHTCs, MOXHO HCIOJb30BaTh
QAHOHUMHYIO NEPEMEHHYIO,

AHOHUMHAS nepeMeHHasi — 3TO OJMHOYHBIA 3HAK NOAYePKHBAHHA
'_". Haum npumep c JI>koHoM sanuckiBaetcs Ha [Iposiore caenyrouum
obpasom:

?— HpaBHTCs(_,J’KOH).

Ecau B 0HO yTBep:KJIeHHe BXOASAT HeCKOJbKO AHOHHUMHEIX IepeMeH-
HBIX, X MOXKHO HHTEPIIPETHPOBATH HEOAHO3HAUHO. JTO XapakTepHas
0COGEHHOCTh, NMPUCYLLAS TOXBKO aHOHHMHOH nepemenHoii. OHa 1os-
BOJIsieT H36aBUTh NPOrPAMMHCTA OT HeOOXOAHUMOCTH NpHAYMBIBAThL
pasHble HMeHa MepeMEeHHBIM B TeX CJydasX, KOrja 3TH HMeHa B yT-
BepXKIeHHH HHTZe GOJblie He YIOTPeS/IsoTCs.

2.1.8. Cmpykmypos

TperbuM BUAOM TepMa, IpUCYTCTBYIOWUM B IIposor-nporpamMmax,
aBJsieTcst CTpykTypa. CTpykTypa — 3TO eIUHBIR O0BEKT, COCTOAIMU
W3 COBOKYIIHOCTH JAPYI'HX OOBLEKTOB, HAa3LIBAEMBbIX KOMIIOHEHTaMH.
KoMIOHEeHTH IpyIIHPYIOTCH B CTPYKTYPY AN y106CTBA X HCIONb-
30BaHHA.

B peaJsbHOH >XKM3HHW OJIHUM H3 NPUMEPOB CTPYKTYP SIBJISIETCS Kap-
TOYKA-yKasareab Aas1 OHOauoTeuyHoH KHHTH. Kaprouka-ykasaTesb
COJIleP’KHT HECKOJIbKO KOMIIOHEHT: CBefleHHsl 00 aBTope, HasBaHHe
KHHUTH, JaTy H3JAHUS, MeCTO, TAe KHHra XpaHUTCH B GUOMHOTEKe,
1 T. 1. Hekoropble 13 KOMIIOHEHT B CBOIO OYEPEb TOKE MOKHO pas-
61Tb Ha KOMIOHEHTH. Hanpumep, cBeneHusi 06 aBTope COCTOST H3
aMHIHE W MHHIHAJIOB.

CTpyKTYypH Cly2KaT CPEICTBOM OPraHH3alluH JAHHBIX B IPOTpaM-
Me, NMOCKOJBbKY OHH IMO3BOJISIOT PACCMATPHUBATH KaK €IUHBIH OGBEKT
(KapTOUKy-yKa3aTe/b) TPYNNY OTHAEJNBHBIX 31€MEHTOB AaHHBIXK. Cro-
€00, KOTOPBIM OCYILeCTBASETCS pasJjiokKeHHe JAHHBIX Ha KOMITOHEHTH,
3aBHCHT OT pelnaeMoil 3ajaud. B Kuure GyiyT IpHBEIeHbl HEKOTOPLIE
PEKOMeH AU Ha 5TOT CUeT.

CTpyKTypBI IOJIE3HEI TAKKE B TEX CAYHAsgX, KOTJA HMEeTCs OGHIMi
THII H MOXeT CyIeCTBOBATE MHOI'O KOHKPETHHIX 3K3eMILIAPOB OGBeK-
ToB 31oro THna. Hanpumep, kuuru. B ruase | npuBoguscs dpakt

UMEET{J[2KOH, KHUTa).
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o6o3Hauvawui, uro v J)KOHa ecTh HEKOTOpas KOHKpeTHas KHHUra.
Ecnau 3atem 6yzer chopMyaHpoOBaH (akT

uMeeT(M3apH,KHHTA).

TO 3TO O3HayaeT, uTo Y M3pH ecTh TOT e caMBIf OOBEKT, YTO H Y
J>kona, mocKoJbKy B 060uX QaKTax GUTYPHPYET OJHO H TO 3Ke HUMS.
He cymiecrsyer npyroro cnocoGa ykasanus ¢akrta, 4To 06BHEKThl pas-
JIMUHBI, KPOMe TPHCBOEHHS] MM PAa3JIHUHBIX HMeH. MoxHO 6bL1o Gbf
YTOUYHHTEL NpHBEJeHHble (HaKTHI:

HMeeT(J[:KOH, 'PO30BOfi _ IepeBaJ).
uMeeT(MIpH,MOGH _ THK).

SBHO YKa3aB, KaKHe HMeHHO KHHTH ecTb y Jlxkona H Mspu. OnHako
B BOJBIIMX NporpaMMax OOHJIHe pPasJMYHbBIX KOHCTAHT, CMBICJ KOTO-
pLIX Y3 KOHTEKCTa He OueBMJEH, MOMKET BbI3BAThb 3aTPYIHEHHS.
YHesoek, unTaromuil aanuyio ITposor-nporpammy, Moxer He 3HATB,
YTO KOHCTAHTA TPO30BOM_Mepesan MpejiCcTaB/iseT COGOH HasBaHue
KHUTH Dvuin Bponte, xusmeil B Mopkmmpe (Anraus) B 19-m Beke.
MoxHo 6bI0 6Bl, CKa)KeM, NpPeAnoJOXKHTb, uTo JKOH HasBan Tak
CBOETO JIOGUMOr0 Kponnka. C MoMOLIBIO CTPYKTYP MOXKHO NpefocTa-
BHTb UMTATENIO HEOGXOTMMBI KOHTEKCT.

CrpyxkTypa 3anucbiBaercst Ha Ilposiore ¢ IoMoILbIO yKa3aHHS ee
pynkmopa n xKomnoxenm. KoOMIOHeHTBI 3akJIOYalOTCsl B KpyIJble
CKOOKH M pasjensorcs 3ansthiMi. OYHKTOD 3anMCLIBAeTCs nepej
OTKpHIBaIOIled Kpyraol ckobkofl. PaccMorpum dakr, 3axJioyato-
uuitcs B ToM, uTo y JKOHa ecTb KHHTa ¢ HasBaHueM «I'po3oBofi
nepeBaJi», HanycanHasa Svuan Bpownre:

HUMeeT(1KOH, KHUTA(rpO30BOii _nepeBaJ, GpOHTE)).

BuyTpH (axkTa MMeeT HaXOLUTCSH CTPYKTYpa C MMEHEM KHHra,
MMeIOIas \Be KOMIIOHEHTHI: HasBaHHe H aBTOp. [I0CKOMBKY CTPYKTY-
pa KHMTa NOsBAsSETCs BHYTPH (JaKkTa Kak OIUH M3 ero apryMeHTOB,
oHa NeficTBYeT Kak o0BbEKT, NpUHMMas yuacTtue B oTHouwenuu. Ilpu
KeJIAHIH MOXHO ObLIO Obl CO3ATD ellje OAHY CTPYKTYPY — AJIsi HAEH-
THQHUKALUA aBTOPA, MOCKOMAbKY CYLIECTBOBAaNH TPH IMHCATEJbHHIBI
¢ pamunueit Bponre:

IMeeT(XKOH, KHUTa(rpo30Boii _ nepeBaJl, aBTOP(3MUIH,GpOHTE))).

CrpyKTypH! C NepeMEHHBIMH B KauecTBe KOMIOHEHT MOI'YT HOSB-
JATbCS B Bonpocax. Hanpumep, MOXHO ObLIO OBl CIIPOCHTD, €CTb JIH
y JlxxoHa Kakasa-au60 KHura cectep Bponre:

?— umeer(koH ,kuura(X,asrop(Y,6poure))).

Ecnu 6yieT n0Ka3aHo, YTo 3TO YTBEpiKAEHHE COracoBaHo ¢ 6a3oi
JaHHBIX, TO 3HaueHHeM X OyJeT Ha3BaHHE KHUTH, a 3HaueHWeM Y —
uWMs aBropa. B Tex caywasx, Korja nepeMeHHBIE B JajbHedleM He
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HCIIO/B3YIOTCS, MOXKHO YIOTPeOHTh AHOHHMHYIO NEpPeMEeHHYIO:
?— uMeer(I3KOH,KHUTA(_,aBTOp(_,6pOHTE))).

HanoMHuM, 4TO aHOHHMHBIE NepeMEHHBIe He CCLENJISIOTCH» APYr C
LPYTOM.

CrpyKTypy KHHra MOMHO OblI0 OBl ellle yIY4lIATh, 100aBUB apry-
MEHT, yKa3biBAalOWMi 3K3eMmiasip KHuUrd. Hanpumep, tperuii apry-
MEHT, Ha MEeCTO KOTOPOTO CJEyeT CTaBHTh 1leJ10e YHCa0, Aasl Obl HaM
BO3MOXKHOCTb OJIHO3HAYHO UAEHTUGHIHPOBATL KHHTY:

uMeeT(1KOH, KHUra(yance, aBTop (Ixkelimce, Kkoiic),3129)).

YTO COOTBETCTBYeT cJaenyiomed ¢pase Ha ecTeCTBEHHOM s3blKe:
Hoicor umeemn 3129-6 sxsemnasnp xknueu Hocetinca ocotica «¥auces.

Econ y yuTaTesst CIOKUAOCH BrieyaT/eHHe, YTO CHHTAKCHC CTPYK-
TYp COBNAKAET C CHHTAKCUCOM (bAKTOB, TO HAM OCTAETCSI TOJBKO MOJA-
TBEPIUTD €ro NpaBoty. [Ipennkar (Hcnonb3yeMbiil B pakTax U NpaBHu-
JIax) siBJsIeTCS HA caMoM Jiesle (pyHKTOPOM HEKOTOPOH CTPYKTYDHL.
AprymeHtsl (akTa WJAH TNPaBU/a — 3TO KOMIOHEHTBl CTPYKTYPHI.
Tlpencrapaenue camux [lposor-nporpamm B BUJie CTPYKTYP 0071a1a€eT
MHOIHMH pocrouncTBamu. Ceflyac mpekieBpeMeHHO OOCYKIATh 3TH
NOCTOMHCTBA, OJHAKO UYHTATENIO0 BCE K€ CJEAyeT MOMHHUTH, UTO BCE
yactu Ilposora, naxe camu Ilposor-mporpaMMel, COCTOSIT H3 KOH-
CTaHT, NMEePEMEHHBIX H CTPYKTYP.

2.2, Jlutepnl

Wmena KOHCTAHT M mepeMeHHbIX 0GPa30BaHBI HENOYKAMH JIHTEP.
XoTsT /st KaKJAOTO BHAA HMeHH (aToM, Lesoe uHCJo, NMepeMeHHas)
UMCIOTCS CTeLHaNbHble MPaBu/a, yKasblBamollde, M3 KakUX JUTep
OHO MOXKeT COCTaBJISITbCS, TOJME3HO 3HATb, YTO MpeiacTasasier cobofl
Bech Habop JHTep, pacno3HaBaeMelx [Iposorom. 310 CB3aHO C TeM,
uTO JUTEpa CaMa MOXKeT pacCMaTpUBATbCes KaK CaMOCTOATENbHBIN
3J1eMeHT JaHHbIX. [IOCKOMbKY MBI YK€ 3HAKOMBI C IEJBIMH UHC/TAMH,
MOXKHO T€Nepb ONHCATh, KAK JUTEPB! NPEACTABISIOTCH HeBONbBUIHMH
neseiMi yueaamu. Hag autepamu gatie Bcero BBITOJMHSIIOTCS onepa-
IIH «BBOJ» H «BBIBOI». DTH omepaunyu GyAyT 0OCYXKAATHLCA B NI, 5.

B Tlposore uMmeloTcs jBa THIA JIMTEP: Meyamaemvle JUTEPHl U
Heneyamaensie Tepbl. Ileuataemble nuTepsl 06/1a8aI0T BU3YaJbHBIM
ofpasoM, NOABJAIOLIMMCSA Ha TepMHHaJe NpH BblBode. Hemneyatae-
Mble JINTEphl TAaKOro o6pasa He HMEIOT, HO NPH BBIBOJE OHH BbI3BIBAIOT
BBINIOJIHEHHE HEKOTOPHIX NeHCTBUHA., DTUMH JeHCTBUSIMH MOTYT OHITb
NponycK IycToro Mecra («medarb» mpobena), Mepexof Ha HOBYIO
CTPOKY, N10jaua 3ByKOBOro curnaja. Hike npuBeleHbl Bce leyaTae-
MBI JIUTePEHl, KOTOpble MOXKHO HCNo/b30Bath B [Iposor-nporpamMmax.

ABCDEFGHIJKLMNOPQRSTUVWXYZ

abcdefghijklmnopgqrstuvwxyz

0123456789
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PPHSN & ()=—"rIN{}lT-@+ %:<>, .7/

Yurateap AODKEH 3aMETHTb, YTO JaHHBIH Habop Gosee MoJMOH, YeM
NpUBONUBIIKIICA B HagaJe IJaBel. HekoTophle U3 3THX JIHTED UMEIOT
crienHaspHoe 3Havenune. HanpuMmep, Kpyrible cKOGKH HCIOIb3YIOTCSA
JUIsT BLIIE/EHH S KOMIOHEHT cTpyKTyp. OfHaKo, KaK MBI YBUIHM B I10-
CJIeyIOINX TJaBax, Jio6as JnTepa MoxKer paccMarpuBathesa B Ipo-
JIOT-NIpOTpaMMe Kak H HH(QOPMAIMOHHBIH 3JeMeHT AaHHHIX. JIuTepbl
MOTYT [€Y4aTaTbCsl, BBOOUTHCS C KJIABHATYPHI, CPABHHBATHCA H IPH-
HUMAaTbh y4acTHe B apH(PMeTHYeCKHX ONepauusx.

Jluteprl HA caMoOM Jesle MHTEPIIPETHPYIOTCS Kak HeGoJblline He-
Jble 9ncaa — u3 auanasona or 0 go 127. Kaxnoli nutepe nocrapaeHo
B COOTBETCTBHE HEKOTOpOe liefoe 4ucao, HaspiBaemoe ee ASCII-ko-
oM. Ac6pesuarypa ASCII pacumgppoBbiBaeTcsi cleylomuM obpa-
som: American Standart Code for Information Interchange (Ame-
pUKaHCKUll cTaHZApTHHIH KOX s o6MeHa wuH(popMaumeir) Y. dror
KOJ| WIHPOKO HCHOAB3YETCAd HA BBIUMCAMTENLHBIX MalllHHAX H B fi3bl-
Kax [porpaMmupoBaHdsi Bo BceM Mupe. Tabmumy koxoB ASCII
MOKHO HaHTH MOYTH B JI060OM PYKOBOACTBe Mo padote Ha OBM. Koarl
OYKB YMops/I0ueHEl B al(paBUTHOM MOPSAKE, TaK 4YTO BBISICHEHHE
nopsizka cJAeJOBaHHs JuTep B afdaBHTe CBOAHICA K CPABHEHHIO HX
KOJOB C MOMOIILIO ONeparopoB OTHOUIEHHH, ONUCHIBAEMBIX HHKe
B naHHOH riaaBe. Koawl BceX neuataeMblX autep Godblie 32.

Xota noab3a koxa ASCII B naHHbifl MOMEHT MOXKeT ObIThb A4
4uTaTeNs] W HE OYEBHAHON, MBI BHOBb BEpHEMCH K 3TOMY BOIpOCY
B pasn. 3.2. n 3.5.

2.3. Onepatopsi

Hrorga yao6HO 3amHcelBaTb HEKOTOpble (YyHKTOPB Kak onepa-
mopbt. Ito ocobas dopMa CHHTAKCcHca, oOJeryarolias yteHHe COOT-
BETCTBYIOIUX CTPYKTYp. Hanpumep, apubdmernueckue omnepaunuu
OCBIYHO 3aMHCHIBAIOTCSA KaK onepaTophl. B apudmeTHueckoM BhIpaXe-
HUH X-|-y%2 3HAKH CJOKEHUS U YMHOMKEHHS SIBJISIOTCS ONepaTopamH.
Ecuou ke gaHHOe apHdMeTHYeCKOe BhIpAXKEHHEe 3aMucaTh B OOBIYHOM
L4Js1 CTPYKTYp BHJE, TO OHO OYJET BBITJSLETh CAELYIOUHM 00pasoM:
+(x,#(y,z)). OfHako B HEKOTOpHIX CJyuasiXx oleparopHas ¢opma
3anucH yjao0Hee MOTOMY, YTO MbI CO IUIKOJBHBEIX JeT NPHBBIKAH HC-
I0/1b30BAThb €€ B apH(pMeTHUECKHX BhIpaxkeHus1X. Kpome Toro, cTpyk-
TypHas ¢opMa TpebyeT 3axJIOueHHs] apTyMeHTOB (PYHKTOpPa B KPYI-
Jble CKOOKH, 4TO HHOrZa OOpeMeHHUTENbHO.

BaxHO OTMETUTB, YTO OMNEPATOPH! He BHI3LIBAIOT BLIMOJHEHUS Ka-
Kux-mi6o apudmernueckux onepauwii. Tak, B IIposore 3-+4 u 7
03Ha4alT pas3Hule 00beKThl. TepM 3-+4 — Apyrof cnocod 3amucH

b Kop ASCIT cootsetetayer kony KOHW-7, mHPOKO pacnpoCTpAHEHHOMY Ha
3BM Haweii ctpaubl. Passuune WmeeT MecTO JHILb A8 KHPHIIHLEL, OTCYTCTBYIO-
weit B koge ASCIL.— [Mpum. nepes.
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tepMa --(3,4), KoTophId sBAsieTcs cTpyKTypo#. [Toaxe 6yer onHcan
C11ocof MHTEpNpeTalnt CTPYKTYP Kak apH(MeTHUeCKHX BBIpa)KeHHH
¥ BBIUHCJIEHHSI HX B COOTBETCTBHH C NpaBHJaMH apH(PMETHKH.

Jas Hauajsa HeoGXOZMMO 3HATh, KaK 4YHTATb apHQMETHUECKHE
BBIpAXKEHUs!, COJlepIKalllHe OmNepaTtopel. D10 TpebyeT 3HAHUA TpeX
CBOHACTB KaXKJIOTO OMEpaTopa: ero no3uyiu, ero npuopumema H ero
accoyuamugrocmy. B naHHoM paspene 6yAyT OmUCaHBI NpaBujaa Hc-
noJb30BaHus oneparopos [Iposora ¢ yueTom 3THX CBOHCTB, HO MOKA
Ges u3HIIHAX noapobHocteli. B [posior-nporpaMmme MOKHO onpene-
JIUTh MHOIO Pa3JIMYHBIX BHAOB ONEPATOPOR, HO MBI Gy JIeM HMETH AeJI0
TOJBKO C XOPOILIO 3HAKOMBIMH aTOMaMi -+, —, # H /.

CHHTaKCHC TepMa, COAEPIKAILEro ONepaTopbl, YACTHYHO 3aBHCHT
oT ux nosuyui. Oueparopsl, NojoGHBE 3HAKAM CJOXKeHHs (),
BLIUUTAHUSA (—), YMHOXKeHUS (%) H JeJenus (/), 3amUCbIBAIOTCS MEXKIY
CBOMMH apryMeHTaMH M Ha3bIBAIOTCS MO3TOMY UH(UKCHbIMU Onepa-
TopaMu., MOKHO TakKe MOMElaTh ONepaTophl mepel UX apryMeH-
tamy. Tax, B BeipaKeHUH —x-+y MHHYC nepel x ob6o3HAdaeT apudg-
METHUECKYIO ONepaliio H3MeHeHHs1 3Haka., OmepaTophl, 3anychbiBae-
Mble nepefl CBOHMH apryMeHTaMM, Ha3blBAIOTCS ApepuKkcHeimi Ole-
patopamu. Haxkonen, HexoTopbie onepaTtopsl MOIYyT MOMELIAThCS
nocse cBoero apryMenra. Hanpumep, onepatop Bbluuc/eHHs (akTo-
puasa, ynorpebJasieMblii MaTeMaTrHKaMH, MOMELLAeTcsl MOcJae uuc/a,
IJ1sT KOTOPOrO HeoOXOAHMO BBIUHCIAHTH (akTopHat. B martemaruuec-
KHX 0603HAYeHH X aKTOpHas ¥ 3amUchiBaeTcsd Kak x!, rje BOCKJH-
uaTe/bHbI 3HaK 0603HAauyaeT onepanHio BLHIUHCIEHHS $aKTopuasna.
Oneparopsl, 3anlcaHHbIE MOCJAE CBOMX apryMeHTOB, HAa3bIBAIOTCH
nocmgpurcroiny oneparopami. Takum o6pasoM, MO3ULUS oNepaTopa
YKa3bpiBaeT ero MeCTO IO OTHOWIEHHIO K CBOUM apryMmeHTam. Bce
onepaTopel, paccMaTpHBaeMble B CJAEAVIOUIEM pasjene, sBJSIOTCA
UHQUKCHbOIMU.

Tenepb paccMoTpuM npuopuTer oneparopoB. Korsa naM neo6xo-
JMMO MPOMHTEPNPETHPOBATE TePM X-1y%Z KaK apUPMeTHUECKOe BHI-
paxkeHHe, MBI 3HaeM, 4TO JJIsi TOro, 4TOGBEl MOJYYHTH NPABHJIBHOE
3Havyenye, HYXXHO CHAYAJMA MEPEMHOXKUTL Y U 2z, 4 3aTeM NPUOABHTD
X. DTHMH 3HAaHHAMHM MBI 06513aHBI LIKOJIE, T'Jle HAaC HayuHJH, 9TO YMHO-
SKEHHS W JleJIeHH sl BBITIOMHSIIOTCA 10 COXKEHHH H BbIYHTAHUN; HCKJIIO-
UEHWSIMH SIBJIAIOTCA CJyuaH, KOrja IOpsAOK OllepalHil 3anaercs
ckobkami. C Apyrofl cropoHsl, ctpykTypHas dopma —+(x,# (y,z))
SIBHO N0Ka3bIBAeT NOPAAOK BBITIOJHEHHS ONepanti, N0oCKOAbKY CTPYK-
Typa ¢ QYHKTOPOM # SIBASIETCH APTyMEHTOM CTPYKTYPH C (DYHKTO-
poM . Ilnsa Toro yto6nt 9BM npaBuibHO npou3Besa COOTBETCTBYIO-
In{e BHIYMCAEHHS, HEOOXONMMO CHAYasa BBIIOJHUTH YMHOMEHHE —
TOT'La B CTPYKType ¢ -+ G6YAyT M3BeCTHBl 3HAUeHHS apryMeHToB. Ta-
KUM 06pa3oM, ISl HCIOJbL30BaHUsT ONEPaTOpOB HEOGXOAMMEI NPaBHU-
JIa, YKasbIBalOlIHe NOPSINOK BHINOJNHEHHsi omepanyil. MmenHo stoi
LEMH CAYXKUT npuopumen.
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ITpuopurer onepartopa onpefesisieT, Kakas ONepauisl BbIMOJHS-
etcs nepeoil. B [Iposiore kaxplil onepaTop CBs3aH CO CBOMM KAQCCOM
npuopumema. Kmacc npHoputeTa npeacras/sieT co00l Len0e 4ucIIo,
BeJIMUHMHA KOTOPOTO 3aBHCHT OT KOHKpeTHOH Bepcuu Ilposora. Og-
HA4KO B JI000H BepcHH onepatop ¢ OOJbIIMM MPHOPHTETOM HMeeT
KJacc npuopurera, Gosee 6iu3kuil K 1. Ecau xJjaccsl mpHOpHTETOB
NPUHUMAIOT 3HAYEHHS U3 Axanasoua ot 1 mo 255, To oneparop ¢ nep-
BBIM KJ1aCCOM MpPHOPHTETA BBIUTOMHAETCA MepBbIM, A0 BHINOJHEHH A
OllepaTopoOB, NpHHALIEKAMUX (Hanpumep) K KJaaccy 129. B [ponore
OllepaToOphl YMHOXKEHHUS] H [leieHUsT MPHHALJIekKAT K 6oJiee BBICOKOMY
KJlaccy NPHOPHTETOB, YeM CJIOXKeHWe H BBIUHTAHHE, MO3TOMY TepM
a—b/c sxBuBanenteH repmy —(a,/(b,c)). Tounoe COOTBETCTBHE MeXK-
Ly OonepaTtopaMH H KJaccaMl MPHOPUTETOB B NaHHLI MOMEHT He Cy-
LIECTBEHHO, OJHAKO JKeNaTeNbHO 3aMOMHHTL OTHOCHTENbHBIH mops-
IOK BBLIMOJIHEHHS ONepalui.

HakoHel, paccMOTpHM CBOHCTBO accOyuQrmueHoCmy ONepaTopos.
Heo6xonumoeTs 3HaHMA 3TOro CBOHCTBA CTAHOBHTCS OUEBHAHOM,
Korja HaMm Tpefyercsl ONPEJAETHTb NOPSAOK BEIIIONIHEHHA Oleparo-
POB C ONMHAKOBEIM npHopuTeToM, Hamnpumep, KakoMy BLIpaKeHHIO
5KBHBAJIEHTHO BIpakeHue «8/2/2» — «(8/2)/2» unn «8/(2/2)»? B nep-
BOM CJyuae Ipyd HHTEPNpeTalldd BbipaxkeHHs ObLIO OBl MOJIYYEHO
3HaueHHe 2, BO BropoM 8. Jlia Toro uTofBl MMETH BO3MOMKHOCTb
pasaesnuTh 3TH ABa ciaydasi, HeOGXOAHMO 3HATh, ABAAETCSA JH NaHHBIH
OIIePaTop AE80ACCOUUAMUBHBIM WIH  npagoaccoyuamusHbim. Jlesoac-
coyuamuereti onepatop NOKEH HMETh CJIeBa ONepauyt 00UHaK08020
WJIN Hu3uieeo TIPHOPHTETA, a ClpaBa — ONepanlt Huswez0 NpHOpH-
teta. Hampumep, Bce apudmeTHuecKHe onepauun (CIOXKHTL, BBI-
YECTb, YMHOMKHTB H MOJENHTL) SIBJASIOTCS JIEBOACCOLHATHBHBIMH,
JTO 03HauyaeT, 4YTO BbIpaxeHus, noaobHble «8/4/4», WHTepmpeTHpPY-
ot Kak  «(8/4)/4», a Bbipamenune «5-1-8/2/2» 3KBUBaNEHTHO
«b+((8/2)/2)».

Ha npakriike B BeIpaxeHusix, MOHUMaHHE KOTOPLIX 3aTPYAHAETCS
NpaBUJIaMH TIPHOPHUTETA H ACCOIHATHBHOCTH, JIOLH CTpPEMSTCA HC-
NOJIb30BaTh KPYIJ/ble CKOGKH. B Hallell KHHre 3TOT PHeM ToxkKe Gy AeT
HCIIONL30BAThCA, OJHAKO JJIsl TOJNIHOrO MOHUMAHHsI OTNEPaToOPOB HANO
3HATb CHHTAKCHYeCKHe IIpaBHJa.

HamomuuM, uto crpykrypa, o6pasoBaHHas apHMeTHUYECKHMH
oneparopamH, nogo6Ha JmoGoi Apyro#i crpykrype. Ha camom nese
HHKaKHe apudMeTHuecKHe AeHCTBHsSI He BBINOJHSAIOTCA JO TeX NOP,
NOKa He BCTPETHTCS Npemukat 'is’ (ecTb), omucaHHHIA B pasi. 2.5.

2.4, PaBeHCTBO H YCTAHOBJAEHHE COOTBETCTBUS

B ITpoJiore cymecTByer ocoGbIil NPeRUKAT paseHcmso, sBJSIOLLH H-
’

Csl MH(UKCHBIM orepatopoM, obGo3HauaeMbiM JuTepoit '=’. Koraa
Ienaercs MONBITKA J0KAa3aTh COIVIACOBAHHOCTb ¢ 6as3od AaHHBIX lie-
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JIEBOTO yTBEPIKACHUS
— X=Y.

(npousuocutea X pasno Y), Ilponor nertaercs yemanosume coomn-
sememsue Mexny X u Y, neseBoe yTBepaKIeHHE «JJOKA3yeMo», eCJH
TAKOE COOTBETCTBHE UMeeTcs. DTO JeHCTBUE MOKHO IIPEJICTaBUTh cele
Kak nonoumky coesams X u Y pasnoimu. Tlpeinkar paBeHcTBa siBJA-
€TCsl 8CMpPOeHHbIM, T. €. OH yiKe onpefened B ITposor-cucreme. Ilpe-
JUKaT paBeHCTBa pafoTaerT Tak, CJOBHO OIpeliesieH CJeAYOUIHH
taxr:

X =X.

BuyTtpu Besxoro yteepxaeHHs X Bcerja paBHO X, M 3TO CBOHCTBO
HCIIONL30BAHO HAMHU MpH ONpelesieHHH rpearKaTa paBeHCTERA.

[Tpu cornacoBanuu ¢ 6a3o#l gaHuux menu sujga X == Y, roe X u
Y — mo6ble TepMEI, B KOTOPhIX MOTYT COAEPIKATbCS HEKOHKPETH3H-
pOBaHHBle MepeMeHHble, 1eHCTBYIOT CeayIoliie MpaBuJIa:

® ccan X npezacraBaser cofofl HEKOHKPETH3HPOBAHHYIO MepeMeH-
HYIO, a nepeMeHHass Y KOHKpeTH3HpOBaHA (KaKoe UMEHHO 3Haye-
Hue el naHo, HeBaxHO), T0 X 1 Y paBubl. Kpome Toro, X craner
KOHKPEeTH3HPOBaHHOH — el 6yJeT JaHO TO Ke 3HaueHHe, uTO H
Y. Hanpuwmep, crepyouuii Bonpoc npuBeier kK ToMy, uto X
GyZer NPHCBOEHO 3HAUEHHE B BHJAE CTPYKTYpBL: exaTh (KJepkK,
BEJIOCHNIEN):

?P— exartb(kJepk,Beqocunen) = X.
@ uesable yHuCia M aTOMBl Bcerna pasubl camum cebe. Hampuwmep,

MOMBLITKH COIJIaCcoBaTh CJACAYIOUIME [eaeBbie YTBCPKACHUA AAAYT
pe3yJabTaTbl, [OKd3aHHBIE cCHOpaBa:

NOJIUUEHRCKHUA == IONHLUEHCKHH / % BepHO % /

6ymara = kapaHaam [ % JIOXHO # /
1066 = 1066 / # BepHO % /
1206 = 1583 | % JIOXKHO % /

@ /IBe CTPYKTYpH! PABHBI, €CJH OHH HMEIOT OJHH U TOT ke QyHKTOp
H OJMHAKOBOE YHCJIO apTyMEeHTOB, NPHUYEM BCE COOTBETCTBYIOLIME
apryMeHThl paBHbl. Hanpumep, NpH cOriacOBaHWM CJIELYIONIErO
1[eJ1eBOrO yTBepkKAeHHs X GylleT NIPHCBOEHO KOHKPETHOe 3HaueHHe
BEJIOCHAEN!

exatb(KJepK,BeJocunes) = exarb(kJepk,X).

CTpyKTypbl MOI'yT OBITH BJIOKEHBI OJHA B APYIYIO Ha JIOOYIO TJIy-
6uny. Ecan Takue BJIOXEHHBIE CTPYKTYpPhI IIPOBEPSHIOTCSH HAa paBeH-
CTBO, NpPOBEpKA 3afiMer GoJblie BPEMeHH, NMOCKOJBKY HEOGXOAHMO
HOpOBepHUTb Bce CTPYKTYypHl. llonbiTka corsacoBaTe C/eAyIOILYIO
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LeJIb:
a(b,C,d(e,F,g(h,i,J)))=a(B,c,d(E,f,g(H,i,j)).

6yner ycnewmso#, a nepemensre B, C, F, E, J OyIyT KOHKpeTH3HPO-
BaHbl, UM OYJIyT IIPUCBOEHB COOTBETCTBEHHO 3HaueHus b, ¢, f, e, j.

HTo mpousoiiier, ecJH Mbl MMONBITAEMCsI MPUPABHSTH [Be HEKOH-
KpeTH3HpPOBAHHLIE NepeMeHHble? ITO CNEeNUANBHEIR Clydall mepBoro
U3 BHIIENIPUBEAEHHBIX NpaBust. Tak, nenb GyJIeT cornacoBaHa u jiBe
nepeMenEble CTAHYT cyenterneimuy. ECu [Be epeMeHHbIe CUEMIEHB,
TO NpPH KOHKPETH3allUM OJHOH M3 HUX BTOPOH NepeMeHHOH OyJeT
ABTOMATHUYECKH INPUCBOEHO TO K€ caMoe KOHKDETHOe 3HaueHHue, YyTo
u pepBofi. TakuM ofpa3oM, B CAEAVIOUIEM NpaBHJIe BTOPOH apTyMEHT
6yeT KOHKPETH3UPOBAH TaK ¥Ke, KaK MepBHIi:

Huuero_ue_genatns(X,Y) :— X=Y.

Lenesoe yrBepxkaenre X=7Y Bceraa BepHo (T. e. corJjacyercs ¢ Ga-
30H JaHHBIX), €C/H OIMH U3 apryMeHTOB HEKOHKpPETH3HpoBaH. Bosee
npoctol cnocof 3amiCH Takoro NpasHJ/a 3aKai04aeTcd B HCMOJIb30-
BAaHHH TOTO (paKTa, uTo NepeMeHHAsT paBHA caMOi cebe:

HHuero_He_gaenath(X,X).

ITposor rpeaocraBasieT TakXKe NPeAHKaT '\ =, COOTBETCTBYIOUIHM
He paero. LeneBoe yreepxkaente X\ = Y BepHO B TeX CAy4asiX, KOrjia
He pokasyemo yreepxkuaenHe X=Y, H nao6opor. Taxkum oBpasom,
X\ =Y osuauaer, uro X ne moxcem 6boitns coeraro pasHoim Y.

Ynpaxnenue 2.1. Cxaxute, BepHBl JHU CJeYIOLHE [eJIeBhie
VTBEepKAEHH, KaKHe nepeMeHHble GYAYT KOHKPETH3HPOBAHBI U Ka-
KHe UM 6YAYT JAHBl 3HAYEHHS:

nHACTBI(A JIOHJIOH) == HUJAOTBI(JIOHOH, HapixK)
touka(X,Y,Z) = touka(X1,Y1,Z1) = caoBo(6ykBa)
cyilecTBuTeabHOe(anbda) = anbpa

‘BuKapuii’ = Bukapufi

f(X,X) = i(a,b)

f(X,a(b,c)) = i(Z,a(Z,c)

2.5. Apudmernka

DBM uacTo UCHONB3YIOT AJIS BHITOJHEHN ST NeHCTBHE HaJ YHCaIaMH,
C nomolbio apupMeTHYECKUX ONepanuii MOXKHO CpaBHHUBATh UHCIa U
NPOBOJUTL BhIUHCJEHUsl. B paHHOM pasjiese 6yiyT NpHBELEHH MpPH-
Mephl TAKOT'O UCIIOJAB30BAHNS apHMEeTHYeCKNX Onepalti.

Pacemorpum crauasa cpaBHenue uHcesa. ast IBYX 3aJaHHBLIX
YHCeJT BCEr4a MOXKHO CKa3aTb, PagHo Al OJJHO UHCJIO APYTOMY, MEHblE
A4 OJHO YHCJO JAPYroro, 6oipuie Ay ofHO uucao apyroro. Ilpoaor
NPefoCTaBsieT HeKOTOPhle «BCTPOECHHBIC» NPEAHKATHl, MO3BOJsIlHe
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CpaBHHBATh uyucaa. ILIsi 3TOro MOryT HCHONB30BaThCsT OGCYKIAB-
wrecst B pasg. 2.4 npemukatel '="u "\ =. x aprymeHnTtamu moryr
ObITh KOHKDETH3HDPOBAHHBIE TepeMeHHble, 3HAYEHHSMH KOTOPHIX
SIBJISIIOTCS Llesible YHCJIA, a TaKiKe lleJible YHCJIa, 3alHcaHHble B BHIE
koHcTaHT. CyLIecTByeT ellle HeCKOJNbKO IPeIHKAaTOB, MO3BOJSIOMHX
cpapHuBaTh ykcia. [lepeuncny sfiech Bee STH NPEIMKATH, OTMETHB
npelBapuUTeIbHO, YTO KaXKABIA H3 HHX MOXKHO HCIONB30BAT B topme
HHcpHKCHoro oneparopa.

X u Y npedcmasasiom 00HO U MO e 4UCAO
X w Y npedcmasagiom pasHele wucaa

X wmeHowe Y

X Goavwe Y

X menowe uau passo Y

X Goavue uau pasuo Y

Vol \//\/l
VAN
-

P4 e e e e
= =g

OTMeTHM, 4TO CHMBOJI «MEHbBIe HJIH PaBHO» 3alMCHIBAETCST HE
TaK, KaK BO MHOTHX JDYTHX sI3blKaxXx MPOrpamMMHpOBaHHs1 (OOGLIYHO
<C=). J10 caenano B Ilposore st Toro, 4roGbl OPOrPAMMHCT MOT
HCIIOMB30BATE OXOXKHE HA CTPeJKY aToM <<= JJIs1 CBOUX COGCTBEH-
HEIX HYXI.

[TockonbKy OnepaTopbl CPABHEHHU T SABJSIOTCST IPEAHKATAMH, MOXK-
HO ObLIO OBl MPEANOJIONKHTL, uTO B IIpoJore R0mycTHM CJenyIouil
thaxt:

2>3.

VTBEp:KIAOLUA, uTo 2 Ha caMoM Zeje Gouablire 3. PaxTel, MoA0GHBIE
3TOMY, ¢ POPMAALHON CTOPOHDBI HOAHOCTHIO COOTBETCTBYET NPABUHJIAM
[Tponora. Oanako Ilposior He pasperaer 106aBISTL GakThl K KBCTPO-
eHHBIM» npefnKkaraM. Takas ocOoGEHHOCTb MPEJOTBPALIAET HENpel-
CKas3yeMble U3MEeHeHHS CMBICIa BCTPOEHHLIX MpeaHkaroB. B raase
6 GyxyT omHcaHbl Bce BCTPOEHHBIE NMpelHKaThl, B TOM YHCJE H Te, C
KOTOPLIMH MBI YK€ [03HaKOMUJIHCD.

B kauectBe nepBOro npuMepa HCMOAb30BAHHS YHCEA NIPEANOJO-
WUM, 4TO Y Hac eCTb 6332 JaHHLIX, CONEPKAILASA CBEJEHUS O MPHHIAX,
npaBUBIUHX ¥Yaabcom B 9-m u 10-M Bekax. [lpemuxar npasua(X, Y,Z)
HCTHHEH, ecJM MpPHHIL ¢ UMeHeM X HaXoJW/ca y Baactd ¢ roga Y
no rog Z. Cnucok $hakToB 6a3bl AaHHBIX BBIIVISJIUT CASLYIOIHAM 00-
pasoM:

npasus(poapu,844,878).
npasus(anapasi,878,916).
npasuJ(xupes_nna,916,950).
npasuJj{saro_aja_unasain,950,979).
npasu{xuBen_a6_ueyad,979,985).
npaBuJi(KaaBaJioH,985,986).
npasus(Mapeayan,986,999).
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Tenepb NpeanoJIoKIM, YTO Mbl XOTHM Y3HAaTb, KTO ObLT Ha TPOHE
¥Y3abca B KAKOM-TO KOHKPETHOM TOAy. MoxKHO OLLIO Obl ONpefeqHTh
NpaBUJIO, apryMeHTAMH KOTOPOTO fBJSINCH OB UMA U A4Ta U KOTOPOe
npocMaTpuBano Gbl 6a3y NaHHHIX M CPAaBHMBAJO 33aAAHHYIO ATy C
TEMH, YTO yYKasaHbl B ¢akrax. IlaBaiiTe onpelesdM NpeiHKaT MPHHL
(X, Y), xoTopblil HCTHHEH, eCJd NPHHIL Mo HmeHH X ObLT Ha TPOHe
Brox Y:

X Goin
npuryen 6 200 Y, ecau:
X npasua ¢ 200a A no eod B u
Y naxodumes mewdy A u B uau cosnadaem ¢ A uau B.

IlepBoe uesneBoe yTBep:KAeHRE GYAET COTVIAaCOBBIBATBCH C Gas3oll naH-
HBIX [yTEeM NOHMCKa MoAXoAdiero gakra. Bropoe 1nenesoe yTBepxie-
Hue BepHO, ecau Y paBHO A, naH Y paBuo B, nan Y jexur mexay
A u B. Jlas npoBepKH MOXHO HCTIOJNL30BATh YTBepKIeHHs Y >= A
u Y =< B. Ilepenucas sro na Ilposore, nonyuaem caexyioinee
p aBUJIO:
npuni (X,Y) 1 —

npasuia(X,A,B),

Y >: A’

Y =<B.

Hue npHBesigHO HECKOJBKO BO3MOXKHBIX 3aIPOCOB M OTBETOB, Ha-
BaembIx [Iposor-cucremoil.

?— mnpuHIL(KaABa/LI0H,986).

za

?— mnpunuu(ponpu,1979).
HeT

?— npuHu{X,900).

X ==aHapaB]

na

?— npuuu{X,979).

X =jaro_aj_ujasaJ I:l
X =xupen_a6_ueyad
na

3aMeTbTe HCMOB30BaHHE MePEMEHHBIX B MOCJAEJHUX npuMepax. ¥6e-
JUTECh, YTO BBl IIOHMMAaeTe, Kak paforaeT MeXaHuaM noucka [Iposora
IpPH OTBeTe Ha NOAOGHLIE BONPOCHI.

ApudmeTnueckre onepaudH MOTYT TaKkKe HCHOJB30OBATHCH JAJIA
BelYHCTeHHH. [anpumep, eciu UMeIOTCSl CBeleHHS O HACENEHHH H
TIJIOLIAH HEKOTOPOH CTpaHBl, TO MOXKHO BBIUHCJHThL CPEIHIOW MJIOT-
HOCTb HaceseHds JJs 9Tolt crpaHbl. CpelHss MJIOTHOCThL HaceeHH
I0Ka3bIBAET, CKOJb TECHO ObLIO OB B JAHHON CTpaue, ecaH Obl ee
HaceJsieHHe GBIIO PaBHOMEPHO PacHpelesieHo 1o BCeil ee TepPHTOPHH.
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PaccMoTpuM carenyomyro 6a3y JaHHBIX, COAEPIKALLYIO CBEJIEHUS O Ha-
ce/IeHHH U IIJIOLLAaIH HeKOTOPHIX crpaH B 1976 r. Iasa npeacrasiaenus
CBAI3H MeXIY CTPaHOH H ee HaceJeHHEeM OyJIeT MCNOJb30BaThCA Ipe-
IuKar Hac. B Haum qHE HaceseHHe 06bIYHO XapaKTEPHU3yeTCs AOBOJb-
HO Gospmmmy yuciaamu. He Bce Bepcuu IIposora nossoasior paGo-
TaTh C TaKUMH uyHcjamu. IloaTomy 6yneM HCUMCHATL HACeJeHHE B
mu/HoH2X: Hac(X, Y) o3HagaeT, yTo HacesJeHHe CTPaHbl X COCTaB/A-
eT npuMepHo « Y MHJJIMOHOBY stoei. [Ipeaukat naowans 6yaer 06o-
3HAYATH CBSI3b MeKIY CTPAHOH M ee MJIOLIaJblo (B MHUJJHOHAX KBaj-
PATHBEIX KHJIOMETDOB):

Hac(cma, 203).
Hac(uuau,548).
Hac(kuTta#,800).
Hac(6pasusnus,108).

niomaan(cma,8).
nJomans(Huaus, ).
niomank(kura,9).
nJora 1b(6pasuus,8).

Tenepy ansi TOro, 4To6Hl HAHTH CPEAHIO MJAOTHOCTb HAacCeJIeHHs!
HEKOTOPOH CTpaHbl, MblI JOJKHBEI HCNOAb30BaTh NpaBHJIO, IJacHdllee,
4TO 3HAUEHHE MJIOTHOCTH TONYUAETCS JeNieHNeM YHC/Ia, NpefCTaBIsao-
Iero HaceJleHHe, Ha YHCI0, NPeACcTaBJsolee MIOUIA/b.

BBenem npenuxar l'lJlOTHOCTb(X Y), rae X — 3710 cTpaHa, a Y —
NJIOTHOCThL HacesJeHMsl B AaHHOH cTpaHe, X 3amulleM COOTBETCTBYIO-
mee npasu/ao Ha [IpoJsore: -

niotHocTh (X,Y) :—
Hac(X,P),
noomanb(X,A),
Y is P/A.

Janzoe npaBu/IO uuTaeTcs CAERYIONUM 00pa30M:

Iaomuocmo Hacesenus cmpante X npedcmaganemes wucion Y,
ecau:

Hacenenue X — smo P, u

[Lowade X —smo A, u

Y evruucasiemes deaeriuem P ua A.

B npasuse Mcnomnp3yercst oneparop jeleHHsi /’, BBELEHHBIH B
npefblaynieM pasfete. Omepanus Je/eHHS BLINIOJHSETCS Ha CaMoM
Iesie KaK 1eJIOYHCJEHHOe Jge/eHHe, COXDPAHSIOIeE TOJNBKO Leayio
YacTh pe3yJbTata.

HoBeM 31ech siBsiercst HHUKCHBEIE oneparop ’is’. Ero npaswiii
aprymMeHT — TepM, HHTeprpeTHpYeMbll KaK apH(MeTHuecKoe Bbl-
paxenne. Jas Toro uto6el BuinoauuTh 'is’, Tlposor cHayana Belunc-
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JISIET €ro NMpaBblil apryMeHT B COOTBETCTBHH C NPABUJIAMH apH(METH-
KH. PesyJsbTat BBIYHC/AEHHH NPOBEPSAETCS Ha COOTBETCTBHE C JIEBEIMU
apryMeHTaMH, 9TO6Hl ONMpefeNHTh, A0KA3YeMO JIH LeNeBoe yTBepikie-
HHe. B BhlllenpHBefeHHOM NpuMepe mepeMeHHas Y JO HCIOJHEHHs
is He KOHKpPETH3UpPOBAaHA, M OHA OCTAETCSl B TAKOM COCTOSHHH JO
BHIUNCJIEHHs Bolpaxkenuda. Korjpa BoipaskeHHe BblUMCieHO, Y NMPUHU-
MaeT 3HAyeHHe, PaBHOE MOJYUYeHHOH BeJHUMHE. DTO 03HAYAET, 4TO
JOJIKHBL OBITH HU3BECTHH 3HAUEHHS BCEX NEPEMEHHBIX, HAXOASIIHUXCS
crnpaga ot is.

[Ipenukar is Hy>XKHO UCIOIB30BATh KAXKIbIA pas, Koraa Tpebyercs
BBIUHC/IUTL apudMeTHuecKoe BhipaxkeHHe. [amoMHHM, 4TO KOHCT-
pyrunu Bupa P/A saBasiorcs TaKHMH K€ OOBIYHBIME CTPYKTYpaMmu
[IpoJiora, kax n apTop(amuau, 6poute). Ho ecnnt HekoTopas cTpyKTy-
pa HHTEpIPETUPYeTCA Kak apHdMeTHUeCKOe BBIpazKeHHe, TO K Hell
NpUMEHSETCA CIeUMadbHadg onepamnus, 3akjaoualomasci B (axTu-
YEeCKOM BBINOJHEHUH apH@MeTHUecKHX JeHcTBHH Hajx [ABOUMUHBIMH
TpelCTABNEHUIMH 3JIeMEHTOB CTPYKTYPBbl U MOJYYEHHH COOTBETCT-
BYIOUIETO pe3y/bTaTa. Jt1a Onepalist Ha3biBaeTCs soiiucaerem apud-
MeTHueCKoro Buipaxkeuns. He mobyio CTPYKTYpy MOXKHO BBLIYHCIAHTE
Kak apugpmMeTHUeckoe Bhlpaxenrne. Hanpumep, oueBUIHO, YTO HENb3s
BBIYHCAHTE CTPYKTYPY aBTOP, NMOCKOJBKY (GYHKTOP aBTOp He oOrpe-
IlesleH Kak apudmerHdeckas onepanus.

BepHeMmca K mpHMepy cO cpelHed MJIOTHOCTBIO HacejeHus. He-
TPYAHO BHJETb, UYTO THIHYHBIE BONPOCHL U OTBETHl HA HUX BRITJALAT
CHeAYIOUUM 06paszoM:

?— maoTHOCTR(KHTAH, X).

X=89
?= NJOTHOCTB(TypuHf, X).
HeT

X=89 B mepsoM Bompoce mnpencrasisfeT cobolt oreer [Iposor-
cHCTeMBl, 03HauanIM i 89 yesloBeK Ha KBaApaTHEIH KMIoMeTp. Bropoit
3anpoc He BHIIOJHHM, NOCKOJBKY B 0ase JaHHBIX HalIero npuMmepa
HEBO3MOXKHO HaHTH CBeJeHUsI O HaceJleHHH TypuuH.

HaGop monyCTUMEIX apH(PMETHYECKHX Orepanuil 3aBHCHT OT HC-
noab3yemoll 2BM. Onnako Bee Tlposor-cicreMel 06ecneunBaiOT Bbl-
HO/THEHHe CAefYIOIWHNX onepanuii:

X+Y cymma X u'Y

X—Y pasrocme X u'Y

X=Y npoussederue X u 'Y

X/Y uacmuoe om Oeserus X Ha Y
XmodY ocmamox om Oesenus X Ha Y

3TOT CIHUCOK BMECTE CO CIIHCKOM onepaTtopoB CpaBHEHHUSI, NMPUBENEH-
HbIM BBIHIC, COLEDKHT BCE, YTO HeOOXOAUMO A5l PELICHHA NPOCThIX



56 T'a. 2. Boaee demaasroe onticarnue

apu¢pMerHueckux 3ajau. ITockospky Ilposor B OCHOBHOM OpHEHTH-
pPOBaH Ha HEuHCJ/IOBHIE 3a1aud, apHbMeTHYecKHe BO3MOXKHOCTH He
TaK BaXKHEl, KAK B APYTIHX f3BIKaX MPOrpaMMHPOBaHHMS.

2.6. O6masn cxema COracOBaHHUSA LEACBBIX YTBEPHKACHKIA

Ins orBera Ha BONpoc, NOCTYNUBIIKY OT nporpamMucra, [Iposor
BBITIOJIHSIET pellleHHe HEeKOTOpOH 3ajaud. Bompoc comepskuT Kono-
FOHKYUI0 TEeNeBbIX YTBEPKAEHHH, KOTOpHE HEOOXOAMMO MOMBITATHCS
JIOKa3aTh, T. €. [POBEPHUTb HA COIMIACOBAHHOCTH C 0asoifl JaHHBIX.
s jmokasatenbcTBa 1eNEBHIX YyTBepxkiAeHUH [IpoJor ucmoJb3yer
nspecthbie ymeepacdenus. PaKkT MOKET NPUBECTH K HEMEIJCHHOMY
J0Ka3aTeNbCTBY (COrJIaCOBAHHIO) LEeJaeBOro yTBEpKAeHU A, B TO BpeMsd
KaK NPaBUJIO MOMKET TOJNBKO CBECTH JAHHYIO 33Jauy K KOHBIOHKIIUH
npefrkaTos-noauenei. OfHaKko HCMOJAb30BaHHE HEKOTOPOTO YTBEPHK-
JIEHHS] BO3MOMKHO TOJbKO, KOTZa OHO «IOAXOAHT» K PacCMaTpHBaeMo-
My II&JeBOMY YTBEPHKIAEHHIO, T. €. COOTBETCTBYET €My (CONOCTaBHMO
¢ num). Eciu ueneBoe yTBepkKAeHHEe He J0KA3aHO, Bo30YyKaaercs
npoyecc sogspama. Ilpouecc BO3BpaTa 3arJIOYMAETCS B MEPECMOTpE
[POJEAaHHOH PaGOTHL M MONBITKAX NEPENOKA3aTH (BHOBD COTJIACOBATD)
LeNeBbie YTBEPXKAEHNHS TYTEM MOMCKA ajibTepHATHBHEIX nyTefl Roka-
3aTesLCTBA. BoJlee TOro, eCc/IH IPOrpaMMHCT He Y IOBAETBOPEH OTBETOM
Ha CBOH BONPOC, OH MOXET caM WHHIIMEPOBaTh IpOllecC BO3BPATa,
Ha)KaB Ha KJaBHaType KJjaBumly ’;’, nocje toro Kak IIposor undop-
MHpPYET ero o HaHJIeHHOM pellieHHH. B naHHOM pasnese GyayT npen-
CTaBJIEHbl MarpamMmbl, nokasbiBaiolite, Kak [IpoJsor nertaercs noka-
3aTh H nepefoKa3aTth liejeBble YTBEPK/CHUS.

2.6.1. ¥cnewrnoe 00Kka3ameascngo KOHBIOHKYLL YeAeGbX YMBepycOeH L

[Iposor nelTaercs corgacoBats ¢ $a3ofl AAaHHBIX BXOAAIIHE B
KOHBIOHKIIMIO LieJieBble YTBEPIKACHHS B TOM IODPSJKE, B KAKOM OHH
HanHucaHel (ceBa HanpaBo), rae Obl OHE HH NOSIBHJHCH — B Teje
npaBuJa HAH B BOIpoce. DTo o3Hauyaer, uro [Iposor He Gyner npose-
pPATb HEKOTOpoe YTBEpXKAEHHe, NMoKa He OYJET J0Ka3aH €ro Cocefg
caeBa. A cocexl cnpasa 6yIeT paccMaTpPUBATBCS TOJbKO MOCJE HOKa-
3aTebCTBA JAHHOrO LEJEeBOro yTBepXKieHUs. PaceMoTpum cieayio-
VIO MPOCTYIO MPOrpamMMy O CeMEHHBIX CBA3SX:

pomnresn(C,M,F) :— mars(C,M), oren(C,F).
MaTh(JI>KOH,aHHA).
MaTb(M3DH,aHHA).
oten(MapH,dpen).
oTen{:KoH,bpen).

IaBafite paccMOTPHM TNOCJEAOBATENbHOCTL COGBITHH, MO3BOJSIO-
Y10 AaTh OTBET HA BONpOC: :
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?— xeHmuHa(mMapy), pogutean(mapu,M,F), pogurenn(mxon,M,F).

Jlanubil BONPOC MO3BOJIAET ONPEASNHTD, ABJAETCA JIU MIPH CECT-
poit jkoHa. Jsist Toro uTofsl Aath orset I1podory, Heo6xoauMmo cora-
coBaTh ¢ 6a30f NaHHBIX IOCAENOBATENbHOCTb MOALENeH, NPHBEleH-
HBIX Ha pHc. 2.1.

3

IJKEHU.{UHG(MSPU)

l :menm,uuo.(mapu)l

[puaumenu(mpu,unuu,q)pea)J

] poaumenu(mapu.M,FTI

[poaumenu(amon,annu.cppem

3

l podume u(dacon,M,F)|

Puc. 2.1. Puc. 2.2.

[TpencraBuM leneBble yTBEPXKAEHUS B BHJe NpPsSIMOYTOJBHHKOB,
pacnpelenieHHBiX no crpanune. CTpeika, HauMHAIOWAACA B BepXHeH
YacTH CTPAHHUBI, YKa3blBaeT, KakHe IeseBble YTBEPXKICHHs YiKe
coryacoBannl. [IpsIMOYroJbHUKH, Yepe3 KOTOphle cTpesKa yke npo-
111714, COOTBETCTBYIOT COIJIACOBAHHBIM LieE€BBIM yTBepKAeHHsIM. [Ipsa-
MOYTOJIbHHKH, JeXkallie HH3Ke OCTPHA CTPEJNKH, COOTBETCTBYIOT lle-
JIEBBIM YTBEPKAEHHU M, KoTophie [Tposor elie He paccmarpusad. Ilpu
BBINIOJIHEHUH NPOTpaMMbI CTPEJIKA JBHIKETCSl BBepPX H BHH3 MO CTpa-
Hillle B COOTBETCTBHY ¢ nepexonoMm Ilposora ot oaHOro 1eneBoro yT-
BEPKIECHHA K ApyroMmy. ByseM Ha3bIBaTD ee yenouxol GoKasamensems.
B nanHoM nmpHMepe CTpesika HAuMHAETCs B BeDXHeH Yactd CTPAHHILLI,
KaK moKasaHo Bellre. [To Mepe cOr1acoBaHUs TPex LeJeBbX YTBEpK-
JeHnH oHa 6y AeT YIIHHATLCA BHH3, IPOXOS Uepe3 COOTBETCTBYOILHE
npsAMOYTOMLHUKA. KoHeunasi cuTyauusi npejcraBieHa Ha puc. 2.2.
OTMeTdM, UYTO B XOje J0KA3aTeJbCTBA COIVIACOBAHHOCTU ULEJIEBLIX
yTBepKAeHHH ¢ 6a30H AaHHBIX ObIM HAHLEHB 3HAUEHHS AJIA Tepe-
MmeHHBIX M u F.

Taxkas guarpamMma HJTIOCTPUPYeT OOLLYIO CTPYKTYPY MPOHCXOS-
Iero, HO OHA HE MOKAa3bIBAET, KaK NOKA3bIBAJUCH STH TPH leJeBHIX
yrBepxaerus. [Has toro uroObl OKasaTb 370, MOMECTHM BHYTPb
NPSIMOYTOJIbHAKOB Gosbiue MHpopmanuu. Jlasaiite nocMoTpuM, Kak
JOKa3bIBaJOCh BTOpPOE LeseBoe yTBep:kaeHue. JloKasaTenqbCTBO CO-
TJIACOBAHHOCTH IEJEBOTO yTBEpXKAeHUs ¢ 6a3ofl JaHHBIX BKJIIOYAeT
B ce6s MOMCK B 6Gase NAHHBIX coomsemcmsyrouux (CONOCTaBHMBIX)
YTBepKAEHHH, MOMETKY 3TOro Mecra 0asbl JaHHBIX U 3aTeM JOKasa-
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TEJbCTB BOSHUKIIHX MOAueNel. DTOT Nporecc s BTOPOro UENEBOTO
YTBepKAeHHSI MOXKHO IPOUJIJIFOCTPHPOBATD, BKJIOYHB B PSIMOYTOJb-
HUK POXMTENH MHIUKALWIO BHIOPAHHOTO YTBEpIKAEHUA U BO3HUKIIME
nosuesd. Beibpantoe yTeepikieHHe 0003HA4aETCS YHCJIOM B CKOOKAX,
B naHHOM cay4dae (1). 210 uMCa0 YKasbIBAeT HOMEp 8blOpaAHH020 Yym-
gepacleriis 8 Habope ymeepaucderutl ¢ COOMBEMCmMBYOW UM NPEOUKAMOM.
Takum obpasom, uucao 1 osHadaeT, Yto GBLIO BHIGPAHO TEpPBOE YT-
BEpKJEHUE C JAHHBIM IpenKaToM. DTa HHPOPMalKa A0CTaTouHa 1715

\
erumuna(mapuﬂ

3

Benmuuu(mspu)

podumenu(M3pu,aHHa,@ped)
1)

Mamb (M3pU,QHHA)
(2)

podumenu (M3py,M,F)
(1) - ——

l Mame (M3pu, M) |

omeuy,(M3pu,@ped)
Lomeu (M3pu, F) ] (1)
poaumenu(a)ocoqu,F)J lpoaumenu(amon,q:peb.armo.)]
Puc. 2.3. Puc. 2.4.

OTMeTKH MecTa B 6ase AaHHBIX. Ilofllesn 3ak/aioueHbl B MaseHbKHE
NpPsIMOYTOJIBHUKH, [TOMEIleHHbIe B [1PSIMOYTOJNBHHK JAHHOTO L1eJIeBOro
yTBepAKJeHHA. B MOMeHT, Korja BbIOPaHO YTBepiKleHHe POAHTENH,
CUTYalHA BHINIAAKT TaK, KaK I0Ka3aHo Ha puc. 2.3.

Crpeska BolIa B NPSIMOYTOJNLHMK POAMTENM M INPOLLIA yepes
CKOOKH, yKasblBaf, YTO BHIOpaHO HeKOTOpoe yTBep:kienue. JlaHHoe
VTBepKAeHHe CO31a/0 [Be MOANe N — MaTh U oTeu. B jpaHHBI Mo-
MEHT JJIsl TIOJYUYEHHs OTBETa Ha BOTPOC HeoOXOJAMMO, YTOOBl CTpesKa
npouuia 4epes JBa MaJeHbKHX NMpPsSMOYIOJIbHUKA, BBIILIA U3 MPAMO-
YTOJbHHKA POJHTENHN U 3aTEM [IPOLLIA yepes BTOPOH MNP SIMOYTOJILHHUK
poputean. Korna cTpeska NpoXOIHT Yepe3 MasleHbKHEe MPSMOYTOJib-
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HHUKH, HeoOXOAHMO BBIMOJHHTB Te€ Ke caMble 1ard: BelGOP COOTBET-
CTBYIOIIETO YTBEPIKASHHS H NOKAa3aTeJbCTBO MOPOXKAAEMEIX UM IOJ-
Hesed. B JaHHOM npuMepe A KaXKIOro M3 3THX ABYX LEJNEeBHIX yT-
BEPIK/EHUH B 6a3e JAHHBIX HAXOAUTCS COOTBETCTBYIOWMH GAKT, H UX
COTJIACOBAHHOCTH ¢ 6a30 JAHHEIX f0oKaskiBaercsi. Ha puc. 2.4 mpuse-
AeHo GoJiee JeTalbHOe M300paXkeHHe CUTYAalluM B MOMEHT NIOJYYeHH A
OTBETa Ha BOIIPOC.

OtMeTuM, 9TO 71 NOJIHOTHL KaPTHHBI HAM HeOOXOAUMO ObLI0 Obl
10Ka3aTh, KaK JOKa3LIBAIOTCA I1eJIeBble yTBEPKACHHS KEH I HHA(MIPH)
1 poauTenu(JuKoH, anHa, gpen). OxHaKo CTOIbL MOApOBHas AMarpaMma
He noMmecTuJach Obl Ha OQHOH cTpaHHIle.

JaHHBIA npuMep HITIOCTPUPYeET OOILYIO CXeMy PaCCMOTPeHH S Le-
JIeBBIX YTBEP:KIeHHH, 06BbefUHEHHBIX B KOHBIOHKLHIO, A4 ciayuad,
KOTJa Bce LesH corJacylorcs ¢ 6a3oil faHHbBIX. CTpeKa nepeMerna-
eTCsl BHH3 [0 CTPAHHUIE, 110 OUepesid IPOXOLS uepes [IPSMOYTIOJbHHKH.
Korpa crpenka BXOAHT B KaKOH-IH60 NPSIMOYTOJbHHK, BHIOHpaeTcs
HEeKOTOpOe YTBepKAeHHEe U OTMeuaeTcs ero nosuuusi. Ecau aaHHoe
yTBep:K/JeHHe COMOCTABHMO C LEJbI H siBAsieTcss (GakTOM, CTpeska
MOXeT MOKHHYTH NPSAMOYTOJbHHK (Takas cuTyauusd HMesaa MecTo
IJIsl UeNIeBBIX YTBEPXKIEHHI MaTh M ortew). Ecan xe yTBepxKieHUe
COMOCTABUMO C 11eJIbI0, HO fABJSIETCSI NPABHJIOM, CO3AAIOTCS MPAMO-
YTOILHHKM 1751 Tojuesed, u cTpefxa XOJKHA NPOHTH yepes HHX,
npexie 4eM OHA CMOXKeT NOKHHYTb NepPBOHAYA/BHBIH MPAMOYIOJb-
HHK.

2.6.2. Paccmomperue ueresulx YmeepncOeHutd npu Ucnoab308aKLL
MEXAHUBMA 8036paMQ

Korna ueneBoe yTBep:KAeHHE HeI0Ka3yeMo ([pOBEPeHLI BCe BO3-
MOXKHBIE YTBEPXKAEHHS WJIH MOJb30BaTeNb HaxXKan KJIaBHIy ;'),
«IEMOYKa J0KA3aTe/1bCTBy NMPOXOIUT Haszal TOT MyTh, 0 KOTOPOMY
oHa NPUULIA B ZaHHY0 TOYKY. OHA BO3BpallaeTcs B MOKHHYTHE Nepes
TUM TPAMOYTOABHHKH AJS TOTO, YTOOHI MONBITATLCA Nepedokasarms
(BHOBD COTJIaCOBATH) COOTBETCTBYIOWINE LiesIeBble YTRepKAeHusi. Kor-
Ja CTpeJiKa BO3BPAIlaeTCsl B TO MECTO, I'Mle OLIJIO BHIOPAHO KaKoe-To
yTBEpKIeHHEe (3TO coObITHE H300paKkaeTcss 4MCAOM B CKoOKax),
[Iposor mbiTaeTcss HAHTH aJbTEPHATHBHOE YTBEPIKAEHHE, COOTBETCT-
Bylolliee JaHHO# Lenu. CHauaja JAeaioTcs HeompeleseHHBIMH BCe
nepeMeHHble, KOTOphle OBIIH KOHKPETH3HPOBAHEL B X0Je A0Ka3aTesb-
CTBa JAHHOT'O L1eJIeBOT'O YTBEPKIEHHsI. 3aTeM BO30OHOBJISIETCS] TOUCK
B 0ase JAHHBLIX, HAUUHAas C TOTO MecTa, T'Ae ObLT OCTABJIEH MapKep.
Ecan Gyner HalileHO Ipyroe YTBEpPIKIEHHE, COOTBETCTBYIOLIEE IEJe-
BoMy, IIpoJior noMeuaeT 3T0 MeCTO, ¥ AaJblile COOBITHS Pa3BUBAIOTCS,
Kak GBblJIO OIMUCaHo Bhiie B pasf. 2.6.1. OTMeTHM, 4TO paccMOTpeHHe
JIFOOBIX 1[e/1eBbIX YTBePIKACHUH, HAXOASIIIUXCS <HHKe» JAHHOrO (faxe
€CJIH OHHM OBUIH NPOHJEHH B XOJe PACCMOTPEHHs NpeAblAyled ajb-
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TepHAaTHBbI), BCErAa HAUHHAeTCs ¢ caMoro Hayadga. Ilposor neitaerca
JoKa3aTh ux 6e3 ydera NOJIOXKeHHS Mapkepa (T. €. 3TO He mepefoKa-
3aTesIbCTBO). EC/M He yaaeTcs HalTH Jpyroe MOAXOASLIEe YTBepKie-
HHUe, JAHHOE IEeJeBoe YTBEPKIEHUe CYHTAeTCsl HeAOKa3yeMbIM H
CTpeJsiKa MPOAOJIKAET BO3BPALIATECA HA3aj O CJAEAYIOLIEro MapKepa.
B nawem mnpumepe, ec/HM LesNeBOe YTBepKIEHHE PORHTENH(INKOH,
aHHa,dper) HeLOKA3yeMO, CTpesKa YVHJeT Ha3aj U3 NPSIMOYTOJMbHIKA
ponuMTeNH(JKOH, aHHA, hpen) U BOHIET B NPSIMOYIOJBHHK PORUTENH
(Mapu, aHHa, Ppex) CHU3Y AJS TOro, yTOGH MOMNLITATHCS EPENOKa3aTh
JaHHOe HeJeBoe yTBepxKIeHHe (cM. puc, 2.5).

A
[xenuuuu(mspu)J 3
I:»ceuu;unuwapu) J
podumenu(M3pu,anna,pped)
M podumenu(m3apu,anna,F)
S
Tmams (M3pu,anna) \—_\
(2) MQmMb (M3pU,aHHG)
(2)

{

omeu (M3pu,pped) :

1) [ome‘u(mapu,F) j
.,.---4——J
[podumenu (@xcon, anna., @ped) | [poBumenu @xcon,anna F) |
Puc. 2.5. Puc. 2.6.

Orcrynas panbie, cTpesika JOCTHTHET MecTa, IJie GBLIO BhIOpaHO
yTBepKJCHHE, COOTBETCTBYIONlee [ENeBOMY YTBEPKAEHHIO OTEL.
B nepsyio ouepeslb 0CBOGOXKIAIOTCS BCe NepeMeHHbIe, KOTOPble GLLIH
KOHKDETH3HPOBAHBl B Pe3yJbTaTe HCIONB30BAHHUS NAHHOTO YTBEPHK-
IeHusi. IT0 O3HayaeT, 4To nepeMeHHass F BHOBb CTAHOBHTCS HEKOH-
KpetusupoBanHod. 3atem [lposor mpocmartpuBaer 6a3y HaHHBIX,
HauuHas C YTBEPKAEHHS, CleYIOUEero 3a NMepBEIM YTBEPKICHHUEM C
NPEJMKATOM OTel (34eChb HaXOAMTCS MapKep), MBITAsfCh HaWTH afb-
TEpHATHBHOE yTBepXkJeHHe. Ecan npeinosioKHTbh, YTO M3pH HMeeT
TOJBKO OJHOrO OTI&, TO S3TOT MPOLECC YCIEeXOM He 3aBepIIHTCS.
IlosTomy crpenka npogo/kut orcrynuieHHe. OHA TNOKHHET NpsMO-
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yronbHHK oTen(Maph, F) (3ro neneBoe yTBep:kIeHHE HelOKa3yemo)
¥ BepHeTCS] B NPAMOYTOJNBHUK MATBH{M3pH,aHHa) (IS TOro, 4TOOBI
MONLITATLCS  NIePeNOKa3arb JaHHOe IeNleBoe YTBepIKIeHHe) (CM.
puc. 2.6).

Otcrynienue cTpesKd 6yeT npoaoKaThes 10 YCHEMHOro JOKa-
3aTeJIbCTBA COOTBETCTBYIOILErO 1[€I€BOr0 YTBEPIKIEHHUSA.

OTH TpUMephl HJLIIOCTPUPYIOT OOLIYI0 CXeMy NOBTOPHOTO pac-
CMOTPEHHS LEeJEBBIX YTBEpXKIEHHH B mpoiecce Bo3Bpara. Korna He-
KOTOpoOe LeseBoe yTBepKAeHHe HeOKa3yeMo, CTPe/IKa BO3BpallaeTCs
13 COOTBETCTBYIOLIErO NPSMOYTrOJbHHKA B MPAMOYTOAbHHUK ¢ Npel-
IECTBYIOMUM 1eeBbIM yTBepKaeHHeM. CTpeska OTCTyHaeT A0 TeX
110p, MOKa He BCTPETUTCA Mapkep. Bce nepeveHHble, KOTOPHIE ObLIH
KOHKPETH3UPOBAHLI B pe3y/braTe NpelblIyllero Beifopa conocTaBu-
MOTO YTBePMKJEHHS, CTAHOBSITCS HEKOHKPETH3HDOBAHHBLIMH. 3aTeM
Ilposior BO306HOBASET NOMCK B §a3e NaHHBIX CONMOCTABUMOro YTBEepK-
JeHud, HaulHAas ¢ MapKepa. Ecan comocraBuMoe yTBep:Kaenue Oyaer
HafifleHo, HOBOE MeCTO [OMedaeTcsi MapKEepOM, CO3JalTCs MPsSMO-
YTOJLHUKH JUIS eJieBhiX MOLYTBepKACHHH U CTpPeJKa ONATh HauHHa-
eT JBHKEHHMe BHH3. B MpoTHBHOM ciydae CTpejKa HPOAOMKAeT OT-
CTYynaTh BBEPX B IOHCKAX APYIroro Mapkepa.

2.6.8. ¥Ycmarosaenue coomsemcmasus

IlpaBuna, onpezessiomye, NMOLXOIUT JH HEKOTOPOE YTBEPKIEHHE
LJIS1 COTJIACOBAHMS C LEJIEBbIM YTBEPKACHHEM, BRITVIAAST CASAYIOMIUM
o6pasom. OTMeTHM, YTO NMpPH BeIGOpE YTBEPHKAEHHS BCE [€PEMEHHBIE
cHaya/ja HeKOHKDETH3HPOBAHBI.

@ HekoHKpeTu3HpoOBaHHAS NMepeMeHHast COOTBETCTBYET JM0GOMY 00b-
eKTy. JTOT OOLEeKT CTAHOBHTCS 3HAUEHHEM NepeMeHHOMH.

@ llesoe uuC/IO MM ATOM COOTBETCTBYIOT TOJMBKO CaMuM cefe.

@ Mexkay CTPYKTYPaMH MOMKHO YCTAHOBHTBH COOTBETCTBHE, TOJMBKO
ecJIM OHM HMEIOT OJMHAKOBEHI (PYHKTOP, OJHHAKOBOE HHCJIO Napa-
MeTpPOB H COOTBETCTBYIOIIKE NAapaMeTprl COOTBETCTBYIOT JpPYT

Apyry.

Oco6rM cayuaeM ABJAAETCS YCTAHOBJIEHHE COOTBETCTBHS MeXKAY ABY-
M5 HEKOHKPEeTH3HPOBAaHHBIMH IepeMeHHBIMH. B 3TOM ciryuae Mbl ro-
BOPHMM, UTO NepeMeHHHE cyenaexvi. IlBe ciensieHHBle INepeMeHHbE
06J1aa10T CJIEMYIOIHM CBOACTBOM: KaK TOJIbKO OJHA M3 HUX IPHHH-
MaeT KOHKPeTHOe 3HadeHHe, TO JKe CaMoe KOHKPETHOe 3HaueHHe
pHHUMaET U apyras.

EcaH yHTaTesqb 3aMeTHJ CXOACTBO MEXKAY YCTaHOBJIEHHEM COOT-
BeTCTBHSI M NPHPABHHBAHHEM apryMeHTOB (pasi. 2.4), To OH coBep-
weHHo npaB. leso B TOM, 4TO NpeJuKar =’ NHITAETCH cAeaaTh CBOH
apryMeHThl DaBHBIMM IyTeM YCTAHOBJICHHA COOTBETCTBHA MEXKAY
HHMH.
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TonwiTaeMcst NpUMEHHTb Ha NPAKTHKe HAIUH 3HAHUS 06 omeparto-
pax, apuQMeTHUeCKHX NeHCTBHSX H YCTAHOBJIEHHH COOTBETCTBHS.
Mpennonoxkum, yro B Gase JAHHBIX HaXOAATCH chaenyiomue (axTel:

cymma(d).
cymma(3).
cymma(X+Y).

PaccemotpuM Bompoc:
P— cymma(2--3).

Kaxoit u3 BhlLlenpUBeeHHBIX (PaKTOB 6YIeT COOTBETCTBOBAThL TAHHO-
My 3sarpocy? EcaH BB AyMaeTe, 4TO TaKOBHIM OyJeT MepBhId (akT,
BaM CJIeflyeT BePHYThCA HA3aJ M ellle pa3 NPOYECTb PA3Jeasl O CTPYK-
Typax M onepaTtopax. B Bompoce apryveHToM CTPYKTYphl cymMma
ABJSETCA CMPYKMmypa ¢ GyYHKTOPOM -+ H KoMIoHeHTaMu 2 u 3. Ha
caMoM JieJie YKa3aHHOH IesIH COOTBETCTBYET TpPeTHH (pakT, MpH 3TOM
nepemenuble X H Y IPHHUMAIOT KOHKPeTHbE 3HAUeHHs 2 U 3.

C 1pyro#l CTOpOHEI, eCJH HNPOTPAMMUCT JeHCTBUTENBHO XOUYeT
BBIUHCJAUTE CYMMY, €My CJIeJ0Basio Obl BOCMONb30BATHCS NPEANKATOM
is. OH jpo/mxeH 6bl1 GBI HAMHCATh

?— X is 2-+3.

HJIH (B KauyecTBe PasBJeYEHHs) OH MOr Obl ONPEIeSHTh NpPEeIHKaT
CJIOKHTb, CBS3BIBAIOMHH /BA LEJBIX YHCIA H HX CYMMY:
caoxuth (X, Y, Z) :(— Z is X+Y.

B stom ompenenenns X M Y JOMKHEL GbITh KOHKPETH3HPOBAHBL, a
Z HeKOHKpeTH3HpOoBaHa.



T'JIABA 3

UCIOJIb30BAHUE CTPYKTYP JAHHbBIX

Oxcdopackuil TONKOBLIH CA0Bapb aHTJIUACKOTO f3bIKA ONpeess-
€T CJIOBO «PeKYpCHsl» CAeAYIOMHIM 00pa3oM:

PEKYPCHS. [Teneps ynorpebasierca peiko, ycrapebiuee.]
O6paTHoe nBUKEHHE, BO3BpalleHHE.

D10 onpejeseHHe 3arajoYyHo M, [O-BUJAMMOMY, yCTapeBllee.
B Hacrosiiiee Bpemsi peKypcHs BJSETCS] OYeHb NONYJASPHLIM H MOLI-
HBIM CPEJCTBOM B 0GJACTH HeuxcsaoBOro mporpammupoBanus. Oxa
HCIIOIb3YeTCA B IBYX CAy4asX: A/ ONMCAHHSA CTPYKTYp, HMEIOLLHX
IpyTrHe CTPYKTYpPbl B KauecTBe KOMIIOHEHT, M MJIA OMNHUCAHHS MOpo-
rpaMM, BBIMOJIHEHHIO KOTOPBIX MpPEAUIECTBYeT BHINOJNHEHHE HX cOBCT-
BeHHOH KomuH. MHorza HauMHamollMe NPOrPAMMHCTEL OTHOCATCS K
PEeKYDPCHH ¢ NOJO3PEeHHEeM, He NOHMMAsl, KaK 3TO MOXKHO ONDEeAeJUTDb
HEKCTOpOe OTHolleHHe uepe3 camo ceGa? B Ilposore pekypeust —
3T0 HOPMaJBbHBIA U eCTeCTBEHHBIH CMoco0 MpeACTaBIEHHS] CTPYKTYD
JAHHBIX H rporpaMM. Mel HajzeeMcs, YTO TeMa 3TOH IVlaBbl — PeKyp-
cHsl — obpeTaeT SICHOCTb yAOOHBIM H HEHABA3UHBBHIM 06Pa3OM.

3.1. CTpyKTypsl M JZepeBbd

Yrobul nerue ObLIO MOHATH CJAOKHYIO CTPYKTYPY, €e OGBIYHO
NPeNCTARJSAIOT B BHIe 0épesd, B KOTOPOM KaxAoMy (GYHKTOPY COOT-
BETCTBYET BEpLIHHA, a KOMIIOHEHTAM COOTBETCTBYIOT BETBH Jepena.
Kaxnad BeTBb MOmeT YKasblBaTh Ha JAPYIYIO CTPYKTYPY, Tak uTo
MBI MOXKEM HMETb CTPYKTYPBl BHYTPH CTPYKTYp. OGBIYHO HPHHATO
H3006paxkarhb JepeBo TaKuM 00pasoM, yTOGE KOPeHb AepeBa HaXOnnJI-
csl BBepXy, a BETBH ObLJAH HanpaBjEHb! BHH3, KaK 3TO N0Ka3aHO HA
puc. 3.1. 3aMetHM, uTO /B4 NOCJEIHHX JepeBa UMEIOT OJHHAKOBYIO
(hOpMY, XOTs KOPHH ¥ JIICTbSI JepeBbeB pasiuuHel. [Ipexpe ueM ul-
TaTb JAJbIle, BBl JOKHEL ObITh YBEPEHBI B TOM, UTO MOKETe MpeJiCcTa-
BHTb B BHJIE Je€peBa KaKAYIO H3 CTPYKTYP, C KOTOPBHIMH BBHI yiKe CTal-
KUBAJUCh B NPeNBIAYIINX I1aBax.

Ilpennonoxum, y Hac ecth npeaitoxenue «Jlxony HpaBuTcs Ma-
pH», ¥ HeoOXOJHMO MNpPEJCTAaBUThL CHUHTAKCHYECKYIO CTPYKTYpy 3TOro
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poaumenu(uupns,anuaaﬁem,tpunun)
podumenu

/

yapna

3nuzadem
Quaun

a+bxc uau +(ax(b,c))
+

/\

a X
N

KHUza(MOOU_Dux,a8mop(2epMaH,Mensunn))
KHUQ

moSu-8ux asmop

/\

WPMAK  Measuan

Puc. 3.1.

npenoxenus. B aHIJIHACKOM s3bIKe HMEETCsl OYeHbL [1POCTOe CHH-
TAKCHUeCKOe MPAaBHJIO [OCTPOEHHST NPEJIOKEHHI: NpPENIoKeHHe
COCTOMT M3 CYHIECTBUTENIBLHOTO, 33 KOTOPHIM CJEAyeT IJarojbHas
rpynna. B cBowo ouepeib rsarojpHasi rpynna cocTOMT H3 rJoaroJfa
H JPYTOTO CYIIECTBUTENBHOrO. DTO OTHOIIEHHE MEXIY YaCTMH npes-
JIOKEHHST MOXKeT OBITb OMHCAHO Cleiylollel cTpyKTYpoH (Koropasi
IpeJCTaBIeHa B BUJIE epeBa, PUBEJEHHOrO Ha pUC. 3.2): npegyoxe-
HHe(CYyWeCTBUTENbHOR, TJaroJbHas _ rpynna(riarod, CylecTBHTe b=
Hoe)).

Ecan MBI Bo3bMeM Hallle npeijoxeHue {(«lxxkony HpaBuTca Ma-
PH») U BCTABUM CJIOBA M3 3TOIO NPeLJIOKEHHS B KAUeCTBe apTyMEHTOB
(DYHKTOPOB CYuleCTBHTEJIbHOE U TAAroN B CTPYKTYDPY NPeNJIOKeHHS,
TO MBI NOJIYYUM (cM. puc. 3.3):

npeLIoKeHHe(CyLLeCTBUTeNbHOE(KOH), rJaroJibHasi_rpynna

(raaros(HpaBUuTCsI), CYLIECTBHTENbHOE(MIPH)))

DTOT NpUMEP MOKa3blBAET, KAK MOXHO HCHOJB30BATb CTPYKTYpPH B
a3eike [Iposior 115 npencraBieHUs] CHHTAKCHCA OYEHb MPOCTHIX Mpe-
JoxeHHH. B ofiem ciyuae ecsi MBI 3HaeM, KAKOH 4acTbIO PeUH fB-
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JIAETCS KaKJ0e CJIOBO B NPELIOKEHNH, TO MOXKHO 3aIIMCATb CTPYKTY-
py Ha IlpoJiore, KoTOpas B ABHOM BH[E ONHCHIBAET OTHOLICHUS] MEXITY
PA3IHYHLIMU CJOBAaMH B NpPEJIOXKEeHWH. DTa 3ajada cama no cebe
npeACTaBsieT WHTEPeCHYI TeMy HCCJAeNOoBaHMs, M Jajee Mbl elle
BepHEMcst K BOMPOCY O TOM, Kak, HcmoJb3ys [lpoJgor, 3actaBuThb
3BM «1oHHMAaTb» HEKOTOPHIE NPOCThIE MPEAJOKEHHU .

npednoxenue
CYURCMBUMRNLHOR  21020bHAA-2pYNNa

21020N cgmecmsumeﬂbuoe
Puc. 3.2.

npednoxceHue

F(X,9(X,a)
CYWECMBUMEALHOR  2AC20NbKAA_ZPYNNC. f

/\ \

dxon 200200 CYWRCMBUMRALHOR

/ -\ /\
HpagumCH  M3pu X a
Puc. 3.3. Puc. 3.4.

JlepeBbsi MOTYT Tak:XKe NPUMEHSIThCA A IpaduuecKoro omuca-
HHA [epeMeHHbIX BHYTPH CTPYKTYpPbI, B YaCTHOCTH [OKa3biBas, KakK
clenJ/eHsl nepeMeHHble, HMeIOIe OAHHAKOBbIE HMeHa (cM. puc. 3.4).

3.2. Cnuckn

Cnucox — JOBOJIBHO IIHPOKO HCIMOJb3yeMas CTPYKTYPa IZaHHBIX
5 00JIaCTH YHCJOBOrO nporpaMMupoBaHusi. CIHHCOK — 3T0 ynopsdo-
4eHHAA NOCACO0BATNEALHOCITL JAEMEHITO8, KOTOPAsh MOMKeT MMeThb Npo-
u3BosbHylo AuHy. IlpusHak ynopadouennovii ykaspiBaeT Ha TO, 4TO
HOPSIACK 3JIEMEHTOB B [0CJIEJO0BATEJNbHOCTH SIBJISETCS CYLIeCTBEH-
HBIM. JaeMeHmamuy CIIACKa MOTYT ObITh JOOble TepMbi — KOHCTaHTHI,
nepeMeHHble, CTPYKTYPbI, KOTOpBIE BKJIOYAIOT, KOHEYHO, H Apyrue
CIHCKH. YKa3aHHble CBOHCTBA OYeHb MOJE3HBl B CHTYAUMH, KOTAA MBI
He B COCTOSIHMM 3apaHee NpelcKa3aTh, HACKOJBKO GOJIbIINM JOKEH
6LITb CIIMCOK M Kakyloo HHpopMmanuio oH GyreT coaepxkarb. Bouee
TOTO, CIHCKH IMO3BOJISIIOT MPEACTABHTL NPAKTHUECKH JIOGOH TH
CTPYKTYPhl, KOTOPBLIH MOxeT NOTPe6OoBaThbCs MPH CHMBOJIBHBIX Bbl-
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yncieHusx. COMCKYM HIMPOKO HCIIONB3YIOTCH [J/1s NpeJCTaBieHHa fe-
PEBbEB CHHTAKCHYECKOro pa3fopa, rpaMMaTHK, KapT TOPOAOB, MPOr-
pamm Aaa IBM ¥ MareMaTHYecKHX OOBEKTOB, TAKHX Kak rpadsl,
dopmyanl v ¢yHkuun. CyllecTBYyeT $3bIK NPOrpaMMHPOBAHHA ——
Jlucn, B KOTOPOM €IMHCTBEHHBIMH AOCTYIHEIME CTDYKTYypaMie aaH-
HEIX SIBJAIOTCS KOHCTaHTa M cnucok. OxpHako B IlpodJiore crimcok —
3TO NPOCTO OAMH H3 YACTHBEIX BHJOB CTPYKTYPHL.

Crncku MoryT GbITh NpeAcTaBjeHbl KaK CHeHajbHOTO BHIA fe-
peBo. CnHCOK — 3TO JOOOH nycmoll chucox, He cOAeprKamuit HH
OJHOTrO 3JeMeHTa, JAHO0 CTPYKTypd, HMelomast ABe KOMIOHEHTHI:
rofioBy H XBOCT cnHcka. KoHen cnicka OObIMHO NPEACTABAAIOT Kak
XBOCT, KOTODBIH $IBJIsieTCs RYCTHIM cnuckoM. Ilycroil chMcok 3am-
CHIBAIOT KaK [ ] — OTKphIBamOHlasd KBajparHasa CKOOKa, 3a KOTOPOH
crenyeT 3akphblBaioilast KBagparHas ckofxa. ['oloBa M XBOCT crHCKa
ABJSAIOTCS KOMIOHEHTaMH (yHKTOpa, 0003HAYAEMOTO TOUKO# .
Taxk, cnucok, cocTosluyil U3 OJHOTO 3/1eMeHTa 'a’, ecTh .(a, []), a ero
npeicTaBleHue B BUJE JepeBa HMeeT BHJ

\
/
a [
AHAaNOrHYHO CNHCOK, COCTOSIIIME M3 aTOMOB a, b ¥ ¢, Mor 6l OHITh
sanucan Kak .(a,.(b,.(c,[]))), uro usobpaxaercs caenyromuM obpa-
30M:

/\
Q .
/\
b .
/\
¢ U
Huorna ¢yukTop Touka ('.') ompenensiercs Kak omepaTtop, Tak 4To
zonyctumo jjisi [lposora jBa nocieAHHX CHMCKA 3amHcaTh Kak
a.[] n a.(b.(c.[]))). Bropoit cnucok MoxkHO GbLIO GbI 3aNIHCATh NPOCTO
KaK a.b.c.[], Tak Kak (yHKTOp TOYKAa — NIpaBOACCOLUATHBHEI Ofe-
patop. CrICKH ABJSIIOTCA YNOPAJOYEHHBIMH MOCAEN0BATEIbHOCTAMH
3J1EMEHTOB, TaK YTO CHHMCOK a.b oTimuaercs or cmycka b.a.
Hexkotopbie M065T 3aNNCHIBATh 1PEBOBHIHEIE IHATDAMMEI CIIHCKOB
B BUJE JepeBa, «PacTyIlero» cjeBa HanpaBo, BeTBH KOTOPOro Ha-

npapJeHsl BHU3. [IpHBeIeHHBIH BbIIIE CHUCOK, HPECTABICHHBIH qHa-
rpaMMoil B BHJe TaKOH «BHHOrPaAHOH J03bl», BHIIVIAAHT TakK:

o——-——'-—[]

b

a b ¢

B stofi muarpamMme KoMmmoHenTa gyHKTOpa ’.’, COOTBETCTBYIOIIAs!
ro/ioBe CIHCKA, «CBHCAeT» BHH3, a KOMIIOHEHTAa, COOTBETCTBYOULAS
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XBOCTY CIIMCKa, «pacTeT» BNpaBo. KoHell crHcKa 4eTKO BhbiieJIeH TeM,
'4TO TNOCJeJHAA KOMIIOHEHTa — XBOCT CITHCKA — SIBJIAETCH NYCThIM
cnHcKoM. I'JlaBHOe MpeHMYyLIeCTBO HCIOJb30BAHHS AHarpamMmbl /s
NPEICTAB/IEHUS CIHCKA 3aKJIO4aeTcsl B TOM, YTO OHA MOXKeT ObITh
3anMcaHa CrpaBa HaJjleBo Ha JiicTe 6yMarH.

«BunorpasHas» guarpamMma MoKeT OKasaThCsl YAOOHOM U1 3amu-
CH CNHCKOB Ha Oymare, KOrja Ham HeoOGXOAMMO BHJETb CTPYKTYpY
cIMCKa, HO B nporpammax Ha Ilposore jJsi 3andcH CIHCKOB TaKHe
JuarpaMMbl He HCIOJb3YIOTCSl. Tak KaK 3aMHCh CJAOXKHBIX CIIHCKOB
¢ MoMOIBIO (PYHKTOpA '.” 4acTo OKaselBaeTcst HeyJAoGHOH, To B [Ipo-
JIoTe NpeycMOTPeHa Apyras CHHTakcHyecKas opMa, KOTopasi MOKeT
OBITb MCNOJB30BaHa JUIsl 3aNHCH CIMCKOB B NpOrpamme. JTo Tak Ha-
spiBaeMas ckobounas gopua sanucu cnucka. OHa npeactabiseT coboh
3aKJ/IOUEHHYIO B KBajpaTHble CKOOKH [OCJe]0BaTelIbHOCTh J/eMeH-
TOB CIHMCKa, PasieJeHHBX 3ansTeiMH. Hanpumep, ynomuHasuiiecs
BbILIE CIIMCKH MOrYT ObITh 3amucaHbl B CKOOOYHOH ¢opme B BHIE
{a] u[a, b, c]. Criucku MoryT cojep:Katb ApyrHe CIHCKH HJH mepe-
MeHHBle, Hanpumep, B Ilposore nonyCTHMBEI CJeyIOIHe CITHCKH:

[ ]
[KOHKpeTHBIH, uesnoBeK, [MOGHT, JOBHTL, pHIOY]]
la, V1, b, [X, Y]] _

Tlepemennble, BXoxfimye B CHHCKH, HUUEM He OT/IMYAIOTCA OT Iepe-
MeHHBIX B JIIOOOH Apyro# cTpykrype. OHH B JI0OOH MOMEHT MOTYT
ObITh KOHKPETH3HPOBaHbl, TaK YTO yMeJI0e HCIOJNb30BaHHe IepeMeH-
HBIX MOXKeT ofecneddTs 00pasoBaHHe «ITyCTBHIX MECT» B CIHCKe, KO-
TOpble BMHOC/EACTBHH MOTYT GBITh 3aMOJHEHB! NaHHBIMH.

HToBBl NPOAEMOHCTPHPOBATh CTPYKTYPY CHHCKOB, COJlep:Kallux
B KAayeCcTBe 3JIEMEHTOB JAPYTHe CIIHCKH, MPHUBEJEM «BHHOIDAJHYIO»
AHarpammy JJIs1 MOCJIeJHEr0 H3 PACCMOTPEHHBIX CHHCKOB:
—0

o — — E——

R

a Vi b o o— =[]
I I
X Y

W3 npusenenHofl avarpaMMbl siCHO BHAHO, UTO KaXJIblH ee rOPH30H-
TaJbHBIH YPOBEHD AB/SETCA CTUCKOM, COCTOSIIIIUM H3 HEKOTOPOTO YHC-
Jia 37eMeHTOB. BepxHUll yDOBeHb Ha NPHBeleHHON AHarpaMmme npej-
CTaBJIsIET CIIHCOK, COJEpKAallUil YyeThipe 3JeMeHTa, OfHH U3 KOTODPHIX
caM fABJSIETCS CIHCKOM. BTOpOH ypoBeHb, cofepikalllvil JBa 3JeMeH-
Ta, TIPEACTaB/sieT 4YeTBepTHIH 3JIeMEHT CNUCKA BEPXHEro YpOBHSA.

PaGora co chnuckamH OCHOBaHa Ha paclIeNJieHHWH HX Ha 20408Y
H xgocm cricka. 'osioBa crmycka — 5TO NepBbiil apryMeHT YHKTOPa
".”, KOTOpLIH HCIO/IB3YeTCs AJIsi KOHCTPYHPOBAaHHS CIIHCKAa. XBOCT
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CNHMCKa — 3TO BTOPO# aprymeHt ¢yHkropa '.’. B cayuae korza jus
3anHCH CIHCKA HCIOJNb3yeTcs cKoGouHas (opma 3anHcH, TOJOBOH
CTHCKA fIBJSETCS] NEPBBIM €ro 3/eMeHT. XBOCT CIHCKA NpelCTaB/aser
CHUCOK, COCTOSIIIIMH U3 BCEX 3JEMEHTOB HCXOAHOTO CIHMCKa, 3a HCKJIIO-
yeHMeM MepBoro ero saeMeHta. Cieaylollne NPHMeDbl JEMOHCTPHPY-
10T paculenJ/eH’e CIIUCKOB Ha roJIoBy M XBOCT:

Cnucoxk lonoea XBocT

[a, b, c] a [b, €]

[a,] a [

[] —

[[ata, kowka], cupena] [ara, kowka] [cumena]

[ara, [kowka, cumena]] sra [[xomka, cupenal]
[sra, [xowka, cena], Ha aTa [[xomxa, cena], Ha
noJj noa|

[X+Y, x+v] X+Y [x+ vyl

3aMeTHM, 4YTO NYCTOH CITHCOK He MMEET HH TOJIOBBI, HH XBOCTa.
B nocaeaHeM npuMepe oneparop -+ HCHOAb3yeTcs Kak PyHKTOp AAH
crpykryp -+(X, Y) v +(x,y).

Tak kak onepamus pacilenyeHHsl CIHCKA Ha FOJOBY H XBOCT
OYeHb MIPOKO HCMOJb3yercs, To B [Iposore BBeleHA crienHa bHas
dopma s TpefcTaBseHds cnHcka ¢ rooBod X M xBoctom Y. IT0
sanuceiBaercsl Kak [X|Y], rae nis pasgenenuss X U Y HCNoOMb3yeTes
BepTHKa/bHasA dyepra. IIpH KOHKpeTH3alUMHM CTPYKTYPHl IOLOGHOTO
BHJia X COMOCTABJAETCS € TOMOBOH crHUcKa, a Y — ¢ XBOCTOM CIIHCKA,
KaK 3TO NOKAa3aHO B CJEYIOLEeM IpuMepe:

p(l1, 2, 3.

p(lsra, kowka, cunena, [ua, stofi, noactuikell).

— p(IXIYD.

X=1Y=[2,3] [} |

X =s3ra Y=[kowka, cugena, [na, aro#i, nogcruikel]
P— p(l_,_,_[_1X]1]).

X =lstofi, noactuaxel

Huxe NNPHBENEHO €llle HECKOAbKO MPHMEPOB C HCIOJNb30BAHUEM Das3-
JIMUHBIX CHHTAKCHYECKHX BO3MOXKHOCTEH 3amucu CIIHCKOB, IIOKa-
3bIBalOUUX, KaKUM 06p330M IPOHU3BOAUTCA CONIOCTABJCHHE CIIHCKOB.
B stux npuMepax jaeJjaercda NOINbITKa COMNOCTABHUTL JBa 3aJaHHBIX
CIIHCKA, KOHKPETU3HPYA NEpEMEHHBIE, €CJH 3TO BO3MOXKHO.

Cnucok 1 Cnucok 2 KoHkpeTusanus
X, Y, Z] [axony, HpaBuTcs, X = mxoHy
pbi6a] Y = HpaBuTCH
Z = puiba
[xowmxka] [X]Y] X = koumka

Y=[I]
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X, Y| Z] [Mapu, HpaButcs, X =wmapu
BHHO] Y = HpaButcsa
Z = [BuHo]
[[ator, Y]|Z] [[X, sasu], [Haxo- X =3roT
LUTCS, 31ech]] Y =3asau
Z =[[naxonutca_
3pech]]

(CHHTaKCHYECKH He-
[X, Y|Z, W] KoppektHass KOHCT-
PYKLHS CIIHCKA)
[3oa0THCTDI | T] [30n0THCTHIE, HOp- T = [Hopdoaxk]

¢ouk]
[6enas, qomans] [nowans, X] (comocrasJieHne He-
BO3MOZKHO)
[Genas | Q] [P| nowanb] P = Genas

Q =Jowanp

Kak BHAHO H3 nOC/eNHEro npuMepa, HCHoJb3ysl CKoGouHyio GopMy
3AIHCH CMUCKOB, MOXKHO CO3/|aBaTh CTPYKTYPHI, OXOXKHE HA CIIHCKH,
HO He 3aKaHUYHBAIOWHUeCss MYCThIM CMHCKOM. ORHA H3 TAKHX CTPYK-
Typ, [Genas | nowans], o6o3HayaeT CTPYKTYPY, rOJOBOH KOTOPOI siB-
Jsietcsa 6eaas, a XBOCTOM — Jowajb. KoHcraHTa Jomaap He ABJIsSET-
Csl HH CIHCKOM, HHM NMYCTBIM CIIHCKOM, H, KaK Mbl YBHIUM jafee, oGpa-
60TKa TaKHX CTPYKTYp TpebyeT GOJIBIION OCTOPOKHOCTH, KOrAa OHH
HCNOJB3YIOTC B KAa4eCTBE XBOCTA CIIMCKA.

CyuecTByeT ellie 0fHa 06JacTb NPUMEHEHHs COHCKOB — 3TO npej-
cTaBJeHHe cTpok JuTep. HMHorza Bo3HHKaeT HeOOXOJMMOCTH B HC-
TOJIL30BAHHH CTPOK JIHTEp IJs1 MedyaTd HJd BBOZA TeKCTa. Eciau
CTPOKa JIHTEP 3aKJIOUEHA B ABOUHBLIE KABBIUKH, TO 3Ta CTPOKa Mpel-
CTaBJSIETCA KaK CIHCOK KOMOB, COOTBETCTBYIOIIMX JHTEpaM CTPOKH.
Has xopupoBky sutep ucnoasdyercst ko ASCII, kotopwiit ofeyx-
nanacs B pasn. 2.2. Hanpumep, crpoka "system” mnpeoGpasyercs
B Ilposore B caenywoumin comcox: [115, 121, 115, 116, 101, 109].

3.3. IlpuHagaexHecTb 3/1eMEHTOB CNIUCKY

IIpennoso:kuMm, 4TO HMeeTcsl HEKOTOPHIH CIHUCOK, B KoTopoM X
of03HauaeT ero ro/ioBy, a Y — XBOCT cnxcKka. Hanomuum, yro rakoit
cnucoK Mbl MoxeM 3anucath Tak: [X]Y]. Sror cnucok Mor 68l comep-
’KaTb, HAnpHMep, KJAHUKH TeX Joliajeil notoMkoB xepebua Corian-
der, KoTOpHIE BCe BHIUTpaJM cKaukd B BennkoGputanuu B 1927 rony:

[curragh_tip, music_star, park_mill, portland]

Tenepp NpPeANOSOKHM, YTO MBI XOTHM OMPEAENHTb, CONEPKHUTCS JIH
HEKOoTOpas KJHYKa B ykasandoMm cnucke. B ITposore sro mMoxHo cae-
JlaTb, ONpeJeNHB, COBIAjaer JU AaHHAs KJHYKa C TOJIOBOH CIIHCKA.
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Ecau coBriazaer, TO Hall CIHCOK 3aBepluaercs ycrexoM. Ecau Hert,
TO MbI NIPOBEPSIEM, €CTh JH KJHUKa B XBOCTE HCXOJHOTO CIHCKA. JTO
3HAYHT, YTO CHOBA MPOBEpsieTCs] T'OJIOBA, HO YKe X60Cma CHHCKA.
3areM npoBepsAeTcs IOJOBa OuepedHO20 XBOCTA CHHCKa. EcaH Ml
JOXONUM [0 KOHLA CMHCKA, KOTOpBIA OYJAeT MyCTBIM CIIMCKOM, TO
Hall [IOHCK 3aBepluaercs Heylauell: YKa3aHHOA KJAUYKH B HCXOIHOM
CIIHCKE HeT.

s toro 4tobel 3anHcaTh Bce 3TO Ha [lpojiore, cHauasa Hajl1o
VCTAHOBUTB, UYTO MEXKAY OOBEKTOM M CHIUCKOM, B KOTODPBIH 3TOT
OOBEKT MOXKET BXOJAHUTh, CYLECTBYET OTHOLIEHHE. DTO OTHOMIeHHe, Ha-
3bIBaeMOe OTHOILIEHHEM NPHUHAMEKHOCTH, MpelcTaBJsieT NOCTATOUHO
pacnpocTpaHeHHoOe B NMOBCEAHEBHOH KHU3HH MOHsTHE. Tak, MBI rOBO-
PHM O JIOASIX, SABJASIOWMXCA ujJeHAMH KJAYGOB, U O APYIHX TOMY
ON06HLIX Beiax. JLJsi 3amuUcH 5TOrO OTHOLIEHUS] MBI Oy AeM HCMOJb-
30BaTh NPEAHKAT NPHHANNEKUT: UEJAeBOe YTBEPKACHHE NpPHHAMJIE-
w®uT(X, Y) fBAseTCSl UCTUHHBIM («BBIMOJMHSIETCSH»), €CJAU TepM, CBS-
3aHubI#A ¢ X, ABAAETCS 3JeMEHTOM CIHCcKa, cBa3aHHoro ¢ Y. Mmetorcs
JIBa YCAOBH S, KOTOPbIE HAJI0 NIPOBEPUTD J/1A ONpe/esieHl sl HCTHHHOCTH
npeankara. [lepsoe ycmoBue ropopHr, uto X 6y A€T 37eMCHTOM CIIHCKa
Y, ectn X coBnapaer c¢ rogosoii cnicka Y. Ha Ilposore stor ¢akt
3aNUCHIBACTCS CAELYIOMHUM 06pasoM:

npunagrexutT(X,[ X |_]).

Dra 3anuch KOHCTAaTHPYET, uTo X SA8AAeMCA SAEMEHMOM CHUCKQ,
Komopou umeem X 8 Kauecmse e04086.. 3aMeTHM, 4TO Mbl HCIIOJNB30BA-
JM AQHOHHMMHYIO NEpPeMeHHYI0 '_’ 1js 0603HAYEHHS XBOCTA CITHCKA.
ITO CcIeaHO MOTOMY, YTO MBI HHKaK He HCIOJB3yeM XBOCT CIHCKa
B 3TOM yacTHOM ¢akte. 3aMeTHM, YTO JAaHHOE MPABHJO MOIJO Obl
GbITh 3amMMcalEO H Mo-JApyroMy:

npuHagtexut(X,[Y|_] :(— X=Y.

K sTomy MOMEHTY BBl JOJIKHBI YK€ IIOHHMATh, HOYEMY MOMKHO HC-
noJab30BaTh X Cpasy B JABYX MecTax B mepBoil, Gojiee KOPOTKOH, Bep-
CHH 3TOro npasHJa.

Bropoe, H nocsenHee, NpaBuJo rOBOPUT O TOM, uTo X npHHALJE-
XHUT CNHUCKY NPH YCJOBHHU, UTO OH BXOAUT B XBOCT ITOT'O CITHCKA,
o6o3Hayaembii uepe3s Y. U Her syywiero nyTtH, ueM HCHONL3OBATH
TOT K€ CaMblif MPeJUKaT NPRHAJEKHT 15 TOro, 4TOOH! ONpeaeuTh,
NpHHALIEKMT 1 X XBOCTY CliHcKa! B 5TOM M COCTOHT CYTh PEKYPCHH.
Ha Ilposore 370 BHINIAAUT TakK:

npuHanexkuT(X,{_ |Y]) :— npunasgexur(X,Y).

H KOHCTaTHPYeT, UTO X AGAACMCS IACMERMOM cnucKa, ecau X 2845emest
SAEMEHMOM X60CMA 3MO020 CRUcKa. 3aMeTHM, uTO Mbl HCNOJIb30BaJH
aHOHHMHYIO NepeMeHHYIO ’_’, TaK KaK Hac He UHTepecyeT UMs mepe-
MeHHO#H, o603Hauaoulell rosoBy cnucka. JlBa aTHX mpaBHJa B COBO-
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KYOHOCTH ONpENEsIIOT NMPeAUKAT [Jf OTHOUIEHHS NPHHAAJIEKHOCTH
1 ykasbiBaloT [Iposory, KakuM o6pa3oM npoCMaTpHBATh CHOHCOK OT
Hayasla MO KOHIA npy MOHCKe HEKOTOPOro 3JeMeHTa B crncke. Hawu-
foJiee BaXKHBIEE MOMEHT, O KOTOPOM CJieyeT TIOMHUTB, BCTPETHBIUHCH
C PEKYPCHBHO ONpejlesIeHHbIM NPEIUKATOM, 3aKJIIOUAeTCS B TOM, YTO
NpexJie BCero HaJ0 HAUTH eparnustble YcA08Us U CII0CO0 UCNOAbI0BAH UA
pekypcuu.

s npeapkara npHHAANEKUT B JeHCTBUTENBLHOCTH HMEIOTCS ABa
THIIA TPAHHYHBIX YCAOBHH. JIHGO OGBEKT, KOTOPBIH MBI HLIEM, COAEP-
XKHUTCS B CIHCKE, JUGO OH He COAEPAKHUTCH B HeM. [lepBoe rpanHygoe
yCJOBHE JJIsT NpeiHKata MPHHALNEKHT DPacHO3HAETCH MEPBbIM YT-
BepKJEHHEM, KOTOpOe MpPUBEJET K MPEKpAalleHHIo MOHCKA B CNHCKe,
€CJIH [IePBbIH apryMeHT PelHKAaTa NPUHALJERKUT COBNANAET C FOJI0BOH
CIHCKA, COOTBETCTBYIONIEr0 BTOPOMY apryMenty. Bropoe rpanuunoe
YCJIOBHE BCTpEUaercsi, KOria BTOPOH apryMeHT MpeiuKaTta NpuHajje-
MHT SIBJISIETCS] IIYCTBIM CITHCKOM.

Kaxk Mbl MOxKeM YGEIHTBCS B TOM, YTO FPAHHUHBIE YCIOBHS GYAYT
KOrza-Jau6o yAoBJaeTBopeHbl? HJst 3Toro Heo6X0oquMO 0OpaTHThL BHH-
MaHHe Ha TO, KaK HCHOJb3YeTcsl PEKYPCHA BO BTOPOM NpaBuJje ISt
fpeguKaTa NPUHALAEKHT, 3aMEeTUM, UTO KaXAbIH pas, KOrjia npH Imo-
HCKe COOTBETCTBUS [JIs1 11eJeBOr0 NPeAHKaTa NPHHAANEHKHUT MPOHCXO-
IUT PEKYpPCHBHOEe ofpallleHHe K TOMY Ke NpeAuKaTy, HOBas Lefb
dopmupyeTcss A5 GoAee KOpomKo2o CHCKAa. XBOCT CHHCKA Becerja
SBJIsIeTCs G0JIee KOPOTKHM CIIHCKOM, 4eM HCXoAHbill cricok. OueBua-
HO, YTO PaHO HJH TO3IHO MPOU30HJAET OJHO M3 ABYX COOBITHH: JHGO
MPOU30HIET COMOCTABJIEHHE C MEPBLIM MPABHJIOM IJI7 NMPHHANJIEKHT,
A160 B KauyecTBe BTOPOro aprymMeHTa NpHHANeXHT Oyjer 3aian
cnucok JuHb 0, T. e. mycro#t cnucok. Kak ToJbKO BO3HMKHET O/HA
H3 3THX CHUTYalHH, NPEKPaTHTCS PeKypPPEHTHOe NOPOXKIEHHE lesed
IJIs1 TipefinKaTa npuHaaaekut. [lepBoe rpaHiyHOe YCIOBHE Paclo3Ha-
ercst (haKTOM, KOTODBI He BhI3HIBAET MOPOMKAEHHS HOBBIX NOJILENEH.
BTopoe rpaHHYHOE YCJIOBHE HE PACO3HAETCS HH OJIHUM H3 YTBEpKIe-
HHH /1 TMPHHALJIEKHT, TAK UTO MPOHECC NOMCKA CONOCTaBHMOro
9/IEMEHTA CMHCKA JIS HEJEBOTO YTBEPIKAEHHS MPUHANMEKHT 32KOH-
yuTCA HeyjgaueH. DTo IeMOHCTpHpYeT cjenylomwui npumep Ha [Ipo-
Jore: -

npuHannaexut(X,[X]_]).

npunaanexut(X,[_|Y]) :— npusagnexur (X,Y).

?— npunagnexut(d,la,b,c,d,e,f,gl).

Ja

?— npunanexnt(2,[3,»,4,1]).

HeT
[Tpennonoxum, MBI BBeJleM BONPOC

?— npuHaanexur(clugate,lcurragh_tip, music_star,park_
mill, ortland]).
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Tax xak clygate e comocraBumo ¢ curragh_tip, To npoucxomur
CONOCTaBJIEHHE CO BTOPLIM MPaBHJIOM JUIsl npHHajgAexuT. Ilepemennas
Y nonyuaer 3Hauenne [music_star, park_mill, portland], u nopox-
Jaercst cJeAyiollas Iesb: ONpeAenTb, NPHHaMJIEXKRAT JH clygate
s1oMy cnicKy. OnaTh NPOUCXOAUT CONOCTAB/EHHE CO BTOPHIM NpaBy-
JIOM, ¥ CHOBA BBIJEJsIeTCs XBOCT cnucka. TeKytiel 1e/blo CTaHOBUTCA
npuHapiexut (clugate,[park_mill, portland]) ror npomecc pekyp-
CHBHO INIOBTOpsIETCST A0 TeX [Op, NMoka Mbl He JoOepeMcs 710 LeJH, y
kortopoii X ectb clygate, a Y ects [portland]. [Iponcxonut eme ogno
COTIOCTABJIEHHE CO BTOPHIM IIPAaBUJIOM, U Tenepb Y KOHKDPETH3HPYeTcH
xBocToM crnucka [portland], koTopuifi ABAfETCA IIYyCTHIM CHHCKOM.
Crenyollell nenblo ctaHoBUTCst npuHapiaexuT (clygate[]). Hu ogno
13 NpaBUJ B 0ase JAHHBIX He COMOCTABHMO C 5TOH Leapio, TaK 4TO
11eJ1b OK23bIBAETCS JIOKHOH U OTBET Ha BONPOC Oy IeT OTPHIATENbHBIM.

BaXHO NOMHHTB, 4YTO Ka)KABIi pa3s, KOrAa IPH COrJIacoOBaHHH
NpUHAJNEeXUT ¢ 6a30fl JaHHBLIX BBIOUDAETCS BTOPOE YTBEDXKIEHHE
sTOro npeaukara, Ilposor paccmaTpyBaeT pPeKypCHBHOe ofpallleHHe
K IpeluKaTy NPHHAMJIEKMT KAaK I[OMNBITKY HAHTH COOTBETCTBHE MLJIA
HEKOTOPOH HOBOH €ro «KONHH». DTO NpefoTBpalllaeT MyTaHHLY Hepe-
MEHHBIX, COOTBETCTBYIOUIMX OAHOMY VIOTpPeGJIeHHIO YTBEpKAEHHA,
¢ NepeMeHHBIMH, COOTBETCTBYIOUIMMH IPYroMy ymnoTpeO/eHHIO 3TOro
K€ YTBEPKICHHS.

Ilpennkar OTHOWIEHHS OPHHAJJIEKHOCTH HACTOJABKO [0JIE3eH,
4TO MBI elle HeOJHOKpaTHO OyAeM HCNOAb30BATh €ro B OCTaBlIeHCs
yactd 3Tod KHHUrH. IlpearkaT npuHajexUT BakeH elle H INOTOMY,
YTO OH INPEACTABJSET MPAKTHYECKH HAUMEHbIIMH MOJE3HBIH mpuMep
PeKYPCHBHOTO NpeiuKaTa — oripeje/eHHe NPeAHKATd NPUHALICKHT
COJEPXKHT YTBEPHAeHHS, KOTOPble MOTYT ObITH MPOBEPEHBI C IOMO-
Li{bIO TOJMBKO TOTO e CaMOro npefiKaTa NpUHaLaekuT. PekypcuBHEIe
onpesiesleHHsi 4acTo BCTpewaloTes B nporpammax Ha Ilposore, u onu
II0JIHOCTBIO PABHONPABHBI ¢ APYTUMH omnpeleneHusiMH. OAHAKO Hajo
OLITL OCTODOXKHBIM, YTOOBI HE JOMYCKATh «3aKOJIBILOBAHHBIEY OmNpejie-
JIeHUd, KaK, HanpuMep, cJelyroilee:

poautenn(X,Y) :— pebenor(Y,X).
peGerok(A,B) :— poautenn(B,A).

B stoM npHuMmepe, yToBBl corsacoBath ¢ 0430 JaHHBIX IEJeBOe yT-
BEPKACHHE POAMTENb, HEOOXOAHMMO COIVIACOBATH INOALENb PeGeHOK.
Onuaxko onpejesieHHe J1si peGeHOK NPHBENET K NOSABJIEHHIO eIUHCT-
BEHHOH MOANEJH — POAMTeNb. DBbl MOMKHBI MOHMMATh, HOUYEMY
BONPOC, COAEPKALNUH B KayecTse HeJeHl poAHTeNb UK PeGeHOoK, NPpHEBO-
IMT K LHKJY, HaX0oAAch B KoTopoM [IpoJor He cMOxkeT HAlTH KakHe-
Jin60 HOBble PAKTHl, H 3TOT IUKJ HUKOTA He 3aBEPIUHTCH.

Onuxa BaxkHas npobJema, Ha KOTOPYIO cllelyeT ofpamiarb BHUMA-
HHE B PEKYDPCHBHBIX ONpefe/ieHUsX,— 9TO AeB0CMOPOHHAN PeKYpCus.
OHa BO3HHKAeT B cjlyyae, KOrAa NPABHJIO MOPOXKIAET NOAUENb, MO
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CYLLeCTBY 3KBHBAJNEHTHYIO UCXONHOH IiesiH, KOTOpasi SIBHJAChL I1IpH-
UHHOH HCNOJIb30BaHHUS 3TOr0 mpaBuJa. Tak, ecau Obl MBIl ONpeesTHAN
npeaMkaT

uenoBek(X) :— uenoek(Y), mars(X,Y).
uesioBek (azam).

¥ BBEJIH BOOPOC
?— yestoBek(X).

1o Ilponor cnauasna Hcno/ab3oBai OBl NMPaBHJIO H PeKypPCHBHO MOPO-
aun noauesb yeaoBek (Y). [lonbiTka HAHTH COOTBETCTBHE 3TOH Ie/H
BHOBb NpHBesa Obl K BbIGOPY 1epBOTO NMpaBH/a H MOpPoAHuJaa Obl ellle
O/IHY HOBYIO 3KBHBaJIeHTHYIO nojuens. ¥l tak pajee, 10 Tex nop,
MoKa He Hcyeprnajuch Obl BRIYHCIHTENBHEIE pecypchl. KoHeuHo, ecH
6bl OblIa BO3MOXKHOCTBH HCMOJB30BAaTh MEXAHH3M BO3BpaTa, TO Obla
OBl Ha#lleH coofLeHHBIA B onpefeseHuH (akT o6 Ajame H HayaJaoCh
6bl nopoaeHue pemenuit Y. Oumbxa 3ak/aouaeTcs B TOM, YTO ANS
TOro, YyTobBl HavaJcs BO3Bpar, [Iposor nosmkeH motepneTh Heyzauy
NpH NpPOBepPKe MEepBOro yTBep:KAeHHs. B IaHHOM ke c/aydae MOMCK
pelieHus OKa3biBaeTCsl HEOoNpejeseHHO AJMHHBIM, H HET HHUKaKOH
BO3MOKHOCTH 3aBepUIATbL 3TOT MOUCK C yCmexoM JHGO ¢ Heyaaded.
M3 Bcero ckasaHHOTO BBHIIE MOXHO H3BJIEUb CJIEIYIOLLIYIO MOPasb:

He crenyer npennonarars, uro TONBKO NOTOMY, 4TO BBl NpefocTa-
BHJIM BCe OTHOCsILIMeECs] K Ieny (akThl M mpasuJa, [Iposor Beeraa
nafizer ux. CosmaBas nporpammy Ha IlpoJiore, Bbl Bce BpeMs
IOJIXXHBL PelCcTaBasiTh, KAKUM ofpasom [IpoJor ocymecTsiseT
NOMCK B 0ase JAHHBIX H KakHe NepeMeHHBle OYAYyT KOHKPETH3H-
poBaHH, Korza OyleT HCMNOJBL30BAHO OAHO H3 BAalUUX [PaBHJI.

Ins mpUBEAEHHOTO NpHMepa MMeeTcsl MPOCTOH CHOCOO yCTpaHeHH s
OUIHOKH ~— MOMeCTHTh (DAaKT mepel NpaBUJIOM, a He Hocsae Hero. B
JeACTBUTENBLHOCTH CYIIECTBYET XOPOWIMEH 3BPHCTHYECKHH NMPHHLMM:
noMelaTh, TJie 3TO BO3MOXHO, (axkThl mepex npaBuJjaMu. Huorza
NpH pasMelleH’H NPaBUJ B HEKOTOPOM KOHKPETHOM MOPSAAKe MOXKeT
BO3HHKHYTb CHTyallMsl, KOTAa OHH OYAyT IpaBUJIbHO padoTarh Ais
mesiefl OAHOrO BHAA M He 6yayT paboraTh AJsA ueJed APYroro BHIA.
PaccMoTpuM cieflyiolliee ompesieieHHe npeaukara ¢nHcok (X), npH
KOTOPOM MpPEAHKAT CNHMCOK SIBJAsSETCS HCTHHHBIM, e€clH X — CIHCOK,
noc/JeHUH 3/7eMeHT KOTOPOro HMEeT B KayecTBe XBOCTA MyCTOH CIH-
COK:

cmucok([A |B]) :— cnucox(B).
crrcor([1).

D 310 Morso 6Bl MPHBECTH K ycllexy NPH COOTBETCTBYIOLIEM ONPeIeaeHHH npe-
auxata mMatb.— [Tpum. ped.



74 Ia. 8. Hcnonvsosanue cmpyxmyp OaHHbix

Ecau Mbl vcnosib3yeM T4 npaBuJia LS [OJyYeHHs OTBETOB Ha BOI-
POCHI, TOAOOHBIE CJIeyIOIUM:!

?— coucok (la,b,c,d}).
?— cmucok(l]).
?— cmucok(i(1,2,3))

TO JaHHOe omnpefiesieHHe Gyjer paGorath xopowo. Ho ecan Mbl cie-
JlaeM 3anpoc

?— cnucok(X).

TO Tmporpamma sauukganTcA. [lpeaukar, aHaMOTMuUHBLIH NpeauKaTy
CTIHCOK, HO HeNoABEPIKeHHBI! 3allMKJHBANHIO, 3a1a€TCs CJIe/y IOLIHMY
IByMA (akTaMu:

ofobmeHHbH _ criucok([1).
o0o6ieHHbIH _ crucok([_ | ]).

B sToM BapuaHTe npoCTO HpOBepsieTCsl HAauajJo CNHCKa, a He TOT
dakT, uTO TOCTAEAHHI XBOCT CIHCKA sIBJASETCH MyCTHIM cnuckKoM ([1).
Tlocnennee onpesesienne He siBJASIETCS] TAKHM JKe CTPOTHM TECTOM Npa-
BHJIBHOCTH CITHCKA, KaK OMNpejesieHue npeiuKata CNKCOK, HO OHO He
NPHUBELET K 3aIMKIHBAHHIO, €CJIH aPTYMEHTOM SIBJSETCS NepeMeHHas .

3.4, Ilpumep: npeoGpasosaHHe NpeNIOXKeHHH

Paccmorpum nporpammy Ha [lposore, kKotopast B OTBeT Ha BBe-
NEHHOE C TEpMHHAJA MpesoKeHNe (Ha aHTJIMACKOM fI3BIKe) neuaraer
Apyroe npeasioxeHue, npeicTaBasiollee npeobpa3oBaHHOe HCXOAHOE
npeinoxente. DT1a mporpamma A8 «OTBETOB» IPOTPAMMHUCTY MOIJa
6bl MOJJepPKUBATDL CJACAYIOIKH AHANOT:

Bl you are a computer (Broi—3BM)
IMpoaor: i am not a computer (f1—ne 9BM)
Bun do you speak french (Bsirosopute no-ppanuyscku?)

Iposor: no i speak german  (Her, $ roBopio no-ueMernKk)

XOoTa 3T0T AMAJOT MOMKeT MOKa3aThbes HaTHYTOH, HO BCe JKe OCMBIC-
JIEHHOH Oecelof, O4eHb JIETKO HAMHCATb NPOrpaMMy, BBIIOJHSAILYIO
CBOIO «4acTb» Auanora. [Jisg 3TOro JOCTATOYHO MPOCTO MOC/ENOBa-
TeJbHO BHINOJHATE CJAEAYIONfe NeHCTBHSA:

1. BBecTd npeasoxeHHe, HaGpaHHOe MOJH30BaTENIEM Ha TepMHHAJE.
2. 3aMeHHTDb KaXkJo0e BXOXKIEHHE CJIOBA you Ha CJIOBO i.

3. AHanornyHelM 06pa3oM 3aMeHHThL are Ha am not.

4. 3amenuts french Ha german.

5. 3amenuts do Ha no.

Ecan npuMmenHTh JaHHYIO CXeMy mnpeoGpasoBaHHsl K HalJdeXkallHM
06pa3oM 1nofoGpaHHEIM NPeAoXeHHAM, MOJOGHBIM HCNOJb30BAHHBIM
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B IIDHBCACHHOM BBILIEC AHAJOre, TO NOJYUYUM OCMBICJEHHbIE npeo6pa-
30BaHHBIE NPENJIOKCHUS. OllHaKO 9Ta CXeMa NpPHUMEeHHMa He KO BCEM
npeanoxenusm. Hanpumep:

Ber: i do like you (s me#icTBuTeNBHO MI06/I0 Bac)
[Mposor: i no like i (1 He mobmo cebs)

Ho ecnu npocras mporpamma y»xe HamHcaHa, TO BIIOCJTIEIACTBHH ee
MOXKHO MOJM(HUIMPOBATL Tak, YTOGbl OHA CHPABJSIACh U C Opelio-
JKEeHMSIMH, TIOJIOOHBIMH MPHBEAEHHOMY .

ITporpamma na [lposore, npeoGpasyiomas OfHO NpeNTOKEHHE
AHTJIHHCKOrO fISbIKA B JPYroe, MOMKET ObITh peann30BaHa CJeLYIOMHM
obpasoM. IIpexze Bcero Heo6XoAHMO OCO3HATB, 4TO HMeeTcs OTHO-
HIeHUe MeXX1y MCXOAHBIM NpelJoxKeHHeM U [1peofpa3oBaHHbIM. B cBs-
34 C 3TUM HaM CJIeAyeT ONpeleINTh NPeAMKaT, HasplBaeMblll npeodpa-
3oBarb. IIpeoGpasoBath(X, Y) o3uauaer, uto mnpepjoxeHve X Mo-
KeT GObITb npeobpasoBaHo B npeuoxenne Y. [pepnoxenns X u Y
YIOGHO NPeACTaBAATh B BUJE CIHCKOB aTOMOB, 0603HAUAIOINX CI0BA,
TA4K YTO MNPEIJIOKEHHA MOIYT ObITh 3aNUCaHbl CAeAYIOWUM 06pa3oM:
[ this, is,a, sentence] (310 HekoTOpOe mpeamoxkenue). Onpenesaus npe-
JIMKaT npeobpa3oBaTh, MBI MOIVIM Obl oOpamarbcs K Ilposory c Bo-
npocamH BHja

?— mpeoGpasoBatb([do,you,know,french],X). (3naere Jm B
(bpaHLy3cKui)

Ha urto [Iposor orBevan 6rl
X =[no,i,know,german] (Her, 1 3Hal0 HeMeUKHIi).

He crepyer ofpaiiaTh BHMMaHHe Ha TO, YTO BBOAMMOE H NeyaTaemce
B OTBET NPEAJIOKEHHS NPEJCTaBNeHb! B TAKOH HeeCTeCTBeHHOMH dopme
¥ He MOXOXKH HA OObIYHBIE MpeJIOXKeHHs. B nocsepyrowHx riaBax
MBL 06Cy MM criocobbl BBOJA H BLIBOAA CTPYKTYD B BUJe, YAOOHOM AJs
uyTeHHs. B naHHbI MOMEHT HAC HHTEpeCYIOT JIHILUb crocobkl npeobpa-
30BAHUA OJIHOTO CIIHCKA B ApYTOH.

Tak kak aprymMeHTamH npeauKara NpeoOpPa3oBaThb sIBJSIOTCH
CTNHCKH, TO MNpEeXJAe BCero cjefyeT PacCMOTPETh, UTO INPOHU3OHJET,
€cJI1 MCXOAHBIA CIMCOK MycTOH. B 9TOM ¢/lyyae Mbl CKaxeM, YTo myc-
TOH CITUCOK MpeofpasyeTcs B NYCTOH CIHCOK:

npeoSpasosats([l, [1)

Wann, unave: smo ¢axm, 4mo npeobpaszosarue nycmoeo cnucka Oaem
nycmoi cnucox. EcMM npHYMHBL A TOrO, YTOGH paccMaTpHBaTh
OYCTOH CMHCOK, 3JeCh He OuYeBHJHBI, TO NOCJAELyIOLee H3/OKEHHE
nposicuut Ux. Jlamee HaMm caefyer pazoOpaThCs B TOM, UTO OCHOBHBIE
JeHCTBHUSA peauKara npeoGpa3oBaTh 3aKJIOUAIOTCS B CJAEAYIOLIEM:

-1. 3amenurs roJIOBY BXOJHOTO CIHCKa COOTBETCTBYIOUIMM CJIOBOM
H IOMECTHTL 3TO CJIOBO B BLHIXOAHOH CIUCOK B KauecTBe I'OJIOBLL.
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2. IlpeoGpazoBaTh XBOCT BXOAHOrO CHMCKA M CHEJaTb €ro XBOCTOM
BBIXOJHOI'O CIHCKA.

3. Ecau MBl JOCTUIJIM KOHI@ BXOJHOT'O CIIHCKA, TO K BBEIXOJHOMY
cnucKy GoJblre HUYero no6aBaATh He HAlO, H Mbl MOXKeM 3aBep-
WKTh BBIXOQHOH CMHUCOK MYCTbIM CMHCKOM [].

[Nepeponst 310 Ha A3bIK, Gosee Gau3kuil K [Ipodsory, MOXHO CKasaTh:

I1peobpasosanue cnucka ¢ eoarceoti H u xeocrmom T Oaem cnucox
¢ eoao60t X u xeocmom Y, ecau samena caosa H Oaem caoso X,
a npeobpasosarue cnucka T daem cnucox Y.

Tenepb caenyeT ckasaTb, YTO 3HAYHT «3aMEHHTE» OAHO CJOBO HA
Ipyroe. D10 MoXeT GbITh C/€MaHO NPH HAMHYUU B fa3e LaHHBIX (ak-
TOB BHJa 3aMeHUTh(X, Y), 03HAYaOUMX, UTO CJOBO X MOXKeT ObITh
3aMeHeHO c¢joBoM Y. B KoHie 6a3bl JaHHBIX cCJelyeT IOMeCTHTb
(paKT-«/JI0BYLIKY», TaK KaK €CJH CJOBO He 3aMeHseTcsl APYTuUM CJo-
BOM, TO €ro CJIeNyeT 3aMeHHTh caMuM coboi. Ecuau cefiuac He coBceM
MOHATHO Ha3HAYeHUE «JIOBYIIKH», TO NMO3JHee, KOTrJa Mbl OODBSICHUM,
Kak paboTaer nporpamma, 3TO JOJXKHO CTATh SACHBIM.

Posp Takoro ¢axkra-noBywIKH BhINOJAHAET GakT 3amenuTh(X,X),
KOTOpHIH 06o3HAauaer, YyTo CJIOBO X 3aMeHsieTcss caMuM coboit. Hiuxke
npHuBejeHa 6a3a JaHHbIX, o6ecleulBaollas yKa3aHHble BbllUE 3aMeHb
CJIOB:

3aMeHnTh(you,i).

3ameHuThb(are,[am,rot]).
3amenuth(french,german).
3ameHHTb(d0,Nn0)

3aMeHUTH(X,X). /% 3T0 ¢aKkT-JOByLIKA */

3ameruM, uto ¢dpasa «am not» npeacTaBJdeHa KaK COHMCOK, TaK 4ToO
OHa BXOAHT B (JaKT KAK OJUH apryMeHT.

Termepp MOXHO nepeBecTH NPHBEJEHHEBIH BBILIE TEKCT HA IICEBJO-
Ilposnore B Hactosutyio mporpammy Ha Ilposore, noMHsi, 4To 3amUCh
[AIB] o6osHauaet cnycok, umeronui rojaosy A U xsoct B. Mel noay-
yaeM HeuTO NoJ0GHOe CefyIOIEMY :

npeo6pasosats((],[]).
npeo6pasoBatb({H|TLIX]Y]) :—
sameHuTb(H,X), npeo6pasoBats(T,Y).

IlepBoe yTBepxIeHHe B IpPHUBEJEHHOH MNpoLenype NpPOBEPSET, $iB-
JIsfeTcsl JIM apryMeHT NyCThIM cnuckoM. OHO Ke NpoBepsieT OKOHYa-
HHe cnucka. Kak? PaccMorpuM ato Ha npumepe:

?— npeobpasoBatb([you,are,a,computer],Z).

1ot Bonpoc 6bl 6bl COMOCTABJEH C OCHOBHHLIM NMPABHJIOM JUIS Mpe-
o6pa3oBatph, nIpH 5TOM nepeMeHHast H monyuuna 6bl 3HaueHue you,
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a nepemennas T — suaueHne [are,a,computer]. 3arem Gblia 6wl
paccMOTPEHA NOAeab 3aMeHUTDb (you, X), HalleH NOAXOAAWHKH (akT
¥ nepeMeHHas X crana Ovl paBHO¥ i. Tak xak X siBjasteTcss roJIoBO#
BBIXOJHOTO CIHMCKa (B LEJEBOM YTBepIKAEHHH npeoGpasoBaTh), TO
nepBoe CJOBO B BBIXOJHOM CHHCKe ecTh i. Jlasee, nouck cooTBEeTCTBHSA
sl oAues M npeoGpaszosath ([are,a,computer], Y) npusen 6wl K uc-
HOJIL30BAHUIO TOro Ke npapusa. CJOBO are B COOTBETCTBHH C HMEIO-
meiics 6a30f JaHHBIX 3aMeHsieTCAl Ha CNHCOK [am,not], u rexepupy-
ercd Jipyras noiuenb ¢ NpeiMKaToM MpeoOpa3oBaTh — npeobpaso-
BaTb([a, computer], Y). Mimerca ¢akr samenntb(a,X), HO Tak Kak
B 0ase JaHHLIX HeT (paKTa 3aMEHUTb, NEPBLII apryMeHT KOTOPOTO
paBeH a, To OyJeT HalneH (QAaKT-JIOBYIIKA, PACTONOXKEHHLH B KOHIE
6a3bl JaHHBIX, 3aMeHsomud 'a’ Ha ‘a’. IlpaBuso npeoGpa3osaTh
BBI3LIBAETCA Cllle pas ¢ computer B KauecTBe TOJIOBbL BXOJHOrO CIHCKA
H nycmoim cnuckom [] B KauecTBe XBOCTA BXOJHOIO chvcka. Kak u
panee, aameHuTh(computer, X) conocrasjasieTcs ¢ GakTOM-JOBY IHKOH.
HaxoHel, npeoGpa3oBaTb BEI3bIBAETCA C MYCTHIM CIHCKOM HAa MeCTe
NepBOrO apryMeHTa, M NPOUCXOAHT CONOCTaBJEHHE C II€PBBLIM yT-
BePKICHHEM TpefHKata npeoGpa3oBaThb. Pe3yJbTaTtoM SIBJASIETCS
MyCTOH CIHCOK, KOTOPHIH 3aKaHuHBaeT Npeobpa3oBaHHOE NpeasokKe-
HHe (HAMOMHHM, YTO CIHCOK 3aKaHUMBAETCA MYCTHIM XBOCTOM).
B sakawouenue Ilposor oTBeuaer Ha Bompoc, neyaras

Z=[i,lam,not],a,computer]

OtmeTuM, uTo ¢pasa [am,not] nossiasercs B CIHCKe TOYHO B TAKOM
e BHJe, KaK OHa Ohl/1a B HEro BCTaBJeEHa.

Tenepb A0MKHB! GbITH SCHBI NPUYUHBL NOSABJIEHUA B 6a3e AAHHBIX
¢akra npeoGpasosatb ([],[]) ¥ baxTa-JoBywKH 3ameHUTH(X,X).
®akThl, NOAOOHBIE ITHM, YacTO BKJIOUAIOTCH B MPOrpammy, KoOria
tpebyeTcsl NPOBEPUTH BLIIOJNHEHHE TPaHMYHBIX ycaosui. s npuse-
JEHHOTO Bbille OGBACHEHHS NOJMAKHO OBITh SCHO, UTO BBRIXOJ Ha rpa-
HHYHbIE YCJIOBHS MPOHCXOJHT B cjydae, KOTJAA BXOAHOH CHUCOK CTa-
HOBHTCH ITYyCTHIM H KOTZd OKAa3bIBAIOTCS NIPOCMOTPEHHBIMH BCe haKThl
IJIs IpellMKaTa 3aMeHHTb. B 060HX c/yuasXx BLIXOa Ha TpaHHYHEBIE
yCJIOBHSI HEOGXOIUMO BHITOJHUTE ONpeleNieHHble feicTBUs. B cayuae
KOrZa BXOAHOH CHHCOK CTaHOBHUTCS NYCTBIM, HEOOXOIHMO 3aBEPIIUTh
BBIXOZHOH CNMCOK (BCTaBHB NMYCTOH CNMCOK B erc KoHen). Ecau mpo-
CMOTPEHBl Bce (DakThl IS NpeIuKaTa 3aMEHHTb, HO NpPH 3TOM He
obHapy:keH GaKT, cojepKallil JaHHOe CJIOBO, TO 5TO CJOBO JOJKHO
OCTaThCsl HEH3MEHHBIM ([yTeM 3aMeHbl €ro caMHM coboil).
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3.5. Ilpumep: ynopsjpoueHue no andaputy

Kaxk mpl Bugesnn B 1. 2, B Ilposiore cyuiecTBYIOT NpeAHKaThl A4
CPaBHEHHS LeJbIX udcesi. B npHIOKeHHAX, MMEIOWHX JAeJ0 CO CJIo-
BaMH, HanpuMep pafora CO CJAOBapsMH, [OJIE3HO HMETb NpeauKaT
JJIsT CPABHEHHS 408 B COOTBETCTBUH C alhaBHUTHBIM MOPAJAKOM.

Paccmotpum mpenukar, KOTOPHI MBI Has3oBeM MeHbuie. Ecau
npejnkar menbiie(X, Y) UCIOAb3YeTCA B KaueCTBe LEJEBOIO YTBED K-
IEeHHs, TO OH UCTHHEH (T. €. coryiacyercs ¢ 6a3oil 1aHHEIX), ecd X H
Y o6osHavawT atombl U X no anadasuty mpeamectsyer Y. Tak, mpe-
IUKaT MeHbuie(ap6ys3,6ykBapp) HCTHHEH, a MeHbLie(BeTep, ABTOMO-
6uab) noxkeH. TouHo TaK Ke A0MKeH ObiTh JOXKeH U NPefHKaT MeHb-
we(kapTuHa, kapTuHa). CpaBHUBas JABa CJ10Ba, Mbl CPAaBHHBAeM HX
1noc/efoBatesbHO, 6YKBa 3a 6YKBOH M IIPH CpaBHEHHH KaXKAOH 6YKBLI
ompezenseM, Kakoe H3 CJAeAYIOUIMX YCJAOBHH HMeeT MecCTo:

1. JIoCTHrHYT KOHeEll mepBoro ¢J10Ba, HO He JIOCTUTHYT KOHeL BTOPOro
cJ10Ba. DTO UMeeT MeCTO, HanpHUMep, B cJaydyae meHbuie(nap, napo-
B03). Ilpy BO3HHKHOBEHHH TaKOH CHTyalUUH MpeIHKAT MeHbLue
JOJDKEH CUMTaThCsd HCTHHHBIM (T. €. COIIACOBAaHHBIM ¢ 6a3ofl JaH-
HBEIX).

2. OuepenHass nuTepa B NEPBOM CJIOBE HpENIIECTBYET B agdaBHTe
COOTBETCTBYIOIEH JHTepe BO BTOPOM cjoBe. HampuMep, mMeHbiue
(cnoBo, caoH). Byksa '8’ B CJIOBe CJI0BO MpeAUIecTBYET B aidaBuTe
6ykBe 'H’ B cjoBe CJOH. B 3TOM cityuyae npegukaT MeHbiue HCTH-
HeH.

3. Jlutepa B nmepBOM CJIOBE COBMaAaeT C COOTBETCTBYICHIEH JHTEPOH
BO BTOPOM cJ/IoBe. B 3TOM ciyuae cjeayeT HCOOIb30BaTb HPEH-
KaT MeHbIle J11 CPABHEHHS OCMABUIUXC Aumep B OOOHX CJIOBaX,
Hanpumep, ecin nano MeHsuie(06aako, 0aeano), To, Tak Kak o6a
apryMeHTa HauMHaOTCA ¢ OYKBBI '0’, HEOGXOAHMMO B3fITh B Ka-
yecTBe CJefyIolled LeaH MeHbue(61aKo, Aes10).

4. OJHOBpEMEHHO JOCTHIHYT KOHel[ MepBOro H BTOPOTO CJOB, Kak,
HanpuMmep, B cJyuae MeHble(a6.10ko, 1640k0). [Ipn BO3HUKHOBe-
HHH TAKOrO YCJIOBHS MPEAHKAT MeHbiie JOJKEeH ObIThb JIOXKHBIM,
TaK Kak 00a c/0Ba sIBJAAIOTCH ONVMHAKOBBIMH.

5. OGpaGoTaHbl Bce UTEPHl BTOPOrO CJIOBA, HO elile OCTAIHCh JIHTe-
pHl B NIEpBOM CJIOBe, KaK, HarpHUMep, B ciyuae MeHbme(andasut-
Held, andaeut). B Tako#l cuTyaudyu npeaMkaT MeHbIe JOJIKeH
ObITL JIOXKHBIM.

[ocse Toro kax copMyJIHPOBAHBl MEPEUHCIEHHBIE BHIIIE YCAO-
BHf, 3aja4a nepesoja HX Ha [IpoJor siBAsiercss AOBOJIBHO IPOCTOM.
Bynem npencraBasTh c/oBa B BHAE CNHCKOB JHTep (LEJBIX uHces
H3 HEKOTOoporo auanasona). IlJjsi 3Toro HeoGxoxuM cnoco6 npeoGpa-
30BAaHUS aTOMa B CIIHCOK JIUTEP. DTy GYHKIUMIO BBINOIHSIET BCTPOEH-
nbii opegukar Ilposnora name(uMs). lleneBoe yTBepxaeHie name
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(X, Y) cornacyercs ¢ 6a30il faHHBIX, KOTJa aToM, SIBJISIONHCS 3Ha-
uyeHHeM X, COCTOHT U3 JIUTEP, KOJAbl KOTOPBIX 00pasyioT CMHCOK, sIB-
Jgstioinniics 3Haudenvem Y (dcnogbayiores: Kombl ASCII). Orceutaem
yHTaTeJs K IV, 2, ecsd OH 3a6bla1, yto Takoe Koabl ASCII. Ecau onun
H3 apryMEeHTOB He onpezaeneH, To [Iposor npeAnpuMeT NonbLITKy KOH-
KPETH3HPOBAThL €ro, CO37aBas COOTBETCTBYIOILYIO CTpYKTypy. Ilo-
3TOMY MOXKHO HCMOJIb30BaTh NpPeAHKAT name JJis npeoGpasoBaHus
c1oBa B cmucoK Jaurep. Hanpumep, snas, uro xox ASCII ans ’a’
ects 97, kox ans I’ — 108 u kox gns ’p’ — 112, MOXKHO 3anaBaTh
cJeyIole BONPOCH:

?— name (X,[97,108,112])
X=alp

?— name (alp,X)
X=197,108,112]

IlepBEIM yTBEpKIEHHEM B ONpeNeNeHNH NPENUKATa MeHbIE SBJIseTCs
cJlelylolee npaBuJIo:

merbine(X, Y):— name(X,L),name(Y,M), wmenbme _I(L,M)
DTo npaBusio cHauaja NpeobpasyeT cJOBa B CIHCKH, HCHOAb3YHA
npefrKkar name, H 3aTeM C NOMOIIbIO nMpeinkarta mMeHpme_1 (6yaer
onpejesieH HHXKe) CpaBHHBAeT CHHMCKH HA COOTBETCTBHE aJsihaBUTY.
Onpenenenyie npeAukarta MeHble_1 COCTOUT M3 yTBepPXKAEHUH, pea-
JH3VIOIUX TNpPHBEeIeHHBIA Bhllle HaGop ycsosHi. [lepsoe ycaobue
SIBASIETCS VICTHHHBEIM, KOTAA NepBbl apryMeHT ecTb NYCTOH CIHCOK,
a BTOpOH apryMeHT — 5TO NPOH3BOJIbHBIN HENYCTOH CIHCOK:

menbime_1({], [_|_D.

Bropoe ycsioBHe 3amkchiBaeTcs CJAEAYIOUUM 06pasoM:
menbie_HIX|_LIY_) (— X<Y

HanomHnm, uto aprymenraMH mnpepukara Mesbliue_ 1 sIBJASIOTCS
CIHCKH 4HCeJd, TaK 4TO pa3pellaeTcss CPaBHUBATDL 3JEMEHTHl 9THX
CIUCKOB, UCNOMb3ys npeiukar ’<’. TpeTbe yc/oBHe 3anucChIBaeTcsl
cJIeTyIOUIMM 06Pas3oM:

menbwe_1(IA[XL,IBIY) :— A=B, wmenbme_1(X,Y).

Hakonen, pgBa nocnefHUX YCJIOBHSI ONHCHLIBAIOT CHTyaluM, KOraa
NpeayuKar JoXeH, T. €. He coryacyeTcs ¢ 6a30# AaHHBIX, TaK YTO eCJIN
Mbl He TPEe1yCMOTPUM HHKAKHX COOTBETCTBYIOIMX HM (aKTOB HJIH
OPABHJ, TO NMPH HCIOJAb3yeMOM MeXaHHM3Me MOHCKa B fase JaHHBIX
JIOKA3aTeJIbCTBO COTJIACOBAHHOCTH JIIOGOrO 1eJNeBOr0 YTBepKJAeHHs,
IJisl KOTOPOr'O S5TH YCJOBUSI CIPAaBEJIHBLI, 3aKOHUHTCA Heyadei.
Co6upast Bce mpaBHJa BMeCTe, NOJYYHIM

meHbwe(X,Y) :(— name(X,L), name(Y,M), wmennwe _I(L,M).
menbie_1([], [_I_]).
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menbiie_1(IXI_J, YI_}) :(— X<Y.
menbme_1([PIQ], [RIS]) :— P=R, menswe_1(Q,S).

3ametuM, 4TO TpeThe NMPAaBUJIO /s MeHbwe_l MOXKHO GBLIO Ob 32-
nucaTh GoJiee eCTECTBEHHO TaK:

menbe_l({H|QI, [H|S]) :— wmennuwe_1(Q,S).

Ynpaxuenue 3.1. [Tonymaiite, kakoe ellle yTBepKIeHHe HEOOXO-
AUMO NOGABUTHL K 3TOMY ONpeneseniio Tak, yTofbl npeiukar Obla ue-
THHEH U B TOM CJyuae, KOTJa JABa CJIOBa COBNAjaloT. B pesyJbrare
MOJTYYHTCS] MpeNHKar, MPOBepSIOHi, MeHblle HJIH paBeH MepBbii
APTyMEHT BTOPOMY no aidaBuTy. ¥Yka3anne: oOpaTHTe BHUMaHHE Ha
ycJIoBHe (4), mpHBeleHHOe Bhillle, H BCTaBbTe YTBepiKAeHHe, obpaba-
THIBAIOIIEE TO YCJAOBHE.

Ynpaxuenne 3.2. TloueMy B nepBoM yTBep:KACHUH AN nNpefuKara
MeHbme_1 B KauecTBe BTOPOTO apryMeHTa HCIIOJIb30BaH CIIHCOK
{—]_]? ITouemy HemOCTATOYHO HCIIOJB30OBATHL CIUCOK [_]?

3.6. Ucnosnb3zoBanue npegukaTa npHCOETHHHUTD
H cneunduxauua peranei

IMpennkar npucoesMHHTh, 06pabaTHIBAIOMMA CIIHCKU, HCIOIbIV-
eTCcA AJIS CO3LaHMS HOBOTO CIHCKA, sBJAKLIErOCs pe3yJbTaToM coe-
JIHHEHHS BYX ApYTrHX cmuckoB. Hampumep, BepeH caenyouwell Qakrt:

npucoenuuuth(la,b,cl, [3,2,1], la,b,c,3,2,1]).

[pennkar npHcOeAHHUTb HANGOJEE YAaCTO HCMOJB3YETCS 1Jf CO3.la-
HHS HOBOIO CIIHCKa B pe3yJbTaTe KOHKAaTeHAlMH ABYX APYIHX crH-
CKOB, KaK B CJeJYIOlEeM NpHMepe:

?— npucoeaunntd (lalpha,betal,lgamma,deltal,X).
X =[alpha,beta,gamma,deltal

Ho 0H MOKeT Takike HCHOJab30BaThCH H ADyruM crocoGoMm:

P— mnpucoennunts(X,[b,c,dl,la,b,c,dl).
X =la)

HpemiKaT fIPHCOLAMHHUTDL UMEEeT CJeAylollee onpenesyieHHe;

npucoexnnnTs(l},L,L).
npucoesniuTh(I X |L11,L2,I X |L3]) :— npucoemunuts (L1,L2,13).

BBIXOZ HA rPaHHYHOE YCJIOBUE NMPOUCXOAUT, KOTAA NEePBLIA apryMenT
ABJISAETCA NYCTHIM cruckoM. JII06OH CHHCOK, NPHCOeNUHEHHBIH K
NyCTOMY CIIHCKY, JAeT TOT Ke caMulil CnMcoK. Bo Bcex apyrux ciy-
qaaX GyJeT BHIMOJHATLCA BTOPOE MPABHJO, CMBICA KOTOPOrO MOXKHO
OMNHCATh CJIOBAMH CJIEAYIOLIMM 00pasoM:



Ta. 3. Hcnoavsosanue cmpyxmyp. OanHbix 81

1. TlepBuifi snemeHT nepsoro cnucka (X) Bceraa Gyler H NepBbiM
3/1eMEHTOM TPeThero CIHCKa.

2. XBocr Tpetbero aprymenta (L3) Bcerjga 6ymer mpeacraBisTh pe-
3yJIbTAT NpHCOeMHEHNs BTOporo aprymenra (L2) K xBocty mnep-
Boro cnucka (L1).

3. Ilasi mpHCcoeMHEHH ST OJHOrO CIIMCKA K APYTOMY, O UeM lIJa pedb
B NYHKTe 2, HEOOXOAMMO HCNOJML30BATE NPEANKAT NMPHCOEAHHUTD.

4. Tak kKak npH KRaxaoM ofpalieHHd K MpaBHJy yJafseTcs rojoBa
CIIHCKA, SIBJSAOILEr0Cs MEPBBIM apTyMEHTOM, TO NOCTENEHHO 3TOT
CIHCOK GyJeT HcuepnaH M CTaHeT NYCTBIM, TaK YTO MPOH30HAET
BBLIXOJ Ha IpPaHUYHOe YCJOBHE.

B nanbHefiumx npumepax GyAYT BCTPEUATbCH CCBLIKM Ha Mpeiu-
KaT NPUCOENHHUTHL C HeOOXOIUMBIMH JONOJHUTENLHBIMU MOSICHEHU 5I-
MH. B nocnenylouiix raapax Mel 06CY/MM pasauyHble CBOHCTBA U [IPH-
MeHeHHs 3Toro npenukara. Ho cHauyana gaBafite npiMeHHM ero B
JpYroM INPOCTOM fpHMepe PeKypPCHH.

[IpennosnoxumM, uTo MBI pafoTaeM Ha 3aBOJe, BBINTYCKAIOLIEM Be-
JIOCUNIENEl, U HaM HeoOGXOIMMO XPaHUThb creluduKamyio fetajell Be-
Jdocunena. st toro yto6bl cobpath BesJOCHIE], HAL0 3HATh, Kakue
JeTaNd 3aKas3aTb MocTaBliMKaM. Kakjas AeTasb BeJIOCHNEJa MOXKeT
COCTOATL M3 0GoJlee MEJIKHX 3JEeMeHTOB — NOAleTasel, HanpuMep
KaxKA0€e KOJIeco UMeeT CIHIBl, 0601 U CTYIHIY. DoJjee TOro, CTymHua
MOXKET COCTOSITb H3 OCHM W uiecrepeHOK. [laBaiite paccMotpuM 6asy
NAHHBIX, OPraHU30BaHHYIO B BHIe JepeBa, KOTOpas MO3BOJIHUT HaM
JeJlaTh 3anpochki O [eTalsX, HEOOXOAUMBIX LIS H3rOTOBJEHHS HeKO-
TOPOH YacTH BesocHnena. B onHOM M3 CHAeAYIOWHX [J1aB NpefJoMXKeH-
Has 37ech nporpamma Gyjer yJaydlleHa, ¢ TeM 4TOOb! M03BOJHTE BbI-
YHCASATE, CKOJbKO 3K3eMIUISIPOB KaxKAOH AeTanM Ham noTpedyerca.

Hmetorcsi nBa THOA 06BEKTOB, KOTOPBIE HCMOMB3YIOTCS A7 H3ro-
TOBJIEHHA BejocHnena. D10 y3as U demaau. Kaxawli ysen coCcTOHUT
U3 HEKOTOPOro uucsaa jerasef, moJoOHO TOMY KaK KOJECO COCTOUT
u3 cnun, obona U crynuusl. erasn He HMelOT elne Gosee MeIKHX
yactefl — OHH MPOCTO COERMHAIOTCS APYT € APYroM, obpasys y3Jbl.

MoxHO npeicTaBUTh AeTanu Kak (aKThl CJeYIOHIUM 06pa3oM:

JeTab(060x). metanan(crnuua).
JeTaJjb(3ajHAg _paMa). JeTajb(pyJb).
JeTaJb(IecTepHH). JeTtanb(60JT).
Jeranb(rafika). JeTaJb(BHJIKA).

EcTecTBenno, 4To 5TO JaJeKO He IMOJHBIH CIIUCOK jgeraliel, Heob-
XOJUMEIX AJIs1 COOPKH BeJIOCHTesa, HO NMpHBejeHHble (aKkThl MOKa3bl-
BalOT OCHOBHYIO MJEI0. ¥Y3esl MOXeT ObIThb MpeJCcTaBleH HMEHeM Ys3-
J1a, 32 KOTODPHIM CJENYyeT CIIHCOK BXOAAIIMX B HETo jeTaled ¢ ykasa-
HHeM HX KoJHuectBa. Hampumep, cieiymommil ¢axT o3Hauaer, uTO
BEJIOCHIIEN, — 3TO y3€JI, COCTOSILMI U3 ABYX KOJIeC U paMbl:

y3sea(Benocunesn, [komeco,koineco, pamal).
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Huxe NpeAcTaBsJicHa 06a3a JaHHBIX y3JI0B, HeOOXOAUMBIX AJIs1 HALIero
YIPOUIEHHOI'O BeJIOCHTIERA:

ysea(sesocunesn, [koseco,komeco,pamal).

yseq(goneco, [crmuua,obon,crynumal).

ysen(pama, [saaussi_pama,nepennss_pamal).

ysea(nepeanssi_pama, [Buaka,py.bl).

ysen(crynuua, [mectepnu,ocs)).

ysesa(och, [Goar,ratikal).
3aMeTHM, YTO 3TO YacTHOE MHOMKECTBO YTBEPIKAEHHH HENOJHOCTHIO
OIMCHIBAET BeslocHneA. MBI He JienaeM pas3fuuls Mexay nepeiHed u
3aiHell crynuiiaMu — obe uMeroT mectepuu! Llens u mepanu orcyr-
CTBYIOT, H Herjle CHIETb BeJocHnenucty. He ykasamo Takxe, Kak
COEMHATDL JeTajJH APYT C IPYroM. DTO NPOCTO NepeurcaeHHe HeKo-
TOPOro uhcia TpeGyeMbIX AeTasei.

Terneps Mbl rOTOBB HamHCcaTh OPOrpaMMy, KOTopas AJIs 3aaHHOM
YaCTH TNEPeYUCHT BCe JeTasad, HeoOXOXHMble 114 ee cOopkH. Ecuu
YacTb, KOTOPYIO MBI XOTHM cofparb, SIBJAETCS AeTaJiblo, TO JJs Hee
HHuero Godblue He Tpebyercs. OHAKO eci Mbl XOTHM co6paTh HEKO-
TOPBII y3eJ, TO HeOGXOAMMO NPHMEHUTb 3TOT MPOIECC K KAXAOU CO-
craBHO! yactd y3na. Onpenenum npenukar acts (X, Y), rae X —
HMfA yactd, a Y -— CIHCOK JeTasnel, HeoOXOAUMBIX I/ ee COOPKH.
B nepeoii BepcuH nporpamMmbl Ml He 6yJeM paccMaTpUBATh BOMPOC O
KOJHYecTBe JeTanedl KaxKAOro THNA, HEOOXOMMMBIX MJst COOpKH.
Bonee nonnas nporpamma 6yfeT npeicTaBJ/eHa B I 7.

Beixog Ha rpaHHuHOe YCJOBHE NPOHCXORHUT, Koraa X sBjsiercs
Zetanpio. B sTom cayuae X mpocto Bo3BpallaeTcss B KauecTBe 3Je-
MEHTAPHOI'O CITHCKA:

yacte(X, [X]) :— nerann(X).
Crenyoliee ycJIOBHe CBSI3aHO CO cayuaeM, Korja X sIB/ISeTCsS y3JIoM,
3aech HeOGXOAMMO ONPeNesHTh, UMEeTCsl JI B 0ase NaHHBIX COOT-
BETCTBYIOUIHH (haKT y3es, U eCsH TAKOH HMeeTcd, TO NPHMEHHTDb Hpe-
JIMKAT 4acTh K KAXKAOMY 3JEeMEHTY CHcKa nojyacreii. J1Js BhITOHe-
HHUSl BTOPOH W3 yKA3aHHBIX 3ajay HCMNOJNb3YeTCs MpeinKaT, Ha3BaH-
HbIl CIHMCOK_uacTe.

yacte(X,P) :— y3en(X,IToauacrn),

cnucok _uacreii(lToguactu,P).

[Npeankar cnucok _vacrteit 6eper criHcoK yacTell (M3 BTOPOro aprymeH-
Ta (¢akTa y3es, NPEACTABJEHHOrO BHIE) U TNPHMEHsiET NpeluKar
yacTb K Kaxo# yacty B cnucke. [locse BBI3OBa caMoro cedsd, Heo6-
XOAUMOro I 06paGOTKH XBOCTA CHHCKA, NPEJUKAaT CIHCOK_YacTel
JOJIKEH CKJIEHTDb IOJYYeHHbIe CITHCKH BMecTe, HCHOMb3ys MpefHKaT
AOPHCOENHHHTD:

cnucok _uacreii([P {Xpocr), [Moausifi_cnucok) :—

yacth(P,YacTH _rososl)
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crucox_uacreit( X Boet,Uactu _ xBocra)
npucoenHuTh(Yact_ronorel, Hacty _ xBocta,llonHbIl _criicok)

CnHCcOK, CO3JAaHHBIH NpeNuKaToM 4acTb, He OyIeT cOoAepKaTb
UHGOPMaUNH O TpeOyeMOM KOJHYeCcTBe AeTasell, PH 3TOM 3J€MEeHTH
cnycka MoryT Ly6aHpoBatbesi. B ria. 7 6yaer npeicTaBiaeHa yayulleH-
Hasg BepCHS NPOTPaMMbl, B KOTOPOH 3TH HeJOCTaTKH OTCYTCTBYIOT.

CyliecTBYIOT ABe HJeH, YKa3bIBaIOLUHe, KAK UCIOJAb30BaTh NpeaH-
KaT 4acTh [/ TeHepauyH NpeNJoXKeHHH Ha aHIJIMACKOM fA3bIKe.
Bo-nepBeIx, lpefToKeHHS MOIYT ObITh NPEACTABJEHEl B BHJE Hepap-
XUYECKHX CTPYKTYP: NpeIJOoKeHHe MMeeT UacTH IpyNna_cylecTBH-
TEJbHOTO H IPpyNna_rJjaroaa; rpynna_cyuecTBHTeNbHOIO COCTOUT H3
onpeleseHHst U CYIEeCTBUTEILHOrO U T. 4. Tak uro mo6asg mpocras
rpaMmMaTHKa MOXeT ObITh BEIpaXKeHAa Ha fA3bIKe «uacTed». Bo-BTOpHIX,
OpeiHKaT CMHCOK_uacTell Bcerpa ofpaGaTblBaeT 3JEMEHTHl CIIHCKA,
Npe/CTAaBJEHHOTO ero MepPBHIM apryMeHTOM, B NOPsiAKe CJaeBa Ha-
npago, H ero pesyJabTaT (BTOPOH apryMeHT) HAKAIJIMBAeTCs B TOM
Ke nopsajke. JIBa ykasaHHBIX CBOfCTBA NpeAHKaTa 4acTh MOKa3biBa-
I0T, YTO MOXKHO HCHOJIb30BAaTh TOT e MEeTOJ ISl I'eHepalut npeJio-
JKEHUH 10 HekoTopoil rpammaruke. THOHYHHIA «y3ea» B 3TOH rpam-
MaTHKe MOT Obl BHIMVIIETh TaK:

y3eq(npeasoxenne,[rpynna_cyliecTBHTENbHOTO,
rpynna_raarodaal),
y3eJ(rpymnna_cymecTBHTebHOTO,
[onpenenenne,cyliecTBuTebHOE]).
y3es(onpeenenne,[thel).
y3eJs(cyutectBuTeNbHOe, [clergyman]).
y3sea(cyuectButenasbHoe, [ motorcar)).

A cj0Ba HCMOJIB3YEMOI! JIEKCHKU GblH Gbl ONpeieNIe bl KaK «IeTalHy»:

neranb(clergy man).
netanb(motorcar)

Tenepp y Bac MOxeT BO3HMKHYTH KeJlaHHE MOIKCIEPUMEHTHPOBATD
¢ TakUM MOAXOJOM K reHepauuH npeanoxenusl. s storo Heofxo-
JHMO COCTaBHTb pPasyMHYIO TpaMMaTHKy H CJa0Bapb. ¥YGelunTech
caMM, 4YTO H3MeHeHHas TakuM o6pasoM mporpamma OyJeT BblIaBaTh
BCe JIONYCKaeMmble TPaMMATHKOH NpEAJIOKEHHS, KOTOpble MOMKHO
TIOCTPOUTD 10 3aJaHHLEIM TpaMMaThHKe M cjaoBaplo. Beakui pas, BHI-
IaB odepenHoe mnpepsoxenne, [Iposor Gyzer oxujaarbh, KOTrja Bbl
BBeJieTe TOYKY C 3amsATof, YKasblBAIOH[YI0 eMy, 4TO HeoGXOAHMO
BEIIIOJIHUTD BO3BDPAT AJIS [IOyYEHHsI C/IeLYIOIErO NPeIJIOKEeHHS .

Ha npupeneHHOM 37iech npHMepe He 3aKaHUMBaeTcsl oOCyKieHHe
npo6aeMbl 06pabOTKH TEKCTOB Ha €CTeCTBEHHOM fI3bIKe B 3TOH KHHTe.
I'nasa 9 mosHocTBIO mMocBfllleHAa GoJiee AeTadbHOMY DPacCMOTPEHHIO
TaKoro npumenenus Ilponora.



TJIABA 4

BO3BPAT U OTCEYEHHE

JlapafiTe MOABITOKUM BCIO HH(OPMAIHIO, KOTOPYIO MBI [OuYepI-

HyJH BT 1 ¥ 2 0 TOM, 4TO MOZKET NIPOM30MTH C LieJeBbIM YTBEPKIe-
HHeM (LeJbio).

1. Moser UMeTb MECTO NOMBITKA 00KQA3AMb CO2AACOBAHHOCL LIEJIEBOTO

(a)

(6)

yTBep:KAeHUS c 0Gas3ofl paHHeIX. B npolecce aokasare/nbcTBa

6asa NaHHBIX NpOCMATpHBaercsi, HauWHas C ee BepLHHBL [lpn
3TOM BO3MOXKHBI iBe CHTYAIHH:

Moxer GbITh HafizeH GaxkT (M/JIH 3aroJOBOK IpaBuJa), CONOCTa-
BUMEI C Lle/leBeIM YTBepiKienveM. B 3ToM ciayuae Mbl FCBOPHM,
YTO NMPOU3OLLIO CONOCMAgAerHue UeNU C yTBepxueHUeM (daxTtom
WJIH npaBHJIoM) B 6a3e JaHHLIX. ITO MECTO OT/IHUYaeTcs B 6a3se JaH-
HBIX MapKepOM U KOHKPETH3UPYIoTcs (IIpHCBanBaIOTCS 3HAYEHH )
COOTBETCTBYIOIIHE MepeMeHHble, ecd OHH He OblJIH KOHKPEeTH3H-
poBaHbl paHee. Ec/M NpoOU30LLIO COMOCTABJEHHE C IPAaBUJIOM,
TO HpexK/e Bcero HeOOXOANMO MOMBITATLCH JOKA3aTh COIVIACOBAH-
HOCTb MOANeNelH, BBOAUMEIX 3THM npaBusoM. Ecaun uenb cormacy-
ercst ¢ 6430 NAHHBLIX, TO MPEANPHHHMAETCS MONbITKA COrJaco-
BaTh CJeAylollee NeneBoe yTeepxkIeHHe. B Hcrnosnb3yeMbelx Hamu
JuarpaMmax 310 6yJer Uenb, YKa3aHHas B CJeLYIOUIEeM, HHXKHEM
IpSMOYTOJIbHUKE, HAa KOTOpPHI YKaskiBaeT cTpeska. Ecay uexon-
Had LeJb BXOJUMT B KOHBIOHKIIMIO, TO 3TO OyJeT Ue/b, pPaclnoso-
JKeHHAas B IPOrpaMMe HenocpedcmseHHo cnpasa OT HCXOIHOH LesH.
B 6ase naHHBIX HeT (hakTa (MJIH 3aroJioBKa IpaBHJIa), COMOCTa-
BHMOTO C LEJeBLIM yTBepXKIeHHEM. B aToM cjiydae Mbl TOBOPUM,
YTO TIONMBITKA JOKA3aTh COIVIACOBAHHOCTH LIE/IeBOr0 YTBEPXKAEHHU
norepnesa Heydawy (uesb He corJiacyercs ¢ 6a30# naHHBIX). Tor-
Ja Gyner MpennpuHsSTa NOmbITKA {cM. 11.2) 8rogb dokasames cozaa-
COBQHHOCMb LIQJIEBOT'O YTBEPXKICHHS, YKA3aHHOTO B NMPAMOYTOJb-
HHMKe, pachoJ/IOJKeHHOM BHILIE CTPeJKH. EcaHM HcXoJHOoe leneBoe
YTBEep:KAEHHE BXOAHUT B KOHBIOHKIIMIO, TO 3T0 OyJeT uesaeBoe
YTBepXKJIEHHE, PaCHOJIOKEHHOe B INPOrpaMMe HENOCPEACTBEHHO
CJeBa OT PaCcCMaTpHBABIUEroCs LeNeBOro yTBep:KACHHUS. :
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2. MBI MOKeM cfieNaTh TOMNBITKY 6H08b O0KA3AMb COZAQCOBAHHOCIIb
LEJIEBOTO YTBepKIeH s ¢ 6230l JaHHBIX. [l 3TOro npexje Beero
HeOOXONUMO TIOTMLITATLCA BHOBb COIJIACOBATh KaXKAyl0 H3 ero
nojllesieli, MPH 3TOM CTPeJKa BO3BpalllaeTcss B HEKOTOPYIO HCXOA-
HYIO TO3HUIIMIO, MOJHUMAsAChL BBepX IO cTpanHue. Ecin HH oana
W3 rmoAuesiel BHOBL He MOXKeT GbITh COIVIACOBaHA KAKUM-a160 nox-
XOASIIEM 006pa3oM, jesnaeTcss MOMBITKA HAHTH asbTepPHATHBHOE
VTBEPKAEHUE 1JIF caMOH MCXORHOH LeaH. B 3TOM cayuae Heo6Xo-
JMMO BEpHYTHb B HCXOZHOe (HeolpeieqeHHOE) COCTOSIHHE KamAYIo
NepeEMeHHYI0, KOHKPETH3HDOBAHHYIO NPH BBIOOpE NpeablAyLIero
VTBEPXKAEHUS. DTN JeHCTBHS MBI HasbiBaeM «yHHUTOXKEHHEM» pe-
3yJIbTATOB, TOJYYEHHBIX paHee NIPH J0Ka3aTesJbCTBE COTJIACOBAH-
HOCTH IIeJIEBOr0 YTBEPKACHHsI. 3aTeM BO30OHOBJ/SAETCA NPOCMOTP
6asbl JAHHBIX, HO HAYMHAETCH 3TOT NPOCMOTP C MecTa, OTMeueH-
HOro MapkKepoM ZaHHOH neaH. Kak M paHee, 5Ta HOBaA 1eJb, BhI-
fpaHHass [pPU BO3BpaTe, MOXKET OKa3arbesl NGO COrJaacoBaHHOH,
au6o HecorsacoBanHol ¢ 6asoff nanublX. [lpn atoM Gyner UMeThb
mecTo Jqubo mar (a), aubo war (6).

B sTo#i ryaBe mpoliecc Bo3Bpata OyJAeT paccMOTpeH GoJee Moj-
po6iio. Kpome Toro, Gyier paccMOTpeH cnelda/dbHbIH MeXaHH3M —
«OTCeueHHe», KOTOPHIH MOKeT OBITh MCIOAL30BaH B IIporpaMmax Ha
[Tposore. OtceyeHne no3BossieT YKa3hiBaTh, Kakie U3 paHee cAeNaH-
HbIX BBIGOPOB aJbTEPHATHB He cJelyeT GoJlee MepecMaTpPHUBATH.

4.1. TMopoxaeHHe MHOKECTBEHHBIX pelleHHMH

ITpocTefitiasg cuTyanHsi, B KOTOPOH HEKOTOPOe MHOXKeCTBO (hak-
TOB JONYyCKaeT HECKOJIbKO OTBETOB Ha BONPOC, BO3HUKAeT, KOrJad B
3TOM MHOXKECTBE HMEETCs HECKOJbKO (PAKTOB, CONOCTABHUMBEIX C BO-
npocoM. Hanpumep, umerorcs chaepyioiie GakTol:

oTell(M3pH, [XKOPK).

OTEIL{IKOH, IXKOPIXK).

oTell(chio,rappH).

oTell(IKOPIXK, 3Ly aph).

B KOTODHIX oTen(X, Y) o6osnagaert, uro Y sBaserca oruoM X. Bonpoc
?— orer(X,Y).

HMeeT HEeCKOJIbKO BO3MOMHBIX OTBETOB. Ecau MBI 6ylleM BBOIHTb
ocJie Kaxxaoro OTBeTra -To4ky ¢ 3ansToH, To HpOJIOF BbLIACT CJICAYIO-
e OTBETHI:

X = M3pH, Y = KOpIK;
X = JUKOH, Y = IXOpIXK;
X = cblo, Y =rappH;

X =mxopax, Y =>sayapxa.
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Iponor naiiier 3TH OTBeThl, HpocMaTpHBasi 6a3y AaHHBIX B IIOHCKaX
($aKTOB U MPaBHJ C NPELUKATOM OTell H reyaTasi HX B TOM MOPsIKe,
B KaKOM OHH IIpPeJCTaB/eHbl B 6ase jauubix. IIpu sToM [Iposor e
IPOABJISIET 0COGOTO «MHTeNIEKTa» — OH HHYero He MOMHHT O Mpeibl-
Iymux oTBeTax. Tak, ecaM Mbl OGpaTHMCS ¢ BOIPOCOM

?— oren(_,X).

(012 kaxux X gepro mo, umo X a8asemcs omyom), TO Mbl f10JyIUM

X =KOpIK;
X = J3KOpJLK;
X =rappy;
X=3xyapa.

P 5TOM OTBET KMOPANK NMOBTOPEH [ABaKIkl, TAK Kak J[KOpIK aAB/IA-
ercsl OTHOM Kak Mapu, Tak u [lxona. Ecau [Iposior MoxkeT caenaTb
OJIHO M TO K€ ABYMs Pas/HUHBIMHA criocofaMH, TO OH paccMaTpHBaer
3TO KaK JBa Pa3IUUHBEIX DeLlIeHHs,

TToBTOPHEI NPOCMOTP BBIMOJHSETCS TOYHO TAKUM 2Ke CIOcobOoM,
ecJi BBIGOD CpeAH albTepHATHB IIPOUCXOMUT Ha GoJiee rIyOGOKOM y poB-
He ofpaforki. Banpumep, s onpefeneHds] OTHOLIEHHS <OAHHM
u3 jgereit X saBasgerca Y» MorJo Obl ObiTb HCIOJAL30BAHO MPAaBHJIO

peGenox(X,Y) :— oreu(Y,X).
Torna Bonpoc
?— pebenok(X,Y).

JaJs Obl

X = nxopax, Y =wM3pu;

X =pmxopiK, Y = JKOH;

X =rappy, Y = cbio;

X =snyapx, Y = ZKOpAXK.
Tak kax oreu( Y, X) uMeeT yeTbipe pelleHusi, TO CTOILKO XKe pPelleHHH
uMeer 1 peGenok(X,Y). Bosee Toro, peleHusi mopokaAaloTCAd B TOM
JKe caMoM Iopsiike. EJMHCTBeHHOe, 4TO OTJIHYAET 3TH pelleHHs,—
5TO Pa3/IMUHBIA MOPSNOK aPTYMEHTOB B COOTBETCTBHHU C ONpele/IeHH-
eM JUIsl npefnkata pe6eHOK. AHAJOTHUHO, eC/H MBI ONpEeAJIHJIH

oren(X) :— oren(_,X).

(otenr (X) ofoznauaer, uto X SIBJIAETCA YBUM-JAHGO OTIOM), TO HA
BOIpOC

?— oren(X).
Oblyii Obl MOJTyUeHbl OTBETHI:
X = IKOPIK;

X =]KOpJK;
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X =rappu;
X =s3ayapa.

Ecan Mbl nepemeniaeM ¢akTtel ¥ mpaBHJa, TO BLIGOD ajbTepHATUB
BHOBb Oy JAeT MPOU3BOAUTHECSH B COOTBETCTBHHU C MOPSJKOM, B KOTOPOM
npefcTaBaeHbl (akThl H TpaBuaa. Tak, Mbl MOrJH OBl ONpPefieJHTh!

yeji0BeK(azam).

yesoBek(X) :— Mmartbe(X,Y).
yeJIOBeK(eBa).
MaTb(KauH,eBa).
Matb(aBesb,eBa).
MaTh(HaBas,aja).
MaTb(TyBaJKauMH,IUI1a).

(apam — uesioBeK; OOBEKT ABISETCS UeJOBEKOM, €CJIH OH HMEET MaTh;
eBa — yesioBeK. [lepeyuc/ieHHble JIOAM HMEIOT yKa3aHHBIX MaTepen).
B sToM caryuae ecau 6Bl MBL cIesand 3ampoc

?— yegopek (X).

TO OTBETOM OBLTO ObI:

X =anawm;

X =ZKawuH,

X =agenb;

X =napar,

X =TyBaNKauH;
X =eBa.

IlaBafite paccmMoTpuM Gosiee HHTePECHBIH cJIyuai, KOrja UMerTcs
JIBa IeNeBBIX YTBEPKIAEHUS, 1/ KaxKIOr0 U3 KOTOPBIX €CTh HeCKOMb-
Ko peinenuii. I1peanonoxnm, uto Mbl NJIaHHPYEM NPOBECTH BEUEPHHKY
H XOTHM [OPAacCyKAaTh O TOM, KTO C KeM Mor Obl TaHleBaTb. Mel Mo-
JKeM HayaTh OHCATh NPOTPaMMy CJEIYIOMIHM 06pasoM:

BoamoxkHasi_napa(X, Y) i— napenn(X), aesymxa(Y).
napeHb(I>KOH).
napeHb(MapManyk).
napenn(Geprpam).
napenb(uapns).
JeByLika(rpusesia).
JeBYLIKa(PMHHTPYAA).
JeByliKa(6pyHxHAbAA).
B nporpamme onpeneneno, uto X ¥ Y o6pasyor BO3MOXKHYIO napy,

ecn X saBasercs napHeM, a Y — geBywkoii. Tenepb jAaBaiite no-
CMOTPHM, KaKHe BO3MOXKHBIE Naphl HMEIOTCA:

? — BoaMoxHas _napa(X,Y).
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X = [IKOH, Y ==rpusesnza;
X = nKoH, Y = 3pMUHTPYAA;
X = pxom, Y = 6pyHxusb1a;

X =wmapmanyk, Y =rpHusesna;
X =wMapmanyk, Y = 3pMHHTpYa;
X =mapmanyk, Y =OpyHXHJIbIA;
X = GepTpawm, Y = rpuszenna;
X == 6epTpam, Y = spMHHTPYAa;
X == GepTpam, Y = GpyHXHJbAA;

X =vyapJs, Y = rpuseana;
X =ygapuJs, Y = spMunTpyAa;
X =uapas, Y = 6pyHxHuJb1A.

BBl J0KHBL GBITH YBEPEHBI, UTO NOHHMaeTe, moueMmy Ilposor
MOPOANJ pellleHHs B TaKOM mopsjike. IIpexne Bcero oH Hiuer cormo-
CTaBJeHHe 14 1end napedb(X) H HaXOIHT, YTO MEPBHIM NapHeM siB-
JsieTcs AXOH. 3aTeM OH HaXOJHT COMOCTaBJIeHHE JIst LEJH JNeBYHIKA
(Y), BeiGupas rpuseaya B KadectBe nepBoH AeBYIIKH. B atom mecte
MBI 3aIpamiBaeM HOBoe pelleHue, BBojd ';’. Ilposor mostoMy cuu-
Taer, 4To noc/eqHee NOKA3aTeIbCTBO COMMIACOBAHHOCTH LeJMH MOTep-
neJio Heyjaady, ¥ JesaeT TNONBITKY BHOBb JOKa3aTh COIJIACOBAHHOCTD
nocJaegHe#l U3 pacCMaTPUBABUIMXCA UeJeH. DToH Leabio sABJASETCH
yTBepK/eHHe [AeBYIIKA, BCTPETHBIIEeCs NPH NOKa3aTeJbCTBE COIJIa-
COBAHHOCTH UEJEBOTO YTBEPIKIEeHHs BO3MOxHasa_mnapa. OGuapy:xku-
Baercsl aJbTepPHATHBHBIH BapHaHT IPMHHTPYAA, U, CJeJ0BATeNbLHO,
CJELYIONINM PEllleHHeM fBJAETCS Mapa JKOH M 3pMHHTpyAa. Axaso-
FHYHO HODPOKAZETCA mapa JXKOH H GPYHXHJbJA B KAueCTBE TPETHEro
pemennsi. [lpu caexymomell nombITKe I0Ka3aTb COTJIACOBAHHOCTD Ie-
neporo yreepxiaenus gesymka(Y) ITposor obHapy»xut, uto mapkep,
COOTBETCTBYIOMIHH 3TOMY LEJAEBOMY YTBEPXKAEHHIO, HAXOAHTCA B
KoHUe 6asbl JAaHHBIX H, CJCJOBaTeJNbHO, NOMBITKA HAHTH HOBOE CO-
MOCTABJIEHHE IJIs1 3TOTO MLEJAEBOTO YTBEPKAEHHUsS TEPIHT Heyaauy.
Torpa nenaercs MOMBITKA BHOBL J0Ka3aTh COMVIACOBAHHOCTD HE/AEBOr0
yTBepxkaeHus mapeHb(X), Mapkep KOTOporo OblI YCTAaHOBJICH Ha
nepBeLii GakT NpeAnKaTa napeHsb, H, cae0BaTe/bHO, CIeAYIOLINM Hal-
IEeHHBIM pellleHHeM, COOTBETCTBYIOUHM BTOPOMY NAapHIO, SABJSIETCS
mapmanyk. Tenepb , KOra IJIsT 5TOTO LEJEBOrO YTBEPIKIAEHHs Halae-
HO HOBoe pellienue, [Tposor onpenenser, uto caenyer aeaaTs jajgee—
OH JOJ:KEeH HaHTH collocTaBJieHHe Ais 1ead pesymka{Y), ocyuiecr-
BJIsIl TMOHCK pellleHUs C caMoro Hauasa 6asbl JaHHBIX. Tak 4To OH
BhIGHpaeT rpH3eana B KayecTBe neppBoi AeBylku. Cjeaywouive Tpu
pellleHHA colepKaT MapMaiyK H HMeHa TpeX neByluek. OuepeaHas
NONBITKA HAUTH afbTePHATHBHOE pellieHHe s e AeBYIIKA 3aKaH-
ynBaercs Heyznaueil. [Tostomy Hiltercs Apyroil napeHs, a MOMCK CPeAn
JEeBYLIEK NMPOW3BOAMTCA ¢ Hayana 0asbl TaHHBIX. AHAJOTHUHBIM OG-
pasoM MPOUCXOAUT BBIIIOJIHEHHE NPOrpamMMbl H JaJIee.
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B KoHIle KOHIIOB CJOXKHUTCA CHTYalHsl, KOTJAa AOKAa3aTeJbCTBO
COTVIACOBAHHOCTH IL1eJIEBOTO YTBEPXKAEHHS AEBYIIKA 3aKOHUUTCH He-
yaauell ¥ Ipy 3TOM 6YAYT TaK¥Ke HCUEPIaHbl BCE pelleHus s Lede-
BOrO YTBepKJAeHHS napeHb. IIporpamma He MoxeT Gosiee HaHTH HH
OIHOH naphl.

Bce mnpuBeieHHble NPUMEPBL SIBASIOTCA O4eHb NpocThIMH. OHH
colepIKaT JIUIb ONpejesaeHusl GoJbIIOro yicaa hakToB HJIH HCIOJb-
3YIOT NpaBUJa A4 JOCTYNA K 3THM daxrtaM. Ilo aToli npuunne oHU
MOTYT MOPOXKAATh TOABKO KOHEUHOE HYHCJO BO3MOXKHBIX pelleHHil.
B HekoTOpHIX chayuasix HaM MOxeT noTpefoBaTbCs NOpPOKIATh Gec-
KOHEeYHOe YUCJI0 BO3MOKHEIX BAPUAHTOB — He OTOMY, YTO MBI XOTHM
paccMOTpeTh UX Bce, a NMOTOMY, YTO MBI HE 3HaeM 3apaHee, CKOJbLKO
X noHaxobuTcd. B aToM ciyuae Heo6XOAMMO PEeKYPCHBHOE onpeje-
Jenne (06CyKaaBIIeecs B Opeabylylied riase).

PaccmoTpuM caenyrolllee onpeesieHue LeJOro yHuc/ia (31ech MOA
«IeJIBIM» YHCJIOM MOHMMAeTCs Iesoe NOJIOXKHTeNbHOoe yHuco). Llene-
Boe yTBepxkaeHue wenoe_uucao( N) corsacyerca ¢ 6a3ofl JaHHBIX,
ecaH nepeMeHHass N KOHKPETH3HDPOBAHA U ee 3HAUEHHEM SIBJSIETCS
nenoe uncao. Ecau nepemeHHass N HeKOHKPeTH3HPOBAHA B MOMEHT
paccMOTpeHusi UeNeBOr0 YTBep:KJAeHUs, TO IONBITKA HaHTH COOT-
BETCTBHE A5 yTBEpKAeHHA uenoe_uucao (N) mpHBesneT K TOMy, UTO
6y et BHIGPAHO Les0e uucsao, KoTopoe GyaeT npucBoeHo N B KadecT-
BC 3HaUEHHS.

/¥ 1 %/ nenoe_uncno(0).
/¥ 2 %) nenoe_uncao (X) :— wpesaoe_uucao (Y),X is Y4-1)

Ecnit MBI 3ajajnM BONpoC
?-— neqoe_uncao (X).

TC [OJYYHM B KauecTBe BO3MOMKHBIX OTBETOB BCe LieJble yiciaa B MO-
psajke Bodpacranus (0, 1, 2, 3, ...), IO OOZHOMY 4YHCJAY KaXKIbIH pas.
Beaxuil pas, Korna HHHIHEPYETCs BO3BpaT (BO3MOKHO, B pe3yJbTaTe
BBOJia TOUKH C 3ansToil ’;’), A5 OpeAHKAaTa Ueaoe_4HCca0 HaXOAUTCs
HOBOE CONOCTaBJEHHe, B pe3yJ/ibTaTe Yero ero apryMeHTy npHcBauBa-
eTcsl ouepelHoe Lenoe yucao. Takum obpasoM, 5TO KOPOTKOe onpe-
JeJieHHe NopoxAaeT GeckoHeuyHoe uncio petiennit. Tlouemy? Ha puc.
4.1, 4.2, 4.3 noxasaHa noc/e0BaTeIbHOCTh COOLITHH, MPUBOASIIAS
K MOpOXKAEHHIO TpeX mepBEIX peineHHH. Ha kaxaoMm stane camblit
HHXKHHMHA yKasartesb (1) Ha pHCYHKe YKa3BIBaeT MECTO, TJe BIIOC/ENCT-
BUM OYJIeT BHIOpaHO uroe peuterue. IlepBoHAUaNbHO A OTBETA HA
BONpoC uMeeTcs BbIGOp Mexkny ¢akroM 1 M npasugaoM 2. Eciau BbIGH-
paercs dakt 1, To HHuero GoJiee BLIOKMpATh He NMPUAETCA, ¥ MBI MOJY-
yaem X=0. B npoTHBHOM cJ/iyuae BRIGHpaeTcsi NPaBUJIO 2 H HILETCH
COOTBETCTBHE JJIs LIeJH, MOPOXKAAEMO 3THM npasnjaoM. EcaH BLIGH-
paetcsa ¢akT 1, To 3aBepuIaeTcsl 1OKA3aTeNLCTBO 11eJ€BOT0 yTBEpKIE-
HHA ¢ oTBeToM X=1; B NPOTHBHOM CJIyuae HCIOJNb3yeTcsl [MPaBHJIO
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2 ¥ CHOBa HIETCS COOTBETCTBHE JJIsi MOsBMBLuefica nopueau. M rak
nanee. Ha kakoM stane nepsoe yto Aenaer [Iposor — 310 BhIGHpaer
daxt 1. ToJbKO NMPH BHIMOJHEHHH BO3BpAaTa OH H3MEHsIET IOC/Ie/HHHA
clesaHHbli UM BblOOp. Kaxablfi pas, KOTJa OH 3TO JeJiaeT, OH BO3Bpa-

]

yenoe-qucao(l)

(2)

—

uenoe_vucno(0)
(1)

)

uenoe_yucao(Q) fis 0 + 1
)] f———)l:

l |

Puc. 4.1. Puc. 4.2.

Al

yenoe.qucno(?)
)

—

yenoe.vucno(l)
(2)

uenoe_yucno (0)
(1

{fis 0+ 14 |
!2isi+||

\

Puc. 4.3.
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maeTcs K TOMY MecTy, I'ie B nocjeAHuft pas Beibupan ¢axr 1, H BH-
6upaer BMeCTO Hero npaeuJio 2. [1pH 31oM BEIGOpE MOSIBASETCS HOBast
noaueab. Pakt 1 npeacrap/sieT NepBYIO BOSMOXKHOCTD /IS CONOCTAB-
JIEHUSI ¢ 3TOH NOIUEJBIO.

BonbumuctBo npasust Ha [Iposore 6yayT nopoxaarh ajbTepHa-
THBHBIE pEIlleH! s, €C/IH OHH CONOCTABJISIOTCS C LeJsIMH, cofieprKalli-
MH GOJIbIIOE YHCJIO HEKOHKPETH3HPOBAHHEIX NepeMeHHbIX. Hanpumep,
OTHOLIIEHUE NPUHAMLJIEKHOCTH 3/7eMEHTa CIHCKY:

npunagaexut(X,[X]_]).
npunagnexkut(X,[_[Y) :— npunagnexut(X,Y).

TopoKAaeT aJbTepHATHBHBIE pellleHHsA. Ecam Mbl 3azaeM BOMpoOC
?— npuHazaexut(a,X).

{o6paTtuTe BHMMaHHe, yTo X B BOmpoOce SIBJAAETCS HEKOHKPETH3HO-
BAHHOH MEpPeMeHHOH), TO noc/jenoBaTe/bHbIE 3HAUEHHA NEPEeMEeHHOH
X 6yIyT NpeACTaBAsiTb YAaCTHUHO KOHKPETH3HPOBAHHBIE CIHCKH, B
KOTODHIX @ SIBJISIETCH MEPBBIM, BTOPBIM, TPETBHM U TaK Jajiee 3JeMeH-
TOM CIIUCKA. ¥YO6eqUTech, YTO Bbl TOHHMAETE, MOYEMY TaK [OJYUAeTCs.
JpyruM cieicTBHEM Bo3Bparta, AONMYCKAEMOTO MPH BBINOJHEHHUH Ipe-
IMKaTa MPUHAJNEKHT, SIBJASIETCA TO, 4TO BOMPOC

?— npuHaanexur(a,[a,b,r,a,c,a,d,a,b,r,a]).

$aKTHUECKH MOXeT GbITb cOorJacoBaH namerw cnocobamu. OUeBHIHO,
4TO UMEIOTCS IPUJIOKEHH L IPeUKaTa NPUHALIEKHT, B KOTOPHIX Tpe-
fyercsl HAUTH JIMIbL OJHO pelleHie, €CJM OHO BOOOLie CYIIeCTBYET,
# 3ateM OTOpOCHTb (06OHTH) ocTasbHBlE BO3MOXKHBbIE pelleHusi. Ta-
Koe OTépacblBaHHe OCTABIUIMXCH peLIeHHH MOXeT GhiTb PeajH30BAHO
C MOMOIIBIO «OTCEUEHHUSIY.

4.2. OtceueHune

DTOT pasmesn NOCBAIEH CHEHANBHOMY MEXaHH3MY, HCIOJb3ye-
MoMy B mporpammax Ha [Iposiore u HasbiBaeMOMy «OTcedeHHEM» V.
OtceueHle NO3BOJAET YKA3aTh, KAKHE U3 CleNaHHBIX paHee BEIGOPOB
He cJejlyeT nepecMarpHBarh NpU BO3BpaTe 110 II€NOYKE COrJIacOBaH-
HEIX 1[eJIeBbiX YTBepxAeHH . CYLUIeCTBYIOT JBe [TPUUMHBI, MOGYKAA0-
{1¥e BKJIOYATb B NPOTPAMMY TakKHe YKasaHHs:

® [Iporpamma Oyler BHLINOJHSATHCS OBHICTpPee, TaK KaK He Oyzer
TPAaTHTLCSl BPEMS Ha HOMNBITKM HAHTH HOBBlE CONOCTABJIEHHS LJIS
nesiel, 0 KOTOPHIX 3apaHee M3BECTHO, YTO OHH He BHecyT GoJee
HHUEero HOBOTO B pellleHue.

1) B opuryHa’ze Hcrnoab3osaH Tepmut IIposiora «cuts, # mpH MepeBofe TOUHee
OblT0 Gbl NPHMEHHTh TEDMHH «coKpaueHHe». OfHaKo, clelys TePMHHOJOTHH Gogee
paHHux ny6aukanui o [Iposiore, Mul coxpaHHM TEPMHH «oTceuenne».— [Ipum. ped.
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@ [IporpaMma MOXeT 3aHMMaTb MeHblle MecTa B mamstH JBM,
TaK K4aK OTCYTCTBHE HeOOXOAHMOCTH 3allOMHHAThb TOYKH BO3BpaTa
AJisi TIOCJIEAYIOMIETO aHa/lu3a NO3BoAseT GoJiee IKOHOMHO HCHOJb-
30BaTh NaMsTh.

B HeKOTOpBIX cJiydasix BKJIOUEHHE OTCEUeHHS B IPOTPAMMY MOXeET
03Hauarh Mepexofi OT MpOorpaMmbl, Koropas He GyaeT pabotarb, K
nporpamme, kotopas 6yner paboTaTsb.

CHHTaKCHYECKH HCIOJL30BAHHE B TIPABHJIE OTCEYEHMS BBITVIAIUT
Kak BXOXKIGHHE LENEBOr0 YTBEPKIEHUS C mpeadkatoM ', He nmeto-
wnM aprymentoB. Kak ueneBoe yTBep:KjieHHe 3TOT NpEIHKaT Beeria
corjacyercsi ¢ 6a30i JaHHBIX U He MOXeT ObITb BHOBb COIVIACOBAH.
OnHako OH uMeeT NOOOUHBIH 3(peKT, KOTOPbIH H3MEHACT Npouecc
Noc/eyIoero Boappara. dheKT 3aKI0o4aeTcsi B TOM, YTO MapKepbl
HEKOTOPBIX Liefell CTAHOBATCS HENOCTYINHBIMH, TaK YTO AJds 3THX
Hesell HelMb3g HaWTH HOBBIE CONOCTaBJeHHS. PaccMOTpUM, Kak 3TO
NpoHCXoauT Ha npuMepe. [IpenonoxuM, uto Bel 3aBejyere GHEIHO-
TeKOl M HMeere 6a3y JanHbIX Ha [lpoJore, comepixauyio HHpOpPMa-
IIHIO O HAJHYHH KHHT, O TOM, KTO H KaKHe KHUTH B35/ H KOrAa KHHTH
JoJiKHBL GeITh Bo3Bpamienbl. OAHH H3 BONPOCOB, KOTOPHIH MO Gbl
BaC UHTEPECOBaTh,— 5TO KAKHE BUIBI YCJAYT, NMpeJoCTaBJ/isseMbIX OHb-
JIMOTEKOH, ROCTYMHBI KaXKIOMy M3 uurtatejeldl. HexoTophle yc/ayri,
KOTOpbIE MBI MOIVIH OBl HA3BaTh OCHOBHAIMH, JOJKHBI OLITH OCTY ITHbI
mobomy unTateso. OHM BKJIIOYAIOT M0Jb30BAHHE KATaJOrOM H CIipa-
BOYHBIM Glopo. C pYyroi CTOPOHEI, JONOJHHTE/bHbIE YCIYIH, TAKHE
KaK NOJb30BaHHe a0OHEeMEHTOM HJIH MOJIy4yeHHe KHHUT M3 JPYTHX
GUOMMOTEK, XOTEJI0Ch Obl TPENCCTABAATh UHTATENO BEIGOpOUHO. OfHO
13 IIpaBHJ MOTJIO 6bl COCTOSITh B TOM, YTO €CJIM YUTaTe b He BO3BPATH
B YKa3aHHBIA CPOK KHHUIY, TO JOMOJHHTEIbHBIE BHIB! YCJAYT eMy He-
JOCTYIIHBI 10 TeX MOp, MOKAa OH He BepHeT KHUry. 3/ech MpHUBeleHa
yacTh NPOrpaMMbl, KOTOpAasg HCNOAL3YET 3TO MPaBHJIO:

yeayra(Uurarens, Bun_ycayr) :—
KHUra_He_Bo3ppameHa(Hurarens, Kuura),
!
OCHOBHBIe_ yeayru(Bua_yenyr).
yeayru{Uurarteas, Biujg_ycayr) :(—
obmue_ycayru(Bua_ycayr).
OCHOBHBIE _yCMYTU(NIONB30BAHKE _KATAJAOTOM).
OCHOBHBIE_ YCAYTH{OTyYeHHE _CIIPABOK).
JOTIONHHUTENbHbIE _ YCaYTH(260HEMEHT).
JOTOJMHUTENbHBIE _yCTY TH (MEXKOUGMHOTEUHEI_ aG0OHEMEHT).
obmye_ycayru(X) (—
ocHoBHBle _yeayru(X).
obmue_yeayra(X) :—
JONONHHTeNbHble_yeayru(X).
kuHra_se_posspaiena('C. Yorsep’,kuural0089).
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xuura_He_BosBpauleHa(’A. xxonc’, kaura29907).

uutarenas(’A. Lxouc').
yrratesb( B.Meteck’).

.

3aueM noHaAOOUIOCH HCHOAB30BATH OTCEUEHHE B 3TOH Nporpamme
1 Kako# 3(peKT oHo okasbiBaeT? IIpeanosoK1M, YTO BBl XOTHTE MPO-
CMOTpeTb CIIMCOK BCEX unTaTe/iedl M ONpelesHTb, KakHe YCAYIH HM
JoctynHel. B 310M ciyuae Bam Hamo obpartutses K Ilpodory co cae-
AYIOUIUM BOIIPOCOM:

?— upratean(X), yeayru(X,Y).

Hauas nouck orsera, ITposor BuiGeper nepBoro uutarens: A, JlxoHc,
[TpenmnonoKuM, 4TO 3TOT UHTATEb HMEET Ha PYKax HECKOJbKO He
BO3BpALlleHHBIX B YKa3aHHBIA CpoK KHUT. L5 Toro 4rofbl ompene-
JIMTh, KaKkHe YCIAYTH JOCTYyNHBI eMy, [Iposor Bocnosnb3yercs: nepBhM
yTBEpIKIEHHEM AJIS NPENUKATa YCAYrH. DTO MPHBOAUT K NOSIBJIEHHUIO
HOBOTO LI€JIEBOTO YTBEpXKIeHHS -— KHHUra_He_Bo3BpauleHa. Ilocne
HeOOoIbIWOro NOHCKa cpead (PakTOB KHUFA_He_BO3BpalleHa o0Hapy-
KeH (akT O nepsoll He BosBpauleHHOH A. JIKOHCOM B CPOK KHHTH
(BTOpO¥ hakT M 3TOro mpeaukara). Cjaenyilee nejgeBoe YTBEPKIE-
HHe —— 3TO OTCeueHHe. JTa l1eJb aBTOMATHUECKH corjacyercs ¢ 6a3ol
JNaHHBIX, ¥ B pe3y/bTaTe 3TOr0 B CHCTEME 3aKDEMJISIOTCS BCe pelle-
HUsI, PUHATBIC C MOMEHTA BLIGOpPA NEPBOFO YTBEPKIEHUs YCJIYTH.

MBI MOKeM NpeJcTaBHTh CHTYAallH0, BO3HHKUIYIO HElOCPEeACTREH-
HO 1niepeJl BLIOHEHHEM OTCEUEHHsI, B BHJIE IHarpaMMbl, MPHBEIeHHOH
Ha puc. 4.4. Korga B mporpamme BCTpeuaercsi OTCEUEHHE, TO OHO
«OTCEKaeTy MyThb, MPEeACTABASIONHA [ENOYKY BHIIOJHEHHBIX J0KAa3a-
TeJbCTB TAKUM 06pasoM, 4TO CJAeAyIOasl 1leNb COeIHHSETCs Heno-
CPEJCTBEHHO ¢ HcXonHo# (cm. puc. 4.5). Pesynbrar neficreus orce-
yeHUsl B NpaBuJe A4 npelnkata yeayrd (yTBepxkienue 1) sakaioua-
eTcs B TOM, YTO BCe IIeJIH, BLIODAHHBIE C MOMEHTA, Korja OblJo BHIO-
PaHo 3TO NPAaBHJIO, 3a[IOMHHAIOTCSl B CHCTEME KaK Heu3MeHsieMbie NpH
0o0paTHOM MPOCMOTpE.

[IyTb, npeaCTaBASIOMMN [eNMOYKY HAHJEHHBIX JOKAa3aTeJbCTB,
NpH 3TOM H3MeHsIeTCsi TaK, YTO HCKJ/IOYAlOTCs BCe MapKepn!, COOT-
BETCTBYIOLINE LeJSIM, PACIOIOKEHHBIM MEXIY YCJAYrH H OTcedeHHeM
BKJIOYHTENbHO. Takum o6pa3oM, ecJqH BIOCTEACTBHH NPOH30HJeT
BO3BpAT Ha TOUKY ! (OTCeueHNne), TO NOIBITKA COTJIACOBAT L[&Jb YCAYTH
HeMeJJIeHHO moTtepnut Heyjpauy. CHcreMa He 6yler paccMaTpUBaTh
aJbTeDHATHBHBIE PElUCHHS [ 1eJeBOr0 YTBEPIKACHHA KHHTd_He_
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po3ppaiiena ('A. Jxouc', Knura), 1 3T0 COBEpLIEHHO Pa3yMHO, Tak
KaK MBl HHTepecyeMcs JIMIIb TeM, YACJHTCH JIM 32 yHTATENIEeM XOms
6ot 00rHQ He BO3BpalleHHast B CPOK KHHUTa, a He TeM, KAKOBhI 6¢¢ KHHTH,
yHC/IAMecs: 32 HUM. YTBepKJIeHYe 2 B NpefuKaTe yCAyrd Toxe pac-
CMaTpHUBATbCA CUCTEMOH He OyIer, TaK KakK [P BO3Bpare 00XORHTCA
1 BHIGOp npaBHJa, B KOTOPOM BCTpeuaeTcs orceyeHue. Takoe nose-
JeHHe cHCTeMBl B paccMaTpHBaeMOl CHTYalHY TOxKe sIBJAAETCS PasyM-
HBIM, TaK KaK Mbl He XOTHM HODOXJAThb PEILeHHd, YKasblBaOMHe Ha
10, yTo A. JIKOHCY JOCTYIHBI BCE YCJAYTH.

HefictBie oTceueHHs] B 5TOM MpHMepe MOXKHO Pe3IOMUPOBATL CJie-
AVIOUIM 06pasoM:

Ecan oxaspiBaercs, YTO YHMTaTeJb HMMeeT He BO3BPAILEHHYIO B
CPOK KHHUTIY, TO €My paspellaercs MoJb30BaThCA JIAILIb OCHOBHBIMH
BHJIAMH YCJIYT, npefoctaBaseMuiMd Gubanorekoll. Her Heo6xonu-
MOCTH BBISIBJSATH BCE KHUI'H, HE BO3BPAalleHHEIE YHTATE/IEM B CPOK,
paBHO KaK HeT HeoOXOJHMMOCTH paccMaTpHBaTh KakHe-aubo Ipy-
rve NpaBUJIa OTHOCUTENbHO YCJAYT, NPENOCTABJAsSIEMBIX UHTATEIIO.

B s1OM npHMepe HCMOIBb30BAHHE OTCEUEHHA NIPHBENO K «COKpallle-
HHIO» BCEX peileHMH, NPMHSATHIX NOCJ]e BhIOOpa LEJNEBOro yTBepXKJe-
HUA yeayrd. OHO HasbiBaeTCst podumeasckuM e eBBIM YTBeDKIeHH -
eM JJIs OTCeYeHHs, TaK KaK MMEeHHO 3TO IleJIeBOe yTBepiKIeHHe Npu-
BEJIO K HCNOJTB30BAHUIO PaBUJIa, CofiepaKauiero orceyenne. Ha nammx
JdarpaMmax poaHTeIbCKUM lie/IeBbIM yTBeP KACHHeM BCerja siBJseTcs
lesIeBOe YTBePIKAEHHE, COOTBETCTBYIOLIEE HANMEHbIIEMY MTPAMOYTOJIb-
HHKY, cojep:KaiieMy npaMoyroJsHHiK ¢ '!'. ©opmanabHOe onpezene-
H¥e addeKTa, TPOU3BOINMOrO OTCEYEHHeM, DOPMYaUpYeTCs cIeAylo-
WM obpasom:

Ecan oTceuyenne BeTpeuaeTcsl B KAauecTBe 1e/1eBOTO YTBEPIKIEHHS,
TO TOCJIE 3TOT'0 CHCTEMA JIHIIASTCS BO3MOXKHOCTH H3MEHATD pellle-
HH$, TIPUHSATHIE €0 C MOMEHTA BBLI30BA POAUTENBCKOrO 11€JeBOTO
yTBepxKIeHUsl. Bce anbTepHATHBBI NPHHATHIM pelLeHHAM oTGpa-
coBatorcsi. CJle[loBaTeNbHO, MOMNBITKA BHOBbL JOKAa3aTb COIaco-
BAHHOCTb ¢ 6a30H JaHHbBIX JIOGOr0 LedeBOro YTBePKASHU A MEXKIY
POAUTEJLCKUM 1IeJIeBHIM YTBePKIeHueM U | (OTceuenHeM) 3aKOH-
yHTCs Heygauefl.

CyIecTBYIOT pasJIHYHBIE CNOCOOLI ONMHCAHHUS TOrO, YTO [TPOM3OHIIO
C pelIeHHfIMH, MOMAaBWHMH B 06/acTb AeHCTBUS OTCedeHHs. MOKHO
CKa3aTb, YTO STH pelLUCHHS OTCEKAIOTCS HJH 3aMODaXMBAlOTCA, YTO
CHCTeMA JIMILAETCS BO3MOMKHOCTH H3MEHSTb 3TH pelleHHsd HJH YTO
oCTaBIlIMecs aJbTepHaTUBLI oTOpackBaOTCA. MOXHO TaKkKe CMOTPETh
Ha CUMBOJ OTCeYeHHS KaK Ha HeKHil pasjenutensb (3abop), OTLENAIO-
WK ueneBLie yTBepkaeHus. Tak, npu 06paboTKe KOHBIOHKUNY Le/1el

foo :— a, b, ¢, !, d, e f
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[Mposor Ge3 KakuUX-AuGO OPAHMUEHMH MOXKET BBINIOJHATL BO3BpAT
cpelu ueseit a, b v ¢ do mex nop, nNoka JOKa3aTeNbCTBO COTJIACOBaH-
HOCTH 1[€JIEBOTO YTBEPXKAEHHA ¢ ¢ 6230l JaHHLIX HEe IPHBEJLT K TOMY,
yto [lposor «mepetnarHer» uepe3 «3a6op»! H MPUCTYIHT K JOKasa-
TeJbCTBY COTVIACOBAHHOCTH LiesieBoro yreepxaeHns d. Jlasnee Bo3Bpat
MOJKET OCYIIECTBAATLCA MeXKJIY LeJeBbIMH YTBepxkAeHHsAMHA d, e u f,
TIpY 3TOM, BO3MOXKHO, HEOJHOKDPATHO OYJIeT JOCTHTAThCS COTVIACOBAH-
HOCTb BCEH KOHBIOHKIHMH HeNHKoM. OJHaKO ecsiH NpOoU30HJeT Heyna-
4a TPU 10KA3aTENALCTBE COMIACOBAHHOCTH UEAeBOro yTeepxKieHusa d,
YTO BHI30BET «lepelllarHBaHHe uepe3 3a60p» crpaBa HaJeBo, TO HH-
KaKHX MOMBITOK BHOBL JIOKA3aTh COIVIACOBAHHOCTD LEJIEBOr0 Y TBEPK-
IEHHsI € JieslaThes He OYJieT: I0Ka3aTesbCTBO COIVIACOBAHHOCTH KOH'b-
IOHKIIHY Te/efl B 11eJ0M, a CJIe10BATeNbHO, H lLedH f00 mOoTepmuT He-
yiauy.

[Tpexae uem nepedTH K PaccMOTPEHHIO APYTHX NPHMEPOB C He-
[OJb30BAHHEM OTCEUEHHs, clenaeM elle OJHO 3ameuaHue. Mbt cka-
3aJI, 4TO €CJIM OTCeueHHe MNOABJAETCH B HEKOTOPOM NpaBUJE U BbI-
GupaeTcsd B KayecTBe L(e/1€BOro yTBepxxieHus, To Ilposor-cucrema
JAUUIAETCS] BO3MOKHOCTH UBMEHAMb 6C€ PEUICHUA, NPUHANbIE € MO-
MCHMA 6613084 POOUMEALCKOSO LjeAes020 YMBepiKoeHus. JTO 3HAUHUT,
yTO BRIGOpP 3TOTO NMpaBHJIA W BCEeX PelleHHH, MPHUHATBIX MOCJe Hero,
cTaHoBUTCSH 3adMKCHpOBaHHEIM. [lasee MBI YBUAMM, UTO €CTh BO3MOXK-
HOCTb YKa3bIBATb AJbTEPHATHBEL B pAMKAX 00H020 NPASUAQ, UCIIONb-
3y BCTpPOeHHBIA npeanrkat’;’ (oSo3nauaiomuii «uau» ). Ha Briop
aJbTEPHATHB, CHEJaHHbIl C HCIOJb30BAHHEM 3TOH BO3MOXKHOCTH,
aupeKT OTCeueHHst NeHCTBYET TOUHO TaK e, T. €. [IPH OTCeYeHHH pUK-
CHPYIOTCSl BCE «HJM»-BRIGOPHI, CHeJaHHBEIE ¢ MOMeHTa Bbibopa mpa-
BHJI&, COAEPKAILEro OTCEYEHHE.

4,3. O6wHe cayyan HCNOJAb30BAHUS OTCEHEHHS

Mb1 MOXeM BBIOEJUTD TpH OCHOBHBLIX CJay4yas HCNOJNb30BaAaHUA OT-
CeyeHusd.

[TepBbifi cBSA3aH € CHTYaALU MM, KOTAa MBI XOTHM yKasartb [1poor-
CHCTEMe, YTO OHA HallIa HYKHOe NIPaBHJIO /15 3aaHHOrO 1eJIeBO-
ro yTBepXkKJAeHUs. B 3TOM ciyuae oTceueHHe O3HAYaeT: «ECJH Bh
JIOULIH JI0 5TOr0 MecTa, TO BB BEIGpaJH HMEHHO TO PABHJ0, KOTO-
poe HY:KHO A/l JaHHOTO IeJIeBOr0 YTBEPKICHH Y.

BTopo#i c/ryyall OTHOCHTCA K CHTyallMH, KOr/ja Mbl XOTHM YKasaTb
TIponor-cucreme, uTo HEOGXONMMO HEMEAIEHHO MPEKPATHTL J0O-
KAa3aTeJIbCTBO COIVIACOBAHHOCTH KOHKDETHOI'O Le/JEBOrO YTBEPHK-
JIeHHsl, He NbITasicb HAHTH JJIl Hero ajbTePHATHBHBIE DEIIEHHS.
B stoM ciyuae Mcnonb3yercsi KOHBIOHKLUHMS OTCEUEHHS C Mpe-
pukatoM fail, yTo 03HauaeT: «ecaH BbI JOUIH A0 3TOTO MECTa, TO
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BaM cJeAyeT NpeKpaTHTb NOMNBITKH AOKas3aTb COrJaCOBaHHOCTb
HAaHHOI'0 LEJEBOTr0 YTBEPIKACHUAY.

K TperbeMmy cayyaio OTHOCSTCS CHTyalmHH, KOTAA MBI XOTHM 3a-
KOHUMTbL [IOPOXKJIEHHE aJIbTEPHATUBHLIX pelIeHHH MeXaHH3MOM
BO3BpaTa. B sToM ciyyae oTceyeHHe 03HAUAET: «eCJH BBl JOLLIH
10 3TOTO MeCTa, TO Bbl HALLIH eJUHCTBEHHOe pelleHHe 3aJayd H
HHMKAKOH BO3MOMKHOCTH HaHTH Ipyrue ajbTeDHATHBHEIE peIleHHs
HeT».

Tenepb MBI paccMOTPHM HECKOJBKO NPHMEPOB HCIIONIb30BAHHS
OTCeUeHHS] B IMepPeyuCc/eHHbIX Bhlle cHTyanusx. OnHako HeoGXxo-
IMMO MOMHHTB, YTO BO BCeX 3THX CJAyyadX OTCeueHHe HMeeT OQUH H
TOT K€ CMBICJI. BrifesneHne Tpex cjydaeB HCIO/Ib30BAHUS OTCEYeHHS
00yCJ0BAEHO YUCTO METOJHUECKHMH COOOPaKEHWSMH, 4TOOH MOKa-
3aTh, IO KaKUM MPHYMHAM B IOPOTpaMMax MOTYT HCIOJNB30BATLCA
OTCeYeHH 1.

4.3.1. [lodmsepacderue npasuarvrocmuy 6vi60pa npasua

[Ipu nporpammupoBanun Ha [lposore odeHs 4acTo BO3HHKAET
JKeJlaHHe UCII0Jb30BATh JJIs OMHUCAHUS OJHOrO MpefAHKaTa HeCKOJAbKO
yTBepikAeHHH. OfHO yTBEPKACHHE By IET HCIOAb30BaATbCA, €CAH aApry-
MEHTHl HUMEIOT OJUH BHJ, Apyroe 6yneT MCMOJb30BAThCS LIS apry-
MEHTOB MHOTO BHJA U Tak Aajee. YacTo MBI MokeM yKasarth, KaKoe
NpPaBUJIO CJefyeT HCIO/Ib30BaTh A5 AAHHOrO 11eJeBOr0 yTBepKie-
HHs, YKa3aB B KauecTBe apryMeHTOB B 3arojIoBKe MpaBHJIa Heo6Xo-
IuMble 00pasUbl CTPYKTYP TaK, YTOGHl 3TO MPABUJIO MOLJO OBIThH CO-
IOCTABJIEHO JIULIb C COOTBETCTBYIOUIUMH II€JIeBHIMH YTBEPKIEHH IMH.
OnHaKo 3TO He Bcerja Bo3MoxHO. Ec/ii MBI He MOXKeM cKa3aThb 3apa-
Hee, KaKoro BHIA apryMeHTHl OYAyT HCIOJb30BaTbhCS, HJH €CNH Mbl
He MOXKEM MEePeuHCJHTh BCe MHOXKECTBO BO3MOXKHBIX 00pasloB apry-
MEHTOB, TO MBI MOXKEM MPHHSTh KOMIPOMHCCHOE pelleHHe. JTo 3Ha-
YHT, 4TO 3aJalOTCS NPaBUJIA IJ7 apTyMeHTOB OnpeleseHHbIX THHOB,
a B KOHIIE 337aeTCs IPABHJIO-«JIOBYILIKA» JJisi BCEX OCTA/NbHEIX Ipa-
BHJ. B KauecTBe mpHMepa TaKoro crnocofa paccMOTPUM CJENYIOULYVIO
nporpamMmmy. OnpefennyM MpeJUKaT CyMMa TAKHM O0pasoM, 4yTO MpH
BHIGOpe B KauecTBe leneBoro yreepxiaenuss cymma(N,X), rze N —
HEKOTOPOe 1[e/I0e 4HCJIO, fepeMeHHOH X INpHCBanWBaeTcsl 3HauyeHHe,
paBHoe cymMe Beex Leqnix yuces ot 1 1o N. Tak, HanpuMep, BO3MO-
XeH CJIefYIOWUE HaJIor:

?— cymma(b, X).
X=15;
HeT

Tonyuennstit otBeT o6bsicustercss TeM, yto 14-2+4-344-4-5 paBuo 15.
31ech MpHBeleHa COOTBETCTBYIOWLAs MPOrpaMma.
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cymma(l,I) :— 1.
cymma(N,Pesyabrat) :(— NI is N—I1, cymma(NI1,Pesyabrar),
Peayabrar is PesyabratN.

[puBeseHHOe ONpeneNeHye SIBJsSETCS PeKypcHBHBIM. Maes coctout
B TOM, UTO BBIXOJ Ha TPAHHYHOE YCJIOBUE NTPOUCXOAMT B cjlydae, KOrAa
nepBelit aprymMeHT paseH 1. B sToM cayuae oTBerT ToxKe pasen l.
Bropoe yTBepxkjeHHE BBOJUT PEKYPCHBHOE LeJeBOe YTBEPKIEHHE
cymma. OnHAaKo NepBBI apryMeHT HOBOT'O LEJIEBOTO YTBEPKAEHHS
Ha eJMHHMLy MeHblle, YeM INepBhId apryMeHT B HCXOJHOM ILeJIEBOM
yTBepxkaeHuu. Clenyoliee leneBoe yTBep:kJIeHHe, KOTOpoe Oyaer
NOPOKAEHO 3THM ileJIEBHIM YTBepXKIeHUeM, CHOBa OyJeT HMeThb mep-
Bbifi apryMeHT Ha eMHHIY MeHbIne. VM Tak jpanee 10 Tex mop, Moka
He GyIeT NOCTUIHYTO TpaHHuHoe ycjaoBde. Tak Kak MHepBul apry-
MEeHT BCerja Ha eJUHHUIY MeHbIle, TO B KOHIle KOHLIOB MPOH30HJeT
BbIXOJ| HAa TPAaHHYHOE YCJOBHe (B NPEANOJNIOXKEeHHH, 4YTO HCXONHOe
Le/NeBOe YTBEPIKACHUE HMEeT ePBbId apryMeHT He MeHbIue 1) H Bb-
[OJIHEHHE TIPOTPAMMbI 3aKOHUYHTCH.

[Tpencragisier uHTEpEC TO, KaK B 3TOH NporpamMe OpraHu30BaHa
obpaboTKa JABYX CJydaeB: KOTAA YHCJIO, COOTBETCTBYIOLLeEe NePBOMY
apryMmenry, pasHo 1 ¥ xorja oHo otinuHo ot 1. Korza mel onpezes-
MU NpeIuKaTH JJIs1 00paGoTKH CNHCKOB, TO OBLIO JIETKO YKa3aTb B2
THIHYHBIX CJIy4as: KOTaa cnucok 6el1 mycteiM ([1) ¥ Korga oH Hmen
Bua {A|B]. Jas ycesr 31O He Tak NPOCTO CAeaTh, NOTOMY YTO MhI He
MO3KeM 3a1aTh TAKOH apryMeHT, KOTODBIH Ol 6Bl COMOCTABHM TOMBKO
C IeJIBIM UHC/IoM, He paBHeIM 1. [IpHemsiemoe peuleHHe B JaHHOM NpH-
Mepe COCTOUT B TOM, 4TOOBI BBIAEMHUTBH CJyuall, KOrja nepBulil apry-
MeHT paBeH 1, U 00eCneyuTb COINOCTABJEHHE IJS BCeX OCTAJNbHBIX
cAy4aeB ¢ NOMOLIbIO MmepeMeHHOH. Mbl 3HaeM, YTO B COOTBETCTBHUH CO
crparerveli, Mcrnonb3yeMoll mpu moucke B 6ase AaHHHIX, Ilposor
cHauasa OGyJeT NBITATHCS ITIPOM3BECTH CONOCTABJEHHE C NPaBHJ/IOM
mia 1, ¥ TOABKO B cJyyae HEyJAud OH TNOMBLITAETCS HCIOAb30BATh
BTOpOe npaBusio. Tagkum o06pasoM, BTOpOe MPaBUJIO HCNOJBL3YETCH
TOJABKO JJIS uhces, He paBHBIX 1. Ho atum neno He KoHuaetrcss. Ecan
Koraa-m6o [Iposor Gyner BHINONHATL BO3BPAT M INONBITAETCA Hepe-
CMOTpeTb BBIGOP IIPABHJA C MEPBLIM aPrYMEHTOM, PaBHBIM 1, TO on
OOHApyXKHT, YTO BTOPOE MPABUJIO TOXKe NpHMeHUMO. Kak MoxkHO
BHJETb, 06a mpaBuUJa SBJSIOTCS AJMbTEPHATHBHBIMH IS LEAEBOTO
yrBepxkaenus cymma(l,X). Mer nomxkuel ykasate [Iposory, uto Hu
B KO€M cJlyyae He cJeflyeT HCIOAb30BaTh BTOPOE NPaBUJIO, eC/IH YHC-
JIO, COOTBETCTBYIOLEEe MEePBOMY apryMeHty, pasHo 1. OmuH U3 crmo-
cOBOB CJieTaTh TO — BCTABUTh OTCEUEHHE B MepBOe NPAaBHJIO (Kak
3TO M MOKA3aHO B 3alUCH 3TOTO NMpaBHJja). 2To OTceueHye YKas3blBaer
[Tposory, yto eciu BHIGPAHO HEpBOE MPABUJIO, TO GOJIbLIE HE CJefyeT
IPHHHMATh HOBOTO peIIEHHS OTHOCHTENLHO TOrO, KaKoe IpPaBHJIO
HCIIOJIb30BaTh IJIF LeJIeBOrO YTBepKAeHHs cymma. B cayuae eciu
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YHCJIO, COOTBETCTBYIOIIEE NEPBOMY apPryMeHTY, AeHCTBHTENBHO PABHO
1, MOXKeT NPOH30HTH TOMLKO BEIGOP NMEPBOTO NPABUJIA.

JaBajite MOCMOTPUM, KaK BCe 5TO BHIIVISIAUT HA S3bIKE AMATPAMM.
Eciu Mbt ofparumea k npenukary cymma(l,X) B crefyiomeM KOH-
TEeKCTe!

BBIOJHUTE :— cymma(l,X), foo(apples)
P—BblIOJIHHTb.

u ana uenn foo(apples) wer comocrasienus, To K MoMeHTY, Koraa
O0HApYKUTCS HeCOrNIacOBaHHOCTL foo(apples) ¢ 6asofi naHHEHIX,
peayabrar paborsl [Iposora Gymer HMeThb BHI, KaKk NOKAa3aHO HA
puc. 4.6. Ecma [Tposor nonsita-
€TCA HAHTH HOBBIC COMOCT2BJIE- [ goinoARUMb
HUSL /I LeJeBblX yTBepiKJe- Q)
HH#, TpocMaTpUBas HX B o6par-
HOM MOpPSIIKe, TO OGHAapYyKUT-
€, 4TO PACCMOTPEHHBIE BHIIIE cymmall,f)
JBAa aJbTepHATUBHBIX IIeJIEBLIX )
YTBEPXKAECHUSA HE MOTYT ObITh .
NePeCMOTPeHbl, TaK KAaK OHH )
HCKJ/IIOYEHBl H3 LEeNOYKH AOKa- L—'_T:]
sareqbcTBa.  CJieloBaTeNbHO,

Haubosee BepHbIH MyTb — He
IBITATBCS HAHTH JpYyroe comnoc-
TaBJIeHUE N5 [pPefHKaTa CyM-

ma(1,X). foo(apples)

¥Yrnpaxnenue 4.1. Uro npo-
M30HJeT B Ipollecce BO3BpaTa
NpPH TIONBITKE HAHTH HOBOE
COMOCTABJIeHHE JAJI1 LIENEBOro Puc. 4.6.
YTBEepPXKIEHUS CYMMa, €CJH H3
NepBOro npaeugaa AJg NpelUKaTa CyMMa yAaanTh orceyenue? Ka-
KHe a/JbTepHATHBHBIE PE3YJNbTaThl GYAYT HOJyueHb (ecJH Boollue
OHH GYNYT BO3MOMKHBI) U II0YeMy?

te v g,
-

[Mocnegnnii npuMep nokasan, Kak MOMKHO HCHOJNB30BATH OTCEYe-
HHe AJ151 TOro, ytolbl cleqath nosefeHue [IpoJsora yyBCTBUTEILHEIM
K CJIy4aio, KOrja Mbl He MOXKEM BbIICHTb BCE BO3MOMKHBIE CIyyau
nyTeM Nepeunc/ieHHst o6pasioB B 3aroJI0BKax npasua. Bomee tunnu-
Has CHUTyauHsi, B KOTOPOH MBI He MOXKeM YKa3aTh CTPYKTYPY 3arosioB-
KOB NPAaBUJ JJI BHIIOJHEHHS] CONOCTABJEHHUS, BO3HHKAET, €CJH MBI
XOTHM BBECTH AOMOJIHUTEJbHBIE YCAOBHSI B BUJE LEJEBbIX YTBEPIKIE-
it [Iposora, nospossiomnx B npomecce cor/aacoBaHus ¢ 6asoit gaH-
HbIX BbIOGPATh COOTBETCTBYIOLIHE NMPABUAA. PaccCMOTPHM CJIeLYIONIHET
albTePHATUBHBIA BADUAHT PelleHHS MOCJELHETro MpHuMepa:



100 Ta. 4. Bosspam u omceyenue

cymma(N,1) (— N =<1, L
cymma(N,R) :(— NI is N—I1, cymma(NI,R1) R is R14+N

B 3TOM ciyuae yKa3blBaeTcsl, 4TO NMepBOe NPABHJIO CJelyeT BEIGPATh,
KOTJla 3aflaHHoe KOJHMUECTBO CYMMHPYEMBIX YHce/ MeHblle HJIH PaBHO
equHuIe. Takoe onpeleseHHe npaBUJa HEMHOTO JyUlle, 4eM Mpeibl-
Iyliee, MOTOMY YTO COOTBETCTBYIOIAsl eMy NporpamMa JAacT OTBET
(BMecTo TOro 4ToGhl BBIIOJMHATHCS OECKOHEUHO), eC/Id B KadecTBe
nepBoro aprymeHTa Oyjer 3ajaH 0 HJM OTpUIATENbHOE YHCI0. Ecan
yCJIOBHE MepBOro NpasHJ/a BHIIOMHSETCS, TO CPA3y XKe BBLAAETCH
peaynbstar 1 ¥ He Tpebyerca nmpuberatb K PeKypPCHBHOMY IIOPOKJe-
HHIO IIeJIeBHIX YTBep:kIeHHH. BTopoe mpaBHJIO c/elyeT MOMbITATHCS
HCIIONB30BATh JIMILbL B CJIy4ae, KOTJa 3TO yCJIO0BHE He BLHINOJHAETCS.
M1 nomkHBl yKasatb [Ipodtory, yto ecau yike o6HapyKeHo, uto N =
=<1, To He cJedyeT BO3BPaUlaTLCA K IepecMOTPY Bhifopa npasuJia.
IT0 KaKk pas U JAOCTUTaeTCs C MOMOUIBIO OTCEUEHHS .

O6wy# NpUHLHUT 3aKA04aeTcss B TOM, 4TO HCIIOJNbL30BaHHE Mexa-
HU3Ma OTCeueHUd I ykasauus [lposory Ha CHTyaldH, KOrja oH
BBIGpPAN eIMHCTBEHHO NPAaBHJLHOE MpPaBUJO, MOXKeT GHITh 3aMeHeHO
HCnoJb3oBaHUeM npeinkata not. 3to Berpoenunift npeankat [Iposio-
ra, T. e. onpeleseHue TOro npeiudkara 3apaHee u3BectHo [Ipodior-
cucreme. [loatoMy ero MOXKHO HCMOJIB30BATb, HE BHINMCHIBAS KaK-
Iblii pas ero onpefenenue (Gosee MOMHO BCTPOEHHBIE MPEAHKATHI OIH-
ceiBalotcsi B rat. 6). Ilpennikar not onpejeseH TakuMm o6Gpas3oM, uto
neneBoe yrBepxaeHHe not(X) HCTHHHO, TObLKO ecyiH X, paccMaTpH-
BaeMOe KaK lle/leBoe YTBEDIK/eHHE, He corsacyercs ¢ 6a30d JaHHEBIX,
Takum ofpasom, not(X) o3nauaer, uro X HedoKasyemo Kax ueresoe
ymeepacdenue I1poroea, T. e. He COrIacoBaHO ¢ 6a30H JaHHBIX. B Ka-
yecTBe NpPHMepa HCIOJb30BaHHA NOt BMECTO OTCEUEHHS MEPemullieM
JBa BapHaHTa ONpeAesIeHHA IpelHKaTa CyMMa CJEAVIOUHUM 00pazoM:

cymma(l,1).
cymma(N,R) :— not(N=1), N1 is N—I, cymma(NI1,RI),
R is NI+RI.
uan
cymma(N,1) 1— N =<1,
cymma(N,R) t— not(N=<l), NI is N—1 cymma(NI,R1),
R is NI--R1.

B pefictiTesnbHOCTH B IIposore uMetorcst Apyrue yioGHble BCTPOEH-
Hble NPeAMKAThl, KOTOpble MOryT 3aMeHHTb of6a U3 [PHBEIEHHBLIX
BXOXJlenuil npenrkara not. Hanpumep, mMoxkHO 3amMenuTs not(N=1)
Ha N\ =1, a not(N =< 1) Ha N>1. B ofiem ciyuae 310 MOKHO
clles1aTh He CO BCeMH BO3MOXKHBIMH YCJIOBHSIMH.

Hcnonp3oBanne npeiaukaTta not BMECTO OTCEUEHHSI CBOKCTBEHHO
AJIs1 XOPOLUETO CTHJIA NPOrpaMMHPOBaHUA. IJTO CBA3aHO C TeM, YTO
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NporpaMmbl, COLEpHKaulye OTCeUeHHs, Kak NPaBHJIo, GoJiee TPYIHBI
JLJISL Y4TeHHs, YeM [POrpaMMbl, He colepxaiide MX. Ecuau ynaetcs
JIOKaJU30BaTh BCE BXOXKIEHHS OTCEUEHHS H 3aMEHHTb UX C MOMOLILLIO
npeAukara not, To nporpamMa craHer Gosee noHatHoi. OAHAKO on-
penesende not mpeanosaraer NONbITKY N0Ka3aTb, 4TO 3aJaHHOE le-
JIeBoe yTBepKaeHHe coraacyerca ¢ 6asoit AanHbIX. ITostomy ecsi Mbt
HMeeM Nporpammy, B ofineM BHAe MpPeiCTaBHUMYI Kak

A — B,E
A — not(B),D.

to [Iposiory asis ycrnemHoro 3aBepIUeHHS NPOTPAMMBI MOXKET MOTpe-
6oBaTbcs JBe MONBITKH corjiacoBath J3. OH JOJIKEH NONbITAThCs
corqacosarb J3 NpH rnpocMoTpe nepBoro npasusa. Ho ecau sarem
OyIeT BLIMOJHEH BO3BpaT H PAcCMOTPEHO BTOPOE NPABHJO, TO OH
Gyrer BBIHYXK/JEH MONBITATECS COrJacoBaTh 73 BHOBL, uTOGH y6e-
JUTBCA, MOXeT JH OhITh corsnacoBaHo not(B). Taxoe ny6aupoBanue
APHBOAUT K notepe 3()peKTHBHOCTH MPOrpaMmbl, Korja ycJaoBHe 73
JIOCTATOYHO CJIOKHO. JTOro GBI He MPOU30LLIO, eClH Gbl BMECTO MPH-
BeJeHHOH NporpaMMbl MBI UMEJIH:

A— B,N,E
Ai— 9D.

TakuM o6pa3om, HHOTA HYKHO B3BECHTDH MPEHMYIIECTBA SCHOH Npo-
TPaMMBI [10 CPABHEHHIO C MPEUMYIIIECTBAMH ee ObLICTPOrO BLIIOJTHEHH .
O6cyxaentte Borpoca 3¢xpeKTHBHOCTH MPHBOJHT HAC K MOCTEAHEMY
npUMepy, B KOTOPOM OTCEYEHHE HCIOJb3yeTcs A (UKCHPOBAHHA
BbI0Opa npaBusa. PaccMoTpuM omnpejiesieHHe NpeluKara NPHCOENH-
HUTb:

npucoennHuTo([],X,X).
npucoeauunth([A|B1,C,[AID]) — npucoesunuts(B,C,D).

Ecan npeankat MpHCOENHHUTH HCIOAb3YETCS JHUINDb B CJy4asax, KOr-
Ia, UMesl /[IBa CIHCKa, Mbl XOTHM HaHTH CIHCOK, MOJyYalWHHACT B
pesyJbTare f06aBJieHH s 3J1eMeHTOB BTOPOrO CIHCKA B KOHell epPBOro,
TO Takas nporpamma HesQpeKTHBHA, IOCKOJBKY, €C/IH BBIIOJHAETCA
BO3BpaT npH 00pabOTKe LEJEBOr0 YTBEPXKJIEHHS BHJAA MOPHCOENH-
uuth ([1,[a,b,c,d],X), Tlposor o6s3an caenath MOMBITKY HCHOJB3O-
BATb BTOPOE IPABHJIO, HECMOTPS HAa TO UTO 3Ta NOMBITKA 3apaHee
ofpeueHa Ha HeyJjauy. B TakoM KOHTEKCTe MyCTOTa NMepBOTO CNHCKA
YKa3bIBaeT Ha TO, YUTO TE€PBOe TPABHUJIO fBJAAETCS eJUHCTBEHHBIM BO3-
MOXKHBIM JJIs1 HCMOJIb30BaHHA H 3Ta HHpOpMALUsS MOXeT GhITh c0006-
mena Ilposory ¢ nomouisio orceuenusi. B ofmem cayuae npu npu-
MeHeHHusax [Iposor-cucTemMsl cMOTYT Jyullle HCIIOJNL30BATL HMEIOLLYIO-
Csl 1aMsTh, €CJIU coolIiaTh CHCTEME TaKHe CBEJEHHS, N0 CPaBHEHHIO
C TeM, KOUJa OHA JOJKHa XPaHWUTh HHpOpPMaUHIo O BhIGOpe MpaBuil,
KOTOpasi B JIeACTBATENLHOCTH HCIIONB30BaHA He GyaeT. MoXHO ¢ 9TOH
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LeJbIO TIepenucaTh Halle ONpefesieHHe CJAelyIOHM 00pasoM:

npucoeauauTs([],X,X) :— !.
HpHCOGﬂHHHTh([A]B] C [A]D] :— npucoeannuts(B,C,D).

[pu cresaHHBIX NPEANONOKEHHSAX OTHOCHTENLHO NPUMEHEHHS mpe-
JHUKaTa NPUCOEJUHHTD 3TO HHKAK He NOBJUSET Ha TO, KaKue pPelleHns
HaieT MporpaMMa, HO HECKOJbKO MOBHICUT ee 3(pheKTHBHOCTL IO
BpEeMEBH BHINOJHEHHS ¥ 00beMy 3aHSTOH NMaMsATH. B KavecTBe nJathl
34 3TO MBI MOTEPSJIH BO3MOMHOCTb HCIIOJB30BAHUSA [IPEJIHKATA MPH-
COEMHHTb B APYTMX CHTyalusx — OH Goablle He OygeT paborath
OKH JaeMBIM 06pa3oM, 4To OyJeT nokaszano B pasg. 4.4.

4.3.2. Kombunayus comceuerie-fail»

Bo BTOpOM K3 nepeurcJ/IeHHBIX BhIIIE cJAyyYaeB NpUMEHEHHsS OTce-
yeHHe HCMOJMb3YeTCd B KOHBIOHKIMU ¢ BCTPOEHHBIM IIpeJHKaToM
fail — ele ofHUM BCTPOEHHEBIM npefnKaroM, noAoGHbIM not. Ilperu-
kat fail He uMeeT apryMeHTOB, 3TO 03HAUAET, YTO BLIMOJHEHHE lLieJe-
BOro yrBepxjenus fail He 3aBHCHT OT TOro, Kakue 3HAUEHHS HMEIOT
nepeMenHble. [lefictBuTensHO, npeaukar fail onpeznesnen Takum obpa-
30M, YTO JOKA3aTeJbCTBO €ro COIMIACOBAHHOCTH KaK LEJeBOro yrT-
BEpKJeHHs] BcerJa 3aKaHUHBAETCs Heyjauell U NPUBOIMT K BKJIOYe-
HUIO MeXaHH3Ma BO3BparTa. ITO B TOUHOCTH COBMAJAET C TeM, YTO Npo-
HCXOMT, KOFAa MBI NBITAaeMCsl HAHTH cOnocTaBjgeHHe IJis LeJe-
BROrO YTBepKJeHHd, AJAA KOTOporo B §a3e JNaHHBIX HET HH (DaKTOB,
uu npasug. Ecnu fail Bcrpeuaercsi nocsie oTcedeHH s, TO HOPMaJIbHOE
BBLITIOJIHEHHEe BO3BpAaTa U3MEHHUTCS B pe3yJibTaTe NefCTBHA MeXxaHH3Ma
orceyenusi. JlanHas koMmOHHauus ~«oTcevyeHue-fail» oOKasblBaeTca
OYeHb TOME3HOH Ha NpaKTHKeE.

JlaBaiite 06CyIUM, KaK MOXKHO ObLI0 Obl HCHOJb30BATL 3TY KOM-
GUHAUMIO B MpOrpaMMe BHIYHCJEHHS pasMepa Hajora, KOTOpH cie-
Ayer yNJAaTHTb TOMY MJM HHOMY uesoBeKy. OAMH H3 BOIPOCOB, Ha
KOTODBIH MBI XOTEJH OBl OJYYHTb OTBET — 3TO SABJSETCH JIU YeJOBEK
«CPEJHAM HaJIOrOIIaTe/IbIINKOM». B 9TOM cayyae BbIUMCAEHHS ObIIH
Obl OYeHb MPOCTHIMM U He TpeOOBAJIH Obl PACCMOTPEHHS MHOMKECTBA
ocobblx cayuaeB. [laBaiite ompenesuM NpeflKaT CPeAHHI_Hajoro-
nJaaTeNbUlHK, TAe cpeaHuii_Hanoromaateabmuk (X) o3Haudaer, uro X
ABJIsieTcsl  CPEAHMM  HaJjoromaartensiukoM. Hanpumep, ®penp
Buorre, KOTOpHIE KeHAT, UMeeT IBYX Jerell H pafoTaeT Ha BeJIOCH-
NeJHOM 3aBOJie, MO OBl PAaCCMATPUBATLCA KaK JAeHCTBUTENBHO Cpej-
Huit HasoromjaaTeJasuK. OZHAKO AHPEKTOP-pacnopsaauTesnb Hedrs-
HOU KOMNAHHH [OJYYaeT, 10-BUIHMOMY, JOCTATOUHO MHOTO, a NEHCHO-
HEp — CJHIDKOM MaJjio, 4TOOHl B 0GOUX cayuasix Gul1 NpHeMJIeM OfHH
H TOT Xe crnoco® BbYHC/IEHHs Hajora. Hawm cienoBano 6Bl Hauath ¢
ocoGoro ciyuasi. Bo3aMOXKHO, 4TO Ha MHOCTPAHHOrO rpaxKAaHHHA pac-
npocTpansiorca 0cobble HAMOTOBble 3aKOHBl, TaK KaK OH MOKer
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HMeTb HaJOTOBble 00513aTe/IbCTBA TAKKe H B cBoeH crpane. [Tostomy,
KaKuM OBl CPEJHUM OH HHU ABJSJCS B JPYTHX OTHOLIEHHAX, HHOCTPAa-
Hel He OyJeT KaaccHQUUUpPOBAH Kak CPeIHHH HAJOroIaTeNbiiHK.
MEI MoKeM HayaTth 3anuch MPaBHJ 00 3TOM CJAEAYIOUMIIM 00pa3om:

cpenHuil_HasoronnaTte buk(X) :-— uHocTpanen(X), fail
CpeNHNI _Hasoromaareabuuk(X) i— ...

B 37Ol BbepXKe H3 NPOrpaMMbl (KOMOpAs AGASEMCs HegepHoll)
B NIEPBOM I[IpABHJIe JesiaeTcs NMONBITKA CKa3aTh: «ecad X — HHOCTpa-
Hell, TO J0Ka3aTesJbCTBO COIVIACOBAHHOCTH IIEJIEBOTO YTBEPXKACHUS
cpenHuii _HanoronaatenbiMk(X) [OIXKHO 3aKOHUHTBHCS HeyJnaued»,
BTopoe npaBu/sio 0/MKHO HCMONB30BATH OOIHA KPHTEPHH TOrO, UTO
3HAYHT OLITH CPENHUM HAJOTOIIATEIbIIMKOM B T€X cayuasdX, KOrad
X~ He mHocrpanen. OumGKa 3ak/JII0YAaeTcs B TOM, YTO €CJU GBI MBI
00paTHJUCh C BOMPOCOM

P— cpeaHuii_HaJOronJIaTeabliyK(BUACIEBHI).

00 WHOCTpaHlle 1o GaMHUJIUH BHACAEBHIN, TO NPOH30LLIO OBl CONOCTA-
BJI€HHE C NMepPBbIM NPaBHJIOM U COMVIACOBAHHOCTD LIEIEBOIO YTBEPIKTE-
HHS1 HHOCTpaHel Owlia Obl AoKasana. [lajee, LeneBoe YTBEPKIEHHE
fail nauunuposano Gul Bosepar. [1pu mombiTKe HAHTH HOBOE COMO-
CTaBJeHHEe [Js 1IeAH CpejHuii_Hasnoromnateabiiuk [Iposor namen
6Bl BTOPOE MPaBUJIO, onpejessiollee ofle KPUTEPUH BBIUHCAEHHS
HaJora, ¥ Hadana Obl MPAMEHATh 3TO MPaBHJIO K BHACAEBHN. BrojHe
BEPOATHO, UTO 3TOT MHOCTPAHEN yAOBIETBOPHJ OBl OGUMM KpPUTEPH-
IM, 4TO NPHUBeJO Obf K HEBEPHOMY OTBETY «AA».

Taxkum o6pasom, mepBoe NpaBHJIO 0KAa3aj10Ch a6GCOMIOTHO Hedd-
($eKTUBHO NPH «OTOPAKOBKE» HALIETO MPUSITEAs KaK CpejHero Haso-
ronsarenbivka. [louemy Tak mnosnyuaercss? OTBET KpPOeTCs B TOM,
uTo 11pH Bo3Bpare [Iposor meiTaercs HalTH HOBOe CONOCTaB/ACHHE ISt
KAx#C0020 UENEBOro YTBEPKAEHUs, paccMaTtpuBasiuerocs panee. [lo-
3TOMY, B YaCTHOCTH, GYAYT HCCAEIOBaHB! albTepHATUBHEIE CHOCOOH!
COMOCTABJEHUST /I CPefHHA_Hamoronaarteabiuk(Buacaesun). s
TOro 4TO0Ll OCTAHOBHTh MOMCK aJbTEPHATHB B JAHHOM caydae, HEOO-
XOAUMO OTCeYb CJeJaHHbIH BHIGOpP NpaBusa (3aMOPO3UTH pelleHHe),
npexze ueM OGyaer BeinosHeH npeauxar fail. Mbl moxeM cresaats
5710, BetaBuB otceueHne niepeq fail. Heckonbko Gosee o6crosaTenbHOe
ornpenesieHye NpeIrKara cpefHuii_ HaaoToOnJaTeAbMHK, BKIKOYAoIlee
9TH M3MeHEHHs!, NPUBEJEHO HUXKe:

cpenunii _Hajoromnarenviuk(X) :— wuHoctpaneu(X), !, fail.
cpennuil _HamoromaaTeJpuk(X) —

cynpyra(X,Y), azoxoa(Y,doxox), Hoxox > 3000, !, fail.
cpenuuil _Hanoromnareabuk(X) :— poxoxn(X,Jdoxon),

2000 << Hoxox, 20000 > Hoxogx.
noxoa(X,Y) :— nonyuaemoe_nocobue(X,P),

P < 5000, !, fail.
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poxon(X,Y) :—
)aJsoBaHbe(X,Z),
JIOXOA _OT _KanurtajaosnoxeHuh (X, W),
Y is Z+ W.
JI0X0A_OT_KanuranosnaoxeHui(X,Y) :(— ...

O6GpartuTe BHHMaHHEe Ha HCIOJb30BAaHME B 3TOH Mporpamme Apy-
rux gomGuHauu# «orceyenue-failr. Bo BTOpOM mnpaBuJie CPemHHA_
HAJNOrONJATENb UMK TOBOPUTCS, UTO IONLITKA 10KAa3aTh, YTO HEKOTO-
PLIH uesoBeK ABJSETCA CPeTHHUM HaNOTONIATEbIIUKOM, MOKET ObITh
[pepBaHa, ecJH MOXKHO [IOKasaTb, YTO 3apalOTOK ero CynpyrH mpe-
BEILIAET HEKOTOPHIH Nnopor. TOYHO Tak ke B Olpeje/]eHHH NPeHKaTa
AOXOJ, VKa3aHo (B NepPBOM MpaBHJie), YTO €CJH 4YesJOBeK IoJydaeT
nocoGue, CyMMa KOTOPOTO MeHbUle HeKOTOpPOro Hnopora, TO He3aBH-
CHMO OT APYTHX OOCTOATeNLCTB MBI 6YJeM paccMaTpUBaTh €ro Kax
BOBCE He HUMeollero A0X0Aa.

WHTepecHbll npHMep HCNOJL30BAHHS KOMOHWHALHH «OTCEueHHe:
fail» npexcrasnsier npeaukar not. BosbIMHECTBO peasu3auuil HMeOT
3TOT NpeAHKaT KaX BCTPOEHHBIH, HO MHTEPECHO pacCMOTPeTh, Kak
MOXKHO OMNHCATh €0 C MOMOIILbI0 NpaBui. Mel TpefyeM, 4TOOH HeJe-
Boe yTBepikaeHue not(P), rne P o6o3Hauaer HekoTOpOR APYToe lese-
BOE YTBep:KleHHe, OBLJIO HCTHHHBIM TOTZa M TOJBKO TOrja, Koria
ZOKa3aTeIbCTBO COMVIACOBEHHOCTH HEJNEBOro yTBepiKAeHUs P Tepnur
Heyjauy. DTO He COBCEM TOYHO COOTBETCTBYeT HalleMy HHTYHTHBHOMY
MOHHMaHHUIO «He ABJSETCH HCTHHHBIMY — JaJIeKO He BCErJa Mbl MOXKeM
0e3 onaceHHs CYHTATh, YTO YTO-TO HE ABJSETCS HCTHHHBIM, €CJIH MBI
He B COCTOSIHHM 10Ka3aTb 370. Ho Kak Obl TO HH OBLJIO, 34€Ch IIPHBO-
IHTCS COOTBETCTBYIOLIEE ONpeleseHHe:

not(P) :— call(P), !, fail

not(P)

Onpegesende npeavkarta not cogepxut obpaiuieHue K aprymeHry P
KaK K 1IeJ1€BOMY YTBEPKJEHHIO C HCI0Jb30BAHHEM BCTPOEHHOTO Mpe-
aukata call. Tlpexukar call npocrto HHTEpIpeTHPYET CBOH apryMeHT
KaK IlefeBoe YTBepXKAEHHE H MBEITAeTCAd J0Kas3aTb €0 COTJIacOBaH-
HOCTb. MBI XOTHM, 4TOOHI MepBOe NMpPaBHJIO NPUMEHANOCh B TeX CJay-
yasax, Korga corjacyercsi P ¢ 6a30il jaHHLIX, @ B MPOTHBHOM CJyyae
JLOMKHO TIPMMEHSITbCSA BTOpOE NpaBu/o. Takum o6pa3oM, MBI TOBO-
pum, uto ecau [Iposor Moxer corsacosath call(P), To oH JomkeH
NpeKpaTiTh Ha 3TOM IpaBHJe J0Ka3aTeNbCTBO 1LEJeBOr0 yTBepKie-
Hus not. Jlpyras BO3MOXKHOCTb HMeeT MecTo, ec/iM I1poJsor He Moxer
corsacoBath call(P). B stoM ciyuae on HuKorga He JoHJeT 10 oTce-
yeHHs1. Tak Kak foKasaresnbcTBO corsiacoBaHHocTH call(P) norepmesno
Heyjauy, TO NPOHCXOJUT BO3Bpart, U [Iposor o6HapyKHUBaeT BTOpoe
npasuJio. ClefoBaTeNnbHO, J0Ka3aTeILCTBO COTNVIACOBAHHOCTH LEJe-
BOro yTBepxKaeHus not(P) 3akoHuMTCH ycHelHo B cJaydae, Korga P
HeJ0Ka3yeMo.
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Kak ¥ B nepBoM c/yyae nmpHMeHEHHs! OTCEUEHHsI, MBI MOXKeM 3a-
MeHHUTDH Joboe ynorpebaeHHe KoMGHHALHE «oTcedenne-fail» ncmosnn-
3oBanHveM npenukata not. Takas 3ameHa TpeGyer HECKOJBbKO 6OJIb-
el peopraHH3allid NpPOrpamMmbl, YyeM paHee, HO NPU STOM He NpH-
BOIMT K notepe 3dPeKTHBHOCTH. Eciu Obl MBI CTANM C 3TOH LEJbIO
nepenyceiBaTh Hally NporpaMmy AJsi NpeluKarta CpefHHH_Hajaoro-
MIATeNbIHK, TO CJeJ0BaN0 Obl HAauaTh ee MPHMEPHO TaK:

CPpeRHUHA HaJOronnatensiuk(X) :—
not(uxoctpasen(X)),
not((cynpyra(X,Y),noxon(Y,Qoxoxn), Hoxox>3000)),
noxon(X,Hoxonl),

OGparuTe BHUMAaHUE Ha TO, YTO B 3TOM NPHMePe KOHDBIOHKIHA LeJeH,
sIBJIAIOILAsACS apryMeHToM not, 3ak./oyeHa B CKOOKH. JIjs TOro 4ro-
Obl OJHO3HAYHO M0KA3aTh, UTO 3anNsAThle PA3JEL/AOT LENH B KOHBIOHK-
UMK (a He apryMeHTHl npeaukara not), Mbl 3aKJIIOUMJH apTyMEHT
npefHkata not B JONOJHHTeNbHbIE KPYTJble CKOOKHY.

4.3.3. 3asepuerue «nopoxcOerus u nposepru»

Ternepb MBI MOMKEM PacCMOTPETb MOCJEAHIO OCHOBHYIO 00J1acTh
HpUMEeHEHUsT OTceueHWsl B nporpammax Ha [Iposore — 3aBeplueHue
HOCJe0BAaTENbHOCTH MMOPOXKIEHUSA K INPOBepKH BapHaHTOB. OueHb
4acTO MporpamMma COCTOUT K3 4acTel, COOTBETCTBYIOIUX C/eAyiome
obuedt Mozenn. Mmeercs nocseoBateIbHOCTD HeJied, KOTOPHE MOTYT
ObITb COFJIACOBAHBI MHOKECTBOM Pa3/IMYHBIX CIOCOBOB M KOTOpBIE
IOPOKAAIOT MHOTO BO3MOXKHEIX PellleHui npu Bosspare. Kpome Toro,
HUMEIOTCS Lle/IM, ApPOBepsAIoulHe MPHEeMIeMOCTh MOPOXKACHHBIX Delle-
HHH AJ19 MoCc/eYIOLLero Hcrnoap30Bausa. Eci NoucKk conocTaBaeHH i
JJISt 35THX HeJIeBBIX YTBEDKIEHUH 3aKOHUMTCSI Heyjaued, TO BO3BpAT
IpHBEIET K TOMY, 4TO OyleT Opejno:KeHO HOBOe perueHne. Hosoe
pereHye 6yIeT MOABEPrHYTO NPOBepPKe HA NPUTOZHOCTD U TaK Jajee.
Tlpouecc sapepummTesi, JauGo Korjga OyAeT NOPOKICHO NPHEMJIEMOE
peruenye (ycnex), JHOO KOTAa Hesb3si GONbLIe HAHTH pelleHuii (He-
yrada). Ml MO:KeM Ha3BaTh «T€HEpaTOPOM» lLieJIeBble YTBEDKAeHHH,
KOTOpble MOPOXKJAI0T BCe BO3MOXKHBIE a/bTePHATHBEI, a lleJeBbie YT-
BepIKJEHHs, KOTOpble HPOBEPAIOT NPUTOJHOCTb pelleHHs,— «KOHT-
poJsiepom». [laBafiTe paccMoTpuM mpHMep Takoli mporpammel. [lpu-
BOZAHMBIH HH:Ke (parMeHT MoT Obl ObITb YACTHIO MPOTPaMMBI, HIpalo-
med B KPeCTHKH-HOMMKH, 3ta NMporpaMMa HCIOJb3YeT BCTPOEHHbIE
npequKaTel var U arg, KOTopble MMOoApOGHO paccMOTpeHBl B Il 6.

BRIHY2KA€HHBIH xoa(docka,K) 51—
aunus(Knerky),
yrposa(Kmetkn,Jocka,K), | .
unus([1,2,3]). :
Jaunus([4,5,6]).
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aunns((7,8,91).
aunus((1,4,7]).
nunus((2,5,8]).
annua([3,6,91).
auuua((1,5,9]).
aunna([3,5,71).

yrpo3a([X,Y,Z],B,X) :— nycro(X,B), kpecruk (X,B), kKpectnx
7.B)

yrposa([X,Y,Z],B,Y) :— nycro(Y,B), xpectux (X,B), kpe-
cTHK(Z,B).

yrposa([X,Y,Z1,B,Z) :i— nycro(Z,B), &kpectuk(X,B), kpe-
ctax(Y,B)

nycro(K,docka :— arg(K,docka,C), var(C).
kpectuk(K,Jocka) :— arg(K,Hdocka,C), nonvar(C), C=X,
noauk(K,locka) :— arg(K,Jocka,C), nonvar(C), C=0.

Isis Tex, KTO He 3HAKOM C 3TOH HTpof, BKpaTle OOBSICHUM ee NpaBH-
na. JIBa HTpoKa No odepeny 3anoJHsIOT KJIETKH Ha J0CKe PasMepoM
3% 3. OIUH HIPOK MCIOJb3yeT JJIsi 5TOro CHMBOJ 0, a Ipyrof ur-
pox — cumBost X. Llgsib MIPEL — pacnosoKuTh TPH CBOMX CHMBOJIA
NoApAA MO OAHOH JAHHUH (BePTHKAJbHOH, rOPH30OHTAaNbHON UJH AHA-
roHanbHOH). Mbl MOXeM NepeHyMepoBaTb JEBAThH KJAETOK Ha JAOCKe
CJIeLYIOIHM 06pa3oM:

{1213
41 5] 6
71819

IIpennosiaraercs, 4To nporpamma AeHCTByeT 3a UTPOKA, JeJalo-
IEr0 CBOM XOJbl HOMHKaMH. [IpelHKaT BhiHYMAEHHbIH_ X0 HCIIONb-
3yercsl Jjs oTBera Ha Bompoc: «HyKHO JM JenaTh BbIHYKIEHHBIH
X0J B KOHKPETHOH Mosuuuu?s Takas cHTyauuss uMeeT MecTO, eCJH
urpoxk 0 (Mrpok, Jesamomuii XoAbl HOJMMKAMH, T. €. NporpaMma) He
MOZKET BBIMTpaTh HEMe[JIeHHO (Mbl He 6YlIeM pacCMaTpHBaTh 3TOT CAy-
uaif), HO eCTb Yyrpo3a TOro, YToO HrpoK X MOKET BBIUIPATH CJAEAYIO-
muM xonoM. Hanpumep, B nosumuu

X 0

X]0]X

Hrpox 0 BoiHyX7aeH nocraButk 0 B 4-f KBajpaT, Tak Kak €CIH OH
He c/ieJlaeT 3TOro, TO €ro NPOTHBHHK OYJeT HMeTh BO3MOXHOCTh Ha
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CJIeLYIOIIEM XOLy 3anoJHUuTh MuHUI0 1—4—7. [Iporpamma paboraer,
NBITAsCh HAUTH JIMHHMIO, JBe KJETKH KOTOPOH 3amoJIHeHH KpecTHKa-
MH, a TpeTbsi — nyctasi. Ecau Takast JIMHUS HMeeTcsi, TO UTPOK 0
BBIHYXJeH CIeJaTb XOJ, IOCTaBHB HOJHK B NYCTYIO KJeTKy. B yT-
BeDKJEHUU JJI NpeiHKaTa BhIHYKAEHHBIA_XOX 1IeJb

auans (Knetkn)

CJHY2KMT «TEHeDaTOPOM» BO3MOMKHBIX JMHHH. DTa Ledb MOXET ObiThb
corylacoBata ¢ 6a30H JaHHBEIX HECKOJBKUMH crocofaMi, B YaCTHOCTH,
nDpHCBaHBAaHHEM B KayecTBe 3HaueHHs nepeMeHHoH KueTku ozHoro
M3 BO3MOXHLIX CMHCKOB HOMEPOB KJETOK, HAXOASIMUXCA Ha OJHOH
JIMHHH. BpibpaB JuHHIO, HEOOXORUMO NPOBEPHTB, CYLIECTBYET JIH
yrpo3a €O CTOPOHBI NPOTHBHHKA HA 3TOH JHMHHH. DTO COCTaBJseT
32524y 1eJIeBOT0 YTBepiKIEHHS, BBIHONHAIEro (PYHKUHH «KOHTPO-
Jepay:

yrposa(Kaerku, Jocka,K)

B atom neneBoM yTBepxIeHUH nepeMmerHas Jocka Hcnomb3yeTes Aaa
NpeACTaBJEHUs TeKyileld MO3UIMU Ha JocKe (T. €. Kakde KJAETKHU 3a-
HSITBI H KaKHMH CHMBOJIAMH), a nepeMedHas K mojyyaer B KayecTBe
3HAUEHHs] HOMED KJIeTKH, B KOTOPOH HIpok 0 JOMKeH MOCTaBUTH
HOJMHK (OpH YCJOBHH YTO JOKA3ATEJNbCTBO ITOH LEJH 3aBepludercs
YCIEIIHO).

OcHOBHAsT Hes MPOrpaMMbl OYeHb [POCTA — MPeAHKAT JHHHA
BBIAAET JIMHUIO, a 3aTEM IIPeHKAT yrpo3a MpoBepser, UMeeTcs JIH
Ha 3TOH JIMHHH yrpos3a. EciM 3TO TaK, TO JOKAas3aTeabCTBO COIVACO-
BAHHOCTH HCXOJIHOT'O [EJIEBOTO YTBEPXKIEHHS BbIHYKAEHHBIH_XO0J
3aKaHYMBAGTCS YCIEIHO. VHaue HHUIMHPYeTcs BO3BpaT, H NpeaH-
KaT JHHHSA [pefnoaraer APYryio BO3MOXKHYIO JHHHIO. DTa JHHUSA
TAKXKe I[OJBEPraeTcsi MPOBepKe, H, BO3MOXHO, CHOBa NPOH30HIET
Bo3Bpar. Ecau Mbl oKaxeMCs B CUTYAilHH, KOI'Aa NpEAMKAT JHHHSA
He MOXKeT GoJiee MMOPOKAATh JIUHHH, TO JOKA3aTeJbCTBO COTJIaCcOBaH-
HOCTH [EJEBOr0 YTBEPKIEHHS BBHIHYXKIEHHbIH_XOJ 32KOHUYHUTCH He-
yaauell (BBHIHYKJIGHHBIX XOJOB HeT).

Teneps paccMOTpUM, 4YTO TIPOHCXOIMT, €CJIH 3Ta INIporpamma,
AIBJISISICh YACThIO HEKOTOPOH GOJIbILeH CHCTEMEBI, YCIIEHIHO HaXOAHT
BuinyKaeHHbIA X0ofA. ITepemenuass K mosyuuTt B KauectBe 3HAuYeHHs
HOMED KJIETKH, B KOTOPOH JOJKeH OBITh cleNaH Xof, U 3Ta HHbopMa-
1us GyJer HCIOIb30BaHA TAe HHOYIb B APYIOM MecCTe B NpOTpaMme.
[Tpennonoxum, uto B fasbHeHIIEM TAe-TO B IpOrpaMmmMe UMeeT MECTO
Heyjlaua NpH J0KAa3aTedbCTBEe COIVIACOBAHHOCTH HEKOTOPOr'O YTBEPIK-
Ienust ¥ uyto IIposior B KOHIE KOHIOB NBITAeTC BHOBb COIJAcOBATh
LeJIEBOe YTBEPXKIEHHE BLIHYXAeHHbIR_xof. Torza mpeavkar JHMHHS
HauHeT MOPOXKIEHHe HOBEIX BO3MOXHBIX JHHHH, KOTODblE JOJAKHBL
6bITh MPOBEPEHBl. DTO GECCMBICTIEHHO, TaK KaK HeT HHKaKOoH NoJb3bl
B TOM, YTOGHI HMCKaThb a/bTepPHATHBHBLIA BBIHYXKAEHHbIH X01. Ecau



108 Fa. 4. Bosspam u omceuernue

HalJeH OJHH M3 TaKHX XOLOB, TO Mbl He MOXKEeM CHe/1aTh HHYEro Jyd-
e, yeM CHesaTh 3TOT XOL — HeyJaua IIPH ero OocyUIeCTBJEHHH ra-
paHTHpoBasia 6bl IPOUrpPBIM Hrpel. B GOJbUIMHCTBE Cjay4daeB, OJHA-
KO, aJbTEPHATHBHBLIX BBIHYXJEHHBIX X0[0B He GyJeT, H NPH MOHCKe
COMOCTABJEHHST A LeAH BbLIHYKAEHHBIH_XON O6yIyT Oecrnose3Ho
npocMaTpuBaTbesd BCe HeonpOOOBAHHEIE TUHHH, NpeXK/e YeM MOMNbITKa
IOKa3aTh COTNIacOBAHHOCTDb Lies He 3aKoHuMTcs HeyhAaued. OnHaxo
B cJayyae aJbTeDHATHBHBIX XOAOB HU3BECTHO, YTO Jaxke eCJH HMeeTcs
ApYTOE pellieHHe, OHO He MOXKET ObITh HCIOAb30BAHO 63 BOSHMKHO-
BeHHsl NpobGJeM C HCMOJMb30BAHHEM MEPBOro peweHHss Mbl MoxkeM
NpefOTBPATUTL MMOTEPI0 BpeMeHHM IlposoroM Ha NMOMCK DPa3/MYHBIX
BbIHYKJEHHBIX XOJOB, IOMECTHB OTCEUeHHEe B KOHIE COOTBETCTBYIO-
I[ero YTBEpPKACHHsA. DTO NPUBEJET K 3aMODAXKHBaHHIO IOCJIEIHETO
VCNeLIHOTO pelleHust M5 MpeiHKaTa JHHHA. DBBeleHHe OTCeueHHH
PABHOCHJBHO CJeAYIOIIEMY 3asIBJEHHIO: «eC/IH HILYTCA BBIHYXKJAeHHbIe
XOJ(bl, TO BaKHO HANTH TOJLKO lEPBOE peleHues.

Yrofel HOHSITH TAKOE HCNOJAb30BaHHE OTCeueHHs, HeoGXOINMOo
JIHILIb PaccMOTpeTb OOILYI0 CTPYKTYDY 3T0# nporpammel. OpHaxo
HEeKOTOpble M3 JeTasell Tak»Ke MPeACTaB/ISIOT UHTepec. B nmporpamme
NPEANoIaraeTea, YTo HUIPOBYIO HOCKY MOMKHO OIHCATH € NOMOULbIO
CTPVKTYDHI, cocTositiel M3 AeBATH KoMroHeHT. Ka)kaas KOMMOHeHTa
NpeACTaBIseT CONEePIKUMOE KJETKH C COOTBETCTBYIOUIHM HOMEPOM.
TakuMm obpa3oM, B J:000# MOMEHT BpeMeHH COJEpKHUMOe YeTBEPTOH
KJIeTKH JOCKH MOXKeT OBITb [OJYYeHO MyTeM BHIOOPKH YeTBEPTOro
apTyMeHTa CTPYKTYPHl, [peicTaBAfAiomel TekKyuylo MO3HUUI0 Ha
JOCKe (1717 3TOTO MBI HCHOJNb3yeM BCTPOEHHBIA npenukar arg). Ecin
KJ1eTKa HHYeM He 3anoJ/HeHa, TO nepeMeHHast OyIeT HeKOHKPeTH3H-
POBaHHOH; HHadye ee 3HaueHHe PaBHO ofHOMY M3 atoMoB O myu X.
Mel Henosib3yeM npedKaThl var W nonvar jJIsi TOro, 4rtoObl onpele-
JIUTb, 3aHsiTa KJeTKa HJH HeT.

IaBafite paccMoTpHM Ipyrofl mpumep nporpammsl, paGoTaioilelt
0 METOAY «MOPOXKAEHUsT H NMPOBEPKH». BepHeMcs K BONPOCY O Nene-
HHH IIeJbIX 4HCesJ, pacCMOTpeHHoMy B pasa. 2.5. BoabmmHcTBO
ITponor-cucrem ofecreunBarOT 3Ty BO3MOKHOCTb ABTOMATHYECKH,
HO 3l1eCb NpeACTaB/]eHa NMPOrpamMma JJid LeJOYNCIEHHOro JeJeHus,
KOTOpas HCNo/b3yeT JMIb ONePalHH CJIOXKEHHS W YMHOXKeHHS.

pasneauts(N1,N2,Pesyabrar) :—
nesnoe_uucao{Pesybrar),
Ilpoussesernue_1 is Pesymbrar *N2,
Iponssenenne_2 is (Pesynbrar 4+ 1)*N2,
[pouspemenue_1 =< NI, [IlpousBenerne_2>NI, .

TO MpaBUJIO UCMOJB3YeT NPEIHKAT Henoe_uHucio (KaK OH OmpefieseH
paHee) 15 NOPOXAEHHSA yKcsa Pe3yabTaT, KOTOpOe SIBJSIETCs Pe3y.JIb-
TaToM «fefenusi» N1 sa N2. Tak, Hanpumep, pesysbTar LejeHUS
27 na 6 paBeH 4, TaK Kak
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4 X6 MeHblle WJIH paBHO 27, a 5 X6 GoJblie yeM 27.

TIpuBeneHHoe nNpPaBUJIO HCNOJAB3YET NpefHKaT LeJN0e_YHMCI0 Kak
«reHeparop», a OCTaJbHbIE LeJleBble YTREPXKAeHUS BBINOMHIIOT QYHK-
L1110 COOTBETCTBYIOILErO «KOHTpOJepa». Mbl 3apaHee 3HaeM, 4UTO eCJH
3ajaHbl KOHKpeTHble 3HadeHusd NI # N2, To npeaukar pasjenutb
(N1, N2, Pesyantat) MOXeT UMeTb 3HAUEHHEe (UCTHHA» JHIUb IS
OJIHOTO BO3MOXKHOro 3Havenuss Pesyabrat. HecMmoTps Ha TO utO
1eJI0e _YHCJ0 MOXKeT NOPOAUTh GECKOHEUHOe MHOMKECTBO KaHAWJATOB,
JUIIb IJ11 OZHOTO M3 HUX OYyAyT BBINOJHATBHCH MOCJTENHHME TeCTHI.
MEI MOKeM $IBHO BBIPA3WTL 3TO HAllle 3HAHMe, BCTABHB OTCEYeHHE B
KOELe npasusaa. Cl0oBaMH 3T0 MOMKHO CKa3aTh TaK: «eCJH HaM yJa-
JIOCH MOPOANTE uncao PesyabTaT Takoe, 4TO OHO YCHEUIHO NPOXOJUT
TECTEIl /7151 YHCJIA, SBJSIOULEr0Cs Pe3yJIbTaTOM JeseHH s, TO HeT Halo6-
HOCTH NBITATbCS MOJYUYHUTH APYroe pellleHde». B uacTHOCTH, Her He-
00X0UMOCTH TI€pecMaTpHBaTh KaKoH-JIHO0 H3 BLHIGOPOB, KOTOpHIE
OBLIH CleJaHbl NMPYU MOHCKe TNPAaBHJ AJ5 PasfesuTb, HEJS0e_UHCI0
¥ Tak Aasee. MBI HallJM €IMHCTBEHHOE pellleHHe, Y HeT OCHOBAHHH
Hckath apyroe. Ecam 6el Mbl "He” n06aBHJH OTCeueHHE, TO JIHOOOH
BO3BpAaT B KOHLE KOHIIOB CHOBa MHHUHHPOBAJ Obl NMOUCK aJbTepHAa-
THB 1J151 Heqoe_uncao. Tak 9to NpopoKuIoCh OBl MOPOXKACHHE 3Ha-
ueHHH 1J1s1 nepeMeHHoll Pesyabtat. Hy 01HO M3 HOBBIX 3HAueHHH He
6bL10 6bI NPaBHJBHBIM pe3yJabTaTOM JejeHHs, H, TakuM ofpasoM,
reHepanHs IeJbIX YHCeJ Mpofo/Kanachk Gel A0 GeCKOHEYHOCTH.

4.4, TlpoGnemsbl, CBA3aHHbIE C HCMNOJb3OBAHUEM OTCEYEHHS

Mgl yxe yOeIUJHCh B TOM, UTO HHOrJa Heo0XOIHMO YUHTLIBATH
cTpaTertio, ucnosabsyeMyw B Ilposiore st moucka B 6ase JaHHBIX,
H 4TO MOPSIIOK 3aMUCH yTBep:keHHuH B nporpamme Ha [Iposore Bius-
€T Ha pe3yJabTaT A0Ka3aTeJbcTBa COrJIaCOBAHHOCTH IeJeBbIX YT-
BepxKaeHu#. IlpoGneMa, cBsi3aHHAsl ¢ BBelleHHEM OTCEUEHHH, 3aKJIO-
gaeTcd B TOM, UTO MBI JIOJKHRI ellle oJsee JeTaJbHo 3HaTh, KaK HMeH-
1o GyAyT MCIOJIb30BaThcs npaBusia nporpammel. M6o, koraa npaeu-
JO HCHOJNB3YeTCs OJHUM CrnocoboM, oTceyeHHe MOKeT OpiTh Ge3Bpen-
HBIM UJH JaXKe T0Je3HBIM, B TO BpeMsl Kak NpH Apyrom criocobe ymnor-
peGJieHNs mpaBHJia OTCEUEHHEe MOMKET IPUBECTH K HenpeABHICHHOMY
pesyJabrary. PaccMoTpHM H3MeHeHHOe ofpefiesieHHe NpeauKaTa npu-
COelMHHTb, IPHBEIEHHOE B NPERLIAYIIIEM pasiene:

npucoenuHuth([], X, X) — I
I‘IpHCOE}lI/IHHTb[A]B]C[AID] :— npucoequnuts(B,C,D).
Korma MBI MMeeM 1eJO C IeJMEBBIMH YTBEPKAeHUAMH, NOAOOHBIMH

npucoenunnth([a,b,cl,[d,el, X)
H
npucoeauHuth({a,b,cl,X,Y)
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TO HCIIONL30BAHHE OTCEUEHHs BMOJHE yMecTHO. Ecin nepBblii apry-
MEHT TaKOro IIeJEBOTO YTBEPXKAEHHS yKe HMeeT HEKOTOpoe 3Haue-
HHE, TO EIHHCTBEHHBIl CMBICJA OTCEYEeHHS — 3TO TMOATBEPXKIEHHE
TOrO, YTO KOrAa 3HaueHue NepBOro aprymeHTa ectb [J, To Toabko
nepBoe npaBuiao npumeHumMo. OIHAKO PacCMOTPHM, YTO NPOHU3OMIET,
ecsld Mbl HMeeM LleIeBOe YTBepKIEHHE

npucoenuuuth(X,Y,[a,b,c)).

Sro uenenoe YTBEep2KACHHE 6y11eT COIOCTaBJ/IEHO € 3aroJIOBKOM Iiep-
Boro npasuJa, 4Tto A4CT

X=[},Y=la,b,c]

HO 3aTeM BCTPETUTCS OTCeyeHHe. DTO MPHBEJET K TOMY, 4TO 6yzeT
3aMOpOXKeH CJHeJIaHHbIH HaM# BLIOOp NpaBuJia, U KaK CJAEACTBHE B
cJayyae ec/JH Mbl O0paTUMcsl 34 HOBLHIM pelleHHeM, OTBeT Oyjer
SHET», JAXe eC/IH B JeHCTBUTEAbHOCTH AJisi JAHHOIO 3A1POCca HMeITCs
JpyrHue pelleHus.

IlpuBenem npyroi HHTEpeCHEIl MPUMEP TOTO, YTO MOXKeT IIPOU30H-
TH, eC/JIH NPAaBUJIO, COJEpIKalllee OTCEeUueHHe, HCIOJNb3yercss Hesania-
HUDPOBaHHLIM cnocoboM. [laBafiTe onpenequM NpeIHKAT HHCIO_Po-
AuTenedl, KOTOpuifi AaeT MHGOPMAUHIO O TOM, CKOJALKO poAuTeNelk
HMeeT ueJoBeK. Mbl MOKkeM onpefie/uTh €ro CJAeAyIOHUM 06pasoM:

yucno _poaurteneii(agam,0) :— 1,
yHcao_poaureneii(esa,0) :(— 1.
uncao_poaureneii(X,2).

TO €CThb YUCJIO POAUTENEH A5t agam H esa paBHo O, a 1/ BCeX OCTaIb-
HBEIX paBHO 2. Ecau Mbl Bcerpa UCIosb3yeM Hallle ONpefesieHue Ipe-
JMKaTa 4YHCII0 _PORUTENei 11 ONpeleseHHs] yucaa poauTeseli HeKO-
TOPOro JAHHOTO YeJIOBEKd, TO BCe HJET HOpMAJbHO. Mul noayuyaem

P— upcJ0_poauTeseii(esa, X).

X =0

HeT

P— uncJ0_ poAuTeseR(axoH, X ).
X =9

HeT

1 Tak jajnee, Kak 3To H Tpebyercd. Orceuenne HeOOXOAUMO, UTOGHI
IIpeNOTBPaTUTL IIpollecC BO3BpPaTa, KOTOPEIA MOr OBl HpPHUBECTH K
TpeTbeMy NpaBHJy B CJyyae, KOrJa YeJ0BEK — 3TO ajaM HJH eBa,
OnHako paccMOTpUM, YTO NPOM3OHIET, €C/H Mbl HCHOJIbL3YEM Te e
cambie npaBuJja, 4YToGbl NPOBEPUTb, YTO NAHHEIA YeNOBEK uMeer
JaHHOe YHCJIO0 pojuTesed. Bce xoporuo, 3a HCK/AOYeHHEM TOTO, 4TO
MBI [OJTyqaeM
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?— uYuCJIo_ponuTeneii(ena,2).
na

Bam cjenyer caMoCcTOsTeJbHO pasobpaTrhbesi, NOYEMY TaK MOJYyYaer-
Cfl — 3TO TPOCTO CHEACTBUHE CTpaterdd, npuMmeHsemod B [Iposore
IJ1s1 IOMCKa B 6a3e jaHHbIX. Hama peannsauns o6paboTKU «OCTaJb-
HBIX» CJyYaeB, OCHOBAHHAH Ha HCIONB30BAHHH OTCEYEHUs, TMPOCTO
Gosabuie He paboraer HajgexamuM obpasoMm. CYIIeCTBYIOT JBa CIO-
coba H3MEHHTD ONpeJie/IeHNe, KOTOPhIE MO3BOJHIMN OBl HaM YCTPAHHTh
yKa3aHHBIH 3¢deKT:

yiicso _pogurenei(agam,N) :— |, N=0.
yucso_poauteneii(era,N) :— !, N==0,
ypcao_poaurenei(X,2).

HJIH

uncso_poaurenei(anam,0),
gucao_poaurenei(esa,l).
ypcsao_popurenteii(X,2) :— X \ = amam, X \ = eBa.

KOHeq’HO, ITH Onpene/IeHU NO-NpeKHEMY HE paﬁoTalOT, €CJIN 3a4aTh
ueJ/eBoe YTBEDXKACHUE BHIA

?— uncyo_poputenei(X,Y).

OXHJas, 4YTO BO3BpAT MO3BOJHT MePEYHCAHTb BCe BO3SMOMKHOCTH,
Takum o0pa3oM, MOXKHO clejath CJAexyIOUHH BBIBOL:

Ecan BBl BBOJMTE OTCEUEHHS AJIsi TOro, 4YTOOBl 0GeCneyuTh Mpa-
BHJIbHYIO paboTy MpPOrpaMmbl AJifl LeJeBhIX YTBePXKAeHHH onpe-
IeJeHHOH GOPMEI, TO HET TapaHTHH, YTO NIPH MOSABJEHHH Le/leBbIX
yTBEpXKACHHH HHOH QopMbl OYIeT NPOUCXOAUTD YTO-JHOO pasyM-
noe. OTciofa Clefyer, 4TO HalleXKHOE HCIOJIb30BAHUE OTCeUeHM S
BO3MOXKHO JIHLIb B TOM CJaydae, KOTrZJa Bbl HMeeTe 4eTKOoe Npex-
CTaBJeHHE O TOM, KaK Balld npaBHJa OYAyT HCNOJAb30BATbCH.
Ecai xapakTep HUCIIOAb30BAHHU A MPABUJ MEHAETCA, TO He0GX0AHMO
TIePECMOTPETb BCe CAydaH ynorpebJeHHsl OTCEUeHHd.



IVIABA 5

BBOJ U BblBOJ\

B npexpiiymux raasax GUIypHpoBasl TOJBKO OIMH cmocob mpe-
noctasyenusi MHpopmanun Ilposor-nporpaMme — obpailleHue K Heil
¢ BonpocoM. TouHO Tak e elMHCTBEHHBI cmocob onpeneMThb 3HA-
ueHHE MEPEeMEHHOH Ha HEKOTOPOM 3Tane J0KasaTejabeTBa COrJaco-
BAHHOCTH IIeJIEBOI'0 YTBePKAeHHs ¢ 6a30f HaHHBIX COCTOA B MOCT-
POeHHH Bompoca TakuM obpasom, 4tobsl IIposor-cucremMa Hanedarasa
OTBET B BU/JIe «X=O0TBeT». B GOJIbIINHCTBE C/Y4YaeB TAKOI'O HENoCpe-
CTBEBHOrO B3aUMOJEHCTBHA C MPOrpaMMoil NOCPEACTBOM BOIPOCOB
BIIOJIHE JIOCTATOUHO, UTOOBl YOEAMTBCA B TOM, 4TO nporpamma pabo-
Taer npasusibHO. OMHAKO BO MHOTHX CHTYauHsX YJA0OHO MHCaTh Mpo-
rpammy Ha Ilposiore Tak, 4To0bl OHA cama MHHIMHpOBasla AHAJOT
¢ nojbsoBarteseM. Hanpumep, nNpeanosoxkuM, uto umeerca 6asa faH-
HBIX, COflepiKamas HHPOpPMauuio o COOBITHAX, NPOHCXOAMBUINX B
mupe B 16-M Beke. Mubopmanus npencrabsiena B Buze GakToB, BKJIO-
YaloIIHX ATy COOBITHSA H €ro KpaTtkoe cojep:kanue. JlaTel MOTyT OHITh
NpeAcTapJieHbl KaK Hesble YKcia, a COAepiKaHhe — B BHJE CIHUCKOB
aroMoB. Te aToMbI B CIHCKe, KOTOPbIe HAYHHAIOTCSA C IPONHCHOH GyK-
Bbl, OYAYT 3aKJOYATbCS B OJMHAPHLIE KaBbIUKH, uTo6Hl [Iposor e
OpPHHAJ HX 33 NEepeMeHHBE:

cobuitue(1505, ["Hauana’,’EBk/inia’, nepeBefieHs], Ha, JaTHH-
CKUfi, f3bIK]).

cobuitne(1510, ['Hauano’, cmopa, mexay, 'Peywmunom’, u
"Tipeddpeproprom’]).

cobbitne(1523, [Kpucruan, '11°, nokunys, 'danuio’]).

Teneps, Ansa Toro 4To6H Y3HATH, YTO CBA3aHO C KOHKPETHOH JaToH,
Mbl MOIJIM OBl 3a1aTh CJEIYIOUIUE BOIPOC:

P— cobreiTHe(1505, X).
Ha uro [Iposior Haneuartas Guf OTBET:
X=["Hauana’,"EBkunja’,nepeBeJicHul, Ha, JaTHHCKUH, s13bIK]
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IlpencraBnende KpaTKOro cojepXaHHA COGBITHH B BHE CIHCKOB
aTOMOB JlaeT BO3MOMXHOCTb ONMpPeNeNHThb AATy COOBITHH II0 HEKOTOPHIM
KJIIOUEBEIM MOMEHTaM, HMeBHIMM Mecto. Hanpumep, paccMorpum
IIpeiHKaT KOTAA, KOTOPHIH MBI onpenenuM HHxke. LleseBoe yTBepxke-
nue Koraa(X, Y) mokasyeMo, ecsqil B 3aroJlIOBKe COOBITHSI, HMEBILEro
Mecto B rogy Y, ynomuHaercs X:

koraa(X,Y) :— cobuitne(Y,Z), npuHaadaexur (X,Z).
?— korza{Kpucrnan,D).
D=1523

OnMH H3 HeJOCTATKOB HCNOJb30BaHUSI CIIHCKOB ATOMOB 3aKJIOUaeTCs
B TOM, YTO HX HeyJ0GHO BBOAHTbL B cHCTeMy, OCOGEHHO €CJH aTOMbl
HAuHHAOTCH C NponucHOH OykBhl. Jlpyras BO3MOMKHOCTb, KOTOpas
¥IMeeT CBOM HeJOCTATKH ¥ IPeHMYLecTBa,— ITO NPEACTaBAsATE Ha3Ba-
HHSA COOBLITHH B BHJE CNUCKOB auTep. M3 npeawpiayiiux riaas Mbl 3Ha-
€M, 4TO CIUCKH JHTEP NPEACTaB/AAIOTCA B BHAE CTPOK JHTEP, 3aKJIIO0-
YeHHBLIX B ABOHHBIE KaBBIYKH:

cobuite(1511, "JTotep nocemaer Pum”).

coberrre(1521, "Tenpn 111 npoBosrsamen 3aliMTHHKOM Bephl”).
coObrtHe(1524, "¥Ymep Backo ga TI'ama™).

cobbitie(1529, ”BepkBun coxxkeH B [lapuxke”).

cobertne(1540, ”"Bosobhoraenue BoiiHel ¢ Typuuei”).

Takass ¢opma npelcraBieHdss yigobHee 1Jjs BBOAa, HO NOCMOT-
PHM, UYTO IIPOH3OHJIET, €C/IM 3a4aThCsl BOIIPOCOM

?— cobbitie(1524, X).

B orser Ilponor sameuwartaer HenoHSATHBIH cnHcok kojoB ASCllI,
COOTBETCTBYIOUIMX JUTEpaM CTPOKH, sIBJASIOUIENCS] 3HAayeHHeM nepe-
MeHHOH X! XoTa cnHcok JuTep Jierue BBECTH B CHCTEMY, MEXaHH3M
’Bonipoc — otBer’ Ilposiora He MO3BOJISIET NOJYYUTb SICHBIH OTBET.

Brlio 661 HaMHOTO y/00Hee, ecjii Gbl BMECTO TOrO, 4TOGHI 06pa-
matbes K [Iposory ¢ nmogo6HBIMH BOPOCAMH, MOXKHO GBIIO HANUCATD
nporpaMmy, KoTopasi BHadaJje ClpamMBaeT, Kakasg Jara Bac MHTepe-
cyeT, a 3areM BEIBOJIUT COJEpPKAaHHE COOTBETCTBYIOLIErO COOLITHS
Ha TepMmuHaJ. [IpH 3TOM Ha3BaHUsA cOOBITHH MOXKHO GbLIO ORI Opel-
CTaBJATHL B :KesaeMoM Buje. 15 BbINOJHEHHMA 3afad NHONOGHOrO
copra B [lposore cyniecTByet psii BCTPOEHHBIX MPEAHKATOB, KOTOPHIE
neuyaTaloT CBOM apryMeHTHl Ha Tepmuuafe. Mmetorcs Takxke npenu-
KaTbl, KOTOPble 0XKHMJAKIT, MOKa IOJB30BATENb BBEIET TEKCT C KJa-
BHATYPHl TepPMHMHAJA, U TIPUCBAHBAIOT MepeMeHHOH B KauecTBe 3HA-
YeHHA BBeJCeHHHIH TeKCT. C NOMOUIbIO 3THX NPEIHKaTOB Iporpamma
MOXeT B3aHMMOJEHCTBOBAThL C BaMH, NpPHHHUMasl OT Bac JaHHbLIE H Iie-
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yatas Jjs Bac pesysabrar. Koraa mporpamma XAeT OT BacC JaHHBIE,
6yJeM roBOpHUTb, YTO OHA wumaem WX 6600um JaHHble. TouHO TaK
’Ke, KOFJia NporpamMMa neyataeT HEKOTOPHIH pe3yJbTar, 6yieM roBo-
DHTb, 4YTO OHAa 66iBOOUM PesyabTaT. B 3Tofl rsiaBe MBI ONHCHIBAEM
pasJIMyHBEe METO/BI BBOAA M BuIBOAA AaHHLIX. ONHH H3 paccMarpHBae-
MBIX MPHUMEPOB CBA3aH C M€YaThl0 KPATKHX cojiepKaHUil COGLITHH H3
6as3b! JaHHBIX HCTOPHUYECKHX COOBITHE, 4 B 3aK/l0ueHHe OyAeT mpHBe-
JieHa nporpaMMma, BOCHPHHHMAIOULAS MPeNioXKeHHsT Ha eCTeCTBEHHOM
sI3blKe H npeodpasylomas uX B CIHCOK KOHCTAHT, KOTOPHI BrHoc/el-
CTBHHM MOXeT ObITb NOABEPTHYT 06paboTke APYrHMMH INporpaMMavH.
Dra npeobpasylollagd nporpaMMa, Ha3BaHHAd BBECTH, MOXKET HC-
NOJABb30BATHCH KAK HEKHH «MOAYJ/by, C MOMOLIBIO KOTOPOLO MOXKHO
€0314BaTh [IPOrPAMMEI /ISl aHAAHM3a APeN/IOKEHNH Ha eCTeCTBEHHOM
sisbike. [Iporpammel, BLIMOJMHSOLME TAKOH aHa M3, OOCYXKIAIOTCA
B NOCAENYIONIUX TaaBaxX, ocoGeHHO B 1J1. 9.

5.1. Bson u BbIBOL TEPMOB

5.1.1. Beigod mepmos

HaunGosee ynobueifl cmoco6 HameuaTaTb HEKOTOPHIH TepM Ha
JUCIIIee TepMUHAJA COCTOHT, M0-BUAHMOMY, B HCIIOJIb30BAaHHH BCTPO-
eHHoro npepdkara write. Eciu sHauenneM nepeMenHo# X sB/IseTCA
TepM, TO nosiBjeHue ey write(X) BbI3OBeT reyaTb 3TOrO TepMma Ha
qucnsiee. B cayuae ecoan nepemenHass X HeKOHKpeTH3HpOBaHa, 6yner
HaleyaTaHo HEKOTOPOe YHHKAJNbHOE HMSI, KOTOPOe COCTOHT U3 OJHHX
uudp (nanpumep, '_253"). Oasako ecau JBe nepeMeHHBIE «CllemJe-
Hbl» B npejenax ONHOrO H TOro e apryMeHTa nmpeiukara write, To
nM Oyner cOOTBETCTBOBATH OAHA W Ta e mnepemenHas. Ilpexguxar
write HeJih3s COMIacoBATh BHOBB. DTOT NPeIHKAT BBINOJNHSETCS JIHUIb
OJIMH pas, U BCAKASA [ONbITKA BHOBb COIACOBATL €I0 3aKaHUHBaeTCs
Heynauefi. Heabss u ucnosps3oBaTh write 1js BBIBOJA KPaTKOro
colepyKaHusi HCTOPHUECKHX COOLITHE B HaumeM npumepe? BcnoMuu-
Te, YTO CTPOKA JIMTep B NeHCTBUTEJBLHOCTH IMPEACTaBAfeTcsl Kak
CIHCOK KOA0B JUTep. Ec/u 661 Takol ¢cnHCOK OblJ1 BHIBELEH C TTOMOIILBIO
npennkara write, To on Obw1 Obl HaneuaTaH KaK 3aKJIOYEHHAas B
KBaapaTHble CKOOKM [MOCJEN0BATeNIbHOCTh IeNBIX YHCesd, pasfieseH-
HBIX 35 THIMH!

[pexae ueM Mbl NO3HAKOMHMMCH C NEPBBLIM NMPHMEPOM HCIIOJB3O-
BaHNA mpefuKarta write, HaM HYXKHO ONMCATH ellle JiBa MpeHKara.
Berpoennniit npepukat nl mpuMeHsieTcst A Nepexoja Ha HOBYIO
CTPOKY NIPH reyartd JaHHbIX Ha aucriee. Haspanue «nl» o6pasoBano
or «new line» (HoBasi ctpoka). Kak u write, npenvkar nl Bernosins-
ercs TOAbKO OAWH pas. Chaepyoomuil BCTpoeHHBI npefuxat tab
HCHONb3yeTcss IS neuaTH npobesoB Ha 3Kpane jucnes. llenesoe
ytBep:xkzenne tab(X) BbIMOMHSETCS TOMBKO Pa3 M BBISBIBAET nepeMe-
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HenHe Kypcopa Ha X nosuuuil Bnpaso. Ilpennonaraercs, uro sHave-
HHe nepemeHHOH X — uenoe gucao. Boamoxuo, BriGop umenu tab
He OuYeHb yjiadeH, TaK KaK B JAefICTBHTENbHOCTH 3TOT IIPEIHKAT He
¥MeeT HHYero obmiero ¢ tabynsuuell Ha OGBIYHBIX MUIHYIIHX MAaIlHH-
Kax HJH Ha JHUCIIeAX TepMHHAJOB.

[Tpy neyaTd CHHCKOB I0JIE3HO MMEYATATb JEMEHTHl CITHCKA TAKUM
06pa3oM, 4TOGH! TOAYYaeMbId pe3yabTaT MOXKHO GBLJIO JIerKO NOHSATh.
CnHckH, KOTOpbIe COAEpIKaT JAPYrHe «BJOKEHHBIE» CIIHCKH, YHTATh
0coGeHHO TPYJHO, TeM OoJjee KOrja BHYTPH HHX COJepKatcs CTPYK-
typel. OnpenesnM npeauxar pp (pretty print — «xopoias neyatsb»)
TaK, uro ueneBoe yreepxkienve pp(X, Y) nmeuataer B yaoGHOM BHjE
CMHCOK, MPUCBOEHHHIH B KauecTBe 3HaueHUs nepemenHoll X. Cmbich
BTOPOTO apryMeHTa npeaukara pp 6yner obbacHeH nosauee. Kamapiil
aBTOpP MNpOrpaMMbl, peaju3ylomled XOpPOILIYIO TNeuaTh, HMeeT CBOH
COOCTBEHHBIH CTHJIE TNpPEACTaBJIEHHS CIHMCKOB. Mbl Bocnosbayemcst
MeTOOM, TPH KOTOPOM 3JeMEHTHl CIUCKa NevaTaioTcs B KOJIOHKY.
Ec/iH s/eMeHT caM sIBJISIETCS CITHCKOM, TO ero 3JIeMEHTHl edaTaloTcst
B KOJIOHKe, KOTOpas CMellleHa BIPaBO MO OTHOWIEHHIO K OCHOBHOM
KosoHKe. Takasi dopma mpeicTaB/IeHHS 1O CYLIECTBY COBHAjaeT C
PacCMOTPEHHBIM B TVI. 3 crocoGoM H300paxkeHHs cnuckoB. Hanpu-
mep, cnucok[1,2,3] «xopouloy neuaraercss B CAeAyHOLieM BHje:

1
2
3

a cnucox|[1,2,[3,4],5,6] neuataerca xak

1
2
3
4
5
6

3aMeTHM, YTO MBI PEIMJIM He nevyaTtaTh KBajpaTHble cKoGKU U 3a-
NSTHE, pasieNsionlie 3JeMeHTHl CrnucKa. Ecau 3jeMeHT crucka
SBJSETCA CTPYKTYpPOH, To OH Gyler obpabaThiBaTbesi TOUHO TaKHM
e crnocoGoM, yTo U atoM. [IpH TakoM noaxoje HaM He HYXKHO «pac-
KDPBLIBATH OpraHU3alHIo» CTPYKTYP, YTOOBI ¢XOpPOIIO» HANEewaTarth HX
KoMnoHeHTHl. CJelyloliasi IporpaMMa peasnu3yer olipefeseHHbIH Ha-
MH crnocof XOpoIned meuaTh:

pp((HITLI) :— 1, F is 143, pp(H,F), ppx(T,F), nl.
pp(X,I) :— tab (I), write(X), nl.

ppx(fl,.).

ppx([HITLD) :— pp(H,I), ppx(T,I).
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Tenepp BHJIHO, YTO BTOPOH apryMmeHT INpeAUKaTta PP  BBIIOJHSET
(YHKUHY cyeTYHKA KOJIOHOK. LlesieBoe yTBepKieHe «<BepXHEro yPOB-
HSy IJif NeYaTH HEKOTOPOTo CHHCKa MOINIO Obi BRITJSLETH KAaK

..., pp(L,0),

NpH 3TOM Haua/lbHOe 3HaUeHHe CHETUHKAa KOJNOHOK yCTaHaB/IMBAeTCHd
paBubiM 0. JlepBoe yTBep:kaeHHWe mpennkara pp obpabaTeiBaeT crie-
HMaJbHBIH CIy4all — KOTJla NepBblH apryMeHT sIBJSIETCH CIUCKOM.
Ecmn 310 Tak, TO HeO6XOAHMO YCTAHOBUTbH HOBYIO KOJIOHKY, YBeJH-
YHB CYETUUK Ha HEKOTOPOR YUCAO (37iech 3). 3ateM Mbl AOJXKHBI OTIe-
yaTaTh C MOMOIIBIO PP TOJIOBY CIIHCKA, TaK KAk OHa caMa MOXKeT
0Kas3aTbCs CNUCKOM. [lasee HY:KHO HalleuataTh Bce /JIeMeHThl XBOCTa
CIIMCKA, pacnosaras KaXKAbld 3JeMeHT B TOH Ke caMOH KOJIOHKe.
DTo Kak pas M BHIMOJHSET MPENUKAT ppx. A npefnkaT ppX HCNOJb-
3yeT pp, MOCKOJIbKY KaKAbIH 3JeMEHT MoxkKeT GbiTh cruckoM. Bropoe
VTBEPKACHHE MpeNHKaTa Pp COOTBETCTBYET CJyuam, KOrja HaM He-
0BX0AMMO HaNeuaTaTh YTo-A160, He siBistolieecs cnuckoM. Mbl npoc-
TO Je/1aeM OTCTYIl Ha YKa3aHHOe YHCJIO TMO3HIHH, HCOMAb3yeM NPeIH-
KaT write 1ja nedatd TepMma M nl 1719 nepexojia Ha HOBYH CTPOKY.
[TepBoe yTBep:KAeHHe LIS pp TakXKe 3akaHyunBaercs nl, MockKoIbBKY
neyarth Kax/JOro CIHcKa J0JKHa 3aBepPLUIHThCS Mepexo0oM Ha HOBYIO
CTPOKY.

OTmernM, 4TO B MpeAHKATe Pp Mbl MOMECTHJH YTBEPXKIEHHE /14
0bpaboTky 0coboro ciyudas nepej yTBepkAeHHeM, 00pabaThBaIOLIMM
BBIXOJ HA TPAHUYHOe ycJaoBHe. Ecayu 6bl MBI MOMeCTHJIH BTOpPOE yT-
BepIKJeHHE 1epe], NepBbIM YTBep KIeHHeM, TO TOrja CIHCOK, ABIA-
HHACA MepBBIM apryMeHTOM MpeiHKara pp, GbUT Gbl COIMOCTAaBJEH C
nepemeHHol X B 3aroJIOBKe BTOPOro npasHJa. B peayJbraTe moJy-
YUTIOCH Obl, UTO CIIHCOK OB 6Bl NPOCTO HaNeyaTay Kak efuHoe Hejoe
fe3 y106CTB U «xopoulei» neyatd. I103TOMy MBI XOTHM, 4TOOBI CJY-
yafl, Korja apryMeHT BJASETCA CIICKOM, MPOoBepsAcs nepBuiM. Vimen-
HO TO3TOMY MHI BBIOpaJM TAKOH MOPSIIOK yTBep:KaeHHA. Bropoe yr-
BepKIeHHE HCMOMb3yeTcst Kak mpasHJo-joByluka. [pyro#i cnocob
JIOGHTBCS TAKOTO K€ Pe3yJbTaTa COCTOHT B TOM, UTOOBL ITPABHIO, OCY-
ILeCTBJISAOIIee NIPOBEPKY TPAHHYHOTO YCJOBHA, MOCTABHTL MEPBBIM
U BKJIOUATL B €r0 TeJNO NMOANEN b, KOTOpad He BHINOJHSETCH, eciH
NepBHIH apTyMEHT SIBJSETCS] CIHCKOM:

pp(X,1) :— not(cnucok(X)), tab(l), write(X), nl.
pp({HITLT) :— J is 143, pp(H,J), ppx(T,J), nl.
/*ppx Kak u panee */

cniucok([])

crcor([__J).

Hawm notpe6oBasioch ornpeeiTh COOTBETCTBYIOUME TPEIHKAT CMHCOK
TAKHM 00pasoM, 4TO LiesleBoe yTBepiKAeHHe cnHcok(X) sBasAeTCA
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corsiacoBanHbiM, eciu X — croucok. llepBeiit akT onpenesnenus
3TOro MpeAvKara yKasblBaeT, UTO NMYCTOH CHHCOK SIBJSETCS CIHCKOM.
Bropoit GakT ykaseiBaeT, UTo CTPYKTypa, HMEIOAs I'OJOBY U XBOCT,
siBJsieTcs1 cnuckoM. CTporo rosops, c/eoBajso Obl NPOBEPHUTH, YTO
XBOCT CTPYKTYPHI TaKKe SBJIAETCS CIHCKOM, HO MBI ONYCTHJIH 31€eCh
3Ty NPOBEPKY.

Hasafite BepHeMcs K (pakTaMm, NpPeACTABJSIONMHMM MpeiHKaT CO-
ObiTHE, KOTODBIE MBI OOCY2KIAAH B Hauase 3TOH rJaBel. Eciau ecth
OAHO W3 KPAaTKHX COJepKaHHH COOBITHH, NpENCTaBJEHHOE B BUJE
CHUCKA ATOMOB, TO MOMKHO UCIIOJL30BATh MpeAuKaT write, yToOwl Ha-
HeyaTaTh Kax/Jpl# aTOM, BCTaBJsisi pobes Mexay aTomamu. Paccmor-
puM npefuxar phh 115 nedatd KpaTKOro COAEPKAHHS COBBLITHIL:

phh([]) :— nl.
phh([H|T]) — write(H), tab(l), phh(T).

Taxk, npu crenytomeM 3anpoce GbL10 OB HANEUaTaHO KaXka0e COOLITHE,
B COZEPKAHUU KOTOPOT'O BCTpeuaeTcsl «AHIHSY:

?— cobetme(_,L), npunaanexkut(’Anrausa’, L), phh(L).

OGpatuM BHHMaHHMe Ha HCNoOJAb30BaHMe MeXaHM3Ma BO3BpaTa A
noucka B Gase gaHHeX. Kaxmwelfi pas, Korga AJs IeJeBOr0 YTBEPK-
JleHHs1 MPUHALMEKMT HE HaXOJUTCH COMNOCTaBJEHHe, Jesaercs I10-
ObITKa HAHTH HOBOE COMNOCTaBJIeHHE J/IA 11e]1eBOr0 YTBePKAEHHS CO-
OpiTHe. B pesysbprate B moMcKax COOBITHH, B KOTODHIX YIIOMHHAeTCs
atoM «AHIIHg» , OyJeT LeJIMKOM NDOCMOTpeHa CBepXy BHH3 BCsA
fasa JNaHHDIX.

[Npenukar write meyataer TepMbl C HEKOTODHIM «IIOHUMAHHEM»
TOTO, UTO OH Jle/iaeT, TaK KaK OH YUHTHIBaET, Kakue OGbsBJIEHHS Olie-
patopoB GblH cenansl. Hanpumep, ecqd Mbl OGBSBHJAH HEKOTODHIH
atoM Kaxk HHOQUKCHBIH Oneparop, TO TepM, HMEIOUIMHA 3TOT aToM B
KauecTBe (PYHKTOPA CTPYKTYPHI C JBYMs apryMeHTaMM, OyIeT Hane-
yaTaH TaKHM 00pasoM, 4YTO aTOM OKaXKeTCsl MeXJy apryMeHTamH.
CyiiecTByeT elile OAHH NPEAHKAaT, KOTOPBIH BBIINOJHSET Te ke JeHCT-
BHsI, 4TO U write, 3a TeM HCKJIOUEHHEM, YTO OH HTHOPHPYET BCe clie-
JanHbie OGBSIBIEHUS ONEpPATOPOB. IDTOT MpeauKar HasbiBaercst dis-
play. Pasnuune mexny write u display ussmocTpupyer cienyomuii
npuMep:

?— write(a+bsxcxc),nl,display(a--bxcxc),

a+bsxcxcH-(a,#(x(b,c),c))
na

O6paTiM BHUMaHHe Ha TO, uto npeaukar display obpa6otan atoMet
-+ ¥ % — TOUHO TaK ke, Kak U Jobble Apyrue aToMbl, KOTOphE OH
neyataeT B 3ToM TepMe. Kak npasuio, HexeNaTeNLHO, 4TOGH [1€ya-
TaeMble CTPYKTYPHL BBITVISAZEIH NOLOOHBIM 00pa3oM, TaK Kak Hajuuue
oreparopoB OGBIYHO fesaeT GoJiee MOHATHBEIMH NIPH UTEHHU KaK BBO-
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IUMble, TaK H BHIBOJMMbIE NPOrpaMMoi AaHHble. OJHAKO HHOTAA,
KOTJla Mbl HE COBCEM YBEepeHHI B TOM, YTO 3HaeM, KAKOB NMPHOPHTET
OnepaTopoB, MCHOJb30BaHHe mpefukara display MoxkeT oKasaTbcs
OYeHb MOJIe3HBIM.

5.1.2. Bgod mepmos

[Tpenukar read uyHTaer ciefyiomuil TepM, HabHpaeMblH MOJB30-
BaTesJeM Ha KJaaBuarype TepmuHaJa. [locse BBOAUMOrO TepMa JOJMK-
HBEI CJIEIOBATh TOYKa .’ H HefleyaTaeMasi JUTepa, Takasd Kak Ipobei
W RETURN!. Ecan nepemennas X He KOHKPETH3HpOBaHa, TO
neneBoe yreepxaeHue read(X) npuBesieT K BBOAY CAELYIONIETO TepMa
M 3TOT TepM Gy/JeT NPHCBOEH B KadecTBe 3HAUEHUst nepeMeHHO# X.
Kaxk 1 apyrue npeiHKaTbl BBOAA-BEIBOJIA, C KOTOPHIMH MBI Y2Ke CTaJl-
KHBaJHCh, npenukar read BHINOJHSIETCS JMINb OOMH pa3. Ecau B
MOMEHT PacCMOTpeHHs 1ieieBoro yTeep:xkaenus read(X) ero aprymest
KOHKDETH3HPOBaH, TO IOMBITKA J0Ka3aTh COrVIaCOBAHHOCTb 3TOTO
[eI€BOT0 YTBEP KAEHHA ¢ 62301 JaHHBIX BBI30BET YTEHHE CJIeNYIOUIEr0
TepMa H TOINBITKY CONOCTAaBJIEHHSI €r0 C apryMeHTOM, 3aJdaHHBIM B
read. CornacoBaHHOCTS HENU ¢ $a30# JaHUHX 3aBUCKT OT pesyJbTaTta
3TOr0 CONOCTABJIEHH .

Ucnonnayst npeaukatsl read u phh, Kak oHM OB OnpeeJieHbl!
BBILLIE, MBI MOXKeM HalHCaThb IpOrpaMMy /IS 1e4atH KpaTKoro comep-
JKaHUS HCTODHYECKHX COOGRITHH, XpaHsiuuxcs B 6ase JaHHBIX, C I1O-
MolIpio GakToB ¢ NMPEfNKaTOM COObITHE. DTa NMporpaMma MMeeT BHJL:

obpaiieHune —

phh (['Kakas’,nara,Bac, untepecyer?’]),
read(D),
cobertre(D,S),

pph(S).

Mul onpenieNd/IN MpeAHKaT ofpaiieHue, He MMEIOIHH apryMeHTOB.
Korga Mel o6paiaeMcsi K CHCTEME C BONPOCOM

?— ofpalenne.

Ilposor Hameuyartaer

Kaxkan pata Bac nHTEpecyer?
" 6yjeT x1atb orBera. [IpemosoKiM, 4TO MBI BBEJH C KJIABHATYPHI

1523.

O6paTtuTe BHUMaHUe Ha TO, yTO mocie 1523 HeoGXOAUMO BBECTH TOY-
KY, TaK Kak 3toro Tpebyer npeankar read. VI, Kak oBbIYHO, MBI 10JIXK-

HBEl HAXKaTh KJaBHIY RETURNI, yTo6hl coobuiute DBM, uro Mb
3aKOHYHJIH BBOJ CTPOKH Tekcra. I[locse storo Ilponor orBetut
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Kpucruan 11 nokunyn Hanuio

O6paruTte BHUMaHHe, UYTO B NEPBOH CTPOKE TeJsa NpasiJa obpalieHne
ucnosnb3yercs npepukat phh, Xors B 5TOM c/ydae HeyaTaeTcsi He
KPaTKOE COJeprKaHHe HCTOPHUECKOTo COOBITHSI. ITO HPOCTO NOKA3bI-
BaeT, uro phh BroJHe NOZXOIHT AJs NEYATH NPOUSE0AbHO20 CIHCKA
aTOMOB HE3aBHCHMO OT TOTO, OTKY/a OH B3s1JICs.

5.2. Beop # BbIBOJ JHTEp

Haumenbuielt eanHuueld JZaHHBIX, KOTOpas MOXKET yuyacTBOBATh
B OMepanusix BBOJA-BHIBOAA, SIBJAseTcs JuTepa. Mbl yxe 3HaeM, 4TO
JIUTEPHl HHTEPIIPETHPYIOTCA KaK He(GoJIbIIHE [eJble YHCIA B COOTBET-
ctBun ¢ kogoM ASCII. B IlpoJiore nmeercsi HECKONLKO BCTPOEHHBIX
NpeIuKAaToB AJAs BBOJAA H BHIBOAA JIMTED.

5.2.1. Buwisod aumep

Ecin nepemennas X uMeeT B KauecTBe 3HAUCHHS HEKOTOPYIO
mitepy (ee kox ASCII), To sta mutepa GyneT HanedaTana npu ofpa-
6otke nenesoro yreepxuenus put(X). Ilpeaukar put Bcerjga BBIIOJ-
HSIETCA H HE MOMKeT ObITh [epecoryacoBaH (3T0 NPHUBOAHT K Heyjaue).
B kauectBe «noGousoro agdexrar put meuartaer JuTepy Ha IHCIIee
tTepMuHanaa. Hanpumep, Mel MoxKeM HarieyaTarhb ¢10B0 hello 1oBosbHO
HEeOoOLIYHBIM CIOCOBoM:

?— put(104),put(101),put(108),put(108),put(i11).
hello

PesyabTaToM Takoll KOHBIOHKIMY llesiell ABJsieTcs Neyathb [Iposiorom
autep h, e, 1, |, 0 HenmocpeACTBEHHO MOJ BONPOCOM, KakK MOKA3aHO
BeIlle. MBI yiKe BHAEH, YTO HMeeTCs BO3MOMKHOCTH HAYATh MEYaTh
TEKCTa ¢ HavaJsa CJIeAYIOmEeH CTPOKH, HCIOAB30BAB AJI STOTO Ipelu-
Kat Ge3 aprymenTos nl. B neficrutenbHOCTH nl «neuataers HEKOTO-
phle yIpaBasioUiie JUTEPHI, YTO BHI3bIBAET IIEPEBOJ Kypcopa Ha auc-
nJiee TepMHHAJa HAa HAualo caelymwoule# cTpokd. Bompoc

?— put(104),put(105),nl,put(116),put(104),put(101),put(i 14),
put(101).

BbI3BAJ OBl CJEAYIOUYIO IIEYATh:
hi
there

Lpyro#i npefukar, ¢ KOTOPhIM Mbl y2Ke O3HAKOMUJIHCh, — 510 tab(X),
neuataromnit X npoGenos (ASCII kon paser 32). Pasymeercs, nepe-
MeHHOH X ROJKHO GHITL PHCBOEHO nesoe uncao. OTMeTHM, uTo npe-
zuxar tab(X) Mor Gul ObITh Onpejesied Tak:
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tab(0) :— L
tab(N) :— put(32), M is N—1, tab(M).

Teneps Mbl MOXKeM ONpENEIHTb NpefHKaT, KOTOPHIA MBI HA30BEM
neyath_CTPoKH. EciM 3HaueHueM nepemeHHOH X SABJIAETCS CIHCOK
KOJIOB JHTep (CTPOKA), TO LEJEBOE YTBEPKIECHHE Me4aTh_CTPOKH
HareyaTaer 3TOT COHCOK (CTPOKY), HCHOB3Ys put 175 MeyaTH Kax-
JOro 3jieMenTta cnucka. Kak u Bo BceX mofofHBIX Mporpammax, rpa-
HUYHBIM YCJIOBHEM SIBJISIETCS MMOSIBJIEHHE MTYCTOro CHHCKA. DTO YCJIOBHE
MBI H HCIIOJIB3YeEM JJIAl 3aBeplieHus peKypcud. I1py HenycToM crnucKe
¢ nomorbio put meyartaeTcss roJioBa CMHCKAa, a 3aTeM HCIOJb3yem
neyaTh_CTPOKH — XBOCT CIIMCKA:

neqaTb_ctpoku([]).
neyatb_cTpokH([HIT]) :— put(H), neuarb_crpoku(T).

P— nevatb_cTpoku(«Hapas V orpekca or mpecroma B Bpioc-
cesey).
Uapas V orpekca ot npecrosa B Bpioccene

Ecan Mbl petinay npeicTaBsiTh KPATKOE COAEpKaHNe HCTOPHUECKUX
COOBITHH KaK CTPOKH JINTEDP, a He KaK CIIUCKU aTOMOB, TO TaKOro ofl-
pellefieHUsl BNOJHE JOCTATOYHO, 4TOOHl MNeyaTaTb CTPOKH H3 6asbl
JIAHHBIX JIs1 MpelMKaTa COObITHE.

5.2.2. Bgod aumep

a5t BBOJA /INTEP, HAOHPaeMblX Ha KJIaBHAType TepMHHANA, MOTYT
6biTh Hcronb30BaHbl npeavkatel get0(X) u get(X). Dt npennkartsi
Bcerja corJjiacyorcst ¢ 6a3ol JaHHBIX, €CJIH HX apryMEeHThl HEKOHKpe-
TH3HpPOBaHLl, a MONBITKA MOBTOPHOIO COTJIaCOBAaHHsI BCErjAa Heyaau-
Ha. [lpu obpaboTke Le/elt, BKIOYAIOIIUX 3TH NpeauKarthl, O9BM oxu-
JaeT 10 TeX MOP, [OKA MoJAb30BaTelb He HabepeT Ha KJaBUATYpe Ka-
KYI0-JH00 UTepy. YKasaHHblEe MNpefvKaThbl HEMHOTO Pas/vuaiorcst
TeM, uro getd(X) npucsont X mobyo HaGpaHHYIO HA KJIABHATYpE JH-
Tepy He3aBHcHMO or ee Bujaa. Hamporus, get(X) mpomyctur Bce
ynpasasouue JUTEPH H NPHCBOUT X B KauecTBe 3HAUEHHUSA [EPBYIC
neuaTaeMyio JuTepy. Kak oTMeuasnocs B 1. 2, neyataeMas jutepa —
3TO JIMTepa, KOTopas BH3yalH3HDYeTCs Ha IUCIJIee TepMHHAJA.

Ecau X yXe NPUCBOGHO 3HAdYeHHE, TO NEJACBOE YTREPKICHHE
get(X) nmponycTUT Bee YIPABJIAOIIHE JUTEPH H CPABHUT CJACIYIOULY IO
3a HUMM flegaTaeMylo JIMTepy co 3HadeHueM X. JlokasaTenbcTBo co-
rJIaCOBAHHOCTH LeJIEBOTO YTBEPXKAEHH sl 3aBUCHT OT PE3YJbTATa 3TOr'0
cpapHenus. Llenesoe yrBepxienue getO(X) cpasuupaer X co ciue-
IyIoleH JUTEPOH B B 3aBUCHMOCTH OT COBNAJEHUs CYHTAETCH COrJia-
COBaHHBIM ¢ (6a30l NaHHBIX HJIH HET.

B crenyiomeM pasjene NpUBOAATCA HEKOTODhIE NPUMEPHI C HC-
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0I0/1b30BAHHEM MPEAUKATOB AJIS YTeHHS JuTep. 3apaHee obpainaem
BHHMaHHe YHTAaTeJs Ha Te CJIy4aH, KOrja BO3HHKaeT Heo6X0JUMOCTb
8 BO3BpaTe 3a leseBoe yTBepxKAeHHe get.

5.3. Bpoj npepjioxeHui

B stoM pasjzene Mbl NpeACTaBMM NpPOrpamMMy, KOTOpas BBOJUT
TpeJIoxKeHHe ¢ TepMHHAJA H peoGpasyer ero B CIUCOK aTOMOB I3bI-
xa Ilponor. B nporpamme onpenensercs npeiukar BBECTH, HMelo-
Ui omuH apryment. [lporpamma Jo/KHa yMeTb ONpEAensiTh, The
3aKaHyHBaeTCs OAHO BBOAMMOE CJOBO H HAYHHAETCs CJ/efdyioliee.
TlosTOMy MpenmosNoXKHUM, 4TO CJIOBO COCTOHT M3 HEeCKOJbKHX OYKB,
{U(P WM CrHeuHalbHBIX JuTep. BYKBHI H nHUOpPEl yKe OblIN Npel-
cTaBJeHbl B pazf. 2.1. Mul OyjieM paccMatpuBaTh OJMHOYHYIO Ka-
BbIUKY '’ U Jeduc’-' Kar creluanbHble JHTEpH. JIMTeph

Ly P

OYAYT paccMaTpUBAThCA KAaK OTHesbHBIe CJ0Bd. Bee Apyrue JUTeph!
SIBJISIIOTCS] Pa3le/UTe/ISIMU MeKIy cioBaMu. [Ipensnoxenye cuutaercs
3aKOHUEHHBIM, KOTAA BCTpewaercs ofHo u3 cjos '.', I’ uam '?.
Ilponucuele 6YKBBI aBTOMATHYECKU Mpeobpasyiorcs B CTPOUHBIE,
TaK YTO OJHO WM TO e CJOBO BCerja INpeBpaulaetcs B OAUH U TOT e
aroM. B pesyabrare Takoro omnpejeseHus nporpamma 6yaeT nojaep-
KHBaTb JUAJOr C MOJb30BaTeseM, NOAOOHBIH ClefyIoeMy:

?— BBecTU(S).
The man, who is very rich, saw John’s watch.
S = [the,man,’,’,who,is,very,rich,’,’ saw,’john’s’ ,watch,’ "]

B nefCTBHTENIbHOCTH Mbl BCTABUJIM B INpEACTaBJeHHE INpeJl0KEeHHS
JIONOJIHUTEJIbHBIE OJIMHAPHbIE KABBIYKH, YTOOH! BBIEJHTb HEKOTOpHIE
ATOMBI.

IIporpamMa ucnosbsyer npeaukar getd ni1s BBoJa JIUTEP C Tep-
MHHana. 3arpylHeHHe, cBs3aHHoe ¢ npeiukatom getd, coctour B
TOM, YTO eCJH JHTepd MPOUYMTaHa € TepMHHA/Ma 3TUM I[PEAHKATOM,
TO OHA «yULIa HaBCEerJa» H HHKAKOe ApPyroe lieJleBOe YTBEpKIeHHE
getd nsn monbiTKa BHOBb JOKa3aTh llesieBOe yTBepiK/leHHe getd ne
TIO3BOJIUT MOJYYHTh AOCTYII K 3TOH JMTepe BHOBb. [losToMy crexyet
u3beraTb BO3BpaTa 3a TOYKY HCHOMb30BaHHS getd, €coiM MBI XOTHM
u36exkaTb IOTEpU» JHTepbl, KOTOPYI OH uuTaer. Hanpumep, cie-
Jywolas nporpamMma, xoropasl AOJKHA BBOAHTH JHMTEPH H I€YaTaTh
HX CHOBA, 3aMeHsist JHTephl a Ha b (kox sauTteps 97 Ha koj 98), He
6yler paboTaTh:

BLINIOJIHUTD — 3aMEHUTH_JIUTEPY, BHIIOJHHTD.

3ameHUuTBH_nuTepy (— getO(X) = 97, 1, put(98).
3aMeHuTb _sntepy:— getO(X), put(X).
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ITpuBesentyio nporpaMmy B J000M Ciiyyae HeJib3si CUUTATh XOpPOIei,
MOTOMY 41O OHA O6yJer paborath BeuHo. OfHAKO paccMOTPHM 3¢hdeKT
HONBITKH [I0Ka3aTh COIVIACOBAHHOCTL LIE/IE€BOTO YTBEPXKIAEHHS 3ame-
HHTb_JuTepy. Ec/in nepBoe NpaBHJIO ONpefeseHHsl npeJuKara 3ame-
HHTb_JHTEPY HCIOJb3yeTca A YTEHHA JIHTEPH], KOJ KOTOPOH OT/IH-
deH ot 97, TO BO3BpAT HpHUBEJET K TOMY, UTC GyJeT c/esaHa MONbITKa
BOCHOJ/Ib30BAThCS BMECTO HEro BTOPHLIM mpaBusoM. OJHAKO COIJaco-
BaHMe 1eJeBoro yTBepkieHHs get0(X) Bo BTOpoM npaBuJe NPUBEHET
K ToMmy, uto X OyJeT KOHKPETH3HpOBaHA caedyroujeld JUTEPOH. ITo
OOBACHAETCS TEM, YTO JNOKA3aTEJNbCTBO NCXOIHOTO 11eJI€BOTO YTBEPIK-
Jenust get0 OblLIo Heobpamumein mpolleccoM. Takum ofpasoM, 3Ta
nporpaMma B JeHCTBUTENBHOCTH He meuartata Gbl Bce JauTepbl. Ona
Jaxe HHoria revarasna Obl JIHTEPHI a.

Kak xe nporpamMma BBecTH npeojoseer npofeMsl BO3Bpata MpH
BBOZe? OTBer 3akJo4aeTcs B TOM, YTO Nporpamma KOHCTPyHpyercs
TaKHM 06pa3oM, UTO OHA BBOJHUT JHTEPHL C ONEpeKCHHEM Ha OJHY
JIUTEPY, 4 NPOBEPKH JIUTEDPDI BLIMOJNHSIOTCS PABUJOM, OTJIHUHBIM OT
npaBuJ/a, B KOTOPOM 3Ta JUTepa Oblyia rpounTana. Ecau JguTepa BBe-
JeHa B KaKOM-TO MecTe NpOrpaMmbl H He MOXKeT GbITb 3JleCh Ke HC-
NO0JB30BaHA, TO OHA BO3BpAllAeTCA OOPAaTHO LA BO3MOXKHOIO HC-
HOJIb30BaHHS JPYTHMH NpaBHJAaMH. B COOTBETCTBHM CO CKAa3aHHBIM
NpeAHKaT AJ1s1 BBOJA OJHOrO CJIOBA YHTATh_ CJIOBO B IelICTBHTENbHOCTH
HUMeeT TpU apryMenTa. [lepBblfi mpeqHasHayeH AJst JUTEPBLl, KOTOpas
6pljia moayueHa NMpPH nocjefHeM BhImonHeHHH get0 rie-nu6o B mpo-
rpaMmMe, HO KOTOPYIO OKa3a/JoCh HEBO3MOXKHBIM HCIOJAb30BaTh B
MecTe ee MoJyueHHsi. BTopoll nmpeiHasHaueH JJis aToMa, KOTOPBIA
6y7eT co3naH AJs npoYHTaHHOrO cjoBa. [locaenuuit apryMenT npej-
Ha3HayueH /11 JUTEpbl, caeldylollell BO BBOAUMOM NpelTOXKeHHH cpa-
3y 3a NPOYHTAHHBIM CJ0BOM. JIJIs1 TOTO YTOOLL OMpeaeHTb, rje KOH-
yaeTcsi CJI0BO, HEOGXOAUMO BBECTH JIHTEPY, CIAEAYIOULYIO HEMOCPE/ICT-
BEHHO 3a CJIOBOM. JTa JHTepa A0MKHA OBITH COXpaHeHa, MOTOMY YTO
OHa MOXET 0Ka3aThCsl NEPBOH JHTEPOH APYroro cJosa.

3z1ech mpHUBENEH TEKCT MPOTPAMMBL:

/% Tlpountatb npepnomeHue =/

BBecTH([Cn|Ciac]) :— getO(C), wumrars_cmoo(C,Cn,Cl), ocra-
tok _npepnoxennsi(Ca,Cl,Cic).

/+ JlaHO cJIOBO W JMTepa MOC/Te HEro, BBECTH OCTATOK Mpej-

JIOKEHHS]

%/
ocratok _npennoxenus (Cia,_,[1) :— nocrexnee_caoso (Cra), 1.
ocratok _npeanoxenna(Cn,C,[Cnl|Cnc]) :— uurath_cioBo

(C, Ca, Cl), ocrarok_npeanoxenns(Cnl,Cl1,Cnc).
/*+ BBecTH OJHO C/IOBO, HMesl HAuyalbHYIO JHTEpYy H 3aMOMHHB,
Kakasg Jurtepa HEET HocJje CJ0Ba

#/
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yurathb_ca0Bo(C,Ci,Cl) :— surepa(C), !, name(Cn,C), get0(Cl).
yutath_c10Bo(C,Cr,C2) :— caoBo(C,Hce), !
getO(Cl),
ocratok _caosa(Cl,Cc,C2),
name(Cax,[HelCc]).
yurath_ca0Bo(C,Cn,C2) :— getO(Cl), unrars_caoso (Cl, Cu,C2).
ocrarok _caosa(C,[HclCe],C2) :(—
cnoBo(C,He),
get0(Cl),
ocrarok _caosa(Cl,Cc,C2).
ocratok _caosa(C,[],C).
/# O1H JuTepH 06pasyioT OTAeJbHbIE CJIOBA #/
aurepa(44) /= , %/
antepa(d9) /x5 %/
autepa(b8)  /x 1o/
aurepa(63) Jx ? %/
aurepa(33) /# ! %/
JmTepa(46) /% . %/
/% Cllefyomye JHTEPB MOTYT BCTPETHTBCH BHYTPH CJIoBa #/
/%= Bropoll (akT 415 npeiMKaTa cA0BO I1peo0pasyeT NPONUCHbIE
JIUTEPHI B CTPOUHBIE

ca080(C,C) :—C> 96, C < 123. wab ... x

c1080(C,M) :— C > 64, C<< 91, MisC+ 32. J#AB ... %/
c1oBo(C,C) :—C > 47, C < 58 /%12 ... 9%/
¢10B0(39,39). /% %/
c1080(45,45) /% - w/

/& Coepyrolue €J10Ba 3aKaHYMBAIOT NPEAJIOKEHHE %/
nocJjejHee.. ¢1080(" - ).
nocseanee _cJsoBo('!’).
nocJsiefiHee _cyoBo(’?’).

Ynpaxuenne 5.1. OObsicHHTe, A/ Yero HCOOJB3YeTCs KaxKaas
repeMeHHas B NpHBEAEHHON Nporpamme.

Ynpaxuenne 5.2. Hanummre nporpammy, KOTopasl 4WTaeT Heor-
PAHHYEHHYIO NOCJAeJOBATEeIbHOCTL JIATED M TeyaTaeT ee, MpeiBapH-
TeJIbHO 3aMeHAs BXOXKJEHHHA JHTEPH a JUTepoi b.

5.4. YUrenue daitnoe u 3anuch B haian

Ilpenuxatel, ofcyxKAaBilHecs B 3TOH I/aBe paHee, HCNONb30Ba-
JHCh 1 BBOJAA (UTeHHSs) M BRIBOJA (3amHCH) JAHHLIX NpH oGMeHe
JUIIb C TEPMUHAJOM, HO OHH MOTYT ObITh HCIOJB30BaHbl H B GoJee
obwux curyauusx. B Ilponor-cucreme onpefensietcss mexkyujuil
8X00HOU nOMoOK OQHHbIX, U3 KOTOPOTO IHPOM3BOJMTCS YTEHHE BCEX
BBOAUMBIX JAHHBIX. Bce BEIBOAMMBIE AAHHBIE 3aNUCHIBAIOTCS B MieKy-
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wyutl 6o1x00H0U nomox Oannbix. B 0OBIYHOM COCTOSIHHH TeKYIIHH BXOJ-
HO MOTOK JAHHBIX MOCTYMaeT ¢ KAaBHATYPHl TePMHHAJA, & TEKYILHHA
BHIXOAHOA MOTOK JAaHHLIX HampaB/asgercs Ha JUcl/ell TepMuHana.
Yacro okasbiBaeTcsi YAOOHO BLINOJHSTH ONEPANHH YTEHHS H 3aIHCH
JIAHHBIX HaJ ¢hadaamy, KOTOpble MPENCTABISAIOT MOCJAENOBATENbHOCTh
JIMTEP BO BTOPUYHOMH BHelHeH naMATH. KOHKpeTHBIH B/ 9TOH NaMATH
3aBUCHT OT HCnoJb3yeMoit DBM, Ho ceifuac ailjnl 0OOBIYHO XpaHSATCA
Ha MarHHTHBIX AucKax. Ilpennosaraercs, uto Kaxablil dalln umeer
coOCTBeHHOR umA(UMS patira), UCIOAb3yeMOe ISl MAeHTH(pHKAUUH
dafina. lnsg toro utobel cofepikaHWe 3TOR IyiaBbl GBLIO MOHATHO,
YHTATENO CJAEeAYeT NO3HAKOMHTLCA C NpaBHJaMH OPraH¥3aldHd H
cnocoboM 3afaHHusa UMeH ¢afiioB B Tofl onepamMoHHOH 06CTaHOBKe,
B KOTOpoi#i oH pabotaer. B Ilposore uMeHa ¢ailjioB npeacTaBiagorca
aroMaMH, HO Mbl He MOXEM HCKJIIOUHTh BO3MOXKHOCTh KakKUX-JHOO
OTDAHHYEHM} HA CUHTAKCHC MMeH (aii0oB, HaK/JAaJblBaeMblX KOHKpeT-
HOH 06CTaHOBKOH, B KOTOpoH paboraer Ilposor-cucrema.

@aitel HMEIOT OMNpeeIeHHYIO AJHHY. DTO 03HAYAET, YTO OHHU CO-
JlepKaT onpejeJeHHoe KogauuecTBo Jautep. B koHue ¢aitia uMeercs
Cnenna bHEI MapKep, HasbIBAeMBIH Maprepom konya datisa. Mol
He of6CyXZanH MapKep KoHLA ¢afja X0 CHX NOp, TdK KakK BBIXOA
Ha KoHel ¢afiia sB/siercs Gojiee OOBIYHBIM IeJioM 1Js (ailios, pac-
NOJOKEHHBIX BO BHEUIHeHd maMsaATH, 4eM npu ofMeHe ¢ TePMHHAJIOM.
Ecsau nporpamMma npousBoauT uteHHe daiia, To MapKep KoHua daina
MOXeT ObITb OGHApYIKEH W B cJIydae, KOrja NporpamMma 4MTaeT Tep-
MBI M KOTHA YHTAIOTCSl OTHAEJbHBIE JIMTEPHl. EC/AH NPH BBITOJHEHUR
get0(X) Bcrpeuaercss kKoHeu aiina, To X GyneT KOHKPETH3HPOBaHA
HEeKOTOpOH ympasJsitollell JHTepoft, obblyHO HMetoweldl koja 26 B
tabsnue kofoB ASCII. Ecnu konen ¢afisia BctpeuaeTcss NpH BbIMOIHe-
Huu read(X), To X OGyAerT KOHKPETHIUPOBAHA HEKOTOPLIM ClenHanb-
HBEIM TEPMOM, 3HAYeHHEe KOTOPOTO 3aBHCHT OT KOHKpeTHOo# [lposor-
cucreMel. [1pu noneitke npounrarb Qa1 fajee Mapkepa KOHIA BO3-
HUKaeT onmobKa.

Hwmeercst BeTpoeHHBH (cTannaprTHeifl) ¢afa, HasbiBaeMBIN user.
Yrenue storo taiiia BHISBIBAET BBOJ, JAHHBIX ¢ KJ1aBHATyPLl TEPMUHA-
Ja, a 3anuch B 3TOT (aliyl IPUBOIUT K TOMY, YTO JIHTEPL! MeYaTaioTcst
Ha aucnyiee. Tako# pexum paGoThl cuMTaercs CTaHAApTHBIM. [lpu
BBOJe C KJIABHATY DBl TepMUHAJA NPH3HAK KOHUA (haiiyia reHepupyercs
npH BBojle yhpaasiiouled jutepsl ¢ kogom ASCII 26. 1o okaxer
Ha BoimosHeHHe get0 u read Takoe XKe BO3JCHCTBHe, KaK ec/H Obt
BCTpeTHJICS KOHel daiaa.

5.4.1. 3anuce & paiirel

[na sanvcy B Qaiyibl TEpMOB H JIHTEP MOTYT GHITH HCMOJB30BAHBE
B TOYHOCTH T€ JKe CaMbie MPeIHKaTHl, 4TO O6CYKAaauch patee Eaun-
CTBEHHOE pa3/ii4He COCTOUT B TOM, YTO KOTAa Mbl XOTHM 3anHcaTb
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JaHHble B ¢ais, TO HaM HAlO0 CMEHHTb MeKywjutl 8utX00HOL ROMOK
O0arHblX TaK, YTOOBI UM ABAsICA (allj, B KOTOPBIE Mbl GyeM 3aMHCHI-
BaTh JaHHBIE, a He mUcmjed TepmMHHana. TeKyuwui BHIXOAHOH IOTOK
JIAaHHBIX H3MeHsieTcs ¢ noMouibto npeaukara tell. Ecan X KoHKpeTH-
3HpoBaHa HMeHeM (afisa, KOTopoe AOMKHO ObITb aTOMOM, TO LEJeBOe
yrBepxieHue tell(X) nmepersiouaer TeKylMi BRIXOAHOH NOTOK AaH-
HBIX TAaKUM 00pas3oM, uTO Jo0asi omepanvsi 3amucH (BLINOJHAEMAast
¢ nomoulpio write, put 1 IpyrHx MOAOGHBIX NpeauKartoB) 6yier npo-
H3BOAUTBLCA B 3TOT (pail/, a He Ha aucnjed tepmuHana. Lleneroe yr-
Bep:kaenre tell(X) moxkHO corjlacoBaTh JHINb OJUH pas. TouHo Tak
;Ke mpu BbloJHeHUH [IposioroM Bo3BpaTa 3a LesieBoe yTBepKIeHHe
tell He MPOMCXOAHT BOCCTAHOBJIEHHS MPEXHETO TEKYINEro BHIXOJAHOIO
noToxa JaHHbIX. Hapsgy co cMeHOH TeKyllero BBIXOAHOTO MOTOKA
JAHHbIX npefHkar tell B 3aBHCHMOCTH OT CHTYalKH BBIIOJHSIET TAKXKE
JpyrHie onepanud. B nepBriit pas, Korja nporpamMma obpamiaercst K
tell ¢ konkpeTHBIM UMeHeM daiina X, ITposor cumraer, uro Heo6GX0-
JIMMO 3aBeCcTH HOBBIH (hails1 ¢ 3TuM HMeHeM. [lostomy ecan X KOHKpe-
TH3UPOBaHA HEKOTOPLIM MMeHeM (aiiia v ¢alisl ¢ TaKUM UMEHEM yiKe
CYLLeCTBYeT, TO BCe JIUTEPLI, VIKe COAepKalinecs B sToMm daine, yaa-
astortea. Hanporus, ecay ¢aisia ¢ HMeHeM, ABASIOUMMCA 3HaYeHHEM
X, He cylecTByeT, To Gail1 ¢ TakuM UMeHeM Oyjer co3fal. B oboux
cryuasx GafiJ cuMTaeTcsl OTKPBITHIM (AJIS 3aDHCH B Hero). 310 3Ha-
UHT, YTO KaxcAas M[ocjaelywlas 3antch B 3T0T (paila 6yjaer poGas-
JIATh JUTEPH B KoHell ¢dafina 1o TeX nop, Noka He MOSIBUTCS SIBHOE
yKa3aHHe, 4TO 3aMHChb B Gailyl MOJHOCTBIO 3aBeplueHa (noka ¢daia He
Gyner 3akphit). C AaHHOrO MOMeHTa ecsyu OyJIer clejlaHa HoOBas IIO-
npITKa 3anucH B s3ToT aia, to [lposor, kak M npexze, GyIeT cuH-
TaTb, YTO HEOOXOAMMO MNHCATbh HOBYIO BepcHio atoro daina. Ilpu
noneiTKe BeinoaHUTS tell(X), koraa nepemennan X He HMeeT KOHKpeT-
HOTO 3HAUYeHHs HJIH ee 3HAUEHHEe He ABJsSeTCA HMeHeM (aiisa, BO3HH-
Kaet ounOKa. Peakuus IlpoJor-cucreMsl Ha BO3HHMKAWIIHE OUIMOKH
3aBHCHT OT KOHKPETHOH peasn3alHH.

[Ipemuxar telling ucnonnsyercs Aja onpeseseHust uMeHu daia,
CJIy2Kallero TeKylUM BbIXOAHEIM TOTOKOM AdHHEIX. [leneBoe yTBepk-
jgenne telling(X) cunrtaercst corsiacoBaHHBEIM, eciM X HMeeT CBOMM
3HaueHHeM HMsi (alfijia TekyIlero BBIXOAHOIO NOTOKA NaHHBIX. Kaxk
Bbl, HaBepHOe, NOrajbiBaerech, ecJd X HEKOHKPETU3HDOBAHO, TO
telling xoukperusupyer X atoMoM (MMeHeM cafiia), AesaioUlyM 3TO
nejeBoe yTBepXKIeHHe BEPHBIM.

Korza sanuce B gafis nosHOCTHIO 3aBeplieHa, TO BBIMOMIHEHHe npe-
zvkara told opopmuT KoHell ¢afiia H 3aKpOeT ero (A1s BBIBOJA).
Kpowme Toro, B pe3ysbTare ero BbIIOJHEHHs] TEKYLIUM BEIXOJIHBIM MO-
TOKOM JaHHBIX CHOBA CTaHET AUCIWIEH TepMHMHaJsa. Takum obpasom,
TUMMYHEs [10CJEOBATENLHOCTD LeJIeBhIX YTBeDXKAEHUH s 3anucu
B (paiil1 HEKOTOPOH COBOKYMHOCTH JIMTED HMEET BUJI

... tell(dpen), write(X), told, ...
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Ecam Tekymui BBIXOJHOM MOTOK TAHHBIX NMEPeK/IIO4YaeTcss Ha JpYroH
taitn Ge3 ncnonpzoBanus told, To mpexHnil dain He GydeT 3aKpHIT
H OCTaHeTCs AOCTYMHBIM JJISi 3alHCH B HEro. 31O NO3BOJsIET Aenath
3amycH B afiyl ¢ nepepeiBaMy, KakK B CJIELYIOLIEM NpHMepe:

tell (X)), write(A), tell(user),
write(B), tell(X), write(C), told.

5.4.2. Ymenue cpatiroe

[penyixatsl, KoTOpble npenocTanaseT IIposor A1 nepek/IIoueHU s
TeKYIEero BXOAHOTO II0TOKA [JAHHBIX, AHAJOTHYHBI MNpeAHKaTaM,
o6cyxaaBimumMesa Boiile. LleseBoe ytBepxacHHe see(X) mepekaouaer
TEKYUIMA BXOJHON NOTOK XaHHBIX HA (hafiyl ¢ yKa3aHHEIM HMeHeM. Tak
ke kak H tell, 10 neneBoe yTBep:xkJeHHe He MOXKeT OBITh AOKA3aHO
BHOBb, ¥ BLIIOJHEHHOE NpeJUKaTOM H3MeHeHHe BXOJHOrO M10TOKa He
nepenespiBaeTcsl npu BosBpare. Ilpu mepsoM BeinosiHeHHH see(X)
I HeKoToporo ¢paiiia X 3ToT ¢aifll CTAaHOBUTCH OTKPHITHIM (LJd
UTEHHs), IPY 3TOM UYTEeHHe HaunHaercd ¢ Hayagaa ¢aiia. [locnenyio-
masi Omepanusi YTeHHs] NPOAOJKAET YUTATh AAaHHBIE C TOrO MeCTa,
rje 3akoH4uJa npeablayinas omepanmusa. M Tax 1o Tex mop, noka He
OyIeT CHeJaHO SIBHOTO 3akphiTisl daifina. C 3TOro MOMeHTa HoBas
NOMBITKA YHTaTh U3 dafna NpUBELeT K TOMY, 49TO paia 6yaeT OTKPLIT
H yTeHHe HayHeTCs C Hauaja dafya, Kak H npexie. Texkywni BXog-
HOH IOTOK JAHHBIX MOXKeT GBITh OIpeslesieH B pe3yJ/ibTaTe BBIOJTHEHH
seeing(X), U TeKyIHH BXOJHOH NOTOK JAHHBIX MOXKET GBITH MePeKIIo-
yeH o6paTHO Ha BBOJ, C TePMHHaJa B pe3yJ/bTare BBINOJIHEHHS ese-
BOr'O YTBEpPIKIeHHS Seen, KOTOpOe TaKikKe 3aKphbiBaeT (afin.

5.4.8. Bsod npoepamm

UreHne AaHHBIX U3 (ali/IOB M 3aNHCh JaHHBIX B afijibl HauGoee
1I0JIe3HBl TOTAQ, KOrjJa o0beM JaHHBIX, C KOTOpEIMH paboTaeTr Haiia
nporpaMMa M KOTOpbie Mbl XOTHM NOMeCTHTb B 6a3y JaHHBIX, IpPEeBOC-
XOIUT TOT OOBEM, KOTOPBIH MBI MOXKEM BBOAMTL BPYUHYIO NPH KaxK-
noM ceatce padotel ¢ 9BM. B Iposore daiiisl vcnonb3ylores rias-
HBIM 00pasoM IJsi XpaHeHMs nporpamM. Ecsu tekct Ilposor-npo-
rpamMMbl COAEPKHUTCA B HEKOTOPOM (hadse, TO Mbl MOXEM NPOUYUTATH
BCe YTBEpXKAeHHA, coleprKalluecs B Qaiiie, H NOMECTHTb UX B §asy
JaHHBIX, BOCIOJNB30BAaBLIHCH AJs1 3Toro mpepukarom consult. Ecsu
sHaueHveM X sBJsieTcsl MMs (afina, To ueab consult(X) mpounraer
yTBepKIAeHNS (haKThl U MPaBHJIA) H LleJIeBbe YTBEPKACHHS H3 3TOTO
dafina. BombmmHCcTBO peanusauuit [Iposora uMeloT crenuasbHyi0
dopMmy sanucu 15 npeigdkara consulf, mo3BoJAKMIYIO MPOYHTATH
nocjeRoBaTeqbHO OIMH 3a APYTUM cnHcoxk ¢aitioB. Ecan Bompoc K
Ilposor-cucteMe HMeeT BHZ CHHCKa aTOMOB, To [lposor-cucrema
NpOoYMTaeT KaxkAbli dailsl H3 TOro cnucka. B KauectBe mpumepa uc-
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N0Jb30BaHKs TaKOH (OPMEI 3allHCH NPUBEIEM CJELYIOmHH BONpOC:
P— cafinl, oToOpaxkeHue, SKCHEPT.

1ot Bonpoc obpabarthiBaercs TaKUM 00pas3oM, Kak ecad 6b [Iposor
BHIMIOMHAJ liesieBoe yTRepxkaeHue consultall(X), rze X — 310 cnu-
COK, 3aJaHHBbIH B Bonpoce, a npefukat consultall onpenenen caexyro-
UM 0o0pasoM:

consultall([]).
consultall(H|T]) :— consult(H), consultall(T).

OzHako KOpOTKasl CMUCKOBask 3anuch 6oJiee 5KOHOMHUHA, 4 9TO OCO-
f€HHO BayKHO, €C/M NPUHATH BO BHHMAaHHe, UTO CAMOE mepBoe Jef-
CTBHe, KOTOpoe BuiMoJHAeT paGoraiomuil ¢ llposmorom nporpam-
MHCT,— 3TO UuTeHHe U3 (Qalino cBoux npenukaros. Ilpegnrar
consult aBromMaTHueckM NpeKpallaeT YTEHHE YTBEPXKAEHHH, KOTAA
BcTpeuaeTcsi KoHen ¢afina. B pasp. 6.1 npeauxar consult onmce-
BaeTcsl 6oJiee NOAPOGHO.

5.5. O0bsiBIEHME ONEPATOPOB

Ilpnunna, no Koropoli omepatopsl paccMaTpHBAIOTCS B IJiaBe,
NOCBAILLEHHOH BBOJIY-BBIBOAY, COCTOHT B TOM, 4YTO ONEPATOPHI Iipe-
JOCTaBJSIOT HEKOTOpHle CHHTaKCHYeCKHe YAOGCTBA NpPH YTEHHH K
3amicH TepMOB. HHKaKUX APYTHX OPHUHH A5 BBEICHHS ONEpaTtopoB
Het. /s Hauasa KOPOTKO HANIOMHUM CKa3aHHOe B pa3f. 2.3, a 3ateM
pacCKaXXeM O TOM, KaK OOBABJSAIOTCH ONepaTOpHL.

CHHTaKCHC A3bIKa paspellaeT HCII0/Ib30BaHUe ONepaTopos, ob.a-
AAIOMIMX CJAeAYIOMMMH TPeMsi CBOMCTBAMH: MO3HUNMeEll, NPHOPHTETOM
H accouMatuBHocThbio. [lo 3aHMMaemoOll NO3WLHMH onepaTopbl MOTYT
ObITb HHQUKCHBIMH, NOCTOHKCHBIMH HJM MpepUKCHBIMH (omepatop,
MMEIOIHA [Ba apryMeHTa, MOXeT paclosiaraThest MeXJy apryMmeH-
TaMH; ONEPATOp € OJHUM apryMEHTOM MOXKET HaXOJUThCA 160 mocse
apryMesra, au6o nepez HuM). [IpuopuTter omepaTopa — 3TO HEKOTO-
poe 11eJI0e YMCJI0, AManas3oH HM3MeHEHHs KOTOPOTO 3aBHCHT OT KOH-
kperHofi peanusanuy Ilposora. Ilpeanoso:kuM, 4To OHO HAXOAHTCS
B jHanasoHe ot 1 g0 255. Ilpuopurer ucnonb3yercs /s TOrO, YTOOLI
npUAaTh OAHO3HAUHYIO HHTEPNPETAIMIO BEIPAXKEHUAM B TeX CJyuasx,
KOIJla CHHTAKCHC TEPMOB He 3aJaH SIBHO C IIOMOLLbI0 CKOGOK. Acconn-
ATHBHOCTb HeoGXoAuMa AJsi HPUAAHUA OJHO3HAYHOH MHTePlpeTantH
BLIPAXKEHHSIM, B KOTODBIX MMEIOTCS [Ba Omneparopa C OJAHHAKOBBIMH
npuoputeramu. Oneparopy B s3bike IIposior cOOTBeTCTBYeT cren-
aJIbHBIH aTOM, KOTopblfl CIEUHILEPYET NO3HLHIO Il ACCOLHATHBHOCTD
omeparopa. [nA UHQHKCHEIX ONepaTopoB BOSMOXHEL CJ/eAylollye
crenubIKanmum:

xfx xfy yix yiy
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YT06b NOHATH CMBICA 3THX crenddUKauui, HX MOJNE3HO PaccMaTpH-
BATb Kak «00pasubly BO3MOXKHOTO HCHNOJNbL30BAHUA ONEPATOPOB.
B npusenenHnix o6pasuax 6ykea f mpeacrasiser oneparop, axuy —
aprymeHThl. TakuMm 06pasoM, BO BCeX IPHBEJEHHBIX Bhbille obpasuax
oneparop AOJKEH HaXOJUTbCA Mexncdy ABYMsi apryMeHTamH, T. €.
OH $sIBJISETCH HMH(UKCHBIM ONepaTopoM. B COOTBETCTBHH C 3THM CO-
rJaaueHnem

fx fy

ecTb JBe crnenupurauuu A8 npedHKCHHIX onepatopoB (orneparop
3aMHCbIBAETCA Mepell ero eIUHCTBEHHBIM apryMeHToM). TouHO Tax ke

xf yi

MPEACTAB/AIOT BO3MOKHEIE CIEHPUKAINN AT NOCTPHKCHEIX Omepa-
TOPOB. MOXKET BHI3BATh HEAOYMeHHUe HCMOJb30BaHUe JBYX OYKB 115
obosnauenust aprymenroB. Mcnosb3oBanne OYKB X M y B TOH MM
HHOH MO3HIMH MO3BOJSIET BRIPA3UTh HHPOPMAIHIO 00 acCOLHATHBHO-
CTH onepaTopa. B mnpennosioxeHWH, YTO BbIpaKeHHE He COAEPXKHT
cKofoK, GYKBa Yy YKasblBaeT, UTO COOTBETCTBYIOUIUH el apryMeHT
MOXKeT COJEP2KAaTb ONepaTophl C MPHOPHTETOM, PAaBHBIM NPHOPUTETY
JIAHHOT'O OMepaTtopa WK ¢ GoJiee HU3KUM MPHOpPHTETOM. Hanpotus,
OYKBa X YKa3blBaeT, UTO KaxK/Ibll OIepaTop B COOTBETCTBYMIOUIEM el
aprymeHTe JOJKeH HMeTb CTPOro 6osiee HU3KHE NPUOPUTET HO Cpas-
HEeHUIO ¢ MPUOPUTETOM JJAHHOTO oneparopa. PaccMOTpUM, 4TO 3TO 3HA-
ydT A5 oneparopa -, o6baBaeHHOro Kak yix. Eciu nMeercst Bbipa-
XKeHue

a+b-+c
TO /51 HErO BO3MOXHBI fIB€ CJENYIOUHE HHTEPIPETallHU!

(a+b)+c a4 (b-+ ¢

Bropas HHTepnperauHsl MCKJIOYaeTcs, TAK KaK [PH 3TOM apryMeHT,
CTOSIIIMI MOCJIe NepBOro BXOXKIAEHHS -+, COAEpPKHT ONEpPAaTop ¢ TeM
JKe CaMBIM [IPHOPHTETOM (BTOpPOH omepatop ). DTO NPOTHBOPEUHT
TOMY, YTO B criellHpHKanHu oneparopa -- nocste f cToHT Xx.

Oneparop, uMelomuil cnemudukanyo yix, sBJISETCS JeBOacco-
HHaTHBHBIM. AHaJIOTHUHO omepaTop co cnennduranues xfy sBasercs
NpaBoaCCOUMATHBHLIM. EciH Mbl 3HaeM Heo6XOAUMYIO accouyaTuB-
HOCTb OOBABJASEMOr0 HH(PHUKCHOr'O oOlleparopa, TO 3TO 3HAUUT, YTO
OJHO3HAYHO OIpeJiesigeTcsl COOTBETCTBYIOILAS OMEepaTopy crenudu-
Rauus.

3ameTHM, YTO HCIOJNb30BaHHe GYKB X H ¥ B ABYX JIPYTUX CJAydasix
UMEET TOT K€ CMBICJI OTHOCHTEJNBbHO TOTO, KakHe ONepaTropbl MOIyT
NOSIBJATECS B COOTBETCTBYIOMIEH NMOSHIMH NPH OTCYTCTBHH CKOGOK.
D70 3HAYMT, YTO, HANPHMEp, MOC/ENOBATENbHOCTh

not not a
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JONMyCcTHMa CHHTAaKCHYeCKH, ecid oneparop not o6wsiBieH Kak fy,
H HeJonmycTHMa B cayyae, Korja oH o0bsBJeH Kak fx.

Ecan Mbl xoTHM 00BaBHTH Ha [lpoJiore onepatop ¢ 3ajaHHBIMH
NO3ULIMEH, NPHOPHTETOM H 4CCOLHATHBHOCTBIO TAKHM 00pPa3oM, YTOGHI
Ilposor pacnosunasa ero npH BROJE H BBIBOJE TEDPMOB, TO MBI HC-
noJib3yeM BCTPOEHHbIR npenukaT op. Ecam Hmsa — sto oneparop,
KOTOPBIA MBI XKeJlaeM HMeTb {aTOM, KOTOPBIH MBI XOTHM CleJaTb Ole-
partopom), Ilpuopurer — nmpuoputer oneparopa (lleoe 4YHCAO B
COOTBeTCTBYIOIeM auanasoHe) 1 Cnenuduxauus — crnenudukanus,
onpefiesiAOLLAs MOJOXKEHHe ¥ AacCOUHMATHBHOCTL omepartopa (OguH
U3 [pHBeIEHHBIX BHIIE aTOMOB), TO TaKOH OMEpaTop MOMKeT OBITh
0OBbsABJEH C MOMOLILBIO BBIIOJHEHHS CJeAyIOIEero LeaeBoro yTBepxK-
JIEHU 1

?— op (ITpuopurer,Creundrxauns,iva).

Ecnn o6BsBJNeHNe oneparopa ABJSETCS JONYCTHMBHIM, TO 3Ta /b
6y IleT JOCTHTHYTA.

B kauectBe npuMepa oGBbSIBIEHHS ONEPaTOPOB Jasee MPHBOAUTCA
[OJIHBIA CNHCOK (Gas0BBIX ONEpPaToOpoB, OOCYXKJAEMBIX B JAHHOH KHH-
re. KoukperHsie peanuzanuu [Iposora MOryT HMeThb HECKOJBKO OT-
JIMYHBIE Habop «CTAHZAPTHLIX» ONEpaTOPOB; MOMKET MOTPeGOBATLCSH
MaciTabUpoBanHe YKa3aHHBIX NpUOPHTETOB. OJHAKO B3aHMHBIH
MOpsJIOK ONEPaTOPOB B WEpAPXUH NPHOPHTETOB OGLIYHO OCTAeTCs
HeH3MEHHBIM.

?—op(255,xfx,”:—").

?—op(255,fx,"?—).

?—op(254,x1y,’;’).

?—op(253,x1y,”,’).

?—op(250,x,spy).

?—op(250,fx,nospy).

?—op(60,ix,not).

?—op(51,xfy,”.").

?—op(40,xfx,is).

?—op(40,xfx,’=..").

?—op(40,xfx,=).

?—op(40,xfx,\ =).

?—op(40,xfx,<7).

?—0p(40,xfx,=<7).

?—op(40,xfx,>=).

?—op(40,xix,>>).

?—op(40,xfx,===).

?—op(40,xfx,\ ==).

?—op(31,yfx,—).

?—op(31,yix,4-).

?—op(21,yix,/).

?—op(21,yix,*).

?—op(l1,xfx, mod).
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BCTPOEHHDBIE NPEJHKATDI

B atofi rnase GyAyT ONHCAHBI HEKOTOPLIE BCHIPOCHHbIE TTPETHKATHI,
KOTOpble MOXKeT ofecneudBaTh [lposor-cicrema. Yro umeercss B BU-
1Y, KOrJa ™Mbl TOBOPHM, YTO NPEAUKAT sIBIAETCA BCTPOEHHBIM? 3TO
3HAYMT, YTO ONpeJiesieHHe 3TOro npefuKara yxke umeercs B [Iposor-
CcHCTEME M HeT HeoOXOZHMOCTH HMeTh COOCTBEHHOE €ero orucaHue.
BeTpoeHHble TpedKAaThl IPELOCTABJASIOT BO3MOXKHOCTH, KOTOpBIe
HeJMb3s1 peasJU30BaTh ¢ MOMOIIbIO ormvcaHui Ha uucroM Ilposore.
OHH Takke MOT'YT NPeNOCTABIATh YIOOHbIE CPeACTBA, H36aBJ/IsAs Npo-
rpaMMHCTa OT HEOGXOMHMMOCTH CaMOMY ONpPeNesATb 3TH MPeIUKaTH.
B 1efiCTBUTENBLHOCTH Mbl Y2Ke BCTPEUAJIHCh C HEKOTOPBIMU BCTPOEH-
HBIMIl MpeIHKaTaMH — 3TO [PeJIUKaThl AJds BBOAAa U BbIBOJA, 006CY-
»KAaBlvecs B ral. 5. OnepaTop «OTCeyeHH» TOXKE MOKHO paccMaTtpH-
BATL KA4K BCTPOEHHBIH NpeatKar.

[lpeaukatel /11 BBOJA-BBIBOAA I10KA3BIBAIOT, HYTO BCTPOEHHBIE
MPEANKATBl MOI'YT UMeTb «120060uHbIe 3pDeKToly. DTO 3HAUHT, YTO NpH
JOKa3aTeqbCTBe COTVIACOBAHHOCTH 1E€BOr0 yTBepKISHUS, ColepKa-
ILero Takod MpeAuKar, MOMHMO KOHKPEeTH3aUUH apryMeHTOB MpejH-
KaTa MOFYT BO3HHKHYTb AOMOJHHUTE/NbHbIE U3MEHEHHS. DTO, €CTecT-
BEHHO, He MOXKET CJAYUMThbCA C MpeiHKaTaMu, ONpelesleHHLIMY Ha
ypcTtoM [lposore. Jlpyroll Ba:kHbIA (akT, KacaromUHCsS BCTPOEHHBIX
NIPeANKAaToOB, COCTOHT B TOM, UTO OHH MOTYT GBITh ONpENENEHbl TOMbKO
119 apryMeHTOB KOHKpeTHoro BuAa. Harpumep, pacemorpum mpe-
IuKar ‘<, onpejeseHHbI TakuM o6pasoM, yto X << Y BBIMOJIHSET-
cd, ecad yHcesao X MeHblie, yeM uucao Y. Ilono6Hoe oTHoleHUe He
Moxer ObiTh omnpefeneHo B [lposiore 6e3 mOMOIMIH MOCTOPOHHHX
CpeACTB, HCMOJb3YIOIUIHX HEKOTOPLIE 3HaHHA 0 uncaax. Takum obpa-
30M, < —3TO BCTPOEHHBIH MDeNHKAT, a ero onpejesaeHye HCIOMb3yeT
3€KOTOpble ONepalii BbIUMCAMTESbHOH MALIAHEl, Ha KOTOPO# peaJtH-
uoBaHa [Iponor-cucrema, A8 onpejesieHUsi OTHOCHTENbHOH BeJHuH-
HBEI uHces (OpeACTaBJieHHLIX B BHAE NBOMYHOTO KOJA4 HJIM KaKUM-
JH60 HHBIM CIOCOGOM).

Yro npoH3oiiner, ecd Mbl HCHOJb3yeM B KauecTBe LEJEBOro yT-
BepxkpeHns npeaukar X << Y, rae X sB/adercs aTOMOM HJIM jaxe
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fosiee Toro, ecsH Kak X, tak H Y HeKOHKpeTH3HpoBaHbl? Onpejese-
HHe npejHKaTa, JaHHOe Ha MallMHHOM A3blKe, OKaXKeTcs NMpOCTO He-
npruMeHHMBIM. [T03TOMY MBI TOJMXKHBI OFOBOPHTB, YTO mpefukar X <<
< Y moxer GHITh MCHOJb30BAaH B KayecTBe LEJeBOr0 YTBEPKJAEHHS,
€CJIM Ha MOMEHT, KOrja jesiaeTcsl MONBITKA BBEINOMHHUTH €To, 00e re-
pemeHnble X H Y HMeloT B KayecTBe 3HayeHHH ucaa. Uro npon3soii-
JieT B caydae, Korja 3T0 ycJOBHE He BBITOJHAETCS, 3aBHCHT OT KOH-
KpeTHOH peasnn3anuu [Iposior-cicremsl. BoamoxHO, 10Ka3aTenbCTBO
COTJIaCOBAHHOCTH TAKOrO 1€/eBOTO YTBEPIKAEHUs NPOCTO 3aKOHUHT-
csl Heyauefi. A MoxeT GbiTh, Gy €T HaneyaTaHo coollieHHe o6 omuG-
Ke H cHcTeMa BBINOJHUT PAL AeHCTBHH, COOTBETCTBYIOMHUX 3TOH CH-
Tyanun (nofoOHBIX MpeKpallieHHIo MONbITOK OTBETHUTb HA TeKYUHHA
BOTIpOC).

6.1. Beox HOBLIX yTBepMAeHHH

Koraa Bet nuiuete nporpammy Ha Ilposore, BaM ciexyer cool-
{HTL CHCTeMe, KaKHe YTBEPKIEHHS HYXKHO HCMOJb30BATh, H 3aTeM
3aJaBaTb OTHOCHTE/NbHO HHX BONPOCH. B03MOKHO, BEI 3aXOTHTE BBO-
IMTb YTBEpXIEHHS C TepMHHaJa HWJH 3aXOTHTe yKasartb [Iposor-
cHcTeMe MPUTOTOBJIEHHBI BaMi 3apaHee (afiy, OTKylna craeryet
6paTh yTBepXKAeHUA. B HeACTBUTEILHOCTH 00e 3TH Onepanu ¢ ToU-
KM 3penus [Iposora onMHAKOBHEL, TaK KaK TepPMHHAJ paccMaTpHBaeTcs
Kak (ailJ, UMerou i HMs user. FIMeloTcst 1Ba OCHOBHBIX BCTPOEHHBIX
npelMKaTa [ BBOJA HOBHIX YTBepxkieHHH: consult u reconsult.
Kpowme Toro, B si3bike cyulectByeT yaoGHasi dopMa 3annucH Ha cayuai,
KOTJZa Bbl 3aXOTHTE BBECTH YTBEPXJIEHUs cpas3y H3 HECKOJIbKHX (al-
JIOB,— TaK HasplBaeMas CrHcKopas ¢opma samucu. [as tex, KoMy
3TO HHTEPECHO, YKaXeM, 4TO B pasd. 7.13 npHBeleHbI MPOCThie onpe-
nenenust Ha [lponore npeankaros consult u reconsult.

consult(X)

BerpoeHnniit npenukar consult mpennasHayeH Asisi HCIIOJAB30Ba-
HUS B TeX CHUTyaLHsX, KOrja Bbl XOTHTe JOGABHUTH YTBEDPXKICHHUS U3
HekoTOporo ¢afina (Wi BBOAMMBEIE ¢ TEDMHHAJIA) K YTBEPKAEHHUSAM,
yKe HMeomyMcst B Gase [AaHHBIX. APryMeHT NpeAHKara IOJIKeH
OBITh aTOMOM, YKa3bIBaIOWUM UMs1 ailna, H3 KOTOPOro JNOJIKHbI 6paTh-
cs1 yTBepxkAeHHs. Kakie mutepsl COCTaBJSIIOT AONyCTHMOe HMs (haft-
Jia, eCTeCTBEHHO, 3aBUCHT OT KOHKPETHOH, UcnoJb3yeMol BaMi DBM.
‘Huxke npuBefeHB! IpHMephl BOMOXKHON 3aMicH LeJeBOTO yTBEepPKe-
HHA ¢ npeaukaroM consult Ha pasnuuHblx DBM:

?— consult(myfile),
?— consult(’/us/gris/pl/chat’).
?— consult{’lib:iorout.pl’).
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B cnyuae korna IIposor foskeH [0Ka3aTb COTJIACOBAHHOCTD LleJIEBO-
TO yTBepKIeHHs consulf, oH mpocmaTpuBaer ¢aina, no6asasas yT-
BepXKJeHHs, KOTOphle OH OGHapyXHBaeT, B KOHell 6asbi JIaHHBIX.
B peayibrate HOBBIE YTBepKIeHHs OyAyT INOMELIEHH TOCJe BCeX
yxKe HMeBHIMXC YTBeDKIEHHH I TeX Ke MNpelukaroB. Ecan B
thaiise 6yner o6HapyKeH BOMpPOC, TO OH OYAET paccMaTpuBaThCs TOY-
HO TaK e, KaK OOBIYHLIH BOIPOC, 32 TeM HCKJIOYEHHeM, YTO OTBET
He 6yaer HaneyataH. OGRIYHO HE UMEET CMBICJIA BCTABJATH BONPOCHE
B afin ¢ HOBLIMH YTBEPKJIEHHSMH, 32 HCKJIOUEHHEM TeX CJyyaes,
KOTHa HeoOXOIAUMO CHeJAaTh Omepalud, NoAcOHbBle OGBbSBIAEHHIO HO-
BLIX ONMEPATOPOB M IEUaTH NOJe3HBIX COoOUleHHu .

reconsult(X)

Ipepuxar reconsult anamoruuen npegdkary consulf, sa HCKIIO-
yeHHEeM TOr0, YTO BBOJMMEIE YTBEDKACHUS 3aMEHAION BCe HMeolIHe-
Csl YTBEPKIEHHS IJIs1 TOTO XKe caMmoro npeaukara. BesexcrBue storo
reconsult yAOGHO HCHONB30BaTh /A MCNPABJAEHHS OWHGOK B MpPO-
rpamme. Ecau BBl BBOJHTE HEKOTOpble (al/bl C YTBEPKAEHHAMH H
3aTeM OOHApYXHBaeTe, YTO OAHO H3 YTBEDKIEHHH CONEPKHUT Owuns-
KY, TO BBl MOXKE€Te UCIPAaBUTb ee, H I/ 3TOr0 HET HeoOXOIUMOCTH
BBOAUTH 32HOBO Bce (aiiabl. YToObl clesaTb 3TO, BaM HEOOXOAUMO
BBECTH C NOMOILbIO reconsult daiti, conepxamuil COBOKYNHOCTb npa-
BHJIbHBIX YTBeDXKIEHUH 1Sl peAuKara, COAepIKallero oumoky. Ber
MO3KeTe BBECTH HCIPaBJeHHs JHGO HENOCPEACTBEHHO ¢ TepMHHaJa
(reconsult (user)), nuGo cHayasa OTpPelaKTHPOBaTb COOTBETCTBYIO-
muit dafi, He BhixoAs M3 [lposor-cucreMbl (TaKyio BO3MOMKHOCTD
npefocTaBAdAIoT He BCe peasiH3aldH), M 3aTeM BBeCTH 3TOT (ails ¢
nomolibio reconsult. KoneuHo, rnpu BBoJe HCNpaBJEHHBIX YTBEPIKIE-
HUH ¢ TepMHHala cofep:KaHHe 6a3bl OaHHbIX, C KOTOpOH paboraer
IIposor, H3MeHHTCS, HO NPH 3TOM HCXOIHBIH ghaiia, comaepxaui
MepBOHAYaJbHBIE YTBEPXKJEHHS C OMMOKaMH, OCTaHeTcs HeHn3MeH-
ueiM! B pasn. 8.5 nokasamo ucnosb3oBaHHe TpeluKaroB consult u
reconsult B mpoiuecce pa3paGoOTKH NMPOrpamMelL.

Cnuckosas dopma 3anucu

Tlponor mpenocraBnasieT cnentatbHyio GOPMY 3amucH, M0O3BOJISIO-
myio Gosee yAo6HO 3amaBath npeaukatsl consult u reconsult B ka-
yecTBe LEJEBbIX YTBEPXKIEHUH, 0COGEHHO B CJydyae, KOrja BHl XOTH-
Te BBeCTH GoJiee yeM ofuH ¢aitn. [ 3Toro IOCTaTouHO NPOCTO 3a-
NHCaThb COBOKYNHOCTb MMeH ¢paiisioB (Kak aroMoB IlpoJiora) B BHge
CIHCKAa H 3aJiaTh 3TOT CHHCOK B KauecTBe ILeJeBOTO YTBEPKIEHHS.
Ecsu BH X0THTE, 4TOGH cofepxuMoe dafina GBII0 IPoCcTo A06aBIEHO
K 6ase gauHbIX (consult), To uMs Takoro dafina 3anucKBaeTCs B CIHC-
Ke B TOM BHJie, KAK OHO €CTb, €CJIH JKe Bbl XOTHTE, Y4TOGbl NIPK 3TOM
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NPOH30ILIA 3aMeHa YyXe MHMEIOLMXCS OJHHAKOBHIX MPEIUKATOB
(reconsult), To nepex MmeHeM ¢afina craBHTCA 3HaK —' (MHHYC).
Tak, nanpumep, Bompoc

?— [daninl,—oain2, ppex.1’,—'6n11.2'].
TMOJIHOCTBIO SKBHBAJIEHTEH CJEAYIOEMY, HO GO/lee ATUHHOMY!

?— consult(dpatinl), reconsult(paitn2),
consult("dpen:1’), reconsult(’6uaa.2’).

Cnuckosast opMa CBOJMTCH K YA06CTBY 3aIUCH, OHA He JaeT KAKHX-
JIHO0 JOMOMHUTENBHBIX BO3MOXKHOCTEH MO CPABHEHHIO C HCIOJNb30Ba-
nueM npemvkartos consult u reconsult. Hexkoroprie peanusanuu Ipo-
Jora MOTYT HCIOJ/IbL30BaTh B CMUCKOBOH (hOpMe 3amucH BMECTO 3Ha-
Ka '—’ KakoH-HHOYIb MHOI 3HaK, HO 3(D(EeKT NpH 3TOM OCTAHETCS
IPEXKHUAM.

6.2, BoimosHeHHe M HEBLINOJHEHHE LEJIEBOTO YTBEPKIEHHS

[Ipu HopmManbHOM BEIIOJMIHEHHH nporpammbl Ha Ilposore nenesoe
yTBEpK/IEHHE CUHTAETCs COIVIACOBAHHBIM (¢ 6a30il JaHHBIX), KOrna
3TO MOXKeT OBITh AOKa3aHO, H HECOTJIACOBAHHEIM B CJyuae, KOrja Jo-
Ka3aTeJbCTBA HallTH He yJaaeTcs. B si3blke MMEIOTCA 1Ba mpejukara,
NIO3BOJISIOWIHX YA00HO H SIBHBIM 06pa30M ONpejeNnuTh Cayyau, Koria
LesleBoe YTBEpPIKIEeHUe CYHTAETCsl COrJIaCOBAHHBIM M KOTJa HecorJia-
COBaHHBIM. JTO mpelukarthl true u fail.

true

D10 neneBoe yTBepKIeHHE BCErza coryacyercs ¢ 6a3off JaHHBIX.
B reficTBHTENLHOCTH 3TOT MpPeINKAT He SIBJIsIETCS HeOOXOAUMBIM, TaK
KaK yTBep:KJeHHs B 6a3ze NAHHLIX H LEJH MOTYT OBITh Mepeynopsiao-
YeHbl MJIH HeperpynnupoBaHel Tak, 4TO6Bl H30eXkaTh HCNOJMb30BAHUA
npepukara true. OgHako 1jst yao6cTBa OH BXOJAHT B COCTaB BCTPO-
€HHBEIX IIPeJHKaTOB.

fail

ATo 1eNeBOe YTBEPK/IEHHE HHKOrA He coraacyercst ¢ 6a3oi jJaH-
HHIX. VMelorcs JBe cuTyauuH, KOrJa 5TOT NPeAHKAaT OKa3blBaercs
nosnesHeiM. OfHa M3 HHX — 3TO HCHONb30BaHHE KOMOHHAUMH |—
fail, kotopasi yxe Gblia onucaHa B pasfi. 4.3. KoHbloHKIHMSA IeJe-
BEIX YTBEpKIEHH

ver, 1, fail

npUMeHsieTcst A TOro, YTOOBl YKasaTh, UTO €CAU NpOUecc 6binoa=
Henua dowien 00 3020 MOMEHMA, MO MONHO OoAbLUe He nbimamecs
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dokazamse (coeaacosams) OarnHOe yeaegoe ymsepaucoerue. KOHBIOHK-
IHA CYHTAETCS] HECOIVIACOBAHHOM 6.1arofapsi HaIHYMIO Npenukara
fail, a popuTenbckoe IesieBOe YTBepXKieHHe He COIVIACYETCH BBHIY
TOTO, YTO HCNOJB30BAaHO OTCeyeHHe.

Ilpyrasi cHTyauusi, B KOTOpPOH HCHoJb3yercst mpemukar fail,
BO3HHKAeT, KOTJAa BBl XOTHTe SIBHO YKa3aTh, YTO /I HEKOTOPOro
LIeJIEBOTO YTBEPKAEHHS HYXKHO nepebparh Bce pellleHHs. BoaMoxHo,
Bbl 32XQTHTE HanedyaTtaTb Bce BO3MOKHBIE pemieHHst. Hanpuwmep, BbI-
TIOJIHEHHE [EJIEBOrO YTBEPXKIEHUA

?-— cobbrtie (X,Y), phh(Y), fail,

npuBesio 6Bl K MeyaTH BceX COOBITHH, HMemomuXcsl B 6ase JaHHBIX,
paccMoTpeHHOH B pasA. 5.1, BEIGOD COOBITHH B meyaTb UX KPaTKOro
COJlep:KaHus BHIMOJIHSIIOT NpeluKaThl coGbiTHe ¥ phh, npH 3TOM Heab
OKa’KeTCst HEeCOrJIaCOBaHHOM ¢ 6a3oit aaHHbX. Eme ogHo npuMeHeHue
fail paccmorpeno B pasa. 7.13 (B onpeleneHud mnpeaukara refrac-
tall).

6.3. Kaaccupukaumus tepmos

Ecun BaM Hal0 oNIpeleNuTh NpeirKaThl, KOTOpbie OyLyT HUCIIOJb-
30BaTbCAd C apryMeHTaMU pAas3AWYHBIX THUIIOB, TO MOJIE3HO HMETh
BO3MOJKHOCTD BBIJIEJIAIThL B ONpefiesleHHH NpeAnKaTa CHTyallMH, COOoT-
BETCTBYIOIHE KaXKAOMY U3 BO3MOXKHEIX THNOB. B npoctefimem cay-
yae MOXKeT NMOHAJOGHUThCA MPHMEHSTh pa3Hble YTBEpP:KIeHHA B 3aBU-
CUMOCTH OT TOT'0, SIBJSIETCS JIM apIyMEHT LeJbIM YHCAOM HJIH aTOMOM.
Pasnble yTBepxieHus MOryT notpe(oBaThbCsl U JJIS KOHKDETH3UPO-
BAHHBIX ¥ HEKOHKPETH3UPOBAHHBIX apryMeHToB. [IpHBoaHUMbBIE HHXKe
NpefHKarhl NO3BOJAIOT NPOrPAMMUCTY BKJIIOYHTD B YTBEPIKAEHUS 5TH
NONOJTHHUTENbHbIE YCJIOBHUS.

var(X)

LleneBoe yrBepxknente var(X) corsacyercs ¢ 6a3ofi JaHHBIX, €CJIH
Ha TeKymHuH MoMeHT X fIBIsIeTC HEKOHKPETH3HPOBaHHOH mNepemeH-
Hoil. Takum o0pasoM, BO3MOKeH CJeNYIOMHUI AHAJOr:

?— var(X).

aa

?— var(23).

HET

P— X =Y, Y =23, var(X).
HeT

HekoHKpeTH3HPOBaHHASI MepeMeHHAs MOMKeT [PECTABAATH YacTh
HEKOTOPOH CTPYKTYPhI, KOTOPAst ellie He MONHOCTBIO 3ano/HeHa. [1pu-
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MepaMH MOTYT CJYXHTb HEOTMEUeHHble KJETKH Ha JOCKe AJIs UTDHI
B KPECTHKH-HOJHKH, PACCMOTPeHHOH B pasj. 4.3.3, U He3aNoJIHEHHbIe
HACTH YIOPAAOYEHHOTO JepeBa, MpeJCTaBJsIOUIero ¢JI0Bapb B pasf.
7.1. Ilpu pabote ¢ TaKUMM CTPYKTYpPaMH NpejHKaT var oueHb. oJe-
3eH NPHU OIpelesNeHHH, SIBJSIOTCS JII HeKOTOpble YacTH CTPYKTYPHI
yIKe 3amOoJIHEeHHBIMH MJIM HeT. JTO MOXKET IPeJOTBPAaTHTbL «CJIydal-
HY10» KOHKDeTH3au{I0 NepeMeHHOH NpH IONbITKe aHa/jlu3a ee 3Ha-
uenusi. Hanpumep, npu pabore co caoBapeM, HpeiCTABIEHHLIM B
BHIE VIOPAJOUEHHOrO JepeBa, MOiKeT NOoTpeboBaThbCs y3HATL, MMe-
eTCsl JIH y2Ke BXOJ IJIs1 HEKOTOPOrO KJoya, He CO3/laBasi TakoH BXOA
B c/Iyuae ero orcytctBHsA. IIpy urpe B KpeCTUKH-HOMHKH MOMKET BO3-
HUKHYTb HeOOXOAMMOCTb ONpeNesuThb, 3aHSITa UJH HEeT HeKkoTopas
kaerka. TlonpITKa COMOCTABUTL HEKOHKPETH3UPOBAHHYIO lepeMeH-
HYIO C «0» HJIM «X» IpHBesa Obl NPOCTO K TOMY, YTO COOTBETCTBYI0-
WMt cuMBOJ Obl1 Obl MOMEIIEH B KJETKY, COOTBETCTBYIOULYIO Nepe-
MEHHOH.

nonvar(X)

[leneBoe yTBepxaeHHe nonvar(X) corsnacyetcs ¢ 6asofl JaHHBIX,
ecad X HA TeKyIMIl MOMEHT He SIBJSIETCSi HEeKOHKPETH3HPOBAHHOH
nepeMenno#i. Ilpeaukar nonvar siBasieTCsi, TAKHM 06pasoM, NPOTHBO-
NOJIOXKHBIM 110 OTHOIUEHHIO K npepuxary var. [leficTBUTeNbHO, OH
MoxeT GHITh ompefiesieH Ha [Iposore caeaylowum o0pasoM:

nonvar(X) :— var(X), !, fail.
nonvar(_).

atom({X)

Heneroe ytBepxkienue atom(X) cormacyercs ¢ 6a30ff 1aHHBIX,
ec/u TeKylllee 3HaueHde X fBJsIeTCSt aTOMOM B cMbice s3blka [Ipo-
Jgor. Kak c/elncTBHe BO3SMOXKEH CJEAYIOMIMH AHaJOr:

?— atom(23).

HeT

?— atom(apples).

za

?— atom(’/us/qris/pl. 123’).
Ia

?— atom(«3TO CTPOKa»).
HeT

?— atom(X).

HeT

?— atom(book(bronte,w_h,X)).
HeT
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integer(X)

LleneBoe yrBepxaenne integer(X) corsiacyercsa ¢ 6a3ofi JaHHBIX,
€CJM Ha TeKyLHi MoMeHT X 0603HAYaET Le10e YUCAO. DTOT NpeuKar
MOXHO MCIOJMb30BaTh MPU ONpeJeseHMH MPOCTOrO mpefukara JJs
yOpoIieHHsT apudMeTHYeCKHX BbIpaXKeHHH, rie HEOGXOIUMO 3HATh,
fIBJSIeTCA JIH BbIpa)KeHUe IMeJblM YHCJIOM (CM., HanpHMmep, pasi.
7.12).

atomic(X)

LeneBoe yrBepkaenue atomic(X) coryacyerca ¢ 6a3oit JaHHHIX,
ecqM Ha TeKyllHH moMeHT X ofGo3Hauyaer JHOO Lejoe YHCI0, 1o
atoM. Ilpennkar atomic Moxker GbITH ompefieieH Yepes MpeAuKathl
atom u integer caenyiomuM o6pasom:

atomic(X) :— atom(X)
atomic(X) :— integer(X)

6.4. PaGora ¢ yrBepxJeHHSIMH KaK C TepMaMH

IIporor no3BoJsieT OPOTPaMMHCTY aHAAH3UPOBATH H H3MEHATH
CBOIO nporpaMmy (T. €. YTBEPHKJAEHHS, KOTOPhIE HCIOMb3YIOTCH IJIs
JOKa3aTesIbCTBA COrJIACOBAaHHOCTH €ro IIeJIEBBIX YTBepiKIeHHH). D10
HeIOCPe[CTBEHHO CJefyeT H3 TOrO, UTO YTBEPKAEHHUS MOMKHO pac-
CMaTpUBaTh KaK OObIUHBIE CTPYKTYPHI s3blka Ilposor. B cmsisu ¢
stuM B Ilposiore ecTb BCTPOEHHBIE NPEIUKATHl, MO3BOJISIOMHE MPO-
rpaMMHCTy CJEARyIouiee:

® Co31aBaTh CTPYKTYPY, NPEICTABISIONYIO YTBEPKAEHHS1 B (ase
JIaHHbIX.

@ [loGapasite K 6a3e JAHHBIX YTBEPXKIEHWE, NpeJCTaBJAeHHOE 3a-
JIAHHOH CTPYKTYpOii.

@® Yianate U3 6ashl JAHHBIX YTBepXKiIeHHE, MNPEACTABJIEHHOE 3a-
JaHHOH CTPYKTYpOH.

BosbmumHeTBO onepanuit Haj 6a30H AaHHBIX MOTYT GHITh BBHIIIOJ-
HeHbl C IIOMOUIBIO 3THX IPEIMKAaTOB M OOBIYHBIX OnmepanHil A3bIKa
[Tposor 1751 KOHCTPYHPOBaHHUSA H JEKOMIIO3ULUH CTPYKRTYP. B nonos-
HeHHe K MPUBEJEHHEIM 3[eCh NpuMepaM B pasi. 7.8 mpeicTaBaeHb!
HEKOTOpHIe CIIOCOOHI HCNONb30BaHN NAHHLIX NPEAHKATOB A5 106aB-
JIEHUS U yJaJieHus] YTBePKAeHHUH. ’

Tlpexne yeM Mbl pacCMOTPHM COOTBETCTBYIOUIHE MpPeIHKAThI, He-
06XOIMMO TMOHATH, KaK yTBepxkjaenHs [Iponora moryt 6uith mpex-
cTaBJieHbl B BHJe cTPYKTYp. Jlas mpocroro dakTta Takoil CTpyKTypoit
ABJISIETCS] COOTBETCTBYIOUIMA eMy NpelHKar ¢ apryMeHTamH. To ecTb
¢daxT, nofOGHBIH

HpaBATCA(IKOH, X)
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MOXKET pacCMaTpUBATbCs KaK OOb4HAsA CTPYKTYpa € (GYHKTOpOM
HpaBHTCA (HMEIOIIUM JBa apPryMeHTa) H apryMeHTaMH mxoH u X.
C npyro#i cTOPOHHI, IPAaBUJIO MOXKHO PACCMAaTPHBATh KaK CTPYKTYPY €
rJIaBHBIM (YHKTOPOM':—'(C JBYMSI apryMeHTaMH). 31oT (GYHKTOp
00bsiBJIeH Kak HHOUKCHBIE onepatop. [lepBLIM aprymenTtom siBJjseTcs
3aroJI0BOK YTBEPIKJCHHS, a BTOPbIM — €ro Tesio. Tak 4to

HpaBHTCS(JUKOH, X) :~— HpaBuTcs(X,BHHO)

€CTb He UTO HHOe, KaK
:—’ (upaBuTcsa(mxoH, X), Hpasutcs(X,BHHO))

— coBepleHHO o6blyHas cTpykTypa. [lanee, eciu npaBHJO copep-
JKAT 6oJlee OJHOrO LE/eBOrO YTBEP KIEHHS, TO OHH CYHTAIOTCS 06Be-
IMHEHHBIMH B CTPYKTYpHl ¢ ¢yHKTOpOM’,” (C ABYMS aprymeHTamH).
OTOT mpesyKaT TakKe 00BSIBIEH KaK HHGHKCHHIH onepatop. Tak uto

npapoautens(X, Z) :— pomurenn(X, Y), porutenn(Y,Z)

€CTh B JeHCTBHTEIBLHOCTH NMPOCTO
:—'(npapomutens(X,Z),’,’ (ponurens(X,Y),poautens(Y, Z))

Hanee NPpHBEACHBI MOPCAHKAThI, [O3BOJAIOLIHE [POrpaMMHUCTY
aHaMM3uPOBATL H HU3MEHATH €ro YyTBEPAKIACHHS.

listing(A)

Buimosnenyie uenesoro yreepxienus listing(A), xorna 3uaue-
HHeM A sBJIsieTCs aToOM, NMPHBOJMT K TOMY, UTO BCE YTBEPKAEHHS,
NpeANKaT KOTOPHIX COBNAJAeT C 3THM aTOMOM, GYAyT 3anHcaHbl B
Buge tepmoB [lposora B Tekymuil ¢aitn BoiBoga. Takum crnocofom
BBl MOXKeTe MPOBEepPHTb, KaKHe YTBEp:KIEHUS [LJs HeKOTOpOro npe-
JMKara HMeroTcs B 6ase NAHHBIX Ha TEeKYWHH MOMeHT. KoHKpeTHbIH
(popMaT NpeNCTaB/IeHHs BBHIBOJAHMBIX yTBEpKIEHHHA 3aBHCHT OT HC-
nosL3yeMod Bamu peanusaiiuu Ilposor-cucremel. 3ameruum, uto Gy-
AYT NPEACTABJACHB! BCE YTBEPKIACHHS, NPEeJHKAT KOTOPLIX COBIajaeT
C aTOMOM HE3aBHCHMO OT TOTO, CKOJILKO apryMeHTOB OHH uMelot. HMc-
nojib3oBanne npexnkara listing Moxker nomoun BaM OGHApYKUTH
omnGku B nporpamMe. Tax, B npHBeJeHHOM jallee NpHMepe CeaHca
pa6oThI C CHCTEMOH NPOrpaMMHCT OOHAPY KU BAET, YTO OH HelIPaBHJIbHO
onpenesia npeaukar oop.

P— [test].
test consulted
Aa

?— o6p(la,b,c,d],X).
HeT
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?— listing(o6p).

o6p(ll,{).

o6p ([_44]_45],_38)
o6p(-45,_47),

npucoeauuuTn(_47,[_441,_38).

Ia

TTeyatb yTBepxkJeHHA npeinKaTta o6p MOKAa3bIBaeT, YyTO aToM IMpH-
COEIMHHUTh HAMHCAH B NporpaMme ¢ OHOKOH.

clause(X, Y)

~ Boinonnenue nesmeBoro yreepxkienus Buja clause(X, Y) npu-
BOIHUT K ToMy, uTo X U Y COMOCTABJSIOTCS C 3aroJIOBKOM H TeJIOM He-
KOTOpOro uMetoierocsi B 6a3e AaHHBIX yTBepxAeHHs. [IpH monbiTKe
BEIMOJIHUTE YKa3aHHOE LleJeBoe VTBepxKIeHHe rnepeMenHass X AOJXK-
Ha GHITh JI0 TAKOH CTeneHU KOHKPETH3WPOBaHA, YTOOHI GBI H3BeCcTeH
IJIAaBHBI NpeHKAaT YTBepKAeHHs. Ecan Ana NaHHOTO npefHKaTa HeT
YTBEPKIEHHHA, TO [0KA3aTeJbCTBO COrJIACOBAHHOCTH LeJIeBOro yT-
BepIKJEHHs 3aKaHuMBaeTcs Heyjauef. Ecin MmeeTCH HeCKOJBKO yT-
BepKIEHUH, COOTBETCTBYIOWIUX mpeankary, To Ilposor BeiGHpaer
mepBoe M3 HHX. B 3ToM ciayuae ecju MpeANpHHHMAeTCs NOMbITKA
BHOBb COTJIACOBATL lieJleBOe yTBepXkieHHe, TO OyIeT BHIOpAHO cJie-
Lylolllee yTBep:KAeHHe H Tak jaJjee.

3ameTHM, 4TO B TO BpeMsl Kak npeukar clause Bceraa umeer ap-
I'YMEHT, COOTBETCTBYIOUIHHA Tesy yTBEP:KIEHHs, RAJNeKO He KakKIoe
yTBepKIeHHe JAeHCTBHTENbHO HMeeT Teso. EcaM yTBepkiaeHde He
HMeeT Tesa, TO CYHTAeTcs, UTO OHO HMeeT (GHKTHBHoe Tejlo frue.
Mul Ha3bIBa/IM TakHe yTBepxAeHHs «bakTaMu». B Toll vuu uHOM cTe-
nlenyn koHkpetn3upysa X 1 Y, MOXKHO HCKATb JUOO BCE YTBEPKACHHS,
COOTBETCTBYIOUIHE JAHHOMY MpEAHKaTy C BHOJHE ONpeieJeHHbIM
YHCJIOM apryMeHTOB, JIHGO BCe yTBEPIKAEHHs, COOTBETCTBYIOLIHE He-
KoTopoMy ofpasny. Tak, Hampumep:

“mpucoeguunth(l1, X, X).
npucoenunuth([A{B]),C,[A[D] :— npucoernnnts(B,C,D).

?P— clause(npucoennuuts(A,B,C),Y).
A=[] B=_23, C=_23, Y = true;

A =1[_231_24], B =_25, C=[_ 23!-26]
Y = npucoenuuutb(_24,_25,_26);

HET

Ipenukar clause oueHb noJe3eH B TOM cjyudae, €M HaM Hago CO3-
Bath MPOTPAMMEL, AHANMIHPYIOUINE WK HCTIOAHSIOWKE npyme npo-
rpammsel (cM. pasg. 7.13).
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asserta(X), assertz(X)

[lBa BCTpoeHHBIX npefrkara asserta H assertz no3BoJsioT JoGaB-
JIATh HOBblE yTBepKJeHHs! B 06asy danublx. O6a mpeaykara AeHCTBY-
IOT B TOYHOCTH OJHHAKOBBIM OOPa30M, 38 TeM HCKJIOUEHHEM, YTO as-
serta noGaBJjseT yTBep:kJeHHE B Haual0 6a3bl TAHHBIX, B TO BpeMs
KaK asseriz 1o6apJifeT yTBEPKIECHHE B €e KOHeY. DTO OTJHYHE MOKHO
JIETKO 3alIOMHUTb, YUYMTBHIBAs, YTO «a» sBJASeTcsl nepBod GyKBOH
aHTJIEACKOTO angaBUTa, a «Z» ero nocjennss 6yksa. Ilpu BumoJ-
HeHHH IeseBoro yTeepixkienusn asserta(X), X fo/KHO HMeTh 3Haye-
HHEM HeuTo, YTO MOXKHO IPeACTaB/ATH Kak yTBepKIeHHE; JeHCTBU-
TeJbHO, KakK H B cayuyae clause, X Z0/KHO GBITh JOCTATOUHO KOHKpe-
TU3UPOBAHO, YTOOB MOXKHO OBLJIO YCTAHOBUTDL IJIABHBI NpeiHKAT.
Heo6xonuMo nonuepKHyTh, 4TO pe3yJibrar AoGaBieHUs B 6a3y aaH-
HBIX YTBEDKIEHHS He yCTpaHseTcsl NpH BHINOJHeHUH Bo3Bpata. Cie-
JOBAaTeJNbHO, €CJIH Mbl HCIIONB30BAJH MpeldKar asserta wam assertz
IJ1s1 TOrO, YTo6b! 100aBHTb HOBOE yTBEPXKIEHHE, TO 3TO YTBepKAeHHe
MOxKeT OBITH YAaJeHO TOJbKO B Caydde, eC/H Mbl SIBHO YKaxeM 3TO
(ucnmosbayst mpeaukar retract).

retract(X)

Betpoennsrii npeankar retract nospossieT yAaaiTb YTBEPKIACHHSA
u3 6aspl JaHHBIX. DTOT NPEJUKAT MMeeT OJUH apryMeHT, NpeiCcTaB-
JSIOWHUA TepM, ¢ KOTOPBbIM JOJKHO OBITb COINOCTABJAEHO yjajlseMmoe
yTBepxeHHe. YKa3aHHBIH TepM JOJiKeH ObITh ROCTaTOYHO KOHKpe-
THU3UPOBAaH, YTOGHl MOXKHO OBIJIO ONpPEAEaUTh NpPeaHKaT yTBepXKIeHH
(aHasorHYHO npejvkataMm asserta, clause u t. A.). Ilpyu nonsiTke BbI-
NOJHUTL liesieBoe yTBep:KaeHHe retract(X) HaxomuTcs nepsoe yT-
Bep2KJeHHe B 6ase NAHHBIX, C KOTOPHIM MOXKeT ObiTb CONOCTaBJeH X,
U 3TO yTBepxkieHue yaaasercs. [Ipy nonbiTke BHOBb BRINOJHHTB 3TO
uesneBoe yTBepxjeHue Ilposor npocmarpubaer a3y JaHHbIX, HAY4-
Has ¢ Mecra YJaJeHHOTO YTBepXKACHHS, B MONBITKe HAWUTH Jpyroe
COMOCTABHMOR yTBep:KIeHVe. Ecan Takoe yTBepKleHHe HaXOINUTCH,
TO BBLIIOJHAIOTCA AeACTBHs, PaCCMOTPeHHble Bhlie. Ecau penaetcs
HOBasl TONLITKA COrJIacoBaTh LleseBoe YTBEPKAEHHEe, TO IIPOJO/IKALT-
¢ TMOMCK CJICYIOUIErO MOAXOAAUIero yTBepikieHnsi. M tak nanee.
3ameTHM, YTO ecjH yTBep:KIeHHe ObLIO yIasleHO, TO OHO HH IIPH Ka-
KHX YCAOBHSX He OVIeT BOCCTAHOBJAEHO BHOBb, JayKe NMPH MOINBITKe
BHOBb BBINOJIHHTL mpeaukart retract npu BosspaTe. Ecin B HeKOTO-
puill MOMEHT NOHCK He JlaeT HOBBIX CONOCTABJEHHH YTBEPIKICHHH, TO
COrJIacOBaHWe UEJeBOr0 YTBEPXKIAEHHA 3aKaH4YWBaeTcss Heylaued.

Tak Kak aprymeHT X CONOCTABJSeTCs C YAAJNseMbIM yTBEpAKe-
HHeM, TO HMEeTCs] BOSMOXKHOCTb MOJTY4HTh TOYHOE NpelcTaBieHHe 06
yaanseMoM YTBepXKAeHHH, Aaxke ecH X HUCXOJHO O3Hadal HeKOoTo-
PYIO CTPYKTYPY, COAEPHKALLYI0 MHOMXKECTBO HEKONKDETH3HPOBaHHBLY
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nepeMeHHLIX. DTO MO3BOJSAET UCIONb30BATh NpeJHKaT retract BMecTo
npeankara clause, B CUTYallHH KOT1a HalJeHHO® YTBePKIECHHE CPasy
we ynansercsa. Takas cHTyalHs Kak pa3 HMeeT MeCTO B Ompejesne-
HHU npefHKarta reHaroM (pasj. 7.8).

6.5. Co3panue CTPYKTYp H paGoTa ¢ KOMNOHEHTAMH CTPYKTYD

OG6HIYHO KOTJIa MBl XOTHM 3a1aTh B nporpamme Ha IIpoJiore onepa-
IUU CO CTPYKTYpOH OIIpelesNeHHOTO BUJA, TO MBI JesJdeM 3TO, «YIO-
MHHasT» HEKOTOPHIM 06pasoM MOZOGHYIO CTPYKTYPY. DTO 3HAYUT, YTO
€C/IM OpefUKAT UCMNOJb3YyeTcsl Last 06pabOTKH MHOXECTBAa CTPYKTYP
pa3qHUHOrO BUJA, NepelaBaeMbIX €My B KauecTBe apryMeHTd, TO
OOBIYHO MBI OfOecreudBaeM OTHAeJbHOE YTBEpPKAeHHe MJIsI KaXJIoro
KJacca CTPYKTYp. XOpOUIHM IPHMEPOM TaKOIO MOAXOJa ABJSAETCA
nporpaMMa sl CHMBOJIbHOTO AndxpepeHLHpOBaHHs, KoTopas Oyner
paccMoTpeHa B pasf. 7.1. B 3Toill nporpamMme HCIONBL3YIOTCS OTIENb-
Hble YTBEPKIAEHHS 151 QYHKTOPOB +, —, * U TaK janee. Mul 3Haem
3apaHee, KakHe CTPYKTYPBHl MOTYT MOSIBUThCH, U OGecrneurBaeM yT-
BepXJIeHUS LA KaXKJAOH U3 HUX.

B HeKOTOpHIX MporpaMMax Mbl HE MOXKEM INpeJBHJETh 3apaHee
BCE BO3MOXKHEIE CTPYKTYPHI. ITO UMEET MECTO, Hanpumep, npy Hanu-
CaHHUH NpOrpaMMbl «<KPacHBOH MeuartH», KOTopas morJa Obl nedararsb
IIPOU3BOJIbHEIE CTPYKTYPHI A3bIKa [Iposor, pasmernas HX B HECKOJIb-
KHX CTPOKAaxX W HCIOJIb3ys oTcTymel. (CM. pasa. 5.1, rue npexcrasie-
Ha Takas nporpamma Jj1s neuarts cnuckos.) Tak, HampuMep, BO3MOX-
HO, MBI 3aX0TeJId Gbl HameyaTaTb TepPM

KHUTa(629,aBTOP(6POHTE, SMUMK),BX)
cJenyiolMuM o6pasom:

KHHTa
629
aBTop

6poHTe
SMHUJH
BX

BaXHbIM MOMEHTOM ABJISIETCS TO, YTO MBI XOTHM, YTOGH! 3Ta NPOrpaM-
Ma pafoTaja NpaBHJIbHO, KaKylo 6bl CTPYKTYPY MBI €d HH 3ajaji.
IlonsiTHO, YTO OXHA M3 BO3MOXHOCTEH CHEJAThb 3TO — OGECNEYHTh
OTJENbHOE YTBePKAEHHE 11 KaXKA0T0 PYHKTOPA, KAKOH TOMBKO MOXK-
HO npeacTaBuTh. Ho 3T0 paboTa, KOTOPYIO MBI HHKOF/IA He 3aBepIuuM,
IOTOMY YTO CYILECTBYeT GECKOHEUHO MHOTC PasIMUHBIX (YHKTOPOB!
Hanucate nogo6HYH NpOrpaMmy MOXKHO, HCHOJB3YS BCTPOEHHBIE
npefukartsl AAs8 paboTEl CO CTPYKTYpaMH HPOH3BOJIBHOLO BHJA.
3mecs MBI ONHUIIEM HEKOTODBle M3 HHX — 3TO mpenudkatel functor,
arg w’-..". Mol onvlieM TakXKe NpeJukaTr name, BHiNOJHsIOmMUM one-
pauMu HajJ aroMamu.



T'a. 6. Bcmpoennsie npedusame: 141

functor(T ,F,N)

Ipenukar functor onpezenen Takum o6pasom, yro functor(T,F,N)
osHauaet, uro T — amo cmpyxmypa ¢ pynxmopom F, umeowum N ap-
2ymenmos. ITOT NpeJUKaT MOXKHO HCAOJb30BATh JBYMS OCHOBHBIMH
crnoco6amd. B nepsoM cayqae aprymeHT T yke HMmeeT 3HaueHHe. lle-
JIeBOe yTBEp:KJICHHEe CYHTAeTCSl HeCOIVIACOBAHHBIM ¢ 0a30f JaHHBIX,
ecad T He ABAseTcss HU aTOMOM, HH cTpyKTypoil. Ecsin T — 370 atom
HJIM CTPYKTYpa, To F comoctaBmsieTcsi ¢ pyHKTOPOM 3TOH CTPYKTYPHL,
a N npucBaHBaeTcs 3HaueHHe, paBHOE YHCJIY apryMeHTOB (PyHKTOpA.
3aMeTyM, YTO B JAHHOM KOHTEKCTE CUHTAETCS, UTO aTOM — 3TO CTPYK-
Typa c yhcaoMm apryMentoB 0. Huxke npuBejeHO HeCKOJIbKO NpHMe-
pOB LieJIeBbIX yTBep:KAEHHH ¢ npeaukatoMm functor:

?— functor(i(a,b,g(Z)),F,N).
Z=_23 F=1f N=3

?— functor(a-+b,F,N).

F=+4,N=2
?— functor(|a,b,c],F,N).
F=.,N=2

?— functor(apple,F,N).
F = apple, N =0

?— functor(la,b,c],’.’,3).

?— functor(la,b,cl,a,Z).
HeT

Ilpexne uem nepeilt K OOCYXKAEHHIO NpejuKara arg, cjaejpyer
paccMoTpeTh BTOPOH crnocol UCHOAb30BaHHs mnpeaukara functor.
B sToM cayuae nepBblfi apryMeHT le/1IeBOro yTBep:KAeHHs functor
(T, F, N) HexoHKpeTu3upoBaH. B 3T0M ciyyae ABa Apyrux aprymet-
Ta JIO/DKHBI GhITh KOHKPETH3UPOBaHLI, OHO3HAYHO onpefenasas QyHK-
TOP H YHCJO apryMeHTOB COOTBeTcTBeHHO. LleseBoe yTBEp:KACHHE Ta-
KOro BHUja Bcerja corjacyercsi ¢ 6a3oil JaHHBIX, M B pesyJbTare
anauenneM T cTaHOBUTCH CTPYKTYpa € yKa3aHHBIMH (BYHKTOPOM H
YHCJOM apryMeHTOB. TakUM 006pasoM, 3TO HEKOTOpHIH crmocob cos-
JaHus IPOH3BOJBHBIX CTPYKTYP MO 3ajJaHHBIM GYHKTOPY CTPYKTY Dbl
H YHCJIY €e apIyMeHTOB. ApryMeHTaMH TAKOH CTPYKTYPHI, CO31aHHOH
¢ nomolblo npeadkata functor, ABAAIOTCA HEKOHKPETH3HPOBAHHBIC
fepeMenHble. ClefloBaTeNbHO, 3Ta CTPYKTypa OyAeT CONOCTAaBHMA C
JOGOH APYrof CTPYKTYpOH, HMeroLlell TOT ke (QyHKTOP H OJHHAKO-
BOE UHCJO apryMeHTOB.

[Tpepuxar functor ucmosb3yercs A CO3JaHHS  CTPYKTYPHl B
OCHOBHOM TOrJld, KOTJA HaM Hajo MOJYYUTh KKONHIO» HEKOTOPOH yiKe
CYHIeCTBYIOUIEH CTPYKTYpPHL C HOBLIMH NePeMEHHBIMU B KauecTse ap-
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rYMeHTOB. Mbl ' MOKEM BBeCTH JJIfl 3TOTO NpeJHKaT KONHpPOBaHHE,
ucnoabsyomui functor Kak uesneBoe yTBepKIeHHE!

konupoBanue(Crapasi, Hosas) :— functor(Crapas,F,N), functor
(Hosaa,F,N).

B atom onpenesneHur NOAPSIA HCIOMB3YIOTCA ABA LEJEBBIX YTBEpKile-
uust functor. Ecsii nesieBoe yTBepiKieHHe KOMHPOBAHHE HMeET KOH-
KPeTH3UPOBAHHBIN NEPBLIE apryMeHT H HEKOHKPETH3HPOBAHHBIH BTO-
poil, To npousofizer caexayiomee. IlepBoe uesneBoe yTBepKieHHE
functor O6yJeT COOTBETCTBOBATL MEPBOMY CHOCOGY HMCHOJb30OBAHHUSA
3TOTO Npefykara (TaK Kak IepBbIH apryMeHT 3TOr0O NpeiHKara KOoH-
KperusnpoBan). CaenorarenbHo, F © N KOHKPeTHU3UPYIOTCS, MOJY-
Y4B B KayeCTBe 3HA4YeHUH (YHKTOP K YHUC/IO APTYMEHTOB 3TOH CY-
uecTBviomel cTpYKTyphl. Bropoe uenesoe yrBepxxienue functor
COOTBETCTBYET BTOPOMY CHOCOGY HUCIIONBL30BAHHUS 3TOTO MpeAHKATa.
Ha srot pas mepBuiii apryMeHT HEKOHKPETH3UPOBAH, H HHGpOpPMaLUs,
sagaBaemas F u N, ucnonbsyercs /s cosfanus cTpykrypsl Hosas.
JTa cTPYKTypa uMeeT Te ke (YHKTOpP U YHCJIO apryMeHTOB, YTO H
Crapasi, HO ee KOMIIOHEHTaMH SIBJISIOTCS nepeMeHHble. Takum ofpa-
30M, BO3MOXKEH CJeAVIOUWMEA IuaJor:

?— komupoBaHHe(senterice(np(n(john)), v(eats)), X).
X = sentence(_23,_24)

Mpl ucriosib3yeM 10406HY0 KOMOHHAIHIO HeJIeBBIX YTBEPKICHHH
functor B onpenenenuu npeaukara reconsult B pasa. 7.13.

arg(N,T,A)

[Npepsikar arg Bcerja AOJKEH HCIONb30BATHCA C KOHKPETH3HU-
POBAHHBIMH NIE€pPBbIM H BTOPbIM apryMmeHTaMH. OH NpUMeHsieTcs AJs
JOCTYyNa K KOHKPETHOMY apryMeHTY CcTPYKTYpbl. IlepBElil apryment
npeaykara arg onpejiesisieT, KAKOH apryMeHT CTPYKTYPbl HEOOXOMHM.
Bropofi apryment onpezensieT CTPYKTYPY, K apryMeHTY KOTOpPOH
HeoOxoauM JocTtym. [IpoJor HaxXomHT COOTBETCTBYIOIIHH apryMeHT
W 3aTeM MbITAeTCS COMOCTABUTD €ro C TPeTbUM apryMeHTOM MpeauKara
arg. Takum o6pasom, nenas arg(N,T,A) cornacyercst ¢ 6asofl JaHHBIX,
ecan N-ii apryment T ects A. JlaBaiiTe pacCMOTPHM HECKOJBKO 1eJie-
BbIX YTBEPIKIAEHUH C arg.

?— arg(2,orHolueHue(IKOH, MaTb(KelH)), X ).

X = maTb(KeliH)

;(— arg(1l,a+(b--c),X).

=a

?— arg(2,la,b,cl,X).
X = Ib,c|

?— arg(l,a-+(b+c),b).
HeT
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Huoraa Mbl 3ax0THM HCnosib30BaTh npepukath functor u arg
B CHTYallUH, KOra BO3MOXHbIE CTPYKTYPHI YKe H3BECTHH. DTO CBA-
3aHO C TeM, YTO CTPYKTYPa MOKET HMETh TaK MHOTO apryMEHTOB, YTO
NPOCTO HEYNOOHO KaKAbl pa3 nepeuncisiTe UX Bce. PaceMorpum
NpHUMEp, B KOTOPOM CTPYKTYPH HCIOJb3YIOTCS AJS OMUCAHUS KHUT,
Mgl mMorsiM Gbl UMeTHh OTAENBHYIO KOMIOHEHTY JJIS Ha3BaHHS KHUTH,
ee aBTOpa, M3JaTe/bCTBA, Ioja U3JAHHS H Tak Jajgee. DBynem cuu-
TaTh, YTO PE3YJBTUPYIOHIAS CTPYKTYPA HMEET YeTBIPHAJIIATh KOMIO-
HeHT. MBI Morsi 6l HanmHCaTh CJeAYIOMHE NOJIe3HbIe ONpeseseHus:

SABJISETCS _ KHHPOH(KHUTA(_, )y sy yyymsmyyery )
nassaune(xkuura(T, _,_,_,_,_,_,_,—,_,_,-,_,_),T).
aBTOP(KRUTA(-,A, _,_,_y_seyoyorassmsy )A).

.
.

B nefcTBUTENBHOCTH MEI MOXEM 3amucaTh 3TO 3HAUHTEALHO (ojee
KOMMAKTHO CJIEAYIOUIAM O6p330M2

sipasiercst _KHuUrofi(X) :— functor(X, knura, 14).
Haspanue(X,T) :— saBaserca_kHuroi(X), arg(l,X,T).
aBTop(X,A) :— aBasercs_xuurofi(X), arg(2,X,T).

X=..L

Ilpenukatsl functor u arg naoT ONUH U3 COCOBOB CO3AAHUA MPO-
H3BOJIBHBIX CTPYKTYD H AOCTyHa K HX apryMenrtam. [Ipeauxar «=..»
pefocTaBasieT aJbTePHATHBHBIA crnoco®, NOJe3HBI B TOM CJayyae,
KOTla HeOGXOIWMO ORHOBPEMEHHO TNOJIYYUTh BCE apryMeHThl CTPYK-
TYPBl WJH CO3[aTh CTPYKTYPY IO 33JaHHOMY CIHMCKY ee apryMeH-
t0oB. llenesoe yrrepkaenne X=..L o3navaer, gro L ecms cnucox,
cocmoauyuti u3 pyHnkmopa cmpyxmypo. X, 3a KOMOPuIM CAEOYOM
apeymermor X. Takoe 1esieBOe yTBepKAeHHE MOXKET GbITh HCIONB30-
BAHO J(BYMsI CIOCOGAMH, TaK 3Ke KaK H ilesleBoe yTBepKAeHHe functor.
Ecau X y:ke umeer 3Hayerue, 1o [Iposor cosnaer cooTBeTCTBYIOUIH
CMHCOK H nblTaercs comocraButh ero ¢ L. Hanpotus, ecan X Hekon-
KPETU3UPOBAHO, TO CIHCOK OYyIeT HCHOJb30BaH A/Isl (GOPMHPOBAHUA
COOTBETCTBYIOUIEH CTPYKTYpPbl, KOTOpas CTaHeT 3HaueHueM X.
B 3TOM calydyae rosioBa CrmMcKa AOJKHA ObITb aTOMOM (TOT aToM cra-
HeT ¢pyHkTOpoM X). Huike npUBeAeHO HECKOIbKO MPHUMEPOB LeNEeBbIX
YTBEPKACHUH, COAePKAMMUX =., :

?— ums(a,b,c) =.. X,
X = lums,a,b,c]
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?— npucoequuuth(lAIBL,C, 1AID]) =
A= _2 B=_3C= _4 D= 5
L= [HpHCOGlIHHHTb[ 21731,_4,1_2]_5I]

?— la,b,c,d] =..

L = [’.’,a,[b,c,d]].

P— (a-t+b) =..

L = [+, a,b].

?— (a+b) =.. [+,A,B]

A=a B=b

?P— la,b,c,d] =.. [AIB]

A ="" B =la,b,cd]]

?— X =.. la,b,c,d]

X = a(b,c,d).

?— X =.. [npucoemunurs,la,b,] lcl,la,b,cll.

X = npucoenunuts(la,b],lcl,[a,b,c])
[puMepbl HCNOABL30BAHHS NPEAHKATd =.. NPHUBEJEHH B pasx. 7.12.
name(A,L)

B 1o Bpems Kak npeaukatsl functor, arg 1 =.. HCMOJB3YIOTCA 119

(GOpPMHPOBAHHSI MPOU3BOJMBHEIX CTPYKTYP M JOCTYNA K MX apryMmeH-
TaM, NMPeAMKaT name HCHOJb3YeTcs IJIs paGoThl C MPOH3BOJBLHBIMH
aTomamu. [IpenMkaT name comocTaBJseT aToOMy CIHCOK JHUTep (HX
ASCII KomoB), H3 KOTODHIX COCTOMT 3TOT aroM. JlaHHBIH npeaukar
MOXXHO HCIIOB30BaTh Kak IJIs1 OMpelesieHHsl JIHTep, COCTaBJISIONMX
YKa3aHHBIH aTOM, TaK U LIS ONpeleseHds] aToMa, COIepKallero 3a-
naunble auTephl. LleneBoe yrBepxknenue name(A, L) osHadaeT, uTo
aumepel, obpasyrowue amom A, asrswmes ssemenmamu cnucka L.
Ecan aprymenty A ye npucBoeHo 3HauenHe, To Ilposor cosnaer
COHCOK JIHTEP M NBITAETCS COMOCTaBHTH ero ¢ L. B mpotuBHOM cay-
yae I[lposor ucnonb3yer cnucok L misi co3maHus atoma, KOTOpBIH
craHer 3HayeHHeM A. [IpuBeneM npHuMeph HCNOIBL30OBAaHHS HpeIHKa-
Ta name:

?— name(apple,X).
= [97,112,112,108,100]

?— name(X,[97,112,112,108,100]).

X = apple
?— name(apple,”apple”).
Ia

?— name(apple,”pear”).
HeT
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B pasa. 9.5 npeaukar name Hcnosb3yercs JJist LOCTYNA K BHYT-
peHHel CTPYKType CJIOB aHIVIMHCKOrO SI3blKa, NpPeACTABJSEMBIX aTo-
Mamu Ilposora.

6.6. Bo3peiicTeHe Ha mpouecc BO3BpaTa

B TlpoJsiore ectb ABa BCTPOEHHBIX MpeIHKAaTa, H3MEHAIOWHX HOP-
MaJIbHYI0 NOC/NEeA0BaTeIbHOCT COOBITHIT, MPOUCXOASIIHX B NpoLecce
BosBpara. [Ipenukar «I» ycTpaHsieT BO3MOXKHOCTH I/l TOBTOPHOTO
COTJIaCOBAHHS IleJIeBBIX YTBepIKIEeHHH, a mpexukar repeat cosjaer
HOBBIe aJbTEPHATHBH TaM, rje UX He GLLIO paHee.

Omceyenue

CumBoa otceuerHHus (’!’) MOXHO paccMaTpUBaTh KaK BCTPOEHHLI
NpeaHKaT, KOTOphif JHuIaet [Iposor-cucteMy BO3MOXKHOCTH H3MEHHTh
HEKOTOpble U3 PellleHuH, NPHHATHIX elo paHee. Bosee noapo6Hoe onu-
CaHUe OTCEeUeHHs] CMOTpHTe B Ia. 4.

repeat

Berpoennnlii npeaukat repeat ofecneunBaeT AOTOJHHTENBHYIO
BO3MOXHOCTb AJI1 MOPOXKIEHHUS MHOMKECTBEHHBIX pelleHHH B nponec-
ce B03BpaTa. XOTHd OH H fABJsETCS BCTPOEHHBIM, ero noBeleHHe 1oJ-
HOCTBIO COOTBETCTBYET CJIeAYIOUleMy OrnpeaeseHHIo:

repeat.
repeat :— repeat.

Urto npou3o0iiier, ec/IM MBI MOMECTHM INpelHKar repeat Kak uesesoe
yTBepXKJAEHHE B OJHO M3 HAWIMX NpaBHJ?

Bo-nepBhIX, 3TO LesleBoe yTBEPKAEHHE corJjacyercs ¢ 6a3oi aaH-
HEIX, TaK KaK HMeeTCA COOTBETCTBYIOIHH (aKT — nepBoe yTBepkKe-
HHe ompejeJeHHs Mpelukara repeat. Bo-BTOpHIX, ecqH B mpomecce
BO3BpAaTa BHOBb OYJIET JOCTHTHYTO 3TO MecTo, To IlpoJior 6yier HMeTh
BO3MOXHOCTb HCNPOGOBATh aJdbTEPHATHBY — NpPaBHJIO (BTOpOE YT-
BepkeHue). IIpy Hchonb3oBaHMM MpaBHJa MOPOXKIAETCS JIPYroe
neseBoe yTBep:kacHHe repeat. Tak kak oHO conocraBnasieTcst ¢ ¢ak-
TOM JJIs1 TMIpefuKaTa repeat, TO 3TO lleJIeBOe yTBEPKIEHHE BHOBb COI-
Jacyercst ¢ 6a308 JaHHKIX. Lcay nponecc Bo3Bpara CHOBA IofijeT 1o
3TOr0 MecTa, TO [IpoJor BHOBb HCIOJNB3YeT NMpaBHJO TaM, TIE OH
paHee ncnosb3oBaJ ¢akt. UTo6bl f0Ka3aTh COrJacOBAaHHOCTb BHOBB
MOPOXKIEHHOTO 1EJIEBOrO YTBepXKAEHHs, OH CHOBAa BHIOepeT (axT.
W tak pajee. B AeACTBHTeNBHOCTH B Tpolecce BO3Bpara HeJeBoe
yTBepkIeHHe repeat MoxkeT GBLITH COrJIacOBAHO GeCKOHeyHoe 4YHCJIo
pa3. OGpaTHM BHHMAaHHe HAa CYIIECTBEHHOCTb MOPsJKa, B KOTOPOM
3amMcaHbl yTBepXIeHHs s npenukara repeat. (Urto mpousoiiger,
ecay ¢akT GyReT 3amMcaH Moc/e npaBuJjar)
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Jast yero HYXKHO TOPOXKJAATH LENEBhIe YTBEPKIEHHS, KOTOpHIE
Bcerza OyINyT COr/1acoBLIBaThCA B npoiecce Bo3Bpata? OHH HYKHBI
AJs1 TOTO, uTOGbl CO3JlaBaTh MpaBHJA, B KOTOPHIX HMEETCs BO3MOX-
HOCTb BbI6OpA BapHaHTOB, M3 IIPABHJ, KOTOPBIE TAKOH BO3MOXKHOCTH
He cofepxat. Y TeM caMbIM MBI MOXKeM 3aCTABHTB HX NTOPOXKIATH Kax-
I pa3 pasjHyHble 3HAYEHHUS.

Paccemorpum BeTpoeHHB# npepukar getd, KoTopeli OnHcaH B IJI. 5.
Ecan Tlposor mblTaeTcst j0Ka3aTh COTJIaCOBAaHHOCTL LIEJIEBOTO YT-
BepxkjeHHs get0(X), TO OH MOHHMAET 3TO KAaK YKa3aHHe B3sATb Oye-
peanyto jautepy (6ykBY, Lidpy, npobesa HIH uTO-THGO elle), KoTopas
Obl1a BBeJeHAa B CHCTEMY, H MOTBITATLCS COMOCTABHTL IEJIOUHC-
JIeHHBIH KOJ 3TOH JnTephl co 3HayenneM X. Ecau oHu 6yayT conocra-
BHMBI, TO IeJieBOe YTBeDIKJeHHe CUHTAeTCs COrJIacOBaHHBIM, B MPO-
THBHOM CJyuae OHO HeCcOrJiacoBaHO. IIpH 3TOM HeT HHKaKoro Bbl0oO-
pa — npeaukar get0 Bcerza oSpabaTbIBaeT TOMBKO TEKYLLYIO JHTE-
py, BBEIEHHYIO B CHCTEMY B MOMeHT ofpaileHHs K npeauxary. [lpu
clefyolleM oOpallleHHH K IeJIeBOMY yTBEPKAEHHIO, BKJIIOUYAIOUIEMY
get0, oH Bo3bMeT CJACAYIONLYIO JHUTEPY, HO MPH 3TOM ONAThL He OyaeT
HHKAKOro BHIOOpa. Mbl MOxeM Orpefe/THTh HOBBIHA NpeauKaT new_get
CTeNyIOIHM 06pa3oM:

new_get(X) :— repeat, get0O(X).

[Ipennkar new_get o6/alaer cIeAyIOUMM CBOACTBOM: OH MOPOXKAAET
OJHO 32 OfHHM 3HAYEHHS BCeX MOCAEAYIOLIKX JHTep (B HOPSAKE HX
NoCTyIJIeHHsA) KaK aJbTepHAaTHBHbIE pellienus. [lodeMy Ttak mnosy-
yaetcsa? Korga Mbl nepBblfi pa3 Bei3biBaeM new_get(X), To noauenb
repeat corsacyercst ¥ noaueab get0(X) toxe, npu 3TOM nepeMeHHas
X KOHKpeTH3Hupyerca oyepenHol JuTepoli. Koraa Mel HHUIHHDYeM
BO3BPAaT, TO BBISICHAETCS, YTO [OCJAELHHM MECTOM, IJe HMeJscst BeIGop,
spasercs repeat. IIpoJior 3aGeiBaeT Bce, 4TO GBUIO CIEJMAHO C TOrO
MOMEHTa, a MOBTOPHOE COrjacoBaHHe LeNeBOrC YTBEPXKJAEHUS re-
peat ycnemno sasepuiaercsi. Tenepb OH BHOBb JOJIKeH OOPATHThH
cBoe BHHMaHue Ha get0(X). K sromy MOMeHTY TeKyiled JuTepolt siB-
JqsieTcsl CJeRylollas JUTepa, U B pesyJbTaTe X MOJyYaeT B KAUecTBe
3HAYEHHS] BTOPYIO JIUTEPY.

Mbr MOXeM HCHOJIb30BaTh Halle onpejedeHHe new_get, 4yTobbl
OnpeseIMTh APYrod mostedunsift npepukar. Ilpexukar get o6bIYHO $5IB-
asietcsi BerpoeHHbIM. Korna Ilposor ofpaGateiBaer ueneBoe yTBEp-
xkaenne get(X), oH paccMaTpHBaeT ero Kak yKasaHHe 4YHTATh JIHTe-
PHI 10 TEX Mop, NOKa OH He HAUAET OYepelHYIO HeYNpaB/IsIoULYIO JH-
TEpYy, UMEIOULYI0 H300paKeHHe npH Nedatd (npofen, NPH3HAK KOHIA
CTPOKH M T. 1.). 3aTeM OH MbITAETCS COMOCTABUTH [eNOUHC/IEHHBIH
KOoI| 9TOH JIMTephl cO 3HaueHHeM X. Mbl MO)KeM HamucaTb NpHOMU3H-
“TeJIbHOE OnpellesieHHe Npegvkata get cienyioluM obpasom:

get(X) :— new_get(X), X > 32.
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YToG6B! NOHATL 3TO ONpejieNieHne, HYKHO BCIIOMHHTD, UTO B KOXHMPOB-
Ke ASCII Bce Heynmpamasiiolide (nmeyaTaeMmble) JIMTEPl HMEIOT KOZ,
npesbllIalomyi 32, Bce OCTa/IbHBIE JUTEPH HMEIOT KOJA, MEHBIUHH
nau pasaelfi 32. UTo NpoMCXOAUT NPH NONBITKE corJiacoBatsh get(X)?
ITpexkne Bcero new_get(X) comnocrapasier X ¢ TeKylieHd JHTepoOH,
BBeJleHHON B cucreMy. Ecii ee XoJ MeHbllle HJH paBeH 32, TO cle-
Iyroliee IeMeBoe yTBepxACHHE HeBEPHO H new_get Gy et BoIHYKIEH
NOPOIUTD CAEAYIOLLYIO JHTEPY Kak cJelylollee BO3MOXKHOE pe-
eHue. J1a autepa Gyler 3aTeM cpaBHeHa ¢ 32 U Tak jajee. B KoHie
KOHLIOB new_get HalileT HeynpaBAAOMYIO JIHTEPY, CpaBHEHHe 3a-
KOHUHTCA YCIIeIHO H KOJ, 3TOH JHTephl 6YAeT BO3BpalleH B KayecTBe
pesyantarta get.

¥Ynpaxnenue 6.1. IlpuBenennoe onpernenenue mnpexukara get He
6yler paboTaTh HajMexalmuM o6pas3oM, ecad Mbl o6paTHMCA K Le-
JeBoMy yTBepxkieHHIo get(X) ¢ yxkKe onpejeneHHbIM 3HaueHHeM X.
Tlouemy 5T0 NpPOHCXORUT?

HernpusTHOCTb, CBsi3aHHAA ¢ MpeUKaTOM repeat, COCTOMT B TOM,
YTO OH BCErZa HMeeT ajbTepHATHBHOe pelueHHe. CieloBaTelbHO, B
npoliecce Bo3Bpara repeat Hurorga He OyIyT TEPECMOTpEHBL pelle-
HHUS, OPHHATbHIE paHblile, YeM NPOW30LIe] MOCJAeJHUH BbI3OB repeat,
eC/JIM TOJBbKO MBI He OTceyeM KAKUM-JIHO0 00pasoM 3Ty MOCTOAAHKYIO
BO3MOXKHOCTE BhIfOpa. B cHay ckasaHHOro nmpefblAyLlHe Onpejfese-
HHUS JOJKHBI ObITh NepenHucaHbl CAeAyomHUM o6pasoM:

new_get(X) :— repeat, getQ(X)
get(X) :— new_get(X), X > 32, !.

3aMeTHM, YTO 3TO ONpejelieHue I0o-mpexHeMy paboTaer, JUMIb eCnH
MBI mblTaemcsi corjiacoBath get(X) ¢ HEKOHKPeTH3HPOBAHHOH 3HAaue-
uuem nepemenHoll X. M3-32 npoGaeMbl, cBSI3aHHOH C MeXaHH3MOM
BO3Bparta 3a repeat, B KaxJIoM npuMeHeHHHM new_get Heobxoaumo
npenycMaTpuBaTh OTCedyeHMe JaJbHeHIMX BApHAHTOB, KaK TOJIbKO
MOPOXKIAETCS JIUTEpa, YIOBJETBOPSAIOUIAA 3aRdHHBIM YCJOBHSM.

6.7. ®opmHpoBaHHE COCTABHBIX LEJEBbIX YTBEPKIEHHMH

B npasusax u Bonpocax sujaa X :—Y uuH ?— Y TepM, IOSBJsI-
jomuiicss Ha Mecte Y, MOXeT COCTOSITb H3 eIMHCTBEHHOrO IIeJIEBOro
yTBEePKIEHUs1 THGO NPeACTaBAATL KOHBIOHKIIHIO IeNleBbIX yTBepxe-
HUH HJIM UX JIU3BIOHKUIHIO. Bosee TOro, MOXKHO ynoTpe6iaTh B Ka-
yecTBe 1eJEeBBLIX YTBEPXKACHUH nepeMeHHble H YCIelHO J0KAa3bIBaTh
COrJiaCOBaHHOCTD LIEJIEBOI'O YTBEPKIEHU S, KOTAa HeJeBoe yTBepxe-
HHe B JIEHCTBUTEJIBHOCTH HE COrJIacyercsi, HCNOAb3ys Ui 3TOTO mpe-
gukar not. Ipemukarhl, npeiacraBiAeHHbIE B 3TOM pasfiee, M0O3BOJIsA-
0T peasii30BaTh 3TH CJOXKHbIE CII0cOObl BBIPAXKEHHs LeJeBbX YT-
Bep2KIAeHH .
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Konwsronkyus yenel

QyuxTop ',’(3anAras) omnpefesieT KOHBIOHKHUIO LEJNEBHIX yT-
BepxIeHHH. ID1oT ¢GyHKTOp OB BBeder B . 1. Ecm X
U Y — neneBole yTBepxKAeHHs, TO LeseBoe yTBepxkienue X, Y cor-
Jaacyercs ¢ 6asofl JaHHBIX, ecad corsacyercsi XH Y. Ecau X coraa-
cyercs ¥ 3aTeM Y He COTJIacyeTcs, TO JeJaeTcs NOMBITKA HafTH HOBOE
JloKazaTeqabeTBO corsiacopaHHocTH 1 X. Ecium X He corgacyercs,
TO He COIVIacyeTcsl H KOHBIOHKUUS B LEJOM. JTO H COCTAaBJISAET CYyTh
MexaHnaMa BosBpara. @yHKTOp ',” ABJsieTcs] BCTPOEHHBIM H OIpe-
JiesieH Kak JleBoacCcolaTHBHBIN HHQUKCHEIE onepaTop, Tak 4o X, Y,
Z sksuBanento (X,Y),Z.

Hussronkyus yeaet

]

OyHKTOp ;' ONpenesser IUSBIOHKIHMIO (O3HAYAWNYIO uau) Ie-
JeBbix yTBepxKueHui. Ecan X u Y — 1eneBble yTBepKAEHHS, TO
neseBoe yTBepkieHte X ; Y cornacyercs ¢ 62308 JaHHBIX, €CJIH COT-
gacyercs: X uian Y. Ecau X He corgacyercs, To JeJaercsl MONBITKA
Jokasath corsiacoBannocts Y. Ecoi 1 Y He corsacyercsi, TO He cOr-
JlacyeTcsl M IU3BIOHKLIHS B LeI0M. MBI MOXKEM HCIIO/B30BaTh PyHK-
Top '3’ /st TOro, 4TOOBI BBIPA3HTb aJbTEPHATHBEL B npedeiax 00-
Hoeo ymeepocdenus. Hanpumep, Gynem cuMTath, 4TO HEKOTOPLIH
OOBEKT SBJAETCH UYEJIOBEKOM, €CJH 3TOT 00BeKT — Ju6o AjgaMm JuGo
EBa nau eciin y ofbexkTa ectb MaTbh. Mbi MOXEM BBIPA3UTL 3TO B OA-
HOM [1paBHJIe CJEeAYIOUUM 00pa3oM:

yestoBeK(X) :— (X=anam; X=-eBa; Mats(X,Y)).

B 3TOM npaBuJ/ie MBI B I€HCTBHTENBHOCTH ONMpEIeIUJIN TPH ajlbTepHa-
thBbl. OnHako ais Ilposora 310 mpaBU/IO COfEpKUT JBe ajbTepHa-
THUBbI, OJIHA U3 KOTODHIX caMa COJEPIKHMT 1Be aJbTepHATHBH. Tak Kak
¢GyHKTOp ;' SIBASIETCS BCTPOEHHBIM M ONpefesieH Kak [PAaBOACCOIH-
aTUBHBIA MHUKCHBIH OrepaTop, TO IleJleBOe YTBEPXKIEHHe B MpHUBe-
I€HHOM NIpaBHJIe B AeHICTBUTEILHOCTH MOXKHO NEPentcaTth CJIe Ly OIHM
ofpasoMm:

" (X=apam, '’ (X =eBa,math(X, Y)))

Takum o6pa3oM, mepBas BO3MOXKHOCTB COOTBETCTBYET TOMY, 4TO
X — 370 agaMm. Bropas BO3MOXKHOCTb BKJIOYaeT 1BE aJibTepHATHBBL:
X 370 eBa My ¥ X ecTb MaThb

MbI MOXKeM HCNOMb30BaTh AU3BIOHKUHIO B JIOGOM MecTe, TIE€ MO-
)eT OBITb HCIOJMbL30BaHO J060e APYroe LesieBoe YTBepKjeHHEe Ha
Tlposore. OnHaxo 1lefecooGpasHO HCMONb30BATH LOMOJHUTEIbHBIE
CKOOKH, uTOObl H30eXaTh HelOpa3yMeHHH, Kacawmuxcs B3auMofei-
ctBus onepatopoB ';’ # 7" OO6BIUHO Mbl MOXeM H30eXaTb npHMeHe-
HHS JU3BIOHKIUH MYTeM HCIIO/Ab30BAaHHSA HECKOJBbKHMX (DAKTOB H mpa-
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BHJI, COAEpPIKALIHX, BO3MOXHO, ONpelesIeHHs HEKOTOPHIX JOMOJHH-
TeNbHBIX TpefukaroB. Hampumep, NpHBeNeHHBIH Bhllle NpHMEp B
TOYHOCTH 3KBHBAJ/IEHTEH CJeNyIoleMy:

yesioBeK(afam).
uesIoBeK(eBa).
uesoBek(X) :— Math(X,Y).

Arot BapuaHT GoJlee TPAZULHOHEH U, BO3MOXKHO, MpPOLLE LIS YTEHHS.
Jaa muorux Ilponor-cucreM o MOXeT GBHITH Goslee SxpeKTHBHEIM 10
CPaBHEHHIO C HCNOJb30BaHHEM '; .

Pesynprarom oTceueHHS fBJSETCH HEBO3MOXKHOCTb H3MEHHUTB
BLIGOD aJbTepHATUB, OGYCJIOBJAEHHBIX Ha/JHuyHMeM IM3BIOHKLIHUH, cle-
JIAHHBI C MOMEHTa CONOCTABJIEHUS! C NPABHJIOM, COMEPIKALIMM OTCe-
uenne (cM. 1. 4). Berencrere storo umeercss psif caydaeB, KOTAa
nporpamma, ColepiKallasi OTceueHust, He MOxkeT OBITb peobpa3oBaHa
B OOBIYHYIO NporpaMMmy Ge3 HCNOJNB30BaHMs AU3BIOHKIHHA. OxHaKO B
ofieM cyyae He peKOMEeHLyeTcsl Upe3MepHO 4acTo HCIob30Bath '; .
B xauecrBe mpefocTepekeHHs OTCHLIAEM Bac K IJ. 8, rie NOKa3aHo,
KaK HeoGAyMaHHOe HCIOJMb30BaHHe ;' 3aTpyJHseT NOHHMaHHe IIpo-
rpamm.

call(X)

IIpennonaraercs, yro X KOHKPETH3HPOBAaH TEPMOM, KOTOPHIA MO-
KeT OblTb WHTEPIIPeTHPOBAH Kak IleneBoe yTBep:Kaenue. lleneroe
yTBepxaeHne call(X) cuuTaeTcsi COTJIaCOBAHHBIM, €CJH TONBITKA
JOKas3aTh COIMIacOBaHHOCTb X 3apepluaercst ycnexoMm. Llesesoe yT-
sepxJenne call(X) He cornacyercss ¢ 6a3o#t JaHHBIX, eC/M MOMNBLITKA
JoKasarTh cOrJlacOBaHHOCTb X 3akaHuMBaercs Heyjadeil. Ha nepswiil
B3rJIA] 3TOT MPENMKAT MOXET N0Ka3aTbCsl MSJHIIHHM, MOCKOJbKY,
€CTeCTBEHHO, BO3HHKaer BONpoc: nmodeMmy aprymeHT call He momker
OBITb 3aMHCcaH HENOCPeLCTBEHHO Kak IiesieBoe yTBepkaenue? Hanpw-
Mep, LleJIeBoe YTBepiKIeHHe

..., call(npunagnexur(a,X)), ...

BCETJa MOXKET ObITb 3aMEHEHO CJIeAYIOUINM:
.., mpuHaniexur(a,X),

OnHako ecJiu Mbl CO3/aeM LleJieBble YTBepKIEeHHs, HCTIONb3ys Npenu-
Kat '=..” WJIH eMy NoAoGHBe, TO BO3MOXHEI O0PAllEHHS K Iie/eBbIM
YTBEPXKAEHUIM, (QYHLTOPEl KOTOPHIX HEM3BECTHHl HA MOMEHT BBOJA
nporpammbl B IIposor-cucremy. Tak, Hanpumep, B ONpeleseHUH
npenukara consult B pasp. 7.13 HaMm Hajo UMeThb BO3MOXKHOCTb pac-
CMaTpHBaTh JIOOOH TepM, NPOYHTAHHBIA HOCae ?—, Kak LeJeBoe
yTBepxKienHe, [1peanonarasy, uto P, X 1 Y KOHKpeTH3HpOBaub! (Y HK-
TOPOM H apryMeHTaMH COOTBETCTBEHHO, MOXKHO HCHOJb30BaTh call
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CJENYIOHM 06pa3oM:
, Z = .. [P,X,)Y], cali(Z), ...

Iocsennu#t gparMeHT MporpaMMbl MOXKHO paccMaTpUBaTh KaK CHO-
€00 BbIpaXKeHHsA OOpalleHHs K 11eJeBOMY YTBEPKIAECHHIO CJEAYIOEro
BHJA:

..., P(X,Y),

KOTOpOe B paMKax cranjapTHod Bepcuu [lposora, paccMarpuBaemMoli
B 3TOH KHHIe, CHHTAKCHUYECKH HeKoppeKTHOo. OIHAKO HEKOTOphIE Bep-
CHH si3blka Ilposior omycKalT HCHOAb30BaHHE MEpPeMEeHHOH B Ka-
yecTBe (PYHKTOpPA UEJCBOTO yTBEPIKACHHS.

not(X)

[pegnosnaraercs, uTo X KOHKDETH3HPOBAH TEPMOM, KOTOPBIl MO-
KeT OblTb MHTEPIIPETHPOBAH Kak lLeJeBoe yTBep:kieHue. llenesoe
yTBepxkaeHue not(X) cuMTaeTcs COTJIaCOBAHHHIM € 06a30il JaHHBIX,
€CJIM TIONBITKA JJOKA3aTh COIJIaCOBAHHOCTb X 3aKAHYMBAETCSl HEyJa-
veli. LleneBoe yrBep:knenne not(X) cumraercsi HECOIIACOBAHHLIM,
€CJIM MONBITKA JOKAa3aTb COTVIACOBAHHOCTb X YCIIEIIHO 3aBeplUIAeTCs.
B stom nnane npeankar not odeHb rnoxox Ha call, 3a Tem HckJHOUe-
HHMeM, YTO COIJIaCOBAHHOCTb MJH HECOrJIacOBAHHOCTb apryMeHTa,
paccMaTpHBaeMoro Kak IejieBoe yTBepiKIeHue, IPUBOIUT K IPOTHBO-
[OJIOXKHOMY Ppe3yJbTarTy.

Yem oTIHUAOTCS CJelyloHe IBa Bonpoca?
/% 1 %/ ?— npunagnexut(X,la,b,cl), write(X).
/% 2 */ ?— not(not(npunastexur(X,la,b,cl))), write(X).

Moxer nokasaTbCsl, YTO MeXKIy HUMH HeT HUKAKOH pasHMilbl, TaK
kak B sanpoce 2 npuHapiexut(X,[a,b,c,]) cornacyercs, nostomy
not(npunagaexur(X,[a,b,c,])) He coryacyercst 1 not(not{npunanae-
wu1(X,|a,b,c]))) cornacyercsi. 1o npasBuLHO AKb OTYACTH. B pe-
3yJpTaTe NepBOro Bornpoca Gy et HaneyataH aToM 'a’, a B pesyJibTarte
BTOPOTO ~— HEKOHKPEMu3u pOsarHas nepemennas. PaccMoTpum, 4to
POMCXONMT MPU TONBITKE NOKA3aTh COrJACOBAHHOCTL NEPBOrC Le-
JIEBOTO YTBEPXKIEHUS H3 BTOPOrO BOMpOCaA:

1. leneBoe yTBepiKieHNe MPHHAAMEMHT corjacyercsi, © X KOHKpe-
TH3UpYeTCst 3HAUYEeHHEM a.

2 TlpemnpunHMaeTcsi NONBITKA JOKA3aTh COIJIAaCOBAHHOCTb HEPBOrO
IEeJIeBOTO YTBep KAeHHS not, KoTopas 3aKaHuHBaeTcsi HeyJaued,
TaK KaK LeJeBOe yTBepXKAeHHe MPHHALNEKHT, SIBJSIOUEECH ero
apryMeHToM, corsacyercs ¢ 6a3ofl faHHbIX. Temnepb BCIOMHHM, .
4TO, KOIJA [e/ieBoe YTBepiKIeHHe He Coryacyercsi, Bce KOHKPEeTH-
3HpOBaHHBIE NMepeMeHHble, TakHe Kak X B HALIEM NpHMeEpe, JOJIK-
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HBI Tenepb «3a6bITh», YTO OHH 0003Hauanu A0 cHx nop. Crenosa-
TesibHO, X CTAHOBUTCS HEKOHKPETH3HPOBAaHHOH.

3. TpennpuryMMaercs NONBITKA JOKA3aTh BTOPOE LieJieBOE YTBEPKIE-
HHe not, ¥ 3Ta MONBITKA 3aKAHUMBAETCSl YCIIEXOM, TaK KaK ero
aprymeHT (not(npuxaanexur(...))) He cornacoBaH. [lepemennas
X ocraeTcsi HEKOHKPETH3HPOBAHHOH.

4. TpennpuHAMAaeTcs MONBITKA BHIMOJHHTL LEJEBOE YTBEpMKIeHHE
write ¢ HekoHkpernsupoBauHeM 3HaueHHeM X. M, kak omucano B
pa3n. 6.9, HeKOHKpeTH3HPOBaHHLIE NepPeMeHHbIe NeYaTaloTcs cre-
LM aJbHBIM 06DA30M.

6.8. PaseHcTBO

B 3Tom paspene KOPOTKO paccMaTpUBAIOTCSl Pa3JIHUHbIE BCTPOEH-
Hble [IPEIHKAaThl, HCHOONb3yeMble IJ51 NPOBEPKH PaBEHCTBA JJeMeH-
TOB U HO3BOJSAIOLIHE JeJaTh HX PaBHBIMH.

X=Y

Korpa Ilposor Berpeuaer neseBoe yreepxkiedne X = Y, 10
OH nblTaetcs ciesnarb X H Y paBHBIMH, COMOCTaBJAA HX APYT C APY-
roM. Ecan comocraBieniie BO3MOXKHO, TO LieJleBOe YTRepKIAeHHE CYH-
TaeTcst corsiacoBaHHbM (2 X H Y, BO3MOXKHO, CTAHOBSITCS GoJiee KOH-
KPeTH3HPOBaHHLIMH). B NpOTHBHOM cilydae llesleBoe yTBepiKAeHHUe
cuiTaercs HecorsacoBaHHBIM. BoJiee nosHoe ob6cykieHHe 3TOro npe-
IMKarta npHBefeHo B pasl. 2.4. Ilpemukar paBHo onpeneJieH TAaKHM
o6pas3oM, Kak ecsu Obl HMea MecTo (pakT

X = X.

Y6eauTech, 4TO BHI NOHHMaeTe, Kak 3TO onpejeseHue pa60TaeT.

X\ =Y

[pearikar ™\ =" siBJseTcs NPOTHBONOIOXKHEIM 110 OTHOIIEHHIO K
npeaukary ’==" ¢ TOYKHM 3peHHS COTrJIACOBAHHOCTH C 6a30H NAHHBIX.
Dro 3HayuT, yTo X\ =Y cornacosaHo, eciiu X=Y He COrjacoBaHo,
# uaotopoTr. Ecan neneroe yteepxiaeHue X\ =Y cornacosano (X
¥ Y He MOryT GBITb COMOCTaBJEHbl APYT C APYTOM), TO He IPOU30HIET
HUKaKUX U3MeHeHH# B KoHKpertusauud X 1 Y. Ecin 661 "\ =" He GpL1
BCTPOEHHBIM IPEIMKATOM, TO MBI MOIJIH ObI onpeesuTsb ero Ha Ilpo-
Jiore cJenyomuM o6pasom:

X \=Y — X=Y, |, fail.
X = VY.
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X==Y

[penukar '==" BEINOJHSET 3HaUHTeNbHO 60JIee CTPOTYIO MPOBEP-
Ky Ha pPaBeHCTBO, YeM NpeuKar '=='. 3T0 3HAYHUT, uTO eciad X==Y
BLITIOJIHSIETCS], TO U TeM OoJiee BeimoaHAeTcss X = Y. A ofpatHoe 3a-
KJIIOueHHe He Bceria umeet mMecto. OTaHune '==" COCTOUT B TOM, UTO
OH GoJsiee CTPOr K mepeMeHHbIM. [Ipennkar =’ npeanoJaraer, 4to He-
KOHKPETH3HPOBAHHAS TIepeMeHHas MOXeT ObIThb paBHA 4eMy YTOJHO,
TaK KaK OHa CONOCTaBHMa C 4yeM yroaso. C Apyroit cTOpoHbI, Ipejt-
Kar '===" npepnosiaraer, YT0 HEKOHKPETH3HMPOBaHHAst TepeMeHHas
MOXeT ObITb paBHA JPYrod HEeKOHKDETH3HPOBAHHOH MepeMeHHOH,
JIMIb KOTJIa OHH Y:Ke ClemJIeHsl ApyT ¢ gpyroM. MHaue nposepka Ha
PABEHCTBO 3aKaHuMBaeTcss Heyjaauefi. Takum ofpa3oM, BO3MOXKEH
CIeAYIOMUA [HAaNor:

— X ==Y.

HeT

— X == X,

X = _23

— X =Y, X ==Y,

X =_23Y = _23

?— npucoeanHuTb(lAIB],C) == npucoeannuts(X,Y).

HeT

?— npucoeanuuts (lAIBL,C) == npucoeauunts((A|B],C).

A= _23,B=_24,C= _25

X\ ==Y

ITOT IpPEAUKAT HAXOAUTCH B TAKOM »Ke OTHOMIEHHH ¢’ ==, Kak
"\\=' ¢ '=’. 310 3HauHT, YTO LEJEBOe yTBepXKIeHHe, COomepKaliee
STOT NPEAHKAT, COrJacyeMo B TOYHOCTH TOTAAa, KOTAA LEJeBoe yT-
BepKIeHUe ¢ == He corjacyemo, u HaoGopoT. M1 BHOBb Mml MoOr-
Jin Gbl CYHTaTh, YTO ITOT MpPeAHKaT onpeneseH Ha [Iposore ciepyto-

muM obpasom:
— X ==Y, !, fail

6.9. Bsoj # BbIBOM JAAHHBIX

[NpenukaTe! 4JA BBOAA H BBHIBOLA JIHTEP H TEPMOB OGCYKAATHCH
B V1. 5. 37eCb Mbl PE3IOMHDYEM HallM 3HAaHHA O KAXKIOM H3 3THX npe-
JHKaToB.
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gelo(X)

310 neNeBOe yTBepKAeHHE cornacyercs ¢ 6a30# JaHHBIX, ecH X
MOKeT GhITb COMNOCTaB/eHa ¢ OUYepeIHOH JHTEpOl B TeKYLeM BXOAHOM
notoxe AaHHbiX. Llenb getQ BHIMOJIHAETCSA JUIIb OAHH pa3 (ero HeJb-
31 corJlacoBaTh NOBTOpHO). Onepanysi nepexoAa K ouepeRHoi auTepe
He nepejiesibIBacTCsl MPH BO3BpaTe, TaK Kak He cyllecTByeT crnocoba
MIOMEeCTHTb JIMTEPY O6paTHO B TEKYIUMH BXOJHOH IIOTOK JAHHBIX.

get(X)

O10 ueseBoe YTBepHKIAEHHE coryacyercss ¢ 6a3oH NaHHBLIX, ecsaH
nepemMeHHass X MoxeT ObITb COTOCTABJEHA C OUEPeJHOH NeyaTaeMoH
(neympaBasiolesl) JUTepoil B TeKylieM BXOAHOM IIOTOKe [aHHBIX.
TTeyataemsle sutepnl umetor kox ASCII, npesblmaromuit 32. Bee yn-
paBaswolie JuTephl nponyckaworca. [lpennkar get BuimosHaercs
TOJILKO OJHH pa3 (OH He MOXKeT GBITh COTJIacOBaH BHOBB). Pesysbrar
get He ycTpaHsiercs NpH BO3BpaTe, TaK Kak HeT crnocofa MOMECTHTb
JHUTEpPY OGpaTHO B TEKYL(H# BXONHOM IOTOK AAHHBIX.

skip(X)

DTOT mpeiHKaT uMTaeT H MPONYCKaeT JHUTEPH B TEKYIeM BXOJ-
HOM MOTOKE JaHHBIX JI0 TeX IOp, MOKa He BCTPeTHUTCS JHTepa, COIo-
craBuMmas ¢ X. Tlpeaukar skip BeImosnHseTcs: TOMBKO OAHH pas.

read(X)

DTOT npeyKar yuTaeT oyepeAHOH TepM M3 TeKYLIero BXOIHOIO
NIOTOKa JaHHBIX U conocTapJser ero ¢ X. Ilpeaukar read BeinoJiHseT-
Cfl TOJIBKO OJMH pa3. BroamMEeIfl TepM NOJ:KeH 3aKaHYHMBATLCH TOY-
Kol ’.’, KoTopas He CTAHOBHTCH 4YacTbio 3TOrO TepMa. Ilocse Toukm
IOJI:KHA CJIeJOBAaTh N0 KpaHhHeH Mepe oJHa YIpaB/siollas JHTepa.
Touka ynanserca H3 TEKYUEro BXORHOTO MTOTOKA AAHHEIX.

put(X)

DTOT mpenuKaT 3amuCcHIBAET I1esoe Yucao X B BHIE JUTEPH (KO-
JIOM KOTOpOH U sBasiercsi X) B TeKYIIUH BBIXOJZHOH IIOTOK JaHHBIX.
Ilpenukar put BelmosiHsieTcst TONBLKO 0AUH pas. Ecsu X HeKOHKpeTH-
3MpoBaH, TO QUKCHpYyeTcs OUIMGKA.

nl

3anuceiBaeT B TEKYLIMH BHIXOZHOH MOTOK [aHHEIX MOC/IEN0Ba-
TEJIbHOCTb YNPABJSIOMHX JUTEP, BHI3BIBAIOLULYIO [IEPEXOJ HA CHOBYIO
CTpoKy». B cayuae BeiBoza Ha aucniieil Bce JIMTEPhI, BEIBOAUMBIE I10C-
Je nl, 6yayT pasMelueHsl Ha cjefAyiowel cTpoke cTpaHHLE]; nl Bbi-
MOJIHSIETCS TONBKO OIUH pas.
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tab(X)

3anuceiBaer X «npobesoB» B TEKYIUHH BBIXOLHOH MOTOK JAHHBIX.
Ecom X HeKOHKPeTH3HPOBAH, TO ¢HKcHpyercs omHbKa. tab BeinoJ-
Hf€TCA TOALKO OAMH pas. ‘

write(X)

ITOT npeAUKaT 3anHchiBaeT TepM X B TEKYIHH BBIXOIHOH MOTOK
JaHHBIX. Write BBINOJHSETCS TONBKO OAMH pas. Kaknas HekoHKpe-
TU3HPOBAHHAA NEpeMeHHasi, BXoAsmas B X, 3alHCHIBAETCS KaK YHH-
KaJbHOE MM$, HauWHAlomleecs ¢ NMopuepKuBaHus ('_’), 3a KOTOPbIM
cJeflyeT YHUKAAbHOE UMCJIO0, Kak, Hampumep, ' _239°. Tlepementrie,
CliefJieHHble B [Ipelenax OJHOTO apryMeHTa mpeaukara write, mnpn
neyaty OyAyT UMeTb OJMHaKOBele uMeHa. [lpeaukar write yunThl-
BaeT MpPH NeYaTd TePMOB HMeloluecs: ofbsABJeHHS onepaTopoB. Tak,
Hanpumep, MHOUKCHBIH oneparop GyleT HaneyataH MeXLy CBOMMH
apryMeHTaMH.

display(X)

[Ipennxkat display paGotaeT B TOUHOCTH TAKUM 2Ke CIOCOGOM, UTG
1 write, 332 TeM HCKJIIOYEHHEM, YTO OH HTHOPHPYET BCce OObSBJEHHS
oneparopoB. Ilpenukar display neuartaer m06yi0 CTpyKTYypy, Ha-
ypHasa ¢ ee QyHKTOpPA, 332 KOTOPHIM B KPYIJIBIX CKOOKAX IeyaTaercs
CIHCOK apryMeHTOB.

op(X,Y,Z)

OTOT mpeauKar oOBSABASET OnepaTop, HMeWIIHH mpHoputer X,
NO3UILIHIO M accouHaTuBHOCTb Y U uMsa Z. CrienudUKauHg NO3ULUH H
accoLMaTHBHOCTH BbIOMpaeTcsi M3 4yuc/aa CAedYIOWHX aTOMOB:

fx fy xf yf xix xfy yix yiy

Ecan o0bsiBieHHe oneparopa KOPPEKTHO, TO OP CUHTAETCH COIJIAaco-
BaHHBIM, Dosee moapoGHO 3TOT mpeaMKar omMcaH B pasiA. 5.5.

i

6.10. OGpaGoTka aiinos

HpenHKaTbI Ui U3MEHEHUS TEKYIIEro BXOAHOIro U TEKYIIEero BbI-
XOJAHOTO TIOTOKOB JaHHBIX OBbLJIM BBEAEHHI B IJI. 5. 31ech Mbl pesMH-
pyeM HaliM 3HaHUA O Ka)KAOM H3 3THX NpPEeAHKATOB.

see(X)

Dror npemvkat oTKphiBaeT dafin X, ec/H OH elie He OTKPHIT, U
onpejesisieT, 4TO TEKYILHM BXOXHBIM MOTOKOM JA@HHBIX CTAHOBHTCA
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daitn X. Eciu X HeKOHKpeTH3HPOBaHa UM X KOHKPETH31pOBaHa HMe-
HeM HecyllecTBywouiero ¢afna, o pukcupyercsa omubka.

seeing(X)

OTo neneBoe yTBepKJEHHe corjacyercs ¢ 6a30il JaHHHIX, ecJH
HMs TEKYILero BXOHOI'O NOTOKAa HAaHHHIX (¢aiya) conocraBUMO ¢
X, M He corsacyercs B IPOTHBHOM CJyuae.

seen

OTOT mMpeAHKAT 3aKphIBAeT TeKYIMH BXOLHOH INOTOK HaHHBLIX
{dafin) U onpenessieT, YTO TEKYLUHM BXOAHBIM MOTOKOM AAHHBIX CTa-
HOBHTCH KJIaBHATypa TepMHHaJja (user).

tell(X)

IToT npenuKar oTKpeBaeT dais X, ecnu OH ellle HE OTKPHIT, U
OnpefiessieT, YTO TEKYHIHM BBIXOZHBIM TIOTOKOM JAHHBIX, B KOTOPHIH
NPOM3BONUTCS 3aMHCh, siBJAseTcst yKasaHHL# dafa. Ecan X HekoH-
KpPeTH3UpOBaHa, TO BO3HHKaeT omnbKa. Ecan tell uecnonssyercs s
NepeKII0UeHNs BBIXOAHOIO NOTOKA Ha ellle HEOTKPLITHIN dafia 1 daid
€ UMeHeM, onpeflendeMbiM X He CYLIeCTBYeT, TO (alsl ¢ TAKHM HMe-
HeM cosnaercs. Huade, ecnu dain, onpefensiemuli X, yxe cymiect-
BYeT, TO NpejLIecTBYoLIee colep:KUMoe (haia YHHUTOXKAETCS.

telling(X)

J10 neseBoe yTBePKACHHE coryacyeTcs ¢ 6a30f AaHHBIX, ecan X
CONOCTABHMO C HMEHEM TeKyLIero BRIXOJHOTO NOTOKA JAHHLIX, HHaue
OHO He corJacyercs.

told

OTOT npeAMKaT 3aKpblBaeT TeKYLUIHH BBIXOAHOH MNOTOK JaHHBIX
(daitn) ¥ 3anucuiBaeT Mapkep KoHHa aisa B COOTBETCTBYIOUIHH
(paits. Texyw MM BBIXOJHBIM TOTOKOM NAHHBIX CTAHOBHUTCS AMCIJIEH
TepMHHaJa (user).

6.11. BbluncneHue apudMeTHUECKHX BbIpAKEHHH

Apudmernyeckre BO3MOXKHOCTH si3biKa IIposior mepBoHauajibHO
obcyxaamick B pasf. 2.5. 31ech Mbl MOZBITOXKHM HalllH 3HAHHA 00
HCMOAB30BAHUU NIpeAHKarta 'is’ ¥ 0 TOM, KaKHe HMelTCs (yHKTOPHI
1A GopMHPOBAHHHA apH(METHUECKHX BbIpaXKEHHH.
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XisY

Y nosxed GbiTh KOHKPETH3HPOBaH CTPYKTYPOH, KOTOPYIO MOKHO
HHTepIpeTHpoBaTh Kak apH(pMeTHUeCKoe BripaxeHHe (cM. pash. 2.4).
CHayajla BBEIYHCJASIETCS] BbIpaXKEHHe, KOTOPbIM KOHKDPETH3HPOBaH
Y, # noJayuaercs 1es0e 4HCJO, HasblBaeMoe pesyabmaniom. Pesyib-
TaT comnocrasasercs ¢ X, U is cuMTaeTCA COTJIACOBAHHBLIM HJIM HECo-
IJIaCOBaHHBIM B 3aBHCHMOCTH OT MCXOJa conocraB/eHusi. Huxke onu-
CHIBAIOTCS (PYHKTOPBI, KOTOpLIE MOI'YT ObITh HCMOJb30BAHBI IJIA I10O-
CTPOEHHS] CTPYKTYDPHI, Paclo/OKeHHOH crpaBa OT NpeiHKara is.

X + Y

Oneparop cioxenus. [1pu BelYHC/AeHHH, HHHIHHPOBAHHOM NpeH-
KaToM is, pe3yJIbTaToOM ABJASETCS apUpMeTHUecKas CyMMa €ro apry-
MEHTOB. ApPryMeHTH! AOJIKHBI ObITb KOHKDETH3UPOBaHbl CTPYKTY PaMH,
KOTOpble MOXKHO BBIMHCJHTL H NOJYUHTb B KAauecTBe pe3yJbTaToB lie-

Jible 4Hnc.Jja.

X —Y

Oneparop BoiuMTaHuA. [IpH BBIYMC/IEHHH, HHHIIHHPOBAHHOM Ipe-
JHKaToOM is, pe3yJ/bTaTOM ABJsAETCH apH(MeTHuecKas pas3HOCTbL ero
apryMeHToB. APryMeHTHl JOJIKHbI OBITh KOHKPETH3HPOBAHBl CTPYK-
TypamH, KOTOPble MOXKHO BBIYHC/UTD H NOJYYUTb B KauecTBe pe3y/ib-
TATOB ILleJble YHCJa.

X =Y

Omneparop ymHoxkenust. [Ipu BeluHc/IeHHH, HHHIHMHPOBAHHOM [Ipe-
IMKATOM iS, ero pe3yJbTaToM siBJAETCSH apH(METHUECKoe NPOU3Beje-
HUE ero apryMeHTOB. ApryMeHTsHI JOJIKHBI GBITb KOHKPETHSHDPOBAHbI
CTPYKTYpaMH, KOTOpble MOXKHO BBIYHCJAHTbL H NMOJAYYUTb B KauyecTBe
pe3yJbTaToB LeJible 4HC/Ia.

XY

OnepaTop LEJOUYHC/EHHOIO JeJIeHH . Hpu BBIYUCJAEHHH, HHHIHU-
UPOBAHHOM MNpeIHMKaTOM is, ero pe3yJabTaToOM ABJAETCS LeJas 4acThb
YaCTHOro OT [eJ€HHA ero aprymeHToB. ApFYMeHTbI JOJKHBL OBITH
KOHKDPETH3HPOBaHbl CTPYKTypaMH, KOTODPBIE MOXKHO BBIUHCJIMTE H
MNOJYUYUTH B KAYeCTBE PE3yJbTATOB LEJble YHhcaa.

X mod Y

OcraTok OT fieleHHs LesbIX uHces (cpaBHeHHe no MonyJo). [pu
BBIYHCJIEHHH, HHHLUHPOBAHHOM TNpeIUKaToOM iS, €ro pe3ysbTaToM
ABJIsIeTCH LEeNOYHCIEHHBIH OCTATOK, MOJyuaeMeii npH jgeseHuH X Ha
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Y. ApryMeHTH JO/KHBI GHITh KOHKPETH3HPOBAHEI CTPYKTYPaMH, KO-
TOpLIE MOXHO BBIYMCJHTD H NIOJYYHTb B KaueCTBe Pe3YJILTATOB LieJble
upcsa.

KoHkperHble peanusanuu Ilposiora MOryT BKJIIOYATh H HEKOTOPHIE
Ipyrue apudMeTHuecKHe OnepalnuH, TakHe, KaK BO3BeleHHe B CTe-
nenb. [Ipumeprl, NpHBeieHHbIE B 3TOH KHUTE, HCNOJAB3YIOT JHUIb OIle-
panuy, rnepeyHcJeHHbIE 31€eCh.

6.12. CpaBHeHHe yHCceN

B Ilposore umeloTcs wmwecTb MpefHKaToOB [Jisi CPABHEHHS IEJBIX
qMces. JTH MpPeJHKAaThl NepBOHAYANbHO GBLIM NIPEACTABJIEHH B Pasy.
2.5, Korza Mel OGCyXJand apUpMeTHYeCKHE BO3MOXKHOCTH f3hIKA.
Kaxnpili Tako#l npeaukar 3anuchiBaeTcsl Kak HHGUKCHBIH oneparop,
UMEIOLIHH JBa apryMeHTa.

X=Y

[IpenykaT npOBepKH Ha pasercmso, ONMCAHHBIE B pasf. 6.8,
CUNTAETCS COTJIACOBAHHEIM M B CJydae, KOTJa €r0 apryMeHTaMH siB-
JSIOTCS paBHBE LeJble YHCJA.

X\=VY

Ilpennkat npoBepkH Ha Hecosnadedue w3 pasn. 6.8 Takike npH-
MEHHM JJ1a 1enblX yuces, OH BBIIOJHsIETCH, KOr4a ero apryMeHTaMH
SIBJSIIOTCS pas3/IMyHBIE UUCJA.

X<Y

Ilpenukar Merouie BBITOJNHSAETCS, €CAH HeJ0e YHC/I0, COOTBET-
CTByIOlLIee JEeBOMY apryMeHTy, MeHbIIe, YeM YHCJO, COOTBETCTBYIO-
Iiee npaBoMy aprymenty. O6a apryMeHta IOJKHbBI GbiTb KOHKpe-
TU3HPOBAHEIL.

X>Y

[Ipennkar 6oapuie BHIOJMHAETCS, KOTAA LesOe YHCJIO, COOTBET-
CTBYIOIEE JIEBOMY aprymeHTy, GoJblie, yeM LieJdoe YHCJIO0, COOTBeT-
cTByiollee npaBomy aprymenty. O6Ga apryMeHTa HOJKHBL ObITh KOHK~
pPeTH3HPOBAHLl, HHAye BO3HHKaeT omubka. '

X >=Y

TIpenukat Gosbtue Ay pasHo BEIMOJHSETCS, KOTAA LeNoe YHCJIO,
COOTBETCTBYIOILlee JIEBOMY apryMeHTy, GoJibliie HJIH PaBHO UEJIOMY
YHCJY, COOTBETCTBYKOLIEMY npaBoMy aprymenty. O6Ga aprymenra
JIOJUKHBI GEITb KOHKPETH3HPOBAHBI,
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X =Y

[MpenukaT Menbiie uau pasHoO BBIMOJHSETCS, KOTAA JeBbllk apry-
MEHT MeHbiiie WX pPaBeH NpaBoMy apryMenty, O6a aprymeHra ZOJK-
Hbi ObIThH KOHKDETH3UPOBAHLI. 3aMETHM, YTO STOT NpEeLHKAT 3anHcaH
KaK '= <’, a ge '<{=", TaK 4TO CUMBOJ "< =" fIB/IsieTCS CBOGOAHBIM
¥ MOXET OBbITb HCIOJIb30BaH B KayecTBe ONeparopa, KOTOpblil Bbl-
[JSIAMT Kak CTPENKa,

6.13. HaGmonende 3a BpinoaHeduem nporpammbl Ha Ilponore

B 3toM pasjesie OnHCaHBI BCTPOEHHBIE NpeIuKaThl, KOTOpHIE NO-
3BOJIAIOT HAb/MONATh 32 BBLIMOJHEHHEM Balllell NporpaMmbl. 37ech Mbl
JHUIbL ONHUIEM TH BCTPOEHHBIE npeIHKaThl, a OoJiee nmonpobGHoe 06-
CyXKJeHHe OTJIafKH M TPAcCHPOBKH NPOrpaMM COAep:KHTCS B . 8.

trace

S¢pexT BHIDONHEHHs NpeaMkarta trace 3ak/iouaeTcd B yCTAHOB-
JIEHHH PEXUMA MOJHOH TPACCHPOBKH. DTO 3HAUMT, YTO MOCJAE BBITON-
Henus trace Bbl MOJIYUHTE BO3MOXKHOCTb HAGMIOAATH 32 KaXKAbIM U3
YeThIpeX OCHOBHBIX THIIOB COGBLITHI !, KOTOpPBHIE MPOHCXOMAAT C KaX-
IbIM TIOPOXKJAeMbIM Balllel NporpaMMoll 1eJeBbIM YTBep2KAEHHEM.

notrace

2pdeKT BHINONHEHHA NpeAHKaTa notrace 3ak/04aeTcs B OTMEHe
pexxuma noJiHOH TpaccHpoBKH. OJHAKO COXpaHsSieTCsl TPacCHPOBKA,
BbI3bIBaeMast HajMuHeM KOHTPOJIbHBIX TOYEK (MpefnKar spy).

spy P

[Ipenukar spy HcnoJib3yercs, KOria Heo0XOIUMO oOpatHTh 0OCO-
60e BHMMaHHe Ha BLINOJHEHHE LeeBHX YTBepKAEHH{, CoAepKaliiX
KOHKPEeTHbIE PEeAHKATE. JT0 MOXKHO C/Ie/1aTh, YCTAHOBUB HA HUX KOH-
mpoavroie mouxky. [IpeIMKat spy omnpeneneH Kak mpepHKCHBIR orne-
paTop, U MO3TOMY HET HeOOXOAUMOCTH 3aKJI04aTh B CKOOKH €ro apry-
MEeHT. APTYMEHTOM NpeiNKaTa MOMKeT GhITh:

® ArtoMm. B 3TOM ciyuae KOHTPOJIbHAS TOUKZ YCTAHABJIMBACTCS HE
BCe MpeJUKaThl C HUMEeHeM, COOTBETCTBYIOUIUM aTOMY, HE3aBHCHMO
OT TOro, CKOJbKO apryMEHTOB OHH HMeloT. Tak, ecqu OBl.Mi
HMeJIH YTBEPXKACHHA AJA COPT, HMeIoWHe KaK [Ba, TaK H TPH afi-
TYMEHTa, TO Le/I€BOe YTBEPKUEHHE SPY COPT BEI3BAJIO GBI YCTAHOB-
Ky KOHTPOJIbHBIX TOUEK Ha 0fa MHOXKECTBA YTBep KICHHH.

D Mogesb, Jexamias 8 OCHOBE THACCHPOBKH, NOAPOOHO ONHCHIBACTCS B Il 8.—
pum. ped.
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@® Crpykrypa Bupa Hmsa/Paamepnoctb, rae Hms — 310 arom, a
Pa3mepHocTh — 1ie/10e yuc/i0. DTa 3anUch ONpefessieT npelHKar
¢ ¢yHkTOpoM HUMg, uHcno apryMeHTOB KOTOporo paBHO Pasmep-
HocTb. Tax spy copr/2 BbI3BajO Gbl YCTAHOBKY KOHTPOJBHBEIX
TOYEK Ha 1eJieBble YTBEPKAEHUSA MpeAuKara copT C ABYMsA apry-

MEHTaMH.
® Cmucok. B 3T0M cnydae cnucoK JOJIKEH 3aKaHUHBATBCS MYCTHIM
cruckoM '[1’, a xaxIplfl sJeMeHT crHcKa caM J0JKeH ObITh LOo-

NYCTUMBIM apryMeHTOM IJs mpeguxara spy. [lposor ycraHoBUT
KOHTPOJILHBIE TOUKH BO BCEX MeCTaxX, YKa3aHHBIX B CIHcKe. Tak
spy[copT/2, npucoeanunTs/3] BbI3BAN OBl YCTAHOBKY KOHTDPOJIb-
HBIX TOUEK Ha MpefnKaT COPT C ABYMS apryMeHTaMH U HA Npelu-
KaT APHCOENUHHTb C TPEeMS apryMeHTaMH.

debugging

Berpoennniit npemvikar debugging mosBosisier yBHIETb, Kaklie
KOHTDPOJILHBIE TOYKH YCTAHOBJIEHBI HA TeKyliul MOMeHT. B kauecTpe
nofo6uoro >peKTa BBIIOJHEHHS IeJeBOr0O yTBep:Kienns debugging
MevaTaeTcs CIHCOK BCEX KOHTPOJLHLIX TOUEK.

nodebug

[leneroe yTBep:kiaenue nodebug BbI3LIBAET YyCTpaHeHHe BCex
KOHTPOJIBHBIX TOUEK, YCTAHOBJEHHBIX HA TEKYIUHH MOMEHT.

nospy

[TonoBGuo spy, nospy siBaserca npedUKCcHbIM oneparopoM. [Ipe-
IHKAT NOSPY siBJsiercs GoJlee cesleKTHBHEIM, ueM nodebug, tar kak
Bbl MOXKeTE TOUHO YKa3aTh, KaKHe KOHTPOJIbHbIE TOUKH JOJKHBI ObITh
yaajeHbl. DTO AOCTHTAETCS OYTeM YKa3aHUs apryMeHTa, 3ajaBae-
MOTO B TOYHOCTH B Takei Xe hopMe, Kak M jas npeaukata spy. Tak,
neJeBoe yTBepxkienue nospyjodp/2, npucoennnuts/3] npuseler K
TOMy, 4TO OYIYyT VviajeHbl Bce KOHTPOJbHLIC TOUKH € NpeIHKAaTa
o0p C IBYMA apryMeHTaMU H ¢ IPUCOEAUHHUTL C TPEMSI apryMeHTaMH.



[JIABA 7

ELIE HECKOJIbKO NPUMEPOB MPOFPAMM

B kaxoMm pasjese 3T0f [J1aBRl PaCCMaTPHBAaETCsl HEKOTOPOe KOH-
KpeTHoe mpuMeHeHHe Ilposora. Mbl coBeTyeM BaM NpOYHTATh BCe
pasznensl. He oropuafitech, ecay Bbl He nofiMeTe Ha3HayeHHe KaKoH-
GO MpOrpaMMbl IOTOMY, YTO HE3HAKOMBI ¢ JAHHOH KOHKPETHOH
ob6nacTelo npuMeHeHus. Hanpumep, oueHHTb 3HauyeHHe CHMBOJILHOIO
IudbepeHU POBAHAS CMOTYT JIMIUbL YATATENH, YK€ 3HAKOMble ¢ Jud-
depeHanbHbIM HcuHcIeHHeM. TeM He MeHee MPOYTHTE 3TOT pasjed,
NOTOMY YTO IIPOTPaMMa HaXOXKIECHHS CHMBOJIBHBIX TPOH3BOJAHBIX
MIOKA3bIBAET, KAK YCTAHOBJIEHHE COOTBETCTBHSA Mex]y 06pasllaMu Hc-
NoJb3yeTcsl IPH Npeofpa3oBaHUM CTPYKTYP OJHOrO Buaa (apudmeTH-
yecKoe BHIpaxKeHHE) B CTPYKTYpHI Apyroro Buja. Camoe rJjiaBHOe —
IOGHTBCS TOHMUMaHMS TeXHHKH IporpaMvupoBaHHs Ha Ilposore,
HaXOAsIeNcsl B PACHOPSIXKEHUH IIPOrPAMMHUCTA, HE3aBHCHMO OT KOH-
KPETHOH NpHUKJaiHOH 3ajauH.

Mur najeemcsi, uto Habop 3ajad JOCTaTOYEH, YTOOBl yAOBJETBO-
PUTh BKycaM GOJBIIHHCTBA uuTaTesell. EcrecTBeHHO, 4TO BCe BHI-
OpaHHbIe 33244 OTHOCATCH K TaKHUM 00JIacTsM, KOTOpPLIE XOPOIIO VK-
JIAALIBAIOTCA B Te CIOCOOBI IPEACTABJACHHS SIBJIEHHH DPeasbHOrO MUPa,
Kotoprele npegnaraer Ilposnor. Hanpumep, sgeck oTcyTCTBYeT 3aja-
ya pacyera NOTOKA Temja uepe3 TPYOy NPAMOYTOMLHOIO CEYEHHS.
[IpaBra, Takue 3ajaud TOXKe MOXHO pemarts ¢ nomombio IIposora,
OIHAKO BHIPa3UTeJbHOCTb H cuily [Iposora HeBHINOAHO JAEMOHCTpH-
poBaTh Ha 3ajadax, KOTOpble CBOIATCA JIHIIL K MHOIOKDPATHBIM [OB-
TOPEHHSAM BBIYMCJEHHH Hajl MacCHBOM uuces. XOTeNOCh Obl TaKke
paccmotperb M Gosbiide Ilposor-mporpammer, Bpoae Tex, 4To Hc-
NONbL3YIOTCA B HCCNEAOBAHUAX 110 HCKYCCTBEHHOMY HHTEJIEKTY AJIs
pacriosHaBaHHA (ppa3 ecTeCTBEHHOro s3nlka. K coxkasenuio, Lesb
TAKOH KHHMTM KaK 3Ta, He MO03BOJSeT paccMaTpPHBATh IPOrpPaMMBI,
pasmepbl KOTOPBIX MPEBBLIIAIOT CTPAHHIY TEKCTA H KOTOpBIE MOLYT
ObITL NPeAJOKEeHBl JHIIb CIIELHAbHO MOATOTOBJEHHOMY YHTATEIO.
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7.1. Ciosapb B BHJE yNOPAJOYEHHOTO JAepeBa

IlpeanonokuM, YTO MBI XOTHM YCTAHOBHTH OTHOLIEHHS] MEXKIY
s71eMeHTaMH HH(OPMALHH ¢ TeM, YTOGHI HCIIOIbL30BaTh UX, KOIJA MO-
Tpedyercsi. Hanpumep, TONKOBHI c/I0Bapb CTaBHT B COOTBETCTBHE
CJIOBY ero Onpefie/ieHHe, a CJIOBapb UHOCTPAHHOTO SI3bIKA CTABHT- B
COOTBETCTBHE CJIOBY Ha OJHOM fI3BIKE CJIOBO Ha JIpYyrom si3plke. Mel
yKe MO3HAKOMUJIUCh C OJHHM CHOCOGOM COCTABJIEHHSI CJOBaps: C
MOMOLIbI0 33faHus (PakTOB. Ec/aM HAM HYXKHO COCTaBHUTL Tabaully
BBIMTPbILLIEl HAa CcKauKaX, IPOBOAHBIIUXCA HAa DpuraHckHx ocTpoBax
B Teuenue 1938 r., To Mbl MOkeM mpocTo onpelenuTh (GaxkTh BHAA
Boirpeni(X, Y), rae X — gmuuxa Jowaad, a Y — KOJUYECTBO
rHHel (IeHexXXHBIX eIMHHUIL), BEIUTPAHHBIX 3TOH Jouagbo. Caexyomias
6a3a JaHHBIX MOXKET paccMaTpUBaThCHd KaK 9acThb 3TOH TabHIbL:

Buurpsiinn(abaris,582),
Bumrpbim(careful, 17).
Bromrpeinn(jingling_silvee,300).
Beiurpsi(majola,356).

Ecnu mbl XOTHM Y3HATh, KAaKyl0 CYMMY BHRIUrpafia JOMAlb IO
kaMuKke maloja, HaM HYXKHO IPOCTO [PABH/AbLHO HOCTPOHTH BONPOC
u [lposor nact Ham oTBer:

?— pomrpeiun(maloja, X),
X =356

Hanomunm, urto [lponor npocmarpnBaer 6asy RaHHBIX CBEPXY
BHHU3. JTO 3HAUHT, YTO ecaH 6asza ZAHHBIX HAUIEro CJI0BAapst Yrops-
noueta B andaBHTHOM MOPsiiKe, KaK B MPUBeJSHHOM BHILLIE TPUMEDE,
TO Ha MOUCK CYyMMBI BBITphiiua jJs1 ablaze Tlposor satparut Menslie
BpEMEeHH, YeM Ha MOHCK CyMMbI BHIMIpbIlIA A5 zoltan. OxHaxo xots
ITposaor crniocobeH NPOCMOTPETh CBOMO $a3y JaHHBIX ropasjo Geictpee,
YyeM BBl CMOKETE NPOCMOTPETh HAIEUaTAHHYIO TaGJHIy, HEPasyMHO
npocMatpuBaTh TaGMIHIY ¢ Hauaja [0 KOHIIA, €CJH H3BECTHO, 4TO
JaHHbie HCKOMOH JIOWAAN pacnosioyKeHbl B caMOM KoHme. TodHo Tak
xe, xora B Ilposore nmetorcs cneunasnbHpie cpeicTBa ObICTPOrQ
npocMorpa 6a3bl JaHHBIX, OH He BCEra NMPOXOAHT TaK GhCTPo, Kak
XOTeJioch Obl. B 3aBHCHMOCTH OT pasMepoB TaGJUIBl H OT TOTO, CKOJb-
KO MHGpOpPMANMH XPaHHTCA o Kakaod JomwaiH, [Iposory Moxer no-
TpeGoBaTbCs Ha NPOCMOTP TalJMIBl HempHeMmJaeMO GOJIbLIOe BpeMd.

[lo 5THM M ApyruM NpUYHHAM CIENHAJNUCTH 10 HHPOPMATHKE IT0-
TPATHJM HEMaJO CHJI Ha [OUCKH XOPOIIMX CIOCOGOB OpraHu3aiuu
XpaHeHMsl TAKMX JAaHHBIX, Kak rtabmuuel U cjoBapu. Cam Ilposaor
HCIIOJAB3YeT HEKOTOPbie H3 3THX METOJOB BHYTPH ce0si NpH opraHu-
3anHKM XpaHEeHHsi CBOHX COGCTBEHHBIX (DAKTOB H MpaBHJ, HO HHOTAA
HX NOJIe3HO HCHOJIb30BATh U B HAIHHX NporpamMMax. Mbl paccMOTpHM
O/IMH TaKOH METOJ OpraHM3alMM CJ0oBapsi, KOTOPHIA Ha3biBaeTcs Me-
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TOAOM ynopsadouennozo Oepesa. MeToJ ynopsAOYEHHOrO JepeBa siB-
AsieTcsl ONHOBpPeMeHHO H 3¢eKTHBHBIM CIOCOO0M HCIONB30BAHHSA
CIOBaps ¥ CPEACTBOM JAEMOHCTDALMH TOTO, HACKOJBLKO MOJIE3HBI CITHC-
KH CTPYKTYD.

YnopsiioueHHOe AepeBO COCTOHT H3 HEKOTOPOro 4HcJa CTPYKTYP,
Ha3blBaeMBIX Yy34amu, OpPHUEM KaxJIOMy BXOAY CJOBaps COOTBETCT-
ByeT OIHH y3es. Kaxkapidl y3es COlepKUT YeThlpe KOMNOHeHTH. Ciola
BXOJSIT /IBA CBA3AHHLIX C Y3JIOM 3JeMeHTa JaHHBIX, K4K B rnpejukare

s(massinga, 858, , ).
g(braemar, 385, ,.)  s8{panorama, 158, ,.)

s(adela, 588, - , - ) s({nettleweed, 579, ., - )
Puc. 7.1.

BLIHTPHILIM B BHIIENpUBeAeHHOM npumepe. OIHH U3 3TUX 3JEMEHTOB
HA3bIBAETCS KA/04OM, €0 UMS ONpefiesIsieT MecTO B cioBape (K/JIHUYKa
Jomajad B HaweM npumepe). [pyrofl sJeMeHT HCHOJb3yeTCs AJs
XpaHeHus Kako#-nuGo Apyrofi uHopManuu o JaHHOM OGheKTe (CyM-
Ma BbIMIpBIIIA B HaweM npumepe). Kpome Toro, Kaskmwlii ysen co-
IEepXKUT CCBHIIKY (Hamojo6GHe cCBUIKM Ha XBOCT CIIHCKA) Ha y3ega co
3HAYeHHEM KJIIOYa, KOTOPOE JIEKCHMKOrpapuueckH (mo ajdhaBHTy)
MeHbiie, YeM UMs, SIBJISTIONIEECs KJIOUOM JAHHOIO y3Ja, a TaKxKe elle
OIHY CCHIIKY Ha y3eJ CO 3HaueHHeM KJ0Ya JIEeKCHKOrpadHuyeckH
OoAabliuM, YEM HMs, SBJSIOUNIeECS KJIOYOM JAHHOTO y3ja. Bynem
HCIOMB30BaTh CTPYKTYPY, KOTOPyr obosnaunm Kaxk B(JI,B,M,B)
(B — coxpalleHHe OT «BBIUTPLILIHY), e JI — KiaHgka Jowany (atom),
HCTIONMb3yeMast B KayecTBe KJaioua, B — cymMMma BBIMIpHIIA B ruHesx
(uenos), M — CTPYKTypa, COOTBETCTBYIOWLAs JOIIANM, KJAHUKA KO-
TOpPOH MeHbIlle, 4eM Ta, uto xpamurca B JI, a B — crpyxkrypa, co-
OTBETCTBYIOILAA JIOWIAAH, KJAHYKA KOTOPOH GOJIbIle, yeM 3HadyeHHe
B J1. Korza i M v B Het COOTBETCTBYIOUIMX CTPYKTY D, Mbl He Gy1eM
HX KOHKPeTH3UpOBaThb. [l HeGOJbUIOro MHOMXKECTBaA JIOWAAEH YKa-
3aHHas CTPYKTypa, Oylyud 3amucaHHOHA B BHJe AepeBa, Morja Ol
UMeTk BHJ, Kak [IpeicTaBJeHo Ha pHc. 7.1.

Ecay sammcath ee Ha [Iposore B cTyneHuaToM BHIE, Y4YUTHIBaA
[IHPWHY CTPAHHIBI, TO OHA MoOrJa Obl BBIMVIAAETh TaK:

B(massinga,858,

B(braermar,385,
B(adela,588,_,_),
=)
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B(panorama, 158,
B(nettleweed,579,_,_),

)

Tenepb, pacnonarass TAKOH CTPYKTYPOH, MBI XOTHM «IIPOCMOT-
peThb» ee 1O KJAHYKaM JomafeH, 4ToOsl y3HaTh HX BBIMIPHILIM B Teye-
Hue 1938 r. Kaxk M panbule, CTPYKTypa AO/NKHA UMeThb ¢opMmar
B(J1, B,M, B). ¥c/n0oBUe OKOHYAHHS MOHCKA COCTOMUT B TOM, YTO KJHY-
K& HCKOMOH JIoliajyd AO/KHA coBmacTb ¢ JI. B aToM ciyuae nouck
yaaueH M He tpefyerca mpoGoBaTh Apyrue BapHaHTH. B NPOTHBHOM
cJiyuae Mbl JOJIKHBI HCTIO/Ib30BATh IPEIUKAT MEHbILE, ONpefie/ieHHBIH
B V1. 3, uTOOBI OIpeleJuTh, KaKyl M3 «BeTBel» JepeBa, M niu B,
HY2KHO PEKYPCHBHO IPOCMOTpeTb. Mbl HCNOMAb3yeM 3TH HPHHIMIIBL
NpH onpelesieHHH npejnKara HckaTh, npuueM Hckath(J1,T,T) o3-
HauaeTt, 4To Jowanb J1, ecau oHa HalineHa B Tabuune T (Kotopas op-
raHH30BaHa B BHJE CTPYKTYPH dopmara B), BeiMrpaia I' runei:

uckarts (JI, B(JI,I,_,),I") :— I.
uckats J1I, 8(JI1,_,Ho,_),T) :—
Menbe(J1,J/11),
uckarn(J/1,/10,T).

uckars(JI, B(JI1,_,_,ITocse),T) :—
not (menbue(Js1,J11)),
uckatb(J1,ITocne,T).

Ecan nmpu noncke 1o ynopsiioueHHOMY JepeBy HCMOMb30BATh
3TOT MpeNHKart, TO B OOIIEM c/ydyae NPOBEPOK OYAET MEHbLIE, 4eM
ecsi 6Bl UX JIaHHbIe GBI OPraHH30BaHHL B BHJE MPOCTOTO COHCKA U
poCMaTpHBAJINCh OBl C HAYaJa [0 KOHIA.

[Tpenyxar uckaTh 06/14/1a€T OJHUM HHTEPECHBIM H yAUBUTENbHBIM
CBOICTBOM: KOTJa BBOJAUM BOMPOC O JIOMIAJH, KJIHYKH KOTOPOH HeET
B CTPYKTYpe, TO Jiobass uHbOpPMAIUsi, COLep:Kalasics B BONpOCE,
ocTaetcsi 3aQUKCHPOBAHHON B 3TOH CTPYKType NOC/Ie OKOHUAHMS TMO-
ucka. MupiMu cjoBamu, Bonpoc

?— wuckath(ruby_vintage,S,X).

HMeeT CJeAYIOULyI0 HHTePNpPeTanHnio: nocmpoums Cmpykmypy B, 8
rxomopotl kauuke ruby_vintage nocmasaen ¢ coomsememaue bitiepolill
X, u npucsoume ee 8 Kauecmse 3Haderus nepemennol S, Taxum o6pa-
30M, HCKATb OCYIIECTBJ/SIET BCTABKY HOBBIX KOMIIOHEHT B YaCTHYHO
3aJlaHHYI0 CTPYKTYpy. Ilo3TOMYy MHOrOKpaTHO OGPATHUBIIHCE K
MCKaTb, MOMKHO NOCTPOHTH coBapb. Hanpumep, Bonpoc

?— Hckarb(abaris, X,582), uckats(maloja,X,356),

fpuBeJ1 Gbl K TOMY, 4TO 3HayeHHe nepeMeHHol X cTano yrnopsiioueH-
HBIM JepeBOM H3 ABYX BXOXKJIEHHH.
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IToHsaTh TO, KAKHM 006pPa3OoM HCKATb OJHOBPEMEHHO BHIIOJHAET
U CO3jaHHe H BHIGODKY KOMIOHEHT, MOXKHO Ha OCHOBe TeX 3HAHHUH O
ITposore, KOTOPHIMH BBl yie pacnojaraere; Mbl HACTOSITENBHO pe-
KOMeHJyeM pasobpartbcsi B 3TOM camoctositeabHo. [loackaska: ecan
uckato(J1, T, ") Hcnonbayercss B KOHBIOHKIHMY Leseil, TO <H3MeHeHHs»
B cTpykType T coxpanaiorca ToJAbKO B ob6aacmu onpedeserus T.

Ynpaxuenue 7.1, [losxcnepumMeHTHPYHTE C NPENHKATOM HCKATb,
yTO0Hl YCTAHOBUTb, KaKHe pa3aHuMs GYLYyT B CIOBape, €CAH 3JieMeH-
Thl B HEro BCTABJSITh KaxKIbl pa3 B pasHoM nopsjake. Hampumep,
Kax OVIeT BEINISIIETh JepeBO CI0BAPs, €CJHH BCTABJISTD €TI0 3JEMEHThE
B TaKOM nopsijke: massinga, braemar nettleweed, panorama? A ec-
a1 B TagoM nopsiake: adela, braemar, netfleweed, massinga?

7.2. Tlouck B aabupHHTE

Crout TeMHas rposoBas Houb. Korja Bbl eXanH Mo OYyCTHIHHOH
CesIbCKOH Jlopore, Balla MalllMHA CJA0Manacb H Bbl OKA3aJHCh Hepel
BXOJOM CKa304HOTO JBopua. Bbl mojound K JBepHd, oGHapPYKUJM,
4TO OHa OTKPHITA, M CTamu Mckatb TededoH. Kak HyxkHO ocmarpu-
BaTh JABopell, YTOOR He 3abJyAUTbcs M ObITb YBEePEHHBIM, YTO BEI
ocMOTpest Kaxayio komHary? M kKakoB kpartyadlHi nyTh K Tese-
¢dony? MmenHo AJsg TakMX KpafiHUX OOCTOATENBCTB U pa3paGoTaHbI
MeToJBl MoucKa B JabHpHHTe.

Bo wmuorux mnporpammax Aass IOBM, nono6HEIX nporpammam
noHucka B JalUpHHTe, MOJe3HO BeCTH HHQPOPMAUUOHHBIE CITHCKH H
NPOCMATPHUBATE HYIKHBIH CIMCOK, KOTJA BIOCJEACTBUH NOHAAOGHT-
csi Hekortopast WHpopmauwsa. Hampumep, ecau Mbl pemman HalTH
BO JABOpIUEe TestehOH, HAM MOXKeT MOHANOOUTbCS CIHCOK YiKEe OCMOT-
peHHbIX KomHAT. UToOk He myTarb, CHOBA H CHOBA 3aX0As B TE XKe
camble KOMHAaThl, HaM HYXKHO MPOCTO 3aNUCHLIBATL HA JHCTKe GyMaru
HOMepa KOMHAT, I'Ze Mbl yike noObiBanu. Ilepex tem, kax BoATH B
KOMHATY, MBI TIPOBepsieM, HeT JIH ee HOMepa Ha HauleM Juctke. Ecuu
OH €CTb, Mbl IPOITyCKaeM 3Ty KOMHATY, HOTOMY 4TO YK€ JOMKHbI Ghl-
Ji1 no6eIBaTh TaM paHbuie. Ecau HoMepa 5T0H KOMHATH HET Ha JIHCT-
Ke, TO MBI 3aMHChIBAEM ee HOMeD U BXOAUM B KOMHATY, H Tak 10 Tex
Nop, NOKa He HafjeM TesedoH.

STOT METON HYKAAeTC B HEKOTOPBIX YTOUHEHUsIX, HO Mbl CAEAaeM
UX TO37Hee, MpH OOCYXKAeHMH npobJeM NoHucka Ha rpade. A cHaua-
Ja JaBaiiTe 3anmuileM O MOPSJAKY HallW LIard, 4ToObl 3HATH, KakHe
3aJa4d TPeJCTOMT peularTsb:

1. TTogoittd K ABepH KaKoH-JIMG0 KOMHATHL.

EcJiu HOMep KOMHATE! €CTh B HallleM CIIHCKe, TO NepedTH K wary 1.
2. Ecan B nosie speHUs1 HeT HU OJHOM KOMHATEI, TO «BEPHYTLCHA Ha-

3aj» yepe3 Ty KOMHATY, uepe3 KOTOPYIO MBI NPOLLIH CIoja, H

[OCMOTPETh, HET JIM BO3Je Hee KAKHX-JH60 IPYTHX KOMHAT.

3. Vinaye jonucaTb HOMeP KOMHATHL K HAalueMy CIHCKY.
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4. Tlouckarb TesieOH B 3TOH KOMHATeE.

5. Ecau tenedona Her, To nepeiith K wary 1. MHaue mb ocranasmiu-
BaeMcs, M Hall CIHCOK COJIEPIKHUT NyTb, KOTOPHIH MBI MPOLLIH,
gTo6B! NONACTh B HYXKHYIO KOMHATY. :

ByneM cunTaTh, 4TO HOMEpa KOMHAT SIBJISIIOTCS KOHCTaHTaMu (Ges-
PasyIHyHO UENLIMH YHCIaMH HH aromamH). CHauana Mbl MOXKeEM pe-
IUKTh, KaK NPOCMaTPHBaTb HOMEpAa KOMHAT, 3alHCaHHBIE HA JIHCTKE
6ymaru. [l1s1 5TOTO MOXKHO UCMOJB30BAaTh NPEIUKAT NPHHAINEKHUT,

Puc. 7.2.

onpejeneHHBIl B pasi. 3.3, moJjarasi, YTO COLEPIKHUMOe JHCTKA Gy-
Mard npejCTaBJieHO B BHJE clucka. Ternepb Mbl MOXeM MPOABUHYTh-
¢fl B pPelleHHY 3aJlayd NMOHCKA B jlaGUpHHTe. PaccMOTpuM HeGOMbIION
npuMep, rie 3ajaH OJaH 10Ma, KOMHAThl KOTOPOTO IOMeueHBl OYK-
BaMH (cM. puc. 7.2). 3aMeTHM, 4TO TNPOCBETH B CTeHAX OGO3HAYAIOT
IBEPH M 4TO KOMHATa a — 3TO MPOCTO NPeACTaBJeHHe MPOCTPAHCTBA
BHe JoMa. Mmerores npepH, Beaymue vz a B b, nace d, usf s e,
¥ Tak jajee. CBeJleHHS O TOM, I'Jle HMEIOTCSt JBepH, MOTYT GbITh Mpea-
craBJaeHbl B Bule ¢akros [Iposora:

a(a,b).
a(b,e).
a(b,c).
a(d,e).
a(c,d).
a(e,f).
A(s,e).

3ameTuM, 4To HHQOpPMAUMs O HaJWUUH fABeped He H36GBITOYHA.
Hanpumep, MBI ckasajH, 4To HMeercsl ABepb, BeAyllas H3 KOMHATHI §
B KOMHAaTy €, HO He CKa3a/H, YTO MMeeTCsl JBepb, BEAyLlas M3 KOM-
HaThl € B KOMHATy §, T.e. Mbl He 3aQHKCHPOBAIH yTBEpXKIEHHE
a(e,s). Hrobet oboiiTn 3Ty npobseMy NpPeACTaBJICHHA JABYXCTOPOHHHX
IBepei, Mbl MOTVIM Gbl HOBTOPHO 3anucaTh JA-GakT IV KaxnoH JABepH
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¢ nepecTaHOBKOH apryMenToB. M Ml MOr/IH 6Bl yCTPOHTH NpOrpaM-
My TakHM o0pa3oM, 4ToGbl OHa MOHMMAJA, YTO KaXAas JABepb HaKTH-
YeCKH MOXET PacCMaTPUBATBCS KaK JABYXCTOPOHHAA. JTOT BApHAHT
Mbl M BHIOpa/i B HUXKeCJeAylolllell nporpamme.

YToG6b! MepefATH H3 OXHOH KOMHATEL B APYTYIO, Mbl JOJIXKHBI PACios-
HaTb OJMH H3 CJACAYIOIHX CJAYdaen:

@ MBI HaxoIuMcAd B TOH KOMHATe, KOTODasA HaM HYXKHa,
HJIH

@ ™Mbl JOJKHBE! BOATH B JBepb H PACNO3HATb 3TH CAyvyau
CHOBa (peKypCHUBHO).

PaccmorpuM nenesoe yreepxkaende nepexox (X,Y,T), xoropoe
JoKaszyeMo (corjacyercd ¢ 6a30H JaHHBIX), €Cd MOXKHO IEpefTH H3
komHatel X B KomHary Y. Tperu#t apryment T — 3T0 HAum JHCTOK
Gymari, KOTOPHLI MBI HOCHM c cofoff M Ha KOTOPOM 3amUCaH nepe-
yeHb HOMEPOB KOMHAT, B KOTOPHIX Mbl NOOBIBAJIM IO CEI'O MOMEHTA.

I'panuunoe ycaoBue nepexoza n3 xomHartel X BKomHarty Y coc-
TOUT B TOM, 4TO, BO3MOKHO, Mbl y’Ke HaxoauMcsl B KoMHaTe Y (T. e.,
BO3MOXHO, X ecTb Y). DTO yc/10BUe NpelCTaB/IeHO B BUAE yTBepKe-
HUS:

nepexon(X, X, T).

B npoTHBHOM cJyyae MBI BHIGMpPAEM HEKOTOPYIO CMEKHYIO KOM-
HATY, Ha30BeM ee Z, U CMOTpHUM, ObLIM JM MbL B Hell paHbiie. Eciau
HeT, TO «nepexoium» U3 Z B Y, JonuceiBasi Z B Hall CUCOK. Bee 310
BBIDAXKAETCA B BUJE CJSAVIOEr0 YTBepKASHHS:

nepexon(X, Y,T,) :—
A(X,Z),
not(npunagnexur(Z,T)),
nepexon(Z,Y,[ZIT]).

CnoBaMH 3TO MOXKeT ObITh BBIPAXKEHO Tak: AJsS TOTO YTOGHI «Iie-
peitti» u3 X B Y, He npoxoas dyepe3a KOMHATH H3 coHcka T, Hazo
Ha#TH ABepb ¥3 X Kyxaa-aubo (r. e. B Z), ybenuThcs, uto Z enle He
saneceHa B cnycok T, u «mepefitu» u3 Z B Y, ucnonpays cnucok T
¢ JIoNHCaHHOH B Hero Z.

[Tpm ucmonb3oBaHUM 3TOrO MpaBHJA CYUIECTBYIOT TPH BO3MOXK-
HOCTH BO3HHKHOBEHHS OUMIMOKU: BO-TNEPBBIX, ecji B X BOOOIIE HET
JaBepH. Bo-BTOpHIX, ecau JBeph, KOTOPYIO MB!I BEIOpAJiH, yKe eCThb B
crnucke. B-TpeTpux, ecsH «repexofy B KOMHATY Z NPHUBEJET B TYIHK
Ha cJefylomuX ypoBHsix. Ecau nepsoe ueneBoe yreepxienue g (X, Z)
He coryacyercst ¢ 6a30H JaHHBIX, TO ¥ JAHHOE IEIeBOE YTBEPKISHHUE
nepexof, Takxke HeZokasyemo. Ha «camom BepxHeM» ypoBHe (He pe-
KYPCHBHBIH BBI30B) 5TO 03Hauaet, yto H3 X B Y HET nyTH; Ha Gojee
riay60KHX YPOBHAX 3TO 03HAYAET, UTO MbI JOJIXKHBI CAEJIATh «1Iar Ha-
3aj» M MOKMCKaTb APYIYIO JBEPb.
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Hama nporpamma paccMatpuBaeT KakAylo JABepb Kak OIHOCTO-
ponnioo. Ecnd MBI cuHTaeM, 4TO Ha/MyHe IBEPH M3 KOMHATH a B
KOMHaTy b — 3TO TO Ke camoe, YTO HaJHYHe [BepH M3 KOMHATH b B
KOMHAaTy a, TO, KaK OTMEe4YaJIoCh BHILIE, MBI JIOJKHEI yKA3aTh 3TO SBHO.
Kpome nobtopHOro 3ajaHusi A-PakToB ¢ nepecTaHOBKOH apryMeH-
TOB, HMeIOTCs [Ba crocofa 3ajaTh 3Ty MHQPOpMALHIO B caMOH Mmpo-
rpamme. CaMbifi OueBHIHBIA cOCO6 — 3TO NOGABUTDH €lile OJHO Npa-
BHJI0, TOJyyast B HTOre:

nepexoxn(X,X,T).

nepexon(X,Y,T) :(— a(X,Z), not(npunamnexut(Z,T)),
nepexon (Z,Y[Z|TI).

nepexon(X,Y,T) — n(Z,X), not(npunagnexur(Z,T)),
nepexon(Z,Y ,[ZIT]).

1,

Wnn, ucnonwsya npenuxar ’;’ (0603HayaloLUE AHU3BIOHKIHIO),
MOKHO 3aIlHCaTh:

nepexon(X,X,T).
nepexon(X,Y,T) :— (a(X,Z) ; 1(Z,X)), not (npunagnexur (Z,T)),
nepexoa(Z,Y,[Z|T]).

Tenepp 0 TOM, K2k HaliTH TesedhoH. PaccMoTpuM LiesleBoe yTBEp-
Kaenue ectb_tenedon (X), Koropoe cornacyercs ¢ 6a3oit JaHHBIX,
ecan B KoMuarte X ectb TeslethoH. Ecam Mbl XOTHM cKa3arTh, 4TO B KOM-
HaTe g ecThb TenedOH, TO MBI IPOCTO 3aNHCLIBaeM B Hailly 6asy JaHHBIX
tdaxt ecTb_Ttenedon(g). Ilpeanonoxum, Mpl Hayaad MOUCK C KOMHA-
thl a. OIMH U3 crnoco00B y3HATh JOPOrY K TededpoHy — 3TO 3ajaTh
BOIIPOC:

?— nepexox(a, X,[1), ecrs_Temedon(X).

D10 — BONPOC THHA CO3JATh H MPOBEPHTH», KOTOPLH HAXOAUT
JNOCTHKHMBEIE KOMHATHL H 3aTeM MPOBepsieT HalWuMe B HUX TejedoHa.
Ipyroii cnoco6 — 3T0 HAUTH coONOCTaBJEHHe cHauana A/1s npearKara
ecTb_reneon(X), a satem nonpo6oBath mepefiTH U3 KOMHAThl & B
X:

?— ectb_Tesedon(X), nepexon(a,X,[]).

[Tocnenuuit Meron 6oJiee 3pdeKTHBEH, OJAHAKO OH NOApa3yMeBaer
UTO MBI «3HaeMm», Ie TesqedoH, elle 10 TOro, Kak Hayaay IOUCK.

HauvanbHasg yCTaHOBKA TPETbero aprymenTa MYCTBIM CITHCKOM
03HAyaeT, YTO Mbl HAYMHAEM NOUCK, UMes YHCTHIA JjcT 6ymard. Us-
MEHSIsl 3TY Haya/IbHYIO YCTAHOBKY, MOXKHO MOJIYyYHTL Pa3Hble BapHaH-
T ouckKa. Bonpoc «rnadmu meaedon, He 3ax00a ¢ Komuamst d u
f» mMoxHO BeIpasHTh Ha Ilposiore Tak:

?— ectb_tenedon(X), mepexon (a,X,ld,fl).

B pasa. 7.9 Ml paccMOTpUM HEKOTOpHIE OOIIHE NpOLeSyPHl TOHCKA
no rpady, B TOM UYHcJe OPOrpaMMy, HaXOAALYIO KpaTdaHwHi nyTh.
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YnpaxHenne 7.2. [lonumuTe BHIIUENPUBEIEHHYIO IPOTrpaMMy TaK,
yTOOHI OHA Ievarala TaKHe COOOICHHS, KaK «BXOAHM B KOMHATy X»
H «tesieoH HaljeH B KomHaTe Y», MOACTABMAAS B HHX COOTBETCTBYIO-
muye HOMepa KOMHAT.

YnpaxHenue 7.3. MoseT JIH 3Ta nporpaMMa HaxoAHTb ajbTepHa-
THBHBIE MyTH? EcaM Ja, TO FJie HYKHO «OTceub» , uTOOH H36exKaThb
HaXOKIeHHs GoJiee yeM OJHOTO ITyTH?

¥Ynpaxnenne 7.4. Uem onpese/siercs HOPALOK, B KOTOPOM Mpo-
CMaTPUBAIOTCA KOMHATDBI?

7.3. Xano#ickue GalHH

Xanofickue GalllHM — 3TO HCPa, B KOTOPOH HCMOB3YIOTCS TPH
WTHIPA W Habop AucKoB. Bce aucku pasnuyaioTcsl AHaMeTpoM M Ha-
HHM3BIBAIOTCS Ha IUTLIPH uYepe3 OTBEPCTHE B IEeHTpPe KaxKJIoro AHCKA.
IlepBoHayasbHO BCe AUCKH HaXosTcs Ha JieBoM Lithipe. Llesab HUrpel
COCTOMT B TOM, YTOObl INepeMecTHTh BCe IHCKH Ha LEHTPaJbHbli
wWThphk. [IpaBBli WITBLIPb MOXKHO HCHOJAB30BAaTb KAaK «3aMacHoH»
1JIs BPEMEHHOro pasMellieHHst AMcKOB. IIpH KaxkaoM nepemeleHHH
AMCKA C OJHOTO WTHIPA Ha APYTOH AOMKHBI COOMOIATECS B4 OrPaHHu-
HeHHA: MepeMeliaTh MOXKHO TOJBKO caMbllf BepXHHH AMCK Ha LUTHIpe,
H, KPOMe TOrO, HeJb3sl CTABUTb AUCK Ha JPYroH JAMCK MEHBLIUeTO pas-
Mepa. :

MHoOruM H3 Tex Jozell, KOTOpbIe UTPAIOT B 3TY UIPY, NMpaKTHUec-
KH HUKOrJa He yJaerTcss OOHApYKUThb BeCcbMa IDOCTYIO CTPAaTeruio,
MO3BOJIAIOWLYIO YCIIEIIHO HIpaTh B XaHOHCKHe GallHU C TPeMs IUTHI-
pavd U N puckamu. Hrofbl He yTOMJISATH BAC TMOWCKAMH pelleHHs
5TOH 3ajauyl, MBI OTKDOEM €ro:

® [pannuHOe yc/lOBHe BHIIOJHSETCS B CJydyae, KOrja Ha HCXOTHOM
(1leBOM) LUTBIpE HET JIHUCKOB,

® Ilepemectuts N—! JHHCKOB ¢ HCXOZHOrO IITHIPA Ha 3amacHoM
(paBeIfi) WITHIPb, HCMOJAB3YS HTOrOBBIH IITHIPDL KAaK 3anacHoOH;
OTMETHM, YTO 3TO MepeMelileHHe OCYLIeCTB/IAETCS PeKypPCHBHO.

® [lepeMecTHTH OfHH AHCK C HCXO/JHOTO WITHIPS HA HTOTOBLIH LITEIPD.
B stom Mmecre Hala nporpamma GyAeT BLIABaThH COOOLIeHHe 06
3TOM NEpeMellleHHH.

@ [Haxonenu, nepemectuth N—1 JHCKOB € 3amacHOro Hd HTOTOBLIH,
HCIIONIBb3YS] MCXOAHBINA LITHIPh B KAYEeCTBe 3aMacHOro.

[Tposior-nporpamma, peanusytomas AaHHYIO CTpaTervio, onpe-
JeJsieTcs caepyomuM oopasom. Omnpegensiercss npeIvKar XaHoW ¢
OJHUM apryMeHTOM, Takoi, yto xaHoi( N) o3Hauaer BbIAUY COOOIIe-
HHH O MOC/eN0BaTe/IbHOCTH nepeMelleH i, Korjia Ha HCXOAHOM HITHI-
pe Haxoputca N auckos. U3 aByx yTBepxkJeHMH npeinkaTa nepe-
MECTHTb OJIUH 33ajlaeT rpaHHyYHOe YCJIOBHe, KOTOpoe copMYIHPOBAHO
Bbille, a BTOPOH — peasH3yeT peKypcHBHbie cjaywad. Ilpeaukar
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nepeMeCTHTb HMeeT yeThipe apryMeHTa. llepBbifi aprymeHT — 3TO
YHCJIO IHCKOB, KOTOPHIE HYXKHO IIEPEMECTHTD. TpH ApyTHe NpelcTas-
JISIIOT MCXOJHBIH, UTOTOBEIA M 3aNacHOH MITBIPH JJIA MEPEMELICHH A
JuckoB. Ilpeankar cooGMHTh HCIOJAb3YET NpeAukar write AJs me-
4aTH Ha3BaHMHU WITBIPeH, YyacTBYIOWIMX B MepeMELIeHHH JHCKa.

xanof(N) :— HepeMeCTHTb(N JIEBBIH,CpeiHU , TP aBhIH).
nepemeCTHTb(O,_,_,_) I,
nepemectuTh(N,A,B,C) :—
M is PJ——L
nepemectuth(M,A,C,B),
coobmuTh(A,B),
nepemectuth(M,C,B,A).
coobuuTe(X,Y) (—
write([nepemectunu, guck,co,mrreipst, X ,Ha, WTHIPD, Y]),nl.

7.4. CnpaBOYHHMK KOMILIEKTYIOWHX AeTajnel

B rnase 3 Mbl paccMaTpHBaJyd NPOTPaMMy, BBIAAIOULYIO HA NeuaThb
CTUCOK JeTaliell, HeoOXOAUMBIX TIPH cOOPKe HEKOTOPOTo y3/a Ha oc-
HOBe CIIPABOYHHKA KOMIIEKTYIOIUX Jetaseil. B raHHOM pasjese Mbl
yCOBepILEHCTBYEM 3Ty nporpamMMmy, OyJeM YUHTHIBATH KOJHUYECTBO
JeTasedl myTeM CyMMHDOBaHUA uMcaa TpefyeMblX ZeTanell 1o Mepe
nepexoia ot yaJIo0B K uX cocraBasdwmuM. KpoMe Toro, ycosepiueHcr-
BOBAHHASI IPOrpaMMa NPaBUJLHO 00palaThIBaeT NMOBTOPEHHA: MpO-
nexypa cobpatbh yCTpaHseT NOBTOPEHHsI NPH CYMMHPOBaHHMH A8
KaxKJOH u3 TpebyeMblX JeTastell nepen TeM, KaK OTBET BBIJACTCS HA
reyarb.

Opranusauusa 6asbl JaHHBIX CIIPAaBOYHHKA CXOAHA C T€M, YTO OINH-
caHo B 1. 3. C60pOUHBIY y3es NPEACTaBJIEH B BHJe CIIHCKA CTPYKTYP
Buza udc (X, Y), rme X — 310 UM HeKOTOpoH jaeranu (IpoCTOH
JleTand Ui yana), a Y — HeoOXOIUMOE KOJHUECTBO TaKHX JeTaJei.

Huxxe nepeunicsieHb! Bce npeAuMKaThl M3MEHEHHOH NpOTrpaMMbl C
yKazaHueM UX HasHaueHud:

Jetannysna (A): BbijaeT Ha meyaThb CIOHCOK BCeX MPOCTHIX JeTa-
Jeft, Tpebylomuxces Aas cGopkH yagaa A, ¥ KOJHYeCTBO KaxJ0H le-
TaJH.

Hetamnyanos (N,X,P): P — 310 cnucok ctpyktyp usc (Mer,
Kon), rne ler — sto HasBaHMe Jeranadu, a Koa — 3To Ko/anuecTBoO
TakuXx jeTaljell, TpeGyromwuxcs 1/ cC6OPKH KaXA0ro U3 5K3eMIIsIpOB
vanoB X. N— nenoe, a X — aroM, HmpeicTaBfsiioyil Ha3BaHHe He-
KOTOpO#l Jeranu.

Heraaupoeka(N,S,P): P — 370, Kak M Bhllle, CHHCOK CTPYKTYP
unc, TpeSylomuxces A1 cOOpKY BCeX Y3J0B, MPEACTABJIEHHBIX Je-
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mentamu cnucka S; N 3amaer uMcno sx3emmnspoB chucka S, N —
uenoe; S — CNHCOK CTPYKTYpP 4MC.

CoGpats (P,A): Pu A — CIHCKH CTPYKTYD 4HC. A — 3TO COHCOK,
COCT&BJIEHHBIH M3 TeX Ke 3JieMeHTOB, uto M P, HO Ge3 noBTopeHuit
OJHOH U TOk Xe fetasqH. [Ipuuem KonHuecTBO KaxAof Aerand, yKa-
3aHHOE B CNIUCKe A, COBNAJaeT C CYMMO# BceX MOBTOPeHUH 3TOH fera-
au B covcke P. [lpenukar co6path Mbl HCIOMB3YEM TSI TOrO, 4TOGBI
coGpaTh HECKOMLKO onMcedl HaGOpOB OJMHAKOBBIX AeTasedl B ORHY
onuce. Hanpuwmep, 8 sunma, 4 waibor u 4 sunma cobupaoTcst BMeC-
Te, AaBas 7 gunmos u 4 wailbel.

Hoco6pats (X,M,L,0,N) : L 1 O — 3T0 CIHUCKH CTPYKTYP, UMHC,
0 — 5TO cnMCOK BCceX 3JeMeHTOB cnucka L, B cocTaB KOTOpHIX He
BXOZUT Jertasb X; X — 3TO aroM, 3ajaiouiu#l Ha3BaHHe HEKOTOPOH
aetaan; N — 310 obmee xoauuectso X B cnucke L, caoxkennoe ¢ M;
M — 370 nesoe yHea0, KOTOPOE HCNOJB3YETCS IS CYMMUPOBAHUS KO-
auuectB X B L ¥ mepenaercst Kak apryMeHT B KaXKAOM BBI30BE 10-
co6path. [IpH BEIXOAe M3 peKypCHH, KOTOPHIH o0ecneyuBaeTCst BbI-
noJIHeHHEM IPaHHYHOro yeaosus, M BosBpauaercs kak N.

Buisperaneiiyana (P): P — 310 CHCOK CTPYKTYp 4HMC, KOTODHIf
BBIJIAETCSA HA I1€YaTh MO OAHOI CTPYKType Ha CTPOKe BhIBOAa. Llesb
put(9) BoiBoAuT uTepY ¢ KomoM ASCII=9, uTo cooTBeTCTBYET r'OpH-
30HTaNBbHOH Tabyasauuu. C npefykaToM NPHCOGIHHHMTb MBI YIKE He-
OIHOKPaTHO BCTpeUaJich paHee.

[Tosrocteio Tlposor-nporpamMma BRITJAAAKT TakK:
nerannysaa(T)
zerannysnos(l,T,P), cobpats(P,Q), BrBaetaneiiyana(Q).
neranuysaoB(N,X,Py :—
ysen(X,S), neraauposka(N,S,P).
neranuysiaoB(N,X, [unc(X,N)]) :(— gerans(X).
neranuposka(_, [, [1).
nerannposka(N, {uuc(X, Yucmo)|L],T)
M is N «Uucio,
Jeraanysaos(M, X, X zeranu),
aeranupoBka(N,L,OctreranuT),
npucoenuHuTh(X geranu,Octreranu, T).
co6pats(l],[1).
co6parb(lunc(X,N)|R],[unc(X,Nuror)|R2])
nocobpate(X,N,R,0,Nuror),
cobpars(O,R2).
nocoGpare(_,N,[1,[1,N).
110co6paTb(X N [!mc(X Yncao) [Oct], Hpoqne Nuror) :—
!

M is N-+Yucno, -
nocobparth(X ,M, OCT J1poune,; Nmor)
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nocobpate(X,N,[Apyr|Octl,|[Apyrilipoune], Nutor) :—
nocobparb(X,N,Ocr,l1poune,Nuror).

BbIBAeTaseiy3a(l]).

BhiBRetasefiysaa([uuc(X,N)IR]) :(—
tab(4),write(N),put(9),write(X),nl, BuBreranefiysna(R).

7.5. O6paGoTKa COHUCKOB

B sToM pasjiene Mbl pacCMOTPHM HEKOTOPEIE OCHOBHLIE IPEANKATHI,
noJesnele npu pabore co cnHckamu. [lockosbky Ilposor nossosser
paboTaTb ¢ NPOH3BOJLHBIMUE CTPYKTYPaMH JAHHBIX, COUCKH HE MOTYT
UrpaTh B HeM TOI He3aMeHMMOH POJIM, KaKasi UM OTBOIHTCH B JPYTHX
s3bIKaX NpPOrpaMMHMpOBaHHdA, TakuX, kKak Jlucn # Ilon-2. Opuaxo
HEe3aBUCUMO OT TOr0, GYAYT WM He OYLYT UCMONb30BAThCS CIIUCKH B
BalllUX MporpammMax, Bcerja BaxKHO IpelcTaBasaTh cebe, Kak pabora-
10T NIpeJUKaTHl, ONpeJe/eHHs KOTOPHIX paccMaTpHBaloTCsl B JaHHOM
pasfeJie, MOCKOABKY OHH OCHOBaHbl Ha MPHHIHNAX, KOTOpbie npUMe-
HHMBI 1IpH pabote ¢ JMIOOBIMH CTPYKTYypaMH JAHHBIX.

Haxoocderue nocaedrnezo sremenma cnucka: lleab nocaegHuit
(X, L) cornacyercsa c 6Gasoli JaHHBIX, €C/Id 3JeMeHT X sBJIseTcs moc-
JIEJHUM 3JeMeHTOM crucka L. I'paHnuHOe ycjoBHe BBINOJHSIETCS,
KOI'ZId CIMCOK L CONEepX HUT TOMBKO OAMH 3JeMeHT. DTO YCJIOBHE I1PO-
BepsieTcs mepBuIM npaBusaoM. Bropoe npasuno 3agaer ofmuil pekyp-
CHBHBIl cliydal:

nocaenuni(X,[X]).

nocaeauuit(X,[_,1Y]) :— nocnepuuii(X,Y).
?— nocaeauuii(X,[talk,of, the,town]).
X = town

1 posepra nopadka credosarus sremermos: Lens cnegomsa(X, Y, L)
coryiacyercs ¢ 6a30f JaHHBIX, €CJH 3jeMeHTH X H Y SBJAOTCA MMO-
cJIe0BaTeIbHbIMU 3/7eMeHTaMU criucKka L. OcoGeHHocTd paGoTsl nepe-
MEHHBIX JONYCKAIOT, uToOb! UK X, Uiy Y, HJH 00e nepeMeHHEBIe GBI
HEKOHKPETH3HPOBAHE! NePe]l NONBITKOH COFJIacoBath Lesb. B nepsom
YTBEPKAEHUH, KOTOPOE NPOBepsAeT IPaHNYHOE YCJIOBHE, HOKHO GhITh
TaK2Ke MPeLyCMOTPeHo, 4To nocie X U Y B CHCKe MOy T GEITh JApyrHe
3JIEMEHTHl. DTUM OODLSICHSIETCS IOsIBJIEHHME AHOHUMHOH IepeMeHHOM,
B KOTOPOH COXpaHsieTcsl XBOCT CIIMCKA:

cnepomsa(X,Y,[X,YI_]).
cnegomsa(X,Y,[1Z)) :— caenom3a(X,Y,Z).

O6vedunenue cnuckos: C NpUBOJIUMEIM TPHMEPOM MBI YiKe BCTpe-
yaJHch paHee B pash. 3.6. Leanr npucoepunurs (X, Y, Z) coraa-
cyercss ¢ 6a3off JaHHBIX B TOM cJy4ae, ecad Z — 3TO CHHCOK, MO~
CTpoeHHBIH nyTem fo6aBnaenusi Y B Koneu X. Hanpumep,
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?— npucoeanuuth(la,b,cl,lde,{],Q).
Q=la,b,c,d,e,f]

Onpepnenente npeiiKaTa NPHCOSAHHUTD BHIMJISIUT CAeAyoUHM ofpa-
30M:

npucoenunatb((],L,L).
npucoequnauth(IX |L1],L.2,[X|L3]) :— npucoeaunnts(L1,L2,1.3).

['pannyHoe yCJOBHE BHINOJHAETCH TOrAa, KOrja MepBBIH apry-
MEHT HBJSETCS [YCTRIM CHHCKOM. JIeHCTBUTEBHO, MONOJHEHHE
KaKoro-au6o crnucka MmycThbiM CMUCKOM He M3MeHsieT ero. B nanbheii-
HIEM Mbl [IOCTENIEHHO HPUGIMKAEMCS K T'PAHUYHOMY YCJOBHIO, NO-
CKOJIBKY KaKjloe PeKypCHBHOe ofpallleHHe K NMPHCOeAHHHTb yAaJsi-
€T OJUH 3JIEeMEeHT U3 I'0JIOBHI IEPBOTO APryMeHTa.

3aMetuM, uTO JIOOBIE [Ba APTYMEHTa NPHCOEAHHHUTL MOTYT GBITh
KOHKDETH3HPOBAHEl, U B 3TOM CJyuYae MPUCOENHHHUTb KOHKpeTH3H-
PYET TPETHH apryMeHT COOTBETCTBYIOIINM Pe3yIbTATOM. DTHM CBOHCT-
BOM, KOTOPOE MOXKHO GBLIO Gbl Ha3BaTh <HEAETEPMHHH POBAHHBIM MPO-
rpaMMHpoBanueM», oOMafal0T MHOrHe H3 OlpefefseMblX B LAHHOM
rjlaBe NpeauKatoB. Y KasaHHAst THOKOCTH NMPHCOEAMHHUTb TO3BOJSET
ONPEENHTb C er0 NOMOIIbIO P APYIHX IPEAUKATOB, YTO MBI M cle-
JlaeM:

nocaexuuii(ElL,Cnucor) — npucoeanunts(_,[E1],Crrcok).

cnegom3a(EllE12,Cnncok) :—
npucoeanuuts(_,[EI11,E12]_], Crucok).

npunantexut(El,Cnucok) :— npucoenunuts(_,[Ell_],Cnncok),

O6pawenue cnucka: Heap o6p(L,M) cornacyercst ¢ 6a308 aaH-
HBEIX, €CJIM pe3yJbTaT NepecTaHOBKH B oOpaTHOM HOPSIKe 3JeMeH-
ToB cnucka L ecth cncox M. B nporpamme Henosb3yercs cranjapr-
Hplfl MpueM, KOria o6palleHH bl CNYCOK Mo/MyuaeTcs NpUCOeHeHneM
€ro ToJIOBHl K OOpallleHHOMY XBocty. Jlyuumit crnoco® ofpaTuThb
XBOCT ~— 3TO HUCNIOJB30BaTh ¢aM 00p. I'pannuHoe yc/ioBHE BHITOJIHS-
eTcsl TOTHA, KOrja MepBhlH apryMeHT COKPATHJCH AO MYCTOTO CITHC-
Ka, B 3TOM cJyuae pe3y/ibTaTOM TaKiKe fBJSETCS MYCTOH CHOHCOK:

o6p(l1,[1).
o6p({HIT],L) 1— 06p(T,Z), npucoegunurs(Z,[H],L).

3ameTuM, 4TO HA MECTe BTOPOTO apryMeHTa NPHCOEAHWHHTb CTOHT
H B kBagpatueix cko6Kax. [Ipuunna B ToMm, uro H — 3T0 rosioBa nep-
BOrO apryMeHTa, a FoJIOBa CIIHCKAa caMma He 00si3aHa OBLITb CHHCKOM.
XBOCT e CIIHCKA M0 ONpeNe/eHHIo Beerfia sipisiercs cnuckoMm. as
Gosiee >pheKTHBHOH peannsalliiu o0p MBI MOXEM BCTPOHTb AEHCTBHs
1o 00beJMHEHHIO CTUCKOB HENOCPEACTBEHHO B YTBEPKACHU A i 00p:

06p2(L1,L2) :— obpaon(L1,{],L2).
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o6pron({X|L],L2,L3) :— o6pmon(L,[X|L2].L3).
o6paon({],L,L).

Bropo# apryMenT oGppon ucnosb3yercsl 115t XPAHEHHs «TeKylue-
ro pesysabraras. Kaxabil pas, Korna BbisiBJAsieTCS HOBBI dparMeHt
pesyaprata (X), nepenaBaeMbli B OCTAaJBHYIO YacTb IIPOTPaMMBI,
«TeKYIIHH pe3yJ/bTaT»s NpeAcTaBaseT U3 ceOs cTapblil «TeKyulHH pe-
3yJibTaT», AOMOJAHEHHBIH HOBhIM (pparmentoM X. B caMoM koHue moc-
JIEIHHH «TeKYUIMHA pe3yJ bTaT» BO3BpALldeTcsi B KauecTBe pe3y.bTara
VCXOJHOTO IIeJIeBOr0 YTBepKAeHHd. ARaMOrMYHBIA nNpHeM HCHOJIb-
3yeTcd B pasf. 7.8 mpH onpeneneHHd MpelfrdKaTta HMS _Ueaoro.

Herarouernue 00noeo ssemenma: Lens uckmou1(X, Y, Z) nckaouaer
nepBoe BXox/JeHue snemeHta X U3 cnucka Y, QOpMUpPYs HOBHIH COK-
pauieHubl cnucok Z. Ecym B crnicke Y  HeT anieMenTa X, TO liejsieBoe
yTBepXKIeHHe HellokasyeMmo. ['paHMuHOe yC/IOBHE BBINOJIHACTCA TOT-
Ja, KOTAa MBI HaXOAMM HCKOMbll s7emeHT X, HHAue OCYLIECTBJseET-
ca peKypcHBHas obpaboTka XBocTa criHcKa Y:

uekmioal(A[AILLL) — !,
nexmoul(A,IBIL]IBIM]) :— ncxmoul(A,L,M).

Jlerko 106aBHTL yTBep:KaeHHE, KOTOpoe ODeCneuHT JOKas3aTesb-
CTBO NpelMKara, KOIJd BTOPOH apryMeHT COKDATHTCH A0 MYCTOro
CIHCKa. JTO yTBEPKIEHNE, pealH3ylollee HOBOE IPaHHYHOE YCIOBHE,
ects uckmoul(_,{,[D-

Herxnouernue ecex 6xoxcdenuti Hexormopoeo saemernma: Henb wuc-
kaicunTh(X, L1, L2) co3naer cnvcok L2 nyrem yjajeHus Bcex 3Je-
meutoB X u3 cnucka L1. 'panuuyHoe ycsoBHe BBINOJHAETCS TOTAQ,
Koraa L1 sBaseTcs NMyCTHIM CITHCKOM. JTO 03HAYAeT, YTO MHE PeKyp-
CHBHO ucyeprnajH Bech cnucok. Ecan X HaxXomuTCs B FOJIOBe CITHCKA,
TO pPe3yJbTaTOM ABJAAETCS! XBOCT 3TOTO CIHCKA, U3 KOTOporo X Toxe
ynanserca. [locnenun#i cayyaldh BO3HHMKaeT, eCJM BO BTOPOM apry-
MeHTe OGHapYIKeHO, UTO-TO OTAHYHOe 0T X. Torza Mel MPOCTO BXOMHM
B HOBYIO DeKypCHIO.

nekmounth(_,[],{]).
uckountb(X,[X|L]I,M) :—!, ncrmounts(X,L,M)."
vckounth(X,[YIL1],[YIL2]) :— wuck/mounts(X,L1,L2).

Sameujerue: DTOT NpPeIUKAT OUYEHb HANOMHHAET HCKJIOYHTH, C
TOH JIMIIL Da3HUIIeHd. YTO BMECTO YIaJeHHS HCKOMOTO 9JIEMEHTA Mbl
3aMeHsieM ero HEeKOTOpHIM JpyruM sjemeHTOM. llenb samenuTb(X,
L,A,M) cTpouT HOBBIH cnucok M M3 3/1eMEHTOB criucKa L, mpu stoM
BCE 3JIEMEHTHI X 3aMEHSI0TCs Ha 3JeMeHTHl A, 3/1ech BO3MOXKHEL 3 CaTy-
uasi. [lepBhiil, CBSI3aHHBIA ¢ TPAaHUYHBIM YCJIOBHEM, B TOMHOCTH COB-
najaer ¢ TeM, 4TO GBIIO B MCKAWYHTbL. BTOpoil cayuafi — korza B
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roJIoB€ BTOPOI'O apryMmeHTa COHACPAKHTCH IJEMEHT X, a Tpemﬁ —
KOria TaM COJAEPIKUTCA HEYTO OTJIHYHOE OT X:

samenuts(_,[1,_,[]).
zamenuth(X,[X|L1,A,[AIM]) :—!, samenntn(X,L,A,M).
samenutb(X,[YILLA,[YIM]) :— samennts(X,L,AM).

Iodcnucku: Cnincok X aBJsieTcst NOACNHCKOM cnucka Y, ecan
Kaxbii snement X copepxutest H B Y ¢ COXpaHeHHEM MOpPSIAKA CJle-
JoBaHus U 6e3 paspblBoB. Hanpumep, AoKasyeMo clenyroliee:

noxcnucox [lcoBpanue, umenos, kay6al,
[oBuiee, cobpauue, uneHos, kay6a, GyJrer, Co3BaHo,
nosxel).

[TporpamMma nogcnucok TpeSyeT ABYX NPEIUKATOB: OJUH AJs
HAXOXKIEHHST COBNAJEHHSI C IIEPBBIM 3J€MEHTOM, H BTOPOH, 4TOOHI
yOeIUTbCs, YTO OCTAJbHASl YaCTh MEPBOTO apryMeHTa I[03JIEMEHTHO
COBHNAJIAeT C COOTBETCTBYIONIEH YacTBI0 BTOPOIO apryMeHTa.

noacnucok([X LT, [X [M]) :— cosnaso(L,M), !.
noxcnucok(L,[_[M]) :— noacnucok(L,M).

comaJo(l],_).
cosnano({X |L1,[X [M]) :— cosnamno(L,M).

Omobpaxcerue: 310 MOUHBIN METOJ1, 3aKJ/OYaIIMACA B peobpa-
30BaHHH OJHOTO CIIHCKA B APYrof ¢ NpHUMeHEeHHEM K KaxKAOMY 3JleMeH-
Ty NEePBOTO CIIHCKA HEKOTOPOH (YHKIMH M HCIOJNB30BAHHEM €€ pe-
3yJbTata B KayecTBe OuepefHOro 3JeMmeHTa BToporo cmucka. Ilpor-
pamMMa npeo6pa3oBaHUs OAHOTO NpENIONKEHHs] B JPYroe, KoTopas
paccMaTpuBasach B IVl. 3, sIBJAseTcs OAHHM H3 IIPHMEpPOB OTOOpazKe-
HUsi. Mbl roBOpUM, YTO «0TOOpAaKaeM OJHO NpPEJJIOKEHHe B APYFoe»,

OrtobpaxeHde HACTOJIbKO TOJIE3HO, YTO 3aCYIKHBAET OTAEIBHOTO
paszena. Kpome Toro, mockosbKy cnuckd B IIponore — 310 npocro
YaCTHBIE CJIydYaH CTPYKTYP, MBI OTJIONKUM 0OCYXKIeHHe OTOOparKeHHU st
cnucKoB Ao pasi. 7.12. OrobpakeHue mHOroauko. B pasa. 7.11,
IIOCBSILIIEHHOM CHMBOJIHUECKOMY audepeHlpOBAaHHIO, OIHCHIBAETCS
crioco® 0TOGpaKeHUs1 OJHOTO apH(METHYECKOro BLIPAXKEHHA B ApY-
rie.

7.6. IlpencrapjeHue  06paGOTKA MHOXECTB

Mmuosicecmgo — ofHa U3 HauboJjee BaXKHBIX CTPYKTYp JaHHBIX,
HCNo/ab3yeMbIX Kak B MAaTeMaTHKE, TaK M B IIPOrPaMMHPOBAHUH,
MBoxecTBO — 310 Haop 371eMEHTOB, HaNOMHHAIOMIMH CHHCOK, HO
OT/IHYAIOIKHCA TeM, YTO BOMNPOC O TOM, CKOJBKO Pa3 M B KAaKOM
MecTe 4YTO-M00 BXOOUT B MHOXKECTBO B KauecTBe €rO 3JeMeHTa, He
nMeeT cMbicsia. Tak, mHoxecTBO (I, 2, 3) — 3TO TO Ke caMoOe MHO-
2kecTBO, Y10 H (1, 2, 3, 1), NOCKO/bLKY 3HaueHHe MMeEET TOJALKO caM
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$akT, NpHHAANEKUT AAHHBIH 3JeMEHT MHOXKECTBY HJH HET, DlieMeH-
TaMH MHOXECTB MOTYT TakKe ObITb apyrue MHoxectBa. Camoli dyH-
JaMeHTa/lbHOHA Onepaluell HaJ MHOXECTBAMH SBJSETCH ONpeneste-
HHe TOrO, npuradiesxcutit HEKOTOPHIH 3JIeMEHT JAaHHOMY MHOMECTBY
UJIH HeT.

He 10/2KHO BLI3BIBATh YAMBJEHHA, YTO MHOXeCTBa yA0OHO npen-
CTaBJSATh B BHJe cnHcKoB. CIMCOK MOXKeT COAepKaTh MPOH3BOJbHEIE
3JIeMeHTHl, BKJHOUAas Apyrye CIMCKH, U HajX CIIUCKAMH MOXKHO OTpejie-
JIUTb NPEANKAT NpUHAEKHOCTH. OJHAKO YCIAOBHMCS, YTO KOIJIA MBI
fipe/iCTaBJ/IsieM MHOXKECTBO B BHJe CIHMCKA, TaKOH CHHCOK CONEPIKHUT
TONIBKO 11O OZHOMY 3JIEMEHTY Ha KaXKJblHl OOBEKT, NPHHANIEKAUH
mHozkectBy. Ilpn paGote co cnuckamu 6e3 MOBTOPSIOUMXCS 3JIEMEH-
TOB YOPOLLAIOTCH HEKOTOPHIE ONepalHH, TAKUE, KaK ylajleHHe 3Je-
meHToB. MTak, Ham mpeAcTOUT UMeTb JeJO0 TOJNBKO CO CIIHCKaMH (e3
MOBTOPSAIOMIUXCA 3JeMeHTOB. llpeankaTtel, paccMaTpHBaeMble HUXKE,
coBJII0a0T 3TO CBOACTBO M ONHpPAOTCH HA HErO.

Hap mHOKecTBaMH OOLIMHO ornpefiesieTcs cJaefayomui xadop
onepaudil (Mbl 6yaeM PUMEHATh ¥ OOLIENPHHATHIE MaTeMaTHUECKHe
0603HAYEHHA IJIA TeX udTaTesedl, KTO K HUM NPHBBIK):

[punadaexcrocme muosecrmgy: X € YV
X npuHanseXKUT HEKOTOPOMY MHOMKecTBY Y, ecau X sBJSIETCS ORHUM
13 3JeMenToB Y.

[pumep: a € {c,a,t}.

Brawuenue: X < Y

Muoxectso Y BkJIouaeT B cefs1 MHOXKECTBO X, €CJM KaXKAbli 3Je-
MeHT MHO}KecTBa X aBJsercsd TakxKe 3JeMeHToM Y. Muoxkectso Y
MOYKET COJePKaTh HEKOTOPEIE 3JIeMEHTHl, KOTOPHIX Her B X.
Ipumep: {x,r,u} < {p,q,rstuv,wxy.z}.

[lepecewenue: X N Y

[TepeceuenneM mHoxecTB X H Y sIBJISIETCS MHOXKECTBO, COJepiKallee
Te 3JIEMEHTHI, KOTOpble OJIHOBpeMeHHO npuHafiexar X u Y.
[Mpumep: {r,a,p,i,d} n {p.i.ctur,e} = {r,ip}.

Ob6wsedunenue: X U Y

O6beanHenreM MHOXKeCTB X H Y sABJs€TCS MHOMXKECTBO, COAEPIKALLEe
BCe 3JIeMEHTHI, mpuHajiexamne X uaH Y HJIH OZHOBPEMEHHO MM
000HM.

Ipumep: {a,b,c} U {cd,e} = {a,b,cde}.

IT0 — OCHOBHBIE ONEpalHH, KOTOpble OOGBIMHO HCOOJNL3YIOTCS
" npH pabote ¢ MHOxKecTBaMU. Tenepb MBI MOXKeM NPHCTYHHTb K HAMH-
caguio [lpoJsor-nporpamM, peanusylomux Kaxayilo us Hux. [lepsas
OCHOBHAsI Onepanys’ NPHHANIEKHOCTb pPeajH3yeTcsl TeM 2Ke CaMbIM
NpeIuKaToM TPHHALIEKUT, C KOTOPHIM MBI YIKe BCTpeYaJuch He-
CKOJIbKO pa3. OyHako B HalleM OIpeAe/eHHH NMPHHANLIEKHT B rpa-
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HUYHOM CAy4ae HeT CHMBOJA «OTCEUEHHsI», TOITOMY MBI MOXKEM CO31a-
BaTh I0CJEJ0BATEAbHBIE 3JIEMEHTH CIIHCKA, HCIOAb3YS BO3BPATHBIN
XOK:

npunaznexut(X,[X]_1).
npunaanexkur(X,[_1Y]) :— npunagnexur(X,Y).

Crenyiomasi onepaunysi 'BKJOUYEHHE pPeand3yercsi NpelnkaToM
BKJIOuaeT, npuueM ekJwodaeT(X, Y) 3aBepmiaercss ycnemHo, ecad X
ABasercs noamMHoxKectBoM Y, T. €. Y Brutouaer X. Bropoe yrBepxkie-
HHe B €ro ONpelesieHHH ONMpaeTcsl Ha MaTeMaTHYecKoe COrValleHHe
0 TOM, YTO MYCTOE MHOXKECTBO SIBJSETCH NONMHOMKECTBOM JI06Oro
MHuoxecTBa. B Ilposiore aTo cornamenye gaet crnocod npoBepKHU rpa-
HUYHOTO YCJAOBHA 1/ NepBOro apryMeHTa, MOCKOJIbLKY 3alporpaMmi-
poBaHa pekypcuBHasi 0o6paboTKa ero XBOCTa:

rawuaer([A1X1,Y) :— mnpuuagmexut(A,Y), sriouaer(X,Y).
srJouaet((1,Y).

Cheom BJeT caMblil CJIOXKHBIH caydall, peanusalts nepeceyeHus.
Lleneroe yreepxkuenue nepeceuenne(X, Y, Z) 10KasyeMo, ecsint riepece-
yenueM X 7 Y gpasercss Z. D10 KaK pas ToT cJayyail, Koraa HCrob-
3yeTcs NpefnoNoKeHHe, YTO JaHHble CIIMCKY HE COReprKaT MOBTOpA-
IOUIIXCS 3JIEMEHTOB:

nepeceyenne([],X,[).
nepeceyenne([X,IR],Y,[XIZ]) :—
npuHaaexutT(X,Y),

;T’epecequHe(R Y, 7).
nepeceuenue([X [R]1,Y,Z) :— nepeceuenne(R,Y,Z).

Haxkonen, o6benuHenue. IleneBoe yTBepkieHHe OO0BLEIHHEHHE
(X, Y,Z) noxasyemo, ecnu o6nedunenneM X u Y sBasercs Z. 3ame-
THM, 4YTO peajiM3alisl NpeiuKaTa o0belHHeHHe CKOHCTPYUPOBaHa Ha
OCHOBE OINpefiesieHNHl NPefNKaTOB NepeceyeHrHe ¥ MPUCOETHHHTD:

o6venunenue((],X,X).
ofbennnenne([X|R1,Y,Z) :— npunamnexunt(X,Y), !,
obvenunenve(R,Y,Z).

obrenuuenne(lXIR],Y,[XIZ]) :— ob6bennnenne(R,Y,Z).

DTHM HCuepnblBaeTCsl Haill nepedeHb NPEAHKATOB paGoOThHl ¢ MHO-
KecTBaMH. M XOTA HCMOML30BAHHE MHOMKECTB MOXKET OKa3aThCs
He XapaKTepHBIM U1l BalMX NMPOTPAMM, TeM He MeHee IOJIE3HO H3y-
unTh 3TH npuMepbl. OHH MO3BOJSIOT BaM NOJYUUTH SICHOE TIPEACTAB-
JIEHHE 0 TOM, KaK MOXKHO HCIOJNb30BaTh PEKYPCHIO H BO3BPATHBIN X041,
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7.7. CopTnpoBka

Muorsaa nose3Ho ynopaiouuTh CIIHCOK 3JIEMEHTOB B COOTBETCTBHYU
C 33JaHHBIM MOPSAAKOM HX CJIEfOBaHHA. Ec/aH 3JeMeHTaMH CIHCKa
SBJISIIOTCH 1le/IBle WHCJa, TO IJs TOro 4YTOOBl ONpele/HTh COO/IONeH
JH  TOPSIIOK CJIEJOBAHHSA, MOMKHO HCIOJNB30BaTh Opefnkar << .
Cnucok (1, 2, 3) ynopanoueH, MOCKOJNLbKY J06asg napa COCEIHHX
IEeJBIX YHCEJ 3TOTO CIHCKA YAOBJETBOpsier mpeaukary '<C’. Ecuu
3JIEMEHTAMH CIIHCKA ABJSIOTCA ATOMBI, TO MBI MOKEM BOCHO/Mb30BATH-
csl mpeANKATOM MeHbule, O ueM ViKe TroBopHaoch B . 3. CrHcoK
[alpha, beta,gamma] ynopsizoueH B anhaBHTHOM NOPsIKe, HOCKOMb-
Ky KaXJAas rapa COCeJHHX aTOMOB 3TOr0 CIIHCKA YJOBJIETBODSET
IPEXUKATY MeHbLIE,

CrnemyanncTel o HHGOpMATHKE pa3paboTanl MHOTO METOOB COp-
THPOBKH CIMCKOB, KOTAa 3a7aH HEKOTOPLIH NpefuKaT, KOTOPLIH rOBO-
PHT HaM O TOM, HaXOAATCA JIH COCEJHUE SJEMEHThI CIHCKa B Tpelye-
MOM mopsiAKRe cienoBanns. Mur pacemorpuM [Iposor-nporpaMme! 15
YeThIpeX TaKUX METOJOB: HAaHBHAS COPTHPOBKA, COPTHPOBKA BKJIO-
yeHHeM (BCTaBKAaMH), COPTHPOBKA MeTOJIOM My 3bIpbKa U OuIcTpas cop-
THPOBKA. B Kaxmo# mporpamme HCMONB3YeTCA MpejHKAaT ynopapo-
4eHo, KOTOphIH MoxeT ObITh onpejeneH ueped '<I', MeHblue HJH J0-
6oif apyrofi mpeaMKaT MO BalleMy YCMOTPEHHIO, B 3aBHCHMOCTH OT
TOr0, KAKOr'0 poja CTPYKTYpH Bbl coptupyere. [Ipn atom npeano.sa-
raercsi, 4To IleneBoe yTBepxXKiaeHHe ynopsgoueno(X, Y) noxasyemo,
ecad o6beKThl X B Y VAOBJIETBOPSIOT TPeOyeMOMY MOPSIIKY Clef0Ba-
HHS, T. e. ecqd X B HEKOTOPOM CMBICJe MeHblle yeM Y.

OnnH u3 crnocofoB COPTHPOBKU uUCET B MOPSIIAKE BO3PACTAHHs
COCTOHT B CJIEAYIOLIEM: BHayase CO3NaeTcst HEKOTOpas NepecTaHOBKa
qHceJs, 3aTeM NPOBEePSAETCH pAClOJIOKEeH JIM TIOJAYUYEHHBI CIIMCOK B
nopsiake Bo3pactanud. Ecan 310 He Tak, TO co3jaercss HOBas nepe-
CTAHOBKA uHcesd. IDTOT MeTOl H3BecTeH MOA HAa3BAHWEM HAusHas
COpmU posKa:

HanBcopT(L1,L.2) :— nepecranoska(L1,L2),
orcoptHpoBaHno(L2), !.
nepecranoeka(L,[HIT]) :—
npucoennnuts(V,[HIUI,L),
npucoenuuuts(V,U, W),
nepecranoBka(W,T).

nepecranoska(l],[]).

orcoptupoBaHo(L) :— otcoptuposano(0,L).

otcoptupoBano(_,[]).

orcoptupoBato((N,[HIT]) :— ymopsizoueno(N,H),

orcoptupoBano(H,T).

VcnonbayeMuift 31ech NMpeIHKaT NPHCOEAMHHTb MHOTOKPATHO
onpefenaics paHee. B sTolf nporpaMMe npeiuKarthl HMEIOT CJIELYIO-
I HH CMBICH:
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Hauscopt(L1, L2) o3nauaer, uto L2 — 3T0 cnucok, sBAsIOmUR-
€5l yHnopsilodeHHOH Bepcuelt cmucka Ll;

Mepecranoeka(L1, L2) osnauaer, yro L2 — 370 cnucok, conepixa-
L1 BCe 3JIeMeHTH crificka L1 B 0HOM H3 MHOTHX BO3MOKHBIX NOP fJ1-
KOB HX CJ/IeJOBaHUS;, B TEPMHHOJOTHH pasl. 4.3 — 31O eeHepamop.

[lpennkar orcopruporano(L) osnauaer, yro yncja B cmucke L
yNopsIZOYeHbl B IOpALKE BO3PACTaHUA; 9TO — 'KOKMpPoAep' .

ITpouecc noucka ynopsiiOyeHHOH BEPCHH CIHCKA 3aKJIOYaercs B
CO3JAHMH HEKOTOPOH MepEecTaHOBKH JIEMEHTOB M NIPOBEPKH ee YIO-
psifoueHHOCTH. ECJH 3T0 Tak, TO eAMHCTBeHHBIH oTBeT HafigeH. MHa-
e Mbl BBIHYXKIEHBI MPOJOJKATh CO3JAHHE HepPecTaHOBOK. IJTO He
o4yeHb 3(peKTUBHLIH METOJ COPTHPOBKM CHHCKA.

Tlpu copmuposke exroueruem KAKABIE 3JeMEHT CIHCKA PacCMar-
PHUBAETCS OTAEJLHO M BKJIIOUAETCH B HOBBIH CIIHCOK HA COOTBETCTBY-
Iollee MecTo. DTOT METOJ MCMOJAb3yeTcsi, HalmpuMep, NpH Urpe B
KapThl, KOrja HI'POK COPTHPYET HMEIOiHecs Ha pyKax KapThbl, BEI-
IMMasi U TepecTaB/sis 10 OJHOH KapTe 3a pas. LleneBoe yTBepKie-
nue sxkaocopt (X, Y) noxasyemo Toria, xorjpa cnucok Y siBasieTcs
ynopsiioueHHol BepcHeH cricka X. Kakaplil ajeMeHT ypasnsercs H3
rOJIOBBI CTIHCKA H NlepeflaeTcsl NPefHKaTy BKICOPT2, KOTOPLIH BKJIO-
YaeT ATOT 3JIEMEHT B CITHCOK M BO3BpAILAeT H3MEHEeHHEIH CIUCOK.

srmocopr((1,[1),
BrJtocopT({ X |LI,M) :— Brurocopt(L,N), Bkmocopt2(X,N,M).

sraocopt2(X,[A|L]IAIM]) :— ynopsinoueno(A,X), I,
BKyocopt2(X,L,M).
srJocopt2(X,L,[X | L]).

Urobbl chesath fnpeIuKaT COPTHPOBKHM BKJIIOYEHHEM (oJiee YHH-
BepcaJbHbIM, YAOOHO 3a7aBaTh NpeiHkaT MPOBEPKH MOPsAKa CJAeN0-
BaHUSI B KauecTBe apryMeHTa MpeAMKaTta BKMOCOPT. Mcmonb3yem
IUlsE 9TOTO NIpeARKar '=..", KOTOPBIfl paccMarpuBacs B ra. 6:

sx/ocopt(],[1,_).
sraocopT([ X |L1,M,0) :— Bkmwocopt(L,N,0),
Bratocopt2(X,N,M,0).

srmocopt2(X,[AIL],IAIM],0) :—

P=.10,A,X],

call(P)

!

BrJocopt2(X,L,M,0).
Braocopt2(X,L,[X[L],0).

Tenepb MBI MOXKeM HCIIOJB30BaTh TaKHe HEJIH Kak BKMOCOPT(A,
‘B,’<’) u skaocoptT(A, B,MeHbuIEe), T. €. OTNAfaeT HeOGXOAUMOCTD B
npefvKaTe ynopsimoyeHo. DTOT MeTOJ MOXKeT OBITh pacnpocTpaHeH
H Ha Jpyrve aJropuTMbl COPTHPOBKH JaHHOTO pasfiea.



Ia. 7. Ewe HeCKOALKO npumepos npozpamm 179

[Ipu copmuposke memoOom nyseippka B CIHCKe HIIETCS napa co-
CeJHHX 3JIEMEHTOB, DACIIOJOXKEHHBIX He N0 MOPSAJAKY €JeNOBaHHS.
Ecau Takue 3/eMeHThl HAXOJATCS, TO OHU MEHSIOTCS MecTaMu. DToT
npollece NMpojosKaercsl JO TeX Nop, II0Ka HepecTaHOBKH CTaHYT He-
HYXHBIMH. EcJM 1npu COPTHPOBKE BKJIIOUEHHUEM BLIOPAHHEII 3/IEMEHT
Kak Obl «TOHET», NONajas Ha Hy>XHOe MeCTO, TO COPTHPOBKA METOIOM
ny3blpbka Ha3BaHa TakK MOTOMY, YTO 371eChb 3JeMeHTHI, NOJA0OHO Ny-
3LIphKaM BO3AyXa, NOCTENEHHO «BCIJILIBAIOT», 3aHHMasi COOTBETCT-
BylOlllee MECTO.

nycopt(L,S) :—-
npucoenunntb(X,[A,BIY],L),
ynopsigoueno(B,A),
upucoeannuth(X,|B,AlY],M),
nycopt(M,S).

nycopt(L,L).

npucoenunuth({],L,L).
npucoeauuuth((H|TI,L,[HIV]) :— npucoexunnts(T,L,V),

3aMeTuM, UTO 37eChb NPUMEHSETCH TOT XKe caMblil NpelHKaTr Mpu-
COeIHHUTb, C KOTOPBIM MBI BCTpPeUaJiCh paHee. DTOT NpUMep OTIH-
4aeTcss OT MpEeABIAYIIHX HeoOXOAUMOCTHIO BO3BPATHOIO XOJa MOCJe
KaxJA0ro HafiieHHoro petuennsi. [losTomy B nepBoM npasuje B or-
pelleleHHM MYCOPT «OTCeUeHHe» He HCIOJb3yeTcs. IDTa nporpamma
elfe OJUH NpUMep «HeJAeTepMHHUPOBAHHOIO» IPOrPAMMHPOBAHHS,—
JJIs BRIOODA 3JE€MEHTOB cnMcKa L 3jiech Hcnosb3yercs mnpeaukar
NPUCOENUHUTD. [IpH 3TOM KOHTPOJb NOJHOTHl BEINOJHEHHBIX MNepe-
CTAHOBOK [1JIMKOM BO3JI0XKeH Ha MPHCOEIHHHTD.

Bucmpas copmuposka — 3T0 GoJlee CIOKHBIH METOJ COPTHPOBKH,
npeAIoKeHHbIH X00pOM M NPUMEHMMBIH IS COPTHPOBKHM GOJbLIHX
cnuckoB. [ns peannsauuu Geictpoit coptHpoBku Ha [lposiore mbt
JNOJKHBI CHAuaja pasfie/ldTh CIMCOK, COCTOSIMMH U3 rojoBel H u
xBocta T, Ha jBa cnucka L 1 M takue, uTo:

@ Bce s71eMeHTH L MeHblle uan pasHsl H;
® B5ce sjemeHTH M Goablie yem H;
@ 1opsiIoK caejoBaHusA 31eMeHToB B L u M Takoit xe xak B [H|T].

IMocne Toro, Kak Mbl Pa3leNUJIH CIOHCOK, NpHMeHsieM GHICTPYIO
COPTHPOBKY K KaK[IOMYy H3 IOJY4EHHBIX CIHCKOB (3TO peKypCHBHas
yacte), u npucoeruusieM M k L. Leas paséurs (H, T, L, M) pasnens-
et cicox [H|T] na cnuckn L u M, Kak ckasaHo BhIe:

pas6utb(H,[AIX],[A|Y),Z) :— A=< H, pas6urs(H,X,Y,Z).
pas6uts(H,[A|X],Y,[AIZ]) :— A > H, paséurs(H,X,Y,Z).
pas6uts(_,[1,01,01).

Torpa nporpamma OBICTDOH COPTHPOBKH MPHUMET BHA:
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Guicopt((1,(1).

6bicopr ((HITLS) :—
pas6urs(H,T,A,B),
6eicopT(A,Al),
6eicopt(B,B1),
npucoeaunuts(Al,[H[B11,S).

IIpenukar NpPHCOEIHHHTL MOXKHO BCTPOUTH BHYTPL INPOTPaMMBI
coptHpoBkHu. Torpaa nosyyaercd Apyrofi npeaukar

Geicopr2 ((HITI, S,X) :—
pas6uts(H,T,A,B),
Gercopt2(A,SIH|Y]),
6eicopt 2(B,Y,X).

6uicopr2((1,X,X).

B 3TOM cayyae TpeTHil apryMeHT HCHOJAb3yercd Kak BpeMeHHas
pabogas ofsaacTb, ¥ TIpH OOpauleHUsIX K ObICOPTZ 3TOT apryMeHT
IOJIKeH 3aMONHSITBCH MYCTHIM CIIHCKOM.

Bosnee nonpoBuble cBeeHHsl 0 MeTOAAX COPTHPOBKH MOXKHO Hafl-
™ B kHure D. Knuth, The Art of Compufer Programming, v. 3
(Sort and Searching), Addison-Wesley, 1973 (Mmeercs nepeBox:
Knyr H. HckycerBo mporpammupoBanus aias 9BM, 1.3 (Coprti-
poBka u mouck). M.: Mup, 1978.— [lepes.) Meton GricTpoi cop-
THpoBkH Xoopa omnucaH B ero craree B Computer Journal n. 5
(1962), ctp. 10—15.

Ynpaxnenue 7.5. IlposepbTe, urO0 nNpeIHKaT mnepecTaHOBKA
(L1, L2) crpout Bce nepecTaHOBKH 3alaHHoro cnucka L1 (npuuem
KaxK[YIO [0 OIHOMY Pasy) M BBIAZET MX Kak aJbTepHATHBHBIE 3Haue-
HHUA cmycka L2. B kakoMm nmopsiike CTPOSITCH 3TH pelleHus?

¥Ynpaxuenue 7.6. DBrictpas copTHpoBka Jydlle Bcero paboraer
Ha GOJBIIKX CITUCKAX, MOCKOMBKY TaM oHa ofecneunBaer 60see OHICT-
PVIO CXOAMMOCTD K pelieHHIo. B To xe Bpemsi o0beM padoThl, BBINOJ-
HAEMOH Ha Ka)K[I0M yPOBHe PeKYyPCHH OBICTPONl COPTHPOBKH, MpPEBHI-
LaeT TO, 4TO JeJaeTcs B APYIUX MeTolaX, H3-3a HCIOJb30BaHHSA
pa36urhb. [loaTomy, MpH COPTHPOBKE HEBOMBIINX CIIHCKOB PEKYyPCHB-
Hble BBI30BEI OBICOPT, BHAMMO, MOXKHO 3aMEHHTh OOpalleHHSMH K
IPYTHM MeTOfaM CODPTHPOBKH, HanpuMep, K COPTHPOBKEe BKJIOYEHH-
eM. Paspaforaiite «rHOpUIHYIO» NPOrpaMMy, KOTOpast HMCNOJb3VeT
OBICTPYIO COPTHPOBKY I ©6paGoTKU GOJMBLIIMX MOJCNUCKOB (cnHc-
KOB, NOJYYeHHBEIX C TNOMOILBIO TIPeAHKaTa pa3buTb), HO MepeKJIo-
yaeTcst HAa JPYrofl MeTox (COPTHPOBKA BKJIOUEHHEM) NPH 3HAYUTE/b-
HOM yMeHbUIeHHH AWHBL noxchucka. [lofackaska: mocKombKy pas-
OMTb OMKEeH MNPOCMOTPETh BCe JEMEHTH CNHCKA, TO OH MOXKeT 3a-
OJHO TOACYUTATbL M JJIMHY CHOHCKA.
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7.8. Hcnoabsosanue 6asbl jaHHbix: random, reHatom,
HaHTHBCE

Bo Bcex nporpammax, KOTOpbIE paccMaTpHBaJUCh JO CHX Nop, 6a3a
JaHHBIX HCIOJbL30BaJACh JHINb AJ15 XpaHeHHs (aKTOB U NpaBu.I, ¢ No-
MOLLbI0 KOTOPBIX ONpeAeasioTcd MpeauKaTel. MoXHO HCHO/Ib30BATH
6a3y JaHHBIX U JJIs1 XpaHeHUs! OOBIMHBIX CTPYKTYD, T. €. TAKHX, KOTO-
phle NOPOXKAAIOTCS NPH BBINOJHEHHH porpaMmel. JLo cuX nop ass ne-
pelayd TaKUX CTPYKTYP OT OJHOTrO NpejuKaTta K APYroMy Mbl IpHMe-
HSLJIM MeXaHu3M apryMenToB. OIHAKO CYLIECTBYIOT JOBOJbBI B MOJb3Y
xpaHeHMs 3Tofi MHdopMauun B 6ase JaHHBIX. MHoOria HeKOTOpHIH
3JIeMeHT HHGOPMALIMH MOXKET noTpe6oBaThCs BO MHOIMX YacTAX MPo-
rpamMmel, [lepenaua erouepes MexaHH3M apryMEHTOB MOXKET IPHBECTH
K [OSIBJIEHHIO OJHOTO — JIBYX AONOJIHUTENbHBIX apryMeHTOB y 60/1b-
IMHCTBA NpeAUKaToB. JIpyruM JOBOJIOM SBJSETCS BO3MOXKHOCTH CO-
XpaHeHHs HBQOpPMALMH [IPH BO3BPATHOM Xoie. B 3ToM paszene Mbi
PaccMOTPUM TPY NPELNKATA, KOTOPhIE MO3BOMSAIOT XPAHUTh B 6ase AaH-
HEIX CTPYKTYPBI, BPEMA XKH3HH KOTOPBHIX IPEBBHIIAET TO, YTO MOXKET
OBITH O0ecreyeHo ¢ NOMOIUILIO NepeMeHHBIX. BOT 5TH TpH npeaukarta:
random, BeIpabaTLIBAOIUE MPH KAa:xKAOM BBI3OBE MCeBAOCTyUalHOe
1eJioe, HAUTUBCE, TOPOXKIAWIINHA CIHCOK BCEX CTPYKTYP, ofecneyy-
BAIOIHX HCTHHHOCTE NAHHOTO Npelaukara, U FeHaTOM, 110D OXKAAIUIH
aToMbl ¢ pas/JTHYAILIMHCA HMEHaMH.

Tenepamop cayuatineix 4ucea (random)

Lenas random(R, N) xonkperuaupyer N memnsiv ugcsaom, cayyafi-
HO BeIOpaHHBIM B auanasoHe oT 1 1o R. Meroz BeiGopa cayuaiinoro
YHCJa OCHOBAH HA KOHTPYSHTHOM METOJIE C HCIIO/Ib30BAHHEM HAYA/b-
HOTO yHcsaa («3aTPaBKU») UHUIHAIH3NDPYEMOrO NPOH3BOJBHBEIM Lie-
JbeiM gncsioM. Kaxpaeili pas, xoraa Tpebyercs cayyaliHoe 4HCIIO, OT-
BET BLIYHCJAETCH HA OCHOBE CYIIECTBYIOLIEr0 HA4a/ibHOTO 3HAYEHH ,
M [IPH 3TOM MOPOXKJAETCS HOBOE HAauyaJIbHOE YHCJIO, KOTOPOE COXPaHsI-
eTcsl 0 TeX Iop, NOKa BHOBL He NOTpPefyeTcsl BLIYUCIUTE CAydaiiHoe
upcno. Hua XpaHeHHs HauaJbHOTO 4MCJa MeEKAY BBI30BAMH ran-
dom MBI Hcnonb3yeM 6a3y AaHHLIX. [Toc/ie TOro Kak HayaJ LHOe YHCJIO
UCHONb30BaHO, MBI yOupaem (c nomouibio retract) U3 6aspl AaHHBIX
CTapylo HHGOPMALUIO O HAYAJIBLHOM UYHCJe, BBIUHC/IAEM €ro HOBOe
3HauyeHHe, U 3achiaeM B 6asy JaHHEIX HOBYIO HHboOpManuio (¢ mno-
Mmolbio asserta). Mcxonnoe nauanpHOe 3HaYeHHe — 5TO NMPOCTO BHakT
B 0ase JaHHBIX, C QYHKTOPOM seed HMEIOMIUM OMHY KOMIOHEHTY —
1es0e 3HaueHWe HauyaJbHOTO YUCJIa.

seed(13).
random (R,N) :—
seed(S),
N is (S mod R) + 1,
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retract(seed(S)),
NewSeed is (125 * S 4 1) mod 4096,
asserta(seed(NewSeed)), !.

Hcnonbsysi cemaHTHKY retract MOXKHO YIPOCTHThL ONpefesieHue
random cnenylomum oGpasom:

random (R,N) :—
retract(seed(S)),
N is (S mod R) 1,
NewSeed is (125 * S 41) mod 4096,
asserta(seed(NewSeed)), 1.

Haa Ttoro, urofBl HaneyaTaTb NOCJIEAOBATEIbHOCTb CAyHaMHBIX
YHCeJI, pacnooXKeHHBIX B nuanasoHe mexnay 1 u 10, xotopas o6pel-
BaeTcs ITOCJAe TOro, Kak GyneT NMOpOXKAEHO 3HaueHHe 5, HYXKHO 3a-
Lath CJeNYIOMHU# BOIPOC:

?— repeat, random(10,X), write(X), nl, X=5.

Tenepamop umen (eenamon)

Ilpenukar reHaTOM NMO3BOJISET MOPOXKAATL HOBBIE aTOMBL [Iposiora.
Ecnn y Hac ecTb mporpamma, KOoTopas BOCHPHHHMAaeT MH(POPMALUIO
00 OKpy2KarmlleM MHDe (HanpuMep, NyTeM aHAJAH3a ONHCHIBAIOLIHX
ero npejJsioKeHHH Ha AHIVIMHCKOM $I3LIKE), TO B CJyude IOSBJEHHS
B TOM MHpe HOBOI'0 O0BEKTA BO3HHUKAIOT TPYAHOCTH C ero 0603Ha-
yeHHeM. EcrecTBeHHO mpeacTaBisite 00bekT atomoM [lposora. Ecan
O00BEKT paHee He BCTPeYaJicsl, Mbl JOJKHB! YOEIHTLCA B TOM, YTO TOT
aTOM, KOTOPBIH MbI €My COINOCTaBJIseM, CIyualHO He COBNAJ ¢ APYTUM
ATOMOM, YK€ MPeACTABJSIONIUM KaKoH-TO Apyrod o0bekT. HMHBIMH
CJIOBAMH, HaM HEOOXOAMMO HMETb BO3MOXKHOCTL (POPMHUDPOBATH HOBBIE
aToMBl. MBI MOKeM TaKke norpeGoBarhb, YTOOLL CO3NAHHKIH ATOM HMeJ
TaK»Ke HEKOTOpOe MHEMOHHYeCKOe 3HaueHHe: 3T0 OGJeryuT NOHHMA-
Hue WHGOPMAUMH BHIBOAUMMOM Hamnell nporpamMmoil. Ecau Obl aToMmul
NpefCTaBAsIIH, CKaXKeM, CTYREHTOB, TO Lenecoo6pasHo 6blic 6bl
Ha3BaTb MEPBOTO  CTyJAgHTa — CTyAeHTl, BTOPOro — CTYAEHTZ,
TpeTbero — CTyAeHT3 U T. A. Ecau X TOMy e HaM HYXKHO GbljIo 6hl
paboTaTb ¢ 00BEKTAMH [PEACTABJAKIMMY elle W IpenojaBartesnef,
TO MOXHO OLIIO Obl BHIGPATH IS HX NPeICTABJEHHsI aTOMbl mpeno-
Jasatenbl, npenojaBaTenb2, nmpenojasatenb3 U T. J.

@yHKIHS NpPOrpaMMbl FEHATOM COCTOHT B TOM, YTOOBEI HOPOXKAATh
HOBBIE aTOMBl OT 33/laHHBIX KOpHEH (TakHX KaK CTYREHT # mpenopa-
paTeab). [l KaXKIOTO KOpHsT NporpamMMa 3alOMHHAET, KaKOH HoMep
Gbl1 UCIIONB30BaH B nocaeaunii pas. [loatoMy, KOraa B clefyolui
pa3 ot Hee Tpefyercsl NMOPOAHTH aTOM C JAHHBIM KODHEM MOXKHO ra-
pPaHTHPOBATh, YTO OH GYJeT OTJIHYATLCH OT TeX, YTO Ob/IM HOPOXKACHLL
panee. Tak, Korga Bonpoc
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?— renaroM(CTyJieHT, X).

3aj7aH BrnepBble, oTBeTOM Oyjer
X = cryneHrl

B cnenyiomuii xxe pa3 orBeToM 6y1eT
X = cTtyXeHT2

U T. I

3aMeTHM, UYTO 3TH pasjnHualolfiecs peUIeHHs NPH BO3BPATHOM
Xo/le He nopoxjatorcs (reratom(X, Y) Heqab3s COrJIacOBaTh BHOBBL),
OHH [OPOXKIAITCH MOCTAEAVIOMIAMH HEJNSMH, BKJIOYAIOMHUME 3TOT
npexuKar.

B onpexesieHHH reHATOM HCIIOAbL3yeTCs BCOOMOraTeAbHBIN Mpeiu-
Kat tek_nomep. KoHTPOJb 3a TeM, KaKOH HOMep HCIIOJNL30BATDH CJie-
OVIOIUM JJ1s1 JAHHOTO KOpPHSI, OCYLIECTBJSIETCS MPOrpaMMoil reHa-
TOM [1yTeM 3anucH B 6a3y AaHHBIX (aKTOB BHJA TEK_HOMep U yjaJe-
HUA DaAKTOB, KOTOpble CTAMH HeHYXHbIMH. PakT Tek_Homep (Ko-
penb, Homep) o3Hauaer, YTo NoCJAeNHMH HOMEP, HCIOJb3OBAHHBIH ¢
kopHeM Kopenb, Obi1 Homep, UnbiMu cioBamu, nociennu#i atom,
MOPOXKIEHHBIA AJIsi 3TOTO KOPHS, COCTOAJ M3 JUTep, B3AThIX H3 Ko-
peHb, 32 KOTOPBIMH GBLT NpHGOpMHPOBaH HOMep, B3ATHE 13 Homep.
Korpa Ilposior neitaetcst 40Ka3aTh COrJIACOBAHHOCTD LM TeHATOM,
OOBIYHO JeJIaeTcsl cJefylolee: MocJeAHHH (aKT TeK_HOMep AJs 3a-
JIAHHOT'O KOPHSA yjaandercs U3 6a3bl MaHHBIX, K ero HOMepy npuGas-
asietcst 1, U HOBBIH aKT Tek_Homep 3arnoMHHaercs B 6a3e JaHHBIX,
3aMeHsisg HCKJOYeHHBIH (akt. C 3TOro MOMEHTa HOBBIH HOMED MOXKET
OLITH HCMOJb30BaH KaK OCHOBA [UIAl IOPOKJEHH S HOBOrO atoma. Xpa-
HHTH HHGOPMALUIO O TEKYLIeM HOMepe B 5a3e NaHHLIX OueHb yAOGHO.
B npotuBHOM c/aydae KaxKAbH IPeIHKAT, MPSIMO HJIH KOCBEHHO YYacT-
BYIOIUHH B BBINOJHEHUH TeHATOM, JOJIKeH OblL1 Obl NepechliaTh HH-
dopManyio 0 TEKYIIHX HOMepax 4epe3 AOMOJHHTeNbHEIE apTyMeHTH.

[Tocnennne HecKOMbKO YTBEpPKAEHMH 3TOH NpOTpamMmsl ompeie-
JFIOT NPeAHKAaT Heaoe_HMA, KOTOPBIH HCIONb3YyeTca AIA npeobpaso-
BaHMS LEJOro 4YHcJa B NOC/AEN0BATEJbHOCTb JIHTEP-LHGDP. ATOMEI,
NOpoKjaeMble FeHaToM, (GOPMHPYIOTCH C [IOMOLIBIO BCTPOEHHOTO
npeAMKaTa name, KOTOPhIi QOPMUPYET aTOM H3 JIUTEP KODHs, 3a KO-
TOPHIMH CJeAYIOT nubpel HoMepa. B HekoTOpHIX peanusanuax Ilpo-
Jora MCIONB3YeTCsl BepCcHs NPeAUKATa name, KOTopas BHINOJHSIET
TakXe QYHKLUMH NpeiuKaTa [eJioe_MM#, OJHAKO BeCbMa IOYUUTEN -
HO NOCMOTpPEeTb, KakK ero MOXHO onpefeauTb Ha llposore. B stom
onpefieJleHHd HEesBHO HCHOJAb3yeTcss TOT (akr, uto kKomel ASCII
s magp 0, 1, 2 u 1. 4. paBHB cooTBeTcTBeHHO 48, 49, 50 u 1. A.
[Tosromy, uto6wl mpeofpasoBartbh gHciao MeHbiiee 10 B kox ASCII
COOTBeTCTBYIOLIeH HUGPEI, JOCTATOUHO NPHOABUThL K 3TOMY 4xcay 48.
IlepeBecTd- B nOCJIEN0BATENBHOCTD JIMTEP YUCIO, Gosbiuee 9, CJIOXK-
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Hee. [Tocnenuior HHQpPY TaKOrO YHCJAA MOJYYHTh JIETKO, MOCKOJABKY
3TO NPOCTO OCTaTOK OT AeseHHd Ha 10 (uucao mod 10). Taxum obpa-
30M, uHdphl ykcaa Jerde (hopMHpPOBaTE B ofpaTHOM mopsiake. Mur
NPOCTO IMKJIMYECKH MOBTOPSEM CJAeYIOUYe ONepaunuH: [IoJydeHue
nocsiefHe# NUQPLI, BBIUHCIEHHE OCTAJALHON YacTH uxcaa (pesy/abTar
ero ueJjoro nenenus Ha 10). Onperenenne storo Ha [Iposore BbITaA-
IUT CJIeAyIOmHUM 00pasoM:

ungpei _Haogopot(N,[Cl) :— N<10, !, C is N-+48.
ungpsi_Hao6opot(N,[C|Cs]) :—

C is (N mod 10) - 48,

N1 is N/10,

uudgpsi _Haotopor(N1,Cs).

Uro6el noay4uTb OUQPB B MPAaBHJAbHOM MOPSAKE, MOPHMEHHM
TPIOK: B 3TOT I[peJuKaTt A0OABUM JOIOJHHUTEJBHBIH APTyMEHT —
CITMCOK «y2Ke chopMHPOBaHHBIX» HADP. C NOMOILBIO 3TOrO apryMeHTa
MBI MOXKEM NOJyYaTh H(PLI 10 OAHOH B 06paTHOM MOPSIJIKE, HO B HTO-
FOBBIl CIIHCOK BCTABJSITE X B NPAMOM HOPAIKE. DTO ALIAETCS CJe-
ayiomuM ofpasoM. ITycts y Hac ectb uncno 123. B Hayane cnucok
«yxe copMupoBaHubix» wHdp ectb []. [lepsriM moayuaem uncao 3,
KOTOpOe 1peoBpasyeTcs B JHTEPY ¢ KOIOM b5l. 3areM Mbl peKypPCHBHO
BbI3bIBAEM lie10€_uM#, UTOOB HAATH Ludpsl uncaa 12. Cnucok «yxe
chopMupOBaHHBEIX» LHGD, KOTOPHIH Mepejaercsi B 5TO 1LeJNeBOE VT-
BEpPIKEHUE, CONEPKUT JIHTEPY, BCTABJEHHYIO B HCXOJHBIH CIIHCOK
«y®e chOpMHUPOBAHHLIX» HHUDDP — 3TO cmucok [51). Bropas wean
uenoe_uma BoigaeT Ko 50 (misi mudbpsl 2) B cHOBA BLISLIBACT LIEJOE _
MMS$l, HA 3TOT pa3 C YHCJIOM 1 H cO CIIHCKOM «yiKe CHOPMHPOBAHHBIX»
nudp [50, 51). Dta mocaexHss UeJdb YCHEIUHO BLITOJHAETCS H, 110-
CKOJIbKY uHco 6uwio Menbiie 10, paer otser [49,50,511. dror oreer
[epeiaeTcsl uepes apryMeHThl PAa3HbIX LeJiell uenaoe_HMs H JaeT OTBeT
Ha HCXOAHBIH BOMPOC — KakKue LUGPHL COOTBETCTBYIOT uHciay 123?

[lpuBesem Terepb BCIO NMPOrPaMMy IOJHOCTBIO.

[
[TopoauTk HOBHIH aTOM, HauMHAOUIMiCA C 3aJAaHHOTO KOpHH,
¥ OKaHUMBAIOWHICA YHHKAJABHBIM YHCJIOM.
*/
redatroM (Kopenb,Atom),
Bblnath_HOMep (Kopeun,Howmep),
name(Kopens,Mmal),
nenoe_ums(Howmep,Muma2),
npucoeauauTb(Mms 1, Mmn2 Ums),
name(Arom,Hma).
BulaTh_HoMep(KopeHb,Homep) :—
retract(rex _Homep(Kopens,Homepl)), !,
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Howmep is Homepl+1,
asserta(rek _nomep(Kopenr,HomMep)).
soiiath, Homep(Kopenn,1) :— asserta(rex _Homep{Kopets, 1)).

/% IlpeoGpa3oBaTh LeJ0Oe B CIUCOK LHQP #/
uenoe _umsi(llen,Urorcnu) — uenoe_ums (Uen,[],Wrorcnu).
uestoe_umsa(l, Tekenn,[C|Tekenu] :— 1 <10, !, C is 1448,
uenoe _ums(l, Texcnu,Urorcnu) :—
Yacruoe is 1/10,
Ocrarok is I mod 10,
C is Ocratok—+48
uesoe_umst(Hacruoe,[C|Texcnul,Mrorcn).

Tenepamop cnuckos cmpyxmyp (Hatmusce)

B HexkoTOpBIX NpPHKJ/AAHBIX 337auax I0JEe3HO YMETb ONpelensThb
BCE TEPMBI, KOTOPbIE MeJaioT MCTHHHBIM 3ajaHHBIA npeauxar. Ha-
npuMep, Mbl MOTAM Obl 3aX0TeTb HOCTPOUTL CMIHCOK BCeX jAeTell
Apnama n EBBI ¢ HOMOIIBIO TIpeHKaTa POAMTENH H3 TJ. 1 (B pacnona-
rasg 6a3ofl NaHHHIX C GAKTAMH POAMTENH O POJHTENLCKHX OTHOLIEHH-
s1x). Jlas 3Toro Mel MOrJIH OBl HCIIOJAB30BATHL NPEJUKAT 1O HMEHH
HaiiTHBCce, KOTOpHIH Mbl onpenenuM nuxe. llear HadTuBce(X,G, L)
CTPOUT CNMUCOK L, cocrosmufl u3 BceX o6beKTOB X TakUX, YTO OHH
NO3BOJISAIOT A0KAa3aTh corsacoBanHocTh ey G. Ilpu atom npeanona-
raetcs, uto fepemeHHas G KOHKPETH3HPOBaHA NPOM3BOJLHBIM Tep-
MOM, OJHAKO TaKHM, 4TO HAHTHUBCE paccMaTpUBaeT ero Kak IeJjeBoe
yreep:Kaenue [Tponora. Kpome toro nepemennast X f0JKHA IOSIBUTD-
cqa rae-to BEYTpH G. Takum o6pasom G MOKeT OLITb KOHKPETH3HPO-
BaHA LleJICBBIM YTBepzkKAeHHeM [Ipojora npousBoOJBLHON CJOXKHOCTH.
Jlnst Toro, 4TOOBI HABTH BeeX aered Anama H EBBI, HEO6XOAUMO OLIJIO
Obl 3aj1aTh CJIEAYIOUHE BONPOC:

?— wnafituece(X, poaurenn(X,eBa,anam), L).

Ilepemennass L 6plia Ob1 KOHKPETH3HpOBaHA CIUCKOM Bcex X,
/151 KOTOPBIX Mperukary poautenu(X,esa,ajaM) MOXKHO HaHTH co-
nocrasJ/jeHde B 0ase JaHHBIX. 3ajaya HAUTHBCE 3aKJI0UaeTcsl B TOM,
4TOOBl MOBTOPATb MNONBITKH COMMIACOBATH €r0 BTOPOH AapryMeHt, H
KaK/JblH pas, KOrja 3T0 yAaeTcs, NporpamMMa JoJ>kHa 6paTh 3HaueHHe
X ¥ noMemath ero B 6a3y gaHabeix. Korjga nomslTKa COrJacoBaThb BTO-
poOf apryMeHT 3aBepUIMTCS HEYJAuHO, cOOHPAIOTCs Bee 3HaueHHsa X,
3aHeceHHBle B 6asy AaHHbBIX. lloJy4YHBLUHACS NPH 3TOM CIHCOK BO3-
BpallaeTcs Kak TPeTHH apryMeHT. Ecsu mombITKa A0Ka3aTh €orJaco-
BaHHOCTL BTOPOrO apryMeHTa HHM pa3y He yJacTcs, TO TPeTHH apry-
MeHT OyJeT KOHKPETH3HPOBAaH INyCTHIM CNHCKOM. IIpH noMeineHHH
3JIEMEHTOB JI@HHBIX B 6a3y AaHHBIX HCIOJb3YyeTcsl BCTPOEHHBIH mpe-
JuKar asserta, KOTODHIH BCTABJISIET TEpMEI Nepej] TeMH, KOTOPbie HMe-
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10T TOT e camblil ¢yHkTop. UrTo6bl nmomecTHTh 3jemeHT X B Gasy
IAHHBIX, MBI 33Ja€M ero B KauecTBe KOMIIOHEHTHI CTPYKTYPH [0 HMEHH
Haiigeno. IlporpamMma i/is HalTHBCE BHILVISAMT CJAEAYIOHM 06pa3oM:
Ha#ituBce(X,G, ) (—
asserta(nafizeno(MapKkep)),
call(G),
asserta(unafizeno(X)),
fail.
nafituece(_,_,L) :— coGparb_uaiinennoe([],M), !, L=M.

cobparb_HafnenHoe(S,L) :— Basarth eme(X), !,
cobparb_HaligenHoe([ X S],L).

cobparb_HalineHHoe(L,L).

BaaTbele(X) :— retract(nafizeno(X)), !, X\ ===Mapkep.

[Ipenukar HalTHBCe, HaulHaeT CBOI PaGoOTy C 3aHeCeHHs cCiie-
IIMaJbHOTO MapKepa, KOTOPHIH NpeicTaB/sieT U3 cebsl CTPYKTYPY ¢
(GYHKTOPOM HalpeHO M ¢ KOMIOHEHTOH Mapkep. JTOT CheldaJbHBIH
MapKep OTMeuaeT MecTO B 6ase JaHHHIX, Nepejl KOTOPLIM GYLYyT 3aHe-
ceHbl (¢ momolbio asserta) Bce X, corsacytomue G ¢ 62308 LaHHBIX MPH
JIAHHOM 3a1ycke HaWTHBCe. 3aTeM JesaeTcsl NOMBITKA coryacoBatk G
U KaxIblll pas, Korja 370 yjaaercsi, X 3aHOCHTCSl B 6a3y LAHHBIX B
KayecTBe KOMIOHEHTHl pyHKTOpa Ha#pero. [Ipenukar fail unuunupy-
eT IIpPoliecC BO3BpaTa U MOIBITKY ITOBTOPHO corjacoBaTth G {(asserta
coryacyetcsl He Gosiee ofHoro pasa). Koraa nonniTka corjacoBath G
3aBepllaeTcsl Heyjauell, npolecc BO3Bpara NPUBOJHT K Heyjaue
NEepPBOro YTBEPKIEHHS U3 ONpeleseHUs HalTUBCe, U JenaeTcs IO-
NBITKA COIVIACOBATH B KAayecTBe LEJAH BTOPOe YTBep:KieHHe. Bropoe
yTBEp:KAeHHEe BbI3bIBaeT cOOpaTh_HaljeHHOe /15 BHIGOPKHM U3 0asbl
JTAHHBIX BCEX CTPYKTYD Hal€HO H BKJIIOYEHHS HX KOMIIOHEHT B CIIH-
cok. Ilpegnkar cobpatb_HaiiicHHOe BCTABJsIeT KXK/bIH 3JeMeHT B
nepeMeHHyIo, TJe XPaHUTCH CHHCOK «YyXKe COODAHHBIX» 3JIEMEHTOB.
AToT NpHEeM MBI paccMaTpPUBAJIM BhILe TpPH pasbope IporpaMMbl re-
HatoM. Kak TOJBKO BCTpeuaercsi KOMIIOHEHTA MAapKep, B3sITbelle
3aBepuIaeTcss HeyjaadeH, mocse uero BHIGHpaeTCcsd BTOpOe yTBeEpxKie-
HYe AJad cobpaTh_Ha#dpeHHoe. [IpH comocTaBjJeHHH ero ¢ TeKylueH
LieJIbI0 BTOPOH apryMeHT (pe3yJbTaT) CUEMJIsIeTCA € NepBbIM apry-
MEHTOM (C HaGpaHHBIM CITHCKOM)

3ametHM, 4TO IPUCYTCTBHE B Ha3e NAaHHBIX CTPYKTYpH HaiaeHO
(Mapkep) yKasblBaeT Ha HEKOTOPOe KOHKpeTHoe ynoTpeb/eHue Haii-
THBCE. DTO O3HAYaeT, YTO HAHTHBCE MOXKET BhbI3bIBATHCS] PEKYDPCHB-
HO — Jito60e HCHO/Mb30BaHHe HaATHBCE BO BTOPOM apryMeHTe Apyro-
ro HalTUBce 6yJeT 06paGoTaHO MPABUJIBHO.

B pasn. 7.9 Mel paspaGoraeM mporpaMmy, KOTOpas HCIOJb3yeT
npeIdKaT HaHTHBCE NI TIOCTPOEHHS CIIHCKA BCeX NOTOMKOB y3ja B
rpacde. DTOT CIHCOK HEOOXOAUM /ISl pPeann3alid NporpaMMel OMCKa
no rpady BIIHPb.
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Ynpaxknenne 7.7. Hamummre Ilponor-nmporpamMmy cayuaitHbiii_
BLIGOP TaKyl0, UTO Iiesb cayyaiHbiii_BbiGop( L, E) xonkperusupyer E
cayuaitHo BbIGpaHHBIM 3seMeHTOM cmHcka L. Iloackaska: ucnoss-
3yHTe reHeparop CAyuaHHBIX YHCeN M ONpele/HTe NMpeAuKar, KOTo-
pblii BozBpawaer N-# 3/IeMeHT ClHCKa.

YnpaxHenue 7.8. 3anana neas HaiTusce(X, G, L). Uro nponsoii-
zeT, ecqid B G UMEIOTCH HEKOHKPETH3HPOBAHHBIE IePeMEHHEIE He CLEl-
JeHHble ¢ X?

7.9. Tlouck no rpacdy

I'pad — 3710 cetb, cocTOsilAsl M3 Y3JI0B, COEIMHEHHBIX IyTaMHU.
Hanpumep, reorpaduueckyio KapTy MOXKHO pPacCMaTpPHBAThb Kak
rpad, rie y3jaMH sBASIOTCS HACETEHHbIE MYHKTH, & AYTaMH, COEIH-
HsllollMe X Aopord. Eciy Bbl XOTHTE HalTH Kpardammi MapupyT

a(g,h.
a(g.d).
aee.d). N

ach,f).
ate,f). \
aa,e). d

ala,b). et _=f
acb,f).
acb,c).
acf,c).

Puc. 7.3.

MeXKIy ABYMA HacejJeHHBIMH NYyHKTAMH, BaM MPEACTOHT pEliHTb 3a-
Iady HaxXOXKJEHWsl KpaTyafiero myTH MeAy ABYMSA y3Jamd rpada.

IMpome Bcero onucatb rpad B 6ase JaHHLIX C MOMOIIbIO (AKTOB,
MPeNCTaBAAIINX AYTH MeXay y3aamu rpada. Ha puc. 7.3 npusenen
npuMep rpada M ero npeicTaBjeHHs ¢ NoMomibio ¢aktoB. UTobwi
TIPOHTH OT y3Jia g K y3JY a, MBI MOXKeM IOHTH 1o nyTH g, d, e, a HJn
o OJAHOMY W3 MHOTHX JAPYIMX BO3MOXKHBIX NyTed. Ecau MBI mpen-
CTaB/sieM OPHEHTHPOBAHHLIA Tpad, TO NpefHKaT a CJeNyeT NOHHMATh
tak, uro a(X,Y) osnauaer, yto cymectByer Ayra u3 X B Y, HO H3
3TOro He cjefyer cyliectBoBanue nyrd U3 Y B X. B nannom pasgene
Mbl GyJEM HMETb IeJIO TOJBKO C HEOPHEHTHPOBAHHBIMH rpadamu, y
KOTOPHIX BCe NYTH IBYHANpaBleHHbIe. DTO JONYLIEHHEe COBMAJaeT ¢
TEM, KOTOPOe MBI JeJiaeM B pasi. 7.2 IMpPH MOMCKe B JaGHpPHHTE.

[Ipocrefimas nporpaMma noHucka 1o rpady, NpeIcTaBIeHHOMY
TaK, KaK YKa3aHO BbIlle, BRIIVIAAHT CAEAYyIOWMM 06pa3om:
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nepexoxn(X,X).
nepexon(X,Y) :— (a(X,Z);a(Z,X)), nepexoa(Z,Y).

K coxajieHHio, 3Ta nporpaMMma MOKeT 3auukJAuBaThed. IlosTto-
MY, KaK W paHblle, Mbl HCIOJAb3yeM CIHCOK T 11 XpaHeHHs! nepeyHs
TeX Y370B, B KOTOPLIX Mbl yXe noObIBaJH B KaKOH-IHGO pekypcuH
npearKara.

nepexoa(X,X,T).

nepexon(X,Y,T) :— (a(X,Z);a(Z,X)), not(npunannexut(Z,T)),

nepexon(Z,Y,[ZIT]).

dta nporpamma, pa3paboTaHHas B pasfl. 7.2, ocylIecTB/sET Tak
Ha3bIBaEMBIH NOMCK «BrIyOb», HOCKOJNBKY BHauajle paccMaTpuBaercs
TOJIbKO OfUH M3 cocellell yana no rpady. Hpyrue e coceny HrHOpH-
PYIOTCSl IO TeX NOP, NOKa HeyJayHble NMONBITKH COIJacoBaTh IeJH B
PEKYPCHBHBIX BbI30Bax He B0o3BpaTaT [lposior K paccMOTpeHHIO 1aH-
HOro yaJja.

Tenepr 1aBafiTe pacCMOTPHM TaKOH MOUCK N0 rpady, KOTOPBIH MOT
Obl GBITH MOJI€3€H HA mpakTHKe. Kak GhITh, eCod MBI JOJIKHBI COJIAHH-
pOBaTh MapUIPYT [0e34KH H3 oiHoro ropofa CeBepHOH AHIJIMH B
npyroi? lnsi sToro norpebyercsa Gasa AaHHBIX ¢ HHbopmaiyed o
noporax Mexay roponamy B CeBepHoit AHIJIHM H HX HPOTAKEHHOCTH:

a(HbIOKACT,Kapaaii,58).
a(kapnaiia, neHpuT,23).
a(rapauHrTOH, HbtoKacaT,40).
a(neHpuT, AapJaHHITOH,52).
a(y3pKUHITOH,Kapaaia,33).
a(y3pKHHITOH, IeHPHT,39).

Ha nexoropoe BpeMst Mbl MOXeM 3a0bIThb O DACCTOSHUAX M ONpe-
JeUTb HOBBIA MpeHKaT:

a(X,Y) :— a(X,Y,Z).

C TIOMOIbIO ATOTO OMNpejesieHEs] NpeinKara a yKe HMelouascs
nporpamMma noucka no rpady (nepexon) 6yjeT HAXOAUTh NyTH, TIO
KOTOPBIM MOXHO Ilepee3:KaTh H3 OJHOro MecTa Ha rpade B moGoe
apyroe. OnHako nporpaMma nepexoj UMeeT HeJOCTaTOK: KOTJa OHa
VCMeIIHO 3aBepluaercsd, Mbl HE 3HaeMm, KakKod nyThb ona Hamuia. Ilo
MeHbILEH Mepe MBI BIIpaBe OXKUAATb OT NPOrpPaMMbl NEPeXof, BHIAAYH
HaM B HYKHOM MOpPSIAKE CIIHUCKA MeCT, KOTOpble MPUIETCH MOCETHUT.
Tem GoJiee, uTO B nporpamMme UMeercs nepedeHb 3TUX MeCT, NPaBAa,
B HOpsilKe, oOpaTHOM TOMY, Kakoii HaMm HyxeH. YUToObl moayunts
NPaBHJBHEIA CIHCOK, Mbl MOJKEM BOCITOJIb30BaThbCs NPOrpamMoi o6p,
onpeneseHHoft B pasn. 7.5. Torna Mel moJiydyuM HOBOe OlpejesieHHe
NpPOrpaMMbl Nepexof, KOTOpasl BO3BpaljaeT HalAeHHBIH MaplIpyT ue-
pe3 CBOI TPETHH apryMeHT:
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nepexon(Crapt,lleab,Ilyts) :— mnepexonO(Crapr,llens,[],R),
06p(R,I1yTb).
nepexon0(X,X,T,[XIT]).
nepexoal(Mecro,Y,T,R) —
cnenysen(Mecro, T,Cocen),
nepexon0(Cocen,Y,[Mecto|T1,R).
cnenysena(X,beBamn,Y) — (a(X,Y); a(Y,X)),
not (npunamnexut(Y,beBann)).

3ameTHM, YTO NPeAHKAT caepy3e MO3BOJIRET N0/1ydarh s y3/1a
X «npaBuabHEIN» y3ea Y, T. . TAKOH, K KOTOPOMY MOXKHO HEnocpes-
CTBEHHO nepeliTd oT y3na X. Huxxe npuBoauTcs npumep paboTel 3TOH
mporpaMmbl IpH MoucKe MapiupyTa M3 JlapiuHrToHa B Y3DKHHTI-
TOH:

?— nepexoA(napJaHHITOH,y3PKUHITOH,X)
X =I[xapanHrToH, HbIOKaC,KAPJIalJI, TIeHPHT, YIPKHHITOH]

310 He camblfl JY4IIHH MaplipyT, OJHAKO, NpOrpaMma Ha#ler
Jpyrue MaplIpyTel €c/IM Mbl HHHIIMHPYeEM [polece BO3Bparta.

VY 3Toff mporpamMmel MHOIO HegoctatkoB. OHa COBepIUCHHO He Y-
paBJseT BbICOPOM CJELYIOUIero yuacTKa MyTH, NOCKOJALKY y Hee HeT
JOCTyTNa K NOJHOMY Ha0Opy BO3MOXKHBIX BapHaHTOB, a Te BHIGOPEHL,
KOTOpbIE Yy NpOrpaMMbl UMeIOTCS, He IMpeJACTaB/]eHb! fABHO B BHJe
CTPYKTYPHI, KOTOpAasi MOXKeT aHaJU3HpPOBAThCS MNPOrpaMMmoi, a He-
SIBHO NIpelonpesiesieHb! ¢cxeMoll paBoThl MeXaHH3Ma BO3BpATa.

Huxxe npusefeH nepepaGOTaHHBIA BapHAHT MNPOrPAMMBI, KOTO-
pBII oTaMuaeTcs OOJblleH YHUBEPCAJbHOCTHIO. B nanbHefimeM Ml
YBHJIHM, KaK C OMOILBIO MPOCTEIX H3MEHEHH | B 3TOH MporpaMmme Mox-
HO TOJIYYHTh pasHOOOpasHble METOABI MOUCKA.

nepexon(Crapr,lenn,[Iyte) :— mnepexoxnl(l{Crapr]l,Leanb,R),
06p(R,[1yTp).
nepexonl({[Tepsriit|Oct],llenn,[Tepsoiil) :— Ilepsblii =
[Leanl_).
nepexoxl ([[TTocnen|BriBanul|Mpounel, lens, [1yTs) :—
Haifituce([Z,Nocaen!beisaan],
cnenysena(llocaen, beiBanu,Z),Coucoxk),
npucoeanHnTh(Cnucok, [ 1poune, Hosl Iy th),
nepexonl (Hosllytu,lleas,ITyTs).

Ilpenurar caepysea ocraercs npexuum. [Ipexukary mepexopl
nepefiaeTcsl CHHCOK pPacCMAaTpPUBaEMBbIX IIyTedl BMecTe C KOHEYHBIM
MYHKTOM, H B HOCJeJJHEM aPryMeHTe OH BO3BPAIlAeT YAA4YHBIA OYThb.
CIHCOK paccMaTpHBaeMBIX NyTell — 3TO IIPOCTO BCe AOPOTH, HAUM-
HalolHecs: B HAauaJbHOH TOUKE, KOTOpBlE MBI yiKe paccMoTpeny. Ml
HaJeeMcsl, YTO OHA U3 HUX IIpH MPOAJEHHH NaCT Ny Th, KOTOPLIA MpH-
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BeJIeT Hac B KOHeuHbIH nyHKT. Bee nyTH npefcraB/ieHs! B BUAe ofpaTt-
HbIX CNHUCKOB HACeJIEeHHBIX NYHKTOB, TAaK YTO OHH MOT'YT TaKXe Bhl-
TIOJHATh (GYHKUUH [epeuyHs MeCT, TAe Mbl y>Ke GhIBaJH.

B caMoMm HauaJie HMeeTCs TONbKO OJHH BO3MOXKHEIH NTyTh, KOTOPLIL
MOJKHO IIBITAaThCA NPOIJUTE. ITO NPOCTO NYTh, KOTOPHIA HAauHHAeTCs
B HCXOJHOM NyHKTe M HHKyJa He Bener. Ecau Mbl craptyem u3 Jap-
JIUHTTOHA, TO 3TO Oyzer [mapauHrton]. Ecinm Tenmepn HccaenoBath
nyTd BelyinHe U3 JlapAHHTTOHA B COCElHHE TOPOAA, TO MOXKHO OOHa-
PYKUTb, UTO HMEIOTCS [BA BO3MOMKHBIX ITyTH [HbIOKACJ, JAPJIHHITOH]
H [neHpHT, napaunrton]. ITockonbKy YIpKHHITOH He BCTpedyaercs
HA Ha OJHOM M3 3THX nyTell, HeOGXOAUMO PeliHTb, KaKOH H3 3THX
nyTed cylefyeT NPOAO/IKUTh. EC/IH NpHHSITO pelleHHe APONJIUTD Tep-
BbIH MyTb, TO Mbl OGHAPYKHM, 4TO CYIIECTBYET BCErO OJHH AOCTYII-
HBIH y3esq — mocJIeXHHA ropof Ha 3ToM nyTtH. Mrtak, xpome myTH
Hapmunrton — IleHpHT ¥ Hac ecTh HOBBIA MyTh: [Kapaai, HbloKacd,
AAPJARHTTOH].

Ham «uskickarenby, nepexofl, BeleT NOJMHBIH CIUCOK MyTeH, IO
KOTOPHIM, MOXeT ObIThb, CTOMT ABHrathcsl. Kak e OH pemraer Kakoi
U3 myTel cleiyeT paccMOTpeTh NepBhIM? OH NMpocTO BLIGHpAET nep-
ebitl nonaswiuiica. 3aTeM OH HILET BCe BO3MOXKHEBIE CTIOCO0BI NpojJie-
HHSl 3TOr0 OYyTH 10 CJeLYIOUEro HaceJeHHOro MyHKTa (UCHOJb3yd
HaWTHBCE ]IS TIOCTPOEHHSA CIIHCKA BCeX TaKMX NPOIJIEHHBIX myTei)
¥ TOMEIaeT NMOJYUYHBUIHECH NYTH B HA4QA0 CNHCKA JJsI PAccMOTpe-
HUsI UX Ha CJEeJYIOUIeM yPOBHE PEKYPCHH.

B pesynbrare, nepexonl Bejer ceGst TakMM 00pasoM, YTO OH MHO-
npoGyeT Bce BO3MOXKHBIE CHOCOGHL NPOAJIEHHS] MepBOro MyTH Mpexie
yeM OyJeT paccMaTpUBaTh aJbTepPHATHBHBIE MyTH. Takas crparteris
IIOUCKA SIBJISIETCST OJHUM U3 BapHAHTOB noucka 82aybe. Mexay npo-
uyM, nepexofl paccMaTpHBaeT NMYTH COBEPLIEHHO B TOM iK€ NOPSIKE,
yro U nepexon(). DeITb MOKeT BaM 6yJeT HHTEPECHO BBIICHHUTH, MO-
4eMy 3TO TaK.

Ecnu Hac uHTepecyeT KparTyaHummi nyte or JlapJuHTTOHA 10
Y3pKHHITOHA, TO MMelollasicss nporpaMMa AJsi 3TOTO He IOAXOJHUT.
TlepBoe HalizeHHOe €10 pelleHHe — 3TO He KpaTdyaildi NnyTh, a Ha-
06opoT, caMbifl IMUHHBIA (B TaHHOM chayudae). Ham HY:KHO H3MeHHUTD
nporpaMMy TakuM o0pasoM, uTOObl OHA CTPOHJIA MYTH B MOpPSAKe
BO3pacTaHus UX NJIUHBL ECIH MBI H3MEHHM ee Tak, uTo0bl OHA Beerja
npojjeBasa Gojiee KOPOTKHE MYTH, IIpPeXAe UeM pacCMaTpuUBaTth 60-
Jiee IIMHHBIE, TO OHA Gy AeT BHIHYK/EHa HAXOIUTh BHAYAJE KpaTuaii-
Me MyTH (ecaM H3MepPSITh AJHHY NMyTH UHCJAOM TOPOJOB HA HeM).
[Tosyuennass nporpaMma GyZeT OCYILeCTBAATb NOUCK 6uiupsb. EnnH-
CTBEHHOE, YTO HYXKHO CIeJaThb A/ 3TOr0 — 3TO BCTABJIATH HOBBIE
aJIbTepHATHBBHL B KOHeIl BCEro CITMCKa BO3MOXKHOCTeH, a He B HayaJo,
Kak B Moc/efHeM npumepe. MBI pocTo HCnpaBUM BTOPOE YTBEpIKIe-
HHe B ONpeje/ieHHH nepexofl, uTtobbl OH BhIMIAAEN CJeLyIoHUM 06-
pasoM:
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nepexoxn! ([[Ilocnexn|briBann]|Ipoune],llens,[lyts) —
naituce(lZ,[Tocnen|briasu],
cnexysen(llocaes,briBanu,Z),Cnncok),
npucoeanBuTh(I Ipoune,Crincok,HosllyTn),
nepexonl(Hosllyu,lens,ITyTs).

Tenepb HCnpaBJCcHHAsA nporpaMMa HaXxOIHT BO3MOXKHBIE ITYTH H3
ﬂapJIHHI‘TOHa B ySpKHHI‘TOH B cJeAyIOlUEM NOpALKeE:

[napMHITOH, IEHPHT, y3PKHHITOH]
[Map/IHHITOH,HBbIOKAC, KapJail,y3pPKHHITOH]
[1ap/HHITOH, EHPUT,Kap A, y3pKUHITOH]
[napaunrTOH, HBIOKAC, KapAaHJI, IeH PUT, yIPKHHITOH]

Mul MOXeM 3HAUHTEJNBHO YNPOCTHThL 3Ty NPOTPaMMy, €CJH yBe-
PeHbl, YTO OTBET Ha BONPOC BCETrZa CYIIECTBYeT H €CJH HaM HYXKHO
TOJIbKO NepBoe perieHde. B 3toMm ciiyuae ornanaer Heo6XOAMMOCTE B
npoBepKe Ha 3audKauBaHue. [lompoGyiiTe caMOCTOATENBHO BhISAC-
HHUTb, MOYEMY 3TO TaK.

K coxasenuio, nyTh uepe3 HanMeHbILlEe YHCJIO TOPOJOB He 06s-
3aTesIbHO GYJET caMbIM KpaTuadiiiM [0 KHJIoMeTpaxy. Jlo cux mop
Mbl He IPHHHMAJH BO BHHMaH#e HHPOPMALHIO O PacCTOSIHUAX, HMelo-
mytocs B Haulem rpade. Ecau ke ™Mbl 106aBuM K HaleMmy rpacdy
HECKOJIbKO (DPHKTHBHEIX [OPOJOB, YTOGHI MONYUHTh:

a(HbloKacJs,KapJaaiin,b8).
a(kapnaii, neapur,23).
a(ropoab,roponaAlb).
a(neHpUT, 1apJUHITOH,52).
a(roponb,ropoaB,10).
a(y3pKHUHITOH,KapJsaii,33).
a(yspkuurrod,ropoaB,5).
a(y3pKHHITOH,eHpHT,39).
a(napJuHrTOH,ropofA,25).

TO IIyTh, KPAaT4aHIUNH N0 KUJoMeTpaxy, (hakTHYecKH BYIeT mOCTpo-
€H I0CJeJHHM, MOCKOJLKY OH MPOXOAHT uepe3 GOJbLIOE YHCJIO FO-
poxoB. C KaxkJAbIM OYyTeM, KOTOPBLIH MOKeT OLIThb NPOMOJKEH, Ham
HYXKHO CBSI3aTb H NOLJEpPXHUBATh B mpolecce paGoThl MPOTpamMMb
yKasaTesNb TeKyLleH AJUHBL 3TOro nytd. Torja nporpamMa Oyaer
BCerja MNpOAJEeBaTb NYyTh € HAUMEHBIIMM KHJIOMeTpaxoM. Takas
CTpaTerHsl HAa3bIBAaeTCsl TMOUCKOM [0 KPUTEPHIO nepssili-Ayuuiui.

Dylem Tenepp mpeicTaBisTL NYTh B CIHCKE aJbTePHATUBHBIX
nyteit B BHZe cTpykrypel r(M,Il), rie M — ofmas pauHa Nyt B
kuJjomerpax, a Il —cnucox mecr, rie Mbl yxke nobuiBand. Mogudu-
[ POBaHHBIH NPEJMKAT nepexof3 HaXONUT KpaTyafuMi nyTb B CIHUC-
Ke anbTepHaTuB. [Ipenukar kpaTuailmiuid Buijie/IgeT KpaTualung Ny Th
B OTIEJbHBIA CHHMCOK, a OCTaJbHble MyTH — B APYro# cmHcok. Ilpe-
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JHKAT NPORAUTb HAXOIUT BCE JOMYCTHUMBIC NMPOJOJKEHHA TeKYILEro
KpaTyaliliero MyTH H J06aBJsieT HX K CIHCKY. DTO B CBOK Oyepesb
TpeGyer HOBOH BEPCHH MpeIHKaTa Caefys3es, KOTopas NpHOaBAseT
paccTosiHue A0 CJAeAYIOIIEro TOpoja K yiKe BLIYHCJIeHHOMY PaccTosl-
HHIO. B 1esoM nporpaMma BBITVISOUT TaK:

nepexoad (Ilytn,lleas,IlyTs) :—
kparvafiwu it (Ilytn, Kparuaiimmi,OctllyTH),
npoauth(Kpatuaiwmii, Heas,OctlTytn,[TyTs).
npoaante(r(Pacer,[Tyte),leas, _,Ilyte) :— Ilyts = [Leas|_].
npoaauth(r(Paccer,[ITocnen|brsanul), Leas, [ytn, [yTs) :—
HalTHBCE (
r(D1,[Z,[Tocnen|BeiBanul),
cnenysea(llocaen,beianu,Z,Paccr,D1),
Crucok),
npucoenuauTb(Cnucok, Iy, HosllyH),
nepexoa3(HoellyTn,Liean,[Tyn).
kpatyaitwnii(([Tyrs|IlyTul, Kparyafiumi, [[Tyrs [Oct]) :—
kpatuafdmuii(Ilyru, Kparuaiimni,Oct),
kopoue(Kparvafimuii, [1yTe),
!
kpatuaimui({[lyts|Octl,ITyTs,0cT).
Kopoue(r(Ml,_),r(M2,_) :(— Ml << M2.
caeaysen(X,bruBanu,Y,Pacer,HosPacer) :—
aX,Y,Z); a(Y,X,Z)),
not(npunaznexut(Y ,brsann)),
HosPaccr is Paccr+Z.

Yrto0Bl MCNOJAB30BATH 3TY NpOrpaMmy, HeoGXOAHUMO 3ajiaTh BO-
npoc, Ccojep:KalMi NpeAHKaT Nepexop, OonpejeseHHbIl c/eIyouiM
obpasom:

nepexon (Craprt,llens,[lyts) :—
nepexoad(Ir(0,[Crapt])],llens,R),
06p(R,I1yTs).

Jta HOBas MNpOrpamMma YCelmHO CTPOMT BO3MOMKHLIE MYTH B HO-
pAaKe Bo3pacTaHus HX (PAaKTHYECKOH MPOTSKEHHOCTH. Moxer OhiTh,
BaM 3aXOueTcsi U3MEHHTb e€e TaK, YTOOBl BMECTe C OTBETaMH OHa Ie-
yaTa/ja AJHHBI PA3JHUHBIX NyTel.

Mel Jmmb 3aTpoHyJIM BONPOC O BO3MOXKHEIX CIOCOGaX OpraHu-
sanuu noucka no rpagy. CeeneHus: 0 TOM, KaK OCYIIECTBJISITh MOHCK
no rpagy ¢ HCIOJb30BaHueM Oosee 3(PeKTHBHBIX KPHTEpPHEB, yeM
«nepBeif JY4IUHH», MOKHO HaHTH B JIMTEpaType 10 HCKYCCTBEHHOMY
untessiekty. Hanpumep: Nilsson N. Principles of Artificial Intelli-
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gence, Springer-Verlag, 19821 u Winstone P. Artificial Intelligence,
(second edition), Addison-Wesley, 1984.%

7.10. Mpoceunsaii Apoiiku, Ilpoceusait Tpoiiku

Hpoceusaii Heotru, 1Tpoceusai Tpotixu,

Spamocgpera Pewemo,

Mycme ece xpammbte um omceem,

Hpocmete uucra nosydum 3amo.
Anorum

TTpocToe unca0 — 3T0 LeJI0e NONOKUTENbHOE YHCI0, KOTOPOoe Jie-
JIUTCSL Hallesio TOJIbKO Ha | ¥ Ha caMo ceGa. Hanmpuwmep, uncmo 5 —
npocToe, a uucyo 15 — Her, NOCKOABKY OHO AesuTest Ha 3. OfuH H3
METOJOB IIOCTPOEHHSA TPOCTBIX YHCEN HA3BIBAGTCA «PELIETOM Iparto-
cheHa». DTOT METOHl, «OTCEHBAIOWMH» NPOCTBIE YHCJA, He TPEBbILLIALO-
mue N, pabotaer ciaenyiomuM 06pasoM:

ITomectuts Bce uucaa or 2 10 N B pemeTo.

Brifpath ¥ yAananTh H3 pellleTa HaUMeHbLee HHCIIO.

BRJIIOUHTb 3TO UKCJO B CMUCOK MPOCTHIX.

[Tpocesite uepes pewiero (yaaJuTb) BCe YHCJA, KpaTHHIE ITOMY
qUCIY.

Ecan peniero He mycTro, TO NMOBTOPHTH INarn 2—5.

o oo

UtoGel mepeBecTH 3TH npaBusa Ha [IpoJsor, MBI onpefesum npe-
IMKar ueabie IJsl MOJYUYEHHs CNHCKa [esbiX UYUCes, NPeIuKar OT-
cedATb JJA MPOBEPKH KAXKJAOrO 3JeMeHTa pellera U NPefuKar yaalduTh
I CO3JAHUSA HOBOIO COJLEPIKHMOIrO pelieTa NyTeM YyAaJNeHHs U3
CTApoOro BCeX uMcesl, KPaTHHX BBIOPAHHOMY YHCJIY. DTO HOBOE CO-
JIEPXKUMOE OIISITh MepefaeTcsl NpelJUKaTy oTcesiTb. [lpeankat npoc-
Thle — 5TO NPeJIUMKAaT CAMOTO BepXHEroc ypoBHS, TAKOH YTO MPOCThIe
(N, L) KoHKpeTH3UpyeT L CMUCKOM NPOCTHIX YUCEN, 3aKJIIOUEeHHBIX
B avamnasone oT | 1o N BKJIOUHTENBHO.

npocteie(lIpenen,Ps) :— neawie(2,[Ipenen,ls),otcestn(ls,Ps).
neaste (Min,Max,[Min|Ocrt])

Min=<Max, !, M is Min+1,

nenvie(M,Max,0Oct).

uensie(_,_,[]).
otceats((],[]).
otcesatb([1]Is],[1|Ps]) :
yraautb(l,Is, HOB),OTceﬂTb(HOB,pS).
yranuts(P,[1,[]).

b Mmeerca nepesox: Huabcon H. ITpHHIHNB MCKYCCTBEHHOTO HHTENEKTA. —
M.: Panno u ceaAsb, 1985.— [Tpum. nepes.

2 Hwmeercs nepesol |-ro usnauua: Yuucron [1., I/chyccTBeHHuu AH1e/1/1eKT,—
M.: Mup, 1980.— llpum. nepes,
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yaanuts (P,II1Is],[I|Nis]) :—

not(0 is I mod P),!,ynamuts(P,Is,Nis).
yaamuts (P,1111s],Nis) :—

0 is I mod P,!,ynanurs(P,Is,Nis).

Ilponomkas 3Ty apudMeTHUecKyio TeMy, paccMoTpHM IIpoJor-
NpOrpaMMy, peajM3yIoLyIo PeKY pCHBHYI0 GOPMYJIHPOBKY alrOpHTMa
Epxnupa aasi HaxoxaeHus HaubGosbuero ofuiero pemutenss (HOI)
1 HauMeHbluero obmero kpatHoro (HOK) nByx uucen. Llenesoe y1-
sepxkzenne Hoa(l,J,K) noxasyemo, ecin K siBasiercs HauGoJbIIAM
obwuM nenvrteneM uucen 1 u J. LleneBoe yreepxknenue Hok(1,J, K)
nokasyemo, ecad K siBasieTcst HaUMeHBINMM OGUIMM KPAaTHBIM YHCe]
1ul:

Hox(1,0,1).
nox(I,J,K) :— R is I mod J, non(J,R,K).
nok(1,J,K) :— mnon(I,J,R), K is (I*J)/R.

3ameTHM, YTO H3-3a 0coBeHHOCTell cnocofa BHIYHCJIEHHS OCTAaTKa
3TH NpeAuKaThl He ABJAITCA «00pATHMBIMHY. DTO O3HAYAET, UTO JJIs
TOro utoObl OHH paboTaiy, HeoOGXOAUMO 3a6JaroBpeMeHHO KOHKpe-
TH3NPOBaTh nepemenHble [ u J.

YnpaxktHenne 7.10. Ecan uucena X, Y 1 Z TakoBwl, uTO KBajgpatr Z
paBeH cymMe kBaapaToB X H Y (1. e. eca Z*=X2%-+-Y?), TO ipo Takue
uicaa rOBOPAT, YTO OHHM 00pasytor [lugaeoposy mpoiixy. Hannumre
nporpamMy, nopoxaatoutyio Iludaropossr Tpoiiku. Omnpenenurte
npennkat pythag taxoil uro, 3anas Bompoc

?— pythag(X,Y,Z).

W sanpalBasi aJbTepHATHBHBEIE peuleHHsl, MBI NMOJYYHM CTOJIBKO
pasHblx IIngaropoBHIX Tpoek, CKOJbKO noxesaeM. Iloackaska: uc-
noJb3yHTe NpeIdKaThl, NOJOCHBIE LeJoe_HHCI0 U3 . 4.

7.11. CumposbHOe audrbepeHUHPOBAHKE

CumBOJbHEIM AH(depeHLHpOBaHHEM B MaTeMaTHKe Ha3LIBaercs
ornepanus npeoGpasoBaHusl OXHOTO apU(PMETHYECKOTO BHIPAXKEHUA
B 1pyroe apu(MeTHYeCKOe BLIpAXKEHHE, KOTOPOE HA3BIBAETCSl NpOuU3-
so0nok. [Iycte U oGosHayaer apupMeTHyeCcKOe BHIpasKeHHE, KOTOpPOe
MOXKET cojiepKaTh IepeMenHylo x. [IpousBonnasd or U mo x samuchi-
Baerca B Buae dU/dx u onpejensiercs peKYPCHBHO C IOMOIIbIO He-
KOTOPLIX TNpaBHJI Ipeobpa3oBaHust, npumeHsieMelx K U. Buauane
ClefyloT ABa TIpaHuuyHblX ycnoBusi. Crpeska osHauaeT «ipeobpa-
syercss B»; U n V 0603HaualoT BhIpaxKeHHs, a ¢ — KOHCTAHTY:

deldx — 0
dxldx — 1
d(—U)/dx —~ —(dUl/dx)
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d(U+V)/dx — dU/dx+-dV/dx
d(U—V)ldx ~ dUJdx—dV/dx
d(cU)/dx — c(dUldx)

d(UV)ldx — U(dV/dx)--V(dU/dx)
d(UIV)dx — d(UV=)/dx
d(U¢)ldx — cUe~1(dU/dx)
d(in0)ldx - U~r(dUldx)

3tor Habop npaBuJ JIerKoO HanucaTb Ha [lposiore, NOCKOMBKY Mbl
MOXeM MpEeACTABHTH apH(MeTHUeCKHe BblpaKeHHA KaK CTPYKTYpHI
¥ HCIOJB30BaTh 3HAKH omepauyil kKak (DYHKTOPBI 3THX CTPYKTYP.
Kpome Toro, conocrap/eHye HeseBOTO YTBEPKAEHUsI C 3ar0/J0OBKOM
npaBHAa Mbl MOXKeM HCMNOJMb30BATH KAaK COMOCTaBJeHHe 00pasios.
Paccmorpum uens d(E, X, F), koropas cuuTaercst COrJacoBaHHOIM,
KOTJa TIpOH3BOAHas Bhipaxkenus E no Koncrante X ecTh Bhlpaxe-
uue F. Ilomumo 3HaxoB onepauuit --,—, %, /, KOTOpble HMEIOT BCTPO-
eHHBle OIlpefieIeHusi, HAM HYXKHO Opele/UTh ofepalHio A, Takylo,
uro XAY o3Hauaer x¥, a TaKKe OJHOMECTHYIO ONEpPaIHIO™, TAKYIO YTOo
~X o3Hauaet «<MUHYyC X». DTU onpefieieHH s onepauuii BBeAEHb HCKJIO-
YHTEeNbLHO JJIs1 TOrO, 4TOOHl OGJerddTh pacro3HaBaHMe CHHTAKcHCa
BeIpaxkeHuil. Hanpuwmep, nocse toro kax d onpesesneH, MOXHO ObLIO
OBl 3271aTh CJIEYIOUIHEe BONPOCHL:

— d(x+1,x,X).
= 140

?— d(x*x—2,x,X).

X = xxl4+1xx—0

3ameTuM, 4TO caMo 1o cefe MpocToe NpeofpasoBaHHe OJHOTO BEI-
pakeHHusl B Jpyroe (Ha OCHOBE NpaBUJ) He BCErjia jJaeT pe3yJbTaT B
npuBefeHHo (ynpomenno#i) dopme. [TpuBenenne pesysbTaTa A0MK-
HO OBITb 3aNHCAHO B BHJE OTAeJIBHOH NpOLeAypH {cM. pasi. 7.12).
[Iporpamma nudxpepeHUNPOBAHHST COCTOMT M3 ONpelefeHHH JonoJ-
HUTEJBHBIX OnepamMi H [OCTPOYHOH TPAHC/SLUUN MPUBEJEHHBIX
BHIILIE IPaBHJI NpeoGpa3oBaHust B yTeepxkaeHua [lpoJora:

?— op(10,yfx,A).

?— op(9,fx,~).

d(X,X,1) — 1,

d(C,X,0) :— atomic(C).

d(-U,X,~A) :— d(U,X,A).

d(U+V,X,A+B) :(— d(U,X,A), d(V,X,B).
d(U—V,X,A—-B) :— d(U,X,A), d(V ,B).
d(C«U,X,CxA) :— atomic(C), C\ = , (U, X , ), I
d(U+V,X,BxU4-A%V) :— d(U,X,A), d(V,X,B)
d(U/vV,X A) — d(UaeV/\( 1),X,A).

1 HMeetcs B BHAY KOHCTaHTa B cMbicsie [lposora,— [pum. ped.
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d(UAC,X CxUAC—1)sW) — atomic(C),C\ =X,d(U,X,W).
d(log(U), X, AxUN(~1)) :i— d(U,X,A).

OGpatyte BHUMaHHe HA ABA MeCTa, B KOTOPHIX 3aJaH NpejHkar
oTceueHHs. B mepBoM caydae orceueHHe obecrieunBaeT TOT (haKT, YTO
NIPOU3BOZHAS OT IepeMEeHHOH MO Hell caMoil pacmo3HaeTcss TOJbKO
MEPBLIM YTBEPKJEHHEM, HCK/0Uas BO3MOXKHOCTb MPHMEHEHHS BTO-
poro yTBepkJAeHHs. Bo BTOpoM cJaydae mpefycMOTPEeHO 1Ba yTBep-
KaeHdss a5t yMHOxenud. [lepBoe — ang crienuanbHOro cayuas.
Ecan uMeer mMecto crnenuanbHBIl cayual, TO yTBep:KIeHHEe s 06-
Iero cayvas JOMXKHO OBITb YCTPAaHEHO U3 PACCMOTDEHHS.

Kaxk yxe rosopusock, LaHHasg NporpaMMa BEIJA€T PeEINEHHS B
HenpHBeaeHHON Qopme (T. €. 6e3 ynpoueHuii). Hanpumep, Bcsikoe
BXOXKJeHHe X%l MO)KeT ObITb MPHUBELEHO K X, 4 BCAKOE BXOXJIEHUE
Buja x#1--1xx—0 MoxeT ObITb NIPUBEJEHO K 2xX. B csenyiomem pas-
Jese paccMaTpHBaercst nporpamma anrebpanueckux npeobpasona-
HHH, KOTOPYIO MOXXHO HCHOJb30BATEH AJs YIIPOIUIEHHs apU(pMeTHIec-
KHX BhIpa:keHu#. [IpiMeHeHHBIH cIOCO6 OYeHb NMOXO0XK Ha TOT, KAKHUM
BBIIIE BHIBOJAHJIUCH 1IPOU3BOJHBIE.

7.12. Orofpaxenue CTPYKTyp H npeoGpa3oBaHHe JepeBbeB

Ecnn  nexkotopasi CTPYKTypa [OKOMIIOHEHTHO KOMHPYETC ¢
11eJIbl0 06pPA30BaHHsT HOBOH CTPYKTYPbl, TO Mbi OBOPHM, YTO OJHA
CTPYKTypa omobpaocaemcs B Apyryio. OOBHUHO NPH KONHPOBaHHU
Kayk/Jasi KOMIOOHEHTA CJIETKa H3MeHsieTcsi nofo6HO ToMY, Kak B V. 3
Mbl H3MEHAJH OJHO IpEJJIOKeHHe, mpeBpailas ero B Apyroe. B Tom
IIpHMepe HaM HHOTJ@ HY2KHO OBLJIO CKOMHPOBATH KAKOE-TO CJOBO B
TOYHOCTH B TOM BHJE, B KaKOM OHO BCTPETHJIOCH B MCXOJHOM Npej-
JIOXKEHHH, a MHOT/Aa NPH KONHPOBAHHH HAM HYMKHO OBLIO H3MEHHTb
¢J10BO. [IJIsi 3TOrO MBI HCIIOMbL30BAMH CAEAYIOUIYIO IPOrPaMMY, KOTO-
pasi omobOpasicaem nepBbIH apryMeHT npejuKkaTa npeo6pa3oBaTh BO
BTOPOH €ro apryMeHT:

npeobpasosatb([[1,[]).
npeobpasoBath(|A|B],[CID]) :— samenuts(A,C),
npeo6pasoBarhk(B,D).

ITockoabky oTofpaxeHHe HMeeT JOBOJBLHO IHPOKOE MPUMEHEH e,
MBI MOXKEM ONPEJEJHTb NPEeIHKaT 0TOGCNHC TaKOH, uTO leJieBoe yT-
Bepxjenne oto6enuc (P, L,M) corsacyercs ¢ 6a3of JaHHBIX, MpH-
MeHsAsa npeadkar P Kk KaxkJoMmy sJeMeHTy cnucka L u oGpasys B pe-
syJbrate HOBhIl ccok M. Tlpu stoM npennonaraercs, uro npemu-
Kat P uMeer ABa apryMeHTa: nepBbIH apryMeHT LJIs MEePEAayd «BXOJ-
HOTO» 3J1eMeHTa, a BTOPOR apTyMeHT — [ U3MEHEHHOr'0 3JIeMeHTa,
NOMJIEKALLETO BKJKOYEHUIO B COHCOK M.
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oro6emuc((_,[1,11).
oro6emuc((P,[XIL]LIYIM]) :—
Q= .IPX)Y],
call(Q),
oroGemuc(P,L,M).

O6 sTOoM onpefiesieHUM ClefyeT CKa3aTh HECKOJBLKO ¢JIoB. Bo-mep-
BLIX, ONpejiesieHHe COJIePIKUT IPaHHYHOE YCJIOBUE (MepBOe YTBEPKIE-
HHe) M ofuuil peKypCHBHEIA cuywail (BTopoe yTBepkieHue). Bo
BTODOM YTBEPKJEHHH HCMOJb3yeTcs: onepatop '=..", GOPMHPYIOIIHX
IesieBoe yTBepKJAeHHe Ha OcHOBe npenukara (P), BxoAHOTro a/eMeHTa
(X) n nepemenHoii (Y), Kotopyio npeaukar P JomKeH KOHKpPETH3HPO-
BaTh, 4yToObl 00pAa30BaThb WU3MEHEHHBIH 3JeMeHT. 3aTeM Jesaercd
MONBITKA COrJIacoBaTh 1eJb Q, B pedysbraTte uero Y KOHKPETHIHUPYeT-
cs1, 06pasysi TOJIOBY TPeThero aprymeHTa JaHHOTO BEI30BA NpelrKaTta
oro6cniuc. Hakoren, pexypcHBHEIN BHI30B 0TOGpa)aer XBOCT nep-
BOI'0 apryMeHTa B XBOCT BTOPOTO.

OyHKIMY npeanKaTa npeo0pa3oBaTh MOXKET BHIIOJAHATL MpEiH-
kar oro6enuce. ITonaras, yro npeadkar 3aMeHHMTb ONpejeNeH Kak B
ra. 3, TaKoe HCIOJb30BAHHE 0TOOCMHC MOTJIO Obl BHIIVIAAETE CJAEAYIO-
LIUM 06pasoM:

?— oro6cnuc(3aMenuThb,[you,are,a,computer],Z).
Z = li,lam,not],a,computer]

[IyteM ynpouieHHs1 NpeluKaTa OTOOCMAC NOJYyYAeTCsl NpeIuKaT
o6pabcnuc, KOTOpHIA NMPOCTO o6pabaThiBaeT CHHCOK, INPUMEHSST He-
KOTOPBIH IpeARKaT OT OJHOTO APTyMeHTa K KaXKIOMY 3JIeMEHTY CIHC-
Ka. IIpH 3TOM HOBREI# CIIHCOK He NOpOXKHAaercsd.

obpabemuc(_,l]).

o6pa6enuc(P,IX|L]) —
Q = ..[p,X],
call(Q),
obpatenuc(P,L).

3ameTuM, 4TO MpeiMKaT neyaTh _CTPOKH H3 IVI. 5 MOXKHO GBLTO GBI
3aMeHHTE 3anpocoM BHAa o6pabecnuc(put,L), rae L — 310 cTpOKa,
KOTOPYIO HYXKHO Hamedararb.

Oro6pakeHue NPHMEHUMO He TOJNBKO K CIUCKAM; OHO MOJKeT
GBITH OTpefeNieHo JJisl CTPYKTypHl JoGoro Bupa. Hanpumep, pac-
CMOTPHM apuMeTHUeCKOe BLIpaXKeHHe, COCTaBJEHHOe M3 (yHKTO-
poOB % U - , HMeloIIHX 1O ABa aprymerTta. Ilyctb MBI XOTHM OTOO-
Pa3uTh OJIHO BhIpaxKEHHE B JIPYroe, YCTPaHss NPH 3TOM BCe YMHOXKe-
Huda Ha 1. D10 anareGpanyeckoe NpHBeleHHe MOIVIO OBITh ONpeNesIeHo
€ NOMOIILIO Npeankara s Takoro, uro s(Op, L, R, Ans) ossauaer, uto
BHIpaXKeHHe, cocrosulee H3 onepauyd Op ¢ JeBplM aprymentoM L u
npaBbiM apryMeHToM R NpHBOAHTCH K YNpOLIEHHOMY BBIpAXKEHHUIO
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Ans. ®akThl, HeOGXOAUMEIE JJI1 YCTpaHEeHHA YMHOXeHHH Ha 1, mor-
JIM Obl BBHIFVIAZETb TaK (M3-3a KOMMYTAaTMBHOCTH YMHOXEHHSI HYXKHBI
aBa ¢axra):

s(#,X,1,X).
s(+,1,X,X).

Ora TaObMHLEL yOpOIeHHH MO3BOJseT HaMm Jio6oe BbipaxeHHe
Buza 1#X oro6pasutsh B X. [TocMOTPHM, KaK MOXKHO BOCMOJNB30BATh-
¢ 3THM B OpOTpamme.

I1pu npuBenenun Buipaxenus E ¢ noMouibio Takoi TabauLbL yIipo-
IleHUH, Mbl BHauaje JOJKHBI IIPHUBECTH JeBLH aprymeHT E, 3artem
NpUBECTH NpaBbli