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OnpepeneHve n anroputTm peLlueHUs
ronoBOJIOMOK

[Mouck B npocTpaHCTBe pelueHuu (B
rmyoOuHy/WLNPUHY)

NMpumepbl pelueHNA NorMvyecKknx sagad
O6wume BbIBOALI




£lllornyeckne 3agaun =
(rOJI0OBONOMKU)

JTormyeckasi ronoBONIOMKa COCTOUT U3 HECKOMNbKUX DaKTOB OTHOCUTENBHO
HeDOsbLOro Yncna o6bLEKTOB, KOTOPbIE UMEIKT PasfNYHbIE aTPUBYThI.

MuH1UManbHoE Yncro dakToB OTHOCUTENBLHO OOBLEKTOB N aTpnbyTOB
CBSI3aHO C XXeNnaHMeM BblgaTb €ANHCTBEHHbIV BAPMAHT Ha3HaYeHUs
aTpnudyToB 0ObEKTAM.

SaqaCTyro B 3aja4ve yCTaHaBJIMBae€TCA B3aMMHO-OQHO3HAa4YHOE
cooTBETCTBUE MEeXAy ABYyMA MHOXeCTBaMW. Ecnun atux Ol'paHI/I‘-IeHI/II7I HET,
TO 3agava CUINbHO YCNOXHAETCA (MPYU HEOAHO3HAYHOCTU MOTYT NOABUTBLCA
dalibTepHAaTUBHbIE PELUEHUA, I'IOTpe6OBaTbCF| BMELLATENTbCTBO
nonb3oBaTensa B peweHune n T.0.).

O6bLwKnn anropuTM peLLleHnst FosTIOBOSTIOMOK:
I'Iepeqvlcnmomﬂ ﬂ,eVICTBy}OU.I,I/Ie Jinua, nx gonyctumblie anI/I6yTbI
Saﬂ,aI-OTCFI nN3BeCTHbIle CbaKTbI 00 an|/|6yTax MU N X B3anMMOCBA3AX

3apaeTcsa BONpOC, COOTBETCTBYHOLLUNMA UCXOAHOMY 3a4aHWUI0, MPOUCXOANT BbI30B
npeankaTa novcka peLleHnin

PeweHune BblgaeTca B Buae KOHKPETU3NpOBaHHbIX NepPEeMEHHbIX (ECIN TaKOBble Obinu
3adaHbl), nnéo BbIBOAUTCS Ha 9KpaH KoMaHgamMmu Tmna write



[ToumMmep ronoBONMOMKN ri3

YcnosBwue:
BecepnytoT Tpoe apysen: benos, Puixkos, YepHos.

BptoHeT cka3an benosy: «[locMoTpu, oanH 13 Hac 6rIoOHANH, OPYyron —
PBDKUW, TPETUN — BPIOHET, HO HU Y KOTO LIBET BOSIOC HE COOTBETCTBYET €ro
damunnmn.

Bonpoc: kakoW LBET BOMoC Y ka)aoro cobecenHnkaz



/% P
eleHune roJjioBoJ1IOMKHM

surname ('BenoB') .
surname ( 'YepHOB') .
surname (' PspkoB') .

color ('psokmm') .
color ('ceernent') .
color ('uepusm') .

hair(X, Y) :-
surname (X) , color(Y),
X="'Benor',
not (Y="uepusm') , not (Y='ceermsm') .

hair(X, Y) :-
surname (X) , color(Y),
='YepHoB',
not (Y="uepnmmt') , not (hair('BesioB', Y)).

hair (X, Y) :-
surname (X) , color(Y),
X="'PsrkoB',

not (hair('BenoB', Y)), not(hair('UYepror', Y)).
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|_|OI/ICK peLleHnsa roflIoBOJIOMKU
6 |

% KoHkperusmpyem nepeMeHHble X M Y OONYyCTMMEIMM SBHAYEHUSIMU
% BTM BHaAYEeHUsT M OyOyT MCKOMBIMM PEeIlIeHMUSIMM Bamaumn

?- hair (X, Y).

X = 'Benos'
Y = peoxunt ;
X = 'UepHOB'
Y = cBeTysm ;
X = 'PrxoB'
Y = uepHIM ;



%Eonee CIOXHbIN MPUMEP: e
MOUCK COOTBETCTBUN

B aBTOMODOUNbHbLIX TOHKaX TPW NepBbIX MecTa 3aHANN
Aneuwa, lNeta n Konga. Kakoe MecTto 3aHaAn Kaxgbin 13
HUX, ecnu leTa 3aHAN He BTOPOE U He TPETbLE MECTO, a
Kong - He TpeTbe?

CnepBa 3anuwem gakTbl (04EBUAHbIE AAHHbIE):

/* Basa pmaHHBX MMeH */
uMs (ajnewma) .
uMs (ners1) .

nMst (KOJIST) .

/* Basa [aHHHX NPMUBOBRIX MecT */
MecTO (nnepeoe) .
MecTO (BTOpPOEe) .

MecCTO (TpeTne) .



“p oo
eleHne roJyioBOJ1IOMKHU

3anuviiem npasuna n npegukaTt nomcka
peLLeHuS

/* YcTaHaBJIMBaeM BSaMMHO-OINHOBHAYHOE COOTBETCTEUE
Mexny 6asamMm OmaHHBIX, X - B3JIeMeHT mu3 6aB3k JaHHBX MMEH,
Y - sneMeHT u3 6asB3m OAHHHX BaHSTHX MecT */

/* IleTss BaHsII He BTOPOe M He TpeTkhe MecTo */
coorBercTBMe (X, Y) :- mMmsa(X), X=newrs,
MecTo (Y) , not(Y=BTOpoe), not (Y=Tpernme) .

/* Konst BaHsinm He TpeTke MecToO */
coorBercTBMe (X, Y) :- mMa(X), X=konss, MecTo(Y), not(Y=Tperre).

coorBercTBMe (X, Y) :- mMa(X), X=anema, mecTo(Y).

/* Y Bcex pebsaT pasHme MecTa */
pewenne (X1,Y1,X2,Y2,X3,¥Y3) :-
Xl=nersz, coorBercTBMe (X1,Y1l),
X2=kons1, coorTBeTcTBMe (X2,Y2),

ePFr™ Y X X 1 er*™ \



3anyC|<aeM pewarens... iy

?- pemenwme (X1,Y1,X2,Y2,X3,Y3).

X1l = ners

Y1l = nepmoe

X2

KOJIsA

Y2 = BTOpPOE

X3 = anema

Y3 = rTperwse
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Jlornyeckune 3agayumn

[TpoCTpaHCTBO COCTOSAHUN - 3TO rpadp, BEPLUMHbLI KOTOPOrO COOTBETCTBYIOT
cuTyaumam, BCTpedarLmnmcs B 3agade ("npobnemHolie cntyaumn®), a pelueHune
3aadn cBOAMTCS K MOUCKY NyTU B 9TOM rpadoe.

[MpumMmepbl 3agad, rae UCnosb3yeTca NOUCK B MPOCTPaHCTBE COCTOAHMUN:
XaHowckne baluHu
3agada o BOsiKe, Ko3e U Kanycre
Nrpa B 15
3agava KoMmMmBosxKepa
[pyrue nornyeckme 3agaym (3BpMCTUKA, ONMMNnagHble 3agadn, npodnemol UN,...)

PaccMmoTpum Ha npumepax, kak dopMynmpyoTcs 3agadm B TepMMHaX NPOCTpaHCTBa
COCTOSIHUI, a Takke obcyanum obuime MeToabl peLleHnst COoOTB. 3adau.

[Mpouecc pelleHus 3agadn BKoYaeT B cebs nonck B rpade, Npy 3ToM, Kak npasuno,
BO3HUMKaeT npobnema, kak obpabaTbiBaTb ansTepHaTUBHbIE NYTU noncka. Mbl
paccMOTPUM ABe OCHOBHbIE cTpaTernn nepebopa ansrepHaTmB: NOUCK B MYyOMHY U
MOWUCK B LLUMPUHY.
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%I'Ipvuvlep 3afja4va ¢ Kybmkamu ri3

3agaya cocTouT B BbipaboTke nnaHa nepeynopsgovmBaHns Kybrukos, NOCTaBNEHHbIX
OPpYr Ha gpyra, Kak nokasaHo Ha puUCYyHKe. Ha kaxxgom Liary paspellaeTcs
nepecTaBnATb TOMbKO OANH KYOUK. KyBrK MOXHO B3ATb TONLKO TOrAa, Korga ero
BEPXHASA NOBEPXHOCTb cBOboAHA. KybuK MOXHO nocTaBuTb NMMOO Ha cTon, Nnbo Ha
apyron kyouk. [ns Toro, 4tobbl NOCTPOUTL TPeByeMbI NNaH, Mbl AOTKHbI OTbICKaTb
nocnenoBaTeribHOCTb XOA0B, peanuayoLLyo 3a4aHHy TpaHcdopmauunio.

OTYy 3agavy MOXHO NpeacTaBnATb cebe Kak 3agady Bbibopa cpean MHOXecTBa
BO3MOXHbIX anstepHaTmB. B ncxogHom cutyaumnmn ansrepHaTmMBa BCEro ofHa:
noctaBuTb Kyouk C Ha cton. MNocne Toro kak Kyomnk C noctasreH Ha CTos1, Mbl UMEEM
TPV ansTepHaTuBBI:

rnocrtasuTb A Ha CTO UNn
noctaButb A Ha C, nnu
noctasutb C Ha A.
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[ pad CcOCTOAHUU

Kak rnokasbiBaeT paCCMOTPEHHbIN NpPUMeEP, C 3agadaMn Takoro pofda CBA3aHoO ABa
TUNa NOHATUMN:

MpobnemHble cntyaummn.

PaspelueHHble xoabl U aencTeus, npeobpasytowmne ogHn NpobnemMHble cuTyaunn B gpyrue.
[MpobnemMHble CUTyaunm BMeCTe C BO3MOXHbIMW XO04amu 0bpasyoT HarnpaBSieHHbIN
rpad, HasblBaeMbIN rpPOCmMpaHcmeom cocmosiHul. BeplunHbl rpadpa COOTBETCTBYHOT
NPOONeMHbIM CUTyaunam, Oyrm - paspelleHHbIM nepexogam 13 oaHUX COCTOAHUN B
apyrue. 3agadva oTbiCKaHMA NiaHa peweHnsa 3agadn aKkBMBaneHTHa 3ajgade
NOCTPOEHNA NYTN MexXy 3afaHHOW HavanbHOM cuTyaunen ("ctapToBon” BEpLLUNHON)
N HEKOTOPOW YKa3aHHOW 3apaHee KOHEYHOW CUTyaunen, HasbiBaeMom TaKkxke uesiesol

NMpumeyaHue:

Kaxgomy paspelueHHOMY xo4y unu gencTBuio
MOXXHO NpunmucaTtb ero CToumocTb. Hanpumep, B
Hallen 3agadve CTOMMOCTHN, MPUNUCAHHbIE
nepemeLleHnam Kyonkos, OyayT ykasbiBaTb HaM Ha
TO, YTO HEKOTOpbIE KyOMKMN NnepemeLaTtb TpyaHee,
yem gpyrue. B Tex cnyyasx, korga Kkaxgbin xoq
UMEET CTOMMOCTb, Mbl 3aMHTEPECOBAHLI B
OTbICKaHUU peLleHnst MMHUMaribHOW CTOMMOCTMW.
CTOMMOCTb peLleHust - 3TO CyMMa CTOMMOCTEN VT,
N3 KOTOPbIX COCTOUT "peLuarowimm nyTe" - NyTb N3
CTapTOBOW BepPLUNHbI B Lienesyto. J1Inbo moxet
notpedboBaTbCH HANTU KpaTyanlwun NyTb NO KOMN-BY
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#Pewenme 3anaun o kybukax

% ymajeHue sJjeMeHTa X M3 CIMcka, pesyJbTar — B L
del(X, [X | L], L).
del(X, [Y | L], [Y | L1]):- del (X, L, L1).

% Hepexon Mexny cocTodHumaMM: s (X, Y)

% Toe X - npenboymmi, Y — [IOCJHeIYyRIMM IOONYyCTMUMMEBIM mar/CcoCTodHMKe

% nepeHecTu BepxHUM KyoOmk Topl Ha crTonbuk Stack?2

s( Stacks, [Stackl, [Topl | Stack2] | OtherStacks] ) :-
del ([Topl | Stackl], Stacks, Stacksl), % HaviTy MnepBHM CTOJIOUK
del (Stack2, Stacksl, OtherStacks). % HaviTy BTOPOM CTOJIOUK

goal (Situation) : -
member ([a,b,c], Situation). % lleneBroe COCTOSHUE
AnropuTMbl NOUCKa peanusyoTcd B NporpaMmmMe B BUAE OTHOLLEHUS:
solve (Start, Solution)
roe Start — HavanbHbIN y3es B NPOCTPaHCTBE COCTOSAHUN,

a Solution — nyTb OT y3na Start A0 nGOro Lenesoro ysna.

o

s BrI3OB 1nomcka:
?- solve([[c,a,b]l, []1, []1], Solution). % OnpemeJsyieHuMe CM. najiee
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¥ CTpatervisi novcka B rmy6uHy e

[nsa Toro, 4Tobbl HANTK peLuatroLmin NyTb Sol N3 3agaHHON BePLUMHBLI N B HEKOTOPYHO
LierieByr0 BEpPLUMHY, HeOBX0ANMO:

ecnun N - 3TO UeneBas BepLmnHa, TO NoNoXuTb Sol = [N], nnu

€CIv A4ns NCXogHou BepLUnHbI N CyLLecTBYET BepLUnHa-npeemMHuK N1, Takas, 4To MOXHO
npoBecTn NyTb Soll N3 N1 B LieneByto BEPLUMNHY, TO NOMOXNUTb Sol = w | Soll].

% lLeJiepas BeplMHa
solve (N, [N]):-
goal (N) .

% COCTAaBHOM INIYyThb

solve (N, [N | Soll]):-
s(N, N1),
solve (N1, Soll).

Puc. 11. 4. [MpumMep NpoCcToro NpoCTpaHCTBa COCTOSAHWM:

a - craptoBas BepwuHa, f W j - ueneBble BEPLUNHbI.

Mopsaok, B KOTOPOW NMPOMCXOAMT NPOX0A NO BEPLUMHAM NPOCTPAHCTBA
COCTOSIHWUM Npu noucke B rnybuHy: a, b, d, h, €, i, j.

HanneHo pewenue [a, b, e, j]. MNocne Bo3BpaTa: [a, ¢, f].



OnTumMmnsauymsa noucka:
n3daBngaemMmcs OT LUMUKIIOB

Mol rosopum "B rnyounHy", nmea B BuAY TOT NOPSAO0K, B KOTOPOM paccMaTpmuBaroTCs
anbTepHaTMBbLI B MPOCTPaHCTBE COCTOSIHUW. Bcerga, koraa anropyutMmy noucka B
rmybuHy HaanexuT BblbpaTb N3 HECKOSbKNX BEPLUUH TY, B KOTOPYHO CneayeT nepenTtu
AN NPOAOSHKEHNA NoucKa, OH nNpeanovnTaeT camyto "rnybokyro” ns HMx. Camas
rmybokas BepLUnHa - 3TO BEPLUMHA, pacnonoXeHHada garblle gpyrux oT CTapTOBOW
BEPLUNHDI

Mouck B rMybuHy Hanbonee afeksaTeH PeKypCcMBHOMY CTUMIO NPOrpaMMUPOBaHUS,
npuHaTomy B Mponore. MNpuynHa 3Toro coCTouT B TOM, YTO, 0OpabaTtbiBas Lienu,
nponor-cuctemMa cama npocMaTpuBaeT ansTepHaTUBbI UMEHHO B rMyOuHy.

OueBuaHOE YyCOBEpPLUEHCTBOBAHME —
noGaBrieHne MexaHn3Ma o6HapyXeHUs! LIKIOB:
Hu ooHy 13 BEepLUVH, Y)XXe coaepKaLluxcs B NyTH,
MOCTPOEHHOM N3 CTAapPTOBON BEPLLMHBI B TEKYLLYHO e
BEPLUNHY, He cneayeT BTOPMYHO paccMaTpuBaTh :
B KQ4eCcTBe BO3MOXXHOWN ansTepHaTBbI NPOAOIMHKEHNS
noucka. lNMpaBnno MoXxHo cchopMynmpoBaTh B BUAE:

depthfirst( Path, Node, Solution) HauunHasch B a, MOMCK 3aKkaH4YMBaeT

BGeCKOHEYHbIM LMKNOM Mexay d U
a,b,d h,d hd..



Peannsauua nouncka B rnyon
be3 3aunKnuBaHuin

solve( Node, Solution):
Pemenmne Solution mpegcTaBisieT coboM auMKINMYECKMM NYTE (yS3JE B
% KOTOPOM yKaB3aHH B OOpaTHOM mnopsigke) Mexany ys3iaoM Node m mensn

o0 oo

solve( Node, Solution) :-
depthfirst( [], Node, Solution).

% depthfirst( Path, Node, Solution):
pemwenne Solution opMmupyeTcss B pesByabTaTe NPOLJIEHUSI IIYyTH
[Node | Path] mo uenermBoro ysna

o°

%

depthfirst( Path, Node, [Node | Path] ) T -
goal ( Node).

depthfirst( Path, Node, Sol) T -
s ( Node, Nodel),
not member ( Nodel, Path), % I[IpepmoTeBpaleHne LMKIA
depthfirst( [Node | Path], Nodel, Sol).



#Nouck B WNMPUHY ri3

B npoTnBONONOXHOCTbL MOUCKY B rMYyOMHY cTpaTterusi noucka B LUMPUHY
npegycmaTtpuBaeT Nepexoq B NepBYyro ovepeab K BepLunHam, Onmkaniimnm K
CTapTOBOW BeplunHe. B pesynsrate Npouecc nomcka uMeeT TeHOEHUMIO
pa3BmBaTbCca bonee B WMPUHY, YEM B rMyBUHY (CM. puUC).

[Monck B LUMPUHY NPOrpamMMUPYETCsl He Tak Nerko, Kak Nouck B rmyouHy.
[MprYnHaA COCTOAT B TOM, YTO HAM NPUXOAUTCH COXPaHATb BCE MHOXECTBO
anbTepHaTUBHbIX BEPLUMH-KaHANOATOB, a HE TOMNbKO OHY BEPLUMHY, KaK Nnpu
noucke B rnyobuHy. bonee Toro, ecnu Mbl XXenaem nNony4Y1MTb NP NOMOLLM
npouecca noucka peluaroLmi NyTb, TO OQHOIO MHOXECTBA BEPLUWH
HeAoCTaTo4HO. [1oaToMy Mbl ByaemM XpaHUTb HE MHOXECTBO BEPLUWH-
KaHOnOAaToB, @ MHOXECTBO Mymel-kaHanaaToB. Takum obpasom, Lenb

breadthfirst( Paths, Solution)

NCTUHHA TONbLKO TOraa, Korga CyuwlecTByeT NyTb U3 MHOXECTBa KaHOMOaToB
MyTKn, KOTOPBLIN MOXET ObITb MNPOAOIMKEH BMNSIOTh 40 LIENEBOWN BEPLUUHDI.
OTOT NPOAOITKEHHLIN NYTb U €CTb Solution.
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[ pad noucka B LUMPUHY ri3

MpocToe NpPOCTPaHCTBO COCTOSIHWUNA:
a - CTapToBas BeEpLUMHA,
f n j - uenesble BepLWNHDI.

MNpuMeHeHne CcTpaTernm NoMcka B LUMPUHY
[AET Cneaywmi NopsiAoK npoxoaa no
BepwwuHaMm: a, b, ¢, d, e, f.

bonee KopoTkoe pelueHue:

[a, ¢, f]

HangeHo paHblle, YeM bonee ANNHHOE:
[a, b, &, j]




090000
% Peann3aLysi NOUCKA B LIMPUHYES.

UT0ObI BbIMOMHUTL NMOUCK B LUMPUHY NPW 3a4aHHOM MHOXECTBE MyTewn
HY>KHO:

ecrnv rornosa NepBoro NyTu - 3TO Lienesas BepLUMHA, TO B3ATb 3TOT NYTh B
KayecTBe peLleHns

MHa4e yagarnnTb HepBbIVI nyTb U3 MHOXeCTBa KaHOMOAaToB U NOpPOoANTb MHOXECTBO
BCeX BO3MOXHbIX I'IpO,EI.OJ'I)KeHI/II7I 9TOro Nyt Ha OAuH wWwar; MHO>XXeCTBO
I'IpO,EI,OJ'I)KeHI/II7I ,EI,O6aBI/ITb B KOHeU MHOXeCTBa KaHAMnAaToB, a 3aTeM BbIlNOJIHUTb
NOUCK B LLUIMPUNHY C NOJTYyHYEHHbIM HOBbIM MHOXECTBOM.

solve( Start, Solution):

Pemenue Solution - nyTb M3 BepumHbel Start k uenm

3
3

solve( Start, Solution) i -
breadthfirst( [ [Start] | 2] - Z, Solution).

breadthfirst( [ [Node | Path] | _ ] - , [Node | Path] ) i -
goal ( Node) .

breadthfirst( [Path | Paths] - Z, Solution) i -
extend( Path, NewPaths),
conc( NewPaths, Z1, 2), IJobaBuThk NewPaths B koHel]
Paths \== 21, MHOXEeCTBO BOB3MOXHEIX IIyTeM — He IIyCcToe

breadthfirst( Paths - Z1, Solution).

3
3
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3agadya 0 XxaHoOUCKoWM baluHe %

ABTOp: MaTemaTuK Jltoka,1883 roa.

"[Be-mo 8 HerpoxoOuMbIx OXKyHarisix, HedarleKo om 2opoda XaHos, ecmb
MoHacmbipb 602a bpamsbl. B Havyane epemeH, koe0a bpama co3daesan Mup, oH
g80308U2 8 3MOM MOHacmabIpe MpuU 8bICOKUX arlMa3HbIX CMEePXKHS U Ha O0UH U3 HUX
803/10XKUIT 64 OucKa, cOernaHHbIX u3 Yucmoao 3o51oma. OH rpukasas MoHaxam
rnepeHecmu amy 6awHo Ha Opy20lU cmep)XeHb (8 coomeemcmauu ¢ ripasusiamu,
pasymeemcs). C amoeo epemeHuU MoHaxu pabomarom 0eHb U Houb. Koezda OHU
3aKoH4Yam ceou mpyd, Hacmyrnum KoHel, ceema."”

B Hawem npumepe Oyaem Ucnonb3oBaTb BCErO 4 ANCKA U 3 CTEPXKHSI.
[MpaBuna nepemeLlleHns ANCKOB:
pas3peLllaeTcsa CHUMAaTb CO CTEPXKHS TOSIbKO BEPXHUWN OUCK,
3anpeLlaeTcs Knactb 60nbLWIKMA ANCK HA MEHBLLLUIA,
Npu KaXkaomM xoae nepeaBuraeTcst TofbKO OAUH OUCK.

B peweHnn 6y/:|,eM NCNosrnb30BaTb peKprI/IBHbIIZ NONCK BCEBO3MOXHbIX BAPUaAHTOB.
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PeweHue 3agayu

__ O XaHOUCKNX balluHaXx

% move (UMCJIO_AMCKOB, OTKyHAa, Kyna, uepes)

move (1,X,Y, ) :-
write ('llepeMemaeM guck ¢ '),
write(X), write(' crepxusst Ha '),
write(Y), nl.

move (N,X,Y,Z) :-
N>1,
M is N-1,
move (M,X,Z,Y),
move (1,X,Y, ),
move (M,Z,Y,X).

% [pemuxaT ONs1 Banycka IOMCKa pelmeHuy Bamadu pasMepHocTm X
hanoi (X) : - move (X, 'mer.', 'mpaB.', 'ueHnrp.').




Haxoaum pellueHune

XaHOUCKOW 3aaa4ul...

?- hanoi(4).

OVICK
OVICK
OVICK
OVICK

[lepememaemM
[lepememaemM
[lepeMemaemM
[lepeMmemaemM
[lepememaemM
[lepememaemM
[lepememaemM
[lepememaemM
[lepeMmemaemM
[lepeMmemaemM
[lepememaemM
[lepememaemM
[lepeMmemaemM
[lepememaemM
[lepeMmemaemM

Yes

Q0 0a

JIEB. CTEePXHsI Ha LEeHTP.
JIEB. CTEePXHsI Ha IIpaB.

LIEeHTP. CTEepPXHsI Ha IpasB.

JIeB. CTEePXHsI Ha LeHTpP.

IOUCK C JIeB. CTEepXHsI Ha LIeHTp.
IOUCK C JIeB. CTEepXHsI Ha NpasB.

AVCK C LEeHTpPp. CTEePXHsI Ha IIpaB.
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Eonee CIl0XXKHas 3agava:
- depmep (Bor-ko3a-kanycra)

o YcnoBwus: [encrsyouwme nuua:
doepmep ( Farmer ),
BOJK ( Wolf ),
ko3en ( Goat )
kanycTta ( Cabbidge )
Haxo4AaATCs Ha 0 gHOM (npaBoM) bepery

o Y bepera HaxoauTcsa nogka, B KOTOPYK MOryT NOMECTUTLCS TONbKO ABOE.
2 Henbas octaBnaTb Ha ogHOM Bepery Ko3y un KanycTy, KO3y U BoriKa.
o 3agaHue: Hago nepebpatbcs Ha Opyron (nesblin) beper Ha fogke.




PeweHue 3agayn:
onmMcaHue yCrioBuu

% OPOTMBOIIOJIOXKHEE 6Gepera
opposite ('IIPAB.', 'JIEB.').
opposite('JIEB. ', 'IIPAB."') .

% BOBMOXHBIE IepeMelleHUsT

move (state(X,X,G,C), state(Y,Y,G,C)):- opposite(X,Y). /*
BOJIKOM */

move (state (X,W,X,C), state(Y,W,Y,C)):- opposite(X,Y). /*
Kosom */

move (state (X,W,G,X), state(Y,W,G,Y)):- opposite(X,Y). /*
kanycrTom */

move (state (X,W,G,C), state(Y,W,G,C)):- opposite(X,Y). /*
onuu */

% HemonyCTHMMBIE COCTOSIHUSI
unsafe( state(F,X,X, ) ):- opposite(F, X). $ BOJIK CBEeCT
unsafe( state(F, ,X,X) ):- opposite (F, X). $ xKOBa CEmecCT

bepMmep c
bepMmep c
bepMmep c

bepmep

KOBYy
Kanycry



lig%"

path(S,G,L,L1) : -
move (S,S1),
not( unsafe(Sl) ),
not ( member (S1,L) ),
path( Ss1,G,[Ss1|L],L1),!.

[Tonck nyten pelleHuA

path(G,G,T,T):- !. $ HauOeHO O(OMHAJILHOE COCTOsIHMEe
% IJIs1 BHB3OBa pPelleHMsI MOXHO MCIOJIL3OBATh:

go:- go(state('IIPAB.', 'IIPAB."', 'lIPAB.', 'IIPAB. "),
state('JIEB.','JIEB.','JIEB.','JIEB.")).

go(S,G) :-
path(S,G, [S] /L) ’
nl,write ('llopagok nepemeumenmn (pewenme) :'), nl,
write path(L),
fail.
go(_,_).
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[lna opraHnsauumn yooobHowu =
doopmbl BbIBOAA. ..

member (X, [X]|_ 1) .
member (X, [ |L]) :- member (X,L) .

write move( state(X,W,G,C), state(Y,W,G,C) ) :-!,

write ('®epMep nepennmBaeT pexy c '),

write(X), write(' pexm Ha '), write(Y), nl.
write move( state(X,X,G,C), state(Y,Y,G,C) ) :-!,

write ('®epMep nepeBosuT BOJKA C '),

write(X), write(' 6epera pekm Ha '), write(Y), nl.
write move( state(X,W,X,C), state(Y,w,Y,C) ) :-!,

write ('®epmep nepemosuT kKOBYy Cc ' ),

write(X), write(' 6epera pekm Ha '), write(Y), nl.
write move( state(X,W,G,X), state(Y,W,G,Y) ) :-!,

write ('®epMep neperBosmuT kKanycry c '),

write(X), write(' 6epera pekm Ha '), write(Y), nl.

write path( [H1,H2|T] ) :- !,
write move (H1,H2) ,write path([H2|T]).

write path( _ ).
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#Nonyyaem rotoBoe pelLeHme

?- go.

[lopsmok nepeMeumeHnn (pemeHue) :

depMep nepeBosuT kOoBy C JIEB. 6epera pexm Ha I[IPAB.
depMep nepennseaeT peky c I[IPAB. pexkmu Ha JIEB.

depMep neperBoOBMT kanycrtry cC JIEB. 6epera pexmum Ha I[IPAB.
depmMep nepeeosuT kosy c [IPAB. 6epera pexm Ha JIEB.
depMep neperBosuT BONKa C JIEB. Gepera pexm Ha I[IPAB.
depMep nepennseaeT peky c I[IPAB. pekxmum Ha JIEB.

depMep nepeBosuT kOoBy C JIEB. 6epera pexmum Ha I[IPAB.

Yes
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/5 E
Lie oaHa roJioBoJjioMka...

MNMo6er ot 3ypra
[MepcoHaxu punbma «ctopusa urpyiekn: bass, Byan, Pekc n Xamm - yberatoT ot 3ypra.
M ocTanock TONbKO nepenTn Yepes nocrneaHnuim MocT, U OHM ByayT cBOOOOHbI.
OpaHako, MOCT O4EHb BETXMI U CMOXET OHOBPEMEHHO BblAEpPXKaTb TOSTbKO ABOUX U3 HUX.
Takxke, 4To Obl NEPENTM MOCT N HE NONACTb B JIOBYLLKA U SIMbl B HEM, HY>XEH (DOHapUK.
[Mpobnema B TOM, YTO Y HaLLMX YETLIPEX OpYy3en Bcero ogmH poHapuK n 3apsina 6arapeu
B HEM OCTarioCb BCEro JiMLb Ha 60 (LWecTbOeCsAT) MUHYT.
NrpyLukn moryT nepent MOCT B OHY CTOPOHY 3a pasfinyHoe BPeEMS:

Urpywka Bpewmsa

bass 5 MUHYT

Byaon 10 MUHYT
Pekc 20 MUHYT
Xomm 25 MUHYT

Tak Kak OQHOBPEMEHHO Ha MOCTY MOTYT Haxo4UTbCSH TOSTbKO ABE UIPYLLKN, OHU HE MOTYT

nepenTn MOCT cpa3sy BCe BMeCTe. TaK Kak UM HY>XeH (ooHapuK Ona rnepexona yepes
MOCT,

KOMY-TO 13 ABOUX, NepeLueimnx Yepes MOCT, HYXXHO OyaeT BepHYTbCS K OCTaBLUMMCH
UrpyLiKam,

4yTO Obl OTAATb UM (POHaPUK.



Pelenme sanaun «Mober o1 e
3ypra»

% GaxKTeI: BpPeMsa MNPOXOXIEHMS MOCTA KaXIuM T'epOoeM
time (buzz, 5).
time (woody,10) .
time (rex, 20).
time (hamm, 25).

o

% CIMCOK IOEMCTBYKIMX II€PCOHaXen
toys ([buzz,hamm, rex,woody]) .

o

cost([],0) :- !'.% unena mepexoma mMocTa paBHO (0, ecym BCce Nepeusm
cost([X|L],C) :- % mMHaue paBHa BPEMEHM CaMOT'0 MEIJIMTEJILHOTO
time (X,S),
cost(L,D),
C is max(S,D).

% BCIIOMOI'aTeJlbHBM InpenomnmrKaT: BEUMCIIASTCA KaXIad OOIIYyCTVMMaA TI'PYIIIla
% UTpyllekK, IOBUTAKIAACS HaANpaBO (BEODAET CHOUCKM IOJIMHBEL 2)
split (L, [X,Y] /M) :-

member (X,L), % ecium X ecTp B L

member (Y,L), % m Y ecTth B L

compare (<,X,Y), % u X<Y (BCTpOEHHIHN NOPEeIMKAT CPaBHEHWUS)

subtract (L, [X,Y] ,M). % ynanssem Bce X u Y ms L, pes-T — B M



nepexonbl

/* Vmesa — B NpeICcTaBJIEHUM IIPOMEXYTOUHEX COCTOSHMUM [IepPexXOIOoB uepes
MocT GakTamm Buza st(P,L), rme L - CIOMCOK UIPYyUEK, HaAXOISMUXCS
B IAHHBIM MOMEHT Ha JIEBOM CTOPOHe MOCTa, aP - npmsHaxk,
IoKa3bBaIMIM [IOJIOXeHVe GoHapuka (JieBad mIM IpaBad cTopoHa) */

move (st (1,Ll) ,st(r,L2) ,xr (M), D) :-
split(Ll1,M,L2), cost(M,D).

move (st (r,Ll1l) ,st(1,L2),1(X),D) :-
toys (T) ,
subtract(T,L1,R),
member (X,R) ,
merge set([X],L1l,L2),
time (X,D) .
$ trans/4 B OCHOBHOM I'€HEPUPYEeT BCE BO3MOXHEE I[I€pPexOIb Uepes3 MOCT

=2

o

BMeCTe C TpeOyeMEM BpeMeHeM
trans (st (r, []),st(r,[]),[]1,0).
trans(S,U,L,D) :-

move (S,T,M,X),
trans(T,U,N,Y),
append ([M] ,N,L),
D is X + Y.



lig%"

% cross/2 dopmMymMpyeT IIOMCKOBYIO 3alauy,
$ samaBas HauvaJIbHYD M KOHEUHYH KOHOUIypaLuM OIPOCTPaHCTBAa I[IOUCKA.

cross(M,D) :-

[Tonck pelieHnmn ri3

toys (T) ,
trans(st(1,T) ,st(xr,[]) ,M,DO),
D0=<D.

solution(M) :- cross(M,60).

% KOHel NPOI'PaMMEI

3anyck noucka peLueHus:

?- solution(M).

M=

r([buzz, woody]), 1l(buzz), r([hamm, rex]), 1l(woody), r([buzz, woody])
|

M=

r([buzz, woody]), l(woody), r([hamm, rex]), 1l(buzz), r([buzz, woody])
|

No



3agadva o pep3aax ri3

3agada 0 pacCTaHOBKE Ha LaxMaTHOW gocke pep3en Takum obpasom, YToObl HM OanH
n3 goepsen He Haxoawurcs nog 6oem agpyroro.

[nga Toro, 4ToObl 3a4ava bbina peweHa, TpebyeTcs pacctaBuTb ep3en Takum obpasom,
4TOObI BCE (pep3n 3aHUManu pasHble ropnsoHTanu, pasHole BEPTUKaNn 1 pasHbole
anaroHanu. Pe3ynesrat MOXXHO NpeacTaBUTb B BUAE CNUCKA, rOe KaXgbl 3rieMeHT Crmcka
- 3TO KOOpAMHAaTbLl 0OHOro 13 epaen. 3apaHee MOXHO OrpaHNYnTbL nepebop, paccTaBuB
doep3en No pasHbIM rOPU3OHTaNSM.

PelunTb noctaBrneHHyo 3agady MOXHO criegyowmm obpasom:

1. ecnu cnucok dpep3sen NycT, TO 3TO OAHO U3 peLleHn 3adaun;

2. ecrnv crvcok ¢ep3en He NycT, TO OH BydeT ABMNATLCA peLleHneM B Criyyae, ecrnm
dep3n B XBOCTE cnncka He byayT 6uTb apyr gpyra, TO eCTb XBOCT Cnucka cam dyger
peweHnem, n @enap. Haxond

u O/ ‘-'
N3 XBOCTA CIl ...’.,.Q..
H H BN

< H H |

.'. . .
-
®
PV
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¥ Peluenme 3a4a4n 0 Pep3ax

solution ([ ]).

solution ([queen (X,Y) |Rest]):-
solution (Rest),
belongs (Y, [1,2,3,4,5,6,7,8]),
notbeat (queen (X,Y), Rest).

notbeat (_,[ 1):- !.
notbeat (queen (X,Y), [queen (X1,Y1l) |Rest]) :-
Y<>Y1,
TmpY1l=Y1l-Y,
TmpX1=X1-X,
TmpY1<>TmpX1,
TmpX=X-X1,
TmpY1<>TmpX,
notbeat (queen (X,Y), Rest).

belongs (X, [X|L]).
belongs (X, [Y|L]):- belongs (X,L).

templ ([queen (1,Y1) ,queen (2,Y2) ,queen (3,Y3),queen (4,Y4),queen
(5,Y5) ,queen (6,Y6) ,queen (7,Y7),queen (8,Y¥8)]).

start:- templ (S), write(S), solution(S), write(S), nl, fail.




II%%F'

[lony4yeHHble pelleHns

[queen (1,4), queen (2,2), queen (3,7), queen
queen (6,8), queen (7,5), queen (8,1)]

[queen (1,5), queen (2,2), queen (3,4), queen
queen (6,8), queen (7,6), queen (8,1)]

[queen (1,3), queen (2,5), queen (3,2), queen
queen (6,4), queen (7,7), queen (8,1)]

[queen (1,3), queen (2,6), queen (3,4), queen
queen (6,5), queen (7,7), queen (8,1)]

[queen (1,5), queen (2,7), queen (3,1), queen
queen (6,6), queen (7,4), queen (8,2)]

[queen (1,4), queen (2,6), queen (3,8), queen
queen (6,7), queen (7,5), queen (8,2)]

[queen (1,3), queen (2,6), queen (3,8), queen
queen (6,7), queen (7,5), queen (8,2)]

[queen (1,5), queen (2,3), queen (3,8), queen
queen (6,1), queen (7,6), queen (8,2)]

[queen (1,5), queen (2,7), queen (3,4), queen
queen (6,8), queen (7,6), queen (8,2)]

(4,3),

(4,7),

(4,8),

(4,2),

(4,3),

(4,3),

(4,1),

(4,4),

(4,1),

queen

queen

queen

queen

queen

queen

queen

queen

queen

(5,6),

(5,3),

(5,6),

(5,8),

(5,8),

(5,1),

(5,4),

(5,7),

(5,3),



#BLIBOMLI

[lbocmpaHcmeo cocmosiHUU - 3TO HanpaBnNeHHbIN rpady, BEPLUNHbI KOTOPOro
COOTBETCTBYHIOT NPOONEMHbLIM CUTyaUMaM, a AYrn - BO3SMOXHbIM XodaM. KOHKpeTHas
3afadva onpegensieTca cmapmoegol eepuwuHoU N yernesbiM ycrioguemM. PelueHnto
3aadn COOTBETCTBYET NyTb B rpadye. Taknm obpasom, peLleHne 3agaym CBOANTCA K
NOUCKY MyTn B rpadgoe.

OnNTUMKM3aUMOHHbIE 3aa4n MOOENNPYIOTCA NPUMNUCBIBAHUEM KaXKaou ayre
NPOCTPaHCTBa COCTOAHUNA HEKOTOPOMN CTOMMOCTMW.

IMetoTcs IBE OCHOBHbIX CTpaTernm novncka B NpOCTPaHCTBE COCTOSAHWUIA - MTOUCK 8
2ry6uHy W MOUCK 8 WUPUHY.

Mounck B rmybuHy nporpaMmmmupyeTcst Hanbornee Nerko, oAHaKO NOABEPXKEH
3auuknmeaHuam. CyLLEeCTBYIOT ABa NPOCTbIX MeToAAa NpeaoTBpaLleHus
3aLUKITMBaHUSA: OrpaHUYnTb rMyOKHY Nomcka u He gonyckaTb OyOnnMpoBaHUs BEPLLNH.

Peanusaums novcka B LUMPUHY Bornee crioXkHa, NOCKONbKy TpebyeTcsa COXpaHATb
MHOXECTBO KaHAMAATOB. OTO MHOXECTBO MOXET ObITb C NMErKOCTbI0 NPeaCcTaBNeHo
CMMCKOM CMUCKOB, HO Bonee 3KOHOMHOE NpeacTaBneHue - B BUAe Aepesa.

Mounck B LUMPUHY Bceraa nepBbiM 0OHapYXMBaeT caMoe KOPOTKOE peLleHune, YTo He
BEPHO B OTHOLLIEHWUM CTPAaTErMm noucka B rnyouHy.



