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1. YHEBHAA NPOIPAMMA MO AUCLIUNNUHE
"MCKYCCTBEHHbIN UHTEJIJEKT U SKCIMNEPTHbIE
CUCTEMBbI"

Heab 1 3a1aun TUCHUIIMHBI, €€ MeCTO B y4eOHOM Ipolecce

[lenapto mpenojgaBaHusl JUCLUUILIMHBL SBIIAETCS OOyYEHUE METOJaM HUCKYC-
CTBEHHOT'O MHTEJIEKTA U JIOTHYECKOMY IPOrPAMMHUPOBAHUIO KaK HHCTPYMEHTY IS
CO3JIaHHsI IPOrPaMM UCKYCCTBEHHOTO MHTEJIICKTA.

B pe3ynbTraTe n3yd4eHHs! TUCHUILIMHBI CTYAEHTHI JOJKHBI:
® 3HAaThb OCHOBHBIE METO/Ibl ICKYCCTBEHHOI'O MHTEIUIEKTA JUUIS PEIICHUs 3a/1ad;

e yMeTh nporpammupoBars Ha [Iposore;
® yYMETbh CO3JaBATh JKCIIEPTHBIE CUCTEMBI.

Jlnst naHHOTO Kypca HE0OXOAUMO U3YyUYCHHE CIEAYIONUX MpeaMeToB: "AJl-
TOPUTMHUYECKHE SI3BIKA U porpammupoBanue” u "JIuckperHas mareMaruka'.

Conep:xanue JeKuuii

1. BBeaeHue B UICKYCCTBEHHBIN MHTEILJIEKT.

[Ipeamet "UckyccTBennbi uaTeIIeKT". CTPpYyKTYypa HCCleI0OBaHUN B 00Ja-
CTH MCKYCCTBEHHOTO MHTEJUIEKTa. JTalbl B pa3pabOTKe MCKYCCTBEHHOI'O MHTEI-
nekta (1637-1992). Ilcuxonoruueckass Teopusi uHtesekra. I[lpencrasienue 3Ha-
HUM U BBIBOJ 3HAHUM.

2. Jlorumueckoe mporpaMMHUpPOBaHNe

Beenenne B normyeckoe mnporpammupoBanue. Mcropusd. Jlornueckuil Bbl-
BOJ. [[puMeHeHune Meroaa pe30ronnid 111 OTBETOB HAa BOIPOCHI.

Brenenue B sa3bik [Iponor. Ocodennoctu sizbika [Iponor. [Ipumep Ilposor-
[IpOrpaMMBbl: pOACTBEHHbIE OTHOLICHUA. Ppa3pl XOpHA KaK CPEACTBO IMPEICTaBIIEC-
HUA 3HaHUS. Anroput™ paboTel uHTEpIipeTaTopa [Ipomora.

Cemantuka [Iponora. Ilopsaok mpemioxenuilt u neneil. JlexknapatuBHas u
MpOLEAYypPHAs] CEMAHTUKHU.

Crpyktypsl nanubix. Apudmeruka B [Iponore. Crpykrypsl. Crnucku. [Ipu-
MEpHbI UCITOIb30BAHUS CTPYKTYP.

Brenoruueckue npeaukartel ynpasieHus nouckoM. Orpanndenue nepedopa.
IIpumepsl, ucnosp3yromue orceueHue. OTpulianue Kak Heyaada. TpyIHOCTH C OT-
CEYEHUEM U oTpulanueM. [ IporpaMMupoBaHue NOBTOPSIOMINXCS ONEPALIA.

MeranporpamMmMupoBaHne. JKBUBAJIEHTHOCTh NMPOrpaMM U naHHbIX. [Ipenmo-
JI0’KE€HHE 00 OTKPBITOCTA MUPA.

Buenornueckue npenukaThl 0a3bl 3HAHUM W BBOJAA-BbIBOAA. JlocTyn K mpo-
rpammam 1 00padoTka nmporpamm. Beoa u BbiBoA. IIporpamma, kotopast yaurcs y
nosib3oBatests. [I[porpaMMupoBanue BTOPOTo MOpsiiKa. 3armoMuHaromuye QyHKIIHH.

Mopaudukanusi ciHTaKcuca (ornepaTopHas 3aIuch).



[Ipumeps! mporpamm.

3. Pemenne 3amau.
3amgada o kyoukax. OOmuii MeToa perreHus 3aaa4. OCHOBHBIE METOJBI I0-

ucka. Ceeaenue 3amady k noazagadam. W/MJIM-rpadel. Urpel 1 MUHMMaKCHBIM
MIPUHIIAIL.

4. DKCHEpPTHBIE CUCTEMBL.

OyHKIMM U CTPYKTypa dKCIEPTHOM cucteMmsl. lIponykuum n HeonpeneneH-
HOCTb. TpeboBaHU K COBPEMEHHBIM 3KCIIEPTHBIM CUCTEMAM.



2. KOHTPOIbHbLIE 3AO0AHUA

2.1. KoHTponb o6y4yeHus

Huciurmuraa "VICKyCCTBEHHBIM MHTEIIEKT U 9KCIEPTHBIE CUCTEMbI" H3yda-
€TCsl Ha MPOTshKEHUU IBYyX cemecTpoB (9, 10). B mponecce nuctaHTHOTO 00yUeHUs
JUCIUIUIMHE CTYIEHT JOJHKEH BBITIOJIHUTD JBA KOHTPOJIbHBIX 3a/I1aHMS, BBHITIOJHUTD
KOMITBIOTEPHYIO 3K3aMEHAllMOHHYIO0 padOTy MW KypcoBylo paborty. Kaxmgoe KoH-
TPOJIbHOE 3aJlaHue TPEOYET CO3aHUs HECKOJIBKUX MPOrPaMM.

B 9 cemectpe cTyeHT BBHIIOMHSET IBa KOHTPOJIBHBIX 3a1aHusd. KoHTpoiabHOE
3aJJaHUEe COCTOUT M3 HECKOJBbKUX 3a7ad, TPEOYIOIIMX COCTaBUTh MPOTpamMMbl Ha
[Iponore. CocTaBieHHbIE U OTJIaKEHHBIE MPOTPaMMBbI (0053amenbHO ¢ KOMMEHMA-
pusmMu 8 mekcme) CTYIEHT IO Mepe BBIMOJHEHHUS] MEPUOAMYECKUA TEepPEChUIaeT
IIeKMPOHHOU NOYMOU UIU HA OUCKeme JUCIIETYEPY IEHTPa ITUCTAHTHOTO O0ydye-
HUS, KOTOPBIA B CBOIO OUYepeb MEpechuIaeT uX JeKTopy. JIekTop mpoBepsieT mpo-
rpaMMbl ¥ TIPU TNPABWIBHOM BBITIOJIHEHUHU MPOrPaMMbl CTYJIEHT MOJydaeT MOJI-
TBEpXKICHUE O TOM, YTO OHM 3auTeHbl. Eciiu nmporpamma coctaBiieHa HENPABUIILHO,
CTYJICHT IOJIYYaeT OT JIEKTOpa TEKCTOBBIN (haiisl, B KOTOPOM COACP>KUTCA OMUCAHUE
omuOoK mporpaMmbl. [Ipy BBIOIHEHUU ABYX KOHTPOJBHBIX 33JJaHUN CTYJEHT MO-
JTydaer 3auer. B koHIlE cemecTpa CTYJEHT BBINOJIHAET KOMIBIOTEPHYIO IK3aMeHa-
IMOHHYI0 paboTy. Emy morpebyercss oTBeTuTh Ha 10 cily4ailHO BBIOpaHHBIX BO-
npocoB u3 100 Bo3moxHbIX. [lo pe3ynbTaTam OTBETa CTYIEHTY CTAaBUTCS DK3ame-
HAI[MOHHAs OIICHKA.

B 10 cemecTpe cTyaeHT JenaeT KypcoByr paboTy u moiiydaeT nuddepen-
LHAPYEMBIN 3a4eT.

2.2. NHctannauua SWI-Prolog'a

WNurepnperarop ¢ s3bika [Iponor npeacrasieH B BUAE yHaKOBaHHOTO ¢aiina
pl.arj. SWI-Prolog pa6oraetr B cpeae Windows (3.11 mam 95); s ero ycTaHOBKH
Ha KOMIIBIOTEpPE JOCTATOYHO paclakoBaTh (pailn pl.arj BMecTe co BCeMH XpaHsIIu-
MUCS B 3TOM (aiiyie karajioramu. 3amycTture ¢aitn pl.exe u3 karanora pl\bin u BbI
Bouzere B uHTepnperaTop. lIposor Beimaer npuriamenune "?-" M KIET BallIero
BBO/JIA.

UtoOsl HAOWpaTh MPOrpaMMbl, HATO BOCIOJIB30BATHCS KAKUM-JMOO BHEIII-
HUM TEKCTOBBIM penaktopoMm (SWI-Prolog He mmeeT coOCTBEHHOTO penakTopa).
Hampumep, BbI MOKeTe MOIB30BaThCs cTaHaapTHoOU mporpammoii Notepad ("0710k-
HOT"). HaGpaHHble mporpaMMbl COXpaHSWTE B BUJE TEKCTOBBIX (halJIOB C pacIIu-
penueM pl (HO MOXKHO M pacumupenue txt) B pabouyem karajiore. [lo ymonuanuto
pabounm katanmorom Oynaer pl\bin, HO BBl MOXETE 3TO M3MEHHUTH: ISl ATOTO CO-



3/1aiTe ApAbIK AJis pl.exe u u3MeHuTe pabounii KaTanor B CBOMCTBAX 3TOTO ApJbIKa.
YroOsl 3arpy3uth nporpammy u3 ¢aitna c:\pl\work\name.pl, Haxoasce B cpeae UH-
TepIipeTaTopa, Bbl JIOJDKHBI B OTBET Ha MpuriamieHue "?-" HaOpaTh ums daiina B
KBaJIpAaTHBIX CKOOKax

?- [name].
eclli yCTaHOBJIeH pabounii katanor - pl\work, wim HaOpaTe uMs Qaiisia ¢ MOIHBIM
MyTEM K HEMY,

?-['c:\p\work\name.pl'].
€CJI YCTaHOBJIEH APYyroil padouunii karamor. OTMETHM CIEIYIONIYI0 OCOOEHHOCTh
paboter B SWI-Prolog ¢ 6mokHotom. I[locine Habopa TekcTa mporpamMMmbl 00s3a-
TEIBbHO MEeperInTe KypcopoM Ha HOBYIO CTpouky, nHade SWI-Prolog npu 3arpyske
(haiisia ¢ mporpaMmoit BeIAACT OMMUOKY "HEOKUJaHHBINA KOHeI] daiia'.

2.3. [lepBoe KOHTpPONbHOE 3agaHue

3aaHue COCTOMUT U3 O 3aja4, B KOTOPBIX TPEOYEeTCsI COCTABUThH IPOrPaMMBbI
Ha [Iponore. IlepBrie ABe 3amauu TPeOYIOT 3alpOrpaMMHUPOBATh MPOCTHIE MPEIu-
katpl. Clieqyromnue aBe - TpeOYIOT HamucaTh MPOCTHIE MporpamMMbl. B mociemnnei
3ajadye TpedyeTcsl COCTaBUTh OoJiee CIOKHYIO IporpamMmMy Ha [Iponore (kak mpaBu-
70, TpebyeTcsl ONpeAeTuTh HECKOIBKO MpeAanKkaToB). [Ipu coctaBneHnn nmporpamMm
(ecim HE OTOBOPEHO MPOTHUBHOE) MOXKHO HCITOJIB30BaTh BCE BCTPOCHHBIE MPEIUKa-
ThI [Iposora. TeKCThI BCEX MPOTpaMM, €CITH BBl MBICTUTE B TyXe JIOTHYECKOTO TPO-
IPaMMHPOBAHHUS, TTOTYJIAIOTCS HEOOIbINHE.

SWI-Prolog ne umeer crangaptHoro help'a ans Windows, anst 3Toro uc-
nosib3yercst npenukar help. BeizoB help(<ums npeaukara>) BbIJaeT Ha dKpaH HH-
dopmarnto 06 sTom mpenukate. Boi3oB help(7) Bbimaer Ha sKpaH CIHMCOK BCEX
BCTPOCHHBIX MPEAUKATOB ¢ KOMMEHTapusiMU. TeKCTOBBIN (haiiyl pyKOBOJICTBA TIO
SWI-Prolog - pllibrary\manual. OTiaaky npeaukaToB MOMXHO OCYIIECTBIATH C
MOMOIIIBIO TIPEJNKaTa TPACCUPOBKHU trace(<uMs mpenukaTa™), TpacCUpOBKa Mpeau-
KaTa OTKJIIoUaeTcs - trace(<ums npeaukaTa>, -all).

IIpumep 3agaHus ¢ pelieHueM

3agaya 1

[TocTpoiite mpenukar position max(+L, -M, -N), kotopeiii B crmucke L
HAXOJUT MAaKCUMAJIbHOE 3HaueHnEe M 1 mopsaAKoBbI HOMEDP N 3TOTO 3HaYCHMUS.

3amaya 2

Onpenenute yMHOKEHHUE LETBIX YHUCEN Yepe3 CI0KEHUE U BEIYMTaHUE.

3amaya 3

CopTupoBKa ciucka mpocThiM 00MeHOM (TI0 BO3PACTaHHUIO).



3amaya 4

[lycts OuHapHOE NepeBO 3aJaeTcsi PEKypPCUBHON CTPYKTypoH tree(<iieBoe
MO/IEPEeBO>,<KOPEHBL>,<MPaBOE MOJICPEBO>) U MyCTOE JIEPEBO 3aaHO TEPMOM nil.
CocraBbre nporpammy subtree(+S, +T), onpenensioiryto, ABiseTcs 4 S moaaepe-
BoM T.

3anmaya 5a
Onpenenum onepaTopsl:

- op( 100, fy, ~).
- op( 110, xfy, &).
- op( 120, xfy, v).

byneBa dopmyna ecth Tepm, ompeaenseMblil cleayrommM o0pa3oM: KOH-
cTaHThI true u false - OyneBbl popmyssl; ecau X u Y - OyneBbl GOopMyJibl, TO U X V
Y, X &Y, ~X - 0yneBsl GopMyJibl, 31€ch V U & - OMHapHbIE HH(PUKCHBIE OTIepaTo-
PbI IU3BIOHKIINY U KOHBIOHKIIUH, & ~ - YHAPHBII OMEpaTop OTPULIAHUSL.

Hanuimure nporpaMmmy, paclio3HaroIIyto JIOTH4eckue Gopmysibl B KOHBIOHK-
TUBHOUW HOpMalbHOU (opme, T.e. GOPMYJIbI, SBISIOMMUECS KOHBIOHKIUEH JU3b-
IOHKITUHN JTUTEPAJIOB, TJE JIUTEepal - aToMapHasi popMylia UiIu €€ OTPUIIaHUE.

3amaua 5b

Hanummre npeaukar p(+N, -L) - ucTUHHBIA Toraa ¥ TOJBKO TOTJA, KOTAA
CIUCOK L colepUT BCE MOCIEN0BATEIbHOCTH (CMCKU) U3 N HyJel, eAuHull 1
JIBOCK, B KOTOPBIX HUKakKas Ludpa HEe MOBTOPSETCA JABa pa3a MoApsa] (HET Kycka
Buga XX).

Pemienue

3agaya 1

Bynem ucnonp30BaTh METOJT HaKaIUIMBAIOLIErO mapaMerpa. Jjis 3Toro BBe-
JIEM BCIIOMOTaTeNbHBIN mpeaukar position max(+List, +1, +MO0, +NO, -M, -N), rae
I paBen HOMEpY paccMaTpuBaeMOro 3JIEMEHTa B UCXOAHOM criucke, MO - Tekyiiee
3HaueHue Makcumyma, NO - MO3UIUs TEKYIIET0 MaKCUMyMa.

position_max([X|T],M,N):-
position_max(T,1,X,1,M,N).
position_max([],_,M,N,M,N).

position_max([A|T],1,X,_,M,N):-
A>X,
Kis I+1,
position_max(T,K,A,K,M,N).

position_max([A|T],1,X,Y,M,N):-
A=<X,
Kis I+1,
position_max(T,K,X,Y,M,N).



?- position_max([3,2,5,1,4,3],M,N).

M=5
N=3
Yes
3amgaya 2

Onpenenum npenukat p(+X,+Y,?R), rne X u Y comHoxutTenu, R - mpous-
BEJICHUE.

JlenaeM peKypcuiO MO BTOPOMY apryMEHTy IpeauKaTa, UCIOJb3ys PeKyp-
cuBHOE onpeneinenne X*Y=X*(Y-1)+X.

p(X,0,0).
p(X,Y,R):- Y>0,
Y1lisY-1,
p(X,Y1,R1),
R is R1+X.
p(X,Y,R):- Y<0,
Y1lis-Y,
pP(X,YLR).
3amauga 3

3aaHHbBINA CIUCOK L copTUpyeTCs MO CIEeYIOMIEMY aJrOpUTMY:

(1) ecnmu L comepXuT ABa COCENHMX DJIEMEHTA, HapyIIAlOIUX Tpedyemoe
YHOOPSIAOUCHHE, TO ITH AJIEMEHTHI MEHSIOTCS MECTaMHU, MOCJIE YEro K MOJy4eHHOMY
CIIUCKY MPUMEHSETCS 3TOT e aJTOPUTM;

(2) ecnmu B L He BcTpeyaeTcss HU OJHOW HEYMOPSIAOYEHHOM Mapbl COCETHHUX
AJIEMEHTOB, TO CIHUCOK L OTCOPTHPOBAH U TEM CAMBIM SIBISIETCS MCKOMBIM CITHC-
KOM.

[Tpenukat ord(+L) mpoBepsieT ABISETCS U CIIUCOK L OTCOPTUPOBAHHBIM.

ord([]).

ord([_]).

ord([X,Y|T]):-
X=<Y,
ord([Y|T]).

change(L,L):-
ord(L),!.

change(L,S):-
append(L1,[X,Y|L2],L),
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X>Y 1,
append(L1,[Y,X|L2],2),
change(Z,S).

OtceucHus B JaHHOM CJIy4ac€ JIMKBUAWUPYIOT MHOTI'OYHCJICHHBIC ITPABHUJIBHBIC
OTBCTHI.

3amaua 4
JI1st perieHust UCMOJIb3yeTCsl OYEBUTHAS PEKYPCHSL.

subtree(X, X).

subtree(X, tree(L,_, )):-
subtree(X,L).

subtree(X,tree(_, ,R)):-
subtree(X,R).

3amgaya 5a

W3 onpenenenus onepanuidi BUAHO, YTO KOHBIOHKIIUS M JAUIBIOHKITUS SBJIS-
I0TCSI IPABO ACCOIIMATUBHBIMMU, T. €. 3aIPOC
?2-X&Y&Z=A&B
npuBOAUT K yHU(uKanmu X = A, Y & Z=B.

OmnpenenuMm aBa BerioMmorarenbHbix npeaukara literal(X) u dis(X), koropbie
MIPOBEPSIIOT SBJSETCS JIU X JIMTEPAJIOM U DJIEMEHTAPHON JU3BIOHKIIMEH COOTBET-
CTBEHHO.
literal(true).
literal(false).

literal(~ X):-
literal (X).
dis(X):-
literal (X).
dis(X v Y):-
literal (X),
dis(Y).
con(X):- dis(X).
con(X & Y):-
dis(X),
con(Y).

?- con( true & (~ false v true v false) & ~ true).
Yes
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3amaya 5b
p(L,[[0],[1],[21D).
P(N,R):- N>1,
N1 is N-1,
p(N1,R1),
t(R1,R).

t([l.00)

t([X|T],2):-
t(T,R1),
s(X,R),
append(R,R1,2).

s([O[T].[[1,0[T].[2,0[T]]).
s([1[T1.[[0,1[T].[2,1[T]]).
s([2[T1.[[0,2[T].[1,2[T]]).

Bapuantsl 3aganuii

Bapuanr 1

1. Omnpenenute BO3BEICHHE B LIETYIO CTEIIEHh 4Yepe3 YMHOKECHHE U JICJICHUE.

2. Hamummre npemukar p(+L, -N) - ucTHHHBIN ToTa ¥ TONBKO Toraa, koraa N -
NPEANOCIIECIHAN 3JIEMEHT CIUCKa L, UMEIOIEro He MEHEEe IBYX 3JIEMEHTOB.

3. Hanwmmire mpeaukaT, aHaTOrMYHbBIN Npeankary subst (cM. BapuaHT 8, 3a1a4al),
HO MPOU3BOAIINN B3aUMHYIO 3aMeHy X Ha Y, T.e. X->Y, Y->X,

4. Hanumwure mpeaukaT, KOTOPBIA ONpEeIsieT, IBISETCS JIM JaHHOE HAaTypajbHOEe
YUCJIO MPOCTHIM.

Bocnons3yittecs 60mee o01ieit 3agaueii:

iIspr(N, M) - "Hucno N He aenuTes HU Ha OHO YHCIIO OOJIbIIee HTH paBHOE M 1
MeHblee N".

Nmeem ispr(N, M) -ucturHo, Bo-niepBbIX, eciii N = M, U, BO-BTOPBIX, €CITU UC-
TUHHO 1spr(N,M+1) u N He nenutcs Ha M.

5. Hamummwmre npenukart p(+N, +K, -L) - HCTHHHBII TOT1a ¥ TOJIBKO TOTa, Koraa L
- CIIUCOK BCEX MOCea0BaTeIbHOCTEN (CUCKOB) JinHBI K u3 uucen 1,2,...,N.

Bapuanr 2

1. Hammmmure npeaukat p(+X, +N, -L) - HCTUHHBINA TOrAa U TOJIBKO TOrAa, Korma L
- cnucoK u3 N pa3 NOBTOPEHHBIX 3JIEMEHTOB X.

2. Hanwummre npeaukat p(+L, -S) - HMCTUHHBIN TOrAa M TOJBKO TOT/a, Korjaa S -
CIIMCOK CIIMCKOB DJIEMEHTOB cmucka L, mampumep, p([a, b, c],[[a], [b], [c]]) -
HCTHHA.

3. CopTupoBKa CIKCKa MPOCTOM BCTABKOM (TI0 BO3PACTAHMUIO).

4. CopTupoBKa CIUCKA MPOCTHIM BHIOOPOM (10 BO3PACTAHUIO).
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Hanummmre npenukar p(+N, -L) - HCTHHHBIN TOTAa U TOJILKO TOT/A, KOI/a CITH-
cok L comepXuT Bce MocieaoBaTebHOCTU (CUCKK) U3 N Hyledl U eIUHHII, B

KOTOPBbIX HUKakas Ludpa HE MOBTOPSETCS TPHU pasza moapsa (HEeT Kycka BHJa
XXX).

Bapuanr 3

1.

2.

Hanwmmre npemukat p(+L, -S) - UCTHHHBIA TOrAa W TOJBKO TOT/A, KOTIA
L - cIIMCOK CIIMCKOB, a S - CITIUCOK, OOBEIUHSIONINHA BCE DT CIIUCKH B OJMH.
Hanummre npeaukat p(+L, -S) - HCTUHHBINA TOT/Ia M TOJIBKO TOTJIa, KOT/Ia CITH-
COK S €CTh IIUKJINYECKas epeCTaHOBKA JIEMEHTOB clucKa L, Hanpumep,

p([f1 g, h, J]! [gi h1 j1 f.l) -ACTHHA.

Hanummre npemukar p(+L, -N) - HCTHHHBIA TOrga M TOJBKO TOI/a, KOIJa
N - KOIMYeCTBO pa3IMYHbBIX JIEMEHTOB criucka L.

Hanummre npeaukar p(+X, +Y, -Z) - HCTHHHBINA TOT/Ia U TOJBKO TOrAa, KOraa
Z ecthb "mepecedyeHue" cmUCKOB X U Y, T.e. CIHCOK, COJEpKaIIUui MX OOIIHe
AJIEMEHTHI, IPUYEM KPATHOCTh KaXKJOTO 3JIEMEHTA B CIUCKE Z PaBHSIETCS MU-
HUMYMY U3 €r0 KpaTHOCTEW B criucKax X U Y.

Omnpenenure otHouieHue ordered(+Tree), BhIMOTHEHHOE, €U AepeBO Tree siB-
JISI€TCSl YIOPSAOUCHHBIM JIEPEBOM IIEIBbIX YHCEN, T. €. YUCIJO, CTOSIIee B 000
BEpILIMHE JAepeBa, OoJbllie J000ro 3JIeMEHTa B JIEBOM MOJJEPEBE U MEHbIIE
m000ro sJIeMeHTa B MPABOM MojjepeBe. YKazaHue. MOXKHO HCHOJIb30BaTh
Bciomorarenbhble npeaukatsl ordered left(+X, +Tree) wu ordered right(+X,
+Tree), KOTOpbIE IPOBEPSIOT, UTO X MEHbIIE (OOJBIIE) BCEX YUCEI B BEPIIMHAX
neBoro (mpaBoro) nojjiepena aepena Tree u nepeBo Tree - ynopsiioueHo.

Bapuanr 4

1.

2.

4.

S.

Hanwumure npenukat p(+X, +N, +V, -L) - HCTHHHBIA TOrAa U TOJIBKO TOTAA, KO-
raa cnucok L momyyaercs nociie mooaBiaenns X Ha N-e MecTo B CITHCOK V.
Hanummre npeaukar p(+N, +V, -L) - uCTHHHBIN TOrAa ¥ TOJBKO TOrAa, KOraa
criicok L momyvaercs nocne ynanenust N-ro 3jieMeHTa U3 ciucka V.
3anporpammupyiite mpenukat p(+A,+B), pacriozHarommii, MOKHO JM TIOJIYYUTh
CIIMCOK 3JIEMEHTOB A W3 CIHUCKa 3JIEMEHTOB B mocpencTBOM BEIYEPKUBAHUS HE-
KOTOPBIX 3JIEMEHTOB.

AnroputMm: Ecnu A - myctoil cniMcok, To oTBeToM Oyzaer "na". B mpoTuBHOM
CJIydae HY»KHO MOCMOTpPETh, HE MYyCT Ju cnucok B. Ecnu 310 Tak, T0 oTBETOM
Oynetr "Her". llHaue Hy)XHO CPaBHHUTH INEPBBIM AIEMEHT CIHCKa A C MEPBBIM
aneMeHTOM cnucka B. Eciin oHu coBmamaroT, TO HaJI0 CHOBA MPUMEHUTH TOT KE
aJITOPUTM K OCTaTKy clucKa A M ocTaTKy cnucka B. B mpoTuBHOM ciiydyae HyXk-
HO CHOBAa MPUMEHUTH TOT K€ aJTOPUTM K HUCXOAHOMY CIHCKY A U OCTaTKy
criicka B.

Hanumure npenukar p(+X, +Y, +L) - HCTUHHBIN TOr/Aa U TOJBKO TOTJa, KOTaa
X u Y SABISIIOTCSA COCETHUMH 3JIEMEHTAMU CIucKa L.

Onpenenum onepaTopsl:
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- op( 100, fy, ~).
- op( 110, xfy, &).
- op( 120, xfy, v).

byneBa ¢opmyna ectb TepMm, ompeAenseMblil cienyromuM o0pa3oM: KOH-
ctaHThl true u false - OyneBbl popmynsl; ecniu X u Y - OyneBbl Gopmysibl, TO U
XVvY, X&Y,~X - OyneBbl popMysibl, 371eCh V U & - OMHapHbIE HHPUKCHBIC
oTepaToOphl AUIBIOHKIIUN U KOHBIOHKIINH, & ~ - YHAPHBIN ONepaTop OTPUIIAHHSL.

Hanummre nporpammy, pacro3HaronIyIo JOruueckue GopMyibl B TU3bIOHK-
TUBHOI HOpManbHOU dopMme, T.€. HOPMYIIbI, SABISIOMIUECS TU3BIOHKIIUECH KOHB-
IOHKLIMH JINTEpaoB, I1€ JIUTEpal - aToMapHas GopMysa WK €€ OTpULIaHHE.

Bapuanrt 5

1.

Hanummmre npeaukat p(+V, -L) - HCTUHHBIN TOrAa ¥ TOJBKO TOI'JA, KOTAa CIIH-
cok L momydaercs mociie yaajaeHus BCEX MOBTOPHBIX BXOXKJICHHUH AJIEMEHTOB B
criucok V, Hanpumep, p([a, b, ¢, d, d, a], [a, b, ¢, d]) - uctuna.

Hanummre npeaukat p(+V, -L) - HCTUHHBIN TOrAa ¥ TOJBKO TOI'JA, KOI/Ia CITH-
cok L momydaeTcs mocie yaajaeHus U3 cinucka V BceX 3JIEMEHTOB, CTOSIIUX Ha
YETHBIX MecTax, Hanpumep, p([1, 2, 3,4, 5, 6], [1, 3, 5]) - uctuna.

Onpenenute otHomeHue sum_tree(+TreeOflnteger, -Sum), BeimosiHEHHOE, €CTU
9UCIO0 Sum paBHO CyYMME IIEIBIX YHCEN, SBISIONIMXCS BEPIIMHAMH JEepeBa
TreeOflnteger.

Onpenenum onepaTopel:

- op( 100, fy, ~).

- op( 110, xfy, &).

- op( 120, xfy, v).

byneBa ¢opmyna ectb TepM, omnpeaenaseMblid CIASAYIOINUM 00pa3oM: KOH-
ctaHThl true u false - OyneBbl Gopmyibr; eciiu X 'Y - OyneBbl GOpMYJIbl, TO U
XVvY, X&Y,~X - 0yneBbl GopMyibl, 371eCh V U & - OUHAapHBIE UHPUKCHbBIE
OmepaTopbl AU3BIOHKIINU U KOHBIOHKIIMH, & ~ - YHAPHBIN ONEpaTop OTPULIAHUS.

Hanummure npenukar p(+T), onpenensitouiunii, apisieTcst 14 JaHHbIA TepMm T
OyneBoit popmyIioii.
Omnpenenute npeaukat occurances(+Sub,+Term,-N), uctunHbIl, eciu uncio N
paBHO uMciy BXOxAeHu moarepma Sub B Tepm Term. Ilpennonaraercs, 4ro
TepM Term He COACPKUT MEPEMEHHBIX.

Bapuanr 6

1.

Hanummre npeaukar p(+V, +X, -L) - HCTHHHBINA TOra U TOJBKO TOrAa, KOraa
ciicok L mosywaercss u3 cnucka V mocie ynaleHus BCEX BXOXKIAEHUW X Ha
BCeX ypoBHsX, Hanpumep, p([1, [2, 3, [1]], [3, 111, 1, [[2, 3, []], [3]]) - ucTuna.
Harmumure 0600menne npenrkata member, KOT/Ia WUIIETCS 3JIEMEHT Ha BCEX
YPOBHSIX B CITUCKE.
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Bcerpoennsiit npenukat functor(+Term, ?Functor, ?Arity) onpenenser s 3a-
JAHHOTO cocTaBHOro TepMa Term ero gpynkrop Functor u mectHOCTH Arity.
Berpoennsiit npenukat arg(+N, +Term, ?Value) onpenensieT s 1e10ro yncia
N u 3amanHoro cocraBHoro repma Term ero N-biii aprymeHT Value.
Omnpenenure npenukatsl functorl u argl - ananoru npeaukaroB functor u arg
gyepes3 MpeauKar univ (=..)

Hanummre npenukat range(?M, ?N, ?L), UCTUHHBIN TOrAa U TOJIBKO TOT/A, KO-
raga L - coMcoK LEenbIX YMCell, PACIONIOKEHHBIX MEXAY M u N BKIIOUHTEIBHO
(mpeauKaT AOJKEH JIOMYCKaTh Pa3IMYHOE HCIOJIb30BAHUE, KOTJa HE MEHEe
JIBYX U3 TPEX apryMEHTOB KOHKPETHU30BaHBbI).

(Vkazanue. Ucnonb3yiite npeaukarsl var(+X) u nonvar(+X)).

Onpenenum onepaTopsl:

- op( 100, fy, ~).

- op( 110, xfy, &).

- op( 120, xfy, v).

byneBa ¢opmyna ectb TepMm, ompeAenseMblil clenyromuM o0pa3oM: KOH-
ctaHThl true u false - OyneBbl Gopmyibl; eciiu X U Y - OyneBbl GOpMYJIbl, TO U
XVvY, X&Y, ~X - 0yneBbl popMybl, 31€Ch V U & - OMHAapHbIE HH(PUKCHbBIE
ONepaTopbl AUIBIOHKIIUU U KOHBIOHKIIMH, & ~ - YHAPHBII ollepaTop OTPULAHU.

Hanummre nmporpammy, 3aiaroinyio oTHomieHHe negation inward(+F1,-F2),
KOTOPOE BBINIOJIHEHO, €Clin Jlornyeckast popmyna F2 nonyyaercs u3 moruyeckon
dopmynsl F1 BHeceHreM Bcex OnepaTopoB OTPUILIAHMS BHYTPb KOHBIOHKLIUN U
TU3BIOHKIINH.

Bapuanr 7

1.

Onpenenure npeaukar p(+U, +V, -L) - HCTHHHBIN TOr[a ¥ TOJIBKO TOI'a, KOIIa
crucok L ecTh ciucok Bcex 3ieMeHTOB cnucka U, He coliepKaluxcsl B CIIMCKE
V.

Onpenenure npeaukar p(+U, +V, -L) - HCTHHHBIN TOr[a ¥ TOJIBKO TOI'a, KOIIa
L - ccok Bcex AJIEeMEHTOB, cojepkaimxcs jJubo B cnucke U, mu0o B crivcke
V, HO He onHOBpemeHHO B U n V.

Hanuimmre HOBYIO BepcuIo poLeayphl "peok’, KoTopas BbhIpaOaThIBAET CIIH-
COK TMPEACTABUTEIEH BCEX MNPOMEKYTOUHBIX TMOKOJIEHUM, PACHOIArarOlInXCs
MEXy mpeakoM u noroMkom. [Ipenmnonoxum, Hanpumep, uto ['eHpu sBiIgeTCS
otuoM Jxkeka, Jxek - otuom Puuapna, Puuapn - ornom Yapnwsa, a Hapnes -
otuom JIxenH. IIpu 3anpoce o Tom, sBiserca mu ['enpu npeakom JlxeiH, 1o-
EH BbIABAThCS CHUCOK, XapaKTEPU3YIOIINI POJACTBEHHYIO CBSI3b ATHUX JIIOJEH,
KOHKPETHO: [JIPKEK, pU4ap/l, 4apiib3].

Hanwumure npeaukar ged(+A,+B,-D) - ucTHHHBIN TOra U TOJBKO TOTIa, KOTaa
D -naubGosnbmuii oOmuii AEMUTENHh ABYX EIBIX MOJIOKHUTEIbHBIX uncen A u B.
Paspabotaiite nporpammy "CoBeTHUK 10 TpaHcnopty'. Beibepure nmmubo ceTs,
COCTOSAIIYI0 M3 TOPOJIOB, JIMOO TPAHCIIOPTHYIO CE€Th MapIIPyTOB MOE3/I0B WM
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aBTOOYCOB B Ipeiesiax OTHOTO ropoaa. Bel MOKHEI HHOOPMUPOBATH CUCTEMY O
TOM, OTKyJa U Kyaa Bel coOupaerech nobpaThCs, a ccTeMa J0KHA BbIIaBaTh
PEKOMEH/IAllMK O TOM, KaKUMH TT0€3aMH, aBTOOycaMH, caMoJIieTaMu U T. 1. Bam
CJIelyeT BOCIOJIb30BaThCsl, YTOOBI JOOpAThCs MO MyHKTa Ha3HAYEHUS. YKa3a-
Hue: cM. "[louck B rmyouny" (YuyebHoe nocodue, yactsb 1, 2.2).

Bapuanr 8

1.

Onpenenure npenukar p(+V, -L) - UCTUHHBIA TOrAa M TOJBKO TOT/A, KOTJa
L - cnucok Bcex 3JIEeMEHTOB cHUCKa V, BCTpEYarolUXCcs B HEM 0ojiee OJHOTO
pasa.

Hanummre npenukar subst(+V, +X, +Y, -L) - HCTHHHBII TOT/1a ¥ TOJBKO TOT/A,
Korja crnucok L momywaercs mociie 3aMEeHbl BCEX BXOXKICHUN dJEeMEHTa X B
CIIMCKE V Ha dJIEMEHT Y.

Hanumure BapuanT nporpammsl plus(?X, 7Y, ?Z), npuroaHsiid Juisi CIOXKESHHUS,
BBIYMTAHUS U pa30UEHUsI YMCET Ha CllaracMble.

(Vxazanume. HVcmonp3yiTe Uil TOPOXKIEHUS 4YHUCET BCTPOCHHBINM MpeauKaT
between(+Low, +High, ?Value), koTopplii mopokmaeT Bce IeENble 4Yuciia OT
HUKHEHN rpanuiel Low 10 BepxHelt rpanuiisl High.)

Onumure npoueaypy s mpeaukarTa pacuienurb/4, Kotopas OepeT CIHUCOK Iie-
ne1x uncen L1 u nemoe uncio N u BeigaeT cnucku L2 u L3 takue, 4To uyncna u3
HWCXOJIHOTO CIIMCKA, MEHbBIIIME, ueM N, MOMeIIalTcs B cnucok L2, a ocTajabHbIC
- B crincok L3.

MHOXeCTBEHHOE YUCIIO OOJIBITMHCTBA AHTJIMUCKUX CYIIECTBUTEIBHBIX MOTyYa-
ercs myteM noOaBieHus OykBbl "s" Kk opMe enuHcTBeHHOro ymucna. Ho eciu
CYILIECTBUTENIbHOE 3aKaHuMBaeTcsi OykBoW '"y", ciemyromiei 3a COTJIacHOM,
MHO>XECTBEHHOE 4YMCII0 00paszyeTrcs ImyTeM 3aMeHbl OYKBBHI "y'" Ha codeTaHHe
"ies"; eciM K€ CYIIECTBUTEIBHOE 3aKaHYMBaeTCs OykBoH "o", ciemyromieit 3a
COTJIaCHOM, MHOKECTBEHHOE UMCIIO O0pa3yeTcs MmyTeM J00aBJICHHs] COUYETaHUS
"es". Hamumurte yTBep>KIASHUS JJIsl MpeMKaTa MHOKECTBEHHOE YHCII0/2, KOTO-
pBI€ 33/1a10T BCE ATH MpaBwiia. Ykazanue. Bocnonb3yiTech npeaukaTomM name/?2.

Bapuanr 9

1.

Hanummre npeaukat p(+V, -L) - HICTUHHBIN TOrIa ¥ TOJBKO TOTIA, KOT/Ia CITH-
cok L momywaercsa u3 cricka V 1mocne yIajJeHHs] BCEX MOBTOPSIOIIUXCS dJe-
MEHTOB, T. €. U3 CIIMCKA MOJIy4aeTCsI MHOKECTBO.

Hanummure npeaukar exists(+P, +L), kotopeiii mposepsier "CyliecTByeT Ju
aNeMEHT cnucka L, ynosinerBopstomuii npegukary P?"

Harnummre nporpaMmy BBIYMCIIEHHS LEJIOYUCICHHOIO KBaJApaTHOrO KOPHS W3

HaTypainpHOTO uHucia N, onpenensiemoro kak yucio I, takoe, uto I*I C N, HO

(I+1)*(I+1) > N . Mcnone3yiite omnpenaesieHue npeaukara between/3 nmns rexe-
PUPOBaHUS TOCIEAOBATEIHPHOCTH HATYPATBHBIX YHCEN C TIOMOIIBIO MEXaHU3Ma
BO3BPATOB.
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Hanumure npenukaTt ais BelYUcieHUs uucesl PuOOHAUYHM, UCTOJIb3YS METO
HaAKaIUIMBAIOIIETO apaMeTpa.

OnHuM U3 TPUMEPOB UCIOJIBL30BaHUS MPEAUKATa name/2 MOXKET CIIYKUTh T'eHe-
panusi HOBbIX aTOMOB JIJIsl TIPE/ICTABJICHHS] BHOBb BBOJUMBIX OOBEKTOB, HAMPH-
Mmep, abcl, abce2, abe3 u T.4. DTH UMeHa XapaKTepu3yrTCs TEM, YTO BCE OHU CO-
CTOAT U3 KOPHS, OMPEIEISIIONIET0 TUIl UMEHYEMOTO0 00BEKTa, U 1EI0YUCICHHO-
ro cyhdukca 11 paznudeHus 00bEKTOB OAHOTO THMa. Hamummre mporpamMmy
HoBoe uMs(+X, -Y). IlocnenoBaTenbHOCTh UMEH CO3AAETCSA C MOMOUIBIO BO3-
BpaToB. Ykaszanue. Bocmomam3yiitech mpenukarom int to atom(+N,-X), KoTo-
PBI KOHBEPTUPYET HATypaIbHOE YnciIo N B atoM X.

Bapuanr 10

1.

2.

Hamummre npenukar all(+P, +L), xotopsiit nposepseT "/[ns Bcex au dnemMeH-

TOB cniucka L BeimosiHsercs npegukat P? "

Hanummre npeauxkat filter(+V, +P, -L) - HCTHHHBIN TorAa U TOJBKO TOrAa, KO-

r1a coucok L ecTh CIMCOK BCEX 3JIEMEHTOB M3 CIHCKA V, YIOBJIETBOPSIOIMIMX

npenukaty P ("¢unbsTpanus" crucka).

Onpenenute npeaukat p(+V, +N, -L) - HCTUHHBIH TOT1a U TOJBKO TOT/IA, KOT/a

L - ciucok »neMeHTOB criicka V, BcTpedaronuxcs B HeM He MeHee N pas. [Ipo-

BepbTe pabOTy 3TOro mpeauKaTa Ha mpuMmepe [a, a, b, a, ¢, b, ¢, a, b, b, d, a, b]

st N=1,2,5,0.

Hanummre npenukar summa_digits(+N, -S) - UCTHHHBIN TOT/Ia U TOJIBKO TOT/A,

Koraa S - cymma 1udp HaTypaiabHOro uucia N.

[TocTpouts mporpammy "cxkatp'", Ha3HaUYE€HUE KOTOPOH - MpeoOpa3OBaHHE aH-

[JIMICKHUX CJIOB B UX '"3ByKOBOW" KOJZ. DTOT MPOIECC MPEIyCMaTpUBAET 'CiKa-

THE" MPUMEPHO OJIMHAKOBO 3BYyYalllUX CJIOB B OJMHAKOBBIA UX KOJ - CBOErO PO-

na, abopeBuatypy 3Tux cioB. CioBa "cxxuUMaroTcs" B COOTBETCTBUU CO CIETY-

IOLMMU TIPaBUIIaAMHU:

e 1iepBas OyKBa CIIOBA COXPAHSIETCS;

e Bce MOCIEeAYIOIINE 3a Hel IIacHble, a Takke OykBbl "h", "w" u "y" ynansror-
cs;

® CJIBOCHHBIC OYKBBI 3aMEHSIIOTCSI OJITMHOYHBIMH;

® 3aKOJMPOBAHHOE CJIOBO COCTOUT HE OoJiee YeM U3 YeThIpeX OYKB, OCTaJIbHBIC
OYKBBI YJaJISIFOTCA.

[Tpumepst: cxath(barrington, brng) u cxats(llewellyn, In) - Bemmonseno.

Vkazanue. Bocnonb3yiitech npegukaroM name/2.

2.4. Bropoe KOHTpONbHOE 3agaHune

BTOpOC KOHTPOJIBHOC 3aJaHHUC COCTOMT M3 ABYX 3ajay. Bam nano 3arpo-

rpaMmupoBath Ha IIposore pernieHne JOrM4eckoi 3aauu U CO3[aTh SKCHEPTHYIO
CUCTEMY.
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Kakum 00pa3zom MOXKHO cO3/1aBaTh SKCHEPTHBIE cUcTeMbl Ha IIposiore Bbl
npounTtaete B 3 pazaeine. Tam ke popMyaupyercss TOYHO 3aj1ada, 4TO BaM HE00XO-
MO CHIEeNaTh.

Jlornueckyro 3ajiady BbI pelllaeTe B COOTBETCTBUHU C JIaHHBIM BaM BapHaH-
toM. [l pereHus gorudeckou 3amaun (“BosIK, Ko3a M Kamycrta”, “oTell M JiBa Chl-
Ha”, “ 8 (ep3eit”, “ priapu U IaMbl’, “MHUCCHOHEPHI U JIOJ0EBI”, “00e3bsiHa U
O0aHaH” ¥ Ap.) BaM HEOOXOAUMO IMPEACTABUTH 337ady B BHJE IMPOCTPAHCTBA COCTO-
SIHUW ¥ HAWTU pelIeHue ¢ MOMOINIBIO MOUCKA B IITyOUHY WJU IIUPHUHY.

Jlozuueckue 3a0auu

OTen 1 ABa cbIHA

Orer, 1Ba €ro ChIHA U JIOJKA HAXOATCS 10 OAHY CTOPOHY peku. OTel BECUT
80 kr, ChIHOBB - 110 40 k. Kak nepenpaBUTh 3Ty CEMbIO Ha JIPYTYIO0 CTOPOHY, €CIIN
JIO/IKa BBIIEPKUBAET TOJIBKO 80 KIr?

VYkazanus K penieHuto. Pa3nuuHbie COCTOSTHUSI ATOW 3a/ayd 3aJ1al0TCsl MH-
dbopmarieii, Ha KakoM Oepery HaxoJATCA JIO/AKa, OTEll, MEPBbIN ChIH U BTOPOH CHIH.
[ToaTomy ctpykTypa state(Father,Sonl,Son2,Boat) moJHOCTEIO OMHUCHIBAET COCTOS-
Hue. Bo3MOKHBIE 3HaUEHUE KaXK/I0r0 apryMeHTa: aToMbl west (3anaaHblid 0eper) u
cast (BocTouHblii Oeper). HauanbHoe coctosiHue: State(east,east,east,east). Koneu-
Hoe cocTosiHue: state(west,west,west,west).

MuccuoHepbl 4 JIH10€e1bl

Tpu MuccuoHepa U TpH JIOJI0€a HAXOASITCS MO OJHY CTOPOHY PEKH, 4epe3
KOTOPYIO OHU XOTST NEPENPaBUTHCS. B X pacnopssKeHnH uMeeTcs JIOAKA, KOTopas
MOXET BBIJIEPkKATh BEC TOJBKO JABYX uesoBeK. KpoMe Toro, ecim B Kakoi-TO MO-
MEHT YHCJIO JIFOJ0EIOB CTaHET OOJbIIEe YKCiia MECCHOHEPOB, MUCCUOHEPHI OyAyT
ChEJICHBl HE3aBUCUMO OT TOT0, Ha KAKOM Oepery peKkH 3TO CIIy4YHUTCS.
VYka3zaHus K pelieHuto. Pazinuabie COCTOSIHUS 3TOW 3a1a4M OJJHO3HAYHO 33J1ar0TCs
uH(dopmaIuen, Ha KakoM Oepery HaxoHsITCs JI0JIKa U CKOJIbKO MHUCCHOHEPOB U JIIO-
JI0€JI0OB Ha ITOM e Oepery.
[ToaTomy cTpykTypa
state(Jlokamm3anusJIoakm,

HucnoMuccuoneposHaTombeperyl neJloaxka,

UucnoJlrogoenosHaTombeperyl neJloaka)
MOJTHOCTBIO OMHUCHIBAET COCTOSIHUE. J|oMyCTUMBIE COCTOSIHUS JJI PEILICHUS 3a]jauu
- 3TO Te€, KOrJa JI0J0eAbl HE MOTYT ChECTh MHUCCHOHEPOB HU Ha TOM Oepery, rie
JI0/IKa, HA Ha MPOTUBOIIOJIO0KHOM,

Bo3moskHbIE 3HaUYE€HHME TIEPBOTO apryMEHTa: aTOMbI west (3amagHbiii Oeper)
u east (BocTouHbIl Oeper). Bo3aMokHbIe 3HaYEHUST OCTANIBHBIX aprymMeHToB: 0, 1, 2
unu 3.

HauvansHoe  coctosinue: — state(east,3, 3). KoneuHoe  cocTosHHE:
state(west,3,3).
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3ajgaya 00 00e3psiHe 1 0aHaHe

Bozne nBepu KOMHaThl CTOUT 00e3bsiHA. B cepenuHe 3TOM KOMHATHI K I10-
TOJIKY Io/iBelleH OaHaH. O0e3bsiHA TOJIO/IHA U XOUYEeT CheCTh OaHaH, OJJHAKO OHA HE
MOJKET JOTAHYTBCS O HETO, HAXOACh Ha Moiy. OKOJIO0 OKHa 3TOMH K€ KOMHAThI Ha
MOJTy JIEKUT SIIIUK, KOTOPBIM 00€3bsiHa MOXET BOCHOIB30BaThCA. O0e3bsiHa MOXKET
NpeINPUHUMATD CIEIYIOMINE ACUCTBUA: XOJUTh IO IOy, 3ajie3aTh Ha SAIIUK, ABU-
rathb SIIMK (€CIM OHA Y€ HaXOJUTCS OKOJIO HETO) M CXBaTUTh OaHaH, eCIu OHa
y’K€ CTOUT Ha SIIUKe IpaMo 1moja 6ananoM. MoxkeT nu o0e3bsiHa 100paThes 10 0a-
HaHa?

VYka3zaHusi K pelieHuIo 3aAaun. Pa3nuyHbie COCTOSHUS 3a/ladyll MOKHO OITH-
caTb CTPYKTYpOH
state(IlonoxxenneO6e3psiHBIBKOMHaTe, % 3HaueHus: JBEpb, OKHO, CEPENHA

Oo6e3pstnaHaSImukenuHer, % 3HAYCHMS: SAIIUK, ITOJI
ITonoxenuesnmukaBKoMuare, % 3HaudeHUs: IBEPb, OKHO, CEpPEANHA
NmeetnnHelmeerbanan) % 3HaYeHHSA: J1a, HET

CymiecTtByeT 4 TUma X0J0B:

1) cxBaTHTh OaHaH - eClid 00e3bsiHA Ha SIIUKE B CEPEeIUHE KOMHATHI U OaHaHa He
HUMECT;

2) 3aj1e3Th Ha SIIUK, eCITH 00€3bsiHa HAXOAUTCS Ha MOy, PSIOM C SIIHKOM;

3) MOABHMHYTH SIIUK C OJIHOTO Pa3pellieHHOro MecTa Ha JIpyroe, eciu o0e3bsHa Ha
MTOJTY PSIZIOM C SITITIKOM;

4) mepeiTH 1o Moy C OJHOTO Pa3pelIeHHOro0 MeCcTa Ha JIpyroe.

HauanbHoe coctosinue: state('nBepw','monr','okno','net'). Koneunoe cocros-
Hue: state(_, , ,'nma").

3amaya o 8 ¢gep3nx
Ha maxmartHol nocke 8 8 Hazo pacctaBUTh 8 (pep3eit, 4TOObI HU OJIUH M3

(dep3aeit He HaxoAWIICS o1 00EM JAPYroro.

VYkazanus k pemienuto. [lonoxxenue ogHoro depsst Ha JOCKE 3aJaeTcsl mapou
HenbIx yucen ot 1 10 8: HOMepa BepTHKaied U ropu3oHTaliel. Jlerko BUaETh, 4YTO
KaXKJlasi BEpTUKaJb (KaK BIIPOYEM, U TOPU30HTAJIb) JIOJDKHA COJIEPKATh 10 OJTHOMY
¢ep3to. [loaTOMy, MBI MOKEM 3KOHOMHO 33JaBaTh IMOJOXKEHHE Ha JOCKE BOCHMHU
dep3eil criuckoM U3 § yKce, 331X 3HaYeHHs TOJIbKO TOPU30HTAIBHON KOOP-
JTUHATHL: TaK, HaAPUMEP, CIIUCOK [2,5,7,4,3,6,8] roBOpHT, YUTO MEPBBIN (pep3b CTOUT
Ha kietke (2, 1), Bropoii - (5, 2), Tpetuii - (7, 3) u 1. 1. Paznuuneie cocTosHus pe-
IIEHUS 33Ja4M Mbl MOKEM IPEACTaBUTh B BUJIEC CIIUCKA TOPU30HTAIBHBIX KOOPIHU-
HaT y)Xe CTOSIIIMX Ha J0cKe (ep3eid, Tak, HalpuMep, CIUCOK [2] TOBOPUT O TOM,
YTO Ha JIOCKE CTOUT TOJbKO OJUH (pep3b Ha kieTke (2,1), crucok [2,5] roBOpPUT O
TOM, 4TO Ha J0CKe JiBa ep3s Ha KieTkax (2, 1) u (5,2). Cnucok 1auHoM 8, TOBOPUT
0 TOM, YTO pacCTaBJIEHBI Bce (ep3u.

Tenepb HyXHO ONpPEACIUTh Pa3peUIEHHbIE MEPEXO0/Ibl U3 OJHOIO COCTOSIHUS
3aayu B Apyroe. Jjisg 3Toro Haao onpeneanuTh NpeIuKaT
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'He ObeT'(HoBriiidepsn, Pep3unyxkeCrosmmeHallocke)

OTOT NpeauKat JIETKO ONPEACIUTh PEKYPCUBHO:

"Hosriii®ep3s He ObeT criucok (epsedt [F|T], ecnu on He ObeT dep3s F u He ObeT
criicok ¢epseit T".

[TockonbKy pelieHne 3Tol 3aa9d MPU MOMCKE BBIACT TOCIEI0BATEIIBHOCTD
COCTOSIHHM, T.€. CIIHCOK CIHCKOB, a HAC MHTEPECYET TOJIbKO KOHEUYHAs PacCTaHOB-
Ka, TO BO BTOPOM apryMEHTE MpeauKar solve (cM. mporpaMMy MOMCKa B TIIyOHHY B
JIEKIHSIX) JOCTATOYHO KOHKPETHU30BaTh TOJIBKO TOJ0BY criucka: solve([],[H| ]).

3agaua o BoJIKe, KO3€e U KamycTe

Ha ognom Gepery pexu HaxoauTcsi gepmep, BOJK, K03a M KamycTa. Psmgom
noaka. Kak ¢pepmep MokeT nmepenpaBUThCS CO BCEM ITUM "X03sHUCTBOM" Ha APYTrou
6eper? C co0oif Ha JIOAKY OH MOXET B3ATh TOJILKO OJMH OOBEKT: BOJIKA, KO3y WUIU
kamycty. Koraa oH B J1ojike, Ha 11000M U3 O€peroB HE JOHKHA OBITH "KPUMHUHAIb-
Has" cCUTyalus: BOJK HE JOJKEH HaXOAUThCS C KO30H, a KO3a HE JOJKHA ObITh
BMECTE C KaIyCTOM.

VYkazanus K penieHuto. Pa3nuuHbie COCTOSTHUSI TOW 3a/ayd 3aJ1al0TCsl MH-
dbopmareii, Ha KakoM Oepery Haxomarcs depMmep, BOJIK, K03a M KamycTa, JIOAKa
BCeTa HaXOJIUTCS TaM, WIS bepmep. [ToaTomy CTPYKTypa
state(depmep,Boink,Koza,Kamycra) moaHOCTBIO OMUCHIBAET COCTOsIHHE. B03MOX-
HbI€ 3HAUYCHHE KaXKJOro apryMeHTa: aToMbl west (3amaaHbiii Oeper) u east (Bo-
ctounbli Oeper). HauanpHoe cocrostHme: State(east,east,east,east). Koneunoe co-
crostaue: State(west,west,west,west).

Poinapu u nampl

Ha Geper pexu npuesxatoT 3 peilaps, KakIblii co cBoel mamoin. B ux pac-
MOPSDKEHUH UMEETCS JIOJIKA, CTIOCOOHAasi BMECTUTDh He Oosiee 2-x yenoBek. Kak cMo-
ryT nepeOpaThCcsi Ha JIpyroil Oeper phlllapyd CO CBOMMH JlaMaMM, €CJIH TpeOyeTcs
BBHITIOJIHUTH YCIIOBUE: HU OJIHA JamMa HE MOXKET OCTaThCs 0e3 CBOEro phIlaps B 00-
HIECTBE APYTUX PhIApEil - OHAa TYT € MOJIBEpraeTcsi HacWinio (HpaBbl "peiapeit”
HE CJIMIIKOM-TO MU3MEHUWIIMCH C TeX Mop). Jlomaan mepemibiBaloT peKy caMH, Aa-
MBI TpeOyT BECIaMU, KaK U PhIapH, JIOJIKa MOXKET MEPECEKaTh PEKY CKOJIBKO yTO/I-
HO pas.

VYkazanus k perieHuto. Y 100HO philapeit 0003HauaTh aToMamu a, b 1 ¢ U ux
COOTBETCTBYIOIIMX JaM TOXKE TEMH XK€ aToMaMH. PazinuHble COCTOSIHUS ATOM 3a-
a4y 3a7arTcs uHpopmalmen, Ha KakoM Oepery HaxosATCs JI0JIKa U CITUCKOM Pbl-
mape © JaMm, HaxodmmMxcs ke Ha 3ToM Oepery. Iloatomy crTpykrypa
state(HaKaxombeperyJloka,

CnucoxPsiapeitHaTombeperyl neJloaxka,

Cnucox/lamHaTombeperyl neJloaka)
MOJTHOCTBIO OIKCHIBAET COCTOSHUE. BO3MOXKHBIE 3HAUEHUE IEPBOr0 APTyMEHTA:
aToMbl west (3amaHbIil Oeper) u east (BocTouHbIl Oeper). Bropoii u Tpertuii apry-
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MEHTHI - CIIMCKH M3 3JIEMEHTOB a, b 1 ¢. B 3Toli 3amaue crnucku phiapeit U nam
HY)KHO paccMaTpHUBaTh KaK MHOXECTBA, T. €. HE YUYHUTHIBATh MOPSIOK MEpEeUUCIIe-
HUS U TIO9TOMY BOCIIOJIB30BAThCS CIEIUAIBHBIME TMPEIUKATaMU JJIs OIlepaIuil ¢
MHOKECTBaMHU. ¥YJJ00HO, JJIs OTJAJKH, TaK HAIKMCATh MPOTpaMMy, YTOOBI CIIHCOK
peIapeit (a, cienoBaresbHo, 1aM) 3aaaBaics (pakrom knight([a,b,c]); B 3TOM city-
gae JIETKO OyJIeT MEHSATh YUCIIO PhILIApel A1 TECTUPOBAHUS.

HauansHoe cocrosinue: state(east,X,Y), rae BoimonHeHo ycnosue knight(tM) u X u
Y paBHBI KaK MHOXECTBA CITUCKY M.

Koneunoe cocrostaue: state(west, M,M), rae BoimoHeHO ycioBue knight(M).

Bapuanmu nozuueckuoit 3a0auu

Bapuanr 1
"Oren u 1Ba ceiHa". [Touck B riayOuHYy.

Bapuant 2
"Oren u 1Ba cbiHa". [ToMCK B IIMPUHY.

Bapuant 3
"Muccuonepsl u mojoeanl". [Torck B riryOuHy.

Bapuanr 4
"Muccuonepsl u ogoeas!”. [louck B mmpuny.

Bapuanr 5
"3amaua 06 06e3bsHe u 6anane". [louck B riyOuHy.

Bapuant 6
"3amaua 06 06e3bsHe u Oanane". [louck B mupuny.

Bapuant 7
3amauda o 8 ¢ep3ax. [louck B riryouny.

BapuanT 8
3aiaya o BoJIKe, Ko3e 1 kamycre. [louck B riryOuny.

BapuanT 9
3amada o BOJIKE, Ko3€ 1 Kamycre. [louck B upuny.

Bapuant 10
Poeimapu u namel. [lorck B rimyOuHy ¢ orpaHUYeHreM riayOuHbI 10 16
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"Bonpocel obpazyrom max Ha3vleaemyr) NUPAMUOAIbHYIO uepap-
XUro... U 6 MO uepapxuu umeemcsi max Ha3vbleaemvlli YPOGeHb
Tromukeoyumoxa, uUMeHyembvlli MAaKdxHce GEPXHUM NpeoesioM, HOo-
CKOJIbKY 8blllle 9MO020 YPOBHS HUKMO Yoice He 8 COCMOSHUU NOHAMb
HU 8ompoca, Hu omeema... 3amo u3 omeemos Ha ONPOCyL, 3a0Ad6a-
emvle Hudxce bapvepa THOMUKBOYUMOKA, MOJCHO U3BNeKAMb NPAK-
MUYECKYI0 NONb3Y, U MYM Hem HUuYe20 YOUBUMENbHO20 U HUYe20 HO-
6020, U0O... He 00A3aMeNbHO 3HAMb HU UCMOPUIO BO3HUKHOBEHUS
poicu, HU Cnocodvl ee 8blpawjuBanUs, HU meopuro U NPaKmuxy xie-
boneuenus:, a HYHCHO MOJLKO 8OH3UMb 3Y0bl 8 lenewkKy, u bacma."
Cmanucnas Jlem "Ocmomp na mecme"

3. CO3O0AHMUE 3KCMNEPTHbLIX CUCTEM HA NPOJNOTIE

DKCIepTHBIE CUCTEMBI - HanboJiee OBICTPO Pa3BUBAIOLIASCS U MII0JOTBOPHAS
oOnactb npuMmeHenus IIposnora. B qaHHOM citiydae moJ 3KCHEpTHOM cucTeMoi mo-
HUMAETCS IPorpaMMa, MOAACP/KUBAIOIIAS IPUHITUE PEIICHUS MOJIb30BaTEIEM IS
KJaccupukauuu o0beKTa U3 npeaMeTHon ob0nacTu. ONUCHIBAIOTCS MPUHIUIBI TO-
CTPOCHMSI U OpraHU3allMy SKCIEPTHBIX CUCTEM B TEPMHHAX UX KOMIIOHEHT: 0a3bl
3HAHUM U MeXaHu3Ma BbIBOZA. [Ioka3aHO Kak MPOEKTUPOBATH U PEAIU30BaTh KC-
IIEPTHYIO CUCTEMY, OCHOBAHHYIO HA IMPOAYKIIMUIX.

B nenarornyeckux Hensx nporpamma co3faeTcsl ¢ NOMOUIBI0 HUCXOAIIErO
MIPOrPaMMUPOBAHUS U U3JI0KEHUE MMOCTPOEHUS MPOrpaMMbl PEKPALIAETCs 3a 1iar,
70 TOrO0 KaK MOJIHOLEHHAsl dKCIEepTHasl cucteMa Oyner moctpoeHa. Ilpennaraercs
ATOT LIAT CJIeJaTh CAMUM CTYJIEHTaM.

3.1. MeTanHTepnpeTaTop

Ilpocmoit memaunmepnpemamop

[Iposor sBAsiETCSI €CTECTBEHHBIM SI3bIKOM JIJIsl TIOCTPOEHUSI SKCIEPTHBIX CHU-
cteM. CyLIECTBYIOT pa3jIMYHbIE MOJIXO/bl K MPOTPaMMHUPOBAHUIO SKCIIEPTHBIX CH-
creM. OmnuuieM MpocTOd M 3JEraHTHBIA METOJ CO3JaHMs 00O0JOYKU IKCHEPTHBIX
cucTteM Ha 6a3e metauntepnperatopa I[Ipomora.

MeTtanporpammsl o0OpaimarTcs ¢ IpYrUMH MPOTrpaMMaMH Kak C JaHHBIMU;
OHH BBITIOJHSIOT WX aHAIM3, TpeoOpa3oBaHue U MoJennpoBaHue. JIerkocTs paspa-
OOTKHM MeTamporpamMm, WIH MeTamporpamMmupoBaHusi, Ha [Ipomore oOycrnoBiena
HKBUBAJICHTHOCTHIO MPOTPAMM M TaHHBIX - U T€ U APYTHUE ABIAIOTCSA TepMamu [Ipo-
jora. Mbl paccMaTpuBaeM MeETamporpamMMbl 0COO0TO Kiacca - METauHTEPIPETaTo-

PBIL.
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MeTtauHTepnperaTop sl HEKOTOPOTO sI3bIKa - 3TO MHTEPIPETATOP ISl A3bI-
Ka, HallUCaHHbIM Ha TOM K€ caMOM si3blke. HeKoTopble s13bIKM TPOrpaMMUpPOBAHNS,
takue kKak Jlucn u [Iposor, no3BosistoT jerko pazpadaTeiBaTh METAaUHTEPIIPETATO-
PBI, UTO SIBISIETCS] BAXKHBIM CBOMCTBOM TakuX sI3bIKOB. OHO J1€71a€T BO3MOYHBIM I10-
CTPOEHHE UHTETPUPOBAHHOMN CpeJibl IPOrpaMMUPOBAaHUsS U 00ECTIEUNBAET JOCTYH K
BBIYMCIIUTEIbHBIM CPEJICTBAM A3BIKA.

Onumem mnpoctoil uHTEeprperatop mia yuctoro Ilponora. OTtHOLIEHWE
solve(Goal) wuctunHO, eciu nens Goal wWcTHHHA B OTHOIIEHUE MPOTPAMMBI, TO/I-
JIeXKaled NHTEPIIPETALIAH.

% nporpamma 1
solve(true):-!. % nockonbKy clause(true,true) - Takke nctTMHa
solve((A,B)):-
solve(A),
solve(B).
solve(A):-
clause(A,B),
solve(B).

HNuTepnperatopy COOTBETCTBYET CIEAYIOLIEE ACKJIApaTUBHOE TOJIKOBAHUE.
KoncranTa true sisisiercss uctuanoit. Konbstonkuus (A,B) uctuHHa, eciii UCTUHHA
nenb A u uctunHa uens B. Llens A ncTuHHA, €clid B UHTEPIIPETHPYEMO TTporpam-
Me€ cylIecTByeT npejoxenue A - B, takoe, uto 1nens B uctunHa.

Teneps maauM MpOUEITYPHOE TOJIKOBAHUE 3THUM TPEM MPEIIIOKEHHUSIM MPO-
rpamMMmbl 1. @akt SOlve ycTaHaBiIMBaeT, YTO MycTas Iielb, MpeAcTaBlieHHas B [1po-
jore atoMoM true, noctmxkuma. Cieayroiiee npeyioxKEHUE OTHOCUTCS K KOHBIOHK-
TUBHBIM HelssM. OHO ymuTaeTcs Tak: “J{as mocTrokeHus KOHbIOHKIMH 1ieneit (A,B)
HEO00XO0IMMO A0CTHYb e A u 1ienu B”. OOmuii cnydail peyKiuu e moKpbl-
BaeTCSl TIOCIETHUM TMPEAJIOKEHUEM TMporpaMMbl. UTOOBI JT0OKa3aTh HEKOTOPYIO
11eJTb, U3 TIPOTPAMMbl BBIOUPAETCS MPEUIOKEHUE, 3ar0JIOBOK KOTOPOTO YHUDUITH-
pyeTcs C UENbIo, a 3aTEM PEKYPCUBHO IMPUMEHSIETCS TEIO NPEII0KEHUS.

[TponenypHoe TonkoBaHue npemioxenui [Iponora Heo6xoaUMoO, YTOOKI TTO-
Ka3aTh, YTO METAUHTEPIPETATOP, MPEICTABICHHBIN TpOrpaMMon 1, 1edCTBUTENBHO
oTpaxxaeT BO3MOKHOCTH [Iposiora npu peanuzanuu abCTpaKTHON BBIYUCIUTEILHON
MOJIEJIA JIOTUYECKOTO IMPOrpaMMHUPOBAaHUS. TakKMMH BO3MOXXHOCTSMH, Hampumep
ABJISIFOTCSL BBIOOD JIJISl pEIyKUMU KpalHel JIeBOM LeTM U UCTIOJIb30BAHUE MOCIE10-
BaTEJILHOTO MOMCKA C BO3BPATOM IPU BHIOOPE MPEAJIOKEHUS I PEAYKIIUU TICITH.
[Topsimok 1iesedt B Teae mpeaioxeHus Solve, comeprkaliero KOHbIOHKTHBHBIC IIEJIH,
rapaHTUpyeT, 4TO camas JieBas LieJib B KOHBIOHKIMHU periaercs nepsou. Ilocieno-
BaTeJIbHBINA MMOMCK M BO3BPAT OCYLICCTBIISIIOTCS MPHU JIOKa3aTeabCcTBe e clause
COIJIACHO MpUHIMIIAM BbINoTHEHUs [Iponor-nporpamm.

[TocTostHHas paboTa MHTEpIpEeTaTOpa 00ECIEYNBACTCA TPETHUM IPEIIOXKE-
Huem nporpammsl 1. IIpu BeI3oBe npeanoxenus clause BImomHACTCS YHUDUKAIIHS
C 3aroJIOBKaMu MPeI0KEHUN, UMEIOLIUXCA B MporpaMme. ITO MPEI0KEeHHE OT-
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BETCTBEHHO TaK)Ke 3a IOJy4YEHHE Pa3IMYHBIX PElIeHni mpu Bo3BpaTax. Kpome To-
r'0, BO3BPATHI IIPOUCXOMAT U B KOHBIOHKTHBHOM IIpaBuiie (BO3BpaThl OT LEIH B K
e A).

[Moyuutenen pa3bop MPOTOKOJa pabOTHI METAMHTEPIPETATOpa, IMPEICTaB-
JIEHHOTO MPOrpaMMoii 1, Ipy TOKA3aTeIbCTBE HEKOTOPOU IIEITH.

Onpenenenne npeaukara member:
?- listing(member).
member(A, [A|B]).
member(A, [B|C]) :-

member(A, C).

WuTepnperariys mpeaukata member:

?- solve(member(X,[a,b,c])).

Z X X X
i
O T o

0
Bxitouenne TpaccupoBku 1tst SOlve:

?- trace(solve,[+call,+exit]).
solve/1: call exit
Yes

TpaccupoBka (qactuunas) Solve:

?- solve(member(X,[a,b,c])).

T Call: ( 6) solve(member(G988, [a,b,c]))
T Call: ( 7) solve(true)

T Exit: ( 7) solve(true)

T Exit: ( 6) solve(member(a, [a,b,c]))

X=a;

T Call: ( 7) solve(member(G988, [b,c]))
T Call: ( 8) solve(true)

T Exit: ( 8) solve(true)

T Exit: ( 7) solve(member(b, [b,c]))

T Exit: ( 6) solve(member(b, [a,b,c]))
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X=b;

T Call: ( 8) solve(member(G988, [c]))
T Call: ( 9) solve(true)

T Exit: ( 9) solve(true)

T Exit: ( 8) solve(member(c, [c]))

T Exit: ( 7) solve(member(c, [b,c]))

T Exit: ( 6) solve(member(c, [a,b,c]))
X=c;

T Call: ( 9) solve(member(G988, [1))
No

Ilocmpoenue depesa 0okazamenbcmea

HpOCTBIM IIPpUMCPOM HCIIOJIB30BaHUSA MCTAMHTCPIIPETATOpaA ABJIACTCA I10-
CTPpOCHHUC ACPCBaA JOKA3aTCJIILCTBA B IIPOOCCCC PCUICHUA OHpCI[GJIGHHOﬁ OCIH. ,Z[e-
PCBO OJOKA3aTCIbCTBA ITI0JIC3HO OJIsA CPCACTB 00BSCHECHHS B OKCIICPTHBIX CUCTCMAX.

% nporpamma 2
solve(true,true):-!.
solve((A,B),(ProofA,ProofB)):-
solve(A,ProofA),
solve(B,ProofB).
solve(A,(A:-Proof)):-
clause(A,B),
solve(B,Proof).

OCHOBHBIM ~ OTHOIICHHEM METAaWHTEPIIPETATOPA SABISCTCS  OTHOIICHHE
solve(Goal,Tree), rae Tree - nepeBo goka3aTenbCcTBa IIsl pernenus nean Goal .

JlepeBo Jo0Ka3aTenbCTBa MpenacTaBisercs cTpykrypoit Goal:-Proof, rne
Proof - koubsroHKIMS BETBEH (rmoameneii) qokaspiBacmoit neau Goal. ITporpamma 2,
peanusyromas npeaukar Solve/2, siBaseTcst mPOCThIM PACIIUPEHHEM MIPOrPaMMEI 1.
Tpu €€ npeaIoKEeHHsT TOYHO COOTBETCTBYIOT TPEM IPEIIOKEHUSIM METaHHTEPIIPE-
Taropa mig uncrtoro IIposora.

dakr solve ytBepkmaer, 4TO mycras Iiellb HCTHHHA U UMEET TPUBUAIILHOE
JIepeBO JI0KA3aTeNIbCTBA, MPEACTABIIEMOE aTOMOM true. Bo BTopoM mpeioKeHHH
YIBEPIKIACTCS, YTO AEPEBO IOKa3aTeIbCTBa KOHBIOHKTHBHOW 1emu (A,B) mpen-
CTaBJIIET COOOM KOHBIOHKITUIO JIEPEBbEB J0Ka3aTenbcTBa nene A u B. Tlocnennee
npemioxeHue Solve crpout mepeBo mokasareiabctBa A:-Proof mis nenu A, B KoTo-
poM Proof crpoutcst peKypCHBHO MPH PEIICHHH TENa MPEAI0KEHHS, UCTIONb3Ye-
MOTO I PeAYKIHH 1ienu A.

PaccMoTpuM mpHMeEp HUCIOIB30BAHUS IPOrPpaMMBbI 2 Ui HHTEPIPETAL[HH
nmpeaukaTa member:
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?- solve(member(X,[a,b,c]),P).

P = member(a, [a,b,C]) :- true
X=a,;

P = member(b, [a,b,c]) :- (member(b, [b,c]) :- true)
X=b;

P = member(c, [a,b,c]) :- (member(c, [b,c]) :- (member(c, [c]) :- true))
X=c;
No

Memaunmepnpemamop ona noanozo Ilponoza

JIns Toro 4roObl 00pabaThiBaTh MPOTPaMMBbI, B KOTOPBIX HCIIOJB3YHOTCS
CpE/ICTBa, BBIXOMAIINE 332 paMKH 4YUCTOro [Iposora, MeTamHTEpIpeTaTop, Mpej-
CTaBJICHHBIN MPOTPAMMOIi 2, JOJDKECH OBITh PACIIUPEH.

Paznuynbie cUCTEMHbIE MPEIUKATHI HE OTPEICIISIOTCS MPEIIOKESHUSIMU TIPO-
IrpaMMbl U MO3TOMY TPeOYIOT OTAeNbHON 00padoTku. IIpocrelimmuii cnocod obpa-
IICHUS] K 3TUM CHCTEMHBIM MPEAMKATaM COCTOUT B HEMOCPEICTBEHHOM HX BBI3OBE
C HCIIOJIb30BAHUEM MeTarnepeMeHHbIX. HeoOxoauma Tabmuiia, ycTaHaBIMBAIOIIAs,
KakKye MPEIUKAThl SBJISIOTCS CUCTEMHBIMH. ByJIeM CuuTaTh, YTO OHA COCTOHMT W3
dakroB Buma System(Predicate) mist kaxaoro cucteMHoOro mpeaukara. [Ipemioxke-
HUSI METAaMHTEPIPETaTopa, ONEPUPYIONIHE C CUCTEMHBIMH IPEJIUKATAMH, UMCIOT
BU/I

solve(A):- system(A),A.

% nporpamma 3
solve(true):-!.
solve((A,B)):-!,
solve(A),
solve(B).
solve(not(A)):-!,
not(solve(A)).
solve(A):-
not system(A),
clause(A,B),
solve(B).
solve(A):-
system(A),
A.

% HEKOTOpPblEe CUCTEMHbIE NMpeanKaThl
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system(is(_,_)).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

JlonomHUTEIBHOE TIpeIoKeHne SOlVe menaer AelicTBUE CHCTEMHBIX IMPEIu-
KaTOB HEBUIAUMBIM il uUHTepnperaropa. CyliecTBYIOT HEKOTOpbIE CUCTEMHbBIC
peauKaThl, KOTOPbIE JOHKHBI OBITh BUAMMBIMU, Harlpumep, otpuiianue. [Ipodie-
MOI B 3TOM METaHHTEPIIPETATOPE SBIISIETCS KOPPEKTHOE MOJAEIMPOBAHUE OTCEYe-
HUSI.

[IponemoHcTpupyeM paboTy MporpaMmMbl 3 Ha TPEAUKATE P.

p(X,Y):-
not(X=15),
Y is X*X.
p(15,0).
p(X,X):-
X<0.

WNuTepnperanus npeaukara p:
?- solve(p(20,X)).

X =400 :;
No

?- solve(p(-5,X)).
X=25;

X=-5;

No

?- solve(p(15,X)).

X=0;
No

Ilocmpoenue oepesa ookazamenvcmea 011 noanozo Ilponoza

MetauntepnpeTaTop s MOCTPOCHUS JIEpeBa JI0Ka3aTeIbCTBA, IMPEICTaB-
JIEHHBIN B MpoOTrpaMMme 2, TaKK€ MOXET ObITh paclIUpeH J00aBJICHHEM CIIeIHaTb-
HBIX NPEIJI0KEHUH JIJI1 CUCTEMHBIX LIEJIEU U OTPULIAHHUS.

% nporpamma 4
solve(true,true):-!.
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solve((A,B),(ProofA,ProofB)):-!,
solve(A,ProofA),
solve(B,ProofB).
solve(not(A),'He gokasyemo'(A)):-!,
not(solve(A,_)).
solve(A,(A:-Proof)):-
not system(A),
clause(A,B),
solve(B,Proof).
solve(A,(A:-true)):-
system(A),
A.
system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

HNuTepnpernpyeM CIOXKHYIO LEIb:
?- solve((member(X,[a,b,c]),not member(X,[c,d])),Y).

X=a

Y = (member(a, [a,b,c]) :- true), 'ne doxazyemo'(member(a, [c,d])) ;

X=hb

Y = (member(b, [a,b,c]) :- (member(b, [b,c]) :- true)), 'ne ookazyemo'(member(b,
[c.d])) ;

No

3.2. JKcnepTHaA cucTtema

DKcnepmuas cucmema cnpawiugaem ) noavb308amesisi HeOOCMAowyo UH-
Gdopmayuro.

OO1EenpUHATO MPEACTABISATH HKCIEPTHYIO CUCTEMY B BUJE 0a3bl 3HAHUU U
MEXaHu3Ma BbIBOJA. MeXaHu3M BbIBOJA OyJIeT MOCTPOEH MYTEM YCOBEPIIEHCTBO-
BaHMsS MeTauHTeprnperaropa (mporpamma 4). basel 3HaHuil, 0Opa30BaHHbBIE CpeEI-
ctBamu [Iponora, sSBISIOTCS BBINOJHAEMBIMU MporpaMMmamu. PaccmoTpum yrpo-
HICHHBIM MpuMep Takod Oa3bl 3HaHMM - 0aza 3Hanuil "bonesuu". Ilns OGonee
HarJIITHOTO MH(UKCHOTO M300pakKeHUsl MPEIUKATOB CIEIMAIbHO BBEACHBI Olepa-
TOPHI: ‘-PEKOMEHIOBAHO', 'MMeeT', 'MMeeT CUMNTOM', 'MMEeT MpU3HaK'.
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- 0p(100,xfx,['- pekomMeHOoBaHO','MeeT','MMeeT CUMMTOM',
'meeT npusHak']).

X '- pekoMeHA0BaHO' 'neYyb B NOCTesb U MPUHATL acrUpuH':-
X 'mmeeT 'npoctyga’,
not( X 'mmeeT' 'ya3BuMbIin Bo3pacT').
X '- pekoMeHOoBaHO' 'BbI3BaTh Bpaya':-
X 'mmeeT 'npoctyga’,
X 'nmeeT' 'ya3BMMbIN BO3pacT'.
X '- pekoMeHOoBaHO' 'BbI3BaThL Bpaya':-
X 'mmeeT' 'oCTpbIN PapuHInNT'.
X '- pekoMeHA0BaHO' 'neYb B NOCTESb U MPUHATDL acnupuH':-
X 'vmeeT' 'rpmnn'.

X 'mmeeT 'npoctyaa':-
X 'nmeeT cmmnToM' 'MbllLEYHbIE DoK',
X 'MmeeT cumnToM' ‘nuxopagka'.
X'meeT' 'ys13BUMbIV BO3pacCT':-
X 'MmeeT npusHak' 'monoxe 8 net'.
X 'mMmeeT' 'ysa3BMMbIN BO3pacCT -
X 'mMmeeT npusHak' 'crapwe 60 net'.
X 'mmeeT' 'oCcTpbIn PapuHInNT':-
X 'MmeeT cmmnToM' ‘nuxopagka’,
X 'MmeeT cMmnToM' 'HapbIBbl B ropre’.
X 'mmeeT 'rpunn';-
X 'MmeeT cMMnTOoM' 'HaCMOpK',
X 'MmeeT cMmMmnToM' 'MblLLeYHble bonu',
not(X 'mmeeT cumnTomM' 'nnuxopagka').
hy(X,Y):-
member(Y,['neyb B nocTenb U NpUHATL acnupuH','Bbi3BaTh Bpaya'l),
X '- pekomeHgoBaHO' Y.

[MpenukaT hy sBIsSeTCS LENBIO IS SKCHEPTHONW CHCTEMbI C JaHHON 0a3oii
3HaHUMN, C €r0 MOMOIIBIO MOJIB30BATENb MBITACTCS BBISCHUTH CIPABEIIMBOCTH T'H-
MOTE3 1eub 8 nocmeslb U NpuHAms acnupun’ 1 ‘evizeams eépaua’. IlonbiTaeMcs 1o-
JYY9UTHh peKOMEH1a1uo s booa:

?- solve(hy(bob,Y)).
No

B 6a3e 3HaHMI1 HE 3a10KEHBI KOHKPETHBIE CUMITOMBI, PEATIOIaraeTcsi, 4To
HKCIIEPTHAsA CUCTEMA MOJKET 3a/1aBaTh IOJb30BATENI0 BOIPOCH B CIIy4yae HEXBATKU
uHpopmauu.
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Mpsl BBOAMM crienuaibHyto mporeaypy askable/l, kotopas B ciydae Oe3-
YCIEIIHOTO PEIICHHUS e HHTEPIPETATOPOM MOXKET HAIPABHTh €€ Ha paccMOTpe-
HHE TI0JTb30BaTEJIIO.

% nporpamma 5
.- dynamic untrue/1.
solve(true):-!.
solve((A,B)):-!,
solve(A),
solve(B).
solve(not(A)):-!,
not(solve(A)).
solve(A):-
not system(A),
clause(A,B),
solve(B).
solve(A):-
system(A),
A.
solve(A):-
askable(A),
not known(A),
ask(A,Answer),
respond(Answer,A).
system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).
system(member(_, )).

ask(A,Answer):-
display_query(A),
read(Answer).

respond(yes,A):-
assert(A).

respond(no,A):-
assert(untrue(A)),fail.

known(A):-A,!.
known(A):-
untrue(A).

display_query(A):-
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write(A),
write('?").

[Tpenukar askable ompenenser xakwe Bompockl OyIyT 3aJaHbBI MOJIE30BATE-
7r0. UToOBI N30€KaTh MIOBTOPSHUS OJHUX M TEX JK€ BOIPOCOB, MPOTPAMMAa 3aITHCHI-
BaeT OTBETHI HA BOIMPOCHI, YTO oOecrieunBaeTcs npeaukarom respond . Ecinu Ha Bo-
npoc A mociieZioBall OTBET YeS, To B mporpamMmy BBoauTcs Gakt A. Eciu ke moiry-
YeH OTBET NO, TO B mporpammy BBoauTcs (akt untrue(A). Dta uHdopmanus uc-
HOJIB3YeTCs MpeauKaToM KNOWN, 4ToObl M30€KaTh 3aJaHus BOIPOCOB, OTBETHI HA
KOTOpBIC yXK€ M3BECTHBI mporpamme. Jupektua dynamic mus untrue mobaBieHO
U TOTO, 4TOoOBI M30exkaTh mpenynpexaeaue [Ipomora o6 oTcyTcTBHE Ompenese-
HHUs untrue.

Jlononusiem 0a3y 3HaHWid mpenukaTtoM askable m mupexkTuBoi dynamic s
MIPEIUKATOB ‘UMeem CUMNMOM U ‘UMeem NpusHax .

dynamic 'vmeeT cumntom'/2, 'nmeeT npuaHak'/2.

askable(_ 'mmeeT cumnTom' ).
askable(_ 'mmeeT npusHak' ).

Teneps moayunM pekomeHaamu s booa:
?- solve(hy(bob,Y)).
bob umeem cumnmom moluieurvle boau? yes.
bob umeem cumnmom nuxopaoka? yes.
bob umeem npuznak monoosce 8 nem? no.
bob umeem npusnax cmapwe 60 nem? no.
Y = neub 6 nocmenv u npunams acnupun’;
bob umeem cumnmom nacmopk? yes.
bob umeem cumnmom napwigel 6 cope? yes.

Y = "sv136ams epaua’ ;
No

IToBTOpHBIH 3anpoc 11t boGa mpUBOIUT cpa3y K TOMY KE OTBETY:

?- solve(hy(bob,Y)).

Y = neuv 6 nocmenv u npuname acnupun’;

Y = 'sv136amsb eépaua’ ;
No
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Oobon10uKka nezaeucuma om 0a3vl 3HAHUTL

B BKCHepTHOﬁ CUCTEMC 060J’IO‘{Ka JOJDKHA 6I>ITI> HC3aBUCHUMaA OT 68.31;1 3HaA-
HHI?I, IMIO3TOMY MCXAHHU3M BbIBOJA U 6&3& 3HAHUU IMOMCHIAOTCA B ABA PA3HBIX (1)8,171-
na. Takue npeaukatel Kak System u askable mpucyrctByroT B 00oux daiinax, cie-
JIOBATEIbHO HEOOXOaUMa CIIeMalIbHAs AUPEKTHBA I uHTepnperaropa [Iposmora
multifile.

% nporpamma 6

- multifile system/1, askable/1.

% ocTanbHOW TEKCT NporpamMmMbl Kak B NporpamMmme 5, 3a UCKNOYEHNEM
% TOro, 4To yénpaem npasuno system(member(_._))

baza 3nanmii "bone3Hu" HaXOAUTCS B OTIEIBHOM (haiiyie U JOTOTHAETCS MPaBUIIOM
system(member(_, )).

Ilonv3zoeamensv moxncem npocums 00vacuenusn "'nouemy?"

VYcoBepiieHcTBOBaHHAs! Bepcrs 000JI0YKH MO3BOJISIET TAKXKE YCIIEITHO BECTU
IUaNord U ¢ Apyrou crtoponsl. Koraa mporpamma 3amaer BONpOC, MOJIb30BATENb
MOET OTBETHTh CBOMM COOCTBEHHBIM BOIIpOCOM “‘mouemy?”’. ECTECTBEHHBIM OT-
BETOM O0OJIOUKH JOJDKHO OBITh MPABUIIO, HA OCHOBAaHWU KOTOPOTO MporpamMmma Ibl-
TaeTcs clieNaTh BbIBOA. Takyr BO3MOKHOCTB JIETKO BBECTH B 000JIOUKY, PaCIIHPSS
BCE OTHOIIICHUS JIOMOJHUTEIBHBIM apIyMEHTOM - HCIOJIb3YEMbIM TEKYIIIUM MpPaBU-
noMm. ITockoneky B [Iposor-nporpamMmax AOCTYNI K TNI00AJIBHOMY COCTOSIHUIO TPO-
11ecca BHIYMCIICHU HEBO3MOXKEH, 9TO MIPABWIIO JOJIKHO OBITh SIBHO MIPEICTABIICHO B
JOTIOJIHUTEIIbHOM apryMEHTE.

HNurtepdetic nmsa obecrnieueHus: OTBETa Ha BOIPOC “ToyeMy?” peann3yeTcs
JIOTIOJTHUTEIbHBIMK TIpaBUiIaMu npeaukata respond. Ilpeaukar respond mepernu-
ChIBAET TEKYIEE POAUTEIBCKOE MPAaBUJIO M MPUIJIAIIAET MOJb30BaTENSl OTBETUTH
emie pasz. Popmar, B KOTOpOM OYyJI€T MPEACTABICHO 3TO MPaBUIIO, OMPEAEHSIETCS
npenukarom display_rule, mo3BoJrOmUM MOJIB30BATEIIO MPEJACTABIIATH MPaBUia B
yA0OHOM 17151 HEro Gopme.

[ToBTOpHBIE OTBETHI HA BOMPOC “NOYEMY?”’, UCIOJIB3YIOUIME MPEMJIOKECHUE
respond, mpuUBOAAT K TOBTOPHOW TepedOPMYITUPOBKE POJUTEILCKOTO IPaBHUIIA.
Pemenne coctouT B Bblau€ MPapOAMTENICKOrO MpaBuja B OTBET Ha BTOPOW BO-
npoc “nouemy?”’, mpanpapoIUTENIbCKOrO MpaBUiia B OTBET HA TPEThE “nouemy?” u
TaK jJajuee BBEpX MO jepeBy noucka. C 3TOM UENIbI0 JHOMOTHUTEIbHBIA apryMEeHT
COJICPKUT CIHCOK MPaBUJI, YUUTHIBAIOIIUX MTPEABICTOPHIO.

Jlyist yaera ciydasi, KOT/ia BCe TpaBuja JUisi OTBETa UCUYEPIIaHbl, HEOOXOAMMO
JOTIOJIHUTEIIBHOE MPEJJI0KEHUE.

TpyaHocTH BO3HUKAIOT, KOT/Ia MPUXOIUTCA OOBSICHSATH UCIIOIB30BAHUS TIpa-
Buia A B mporecce qokazarenabctBa NOt(A). B aTom citydae mpeasicTOpHs BHIBOIA
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Tepsiercsi, ¥ aprymeHT Rules B TpeTbem npenoxenun resSpond cTaHOBHTCS HEKOH-
KPETHU30BAaHHOU NTEPEMEHHOM.

% nporpamma 7
- multifile system/1, askable/1.
.- dynamic untrue/1.

% [ONOSNTHUTENBHBIN apryMeHT - CNIMCOK COAepXKaLLun TekyLee
% poauTenbckoe npasuo 1 Npasuna u3 npeabicCTopun
solve(true,_):-!.
solve((A,B),Rules):-!,
solve(A,Rules),
solve(B,Rules).
solve(not(A),_):-!,
not(solve(A,_)).
solve(A,Rules):-
not system(A),
clause(A,B),
solve(B,[rule(A,B)|Rules]).
solve(A,_):-
system(A),
A.
solve(A,Rules):-
askable(A),
not known(A),
ask(A,Answer),
respond(Answer,A,Rules).

system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

ask(A,Answer):-
display_query(A),
read(Answer).

% LONOSTHUTENbHbIN apryMeHT - CIUCOK coAepXKallmin TekyLlee
% poauTenbCKOe NpPaBuIIo N Npasuna 13 NpeabIcTopmn

respond(yes,A, ):-
assert(A).

respond(no,A,_):-
assert(untrue(A)),fail.
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% Tpv AONONHUTErbHLIX NpaBuna ansa respond

respond(why,A,Rules):-
var(Rules),!,
write(' Xo4y Mcnonb3oBaTh IOXKHOCTDL '),
write(A),nl,
ask(A,Answer),
respond(Answer,A,[]).
respond(why,A,[Rule|Rules]):-
write(' xo4y BocCnonb3oBaTbCA NpaBuUom:'),
display_rule(Rule),
ask(A,Answer),
respond(Answer,A,Rules).
respond(why,A,[]):-
write(' <== BO3MOXXHOCTWN 06 bACHEHNA ncyepnaxsl '),nl,
ask(A,Answer),
respond(Answer,A,[]).
known(A):-A,L
known(A):-
untrue(A).

display _query(A):-
write(A),
write('?").

display_rule(rule(A,B)):-
nl,write('Ecnn "),
write_conjunction(B),
write(" 710 "),
write(A),nl.

write_conjunction((A,B)):-
Lwrite(A),write(' n '),
write_conjunction(B).

write_conjunction(A):-
write(A),nl.

Bropeim aprymentom npenukara solve(Goal,Rules) B mporpamme 7 sBisiercst
CIIMCOK TIPABWJI, MCIOJIB3YEMbBIX U PEIyKIIMU MPEAKOBBIX BepiimH 1enu Goal B
TEKYIIEeM JiepeBe Moka3arenbeTBa. CIMCOK MPaBUil OOHOBISIETCS C MMOMOIIBIO Tpe-
naukara Solve B mporiecce peaykiuu neiad. Jas mpeacraBieHus npaBuiia BeIOpaHa
crpykrypa rule(A,B). EauHcTBEHHBIM MpeaMKaTOM, Ha KOTOPBIA BIIHSET BBHIOOD
npeaCTaBiICHHS MTpaBuia, sBisercs npeaukar display_rule.

Briscanm pekomennanuu uist booa:



34

?- solve(hy(bob,Y),[]).
bob umeem cumnmom mviueunsvie 6onu? why.

X0uy 80CNONL30BAMBCS NPABUTIOM.
Ecnu bob umeem cumnmom molueunsie 6oau u bob umeem cumnmom auxopaoxa
mo bob umeem npocmyoa

bob umeem cumnmom mviweurwvle 60au? why.

X0uy 80CNONL308AMBCS NPABUTIOM:
Ecnu bob umeem npocmyoa u not bob umeem ysizeumvlii o3pacm
mo bob - pexomenoosano neusb 8 nocmensb U NPUHAMb ACNUPUH

bob umeem cumnmom moiueunvie 6oau? why.
X0Uy 80CNOIL308AMBCS NPABUTIOM.
Ecnu member(neus 6 nocmens u npursimes acnupu,
[neub 6 nocmens u npunamMb ACNUPUH, 8bI36aMb 8pAiaA])
u bob - pexomenoosano neuv 6 nocmensb U NPUHAMb ACNUPUH
mo hy(bob, neuv 6 nocmenv u npuHAMb ACNUPUH)

bob umeem cumnmom mviweurvle 60au? why.
<== 8O3MONCHOCMU 0OBACHEHUS UCUEPNAHDI
bob umeem cumnmom mviueunvie 6oau? yes.
bob umeem cumnmom auxopaoxa? yes.
bob umeem npusnax monooice 8 nem? no.
bob umeem npusnax cmapuwe 60 rem? no.
Y = neuv 6 nocmenv u npunams acnuput’;
bob umeem cumnmom nacmopk? why.
X0UY 80CNOIb308AMbCS NPABULOM.
Ecnu bob umeem cumnmom nacmopk u bob umeem cumnmom moiuieunvie 60U
u not bob umeem cumnmom auxopaoxa

mo bob umeem epunn

bob umeem cumnmom nacmopk? yes.
bob umeem cumnmom Hapwvigol 8 copne? why.

X04)y 60CNOJIb306amMbCA Nnpasujiom.
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Ecnu bob umeem cumnmom auxopaoxa u bob umeem cumnmom Hapwiévl 6 copie
mo bob umeem ocmpuiii papurneum

bob umeem cumnmom napwvigol 6 2opne? yes.
Y = 'sb136ams epaua’;

No

OovacneHnue peuienus

OTBeThl Ha BOIPOCH “TIOYEMY?” - 3TO MPOCTOE CPEACTBO OOBSCHEHUS, OIH-
CBIBAIOILIEE OJHY JIOKAIBHYIO LIETIOYKY paccyxaeHui. Cienyromas nporpamma Jo-
HOJIHSET Mporpammy 4 BO3MOYKHOCTBIO OOBSICHEHHUSI, MOSICHSIOIIETO MOJHOE J0Ka-
3aTeJIbCTBO PEIIEHHOrO BOIIPOCA.

% nporpamma 8
% how(Goal) - o6bsacHseT kak bbina gokasaHa uenb Goal

how(Goal):-
solve(Goal,Proof),
interpret(Proof).

solve(true,true):-!.
solve((A,B),(ProofA,ProofB)):-!,
solve(A,ProofA),
solve(B,ProofB).
solve(not(A),'He gokasyemo'(A)):-!,
not(solve(A,_)).
solve(A,(A:-Proof)):-
not system(A),
clause(A,B),
solve(B,Proof).
solve(A,(A:-true)):-
system(A),
A.

system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

interpret((ProofA,ProofB)):-!,
interpret(ProofA),
interpret(ProofB).
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interpret((A:-'kak 6b1510 ckasaHo')):-!,
nl,write(A),write(' <= kak 6bIf10 ckasaHo'),nl.
interpret('He gokasyemo'(A)):-!,
nl,write(A),write(' <= He gokasyemo'),nl.
interpret(Proof):-
fact(Proof,Fact),
nl,write(Fact),write(' - 310 dakT’),nl.
interpret(Proof):-
rule(Proof,Head,Body,Proofl),
display_rule(rule(Head,Body)),
interpret(Proofl).

fact((Fact:-true),Fact).

rule((Goal:-Proof),Goal,Body,Proof):-
not(Proof=true),
extract_body(Proof,Body).

extract_body((ProofA,ProofB),(BodyA,BodyB)):-
|

extract_body(ProofA,BodyA),

extract_body(ProofB,BodyB).
extract_body((Goal:-Proof),Goal).
extract_body('He pokasyemo'(B),not(B)).

display_rule(rule(A,B)):-
nl,write('Ecnn "),
write_conjunction(B),
write(" TO '),
write(A),nl.

write_conjunction((A,B)):-
Lwrite(A),write(' n "),
write_conjunction(B).

write_conjunction(A):-
write(A),nl.

OcHoBHas HACA COCTOUT B MHTCPIIPCTAINH AOKA3aTCIbCTBA LICIN, T'AC TOKa-
3aTENBCTBO MPEACTABICHO B METAMHTEPIIPETATOPE MPOTPAMMEI 4.

dopmupoBaHue 00bSICHEHHUS
?- how(member(X,[a,b,c])).
member(a, [a,b,c]) - omo gpaxm

X=a;

Ecau member(b, [b,c])
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mo member(b, [a,b,c])
member(b, [b,c]) - omo ¢paxm
X=b;

Ecnu member(c, [b,c])
mo member(c, [a,b,c])

Ecnu member(c, [c])
mo member(c, [b,c])

member(c, [C]) - omo paxm

X=c;
No

OHpeI[eJ'II/IM MMpCOAUKaT IJI1 HAXOXKACHU A (baKTOpI/IaHa.

f(0,1).
f(X,Y):-
X>0,
X1 is X-1,
f(X1,Y1),
Y is X*Y1.

[TocMOTpUM KaKk METaUHTEPIPETATOP OOBICHUT, UTO 2! =2 :
?- how(f(2,X)).

Ecu2>0ulis2-1uf(l, Du2is2*1
mo f(2, 2)

2 >0 -smo ¢paxkm

1is2-1-9mo ¢paxm

Ecrul>0uOis1-1uf(0, Dulisl *1I
mo f(1, 1)

1> 0 -smo ghaxm

0is1-1-osmo ¢paxm

f(0, 1) - omo paxm

1is1*1-omo paxm

21s2* 1 - smo ¢paxm
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Yes
Ozpauuueuue 051;}1 CHECHUA

Xots npeapinyiiee 00bsICHEHHE BbIYUCICHUS (akTopuaia 2! ucyeprbiBaio-
I TIOHSTHO, OHO UMEET HEJOCTATOK. JTO Ype3MepHasl MOJHOTa OOBSICHEHHUS, YTO
NPUBOINUT, JaXKe JUIsl OYeHb MaJICHbKOIM 0a3bl 3HAHWI, K BBIBOJY CIIHIIKOM 0OJIb-
moro oobeMa uHbopMauu. DKpaHHBIA TEKCT, MPOU3BEIACHHBINA IKCIEPTHON CH-
CTEMOM, MMEIOIICH COTHU MPABUJI, CTAHOBUTCS HEBPA3yMHUTEIbHBIM.

[TosTOMy nomoHSIEM MPOrpaMMmy 8 BO3MOXHOCTBIO YKa3aTh, YTO JOCTATOY-
HO OOBSACHSTH MPHU NOJYYeHHUHU pereHus. s atoro nenaeM HEOOIbIIYI0 MOAU(U-
Kalliio MMPOrpaMMbl M Hcronb3yeM mpenukar explainThis(f(_, )), koTopslii yka3bl-
BACT BHIBOJI KAKUX UMECHHO TPEJNKATOB HY)KHO OOBSCHSTS.

% nporpamma 9
.- dynamic explainThis/1.

how(Goal):-
solve(Goal,Proof),
interpret(Proof).

solve(true,true):-!.
solve((A,B),(ProofA,ProofB)):-!,
solve(A,ProofA),
solve(B,ProofB).
solve(not(A),'He gokasyemo'(A)):-!,
not(solve(A,_)).
solve(A,(A:-Proof)):-
not system(A),
clause(A,B),
solve(B,Proof).
solve(A,(A:-true)):-
system(A),
A.

system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

interpret((ProofA,ProofB)):-!,
interpret(ProofA),
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interpret(ProofB).
interpret((A:-'kak 6bino ckasaHo'")):-!,
nl,write(A),write(' <= kak 06bIn10 ckasaHo'),nl.
interpret('He gokasyemo'(A)):-!,
nl,write(A),write(' <= He gokasyemo'),nl.
interpret(Proof):-
fact(Proof,Fact),
explainFact(Fact).
interpret(Proof):-
rule(Proof,Head,Body,Proofl),
explainRule(Head,Body),
interpret(Proofl).

fact((Fact:-true),Fact).

rule((Goal:-Proof),Goal,Body,Proof):-
not(Proof=true),
extract_body(Proof,Body).

extract_body((ProofA,ProofB),(BodyA,BodyB)):-
L
extract_body(ProofA,BodyA),
extract_body(ProofB,BodyB).
extract_body((Goal:-Proof),Goal).
extract_body(‘He gokasyemo'(B),not(B)).

display_rule(rule(A,B)):-
nl,write('Ecnn "),
write_conjunction(B),
write(" 710 "),
write(A),nl.

write_conjunction((A,B)):-
Lwrite(A),write(' n '),
write_conjunction(B).

write_conjunction(A):-
write(A),nl.

explainRule(Head,Body):-
explainThis(Head),!, % 00'acHATbL N BbIBOA, NpeankaTa
nl,write(Head),
write(' [oka3aHO ¢ ncrnonb3oBaHWeM npasuna '),
display_rule(rule(Head,Body)).

explainRule(_, ).

explainFact(Fact):- % 06'acHATb Nn BbIBOA hakTa
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explainThis(Fact),!,
nl,write(Fact),write(' - 310 hakt'),nl.
explainFact( ).

Teneps ykakem B mporpamMme, 9T0 OOBSCHATH HY)KHO TOJIBKO BBIBOJ TIPETH-
kara ¢akropuan /2.

explainThis(f(_, )).
[Tonyuaem oObscHeHUE TOTO, yTO 4! =24
?- how(f(4,X)).

f(4, 24) oOoxazano ¢ ucnonvzosanuem npasuid
Ecmud>0u3is4-1uf(3,6)u24dis4*6
mo f(4, 24)

f(3, 6) Ooxaszano c ucnovzosanuem npasuid
Ecmu3>0ulis3-1uf(2,2)ubis3 *2
mo f(3, 6)

f(2, 2) O0oxazaHo ¢ ucnonvzosaHuem npasuia
Ecu2>0ulis2-1uf(l, Dulis2 *1

mo f(2, 2)

f(1, 1) Oooxazano ¢ ucnonvzosanuem npasuid
Ecmul>0uOisl1-1uf(0,Dulisl *1
mo f(1, 1)

f(0, 1) - amo paxm

X=24
Yes

IIpasoonoooobusie paccyrycoenusn

[Tocnennuii nmpumep MCNOJIB30BAaHUS METAMHTEPIIPETATOPOB JJISI AKCHEPT-
HBIX CHCTEM CBSI3aH C NPUMEHECHUEM MEXaHU3Ma PACCYKICHUW B YCIOBHUAX HeE-
onpeaeaeHHOCTH. [IpuunHON 1711 BBEICHUSI TAKOTO MEXaHW3Ma SABJISICTCS HAII4YNE
HeonpeeaeHHoW nHopmaruu - mpaBui u (HakToB. JleTyKTHBHBIN BBIBOJ MPU He-
ONPEAEITICHHBIX MPEANOJIOKECHUAX JOJDKEH MTPUBOJUTH K HEOIPEACICHHBIM 3aKITHO-
yeHusiM. CyIecTByeT HECKOJIBKO CITOCOOOB MPEACTABICHUS HEOMPEICICHHOCTH B
mpaBujax M CIOCOOOB BBIYMCIICHHSI HEOMPEEICHHOCTH 3akitoueHuil. OCHOBHOE
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TpeOOBaHUE COCTOUT B TOM, UYTO B MPEACIHLHOM Cllydae, KOrJa Bce MpaBHiia orpe-
JIeJIEHHBIC, TTIOBEICHNE CUCTEMBI TIOBTOPSIO CTAHIAPTHBIA MEXaHU3M JICTyKITHH.

OctanoBuMcs Ha cienyrommeM moaxose. C KaxapiM IpaBHiIOM HIU (aKTOM
cBsbkeM KodddunmeHT onpenenennoctu €, 0< ¢ <= 1. Jlorudeckas mporpamma c
HeoIpeaeacHHOCTAMU - 3T0 MHokectBo map <Clause,Factor>, rme Clause -
npeioxkenne, a Factor - koagduiment onpenenenHoctr. O00I0UKA FIKCHEPTHOM
CHUCTEMBI, pa0boTaroImas B YCIOBUAX HEOINPEACICHHOCTH, MOJIydYeHa ITyTeM HEIo-
CPEICTBEHHOTO YCOBEPIIICHCTBOBAHUS IPOTPaMMBI 7. OTtHomeHue
solve(Goal,Proof,Certainty) uctunno, xorga mens Goal ynoBieTBopeHa ¢ onpe/ie-
ner”octeio Certainty, a Proof - nepeBo mokaszarensctBa Goal. B nmporpamme mpe-
MOJIAaraeTCs, UYTO MPEIIOKEHUS ¢ KO (OUITMEHTAMH ONPEICIICHHOCTH TIPE/ICTaBIe-
HBI ¢ HCTOJIb30BaHueM npeaukata clause cf(A,B,CF).

% nporpamma 10
- multifile system/1, askable/1, clause_cf/3.
.- dynamic untrue/l1, askable/1, clause_cf/3.

% BBEOEM CTapTOBbIN NpeaukaT
expert(X):-
solve(X,[],C),nl,
write('IoKka3aHo C yBEPEHHOCTLIO '),
write(C).

solve(true,_,1):-.
solve((A,B),Rules,C):-!,
solve(A,Rules,C1),
solve(B,Rules,C2),
C is min(C1,C2).
solve(not(A), ,1):-!,
not(solve(A,_, )).
solve(A,Rules,C):-
not system(A),
clause(A,B),
solve(B,[rule(A,B)|Rules],C).
solve(A,Rules,C):-
not system(A),
clause cf(A,B,C1),
solve(B,[rule(A,B)|Rules],C2),
Cis C1*C2.
solve(A,_,1):-
system(A),
A.
solve(A,Rules,C):-
askable(A),
not known(A),
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ask(A,Answer),
respond(Answer,A,Rules,C).

system(is(_, )).
system(_= ).
system(_< ).
system(_> ).
system(write()).
system(nl).

ask(A,Answer):-
display_query(A),
read(Answer).
respond(yes,A,_,1):-
assert(A).
respond(no,A, ,0):-
assert(untrue(A)),fail.
respond(why,A,Rules,C):-
var(Rules),!,
write(" Xo4y MCNONb30BaTh FIOXKHOCTDL '),
write(A),nl,
ask(A,Answer),
respond(Answer,A,[],C).
respond(why,A,[Rule|Rules],C):-
write(' xo4y BOCNOSIb30BaTLCA NpaBUIioMm:"),
display_rule(Rule),
ask(A,Answer),
respond(Answer,A,Rules,C).
respond(why,A,[],C):-
write(' <== BO3MOXXHOCTWN 06 bACHEHNA ncyepnaxsl '),nl,
ask(A,Answer),
respond(Answer,A,[],C).

% pnobaensiem npasuna ans respond
respond(C,A,_,C):-
number(C),C>0,
assert(clause_cf(A,true,C)).
respond(0,A, ,0):-
assert(untrue(A)),fail.

% pobaBnsiem nNpaBuno Ans known
known(A):-

clause_cf(A,true, ).
known(A):-A,!.
known(A):-

untrue(A).
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display _query(A):-
write(A),
write('?").

display_rule(rule(A,B)):-
nl,write('Ecnn ),
write_conjunction(B),
write(" 10 "),
write(A),nl.

write_conjunction((A,B)):-
Lwrite(A),write(' n "),
write_conjunction(B).

write_conjunction(A):-
write(A),nl.

baza 3nanuii “bone3nn” B oTaeaprHOM (haitiie:

- op(100,xfx,['- pekomeHOoBaHO','MeeT','MMeeT CUMNTOM',
'meeT npusHak']).
:-dynamic 'vmeeT cumntom'/2, 'nmeeT npusHak'/2.

clause_cf(

X '- pekomMeHAoBaHO' 'neYvb B NOCTENb M NPUHATL aCnNUpuH',
(X 'mumeeT' 'mpocTyaa’,
not( X 'mmeeT' 'ya3Bumbln Bo3pacT')),

0.9).

X '- pekoMmeHOoBaHO' 'BbI3BaTh Bpaya':-
X 'mmeeT' 'npoctyna’,
X 'nmeeT' 'ya3BMMbIN BO3pacT'.

X '- pekoMeHOoBaHO' 'BbI3BaTh Bpaya':-
X 'MmeeT' 'oCTpbI hapUHUT' .

clause_cf(

X''- pekoMeHOoBaHO' 'neYvb B NOCTeSb U NPUHATL acinpuH',
X 'umeeTt' 'rpunn’,

0.7).

clause_cf(

X 'mmeeT' 'npoctyna’,
(X 'umeeT cumnToM' 'MblLLEYHbIE BonK',
X 'mmeeT cumnToM' ‘nnxopagka'),

0.8).
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X 'nmeeT' 'ys3BMMbIN BO3pacT':-
X 'MmeeT npusHak' 'monoxe 8 net'.

X 'nmeeT' 'ys13BMMbIN BO3pacT':-
X 'mmeeT npusHak' 'crapwe 60 net'.

clause_cf(
X 'mmeeT' 'oCcTpbIn PapuHInT',

(X 'mmeeT cumnTom' 'nnuxopagka’,

X 'mMmeeT cmmnToM' 'HapbiBbI B ropne'),
0.9).

clause_cf(
X 'vmeeT' 'rpunn’,
(X 'meeT cumnToM' 'HaCMOpK',
X 'nmeeT cmmnToM' 'MbllLEYHbIE DoK',
not(X 'meet cumntom' 'nnxopagka')),
0.8).

askable(_ 'mmeeT cumnTom' ).

askable(_ 'mmeeT npusHak' ).

hy(X,Y):- member(Y,['ne4yb B nocTens U NPUHATbL acnnpuH',
'BbI3BaThb Bpaya'l), X '- pekomeHgoBaHo' Y.

system(member(_, )).
[IpoTokomn paGoThi:

?- expert(hy(bob,Y)).

bob umeem cumnmom moiweunwvie 6oau? 0.9.
bob umeem cumnmom nuxopaoxa? 0.8.

bob umeem npusnax monooice 8 nem? no.
bob umeem npusnax cmapue 60 nem? 0.

ooxaszaro c ysepernrocmuio 0.576000

Y = neuv 6 nocmenv u npuname acnupun’;
bob umeem cumnmom nacmopk? yes.

bob umeem cumnmom Hapwigol 6 copne? 1.

ooxaszaro c ysepernnocmuio 0.720000

Y = 'sv136amsb eépaua’ ;
No

?- expert(hy(cat,Y)).

cat umeem CuUMnMoOM mbluteunvie 60au? no.
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cat umeem cumnmom Hacmopk? 0.7.
cat umeem cumnmom auxopaoxa? 0.1.
cat umeem cumnmom Hapwvigwl 8 copae? (.5.

ooxaszaro c ysepernrocmoio 0.090000

Y = 'svizsams epaua’;
No

To, ymo no cunam yumamenio, NPeOOCMABL eMy
Camomy.
Jloosue Bumeenwmeiin

3.3. 3apaHue Ha 3KCNepTHYH CUcTemMy

Hecnoxnoe komOuHupoBanue nporpamMm 9 u 10 mo3BoJUT co37aTh MOJHO-
LEHHYIO0 000JIOUKY 3KCHEPTHON CHCTEMBI. DTa 000J0YKa JOJKHA YIOBJIETBOPSTH
CIEAYIOIIUM TPEOOBAHUSM:

1) ecnu 0Oa3a 3HAHMI SBISETCA MPOCTO MPOrPaMMON Ha “NOYTH” TOJTHOM
[Iposiore, To 00o0sI0UKa BeneT ce0si KaK METAaMHTEPIPETATOp 3TOM MPOrpamMMbl €
00OBACHEHHEM KaK ObLIO MOJyYE€HO AOKA3aTeIbCTBO;

2) ecnu mpenrnosiaraeTcsa, 4ro 4acTh MH(pOpMaluu OyAeT 3ampamiuBaThCs y
MOJIb30BATENSI, TO 000J0YKA BEJIET AKTUBHBIN TUAJIOT U MOXKET OOBSICHUTH MTOYEMY
OHAa CIpallNBaEeT MOJIb30BATENS;

3) mpuUMEHsIeTCA MEXaHU3M PACCYKJICHUS B YCIOBHUSX HEONPEICICHHOCTH.

[Ipunymaiite cBoro 0a3y 3HaHHMI C HEOINpPEASICHHOCTAMH. JTa 0a3a 3HaAHUU
IO/KHA BKIIIOYATh TAKKe MpaBumiia ajs npeaukaToB askable u explainThis. B aroii
0a3e 3HaHUI HEOOXOAMM LEJIEBOM MpeIuKaT, C MOMOILBIO KOTOPOIO MpPOBEPSETCS
JIOCTOBEPHOCTh pa3fInyHbIX TUNoTe3 (B 0aze 3HaHui “bojie3Hn” TakuM MpeauKaToM
seistercs hy(_, ) ).

ObecneubTe, 4TOOBI 000JIOYKA MOJydyaja BCE BO3MOXKHBIE PEILICHHS, a HE
OCTAHABJIMBAJIACh HA OJJHOM.

B kaudectBe 00pa3ua npuBeeM BO3MOXKHYIO 0a3y 3HAHUW ISl UIEHTU(UKA-
U SKUBOTHBIX:

Ecmun X umeer mepcers, TO X - MIEKOIUTAIOLIEE.
Ecmn X KOpPMHUT I€TEHBIIIENH MOJIOKOM, TO X - MIIEKOIIUTAIOIIEE.

Ecmn X wumeer nepws, To X - NTULA.
Ecim X neraet 1 OTKIAABIBACT AMIA, TO X - NTHUILIA.

Ecim X MiexkommTaromee 1 €CT MSICO, TO X - XMIIHHUK.
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Ecin X MJICKOIIUTAOMICC 1 UMCCT OCTPLIC 3Y6BI, KOI'TH U TIJia3ad, HallpaB-
JICHHBIC BIICPCH, TO X - XHUITHHUK.

Eciu X XWIIHHMK U UMEET PbIKEBATO-KOPUYHEBBIN 1IBET U TEMHBIE MATHA, TO
X - renap.

Ecmm X XMIIHUK M UMEET PhIKEBATO-KOPUYHEBBIM LIBET U YEPHBIE MOJIOCHI,
TO X - THTP.

Ecnu X nituna v He JIeTaeT U miaaBaeT, TO X - IIMHIBUH.
Ecau X nTuia u ietaet o4eHb X0polo, TO X - aab0aTpoc.

TpyaHoct Kiaccu@uKalud XOpOIIo WILTIOCTPUPYET OTPHIBOK M3 pacckasa
“Ananutnueckuit sA3bIK [[xona Ymikunca” Xopxe Jlyuca bopxeca.

“3T0 ... HAMOMHUHAET KJIaccuPpuKauio, KoTopyro n1oktop Opann Kyn npunu-
CHIBAaCT OJHOM KHUTANCKOW JHIIMKJIONEIUU TOoJa Ha3BaHueM ‘“HebecHas ummepus
OJIarofeTeNbHBIX 3HAHUN .

Ha ee npeBHMX cTpaHUIlaX HAMCAHO, YTO KUBOTHBIC JCISTCS Ha
a) mpuHajiexanmx MMneparopy, 6) Habaib3aMUPOBAHHBIX, B)IPUPYUYEHHBIX, T)
COCYHKOB, /) CUPEH, €) CKa304HbIX, JK) OTJEIbHBIX CO0aK, 3) BKIIOUYEHHBIX B 3TY
KJ1accuuKaluio, ) Oeraroluyx Kak cyMaciienime, K) OeCUUCICHHBIX, J1) HAPUCO-
BAHHBIX TOHYAWIIEH KUCTHIO M3 BEPOJIOKbEU LIEPCTH, M) MPOYMX, H) pa30MBLINX
[IBETOYHYIO Ba3y, O) IOXO0XHUX U3JaIH HA MyX.”

BoT Tak MOXeT BBIMJISIIETh TPOTOKOJ PAOOThI IKCIIEPTHOM CUCTEMBI B OKOH-
YaTeJIbHOM BApUAHTE:

?- expert.
Beeoume yenv | : hy(cat, X).

cat umeem cCUMNMoOM Mblieunvle 6oau? no.
cat umeem CUMNMOM HACMOPK? Wwhy.
X0UY 80CNOIb308AMbCS NPABULOM.
Ecnu cat umeem cumnmom nacmopk u cat umeem CUMNMOM MbluleyHble O0aU U not
cat umeem CUMNMOM JIUXOPAOKA
mo cat umeem 2punn
cat umeem cumnmom Hacmopk? 0.7.
cat umeem cumnmom auxopaoka? why.
X0Uy 80CNOIb308AMbCSL NPABUTOM.
Ecnu cat umeem cumnmom nuxopaoka u cat umeem CUMNMOM HAPbIBbL 8 2OpJie
mo cat umeem ocmpulii papuneum
cat umeem cumnmonm auxopaoxa? 0.1.
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cat umeem cumnmom Hapwigwl 6 copne? 0.5.

ooxaszaro hy(cat, evizeams paua)
¢ yeepennocmuio 0.090000
ObvscHsem 8bl1800:

cat - pexomenoosano vi36ame 6paua OOKA3AHO C UCNOAb30BAHUEM NPABUNLA
Ecnu cat umeem ocmpuwiii papuneum
mo cat - peKoMeHO0B8AHO 8bl36AMb 8PAYA

cat umeem ocmpbulti papureum O0O0KA3AHO C UCHONb308AHUEM NPABUILA
Ecnu cat umeem cumnmom nuxopaoka u cat umeem CUMNMOM HAPBIBbL 8 20pJle
mo cat umeem ocmpulti papuneum

cat umeem CuUmMnmom Jzuxopadka <= Kax Obl10 CKA3aHO

cat umeem CumMnmom Hapwlesvl 6 copJie <= Kkak ObL10 CKA3aHO

No
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4. KYPCOBbIE PABOThI

BrimonnHeHNEe KypcoBOi pabOTHI M0 UCKYCCTBEHHOMY MHTEIICKTY TpeOyer
pElIeHUs] OHOM U3 HUKENEPEUNCICHHBIX 3a7]a4 U, KaK pe3yJbTaT, CO3JaHus Mpo-
rpammbl Ha [Iposnore u HanucaHus MOSICHUTEIBHOM 3amucku K padote. Co3/laHHYyIO
IpPOrpaMMy U MOSICHUTEIIbHYIO 3aIUCKY (8 91eKmMpOHHOM 6ude) CTYICHT Tepechuia-
€T MO0 JIEKTPOHHOM MouTe TUCIETYEPY LEHTpa AUCTAHTHOTO O0yUEHUsI, KOTOPBIA B
CBOIO OuYepe/ib MEPECHIIAET UX JEKTOPY. JIeKTOp mpoBepsieT nporpaMmy U MOSICHU-
TEJIbHYIO 3alMCKy U MPU NPABWIHHOM BBINIOJHEHUU PAOOTHI CTYIEHT MOJIy4aeT
MOATBEP)KIECHUE O TOM, YTO OHM 3a4TeHbl. ECiM mporpaMmma wim 3ammcka cOCTaB-
JIeHA HETPABWJIBHO, CTYJCHT TOJydaeT OT JIEKTOpa TEKCTOBBINA (haiii, B KOTOPOM
COJICPKUTCSl OMHUCAaHUE OMMOOK MPOrPpaMMbl U HEJIOCTATKOB MOSCHHUTEIBHOW 3a-
MUCKHU. 3a BBIMOJIHEHHYIO KYpPCOBYIO pabOTy CTyAEHT mosiydaeT auddepeHuupo-
BaHHBIN 3a4ET.

BapuanTsbl TeM 115l KypcOBBIX padoT

BapuaHTbl KypCOBBIX pa0bOT pa3HbIe MO TPYAHOCTU. DTO OYAET YUYUTHIBATHCS
MIPU BBICTABJICHUH OIIEHKH 32 KypCOBYIO padoTy.

1. ¥Ynpowenue snekmpuuecxkux yeneii

IlocTranoBka 3aaun.
Llenb COCTOUT M3 KOMIIOHEHTOB TOJIBKO TPEX BHUJIOB: PE3UCTOPOB, EMKOCTEN
u uHaykTuBHOCTEN. [IpeoOpa3zoBarh 1ens B 0osiee MpOCTYIO, UCMOJIBb3Ysl YNpOIIa-
IOILME MPAaBWIA IPHU NApAJJIEIBHOM U MOCIEI0BATENIbHOM COSMHEHUN KOMIIOHEHT
oHOTO BHUAA. TpeyroiabHUKH MpeoOpa3oBbIBaTh B 3Be31bl. Mcnonb3yiiTe cieayro-
niee npeacrasieHue npeametHor odnactu. Ctpykrypsl r(Homunan), 1(Homunan)
u c(HomuHuan) m3o00paxxatoT COOTBETCTBEHHO PE3UCTOP, MHAYKTUBHOCTH U €M-
KOCTh C HOMUHaJIaMU. Bces nens npeacrasisercs B 0a3e JaHHbIX (paKTaMH BHUJIA
comp(<MeTKa 3JIeMEHTa>,
<3JIEMEHT: PE3UCTOP, UHAYKTUBHOCTDH WJIH EMKOCTH™>,
<CHHUCOK y3JIOB 3JIEMEHTa>).
VYnporieHue neny CBOIUTCS K U3MEHEHHUIO 0a3bl JaHHBIX.

2. Ilpozpamma ona anzedpauyeckux 6bluucieHull

OOBEKThI, C KOTOPBIMU BbI Oynere paboTaTh, - 3T0 MHOTOUYJIEHBI OT OJIHOMN
MEPEMEHHOM, MPEICTaBICHHbIX B CUMBOJIBHOM BHJI€ C BEIIECTBEHHBIMU KOA(h(Du-
[MEHTaMU. MHOro4JIeHbl JOKHBI U300pakaThcsl Kak apu(METUYECKHUE BbIpaxke-

HUs, TaK YMHOKEHHUE U300paxaeTcsi 3HaKOM ‘*’, a BO3BE/ICHHE B CTENEHb - 3HAKOM
CAD



49

JInst MaHUITY ST ¢ MHOTOYJIEHAMU HYHbI HEKOTOpPbIE MPEIUKAThI, YTOObI
MOJIb30BATENIb MOT' ITOJIy4aTh OTBETHI Ha BOIPOCHI, HA KOTOPBIE HE Y/IA€TCsl OTBE-
TUTH C IOMOIIBIO TPAJIUIIMOHHBIX SI3BIKOB MMPOTpaMMUpoOBaHusd. JlJist 3TOro BaM 1mo-
HaJ00UTCs 0003HAYaTh MHOTOWIECHBI UACHTHU(PUKATOPAMH, U XpaHUTh B 0a3e JaH-
HBIX mapy (MUMsi MHOTOYJIeHa, caM MHorowieH). [Ipeaukarsl BBIMOIHSIIOT HEKOTO-
phIe Olepalyy HaJl CBOMMU ONEpaHAaMu M MOMENIAIOT PE3yIbTaT B KAUeCTBE 3HA-
YEHUS HEKOTOPOT0 MMEHU MHOTOUJICHA.

Cnucok npeauKaToB.

1. BBecTr MHOTOUJIEH M 3aMKCaTh €ro MoJi HEKOTOPHIM UMEHEM.

2. OOpazoBaTh anreOpandecKyro CyMMmy (PasHOCTb, MPOM3BEICHUE) MBYX
MHOTOWJICHOB M 3aMKACATh MOJYYEHHBI MHOTOUJICH O] HEKOTOPHIM UMEHEM.

3. Bo3BecTH AaHHBIII MHOTOYIEH B LENYIO CTENEHb U PE3YIbTAT 3aIUCATh
0/ HEKOTOPBIM UMEHEM.

4. 3aMEHUTh Ka)XXJ0€ BXOXKICHHUE NMEPEMEHHOW B MHOIOYJICHE Ha JaHHBIN
MHOTOYIEH U PE3YyJIbTaT 3aMUCaATh MO0l HEKOTOPHIM UMEHEM.

5. BpIYMCAUTE MPOU3BOJIHYIO MHOTOYJIEHA MO MEPEMEHHOM U pe3yJbTar 3a-
MHACATh MOJI HEKOTOPBIM UMEHEM.

6. HamreuaTaTs TaHHBIA MHOTOYJIEH.

MHorousieH MpeACTaBiIATh B BUJE CYMMBbI WJICHOB, BKJIOUYAIOIIUX TOJBKO
oriepaluu YMHOKCHUSI U BO3BEACHUS B CTeneHb. Kakaplii Takol omHOYIEH (MO-
HOM) COCTOMUT M3 YHUCIOBOTO KO3 (dulMeHTa (IepBblii COMHOKUTEIb), U MEPEMEH-
HOIl B COOTBETCTBYIOIIEH cTeneHu. Ciaeayer ynpouiaTh 3aluch OJHOWICHA, KOTAa
OH SIBJISIETCS TOJBKO YHMCJIOBBIM WX KOA(DPUIIUEHT MpU NEPEMEHHON paBeH ILIIOC-
MUHYC €IMHMIIE WIHM CTeNIeHb paBHA enunHuIle. CreayeT TakKe MPUBOJIUTDH MOJ00-
HBIE YJICHBI, T. €. OOBEAUHATH OJIHOWICHBI, UMEIONIUE OJIMHAKOBBIC CTEIIEHU Y Tie-
PEMEHHOM, C COOTBETCTBYIOIIUM U3MEHEHHEM KOA(h(DUIIMEHTOB.

Jluteparypa (HeoOs3aTenbHas)

1. Vazepenn Y. Otroasl ansa nporpammuctos: Ilep. ¢ anrn. -M.: Mup, 1982,
ctp. 114-120.

2. Crepmunr JI., Ilanupo 3. MckyccTBO NpOrpaMMUpOBAaHUS HA SA3bIKE
[TPOJIOT, M.: Mup, ctp. 57-61.

VYkazanus. Hekotopble ¢pparMeHTbl IPOrpaMMBbl:

% MonvHOMBI XpaHATCS B BUAE hakToB
% pol(+Name, -<CnN1Ucok 0gHOYNEHOB>).

% BBopg nonuHoma: enter(+Name)
enter(X):-
write('BBeguTe nosimHoMm ¢ umeHem '), write_In(X),

enter(X,[],).

enter(X,S,P):-
write_In('‘Beseante oyepenHon ogHouneH nnu end’),
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read(T),

((T=end,place(X,S,P));
(T \=end,
enter(X,[T|S],P))).

% npuBecTy NogobHble BO BBEAEHHOM NOSIMHOME, YNOPAA0YNTb YSEHbI
% 3arpy3ntb B 6a3y JaHHbIX

place(X,S,P):-
merge(S,[],P),
retractall(pol(X,_)),
assert(pol(X,P)).

% cnoxeHue NONMHOMOB, NpeacTaBreHHbIX CMUCKaMN OQHOYSIEHOB
merge([],L,L).
merge([X|L1],L2,L):-

insert(X,L2,L3),

merge(L1,L3,L).

insert(X,[],[X]).
insert(X,[Y[T1,[Z|T]):-
equal(X,Y,Z2),Z \=0,.
insert(X,[Y|T],T):-
equal(X,Y,0),!.
insert(X,[Y|T],[X,Y[T]):-
low(X,Y).
insert(X,[Y|T],[Y|T1]):-
not(low(X,Y)),
insert(X,T,T1).

[* equal(X,Y,Z) - n3 aByx MoHomMoB X, Y npu npuBeaeHnn nogobHbIX nony-
yaem Z; low(X,Y) - MoHOM X npeaLiectsyeT MOHOMY Y. */

% npuBefeHve nonnHoma Kk bonee "yntabensHomy" Buay
canon([],0).
canon([X],X).
canon([X,Y],Y+X).
canon([X,Y|T],Z+Y+X):-
length(T,M),M>0,
canon(T,Z).

% nokasaTb NOSINHOM
show(X):-
pol(X,P),
canon(P,P1),
write('lNonuHom ¢ umeHem '), write_In(X),write_In(P1).
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% cnoxeHue NOIMHOMOB

plus_pol(X,Y,Z):-
pol(X,P1),
pol(Y,P2),
merge(P1,P2,P),
retractall(pol(Z, )),
assert(pol(Z,P)),
show(Z).

[IpoToxour:

?- enter(a).

BBeaure noamHOM ¢ UIMEHEM a
BBenure ouepenHoii onHousieH uiu end
-8*X"5.,

Benure ouepenHoii ogHouneH win end
Q.

Benure ouepenHoii onHousieH uiu end
10*x"5.

BBeaurte ouepenHoit ogqHousieH win end
X"3.

BBeaurte ouepenHoit ogqHousieH win end
-T*X"3.

BBeaurte ouepenHoit ogqHouseH win end
end.

Yes

?- show(a).

ITommHOM C UMEHEM a
2*XN5+-6*xXx"3+9
Yes

?-plus_pol(a,a,b).
ITonmuHOM C MIMEeHEM b
4*x"5+-12*x"3+18
Yes

3. Hzpa "Cymmupyiime oo 20"

JIBa urpoka 1o ouepeau Ha3bIBAIOT KaKOe-TM0O0 YnCiIo B uHTEpBaje ot 1 10 3
BKJIIOUMTENbHO. Ha3BaHHbBIE YnCIa CYMMUPYIOTCS, BBIMTPHIBAET TOT UTPOK, CyMMa
guceNn mocie xona koroporo paBHa 20. Hanmummre mporpammy na SWI-Prologe,
BBIUTPBIBAIOIILYIO IAHHYIO UTPY HAa CTOPOHE KOMITbIOTEPA.
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VYkazanus. Ucnone3yiite 3anomunaromue GyHkuuu (cMm. "Kypc iexuuii mo jorude-
CKOMY MporpammupoBaHuio"). Hanmummre nporpamMmmy B TakOM BHUZE, YTOOBI €€
MO>KHO OBLJIO JIETKO MOJEPHHU3MPOBATH ISl pelieHus 0osiee obmien 3anauu. bonee
oO1as 3aja4a: nmepej HayajloM Urpbl KoMIbloTep cripamuBaet "Kakoi cnrcok jo-
NYyCTUMBIX XOJIOB (Kakue 4YMclia MOXXHO Ha3blBaTh) M Kakas MpejenbHas (BbIUT-
phimHas) cymma?"

4. Ynpowenue apughpmemuueckux eviparxceHuil

HazoBeM apudmeTnueckuM BBIpaXKEHHEM TE€PM, IIPU KOHCTPYHPOBAHUU KO-
TOPOTO HCIIONB3YIOTCS TOJIBKO aTOMBI, YHCIa, CKOOKM U 3HAaKU apu(MEeTUYECKUX
onepauuid. Hamuiure nporpamMmy Juist yIpoIuieHusl apupMeTHuecKuX BhIpaXeHUH
Ha SWI-Prologe.

B nenowm, 3agaya ynpouieHus: BEIPaXXEHUH SIBISIETCS TOCTATOYHO CIIOKHOW U
B KAKOM-TO CMBICJIE HEKOHKPETH30BaHHOM, T. K. €IMHOIO BEPHOT'O PEIUEHUS IS
sTOM 3anaun HeT. Ecnu apudmMerndeckoe BbIpaKEHUE UMEET HECKOJIBKO BApUAHTOB
0oJjiee MPOCTOro MPEICTaBICHMs, TO KAKOW U3 HUX BbIOpaTh B KaUECTBE PEIICHUs?
DT0 3aBUCHUT OT TOTO, ISl KAKHX IIeJIell HaM HEOOXOAUMO YIIPOLIEHHE.

3agady yNnpoUIEHUs BBIPAXEHHUS MOCTAaBUM clieayromuM oopa3zomM. Heobxo-
JUMO HANTH SKBUBAJIEHTHOE BhIpakKeHHUE, (popMa 3alMcu KOTOPOro sBJsieTcs: Ooiee
KOPOTKOM, yeM (hopma 3armucu UCXOAHOrO BbIpaxkeHUs. i1 ynpoleHus: BeIpaxe-
HUAW HCTOJIB3YUTE PA3JIUYHBbIE PEKYPCUBHBIE '"TIpaBUJIA NEPENUCHIBAHUA", KAXKI0€
U3 KOTOPBIX "yIpolaer" Kakoe-HUOy1b MOJABBIPAKEHUE B UCXOJHOM BBIPAKCHHH.
[IpaBuna nepenuchbiBaHUs JOJKHBI COOTBETCTBOBATH OOBIYHBIM MAaTEMaTUYECKHM
npeoOpa3oBaHUsAM, KaK-TO: MPUBEJIEHUIO MOAOOHBIX U T. M., U NPEACTABIAIOTCS
npaBuiamu [Iponora (cMm. mporpammy "nuddepeHmpoBane BeIpaKeHUn" U3 Kyp-
ca JICKIIMH ).

Bamia nporpamMma nomkHa ObITh HEKOTOPHIM KOMIIPOMHCCOM MEXKIY >Kela-
TEJILHOW MPOCTOTOM HAMMCAHUS U TOW CIO0KHOCTBIO, KOTOPOHM OT Hee TpeOyeT 1mo-
CTaBJICHHAs 3aj1aya.

Jluteparypa (ue obGsizarenbHasi): Jloppep XK.-JI. CucteMbl UCKYCCTBEHHOTO
uHTEeUIeKTa. - M., Mup, 1991.- C. 129-131, 471.

5. Hzpa "Buvioarowuiica ym" (" boviku u kopoewt"’)

Bbl A0KHBI HANIMCATh TPOrPaMMy, KOTOpas pa3raJblBa€T CEKPETHBIN KO B
urpe "Beinarommiicss ym" (urpa uMmeetr BTopoe Ha3BaHue - "bbiku M KopoBbl"). B
ATy UTPY UTparoT JaBa urpoka. Urpok A BeIOMpaeT CEKPETHBIN KO, MPECTaBISO-
vt coboi mocnenoBaTeNnbHOCTh U3 N necATHYHBIX HU(P (0OOBIYHO HAYMHAIOIINE
UTPOKH BHIOMPArOT N paBHBIM 4, ombITHBIE - 5). Urpok B mbeiTaercs yranars 3amy-
MaHHBIN KOJI ¥ CIIpaliuBaeT urpoka A o uncie "O0bikoB" (uucio "ObIKOB" - KoIHYe-
CTBO COBIAJAOMIUX ITU(P B OAMHAKOBBIX MO3UIUAX MPEANOIAraeMoro 1 3aayMaH-
HOTO KOJIOB) M 4Hclie "KopoB" (4nciio "KOpoB" - KOJMYECTBO COBMAAONINX UMD,
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BXOJIAIIMX B MPEANOIaraeMblii ¥ 3ayMaHHbIA KOJI, HO HAXOSIIUIICS B pa3HbIX O-
sunusx). Ko yragan, ecnu unciio Ob1koB paBHO N.

CymiecTByeT O4€Hb IMPOCTON aJrOpUTM 3TOM WIPHI: BBOAMUTCS HEKOTOPBIN
NOPSAJIOK Ha MHOYKECTBE JTOMYCTUMBIX MPAaBUIIBHBIX MPENON0KEHHM; BBIIBUKEHUE
OUYepEAHBIX MPEIONIOKEHUN YUUTHIBAET HAKOTUICHHYIO K 3TOMY MOMEHTY UH(pOP-
MAIUIo, M TaK JI0 TE€X MOp, MOKa CEKPETHBII KOJ1 HE OyIEeT PACKPHIT.

Bmecto dopManbHOrO ompeneneHus aaropuTMa Urpbl o0paTuMcs K MHTYHU-
[[UU YUATATENS: MPEATNONIO0KCHHSI CYUTAIOTCS YIAYHBIMH, €CJIM OTBETHI Ha BOMPOCHI
YTaJIbIBAIOIIETO COBITAJIAI0T C OTBETAMU, KOTOpbIE OBLIM OBl JaHBI MIPH pa3TajKe
KOJa.

Ecnu mpeniaraeMslif anroput™ 3arporpaMMUpOBaTh, Mpenoaras, 4To Bce
u@pel B KOJI€ JNOJKHBI OBITh Pa3iu4Hbl, TO aJrOpUTM Oyner "urparp"' B CUILy
OTBITHBIX UTPOKOB: JJIsI PACKPBITHS KOJa U3 YETHIPEX PA3IHUHBIX LU eMy TpeOy-
eTcst B cpeiHeM 4-6 MOMBITOK, HAaOMI0JaBUINIICS MaKCUMyM - 8 monbIToK. st Ba-
IIET0 33aJaHusl KOAbl MOTYT OBITh MPOM3BOJIbHBI, JAKE€ C MOBTOPSIOMIUMUCA LU -
pamu. [103TOMy YHCIIO NOMBITOK MPUOIUZUTENBHO YIBaUBAETCS.

YenoBeKy CTpaTervio, MCHOJIb3YEMYIO B QJITOPUTME, NPUMEHUTh HEJETKO,
MIOCKOJIBKY OHa TpeOyeT 3HAuuTEeNbHOM c4eTHOM paboTel. C Apyroil CTOPOHBI,
ynpasisitomas cTpykrypa Ilponora - HegeTepMUHIUPOBAHHBINM BEIOOP, MOAETUpYe-
MBI MOWCK C BO3BpaTaMU, - MPEICTaBISIETCS MACAIBHON ISl pean3alii 3TOTO
aIropuTMa.

[IpuBeneM OCHOBHYIO 4acTh MPOTPAMMBI.

'‘Bbigatowmmnca ym'(Cod):-
'yncrtka',
'npegnonoxexHune'(Cod),
'nposepka'(Cod),
coobLieHue.

'npegnonoxexune'([X1,X2,X3,X4]):-
'BbIGOP'([X1,X2,X3,X4], [1,2,3,4,5,6,7,8,9,0]).

% npoBepka NpeanoXeHHOW rmnoTesbl

'npoBepka’(Cod):-
not 'npotmneBopeynsoe’(Cod),
'Bonpoc'(Cod).

'npotnBopeynsoe’(Cod):-
'sanpoc'(0ldCod,B,C), % B -6blku, C - KOPOBBbI
not 'cootBeTcTBYIOT ObikM 1 kopoBbl'(OldCod,Cod,B,C).

'‘cooTBeTCTBYIOT ObIkM 1 kKOpoBbI'(OldCod,Cod,B,C):-
‘ToyHoe cosnageHne'(OldCod,Cod,N1),
B=:=N1, % npaBuIibHOE YMCNo ObIKOB
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'obwme uneHbl'(OldCod,Cod,N2),
C=:=N2-B. % npaBuUIIbHOE YMCNO KOPOB

% oLeHKa rmnoTessbl

Bonpoc(Cod):-
repeat,write('MnoTesa '),write(Cod),nl,
write('Ckonbko 6b1koB?"),Nl,
read(B),nl,
write('Ckonbko kopos?'),nl,
read(C),nl,
‘nonyctnumo'(B,C),!,
assert('sanpoc'(Cod,B,C)),
B=:=4.

CnpammBaromas nporeaypa 'mpennonoxenue'(Cod), kortopast nelcTByer
KaK TeHepaTop, HCIOJb3yeT mpoueaypy BbiOopa 'BeiOOp'([X1,X2,X3,X4],
[1,2,3,4,5,6,7,8,9,0]) nyist BEIOOpa CIIKMCKA U3 YETHIPEX ECITUUHBIX IUPP.

[Ipouenypa 'mpoBepka'(Cod) ucnbiThIBaeT npennoxkeHHyro rumnoresy Cod.
Cnauana nposepsiercs, yTo Cod HEe NPOTUBOPEUUT BCEM PAHEE MOJYUYECHHBIM OTBE-
TaM (T. €. HEMPOTUBOPEUYUB C KAXKIBIM M3 HUX), 3aT€M 3aJaeTCsl BOMPOC O YHUCIE
ObIkOB U KopoB B mpenmnonoxenuu Cod. Kpome toro, mpoueaypa Bompoc(Cod)
yIpaBysieT UUKIOM "00pa3oBaTh M MPOBEPUTH'", KOTOPBII 3aBepLIaeTCsl TOJIbKO TO-
r7a, Korja 4yucio ObIKOB paBHO 4, UTO SIBJIETCS NPU3HAKOM OTBHICKAHUS MPABUIIb-
HOTO XOJa.

[Ipouenypa 'Bompoc' 3anoMUHAET NpeAbIAYLIINEe OTBEThl Ha BOIPOCH B (ak-
tax "3amnpoc'(Cod,B,C). IIpenukar 'tounoe coBmaaenue'(OldCod,Cod,N1) omnpene-
asieT yncao N1 - KoIu4yecTBO OJAMHAKOBBIX HU(P HA OJAHUX M TEX K€ MO3ULMIX B
Cod u OldCod. Ilpenukat 'obmpe yaeHb!' OMpeneseT KOJIMYEeCTBO OJMHAKOBBIX
uudp B IBYX MNPEINONIOKEHUsX, 0e3 yuyera ux nozunuil. Ilpenukar 'gomyctumo’
MIPOBEPSIET, YTO KOJUYECTBO "OBIKOB" M "KOPOB" MMEIOT IONMYCTHUMbIE 3HAUYEHHS.
[Ipeaukar 'auctka' youpaer w3 mamsTH nepes KakIod Urpou crapble QakThl '3a-
npoc'. M, HakoHel, mpeauKaT 'coo0IlIeHne’ TOBOPUT O MOOEAE KOMIIbIOTEPA U CO-
oO1IaeT, 3a CKOJIBKO XOJO0B, JAJIA 3TOr0 AOCTATOYHO MOJACYUTATH YUCIO 3allOMHEH-
HBIX (pakTOB '3ampoc’.

Bam ocraercs TOJIBKO 3alporpaMMHpPOBATh BCE HEAOCTAIOIIME IPEAUKATHI.
Jlns mpeaukara ‘3amnpoc’ Heo0X0uMoO eI J00aBUTh JUPEKTUBY KOMITUJIATOPY

:- dynamic '3ampoc'/3.

6. Haxoorcoenue zeomempuueckux ananozuii
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[Iporpamma moucKka reOMETPUYECKUX aHAJIOTUN Obljla COCTABHOM YaCThIO
noktopckon auccepranuu T. OBanca B MIT B cepenune 1960-x rr. Bel 10JKHBI
NIPUMEHUTH BapUaHT 3TOM nporpaMmbl Ha [Iposore.

PaccMmoTpuM, B 4eM 3aKIIIOYAIOTCS 337laud Ha TE€OMETPUYECKUE AHAJIOTHH,
KOTOpbIE OOBIYHO HCTOJB3YIOT ISl MCIBITAaHUSI YMCTBEHHBIX crocoOHocTeil. B
KaXJI0H 3aJ1aue TaKOTO pojia MmpeiaraeTcsi Heckoiibko uryp. Ha puc. 1 npencras-
JIEH BapUaHT MPOCTOM 3a/aud HA OTBICKAHWE T'€OMETPUYECKUX aHajoruii. Yacrtsb
¢buryp (Ha puCyHKE - HIOKHUUA PsiT) - BOBMOXKHBIE OTBEThL. Mcnonb3ys Gurypsr A,
B u C u ¢urypsl, npeacrasistoniue coooi BapuaHThl pelIeHU, claenyeT AaTh OT-
BeT Ha Bompoc: "durypa A otHocutcs k ¢urype B, xak ¢urypa C oTtHOCHTCS K
...". K xakoit ¢purype? OTBeT Hag0 BBIOpaTh U3 TPEX BAPHAHTOB PEIICHUN B HUXK-
HEM psiay.

NHTYyUTUBHBIE TIPE/ICTABIICHUS MO3BOJIAIOT 3aMKCATh CICAYIOIIMN alrOpUTM
JUISL pEIIeHUs 9TOM 3a7auu (Takue MOHTH, KaK "HalTu", "mpumMeHuTs" U "MpaBu-
70", 3/1eCh HE OMHUCaHBI):

e HaTH NpaBuUIIo, Openeistoniee cBsi3b Guryp A u B;

® [IPUMEHUTH 3TO NpaBuio K purype C, 4ToOsl nepeiTu K urype X;

® HaiiTu cpeau OTBETOB (pUrypy X. Ui ee OJMKauIuil 5JKBUBAJICHT.

B paccmarpuBaemoit 3amaue (cM. puc. 1) cBsa3p durypsl A ¢ purypoir B
orpezenseTcss 0OMEHOM MecTaMM (C COOTBETCTBYIOIIMM HM3MEHEHHEM MaclliTaboB)
M300pakeHn KBajpaTa W TpeyrojbHuka. "OueBumaHbil" oTBeT miga gurypsl C -
oOMeH MecTamu n300pakeHuit kBajapaTa U kpyra. CooTrBercTBytomas purypa ume-
€T B HIOKHEM psAly HOMep 2.

K VAN KaK O K

Puc. 1. 3agaua Ha reoMeTpruyecKue aHAJIOTUH

Crnenyroiiasi mporpaMMa NpeaHa3HauYeHa JI PEIICHUs] MPOCTHIX 3a7ad Ha
F€OMETPUYECKUE aHATIOTUU.

analogy(A is_to B,C is_to X,Answers):-
match(A,B,Rule),
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match(C,X,Rule),
member(X,Answers).

match(inside(Figurel,Figure2),
inside(Figure2,Figurel),invert).

match(above(Figurel,Figure2),
above(Figure2,Figurel),invert).

% npeanoXxeHna n gaHHble anAa TeCTupoBaHUA

test_analogy(Name,X):-
figures(Name,A,B,C),
answers(Name,Answers),
analogy(A is_to B,C is_to X,Answers).

figures(test,inside(square,triangle),
inside(triangle,square),
inside(circle,square)).

answers(test,[inside(circle,triangle),
inside(square,circle),
inside(triangle,square)]).

Ee OCHOBHBIM OTHOLIEHUEM SABJISIETCS npeauKaT
analogy(Pairl,Pair2, Answers), B koTopoM Kaxpas napa Pair npexacrasisiercst Tep-
MoM X is to Y. B mporpamme, KOHEYHO, JAOJKHO OBITh JAAHO OMNpPEIEICHUE WH-
(¢ukcHOMY omeparopy is_to. DineMeHThl napsl Pairl HaXoasTCs B TaKOM K€ OTHO-
IIEHUH, KaK 1 DJIEMEHTHI maphl Pair2, a Bo BTopoi aneMeHT mapsl Pair2 npunajie-
KUT MHOXECTBY OTBETOB ANSWers.

Bonwioe 3Hauenue mmeeT BBHIOOp crmocoba mpeacTaBieHus Guryp B pac-
CMaTpUBaeMoOil 3ajadye. DTOT BBHIOOP OKa3bIBAaeT CYIIECTBEHHOE BIMSHUE Ha "HH-
TEJUIEKTYaJIbHOCTR" MporpaMmMbl. B mporpamme Qurypsl mpencTaBlieHbl TEpMaMH
[Iponora. Hampumep, ¢urypa A Ha puc. 1 - kBagpar B TPEYroJbHUKE - MPEACTAB-
nsietcst TepMmoM inside(square,triangle).

CBs3p  Mexny (¢urypaMd OTBICKMBAE€TCS C TMOMOUIbIO  MpeAuKaTa
match(A,B,Rule). 1o oTHOLIEHNE HCcTUHHO, ecnu onepanus Rule conoctaBnser A
u B. Jlna pemenust paccmMaTpyBaeMoil 3a1adyi IpUMEHSIETCsL onepaius invert, Ko-
TOopast obecneyrBaeT OOMEH MECTaMU €€ apryMEHTOB.

[Ipeaukar match B mporpamme ucnosnb3yeTcs ABOSKO. B mepBoM ciyuae ¢
€ro MOMOUIbI0 MPOU3BOJUTCA COIMOCTABIEHUE JIBYX HaHHBIX ¢uryp. Bo BTOpOM
ciaydae i 3aJJaHHRTX oTienarnuu u churvnier monGunaercy RTOpAsA (1)I/Irypa. OI[HaKO
3TU JETAIH HECYILE 3€JICHUS TPOTPAMMBL.
Hakoner, c nmxilom: HaHo: A A {annemHTanl;[aHHaa
burypa MHOXKECTBY

S G
2§ o

1 4
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Puc. 2. TlepBbiii TECT

- /0

C
5
Puc. 3. Bropoi1 Tect
- QG
A B C
| d [] []
T2
3 4 5

Puc. 4. Tperuit Tect

B KypcoBoil paboTe BbI IOJKHBI M3MEHUTh OMMCAHHYIO BBILIE MPOrPAMMY
TaK, 4TOObI C €€ MOMOIIbI0 MOKHO OBLJIO PEUIUTh TPU 33J1a4d Ha F€OMETPUUECKHUE
aHaJOruH, NPEJICTaBIEHHbIE HA pUC. 2-4,

[. Jlocuueckasn 2on06010mka "3eopa’’

Hanumumre nporpammy i pemieHus CIEAYIOLIEN JIOTUYECKOM TOJI0OBOJIOM-
Ki. B maTHM qomax, OKpallleHHBIX B pa3Hble LIBETa, OOWUTAIOT MY>KUYMHBI Pa3HbIX
HallMOHAJIbHOCTENM. OHM Jep:KaT pas3HbIX JKUBOTHBIX, NPEANOYUTAIOT Pa3HBIE
HAaIlUTKU U KypAT CUTapeThl pPa3HbIX Mapok. M3BecTHO, 4TO:
AHTITIMYaHVH )KUBET B KPACHOM JIOME.
VY ucnanua ecthb cobaka.
Kode nbproT B 3e51€HOM JTI0ME.
YKpauHen IbeT Yai.
3eJIeHbIH 1I0M - IIEPBBIX IO MPABYIO PYKY OT JOMa LIBETA CIIOHOBOI KOCTH.
Kypunbiuk "YuHCTOHA" TEPKUT YIUTOK.

ook wnE
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7. Curapetsl "Kyn" KypsT B )KeJITOM JOME.

8. MoJ0Ko NbIOT B CPEIHEM JIOME.

9. Hopgexell ;kMBET B KpaifHEM ClieBa JIOME.

10.Myxuuna, kypsmuii "Yecrepduna", KuBeT B JoMe, COCETHEM C JIOMOM
MY>KUUHBI, Y KOTOPOTO €CTh JIKCA.

11.Curapetst "Kyn" kKypatr B Jome, COCEHEM C JIOMOM, IJi¢ UMEETCS JIO-
aJIb.

12 . Myxuuna, npeanouuTaromuii "Jlaku cTpaiik", mbeT aneabCHHOBBIN COK.

13.Anmonen kyput curapets "[lapmament".

14 HopBesxerl )KUBET B IOME PSIZIOM C TOTYyObIM JIOMOM.

Bomnpocsr: "V koro ects 3¢6pa?", "Kto nbeT Bogy?".

JIist pemieHust ATOW 3aja4yM MOJIE3HO MCIOJB30BaTh METO/A "00pa3oBaTh U
npoBepuTh'. OnuieM ero.

Meron "oOpa3zoBaTh W HPOBEPUTH' - OOIMIMI MPUEM, HCHOJIB3YEMbIN Mpu
MIPOEKTUPOBAHUMU AITOPUTMOB U mporpamm. CyTb €ro COCTOUT B TOM, YTO OJIMH
MPOLECC WM IPOrpaMMa F€HEPUPYIOT MHOYKECTBO IMPEANOIAraéMbIX PEIICHUN 3a-
a4y, a JpYroi Mpolecc Wiu MporpaMma MpOBEPSET 3TU MPEANOoJaracMble perie-
HUSI, TIBITAACh HAUTU T€ U3 HUX, KOTOPBIC JTEUCTBUTEIBHO SIBISIOTCSA PEIICHUSMHU
3a/1ayu.

OOBIYHO TPOTPaMMBbI, peaTU3YIOUIUE METOJ "00pa3oBaTh M IMPOBEPUTH',
KOHCTPYHUPOBATh MPOIIE, YEM MPOTPAMMBI, B KOTOPHIX PEIICHUE HAXOIUTCS HEMO-
CPEICTBEHHO, OJIHaKO OHU MeHee A(ddexkTuBHbl. CTaHIAPTHBIN MPUEM ONTUMH3a-
MU MPOTrpaMM THIA "00pa30BaTh U MPOBEPUTH" 3aKIIOYAETCA B CTPEMIIEHUH IO-
IPY3UTh NPOrpamMMy MPOBEPKU B MPOTpaMMy T'€HEpalMy MPEANoJaraéMbIX perie-
HUM HACTOJIBKO "TIIy0OKO", HACKOJIBKO ATO BO3MOXKHO. B mpenene nmporpamma mnpo-
BEPKHU TMOJHOCTBIO MEPEIUIETAETCS] C MPOrpaMMOM TEHEpAluu MPEeanoIaraéMbixX
pEeLIeHU, KOTOpasi HAYMHAET NOPOXKAATh TOJIBKO KOPPEKTHBIE PEIICHUSI.

Hcnonb3yst BBIYMCIUTENBHYIO MOAeNb [Ipoiiora, nerko cosgaBaTh JIOTH4e-
CKHE TPOTpaMMBbI, pean3yrolime MeToa "oOpazoBaTh U NpoBepuTh". OOBIUHO Ta-
KHE IPOrpaMMBbl COAEPKAT KOHBIOHKIIHIO ABYX LI€JI€H, OJTHA U3 KOTOPBIX JEHCTBYET
KaK TeHepaTop MpeJrnoaracMbIX pelieHui, a BTopasi IpOBEPSIET, SABJISIIOTCS JIU 3TU
pelIeHus MPUEeMIIEMbIMU:

find(X):-generate(X), test(X).

Ota [Iponor-nporpaMma JeUCTBYET MOJOOHO OOBIYHON MPOLIEAYPHOM MpO-
rpamMMe, BBIMOJHAIONIEH IeHepaluio BapuaHTOB W UX MpoBepky. Eciu mpu pernie-
Hun Bompoca find(X)? ycnemHo BeimosHseTes e generate(X) ¢ Beimavel HEKo-
Toporo X, TO 3aTeM BhIMONHsETCS npoBepka test(X). Eciau mpoBepka 3aBepiiaercs
OTKa30M, TO IIPOM3BOAUTCS BO3BpaleHue K meau generate(X), ¢ momommo KOTo-
poil reHepupyercs ciaeAyroumi sneMeHT. lIpoiiecc mpomomxaeTcs UTEPAIMOHHO
710 T€X TOp, MOKa MPHU yCTEIIHONW MPOBEpKe He OyAeT HalIeHO pelieHue C Xapak-
TEPHBIMU CBOWMCTBAaMHU WJIM T'€HEPATOP HE MCUYEpIAET BCE aJbTEPHATHMBHBIC PEIIe-
HUSL.
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OpHako MporpaMMHUCTy HET HEOOXOAMMOCTH MHTEPECOBATHCS IUKIOM "00-
pazoBath U IpoBepuUTh". OH MOKET paccMaTpUBaTh ITOT METOJ] OoJiee aOCTPAKTHO,
KaKk MpuUMep HeACTePMUHHPOBAHHOTO MPOrpaMMUpOBaHusi. B 3Toil HegeTepMUHU-
POBAHHOM MporpaMMe TeHepaTop BHOCUT MPEAINOI0KEHNE O HEKOTOPOM HIIEMEHTE
13 00JIaCTH BO3MOXHBIX PEIICHUM, a 3aTeM IMPOCTO MPOBEPSAETCA, KOPPEKTHO U
JAHHOE MPEANOJI0KEHUE F'eHepaTopa.

B kagectBe reHepaTopa OOBIYHO HCITOJIB3YETCS MpeauKaT member, moposx-
Jaromuii MHOXecTBO perrennid. Ha Bonpoc member(X,[a,b,c])? 6yayr nansr B Tpe-
Oyemoii mocienoBaTebHOCTH pemreHns X=a, X=b u X=c. Takum oGpa3om, mpe-
JTUKAT Member MOYKHO MCIOJIB30BaTh B MPOrpPaMMax, pealin3yIonmx MeTo "oOpa-
30BaTh M NPOBEPUTH'" HJI1 HEAETEPMUHUPOBAHHOIO BBIOOPA KOPPEKTHOT'O AJIEMEHTA
U3 HEKOTOPOI'O CIIHCKA.

Meroa "oOpa3oBaTh U MPOBEPUTH" MOXKHO MPUMEHUTH ISl PEIICHUS JIOTU-
YECKUX TOJIOBOJIOMOK. JIorndeckasi rojioBOJIOMKa COCTOUT M3 HECKOJIBKUX (haKTOB
OTHOCUTEJILHO HEOOJBIIOr0 YKClia 00BEKTOB, KOTOPhIE UMEIOT Pa3IuvHbIe aTpuoy-
Tbl. MUHUMAaJIbHOE YHUCIIO (DAKTOB OTHOCUTEIHHO OOBEKTOB U aTpUOYTOB CBSA3AHO C
’KEJIAaHWEM BBIJIaTh €TUHCTBEHHBIN BapHaHT Ha3HAYCHUS aTpUOYTOB OOBEKTaM.

Mertoq pelieHusl JOTUYECKUX TOJIOBOJIOMOK OIUIIEM Ha CIEAYIOLIEM IpH-
Mepe.

Tpu npyra 3aHsiau nepBoe, BTOPOE U TPETbE MECTAa B COPEBHOBAHUSAX YHH-
Bepcuapl. [Ipy3psi pa3HON HAMOHAIBHOCTH, 30BYT MX IMO-Pa3HOMY W JIFOOST OHH
pa3HbIC BUBI CIIOPTA.

Maiikn npenmnoyutaer 6ackeTOON U UTpaet Jydlie, 4eM amepukasen. M3pa-
uinbTsSHUH CaliMOH UTPAET JIydllle TeHHUCHUCTA. IrpoK B KpUKET 3aHsI EPBOE Me-
CTO.

KTto sBnsiercs aBctpanuituem? Kakum cioprom 3anumaetcst Puaapn?

[TogoOHBIE JIOTMYECKHE TOJIOBOJIOMKH H3SIIHO PEIIAlOTCsS MOCPEICTBOM
KOHKPETHU3allMM 3HAYEHUW MOAXOASIIEH CTPYKTYPhl JaHHBIX U BBIJICJICHUS 3HAYe-
HUS, PUBOJIAIIETO K pereHnto. Kaxaplid K104 K pasrajke npeodpasyercs B Gpakt
OTHOCUTEJILHO CTPYKTYPBI JaHHBIX. ITO MOXKET OBITH CIEIaHO C MCIOJIb30BAHUEM
aOCTpaKIMM JAaHHBIX J0 OMpECTCHUs TOYHOU (OpMBI CTPYKTYpbl HaHHbBIX. [Ipo-
aHaJM3UpyeM MEPBBIN KIIIOU K pasrajke: "Malki npenmnoyntaer 0ackeT0os U ur-
paer nyudiie, yeM aMmepukaden'. O4eBUIHO, PeYb UAET O ABYX pa3HbIX MoAsax. On-
HOTO 30BYT MaiKjoM, 1 OH 3aHUMaeTcsi 0ackeT0O0JIOM, B TO BpeMsl KaK BTOPOU -
amepukaneu. Kpome toro, Maiikn sydiie urpaet B 0ackeTO0J, 4eM aMepHUKaHEL.
[Tpenmonoxkum, uro Friends - cTpykTypa JaHHBIX, MOJJICXKAIlas KOHKPETHU3AIUH,
TOT'/Ia Halll KJIFOY MOKET OBITh BBIPAXKEH CIIEAYIONICH KOHBIOHKIIMEH 1IeNel:

‘urpaet nyuqrre'(Manl,Man2,Friends), 'ums'(Manl, maiiki'),

‘ciopt'(Manl,'6acker6o.1'), 'HannonaasHOCTH' (Man2,'amepukasnerr').
AHaJOTUYHO BTOPOU KJIFOY MOKHO MPEJICTABUTh KOHBbIOHKITUEN LIETIEH:

‘urpaet nyuqrre'(Manl,Man2,Friends), 'ums'(Manl,'caiimon’),

'HanmoHaabHOCTH' (Manl, m3pannetsauun'), ‘ciopt'(Man2, teHnuc').

Hakonerr, TpeTHii K04 K pa3rajike BRIPA3UTCS CIETYIONTIM 00pa3oM:



60

‘mepseiit' (Friends,Man),' ciopt'(Man, 'kpukert').

bazoBas ImporpamMma mJjisi pCaCHUA IrOJIOBOJIOMOK CJICOYROIIAsd.
solve_puzle(puzle(Qeys,Questions,Solve),Solve):-
solve(Qeys),
solve(Questions).
solve([Qey|Qeys]):-
Qey,solve(Qeys).
solve([]).

Beruncnenuio momnexxkut otHomeHue Solve puzle(Puzle,Solve), roe Solve
SIBJISICTCS peIlICHUEM TojIoBoJIoMKH Puzle. T'ooBooMKka mpecTaBiseTcsl CTPYKTY-
poit puzle(Qeys,Questions,Solve), rae cTpykTypa JaHHBIX, MOJAJEKAIIAsT KOHKpe-
TU3AIMH, TIPEACTABISIETCS KIIIOYaMH M BOTIPOCAMU, a TIOJIydaeMble 3HAYEHUS OIpe-
JCIIIOTCS apryMmeHToM Solve.

[Iporpamma solve puzle TpuBuanwHa. Bee, 4To OHa Jenaer, COCTOUT B MO-
CJIEIOBATEILHOM PEIICHUU KaXJI0T0 KIIF0Ya W BOTPOCA, KOTOPBIE MIPEACTABISIIOTCS
Kak 1ieu [Iposiora v BRITOTHSIOTCS C UCITOJIB30BAHUEM METallePEMEHHBIX.

Kiroun m BOTIPOCH! JIs HAIIETO MpUMeEpa JaHbl B OCTABIICHCS YacTH IPO-
IPaMMBbL:

test_puzle(Name,puzle(Qeys,Questions,Solve)):-
structure(Name,Structure),
geys(Name,Structure,Qeys),
guestions(Name,Structure,Questions,Solve).

structure(test,[friend(N1,C1,S1),friend(N2,C2,S2),friend(N3,C3,S3)]).

geys(test,Friends,
[(vrpaeT ny4dwe'(X1,Y1,Friends), 'vma'(X1,'mankn'), 'cnopt'(X1,'6acketbon’),
'HauunoHanbHocTb'(Y1,'amepukaHel')),
(‘vrpaeT ny4ywe'(X2,Y2,Friends), 'nmsa’'(X2,'canmon’),
'HaUMOHarbHOCTL'(X2,'M3pannbTaHuK'), ‘'cnopT'(Y2,'TeHHUC')),
(‘nepsbin’(Friend,X), ‘cnopT'(X,'kpukeT'))

D

guestions(test, Friends,
[member(Q1,Friends), 'uma’'(Q1,Name),
'HaumoHanbHocTb'(Q1,'aBcTpanuey’), member(Q2,Friends),
'mma'(Q2,'pnyapg’), ‘cnopt'(Q2,Sport)],
[[msa aBcTpanunua -',Name],[Pnyapg urpaet B ',Sport]]).

‘urpaet nyywe'(A,B,[A,B,C)).
‘urpaet nyywe'(A,C,[A,B,C)).
‘urpaet nyywe'(B,C,[A,B,C]).
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‘nmg'(friend(A,B,C),A).
'HaumnoHanbHocTb'(friend(A,B,C),B).
‘cnopT'(friend(A,B,C),C).
'nepsbIn'([X]|Xs],X).
find(Y):-
test_puzle(test,X),
solve_puzle(X,Y).

Kaxxnprii uenoBek uMmeet Tpu aTpuOyTa U MOXKET OBITh MPEJCTaBICH CTPYK-
typoii fiend(Name,Country,Sport). Ecte Tpu apyra pacnpeaeiieHne MecT, KOTOPBIX
B UTOTE€ COPEBHOBAHMUS HMMEET CYIIECTBEHHOE 3HaueHue. [loaToMy B KauyecTBe
CTPYKTYpbl JAHHBIX JJISI PEIICHUS 3aJa4d YIOPSAIOYEHHYIO MOCIEA0BATEIbHOCTD
U3 TPEX DIIEMEHTOB, T. €. CIIUCOK:
[friend(N1,C1,S1),friend(N2,C2,52),friend(N3,C3,S3)].
3amyck npeaukara
?- find(X).

BBIJIACT pEIICHUE
X = [['Nms aBcTpanuiiua -', Maiiki], ['Pudapn urpaet B ', TeHHHUC]].

8. Camooobyuarowmasnca npozpamma

ITocTtanoBka 3aJa4H.

KprOBaH pa60Ta IMOCBAIICHA CO3OAHHIO ITPOIrpaMMbl IJISI UI'Pbl ¢ KOMIIBIO-
TCPOM B KAa4CCTBC IIPOTHBHHUKA. HporpaMMy HYKHO CACJIaThb caM006yqammeﬁca:
IICPBOHAYAJIbHO, KOMIIBIOTCP 6y,[[€T BaM IIPpOUIPbIBATH, HO ITOCTCIICHHO OH OOJI-
KCH HaKaIlJIMBATh OIIBIT M, B KOHIIC KOHIOOB, CTAHCT BaM I[OCTOﬁHBIM IMIPOTUBHUKOM.

1. Onucanune urpel

B urpy "mects nemek" urparot Ha gocke pazmepom 3 Ha 3 kieTku. Kaxnapii
13 UTPOKOB MMEET MO TpH MNemKku. HavanpHas mo3unus mokas3aHa Ha CIIEAYIOIEM
PHUCYHKE.

a) Faula

Xobl pa3pemaercs Aey1aTh JUb IBYX TUIIOB:

1) memika MOKET NMEePEeBUHYTHCS Ha OJIHY KIIETKY BIEpPE/d, €CJIM 3Ta KJIEeTKa
ycCTa;

2) meliKa MOKET B35Th MELIKY APYroro I[B€Ta, CTOSIIYIO CIpaBa WU CJIEBa
Ha COCEIHEH KJIETKE M0 JUaroHajiu, W OCTaThCS HAa OCBOOOJAMBIICHCS KIIETKE.
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B3dras nemka cHUMaeTcs ¢ TOCKH. XOJbl NENEK, Kak BUAHO M3 TUX Mpa-
BUJI, B OCHOBHOM COBMAJAIOT C XOJaMH MK B OOBIUHBIX IaxmaTax. OgHako B
OTJINYME OT IIaXMaT HAIlMM IIeIIKaM HE pa3peliaeTcs AeNaTh JABOMHOM XOI B
Hayayie mapTuu, OpaTh MENIKY MPOTHUBHUKA HA MPOXOJE U MPEeBpaIlaThCA B KaKHe-
60 apyrue GUrypsl TOro ke IBeTa.

[TapTus cuuTaeTCA BRIMTPAHHOM B CIEAYIOIINX TPEX CIAydasix:

1) korjga ogHy U3 MENIEK YIaeTCsl IPOBECTH B TPETUM PSII;

2) KOTr/1a B3AThl BCE MEIIKH MPOTUBHUKA;

3) Korja MpOTUBHUK HE MOXKET CAENaTh OUEPETHOTO X0/1a.

Urparoiue nenarT XOJbl O OYepeau, NepeABUras Kaxablii pa3 Mo OJHOU
nemke. O4eBUHO, YTO 3aKOHUUTCS BHUYBIO UTPAa HE MOXKET; JAJIEKO HE TaK Oode-
BUJIHO, KaKOMW M3 UTPOKOB UMEET MPEUMYILIECTBO: AENAOIINNA BTOPOM X0 WIIH TOT,
KTO HAYMHAET UTDY.

Teopust Urpel B MIECTh MENIEK COBEPUICHHO TPUBHAJIbHA, TEM HE MEHEE, S
yOeIUTEeNbHO MPOITY YUTATENsl HE MPOBOAUTH HUKAKOro aHanu3a. [loctpous mpo-
rpaMMy U TIOCTUTHYB BCE€ TOHKOCTH "miecTunenus” B rnpoiecce oOydeHus e€ urpe,
BBI TIOJIYYUTE TOpa3ao OOJIbIIE YIOBOJIbCTBUS.

2. AnropuT™M caMooOy4aromIecs: mporpaMmbl

[lepBoHauanbHO, BCE BO3MOKHBIC XOJbI B JIIOOOU MO3UIIMU PABHOBEPOSITHBI.
Hauunnasg ¢ mcxogHOM MO3WLMM, BbI JICJNAETE MEPBBIA XOMA, M IOCIE 3TOrO MpOo-
rpaMMa MOXKET cJenaTh JII000M pa3penieHHbIH X04. X0/ MporpaMma JejaaeT Cliy-
yailHeM oOpa3zoM. Hukakoil onpeeIeHHOW CTpaTeruy HET M OHA €Ille HUYEro He
yMeEeT.

OOyudeHne MPOUCXOTUT cleAyronuM o0pa3zoM. JlrobOas mapTusi 3aKOHYUTCS
MOCJIE TPETHErO X0/a MporpamMmel. Eciiv mapTuio nporpamma BbIUTpaia, TO CTpa-
Terusi He MeHsietcs. Ecnam mporpamma mpowrpaer, TO HEOOXOJMMO TOHU3UTH
OIleHKY (“BEpOSTHOCTBH’) T€X XOJIOB, KOTOpBIC cieiana nporpamma. boiee mo-
npoono, mycth S1, S2, S3, S4, S5, S6, S7 - cnucok mociie1I0BaTeIbHBIX MMO3H-
A B MAapTUH, KOTOPYIO MpoWrpana mporpamMma (JUisl YNPOIICHUS H3JI0KEHUS,
BO3MOKHO, TPUIIIOCh U3MEHUTHh HyMepaluio no3unuii). [Iporpamma nenana xoJibl
B no3utusax S2, S4 u S6. Takum oO6pazom, aiist 00yueHus MporpaMMbl HEOOXOAUMO
YMEHBIINTB OLIEHKY SO 1, BO3MOKHO, BEPOATHOCTH S2, S4.

MoxHo mpuaymaTh U APYTYIO cuctemy oOydeHus. Hampumep, MOXKHO He
TOJBKO HaKa3bIBaTh MPOTpaMMy IOCJE MPOUTPHIIIA, YMEHbIIAsT BEPOATHOCTH TLJIO-
XUX XOJIOB, HO M TMOOIUIPATH MOCJe 00€/, YBEINUNBAs BEPOSTHOCTH XOPOIIUX XO-
TIOB.

J{ns OpICTpeiiIero caMoo0y4eHHs B MpOrpaMMy CIEAYET 3aJ10KUTh U BTOPO-
ro MapTHEpa, UTPAIOIIETO M0 TOW K€ WM IPYroi CUCcTeMe, TaK YTOObI MaIlliHA UT-
paia cama ¢ COOOM.

bazosas mporpamma Ha [Iposnore urpsl ¢ caMooOydeHHEM :

game:-
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'HMumanmsnposaTtb'(Position,Gamer),
'oTobpa3utb urpy'(Position,Gamer),
game(Position,Gamer,[],Rezalt).

game(Position,Gamer,History,Rezalt):-

/[* History - cnncok nap (Mo3suuma/KTo xogmn nepeg atum) */
‘urpa okoH4yeHa'(Position,Gamer,Rezalt),!,
'06baBuTL'(Rezalt),
‘camoobyueHmne'(Position,Gamer,History,Rezalt).

game(Position,Gamer,History,Rezalt):-
'BblbpaTh xog'(Position,Gamer,Go),!,
'xoguTb'(Go,Position,PositionNext),
‘apyron nrpok'(Gamer,Gamerl),
‘oTobpasuntb urpy'(PositionNext,Gamerl),
game(PositionNext,Gamerl,[PositionNext/Gamer|History],Rezalt).

Bo3moxHO, crieayromue npeauKaTel Oy 1y T MOJIE3HBbI.

[To3umus npeacTaBasSeTCs B BUE Maphl
(Crucok Oenpix nemek - CIIMCOK YepPHBIX MEIICK),
KOOPAMHATHI MEMIEK - IeJIble Yyncia ot 1 10 9.
Wcxoanas no3unus - [1,2,3]-[7,8,9].
value(ITo3urusa,C_Touku 3penus,OleHKa) - MPeaUKaT 0a3bl 3HAHHIMA

‘camoobyyenune’'(_,Gamer, ,Gamer).

‘camoobyyeHune’'(Position,Gamer,History,Rezalt):-
not(Gamer=Rezalt),
‘aopyron urpok'(Gamer,Gamerl),
'YMeHbLUNTb oueHKu'([Position/Gamerl|History],Gamer).

'BO3MOXHbIN xo 6enbimun'(W-B,From-Where)
'BO3MOXHbIN xo4 YepHbimu'(W-B,From-Where)
'BblbpaTh xoa'(Position,white,From-Where)

'‘BblbpaTh xoa'(Position,black,Go):-
/* HaxXo4QMM CMMCOK BCEX NO3MUMNN-NPEeEeMHNKOB AaHHOM Position
N BbIOMpaeM cpean HMX No3numio ¢ bonbLuen oueHkom */
‘nosuumn-npeemHmnkn’(Position,black,Sons),
'nos3uumsa ¢ nyywen oueHkon'(Sons,P),
'xoguTb'(Go,Position,P).

9. Mooenupoeanue ynpasienus npeonpusmusamu
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S3BIK IpOrpaMMUPOBAHHUS - JIFOOOM.

Pemenunem coBetra JUPEKTOPOB KPYIHOIO MPOMBILIUIEHHOTO KOHIIEPHA BbI
Ha3HA4YEeHbl NPE3UIECHTOM KoMmnaHuu. KoMnaHus BiajeeT HECKONbKUMH (adpuka-
Mu. Kaxaplid Mecsill KOMIaHusl MOKYIIAET ChIpbe, 00padaThIBaeT €ro U NpoJaeT U3-
TOTOBJICHHYIO TPOAYKIINIO ITyOJIHKe, JKIyIel ee ¢ HeTepreHneM. Bam Teneps mpu-
JETCSl pellaTh, CKOJIbKO U KaKHX TOBAPOB BBIIYCKATh, CTOUT JIM U KOTJla UMEHHO
pacuIMpATh MPOU3BOICTBEHHbIE MOITHOCTH, KaK (PMHAHCUPOBATh UX PACIIUPEHUE U
KaK NPUHATh CKPOMHO-3aCTEHYUBBIN BUJ, OTYUTHIBAACH O HE3AKOHHBIX MPUOBLIAX.
[lepen Tem Kak MPUCTYNUTH K pabOTe, BBl CTPOUTE MOJENIb MPOMBIIIICHHOCTH B
LI€JIOM, YTOOBI B YACTHOM HOpPSAKE 0TpaboTaTh CBOIO JIMHUIO MoBeAeHus. 1 BOT ka-
KyI0 UTPY BbI B pe3yJbTaTe U300pEH.

HavanbHas curyanus

MopenupoBaHue BEAECTCS C 1IaroM 110 BpEMEHU B OJIMH Mecsl. B Havane ur-
PBI KOKIIA UTPOK (PE3UIEHT KOMIIAHUM) MOJIydaeT ABE OObIuHbIE (HaOpUKH, ye-
ThIPE €IUHULBI CHIPbS U MaTepHasioB (cokpameHHo ECM), 1Be eInHULIBI TOTOBOM
npoaykiuu (cokpamieHHo EI'TT) u 10000 momn. HanuuasiMu. Urpoku 3aHymepoBa-
Hbl 0T 1 10 N, 1 B mepBoM Kpyre urpok 1 - crapmmuii. C kaxasIM Kpyrom (T.e. exe-
MECAYHO) pOJIb CTAPUIET0 MEPEXOAUT K CIEAYIOUIEMY IO MOPSJIKY HOMEPOB UIPO-
Ky, nocjie N-Tro CTapIiiM CTaHOBHUTCS OIATH MEPBbIM (TaK YTO HOMEpP CTapILIEro B
kpyre T Beruncigercs no ¢popmysne T mod N +1 ). Ha toprax npu npounx paBHbIX
YCIIOBUSIX BBIMTPBIBAET CaMBbIil CTApIIUMK UIPOK (TOT, KTO OYJET CTapIluM B CIENy-
IOIIIEM KpyTe).

ExxeMecsiuHble onepauuu

OnurcaHHble HUKE CIAETKH MPOUCXOMAST KaXKAblii MECSI U UMEHHO B TaKOM
nopsinke. Ecam B Kakoi-TO MOMEHT KOMIAaHHUS HE MOXKET BBITIOJIHUTH CBOUX (pu-
HAHCOBBIX 00s3aTEJILCTB, OHA HEMEIJICHHO O0BsBIsIETCS OaHKpoTOM. Ee umyiie-
CTBO MPOMAJAECT, U OHA BBIXOJUT W3 UTPHI (TaK YTO JIydllle UMETh HaroTOBE 3amac
HaJIMYHBIX). Bce AeHexHbIe pacueThl MPOUCXOSIT MEXKIY OTASIbHBIMUA UTPOKAMHU U
oHUM 0o01MM O0ankoM. HeBo3morkHa nepenaya JIeHeT NpsiMO OT UTPOKa K UTPOKY,
YTO HWCKJIIOYAeT CTrOBOP, HAIPABJICHHBIM MPOTUB KaKOW-TUOO KoMMaHUU. baHK,
KpPOME€ TOTO, KOHTPOJMPYET UCTOYHUKU CHIPhSI M CKYNaeT BCIO TOTOBYIO MPOIYK-
LUIO.

1. Iloctrosinabie U3AepKKHU. Kaxkapiii UTpok (B MOPsIAKE YOBIBAaHUS CTAPIITNH-
CTBa, HauuHasg co crapiiero) miaTuT 300 T0L. 32 KaXIyl0 MMEIOLIYIOCS Y HEro
ECM, 500 momn. 3a xaxnayto Hanmuunyto EI'TI, 1000 gonn. 3a BiajgeHue Kaxaou
oObryHOM hadbpuxoit, 1500 momt. - 3a BiajeHre aBTOMAaTU3UPOBAHHON. DTO MOCTO-
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SHHbBIE €KEMECSUHBIC U3JICPKKU KaXKJIOTO UTPOKa, JaKe €CIU OH B 3TOM Kpyre He
peANnpUHUMAET HUKAKUX JIPYTUX ACUCTBUM.

2. Onpenenenue 00CTaHOBKYU Ha phIHKE. baHk peraeT u cooOLaeT urpokam,
ckoibko ECM mponact B 3TOT pa3 ¥ KakoBa MX MUHUMasbHas 1ieHa. OObsBIseTCS
Takke, ckoyibko EI'TI B o01mieit c10KHOCTH OyJeT 3aKyIJIEHO U KaKOBa MaKCUMaJlb-
Has LEHa.

Ta6nuna 1. Yposuu nien Ha ECM u EI'TI

Yposenr |ECM Munanwm. niena |EI'TI MakcuM. ietsa
1 1.0P $800 3.0P $6500

2 1.5P 650 2.5P 6000

3 2.0P 500 2.0P 5500

4 2.5P 400 1.5P 5000

5 3.0P 300 1.0P 4500

B tabnune 1 mpuBenensl nsath ypoBHel mnpensoxkenus ECM u cnpoca Ha
EI'TI (oObpaTtuTe BHMUMaHUE, YTO C POCTOM OJHOU W3 ATUX BEJIUYUH Jpyras yObIBa-
€T), a TAaK)K€ BEPXHHUE W HUKHUE TPAHUIIBI LIEH IS KaXI0ro ciydas. B ducno ur-
pokoB P He BKJIIOYEHBI T€, KTO 00aHKpoTHica, U P MoxeT, Takum o0pa3om, OBbITH
menbie N. [IpousBenenus 1.5P u 2.5P okpyristoTcs 10 OnmKailliero 1meiaoro ¢
HejocTaTkoM. B Tabnuile 2 mpuBeieHa MaTpuila BEpOSITHOCTEN mepexosa, B COOT-
BETCTBUU C KOTOPOU OaHK OMpPEAesIeT HOBBIM MECSIYHBIM YPOBEHB CIIpoca U Mpe/i-
JIOXKEHUS, UCXO01s U3 npexHero. [Ipenmnosnaraercs, 4To B HYJIEBOM MECSIE YPOBEHb
paBeH 3.

Tabsuua 2

Crapsiit Hoslll ypoBEHB
YPOBEHb

1 2 3 4 5
1 1/3 1/3 1/6 1/12 1/12
2 Ya 1/3 1/4 1/12 1/12
3 1/12 1/4 1/3 1/4 1/12
4 1/12 1/12 1/4 1/3 1/4
S 1/12 1/12 1/6 1/3 1/3

3. 3asBKH Ha ChIpbe U MaTepHaibl. Kaxkablid HTPOK TallHO OT IPYTrUX TOTOBUT
3asBKy Ha ECM u npejuiaraercs ieHa He HUKe OAaHKOBCKOW MUHUMAJILHOM (3a1poc
Hynst ECM win npeniokeHue NeHbl HUKE MUHUMAIbHON aBTOMATUYECKH MCKITIO-
YaeT Urpoka U3 TOProB B 3TOM Mecsle). Bee 3asiBkM pacKpbIBalOTCS OAHOBPEMEH-
HO, 1 umerouecss ECM pacrnipeaenstoTcss Mexay UTPOKaMu B MOPsIJIKE YObIBaHUS
MPEVIOKEHHON 1IEHBI. ECIIM ChIpbsl HE XBAaTAE€T HA BCEX, 3aBKU C MPEIJIOKECHUEM
0oJiee HU3KOW LIEHBI HE YJOBIETBOPAIOTCS. [Ipy MpoUnx paBHBIX YCIOBUSX ChIPHE
JNOCTAETCA CaMOMY CTaplIeMy MrpoKy. Mrpoku miatsT 3a cblpbe IMPU €ro mnojyde-
HAHA. baHK HE COXpaHsAET OCTaBIIEECs IIOCIE YNOBIETBOPEHMUS 3asiBOK CHIPbE HA
CIEAYIOIINN MECSL.
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4. IlpousBoactBo mnpoaykiuu. Bce urpoku mo ouepeau (o yObIBaHHIO
CTapIlIMHCTBA, HAUMHAS CO CTApUIETro) oOBABIAIOT, CkOIbKO ECM oHu cobuparorcs
nepepaborars B EI'Tl B Tekyimem Mecsie u Ha kakux (adbpukax. Kaxaplii urpok
00s13aH TYT K€ MOKPBITh PacXo/bl Ha MPOU3BOACTBO. OObIuHAsA (haOprKa MOXKET 3a
mecsil nepepadortats onny ECM mipu 3atpatax B 2000 qos1. ABTOMaTHU3MpOBaHHAs
¢dabpuka MoxkeT mubO crenarb To ke, Mudo nepepadotars 2 ECM npu 3atpatax B
3000 nonn. Koneuno, yto6s1 nepepadborats ECM, ux Hago UuMeTs.

5. Ilpopaxka npoaykuuu. ITpu nokynke 6ankom y urpokoB EI'Tl opranuzy-
I0TCSI IPUMEPHO TAaKUE kK€ TOPru, Kak u npu npojaxe ECM. 3asBiieHHbIE LIEHBI HE
JOJDKHBI IPEBBIIATh MAKCUMAJIBHYIO LIEHY, YCTAHOBJIEHHYIO OAHKOM, IpUYeM OaHK
nokymnaetr EI'TI B mepByto odepenb y TeX, KTO 3asiBUJ Oojiee HU3KyIo 1eny. llpu
IPOYMX PAaBHBIX YCIOBUSX NPEANOYTCHUE OTHAAETCA CTaplieMy HUIrpoky. Ecim
Npeasio’KeHHe MpeBbIaeT cnpoc, Haubosee noporue EI'TI ocratorcs Hempoman-
HbIMU. VIrpOKM NOJIy4aroT AEHBIH 3a MPOAYKIUIO IIPHU €€ MPOJAKE.

6. Beimiata ccygHoro npoueHTta. Kaaplii urpok miaTUT OOUH MPOUEHT OT
oO11eil CyMMbI HETIOTALIEHHBIX CCYJl, B TOM YHCIIE U TeX, KOTOpble OyayT morarie-
HBI B TEKYILIEM MECSIIIE.

7. Iloramenue ccyn. Kaxaplid UTPOK, MOTYYUBIIHN CCyy CPOKOM JI0 TEKY-
HIEro Mecsia, J0HKEeH €€ Moracuth. [10CKOJIbKY BO3BpAIleHUE CCYJT MPEIIIECTBYET
MOJIYYEHHUIO HOBBIX, IUIATUTh HAJI0 HAIMYHBIMH.

8. [Tonmyuenue ccyn. Tenepp Kaxaplii UTPOK MOXKET MOJIY4YHUTh ccyny. Ccybl
00€ecreynBarOTCsl UMEIOIUMHUCS Yy UTPOoKa (hadpukaMu; o oObIYHYI0 (padpUKy 1a-
etcsa ccyna 5000 goin., moa aBroMaruzupoBaHHyro - 10000 momn. Obmas cymma
HEIOTAIIEHHBIX CCYJl HE MOET MPEBBIIATH MMOJOBUHBI TAPAaHTUPOBAHHOTO Kalu-
Taja, HO B 3TUX MpeAesiaX MOKHO CBOOOJHO 3aHMMaTh. baHK HEMEIJIeHHO BBIIJIa-
YUBAET cCyly UIrpoKy. CpoK TOraimieHHs cCyabl HUCTEeKaeT yepe3 12 mecsueB -
HaIpuMmep, cCyay, B3SITYIO B 3-M Mecslle, BO3Bpamarh Hajno B 15-m. Henp3s nora-
11aTh CCY/bl PaHbIIE CPOKA.

9. 3asBKM Ha CTPOUTEILCTBO. MrpoOKH MOTYT CTPOUTH HOBBIE (aOpPUKH.
Oo6brunas ¢adbpuka ctout 5000 10U1. U HAUMHACT J1aBaTh MPOIYKIIMIO Ha S-bIiA Me-
CSIIl TOCTIe Hayaja CTPOMTENbCTBA; aBTOMaTu3upoBaHHas (adpuka ctout 10000
J0JIJI. ¥ JaeT MPOAYKIIMIO Ha 7-0M Mecsl Mocje Hayana CTpouTenbcTBa. OOBIYHYIO
(habpuky MOXHO aBTOMaTU3UpOBaTh 3a 7 000 J0JII., pEKOHCTPYKIIMS MPO0JKACT-
cs 9 mecsileB, Bce 3T0 BpeMsi ¢habpuka MOKeT paboTaTh Kak oObiuHas. [lomoBuny
ctouMoctd (aOpUKK HAZIO MJIATUTh B HAYaJle CTPOUTEILCTBA, BTOPYIO MOJIOBHUHY -
3a Mecsl J0 Hayaja BbIMyCKa MPOIYKUHUU B 3TOU ke (aze nukia. Obmiee ynucio
UMEIOIINXCA U CTposuxcs (padpuk y KakI0Tro UIpoKa HE JIOJDKHO MPEBBIIATH
LIECTH.

OxoHuaHnue UI'PbI U MOJACYET PE3YyJbTATOB

Urpa 3akaHumMBaeTCs MOCIE HEKOTOPOTO (PUKCUPOBAHHOTO YuciIa KpyroB (13
uim OoJiee) WiIM Korja 00aHKPOTATCS BCE UTPOKH, KpOME OJHOTO. UTOOBI MOCYu-
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TaTh OOIIMM KamuTaJl KOMITAHUHU, HYKHO CJIOKHTh CTOMMOCTH Bcex (abpuk (1o
IIeHEe, TI0 KOTOPOH MX MOXHO OBLIO MOCTPOUTH 3aHOBO), CTOUMOCTbh UMEIOITUXCS Y
Hee ECM (mo MuHMMaiabHON OaHKOBCKOM II€HE TEKYIIEro Mecsia), CTOMMOCTb
uMeronuxcst EI'TI (mo makcuManbHOW OaHKOBCKOM II€HE TEKYIIETro Mecslia) U
UMEIOIMECA Y KOMIIAHUM HaJIM4HbIE. ECIM K KOHIly UTPhl HNPUXOMISIT HECKOJIBKO
UTPOKOB, PE3YJIbTAThl CYUTAIOTCS MO MX KanuTanaMm. JIr00o0it urpok B 1000t Mo-
MEHT MOXET Y3HaTh COCTOSIHUE JIeJl JIIOOOTrO JIPyroro Wrpoka - €ro Kamural,
HAJIMYHbBIE, B3STHIE CCYJbI, BCE, UTO KACAE€TCS FOTOBOM MPOAYKIIMU, UMEIOIINXCS U
cTposimuxcs ¢padbpuk. Bo BpeMst TOproB UTPOKKM HUYETO HE 3HAIOT O 3asBKax, Cle-
JAHHBIX JAPYTHMH, HO, KaK TOJBKO OaHK coOpas Bce 3asiBKH, OHH OOHApOIYIOTCS H
KOJIMYECTBO KYIUUIEHHBIX WJIM MPOJAHHBIX KAXKIBIM UIPOKOM E€IMHUIl CTAHOBHUTCS
U3BECTHO BceM. rpoku MOTYT caMu BECTH Jit0ObIe 3alicH, HO 0aHK He MPeI0CTaB-
JIIe€T UM HUKaKOW MH(pOpMAIMH, KPOME TOH KOTOpas IMpeAyCMOTpPEHa IpaBUJIaMH

WTPBI.
3aganue

3amadya cocTouT U3 BYyX 4actell. IlepBas 3axntodaercs B TOM, 4YTOObI HalM-
caThb NPOrpaMMmy, KOTOpas YHPAaBIAET XOJIOM MOJIETUPOBAHMS - MPOrpammy-
OaHkup. DTa mporpaMma JOJKHA MOJHOCThIO KOHTPOJIMPOBATh UIPY: YCTAHABIIU-
BaTh LIEHBI, 3aKyINaTh MPOIYKLHMIO U MPOJABaTh ChIPhE, MPOBOAUTH TOPIU, BECTU
yYeT U T.J. DTa IporpaMma JI0JKHa B COOTBETCTBYIOIME MOMEHTHI OINpAIINBaTh
UTPOKOB U IOOMBATHCS COOIIOJEHUS UMH BceX mpasuil. [Iporpamma-6ankup nepu-
OJIMYECKH (HampHuMmep, €KEMECSYHO) BBbIIAeT CBOAHBIA (UHAHCOBBIM oTuer. Ilo-
CKOJIBKY OTYE€TBl 3TH MPEACTOUT YUTATh JIIOJSAM, OHU JOJDKHBI ObITh MOHSTHBI U
IIPUEMIIEMBI C ICTETUYECKON TOUKU 3PEHUS.

Bropas dacte 3amaun - HanucaTh IPOrpaMMbl MTOBEAEHUS UIPOKOB. Beero
UIPaeT TPU UIPOKA: OJIMH - UTPOK-YEIIOBEK, HAXOAAUIUICS y TEPMUHAIIA, IBA UTPO-
Ka - "BJIOKEHHbIE" B MalllMHy noAmnporpaMmbl. Kaxkas mporpaMma-urpok J0JKHA
OBITH B COCTOSIHUU OTBEUYATh Ha JIFOOBIE 3alIPOCHI IPOTrpaMMBbI-OaHKUPA IO X0y UT-
pBI: OHA JIOJDKHA YMETh NpeJyiarath LEHy Ha ChIpbe, IPUHUMATh PEIEHUs, Ipoaa-
BaTh TOTOBYIO MPOJAYKUHUIO U T. Il. Peanusyiite oaHy U3 IpOrpaMM-UIpOKOB TaKUM
o0Opa3zoM, yToObI OHa MPOCTO MepeaaBaga CBOM 3alpoChl UTPOKY-YEIOBEKY, HaXO-
asuiemMycs 3a TepMuHasioM. Takas nmporpamma JOJIKHA YMETh OTBEUATh Ha 3alpOChI
YyeloBeka O COCTOSHMM Hrphl. llociie Toro kak OyJeT HalucaHbl MPOrpamMMbI-
UTPOKH, UX HAZ0 OOBEAUHUTH C MPOTPaMMOM-0aHKUPOM, YTOOBI MOJYyUUIIACH MOJI-
Has urposas cucrtema. [IpoBeaure ¢ 3TOM CUCTEMON HECKOJIBKO UTP U U3YUUTE pe-
3ynbTathl. [l TOro, 4ToObl pe3ysibTaThl ObUTH JOCTATOYHO PEajbHbl HAJA0 Hamu-
CaTh HETPUBHAIBHBIE TPOTPAMMBI-UTPOKH.

Ota urpa - npuMep MociaeA0BaTEeNbHOI0, UM OIAroBOro, MOJIEIMPOBAHMS,
IpU KOTOPOM BCE COOBITHS (KpoMe OaHKpPOTCTB), MPOUCXOIST B CTPOTO OMpese-
JICHHOM 3apaHee M3BecTHOM nopsake. Lluki mo mecsiam - ynoOHast CTpyKTypa st
BEAYIIEH TPOrPAMMBL.
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Jluteparypa sl CChUTOK HA TOCTAHOBKY 3aa4H:
VYazepemn Y. Otroast 1uist nporpaMmuctoB. M.: Mup, 1982, ctp. 46-54.

B 3amaue HeoOxonuMo OyAeT CTPOUTH CIy4YalHYIO MOCIEI0BATEIbHOCTD
v[0],v[1],...,4JI€eHBl KOTOpPOW NpPHHAIJIEKAT KOHEUHOMY MHOXKECTBY, COCTOSILEMY
u3 anemeHToB X[1],x[2],...,x[n]. DnemenTsI X[1],...,X[n] mOBTOPSIOTCS B MOCJIEI0BA-
tenbHOoCcTH V[0],v[1],... ¢ 3agaHHBIMH YacCTOTaMH, COOTBETCTBEHHO pPaBHBIMHU
p[1],...,p[n] (T. e. oTHOCUTENBHO TIOCHEAOBATENBHOCTH V[0],v[1],... MO)KHO CUMTATB,
qT0 X[i] BCTpeuaercs ¢ Hel ¢ BeposTHOCThIO p[i] (i=1,...,n),p[1]+p[2]+...+p[n]=1).
s moctpoenus v[0],v[1],... ucnonb3yercsi cnenyrouuii npuem. Muatepsan (0,1)
pa3buBaeM Ha N UHTEPBAJIOB, JUIMHBI KOTOPBIX paBHBI p[1],...,p[n]. Koopaunatamu
touek paszouenus Oyayrt p[llp[l]+p[2].p[11+p[2]+p[3]..... p[l]+p[2]+...+p[n-1].
[Tonyuennsle mHTEpBaIbl 0003HauuM uepe3 I[1],....I[n]. IIycts r[0],r[1],... - ciy-
yaliHasi YMCJI0Bas MOCIIEI0BATEIIBHOCTD, WIECHBI KOTOPOU paBHOMEPHO paclpeese-
el B untepBaie (0,1). [lepebupaem uucna r[0],r[1],..., u ecau odepenHOEe YUCIIO
r[k] monmamaer B untepan I[j] (1<=j<=n), To B kadyectBe V[k] GepeM X[j] (BeposT-
HOCTh Tonaganus 1[k] B HEKOTOPBIM UHTEpBAJl paBHA JJIMHE 3TOT0 MHTepBaia). Ec-
JY BAPYT oKaxkercs, uto r[k] coBnagaeT ¢ Toukoi pa3oueHust (KOHIIOM UHTEpBaJa),
TO MOYKHO YCJIOBHO CUMTaTh, 4TO yucyo r[k] momano B uHTEpBa, JeXKalIHuil cripaBa
OT HETO.

10. Tononozuueckasn uzpa ""Ilonzynok"
Hanwucate nporpammy 171st urpsl ¢ komnbsiorepoM B urpy "llomsynok". Kom-

MBIOTEP JOJKEH UCIIOJIb30BaTh MUHUMAKCHBIM IPUHLMI 1Sl BBIMTPBILIHOW CTpaTe-
TUH. SI3bIK MPOTpaMMUPOBAHUS — JIFOOOH.
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Onucanue urpsl.

Pemertka ass 3TON Urphl pazmepoM 5 Ha 6 Touek M300pakeHa Ha PUCYHKE.
IIpaBuna 3TOW WUIpHI MPOCTHI: KAXKIBIM UIPAOIIUN IO OYepear IPOBOAUT OPTOro-
HaJIbHBIE OTPE3KU NPAMBIX JJIMHOM B OHY enuHULy. [lomydaroniascs B pe3yabpTaTe
TPAEKTOPHSI UIPhI JOJKHA OBITh HENPEPBIBHOM, MPUYEM Ka)KIblil MOCIETYIOIIMIA
XOJT MOYKHO JIeaTh C €ro JI00ro ee KoHma. Urpok, BRIHYKICHHBIA 3aMKHYTh TPa-
€KTOpHIO IpourpsiBacT. Ha pucyHke npuBeaeHa TMNUYHAs NO3ULMS, IIPA KOTOPOU
CHEAYIOIIUHI X0 ABJISIETCA MMOCIEAHUM — TOT KTO €0 AEJIaeT, IPOUTPHIBACT.

O06 uctopuu urpsl cMm. kaury: M. Iapanep, Kpectuxku-nonuku. M., Mup, 1988, c.
269.
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5. KAK BbIMOJNMHATb KYPCOBYIO PABOTY U O®OPMJIATD
NOACHUTENBbHYIO 3AMNMUCKY

OO01He MoJI0KEHUSA

OcHOBHBIE 337]a91 U 1IETTH KyPCOBOTO MMPOCKTUPOBAHMS:
1) nproOpeTeHre HaBBIKOB M METOJOB IIPOrPaMMHUPOBAHUS JOCTATOYHO CIOMXKHBIX
3aJ1a4 UCKYCCTBEHHOTO MHTEIUICKTA,;
2) TOJITOTOBKA K BBITIOJHEHHIO JTUIIJIOMHOTO IIPOCKTA.
B kypcoBoit pabote momxHa ObITH pa3paboTaHa TeMa B COOTBETCTBHH C 3a-
JaHueM, 0JJ0OpeHHBIM Kadeapoit.

OO0uue TpeGOBaHUSA K NOCTPOCHUIO MOsICHUTEIbHOM 3anucku (I13)

Ctpyktypa noctpoenus 13

1) TUTYIBHBIN JTUCT;

2) pedepar;

3) 3agaHMe HA MPOEKTUPOBAHNCE;
4) comep)kaHHC;

5) BBeacHHUC,

6) ocHOBHas 4acTh paOOTHI;

7) 3aKII0YCHUE;

8) crmucoK JUTepaTyphl;

9) npunoxeHusl.

TUTYIBHBIN JIUCT

Tutyneueiii  muct  odopmusiercss  cormacio OC  TYCYP  01-2013
(https://regulations.tusur.ru/documents/70), ¢popma TUTYIBHOTO JUCTA MIPUBEICHA B
MPUJIOKEHUH 1.

Pedepar

Pedepar - kpaTkas xapakTepUCTHKa paOOThbl C TOUYKU 3PEHHS COAECpPIKAHMUS,
Ha3HadeHusi, GopMbl U Apyrux ocobeHHocTel. Ilepeuncnstorcst KitoueBble CIOBaA
paboThI, YKa3bIBAE€TCsl KOJUYECTBO CTPAHULl U MpuioxkeHul. Pedepar pazmemaror
Ha OTJIEJIbHOM CTpaHuIle. 3ar0J0BKOM CIYKUT ciioBO "Pedepar”, HanmrcaHHoe Mpo-
MUCHBIMU OYKBaMHU.

3ajgaHue Ha MPOEKTUPOBAHUE
®opma 3aiaHus 3aMOJHAETCS CTYJEHTOM B COOTBETCTBUU C IMOJYYEHHBIM
3aganueM. Gopma 3ajaHus IPUBEJEHA B PUIIOKEHUU 2.

Conepxxanue
ConepxaHre BKJIIOYAET HAMMEHOBAHHUS BCEX pa3JeioB, IOJpa3/IeiioB U
MTyHKTOB, €CJIM OHU MMEIOT HAMMEHOBAHUE, & TAKXKE CITUCOK JIMTEPATYPhI M TTPHUIIO-
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KEHUsI ¢ yKa3aHWEeM HOMEpa CTpaHHIl, Ha KOTOPHIX OHU HAYHWHAKOTCS. CioBo
"CopnepxaHue" 3alMChIBACTCS B BUJE 3arojOBKa, CHMMETPUYHO TEKCTY, MPOIKUC-
HbIMU OykBamu. [Tpumep odopmiieHus copepKaHus IPUBEICH B MPUIIOKESHUH 3.

BBenenue
BBenenue coaepKuT OCHOBHYIO II€JIb KypCOBOIl pabOThI, 001acTh MpUMEHe-
HUA pa3padaTbIBAEMON TEMBI.

3aKIroueHne

3akIoueHUE JOJKHO COAEPKaTh KPATKHE BBIBOJBI MO BBIMOJHEHHOU pado-
te. Takxke cienyer ykazaTh, YeMy NMPOrPAMMUCT HAYUUJICS HA MPUMEPE ITOM 3aa-
9y (Ha 3TOT BOIPOC JIETKO OTBETUTH, €clii chopMyIupoBaTh ero B Bujae: "Uto s B
CIeAYIOIIMH pa3 caenaro nHade?").

Cnoucoxk nutepaTypsl

B cnmcok nuTepaTypbl BXOAST BCE T€ U TOJBKO TE€ UCTOYHUKH JIUTEPATYPBHI,
Ha KoTopble uMeroTcs cchlikd B [13. [Ipumepsl Oubnuorpaduueckux onucaHnuii uc-
TOYHUKOB, IOMEMIAEMBIX B CIUCOK JIUTEPATYPbl, IPUBEACHBI B IPHUIIOKEHUH 4.

[Ipunoxenus
[IpunoxxeHust conepkar BCIIOMOTaTENbHBIM MaTEpUa: JUCTUHT IPOTrPaMMBbI
Y JTUCTUHT TECTOB.
[Iporpamma gomxHa ObITh CAMOJIOKYMEHTHPOBAHHA, T.€.
e [porpamMma JOJKHA UMETH ITPOCTYIO U NOHATHYIO CTPYKTYPY,
e B MporpamMme JOJHKHBI ObITh MPOKOMMEHTHPOBAHBI MCIIONIb3yEMbIE CTPYKTYPbI
JAHHBIX,
e ISl KaXI0M (PYHKIMHU JOJKHO OBITh YKAa3aHO, YTO OHA JENAET, UYTO SIBISIETCS
BXOJHBIMH JAHHBIMU U PE3YIBTATOM,
® JI0JDKEH OBITh TPOKOMMEHTUPOBAH UCTIOIb3YEMBII AJITOPUTM.

OcHOBHAasl YacTh KYpCOBOil padoThI

B oCcHOBHO# YacTH JOMKHO OBITH PEIICHHE MOCTABJICHHON 3a/lauyd, B YacT-
HOCTH:
e aHaJIM3 33/]a4y;
000CHOBaHUE BbIOOpA AITOPUTMA;
000CHOBaHUE BHIOOpPA CTPYKTYP JaHHBIX;
OTMCaHUE AJITOPUTMA;
000CHOBaHHE HAOOpa TECTOB.

OO0 ananuze 3aga4u

Pazpabotka anroputma mpeactaBiseT coOod 3amauy Ha moctpoenue. Ilo-
ATOMY, KaK OOBIYHO B TAaKUX Ciyyasx (MO>XHO, HallpUMEpP, BCIOMHUTb O METOJE
pEIIeHUs] TEOMETPUUECKHUX 3a7]a4 Ha TIOCTPOCHHE), HEOOXOIUM ATal aHaIn3a 3aja-
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yi. OH MO3BOJIAET YCTAHOBUTD, YTO SIBJIIETCA BXOJOM U BBIXOJOM OYAYLIEro ajiro-
pUTMa, BBIJICIUTh OCHOBHBIE HEOOXOJIUMBbIE OTHOIICHUS MEXIY BXOIHBIMH U BbI-
XOJTHBIMU OOBEKTAMU U MX KOMIOHEHTaMH, BBLICIUTH MOJIEIN, KOTOPhIE HYXHO
JOCTUYB JJIA PEIICHUs 3a/1au, U KaK CJIEJICTBUE 3TOr0, BbIpabOTaTh MOJIXO/ K TO-
CTPOEHHUIO airoputrMa. PesynbTaToM 3Tama aHanau3a 3aJadd JIOJDKHA ObITh CHEIu-
bukanusa anropuTMa, T. €. GopMyIHMpoBKa B caMOM OOIIeM BUJE TOTO, UTO (B pam-
KaX BBIOPAHHOTO MOJX0/1a) TOJDKEH JIeNIaTh aJITOPUTM, 9TOOBI TIepepadoTaTh BXO/I-
HBIC TaHHBIC B BBIXO/IHBIE.

O06 onmcanuu aaropuTMa

[Ipexne Bcero, Hy’)KHO UMETh B BUJY, YTO TAKOE ONMMCAHUE MPEIHAZHAYEHO
HE JJI1 MalllMHbI, a JUIs YeJoBeKa. [[pyrumMu cioBaMu, pedb UIIET HE O IPOrpaMMme,
a 0 HEKOTOPOM TEKCTe (T. €. O CJIOBECHOM OMHCAHUM), IO KOTOPOMY MOYHO IMONY-
YUTh TMPEACTaBICHHE 00 OOIIel CTPyKType pa3pabaTbiBa€MOro ajJroputrMa, O
CMBICJIE €r0 OTAEJBHBIX IAr0OB U UX JIOTUYECKON B3auMOCBs3U. CoXpaHEeHuE
JIOCTaTOYHO BBICOKOTO YPOBHS OMHCAHHS alJrOpuUTMa TaKkxke obJjierdaer ero oboc-
HoBaHue. [1loaToMy 1Iaru anroputTMma JIOJKHBI ONMUCHIBATHCS B TEPMHUHAX TEX 00B-
€KTOB U OTHOIICHUM MEX1y HUMHU, O KOTOPBIX UJIET peub B (HOPMYITUPOBKE 3a/1aUH.
Hanpumep, nns "reomerpuyeckoil” 3amadu mard aaropuTMa CIEAyeT ONMUCHIBAThH
KaK JEHUCTBUA HAJ TOYKaMH, NPSIMBIMHU U T. 1., KAK IPOBEPKU CBOMCTB THUIIA MPHU-
HaJIJICKHOCTH TPEX TOUEK OJTHOM mpsMoit u T. . Ho He J0JKHO OBITh paboThI € KO-
JaMU 3TUX O0BEKTOB, HAIIPUMEP C MaTpUIlEH KOOPAMHAT TOYEK HEKOTOPOrO0 MHO-
YKECTBA.

[Ipu nporpammupoBannu Ha [Iposore omnmcaHue NMPEIUKATOB JOJHKHO 3a-
KJIIOYaTbCsl B YKa3aHUU, Ui KaKMX OTHOIICHHM MEXIYy CYIIHOCTAMH (00BEKTaMu
MpeAMETHOW O00JacTH) OHHM BBeACHBI. Kakue apryMeHThl MpeauKaTra sBISIOTCS
BXOJHBIMU, & KAKUE BBIXOIHBIMU?

Hy»xHo momo6pats HaOOp TECTOB, JOCTATOYHBINA ISl IEMOHCTPALIMKA PAOOTHI
MPOTPaMMBI M €€ PEaKIMK Ha SKCTpEeMajbHbIe CUTYallud U HEMpaBUIILHOE oOpariie-
HHUE.

Ipasuia opopmienus I13 k kypcoBoii padore

I13 nmumercst B peaakrope MS Word mpudtom Times New Roman, pazme-
pom 12, Ha dopmate A4. Hymepanusi cTpaHull JOJDKHA ObITh CKBO3HOM, MEPBOM
CTpAaHMIIEH ABISIETCS TUTYJIbHBIA JUCT. HOMep cTpaHulbl MpoCTaBisieTCs BBEPXY
nocepe/inHe. 3aroJioBKU Pa3ziesioB MUIIYTCS MPOMUCHBIMU OYKBaMU IO CEpe/IUHE
TEKCTa. 3aroJIOBKM MOJAPa3/IeJIOB MUIIYTCS ¢ ab3ala CTPOUYHBIMU OyKBaMH, KpOMeE
MIEPBOM MPOIUCHOM. B 3arojoBke He NOMYCKAOTCS MEPEHOCHI CIIOB. TOUKY B KOHIIE
3aroJIoBKa He CTaBAT. Eci 3arojloBOK COCTOUT M3 IBYX MPEMIOKEHUH, TO UX pas-
JEJISTIOT TOYKOM.
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6. PEKOMEHAOYEMASA JIUTEPATYPA

OcHoBHas nuTeparypa
bparko U. IIporpammupoBanue Ha s3bike [Iposor mist HCKyCCTBEHHOTO MHTEII-
nekta.- M.:Mup,1990.- 560 c.
Crepinunr JI., Hlanupo 3. MckyccTBO mporpaMMupoBaHus Ha si3bike [Ipoior.-
M.: Mup, 1990. - 235 c.
Jlornueckuii NOAX0A K UCKYCCTBEHHOMY MHTEJUIEKTY: OT KJIACCUYECKOU JIOTUKH
K Joruueckomy mnporpammupoBanuto: Ilep.c dpani./Teisz A., I'pubomon II.,
JIyn XK. u np. - M.:Mup,1990.- 432 c.
Jlopwep K.JI. CuctemMbl uCKycCTBEHHOTO HHTEIUIEKTa. M.: Mup,1991.- 568 c.

JlononHuTtenbHas Iureparypa
Manmac k. Pensunonnsii s3bik IIposior m ero nmpumenenue. - M.: Hayka,
1990. - 464 c.
I'oadpya XK. Yro Takoe ncuxomnorud.T.1 - M.:Mup,1992.
Jlem C. Cymma texnonorun -M.:Mup,1968. - 608 c.
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HNPUJIOXKEHHUE 1
®OPMA TUTYJIBHOI'O JINCTA K KYPCOBOI PABOTE
MuHHCTEPCTBO HAYKU U BhICIIETro oOpa3oBanus Poccutickoit denepanyu

denepanbHOE TOCYIApCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIIETO 00pa30BaHUs
TOMCKU T'OCYJJAPCTBEHHBIM YHUBEPCUTET CHCTEM
VITIPABJIEHUA U PAJUODJIEKTPOHUKHU (TYCVYP)

Kadenpa KOMIbIOTEPHBIX CUCTEM B YIIPABICHUHU
u npoektrpoBanuu (KCVYII)

Camoo0yuamomasic nporpaMmma

[losicHuTEeNIbHAA 3alMCKA K KprOBOﬁ pa60Te 10 ANCHUIIIIMHC
«HCKYCCTBGHHBII?I HHTCIUJICKT U 3KCIICPTHBIC CUCTCMBI»

Crynent rp. 589-1
C. C. JlaBpoB

(mata)

20
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5 INPUJIOXKXEHHUE 2
OOPMA 3ANAHMA I KYPCOBOUM PABOTDI

MuHHCTEPCTBO HAYKU U BhICIIETo oOpa3oBanus Poccutickoit denepanyu

denepanbHOE TOCYIApCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIIETO 00pa30BaHUs
TOMCKU T'OCYJJAPCTBEHHBIM YHUBEPCUTET CUCTEM
VITIPABJIEHUA U PAJUODJIEKTPOHUKHU (TYCVYP)

Kadenpa KoMIIbIOTEpHBIX CUCTEM B YIIPaBICHUH
u npoektrpoBanuu (KCVYII)

YTBEPXIAIO
3aseayrommii kadenpoit KCYTI

(d. 1. 0.)

3AJIAHUE
10 KypCOBOMY MPOEKTUPOBAHUIO IO TUCIUIIIINHE
«McKyCcCTBEHHBIN MHTEIUVIEKT U OKCIIEPTHBIE CUCTEMBI»
CTyZEHTY

rpyIrma

1. Tema mpoekTa: «CaMooOy4Jaromniascs mporpamMmmany

2. Cpok cjiauu CTyICHTOM 3aKOHYEHHOM paOOoThI:

3. Ucxonnble qaHHBIC K MPOEKTY (37€Ch HOHKEH ObITh TEKCT 3a/IaHus)
4. JlaTta BbIIa4M 3aJaHUS:

3az[aHHe IMPUHAI K UCIIOJITHCHHIO
(@. 1. 0.)
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INPUJIIOXKXEHMUE 3
[TPUMEP O®OPMIJIEHUA COAEPXKAHUA

COAEPKXAHHUE

1. Beenenue 3)
2. Apamu3  3ajmadn 8
3. Pemenue 3amaun 10

3.1. Beibop ajiroput™Ma U CTPYKTYpP JTaHHBIX 10

3.2. Onucanue aaroputMa 14

3.3. Beibop Habopa TecToB 18
4. 3akmroucHue 25
Cnucoxk auTepaTypbl 26
[Ipunoxxenue 1. JIucTuHT nporpaMmsl 27
[Tpunoxenue 2. PacneyaTku TeCTOB 29

_ NPUWIOXEHHE 4
[MTPUMEPBI BUBJIMOT'PAOUYECKHUX OIITMCAHNUN NCTOYHHUKOB,
[NIOMEINAEMbBIX B CITMCOK JIMTEPATYPbI

. XenzaepcoH II. @yHKkunoHaIbHOE NMporpamMmupoBanue. IIpumenenue u peanu-
3anus. - M.: Mup, 1983. - 349 c.

. @unn A., Xappucon II. dyHknmonanesHOE mporpamMmmupoBanue. - M.: Mup,
1993. - 637 c.

. IlexoBuoB A. C. KBa3UCHHXpOHHOE PEryJUPOBAHUE TUCTEPEIUCHBIX AIIEKTPO-
asurarencit // Te3. mokia. Ha Hayd.-TexH. KOH(}p. 21-23 nmek. 1998 r. - T. 4 -
Tomck: M3narenbctBO TOMCKOTO rOCy1apCTBEHHOTO MIEIArOrHYECKOTO YHUBEP-
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