


MiHICTEpCTBO OCBITH 1 Hayku YKpaiHH
JIbBiBCHKMH HalllOHANBHUM yHIBepcUTET iMeH1 [BaHa Opanka

B. M. Tpymescpkuii

MOBH ITPOITPAMYBAHHA
AAA HII'TYUYHOI'O IHTEAEKTY

ITPOTPAMYBAHHA MOBOIO PROLOG

HapuyanbHuii nociGHUK

Pexomendosano
Minicmepcmeom oceimu i nayku Ykpainu

b ITHYC

A

754483

JIbBiB
Bupasuuunit uentp JIHY imeni IBana ®panka
2009



. e n »
'?" Vi !’ Bk E( '{E 4_;{

£
v e

Y JIK 004.434:004.8(075.8)
BBK 3973.2-18.2173-2
T-65
Peyenzenmu:
A-p diz.-mar. HayK, npod. B. A. Kpusciun
(Teproninbcoxuil AepxaBHuil TeXHiUHMI yHIBEpCUTET iMcH Inaita lysros)
I-p TexH, HayK, npod. B. B. llaciunux
(HauioHanshuit yHiBepcuTeT “JILBIBCbKA HOMITEXHIKA™)
a-p $is.-mart. HayK, CT. HayK. criBp. B. B. liukyp
(KuiBcokuit HanioHansHUI yHiBepeuTeT iMeHi Tapaca Lesuenia)

Pexomendosano
Minicmepcmeom oceimu i Hayku Ykpainu
AK HABUGNLHUL ROCIONUK QNS CIIVOEHMIG BULUX HABUANLHUX 3aKNA0I8

B RO M o ABRE Y 8-1-2307 6i0 05.11.08)
sieui Bacuns Creganuika

- o g
AT A

89 . e g RS
HAYKOSBA BIBSIOTEKA

1546483

Tpymesceknii B, M.,

T-65 Mogu nporpamyBaHHs [Ul IITY4HOTO iHTEEKTY : IIPOrpaMyBaHHs
MoBO10 Prolog : Hasu. nocibuux / B. M. Tpymescokuii. — JIsBiB : Bugas-
auuui uenrp JIHY im. Isana ®panka, 2009. — 150 c.

ISBN

Toci6HuK cknagaeTbCs 3 HOTHPHOX HYaCTHH. Y Teplliif 9acTHHI IOJaHO
BHMOTH 0 MOB NIpOrpaMyBaHHs 3aJad IUTY4HOro iHTenekty. Jpyry 4acTuxy
TIPHCBSYEHO Teopil MpeanKaTiB NepIIOTO TOPAAKY, Ha fKiH OCHOBAHO MOBY
Prolog. ¥V Ttperiif yacTHHi po3rIsHYTO OCHOBH MOBH JIOTI4HOTO IIPOTPAMyBaHHS
Visual Prolog. YeTBepra yacTHHa MICTMTh MPHKJIAAM PO3B’A3yBaHHA 3afad Ha
MoBi Prolog.

Hns crynmentis i acmipanTiB (aKynsreTy mpHKIagHOi MaTEMaTHKH Ta iH-
(bopMaTHKH.

YK 004.434:004.8(075.8)
BBK 3973.2-18.2a73-2

© Tpywescskuit B. M., 2009
e © JIbBiBCbKMIA HALIOHANBHUM YHIBEpCUTET
ISBN imeni IBaHa ®panxa, 2009

BCTYII

Bumorn 10 MoB NporpamMyBaHHst iHTEJEKTYyajibHHUX CHCTEM.
OcHoBHC 3aBIAHHA NPOTPaMyBaHHS IUTYYHOTO IHTENCKTY IOJArac y
¢dopMyBaHHI TIOZAaHHA 3HAHB Ta INOCIYrOBYBAJIbLHHX CTPYKTYp, HCOG-
XIIHUX JUIA PO3B’SI3yBaHHA IHTCICKTYAIbHOI 3amayi. BuMorn 1o uux
CTPYKTYP BU3HA4at0Th HEOOXIHI BNACTHBOCTI MOBM peani3allil.

Y niteparypi BHAUIAOTH ABa PiBHI ONMUCY IHTENCKTYalbHHX CHC-
TeM: 3uanb (knowledge level) Ta cumsosmis (symbol level). Pisens cum-
BOJIIB TIOB’A3aHUI 3 KOHKPCTHMM (opMani3Mom, sIKHI 33CTOCOBYIOTD
IUIA IOJIaHHSA 3HaHb Y HPOLCC] po3B’a3yBaHHs 3aiau. [Tpukianom posr-
JAAy 3a/a4l Ha TAKOMY PIBHI € OIKC JIOTIKKM NPEANKATIB, AK MOBH NO/a-
HHs. PiBeHb 3HaHp OB’ A3aHui 31 3MicToM iHgopManii Ta cnocobamu i
TIOJIAHHS31.

Taxuit mopun BinOOpaXKa€ThCA HA APXITEKTYPi CUCICM Ta CTul
iXHBOrO po3po0IEHHA. OCKIIbKH KOPUCTYBAa4i BHKOPHCTOBYIOThL LIPOI-
paMy y Mexax cBo€i 06I3HAHOCTI Ta MOMJIMBOCTCH, NpoOrpamu pcasti-
3alii WITYYHOTO HTENEKTY MYCATH MAaTH YiTKO BHALICHHIA PIBCHbL 3HAHbD.
Ha piBHi cMMBONIB BU3HA4AIOTh MOBY nojanHs. Hikue piBHS cuMBoniB
3HaXOAUTBCA PIBCHb OpPraHi3yBaHHs MPOrpaMH Ta BMPILICHHS NHTaHb
HI0ZI0 {1 pO3pOOICHHS,

BaraTopisHeBuif MiaXix 10 po3pobacHHs IHTENCKTYaNLHUX CHCTCM
Jla€ 3MOTY NPOTPaMICTy HE 3BaXATH Ha CKJIAAHOCTI HMKXUYHX DIBHIB Ta
CKOHIICHTPYBATH CBOI 3yCHMJLIA HA IIMTAHHAX MICBHOTO piBHA abCTpaKiii.
V pasi Takoro mixoxy 3 sABISETLCA 3MOra BHIINMTH TCOPETHYHI OCHO-
BY IUTYYHOTO IHTEICKTY Ta abCTparyBaTUCs Biji ACTANCH KOHKPCTHOT
peanizanii abo MOBM nporpamyBaHHs. lepapxito piBHiB cHCTEeMH 300-
paxeHo Ha pHc. 1.

PiBeHb 3HaHB OKPCCIIIOE MOMJIMBOCTI IHTCHCKTYAJbHOI CHCTEMH.
Ha wpbomy piBHI BHpIlLYIOTh Taki NUTaHHA: SIKi 3a0HMTH JONYCTHMI Y
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cucremi? SIki 06’€KTH 1 BIIHOIICHHS BINITPArOTh BaXXJIMBY pOJb Yy Ui
npenMeTHiit obnacti? Sk gomatu y cuctemy Hosi 3uanHa? Yu OyxyTh
¢axTu 3MiHOBaTHCA 3 yacoM? SIK y cucremi OyayTh 3peanizoBaHi Mip-
KyBaHHS 1po 3HaHHA? UM BonoAi€e 1 npeaMeTHa obnacTh 1o6pe 3po3y-
Minow ceMaHTHKo0? HasBHa B Hill He3po3ymina 4H HenoBHa iH(Op-
Manist? BaX/IMBHM KPOKOM y pO3pOOJICHHI apXiTEKTYpH MPOTPaMH €
ACTaNpHUH aHaNi3 NHTaHb SKOrOCh PIBHS Ta BHOGIp KOHKPETHOTO CIO-
co0y nojaHH:, AKUil BUKOPUCTOBYIOTH HA CUMBOJIEHOMY DiBHI.

PiBeHb 3HaHBb

‘ CyMBONBbHKA piBeHb

;PiBeHb anropuTMiB Ta CTPYKTYp AaHKX

PiseHb moB nporpamyééunh

PiBeHb KOMnaHyBaHHA | ‘

i Makpokog |
\
|

MatuHHi iHCTPY KUl

t .: ‘ PiBHi anapaThux 3acobis ‘ | |

Puc. 1. PiBni cucreMu

Ha cHMBONbHOMY DiBHI BAXIHBHM MHTAHHAM € BMGIp MOBH MPO-
rpamyBaHHsA. MoBa MOjaHHsA Ma€ HE TUIBKM JaBaTH 3MOTY BHPaXaTH
HeoOXiHI 3HaHHA, ane 1 OyTH y3ro/mKkeHol0, MOAH(IKOBAHO, O0UHC-
JI0BaTbHO-CEKTHBHOIO.

[Moni6bHO mO po3dineHHs piBHS 3HaHb Ta CHMBOJIB, y Nporpami
MOHa PO3MEXYBaTH CHMBOJIBHMI PIBCHb | aNTOPUTMH Ta CTPYKTYpH
AaHHX, AKI BHKOPHCTOBYIOTH JUIsl peaiizaiii CHMBOJIBHOrO piBHsi. Bara-
TO AJTOPHTMIB Ta CTPYKTYp JaHHX, 1[0 iX BUKOPHCTOBYIOTH y 3afiauyax
00po6neHHA NPUPOAHOI MOBH, 3Be[ICHI 10 poGOTH 3 IepeBaMu Ta Tal-
JTHIAMH. AJi€ € 1 CTICUU(IYHI ISl LITY9HOro IHTEIEKTY MOJaHHS.

Hmxdye piBHA alropuTMIB i CTPYKTYp AaHHX PO3MIILECHHH PiBEHb
MoBH:-Ha 1bOMy piBHI BaXiIMBY poib Bifirpae CTHIb MPOrpamMyBaHHA.

UncAeHHs IpeJHKaTiB 5

Xoua 1oOpuit CTHIL NPOTPAMYBaHHA A€ MOXKIMBICTE MPUNMYCTHTH PO3-
JIUICHHS. KOHKPETHHX BJIACTUBOCTCH MOBM IpOrpamyBaHHA Ta BHILIMX
piBHIB, crienugika 3afay IWITYYHOrO IHTENEKTY MOTpedye IXHBbOI FJH-
Ooxoi B3aemonii. KpiM Toro, cTpykTypa MOBHM Mae 3aJ0BOJBHATH 00Me-
JKCHHSIM, 3yMOBJICHUM mi¢ Oinbll HMKYMMH PIBHAMH KOMIT IOTEPHOI
apXiTEeKTYPH, OXOIUTIOIOUH OIlcpailiiiHy CHCTEMY, apXITEKTypy amapar-
HHX 3ac00iB, 06’eM mam’aTi Ta WBHAKOAIIO npouecopa. Y MoBax LISP
ta PROLOG peanizoBaHo BUMOT'H CHMBOJIBHOTO PiBHS Ta BPaxOBaHO
apXiTeKTypy OiNbLI HIHKIHX PIBHIB.

Bubip MOBH nporpamMyBaHHs JJs 3aa4 IUTYYHOTO iHTEJIEKTY.
HItyuynuil IHTENEKT copMyBaBci AK OKpeMa rajgy3b 3HaHb Ta 3ac-
BIJIYHMB JOLINBHICTH CBOTO 3aCTOCYBaHHs JUIsA HaraTbox 3aj1a4 Ha OCHOBI
moB LISP ta PROLOG. Oanak ocTaHHIM YacoM Bara LMX MOB I1ijl 4ac
pO3B’sI3aHHS 3aay LITYYHOTO IHTENCKTy Jcio 3au3unaca. Lle mosc-
HIOIOTb BMMOraMH 10 po3poOneHHs mnporpaMHux cucreM. Cuciemu
DITYYHOIO 1HTCACKTY CIYTYIOTH MOAYJSMM 10 1HIIHX BEJIMKUX 3aCTO-
CYBaHb, TOMY CTaHAAPTH PO3POONCHHA 3MYIUYIOTH BUKOPUCTOBYBATH
€quHy MOBY nporpaMyBaHHA. CydacHi CHCTCMH LUTYYHOTO IHTEIICKTY
peanisylorb Ha OaraThbox MoBax, Bknwouatouu Smalltalk, C, C++ Ta
Java. Tum He menuie, LISP ta PROLOG mnpoposxyioTh Biairpasats
CBOIO POJlb Y PO3POOJICHHI MPOTOTUIIB MPOrpaM Ta HOBUX MCTOJIB pO3-
B’S3yBaHHA 3a4a4.

Kpim Toro, ui MOBH cyryioTh [Uis OOIpYHTYBaHHS 6ararbox 3aco-
6iB, SIKi BKNIOYAIOTh y CY4acHi MOBH nporpamyBauns. Haisckpasiuium
pukiaanoM € MmoBa JAVA| y sikii BUKOPHCTOBYIOTH AHHAMIYHC 3B’ 53Y-
BaHH, aBTOMAaTHYHC KCPYBaHHf Mam’ATTIO Ta iHII 3acobM, Bricpuic
peaizoBaHi y MOBaX MpOrpaMyBaHHS 3a/ay MITY4HOIO IHTCIICKTY.



1. YUCAEHHA ITPEAUKATIB

Y npoMy po3Ain po3riIHEMO YHCIICHHS IPEAHKATIB SK MOBY
MOIaHHs INTYYHOTO IHTENCKTY. 3a3BHYaH Wil YUCAEHHAM PO3YMIIOTH
CKIAZIOBY IEAKHX PO3AUIIB MaTeMaTHKH, SKi BM3HAYaiOTh NpaBuiia
o0uncneHb Ta oNepyBaHHA 3 00’€KTaMH TOTrO 4H iHmoro tumy (ude-
peHLiiiHe, IHTCrpaibHe, BapiauiiiHe YMCIeHHA), a00 AeTyKTUBHY CHCTE-
My. Hedykmusnorw cucmemoro Ha3UBAOTH CIIOCIO 3alaHHA MHOXHHH
WIIISTXOM BKa3aHHS BHXIAHHX €JICMCHTIB {aKCiOM YUCIIEHHS) Ta TIPABHII
BHBE/ICHHS, KOXKHE 3 AKMX OITHCY€E NOoOYNOBY HOBHX €JIEMEHTIB 3 BHXI1J-
HUX. UMCIICHHSMH Ha3HBAalOTh HaHBaKIHBII NCAYKTHBHI CHCTCMH —
YHCIICHHS BHCIOBIIOBaHb Ta YHCICHHS [IPCANKATIB.

Po3ain mouMHaeTBECA 3 KOPOTKOTO OIMISAY UHMCJICHHS BHCIIOBIIO-
Baub. J[a/i OMHCAHO CHHTAKCHC Ta CEMAHTHKY YHCICHHS IMpEIMKATIB.
OOroBopeHO TIpaBHIa BUBEICHHS UHCIACHHS MPCAMKATIB Ta iXHE 3ac-
TOCYBaHHS IO PO3B’A3yBaHHA 3a/1au. '

1.1. YHcAeHHSA BHCAOBAIOBAHDb

UrncneHHs TIpEAUKATIB T4 YHC/ICHHS BHCIIOBIIOBAHb — 1I€ HEPECIyCiM
MOBH. BHKODHCTOBYI0YM CJI0Ba, dpa3H Ta PEUCHHSA, MOXKHA NepEAaBaTH
BJIACTHBOCTI T4 BIJHOIICHHA B OTOYYHOUOMY CBITI Ta MIPKYBaTH IpO
HHX. {15 BHBUCHHS MOBH HEOOX1ZHO O3HAHOMHTHCH 3 Ii CKJIAOBUMH.

1.1.1. Cumeonu ma peuenna

Osnavenns 1.1. Cumeonu yuciaenns uc/i061106anp.

Cumeonu yucnennsn sucnosmosans — lie cumBomd P, O, R, S, ...,
3HAYEHHA ICTHHHOCTI true (icThHa), false (XMOHO) Ta NOTIYHI 3B’ 43KH

A (BU3’50HKILIS), v (KOH IOHKIII), — (3amepeUeHH),

> (iMmurikanis), = (eKBIBAJICHTHICTD).

YucAeHHA npeAUKATIB 7

CHMBOJM BHCIIOB/IIOBAHL (MPONO3HLIIHI CHMBOJH) YTBOPIOIOThb
BHCIIOBJIIOBaHHs (proposition) ab0 TBEP/UKCHHS BITHOCHO JICSKOIO CBI-
Ty. BoHM MOXyTh OyTH AK ICTMHHI, Tak i XMOHI, HANPUKIIAL, “aBTOMO-
Ginb wepBonmit” a6o “Boia Moxpa”. BHCIIOBIIIOBaHHA NMO3HA4AIOTH BC-
NHKMMH OykBaMH. Y YHCICHHI BUC/IOBNIOBaHb PCYEHHS (OPMYIOTH 3
€JICMCHTAPHUX CHMBOJIIB BIRMOBIIHO [0 TIPABHIL.

Osuauenust 1.2. Peuenis uucnenna 6ucnoeiosaits.

KosxHuit TOriyHHi CHMBOJI Ta CHMBOII ICTHHHOCTI € PEUCHHSIM.

Haupuxnan: frue, P, O Ta R — pedenns. 3anepeuennss peucHHs €
pedennam. Haupuknan: —P ta — false. Kou tonxyis, Ous onxyis, innni-
Kayis, ekgieaneHMuicms NBOX PEUYEHb € peueHHAM. BiaImoBigHi npukna-
1 pedeHb: PA—P, Pv—P, P->Q, PvQ=R.

JleriTuMHi peYeHHsI HA3UBAIOTb NPAGIILHO NOGYOVEaHUML (hopay-
namu (well-formed formulas — WFF), a6o BIID.

V Bupaszax PAQ ciaementd P ta () Ha3uBaOTh Kon’wnkmamu. Y
supazax PvQ — ous’rwonkmamu. Y immnikauii P—Q, P — npunywenns
iMmutikauii, Q — 6ucHo80K iMMITIKALLi.

VY peucHHAX YHCICHHA BMCIOBNIOBaHb 38aku ( ) Ta [ ] Buko-
PHCTOBYIOTh JUIA TPYIYBaHHs CHMBOJIB y MBHPA3H i, OTXKC, HAOThH
3MOTY KEPYBATH NOPAAKOM IXHBOTO OLIHCHHA Ta NPHCBOCHHA 3HAUCHb.

Bupa3s — ne peucrHs abo npasuibHO no6yosaHa popmyia (BIId)
YHCIIEHHS BUCJIOBIIOBAHb TOA1 i JIMIIIC TOI, KOJIH BiH MOXc¢ OyTH chop-
MyJIBOBAaHUM K JIesKa MOCHIJIOBHICTE JOMYCTUMHUX CUMBOJIB 3riIHO 3
BCTaHOBAcHUMY NpaBuaamu. Hanpuknan: ((PAQ)— R) = -Pv-0QvR.

1.1.2. Cemanmuxa uucieH A 6UCTOEAI08AND

OCKiIBKH IPOrpaMHu IITYYHOTO IHTCJICKTY MAlTh OYyTH y3romKcHi
31 CTPYKTypamH, Kl iX NOAAIOTb, BAXKIMBO MOBCCTH, 10 NPABAMBICTS
pe3ynbTaTiB MpPOrpaM 3aickuThb TUIBKH BiJi [IPABAMBOCTI 0YATKOBOI'O
3HAYCHHA, TOOTO, O NPOLECAYPHM BUBOLY HE MICTTh JIOFIUHHX [O-
MWIOK. []5ig bOro HEOOX1HA TOYHA IHTCPIIPETALiA CCMAHTHKM.

PeueHHs, o nae JesikMil ONKC CBITY, MOXKC OYTH K ICTHHHIM, Taxk
i xubunM. IIpHCBOCHHA 3HAYCHHA ICTHHHOCTI NOTiMHHM PCYCHHAM Ha-
3UBAIOTH inmepnpemayicro. Orxe, inmepnpemayin (intcrpretation) ~
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UYncarenna npeJHKaTiB . 9

1€ TBEPIDKCHHA BIAHOCHO TPAaBIMBOCTI PEYEHHA Y ACAKOMY MOXIIHBO-
MY CBITI.

®dopManbHO inmepnpemayin — ue BifoOpaxeHHs JOTTYHHX CHMBO-
nis Ha MHOXURY {7, F} (true — icTuna, false — xuGHoO).

KoxxHe MoxuBe BimoOpa)k€HHsS 3HAUCHHS ICTHHHOCTI BHCITOBIIIO-
BaHHS BIINOBizae MOXNHBIH iHTepuperanil city. Hanpuknaz, sxkwo P
No3Hayae BHCJIOBJIIOBaHHA “Hae nomt”, a O — “a4 Ha po6oti”, To HaGip
BWIOBMIOBaHb {P, O} Mae 4oTHpM pi3HHX (YHKIiOHAIbHHX BiZOGpa-
xkeHHs B Tabnuui ictumuocti {7, F}, AKi BiAMOBIAAIOTH YOTHPHOM
PI3HHUM IHTCpMPETaLisAM.

Osznavuenns 1.3. Cemanmuka wucnenns euciosnioeans.

Inmepnpemanis nabopy BHCIIOBIIIOBaHb — 11 MPHCBOCHHS 3HAYECH-
HA icTHHHOCTI, T a6o F, KOXXHOMY Tmipomo3uiiiinoMy cumpoiy. CuMBO-
Jy true 3aBXXAH NPHCBOIOETbCA T, a CUMBOINY false — 3HayeHHs F. Intep-
nperauii, abo 3HaYeHHA ICTHHHOCTI peyenp (BII®), BU3HauCH] Tak:

Ictunnicts 3anepevenna: BucnoBioBaHHs —P € F, skuwo P Haby-
Bae 3Ha4eHus T ta BucnoBmoBanus —P € T, axino P nabysac swauenns F.

IcTunHicTs KoM JoHKyil: BUCIOBMIOBaHHA HabyBae 3HadeHus T,
TUIBKH AKIIO OOHMIBA KOH IOHKTH HA0YBalOTh 3Ha4dcHHs T, IHaKIIe BUpa3
Habynae 3HaueHHS F,

IcTHHHICTE Ou3z tonKkyil: BHCIOBIIOBaHHA HaOyBa€ 3HAa4YCHHA F,
TIBKHY AKIIO 00u/Ba 113 IOHKTH HAOYBAKOTh 3HaueHHs F, IHAKIIEC BUpa3
Habyne 3HaueHHs 7.

[cTUHHICTB ivMnaikayil: BACIOBIIIOBaHHA HabyBae 3HAYECHHS F Tijb-
KM TOMi, KOJIM NpHItyeH s € T, a BUCHOBOK — F; iHakile Bupa3 Habyne
3Ha4eHHs T. .

IctunnicTs exgisanenmuocmi: BUCHOBIIOBaHHS HalyBae 3HAYCHHS
T TinbKM TOXI, KOMH OOMBA BUPa3H MalOTh OJHAKOBI 3HAYEHHS iCTHH-
HOCTI J1A BCIX MOXIMBHX IHTEpIIperauif; iHakuie BHpa3 CKBIBaJCHT-
HOcTi HaOy e 3HaveHns F.

3Ha4eHHA ICTUHHOCTI CKJIaJHUX BHPAa3iB yacTo ONUCYIOTh mabau-
ysamu icmunnocmi. Tabauilg iICTHHHOCTI MICTHTB yCi MOXKJIHBI Bapia-
TH 3HAQYCHb ICTHHHOCTI IJIS CJICMEHTapHUX Cy/DKCHB (aToMapHux dop-
MyJl), sKi YTBOPIOIOTh BCIHMKI BHPa3W, Ta 3aJa€ 3HAYCHHS ICTHHHOCTI
BHpPa3aM Ul KO>KHOI MOXK/IHBO] iHTepIIpeTaltii.

JIeMOHCTPYIOYH iIeHTHYRICTD TabMHMUb ICTHHHOCTI VA IBOX pi3-
HUX pE4eHb Y YHC/ICHHI BHC/IOBIIOBaHb, MOXHA JOBECTH CKBIBAJICHT-
HiCTh TakuX BHpa3i. J{a noriyuux Bupasis P, O ta R

3akoH KOHTpono3uuii iMmnikauii: P—>Q=(—0—>—P).

3akoH Moprana: —(PvQ)=(~Pr—-Q) 1a ~(PAQ)=(—Pv—0).
3akoH koMyTaTUBHOCTI: (PvQ)=(QVP) Ta (PAQ)=(QAP).
Acouiatusnnii 3akon: ((PAQ)AR)=(PA(OAR)).
Acouiatusunii 3akon: ((PvQ)VR)=(Pv(QVR)).
Iuctpubytusnuii 3akon: Pv(QAR)=(PvOIA(PVR).
JuctpuGytusuuii 3akon: PA(QVR)=(PAQ)V(PAR).

Ili ToTox)HOCTI MOXKYTh OyTH BUKOPHCTAHI JNA 3BCACHHS BHpa3y
YHCJIEHHA BHCIIOBJIIOBAHDb [0 CHMHTAKCHYHO PI3HHX, alNC JIOIYHO €KBIi-
BaJIeHTHHX (opM. Y IHIIMX YacTHHAX TIOCIOHHKA PO3TJAHYTO [paBHIA
BuBeneHHA modus ponens ta pesontoiii (resolution) 1st BHKOPHCTAHHS
AKHX HeoOXiHO, m106 BHpa3u Oynu 3amaHi y BM3Haucuiil ¢opmi. IMpa-
BWJIa BHBCICHHS JAlOTh 3MOTY 3aMiHIOBATH JIOIIYHHH BMpAa3 iHLIMMH
(QopMaMit 3 CKBIBANCHTHUMH 3HAYCHHAMU ICTUHHOCTI, IO JYXKC Bax-
JIHBO.

1.2. OcHOBM YHCAEHHSA TIPEAUKATIB

V uncneHHi BHCIOBIOBaHb KOXHHH €NeMCHTAPHUIT cumBoa (P,
Q,...) o3Hauae BMCIOBJIIOBaHHs JCAKO! cknagHocti. Bogtouac wemae
crnoco0y OTpUMaHHS JAOCTYIYy 1O KOMMOHCHT OKPEMOI'O CYIMKCHHSL.
YucneHHs OpcMKaTiB Hajae Taky MOXJIHBiCTh, Hanpukmam, samicts
TOr0, 1100 YBCCTH €AHHHUIA CMMBO/ BUCIIOBIIOBAHHS P, 103HAYMBLIY BCC
pedeHHs 'y BIBTOPOK MILOB J0u1”, MOXHA CTBOPHTH nipc/ikar weather
(nocooa), AKKWA ONHCYE BIAHOUICHHS MDK JArold Ta [Oroloio:
weather (tuesday, rain), abo no2oda (8iemopok, dow;). 3a LOMOMOTOI0
TIpaBUIl 3BEACHHA MOXXHA 3MIHWTH BUPa3d YMCJICHHS TpPCAMKATIB, 6C3I10-
CEpeNIHbO 3BEPTAIOYMCH 10 IXHIX KOMIOHEHT Ta BUBO/ISYM HOBI PCUCHHSL.
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Kpim TOro, yHcieHHs MpEAMKaTiB Ja€ 3MOTY BBOJMTH Y BHPa3H
3MiHHI, 32 JOROMOIOI0 AKHX MOXHA CTBOPIOBATH y3arajbHIOOUl TBEPI-
EHHS BiJHOCHO KJAcCiB noriuaux o0’ekriB. Hanpukian, MoxHa 3aja-
TH, IO s BCIX 3HaYeHb X, Ae X — HEHb THXKHS, TBEPIUKCHHS
weather (X, rain), abo nozo8a (X, dowy) € iICTUHHHUM, TOOTO KOXXEH JICHD
e nom. Bu3dHAuYMMO CNOYATKY CHHTAKCHUC MOBY IIPE/IHKATIB, a Jaii
06roBOpHMO i1 CEMAHTHKY.

1.2.1. Cunmaxcuc npeduxamie ma peuenv

IMepen THM, SK BH3HAYHTH CHHTAKCHC MOBH, PO3ITITHEMO angapit
Ta TPaMaTHKY ISl CTBOPEHHA CHMBOJIIB MOBH.

OszuauenHs 1.4. Cumeonu uucnenns npeduKamis.

Andagit YKMCIEHHS TIPEAUKATIB CKIAAETHCA 3 TAKNAX EIEMEHTIB.

1. HaGip Gyxs auruiiicekoro andasiTy K BEPXHbOTO, TAK 1 HMXK-

HBOTO PericTpy.

2. Ha6ip ungp -0, 1,..., 9.

3. CuMBOJI MIgKPECICHHA _.

Cumeo u B YMCIICHH] TIPEMKATIB MOYHHAIOTHCA 3 OYKBH, 33 AKOIO
Cliy€e MOCIiAOBHICTD MEPETiYeHNX BHILE 3HAKIB.

HaseneMo npukiam OmyCTHUMHX 3HAKIB y andasiTi YHCICHHSA npe-
nuKaTie: @ R 6 9 p _ z. HacTynHuil pHKia] HelONY CTUMHX 3HaKIB: # %0
@/ &

Cumeos (a60 ineHTH(IKATOPH) BUKOPUCTOBYIOTH /71 [IO3HAYCHHS
00’€KTiB, BIACTUBOCTEN Ta BifHOWeHbL y ramysi MipkysarHs. Kpyrii
JYXKH, KOMH Ta KPank{ BUKOPHCTOBYIOTh BUHATKOBO JUIS IIPABH/ILHOT
no0yoBU BUpa3iB, ajle HUMHU HE NTO3HAYa0Th 00’ €KTH a00 BIAHOILCHHS
3 BU3HayeHOi oOnacTi. IX HA3MBAIOTL HEENACMUGUMU CUMEONAMU
(improper symbol).

CuMBOIAMH  YMCIICHHS IPENUKATIB MOXKHA OIMCYBATH 3MiHHI,
KoHcmanmu, Gyuxyii abo npeduxamuy. KOHCTAHTAMH HA3HBAKOTH BU3-
HadyeHi 00’ekTH a00 BHACTHBOCTI 3 raiysi MipKyBanH:I. CHMBOIbHI
KOHCTaHTH MaloTh MOYMHATHCA 3 OYKBH HHKHBOTO perictpy. Kowc-
TaHTH frue ta false 3ape3epBOBaHi K CUMEO/IU ICIUHKOCTI.
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Inentudikaropr 3MIHHHX BHKOPHCTOBYIOTH [/ TO3HAYCHHS 3a-
raTbHHX KiaciB 06’ektiB a0 BaacTHBOCTeH. 3MIiHHI, 3a AOMOMOTOI0
AKHMX OMUCYKOTh IIEHTU(IKATOPH, TIOUHHAIOTLCA 3 BEHKOI JTEPH.

Yncnenns npeaukartis TakoX JOMYCKae HasBHICTL Qyukuii. [neH-
THOIKaTOpH QyHKLIH (MoNi6HO KOHCTaHTaM) TMOYHHAIOTECA 3 CHMBOJY
HDKHBOTO perictpy. PyHKUIT n03HaYa0Th BioOpaxkeHHA ogHOro ado
JCKIIBKOX €NEMEHTIB MHOXKMHH (o6nacme eusnauenns QyHKuUii) y
OJTHO3HAYHO BH3HAUCHMI E€NEMEHT IHIUOT MHOXHHH (0O1acme 3HA4CHb
¢Gynkuii). Kpim Takux 3puuainmx apudmernunux ¢yHkuid, sk mo-
JaBaHHs Ta MHOXEHHA, QYHKLIT MOXYTb BH3HAYaTA BLIOOPAKCHHS MK
HEYHCIIOBUMH OONACTsIMU,

Koxunii QyHkuioHanbnuii cumBon nos’si3auuii 3 aprictio (arity),
fIKa 3aCBIAYY€E KiNbKICTb Napamerpis i€l PYyHKUIOHANBHOI 3aNCHKHOCTI.
Hanpuknan, cumBon father (6atbko) Mir 061 o3HadaTn GyHKui0O apHOCTI
1, axa mae 3Mory BusHauumTH Oarbka, a plus (ponasanus) Mir 6u Oyru
(yHKLi€I0 apHOCTI 2, sika BioOpaxae JiBa uKcAa K IXHIO apudMcTiU-
HY CyMY.

@yuxyionansnuit gupas — uc igcatudikarop dyuknii, 3a sKUM
CITIIYIOTh HOTO apryMeHTH (a0 napaMcTpu). ApryMCHTH — 1IC CIICMCII-
TH o0nacti BU3HaucHHs Gyukiyi. Hanpuknan, f(X,Y), plus (7, 3), price
(bananas), father (ivan).

Koxuni $ynkuioHanbHUHA BUpa3 o3Hauae BiLOOPAKCHIS apryMCH-
TIB AK €IHHHH 00’ €KT MHOXHIH 3HAUCHD, AKHH HAZHBAIOThL 3HANCHISAL
¢ysxwii. Hanpuknag, sxio father — uc yuapua dyukuis, ro father
(ivan) € (GYHKLUIOHAIbHUM BHPA30M, 3HAUCHHAM AKOro (3a GaxaHHAM
aBTopa) crae pelro. 3aminy Qyuxuii 11 swavenusr HAZNBAIOTE OYiti0-
sanusm (evaluation).

[ToHSTTS CUMBOTY UWCIICHHS NIPCAHKATIB, ab0 mepma, Gopmanizo-
BaHO TAKHM BH3HAUCHHSIM. ‘

Osuavenusn 1.5. Cumsonu ma mepmu.

J10 CHMBOJIIB YMCIICHHS MPCAHKATIB BIAHOCATS:

1. Cumeonu icmunrocmi true ta false.

2. Cumgonu KOHCHMAKM — UC CUMBOJIBHI BUPa3H, SKI IOYHMHAIOTHCS
3 CUMBOJIY HHKHBOTO PCricTpy.
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3. Cumeonu 3mMiHHuUX — 1ie CHMBOJIbHI BHPa3H, 1LO TOYHHAIOTHCA 3
CHMBOJTy BEPXHBOTO PETICTPY.

4. QyuxyionanvHi cumeonu — 1E CHMBOJBbHI BHpasu, SKI MOYH-
HalOTHCS 3 MAJIOL JITEpH.

DyuryionaneHuti supasz (function expression) cknagaerbed 3 GyHK-
iOHANIBHOT KOHCTAHTH apHOCTI N, 3a KOl CIIAYE 1 TCPMIB /1, ta,..., Iy,
AKi B3ATO Y KPYIJi ZY>KKU Ta pO3JUICHO KOMAMH.

Tepm YHCNACHHSA TIPEIUKATIB MOXKE OYTH KOHCTaHTOO, 3MIHHOIO 260
($YHKLIOHAJIBHHM BHPa30M.

Ot1xe, mepmom YACICHHA NPEIUKATIB NO3HAYAIOTh 00’ €KTH Ta Bia-
CTHBOCTI 3 ofyacTi BU3HauyeHHA 3amauvi. Ilpuxnamu tepwmis: X, blue,
times (3,2), mother (ira), cat.

CHMBONH B YMCJIEHHI NpPEIUKATIB MOXYTh Takoxx OyTH mnpeau-
karamu. [IpenuKaTHi CMMBOIM, MOAIGHO KOHCTAHTaM Ta iMEHaM (yHK-
Ui, noynHaroThCA 3 OyKBH HUKHBOTO perictpy. IIpeaukaT Bkasye Ha
BIJIHOWICHHS MK JeKiIbKoMa 00’ €KTaMu (MOMUIMBHI BaplaHT 3 HYAbO-
BUM 4nc/ioM 06 ’€kTiB). KinbKicTe 00’€KTIiB, 3B SA3aHHX TAKHM UHHOM,

' BU3Haua€ apHicTh Npenukara. [Ipukinanu npeaukatis: like, equals, on,
near, part_of.

Amomapue sucnosarwsannn (amomapta gpopmyna) (atomic sentence)
- Ile MPEeIUKaT apHOCTI A, 3a SAKUM CIlye A TEPMIB, B3ITUX Yy Kpyrii
JTY’KKY Ta PO3ILUTCHUX KoMamu. [Iputaii aToMapHUX BUCIIOBIIIOBAHBb:

likes (george, natalja)

likes (george, kate, tuesday)

friends (nick, george)

likes (X, george)

likes (X, X)

friends (father_of (david), father_of (andriy))

CuMmponamMH TIpeMKATiB Yy LHX BHUpa3ax craloTh likes, friends,
CHUMBON TIpeQNKaTa MoOke OYTH BMKOPHCTAHHii 3 DI3HOIO KiILKICTIO
aprymenTiB. Hanpuknan, /ikes. BeaxaroTb, 110 HUM MOKHA OIMCATH
JBa Pi3HI BIZHOLICHHS. APIyMEHTH HpeIUKaTa BUCTYHAIOTh TEPMaMHU
Ta MOXYTh TAKOX MICTHTH 3MiHHI 200 QyHKUiOHaIbHI BHPA3H.

Osznauenns 1.6. Ilpeduxamu ma amomapui peuenns.
Cumeonu npeduxama — 1i¢ CHMBOJIH, SKi NOYHHAIOTHCA 3 MaJIol Ji-

tepy. [Ipenukaty mMOB’s3aHi 3 JOAATHUM UMM YMCJIOM, K€ BM3HAYa€
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apuicms nipequkara. IlpegukaT 3 OIHaKOBUM IMEHEM, aie pi3HO ap-
HICTIO BBXKAIOTH Pi3HHMH,

Amomapne peuwenns — ue npenuKaTHa KOHCTaHTA apHOCTI n, 3a
AKOIO CIAYE N TEPMIB, Iy, by,..., &y, B3STHX Y KPYIJi OY)KKH Ta pO3ji-
NeHUX KOMaMH. 3HA4YCHHS ICTHHHOCTI frue Ta false TakoX € aromap-
HHMH PEYCHHIMHU.

AToMapHi peveHHS TaK0XX Ha3HBAOTh AMOMAPHUMU 6LUPA3AMU,
amomamu abo pevenHsmu.

Moskna koMOiHyBaTH aTOMapHi peucHHA Ta (popMyBaTH pedcHHS B
YHCJICHHI NPEAUKATIB, BHKOPHCTOBYIOUH JIOTi4HI ONCPAaTOPH A, V, —,
-, =

YHCHCHHA NPEIHKATIB NEpHIOro NOPAAKY OXOILIIOE ABA CMMBOJIN:
keanmopu 3minnux (variable quantifier) V ta 3. Boun obmexyiors
3HA4YCHHS PCUCHHS, IKC MICTUTH 3MIHHY.

Keanmop ecesazansnocmi ¥ o3nHagae, 10 PCUCHHA ICTHHHC 104
BCIX 3HauyeHbL 3MiHHOL VY mpukmami VX likes (X, ice_cream) Bupas
ICTHHHMH 118 BCiX 3Hauenb X B obnacti BusHaucuus X. Keanmop
HasgeHocmi 3 BKazye, W0 pCUEHHS ICTHHHE Xoka © a1 omHOro
3Ha4YeHHs 3 obnacti Bu3HaucHHs. Bupas 3Y friends (Y, petro) ictnunui,
AKLIO € MPHHAIMHI OZIMH 06’ €KT Y, sikuii € Apyrom [Merpa.

Osnauennn 1.7. Peuenns uucnennsn npeduxaniis.
KoxHe aroMapHC peucHHS € PCUCHHSAM.
1. Sxuio s — pedcHHs, TOI HOro 3anepeUcHHs TAKOXK € PEHCHHAM.
2. Skwio sy Ta §; — peucHHs, TOJL BIANOBIIHO TXHA KOH IOHKLIA,
Ju3 FOHKIIA, IMIUTIKAlls Ta CKBIBAICHTHICTH TAKOXK € PEYEH-
HAMH.

3. Axwmo X — 3MiHHa Ta § — peycHHs, Todl V X s € peucHnsaM Ta 3
X 5 — peucHHA.

Posrasmemo mpuknagn BipHo nodOymosanux pedenb. Hexait mult
(ToMHOXNTH) Ta plus (nonaTh) — cuMBoau (yHKUiA apuocti 2 i Hexa
equal (nopiBH10€) Ta foO € MpCOMKATHUMH CHMBONAMM apHOCTI 2 i 3
BiIIOBITHO.
plus (two, three) (noxaTu [1Ba Ta TpH) — UC PYHKILs, TOBTO HE aTOMApHC
PEYCHHSL
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equal {plus (two, three), five) — aroMapHe pEUCHHA.

AX foo (X, two, plus (two, three))requal (plus (two, three), five) — pedyeHHs, TO-
My 1110-00HBa KOH I0HKTH € PEYCHHIMH.

(foo (two, two, plus (two, three)))—>equal (plus (two, three), five)=true) — peueH-
HA, TOMY IO BCI KOMIIOHEHTH PEYCHHA TOB’A3aHI JOTIYHHMHU OTepaTo-
paMH. '

BHKOpPUCTOBYIOUH TICEBIOMOBY, OITHLIEMO PCKYPCHUBHY (YHKIIIIO
verify_sentence, ska orpuMye apryMcHT BMpa3 Ta INOBEPTAE 3HAYECHHA
true, K110 BHPa3 € PEUCHHAM.

function verify_sentence (expression);

begin

case
BUpa3 € aTOMapHUM pedeHHsM: return true;
Bupas Mae eurnsg Q X s, ge Q — abo Vv abo 3, X — 3miHHa,
if verify_sentence(s) then return true
else return false;
BMpas Mae BUrNAg —s:
if verify_sentence(s) then return true
else return false;
BUpa3 Ma€ BUIMSAA S; OP Sz, A€ Op — BiHapHWUI NOrivHKA
oneparop:
if verify_sentence(s,) and verify_sentence(s,) then return true
else return false;
B iHWKWX BUNagkax: return false
end

end.

3aBepilyroud LCiH NiApo3/ia, HaBCACMO NPHIJIAZ BHKOPHCTAHNSA
YHCIICHHS MpeanKatis. PosrmsHeMo o6iacTh BU3HAYCHHA — Habip ci-
MCHHHX BIAHOCHH.

mother(galyna,sergiy)

mother(galyna,petro)

‘father(mykola, sergiy)

father(mykola,petro)

VXVY father(X,Y)vmother(X,Y)—parent(X,Y)

VXVYVZ parent(X,Y)v parent(X,Z)->sibling(Y,Z).

VY upoMy NpHKAaAL i BH3HAUCHHS Habopy BigHOWICHL OATHKIB Ta
IUTCH BHKOpUCTAHO npcaukath mother (matu) Ta father (6aTpko). Y
TEPMiHaX MMX MPCAMKATIB IMIUIIKALIA CTBOPIOE KapTHHY 3arajJbHHX
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yABJIEHb IBOX iHIINX BlTHONICHb — OATHKIBCHKUX (parent) Ta GparchKuX
(sibling). Jlns peanizawii npouecy Ha koMt 1oTepi HeoOXiaHO ioro gop-
MaJli3yBaTH, TOOTO BU3HAYUTH aNTOPUTMH BHBEACHHA, sKi JaBATHMYTh
3MOTY POOHTHM TpaBMJIBHI BUCHOBKHM 3 HAaGOpy TBEPIKEHB HUHCIICHHS
npexuKaTiB. BU3HAYMMO COYATKY CCMAHTHKY YHCIEHHS TIPETHKATIB, a
TIOTIM NEPEHIEMO 10 PaBUJI BUBSICHHSI.

1.2.2. Cemanmuxa wucnenna npeouxamis

CemaHTHKa YMCIICHHS NpeAnKariB 3abe3nedye GpopManbHy OCHOBY
JUIsl BU3HAYCHHS 3HAYCHb ICTHHHOCTI KOPEKTHO IOCTABJICHHX BHpa3iB.
IcTHHHICTL BHpa3iB 3aiCKHTh BiJ BIAMOBIAHOCTI KOHCTAHT, 3MiHHHX,
Npe/MKaTiB Ta QyHKIIH 00’€KkTaM 1 BIIHOLICHHAM 3 00MacTi BU3Haue-
HHA. 3 ICTHHHOCTI BiZHOILEHSL B 001acTi BUSHAYEHHA BHUILUIMBAE 1CTUH-
HICTb BIANOBIAHUX BUpa3iB.

BusznauuMo cemaHTHKy uucncHHs npeaukatis ¢popmanvho. Cno-
YaTKy BU3HAYMMO inmepnpemayino B obnacti Bu3naucHds D. Jani, pu-
KOPUCTOBYIOUHM ii, BA3HAYUMO NPUCBOEHHS 3HAYCHD ICTUHHOCTI PCUCH-
HAM MOBH.

Osnauenns 1.8. Inmepnpemayin.
Hcexaii obnacte Bu3HaueHus D — acska HCNOPOXKAA MHOXKHIA.
Inmepnpemayis wa D — uc 38’43yBaHis JOTIYHMX 00 exriB D 3
KOXHOI0 KOHCTaHTON0, 3MIHHOW, NPCIAMKATOM Ta (HYHKIIOHALUHM
CAMBOJIOM Y BUpa3i YMCIICHHS TIPCAUKATIB Ha THACTABI TAKUX TPABHJL.
1. Koxxuiii koHCTaHTI BinoBinae cneMeur 3 D.
2. Koxnili 3MiHHIA BIANOBIAE HCNOPOXKHS NiMBOXKUHA 3 D, fika
€ 001aCTIO AONYCTUMHX 3HAYCHDb AJ1A UicT 3MIHHO].
3. KoxHy ¢yukuito / apHocTi (YMCNa ONCPAHAIB) #11 BA3HAYAIOTH
s m napamertpis 3 D Ta 3anaiotb BinoOpaxenus 3 D" B D.
4. KoxcH npeaMkar p apHOCTI # BU3HAYAIOTh A 7 IapaMeTpis 3
D ra 3anatots Binobpaxeuns 3 D" 8 {T, F}.
Y pa3si Takoro BM3HAauCHHA iHTCpnpcrauii, ul06 OTpUMATH 3Haue-
HHsl BUpa3y, NOTPIOHO NPUCBOITH BUPA3y 3HAYCHHA ICTHHHOCTI Ha Wi
iHTepnpeTanii.
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Osuavennst 1.9. 3nauenna icmunnocmi eupasie wucienns npe-
oukamis.

Hexait Binomuii Bupas £ Ta inreprperauis / ai1s E Ha HSHOPOKHiH
obnacTi Bu3HaueHHS D. 3HAYCHHs ICTUHHOCTI /U1 E BU3HAYaIOTh TAKUM
YHHOM.

1. 3HayeHHS KOHCTAaHTH — 1€ €JEMEHT 3 D, sKOMY BiImoBinac

KOHCTaHTa B iHTepIpeTaii /.

2. 3HaueHHA 3MIHHOI — 1[¢ MHOXXHHA eneMeHTiB 3 D, gki Binmo-
Bifa10Th Li#t 3MiHHIH B iHTepripeTauil /.

3. 3HaueHHs QYHKIIOHANBHOrO BHpPA3y — Le Takuid eiaeMeHT 3 D,
AKUH OTPUMYIOTb YHACTIZAOK OLIHIOBAaHHS QYHKUIT Ul 3HAYCHB
[apaMeTpiB, 110 BIAIOBIAAIOTH iHTEprpeTaLil.

4. 3HaueHHS CHMBONY icTHHHOCTI lrue — e T, a false — F.

5. 3HayeHHA aTOMapHOro peveHHs piBHo abo T, abo F, Ta BH3-
Ha4aroTh 33 IHTepnpeTaLicto /.

6. 3HauyeHHA 3aNEPEUCHHS PCUCHHS PiBHO 7, AKILO 3HAUCHHS pC-
YeHHA PIBHO F'; 3HAUCHHA 3aMCPCUCHHS PCUCHHS PIBHO F, AKILO
3Ha4YCHHA pcucHHs piBHO T.

7. 3HaueHHA ICTMHHOCTI BHUpa3iB, sKi BHKOPHCTOBYIOTb Orncpauii
A, V, —>, =, BU3HAYaI0Tb 33 3HAUCHHAMM iXHIX ONCpPaHIIB.

Has 3minsol X ta peueHHs S, W0 MICTHTH X, BUKOHYIOTH TakKi
BIZIHOILECHHSA.

8. 3nauennsa Bupazy VX S pisHo T, saxwo S piBHo T ans BCiX 3Ha-
4yeHb X 3 /, iHaKwe BOHO piBHe F.

9. 3xauenns Bupazy 3X S pisao T, Km0 B iHTCpHpCrauii € 3Ha-
YyeHHA X, Ansa skoro S pisHe 7, iHakme BOHO piBnC F,

KBaHTHOiKaLiA 3MIHHHX — LIC BAXJIMBA YaCTHHA CCMAHTHKH “HC-
JCHHA NpequKaTiB. 3MiHHA, AKY BHKOPHCTOBYIOTb Y. PCUCHHI, BUKOHY€E
pOb 3an0BHIOBaYya Ta No3Havae 3naxkomicye. Ha ne micue Moxe OyTH
MiICTaBJICHA JIOBUIRHA KOHCTaHTa, L0 AOMYCKAETHCA IHTCPNPETALIELO.
To6To 3MiHHa — e WAONOH A NIICTAHOBKH, Y YMCICHHI NPEJMKATIB
3MiHHI MalOTb 6yTH 3B’A3aHi OZAHUM 3 ABOX KBAaHTOPIB: YHIBCPCAIBHOCTI
ab0 HaABHOCTI. 3MIHHY BBAXKAIOTb 6i1bHO0, AKILO BOHA HC MOB’SI3aHA
KBaHTOPOM YHiBCpcallbHOCTI a0o HasBHOcTi. Bupas € samxuymum
(closed), saxio BCi HOro 3MiHHI 3B’s3aHi KBaHTOpaMH. OcHoeHuUll eupas
(ground expression) B3arasi He Mae HiAKHX 3MIHHHX.

Jins nosHadeRHA obnacmi Oiif KBAHTOPAa BHKOPHCTOBYIOTH KPYTJHi
ayxkd. [puxnag vX(p(X)vg(Y)—-r(X)) ceiguuts, o 3minga X 38°13aHa
KBaHTOPOM BcezaraapHoCTi 3 p(X) Ta r{X).

Hapenemo zexinbka MpUKNadiB B3a€EMO3B 3Ky MiX OMeparficto 3a-
NepEeYEeHHA | KBAaHTOPaMM BCE3arallbHOCTI Ta HasBHOCTI. JIns npemm-
KaTiB p i ¢ Ta 3MIHHHX X1 Y BUKOHYIOTb TaKi CIIiBBIJIHOICHHS.

—3Xp(X)=Y X~ p(X)
—VXp(X)=3X- p(X)
IXp(X)=3Yp(Y)
vXq(X)=VYq(Y)
X(p(X)Aq(X))=V Xp(X)AV Yq(Y))
X(p(X)vq(X))=3Xp(X)v3Yq(Y))

Oznavennn 1.10. Yucaenna npeduxamie nepuiozo nopsoxy
(first-order predicate calculus) nae 3Mory 3B°A3yBaTH 3HaKOM KBaHTOpa
3MiHHI, SiKi BNOBIAaOTL 00°€KTaM 3 MPCAMCTHOI 0ONACTI, anc He mpe-
IMKaTH abo GyHKLiT.

Hanpuknagn, V(Likes) Likes(mykola,olena) Hc € npaBunsHo Hodym0-
BAaHMM BHpPa30M Yy YMCJICHHI MpPEAUKATIB TCPIIOro nopsaaky. Bigomi
YUCICHHS HPEANKATIB BHIIMX IOPAIKIB, B SAKMX Taki BHpa3M Hiji-
JAIOTLCS IHTEepnpeTaLti.

Binbluicts rpamMaTHyHO NPaBHABHAX AHCIMHICLKHX PCYCHb MOXKYTh
OyTH HaBeiecHi B YUCNEHHI NPEAMKATIB MCPLIOro NOPSIKY 3a JONo-
MO0 CHMBOJ1iB, 3B’ 5130K Ta CHMBOJIBHHX 3MIHHHUX, BU3HAUCHHUX Y IbO-
MY NiApo3xut. BaxIMBO HArolOCHTH, 1O HCMAaE YHIKanbLHOro Bijlo0pa-
)KCHHA pCUCHb Y BUPA3M YMCICHHA npciukartis. OcHOBHA 3aaya s
[IPOrpamicTiB CHCTCM WITYYHOTO IHTCACKTY MOAArac y ToMy, mob 3Haii-
TH CXCMY BHKODHCTaHHS NPEMKATIB, ONTUMANILHY 3 NMOMJBSLY Bpasiu-
BOCTI Ta C(PCKTUBHOCTI KIHLCBOTO nojawns. [puknaam anrIiACbKUX Ta

YKPaiHCbKHX PCUCHD, Ki ONUCaHi 3ac00aMi YUCACHHS NMPCAUKATIB:
If it doesn’t rain on Monday, Ivan will go to the mountains. (Rkwo 8
noHeninok He 6yae WTn gouy, IBax nige y ropwm).
—weather(rain,monday)—go(ivan,mountains)
All basketball players are tall. (Bci 6ackeT6onictn — BUcoKki).
Vv X(basketball_player(X)—tall(X)) st B
Some people like anchqvié{ e Diom nmsﬁm‘a ' Qx,qw )
IX(person(X)nlikes(X, apchowes)) B “

H

CHAYK

Lire e
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1.2.3. 3navennn cemanmuxu na npuxradi “ceim broxie”

V wiit yactuHi poGOTH PO3IJIAHEMO ITHTaHHA PO NPUCBOEHHS 3HA-
YCHb ICTHHHOCTI JICSIKMM BHPAa3aM YMCIICHHS NPEIUKATIB HAa MpUKIami
“cBitT OmokiB”. IIpomonmemoemo cBitT 070KiB, 300paxkennii Ha puc. 2.1.
Ta CKOHCTPYIOEMO AJI'OPHTM KEpyBaHHS M pyKH pobota. Jlsia skic-
HOTO HaBEIEHHS BiJHOIUEHb Yy LbOMY CBIiTI MOXHa BHKOPHCTOBYBAaTH
PCUCHHS YHCICHHA HpeIHuKaTiB. 32 HOTIOMOTOI0 LHX pEueHb MOTPiOHO
OIIMCATH, UM BiJbHA BEpXHSA IpaHb 0JI0Ka, UM MOXKHA B3ATH ONOK a 1 T. 1.
Mpunyctumo, mo koMm’ioTep BONOJIE€ 3HAHHAMH IIPO PO3MINICHHS
KOXKHOro OyoKa Ta pyKM, a TakoX 3JaTCH BIJCIIJKOBYBaTH HcpeMi-
IEHHA OJIOKIB Ha CTOJI (BUKOPHCTOBYIOUH TPHBUMIPDHY CHCTEMY KOOP-
JIMHAT).

a d

Puc. 1.1. Csit 6nokis:
on(c,a) ~ 610K C 3HaX0/IHTHCS Ha Oioni @
on(b,d)
ontable(a) - 610k @ AckHTE Ha CTON
ontable(d)
clear(b) - na b nemae inumnx 610Kin
clear(c)

hand_empty — pyka nopoxHs

[Ifo6 Moxna Oyno MiAHATH ORMH OJOK Ta MOCTaBUTH HOI'O Ha
IHUIMH, 00MIBA BOHM MafOTh OYTH BIIbHHMK (BUIKPHTHMH JUIS PYKH).
CTBOPHMO TIPaBMIIO, IO OTHCYE 110 “ON0K BiNbHUK

vX(—3Y on(Y,X)—>clean X}).

Sxmio 3minHa X Habyae 3HaueHHs d, Y — b, TO/1 pCUCHHSA BUSBUTh-
cs xubuum. 111006 3pobutH 11c BU3HAYCHHS iCTMHHHAM, NOTpiOHO Onok b
3HATH 3 010Ky d.

KpiM BHIlle BH3HA4EHOrO NpaBuiIa, MOXKHA JOJATH iHIUI [paBHAa,
3a SKHMH OIMCYIOTh onepalii nepexiajaHHs ogHoro 6Joka Ha IHIUMH.
Hanpuxnan, mo6 mokmactd X Ha Y, cnovarky noTpiGHO 3BiNbHHUTH
PYKy, moTiM 3BinbHHTH X, Y, B3stun X (pick_up(X)) Ta mOCTaBUTU
(put_down) itoro Ha Y

VXV Y((hand_empty~clear(X)aclear(Y)apick_up(X)a
put_down(X, Y))—>stack(X,Y)).

Ha puc. 1.1 HaBeACHO CEMaHTHWHO IHTCPNpCTalil0 BHpa3iB 4YHC-
JICHHS NMPCIMKATIB, 1Ka BifoOpaXkae KOHCTAHTH Ta NPCAUKATH Y BHPa3H
3 obnacti Bu3HaYcHHS D (TYT — 1ie ONMOKM Ta BIJHOUICHHA MDX HHMH).
[HTepnperatis 3icTaBase 3HAUYCHHA ICTHHHOCTI T 3 KOXXHUM BHPa3oM B
onuci. 1ns inmux Habopis 61okiB Morna 6 OyTH iHUIa iHTCpIIpeTaLi.
TMurauns nonsrae He B il yHikansHOCTI. IHTCpupcTanis, rosoBHO, Mae
3abe3neyyBaTH 3HAUCHHA ICTHHHOCTI A0S BCIX BUpa3iB y Habopi, a cami
BHPa3H CTBOPHIOIOTH JNS JIOCTATHLO ACTaNLHOIO OfMCy cBiTy. Y Hac-
TYMHOMY PO3/IL 11 1ACT OyyTh BUKOPHCTaHi s (popManbHOi OCHOBH
MpaBHJl YHUCICHHS OPCAUKATIB.

1.3. IlpaBuara BuBeA€HHA B TeOPii YHCACHHA TPeANKATIB

1.3.1. IIpasunra gugedennn

CcMaHTHKa YHCICHHS MpCauKaTiB 3abcsmncuye ocHoBy it dop-
manizanii rcopii sociunozo susedenns (logical inference). Moxusicrs
JIOTiMHO BUBOAMTH HOBI IIPaBUAbHI BUPa3u 3 Habopy ICTHHHHUX TBEPI-
KEHb —~ [[C BOXKJIMBA BJIACTUBICTD YMCICHHS PpeauKaTiB. Jloriuno Busc-
JICHI BMPa3H KOPCKTHI, TOMY 1O BOHH ¢ymicui 31 BCIMA TONCPCAHIMU
IHTCpIIpCTaLlisiMH [I0YaTKOBOTO Habopy BHpa3iB.

BBaxaioTh, 1110 iHTCpNpeTauis, ika poOUTb PCUCHHA ICTHHHHM, 3d-
0060bNAE LILOMY PCUCHHIO. SIKUIO IMTCPHPETALis 3a/0BOJILHAC KOX-
HOMY CIEMCHTY Habopy BHPa3iB, BBAXKAIOTh, 1110 BOHA 3aJI0BOJILHAC HA-
Gopy. Bupas X nociuno cridyc 3 Habopy BMpasiB S UMCICHHA NpCau-
KaTiB, AKLIO KOKHA IHTCPIIPCTaLlisi, KA 3a0BOJIbHSCE S, 3a10BOILHAE 1
X. le o3nauae, wHanpukiag, 110 AOBIILHUH HOBHUIl BHPA3 YMCICHHA
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IpeaMKarTiB, JoNaHMH 1o cBiTy OMNOKIB, AKkHil 300paxeno Ha puc. 1.1.,
Mae OyTH iCTHHHUM y LbOMY CBITI. BiH Mae OyTd icTHHHHM 1 npH
HOBiNbHIN iHIIINA {HTepnpeTawuii, sKy Mir 64 marn ueil HaGip Bupasis.
CucTeMu TpeMKaTiB MOXYTh MaTH OE3MEKHE UYHCIIO MOXJIMBHX
iHTepnpeTanii, TOMy IpakTH4YHa HEOOGXiJHICTH MEPEBIpATH BCi iHTep-
nperauii BUHMKa€ pigko. B obGuucirOBaNisHOMY BiAHOWICHHI Hpasuia
susedenns (inference rule) Jar0Th MOXUIUBICTL BU3HAYATH, KONH BHPa3
AK KOMMOHCHTA IHTepIpeTalii NOriuHo chigye 3 wiel inTepoperaiil.

IlpaBuno BuBcacHHA 3a0e3M€Uye CTBOPEHHS HOBHX PEYEHb YHCIIC-
HHs TIpEAMKATIB HA MigcTaBi Hux pedeHs. OTxe, 1PaBWia BUBCICHHA
CTBODIOIOTH HOBI PEYCHHs, 3aCHOBAaHI Ha CHMHTAKCHYHill ¢opmi noriu-
HHX TBEPIUKCHB. SIKIIO KOXHE PEYCHHS X, OTPUMaHO 32 JAOMOMOTrOI0
JEAKOr0 NpaBua BUBENCHHA Ha MHOXHWHI JIOTTYHHX BHpa3iB S, BBa-
KAFOTh, IO LE MPaBUIIo ofrpyHmosano (sound).

SIKmo cHcTeMa TMpaBHII BHBCACHHA MOXC CTBOPUTH OyAb-akuii
BHpa3, KU JOriYHO climyBaTHME 3 S, BBAXalOTh, LIO LA CUCTCMa Tpa-
BUJI € hoeHor. HaBenene Hbkue NpaBuio modus ponens € NpHKNAIOM
00I'pyHTOBAHOTO MpPABHIIA.

Osunavennsn 1.11. 3a0osonbnamu, modens, adekeammicmo.

Hng Bupasy X 4HcieHHA npeaMkartiB B iHTcpnperauii / gopeync
TaKe BU3HAUECHHS.

Slkuro X npuiiMae 3ra4e¢HHs T Ha | NpU KOHKPETHUX 3HAUCHHAX

' 3MIHHHX, BBAKAIOTh, 10 I 2a0060mvHse X.

Slxwo / 3am0BoNbHSE X IIPH BCIX 3HAYCHHAX 3MIHHMX, TOAI [ € At0-
denmo X.

X euxonanno (satisfiable) Tomi # Tineku 1O, KOMU BIAOMA Taka
IHTEpIpeTanis 1 3HaUCHHA 3MIHHOTL, #KI HIOMY 3A0060NbHAIOMb, THAKUIC
X nesuronano (unsatisfiable).

Habip BupasiB ¢uxonanuii ToAl il TIMBKH TOJI, KOJNH BiAOMI iHTEp-
Operamis Ta 3HAYCHHSA 3MIHHMX, SKI 300060AbHAIONL KOJICHOMY eile-
MeHmy.

Sxmo HaGip BHpa3iB HEGUKOHAKUIL, TO BBAKAIOTD, IO BIH Cynepeu-
ausuil (inconsistent).

Sxmo X mae 3HaueHsa T Ui BCIX MOXUIMBHX IHTeprpeTailiii, To
BBAXXAIOTh, 110 X Ma€ cuy, abo adexeamnuui (valid).
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Y npusrazi (puc. 1.1) cBIiT G10KIB € MO IJIA JIOTIYHOTO ONH-
cy. B uiii inTepnperamii Bci peYeHHA y NpHKIami OyIH ICTHHHHMH.
Sxmo 6a3a 3HaHb peanizoBaHa sK Hablp ICTHHHHX TBEPIKEHb A
npeaMeTHol ramysi 3ajadi, TOl Npe/METHA Fany3b CIYTye MOJCILIIO
Ui 0a3H 3HaHb.

Bupas 3X (p(X)a—p(X)) cynepeunusuit, ToMy 1o BiH HE MOXE OYTH
ICTHHHHM Hi NIpH AKIH iHTEpnpeTanii a00 3HAYESHHAX 3MIHHUX. 3 IHIIOTO
60ky, Bupa3z VX (p(X)v—p(X)) anexBaTHHH.

Jlnst mepeBipkd aacKBaTHOCTI BUPa3iB, AKi HE MICTATh 3MIHHMX,
MO>XHa BHKOPHCTOBYBaTH MeToX TaOmuupb ICTHHHOCTI. OCKiIbKH HE
3aBX/IM MOXKHA BH3HAYMTH aJICKBaTHICTb BHPa3y 31 3MiHHHMH, BiioMi
MCTOM JIOBEACHHA, AKI IAI0Th 3MOTY FEHEPYBAaTH JOBIIbHHUI BUpa3, 1O
floriuHO ciligye 3 uBoro Habopy Bupasis. Ix Ha3MBaOTH nMpoyedypamu
nosHoeo dosedenns (complete proof procedures).

Osuauennsn 1.12. Ilpoueoypa dosedenna.

Ilpoyedypa ovsedenns (proof procedure) — ue koMOiHailis npaBui
BUBCJICHHS T2 anfOPHTMY 3aCTOCYBaHHH LMX OpaBuil 10 HaOopy noriy-
HHX BUPA3iB IUIA CTBOPCHHA HOBUX PCUCHb.

BukopHucTOBYIOUYM HABEJCHI O3HAUCHHS, MOXKHA (POPMAJILHO BU3HA-
YUTH TCPMIH “JIOTIYHO CITiaye”.

Ozuauennn 1.13. Jloziuno ciuidye, obrpynmosanuii ma nosnui.

Bupa3 uncnenns npcaukatiB X sociuno cridye 3 nabopy S sBupasis
YHCIICHHS NPCUUKATIB, AKILO KOXKHA iHTCPHPETALlis TAa 3HAUYCHHS 3MiH-
HHUX, SKi 3a10BOJILHAIOTD S, 33/J0BOJILHAIOTE 1 X.

IIpasuiio BuBCacHHS 0brpynmosano (sound), K10 KOXHUI BHpa3
YUCHCHHA NIPCAMKATIB, OTPHMAHHUI 3rIJHO 3 NPABWIOM i3 MHOXHHA §
BUPAa3iB YHCJICHHS NPCAUKATIB, TAKOXK JIOTIHMHO CIinye 3 S.

[pasuno BuBcaeHHs nosrne (completc), AKIIO HA MHOXHHI S BHpa-
31B YMCIICHHSA NIPCANKATIB IPaBUIIO A€ MOMUINBICTb BUBCCTH JOBINILHUI
BHpa3, AKHii JIOTIYHO CAyE 3 S.

IlpaBuno modus ponens (npaBuno BigOKpcemicHHs, a00 Molnyc
MIOHCHC) — 11¢ OOrpYHTOBAHE MPABHIIO BUBCACHHA. SIKillo BMpa3 BUrnany
P—>Q ta inmmii Bupa3 Burnany P ICTHHHI Ha iHTepnperauii /, TOAi
modus ponens Ja€ 3MOry 3poOMTH BUCHOBOK, 110 () TaKOX iCTHHHUHA 3a
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uiel intepnperauii. JlificHo, ockimbKu modus ponens € 06IpyHTOBaBUM
TIpaBHIIOM, (J ICTUHHO IUIA 6cix iHTepniperaniii, s sskux P ta P—Q €
ICTUHHHMH.

Ozunavenns 1. 14, Moodyc nonenc, modyc monnenc, 8uKinodenna
“I”, seedennn “I”, ynisepcanvne incmanyilosanns.

SIkio BioMo, mo pedeHHs P ta P— () icTUHHI, TOAI MOOYC NOHENC
JIa€ MOXJIMBICTh BUBEeCTH Q.

BixgnoBizHo m0 mpaBuna BuBCACHHS Modyc momrexc (modus
tollens), Ao BinoMo, 110 P—( € iICTUHHUM Ta ) XHOHUM, MOXHA BH-
BECTH —P.

- Bunsmox “I” — TipaBuiIo, 3a AKMM BHBOJATH ICTHHHICTB 000X KOH HOHK-
TiB Ha NiZCTaBI ICTMHHOCTI KOH'IOKTHBHOIro pevcHHs. Hanpuknan,
AKI0 PAQ iCTHHHO, MOXHA 3pOOMTH BUCHOBOK, 10 P Ta () iCTUHHI.

Beeoenna “I” na€ 3MOTY BMBCCTH ICTUHHICTH KOH FOHKINT 3 ICTHH-
HOCTI 11 koK toHKTiB. Hanpuknan, sikiio P Ta (O ICTHHHI, TOZ1 KOH IOHK-
1is PAQ icTHHHa.

Vuigepcanvue incmanyirosanns 3B0AATH 10 TAKOTO: AKLLO JOBUILHY
3MIHHY MiZ KBAHTOPOM BCE3arajJbHOCTI B iICTHHHOMY PCYCHHI 3aMiHHTH
JOBUTBHUM BIITOBIZHMM TepMOM 3 00acTi BU3HAUCHHSA, TOAI pC3yJib-
TYIO4ni BHpa3 — icTuHHUH. OTXKe, AKIIO g HAJIeKUTh Tii caMiit oOnacTi
BH3HAUeHHS, Mo | X ta V X p(X), ToAi MOxHA BUBECTH p(a).

SIk MpOCTUHf MpHUK/Ian 3acTOCYBaHHS MpasBuia MOILYC MOHEHC Y
YHCJICHH] BUCIIOBJIIOBaHb PO3LIIAHCMO PCUCHHs: “SIKILII0 HAC 01U — 3CM-
ast 6yne Bonorow”. Hexait P o3nauae — ilue moul, Q — 3emns Bojiora,
TOAL MepLle peUSHHS MOXKHa 3anucati y Burisal P—>Q. Ockinbku 3apa3
nificHo Hae nom (P iCTHHHO), OTPUMAaEMO CHCTCMY aKCiOM.

P—Q
P

3acTOCyBaBIIM NPABUNO MOOYC HOHEHC 10 HAOOPY ICTHHHHUX BHpa-
31B, MOXKHA JJOJATH ¥ T€, LIO 3¢MIIA € BOJIOTOKO0 ().

[paBuno Modyc nonenc TakoXK MOk OyTH 3aCTOCOBAHO JIO0 BUpa-
3iB, AKi MICTATh 3MiHHi. Posrnanemo, nanpukian, pedyeHns “Bei monu
cMmeptHi”, Ta “Cokpar — mogusa, Tomy Cokpar — cMepTanil”. Buciis
“Bei snroan cMepTHI” Moxke OYTH HaBCACHUH Y YHCIICHHI [IPCIMKATIB K

v X(man(X)—>mortal(X)). (VX(moduHa(X)—>cmepmua(X)).

“Cokpar — moxauHa”

man(socrates). (moduHa(cokpam)).

3aMiHUBLIH y BUpa3i X Ha SOcCrates, oTpuMaeMo Take TBEPIKECHHS:

man(socrates)— mortal(socrates).

3acTOCYBaBILH LPABHNO MOOYC MOHEHC, TIPHXOLHUMO IO BUCHOBKY
mortal(socrates). Bin Mmoxe 6ytn nonanuii 10 Habopy BHpa3iB, fKi J10-
FiYHO CHIAYIOTH 3 MOYATKOBUX TBCPMIXKCHL. Y HACTYMHOMY PO3Aini po3-
TIIAHEMO ditzopumm yHighikayii ojasi BASHAYCHHS NPABOMIPHOCTI 3aMiHH
X Ha socrates Ta MOXIIMBOCTI 3aCTOCYBaHHS TIPaBHIIA MOOYC HOHEHC.

1.3.2. Yuicpixayin

VYHidikanis — ue anropuT™ BU3HaYCHHA HCOOXITHUX MiJICTAHOBOK 3
MCTOIO npueedentst IBOX BUPa3iB BiANOBIIHO 10 YHCIICHHS NPCAUKATIB.
Hpuknax takoro npouccy HaBEACHO Yy MOTNCPC/HBOMY MIAPO3ALAL, JIC
TCpM Socrates 3 Bupaly man(socrates) OyB BUKOPHCTaHHMH fAK Mif-
crapiacHus s X y supasi VX(man(X)—mortal(X)). Ile nigcraBncuus
A0 3MOrY 3aCTOCYBATH NMPaBUJIO MOJYC TIOHCHC T2 OTPHMATH BHBC-
JleHHs mortal(socrates).

3MiHHI, WO CTOATH MiJ 3HAKOM KBAHTOpA BCE3arajbHOCTI 3a6c3ne-
uyloTh NOBIYY ¢BOOOAY Y BHKOHAHHI MIACTABICHb. 3MiHHI Il KBAHTO-
POM ICHYBaHHS MOXKHA BHJTY9HUTH 3 pCucHb Y 0a3i 1aHNX, 3aMiHUBIIH X
KOHCTAHTAMM, siKi 3a6€311cuyIoTh ICTHHHICTL peucHia. Hanpuknan, 3X
parenl(X,ivan) moxc OyTd 3aMiHcHO Bupasom pareni(petro,ivan) abo
parent(olena,ivan), 3saxxarouu 1a 1c, U0 petro Ta olena € 6atbkamu ivan
y uiif intepnperanii.

[Ipoucc BHIYYCHHS 3MIHHHX, TIOB’S3aHMX KBAHTOPOM iCHYBaHR,
YCKJIAHIOEThCS THM (DAKTOM, [0 3HAYCHHS LMX MiJICTaBICHL MOXC
3QJICKATH BiJ 3HAUCHHA IHIUKMX 3MIHHMX Yy Bupasi. Haupuknan, y Buc-
gosmosanHi VX 3Y mother(X,Y) 3uaucHus 3MiHHOT Y NiJi KBaHTOPOM
icHyBaHHs 3a5CKuTh BiJl 3HaucHHs X. Ckonemizayin (skolemization) —
II¢ 3aMiHa KOHOI 3MiHHOI, TMOB’s3aHa KBAHTOPOM iCHyBaHHs, (yHK-
L€ aexiibkox abo BCiX HAABHHX Y PCUCHHI 3MIHHHUX, fKa TIOBCPTa€
BiAMOBIAHY KOHCTAaHTY. Y BHUILUEHABEACHOMY MNpPHKNAzi, OCKIIbKH 3Ha-
yeHHs Y 3a0CKuth BiL X, Y, MOXHA 3aMIHHTH CKOJICMIBCBKOIO (yHK-
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nieto (skolem function) f Bix X. Lle mopoikye mpeaukar VX mother
(X,f(X)). Cronemizauis — He i IpONEC, SKHH TaKOXK Ja€ 3MOry 3B s-
3yBaTH 3MiHHI M1l KBAHTOPOM BCE3arAILHOCTI 3 KOHCTAHTAMH.

IMponec yHidikauii yCKIAZHIOETECA THM, HIO 3MiHHa MOXC OYyTH
3aMiHCHa JOBIIBHUM TEPMOM, OXOILUIIOIOYH iHINI 3MiHHI Ta QyHKUiO-
HaJlpHI BHPa3H JOBLNbHOI ckmamHocti. Ii BUpasH MOXYTH TakoX Mic-
TuTH 3MiHHI. Hanpuknan, father(ivan) Moxua BHKOPHCTATH AK TiACTaB-
nenus g X'y Bupasi man(X).

HaseneMo mekinbka peanizauii Bupasy

foo(X,a,goo(Y)).

IX MOXHa OTPAMATH ULIAXOM TaKUX [1iACTABIICHb:

1. foo(fred,a,goo(Z))

2. foo(W,a,goo(jack))

3. foo(Z,a,goo(moo(Z))).

VY upomy nmpukaaal eK3eMIUISPH MiACTaBlICHb, a00 yHigikayii, KOT-
pi poOnATL NOYATKOBI BUPA3U IACHTHUHUMH KOXKHOMY 3 TPbOX, MOKHA
3anucary y BUIVIATI

{fred/X, ZIY}

{WIX, jacklY}

{ZIX, moo(Z)/Y}.

3anuc X/Y ,... o3Hauae, wo X € nigcTaBicHHAM Juist 3MiHHOT Yy
NIOYaTKOBOMY BHpa3i. ITIICTaBNCHHS TaKOX HA3HBAIOThH 3B’ A3YBaHHSM,
KaxxyTb, W0 3MiHHA 3B’A3aHa 31 3HAYCHHAM, IKC BHKOPUCTOBYIOTH SAK
HiICTaBICHHS.

V pasi CTBOpEHHA anroput™my yHigikauii, skuii nac 3mory o6uuc-
JFOBAaTH NMIACTAaBACHHA, HEOOXIIHI IJ1A BiIMOBIZHOCTI IBOX BHMpasiB,
BUHHKAIOTh JIeAKi mpolbnemu.

Xoya KOHCTAHTY MOXHa CUCTCMATHYHO BUKOPUCTOBYBATH SIK ITiJ-
CTaBJICHHS AJIl 3MIHHOT, JLOBIJILHY KOHCTAHTY POSIAAatoTh sK “Gazo-
BUH eK3eMIuLip”, akui He Moxe OyTH 3aMiHcHui. He MoxkHa Takox aBa
Pi3HHX “0a30BHX €K3EMILIAPH” BUKOPUCTOBYBATH K MiJCTABJCHHS AJIs
onHiei 1 TiET % 3MiHHOI.

3MiHHa HE MOXKE OYTH yHi(iKOBaHa 3 TEPMOM, SKHil MIiCTUTh Ti. To-
My 3MiHHa X He Moxe OyTu 3amiHcHa Ha p (X), OCKUILKH LE MOPOJIKYE
6esmexHuit Bupas: p (p (p (p (...X)...). Teer mns Takoi curyauil
Ha3BaHO nepesipxoio 6xodxncenns (occurs cheks).
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Axwo 3MiHHA 3B’s3aHa, B YCIX IHIMUX YHi(iKaliaX Ta mpoHexypax
BHBEICHHSA Lie Ma€ 6yTu BpaxoBaHo. SIKOIO 3MiHHA 3B’A33aHa 3 KOHCTaH-
TOIO, ii HE MOXHa 3B’A3yBATH 3 IHIIMM TEPMOM Y pa3i HACTYNHHX YHi-
¢ikauiii. Skwo 3MiHHY X| BHKODHCTOBYBIHM AK MIACTABICHHA s
1HILOT 3MIHHOI X3, a MOTIM OyJI0 3aMiHEHO KOHCTaHTOK, TO/I B X, Ta-
KOX MOTpiOHO BinoOpasuTH Lic 3B’a3yBaHHA. be3miu 3aMiH, BHKO-
PUCTAHHX Y NOCIIJOBHOCTI BUBEJACHD, BIIrPAE BAXIIUBY POJIb, TOMY LIO
BOHAa MOXE MICTHTH BiJJIOBIs HAa TNOYAaTKOBC NuTaHHA. Hanpuwiarn,
Ao p(a,X) ysidikysaru 3a ymooio npasuna p(Y,Z2)—q(Y,Z), niacras-
mawoun {a/Y, XIZ}, Mmoayc moHeHc mae MOXJUBICTG BHBECTH ¢(a,X) y
pasi Toro camoro mijcrapiacHus. SIKLIO 3iCTaBUTH UCH pc3ynabTar 3
ymoBoto npasuia ¢(W,b)—>r(W,b), Toai BuBcaemo r(a,b), ypaxysaBuin
MHOXMHH miAcTasicHb {a/W, biX}.

THWEe BaXJIMBC NOHATTA — LE KOMRO3UKIA NiJCTaBICHb YHI(iKkauii,
ko S ta S’ € ABOMA MHOXKHHAMH [IACTABICHD, TO KOMMNO3HLIO S Ta
S’ (3anuwwemo SS') OTPHMYIOTH MIC/A 3aCTOCYBaHHA S’ 110 CIEMEHTIB S
Ta JOJaBaHHa pc3ynbraty Ao S. Po3riasHeMo npukinajg KOMITO3HUii
nocainosHocTi nipcrasiaens {(X/'Y, WiZ}, {ViX}, {a/V, fib)/W}. Boun
ckBiBanenTHi eHoMy nigcrasneunio {a/Y, f(b)/Z}. Octanne tijicras-
AcHHA OYJ10 BUBCACHO HUTIXOM KOMuoHyBaHHAA {X/Y, W/Z} 3 {V/IX} naa
otpumanns {V/Y, W/Z} ta xomnonysauns pesysrary 3 {a/V, fb)/W}
s orpumanus {a/Y, f(b)/Z}.

Baxuiusa BuMora anroputMmy yHidikauii — yHidikarop (unificr) mae
OyTH MaKCHMaIbHO 3arajibHUM, TOOTO AN OOBINBHHX JBOX BHUpa3iB
HCOOXIHO 3HAWTH naudinvw 3azanvnuit ynigikamop. Y pasi Brpatu
3araJibHOCTI y 11poneci yHiikaiiii 3McHILY€EThCS HMOBIPHICTh JIOCSTHC-
HHSl KIHIICBOIO PO3B’si3Ky 200 Taka MOXJMBICTL 3HUKae MOBHicTIO. Ha-
npuknaza, pedcHus p(X) 1a p(Y) MoxHa yHI(IKyBaTH IOBINBHHUM
KOHCTAHTHUM BMpaszoM BuDIsLy {ivan/X, ivan/Y}. Anc ivan nc €
HaibuIbll 3aranbHUM yHi(ikaTopoM. BukopucToByloun ax yHidikarop
JOBUIBHY 3MiHHY, MOXHA OTpUMaTH OlIblL 3aranbHuil Bupas: {Z/X,
Z/Y}. Po3B’a3kH, OTpuUMaHi Ml 4ac BHKOPHUCTAaHHsA IICPLUIOFO MilcC-
TaBNCHHS, 3aBXKAH OylyTh OOMCXKCHI KOHCTaHTOI ivan. lle 3mumkye
YHIBEPCAJIBHICTb PE3YJ/bTATY.
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Ozunauernsn 1.15. Haii6inow 3azansnuit ynigpikamop.

Sxwo s — posineHui yHidikaTop BUpa3sy E, g — HaitOuibm 3arais-
Huil yHibikaTop (most general unifier — mgu) wporo Habopy BHpasiB,
TOAI MiX Yac 3aCTOCYBaHHA § 0 E 3’ABUTHCA Nie OAHH yHIdikaTop s Ta-
kuii, mo Es=Egs’, ne Es 1a Egs’ — xomno3nuii yHidikauii, aki 3acro-
coBasi 10 Bupasy E.

Vuidikanis BaxkJIMBa JUIs JOBUILHOI CHCTEMH PO3B’A3yBaHHA 3aKay
IITYYHOTO 1HTENEKTY, SIKa BUKOPHCTOBYE AK 3aci0 HAaBEACHHA YMCICHHA
MpeRMKaTiB, YHidikaiis BU3HAYAE YMOBH, 32 AKUX 1Ba (abo Oiibiie)
BUpA3W YHCICHHA MPEIUKATIB MOXYTh OyTH ekBiBasieHTHUMH. Lle mae
3MOT'y BUKOPHCTOBYBATH JUIfl JOTi4HOIrO 300paKEHHA TaKl paBuia, AK
pesomoyisn (resolution), xoua uei npouec norpedye nouyky 3 nosep-
HeHHsaM (backtracking) a1 3HaXO[pKCHHSI BCIX MOXUIMBHX iHTeplipe-
Tanii.

Huxue 6yae nogauno ncesiokon Aaa GyHkuil unify (yHidikysatH),
33 AKOI OOYHMCAIOOTH MifCTABICHHA yHIi(ikamil (KO 1€ MOMKIUBO)
JUL ZIBOX BHpa3iB YMCIEHHs TNpeaukartiB. DyHKUIs unify oTpuUMye sK
napaMeTpy [Ba BHpa3W UHCJCHHS NpeIUKaTiB Ta noBeprac abo Haii-
3aranbHinle migcrasicHHs yHidikanii, abo xoncrauty FAIL (Bimmosa),
skio yHidikanis Hemoxma. Ll QyHkuis Bu3HadeHa PEKypCHBHO:
CIIOYATKY HAMAralThCs PEKYPCHBHO YHI(IKYBATH BHX1JHI KOMIOHCHTH
BUpa3iB. SIKIIO 11¢ BJAEThCS, BCI MIICTAHOBKH, K1 MOBCPTAKOTHLCA BHAC-

1ok wiel yHidikauii, 3acrocoByIOTh A0 peiutH Bupasis. Jlani Buko-
HYETBbCS APYTHil PeKypCUBHUI BHKIMK (YHKUIT unify, y IKOMY 3aBcp-
wyerbes yHidikauis. Pckypcis 3ynmHWHAETBCS, KORM NApaMCTPOM CTae
cuMBON (npeamkar, iM’st PpyHkuii, koHcraHTa abo 3MiHHa), abo Koy Bel
CIIEMEHTH BUpa3y OyayThb yHI(ikpBanui.

o6 cnpoctuT poboTy 3 BHpa3aMM, B &JrOpHTMi 3aCTOCOBYIOThH
3MiHCHUA CHHTaKCHC. OCKiNbKY QYHKUIS unify 1a€ MOXIINBICTD NIEPCBI-
PUTH CHHTAKCHYHY BIAIIOBIAHICTb [IaONOHY, B Hiil IFHOPYIOTH Bijl-
MIHHICTB MIXK TIpeauKaTaMy, yHKUISMH Ta NapaMCTPaMH, BJIACTHBHMM
YUCIIEHHIO MpeauKaTiB. 300pasuBiud Bupas sk chucox (list), — Bnopsa-
KOBaHa MOCNiJOBHICTH CIICMEHTIB, NICPLUUM 3 AKHX € MPEAHKAT, 33 AKHUM
AIyIOTH HOro NapamMcTpu, MH CrpoLLyeMo po6oTy 3 BupasaMH. Crinckw,
B3ATI Y Kpyrimi AykH (), eJIeMECHTH CIIHCKY BIIOKPEMIICHI OIMH Bif

onxHoro npodinamu. Ipuknaay BUpasiB AK y YHCICHHI NPS/IUKATIB, Tak i
B CHHTaKCHC] COHCKIB HABEACHO HIIKYC,
Cunmakcuc yucnerHs npedukamie  CUHMAKCUC CNUCKY
p(a, b) (o a b)
p(f(a) g(XY)) (p(fa)g X))
OnumieMo QyHKUITO unify.
Function unify(E1, E2);
begin
case
EtmaE2- KOHCcmaHmu abo NOPOXHI CNLCKU: PEKypCin
3YNUHAEMbCS
if E1=E2 then return { }
else return FAIL;
E1 - 3miHna:
if E1 exodums y E2 then return FAIL
else return {E2/ET};
E2 - 3miHHa:
if E2 exodums y E1 then return FAIL
else return {E1/E2};
E1 abo E2 — nopoxHi then return FAIL %cnucku pi3Hux po3mipie
otherwise: %E1 ma E2 cnucku
begin
HE1:=nepwui enemesm E1;
HE2:=nepwui enemenm E2;
SUBS1:=unify(HE1,HE2);
if SUBS1=FAIL then return FAIL;
TE1:=apply(SUBS1, xgicm E1);
TE2:=apply(SUBS1, xgicm E2);
SUBS2:=unify(TE1,TE2);
if SUBS2=FAIL then return FAIL;
else return composition(SUBS1, SUBS2)
end
end
% KiHeub case
end
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1.3.3. ITpuxnad ynigpinayii

Po3rnsHeMo po00Ty BHILEONUCAHOTO ANTOPUTMY HA IIPUKIazi

unify ((parents X (father X) (mother igor)), parents igor (father igor)Y).

OCKUIbKH HI OIMH IIapaMeTp He € aTOMapHHM CHMBOJIOM, Y pasi
MEPIIOTO BHKIKKY QYHKUiS unify Oyae HaMaraTuch PEKypCHBHO YHidi-
KYBaTH NEPILi €IEMEHTH KOXHOTO BUpa3y 3a JIONOMOIO0 BUKITHKY

unify (parents, parents).

I ynigikauis 6yne BukoHaHa Ta OyJe MNOBEPHEHO NOPOXKHE Mia-
craBneHds {}. Y pasi 3actocyBaHHS I IO PEIITH BUpa3iB He BixOy-
JEThCA HISKHX 3MiH. Jaii BUKIHKAETHCA

unify (X (father X) (mother igor)), igor (father igor)Y).

JepeBonoiOHUi onuc BUKOHAHHS allrOpPUTMY Ha 1bOMY cTani 306-
pakeHo Ha puc. 1.2.

VY npyromy BHKIMKY unify HI OOMH 3 BHpPa3iB HC € aTOMAapHHM,
TOMY JI'OPUTM PO3JLIAE KOXKEH BUpa3 Ha HOTO NCpLIMi KOMMNOHCHT Ta
pemity yacTvHU. ITOTIM cllijlye BUKAKK

unify (X, igor).

Lieli BHpa3 3aKiHYY€TBCA YCHiLIHO, OCKIJIBKM OOUJIBa BHpa3H ato-
MapHi, a OiHH 3 HUX — 3MiHHA. BHaCHIZIOK BUKIHKY TIOBCPTAETLCA MijAC-
TaBleHHs {igor/X}. Noro 3acTocoByrOTh IO “XBOCTAa” KOXKHOrO BHPA3y,
a QYHKUI0O unify — no pesynprariB nigcraBneHus (puc. 1.2).

unify (((father igor) (mother igor)), ({(father igor)Y)).

YHacnizok nporo BHKIHKY Oyne orpumaHo yHidikauiro (father
igor) 3 (father igor). e 3yMoBIIO€E BUKITUKH

unify (father, father)
unify (igor, igor)

unify (), ())-
Yci BOHH YCOIIHO 3aBEPLIYIOTHCS, MOBCPTAIOYM NOPOXKHIO MHO-
JKHHY MICTaBlICHb (puc. 1.3).
Hani yHKUIO Unify BUKIIMKAIOTH JU1S PELUTH BHPA3iB

unify (({(mother igor)), (Y)).

HC CIHPUYHHAEC BUKIIUKHA
unify ({(mother igor), Y).

unify ((),()).

1. unify((parents X(father X)(mother igor}),(parents igor(father igor)Y))

YHudixysatu
/ nepLui eneMeHTH
" Tasactocysatu
NiACTaBNEHHS A0
iHLWmMX

returnfy
P4

2. unily(pare‘;ts.parents) 3. unify((X(father X)(mother igor)),(igor(father igor)Y))

Yudgikysatn
nepiwi eNieMeHTn
_w Ta3acTtocyeatm
" nigcraeneHHs ao
iHWMX

. lelum{;:qoﬂX)
P

e

4. unify(X,igor) 5. unify(((father igor)(mother igor)),((father igor)Y))

Puc. 1.2. Kpoxu ynidikarii Bupasis ((parents X (father XY (mother igor))
Ta (parents igor (father igor)Y)

Y nepwomy 3 wux (mother igor) ynidikyerscs 3 Y. Jipyruil Bukiang
noseprac {}. KomOiHyloun 3 OTPHMAHHM paHilc MNiACTABICHHAM,
OTPUMYEMO BIANoBinb {igor/X (mother igor)/Y}. Tlosuuii npoucc nijc-
TaBJICHb 300paxccitnii Ha puc. 1.3. Buiiinku nponymepoBai, 106 Bka-
3aTH 1OPAJOK TXHbOFO BUKOHaHHA. Tlijcrasicuus, siKi NOBCPTAIOTHCS
KOXKHHUM BHPA30M, BiIOOPAXCHO HA PUCYIIKY.
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1. unify({parents X(father X)(mother igor)),(parents igor{(father igor)Y})

YHicikysatu
nepLui efleMeHT
» Taaactocysat
nigcrasrnenHs

B0 iHLLKX

- ré}um((molher igorV/Y,igomX}
return{} .
~ A

2. unify(pamnt/s,parenls) 3. unify{(X(father X)(mother igc;r)), (igor{father igor)Y))
YHigikysatu »

nepui enemenTy
w Ta3actocyBaTu

. A
nu;c;?::jar;ﬂﬂ \ return{{mother igory/Y}
return{igor/X} »
v \
o \
X _,." i)
4. unify(X,igor} 5. unify(((father igor)(mother igor)),((father igor)Y))
YHichikysatu
neplui enementn .
_w Ta3acrocysatd \ .

NiACTaBNEHHA

A0 iHWKX ‘retum{(molher igoryY}
v

mlu;;( }

11. unify(((mom;} igon).(Y)

Yridikysatw  »
nepiLi eneMerTn .
« Ta3acrocysamm
niaCTaBNeHHA

YHidikysatu »
nepili enemMeHTn
« TasactocyBath \

nigcTapneHHs B a
i 20 iHMX return(} g AO iHWWX
r‘e um{} * retum{(mother igory/Y}
; . .
7. unify(fatherfather) 8. unify((igor),(igor)) 12. unib/((molher igor),Y) 13. unil;/(k),())

YHidixypath &
nepuwi enemMeHTn
« TasacTocyeatn
NiACTaBnNeHHs

A0 iHWKUX

re'tum( }
/’ '\
9. unifytigor,igor) 10. unify(().0)

Puc. 1.3. Kinuesi kpokn yuidikanii Bupasis (parents X (father X) (mother igor))
Ta (parents igor (father igor)Y)

UncareHus npezuu(a‘rin 3 1

1.4. 3aaaui

1. lano BucnosmoBanHs p: “3aBrpa Oyme xonoao” ta q: “Ilaga-
THME CHIT”. 3anHCaTH BHC/OBIIIOBAaHHS b—g, BUKOPHCTOBYIOUH p, ¢ Ta
JIOT14H1 3B’ A3KH:

a) 3asTpa OyAC XONOAHO i NagaTHMeE CHIT;

b) 3aBTpa Oyne X0NOJHO, aJIc CHIT HE MaJaTHME;

c) 3aBTpa He Oy/C XONOAHO ii HC TIAAATHME CHIT;

d) 3aBTpa nagatume chir abo 6ysc xonoaHo (abo nepiue i apyre);

€) AKLO 3aBTpa Oy/IC XON0HO, TO NAAATHMC CHIT;

J) 3aBrpa Oync xomoano abo magaTMME CHIr, ajic HC NAJATHMC
CHIT, AKILO OYAC X00/HO;

g) ana Toro, wob 3aBTpa GyNo XOJ0AHO, HCOOXIMHO H AOCTATHDLO,
wob naxaB cHir.

2. IoGyayBatn TabRULL ICTUHHOCTI /171 KOXKHOT'O 3 BUCJIOBIMIOBAHL ¢

ayp->g by pg; ) P>V p-9);
d) P> p—q);e) (p~g)V( p~q); N Cp~ 9)~p~q).
3. Ha ocuosi BnacrtuBocTi iMmutikawii (0¢3 BUKOPHCTaHHS Ta0sUIb

ICTHHHOCTI Ta CKBIBAJICHTHHX EPCTBOPCHB) NOBCCTH, 110 hopmyiu a—f
€ TABTOJIONIAMM:

a) (prg)—>(p—>9); b) p>(pvg); ) p->p—q);

d) (prg)—p; e) (—(p->q) —p;  N=p-=>9)—> q.

4. Mepepiputn, yu ckBiBancHTHi popmyln p—(gar) Ta (p—q) A
A (p—or).

5. Hpepuxar Q(x,py) ozHayae “x+y=x-y”, a NPCAMCTHOIO 00NACTIO

KOXKHOI 3MIHHOT € MHOXHHA WUIMX YMcesl. SHAWTH 3HAMCHHSA 1CTUHUOCTI
BHCJIOBIIIOBaMb a—k:

a)y O(1,1); b) 0(2,0); ) VyvQ(l,y);
d) IQ(x,2); e) TyQ(x.y); N VaaAyQx,y),
) VxYyQxy),  h) IVyO(x,y); i) VyaxQ(x,p);

k) IvvxQ(x,y).
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6. [IpeaMeTHOO 0OIACTIO KOXKHOI 3MiHHOI mpeukara P(x,y) € MHO-
xusa {1,2,3}. 3amucaTy BHCIOBJIOBAHHA a—f 3 BUKOPHCTaHHAM JIOTiY-
HHX 3B’A30K KOH IOHKIIT Ta 13’ FOHKHIT:

a) 3xP(x,3); b) VyP(l,y); ¢) VxVyP(xy);

d) Ix3yP(x.y); e) IxVyP(x.y); ) Vy3axP(x,y).

7. llpeaukar P(x) o3Hayae “x=x>”, a NpeaMCTHOIO 06JIACTIO 3MiHHOT

X € MHOXHHA UITHX YMCEN. 3HAHTH 3HAYCHHA ICTHHHOCTI BHCIIOBILIO-
BaHb a—e:

a) P(0);  b) P(1); ¢) P(-1); d) AxP(x); e) VxP(x).

8. 3amucary 3anepedeHHs BUCJIOBIIOBAHb (HOPMYNAMH JIOTIKH TCp-
HIOTO CTYNCHS. 3aricaTi OTpMMaHi BUCIOBIIIOBAHHS PCUCHHAMU YKpa-
THCbKOI MOBH:

a) KOXHHUH CTYACHT rpyny JIOOUTb MaTCMaTHKY;

b) y Tpyni € CTYNCHT, AKUI Hikony He 6auuB KOMII'IOTCP4;

¢) y Ipymi € CTYACHT, SKHH [IPOCTYXaB yCi 3aporoHoBaKi Mare-

MaTH4Hi KypCH;
d) y rpylii € CTYICHT, SKWii BIIBIaB IIpHHAKMHI OLHY ayIHTODPLIO
KO)KHOT'O 3 HaB4aJIbHUX KOPITYCIB YHIBCPCUTCTY.

9. Jloectn, mo Gopmynu IxVyP(x,y) Ta VadyP(x,y) Marorb
OJIHAKOBI 3HAYEHHSA ICTHHHOCT!I.

10. Hosectr, mwo GopMyan Vx(P(x)AQ(x)) Ta VxP(x)AVxQ(x)
MAlOTh 0JJHAKOBI 3HAYCHHS ICTHHHOCTI.

11. Hosectn, wo ¢opmyan Ix(P(x)AQ(x)) Ta IxP(x)v IxQ(x)
MaOTh OJJHAKOBI 3HAYCHHS ICTHHHOCTL.

12. Tossauenns 3I'xP(x) Bigmosizae pcucHHio “Y NpPCAMCTHIH
obnacri € Take exauHe x, wo P(x) ictunne”. Hexail MHOKMHA LiAMX YM-
Cel € NPEAMETHOI 06IaCTI0 3MIHHOT X. 3HANTH 3HAYCHHSA ICTHHHOCTI
dopmyn a-g :

a) Ax(x>1); b) Ax(x?* =1); ¢)Ax(x+3=2x);d) Ix(x=x+1);

e) AxP(x) » IxP(x) ; f) IxP(x) > IxP(x) ; g) FxP(x) - VxP(x).

UncreHHs npeAHKaTiB 33

13. 3anana npegmerna obmacte M={1,2,3} 3Minnoi x. 3amicaTu
BUCIIOBIIOBaHHA 3!xP(x) 3a IONIOMOIOIO 3allepeycHHA, KOH IOHKITI Ta
JI3 " FOHKITI].

14. Po3Muty 5oriky BHUKOPUCTOBYIOTH Y WITYYHOMY IHTEIEKTI.
3HaueHHs ICTUHHOCTI 3allepeyueHHs BHCIIOBTIOBAHHSA Y PO3MUTIH JTorilii
BHM3HA4alOTh SK: OAMHUUA MIHYC 3Ha4YE€HHS ICTHHHOCTI LBOrO BHCJIOB-
mosanHi. Hexail BucnmopnioBarHA “IBaH miacnuBuii” Mae 3Ha4eHHS
ictunnocri 0,8, a “Cepriit wacnusuii” — 0,4. Slke 3HaYeHHA ICTHHHOCTI
MaioTh BUcHOBIOBaHHA “IBan 1 Ccprifi mwacnusi” ta “IBan i Cepriit
Hemacausi”?

15. 3HayeHHS ICTHHHOCTI KOH’IOHKUIH ABOX BHCIIOBJIOBaHb Y
PO3MMTIH JIOTiNI BU3HAYAKOTb, AK MIHIMYM i3 3HAYCHb ICTHHHOCTI I{MX
sucnosmoBanb. Hexail sucnosnioBanHs “IBaH niacnusuii” Mae 3nade-
HHs ictuanocti 0,8, a “Cepriii wacnusuit” — 0,4. Slke 3HaUCHHA iCTHH-
HOCTI MalOTbh BUCI0BNOBaHHA “IBaH i Cepriii wacnusi” ta “IBan 1 Cep-
rii Hewacnusi™?

16. 3Ha4CHHA ICTMHHOCTI AW3’IOHKIIT JIBOX BUCIOBIOBAHb Y
PO3MMTIi 10Tl BU3HAYAIOTh, IK MAKCUMYM i3 3HAYCHb ICTHHHOCTI LIWX
sucinosnoBaHb. Hexait BucnosmoBanns “IBaH macnuBHid” Mae 3Hauc-
HHA icruiHocTi 0,8, a “Cepriii macimsuii” — 0,4. SIke 3naucHHs iCTHH-
HOCTI MaloTb BHcoBmoBadns “IBan abo Cepriii maciusi” Ta “Ian abo
Cepriif Hewacaugi™?

17. OBGuUMCHIUTH 3HAUCHHSA ICTHHHOCTI CKJaJHOr0 BHCIOBAKBAHHA
(pv@yAra(pvr) y po3sMUTIH noriui Juis TakMX 3HAUCHB iICTUHHOCTI
ioro atomis: p=0,9; ¢=0,4; r=0,7.

18. ObuucnuTH 3HAUCHHS ICTMHHOCTI CKJIAJHOTO BWCIIOBTIOBAHHA
(Fvag)A(pvr)Aq y po3MUTIH A0rILI JUIA TaKHX 3HA4YCHb ICTHHHOCTI

Horo atomis: p=0,1; ¢=0,8; r=0,6.



2. OCHOBH MOBH PROLOG

Prolog — e HaiiBinoMilmii NpHKIax MOBH JIOTIYHOTO MpOrpamy-
BannsA (logic programming language). Jloriusa nporpama — ue Habip
cnenudixanifi y pamkax Qopmaibnoi noriku. Prolog 3acHoBanuii Ha
Teopii MpemuKariB Mneplioro nopsaxy. Ha3By MoBH mporpamyBaHHS
po3umdpoByioTh Ak Programming in Logic (ITporpaMyBauns B Joriui).
ITix yac BUKOHAHHA OPOrPaMH IHTEPIIPETATOP MOCTIHHO pcani3yc BUBE-
JICHHS Ha IIACTaBi JIOTIYHMX cneuu@ikanii. lues BUKOpUCTAaHHS MOX-
JIMBOCTCH HAaBCACHHS TCOPIl IMPEJIUKATIB MEPLIOrO NOPAAKY — HE OIHA 3
rONOBHHUX nepeBar MoBW Prolog mnst koMn’r0TepHMX Hayk B3araimi Ta
LWITYYHOI'O IHTEJIEKTY 30KpeMa. 3acTOCYBaHHA TCOPIi TPCIUKATIB nep-
LIOro NOPAAKY B MOBI ITporpaMyBaHus 3abe3nedye npo3opHii, cneranTt-
HHUH CHHTAKCHC Ta 100pe BU3HAUCHY CCMAHTHKY.

PoszButox MoBH Prolog 3anodaTkoBanuii 3 10CHIKCHD, OB’ A3aHUX
3 IOKa30M TCOPEM, a TOUHIILC, 3 PO3pOOICHHAM aNrOpHUTMIB CMPOCTY-
BauHa pesosionii (Robinson, 1965). YV uiit poboti pospobieHo npoue-
Iypy JIOBCACHHSA, gKa Ha3BaHa pesoditonielo (resolution) Ta crana rosnos-
HHM MCTOJIOM 06YHMCIEHE Ha MOBI Prolog.

3aBnsku uMM BRacTHBoCcTAM Prolog 3apckoMcHiayBaB cebe sK
KOpPHCHHH 3aci® NOCTIIKCHHA TaKHX CKCICPHMCHTAIBHUX ITHTaHb TIPO-
I'paMyBaHHS, K aBTOMaTHYHC TCHCPYBAHHS KOJy, BepuH(Kalis npor-
pam Ta po3poOIeHHS BUCOKOPIBHEBHX MOB nporpamysanHs. Prolog, sk i
iHIII, 3acHOBAaH! Ha JNOTILli, MOBH, MUITPUMYE ICKIAPATUBBHH CTHAL
nporpaMyBaHHs, TOOTO KOHCTPYIOBAHHS IIPOI'PAMH B TCPMIHAX BHCOKO-
piBHCBOrO onmcy oOMekeHb mpeamerHoi obnacti. Ha BiaMiny Bilt
HBOTO, IIPOLCAYPHUH CTHIbL NPOTPaMyBaHis JA0MYCKAE HAMUCAlIHS 11PO-
rPaMH y BUIAISA1 MOCAIOBHOCT iHCTPYKIIH 3 BHKOHAHHSA aJIropuTMy. Y
JIOTIYHOMY HpOrpaMyBaHHI KOMN ' OTEpPY MOBIAOMIISIOTH “TIO € iCTHHA”,
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a He “ax ue 3podutn”. Ile nae 3Mory mporpamicraM 30CepCAUTHCS Ha
pO3B’A3yBaHHI 3aadi Ta CTBOpeHHI crnenudikamifi I mpeaMCTHOI
ranysi, a He JICTamsiX HANMCAHHS  HHU3bKOPIBHEBHX aJIOPHTMIYHHX
IHCTPYKIIH BUrIALY “mwo pobutu nam”. Prolog oxommoe MexaHi3m
BHBEJICHHS, IKHI OCHOBaHMIi Ha CHIBCTaBJICHH] 3pa3KiB. 3a 0NOMOroIo
nigGopy BIATIOBICH Ha 3amWTH OTPHMYIOTH BifoMy indopmarito. [Tpo-
TOTiBCLKC 3HAHHSA MPO CBIT — L& oOMexeHuit Habip (axTiB Ta mpaBui,
3afaHuX y tporpami. OaHi€lo 3 HalBaXITUBILIMX OCOONUBOCTEH MOBH
Prolog € Te, w10 Ha n0mAaTOK NO NOTIYHOTO MOWYKY BUINOBiIEH Ha
TIOCTaBJICH! 3alMTaHiis, BIH MOXKE MaTH CrpaBy 3 aJbTEpPHATHBAMH Ta
3HaXOAMTH BCI MOMUIMBI PO3B’A3KH. 3aMicTh 3BHYaliHOT poboTH nporpa-
MH BiJl NOYaTKy A0 KiHLs, Prolog Moxe BepraTHcs Ha3an Ta Acperiisi-
Aaty OinbuIc OMHOro “UMAXY” T Yac po3B’sa3yBaHHA BCIX CKNAJIOBUX
3aj1aui.

[lepua Prolog-nporpama Oyna Hanucana na nouarky 1970 poxis y
Ppaniii B pamMKax [poekTy LIOJO PO3YMIHHSL TPHPOAHOI MOBM
(Colmeraucer Ta in., 1973), (Roussel, 1975), (Kowalski, 1979). Tcope-
THYHI OCHOBHU 1i€l MOBH onucani y podorax (Kowalski, 1979), (Haycs,
1977), (Lloyd, 1984). OchoBHuii eran po3BuTky MoBH Prolog npumajae
Ha 1975-1979 pp., xonu Ha KadcApi IITYHUHOTO IHITENCKTY YHIBEPCHTC-
1y Enun6ypra Iesin Yoppeu (David Warren) 1 depuanno Ilepciipa
(Fernando Percira) Bianosiganu 3a pcanizaniio uji€i MoBH. Bonu crBo-
puian inTepnperarop Mosu Prolog. La Bepeis crana nepumm cranuap-
ToM Ta Oyna onucana y kuusi (Cloksin 1 Mellish, 1984).

Prolog crae Bay¥UIMBMM IHCTPYMEHTOM Yy NpOrpaMyBaHHI 3ajiay
HITY9HOTO IHTCICKTY Ta B PO3POOACHHI CKCICPTHHX CHCTCM. Brcokui
piBCHB a0CTpaKILii, JICTKICTb Ta MPOCTOTA NOAAHHA CKIAUIMX CTPYKTYp
JAHUX, 3MOra MOJEOBATH JIONiUHI BIAHOIICHHA MikK 00’¢kTamMu Ta
TNPOICCAMH ICTOTHO JTOACTILYIOTh PO3B’A3YBaHHS 33144 y Pi3HHX NpCA-
MCTHHX rany3sx. Tomy Prolog 1IMpoOKo 3aCTOCOBYIOTH 11 CTBOPCHHS
aaMINICTPaTHBHHX 3aCTOCYBaHb, wcb-3acTocyBaHb, Ul KCpPYBaHHS
BENHKHUMH Ta CKIaAHUMH 6a3aMH JaHUX.

Lcii po3ain nociGiivka npucBsiucHMii onucy ocHoB MOBH Prolog 5.2.
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2.1. ®axTH i1 DpaBHAa

ITporpamict Ha MoBi Prolog couatky onucye 06 ’exmu (objects) Ta
6ionowenns (relations), a nani — onucye npasuna (rules), 3a AKHX Wi
BIJHOIIEHHA € icTHHHUMH. Hanpukinan, peyeHHs

Cepeit mobumpb cobak (Sergiy likes dogs)
BCTaHOBJIIOE BIXHOIICHHA MK 00’ektamu Sergiy Ta dogs; UMM Bil-
HOIUEHHAM € [ikes. Hikue HaBemeHO MpaBHIIO, AKE BU3HAYAE, KOJM pe-
ueHHs “Cepeiil nob6ums cobax” Gyne icTHHHUM:
Cepeiti nrobums cobak, Akwo cobaku xopouwi (Sergiy likes dogs if the
dogs are nice)

2.1.1. daxmu

BigHomeHHA MiX 00’ €KTaMH Ha3BaHo ghaxmom (fact). THmia HasBa
JUIA BIJHOWIECHb — npeduxkam. IMcHa iHaMBIAiB (sergiy, dogs) — nHasm-
BAKOTh amomamu abo apeymenmamu npecavkara. Apuicms npeanuxkara
— IIE KIIBKICTh apryMCHTIB, fKi BiH npuiiMae. Onucyloun daktu, Bax-
JIMBO TOTPUMYBATHCS TAKUX TIPaBHII:
¢ IMcHa BciX BifHONIEHbL Ta 06’€KTiB MAlOTh IOMMHATHCA 3 Masiol
JTCpH.
¢ CrioyarKy 3auMCyIOTh 1M’S BIHOLICHHS, 2ami (Y KPYIJIHX J1yX-
Kax, yepe3 KoMy ) iMeHa 00’ €KTiB.
o KoxeH (aKT 3aKkiH4y€eThCs KPAIKOIO.
[Monaemo nekinbka peyeHb Ha IPHPOJHIIA MOBI Ta BiANOBIAHI M
(akTH 3 BHKOPHCTaHHAM CHHTaKCHCY MOBH Prolog:

Cepeiti mobums Ipury (Sergiy likes Iryna); likes (sergiy, iryna).;
IpuHa nrobume Cepais (Iryna likes Sergiy); likes (iryna, sergiy).;
Cepeill mobums cobak (Sergiy likes dogs); likes (sergiy, dogs).
dakTH, KpiM BIAHOIICHb, MOXKYTb TICPCIABATH 1 BIIACTHBOCTI:
Kamepuna — 8ig4una (Cateryna is girl); girl (caitlin).;
Kepmim 3eneruti (Kermit is green); green (kermit).

Orxe, ghakmu — 1e BiTHOUICHHS ab0 BNACTHUBOCTI, NPO K BiJIOMO,
1110 BOHH MalOTh 3HAYECHHS “1CTUHA”.
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2.1.2. 3minni

3MiHHI CYTYIOTh UM IO3HAYCHHS HEBU3HAYeHHX 06’€kTiB. BHKo-
PHCTaHHS 3MIHHHX Y JIOTIYHHMX MPOrpaMax Bipi3HAETHCA Bill BHKOPHC-
TaHHS 3MIHHMX y TPAAMI[HHMX MOBaX NpOrpaMyBaHHA. Y JIOTiYHHX
nporpaMax 3MiHHAa [I03HaYa€ HEBHU3HAUCHHH, anc He €UHUH 00 €KT.
Imena 3MiHHHX y MoOBi Prolog MaroTh moyMHaTHCS 3 BENHKOi HiTEpH
(abo 3 cumBoONy migKpecieHHs “ '), 3a AKOK MOXKE CTOATH JOBUIbHA
KUTBKICTb 6YKB, LIM(pP Ta CAMBOIIB MiIKPECICHH.

Bupas

likes (Everyone, iryna)
MOXe onucyBatd Toi daxr, mo “koxer mobute Ipuny”. Ao
likes (sergiy, Y)
TI0JIa€ MHOXHHY THX JIIOACH, KOTpUX Nobuts Ceprii.

3minni y Prolog-riporpamax iainianizyfoTscsi y pa3i ciBCTaBJCHHs
3 KOHCTaHTaMH y (pakTax Ta npasunax. Jlo iHiuianizawii 3MilHa BINbHA;
nicis fPUCBOEHHSA Tl 3HAYCHHA BOHA CTae 38°43aHOI0. 3MiHHA 3ajM-
1IAETHCA 3B A3AHOIO TUILKY TOM Yac, IKUiH HEOOXIHUI 1N OTpHMaHHS
po3s’s3ky 3 3anuty, notiMm Prolog 3BinbHAe ii Ta lykae inuimi
PO3B’A30K.

MojHa BUKOPMCTOBYBAaTH aHOHIMHI 3MIHHI, IO iX NO3Ha4aloTh
CHMBOJIOM MiAKPCCIACHHS JUTS IrHOPYBaHHA HCTNOTPIOHHX 3HA4YCHL. AHO-
HiMHa 3MilHa MOXe OyTH BUKOPHCTaHA HA MiCLI AOBUIBHOT IHILOT 3MIH-
HOT, Ta Til HIKOJIM HC MPHCBOIOIOTL 3HaycHis. Hanpuknan, Taxi dakm:

owns( _, shoes);
eats( _)

MorAu OyTH BUKOPUCTaHI U1 CTBCPDKCHHS Ha NPUPOAHIA MOBI:
Y koxHo20 € mygni. (Everyone owns shoes).
Koxen icmb (Everyone eats).
AHOHIMHI 3MIHHI CHIBCTaBASIOTL 3 NOBUILHUMH JaHUMM.

2.1.3. ITpasuna

[IpaBuna naroTh 3MOrY BHBECTH OAMH (AKT Ha MIACTaBl IHLIMX.
Inakiue KaXy4uu, #paeuI0 — 11¢ BIITHOILCHHS, JUIS SKOI'O BIIOMO, IO BO-
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HO JOCTOBIpHE, AKILO OfHE a00 NCKINTbKa IHIIKX 3HANICHUX BiIHOILCHE
€ gocrosipuuMu. [TomaeMo npasuAaa, sKi BIANOBIOAIOTh 3B’ 43Ky “MO0OH-
" (likes):

Ipuna mobums ece, wo nrodbums Cepeil (Iryna likes everything that
Sergiy likes);

Kamepuna mo6ums ece 3eneHe (Kateryna likes everything that is
green).

3anumemo 1i peyeHHs MoBoto Prolog:

likes (iryna, Something) :- likes (sergiy, Something);
likes (kateryna, Something) :- green (Something).

Cumson “:-” mae 3MicT “aKU0” Ta TOAIIAE NpPaBUIO Ha IBI 4ac-
THHHU: 3aroJIoBOK i Tino. 3azon0eok — ue dakr, akuit OyB OH ICTHHHHUM,
AKIo 6 Oynu iCTHHHUMH AcKinbka ymoB. Tino — ue HHU3Ka yMOB, sIKi
MaloTh OyTH ICTHHHHMMH, 1100 MOkHa 6yJ0 LOBECTH, 1O 3aTOJIOBOK
npasuna Biporimuuit. OTxe, yci ui npasiiaa osnayaiors: “Llo6 no-
BECTH, 1110 IprHa JII0OUTB 10Ch, Tpeba foBecTH, 1o Ceprii mobuTs ue”

a “11{o6 aosecm mo KaTeana M00uTh OCH, TpeOa L0BECTH, MO LC
LIOCh 3eeHe”. YMOB y Tiim npaBHna MoXe GyTH AcKibka. Ix Buxoxpcm-
JIOKTh KOMOIO Yy pa3i KOH'IOHKIN Ta Kpankow 3 KOMOK Yy pasi
23’ FOHKIT,

PosrnsreMo iHLIMH npUKnaz;

Joouna modice Kynumu mawiuiy, SAKWo mawna nodobaemocs it
- (likes), saxujo mawuna npodaemocs (for sale). e BInHOLWICHIS Ha MOBI

Prolog mosxe 6yTy 3anucano Tak:
can_buy (Name, Model):-
person(Name),car(Model) likes(Name,Model),for_sale(Model).
CumMBon “,” 03Hayae KOH IOHKLIO JCKIIbKOX TBCP/DKCHDL. TBCPIKCHHA
BHpaxae Tal(i BIJTHOIICHHS!
Name moxe kynutu (can_buy) Model, skwo
Name e moguHoio (person), 13
Model € mawmHoto (car), Ta
Name nogobaetbes (likes) Model, Ta
Model npogaeTbes (for_sale).

Ile npaBunio OyAc ICTUHHKUM, SKUIO OCTOBIPHI BCI YOTHPH YMOBH Y
Tim npasuna. JJOCTOBIPHICTh YMOB Y Tili HpaBujla 1CPEBIPAIOTh 3/1iBa
Hanpaso.

2.1.4. 3anumu

[porpama Ha MoBi Prolog — unc Habip cmenudikaiiii i3 sorikn
[IPEINKATIB NEPUIOro NOPAIKY, AKI ONMUCYIOTh 00’€KTH Ta BIIHOIICHHS
MK HUMHM Y TpeaMeTHii ramy3i 3agagi. Habip cmenmdikaniil nazu-
BalOTh Gazor Oanux (database) xoHxperHoi 3anaui. Iurepnperarop
Prolog Bianosiae Ha NUTaHHS, IO CTOCYIOTBCA Habopy cnenudikaiii.
3amuty 10 Ga3u JaHuX — e WabnoHu, AKi 3aCTOCOBYIOTH Y TOMY Ca-
MOMY CHHTAaKCHCi, WO i 3anucu 6a3u gaHux. [HTepnperaTtop 06pobnse
3aIHTH, BAKOHYIOUYH TIOWYK y 6a3i gaHuX y rarbuHY 3/iBa Hampaso Ta
BHU3HAYAIOUM, YH € UCH 3aMT NOriYHUM HachigkoM crictiudikamiin 13
6a3u naHnx. '

Omxke, sanum (yinw) — uc 3acid jlodysanns iHpopmawii 3 Aoriunoi
nporpaMu. 3a JIOMOMOrO0 3alMTy BH3HAUAIOTH, YH BUKOHAHO JICAKC
BIIHOWCIS Mix 00’ ektamu. Hanpuxna:

Does Sergiy like Iryna? (4u Ceprin nobuts 1puny?).
3a npasunamu Prolog sanucycmo:

likes (sergiy, iryna).
Ockinbky € Taknid daxT, pe3ynbrar — yes(rak).
BukopucToByroun 3MiHHY, MOXXHA 3aaTH TaKe IIMTAHHS:

What does Sergiy like? (LLlo ntobutb Ceprin?)

likes (sergiy, What).

Prolog 3apxau inykae BIALIOBIAL HA 3aNNT, NOYHHAIOUH 3 1ICPLIOTO
daxry, 1a ncpebuparoun Bci GpakTv, NOKH BOlK n¢ 3akiHvarbes. Ha
3a/IaHC 3aNMTAHHSA OTPHMAEMO BLINOBLAL:

What=iryna
What=dogs
2 Solutions.
Ockinbkn Oysn sigomi Qpakru likes (bill, iryna) ta likes (bill, dogs).

KpiM npocrux 3anuriB, MOKHa 3a4aBaTH CKIAJCHI, SKI MICTATb
JCKIUILKA HACTHH, BJIOKPCMIICHHX KOMOIO Y Pa3l KOH IOHKLIT Ta Kparn-
KOIO 3 KOMOW Yy pasi Jus onknil. Hanpuknag, moxna 0yno 0 3ajarn
[UTAHHS:

likes (X, iryna), likes (X, dogs).

(Hm Takuin X, sikuit nobuTe iryna Ta dogs)
OtpumaeMo:  X=sergiy

1 Solutions.
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2.2. OcuoBHi po3aian Visual Prolog-nporpam

Ha Bimmidy Bin inmmx Bepciit, Visual Prolog — xomninsrop, sxuit
KOHTPOIIIOE TUIM: U KOXKHOTO TPCIHKaTa OroJOMYIOTh THITH 00 €K-
TiB, 5IKi BIH MOXXE BUKOPHCTOBYBATH. L{e oromomenHs TvniB nae 3Mory
nporpamaM OyTH CKOMIIUILOBAHUMH 0O€3MOCEpeIHbO Y MAIUMHHI KOIH.
SIK HacCIIOK: IUBMAKICTH BUKOHAHHS [TOPIBHAHA, 8 IEKOJIU i IepeBHIIyE
IIBUIKOCTI aHAJIOTIYHHX IIporpaM Ha MoBax C++ Ta Pascal.

Jo ronosnux posainis Visual Prolog nmporpam BigHOCATS:

po3zin clauses (peueHs);

pozzin predicates (npenukaris),

po3aun domains (oMeHiB);

po3zin goal (uineit).

Po3snin clauses — ue cepue Visual Prolog-nporpamu; came y upbomy
PO3ALTI 3a0UCYIOTh (DAKTH Ta NpaBuia, AKUMH OyII¢ ONepyBaTH Iporpa-
Ma, HaMaralouuch BHPIIUMUTH HOCTaBJEHY LiJIb.

Po3ain predicates — e ToH, y SKOMY OroJIOUIYIOTh NPCAMKATH Ta
JomenM (TUMM) ixHIX apryMeHTiB (BOynosaui y Visual Prolog npeau-
KaTH OTroJIoLlyBaTd He NoTpibHO). Jxkmo y posaim clauses 6yB omnu-
CaHui BIAaCHUH NPEAMKAT, TO HOro 060B’I3KOBO NOTPIOHO OrOJIOCHTH Y
po3lini npeauKaTiB. YHaACIiOK OTONOILCHHS MPCAWKATIB BH [OBIiAOM-
Ag€TC, N0 AKUX HOMCHIB (THIIB) HaJeKaTh apryMEHTH LBOTO Npesu-
KaTa.

Poznin domains — ciuyrye I8 OroJIONICHHA JOMEHIB  YCiX
apryMEHTIB TIPEAMKATIB, AKI BUKOPHCTOBYIOTH (CTaHIAPTHI JOMCHH
OroJIollyBaTH He NOTpiOHO). BigoMi cTaHzapTHI JOMEHH, sKi MOXHA
BHUKOPHUCTOBYBATH y pa3i JCKIapyBaHHS TUIB apryMCHTIB IPEIHKaTIB
6e3 onucy B po3aini domains.

Posgin goal — 1e posnin, y sxkoMy po3Miueno uine Visual Prolog-
nporpamMi. 3amMT NpPOrpaMd MOMKE CKIagaTucd 3i CHHCKY NiAawinci.
Sxmo Bei mignini y posxiii goal icTMHHI, TO MporpaMa 3aBeplLIyETHCA
ycmimbo. Ko X ojgHa 3 MiAuided HeycmiliHa, TO BBaXXalOTh, IO
nporpamMa 3aBepIly€ThCs XUOHO.

Tabauysa 3.1.
OCHOBHI CTaRIapTHi TOMEHH.

DomeH Onuc Ta peanisauin

short Koporke, 3HakoBe, uine. Yci mnardopmu 16 Gitis
(-32 768-32 767)

ushort Kopotke, Ge3sHakose, wine. Yci naatdhopmu 16 6itis
(0-65 535)

fong Jlosre, 3HaKoBe, uine. Yci nuardopmu 32 it
(-2 147 483 648-2 147 483 647)

ulong Josre, Gessnakose, iine. Yci nnardopmu 32 6itH
(04 294 967 295)

integer 3nakose uite. Inardopmu 16 Gitis (-32 768--32 767)
[Tnardopmu 32 Git (-2 147 483 648-2 147 483 648 )

unsigned Bessnakose uine. [nargopmu 16 6itis (0--65 535)
Inardopmn 32 6iti (04 294 967 295)

byte Yei miardopmu 8 Giris (0-55)

word Yci mnathopmu 16 6itis (0-65 535)

dword Vi mardopmu 32 6itn (0-4 294 967 295)

char CHuMBOJI, peanizoBaHHi sk Oc33HakoBHil byle

real Yucno 3 nnaBardor kpankoto (8 Oaiitis). ExBiBancHTHHI THITY
double y moBi C

string TTocnioBHICTH CHMBOIIB, peali3oBaHa AK BKa3iBHUK Ha MacHB
CHMBOJIB, AKHI{ 3aKiHYYETbCS HyJIEM

symbol [Tocsia0BRICTE CHMBOJIB, peajli3oBaHa AK BKa3iBHUK Ha BXif y
TabnuLi ineHTHpikaTopis, ska 30epirac paaKH ileHTHikaTOpIB

PosrnsueMo npocTHi DpUKIAA Tporpamu Ui JOJABAHHA Ta
MHOKEHHS IBOX YHCCIL.

Tlpuknap 2.1.

domains
product,sum = integer

predicates
add_em_up(sum,sum,sum)
multiply_em(product,product,product)

clauses
add_em_up(X,Y,Sum):-
Sum=X+Y.
multiply_em(X,Y,Product):-
Product=X*Y.

goal

add_em_up(32,54,Sum).
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PesynpraToM BHKOHaHHS Nporpamu Oye:
Sum=86
1 Solution.

Skmo y posaini goal 3agatu multiply_em (31,13, Product), Tomi
oTpumMaemo Product=403.

IMpunyctumo, o MU xouemo noasoitn 1odyrok 31 wva 17. 3agamo
0inb:

multiply_em (31,17,Sum), add_em_up (Sum,Sum,Answer).

VY pe3ynpTari OTPUMAEMO MOMWIKY NPUBCACHHA THIIIB, OCKIIbKM
pe3ynpTyr04e 3HaucHHA npeaukara multiply_em HanexHuTb A0 jOMEHA
product, a mepini Ba 3Ha9CHAA npeankara add_em_up 10 JoMeHa sum.
OTxe, AKIIO 3MIHHY Y PEYCHHI BHKOPHCTOBYIOTh OIITbILIC HIK B OJHOMY
NIPEAMKATI, BOHA MAae OYTH OJHAKOBO OTOJOLICHA Y KOXKHOMY 3 HHUX.

2.3. Yuidikauis 1a nowyK 3 II0BEPHEHHAM

Po3®’s3yroun peaibHy 3agauy, noTpiOHO NMPHTPHMYBATHCA [ICB-
HOTO HIIAXY AIst 11 J0ri4Horo 3aBepiuctis. K0 OTPUMaHHH pe3ylib-
TAT HE Ja€ IYyKaHoi BiAnosixi, BMOHpatoTk imuni wnsx. Prolog, uiy-
KAlOUM PO3B’A30K 3ajadi, BUKOPHCTOBYE MCTOJ crpod Ta NMOBCPHCHB
HazaJ; ICH METOJ HA3BAHO MOWIYKOM 3 nosepiennsm. SIKUIO0, HOUu-
HAIOUH TOMWYK po3B’si3ky 3aiauyi, Prolog mae BuOpaTh MiX aabTcpHa-
THBHUMH UUIAXAME, TO BIH CTABUTL MAPKEP Y MICLL pO3ramy)cHHs (sIke
HA3BAHO MIOUKOW nogepuenist) Ta BAOUpAE NCpUlY TALUIL I 1e-
peBipKH. SIKUIO 1A 1ij11inb He BUKOHAaeTbesl, Prolog BCpHETBCS 10 TOYKH
NOBCPHCHHS Ta CHpoOye MCPeBIpUTH 1MWy niaunib. Posrsnemo ro-
JIOBHI [IPABHUIIA MTOIIYKY 3 MOBCPHCHHAM Ha MPUKIIAJ:

Ilpuknan 2.2.
domains
name, thing = symbol
predicates
likes (name, thing)
reads (name)
is_inquisitive (name)
clauses
likes (petro, wine).
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likes (galyna, skiing).
likes (galyna, books).
likes (galyna, films).
likes (Z, books):-
reads (Z),
is_inquisitive (2).
reads (petro).
is_inquisitive (petro).
goal
likes (X, wine), likes (X, books).

IMpouiec nouryky 6yaeMo 300paxKaTi y BUMIIL UIJILOBOTO JEpeBa.
Iepen mouaTkoM JOCHDKCHHS LIILOBOTO TBEP/KCHHA JEPEBO CKIIa-
JAeThes 3 JBOX YaCTHH HEY3rofeHux mizuined (puc. 2.1). Y nacryn-
HHUX 300p@OXKCHHSAX HUIBOBOTO JICPEBA Y3TOMKEHY MiALIL NOMITHMO
HiJIKPCCNICHHAM, a BIANOBIAHE PCUCHHS — 3aMHIEMO TiJI HCIO.

SN

| s wing |

Pnc. 2.1. Llinbose aepeso mpoliccy nomyxy

Hpasuno 1.

IMimuun Maror, 6y 11 y3ro/DKEHI 3a HOPAIKOM, 3BCPXY BHH3.

Y uboMy NpMKNani iAbOBE ACPCBO 3acBifyye, Wo Maiors OyTH
y3ro/pkenl usi nignint. Prolog Bu3nauae, aky niauiae oMy BHKO-
PHCTOBYBATH Y pa3i cOpoOH CIIBCTABICHHS PCUCHHS, BUXOIsUM 13 APy~
roro OCHOBHOTO 1PABUIIA MOLIYKY 3 TIOBCPHCHIISIM.

Hpaguno 2.
[IpcankarHi pedCHHs NCPEBIPAIOTL Y TOMY HOPSAKY, B SKOMY BOUH

3’ ABASIOTLCA Y MPOTPaMi: 3BCPXY BHH3.

[Tig ywac BHkoHaHHa nporpamu miguis likes (X, wine) sinnosinae
(akty likes (petro, wine), Ta X 38’s13yeThes 31 3nauennsm petro (puc. 2.2).



44 B. M. Tpywescoruii “Moau npozpamysanmua Ons wmyurozo inmenexmy”

L likes (x, wine) likes (x, books)

likes (petro, wine)

Puc. 2.2. IlinboBe nepeso 2

3BEpHEHHA 10 APYroi MigIiIl MOYMHAE HOBHI TNOMIYK 3 YMOBOIO
X=petro. Ilowryk npoaoBxyeTbcs a0 peuyeHHs likes(Z,books):-
reads(Z),is_inquisitive(Z). Yuacnigok yrighikayii apryMeHTiB 3MiHHa Z
HaOyBae 3HadeHHs petro. Temep MiANIIB BiAMOBima€ AiBiA wacTHHI
(3aronoBok npasuna). [1pogoBKCHHS MOUIYKY BHU3HAYCHO TPCTIM (yH-
JAMEHTAIbHHM TPABUIIOM MOIUYKY 3 TOBEPHCHHSM.

IIpaguno 3.

Kony niguine BignmoBijae 3aroioBKy IpaBiiaa, HCOOXIIHO y3romu-
TH TU10 LbOTO TPaBUIA: TIIO NPaBWJia YTBOPIOE HOBY MHOXHHY M-
TeW U1 y3TOIKCHHA. ‘

HinsoBe nepeso HaOyze BUrnaay, 300paxcHoro na puc. 2.3.

likes (x, wine) likes (x, books)
likes ‘(petro, wine) likes (z, books)
reads (z) is_inquisitive (z, books)

Puc. 2.3. LinsoBe nepeso 3

Ocunosu Mo PROLOG 45

Tenep HeoOxigHO BupimuTH 1B migoini reads (Z) Ta
is_inquisitive(Z). OcTaHHe pe3ynpTyrOUYe LiIbOBE AEPEBO 300paKeHO Ha
puc. 2.4.

likes (x, wine) likes (x, books)

likes (petro, wine) likes (z, books)

‘ reads (z) | ' is_inquisitive (z, books)

reads (petro) is_inquisitive (petro)
Puc. 2.4. Hinsose xepeso 4

IIpasuno 4.

LlinboBE TBCPIOKCHHSA BBAXKAIOTE Y3I0JUKCHHM, SKIIO BIANOBIXHHH
(akT 3HaHACHO U1 KOXHOI'O JIACTA IINLOBOrO JICPCBA.

Pe3ynbraToM BHKOHAHHA TIpOTpaMH cTane X= petro.

Bukonytoun niauine, Prolog nouynnae nouryk 3 nepuioro pcucHHs,
BU3HA4ao4oro npejguxar. Pesynstatom Moxe 6yTH OJMH 3 JBOX BH-
MaKIiB: '

1. Prolog 3uaxoauTh BUINOBIAHE PCUCHHA, TOMI:

SKIIO € IHIIE PCUYCHHS, SIKC, MOXJIMBO, 3MOXC UIC Y3rOAUTH IiJ-
1isnb, Prolog BUcTaBise BKa3iBHUK (100 BiAMITHTH TOUKY NMOBECPHCHHA)
Ta 3B’A3y€ BCl BUIBHI 3MIHHI Y NiAUiUn (AKi BIAMOBIAAIOTh 3HAYCHHIM Y
peucHHi) 3 Bi/INOBIAHHMH 3HAYCHHAMM,

SKUIO PEYEHHS € 3aTOI0BKOM TIpaBuia, TO/i ONIHIOKTL TUI0 UHOTO
npasuna. [Tixnun B Tini npasuna Maiorh OyTH 3a10BIILHEH] UIsL yeniil-
HOTO 3aBCPUICHHS 3BCPHCHHS.
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2. Prolog He Moxe 3HaiiTh BinmosinHe pedeHHA. Llinbose TBEpa-
KEHHH HE Y3roKyeTbes, Ta Prolog BUKOHye HONIYK 3 IOBEPHEHHAM Y
cnipo0bi 3HOBY Y3rOAMTH IomepejHio mianink. Koaun mpouec jpocsrae
OCTaHHBOI TOYKH TOBEPHEHHS, Prolog 3BiibHsE BCi 3MIHHI, AKHM OyIM
TPUCBOEHI HOBI 3HaYCHHA (TiC/IA TOrO, K Oyia [1OCTaBIEHA TOYKaA IMO-
BCPHCHH), 1 3HOBY HAMAra€ThCA Y3rOAUTH BUXiJIHC 3BCPHEHHSL.

Prolog nouwnae nowryk 3 nepuioro psaka nporpamu. Koau BiH no-
BEPTAETbCA IO 3BCPHEHHS, HOBUI MPOLEC MOLWYKY NOYHHAETLCA 3 TOY-
KH NOBEPHEHHY, 0 Oyna BCTAHOBIICHA OCTaHHBOW. SKiO nowyk 6¢3-
YCIIIHWE, TO 3HOBY [OYMHAETBCA MOMYK 3 nosepHeHusaM. Koan npo-
11eC IOIYKY BUUCPIIaB YCi PCUCHHS /18 BCIX NIJLIICH, TOM UC O3HaYaE,
110 HUTLOBE TBEPIKCHHS 3alHILAETHCA HCY3TOIKCHHM.

2.4. KepyBaHHA IIOLIYKOM pillleHb

BOynoBanuii McXaHi3M MOLIYKY 3 NMOBCPHCHHAM MOXC IPHBCCTH
J0 MONIYKY HenoTpiGHMX pilucHb. [HKOAH MOXE BHHHUKHYTH motpcba
NPOJOBXKYBATH MOLIYK MOJATKOBHX PIIUCHb, HABITL SKUIO UIJILOBC
TBCPIDKCHHS Bike y3rokene. Prolog 3abesncuye asa incTpyMcHTaNIBHI
3acobu, Kl Nal0Th 3MOTY KCPYBATH MCXaHI3MOM TOIIYKY 3 NOBCPHCH-
HaM: npeaukat fail, skuil BUKOPHCTOBYIOTHL IS 1HiLiani3auii noyky 3
MOBEPHCHHAM, Ta cut, a0 BiacikaHHs (T103HadeHo !) — uig 3a00poHM
MO3KJIMBOCTI HOBEPHCHHSL.

Prolog mnouuHae mouryk 3 MOBCPHCHHAM, KOJIM BHKJIHK 3aKil-
4yeThCsi HeBAaucko. Y JeAKMX BHIAAkax Oysae HCOOXIIHO 1HIIIIOBATH
BUKOHAHHS TOIIYKY 3 MOBEPHCHHAM, 1100 3HAlWTH inuic piucHns. Jns
OBOTo € CrieuianbHui npenukar fail, siknif 3aBXAM 3aKiHIYETLC HeBA-
4ctO Ta iHILiOE MOBCPHCHHS. PosriissHeMo Takuii npukias.

Ipuknag 2.3.
domains
name = symbol
predicates
father (name, name)

everybody
clauses

father (leonid, kateryna).
father (mykola, olena).
father (mykola, maryna).
everybody:-
father (X, Y),
write (X," is ",Y,"s father\n"),
fail.
goal
everybody.
Peaynestatom nporpamu Gypae:
leonid is kateryna father
mykola is olena father
mykola is marilyn’s father.

Ipcaukar everybody BUKOPHCTOBYE MOLIYK 3 NOBEPHCHHAM, 1100
oTpuMaTH Bei po3s’s3ku s father (X, Y), 3acrasnstoun Prolog Buko-
HATH NOLIYK 3 1IOBCPHCHHSAM Kpi3b TiNo npasmuia everybody. B pasi no-
UIyKy 3 HOBCPHCHHAM Bi0YBa€cTLCA NMOBEPHCHHS 10 OCTAHHLOTO 3BCp-
HCHHA, IKC MOXC NMPU3BCCTH /IO MHOXHHHOTO pilicHHs. Take 3BCpHCH-
Hsl Ha3MBaIOThb nedemepminosanum. HenerepMiHOBane 3BCPHCHHA €
OPOTHICKHNM 10 OemepMilioeano2o, pesynbTaroM aKoro Moxc OyTu
auuic oaHe piuicHHA. [Ipeankar write BUAPYKOBYE CBOI apryMcHTH Ha
CKpaH Td HC MOXC 3alpoNoOHYBaTH HOBUX piwcHb, ToMy Prolog mae
3pOOMTH MOBEPHEHHS 1ajl, IO NMEepLIOl MIAiNl y TipaB1ili.

Prolog BUKOPHCTOBYE MOMIUBICTD gidcikanma, skc Heobxigne ans
NCPCPUBAHHS MOLIYKY 3 MOBCPHCHHAM; BIJACIKAHHS MO3HAUCHO 3HAKOM
oxJiky (!). Ucpes BiacikaHHs HCMOXUIIHBO 3J(IACHUTH NoBepHCHHS (N0~
LYK 3 ITIOBCPHCHUSAM).

Bifomi aBa ronoBHi BUIAIKH 3aCTOCY BAHHS BiJCiKaHH3.

|. Skuio 3a3pancrigb BiIOMO, LIO BU3HAYCHI NIOCKIAHHY HIKOJM HC
NPHBCHYTh JO 3MICTOBHOIO pillICHHS, HCOOXILHO 3acTOoCyBaTH Bijci-
kanHs. [Iporpama cranc mBHALIOW Ta KOHOMHILIOW. Takui npuiiom
HA3BAHO 3€ACHUM BIOCIKANIAM.

2. Slxwmo Biacikanus notrpeOye cama JIOriKa NpPorpamHu s BHK-
MOYCHHA 13 O3Sy anbTCPHATHBHHUX NMIALLUICH, TO — uepsone sidci-
Kanns.
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2.4.1. Buxopucmanua giocixans

PosrasHeMo nesiki mpuKnaan BUKOPUCTAHHA BiJICIKaHb.
1. 3ano6iraHHs Mowmyky 3 MOBEPHEHHAM A0 MONEPEIHbOI I Y
IIpaBHUJIL:
ri:-ab,l c.

- Takuil 3anuc nae 3mory noeizomuty Prolog npo te, mo Bac 3aj10-
BOJIBHUTH TI€pIIC pHIICHHSA, 3HalieHe ANA migmined a ta b. Maiouu
3MOTY 3HalTH MHOMMHHI piILIEHHS HiJl 4aC 3BEPHEHH JIO C NUIAXOM I10-
IIyKy 3 noBepHeHHsiM, Prolog y uboMy pasi e moxe 3pobutH 1osep-
HEHHSA 4yepe3 BIACIKAHHS Ta 3HAATW aJbTCPHATHBHC PIlICHHS IS 3BEp-
HEHb a 1 b. Bid Takox He MOXXE NMOBEPHYTHCS JIO IHILOTO PEUCHHS, SAKE
BU3HAYA€ NpeUKar ri.

2. 3ano6iraHHs MOIIYKY 3 MOBCPHCHHSM JI0 HACTYITHOI'O PCUYCHHSL.

Biacikanus Moxe OyTH BHUKOPUCTAHO, fAK CHOCIO MOBIJOMHTH
Prolog, wo BiH BHOpaB NMpaBWIbHC PCUCHHS JUIS BU3HAUCHOrO NIPCIH-
kara. Hanpukian, po3riasHeMo takuil GpparMent:

r(1) -1, a, b, c.
ri2) -1, d.
r(3):-1,c.

r(_) :- write (“This is catchall clause.”).

BukopucTauus BiicikaHHA pOOHMTH NpPEAMKAaT I ACTCPMiHOBAHHM.
[Tpunycrumo, mo Bindynocs 3sepucHHa r(1). Prolog nepernsinae npor-
paMy B TOLIYKY BIOIOBIIHOCTI IS 3BCPHCHEHS, BiH 3HaxomuTh ii 3
NEPIIAM peYeHH:AM, ke BH3Hauae r. OckinbkM € Oinblllc HDX OXHC
MOXIIUBE PIlICHHA 1A 3BepHEHHS, Prolog CTaBuTh TOUKY NOBCPHEHHS
0115 LpOro peveHHA. Y Tini npaBuna BiACIKAHHS BiAMIHS€ TOYKH TO-
LIYKY 3 TIOBEPHEHHAM, NiABHLIYIOUH cCKTHBHICTb BUKOHAHHSA NPOTpa-
MH, @ TAKOX TapaHTy€, IO OCTAHHE PCYCHHS OyNC BHKOHAHO JIHMIIC Y
TOMY pa3si, KOJH Hi OJHa 3 YMOB HC BIAMOBIJATHMC 3BCPHCHHIO JIO T.
Konctpykuisa Ttakoro tHnmy momibxa 10 KOHCTpykuii case B IHLIHMX
MOBax [pOrpaMyBaHH.

2.4.2. IIpeduxam not

Ipuknax cBiguuTh, K MOXHA BHKOPUCTATH NpPCAMKAT NOt 1as
TOrO, MO0 BHABHTH YCIMILIHOTO CTYICHTA: CTY/ICHTA, B KOO CEPEAHIN

6an (GPA) e meHme 3,5 i B SKOTr0 y HEH 4ac HE MPOJOBKEHO BHIIPO-
OyBanbHHI TEPMIH.
Ilpuxnan 2.4.
domains
name = symbol
gpa =real
predicates
honor_student (name)
student (name, gpa)
probation (name)
clauses
honor_student (Name):-
student (Name, GPA), GPA>=3.5, not (probation(Name)).
student ("Betty Blue", 3.5).
student ("David Smith", 2.0).
student("John Johnson", 3.7).
probation ("Betty Blue").
probation ("David Smith").
goal
honor_student (X).

Pesynbrar nporpamu: X=John Johnson.

BukopucToByrouH npeaukT Not, HeOOXiHO aM’ ATaTH:

npeaukatr not Oyac ycmimHMM, SIKIIO HE MOXC OyTH NOBCACHA
ICTHHHICTb AL

V pasi BUKIHMKY not 3 BUILHMMH 3MiHHUMU, Prolog noBcpHe nosi-
JomilcHHs npo nomuaky: “Free variable are not alliwed in not” (Bisbui
3MIHHI B not 3a00poHeHi).

2.5. Pekypcis

Pekypcisn — nobpe sijiomuii cnocib 11 O1MCy 3azau, AKi MiCTATh y
cobi nigzazauy rakoro camoro tury. Hanpuknan, nowyk y aepesi (se-
PeBO CKNAJAaeTLCA 3 APIOHILINX JCPEB) Ta PCKYPCHBHE COPTYBaHHS (175
COPTYBAHHS CIHCKY, HOTO MOJUICHO H& YacTHHH, fKi COpTYyIOTh Ta
00’ eaHy10Th pazoM).
 Pexypcusna npoyedypa — ue npoueaypa, 1o BUKIHKAE cama ceoe.
Y pekypcuBHiii nporueaypi HeMae npobneM i3 3anam’ATOBYBaHHAM pe-
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3YJbTaTIB il BUKOHAHHA, TOMY IO NOBUIbHI O0YMCICHI 3HAYEHHS MOYKHA
NepefaBaTH 3 OJHOTO BUKIIHKY B IHITHH SIK apTYMCHTH NpeanKara, sKuii
BHKJIMKAIOTh. PO3IIAHEMO NpHKIa/] peKypCHBHOI NpOrpaMu 11 3aadi
o0uncneHHs QakTopially 3aaHOTO YMCHa.
ITpuxnax 2.5.
predicates
factorial (unsigned, real)
clauses
factorial (1, 1):-!.
factorial (X, FactX):-
Y=X-1,
factorial (Y, FactY),
FactX = X*FactY.
goal
X=3,
factorial (X, FactX).
BukonaHHS nporpaMu BinOyBaeThCs MOCTAITHO:

Hpamua xio

Ieprunii kxpok — ue BukMK factorial (3, FactX). Y nporpami cnpa-
UbOBYE Apyruil npeaukat: X=3, FactX yuidikyerbes 3 FactX, Y=2.

Hani BinOyBaeTbecs pekypcuBHUl BHkamk factorial(2,FactY). Cnpa-
UbOBYC 3HOBY JApPYrHil MpEIHKAT, Y UBOMY pa3l BCI apryMeHTH i Npo-
MIXKKOBI 3MIHHI Komilolothes y crek: X1=2, FactY yuidikyernes 3
FactX, Y1=1 (X1, Y1 — HoBi KOmii 3MIHHMX ).

Ocraunim BukyukoMm crade factorial (1, FactY1) (FactY1 — nosa
Komist 3MiHHOT). [licng LBOro BUKIMKY CHpAIBbOBYE [ICPIIMH MPCAUKAT,
FactY1 yHidikyerbes 3 1 Ta BINCIKAFOTHCA NOBCPHCITHA,

3sopommnuii xio

Facty=X1* FactY1=2*1.
FactX= X*FactY=3"2*1.

HenonikoM pekypceii € BTpatd nam’siti, OCKUJIbKM Y pa3i KOXHOIro
BHKJINKY KOMIIOIOTHCS 3MIHHI y CTCK. Po3risiHEMO cncuiajibHHi BU-
NajoK, KOJIH NpoLeypa MOXe BUKITHKATH cebe 6e3 30epexenHs indop-
Mauii npo cBiii cran. [IpunycTumo, 10 Ha OCTAHHLOMY KpOLi BHKO-
HaHHA mpoucaypa B Bukinkae cama ccOe. Konn B Buknukae B, crek
s B, ska BHKNIMKaE, Mac OYTH 3aMIHCHUA CTCKOM IIJisi BUKIIMKaHOI B.
VY wuiil onepauii apryMeHtaM NpPHCBOIOIOTBCS HOBI 3HAYCHHA 1 Aami
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BHKOHAHHS NPOLICCY NMOBEPTAETLCS 0 MOYATKy npouexypu B. o one-
paiiio Ha3BaHO onmumizayicio xeocmosoi pekypcii (tail recursion
optimization), aGo onTuMizauicl0 OcTaHHHOTO BUKIMKY (last-call
optimization).

Jns Toro, mo6 3a4aTé XBOCTOBY PEKYpPCil0 MaioTh OyTH BHKOHAHI
YMOBH:

¢ BUKJIHK € OCTAHHBOIO MIAUUTIKO PEUCHHSL.
e Paniuie y pcucHni He OyJ10 TOHOK IOBEPHEHHS.

[MonaeMo npuknaj, ikuid 3aJI0BibHAE 000M YMOBAM.
Mpuknag 2.6.

predicates
count (ulong)
clauses
count (N):-
write ('\r', N),
NewN = N+1,
count (NewN).
goal
nl,
count (0).

[penuxar count(0) apykyBaTuMme Ll yHcia, mounHaroun 3 0, Ta
3yNHHUTLCA, KOJIM BiIOYAEThCA NEPENOBHCHHA THMY AaHUX. 3anac
IaM’ATi 3aIHIIAETHCA HC3MIHHHM.

PosrnsHcMO TpH TIOMMITKOBI CNOCOOH OPraHi3yBaHHs XBOCTOBOI
peKypcii.

1. Slknio peKypcHBHHI BHKJIHK HE OCTaHHii KoK, TOAI ipoucaypa
He Oyne xBocToBolo pekypeicto. Hanpuknan:

badcount1 (X):-
write ('\r', X),
NewX = X+1,
badcount1 (NewX),
nl.

Koxen pas, xonu badcount1 suxaukae cama cche, cTek Mae OyTH
30epCKCHUI JUTs TOrO, 100 00polCHHA MOXHA OYyJIO NOBEPHYTH JI0
TPOLEAYPH, IO BUKIHKAE Ta MAE BUKOHYBATHCH 10 Nl.

2. Inummit cnoci® 3poOuTH XBOCTOBY PCKYPCil0 HC ONTHMI30BaHOIO
— 3QNUIUMTH MOXIIMBY aJIGTCPHATHBY HCIICPCBIPCHOI) JIO MOMEHTY BH-
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KOHaHHA PEKypCHBHOrO BHKIMKY. Toli crek Mae Oyt 30epexeHHH,
OCKUIBKM Y BHIIAJIKy HEBAAJIOrO 3aBCPIICHHS PEKYPCHBHOIO BHKIIMKY,
IIpouenypa, sKa BUKIHKAE, MOXKE MOBEPHYTHUCH Ta HOYATH NCPEBIPATH
110 anpTepHaTHBY. Hanpuknaz:
badcount2 (X):-
write ('\r', X),
NewX = X+1,
badcount2 (NewX).
badcount2 (X):-
X<,
write ("X is negative").
Y upomy BUIazaKy nepiue pedycHus badcount2 suxinkae ce6e, xonu
JApyre pedeHHs 11e He BUKOHAHO.
Jnsa onTUMI30BaHOI XBOCTOBOI PEKYpCIl IICPCMICTHMO NEPEBIPKY 3
JIpYroro peueHHs B NEPLIC Ta 3aCTOCYEMO ONCPaTOP BIACIKAHHA:
cutcount? (X):-
X>=0,!,
write (\r', X),
NewX =X+ 1,
cutcount2 (NewX).
cutcount2(_):-
write ("X is negative").
Y Bumaaky, xonu X>=0, gpyrc peucHHs HC Ma€ BHKOHYBATHCD,
ToMy OyB 3aCTOCOBaHHIi ONICPATOP BiACIKAHHS.
3. Jls Tpaty ontumizauii XBocToBo1 pekypceii He 0008’ 13K0BO Ma-
TH HCICPEBIPEHY aIbTCPHATHBY K OKPCME PCUCHHS PCKYPCUBHOIL MPO-
neaypu. HenepeBipena anpTepHaTHBa MOXC OyTH 1 B AOBUILHOMY
NpeUKaTi, SKHH BUKIIHKaeTbes. Hanpuknan:
. badcount3 (X):-
write ('\r',X),
NewX = X+1,
check (NewX),
badcount3 (NewX).
check (2):-
Z>=0.
check (Z):-
Z<0.
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Mpunycrumo, mo X — nogatHa BenuynHa. Komu badcount3 BHk-
nukae cebe, mepire pedcHHs check mocsrae wini, a JApyre pedeHHs
check e He nepesipeno. Tomy badcount3 mae 36epertH komiro CBOro
CTEKOBOro (pefimMy, mob MaTH 3MOTy IOBEPHYTHCA Ta MOYaTH IEpe-
BIpATH Ipyre pcdeHHs check y BHNajKy, SKIIO PEKYPCHBHHH BHKIHK
3aBCPUIMTBHCS HEBAAJIO.

[Tiznpasuru badcount3 MoxHa Tak:

cutcount3 (X):-
write ('\r', X),
NewX = X+1,
check (NewX),
|
cutcount3 (NewX).

VY UubOMy BHNAAKY ONCPATOP BiACIKAHHA BIAMIHAE BCI anbTCpia-
THBHI pimeHHs s check, a dpeiim creka He noTpibeH, pekypcHBHMi
BUKJIMK MO’KE BUILHO HTH JiaJli.

Tlpuknaau badcount2 rta badcount3 rcHepyroTh TOYKH DOBCP-
HeHHs. JIns iXHBOI ONMTHMI3anii MOXHA 3aCTOCYBAaTH OfEpaTop BIICI-
KaHHA (3K 6yno nokasaHo Buuie). Y NepiioMy NpHKIANL BiICIKaHHS HE
JIOTIOMOME, OCKIIbKH CTBOPEHHS KONiil ¢peiiMiB CTeKka HE IOB’43aHO 3
HCIICPCBIPCHUMH  IbTepHATHBAMH. CIUHUA cnoci6 yJOCKOHANMTH
badcount1 — 1i¢ 3pOOHTH OGUMCIICHHS TAKUM YHHOM, W06 pEKYPCHBHHI
BUKJIMK BiiOyBaBcs B KiHLI pEYECHHS.

2.6. CTpyKTYypH AaHMX

2.6.1. Cxnadeni 06’exmu oanux

Cknaodeni 06’ckmu 0anux KAOTH 3MOCY IHTCPIPCTYBATH JCAKI
yacTHHM indopMauii K €IMHC Uie Tak, o6 norim ix OyJI0 JCrKo
posainuTy 3HoBy. BisbMemo, nanpuknan, naty “morui 14, 2005”. Bo-
Ha CKJIAJICHA 3 TPHOX 4YacTHH iHGOpMaLii — MicaLs, JACHB Ta pik. MoxHa
OrOJIOCHTH HOMCH, IKMId MICTUTB CKIazcHUH 06’ ekt datc:

domains
date_cmp = date (string, unsigned, unsigned),
a Jlai 3arncaTu:
D = date (“february”, 14,2005).
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Lle 00’exT maHuX, AKHil MOXHA 0OPOOIATH pa3oM 3 CHMBOJIAMM Ta
yuciaaMu. Bin mouuHaeTbed 3 iMeHi, O HAa3BaHO (QYHKTOPOM (TyT
date), 3a AKMM CIILTYIOTh TPH aPTYMEHTH.

AprymenTtn cknazieHoro 06’ekTa MOXYTh cami OyTH CKIaJeHHMH
06’extamu. Hanpuknazn, MoxHa pO3IIsIHYTH [€Hb HApOIPKEHHS SK iH-
¢opMaliio 3 TAKO CTPYKTYPOIO:

/\

person date
“Stepan”  “Pelyh” “Apr” 14 1985

Puc. 2.5. tepepononi6Ha cTpyKTypa 1aTH HAPOKEHHA

Ha moBi Prolog ne Burisgae tak:
birthday (person (“Stepan”, “Pelyh”), date (“‘Apr”, 14, 1985))

Y cknagenoro 06’exra birthday B npukiani € asi yacTHHU: 00 €KT
person (“Stepan”,“Pelyh”) Ta 00’ext date (“Apr”,14,1985). ®yukropamu
UL nux o6’ exrisB OyayTh person ta date.

Cknanenuit o6’exr Moxe OytH yHidikoBanmii 31 3MiHHO0 abo 3
CKIAZEHUM 00’€KTOM (SKHH, MOXINBO, MICTHTH 3MiHHI SIK YaCTHHH Yy
BHYTpILIHIA cTpyKTypi). Hanpuknan:

date (“Apr”, 14, 1985)
3icTaBnseTses 3 X Ta NpHCBOOE X ¢ 3HAYESHHS.

Taxox date (“Apr”,14,1985) sicraBaserscs 3 date (Mo,Da,Yr) ta
npucsooe 3MiHHEM Mo = “April’, Da = 14 ta Yr = 1985. Prolog
3nificHioe yHipikauio y nsox Bunaakax. [To-mepme, Komu wimb 3ic-
TaBJIAETHCH 3 3aroIOBKOM pedenHs. [lo-apyre, depes 3HaK piBHOCTI (=),

AKWi € ingikcnum npeduxamom. IHla nporpama nepesipse, uu 36i-

raioThCs Hpi3BHINA ABOX JIIOACH Ta Ja€ APYriil MIOAWHI Taky camy aji-
pecy, [K 1 B nepuioi.

puxnang 2.7.
domains
person = person(name,address)
name = name(first,last)

address = addr(street,city,state)

street = street(number,street_name)
city,state,street_name = string
first,last = string
number = integer
goal

P1 = person{name("jim","mos"),
addr(street(5,"1st st"),"igo","CA")),
P1 = person(name(_,"mos"),Address),
P2 = person{name("jane","mos"),Address),
write("P1=",P1),nl,
write("P2=",P2),nl.
Baxn1Boro 0coOIMBICTIO CKageHHX 00’€KTIB € T¢, IO BOHW JIAi0Th
MOXKTHBICTh JICTKO NIEpeaBaTy IPYHH BENMYUH AK OIUH APTYMCHT.
V nporpami MOXyTb OyTH BH3HaUCHI CKJajcHI Jomeud. Haseaemo
3arajibHHi CHHTAKCHC 1XHBLOTO OIINCY:
domain = alternative1(D, D, ...);
alternative2(D, D, ...);

Tyr alternative1 ta alternative2 — nonyctumi (anc pizui) Gynkropu.
ANBTCpHATHBH PO3AINCHO Kpankor 3 komomw. 3anuc (D, D, ...) — ue
CITUCOK IMCH JIOMEHIB, sIKI OTOJIOLICH] Iech Y MporpaMi abo € craugapt-
HHMH THIIAMH JIOMCRIB.

[{le opuu npuKna BUKOPUCTAHHSA CKNAAEHOrO JJOMEHA, 1¢ PCUCHHS
your_age (Baw Bik) OTPUMMYE apryMeHT TUIy age (BIK), AKMH MOXe
MaTH THiI string, real, abo integer.

Mpuxnan 2.8.
domains
age = i(integer); r(real); s(string)
predicates
your_age(age)
clauses

your_age(i(Age)) - write(Age).

your_age(r(Age)) :- write(Age).

your_age(s(Age)) :- write(Age).
Prolog He gonyckae HacTynHUA ONuc QOMeHY:

domains
age = integer,; real; string % 3abopoHeHo
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Jl03BONEHO KOHCTPYIOBATH CKIANICHI JOMEHH HA JEKIIbKOX PIBHAX:
domains
articles = book(title, author);... % [epwnit piseHs
author = author(first_name, last_name)% [pyrvii pisexb
title, first_name, last_name = symbo! % TpeTiii piBeHb

Ha puc. 2.6 naBeneHo fepeso 6araTopiBHEBOTO CKIIALCHOTO 06’ €KTa.

book
title author
first_name last_name

Puc. 2.6. lepeBo HGaraTopiBHeBOTO CKTaZeHOro 06’ ekTa

Jexnapallis 1OMeHy BH3HA4Yae TibKH OMTMH PIBEHb ACPCBA, a HE
Bce aepeo. Hanpuknax, book me moxe OyTH ommcauuii TakuM pe-
YEHHAM:
domains
book = book (title, author (first_name, last_name)) % HesipHo

2.6.2. Jepesa

JepeBa BIIHOCATE IO peKypcuenux cmpyxniyp nanux. Y Prolog

IEPEBO MOXKHA BUIHAYATH TaK:
domains
treetype = tree (string, treetype, treetype); empty

s nexnmapauis CBLAYHTB MPO Te, IO AEPEBO MOXKHA 3aMHUCYBATH K
¢dbyHKTOp tree, apryMeHTaMH AKOTO € PALOK Ta /IRA HUMI fepesa, a0o Ak
¢ynkTOp empty, skHii BU3HAa4yae NMOPOXHE AepeBO. SKIIO CTPYKTypy
ormicaTu 6e3 QyHkTOpa empty, IEPEBO MOMMPIOBATUMETHCA O Oe3MEeK-
HocTi Ta He 6ye cr1oco0y 3aKiHYUTH PEKYPCITo.

Ha puc. 2.7 HaBeieHO pUKIaR OJHOTO 3 AEPEB.

Puc. 2.7. YacTuHa XpoHOIOTIYROTO AcpeBa

V Prolog-nporpaMi Li¢ AEpEBO MOXHa ONHCATH TaK:
tree (“Inna

tree (“Petro
tree (“Natalja”, empty, empty),
tree (“lvan”, empty, empty)),

tree (“Olena”,
tree (“Viktor”, empty, empty),
tree (“Andriy”, empty, empty))).

2.6.3. 06xi0 depesa

Onniero 3 HalHBaOXIMBILIMX ONepaiid 3 AEpeBOM € BiJBIAYBaHHA
BCIX BY3J1iB Ta 06pOOICHHS iX MEBHUM YMHOM a0 momyx ACHKOro 3na-
ueHHs, abo 301p ycix 3madenb. Lli npoueaypu BinoMi sik 00Xia Acpesa.
OCHOBHUI1 aNropHTM Jij18 ILOTO TaKHii:

V pasi, K110 JEPCBO IOPOXKHE, HC BUKOHYBATH JKOIHHX M.

SIkmo He MOpOXHE OOPOOHTH MOTOYHC 3HAYEHHS, 1alli NICPCHTH Ha
JiBe T/-IEpPeBO, MOTIM NEPEHTH Ha NPABC NiLAEPCBO.

Sk 1 came JepeBo, ANTOPHTM € PCKYPCUBHHM, HOTO 3amMCyIOTh
JBOMA PCUCHHAMH:

traverse (empty). -

traverse (tree (X, Y, Z)) :-
do_something_with_X,
traverse (Y),
traverse (Z).

Leit anroput™ BimOMHE sK 00Xif Hepesa y NpsMOMY MOPSIKY
(3Bepxy BHU3, preorder). llInax obxony nepesa 300paxeHo Ha puc. 2.8.

% HiMOro He pobutn
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r”/ /” 4”’
R 7

Puc. 2.8. O6xin aepesa BrimHOUHy

PosrnsgHeMo nporpamy, sika Ja€ 3MOrY HEperfasHyTH Ta HaJpyKy-
BaTH BCI BY3JIH AEPCBa.
Ipuknan 2.9.
domains
treetype = tree (string, treetype, treetype); empty ()
predicates
traverse (treetype)
clauses
traverse (empty).
traverse (tree (Name, Left, Right)):-
write (Name, \n"),
traverse (Left),
traverse (Right).
goal »
traverse (tree ("Inna"),
tree ("Petro"),
tree ("Natalja”, empty, empty),
tree ("lvan”, empty, empty)),
tree ("Olena",
tree ("Viktor", empty, empty),
tree ("Andriy", empty, empty)))).
HepeBo nporpaMa po3apyKye Tak:
Inna
Petro
Natalja
lvan
Olena
Viktor
Andriy.

2.6.4. Cmeopennn oepesa

Onue 31 HUIAXIB CTBOPEHHA JAEpeBa — Lie¢ BKIIALCHA CTPYKTypa 3
QyHKTOpIB Ta apryMmecHTiB, Ak Le O6yj0 OMHCaHO Y MOMEPEAHBOMY
npuKIagi. 3arajioM AEpeBO CTBOPIOIOTH ULISXOM obuuciaens. Ha kox-
HOMY KpOLi [IOPOKHE HiJUIEPEBO 3aMiHAIOTh HEIOPOXKHIM y IPOLCCi
yHiikami.

CTBOpeHH: IepeBa 3 OJHOTO By3/a MOXHA 3aJ1aTH TaK:

create_tree (N, tree (N, empty, empty)).

e MoxHa posrnyMauuty ak: “Sxwo N nose nauux, roai tree (N,
empty, empty) — ie AepeBo 3 OAHOrO BY37a, L0 MicTHTb Aani N”.

Ji1s noOy0BH CTPYKTYpH AepeBa HaM TIOTPIOHI MpoUEaypH, AKi
OymyTh nomaBaTH HOBME By3on sk JiBe abo mpasc mimmepcso. Hac-
TyNHiH npoueaypi noTpiOHI TpH nepeBa sk apryMcHTH. BoHa Berabnse
nepiie AepeBO AK JIBE NIIIEPEBO y IAPYTC, Ta PE3yibTaT MPUCBOKE
TPETHOMY JIEPCBY:

insert_left (X, tree (A, _,B), tree (A, X, B)).

VYV upoMmy pcucHHi Hemae Tina. Bee, B womy nossirae cyrtb, aii
KOMII'I0Tepa — L€ 3’ €AHATH apryMEHTH OJHI 3 IHOIMMH Y NpaBUJIbHOMY
nopsanky. ll{o6 nogath npase nigaepeBo, MOXEMO CKOPUCTATUCS TAKUM
PEUCHHAM:

insert_right(X, tree(A, B, _), tree(A, B, X)).

[IpumycTuMo, Mi xoueMo BcTaBUTH tree (“Petro”, empty, empty) sik
nise migaepeso juis tree (“Inna”, empty, empty). ILlo6 uc 3po6utn, not-
piOHO BHKOHATH 111IbOBE TBCPIKCHHS:

insert_left (tree (“Petro”, empty, empty),
tree (“Inna”, empty, empty),
T).

Toxt T wabyne 3naueuns: tree(“Inna”, tree(“Petro”, empty, empty),
empty).

B iHmoMy NpUKIa/i NoKa3aHo CTBOPEHIA ICPEBA, 300paKCHOI0 Ha
puc. 2.7.

Ipuxnax 2.10.
domains
treetype = tree (string, treetype, treetype) ; empty ()
predicates
create_tree (string, treetype)
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insert_left (treetype, treetype, treetype)

insert_right (treetype, treetype, treetype)
run
clauses

create_tree (A, tree (A, empty, empty)).

insert_left (X, tree(A,_,B), tree(A, X, B)).

insert_right (X, tree (A, B,_), tree (A, B, X)).

run;-

/*Cno4atky CTBOPIOEMO Aekinbka ogHOBY3NoBux Aepes*/
create_tree ("Natalja”, Nt),
create_tree ("lvan”, Iv),
create_tree ("Petro”, Pt),
create_tree ("Viktor", Vk),
create_tree ("Andriy", An),
create_tree ("Olena”, Ol),
create_tree ("Inna", In),

[* noTim ix 3'egHyemo */
insert_left (Nt, Pt, Pt2),
insert_right (lv, Pt2, Pt3),
insert_left (Vk, Ol, 0I2),
insert_right (An, OI2, OI3),
insert_left (Pt3, In, In2),
insert_right (OI3, In2, In3),

/* BuapykoByemo pesynbrar */
write (In3, \n'). '

goal

run.

V Prolog Hemae MOXJIMBOCTI 3MIHHTH 3HA4CHHA 3MIHHOI MiCIIA
TOro, K NPHCBOEHHA BijIOyiocs. ToMy B mporpaMi BUKOPHCTOBYIOTH
Oararo 3miHHMX. Koxken pa3, Koy DOTPiOHO OTPUMATH HOBE 3HAUYCHHS,
HcOOXigHa HOBa 3MiHHA. AJie 3BUMHO BEJHMKA KUILKICTH IMCH 3MIHHHUX
He noTpibHa, OCKUIbKH 3a3BHYail NPOLEAYPH OTPUMYIOTh HOBI 3MiHHI,
BHKJIHKaI04H ce0e PeKypCHBHO, KOXKEH BHKIIMK Ma€ BH3HadeHMii Halip
3MIHHUX.

2.6.5. Binapni nowyxoei depesa

Y JepeBax € MOMJIMBICTH 30epiraTé AaHi Tak, moob ix MoxHa Oyno
HmIBHAKO Bimmykatu. JlepeBo, moOynoBaHe s Takoi MeTH, Ha3BaHO
nowiykosum oepegom. Y 3BHYaHHOMY ZICpEBi, 00 3HAHTH JiesAKe 3HA-

4CHHA, NOTPIOHO NEpenBIHYTH Bei By3mu. Yac, akuii BUTpadaeThes Ha
HOIIYK y 3BHYaHHOMY JepeBi 3 N €JIEMEHTIB, B CEpeaHbOMY MPOMOp-
iU N,

KBinapue nowykose Oepeso OymyiorThb TakMM YMHOM, 100, Bin
TIOTOYHOTO By3J1a, MOXHa 6y10 3HalTH, B AIKOMY 3 BY3JIiB AcpeBa 3Ha-
XOIHUThCA 3afaHe 3HadycHHA. Lle poOuThCs 3aaHHAM BIOHOUICHHS IO-
PAIKY MK By3f1aMH. 3Ha4€HHA Y JIIBOMY IMAACPCBI MCHLII 32 IOTOYHHI
BY30J], a y npaBomy — 6insuui (puc. 2.9).

Antoniv

Tokar _1

A Ta

|_____Logash —I r Oraéﬁﬂ|

Sogor

Puc. 2.9. BiHapHe nourykose AepeBo

Yac, HCOOXIHMIT Ui DOWIYKY 3HAYCHHA y GiHAPHOMY NOIULYKO-
BOMY JIepCBi, B CepeAHbOMY npornopuiithui logN. Anropurm 1100y-
JIOBH JICPEBA CKIIRNAETHCA 3 TAKHX KPOKIB: ’

1. Slkmo norounuii By301 € MOPOXKHE ACPCBO, TOAI BCTABHTH Y 11hOrO
3HAYEHHS.

2. B iHmoMy BUNAaAKy, NOPIBHATH 3HAYCHHS, AKC HCOOXINHO BCTABH-
TH, 31 3HAYCHHAM Yy MOTOYHOMY BY3i. BCTaBUTH 3HAUCHHS Y JIiBC
a0o npaBe MiAACPEBO 3ANCHKHO BIJl PE3YJILTATY TIOPIBHAHHS.

Jna pcanizauii UbOro airopuTMy HEOOXIAHO 3amucatd Tpd pc-
yeHss. [lepue Habyne BUrAsay:

insert (Newltem, empty, tree (Newltem, empty, empty)) :- .

Lle osnavae: “PesynpratoM BecTaBku Newltem (HoBOTO 3HAYCHHS) B

empty (nopoxHe aepeBo) Oyae aepeso tree(Newltem, empty, empty)”.
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3nak oxknMMKy (! — BIACIKAHHS) O3HAaYyae, MIO0, AKMO PCUYCHHS YCHIIIHO
BHKOHAJIOCH, iHIII BUKOHYBAaTH HE MNOTPiOHO.
Hpyre Ta Tpere peucHHs 3[iHCHIOIOTH BCTaBKy B HEIIOPOXKHI Jie-
pesa:
insert (Newltem, tree (Element, Left, Right), tree
(Element, Newleft, Right) :-

Newltem<Element,
I

insert (Newltem, Left, NewLeft).
insert (Newltem, tree (Element, Left, Right),
tree (Element, Left, NewRight) :-
insert (Newltem, Right, NewRight).
Skmo Newltem<Element, Toni BcrasimaemMo #oro y miBe nijanepeso,
iHaKIe — y npase.

2.6.6. Copmysanna na ocnoei binapnozo depesa

[licns Toro, KOJIM ACPEBO NOOYROBAHO, MOXKHA JIETKO [IEPECTABIIATH
BCi e/leMEHTH B andaBiTHOMY HOPAAKY. AArOPUTMOM AJIf LIOTO 3HOBY
CTa€ TIOIUYK Yy TIIMOHHY:
SIKIIO IepeBO IIOPOSKHE, TOII HiYOro He pobHMo.
V iHmoMy pasi ciix nmepecTaBUTH BCi €IEMEHTH JIIBOIO Mijyiepena,
TIOTIM IIOTOYHKMIT €SIEMEHT, JIalTi BCi eJIeMEHTH TIPaBoro Mijacpesa.
retrieve_all (empty). % Hivoro He pobutu
retrieve_all (tree (Item, Left, Right)) :-
retrieve_all (Left), '
do_something_to (Item),
retrieve_all (Right).
Jns N BysiiB 4ac BHKOHAaHHA anropuTMmy nponopiuiinuiit N logh.
Ile HaMIIBUAIIMI AITOPUTM COPTYBaHHA HAa CHOTOAHIIIHIHA JCHB.

2.6.7. Cnucxu

Cnucok — ue 00’ €KT, AKHIl MICTHTh CKIHYEHE YHCIIO IHIIHX 00’€K-
tiB. HaBemeMo AeKinbKa NpUKIaAiB CIMCKY Ha MoBi Prolog:
[1,2,3,4]
[[george, kate), [allen, amy], [don, pat]]
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[tom, dick, harry, fred]
[ ]— nopoxHin cnncok.

CHHCOK € peKypCHBHHM CKIJIAICHUM 00’exToM. BiH cknamaersed 3
IBOX YaCTHH — 2071064 T2 Xéocma. ['0ioBa — Ii¢ NCPIIMHA €ICMCHT
CIHMCKy, a Xgicmm — 1€ Bci iHIWI eneMcHTH (6e3 nepuroro). Ilepiumii
€JICMEHT CIHCKY BIIOKPEMIIKOETHCA BI HOro XBOCTa omneparopom | 7.
T'onoBa CrMCKy — II€ 3aBXAM €JIEMEHT, a XBICT — 3aBXKIH CHMCOK. 3a
JONOMOror oneparopa “ | ” ta npoueaypH yHigixauil CHCOK MOXHA
TOJIUIMTH Ha KOMITOHCHTH.

SAxuo cnmcok [tom, dick, harry, fred] sinnosigae wabnony [X|Y],
tomi X = tom 1a Y = [dick, harry, fred].

Sxmo cnucok [tom, dick, harry, fred] Binnoigae wabnony [X,Y|Z],
tomi X = tom, Y = dick Ta Z = [harry, fred).

Sxio cmucok [tom, dick, harry, fred] Bianosigae 1wabnouy
X,Y,Z|W], toni X = tom, Y = dick, Z = harry, W = [fred)].

Skulo cmucok [tom, dick, harry, fred] sianosimac wabnony
[W,X,Y,Z|V], roai W = tom, X = dick, Y = harry, Z = fred, V =[].

OxpimM po30OHUTTS CIIMCKY Ha OKpPCMI YacTHHH, yHi(ikauiio MoxHa
BHKOPHCTOBYBaTH Ay Horo noOynopu. Hanpuknan, sxmo X = tom,
Y = [dick] Ta L ynigikytorscs 3 [X|Y], Toni 3minna L 6yae nos’s3ana 3i
couckom [tom, dick].

Prolog tiotpedye, 106 Bei €1eMEHTH CIIHCKY HANCKANN JIO OJHOTO
JiomeHy. Jleknapaiis JOMCHY JJisi CIEMCHTIB Mae Oy TH TAKOTO BUIJIALY:

domains
elementlist = elements™
elements = . ..

Tyt elements mMae exuudii THn (Manpuknan: integer, real, symbot)
a60 € HabOpOM BIMIHHHX OJMH B OJHOFQ CICMCHTIB, BIAMIYCHHX
pisaumyu  ynkropamu. Hanpuknazg, w06 oronocurH CriHcok, sikuii
CKJIAJIA€THCA 3 KX, AUHCHUX Ta iACHTU(IKATOPIB, 3aMULICMO
domains

elementlist = elements*
elements = i (integer); r (real); s (symbol) % ae i, r, s - pyHkTOpH

IHmIM# npHUKITag CBIAYNTD, AK PO3APYKYBATH CIMCOK LINHX YHCCH.
ITpukman 2.11.
domains

list = integer* /* ABo poBinbHMI TUN, sikMIA BY BaxaeTe */
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predicates
write_a_list (list)
clauses
write_a_list ({]). /*Akwo cnucok nopoxHiit — Hi4oro He pobutu. */
write_a_list ([H|T]):- /* Npuceoitu H — ronosa, T — xsicT, notim... */
write (H),nl,
write_a_list (T).
goal
write_a_list ([1,2,3]).

Y pa3i necplmioro rmneperiisly UiNbOBC TBEpIKCHHS write_a_list
([1,2,3]) 3agoBonbHse ApyroMy pedennto: H=1 ta T=[2,3]. Kommn’roTep
Hazpykye | Ta Bukauyc pekypcuBHo write_a_list([2,3]). Lieii pexypcus-
HHIi BHKJTHK 3370BOJIbHAE IpyroMy peycHHI0. Ha ueit pas H=2 ta T=[3],
TaKk IO KOMI'IOTEp HaJpyKye 2 Ta 3HOB PEKYPCHBHO BUKIMUC
write_a_list([3]). Yuacninok orpumaemo: H=3 Ta T=[]. [Iporpama apykye
3 ta pobuth pekypcuBhni Bukiunk: write_a_list({]). Libomy winsosomy
TBCPVKCHHIO MiAXO/IMTh NMEPLLIC PEUCHHS, ITICIA SKOrO MporpaMa 3aKiH-
qye CBOIO poOOoTY.

Po3rissHeMO PCKYPCHBHY mporpamy JUIS MiAPaxyHKY KINbKOCTI
€JICMCHTIB y CIIMCKY.

[Mpuxnaz. 2.12.

domains

list = integer* % abo QOBINbHWIA IHWKKA TUN
predicates

length_of (list, integer)
clauses

length_of ([], 0).

length_of ([_|T], L):-

length_of (T, TailLength),
L = TailLength + 1.

goal

length_of ([1,2,3], L).
IrmocTpallito BCiX BUKMUWKIB 306paxeHo:
length_of ([1, 2, 3], L1).
length_of ({2, 3], L2).
length_of ([3], L3).
length_of ([ 1, 0).
L3=0+1=1.
L2=13+1=2.
L1=L2+1=3.
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Isoxi HeoOxiaHO NEpPEeTBOPHTH OAMH cHCcOK B iHmmi. Hanpuxran,
JOJATH 0 KOJKHOTO eleMeHTa 1.
[Tpuknag 2.13.
domains
list = integer*
predicates
add1(list, list)
clauses
add1 (11, - /* rppannyHa ymosa */
add1 ([Head|Tail], [Head1|Tail1]):- /* BigainuTy ronosy cnncky*/
Head1= Head+1, /* ponatn 1 4o nepworo enemeHra */
add1 (Tail, Tail1). /* BuknukaT enemeHT 3 pewTn cnncky */
goal
add1 ([1,2,3,4], NewList).

Ha 3BuyaiiHy MOBY Li€ MOXKHA NICPEKNACTH TaK:

o6 gojatH 1 10 BCIX CNCMCHTIB MOPOXHLOTO COUCKY, NOTPIOHO
CTBOPHUTH IHIIKH MOPOXHIH CITHCOK.

[L{o6 momatn 1 g0 BCiX CACMCHTIB AOBUILHOIO HCMOPOXKHBOIO
CIMCKY, NOTPIOHO AoxatK | 10 rosioBH Ta 3pOOMTH OTPUMAHKI CIICMCHT
TOJIOBOKO PE3YJIbTYIOHOrO CHMCKY, NOTIM AojaTH | Ho koxHoro enc-
MCHTa XBOCTA CIIUCKY Ta 3p0OUTH HOr0 XBOCTOM PC3YJIBTATY.

Y uvomy npuknazi add1l e xBocToBolO pekypciero. 3anporpaMosa-
HO BUKOHAHHA TaKuX IiM:

1. 3B’ a3aTi TONOBY Ta XBICT BUXiAHOrO cnucky 3 Head Ta Tail.

2. 3B’s3aTH TONOBY Ta XBICT pesynbrary 3 Head1 rta Tailt (Head1 ta
Tail1 noku He BU3HAUCH]). ‘

3. Hoanaru 1 o Head ta npucBoiTh pesynbtar Head1.

4. PexypcuBHo nomaru | jo Beix cicMmcHTiB Tail 1a 1ipucBoiTi
pesyubsTar Tail1.

Konu Bce Oync 3aBcpuieno, Head1 Ta Taill cranyTs rosioBoto Ta
XBOCTOM pe3yJibTary. PckypcHBHHHE BHKIIMK Oyae OCTaHHIM KPOKOM.

He sasxau y cnucky 1oTpiGHO 3aMIHATH KOXCH CJICMEHT.
Hacrynuuit npuknaz cTBOpioe HOBHH CIIMCOK 3 BUXIAHOTO, BUIKHIAI0YH
BIJ’€MHI CIEMCHTH.

[lpuknan 2.14.
domains
list = integer*
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predicates
discard_negatives (list, list)
clauses

discard_negatives ([, []).
discard_negatives ([H|T], ProcessedTait):-
H <0, /* Axuio H Big'emKe, TO
nponycTuT*/
!

discard_negatives (T, ProcessedTail).
discard_negatives ([H|T], [H|ProcessedTail]):-
discard_negatives (T, ProcessedTail).
goal
discard_negatives ([2, -45, 3, 468], X).
PesynsTaTom BUKOHaHHA nporpamu crade X = [2, 3, 468].
Huxye HaBEAEGHO IpPENUKAT, SKMH KOIIOE CIEMEHTH CIHCKY, 3ac-
TaBJIAIOUM KOXKEH €JIEMEHT 3’ IBIATHCH ABidi:
doubletalk ([], [1).
doubletalk ([H|T], [H,H|DoubledTail}):-
doubletalk (T, DoubledTail).
Haiinpocrimii cnoci6 goparu enement X y cnucok L — 1c Bera-
BUTH IOT0 Ha MOYATOK, IJI1 HbOTO JOCTATHBO 3AMUCATH!
add (X, L, [X|L]).
Bunyuenns enementa X 3i cmucky L MoxHa 3anporpamyBatu y
BHUIIIAZI BiTHOILECHHS
delete (X, L, L1).
ne L1 3Giraethes 3i cnuckoM L, 3 sikoro Bwiyvchuit cnement X. s
npennkarta delete (X,L,L1) maeMo 1Ba BUnIaaKH:
(1) Sxmo X € TOJI0BOKO CUCKY, TOAL PE3YAbTaTOM BHILYICHHSA Oyac
XBICT IILOTO CITHCKY.
(2) dxuo X 3HaXOOMTHCA Y XBOCTI CIHMCKY TOHi HOro morpibuo
BHITYYHTH 3BIATH.
delete (X, [X|T], T).
delete (X, [H|T], [H|T1]):-delete (X, T, T1).
[Mpeaukat delete MOXXHAa BHKOPUCTOBYBATH i y 3BOPOTHOMY Hanps-
Mi Ul TOro, 106 DOJaTH CIICMEHTH B CTIMCOK Y JOBUILHI Micua. Hai-
PHKIaf, IUTs i
delete (4, List, [1, 2, 3]).
Orpumaemo
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List = [4, 1, 2, 3]
List = [1, 4, 2, 3]
List = [1, 2, 4, 3]
List=[1, 2, 3, 4].

Onepallito BHECEHHS eneMeHTa X y JOBINbHE MICLE CITHCKY MOXXHA

3a/IaTH Y BUTJIALI:
insert (X, L, L1) :- delete (X, L1, L).

Inoni 6yBae kKopHCHO oOyZyBaTH BCi IIEPECTAHOBKM CITUCKY. Jlnist
IbOr0 OMHMILEMO TIPEAMKaT, AKMH BH3HAYa€ BCi MEPECTAHOBKH CIHCKY
permutation 3 1BOMa apryMeHTaMH. ApryMeHTH — 1I€ /1Ba CITHCKH, OJMH
3 IKMX € IEPECTAHOBKOIO 1HIIOro. MOJXKIUBI Taki BUIIAKH:

(1) Sxoro nepuiMi CNMCOK NMOPOXHIH, TOAI i APYrHil CIHCOK Ma€
OyTH NOPOXKHIM.

(2) Sxmo nepumMi cnUCOK HE MOPOXHIM, TOJAI BIH Mae BHIJIAA
[X{H], a nmepectaHOBKY UbOro CNUCKY MOXHa OTPHMaTH HACTYIHUM
YHHOM: OTpHUMaTH crUcoK H1 sik nepecraHoBky H, a notim BHectH X y
JOBITIbHY no3uuito H1.

permutation ([], []).

permutation ([X]H], P):- permutation (H, H1), add ( X, H1, P).
Jns aum

permutation ([1, 2, 3], NewList).
OtpuMaemo:

Newlist = [1, 2, 3]

NewList = [2, 1, 3]

NewlList = [2, 3, 1]

Newtlist =[1,3,2]

Newlist = [3, 1, 2]

Newlist = [3, 2, 1].

OcoGsmBocti Prolog nossraiote y Tomy, 1o konu 3afaiotb pe-
9CHHA JUIA NMPEAHKATa 3 OQHOrO MOrixy, BOHH OyAyTb BHKOHaHi mo-
iHIWoMY. Po3rasHeMo feski npuknagm.

BusHauuMo mpcaukat, skuid Ja€ 3MOry BHACHWTH, YH HUICKHTH
3alalui eJICMEHT CITUCKY.

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

Slkuio ronoBa cnucky He 30iraerbes 3 X, Tom motpibHo me-

PEBIPUTH, YU MOXIIMBO 3HaHTH X Yy XBOCTi cnucky. Ha ui pedcHHs



68 B. M. Tpywescvxuti “Mogu npozpamyeanin Ona umywrnozo inmenexmy”

MOXHA JUBHTHCS 3 HBOX Pi3HMX MOITIAAIB: JEKIApaTHBHOTO Ta MpoLie-
IYpHOTO.

3 pexnapaTHBHOTO MOMIAAY X HAICKHTb CIUCKY, SKLIO rOJIOBa
30iraeThes 3 X; SAKWIO Hi, TOAI X HAJICKATH CIHCKY, AKIIO BiH HAJICKHUTD
XBOCTY.

3 1bOTO MOTAANY MOXHA 3aJ1aTH IUILOBE TBEPIDKCHHS ISl 3HAXO-
JKCHHSL BCIX wWieHIB cnucky: member (X, [1, 2, 3, 4]). V Hacninok oTpH-
MaeMo:

X=1
X=2
X=3
X=4
4 Solutions.

3 npounegypHoro morisay i JBa PCUCHHR MOXHA TPaKTYBATH
TaK:

o0 3HaiiTH eleMEHT COMCKY, MOTPIOHO 3HANTH HOro roaoBy, iHakiuc
3HAHTH CIIEMCHT Y XBOCTL

Ilc TpakTyBaHHA CIIBBIZHOCHTBCA 3 UiNBOBUM TBCPLKCHUAM!
member (2, [1, 2, 3, 4]). Bigmosiamaio crate yes.

CTBOpPMMO TIpefHKAaT 3 TPbOMA apryMCHTaMH [ [PHEAHAHBA
OJIHOTO CITHCKY RO 1HLLIOTO.

append (List1, List2, List3).

Bin 06’ennye List1 ta List2 i crBoproe List3. Ckopucraemocs pe-

Kypciew 3 mnpoueaypHoro normsay. fxmio List! mopoxwiid, Toai pe-
3ynbTaToM 00’ eqHaHHA crane List2:
' append ([], List2, List2).

Slkuto List1 He mopoxHild, Togi MoxHa 00 e¢anaty List1 Ta List2 nns
¢dopmysanns List3, 3pobusuin List1 ronosoto List3. (Y nactynHomy
TBEPKCHHI 3MiHHY H BUKOPUCTOBYIOTH sik rososy ans List1 ra juis
List3). Xsict List3 — ne L3, Bin cknanaerbcs 3 06 €HaHHA 3ajHILKY
List1 Ta BchorO List2:

append ([H|L1], List2, [H|L3]) :- append (L1, List2, L3).

[Ipenuxar append BUKORyeThes sK: moku List1t He mopoxHii,
peKypcHBHE peUeHHS fepenae no ofHoMy cneMenTy B List3. Ko List1
CTaHe MOPOXKHIM, Iepluc peucHHs yHigikye List2 3 xocrom List3,
YHacHinoK oTpuMaeMo crucok [L3|L2].
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Ji1s 1iTEOBOTO TBEPIDKCHHS
append ([1, 2, 3], [5, 6], L)
pianosigs — ue L =[1, 2, 3, 5, 6].

Posrnsnaroun append 3 poUeypHOro OISy, BU3HAYAKOTE BiM-
HOLICHHA MDK TpboMa cnuckaMi. Lle BimHOMICHHA 36epiracThCa HaBITH
ToJi, Koy List1 Ta List3 Binomi, a List2 — ni. Bono Takox cnpaBeuse,
AKIO BioMuid Tinsku List3. Hanpuknaz, mis toro, 1106 BU3HAYKMTH, SKi
3 JBOX CHHCKIB MOXHA 00’€IHaTH I OTPUMAHHA BIZOMOrQ CHHCKY,
MO)XHA 33/1aTH 1ITH0BE TBEPJPKCHHSA BUTIAIY:

append (L1, L2, [1, 2, 4]).

OTpHMaeMo pilLICHHS:

L1=[),L2=11,2,4]
L1=[1],L2=1[2, 4]
L1=[1,2],L2=[4]
L1=[1,24LL2=]
4 Solutions.

Moxmua Tak 3actocyBati append, 100 BHU3HAYHUTH, AKHH CITUCOK
MOXHa npucahatu 1o [3, 4] aas oTpuManHsa cnucky [1, 2, 3, 4].

3azamMo0 LLOBE TBEPIKEHHS

append (L1, [3, 4], {1, 2, 3, 4]).

PesyawraTom 6yac: L1=[1, 2}.

Ilpciyxar append BU3HAUMB BiHOUICHHS MDK éxXionum napopom
Ta BUXIONUM HADOPOM TAK, WO BIIHOWCHHS MOXKHA 33CTOCOBYBATH B
000X BUNIA/KaX:

Slkuii BUXIJ BIANOBIAE LIEOMY BXOLY?

Sxuii BX11 BIINIOBLIAE ILOMY BUXO]Y?

CraH aprymMcHTIB y pa3i BUKIIMKY [PCAMKATa HAa3BAHO HOHIOKOM
napamempis. ApryMcuT, SKMH NPHCBOIOCTHCS Ha MOMCHT BHKIHKY,
Ha3BaHO exidnum apiymenmom Ta 103HaucHo OykBoio 1; BinbHHH
ApPryMCHT — 1€ 6uxiQnuil apzymenm, skuii no3zuaucio OYKBOIO 0.

He Bci npepukaTy MoxyTh OyTM BHKJIHKAHI 3 PI3HUM MOTOKOM
napamcrpis. Skwo peucHus Prolog Moxce OyTH BUKAMKAHO 3 Pi3HUM
MOTOKOM [apaMcTpiB, HOro HA3UBAIOTL 0HCPHENUM PEHEHIAM.
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2.7. ITomyk Beix wireii Bigpasy

Hexonu y 3anauax moTpi6HO OKPECITHTH NOMIYK YCiX aIBTCPHATHB-
HHX PO3B’A3KIB UL L(NLOBOTO TBEPILKCHHS, 110 MOTPiOHI BCi Bigpasy
AK YaCTHHA €IMHOI CKIaJHOI CTpYKTYpH JaHuX. Ilporo moxHa nocsarru
3a JOMOMOTOI0 NOLIYKY 3 noBepHcHHAM. BOynoBanuii npeankar findall
BUKOPHCTOBY€ LiNBOBI TBEP/PKEHHA AK OJUH 31 CBOiX apryMCHTIB Ta
36upae BCi po3B’A3kd ¥ eauaui cnucok. [Ipemukar findall mae Tpu apry-
MEHTH:

VarName (Ha3zBa 3MiHHO{) — BU3Ha4a€ nmapameTp, SKHH HeoOXiaHO
310paTH y CIIHCOK;

myPredicate (miif npeankar) — 3a3Hava€ NPEAHKAT, 3 AKOTO
noTpibHo 310paTH 3HAYCHHS;
ListParam (coMcok mnapaMcTpiB) — MICTHTE CHMCOK ZHAUCHb,

310paHHuX METOIOM MOLIYKY 3 TOBCPHCHHSM.
Hanpuxiran, nonaemo suxopucranus findall cepeanboro Biky rpynu
JTFOJICH.
IMpuxunan 2.15.
domains
name, address = string
age = integer
list = age*
predicates
person (name, address, age)
sumlist (list, age, integer)
run
clauses
sumlist ([], 0, 0).
sumlist ([H|T], Sum, N):-
sumlist (T, S1, N1),
Sum=H+81, N=1+N1.
person ("Sherlock Holmes", "22B Baker Street", 42).
person ("Pete Spiers", "Apt. 22, 21st Street", 36).
person ("Mary Darrow", "Suite 2, Omega Home", 51).
run:-
findalt (Age, person (_, _, Age), L),
sumlist (L, Sum, N),
Ave = Sum/N,

write ("Average=", Ave),nl.
goal :
run.

Pcuenns findall y mifi mporpami CTBOpIOE CnHCOK L, B sxomy
3i0paHuii BIK KOXXHOI JHOAUHH 3 Mpeankara person. Skmo 6 nmorpibno
Oyno 3t6patu cmyicok ycix mwopaecH, skuM 42 pokd, Toai MOTpiOHO
BHKOHATH TaKe ULUTbOBE TBEPIDKCHH:

findall (Who, person (Who, _,42), List).
Mixuine norpebye Bi nporpamu, 100 BOHA MICTHIA OrOJOLICHHA
JIOMEHY IUI pe3ysIbTYIOUOrO CIUCKY:

slist=string*.

2.8. Bayrpimusa 6a3a ¢gakris

Buyrpiiunsg 6a3a dakris ckimanaerbes 3 GakTiB, AKi MOXKHa Gc3M0-
cepeanbo joxaBark abo BUAYYATH 3 NPOTPamMM NijL 4ac il BUKOHAMHSL.
TIpcaukarth, siki ONHCYIOTH BHYTpIWHIO 6a3y (akTiB, OroJoOMYIOTH Y
posaini facts nmporpaMu Ta MOXyTh OYTH BUKOPHCTaHI TaK, K MpPCuU-
KaTH, onucani y po3aini predicates. Binomi 1Ba 06MEXKCHHA Ha npc/u-
KATH, OroJIONICHI Y pO3Xini (haKTiB:

1. Jozsoiieno gofaBatu y 06a3y AaHUX TIAbKH GakTH, alic HE NpaBuaa.
2. ®axru 6asu MaoTh OyTH 6¢3 BISILHEX 3MIHHHX,

Mosoinee OrodlonIicHHs JCKINBLKOX po3iiniB facts, ame st 1boro
HOTPIGHO SIBHO BKa3aTH Ha3By KOXKIOrO posziny facts

facts - mydatabase
myFirstRelation (integer)
mySecondRelation (real, string)
myThirdRelation (string).

Onne posniny facts 3 nazpoto mydatabase crsopioe 6aszy faHux 3
Ha3Bolo mydatabase. 3a zamoBuyBaHHAM 0a3i (paKTIiB NPHCBOIETLCS
craupapTHa Ha3zsa dbasedom. ¥V aBox pizHux posjinax facts ta y pos-
nisti predicates ne MOXHa 3aCTOCOBYBATH OJIHAKOBI HA3BH NPEIUKATIB.

Jlsist noj1aBanHst OAHOro (paKTy Iifl Hac BUKOHAHHS [TPOrpaMH MOXK-
JUBI OPCANKATH:

asserta (<the fact>)
asserta (<the fact>, facts_sectionName)
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asseriz (<the fact>)

assertz (<the fact>, facts_sectionName)
assert (<the fact>)

assert (<the fact>, facts_sectionName).

Ilpenukar asserta Bcrasnse HoBuii (dakT y 6a3y maHux dakTiB
nepen HasBHAMH (akTamMd WU LbOTO TpeAuKara, assertz Ta assert
BCTaBJAOTh (akTH micad Bigomux dakrie mporo npemukara. Heo6o-
B’3KOBHH napametp facts_sectionName cBiguutb, y aky 6a3y maHHX
noTpibHo A0faBaTH (haKT.

Iepmnii mpeaukar HaCTYNHOTO NPUKIAAY BCTaBIAE (akT npo
Svitlana, Akuif onucaHMH NpeIUKAaTOM person, micas Bcix (akTis
person, 110 30€piraloThcA Ha MOTOYHHI MOMCHT y nam’ari. Jpyruii —
daxt womo Dmytro nepexn BciMa HasBHHMH (aKTaMH MNpCaHKaTa
person. Tperiii — ¢akt mogo Ivan nicns Beix iHwMx Qaktis likes y 6a3i
nanux ¢axTiB likes Database, a uerBcpruii Beravase (axT w00
Maryna y Tiif camifi 6a3i daxTiB nepex BeimMa inwnmu pakramu likes.

assertz (person (“Svitlana”, “Odesa”, 35)).

asserta (person (“Dmytro”, “Lviv", 26)).

assertz (likes (“Ivan”, “money”), likesDatabase).
asserta (likes (“Maryna”, “hard work”), likesDatabase).

[Mlicnsa Buknuky nux mnpenukatiB 6asa ¢aktis Habyle Takoro
BUTTLY |

% BHyTpiwHs 6aza ¢akTie — dbasedom
person (“‘Dmytro”, “Lviv”, 26).

% ... iHWi hakTu person ...

person (“Svitlana”, “Odesa”, 35).

% BHyTpiluHA b6asa cakTie — likesDatabase
likes (“Maryna”, “hard work”).

% ... iHwWi chaktu likes ...

likes (“lvan”, “money”).

Busyuutu ¢akT i3 BHYTpIwHKOi 6a3u (akTiB MiJl Yac BUKOHAHHS
IpOrpamMM MOXHA 3a JOIIOMOIOK INpciMkarta retract, skuil Mae takuii
¢dhopmar: ‘

retract (<the fact>)
retract (<the fact>, databaseName).

ITpenukat retract Bumyyae nepiumit ¢axr 3 Baiuol 0a3u gaHnx, sk

36iraeTnes 3 akroM <the fact>, 38 a3yrouu BuIbHI 3MiHHI <the fact> nix
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yac BHKOHaHHA nporpamu. IlpumycruMo, 1o y mporpami € posainy
facts.
IMpuknan 2.16.
facts
person (string, string, integer)
facts — likesDatabase
likes (string, string)
dislikes (string, string)
clauses
person (“Petro”, “Rivne”, 35).
person (“Petro”, “Lugansk”, 37).
person (“Dmytro”, “Brody”, 26).
likes (“lvan”, “money”).
likes (“Oleksiy”, “money”).
likes (“Olga”, “chocolate”).
likes (“lvan”, “broccoli”).
dislikes (“Petro”, “broccoli”).
dislikes (“Dmytro”, “beer”).
Maiouu Taxi po3/Iiny, MOXHa 3aJ1aTy Wi

retract (person (“Petro”, , )), %1
retract (likes (_, “broccoli™)), %2
retract (likes (_, “money”), likesDatabase),%3

retract (person (“Petro”, _, ), likesDatabase). %4

[Mepuwia uinb BUMYuHTh nepinit daxt person oo Petro 3 6asu
¢akris  dbasedom. 3a ponomororo apyroi uimi 3 6a3u  Qdakris
likesDatabase Oync BunmyucHuit nepiunid ¢akr, skuit 36iraetses 3 likes
(X,“broccoli”). Tperst winb Buityuac nepiuuii gaxr, wo 36iractbes 3 likes
(_,“money”) i3 likesDatabase. Uersepra Linb BUAACTL NOMUIKY, TOMY
o nemae gakry person y a3l ganux likesDatabase.

[Mpcaukar retractall Bunyuac Bei akt, 1110 361raloTLCA 31 3pa3KOM
<the fact> Ta Ma€ Takuil CHHTaKcuC!

retractall (<the fact>)
retractall (<the fact>, databaseName).

3 retractall Buxinui 3HaucHHS OTpUMaTH HC Moxkhna. Ueprosa uinb
BHIyuac BCi akru npo 4o08ikis 3 6a3u dakTis:

retractall (person {_, _, _, male)).

Jlns BustyucHns Beix daxtis 3 6a3n mydatabase MokKHa 3a1aTH Lilb

retractall (_, mydatabase).
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Ipenukar save 36epirae daxtu 3 6azu (pozain facts) y ¢aiin:

save (fileName) ‘
save (fileName, databaseName).

[lig wac BUKIUKY NpequKaTa Save TiNbKH 3 OJHHUM apryMCHTOM
(6e3 na3su 6asu Qakrtis), y dairi fileName OyayTs 36epexeni paxtu 3
Oasu nanux dbasedom, sKy BHKODHCTOBYIOTH 3a 3aMOBUYBaHHIM. Y
pa3l BUKJIMKY HpelHKaTa save 3 JBOMa apryMEHTaMH (Ha3Ba Qaiina Ta
Ha3Ba Ga3u akTiB), y ¢aitni OynyTts 36epexeni dakru 3 posainy facts
0a3u ¢akris i3 Ha3Bolo databaseName.

Jns 3untyBanHs ¢akTiB 3 Qaina € npeaukar consult, sAxkui
BCTaBIsie (hakTH B KiHewb (y BianoBiaHy 6azy)

consult (fileName)
consult (filename, databaseName)

[Ipcaukar consult Moxe 3uuTyBaTH Qaiyn TiNbKK y ToMy dopmari,
AKUU cTBOpIOE save. Y daiinax He MaioTh OyTH:

® CHMBOJ BCPXHBOTO PEriCTPY, 3@ BUHMTKOM THX, SIKI MICTATHCSH

BCCPE/IMHI PAJKIB Y IOABIHAKX JIankax;
o 1po0iny, 33 BHHATKOM THX, SIKI MICTSITbCS BCCPC/IMHI PALKIB Y
MOJABIMHUX Jarnkax;

* KOMEHTapi;

® TIOPOXKHI PSIKH;

o ineHrudikaropu (symbol) 6¢3 noasiiinux nanox.

2.9. 3oBHiuHI 6a3u AaHUX

CucreMa BHyTpilmHiX 0a3 jmanmx Visual Prolog, y kit Buko-
pHCTaHO MpPEIUKATH asserta, asscrtz, retract Ta retractall, € 3pyuHoio 1a
npocToto. OHaK BOHA MOCTYNAETHCS Y NIBUAKOCTI pOOOTH 3 BCIIMKHMH
0azaMM JaHMX, 3 OUX MipKyBaHb Oyja CTBOpPCHA CHCTCMA 306Mil4NiX
6a3 danux 3a IONOMOIO0 K0T MOXHA, HANPHKJIAJ, CTBOPHTH:

- CHCTEMY KCPYBaHHS 3aMacaMH 3 BEJIMKOIO KUIbKICTIO 3aITMCIB;

- eKCHEepTHY CHCTeMy 3 0araTbMa BIJHOUICHHAMH Ta HCBEIHKOIO

KiNTBbKICTIO 3aMHUCIB CKIIaHOI CTPYKTYPH;

- 00niKOBY CHCTEMy JUIsl 3alam’sITOBYBAHHS BCIHKHX TCKCTIB Y

0asl Janux;
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- 6a3y KopucryBaua, y AKiil naHi 3B’sI3aHi HepeJALiiHUM cro-
cobom.
IMpeaukaTy 30BHiNHIX 6a3 qaHuX 3a6e3NeUy0Th TaKlI MOXI/IHBOCTI:
- edexTusHe 00poOneHHs BeMHKHX 00’ €MIiB JaHHX Ha JTHCKY;
- MOX/HBICTH po3MicTuTH 0a3y maHux sk y dafr, Tak i B nam’s-
Ti;
- DaraTokopuCTyBallbKHIt JOCTYIT;
- THYHKicTb Y po6oTi 3 manuMuy;
- 3jlaTHiCTh 30€pCrTM Ta 3aBaHTaXXHTH 30BHILUHI 0a3HM HaHHX Yy
JBIHKOBOMY BHITISII.
3oBHiUIHA 0a3a JAHHX CKNANAETHCA 3 ABOX KOMITOHCHTIB: OJHHMILb
Jaunx, To0To TepMmiB Visual Prolog, 3rpynoBaHuX y JaHIOXKKM, Ta
BIANOBIZIHUX B+ depes, AKi BUKOPUCTOBYIOTb [UIA IIBHIKOTO JOCTYIY
no aauvx. Jlaui 3anam’ATOBYFOThCA y JlaHwioxkkax (chain), B+ depesa
BUAIIPAIOTH BXJIMBY pOJIb OpH cOpTyBanHi 6a3d Ta NOILYKY KOHKpET-
Horo enacmenta. CTPYKTYpY 30BHIUNLOT 0a3u Jlanux 300paxeHo Ha
puc. 2.10.

Chain): term [ |term | " « ltem
Chain2: term term [ 7 7 term
ChainN: term [ i term :__’ ;——. term

B+ aepesol

B+ nepeso2
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Puc. 2.10. CtpykTypa 30BHIIIHBOT 6431 JaHHX

Ha3Bu BCiX cTaHAapTHUX INPEAMKATIB KCpyBaHHS Oa3aMH JaHHX
[ ATOPSAIKOBaHI TAKUM Y3TOJDKCHHSIM:!
- nepma yacTvHa imeHi (db_, chain_, term_ i T.a.) incutHdikye
BXIJIHI JaHI;
- npyra yactuHa imcHi (flush, btrees, delete i T.n) Bkasye ua Jiio,
KA BHKOHYETHCH HAA BXIAHHMH JaHUMH.
Hanpuknan, 3a gonomororo db_delete — supansitors 6asy manux,
nugxoM chain_delete — naniyor, a term_delete — jae 3mory BuaainuTH
“TEPM.
3’ABIAETbLCA MOJUIMBICTD IIATPUMYBATH BUIKPUTHMK ACKiibKa 0a3
JAHUX OJHOYacHO y mam’siTi Ta Ha nucky. Jlna BuGopy onmici 3
JICKUIBKOX BIAKPUTHX 0a3 HAHMX MPH KOXHOMY BHKJIMKY CTaHJApTHHX
[IPEVKATIB BHKOPUCTOBYIOTE CEIEKMOpPH, AKI BU3HAUAIOTLCH [IOMCHOM
db_selector. Bin npawoe aHanoriyHo gomcHy file B cucremi (haiinis.
Hanpuknaf, HacTymHi OrONIOIICHHA HCKJAPYI0Th customers Ta parts
CEJICKTOpaMH 30BHIILIAIX 6a3 JaHMX:
domains
db_selector = customers; parts.

2.9.1. Aanyrozo6a cmpyxmypa 6a3 danux

3oBHiHA 6aza ganux € HabopoM TepmiB Visual Prolog. Ipnkna-
JaMH TepMiB MOXyTh OyTH integer, real, string, symbol, sennunnu Ta
CKknajeHi 06’€xTH, AKi B 6a3l JaHUX 3aMaM’SATOBYIOTHCS 5K JIAHLIOKKH
(puc. 2.10). Jlanyrooncox (chain) Moxe MICTHTH HOBUIBHY KUIBKICTB
TepMiB, a (a3a JaHHX — NOBUIBHY KUIBKICTB JMaHLOKKiB. Koxen jaH-
HIOKOK igeHTH]IKyeThCa iMcHeM. BinHomeHns ta tabnuui 6a3H JaHHX
MOJIEIIOIOTH 33 AOIIOMOTOI0 JIAHIIOKKIB TepMiB. Hanmpuknan, Hexad My
MaEMO NOCTA4YaIBHHKA, TOKYHLs Ta 6a3y TOBapiB i XOYEMO MOMICTHTH
o iHpopmanilo B oagy 0asy 3 TpbOMa BIAHOWCHHAMU: ONHE A
NOKYNuiB, OANE JUTs NOCTa4aJIbHHUKIB, a O/IHE Juist ToBapiB. Ll MOXIMBO
3pOOHTH, SKILLO MOMICTUTH BCIX MOKYNLIB y NAHUIOKOK “IOKynui”, BCixX
NOCTA4aNLHHKIB — Yy JIAHIIOKOK “IIOCTAYaJIbHUKH”, BCI TOBapH y JIaH-
UIOKOK ‘“ToBapu”. lniuuii npuknan 3acBimyye CTBOPEHHA ABOX Jiat-
wiokkosux 6a3 sanux: dbal ta dba2. Bcei pani npo nokymnuis 30¢pi-
ralorecs B dbat, a Bci naui npo Tosapu — B dba2.
Npuxnan 2.17.
domains
db_selector = dba1 ; dba2
customers = customer(customer_name, address)
parts = part(part_name, ID, customer_name)
customer_name, part_name = symbol
ID = integer
address = string
predicates
access
clauses
access:-
chain_terms(dba1,"chain1*,customers,customer(Name,ADDR),_),
chain_terms(dba2,"chain2",parts,part(Part,|d,Name),_),
write("send ",Part,” part num ",1d,” to ",Addr),nl fail.
access.
goal
% CrtBOpeHHA 6a3 paHux dba1l ta dba2
db_create(dba1,"dd1",in_memory),
db_create(dba2,"dd1.bin",in_file),
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% [onasaHHsa akTis y NaHLKKoK nokynuis chain1 B dba1l

chain_insertz(dba1,"chain1",customers,

customer("Joe Fraser","123 West Side"),_),

chain_insertz(dba1,"chain1",customers,

customer("John Smith","31 East Side"),_),

chain_insertz(dba1,"chain1",customers,

customer("Diver Dan","1 Water Way"),_),

chain_insertz(dba1,"chain1",customers,

customer("Dave Devine","123 Heaven Street"), ),
% [dopasaHlHa dakris y naHwioxok chain2 B dba2

chain_insertz(dba2,"chain2",parts,

part("wrench",231,"John Smith"),_),

chain_insertz(dba2,"chain2",parts,part("knife",331,"Diver Dan"),_),

access,

db_close(dba1),

db_close(dba2),

db_delete("dd1",in_memory),

db_delete("dd1.bin",in_file).

Tporpama ctoptoe 6a3n nannx dbal (B mam’sti) Ta dba2 (y daitni
Ha jucky). [otiM y 6a3u BkiatoualoTs (akTH y ABa NaHIOKKH: chaini
ta chain2. Tlicist nboro mporpaMa 3AiHCHIOE NOIIYK MOKYIUA Ta TO-
Bapy, sKMil 3aMOBHB NOKyMNeLb. 3HaHNIOBLIM iX, MOBCpTae aapecy, 3a
AKOK HeoOXifHO nocraBuTH ToBap. Hanpukinni 6a3su AaHMX 3aKpu-
BAIOTHCA T4 3BIILHAETHCA MaM’ ATb.
Basy jlaHux BHUKOPHCTOBYKOTh WIICTh CTAHAAPTHUX JAOMCHIB HaBC-

Jesux y tabmumi 2.2

Tabauys 2.2,
CraHpaptii JOMCHH 30BHIIIHIX 6a3 JlaHKX
Jlomen TIpusuavenns A1 BHKOPHCTANIS
db_selector JIOMCH JUISt OFOJIOLIEHHS CCIICKTOpiB 6a3 JaHux
bt_selector JloMeH Juist oronoinchst cenekropis B+ nepes

JIoMeH AnA OrONOLICHHA MICUA 3HAXO/KCHHS Oasn nanux (y
nam’sti abo Ra JINCKY)

accessmode JloMeH, Axuii BHpILLYE, 1K BHKOPHCTOBYBATH (haiin

JoMeH, skHi  BM3Hawae, AK pelITa KOpHUCTyBauis OymyTn
BikpuBatH daiin

ref TTocHNAHHA HA PO3MILLICHHA TCPMY Y JIAHILOKKY

place

denymode
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2.9.2. ITpeduxamu ona pobomu 3 bazamu danux

IIpu cTBOpeHHi 30BHILHBOI a3 NaHUX, a00 BIAKPUBaHHI HASBHOI,
MOKHA MoMicTuTH 11 y ¢aitn abGo B onepaTHBHY HaM’ATh, 3aJICKHO Bijf
3HAYeHHA apryMeHTy place rpu 3eepHeHHi g0 db_create Ta db_open.
[licnsg 3aBepleHHs poGOTH 3 30BHILIHBOK 0a3010 JaHUX BOHA Mac GyTH
3aKpHTa 33 JONOMOTOr BHKIIUKY db_close. Slkmo 6a3za ganux po3mi-
eHa y nam’aTi, To ii 3akpuTTs 3a jgomomoroio db_close He cripuum-
HATUME BUJAAICHHA i 3 mam’aTi. Jng 3BiMLHCHHA maMm’sTi DOTPiOHO
ABHO 3BCPHYTHCA 10 npenukara db_delete. 3a nonomororo npcankara
db_open MoxHa BigkpuBaTH 3akpury 6a3y gaHux. Po3risHeMoO OCHOBHI
npeauKaTy Aas poboty 3 6azaMu JaHUX.

db_create (Dbase, Name, Place) — sae 3Mory cTBOpuTH HOBY 6a3y
Janux. Skuo 6a3y naHMX CTBOPIOIOTH Ha JMCKY, Toji Name Bka3sye Ha
iM’s daiina; skwo i1 CTBOPIOIOTBCA B ONEpaTHBHIM Nam’sTi, TOAI
BHKOPHCTOBYIOTh K Iapamerp mis db_close ta db_open. Dbase Tta
Name Bu3HAuYalOTL BIANOBIAHO BHYTPIMIHE T4 30BHilIHE iM’s Ga3zm
Aanux. MicnesnaxomkeHns 6azH JaHnx 3agaioTh 3MinHoo Place, sika
MOXKC Ha0yBaTH OLHE 3 TPLOX 3HAUCHD, OMUCAHHX Y Tabnuui 2.3,

Tubanys 2.3.
3uaucHHs 3MmiHKoT Place

3navienns 3minuol
Place Onuc
in file Jns ‘ CKOHOMIT  OMEPATHBHOI  nam’saTi  Gasy  jlanux
- PO3MIIYIOTE H IICKY
in_memory Hns {wcun‘icmm BllC()KU'l'_‘I’UBHILI.(OC.Ti JNocTyly Gasy namux
PO3MINLYIOTE B ONCPATHBHIH nam’saTi
SKkno BCTaHOBNCHA KapTa PO3MIMPCHHN NMaM'AiTi, ToRi Gasy
in ems JIaHUX poaMiu_lylon, B EMC posumipenoi l']ll‘M’SlTi (Tinbky
- ana DOS, na inmmx nnardopmax Mae aHanorivHui cdekr 3
in_memory)

db_open (Dbase, Name, Place) — mae MOXIMBICTb BiJ\KpHTH
cTBOpecHY 0a3zy naHux, inenrudikoBaHy napamerpamu Name 1a Place.
SAxuwo Place nabyBae 3naveHHa in_memory, toai Name Bignosigae
cHMBoOJliYHOMY iMeHI (aiina, a axmo Place HaOysae 3HaucHHs in_file,
Tosi Name BianoBiae iMcHi Qaiina, npuiinsroro 8 DOS.
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db_copy (Dbase, Name, Place) — komniioe 6a3y JaHHX HE3aleKHO
BiZ TOTO, /¢ BOHA 3HAXONUTHECA: Y MaM’ATi YM Ha JHCKY. Moxe Oyt
BHKOPUCTaHMH y IEKUIFKOX BUTIANKaX, HAIIPHK/IAL:
- A 3aBaHT@XeHHs 0asM JaHuX B ONEPaTHBHY NaM’ATh 1 1A
36epesxenns 11 y ¢aitii micnsa o6pobneHH;
- U KomiroBaHHsA 6asM JaHHX CepenHbOro o6’eMy 3 AMCKa Y
nam’ 4Th (A1 IPUCKOPEHHS JOCTYIY);
- JUIA CTHCHCHHS 0a3u HaHuX, AKAa MICTHTH 06araTo NopoxHix 3a-
NMCiB, OCKUIbKM NPH KONIIOBaHHI MOPOXHI 3aMHCH BUIY-
YaloThCA.
db_openinvalid (Dbase, Name, Place) — nae 3mory Biakputd 6asy
JaHuX, AKa pasime Oyna OrosouicHa YUIKOMKCHO. fkuo B npoueci
OHOBJiCHHs 6231 OyJI0 BIAKIIOYECHO YKUBJICHHA KOMI 10TCpa, BMICT 6a3u
Moxe OyTn Brpadenmii. ba3y AaHHX BBaXalOTh “‘YUIKOIKCHOI™ TCIIA
00poGaeHHs JOBUIBHOTO UpeAMKarTa, kvl 3MiHI0€ BMicT Oasu. lle
npeuKaTu: chain_inscrta, chain_inscrtz, chain_inscrtaficr,
term_replace, term_dclete, chain_delete, bt _crcate, key_insert Ta
key_delete. basy aanux oronouyioTs YIHKOIKCHOIO 1 THC/S TOT0, KOJIH
it 3akpuBae npepukar db_close, a takox nicns 3scpHenna a0 db_flush
IuTs 3BLTBHEHHA Oydepis.

db_flush (Dbase) — 3BinbHsie Oydepu Ta 3anucye ixHiil BMICT Ha
Micie npusHadcHHs B 06a3i manux. Ilicnsa oHosneHHs 6a3y naHux BBa-
AT “YLIKOJXKCHOIO™ Ta 3aNUIIAETHCS TAKO 0 3anMCy 3a JOMOMO-
roto db_flush abo 1o 3akpurrs.
db_close (Dbase) — 3akpuBae Biakputy 0Oa3y nanux. Slkio Oasa
IaHUX 3HAXOANTHLCA HA JUCKY, TOAL BiAOBiAHUH daiin Oync 3akpuTHiL.
" Pazom 3 TuM 0asza namux He Oyae BHAANCHA, HABITh AKIO BOHA pO3-
MinieHa B orepaTuBHii nam’ati. [Ins BunancHHs 3akpuTol 6a3H IAHMX
BHKOPHCTOBYIOTh npeankar db_delete.

db_delete (Name, Place) - 3BinbHA€e 1n1am’srh, KO 0a3za JaEuX
posmilicHa y nmam’sri, Buwiyuae daiin 3 aucka, ko 0asza JaHux pos-
mileHa Ha Oucky. Skuio nix wac obpobichus db_delete 6a3a mannx
Name He 3HaxoauThes Ha micui Place, BHHMKae NOMUIIKA,

db_btrees (Dbase, BtreeName) — y mpoucci LOWYyKY 3 HOBCp-
HEeHHAM TIOCIIZIOBHO 38’ a3ye BtreeName 3 imenem koxunoro B+ aepesa
B 0asi ganux Dbase. IMcHa nanuioxkis B+ nepes 1ipnucBowooTh Y
NOPALKY COPTYBaHHSI.
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db_chains(Dbase,ChainName) — y nponeci nouyky 3 mnosep-
HEHHAM TOYEprosBo 3B’aA3ye 3MiHHY ChainName 3 iMEHEM KOXHOro
naHLokka GasH ganux Dbase. IMeHa NaHLIOXKKIB MPHCBOIOKOTH Y
MOPAAKY COPTYBaHHA.

db_statistics(Dbase,NoOfTerms,MemSize,DbaSize,FreeSize)-
BHXIHHMH JaHUMH TIPEMKaTa € CTaTHCTHYHI BioMocTi npo 6asy
Janux Dbase. AprymeHTH npeaykaTta onucadi y Tabnuii 2.4.

Tabruysn 2.4.
Aprymentn npepukara db_statistics
Aprymenr Ounc
1 2
NoOfTerms 3B’A3y€ThCS 3 3AraJIbHUM YUCIIOM TEPMIB y Ga3i naHux

38’a3yeTbesn 3 po3MipoM (y Oaiitax) BHYTpIIHBOT TaGauILi s
0a3H TaHHX, AKa 30CpIracThCs B HaM’ i

3B’ 43yeThea 3 3aranbHUM uMciioM OaiiTiB, siki 3aiiHATI TepMaMK
Ta Bu3naucaHamu Gasu mannx Dbase. Slkuio Dbase sanucana
DbaSize Ha qucky ta DbaSize uaGysae 3navenns, wo wabarato McHie
HRK posMip gaiina, Toai daiir moxe Oyt crucHyTHii 3
Bukopucranusam db_copy

3B’A3y€TBCA 3 BCAHYMHOK BUILHOT MaM'sTi, fika 3a/CKMTb BifLl
rtoro, ac Dbase suaxomutbes y nesHuit MomceHT. fAknwo B
orncpatuBHiit maM’siti, Toxi FreeSize s sa3yerses 3 kinibkicTo
OaifTiB BUTLHOI maM’ati; sxuwo Dbase posmimena y daiini,
FreeSize 38’nsycrbes 3 KiMbKiCTO BitbHHX GalTiB Ha AWCKY,
AKHIt MicTHTH (aiin

MemSize

FreeSize

JInst BKIIOUCHHS TCPMIB Y JIAHIIIOWOK 30BHILIHLOT 6asn aanux cnin
BUKOpHCTOBYBaTH  nipejukary  chain_inserta, chain_insertz  abo
chain_insertafter. MoxHa 110CIHZOBHO 3B’ S3YBaTH TCPMU Y JANIIOHKKY
ta IXHI nanwiokkM 3 apryMmcHtamu  chain_terms. Ilpexmkar
chain_delete Bujianse ganmioxox tepmis 3 0asn gaunx. YoTHpu crau-
JApTHHX NPC/HKaTH 110BCPTAIOTH BKA3IBHUKH 0asu aaHux — chain_firs,
chain_last, chain_next, chain_prev.

chain_inserta(Dbase,Chain,Domain, Term,Ref),

chain_insertz(Dbase,Chain,Domain,Term,Ref) — ui upcaukatu Bij-
noBigaloThL asserta ta assertz. Bouuouac chain_inserta Bkarouae Term
HA TIOUATOK JIAHLIOKKA, a chain_insertz po3Milnye Term y KIHCUb JIaH-



82 B. M. Tpywescoxuii “Mosu npozpamysanns OLA wmywno2o inmenexmy”

Ocuosu Mo PROLOG 83

mroxka. Dbase — ne db_selector 6asu gannx; Domain — qoMeH 3MiHHO]
Term; Ref — BKa3iBHUK Ha BIANOBIAHHUIA TEPM.

chain_insertafter(Dbase,ChainName,Domain,Ref, Term,NewRef) —
po3Miugye Term micis O3Ha4YEHOro TepMy BKasiBHuUKOM Ref, mpuuomy
NewRef 3B’s13yeThcsi 3 BKa3iBHUKOM, SKHMH BiOnoBigae TepMy Term
TTiCJTSl BCTABKH.

chain_terms(Dbase,Chain,Domain, Term,Ref) — y npoueci nomyxy
3 TIOBEPHEHHAM ITOYEProBo 3B°sa3ye Term Ta Ref 3 KOXXHMM TepMOM Ta
BIZUTOBITHUM HOMY BKa3IBHMKOM Y NaHLOKKy Chain.

chain_delete(Dbase,Chain) — Buiyuae BU3HAUCHUM JIaHLUIOKOK 3
0a3u JaHuX.

chain_first(Dbase,Chain),

chain_last(Dbase,Chain) — 1i npcavkaTd noBepTalOTh BKa3iBHHKH
[EPUIOrO Ta OCTAHHBOIO CJICMCHTIB JIAHLIIOKKA BiTIOBIIHO.

chain_next(Dbase,Ref,NextRef),

chain_prev(Dbase,Ref,PrevRef) -~ nosepraioTe  BKa3iBHUKH
HACTYITHOTO Ta MONEPCAHLOrO TCPMIB BIANOBIAHO A0 MOTOUHOIO TCPMY
y JaHLIIOKKY.

HaspHi Tpu mpeaukatu mis poOord 3 0a3aMmu JaHux, ski obpo6-
as10Th TepMmu: term_replace, term_delete Ta ref_term. Ilpu 3BcpHenni
10 6yNb-AKOro 3 UMX MPCAMKATIB HEOOXIJHO OTOJOCHTH JAOMCH TCPMY
K apryMCHT. 3pY4HO OTOJIOCHTH BCl TCPMH 0a3H JaHUX K aNbTEpPHa-
THBY OZHOTO JOMCHY, HanlpHKIAaA:
domains

terms_for_my_stock_control_database =

= customer(Customer,Name,ZipCode,Address);
supplier(SupplierNo,Name,Address);
parts(PartNo,Description,Price,SupplierNo).

Hemae oOMCKCHD Ha 3MILIYBAHHS JIOMEHIR Y 30BHiIUHINA Ga3l aa-
Hux. OOHH JIAHIIKOK MOXKE MICTMTH TEKCTOBI PSIKM, IHIIWHA — uini
YKCIIa, @ TPETIH — CKJIaficHi 00’ €KTH 1 T. 1.

term_replace(Dbase,Domain,Ref, Term) — 3aminse Tepm (3 BKa3iB-
naukoM Ref) Ha HOBUii TepM 3 iMcHeM Term.

term_delete(Dbase,Chain,Ref) — Bumanse Tcpm 3 BkasziBHukom Ref.
ITam’siTh, 3aiiHATa TCpMOM, OYyC 3BUTLHCHA.

ref_term(Dbase,Domain,Ref, Term) — 38’s3ye Term 3 TcpMOM, AKHii
po3milicHHi 3a BKa3iBHHKOM Ref.

Hasenemo npuknaz nporpaMi, ska BHKOPUCTOBYE MaHke BCi po3-
TIAHyTI npeaukati. [Ipamoodn 3 onepaTuBHOIO MaM’ATTIO, IpOrpama
BUKOHYE€ Taki oneparii: .

1. 3amucye 100 TepmiB y 6a3y gaHuX.
3unrye ix.
3aMiHIOE KOXCH JPYTHIT TCPM.

[NonBoroe KiNBKICTE TEPMIB.

Buityuae KOXCH ApyTHi TCpM.

I[Tepernsaae Tepmu 3a ronomororo npeaukara ref _term.
O06uncntoe po3M1p 0a3u naHuX.

llam nporpama komnitoe 6a3y naHux y (aiin ta BUKOHYeE Ty XK camy
HOCIIOBHICTE il BiKe 3 0a3010 MaHUX Ha AMCcKy. [licas 3aBepiucHHA
MiAPaxoBYIOTh (B COTHUX JIO/SX CEKYHAM) 3aranbHUi 4ac, KM HCoO-
XiTHHIA I BUKOHAHHSA UMX .

Tpuknan 2.18.
domains
my_dom = f(string)
db_selector = my_dba
predicates
write_dba(integer)
read_dba
rd(Ref)
count_dba(integer)
count(Ref,integer,integer)
replace_dba
replace(Ref)
double_dba
double(Ref)
half_dba
half(Ref)
mixture
clauses
write_dba(0):-!.
write_dba(N):-
chain_inserta(my_dba,"my_chain",my_dom,
f("Prolog system”),_),
chain_insertz(my_dba,"my_chain",my_dom,
f("Prolog Compiler"),_),

N
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N1=N-1,write_dba(N1).

read_dba:-
db_chains(my_dba,Chain),
chain_terms(my_dba,Chain,my_dom,Term,Ref),nl,
write("Ref=",Ref),write(", Term=",Term),fail.

read_dba:-
db_chains(my_dba,Chain),
chain_first(my_dba,Chain, Ref),
rd(Ref) fail.

read_dba.

rd(Ref):-
ref term(my_dba,my_dom,Ref, Term),nl,
write(Term),fail.

rd(Ref):-
chain_next(my dba,Ref,Next),!,rd(Next).

rd(_).

replace_dba:-
chain_first(my_dba,"my_chain",Ref),
replace(Ref).

replace(Ref):-
term_replace(my_dba,my_dom,Ref,f("Prolog Toolbox")),
chain_next(my_dba,Ref,NN),
chain_next(my_dba,NN,Next),!,
replace(Next).

replace( ).

half_dba:-
chain_last(my_dba,"my_chain",Ref),
half(Ref).

half(Ref):-
chain_prev(my_dba,Ref,PP),
chain_prev(my_dba,PP,Prev),!,
term_delete(my_dba,"my_chain",Ref),
half(Prev).

half(_).

double_dba:-
chain_first(my_dba,"my_chain",Ref),
double(Ref).

double(Ref):-
chain_next(my_dba,Ref,Next),!,
chain_insertafter(my dba,"my_chain",
my_dom,Ref.f("Programmers Guide"), ),
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double(Next).
double( ).
count_dba(N):-
chain_first(my_dba,"my_chain",Ref),
count(Ref,1,N).
count(Ref,N,N2):-
chain_next(my_dba,Ref,Next),!,
N1=N+1,
count(Next,N1,N2).
count(_,N,N).
mixture:-
nl,
write("Replace every second term:"),
replace_dba,nl,
write("Double the number of terms;"),
double_dba,nl,
write("Erase every second term:"),
half_dba,nl,
write("Use ref_term for all terms:"),
read_dba,
count_dba(N),nl,
write("There are now ",N," terms in the database”),
db_statistics(my_dba,NoOfTerms,
MemSize,DbaSize,FreSize),nl,
writef("NoOfTerms=%, MemSize=%, DbaSize=%,
FreeSize=%", NoOfTerms, MemSize,DbaSize,FreSize).
goal
ni,nl,nl,
write("tTEST OF DATABASE SYSTEM\p\tr*+ s \nin"),
time(H1,M1,51,D1),
db_create(my_dba,"dd.dat",in_memory),nl,nl,
write("Write some terms in the database:"),
write_dba(50),
read _dba,
mixture,nl,nl,
write("Copy to file"),
db_copy(my_dba,"dd.dat",in_file),
db_close(my_dba),
db_delete("dd.dat",in_memory),
db_open(my_dba,"dd.dat",in_file),
mixture,
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db_close(my_dba),nl,ni,nl,
write("Open the database on file”),
db_open(my_dba,"dd.dat",in_file),
mixture,
db_close(my_dba),
time(H2,M2,S2,D2),
Time = (D2-D1)+100.0*((S2-S1)+60.0*((M2-M1)+

. 60.0*(H2-H1))),nl,nl,
write("Time = ",Time,"/100 Sec"),nl.

2.9.3. B+ depesa

B+ Oepeso ~ ne cTpykTypa JaHHX, Ky MOXKHA 3aCTOCOBYBAaTH A
JIOCHTb e(eKTUBHOrO MCTOHY COPTYBAaHHS BCIHKOI KIIBKOCTI JAHHX;
B+ mepeBa maioTh MOXKIHBICTH BUKOPHCTOBYBAaTH €¢(EKTHBHMI ajro-
PHTM MMOUIYKY Ta € aHAN0raMM J0 BKasiBHMKIB Oa3u ganux (B+ nepesa
iHOZI IOPiBHIOKOTH 3 BKA3IBHUKAMH).

V Visual Prolog B+ nepesa 3Haxomsarecs y 30BHIHIA 6a3i JanuX.
Koxen BXil y B+ mepeBo — ue napa BCIMYHH: KIHOY06Ull PAOOK Ta
3B’s13aHMI 3 HUM 6Kkasienuk 6azu panmnx. [lpu cTBOpcHHI OasH JaHux
CMOYATKYy YTBOPIOKOTh 3afIMC Ta BU3HAYAIOTh KJIIOY AR LbOTO 3allHCy.
IMotim Visual Prolog nomae uci ko4 Ta BKa3iBHHK, SIKHii BiANOBiga€
3anucy, y B+ pepeso. Ilin yac nowyky y 6a3i naHux Bce, mio HeoOXiHo
3pOOHTH, — 33CTOCYBATH KIOU IR LIbOTO 3anucy, a B+ nepeso Bupacts
BIZIIOBIHMIT BKA3IBHUK. BUKOPUCTOBYIOUH HOT0, MOXKHA JICTATHCH N0
3anucy B 0a3i. B npoucci crBopeHns B+ acpeBa ciieMEHTH po3MIL@Ts
y TOpAAKY, BU3HAUCHOMY KitodaMH. OTKC, MOXHA JICTKO OTPHMATH
BIIICOPTOBaHHH COUCOK 3anucis. B+ nepeso, noxibue 1o OinapHux ne-
peB, 3a BHHATKOM TOro, mo B B+ gepcsi y koxHOMY By3li 3ana-
M’ITOBY€TbCA OiNbLIC HIXK OMH Kmo4oBHH psaok. B+ gepesa 36anan-
COBaHI: ¢ O3HAYAE, IO IWAAX MOUIYKY KOKHOrO KiK4Ya y “IUcTax”
JiepeBa Ma€ OJIHY i Ty X caMy NOBXHHY. BHacmimok 1boro nomyk Kox-
HOro KJIfoya (cepell BeIMUC3HOI KUILKOCTI KIII04iB) notpedye smuic ae-
KUTbKOX omepalii AocTymy 1O IWCKa, 3aN€KHO Bix Toro, sik barato
KJTIOYIB 3a11aM’ATOBYETbCA Y KOKHOMY BY3Jli.

Xoua B+ gepeBa po3MiulyloThes y 30BHILIHIX 6a3ax JaHMX, BOHH
He norpeOyloTh BKa3iBHUKIB HA TEPMH B Till camiif 6a3l ganux. 3’sB-

NAETHCA MOXUIUBICTH MaTH 0a3y OaHHMX, sKa MICTHTh ITOCIIAOBHICTB
JIAHLIOXKKIB, Ta Apyry Oasy manmx 3 B+ nepeBoM, sike BKazye Ha TEPMH
B HHX JIAHIFOXKKAX.

Y B+ gepeBax o4l 3rpymnoBaHi y cmopiuku, TPHYOMY KOKHA
CTOpiHKA Ma€ OIHAKOBMII pO3Mip, 1 BCi CTOPIHKH MOXYTh MICTUTH OJHE
i Te came umcno kno4is. e osnauae, mo Bei kmodi B+ gepesa Maloth
OyTH onHakoBoro po3mipy. Po3Mip KIo4yiB BH3HAYAIOTH 32 apryMEHTOM
Keylen, axwuii 3a1a10Th Y MOMEHT cTBOpeHHS AcpeBa. [Ipu cnpobi BHe-
ceHHs y B+ nepeso psanxa, nosxuna sikoro Oursma nbk Keylen, Visual
Prolog Bkopotuts ioro. Ilix yac creopeHHs B+ nmepesa HeoOXxinHO 3a-
Jatd BenuuuHy aprymedty Order. Lleit aprymedT BH3Hauae, CKillbKM
Ko4iB OyZic 3anaM’aTOBaHO y KOXXHOMY By3ii AepeBa. Haitminury Be-
JIMYHHY apTYMEHTY BUOMPAIOTh METOIOM CNpo6 Ta OMHIOK.

Crsopiotoun B+ nepeso, HCOOXITHO nepeadauuTH MOXKIHBICTL BH-
KOPHCTaHHs IKJIIOYiB, fKI MOBTOPIOOThCA. Hanpuknaza, akwo creo-
p1o10Th B+ 1cpeBo fuis 6234 faHUX TOKYILIB, B AKIi KIIOUCM € NPi3BH-
nie MOKYMI, TOAI HEOOXIIHO BpaxyBaTH BCIX MOKYIIUIB 3 MPi3BHLIEM
Omniiinuk. Y uboMy pasi I0MOMOXKE 3aCTOCYBaHHA MOJABIHHUX KIIIOYIB Yy
B+ nepesi.

Po3riisiieMo cTaHaapTHi npeaukaru Juis oopobnents B+ nepes:

bt_create(Dbase,BireeName,Btree_Sel,KeyLen,Order),

bt_create(Dbase,BtreeName,Btree_Sel,KeylLen,Order,Duplicates)

— crBOpIOIOTL B+ niepeBo. Aprymert BtreeName Bu3Hadae iM’ st HOBOTO
nepesa. Lle.iM’s crae aprymentom jist bt_open. Aprymentn Keylen ta
Order 3ajialoTh y MOMEHT cTBOpenHs B+ mepesa. [licns uporo ix 3mi-
HIOBATH HC MOXKHa. SIkiuo Buknukaerscs bt_create/5 abo bt_create/6 3
aprymcurom Duplicates=1, Toai B B+ nepci MoXxHa BHKOpUCTOBYBATH
noaBifini  kmoui. SAxiwo bt_create/6 BUKIMKAOTE 3 APryMCHTOM
Duplicates=0, Toai y mepcBO HC MOXHA BKIKOUYATH KIIIOYi, 1O AyO-
JIOIOTBCA.

bt_open(Dbase,BtreeName,Btree_Sel) — Biaxpusae Bxe cTBOpcHC
B+ nepeBo, sakce imeHTHdikyeTbCs iMCHCM, 3ajanum B bt_create. V
MOMCHT BIJIKPHTTA Ta CTBOpcHHs B+ ncpeBa moBepracThCs 3HAUCHHA
cenektopa acpeea Btree Sel. Cenektop B+ nepesa HanexHTs A0 3a3-
Janerifib BU3Ha4YCHOTO JOMCHy bt_selcctor Ta Bkasye Ha B+ mepeso,
KOJIH CHCTCMa BHKOHYE onepauii noiyky abo mo3HuitoBaHHA. 3B’A30K
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MiX IMEHEM JepeBa Ta HOro CeleKTOPOM MOAiGHHUI 10 3B’S3Ky MDK
dbizuuHNM iMeHeM Qaiiia Ta BiNoBIJHUM HOMY CUMBOJIIYHUM IMCHEM.

bt_close(Dbase,Btree_Sel) — BuxopuctoByiotsh [uis 3akpurts B+
JepeBa; 3BINbHAE BHYTpilnHi 6ydepu 3 imeHem BtreeName.

bt_delete(Dbase,BtreeName) — 3actocoByroTh st BujancHus B+
Iepesa.

bt_copyselector(Dbase,OldBtree_sel,NewBtree_sel) — cTBOpIoe
HOBHH BKa3iBHHK Ha B¢ BiakpuTuit cesnekrop B+ nepesa. Hoswit
BKa3iBHHK BKa3ye Ha Te came Micle, Wio i Hassuui. [Ticns crBopcHHs
00HIBa CENIEKTOPH MOXKYTh BUTBHO MIEPCMIILATHCS, HE BITIUBAIOYH OJUH
Ha OJHOrO.

bt_statistics(Dbase,Btree_sel, NumKeys,NumPages,Depth,

Keylen,Order,PgSize)} — Beprae crarucruuny iHgop-

Mauiro g B+ nepesa, na sike Brkasye Btree Sel. AprymenTtu npejinkara
HasejieHo y Tabnmuni 2.5.

Tabnuyst 2.5.
Aprymentu npesnkara bt_statistics
Aprymenr Onmnc
Dbase Cernexrop, skuii Bu3Hatac 6a3y JaHnx
Btree_Sel Cenextop B+ nepesa
NumKeys 3araigbHa KineKicTh KIOMIB Yy B+ nepesi
NumPages 3aranbHa KilbKicTh CTOPIHOK
Depth T'uGHHA fiepeBa
KeyLen JoBxuHA KoYl
QOreder Hopsinok B+ nepesa
| PgSize Posmip ctopinku (y Gaiitax)

key_insert(Dbase,Btree_Sel,Key,Ref),

key_delete(Dbase,Btree_Sel,Key,Ref) — cranpaptai npcuankaru,
sKi BMKOPHMCTOBYIOTb Uit OHOBJICHHS B+ nepesa. 3ajmaBuiu ans upe-
nukara key_delete obuasa aprymentn (Key ta Ref), MoxHa BunannTn
BH3HAUCHHMH CJIEMCHT 3 1I0JBIHHAM KJIFOUCM.

key_first(Dbase,Btree_Sel,Ref),

key_last(Dbase,Btree_Sel,Ref),

key_search(Dbase,Btree_Sel,Key,Ref) — koxxne B+ mepeso mijar-
pHMy€ BHYTPIlUHI BKa3iBHHKH Ha cBOi By3nH. [lpenukaru key_first Ta
key_last 1aioTh 3MOTy BCTAHOBUTH BKa3iBHMK Ha NCPIIMH Ta OCTaHHIHA

By3nd y B+ nmepesi. 3a nomomororo npeamukara key_search BcTaHos-
JOI0Th BaKa3iBHMK Ha 3aJlaHMii KIIIOW; IIPOLEAYpa 3aBCpIIYETHCA
YCIIIHO, AKIIO KITIOY 3HAICHUH, 1HaKIe BHYTPIHINA BKazigHAK B+
JepeBa BCTAHOBIIOIOTH Ha HACTYIHME KIIIOY INCnA TOro, Je Mas OH
Oytn po3mimiennii xmou Key. Mo)kHa BHKOPHCTOBYBATH IIPCIMKAT
key_current, mo6 oTpuMaTH K04 Ta BKa3iBHHK 0a3M JaHMX Ha HEH
kmoy. Skmo noTpibHO BKasaTH TOYHY mosuuio y B+ nepesi 3 mon-
BIHHMMM KImogaMH, ToAl HeoOxiaHo Ref 3amaTn sk BxXigHuii mapamerp.
key_next(Dbase,Btree_Sel,NextRef),
key_prev(Dbase,Biree_Sel,PrevRef) — BukopucToBytoTs mis nepe-
MILLCHHA BKasiBHHKAa B+ sepesa Bneped Ta Hazaj. SIKmIO BKa3iBHHK
3HAXOAUTLCA Ha OXHOMY 3 KiHUiB B+ ziepeBa, cnpoba nepecynyTu Horo
Jani 3aBCpUIYEThCS HCBAuclo, H BKasiBHUK B+ nepeBa Oyme mpaio-
BaTH Tak, HIOU BiH OYB mepCCyHyTHH Ha OfIHY TO3UIIO 11034 MCXIi Je-
peBa.
key_current(Dbase,Btree_Sel, Key,Ref) — noscprae xmou 3 Bkasis-
HHKOM 0a3su 1aHHX, IO BIANOBIAAE MOTOYHOMY [OJIOKCHHIO BKa3IBHUKA
y B+ nepesi. lpcankar key current sascpiuyerbes nepgauelo nicna
3BepHCHHA N0 mpeaukariB  bt_open, bt_create, key insert a6o
key_delete, a TakoX AKILO BKa3iBHHK 3HAXOAHTLCS HCpel| NEPIINM (BH-
KOPHCTOBY10Tb key_prev) abo micns octanuboro kmoua (key next).
Posrnsuemo npuknan pocryny o 6a3m pamux ucpes B+ nepesa.
Hascacua nikuc nporpamMa Jae MOXIIHBICTL 0OPOOIISTH AEKiNbLKA TCKC-
ToBUX (ainiB B onHii 6a3l paHux. Moxna BUGUpaTH Ta peparysarn
TckeTH. Biamosiane B+ nepeBo 3actocoByloTh s WBUAKOLO JAOCTYILY
Ito (aiiiB Ta COPTYBAHHA TXHIX HA3B.
Hpuxsrax 2.19.
domains
db_selector = dba
predicates
% Cnucok BCix Kkntouis
list_keys(db_selector,bt_selector)
clauses
list_keys(dba,Bt_selector):-
key_current(dba,Bt_selector,Key, ),
write(Key,' "),
fail.
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list_keys(dba,Bt_selector):-
key_next(dba,Bt_selector, ).},
list_keys(dba,Bt_selector).
list_keys(_,_).
predicates,
open_dbase(bt_selector),
main(db_selector,bt_selector),
ed(db_selector,bt_selector,string),
ed1(db_selector,bt_selector,string),
clauses
% BukoHaHHS UMKy A0 HATUCKAHHA AOBINLHOT KNasiwi
main(dba,Bt_select):-
write("File Name: "),
readin(Name),
ed(dba,Bt_select,Name),!,
main(dba,Bt_select).
main(_, ).
% lMpepaunkaT ed 3acsigyye, WO Nig Yac peaaryBaHHA HemMac HeBaau.
ed(dba,Bt_select,Name):-
ed1(dba,Bt_select,Name),!.
ed(_,_,_)
%******t************************
% € TP MOXNUBOCTI:
%% a) AKWO iM'A € NOPOXHIA PAAOK — NepernsiHyTV BCi iMeHa,
% b) IM’'s1 BXXe BIROMO — 3MiHUTK 3micT channy;
% c) HoBe im'st — cTBOpMTK HOBUIA hann;
(yo*********t*********************/
ed1(dba,Bt_select,"):-!,
key first(dba,Bt_select,_),
list_keys(dba,Bt_select),
ni.
ed1(dba,Bt_select,Name):-
key_search(dba,Bt_select,Name,Ref),!,
ref_term(dba,string,Ref,Str),
edit(Str,Str1,"Edit old",NAME,",0,"PROLOG.HLP",RET),
clearwindow,
Str><Str1, RET=0,
term_replace(dba, string, Ref, Str1).
ed1(dba,Bt_select,Name):-
edit("",STR1,"Create New",
NAME,",0,"PROLOG.HLP"RET),

clearwindow,
""><Str1, RET=0,

chain_insertz(dba,file_chain,string,Str1,Ref),

key_insert(dba,Bt_select,Name,Ref).

open_dbase(INDEX):-
existfile("dd1.dat"),!,

db_open{(dba,"dd1.dat",in_file),
bt_open(dba,"ndx",INDEX).

open_dbase(INDEX):-

db_create(dba,"dd1.dat",in_file),
bt_create(dba,"ndx",INDEX,20,4).

goal
open_dbase(INDEX),
main(dba,INDEX),
bt_close(dba,INDEX),
db_close(dba).

2.10. ApuPmeTnuHi onepanii

Buxopucrosyioun Prolog, MoxkHa BHKOHYBAaTH BCi HOTHPH TOJIOBHI
apugpmeTHuHi oncpauii (nonapaHHs, BiTHIMaHHS, AiNEHis, MHOXKCHHS)
MDK LUIMMH Ta AidcHUMY Yucnami. UlicTHanusaTkoBi Ta BiCIMKOBI YHC-
Ja noyuHawThes 3 “0x” abo “00” BinnmosiaHO. Apudmernuni oncpauii

004HCIIOIOTD Y TAKOMY NOPAIKY:

® KO BHPA3 MICTHTH ITIABHPA3H y AyxKKax, NiJBUpa3 0O4UC-

JIOIOTD TICPUIUM,

® KULIO BHpA3 MICTHTH omncpatii MHoxchus (*) abo aincuus (/,
div abo mod), ui onepauii BUKOHYHOTb 371iBa HapaBo;

e AKILO BUPa3 MICTHUTb olicpauil poiaBauhs (+) Ta BIAHIMaHHsI
(), iXx BUKOHYIOTBCS TaK caMo: 3J1iBa HaIlpaBo.

[TopsiIok oncpauii HaBCACHO Y TabauL:

Tlopsinok BHKOHaHKHS apuPMCTHUHHX oTicpartiif

Tabinuys 3.6.

Onepauis MNpiopurer
+, - 1
* [, mod, div 2
-, + (yHapHi) 3
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Y nporpami Prolog € mosuuii Halip BOyZOBaHMX MaTeMaTHYHHX
(GyHKLUIH Ta TPEIMKATIB, SIKI BAKOPUCTOBYIOTh LiNi Ta MiHCHI 3HAYCHHI.
[ToBHuMi1 iXHiH CMIUCOK NojaHo y Tabnuni 2.7:

Tabnuyn 2.7.
ApudMeTHyHi npeanKaTy Ta Gyrxuii
Hasga Onuc
XmodY TloBeprae sannuiok Big AincHHs X Ha Y
XdivY IToBeprae uactky Bin mineHHs X va Y
abs(X) TTosepTae MOJyJlb CBOTO apryMeHTyY
cos(X) - TloBEpTAE KOCHHYC CBOTO APTYMEHTY
sin(X) TToBepTac CHHYC CBOTO apryMEHTY
tan(X) TloBepTae TARIEHC CBOTO AapIyMEHTY
arctan(X) [ToBeprae apKTaHreHc AificHOro 3HaueHns X
exp(X) TlinxocuTs ¢ 1o cTenens X
In(X) Jlorapudm X 1ipy ocHOBI €
log(X) Jlorapudm X npu ocxosi 10
sqrt(X) Kopins kBaapariuii 3 X
random(X) [pucsotoe X Brnaakose filicHe yncno; 0<=X<|
random(X,Y) Tpuceotoe Y Bunajxose giliche uncno; 0<=Y<X
round(X) 3aokpyraoc sHadetns X. Pesynprat gilicnuii
trunc(X) Bigkunac 1pobory uactuny. Pesynprar miiicuuii
val(domain,X) Beprac X nepersopene o THIy domain

Prolog sae 3MOTy IMOPIBHIOBATH apU(pMETHYHI BUPA3H TaK Camo, 4K
CHMBOJTH, PAAKH Ta 1ICHTH(IKAaTOPH, HAPUKITAL:

‘9' < ‘b’

“antony” > “antonia”

% Cumsonu
% Psapxu

P1 = peter, P2 = sally, P1 > P2 % Jlitepanu (inentudikatopn)
Y tabnnui 2.8. HaBeEHO MOBHHUM PsT BiAHOLICHD:

Tabnuys 2.8.
JloriuyHi BIHOILCHHS
InenTngikarop Bianoutenus
<, > MeHue, Gitblue
<= >= Meniue abo fopiBHIE, Ginblie abo OpiBHIOE
=, <> abo >< Hopisrtoe a0 He gopiBHIOE

[puknagom poGOTH 3 apUOMCTHYHHMH ONCPALliAMH MOXC CTATH

mnporpamMa s
A*X*X+B*X+C=0.

3HAXOIKCHHA

KOPCHIB  KBaApaTHOIo

piBHSHHS
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IMpuxnaz. 2.20.
predicates
solve (real, real, real)
reply (real, real, real)
mysqrt (real, real, real)

clauses
solve (A, B, C):-
D=B*B-4*A*C,
reply (A, B, D), nl.
reply (_,_,D):-
D<0,
write ("No solution™),!.
reply (A, B, D):-
D=0,
X=-B/(2*A),write("x=", X),\.
reply (A, B, D):-
SqrtD=sqrt(D),
X1=(-B+SqgrtD)/(2*A),
X2 = (-B - SqrtD)/(2*A),
write ("x1 =", X1,"and x2 =", X2).
goal

solve (1.0, 2.0, 1.0).
PesynnbraTom BukonaHHs nporpamu 6yae x=-1.

2.11. YBeaeHHsi Ta BUBEAEHHA ingopmauii

Y nporpami Prolog ¢ Tpu cranjapmiii npenkaté 1S BHBCICHHA
idopmanii: write, nl, writef. [peaukar write Moxe OyTH BHKIHKaNRI 3
JOBUILHUM YHCIIOM apIyMCHTIB:

write (Param1, Param2, Param3, ..., ParamN).

L aprymenty MoxyTh OyTH a60 KOHCTaHTAMM 31 CTaHAAPTHHX J0-
MCHIB, 00 3MIHHUMU. SIKILO 11C 3MiHHI, TO BOHH MAlOTh OYTH BXi(HHMH
napametpamu. Ilpeaunkar nl (new line — HOBHIL PALOK) 3aBXKIAM BHKO-
PHCTOBYIOTh pasom 3 upeaukatoMm write. Bin 3abcsncuye nepexig Ha
HOBHMH pALOK. 3BOPOTHHH cricll “\” BUKOPHUCTOBYIOTL Y PAJKAX K KC-
pytounii cumBoa. JInd Toro, wob HajapyKyBaTH 0C3M10CCPCIAHBO CHMBOI
“\”, noTpiOHi 1Ba 3BOPOTHI CCLUI OJMH 33 ONHUM. 3a 3BOPOTHHUM Clie-
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[IEM MOXE€ CTOATH AOBUILHUH, YTBOPEHUH CICHiaJbHUMM CHMBOJIAMH
JUTA KEpYBaHHS APYKOM:
‘n’ — HOBHIA PANOK T4 MIOBCPHCHHS KAPETKH;
‘t’ — TabynAris;
‘r’ — MOBEPHEHHA KapeTKH.
Takok 32 CHMBOJIOM “\” MOX€ CTOATH J0 TPLOX JACCATKOBUX LHP,
ski 3apaioTh kKo ASCII.
Hasenemo npuknag, Akuii BUAPYKOBYe He OUIBIIC HDK MO N’ATh
CNCMCHTIB CIIHCKY B PAZKY.
INMpuknax 2.21.
domains
integerlist = integer”
predicates
writelist (integerlist)
write5 (integerlist, integer)
clauses
writelist (NL):-
nl,
write5 (NL, 0},nl.
writeb (TL, 5):-,
nl,
write5 (TL, 0).
write5 ([H|T], N):-!,

write (H, " "),
N1=N+1,
write5 (T, N1).
write5([},_).
goal

writelist([2,4,6,8,10,12,14,16,18,20,22}).

Ipenukar writef nae 3Mory BUKOHYBaTH ()OpMaTOBaHE BUBEICHHS,

BiH Mae Takuid dopMmart:
writef (FormatString, Arg1, Arg2, ..., ArgN)

Aprymentn Arg1, ..., ArgN maioTh OyTH KOHCTaHTaMH abo 3B -
3aHAMH 3MiHHUMH, 110 HAJIC)KATh CTAaHAAPTHUM JoMeHaM. Ckiaaedi fo-
MeHH opmaTyBaTH He MOXHa. Panok opMaTyBanHa MICTHTh 36u4ail-
Hi cumeonu 1a popmamui cneyugikamopu; 3BH4alHI CHMBOJH IpY-
KyIoTh 6e3 Monudikaii, a hopmatHi cnenudikaropu HabyBarOTh Takoi
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dopmu: %-m.pf. CumBonn cneuudikaropis dopmary, saKi cliayioTh 3a
3HaKOM “%” € HEOOOB  I3KOBHMH, IXHI 3HAYECHHS HABEACHO y TaOJHIIL.

Tabnuyn 2.9.
3naueHHs cumBoniB-cnieundikaropis gopmary

Cumion Juauenns
- BHpiBHIOBaHHS MONA MO JIIBOMY Kpalo (32 3aMOBUCHHSM ~ HO NIPABOMY)
m none JecatkoBe uKcno, 32 AKHM BH3HAYAIOTh MiHIMANLHY NOBXKHHY 11011

p none Jlecatkone uncno, 3a AKUM ONHCYIOTh a60 TOYHICTb 306paeHHs 3 Nia-
BAKOYOIO KPankow, 300 MAKCHMATBHE YHCIIO CHMBOMIB Y PANIKY
f none Hac MoxnuBicTs onHcysatn dopmaTh, BiAMiHHi Bia popmatis, npHii-

HATHX 32 3aMOBYYBaHHAM Ju1s 06’ ckta. Hanpukian, none f Moxe onu-
CYBaTH Te, IO Lijle YHCITo Mac OyTH HajpykosaHe Ak G¢33HakoBe abo
UTICTHAZATKOBE

Y Tabnuui HaBeacHo cneuudikaropu dpopMarty nons f.

Tabauys 2.10.
Cneundixatopu dopmary noss f

Cuenndikarop

bopmaty Onuc

f HificHi pa3oM 3 dikcoBaHolo Kparnkoio (TR 123,4 a6o
0,004321)

HificHi B excrioneHUianbHoMy onuci (Thn 1,234¢2 abo
4,321e-3)

Hitichi y dopmari f abo ¢ (popmart 3a 3amosuennsm)
Llini, six 3HAKOBI ECATKOBI uncna

Llizni, Ak 3HAKOBi JIOBTi JICCATKOBI YHCAA

i, sx 6¢33HAKOBI ACCATKOBI uHcaa

11ini, sk 6€33HAKOBI JOBri NCCATKOBI UHCIA

[

Llini, sk BICIMKOBI yHcna

LTisi, sx BICIMKOBI Z10Bri uMcna
Llini, Ax HHCTHATIATKOB] uKcna

L, K MHCTHAZUSTKOBI 10BN UnCTa
Uini, sx cumBoau (char)

Ak paaxu (symbols Ta string)
Sk MHCITa TTIOCHIIAHHSA Y 3OBHIlIHIX G43aX JAHHX (TibKH JUTS
JloMeHiB ref)

SAx GivapHi (Tinkku s fomeny binary)

D|O] DVj» o | Xix|OloiC|c |Ojak

Sk TNPEAUKATHE 3HAYCHHS
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IMpuxaaau GopMaTOBAHOTO BHBEICHHS:

goal
A - llonell’
B =330.12,
C =4.3333375,

D = "one two three”,
writef ("A = '%-7'\nB = '%8.1e"\n", A, B),

writef ("A = '%' \nB = '%8.4e"\n", A, B),nl,
writef ("C ='%-7.79' \nD = '%7.7'n", C, D),
writef ("C = '%-7.0f \nD = '%0"n", C, D),
writef ("char: %c, decimal: %d, octal: %0, hex:

O/OX",IaI,.a',IaI,'aI).
V pe3ynbTati 0TpUMaEMo

A='one '

B ='3.3E+02'

A ='one'

B ='3.3012E+02'
C ='4.333337

D ='one two'
c=4

D = 'one two three'
char: a, decimal: 97, octal: 141, hex: 61
Vraporpami Prolog oxonncHo aekiibka CTaHAAPTHHX TNPCHAMKATIB
JUTA YUTAHHSA 3 TOTOYHOIO NPUCTPOIO BBCIACHHS:
readIn (Line) — 3uuTye TCKCTOBUM PSIIOK y BinbHY 3MiHHy Line, s
AKOT BU3HAYCHHUI jomch THNY string. 3unTye g0 254 cumBoiis (Tnoc
MOBEPHEHHS KapeTKu) 3 KiaBiatypu Ta 0 64 K6alr 3 inwuux npucr-
pois. SIKio Mig uac yBCACHHS HAaTUCHYTH knasily <Esc>, To readin
Oyze HeBaanumM;
readint (X) — 3udTye 1INC 3HAUCHHS Y BUILHY 3MiHHY X, Ui aKOi
BU3HAYEHMI JOMCH WIJOro THMY, MOKM He Oyle HATHCHyTa KiaBilla
<Enter>. SIKWO BBEJACHHS HC BiANOBIZaEe CHHTaKcUcy Liymx, readint
Oyne HeBmaaum, a Prolog BUKIMKATUMC MCXaHI3M RNOWYKY 3 MOBEp-
HegHaM. Y pasi natuckauns xnasiui <Esc> mij yac yBeaCHHS 3 KnaBia-
TypH readint Takox 3a3Hac HeBAaui;
readreal (X) — 34uTye HiliCHC 3HAYCHHA y BUIbHY 3MIHHY X, 144
AKOT BU3HAUCHMH [OMEH NIHCHOro THmy, NMOKW He Oylc HATHCHYTa
knasima <Enter>. Sxio BBCACHHS HC BIIIOBLIAE 3BHYAHHOMY CHH-
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TaKCUCY AlficHHX uucen, To readreal 3a3Hae HeBmaui. ¥V pasi martmc-
KaHHA KiaBimi <Esc> mij 9ac BBeleHHS 3 KiIaBiarypu readreal Takox
3a3Hae HeBJaul;
readchar (CharParam) — 34HTye ORMH CHMBOJ y BUIbHY 3MiHHY
CharParam, ska HaJeXUTh JOMEHY char. SIKIO MOTOYHUM TPHCTPOEM
yBEJCHHA € KiaBiatypa, readchar uekae, moku He Oyae HATHCHYTHEH
OJIMH CHMBOJ, TICAS 40ro noBeprac Horo. BHacniiok HaTHCKaHHA
wiaBimi <Esc> mix 4ac BBENCHHs 3 KiaBiaTypH, readchar 3a3Hae HeB-
Jlaui;
readterm (DomainName, Term) — 3unTye paaoK Ta NCPCTBOPIOE O~
ro y TepM BKa3aHOro JOMCHY. SIKHIO PANIOK HC BHUMISANAE SK 00 €KT,
copmoBanmii npeaMKaToM write, ToAi readterm moBcpHE MOMHIKY.
Crangaprhuil npequkar readtermerror Moxe OyTH BUKOPHCTAHUM IS
OTpUMAaHHA iH(OpMaLLiT PO NOMUIIKH, AKi BinOyaHcs y readterm;
file_str (Filename, Text) — 3uMTye TCKCTOBHWiIl ¢aitn y pagok abo
cropioc (aitn Ta 3anncye y ued daiin psytok. SIKuo nepea BUKIMKOM
file_str 3minia Text BUibHa, file_str 3untye cumBonu 3 (aiina Filename,
NOKW HC HATpanuTh Ha CHUMBOJ KiHus ¢aiina. 3mict daiina Filename
NOMIIAETBCA y 3MiHRY Text. Maili, AKHHA 34UTYETLCS, HC Ma€ FICpPCBH-
LYBATH MAaKCUManbHOI AOBXHHHU paaka (64K06). Skuo Text 38’s3aHa
3MiHHa, Toli file_str cTBoptoe ¢aiin 3 nasporo Filename, B siknii 3ann-
cyeTbes BMicTHME (aiina, 38°13aHOro 3i 3MiHHOW Text. [Tpuuomy, kLo
(haiin 3 HasBolo Filename Bxc €, BiR Oy/ic ncpe3anvcanyid.
PosrnancMo npukiag BHKOPHCTAlHS CTaHAAPTHHX [IPCHMKATIB
YUTAHHS U1 poOOTH 31 CKAAJAHUMH CTPYKTYPaMH AaHUX.
Ipuknan 2.22.
domains
person = p (name, age, telno, job)
age = integer
telno, name, job = string
predicates
run - procedure ()
clauses
run:-
write ("Which name ? "), readin (Name),
write ("Job ? "), readln (Job),
write ("Age ? "), readint (Age),
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write ("Telephone no ? "), readin (Telno),
P =p (Name, Age, Telno, Job),

write (P), nl,

write ("ls this compound object OK (y/n)"),
readchar (Ch), nl, Ch='y', I,

run :-
nl, nl,
write ("Alright, try again"),
nl, nl, run.
goal
run.

VYBIBIUM BIAMOBiAI HA 3aNHUTH MPOIPAMH, PE3yJibTaT BUKOHAHHS

MO>KHa OTPMMATH y BUTIISAAL

Which name ? Andry

Job ? Petrenko

Age ? 20

Telephone no ? 297-97-97

p ("Andry", 20, "297-97-97", "Petrenko")

Is this compound object OK (y/n).

2.12, daiiroBa cucTeMa

Y upoMy posauti posriasHeMo dainoBy cuctemy Visual Prolog Ta
CTaHjapTHi mpeaukatu Ui pobotu 3 Qainamu. Visual Prolog nae
3MOTY BUKOPHCTOBYBATH current read device (110TOYHUI NIPUCTPIH um-
TaHHA) Ta current_write_device NOTOYHUH NpUCTPii 3armucy. 3a3Buuail
NOTOYHHUM NPUCTPOEM YHTAHHS € KIaBiaTypa, @ NOTOUYHUM ITPHCTPOEM
3anucy — ekpaH jaucruics. [lpucTpiil mOTOYHOrO BBCACHHS — BMBCIICHHS
MOJXKHA NEPCBH3HAYMTH MiJ Yac BHUKOHAHHS Nporpamu. Biaxpusarouu
¢aiin, Visual Prolog 38’s13ye cuMBouliuHe iM’4 3 filicHuM iMeHeM daiina
OICPAiHHOI CHCTCMH T2 BUKOPUCTOBYE CUMBONIYHC IM’si LI Harpas-
JICHHS BBeJCHHS-BUBeAcHHS. CHMBOJIYHI IMcHA (aiiiiB HCoOXiAHO MouH-
HATH 3 MJIEHBKOI JIITCpPHU Ta orosioulysat y nomeni file. Hanpuknaa:

file = file1; source; auxiliary; somethingElse.

Y Oyap-skiii mporpami 1o3BodcHUH TinbkH 0AHH JoMcH file. Visual
Prolog posnizHae m’satb BOygoBaumx aibrepHaTuB file, HasencHux y
TaGTHL.
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Tabruys 3.11.
BG6ynosani anurepHatHBH gomeny file

AllbTepHaTHBA Omic
keyboard YuTaHHA 3 KIasiaTypu
screen 3anuc Ha gucniel
stdin YUntarHs 31 CTAHAAPTHOTO BBCACHHS
stdout 3anuc y cTaHzaprHe BUBCACHHS
stderr 3amuc Ha cTaHAapTHHH NPHCTPiH JNd BHBEICHHA
TIOMHJIOK

BOynosaui anprepHaTHBH HC MaloTh Tpamistuca B onuci file. Po3-
IJISHEMO CTaHAapTHI MPEIMKATH JUTA BiIKPUTTS Ta 3aKpHTTA (haiIliB.

openread (SymbolicFileName,OSFileName) — sae MoxJIuBiCcTb Bi-
kpuBatH (aitn OSFileName nns YuTaHHA Ta MOB’A3YBATH HOTO 3 CHM-
BONiYHMM iMeHeM SymbolicFileName, oromomenum y pomcHi file.
SIkio (aitn ue Moxe OyTH BiAKPUTHH, 3’ IBIAETLCS MOBIIAOMICHHS 11PO
TTOMHUIIKY.

openwrite (SymbolicFileName,OSFileName) — jae 3Mory BiakpH-
Bary daiin OSFileName st 3anucy. Skwo ¢aiisn Bxc € Ha AUCKY, HOro
BMICTHMC BHTHPAlOTh. Y [pPOTHIIC)KHOMY BHNAJKY CTBODIOXOTH HOBHH
¢aiin. Sxuwo ¢aiin He Moxe OyTH CTBOPEHHH, 3°ABASAETLCA NOBILOM-
JICHHS PO TTOMHITKY.

openappend (SymbolicFileName,OSFileName) — nae MOXHBICTD
Binkpusartu ¢aiin OSFileName mns 3anucy B KiHcus ¢aiina. Skimo
(aiin He Moske OyTH BIAKPHTHH JUIsl 3aIMCY, 3 ABIACTLCS 10BIJIOMICHHS
po TIOMHJIKY.

openmodify (SymbolicFileName,OSFileName) — nae 3Mory Bin-
kpuBaty aisr OSFileName 1 1ns 3anucy, i iis ynrtanis. Skwo ¢aiin
BXKC CTBOPCHO, BiH HC OyJC mepe3anucaHuid. SIKIo cucreMa He Moxke
Bigkputn OSFileName, Visual Prolog nosisoMuts npo nomusky. ns
3aIOBHCHHA (aitna 3 JOBIMLHUM AOCTYNOM Npejuxar openmodify Mox-
Ha BUKOPHCTOBYBATH pa3oM 31 CTaHIApTHUM npeankatoM filepos.

flemode (SymbolicFileName,FileMode) — jlae mMoxauBicTh Big-
kpuBatH ¢aiin y gasilikoBomy abo y TCKcTOBOMY pexumi. ko
FileMode=0, ¢aiitn SymbolicFileName BcTaHoBNIOIOTE y HBIHKOBOMY
pexumi, ko FileMode=1 — y TekctoBomy. [lng uuranus IBIHKOBOTO
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¢aiina MoxHa BHKOPHCTOBYBATH TiIBKU Ipeaukat readchar a6o mpenu-
KaTH i1 AOCTYITy OO ABiMKOBUX (aiifiB.
closefile (SymbolicFileName) — 3akpuBae Brazanuii dhaii.

readdevice (SymbolicFileName) — mepesu3Hayae NOTOYHUI NPUCT-

piii 4MTaHHA, AKWO 3MiHHA SymbolicFileName Bu3HadeHa Ta aiin
BIAKPUTHH 11 yuTaHHA. SIkmo SymbolicFileName € BinbHOK 3MiH-
HOI0, TOZi readdevice npHCBOITE iif iM’sl HOTOYHOrO aKTHBHOIO NPHUCT-
pOXO UMTAHHS.

writedevice (SymbolicFileName) — nepeBusHauae npucrTpiii 3amucy,
AKIO 3a3sHadcHHH daiin BigkpuTMH ans 3anucy. Slkuio 3miHHA
SymbolicFileName € BinbHa, Toni writedevice npucBoiTh iit iM’g noTouU-
HOTO aKTHUBHOI'O IIPHCTPOIO 3aITKCy.

Homex file micTuTe Tpu craHaapTHi (ailloBi MOTOKH, ONMUC FKHUX

HaBeneHo y Tabnuni 2.12.
Tabauys 2.12.
daitsoBi NOTOKH

Daiinosnii neTix Ounc
CrangapTHe BBEJACHHA € (ainom, JOCTYIHHM TiTbKH JUIs
stdin YUTAHHA. 3a 3aMOBUYBAHHSM 11 KJIaBiaTypa.

readdevice(stdin) nasnauac npuctpocm BeecHHs Stdin
CranjgapTHe BHBeAeHHA € (alinoM, JOCTYIIHMM TiJbKH U5
stdout 3amucy. 3a 3aMOBYYBAHHAM I1€ €KpaH TePMiHana.
writedevice(stdout) naswauae npucrpoem BuBeeHns stdout
CranaapTHe BHBCJCHHS MOMUIOK € Qaiiirom, skuil 1oCTYnHHit
TIAbKK NS 3amucy. 3a 3aMOBUYBAHHAM 1IC €KPaH TepMiHana.
writedevice (stderr) waswauac npueTPOCM IS BHBEACHHS
NoBi/IoMNeHk Mpo oMuikyK stderr

stderr

Posrnanemo npennkaru ans pobotu 3 daitnamu:

filepos (SymbolicFileName,FilePosition,Mode) — kepye nosuuiero y
aitni i uuTaHHA Ta 3anucy. Skuo FilePosition — 38’sa3aHa 3MiHua,
NpeauKaT MOXE 3MIHIOBATH MO3HMIII0 YMTaHHS Ta 3anucy s (aina 3
imeHem SymbolicFileName. fkuro nix yac Buksnky FilePosition € Bib-
HOIO 3MiHHO0, Toai SymbolicFileName noscprae norouny nosuuito y
taiini. 3nauenns SymbolicFileName nanexuts Tuny long. Mode € ui-
NOK BCIHYMHOIO Ta BKA3ye, AK Mae IHTCPIPCTYBATHCH 3HAUCHASA
FilePosition (0 — 10110 mouatky ¢aiina, 1 — MOAO HOTOUHOT M0O3ULLIT, 2
— WWozo kinns ¢aiina).

Ocnosu Mmosu PROLOG 101

eof(SymbolicFileName) — nepeRipse no3uuil0 y TpoOIec YHTaHHA
Ha CHMBOJI KiHIA haiiia.

Hagenemo mpuknan mporpaMu, IO NMepeTBOPIOE OfuH (aiin B iH-
IUMH 3 MPUBCACHHAM YCIX CUMBOJIB 0 BEPXHBOTO PETICTPY.

Ilpuxnan 2.23
domains
file = input; output
predicates
convert_file
repfile (FILE)
run
clauses
convert_file :-
repfile (input),
readin (Ln),
upper_lower (LnIinUpper, Ln), %llepeeoauTb Oykau y Benuki
write (LnInUpper), nl,
fail.
convert_file.

repfile ().

repfile (F):-
not (eof(F)),
repfile (F).

run:-
write ("Which file do you want convert ?"),
readln (inputFileName),nl,
write ("What is the name of the output file ?"),
readin (OutputFileName),nl,
openread (input, InputFileName),
readdevice (input),
openwrite (output, OutputFileName),
writedevice (output),
convert_file,
closefile(input),
closefile(output).

goal
run.
flush (SymbolicFileName) — nae 3mory 3anucyBaTv BMICTHME BHYT-

piutnsoro 6ydepa y gaiin.
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existfile (OSFileName) — nae MOXITHBICTb iepeBIpATH, UK ICHYE 3a-
nanuii Qaiin OSFileName. JIna nepeBipku Toro, uu € ¢aiia Ha IuCKy,
MOHa CKOPHCTaTHCA TaKO0 IIPOLEAYPOIO:
open (File, Name):-

existfile (Name),!,
openread (File, Name).
open( _, Name}):-
write (“Error: the file”, Name, "is not found”).

searchfile (PathList, Name, FoundName) — BHKOpHCTOBYIOTB s
3Haxo/pKeHHs (aiina y cnucky mnaxis. PathList — ue pagok, sxuii Mic-
TUTb 07uH abo OUTbIle LUTAXIB, PO3NUICHHX KPankoio 3 komoro, Name —
iM’a mrykadoro Qaina. Sknio ¢aitn 3nailncno, FoundName Oync
3B’s3aHa 3 HOBHUM HOro iMEHEM.

deletefile (OSFileName) - 3unutye daitn OSFileName.

renamefile (OldOSFileName,NewOSFileName) — rnicpcimecHOBY€
¢aiin 3 imenem OldOSFileName B NewOSFileName. Byiic ycnimnnm,
axuo daina 3 imcuem NewOSFileName Hemae,a obunsa iMcHI € 1o-
IyCTUMHUMH (HaiJIOBHMH IMCHAMM.

disk (Path) — BUKOpHCTOBYIOTH ANS 3MIHH MOTOYHOrO JMcka abo
Karanory.

copyfile(SourceName,DestinationName) — BUKOPUCTOBYIOTb st
KOTIfOBaHHs (ailiTis.

openfile(SymName,OSName,OpenMode, Attributes,Creation) - crne-
miansHUH npeaukat, sKui 3a0csncuye  BIAKpHTTA  (ainiB  HecTaH-
napraumu cnocobamu. SymName ta OSName — we te came, o i B
paHirue onMcanux npeakarax. Pemra aprymentis taka:

OpenMode — 1i¢c peKHMM JOCTyMy Ta po3jiickHs 1o (aiima. Ix
tbopMyroTh, 00’enHYIOUM  oaue 31 3HaueHb  fm_access_xx
(fm_access_wo “Tinpky s 3anucy”, fm_access_rw “Juist UMTaHHA Ta
3amucy”, fm_access_ro “Tuibkd Ui yhTaHHa™), ojgHe 3 fm_sh_xxxxxx
(fm_sh_denyrw “3afopousic BCi pexxMMH JOCTYNY i IHIIMX IIpO-
necis”, BCi KOHCTaHTU s (QaiiioBux atpuOyTiB 3HAXOAuThCs y danmi
JIODECL.CON) T1a (1eobos’s3x0B0) fm_returnerr ta fm_writethru. Slxuio
peXUM JOCTYMy HE 3a/laHo, TOAI BiH OyJie BCTAHOBJCHHIA 3 aTpubyToM
“TUILKM U1 YMTaHHA”. SIKIIO pCKUM pO3IINCHHS HC 331aHo, BiH Oyue
BCTAHOBJ/ICHUIT 3 aTpuOyTOM “3a111c 3a60pOHCHO” .

Attributes — ne disnuni atpubyTtu aiina. Jloctynsi atpubyTh s
DOS - u¢ fa_rdonly, fa_hidden, fa_system, fa_arch ra fa_normal. fkmo
Hiyoro He 3amavo (0), arpuOyré OymyTh BCTaHOBJEHI 32 3aMOBUY-
BanHaM fa_normal.

Creation — Bu3Hauae, n1o pobuTH y pasi 6paky abo HasBHOCTI (aii-
a3 BKaszaHuM iM’sam. Horo gopMyroTs ofaBaHHAM 01HOTO MapaMeTpa
3 rpynd Cr_eX_XX Ta OIHOr0 IapaMerpa 3 IPYNH Cr_noex_xx. 3a
3aMOBUYBaHHAM OyAyTh BCTaHOBJICHI mapamerpu cr_ex_fail Ta
cr_noex_fail, To6To HcBaaya mpu HasBHOCTI Ta npu Opaky daiina.
Peansha nia Creation 3a 3aMoBuyBaHHaM Oy/I¢ BCTAHOBJIEHA BINOBITHO
J0 pCKUMY JOCTYDY:
fm_access_ro — cr_ex_open + cr_noex_fail
fm_access_wo — cr_ex_replace + cr_noex_create
fm_access_rw — cr_ex_open + cr_noex_create.

2.13. Po6ota 3 paaxaMH CUMBOAIB

Visual Prolog mae 3Mory miarpumyBati HabIip CTaHAApTHHX Tipc-
MMKaTiB 1ns eekTuBHOi po6OTH 3 pAIKaMH CHMBOJIB. Y po3auli pos-
rnsieMo 6a3oBi npepuKaTy Ui pobOTH 3 PAAKAMH T4 MPEAKKATH TIC-
PCTBOPCHHS THIliB JJAHUX.

frontchar(String1,Char,String2) — npecaukar ai€ BIAMOBIAHO JO
piBHOCTI:

String1 = 06 esinanus Char ta String2
Ta MOKE OyTH BHKOPUCTAHUH JUIs PO3JILICHHS PSJIKa HA NOCHIOBRICTh
CUMBOJIB Ta IS NCPEBIpKH HA HAsBHICTL CHMBOJY Y paaky. Slkuio ap-
ryMmeuT Stringl 38’ si3anuil 3 psUKOM HYIbOBOT JOBKHHH, TOAL NPCAUKAT
zagepluyerbes Gesycniifo. IHWMI npuknaz ACMOHCTPYE BUKOPHCTAH-
HS IPCMKATA IS ICPCTBOPCHHS PSIJIKA Y CITHCOK CHMBOJIIB.

[puknan 2.24
domains
charlist = char*

predicates

string_chlist(string,charlist)
clauses
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string_chlist("", [1):-!.
string_chlist(S, [H|T}]):-
frontchar(S,H,S1),
string_chlist(S1,T).
goal
string_chlist("ABC",Z).
ITicns o6pobnenHs WibOBOTO TBEPIKCHHS 3MiHHa Z Oyle 3B’s3aHa 3i
criuckoMm [‘A’, ‘B, ‘'C'].
fronttoken(String1,Token,Rest) — BuUKOHYye Tpu B3a€MOIOB’s3aHi
(yHKuIi, 3a71€KHO Bi THITYy MOTOKY apryMeHTiB. Y pasi motoky (i,0,0)
fronttoken 3Haxomute mepury nexcemy B String1, 38’sa3ye ii 3 Token,
saaumok String1 3B’s3ye 3 Rest. Bapiantu motokis (i,i,0), (i,0,), (i,i.i)
CJIYTYIOTh AJI TIEPeBIpKU: YH 3B’s3aH1 APTYMCHTH BiIMOBINAIOTHL vac-
THHaM String1 (mepiuiii nekcemi, BCbOMy, 1O 3HAXOAMTLCS TiCAS TEp-
moi exceMH, abo Tomy it Tomy), Toi fronttoken 3aBepuiyerbes yemini-
RO, iHakuic — Hesycmimuo. Skio 6ys Bukopuctannii notik (0,0,i), Toui
npeaukaT cTBoproe 00’exHanus Token i Rest Ta 38 s3ye String1 3 pe-
synbTatoM. lle oxuH npukiax 3acsigyye Bukopucrauns fronttoken ais
PO3OUTTA PCUCHHS HA CIIMCOK IMCH.
Ilpuknan 2.25
domains
namelist = name*
name = symbol
predicates
string_namelist(string,namelist)
clauses
string_namelist(S,[H|T]):-
fronttoken(S,H,S1),!,
string_namelist(S1,T).
string_namelist(_,[]).
goal
string_namelist("ivan petro roman ira inna",X).
[Ticnst BUKOHAHHA LIIBOBOrO TBCPDKCHHA 3MiHHA X Oyjc NMoB’s3aHa 3i
CITHCKOM [ivan, petro, roman, ira, inna].
frontstr(NumberOfChars,String1,StartStr,EndStr) — noginse psiiox
String1 ua 1Bi yactuHu, g¢ StartStr micturs NumberOfChars nepiux
cumBoniB 3 String1 ta EndStr mictuts 3anumok. IIpy 3BepHEHHI IO
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frontstr mepmui gBa mapameTpa MaroTh OyTH OB SA3aHI, a OCTaHHI JBa —
BUTBHHMH.
concat(String1,String2,String3) — 06’eanye aBa paaku String2 ta
String3 y psanox String1. leit npenukar 3amxan Aae TUIBKM OTUH
PO3B’A30K, TOOTO € JAeTepMiHOBAHHM.
str_len(StringArg,Length) — n1ae 3Mory BUKOHYBaTH Taki 3aBJaHHA:
BU3HAYa€ YH JICPEBIps€e NOBXKHUHY pAika abo IoBepTae paaoK npobinis
3a/laHoi JJOBXUHU. Y pa3i noToky (i,0) 38’ s3y€ 3MminHy Length 3 nosxu-
HOW psapka StringArg, sikuio 3agaunii notik (i,i) — nepesipse, yu Mae
StringArg 3anany aoexuny Length, y pasi notoky (0,i) noscprae pamok
npo6iniB 3aJaHol JOBXKUHH.
isname(String) — mepesipse, UM € apryMmceHT String J100yCTHMHM
iM’M BignoBiaHo g0 cuurakcucy Visual Prolog nporpamu. IM’s mae
noyuHarucs 3 OykBu andasity abo CHMBOJIY MIAKPCCICHHA, 32 AKUM
caifye JOBITbHA KUILKICTL OYKB, IM(P Ta CUMBOJIB M IKPCCICHHS.
format(OutputString,FormatString,Arg1,Arg2,Arg3,...,ArgN) -
BMKOHY€ TICPCTBOPCHHA, aHaloTiyH1 g0 npeaunkara writef (aus. 2.10) ta
IIOBEPTAE Pe3yNbTaT y BUMIIA] PSIAKOBOI 3MIHHOI.
subchar(String,Position,Char) — noscprae cumson y 3apaniit nosu-
uii paaxa. [lepinii cHMBOJ psAznka Mae mo3uuiroo 1. SIkuo no3uiLis cuM-
BOJIY BUXOJIUTB 3a MEXIi psaaKa, Toxi subchar 3aBepuIMTHCS NOMUIKOIO.
substring(Str_in,Pos,Len,Str_out) — moBepTae yacTuny psijika. 3MiH-
Ha Oyze no’s3aHa 3 KONi€ko YaCTHHHU pajika Str_in, HOYHHAIONH 3 CHM-
BOJ1Y Ha no3uuii Pos Ta stosxuHO0 Len.
searchchar(String,Char,Position) — noscprae no3unil neporo
BXOJUKCHHSA 33/1aHOTO CUMBONY Y pAJOK. SIKIIO CUMBON HC 3LIAHACHMH,
TOZI MPCAMKAT 3aBCPLUMTLCS HCYCIILHUM pe3ynbTaTtoM. Chij BigsHa-
YUTH, [0 JO 3HAXOJKCHHS BCiX MO3MLIH BXOKCHHS CHMBOJY Y PAIOK
Jauui npeiukat He moxe OyTH 3actocopanmii. Ile opun npukian
3aCBIAUYE MOLIYK YCIX NO3UIIA BXODKCHHS CHMBOIIY Y PSIOK.
Ilpuknazn 2.26
predicates
nd_searchchar(string,char,integer)
nd_searchchar1(string,char,integer,integer)
nd_sc(string,char,integer,integer,integer)
clauses
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nd_searchchar(Str,Ch,Pos):-
nd_searchchar1(Str,Ch,Pos,0).
nd_searchchar1(Str,Ch,Pos,Old):-
searchchar(Str,Ch,Pos1),
nd_sc(Str,Ch,Pos,Pos1,0Id).
nd_sc(_,_,Pos,Pos1,0ld):- Pos = Pos1+0ld.
nd_sc(Str,Ch,Pos,Pos1,01d):-
frontstr(Pos1,Str,_,Rest),
Old1 = Old + Pos1,
nd_searchchar1(Rest,Ch,Pos,Old1).
goal
nd_searchchar("abbalblablabbala",'a’,P),
write(P,\n"),
fail.
Ile € peanizauis HeAeTepMiHOBaHOTO mnpeaukata nd_searchchar,
KM € MOBHICTIO CyMICHHMIA 3 Searchchar.
searchstring(SourceStr,SearchStr,Pos) — nosepTae mosuuito nep-
[IOr0 BXOJPKCHHS 3aJIaHOTO psjiKa B IHILHHA pajoK. SIKIIO ykaHuid ps-
ok SearchStr ve 3HalineHnmii, abo #oro goxuua Ginbia 3a SourceStr,
TOAi searchstring 3aBeplunThes Oe3ycnillHO.
char_int(Char,Integer) — nepeTBopioe CHMBOJ y Lile YHCIO, abo,
HABIAKH, 3AJEXKHO BiJ TOro, siKi 3MiHHI NOB’s3aHi Mik cobolo. SAkuio
obniBa apryMcHTH TIOB’S3aHi, TOAI MCPCBIpsi€, UM BIANOBIAAIOTH 3Ha-
YEHHS APT'YMEHTIB OJ{UH OIHOMY.
str_char(String,Char) — ncperBoproe psaoK 3 OAHOrO CHMBONY Y
CUMBOJILHUI THI JaHUX Ta HaBmaku. SIKUI0 NMOB’A3aHi 0OM/BI 3MiHHI,
To str_char 3asepuiyerscs ycniluyo y ToMmy pasi, koM smiina String
1108’ s13aHa 3 OJHOCHMBOJILHHM DSJIKOM, 1110 Binnosizae Char.
str_int(String,integer) — neperBopIoe pAAOK, AKNI MICTHTB TCKCTOBC
MOAAHHS WITOro Yydcha, y Winui Tui, JaHux, abo 3a/1¢KHO Bl TOro, sKi
3MiHHI € TI0B’s13aHi. Y pasl moToKy napametpiB (i.i) 3aBcpuiyerses yc-
OilHoO, 338 YMOBH, 1110 Integer roB’si3aHa 3 LiJIMM CKBIBAaJICHTOM UMCIA,
300pakeHOro 3a 1onoMorow String.
str_real(String,Real) — nepersopitoe psjok y milfichc uuciao abo
AifcHE Yueno y pamok. Y BumaaKy notoky napamerpis (i,i) 3asep-
IYETHCS. YCMILIHO, sikuo Real noB’s3aHa 3 HifiCHUM 4MCIIOM, PIBHUM
4Hcly, IOZaHOMY y String.

upper_lower(Upper,Lower) — nepeTBOPIOE CHMBOJIM BEPXHBOIO pe-
FICTPY Y CHMBOJH HIKHBOTO pericTpy. Skmo obuasa mapamerpu
NoB’s3aHi, TOAI upper_lower 3aBepmIyiOThCA YCHILIHO y TOMY pas3i,
ko Upper Ta Lower noB’43ani 3 psajKaMu, SKi KOHBEPTYIOTHCA ONHH B
onHuil. Hanpuxiian, WinboBe TBEPIDKEHHSA:

goal

Str1=samPLEstriING,

Str2=SAMpleSTRing,

upper_lower(Str1,Str2)
3aBCPIUUTBLCA YCHIILIHO.

term_str(Domain, Term,String) — yHiBepcaibHHii NMpeanKar Juis 1ie-
PETBOPEHHS, Aa€ 3MOTY MEPETBOPIOBATH TCPM 3a[aHOrO JIOMCHY Y HOTro
paakose nofanus, Domain 3aae, 10 SKOro A0OMCHY HAJICKHUThL TepM (1ie
HC 000B’A3KOBO CTaHAAPTHHH JIOMCH, BIH MOXc OyTH BH3HAuCHui Ta-
Ko KopuctyBadcMm). [pcankar term_str Moxe 3aminuTd BCi 1Ipcau-
KaTH MEPCTBOPEHHSA TUIIB Str_*, nanpukiaz, str_real moxe Oytu peasi-
30BaHul sk str_real(S,R):- term_real(real,R,S).

Lllc onun npuknax AEMOHCTPYC BUKOPHUCTAHHS MPCIMKATIB isname,
str_int, str_char jy1s BU3HaYeHHs THNY JICKceM, siki OyiM BBCACHI 3 KJila-
BiaTypH. Busnaueno npesukat scanner, skiif NCPETBOPIOE BXiIHHIT psI-
JI0K Y CIIHCOK JIEKCEM 34 J0TIOMOTOoK0 npeankara fronttoken.

Hpuknax 2.27

domains

tok = numb(integer); name(string); char(char)

toklist = tok*

predicates

scanner(string,toklist)
maketok(string,tok)
clauses
scanner("",[)).
scanner(Str,[Tok|Rest]):-
fronttoken(Str, Sym, Strt), maketok(Sym, Tok), scanner(Str1, Rest).
maketok(S,name(S)):-isname(S).
maketok(S,numb(N)):-str_int(S,N).
maketok(S,char(C)):-str_char(S, C).

goal

write("Enter some text:"),nl,

readin(Text),nl,
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scanner(Text,T_List),

write(T_List).

Heo0xiHO 3ayBaXHTH, HIO IEPCTBOPEHHA MiX THIIAMH [JOMCHIB
symbol Ta string, a Takox Mix char, integer Ta real 3/1ilicHIO€TBCSI aBTO-
MATHYHO, 3 BHKOPHCTAHHAM CTAHIAPTHUX NpeAUKaTiB abo B mporeci
OIliHEHHA MAaTCMATHYHHX BUpasiB. JliHcHI ducna 3a0KpYINIIOIOTLCH B
nporeci aBToMatHuHoro mnepersopenns. Visual Prolog asromarnuno
HEPETBOPIOE THIH B Pa3i noTpeOH miJ Yac BUHKINKY NPEIUKATIB:

predicates

p(integer)

clauses

p(X):-write("The integer value is ", X,\n’).

THui wini fagyTh OJHAKOBHIA pe3yNnbTaT y [bOMY IPUKIIaL:

X=97.234, p(X);

X=97, p(X);

X="a’, p(X).

2.14. KoMr’'ioTepHi npoeKkTu

1. dns peueHs HeobxiaHo cxaacTu npasuna Visual Prolog:
a) CTYICHT OTPHUMY€ CTHICHAIIO, SKIIO Bil 00PC BUUTHCA;
b) xoxHoMy nomoGaetbess pobOTa, SKIO BOHA MPHHOCHTDL 3a3]10BO-
JICHHSI Ta JOOpE ONNavYyeThes;
¢) MOAMHA MOXE KYMHTH MaLIHHY, AKILO Maliuia nogodaerwes ii,
Mae BIANOBIAHY HiHY Ta KOJip.
2. 3anucatd MoBoio Visual Prolog npasuna:
“Ian Baxkko mpautoe”, “Slkmo IBaH BaKko mpauioe, TO BIH HACHBHUI
xuaoneup” Ta “ Skuo Isan nacusnuii xnoneus, TO BIH HC 3HAHJC Timuoi
po6oTH”. BHKOpHCTATH TpaBhiia BUBC/ICHHS Al OOrpyHTYBaHHA BHC-
HOBKY 3 IMX rinore3: “IBan He 3naiie ninwmoi poboTu”.
3. JloBecTH, 10 y UPUKIAAAX a—-C BACHOBKH MOXHa 3pOOHTH 3 TakKMX
TinoTes:
a) “Yci neBu kopctoki icroru”, “Jleski neBH HC N'10Th KaBK”. Buc-
HOBOK: “JICsiKi KOPCTOKI iCTOTH HE ITI0Th KaBH .
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b) “Yci xonibpi MaroTh sickpase nip’a”, “Koanuii BEMMKMI NTax He
icTe Mexy 1 He Mae Ackpasoro mip’s”. BucnoBok: “Konibpi ma-
JEHbKI NTaxu”.

¢) “Koxuuit atner cunbhuit”, “KoxxHHi, XTO CHIBbHHIA i po3yMHHIA,

b NN YY bl 4

A06’eTbes yenixy”, “Iletpo — atner”, “Iletpo — posymuuii”. Buc-
HOBOK: “[leTpo 106’ eTbes ycmixy™.

4. 3apaHo 6a3y dakris Burmany: X nepemir Y. Hanmcarn nporpamy, saxa

Oyzie BIMMOBIZATH HA TaKi 3aMHTAHHA:

a) Xto nporpas X?

b) Ckinbku mepeMor oaepxas X?

¢) Un moxe X mepeMortH Y (Moxe, AKINO BiH BXC nepeMir, a6o X
MOJ€ NIEPEMOITH TOT'0, XTO MOXKE MEPEMOrTH Y)?

d) Yu npaBunbHO, 1O € X, AKNHA MOXC NMEPEMOrTH BCIX iHLMX (MO-
e, AKILO BiH BXe nepeMir abo X MoXe 1epeMOrTH TOro, XTo Mo-
Ke nepemortu Y)?

¢) Un € xopckTuolo 6a3a (aktis (HIXTO HC MOXC NCPCMOITH CaM
cebe)?

5. 3anauno 6a3y ¢akri Burasay: X — gonska Y ta Z; X — cun Y T1a Z.

Hanucatn nporpamy, sika 6y/ic BIANOBIJIATH HA TAKI 3AMMTAHHA:

a) Xto 6atbku X?

b) Slkoi crari X?

¢)Yu € poanuamu X' ta ¥?

d)Yn icnye napa, B Ak01 BCI 3’ aBUMCA?

¢) X10 € Hawaaxkamu X?

J) Uu € xopexrHoto 6a3a (akTiB (Y4 HC € XTOCHL CBOIM [PCAKOM, Yy
KOXHOI0 X TUILKH OJMH 0ATHKO Ta MaTH).

6. 3apano 0Oasy daxris Burnsny: asrobyc X npoikipkac synuuky Y B
vac T (yacu, xsununu). Hanmcarn nporpamy, sika 6yac Bianosigatn
Ha TaKi 3anHTaHHs:

a) Ckinbku BCboro aBrodycis?

b) CkinbkH BchOro 3ynuuox?

¢) Sknit mapuipyT aBrobyca X?

d) Un npasma, w0 3 QOBINLHOI 3YyNHHKM MOXHA HOOpaTHes 10
JOBIILHOT IHLIOT 3YMHHKK?
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e) Yu mpaBia, I0 HE Ma€ TaKUX JBOX 3YNHHOK i Takoro aBrodyca,
1Io Uei aBToOyc XOAUTh 4epe3 ACKiNbKa 1HILUX 3YIMHHOK IUBMI-
uie, HDK SKUiich iHIMH aBTo0Yyc (6e3 MpOMDKHHUX 3YNHHOK)?
f) Sk waimBuniie godpaTucs 3 3ynuHKU A 10 3ynuHkd By vac T?
g) Uu € xopekTHOW 0a3a GakTiB (HeMae ABOX 3yIHHOK Ha AKHX aB-
TOOYC ONUHAETHCS OJHOYACHO)?
h) Ckineku yacy 3aliMae BBeCh MapIIpyT asrobyca X7
i) CKiNBKH MaplupyTiB NepeTHHAIOTHCA (MalOTh COINbHI 3yHHKH)?
7 BHKOpPHUCTOBYIOYM OINTHMI30BaHy XBOCTOBY PCKYpPCilO, peali3yBaTH
TaKi [porpaMH:
a) lligHecenHs umcna X o 3agauoro creneas N (N — HaTypajbHe
YHCIIO0);
b) 3HaxomxcHHs (aKTopiana 3a4aHOr0 HaTYpaJbHOTO uKcha N,
¢) Obuucneans N-ro uucna Qibonauui;
d) OGUYUCNeHHs CyMH BCIX UM(P 33aHOT0 HATYPATHLHOTO YHCIIA.
8. BUKOPHCTOBYI0YH peKkypcucHy CTPYKTYPY AaHUX, noOyayBaTH Ginap-
He MOIIYKOBEe JepeBO (BXIHI JlaHi 3HaxoaaThes y (aiii) Ta 3ailic-
HHUTH H0r0 00XiJ y MPAMOMY, 3BOPOTHOMY Ta BHYTPILIHBOMY MOPAX-
Kax. Pe3ynbTaT MOMICTHTH Y CIIHCOK.
9. BUKOPUCTOBYIOYH CTPYKTYPY JAHHX CHUCOK, PCalli3yBaTH TaKi Npor-
pamu:
a) HigpaxyBaTi KITbKICTD JONATHUX Ta BIJL'€MHUX €ICMCHTIB CIIHCKY;
b) MoaudikyBaTi CrMCOK 3a TAKMM NPAaBHIIOM: BiJl’€MHI CICMCHTH
IIi,ZlHCCTl/I‘ OO KBajiparta, a AOUATHI 30INbLIMTM Ha 3aJaHC HATY-
panbHe YuciIo 71;.

¢) LIMKIIiUHO 3CYHYTH €MEMEHTH CIMCKY Ha 33AaHy KUIbKICTb 103U-
il 7 y 3a11aHOMy HanpsMKy (BiBO 4H BIIPABO).

d) BuapykyBatu JojaTHi €JICMCHTH CHHCKY He Oinbuie, HikK 1o N

€IIEMEHTIB y pSIKY;

e) IlimpaxyBarH cepeate apupMETHUHE EINCMCHTIB CITHCKY;

/) MopudikyBati CHHCOK 3a MPaBHJIOM: BIAKMHYTH XOJATHI cic-

MCHTH, a BIJ1'€MHI MJHECTH JI0 KBA1para;

g) [locopTyBaT enmeMeHTH CIMUCKY 3a KOXHHMM 13 McTOAIB (Oyiib-
OaILlKy, BCTABKH, ILIBUIIKE COPTYBAHHS),

h) IlopTyBaTH CIIMCOK Ha OCHOBI OiHApHOTO IEpCBa;

Ocnosu moBa PROLOG 111

i) 3HalTH ICPCTHH JIBOX CIUCKIB;
J) OGepHYTH CITMCOK.

10. CtBopuTH Oa3y maHux 3 BijoMocTAMH npo nacaxupis: ILLB., kins-
KICTB MicIlb, Bara Oaraxy. Bu3HauuTH, 44 € macaxupH, Garax sKux
3aliMae ofiHe Micue Ta nepesuinye 30 kr.

11. CtBopuTtH 6a3y JaHUX CTYNCHTIB: HPI3BHILE, iM A, PIK HAPOIHKCHHA.
OTpuMaTi CUCOK CTYACHTIB, sIKi MalOTh Guiblie 20-TH POKiB.

13. Croputy 6a3y naHmX, sxka MICTHTH IHYOPMALIK PO POOITHHKIB:
[LLB., npogecis, oxnanx. OOYUCTUTH CEPCOHBOMICAUHY 3apOBITHY
f1aTy Ui IHKCHEPIB.

14. Ctoputn 6a3y naHMx 3 pO3KIAJOM PyXY MOTATIB: HOMEP NOTArA,
MyHKT BUINPABJICHHA, NYHKT OPHOYTTA, 9ac BiANPaBICHHA, 4acC Y
J10pO3i, BapTICTh KBUTKA. BusHauntn MapupyT pyxy 3 Jlyranceka y
JIbBiB, 4ac y J0po3i Ta BapTiCTh KBHTKA.

15. CrBoputn 6a3y panux 3 Tabnuueio irop uemnionaty 3 ¢yrboay:
nepiia KoMaHja, Apyra KOMaHAa, paxyHOK rpu. BusHauutn ucM-
nioHa.

16. Creoputi 6a3y NaHMX 3 BIIOMOCTSMH NpO BapTiCTh TOBApy: Ha3gsa
TOBapy, BapTiCTb. Bu3HAUMTH cyMapHy BapricTs BkasaHux y 6asi
JaHUX TOBApiB, 3HAMTH TOBApH 3 MAKCHMAILHOIO Ta MIBIMAJILHOIO
BAPTOCTAMH.

17. CtBopuTH 6a3y MaHUX KHHXKOK: aBTOp, Ha3Ba KHMIH, BUAABHHITBO,
PiK BUI@BHMUTBA. 3HAliTH BCi KHUrM, ski OyiM BHAaHi y BHAAB-
auursi “Hayka” nicns 2000 poky.

18. CreopuTn 6a3y naHMX uynTauis GiGHIOTCKH: MPI3BUIIC, HOMCP Y-
TaULKOTO KBUTKA, AaTa BigBigyBaHHs Oi0gioTckn. BHinayutu Kijb-
KICTB YHMTaviB, sIKi BiABIaAN 6i0NIOTCKY NPOTArOM AKOIOCH MiCAL.



3. IIPUKAAAHN

3.1. 3azaua npo XaHolicBKi Bexi

I'pa “Xanolicbki Bexi” — KiIacuunuii npuxial pekypeii. Haranae-
MO, II0 CYTh I'PH {I0JIATa€E Y TOMY, 11100 MEPCMICTHTH BC1 AUCKH 3 NIBOTO
Ha [paBHil CTEPXKEHb, IO OTHOMY 3a pa3, IpPHYOMY AHCK OiblLioro nia-
METPa HE MOXKE JIexkaTH BHUILE AUCKa MEHILOTO AiaMetpa. Beworo € Tpu
CTCPIXKH1, 3 AKMX [IBa — BinbHi (puc. 3.1.).

Puc. 3.1. XaHoiicbka Bexa

Jliis i€l rpu po3pobiacHo Taky cTpareriio:

e OaMH HCK IEPEMINIA0Th OC3NOCCPEIHEO;

o N J¥CKiB 1IepeMiniaioTh HOCTanHo:
1. TlepedecTi N-1 auckiB Ha ccpejiHiii CTEPIKCHD;
2. IepcHecT OCTaHHIH AUCK HA MPaBHHA CTCPXKCHB;
3. IlepeHectn N-1 mucKiB 3 cepciHbOro Ha NPaBUii CTEPKCHb.

Y nporpami BU3HAUEHO TPH NpEAHKaTH:

& nipeAHKaT hanoi 3 OTHHM IapaMCTPOM, AKUH 33/1a€ KUILKICTL INCKIB;

® mpeaUKaT move, 3a JONOMOTOIO SIKOTO OIHUCYIOTh NMCPCMILLCHHS
N AHCKIB 3 OZIHOTO CTEPXKHA HA 1HIUMI, BAKOPHUCTOBYIOYH TpETiit
CTEpXKEHb K MPOMIXHHH.
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e npejiMKart inform — onHcye mito, Ky HeOOX1THO BUKOHATH 3 KOHK-
PETHHM IHCKOM.

[Ipuxnanx 3.1.
domains
loc =right; middle; left
predicates
hanoi (integer)
move (integer, loc, loc, loc)
inform (loc, loc)
clauses
hanoi (N):-
move (N, left, middle, right).
move (1, A, _, C):-
inform (A, C),
!
move (N, A, B, C):-
N1=N-1,
move (N1, A, C, B),
inform (A, C),
move (N1, B, A, C).
inform (Loc1, Loc2):-
write ("Move a disk from", Loc1, " to ", Loc2),nl.
goal
hanoi(3).
PcsyneraTom BHKOHANHA NPOrpaMy 3 TphOMA IMCKAMU OyJic:
Move a disk from left to right
Move a disk from left to middle
Move a disk from right to middle
Move a disk from left to right
Move a disk from middle to left
Move a disk from middle to right
Move a disk from left to right.

3.2. 3aaaua npo N Pepain

3anava nonarac y po3MIiliCHHI n-Qep3iB Ha JOUINI NXN TAKHM YH-
oM, 1106 x0Hi ABa i Outn oaun oaHoro. Jlsa (ep3i He MOXYTD 3Ha-
XOAWTHCS Ha OJIHIH BepTHKai, ropusonTani abo jpiaronani. s poss’s-
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3yBaHHA Li€l 3a7ayi MO3HAYMMO KIHTHHKH, PO3MIIIEHI 110 AlaroHami Ta
BepTHKaii, Big 1 o N. Hymepauito aiaroHaneif mofimumMo Ha jBa TUITH
TaK, 00 KOXKHY 3 HUX MOXKHA OyJ10 OJHO3HaYHO 3a/aBaTH 3a THIIOM Ta
HOMEpOM, SKHH OOUHMCIIIOITbL Ha MiACTaBi HOMEpPIB PAMIB MO TOPU3OH-
Tasi Ta BEPTHKAL:

Diagonal = N + Column — Row (Tun 1)

Diagonal = Row + Column — 1 (Tumn 2).

Hymepauilo miaroxaneii mepnioro 1a APyroro THIIB Ha LIAXOBiii

oI po3Mipy 4x4 300pakeHo BigNOBiAHO Ha puc. 3.2 Ta puc. 3.3.

Prc. 3.2. Hymepauis ajaronanei Puc. 3.3. Hymepanist piaronacit
TICPILIOTO THITY JPYroro THiy

[Ilo6 po3p’sizaTu U0 3ajady NPOrPAMHUM  IUJIAXOM, IOTPIOHO
CKJIACTH CUMCOK THX BEPTUKAJICH, rOpU30HTAACH Ta Alaronaincii, siki €
BUILHUMH, & TAKOX THX, Ha Akux pozmiutedi depsi. [ogoxcuus depss
Ha UIaXOBIH HOLINI BH3HAYAETHCA HOMCPOM PAAKA IO IOPU3OHTAl Ta
BepTHKaJ. Y po3aini domains BBOAMMO OMMC:

queen = q (integer, integer).

Lle orosowcHus 3acBinuye nosunito ¢epss. Jast onucy MHOKHHU
MO3UIIH MOXKEMO BUKOPHCTaTH CITHCOK:

queens = queen®.

Takox HCOOXIZHO BBECTH JIeKilbKa CIHCKIB Ui BCPTHUKAICH, IO~
pH30HTancH Ta miaroHaneH, AKi He 3aiHATI Gepssaimu. Li cnucku moxHa
OMHCATH fK:

freelist = integer*.

Bymemo posrnsnatm waxoBy HOwmIKy SK OAMH O0’€KT 3a

JOIIOMOTOI0 OMHCY:
board = board(queens, freelist, freelist, freelist, freelist).

Cnucku freelist MiCTATH BUIBHI TOPU3OHTAJI, BEPTHKAN Ta Aiaro-
HaJIi IEPUIOro Ta APYroro THINB BiITOBIAHO.

ITopoxH10 10mKy po3MipoM 4x4 MoKHA 300pa3uTH Y BHTIISII:

board ([], [1,2,3.4], [1.2,3,4], [1.2,3,4,5,6,7], [1,2,3,4,5,6,7]).

Jowika 3 ogauM dep3eM y JBOMY BEPXHHOMY KYTi:

board ([q(1,1)]. [2,3.4]. [2,3.4], [1,2,3,5.6,7], [2,3,4,5,6,7]).

Tenep 3anaya Moxe OyTH po3B’s3aHa 3a JONOMOTOIO ONHCY BiJHO-
IICHHA MIX IOPOXKHBOIO JIOMKOKW Ta ouikow 3 N ¢epssmu. Beeacm
npeaukar

placeN (integer, board, board),
JU1sl IKOr'o 3alULICMO JIBa PEYCHAS.

dcp3i po3MilLLyI0Th 10 OTHOMY 10 TOIO MOMCHTY, [OKH 1¢ Oyiy1h

3aiHATI BCI BCPTHKAII TA IOPH3OHTIL:
placeN (_, board (D, [], [J, X, Y), board (D, []. []. X, Y)) :-L.

Y npyromy pedcHHi npeankat place_a_queen BCIaHOBIOE 3B”A30K
Mix nosuuismu Board1 ta Board2. (Y no3uuii Board2 na onHoro (pep3s
Oinbuic, Hixc y Board1.)

placeN (N, Board1, Result) :-
place_a_queen (N, Board1, Board2),
placeN (N, Board2, Resuit).

Jlnst npeamxkara place_a_queen BUKOPHCTAEMO TAKHI OTIMC!

place_a_queen (integer, board, board).

KniouoBuM NUTaHHAM NiJ yac po3B’A3YBaHIs 3aa4i PO3MILICHHS
¢ep3is € onue Toro, AK NOTPIOHO CTABUTH YCProBoro Ghepss, NOUHHaI-
YU 3 OPOXKHBLOT KOIKK, Po3B’s3yloun 3aj1a4y, 104aEMO HOBOIO (epss
y CIIHCOK THX, K1 BXE CTOSTh HA JOLILLL:

[a(R, C)|Queens].

Cepen ropusonraneii Rows, siki JIMIWMIUCh, TOTPIOHO 3HAHTH TY
ropusonTaib R, Ha siky Mu Moxkemo noctasutu depss. BogHouac ropu-
30HTIb R 1OTpiOHO BHAYUUTH 31 CIIMCKY BUILHUX IOPH3OHTAJICH, yHac-
nipok voro Oy/IC OTPHMMaHMH HOBMH CHUCOK BIILIHX TOPH3OHTAICH
NewR. Lo npoueaypy 3anuuiemo sk

findandremove (R, Rows, NewR).



116 B. M. Tpyuwescoruti “Mosu npoepamyeanins OLA WHLYUHOZ0 iHMeLeKkMY”

Orxe, mOTpiOHO 3HalTH He3alHATY BepTHKalb C. 3a fonomoror R
ta C MOXyTb OYTH OOYHCICHI jiaroHaji, Ha SKUX PO3MILICHO (ep3b.
ITotiM nepeBipuTH, YU 3HaxousThes AiaroHani D1 ta D2 y cnuckax
He3adHATHX [giaroHaned. Huxue nomaHO pedeHHA [peaMKara
place_a_queen, ske peasidye ui ¢pyHKuii:
place_a_queen (N, board (Queens, Rows, Columns, Diag1, Diag2),

board([q(R, C){Queens}], NewR, NewC, NewD1, NewD2)):-
findandremove (R, Rows, NewR),
findandremove (C, Columns, NewC),
D1=N+C-R, findandremove (D1, Diag1, NewD1),
D2=R+C-1, findandremove (D2, Diag2, NewD2).

HapenemMo MOBHHH TEKCT nporpamMH. Y HBOTO BBCICHO IIPCAUKAT

nqueens, AKUi BKazye Ha PO3MIpHICTH 3a1aui.
Ipukman. 3.2.
domains
queen = q (integer, integer)
queens = queen®
freelist = integer*
board = board (queens, freelist, freelist, freelist, freelist)
predicates
placeN (integer, board, board)
place_a_queen (integer, board, board)
ngueens (integer)
makelist (integer, freelist)
findandremove (integer, freelist, freelist)
nextrow (integer, freelist, freelist)
clauses
ngueens(N):-
makelist (N, L),
Diagonal = N*2-1,
makelist (Diagonal, LL),
placeN (N, board ([], L,L, LL, LL), Final),
write (Final).
placeN (_, board (D, ], [}, D1, D2), board (D, [], []. D1, D2)):-!.
placeN (N, Board1, Result):-
place_a_qgueen (N, Board1, Board2),
placeN (N, Board2, Result).
place_a_queen (N, board (Queens, Rows, Columns, Diag1, Diag2),
board ([q(R,C)|Queens], NewR, NewC, NewD1, NewD2)):-
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findandremove (R, Rows, NewR),
findandremove (C, Columns, NewC),
D1=N+C-R, findandremove (D1, Diag1, NewD1),
D2=R+C-1, findandremove (D2, Diag2, NewD2).
findandremove (X, [X|Rest], Rest).
findandremove (X, [Y|Rest], [Y|Tail}):-
findandremove (X, Rest, Tail).
makelist (1, [1]).
makelist (N, [N|Rest]) :-
N1=N-1, makelist (N1, Rest).
goal
nqueens(5),
nl.
Pc3ynbTaToM BUKOHAHHS ITPOFPAMHU CTAHE:
board([q(1,2). a(2,4), q(3,1), a(4,3), a(5,5)], []. [}, [9.8.2,1], [8.7.4,1]).

3.3. [Tomryk y AabipuHTi

[Ipuriycrumo, wo MailipiBHHK MOBMHCH 3HAlTH CKapO 13 3010T0M,
KU 3HAXOIMTHCA Y NMeyepi M 3eMiero, Ta BOEPCITH HOro rpabixHu-
KiB Ta uyynosunt. [linzemeinsa cknagaerses 3 1abipuHTY KOPHAOPIB, AKi
38’A3YI0Tb OKpeMi meucpu. Binomo, 1o Bce 30710TO 3aXOBAHC B OZHIN
necucpi, HeOOXiAHO BU3HAYHTH MapILIpyT, AKHH JacTb MOX/IHBICTb 3Hail-
TH 30JI0TO Ta MOBCPHYTHCA HCyIUKomMKkeHuM. Kapry nimsemenns 3ajano
Ha puc. 3.4.

3a poromoroto Visual Prolog BBeincmo kapry y fnporpamy Ta
cnpobycMo BusnauuTH HeGeaneunuii MapipyT. Koxker KopHaop 300pa-
KeHO six okpemuii dakt. [IpaBuia 3amani 3 BUKOPUCTAHHAM NIPCAMKATIB
go Ta route. Biamosigs MiCTHTHME CIMCOK neUep, siki HCOOXIAHO 11PO#-
TH, 11100 3/100yTH ckapd Ta IOBCPHYTHUCSH HCYILKOLKCHHM,

Yci npodigieni nedepr 3aHOCATh Y CIHMCOK 3d J0NOMOIOK fipe-
JMKara route, AKMH BH3HAUCHO peKypcuBHO. Tperlil napamerp npeim-
KaTta MICTHTL CITHCOK YCiX BiBijauux nedep. SIKILO y CITMCOK BXOANTH
neucpa 3 3onoroM gold, ToAl Lk aocardyTa. IHaKiIC CnMcoK BiBina-
HHX [icUCp JONOBHIOETbC NeXtroom 3a yMOBH, L10 TICPC/ UMM MaHjl-
piBHuK He noOyBas Hi B 0AHIH 3 HcOesneunux neucp. Haseaemo Teker
nporpamu 3.3.



118 B. M. Thyuescoxuii “Mosw npozhamycanns ORs wmywno2o inmenexmy”

Ipuxaasn 119
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Puc. 3.4. Kapra nigsemernis

Ipuknaz. 3.3.
domains
room = symbol
roomlist = room*
predicates
gallery(room,room) /* Kopugop Mix gsoMa kimHatamm */
neighborroom(room,room) /* Mpeauvkat HeobxigHWA, ToMy WO */
/* HeBiAOMO, B SKOMY HanNPsIMKy pyxaTucb Nno kopuaopy */
avoid(roomlist)
go(room,room)
route(room,room,roomlist) /* Lium mappytom Tpeba At */
/* roomlist micTuTb cnncok Beix BiaBIgaHUx nevep */
member(room,roomlist)
clauses

gallery
gallery
gallery
gallery
gallery
gallery

—

entry,monsters).
entry,fountain).
fountain,hell).
fountain,food).
exit,gold).
fountain,mermaid).

o~~~ s

gallery({robbers,gold).

gallery(fountain,robbers).

gallery(food,gold).

gallery(mermaid,exit).

gallery(monsters,gold).

gailery(gold,exit).

neighborroom(X,Y):-gallery(X,Y).

neighborroom(X,Y):-gallery(Y ,X).

avoid([monsters,robbers]).

go(Here, There):-route(Here, There,[Here]).

go(_,_)-

route(Room,Room,VisitedRooms):-
member(gold,VisitedRooms),
write(VisitedRooms),nl.

route(Room,Way_out,VisitedRooms):-
neighborroom(Room,Nextroom),
avoid(DangerousRooms),
not(member(NextRoom,DangerousRooms)),
not(member(NextRoom,VisitedRooms)),
route(NextRoom,Way_out,[NextRoom|VisitedRooms]).

member(X,[X]|_).

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

goal

go(entry,exit).

Jlo TCKCTy mporpaMH MOXHA J0/JaBaTH HOBi KOPHAOPH Ta ucbes-
1ICKH, AKWX NOTPIOHO yHUKHYTH. HaBiTh SKIMO € JeKinbKa po3B’A3KiB
3ajlaui, niporpama BujaacTb Jimwe oauH. o6 otpumarn BCl MOXAMBI
PO3B’A3KH, TOTPIOHO BHKOPHCTATH KOMAaHJY [OLIYK 3 NMOBEPHCHHSAM.
Jns usoro nomamo npenukart fail y mepue npaBHiao ais NpCaMKaTa
route:

route(Room,Room, VisitedRooms):-
member(gold,VisitedRooms),
write(VisitedRooms),nl,fail.

3.4. TTomyk raMiAbTOHOBOTO ITHKAY B rpadi

PosrasHeMo 3ajlayy ROIMYKY IaMiUIbTOHOBHX LMKJIIB y HCOpPIEHTO-
BatoMy rpadi, 300paxxeHomy Ha puc. 3.5.
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Puc. 3.5. T'pad juist nouyxy Beix TaMIIbTOHOBHX LHKITIB

Jas po3B’si3yBaHHs Ui€l 3a7ayl y nporpami nmotpibHo onucatw
rpad. Y Prolog rpad Moxkna 300paxat pisHuMmm criocobamu. Posrmsa-
HEMO OJIMH 3 HUX, KOJH Ipad onucyoTs K OAUH 00°€kT. Y oMy pa3i
rpady BiAMOBiga€ Mapa CUCKIB: CIIMCOK BEPLIMH Ta CNUCOK pebep. Jns
onHcy cnucky pebep HeoOXigHO crmovaTky BBCCTH Y po3aiii domains
00’exT pebpo, AKUI CKNARAETHCHA 3 IBOX CYMDKHHX BEPILINH:

rib = r (symbol, symbol).

Toxni crincok pebep onuiieMo

rlist = rib*,
a CIMCOK BEpLUKH
plist = symbol*.

BukopucroByroun BBENcHi JOMCHH, 00’ €T rpad) MOXKHa 300pa3uTH AK:

graph = graph (plist, rlist).

Ormxe, rpad), 306paxcHnii Ha puc. 3.4, Habyxc Burnsny

graph([a,b,c.d,e], [r(a,b), r(a,d), r(b,c), r(b,e), r(c,d), r(e,d), r(e,c)]).

Anroputm noGy/l0BH raMiIbTOHOBOIO LUKy BU3HAYMMO TaK: MO-
YHHAEMO 3 JOBUIBHOI BEPILIMHH, IIYKIEMO BCI BCPLIMHH CYMDKHI 3 3a-
JAaHOK0, NEPEBIPAEMO, UM MOXKIMBHI 1LIAX, SKUH IPOXOIMTL UCpes yci
BCPILMHHM Ta 3’€JIHy€ TOYATKOBY BEPIIMHY 3 OARIEI0 13 cymikuux. Jlius
peanizauii LbOro anropuT™My NOTpPiOHO BU3HAUUTH MPCAMKAT

route {symbol, symbol, graph, plist).

Lle#i npenukat WykaTUMe UIISX MDK JIBOMa 33AaHUMH BCPILIHIAMM
rpady, AKMH He MICTHTH HMKIIiB. Hibkuce nojgaemMo ioro omuc:

route (A, Z, Graph, Route):-
route1 (A, (2], Graph, Route).

route1 (A, [A|JRoute1], _, [A|Route1]).
route1 (A, [Y|Route1], Graph, Route):-

adjacent(X, Y, Graph),

not (member (X, Route1)),

route1 (A, [X, Y|Route1], Graph, Route).

s Toro, uo6 3naiiti nuiax Route Mix A T2 Z, HOTPIOHO:
axkmo A=Z, sBaxkati Route=[A] abo 3HaiiTH nuiax Route1 3 posineHO!
BepIIMHH Y B Z, MOTIM 3HAHTH IUIAX 3 A B Y, SKHH HE MICTHTh BEpIIHH
3 Route1. Y upoMy ¢$opMynsoBaHHI HCABHO MPOCTEXYETHCA, LIO € 1€
OJHEC BIAHOLICHHA, AKC BIAMNOBIZA€ NOLWIYKY LUIAXY 3 HACTYMHUMH
OOMCHEHHAMU: HUIAX HC MAa€ NPOXOAMTH KpIi3b BCPUIHHM ACAKOIL Nifi-
MHOXHHH (TyT Route1) MHOXHMHH BCIX BeplIuH rpady. ¥ 38’ s13Ky 3 UMM
OyB BM3HA4CHHIi mpeuKaT
route1 (A, Route1, Graph, Route).
ApryMcHTH BiANOBLAHO 3 puc. 3.5 HabyLyTb TAKOro 3MicTy:

A — Jiesika BCPILIMHA;
Graph — rpag;
Route1 — nuiax B Graph,;
Route — uisax 8 Graph 3 BepliuH¥ A y 1I04aTKOBY BCPLUMHY WIISXY
Route1, nani — s3goBx Route1, 1o iloro 3aBepuUICHHS.

Puc. 3.6. Bijmmowichus route

Mix Route ta Route1 € Take cIiBBIAHOLICHHS:
route (A, Z, Graph, Route):-route1 (A, [Z], Graph, Route).

Ha puc. 3.6 300paxcHO iACIO PCKYPCHBHOTO BH3HAUCHHA ILNAXY
Route1. Moxnushii rpaHHYBHH BHIIALOK, KOJIH NOYATKOBA BEPLUHHA
wsaxy Routet (Y na puc. 3.5), 306iracTbcs 3 NOYATKOBOIO BCPIUHHOIO A
iwnaxy Route. ¥V Hawomy npuknajl mupsix Route oToTOXKHEHO 3 IUIA-

xoM Route1 TaKuM peyeHHAM:
route1 (A, [A]Route1], _, [A|Route1]).
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SIK1{0 MOYAaTKOBI BEpIIMHMA IMX JIBOX IIAXIB HE 30iratoThcs, TOAL
Mae 6yTu Taka BeplIMHa X, 1o .

1. Y — BepumHa cyMmixkHa 3 X,

2. Xwue Mictutecd B Route1, Toxi

3. XBkmouaerscs y Route1 six noyaTkoBa BepuIuHa.

route1 (A, [Y|Route1], Graph, Route):-
adjacent (X, Y, Graph),
not (member (X, Route1)),
route1 (A, [X,Y|Route1], Graph, Route).

Ilpenukar adjacent BusHauae cymixkey Bepiuvny X 3 Y, member —
nepesipsie, Y4 HANCKUTh BepilinHa X umsxy Routet.

OnucaBmm npenukar route, Jajni MOXEMO BH3HAYHTH NPOLCAYPY
NOIIYKY TaMIJIbTOHOBOTO HHUKINY:

hamilton (graph ([Y|H], Rib), Route) :-
adjacent (X, Y, graph ([Y|H], Rib)),
route (Y, X, graph ([Y|H], Rib), Route),
allpoint (Route, graph ([Y{H], Rib)).

[Ipenukatr adjacent Oyze noueproBo BUOMpaTH BCPLUMHM, CYMDKHI
3'Y, route — 3naxonutuMe wAX Route Mix Bepiinuoro Y Ta OLHIELO 3
CyMbKHHX BeplinH X, allpoint — ricpeBipaTHMe, UM 3HAWICHMI 1UTAX
Route MICTUTB BCi BEPIIHHH.

Huxde HaBeieHO [I0BHHUIT TEKCT MPOTPaMHU.

[Ipnknan. 3.4.
domains
rib = r (symbol, symbol)
plist = symbol*
rlist = rib*
graph = graph (plist, rlist)
predicates
adjacent (symbol, symbol, graph)
route (symbol, symbol, graph, plist)
route1 (symbol, plist, graph, plist)
member (rib, rlist)
member (symbol, plist)
hamilton (graph, plist)
allpoint (plist, graph)
clauses

route (A, Z, Graph, Route):-
route1 (A, [Z], Graph, Route).
route1 (A, [A|Routet], _, [A|Route1]).
route1 (A, [Y|Route1], Graph, Route):-
adjacent (X, Y, Graph),
not (member (X, Route1)),
route1 (A, [X,Y|Route1], Graph, Route).
adjacent (X, Y, graph (Point, Rib)) :-
member (r(X,Y), Rib);
member (r(Y,X), Rib).
member (X, [X|_]).
member (X, [_|L]):-member (X, L).
hamilton (graph ([Y|H], Rib), Route) :-
adjacent(X, Y, graph ([Y{H], Rib)),
route(Y, X, graph ([Y|H], Rib), Route),
allpoint (Route, graph([Y|H], Rib)).
allpoint (_, graph ([], _))-
allpoint (Route, graph ([H|T], Rib)):-
member (H, Route), allpoint (Route, graph(T, Rib)).
goal
hamilton (graph ([a,b,c,d,e}, [r(a,b),r(a,d).r(b,c),r(b,e),r(c,d),
r(e,d),r(e,c)]), Route).
Pe3ysibrar BMKOHAHHS TPOTPAMH — YOTHPH TaMUIBTOHOBI LMKIIH, SIKi

IOYHHAIOTHCS BCPLUHHOIO a.
Route=["a","d","e","c","b"]
Route=["a","d","c","e","b"]
Route=["a","b","e","c","d"]
Route=["a","b","c","e","d"]
4 Solutions.

3.5. ITomyk HaKOPOTHIOrO MAAXY

Koxiiomy peopy rpady moxia upunucary ioro sary. JLis toro,
o6 BigHouicHHs Route ta Route1 3 noncpequboro npukiaxy npairo-
BajlM 3 BaraMmu, NOTPiOHO BBECTH AOAATKOBI aprymcHTu: W — Bara
Mmapupyty Route, W1 — Bara mapuipyty Routel. Pe6po rpady Takox
OyJlic MICTHTH Bary sik A0JJaTKOBHIi apryMcHT:

rib = r (symbol, symbol, unsigned).
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Hmkue omucano (parMeHT [Uist 3HAXOPKEHHA Bard MapIupyTy MK
JBOMa 3aJaHUMH BEPIIMHAMU
route (A, Z, Graph, Route, W):-
route1 (A, [Z], 0, Graph, Route, W).
route1 (A, [A|Route1], W1, _, [A|Route1], W1).
route1 (A, [Y|Route1], W1, Graph, Route,W):-
adjacent (X, Y, Wxy, Graph),
not (member (X, Route1)),
W2=W1+Wxy,
route1 (A, [X,Y|Route1], W2, Graph, Route,W).
INpenukar adjacent mictuTh nozaTkoBHH aprymMcHtT Wxy — Bara
pebpa Mix BepuuHamu X 1a Y.
Mponenypy MoxHa BUKOPUCTATH A/ 3HAXOKCHHS MIHIMANBHOTO
HUIIXy MK JBOMA BepIIMHAMH a 1a b,
route(a,b,Graph,MinRoute,MinW),route(a,b,Graph,_,W),W>MinW.
Jns Toro, mo0 3HAHTH WNSX MakCHMallbHOI BapTOCTi, TMOTPIOHO
3a1aTu
route(a,b,Graph,MaxRoute,MaxW),route(a,b,Graph,_,W),W<MaxW.
HaBenemo noBHMIt KO nporpamMy 3HaXOAXKCHHS LUIAXY MiHIMaJib-
HOl BapTocTi Ut 3BaxkeHoro rpady, 300paxcHoro ua puc. 3.7., Mix
BEpIUMHAMH a i d.

Puc. 3.7. 3paxcennii rpad

Ilpuknan 3.5.
domains
rib = r (symbol, symbol, unsigned)
plist = symbol*
rlist = rib*
graph = graph(plist, rlist)
predicates

adjacent (symbol, symbol, unsigned, graph)
route (symbol, symbol, graph, plist, unsigned)
route1 (symbol, plist, unsigned, graph, plist, unsigned)
member (rib, rlist)
member (symbol, plist)
clauses
route (A, Z, Graph, Route, W):-
route1 (A, [Z], 0, Graph, Route, W).
route1 (A, [A|Route1], W1, _, [A|Route1], W1).
route1 (A, [Y|Route1], W1, Graph, Route,W):-
adjacent (X, Y, Wxy, Graph),
not (member (X, Route1)),
W2 = W1+Wxy,
route1 (A, [X,Y|Route1], W2, Graph, Route, W).
adjacent (X, Y, W, graph (Point, Rib)) :-
member (r(X, Y, W), Rib);
member (r(Y, X, W), Rib).
member (X, [X|_]).
member (X, [_|L]):-member (X, L).
goal
Graph = graph([a,b,c,d}, [r(a,b,1),r(b,d,2),r(b,c,3),r(c.d,4)]),
route(a,d,Graph,MinRoute,MinW),route(a,d,Graph,_,W),W>MinW.
PeaynbTaT BUKOHAHHS TporpamH Oyne:
Graph = graph(["a","b","c","d"],
[r("a","b",1), r("b","d",2), r("b","c",3), r("c","d",4)]),
MinRoute = ["a","b","d"], MinW=3, W=8
1 Solution.
Llcit criocid He € onTUMANTLHUM VIS 3HAXOPKCHHS MAKCHMAILHUX
Ta MIHIMAJIBHHX 1ASXIB MK BEPRIMHAMK Ipady, OCKUILKA BIH 1a€ 3M0-
Iy NEPCTSAATH BCI MOMKIIMBI LIUIHXH Ta HC DIAXOAMTHL AN BCIHKHX I'Pa-
(iB uCpe3 BUCOKY YacoBY cknaJiHicTh. JLis po3B’szanus 3a1a4i MOXHA
BHKOPHCTOBYBATH “xka liOH1" ajIrOPHTMH.

3.6. ITobyaoBa xapkacHoro Aepena 3B’s13H0T0 Tpady

Busnaunmo nipouenypy spantree juis no0yn0Bu kapkaca 38’ S3HOr0
rpada, so6paxeHoro Ha puc. 3.8.



<

126 B. M. Tpyuiescoxuii “Mosu npozpamysanms OXR Wnyunozo tnmerexny” ITpuxaaan 127

adjacent (A, B, Graph),
point (A, Tree),
not (point (B, Tree)).

Jlnd nonasanHs uIyKaroTh Takl JBl CyMixHI BepliHaH (A Ta B), mio
OIIHA HAJCXKHTh KapkacHoMy jepcBy point (A, Tree), a apyra Hi
not(point(B,Tree). IlonaemMo noBHMH TEKCT NpOrpaMH.

Ipuknan. 3.6.

Puc. 3.8. 38 a3nuit rpad

I'pady 6ynemo 306paxkatu sx crimcok pebep, AId LLOTO BU3HAYUMO

HCOOXIHI TOMEHH
rib = r (symbol, symbol)
rlist = rib*
graph = graph (rlist).

Anroput™ moOy/I0BM KapKACHOro JACPCBA MOXKHA OMMCATH TAKHM
oM. [TouaTn HCOOXIJIHO 3 HOPOKHBOT MHOXKHHA PcOEp Ta HOCTYNOBO
JIOJABATH HOBI, CIJIKYIOUH 3a TUM, 100 He yTeopioBanucs unkin. [po-
JOBXYBAaTH LCH Ipouec A0 THX Iip, MOKH HC BHACHUTLCA, L0 AOMA-
BAHHA LIe oxHOro pebpa rpussenc K0 yrBopcHHs wukiy. bpak uuknis
MokHa 3abe3neuuT Tak: pedpo HPHEAHYIOTH 10 AEpeBa y TOMY pasi,
KOJIM OffHa 3 BCPILMH MICTUTBCS Y KAPKACHOMY ACPCBI, @ IHIHA LUE HI.

IMobynoBy kapkacHoro JAepeBa Tree H0O4YMHAEMO 3 HEpLIoro pebpa
rpady

spantree (Graph, Tree):-
member (Rib, Graph),
enlarge ([Rib], Tree, Graph), !.

[peaukar member (Rib, Graph) Bnbupae nepiuc pedpo Rib 3 rpa-
¢y, npouenypa enlarge nonae e pebpo 10 kapkacHoro jacpesa Tree, Ta
LIyKae HOBE pcOpo, sAKe MoxHa AopaTH. Slkuio pebpo e 3HaiieHe, TO
3aBepuiye podory.

enlarge (Treet, Tree, Graph):-
addrib (Tree1, Tree2, Graph),
enlarge (Tree2, Tree, Graph).

enlarge (Tree, Tree, Graph):-
not (addrib (Tree, _, Graph)).

Jouae nose pebpo npeaukar addrib.

addrib (Tree, [r(A,B)|Tree], Graph):-

domains
rib = r (symbol, symbol)
rlist = rib*
graph = graph (rlist)
predicates
spantree (rlist, rlist)
equel (rlist, rist)
adjacent (symbol, symbol, rlist)
enlarge (rlist, rlist, rlist)
addrib (rlist, rlist, rlist)
point (symbol, rlist)
member (rib, rlist)
clauses
spantree (Graph, Tree):-
member (Rib, Graph),
enlarge ([Rib], Tree, Graph), L.
enlarge (Tree1, Tree, Graph):-
addrib (Treet, Tree2, Graph),
enlarge (Tree2, Tree, Graph).
enlarge (Tree, Tree, Graph):-
not (addrib (Tree, , Graph)).
addrib (Tree, [r(A,B)|Tree], Graph):-
adjacent (A, B, Graph),
point (A, Tree),
not (point (B, Tree)).
adjacent (A, B, Graph):-
member (r(A,B), Graph);
member (r(B,A), Graph).
point (A, Graph):-adjacent(A, _, Graph).
member (X, [X]_]).
member (X, [_|L]):-member (X, L).
goal
Graph = [r(a,b), r(b,c), r(c,d), r(b,d)],
spantree (Graph, Tree).



1]

128 B. M. Tpywescoxuti “Mosu npozpamyeanns ORA wmyuHozo tnmenexmy’
)y 2} )

Pe3ynpraTroM BHKOHAHHS NpOTpaMH CTaHe MEpHIC 3HalIeHe Kap-
KacHE JEpEeBO.
Graph - [r(llall|l|bll)’ r(llbll’llcll>' r(llcll,lldll)’ r(llb"’"dll)],
Tree=[r("c","d"), r("b","c"), r("a","b")]
1 Solution.

3.7. ITomryx Brau6

Bizomo 6araro pi3HMX MiAXOIB, sIKi AAIOTh MOXKJIMBICTb BUpILLY-
BaTd OpoOIeMH MOWYKYy Ha rpadax. Y LbOMY PO3ALTL PO3IIISHEMO
OJIMH 3 HUX — IIOINYK BIIUG,

Po3po6neHHs nporpaMu OUHEMO 3 onucy rpady y BUTHAAI CHCKY
CYMDKHOCTI. J[J11 BepIlIMHY BBCAEMO HOBHH IOMCH

nodes=n{symbol,plist).
Toni rpad Oyne HaBeaeHM AK CNUCOK BEPLIMH
nlist=nodes*.

Peanizysatume anroputv norryky Briud npeaukat depth(A,Route,Graph),
ac A — BcpmimHa, 3 sIKOi noumHaeThes o0xig rpada, Route — ninsx
obxony, Graph — rpad no skoMy 3ailicHioloTs 00Xia. ns nobyxoBu
Himnsixy 00Xo4y BBEACMO A0JATKOBY TPOUCIYPY

depth1 (A, Route1, Route, Graph),
fika MICTUTh apryMcHT Route1 — Gikyunii isix o0xouy.

OO6Xia MOYHHACMO 3 IOBIJILLOI BCPIUMAN A Ta BIAPa3y BKJIIOYAEMO
i B 6bkyumii masx o6xony Route1

depth (A, Route, Graph):-depth1 (A, [A], Route, Graph).
Hani nepesipsaeMo, 91 He MicTHTh wnsix Routet Bei Bepwmi rpada
Graph. Skmo Hi, TO1 BUOMPAEMO TOBIILHY BCPUIMHY Y CYMDKHY 3 A
siKa uie He MicTaThes B Routel, Ta nogaemo ii y nusix obxouny. Hacryn-
HY ITCPALli0 MOYMHAEMO BXKC 3 BEpLIMHHM Y. SIKILO X HCMAE CYMIKHOT
BCpIIHHH 3 Y, TIOBCPTAEMOCS 0 BEPIIMHH, 3 AKOI npuiiiu B Y, Ta
LIYKAEMO iHILY CYyMiXHY BCpluinHy. [lpoucc 3akiHUyeMoO, KOJIM 1UISAX
MICTHTb BCl BEpIUHHK rpada. Onucannii airoput™ MoxHa 300pasuia y
BHUTJISAA] PEKYpPCUBHOT NpoOLECIypH
depth1 (A, Route1, Route, Graph):-
not (allpoint (Route1, Graph)),
Route2 = Route1,
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add (A, Y, Route1, Route2, Graph),
depth1 (Y, [Y|Route1], Route, Graph),!.
depth1 (_, Route1, Route, Graph):-
allpoint (Route1, Graph), reverse (Route1, Route).
Ipenukat add mrykae CyMiXHY BepIIHHY Y 3 BEPLIMHOIO A, fKa
He Mictuthea B Routel. SIkuto Takoi BepuwMHu He 3HalAeHO, BiOy-
Ba€ThCA NIOBEPHEHHS 10 MONCPEAHBOT BEPIIMHY,
add (A, Y, Route1, _, Graph):-
adjacent (A, Y, Graph),
not (member (Y, Route1)).
add (_, Y, Route1, [H1|Route2], Graph):-
add (H1, Y, Route1, Route2, Graph).
Hasenemo noeuuif kox mporpamu 1ias obxomy rpada, 306paxe-
HOro Ha puc. 3.9 (a).

(ﬁ
Ae
O

a 6
Puc. 3.9. T'pad ta xapkacue acpeso o6xony rpada nourykom srau6

Mpuiran 3.7.

domains
rib = r (symbol, symbol)
plist = symbol*
nodes = n (symbol, plist)
nlist = nodes*
rlist = rib*

predicates
adjacent (symbol, symbol, nlist)
depth (symbol, plist, nlist)
depth1 (symbol, plist, plist, nlist)
add (symbol, symbol, plist, plist, nlist)
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member (symbol, plist)
member1 (symbol, plist, nlist)
allpoint (plist, nlist)
reverse (plist, plist)
reversel (plist, plist, plist)
clauses ‘
depth (A, Route, Graph):-
depth1 (A, [A], Route, Graph).
depth1 (A, Route1, Route, Graph):-
not (alipoint (Route1, Graph)),
Route2 = Route1,
add (A, Y, Route1, Route2, Graph),
depth1 (Y, [Y|Route1], Route, Graph), !.
depth1(_,Route1,Route,Graph):-
allpoint (Route1, Graph), reverse (Route1, Route).

add(A, Y, Route1, _, Graph):-
adjacent (A, Y, Graph),
not (member (Y, Route1)).
add (_, Y, Route1, [H1|Route2], Graph):-
add (H1, Y, Route1, Route2, Graph).
reverse ([H|List], RevList):-reverse1 (List, [H], RevList).
reverse1 ([H|T], T1, RevList):-reverse1 (T, [H|T1], RevList).
reverse1 ([], RevList, RevList).
adjacent (X, Y, NList) :-
member1 (X, PList, NList),
member (Y, PList).
member (X, [X|_]).
member (X, [_|L]):-member (X, L).
member1 (X, PList, [n(X,PList)|_]).
member1 (X, PList, [ _|L]):-member1 (X, PList, L).
allpoint (_, [).
allpoint (Route, [n{X,_)|TI]):-
member (X, Route), alipoint(Route, T).
goal
depth(b,Route,[n(a,[d]),n(b,[c,d}),n(c.[b,d.f,g,h]).n(d,[a,b,c}),
n(e.[f.g)n(fc.e.al)n(g.[c.e,.n(h.c])).
PesynbTatom BUKOHaHHA niporpamu 6yac
Route=["b","¢","d","a","f","e","g","h"]
1 Solution.
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Iopsimok 06xoxy BepimH rpada 3o00paxeno Ha puc. 3.9 (6). Ipo-
nenypa depth1 6yaye musx 06xoay y 3BOpOTHOMY MOPAAKY, TOMy OYB
BU3HAYCHUI TIpeAMKaT reverse Juia oOepranHs nmaxy. [lpemukxar
allpoint nae 3Mory nepeBipHUTH, Y4 BCl BEpIIHHH rpada HajlexKaTh LOMY
AxXy, member1 — nryKae CHMCOK BEPIIMH CYMDKHHX 13 3a1aHOIO.

3.8. Ilomyk Bup

Posrnsnemo 1HIHIA cnoci6 CHCTCMAaTHYHOTO 00XOIY BCPILHH Ipa-
¢da — nowyx Bimp. I'pad 300pasumo sk cnucok cymiknocreid. Ha Bin-
MiHY BiAl MOINYKY B0, 00XomuTH OYAEMO BCi CYMIKHI BCPUIHHM, MO~
ynnatouu 3 3agaHoi. Po3pobnstu mporpamy nouHcMo 3 BU3HAYCHHA
npenrkara

breadth (A, Route, Graph),
e A — BeplumHa, 3 kol nouHemo obxig rpaga Graph, Route — minsx
obxoxy.

Jns noOynosyu uisXy oO0XOLy CKOPHCTAEMOCA AOLATKOBOIO NpPO-
LICAYPOIO

breadth? (Route1, Route2, Route, Graph),
Jc Route2 — cnincok BeplUuH, SKi MU Bxke 00iiLuTH, Route1 — BeplIHHH,
1[0 CTOSTH Y uep3i s obxony.

OO0Xin MOYHHAEMO 3 BEPLIMHHU A, SIKY BiIpa3y Xk 3aHOCHMO Y 4cpry

Route1. Cnucok Route2 Ha nouyatky nopoxHii
breadth (A, Route, Graph):-breadth1 ([A], [], Route, Graph).

Jani 6epemo 1o oxniil Bepumni 3 uepru Route1, nepedocumo ix y
KIHCUb cUMCKY Route2, BHOMpaeMO BIANOBIJHI TM CNUCKU CYMiXKHHX
BCPILMH, 3 AKHUX JojaeMoO B uepry Route! Tinbku Ti, siki uic He Mic-
TAThes B 00 exnanHi Route2 3 Route1. Tlpouec 3akiHuyeTbes TOLi, KO-

7 ycpra Route3 cTane nopoKHbLOIO.

breadth1 ([], Route, Route, _).

breadth1 ([H|Route1], Route0, Route, Graph):-
union (Route0, [H], Route2),
member1 (H, PList, Graph),
toAdd (PList, AddList, Route1, Route2),
union (Route1, AddList, Route3),
breadth1 (Route3, Route2, Route, Graph), !



132 B. M. Tpywescoxuii “Moeu npoepamysarms 08 umyurnozo imerexmy”

Hpuxraan 133

Jlnsa 00’ emuanHs criuckiB OyB BH3HAUYCHUH HOJATKOBHH MPEXHMKAT
union, member1 — 3HaX0OUTh I 3aJlaHOI Bepmuuan H cnmcok cymix-
Hux BepuuH PList, toAdd — cTBopioe HoBHIT crincok Bepmikn AddList 31
cimcky PList, ki MoXHa JOAaTH B KiHeLb CIMCKY Routel.

Huxue HaBeIE€HO MOBHHMH TCKCT NPOrpaMu NOLUYKY BIIHD JUIs rpa-
¢y, 306paxernoro Ha puc. 3.9 (a). CxemaTH4HO nopaaok obxoxy rpady
300pakeHo Ha puc. 3.10.

Puc. 3.10. Tlomyk Buinp ans rpada 3 puc. 3.9(a)

[puxnax 3.8.
domains
rib = r (symbol, symbol)
plist = symbol*
nodes = n (symbol, plist)
nlist = nodes*
rlist = rib*
predicates
toAdd (plist, plist, plist, plist).
union (plist, plist, plist).
breadth (symbol, plist, nlist)
breadth1 (plist, plist, plist, nlist)
member (symbol, plist)
member1t (symbol, plist, nlist)
clauses
union ([], List, List).
union ([H|L1], List2, [HjL3]):-
union (L1, List2, L3).
toAdd ({1, {1, _, _)-

toAdd ([H|T}, NewList, Route1, Route2):-
union (Route1, Route2, Route3),
member (H, Route3), !,
toAdd (T, NewlList, Route1, Route2).
toAdd ([H|T], [H{NewList], Route1, Route2):-
toAdd (T, NewList, Route1, Route2).
breadth (A, Route, Graph):-
breadth1 ([A], [], Route, Graph).
breadth1 ([], Route, Route, _).
breadth1 ([H|Route1], RouteO, Route, Graph):-
union (Route0, [H], Route2),
member1 (H, PList, Graph),
toAdd (PList, AddList, Route1, Route2),
union (Route1, AddList, Route3),
breadth1 (Route3, Route2, Route, Graph),t.
member (X, [X|_]).
member (X, [_|L]):-member (X, L).
member1 (X, PList, [n(X,PList)|_]).
member1 (X, PList, [_|L]):-member1 (X, PList, L).
goal
breadth(b,Route,[n(a,[d]),n(b.[c,d]).n(c,[b.d,f.g,h]).n(d,[a,b,c]),
n(e.[f.g]).n(f.[c.e.g]).n(g.[c.e.fl).n(h,[c)]).
Pc3ysbraToM BUKOHAHHS TIpOrpaMu Oyne:
Route=["b","c","d","","g","h","a","e"]
1 Solution.

3.9. Ilobya0oBa eKcnepTHOL CHCTEMH

Excneptha cucrema (EC) — ue nporpama, 1o noBojguth ccbe mno-
MOHO 10 ckcnepra y Jeskid npHkiaanuid obnacti. Tunosi 3acrocy-
BAaHHA EKCOICPTHUX CHCTEM NOJBITAIOTh Y BUKOPCTAHHI TaKUX 3ajad, K
MEJMYLC AIarHOCTYBAaHHs, JOKali3alis HecnpaBHOCTCH o0ajHanHs Ta
IHTCpnpeTauis pesynbTaris BUMIpiB. 3actocyBawHs it EC Moxnxa
KJIACH(IKYBATH SIK:

* inmepnpemayilo — noOyNOBa ONMUCIB CHTYalld 3a JMaHUMH, sKi
[POCTCKYIOTHCS: PO3NI3HABAHHS, PO3YMIHHS MOBH, aHani3 300pa-
MCHb, BU3HAYEHHS XIMI4YHOI CTPYKTYpPH, IHTCPIPCTALlil CHTHALIB,
aHanis pisHoro poay indpopmauii,
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® NPO2HO3 — BUBEIEHHS MMOBIPHICHHX HACJIJKIB 3 3ajaHoi CUTya-
wii, mepeaGageHHs NOroy, Bpoxkalo, npomo:syﬁamm BIHCBKOBHX
onepaniii;

® 0iazHOCMY6anHs — BUCHOBOK TIPO NOPYILCHHSA y CHCTCMI Ha MijC-
TaBl CIOCTEPEKEHb, NIarHOCTYBAHHS B MEIHMLIHMHI, B CHCTEMax
[POrpaMHoro 3abe3nedcHHs, B TCXHIYHHX MPHCTPOAX;

e npoexmyeanus — noOy0Ba KOH(Irypauii 06 €KTiB NPH 3aaHUX
OOMEXCHHAX, CUHTC3 MOXJIMBUX NMPOCKTHHX PpIlICHb Ta IXHIH
aHaJi3 3 norjsjy ooMexeHb;

e nianyeanHs — TIPOEKTYBaHHA NAaHy Aii: nnaHyBaHHA poboTu,
NIIaHYBaHHs BIHCEKOBHX ofepalliii;

& MOHimMOpinz — NOPIBHAHHS JiHCHOT Ta (aXkaHOI MOBEIIHKH €KC-
NEPTHOI CHCTEMH, 3ano0iraHHs HeOC3NCUHUM CHTYALUAM: y pasi
00CIyrOBYBaHHS ATOMHHMX CNCKTPOCTAHIIIH, MOBITPSHOTO DPyXY,
¢inaHCiB, NiKyBaHHA 3aXBOPIOBAHb;

& CuUCmemMu Has4auHs — BU3HAYCHHA piBHﬂ 3HaHb Ta HaBYUAHHA,

® KepyeanHs — IHTEPNpPETaUis, IPOrH03, MOHITOPIHT, 3a4aul, AKI HE
MiIAaI0ThC PO3B’A3yBaHHIO TPaAHLIHHUMH MATCMAaTHYHUMH MC-
TOJaMH.

3a ponomororo EC supiunytoTs 3ajadi, o noTpebyroTh and cBoro

PO3B’S3yBaHHs CKCIICPTHUX 3HaHb Y ICsKiH npcameTHii obnacti. Tomy
iX TaKOX Ha3WBAIOTH CHCTCMAaMH, LIO IPYHTYIOThCA Ha 3HanHax. Kpim
toro, EC moscHioe KopucTyBauy CBOIO MOBELIHKY TaK, AK e poOuThH
nmoauHa-ckenept. Jocuts yacto 1o EC BUCYBalOTh I0JATKOBI BUMOIH
— 3MOry MaTH CIpaBy 3 HCBM3HAHYCHICTIO Ta HCIIOBHOTOK. Y Takux
BHMaZKax HEOOXifHI MIPKYBAaHHSA 3 BUKOPHCTAHHAM IMOBIPHICHOIO
Higxony. ‘
3asBuyait ana toro, wo6 nodyaysarn EC, norpibHo pospobGutu
MeXaHi3MH BUKOHAHHS TakuX QyHKLIH CHCTEMH:
¢ pO3B’A3yBaHHA 3aJa4 3 BHKOPHCTAHHAM 3HaHb 3 KOHKPETHOI
OPCAMETHOI 001aCTi, MOXIMBO BOJHOYAC BUHHKHC HCOOXIIHICTL
MaTH CIpaBy 3 HCBH3HAYCHICTIO;

® B3aEMOJIid 3 KOPUCTYBAYCM Pa3oM 3 TIOSCHCHHAM MOACHCHHS Ha-
MipiB Ta pillleHb CUCTEMH IIiJ{ Yac Ta MICIA 3aKIHUCHHA NPOICCY
po3B’A3yBaHHS 3anadl.
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Pospobnstoun EC, npuiiHaTo AinuTH 1i Ha TpM OCHOBHI MOy
(puc. 3.11.):

(1) 6a3a 3uans;

(2) MammHa TOriYHOrO BUBC/ICHHS,

(3) tuTepdeiic kopucTyBaua.

ba3a 3MaHbL MICTHTb 3HaHHS, AKi BIAHOCATH IO KOHKPETHOI NPMK-
AanHoi ramysi, B T. Y. OKpeMi (pakTH, MpaBuia, IO OHHCYIOTh BiJHO-
IICHHA Ta ABMINLA, a TAKOXK, MOXKIHBO, MCTOH, EBPHCTHKH Ta Pi3Hi iaci
WOAO 3aa4 y NpHKIagHid oGnacti. MaliAHa JOridYHOro BUBECHHA
BMI€ aKTHBHO BHKOPHCTOBYBATH iH(opMauito 3 6a3u 3nanb. IHTepdeiic
KOpHCTYBa4a Bianosinae 3a OesncpebiitHnii oOMiH iHpOpMaLIEO MiX
KOPHCTYBa4CM Ta CHCTCMOIO, HANa€ KOPHCTYBAUYy 3MOTY CTCKHTH 3a
MpoLCCOM PO3B’A3yBaHHA 3amadi. [IpuilHATO pO3risgaTh MamiuMHy BH-
BCACHHA Ta IHTCpdeHC KOpHCTyBaya SIK OAMH KPYMHHH MOMdYib, AKMi
Ha31BalOTh 000J/I0HKOI0 eKCIEPTHOL CHCTEMH.

Matuuria IHTepdgenc 3 K] MCTYBaY
Ba3a panux |« NOTiYHOro ‘o P aveM ,.hopuctysan |
BMBOAY pucTy!
O6onoHka

Puc. 3.11. ExcneptHa cucrema

Takuii niaxij ga€ 3Mory CTBOPUTH YHiBCpcaibHy 000NOHKY, nicis
4Oro JUIl KOXKHOTO 3aCTOCYBaHHS JOCTAaTHbO MIAKIIOYHTH [0 CHCTCMHM
HOBY 0a3y 3HaHb.

IMobynyeMo HeBenuky CKCMCPTHY cucTeMy, mo OyAc Braaysatu
OJIHY 3 CCMM TBapHH (JK110 Taka MoxJuBa). Cucrema 3agaBarume fu-
TaHHs Ta 6yyBaTHME NOriYHi BACHOBKH Ha NIJCTaBi OTPHMaHUX BiIO-
Biacii. [Ipyknag HaouHO 3aCBiUY€ MOWYK 3 NOBEPHCHHAM, BUKOPHUCTa-
HHA 0a3u JaHHX Ta e)CKTHBHC 3aCTOCYBaHHA mpeaukara not. [Nepum
kpokoM y nobynosi EC € 3aGe3neucHHs ii 3HaHHAMH, NOTPIOHHUMH 1A
BUKOHAaHH# MipKyBaHb. MCXaHi3M JIOF4HOTO BHBEJCHHSA PO3LJISHCMO
Ha npukiani 3.9.
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IMpuknan 3. 9.
facts
xpositive (symbol, symbol)
xnegative (symbol, symbol)
predicates
animal_is (symbol)
it_is (symbol)
ask (symbol, symbol, symbol)
remember {(symbol, symbol, symbol)
positive (symbol, symbol)
negative (symbol, symbol)
clear_facts
run
clauses
animal_is(cheetah):-it_is(mammal), it_is(carnivore),
positive(has,tawny_color), positive(has,dark_spots).
animal_is(tiger):-it_is(mammal), it_is(carnivore),
positive(has, tawny_color), positive(has, black_stripes).
animal_is(giraffe):-it_is(ungulate), positive(has,long_neck),
positive(has,long_legs), positive(has, dark_spots).
animal_is(zebra):-it_is(ungulate), positive(has,black_stripes).
animal_is(ostrich):-it_is(bird), negative(does,fly),
positive(has,long_neck), positive(has,long_legs),
positive(has, black_and_white_color).
animal_is(penguin):-it_is(bird), negative(does,fly),
positive(does,swim), positive(has,black_and_white_color).
animal_is(albatross):-it_is(bird), positive(does,fly_well).
it_is(mammal):-positive(has,hair).
it_is(mammal):-positive(does,give_milk).
it_is(bird):-positive(has,feathers).
it_is(bird):-positive(does,fly), positive(does,lay_eggs).
it_is(carnivore):- positive(does,eat_meat).
it_is(carnivore):- positive(has,pointed_teeth),
positive(has, claws), positive(has,forward_eyes).
it_is(ungulate):-it_is(mammal), positive(has,hooves).
it_is(ungulate):-it_is(mammal), positive(does,chew_cud).
positive(X,Y):-xpositive(X,Y), \.
positive(X,Y):-not(xnegative(X,Y)), ask(X,Y,yes).
negative(X,Y):-xnegative(X,Y), !
negative(X,Y):-not(xpositive(X,Y)), ask(X,Y,no).
ask(X,Y,yes):-Lwrite(X," it ",Y,\n"), readin{Reply),nl,
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frontchar(Reply,'y',_), remember(X,Y,yes).
ask(X,Y,no):-, write(X," it ",Y,\n"), readin(Reply),nl,
frontchar(Reply,'n',_), remember(X,Y,no).
remember(X,Y,yes):-assertz(xpositive(X,Y)).
remember(X,Y,no):-assertz(xnegative(X,Y)).
clear_facts:-write("\n\nPlease press the space bar to exitin"),
retractall(_,dbasedom),readchar(_).
run:-animal_is(X),!,write("\nYour animal may be a (an) ",X),nl,
clear_facts.
run:-write("\nUnable to determine what"),
write("your animal is.\n\n"),clear_facts.
goal
run.

KoxHy TBapuHy onuHcaHo 3a il o3HakaMu. BUINOBI/I HA 3anuTaHHs
KOpHCTYBaua peasl3oBadi yepe3 npeankar positive(X,Y) Ta negative(X,Y).
CucTeMa MOXC 3aaTH TaKe 3alHTaHHA:

Does it have hair? (B Hei € wepcTtb?).

OT1puMmaBLIH BIANIOBIb, TPOrpaMi HEOOXIAHO MaTH 3MOTY 30¢perTu
ii B 0a3i faHux Tak, 1106 Jajgi BAKOPHCTOBYBATH L0 BIANOBIMbL Y CBOIX
MipKyBaHHAX. /15 NpOCTOTH y NPHKIIAI BKIIOUYCHO TUILKH MO3HTHBHI
Ta HeraTuBHi Bixnosiai. 1106 ix BukOpHcTaTH Y 0a3i AaHHUX, yBOMATH
JIBa HPEUKATH

facts
xpositive (symbol, symbol)
xnegative (symbol, symbol).

dakr, II10 TBAPHHA HC Mae 1epcTi, Oyac 3anucaHuii Tak:

xnegative (has, hair).

[Tpasuna positive Ta negative BUKOPHCTOBYIOTb Ul KOHTPOJIIO Bif-

[IOBijIcH KOPHCTYBaua Ta 33/IaHHN HOBUX MUTAHb,
positive(X,Y):-xpositive(X,Y), L.
positive(X,Y):-not(xnegative(X,Y)), ask(X,Y,yes).
negative(X,Y):-xnegative(X,Y),!.
negative(X,Y):-not(xpositive(X,Y}), ask(X,Y,no).

Tpeba BIAMITHTH, MO JpyTe IpaBUIO sIK Ans positive, Tak i aas
negative, rapanrye, 110, 3aJIaBIlld 3alTHTAHHA, Y KOPUCTYBa4a HC MAae
BUUHMKHYTH NPOTHPIY.
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Mpenukar ask GopMmyaroe NMUTaHHA Ta 3aMaM ATOBY€E BLITOBLAIL
SIKnio BIAMOBIb NOYHHAETHCS 3 OYKBH Y, TOAL CHCTEMA NPUITYCKaE, HI0
BIAMOBIZUIIO € yes (Tak), a AKIO 3 N — TOA1 NO (Hi).

ask (X,Y,yes):-, write(X," it ",Y,"\n"), readIn(Reply), nl,
frontchar(Reply,'y',_), remember(X,Y yes).

ask(X,Y,no):-!, write(X," it "Y,\n'}, readin(Reply), nl,
frontchar(Reply,'n’,_), remember(X,Y,no).

remember(X,Y,yes):-assertz(xpositive(X,Y)).

remember(X,Y,no):-assertz(xnegative(X,Y)).

[*3HuULLEeHHR BCiX dakTiB*/

clear_facts:-write("\n\nPlease press the space bar to exit\n"),
retractall(_,dbasedom),readchar(_).

Hukye HaBCACHO pe3yNbTaTH CIIJIKYBaHHS IIPOrpaMH 3 KOPHCTY-

BaUCM:

has it hair

y

does it eat_meat
y

has it tawny_color

%as it dark_spots

Eas it pointed_teeth

goes it give_milk

Eas it black_stripes

%our animal may be a (an) tiger
Please press the space bar to exit.

3.10. KoMm’1oTepHi IIPOEKTH.

1. 3aaH0 MHOXHHY NIap BCPILMH, sKi BIANOBiAAOTH pebpaM npoc-
toro rpada. BusHadutu, uy € rpad 38’a3uuM. SIKiLO BMABUTLCA, LUO
rpad) He € 38’SI3HHM, TO 3HAHTH KiNbKICTh HOrO KOMIOHCHTIB.

2. 3HaiiT BCl BepuiMHM rpada, AU AKUX BIZIOMMH LIIAX 3aaHOi
JIOBKHHH BiJl BU/ILICHOT BEPIHHU.
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3. 3azaHo MaTpHOIO CyMDKHOCTI rpada i HaTypanbHe YHCIO F.
3HaWTH KiTbKICTh LUIAXIB AOBXHHH r MDK jgBoma BepiuuHamu. (I'pad
MOXe OYTH SIK OPIEHTOBAaHUM, TaK 1 HCOPIEHTOBAHUM).

4. 3agaHO MaTpULIO CYMIKHOCTI MyJibTHrpada. BraszaTH, uu Mmae
BiH €HJIepiB IMKII, a AKILO Hi, TO eitnepiB uuisix. [ToOGynysatu eitepis
LUK ab0 HIIAX, SKUI0 BOHH MOYKITHBI.

5. 3agaHo MaTpHIIO CyMiXHOCTI npoctoro rpada. [MobymysaTu
LMK/ HallMEHLIO] JOBKHHH, SKuil IIPOXOINTH Yepe3 Koxue pedpo rpa-
¢a, mpuHalMHI, OfHH pa3.

6. 3amaHo crmHcoK pedep 3BaXCHOro Tpada Ta ABi HOTO BEPILUHU.
3a anropuT™MoM JIeHKCTPY 3HAHTH ROBXKHHY HAIKOPOTILOro NLIAXY MK
3aJlaHaMH BCPLUMHAMH Ta NOOYLyBaTH LCH WisX.

7. 3agaHo mpoctuii rpag. 3HaidTi BCi Horo Moctu. 3acToCyBaTH
AJIFOPUTM NOILYKY BLIHO.

8. 3anano 3BawcHuil rpad. IToGyayBaTH KapkacHe NEPEBO MiHi-
MasbHOI BapTOCTI.

9. 3uaitty niaMeTp 3BaxcHOro rpaga, To0TO MAKCUMAILHY BIJIC-
TaHb MK MOXIIMBHMM [APAMH HOTO BEPILIHH.

10. 3amana cHcTcMa OXHOCTOPOHHIX MOPIT. 3HAWTH LIAX, SAKHIl
3’emHye Micta A Ta B 1 He NpoXoaMTh uepe3 3aJjaiy MHOKHUY MICT,

11. Bigomo, wo 3agauuii rpad ne € acpesom. Tlepesipuru, un
MOXHA BHIYYHTH 3 HbOTO OIHY BCPUIMHY (Pa30M 3 CyMDKHHMH iiil pcO-
pamMH), o6 B pe3ynbTaTi 3 IBAIOCS ICPCBO.

12. 3aano 3BaXKCHUI HCOPIEHTOBaHUI Tpad 3 ABOMA BCPILHHAMH
HCMApHOTO CTENCHA. 3HANTH LMKI HAHMEHILOI AOBXHHN, SKHH 11POXO-
JMTh uepe3 KoxKHe pcOpo rpada, npuHAHMHI, OAHH pa3

13. 3apganuii cniucok pebep npoctoro rpadpa, skuii Mae He Oubine
wicetd BepuinH. [oOyayBaTn raminsToHIB LKL 00 BUABHTH, 110 1pad)
iioro Hc Mac.

14. 3apada 3 pozdapOyBaHHA KapTH MONSTae Y NPUIHUCYBaHHI KOX-
HiM KpaiHi Ha KapTi ONHOro 3 YOTHPbOX 3aJaHHUX KOJNbOPIB 3 TAKUM
PO3PAXYHKOM, II00 KOJHA 1apa CYCiIHIX KpaiH He BUsBWiacs nodap-
60BaHO10 B OZMH KoJlip. Po3B’A3aTH 3a/1a4y MCTOAOM TOLLYKY BIJIHO.

15. Po3p’a3atu 3ajayy mpo MEpCrpaBACHHA yEPC3 PIUKY BOBKa,
KO3H Ta KalyCTH METOJIOM MOWyKy Biuup. (Pa3soM 3 mMoanHO0 y HOBHI
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MOMILIAETHCS JIMILE OMHH 00 €KT, a MoAuH] noTpibHO obepiraTu ko3y
BiZl BOBKa Ta KalycTy BiJ KO3H.)

16. Po3B’s13aTy 3aj1a4y KOMiBOsDKEpa METOAOM NOUIYKY BIUIHO.

17. Po3s’sa3atu ronoBonoMky “I'pay Bicim”.

18. Po3po0uty BaacHy EKCIEpTHY CHCTEMY Ha OCHOBI MPUKNAAY,
omucaHoro y posaiii 3.9.
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