CIoIoTyY «<ADTW»

MEPBbIA DAEKTPOTEXHUYECKWIA

2.2 IIporpammHuas cpeaa paspadorku JC CLIPS. ba3oBble TUIIBI JAHHBIX H
npeacrasiaenue ¢pakros B CLIPS. IIpeacrasiienne u 00padoTka npogyKuuii B
CLIPS. ba3osplii nukJa padorsl MJIB. CHHTaKCHC aHTEleIeHTOB MPABUJI, THUIIBI

YCJIOBHBIX 3JICMECHTOB

Oo0mas xapakrepucruka cpeabt CLIPS

Cpena CLIPS (C Language Integrated Production System) npemnaznauena mjis
noctpoerus: OC U MOAACP)KUBAET TPU OCHOBHBIX CIIOCO0A MPEeACTaBICHUS 3HAHUIA:

® MPOAYKIMOHHBIE MTPABUJIA JIJIsl IPEJICTABJICHUS SBPUCTUUECKUX 3HAHUIA;

e (yHKIMM 715 IPEICTABIICHUS MPOIIEAYPHBIX 3HAHU;

® 00BEKTHO-OPUEHTHPOBAHHOE MPOTPAMMHUPOBAHUE.

[TopnepxuBatorcst 6 ocHoBHbIX uepT OOII: kmaccel, 00pabOTUMKU COOOIICHHU,
aOCTpaklMM, WHKAICYyJsIIus, HaciaegoBanue U noiauMopdusMm. IlpaBuna Moryt
COTIOCTaBIIATHCS € OObekTaMu U (akrtamu. [IpuioxkeHuss MOTryT pa3pabaThIBaThCSA C
UCIIOJB30BaHUEM  TOJBKO TMPaBUJI, TOJbKO OOBEKTOB WM WX KOMOWHAIIWU.
[IpenycmoTtpena unterpauust ¢ apyrumu cpeactBamu: CLIPS MoxeT BbI3BIBaTBCS M3
MPOLICTYPHBIX SI3HIKOB, BBITIONHATH CBOM (DYHKIIMM W 3aTE€M BO3BpalllaTh YIMpaBIICHUE

BbI3BaBIIel nporpammMe. C Ipyroil CTOPOHbI, MPOUEAYPHBIM KOJI MOXKET OBITh OMpenesieH

Kak BHemHssa QyHKuus u Bei3BaH u3 CLIPS.

CneraTy «N13Tn», 2022 r.
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[TepBonauansuo CLIPS noz[z[encHBan BO3MOKHOCTb JUISI NPEACTABIEHUS TOJIBKO
npaBui U ¢akToB. Haumnas ¢ Bepcun 6.0, mpaBmiia MOTYT COMOCTABISTHCA C O0OBEKTAMH,
TaK ke Kak ¢ (haktamu. boyiee TOro, 0OBEKTHl MOTYT MCHOJB30BaThCs O€3 MpPaBUI MyTEM
MOCBIJTKHA COOOIIEHUH U B 3TOM CIIydae OTIaaaeT HeoOX0IUMOCTh B MallIMHE BBIBOA, €CIIN

HCIIOJIB3YIOTCA TOJIBKO OOBEKTEI.

ba3oBble THIIBI JaHHBIX U NpeacTraBieHue pakros B cucreme CLIPS

B CLIPS nomnepkuBaroTCs BOCEeMb 0a30BBIX THIIOB JAaHHBIX: yeawle (integer) u
seujecmegennvie (float) uucna, cumeonvHvie (symbol) u cmpokosvie (string) naHHBIE,
eéHewnutl aopec (external-address), aopec axma (fact-address), wuma oxzemnisapa
(instance-name) u adpec sxzemniaapa (instance-address).

L]envie wucna coctosAT U3 3HaKa (HEOOS3aTEIBHOTO /IS MOJOXKUTEIBHBIX YHCEN) U
MocJe0BaTeIbHOCTH AecATUuuHbIX udp. Hampumep: 27; +125; -38.

Bewecmeennvle unucna conepkar MaHTUCCY (B KOTOPOW JIpoOHAs 4acTh OTIEISETCS

TOYKOW) M HEOOS3aTeNbHBIA TOPSAIOK, COCTOSIIUA M3 CHUMBOJIa "e" W 1enoro 4ucia.

Hanpuwmep: 12.0; -1.59; 237e3; -32.3e-7.

CumeonbHoe  3HAYEHHME  3aJa€TCS  MPOJOJDKAIOLIEHCS 10  OrpaHUYMTENs
nocyenoBaTenbHOCThI0 0TOOpakaembix ASCII-cuMB0osIOB. OrpaHUYUTENSIMU  SIBISIFOTCSA:
mto60i1 HeoToOpakaeMbiit ASCII-cumBon (ipoGer, Tabysiius, BO3BpAT KapeTKH, EPEBOT
CTPOKH), KaBbIYKa, OTKpBIBAIOIIas W 3aKpbiBaromiasi CKoOku, ammepcadn (&),
BEpTUKAJIbHAsA 4YepTa (|), 3HaK «MeHbIey (<) u tunpaa (~). Touka c 3amsaToi (;) TaKxke
SIBIISICTCS OTPAHWYMTENIEM M HWCIONB3yeTCs IS yKa3aHus Ha Hadalo KOMMEHTapHsl.
OrpaHuuuTeNM HE BKIIIOYAIOTCA B CUMBOJIBHOE 3HAYCHUE, 32 UCKIIOUYCHUEM cuMBoja "<",
CTOAILIEro B Havajie 3HaueHHus. CUMBOJIbHOE 3HAUECHUE HE MOXET HAYMHATHCS C CUMBOJIA
"?" wau mapbl cuMBOJIOB "$?", HO MOXKeT coaepkaTh uX BHyTpH cebs. CLIPS pasnuyaer
CHUMBOJIBI HUKHETO M BEPXHEro PerucTpoB, modTtomy abc m ABC BocmpuHUMAaIOTCS Kak
JBa pa3HbIXx 3HaueHus. l[Ipumepbl cuMBOJBHBIX 3HadeHuwil: bad value; 456-93-039;
@+=%.

Cmp0K060€ 3HAa4YCHUC — 3TO 3aKJIIOYCHHAA B KaBbIYKH ITIOCICOAOBATCIIBHOCTD (B TOM

qHuCJIIC HYCTa}I) OTO6Da)Ka€MI>IX cHUMBOJIOB. UTOOBI BKJIIOYUTH KaBBIYKH B CTPOKOBOC
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3HauYeHUE, Nepe HUMU HE0OXO0MMO OCTaBI/ITI) cumBol1 "\". UTOOBI BCTaBUTH B CTPOKOBOE
3HayeHue cuMBoa "\", mepes HUM HEOOXOJWMO TMOMECTUTH elle oauH cuMBoa "\", T.e.
3anucaTh nBa cuMBoia "\" mopapsin. Ilpumepsl cTpokoBbIX 3HaueHuid: "abc"; "a & b";
"a\"quote"; "fgs\\85".

Buewmnuii  aodpec — ajpec BHEIIHEW CTPYKTYpbl JaHHBIX, BO3BpaLIAEMBIii
unterpupoBanHoit B CLIPS dynkuuei (HanucanHoil Ha s3pikax C win Ada). IToT THI
JAHHBIX CO3/1aeTCA TOJBKO KaK pe3yibTaT BbI30Ba (YHKIMH, €ro HEBO3MOXKHO
cnenudUIMpoBaTh BBOJIOM 3HaueHus1. OToOpaxkaemMoe MpecTaBlIeHUE BHEITHETO ajipeca:

<Pointer-XXXXXX>,
rae XXXXXX — BHELIHUH aapec.

Adpec ¢paxma ucnonbzyercs i cCbUIKM Ha ¢akTbhl. DakT mpencTaBiseT coOou
CITUCOK aTOMAapHBIX 3HAYCHHWM, HAa KOTOPBIE MOXXHO CCBHUIATHCS JIMOO TO3WIMOHHO (B
yOOpSAIOYCHHBIX  (pakTax), nmb0 1O UMEHH (B HEYNOPSJIOYCHHBIX  (paKTax).
OTtobpaxaeMslil popMmart agpeca (axra:

<Fact-XXX>,
rae XXX — uHaekc ¢akra.

Hms sxzemnisipa MCTIONB3YeTCS ISl CCHUIKM Ha JK3EMIUISPBI KJIACCOB. JK3eMAJIAD
OpeJCTaBIsIeT coOOW 00vexkm, SBIAIOIIMNACA MPEACTaBUTENEM HEKOTOPOro Kraccd.
O6bexktamu B CLIPS mo ompeneneHuio SBISIOTCS II€JIbIE W BEIICCTBEHHBIC YHCIIA,
CHUMBOJIBHBIC ¥ CTPOKOBBIC 3HAYCHUSI, MHOTOMECTHBIC 3HAUCHMSI, BHEIITHUE aapeca, aapeca
(GakTOB WM DK3EMIUISPHl OMPENEICHHBIX IOJIH30BATEIEM KJIAaCCOB (CO3/1aBaeMbIX C
noMoIIsl0 KoHCTpykiuu defclass). Mmsa sxszemnisapa npeAcTaBiseTcs] 3aKIIOYECHHBIM B
KBaJpaTHbIE CKOOKHM CUMBOJIbHBIM TUTIOM. Hampumep: [pump-1]; [foo]; [+++]; [123-890].
CkoOKH HE SIBJISIOTCSA YaCThIO UMEHH, a TOJIBKO YKa3bIBAIOT TUIT 3HAYCHUS.

Adpec skzemnaspa MOXKET OBITh TIONyYeH IyTEM CBS3bIBAaHUS 3HAUCHUS,
BO3BpamaeMoro ¢QyHkiued instance-address, WKW CBA3BIBAHUS TEPEMEHHON C
9K3EMIUIAPOM, COTIOCTaBISIEMBIM C OOBEKTHBIM 00pa3lloM B JIEBOM YacTH TpaBHIIa
HeBo3mokHO crienmpuuupoBarh ajgpec 3K3eMIUisipa BBOJAOM 3HaueHusa. OToOpaxkaemoe

npejacTaBieHue ajapeca sxkzemiuisipa B CLIPS:

<Instance-XXX>,




rae XXX — uMs 3K3eMIuIsIpa.

Ha sx3emMmiisipsl onpenensieMbIX MOIb30BaTeNIeM KIaCCOB MOKHO CCHUIATHCS JHO0 1O
UMEHU MO0 Mo azipecy. Anpeca dK3eMIUISIPOB JOJKHBI HCIOIB30BATHCS, KOT/1a KPUTHYHO
BpEMS PEIICHHSI.

B CLIPS mecTo, 3aHUMaeMoe OJJHUM 3Hau€HHEeM 0a30BOI0 TUIIA JaHHBIX, HA3bIBAETCSA
nonem (field). Bce 3HaueHuss 0a30BbIX THIOB SBISIOTCS oOHomecmuwvimu (single-field
value). IlocmegoBarenpbHOCTH W3 HyNsd WM Oojiee  OJHOMECTHBIX 3HAUYCHUH
paccMaTtpuBaeTcs Kak mHoeomecmuoe 3Hadenue (multifield value). Onu orobpaxarorcs B
CKOOKax, TMpHYEeM OJHOMECTHBIC 3HAauYCHHUS pazaensitorcs mnpodemamu. [Ipumeps
MHOTOMECTHBIX 3HaueHuit: (a 123); (); (x 3.0 "red" 567).

OpnHoit u3 ocHOBHBIX ¢Gopm mnpencrasieHus uHpopmaruun B CLIPS-cuctemax
SBISIIOTCSA  ¢hakmoul. OHU HCIIONB3YIOTCA TPABWJIAMH JIJI1 BBIBOJA HOBBIX (DaKTOB U3
umeromuxcs. Bee Texkymue ¢aktsel B CLIPS nomematores B crincok ¢akto (fact-list). 1o
dopmary mpencrasienuss B CLIPS Boigenstor aBa Tuma (akToB: ynopsaooueHHvle W
HEeYnopsi004eHHble.

Ynopsaoouennwiti ¢oaxm COCTOUT W3 3aKIIFOUYEHHOW B CKOOKHM IOCJIEIOBATEIbHOCTU
onHOTO MM OoJyiee pa3AeNeHHBIX MpoOeIaMu MoJieH, MPUYEeM MEePBOE MOJIe JOKHO OBITH
CUMBOJILHOTO THIIA, & OCTajbHbIE MOTYT OBITH JIIOOBIMU 0a30BBIMH THUIAMHU JAHHBIX.
[TepBoe mone cnenuduIUpyeT OTHOUIEHUE, KOTOPOE MPUMEHSETCS K OCTAJIbHBIM TOJISIM
dakta. I[Ipumepsl ynopsmodeHHbIX ¢akToB: (BbicoTa 100); (ctynment Cumopon); (ortel
Usan Iletp); (omnokypcuuku MBanos [lerpoB Cumopos).

Jnst paGoThl ¢ pakTamMu MCIOJIB3YIOTCS CIICIYIONIME KOMaHIbI: assert — q00aBiseT
dakT B QakT-criucok; retract — ygansier gakt u3 cnucka; modify — moauduiupyer cnucox;
duplicate — nyommmpyet ¢akt. Hampumep, komanna

(assert (length 150) (width 15) (weight “big™))
n00aBJIeT B CIUCOK (PaKTOB TpH (PaKTa, KaX bl U3 KOTOPBIX COCTOUT U3 JIBYX IMOJCH.

OTH KOMaHAbl MOTYT HCIOJHATHCA KaK B PEXKHUME KOMAHIHOW CTPOKH, TaK W
BKitouatbest B CLIPS-mporpammbl. Komaner retract, modify u duplicate TpeOyrot, 4To0bI

¢dakTel ObUTM UACHTU()UIIMPOBAHBI C OMOIIBIO HHIEKca (pakTa (fact-index) mubo ampeca

dakra (fact-address).




Unoexc c¢paxma mnpencraBiser coOOW YHUKAIBHBIN IICJOYUCICHHBIA HWHIEKC,

NPUIMKACHIBAEMBIA (paKTy BCAKHM pa3, Korna ¢akTt nobdasnsercs (WM MoIU(UUIUPYETCs).
WNunekcanms (GakToB HAUMHAETCS C HYJIA U MHKPEMEHTUPYETCS MPU KaXJIOM HOBOM WIIU
U3MEHEHHOM (paKTe.

Hoenmugpuxamop ¢axma (fact-identifier) npencrapisieT cobol KpaTKyr0 HOTAIUIO
utst otroOpaxkenus pakra. OH cocToUT U3 cuMBoJia “f”’, 3a KOTOPHIM Yepe3 THpE CIeAyeT
unaekc gakra. Hanmpumep, f-10 ccputaercs Ha gaxt ¢ ungexcom 10.

Jnst  3amaHusi  MCXOJHOTO MHOXKECTBAa (DaKTOB  HMCHOJB3YETCS  KOHCTPYKIIHS
deffacts, uMeromas CICAYOIMNNA CHHTAKCUC:

(deffacts <mmMsa rpynner pakToB> ["<xoMmMeHTapmit>"] <dpaxkT>*),
rae <uMs TPyHInel GaKTOB> — UACHTU()UKATOP CUMBOJIBHOIO THIIA;

<KOMMEHTAaPMI> — He00SI3aTENbHOE 10JI€ KOMMEHTAPHS;
<baxT>* — MNPOU3BOJbHAS TMOCJIEIOBATEILHOCTh (PAKTOB, 3alHMCAHHBIX YeEpe3
pa3ienuTensb.
[Ipumep ncnonb3zoBanus koHCTpyKunnu deffacts:
(deffacts stud "Cryment"
(student name John)
(student spec “COMPUTER”)) .

daxThl, onpeaesieHHble KOHCTpYyKIHMel deffacts, n100aBisoTCa B CIUCOK (PAaKTOB
BCSIKMI pa3 IIPY BBINIOJIHEHUU KOMAaHIbI reset.

Heynopsaoouennvie ¢haxmei TpeAcTaBisioT co00OM CHHCOK B3aUMOCBSI3aHHBIX
MMCHOBAHHBIX IIOJI€H, HA3bIBA€MbBIX cromamu. Hanuume HWMEH mojer MO3BOJISIET
BBITIOJIHATH JIOCTYTI K TIOJISIM TI0O UMEHAM, B OTIIMYHE OT YIOPSATOYCHHBIX (DaKTOB, TJE TOJIS
crnenuUIMPYIOTCS CBOUM MecTomnosiokeHrueM B (akte. CylliecTByeT ABa TUIA CIOTOB:
OJIMHOYHBbIE M MYJIBTUCIOTHL. OJIUHOYHBIA CJIOT (WM TPOCTO CJIOT) COACPKUT
€IMHCTBEHHOE I10JIe, TOT/Ia KaK MYJIBTHCIOT MOXKET COJIEPKaTh JIF000E YHCII0 MOJIEH.

s cnendukayy coctaBa HEYNOPSI0YEHHBIX (AKTOB (T.€. COAEPKALIUXCS B HUX

CJIOTOB) WCHOJB3YIOTCS WUAOIOHbI, KOTOPBIE 3alar0Tcs KOHCTpyKnuen deftemplate.

Cunrakcuc koHcTpyKunn deftemplate onpenenen Huxe:




(deftemplate <uma wmabiioHa> [“<koMMeHTapum>"]

<omnpemeyieHme cJjoTa-1>
<ompeneJjieHMre cJjoTa-N>)
[Tpumep mabioHa, coaepskaiero Tpyu OJJMHOYHBIX CJIOTa, IPEACTaBICH HUKE:
(deftemplate object “labjoH obwekTa”
(slot name)
(slot location)
(slot weight))
[IpuMep KOHKPETHOTO HEYNOPSAA0YeHHOTO ¢hakTa Ha OCHOBE JAHHOTO I1a0jioHa
[IPEJICTABIICH HUXKE:

(object (name car) (location 100) (weight 600)).

IIpeacraBienue npaBuJ B 0a3e 3HaHUi. THIIBI YCJIOBHBIX 3JIEMEHTOB.

[IpaBuna sBASIIOTCS OCHOBHBIM criocoboM mipexactaBienus 3Hanuii B CLIPS. Jlns

3aJjaHus IPaBUJI UCIIOJIB3YETCS KOHCTPYKLMA defrule CO CIEAYIOMNUM CUHTAKCUCOM:
(defrule <uma npasBunia> ["<xoMMeHTapui>"]

[<oDOBaBJIEeHUE> |

<yCJIOBHHM DBJIEMEHT>*;JleBad YacCTb NpaBujla (aHTELeIeHT)

=>

<mewcTBUE>*) ;llpaBasg yacTb HNpaBuila (KOHCEKBEHT)
rie  <mMs mpaBuiia> - HIACHTU(QHUKATOP CUMBOJIBHOIO THIIA, YHUKAJIBHBIA JUIA
JAHHOW TPYMNIMbl MPaBUI; <KOMMEHTAPMI> - Heo0sA3aTeIbHOE I0Je KOMMEHTApUs;
<0oBOBABJICHUE> - HeoOs13aTeIbHbBIH AJIEMEHT, MMO3BOJIAIONINHI 3aJ1aBaTh

JIOTIOJIHUTENIbHBIE CBOMCTBA MpaBuia (HampuUMep, 3HAYMMOCTh) C IMOMOIIBI0 OmepaTopa
declare; <yCJIOBHEIM DBJIEMEHT>* -  IPOU3BOJIBHAA II0CIEIOBATEIHLHOCTH

YCIIOBHEBIX 3JICMCHTOB, <gmewmcTBHUE>* -— IMPOU3BOJIbHASA IMOCICAOBATCIIBHOCTD I[CﬁCTBPIﬁ.

[Ipumep 3amanus mpaBua:




(defrule R1

(days 2)

(works 100)

=>

(printout t crlf "CeobomuHoro BpemeHu HeT" crlf)
(assert (freetime "no"))).

B 71eBoil yacTu npaBUIIO CONEPKUT JBa YCIOBHBIX 3JIEMEHTA, CONOCTABIISIEMBIX C
yIOPSAA0YEHHBIMU (DaKTaMHM, a B IPaBOM — JBE KOMaHAbl. B koMaH/ie BbIBOJA COOOIIEHUMN
printout mapamerp t 3amaeT CTaHAAPTHBIM PEXHUM BBIBOAA, a crlf — CHUMBOI
BO3BpaTa U IMepeBojia Kypcopa Ha HOBYIO CTpoKy. KoMmanna assert nobasnser B Gakt-
CIIMCOK HOBBIN YIOPSIIOYEHHBIN (PaKT.

AHTELEEHT NpaBUIa COCTOUT U3 MOCIEI0BATEIbHOCTH YCIOBHBIX 3JIEMEHTOB (Y O).
Ecnu Bce YO mpaBuia yJoBIETBOPSAIOTCS IPU TEKYLIEM COCTOSHUU 0a3bl JaHHBIX, TO
IIPAaBWJIO TOMENIAETCS B CIHMCOK TOTOBBIX K BBIITOJHEHWIO npaBun —areHay. B CLIPS
UCITIOJIB3YETCS WIECTh TUIIOB YCIOBHBIX 3JIEMEHTOB:

e VD3-o6pasmsl (Pattern Conditional Elements);

e VYDO-nmposepku (Test Conditional Elements);

o VDO “NJIN” (Or Conditional Elements);

e VO “U” (And Conditional Elements);

e VO “HE” (Not Conditional Elements);

o VD “CymectByer” (Exists Conditional Elements);

o VD “/Ina Bcex” (Forall Conditional Elements);

o jorudeckue Y (Logical Conditional Elements).

VD-06pazey coCTOUT U3 COBOKYNMHOCTH OTpaHUYEHUM Ha 1o, Macok (wildcards)
noJjied ¥ MEepPEeMEHHBIX, MCIOIb3yEeMbIX IPU COMOCTABICHUU Y3 ¢ 00pa3ioM — (hakToMm
WM SK3EMIUISIPOM 00beKTa. Y I-00pazel yI0BIETBOPAETCS KaKI0W CYIIHOCThIO, KOTOpas

YAOBJICTBOPACT €0 OIrpaHUYCHUSM. OZpaHuueHuﬂ Ha noJjisd UCIIOJIB3YIOTCA JJIA IIPOBCPKU

OJHOTI'O ITOJIA MJIM CJIOTa (i)aKTa 0o OK3CMILIsSIpa 00BEeKTA. Ol"paHI/I‘IeHI/IC Ha I10JI€ MOXECT




Y 3-00pa3iax UCIOoNb3YyIOTCS CASAYIONINE KOHCTPYKITHH:

e jutepanbHble orpannueHusd (Literal Constraints);

e 0/1HO U MHOTOMecTHBIe Macku (Single- and Multifield Wildcards);

e 0JIHO U MHOTOMECTHBIC mepeMenHble (Single- and Multifield Variables);

e orpanndeHus co csazkamu (Connective Constraints);

e npeaukatHbeie orpannueHus (Predicate Constraints);

e orpaHuyeHus Bo3BpaiiaeMbiM 3HaueHueM (Return Value Constraints).

Jlumepanvnoe ocpanuuenue HE COAECPKUT MEPEMEHHBIX M MAaCOK, a 3aJa€T TOYHOE
3Ha4YeHHUE (KOHCTAHTY II€JIOr0, BEIIECTBEHHOTO, CHMBOJILHOTO WJIM CTPOKOBOTO THIIA, TUOO
UMS DK3EMILIApa), KOTOPOE JOJKHO COTIOCTABIATHCS C mojieM oOpasia. Bee nurepanbHbie
OTPAaHUYCHUS JOJKHBI COBIAJATh C COOTBETCTBYIOIIUMHU TMOJSIMH COIOCTABIISIEMOMN
CYIIHOCTH. YTOpSIOYEHHbIH YD-o0pasel] COAECpPKUT TOJBKO JUTEpadbl U HMEET
CIECNYIOIIMN CHUHTAaKcuc: (<constant-1> ... <constant-n>). Hanpumep,
(data 1 one “two”). Illpumep VYD-o0pasuma s HEYNOPSAOUYCHHBIX (PAKTOB:
(person (name Bob) (age 20)).

Oono- u MHO20MecmHble MACKU TIO3BOJISIIOT UTHOPUPOBATh HEKOTOpbIE MOJS B
nporiecce comnoctaBieHus. (OoHomecmuas macka 0003HAYAETCSA CHUMBOJIOM 77 U
COTOCTABIISICTCSI C JIIOOBIM 3HAQYEHUEM, 3aHUMAKONIUM TOYHO OJHO TIOJIE B
COOTBETCTBYIOIIEM MECTE CONOCTABISIEMOM  CYIMHOCTH. Mwuocomecmuas  macka,
o0o3HavyaeTcs mapoi CUMBOJIOB “$?” M COMOCTaBIsAETCSA C JIIOOBIMH 3HAYCHHUSIMH,
3aHUMAIOIIMMHU ITPOU3BOJIBHOE YUCIIO MOJIEW B COMOCTABISEMOMN CYIIHOCTH. MacKku MOryT
WCIIOJIB30BaThCA B OJIHOM oOOpasilie B JIIOOBIX KoMmMOWHanusx. He momyckaercss nuIib
WCIIOJb30BaHUE MHOTOMECTHOM MAcKd B OJIHOMECTHOM  cCJIOTe€  (coiepikaliem
CIMHCTBEHHOE TI0JIe) HEeYMOPSAI0UYCHHBIX (hakToB Wi o0hekToB. Hampumep, YO (data
? blue red $?) Oyner CONOCTAaBISATHCS CO CIEAYIOUIUMHU YHOPAI0YECHHBIMU
dakramu:

(data 1 blue red),

(data 5 blue red 6.9 "avto"),




HO HE OyJIET COMOCTABJICH CO CIEAYIONUMU (paKTaMu:
(data 1.0 blue "red"),
(data 1 blue).

Oono- u MHO2OMecmHble nepemenHble VCIIONb3YITCA Uil 3alIOMUHAHUS 3HAYEHUN
IIOJIEH, C MLEJBI0 UX JAJBHEWIIEro MCIOJIb30BaHUS B JPYTUX YCIOBHBIX 3JIEMEHTAX
aHTELEACHTAa WIA B OIEpaTopax KOHCEKBEHTa IpaBuia. OJHOMECTHBIE IIEPEMEHHBIE
HAYMHAIOTCS C CUMBOJIA ““?”’, 32 KOTOPBIM CJIEAYET CUMBOJIbHOE 3HAYEHUE, HAUMHAIOIIEECs
c Oyksbl. Hampumep: ?x, ?var, 7age. MHOroMecTHbIE MEPEMEHHbIE HAYMHAIOTCS C
npepukca “$7”, 3a KOTOPBIM TaKXKe CJIEIyeT CHMBOJBHOE 3HAUYCHUE, HAYMHAIOIIEECS C
oykBbl. Hampumep: $7y, $?7zum. B nMeHax mepeMeHHBIX HE JOIMyCKAETCsl MCIIOJIb30BaHHE
KaBblueKk. [lpy mepBoM MosBIEHMM NepeMeHHass paboTaeT Tak e, KaKk B Macke, T.e.
CBA3BIBAETCS C JIOOBIM 3HAu€HHEM B JaHHOM mnoie(sx). Ilocnenyromue mnosiBIEHUS
NEPEMEHHON TpeOyroT, 4YTOOBI II0JIE€ COMOCTAaBISUIOCh CO CBA3aHHBIM 3HAYEHUEM
nepeMeHHoM. VIMeHa MepeMEeHHBIX SABJISIFOTCS JOKAIbHBIMU B IPEENaxX KaK 100 IIpaBuia.

[Tycts numeetcs Tpu daxra:

(data 2 blue green),

(data 1 blue),

(data 1 blue red)

Y TIPaBUJIO:

(defrule find-data-1

(data ?x 2y ?2z)

=>

(printout t 2?x " : " 2y " : " 2?2z crlf))

Y3 nanHoro npasuiia OyJeT CONOCTABIATHCS C IEPBBIM U TPETHUM (PAKTOM, TOITOMY
B pe3yJbTaTe cpabaTbiBaHUs MpaBuia OyleT BbIBEICHO:

1 : blue : red

2 : blue : green

Oepanuyenus co c6A3Kkamy WCHOJB3YIOTCS Uil CBS3BIBAaHUS HMHIMBUAYaJIbHBIX

OTPAaHUYCHHUI U TIEPEMEHHBIX JIPYT C JPYroM ¢ MOMOIIbI0 CBI30K & (“u”), | (“nmn™) u ~

(“HE”), UCTIONB3YEMBIX B TPAJAMIIMOHHOM cMbIcie. CTapIIMHCTBO orepaiuii 00bI9HOE, 32




HNCKIIOYCHHECM ClIydas, KOorjaa nepBbIM OIrpaHUYCHUCM ABJIACTCA IICPCMCHHAS, 3a KOTOpOﬁ

ciaeayer cBsizka &. B 3ToM cnydae mepBasi mepeMEHHasl TPAKTYeTCs KakK OTIEIbHOE
OIPAaHUYECHHE, KOTOPOE TaKXKE JOJDKHO YAOBIETBOPATHCA. Hampumep, orpaHuueHue
?2x&red | blue TpakTyeTcs Kak ?x&(red | blue), a He kak (?x&red) | blue.
[Ipumep npaBuiia ¢ Y3, coiepKaluM OrpaHUYEHUS CO CBA3KAMMU:

(defrule rl

(data (value ?x&~red&~green))

=>

(printout t "slot value = " ?x crlf)).
Hamnpuwmep, nns dakra (data (value blue)) 3To NPaBWIO BRIBEAET COOOIICHUE:

slot value = blue.

Ilpeouxamnoe ocpanuueHue MO3BOJSIET OTPAHUYUTH 3HAYECHUE 10151, OCHOBBIBASICh Ha
UCTUHHOCTH OYJI€BOTO BbIpakeHHs. JlJiT 3TOro MCHONB3yeTCs NpeaukaTtHas (GyHKIUS,
KOTOpasi BBI3BIBAETCSI B IMPOIIECCE COMOCTABIEHHUS C OOpa3lOM M BO3BpalacT B CIy4yae
Heynaun cuMBosibHOE 3HaueHne FALSE. Ecau Bo3Bpamaercss 3nauenue FALSE, To
OIPAHUYEHHE HE YAOBJIETBOPSETCA, B NPOTUBHOM CJIy4ae OHO YJIOBJIETBOPSETCS.

[T3%})

[IpennkatHOE OrpaHUYEHUE 3aJa€TCS C MOMOIIBI0 CHUMBOJIA :”, 32 KOTOPBIM CJIEAYET
BBI30B TMpeAuKkaTtHON ¢yHKuuu. JlaHHOE OrpaHuyYeHrue MOXKET HCIOIb30BaThCsl B
KOMOMHAITMM C OrpaHHYEHHEM CO CBS3KaMH, a TaKXkKe CBSI3aHHOW TmiepeMeHHOW. B
MOCJIEAHEM CJydae MEePEMEHHAs CHayaja CBA3bIBACTCS HEKOTOPBIM 3HAYEHHUEM, 4 3aTEM K
HEW MPUMEHSETCS NPEAWKATHOE OrpaHnuyeHue. B Takom BapuaHTe MpeIuKaTHbIE
OTPAHUYEHHS YAaCTO MPUMEHSIOTCS Uil MPOBEPKU TUMOB NaHHBIX. [Ipn 3TOM B KauecTBe
npeIuKaTHRIX (QYHKIMHA UCTIONb3YI0TCA BcTpoeHHble pyHkiuu CLIPS, B yactHOCTH:
(numberp <Bopaxenwme>) — QyHkus Bo3BpamiaeT 3Hauenwne TRUE, ecmu
<BBIpaXxXeHMe> UMeeT YMUCIoBOM Tul (integer wnm float), B MPOTUBHOM Cllydae

Bo3Bpaimaetrcs cuMBosl FALSE;

(floatp <Brpaxenme>) — (QyHkus Bo3Bpamaer 3HadeHue TRUE, ecnu

<BBIpaxeHme> uMmeeT TN f1loat, nHaue Bo3Bpamaercs cumBoia FALSE;




(integerp <BopaxeHue>) — ¢yHkuus Bo3Bpamiaer 3HadeHue TRUE, ecim

<BHIpaxeHme> UMEET THII integer, nHade — cumBoa FALSE;

(symbolp <Brlpaxeume>) — GyHKua BosBpamaeT 3HadeHue TRUE, eciu
<BHIpaxeHMe> UMeeT TUIl symbol, nHaue — cumBosl FALSE;

(stringp <Brpaxeunme>) — GyHKUa BosBpamaeT 3HadeHue TRUE, eciu
<BHIpaxxeHme> UMeeT TUIl string, nHauye — cumBosl FALSE.

[lycte 3amanbl ¢daktel: ( (data 1) (data 2) (data red)). Torma mis
ONPENECTCHNS 3HAYEHUM YHCIIOBOTO THUIA MOKHO UCTIOJIB30BaTh CICAYIOIUMNA YD

(data ?x&: (numberp ?7x)),
KOTOPBIM COMOCTAaBUTCSI C MEPBBIMU JABYMs (akTamMu. ToT ke pe3ynbTaT MOMKET OBbITh
MOJYyY€H UCIMOJb30BaHuEeM YO (data ?x&~: (symbolp ?x)).

Ocpanuuenue 6036pawjaemMviM 3HAYeHUeM WCHOJIb3YEeT B KA4€CTBE OrPaHUYCHUS
3HaYCHWEe, BO3BpallaeMoe BHemHeW d¢yHknued. OTa  QYHKIUS  BBI3BIBACTCS
HETMOCPEICTBEHHO U3 Y J-00pasiia ¢ UCIOJIb30BAaHUEM CIIEIYIONIEr0 CHHTAKCHCa:

=<BBIZ3OB-QYHKLMUI>
Bo3Bpamiaemoe (QyHKIMedl 3HaueHUE OJHOTO M3 0a30BBIX THUIOB IMOJCTABIACTCS
HEIMOCPEJICTBEHHO B Y D-00pa3el] Ha MO3WIINI0, U3 KOTOpO# Oblia BhI3BaHA (DYHKIIMS, U
WCIIOJIB3YETCs Jajee Kak JIMTepajdbHOE orpaHndeHue. Hampumep, cnepyromiee npasuiio,
cojepikaiee Y I-o0pasel] ¢ OrpaHUuYCHUEM BO3BpaIaeMbIM 3HAUCHUEM

(defrule twice

(data (x ?2x) (y =(* 2 ?x)))

=>...)
OyJIeT COMOCTaBIATHLCS CO BCEMH HEYNOPSAI0YCHHBIMU (DaKTaMH, Y KOTOPBIX 3HAaUCHUE B
CJIOTE Y PABHO YJIBOEHHOMY 3HAYEHHMIO CJIOTA X.

Ycnosuwiu anemenm-nposepka UMEET CIEAYIOUIAN CUHTAKCHC:

(test <function-call>).

Y3-nipoBepka yJI0BIETBOPSETCS, €ClIM (DYHKIIMS, BbI3bIBa€Masi U3 HETO, BO3BpaIlacT

3Hauenue, oTimuHoe oT FALSE. Kak u B npeankaTHOM orpaHU4eHUH, MOKHO CpaBHUBATH

y)K€ CBSI3aHHYI0 HEKOTOpPHIM 3HAUCHHEM IEPEMEHHYI0, MCIONb3ys Jt0Oble (YHKIUU




w

Gune6panquKoeLlﬂoruqecxoecpaBHeHHé,BLBOBInﬁnnHHX(byHKuHﬁ).B'VG%npOBepKy
MOTYT OBITh BCTPOEHBI BHEIIHME (YHKIHH JI000TO BHIa. B ciemyromeM mnpaBuie
MIPOBEPSETCS, YTO MOAYJIb PA3HOCTH JIBYX YUCEJ HE MEHBIIIE TPEX:
(defrule example-1
(data ?x)
(value ?vy)
(test (>= (abs (- 2?2y ?x)) 3))
=>...)
Yenosnwuu anemenm “UJIM” 3apaetcs caeayromeil KOHCTPYKIIUEH:
(or <Yo-1> ... < Y5-N>)
U yJOBIIETBOPSIETCS, €CIU YAOBIETBOPSIETCS XOTS OBl OauH YD BHYTpH DOTOHU
KOHCTpyKIMU. Hammume takoro YO mo3BOJIAET COKPATUTh YUCIIO ITPABUIL, T.K. TOKE CaMoOe
MO>KHO OBLIIO OBI 3aIMcaTh MHOKECTBOM MPABWII C OJAMHAKOBOU MpaBoi yacThio. [Ipu aToM
npaBuio OyJIeT aKTUBU3UPOBATHCS HECKOJBKO pa3, IO YHUCITY YAOBIETBOPSEMBIX
koMmOuHarui. Hanpumep, npaBuiio
(defrule rl
(man stud)
(or (spec computeer) (age 20))
=>...)
SKBUBAJICHTHO JBYM CIICTYIOIIUM:
(defrule r2
(man stud)
(spec computeer)
=>...)
(defrule r3
(man stud)
(age 20)
=>...)
Yenosnwiii anemenm “H” 3amaetcs ciaeayroniei KOHCTPYKIIUEH:

(and <Yo9-1> ... < YO-N>)




il P

U YJIOBJIETBOPSIETCS, €CIIN yIOBIETBOPSIOTCA BCe YO BHYTpH 3T0i KOHCTpyKumu. B CLIPS
Bce YO B aHTEIEICHTaX MPaBUJI HESIBHO 00beAMHEeHBI 10 “U”, oqHako ucnoias30oBaHue YO
“N” nua SSBHOTO 3a/JlaHUsl KOHBIOHKTUBHOM CBSI3U TO3BOJIsIET KOMOMHUpOBaTh YO “U” n
VY3 “UJIN” B moObIx coueTanusx. [Ipumep Takoil KOMOMHAIIMK TIPUBEICH B CIEAYIOIIEM
MIpaBUIIE:
(defrule rl
(sys—-mode search)
(or (and (distance high) (resol 1little))
(and (distance low) (resol big)))
=>...)
Yenosuvuu anemenm “HE™ 3agaercs cieayromen KOHCTPYKIHUEH:
(not <Y3>)
U YIOBJETBOPSIETCS, €CIU COJEpKAIIUNCA BHYTPU HEro0 YO HE YIOBIETBOPSETCS.
[IpenBapuTenbHO CBsI3aHHBIE IEPEMEHHBIE MOTYT UCIIOIB30BaThCcsl BHYTpU YO “HE” kak
cBoOOHbIe. OHAKO, MEpEeMEHHbIE, KOTOpbIE CBs3bIBalOTCs BHYTpH YOI-“HE”, moryr
UCITIOJIb30BATHCS TOJIBLKO B 3TOM oOpasiie. Cremnyroriee NpaBuiIo UieT GakThl, Y KOTOPHIX
BTOpPOE T0JIe — red, a TPEThE U YETBEPTOE MOJIA HE COBIAJAIOT:
(defrule not-double
(not (data red ?x ?x))
=>...)
Yenosunwiu anemenm “Cywecmeyem” UMEET CAEAYIOMINI CUHTAKCUC:
(exists <YO-1> ... <Y5-N>)
U UCHOJIb3yeTcs I ONpelesieHus,  YIOBJIETBOpsAeTcs Ju  rpynma YO,
crienuUIIMPOBAHHBIX BHYTPU YCIOBHOTO aneMmeHTa “CymiectByer”’, XoTs Obl OJHUM
HabopoM 00pa3LoB-CylIHOCTEN B Oa3ze qaHHBIX. Hanpumep, npaBusio:
(defrule example
(exists (a ?x) (b ?x))
=>...)

6y,II€T AKTUBU3HUPOBAHO, €CJIM B 0aze JaHHBIX HMCCTCA XOTA OBI OJHa IIapa (I)aKTOB,

COACPIKAIIUX B IICPBLIX IMOJIAX 3HAYCHUSA a U b, d BTOPBIC IOJISI KOTOPBIX COBIIAJAIOT.




Yenosnuiii anemenm “/[ns 6cex” uMeeT CAEAYIONIUN CUHTAKCHUC:

(forall <Yo-1> ... <Y9-N>)
U UCHOJB3yeTCs  JJIsi  ONpeJeseHus,  YIOBJIETBOpsieTcs JM  TIpymma YO,
cnenu@UIIMPOBAHHBIX BHYTPU YCIOBHOTO 3JIeMeHTa “J{Jist Bcex”, sl KaKI0TO MOSBICHUS
V3-1. Hampumep, creayioiiee NTpaBUIO aKTUBU3UPYETCS, €CIM KaXIbId CTYACHT
HAYYUJICS YTCHUIO, TUChMY U apu(MeTHKE:
(defrule all-students-passed
(forall (student ?name)
(reading ?name)
(writing ?name)
(arithmetic ?name))
=>
(printout t "All students passed." crlf))

Jlocuueckue ycnosHvle 3nemenmsl O0OECHEUMBAIOT BO3MOXKHOCTb 1000ePIHCAHUSA
UCMUHHOCMU PA3IIUYHBIX CYIIHOCTEH ((PaKTOB M IK3EMILISPOB), CO3/IaBAEMBIX MPABUIIAMH,
UCTIOJIB3YIOMIMMHU Jiorrdeckue Y. CylniHocTh-00pasell, co3gaBaeMas ornepaTopom npaBon
YacTU TMpaBUjia, MOXET OBITh ClieJlaHa JOTUYECKH 3aBUCHUMOU OT CYIIHOCTEH-00pa3lioB,
COMOCTAaBIIIEMbIX C Jo2udeckum YD B aHreuenenre npaBuwi. CylniHOCTH-00pa3Lbl,
COTIOCTAaBIIIEMbIE C JIOTHUYECKUMHU YD B aHTELECJEHTE MPABIII 00ECTICUUBAIOT J102UUECK)IO
noooepixcky (HakTaM U SK3EMIUISIpaM, CO3aBaeMbIM B KOHCEKBEHTE NpaBuiia. CylHOCTh-
oOpaserr MOXXET JIOTHYECKU TOJJEPKUBATHCS HECKOJIBKMMU TPYyMHIaMu CYITHOCTEH-
00pa3IoB U3 OJHOTO WM Pa3IUYHBIX NpaBui. Eciu mro0ast moanep kuBaroias CymHoCTh
yAQISIETCS U3 TPYMIBI MOIIESPKUBAOIIUX CYIIHOCTEH U HE CYIIECTBYET HUKAKUX JIPYTUX
MOIJICP>KUBAIOIINX TPYIII, TO MOJAEP>KUBaeMasi CyITHOCTh YAaIsieTcsl U3 pabodeil mamsTu.

CymrHocTb-00pa3zel; uMeeT 0e3yCIOBHYIO TMOJIEPKKY, €CIM OHa co3jaercs 0e3
JIOTUYECKON MOIAEPKKH, T.€. ¢ MOMOIIBI0 KOHCTpyKuui deffacts, definstaces, ¢
MOMOIILI0O BBICOKOYPOBHEBBIX KOMaHJ WIM TMpaBuil 0€3 JOTHUYECKON TMOIJICPKKU
oOpasuoB. be3yciioBHas nopnepxka CyIIHOCTH YyIaisieT BCIO JIOTUUECKYIO TMOIJIEPIKKY

(0e3 ynmajeHuss caMOil CYIIHOCTH), HpU 3TOM JajbHEHINas JOrHYecKas MOAAepKKa

0€3yCIIOBHO MOJJIEPKUBAEMOM CYIITHOCTH UTHOPUPYETCS.




yAANsAeT JOTHYECKYH0 MOJJEPKKY, TCHEPUPYEMYK0 ITHUM IPABUJIOM, HO HE BJEYET

yAaJ€HUsl CYIIHOCTH, JAaXe €CAu JJisi Hee HE OCTajJoCh JIOTMYECKOW MOJJICPIKKH.
Jlornueckuii Y3 uMeeT cleayomuii CHHTaKCHC:

(logical <Y3>+)

Jlornyeckuit YO rpynmupyeT oOpasilbl TOYHO Tak ke, Kak YO “U” um Moxer
HCIIOIB30BaThCAd B codyeTaHuu ¢ YO “U”, YO “UIIN” u YO “HE”. OgHako norudeckue
YO MOXHO NPUMEHATH TOJBKO B MEPBBIX 00pa3nax mpasmia. Hampumep, ciemyromiee
MIPaBUJIO JIOMYCTUMO:

(defrule ok

(logical (a))
(logical (b))
(c)
=>
(assert (d)))
Bwmecte ¢ TeM, creayroniee NpaBuiIo SBJISIETCS HEIOMYCTUMBIM:
(defrule not-ok-1
(logical (a))
(b)
(logical (c))

=>

(assert (d)))




