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BBEAEHUVE

Anrebpanyeckoe nporpaMMUpoBaHMe — 3TO  MPOrpaMMupoBaHMe, OCHOBaHHOE Ha
nepenucbiBaHUN. Anrebpanyeckoe MporpaMMmpoBaHue ABNSETCA pacluMpeHneM (PYHKLMOHa/IbHOIo
NPOrpaMMUPOBaHNA 1 MPUMEHSETCS MNPU PeLLeHn 3a4ady KOMMbIOTEPHON anrebpbl (TakMx Kak
npobsieMa C/1oB B KOHEYHO OrpefenieHHbIX anrebpax, anropuTmbl nonosHeHns KHyta-beHgmkea nnm
Byxb6eprepa), a Takke 3afa4, CBA3aHHbIX C OMepaLyoOHHON CEMaHTUKON A3bIKOB MPOrpaMM1pPOBaHNS
(ncnonHseMble  anrebpanyeckne  cneun@uUKaunm  KOMMOHEHTOB MPOrpaMMHOro  06ecreyeHus,
onpeneneHme onepayoHHbIX CEMaHTUK A3bIKOB MPOrpamMMunpoBaHus, pa3paboTka MHTepnpeTaTopos u
NPOTOTUNOB KOMMOHEHTOB NPOrpaMmMHOro obecrneyeHns u ap.).

B oTanume oT TpaguuUMoOHHOIo NoAxo4a, OPUEHTUPOBAHHOTO Ha UCMO/Ib30BaHWE KAHOHNYECKMX
CUCTEM MpaBWA NepenucbiBaHUA C «OYEBUAHOW» CTpaTervein ux npumeHeHuns, B AMNC BO3MOXHO
coyeTaHme N6bIX CUCTEM MpaBW/ NEPEnncbIBaHUA U Pa3HOOBPa3HbIX CTPaTErnin MepenucbiBaHUS.
Tako/ noaxopd 3HauMTENbHO paclMpPsSeT BO3MOXHOCTM TEXHWK MEepenucbiBaHns, MOCKOJbKY
BO3pacTaeT MX TMOKOCTb W BblpasuTe/ibHOCTb. AlMNC WHTErpupyet 4YeTbipe OCHOBHble Napagurmbl
NporpaMMMpPOBaHnA TaknuM 06pa3oM, YTO OCHOBHas YacTb MPOrpaMMbl MOXET ObITb HanucaHa B BUAe
CUCTEM MepenucbiBaHns, UMNEePaTUBHOE U (DYHKLMOHa/IbHOE MPorpaMmmmnpoBaHne UCnosb3yrTca Ans
onpefdeneHnst CTpaTernii, forMyeckas napagurma peanusyeTca Ha 6a3e  MepenucbiBaHMS,
MCMONb3YIOLLEr0 BCTPOEHHYHO NMPOLEeAYpY YHUDUKaLUN.

MHcepLMoHHOE nporpaMMmnpoBaHue, pa3BMBaEMOe B HacTosllee Bpemsa B UHCTUTYTe
KNGepHeTUKN um. B.M. nyLwiKoBa, NPoAo/MHKaeT Tpaamuumn anrebpanyeckoro noaxoda B NpuUKnagHom
TEopUN anropmMTMOB, NPOrpamMMMUpPOBaHNN U pa3paboTKe KNBEPHETUYECKUX CUCTEM, OCHOBbLI KOTOPOTO
Ob1n 3an0XeHbl B.M. [NyLIKOBLIM 1 €ro WKoMoi. B anrebpe anroputMoB [NyLIKOBa nporpammMa
paccmaTpuBaeTCsl Kak anrebpavyecks onpefeneHHoe npeobpasoBaHME MHOXECTBA COCTOSHWUIA
MHOPMaLMOHHOA cpeabl (MamaTb, 6a3a AaHHbIX, MHOTOYPOBHEBbIE pPacnpefefieHHble CTPYKTYPbI
[aHHbIX M T.M.). B MHCEPUMOHHOM NPOrpPaMMMPOBAHNN 3TOT B3rNsA4 0000LAeTCA Ha O0ObEKTb,
obnagatowime nosefeHMeM. BMecTo MaccuBHOM  cpefbl, TakOi, Hanpumep, Kak MaMsTb,
paccmMaTpuMBaeTCsl aKTUBHas cpeda, B KOTOPOM npeobpas3oBaHMe MHGOPMaUMM  CUCTEMON
B3aMMOJENCTBYIOLMX areHTOB onpefensieT rnoBefeHne 3TOW cpefbl, HabngaemMoe nosib3oBaTensaMmm
MHopMauun, NPomn3BOAMMONM BHYTPU cpefbl. porpamma B WMHCEPLMOHHOM MPOrpaMMMpPOBaHNM
paccmMaTpuBaeTCsl Kak areHT, o6nagatowunini nosefeHveM. Ero norpyxeHne B cpefy W3MeHsieT
noBefieHne 3Tol cpeapl. Mepexoq OT NporpamMmM Kak npeobpasoBateniell COCTOAHMI K NporpaMmam Kak
npeo6pasoBaTensiM MOBEAEHUA MOXHO CPaBHUTb C MEPEXOAOM OT TOYEYHbIX K (PYHKUMOHaIbHbIM
MpoCTpaHCTBam B MaTeMaTUKe.

MHCcepuMoHHOe nporpammupoBaHue — 370 NPOrpaMMuMpoBaHue Ha 6a3e MOAeNn MoBeAeHUs
areHToB B cpefax [1]. B ocHOBe MOAENN NEXMT MOHATME pasMeUEHHOM TPaH3MLMOHHON CUCTEMBI, T.€.
CUCTEMbI, ONPeAENEeHHO TaK XXe, Kak 1 aBToMaT, MHOXXECTBOM COCTOSIHMIA U MHOXKECTBOM Mepexo/oB
(napbl  COCTOSHWIA), pa3MEYeHHbIX AeACTBUAMM WA COObITMAMK.  POopManbHO  MOHATUE
TPaH3ULMOHHOW CUCTEMbI COBNAZaeT C NOHATUEM HeAETEPMUHMPOBAHHOIO YaCTUUYHO ONPeAeneHHOro
aBToMara, OfHaKo, B OT/iMYMe OT TEOPUWM aBTOMATOB OTHOLLUEHME 3KBUBAIEHTHOCTU TPaH3ULMUOHHbIX
cuctem 6onee CUnbHOE.

Ecnn ans aBTOMaTOB 3KBMBA/IEHTHOCTb COCTOSIHWUIA OMpefensieTcs COBMafeHUeM A3blKOB B
angaBnTe BXOAHbIX CUTHAIOB, NMOPOXKAAEMbIX 3TUMWN COCTOSHUAMM, TO 3KBMBANIEHTHOCTb COCTOSHWIA
TPaH3ULUMOHHbLIX CUCTEM ONPEAENsieTcs SKBUBA/IEHTHOCTbIO [EPEBbEB MOBEAEHMWI, pPa3MeyeHHbIX
[EeACTBMAMU CUCTEMbI. ITO OTHOLUEHME Ha3blBAeTCH OMCUMYNALMOHHON 3KBUBa/IEHTHOCTbIO. OHO
Ob1710 BBefEHO B paboTax P. MunHepa n [. MNapka ewe B 70-x rogax. B HacTosLlee BpeMs MOHATUE
TPaH3ULMOHHOW CUCTEMbI M BUCUMYNALMOHHOW 3KBMBA/IEHTHOCTU UCNO/b3YETCA B Ka4eCTBE OCHOBHO-
ro cTaHgapTa B NOBeAEHYECKON TeOpUM B3aUMOAECTBYHOLLMX NPOLIECCOB B COYETAHMM C Pa3INYHbIMM
6onee cnabbiMn, Yem OUCUMYNAUMUS, OTHOLLUEHMSIMA 3SKBUBAIEHTHOCTM Ha MHOXECTBE COCTOSHWIA
cucTem.



CogfepxaTenbHble MOTUBbI MHCEPLIMOHHOTO NMPOrpaMMUPOBAHNA CTPOATCA Ha NPeACTaBIEHNAX
0 MoBeAeHUN cuctem (areHToB), B3aMMOAENCTBYIOLWMX CO CBOUM OKpY>XeHueM (cpegoit). Moatomy
6nmKe BCEro K WHCEPLMOHHOMY MPOrpaMMUPOBaHUIO HAXOAATCA COBPEMEHHblE [eKnapaTuBHbIe
A3blkn  mMogenuposaHua Tuna UML, SDL, MSC, a Takke £3blKM, OCHOBaHHble Ha anrebpax
B3anmogenicTeyrowmx npoyeccos  (CCS, CSP, u T.n.). AreHTHOe nNporpaMmmnpoBaHue
KOHUEHTpupyeTca B 0GONblUE CTeneHW Ha npobneMax WHTeNNeKTyaim3auumn, O[HAKO ero
noBefieHYEeCKMe  acnekTbl  eCTEeCTBEHHbIM  00pa30oM  KOMMEHCUPYKTCA  MHCEPLMOHHBIM
nporpaMM1poBaHUEeM.

OTAnuNTENIbBHOW  YepTOM WMHCEPLMOHHOTO MPOrpaMMUpPOBaHNA  SBMSETCH  (hopmanmn3ams
MOHATUA cpefbl M (OYHKUMK norpyxeHus (insertion) areHToB B cpefy. PYHKUMA MOrpyxXeHUs
onpegensieT KOMMO3ULMIO Cpefpbl U areHTa, pe3y/ibTaToM KOTOPOK SBSETCA HOBas cpefa, rotosas ans
MOrPY>XeHNS APYrnX areHToB. AreHTbl U Cpedbl paccMaTpuBatoTC KakK OObeKTbl pasHbIX TUMOB,
obnajatolime nosefeHWEM, MpPeLCTaBNsSeMbIM C MOMOLLbIO TPAH3UUMOHHBLIX CUCTEM, COCTOSIHUA
KOTOPbIX pacCMaTp1BatoTCA C TOYHOCTBIO A0 BUCUMYNALNOHHON 3KBUBASIEHTHOCTU.

B KayecTBe O[HOr0 M3 OCHOBHbIX TMPUMEPOB Cpefbl MOXET CMY)XWUTb KOMIMbIOTEP,
paccMaTpuBaeMblil Kak cpefa 18 NPorpamMHbIX areHToB. lorpy)xeHne nporpammbl B KOMMbOTEP
N3MEHSET ero noBefeHve 1 NpeBpaLLaeT B MHYHO cpefy. Mepsas nporpamMma (Mav cuctema nporpamm),
norpy>aemasi B KOMMNbHOTEP, 06bIYHO MpeAcTaBNseT cobol onepaunoHHyto cuctemy (WINDOWS,
UNIX # T.n.), KOTOpas paclumpsieT BO3MOXHOCTU B3aUMOAENCTBMSA KOMMbOTepa C NPorpaMMHbIMU
areHTaMn 1 C BHELUHER, Nonb30BaTe/IbCKOW, Cpefol, MOCTaBAAOLLEN MPOrpaMMHbIE areHTbl Ans
norpy>xeHnss B KomnbioTep. [lpoctas nporpamMma CTaporo Tuma, KOTopas MosyvaeT [AaHHble,
0TpabaTtbiBaeT HEKOTOpPbIA afrOpUTM U YCMELHO 3aBepLuaeT CBOK paboTy, U3MeHSEeT MOBeAeHWe
cpeAbl He3HaYNTENbHO N NNLLL Ha KOPOTKOE BpeMs. V1 cOBCEM MHOE — NakeTbl MPUKIAAHbIX MPOrpamm,
MOCTOAAHHO rOTOBbIE K NOYYEHMIO 3anpoCcoB (APYroi TUM areHToB, NOrPY>KaeMbiX B BbIYNC/IUTENIbHYHO
cpeay) BMecTe C [aHHbIMW [/19 pelleHns 3afay M3 COOTBETCTBYHOLLEro Knacca. MorpyxeHve Takmx
MakeToB WM UHTEPAKTUBHbLIX MPOrpaMM, B3aMMOLECTBYHOLWMX C BHELUHeN Ccpefoi, CYLLeCTBEHHO
MEeHSeT NnoBeLeHVe NCXOLHOM Cpefbl.

ElLe oAHMM BneyaTNAaoLWMM NPUMEPOM CNOXHOW cpeapl ABNSeTca VIHTEpHET. AreHTbl B 3TOWA
cpefie He TONbKO B3aMMOZENCTBYIOT ApYr C APYroM, HO Takke 06/1aatoT CBOMCTBOM MOOW/ILHOCTY Y
MMEIT BO3MOXKHOCTb MepeMeLLaTbCs B MPOCTPAHCTBe, CO34aBaeMoM cpefoi. B TenekomMmyHuKaum-
OHHOW cpefie, NOAAEPXMBAIOLLEA MOOMNBbHYO CBA3b, MEPEMELLEHME areHToB (MOOMNbHbLIX TeNetoHOB)
OCYLLIECTB/IAETCA (PU3NYECKW, & He BUPTYaslbHO, KakK B WHTepHeTe. AreHTbl U cpefbl MOTyT ObiTb
YCTPOEHbI Mepapxmyeckn. J1iobas cpefa C NOMELLEHHbIMW B Hee areHTaMu MOXET ObITb 3aKpbiTa Ans
MOMELLEHNA B Hee HOBbIX areHTOB M3BHE, U, pacCMaTpuBaemMas Kak areHT, MOXeT ObITb NorpyXeHa B
Cpeay BepXHEro YpoBHS.

BaXkHON 4epTOli WHCEPUMOHHOIO NpPOrpaMmmMpoBaHnst ABNSETCA HeAeTePMUHMPOBAHHOCTb
MoBeAeHUss areHToB W Cped, npucyllasd peaibHbIM — CUCTEMaM, KOTOpble  MOAENUPYTCA
MNHCEPLMOHHbLIMK NnporpaMMamin. IoaToMy peanmsaums CUCTEM MHCEPLMOHHOIO NPOrpaMMUpoBaHuS,
B obuwem cnydyae, TpebyeT NPUMEHeHWA MOAENMPYOWMX nporpamm (CUMynsTOpoB) BMECTO
WHTEPNPeTaTopoB, a TaKXKe NOCTaHOBKY Lienel Ans NoMyYyeHUs KOHKPETHbIX pe3ynbTaTos.

B cTpyktype AIC MOXHO BblgenuTb TpW crnocoba CTPYKTypu3aumMm UCNONb3YeMblX
3/IEMEHTOB:

— OCHOBHbI€ TUMbI CUCTEMHbIX 0OBLEKTOB;
— 6a30Bble BbIYUCIUTE/NbHbIE MEXaHU3MbI;
— [ONYCTVMbIE 53bIKOBbIE KOHCTPYKL MK, 06beANHEHHbIE B CEMENCTBO 5i3bikoB AM/TAH.

Cuctema anrebpavyeckoro mnporpaMMMpoBaHVs oOpraHu3oBaHa TakuM 06pa3oM, 4To
Mo/sib30BaTe/lb UMEET OAHOBPEMEHHbIA LOCTYN KO BCEM YPOBHAM MPOrpamMMpOBaHWs, HauMHas C
A3blKa KOHKPETHOMW MpeAMETHON 06/1aCTU M 3aKaH4MBas YPOBHEM PaCLUMPEeHUs A3blka CW, KOTOpoe
HasbiBaeTca L2C. TakMm o06pasom fgocturaetcs 3dgeKTMBHOe pacrpefeneHne  COXKHOCTM
paspabaTbiBaemMoii  NPOrpaMMHOA  CUCTEMbl MO  Pa3NMyHbIM  YPOBHAM.  [lofdepXMBaeTCs
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3BOJIIOLMOHHOCTb  MpoLecca NPOrpaMMMpoBaHMS, HauMHass C  BbIMOJIHAEMOW anrebpanyeckoi
cneyunguKauum Yepes onTUMU3MpPYOLLMe NpeobpazoBaHna 40 AhEKTUBHOM NPOrpamMmmMbl Ha S3blKe CU.
Camblii BEPXHWUIA 1 CNeLManmM3npoBaHHbIi YPOBEHb 06pa3ytoT KOHCTPYKLMK, CBA3aHHbIE C HEKOTOPOW
KOHKPETHON npeaMeTHOM 06/1acTblo. OHWM MMEIOT JI0Ka/IbHbI  XapakTep, HO Takke aKTUBHO
NCMNONb3YITCA B APYrMX NPeaMeTHbIX 06/1acTsX. ITO CBA3aHO C TeM, Y4TO B 6a3oBoM AlT/TAHe Het
TUMNOB AaHHbIX. CTPOro roBops, CyLLECTBYeT eAMHCTBEHHbIA TUM AaHHbIX — a/irebpanyecknin Tepm. B
TO Ke BPeMs MMetTCA BO3MOXHOCTM A5 UCNONb30BaHUS CTPOroro TUNM3npoBaHWS, Hanpumep, npu
nporpammmnpoBaHnUN B 06bEKTHO-0PUEHTMPOBAHHOM pacLumpeHnn ArNJ1AHa.

NMPABUJIA NMEPEMMNCbBIBAHNA

TexHnka nporpaMmmumpoBaHus B AINC 6asvpyeTcsi Ha MepenucbiBaHMM TepMOB. PaccMoTpum
NPOCTYt0 3aaavy hyHKLMOHANLHOrO NPOrpaMmmUpoBaHnst — BbluMcieHne yncen drnboHauum. XopoLuo
N3BECTHOE PEKYPCMBHOE orpeaeneHne n-ro umcna PuboHauum 3agaeTca crefytolleli CUCTEMOWA
COOTHOLLEHWIA:

F(O) =1,
F(1) =1,
F(n) = F(h - 1) + F(nh - 2)

[laHHYI0 CUCTEMY MOXKHO paccMaTpuBaTh Kak (PeKypcuBHOe) onpefeneHune yHKuumM F nnm cuctemy
MpaBun NepenmcbiBaHns, KOTOPYD MOXHO MCMO/b30BaTh ANs BblumcneHns F(n). YTobbl 3anucatb Ha

Aa3blke AINJTAH nporpammy, NCNonb3yroL YO 3TY CUCTEMY, C/IeAYeT HayaTb C NPeLN0XKeHUs
INCLUDE <std.ap>,

ecnn ailn std.ap HaxoAuMTcA B TOM )Ke KaTanore, Kyaa Bbl cobupaetecb nomectuTb Baluy
nporpammy, MHaue cnefyeT ykasaTb MyTb K (paiiny std.ap. ITO NPEA/IOXKEHNE BKNKOYAET HEKOTOPbIE
CTaHAapTHble OnpefeneHuns, B YHaCTHOCTM, 0becrneynBaeT UCNO/b30BaHMEe apUPMETUYECKUX OnepaLuii
“+7 “.” 0 OTHOLIEHMA “=", cumBona “,”, a Takke HEeKOTOPbIX APYrMX CUHTaKCUYECKUX MOHATUIA,

onpefeneHHbIX B MoAyne std.ap. 3aTeM Hafo ONpeAenTb UMS CUCTEMBI
NAME R;

1 NPUCBOUTL Ha4vaslbHbl€ 3HAYEHUA
R:=rs(n)(
F(0)
F(1)
F(n)

=

1,
F(n - 1) + F(n - 2)

)
I'IepBaﬂ CTpOKa I'IpI/ICBaI/IBaHI/IFI yKa3bIBaeT, YyTo 3HayeHnem nMeHn R aBnseTcs cucrtema npanm
nepenucbiBaHMA (Is), a N — eAMHCTBEHHAsA NePeMeHHas!, UCNosb3yemasi CUCTEMOIA.
O6LL|,I/II7I BMA onpeaeneHna CMHTakCuca CMCTEM NpaBu1 NepenncbiBaHNA Cﬂe,D'yPOLLI,I/IVIZ

<rewriting system> ::= rs(<list of variables separated by ",">)
(<list of rules separated by "," >)

<rule> ::= <simple rule> | <conditional rule>

<simple rule> ::= <algebraic expression> = <algebraic expression>

<conditional rule> ::= <condition> -> <simple rule>

<variable> ::= <identifier>

Cuctemy R MOXHO NPUMEHWUTb, Hanpumep, K BblpaxeHnto T=F(10), n faHHOe BblIpakeHue

OyneT npeobpa3oBaHO TakMM 06pa3oMm:
F(10)=F(10-1)+F(10-2)=F(9)+F(8).
B AIC paHHoe npeobpa3oBaHMe BbIMOHAETCA 3a OAUH LIar, Tak Kak apug)MeTUyeckue orepayun
ABNAKOTCA WHTEPNPeTUPYEMbIMU U BbIMOMHAKOTCA MO Mepe BO3MOXHOCTM Ha KaXAOM Liare
nepenucbiBaHns. CneayroLmia Wwar nepenmncbiBaHNA MOXET ObITb BbIMNO/HEH OAHUM U3 IBYX CMOCO60B
B 3aBMCMMOCTM OT TOr0, K KOTOPOMY BXOXAEHMWIO BblpaXeHus F(n) npuMeHsieTcs TpeTbe NpaBuio
cucTeMbl. PaccmoTpuM cnyyaid, Koraa BbIGMpaeTcs nepeoe BXoXAeHue, To ecTb F(9). Torga umeem
HOBOE BbIPaXXEHMeE:
T = (F(8)+F(7))+F(8)



Mpogomkas Nofgo6HbIM 06pa3oM, TO eCTb BblbMpasi BCAKUIA pa3 camoe eBoe (CaMoe BHYTPeHHee)
BXOX/IEHVE, MOMYYUM:
T = ((F(7)+F(6))+F(7))+F(8) =
= (((F(B)+F(5))+F(6))+F(7))+F(8) =

= (- ((FADHFO))+F())+- - - )+F(8)

Tenepb NpYMeHUMbI Kak TpeTbe, TaK ¥ BTOpOe npaswuna. byaem feiicTBOBaTb MO NPUHLMNY,
KOTOPbIA UCMOJb3YeTCA BO BCEX OCHOBHbLIX CTpaTerusx nepenuvcbiBaHus B AMNC. OH COCTOUT B TOM,
4TO NPaBWJIO, KOTOPOE (PAKTUYECKM NMPUMEHSETCS, — 3TO MEPBOE 13 NPaBW, NPUMEHUMbIX Ha TEKYLLEeM
aTane BblYWCMEHMA. Takum 06pa3om, nocrefyrolime sa Lara npeobpasoBaHWin NpyUBeayT K TakuM

BbIPa>KEeHUAM:
T C--((A+FO)H+HF@))+.. - DHF(B) =

G- - (@+DH+R@))+. - )+F(B)

B faHHOW cUTyaUMn MMeeTCs elle 0AHa BO3MOXHOCTb Bbl6Opa: BbIMMCIUTL BblpakeHne 1+1
npexge, uyem npeo6pasoBatb F(1). MpuMeHeHVe apUMETUYECKUX Orepauuii K MOCTOSIHHBIM
BE/IMUMHAM TaKXKe MOXHO pacCMaTpyBaTh Kak NepenmcbiBaHme C MOMOLLbHO HESIBHO 3aaHHbIX NPaBun
rnepenucbiBaHns (Tabnul, CNOXeHUs W YMHOXeHUs). Mo3ToMy B COOTBETCTBUW C /IEBOCTOPOHHEN
cTpaTerueii B nepByto ouepefib CnefLyeT BbIMOMHUTL CroXKeHMe. CrefytoLyii Lar nepenmcbiBaHus:

T = (...2+F(L))+...)+F(8) =

(- (R+tDH+F(@2))+.. DH+F(8) =
C---B+F@2))+..D)+F(B) = ...= 55+34 = 89

NSt JaHHOW CUCTeMbl NepenmncbiBaHKs TOT (haKT, UTO MPU NepPenncbiBaHUM BbIBUPAETCS NULLL CaMoe
NEeBOE BXOX[EHWE, He CyLeCcTBeH. YT06bl NONyunThb TpeGyemblii pe3ynbTaT C MOMOLLBI CUCTEMbI
npaBun R, [OCTAaTOYHO MCMONb30BaTh /106OYH0 CTPATErvio MepeniucbiBaHUs (anropuTM Mepenmchbl-
BaHWs), YA0BNETBOPSIOLLYIO CNEAYHOLM YCNOBUSIM.

1. Ha KaXa0M Luare nepenucbiBaHNs NMPUMEHSIETCS OHO M3 NPaBWA CUCTEMbI IMBO BbIMO/HS-
eTcs apudMeTHYECKas onepauus.

2. Bbl6op npaBuia OCYLLECTB/ISIETCA COF/IaCHO MOC/eA0BaTeNIbHOCTM, B KOTOPOM nNpaBu/ia
3anucaHsl.

3. MepenuncbiBaHWe NPOAOMKAETCS [0 TEX MOP, NMOKa 3TO BO3MOXHO, TO €CTb MOKa CYLLECTBYIOT
BXOX/EHWS,, K KOTOPbIM MPUMEHUMbI MpaBWfa CUCTEMbI, NNGO0 BO3MOXHbI  BbIMOSHEHNS
apuMeTUYECKMX OnepaLinii Hag, Ymicnamu.

Crpaterus, YyLOBNeTBOPAIOLLAA NPUBEAEHHBLIM YC/MOBUAM, HasblBaeTcs (uHanbHon. AIMC
Mo3BO/IAET WCMO/b30BaTh BCTPOEHHbIE CTpATErvy MepenucbiBaHWA, a TakKe nucaTb COOCTBEHHbIE
cTpaTeruu, KoTtopble Haubosiee MOAXOAAT ANA pellaeMol 3afayu. BbI30B BCTPOEHHOW cTpaTeruu
ABNAETCA BbI30OBOM BHYTpeHHell npouenypbl. Kak npaswno, oH umeet Bug S(T,R), rae s — ums
cTpaternn, T — UMs anrebpanyeckoil CTPYKTYpbl AaHHbIX, K KOTOPOW NpuMeHsieTcs cuctema, a R —
MM$A CUCTEMbI NPaBK/ MePEnnCLIBaHMA.

metoTcA [Be BCTPOEHHble (UHAa/bHble cTpaTervn nepenucbiBaHus: applytb (nowarosoe
NpYMeHeHne cBepxy BHU3) 1 applybt (mowarosoe npvMeHeHne CH3Y BBepX). Kaxayro 13 HUX MOXHO
MCMNOMb30BaTb AN BblUMCIEHNSA N-TO Yncna ®ruboHauun. CneayeT NvLb 3af4aTb ONpeaeneHne UMeHN
T, NPUCBOMTL 3TOMY MMEHWN HaYa/lbHOE 3HAuYeHue, a Takxke COPMMPOBaThL 3afaHne, COOTBETCTBEHHO
KOTOpoMy Oy[eT Bbl3BaHa cTpaTerus u pe3ynbtat 6ygeT BbiBeleH Ha 3kpaH. COOTBETCTBYIOLLMIA TEKCT
MMeeT ClefytoLLmnia BUA:

INCLUDE <std.ap>

NAME T;

T:=F(10);
task:=applytb(T,R),prn(T);



3pecb “task” — cTaHgapTHoe MMsA cucteMbl. OHO onpegeneHo B (haiine std.ap. Onepatop prn(T)
BbIBOAUT 3HayeHWe T Ha 3KpaH. [nda BbinonHeHus 3agaHna B cpege UNIX HYy»XHO BOCMO/Ib30BaThHCA
KoMaHAHbIM (haiinom dotask.sh cnegytoLlero suaa:

LD_LIBRARY_PATH=$HOME/aps-2004/1ib:$LD_LIBRARY_PATH
export LD_LIBRARY PATH

if [ ! -F can_tbl_tbl ]; then
In -s $HOME/aps-2004/bin/can_tbl._tbl can_tbl.tbl
fi

if [ 1 -F proc_tbl.tbl ]; then
In -s $HOME/aps-2004/bin/proc_tbl_tbl proc_tbl_tbl
fi

if[ ! -F aps ]; then
In -s $HOME/aps-2004/bin/aps aps
fi

$HOME/aps-2004/bin/aps -i $1

true

KOTOPbIA NpU HeO6XOAMMOCTU TpebyeTcst OTPefaKTUPOBaTb, YKa3aB (JaKTUYECKUIA NyTb K KaTanory
aps-2004, cofepxxallemy CUCTeMHbIe MOLY/N.
B pesynbTare Mbl Noy4nm fecatoe ymcio PrnboHayuum, 1o ecTb 89.

O6cyaum Tenepb paboTy cTpateruii applytb n applybt. Cnepsa paccmoTpuM, Kak anreépavye-
CKMe BblpaXXeHWs NpeAcTaBnAlOTCA B BMAE MNOMEYEHHbIX [JepeBbeB. BepluvHbl Takoro Aepesa
COOTBETCTBYIOT NMOABbIPKEHNAM LAHHOTO BbIPaXXEHUS. BepLurHbI, COOTBETCTBYHOLLME 3/1EMEHTAPHbIM
NnoABbIpaXeHUAM (TakMuM KakK 4YMCNO WAWM CUMBOST), MOMEYEHbl CaMWMK 3TUMW MOLBbIPAKEHUAMMU.
Kaxgas BeplunHa, COOTBETCTBYHOLLAs HE3NeMeHTapHOMY MNOABLIPOKEHMIO, MOMEeYeHa [aBHOA
ornepauuert 3Toro NoABbIPaXKEHUS.

BepwunHa, cooTtsBeTCcTBYIOWAA noasblpaxeHuto f(xi,...,.xn), rae f — n-apHad onepaums,
COeAMHsAeTCA Ayramu, npPOHYMepoBaHHbIMKM 4mMcnamm OT 1 [0 n, C BepwMHaMu, KOTopble
COOTBETCTBYIOT MOABLIPOKEHUAM Xi,...,Xn. [lepeBo, COOTBETCTBYHOLLee BblpaxeHuUto F(n-1)+F(n-2),
MOXHO NpeACTaBUTb OAHWUM U3 ABYX CMOCO60B B 3aBUCMMOCTY OT 3HaveHus cumeosia F. OH moxeT
ObITb OnpeseneH B A3blke AIMNJIAH Kak 0fHOMeCTHasi orepawus ¢ NOMOLLbHO onepaTopa

MARK F(1);
B aTom cnyyae cumBon F ABNsieTCs MeTKOM ABYX BepLUMH AepeBa. Ecnm e cumBon F nosensetcs 6e3
onpegeneHnsi, To OH paccMaTpyBaeTCA Kak aToMm, a raBHOM onepauuelt BoipaeHus F(x) sBnseTcs
orepauua annankauuu, Kotopas 0603Ha4YaeTCA Kak 00blYHas KOHKaTeHauus ABYX BbIpaXKeHW.
MepBbIM apryMeHTOM 3TOI onepauun B BbipaKeHUn F(X) SBNseTcA aToM F, BTOPbIM — BbIPaXXEHME X.

B ocHoBe 06enx ctpateruii (applytb n applybt) nexuT nesocTopoHHMII 06X0f AepeBa B
rnyouHy. Mpu 06xofe Kakaas BeplUMHA MOCELLaeTCA ABaXKAbI: NepBblil pa3 Npu ABUMXEHUWN CBepXY
BHW3, BTOPOM — NpW ABWXKeHWUM CHWM3Y BBepx. Ctpaterus applytb npvmeHseT cuctemy npasun K
[@HHOMY BbIP@KEHWIO B COOTBETCTBUW C TEKYLUEW BEPLUMHON, ABUrasiCb K 3TOW BEPLUMHE CBEPXY.
CTpaTtervns NpuMeHseTcs K [aHHON BepLUMHe CTOMbKO pa3, CKOMbKO BO3MOXHO. CTpaterus applybt
paboTaeT aHa/IorMyHO, HO ABWKEHME K TeKYLLEen BepLUNHE MPOUCXOAMT CHU3Y. Ecnn B xofe NOAHOro
06xo0fa NPUMEHNNIOCHL XOTH 6bl OAHO MPaBwIo, TO 06X0 HaUYMHAETCA CHOBa, a cTparterus paboTaeT o
TeX Mop, Nnoka He OCTaHETCA NPUMEHUMbIX Npasun. MNpu ABMXEHUM CHU3Y BBEPX B npoLecce paboThbl
CTpaTerMn BbIMOJIHAKOTCA BCE YMPOLLEHWs, KOTOpble BO3MOXHbl (Takue, KaK BblYWC/IEHUE
apUMeTUYECKNX BblpaXXeHWiA). Mo3ToMy 06e CcTpaTernu ABNAKOTCA PUHANTbHBIMW, U KaXKAas U3 HUX
MOXET MCNONb30BaTLCA A/19 Npeobpa3oBaHns BblpaxeHns F(n) npy nto6om HaTypasibHOM Nn. Cuctemy
R MOXHO MPUMEHATb M K C/IOKHbIM BbIPaXXEHUAM, KOTOPble COAepXKaT BbI30Bbl (YHKUMM F,
Hanpumep, K BblpakeHWto F(F(n)). OfHako B 3TOM cfiydae cTparterMm paboTaroT Mo-pasHOMY.



Ctpaterus applybt BbIUMCANT 3HaueHWe BblpaeHus, a cTpaterus applytb 6ygeT BbINOMHATL
MOCNeA0BaTe/IbHOCTL NMEPENUCHIBAHIA, KOTOpast He 3aBepLUAETCS:

F(F(10)) = F(F(10)-1)+F(F(10)-2) =
(F((F10)-1)-1)+F((F(10)-1)-2))+F(F(10)-2) = ...

BeckoHeYHOro nepenucbiBaHUA MOXHO M36eXaTb, ecliv MCNob30BaTb Npaswuia MeprnucbiBaHUA C
ycnosuamu (YC/IOBHbIE NpaBuia NepenucbiBaHns). 3ameTM, YTO TPeTbe NpaBu/io cucTemsl R cnegyet
MPUMEHATb K BblpaKeHWo F(n) fvwb B TOM Cfyyae, KOrga n ectb HeoTpuuaTtesibHOe LieNloe Y1Cho.
CoO0TBETCTBYIOLLEE YCNOBME 3anuncbiBaeTcs Ha A3bike AMJTAH cnegyowinm o6pasom:
isint(n)&(n>0). Ero Mo>xxHo f06aBnTbL K TpeTbeMY Mpasuny. HoBas cructema MeeT BUA:
R:=rs(n)(

F(0)

F(1)
isint(n)&(n>0)->(

F(n) = F(n - 1) + F(n - 2)
)
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Tenepb, Korga TPeTbe MNPaBWIO 3alMLLEHO OT HeXenatefbHbIX MPUMEHEHWR, cuctemy R
MOXHO MPUMEHSATb, UCMO/b3ys N0OYI0 PUHaNBbHYO CcTpaTernto. Ecnm ata cuctema nNpuMeHsieTcs K
MPOU3BO/IbHOMY BbIPXKEHWIO, COAEPXKALLeMY BXOXAeHWs F, TO 6y4yT BblUMC/IEHbI BCE NOABbIPAXKEHNS
Buga F(n), rae n — HeoTpumuartesibHOe Lies1oe Y1CHO.

PaccmMOoTpuM npaswna BbluMCeHUs ynucen PUbOHaYuM ¢ ApPYroil TOUKM 3peHus. HeTpyaHo
3aMeTUTb, YTO YMCNO LLAroB, BbIMOJHAEMbIX NHOO0IN (PUHALHOW cTpaTtervein ans sblumcneHuns F(n),
OrpaHWYeHO CHW3Y BbIPKEHWEM, COLEpPXallMM 3KCMOHEHTY. [elCTBMTENIbHO, Nocne NpUMeHeHUs
TpeTbero npaswna BbluucneHne F(n) ceogmTcs K BblumcneHnto F(n-1) u F(n-2). 3T BbluMCneHMs
OyLyT BbINOMHATLCA He3aBMcMmo. BbluncneHne F(n-1) cBefetcs K BbluucneHunto F(n-2) n F(n-3).
Taknm 06pa3om, BblpaxkeHne F(n-2) 6yaeT BbIYUCNSATLCS ABaXKAbl, BblpaXkeHne F(n-3) — TpmKab! 1 T.4.
UT06bI pa3obpaTbCa B TOM, Kak MOXKHO 6bIN10 Obl YYYLINUTbL MPOLECC BbIYUCIEHWIA, 06paTMMCS CHOBa
K BbluMCneHuto BbipakeHus F(10). bygem fonyckatb Temnepb NMPUMEHeHue obbiX anrebpanyecknx

YMPOLLEHWNIA, @ He TO/IbKO BbIMOJTHEHME apUMETUYECKNX ONepaLmiin ¢ LenbiMy Yucnamn. Vimeem:
T = F(10) =
(F(8)+F(7))+F(8) = 2*F(8)+F(7) = 2*(F(7)+F(6))+F(7) =
3*F(7)+2*F(6) = 3*(F(B)+F(5))+2*F(6) = 5*F(6)+3*F(5) = ...
... =89
HeTpyaHo HainTh 06LLyt0 hopMy 3anmcu NMPUMEHEHHbIX NpaBu:
a*(x+y)+b*x = (atb) *x+ a*y

MpuBeLem Takxke creyunanbHble cnyvam 3Toro npasuia npu a=b=1 n npu b=1:
(x+y)+b*x = (1+b) *x+y,
a* (x+y)+ x = (a+l) *x+ a*y
(x+y)+ x = 2%x+y

Ecnm [06aBuTb 3TU NpaBuna K cucteme R, nepenucbiBaHne F(n) MOXHO OCYLLIECTBUTb 3a UKC/O
LLaroB, NPONOPLMOHa/IbHOE N, MPKX YCNOBUM NPUMEHEHNS NoaXoAsLLei cTpaTerun. CTpaterum applytb
n applybt yxxe HenpurofHbl. Kaxpgas U3 HUX GYOET NPUMEHSTb TPETbE MPaBWIO Meped TeM, Kak
MPUMEHATCA HOBble MpPaBWUMa, YTO NPUBEAET K TEM XK€ 3aTpaTaMm, YTO W B C/yyae, KOrga HOBblE
npaBuna He WMCMONb30Ba/IMCb. Tpebyemas cTpaTerus [O/MKHa paboTaTb TakuM 06pa3oM, YTOObl Ha
KaXX/IOM LLare nepenicbiBaHMs NPaBUI0 CUCTEMbI MEPENUChbIBAHMS MPUMEHSIOCh K CAaMOMY /IEBOMY
BHELLIHEMY BXOXAEHUIO BbIpaXXeHst. M cpein BCTPOEHHbIX cTpaTernii AMC Takas cTpaTerust MeeTcs.
310 cTpaterus Imt (camblii NEBbIA-CaMblii BHELUHWIA, W3BECTHast CTpaTerus TaK Has3blBAeMOro

“leHMBOr0” BblumMCeHns). HoBas cuctema npasus TakoBa:
Rl:=rs(n,a,b,x,y,z)(

a*(x+y)+b*x=((G+Db) *x+a*ry,
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a* (x+y)+ x=(@+1) *x+a>*y,

(X+y)+b*Xi(l+b)*X+ Y,
x +y) + X = 2 * X + Y,
F(O) =1,
F( =1,
F(n) = F(n-1)+F(n-2)

);
a HOBOe€ 3afaHne crefytoLlee:
task:=Imt(T,R1),prn(T);

MMockosbKy onucaHue cTpatermm Imt n HeKOTOpbIX HEOOXOAUMBIX ANs ee paboTbl Mpouesyp
cogepXKaTcs B CUCTEMHbIX (baitnax strat.ap 1 gen_obj.ap, cnegyet BKIOUYATL B NPOrpammy COOTBET-
CTBYHOLLME NPEASIOXKEHUS INCLUDE < strat.ap> U INCLUDE <gen_obj .ap>. 3aMETUM, YTO HECKO/Ib-
KO MPeaioXKeHWn BKNOYEHNS MOXKHO 3aMeHUTbL OAHMM BuAa INCLUDE <include_aplan.ap>, coaep-
XalleM npesnoXKeHs BKIKOYEHNS CUCTEMHBIX (alinos.

HepoueToM npuBeLeHHON BbILLE CUCTEMbI ABMSETCA GO0/bLLIOE YMCNIO NpaBusl. Ero MoOXHO ycT-
paHWTb, ecnn 60/1ee BHUMATENbHO MPoaHann3MpoBaTh 00LLee COCTOSHME BblYMCNEHUIA. Takoe cocTos-
HME MOXXET ObITb OMUCaHO BbIPaXXEHNEM:

a*F(n)+b*F(n-1),

KOTOPOE MOJTy4aeTcsa yrKe rnocne YeTBepToro NPUMeHEeHNs CUCTEMbI 1 NOBTOPSAETCA Yepes Kax/ple Ba
wara. O603HaYMM (YHKLUMIO, OMpefensemMyto [aHHbIM BblpaxeHunem, uepes f(a,b,n). HetpygHo
3aMeTUTb, YTO Npu n>0
F(n) = 1*F(n)+0*F(n-1) = f(1,0,n),
f(a,b,n) =f(atb,a,n-1)
Takum 06pa3om, BblumcneHne F MOXHO 3aMeHUTb BbluncneHviem f, nonaraa f(a,b,0)=a n npumMeHss

TakKylo CUCTEMY MEPENUCbIBAHNA
R2:=rs(a,b,n)(

f(a,b,0) = a,
f(a,b,n) = f(atb,a,n-1),
F(n) =fC 1,0,n )

E

[ns ynpaBneHuWs TakKoOM CUCTEMOI Hy)XKHa 6Gonee npoctas cTpaTerus, Kotopas MpUMeHsieT
CUCTEMY TOJIbKO K CaMOMY BbIP2XXEHUIO W He paccMaTpuBaeT ero MofABblpaXXeHus. dTa cTpaTerus
HasblBaeTCs appls. BbluncneHms yckopatcs, ecnv cMBos f onpefennTb Kak TPEXMECTHYHO Ornepauuio,
a He atom unm umsa. Cuctema R2, 04eBMAHO, COOTBETCTBYET XOPOLUO WM3BECTHOM NpouefypHOit
nporpaMmMe BbluncneHus F(n), HO 34ecb OHa NpefcTaBneHa B anrebpanyeckoil opme u nosyyeHa
UCKNHOUNTENIbHO anrebpanyeckumm metofamm 6e3 MCrnosib3oBaHUS NPOLEeAYPHOro MbILIeHUs. 3TO
OCHOBHas O0COOEHHOCTb a/irebpavyeckoro MporpaMMuMpoBaHus, KoTopas MO3BOJIAET NPUBOAUTH
npouesypHble KOHCTPYKLMU K NPOCTOMY BUAY, COKPaTUB UX MPY 3TOM A0 HEOOXO0AMMOro MUHUMYMA,
a TaKKe BblpaXaTb Hambonee CyLIEeCTBEHHbIE CBOWCTBA aIrOpUTMOB B  MaTeMaTU4YecKOM
(anrebpanyeckom) Bue.

MPOLIEAYPbI

ViMnepaTnBHble Nporpammbl NpeacTaBasoT cob60l NocnesoBaTelbHOCTM OMepaTopoB, pasje-
NeHHbIX cumBoamn “,” nnu ;.

MmnepatuBHas nporpaMMa MOXET OblTb 3Ha4YeHUMEM WMEHM W MOXeT ObiTb Bbl3BaHa
NMOCPeACTBOM CUCTEMHOWN KOMaH/bl:

CUHHTaKcuc onepartopa CnefytoLuii;

<statement> ::= <basic statement>] <conditional statement>
| <while statement> | <do statement> | <internal call>
| <external call> | return | return(<algebraic expression>)
| (<program>)



<basic statement> ::= <set statement> | <assignment statement>
<set statement> ::= <selector> --> <algebraic expression>
<assignment statement> ::= <name> := <algebraic expression>
<selector> ::= <name>
| arg(<selector>,<sequence of expressions separated by ",'>)
<conditional statement> ::= <condition> -> <statement>
| <condition> -> <statement> else <statement>
<while statement> ::= while(<condition>, <statement>)
<do statement> do(<name>)
<internal call> ::= <internal procedure name>
(<actual parameter list>)
<internal name> ::= <atom>
<external call> ::= <procedure definition or name of procedure
definition>(<actual parameter list>)
<actual parameter> ::= <algebraic expression>

CMHTaKcUC onpeaeneHns npoLeaypsbi:

<procedure definition> ::= proc(<formal parameters list>)
<local names> <statement>

<local names> ::= loc(<local names list>) | <empty>

<formal parameter> ::= <identifier>

[Mpumep nporpaMmbl:

INCLUDE <std.ap>
NAME R;
R:=rs(a,b,n) (
f(a,b,n) = a,
f(a,b,n) = f(atb,a,n-1),
F(n) = f(1,0,n)
);
NAME(T);
T:=F(10);
task:=(
prog_init();
prn T;
yes:=1;
while(yes,
garb();
applr(T,R)

);
prn T

[aHHas nporpamma UMeeT TUMUYHYKO CTPYKTypy. OCHOBHas ee YacTb NpescTaBnseT cobow
cucteMy npaBun nepenucbiBaHns R. BbI30B BHeWHe npoueaypbl prog_init() obecneumBaet
BbIMO/IHEHME HEKOTOPbIX NepBOHaYasibHbIX AecTBUin. Onepatopsbl garb() n applr(T,R) — 370 BbI30BSI
BHYTPEHHMX npoueayp. OHY BbI3blBatOT BHYTPEHHME NPOLIEAYPbI, HAaNUCaHHbIE Ha A3blKe CU (KOTOPbII
ABNSIETCA S3bIKOM HMXHero ypoBHsi B AlC). “applr” — 3T0 ogHa M3 6a30BbIX CTpaTerui
nepenucbiBaHa. OHa npuMeHsieT cucTeMy R K KopHioo Tepma T oauH pa3. Eciv nprvMeHeHue
YCrewHo, T0 UMA yes nosiydaeT 3HadeHue 1, B NPOTUBHOM cnydae — 0. Takum o6pa3om while-Lmkn
paBHocuneH appls, HO onepatop c6opkun mycopa garb() BbIMOMHAETCA NOC/E KAXAOro nNpuMeHeHns R.
3T0 CyLLECTBEHHO, TaK Kak cbopka Mycopa ykasbiBaeTcs B AlC sABHO.

Cnepytowuii npumep — onpegeneHve npoueaypbl Ans crparerum applytb.
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NAMES applytb,appl_tb_rec;
applytb:=proc(t,R)loc(Y)(
dowhile(Y,Y:=appl_tb_rec(t,R))Y

)E
appl_tb_rec:=proc(t,R)loc(Y,s,i)(
appls(t,R);
Y:=yes;

forall(s=arg(t,i),
Y:=appl_tb_rec(s,R)|/Y
):
t:=can(t);
return Y
)

BTopoe onpefeneHve npoueaypbl TaKKe UCMOMb3YeTca Kak (DYHKLMSA, MOCKO/bKY BO3BpaLLaeT
3HadeHme Y; BbipaxxeHue “forall(s=arg(t,i),P)” 0603HayvaeT LMK Mo BCEM HENOCPEACTBEHHbIM MOATEp-
MaM S Tepma t 1 MOXKET ObITb 3anMcaHo C UCMNO/b30BaHWeM orepartopa while. Vicnosnb3oBaHune Takux
BbIP&XXEHWUIA 41151 COKpaLLeHUs 3anmcy 6yLeT 06CYyX4aTbCs HUXE.

PYHKUNI

NmeeTca gBa cnocoba BBedeHWS (YHKLMIA: MOCPeACTBOM CUCTEM MpaBWU MEPEnuCbIBAHNA U C
MOMOLLbO (BHELUHUX WX BHYTPEHHWX) NpoLeayp, KOTOpble BO3BpalatoT 3HauveHue. VX MOXKHO
BbI3blBaTb SIBHO WM MYTEM WCMONb30BaHWA B anrebpamyeckmx BbIPOKEHMSX WMEH OnpeaeneHuii
npouesyp CUCTeM NnpaBu NepenmcbiBaHNs MO0 MMEH BHELLHMX NpoLeayp.

CnepytoLwuia npumep — 3TO NporpammMa, Kotopas nevataeT Tabnuuy ymcen ®rmboHayum
(3agaHHOe uncno N CTpoK), OCTaHaBMBasACh NMOC/E BbIBOAA KX/AbIX LECATU CTPOK (BHYTPEHHSS
npoueaypa wait_end()). OTMeTUM, YTO BHYTPEHHME NpoLeaypbl MOTYT MCNO/Ib30BaTbCA KaK PYHKLUUK,
KOTOpble BO3BpaLLaloT 3HaveHue 1.

INCLUDE <std.ap>
NAMES tab,turn_right,prtab;

tab:=rs(x,y,z,u,n,p)(
( x,¥,2), 0)
( x,y,2), 1) = (F(0)=1,F(1)=1),
( (xX,v,2), 2) turn_right(((z,y),X)),
C (F(n)=x,p=y,2z), u) = tab((F(n+1)=x+y,F(N)=x,(z,p=y)), u-1)

(F(0)=1),

);

turn_right:=rs(x,y,z)(
((x,¥),z) = turn_right(x,y,z)

prtab:=rs(x,y,n,m)(
(n>0)&(n mod 10 == 0)->(
(F(n)=m,y) = prn(F(n)=m)&wait_ent&y

),
(X,y) = prn(x)&y,
(x=y) = prn(x=y)&wait_ent()
NAMES T,N;
task:=(
N:=15;
T:=tab((F(2)=2,F(1)=1,F(0)=1),N),
appls(T,prtab);
wait_ent()
)

11



CTPYKTYPA AlC

CTPYKTYpbl AaHHbIX

OCHOBHbIM TUMOM [AaHHbIX B CUCTEME SBMSETCA anrebpa TepMoB (NpeLCTaB/eHHbIX B BUAE
AepeBbeB) Tw(Z), NOPOXKAEHHAA MHOXECTBOM NEPBMYHBIX 06BEKTOB Z 1 onepaumsMu curHatypbl W.
[aHHas anrebpa paccmaTpuBaeTCs Kak abconoTHO cBoboaHast W-anrebpa. Ee pacwmpeHve [0
anredbpbl 6eCKOHEYHbIX (HO KOHEYHO MPeACTaBfIeHHbIX, WM pauMOHaNbHbIX) LepeBbeB 0603HAYNM
T'WZ). B KauecTBe 3HauyeHWi WMeH Takue CTPYKTYpbl MOryT WMeTb O6WMe 4acTu W MOryT
MCNONb30BaTLCA [/19 NPeLCTaBIeHNA NPOM3BOJIbHBIX MOMEYeHHbIX rpaoB (TepMOoB, NPeaCcTaBNeHHAX
B Buae rpaos). Takas BO3MOXHOCTb peasM30BaHa Ha MMMEpPaTUBHOM YPOBHE M 0ObIYHO He
YUUTbIBAETCS Ha YPOBHE a/irebpanyeckoro nporpaMMmpoBaHums.

CucTteMHbIe 00bEeKTbI

CuctemHble 00beKTbl ObIBAHOT Tpex TUMOB: anrebpavyeckume nporpammbl (ap-mMomynu),
anrebpanyeckmne moaynu (a-MoLynm) U MHTeprnpeTaTopsbl.

Anrebpanyeckune nporpammbl — 3T0O TEKCTbI Ha A3blke AMJTAH. Kaxas nporpamma cofep>XuT
onucaHne curHatypbl W 1 CUHTAKCUYECKMX MpaBua MOCTPOEHUS anrebpanyecknx BblpaXKeHuin (Tep-
mMoB). OHa onpegensieT Takke MHOXecTBa MMeH X M atoMoB A. 3TW 06bEKTbI, a TaKxke yucna u
CTPOKW COCTaB/SAKOT MHOXECTBO NEPBUYHBIX 0ObEKTOB Z. YNOMSAHYTbIE BblLLe TPU MHOXKECTBA 3aJat0T
Tmn (W, X,A) ap-moayns. Tunbl ap-mMoayneil YaCTUUYHO YMNOPAAOYEHbI OTHOLUEHWEM BKIKOUEHUS
(cumBosbl curHatypbl W paccmaTtpuBaroTCAd BMECTe C UX OMpefeneHusiMIU, KOTOpble, B YaCTHOCTH,
BK/IIOYAOT MECTHOCTb Kaxkaoro cumeosna). Ecim (WX, A) T (W, X(,AL), To 6yaeM roBoputb, YTO ap-
moayns M tuna (WEXE,AL) npuHagnexut knaccy C(W,X,A). [1Ba Knacca Ha30BeM COBMECTMMbIMU,
€C/IN OHW MMEIOT O6LLYHO HWKHIOK FpaHb, KOTOpas ABMSeTCS MX 06WuUM nogknaccom. Mapametpbl
3TOro nojksacca cofepXkaT napameTpbl 060MX COBMECTUMMbIX KlaccoB. Asirebpavyeckas nporpamma
ornpefensieT TaKkxke N Haya/lbHbIe 3HAYEHUS MEH, KOTOPbIMU SBAKOTCA 06beKTbl TUNA Tw(Z).

Anrebpanyeckne MOy COAEPXKaT BHYTPEHHWE MpeACTaB/IeHUs CTPYKTYP  AaHHbIX,
onpefeneHHbIX B ap-mogynax.OHM COo34alTca  MOCPEACTBOM  CUCTEMHbLIX KOMaHZ, KOTopble
obpalaloTcs K ap-MOAynsaM Kak K reHepatopaM HOBbIX 06bLeKTOB.A/rebpavyeckuii Mogynb M,
MOPOXAEHHDBIA NpOrpammoin P, HacnefyeT ee TUN U Hayda/lbHble 3HaYeHUs UMeH. ToHsATVE a-MoayNs
ABNAETCA AMHaMUYecKUM. OH MMeeT COCTOSiHWE, KOTOPOE MOXET CO BPeMeHEM MeHATLCA. VI3MeHeHune
COCTOSIHME a-MOAYNA MPOUCXOAUT B pe3y/bTaTe BbIMOSHEHUA (MOCPeACTBOM WHTepnpeTalmn)
COAepXKaLLMXcsa B HEM npouesyp. YnopagoyeHWe Ha MHOXECTBE TWUMOB a-MOAY/eld, TakkKe Kak U
noHaTne knaccos CA(W,X,A) a-Mofynei, onpeaensiercsd aHaorMyHo COOTBETCTBYIOLUM MOHATUAM
4na ap-mopayneid. Takum o6pa3om, ap-mMOLyNN UrpatoT N0 OTHOLLEHUIO K a-MOLYNIAIM TY XKe po/fib, YTO
W KNacchbl N0 OTHOLLEHMIO K 06beKTaM B 0ObEKTHO-0PUEHTMPOBAHHOM MPOrpaMMUPOBaHNN.

CocTosaHuA

CoctosiHmne a-moayna tuna (W, X,A) cnaraetca u3 AByX KOMMOHEHTOB. [NepBblii Ha3bIiBaeTCA
COCTOSIHWEM MaMATL W ABNAETCA 0TOBpaKeHneM s: X®T w(Z). BTOPoil KOMAOHEHT — 3TO OTHOLLEHME
9KBUBAIEHTHOCTU Ha MHOXecTBe BeplUH WAOepeBbeB, ABNAOLWMXCA 3HAYeHUAMU KMeH. [lse
BEPLUMHBI MOTYT ObITb OTOX/ECTB/IEHbI COMIACHO AaHHOMY OTHOLLEHUIO 3KBUBAJIEHTHOCTU, €C/IN OHW
rMoMeYeHbl 0AMHAKOBbLIMW OrMepaLmsamMmn n NOATEPMbI, NMOPOXKAaeMble 3TUMMU BEPLUMHAMMW, N30MOPMHbI.
Ecnn Kakve-nnbo fABe 3afjaHHble BeplUMHbl OTOX[ECTB/EHbl, TO COOTBETCTBYHOLLME [O4YepHUMe
BePLUMHBI (apryMeHTbl onepauun, nomeyaroLLen 3ajaHHble BEPLUMHbI) TakKXKe 0TOXAECTBAIOTCS.

12



CUCTEMHble MHTepPRpeTaTopbl

CucTteMHble MHTepnpeTatopbl — 3TO MNpOrpaMMbl, MNpeAHasHayeHHble A1 WHTeprpeTaumuu
npouesyp, HanucaHHbIX Ha f3blke AIJIAH. OHu paspabatbiBatOTCA Ha fA3bIKE CUM Ha OCHOBE
OMONNOTEK (PYHKUMIA M CTPYKTYP AaHHbIX A5 paboTbl C BHYTPEHHUM NpPeACTaB/eHWEM CUCTEMHbIX
CTPYKTYP [AaHHbIX. COOTBETCTBYHOLLlEE pacluMpeHne s3blka cW  HasbiBaeTcd L2C.  Kaxablid
WHTepnpeTaTop cBs3aH ¢ HekoTopbiM Tunom (W, X,A), onpegenstowmm knaccol CI(W,X,A), K KOTOPbIM
NPUHALNEXUT MHTEPrpeTaTop, TakK Xe,Kak M B C/ydae Mofyneil. Tun onpegenser TO, Kakue
airebpavyeckme MOLY/NM MOTYT BbIMOHATHCA C MOMOLLBIO [aHHOM0 MHTEpnpeTaTtopa: 3T0 MOAYNN,
npuHagexatyme knaccy, coeMectumomy ¢ knaccom CA(W,X,A.

Kaxkablil nHTepnpeTaTop onpeaensieT onepauvoHHy0 ceMaHTUKY s3bika AMJTAH ang gaHHOro
Knacca a-moayneii n obecrneumBaeT 3PMEKTUBHYIO peanm3aumto npoueayp, MYHKUMIA 1 cTaTeruii
nepenucbiBaHUA 418 CUCTEM, HAXOLALLMXCA B JaHHOM MOfY/e.

AITJ1AH
MopoxaeHne ap-moayneli

CUWHTaKCUC, UCnonb3yemblii i1 CO3AaHUs ap-MOoayneld, — 3TO CUHTAKCUC anrebpanyecknx CTpyK-
TYP AaHHbIX. CrneumnanbHble CTPYKTYPbl [JaHHbIX, Takue Kak npaBuia MepenucbiBaHus, NpoLieaypsl,
06BEKTbI, MOAUYMHSIOTCH eAMHbIM CUHTAKCUYECKUM npaBunam. Anrebpavueckas nmporpaMma — 370
nocnefoBaTeNlbHOCTb NPEANOXEeHUIA. MPefnoXeHNs GbIBatOT CNEAYHOLLUX TUMOB:

- OMWCaHUS UMEH,
OMnMCaHNs OTMETOK,
NPUCBaNBaHNS HAYaNbHbIX 3HAUEHWIA,

BK/1KOYEHUS,
KOMMEHTapuun.
<name description> ::= NAMES <sequence of names separated by "," >;
<name> ::= <identifier>
<mark description> ::= MARK <sequence of mark descriptions
elements separated by "," >;
<mark description element> ::=<mark symbol>(<arity>)
| <mark symbol>(2, <priority>, "<infix notation>")
<mark symbol> ::= <identifier>
<arity> ::= <positive integer> | UNDEF
<priority> ::= <positive integer>
<infix notation> ::= <sequence of signs>
<initial assignment> ::= <name> := <algebraic expression>;

<algebraic expression>::=<primary expression>|<prefix expression>
|<application>|<infix expression>

<primary expression>::=<integer or rational number> | <string>
| <empty object> | <name> | <atom> | VAL <name>
| (<algebraic expression>)

<empty object>::= ()

<application>::=<algebraic expression> <algebraic expression>

<prefix expression>::=<mark symbol>(<sequence of algebraic
expressions separated by ',")

<infix expression>::=<algebraic expression><infix notation>
<algebraic expression>

B BblpaxXeHun Buaa W(Xu,...,Xn), NpeAcTaBNeHHOM B NPeUKCHON dopme, rae W — 3TO CUMBON

OTMETKW, KOJINYECTBO aprymeHToOB AO0J/DHKHO ObITb paBHbIM MECTHOCTW OTMETKW, €C/IN MECTHOCTb —
LleNnoe 4mcno, n MOXXET NpuHMMaTb MPOU3BOJIbLHOE 3HadYeHue, ec/ii MeCTHOCTb MMEET 3HayeHue
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UNDEF. MpuopuTeT BbIpaXXeHUS BUAA XWY, NPeACTaB/IEHHOro B MH(MKCHOW (hopMe, onpeaensieTcs
NpUOpMTETOM W. BbipaXeHne X AO/HKHO ObiTb AMOGO NepBUYHbLIM, NMO0 annankauuei, Imn6o
WH(UKCHBIM BbIP&XXEHNEM, MPUOPUTET KOTOPOro 60/blie npuoputeTa W, ecim y — WH(UKCHOE

BblpaXKeHWe, TO €ro rnpPpUopuUTET AO0/KEH ObITb He MEHbLLUWM, YEM NPUOPUTET W.
<inclusion> ::=INCLUDE <file name inserted into "'<>'>
| INCLUDE "<file name >"

KoMMeHTapuu BblgenstoTca ckobkamm /*  */. CTPOKM — 3TO NMocnefoBaTe/lbHOCTM CUMBOJIOB,
3aK/NH0YeHHbIe B KaBblUKKM “ 7.

MpepnoxeHne BkNoyeHns INCLUDE x o3Hayaer, YTO Ha MECTO [AaHHOro NpeasioXXeHusa cnegyer
MOMECTUTb TEKCT MOAYNSA X.

Mpy 06paboTKe ONMCaHWs MUMeH HOBble MMeHa, COAepXKalluecs B OnmncaHum, A06aBnstoTCs K
MHOXeCTBY MMeH. OnucaHna 0TMETOK paclumpatoT curHatypy W. OTMETKM MOTYT UCMO0/b30BaThCA He
TO/IbKO Kak anrebpavyeckue onepauumn, HO U B KayeCTBe: (DYHKUMOHAbHbIX W MPeAUKaTHbIX
CUMBOJIOB, UMEH TWUMOB, KOHCTPYKTOPOB CTPYKTYP AaHHbLIX 1 T.M. 10 3TON NpuYMHe BMECTO onepawuu
NN PYHKUUM UCNONb3YETCA NPOCTO OTMEeTKa Tepma. Ecnn npu onucaHny OTMETKM WCMOJb30BaHa
MH(UKCHAsA 3anucb, TO OTMETKAa MOXeT WCMNo/b30BaTbCs A5 NPeACTaBNeHUst BbIpOKEHUA B
NH(MKCHON hopme. B 3TOM cniydae MpuopuTET MO3BONAET 060MTUCH Ge3 CKOGOK. Ecnn 3HauyeHue
MecTHoCTM ecTb UNDEF, oTMeTKa MOXET MCMonb30BaThCA C MNPOW3BO/BHOM MOMOXKUTENIbHOWA
MECTHOCTbIO (TaKytd OTMETKY MOXHO CUMTaTb CBS3AHHOW C GECKOHEYHbIM CEMENCTBOM Onepawuii).
imetoTca fge npefonpeeneHHble OTMETKW, OMUCbIBaTb KOTOPble Heob6s3aTeNbHO. 10 GMHapHas
annaukaunsa B MHGUKCHOM opmMe 3anmcu 6e3 0603HayeHMs 3HaKa onepauum n OTMETKa
ARRAY (UNDEF), ncrnonb3yemas g/ nocTpoeHnsi MaccvMBoB. B cucteMe annavkaums Bcerga nmeet
HaMBbLICLLUMIA NpUopuUTeT. ATOMbl — 3TO WAEHTU(MKATOPbLI, BCTPevaroLimMecs B MporpaMMe M He
OMMCaHHble KakK MMeHa, OTMETKM W/ 3HaKW Onepawlymin B MHPUKCHON (opme 3anucu.

BHYTpeHHUM npeAcTaBieHMeM anrebpanyecknx BblpakeHUA sBnatoTca W-AepeBbs, Cnocob
MOCTPOEHUS KOTOPbIX O4YeBMAEH. B pesy/nbTaTe 06paboTKM OMUCaHUA MMEHWN KaXKA0e UMS NOony4vaeT
Haya/lbHOe 3HayYeHue — NYCTOW 06bEKT (3TO eAUHCTBEHHbIA 00BEKT, CYLLECTBYHOLMIA N3HAYa/IbHO, TO
eCTb WUMEILMIACA A0 NPUCBaMBaHWA HayalbHbIX 3HauyeHwuil). MMpu nNpucBaMBaHUM HavalbHOro
3HaYeHWs BMAA X:=Yy 3HAYEHNEM X CTAHOBUTCA TepM, MPeACTaB/eHHbIN anrebpanyeckMM BbipaXeHeM
y. Mpy co3faHmm Takoro 0ObekTa 3HaYeHMs BMECTO UMEH He MOACTaBNATCA, KpOMe Cny4as, Korga
nMs z cnegyeT nocne cumaona VAL. B aTom cny4vae Npom3oigeT obpaleHne K z, a He K VAL z.
cnonb3oBaHve 3TOro CpefcTBa [aeT BO3MOXHOCTb OTOXAECTBMATb BEPLUMHbI BHYTPEHHEro
npeacTaBneHns pfepesbeB. Ecnm VAL z=arg(y,p), TO nocfe Takoro npucBanmBaHWA MOABUTCS
9KBMBA/IEHTHOCTb arg(X,p)=arg(z,p)(e).

Mpn nepeonpegeneHnn UMeHW WU OTMETKW Mpefblayllee onpeaeneHve yaanserca. To Xe
MPOUCXOAUT U C Haya/lbHbIMW 3HayYeHUsMMW. TakuM 06pa3om, HEeBO3MOXXHO CO3JaHue OOBLEKTOB,
cofepXawmnx KOHTYypbl. JeiCcTBUTENbHO, NOCe NPUCBaMBaHUS HauyabHOro 3HadveHus x:=... VAL X...
BCe BXOXAeHWA VAL X [0/DKHbl OblTb 3aMeHeHbl MYCTbIM OOLEKTOM, AaXe ec/inm X Oblfo yxe
MPUCBOEHO 3HaYeHwe.

iMnepaTnBHbIe MPOrpaMmbl

CUHTaKCKC NporpamMmm 1 BHELLIHUX NPoLeLyp OMucaH BblLLe.

B uensx 6onee TOYHOro OMNMCaHWA MNpoLecca BbIYMCMEHWUI, a TakkKe CeMaHTUKU 6a30BbIX
NPes/IoKeHN 1 nepejadn napameTpoB, B HACTOALEM pa3fesie BBOAWUTCA (hopMasibHas MOZeSb
npeacTaBNeHNs COCTOAHNIA MOAYNS.

MpeacTaBneHne COCTOSIHUIA. PaccMoTpuM cocTosiHKe (S,e) moayns Tuna (W, X,A). CornacHo
[JAHHOMY BbILLE OMPeAeNeHnto, S ecTb oTobpaxeHne X B T w(Z), @ @ — OTHOLLEHMe 3KBUBANEHTHOCTH
Ha MHOXECTBE BePLUVMH paLMOHaTbHbIX AepeBbeB M3 T w(Z). Kaxpas BeplivHa efuHCTBEHHbIM
06pa3oM Npe/cTassieTcs B BUe napbl (X,p), Hasbisaemoii X-BxoxaeHueM, rae X1 X, p=(i,...,im) —
MoC/ef0BaTe/lbHOCTb  MOMOXKUTENbHBIX LEeMbIX 4ucesn, MPeacTaBnaloWwmMx nyTs B Aepese (Mam
BXOXfeHMe B TepM) S(X). CyLLeCTBYHOT OYEBMAHbIE OrPaHWYEHUs Ha COCTaBMAIOLWME 3TOro MNyTw,
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Hanaraemble CTEMEHAMN NPOMEXYTOUHbIX BePLUH. B a3bike AMNJTAH 3Ta BepLUMHA ABNAETCA KOPHEM
noArtepma, NpeLcTaBieHHOro BolpaxxeHnem suga arg(t,(iy,...,im)), rae arg — 310 cTaHZapTHas buHapHas
onepaums n3 W, t=s(x).

Myctb U={uy,...,Un}— MHOXECTBO CUMBOJIOB (a/1DaBMUT) PaBHOMOLLHOE MHOXECTBY K/1acCcoB
9KBMBA/IEHTHOCTM OTHOWeHUs e Cumsonbl U 6yayT 00603HayaTb COOTBETCTBYHOLLME K/ACCHI.
BoipakeHue Buga (x,p) Tu 0603HaYaeT, TakMM 06Pa3oM, uTo (X,p) MPUHALANEXWUT KNaccy, KOTOpbIl
COOTBETCTBYET U. B TO e Bpemsa 6yfem paccmatpusaTb CMMBOSIbI U Kak BepLUMHbI rpada, KOTopbIi
npeacTaBnseT CTPYKTYPb! AaHHbIX, COAepXKallmecs B JaHHOM MOAY/Ie B TEKYLLLEM COCTOSIHUN.

Myctb (X,p) Tu, s(X)=t, arg(t,p)=wW(ty,...,t,). Torga ecnm (x,(p,i)) Tvi, i=1,...,n, To 6yaem nucatb
U®W(V1,...,Vn) 1M Ha30BEM [aHHOE BbIP@KEHWE AEKOMMOo3numeii BeplumHbl u. Eciv arg(t,p)1Z, To
[EeKOMMOo3nLUMen BeplwnHbl U fABnseTca u®arg(t,p). [exkomnosnums Knacca U He 3aBUCUT OT
npeAcTasieHns (X,p) 3TOr0 Knacca v eAMHCTBEHHBLIM 06pa3oM onpeaensercs Knaccom. Ecm (x,() Tu,
TO X®U Ha30BeM [eKOMNo3numet UMeHn X. MHOXeCTBO LeKOMMNO3nLMIA BEPLUMH U UMEH Ha3blBaeTCA
BEPLUMHHBLIM NpeACTaB/eHNEM COCTOAHMA (S,€). HeTpyAHO NokKasaTb, YTO BEpPLUMHHOE MpeAcTaB/ieHne
eMHCTBEHHbIM 06pa3oM OnpefensieT COOTBETCTBYIOLLEE COCTOSIHVE W [ANA K&XOro COCTOAHUSA €ro
BEPLUMHHOE NpescTaBeHne OnpeLesieHo C TOYHOCTbIO A0 NepeMMeHOBaHNSA BEPLUVH.

LlenecoobpasHo paclwuvpuTb MOHATWE MPeACTaBfieHWs, CcuuTad, 4TO Mpasble YacTu
[IEKOMMO3NLMN ABMAKOTCA NPOM3BOMbHLIMA KOHEUHbIMU TepMamu Hag Tw(ZEU). Vcnonb3ys Takoe
pacLUnpeHvie, MOXXHO YAa/ITb HEKOTOPbIE NMNLLHME BEPLUUHBI. BepLuvHy U Ha30BEM NINLLHEN, eC/IN OHA
BCTPEYaeTCA B MpaBbIX YacTAX LEKOMMO3uumMy He 60nee OAHOTO pasa. JIMLWIHAS BepLivHA U MOXET
ObITb yfasieHa MyTeM 3aMeHbl ee efMHCTBEHHOIO BXOXJEHWS MPaBOM YaCTbio ee AeKOMMO3ULMN.
MpeacTaBneHve, He COAepKallee JSIMIHUX BepLUMH, Ha3biBAETCH MWHUMaIbHbIM B OT/MYME OT
NpeLCcTaB/ieHNs, ONPeAeNeHHOro Bbllle, KOTOPOE HA30BEM MaKCUMa/IbHbIM.

BbluncneHne 3HayeHUid. [ns anrebpanyeckoro BbipaKeHUs t MOXHO BblYMCIUTL [Ba BUAA
3HaueHUit. 3HaueHVe NepBoro Buaa 06o3Hadaetcs val(t) v npuHagneXxmT MHoxecTsy Ty(ZEU). OHo
BbIPa&XXaeTcs C NMOMOLLbO MUHUMAIbHOIO NPeACTaBNeHMst TEKYLLEro COCTOSAHMS. 3Ha4yeHne BTOPOro
BuAa 0603HaqaeTca Val(t) 1 npuHagnexunt MHoxecTBy T w(Z). CBA3b BYX BIA0B 3HAUYEHWIA 3a3eTCs
thopmynoi:

Val(t) = (val(f))r™

rge t¥ ectb npegen t*, a t — aTo MOACTAHOBKA MPaBbIX YacTeli BePLUMHbLI 1 AEKOMMONLMIA UMEH
BMECTO BEPLUMH M MMEeH B MpasblX 4acTAX BCEX LEKOMMO3ULMIA BEPLUMH N UMEH. 3HaYeHWe BTOPOro
B/Ja He 3aBUCUT OT 3KBMBAIEHTHOCTU € W WCMOJb3YeTcA B “MHBapMAHTHBLIX” paccyXieHusax 06
anrebpanyeckmx nporpammax. Mepsbiii BUA UCNONL3YETCA 41 TOYHOTO ONpeAeneHns onepawMoHHOM
CeMaHTUKM MpoLeaypHbIX cpefcts. dyHKuma val(t) ocywiecTBnseT NOACTaHOBKY 3HAYEHWUIn UMEH 1
MPUBOAUT BbIPXKEHME K OCHOBHOW KaHOHWYECKON (opMe, MUCMOMb3yA MHTEPNpeTaTopbl onepauii
(OyHKUMR) | . POPMaNbHOE ONpeseneHne CoOLePXUT CrefyroLue npasuna:

isname(z),z —t € r = val(z) = 1;
isfun(f) = val(f(z)) = @app (nd(f). val(z));
val(‘(t)) = &;
val(w(ti, ... ,tn)) = @ulval(ti),...,val(is));
isname(r),» =t € r = nd(z) = nd(f);
nd(r) ==z

B dopmynmpoBke npasui (Urypupyet Tekyllee COCTOSIHME, KOTOpOe MNpeACTaB/ieHO B BUAe
AeKoMMo3nummn BeplinHbl (r). Kaxaoe npaBuio MOXHO MCMOMb30BaTh /MWL B TOM C/lyyae, Korja
HenpumeHumo npeapblgywiee. BoipaxeHue isfun(f) uctuHHo, ecnnm F=nd(f) ecTb onpegeneHve
npouesypbl UAN CUCTEMbI NpaBu nepenncbiBaHnA. Ecnn F — 3To onpefeneHve npoueaypbl, TO 3Ta
npoueaypa BbINOMHAETCA, NPU 3TOM X CAY)XUT CMMUCKOM (PaKTMYECKMX MapameTpoB. 3HayeHueM
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fBNSIETCA TO 3HAYeHWe, KOTOpOe BO3BpalaeT npouegypa. Ecnm F — 3710 cuctema npasun
NepenuncbiBaHmns, TO OHa NPUMEHSETCA K X CO cTpateruein applr.

Mpn BbINOMHEHUN MpoLedyp MOTyT BO3HUKATb MOOGOYHbIE 3((EKTbI, B pe3y/bTare Yero
BO3MOXHO W3MEHeHMe TeKyLLero coctosHus mogyns. Mo 3ToW npuynHe MOpsJoK BblUYWCIEHNS
3HaYeHWIi apryMeHTOB onepauumn w SBNSETCA CYLLECTBEHHbIM.

BasoBble NpefoxkeHUs. Kak cnyyae yCTaHOBKW, TaK U B Cly4vae NnpucBanBaHNs BblUYKCIAETCA
3HaueHve s1 Tw(ZEU) npaBoit yacTn. PacCMOTPUM MPefJIoXeHNe YCTaHOBKW. ECv N1eBas YacTb — 3T0
NMA X, TO ero AeKoOMNo3nLna 3ameHseTca Ha X®s. PaccmoTpum npeasioxkeHume arg(X,p)®t. 3HayeHrem
P JO/DKHA BbITb MOCNEAOBATENLHOCTD (iy,...,In) LEbIX MOMOXKMTENbHBIX Yncen. Ecam (X,ii,...,in1) TU 1
u®qTr, TO BMECTO i,-F0 aprymeHTa  Mo/CTaBiAeTCA S. Pasymeercsi, MECTHOCTb ¢ HE [O/KHA 6biTh
MeHbLUE ip.

MpucBanBaHMe X:=t ()YHKUMOHWPYeT nHadve. Cnepsa, ecin S — BepLUMHa, BMECTO S GepeTcs
npaBas YacTb AEKOMMO3NLMN [aHHOW BepluHbl. Ecnn npaBas YacTb AEKOMMO3NLUN X He SABNSETCS
BEPLUMHON, TO [eiCTBUE NpuUCBaMBaHWA PaBHO3HAYHO [EACTBUIO MpPeAoXeHns YCTaHOBKM. B
MPOTMBHOM C/lydae, eciv X®u, u®q I r, AeKoMno3nLms u®q 3aMeHsIETCs Ha U®S.

BHelHWe BbI30Bbl. POpMasibHbIE NApaMeTPbl Y NIOKa/IbHbIE UMeHa BPEMEHHO J06aBNAOTCS K
MOAYNI0 B KayecTBe MMeH. PopmasibHbIM MNapamMeTpaM MpUCBanBatOTCA 3HAYeHUS (PaKTUUYECKUX
napameTpoB, a 3aTeM BbIMOMHAETCA Teno npoueasypbl, Mocne 4ero (opmMasibHble napameTpbl U
NOKaNbHble MMeHa yfanaotcs ns mogynd. MNpeanoXxeHve Bo3Bparta MOPOXKAAET 3HAYEHMe, KOTopoe
MCNONb3YeTCs, KOrAa NpoLeaypa BCTPeYaeTcs B airebpanyeckomM BbIpaXXeHUN.

BHyTpeHHVe BbI30Bbl. O6pallleHVe K npouefypaM pean30oBaHO Ha YPOBHE A3blKa CU.
KonmyecTBo (hopmMasibHbIX MapamMeTpoB M TO, Kak UX MnepefaBaTtb (BbIYMCMATb 3HAYEHUA WU HET),
onpeaenseTcs cornacHo cneumpukalymsam BHYTPEHHEN npoLeaypb!.

BbInonHeHne nporpamm. BbIMoNHeHMe MporpaMm OCYLLECTBAAETCA OObIYHBIM 06pa3oM.
MpeanoXeHnst BbINOMHAKTCA O4HO 3a APYTUM. YCMOBHblE MPEASIOKEHNS U LUKbl UMEKT 06bIYHbIN
cMbicn. OAHOW MHTEPECHOW OCOBGEHHOCTLIO SBNSETCA UCMONb30BaHWE paclUMpeHust MMNepaTuBHOIO
A3blka AMJTAH. Ecnv nHTepnpeTaTop nNporpaMMbl BCTPeYaeT Hen3BecTHOe 6a30B0e NpeanoXeHne, OH
[enaeT MonbITKy npeobpa3oBaTb ero C MOMOLLbIO CUCTEMbI MepenncbiBaHna compile, KoTopas
ABNAETCA CTaH4apTHbIM cpeactBom AIC. Nonb3oBatesib MOXET U3MEHUTb WKW PaCcLUMPUTL CUCTEMY

compile. TUNUYHBLIN COCTaB CUCTEMbI TAKOIA:
NAMES _p,_sp,_ptr;

_p :=nil;

_sp:=nil;

MARK case(2);

compile:= rs(X,y,z,u,i)(
define x = ~(defcall ~(x)),
(arg(arg(x.,y),z)-->u) =
compile(arg(x,conc(y,z))-->u),
(arg(x,y)--> z ) = “(set(x,y,z)),

( x(1)-->z ) = “(set(x,i,2)),

( x.y)-->z ) = "(set_comp(x,y,z)),

( X -=> z.u) = set obj_comp ~(X-->z.u),
( X -->z ) = ~(setname(x,z)),

dowhile(X,y)
dowhile x vy
for(x,y,z,u)
loop(x)

(x, while(y,x)),

(x, while(y,x)),

(x, while(y,(u,2))),
while(1,x),

forall(x=arg(y,i),z) =
for(i-->1,i<= “(ART(y)),i:=i+l,
x-->arg(y,i); z
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),
forallw(x=arg(y,i),u,z) =
for(i-->1,(i<= “(ART(Y))) & u,i:=i+l,
x-->arg(y,i); z

forall(x in list y, z) =
(Csp-->(_p,_sp);
P2y
while( ~(is_type( _p,(0O,0) ) ),
_p-—>arg(_p,2);
4
);
X——>_p;
_p -—>arg(_sp,1);
_sp-->arg(_sp,2);
Z

forall(x in set vy, z) =
Csp——>(p,_sp);
P2y,
while(C (is_type( _p.(0O.0) ) ),
X __>arg(_p11);
_p-—>arg(_p.2);
z
);
_p -—>arg(_sp,1);
_sp-->arg(_sp,2)

forallw(x in list y, u, z) =
Csp-->(_p,_sp);
_P==>y;
while(C (is_type( _p,(QO,0Q) d&u ),
x —->arg(_p,1);
_p-—>arg(_p,2);
4
);
X-=> p;
_p -—>arg(_sp,1);
_Sp-->arg(_sp,2);
u->z
),
forallw(x in set y, u, z) =
(Csp-—>(_p,_sp);
Pr2ys
while( (is_type( _p,(O,0) d&u ),
x -->arg(_p,1);
_p-—>arg(_p,2);
4
);
_p -—>arg(_sp,1);
_sp-—->arg(_sp,2)
)

case(x,y:>z;u): starg(x,2,y)->z else case(x,u),
case(X,y->z )= starg(x,2,y)->z,
case(Xx, z )= z,

branch(y->z;u)= y->z else branch(u),

branch(y->z )= y->z,
branch( z )= z
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