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PaccmaTpyBaeTCs MCHMCTIEHME PEKYPCUBHBIX MPEATTIOXEHNM A7 TEOPUM CTPYKTYPHBIX (DYHKUMOHabHBIX MOAenew. Viccnenyrotcs Bo-
MPOChI Pa3pPeLLIMMOCTY U NOSTHOTbI UCHNCIEHMA. [TpeanaraloTcs CTpatervis v anropuTM yCTaHoOBIEHUS BbIBOAMMOCTY (POPMYN ncymcie-
HWA, MOKa3bIBAETCA KOPPEKTHOCTb aropyUTMa M ONpeRensieTcs OLeHKa ero 3(ppeKT1BHOCTH.

BeeneHue

PaccmarpuBaeTcs opMasbHOEe MCUUCICHUE, UC-
MOJIb3yeMOoe /ISl YCTAHOBJIEHUSI BBIBOXMMOCTH TIpe-
JIOXEHUI B paMKax Teopuu CTpYKTypHbIX (C-) pyHK-
LMOHANBHEIX Mopeneii [1, 2]. [IpoBeneHHbIe UCCIen0-
BaHMS TPATWULIIUOHHO OTHOCAT K O0JNACTH UCKyccHaeH-
Hoeo unmennekma. IIpyKnamHO CTOPOHOM HCCIIEI0BA-
HUS SBJISIETCS CO30aHUE UHTEJUIEKTYaIbHBIX TPOrpaM-
MHBIX KOMILIEKCOB LIMPOKOTO Kjacca, OMMPaIoLIMXCs
Ha JEMYKTUMBHBIN TMOAXOA B 00JACTM MEHEIKXMEHTa
3HaHUil. TepMUH «3HaHME» 3[eCh MMeeT OrpaHuYeH-
HYIO TPaKTOBKY: 3HAHUs TIPENCTABILIIOTCS CIIEIMAb-
HBIMH CTPOTO OTpPEIENCHHBIMA MHGMOPMALIMOHHBIMU
CTPYKTYpaMH, JOMYCKAIOIMMU aBTOMaTU3MPOBAHHYIO
00pabOTKy C UCITOJIb30BAHMEM arapaTa (hopMalibHOI
noruku. [TpeacrapisemMble pe3yabTaTbl MOTYT OBITH UC-
MOJIb30BaHbI TPY peau3alliyl pa3InyHbIX MH(MOpMa-
LIMOHHBIX KOMIUIEKCOB, — OT SKCIEPTHHIX [3] ¥ KOrHU-
TUBHBIX cucTeM [4] no mHcTpyMeHTanbHbIX 1 CASE-
000J104eK OBICTPOrO MPOTOTUIIMPOBAHUSA IPOTrpPaMM
[5].

B nepBoMm pasnesie onpenessitoTcs UCTONb3yeMble
TIOHATHSI M HEeoOXOIMMBIe coraineHus. Bo BTopom
BBOIUTCS MOHATHE MHTeppeTauun C-Mopenu u ¢op-
MYJIMpPYETCSl MCUUCIeHNe BYHKIMOHATIBHBIX MPEao-
XeHMH ISl TCOPUHU CTPYKTYPHBIX MofeNeid [6], a Takxke
HCCTIENYIOTCS HEKOTOPhIe CBOMCTBA TTOCTPOEHHOTO MC-
yucneHus. TpeTuii pa3aen MocBsILeH OMUCaHUIO CTpa-
TEeTUM 1 0a30BOTO ATOPUTMA YCTAaHOBJIECHMS BBIBOIM-
MOCTH TIPEITIOKEHUH sI3bIKa. I anroputMa noKa3bi-
BAETCS CBOMCTBO KOPPEKTHOCTH, U YCTAHABIMBAIOTCS
CIIOXHOCTHBIE XapaKTepucTUKU. HakoHel, B mocnen-
HEM pazfieie KpaTKO PacCMOTPEHbl 0COOEHHOCTH BBE-
IEHWS PeKYPCHH.
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1. BasoBble onpepeneHus

Hamum ocHoBHBIe onpeneneHus. IIpexnae Bcero,
3apuKCHUpyeM CUTHATYpy X.

Onpeaenenne 1. 3apuxcupyem X=(A,EP,D), roe A,
F, P u D — He Goiee yeM cuyeTHBIE MHOXeCTBa (3JI-
€MEHTApHBIX) MMEH OOBEKTOB, (DYHKIIMOHAJIbHBIX
CHMBOJIOB, CEJIEKTOPHBIX CUMBOJIOB M UIMEH CXEM, CO-
OTBETCTBEHHO. Bhimenum B D HemycTroe KoHeuHoe
noaMHoxecTBo EcD umeH npumumugroix unv nepuu-
HbIX CXEM.

DJIeMEHThl MHOXeCTBa A UCIIONB3YIOTCS A1 (op-
MUpoBaHusl (umer) o6sekmog. CBsi3b 00bEKTA a C He-
KOTOpo#l cxeMoii S oTpaxkaercst 3anuchio S(a). Ecin
00BeKT a cBsi3aH co cxeMoil Su Se E, craHnapTHas 3a-
nuch S(a) 3aMeHsieTcs 3anMchio a’ 1ubo a, Koraa CChl-
JIKa Ha cXeMy He BaKHa MJIM OYeBHMIHA 3 KOHTEKCTA.

Onpenenenne 2. BeipaxeHue Buga
ﬁal)"'}an%aoa (1)
rne a,€A, i=0,...,n — uMeHa 00BEKTOB, HA3bIBAETCS
dynxkunoHanbHoi cBsi3bio (OC). B 3anucu (1) feF —
ato umst ®C, g, — ee aprymenthl (i = 1,...,n), a, — pe-
3YITBTAT.
MmeHa 00BEKTOB NP MOAETMPOBAHUN TPUKIIAL-

Hoii mpeameTHo obnactu (I10) hopmupyrorcs cnemny-
IOIIM 00pa3oM.

Onpenenenne 3. [Tycth ae A, o — uMs 00beKTa, TOT-
Ja a, 0.4 VU 4.0 TaKxe SBISI0TCS uMeHaMu. B 3amucu
©.a o Ha3bIBaeTCs MpeuKcoM. Jiuna IMEHU o OTIpe-
JEJISIeTCS YMCIOM BXOXIEHHI 271eMEHTOB A (C yueToM
BO3MOXHBIX TIOBTOPEHMUIA).

QYHKIMOHATBHBIE CBA3M WMCTONB3YIOTCS TIPU 3aj1a-
HUU (HeMepBUYHBIX) cXeM 00beKTOB MozeupyeMoii T10.
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Onpenenenne 4. CxeMa S 00beKTa 7 onpeessieTcs
BbIpaXXEHUEM BUIIA

S(r) =r.(Sy (ag), -, SONU(aONO)a
i P2 S (@) Sy (@ )L ()

P O Su(@)ses Sy (@ ) S | Jfilter),

rne Se D\E, reA. Jlns Bcex BO3MOXHBIX 3HAYEHUI MH-
IEKCOB I, j, S;eD — cobcmeentvie nodcxemvr CXeMbl S,
a;eA — ee coOcmeennvie éeauunbl, p,eP — BpIOMpaio-
e cesexmopsl. B ipaBoii yactu (2) r Ha3bIBaeTCs npe-
¢hur.com CXeMbI, YJaCTOK JI0 BEPTUKAIbHOM YepThl — 3a-
20108K0M, OparMeHT if...fi — eapuanmHoil ero uacmoio, a
OCTaJIbHAsI YaCTb 3ar0JI0BKA — nocmosHHol yacmoio. Ue-
porymd filter cKpbIBaeT CIIMCOK cobcmeertvix DC cxeMbI
S. Tlpeukc r MOXET «IIPOHOCHUTHCSI» B CKOOOYHBII
¢dparment, TaK uto r.(S(a),...)=(r.5a),...)=(S(r.q),...).
AHaJIOTUYHBIM 00pa3oM MpePUKCUPYIOTCS UMEHa ce-
JIEKTOPOB U OTOOpaxkeHMH, a TakKe MMEHa BEJIWYUH,
BOBJIeUeHHBIX B (hopmupoBanne OC us filter.

CenexTopsl Ha HHTepIIpeTaluy I mojTyJyaT MCTUH-
HOCTHBIE (IIKAIbHbIE) 3HAYEHUSI M 00pa3yloT MOJIHYIO
cucremy, T. e. Vij, i#, pl&p = u p[v...vp, [ =H.

Onpenenenne 5. ITycts S(r)=(...S(r.a;)...) — cxema.
Ecin §;€E, 1o r.a;; — uma BemuuHbl cxembl S. Ecin
S;,€D\E 1 a — M BeMYMHBI CXEMBI Sj, TO 7.a;. 0 —
UM BeJIMYMHBI cxeMbl S. BenuunHbl cxeMbl S OyneM
Tak:Ke Ha3bIBaTh €€ aTpuOyTaMu.

Ompeneaenne 6. Paccmorpum cxemy S. ®C
fa,...,a,—>a, U3 filter Ha3bIBa€TCS AOMYCTUMOM LTS CXe-
MBI S, €CJIM U TOJIBKO €CIIH 4y, d,,...,d, — aTPUOYTHI CXe-
Mbl S. CxeMa Has3bIBaeTCsSl CMHTAaKCUYECKM IpaBUJIb-
HOMH, ec/ filter comepXuT ToabKo aomyctumbie OC.

B nmanbHefiiem paccMaTpuBarOTCS TOJIBKO CUHTAK-
CHYECKY TIPAaBIUTbHEIE CXeMBI. [IoMiUMO 3TOTO cYMTaeT-
cs, yto OC u3 Habopa filfer, OTBEYAIOT CIIEAYIOLIIM Tpe-
ooBanusM: (a) @C comepXuT 10 KpaitHell Mepe OIuH
cobcmeenHbiil aTpuOYT cxeMbl; (0) B Habope filter HeT
®C, B KOTOpBIE BOBJICYEHBI aTPHOYTHI M3 Pa3HBIX Be-
TBEll BAPMAHTHOM YacTh cXxeMbl S WM aTpuOyTHI U3 Ba-
PUAHTHBIX YacTell e€ nodcxem; (B) IIMHA JIFOOOTO aTpu-
Oyra (umeHn), pxoxsiuero B ®C, He TIpeBHIILIACT ABYX.

C KaxIbIM aTpUOYTOM CBSI3BIBAETCS YCIOBHE JOMY-
CTMMOCTH €TO CYIIECTBOBAHMS B CXEME.

Onpenenenne 7. OaKT HATMYMS YCIOBUSA p Y aTpu-
OyTa a 0TMeYaeTcs 3aruchio a/p, IpU 3TOM a/p Ha3bl-
BaeTcs y-ampubymom. CuMTaeTcs, 4To ¢ aTpuOyTaMu,
ornpeneJ€HHBIMY B OOLIEH YacTH 3arojiOBKa CXEMBbI,
CBsI3bIBaETCs ycaoBue M, — B 3ToM ciiyyae (pparMeHT
«/p» OIyCKaeTcs.

Onpenenenne 8. CtpykrypHoii (C-) MOIeNbIo Ha3bIBa-
€TCs KOHEYHas COBOKYITHOCTb (OIMCaHWii) CXeM
M=(S,,...,S,), tae Kaxnas S, i=1,...,n, SBIsSETCS 3MeMEH-
TApHOM MM 3aiaHa B COOTBETCTBUE C ONpe/esieHreM 4.
C-monenb M sipisieTcst (CMHTaKCUYECKH) 3aMKHYTOM, eCIi
1 TOJBKO €CNM JUISI KaXIOro e anemMeHTa S.e M cXeMbl,
BCTpEYAIOLIMecs B OIpeeNeHNN S, SBISIOTCS SeMeHTap-
HBIMU JI00 onpeiesieHb! B orvicanuu C-monenu M.

OmnuceiBass C-Moneab IS TIPeaAMETHON 00JacTH,
MBI CTPOUM CleUATbHYIO ((hOPMATbHYIO) TEOPHIO, B
KOTOPOI MOXHO pelllaTh, B YaCTHOCTH, 3aauy YCTaHO-
BJIEHMSI BBIBOIMMOCTY TIPEIJIOXEHUN COOTBETCTBYIO-
IIETO SI3bIKa W TeHepalli peanu3ylolleil BbIBO Mpo-
TpaMMBI.

IMoctaHoBKa 3agaun B C-MoieIM HOCUT HEMpolie-
JYPHBII XapakTep — B HEW YKa3bIBAIOTCS JIWIIb UCXO.I-
Hbl€ U MICKOMbIE aTpUOYThl HeKoTOpoii cxeMbl. Conep-
JKaTeJIbHO, IIOCTAHOBKA 3a4a4M Ha MOJEIHU €CTh 3a/1a-
HHUE Ha IIOCTPOEHME CXEMBbI aITOPUTMa, PeaTu3YIOIe-
ro TpedyeMble BhiunciaeHus. Cxema alropuTMa u3Bie-
KaeTcsl U3 (KOHCTPYKTHBHOIO) J0Ka3aTelbCTBA COOT-
BETCTBYIOILIEH TeOpeMBI CylIecTBOBaHUs (B cuie [7]).
CxeMma CTaHOBMTCS aJrOPUTMOM (IIPOrpaMMoii) B pe-
3yJIbTaTe 3aJaHMS UHTEPIIPETALINM MOJIEIIH.

Onpenenenne 9. 3agaveit B C-Momenn M Ha3bIBaeT-
ca tpoiika T=(A),X,,S), rne Ay u X; — HabOpbl UMEH,
COOTBETCTBEHHO, MCXOMHBIX M ICKOMBIX BEJIMYMH, a S
— cxema C-monenu M, B KOTOpO# ompeneseHbl 3TH
UMeHa.

IIpu uccnemoBanuu cBoiictB C-Mozeseil U anro-
PUTMOB YCTAHOBJIEHUSI BBIBOAUMOCTH B HUX MOTpeOy-
€TCsI TIOHSITHE Pa3BEPTKU CXEMHI S.

Ompenenenne 10. [Tycts S(r)=r.(...S(a;),..| filter) —
cxema, u S;¢E. Pa3BEpTkoii § Ha arpuOyTe a; Ha3bIBa-
€TCsl BbIpaXXeHMe, IoJydaloleecss B pesyiabrare; (a)
MOICTAHOBKY B 3ar0JIOBOK UCXOAHOM CXEMbI HA MECTO
S;(a;) 3aronoBka cxembl S; U (6) TPUCOEINHEHHS K
Habopy filter cxembl S @C cxemsl S;. Bee 106aBneHHbIe
B cXeMy S B pesyJibTaTe TaKOro JEHCTBUS aTpHOYTHI,
MMEHa CEJIEKTOPOB 1 0TOOpaXeHUI MOAU(PULIUPYIOT-
cs1 pepukcoM r.a;. Ilon monHoii passepTkoii § C-mo-
JIeJ A TIOHUMAETCs1 00bEeKT, TIOMYUSHHBIN U3 CXEMBI S, ¥
KOTOpOI B pe3ysbrate Mocef0BaTeNbHOCTH Pa3BEp-
TOK Ha aTp1OyTax B 3ar0JIOBKE OCTAIOTCS TOJbKO aTpH-
OYTHI, CBSI3aHHBIE C 3JIEMEHTAPHBIMU CXEMAaMU.

IToHsTHE CXEMBL HETPYIHO NEPEONPEAETUTD C TEM,
YTOObl OHO OCTaBalOCh KOPPEKTHBIM JISl Pa3BEPTKU
Ha atpulyTe ¥ MOJHOM pa3BeépTku. [Ipu mocTpoeHumn
C-Mozeny JTOMyCcKaloTCsl BO3MOXHOCTh PEKYPCHBHBIX
omnpeneleHuil cxeM. B obmeM ciydae pekypcUBHast
KOHCTPYKIIMS JOJIKHA ColepKaTh, IO MEHbBIIEH Mepe,
OJHY 1emouky omnpeaeieHuit suga S,=(...[S,]...),
$=(...[8]...),...,8=(...[5]]...), obecneunBaromIyto yya-
CTUe B Ae(DUHULIMKA HEKOTOPOTO MOHSITUSI CCHUIKM Ha
cebs1. SIcHo, 9TO U1 PEeKYPCUBHOM CXeMBI TTOTHAS pa3-
BEepTKa He OIpele/eHHa.

2. UHTepnpetaumsa C-mopenu u ucuncneHune SR

Wntepnperanus (cemanTKa) C-MoieNU BBOIUTCS
CTaHZAPTHBIM 00Pa30M.

Onpenenenne 11. Untepnperamms I C-monemn M
3a1a€T; (a) UL Kaxk oM aneMeHTapHoi cxeMbl Se E He-
ITyCTOE MHOXECTBO (TIepBHYHBIA THIT) S);; (6) IIsT Kaxk-
Joro (pyHKIIMOHAIbHOTO CUMBOJIA fe F — oToOpaxeHue
SlisSi|x... xS =Sy, ; (B) wrst kKaxmoro cexekropa peP —
OyneBckoe otobpaxkeHue p |j:Syx...xS,|—{,JI}.
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B pesynbrarte 3amaHust MHTEPIPETAIMU KaXI0i He-
AJIEMEHTApPHON CXeMe COTOCTABISIETCS OTHOLIEHUE,
T. €. MHOXXECTBO HaOOPOB, YIOBIETBOPSIOIINX HEKOTO-
pbeIM ycroBusaM. HaGopbl TpWHamIexar TeKapTOBY
TIPOM3BEICHNIO MHOXECTB, COITOCTABICHHBIX TOMICXKe-
MaM CxeMbI S. DJIeMeHTH Ha0OpOB IIOMMEHOBAHEHI aT-
pubyTamu 3arojioBka. Eciiy B 3aronoBke cXeMbl TIpu-
CYTCTBYET aJIbTepHATUBHAS YacThb, TO HAOOPBI OTHOILIIE-
HUS BRIOMPAIOTCS U3 pa3MEeUYeHHOTO IeKapToBa IPOH3-
BegeHMs [§]. PasMeTKy oIpemensioT CeleKTOphl alb-
TEPHATMBHON 4acTu. TePMUH «THIT aTprUOyTa» CIYKAT
COKpAIleHNeM I BBIPAXECHUS «MHOXKECTBO, COIIO-
CTaBJIEHHOE CXeMe, C KOTOPBIM CBSI3aH aTpulyT». B o1-
JIMYUE OT nepeu4Ho20 TUNA TAKO! TUI Mbl OylieM Ha3bl-
BaTb (HenepsuyHbIM WIN TIPOCTO) MUnoM, Habopbl TUTIA
— Kopmedicamu, a X UMCHOBAHHBIE 3JIEMEHTBI — KOM-
NOHEHMAMU.

OrobpaxeHus, KoTopbie comnoctapisiiores OC
CXeMbl B pe3ynbTaTe 3alaHusi ceMaHTMKu C-Mojenu,
OTIPENEIISTIOT COOTHOIIEHUST MEXIY KOMIIOHEHTaMH
KopTexeii. BblmosHeHUe 3THX COOTHOLIEHUH YKa3bl-
BaeT npuradaexcHocms Koptexa Tury. C KOMIIOHEHTa-
MU KOPTEXEH CBA3BIBAIOTCA PEANM3ALUU YCIOBUM, KO-
TOpbIE MPUIMCAHbl COOTBETCTBYIOLIMM 3TUM KOMIIO-
HEHTaM y-aTpudyTam.

Jnst ymoOcTBa M OOJBIIEH KOMITAKTHOCTH PacCyX-
JEHUI BBOAUTCS PSiI JOIONHUTEIBHBIX COTIALICHUIA,
He MMEIOLIUX MPUHLIUIIUAILHOTO XapaKTepa:

Wcnonbayetcst TONBKO deyxaasmepramugHas Gop-
Ma BapMaHTHO# yacTu B (2): if p O...;.. /L.

BBomuTCS TIOHATHE Hpediodicerus GbIMUCAUMOCHU
(TTB) Buma F:A—X, ciyxaiiee COKpalleHUEM MIJIS
{F:A—x}, tne F, — ompenenasieMble HIXXe IIPOrpaM-
MHBbIe TepMbl, (hopmupytonme F, a X=U{x;}.

Ompenenene 12.  Paccmorpum  C-Monenb
M=(...S...). Ilyctb a,/p,,....a,/ D,y X1/ Q1. %,/ G — Y-aTPUI-
OyTbI PasBEPTKA S, W=F.a\/pi,....0,/ D%/ Giyve X/ G —
MIPEIOXEeHNE BBIYMCIMMOCTH, a F — KOPTEX, OIpee-
JISIEeMBII 3aTOJIOBKOM Pa3BEPTKM IIPH HEKOTOPOI MHTEP-
npetatu 1. Bynem roBopurts, 4o \P|, MMeeT CMBICI 1St
xoprexa r, ecut p=H, i=1,...,nu g|=U, j=1,...,m.

Ompenenenne 13. bymem rosoputh, uto IIB
WY=F:A— X ydosaremeopsem cxeme S, eClv MpU 1000
uHTeprpeTarmu [ Tim S|, He COTepXUT IBYX KOPTEXEH,
Ut KOTOPBIX W], IMEET CMBICIT, TAKHMX YTO MX KOMIIO-
HEHTBI COBITAMAIOT JUIA BCEX aTpUOYTOB MHOXECTBA A,
HO HE COBITANAIOT IT0 KpaifHeii Mepe IS OMHOTO aTpH-
Oyra mHoxectBa X. IIpu 3ToM 1151 MPOM3BOJBHOIO
KOpTeXa #, KOTOPbIi MPUHALIEXUT OTHOLIEHUIO S|,
pe3ysbTaToM MpuMeHeHus1 F |, K KOMITOHEHTaM F, Me-
HOBaHHBIM aTpUOyTaMy MHOXeCTBa A, SBJsieTcs: Habop
KOMIIOHEHT, UMEHOBAaHHBIX aTpHOyTaM1 MHOXeCTBa X.
Bce @C cxeMbl yIOBIETBOPSIOT € IO OTpeIeICHHIO.

B ucumcnenun uMeeTcs Tpu copTa TEPMOB.

Onpenenenne 14. (1) Tepmbl iepBoro copta (a-Tep-
MBI) TIPEACTABIISIOT COOO0M YITOPSIOICHHBIC CIIMCKH aT-
puOYTOB, UMEHA KOTOPBIX CTPOSITCS U3 3NIEMEHTOB A.
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(2) Tepmbl BTOpOro copTa (y-TepMbl) CTPOSTCS U3 TEp-
MOB TIEPBOrO COPTA M CEJEKTOPHBIX CUMBOJIOB, TIPH-
HaJIexXallx MHOXecTBY P, cornacHo cienytonieit pe-
KypcuBHoI nponienype. [Tycts p”eP — cenekrop, pea-
JIM3yeMbIil n-MeCTHOU OyseBckoit (yHKuuen, A —
N-3JIEMEHTHBII TepM IIEPBOTO COPTA, TAKOM, UTO €r0 i-i
aTpUOYT CBS3aH C TOM XKe CXeMOI, UTO U i-i apryMeHT p;
Pu Q- TepMbl BTOPOTO COPTA; @ — HEKOTOPbIiA aTpu-
OyT; «—» U «&» — CUMBOJIbI OTPULIAHUS U KOHBIOHK-
LIMM, COOTBETCTBeHHO. Tora nepeuncieHHbIE BhIpaxe-
HUS SBISIOTCS TepPMaMK BTOPOTO COpTa (IPYTHX Tep-
MOB BTOporo copta Het): a.p(4), —P, P& Q. (3) Hako-
Hell, IporpaMMHbIe (1p—) TEPMbI TPETHETO COPTa CTPO-
ATCSl U3 TEPMOB BCEX COPTOB 1O CIEAYIOIINM IpaBH-
nam. Ilycte P — Tepm BTOpOro copta; f, g, h — GyHK-
LIMOHAJIbHBIE CUMBOJIbI (3JIeMEeHThl MHOXecTBa F); F,
F,, F, — TepMBI TPETBETO COPTa U UMEIOTCS BXOXKICHHS
cuMBona g B F;; a — HekoTopwiil atpudyt; F[h/g] —
0003HaueHe 3aMEHbl BXOXIEHUsI g¢ Ha h B Tepme F,.
Torma a.h:...—>... — TepM TpeThero copta; F;F, — TepM,
MOCTPOEHHBIH ¢ MPUMEHEHUEM OflepaTtopa KOMIIO3U-
uuu; if Pthen F, else F, fi — TepM (omiepaTop BETBJIEHMS);
h=if P then F, else F[h/g] fi — TepM (omepaTop pexyp-
cun). — JIpyrux TepMOB TPETHETO COPTA HET.

B pamkax BBe€HHBIX COTJAIICHUI MCIOIb3YeTCS
0a30BbIil HA0OP MpaBUJT BHIBOJA:

(0) cxema axcuom: [IN:A—A.
(1) FF:A->X Z
FF:A—>X

FFA—X, Z/P - fZ—x/p
(npasuno komnosuyuu),
HF;f:AZ/P—X, Z, x/P&p

31eCh P — KOHDBIOHKIUS (IIKAJIbHBIX) YCIOBUN JOCTH-
KUMOCTHU aTpuOYyTOB U3 Z, a p — YCJOBUE AOMYCTUMO-
CTH X (YCIIOBHE JOCTIDKMMOCTH — 3TO YCJIOBHE, TIPH
KOTOPOM B TIPOIIECCE TTOCTPOCHMS TOKa3aTeNbCTBA
obecreynBaeTcs AOCTHXKUMOCTh HEKOTOPOIo aTpuoy-
Ta, a yCJIOBUE JAOMYCTUMOCTH — 3TO YCJIOBUE, TPU KO-
TOPOM aTpUOYT UMEET CMBICIT B OITUCAHUM).
3) FFi:A>X x/Q&p FF2:A-X x/Q&—p
Fif p then Fielse F2 fi A—X, x/Q
(npasuno éemenenus);
(4) FF1:A—>X x/Q&p
o n:,:‘ (A)—m,f]l (X)sengor (A1 (X) F F2A—X, x/0&—p
h=if p then F1 else F[h/g1]...[h/gs] fi:A—>X/Q
(npasuno pexypcuu).

IMoctpoeHHoe NcYKCIeHNe OyIeM Ha3bIBATh HCUM-

cnenneM SR (structured recursive calculus).

s ucuuciaeHus SR crpaBemiuBbl ClAeAYIOIINe
YTBEPXKACHMUSI.

Teopema 1. Mcuucnenue SR sBnsercs KoppekT-
HBIM OTHOCHUTEIbHO oHsATH [1B, ynopieTBopsioiiero
cxeme S.

Teopema 2. Wcuucnenue SR siBsercs MojaHbIM OT-
HocuTe bHO roHsaTys [1B, ymosneTBopstiolero cxeme S.

(npasuno cyxcenus);

)




TexHm4eckune Hayku

3. CTpaTerus 1 anropuTM yCTaHOBNEHNS BbIBOAUMOCTY
npeanoxeHun SR

AJITOpPUTM, BKJIIOYAIOUIMI M CTpaTervio BBIBOJA,
OIMCBIBAETCS C MCIIOIB30BaHMEM HEKOTOPOTO TICEBIO-
KOJla, CTPYKTYpHI YIIPaBJICHUSI KOTOPOIO TPaaUILIMOH-
HBI TSI UIMIIEPAaTUBHBIX SI3bIKOB IIPOIPAMMUPOBAHUS.
[lpu ommcaHuM aiaropuT™Ma MCIOJB3YIOTCS CIEAYIO-
1Ie 0003HAYEHUS:

+  C, — MHOXeCTBO y-aTpuOyTOB (pa3BepTKU) UCXOM-
HOU CXeMbl, TOCTUXKUMOCTh KOTOPBIX YCTAaHOBJIEHA
Ha TEKYIIUA MOMEHT;

*  N0-aKCHOMa — NpoOAeMHO-0PUCHMUPOBAHHASA VITH
npedmemuas akcuoma — ®C U3 TeKylIeit CXeMbl;

*  «BXOJ B moncxeMmy» — Hanuuue B C, y-aTpuOyTOB,
KOTOpBIE TIPUHAMIIEKAT TTOACXEME TEKYIIEH CXeMBI;

* A, u S0epyrcs u3 hopMyIMpoBKU 3amauu 1.

Onucanue aseopumma:

«ycTaHoBUTD =0, C;=Ap;

«TOAHSITH (Iar «npodosdcams 00KA3amenabcmeo»»,
«TEKYIIEH cXeMOil O0OBSBUTDH S»;

while «ogHAT Qnar «upodosxcams doxkazamens-
cmeo»» do if «uMeeTcs no-akcuoma TeKyIlen cxe-
MBI, apT'yMEHTHI KOTOpOii BXOHsT B C» then «mpu-
MEHUTH MPaBUJIO KOMIIO3UIINH, M, €CITM BO3MOX-
HO, TIPaBIJIO BETBJICHMS»;

«rioctpouts C.,: K C; 100aBUTh HOBBIE y-aTPUOYThI
00 U3MEHUTD YCITOBUS JOCTIKUMOCTH paHee Mo-
JIyICHHBIX>;

«YCTAHOBUTb i=i+1»;

«€CJT OTPENEUICS BXOA B MOACXEMY, 3alIOMHUTh
€€ B CTEKE»;

else if <umeeTcs moacxeMa, B KOTOPYIO OMpeneaeH
BXOII» then «0OBSIBUTH €€ TEKYLIEH CXEMOI»;

else if «Texylasi — peKypcruBHasi cxema» then
«IPUMEHUTH MPABUJIO BBEACHUS PEKYPCUU; YCTa-
HOBUTH i=i+1»;

«ompenenutsb Cy»;

else «O0BSIBUTH TEKYILEH BHEIIHIOI CXEMY»;

fififi;

if «Texylass — UCXOAHAS U HET N0-aKCUOM, apry-

MEHTBI KOTOPBIX BXOIAT B C, « then «OTyCTUTH (Jiar
«npodoacams dokazamenscmeo» fi od.

I TIpUBEIEHHOTO AJNTOPUTMa CIIpaBejIiBa Clie-
TyIo1Iiasi Teopema.

Teopema 3. [TpuBeAE€HHBIN anropuT™M KOPPEKTEH,
T. €. 0beCIIeunBaeT HaXOXIECHIE BCeX BEIBOMMMBIX aT-
pulyToB. BepxHeil OLEHKOH CIOXHOCTH alropuTMa
apnstercs Beipaxenue O(MF).

4. OcobeHHOCTN BBEAEHUS PeKYpPCUM

ﬂ)’lﬂ TOTO YTOOBI PacCMOTPETH 0COOEHHOCTH BBeJIe-
HUA IIpaBUJjia pEKYPCUU JaaguM ONPEACICHNUE 3aMblKa-
HUA.

Onpenenenne 15. Iycts S(r) = r.(4,X, ... | filter) u
nycTh A — HEKOTOPHIN HabOp aTpuOYTOB cXeMHI S. 3a-
MBIKaHUEeM A* 1151 A OTHOCUTENBHO S OyJeM Ha3bIBaTh
o0beMHEHUE BceX Takux arpubyroB X, uto [1B
FA—X Moxer ObITb MOJYyYEHO C WUCMOJIb30BaHUEM
npaBus SR 13 uHbopmanuu o cxeme S.

Tenepb MPeANOIOXUM, YTO Mbl UMEEM PEKYPCUB-
HYI0 JeTepMUHUpPOBaHHYIO cxeMmy S(o)=ca.(4,...if
po...; S(v),... fi filter). TIycTh, 01 IPOCTOTHI, BCE MO-
CXeMBI 32 MCKJIIOUeHHEM S SBISIOTCS 3JIeMEHTapHbI-
mu. [lo cnemaHHOMY IpennoIoXeHNI0 cxeMa S crana
TEeKYLIEH ¢ «BXOIOM», OIpeeIIeMbIM MHOXECTBOM A.

BeemeMm crieayiomue obo3HaueHust Arg U Res —
MHOKECTBO apTYMEHTOB M PE3YJIBTaTOB PEKYPCUBHOTO
I1B cooTBeTCTBEHHO;

OnuiieM Ha cofepXaTeJbHOM YPOBHE Mpolecc,
KOTOPBII MO3BOJISIET OMpeaenuTh Arg U Res U3 3axiio-
YyeHusl TpaBuia BBeaeHUs] pekypcuu. CHavana, He
npuMeHsis ipaBuia (4) ucuucaenust SR mis cxemsl S,
BBIBOJMM U3 aTpuOyTOB A BCE, 4TO BO3MOXHO. B Arg
BKJIIOYaeM BCE BXOIHbBIE aTpuOYThl A. JIJ1s1 3THX aTpu-
OYTOB TMOKa3aHa JOCTMKMMOCTb MPH YCIOBUM, KOTO-
poe MPUIKMCAHO TIOCTOSIHHOMN YacTH cXeMbl S (YCI0BUE
«Bxoga» B S). [locyie aToro onpenensieM 3aMmbikaHue A
1 00DBSBJISIEM €r0 OKOHYATEIbHBIM MHOXECTBOM apry-
MEHTOB Arg.

B Res nmomeriaem y-aTpuOyThl U3 IOCTOSIHHOM Ya-
CTHU cXeMbl S He Mmomnafarolue B Arg, 71 KOTOPBIX 10~
KazaHa JOCTIKMMOCTb OT Arg MpH yCJIOBUU HEpeKyp-
CUBHOH BETBM, U TAKUE, YTO BOBJICUCHBI B 1e6bl¢ YACTH
®C Buga o.f...,o.v.b,...~>a.c — «BBIBOIAIIUE» U3 pe-
KYpCUBHOTO BXOoxaeHuUs1 cxembl a.S(v). Hakownelr,
TpaH3UTUBHOE 3aMbIKaHUE IMOJYYCHHOTO MHOXKECTBa
aTpuOyToB Res™ 0OBbsIBIsIEM OKOHYATETbHBIM MHOXeE-
CTBOM DPE3yNbTaToB pekypcuBHoro I1B.

3ameuanue 1. Eciu moboe M3 TpaH3UTUBHBIX 3a-
MBIKAHMI OKaXeTCsl IMyCThIM, NMPUMEHEHWE TpaBUiIa
BBEJEHMS PEKYPCUU OKa3bIBAETCS HEBO3MOXHBIM.

3ameuanue 2. Ecim TpaH3UTUBHOE 3aMbIKaHUE
CTpOUThL 0e3 yueTa JOMOTHUTETBHBIX COOOPaXEeHUH,
3aTpaThl BPEMEHU MOTYT CTaTh SKCIIOHEHIIMAbHBIMU
I10 YUCITY aTpUOYTOB.

3aknoyeHne

Kak nokasbiBaeT mpakTHKa, cTpaterus, o0ecreyu-
BaeMas Teopueit C-Momeneit B KOMILIEKCe ¢ Ucuucie-
HueMm SR momyckaer BecbMa 3(pPeKTUBHBIE pean3a-
LIMM pa3HOOOpa3HbIX KOTHUTMBHBIX CHUCTEM. B cuiy
TOTO, YTO 3a7aya YCTAHOBJICHUS BBIBOIUMOCTH TECHO
CBSI3aHA C HAXOXIEHUEM TPAH3UTMBHBIX 3aMbIKAHMI
CTeLMaIbHBIX OTHOILEHUMN, €CTECTBEHHbIE BapHUaHTHI
peaTM3alny OMUPAIoTCs Ha TIPEKPAcHO 3apeKOMEHIO0-
BaBuIne ceOsd M BecbMa 3(h(EKTUBHBIE IIOIXOMBI.
IMpexne Bcero, cpeny MOCIETHUX UMEET CMBICT BbIIE-
JIUTh aaroputMbl ApMcTponra u Jlukosckoro[10]. B
Pa3HbIX MOAUGUKALMIX 3TH aJTOPUTMbI 00JaAaloT
MOJMHOMUAJILHBIMY OLIEHKAMU C HEBBICOKUMM CTeTie-
HSIMU (JIMHE#HbIe 1100 KBaApaTUYHbIE), XOTS U CBSI3a-
HBI C CYLIECTBEHHO 0ojiee OeTHBIMM II0 CPABHEHUIO C
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OIMUCHIBaEMBIMU 37IeCh MoOJeNsiMU. B mepBoM ciyuae
peyub UIET O CBS3AX Ha aTpUOyTax pessIiMOHHBIX CXeM
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OBPABOTKA PEKYPCUBHbIX AAHHbIX KOHEYHbIM ABTOMATAMU

B.b. HosocenbLeB, B.B. CokonoBa

NHctnTyT «KnbepHetndeckmi uentp» MY
E-mail: vbn@osu.cctpu.edu.ru

TNpennaraeTcs anbTepHaTUBHBIV CTaHAAPTHOMY opMa3My Moaxon k 0bpaboTke pekypcuBHbIX AaHHbIX. OCHOBHOM aeew SBSETCA nep-
BUYHOCTb (DYHKLIMOHANBHOCTY, @ He AaHHbIX. QYHKUMOHATBHOCTb PEAN3YETC MEXaHV3MaMi, OCHOBAHHBIMM Ha TEOPU KOHEYHbIX aBTo-
MaToB. [101y4eHHbIe Pe3yibTaThl MO3BOSISIOT UCTIOMb30BATH HOBbIE METOAbI /151 CO3/1aHWs CTECTBEHHOTO OMMCaHIS MPEAMETHOM 06/1acTy,
COnEPXaLLeV PEKYPCUBHbIE CTPYKTYPbI, YTO, B CBOIO 04EPEnb, MOBbILIAET SPPEKTUBHOCT MAHUMYIMPOBAHIS TaKUMM JaHHbIMU.

Knaccuyeckas mapagurma padoThl ¢ OpraHU30BaH-
HBIMM JaHHBIMHU OIpeAessieTcs PeISIMOHHON MO-
nenbio Konma [1]. I1pu Bceit cBoeit CTPOroCTH U J1aKo-
HUYHOCTH 3Ta MOJIeJIb 00J1alaeT OMHUM Cephe3HBIM He-
JIOCTATKOM — OHA SIBJISIETCS CYILECTBEHHO SKCIUTUIINT-
HOI, T. €. He IOMyCKaeT «IMHAMUKU» B MPOLIECCE MC-
noJib3oBaHMsA. CyILECTBYET MHOTO PEKYPCUBHBIX MOJIE-
Jieil, B KOTOPBIX OOpa3yloliuM 3JEMEHTOM SIBIISIETCS
orpefesieHHas BHYTPEHHSISI CTPYKTypa, caMa sIBJsIO-
masicss 00bEKTOM MOJEIM, HAIpUMep, MOIETN TeHO-
MOB, CJIOXKHbIE XUMUYECKIEe 00Pa30BAHUS UK 3KOHO-
MUYecKue Mofenu. B Takux cnydasx, pensiuoHHBIIM
TMOZIXOJ, TTO3BOJISIET OINPENEATh PEKYPCUIO Ha JaHHBIX
MyTeM BBEACHUS, HAITpUMEp, IBHOTO TIOHATHS IpeJKa,
OJIHAKO, 3TOT MaJJIMaTUBHBIM BapuaHT He Oojee yeM
MOJETUPYET YaCTUYHBIN TOPSI0K BHECHCTEMHBIMH
KOHCTpyKuusiMu [2]. OmpeneneHHOe IPOABIDKEHUE B
OpTaHM3alUK PeKYPCUBHBIX JAHHBIX MOXET IIpeaocTa-
BUTb (DYHKIIMOHAJBHBIHM MOAX0M Ha OCHOBE A-(opMa-
m3ma Yepua [3], peaaM30BaHHOTO, B YACTHOCTH, B Ce-
MeiicTBe (DYHKIIMOHAIBHBIX SI3BIKOB IIPOrpaMMHUpPOBa-
Husa knacca JIMCII, ecrecTBeHHO BKITIOUAIOIIMX pPe-
KYPCHIO, KaK 0a30BYI0 KOHCTPYKIIMIO YIIPABICHMS.

B pamxax npeaiaraeMoro mojaxoia OCHOBHAs! poOJib
OTBOIUTCSl (PYHKLIMOHATbHON cTopoHe. Cumraercs,
YTO JIIOOBIC JaHHbIE MOSBISIOTCS B pe3y/bTaTe MHTEP-
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MpeTalyy MePBUYHOM COCTABJISIONICH MOMEIU, MO0
MPUMEHEHMs HEKOTOPOro aBToMaTa K JAPYTrMM [daH-
HbIM. TakuM 06pa3oM, HEOOXOAUMO MePeoIpeaeauTh
TIOHSITHE 3ampoca. AmomapHblii 3anpoc eCTh IEPBUYHOE
3HaueHue, JOMYCTUMOE B 3alaHHO MHTEpPIpETaLUH.
Henepeuunbiii (agmomamublii) 3anpoc OMpeNeNseTCs
HEKOTOPBIM KOHEYHBIM aBTOMAaTOM M pealu3yeTcs
MPUMEHEHHMEM 3TOTO aBTOMAaTa K BXOMHBIM TAHHBIM.

BxonHoii moTok Mg (UMKCMPOBaHHOTO 3ampoca
(aBTOMaTa) mpeacTaBsieT co0oit CrUcoK, cHopMHUpoO-
BaHHBIM APYrUMU aTOMAapHbIMU JIMOO aBTOMATHBIMU
3anpocaMu. TepMUHbI 3anpoc U asmomam CYUTAIOTCS
CMHOHMMAaMH, €CJIM HE OTOBOPEHO MPOTUBHOTO.

Paznuyalorcst IBHOE ONMCaHUeE 3a1poca 1 €ro pea-
mu3anusi. CoracHO KJIAacCUYECKOMY OIpelesieHuIo,
KOHEYHBII aBTOMAaT — 3TO CUCTeMa C OIPaHUYEHHBIM
HaO0OPOM COCTOSIHUI M ONpPEAEICHHON TUCHUIUIMHON
nepexonos [4], moaToMy J100as cucteMa, obanaronast
OrPaHMWYEHHBIM HAOOPOM BO3MOXHOCTEH, Kaxnas u3
KOTOPBIX MOXET ObITb OTMEYEHA OTAEIbHBIM COCTOSI-
HUEM, MOXeT ObITh MpecTaBleHa B BUAE KOHEYHOTO
aBromara (KA).

s cTpororo BBeAeHMS TMOCIEAYIOIIMX ITOHSITUI
3apUKCHUpyeM CUTHATYpY:

2=(A,E,T). )





