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AHHOTALIUAS

OO0beM JTaHHOM AUIIIIOMHOM paboThl cocTapisieT S0 ctpanuil. st ee Hamu-
caHus ObUTO MCONB30BaHO 11 ncrounukoB. B padbore congepxarcs 41 nuctunr u 7
PUCYHKOB.

B nunnomHyro pa®oTy BXOJAT NIATH I71aB. B mepBo# IaBe omuchIBaeTCs MO-
CTaHOBKa 3a/1a4¥, BO BTOPOM IJIaBE COAEPKUTCS OMUCAHKE MPEAMETHOM 00IacTH, a
OCTAaBILIKECS TPU MOCBSIEHBI pa3paboTKe, peann3aluid U TECTUPOBAHHUIO.

O6bekToM uccnenoBanuit fannoit BKP siBnsercs cynepkommnuisarop SCP4.

Llens paboThl — yaydiieHue pe3ynbratoB cynepkommnuisaiun SCP4. TTocras-
JICHHAs! 1eJIb JOCTUTaeTCs 3a CYET pa3paboTKU U peain3allii HHTepIpeTaTopa s
s3bIKa BXOAHBIX rpadoB SCP4. MuTepnperaTop peann3oBaH NPUTOIHBIM ISl €r0 Cy-
nepkoMnuisinuu SCP4.

B pabote nokaszaHo, 4To crieliManu3alus HHTepIpeTaropa Jjisi HEKOTOPbIX HC-
XOAHBIX TIporpamm mpu nomoiu SCP4 criocobHa gaBarh Jydllile OCTaTO4YHbIE MPO-

I'paMMBbI, 94EM HCITOCPCACTBCHHAS CYIICPKOMITUIIAIUSA 9THUX IIPOTpaMM.



COJIEP KAHUE
BBEJEHHUE . . . . . . . . . . . e
1 TIoCTAHOBKA BAMAYM . . . . . . . o o v v e e e e e e s s

2 Cynepkomnuasiuus sizbika Pedgan . . . . . . .. ..o 0L
2.1 TloHaTne METaCMCTEMHOIO MEPEX0/ia B KOMIBIOTEPHBIX HAyKax . . .
2.2 1IOHATHS CYHEPKOMIMIISALMM . . . . « o o o o v o e e e e e e e e
2.3 Ilpoexkmuu OyTaMypbl . . . . . . . v v v i e e e

2.3.1 [Ilepsas npoekuust OyTaMypbl . . . . . . . o o o v oo .o
2.3.2 Bropas u TpeTbd npoekuuu dyramypsl . . . . . ... ..
2.4 Cynepxommusitop SCP4 . . . . . . . .. Lo

2.4.1 PykoBoactBo nosb3oBarens qiaa SCP4 . . . . . . . ... L.

25 Pedanm . ...
2.6 MST-CXEMBI . . . . . v v v e i e s e

3 Pa3pa0doTKa MHTEPHPETATOPA . . . . . . . . o o v v v e e e e e
3.1 Bxommoitrpap msi SCP4 . . . . . ...
3.1.1 TI'pammaruka si3bIKa, HAa KOTOPOM OMMUCHIBAETCS MPOMEXKYTOU-

Hoe TpadoBoe npeacTaBieHrne QyHKIIMU TPOTrPaMMBbl . . . .

3.2 Hurepmperatop rpadoB, MPUTOAHBIN 17151 CYHEPKOMITUISAIAA . . . .
3.2.1  PexuMmbl pabOTBl . . . . . . . v o e

3.2.2 AJTOpUTM PAOOTBI . . . . .« v v v v e e e
4 Peanm3anmsl HHTEPHPETATOPA . . . . . . .« o v v v v v e o e

S TectupoBanme . . . . . . . . . ...

14
15
17
17
17
19
21
23
26

27
27



5.1 MHccnenoBanue nporpamm, rje NpUMEHEHHE HHTEPITPETATOPA TOPOXK-

naeT 0oJiee MHTEPECHBIE OCTATOYHBIE IPOTPAMMBI . . . . . . . . . . 43
BAKJIIOYEHME . . . . . . . . ... . 47
CIIMCOK UCITOJIB3OBAHHBIX UICTOYHUKOB . . . ... ... .. 48
HPUJIOXEHHUE A . . . . . .. .. . S0



BBEJAEHHUE

Cynepkomnuisius (supervising compilation) — 3To meTon npeodpa3zoBaHus
IporpamMM C LENbI0 UX ONTUMU3ALMHU U aHanu3a. Takol METO/ UCTIONb3YET TEXHUKY
npeoOpa30BaHUsI IPOrPaMM, OCHOBAHHYIO Ha MOCTPOCHUU TIOJTHOM U CaMO/10CTaTOY-
HOI Mozienu porpaMmel. [Iporierypa cynepKoMIUIsSIINN 3aKIF0UaeTCs B «HaOI01e-
HUW» MOJIEJIA UCTIOTHEHHUS porpamMMbl. CynepKOMOWISALNS TPOTPAMMBI IOPOXKIa-
eT APYTYyI0 MporpaMMy 3KBHUBAJICHTHYIO KaK (DYHKIIMSI UCXOIHOM, HO C U3MEHEHHOM
ONEPAIIMOHHOW CEMAHTUKOM.

Hcrnionb3yemblii B TaHHO BRITYCKHOM KBann(ukamonHoi padore (nanee, BKP)
CynepKoMnuisiTop — 310 cynepkommuistop SCP4 (nanee, SCP4) [1] nus a3bika
PE®AJI-S.

OcHoBHas 1enpb qanHoit BKP — usyuuts ¢opmar panee HEONMMCaAaHHOTO BXOI-
Horo B SCP4 rpadoBoro mpencraBiaeHusl MpOrpaMMBbl, YIYUIIATh PE3YIbTaThl Cy-
nepkomnsanuu SCP4. Ctparerus ynydiieHus — HalMCaHWe UHTEPIPETATOPA IS
BxoaHoro B SCP4 npeacTaBieHus: MporpaMmMbl, KOTOPBIM OyAeT TPOCYNEPKOMITUIH-
poBaH. CynepKOMIWIALMS UHTEPHPETATOPA, BBHIMOIHSIOIIETO UCXOAHYIO ITpOrpam-
MYy, TOJKHA MIOPOKJAATh JIYUIIYH0 BEPCUIO OCTATOYHOM MPOTrpaMMBbl, YEM IIPOCTO CY-
NEPKOMITHIIALIMS UCXOHOM.

Kak pe3ynbrar oxugaercs yCremHas CylnepKOMITHISIIUSA HHTEPIIPETATopa o
3aJaHHOM MPOrpaMMe, 4TO B TEOPUU CTAHOBUTCS CKOMITMJIMPOBAHHOM MPOrpaMMOM
Ha BBIXOAHOM SI3bIK, U MOPOXKACHHAs MporpaMma OyJ1IeT UMETh IPEUMYIIECTBA MO BbI-
MOJIHEHHIO U CIIOKHOCTH HaJl U3HAYaIbHOUM MPOrpaMMOi U IPEUMYIIIECTBA HaJ MIPO-

rpaMMOU MOPOKICHHON CyNEPKOMIIMISIIUEN UCXOIHOM.



1 IlocraHoBKa 3aga4uu

1. U3ydyenue Teopun CynepKOMIIIALNHU sA3bika Pedan

(a) M3ydeHnne NOHATHI CYyNIEPKOMIMISLAN

(b) Uzyuenue acnektoB cynepkomnuisinuu Pedana: nmousatue Pedan-rpada, mons-

THe BxoaHoro Pedan-rpada

(c) N3yuenue npoekiuit @yramypbl
2. Hamucanue untepnperaropa rpada

(a) Uzyuenue cynepkommuiaropa SCP4 : monb3oBaTenbckuii mHTEpdEiic, apXuTeK-
Typa
(b) Uzyuenue MST-cxeMm : CHHTAKCUC, CEMaHTHKa, UCTIOb30BaHuEe B SCP4

(c) Usyuenue cunrakcuca Bxogusix rpados SCP4 , mopoxxnaembix mpoxogoM inref4

(d) Hanmucanue unTepnperaropa rpadoB, IPUTOAHOTO ISl CYTIEPKOMITUIISIINN
3. DKCIIEpUMEHTHI C CYTIEpKOMIMIIAIIMEH HHTepIIpeTaTopa

(a) UccnenoBanue nmpuMepoB Mporpamm, TAe MPUMEHEHUE UHTEpPHpeTaropa 1aeT

0osiee UHTEPECHBIE OCTAaTOYHBIEC TPOTPAMMBI

(b) Ob6BsAcCHEHNE TPUYUH TIOYEMY 3TO pabOTaET: HEIBHBIM y4YeT OKPECTHOCTEH, CO-

XpaHeHue HHGHOpPMaIUK 00 YCIICIIHBIX OTOXKISCTBICHUSIX



2 Cynepxkomnuiasiuus si3bika Pedad

2.1 IloHsiTHE METACHCTEMHOIO MEPEX01a B KOMIIbIOTEPHbIX HAYKAX

B. ®. Typuun B kHure «®@eHoMeH Haykmw» [2] chopMmynrupoBall uaer MeTacu-
cTeMHoro nepexozaa. Maes 3akiovaiach B IEPEX0E OT CUCTEMbI OOBEKTOB C YIIPAB-
JSIFOUIUM 3JIEMEHTOM HaJl HUMU K METACUCTEME, B KOTOPOW YIPABIISAIOIINNA 3IEMEHT
CHUCTEMBI CTAHOBUTCSA 0OBEKTOM /111 HOBOTO YIIPABJISIOIIETO YPOBHS (METAporpam-
Ma). ABTOp NPUBOAUT B IPUMEP MATEMATUKY, B KOTOPOH MOHSITHE aJIr€OpHhI SIBISIETCS
METACUCTEMHBIM MEPEXOJIOM HaJl apu(PMETUKOM.

L{enpr0 METACUCTEMHOTO MEPEXOJA B MPOrPAMMUPOBAHUY SIBISETCA MEPEXOLT
OT HAIMCaHUs IPOTrpaMM K HalTMCAHHUIO METAIIPOTPaMM, KOTOPbIE CAMU aHAJIU3UPYIOT

BXOAHBIC ITPOIrpaMMBI U ITIOPOKAAIOT HOBEIC.

Yenosek

CaMOIPHMEHEHHE
oOpabaTeiBaert

Uenosek i MeTanporpaMmsl ]
oOpabarsiBaer | oOpabareiBaOT
¥ ¥

| l_[pﬂ]"paMMbIJ |::> [Tporpammer ]
0OpadateiBalOT obpadaTeIBaOT
A Y

| Jlaunere J | Hanuere ]

Puc. 1: MeracucteMHBbIi nepexoa OT IMPpOorpaMMHUpPOBaAHUA KaK OCATCIIBHOCTH YCJIO-
BCKa HAJ IIporpaMMaMiu K aBTOMaTI/IBI/IpOBaHHOﬁ 1 aBTOMaTUYeCKOM 06pa6OTK€ Ipo-

IrpaMM Ha KOMIIbIOTEPE U METAIPOTPAMMHUPOBAHUIO [3 ]

OCHOBHBIMH 3ala4aM{ METAaBBIYMCIICHUH (JIEATEILHOCTHIO TTO TIpeoOpa3oBa-

HUIO MPOTPaMM U METAIIPOTrpamMM) CTAHOBSATCS:

1. Cneuunanuzaius mporpaMM — 3ajiadya MopoxKJAEHUs 1o mporpaMmme ee Moaudu-
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UPOBAHHOW BepcuU ¢ PUKcalMeil HEKOTOpOo yacTu nmapameTpoB. M3BecTHas
nHpopmanusa npeodpa3yeT Bechb TEKCT MPOrpaMMbl U JeNaeT ee (mporpammy)
OoJsiee mpuroaHou ais ontuMuzanui. [locne yero, BeIUKUCICHUE JJIsi OCTATOY-

HOM MporpaMMbl CTAHOBUTCS HAMHOTO 3(P(PEKTUBHEE.
flz,y) = faly) = F(Ay)

2. KoMmo3utusi mporpaMmm — 3TO MOPOXKACHUE 10 IBYM (MM HECKOJIBKUM) TIOJI-
porpammam, epeAarouM pe3yIbTaThl OHOM B KAY€CTBE apTyMEHTOB IPYTOH,
0osee 3ppekTUBHON MporpaMMsbl, KOTOpas JIMOO BBIMOIHSET Ty K€ padOTy BO-
o0rre 6e3 (hopMUPOBAHHS TPOMEKYTOUYHBIX JAaHHBIX («3a OAMH MPOXO), JTHOO
COZIEP>KUT MPOONTUMHU3UPOBAHHBIE BEPCUU UCXOJHBIX MOANPOTPAMM C YUETOM

TOTO, YTO OHU PAaOOTAIOT B KOHTEKCTE APYT apyra [3].

f(x),g(x) = fo(x) = flg(x))

Komrmo3urus mporpamm siBisieTcst 0000IIeHreM CIIelHaTn3aiiui, MOCKOIbKY

3. MHBepcus mporpaMm — MOPOXKACHUE IO MPOrpaMMe HOBOM MPOTPaMMBbI, KOTO-
past BeIIACT JJIsl TaHHBIX, SBJISIOMIMXCS Pe3y/IbTaToOM PabOThI IEPBOM ITporpam-
MBI B KQU€CTBE OTBETa apryMEHT TMEPBOM MPOTrpaMMBI JIJIsi KOTOPOW MOTydalICs
OTBET, CTaBIIMI BXOJHBIMHU JTaHHBIMU JJISI MHBEPCHUM. 3a4acCTyH0 HA MPaKTHUKE
3a71aTh 00paTHYIO (DYHKITHIO JIETUE YeM peaanu3oBarh NpsaMyro GyHkimo. Y un-
BEpCHUOHHAs 3aj7ada Jijia oOpaTHO# Oynmet mpsimoi. Ee mopokieHue BBIMOJHUT

TaKOW METAUHCTPYMEHT.
fle) = [y =2 y=[f(2)

OTHU 3a1a41 METAaBBIYUCIIEHUH OepeTcs pemars Mmetanporpamma. Takoi mera-
IIPOTPaMMOM CTajl CYNEPKOMITMIIATOP, PEATU3YIOIIUN UIEU CYTIEPKOMITMIISIIUH, KO-

Topas Oblia npemyiokeHa B.® TypunHbIM.
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2.2 TloHATHS CyNEePKOMIIMJISALMA

[Iporpamma paccMarpuBaeTcs B BUAE HEKOTOPOU MaMHbl. CMBICH U3BJIEKAET-
csl U3 HaOmoieHus 3a ee AercTBusMU. CynepKOMIMWISATOP HE IpeodpasyeT nporpam-
My IIar 3a Iarom; OH ympamiseT U HabOmomaeT 3a mamuHou (M), koTopas mpea-
CTaBlieHa B BUje nporpammel. Habmronast 3a pabotoit Mamuubel M CynepKOMITUIIS-
TOpP KOHCTPYHUPYET APYTYI0 MalIMHY M9, KOTOpasi ONUCHIBAET JEHCTBUS MAITUHBI M.
[Ipu noctpoennn My CynepKOMIUISATOP MOJIb3YETCS Pa3IMYHBIMU TPIOKAMHU, YTOOBI
M, pabotana Tak xe, kak u M, HO ObicTpee. Llens cynepkomnuisiTopa — caenarb
M, camonocrarouHoi. [1o qocTkeHnn FTON LEeNH CyNepKOMITMIATOP 0TOpachiBaeT
ucxonnyto Mamuny Mp u BeIIaér Mo. CynepkoMnuisTop 3amyckaer M B oOiieM
BU/JIE (C HEU3BECTHBIMHU 3HAUCHUSIMU MIEPEMEHHBIX), CTPOUT Tpad COCTOSTHUMN U Tie-
PEXOMIOB MEXKy Pa3IUYHBIMU KOHPUTYpALMAMHU BBIYMCIUTEIbHON CUCTEMBI. Takoii
rpad MOJIHOCTHIO OMKCHIBAET MOBEICHHE CUCTEMBI. TakuM 00pa3oMm, HOBas MPOTrpaMm-
Ma CTaHOBHUTCSI CAMOJIOCTATOYHOM MOJIETIBIO UCXOAHOUM mporpaMmbi[4].

Nnes cynepkoMIWIsInun:

1. IIporpamme P, cTaBUTCS B COOTBETCTBHUE MamuHa M1, MOAEIUPYIOIas B 001IeM

BU/JIC BBITIOJIHEHUE TIPOTPAMMBI P

2. Kontpomupys u nadmonas (SUPERvises) paboty mamuusl M7, CynepKOMITHIISA-
Top co3naet (komnunupyer, COMPILEs) npyryto Mamuny M, KOTOpas NOJIHO-

CTBIO onuckIBaeT M.
3. Mammuna M, nanee MoxkeT ObITh MPECTaBICHA B BUE TporpaMmel P [5].
AJITOpUTM CYyNEPKOMIUIISLINY:

1. [IporpamMma BBITIOIHSIETCS CUMBOJIMUECKU JJII BCEX BO3MOXKHBIX apTyMEHTOB,
YIOBIIETBOPSIFOIIMX KAKUM-TO OTPAHUYCHHUSM. )11 3TOTO CTPOUTCS «IEPEBO KOH-
buryparuii» (= «IepeBo MpoIeccoBy»). Y3Ibl AepeBa — «KOHGUTYpaAIUUy», OHU

OMNHCHIBAIOT MHOKE€CTBA COCTOSHUM BBIUHCIIMTEIHLHOIO Imponcecca. HepeXOI[BI



MCIKAY y3JIaMHU COOTBCTCTBYIOT KAKUM-TO I[GI‘/IICTBI/IHM H IIPOBCPKaM, IIPOUCXOIs1-

UM ITPpHU UCITIOJIHCHHUH ITPOTrPpaMMBI.

2. JlepeBo xoH@urypauuii nosydaercsi OECKOHEUHBIM, €CJIM UCXO/HAsl MpOrpaM-
Ma COAEPKUT LUKIIBI U/WIN peKypcuio. B mporecce cynepKkoMIuisiiuy 6ecko-
HEYHOE JIEPEBO CBOPAYMBACTCS B KOHEUHBIN «rpad KoHpurypauuit». s sToro
KOH(UTYypalK CPAaBHUBAIOTCS MEX 1y co00i1 (oTHOIIEeHue TypunHa, OTHOLIEHUE
Xurmana-Kpyckana). Ecau nosiBisroTcst ABe NOXoKue KOH(PUTypaluu, JenaeT-
Csl TIOTIBITKA «CBECTH» Ty KOH(PUTYpALIUIO, YTO HAXOAUTCS B JIEPEBE HUKE, K TOH,
YTO MOSBWJIACH BhILIE. B pe3ynbrare B JepeBe MOSBISAETCS «0OpaTHas» CTPeEl-

Ka,W IEpeBO mpeBpaiaercs B rpad ¢ uukiamu [6].

BBenéM 0CHOBHBIE ITOHATUS HA PUMEPE CYNEPKOMITUISALIAHA IPOTPAMMBI C KOM-
no3uiueit pynkiuit Fab, koTopas 3aMeHsieT BO BXOAHOM apryMeHTe BCTPEUYaIOLIUeCs
OyKBBI «a» Ha «by», 1 Fbc, koTopas 3aMeHseT BO BXOAHOM apryMEHTe BCTPEUaIoLIuecs

OyKBBI «b» Ha «C».

Jluctunr 1: Onpenenenue ¢pyukiuu Fab Ha s3bike Pedan

Fab{
'a’ e.X = 'b’ <Fab e.X>;
s.K e.X = s.K <Fab e.X>;

/* empty */ = /* empty */;

Jluctunr 2: Onpenenenue ¢pynkuuu Fbe Ha a3bike Pedan

Fbe{
b’ e. X = "¢’ <Fbc e.X>;
s.K e.X = s.K <Fbc e.X>;

/* empty */ = /* empty */;

Onpenenennie GyHKIUU Ha s3bike Pedan coctout u3 Ha3BaHUS (PyHKIUU U

O10ka ¢ nmpennoxeHussMu. Kaxnoe npeaiokeHne conepkXut ase yactu. Jlepas Ha-
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3bIBA€TCSl 00OPa3lOBBIM BHIpAXKEHHUEM, a MpaBasi pe3ysibTaTHbIM. OOpasel] COCTOUT U3
3alMCH B COCTABE KOTOPOM MPUCYTCTBYIOT Pa3HbIE TEPMBI U IEPEMEHHBIE A3bIKa Pe-
¢an. [Ipu nucnonuenuu nporpamMmmsl Pedan-mMaimHoii BbI30B PyHKIIMH C OHUM apry-
MEHTOM BBITIOJIHSETCS CIEIYIONIMM 00pa3oM. ApryMeHT ASKOMIIO3UPYETCs ISl CO-
MIOCTaBJICHUSI ¢ 00pa3IoM MEPBOro MpeaniokeHus. Eciu conocraBienre mpoucxonu
yCIHEIHO, TO B nojie 3peHust Pedast mammHbl BbI30B (QyHKINU 3aMEHSETCA PE3yilb-
TaTHBIM BBIPAKEHUEM, JIJISI KOTOPOTO COMOCTABIIEHUE C 00pa3oM IMPOLUIO yCIeul-
HO. CornocTaBlieHHEe OCYILIECTBISIETCS C 00Pa3IIOM KaXA0T0 MPEIJIOKEHUS B MOPSIKE
3aMucH B onpeneneHud (yHKIHUH A0 YCHENIHOTO CONOCTaBiIeHus. Bb13oB GyHKINH
3aKJTIOYACTCS B CTPYKTYpHBIE CKOOKM < F'uncName arg >. Dtoi uadopmaiuu o
Pedane nocraTouno 1715 moHMMaHUS HEOOIBIIOTO MpUMeEpa CYyTePKOMITUIISLIAN TTPO-
rpamMmMbl Ha Pedane. B nanpHelmmx miaBax CUHTaKCUC U CEMaHTHKA si3bika Pedan
OyIyT pacKpbIThI OAPOOHEE.

Wrak, s cynepKOMIUISIAA KOMIO3UIUK (PYHKITMN U3HAYaIbHO B MOJIE 3pe-

HUS CyTICPKOMITHIIATOPA HAXOUTCS BBIPAKCHUE
< Fbec < Fab e.0 >>

e.0 — aprymenT mnsa pyukiuu Fabu < Fab e.0 > — aprymenr st QyHK-
uuu F'be. Ho nns cynepkomnuiisitopa e.0 sBIS€TCS mapaMmeTpoM, HajJ KOTOPhIM OH
IPOBOJUT CUMBOJIbHBIE BBIUUCIICHHUS.

JUIst TEKyIIEero MoJisl 3peHUs CyNEPKOMITUIISATOP MBITACTCSl JICHUBO BBIYUCINTD
3HaYeHue BbI3oBa PpyHKuMU < F'be... > . Ho Tak Kak apryMeHT COIEP>KHUT BBI30B
(YHKIMH, CyTIEpKOMITUIISITOP MOMEIIAET BbI30B (PYHKLIMU U3 ApTYMEHTa Ha BEPIIUHY
CTEKa, yKa3bIBasi UTO apryMEHTOM BbI30Ba MEPBUYHON PYHKIIMU CTAHOBUTCS €I HE
BBIYMCIICHHOE 3HaY€HUE Ha BepIIMHE cTeka. PopMUpYyeTCs CIASAYIOIIMI CTEK BBI3O-

BOB (DYHKIIMII:

< Fab e.0 >« h.0
< Fbc < Fab e.0>> — (1)

< Fbe h.0>
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N3 Teky1ero coCToSHUS OCYIIECTBISIETCS CIEKYIISITUBHOE BBINOJHEHUE C pa3-
HBIMHU BO3MOXXHBIMU 3HAYEHUSAMU NTapaMeTPOB, KOTOPOE Ha3biBaeTCs poroHkou (Pu-
CyHOK 2,3). [Ipy 0OBIYHBIX BBIYUCIEHUSAX HAYAJIbHOE COCTOSHHUE OMPEAEIISIETCS KOH-
KPETHBIMH 3Ha4eHUAMH. HO B IPOTrOHKE MBI OIIEpUPYEM CUMBOJIAMH IIEPEMEHHBIX U
B 3aBUCHMOCTH OT 3HAYEHUSI IEPEMEHHOM ITPOLIECC BBIYNCIICHUS TOJKEH ITIEPEUTH Ha
OJIHY WJIH JIPYTYIO BETBb.

CuuThIBas Ha Ka)XJ10M L1are COCTOSIHUE BBIYNCIUTEILHOTO YCTPONCTBA, MbI Ha-
OroaeM mpoLecc BHIYMCIEHNUN U MOYXKEM 3aIIUCcaTh €ro Tpaccy, MyTh.

B y31ax mOCTpOEHHBIX IEPEBHEB HAXOAATCA COCTOSIHUS BBIYMCIIEHUS IPOrpaM-
MBI, B KOTOPBIX JIEMOHCTPUPYETCS CTEK BHIYMCIICHUM, a IePeX0bl coepKaT uHpop-
MAIMIO O BO3MO)XHOM COMIOCTABJICHUH apTyMEHTa ¢ 00pa31oM U CIIETYIOIIYIO U3 3TO-

ro KOH(pUrypamuio.

<Fabe.0> « h.0 e.0 - sl1el - s.1 <Fab e.0> «~ h.D

<FbC<Fab E.O:’} — <FbC h0> {Fb[‘ h,D>

'b'<Fab e.0> ~ h.0

e.0 — epsilon

epsilon ~ h.0
<Fbc h.0>

'

Puc. 2: Berka nporonku

Ha Puc.2 M0O)XHO TpOCHEANTH BETBIECHHUE MPOLECCA CUMBOJINYECKOTO BBIYUC-
JIEHUSI TpOrpaMMbl. Pe3ynbrary HCIIOJIHEHUSI POrpaMMBbl B IEPEBE BCETIA COOTBET-

CTBYET OJVH IyTb.
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Ha Puc.3 nponoinkeHne «pOoroHKm».

'b'<Fab e.0> — h.0
<Fbc h.0>

tack rearran gement

<Fbc 'b’' <Fab e.0>>

i

'c' <Fbc <Fab e.0>>
onstructor is dropped

<Fbc<Fab e.0>>

(a) [lepBas BeTKa MPOTOHKH

'c' <Fbc <Fab e.0>>

s.1 <Fab e.0> « h.0
<Fbc h.0>

%tack rearrangement

<Fbcs.1 <Fab e.0>>

s.1—
b

s.1 <Fbc <Fab e.0>>

uter constructor uter constructor
is dropped is dropped

<Fbc<Fab e.0>> <Fbc<Fab e.0>>

(b) Bropas BeTka mpOroHKH

Puc. 3: YuacTku nepeBa npoiiecca

epsilon — h.0
<Fbc h.0>

|

<Fbc epsilon>

'

epsilon

(c) Tpetns BeTKa

IIPOrOHKH

Tpu U3 ueTsIpex JAUCTOB AepeBa CoAepKaT HaYAbHYI0 KOH(PUTypanuio (a yet-

BEPTBIN JINCT COACPIKUT KOHEUHBIA PE3YJIBTAT), UTO MO3BOJISAET HE MPOJIOJIKATh MIPO-

TOHKY, a TIPOBECTH OOPATHYIO CTPEJIKY B BEPIIMHY JaepeBa. Takum o6pa3om, 6ecko-

HEYHOE JIEPEBO MPeoOpa3oBaIoCh B KOHEUHBIN Tpad ¢ nukiaamu (Puc. 4). [lo Hemy

el - 'a

rcl

\_\_‘* epsilon

el - slel 'c'

Puc. 4: JlepeBo nmpeBpaTuiock B rpad

ObLT MOPOXKJIEH OCTaTOuHbIN rpad — Puc.5.
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epsilon

Puc. 5: Koneunsriit rpad

Kaxxnpiit 6a3ucHbIl y3en rpada komporeHepupyeT QpyHkiuio. B paccmarpubae-
MOM IPUMEPE OCTATOUHAs ITporpaMma rnoiayumiack ciaeayromei(JIucrunr 3). Cynep-
KOMITAJISITOP eI 3a7a4y KoMno3uiuu aiis pynkuuii Flabu F'be. Ha aTom mpumepe

IIPOJIEMOHCTPUPOBAH AJITOPUTM IPOTOHKH.

JIuctunr 3: Ocrarouynas nporpamMmma

F1{
'a’ e.0 = '¢’ <F1 e.0>;
b’ e.0 = ¢’ <F1 e.0>;
s.K e.X =5s.K<Fl e.X>;

/*epsilon*/ = /*epsilon*/;

2.3 IIpoexkuun ®@yramypsbl

CynepKOMIUIIALMS SIBISETCS METOJIOM, KOTOPBIM MOXKET MPUMEHSATHCS JIS pPe-
HIEHUST pa3IMYHBIX 3a7a4. OJHON M3 TaKWUX 3a4ad SBJISETCS CIelUaiu3amus mpo-
rpamMm.

AOCTpakTHO 3ajauy, periaeMyro Creruain3aTopoM MporpaMm, MOXKHO OITH-
caTh CIEIYIOMUM 00pa30M.

[Tycte P —ucxonnas nporpamma, a C — orpaHuyeHus Ha yCIOBUS SKCIUTyarTa-
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uu P . Toraga Ha Bxoj cnermanuzartopa nogaercs (P, C), a 3amaya cnenpanuzaTopa
— TIOPOJUTH OCTATOYHYIO porpaMmy P’, yIoBIETBOPSIONIYIO CIEIYIOITUM Tpebo-

BaHUSIMU.
— P’ sxBuBanenTHa P , ecnu BeinmosiHeHs! ycnoBus C.

— P’ monyuaercs nyrem ycrpanenus u3 P Tex yacted u IeWCTBUIA, KOTOPBIE CTa-

HOBSITCSI HCHY’KHBIMU, B PE3YJIbTaTE HAJIOXKEHUS ycioBul C.
Hanex bl n oxxuanus, CBI3aHHBIE CO CIIEUAIN3AMENd P, COCTOAT B clieIyromeM.
— P’ 6yner abdexruBnee, uem P .
— P’ O6yner menblie, yem P .

— P’ 6yner npore, yem P .

2.3.1 [IlepBas npoekuuss ®yramypbl

Nnes nepBoii mpoekinu B ciaeaytoem|7]. byaem nonarate, 4To IporpamMMmebl y
HAC — YHUCThIe (DYHKIUHU, KOTOPbIE MUIIYTCS HA HEKOTOPOM (PYHKIIMOHAILHOM SI3bI-
ke. [TycTh y Hac uMeercs nporpamma Pp(d1, d2), koTopasi IpUHAMAET /iBa apryMeH-
ta. Ungekc R noapazymeBaert, 4To mporpammMa HanvcaHa Ha sizbike R. {11t kaxmoro
SI3bIKa MPOrPAMMUPOBAHUS MBI MTOJIpa3yMEBaeM, YTO €CTh HEKOTOpasi MallnHa (BbI-
MBIILJICHHAS ), KOTOPasi MOXKET BBIMOJIHATH IPOTPaMMBbI Ha 3TOM SI3bIKE.

DTy MallMHy y IpOrpaMMUCTOB PHUHATO HA3bIBATh HHTEPIIPETATOPOM, a Y Ma-
TEMATHKOB YHUBEPCAIbHON (YHKIIUECH.

W nycth y Hac ecTh cienuanu3arop. d1 — KOHKPETHOE 3HAaUYEHUE.
SPECR(Pg,dl) = Ppa

OH nopoXaaeT nporpaMmy
Pra1(d2') = Pg(dl,d2")
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— (YHKIHUIO OJHOTO aprymMenTra d2, kortopas s 00X 3HaueHuil d2' BEI-
YHCISICT TO XKE 3HAYCHHE, YTO U UCXOMHAs mporpamma Pp(d1, d2') mpu KoHKpeTHOM

3HaueHUU d1. MoxHo 3anucars Gopmyny
SPECR(Pg,dl)(d2) = Pr(dl,d2)

, TIe d1 — KoHCTaHTa, d2 — mapameTp.

Unrepnperarop I NT Sr(Ps,d) — nporpamma Ha si3bike R, KoTopasi mprHU-
MaeT TEKCT MPOrpaMMBbI Ha SI3bIKE S, M BXOJHOE JaHHOE ISl 3TOM MPOrpaMMbl, U BO3-
BpAII[AET TOT K€ PE3YJIBTAT, YTO M HETIOCPEICTBEHHOE BRITIONTHEHHE Pg(d) Ha MarimHe
s3pika S. T.e. Py OMOIIK HHTEPIPETATOPA MBI MOKEM Ha MallMHAX R BBHIMOIHATH

mporpaMmsal IJis1 MallliH S, HC UMCs ITPpU 5TOM MAIlINMHBI S.
[INTSr(Ps, d)]} = [[Ps(d)]]

A Ternepb BepHEMCS K mpeapiayiei Gopmyne U MoacTraBuM BMecTo Pp  —

INTSgi,Bmectodl — Pg:
SPECR(INTSg, Ps)(d) = INTSgr(Ps,d) = Ps(d)

(He o6s3arenbho, uToOBI crieninanu3atop SPEC Obl1 Hanmucan Ha TOM Ke S3bl-
K€, 4YTO U UHTEPIPETATOP)
Yro takoe SPEC(INT SR, Ps)? D10 HekoTOpasi mporpamma Ha sizbike R (st

MamuHbl R):

INTSg p,(d') = INTSp(Ps,d) = Ps(d)

3HAYUT, UHTEPHPETATOP, CIICHUATUIUPOBAHHBIN 110 UHTEPIPETUPYEMOM MPO-
rpaMMe — 3TO ITporpaMmMa JUIsk MAIIuHbI 1R, KoTopast UIst TFOOBIX BXOAHBIX TAHHBIX d’
BBIIAET TOT XKE PE3YyJIbTAT, UTO U Mporpamma Pg , 3amyiieHHas Ha mammne S. T.e. pe-
3yJIBTAT CIIEHUAIA3ALUN HHTEPIIPETATOPA — ITO Iporpamma FPg CKOMIIMIMPOBAaHHAS

U1 MamnuHbe! R:

PR(d/) = [NTSR,pS(d/) = ]NTSR(Ps, d/) = Pg(d/)
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2.3.2 Bropas u Tperhs npoekuuu Pyramypsol

Cam cnenmanu3arop sBISETCS NPOrpaMMON Ha A3BIKE [T OT IBYX apryMEHTOB.

A 3HA4YUT, €ro TOXKC MOKHO CIICHHUAJIU3UPOBATDL:

Ps(d) =INTSg(Ps,d)
= SPECR(INTSg, Ps)(d) =

(2)
SPECR(SPECR,INTSR)(Ps)(d)

= SPECR(SPECR,SPECR)(INTSR)(Ps)(d)

(Cneunanu3upoBaTh MOKHO MO Pa3HbIM apryMEHTaM U JaKe M0 YacTH apry-
MEHTa. 3/1eCh CHeIUaIn3alus Mo NepBOMy apryMeHry. T.e. ToMy, KOTOpbIil MOJHO-
CTBIO U3BECTEH. BTOPOI apryMeHT SBIISIETCS TApaMETPOM. )

Bropas npoekuus:

[Iporpamma, koTOpasi IPUHUMAET MPOrpaMMy Ha si3bIKe S U GOPMUPYET IKBU-
BAJICHTHYIO MTPOrpaMMy Ha si3bIke R — 3T0 KoMnumisTop.
Pr=SPECR(INTg, Ps) = SPECR(SPECR,INTR)(Ps) = COM Pp_,s(Ps)
SPECR(SPECR,INTR) = COMPg_,s
TpeTbs NpOeKLHsI — KOMIIWIIATOP KOMITWIATOPOB, POrpaMMa, KOTOpas IpeBpaaeT

UHTEPIPETATOPBI B KOMITUJIATOPBL:

COMPg_,g =SPECR(SPEC, INTR)

—= SPECR(SPECR, SPECR)(INTR) = COMCOMg(INTR)
(3)

2.4 Cynepkomnuastop SCP4

2.4.1 PyxkoBoacTBo noJjb3osares 1 SCP4

NHCTpyMEHTOM BBITIOHSIIONIMM POJIb CHEIUaIn3aropa (M HE TOJNBKO) B 3TOU

BKP cranoButcs SCP4.
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JIuctunr 4: Uuctpykius no coopke 1

$ wget https://mazdaywik.github.io/direct -link/
scpdnew - version -05-03-2019-srefc.zip -O scp4.zip
$ unzip scp4.zip

JIuctunr 5: UHCTpyKIMs 110 COOpKE 2

~/scp4d/$ srefc install
~/scp4/$ ./install linux
~/scpd/$ ./refcall . bat
~/scpd/$

rm *.rasl

CynepKoMIUIATOp MPUHUMAET JBa apryMEHTa: IpOorpamMMy U 3aJlaHue Ha Cy-
NEPKOMITIIIALINIO. DTO MOTYT OBITH JBa OoTHenbHbIX ¢aiina file.ref (mporpamma) u
taskforsupercmp.mst (3aganue). s atux aitoB B HaOope paiiaoB CynepKOMITH-

JIATOpa OTBOAMTCS Marnka scpd /test/ .

Jluctunr 6: UHCTpYKUHS 1O 3aIlyCKY

~/scpd/test$ export PATH=SPATH: ‘pwd*‘ /..
~/scpd/test$ scpwholp file.ref taskforsupercmp.mst

Taxxe B mporpamMmme MOXXHO JOOABUTH MICEBIOKOMMEHTAPHI:
*$MST FROM ENTRY;
T.€. KOMMEHTapUH B KOJI€, KOTOPBI CYyNIEPKOMIMISITOPOM HE UTHOPUPYETCS, a

yuutbiBaetcs. 1 on popmupyer MST-cxemy Buna

<F e0>

<G e0> 4)

rae pyukauu F, G, ... 0butn o0bsBicHBI Kak SENTRY.
B cniygae ciemytoiero npuMepa 3aiaHieM Ha CyTIepKOMIUIIAINIO OyneT (pyHK-

IUs1, SIBJIAIOIIASCS BXOJHOM TOUKOM mporpamMmmbl Ha Pedane — Go.
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Jluctunr 7: 3agaHue Ha CyIIEPKOMITHIISAIIMIO B TIporpamMme .re f

*$MST _FROM._ENTRY;

$ENTRY Go {

e.x = <Prout Hello >;

[*empty*/=/*empty* /;

JI71s1 TakoM MPOTPAMMBI 3aIyCK OCYIIECTBIISIETCS TaK:

Jluctunr 8: UHCTpyKIMs 10 3amycKy 0e3 ¢aiina ¢ 3alaHuem

~/scpd/test$ export PATHESPATH: ‘pwd‘/..
~/scpd/test$ scpwholp file.ref

B pesynbrare BBITIOTHEHUS TUX KOMaH T OyJIeT CreHepupoBaH (haii Ha sS3bIKe
Pedan-5 «r taskforsupercmp.ref)» ¢ mporpamMmmoit, TOpoKICHHON CyNEePKOMITHIISATO-

pOM.

2.4.2 ApxuTekrtypa

J11st TOro, 4TOOBI OCYIIECTBUTH CYTIEPKOMIMIISIIIMIO HAl porpamMmoit Ha Peda-
e ¢ ucnoab3oBanueM SCP4 nocine 3amycka u3 paszaena «PykoBOACTBO ITOJIB30BATEIIS

1 SCP4» mporpaMma mpoRJIET 4epe3 CIEAYIOIINE IIaru:

1. IIporpamma Ha BXOIHOM SI3bIKE [TOMAAAa€T Ha MPeoOpa30BaHUE CYTIEPKOMITUIISATO-
py B moAroroBieHHoM BHae. Kommumstop tnre f4 mpeoOpasyeT BXOIHYO MPoO-
rpaMMmy *.ref B MHOXKECTBO (hailyioB, TAe KaXKI0H (PYHKIIMH COOTBETCTBYET €€
rpad TpOMEKyTOYHOTO MPEACTABICHUS. DTH (aliIbl UCOIB3YIOTCS CYNEePKOM-

maropom SCP4.

2. Taxxe cynepkomnuisitop SCP4 nprHUMaeT CKOMIWIMPOBAHHOE 3aJaHUE HA CY-

nepKoMIIISIIIO Ha si3bike MST-cxeM. O dhopmynupoBke 3agaHus mogpoOHee B
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ref .mst

CHOMITH/IHPOBAHHOE

I"IJEIC]] 3dfldHHEe

OCTATOUHKIH

rpac

OCTaTOUHLIH
rpad

Tef

Puc. 6: KonBeep cynepkoMIMIsIUY TPOrpaMMBbl U 3aJaHUS

JaNbHEUIINX TVIaBax.

3. CKOMHI/IJ'II/IPOBaHHBIC Imporpamma " 3a1aHUC CTAHOBATCA BXOAHBIMH JJaHHBIMH
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1151 cynepkomnuisitopa SCP4. M3 3a1anus Ha CylIepKOMIUISALIMIO U MHOKECTBA
¢aiinoB BxonHbIx rpadgoB SCP4 koHCcTpyupyeT O€CKOHEUHOE JepeBO KOHUTY-
paiuii, KoTopoe 3aTeM cBopauuBaeTcs B rpad KOH(Urypaiuii ¢ MpuMeHEeHuEeM

TEXHUK MMPOTOHKH, 000OITICHNUS, BCTpAaNBaHMUS.

4. K nonydeHHOMY Tpady OpUMEHSIOTCS ONTUMU3AIUMN YCTPAHEHUS HEUCIIONb3Y-

€MbIX (PYHKIUH U yAaJIeHHUs] TOBTOPHBIX TEPEMEHHbIX.

5. Komnunsitop u3 rpadoBoro npeacrarieHus nporpammsl B Pedan-5 crgd4 no-

POXKIAeT 1o ocTarouHoMy Tpady nporpammy Ha Pedare-5.

2.5 Pedan

PE®AIJI (PEkypcuBHbIXx OyHKIIMNA AJITOpUTMUYECKUI SI3bIK) — ATO (QYyHKIIH-
OHAJILHBIN S3BIK MPOrPAMMUPOBAHUS, OPUCHTUPOBAHHBIN Ha TaK HA3bIBAEMBIE «CHUM-
BOJIBHBIC TIPeOOpa30BaHUs»: 00pabOTKy CUMBOJIBHBIX CTPOK (Hampumep, anredpan-
YECKHUE BBIKJIAJKN), IEPEBOJ] C OAHOTO S3bIKa (MICKYCCTBEHHOIO MJIU €CTECTBEHHOTO)
Ha JAPYTOH, pelieHne mpooeM, CBI3aHHbBIX C HCKYCCTBEHHBIM HHTEIICKTOM.

PE®DAJI-5 sBnsercs nuanexktom sizbika PEDAJI, koToperii ObLT pazpaboTaH B
Hsio - Mopkekom Curu Komtemxe [8].

Jlannwie 6 Peghane[9]
1. CuMBoOIIBI

(a) +> — cumBon-nuTepa (character)
(b) Alpha-2 — cocTtaBHO#1 cUMBOJI, UMS (DYHKITUN

(c) 125 — cumBoOII-4UCIO
2. CTpyKTypHBIE CKOOKH ( ... )
3. Tepm

(a) CumBoi
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(b) Beipaxkenue B ckoOKax
4. BeipaxkeHue
(a) IlocaenoBaTenbHOCTH TEPMOB
Vnpasnenue 6 Pegpane

1. Be3oB dpyHKIIMH
<Wwms dpynkuun Beipaxkenne>
<Fact 5> — npumep

[TomecTuth HayasbHOE BBIpaXeHue B noje 3peHuss PEDAJI-ManHbl MOXKHO Cliey-
oM criocooom. PEDAJI-5 ucnonb3yeT comaiieHue, CoriacHo KOTOpOMY Hadallb-

HBIM COCTOAHHUECM I10JI41 3peHI/Iﬂ BCCraa sABJIACTCA:
<Go>

DT0 3HAYUT, YTO CPEAU (PYHKIIHI, ONIpe/IeJICHHBIX B BHIITOJIHUMOM IPOrpaMMe, BCeria

JOJbKHA ObITh cTaHnapTHast pyHkuust Go 6€3 apryMeHTOB:

JIuctunr 9: @yHkius Go — BXOAHAS TOYKA MPOTPaMMBbI

$ENTRY Go {

= the initial Refal expression

2. Omnpenenenue GpyHkuuu [10]
Nwmst pyskmm {

oOpaser] = pe3yabTar ; /* npeayioxeHue */

b

[Iporpamma Ha Pedaie MOKET COCTOSTH U3 OTHOTO WIJIM HECKOJIBKUX MOAYe ((aii-

JIOB), KaX bl U3 KOTOPBIX, B CBOIO OUEPENb, COCTOUT U3 (PYHKLIUH.
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Pedan-pynkuus npeacrapusier coboi ynopsiioueHHbIN Ha00p NPeI0KEHUM, COCTO-
AKX U3 00pasiia u pe3ysbTaTHOro BeipakeHus. Ha Bxon GyHKIMM no1aércst HEKOTO-
pO€ BBIpAXKEHHE; BBIYUCIICHUE (PYHKIIUU COCTOUT B COMOCTABICHUH BBIPAXKEHHUS T10-
ouepéAHO oOpa3Lam, B3ITbIM U3 IIEPBOTO, BTOPOIO U T. JI. MpeAIoKeHuil. Eciin oue-
PENHOE COMOCTABIEHUE MPOXOJIUT YCIEUIHO, TO HA OCHOBAaHUH PE3YJIBTaTHOTO BbIpA-
KEHMUsI, B3TOTO U3 TOTO e MpeAsiokeHus1, popmupyercs HoBoe Pedan-BoipaxkeHue,

KOTOpOE U OyZIeT pe3ybTaTOM BbI30Ba (DYHKIIUH.
3. IlepeMenHbI€ (MEPBBINA CUMBOI S, t, € — THUII IEPEMEHHOMN )

(a) s.X — npOU3BOJIBHBIN CUMBOJI
(b) t.Y — mipou3BONIBHBIN TEPM

(c) .1 — mpou3BOJIbLHOE BHIPAKEHUE

Yurarento B JaabHENUIIEM MTOHAT00STCS 3HAaHUS O KOHCTPYKIUAX B Pedae as

ITIOHUMaHUS pa3aciia «TCCTI/IpOBaHI/Ie».

2.6 MST-cxeMbl

Ha s3pike MST-cxem dhopmynupyeTcs 3alaHue Ha CynepKOMIIIALNIO. To ecTh
3aJaHUE HA CIICIUAIIN3ALMIO ITpOrpaMmel 1o ee JanHbiM. B mannon BKP sToi npo-
rpaMMoii OyJIeT HHTEPIPETATOP, a JAHHBIMU JIJIsl HETO — MpOorpamMmMa Ha si3bIKE BXOJ-
HbIX Pedan-rpados.

B ocHoBe nexut punocodusi METACUCTEMHOIO TMEepexo/ia: «Iepexoyia OT CH-
CTEMBbI, COCTOSIIIECH U3 HEKOTOPBIX OOBEKTOB U YIPABIISIIOIIECH CUCTEMBI, OCYIIIECTB-
JISIOIIEH KaKyI0-TO JEATeIbHOCTh Hall S TUMU 00BEKTaMU, YIIpaBIeHNE UMHU, K METa-
CHUCTEME, B KOTOPOU BO3HUKAECT HOBBIM YPOBEHb YIIPABJIEHHUS, 111 KOTOPOTO MpEIie-
CTBYIOIIUH YPOBEHb CTAHOBUTCS OOBEKTOM JEATETLHOCTH[2]».

CynepKOMIWIALMS KaK METOJI OCYIIECTBICHUS METACUCTEMHOTIO ITEPEX0/1a MO/~

XOOUT IJId pe€alin3dalliid MCTACUCTCMHOI'O IICPEX0oaa HaA aJIlTOpUTMaMHU, IIporpaMma-
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MU, GOpPMAIBHBIMH CUCTEMaMHU, T.€. IPOTPAMMBbI CTAHOBATCSI OOBEKTaMHU JIJIsl TITy00-
KHX ITpeoOpa3oBaHUil.

B nannoit BKP Oynet npou3BoauThcs HaOm0eHHE(C TOMOIIBIO CYNTEPKOMITH-
JTOpA) 3a MOBEICHUEM MPOTpaMMbI-UHTEpIIpETaTOpa, Hanmucanuoi Ha Pedanre.

Pedan sBnsiercs sS36IKOM TIEPBOTO YPOBHS. MBI HE MOKEM MaHHUITYJIUPOBATH
HaJ mporpamMamu Ha Pedane nmporpammoii HanmcarnHou Ha Pedane, Tak kak BXoj-
Has mporpamma Ha Pedane MoxeT comepkaTh BbI3OBBI (DYHKITUH, KOTOpBIE OymayT
BBIYUCIIATHCS TP MAHUTTYJISAIIMU HAJl BXOJTHOM MTPOTPaMMOM, U OTKPBIThIC IEPEMEH-
Hele . [loaTomy crenyer oToOpa3uTh HEKOTOPBIE CTPYKTYphI porpamMmel Ha Pedae
B 00BEKTHBIE BRIPAKEHUS TSI MAHUIYIIAIMK BHeTHeH Pedan nmporpammoit. @opma-
JU3alus TaKoTo 3aJJaHUs IEMOHCTPUPYETCS CIEAYIOIIUM JTUCTUHIOM Ha si3bike MST-

CXCM:

Jluctunr 10: 3aganue Ha cynepKOMIUIAIUIO «task.msty

$DEFINE Prog
<Inref4
Fab {
’a’ e.X = 'b’ <Fab e.X>;
s.1 e. X =1s5.1 <Fab e.X>;

)

<Int e.X ( ) > --
<Go ! > %.Prog :

1. $DEFINE Prog...;— o0bsaBieHne Makpoca Prog
2. < Inref4 ... > — BbI30B KOMOWIATOpa NporpamMmel Ha Pedaie B ee Peda-
rpad

3. Fab {/x*definitionx /} — byHkuus Ha si3p1ke Peda, 3amMeHsIro1ias BO BXO/I-

HOM BBIP2)KEHUH CUMBOJIBI 2’ Ha ’b’.
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Maxpoc oCymecTBISECT NPENPOLIECCUHT BXOTHOW TPOTPpaMMBbI 3alTMCAHHOM Kak
apryMEHT B CTPYKTYPHBIX CKOOKaX BbI30Ba KOMIUJISITOpPA B IIPOMEKYTOUHOE TPE-
CTAJICHUE. DTU TAHHBIC CTAHOBATCS BXOJHBIMU JTAHHBIMU B CIIEIAANN3AIAA UHTEP-

peTaropa Mo nporpamme.

Jluctunr 11: MHOTOYypOBHEBas 3aIUCh 3a1aHUS

<Int e.X ( ) > --
<Go ! > %.Prog :

Oynkuus Int BRIMOTHAETCS 151 BXOAHBIX TAHHBIX MPEJCTABICHHBIX IPOTpaM-
MOl Ha ypoBeHb HIke <Go ! >, rae ’!” o003HayaeT NOHATHE apryMeHTa (PyHKIUU
Go, To ecthb ast pyHKMU (Go OH mepecTaeT ObITh APTYMEHTOM U CTAaHOBHUTCS Hapa-
MeTpoMm. Crienpanu3anns TpOUCXOAUT IO porpaMMe, i KOTOPOH B MaKpOCe BbI-
3BIBAJICS. KOMITAJISITOP B MPOMEKYTOUHOE MPEICTABICHUE.

B nonydeHHol nepapXuu BHI30BOB apTyMEHTHI (DYHKIIUMA TOJKHBI OBITh 3aKO-
JTUPOBAHBI TO KOJIMYECTBO Pa3, KOTOPOE COOTBETCBYET YPOBHIO B H€pAPXUH (CUET Be-
JIETCS HAYMHAs C HIXKHETO YpOBHA). BXomHble JaHHbIe 119 PYHKIIUU JOJIKHBI OBITH

MCTAKOAUPOBAHLI 110 CICAYIOIIUM IIpaBUIAM:

Merakon SCP4 [11]:
1. CUMBOJIBI HEM3MEHHBI
2. B Ha4aJ10 CKOOOYHBIX TEPMOB J100aBsgeTCs *’
3. BbI3OBHI (pyHKIHI n300pakarorcs (!’(Fn ... ) ...)
4. nepemennsie — (Var s.Mode s.Index)

BeprukainbHOE pacnoyioKeHUE CIIOB MPOrpaMMbl COOTBECTBYET YPOBHSIM JEH-
CTBUSI PYHKUMU Apyr HaA ApyroM. BBoas Hymepanuio «CHU3Y-BBEPX», MOXKHO TrO-
BOPUTH UTO IIPOTpaMma ypOBHS N ABJISIETCS JAHHBIMU JUIS IPOrpaMMbl YPOBHA n+1.

Kaxnplii ypoBEHB B BEPTUKAJIBHOU 3aIMCH 3TO OCYLIECTBIEHUE METACUCTEMHOTO I1€-
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pexoja. !’ o3Ha4aeT MOAHATUE JAHHBIX U3 TEKYIIECH MO3UIMU TPOTPAMMBI, TTOAHS-
ThIE/OIYIIIEHHbIC TAHHBIC METAKOAUPOBAHBI.
daiin ¢ pacliupeHreM .mst KOMIUIUPYETCS TIPU BBI30BE CYyNEPKOMIUISATOPA

JUTSL IPOTPAMMBI U 3aJjaHUSI HAa CYTIEPKOMITAIISALINIO.

2.6.1 Ilonsitue BxogHoro Pedas-rpada

Htak, B nepeBe MPOLECCOB MPOrPaMMBbl y3JIaMU SIBISIFOTCSI COCTOSIHUS TIPO-
TpaMMBbl, IEPEXObI MEXKIY y371aMH COOTBETCTBYIOT KAKMM-TO JIEHCTBUSM U IPOBEP-
KaM, MPOUCXOMSIINM TIPH UCIOJHEHUH TporpamMmbl. Takue NeHCTBHS U MPOBEPKHU
OTIMCHIBAIOTCSA B (haifsie MOPOKIaeMOM B UCIIOIb3yeMoM B JaHHOM BKP xommumsito-
poM inref4 U3 BXomHOM IporpamMMmel B rpadoBoe IpeacTaBieHre PyHKIUN Tporpam-
MBI KOTOPOE€ OMHCHIBAET COOTBETCBUE BXOJHBIX apryMEHTOB (PyHKIIMH KOH(UTYpa-
IIUSIM CTIETYIOIIUX BO3MOXKHBIX COCTOSIHHM IporpaMMbl. Bxonnoi Pedain-rpad sus-
eTCsl MPEACTABICHUEM HCXOAHON MPOTpaMMBbI, YIOOHBIM AJisl CynepKOMIWIsIuu. B
HEM corocTaBiieHue ¢ o0pa3lamMu MpeoOpa3zoBaHo B IEPEBO FIEMEHTAPHBIX KOMaH]I
OTOXKJECTBJICHUSI.

Bxonnoii pedan-rpad comepkut nHboOpMaIrio o PyHKIIUHA U3 TPOTPaMMBbI Ha
Pedane. I'pad onuckiBaeT cnenuain3upoBaHHOE MOBeAeHUE QYHKIUU 10 €€ apry-

MeHTaM. Takoe onucaHue COACPIKUT CIACAYHOIHNC CMBICJIOBBIC KOHCTPYKIIUH:

1. BeTBnenue — koraa nporpaMmma UMEET HECKOJIbKO BAPUAHTOB JaJIbHEUILIETO M0-

BCIACHH: B 3aBUCUMOCTH OT apryMCHTOB

2. CyxeHnue — xorja oOpa3serl B JeBOM YaCTH PEeIOKEHNS (DYHKITUU 3a/1aeT 11a0-

JIOH JUJIs apryMeHTa
3. Pectpukiuust — Korja apryMeHT He J0JKEH UMETh BUJI OTIpeieIEHHOTO o0pasiia

4. Konduryparys — npapasi 4aCTh IPEITI0KEHUS, KOTOPas BHITTOIHIETCS JIsI OTIpe-

JICJICHHOM BETKHU CIICIIHAIN3AIINHU
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3 Pa3zpa0orka uHTepnperaropa

Nutepnperarop, HanucanHbii B pamkax BKP, pacnio3HaeT A3b1k BXOIHBIX Irpa-
¢oB nns SCP4. On npunumaet rpad BxogHou GyHKIUU. [ pamMMaTHKa sI3bIKa TAaKOTO
npeCcTaBiIeHUs He ObUIa 3aJOKyMEeHTHpoBaHa. [ paMMaruka Obu1a MOJTHOCTHIO BOC-
craHoBiieHa B pamkax BKP, a cemanTuka onpenenserca HanucanubiM B xoae BKP
uHTeprpeTaropoM. [1o 3ajaHuI0 U MHOXKECTBY BXOIHBIX I'paOB Ui BHI3BIBAEMBIX

(GYHKUMNA UHTEPIIPETATOP MOXKET BBITIOJIHUTH UCXOJHYIO ITporpaMmMy Ha Pedane.

3.1 Bxoauoii rpa¢ nasa SCP4

3.1.1 FpaMMaTI/IKa fI3bIKAa, HA KOTOPOM OIMUCHIBACTCHA IPOMEKYTOYHOC rpa(])o-

BOe NnpejacTaBjieHne PyHKIUM MPOrPaAMMBbI

[Topoxaaercss mpoxoaoM inref4, komMmnuiassTopoMm U3 sA3bika Pedan B BxogHOU
Pedan-rpad. Ilanka «../pgraph/» 3amonHsiercs rpadamMu B BUAC CEPHATM30BAHHBIX

00BEKTHBIX MPETIOKEHU.

Jluctunr 12: I'pammaruka si3plka 3amucaHa B pacuipeHHou ¢popme bakyca-Haypa

(PBH®) 1

t.Fork ::= ’(Fork ’ e.Branches ’)’
e.Branches ::= e.Branch +
e.Branch ::= '+’ (s.Index e.Chain)
e.Chain ::= t.Chainltem

t . Chainltem ::=

(Ct e.Contr) /* contraction*/
| (Rs e.Restr) /*restriction*/
| (Fork e.Branches) /*branching*/
| (Conf e.Conf) /*configuration*/
| (

Def e.Def) /*predefined function*/

e.Contr ::= t.Var ’:’ e.Pattern
t.Var ::= ’(Var > s.Type ’ s.Index)’
s.Type ::= s’ | 7t | e’
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Jluctunr 13: I'pammaTuka si3pika 3amucaHa B pacuipeHHou ¢opme bakyca-Haypa

(PBH®) 2

s.Index ::= s.NUMBER

e.Pattern ::= t.PatTerm*

t . PatTerm = s.SYMBOL | t.Var | (’*’ e.Pattern)

e.Restr t.Sym '#’ t.Sym

t.Sym ::= (Var ’s’ s.Index) | s.SYMBOL

e.Conf ::= e.Expr ’:’ t.Var

e.Def ::= (e.Expr ’:’ t.Var)

e.Expr ::= t.Term*

t.Term ::= s.SYMBOL | t.Var | (’*’ e.Pattern) |
| (! t.Call ’:’ t.Var)

t.Call ::= (Fn s.FunvName e.conf)

s .FuncName ::= s.WORD

[Ipumep rpada nmocrpoeHHoro st QyHkiuu. OyHKIMS BCETAa BO3BpAIIACT

CJIOBO, HE HaUMHarolIeecs ¢ npeaukara "A B’.

Jluctunr 14: @yHkuus

Func {
A B e.X = Hello;
e. X = e.X;

/*empty*/=/*empty */;

[TocTtpoenHsIit A Hee rpad:

Jluctunr 15: I'pad

(Fork +(1
(Ct (Var ’e’l )’:’A (Var ’e’l ))
(Ct (Var ’e’l )’:'B (Var ’e’l ))
(Conf (Hello ’:’(Var ’e’0 ))))
(2
(Conf ((Var ’e’l )’:’(Var ’e¢’0 )))))
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OH collepKuT:

1. BeTBienue, Tak Kak B onpeAcieHuN (PyHKIIMU HAXOASTCS JBa MPEITOKECHUS C

pa3HbBIMU 00pa3LaMu

2. B niepBoii BeTKE COAEPIKUTCS CY’KEHUE: POBEPKA BXOJTHOTO BEIPAXKEHUS HA COOT-
BETCTBHE 00Pa3I[0BOMY BBIpAXEHUIO, HAUMHAIOIIEMycsi ¢ cuMBoa *A’. Bropoe
CyXE€HHE Ha HOBOM OOBEKTHOM BBIPAKEHUHU OCYIIECTBIISIET IPOBEPKY € 00pa3-

1IOM BBIPAYKE€HHUSI, HAUMHAIOIIIETOCA Ha CUMBOJ “B’.
3. Kondurypauus, npucBanparoiias Bo3Bpaiiaemoii e-nepemertoi cioso 'Hello’

4. Konduryparnus st BTOpoil BeTkH (st oOpasiia, He coepiKaIlero npeankara
’AB’), nprcBanBaroias BO3BpaiiaeMoi e-nmepeMeHHON BXOTHYIO e-TIepEeMEHHYIO
3.2 HuTepnperarop rpa¢)oB, NPUTOAHBIHA ISl CYNEPKOMITUJISIIINA
3.2.1 Pexxumbl padoTbl
Hanucannsiii B janHoi BKP unTepriperarop npuMeHnM B IByX peKHMax:

1. MaTepnperarop A HHTEPIPETALUHN OPOTrPaMM

2. VnaTepnperarop AJis SKCIIEPUMEHTOB C CYNIEPKOMITUIIALINEH (B TOM PEKUME UH-

TCPIPCTATOP ABIIACTCA BXOIHBIMU JdHHBIMHA IJI1 cynepKOMm/m;ITopa)

WNHuTtepripeTaTop NpUHUMAET IPOTrpaMMBbI Ha sI3bIKE Ipa)OBOTO MPEACTaBICHUS
(GyHKUMNA POrpaMMBbl, TOPOXKAAEMOM MPOXoA0M inref4.

Xoo pabomwel unmepnpemamopa 8 pedxcume 1:

1. 3aHy0K HHTCPIIPCTATOPA AJIA CKOMHHHHpOBaHOﬁ IIpOrpaMmaIl B IIPOMCEKYTOTHOC

COCTOSTHUE KOMIUJISTOpOM inref4.
2. Cuurats rpad ¢pyskiuu Go, SABISIOMEHCS BXOAHON TOUKON

3. PexypcuBHO cUMTaTh ¥ COXpaHUTh Tpadbl BceX QYHKIINUNA BHI3BIBAEMBIX U3 TEKY-
men
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4. 3anycTuTh (QYHKIHIO C aJITOPUTMOM HMHTEPIpPETAMK HA MHOXKECTBE TOTy4EH-

HOTO «CJIOBaps» UMeH (PyHKIHMI UCXOJHON MpOrpaMmsbl U UX rpados

Xoo pabomwsl unmepnpemamopa 8 pexcume 2:
B 3TOM pexrmMe TEKCT mporpaMMbl HHTEPIIPETATOPA CTAHOBUTCS BXOAHBIMH TAHHBI-

MU U1 CYIICPKOMITUIIATOPA

1. B 3amanuu Ha CynepKOMIMIISLIMIO OMMCBIBaeTCA BbI30B PyHKIMHK Int co Bcemu
HauaJbHBIMH apameTpamu. [103ToMy nepBbIM CTAaHOBUTCS BbI30B GyHKIMH Int
C 3a/1aHHBIMU (priaramu ¥ c(hopMUpPOBaHHBIMU Tpadamu aist pyHkiuil. Camo 3a-
IaHWe TOXKe KoMmumimpyeTcs. To ecTh MHTEpIpeTaTop MOmagacT B CYNepKOM-
MAJIATOP TOKE B BUJIe Habopa (aiiaoB co cBOMM TpadOBBIM MPOMEKYTOUHBIM

MpCaACTaBICHHUCM.

2. VicnonHeHue nporpaMMbl HHTEPIIPETATOPOM HAOTIOAACTCS CYTIEPKOMITUIISITOPOM.

NuTepnpeTaTop CynepKOMIUINPYETC.

3. SCP4 nopoxxnaet (aitnn Ha pedasie ¢ 0CTaTOYHOM MPOrpaMMOi HHTEpITpeTaTopa
CHEeUaTM3UPOBAHHOIO 0 TIporpamMme. [Ipy HEeBO3HUKHOBEHUH OIIMOOK (B pa-
6ore SCP4) nomkHa NOTYyYUTHCS] CKOMITMIIMPOBAHHAS MPOTrpaMma, KoTtopas Obl-

Jia 3aJaHUCM Ha UHTCPIIPCTAILTHTO.

NHTepnpeTaTop BINOIHAS TPOTPaMMYy ONIEPUPYET B CBOEM BHYTPEHHEM IIPE/I-

CTaBJICHHUH CIEAYIOIIMMU KOMIIOHEHTAMHU:
— Tabnuua nepeMeHHbIX
— I'pad
— Nnrdopmarnus as oTkara (CTEK)
Bo3moykHbIe KOHPUTYpaIyu B UHTEPIIPETUPYEMOM Tpade:

— Ecnu y3en rpada nmeer Buj «cykeHue»(contraction), To U3 TaOIULIbI TIEPEMEH-

HBIX BbIOHMpAETCs cykaemasi IepeMeHHas U MPOBEPSIETCS YIOBIETBOPSIET JIU OHA
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CY/KEHHIO.
Ecnu ynoBneTBopsieT —IIpUMEHSIETCS CY>KEHHUE, 3TO U3MEHSIET TaOJIHILy.

HMHuaue BBINTOJIHICTCS OTKAT.

— Ecnu y3en rpada numeer Buj «BetBienus» (forking), To 6epercst neppasi BETBb,

OCTAJIBHBIC KJIaAYTCA B CIIMCOK OTKaTa.

— Ecnu y3en rpada umeer BUJ «pecTpukium»(restriction), To npoBepseTcs pe-

CTPHUKIHA, MHAYC BBIIIOJIHACTCA OTKAT.

— Ecnu y3en rpada umeet Bua «koHpurypaunus»(configuration), To mocTaBIIsitoT-
Csl IepEMEHHbBIE B BhIpaKEHUE, BEIOMpaeTcs BbI30B (GyHKIMU. Eciin BbI30B (hyHK-
LMW TIPUCYTCTBYET, TO OH BBIMOJHAETCS U PEKYPCHUBHO BBI3BIBAECTCSI HHTEPIIPE-

Tarop. MlHaue BO3BpAIIACTCS 3HAUEHUE BBIPAKEHHUSI.

— «OTKaT» —Oepercs ouepenHas BeTBb Fork u BbImonHseTCA.

3.2.2 Auroputm padoTbl

Auroput™ pabOTHl HHTEPIIPETATOPA:

1. Uurepnperarop npuHuMaeT rpad GyHKIMH C 3aJJaHUEM U «CIIOBApPh» U3 UMEH
GyHKUMNA U UX TpadoB, KIIOYU CTPATETUN BHIYUCICHUSA(JICHUBBIN/ allllJIMKATHB-

HBIﬁ), a TAKXKC KIIOY C YKa3aHHMCM THIIA BCTOK K KOTOPBIM HYXKHO IIPUMCHATDH

TEKYITyI0 (yHKIIHIO.

2. Jlanee oCyIECTBISIETCS CHHTAKCUYECKUN aHanu3 rpada QyHKIUN U BHIYUCIIA-

CTCsA COOTBCTCBYIOIIAA BCTKA

3. B y3ne rpada comepxariem BbI30B (QYHKIIUN OCYIIESCTBIISICTCS HHTEPIPETAIIHS

rpada st BeI3bIBaeMON (DyHKIIUU

4. B y3ne rpada ¢ koHGUTypalreil OCyIIECTBISETCS BBIIOTHEHUE COJAEP>KUMBIX
KOHCTPYKIUN(KOHTPAKLIUNA, pECTPUKLIUN, TOICTAHOBKU KOHPUTYPALINH, BETBIIC-

HUS)
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3amyck u paboTa HHTEpIIpeTaropa

JIuctunr 16: KoMnuianus TeKkcTa IporpaMMbl HHTEPIIPETATOPa HA OTPAaHUYEHHOM

Pedane

~/scpd/test$ srefc interpreter.ref ../reflib.ref

Jluctunr 17: Komnumsiuus mporpaMmbl Ha si3bike Pedan-5 B npomexyTouHoe rpa-

dboBOE TIpeICTaBICHHE

~/scpd/test$ inrefdp program.ref

JIuctuHr 18: 3amyck UCIIOIIHIEMOTO HHTEPIIPETATOPA C YKa3aHUEM CTPATETHH

~/scpd/test$ ./interpreter /lazy
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4 Peasu3anus UHTEPHpPeETATOPA

HNHTepnpeTupoBaHue B PEKUME 3aIlyCKa HHTEPIIPETATOPA HAYMHAETCS CO CUU-

ThIBaHUS (paitna ¢ rpadoBbIM npeacTaBiaeHueM s GyHKIN «Goy

Jluctunr 19: Bxonnas Touka unTepnperaropa — QyHkius Go

*$FROM ../ reflib
$EXTERN Xxin;

* $TRANSIENT Yes;
*$MATCHING ForRepeatedSpecialization ;
*$STRATEGY Applicative;

/*
Go_6 returns graph which inref4 produced
CalledFunctioons -Rec returns set of functions and theirs graph-representation
*/
$ENTRY Go {
= <Prout <Runlnterpreter <CalledFunctions-Rec (/* scanned */) Go_6>>>;

Hauano paGoTel uHTEpIpEeTaTOpa HAUMHAETCS ¢ 00xona (aiioB, MOPOXK/ICH-
HBIX KOMITWJISITOPOM MCXOTHOM mporpammsel Ha Pedane-5 B mpoMexyTouHoe mnpea-
cTaBjieHHe (PyHKIIUU Ha si3bIKE BXOAHOTO Pedan-rpada, KoTopoe ABiseTcs BXOAHBIM
151 cyneproMmuisitopa SCP4. JInst kax o GyHKIMM €€ TPeCTaBICHNE HaXOUTCS

B OTHEJBHOM (hajiie B mamke « /scp4/pgraph/».
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JIuctunr 20: O0xox u cuuThHIBaHUE JUIs KaKI0U QPyHKIIUM ee Tpada

CalledFunctions -Rec {
(e.Scanned) /* empty */ = e.Scanned;

(e.Scanned) s.Next e.UnScanned =
<CalledFunctions - Rec
(e.Scanned s.Next)
<MakeSet
<SetDifference
(e.UnScanned <CalledFunctions s.Next>)
(e.Scanned s.Next)

JIuctuHr 21: OYHKIMS BO3BpAIaeT CIIMCOK BBI3BIBAEMBIX M3 HEee (DYHKIIHI

CalledFunctions {
s .FuncName =

<MakeSet <NamesFromGraph s.FuncName <LoadGraph s.FuncName>>>;

Jluctunr 22: X Xin ¢yHkius u3z oudmuoreku re flib.ref ocymecTBIseT CYUTHIBA-

Hue u3 ¢aiina

LoadGraph {
s.FuncName = <Xxin ’../pgraph/’ <Explode s.FuncName>>;

JIuctunr 23: N3Bneuenue u3 rpadoB UMEH BbI3bIBAEMBIX (PYHKIIUN

NamesFromGraph {

s .FuncName (Fork e.Branches) = <NamesFromBranches e.Branches>;

)

s .FuncName /* empty */ = <Prout ’'Warning: no graph for s . FuncName>;
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Ocy1iecTBasieTCs CUHTAaKCUYECKU aHanu3 rpadoBOro MmpeacTaBieHus ¢ lie-

JIBIO U3BJICUCHU A I/IH(i)OpMaI_[I/II/I.

Jluctunr 24: N3BneueHue U3 BETOK rpadoB UMEH BBI3bIBAEMBIX (DYHKIIHUIMA

NamesFromBranches {
"+’ (s.Num e.Branch) e.Branches =

<NamesFromBranch e.Branch>

<NamesFromBranches e.Branches>;

/* empty */ = /* empty */;

NamesFromBranch {

(Ct e.Contr) e.Branch = <NamesFromBranch e.Branch>;

(Fork e.Branches) e.Branch =
<NamesFromBranches e.Branches>

<NamesFromBranch e.Branch>;

(Conf e.Conf) e.Branch =
<NamesFromConf e.Conf>

<NamesFromBranch e.Branch>;
(Rs e.Restr) e.Branch = <NamesFromBranch e.Branch>;
(Def (e.Expr ’:’7 t.Var)) e.Branch =

<NamesFromExpr e.Expr>

<NamesFromBranch e.Branch>;

/* empty */ = /* empty */;

ITocne IOJIYUYCHUA HYXXHBIX JAaHHBIX O IIPOrpaMMcE 3aIlyCKacTCA €€ BbLIIIOJIHC-

Hue u3 Gpyukuuu Runlnterpreter.
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JIuctunr 25: @ynkuua Runlnterpreter

RunlInterpreter {

e.Functions =
<Int
None
<Strategy> /*strategy mode*/
(' (Fn Go_6 (/* ¥/ 007 x)) 7 x)
/*encode the task for supercompilation™®/
(<LoadAllGraphs e.Functions>)

>3

Jluctunr 26: Oynkuus, GopMHUpyOIIas CTPYKTYPY COAEPKAIILYI0 OTOOpaKeHUE Ha-

3BaHMs (PYHKIIMH B COOTBETCTBYIOLIUH €il rpad

/*

<LoadAllGraphs s.FuncName*> = e.Program

e.Program ::= (s.FuncName e.Graph)*
*/
LoadAllGraphs {

s .FuncName e.Funcs =
(s.FuncName (<LoadGraph s.FuncName>))

<LoadAllGraphs e.Funcs>;

/* empty */ = /* empty */;

3amyck u paboTa OCYIIECTBISIETCS B ABYX Pa3HbIX PEKMMAX — aNIUIMKaTUBHOM U
aeHuBoM. J1Jig 3TOro He0OXOAUMO 3aJaTh (pJIark PeXUMOB B .mst ¢aiiie uiu u3 Ko-

MAaHJIHOM CTPOKH, U CUUTATb.
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JIuctunr 27: O0paboTka apryMeHTOB KOMaH/IHOM CTPOKH JIsl YCTAHOBJIEHUS CTpa-

TETUH BBIYHUCIIEHUN UHTEpHpETATOPa

Strategy {

/* empty */
, <Upper <Arg 1>>
{
"/JAPPL’ = <Prout ’Applicative strategy’> Appl;
"/LAZY’ = <Prout ’Lazy strategy’> Lazy;
e.Other = <Prout ’Applicative strategy (default)’> Appl;

Oyukuus Runlnterpreter dopmupyet BbI30B (yHKIMH [Nt ¢ TOATOTOBIICH-
HBIMU JJAHHBIMU U YCTaHOBJICHHBIMHU (uiaramu. JIBa ycTaHaBiIuBaromuxcs Quara ass

paboThl HHTEPIPETATOPA!

1. ®nar ¢ ykazaHnueM Tuna o0padbaTbIBaeMbIX BETOK — ATOT KPUTEPHl BIUSET Ha

MOAPOOHOCTh OPOKAAEMOTO JIepeBa M B JajbHEHIIeM rpada

2. ®@nar ¢ yKa3aHUEM CTPaTervu BEIYMCIIEHUS

JIuctunr 28: Curnarypa gynkiuu Int

<Int s.ExtraBranches s.Mode e.Expr (e.Program)>
s.ExtraBranches ::= None | ForSVars | All
s.Mode ::= Lazy | Appl
e.Expr ::= t.Term*
t.Term ::
(’*’ e.Expr)
| s.SYMBOL
| (! (Fn s.Fn (e.Expr ’:’ t.Var)) ’:’ t.Var)

@yHKkus Int OCyLIECTBIIAET MPOBEPKY HA COAECP)KAHUE B TEKYIIEM I0OJIE 3pe-
HUS IPOTPaMMbl METAKOAUPOBAHHOTO BbI30BAa (PYHKIIMHM M METAKOJUPOBAHHOTO BbI-

pakeHUsl B CTPYKTYPHBIX CKOOKax. /171 pa3HbIX cyyaeB B 3aBUCUMOCTH OT YCTaHOB-
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JICHHBIX PEKUMOB MHTEPIIPETALMU 3aIyCKAIOTCSA Pa3HbIe IPOrpaMMbl JaJIbHEUIIEN

HHTCPIIPCTAINH, a TAKKC IICPCAAOTCA 3HAYCHUA (I)J'IaI‘OB.

Jluctunr 29: Peanmuzanus Gyukiuu Int

Int {

s.ExtraBranches s.Mode (’*’ e.Nested) e.Rest (e.Program) =
(’*’ <Int s.ExtraBranches s.Mode e.Nested (e.Program)>)

<Int s.ExtraBranches s.Mode e.Rest (e.Program)>;

s.ExtraBranches Appl (’!” (Fn s.Fn (e.Arg ’:’ t.Varl)) ’:’ t.Var2)

e.Rest (e.Program) =
<IntFunc
s.ExtraBranches Appl s.Fn
<Int s.ExtraBranches Appl e.Arg (e.Program)>
(e.Program)

>

<Int s.ExtraBranches Appl e.Rest (e.Program)>;

s.ExtraBranches Lazy (’!’ (Fn s.Fn (e.Arg ’:’ t.Varl)) ’:’ t.Var2)
e.Rest (e.Program) =
<Int
s.ExtraBranches Lazy
<IntFunc s.ExtraBranches Lazy s.Fn e.Arg (e.Program)>
(e.Program)
>

<Int s.ExtraBranches Lazy e.Rest (e.Program)>;

s.ExtraBranches s.Mode s.Symbol e.Rest (e.Program)

= s.Symbol <Int s.ExtraBranches s.Mode e.Rest (e.Program)>;

s.ExtraBranches s.Mode /* empty */ (e.Program) = /* empty */;

BbI130B (hyHKITMU HHTEPIIPETUPYETCS B 3aBUCUMOCTH OT PEKUMOB, HO TJIaBHOE
31ech — (hOpMHUpPOBaHME HOBOTO BhI30Ba (PYHKIIMK MHTEpIIpETaluu rpada, HHUINA-

Ju3aiys TabJIuIIbl, CTEKa BO3BPATOB, TEKCTA CaMOro Tpada.
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JIuctunr 30: Peanuzanus uateprpeTauuu QpyHKIIMU, BCTpEUaromieiics B rpade

/*

<IntFunc s.ExtraBranches s.Mode e.Expr (e.Program)> = e.ObjectExpr

*/

IntFunc {

s.ExtraBranches Appl Residue s.FuncName e.Arg (e.Program)

= <Call s.FuncName e.Arg>;

s.ExtraBranches Appl Executable s.FuncName e.Arg (e.Program)

= <Call s.FuncName e.Arg>;

s.ExtraBranches Lazy Residue s.FuncName e.Arg (e.Program)

= <Call s.FuncName <Int s.ExtraBranches Lazy e.Arg (e.Program)>>;

s.ExtraBranches Lazy Executable s.FuncName e.Arg (e.Program)

= <Call s.FuncName <Int s.ExtraBranches Lazy e.Arg (e.Program)>>;

s.ExtraBranches s.Mode Appl  e.Arg (e.Program)
= <Appl___ <Int s.ExtraBranches s.Mode e.Arg (e.Program)>>;

s.ExtraBranches s.Mode s.FuncName e.Arg (e.Program)
= <IntGraph
s.ExtraBranches
s . Mode
((c.Arg =" (e’ 1))
<LookupGraph s.FuncName e.Program>
(0 )
(e.Program)

>3

Jlanee OyayT mpUBEIEHBI YU4acTOK OINpeAesieHUs] (PyHKIIMU UHTEPIPETUPYIO-

mie rpad u ee curHaTypa.
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JIuctunr 31: Curnarypa @yukiuu IntGraph

<IntGraph s.ExtraBranches s.Mode (e.Table) e.Graph (e.Backtrack) (e.Program)>
= e.ObjectExpr

e.Table ::= (e.Value ’:’ (s.Type s.Index))*
e.Backtrack ::= (e.Table) e.Branches
e.Branches ::= e.Branch*

e.Branch ::= '+’ (s.Number e.Graph)

JIuctunr 32: Yuacrok onpenenenus ¢pynkiuu IntGraph 1

IntGraph {

s.ExtraBranches s.Mode (e.Table)
(Ct e.Contr) e.Graph (e.Backtrack) (e.Program)

, <PerformContr s.ExtraBranches s.Mode (e.Table) e.Contr (e.Program)>

{
Ok e.NewTable

= <IntGraph s.ExtraBranches s.Mode (e.NewTable) e.Graph
(e.Backtrack) (e.Program)>;

Fail = <IntGraph s.ExtraBranches s.Mode <Backtrack e.Backtrack>
(e.Program)>;

}s

s.ExtraBranches s.Mode (e.Table)
(Fork '+’ (s.Number e.Graph) e.Branches) (e.OldBacktrack)

(e.Program)
= <IntGraph s.ExtraBranches s.Mode (e.Table) e.Graph
((e.Table) e.Branches) (e.Program)>;

s.ExtraBranches s.Mode (e.Table)
(Rs e.Restr) e.Graph (e.Backtrack) (e.Program)
, <PerformRestr (e.Table) e.Restr >
{
Ok = <IntGraph s.ExtraBranches s.Mode (e.Table) e.Graph
(e.Backtrack) (e.Program)>;
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JIuctunr 33: Yyactok onpenenenust Gpynkuuu IntGraph 2

Fail = <IntGraph s.ExtraBranches s.Mode <Backtrack e.Backtrack>
(e.Program) >;

}s

s.ExtraBranches Lazy (e.Table)
(Conf (e.Expr ’:’ t.Var)) (e.Backtrack) (e.Program)
= <Substitute (e.Table) e.Expr>;

s.ExtraBranches Appl (e.Table)
(Conf (e.Expr ’:’ t.Var)) (e.Backtrack) (e.Program)
= <Int s.ExtraBranches Appl <Substitute (e.Table) e.Expr> (e.Program)>;

s.ExtraBranches s.Mode (e.Table)
(Def (e.Expr ’:’ (Var s.Type s.Index))) e.Graph (e.Backtrack) (e.Program)
, <Int s.ExtraBranches s.Mode <Substitute (e.Table) e.Expr> (e.Program)>
e.Res, e.Table (e.Res ’:’ (s.Type s.Index)) : e.NewTable
= <IntGraph s.ExtraBranches s.Mode (e.NewTable) e.Graph
(e.Backtrack) (e.Program)>;

PaccMoTpuM cuieHapuii MHTEpIIpeTaluu i KOHQUTrypaluu y3ia B rpade c

KOHTPaKIIHEH.

TpaKIMU, YTO MOApPa3yMeBaeT MpeoOpa3oBanus Haa Tabauien. Jlaaum onpenenexnue

stor dynkimu. OHa OyaeT BO3Bpaliarh B Ciiydae ycrexa/Heycrexa BeTKy ClIeaylo-

11

B dynkiuu IntGraph ajis Takoro cirydasi OCyIIeCTBISICTCS UCITOJHEHNE KOH-

€ro MCIIOJIHCHUS 110 IIpOorpaMme.

JIuctunr 34: Curnarypa QyHKIIUU UCTIOJIHSIOUIEH KOHTPAKIIUIO

/*

*/

<PerformContr (e.Table) e.Contr>
= Ok e.Table
= Fail
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Jluctunr 35: Onpenenenrie GyHKIIUU UCTIOTHSIONIEH KOHTPAKITUIO

PerformContr {

s.ExtraBranches s.Mode (e.Table) (Var s.Type s.Index) ’:’ e.Pattern (e.Program)
= <PerformContr - Aux

s.ExtraBranches
s . Mode
e.Table)

(
(<LookupVar e.Table s.Type s.Index>)
(<SubstituteS (e.Table) e.Pattern>)
(

e.Program)

PerformContr - Aux {

s.ExtraBranches s.Mode (e.Table) (Success e.Value) (e.ConcretePattern)

(e.Program)

, <Match s.ExtraBranches s.Mode (e.Value) e.ConcretePattern (e.Program)>
{
Ok e.NewVars = Ok <UpdateTable (e.Table) e.NewVars>;
Fail = Fail;
}s

Ha nmpumepe ogHoro u3 y3ioB rpada mpeactaBieHuss (PyHKIIUU MPOAEMOH-
CTPUPOBAaHA BETKA MHTEPHPETATUMH. AHAJIOTMYHO WMHTEPIPETAlUUs MPOXOAUT I

JIPYTUX y3JI0B rpada.
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S TecrupoBanue

5.1 MHccaenoBanue nporpamm, rjie NpuMeHeHue MHTEPIPETATOPa MOPOoXKIAaeT 00-

Jiee HHTEePeCHbIE 0CTATOYHbIE MPOTPAMMBI
. CynepkoMnmupyeTcst uHTepnpeTarop int.ref ¢ 3amanuem int.mst :

JIuctunr 36: 3aganue Ha CyNepKOMIMWISALMIO HHTEPIIPETaTopa 1o nporpamme Trim

$DEFINE Prog
<Inref4
Trim {
77 e. X = <Trim e.X>;
e. X 7’ = <Trim e.X>;
e. X = e.X;

[*empty*/ = /*empty*/;

<Int e.X ( ) > --

<Trim ! >  %.Prog :

int.ref (= 1000 cTpok ) mpeodpa3yeTcs B MHTEPIPETATOP CIICIIUATN3UPOBAHHBIN 11O
nporpamme ¢ gynkuuent Trim (= 40 cTpoK) ¢ CONTUMHU3UPOBAHHOM ONEPalIMOHHON

CEMaHTHUKON

Jluctunr 37: IIporpamMmma, OpOXKJIAECHHAS B pE3YJIbTATE CYNEPKOMITHIISIIIUYA HHTEPIIPE-

Taropa mo nporpamme Trim 1

*$MST_FROM_ENTRY;
*$MATCHING ForRepeatedSpecialization

)

*$STRATEGY Applicative ;
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JIuctusnr 38: [IporpamMmma, nOpoKaE€HHAS B pE3YJIbTATE CYNEPKOMITHIISIIUYA HHTEPIIPE-

Taropa no nporpamme ¢ hyHkiuen Trim 2

/*
$ENTRY Go {

= <Prout <intl e.X >> ;

)

}
*/

* %k >k

* InputFormat: <intl e.l1 >
*  QOutputFormat: =—> ¢.0

*/

intl {

e.l = <F74 e.l>;

}

ES

* InputFormat: <F141 (e.l ) s.144 >
*  OutputFormat: =—> s.191 (e.192 )

*/
F141 {

(e.1 7 ) s.144, <F141 (e.1) s.144> : s.233 (e.234) = 5.233 (e.234);
(e.1) s.144 = s.144 (e.l);

¥
/*
* InputFormat: <F74 e.1 >
*  OQutputFormat: =—> e.231

*/
F74 {

T el = <F74 e.1>;

s.144 e.1, <F141 (e.1) s.144> : s.191 (e.192) = s.191 e.192;
e.l 77 = <FT74 e.1>;

e.l = e.l;
¥

>k ok ok ok ok ok ok ok ok ok sk ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok The End >k >k 3k 3k ok sk ok sk ok sk sk ok ok sk skook ok sk skook ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
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Ecau apryment mns ¢yskiuu Trim He HauymHaeTcs ¢ mpoOesia, HO IIPH 3TOM 3aKaH-
yuaetrcs Ha 100 npo6enos, Bc€ paBHO 100 pa3 OyneT BHINMOIHATHCS COMOCTABICHHE
C mepBBIM 00pasioM. B ocTaTtouHoi mporpamMme Takod W30BITOYHON MPOBEPKU HE

OyzerT.

. 3a/1aHre Ha CyNEePKOMIUIISLINIO:

JIuctunr 39: IIpumep ¢ 3a1aHMEM Ha CYNIEPKOMITWIBSIIUIO HHTEPHPETATOPA IO MPO-

rpaMMe BepudUKaIiu

\begin{lstlisting}
$DEFINE Prog
<Inref4
Pred {
A B e.X = False;
e.X = True;

Hello {
A B e¢.X = Hello;
e.X = e.X;
}
Go { e.X = <Pred <Hello e.X>>; }

>;

<Int All Appl e.X ( ) > --
<Go ! >  %.Prog :

ITepBas mpoekiust @yTamypsl 11 HHTEpIpeTaTopa, HanmrucanHoro B janHoi BKP, u
MPOrpamMMBbl U3 3aJaHUS HA CYNIEPKOMITAIISILIUIO IMOJIYYAETCS CIAEAYIOIIAs OCTaTOUYHAs
rporpamma:

JIuctunr 40: Pe3ynbraT CynepKOMIUISIIMYA HHTEPIIPETATOpa MO MporpamMmme Bepudu-

Karmu 1

*$MST _FROM_ENTRY;
*$MATCHING ForRepeatedSpecialization ;
*$STRATEGY Applicative ;
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JIuctunr 41: Pe3ynbTaT CynepKOMIUISLIUYA HHTEPIIPETATOPA MO MporpaMmme Bepudu-

Kaiuu 2

/*
$ENTRY Go {
= <Prout <intl e.X >> ;

}

"

*okok

/*

* InputFormat: <intl e.l1 >
*  QOutputFormat: =—> ¢.0

*/

intl {

e.l = True;

[IpogeMOHCTpUPOBAaHHBIN TTPUMEDP TOPOXKAAET MPOrpaMMy, KOTopasi BEpUPHUIHPY-
eT padoty pyHKIMU(OTMCAaHHOW B 3aJIaHUU HA CYTIEPKOMITUJIISIUIO), TPOBEPSIOIICH
nojlyuaeMoe CJIOBO Ha Hecojepkanue npedukca «A By, Oynkuus Hello Hukorma
HE BO3BpaIlaeT CTPoKy ¢ mpedurcom «A By. 3naunt padota pynkmuu Pred moxer

OBITH OIITUMHU3HUPOBAHA OO BO3Bpara CIMHCTBCHHOI'O 3HAYCHUA — True.
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3AK/TIOYEHHUE

B pamkax BKP peanuszoBan unrepnperarop rpada (mopoxaaeMoro Ha BXOo[
cynepkomnuisitopy SCP4). atepnperarop cienad TPUTOAHBIM ISl CYIIEPKOMITH-
JSUU U OB cynepkoMnuiupoBad. C pasHbIMU (PYHKIHSIMU AJI1 UHTEPIPETALNH
nociie paboThl CyNEpKOMITUIISATOPA HaJl CelMaIn3aleil uHTepnperaropa ObUIH Mo-
JTy4YeHbl TOXKIECTBEHHbIE UCXOAHBIM (YHKIUSAM (QYHKIHMH, HO HE TOXKIECTBEHHBIE
KaK aJTOPUTMBI, @ ONTUMU3UPOBAHHbBIE. DTH PUMEPHI JEMOHCTPUPYIOT YIIyULIEHHUE
pesynbraroB cynepkoMmwisinua SCP4 nmocpenctBoM NpuMEHEHUST TPOMEKYTOUHO-
ro MHTEPIpETaTopa. A Takke JaJbHEUIINE BO3MOKHOCTHU ISl TIOMCKA CTPATETUil K
YIIYUIIECHUSM.

Taxxxe pesynsrarom BKP saBnsiercs peanmsanus panee HE UCIOIb30BAHHON
BO3MOKHOCTH MST-cXeM KOHCTPYHpPOBAHUSI MHOTOYPOBHEBBIX 33/IaHUU HA CyMNep-

KOMITHUJIAILIHUIO.
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Puc. 7: Ucnonb3zoBanne SCP4 u untepnperaropa
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