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1 Bsenenmne

I/I3yquI/Ie KOHTeKCTHO—CBO60,ZLHbIX rpaMMaTHUK BazKHO AJIA COBpeMeHHOIU/I NH-
dopmaruku. COOTBETCTBYIONINE UM KOHTEKCTHO-CBOOOJIHbIE A3BIKH HAXOIAT
IpUMeHeHHe B Pa3sHOOOPA3HBIX IIPOIPAMMHBIX IPOIYKTAX, TAKHX KakK:

® KOMIIIJISATOPHI
e cpejcTBa OPMATUPOBAHUS MCXOIHOTO KOJIA

® CpeJICTBA CTATUYECKOTO aHAJIN3a IMPOTpaMM

® CUHTAKCHUYeCKHe PelaKTOPbI

® CUCTeMbI BEPCTKU

® IIPOrpPaMMBbI TPOCMOTPa HPOPMATHPOBAHHOTO TEKCTA

® JIOMCKOBLIC CUCTEMDbI



U JIpyTHe.

[Tpu pabore ¢ KOHTEKCTHO-CBOOOHBIMU I'PAMMATUKAMH Ba2KHO YMETh IIPO-
BEpPATb Pa3JIMYHbIC CBOHCTBA 3TUX I'PAMMATHK.

Hanpumep, npeacraBum cedbe reHeparop mapcepoB. OOBITHO TeHepaTopy
Ha BXO/I MOYKHO 1I0JIaTh He JIIOOYI0 IPaMMaTHKY, & TOJHKO 00181201y 10 OlIpe-
nejenubivu coiicrBamu (Hanpumep, LL(k)). Ecin rpammaruka HenmpaBuib-
Hasl, TeHePaTOp HUYEro He BBIJACT WU BHIIACT epyHay. KoHewHO, MOXKHO
MEHSTh I'PaAMMATHKY 10 TeX IIOp, IOKAa Mbl He YBHUJIMM KOPPEKTHBIH BBIBOJL
reHepaTopa, HO XOTeJIOCh OBl UMeTh 00Jiee dJIeraHTHBIN MeTOJI pelleHus IToH
upobJsiembl. [Ipex e Bcero, Xoresioch Obl BBIIOIHITH ITPOBEPKY CTATUICCKH,
1 XOTeJIOCh Obl UMEeTh CAMOCTOSITEHHBIII NHCTPYMEHT, HUKAK HE MPUBSI3aH-
HBII K TOMY, JIJIS 9€T0 MbI XOTHM HCIOJIb30BATh TOCTPOEHHYIO FPAMMATHKY. B
KOHIIe KOHITOB, Halllel 3a/1aueil MOKeT OBbITH IIPOCTO MOCTPOEHUE IPAMMATHKH
0e3 HeMeJIEHHOIO €6 HCIIOJIB30BaHUS B KAKUX-IU00 HHCTPYMEHTAX, KOTOPBIE
3afiMyTC4d 38 HAC HPOBEPKON CBOMCTB, HO U B 9TOM CJIy4a€ Mbl XOTHUM UMETh
BO3MOYKHOCTH TapaHTHPOBATH KaKme-TO e€ cBoiicTBa. [IpoBepsTh cBoOiicTBA
rPpaMMATHKH BPYYHYIO MOYKHO TOJIHKO JIJIsT OUeHb MaJIeHbKUX TPAMMATHUK, HO
Jlayke M B 9TOM CJIy4ae BeJUKA BEPOSATHOCTH OMIUOUTHCA.

Taxmm o6pa3oM, OHITHA TOTPEOHOCTD B YI0OHOM, CAMOCTOSITE/IHHOM HH-
CTPpyYMeHTE, HO3BOJIAIOIITEM aBTOMATUYICCKHU IIPOBEPATDH KOHTeKCTHO—CBO60,ZLHbIe
rpaMMaTHKH HA COOTBETCTBHE 3aJaHHOMY CIIHCKY CBOICTB. DTa 3a1a4a u pe-
maeTcsd B MOeil KypcoBoil padore.

B HacTodiee BpeMd HPaKTU4YECKH He CYIIeCTBYEeT MHCTPYMEHTOB, CIie-
IHaJIbHO IpedHa3HaAYCHHbBIX OJId IIPOBEPKU CBOICTB I'paMMaTHK. Boubimasa
JaCTh UMEIOIIUXCA HHCTPYMEHTOB pelllaeT TOJbKO Y3KHe CllellhaJIbHbIE 3ada-
qH.

2 Moii moaxoa K pemieHunio IIpodJIeMbl

Ecan MBI XOTHM €O3/1aTh HHCTPYMEHT, KOTOPBIi Oy/IeT HCIOIb30BATHCS IS
pellleHns peaJbHbBIX 3a7a4, a He IbLINTHCS B apXuBax Kadeapbl, He0OX0IMMO
3aayMaThbes 06 ymobcrse mHTepdeiica monb3oBaTesas. B moeit pabore Mue



XOTEJIOCHh JOCTUYb CIEAYIONINX Tesei:
e CcoO3JaHHe KPacHBOH M KOPPEKTHO paboTarolneil IporpaMMbl
e yI00CTBO BBOJIA U U3MEHEHUS JIAHHBIX

® BO3MOXKHOCTD IIPU HEOOXOIMMOCTH JIEIKO JOMOJHUTH IPOTrPAMMY HOBbBI-
MH CBOHCTBaMH

Hanuuue ciennduaeckoit 061actu 3a1a4 (IpoBepKa CBORCTB TPAMMATHK )
HaBeJI0O MEHsI Ha MbIC/Ib O CO3/IaHUH JIOMEHHO-CIeIruuIHOro g3bika. [Ipe-
MeTHO-OpHeHTHpOBaHHbIe (Hn moMeHHO—crenudnaabie, DSL) a3bkn — onHa
U3 TOIYASPHBIX Hjeil B MUpe BBICOKOYPOBHEBOIO IIporpaMMupoBanusd. M es
IPOCTa: JIJIST TOTO, YTOOBI pelIaTh YacTO BCTPeYalollfecss B KaKOH—TO KOH-
KPeTHOI 00JIaCTU 331441, IPOIIe CO3JATh MAJIEHLKUM HOBBIH S3BIK, YeM IIH-
CaTh I'POMO3/IKHE KOHCTPYKIIMU Ha s3bIKe ODIIEero Ha3HAYCHUS.

Ho Mmajo co3marh g3bIK — B COBPEMEHHOM MHPE HUKTO He Oy/ieT UCIOJ/Ib-
30BaTh HOBBIH $I3BbIK, €CJU K HeMy He Tpusaraercs yaobuas IDE (unrerpu-
pOBaHHAs cpejla pa3pabOTKH), ¢ MOJCBETKON CHHTAKCUCA, KOHTEKCTHON MOjI-
CKa3KOI u IIPpOYUMU IIPEKPACHBIMHA BeElllaMH, KOTOPbIE€ Bbl IIPUBLIKJIX BHJIACTDL
B CBOeM pejiakTope kKoja. Paszpaborka Taxoit IDE tpebyer orpomuoro koJsu-
9eCTBa YCUJIMI W BPEMEHU, W, Ka3aJIOCh Obl, SIBJASIETCS CJIUIIKOM CJIOYKHOM 1
Hecopa3MepHo 00JIbINOI 3a1a4eil B paMKax 3Toil KypcoBoit paboTsl. O1HaKo,
peleHne CyIecTBYeT — MOYKHO BOCIIOJIB30BAThCS KaKOW-TN00 U3 CHCTEM Me-
TAIPOrPaAMMUPOBAHNA, TO3BOJIAIONIUX HOJYYUTE HIPOIUPAMMY IIPU MEHBINNAX
3aTpaTax BPEMEHH U yCHJIUi, 9eM eCJIu Obl TPOTPAMMUCT TTUCAJ €€ BPYUYHYIO.

OHO W3 MePBBIX pellleHui, KOTOpble IPUXOANTCI IPUHAMATD IIPU BBIOO-
pe CHCTeMBI MEeTAlpOTPAMMHPOBAHUSA — BBIOOP MEXKIY TEKCTOBBIM K BH3Y-
AJLHBIM CHHTAKCHCOM. /11 omucaHus rpaMMaTHK TPOIPAMMUCTEL UCIOKOH
BEKOB HCIIOJIb30BaJId TEKCTOBBII CHUHTAKCHUC, KOTOprﬁ XOpouio nmoAXoauT dJid
3TOM 3a a4, IIO3TOMY M IIPU CO3JaHHUN MOEIo A3bIKa A XOTeJia UCHOJIb30BaTh
YTO-TO MOI00HOE.

B konne KoHIIOB, 9 0CTaHOBHJIACH HA UCIOJIL30BAHUM cucTeMbl JetBrains
MPS (Meta Programming System).



3 JetBrains MPS

OcnosabiM npenmytinecTBoM MPS sBiisteTcst BO3MOXKHOCTH PACITUPATD A3bI-
Kn. KaxKaplit cymecTBYIONMNN I3bIK IMeeT CTPOTO ONpeIeIeHHBI CHHTAaKCHC,
U 9TO OTPAHUYUBAET ero TmOKocTh. [1aBHas mpobyeMa pacmupeHus sS3bIKa
— TEKCTOBOE IPEJICTABJIEHUE KO/Ia. DTO OCOOEHHO BAXKHO, €CJIN Mbl XOTUM HC-
[I0/Th30BATH PA3HBIE PACIITHPEHHS SI3bIKA, ¥ KAZKJI0T0 U3 KOTOPBIX MOZKET ObITh
CBOi1 COOCTBEHHBII CHHTAKCUC. JTO TPUBOJINT K U/1€€ HETEKCTOBOTO TPEICTaAB-
JIeHUsl TPOrPpaMMHOTO Koja. OTpOMHBIH TLTIOC TAKOTO TMOAXO/Aa B TOM, UTO
OH u3baBIgeT HAC OT HeOOXOAMMOCTH mapcuTh Koia. B JetBrains MPS ko
XPAHUTCs B BUJe aDCTPAKTHOIO CHMHTAKCMYeCcKoro Jjepesa (Abstract Syntax
Tree, AST), KOTOpOe TOJHOCTHIO OMUCHIBAET IIPOrPAMMHBIH Kox. B To ke
Bpemsa, MPS npemraraer addextuBubIil criocod mucaTh KO Tak, KakK OyIro
TO TEKCT.

B mpornecce co3ganus a3pika Ha MPS, M0XKHO co3maBaTh mpaBmIa JIJIst
peJlakTupoBaHusd U 0ToOparkeHusd Koja. MoxKHO Tak 2Ke OIpeJe/isaTh CUCTe-
My THIIOB U OTPAHWIEHWH 3bIKa, 9TO 103BosieT MPS Bepudunuposars Ko
Ha JIeTy U JieJlaeT MPOrpaMMHUPOBaHUE HA HOBOM SA3bIKe IIPOTIIE.

Hcnonp30BaHue I0MEHHO-CHENM(PUIHBIX S3BIKOB IIO3BOJISIET IMHUCATH IPO-
rpamMMbl Ha 60J1€€ BBICOKOM YPOBHE a0CTPAKIMH, [TOJb3YICh HOHATUSAME, €CTe-
CTBEHHBIME IS JaHHONH KOHKpeTHo# obsactu. MPS mosBosster co3gaBaThb
HOBBIE S3BIKM TaK YKe, KAK OOBIYHBIF MPOrPAMMHUCT CO3/aeT KJIACChl WU Me-
TOJIbI, 1 BMECTE C SI3BIKOM CO3/IaeTCd U VIOOHBIH pelakTop.

4 (OcHOBHBIE e

Jlns periieHust moCTaBJIEHHON 3a/[a4n ObLIN CO3/aHbI TPHU SI3bIKA:
e GrammarLanguage
e GrammarPropertiesLanguage
e GrammarVerificationLanguage

GrammarLanguage — BClToMOTaTeTbHBIN SA3bIK /I ONMTACAHNS KOHTEKCTHO-
¢B0OOIHBIX paMMaTuK. OH MO3BOJISIET ONUCHIBATH TPAMMATUKU B (popMme,

4
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terminal : x

nonTerminal | <eclpameHne=
nonTerminal | <cnarasmoe=
nonTerminal @ <MHOMWTenb>

Puc. 1: IIpumep nporpammer Ha GrammarLanguage: apudgmerndeckoe Boipa-
JKeHue

moxoxkeil Ha craHJapTHYIO0 3aluch rpamMmMmaTukn B dopme bakyca-Hayspa
(BNF). DT0T 13bIK HCIIOAB3YETCS 7151 TOTO, YTOOBI BBECTH B CHCTEMY I'DaMMar-
THKY, CBOHCTBA KOTOPOIl MBI XOTUM TIPOBEPUTH. JTOMY SI3BIKY JIETKO HAWTH
IpUMEHEeHHe W BHE MOETrO MPOeKTa — OH MPUTOIUTCS B JIOOOH Tporpamme,
UMerolel /1eJ10 ¢ rpaMMaTHKAMH.

FpaMMa.TI/IKa, BBeCHHAaA HpI/I IIOMOIIIH 9TOI'O HSBIKa, XpaHI/ITCH B HporpaM—
Me B BHJE JepeBa, YA00OHOTO /It 00XO0/A.

GrammarPropertiesLanguage — s3bIK, onuchbIBaomuii cBoiicTBa ca-
Moft rpammarTuku. OCHOBHOE BBIPA3UTE/NIBHOE CPEJACTBO SI3BIKA — OLEPATOP
"HeTepMUHAJI BBIBOIUT CTPOKY, COOTBETCTBYIOIIYIO PEryJIIPHOMY BBIparKe-
auto". Kpome 3T0ro, B sI3bIKe €CTh ONMEPATOPHI, COOCTBETCTBYIOININE JTOTHYIe-
CKHM OIIepallisaM, KBAHTOpAM U HEKOTOPBIM JIPYTHE CJIyKeOHbIe MOHSITHSIM.
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- [S] jethrains. mps.spellchecker.sandbox (generation required) Pome el el X
< = jetbrains.mps spellchecker.sandbox | productions
+ @ sandbox (generation required) : <BUpHEHHES —>
~ © SimpleGrammarRulesSet <EHPAKEHNE> + <CNAr3EMOE>
I © formula : for all nonterminals : <BbIPAXEHNE> - <CharasMoes
P © formula : for all nonterminals i =Ll ac MOEs:

<cnaraemoes ¥ <MHOMMTENE>

b © startSymbol : <emipaxenne> <CRaraeMoe> / <MHONMTENb>
P © terminal : + i <MHOMMTENL>

P © terminal : - ) <MHOXWTEME> -3

[ terminal : * i ( <BHpaMEeHMes )

[» terminal ; / ) X

[» terminal : ( i

b © terminal ) <BHpakeHne> is start symbol
I
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| © ApudimeTuHeckoeBriparkeHme © SimpleGrammarRuleSet

ruleset SimpleGrammarRuleset

for all A : not ( exists x describing A : exists v describing A : not ( first{ x ) » first( v ) is empty ) )
for all A : not ( & leftmostly derives & ( . ) * )

Puc. 2: Tlpumep nporpammel Ha GrammarPropertiesLanguage: LL(1) u ca-
MOBCTAaBJICHHOCTDb

B sTux TepMrHAX MOXKHO OIIACATH OYeHb MHOTO BayKHBIX CBOWCTB KOHTEKCTHO-
CBOOOTHBIX TpaMMaTHuK. [IpuBeseM HECKOJIHKO TPUMEPOB CBOMCTB, MPOTIPaM-
MBI JIJIsI IPOBEPKH KOTOPBHIX MOYKHO 3alUCATh OYKBAJIbHO B OJIHY CTPOYKY:

® JICBOPEKYPCHBHOCTD

® CaMOBCTABJIEHHOCTH

® COOTBETCTBHE HOPMAJILHOMN (hopme XOMCKOro
e cooTBeTcTBHE HOpMaJbHOU ¢dopme ['peitbax

® SBJISIETCS JIH IPAMMHUTHKA aBTOMATHOI

e spysiercd au rpammarnka LL(1)-rpaMmaTrukoit

U TaK JaJjee.

[Iporpamma na GrammarPropertiesLanguage npejacrapiser coboit nabop
CBOHCTB, HA COOTBETCTBHE KOTOPBIM HYKHO MPOBEPUTH IPAMMATHUKY.

Haxkonen, Grammar VerificationLanguage — ciiyke6HbIil S3bIK, KOTO-
pblii 00beuHsgeT Bce Boeauno. IIporpamma, HammcanHasd Ha TOM d3bIKe,
IpUHUMAaeT Ha BXoj mporpamMmy Ha GrammarLanguage u nmporpamMmy Ha
GrammarPropertiesLanguage u BbIgaeT pe3ysbTaT, TOBOPSINHIA, YIOBIETBO-
psier Jiu JlaHHasl TPaMMaTuKa JaHHOMY HAbOpy MpaBuJI, U €CJAd HeT, TO MoYe-

MYy.

AJIropuTM™, UCIIOIb3yeMblii /1)1 BBIICHEHHUST BOIIPOCA, O TOM, BBIBOIHTCS JIN
13 JAHHOIO HeTEePMHUHAJIA JaHHOE PEryJdpHOe BhIpaXkKeHue, B IepBOM IIPUO.IH-
JKEHUU 1IpeJICTaB/isgeT cOOOM MOUCK B IIUPHUHY 110 JEPEBY, MOJIy4aeMOMY LIpU



PACKPBITUH TPOAYKIHIA, ¢ KOPHEM, COOTBETCTBYIOIIUM HETEPMUHATY. DTOT
IIPOCTOH aJrOPUTM ONTHUMU3UPOBAH IIyTeM OTCeYeHUs BETOK, 3aBeJOMO He
COOTBETCTBYIOIIUX PETrYJsPHOMY Bblparkeuuio. /[yt oberdenusi Takoro ot-
ceveHusl IPOBOUTCS MPeIBBIIUCIeHIe, T03BoJIsoMIee 3a O(1) BBISCHATH, MO-
2KeT JIM JJAHHBI CUMBOJI OKA3aThCs HA TIEPBOM MeCTE B JIJAHHON CTPOKE IOC/Ie
BBITIOJTHEHUST HECKOJIBKUX (BO3MOYKHO, HE BCEX) MPOLYKIIUIL.

5 PesyabTaThl

B pesyabrare paboThl HaJ MTPOEKTOM PEAJTH30BaH abCTPAKTHBIA M KOHKpEeT-
HBIl CHHTAKCUC YIIOMSHYTBIX BBIIIE SI3bIKOB, & TAKKe POTOTHUII MHTEPIIpeTa-
TOpA.

Bpems paborbl nHTEpIpeTaTOPa, K COXKAICHUIO, IOKA YTO OCTABJISET ZKe-
JaTh Jydmnero. OHO SKCIOHEHNUATBHO 3aBUCUT OT JIIMHBI PETYISPHOTO BBI-
paXkKeHUs, UCTIOIB3YEMOTO JIJISI ONpe/ieIeHns TPOBEPIeMbIX CBOMCTB rpaMMa-
THKHU, U JITHEIHO — OT KOJIMYeCTBAa NPOAYKIuil rpamMaruku. /lanbueiiniee
HalpaB/JeHUe UCCJICJOBAHNIN IO TOMY BOIIPOCY BKJIIOYAET B cebs yIydIleHune
BpeMeHH pabOThl MHTEPIIPETATOPa, a TaK:Ke HCCJeJ0BaHHe BOIPOCAa O TOM,
MOKHO JIH HPHMEHSATh 3aMeHHTh OCHOBHOH aJiropuTMm Ha 06osiee 3dperTun-
HBI.



