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Yacro npu paspaboTKe CJIOXKHBIX MPOTPAMMHBIX CHCTEM HCIOJIb3yeTcs: 0oJiee
YeM OJINH SI3BIK MPOTPaMMUPOBaHUs. B TakoM ciiydae MPUHSITO TOBOPHUTH 00 OC-
HOBHOM (MJIM MCXOJHOM) sI3bIKE M OJHOM WJIM HECKOJIbKAX BCTPOEHHBIX SI3BIKAX.
N3 cTpoKOBBIX BBIpaXKeHU! OCHOBHOTO SI3BIKA JIMHAMHUYECKH (DOPMUPYIOTCS MTPO-
rPAMMBI Ha, OTJIMYHOM OT HErO si3bIKe, KOTOPBIE TIOTOM UHTEPIPETUPYIOTCS CIEIH-
AJILHBIMHI, PAOOTAIONTIMH BO BPEMsI UCIIOTHEHUST KOMIIOHEHTAMHT, TAKUMU KaK OA3bI
JIAHHBIX Wi BeO-Opay3epbl. BOJIBITMHCTBO S3BIKOB ITPOrPAMMUPOBaHUs O0IIEro Ha-
3HAYEHUsT MOTYT UTPATH POJIb KAK OCHOBHOTO, TAK M BCTPOEHHOTO si3bika. CaMbrit
SIDKUI IPUMEDP Peain3aliii TaKoro mojxoma — nuaamudeckuit SQL, crenudurm-
poBanHublii B ctangapre ISO SQL u nmomuepkuBaembriii bosibmmuacreoMm CYB/I.

ABTOIOTIONTHEHYE U TOJICBETKA CHHTAKCUCA — CTAHIAPTHAS J7IST HHTEPAKTUBHBIX
cpest, pa3paboTKn DYHKITMOHAIBHOCTh — 3HAYUTEIHLHO YIIPOIAIOT TPOIECC pa3pa-
OOTKHU C UCIIOJIb30BAHUEM BCTPOEHHBIX SI3bIKOB. CyIIECTBYET HECKOIHLKO HHCTPYMEH-
TOB, IPEIOCTABJISIONIX (PYHKIIMOHAJIBHOCTh WHTEIPUPOBAHHBIX CpeJl pa3pabOTKH
JUUTST BCTPOEHHBIX SI3BIKOB, HO OHU B OCHOBHOM MOJJICP’KUBAIOT TOJBKO OJIMH KOH-
KPEeTHBIN BCTPOEHHBIH sI3bIK, U HOJJEPXKKA JIPYTOro si3blKa TPedyeT HEeTPUBUAJIB-
HOTO PYYHOTO BMENIATENIHCTBA. MBI TPOIEMOHCTPUPYEM pa3pabaThIBAEMYTO TLIaT-
dopMy, MO3BOJISIONLYO CO3/[aBaATh HHCTPYMEHTHI JIJIsi CTATHIECKOTO aHa 38 JINHA~
MUIeCKN (POPMUPYEMBIX BBIPAYKEHMIA.

BBenenue

YacTo npu pas3paboTKe CJIOXKHBIX MTPOTPAMMHBIX CUCTEM HCIIOJIb3yeTcs: Dojiee 1eM OJIMH
SI3BIK [IPOrPAMMEPOBaHUs. B TakoM ciydae IpUHSATO FOBOPUTH 06 OCHOBHOM (MJIM HCXOJI-
HOM) SI3BIKE U OJIHOM WJIN HECKOJBKUX BCTPOEHHBIX si3bIKaxX. 13 CTPOKOBBIX BBIparKEeHHI
OCHOBHOTO S3bIKa JUHAMIYECKH (POPMUPYIOTCI TPOrPAMMBI Ha OTJIMIHOM OT HETO S3bIKE,
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KOTOPBIE IIOTOM MHTEPIPETUPYIOTCS CHENMaTbLHBIME, PAOOTAIONIUMI BO BPEMSI UCIIOJIHE-

HUSI KOMIIOHEHTaMM, TaKMMK KakK 0a3bl JaHHLIX WU BeO-Opay3epbl. BoJIbIIMHCTBO A3bI-

KOB IIPOrPaMMUPOBaHUSA OOIIEro Ha3HAYEHUsI MOI'YT UI'PaTh POJIb KaK OCHOBHOI'O, TaK M

BCTPOEHHOI'O A3bIKa. HI/I}Ke IIpuBEACHDBI IIPUMEPBLI UCIIOJIb30BaHNs BCTPOECHHBIX A3bIKOB.
Bezos JavaScript us Java:

import javax.script.x*;
public class InvokeScriptFunction {
public static void main(String[] args) throws Exception {
ScriptEngineManager manager = new ScriptEngineManager();
ScriptEngine engine = manager.getEngineByName ("JavaScript");
// JavaScript code in a String
String script =
"function hello(name) { print(’Hello, ’ + name); }";
// evaluate script
engine.eval (script);
// javax.script.Invocable is an optional interface.
// Check whether your script engine implements or not!
// Note that the JavaScript engine implements Invocable interface.
Invocable inv = (Invocable) engine;
// invoke the global function named "hello"
inv.invokeFunction("hello", "Scripting!!" );

Ko ¢ ucnionbzoBannem junamudeckoro SQL:

CREATE PROCEDURE [dbo]. [MyProc] @TABLERes VarChar (30)
AS
EXECUTE (’INSERT INTO ’ + Q@TABLERes + ’ (sTextl)’ +
> SELECT ’’Additional condition: ’’ + sName’ +
> from #tt where sAction = ’21000000°°?)
GO

HUcnosbzoBanue neckobkux Berpoenubix B PHP ssbikos (MySQL, HTML):

<7php
// Embedded SQL
$query = ’SELECT * FROM ’ . $my_table;

$result = mysql_query($query);

// HTML markup generation
echo "<table>\n";
while ($line = mysql_fetch_array($result, MYSQL_ASSOC)) {
echo "\t<tr>\n";
foreach ($line as $col_value) {
echo "\t\t<td>$col_value</td>\n";
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echo "\t</tr>\n";
}
echo "</table>\n";
7>

Berpoennbie si3b1K1 TO3BOISIIOT KOMIIEHCUPOBATH HEJIOCTATOK BBHIPA3UTEIHLHOCTH SI3bI-
KOB O0INEro HA3HAYEHUsI B CJIydae UCIO/IH30BAHUS UX B KOHTEKCTE, CIEIUMUIHOM JIJIst
upeamerHoit oosactu. OHAKO NCIIOIB30BaHIE TAKOTO ITO/IX0A CONPSIAKEHO C PIJIOM TPY/I-
Hocreit. Innamuaecku popMupyeMbie BhIPasKeHUsT OOBITHO KOHCTPYHUPYIOTCS U3 CTPOKO-
BBIX KOHCTAHT M BBIPAXKEHUI OCHOBHOTO $I3bIKa MOCPEJICTBOM KOHKATEHAINN B ITHKJIAX,
BeTKaX YCJOBHBIX OIEPATOPOB WJIM PEKYPCUBHBIX IMPOIEIypPaX, MPUIEM 3TH CTPYKTYPHI
MOT'YT BKJIAJBIBATHCS JAPYT B JPYyTa, YTO TMOPOXKIACT MHOXKECTBO PA3JIMIHBIX BAPUAHTOB.
dparMeHThbl KOJ/Ia HA BCTPOEHHBIX SI3BIKAX BOCIPUHUMAIOTCS KOMIIAJISITOPOM HCXOHOTO
sI3bIKA KaK IPOCTBIE CTPOKHU, HE TOJJIeKalllne aHajun3y. TakuM oOpa3oM, CTaHIapTHHIE
CpeJIcTBa He MO3BOJIAIOT ITPOBOJIUTH JlayKe MPOCTONM CHHTAKCUYECKUN aHaIN3 JMHAMUIe-
cKU (popMUPYyeMbIX BbIparkenuii. HeBO3MOXKHOCTH CTATHYECKOI ITPOBEPKU KOPPEKTHOCTH
dopMupyemMoro BuIpakeHust TPUBOJIUT K BBICOKON BEPOSITHOCTH BOSHMKHOBEHUS OIMTHOOK
BO BpEeMsl BBITIOJIHEHUSI TIPOTPAMMBI.

PacnipocTpanennoit npakTHKOI PN HAITMCAHUU KOJIA SIBJISETCS MCIIOJIb30BAHIE UHTE-
IPUPOBAHHBIX CPEJl pa3pabOTKU, ITPOU3BOILAIINX [TOJICBETKY CHHTAKCUCA U ABTO/OIOJIHE-
HUE, CUTHAJTU3UPYIOMNX O CHHTAKCUIECKUX OIMMUOKAX, MPEIOCTABIISIONINX BO3MOXKHOCTD
IPOBOUTH pedaKTOPUHT Kojia. Takas (pyHKIIMOHATBHOCTH 3HATUTE/IHLHO YIIPOIIAET IIPO-
1ecc pa3paboOTKU U OTJIaIKK npuitozkeHuil. [lome3HbiMu MOTYT OKa3aThCsl HHCTPYMEHTHI,
[IPOBO/ISAIIE CTATUYECKUI aHa N3 MHOYKECTBA BhIPAYKEHIIT, KOTOPbIE JIMHAMUYECKH (hOp-
MUPYIOTCS U3 CTPOKOBBIX BBHIPAXKEHUIT OCHOBHOTO sI3bIKa BO BPEMsI BBITIOJTHEHUS IIPOTIPaM-
MbI. JIaHHBINA TPOIECC HA30BEM CMAMUYECKUM AHAAUIOM OUHGMUYECKU HOPMUDYEMBIT
8uPaHCERUT NI GOCMPAKMHBIM GHAAUSOM.

B pamkax uccienoBarenbekoro npoekta YaccConstructor [1], mocBsiimeHHOTO TIpoBe-
JIEHUIO SKCIIEPUMEHTOB B 00JIACTU CUHTAKCHIECKOI'O aHasm3a, BeJeTcd paboTa Hal IL1aT-
dopmoit 711 cO3/TaHNS THCTPYMEHTOB, ITPEIHA3HATEHHBIX JIJIsT CTATHIECKOT0 aHAIN3a KO-
Jla Ha BCTPOEHHBIX s3bIKaX. B /laHHoil craThe onmcanbl paspadaTbiBaemMas HHOPACTPYK-
Typa MOJIePZKKIA BCTPOEHHBIX A3bIKOB 1 €€ KOMIIOHEHTBI: T€HEPATOPHI A0CTPAKTHBIX JIEK-
CUYECKUX U CUHTAKCUYECKUX aHAIM3aTOPOB. TakyKe yIe/leHO BHUMAHUE TOJJIEPXKKE MHO-
I'UX sI3bIKOB U TIPUBEJIEH TIPUMEDP HCIIOIB30BAHNS TLIAT(MOPMBI JIJIs CO3/IaHUS ILIarmHa K
ReSharper ! (mmarun k Microsoft Visual Studio 2, pacummpsiomuii cranapTHbie cpejicTBa
IDE), n03BOJISIIOIIEro aHATU3UPOBATH JIMHAMUAYIECKH (DOPMUPYEMbIe BbIPaZKEHHUsI.

1. IInardopma

Mpmuorwue penaxkTopsl u IDE ncronb3yrores i pa3jimaHbIX sI3bIKOB IPOrPAMMUPOBAHUS.
Yr1005b! 1aTh BOBMOXKHOCTH 00pabaThiBaTh Pa3Hble BCTPOEHHbIE I3bIKN, KOTOPHIE Ha JTaH-
HOM 3Talle He MoIepKuBaioTcsd pejgakTopom mwim IDE, HeobxomMo uMeTh COOTBETCTBYIO-
1y1o QyHKIMOHAJIBHOCTD. /IJIs 9TOT0 UCIOIb3YIOTCA MOJLY/IN, PeaTu3yIoue MOIJIePKKY

LCaiit mpoexTa ReSharper: http://www. jetbrains.com/resharper
2Caiit mpoexTa Microsoft Visual Studio: http://www.visualstudio.com
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BCTPOCHHBIX A3BIKOB. /lajiee MbI Oy/iIeM Ha3bIBATh TAKUE MOJLY/IH A3bKOGOLMU PACULUDPEHU-
amu. Bosmoxxkaocts IDE noaiep:kuBarh pasable BCTPOEHHBIE SI3BIKK MOYKET OBIThH I10J1e3-
Ha He TOJILKO IOJIb30BATE ISIM, YKEJIAIONIMM TOJIyIATh MOJJIEPXKKY BCTPOEHHOTO A3bIKA,
HO 1 paBpa60TLH/IKaM HJId CO3JaHNnd HOBBIX A3BIKOBBIX paCH_H/IpeHI/IfL

CyH_[eCTByIOHlI/Ie NHCTPYMEHTDBI IJId pa.6OTbI CO BCTPOEHHBIMU A3bIKaMHM pPeaJIn3yI0T
IMOAAEP2KKY KaKOI'0O-TO OJJHOI'O KOHKPETHOI'O d3bIKa, WJIN IIOAAEP2KKa HOBOI'O A3bIKa MO-
KeT moTpeboBaTh HETPUBUAJIBLHOIO PYYHOIO BMEINIATE/bCTBA. UTOOBI HOJIYIUTH IO/
JIEP>KKY BCTPOEHHOI'O sI3bIKa 0e3 M3MEHEHMI B MCXOJIHOM KOJe MHCTPyMeHTa, HeoOXO-
JUMO, C OJIHO CTOPOHBI, IPEJOCTABUTDL MEXaHU3M JJIsl IIPOCTON peaiu3alui oA ePXKKU
HOBOI'O sI3bIKa W MHTEI'PAIUU €r0 B CUCTEMY, a C JIPYIOif — JIaTh I0JIb30BATEI0 BO3MOXK-
HOCTb YKa3bIBaTb B UCXOAHOM KO/I€ CTPOKHU, COOTBETCTBYIOIIME KOHKPETHBIM BCTPOCHHBIM
ABBIKAM.

Visual Studio

SDK

ReSharper | Abstract lexer generator

| Abstract parser generator

|
|
Plug-in / | Abstract lexer |
|
|

Approximation | Abstract parser

! | linjectedLanguage

Language

Puc. 1. Crpykrypa miardopmbl

Ha pucynke 1 npejicraBiena obias cTpyKTypa m1aTdOpPMbl, OCHOBHBIE MOIYIH KO-
TOPOIi ONMUCAHBI HUKE.

Langl, Lang?2, ..., LangN — Moy, peayimsyroriye moJJIepKKY BCTPOEHHBIX S3bI-
KOB. KayKJIblif U3 TaKux MOJLyJsieil peaju3yeT oOnuit unrepdeiic, mo3Boadionuit yundu-
IIIPOBAHHO IOJIKJIIOYATH TO/JIEPYKKY HOBOTO si3bIKa. JIjIs cO3/1aHMsT HOBOTO SI3BIKOBOTO
pacimpenus pa3paboTdnKy HEeOOXOAMMO YCTaHOBUTH mrarud jisg ReSharper, ommcatn
rpaMMaTHKy ¥ JIEKCHUecKyio crerudukaimio ga3bika (no sruM daiiiaMm reaepupyercs
Jiekcep u mapcep). B pesysbrare paspaboTUMK IMOJIYYAeT MOJLYJIb, TO3BOJISIFOIIMN MO/~
JIeP>KUBATH HOBBIII BCTPOEHHBIN A3BIK.

SDK mnpeocrasiser paspaboTduky HaOOp WHCTPYMEHTOB U MOTOBBIX (yHKIHii (Ha-
6op reHepaTOpoB, QYHKINKE CUHTAKCHIECKOTO aHAJN3a), YIPOIIAIINX PazpaboTKy HO-
BOI'O $I3BIKOBOI'O pacmupenus. Kpome toro, on cojiepKut unrepdeiic Jjis mapcepos
IInjectedLanguageModule u arpubyTr InjectedLanguage, koropsiit gaér mosn3o-
BaTE/II0 BO3MOXKHOCTH YKA3bIBATH B KOJI€ IPOI'PAMMbBI BCTPOEHHBIN SI3BIK JIjI CTPOKO-
BbIX BbipaxkeHnuii. Arpubyr InjectedLanguage conepxut nose languageName Ttu-
na String (languageName — HasBaHue BCTPOEHHOrO s3biKa). [0 3HAYEHMIO MOJIsT
languageName nmponcxouT MOUCK A3BIKOBOI'O PACIIUPEHUs, COOTBETCTBYIOIIETO S3bI-
Ky, Ha3BaHUe KOTOPOT'O MOJIb30BaTe b yKa3asl B arpudyre. Eciin g3bikoBOE paciiupenue
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JUTST YKa3aHHOTO TI0JIb30BATEIeM A3bIKa He ObLIO MOJIKJ/IFOUYEHO, TO MO/IH30BATE b IOy IUT
coolIeHne 06 OImoKe.

JlauHbIil aTpuOyT MOXKET ObITH NMPUMEHEH K OObSBJIEHHAM METOJ0B. Ecianm ke mc-
MIOJTb3YETCd CTaHIaPTHBIN METO/I, TO HEOOXOJMMO YKa3aTh €ro B OTJIeJIbHOM KOH(Urypa-
nronHoM daiisie. Hanpumep, ecmm peaudyercst cOOCTBEHHBIN MeTOJ, JJIsi BBIITOJTHEHMS
Transact SQL 3ampocos, TO /st TOro, 9To0LI IMETH BO3MOYKHOCTH IPOBEPITH KOPPEKT-
HOCTBH IMPUHUMAEMOTO 3aI1poca, OH JOJKEH OBITh OTMEYEH aTpuOyTOM, KaK MOKa3aHO B
[IpUMepe HIXKe.

[InjectedLanguage (‘‘TSQL’’)]
public static void ExecuteImmediate(string query)
{

Logger.log(query) ;

DB.execute(query) ;

Ecnu npeamnonokuts, aro DB. execute — 3T0 OMOJTHMOTEIHBIN METOJ U MBI HE MOXKEM
OTMETUTH €ro OObSABJIEHUE, TO HeOOXOIUMO JI0OABUTH €ro B KOH(MUIYPAIMOHHBIH (Qaii
pa3padaTbIBaeMOT0 MHCTPYMEHTA.

JI1st TpOCTOTHI UCIOJIB30BaHUSI TOTOBOTO MHCTPYMEHTa HEOOXOMMO NMETh BO3MOXK-
HOCTH JIMHAMHYECKHU 3aIrPyKaTh sA3bIKOBOE PACIIUPEHHE /IS TOJJIEPKKI HOBOI'O BCTPO-
€HHOrO sA3bIKa. JnHamMudaeckast 3arpy3ka OCYIIECTBIAETCS € MTOMOIIBIO CPEJICTBA JIJIsd CO-
371aHUsT pacimpsieMbix mputozkernii Mono.Addins.

1.1. AHaJn3 BCTPOEHHBIX SI3LIKOB

JI1s1 cMHTaKCHYIECKOro aHam3a 0OOOMIEHHOIO IIPEICTAaBICHNsT MHOXKECTBA, CTPOK, TaKUX
kak data-flow ypaBHeHune, peryispHoe BhIpazkKeHne, CyIeCTBYeT aJlOPUTM abCTPAKTHOIO
CUHTAKCUYIECKOI'O aHAJIN3a [2] YacTo y100HO cYUTATD, YTO KOMITAKTHOE IPEJICTaBICHIE
OTIMCBHIBAETCA € MOMOINBIO rpada, Ijie Ha Jyrax Cojep:KaTcsd TePMUHAIbHBIE CUMBOJIBI
(TOKeHbI), a BEePIIMHBI COOTBETCTBYIOT CJIydasiM KOHKaTeHAIINN CTPOK B IIporiecce popMu-
poBaHus 3arpoca. Hampumep, myctb obpadbarbiBaeTCsI CIeAYIOMHI Ko, (hopMupyommmit
U BBINOJIHATONIAN JUHAMUYIECKUNA 3a1IPOC.

IF ©@X = @Y

SET QTABLE = ’#tbll’
ELSE

SET Q@TABLE = ’tbl2’

SET @S = ’SELECT x FROM ’> + QTABLE
EXECUTE (@S)

[Tpumep 1

[lepemennas @S, cojepxKaliiasi JUHAMUYIECKH (DOPMHUPYEMBbI 3aIIPOC, MOXKET IPUHU-
MaTh JIBa 3HAYEHUs B TOYKE BBIOJHEHUS 3aIpoca. [Tocae o6paboTku 9Toro Kojaa MHOKe-
CTBO 3HAYEHUI IIepeMeHHOoil @S B TOUKE BBIIOJIHEHNSI MOYKET ObITH IIPEJICTaBIeHO I'PadoM,
IIOKa3aHHBIM HA PUCYHKE 2.
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SELECT x FROM #tbl 1

Puc. 2. Bxognoii rpad g JIEKCHYeCKOTO aHaIn3aTopPa, MOCTPOECHHDIN 110 KOy U3 IIPH-
Mepa 1

@ KW SELECT _ IDENT(X) KW_FROM

Puc. 3. I'pad mj1a nuHaMudeckoro sampoca u3 mpuMepa

['pad, morydyeHubIit B pe3ysibraTe TPUMEHEHUS K HEMY ITPOIIETYPhI MOKeHU3AUUL T
abCmparmHo20 AeKCuU1ecKo20 aHaAu3a, TOKa3aH Ha PUCYHKE 3.

Cueryromuit mar — abcmpakmusiti CUHMaKcuveckut anaus3, KOTOPbIil OCHOBaH Ha
njiee TEePencIoIb30BaHU YIIPABIAIONUX KOHCTPYKIMI M3 KJIACCHYECKOI'0 CHHTaKCHYe-
CKOrO aHan3a W peaIM3alluil CIeNraJIbHOIo MexaHu3Ma nx nmHTeprnperaruu. [lo onm-
CAHUIO CUHTAKCUCA aHAJTU3UPYEMOTO sA3bIKa T'€HEPUPYIOTCH YIPABIILIONIIE TaOJIUIIbI 11
anasm3aropa. Uurepuperarop tabsmi (LR-aBromar) mpu srom Moudurmpyercs: Takum
00pa3oM, 9TOObI BBIYUCIATH BCE BOZMOXKHBIE COCTOTHUSA CHHTAKCUYECKOTO aHAJIM3aTOPa
JUTs KaxK 10t Bepruabl rpada [3)].

Paccmorpum npumep. Ilycrs 3ajiana ciaejyiomas rpaMMaTiKa;

s -> Ae
e -> BD | CD

Ha Bx0j1 mocTpoeHHOMY 110 JJAHHOW I'PpaMMAaTHKE aHAJIU3aTOPY IoaéTces rpad, mpei-
CTaBJIEHHBIN Ha PUCYHKE 4.

Puc. 4. Ilpumep BxomHoro rpada

BO BpeMd CHHTaKCHUYI€CKOI'O aHaJIn3a 6y,ZLeT BBIUNCJIEHO MHOXKECTBO COCTOJHUN aHa-
JM3aTOpa B KaxK0il Bepinte rpada (CM. pUCYHOK 5).

s> Ae —A> s>A.e —B> gch:I[D) —D> s>Ae.
\C* i

Puc. 5. Cocrostaus mapcepa mjist rpada, IpecTaBJIeHHOr0 Ha PUCYHKe 4
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HecmoTpst Ha TO, 9TO y2Ke CYIIECTBYIOT peaH3alliil WHCTPYMEHTOB I pabOThI C
JIMTHAMUYIECKN (POPMUPYEMBIME BbIPAXKEHUSAMU B KOHKPETHBIX SA3BIKAX, XOPOIIIO MTOKa3aB-
mue ceba Ha mpakTuke (Hampumep, Java String Analyzer 3, Alvor 4 wim PHP String
Analyzer °), oTe/IbHOrO BHUMAHUSA 3aCTyKHBaeT BOIIPOC 0006IIEHNs JIEKCHIECKOTo aHa-
JIN3a W CUHTAKCUIEeCKOrO pa300pa, MCHOJIB3YEeMbIX B TAKHX WHCTPYMEHTAX, C IEJIbI0 CO-
3JIaHNs TeHepaTopa abCTPaKTHBIX aHAIH3aTOPOB. Kpome Toro, mpu MpOMBITILIEHHON pas-
paboTKe MHCTPYMEHTOB JIEKCUIECKOI'O ¥ CHHTAKCUIECKOI'0 aHAJII3a JIJIs I3BIKOB IIPOTPaM-
MUPOBaHUS yKe CTAJU TPAJIUIMOHHBIMU WHCTPYMEHTBI, [TO3BOJIAIONINE aBTOMATUIECKHT
reHepPUPOBATH COOTBETCTBYIOIINE aHAJIU3ATOPHI 10 clielnuduKaIiusaM 00padaTbiBAeMOro
sa3bIKa. B ob/racTi aBroMaTu3anum pa3paboTKU MOJ00HBIX NHCTPYMEHTOB JJis aOCTPaKT-
HOTO aHAJIN3a TAKKe IIOJIyUeHbl Pe3y/IbTarhl (6], HO OHM TpeOyroT TOpabOTK.

1.2. T'enepaTop JeKCHYECKUX aHAJIU3ATOPOB

[erepaTop JIeKCHIECKUX aHATT3ATOPOB — 3TO UHCTPYMEHT JIJIsI TIOJTy YeHIS JIEKCTIECKOTO
aHAIM3aToOPa 10 JIEKCHIECKOH crerudukannm odopabaTbiBaeMoro sa3bika. AOCTpaKTHBIM
JIEKCUYIECKU aHAJTU3aTOp, KaK U KJIACCUIECKU, OCHOBAH Ha KOHEYHOM IIpeobpa3oBaTesie
(finite-state transducer [4]). Koneunsrit npeobpazoBaTeib — 9T0 KOHEUHbIH aBTOMAT, KO-
TOPBIIT MOXKET BBIBOJIUTH KOHETHOE YHCJIO0 CHMBOJIOB JJIsI KaKJI0TO BXOIHOIO CUMBOJIA. B
KadeCcTBe OCHOBBI HAIIIEIO MHCTPYMEHTa MbI HCIIOJIb3yeM MeHEePATOP JIEKCUIECKUX aHAJII-
3aTopoB g F# — FsLex. [lo crenepupoBaHHOMY OTIMCAHHUIO aBTOMATA IIPe0dPa30BaTEb
[IEPEBOJIUT BXO/HOW T'pad B rpad, cojepzkalinii COOTBETCTBYIONINE CHEIU(pUKAIIUA TO-
KEHBI.

B orimame ot Kitaccudeckoro aHaJim3a B abCTpaKTHOM JIEKCUIECKOM aHaJIn3e ObIBAIOT
CUTYAIMHU ¢ “PBAHBIMU~ JIEKCHYECCKUMHU €JIMHUIIAMU, TO €CTh CJIydan, KOrja TOKEH HaxXo-
JUJICd Ha JIByX U Oojiee pebpax BxogHOro rpada. HazoBem Takme TOKEHBI paspovl8HbLMU
aumepanramu. B KagecTtBe mpumepa paccMorpuM Koj Ha C#, KOTODBI COMEPXKUT M-
Hamudeckn (popmupyembiii 3ampoc, nHanucanubiii Ha T-SQL. PaspbiBubiii jmurepast ObLT
CKOHCTPYUPOBAH IIPHU IIOMOIINA TEPHAPHOTO OIepaTOpAa.

private void Go(bool cond)

{
string name_table = cond 7 "1" : "2";
Program.ExecuteImmediate("select fld from tbl_" + name_table);

[Ipumep 2

PesynbraTom amnmpokcuMaIuy JUHAMIYECKOTO 3aIIpoca siBIgeTcs Ipad, KOTOPbIil T0-
JlaeTcs Ha BXOJT JIEKCHYECKOMY aHAJIM3aTOPY M KOTOPBII IIPeJICTaBJIeH Ha PUCYHKE 6.

Pesynbrar paborsl TokeHUM3aTOpa MOKaszaH Ha pucynke 7. Ha sTom pucynke rakzke
MOXKHO yBUJIETh CTpyKTypy backreference(uiun br). Dra crpykrypa XpaHuT Jjisi Kazk-
JIOTO TOKEeHa CTPOKHU MCXOJHOTO KOJia, M3 KOTOPBIX OH 00Pa30BaH, & TaKyKe KOODIMHATHI

3Caiir poekta Java String Analyzer: http://www.brics.dk/JSA
4Caiir mpoexra Alvor http://code.google.com/p/alvor
SCaiit mpoexta PHP String Analyzer http://www.score.is.tsukuba.ac.jp/ minamide/phpsa
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"select fld from thl "

Puc. 6. Pesynbrar anmmpokcnManum JUHAMIYECKOTO 3aIIpOca B IIpuUMepe 2

IDEN(tbl_1);
br=["select fld from thl_"; "1"]

IDEN(thl_2);
br=["select fld from thl_"; "2']

KW_SELECT; IDEN(fld); KW_FROM;
br=["select fld from thl_"] br=["select fld from thl_"] br=["select fld from thl_"]

Puc. 7. PesynbraT jgekcudeckoro anasnsa Jjis rpada, MmpeacTaBIeHHOro Ha pucyHke 6

HadaJla 1 KOHIIa TOKCHa BHYTpI/I ITUX CTpOK. COXpaHeHHaH HpI/IBHE’oKa MOZKeET IIOHad0-
OUTHCS TP JTajIbHEIeM pa3bope Moy IeHHOTO rpada 1 IpHu Bbljade COODIIEHNIT O JIeK-
CUYEeCKUX OIINOKAX.

1.3. T'enepaTop CMHTAKCHYECKUX aHAJU3ATOPOB

B pamkax mpoekta YaccConstructor peasmsoBaH reHepaTop CHHTAKCUYECKHX AHAJIM3a-
topos [1], ocroBanusiii Ha RNGLR-amropurme [7], KoTOpbIii siBiisiercss Momudukanm-
eit kmaccuaeckoro GLR-anroputma, momieprkuBarorteit pabory ¢ npousBosbHbIMI KC-
rpaMMmaTuKamMu. BaxKHON 0COOEHHOCTBHIO JTAHHOI pean3aliil siBJISeTCs [IOCTPOEHUE JIer-
KOBECHOT'O BHYTPEHHETO MPEJICTABIEHNS PE3Y/ILTATOB, HAJl KOTOPBIM IIOCJIE 3aBEPIIEHUS
pazbopa BBIMOJIHIETCS BBIYUC/ICHUE [0JIb30BATE/ILCKO CeMaHTUKU. IDTO IO3BOJISIET He
MIPOM3BOIUTD JIUIITHUX BbluncaeHuii. Hampumep, moce morydeHns mpoMeKyTOIHOTO pe-
3yJIbTaTa MOJIb30BATEh MOXKET BBIOPATH TOJBKO OHO JIEPEBO W BBIUUC/ISTH CEMAHTUKY
TOJBKO s Hero. KpoMme 9Toro, 9acTh BBIMUCIEHUN MOXKET OKa3aThCsd HEHYKHBIMU, €CJIH
OHU TIPOU3BOJIMJINCH B BETKE CTEKa, KOTOPas BIOCIEJCTBUM OKazkeTcs ormubdbounoi. [lo-
9TOMY UCIOJIb30BaHUE JIAHHOW CTPYKTYPHI MO3BOJISET YCKOPUTH a0CTPAKTHBIN aHAJINS.

[Ipu obpaborke rpados B RNGLR~anropurme B MOMEHT pa3BeTB/ieHNs BO3HUKAET CHU-
TyaIys, anajgornaHas kiaaccundecknm kordimkram Shift /Reduce n Reduce/Reduce,
KOI/Ia HeOOXOIMMO BBITIOJIHATE AHAJIN3 10 HECKOJIBKUM Iy TsM. B 1anHOM cirydae HEOOXO-
JINMOCTD BETBJIEHHS BBI3BAHA TEM, UTO CYIECTBYET HECKOJBKO BAPUAHTOB JIJTsT OTIepaIlun
Shift. Curyanus He sBIsieTCa KIACCHIECKAM KOHMIMKTOM, HO MO0 AHAJOTHH MBI Oy/1eM
HasbiBaTh Takue curyaruu Shift /Shift koudmkramu. B anropurm ananusa BHeceHa
BO3MOYKHOCTH 00pabOTKU TAKUX CUTYaIUil.

1.3.1. Oo6uapy>KeHune omimbOK M BOCCTAaHOBJIEHWE MOCJE€ HUX

B ciydae kiaccmyeckKoro CMHTAKCHYIECKOIO aHaIn3a C JIMHEHHBIM BXOJIOM, €CJIA He IIPOo-
U3BOJIUTCST BOCCTAHOBJIEHUE TIOCJIE OIMMOOK, PE3yJIbTATOM aHAJIN3a BCET/IA SIBJISIETCS JTHO0
KOPPEKTHOE JiepeBO pa3bopa, Jaubo omundka. B abcTpaKTHOM CHUHTAKCUYECKOM aHAJIH3e
9TO HE TaK: aHAJN3UPYETCs TeJI0e MHOKECTBO BXO/IHBIX BhIPAYKEHUIT, KarK10€ 13 KOTOPBIX
IpeJICTaB/IgeT cOO0M HEKOTOPBI IIyTh BO BXOJMHOM rpade, U HeoOXOIUMO COODIIAThH He
TOJIBKO O TIePBOil HailJIeHHO# Ha KaKOM-JIMOO IIyTH OIIHOKE, HO O IIePBOil OMINOKe Ha KarK-
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JIoM 11yTH. /Ij1s1 BBITIOJIHEHHS 9TOr0 TpeOOBaHUA HEOOXOIMMO BO3BPAIATH IEJIbII CIIUCOK
omuboK. C JIpyroif CTOPOHBI, HE BCE BBIPAXKEHUsI U3 BXOJHOIO MHOXKECTBa 00A3aTe/IbHO
cojiepzkat omudbKy. [loaTomy Hapsiay CO CIIMCKOM OMIMOOK, €C/In OHU ObLIN OOHAPY?KEHBI
B pe3y/jbTare aHajn3a, HeoOXOIMMO BO3BpAIAaTh YCIEIIHbINH pe3yabraT pa3dopa. AJro-
pUTM aOCTPAKTHOIO CHHTAKCHIECKOTO aHaIn3a ObLI M3MEHEH TaK, ITOOBI BO3BpAIlaTh 1
KOMIIAKTHOE TIpe/icTaBiienue Jeca pasbopa (SPPF), u cnimcok omubok. Crout orMeTuTs,
9TO BHE 3aBUCHUMOCTH OT KOJMYECTBA KOPPEKTHBIX BBIParKeHUI BO BXOJIHOM MHOXKECTBE,
Bcerja Oyzer Bo3ppalieHo Juiib oguo SPPF.

GLR~anropuTmbl nipeiHa3HAYEHBI JJI aHAIN3a HEOJHO3HAYHBIX I'DAMMATHK U OIle-
PUPYIOT €O CTPYKTYPUPOBAHHBIM B BHUJE rpada CTEeKOM, KOTOPbBI Pa3BETBJIAETCS ITPU
BO3HUKHOBeHNN KOHMJIMKTOB. Habop Bepxylek creka, U3 KOTOPBIX BO3MOXKHO ITPOJIOJI-
JKUTh aHAJN3, HA3bIBAIOT ¢ponmom. Femm B mporecce paborsl kiaccudeckoro GLR-
aHaIM3aToOpa JIJIi HEKOTOPOT'O COCTOSTHUS, JIEXKAIEro Ha BEPXYINKEe CTeKa, HEBO3MOXKHO
¢JieJlaTh HU OHOTO JIEHCTBHUSI, TO COOTBETCTBYIOIIYIO BETKY CTEKA CIUTAIOT OMINOOTHOM
n uckoJdaoT n3 ¢ponrta. B kiraccnaeckom GLR-anaropurve anaimsa onmmoOKa THarHO-
CTUPYeTCs B MOMEHT, KOTJila BO (PpOHTe HE OCTAeTCs HU OJIHON BepxyInKu creka. s
abCTPAKTHOIO CUHTAKCUYECKOI'0 aHAJIN3aTOPA TaKOM T0/IX0/1 BepeH He Beerjia. BerBu cre-
Ka B aDCTPAKTHOM aHAJU3e COOTBETCTBYIOT HE TOJIHKO HEOTHO3HATHOCTSAM IDAMMATHKH,
HO W BETBJIEHHSAM BO BXOJIHOM rpade, TOTOMY JTaHHAs CUTYAIHS MOYKET CHUTHAJTU3UPO-
BaTh 00 OMIMOKE B OJTHOM M3 BXOJHBIX BbIpakeHuil. B ciiydae oOHapy»kKeHusi OMUOKN Ha
HEKOTOPOM TOKEeHe HEeOOXOMMO MPEKPATUTh pa300p TeX BhIPayKeHUil, KOTOPbIE CojlepIKa-
JIX 3TOT TOKEH, 4TOObI He MOPOXKJIATh JIOKHBIX COOOIIeHnil 06 ommubKax. Aaropurm ad-
CTPAKTHOI'O CHHTAKCHYECKOI'0 aHajm3a oOpadaThiBaeT BXOJHOI rpad, mpeacTaBIeHHblii
CITICKOM BEDIINH, OTCOPTUPOBAHHBIM B TOIMOJIOIHYECKOM Topsijike [8]. DTa 0cobeHHOCTh
HEMHOTO YCJIOXKHsIeT MeXaHW3M WTHOPUPOBAHUS OIMMNOOYHBIX IMyTeil. B ToT MoMmeHT, Ko-
rja aJIrOPUTM OOHAPYXKWJI OMIHOKY BO BXOJE, MPOUCXOUT BBIYUC/IEHNE UTHOPHPYEMOTO
unTepBaJia Bepi. Eciu ecth ortoxkennslie onepanuu push, To ciesyroreii BepimuHoii,
U3 KOTOPOIl JOJIZKEH ObITh MPOJIOJIZKEH aHAJIN3, SIBJISETCS BEPIINHA C HOMEPOM DPaBHBIM
MUHUMYMY U3 HOMEPOB OTJIOYKeHHBIX orepanuiit push. Eciu xe orokeHHBIX omepariuit
push Her, TO paccMaTpuBaeM Bce BEPIIUHBI CTEKOB, CPaBHHBaeM HOMEpa yPOBHel, Ha
KOTOpBIE TIOCTIEIyeT Tepexoj, 6epeM MHHHMAJbHOE U3 STUX 3HAYEHWI W IPOJI0JIKAEM
aHaJIN3 U3 BEPIINHBI ¢ BBIYUCJIEHHBIM HOMEpPOM. TaKoil MoJIX0J| MO3BOJISIET MPOIYCTUTD
TOJIBKO T€ YacCTH I1yTell B rpade, KOTOpble rapaHTUPOBAHHO HE OYJIyT IePEnuCIob30BaHbI
HU B OJTHOM KOPPEKTHOM BBIPAKEHU.

CrouT OTMETHUTH, 9TO O0JIACTh JUATHOCTUKHU OIMINOOK M BOCCTAHOBJIEHUs TIOCJIE HUX
B GLR-ajropurMax CHHTAKCHIECKOrO aHamn3a mioxo usydena [9|. Koudimkrel, Bo3Hu-
Kalolue 1pu pa3dbope, YCIOKHSIOT 3a/1a9y TOTHON JMarHOCTUKY OmuboK. /lobaBuB KOH-
kT Shift /Shift, mbr ermie 6outbIme yeroKHIIN 9TY 3a/1a49y: TTOSBUIACH HEOOXOINMOCTh
pasyimgaTh OMIMOKH, MOJIyIeHHbIE B Pe3yJIbTaTe BhIOOpa HEPaBUIHLHON AJIbTePHATUBBI BO
BpeMsl KJIaCCHIeCKuX KOHMJIMKTOB, U OMMOKY, 1osydeHnbie B pesyiabrare Shift /Shift
koH(pmKTa. CHTyalisi OKaXKeTcss HAMHOTO CJIOYKHEeEe TIPU HAJUIUN PA3HOPOIHBIX KOH-
GJIMKTOB: ec/in rpaMMATHKA AHAJIU3UPYEMOTO S3bIKA HEOMHO3HAYTHA, M BXOIHON rpad
IIPU 9TOM COJIEPKUT MHOXKECTBO BeTBJIeHUN. B maHHOl cuTyarun BeposTHO OOHAPYKEHNe
OOJIBIITOTO KOJIMIECTBA OIMMUOOK, TPU 3TOM He sICHO, KaKue U3 cpabaThIBAHUI JIefiCTBUTE b
HO COOTBETCTBYIOT OIIMOKAM BO BXOJHBIX BBHIPAXKEHUSIX, & KAKHe SIBJIAIOTCS JIOKHBIMU 1
BOBHUKJIM BCJIEJCTBUE HEOJHO3HAUHOCTH I'PAMMATHKH.
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B pamkax mmardopmbl ObLI peajn30BaH MeXaHU3M BOCCTAHOBJIEHHSI IIOCJIE OIIHOOK
nyist kiaccnaeckoro RNGLR-anropurva [5]. OsHako Bopoc o HEOOGXOAUMOCTH BOCCTa-
HOBJIEHHS 11OCJIE OITUOOK B aDCTPaKTHOM aHAJIM3€e HY>KHO HCCJIe0BATH OTACIbHO, TAK KaK
OH MO2KET IIOPOKJaTh CJIMIITKOM 60JII)L[[O€ KOJIMYECTBO JIOZKHBIX OH_H/I6OK HJId CJIOZKHDBIX
Bblpa}KeHI/Iﬁ. Ta.K)Ke HeO6XOI[‘I/IMO OICHUTHb YMEHbIICHNE ITPOU3BOUTEC/ILHOCTU U BbIABUTDH
po0JIEMbI, CBA3aHHBIE C TIEPEXOJIOM K aOCTPAKTHOMY aHAJIH3Y.

1.3.2. OcCo0EeHHOCTH BBIYMCJICHUA CEMAHTUKU

lna obecrievenns Takoi (pyHKIIMOHATBHOCTH, KAK ITOJCBETKA W aBTOJOIO/HEHNE, HE JI0-
CTATOYHO TOJIBKO JIMIb WHMOPMAIUU O CHHTAKCUIECKOH KOPPEKTHOCTH BBIPAYKEHMIT.
HeoOxonmuma Takxke pabora ¢ ceMaHTUYECKUMU 3HAYEHUSMU S3BIKOBBIX KOHCTPYKIIHIA.
[Ipu sToM najieko He Bcerja HyXKHO PacCMaTpUBaTL Bce jepeBbst pazdopa. Ilpm moj-
CBETKE CHUHTAKCHUCA, HAIPUMED, JIOCTATOYHO BBIOPATH M3 Jieca paszdopa IMOIMHOYXKECTBO
KOPPEKTHBIX JIEPEBHEB TAKUM 00pPA30M, ITOOBI MHOXKECTBO BCEX TOKEHOB (JINCTHEB) ObI-
JIO TIOKPBITO. T0 €CcTh ITOOBI JIJIsi KaKJI0T0 TOKEHA CYIIEeCTBOBAJIO JIEPEBO U3 BHIOPAHHOTO
MIOJIMHOZKECTBA, KOTOPOE COJIEPYKUT STOT TOKeH. JleficTBUTEIbHO, eCIN Y IBYX PA3HbIX Jle-
PEBBEB JIUCThS COBIIAJIAIOT, TO IIPU IIOJCBETKE CUHTAKCHUCA He TaK BayKHO, KAKOMY UMEHHO
JIepeBy MPUHAJIEYKUT TOT WJIM MHOU JIUCT. BaXKHO, 9TO 9TO JepeBO CUHTAKCUYEeCKU KOp-
PEKTHO.

Paccmorpum npumep:

expr: (expr PLUS expr) | NUM

Puc. 8. I'pad, comepxkamuii Shift /Shift kordiukr

st rpada, 1npeicTaB/IeHHOrO Ha PUCYHKE 8, B PE3y/IbTaTe CUHTAKCUIECKOro pasdo-
pa OyJieT IOCTPOEHO HYeThIpe JiepeBa pasdopa: JJId KarKJI0ro ImyTu OyJAeT MOCTPOEHO II0
JIBa JepeBa M3-3a HEOTHO3HAYHOCTH rpaMMaruku. OIHAKO MOPOXKIEHHBIE KOH(MINKTOM
Shift /Reduce uin Reduce/Reduce jiepeBbsi COOTBETCTBYIOT OJHOMY ¥ TOMY K€ [Ty TH
B rpade, a 3HAUNT, MHOXKECTBa UX JINCTheB coBlaaoT. [losToMy mpu mojiep:KKe moj-
CBE€TKM CHUHTaKCHUCa HdJId Ka2K/I0I'0 IIYTU B Fpa(be JA0CTaTOYHO PaCCMOTPEThL TOJIBKO OIHO
u3 TaKux JiepeBbeB. Hambosiee ClI0KHON 71 pean3aliuu MOJIEPKKN SI3bIKOB SBJISICTCS
CUTyallud, COOTBETCTBYIOIad BETBJIEHUIO BO BXO/JIHOM Fpa(i)e, TaK KaK B XYyJAIIEM CJiy4dae
HEOOXOIMMO pacCMaTpPUBATh BCE BO3MOXKHBIE JIepeBbs pa3bopa.

B pamkax mpoekTa cO3/1aH reHepaTop, KOTOPBIH CO31aéT CeMAHTHUKY JIJIsT TOJICBET-
KN CHHTaKCHCA A3bIKa. 1akKKe OH TeHepupyeT KOH(MUI'YPAIMOHHBIN (bailjl, B KOTOPOM
10JIb30BaTE/Ib MOXKET YKa3aTh, B KAKOW IIBET OKPAIINBATEL TY UJIN UHYIO I3BIKOBYIO KOH-
CTPYKIIHIO.
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2. JlajgbHeiilliee pa3BuTue

B nmanbmeiimem 1manupyeTcs Kak pasBuThe IIaTdopMbl, Tak u aruHa. Ha yposme
I1ATGOPMBbI HEOOXO/IMMO PeaM30BaTh MEXaHU3MbI, TPEOyIoIIrecs st TpanchopMariuit
KOJIa Ha BCTPOEHHBIX s3bIKaX. MexaHu3Mbl TpanchOpMAINE BCTPOECHHBIX S3bIKOB TPEOy-
foTcst s poseieHust murpanun ¢ oguoit CYB/L #a npyryto [12] wan myis murpanuun va
HOBBIe TexHosornn, Hampumep, LINQ. Dr1a 3agada cBa3ana ¢ AByMst TpOOIEMAME: BO3-
MOXKHOCTBIO TIPOBEJIEHUs] HETPUBUAIBHBIX TpaHcdopManuil (MOryT noTpeboBaThCst HEKO-
Topblie crenuduanbe noaxopl [10,11]) u jokasaresbeTBO KOPPEKTHOCTH TpaHChOpMa-
nnit. [Lranupyercs peanuzaiius mpoBepku KoppekTHoctu Tunos. Ing SQL sto momkna
OBITH KaK IMPOBEpPKa TUIIOB BHYTPU 3aIPOCa, TaK U MIPOBEPKa TOTO, UYTO THUII BO3BPAIIA-
€MOI'0 3allPpOCOM pPe3yJIbTaTa COOTBETCTBYET TUILY XOCT-IIEPEMEHHON, BbIJICJICHHONM 1JId
COXpaHEeHNUs pe3yJbTaTa B OCHOBHOM KOJIE.
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IDE Support of String-Embedded Languages
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Complex information systems are often implemented by using more than one pro-
gramming language. Sometimes this variety takes a form of one host and one or few
string-embedded languages. Textual representation of clauses in a string-embedded lan-
guage is built at run time by a host program and then analyzed, compiled or interpreted
by a dedicated runtime component (database, web browser etc.) Most general-purpose
programming languages may play the role of the host; one of the most evident exam-
ples of the string-embedded language is the dynamic SQL which was specified in ISO
SQL standard and is supported by the majority of DBMS. Standard IDE functionality
such as code completion or syntax highlighting can really helps the developers who use
this technique. There are several tools providing this functionality, but they all process
only one concrete string-embedded language and cannot be easily extended for support-
ing another language. We present a platform which allows to easily create tools for
string-embedded language processing.

Csenienus 06 aBTOpax:

I'puropreB Cemen BsiueciiaBoBud,
Cankr-IleTepOyprekuit rocy/1apCcTBEHHBIN YHUBEPCUTET,
MarucTp UHMOPMAIMOHHBIX TEXHOJIOTUI;
Bepbunikass EkarepunHa AHapeeBHa,
Cankr-IleTepOyprekuit rocy1apCcTBEHHBIN YHUBEPCUTET,
CTY/ICHTKA,

Ilony6enoBa Mapuna UropesHa,
Cankr-IlerepOyprekuii rocy1apcTBEHHbBIN YHUBEPCUTET,
CTYJIEHTKA;

NBanoB Aupeit BacuibeBuy,
Cankr-IlerepOyprckuit rocy1apCcTBEHHBIN YHUBEPCHUTET,
bakaaBp MHGOPMAIIMOHHBIX TeXHOJIOTHIA;
MaBuyHn Exarepuna BaJsiepbeBHA,
Cankr-IlerepOyprekuii rocy/1apcTBEHHbBIN YHUBEPCUTET,
CTYIEHTKA
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