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BBenenue

NET Framework — nporpammuas miatdopma, BKIrOUaromas B ceos oo1ie-
SI3BIKOBYIO cpeny ucronnenus nporpamm (CLR). Ee rimaBras ocobenHocTs (M Oc-
HOBHAs UJIes1) 3aKJII0YAaeTCsl B COBMECTUMOCTH MTPOTrPaMMHBIX YacTel, HalmMCaHHBIX
Ha pa3HbIX A3bIkax. Tak, mporpamma Ha C# MOXXET OJHOBPEMEHHO HCIIOJIb30BaTh
oubmorexn Ha Visual Basic.NET, C# u naxe Visual C++, uro maet ruOKoCTh npH
paspaboTke.

[Mon mnardopmy .NET Framework yxe manmcano orpomuoe konmuectso [10
U OuOIMOTEK, TIaBHBIM 00pa30M M3-3a MOIMYJISAPHOCTHU S3bIKAa IPOTPAMMHUPOBAHUS
C#. Ho cetiuac Microsoft HaurHaeT MOCTENEHHO OTKAa3bIBATHCA OT Hee. 3asBIICHO,
gro .NET Framework 4.8 — nocnennsst Bepcus miatdopmel. Ee momgnepxka (uc-
IPaBJIEHUS] OLIMOOK M ySA3BUMOCTEN) OYyJIeT MPOI0JIKATHCS, HO HOBBIX BO3MOYHO-
cTel yxe He 100aBUTCH.

B kauectBe anprepratuBel Microsoft nmpemiaraer HoByro matgopmy .NET
Core. Ona TaKxxe sBIsETCS 00ILEA3bIKOBOM, HO OJJHOBPEMEHHO C 3THUM, B OTJIMYNE
ot .NET Framework, emie u kpoccriardgopmenHoi []. OmHaKo CTUCOK S3BIKOB TIPO-
rpaMMHPOBaHUS, Ha KOTOPBIX MOXKHO BecTu pazpabotky moj .NET Core, cunbpHO
orpanunuen: C#, Visual Basic u F# [].

B manHnoit pabote OyAeT mpoAeMOHCTPUPOBAHO CO3JJaHUE KOMITHUIISITOPA MO-
JeNBHOTO si3bIKa mporpammupoBanus ais matdopmsl .NET Core ¢ ucnonbs3oba-
HueMm kommuistopa C# Roslyn. [lanHas 3aiaya BaykHa JUTsl CO3AaHMS TTOJTHOIICHHBIX
a3bIKOB nporpammupoBanus o .NET Core wim noptupoBaHus CylecTByIOIUX, B
yacTHOCTH, si3bika Pascal ABC.NET, koropsrii ceituac kommunupyet koa st .NET

Framework.



IlocTanoBKa 3a1auun

L[CJILIO I[ElHHOfI pa6OTI>I SABJACTCA pa3pa60TKa KOMITHJEATOpA IJII MOACIIBHOI'O

sI3bIKa TIPOTPAMMUPOBAHUS ¢ uctonb3oBanueM Roslyn monx mmatpopmy .NET Core.

s qocTrkeHus ey ObUTH C(POPMYTUPOBAHBI CICAYIOIIUE 3a/1a4H

1.

o a0 bk~ W

W3y4uTh yCTpOWCTBO KOMITUJISITOPOB, MX MPUHITUIBI paOOThl U METOJbBI
pa3paboOTKH.

CdopmynupoBaTh U ONMKUCATh CHHTAKCUC U CEMAaHTUYECKUE TMpaBUiIa s
MOJICIIBHOTO SI3bIKA TIPOTPAMMHUPOBAHHS.

Peann3oBath MOCTPOCHUE CHHTAKCHYECKOTO JIEPEBa MPOTPaMMBI.
N3yuuTh KOMIUISATOP C OTKPBITHIM UCXOAHBIM KoJ1oM Roslyn.
Peann3oBaTh N3MEHEHHUS CEMaHTHYECKHUX ITPOBEPOK KoMmmustopa Roslyn.
PeanuzoBarh KOMIUJISATOP AJIE MOJEIBHOTO SI3bIKA, MCMOJB3Ysl HHGpa-

CTPYKTYpy npoekra Roslyn.



1. O01mme cBeIeHUS 0 KOMITWJISATOPAaX

S3BIK POrpaMMUPOBAHUSI — 3TO CPEACTBO ONMMCAHUS KOMIIBIOTEPHOU IPO-
rpaMMBbI B BU/JIE, IOHATHOM JIJIA 4esioBeKa. UToObI 3aIyCTUTh MPOrpamMmy, €€ HeoO-
XOJIMMO TTpeoOpa3oBath B (hOpMY, MPUTOIHYIO J1JIsl BBIMOTHEHUS KOMITBIOTEPOM (Ma-
IIMHHBIN KOJ) WK BUPTYaJIbHOU MaluHoM (0aiT-ko ). Takoi npoliecc Ha3bIBaeTCs
Komnuaayueu, a IporpaMma, €€ BbITOIHSIOWAS — KOMNULANOPOM.

[Tporiecc KOMIUIIAIMKE MOKHO pa3aeauTh Ha ¢a3sl (puc. 1.1.) []

NeKCHYeCKil | ..| CHHTaKCHYECKUA
-
aHanus3 | | aHanus

h 4

CeMaHTUYeCKHIA

0 1
reHepaLWa Koaa AHATN3

| ONTHMW33LMA |-"'n

Pucynox 1.1. @azvl komnunayuu

1.1. JlekcnyecKHuil aHAJIN3

Jlexcudecknii aHaJIN3 — MEPBBIN ATAll KOMIIWISILIUM U HHTEPIIPETALINH, KOTO-
PBIi BBIMOHSAETCS JEKCHUSCKUM aHAIN3aTopoM (rexcepom). Jlekcudeckuii aHau-
3aTOp YUTAET MOCUMBOJIbHO UCXOAHBIN KO/ IPOTrpaMMbl M pa30MBaET €ro Ha COCTaB-
HbIC YaCTU 5I3bIKAa (CMBICIOBBIC MOCIIEI0BATEIBHOCTH, HA3bIBAEMBIC JIEKCEMAMU).
DTO MOTYT OBITh WICHTH(OUKATOPHI, KJIFOUEBBIC CIIOBA, YUCIIA, ONIEPATOPHI [].

CylIecTBYIOT HHCTPYMEHTHI U1l TEHEPAlUH KOJAA JIEKCUYECKUX aHaJlnu3aTo-
poB. B nannoii padote ucnonb3yercs GPLEX []. On npuHuMaeT Ha BXOJ[ OIMCAHUE
TOKEHOB $13bIKa U CIIMCOK KJIFOYEBBIX CJIOB U FEHEPUPYET KOJ Jiekcepa Ha sizbike CH.

[Ipumep paboThI JIEKCHYECKOTO aHATM3aToOpa MpUBEIeH Ha puc. 1.2.



NS

int i = y, + 3 = 4 :

Pucynox 1.2. Ilpumep pabomul nexcuueckozo anaiuzamopa

1.2. CHHTAKCHYECCKHM aHAJIN3

CHUHTaKCHUYECKHI aHaIu3 — MPOBEPKAa KOPPEKTHOCTH MPOTPAMMBbI C TOUKHU
3pEHUS epamMmMamuKku A3vika porpammupoBanus. [Iporpamma, BeIIONHSAOMIAS Ta-
KYIO IIPOBEPKY, HA3BIBAETCS NAPCEPOM.

I'pammartuka si3pika — HAOOp MpaBUJl, YCTaHABIUBAIOUIUN TOPSIIOK ClIeI0Ba-
HUs TokeHOB []. Hampumep, mocie 3Haka apuMETHYSCKOM oIepariii He MOXKET
CJIeIOBaTh APYroi 3HaK apudmeTndeckoil onepamuu. [locie oneparopa npucpau-
BAHUA JIOJIKHO CIIEJIOBATh BHIPAKECHUE.

Kpome Toro, B paMkax CHHTaKCHYECKOTO aHAlM3a CTPOUTCS aOCTpaKTHOE
CHHTaKcH4eckoe aepeBo mporpammbel (AST — Abstract Syntax Tree) []. Dto nepeso,
y3JIbI KOTOPOTO — CHUHTAKCUYECKHE KOHCTPYKIMHU MPOrpaMMbl (IIUKJIIbI, YCIOBHUS,
UAeHTU(HUKATOPBI, KOHCTAHTHI). Kaxaplii BHYTpEHHUHN y3€J MPEeCTaBIseT onepa-

IIUI0, a JIOYEPHUE y3JIbl — apTryMeHThI 3Toi omneparun. [Ipumep AST npuseneH Ha

puc. 1.3.
N

Pucynox 1.3. AST euvipaoicenus 2 + 3 * 4
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CyIecTBYIOT YTHIUTBI, TCHEPUPYIOIINE CHHTAKCUYCCKHE aHATM3aTOPbI, TI0-
Jydasi Ha BXOJl FpaMMaTHYECKHUE MpaBuiIa si3bika. B paMkax qaHHOMN pabOThI HCIIOJIb-
3yetcs rerepaTop napcepoB GPPG []. On nmpuHMMaeT Ha BXOJ TpaMMaTHKY S3bIKa

U TEHEpUpPYEeT KOJI aHaIu3aTtopa Ha s3bike CH#.

1.3. CeMaHTHYCeCKHUHA AHAJIH3

CeMaHTHYECKU aHAJIN3 — MPOBEpPKa MPOTPaMMbl Ha COOTBETCTBUE CEMAH-
Mmu4ecKumM npasuiam si3bika MporpaMMupoBaHus. BaxkHOU ee 4acThIO ABJISIETCS HpO-
eéepka munos. Tak, BeIpakeHue int i = 3.1315; BEpHO C TOYKH 3PECHUS rpaMMa-
THUKH, HO HEBEPHO CEMAHTHUYECKH — B OOJIBIIMHCTBE SI3bIKOB MIEPEMEHHOMU IIEJI0T0
THUIIA HEJIb3S MPUCBOUTH BEIIECTBEHHOE YUCJIO 0€3 IBHOTO MPUBECHUS.

[TomMmuMo 3TOTO, Ha ATANe CEMAHTUYECKOrO aHaJIM3a UJET MOCTpOEHUEe Taod-
JIMIBI CUMBOJIOB. DTO CTPYKTYpa JaHHBIX, XpaHsIas B cede nHpopmaruio 00 00b-
SBJICHHBIX B MPOTPaMME CYIIHOCTSIX (IEpEMEHHBIX, (YHKIUH, KOHCTAHT), UX TUIIOB
u obacreit BuaumoctH [][]. JanHas Tabnuiia HCHOIb3yeTCs MPH TaIbHEUIIHNX Ce-
MaHTHYECKUX TMPOBEpKax (HampuMmep, MpU MPOBEPKax CYIIECTBOBAHMS BbI3bIBaec-
MBIX METOJIOB) U T€HEPAIIMH KOJIa.

CeMaHTHYECKUW aHATU3 SIBJISETCS HETPUBHUAIBHON 3ajaueli BBUAY OTPOM-
HOT'O KOJIMYeCTBa MpoBepok. [[s1 ee pemieHus: B JaHHOU paboTe ObLI UCTIOIB30BaH

cTopoHHMI KommusiTop Roslyn.



2. Onucanmne MOJACJIBHOI'O A3bIKA

B nannoit pabore paccMarpuBaercs Co3JaHUE KOMMMIATOPA MOJEIBHOTO
s3bIKa porpammupoBanus o miatgopmy .NET Core. UtoOs! mokazaTh BO3MOXK-
HOCTh CO3JIaHUS [UJIsi HEe KOMIMJIATOPa CIOKHOTO $3bIKa MPOTPAMMUPOBAHUS
(manpumep, Pascal ABC.NET), HeoOxomumMo peain30BaTh KOMIIMIIATOP IJIS MO-
JETHHOTO SI3bIKA, YIOBJIETBOPSIONIETO CICIYIOMUM TPEOOBAHUSIM:

® HaJUYHe OIEepPaTOPOB BBOJIA M BHIBOJA;

® BCTPOEHHBIE TUIIBI JTAHHBIX, KOTOPBIE MpoenupyroTcs Ha Tumbl .NET;

® BO3MOKHOCTh UCIOJIb30BaHUS HANPsIMYIO KiaccoB v MeTojoB .NET;

® HaJu4He CTPYKTYp JaHHBIX COOCTBEHHOU peann3aliuu;

® HaJU4He pacUIupsieMON CTaHIapTHOM OMOIMOTEKH.

Omnucannbie TpeOoBaHus sIBISAIOTCS OazucHbiMU 11t .NET-s3bik0B, T10-
CKOJIBKY ITO3BOJISIIOT Peain30BaTh 000 (YHKIIMOHAJ, MPEIOCTABISICMbIN TIaT-
dbopmoii .NET Core.

B pamkax manHo# paOoThl ObLT pa3paboTaH MOACIBHBIN S3bIK ¢ C-110100HBIM
cuHTaKcucoM. B HeM moctymubl ctangapTHbie TUIBI M3 .NET (int, double, string).
Jly1st BBIBOJIa HA KOHCOJIb MUCIIOJIb3yeTCs onepaTop print. C MOMOIIBI0 KITFOUYEBOTO
CJIOBA netusing MOXHO MOAKIIOYUTH CTaHAapTHBIE pocTpancTBa umeH .NET.

B s3p1K€ MOCTYNHBI OOBSBICHUS W BBI3OBBI (pyHKIMH. [IpucyTcTBYIOT Mac-
CUBBI, 0a3UpyIOIIKecs Ha CTPYKTYpEe JaHHBIX COOCTBEHHOM peanu3anuu. [lepemeH-
HBIC MOYKHO OOBSIBJIATH M HHUITMAIU3UPOBATH KaK OOBIYHBIM CITOCOOOM, TaK M C II0-
MOILBIO KOpTeXkEH. JlOCTyITHBI IUKIIbI for U loop.

JJ1st MOZIETBHOTO sI3bIKa ObIIa peaTn30BaHa CTaHJapTHAsI OMOIHOTEKa B BUJIC
HEKOTOPBIX MaTeMAaTHYECKUX (DYHKIIMH, Kjlacca MAaCCUBOB W (YHKIIUN IS 3aMepa

BPCMCHH BBIIIOJIHCHHA KOJIA.



3. Ucnoan3oBanue Roslyn

Roslyn — 310 kommustop C# ¢ OTKPBITBIM HCXOIHBIM KOJOM, pa3padaThi-
BaeMblii Microsoft []. Or mMoxeT kKoMIMIHpPOBaTh NporpaMMbl Ha si3bike C# 1o
mwiatdopmel .NET Framework u .NET Core. Uro0s! ucronb3oBats Roslyn, Heooxo-
JUMO CBECTH TIPOrpaMMy Ha MOJEIBEHOM SI3BIKE MPOTPAMMHUPOBAHUS K MTPOrpaMMe
Ha s13p1ke C#, a y)Ke MOTOM BBITIOTHATH KOMITUJISIIUIO.

Roslyn mogxoaut ajist perieHus mocTaBieHHbBIX 3a7a4, MOckoabky C# mpejio-
CTaBJIAET JIOCTYN KO BceM BO3MOKHOCTSM tuiatdopmbl .NET. B mannoit padote
s361k C# paccmarpuBaeTcs kak nmpoekmus Ha Beck .NET Core.

Roslyn npuarMaeT Ha BX0J] KO IpOrpaMMbl Ha si3bike C# MM ee CHHTaKCH-
gyeckoe JiepeBo []. Jlekcumueckuii 1 CHHTaAKCUYECKUI aHAIM3 HEOOXOJIMMO BBIMOJI-
HSTh CAMOCTOSATENbHO, a mostydeHHoe AST — mpeoOpazoBate B AST nporpamMmbl
Ha si3pike C#, mocie yero ucnoib3oBath Roslyn. Takum o6paszom, Roslyn 6epet Ha
ce0s1 BCE CEMaHTHUYECKUE MPOBEPKH, ONTHMH3AINIO U TeHepanuto koaa []. Cxema

KOMITHJISILIMM ¢ MCTioyib3oBanueM Roslyn npencrasnena Ha puc. 3.1.

CHHTRKCHMYECKMI
aHanus

NercHdecri |
aHanus

¥

h 4

|, | Mpeofpazoeadne
| | BAST C#

Roslyn

Pucynok 3.1. Cxema xomnunsiyuu ¢ ucnonvzosanuem Roslyn

B manHO# paboTe TEKCMYECKUN W CUHTAKCUYECKUN aHaTU3aTOPhl peatn3y-
I0TCS ¢ TOMOILBIO crienalibHbIX reHepaTopoB GPLEX u GPPG. lanee paccmatpu-

BaeTcs MpeoOpa3oBaHNe CUMHTAKCUYECKOTO JIepeBa B IepeBo porpaMmel Ha CH.



3.1. [IpeodpazoBanue AST

CamMblii ipocToi croco0 mpeodpazoBaTh OJTHO CHHTAKCHYECKOE JAEPEBO B IPY-
roe — o0oiTH HadyaibHOe AST B riyOMHY M B KaXKJIOM y3Ji€ TeHEPUPOBATh HOBBIC
y3JIb1 7151 LIETIEBOTO JIepeBa. DTO MOKHO PEaTn30BaTh C MOMOIIBIO TATTEpHA «BU3H-
Top» [].

Busutop — 370 Ki1ace, coaepKamuii METOIbI A1 00X0/1a Y3JI0B UCXOJHOTO

nepesa. [Ipumep Takoro kiracca npuBeseH B tucTuare 3.1.

Jluctunr 3.1. [Ipumep knacca-BuznuTopa

class MyVisitor {
public void VisitIntNumNode(IntNumNode node) { .. }
public void VisitPrintNode(PrintNode node) { .. }

}

Jlns renepanuu AST C# 611 peasin3oBaH Ki1ace RoslynTreeBuilderVisitor,
KOTOPBIM 00XOJUT BCE Y3JIbl UCXOHOTO CUHTAKCUUYECKOTO JIEpeBa U CO3/1a€T y3IIbI
nepea C#. Co3znanHble Y3716l BRIpQXKESHHUH (JTUTEpaIOB, OMHAPHBIX ONEPATOPOB, ap-
TYMEHTOB (DYHKITHI) COXPAHSIOTCA Ha CTEKE /IS MOTYUYEHUs K HUM JIOCTYyTa U3 PO-
TUTENBCKUX Yy3710B. Hike mpencTaBieH MeTo BUSUTOPA IS y3j1a TPUCBauBaHUS

nepeMeHHOM 3HaueHus AssignVarNode []:

Jluctunr 3.2. Meton Bu3UTOpa A5 y371a MPUCBAaUBAHUS

public override void VisitAssignVarNode(AssignVarNode node) {
node.Expression.Visit(this);
node.ID.Visit(this);
var kindAssigment = SyntaxKind.SimpleAssignmentExpression;
var assignVar = AssignmentExpression(

kindAssigment, expressions.Pop(), expressions.Pop()

)
AddStatementToCurrentBlock(ExpressionStatement(assignVvar));

}

CuHauama BHU3UTOPOM O6XOI[$ITC$I JAOUCPHUC Y3JIbl IMpUCBaBaHUA

(naeHTH(UKATOP TIEPEMEHHOM M TPHCBAMBAEMOE BBIPAXKCHUE), IIOCIE Yero
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CT€HEpUPOBAHHBIE IS HUX y3JIbl OKa3bIBAKOTCS HA CTEKE expressions. 3aTeM Takue
y3JIbl CHUMAKOTCS CO CTE€KA M MCIOJIB3YIOTCS I TEHEPALMH POJUTEIBCKUX Y3JI0B.

3/1ech BaXXKHO OTMETUTh, YTO AssignVarNode SBIISIETCS y3J0M CHHTAKCHYe-
CKOT'O JIepeBa MOJEIIBHOIO fA3bIKa, a AssignmentExpression — CTaTUYECKUM METO-
JIOM KJiacca SyntaxFactory u3 RoOslyn, reHepupyrommm y3ein CHHTaKCHYeCKOTO Jie-
pesa C#.

[Toryuennoe AST 10JKHO COOTBETCTBOBAaTh CEMAHTHUYECKHUM IIpaBUIIAM

s3pika C#. J{71st 3TOTO Ipu TeHEepaIi YYUTHIBAIOTCS CIETYIONINEe OCOOCHHOCTH:

e Ecau B MOJIETBHOM S13bIKE MHCTPYKIIMH PACIIOJIAralOTCs B CAMOM BHEIIHEM
010Ke, B epeBe C# SKBUBAJICHTHBIE Y3JIbl JOJKHBI OBITh PACIIOJIOKEHBI B
CTaTUYECKOM METOJIE Main KJj1acca Program,

e OOBsBIECHUIO IEPEMEHHON WM (DYHKIIMH B II100aIbHOM 00J1aCTH BUAMMO-
CTH B MOJIETILHOM $SI3bIKE€ COOTBETCTBYET OOBSBICHUE CTATUUECKOIO YJIeHa
Ki1acca Program B C#.

B tepmunax Roslyn kommunupyemoii equautieit C# sBnsiercst Moyiis (Unit),

KOTOPBIN BKJIOYAET B c€0sl MPOCTPAHCTBA UMEH MJIM KJIacChl HanpsiMyto. B metogax
BU3UTOpA RoslynTreeBuilderVisitor reHepupyercs TaKOH MOMYJIb, KOTOPBIN J10-

CTYIIEH KaK BBIYHCINMOE 110JI€ UnitNode Ki1acca BU3BUTOpA.

3.2. Kommuasuusa mox .NET

[Tocne toro, kak Obuto momydeHo AST C#, ero MOXHO CKOMITHIJIMPOBATh.
Roslyn npenocTasinsiet st aToro kimace CSharpCompilation, ¢ MOMOIIBIO KOTOPOTO
MO’KHO HACTPOUTH MapaMeTpbl KOMIMIISAIINU.

B sk3eMIuisipe Takoro kiiacca He0OX0UMO yKa3aTh CHHTAKCHUECKOE JIEPEBO
— AST C#, nonyuenHoe B pe3yJibrare padoTsl Buzutopa. [loMuMo 310ro, MoKHO
YCTaHOBUTH THUII BBIXOJHOT'O MPUIIOKEHHS (B paMKax JaHHON pabOThl — KOHCOJIb-

HO€) U YPOBEHb ONTUMHU3ALIIH.
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JIncTrunr 3.3. YcraHoBKa napaMeTpoB KOMITUJISIINH

var visitor = new RoslynTreeBuilderVisitor();
syntaxTree.Visit(visitor); //3anyck Buautopa
var syntaxTrees = new[] { visitor.UnitNode.SyntaxTree };
var options = new CSharpCompilationOptions(
outputKind: OutputKind.ConsoleApplication,
optimizationLevel: OptimizationLevel.Release

)5

Kpome mapamerpoB kommuisiuu, Roslyn tpedyer ykazaHue cChUIOK Ha Ono-
morekn .NET (references). Camas BaxHast U3 HUX — OHOJIMOTEKA IICJICBOH IL1aT-
dopmbl. s kommwsiiuu konxa mox .NET Framework neoGxomumo 3arpy3uTth
mscorlib.dll, mox .NET Core — System.Private.CorelLib.d1l. Takum oOGpazom,
Roslyn npenocraBisieT BO3MOXKHOCTD BEIOOpPA LIETICBOM IIaT(OPMBI.

B nannoi#t pabote mia kommwisiiiny Obuta BeiOpaHa ruiardopma .NET Core
BBHUIy €€ KpoccriaThopMeHHOCTH. [1o 3TOM ke MpuIrHe caM KOMITHIIATOP TaKKe
ob11 pazpadotan oa .NET Core. [lys 3arpy3ku OMOJIMOTEKH UCIIOIB30BaIACh OCO-
OCHHOCTb MPUMHUTHUBHBIX TUIIOB B si3bike CH#: OHU XpaHAT MH(OpPMAIUIO O 1eJIeBON
maTdopme, oI KOTOPYI0 CKOMITUIMpPOBaHA mporpamma. Takum oOpa3oM, MyTh K
HY)KHOU COOpKE MOYKHO TOJYYHTh C IIOMOIIBIO CIICAYIOIIETo BbI30Ba []:

string netCorelLib = typeof(object).Assembly.Location;

3anyCTUTh MpoLecC KOMOWISIUMK TO3BOJSIET Meroh Emit  kiacca

CSharpCompilation.

Jluctunr 3.4. Kommwisanus ox .NET Core

var compilation = CSharpCompilation.Create(
"assemblyName", syntaxTrees, references, options
)

compilation.Emit(outputExeFileName);

[IpuBenenHsblil koA reHepupyet ucnoiaHseMblil ¢aiin EXE. Ho ans pabotel
nporpamm 1151 .NET Core neobxonum daiin koHpuryparuu . runtimeconfig. json.
[Tocne noGaBneHusi ero reHepany KOMIUISATOp OyaeT padborats. s mpoBepku

ObLT co3nan (aiin test.mylang CO CIEIYIOIMIMM CONCPKUMBIM:

print "Hello, world!";
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Jlor ero KOMMWJISIITUU U KOHCOJIBHBINA BBIBOJ creHepupoBaHHoro EXE-daitna

MNpCaACTAaBJICHBI B JINCTUHIC 3.5.

Jluctunr 3.5. 3anyck KOMIWIALNKA U creHeprupoBanHoro EXE

> MyCompiler.exe "test.mylang" "test.exe"
> dotnet test.exe
Hello, world!

Takum 06p8,30M, p33pa6aTBIBaCMBIﬁ KOMIIWJEATOP MOICIIBHOT'O A3bIKa

YCHEIIHO reHepupyeT ucnomusemsie dainsl nox mwiargopmy .NET Core.
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4. Moauduxkamus Roslyn

4.1. Moaudukanus TeKcTa OMIMO0OK

OpnHa M3 raaBHBIX 3a/lad KOMOWISITOpa — OOHApY>KMBAaTh OMIMOKU B IPO-
rpaMMe U coO0IaTh O HUX MporpaMMUCTy. Pa3zpaboTaHHBIN KOMIUISATOP U3-3a UC-
noJp30Banus ROSlyn nmpoBepsieT ommoOKy ¢ TOUKK 3peHUsT CEMaHTUKH si3bika CH#.

JIJist AeMOHCTpallMy 3TOTO pa3padaThIBAEMOMY KOMIWJISATOPY OBUI MepeaH

KO/l Ha MOJICJILHOM $I3BIKE, COACPKAIINN CEMAaHTUUECKUE OIIHOKHU.

JIuctunr 4.1. Kox Ha MOJIETIFHOM A3BIKE C CEMAHTUYECKUMU OMINOKaMU

int i = 5.0;
string lower = tolLowerCase("CAPS");
int j = a;

KonconsHbIM BBIBOA KOMITHUJIATOpPA, 3alIlYIICHHOTO IJIs1 TAKOIr0 KOoJad, IPUBC-

JeH B mucTuHTe 4.2. O1mmOKy BEIBOASTCS B TepMUHAaxX s3bika CH.

JIuctuHr 4.2. BeIBoJ KOMITIUISITOpA JIsl KOJIa C OIITHOKaMHM

> MyCompiler.exe "test.mylang" "test.exe"
(1,73): error (CS0266: Cannot implicitly convert type ‘'double' to
. An explicit conversion exists (are you missing a cast?)
(1,93): error (CS0103: The name 'tolLowerCase' does not exist in the
current context

(1,124): error CS0103: The name 'a' does not exist in the current
context

int

Kpome toro, abcooTHO HEBEPHO yKa3aHa JIOKAIM3AIUs OMTUOO0K. DTO Mpo-
UCXOIMT IO MPUYMHE TOTO, 4TO y JiekceM ROSlyn Het 3apaHee yCTaHOBJICHHOM ITO-
3UIMH, OHA BBIYUCISIETCS cOryiacHO moctpoeHHoMy AST. 31ech ecTh nBe mpo-

OJIEMBIL;

o [Ipu moctpoenun AST C# cunrtaercs, 9TO €ro dJIEMEHTHI PACIOIOKECHBI
BCE B OJIHOM CTPOKE JAPYT 3a Apyrom (0e3 mpoOenbHbIX CUMBOJIOB). s pemeHus
npobaembl ROSlyn mpenocrarisier A1 CHHTaAKCHYECKOTO JepeBa y3Jbl MIEPSHOCOB

CTPOK, Mpo0esIoB 1 TaOyJIsImiA [].
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e MogenbHblii a3k 1 CH# UMEIOT pa3Hblil cuHTakcuc. C# Tpedyer HaIn4us
KJlacca U MeTojia Main, MOATOMY HHKaKasi MHCTPYKIMSA HE MOXKET UMETh MO3UIUIO
(1,1) u3-3a 0OBABIICHUS KJIacca M METOJIA, B TO BPEMsI KaK B MOJICITLHOM SI3BIKE Ta-
KO BO3MOKHO. [ToMHMO 3TOTO, B ABYX SI3BIKAX Pa3HbIC IJIMHBI MHCTPYKIMHA (HApH-
Mep, print B MOJIEILHOM U 3KBUBAJICHTHBIN eMy Console.WriteLine B C#)

[To3umust TokeHOB B KommmisiTope ROSlyn 3amaercs He NMPUBBIYHOHN Mapoi
«CTPOKA-CTOJIOCI, a Mapoil CMeIeHNH (MHAEKChl CUMBOJIOB ¢ Havaua (aiina). i
3HAYEHUSA MEPECUYNTHIBAIOTCS aBTOMATUYECKHU MOCIIE Kak1oro usMeHenuss AST, mo-
ATOMY HET CMBICIIA TIEPEONPEEIATh UX BpYYHYIO — OHH BCE PaBHO U3MEHSTCS T10-
ciie 1000T0 U3MEHEeHHS iepeBa. B mapbl «cTpoka-cTosoeiy cMelleHus nmpeoopasy-
IOTCS YK€ Ha 3TaIe BBIBOJA ONMTHOOK, CAaMH Maphl B y3/1aX HE XPaHATCS.

Roslyn npenocrasiiseT BO3MOXKHOCTD 100aBUTH [T Kaxa0ro y3i1a AST kom-
MeHTapuil (NodeAnnotation B TepMUHax KoMmujsitopa). B manHoil paborte Takue
KOMMEHTAapUU OBUTH WCIIOJIb30BAHBI ISl XPAHCHUSI TTO3UIMA TOKEHOB HCXOHOTO
(MozenpHOTO) si3bIKa. Hampumep, BoIpaXXeHHIO print a; MOJETBHOTO A3bIKa COOT-
BeTcTBYET AepeBo Roslyn, skeuBanenTHoE cnenyromemy koay Ha CHL:

class Program { static void Main() { Console.WriteLine(a); } }

NnentudukaTop a B KoJie MOJICITBHOTO sI3bIKa UMEET MOo3uIuo (1,7) (1,8),
a B aepeBe Roslyn — 48;49 (3mech yxke He maphl, a cmeieHus). C MOMOIIbIO
NodeAnnotation HIEHTH(PHUKATOPY YCTAHABIMBACTCS KOMMEHTApUHA C TEKCTOM
"1,7;1,8". I[locne Toro, kak AST C# mocTpoeHo, HaeT MOCTPOCHHUE TabJIUIIBI COOT-
BETCTBUI No3ulinil (locationMap B KoJie pa3pabOTaHHOTO KOMITUJIATOPA): MOJTy4da-
I0TCSL BCe y37bl ROSlyn, nuMerorrie KOMMEHTapHH, TEKCT KOMMEHTapHeB pa3oupa-
€TCSl ¥ JAHHBIC O TMO3UIIUSIX 3aHOCATCS B CIIOBAPh, TJI€ KIFOUHU SBIISIOTCS MTO3UIUSIMU
B niepeBe C#, a 3HaUEHUSI — B UCXOHOM KOJIe MOJICIIBLHOTO SI3bIKA.

CooOmenust 00 omubOkax RoOsSlyn mnpeacraBistoTcss oObeKkTaMHu Kiacca

Diagnostic. MHcxonmHas HedopMaTUpoBaHHAs TMO3MIMS XpAaHUTCA B TMOJIE

! JIis HarJISITHOCTH B KOJIE paccTaBiIeHbI TPoOebl, HO B IepeBe ROSlyn oHu OTCYTCTBYIOT
BOBCE, JIayke MeX 1y TokeHamu class u Program, static, void u Main.
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Diagnostic.Location.SourceSpan. Takum obOpa3zom, npu o6paboTKe OMMOOK TO-
Jy4deHHas no3uius u3 aepea C# UCMONb3yeTCsl Kak KUY B IOCTPOCHHOM CIIOBape
JUJIS1 TIOJTYYEHUSI UICXOTHOM JIOKAJIU3al[iu OIIHOKHU.

B knacce Diagnostic ecTh moJis Code u Arguments. OHU XpaHST KOJI OIITMOKH
U apTyMEHTHI MA0JIOHHON CTPOKU ee omucaHus. M3HadaabHO 3TH TOJIS SBISIIOTCS
BHYTpeHHUMHU (internal), T. €. HEIOCTYITHBIMH H3BHE. J[JI MX UCIIOJIL30BAHUS MO-
ILH(bHKaTopLI JIOCTYyTA JUJIS TUX TTOJICU ObUTH M3MEHEHBI Ha public B Kjacce Diag-
nostic M BCEX €ro HaACJICOIHUKAX.

N3MeHUTh TEKCT OMMUOOK MOKHO JIBYMS CITIOCOOAMHU:

1. Ha cropoHe KOMIUIATOpA MOJEIBLHOTO SI3bIKa MPU 00pabOTKE OMIMOKHU
MOJIy4YaTh €€ KOJ U apryMEHTHI, ocJie 4ero GopMuUpoBaTh COOCTBEHHYIO CTPOKY.

2. W3menuth TekcT ommbKku B camoM Roslyn. B ¢aiine ErrorCode. cs omnu-
CaHbI KOJIbI OITMOOK M UX KOHCTaHTHbIE 0003HaueHus. Hanpumep, 1iig ommoku npe-
o0Opa3oBaHMs THIIA WCIOJIb3YeTCsl KOHCTaHTa ERR_NoImplicitConvCast (cooTBeT-
CTBYeT Koay CS0266). B ¢aiine pecypcoB CSharpResources.resx KaxI0W Takou
KOHCTAHTE COMOCTABISAETCS TEKCT OIIMOKHU, U €r0 MOKHO U3MEHUTh.

[Tocne onucaHHBIX U3MEHEHUI pa3padaThIBAEMOMY KOMIUIISITOPY CHOBA OBLIT

nepenaH Ko u3 uctuHra 4. 1. BeiBoa npencTaBieH B TUCTHHTE 4.3.

JIuctunr 4.3. VictipaBieHHBIN BBIBOJI KOMITMIIATOPA JIJIsl KOJIa C OIITMOKAMHM

(1:8,1:11) Error: Can't convert type 'double' to 'int'
(2:15,2:26) Error: Unknow identifier 'tolLowerCase'
(3:8,3:9) Error: Unknow identifier 'a’

Takum oOpa3zom, ObLTa HCTIpABIICHA JIOKATU3ALMS OIUOOK U ObLTA U3MEHEHBI

HX ONMCAHUS.

4.2. YnajleHne CEMAaHTUYECKUX MIPOBEPOK

B npenpiaymmx pazaenax KOMIWIALMSA KOAa HA MOJICJIBHOM SI3bIKE MPOU3BO-
JIUJIach B MPEAMNOJIOKEHUH, YTO €r0 CEMaHTHYECKUE IIpaBuiia COBIAIAIOT C MPaBU-

namu si3bika C#. B maHHOM pazjerne paccMaTpuBaeTcsi OOUIUN ciydail, Koraa Takue

[mpaBujia pasjiidar0TCa " HCO6XOI[I/IMa KOppeKOnuA CCMAaHTHUYCCKUX IIPOBCPOK
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Roslyn. [lns neMoHcTpammyu BO3MOKHOCTH CO3/IaHMsI TIOJIHOIIGHHOTO KOMIIHIIATOpa
HEOOXOIMMO YMETh U3MEHATh ceMaHTHKy ROSlyn B 00e cTOpOHBI: pa3pemuTh TO,
410 3amnpenieHo B C#, u Hao00poT.

Hanpumep, B C# 3amnperieHo o0bsIBICHNE IEPEMEHHON, €CITN MTEPEMEHHAS C
TaKUM HMEHEM Obliia OO0BsBIEHA B POAUTENHCKON obOmactu. Kom Ha MomenbHOM
S3bIKE, TPUBEICHHBIN B TUCTHHTE 4.4, IPUBEET K OIINOKE CO CTOPOHBI CEMAHTUKH

Roslyn.

Jluctunr 4.4. Kox ¢ nepeMeHHOM BO BIIOKEHHOM 00J1acTU

int i = 2;

{
double i = 1; //error CSO136
print 1i;

}

print 1i;

B MonenpHOM si3bIKe Takoe 00BSBICHHE OBLIO pa3peiieHo.

3a mpoBepky cemaHTHkn C# oTBeuaeT MPOEKT Microsoft.CodeAnalysis.
CSharp u3 npoekra Roslyn. Dran cemanTHYeckux MpoBepoK B TepmuHax Roslyn
Ha3bpIBaeTCA Binding. B wactHOCTHM, Kinacc BlockBinder mpoBEpsSieT CEMaHTUKY
BHYTpPH BCEX OJIOKOB.

beun co3nan kitacc MyBlockBinder, Haciemyromerocss ot BlockBinder. [l
ATOTO Y 6a30BOI0 KJiacca OblI yiaiieH MoaudUKaTop sealed, 3anpeiiaroniuii Hace-
JIOBaHHUE.

Knacce BlockBinder comepxuT MeToa BindIdentifier, mpoBEpSIOIINN Ce-
MaHTHKY I uJeHTUuKaTopoB. OJIHA U3 TAKUX MPOBEPOK — MPUBATHBIM METO]
ValidateNameConflictsInScope. OH mpoBepsieT KOHMIUKTH UMEH B 00JIaCTH BH-
JTUMOCTU. DTOT METO]T ObLT OOBSBIICH protected U BUPTYyaJIbHBIM.

Ncxoansiii MmeTon Bo3Bpamiaer false, eciiv KOH(IUKTAa UMEH HET, U true B
npoTUBHOM ciydae. [Tocie HeCKOJIIbKUX CEMaHTUYECKUX MPOBEPOK B HAYajle HIET

UK for (JiuctTudr 4.5)
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JIuctuHr 4.5. [{uki B ucXxogHoM mMeTojie ValidateNameConflictsInScope

for (Binder binder = this; binder != null; binder = binder.Next) {
/] ...
var scope = binder as LocalScopeBinder;
if (scope?.EnsureSingleDefinition(...) == true) return true;
/] ...

}

Merton EnsureSingleDefinition mpoBepseT, eCThb JiM €Ie epeMEHHas C Ta-
KM UMEHEM B TEKyIIeW 001acTy BUAUMOCTH. LIMKI mpoXoauT 1o Bcem OiioKam,
HAayMHas OT TEKYIIero M 3aKaHuuBas TJI0O0ATbHOM 00siacThio BupuMmocTu. Kax
TOJIBKO B OJIHOM W3 HUX OOHapy>KHUBaeTcs AyOJMpyroiiee 00bsBIECHUE, BO3Bpalla-
eTcs true (€CTh KOH(IIHKT).

HeoOxoaumMo HM3MEHUTh A3TOT LMK TakKuM 0O0pa3oM, 4YTOOBI IpOBEpKa
EnsureSingleDefinition BBI3BIBaIach AJIS JIOKAJIBHBIX IIEPEMEHHBIX TOJIBKO OJUH
pa3. Ecniu B oyHOM 010Ke OOBSBIISIETCS IBE TIEPEMEHHBIX C OJIMHAKOBBIM UMEHEM,
ATO JTOJKHO OCTATHCS OIIUOKOMA.

B mnacinenyemom kmacce MyBlockBinder OBIT TIEPEONPEACIICH METOJ
ValidateNameConflictsInScope. IlockonbKy H3MEHEHHsS TPEOOBAIUCH BHYTPH
[MKJIa, KOJ ObUI CKONMMPOBAH MPAKTUYECKHU MOJHOCTHIO. B Havane metona Oblia
oObsiBIIcHa mepeMeHHas wasCheckedConflict ¢ HauyajdbHBIM 3HaueHUEeM false.
VYcnoBue BbI30Ba EnsureSingleDefinition ObLIO H3MEHEHO TAKMM 00pPa30M, UTOOBI
OH TIPOMCXOJIUJI TOJIHKO MPH JIO)KHOM 3HaYE€HUHU BBEJIEHHOTO (pyiara. A Tociie Takoro

BBI30Ba OBLIO I00ABJICHO YCIIOBHE:

if (!wasCheckedConflict && symbol.Kind == SymbolKind.Local) {

wasCheckedConflict = true;

}

Takum oOpazoM, MpoBepKa Ha HATMYKUE KOH(MIUKTA OYyJET BBHITTOJIHEHA OJUH
pa3 Ui UCXOTHOTO OJI0Ka, a AAJbIIe, €CIU MPOBEPSETCA UMS JTOKATLHOW IMepeMeH-

HOI, Takasi mpoBepKa OyJeT 1eaKTUBUPOBAHA.
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Ilocne C60pKH MpoeKTa Microsoft.CodeAnalysis.CSharp KOJ Ha MOJCIb-
HOM $I3bIKE, MMPEICTABICHHBIN B TUCTUHTE 4.4, ObLI MepeaH KOMIUISATOPY B BUJIC

¢aiina vars.mylang. Pe3ynpTaT KOMINUJISIUH PEACTABIICH B JINCTUHTE 4.6.

JIuctunr 4.6. Pe3ynbTaT KOMOWISILIMY MOCTE IEAKTUBALIMH IPOBEPKU

> MyCompiler.exe "vars.mylang" "vars.exe"
> dotnet vars.exe

1

2

Takum 06pa3om, ObliIa paciMpeHa ceManTuka sizbika C#.

4.3. lodaBIeHHEe CEeMAHTHYECKHX MMPOBEPOK

Takxe B 1aHHOHM paboTe OblIa TPOJEMOHCTPUPOBAHA BO3MOKHOCTh N3MEHE-
Husl ceManTuku C# B IpyTryro CTOPOHY IMyTeM 100aBIICHUSI CEMAHTUYECKUX TTPABUIL.

B MozaenbHOM s3bIKe OBLT peaan30BaH LUK 1oop CAEAYIOUIEro CUHTAKCHCA:

loop (N) { ... }

OH noBTOpSIET NEUCTBHSI BHYTPU CBOErO OJIOKA 3aJaHHOE YUCIO pas3, rae N

JOJIXKHO OBITH BBIPpA’KCHHUCM LICTIOTO THIIA.

ITpu reneparuun AST C# 1ukit loop ipeoOpa3yeTcs B CICIYIONTHI UK for:
for (long #loopCounter = @; #loopCounter < N; #loopCounter++) {

}

MM cueTunka IUKIIa HAYUHAETCS C CUMBOJIA #', YTOOBI M30€KaTh BO3MOXK-
HOTO KOH(IMKTA C TIEPEMEHHBIMH, OOBSIBIICHHBIMU TPOTPAMMHUCTOM. Takue HJIeH-
TU(DUKATOPHI 3aMPEICHBI B A3BIKE CHHTAKCUYECKU, TTOITOMY TOJB30BaTENb HE CMO-
JKET CO3aTh TAKOW MICHTU(PHKATOP.

Oto yxe O0ynet pabotarb. Ho Takas 1eneBass KOHCTPYKLHUS U3HAYAIBHO JI0-
MyCKaeT JyIsl BEIpaKEeHUS N JTI00bIe CpaBHUMBIE C long THIIBI, BKJIIOYAsl BEIIECTBECH-
HbIC. YUUTBIBAs, 9TO N — KOJUYECTBO UTEPAIUi, OHO JOJIKHO OBITH IIECITBIM.

Jl1st petiienrs 1aHHOM poOIeMbl Obla Jo0aBIeHA CeMaHTUYECKas TPOBEPKa,

MpoBepAIONIas TUI mapaMmeTpa N.
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[TapameTp N siBIIsieTCs yacThio ycioBus 1ukiia for. B Roslyn ects knacc-Bu-
3UTOp LocalBinderFactory, coiepKaliuii METObI JIsl 00X0ja MHCTPYKIIU, B TOM
yucnue, VisitForStatement. OH 3amyckaeT CEMaHTHYECKHUE MPOBEPKH ISl ITUKIIA
for. B nmuctunre 4.7 npuBeAeHa 4aCTh 3TOT0 METO/a, TPOBEPAIOIIAsl yCIOBHUE ITUKIIA

for.

Jluctuur 4.7. ®parmeHT VisitForStatement, IPOBEPSIOMIUMA YCIOBHE ITUKIA

if (condition != null) {
binder = new ExpressionVariableBinder(condition, binder);
AddToMap(condition, binder);
Visit(condition, binder);

ExpressionVariableBinder — 3TO KJIacC, MPOBEPSIONIMN BBIPAXKECHUS, CO-
JieprKallye nepeMeHHbie. bbio yCTaHOBIIEHO, YTO MPOBEPKA OMHAPHOTO CPABHEHUS
«Ha MEHBIIIE» BBIIOJIHACTCI B METOAE BindSimpleBinaryOperator.

b1 co3paH kiacc MyExpressionVariableBinder, SIBASIOIIUICS HACJICIHU-
KOM HMCXOJHOT0 ExpressionVariableBinder, U B HEM ObLI IIepeonpeaeICH METO
BindSimpleBinaryOperator. 3aTeM BHYTpHM (parMeHTa METOJa, 3amyCKaroIIero
NPOBEPKY YCIOBHS IMKIIA for (MpUBECH B TUCTUHTE 4.7), IEpEMEHHO# binder ObLT
MPUCBOEH 00BEKT HOBOTO KJlacca. Takum o0pa3oM, BHYTPH YCIOBUSI IUKJIA for ObLI
o0ecrieueH BbI30B MEPEOIPEAEICHHOI0 METO 1A JJIsl OMHAPHBIX BHIPAYKECHUM.

B stoT MeTox Ob1TH 1O0OABIEHBI ceMaHTHYeCKHe poBepku. CHavasna rnmpose-
psi€TCsl, YTO JIEBBIM onepaH/ ABIsIeTCS UACHTU(DUKATOPOM, HAUMHAIOIIUMCS C CUM-
BoJia '#'. Ecin 3T0 Tak, mpoBepsieTcs TUIL ITPaBOro onepanaa. Eciu oH He sBisieTcs
LEJI0YMCIIEHHBIM, TeHEpUpPYETCs OIMOKa ERR_LoopCounterNoInteger, KOTOPYIO Me-
pen »TuM ObLta 100aBiieHa B IEpEYUCIICHUE BCEX OITMOOK ErrorCode. B KoHIIE BbI-
3BIBAIOTCS CTAHAAPTHBIE CEMAHTUYECKHUE IIPOBEPKU.

Jl7ms Toro, 4TOOKBI BEIBOJMIICS TEKCT J00OABIICHHOM OITMOKH ITOMHUMO €€ KOJa,
B (haii pecypcoB CSharpResources.resx OblIO T0OABICHO €€ TEKCTOBOE OMMCaHUE.

Teneps Npu MONBITKE CKOMITHIIMPOBATH CIIEAYOIIANA KO

loop (5.5) { print 1; }
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pa3pabaTbiBacMblii KOMITUISTOP BBIBEAET COOOIIEHHE 00 omuoOKe (JIMCTHHT

4.8).

JluctuHr 4.8. BeiBo KOMIMIIISITOpA JIJIs1 BEIIECTBEHHOT'O ITapaMeTpa loop

> MyCompiler.exe "cycles.mylang" "cycles.exe"
(1:6,1:9) Error 8730: MapameTp uukna LOOP ponxeH ObiTb BblpaxeHUeM
uesoro TuUna

Wtak, Obuta cyeHa rpaMMaTtuka si3bika C#, a MIMEHHO, ObLITH 3aIpeleHbl O1-
HapHbIE BBIPAKEHUS, B KOTOPBIX JIEBBI ONEpaH] SBIAECTCA UACHTU(DUKATOPOM,
HAaYMHAIOLIUMCS C CUMBOJIA '#', a IPaBblil — HE 1EJIOYNCIICHHBIM BBIPAKEHHUEM.

Taxum o6pa3omM, B 1aHHOI paboTe ObLIM IPOAEMOHCTPUPOBAHBI U3MEHEHUS
ceMaHTUKH si3bika C# (M, COOTBETCTBEHHO, CEMaHTHUECKUX MPOBepok Roslyn) kak
B CTOPOHY 10OABJICHHSI CEMAaHTUYECKUX MTPaBUJI, TaK U UX yAaJleHus . bbuia mokazaHa

reHepanus;d COOCTBEHHBIX OHIH6OK, HN3HAYaJIbHO OTCYTCTBYIOIIIUX B ROSlyn.

21



5. CtanpapTHasi OndJMoTEeKa A3BIKA

Kaxx b1l 361K IpOrpaMMHUPOBaHHUSI IOJHDKEH UMETh CBOIO CTaHAAPTHYIO OUO-
JMOTEKYy — Ha0Op 3apaHee pealM30BaHHBIX KJIACCOB W (QYHKIUN, JOCTYIMHBIX IS
BBI30BA U3 JII0O00H POrpaMMbl, HATUCAHHOM Ha 3TOM SI3bIKE.

B pamkax nanHoil paboThI ObLT peaqTu30BaH MEXAHU3M PACIIUPSIEMOCTH CTaH-
naptaor onbmuoteku. [Tocne reneparuun AST C#, 5KBHBaJICHTHOT'O UCXOTHOM MPO-
rpaMMe Ha MOJIETLHOM S3bIKE, MPOUCXOAUT Tiepebop ¢ailyioB B AUPEKTOPUHU
MyCompilerLibrary. JlanibHelIINE AEHCTBUS 3aBUCAT OT TUIa (aiina.

e Ecmu ¢aitn umeer pacmmpenue cs (nmporpamma Ha C#), TO BBI3BIBacTCS
meTo u3 Roslyn CSharpSyntaxTree.ParseText mis moaydeHuss AST Takoro Mo-
nyJis. Jis Toro, 9T00BI 00BSBIICHHBIE KJTACCH OBLTH JOCTYITHBI U3 IPOTPAaMM Ha MO-
JETBPHOM SI3BIKE, OHHM JOJDKHBI HAaXOJWTHCS BHYTPH TMPOCTPAHCTBA HWMEH
MyCompilerLibrary.

e Ecmu daiin umeer pacmmpenue mylang (mporpamMma Ha MOJCIBHOM
s3bIKe), oHa mpeodpasyercs B AST C# Tak ke, Kak U OCHOBHas mporpamma. Bce
byHKIIMH, OOBSIBICHHBIE B TAKOM MOJIyJIE, MPEOOPa3yIOTCsl B CTATUYECKUE METOIbI
KJlacca, Ha3BaHWe KOTOPOro COBMA/IAET ¢ Ha3BaHUEM (haiina.

Bce nonyuennsie AST pgobasnstorcss k AST C# ucxoaHoil mporpammbl Ha
MO/ICJIBHOM SI3bIKE, TTOCIIe yero ROSlyn koMnuimpyeT Bce CHHTaAKCHYSCKHUE JCPECBbSL.

Takum 00pa3om, Obuta oOecriedeHa pacuIupsieMOCTh CTaHJIAPTHON OMOIMO-
teku. J{ns moGaBieHnst B Hee HOBOW (DYHKITMOHAIBHOCTH JJOCTATOYHO Peagn30BaTh
HOBBIN Kiacc Ha C# Win HOBbIE (PYHKIIMU HA MOJICJIBHOM $I3bIKE M IIOMECTUTD (paii
C KOJIOM B IUpEKTOpHI0 MyCompilerLibrary. ITo Mepe pacmmpenus QpyHKIIMOHAb-
HOCTH S13bIKa MOJTYJIM CTAaHIAPTHOM OMOIMOTEeKH, HarmucanHbie Ha C#, MOYKHO TpaHC-
JUPOBATH B MOJICIBHBIN SI3BIK.

B pamkax nanHOM pa®OThI OBITN peann30BaHbl 3 MOMYJIS CTaHIAPTHON OMO-

JIMOTEKU: Array, Math u Performance.
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5.1. Knacc nuist 3amMepa BpeMeHHU BbINIOJIHEHHU ST KOAA

Krnacc Performance — 3T0 MOAyJIb CTaHIAPTHOW OMOIMOTEKHU NJisi 3aMepa
BPEMEHU BBINOJIHEHUS KoJa. JlaHHBIM MO1yih peasin3oBaH Ha s3bike C# 1 ipencTaB-
asieT OO0 CTaTHYECKUH KIIACC CO CIAEAYIOIIMMHU YJICHAMU:

e start() — 3amyCTUTh TalMeED;

e restart() — cOpocuTh TaliMep U 3aHOBO 3aIYCTUTH €TO;

e stop() — OCTaHOBUTbH TaUMED;

® reset() — cOpocuth Taimep;

e milliseconds — 3HauyeHHE TakMeEPa B MUJUIMCEKYHAX.

C ero noMoup0 MOKHO MIOKa3aTh, YTO MIPOrpaMMBbI Ha MOJIETEHOM SI3BIKE pa-
00TaroT TaK ke OBICTPO, Kak 1 nmporpaMmMbl Ha C#. J[71s 3TOro Ha MOJIETTLHOM SI3BIKE
OBLT peaJM30BaH MoJICUeT CyMMBbI ciemytomiero psajaa npu N = 10000:

N N
1
2. 0.7

i=1 j=1

JIuctunr 5.1. [Toacuer cyMMbl psila Ha MOJIEIBHOM SI3bIKE

double sum = 0;
Performance.start();

for int 1 in 1..10000
for int j in 1..10000
sum = sum + 1.0 / (i + j);

Performance.stop();
print sum;
print Performance.milliseconds;

[IpuBenennas nporpamMmma cuutaetr cymmy psaa 3a 230-240 mMumucekyH/I.

DkBuBasieHTHas nporpamma Ha C# maet Takoii e pe3yJibTar.
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5.2. MaremaTudeckue (pyHKINH

Monaynb Math — 3TO MOyJIb, HAMMCAHHBIN HA CAMOM MOJICJILHOM SI3bIKE U
CoJIepKallliii HECKOJIbKO MaTeMaTHyeckux (QyHKuuil. B nmuctunre 5.2 mpuBeneH

(dbparMeHT 3TOTO MOJIYJISI.

JIncTuHr 5.2. ®parment ¢aiira Math.mylang

double sinDeg(double angle) {
return System.Math.Sin(angle * System.Math.PI / 189);

}
double cosDeg(double angle) {

return System.Math.Cos(angle * System.Math.PI / 180);
}

OTU pyHKIMU TOCTYIHBI U3 JIFOOBIX MPOTrpaMM Ha MOJIETIbHOM SI3bIKE KakK CTa-
TUYECKHE METOIbI Kiacca Math. IIpuBeneHHbI (pparMeHT 1EMOHCTPUPYET, YTO U3

MOJIEJIBHOTO f3bIKa €CTh MOJHBIN TOCTYT K Kiaccam miatdopmel .NET.

5.3. CtangapTHBIN KJIaCcC MAaCCUBOB

Kiacc Array<T> — 3T0 cTaHAapTHBIE MaCCHUBBI MOJICIILHOTO si3bIKa. OOBsIB-
jgeHue int[] arr = int {1,2,3} B MOJEJIBHOM S3bIKE NMPEOOPA3yeTCsi B CO3/IaHUE

00BbeKTa Array<T>.
JlaHHBIH KITacc peann3oBaH Ha s3bIke C# 1 mIpeocTaBiseT BO3MOKHOCTD TI0-
JIY4EHUS DJIEMEHTA 10 UHJIEKCY, a TAKXKE CIEAYIOUINE YICHBI:
e length — AiMHa MaccuBa,
® indices — MacCCHB HHJIEKCOB,
e swapByIndex(i, j) — MEHSET dJIEMEHTHI C MHACKCAMU | ¥ | MECTaMU;
® toString() — mpeoOpaszyeT MacCuB B CTPOKY.

[Ipumep rcnoap30BaHKs MACCUBOB IPUBEACH B JIMCTUHTE O.3.

JIucerunr 5.3. MaccuBbI B MOAEIBHOM SI3BIKE

int[] array = int {2,4,6,8,10};
print array;

print array.indices;
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JIaHHBINA KOJT BBIBOJUT CJIEIYIOLIUN PE3YJIbTAT:

[2)4)6)8)16]
[0,1,2,3,4]

Taxxe JUIA Kj1acca Array<T> ObL1a pPCaAIN30BaHa ACCTPYKTYpPHU3aIUsd MACCHUBA

B KopTex. [IpuMep ucnosib30BaHus AECTPYKTYPHU3aLMU IPUBEIAEH B JIUCTUHIE 5.4.

JIuctuur 5.4. JlectpykTypusaiysi MacCuBa B MOJICIIbHOM SI3bIKE

int[] array = int { 150, 200 };
(int a, int b) = array;

JlecTpykTypu3aius Oblia peaii30BaHa Kak TpyIiia METOAO0B Deconstruct
KJ1acca Array<T>. B Takue MeTO bl Takke ObLITH 100aBJICHBI TPOBEPKHU COTJIACOBAH-

HOCTH pa3Mepa KOpTexka U JUIMHbBI MACCUBA, TEHEPUPYIOIINE OIUMOKNA BPEMEHH BBbI-

IMOJIHCHU IIPHU HCCOBIIAACHUU Ppa3sMCPOB.
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3aKJII0UeHUE

B pamkax nanHo#l paOoThl ObUT pazpaboTaH KOMIIMJISATOP JUIsl MOJEIBHOTO
s3bIKa MPOTPaMMHUPOBaHUs, TeHepupytoumii koa noj miargopmy .NET Core. boun
CHPOEKTUPOBAH MOJIENbHBIN SI3bIK, IMO3BOJISIIOIINI MOJIYYUTh JAOCTYNl KO BCEM €€
BO3MOXKHOCTSIM. KOMIUJIAIMS BBIMIOJIHAETCS C UCIOJIb30BAHUEM OPEN-SOUICe KOM-
msitopa Roslyn. B paGore Obuti mpuBeeHBI TPUMEPHl N3MEHEHHSI CEMaHTHYE-
CKHX TpoBepok ROSIyNn u rerHepanuy HOBBIX OLIHOOK.

JUtst MOJIeBHOTO sI3bIKa OblIa peaii30BaHa CTaHAAapTHas OuOinoTeka. boin
peain30BaH MEXaHW3M €€ KOMIIISAIUH, TO3BOJSIONUN PACIIUPITh OUOINOTEKY
Kak Ha si3blke C#, Tak M Ha CaMOM MOJIETIBHOM SI3BIKE.

Takum 00pa3oM, ObLIO YCTAHOBJIEHO, YTO CO3/1aTh KOMIMJIATOP MPOU3BOJIb-
HOro s3pika nporpammupoBanus noa .NET Core Bo3MOXKHO € HCIONb30BaHHEM
Roslyn, HO HEOOX0 MO MEHSTH €r0 cCeMaHTH4YeCKHe MpoBepku. CTaHTapTHYIO OHO-
JMOTEKY MOKHO ITUCATh Kak Ha si3bike C#, Tak ¥ Ha caMOM pa3pabaThIBAaeMOM SI3BIKE.
Tako#t s3Ik OyaeT paboTaTh Tak ke ObICTpO, Kak u CH.

[TosrydeHHBI pe3ynbTaT MO3BOJIET YTBEPKAATh, YTO IEPEBO KOMITHIIATOPA
Pascal ABC.NET B undpactpykrypy Roslyn Takxe sBISETCS BO3MOKHBIM.

HcxonHblii kom paspaboTaHHOro Kommuiastopa pasmemieH B GitHub-

penozutopun. CcplIKa Ha HEro npuBeneHa B [lpunoorcenuu A.

26



10.

11.

Cnucok Jureparypsl

Buszuropsl o cuatakcuueckomy aepeBy — Buku UT mexmara IODY.
[DnexTponnsnii pecypc] — URL: http://it. mmes.sfedu.ru/wiki/Bu3u-
TOpBI_I10 CHHTaKCHYeCKOMY jepeBy (marta ooparenus 29.05.2020).
KoMnuiasTopbl: NMPUHIKIIBI, TEXHOJIOTHH U UHCTpyMeHTapui / Anbden
B. Axo, Monuka C. Jlam, PaBu Certn, /xeddpu /1. Yaeman. — M.:
000 «M. [. Bunbsmey, 2008. — 1178 c.

O0630p .NET Core. [Daekrponnsiii pecypc] — URL: https://docs.mi-
crosoft.com/ru-ru/dotnet/core/about (mata oopamenus 25.05.2020).
Albahari J. C# 7.0 in a Nutshell: The Definitive Reference / J. Albahari,
E. Johannsen. — Sebastopol: O’Reilly, 2018. — 1070 p.

Albahari J. C# 8.0 in a Nutshell: The Definitive Reference / J. Albahari,
B. Albahari. — Sebastopol: O’Reilly, 2020. — 2228 p.

Bansal A. K. Introduction to programming languages / A. K. Bansal. —
Boca Raton, Florida: CRC Press, 2014. — 566 p.

Compiling and Executing Code in a C# App. [DnekTponHbIi pecypc] —
URL.: https://www.damirscorner.com/blog/posts/20190802-Compiling-
AndExecutingCodelnACsApp.html (nara obpamienus 29.05.2020).
Ezhil Selvi A. S. Compiler design concepts, Worked out Examples / A.
S. Ezhil Selvi, J. J. Persis /I ResearchGate. — 2017. [DnekTpoHHBI# pe-
cypc] — URL: https://www.researchgate.net/publication/316560026
(mata obopamenus 06.06.2020)

GPLEX — CodePLEX Archive. [Dnexrponnsiii pecypc] — URL:
https://archive.codeplex.com/?p=gplex (nara ooparmenus 26.05.2020).
GPPG — CodePLEX Archive. [Dnextponnsiii pecypc] — URL:
https://archive.codeplex.com/?p=gppg_(mara o6pamenus 26.05.2020).
Harrison N. Code Generation with Roslyn / N. Harrison — Lexington:
Apress, 2017. — 104 p.

27


http://it.mmcs.sfedu.ru/wiki/Визиторы_по_синтаксическому_дереву
http://it.mmcs.sfedu.ru/wiki/Визиторы_по_синтаксическому_дереву
https://docs.microsoft.com/ru-ru/dotnet/core/about
https://docs.microsoft.com/ru-ru/dotnet/core/about
https://www.damirscorner.com/blog/posts/20190802%1f%1f-Compiling%1fAnd%1f%1f%1fExecuting%1fCodeInACsApp.html
https://www.damirscorner.com/blog/posts/20190802%1f%1f-Compiling%1fAnd%1f%1f%1fExecuting%1fCodeInACsApp.html
https://www.researchgate.net/publication/316560026
https://archive.codeplex.com/?p=gplex
https://archive.codeplex.com/?p=gppg

Mogensen T. A. Basics of Compiler Design / T. A. Mogensen — Anni-
versary edition. — Lulu.com, 2010. — 307 p.

Price M. J. C# 8.0 and .NET Core 3.0 — Modern Cross-Platform Devel-
opment. / M. J. Price — 4th edition. — Birmingham: Packt, 2019. —
784 p.

Roslyn — GitHub. [Daekrponnsni pecypc] — URL: https:/git-
hub.com/dotnet/roslyn (mata oopamienus 27.05.2020).

. Waite W. M. Compiler Construction / W. M. Waite, G. Goos — Karls-
ruhe, 1996. — 360 p.

. Wirth N. Compiler Construction / N. Wirth. — Ziirich: Addison-Wesley,
2017. — 44 p.

28



Ipuaoxkenue A. GitHub-peno3uropuii

PaspaboTannsiii kommuiasTop pasmerieH B GitHub-penosuropuu no agpecy

https://github.com/nikitaodnorob/pl-compiler. On coxmepxut git-moamomyb

Roslyn, nanenennsiii Ha penosutopuii https://github.com/nikitaodnorob/roslyn-

csharp/tree/diploma

roslyn-csharp — penosuropuii Roslyn, u3 koroporo ObuTH yAaIeHB KOMITH-
astop VB.NET u mpoexTsl, HeHYXHbIE i1 cOOpkH Kommuisitopa sisbika C#. B
BeTBU diploma JaHHOTO PETO3UTOPHS COAEpKATCSI M3MEHEHUs ceManTuku C#, Ko-
TOpbIE OBLIIM peasu30BaHbl B JaHHOU padoTe:

1. W3meHenue MoaupuKaTopoB JOCTyNa YWIEHOB Code U Arguments Kiacca

Diagnostic ¢ internal Ha public (paccMaTpuBanoch B 4.1) — KOMMHUT

dle4af07461a31d55cd159e3e12¢79e641d8bcd8.

2. PaBPGIHGHI/IG 00BSBIICHUE HGpGMGHHOﬁ, CCJIK IICPEMCHHAA C TAKHUM HMC-

HeM OblTa 00BsIBIICHA B POAUTENBCKON 001acTh (paccMaTpuBaiioch B 4.2)

— xommut 02d8845ed628e527ba5e84953bac33ed70d7b702.

3. 3anper OWHApHBIX BBHIPAKEHUH, B KOTOPBIX JICBBIA OIMEpaH SBISETCS
UICHTU()UKATOPOM, HAUMHAIOIIKMMCS C CUMBOJIA '#', a MpaBblil — He Lie-

JIOUYMCIICHHBIM BbIpaKeHUEM (paccMarpuBaioch B 4.3) — KOMMMUT

d72fcd18f8dc6f886686f058dc5fc143e9bel20d.

B camom penosutopuu pl-compiler NpUCyTCTBYET (haiist SYNTAX.MD, B KOTO-
POM omMCaH CHHTaKCHC MojelbHOro s3wika: https://github.com/nikitaodnorob/pl-
compiler/blob/master/SYNTAX.MD.
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