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PEDEPAT

Ksanidikamiitna pobdora O6akanaBpa «Po3poOka kommiistopa C-momioHOT
MoBH nporpamyBansss»: 100 c., 21 puc., 3 Tabin., 7 mkepen, 2 10JaTKU.

ABCTPAKTHE CHUHTAKCHUYHE JEPEBO, TEHEPALIA KOV,
KOMIIUIATOP, MOBA TIPOTPAMYBAHHSA, CEMAHTUYHI TTPABUJIA,
CUHTAKCHUYHI TTPABUJIA, CTAHJJAPTHA BIBJIIOTEKA.

OO0’ €eKT JOCTIIKEHHSI — BUKOPUCTaHHSI MOB IIPOrpaMyBaHHS.

Mera pobGotu: po3idpaTuch y poOOTI MOB NpPOTrpaMyBaHHSA PO3POOHBIIH
koMIuisATop C-no110HOT MOBHM MPOTpaMyBaHHS.

MeTton nocniKeHHs — eMIIPUYHUHN, aHATITUUHUH, y3aralbHEeHHS.

[IporpamyBaHHs NOLIMPIOETHCA Yy PI3HOMaHITHHUX Npodecisx. Bukopucranus
MOB IpOTrpaMyBaHHsI OLIbIIIE HE € CIPABOIO BUKIIIOUHO NporpamictiB. Came TOMy B
Cy4aCHOMY CBITI Jy’K€ BaXXJIMBO PO3YMITH SIK BJIAIITOBaHI MOBU MpPOrpamMyBaHHS.
o6 po3mMpUTH 3HAHHS MPO MOBHM MPOrpamMyBaHHS y KBamiQikamiiHii poOoTi
Oyn0 po3po0JEHO HOBY MOBY MpPOTpaMyBaHHS, KOMMUIATOpP Il€i MOBU Ta
CTaHAapTHY 010y10TeKy. PO3risiHyTOo Te SK BH3HAYEHHS MOBHU MPOrpaMyBaHHS
BIJTMBAE HA CTPYKTYPY KOMIUIATOPiB. PO3po0ieHi KOMIUISTOP MPOTECTOBAHO Y
PI3HHMX yMOBaX, BKIIOYAIOYH JEsIKI BUKIIOYHI CUTYyaIlii. 3a JOTIOMOT0I0 HOBOi MOBHU
nporpaMmyBaHHsi OyJ0 BHUpINICHO JIeKITbKa KJIACMYHUX 3ajad Yy  CBITI
nporpamyBaHHsi. OTpUMaHUN JOCBIT BUSIBUBCS KOPHUCHUM Y PO3YyMIHHI TOTO SIK

BJIAIIITOBaHI MOBH MPOTPaMyBaHHS.



SUMMARY

Bachelor’s Qualifying Paper «Development of a C-style Programming
Language Compiler»: 100 pages, 21 figures, 3 tables, 7 references, 2 supplements.

ABSTRACT SYNTAX TREE, CODE GENERATION, COMPILER,
PROGRAMMING LANGUAGE, SEMANTIC RULES, SYNTACTIC RULES,
STANDARD LIBRARY.

The object of the study is the use of programing languages.

The aim of the study is to explore how programming languages works by
making a compiler of a C-style programming language.

The methods of research are empirical, analytical, generalization.

Programming extends to various professions. The issues of using
programming languages are not only for programmers anymore. That is why in
nowadays it is important to understand how programming languages work. To
expand knowledge about programming languages, a new programming language, a
compiler of this language, and a standard library were developed in the qualification
work. Explored how exactly a programing language definition effects on a compiler
structure. The developed compiler was tested on various cases, including
exceptional ones. | solved some classic problems from programming world using
the new programming language. The gained experience turned out to be useful in

understanding of how programming languages work.
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EBNF Extended Backus-Naur form

GCC Komnexkis koMOiiaTopis



BCTYII

VY pi3HOMaHITHHX MPOMHUCIOBHUX TaIy3iX PO3MOBCIOJIKYETHCS BHKOPUCTAHHS
iH(GOpMaLIHHUX TEXHONOTIH. JI7s BHpIIIEHHS NOTOYHHUX 3a]ad dYac BiJ dYacy
BUSIBJSIETHCS OUTBINT IOPEYHUM HAIMCAHHS MporpamMu abo ckpunty. Tomy rimbOoke
PO3YMIHHSI OCHOBHMX IPUHIIMIIB POOOTHM MOB IMPOTrpaMyBaHHS CTa€ Bce OLIBII
aKTyaJTbHUM.

B npaniii po0OOTI pO3MISIHYTO K MPOCKTYIOTHCA Ta pPEali3yloTbCd MOBU
nporpaMyBaHHST Ha TOpUKIaAl  po3poOku  kommuiaropa C-moniOHOT  MOBH
porpaMmyBaHHSI.

MeTtoto poOOTH € OTpUMaHHS ITHUOOKOT0 PO3YMIHHS TOTO K BJIAIITOBAHI MOBHU

IIPOTrpaMyBaHHS.
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1 BUMOI' 10 ITPOI'PAMHOTI'O 3ABE3IIEYEHHSA

1.1 Bumoru 10 komMnijisiTopa

Komninstop Mae TpaHCIIOBaTH NPaBHJIBHO HAMUCaHy MNporpamy y KOA Jis
apxitektypu X86 y moBi GCC (GNU Compiler Collection) acem61epy. GCC 1ie Habip
KOMIIUIATOPiB, IO KoMOiHye B co0i pi3ni front-end Tta back-end gacTunam
koMmmuiaTopiB. GCC mae cBiif acemOIiep 110 MOKHA BUKOPUCTOBYBATH OKPEMO BiJl BCIX
IHITUX KOMIIOHEHTIB.

[Ipouec TpaHcmsALii TEKCTY MPOrpaMH 3 OJIHIET MOBH MPOrpamMyBaHHS y IHIIY
MOBY MpPOTrpaMyBaHHS (SIK MPAaBUIIO MOBY aceMOJiepy) HA3UBAETHCS KOMIISIIETO.

Tpeba mob6 y kopuctyBadya Oyya MOXKIMBICTH 3aJaBaTu Ha3By (aiimy skuit
MICTUTh TEKCT MPOrpaMu Ta TAKOXK 3a7aBaTv Ha3By (ailiry Kyau Oyzae 30epexeHHit
pe3yJIbTaT KOMITUIALIII.

KoMmnuisTop mMOBMHEH BHJABATH TNOBIJOMIIEHHS MpPO TOMWIKY Y TEKCTI
porpamMu AKIIO JesiKa MOMMJIKA 3HaineHa. [1oBioOMIIEHHST TTPO TTOMMJIKY TTOBUHHO
naBaty 1HGOpPMAILI0 MPO T€ B AKOMY (Qailii, B SIKOMY DPSAKY, Ta B SIKIil KOJOHII
BHUSIBJICHO ITOMHJIKY, a TAKOX OIMMCYBATH CyTHICTh MMOMIJIKM KOpUCTyBaueni [1].

SAxio mig yac KOMOUIAIIT He OYJI0 BUSIBJICHO JKOJHUX TTOMHJIOK TO KOMIILIISITOP
MOBUHEH 3aKIHYUTU POOOTY «THUXO», TOOTO HE BUBOASYM >KOJIHUX MTOB1IOMJICHbD.

BukopucranHs KoMITIsITOpa MOBUMHHO BinOyBaTuch uepe3 CLI (imtepdetic
KOMAaH/THOTO PsIJIKa) BBEACHHAM KOMaHI y popmarti 3a3HadeHomy y Tabmuii 1.1. Vi
apryMeHTH € 000B’s13Kk0BUMH. Harpukiiag orpumMana KoMaHAa MOKE MaTH HACTYITHHHA

surisig (puc. 1.1).

Tabmuig 1.1 — dopmat koMmaH U

[naexc aprymenTy | AprymMeHT

0 Ha3zBa komanmu a0o mIIsIX [0 BHKOHYBAaHOTO (ailiry

KOMITUTSATOPA
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[Tponomxenus tadm. 1.1

[nnexc aprymenTy | AprymeHT

1 [ToBHMIT a00 BITHOCHUHN HUIAX A0 (halimy KU MICTUTH TEKCT
nporpaMmu
2 [ToBHMi1 a00 BigHOCHUU NUIIX A0 (dailily Kyau 30epertu

3r€HEpOBaHUM KOl y MOBI aceMbIiepy

compiler input.txt output.s
Pucynok 1.1 — Ilpuknan koMaHIu BUKIIUKY KOMITUIATOPA

KomminsTop Mae BUKOHYBAaTH TIIBKM €Tan KOMITUISIII, IMiJ 4ac BCIX IHIIHUX
€TariB CTBOPEHHS BUKOHYBAHOTO (haillly BUKOPUCTOBYIOTHCSI CTOPOHHE MPOTPaMHE
3abe3nedeHHs. [Iporec cTBOpeHHsS BUKOHYBAHOTO (hailiry 3 JOMOMOTOI0 KOMITIIATOpa
ONMMCAHUN y Alarpami JisTIbHOCTI (IUB. puc. 1.2).

k1o KOMOUIATOP 3aKiHUy€e poOOTy 0€3 MOMUIIOK 1€ Ma€ O3HAYaTH IO KOJ Yy
MOBI acemoOJiepy, 110 € Pe3yJIbTaTOM KOMIIUIALIL, € KOPEKTHUM KOJOM. Takuil KoJ He
MOBUHEH MPU3BOAUTH JO0 MOMUJIOK mia yac ctBopeHHst OBJ daiiny 3a momomororo

GCC acemb6nepy (muB. puc. 1.2).

1.2 Bumoru 10 MOBHM IpOrpamMyBaHHS

Komninsitop Oyae peanni3oByBaT MOBY ITPOrpaMyBaHHS, Ka KOI1I0€ CHHTAKCHC
Ta ceMaHTUKU MOBH C.

MoBa mnporpaMmyBaHHs MMOBHHHA OyTH 3arajJbHOTO TPU3HAYCHHS, TO3BOJISTH
MMCaTU MporpaMu y IMIIEpAaTUBHIN Ta mpouenypHid napaaurmax. IlinTpumyBatu
IpOCTIp 1IMEH IS 3MIHHUX Ta PEKypcito (37aTHICTh MaTH KiuIbKa MOCIIJOBHUX
BUKJIMKIB OJHIET 1 TiET camMoi MpoTeaypH).

Matu MiHIMaJIbHY KUTBKICTh O0OB’S3KOBOT'O KOy IO JOJAETHCS 10 KOXKHOTO

BUKOHYBaHOTO (haiimy /i 3a0e3neueHHs GyHKI[IOHYBaHHS M1 4aC BUKOHAHHS.



12

o N

\’l’ MpUNYCKAETLCA WD KOPHCTYEAY

'd ™y : ;
IHAE CHHTAKCKYHI T8 CEMaHTHYHI

HanucaxHA TeKcTy Nporpami 3a J0NoMOroi TEKCTOEOMD npolecopa [----- .
'\ Npasuna MOEW NMporpamMyBadHHA Ta

\l/ poSKHTE NOMKMMEW HEHaBMWCHD

| Komninsujs TekcTy nporpamu |

e T—

i e S - l..l"-
. e Hi i
‘-'ZZ:EEMI'IIJ'IFLI,I.F ycmum_aj_ﬁ:%{ BUNDaEMTH NOMUINKY Y TEKCTI NPOTPAMK |
. -
—— e

| OofasanHA Koay cTaHaapTHo! GidnioTeru |

v

| CTeopeHHdA OBJ dainy 3a nonomorow GCC acemtnepy |
l"f - - -
| [ogasaHHA CTOPOHHD CTATMYHKX GidnioTek |

v

4 ™y
| CTEOpEHHR BUKOHYEAHOrO haliny 33 JONOMOrow NiKkepy |&——

T T,
_,_,-:--"".-F = -\-\-\-"H-\_ HI i i T
<__JliHKYEGHHA }-crmJHe‘?_f::;,-{ [opatk GidnioTeky AKOI He BMCTAYaE |
-\_\_\___\_\_\_- __,-'-"'-FFF -"I-
S i

TakK

I@I

Pucynok 1.2 — Jliarpama aisuibHOCTI CTBOPEHHS! BUKOHYBAHOTO (hailiry

1.2.1 CTpykTypa nporpamu

[Iporpama Hammcana y MOBI MporpamMyBaHHS MOBHHHA CKIAJAaTHUCh 3 HaOOpPy
bynkuii. [Tin GyHKIiero MaeThes Ha yBa3i MiANporpamMa, Tak sik y TEpMIHOJIOTi MOBH
nporpamyBants C, Oifp sKy migmporpaMy (aHri. subroutine) Ha3uBawoTh (QYHKIIEO
(anru. function). Tomy naii B TEKCTi ¢i10BO QyHKIIis Oyie MaTh came Take 3HA4YCHHS.

MoBa mnporpaMmyBaHHs MMOBHHHA HAaJaBaTH MOMKJIWBICTh BU3HA4YaTH (PYHKIIII.

BusnauenHs ¢yHKIIT MOBUHHO AaBaTH AOCTAaTHHO 1H(OpMAIi IS BUKOPUCTAHHS
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GbyHKIT y 1HIUX QYHKIISAX Ta BU3HAYATH MOBEIIHKY (QYHKIII.

Y MOBI nporpamyBaHHs TaKOX Mae OyTH MeXaH13M Jekiapaiii QyHKIii, To0To
HAJaHHA JOCTaTHBOI 1HGoOpMAaIi Jis BUKOPUCTaHHS (YHKII, aje HE Marouu
BU3HaueHHs 111€i ¢yHkIii. [le Hamae MOKIUBICTh CTBOPIOBATU 010J1I0TEKH Ta MOy,
TOOTO KOJI IKMf BU3HAUEHUN OKPEMO BiJ] IPOTPaMHU, ajie MOKe OyTH BUKOPUCTAHUH Yy
camiil mporpami.

VY MOBI IIporpamMyBaHHsI Ma€ iICHYBaTH MOXJIUBICTh JIJIUTH TEKCT MPOrpaMH Ha
KUTbKa (paiimis.

[Ipu nexnapariii abo Bu3Ha4YeHH1 (PYHKIT Mae OyTH MOXJIMBICTh BKa3aTH fKi
3HA4YCeHHS 11 MOTPiOH1 A poboTH. Tak mo0 Koj KUl BUKOPUCTOBYE (PYHKIIIIO OYB
3000B’s13aHUI HAaJaTU HEOOX1AH1 3HaYEHHS Il PYHKIIII.

VY MOBI mporpaMmyBaHHsI IOBUHEH OyTH MEXaHI3M Mepeadl IesKoro 3HaYeHHS
B1J1 QYHKIIIi TOMY KOAY SIKHW (DYHKLI1FO0 BUKOPHUCTAB, IPH 3aBEPILICHHI poOOTH (DyHKIIII.

MoBa mporpamyBaHHS Ma€ HaJaBaTH MOKJIWBICTh CTBOPEHHS 3MIHHUX IS
30epiraHHsl 3Ha4Y€Hb I1J] Yac pO3paxyHKIB. 3 MOXIJIHMBICTIO BHKOPHUCTOBYBATU
30epekeH1 3HaYeHHs y HACTYITHUX PO3PaxyHKiB, B paMKax OJHi€l poOOTH (yHKIIII.

Y MOBI mporpaMmyBaHHs TOBHHHA OyTH MOKJIMBICTH TMOYMHATH BUKOHAHHS

Iporpamu 3 AesiKoi (yHKIIII.

1.2.2 JocTynHi onepauii

Busnauennss ¢Qynkuii mae omnucyBaTH siKli omepauii (QyHKIis BUKOHY€E Ta
BHU3HAYATH MMOPSAAOK IIUX OTIEPAITii.

I3 apudmeTnunmnx omepariiii TOBUHHI OyTH IOCTYMHI Omeparii J1oJgaBaHHS Ta
BIIHIMaHHSI 1iuX uKcen. [lux onepaiiiit JoCTaTHRO sl OTpUMaHHS OUIbII CKIaTHUX
oreparliif, TaKuX K MHOXEHHSI Ta JIJIEHHS IIMX YKcesl. bo MHOXEHHS Ta JiJIeHHS
MOXHA MIPEJCTABUTH SIK IMOCIIIOBHICTh ONepalliii JoJaBaHHs Ta BiTHIMAHHS.

Mae Oy T MOKJIIMBICTb JJII BBOAY Ta BUBOY AaHUX 3 mporpamu. L1[o6 mporpama

B LILJIOMY MOTJIa BUKOHYBATU AKyCh poOOTY, ONpaIibOBYBaTH JaHl1 Ha BXO1 Ta 1aBaTu
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pesynbrati Ha Buxo#i. lle Hamae ceHC iCHyBaHHIO MPOTpaMH, a TOMY 1 CEHC
PO3pOOIIATH TIpOTpamy.

[ToTpi6bHO 100 y MOBI mporpamMyBaHHsA OyB MEXaHI3M BHKOHAHHS JEAKHX
oreparlii TUIbKK SIKIIO JIedKa YMOBa BUKOHYEThCSA. A TaKOXK MOTPiOHA MOXKJIMBICTH
BUKOHYBATH OJHI 1 T1 cami omepailii KilbKka pa3iB B paMKax OJHi€l poOOTH QyHKIII].

BukoHaHHs IeIKUX omepaliiil y UK, TOOTO MPOJOBKYBAaTH BUKOHYBATH PSII
oTieparliii MoKy Jesika yMOBa He MepeCcTaHe BUKOHYBATHUCH.

HaiironoBuima omneparisi, fka o0OOB’S3KOBO TOBHHHa OyTH y MOBI
porpamMyBaHHS 11€ MOKJIMBICTh BUKOPUCTOBYBATH OAH1 (PYHKIIIT B IHIIUX (DYHKIIISX.
Ile no3Bosise MIIUTH 3aJadyy Ha MiA-33adl Ta KOPUCTYBAaTUCh B)KE€ TOTOBUMU

pilIeHHAMU y OyAb sIK1A QyHKIIII.
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2 MOAEJIFOBAHHS ITPOT'PAMHOTI'O 3ABE3IIEYEHHSA

2.1 Onuc cunrakcucy mosu 'y EBNF

Jlis BU3HAYEHHS CHUHTAKCUCYy MOBHM TMPOTpaMyBaHHSA OyJO BHKOPHUCTAHO
noranito EBNF (Extended Backus—Naur Form) [2]. EBNF e HoTarist ajist omnucy
dbopMaIbHUX MOB SIKy MOXHa BHKOPUCTOBYBATHU Ui OMHCY CHHTAKCUCY MOB
nporpamyBanHs. Onuc y EBNF neskoi dopmanbHOi MOBH 1€ CIMCOK TpaBWI SIKi
3arajoM OIKUCYIOTh YCI MOXJIMBI y Takii MOBI TeKCTH. Marouu TMOBHHUM OIHUC
dopmanbHoi MoBU Y EBNF MoxHa nepeBiputy Oynb sIKW TEKCT HAa T€ UM BiANOBIA€
BIH YCIM IpaBWJIaM, SIKIIO TaK TOJl TaKMW TEKCT € TEKCTOM SIKMW HAlHMCAaHUM LIE€IO
(dhopMaIbLHOI0 MOBOIO.

OnucaHuii CHHTaKCUC MOBHM IpOrpamMyBaHHS (AMB. 10AaTOK A) 0OyMOBJIECHHIA
BUMOT'aMH 10 MOBHU IIporpaMmyBaHHs (quB. 1.1). BusHaueHHs cUHTaKcUCy MOA1IEHE Ha
TPH PiBHI SIK1 MOMI4eH1 KoMeHTapsaMHu Bij 1 10 3. [{ineHHs Ha piBHI 3yMOBJIEHO THUM LIO
TEKCT MPOrpaMH OIHUCYETbCA CHHTAKCMUHHUMHU €JIEMEHTaMM, SIKI B CBOIO 4Yepry
OMHCYIOTHCS JIEKCUYHUMHU €JIEMEHTAMM, KOTP1 30MparoThes 13 OKPEMHUX CUMBOJIIB.

[lepmmii piBeHb BU3HAYAE CTPYKTYPY aOCTPAKTHOTO CUHTAKCUYHOIO JIepeBa Jie
KOPEHEBUM €JIEMEHTOM € (aitsi. ToOTO OMMCcy€e CHHTaKCUYHO NMPABUIIbHUN TEKCT (haitiry
3a JIOTIOMOTOI0 CUHTAaKCHUYHUX eJeMeHTIB. [lepeBipka Toro 4 MOJIMBO MOOyAyBaTU
abCTpakTHE CHUHTAKCHUYHE JIepeBO 3 JESKOr0 TEKCTy Ha3MBaIOThb CHUHTAKCUYHUM
aHaTI30M.

Jpyruii piBeHb BHM3HAYa€ T€ 3 SKUX JEKCUYHUX €JIEMEHTIB (TOKEHIB)
CKJIAJIAl0TBCS CHHTAKCHYHI eleMeHTH. ToOTO TOKEHH I JHUCTS aOCTPaKTHOTO
CUHTaKCUYHOTO JepeBa. Take JHCTS NPOBOAUTH JIHIIO MDK aOCTpaKTHUMHU
CHHTaKCHYHUMH €JIEMEHTAMH Ta KOHKPETHUMH JICKCHUYHUMHU €JIEMEHTAMHU Y TEKCTi
porpamu.

Tpetiii piBeHb BU3HA4Ya€ 3 SKMX CHUMBOJIB SIKI TOKEHU CKJIaAarOThcs. Takum

YUHOM TEKCT SIK ITOCJIIJOBHICTH CUMBOJIIB JUINTHCSA HA JEAKI €JIEMEHTH KOXKEH 3 SIKUX
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HECC Yy co0l1 sAKeCh 3HAYCHHS. I[iJIGHH}I TEKCTY Ha TOKCHHM HA3WBAIOTb JICKCUYHUM

aHAaJ30M.

2.2 BUu3HAYeHHS CEMAHTHUKH MOBH

VY oMy po3/iai Ha3BM Kl HAIMCaHI KYpcueom TOCUIAIOTHCS Ha BiAMOBIAHI
eneMeHTy BuzHaueHH1 y EBNF.

VYenimHo noOyayBaBIIM aOCTPAaKTHE CHUHTAKCUYHE JEPEBO MU OTPUMYEMO
MOBJICHHEBI KOHCTPYKIIli $IKI HamucaHi 3a BciMa mnpaBwiamMu. CeMaHTHKa MOBH
nporpaMyBaHHS B CBOIO Yepry MpHUAAa€ MOBJICHHEBUM KOHCTPYKIISIM 3HA4YCHHS,
JTO3BOJISIE 3PO3YMITH IPO 110 HAITMCAHO B TEKCTI.

bynp sxa iHpopManiiiHa cuctema poOoTa SIKOi 103BOJIsi€E BU3HAYUTH CEHC KOy
HAIlMCAaHOTO BU3HAYEHOK MOBOIO MPOrpaMyBaHHs Ha3UBAIOTh peali3ali€lo 11€i MOBH

IIporpaMyBaHH:. HpOI.[GC BHU3HAYUCHHS CCHCY HAa3NBAIOTh TpaHCJ'IH]_IiGIO.

2.2.1 CemanTuka file

Peanizariist moBuHHa 3amam’siToByBaTH KoxkeH file identifier sikuii 3ycTpiHUTS i
4yac TPaHCJIAIII.

bynp sxwii include directive TpebGa po3yMiTH Tak HIOM 3aMiCTh HBOTO
mijicTaBJICHU# KO/ 13 (ailty skuii BU3HaUeHH 3a mormomorotro file name y croci6 sikuit
3aJICKHTD Bij peamisaiii. Ane skiio Bu3HaueHui (aiia mae takuii file identifier sxwuit
BXK€ HE TEPIIMA pa3 3yCTPIYAETHCS peai3ali€lo ToAl BMICT bOTO (hailily OBHICTIO
irHopyetbest. [lim wac Tpancmsmii yci Qaiinu 3a3Haueni B ycix include directive
MOBUHHI ICHYBAaTH.

[Ticns Toro sik 3HaueHHs ycix include directive B ycix ¢aitnax O0ysio BU3HAYCHO
peamizaniss Tpancaroe yci function definition. Koxxen function definition omucye

okpeMy (QYyHKIIIO y sKoi moBHHEH Oytm Takuwii function signature skuii He
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3ycTpivaeThes y iHmmx function definition. Te ski aii BUKOHYe (QYHKIS KO ii
BUKIIMKAIOTh BU3Ha4YaeThes y function body skwuii € abo return statement, abo statement
list.

JlBa a6o Oinbme function declaration e MmoxxyTh MaTH oxHe i Te came function
name i mpW MOMY MaTH Pi3HY KUIBKICTH parameter name. Peamizaiiis moBUHHA
JI03BOJISITH BUKJIMKATH (DYHKIIIO HaBiTh SKIIO Taka (yHKIS Mae Timeku function
declaration 6e3 function definition.

SIkmio y TekcTi mporpamu € QyHKIis y skoi function name me «gw_namey, a
parameter list Hemae >xomHoro parameter name, to s (YHKI[S MOBHHHA OyTH

BUKJIMKaHA peaTi3ali€ro micis MPoIecy TPaHCIIIIIi.

2.2.2 CemanTuka Statement

Tpeba inTepnperyBatu Statement BiAMoBiAHO A0 HOTO TUITY.

Bynp sxuit return statement 3akinuye poOoTy (PyHKIIT y SIKii 3HAXOIUTHCS, 1€
pe3ynbraT poOoTH (PYHKINI BU3HAYAETHCS y BiAMOBiZHOMY expression. Yci function
definition moBuHHI rapaHTyBaTH IIO TiJa Yac iX BUKOHAHHS onuH 3 return statement
OyJle BUKOHAHO.

Yci statement B cepeauni Statement list moBuHHI OyTH BUKOHAHI OJUH 32 OAHHM
MOYMHAIOYM 3 TOTO SIKUH 17Ie paHilie B TEKCTl. K0 mija yac 1boro Oyje BUKOHAHO
return statement 6esnocepennro abo B cepeanHi iHmux statement o yci statement siki
1yTh TICJSI IHOTO HE OyAyTh BUKOHAHI.

Bukonanns expression statement o3nauae BUKOHAHHSI BiJITIOBITHOTO EXPression.
PesynbTat mboro eXpression He 30epiraeThbesl.

Buxonanns while statement o3nauae BuKoHaHHs BimoBigHOro sub expression i
SIKIIO PE3YJIBTAT IIOTO EXPression He TOPIBHIOE HYJIIO TO1 BUKOHYETHCS BiIIIOBITHUI
statement. Ilicns Toro sik statement Oyne BUKOHAHO, 1 SIKIIO MiJ] 4YaC BUKOHAHHS HE
Oyno >komHoro return statement to BukonanHs While statement nmouuHaeTbcs 3

noyatky. [TocnigoBHe BukoHnanus While statement 3akiHayeTbcst TO/II KOJTM BUKOHAHHS
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expression B pe3yabTari A€ Hysb. SIKIIO HyJb OYyJ0 OTPUMAHO MPH TMEPIIOMY

BUKOHAHHI TOI1 BIAMOBIAHUH Statement B3arasi Oy/e MpoirHOpoOBaHo.

2.2.3 CemaHTHKA €XPression

BukoHaHHs JesKOro eXpression BimOyBaeThCs BIAMOBIAHO Toro assignation
expression e um SUM expression.

Buxonanns assignation expression e BHKOHAHHs BiAIMOBIZHOrO EXPression
pe3ynbTar sAKoro Oyzae 30epekeHo Imia iM’sM parameter name a6o variable name.
[TpruoMy BiIIOBIAHHMI NAMe MOBHHEH Xxoda O pa3 3ycrpivatuch y variable list abo
parameter list 3 ¢bynkiii y skii assignation expression 3naxoautbes. To6To name
NIOBHHEH ICHYBAaTH y TpocTopi iMeH ¢yHKii. Pesymprar assignation expression e
pe3yJIbTaT BIAMOBITHOTO EXPression.

BukonanHs SUM expression 1ie BHKOHaHHs mepiioro POStfix expression rta
30epeKEeHHs pe3yJIbTaTy y THMYacoBY 3MiHHY. Bei HactymHi mapu binary operator 3
pOStfiXx expression BUKOHYIOThCS MTOCIIIJOBHO, TaK IO CIIOYATKy BUKOHYEThCs POStfix
expression, a pe3ysbTar J0Aa€ThCs a00 BiTHIMAETHCS BiJl THMYACOBOI 3MIHHOT, SIKIIIO
binary operator 6ye addition operator a6o subtraction operator BiAMOBiIHO.
PesynbraT SUM €XPression € 3HaueHHSIM THMYacOBOI 3MIHHOI MIC/IA BCIX orepariii
OJaBaHHS Ta BIAHIMAHHS.

Jlns Oynp sikoro function call peasnizaiiisi noBUHHA rapaHTyBaTH 110 3a3HAYCHUI
function name 3ycrpivaethest y sikomych 13 function signature y tekcri pasiiie 11b0ro
function call. Bukonansus function call mpu3BoauTh 10 MOCIITOBHOIO BUKOHAHHS YCIiX
expression y argument list. Tinpku moTiM BigOyBaeThCsl BUKIMK (DYHKIINT 32 iM’sIM
function name. Konu BukoHaHHs 1i€1 QYHKIIT MOYMHAETHCS 3HAUCHHS 30€pEeKeH] i
iMeHaMu ycix parameter name 3 parameter list moBuHHI OyTH pe3yJbTaTamu
BIAMOBITHUX expression 3 argument list. PesynsTat function call e pesynsrat po6oTH
BUKJIMKAHOT (PYHKIII].

Peanizaiiis moBHHHA rapaHTyBaTH IO KOXEH BUKIUK (YHKIIT MaTuMe CBOI
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3MIHHI JUIs BIAMOBIZHUX iMeH hame i3 parameter list ta variable list. ToOro

acoIliOBaTH Il 3MiHHI HE 3 caMOI0 (PYHKIIEIO, a 3 KOXXHOIO IMOJIE0 BUKIUKY ITI€]
byHKIIii.

Buxonanus mutable y prefix expression 1i¢ oTpuMaHHS OCTaAHHBOTO 3HAYCHHS
mo OyJio 3amucaHo Mij BIAMOBITHUM iM’aM. Peamizaliis moBHHHA rapaHTyBaTH IIO
sKeCch 3HaUeHHS Oyje 30epekeHo y 3MIHHIM 10 mepiioi crpoOu OTpUMAaTH 3HAYCHHS
i€l 3MIHHOI.

PesynpTarom number e 1ijie MO3UTHBHE YHCIIO IO OS3MOCEPEAHBO 3aIHCAHE Y
TOKeHi unsigned integer y mecsSTKOBii CUCTEMI YHCIICHHSI.

Pesynprarom String € neske 4YHCIO YHIKambHE Ui KOXHOTO String y
a0CTpaKTHOMY CHHTaKCUYHOMY JepeBl. Peamizailis NMOBMHHA HAJaTH MOXJIUBICTb
BUKOPDUCTAaHHA TAaKOro 4Hcia JUisi OTPUMAaHHS 3HAUYEHb OKPEMHUX CHMBOJIIB
BiZmOBigHOTO String (He BpaxOBYIOYHM JIANKK HA MOYATKY Ta B KiHIN). Tak mo0 mpu
crpo0l OTpUMATH 3HAYEHHSI CUMBOJIY SIKMH 1/1€ MICJIA OCTaHHBOTO OyJle OTPUMAHO

HYJIb.

2.2.4 TlpioputeTHn onepaiii

3aranom y BU3HAYCHIM MOBI1 MpOTpaMyBaHHs MOKHA BUIUIUTU 4 oriepaTopH siKi
MOXHa MOAUIUTA Ha 3 TpyNu MNPIOPUTETY Ta BU3HAYMTHU 1X ACOI[IATUBHICTH (IUB.
Tab. 2.1). YuM MeHIIe HoMep TpyIu y K 3HAXOJAUTHCS ONEpaTOp TUM PaHillle Taka
orepailiss Oy/ae BUKOHaHAa B paMKax OJHOrO eXpression. Skimo y Bupasi € aekiibka
OIepaTopiB 3 OJHIEI IPYNH MPIOPUTETY TO TakKi omeparuii OyayTh BUKOHaHI MO yep3l

3J11Ba HaMpaBo abo cripaBa HAIIBO BIAMOBIAHO 0 aCOIIaTUBHOCTI.

Tabnuug 2.1 — IpiopuTeT onepaTopis

[Ipioputer | Omeparop | Omuc ACOIIIaTUBHICTh

1 a(...) Buxmuk ¢yHKIii 3 mepenadero | 3iiBa HapaBo

BIJIMOBITHUX apTyMEHTIB




[Tponomxenus tadm. 2.1

[Ipioputer | Onmeparop | Omnuc ACOIIaTUBHICTD
2 atb JlomaBaHHs Ta BiJIHIMAaHHS | 371iBa HAIIPaBO
a-b 3HAYEeHHb
3 a=b 3miHa 3HaueHHa 3MiHHOiI yu | CripaBa HaiBO
napamerpa QyHKIii

2.3 Onuc CTPYKTYpH KOMILIATOPA

3HAIOYM CUHTAaKCHYHI Ta CEMaHTHUYHI MpaBuia JAESKOI MOBU IPOrpaMmyBaHHS
MO>XKHA BHU3HAUYMTH OCHOBHI €Tamu peami3auli 1€l MoBU. [[1s mepeniky OCHOBHHMX

eTamiB peaiizailii MOBM NPOrpaMyBaHHS BHU3HAaueHOI y posautax 2.1 Tta 2.2

3acCHOBYIOUHCH Ha [3] Oyiia cTBOpeHa jaiarpama JisibHoCTI (puc. 2.1).

o :
i
\ |
s ™
MpOYMTATH TOMOBHIWA haiin | B
A A KopwcTyead Hagae iM'a ronosHOTo
I thanny Ta 3a3Haums kyaw 30epiratm
s Y pPEe3yNLTaT KoMNINALU
3iGpamn 3 ycix dainis oguMH |
AN I vy
s ) ™
MpoBecTH NeKCMYHWIA aHanis |
AN I vy
s L ™
MpOBECTH CHHTIKCHYHMIA aHaniz |
AN I vy
s ; ™
MNpoEecTH CeMaHTHYHMA aHani3 |
AN I vy
s ™
3reHepysaTy Kof, |
AN l vy
{::::::__'--l_w Gynu I'IDI'\A‘IL"IJ'K_I.-T-:::::: Tax
F
ff
MosepHyT EXIT_SUCCESS | | MoeepHymr EXIT_FAILURE
] g ]
® ®
- -

Pucynok 2.1 — Jliarpama aisuibHOCTI IPOLIECY KOMIIISLIIT
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B nanomMy Bumanky peaiizailis € KOMIISATOPOM, TOOTO OJIMH 3 €TariB TPAHCITIOE
KOJI TporpamMu y MoBy acemoiiepy. [Ipu oMy oTpuMaHi 1HCTPYKIIii BIJIIOBIIaI0Th
MOBEIHIII TPOTpaMH sKa BU3HAUYEHA CEMAHTHUKOI MOBU IPOTpamMyBaHHS, TOOTO
IHTEPIPETYIOTHCS KOMIT IOTEPOM TaK HIOM 1HTEPHPETYEThCS O€3MocepeHb0 TEKCT
IpOrpamH.

[Tepemidueni ertanmu pobotu kommitsiTopa (puc. 2.1) Maibke MOBHICTIO
BIJIIIOBIIAIOTh THM e€TamaM siki mepeiideHi y [4, ¢. 5]. Ane BiACyTHI Taki eTamu sK
reHeparisi JOMOMIKHOTO KOy Ta 3arajbHa ONTHMi3allis koay. Uepes e Koa y MOBI

aceMOJiepy 3reHepOBaHUN KOMITUIATOPOM Oyie He e(DEKTUBHUM.
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3 PEAJIIBALISA ITPOI'PAMHOTI'O 3ABE3IIEYEHHSA

3.1 CranpaprtHa 6i0;ioTeka

VYci BUMOTHM 10 MOBHU MpOTpamMyBaHHS IO HE 3a0€3MeUeHI CEMaHTUYHHUMHU
npaBuwiamMu (po3ain 2.2) peanizoBaHl cTaHAapTHOIO O10mioTexoro. CraHaapTHa
6i6mioTexa 1ie kox (puc. 3.1) skmit Oyme moAaBaTHUCh JO KOXKHOI MPOTpamu 1100

OTpUMATH BUKOHYBAHHUM (aii.

# include <stdio.h>
# include <stdint.h>

typedef intptr t NUM;

NUM gw main (void);

NUM gw ldchar (NUM x)

{ return *(char *)x; }

NUM gw_stchar (NUM x, NUM y)

{ return *(char *)x = (char)y; }
NUM gw_putchar (NUM x)

{ return putchar (x); }

NUM gw getchar (void)

{ return getchar(); }

int main (void)

{ return gw main(); }

Pucynok 3.1 — Kog crangapTHOi 610110TeKH

CranpaptHa 0i0nioTeka MICTUTHh (DYHKINT 111 BBOJY Ta BHUBOJY JaHHUX IO
BIJINIOBIJIa€ BUMOTaM J0 MOBHU mporpamyBanHHsa (auB. 1.1). Takox y 6i6mioTeri €
GyHKINS 10 HajJae MOXKJIHMBICTH 3a JOMOMOIOI0 YHCIIAa acoliioBaHoro 3i String
OTPUMATH 3HAYEHHS KOXXKHOTO 3 CHMBOJIB y Mii String, BKIIIOYHO 3 HYJIBOBHM
CUMBOJIOM SIKHH 17€ TIC/IS OCTaHHBOIO CHUMBOJY. Yci (GyHKIIi mepeniyeHi B

tabmui 3.1.
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Ta6muig 3.1 — OyHkIil cTaHgapTHOT 06107110 TeKH

Im’st pyHKITIT Aprymentu | Onuc

gw_putchar |ch BinmpaBuTte cUMBOJ y CTaHAApTHHM BUBIA, e ch

IIc 3HAYCHHA CUMBOJIY.

gw_getchar YuTae OOMH CHUMBOJI 31 CTAHJAPTHOIO BBOAY Ta

IMOBCPTA€ 3HAYCHHA CUMBOIJLY.

gw ldchar ptr [ToBeprae 3HaYCHHS] CHMBOJTY 31 String, 1ie ptr me
YKCIIO acollifioBaHe 3i String 10 fAKOro Aojanu
IHIEKC CHUMBOJIy, 3HAu€HHs fKOTo Tpeda

JII3HATHUCE.

gw_stchar ptr, ch 3MiHIOE 3HAYEHHS CUMBONY y String, me ch me
HOBE 3HAYEHHs, a ptr I YHCIIO acoIiiioBaHe 31
string 1m0 sKOro mJoJadd iHAEKC CHMBOIY,

3HAYEHHSA AKOro TpeOa 3MIHHUTH.

[Ilo6 cxopucTyBaTHCh (YHKIISIMU CTaHIAPTHOI O10J1OTEKW MpU HAMKUCAHHI
nporpamMu Tpeda MOBIJOMHUTH KOMIIUIATOPY Ha3BH Ta CIHUCKHU MapaMETPIiB YCIX LMX
GyHKIH 11e MOKHA 3pOOMTH HAIIPHMKIIA BCTaBUBIIH 3a moromMororo include directive

aiis1 3 BiAMOBIIHUM 3MicTOM (puc. 3.2).

# file gwlib

Write a character ch to standard output
gw_putchar (ch) ;

Read the next character from standard input
gw_getchar();

Get the wvalue of the character in memory
pointed to by ptr
gw_ldchar (ptr) ;

Set the value of the character in memory
pointed to by ptr
gw_stchar (ptr, ch);

Pucynok 3.2 — Kop 3aroyioBky ctangapTHO1 610J110TeKH
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3.2 JlekcnuHuii anamizaTop

JlexcuuHuU# aHATI3aTOP 1€ MOJYJIb SIKAW JUIUTH TEKCT (Dailily Ha TOKEHH, SIKILO
HOJIITUTH TEKCT BAAJIOCS TO TAKUI TEKCT BBAKAETHCS JICKCUYHO MPABHILHUM [5].

VY naniii peamizarii JEKCHYHHUNA aHAII3aTOpP € TOTOKOM TOKEHIB, A€ 100
OTpPUMATH HACTYIHHMU TOKeH Tpeba BUKIMKaTH (QyHKIito chop_token. Ile no3Bosisie
OIpalboByBaTU (pailyi MOCTYIIOBO, HA BUIAJOK SIKIIO OyJ/ie BUSBIECHO IO Ieil daiin
Hacrpasi Tpeda IpOIrHOPYBaTH.

JlekcuuHuil aHami3aToOp JUIMTh TEKCT MO IMpaBUjaM TPETbOro PIBHA SKI
Bu3HaueHHl y EBNF (momatox A). Ane mepenae maii TUIBKH T1 TOKEHH SIKI OYIyTh
BUKOPHCTaHI y HACTYNHHX MoAyisx. Hanmpuknan xoxen delimiter ve motpanuts y
HACTyIHI MOJAYJl TOMY IO HE HEece HISIKOI ceMaHTW4yHOi 1H(opmarlli 1 He Oyxae
BUKOPHCTOBYBATHCH Y HACTYITHUX MOIYJISIX.

SIK10 Ha eTani CUHTAKCUYHOTO aHajii3y OyJo BUSIBICHO YPUBOK TEKCTY IO HE
mianazgae mij mpaBujia CTBOPEHHS TOKEHIB TO BIJIMOBIIHY MOMUJIKY OyJi€ BUBEJICHO B
TEepMiHaJl, MICLIE TTOMHJIKM B TEKCTI BU3HAYAETHCA MOYATKOM MPOOJIEMHOI YaCTHHH
nporo Tekcty. [lpm mpomy Qynkiis chop_token moBepHe TOKeH-iHAWKATOP IO

MOBIJJOMUTH HACTYITHOMY MOJTYJIIO 1110 TOM OTpUMaB HEKOPEKTHI JAaHi.

3.3 [Ipenpouecop

[Ipenporiecop y naHiit peanizaliii e MOIyJIb IKUi 00’ €IHy€ yci (ailyin B OJ1MH,
T00TO 3aMmiHtoe yci include directive 3mictoM BimmoBigHUX GailmiB, TaM Je Ie
noTpiOHO. [lms 1mpboro mpemporiecop MPOBOAUTH JIEKCHYHUN aHaNI3, YaCTKOBO
CMHTAaKCHUYHUH Ta 4YacTKOBO CEMAaHTHMYHWUU aHali3, I TOro Io0 3HAWTH Ta
ompariroBatu yci include directive.

Skmio mig gac o6pooku oxmiel 3 include directive BUABUTHCS IO BiAMTOBITHHIA
daiin He icCHye 4y He MoOke OyTH NPOYUTAHUN TO y TepMmiHan Oyae BUBEIACHO
BI/IMOBIJIHE TMOBIJOMJICHHST TPO TIOMUJIKY 3 3a3HAYEHUM MICIIE3HAXOHKEHHSIM

npoosiemHuoi include directive.
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PesynbpTaToM poboTH TIpEnporiecopy € CIUCOK TOKEHIB 310paHuil 3 TOKEHIB 3
ycix (¢aiaiB, KpiM TUX SKI Oyl MPOIrHOpOBaHi. AJie SKIIO IIiJT Yac OIpaIfoBaHHS
BUHUKIA moMmmika 3 Include directive abo y JeKCHYHOMY aHali3aTopi TOJI
pe3yNbTaToM pOoOOTH Tpernporecopy Oyle HEKOPEKTHHH CIUCOK TOKeHiB. I 1mo6
MOBIJOMUTH HACTYITHOMY MOJIYJIIO CTaTyC CITUCKY TOKEHIB y 1Iel CIUCOK OyJI0 J0aHO

1HAMKATOP KOPEKTHOCTI.

3.4 CuHTAKCUYHHUII aHATI3aTOP

CHUHTAaKCUYHMI aHai3aTOp L€ MOAYJdb SKUWA Oepe CIHCOK TOKEHIB Ta
HaMaraeTbcsi MOOyayBaTH aOCTpaKTHE CHHTAaKCMYHE JEpEeBO BIAMOBIAHO O
CHHTAKCHCY MOBHU MpOTpaMyBaHHA. SIKIIO epeBO MOOYIOBaHE YCIINIHO TO TEKCT
porpaMu Ha3WBaIOTh CHHTAKCUYHO TIPABUILHUM.

Skmo mijg Yyac CHMHTAaKCMYHOTO aHalli3y BHSBJICHO TOKEH a00 TOKEHHU $IKI He
BIJIOBIJIAI0OTh CUHTAKCUCY MOBHU MPOrpamMyBaHHS TO y TEpMiHA OyJie BHUBEIECHO
BIJIMOBIHE TIOBIIOMJICHHS ITPO MIOMMJIKY, BKITFOYAIOYH MICIIE3HAXOKSHHS TIEPIIIOTro 3
npoOJIEeMHUX TOKEHIB.

Pe3ynbraroM poOOTH CHHTAaKCUYHOTO aHA3aToOpy € a0CTpaKkTHE CUHTaKCUYHE
JIEPEBO SIKE BIAMOBIAE TIPABUIIAM APYTrOro Ta MEpIIoro piBHs siki BusHaueHi y EBNF
(momatox A). IIpu oTpriMaHi HEKOPEKTHOTO CIIMCKY TOKCHIB UM BUHUKHECHHS TTOMUJIKH
MiJ] 4ac CTBOPEHHsSI aOCTPAKTHOTO CHHTAKCUYHOTO JepeBa pe3yJbTaToM pPOOOTH
CUHTAaKCUYHOTO aHaji3atopy Oy/ne HEKOPEKTHE aOCTpaKTHE CHHTAKCUYHE JEpPEeBO,

TOOTO 3 BIJIMOBIAHUM 1HIUKATOPOM.

3.5 CeMaHTHYHHUH aHAJTI3ATOP

CeMaHTHYHUNA aHATI3aTOp L€ MOYJIb IO NEPEBIpsie aOCTPAKTHE CUHTAKCUYHE

JIepeBO Ha HASBHICTh CEMaHTHYHUX MOMHJIOK [6]. ¥V maHiii peamizarmii 1 mepeBipka
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JTITUThCST Ha 4oTupu etanu. L1 eramu Oynm mepesniueHi y giarpami AisUTbHOCTI

(puc. 3.3).

 TlepeBIpiTH WoD ogHa | Ta cama Hasea MyHELIT ™, ll
BiONOEBinAaNa ooHOoMY | TOMY CAMOMY CIACEY |
A napamMeTpie vy CeMaHTUYHWE aHani3 npauke
W TiNBKW 2 NEKCUYHO T8 CUHTAKCHYHO
i i NPagUnEHAM BUXIQHWM KODOM
(T MepegipyTy WD KoMHa QyHELR Gyna BHSHHHEH;" P A A
TiNEKK OOWH pa3
\ L J

7

4 [MepesipUTH WD KOMHAE DyHELR Mana return x“l
\_ statement AkMiA Oyoe rapaHTOEAHD BMEOHAHWA Y,

7

s [NepeBipHTH yCi expression y BCix yHELIAX Ha |
\_ HEABHICTE CEMaHTHYHMX NOMMMOK

()

Pucynox 3.3 — Jliarpama misuibHOCTI MTPOLIECY CEMAHTUYHOTO aHAIIIZY

A

[TepeBipka aOCTPaKTHOTO CUHTAKCUYHOIO JEpeBa € 00X0J0M YCiX BITOK IIOTO
JepeBa BiJI KOPEHEBOTO €JIEMEHTY JI0 JHCTS, 3 TOIIYKOM €JEMEHTIB sKi He
BI/IMOBIAI0OTh CEMAHTUYHUM MPABUIIAM.

VY Bumagky SKIIO SKach CEMaHTHYHA TMOMUJIKa OyJia 3HaiijieHa BOHa Oyje
BHUBEJICHA y TepMiHaI, 3a3Ha4ar0ud TOKEH BIAMOBIIHO JI0 TIPOOJIEMHOI MOBJICHHEBOT
KOHCTpyKIii. [Ipn 1pboMmy aOCTpakTHE CHHTAKCUYHE JIepeBO Oyje BiIMIYEHE SK

HCKOPCKTHC.

3.6 I'enepartop koay

['eneparop komy 1me Moaynh mo Oepe abCTpakTe CHHTAKCHYHE JIEPEBO Ta
TeHepy€e Koja y MoBi acemOuepy [7]. 3reHepoBanuii KOJ mepenae CyTh HalMCaHOT
IporpamMu y BUTJIAJl IHCTPYKIIH Ta JaHUX, TaKUM YUHOM 100 aceMOiep 3Mir

TPAHCIIOBATHU 1I€H KOJ Y BIAMOBIIHI MAallIMHHI 1HCTPYKIIi1, a MOTIM JIIHKEP CTBOPUB Ha
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OCHOBI IIUX THCTPYKIIIM BUKOHYBaHUH (haill.

VY nmanift peamizaiii reHepariis Kooy IIIUTbes Ha ABa etanu. CrioyaTky i7e
TIOIIYK yCiX String Ta po3MileHHs iX y CeKIlii JaHUX. A MOTIM B3K€ T€HEPYIOTHCS KOJI
JIUIS1 KOJKHOTO BU3HAYCHHS (DYHKINT y CEKIiT TeKCTY.

[Tomryk string y aOCTpakTHOMY CHHTaKCHYHOMY JepeBi Iie 00XiJ ycCiX BITOK
IILOTO JIEpPeBa BiJl KOPEHEBOTO eleMeHTy 1o ycix prefix expression. ITix wac o6xoxy
JiepeBa e MiapaxyHOK KUTBKOCTI String, e KO)KHOMY TaKOMY CJIEMEHTY BHIA€ThCS
yHIKaJIbHUI HOMED 3a SKUM TOH 1 Oyie 30epekeHui y CeKii JaHuX.

['enepariist Koy y MOBI aceMOiepy € 00X0JI0M aOCTPaKTHOTO CUHTAKCUYHOTO
JIepeBa, B1Jl KOPEHEBOT'O €JIEMEHTY J0 JIUCTS.

[1ix yac renepanii Koay y MOB1 aceMOJepy MOMUIIKA MOKYTh BUHUKHYTHU TUIbKU
y TOMY BHUIAJIKy SIKIIO SKUKCH 3 MONEPEAHIX MOJIYJIIB MIPAIlO€ HEKOPEKTHO. B Takomy
BUIIAJIKY HEMOXJIMBO BUBECTU 1H(POPMATHBHE MOBIAOMIIEHHS PO MOMHIIKY 0O CyTh

caMoOl IIOMHJIKH HE BlJjoMa.
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4 ITPUKJIAIX POBOTHU TPOI'PAMHOI'O 3ABE3ITEYHEHHS

4.1 Hello, World!

[Tporpama «Hello, World!» € xiacudnoro mepeBipkor0 TOTO MO0 KOMIUIATOP
Ipaltoe MpaBUIbHO. 3a3BUYail 1€ Ay>Ke KOPOTKa IMporpama sika BUBOJUTH TEKCTOBE
MOBIIOMJICHHS 3a JOMOMOTOI0 (YHKII /Ui BUBEACHHS TEKCTY. AJie y po3po0iieHii
CTaHAapTHIN 610i0Tell HeMae PYHKIIIT 4711 BUBOIY TEKCTY TOMY JOBEJIOCS HAIlUCATU
taky (puc. 4.1). Ha ckpiHmoTi komaHgHOro psaka (puc. 4.2) MoxHaA IMOOAYUTH
BUKOPUCTAaHHSA KOMIUIATOPY JUIsl OTPUMAHHS KOy y MOBI acemOJiepy, CTBOPEHHS

BUKOHYBaHOTO (paility, Ta poO0TYy OTpUMaAHOI MPOTPaAMHU.

# file helloworld
# include "gwlib.gw"

print line(str) {
while (gw_ldchar (str)) {
gw_putchar (gw_ldchar (str));
str = str + 1;
}
gw_putchar (10);
return 0;

gw _main () {
print line("Hello, World!!!"™);
return 0;

Pucynok 4.1 — Kog nporpamu

./gw ./examples/helloworld.gw ./out.s
gcc -m32 -o out out.s gwlib.s

./out

Hello, World!!!

Pucynok 4.2 — BukonanHst mporpaMu y TepMiHai




29
4.2 FizzBuzz

[Tporpama «FizzBuzz» € xmacudHOIO 3ajadeto y mporpamyBaHHi. Tpeda
BHBECTH YHMCIIA BiJl OAHOTO JI0 sikoroch yrcia N. Ase sKio 4ucio AiMThes Ha 3 TO
3aMiCTh CaMOT0 YHCJIa BUBECTH TEKCT «FiZZ», SKIO YMCIIO JUTHTHCSA Ha 5 — BUBECTH
«Buzzy. SIkmo uncio aumThea 1 Ha 3 1 Ha 5 — Tomi «FizzBuzzy. PimeHHs moxxHa
nobauntu Ha pucyHkax (4.3) — (4.5). Ha ckpiHIIOTI KOMaHIHOTO psaKa (auB. puc. 4.6)
MOKHA IT00QYUTH BHKOPUCTAHHS KOMIIUIATOPY JUIsI OTPUMaHHS KOAY Y MOBI

acemOJiepy, CTBOPEHHSI BUKOHYBAaHOTO (paitiry, Ta poOOTy OTpUMAaHOI IpOrpamu.

# file fizzbuzz
# include "gwlib.gw"

print line(str) {
while (gw_ldchar(str)) {
gw_putchar (gw_ldchar (str));
str = str + 1;
}

return 0;

equal (a, b) {
while (a - b) {
return 0;

}

return 1;

not equal(a, b) {
while (a - b) {
return 1;

}

return 0;

not _equal(i, a)) {
i+ 1;

3
Il
-~ o

n=n-+ 1;
while (equal(n, b)) {
m=m + 1;
n=0;

Pucynok 4.3 — Kox nporpamu
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}

return m;

modi(a, b) i, n, m, J {

i=0;
n = 0;
m = 0;
J = 0;
while (not equal (i, a)) {

i=1+1;

n=n+1;

while (equal(n, b)) {
m=m+ 1;

n=0;
j o= 1i;
}
}
return i - j;

print number (num) p, t {
p = 1000;
while (p - 1) {
t = modi (num, p);
p = divi(p, 10);
gw_putchar (divi(t, p) + 48);
}
gw_putchar (10);
return 0;

fizz (num) {
while (modi (num, 3)) {
return 0;
}
print line("Fizz");
return 1;

buzz (num) {
while (modi (num, 5)) {
return 0;
}
print line ("Buzz");
return 1;

fizzbuzz (num) a {
a = fizz (num);
a = a + buzz(num);
while (a) {
gw_putchar (10);

Pucynox 4.4 — Kox nporpamu
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return 0;
}
print number (num) ;
return 0;

gw main() i, n {
i=1;
n = 25;

while (not equal (i, n)) {
fizzbuzz (i) ;
i=1+ 1;

}

return 0;

Pucynok 4.5 — Kox nporpamu

./gw ./examples/fizzbuzz.gw ./out.s
gcc -m32 -o out out.s gwlib.s
./out
001

002

Fizz

004

Buzz
Fizz

007

008

Fizz
Buzz

011

Fizz

013

014
FizzBuzz
016

017

Fizz

019

Buzz
Fizz

022

023

Fizz

PucyHnox 4.6 — BukoHaHHs mporpamMu y TepMiHali
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4.3 IMocainoBHicTy PidoHAYUI

[Iporpama 1o BUBOJUTH MOCIIAOBHICTh PiOOHAUUI € KJIACHYHOIO 33/1a4€i0 Y
nporpamyBaHHi. Tpeba Buectu mepmii N gucen 3 mociigoBHocTi Di6oHaydi. [le
MIepIIN JBa YKCiia 1€ OJWHMII, a KOKHE HACTYIHE 1€ CyMa JBOX 5Kl 1IyTh JI0 IHOTO.
Pimenns moxxHa mobaunTy Ha pucyHkax 4.7 ta 4.8. Ha ckpiHIIIOTI KOMaHAHOTO PSJIKa
(muB. puc. 4.9) MoxHa MOOAYNTH BUKOPUCTAHHS KOMIIATOPY JIJIsl OTPUMaHHS KOy Y

MOBI aceMOJ1epy, CTBOPEHHS BUKOHYBAHOTO (pailiry, Ta poO0Ty OTpHUMaHOI MPOTPaMHU.

# file fibonacci
# include "gwlib.gw"

equal (a, b) {
while (a - b) {
return 0;
}

return 1;

divi(a, b) i, n, m {
i=n=m=0;
while (1 - a) {
i=1+4+1;
n=n+1;
while (equal(n, b)) {
m=m+ 1;
n = 0;
}

return m;

modi(a, b) i, n, m, J {
; .

n
while (i - a) {
i=1i+1;
n=mn+1;
while (equal(n, b)) {
m=m+ 1;
n=0;

= 1i;

return i - j;

Pucynok 4.7 — Kox nporpamu
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print number (num) p, t {
p = 1000000;
while (p - 1) {
t = modi (num, p);
p = divi(p, 10);
gw_putchar (divi(t, p) + 48);
}
gw_putchar (10) ;
return 0;

gw main() a, b, c, n {
= 0;
= 1;
= a + b;
= 25;
while (n) {
print number (c);

5 Q O o

a = b;
b =c;
c =a + b;
n=n-1;

}

return 0O;

Pucynok 4.8 — Kox nporpamu

./gw ./examples/fibonacci.gw ./out.s
gcc -m32 -o out out.s gwlib.s
./out
000001
000002
000003
000005
000008
000013
000021
000034
000055
000089
000144
000233
000377
000610
000987
001597
002584
004181
006765
010946
017711
028657
046368
075025
121393

Pucynok 4.9 — BukonanHst mporpamMu y TepMiHai
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4.4 BuBigx noMHJIOK

Takox Oynm MPOTECTOBaHI Pi3HI BUKIIOYHI CUTYAIlil IJIs1 TOTO 100 3’sICyBaTH
SK KOMITIJIITOP pearye Ha MOMHJIKH Y TeKCTi MMPOrpaMHu, Ta T€ HACKUILKH MPABHILHO

MOBIJIOMJICHHS IIPO MOMUJIKY BKa3yIOTh Ha IPOOJIEMHU.

4.4.1 BincyTHii return

Sk 3a3HaYEHO CEMAHTUKOIO MOBH IporpamyBaHHs (AuB. 2.2.2) KoXKHA (DyHKIIIS
MOBUHHA TIOBEPTATH sIKECh 3HaueHHs. Tomy Tekct mporpamu (puc. 4.10) micTuTh
CEMaHTHUYHY TIOMHJIKY Tak sK y (yHkiii foo BimcyTHii return statement. Ilpu cripo6i
CKOMITLTFOBATH e KO/ KOMITUISTOP BUJAB MOBIIOMIICHHS PO MOMIIKY (puc. 4.11)
ne 3a3Ha4uB 1m0 y ¢yHKIii foo BiacyTHil return statement. Takoxk MOBiqOMIICHHS PO

MOMWIKY MICTUTh Ha3By (haiily Ta MicCIie JIe 3HaXOAUThCS MPOOJIeMHA (PYHKITISI.

# file error

foo () {

gw main() {
foo ()

return 0;

Pucynox 4.10 — Kox mporpamu

./gw ./main.gw ./out.s
./main.gw:3:1: error: return statement not found in the function
3 | foo() |

| A

~~

compilation terminated

Pucynox 4.11 — [Tomuka 1o BuBeAeHa y TEpMiHAT
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4.4.2 Heicnyroua ¢pyHKIist

Sk 3a3HaYEHO CEMAaHTUKOIO MOBH MpOrpaMmyBaHHA (AuB. 2.2.3) BUKIUK (QyHKIIIT
MOXe B1IOYBAaTHCh TUIBKHM i1 (PYHKIIM siki Oyiau BHU3HadeH1 a0o 3a/eKjIapoBaH1
panime BUKINKY (pyHKIi. Tomy Tekct mporpamu (puc. 4.12) MiCTUTh CEMaHTHYHY
NOMMWJIKY TaK sIK y QYHKIIi gW_Main ine BUKIUK QyHKIi DUz, ane mpu oMy y TEKCTi
nporpamu buz He Bu3HaueHui sk (yHkuis. [Ipu crnpobi CKOMIIUIIOBATH IEH KOJ
KOMITUISTOP BHIaB TTOBI1IOMIICHHSI PO OMUIIKY (puc. 4.13) ne 3a3HauuB 1o buz wHe €
dbynkuiero. Takok MOBIJOMIIEHHS PO MOMUIIKY MICTUTh Ha3By ¢aiiy Ta Mmicle Jie

3HAXOJUTHCS MPOOJIEMHUM BUKIIUK (DYHKITI.

# file error
foo() return 1;
gw_main() tmp {

tmp = foo() + buz();
return 0;

Pucynok 4.12 — Kog nporpamu

./gw ./main.gw ./out.s
./main.gw:6:17: error: expression is not a function
o | tmp = foo() + buz();

‘ A

compilation terminated

Pucynox 4.13 — [lomuska 1o BuUBeeHa y TEpMiHaT

4.4.3 HeBu3HaueHa nNoBeaiHKa

Texkct mnporpamu (muB. puc. 4.14) He MICTUTh JKOJHUX JICKCUYHUX,
CUHTAKCUYHUX, Ta CEMAaHTUYHUX MOMUJIOK. AJI€ 115l Mporpama MICTUTb MOBEAIHKY sIKa
HEBM3HAUEHAa CEMAHTHKOI MOBHM TpOrpaMyBaHHS. A camMe HaMaraHHs OTPHMATH
3HAYEHHS CUMBOJIIB 3i StriNg siKi iAyTh MiCJIs HYJIbOBOT'O CUMBOJIY.

Peanizariiss MoBU TIporpamMyBaHHs HE 3000B’s13aHa IIYKATH Ta MOBIIOMIISTH TIPO
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HEBU3HAUEHY TMOBEAIHKY Yy TEKCTi mporpamu. ToMmy JaHa mporpama YCITIITHO
KOMIUTIOETbCsT Ta mpamoe (puc. 4.15). Peamizarist He rapanTye 1o mporpama 3
HEBH3HAYCHOIO MOBEIHKOIO Oy JaBaTH OJIHAKOBI PE3yJIbTaTH MPHU Pi3HUX YMOBAX,

Yy B3arajl IIpamnroBaTH.

# file error
# include "gwlib.gw"

print 10 (str) 1 {
i =0;
while (1 - 10) {
gw_putchar (gw_ldchar(str + 1i));
i=1+ 1;
}

return 0;

gw_main() tmp {
print 10("123");
tmp = "some text";

return 0;

Pucynox 4.14 — Kon nporpamu

./gw ./main.gw ./out.s

gcc -m32 -o out out.s gwlib.s
./out

123 some t

Pucynox 4.15 — Bukonanust nporpamu y TepmiHaii
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BUCHOBKH

V naniii kBanmiikamiiHiii po6oTi 6akanaBpa 0yJio CIPOEKTOBAHO Ta PO3POOIEHO
kommisiTop C-moAiOHOT MOBH MPOTPaMyBaHHs 3aralbHOTO MPU3HAYEHHS.

Y mepmomy po3aili  TEpeliueHi BUMOTH 0 KOMITUIATOpa Ta MOBH
nporpamyBaHHs. OmnucaHo iHTepdenc koMmmusaTopa. CxeMaTHyHO 300pa)KeHo SK
BiIOYBa€THCS B3a€EMO/I1s1 KOPUCTYBaya Ta koMmuisitopa. [lepenideni MOKIMBOCTI MOBU
porpaMyBaHHS.

VY apyromy po3auli BU3HAQY€HO MOBY IPOrpaMyBaHHS Ta CIPOEKTOBAHO
KoMMuIsATOp 111€1 MoBH. [lepeniueHi JeKCUYHI, CHHTAaKCU4YHI, Ta CEMAaHTHYHI MpaBuia
MOBH IIporpaMmyBaHHs. ONUCaHO 3arajibHy CTPYKTYpy Kommuiaropa. CopoeKToBaHO
apXITEKTYPy KOMITIATOPA, € CXEMAaTUYHO 300pakeH1 BCl MOl 3 AKX CKJIAJIa€ThCsA
KOMITUTATOP Ta B3a€EMOJII Mi>K HUMH.

VY TperboMy poO3AUNl NMPOTrpaMHO PEaNli30BAHO CHPOEKTOBAHUM KOMIIUIATOP.
Po3pobieno koxHuil Moayiab KommiasiTopa. OmucaHi TeXHIYHI JeTajai KOXKHOTO
MOJYJIS Ta B3a€EMOJII0 3 IHIIUMH MOAYJISIMH. PeasnizoBaHo cTaHIapTHY O1010TEKYy
MOBH MPOTPaMyBaHHSI.

Y derBeproMy pO3A1Il  YCHIIIHO MPOTECTOBaHa podOTa KOMMLISATOPA.
PosrisiHyTo po0OTy KOMIIISATOpa B yMOBaxX KOJU TEKCT IMPOrpaMud HE MICTHUTH
NOMWJIOK. PO3IJIIHYTI Pi3HI MOMHUJIKH SIKI MOXYTh OyTH B TEKCTI IPOrpamMH Ta SK

KOMITUTATOP pearye Ha 11 TOMUJIKH.
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JTIOJATOK A

EBNF

(**********************************************************)
(* 1 *)
(**********************************************************)
file = file directive
, { file entry } ;
file directive = file directive prefix
, file identifier ;
file entry = include directive
| function declaration
| function definition ;
include directive = include directive prefix
, file name ;
function declaration = function signature
, function declaration end ;
function definition = function signature
, [ variable list ]
, function body ;
function signature = function name
, parameter list ;
parameter list = open parameter list
;, [ some parameters ]
, close parameter list ;
some parameters = parameter name

, { parameter separator , parameter name } ;

variable list variable name

, { variable separator , variable name } ;

function body statement list
| return statement ;
statement list = open statement list
, { statement }

, close statement list ;
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return statement = return statement prefix
, expression
, Statement separator ;
statement = statement list
| return statement
| expression statement
| while statement ;
expression statement = expression
, Statement separator ;
while statement = while statement prefix
, Sub expression
, Statement ;
expression = assignation expression
| sum expression ;

mutable

assignation expression
, assignation operator
, expression ;
mutable = variable name
| parameter name ;
sum expression = postfix expression
, { binary operator , postfix expression } ;
binary operator = subtraction operator
| addition operator ;
postfix expression = function call
| prefix expression ;
function call = function name
, argument list ;

argument list = open argument list

, [ some arguments ]
, close argument list ;
some arguments = expression

, { argument separator , expression } ;



prefix expression = mutable
| number
| string
| sub expression ;
sub expression = open sub expression
, expression
, close sub expression ;
(**********************************************************)
(* 2 %)

(**********************************************************)

delimiter = comment
| space ;
file directive prefix = [ delimiter ]
, sharp
, [ delimiter ]

, file word

, [ delimiter ] ;
file identifier = identifier
, [ delimiter ] ;
include directive prefix = sharp
, [ delimiter ]

, include word

, [ delimiter ] ;
function declaration end = semicolon
, [ delimiter ] ;
file name = string literal
;, [ delimiter ] ;
function name = identifier
;, [ delimiter ] ;
open parameter list = open parenthesis
;, [ delimiter ] ;
close parameter list = close parenthesis
;, [ delimiter ] ;
parameter name = identifier

;, [ delimiter ] ;

41



parameter separator = comma

;, [ delimiter ] ;
variable name = identifier
;, [ delimiter ] ;
variable separator = comma
;, [ delimiter ] ;
statement separator = semicolon
;, [ delimiter ] ;

open statement list open brace

;, [ delimiter ] ;
close statement list = close brace
;, [ delimiter ] ;
return statement prefix = return keyword
, [ delimiter ] ;

while statement prefix = while keyword
, [ delimiter 1 ;

assignation operator = equal

, [ delimiter 1 ;
subtraction operator = minus
, [ delimiter ] ;

addition operator = plus
, [ delimiter ] ;
open argument list = open parenthesis
, [ delimiter ] ;
close argument list = close parenthesis
, [ delimiter ] ;
argument separator = comma

;, [ delimiter ] ;

number unsigned integer
;, [ delimiter ] ;

string = string literal

;, [ delimiter ] ;
open sub expression = open parenthesis
;, [ delimiter ] ;
close sub expression = close parenthesis

;, [ delimiter ] ;



(**********************************************************)

(* 3 %)

(**********************************************************)

sharp = "#' ;
file word = "file" ;
identifier = ( letter | ' ')
, { letter | digit | ' ' } ;
include word = "include" ;
semicolon = "';' ;

vy

string literal =

, { any character }

vy .
14 ’

open parenthesis = "'(' ;
close parenthesis = '")' ;
open brace = '{' ;

close brace = '"}' ;

comma = ',"' ;

return keyword = "return" ;
while keyword = "while" ;
comment = ':'

, any character

, new line ;

new line = ? new line character ? ;
equal = '=' ;
minus = '-' ;
plus = '"+' ;

unsigned integer = digit

digit = ? decimal digits ? ;
space = ? white space characters ? ;
any character = ? all non-control characters ? ;

letter = ? lowercase or uppercase letters ? ;



JTIOJATOK B

Buxignuii kox

//#define PRINT PARSE FUNC printf (" %$s\n",  func );

#define PRINT PARSE FUNC

//#define PRINT ANALYZE FUNC printf (" %s\n",  func );

#define PRINT ANALYZE FUNC

// headers

#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include "stdbool.h"

#include "ctype.h"

// macro
#define err(...) fprintf (stderr,
#define note(...) fprintf (stderr,

#define REG_SIZE (4)

// types

typedef struct {
size t size;
const char *at;

} View;

typedef struct {

bool invalid;

"error:

"note:

" VA ARGS )

" VA ARGS )
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char *buffer;
char *name;
size t size;
View text;
View id;

} File;

typedef enum {
T INVALID,
T EOF,
T SHARP,
T IDENT,
T NUMBER,
T STRING,
T PAREN BEG,
T PAREN END,
T BRACE BEG,
T BRACE END,
T WHILE,
T RETURN,
T SEMICOLON,
T EQUAL,
T PLUS,
T MINUS,
T COMMA,

} TokenType;

typedef struct {
TokenType type;
View text;
size t file index;

} Token;

typedef struct {
Token token;

View text;



} TokenAndText;

typedef struct ({
bool invalid;
size t files num;
size t files cap;
File *files;
size t tokens cap;
size t tokens num;
Token *tokens;

} Unit;

typedef struct ({
int lineno;
int column;
const File *src;
View line;
Token token;

} TokenInfo;

typedef struct {
Unit unit;
View text;

} TextAndUnit;

typedef struct {
bool invalid;
size t cap;
size t num;
Token *at;

} TokenList;

typedef struct {
bool invalid;
Token name;

TokenList params;



} Decl;

typedef enum {
STMT EXPR,
STMT RETURN,
STMT LIST,
STMT WHILE,
} StmtType;

typedef enum {
EXPR STRING, // string
EXPR NUMBER, // number
EXPR _IDENT, // ident
EXPR PAREN, // (expr)
EXPR CALL, // expr (expr, expr,
EXPR SUB, // expr - expr

EXPR ADD, // expr + expr

EXPR ASSIGN, // expr expr

} ExprType;

typedef struct {
bool invalid;
ExprType type;
void *ptr;

} Expr;

typedef struct {
bool invalid;
Expr func;
size t args_cap;
size t args num;
Expr *args;

} ExprCall;

typedef struct {

bool invalid;

expr)

47



Expr left;
Expr right;
} ExprBinary;

typedef struct {
bool invalid;
const Token *token;

} ExprlLeatf;

typedef struct {
bool invalid;
Expr expr;

} ExprParen;

typedef struct {
bool invalid;
StmtType type;
void *ptr;

} Stmt;

typedef struct StmtExpr |
bool invalid;
Expr expr;

} StmtExpr;

typedef struct StmtWhile {
bool invalid;
Expr cond;
Stmt body;

} StmtWhile;

typedef struct StmtList {
bool invalid;
size t num;
size t cap;

Stmt *at;
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} StmtList;

typedef struct ({
bool invalid;
size t decl index;
TokenList vars;
Stmt body;

} Fdef;

typedef struct {
bool invalid;
Unit unit;
const Token *token;
size t decls cap;
size t decls num;
Decl *decls;
size t fdefs cap;
size t fdefs num;
Fdef *fdefs;

} AST;

typedef struct {
AST ast;
Fdef fdef;
Decl decl;

} ExprCtx;

typedef struct {
AST ast;
void *ptr;

} ASTAndPtr;

typedef struct {
bool invalid;
AST ast;

} NiceAST;
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typedef struct {
FILE *stream;
int string index;

} DataCtx;

typedef struct {
FILE *stream;
int string index;
int label index;
Fdef fdef;
Decl decl;
AST ast;

} TextCtx;

// functions

// main sequence functions

File read file(View filename);

Unit preprocess(File file);

AST parse (Unit unit);

NiceAST analyze (AST ast);

bool generate (NiceAST nast, FILE *stream);

TokenInfo token info (Unit unit, Token token);

void print token location(TokenInfo info, FILE *stream);

void print token context (TokenInfo info, FILE *stream);
// view handling

View vbuf (size t size, const char *buf);
View vstr (const char *str);

View vcut (View v, size t n);

View vrcut (View v, size t n);

size t vcspn(View v, const char *t);
size t vspn(View v, const char *t);

bool vequ (View vl, View v2);

// lexer and preprocessor

Unit empty unit();

Unit unit include (Unit unit, File file);
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Unit unit include tokens (Unit unit, size t file index);
TokenAndText chop token (View text, size t file index);
TextAndUnit run directive (Unit unit,
View text, size t file index);
Unit unit add token(Unit unit, Token token);
View chop usless(View text);
TextAndUnit run directive include (TextAndUnit tau,
size t file index);

TextAndUnit run directive file (TextAndUnit tau,

size t file index);
// parser
AST empty ast (Unit unit);
AST parse func (AST ast);
struct ParseDecl { AST ast; Decl decl; }
parse decl (AST ast);
struct ParseFdef { AST ast; Fdef fdef; }
parse fdef (AST ast, size t decl index);
struct ParseToken { AST ast; Token token; }
parse token (AST ast, TokenType type, const char *name);
struct ParselIdentlist { AST ast; TokenList list; }
parse ident 1list (AST ast, const char *name);
TokenList tl empty();
TokenList tl add(TokenList list, Token token);
struct ParseStmt { AST ast; Stmt stmt; }
parse stmt (AST ast);
StmtType token to stmt type (Token token);
ASTAndPtr parse stmt expr (AST ast);
ASTAndPtr parse stmt 1list (AST ast);
ASTAndPtr parse stmt return (AST ast);
ASTAndPtr parse stmt while (AST ast);
struct ParsekExpr { AST ast; Expr expr; }
parse expr (AST ast);
struct ParseExpr parse postfix(AST ast);
struct ParseExpr parse base (AST ast);
ASTAndPtr parse expr paren (AST ast);
ASTAndPtr parse expr binary (AST ast);



ASTAndPtr parse expr call (AST ast);

//

semantic

NiceAST analyze decls (NiceAST n);

NiceAST analyze fdefs (NiceAST n);

NiceAST analyze return (NiceAST n);

NiceAST analyze expresions (NiceAST n);

bool
bool
bool
bool

bool

analyze return stmt (Stmt s);
analyze stmt (ExprCtx ctx, Stmt stmt);
analyze expr (ExprCtx ctx, Expr expr);
analyze expr binary (ExprCtx ctx,

ExprBinary *eb, bool lvalue);

analyze expr left (ExprCtx ctx, ExXpr expr);

int find token (TokenList list, Token token);

int find decl (AST ast, Token token);

bool
bool
//

bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool
bool

analyze expr ident (ExprCtx ctx, ExprLeaf *leaf);
analyze expr call (ExprCtx ctx, ExprCall *call);
generation

data ast (DataCtx *ctx, AST ast);

data stmt (DataCtx *ctx, Stmt stmt);

data stmt list(DataCtx *ctx, StmtList *sl);
data expr (DataCtx *ctx, Expr expr);

data string(DataCtx *ctx, ExprLeaf *leaf);

data binary(DataCtx *ctx, ExprBinary *binary);
data call(DataCtx *ctx, ExprCall *call);

text ast (TextCtx *ctx, AST ast);

text func(TextCtx *ctx);

text stmt (TextCtx *ctx, Stmt stmt);

text stmt expr (TextCtx *ctx, StmtExpr *s);

text stmt return (TextCtx *ctx, StmtExpr *s);
text stmt list (TextCtx *ctx, StmtList *s);

text stmt while (TextCtx *ctx, StmtWhile *s);
text expr (TextCtx *ctx, ExXpr expr);

text expr left (TextCtx *ctx, Expr expr);

text expr left ident (TextCtx *ctx, ExprLeaf *e);
text expr add(TextCtx *ctx, ExprBinary *e);

text expr assign(TextCtx *ctx, ExprBinary *e);
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bool
bool
bool
bool
bool
bool
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text expr call (TextCtx *ctx, ExprCall *e);

text expr ident (TextCtx *ctx, ExprLeaf *e);
text expr number (TextCtx *ctx, ExprLeaf *e);
text expr paren (TextCtx *ctx, ExprParen *e);
text expr string(TextCtx *ctx, ExprLeaf *e);

text expr sub (TextCtx *ctx, ExprBinary *e);

// inplementation

int m
if
p

r
}
FIL
if

o

i

}
Fil
Uni
AST
Nic
boo
if
f
}
if
P

ret

bool

ain(int argc, char **argv) {

(argc < 2) |

rintf ("Usage: gw input-file [output-file]l\n\n");
eturn EXIT SUCCESS;

E *out = stdout;
(argc > 2) |
ut = fopen(argv([2], "wb");
£ (lout) {
err ("fail to open the file \'%s\'\n", argv[2]);
return EXIT FATILURE;
e file = read file(vstr(argv([1l]));
t unit = preprocess(file);
ast = parse(unit);
eAST nast = analyze(ast);
1 ok = generate (nast, out);
(argc > 2) |
close (out) ;

(!ok)
rintf ("compilation terminated\n");

urn ok ? EXIT SUCCESS : EXIT FAILURE;

generate (NiceAST n, FILE *stream) {



if (n.invalid)

return false;
bool ok = false;
fprintf (stream, "\n.data\n");
DataCtx dctx = {0};
dctx.stream = stream;
dctx.string index = 0;
ok = data ast(&dctx, n.ast);
if (!ok)

return false;
fprintf (stream, "\n.text\n");
TextCtx tctx = {0};
tctx.stream = stream;
tctx.string index = 0;
tctx.label index = 0;
tctx.ast = n.ast;
ok = text ast(&tctx, n.ast);
if (!ok)

return false;
fprintf (stream, "\n# THE END\n");

return true;

bool text ast (TextCtx *ctx, AST ast) {
for (size t 1 = 0; 1 < ast.fdefs num; i++) {
ctx->fdef = ast.fdefs[i];
ctx->decl = ast.decls[ctx->fdef.decl index];
bool ok = text func(ctx);
if (lok)
return false;

}

return true;

bool text func (TextCtx *ctx) {

// prolog
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fprintf (ctx->stream, "\n.globl ");

View name = ctx->decl.name.text;

fwrite (name.at, 1, name.size, ctx->stream);
fputc('\n', ctx->stream);

fwrite (name.at, 1, name.size, ctx->stream);

fprintf (ctx->stream, ":\n");
fprintf (ctx->stream, " pushl %%ebp\n");
fprintf (ctx->stream, " movl $%esp, %$%ebp\n");

// local vars
if (ctx->fdef.vars.num != 0) {
int offset = REG SIZE * ctx->fdef.vars.num;
fprintf (ctx->stream, " subl $%1i, %%esp\n", offset);
}
// body
bool ok = text stmt (ctx, ctx->fdef.body);
if (!ok)
return false;
// endlog

return true;

bool text stmt (TextCtx *ctx, Stmt stmt) {

switch (stmt.type) {

case STMT EXPR:

return text stmt expr (ctx, stmt.ptr);
case STMT RETURN:

return text stmt return(ctx, stmt.ptr);
case STMT LIST:

return text stmt list(ctx, stmt.ptr);
case STMT WHILE:

return text stmt while(ctx, stmt.ptr);
default:

return false;



bool text stmt expr (TextCtx *ctx, StmtExpr *s) {

bool ok = text expr(ctx, s->expr);
fprintf (ctx->stream, " popl $%eax\n") ;

return ok;

bool text stmt return (TextCtx *ctx,

StmtExpr *s)

bool ok = text expr(ctx, s->expr);

fprintf (ctx->stream, " popl $%eax\n") ;
fprintf (ctx->stream, " movl $%ebp, %$%esp\n")
fprintf (ctx->stream, " popl $%ebp\n") ;
fprintf (ctx->stream, " ret\n");

return ok;

bool text stmt list (TextCtx *ctx, StmtList *s) {

for (size t i = 0; 1 < s—>num; 1i++) {

bool ok = text stmt(ctx, s->at[i]);

if (!ok)
return false;

}

return true;

bool text stmt while (TextCtx *ctx,
bool ok = false;
int lbbody = ctx->label index;
ctx->label index++;
int lbcond = ctx->label index;
ctx->label index++;

// prolog

StmtWhile *s)

fprintf (ctx->stream, " Jjmp %i\n", lbcond);

fprintf (ctx->stream, "L%i:\n", lbbody):;

// body
ok = text stmt (ctx, s->body);
if ('ok)

{

{
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return false;
// cond
fprintf (ctx->stream, "L%i:\n", lbcond);
ok = text expr(ctx, s->cond);
if (!ok)

return false;

fprintf (ctx->stream, " popl $%eax\n") ;
fprintf (ctx->stream, " testl %%eax, %%eax\n");
fprintf (ctx->stream, " Jne L%i\n", 1lbbody) ;
// endlog

return true;

bool text expr (TextCtx *ctx, Expr expr) {
switch (expr.type) {
case EXPR ADD:
return text expr add(ctx, expr.ptr);
case EXPR ASSIGN:
return text expr assign(ctx, expr.ptr);
case EXPR CALL:
return text expr call(ctx, expr.ptr);
case EXPR TIDENT:
return text expr ident (ctx, expr.ptr);
case EXPR NUMBER:
return text expr number (ctx, expr.ptr);
case EXPR PAREN:
return text expr paren(ctx, expr.ptr);
case EXPR STRING:
return text expr string(ctx, expr.ptr);
case EXPR SUB:
return text expr sub(ctx, expr.ptr);
default:

return false;
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bool text expr left (TextCtx *ctx, Expr expr) {
1f (expr.type != EXPR IDENT)
return false;

return text expr left ident (ctx, expr.ptr);

bool text expr add(TextCtx *ctx, ExprBinary *e) {
bool ok = false;
ok = text expr(ctx, e->left);
if (!ok)
return false;
ok = text expr(ctx, e->right);
if (!ok)

return false;

fprintf (ctx->stream, " popl $%eax\n"); // right
fprintf (ctx->stream, " popl $%edx\n"); // left
fprintf (ctx->stream, " addl $%edx, %$%eax\n");
fprintf (ctx->stream, " pushl %$%eax\n");

return true;

bool text expr assign(TextCtx *ctx, ExprBinary *e) {
bool ok = false;
ok = text expr left(ctx, e->left);
if (lok)
return false;
ok = text expr(ctx, e->right);
if (!ok)

return false;

fprintf (ctx->stream, " popl $%edx\n"); // right
fprintf (ctx->stream, " popl $%eax\n"); // left
fprintf (ctx->stream, " movl $%edx, (%%eax)\n");
fprintf (ctx->stream, " pushl %%edx\n"); // (a = 5)

return true;
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bool text expr call (TextCtx *ctx, ExprCall *e) {

size t 1 = e->args num - 1;

for (size t n = 0; n < e->args num; n++) {
bool ok = text expr(ctx, e->args[i]);
if (!ok)

return false;

i-=;
}
bool ok = text expr(ctx, e->func);
if (!ok)

return false;

fprintf (ctx->stream, " popl $%eax\n") ;
fprintf (ctx->stream, " call *$%eax\n") ;
if (e->args num != 0) {

int offset = REG SIZE * e->args num;

fprintf (ctx->stream, " addl $%i, %$%esp\n", offset);
}
fprintf (ctx->stream, " pushl %$%eax\n");

return true;

bool text expr ident (TextCtx *ctx, ExprLeaf *e) {
Token token = e->token|[0];
int vi = find token(ctx->fdef.vars, token);
if (vi >= 0) {
int offset = REG SIZE * (vi + 1); // starts with 4
fprintf (ctx->stream, " pushl -%1i(%%ebp)\n", offset);
return true;

}

int pi = find token(ctx->decl.params, token);

if (pi >= 0) {
int offset = REG SIZE * (pi + 2); // starts with 8
fprintf (ctx->stream, " pushl %i(%%ebp)\n", offset);
return true;

}
int di = find decl (ctx->ast, token);
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if (di >= 0) {
View name = ctx->ast.decls[di] .name.text;
fprintf (ctx->stream, " pushl $");
fwrite (name.at, 1, name.size, ctx->stream);
fputc('\n', ctx->stream);

return true;

}

return false;

bool text expr left ident (TextCtx *ctx, ExprLeaf *e) {
Token token = e->token[0];
int vi = find token(ctx->fdef.vars, token);
if (vi >= 0) {

int offset = REG SIZE * (vi + 1); // starts with 4

fprintf (ctx->stream, " leal -%1(%%ebp), %%eax\n",
offset);
fprintf (ctx->stream, " pushl %%eax\n");

return true;
}
int pi = find token(ctx->decl.params, token);
if (pi >= 0) {

int offset = REG SIZE * (pi + 2); // starts with 8

fprintf (ctx->stream, " leal %1 (%%ebp), %$%eax\n",
offset);
fprintf (ctx->stream, " pushl %%eax\n");

return true;

}

int di = find decl (ctx->ast, token);

if (di >= 0) {
View name = ctx->ast.decls[di].name.text;
fprintf (ctx->stream, " pushl $");
fwrite (name.at, 1, name.size, ctx->stream);
fputc('\n', ctx->stream);

return true;
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return true;

bool text expr number (TextCtx *ctx, ExprLeaf *e) {
fprintf (ctx->stream, " pushl $");
View num = e->token[0].text;
fwrite (num.at, 1, num.size, ctx->stream);
fputc('\n', ctx->stream);

return true;

bool text expr paren (TextCtx *ctx, ExprParen *e) ({

return text expr(ctx, e->expr);

bool text expr string(TextCtx *ctx, ExprLeaf *e) {
int si = ctx->string index;
ctx->string index++;
fprintf (ctx->stream, " pushl $S%i\n", si);

return true;

bool text expr sub (TextCtx *ctx, ExprBinary *e) {
bool ok = false;
ok = text expr(ctx, e->left);
if (lok)
return false;
ok = text expr(ctx, e->right);
if (!ok)

return false;

fprintf (ctx->stream, " popl $%edx\n"); // right
fprintf (ctx->stream, " popl $%eax\n"); // left
fprintf (ctx->stream, " subl $%edx, %$%eax\n"):;
fprintf (ctx->stream, " pushl %%eax\n");

return true;



bool data ast(DataCtx *ctx, AST ast) {
for (size t i = 0; 1 < ast.fdefs num; i++) {
Fdef fdef = ast.fdefs[i];
bool ok = data stmt(ctx, fdef.body):
if (!ok)
return false;

}

return true;

bool data stmt (DataCtx *ctx, Stmt stmt) {
switch (stmt.type) {
case STMT EXPR:
return data expr(ctx, ((StmtExpr *)stmt.ptr)->expr);

case STMT RETURN:

return data expr(ctx, ((StmtExpr *)stmt.ptr)->expr);

case STMT WHILE:

return data stmt(ctx, ((StmtWhile *)stmt.ptr)->body):;

case STMT LIST:
return data stmt list(ctx, stmt.ptr);
default:

return false; // TODO: error message

bool data expr (DataCtx *ctx, Expr expr) {
switch (expr.type) {
case EXPR NUMBER:
return true;
case EXPR IDENT:
return true;
case EXPR CALL:
return data call(ctx, expr.ptr);
case EXPR ADD:

return data binary(ctx, expr.ptr);
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case EXPR SUB:
return data binary(ctx, expr.ptr);
case EXPR ASSIGN:
return data binary(ctx, expr.ptr);
case EXPR STRING:
return data string(ctx, expr.ptr);
case EXPR PAREN:
return data expr(ctx, ((ExprParen *)expr.ptr)->expr);
default:

return false; // TODO: error message

bool data string(DataCtx *ctx, ExprLeaf *leaf) ({
int si = ctx->string index;
ctx->string index++;
fprintf (ctx->stream, "\nS%i: .string ", si);
View str = leaf->token[0].text;
fwrite(str.at, 1, str.size, ctx->stream);
fputc('\n', ctx->stream);

return true;

bool data binary(DataCtx *ctx, ExprBinary *binary) {
bool ok = data expr(ctx, binary->left);
if (lok)
return false;

return data expr(ctx, binary->right);

bool data call (DataCtx *ctx, ExprCall *call) ({
// ignore call->func
for (size t i = 0; i < call->args_num; i++) {
bool ok = data expr(ctx, call->args[i]);
if (!ok)

return false;
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}

return true;

bool data stmt list(DataCtx *ctx, StmtList *sl) {
for (size t 1 = 0; 1 < sl->num; 1i++) {
bool ok = data stmt(ctx, sl->atf[il]);
if (!ok)
return false;

}

return true;

File read file(View filename) {

File file = {0};

file.id = vstr("");

file.invalid = true;

// filename to c string

file.name = malloc (filename.size + 1);

if (!file.name) {
err("fail to allocate memory for file name\n");
return file;

}

memcpy (file.name, filename.at, filename.size);

file.name[filename.size] = "\0';

// open file

FILE *f = fopen(file.name, "rb");

if ('f) |
err ("file not found \'%$s\'\n", file.name);
return file;

}

// allocate buffer

fseek (f, 0, SEEK END);

file.size = ftell(f);

fseek (f, 0, SEEK SET);

file.buffer = malloc(file.size);



if (!'file.buffer) {
fclose (f);

err("fail to allocate memory for file buffer\n");

return file;
}
// read file
size t total = fread(file.buffer, 1, file.size, f);
fclose (f);
if (total != file.size) {
err("fail to read file \'%s\'\n", file.name);
return file;
}
file.text = vbuf(file.size, file.buffer);
file.invalid = false;

return file;

View vbuf (size t size, const char *buf) ({

return (View) { .size = size, .at = buf };

View vstr (const char *str) {

return (View) { .size = strlen(str), .at = str };

View vcut (View v, size t n) {
if (v.size < n)
n = v.size;

return vbuf(v.size - n, v.at + n);

View vrcut (View v, size t n) {
if (v.size < n)
n = v.size;

return vbuf(v.size - n, v.at);



size t vcspn(View v,

for (size t 1 = 0;

if (strchr(t, v.at[i])

return 1i;

}

return v.size;

size t vspn(View v,
for (size t i = 0;
if (strchr(t, v.

return 1i;

}

return v.size;

bool vequ(View vl, V
if (vl.size != v2.
return false;

return memcmp (vl.a

View chop usless (Vie
for (;;) |
if (text.size ==

break;

const cha

r *t) {

i < v.size; i++) {

const char

i < v.siz

if (text.at[0] == ":")

text = vcut (te
size t spaces =
if (spaces == 0)

break;

at[i]) == NULL) {
iew v2) {
size)
t, v2.at, vl.size) == 0;
w text) |
)
xt, vespn (text, "\n\r"));

vspn (text,

text = vcut (text, spaces);

!'= NULL) {

*t) A

e; 1i++) {

" \t\n\r\v");
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return text;

TokenAndText chop token (View text,

TokenAndText tat = {0};

tat.token.type = T INVALID;

tat.token.file index = file index;

tat.text =

chop usless (text);

if (tat.text.size == 0) {

tat.token.type

T EOF;

tat.token.text = vstr("");

return tat;

#define ONE CHAR TOKEN (TYPE) \

tat.token.text = vbuf(l, tat.text.at); \

tat.token.type = TYPE;

switch (tat.text.at[0]) {

case '#':
case '-':
case '+':
case '=':
case ';':
case ',':
case '"{':
case '}':
case '(':
case ') ':
case '"\"':

ONE CHAR TOKEN (T SHARP); break;
ONE_ CHAR TOKEN (T _MINUS); break;

ONE CHAR TOKEN (T PLUS); break;

ONE_ CHAR TOKEN (T _EQUAL); break;
ONE_ CHAR TOKEN (T SEMICOLON); break;
ONE CHAR TOKEN (T COMMA); break;

ONE CHAR TOKEN (T BRACE BEG); break;
ONE CHAR TOKEN (T BRACE END); break;
ONE CHAR TOKEN (T PAREN BEG); break;
ONE CHAR TOKEN (T PAREN END); break;

tat.token.text = vbuf (

if (tat.token.text.at[tat.token.text.size -
l\"l) {

vcspn (vcecut (tat.text, 1),
tat.text.at
) 7

size t file index)

{

H\HH)
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err ("missing \" character\n");
return tat;
}
tat.token.type = T STRING;
break;
default:
if (isalpha(tat.text.at[0])
|| tat.text.at[0] == " ") {

tat.token.type = T IDENT;

// vspn isalnum + ' '

tat.token.text = vbuf (vspn(tat.text,
"gwertyuiopasdfghijklzxcvbnm"
"OWERTYUIOPASDFGHJKLZXCVBNM"
" 0123456789"),
tat.text.at);
}
else if (isdigit(tat.text.at[0])) {

tat.token.type T NUMBER;

tat.token.text = vbuf(
vspn (tat.text, "0123456789"),
tat.text.at);
}
else {
err ("invalid token starts with \'%c\'\n",
tat.text.at[0]);

return tat;

}
if (tat.token.type == T IDENT) ({
if (vequ (tat.token.text, vstr("while"))) {
tat.token.type = T WHILE;
}
else if (vequ (tat.token.text, vstr("return"))) {

tat.token.type = T RETURN;
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// chop literaly
tat.text = vcut(tat.text, tat.token.text.size);

return tat;

Unit unit include (Unit unit, File file) {
if (unit.invalid || file.invalid) {
unit.invalid = true;
return unit;
}
// add file to files
i1f (unit.files cap == unit.files num) {
unit.files cap *= 2;
unit.files = realloc(unit.files,
unit.files cap * sizeof (File));
if (lunit.files) {
unit.invalid = true;
err ("fail to reallocate memory for files");

return unit;

}

unit.files[unit.files num] = file;
unit.files num++;

// add tokens

return unit include tokens(unit, unit.files num - 1);

Unit empty unit () {
Unit unit = {0};

unit.invalid = true;
//

unit.files cap = 2;
unit.files num = 0;

unit.files = malloc(unit.files cap * sizeof (File));
if (lunit.files) {

err("fail to allocate memory for files");



return unit;

}

//

unit.tokens cap = 2;

unit.tokens num = 0;

unit.tokens = malloc(unit.tokens cap * sizeof (Token));

if ('unit.tokens) {
err("fail to allocate memory for tokens");
return unit;

}

//

unit.invalid = false;

return unit;

Unit preprocess (File file) {
return unit add token(unit include (empty unit (), file),

(Token) { .type = T EOF });

Unit unit add token (Unit unit, Token token) {
if (unit.invalid || token.type == T INVALID) {
unit.invalid = true;
return unit;

}

i1f (unit.tokens cap == unit.tokens num) {
unit.tokens cap *= 2;
unit.tokens = realloc (unit.tokens,
unit.tokens cap * sizeof (Token));
if (!unit.tokens) {
unit.invalid = true;
err("fail to reallocate memory for tokens");

return unit;

}

unit.tokens[unit.tokens num] = token;



unit.tokens num++;

return unit;

Unit unit include tokens (Unit unit, size t file index)
if (unit.invalid)
return unit;

File file = unit.files[file index];

View text file.text;
for (;7;) |

TokenAndText tat = chop token (text, file index);

1f (tat.token.type == T EOF) break;
i1f (tat.token.type == T SHARP) {
TextAndUnit tau = run directive (unit,
tat. text,

file index);

unit = tau.unit;
text = tau.text;
}
else {
unit = unit add token (unit, tat.token);
text = tat.text;

}

if (unit.invalid) break;

}

return unit;

TextAndUnit run directive (Unit unit,
View text,
size t file index) {
TextAndUnit tau = {0};
tau.unit = unit;
tau.text = text;
if (unit.invalid)

return tau;

{
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TokenAndText tat = chop token(tau.text, file index)
tau.text = tat.text;
1f (tat.token.type == T EOF) {
err ("missing directive name\n");
tau.unit.invalid = true;
return tau;

}
if (tat.token.type

= T INVALID) {

tau.unit.invalid = true;
return tau;
}
if (tat.token.type != T IDENT) ({
TokenInfo info = token info(tau.unit, tat.token);

print token location (info, stderr);
err ("directive name 1s not an indentifier\n");
print token context (info, stderr);
tau.unit.invalid = true;
return tau;
}
if (vequ(tat.token.text, vstr ("include"))) {
return run directive include (tau, file index);
}
else if (vequ(tat.token.text, vstr("file"))) {
return run directive file(tau, file index);
}
TokenInfo info = token info(tau.unit, tat.token);
print token location (info, stderr);
err ("unknown directivel\n");
print token context (info, stderr);
tau.unit.invalid = true;

return tau;

TextAndUnit run directive include (TextAndUnit tau,

size t file index)

.
r

{

TokenAndText tat = chop token(tau.text, file index);
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tau.text = tat.text;
1f (tat.token.type == T EOF) {

err ("missing file name\n");

tau.unit.invalid true;
return tau;

}
if (tat.token.type

= T INVALID) {
tau.unit.invalid = true;
return tau;
}
1f (tat.token.type != T STRING) {
TokenInfo info = token info(tau.unit, tat.token);
print token location(info, stderr);
err ("file name is not a string\n");
print token context (info, stderr);
tau.unit.invalid = true;
return tau;
}
View path = vcut (vrcut (tat.token.text, 1), 1);
tau.unit = unit include(tau.unit, read file(path));

return tau;

TextAndUnit run directive file (TextAndUnit tau,
size t file index) {
TokenAndText tat = chop token(tau.text, file index);
tau.text = tat.text;
if (tat.token.type == T EOF) {
err ("missing file id\n");
tau.unit.invalid = true;
return tau;
}
if (tat.token.type == T INVALID) ({
tau.unit.invalid = true;

return tau;



if (tat.token.type != T IDENT) ({
TokenInfo info = token info(tau.unit, tat.token);
print token location(info, stderr);
err ("file id is not an indentifier\n");
print token context (info, stderr);
tau.unit.invalid = true;
return tau;

}

for (size t 1 = 0; 1 < tau.unit.files num; i++) {
if (vequ(tau.unit.files[i].id, tat.token.text)) {
tau.text.size = 0; // already included

}
tau.unit.files[file index].id = tat.token.text;

return tau;

TokenInfo token info(Unit unit, Token token) {
TokenInfo info = {0};
info.token = token;

info.src = &unit.files[token.file index];

info.lineno = 1;
info.column = 1;
View text = info.src->text;
const char *line beg = text.at;
for (size t 1 = 0; 1 < text.size; 1i++) {
if (text.at + i == token.text.at) {
View string = vcut(text, line beg - text.at);
info.line = vbuf (vcspn(string, "\n"), string.at);
return info;
}
if (text.at[i] == "\n') {
info.column = 1;

info.lineno++;

line beg = text.at + 1 + 1;



else if (text.at[i] !'= "\r') {

info.column++;

}

return info;

void print token location(TokenInfo info, FILE *stream) ({

o°
o°

fprintf (stream, "%$s:%i:%i: ",

info.src->name, info.lineno, info.column);

void print token context (TokenInfo info, FILE *stream) {
fprintf (stream, "%4i | ", info.lineno);

fwrite(info.line.at, 1, info.line.size, stream);

fprintf (stream, "\n | ")
for (size t i = 1; 1 < info.column; i++) {
fputc (' ', stream);

}

fputc('"', stream);

size t 1lim = info.line.size
+ info.line.at

- info.token.text.at;

lim--;
lim = (lim < info.token.text.size)
? lim
info.token.text.size;
for (size t 1 = 1; 1 < lim; 1i++) |

fputc('~', stream);

}

fputc ('\n', stream);

AST empty ast(Unit unit)
AST ast = {0},

ast.invalid = true;
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ast.unit = unit;
ast.token = unit.tokens;
if (unit.invalid)
return ast;
ast.decls num = 0;
ast.decls cap = 2;
ast.decls = malloc(ast.decls cap * sizeof (Decl));
if ('ast.decls) {
err("fail to allocate memory "
"for function declarations\n");
return ast;

}

ast.fdefs num

0;
ast.fdefs cap = 2;
ast.fdefs = malloc(ast.fdefs cap * sizeof (Fdef));
if (last.fdefs) {

err("fail to allocate memory "

"for function definitions\n");

return ast;
}
ast.invalid = false;

return ast;

struct ParseToken parse token (AST ast,

TokenType type,
const char *name) {
PRINT PARSE FUNC;
if (ast.invalid)
return (struct ParseToken) {
.ast = ast,
.token = (Token) { .type = T INVALID }
bi
Token token = ast.token[0];
if (token.type == T EOF) {

err ("missing %s\n", name);



token.type = T INVALID;

return (struct ParseToken) {

.ast = ast,
.token = token
}i
}
if (token.type !'= type) {
TokenInfo info = token info(ast.unit, token);

print token location(info, stderr);
err ("unexpected token, where %s is expected\n"
print token context (info, stderr);
token.type = T INVALID;
return (struct ParseToken) {
.ast = ast,
.token = token
bi
}
ast.token = &ast.token[1l];

return (struct ParseToken) { .ast = ast, .token

struct ParseDecl parse decl (AST ast) {
PRINT PARSE FUNC;
struct ParseDecl pdecl = {0};
pdecl.ast = ast;
pdecl.decl.invalid = true;
struct ParseToken pt;
if (ast.invalid)
return pdecl;

//

, hame);

= token };

pt = parse token(pdecl.ast, T IDENT, "function name");

if (pt.token.type == T INVALID)
return pdecl;

pdecl.ast = pt.ast;

pdecl.decl.name = pt.token;

//
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pt = parse token(pdecl.ast, T PAREN BEG, "opening paren");
if (pt.token.type == T INVALID)
return pdecl;
pdecl.ast = pt.ast;
//
struct ParseldentList pil;
pil = parse ident list(pdecl.ast, "parameter");
if (pil.list.invalid)
return pdecl;
pdecl.ast = pil.ast;
pdecl.decl.params = pil.list;
//
pt = parse token(pdecl.ast, T PAREN END, "closing paren");
if (pt.token.type == T INVALID)
return pdecl;
pdecl.ast = pt.ast;
pdecl.decl.invalid = false;

return pdecl;

AST parse func (AST ast) {
PRINT PARSE FUNC;
struct ParseDecl pd = parse decl (ast);
ast = pd.ast;
if (pd.decl.invalid) {
ast.invalid = true;
return ast;
}
// add decl
if (ast.decls cap == ast.decls num) {
ast.decls cap *= 2;
ast.decls = realloc(ast.decls,
ast.decls cap * sizeof (Decl));
if (!ast.decls) {
err("fail to reallocate memory "

"for function declarations\n");



ast.invalid = true;

return ast;

}

ast.decls[ast.decls num] = pd.decl;
ast.decls num++;
if (ast.token[0].type == T SEMICOLON) {
ast.token = &ast.token[1l];
return ast;
}
//

struct ParseFdef pf = parse fdef (ast, ast.decls num - 1);

ast = pf.ast;
if (pf.fdef.invalid) {
ast.invalid = true;
return ast;
}
// add fdef
if (ast.fdefs cap == ast.fdefs num) {
ast.fdefs cap *= 2;
ast.fdefs = realloc(ast.fdefs,
ast.fdefs cap * sizeof(Decl));
if (last.fdefs) {
err("fail to reallocate memory "
"for function declarations\n");
ast.invalid = true;

return ast;

}
ast.fdefs[ast.fdefs num] = pf.fdef;

ast.fdefs num++;

return ast;

AST parse (Unit unit) {

if (unit.invalid)
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return (AST) { .invalid = true };
AST ast = empty ast (unit);
while (l!ast.invalid) {
if (ast.token->type == T EOF)
break;
ast = parse func(ast);
}

return ast;

struct ParseFdef parse fdef (AST ast, size t decl index)

PRINT PARSE FUNC;
struct ParseFdef pfdef = {0};
pfdef.ast = ast;
pfdef.fdef.invalid = true;
pfdef.fdef.decl index = decl index;
if (ast.invalid)

return pfdef;
//
struct ParseldentlList pil;
pil = parse ident list (pfdef.ast, "variable");
if (pil.list.invalid)

return pfdef;
pfdef.ast = pil.ast;
pfdef.fdef.vars = pil.list;
//
struct ParseStmt ps = parse stmt (pfdef.ast);
pfdef.ast = ps.ast;
if (ps.stmt.invalid)

return pfdef;
pfdef.fdef.body = ps.stmt;
//
pfdef.fdef.invalid = false;

return pfdef;

{
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struct ParseldentList parse ident list (AST ast,
const char *name) {
PRINT PARSE FUNC;
struct ParseldentList pil = {0};
pil.ast = ast;
pil.list.invalid = true;
if (ast.invalid)
return pil;
pil.list = tl empty();
if (pil.list.invalid) {
err("fail to create the %s list\n", name);
return pil;
}
for (;7) H
if (pil.ast.token[0].type != T IDENT)
break;
pil.list = tl add(pil.list, pil.ast.token[0]);
if (pil.list.invalid) {
err ("fail to add element to the %s list\n", name);
return pil;
}
pil.ast.token = &pil.ast.token[1l];
if (pil.ast.token[0].type != T COMMA)
break;
pil.ast.token = &pil.ast.token[1l];
}
pil.list.invalid = false;

return pil;

StmtType token to stmt type (Token token) {
switch (token.type) {
case T RETURN: return STMT RETURN;
case T WHILE: return STMT WHILE;
case T BRACE BEG: return STMT LIST;
default: return STMT EXPR;



struct ParseStmt parse stmt (AST ast) {
PRINT PARSE FUNC;
struct ParseStmt ps = {0};
ps.ast = ast;
ps.stmt.invalid = true;
if (ast.invalid)
return ps;
ps.stmt.type = token to stmt type(ps.ast.token[0]);
ASTAndPtr aap = {0};
switch (ps.stmt.type) {
case STMT EXPR:
aap = parse stmt expr(ps.ast); break;
case STMT LIST:
aap = parse stmt list(ps.ast); break;
case STMT RETURN:
aap = parse stmt return(ps.ast); break;
case STMT WHILE:
aap = parse stmt while(ps.ast); break;
default:
break;
}
ps.ast = aap.ast;
if (laap.ptr)
return ps;
ps.stmt.ptr = aap.ptr;
ps.stmt.invalid = false;

return ps;

ASTAndPtr parse stmt expr (AST ast) {
PRINT PARSE FUNC;
ASTAndPtr aap = {0};

aap.ast = ast;
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aap.ptr = NULL;
if (ast.invalid)
return aap;
struct ParseExpr pe = parse expr (ast);
aap.ast = pe.ast;
if (pe.expr.invalid)
return aap;
StmtExpr *s = malloc(sizeof (StmtExpr)):;
if (!'s) |
err("fail to allocate memory for expression-statement");
return aap;
}
S—>expr = pe.expr;

struct ParseToken pt = parse token (aap.ast,

T SEMICOLON,
"semicolon") ;
if (pt.token.type == T INVALID)

return aap;

aap.ast = pt.ast;

aap.ptr Sy

return aap;

ASTAndPtr parse stmt 1ist (AST ast) {
PRINT PARSE FUNC;
ASTAndPtr aap = {0},
aap.ast = ast;

aap.ptr = NULL;

if (ast.invalid)
return aap;
struct ParseToken pt = parse token(aap.ast,
T BRACE BEG,
"opening brace");
if (pt.token.type == T INVALID)
return aap;

aap.ast = pt.ast;
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StmtList *s = malloc(sizeof (StmtList));
if (!'s) |
err("fail to allocate memory for statement-list");
return aap;
}
s=>num = 0;
s->cap = 2;
s->at = malloc(s->cap * sizeof (Stmt));
if (!s->at) {
err("fail to allocate memory for statement-list");
return aap;
}
for (;7) A
if (aap.ast.token[0].type == T BRACE END)
break;
struct ParseStmt ps = parse stmt (aap.ast);
aap.ast = ps.ast;
if (ps.stmt.invalid)
return aap;
if (s->cap == s->num) {
s->cap *= 2;
s->at = realloc(s->at, s->cap * sizeof (Stmt));
if (!s->at) {
err("fail to reallocate memory for statement-1list");

return aap;

}

s->at[s->num] = ps.stmt;

s=>num++;
}
pt = parse token(aap.ast, T BRACE END, "closing brace");
if (pt.token.type == T INVALID)

return aap;

aap.ast = pt.ast;

aap.ptr = s;

return aap;



ASTAndPtr parse stmt return (AST ast) {
PRINT PARSE FUNC;
ASTAndPtr aap = {0};

aap.ast ast;

aap.ptr NULL;
if (ast.invalid)
return aap;
struct ParseToken pt = parse token (aap.ast,

T RETURN,

"return keyword");

if (pt.token.type == T INVALID)
return aap;
aap.ast = pt.ast;

return parse stmt expr (aap.ast);

ASTAndPtr parse stmt while (AST ast) {
PRINT_PARSE_FUNC;
ASTAndPtr aap = {0};

aap.ast = ast;
aap.ptr = NULL;
if (ast.invalid)
return aap;
struct ParseToken pt = parse token (aap.ast,
T WHILE,

"while keyword");

if (pt.token.type == T INVALID)
return aap;
aap.ast = pt.ast;
StmtWhile *s = malloc(sizeof (StmtWhile));
if (!'s) |
err("fail to allocate memory for while-statement");

return aap;
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s—->cond.type = EXPR PAREN;
ASTAndPtr aap2 = parse expr paren(aap.ast);
aap.ast = aap2.ast;
if (laap2.ptr)
return aap;
s->cond.ptr = aap2.ptr;
s->cond.invalid = false;
struct ParseStmt ps = parse stmt (aap.ast);
aap.ast = ps.ast;
if (ps.stmt.invalid)
return aap;

s->body = ps.stmt;

aap.ptr = s;

return aap;

struct ParseExpr parse base (AST ast) {
PRINT PARSE FUNC;

struct ParseExpr pe = {0};

pe.ast = ast;
pe.expr.invalid = true;
if (pe.ast.token[0].type == T PAREN BEG) ({

ASTAndPtr aap = parse expr paren(pe.ast);
pe.ast = aap.ast;
pe.expr.type = EXPR PAREN;
pe.expr.ptr = aap.ptr;
if (!pe.expr.ptr)
return pe;
pe.expr.invalid = false;
return pe;
}
ExprLeaf *e = malloc(sizeof (ExprLeaf));
if (le) |
err ("fail to allocate memory for expression-base\n");

return pe;



e->token = pe.ast.token;

1f (e->token->type == T EOF) ({
err ("missing expression-base\n");
return pe;

}

TokenInfo info;

switch (e->token->type) {

case T STRING: pe.expr.type EXPR STRING; break;

case T NUMBER: pe.expr.type EXPR NUMBER; break;
case T IDENT: pe.expr.type = EXPR IDENT; break;
default:
info = token info(pe.ast.unit, e->token[0]);
print token location(info, stderr);
err ("unexpected token, where "
"expression-base i1s expected\n");
print token context (info, stderr);
return pe;
}
pe.ast.token = &pe.ast.token[1l];
pe.expr.invalid = false;
pe.expr.ptr = ¢e;

return pe;

struct ParseExpr parse postfix (AST ast) {
PRINT PARSE FUNC;
struct ParseExpr pe = parse base (ast);
if (pe.expr.invalid)
return pe;
if (pe.ast.token[0].type != T PAREN BEG)
return pe;
pe.ast.token = &pe.ast.token[1];
//
ExprCall *e = malloc(sizeof (ExprCall));
if (le) |

err ("fail to allocate memory for call-expression\n");



pe.expr.invalid = true;
return pe;
}
e->func = pe.expr;
e->args cap = 2;
e->args num = 0;
e->args = malloc(e->args cap * sizeof (Expr));
pe.expr.invalid = true;
pe.expr.type = EXPR CALL;
pe.expr.ptr = e;
if (le) |
err ("fail to allocate memory for argument list\n");
return pe;
}
for (;7) H

if (pe.ast.token[0].type == T PAREN END)
break;

if (pe.ast.token[0].type == T EOF)
break;

struct ParseExpr pe arg = parse expr (pe.ast);
Expr arg = pe arg.expr;
pe.ast = pe arg.ast;
if (arg.invalid)

return pe;
if (e->args cap == e->args num) {

e->args_cap *= 2;

e->args = realloc(e->args,

e->args_cap * sizeof (Expr));
if (!e->args) {
err("fail to reallocate memory "
"for argument list\n");

return pe;

}
e->args[e->args _num] = arg;

e->args_numt+;



1f (pe.ast.token[0].type == T PAREN END)
break;
1f (pe.ast.token[0].type != T COMMA) {
err ("missing closing paren\n");
return pe;
}
pe.ast.token = &pe.ast.token[1l];
}
1f (pe.ast.token[0].type != T PAREN END) ({
err ("missing closing paren\n");
return pe;
}
pe.ast.token = &pe.ast.token[1l];
pe.expr.invalid = false;

return pe;

ASTAndPtr parse expr paren (AST ast) {
PRINT PARSE FUNC;
ASTAndPtr aap = {0},
aap.ast = ast;
aap.ptr = NULL;
struct ParseToken pt = parse token (aap.ast,
T PAREN BEG,
"opening paren");
aap.ast = pt.ast;
if (pt.token.type == T INVALID)
return aap;
ExprParen *e = malloc (sizeof (ExprParen)) ;
if (le) |
err("fail to allocate memory "
"for paren expression\n");
return aap;
}
struct ParseExpr pe = parse expr (aap.ast);

aap.ast = pe.ast;



if (pe.expr.invalid)
return aap;

e->expr = pe.expr;

pt = parse token(aap.ast, T PAREN END, "closing paren");

aap.ast = pt.ast;

1f (pt.token.type == T INVALID)
return aap;

aap.ptr = ¢e;

return aap;

struct ParseExpr parse expr (AST ast)

PRINT PARSE FUNC;

{

struct ParseExpr pe = parse postfix(ast);

if (pe.expr.invalid)
return pe;

Token token = pe.ast.token[0];

if (token.type == T PAREN END
| | token.type == T SEMICOLON
| | token.type == T COMMA)

return pe;
//
ExprType type = EXPR ADD;
TokenInfo info;

switch (token.type) {

case T PLUS: type = EXPR ADD; break;

case T MINUS: type

case T EQUAL: type
default:

EXPR SUB; break;
EXPR_ASSIGN; break;

info = token info(pe.ast.unit, token);

print token location (info, stderr);

A

err ("unexpected token, where

"binary operator is expected\n");

print token context (info, stderr);

pe.expr.invalid = false;

return pe;
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}
pe.ast.token = &pe.ast.token[1l];
ExprBinary *e = malloc(sizeof (ExprBinary)):;
if (le) |
err ("fail to allocate memory for binary expression\n");
pe.expr.invalid = false;
return pe;
}
e->left = pe.expr;
pe.expr.type = type;
pe.expr.ptr = ¢e;
struct ParseExpr pright = parse expr(pe.ast);
pe.ast = pright.ast;
e->right = pright.expr;
// FIXME: y = a - b + ¢ works like
// y = (a - (b + c)) but should be like
// y = ((a - b) + ¢)
if (e->right.invalid) {
pe.expr.invalid = false;
return pe;
}

return pe;

NiceAST analyze decls (NiceAST n) {
PRINT_ANALYZE_FUNC;
if (n.invalid)

return n;

for (size t 1 = 0; 1 < n.ast.decls num; 1i++) {
Decl di = n.ast.decls[i];
for (size t j =1 + 1; j < n.ast.decls num; J++) {

Decl dj = n.ast.decls[]j];

if (vequ (di.name.text, dj.name.text)) {
if (di.params.num != dj.params.num) {
TokenInfo dj info = token info(n.ast.unit,

dj.name) ;



TokenInfo di info

// error

= token info(n.ast.unit,

di.name) ;

print token location(dj info, stderr);

err ("function redeclaration\n");

print token context(dj info, stderr);

// note

print token location(di info, stderr);

note ("original function declared here:\n");

print token context(di info, stderr);

n.invalid = true;

return n;

}

return n;

NiceAST analyze fdefs(NiceAST n) {

PRINT ANALYZE FUNC;

if (n.invalid)
return n;
for (size t 1 =

Fdef fi

Decl di = n.ast

for (size t jJ
Fdef fj = n.
Decl dj = n.
if (vequ(di.
TokenInfo
TokenInfo

// error

n.ast

0; 1 < n.ast.fdefs num; i++) {

.fdefs[1i];

.decls[fi.decl index];

=1+ 1; J < n.ast.fdefs num; J++) {

ast.fdefs[j];

ast.decls[fj.decl index];

name. text,

dj info

di_info

dj.name.text)) {
token info(n.ast.unit, dj.name);

token info(n.ast.unit, di.name);

print token location(dj info, stderr);

err ("function redefinition\n");

print token context (dj info, stderr);
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// note

print token location(di info, stderr);
note ("original function defined here:\n");
print token context(di info, stderr);
n.invalid = true;

return n;

}

return n;

NiceAST analyze return (NiceAST n) {
PRINT ANALYZE FUNC;
if (n.invalid)

return n;

for (size t i

Fdef fdef

0; 1 < n.ast.fdefs num; i++) {

.ast.fdefs[i];

Il
3

Decl decl = n.ast.decls[fdef.decl index];

bool ok = analyze return stmt (fdef.body);

if (lok) {
TokenInfo info = token info(n.ast.unit, decl.name);
print token location(info, stderr);
err ("return statement not found in the function\n"):;
print token context (info, stderr);
n.invalid = true;

return n;

}

return n;

bool analyze return stmt(Stmt s) {
PRINT ANALYZE FUNC;
if (s.type == STMT EXPR)

return false;



if (s.type == STMT RETURN)
return true;
if (s.type == STMT WHILE)
return false;
if (s.type == STMT LIST) ({
StmtList *sl = s.ptr;
for (size t 1 = 0; 1 < sl->num; 1i++) {
1f (sl->at[i].type == STMT RETURN)

return true;

}

return false;

int find decl (AST ast, Token token) {
PRINT ANALYZE FUNC;
for (int 1 = 0; 1 < ast.decls num; i++) {
if (vequ(ast.decls[i].name.text, token.text))
return i;

}

return -1;

int find token (TokenList list, Token token) {
PRINT ANALYZE FUNC;
for (int i = 0; i < list.num; i++) {
if (vequ(list.at[i].text, token.text))
return i;
}

return -1;

bool analyze expr binary (ExprCtx ctx,
ExprBinary *eb, bool lvalue) {
PRINT ANALYZE FUNC;

bool ok = analyze expr(ctx, eb->right);



if (!ok)
return false;
if (1lvalue) {
return analyze expr left(ctx, eb->left);
}
else {

return analyze expr (ctx, eb->left);

bool analyze expr left (ExprCtx ctx, Expr expr) {
PRINT ANALYZE FUNC;
1f (expr.type == EXPR IDENT) {

ExprLeaf *leaf = expr.ptr;

int 1 = find token(ctx.fdef.vars, leaf->token[0]);

if (1 >= 0)

return true;

int j = find token(ctx.decl.params, leaf->token[0]);

if (3 >= 0)
return true;
TokenInfo info = token info(ctx.ast.unit,
leaf->token[0]);
print token location(info, stderr);
err ("expression is immutable\n");
print token context (info, stderr);
return false;
}
err ("expression is immutable\n");
// TODO: print context

return false;

bool analyze stmt (ExprCtx ctx, Stmt stmt) {
PRINT ANALYZE FUNC;
if (stmt.type == STMT EXPR) {

StmtExpr *s = stmt.ptr;
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return analyze expr (ctx, s->expr);
}
if (stmt.type == STMT RETURN) {
StmtExpr *s = stmt.ptr;
return analyze expr(ctx, s->expr);
}
if (stmt.type == STMT LIST) {
StmtList *s = stmt.ptr;

for (size t 1 = 0; 1 < s->num; 1i++) {
bool ok = analyze stmt(ctx, s->at[i]);
if (!ok)

return false;
}
return true;
}
if (stmt.type == STMT WHILE) {
StmtWhile *s = stmt.ptr;
bool ok = analyze expr (ctx, s->cond);
if (!ok)
return false;

return analyze stmt (ctx, s->body);

NiceAST analyze expresions (NiceAST n) {
PRINT ANALYZE FUNC;
if (n.invalid)
return n;
for (size t 1 = 0; 1 < n.ast.fdefs num; i++) {
ExprCtx ctx = {0};
ctx.ast = n.ast;

ctx.fdef

n.ast.fdefs[i];

ctx.decl = n.ast.decls[ctx.fdef.decl index];
bool ok = analyze stmt (ctx, ctx.fdef.body);
if (lok) |

n.invalid = true;
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return n;

NiceAST analyze (AST ast) {

PRINT ANALYZE FUNC;
if (ast.invalid)
return (NiceAST) { .invalid = true };
NiceAST n = {0};
n.ast = ast;
n = analyze decls(n);
n = analyze fdefs(n);
n = analyze return(n);
n = analyze expresions(n);

return n;

bool analyze expr (ExprCtx ctx, Expr expr) {

PRINT ANALYZE FUNC;
switch (expr.type) {
case EXPR ADD:
return analyze expr binary(ctx, expr.ptr, false);
case EXPR ASSIGN:
return analyze expr binary(ctx, expr.ptr, true);
case EXPR CALL:
return analyze expr call (ctx, expr.ptr);
case EXPR IDENT:
return analyze expr ident (ctx, expr.ptr);
case EXPR NUMBER:
return true;
case EXPR PAREN:
return analyze expr (ctx,
((ExprParen *)expr.ptr)->expr);
case EXPR STRING:

return true;
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case EXPR SUB:
return analyze expr binary(ctx, expr.ptr, false);
default:

return false; // TODO: error message

bool analyze expr func (ExprCtx ctx, Expr expr) {
PRINT ANALYZE FUNC;
1f (expr.type == EXPR IDENT) {
ExprLeaf *leaf = expr.ptr;

int 1 = find token(ctx.fdef.vars, leaf->token[0]);

int j find token(ctx.decl.params, leaf->token[0]);

int k find decl(ctx.ast, leaf->token[0]);

if (1 < 0 && J < 0 && k >= 0)
return true;
TokenInfo info = token info(ctx.ast.unit,
leaf->token[0]);

print token location (info, stderr);
err ("expression is not a function\n");
print token context (info, stderr);
return false;

}

err ("expression is not a function\n");

// TODO: print context

return false;

bool analyze expr ident (ExprCtx ctx, ExprLeaf *leaf) ({
PRINT ANALYZE FUNC;
int 1 = find token(ctx.fdef.vars, leaf->token[0]);
if (1 >= 0)
return true;
int j = find token(ctx.decl.params, leaf->token[0]);
if (3 >= 0)

return true;



TokenInfo info = token info(ctx.ast.unit,
print token location(info, stderr);

err ("expression is not a variable\n");
print token context (info, stderr);

return false;

leaf->token[0]) ;

bool analyze expr call (ExprCtx ctx, ExprCall *call) {

PRINT ANALYZE FUNC;

bool ok = analyze expr func(ctx, call->func);

if (l!ok)

return false;

for (size t i = 0; 1 < call->args num; i++) {

ok = analyze expr(ctx, call->argsl[i]);
if (!ok)
return false;

}

return true;

TokenList tl empty() {
TokenList tl1 = {0};
tl.invalid = false;
tl.cap = 2;
tl.num = 0;
tl.at = malloc(tl.cap * sizeof (Token));
if (!'tl.at) |
tl.invalid = true;
return tl;

}

return tl;

TokenList tl add(TokenList list, Token token) {

if (list.invalid)

return list;
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if (list.cap == list.num) {
list.cap *= 2;
list.at = realloc(list.at,
if (!'list.at) {
list.invalid = true;

return list;

}

list.at[list.num] = token;
list.num++;

return list;

list.cap * sizeof (Token));
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