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Compiler construction is one of the oldest and the most
mature fields of computer science. Despite existing since
the 1950s, it has been continuously evolving, advancing and
changing. Old classic study books are no longer enough
to sufficiently prepare students and practitioners to face
the research world nor the industrial reality. These lectures
are a short course meant to strengthen the classic compiler
construction / software evolution courses given at Bachelor
and Master levels, by highlighting problems encountered in
the field of compilation of fourth generation and domain-
specific languages, legacy modernisation, software reverse
engineering and re-engineering, and revisiting the standard
points of interest from the modern standpoint. The lectures
will be given based on previous personal experience in
research at several leading European institutions, teaching
MSc students and working in the industry at the biggest
independent compiler company in the world.

There will be examples from modern toolkits and recent
academic articles, as well as example stories taken from
real industrial projects in language development, support
and migration. Our company designs, develops and sells
compilers and code analysers for many languages, ranging
from legacy behemoths like COBOL or PL/I to customer-
specific domain-focused little languages.

Approximate outline of the course goes as follows (for
bibliographic references head to a dedicated webpage for this
course at http://grammarware.github.io/cssr/). During
the first lecture will have look at the world around us and
pinpoint places where software languages and compilers
exist, emerge and operate, shifting the focus from traditional
compilers to domain-specific languages and language work-
benches. We will also have a brief overview of tools that
people who are not necessarily system programmers can
use to automate tedious and error-prone tasks of language
processing like configuration files handling or dealing with
XML and JSON. The second lecture will be very technical
and will go deeper into the actual techniques that have either
emerged or have been improved during the last decade,
including grammar extraction, convergence, adaptation,
bidirectional transformation, testing, deployment, etc. The
last lecture will highlight a few areas that still deserve much
attention, and will be mostly interesting for BSc/MSc/PhD
students searching for an inspiring research topic.
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ITocTpoeHMe KOMIMIATOPOB — ONHA M3 CAMBIX CTAPBIX
u 3pesbIx obnacreit nHbopmaTuku. HecMoTpst Ha qomiryso
JMICTOPUIO, HAUaBIIYIOCI B 1950-e roxbl, 3Ta 06JaCTh IIOCTO-
SHHO M3MeHseTcs ¥ pasBuBaercs. Kiaccuueckne yueOHMKN
yCTapeBaloT U He CIIPaBJIIOTCSA C BOIIPOCOM ITIOATOTOBKM
CTYREHTOB U IPAKTUKYIOIUX CIIENUAINCTOB K PeLIeHIIO
HAYYHO-MCCIIeOBATEIbCKMX U IIPOMBILITEHHBIX 3a1a4. ITI
JIEKIVY TIPEeICTABIAIOT COO0I KPATKIII KypC yIIyOIE€HHOrO
M3Y4YeHVs] KOMIIUIIITOPOB, JOIOIHAIOIINI TPaIILMIOHHbIE
GakaJaBpCKIe MIIM MarucTepCKIe JIEKIN 10 KOMIMIISAIII
7 9BOJIIOLIMM IIPOTPAMMHOI0 00ecIeueHns IpuMepaMiu 3a-
Iad B 00J1aCTH KOMIIVMJIILIMM S3bIKOB UeTBEPTOTO ITOKOJICHIS
7 IIpeIMETHO-OpMEeHTUPOBAHHBIX S3bIKOB, MOJEPHI3ALINI
yCTapeBLINX CUCTEM, 0OpaTHOI pa3paboTku u T. I1. Jlekumm
OCHOBAHBI Ha OIIBITE IIPENOgaBaHNUs B BeAYIIX €BPOIIE-
CKIIX By3ax, HAyUHOM PYKOBOJCTBE Marucrpamu i pabore
Ha KpYIIHEJIIIeT0 B MUpe He3aBUCUMOIO IIPOM3BOLATEIS
MpOMBIIIITIeHHBIX KoMmuuisaTopoB (Raincode Labs).

ITpnmeps! 6ynyT OpaThbcs M3 COBpEMEHHBIX IIPOTPaMM-
HBIX ITAKETOB JI CBEXXUX aKaJeMMUEeCKUX CTaTell, a Tak-
JKe M3 e>KeTHEBHOI IIPAKTMKY IIPOMBIIILICHHBIX IIPOEKTOB
SI3BIKOBOII pa3paboTKM, MOAAepKKM 1 Murpanun. Harra
KOMIIaHVIS IIPOEKTUPYET, pa3pabdaThIBaeT U IPOJaéT KOMIIN-
JISITOPBI M aHAJIM3AaTOPBI KOJA [JISI pa3HbIX SI3bIKOB OT yCTa-
peBurux rurantos Bpoge KOBOJIa u I1JI/1 o HeGonbIimx
S3BIKOB, 3aTOUEHHBIX IOl KOHKPETHOro KianeHTa. CTpyK-
Typa Kypca oObsacHeHa Hipke (CIICOK JIMTepaTypbl — Ha
caiire Kypca http://grammarware.github.io/cssr/).

Ha niepBoii ieK1imyt MBI IIOUIIEM IIPUMEPBI OKPY>KAIOLIIX
HaC IPOTPAMMHBIX SI3BIKOB ¥ KOMITIISTOPOB, CMECTUB aK-
LIEHT C TPAJYIIOHHOTO CYCTEMHOT0 IIPOrpaMMHOTr0 obecIre-
yeHVs Ha IIpeAMeTHO-OpMEeHTIPOBaHHbIE ITAKeThI U «SI3bI-
KOBBIe BepcTakm». TakKe MbI KPaTKO OGCYAMM KOHKpeET-
HbIe MHCTPYMEHTBI, O0JIervaorye Xu3Hb HeCCTEMHBIM
MPOTPaMMIUCTaM, >KeJIAIOIIM IIPOCTO aBTOMATU3POBATh
PYTUHHBIE U XpyIIKHUe 3agaun o0paboTKu KoHGUrypam-
OHHBIX (PAVIOB WM MAaHUIYISMK qaHHBIX B XML, JSON
u TIoxo0HBIX dopMaTax. Bropas mekius OymeT TexHIUe-
CKOJ, MBI yTJIyOMMCS B M3y4YeHIe KOHKPETHBIX TeXHUK I
ITOJIXO/OB, ITOSIBUBIIIVIXCS MJIV Pa3BMUBIIMXCS 32 TIOCIIeIHEE
JecsITIIIeTIIe: M3BJIeUeHs, CXONMMOCTH U afall TUPOBAHIISL
rpaMMaTHK, ABYHAIIPaBJIEHHBIX IIpeoOpa3oBaHMIL, TECTH-
poBaHus, BHeApeHus i T. . Ha mociengsest ey 6ynyT
paccMOTpeHbI HECKOJIBKO HEeTOCTATOUHO IIPOpaboTaHHBIX
BOIIPOCOB, KOTOpbIe OYAYT MHTEPECHBI CTyAeHTaM U acI-
paHTaM, MIYIIUM TeMY IS MCCIIeJOBAHMIA.
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Course Outline

e Grammarware as the future of compilers
Language workbenches and other advanced tools
Domain-specific and fourth generation languages
Software language engineering

Language design with intent

Modern parsing algorithms: GLL, ALL(*), SGLR, Packrat
Semi-parsing, error recovery, graceful degradation
Parsing in a broad sense

Grammar extraction and recovery

Grammar quality and grammar smells

Grammar equivalence and convergence

Code generation with frameworks

Bidirectional and coupled transformations
Semantics and interpretation
Meta-programming, analysis and comprehension
Between interpretation and compilation
Compiler testing and fuzzing

Language documentation

Compiler deployment and integration

Machine learning in compiler construction

Open problems of the future

Speaker Biography

Dr. Vadim Zaytsev is the Chief Science Officer of Raincode
Labs, a Belgian company providing compiler services and
specialising in modernisation of software legacy systems.
He has acquired PhD in 2010 at the Vrije Universiteit
Amsterdam in the field of software language engineering
with a focus on grammar(ware) technology. He has done
research in that direction at Universitat Koblenz-Landau in
Germany (2008-2010), Centrum Wiskunde & Informatica
in the Netherlands (2010-2013), as well as at University
of Amsterdam in the Netherlands (2013-2016) where he
also was extensively involved in teaching many graduate-
level courses, supervising student projects, maintaining
and expanding the network of university relations with
the industry. Prior to that, he received MSc cum laude
degrees from Rostov State University in Russia (applied
mathematics, model checking) and from Universiteit Twente
in the Netherlands (telematics, grammar-based testing)
while working part-time as a research technician in electro-
technical and power-supply labs of Rostov State Transport
University (electrical engineering, railway engineering).
His interests and research activities tend to invade
such topics as software quality assessment, source code
analysis and transformation, modelling, metamodelling
and megamodelling, programming paradigms, declarative
and functional programming, maintenance and renovation
of legacy systems and others. More information on his
publications can be found at http://grammarware.net and
on his projects at http://grammarware.github.io.

IIporpamma Kypca

Bynyiee KOMIIIATOPOB U IpaMMaTiiecKoe obecredeHme
SI3bIKOBBIE «BEpCTAaKM» U IMPOUMIT MOIIHBI NHCTPYMEHTapMIiL
IIpeqMeTHO-OpMEHTHPOBAaHHBIE A3BIKM M UETBEPTOE IIOKOJIEHIE
IIpoekTipoBaHue IPOrpaMMHBIX S3BIKOB KaK HOBas 00JIACTh
YMbIUIeHHasA pa3paboTKa A3bIKOB

CoBpeMeHnHbIe anroputmsl pasbopa: GLL, ALL(*), SGLR, Packrat
IToypas6op, BOCCTaHOBJIEHNE OT OIUIMOOK, U3SILIHAS Jerpagarist
Pas6op B LIMPOKOM CMBICIIE

Vi3BieyeHne 1 BOCCTaHOBIIEHNIE TPAMMATIK

KauecTBO rpaMMaTyK U IpaMMAaTHKI C JYILIKOM
SKBUBAJIEHTHOCTH I CXOOVMOCTb TPAMMATIK

Kogorenepanus ¢ OMOIIBIO COOTBETCTBYIOIIMX O1OIMOTEK
JIByHanpaBiieHHbIE I CBI3aHHBIE IIpe0OpasoOBaHMsL

CeMaHTUKY 1 MHTEPIIPETAIIS

MeTanporpaMMupoBaHIie, aHAIN3 ¥ IOHMMaHIe

Mexny nHTepIpeTanyeil M KOMIMIALIEN

TectupoBaHue KOMIMIATOPOB I TeXHMKA Pa3MbITHS

SIspIKOBas TOKyMeHTALMsS

BuenpeHme 1 nHTErpanyus KOMIIATOPOB

MecTo MaIMHHOTO 00yUeHM B IIOCTPOEHNY KOMIIMIIATOPOB
Hepemrénnsle mpo6ieMsl 6yay1iero

Kparkasa 6uorpadus sekropa

B. B. 3ariueB — 3aMecTuTEIb AMPEKTOPA I10 HaYKe B OeJIBIIIL-
ckoit kommanun Raincode Labs, sanmmaroriesics mpegocras-
JIeHNeM YCIYT 0 pa3paboTKe U MOepKKe KOMIIMIIATOPOB,
a TakKe KOHCYJIBTAI[UAMU II0 CBI3aHHBIMI C STMM BOIIPO-
caMm. OH 3aIMTIII KaHOUOATCKYIO quccepranuio B 2010
ropy B CBOGOJHOM yHUBepcuTeTe AMCTEpAaMa II0 HAIIPaB-
JIEHUIO SI3BIKOBOJ MH)KMHEPUN Y TPAMMAaTUUECKIUX TeXHO-
sormit. Hax 97071 TeMOII OH Takke paboTay B HEMELIKOM
Yuusepcurere Ko6aenna-Jlangay (2008-2010), Hunepiasa-
ckoM lenTtpe maremaTuxy u napopmarnku (2010-2013)
u B YHuBepcurere Amcrepnama (2013-2016), riue Takxe
ObLI aKTUBHO BOBJICUEH B YUEOHBIN IIPOIECC, YUTAI KYPCHI
MarucTpaMm 1 GakanaBpaM, OCYILECTBIISI HAyUHOE PyKO-
BOJICTBO, ITIOAEP>KMBAJ ¥ PACIINPSAII CBI3Y YHUBEPCUTETA
¢ MHAycTpuell. B camom Hauaje cBoell Kapbepbl OH IIOJIY-
YMII IUTLIOM cIeruanmcra PocToBckoro rocyiapcTBeHHOTO
yuusepcurera (upiae I0®Y) u qururom marucrtpa TexHum-
yeckoro yHuBepcurera TBente (B Hupepnannax), oba ¢ or-
suneM. [lapasiesbHO OH y4acTBOBAJ B IPOEKTUPOBAHUN
pasHo06pa3HbIX IPOrPAaMMHBIX ITAKETOB >KeJIe3HOLOPOXK-
HOJI HAIIPaBJICHHOCTY VI HAIVICAHWY HAYYHBIX CTaTell B
KauecTBe TeXHUKA HayYHOTO-JMICCIeI0BaTEIbCKOTO CeKTopa
9HepreTmMyecKoro akynbrera POCTOBCKOro rocygapcrBeH-
HOTO yHIBEpCUTETa IyTeil coobuenus. Ero naTepecs u
Hay4YHas aKTUMBHOCTb COCPEIOTOUEHa BOKPYT TaKMX TEM,
KaK OI[eHKa KauecTBa IPOrpaMMHOro obecrieueHst, aHaIn3
u TpaHchOpMaI IPOTPaMMHOr0 KO, MOJENMPOBAHIE,
MeTaMOJIeJIMpOBaHNe ¥ MeraMoieIpoBaHIe, TapaguTrMbl
MPOrpaMMMPOBAHIIS, AEKIAPATUBHOE U QyHKIMOHAIBHOE
NpOTrpaMMMpOBaHNE, ITOAEPKKA 11 OGHOBIIEHNIE yCTapeB-
mx cucreM. [TonHOe pesfoMe U CIIMCOK IMyOIMKaImii 0-
crymeH mo agpecy http://grammarware.net, a cnmucox
AaKTUBHBIX MPpoeKToB — http://grammarware.github.io.
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