PEDEPAT

AKTyaJbHICTL TeMHM OOyMOBJIEHa Yy 3pocTaroyiii moTpedi y
BUCOKOC(DEKTUBHUX OOYMCICHHAX Y Cy4YacHId 1HAYCTpli NporpaMmyBaHHS.
3aBASKHA PO3BUTKY OOYMCIIOBAIBHUX CHCTEM Ta 30UTBIICHHIO OOCATIB JaHUX
3pOCTa€ TMOMUT HAa METOAM ONTUMI3AIll, IO JJAO03BOJIAIOTH IiJABUILYBAaTH
MPOJIYKTUBHICTH TporpaMm. Po3poOka kommuistopa 3 miaTpumkor SIMD
AVX cTae akTyallbHOI, OCKUIBKM JJO3BOJISIE aBTOMATU3yBaTU Ta MOJIMIIUTH
IIBUJIKOJIIFO OOYHMCIIEHb 3a pPaxXyHOK ONTHMI30BaHOI TeHepalli komy. Lle
BIIKPUBAE MOXJIMBOCTI JJII CTBOPEHHS OUIBII €QEeKTUBHUX MPOTpaM y
cepax 00poOkH BeMMKUX 00'€MiB JaHMX, HAYKOBUX PO3PAXyHKIB Ta 1HIIHUX
O0OYHUCITIOBAJILHO 1HTEHCUBHUX OO0JACTSAX, J€ MIBUAKICTh BUKOHAHHS Mae

BUpILIAJIIbHE 3HAYCHHS.

O0'ekTOM JOCJIIKEHHsI € caM MpoIeC pPO3pOOKH KoMMuIsITopa 3
niarpuMkoro SIMD AVX nns onrumizarii obunciens. Ile Bkirodae B cebe
BCl AaCHEKTH CTBOPEHHS MPOTPaMHOro 3a0€3MEUeHHs, MOYUHAKOYU BIJl
pPO3pOOKH BIACHOI MOBHM MpOTpamMyBaHHS Ta 3aKIHUYIOUM peali3alli€lo Ta

TCCTYBAaHHAM KOMHiJ’IHTOpa.

IIpeamerom aochaimxenHss € BukopuctanHs SIMD AVX iHcTpykuiid
JUISL ONTUMI3AI] 00YHCIIEHb Y peai30BaHOMY KOoMMUISATOPl. JlocmiiKyeTbes
MOXJIMBICTh Ta €(PEKTUBHICTh BUKOPUCTAHHS BEKTOpHW3allli B MpoIlecl
nepeTBOpeHHs koxy Ha C++, OTpUMAaHOro 3 BUKOPUCTAHHSIM BJIACHOI MOBH

IIporpaMmyBaHHs, 3 MCTOIO Hi,Z[BI/IHIGHHSI HIBI/II[KOI[i.l. BHUKOHAHHA IIPOI'paM.

MeTto10 poboTH € po3poOKa Ta AOCIHIKEHHS] KOMIIUIATOPA, SIKUH MOXKE
aBTOMAaTHYHO ONTHUMI3yBaTH OOYHMCIIOBAIBHUHN KOJI, IEPETBOPIOIOYH HOro Ha
KOJ, SIKMM BUKOpPUCTOBYE TexHojorii SIMD AVX 3 meror miJBUIICHHS
MPOJYKTUBHOCTI ~ OOYMCIICHb Ha CydyacHHX IIpoIlecopax; po3poOKa
IHCTPYMEHTY, SIKUH JTOMTOMOKE pO3pOOHUKAM aBTOMAaTUYHO BUKOPUCTOBYBATH

notyxHocti SIMD AVX ans onrtumizanii ¢cBOro Koay, IO MOXe OyTH



KOPUCHUM Yy BEJIMKOMY CIIEKTpP1 3aCTOCYBaHb, BKIIIOUal0un rpadiyHy oOpooKy,

00p0OKy BETMKUX OOCSTIB JaHUX Ta HAYKOBI 0OUHCIICHHSI.

Metoan pociaigxenHsi. B poOOTI BUKOPUCTOBYIOTHCS Taki METOIU

JOCIIIJIKEHHS SIK aHaJI13, EKCIEPUMEHT, BUMIPIOBAHHS Ta MOPIBHSIHHSL.

HaykoBa HOBH3HA TOJISITa€ B HACTYITHOMY:

1. Peamizamis koMmmiasTopa, SKUH aBTOMAaTHYHO OITHUMI3yE KOI 3
BukopuctanHaM SIMD AVX iHcTpykuiid, Oyae BBaKaTuCs TOCSITHEHHSM,
OCKLJIbKM TaKl THCTPYMEHTHU HE € CTaHJAAPTHUMU Y CBITI IpOrpaMyBaHHSI.

2. BcraHoBieHHs HaWOUIbII €(pEeKTUBHUX METOAIB BuUKOpucTanHs SIMD
AVX 1HCTpYKIiN [Js TMOKpAIIeHHS IIBHIKOJII OOYHCICHb y BIACHOMY
KOMITLISATOPI.

IIpakTuyHa HiHHiCTH JaHOT POOOTH MOJATaE B TOMY, IO B paMKax
TOCHKeHHsT  Oyze  po3poO0JICHO  KOMIIUIATOp, SKWW  J03BOJISITUME
ABTOMATUYHO OITHUMI3yBaTH OOYMCIIOBAIBHUN KON JJii BUKOPUCTaHHS
texHosorii  SIMD  AVX, mo BiIKpUBa€e IIHPOKI MOMKIUBOCTI IS
OiABUIIEHHS TNPOAYKTUBHOCTI mporpam. lLlg po3pobOka Moxke 3HaA4HO
CKOPOTHUTH 4Yac, HEOOXiTHUHN ISl PO3POOKH OMTHMI30BAHOTO KOMAY, & TaKOXK
J03BOJIUTh ~ PO3pOOHMKAM  e(EeKTHMBHO BHUKOPHCTOBYBaTH  IOTY>KHICTh
MYJBTUSJEPHUX MPOLECOPIB, 3MEHIIYIOYM 3aJIeKHICTb BIJl KOHKPETHOI
amapaTHO1 apxiTeKTypu. Takuil KOMOUISATOp MOXKE 3HAWTH 3aCTOCYBaHHS B
PI3HUX rajy3sx, BKIIOUaruu rpadiuHy oOpoOKy, oOpoOKy BEIMKUX OOCSTIB
JAaHUX, HAYKOBI JOCTIHPKEHHS Ta 1HII ramdy3i, e MPOAYKTUBHICTh OOYUCIICHb

Ma€ BCIIUKC 3HAYCHHA.

Anpobania pod6orn. OCHOBHI MOJOXKEHHS 1 pe3yJbTaTH POOOTH OyiIH
IpEeICTaBICHI Ta 0OTOBOPIOBATNCH HA HAYKOBIM KOH(EpEHIIT MaricTpaHTiB Ta
acripanTiB «lIpuknaana matemaTtuka ta komn OTUHD [IMK-2023 (Kuis, 28-
30 mucrtomama 2023 p.). Takoxk, Te3a Oyae oOroBopeHa mig 4vac 6-i
MixHaponHOT HAyKOBOi CTyAEeHTCHbKOi koH(epeHiii  (XapkiB, 19 ciuns,

2024 poxky).



Crpykrypa Ta 0o0csar podoTu. Marictepcbka aucepTallisi CKIagaeThCs 3

BCTYIY, I1’ITU PO3/1JIIB Ta BUCHOBKIB.

Y BeTyni MofaHo 3arajibHy XapakKTEpPUCTUKY POOOTH, 3pO0JIEHO OLIHKY
Cy4yaCHOTO0 CTaHy MpoOJeMH, OOTPYHTOBAaHO aKTYyaJlbHICTb HAmpsMy
JOCITIIKEHB, CHOPMYIBLOBAHO METY 1 3a/1aul JOCIIKEHb, TOKa3aHO HAYKOBY
HOBHU3HY OTPUMAHMX PE3YyJIbTATIB 1 MPAKTUYHY I[IHHICTh POOOTH.

IHepmuii po3ain: teoperuuni acnektu SIMD ta AVX; onuc moHsTh
BekTopu3zaiii, SIMD iHCTpykiii, X NpU3HAYEHHSA, MPUHIUIN POOOTH Ta
MPUKJIAN BUKOPUCTAHHS.

Jpyruii po3gij: OynoBa Ta METOAW MOOYIOBH KOMITUISATOPA; OTJIIST
KOMITUISATOPA, PO3TIIS] CTPYKTYpPH Ta KOMITIOHEHTIB KOMIIUISATOPA, a TaKOX
METO/I1B MOOYAOBH.

Tperiii po3aisi: cTBOpeHHS MOBU TPOrpamMyBaHHS Ta JICKCHUKH; OITHC
CTBOPEHHSI BJIACHOT MOBH IpOTrpaMyBaHHS, MpPaBUJia JICKCUYHOTO aHATI3y Ta
CTPYKTYpH KOAY.

YerBepTHil po3aii: peamizaiis Ta ONTUMI3AIls KOMOUIITOpa 3
nigrpuMkoro  SIMD  AVX; omnmc mnporecy CTBOpPEHHS KOMIIUISITOpa 3
Bukopuctanuam SIMD AVX iHcTpykiiii.

IPsaTuii  po3aisi: TecTyBaHHS Ta TMOPIBHAHHS MPOJYKTUBHOCTI,
NOPIBHSUIBHUI aHali3 IMIBUAKOJII ONTHUMI30BAHOIO KONy 31 CTaHAAPTHUM,
BUKOPHCTAaHHS TECTOBUX CIICHAPIiB Ta aHaJII3 pe3yJIbTaTIB.

BucHOBKU: y3araJlbHEHHsI pe3yJbTaTiB JOCIHIJKEHHS; BUCHOBKHU II0JI0
epexkTuBHOCTI BUKOpucTaHHA SIMD AVX B KoMOUISITOpi Ta MOKIMBI
HAMPSIMKH MOJAIBIINX JTOCTIIKEHbD.

Po6ora BukoHaHa Ha 83 apKylIax, MICTUTh 2 JOJATKU Ta MOCHJIAHHA
Ha CIIMCOK BHUKOPUCTAHMX JITEpaTypHUX Kepen 3 13 HaliMeHyBaHb. Y
po6oTi HaBeneHO 29 puCyHKIB Ta 17 TaOIuUIE.

Kurouosi cioBa: SIMD, AVX, koMniisatop, BEKTOpU3aLis, [M1IBUILIEHHS

MPOTYKTUBHOCTI.



ABSTRACT

The relevance of the topic is due to the growing need for high-
performance computing in the modern programming industry. Due to the
development of computer systems and the increase in data volumes, the demand
for optimization methods that allow increasing the productivity of programs is
increasing. The development of a compiler with SIMD AVX support becomes
relevant, as it allows to automate and improve the speed of calculations due to
optimized code generation. This opens up opportunities to create more efficient
programs in the areas of processing large volumes of data, scientific calculations
and other computationally intensive areas where execution speed is crucial.

The object of research is the very process of developing a compiler
with SIMD AVX support for optimization of calculations. This includes all
aspects of software development, from developing your own programming
language to implementing and testing the compiler.

The subject of the research is the use of SIMD AVX instructions to
optimize calculations in the implemented compiler. The possibility and
efficiency of using vectorization in the process of converting the code to C++,
obtained using a proprietary programming language, in order to increase the
speed of program execution is being investigated.

The research objective is the development and research of a compiler
that can automatically optimize computing code, turning it into code that uses
SIMD AVX technologies in order to improve computing performance on
modern processors; development of a tool to help developers automatically use
the power of SIMD AVX to optimize their code, which can be useful in a wide
range of applications, including graphics, big data processing, and scientific
computing.

Research methods. The work uses such research methods as analysis,
experiment, measurement and comparison.

The scientific novelty consists in the following:



1. Implementing a compiler that automatically optimizes code using SIMD
AVX instructions would be considered an achievement, as such tools are not
standard in the programming world.

2. Establishing the most effective methods of using SIMD AVX instructions
to improve the speed of calculations in your own compiler.

The practical value of this work lies in the fact that, as part of the
research, a compiler will be developed that will allow automatic optimization of
the computational code for the use of SIMD AVX technologies, which opens
wide opportunities for increasing the performance of programs. This
development can significantly reduce the time required to develop optimized
code, and also allow developers to effectively use the power of multi-core
processors, reducing dependence on a specific hardware architecture. Such a
compiler can find applications in various fields, including graphics processing,
processing large volumes of data, scientific research, and other fields where
computational performance is of great importance.

Approbation of work. The main provisions and results of the work were
presented and discussed at the scientific conference of master's and postgraduate
students "Applied mathematics and computing" PMK-2023 (Kyiv, November
28-30, 2023).

Structure and scope of work. The master's thesis consists of an
introduction, five chapters and conclusions.

The introduction provides a general description of the work, assesses

the current state of the problem, substantiates the relevance of the research



direction, formulates the goal and objectives of the research, shows the
scientific novelty of the obtained results and the practical value of the work,
provides information on the approbation of the results and their implementation.

First chapter: theoretical aspects of SIMD and AVX; description of
concepts of vectorization, SIMD instructions, their purpose, principles of
operation and examples of use.

The second section: the structure and methods of building the compiler;
an overview of the compiler, a review of the structure and components of the
compiler, as well as construction methods.

The third section: creation of a programming language and vocabulary;
description of creating your own programming language, lexical analysis rules
and code structure.

The fourth chapter: implementation and optimization of the compiler
with SIMD AVX support; description of the process of creating a compiler
using SIMD AVX instructions.

The fifth chapter: Performance Testing and Comparison; comparative
analysis of the speed of the optimized code with the standard one, use of test
scenarios and analysis of the results.

Conclusions: generalization of research results; conclusions regarding
the efficiency of using SIMD AVX in the compiler and possible directions for
further research.

The work is completed on 83 sheets, contains 2 appendices and links to
the list of used literary sources from 13 titles. The work contains 19 figures and
17 tables.

Keywords: SIMD, AVX, compiler, vectorization, performance

improvement.



