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32idHo Haka3y Minicmepcmea oceimu i Hayku YkpaiHu g8id 07.04.2022 Ne320 xcypHaay
npuceoeHo kamezopiw "B" i3 ekoHoMiku ma nedazoziku (cneyiaasHocmi - 015 -
IledazoziuHi Hayku; 076 - EKOHOMIYHI HAYKU)

KATETOPIS 32idno Haka3y Minicmepcmea oceimu i Hayku Ykpainu 6id 06.06.2022 Ne 530 xcypHaay
npuceoeHo kamezopiw "B" i3 npasa (cneyiaavHicms - 081 IOpuduyHi HayKu)

32idHo Haka3y Minicmepcmea oceimu i Hayku Ykpainu 6id 10.10.2022 Ne 894 xcypHaay npuce8o€HO
Kameezopiio "B" i3 mexHiku (cneyiaasvHicms - 122 Komn'tomepHi Hayku)

KypHan eudaemobcs 3a niompumku MisxcdepacasHoi 2inbaii iHxiceHepie KoHcybmaHnmis, [ncmumymy ginocodii ma
coyionoeii HayionaavHoi Akademii Hayk Asep6atidxcany (baky, Asep6aiidicaH), epomadcbkoi opeanizayii «XpucmusiHcbka
akademisi nedazozivHux HAyk Ykpainu» ma epomadcvkoi opeaHizayii « BceykpaiHcbka acoyiayis nedazozie i ncuxosozie 3
JYyX08HO-MOPA/NbHO20 BUXOBAHHS»

PekomendosaHo do sudasHuymea Ilpesudieto epomadcubkoi Haykosoi opeanizayii « Bceykpaitcbka Acambaes
dokmopie Hayk 3 depicasHozo ynpasaiHHs» (Piwenus 6id 24.01.2024, N2 6/1-24)

KypHaJ/l BKJII0YEHO [0 MiXXHApOAHOI HayKOMeTpUYHOI 6a3u Index

Copernicus (IC), mix>kHapoHOI nol1yK0BOI cucTeMu Google Scholar Ta o

MiKHapoHOI HAyKOMeTpHUYHOI 6a3u AaHUX Research Bible

GC) 8[\: INDEX @(IOP!;RN[(ZUS |-!"

Re
[ngcy
ResearchBlb

T'onoeHuii pedakmop: Coniyiko IpuHa MukoJsiaiBHa - JOKTOP IOPUIUYHUX HAYK, Tpodecop, BigmiHHMK
ocBiTU YKpainy, Jlaypeat Ilpewmii [Ipesusenta Ykpainu gniga mMosogux BYeHux, Jlaypeat Ilpemii BepxoBHol
Paau YkpaiHu HallTalaHOBUTILIMM MOJIOAUM YY€HUM B ranysi yHAaMeHTalbHUX i IPUKIAJHUX JOCTiKEHb
Ta HAayKOBO-TEXHIYHHUX PO3pO6OK, akaaeMik AkazeMii Hayk BULOI WIKOJW YKpaiHH, 3aciyXeHUH HOPUCT
Ykpainu (KuiB, Ykpaina)

PepnakuyiviHa Koneria:

. Aptemuyk Bosiogumup OsieKCaHAPOBUY - JOKTOP TEXHIYHUX HAyK, CTAPIIMI HAyKOBHH CIIBPOGITHUK, CTAPIIMI HAyKOBUH CHIBPOGITHUK [HCTUTYTY
npo6JieM MozetoBaHHs B eHepreTHLi iM. I.€. [TlyxoBa HAH Ykpainu (Kui, Ykpaina)

. BaxoB IBaH CTenaHOBHY — JJOKTOP MeAArorivHUX HaykK, npodecop, 3aBigyBay kadeapu iHozeMHoi disosorii Ta nepeksasy MixkperioHaabHOI akageMil
ynpaBJiHHA nepcoHasoM (KuiB, Ykpaina)

. Bynuuk BikTopis AHaToJiiBHA - KaHAMJAT €KOHOMIYHHMX Hayk, mpodecop, npodpecop kadeapu 6i3HEC-JTOTICTUKU Ta TPAHCIOPTHHUX TEXHOJIOTIH
Jlep>kaBHOrO yHiBepcUTETY iHQPACTPYKTYPH Ta TexHosoriit (KuiB, YkpaiHa)

. Bouik [aBsio [laBnoBHY — foueHT KadeApHr BOAHOI iHxeHepil Ta BOAHUX TexHosorid HauioHa/JbHOro yHiBEpCUTETY BOJHOrO IOCHOAAPCTBA Ta
npupojokopucTyBaHHs (PiBHe, Ykpaina)

. I'mpka Ouibra IropiBHa - KaHAMJAT TEXHIYHUX HAyK, AOLEHT, 0LeHT kKadeJpH TOBapO3HABCTBA, MUTHOI CIIPAaBU Ta YIpPaBJiHHA AKicTI0 JIbBiBCbKOroO
TOProBe/IbHO-eKOHOMiYHOro yHiBepcuTeTy (JIbBiB, YKkpaiHa)

. 'natiok Cepriii OsiekcaHApPOBMY - KaHAMJAT TeXHIYHMX HayK, JOLEHT,3aCTYyNHUK JeKkaHa ¢aKyJbTeTy aepoHaBiranii, esekTpoHikM Ta
TesleKoMyHiKauii HarjioHasbHoOro aBiauiiiHoro yHiBepcurtety (KuiB, Ykpaina)

. Jauiit Osnekcanap IBaHOBHY - JJOKTOpP €KOHOMIUHHX Hayk, npodecop, 3acaykeHH# NMpaliBHUK OCBiTHM YKpaiHu, 3aBifyBauy kadespu ¢iHaHCIB,
6aHKiBCbKOI Ta cTpaxoBoi cipaBu MikperioHanbHoOI akazeMil ynpaBiiHHs nepcoHasoMm (KuiB, YkpaiHa)

. JiBiziHiok Muxai1o MuxaitioBud - 1okTop ¢i3nko-MaTeMaTHYHHUX HayK, Tpodecop, 3aBiayBady Biaainy Bifiny LHBiIbHOrO 3aXKCTy Ta iIHHOBAL{HHOI Aisi/IbHOCTI
Jlep>kaBHOI ycTaHOBU'IHCTUTYT reoximii HaBKoJIMIIHBOTrO cepefoBuila HarioHanpHoi akaseMii Hayk Ykpainu' (KuiB, YkpaiHa)

. Jsanenuyk Anbona ®enopiBHa - KaHAMJAT TEXHIYHUX HAyK, CTApLIMKA BUK/IaZa4 KadeApH BHUIO0I MaTeMaTUKH i Gpizuku TaBpiHCbKOr0o AeprKaBHOTO
arpoTexHoJioriyHoro yHiBepcutety iMeHi /Imutpa MotopHoro (Mesitonosb, Ykpaina)

. 3a6yJ/i0HOB 0piii JIeoHiJOBUY - JOKTOP TEXHIYHUX HayK, mpodecop, Ynen-kopecnongent HAH Ykpainu, gupexrop /lepaBHoi ycTaHOBH «[HCTUTYT
reoxiMii HaBKOJIMLIHbOTO cepeioBulla HanioHanbHoI akaseMil Hayk Ykpainu» (KuiB, Ykpaina)

. Lnbin Basepiii HOpilioBuy - ZOKTOp eKOHOMIYHHX Hayk, npodecop (Kuis, Ykpaina)

. Inbina AHacracisi OJiekcaHApiBHA - KaHJUJAT E€KOHOMIYHMX HayK, JOLEHT, AOLeHT KadeApd MyGJIiYHOro ympaBiiHHA i aAMiHiCTpyBaHHS
HaniioHasibHOro TOpProBe/IbHO-eKOHOMIYHOTO YHiBepcuTeTy (KuiB, YkpaiHa)

. Kappam OkcaHa JlloGOMHpiBHA — KaHAMJAT €KOHOMIUYHHMX HayK, JOLEHT KadeApH KOMII'IOTEPHHX TEXHOJIOTIH Ta eKOHOMI4HOI KiGepHeTHKH

HaB4asibHO-HayKOBOTO iHCTUTYT aBTOMAaTHKH, KibepHEeTHKH Ta 06uuca0BaibHOI TexHikKM HalioHa/bHOro yHiBepcUTeTy BOAHOrO rocrojapcTBa Ta
NpUpoJOKOpHCTYBaHHA (M. PiBHe, YKkpaina)

. KBacnikoB Bosjiogumup I1aBioBUY — JOKTOP TeXHIYHMX Hayk, mpodecop, 3aBiflyBay kadeZpy KOMI'IOTEPH30BAHUX €J€eKTPOTEXHIYHUX CHCTEM Ta
TexHoJorii HanlionasnbHoro aBiauiliHoro yHiBepcutety (KuiB, Ykpaina)



KoBasienko BasieHTHH Bacu/bOBHY - AOKTOD IOPUAUYHHUX HAyK, Npodecop, NPOBIAHUI HAyKOBUI CHIBPOGITHUK CEKTOPY aBTOPCHKOrO HpaBa Ta
CYMDKXHMX IpaB JlabopaTopii aBTOpCbKOro npasa Ta iHopMauilHUX TexHosorii HaykoBo—poc/iJHOro LeHTPY CyA0BOI €KCNepTHU3U 3 NMUTaHb
iHTesIeKTyasIbHOI BaacHOCTi MiHicTepcTBa octuuii Ykpainu (Kuis, Ykpaina)

KoBasienko OsieHa Muxai/iBHA - KaHJUAAT MeAAroriYHUX HayK, NPOBiAHWH HAyKOBHMH CNiBPOGITHUK BiAAiay mpo¢isbHOro HaBYaHHA [HCTUTYTY
neparoriku HAIIH Ykpainu (KuiB, Ykpaina)

KomHarHuit Cepriii OsiekcaHApoBHY - JOKTOpPaHT Kadeapu dinocodii npasa Ta ropuaudHoi Joriky HarjioHabHOI akaeMii BHy TpilHix cripaB (KuiB, Ykpaina)
KpaBuyk Bosiogumup MuKoO/NalOBUY — JOKTOp IOPHJUYHMX HayK, JOLEHT, [JOLeHT KadeJpu KOHCTUTYIIHHOro, ajMiHiCTpaTHBHOTO Ta
Mi>KHapo/iHOro npaBa BosiMHCcbKOro HalioHa/sbHOro yHiBepcuTeTy iMeHi Jleci Ykpainku (Jlyipk, YkpaiHa)

Kysbmuu Jlrogmuna BosoguMupiBHA - JOKTOP TEXHIYHMX HayK, TOJIOBHUH HAayKOBUH CHIBPOGITHUK I[HCTHUTYTy BOAHHMX mpo6JeM i Mesiopauii
HauionasnbHoi akagemii arpapHux Hayk Ykpainu (KuiB, Ykpaina)

Kynuubkuit Cepriii OJieroBuy - KaHAWJAT TEXHIYHUX HayK, CTApIIUI JAOC/IJHUK, TPOBiJHUI HAYKOBUH CNiBPOGITHUK HayKOBO-AOCIiAHOI YaCTUHU
HauionanbHoro yHiBepcuTeTy BOJHOI0 rocrnojapcTsa Ta npupojokopuctyBaHHs (PiBHe, Ykpaina)

Jlyk’'sinuyk Ousexcanzp IleTpoBMY — KaHAMJAT TeXHIYHHX HAyK, JOLEHT, JOLeHT Kadegpu OyZiBeJbHHUX, AOPOXKHIX, MeJiOpaTHBHUX,
CiJIbCbKOTOCNOAAPChKUX MaLIMH Ta 06/1afHaHHA HalioHabHOTO YHIBEpPCUTETY BOAHOTO rOCIoAapCcTBa Ta NpUpoAoKopucTyBaHHs (PiBHe, YkpaiHa)
Mayxp CBiT/1aHa MuxaiisiBHa - JOKTOp TEXHIYHUX HayK, Ipodecop , npodecop kadeapH 3e/ieHOi EKOHOMIKU Ta €EKOHOMIKH NPUPOJOKOPHCTYBaHHS
Jlep>kaBHOI exoJioridHoi akaJeMil micasAUnIoMHOI OCBiTH Ta ynpasiHHsa (KuiB, YkpaiHna)

Manyenb JaBug MacceHo - JOLEHT BiAJisy mpaBa Ta 3aXUCTy AAHHX, CTapIIMHA HAyKOBMH CHiBPOGITHHK i 4JleH KOOpAMHALIHHOro KoMiTeTy
na6oparopii UbiINET, 3anpowenuit yien PDPC, 4ieH-KOHCY/IbTAaHT KOMiciii 1MdpoBoro nmpaBa MyHilMnaabHUX aJBOKaTCbKHUX KoJeriii Kammninaca
Ta [lpaa-I'pange (Can-llayny), a Takox Kowicii 3 iHHOBauii, ynpaBiiHHA Ta TexHoJorid MyHinMmaapHOI ajBoKaTcbkoi Koserii ['yapyJsibtoca,
koMeHTaTop IODA, noyecuuit unen IDEIA Institute, yren HaykoBoro komitety MICHR, uien EDEN, uneH-kopecrionieHT RedNAC, uien UMAU,
yaeH-kopecnoHgeHT UBAU (ITopryranis)

Mukutun Tapac MUPOHOBHMY - KaHAMJAT TeXHIYHUX HayK, 3aBijyBad KadeJpu MeHe/KMeHTY PiBHeHCbKeoro Jep»aBHOro ryMaHiTapHOro
yHiBepcuTety (PiBHe, YkpaiHa)

Mupropog-KapnoBa Basepisi BasepiiBHa - kKaHAMJAT IOPUAUYHHUX HAyK, 3aCTYNHUK JUPEKTOpA 3 HAyKOBOI pO6OTH, CTApIIM BUK/IAJay KapeapHu
aJIMiHiCTpaTHBHOTO, FOCNOAPCHKOTO NpaBa Ta piHaHCOBO-eKOHOMIYHOI 6e3neku CyMcbKoro JiepxaBHoro yHiBepcuteTy (Cymu, YkpaiHa)

Mistok BikTopisi AHaToJsiiBHA - KaHJWAAT NMeAAroriYyHUX HaykK, JOLEHT, JeKaH (QaKy/bTeTy ymnpaBJ/iHHs, aAMiHicTpyBaHHA Ta iHdopMaLilHOI
JiIbHOCTI [3MaiNIbCbKOTrO Jlep>kaBHOro r'yMaHiTapHOro yHiBepcuTeTy (I3mai, Ykpaina)

MipowHiyeHko BasieHTHHa [BaHiBHa - JOKTOD NeJarorivHux HayK, mpodecop, 3aBAyBay KadeapH NCUX0JIOTI], TeJaroriky Ta coliaJbHO-eKOHOMIYHUX
pucuuiin HanionanbHoi akazemil Jlep>kaBHol IpUKOpAOHHOI ci1y»k6u Ykpainu imeHi Borgana XmenbHunbkoro (XMesbHUIbKUH, YKpaiHa)
Mixanbcbkuii ToMaln — JOKTOp HayK, AoLeHT Kadeapu reorpadii perioHasbHOro po3Butky ['nancbkoro yHiBepcurety ([losbiia)

Orienko Mukosa MHKOJIAalOBUY - KaHAMWJAT TEXHIYHUX HayK, npodecop kadeapu opranisauii aBiauiiiHux poGiT Ta nocayr HauioHanbHoOro
aBianiiiHoro yHiBepcutety (KuiB, Ykpaina)

Opapuenko Poman CepriiioBud - 3aBijyBad KadpeJpH TesleKOMyHiKaLliHHUX Ta pa/ZlioeJIeKTPOHHUX cicTeM HaljioHabHOro aBialiiHOro yHiBEpCUTETY
(Kuis, Ykpaina)

Onimenko Hartasis MukosiaiBHa - JOKTOP IOPUJUYHUX HAyK, npodecop, 3acayxeHuit opuct Ykpainu, akagemik HAIIpH Ykpaiuu, 3aBigyBay Bigainy
Teopil fepxaBH i npaBa [HCTUTYTY fepxaBH i npasa iM. B.M.Kopeubkoro HAH Ykpainu (Kuis, Ykpaina)

OnanaceHko Bosiogumup MukosiaiioBud — JoueHT KadeApu KOMI'IOTEPU30BAaHHUX €JIEKTPOTEXHIUHHUX CHCTeM Ta TexHoJsiorid HauioHasbHOro
aBiauiiiHoro yHiBepcuTety (KuiB, Ykpaina)

Oxpimenko (Kmypko) TersiHa OsekcaHzpiBHA - CcTaplIMi HayKOBMH CHiBPOGITHMK KadeJpH KOMIT'IOTEPHU30BAHMUX CHCTEM YNpaBJiHHSA
HauionanbHoro aBianiiiHoro yHiBepcuTeTy (KuiB, Ykpaina)

[MaByoB KocTAHTHH BosloJMMUPOBHY — JIOKTOP €KOHOMIYHMX Hayk, npodecop, 3aBiflyBad kadeApH MiNPUEMHUITBA | MapKeTHUHTY BoiMHCBKOrO
HalioHa/sbHOro yHiBepcuTeTy iMeHi Jleci Ykpainku (Jlynpk, YkpaiHa)

[Monimyxk Bitaniit BacuiboBUY — KaHUAAT CiJIbCBKOIOCNOAAPChKUX HAYK , 3aBiJlyBay BifiAily 3polleHHs, BiAAieHHs MeJiopanil IHCTUTYTy BOAHUX
npo6.ieM i Mestiopauii HanioHanbHoi akazieMii arpapHux Hayk Ykpainu (Kuis, Ykpaina)

[Mpuxoxabkina Harasis OsiekciiBHa - JOKTOP IeJjarorivHux Hayk, npodecop kadeapH nejaroriky, aAMiHicTpyBaHHs i cenianbHoi ocBiTH HaBuasbHO-
HayKOBOT'O iIHCTUTYTy MeHepkMeHTY Ta ncuxosiorii /I3BO «YHiBepcuTeT MeHepxMeHTY ocBiTh» HAITH Ykpainu (Kuis, Ykpaina)

CraxoBa Amxesika [leTpiBHa — crapmui BUK/I3aJa4 KadeJpU KOMI'IOTEPU30BAHMX €JIEKTPOTEXHIYHUX CHUCTEM Ta TexHoJoriii HauionambHoro
aBiauiiiHoro yHiBepcurety (KuiB, Ykpaina)

TypunHoBa 'aHHa BosiofiMMUpiBHA — KaHAUAAT NeAaroriYyHUX Hayk, AOLEHT, AeKaH GaKyJbTeTy NpUpojHHYo-reorpadiyHoi ocBiTH Ta exoJiorii
HauionasnbHoro negaroriyHoro yHiBepcuteTy iMeHi M.II. [paromaHoBa (KuiB, Ykpaina)

®decenko AHJpil OsieKcilioBHY - KAHAUAAT TEXHIYHUX HAyK, aCUCTEHT Kadepu Kibepbesneky Ta 3axucTy iHpopMalii KHiBCbKOro HalioHaJIbHOTO
yHiBepcuTeTy iMeHi Tapaca llleByenka. (KuiB, Ykpaina)

YepHeHko BapBapa IleTpiBHa - kKaHAMAAT $i3MKO-MaTeMaTHUYHHUX HAYK, JOLEeHT KadeApH iHpopmaTuky i BUILoi MaTeMaTHKU KpeMeH4ynbKOro
HalioHa/JIbHOrO yHiBepcuTeTy iMeHi Muxaitia Octporpajcbkoro (KpemeHuyk, Ykpaina)

YepHyxa Hazis MuxosiaiBHa — ZOKTOp NeAarorivHUX Hayk, npodecop, npodecop xadeapu couianbHoi peabiniTanii Ta couianbHOi nejaroriku
KuiBcbkoro HanjioHasbHOro yHiBepcuTety iMeHi Tapaca llleByenka (KuiB, YkpaiHa)

Yymak OxcaHa BosiogumupiBHa - JOKTOp €KOHOMIYHMX HayK, JOLIEHT, HAYKOBUH CNiBPOGITHUK BiAJily CTATUCTHUKH i aHaJNITHKU BULOI OCBiTH
/JlepaBHOI HayKOBOI yCTaHOBHU «I[HCTUTYT OCBITHLOI aHaNiTHKK», (KKiB, YKpaina)

lanzgpa Harania AxzpiiBHa - KaHAMJAT NeJaroridyHUX Hayk, JOLEHT KadeJpu iHO3eMHHX MOB Uil IPUPOAHHUYUX aKy/bTeTiB JIbBIBCbKOrO
HallioHa/sbHOTO yHiBepcuTeTy iMeHi IBana ®panka (JIbBiB, Ykpaina)

lllepemet IHeca BosiogMMuUpiBHA - KAHAUAAT MeAAroriYHUX HaykK, JOLEHT, AOLeHT KadeapH MeJMKOGIOJOriYHUX Ta BaJeosIOTi4YHUX OCHOB OXOPOHHU
XKUTTA i 310poB’st HanionanbHoro nejaroriynoro yHiBepcurety im. M. I1. IparomanoBa (KuiB, Ykpaina)

Axumuyk AniHa IOpiiBHa - JOKTOp €KOHOMIYHMX HayK, npodecop, AKaieMiK eKOHOMIYHMX HayK YKpaiHH, npodecop KadeapH AepKaBHOTO YNpPaBJiHHSA,
JIOKyMEHTO3HaBCTBa Ta iHdopMaliiiHoi AisbHOoCTi HalljoHasbHOrO YHIBEpCUTETY BOJHOTO IOCIOAPCTBA Ta NPUPOAoKopUcTyBaHHs (PiBHe, YkpaiHa)
Axumuyk Oner PeofociiioBuY - KepiBHUK rpynu 6iiHry Biaginy 6isHec-cucreM [lenapramenTy inpopmauniinux TexHosorii [IPaT «PiBHeo6ieHepro»
(PiBHe, Ykpaina)

AuumuH AHApiit BacuboBHY - JOKTOP TEXHIYHUX HAYK, CTapIINi HAYKOBUH CiBPOGITHUK, TPOBiAHUN HayKOBUH CNiBpOGITHUK Bigainy nuBisibHOrO
3axUCTy Ta iHHOBaLilHOI AissbHOCTI [lepkaBHOI ycTaHOBU'IHCTUTYT reoxiMii HaBKOJIMUIHBOrO cepefioBULa HanioHabHOT akazeMmii Hayk Ykpainu'
(Kuis, Ykpaina)

CraTTi po3MileHi B aBTOpCbKil pepacii. BignosiganbHicTb 3a 3MicT Ta opgorpadito nogaHnx MaTepianie HeCcyTb aBTopM.

© asTopwu ctaten, 2024
© BugasHuua rpyna «Haykosi nepcnexktusu», 2024
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CEPIA « TexHika»

Denysiuk V.O.
REVIEW OF THE PARALLEL HYPERQUICK SORT ALGORITHM BY C#

boxko O.10. .
BUKOPUCTAHHA ~ BEJIMKHX  MOBHHUX  MOJEJIEM  JIA
PO3NIBHABAHHA IHOOPMALIl B HYMI3BMATUYHNUX OIINCAX

I'upka O.L, boxak MLIL, ®ias MLL, Py6ait V.I. )
I[IPOBJIEMH  JIOT'ICTHKH  COHALIHWKOBO! OJIII B IIEPIOJ
BOECHHOI'O CTAHY TA CYHYACHI TEH/IEHI]II IX BUPIIIIEHHA

I'opbéauyk B.M., I'agpuienko C.O., Hikonenxo /L1
L[UD®POBE CHIBPOBITHHUL]TBO 3 EKOHOMIYHOI BE3IIEKH

Nwvortesa 1.0., Hikipoposa JI.O., lllusu A.A., Kapinos C.C.
MO/EJIb OIITUMI3ALlIl EKCIIEPTU3HM B KOHKYPCHOMY BIJJBOPI
IIPOEKTIB JJOCJII/PKEHB I PO3POFOK

IBanoB A.O., Kpusonoc O.M., XKykoscbkuii C.C.
OCOBJIUBOCTI PEAJII3ALI AJITOPUTMY ®OPYYHA JJIA IIOFY][OBU
HIAI'PAMH BOPOHOI'O HA MOBI IIPOI'PAMYBAHHA PYTHON

Kapimos LK., Kapivos I'.l., Komnanieus P.A., byaaii O.10.
KOMIT'FOTEPHO ~ OPIEHTOBAHHH  AJITOPUTM  MOJE/IKOBAHHA
MICHEBOI' O HAT'PIBY HIVINTHHUX KOHCTPYKLIH

Komapos B.O., Kokommmacbknii B.B., ymiTtpam B.O., fIkoBuyk O.B.,
3inuenko M.O., JIazyra P.P., Be3nocenko C.1O.

TEXHOJIOI'IA SDN AK IHHOBALIIMHUN PYILIH JJJIA MOJEPHI3AL[II
BIHCBKOBOI TPAHCIIOPTHOI TEJEKOMYHIKAI[IHHOI ~MEPEXI
VKPAIHU

Kononnxin O.C., IIpauuk B.A., lllenerinbuaikoB C.1O.
MO/EJIb BUBOPY MEPEKEBOI'O OBJIATHAHHA JIOI'ICTUYHOI'O
HIIIIPUEMCTBA B YMOBAX IHTEPBAJIBHOI IHOOPMALII

Kopexon A.O.

PO3POBKA CKJIAJOBHX CHUCTEMH IIIJJTPUMKH TIPUUHATTA
PINIEHDb HAYAJIBHUKOM  BIJAIVIEHHA ABTOMOBI/IBHOI'O TA
BbPOHETAHKOBOI' O 3ABE3IIEYEHHA

Kopnyra B.A., Kopnyra O.B., Karamaii }0.B., Mepenbko b.1.
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REVIEW OF THE PARALLEL HYPERQUICK SORT
ALGORITHM BY C#

Abstract. Sorting is used to arrange large arrays of data and present them in
a certain structured form. With the development of distributed systems and parallel
computing, algorithms were also developed that used the advantages of these
technologies to improve and increase the efficiency of the tasks of sorting data
arrays. The article discusses the algorithm for parallel hyperquick sorting of data
arrays by C# programming language. Hyperquicksort is a type of quicksort
algorithm that uses multiple nested items to divide a list into sublists. This allows
the algorithm to sort the list faster than the standard quicksort algorithm, The
algorithm uses multiple nested elements to divide the list into more than two sublists,
which allows the list to be sorted more efficiently, especially when the list is already
partially sorted or when it has other special properties. Using multiple aggregates
can allow the algorithm to skip large sections of the list that are already in the correct
order, instead of recursively sorting them. In the case where the list has some other
special property, such as a large number of elements that are equal to the reference
part, using multiple reference elements can allow the algorithm to partition the list
more efficiently.

The algorithm is an improvement using a simple combination of serial and
parallel approaches. Reduces the problem of load balancing. Improves finding the
median by sequentially sorting the sublists using a single reference point that is
broadcast to all processes at the beginning of the algorithm.

The flow graph and program code of the parallel hyperquick sorting algorithm
were developed by C# language.

The algorithm was tested for a large array of data. To test the parallel
hyperquick sort algorithm, a program was created that implements the parallel
hyperquick sort algorithm and related algorithms, namely: sequential quick sort;
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naive parallel sorting; optimized parallel sorting; parallel-serial sorting; parallel
quicksort by regular sampling. The testing program has the following capabilities:
generation of an array with random values according to the size specified by the
user; sorting a randomly generated array of data using one of the selected algorithms;
measuring the time spent on sorting an array of N elements. The analysis of the
obtained data confirms the good time performance of the proposed algorithm for
parallel hyperquick sorting of data arrays in comparison with existing sorting
algorithms.

Keywords: program code, sorting, algorithm, sorting sublist, parallel algorithm,
hyperfast sorting
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PO3I'JIAL AJITOPUTMA TTAPAJIEJIBHOTI'O I'ITIEPIIBU/IKOI'O
COPTYBAHHSA MOBOIO C#

AHoTanisi. /[ BIOpsAIKyBaHHS BETUKUX MACHBIB JaHMX Ta TOJAHHA 1X B
NIEBHOMY CTPYKTYPOBAHOMY BHUTJISI/II BAKOPUCTOBYETHCS COPTYBAHHS. 3 PO3BUTKOM
PO3MOIIEHUX CUCTEM Ta MapajebHUX O0UHCIIEHb PO3BUBAIIUCS 1 AJITOPUTMHU, SKi
BUKOPUCTOBYBAJIH TMIEPEBArd JAHUX TEXHOJIOTIN JJISl BAOCKOHAICHHSI 1 TT1IBUTIICHHS
e(heKTUBHOCTI 3aJla4y COPTYBaHHSI MACHUBIB JJAHUX.Y CTaTTI PO3MVISIHYTO aJIrOpPUTM
napajeIbHOTO TIMepIIBUIKOTO COPTYBaHHS MAaCHBIB IaHMX MOBOIO ITPOTpaMyBaHHS
C#. I'imepmBuIKe COPTYBaHHS € PI3HOBHJIOM aJTOPUTMY IIBHIKOTO COPTYBaHHS,
SIKWA BUKOPUCTOBYE K1JIbKa 3B€JICHUX €JIEMEHTIB JJIs MOy CIIKUCKY Ha MiACIUCKH.
Ile m03BOJIsIE ANTOPUTMY COPTYBATH CIIMCOK IIBUAIIE, HIXK CTAHIAPTHUHN alITOPUTM
IIBUIKOTO COPTYBaHHS, AJITOPUTM BUKOPUCTOBYE K1JIbKA 3BEJICHUX €JIEMEHTIB JIJIs
MOJIUTY CIMCKY Ha OUIbIe HIXK JIBa MiJCHUCKHU, IO JTO3BOJISIE COPTYBATH CIUCOK
e(eKTUBHIIIE, 0OCOOJMBO KOJIM CIUCOK BXKE YACTKOBO BIiJICOPTOBAHO a00 KOJM BIH
Ma€e 1HII CIIeIlajibHI BJIACTUBOCTI. BUKOpHCTaHHS KUIBKOX 3BEICHUX CICMCHTIB
MOXKE JIO3BOJIUTH QITOPUTMY IPOIYCKATH BEIMKI PO3IUINA CIHCKY, SKI BXKE
3HAXOASATHCS B MPABWIBHOMY TOPSJKY, 3aMiCTh TOTO, MO0 iX pPEKypCHBHO
COpTyBaTH. Y BHUMAAKY, KOJIH CIHUCOK Ma€ JesKl 1HII OCOOJMBI BIIACTHUBOCTI,
HaIPHKJIAJ, BEIMKA KUIBKICTH EJIEMEHTIB, SIKi JOPIBHIOIOTH OIIOPHIM 4YacCTHHI,
BUKOPUCTAHHS KUIBKOX OINOPHUX €JIEMEHTIB MOKE€ JO03BOJUTH aJTOPUTMY
PO3JIUIMTH CIIUCOK OLIbIN €(heKTUBHO.

AJNTOPUTM € BJOCKOHAJIEHHSIM BUKOPUCTAHHS TPOCTOI KOMOIHAIT TOCIII10B-
HOTO Ta TapajeIbHOTO MIAXO0JIB. 3MEHIIy€e IpobiieMy OajlaHCyBaHHS HaBaHTa-
xeHHs. [lokpanye 3HaAXOMKEHHS MEJiaHW MIISTXOM TIOCTIJOBHOTO COPTYBaHHS
MiJCIIUCKIB 32 JOTOMOTOI OJIHIET OMOPHOI TOYKH, SIKa TPAHCIIOETHCA YCIM
mporiecaM Ha Mo4YaTKy ajJropuTMy.
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Po3pobieno motokoBuit rpad 1 MpOrpaMHUI KOl aITOPUTMY TapajiedIbHOTO
TIEPIIBUKOTO COPTYBaHHSI MOBOIO MporymyBaHHs C#.

[IpoBeneHO TECTyBaHHS AITOPUTMY JUJIsl BEJIMKOTO MacuBy paHux. [lms
TECTyBaHHS QJITOPUTMY TMapaJebHOTO TIMEPIIBUIKOTO COPTYBAHHS CTBOPEHO
nporpamMy, sika peaiizye napajieJibHUil aJrOpUTM TINEePUIBUIKOTO COPTYBAaHHS Ta
CHOpIJTHEHI aJNrOpUTMHU, a came: IMOCIIOBHE IIBUAKE COPTYBaHHS;, HaiBHE
napajieibHe COPTYBaHHsI; ONTHMI30BaHE MapajielibHe COPTYBAaHHS; MapalieIbHO-
MOCHIOBHE COPTYBAHHSI; MapajeiibHe MIBHAKE COPTYBAaHHS IUISIXOM PETYJISIPHOL
BuOipku. [Iporpama TtectyBaHHsS Ma€ Taki MOMJIMBOCTI: T€HEPYBaHHS MacUBY 3
BUIAJKOBUMH 3HAYEHHAMH 3a PO3MIPOM 3aJaHUM KOPUCTYBayeM; COPTYBaHHS
BUITAJIKOBO 3T€HEPOBAHOIO MAacHBY JaHUX 3a JIOMOMOTOI0 OJHOTO 13 OOpaHuX
QITOPUTMIB; BHUMIPIOBAaHHS Yacy BHUTPAu€HOr0 Ha COpPTyBaHHS MacuBy 3 N
€JIEMEHTIB. AHajl3 OTPHMMaHHMX JAaHMX IATBEPKY€E XOPOIIl YacOBl IOKA3HHKH
3aMpPONOHOBAHOI0 AITOPUTMA MAPaJIEIHbHOTO TIMEPIIBUIKOTO COPTYBAaHHS MACHBIB
JAHUX y MIOPIBHSIHHI 3 ICHYIOUUMHUMU aJTrOPUTMAMU COPTYBaHHSI.

KuaiodoBi cjoBa: mporpaMHuii KOJ, COPTYBaHHS, QJITOPUTM, MiJCIHUCOK
COpPTYBaHHs, apaJIeTbHUN aITOPUTM, TIEPIIBUAKE COPTYBaAHHS

Introduction. In the era of the development of digital technologies, the most
important sciences remain the sciences of working with data: their arrangement,
editing, search, organization, etc. Sorting is used to arrange large arrays of data and
present them in a certain structured form.

Many different algorithms have been developed for data sorting, which have
their own advantages and disadvantages [1,2].

With the development of distributed systems and parallel computing,
algorithms were also developed that used the advantages of these technologies to
improve and increase efficiency. One of these algorithms is the hyper-fast sorting
algorithm. It is parallel by default because it is based on an advanced parallel-serial
sort method. In turn, this algorithm consists of a parallel and sequential sorting
method, according to the name. There is also an even more innovative technology
of parallel sorting with regular sampling, but the efficiency of each of these
algorithms will depend on many factors, namely: the size of the array, its filling, the
power of the processor, the number of cores and threads.

The main part.

Analysis of the subject area. Hyper-quicksort is a type of quicksort algorithm
that uses multiple nested elements to divide a list into sublists. This allows the
algorithm to sort the list faster than the standard quicksort algorithm, especially for
lists that are already partially sorted or have some other special properties [3].

In a standard quicksort algorithm, one aggregate element is selected from the
list, and the other elements are split into two sublists based on whether they are
smaller than or greater than the aggregate. The anchor point is then placed in the
final position and the two sublists are recursively sorted using the same process.
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In contrast to the standard quicksort algorithm, a hyperquicksort algorithm is
considered, which uses several composite elements to divide a list into more than two
sublists. This allows the algorithm to sort the list more efficiently in certain cases,
especially when the list is already partially sorted or when it has other special
properties.

For example, if the list is already partially sorted, using multiple aggregates
can allow the algorithm to skip large sections of the list that are already in the correct
order, instead of recursively sorting them. In the case where the list has some other
special property, such as a large number of elements that are equal to the reference
part, using multiple reference elements can allow the algorithm to partition the list
more efficiently.

In general, hyper-quicksort is a useful variant of the quicksort algorithm that
can provide improved performance for certain types of lists. However, this is not
always the best choice, and the standard quicksort algorithm may be more efficient
In some cases.

One of the possible hyperquick sorting algorithms is as follows.

1. If the size of the list (sorting array) is smaller than some threshold value,
for example, 8 elements, then it is better to use another sorting algorithm (insertion,
merging, etc. [1, 2]).

2. Select several pivot elements from the list.

3. Split the input list into sublists based on the aggregate elements such that
all elements in each sublist are less than or equal to the corresponding aggregate
element.

4. Sort each sublist using the hyperquick sorting algorithm.

5. Merge the sorted sublists to get the final sorted list.

6. Return the sorted list.

It is proposed to investigate a parallel hyperquick sorting algorithm that uses
the number of processes (threads) equal to the number of reference elements.

It is based on the modified parallel quicksort algorithm, which uses the
sequential quicksort and optimized parallel quicksort approaches.

Mathematical modeling of the parallel hyperquick sorting algorithm. By
default, hyper-quicksort is a parallel algorithm because it uses the sequential
quicksort and parallel quicksort algorithms.

In turn, the quick sort algorithm is not parallel by default. There are several
ways to make the quicksort algorithm parallel.

First, using a parallel divide-and-conquer strategy where each subtask is
solved in parallel. This can be done using techniques such as multithreading or
multiprocessing.

Second, using a parallel sort algorithm, such as parallel merge sort, as a variant
of the merge sort algorithm. This can be done using methods such as:

* SIMD - one instruction, several data;

» GPGPU - general-purpose computing on graphics processors.
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Third, the use of a hybrid approach. Namely: a quick sort algorithm is used to
initially split the data, and then a parallel sort algorithm is used to sort the resulting
sub-solutions. This will effectively balance the high performance benefits of fastsort
in the average case with the parallelization capabilities of other sorting algorithms.

Fig. 1 shows a parallel sort flow graph.
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o e -
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e e e @ Y

Fig. 1 Flow graph of parallel sorting (DR — Depth of Recursion, T — Tread)

Fig. 2 shows an example of a flow graph for hyperquick sorting of an array of
16 elements.

TO 916 (3| 72125 125|117 419 8 | 11| 22|13

\ v
TIfe|3]7]9)2|5]|1]12 T2 4| 25|17|19| 8| 11| 22] 13
\ v o __._._
T3 \ T4 n T5 N/ T6 \\(
314|167 21|58 9 |(25]17]| 19 12(11]13] 22
\ \L \L \\/ ___________
TV T8\ T9\, T10, T11, T12 T13 T14

3] 2 1] 4 6| 7 518 9112 11) 13 25| 17 19] 22

\\/ \L \L N \L \L N N
'\L \\/ \L \L \L \\/ \\/ N N \L

1 2 3 4 5 6 7 8 9 11|12 13|17 ([ 19]]22](] 25
T15 Ti16 T17 T18 T19 T20 T21 T22 T23 T24 T25 T26 T27 T28 T29 T30

Fig. 2 A flow graph for hyperquick sorting of an array of 16 elements
(DR — Depth of Recursion, T — Tread)



M S"HAYKA
W INIEXHIKA

i,'_',,:
CePil: NPase, ekeHoMIKa, nedaeczika,
4 MEKHIRA, PUZURE-MOMEMANUMHE RAYRL G bU [ ﬂ H |

The parallel hyperquick sorting algorithm is as follows.

1. Alist of size nis divided among n processes. Assume list of size 16
and 4 processes, each process will handle 4 elements.

2. A process among the four responsible for finding the pivot element,
finds a pivot and broadcasts it to all processes which sort their sublists
sequentially using the broadcasted pivot element. This step will improve
chances of finding pivots close to the true median.

3. We perform the steps:

e Randomly select a pivot element and broadcast it to all partner
processes.

e Each process will partition its elements and divide them into two
groups according to the selected pivot. groupl <= pivot <= group2. This
happens parallelly across all processes concurrently.

e Each process in upper half of the process list sends its "low list" to
a partner process in the lower half of the process list and it receives the "high
list" in return.

4. The remaining top half from one partner process and the received
top half from the other partner process are merged into local sublist for each
process.

5. Recurse the upper half and lower half of each subprocess to achieve
a sorted list.

6. Finally merge the processes in order to get a fully sorted list.
Software implementation of the algorithm. Using n threads to sort n
elements is not optimal. It is impossible to parallelize the process of dividing the
array into subarrays under these conditions. In this case, it is best to use log(n)
processes to sort n elements in O(n) time.

The program that implements the parallel sorting algorithm Hyper Quick Sort
Is implemented as a console application using the C# [4, 5].

The Parallel.Invoke() method allows you to run several subtasks in parallel,
but since the work implements recursive HyperQuickSort, you need to limit the
depth of parallelization with this method. The best option is to use an additional
variable of type integer, which will be equal to the number of GPU cores.
Parallel.Invoke() is a namespace method in the System.Threading.Tasks .NET
framework that allows a set of specified methods to be executed simultaneously. It
takes an array of delegate methods as input and returns when all methods have
completed execution (Fig. 3).
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using System.Threading.Tasks;
namespace ConsoleApp

{
class Program
{
static void Main(string[] args)
{
Parallel.Invoke(Methodl, Method2, Method3);
h
static void Methodl()
{
// method implementation
h
static void Method2()
{
// method implementation
h
static void Method3()
{
// method implementation
h
¥
¥

Fig. 3 Example of Parallel.Invoke() use

In the example in Figure 3, the methods Method1(), Method2(), and
Method3() will be executed simultaneously. Parallel.Invoke() returns when all
methods have finished executing.

It is important to note that Parallel.Invoke() does not guarantee the order in
which the methods will be executed. If you want to ensure that methods are executed
in a specific order, you should use other synchronization methods, such as
Task.WaitAll() or Task.WhenAll().

The Parallel.Invoke method accepts an array of Action objects as a parameter,
that is, it is possible to pass to this method a set of methods that will be called upon
its execution, and the number of methods may be different. As with the Task class,
it is possible to pass either a method name or a lambda expression. Fig. 4 shows the
working diagram of the Parallel.Invoke method.



o WHAYKA
DIIEXHIKA
DBPI.I. NPa6e, eReHe, M.I.I{ﬂ. m’ﬂﬂeo?um "]
MEXHIRA, @Lgu«( MMM HAGRL h[ [[]l H |
|

R1 R2 R3 R4 R5 R6 R7 Ra Rn
INPUT
N\ —— ——\
R1 R3 R5 R7
R2 R4 RG6 R8
T T2 T3 T4
L AN > o AN >

\_ CORE1 / \\ CORE 2 J

OuUTPUT Vl Y4

> o1 |02 |03 |04 |0s| 08|07 | 08| . |oOn

Fig. 4 Operation scheme of the Parallel.Invoke method

Therefore, if there are multiple cores on the target machine, these methods
will be executed in parallel on different cores.

Fig. 5 shows an example of the parallel sorting algorithm Hyper Quick Sort
implemented by C#.

Testing the Hyper Quick Sort algorithm. To test the parallel hyperquick
sorting algorithm, a program was created that implements the parallel hyperquick
sorting algorithm and related algorithms [1-3]: Sequential Quicksort; Naive Parallel
Quicksort; Optimized Parallel Quicksort; Parallel Sequential Quicksort; Hyper
QuickSort; Parallel Quicksort by Regular Sampling.

This program has the following features: generation of an array with random
values according to the size specified by the user; sorting of a randomly generated
array of data using one of the selected algorithms; measuring the time spent on
sorting an array of N elements.

Table 1 provides information on the time to sort a randomly generated data
array with the number of elements N = 1,000,000, elements of type integer in the
range from 1 to 999.

Therefore, the analysis of the obtained data of table 1 confirms the good time
performance of the parallel hyperquick sorting algorithm (the shortest time is 262
ms) in comparison with some existing sorting algorithms.

Conclusions. The investigated parallel hyperquick sort algorithm uses
multiple nested elements to divide the list into more than two sublists, which allows
the list to be sorted more efficiently, especially when the list is already partially
sorted or when it has other special properties.
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using System;

namespace hyperquicksort

{
public class HyperQuickSort
{
public static void Sert(int[] data, int left, int right)
{
// Check if the data should be sorted in parallelif right - left > 1@@e)
{
// Invoke two tasks to sort the left and right halvesof
the array in parallel
Parallel.Invoke( () => Sort(data, left, (left + right) / 2),
() => Sort(data, (left + right) / 2 + 1, right));
}
else
{ // Use a traditional quicksort algorithm
to sort the data Quicksort(data, left, right);
1
}
static void Quicksort(int[] data, int left, int right)
{
// Check if the data is already sortedif (left
>= right)
i
return;
}
// Choose a pivot value and partition the data around itint
pivot = data[(left + right) / 2];
int i = left; int j =
right;while (i < j)
{
while (data[i] < pivot)
!
it++;
}
while (data[j] > pivot)
33
1
if (1 <= j)
{
int temp = data[i];data[i]
= data[j]; data[j] = temp;
it++;
374
}
}
// Recursively sort the left and right halves of the data
Quicksort(data, left, j);
Quicksort(data, i, right);
}
}
}

Fig. 5 Class HyperQuickSort
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Table 1 Time to sort an array of 1,000,000 elements

Sort Type Time (Ms)
Sequential Quicksort 1278
Naive Parallel Quicksort 950
Optimized Parallel Quicksort 924
Parallel Sequential Quicksort 1310
Hyper QuickSort 262
Parallel Quicksort by Regular 30931

Sampling

The algorithm is an improvement using a simple combination of serial and
parallel approaches. Improves the chances of finding the true median by sequentially
sorting the sublists using a single reference point that is broadcast to all processes at
the beginning of the algorithm. There is communication overhead when values are
passed between partner processes. Reduces the problem of load balancing. Load
imbalance can still occur, but the algorithm is better compared to existing ones.

The flow graph and program code of the parallel hyperquick sorting algorithm
have been developed.When processing a data array of dimension m, it calculates log
(m) steps and n processes, the total time complexity is @(n log(m)). The complexity
of the space is O(log (m)). Testing confirmed the workability of the algorithm and
good time characteristics. In future studies, it will be interesting to consider 3D quick
sorting.
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