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PEAJIIBALIA ITAPAJIEJBHOI'O AJITOPUTMY COPTYBAHHA
COCKTAIL SORT 3A 10ITIOMOI'OIO OPENMP

BiHHUIIbKH HAITIOHAILHUH TEXHIYHUIA YHIBEPCUTET

Anomauisn

Poszensnymo pospobxy napaneavrozo arcopummy copmyeannst Cocktail Sort i3 suxopucmanmam 6a2amonomoxosux
obuucnens. Ilpoananizosano ocodau6ocmi 0BOHANPSIMHO20 COPMYBAHHSL MACUBIE MA ICHYIOUL NIOX00U 00 NiOGUYEHHSL
NPOOYKMUBHOCTIE ANICOPUMMIG COPMYBAHHS ulisixom napanenizayii. Obrpynmosano 6ubip mosu npocpamysants C++
ma mexnonozii OpenMP 0nsa peanizayii npoepamuoco mMooyis, a makodc eubip cepedosuwya pospodoku. Y podoomi
PO3POOIEHO npocpamuy peanizayiilo nocaioosHoi ma napanenvhoi eepciui  aneopummy Cocktail Sort i nposedeno
EeKCNepUMEHMAIbHe MeCmy8aHHs eeKmusHOCME OISl PI3HUX PO3MIDIS MAcusie ma munié exionux oanux. Ompumani
pe3yibmamu niOmeepoICYIonb OOYLIbHICHb BUKOPUCTAHHS RAPANENbHUX 0OYUCTIEHD OIS MEHULEHHSL YAC)Y COPMY6AHMHSL
ma Modcymv Oymu 3acmoco8ami npu 06pooYi GeIUKUX MACUBIE OAHUX.

Kniouosi cnosa: napanenvne copmysanns, Cocktail Sort, 6acamonomoxosi obuucnenns, OpenMP,
NPOOYKMUBHICb.

Abstract

The paper considers the development of a parallel Cocktail Sort algorithm using multithreaded computing. The
features of bidirectional array sorting and existing approaches to improving the performance of sorting algorithms
through parallelization are analyzed. The choice of the C++ programming language and the OpenMP technology for
implementing the software module, as well as the development environment, is substantiated. A software implementation
of both sequential and parallel versions of the Cocktail Sort algorithm is developed, and experimental performance
testing is conducted for different array sizes and input data types. The obtained results confirm the effectiveness of
parallel computing in reducing sorting time and can be applied to the processing of large data arrays.
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Beryn

AKTyanbHICTh peaizaiii mapaienbHoro amroputmy coprysanus Cocktail Sort momsirae B 3pocrarouiii
moTpedi MBHUIKOTO OMPAIIOBAHHS BETMKUX 00CATIB TaHUX y Cy4acHUX iH(opMmariitHux cucremax. Onepartii
COpPTyBaHHA € 0a30BUMH Jisi 0araThbOX NMPUKIAJHUX 3a7ad, 30KpeMa aHajiily JaHuX, 0OpoOKH CHUTHAIIB,
(inaHCcOBHX OOYHCIEHh Ta iH(OPMAIIHOIO TMOMIYKY. Y TaKWX yMOBaX BUKOPHUCTAHHS ITOCIIIOBHUX
aNTOpUTMIB YacTo He 3abe3medye HEOOXiTHOTO piBHA MPOAYKTUBHOCTI, IO 3YMOBIIIOE AOMITBHICTH
3aCTOCYBaHHS MapaielbHIX METO/IIB O0YHCIICHb.

Anroputm  Cocktail Sort e BmockoHaneHHAM OyIbOANIKOBOrO COPTYBAHHS Ta BiIpPI3HAETHCS
JBOHAIIPABJIEHUM MPOXOAOM MAacCHBY, IO A03BOJsIE e€(EKTHUBHIIE yCYBATH JIOKATbHI HEBIIOPSIKOBAHOCTI.
Moro cTpykTypa poOHTb aaropuT™M 3pYYHHM JUIA peamizamii y MmapajelbHOMy CepelOBHI, OCKiITbKH
MOPIBHSHHS CYCITHIX €IEeMEHTIB y MeXax OJHOr0 NpPOXOAY MOXYTh BHKOHYBAaTHCS HE3AIKHO.
BuxopucranHs 6araTormoTokoBUX OOYMCIIEHB JTA€ 3MOTY PO3NOIUIATH 00POOKY JaHUX MK KUTbKOMa SpaMu
npolecopa Ta 3MEHILUTH 3arajibHU Yac BUKOHAHHS copTyBaHHs [1-3].

Mertoro pobotu € po3pobka Ta JOCITIDKEHHS MapajelbHoro anropurmy copryBanus Cocktail Sort 3
BHKOPHCTAaHHSM 0araToImOTOKOBMX OOYHCIIEHb ISl IMIABHUINEHHS MIBUAKOAII Ta epeKTUBHOCTI 0OpOOKH
MAaCHBIB JaHUX.

IlocTanoBka 3aga4i 1OCTITKEeHHA
3amaui 1OCITiKEHHSI TTOJIATAI0Th Y BUPIMIEHH] HACTYITHUX ITUTaHb:
*  aHaJi3 CTPYKTYpH Ta MPHUHIMIIIB poOoTH anroputmy copryBanus Cocktail Sort;



*  JIOCHIHKEHHS MOMKJIMBOCTEH HOro posmapajeiioBaHHS Ha OaraTosIepHUX OOYUCIIOBAIBHUX
cHCTeMax;

*  po3poOKa mporpaMHOi peajizalii MOCIiZOBHOI Ta MapajienbHOi BEpCiii alropuTMy COpPTYBaHHS
Cocktail Sort;

*  ONTHMI3allisl aJrOpUTMYy 3 METOI 3MEHIICHHsS Yacy BHKOHAHHS 32 PaxyHOK 0araTOMOTOKOBOT
00poOKH;

*  TPOBEACHHS TECTYBaHHS pEalli30BAHOIO AJITOPUTMY Ha MacHBaX PI3HOrO pO3MIpy Ta aHai3
OTPUMAaHUX Pe3YNbTaTIB.

Buxnan ocHOBHOro Martepiajy

AJITOPUTMH COPTYBaHHS BiIirpalOTh BAXJIMBY POJIb y KOMII IOTEPHHX HAyKax Ta 3aCTOCOBYIOTHCS B
cucreMax oOpoOKHM JaHuX, 0a3ax JaHWX, iH(QOpMaliiHO-NONIYKOBUX CHCTEMaX, ajJrOpUTMax MalIMHHOTO
HaB4YaHHs Ta YUCCIIbHUX METOJaX. BHOpH}IKyBaHHS[ JaHUX O03BOJISIE€ 3MCEHIINTH CKJ'IaI[HiCTI) IoAaJdbIINX
orieparliif, TAKKMX sIK TIOIIYK, aHaJli3 a0o arperaitis iH(GopMaiiii. 3a1exHO BiJl MiX01y 10 00pOOKH CIEMEHTIB,
AJITOPUTMH COPTYBaHHS MOXKYTh MaTH Pi3HY Y4aCOBY Ta IIPOCTOPOBY CKIIAJHICTh, 1[0 BU3HAYAE JOIUILHICTD
iX BHUKOpPHCTaHHS y KOHKpeTHUX 3ajadax. Cepell BIIOMHX alrOpPUTMIB COPTYBaHHS BUAUISIOTH MPOCTI
METOJIU 3 KBaJJPaTUYHOIO CKIIAHICTIO, Taki sik Bubble Sort, Insertion Sort ta Selection Sort, a Tako OLIBIIT
edekTUBHI aroput™Mu, 30kpema Quick Sort, Merge Sort Ta Heap Sort, siki MatOTh aCHMIITOTHYHY CKJIaHICTh
nopsiky O(n log n). [onpu HIKYY ePEeKTUBHICTD MPOCTHX ANTOPUTMIB Y TIOCIIOBHOMY BUKOHAHHI, TXHS
CTPYKTypa 4acTo € 3py4HO0 IS TOCIII/DKEHHST METO/IIB ONTUMI3allil Ta mapasemnizartii [4-5].

Cocktail Sort siBiisie coO0r0 TBOHAMpsIMIIEHE Oyb0aIKoBe copTyBaHHsI. Bin € Moandikalliero Ki1acHaHoro
anroputMy Bubble Sort. Moro ocoGNnuBicTIO € BUKOHAHHS JBOX MOCHIZOBHHX IIPOXOJIiB MACHBY: IIPIMOIO
(31miBa HAmpaBO) Ta 3BOPOTHOrO (CHpaBa HaiBo). [1ix yac mpsAMOro mpoxoy OUIbIII €IEeMEHTH ITOCTYIIOBO
MEepEeMIIyIOThCS JIO KiHIl MacHBy, a ITijJl 4ac 3BOPOTHOTO — MEHII eJIeMEHTH 3MIlYIOThCS Ha TOYaTOK.
Takwit miaxig M0O3BOJISE 3MEHIMUTH KUTBKICTh iTepalii y MOpIBHAHHI 3 KJIACHYHUM OyIhOAIIKOBHM
COPTYBaHHSM, OCOOJIMBO /U YACTKOBO BIOPSAAKOBAHMX JAHUX. 3 TOYKH 30py OOUMCIIOBAIBHOI CKJIQJIHOCTI
anroputMm Cocktail Sort y HalikpamoMy, cepeIHOMY Ta HAWUTIPIIOMY BHITaJKaX MAa€ KBAAPATHIHY OIIHKY
O(n?). Oanak #oro nBodasna crpykrypa (forward pass Ta backward pass) CTBOpIO€ mepemrymMOBH s
e(EeKTHBHOTO pO3IMAPAJICIIOBAHHSA, OCKUILKM TIOPIBHSAHHS Ta OOMIHM BHKOHYIOTHCS MDK CYCIOHIMH
eJIeMEHTAaMH y He3aJIeKHUX AUITHKaX MacCHBY.

[NapanensHa peamizamis anroputMmy Cocktail Sort 6a3yeTscst Ha po3moOALIl omepariiii MOPIBHIHHSI MiX
KiTbkoMa moTokamu [3]. ¥V Mexax omHoro mpoxomy (IpsMoro abo 3BOPOTHOTO) KOXKEH MOTIK 00poOIse
BIIACHY MiJIMHOXXMHY HEMEPECIYHHX Map eJIEMEHTIB, IO O3BOJSE YHUKHYTH KOH(QIIKTIB IOCTYIy A0
mam’siTi. CHHXpOHI3AIiS TIOTOKIB BHUKOHYETHCS TIICHS 3aBEpIICHHS KOXHOI ¢haszu, mo 3ade3mnedye
KOPEKTHICTh MOJANBIINX OOYNCICHb. BHKOpHCTaHHS 0araTOIMOTOKOBHX TEXHOJOTiH, 30kpema OpenMP,
JIO3BOJISIE aBTOMATH3YBaTH IPOIIEC CTBOPEHHS Ta KEPYBaHHS IMOTOKAMH, a TaKOXK MIHIMI3yBaTH 3MiHU Y
BuxigHOMY Kogi. OpenMP 3a0e3neuye eeKTHBHUA PO3MOILT iTEpalliii IIUKIIB MUK MTOTOKaMH, MIATPUMYE
MeXaHI3MH CHHXPOHI3allii Ta Ja€ 3MOTy peali3yBaTH PEeAyKIII0 JOT1YHUX 3MIHHUX 151 BU3HAYCHHS (aKTy
BHKOHAHHS OOMiHIB ITij] yac ¢a3 copTyBaHHS [5].

OnTumizanis mapanensroro anroputMmy Cocktail Sort mocsraeTscs 3a paxyHOK Kimbkox mimxomis. Ilo-
nepIe, BHKOPHCTOBYETHCS MEXaHI3M PaHHBOTO 3aBEPIICHHS, SIKHI JO3BOJISIE IPUIIMHUTH POOOTY allTOPUTMY
y pasi BincyTHOCTI 0OMIHIB y TIpsiMiid Ta 3BOpOTHil (hazax. [lo-apyre, piBHOMIpHUN PO3MOALT iTepalliii Mixk
MMOTOKAaMHU 3MEHIIYE MPOCTOI Ta MiABUIIYE e)EeKTHBHICTh BHKOPHCTAHHS O0YHCIIOBaIbHHUX pecypciB. Ilo-
TpeTe, JIOKAJIbHUI XapakTep JOCTYIYy 1O IaM’sTi CIpHs€e Kpalliii Kem-e()eKTHBHOCTI Ta 3HMKCHHIO
HaKJIQIHUX BUTPAT Ha CHHXPOHI3AIIIO.

[IporpaMua peanizauis napanensHoro anroputmy Cocktail Sort 703BoJIsI€E Ha IPAKTHILI TOCTITUTH BIUIUB
napasesizanii Ha ajlropuTMHU 3 KBAJIPaTHYHOIO CKiaaHicTio. OTpHMaHi pe3yinbTaTH MiATBEPKYIOTh, L0
X04ya aCHMNTOTHYHA CKJIAIHICTh aJTOPUTMY HE 3MIHIOETHCS, BUKOPUCTAHHS KUIBKOX IOTOKIB CYTTEBO
3MEHIIye (aKTUIHUN Yac BUKOHAHHS, OCOOJIMBO JIJISl BETUKHAX PO3MIpIB BXiJJHINX MacCHBIB.



AHaniz pezyromamie mecmyeaHHsi HpPOZPAMU BUKOHAHO JUIS PI3HOI KUIBKOCTI €JIEMEHTIB MAacUBY
(tabim.1).

Tabmuus 1 — Yac BUKOHAHHS IPOrpaMy Ha Pi3HUX BXIHUX JaHUX

Po3mip macuBy CoptyBaHHs 3 6araToroTO4HICTIO, C CopTyBaHHs OTHUM ITOTOKOM, C
1000 0,0027 0,0066
10 000 0,2346 0,6553
20000 0,9166 2,5909
50000 5,6462 16,5664

[IpoananizyBaBiid pe3yjabTaTH TECTYBaHHS NPOrPaMHOI peaiizallii MapaieibHOro ajJropUuTMy
copryBanHs Cocktail Sort st pi3HUX PO3MIpiB BXiZHOT'0 MacHBY (Ta0JI. 1), MOXKHA 3pOOUTH Taki BUCHOBKH.
1. Jlns HeBENMKHMX MAaCHBIB YyaC BUKOHAHHS IOCIIOBHOI Ta MapalielibHOI BEpCiii aJropuTMy € Maibke
OJIHAKOBUM. Y TaKHX BHIIQJIKax IEPEBard MapayielibHOi OOpOOKH MPAKTHYHO HE MPOSBIISIOTHCS,
OCKUTBKHM BHTPATH Ha CTBOPEHHS IMOTOKIB Ta CHHXPOHI3aIlif0 MiX (ha3aMu alropuTMy KOMIIEHCYIOTh
BUTpAIIl BiJI OJJHOYACHOTO BUKOHAHHSI OTIEPAITii.

2. 3i 30UTbIICHHSM KUTBKOCTI €JIEMEHTIB Y MacHBi PI3HUIS MK 4acoM BUKOHAHHS ITOCIIIOBHOI Ta
napajenbHOl peanizaiiid crae OUTbIT MOMITHOIO. [apanenbHa Bepcist aropuTMy JEMOHCTPYE MEHIITHN
Yac COpPTYBaHHS IMOPIBHSHO 3 TIOCHIJIOBHOIO, IO CBIAYUTH NP0 e()EKTUBHICTH BUKOPHCTAHHS
0araToroToKoBOi 00POOKH I BEIMKUX 00CATIB HaHuX. Lle mosACHIOEThCS MOXKIIUBICTIO OJJHOYACHOI'O
BHKOHAHHS ITOPIBHSHB Ta OOMIHIB HE3aJSKHHUX Map €JIEMEHTIB y ME&KaX KOXKHOT (pa3u aropurmy.

3. HesBaxkaroun Ha 3MEHIIICHHS ()aKTUYHOTO Yacy BUKOHAHHS, ITapajiesti3allis He 3MIHIO€ aCHMITTOTHYHOT
9aCcOBOI CKJIQJHOCTI aJlTOPUTMY, SKa 3aJMIIa€Thes kKBaapaTnaHo O(n?). Takum 9iMHOM, 3aCTOCYBaHHS
napainenbHol peanizaiiii Cocktail Sort € JOIITBHUM IEPEBaXKHO IS CEPEAHIX 1 BEIMKMX MACHBIB, 1€
BUTpAI Yy Yaci MepeBHUINye HAKIaAHI BUTPATH HA OPTaHi3aIliio MapaeIbHUX 00UHCIICHb.

BucHoBknu

¥ poborti gocmimkeno anroputm copryBanas Cocktail Sort sik oauH i3 MPOCTUX METOMIB YIOPSIAKYBAHHS
MacHBIB, III0 TPYHTYETHCS Ha ABOHAIIPABICHOMY IIPOXO/Ii Ta TIOCTIIOBHOMY MOPIBHSHHI CYCiTHIX €IEMEHTIB.
BusnadeHO 0COONMBOCTI CTPYKTYpH alTOpPUTMY, WOTO Micie cepell 0a30BUX METOMIB COPTYBaHHS Ta
MOKJIFIBOCTI 3aCTOCYBaHHS TapajelbHUX OOYHCIEHBb IS MiABUIIEHHS MPOAYKTUBHOCTI. Po3risHyTO
MPUHIIAIIA OpTaHi3alii mapajenpHOoi peati3alii aaropuTMy 3 YpaxyBaHHSIM 4YepryBaHHS NPSMOTO Ta
3BOPOTHOT'O IPOXO/IIB 110 MAaCHBY.

Po3pobneno mporpamHy peamizalliro IMOCIiJOBHOI Ta mapajienbHoi Bepciid amroputmy Cocktail Sort
MOBOIO TIporpamyBanHs C++ i3 BukopucTtaHHsAM TexHonorii OpenMP [5, 6]. Onrcano oCHOBHI KOMITOHEHTH
porpaMHoro koay Ta mooymnoBano UML-miarpamu, siki BigoOpaxaroTh CTPYKTYPHY OpPTaHi3allilo Ta JOTiKy
BHKOHAHHS anroputMmy. [IpoBemeHo TecTyBaHHS pO3poOJIEHOT Mporpamu IJisi Pi3HUX PO3MIpPIB BXiTHUX
MacHBIB Ta BAKOHAHO MTOPIBHSJILHUNA aHAI3 Yacy BUKOHAHHS ITOCIIOBHOI 1 TapaJiebHOI peatizamii.

Pe3ynbpTaTtn ekcrieprMEHTIB MOKa3aiy, 10 AJs HEBEIUKUX MAcHBIB IepeBard mnapajieiabHoi 0OpOOKH €
HE3HAYHUMH, TOI SIK JIJIsl OUTHIINX OOCATIB MaHUX MapajeibHa peatizallist T03BOoJIs€ 3MEHIIUTH (HaKTHIHUT
4ac copTyBaHHs. BonHouac BCTaHOBIIEHO, 110 Mapajeizallis He 3MiHIOE aCUMIITOTHYHOI YaCOBO1 CKJIaIHOCT1
ITOPUTMY, SIKA 3aJMIIA€ThCs KBaapatuuHoo O(n?). OTpuMaHi pe3yabTaTd MiATBEPKYIOTH JOLUUIBHICTD
BHUKOpHUCTaHHS napainenbHoi Bepcii Cocktail Sort a5 06poOku MacuBiB 3HAYHOTO PO3MIPY Ta MOXKYTh OyTH
BHKOPHCTaHI 3 HABYAIIHLHOIO 1 JIOCTIHUIIPKOI0 METOI0 y Taly3i mapajelbHUX 00UHCIIeHb.
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