330 ICSFTI2018 Section 4. GN

YK 681.3.06
Jemunk Banepiii,
Kopoukin Onexkcanap

3ACTOCYBAHHS JPIBHO3EPHUCTOI'O
MHAPAJIEJIIBMY JJUIA HNTIIABUIIEHHA EOEKTUBHOCTI
ITAPAJIEJIBHUX TA PO3NIOAIJIEHUX OBYUCJIEHD

APPLICATION OF FINE-GRAINED PARALLELISM FOR INCREASING
THE EFFICIENCY OF PARALLEL AND DISTRIBUTED COMPUTING

B crarti HaBOIATHCS pe3yNbTaTH JOCTIIKEHh MOXKIMBOCTI TiABHIIEHHS edek-
TUBHOCT1 OOYHUCIIEHb B 0araTos/IEPHUX KOMIT IOTEPHUX CHCTEMaX 3a PaXyHOK 3aCTOCY-
BaHHS IP1OHO3EPHUCTOTO MapaleizMy SIK OKPEMO, TaK 1 B CKJIaJl CEPeTHhO3EPHUCTOTO
napasenizmy.
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The paper deals with the issues of increasing the efficiency of computations in
multi-core computer systems due to the application of fine-grained parallelism,
separately or as part of middle-grained parallelism.
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AKTYyaJIbHiCTh TeMH JociaifkeHHs. Ha gaHomy erami po3BUTKY OOYHCIIO-
BaJIbHOT TE€XHIKH, KOJHM MUTAHHS >KOPCTKOI 0OMEKEHOCTI IOCTYITHUX anapaTHUX pecy-
pCiB HE CTOITh HACTUIBKM TOCTPO, OJHUM 3 HAWBaXUIMBIIIMX IMOKAa3HUKIB, SKUAN
BU3HAuUa€e e(PeKTUBHICTh POOOTH KOHKPETHOI OOYMCIIOBAILHOT CUCTEMH, € 4ac, KU
OyJle BUTpAYeHO JAaHOK0 CHCTEMOIO Ha PIIICHHS HEI0 KOHKPETHOI 3amavi. MiHIMiZaIls
YacoOBHMX 3aTpaT Ha OOYHMCIICHHS € BaXKJIUBUM IMHUTAHHSM, JI0 SIKOTO CIPSIMOBaHUI
3HaYHUHN 1HTEepec SIK HAyKOBOTO TOBApHCTBA, Tak 1 Oi13Hecy. OJHUM 3 NUISAXIB, SKUI
JI03BOJISIE€ TOCATTH 3HAYHUX CKOPOYEHBb YaCOBHX 3aTpaT € OpraHizallis mapaielbHUX Ta
PO3MOJIIIICHUX OOYUCIIEeHb. | OJHUMHU 3 KIIIOUOBHUX MHUTaHb, SIKI BUPINIYIOTHCS MPHU
IIbOMY, € BHOIP 36pHUCTOCTI Mapajei3My, OCKUTBKHA 3aCTOCYBaHHS IMapajeii3My Tiel
Y 1HIIO1 3€PHUCTOCTI MOKE€ BHKa3aTH 3HAYHUH BIUIMB Ha €(PEKTUBHICTH PI3HOMAHIT-
HUX 00YHMCIICHB, Ta BUOIp 3ac001B OpraHizallii mapaneiizmy.

ITocTanoBka npodJemu. B HaiinmomynspHimux 3aco0ax oprafizarii mapaneib-
HUX Ta PO3MOIIICHUX OOYMCIICHb, HAPSY 3 TPAAUIIIHHUMU MEXaHI3MaMM OpraHi3arlii
MOTOKIB, TUIBKHA BIJHOCHO HEIIOJABHO 3’SIBUJIMCh HAMIMHI 3aCO0M MATPUMKH JIpio-
HO3EPHHUCTOTO TMapaenizMy. ToMmy BIJICYTHI TMOPIBHSJIBHI JOCIHIDKEHHS TpoOIeMu
BUOOPY MapajenizMy TOr0 M 1HIIIOTO CTYNEHIO 36pPHUCTOCTI JIJIsl BUPIIICHHS KOHKPET-
HUX MaTeMaTHUYHHX 3a7ad4, sIKI MOTPeOyIOTh 3HAYHUX 00UYHCIIEHb, a TAKOX 3ac001B, SKi
peaizyroTh mapajesnizm.

AHAJI3 0CTaHHIX J0CJTiKeHb i my6aikaniii. [IpoTsrom octaHHIX pOKiB 3’sBIIsI€-
ThCS BCE OLIBINE CTATEH MPHUCBSYEHUX Tapajelli3My pI3HOTO CTYIIEHIO 3€PHUCTOCTI.
[Ipote migxoau JIst 3aCTOCYBaHHS APIOHO3EPHUCTOrO NMapayieii3My Bce 1€ HeI0CTaTHbO
BHBYECHI.

BugineHHs1 HeZOCJiIKEeHUX 4YAaCTHMH 3arajbHoi mnpobugemu. Jlana crarrts
NPUCBSYCHA BUBUYCHHIO, MOPIBHSAHHIO Ta aHANI3y MUTaHb €()eKTUBHOCTI 3aCTOCYBAHHS
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napasesnizMy pi3HOTO CTYIEHIO 3€pHHUCTOCTI, OPraHi30BaHOTO Pi3HUMHU 3aco0aMu Mpu
3aCTOCYBaHHI HOro B 0araTtosIepHUX KOMIT'FOTEPHHUX CHUCTeMaX. TakoK MPOBOIUTHCS
JOCTIHKeHHST €(DEeKTUBHOCTI BJIACHOTO 3alpOIMOHOBAHOTO IMiAXO0Ty KOMOIHOBAHOTO
napajenizMy s OpraHizaulii mapajelbHUX Ta PO3MOJIUICHUX OOYMCIIEHb, SKUN
IPYHTYETHCSI Ha OJHOYACHOMY 3acTOCYBaHHI (KOMOIHYBaHHI) CepeJHbO- Ta
JPp1OHO3EPHHUCTOTO Mapaieii3my.

IMocTanoBka 3aBAaHHsl. 3aBaHHSIM € pO3pOOKa MAKETy MPOorpam Jjisi MaTpud-
HUX omneparii 3 BuKopuctanusaMm 6i6mioreku OpenMP, mos C# ta Java. Koxny onepa-
IO pealli3yBaTu y BUMIsAAl 4oTHpboX nporpam [11-114. B nporpami I11 Buxopucraru
TPAIUIIMHUNA MiAXiJ, SKUH O0a3yeTbCsi Ha MPOrpaMyBaHHI JIEKUIBKOX IOTOKIB Ta
HU3bKOPIBHEBUX NMPUMITUBIB iX B3a€MOJII (CEpeHbO3EPHUCTUIN MapaesizM), B Mpor-
pami I12 — 3acTocyBaru nuiie po3napajieIroBaHHI 0OUMCIIOBATLHUX UKIIIB (ApiOHO-
3epHUCTUH Tapaiieniam), B mporpami [13 — opranizyBatu po3napayietoBaHHs Ha JEKi-
JbKa TOTOKIB, B KOKHOMY 3 SIKHX IMPOBECTH pPO3MapajellfoBaHHS OO0YMCIIOBAIILHUX
UKJIiB (KoMOiHOBaHM napaneni3m). [Iporpama [14 moBuHHA SBIATH COOOIO MOCIIJIO-
BHY peaJizallito, HeOOXiHY JIUIs po3paxyHKy KoedimieHTiB mpuckopeHHs nporpam [11-
I13. TIpoBecTu TecTyBaHHS PO3POOJIEHUX MPOTPaM.

AHaJi3 3ac06iB peaJiizamnii. 3aco0u peaizaiii ApiOHO3EPHUCTOTO TapaeizMy
peanizoBaHo B 6i0miorerii OpenMP Ta moBax Java 1 C# [1- 4].

bi6bmioreka OpenMP. [IpiOHO3epHUCTHII TIapaieni3M MpeCTaBICHUN CIeliaib-
HOI0 JIMPEKTUBOIO Tpemnporiecopy #pragma omp parallel for, ska BimHOCHUTBCS 1O
JMPEKTHUB po3iieHHs pobotu (work-sharing directive). Taki TUpeKTUBHU 3aCTOCOBYIOTHCS
HE JUTS NapajiebHOr0 BUKOHAHHS KOJY, a JUIs JIOTTYHOTO PO3MOJILTY TPYIH MOTOKIB, 1100
peari3yBaTd BKaszaHI KOHCTPYKII Kepyrouoi Jsorikd. JlupektuBa #pragma omp for
TIOBIJIOMJISIE, 110 TIPU BUKOHAHHI IIUKITY B TAPAJIETIbHOMY PEXHMI iTepallii HIUKITy TOBUHHI
OyTH PO3IO/IIEH] MiXK IPYMOI0 MOTOKIB. B3aeMo/1isi MOTOKIB 3A1HCHIOETHCS Yepe3 HESBHY
0ap’epHy CUHXPOHI3AIIiI0 B KIHII KOXKHOTO OJIOKY #pragma omp for.

Moga Java. Po3poOHHKaM TpPOIMOHYEThCS HAA3BUYAMHO THYUYKI Ta IMOTYXKHI
3aco0u peanizarlii ApiOHO3EPHUCTOrO Tapayesi3My, B OCHOBY SIKHX ITOKJIaJIEHO TaK
mexani3Mm «Fork-Joiny. 3a ¢akTuuHy peanizaifito bOoro MexaHi3my B Java oOpaHo pe-
KYPCUBHHI aJITOPUTM, poOOTa SKOTO TMOJIATAE B HACTYITHOMY:

1. 3piiicHIOETBCS TTepeBipKa MOXKIIMBOCTI PO3MOIUTY I JAHOTO MTOTOKY Ha JBi
MEHIII 3aJ1a4i;

2. Sxmo mepeBipka ycIimiHA, TO BUKOHYeThbes pos3noain (Fork), mursxom
CTBOPEHHSI HOBHX IOTOKIB JIJIsl KOXHOI HOBOi 3a1ayi. B K0)XHOMY HOBOMY IMOTOKY
QITOPUTM MOYMHAETHCS 3aHOBO. [1OTiK, sIKMW BUKOHAB PO3MOJLT OJIOKYETHCS 10 THUX
mip, MOKK 0OMJIBa CTBOPEHI HUM MOTOKU HE 3aKiHYATh CBOIO POOOTY, a MiC/IsI BUKOHYE
OCTaTOYHHUM 301p pe3yabTary;

3. Sxmo mepeBipka HE YyCHimHA (JOCATHYTO MEX1 TakK 3BaHOr0 «3epHa
napayiesnizmMy»), TO BUKOHYIOThCS 3aJlaHi OOYMCIICHHS B IIbOMY ITOTOII1, IO 3aKIHYEHHIO
SIKUX BiJI0YBA€THCA 3’ €IHAHHS 3 TTOPOIUBIINM MOTOKOM (Join).

Taky peanizariiro MicTATh ABa Kinacu: RecursiveAction Ta RecursiveTask. ['omoBHa
PI3HUILIA MK HUMH TIOJISITA€ B TOMY, IO KOJIM HEOOXITHO MOpPaxyBaTH SIKECh KOHKPETHE
YHCIIOBE 3HAUEHHS TEBHOI BeIMKOi (PyHKIIT (HampuKiIaa CyMy €JIeMEHTIB BEKTOpa) TO
3py4Ho BukopucToByBatu RecursiveTask, a y Bumaaky 3araJibHUX omeparliid, pe3yib-
TaTOM pOOOTH SIKMX HE € KOHKPETHE 4HMCIlo, Kpalle BHKopuctath RecursiveAction.
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Hacmigyroun mani kjacum Ta ONMCABIIM BJIACHE TEPEBAHTAXXEHHS METOIY compute
PO3pOOHUK MOXKE HAJAIITYyBaTH POOOTY MiJ BHPIMICHHS KOHKPETHOI 3ajadi, L0 €
HaJ[3BUYAHO e()eKTHUBHUM.

Mogsa C#. B moBi C# Takox 3'iBUJIach MOXIIMBICTh peatizailii IpiOHO3epHUCTOTO
napanenizmy. Becb HeoOXiHUI 711 IIbOTO (PYHKITIOHAT BMICTHB B ce0€ CTaTMYHMM KJlac
System.Threading. Tasks.Parallel, a came tpu #ioro ocHoBHi Meromu Parallel.For(),
Parallel.ForEach(), Parallel.Invoke() Ta pi3ni ix nepeBantaxenns. Parallel.For Ta
Parallel. ForEach 3a0e3neuytorh mnapanenbHe BuKOHaHHS wuKkmiB for Ta foreach
BIMOBIIHO. B OCHOBY KOKHOTO 31 3raIaHUX METO/IIB IMOKJIAJICHO MEXaH13M, aHAJIOTIYHUN
TOMY, SIKMA 3aCTOCOBYEThCSI B MOBI Java. Ajie mpu IbOMY HOTO 3HAYHO CIIPOIIEHO
IUISIXOM 3aCTOCYBAaHHSI MEXaHI3MY JIeJIeTYBaHHsI Ta BAKOPUCTAHHSM aHOHIMHUX METOJIIB.

KombinoBanuii napaJnei3zm. 3anponoHoBanuii B poOoTi miaxia 6a3yerbest Ha
BUKOPUCTAHHI B TMapalieJIbHOI MporpaMi JBOX BHJIB Mapalieli3zMy: cepeIHbO3epHUC-
TOTO 1 JpidHO3epHHCTOrO. [IpH 1IbOMY MapasiensHa MporpaMa BKIIOYAE HAOIp Tpau-
iHUX MOTOKIB 1Mo KibkocTi smep BKC. KoxeH 3 1ux MOTOKIB JOJATKOBO peasizye
BHYTPIIIHIA (IpiOHO3EPHUCTHI) Mapaieni3M MUISIXOM CTBOPEHHS IMIANOTOKIB 3a
JIOTIOMOTOT0 BiJIMOBiHMX 3ac00iB Tuiy Fork-Join. [TouaTkoBa KUNBKICTh TPaAUIIIHHAX
MOTOKIB MOKE€ 3MEHIITYBATHUCS 3 METOIO 3a0€3MeUeHHS IPIOHO3EPHUCTOTO Mapasenizmy
BUTLHUMU MTPOLIECOPHUMHU PECYPCAMHU.

PesyabTaTin TectyBaHHs. TectyBanHs mnporpam mnpoBoauioch Ha KC,
OCHAIIIEHOI0 TecTusiiepHuM mporecopoMm AMD Phenom II ta mogynem O3V o6'emom
4 T'b tuny DDR3. Ilporpamue 3abesneueHHs: omepariiiHa cuctema Windows 7,
616miorexa OpenMP 3.1, BiptyneHa mamaa JVM 1.8, NET Framework 4.7.

B Tabnuii 1 HaBeneHi oTpuMaHi pe3yJIbTaTy TECTYBaHHs MapajelibHUX Mporpam
JUIS oTiepallii MHOXXESHHS MaTPHUIlb JJIsl pI3HUX 3Ha4eHb N (PO3MIPHICTh MAaTPHIIb).

Tabnuys 1
Pe3yibTaTi TecTyBaHHS MapaJiesii3My Pi3HOI0 CTYNEHI0 3¢ePHUCTOCTI
Yac BUKOHaAHHA (CeK.)

N CepenHsi 3epHUCTICTH JpiOHa 3epHUCTICTH 3MinmaHa 3epHUCTICTH

OpenMP | Java C# | OpenMP | Java C# | OpenMP | Java C#

516 1.7 0.2 1.2 1.6 0.2 1.1 1.5 0.2 1.1

1032 13.3 3.3 9.8 12.8 2.9 9.8 12.4 3.1 9.5
1548 46.7 14.0 | 35.6 45.9 12.1 34.1 449 13.0 | 33.8
2064 111.7 38.5 79.8 110.8 33.5 78.1 108.1 35.5 74.8

Ha pucynkax 1-3 300pakeHO rpadiku, sKi JI€MOHCTPYIOTh BHUSBIICHY 3aJICKHICTh
koedimienTiB mpuckopenns (Kim) Bix 3HaueHs N, A7 BCIX TPbOX PIBHIB MapajeizMy.
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Puc. 1. I'padix 3anexnocti K Bin N. bibmioreka OpenMP
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Puc.3. I'padik 3anexxnocti K Bix N. MoBa C#

OkpiM TOTO, TOAATKOBO OYJIO MPOBEACHO OKpeMe, OLIBII JIeTaabHe TECTYBaHHS
NpiOHO3EPHUCTOTO MapayienizMy, 3 METOI0 BUSBIECHHS NUIAXIB MiJBUIIEHHS WHOTO
edexktuBHOCTI. Ha 1mboMy erarmi TecTyBajucs Ti IPOrpaMu 13 po3poOIeHOro Makery,
sK1 OyJIM HamMcaHi 3 BUKOPUCTAHHAM JIUIIE JIPIOHO3epHUCTOrO mapanenizmy. [IpoBo-
e 0aratopasoBi 3aMipy 4acy BHUKOHAHHSI Omepallii MHOXKEHHSI JIBOX MAaTpHIlh
posmipaicTio 1500*1500 enementiB. [lepeBipsiacs 3ajie)HICTh YaCy BUKOHAHHS BiJl
KUIBKOCTI MpOTrpaMHO-peanizoBaHuX MOTOKIB. Ha pucynky 4 HaBeneHo rpadik, SKHi
JEMOHCTPY€ BUSIBJIICHY 3aJICKHICTh Yacy poOOTH Bia KUIbKOCTI ToTokiB (P). JleranbHi
pe3yabTaTH HaBeJCHO B TabmIuII 2.

Tabnuys 2
Pe3yabTaT TeCTyBaHHSA APiOHO3EPHUCTOrO NMapaJiesiizMmy
KinbkicTh Yac BUKOHAHHS (CEK.)

NOTOKIB C# OpenMP Java
2 71.309 133.944 29.67
3 55.1 101.41 24.12
4 42.099 77.393 16.894
5 37.202 60.942 14.167
6 34.222 47.532 13.101
10 34.113 45.551 12.24
12 32.841 45.117 12.485
15 31.405 44.37 11.195
20 30.404 44.33 9.899
25 30.511 43.101 9.636
30 28.329 41.9 9.211
50 27.683 40.88 9.5
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Puc. 4. J[IpibHO3epHUCTUI MapalleNizM.
I'padik 3anexHocTi yacy poOOTH Bii KUTBKOCT1 IOTOKIB

BucnoBku. Pe3ynbTaTi TecTyBaHHS IMOKa3ald €PEKTUBHICTH OaraTosIepHUX
KOMIT FOTEPHUX CHUCTEM IIPU pealtizailii pillleHHS PO3MVISHYTOI MaTEeMaTHYHOI 3a1adi
3acobamu MoB JavaiC# ta 6i6miotexku OpenMP. [lpu mboMy MOXKIMBE CKOPOYECHHS
yacy BHUKOHAaHHS MpOrpaM TMpU 3aCTOCYBaHHI Mapanenizmy OyAb-sIKOTO CTYIICHIO
3epHucTOCTI (3HaueHHs K nexars B Mexxax 4.5-5.5). Haiikpamuii pe3ynbrar 1o yacy
BUKOHAHHS MPOTPaMH OTPUMAHO JUis MOBHU Java.

CepeHbO3EpHUCTHI IMapajei3M I0Ka3aB JI0CTaTHIO e(EeKTHBHICTh, aje MaB
Halripmmii pesynbrar. [Ipy 1boMy NpUCKOpeHHs, AocarHyte 3acobamu OpenMP
MOCTIMHO 3pOCTa€ 31 30UIbIIEHHAM 00CsATY 00pOOIIIOBaHUX JIaHUX, a 3aco0amu Java Ta
C# 3anuimiaerbcs NPUOIM3HO HA OJJTHOMY 1 TOMY K PIBHI.

3actocyBaHHS JpiOHO3EPHUCTOTO Mapaiei3My TaKoK BUSIBUIOCSA €EKTUBHUM,
B 1[bOMY BHMaJKy KOE(IllIEHT MPHUCKOPEHHS CTAaOUIbHO 3pocTae 31 301IbIICHHIM
o0csry 00poOmoBanux AaHux. HaiOinem edeKTUBHUM I[el TUIl TapalenizMy
BUSBUBCA B MOBI Java, 3aBISKU TOTYXKHOMY MeXaHi3my miarpumku fork-join.

OxpiM TOTO, TMpOBEIEHE T0JAaTKOBE TECTYBAHHS APIOHO3EPHUCTOTO IMapaie-
Ji3My BHUSIBIIIO CIIaJal0uy €KCIOHEHINIAIbHY 3aJIeXKHICTh MK KIJTBKICTIO IMOTOKIB, SK1
JI03BOJIGHO CTBOPHUTH TpOrpami, Ta 4acoM ii poOoTH. ['0IOBHOIO MPUYMHOIO IHOTO €
Te, 110 YUM OUIbIIIA KUIBKICTh MOTOKIB, THM OLIbIIIE BiJ HUX 3BEPHEHb JO CHIIBHUX
pecypciB, 110 MPU3BOJUTH 10 3HAYHMUX MPOCTOIB BHACIIAOK BUPIIICHHS 3aadl B3ae-
MHOTO BUKJIOUeHHS. OnTUMaibHa KUTBKICTh IOTOKIB IPIOHO3EPHUCTOTO Mapasenizmy,
HE3aJIeKHO BiJ TOTO, SKMMH 3aco0aMu oro Oylio OpraHi30BaHO, JIEKUTh B MEKax
Big 5 mo 20.

3anmporoHOBaHUM B pOOOTI MIJXiA, SKUW TIPYHTYEThCA HA KOMOIHOBaAaHOMY
napaesni3zmi, MokKa3aB CBOIO €(EKTHUBHICTh 1 J03BOMIB 30utbmuTH K mpu BHKO-
puctanHi B MoBi C# Ta 616mioTerti OpenMP. Ilpu 1ipomMy criocTepiraeTbCs 3pOCTaHHS
Kn nmpu 301mbp1ieHHi 06csry oOpoOIOBaHUX AaHUX, IO € OJHUM 3 HaWBaXIIMBIIIHUX
apryMEeHTIB JOLIBHOCTI 3aCTOCYBaHHs JaHoro miaxoay B BKC.

MoskHa TPUIMYCTUTH, 1110 €(EeKTUBHICTh BUKOPUCTAHHS KOMOIHOBAHOIO Mapa-
Jemi3My OyJie 301TbIIyBaTHCs TIPH 3pocTadHi KimbkocTi siaep B BKC, e :

- 3’IBIIATHCS JOJATKOB1 TPOLIECOPHI PeCypcH Il HOro peaizariii;

- MO’KHA 3MEHIITUTH PO3MIp APiOHOT 36pHUCTOCTI

- MOJKHA 3HAUTH OITHUMAJIbHE CIIIBBIJHOIIEHHS MIX KUIBKICTIO ITOTOKIB 1
M IOTOKIB.
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Kpim toro, edexkruBHicTh peanizanii komOiHOBaHOTO mapaienizMmy B OpenMP
MO>KHA TOKPAIUTH LUIIXOM OUTbII e(pEeKTHBHOI peasizalii MOTY>KHOIO MEXaHI3MY
YIOPaBIiHHSA MIANOTOKAMHU, IO 3aKJIaJeHUi B O10J10TeIl, aHAIOTIYHO TOMY, SIK IIe
3pobraeno B mozeni Fork-Join.

Takum dYHHOM, MOXKHA CTBEpKYBaTH IO 3aCTOCYBaHHA KOMOIHOBaHOIO
napasesnizMy B OUTBIIOCTI BUMAAKIB € e()eKTUBHUM MiIXOJ0M JI0 peaiizamii 00’ eMHUX
napasenbHuX 00YMCiIeHb Ha 0araTosiIEpHUX KOMIT IOTEPHUX CUCTEMaXx.
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Demchyk Valerii, Korochkin Aleksandr

APPLICATION OF FINE-GRAINED PARALLELISM FOR INCREASING
THE EFFICIENCY OF PARALLEL AND DISTRIBUTED COMPUTING

Relevance of the research. Solving the issue of organizing efficient parallel
and distributed computing is one of the key stages in designing modern software for
multi-core computer systems. At the same time, one of the key points in the solution of
this issue is the choice of the grains of the applied parallelism, which can have a
significant impact on the time of work.

Target setting. The lack of comparative studies on selection of a parallelism
degree of granularity to solve specific mathematical problems that require significant
computation, and tools that implement parallelism.

Actual scientific researches and issues analysis. In recent years, there are
more articles devoted to the parallelism of varying degrees of graininess. However,
approaches to apply fine-grained parallelism is still not well understood.

Uninvestigated parts of general matters defining. This article is devoted to
the comparison and analysis of the issues of the efficiency of the application of
parallelism of different degrees of grains, organized by various means when applied to
multicore computer systems. The research of the effectiveness of the proposed
proposed approach of combined parallelism is also being conducted.

The research objective. The task is to develop a package of programs for
matrix operations using the OpenMP library, the C # languages and Java, to implement
each operation in several variants, using a parallelism of varying degrees of grainy.
Conduct testing of developed programs.

The statement of basic materials. The comparative characteristic of the main
means of organizing parallelism of different degree of grains is carried out. The
description of its own proposed type of parallelism is given. Testing of programs for
parallel computer systems with application of different granularity of parallelism is
carried out.

Conclusions. The application of fine-grained parallelism proved to be the most
effective approach to the organization of parallel computing. The approach suggested
in the work has shown its efficiency and permissions to increase the acceleration
factor. At the same time there is an increase in speedup coefficient with an increase in
the volume of processed data, which is one of the most important arguments of the
expediency of this approach in multi-core systems.
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