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PA3PABOTKA ITIPOT'PAMMHO-MATEMATHYECKOI'O OBECIIEYEHMS JUISI TIAPAJUIEJIBHOM
OBPABOTKH PA3PEXKEHHBIX MATPHUIL C IOMOIIBIO TEXHOJIOI'N OPENMP

Pa6oTa mocBsiieHa napauieIbHOMY BBIYHCIICHHIO Pa3peKEeHHBIX MAaTpUll. B xozxe paboThl OBUIH CIIPOSKTUPOBAHBI U ONTUMU3HPOBAHBI C ITOMOIIBIO
sI3bIKa TIporpaMmupoBanus C alropuTMel s paboThl ¢ Pa3peKeHHBIMH MATPUIIAMHU UL CIETYIONINX OIepaluii: TPaHCIIOHHUPOBAaHUE, YMHOKEHHUE
Pa3peXeHHBIX MaTPUIl, YMHOXKCHHE Pa3peKeHHOI MaTpPHIIbI Ha IUIOTHBII BEKTOP, CIOXKEHHE Pa3pekeHHBIX MaTpull. JIs XpaHeHHs JaHHBIX pa3pabo-
TaH TUOKHUI aJrOpUTM, KOTOPBIH NPUMEHseT HanOoJee ONTHMAIBHBIA BAPDUAHT XPAHEHHs Ul KOHKPETHOIO TUIIA ONepanyid. bbuin npuMeHeHs! mpo-
LeaypHl BbIAEIeHUs INIOTHBIX IOIMATPHUIL B Pa3peKEHHBIX MaTpUIax. [ yckopeHus paboThl IPOrpaMMbl UCIIONB3YETCs TEXHOJIOTHs NapauleIbHO-
ro Berauciaenus OpenMP, koTopast aeT BO3MOXKHOCTb Ha alllapaTHOM YPOBHE MHHHMH3HPOBATh PECYPCHI H BPEMSI BHIIOTHEHHUS.

KuioueBble ci10Ba: pa3pexeHHble MATPULBL, GOPMAT CIs, ONepaliiy HaJl pa3pe)KeHHBIMU MaTPULIAMH, TTapajliebHas peaau3anys, openmp.

Po6ota mprcBsiueHa mapanenbHOMy OOYHCICHHIO PO3PiMKEHHX MaTpHlb. B xomi po6oTu Oyiau CpoeKToBaHi i ONTHMI30BaHi 332 JOIOMOTOI0 MOBU
nporpamyBants C aaroputmu uist poOOTH 3 PO3PIIKEHIMH MATPUISIMK [T HACTYITHUX OIEPALliil: TPAHCIIOHYBAHHS, MHOXCHHS PO3DPIUKCHUX MaT-
PHIIb, MHOXKEHHS PO3Di/KEHIil MaTpHIli Ha IIIIBHUI BEKTOP, JOAABAHHS PO3PLLKEHUX MaTpHIb. J{jist 30epiraHHs JaHUX PO3pOOIICHHH THYYKHIT alro-
PHTM, SIKUi 3aCTOCOBY€ HAMOLIBII ONTHMAIBbHOI BapiaHT 30€pEeKEeHHs I KOHKPETHOTO THILy omepawiid. Byian 3acTocoBaHi mpouenypy BUIiTCHHS
LIIBHUX HiIMATPULb B PO3PIIKEHUX MaTpULsX. {18 MPUCKOpEHHST POOOTH MPOrpaMH BUKOPUCTOBYETHCS TEXHOJOTIS MapajelbHOro OOYHCIEHHS
OpenMP, sika jae MOJKIIMBICT Ha allapaTHOMY PiBHI MiHIMI3yBaTH pecypcH i 4ac BUKOHAHHSL.

KuiouoBi ciioBa: po3pimkeni Matpui, popmart crs, oneparii Ha/l po3piHKeHUMH MAaTPHIUIMHE, MapajeibHa peaisaris, openmp.

The work is dedicated to parallel computing sparse matrices. The work has been designed and optimized using the C programming language algo-
rithms for working with sparse matrices for the following operations: transposition, multiplication of sparse matrices and sparse matrix multiplication
on a tight vector addition of sparse matrices. For data storage it developed a flexible algorithm that uses the most appropriate option to save for a spe-
cific type of operation. Selection procedures were applied in dense submatrices sparse matrices. To speed up the program using parallel computing

technology OpenMP, which makes it possible to minimize the hardware resources and execution time.
Keywords: sparse matrices, crs format operations on sparse matrices, parallel implementation, openmp.

Beenenue. Bynem paccmarpuBaTth IpOW3BOJIBHBIE
paspekeHHble MaTpHIBl (sparse matrix). PaspexeHHas
MaTpHIa OIpeneNseTcss KaKk MaTpUIla C MPEUMYIECTBEH-
HO HyJNEBBIMH 3ieMeHTaMu. Cpenu CHeNuanucTOB HET
€ANHCTBA B OINPCIACICHUU TOT'O0, KAKO€ MMEHHO KOJIUYEC-
CTBO HEHYJIEBBIX 3JIEMEHTOB JIEJIAET MATPHUILYy Pa3peKeH-
HOW. OHMM U3 BO3MOXKHBIX BapUAHTOB I MXN MaTPHIL
siBIIsieTCsl o(m*n) HEHYJIEBBIX DJIEMEHTOB.

Meroasl XpaHeHUs: W OOpabOTKH pa3peEHHBIX
MaTpHIl B TEUCHHE MOCIEIHUX ACCATWIETHH BBI3BIBAIOT
HMHTEpeC y MIUPOKOro Kpyra ucciueposareneit [1-4]. B xo-
e paboTel OBUIO pPa3pabOTaHO TPOTrPaMMHO-MaTeMa-
THYECKOe oOecredeHne Al padoThl ¢ OCHOBHBIMH OIle-
panusMH C pa3peKCHHBIMH MAaTPUIAMH M TPHUMEHEHBI
THOKHE MPOLEAYPH! BBIACICHUS IUIOTHBIX MATpHIl C Iie-
JIbIO TTOBBIMICHUSA IMPOU3BOAUTCIBHOCTH pa3pa6OTaHHOFO
HNPOTrPaMMHOT0 00ECICYCHUSI.

B kauecTBe MporpaMMHOTO CpeIICTBa JUIsl pacriapali-
JIENMBAHUSI U YCKOPEHHUSI TMPOTrPaMMHOr0 oOecredeHHs
ucnoib3yercs Texnosnorust OpenMP.

Leabr u 3apaum ucciaenoBanusi. Kayectse mcxon-
HOW KOHGUrypamuu OyneM paccMaTpuBaTh IPOU3BOIIb-
HYI0 paspexeHHyro Marpuiy A™" = ||A;jl| (Boobie roso-
ps M HE paBHO N) JIEMEHTHI KOTOPOI MPEACTABISIOT CO-
6oit amementsl MHOXecTBa {0,1}. Ecim wmHTepmpeTHpo-
BaTh MAaTPUIly KaK MAaTpHIly «CYOBEKTHI-OOBEKTBD», TO
MHOecTBO U (MHOXECTBO CTPOK MaTpHIIBI) OyAET mpe-
CTaBJIATh COOOM MHOXXECTBO CYOBEKTOB R MHOMXECTBO -
MHOXXECTBO 00BEKTOB.

Kak npaBuiio, HeHyJeBbIe 3JEMEHThI HE 00pa3yroT
YETKOW CTPYKTYphl M MpPEACTAaBISIOT CO0OH CirydailHO
pasbpocanHble TOukd. OIHAKO, BO3MOXKHO CYIIECTBYIOT
TaKKe MEPEeCTaHOBKU CTPOK {Ui1, Uiz, .. , Uim} U CTOIOLOB
{rj1, T2, ... , Fjn} UCXOXHON MATPULBI, YTO IOAMHOMKECTBA
€/IMHUYHBIX 3JIEMEHTOB OYIyT 0Opa30oBBIBaTh CIyLICHUS
HEKOTOpoil opmbl. Ha30BEM 3KBUBaJIEHTHBIMH TTpEOOpa-
30BaHMSIMHM MAaTPHIBI TTOJCTAHOBKH MeCTaMH €€ CTPOK
WJIH CTOJIOIOB.

Henp manHOM paOOTHI COCTOUT B pa3pabOTKe M aHa-
JU3e aNrOpUTMOB TapaiUIebHON 00paboTKe pas3pexeH-
HBIX MATpHII, a TAaKXKe HCCICIOBAHNE METOHOB, KOTOpPEIE
SKBHUBAJICHTHBIMH IPEOOPa30BaHUAMHU NEPEMEIIAI0T €I~
HUYHBIE DJIEMEHTHI TaK, YTOObI CHOpMHPOBATH HEKOTO-
pble KOHPUTYpaAllMU U3 €IMHUYHBIX JJIEMEHTOB, KOTOpPbIE
OyayT 00pa3oBbIBATh KIJIOTHBIE) MOJAMATPHIIBL.

®opmaTt xpaHeHus AaHHbIX. /s XpaHeHus pas-
peKeHHOU MaTpulpl B pabote OyneT MPUMEHATHCS IUPO-
KO paclpoCTpaHCHHBIH Qopmar mojx Ha3BanuemM CSR
(Compressed Sparse Rows) um CRS (Compressed Row
Storage), KOTOpBIH HCTONB3yeT TpH MaccuBa. llepBblid
MACCHB XPaHHUT 3HAYCHUS JIEMEHTOB ITIOCTPOYHO (CTPOKH
paccMaTpUBalOTCs 10 TOPSIKY CBEPXY BHHU3), BTOPOH —
HOMEpa CTOJIOIOB MJIsl KaXIOTO JJIEMEHTAa, a TPEeTHUH —
WHJIEKCHI TIEPBBIX AIEMEHTOB KaXKA0H CTPOKH.

OneHuM 00bEM MaMSTH, HEOOXOAMMBIN ISl XpaHEHHs
paspexxerHoit Matpuiisl B opmare CRS: M = 8 NZ + 4
NZ+4(N+1)=12NZ+4N+4.

[Tpumep nzobpaxeH Ha puc. 1.

Matpuna A
1 2 ‘1 2 3‘4‘8‘5‘7‘1‘6‘
314 AValue
8 5 ‘0‘423‘3‘5‘125‘
A.Col
7|1 6
‘0 2 4‘4‘6‘6‘9‘
A Rowlndex

Puc. 1 — ®opmar CRS
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I'enepanusa MoaeabHbIX JaHHBIX. {715 mpoBeaeHNS
SKCIIEPUMEHTOB OBUT HAmMCaH TEeHepPaTop MOJCIBHBIX
JaHHBIX, paboTa KOTOPOro 3aK/II0YaeTcsi B CIIENYIOLIEM:
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TeHEePHUPYIOTCS CITydailHble pa3peKEHHbIE MAaTpPHUIBI CO
CTYIICHUSIMH, Pa3Mephl KOTOPBIX M M N JIeXaT B HEKOTO-
POM AMama3oHe.
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Puc. 2 — Ilpumep creHepupOBaHHOM pa3peKeHHOW MaTPHIIBI C ABYMS CTYLICHUSAMH IOCHE TPETHETO U YeTBEPTOTO
aTanoB (MaTpuubl A u B)

l'enepanusi ocyuiecTBisieTcss cienylonei mocieno-
BaTEIbHOCTHIO IEHCTBHIA:

® CrCHEpPHPOBATH  MATPHIy C  PaBHOMEPHO
pacnpenenéHHBIMI HEHYJIEBBIMHU 3JICMEHTAM,

e BHIOpaTh HECKONBKO CIYYaWHBIX IIOAMATPHI
pa3Mepbl, KOTOPBIX JIE)KaT B HEKOTOPOM [HAIIa30HE; IPU
STOM TOPSIIOK pa3MEepoB MOAMATPHIl MEHBIIE MOpsAAKa

MaTpHIlB], HAIPAMEP O(\/ n) WIH O(n”) ,TIe a<l—¢,

rae € >0 - HeKOTOpBIi MopoT;

® 3alOJIHUTH JIAHHBIC MOJMATPUIIBI HEKOTOPHIM
KOJIMYECTBOM €JIMHUI[, 3aIlOJIHEHHE MOXHO BECTH IO
OIpeZIeIEHHOMY 3aKOHY C OIpEAEIEHHOH CTeNeHbIo
WHTEHCHBHOCTH  3allOJIHEHWsT  (HampuMmep,  MOXKHO
WCIIONIB30BATh aJITOPUTMBI AUCKPETH3ALUH N300pakeHHH
(bpezerxama u ap.), [7] (oOo3HaumM: A - MaTpuIa,
MOJTy4EHHAsl Ha IaHHOM JTare);

® OCYIIECTBHTH OONBLIOE CIYYalHBIX YHCIO
pAHCTIO3WIIMIA CTPOK M CTONOmOB (0003HaumM: B -
MaTpula, NOJTyYeHHAast HA JAHHOM JTare).

[Tpumep renepaiii MaTpUIlbl NPEJICTABICH HA PUC.
2. DNeMeHTHI, IPUHAIJICKAIINE PAa3HbIM CTYIIEHHUSIM, BU-
3yaJIM3UpOBaHbl pa3HbIMH LBeTaMu. 11lyMOBBIE 21eMeHTBI
BU3YaJM3MPOBAaHbl 3€NEHBIM LBETOM. PasMep Marpwuiibl
153 x 112, yncia0 HEHyNEBBIX JIEMEHTOB — 233 .
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AJTOPUTM BBIIeJIeHHs] MJIOTHBIX Matpul. Wnes
JAHHOTO AJTOPUTMA BBIACIICHUSI CTYIICHUN 3aKITIOYaeTCs
B TOM, YTOOBI cOOpaTh HEHYJIEBBIC PIEMEHTHI KaK MOJKHO
Ommke K TIaBHOM QuaroHand. BBeméM Marpuily BecoB
anementoB W ™. 3amaguM 3HAYCHUE DIIEMEHTOB TAKHM
00pa3oM, 4TOOBI OHHM BO3pACTaJH 110 Mepe yTaJIEHHUs OT
IJaBHOH JuaroHanu (Hampumep, JIMHEHHo, a; = K|i| , nnu
SKCIIOHEHUHUAIILHO, a; = all , Ipu4éM mojokuM ag = 0),
Marpuia B. YMHOXHUM nosnemeHTHO Matpuily B Ha mat-
puty W, mpocyMMUpPYEM BCE JIEMEHThI TEKYILEH MaTpu-
IbI, TIOJIyYUM BeC TEKyIleH KoH(urypamnuu. Takxke BBe-
néMm mepeMeHHyrO-cuéTunk k. Ha kaxkmom mare Oymem
TCHEPHUPOBAThH CIIYYalHYIO MEPECTAHOBKY U3 JBYX HOME-
POB CTPOK HITH CTOJIOIIOB.

Od4eBHIHO, YTO BeC OyJIET YMCHBIIATHCS B TOM CITy-
Yae, eCclM CAMHUYHBIC 3JIEMEHTHI OyIyT pacmojaraTbCs
OymKe K MEeHTPANBbHOW JUAarOHANA MaTpPHUIB. BO3MOXKHEI
HEKOTOpble MOAW(UKAIIMH MAaHHOTO AaJTrOpHUTMa, OCHO-
BAaHHBIC Ha llpyFI/IX METOodax FHO6aHI)HOI>’I OIITUMHU3AIIUN.
Ha puc. 3 mpuBeacHbI pe3ynbTaThl padOThI JaHHOTO ajl-
roputMa (BU3yaJH3HUPOBAHbI TOJIHKO MCXOIHAS M KOHEY-
Hasi MaTpuIlbl). Kak MOKHO 3aMETUTh U3 SKCIICPUMCHTOB,
CTYIICHUS TOIYyYaloTCs Ooyiee pa3peKCHHBbIC, YEM IPH
paboTe aropuTMOB, OCHOBAHHBIX Ha CXOJICTBE.
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Puc. 3 — Pe3ynbTar BbIIe/ICHUS TUIOTHBIX MaTPUIL
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YMHOKeHHs1 Pa3pe:KeHHOH MATPHIBI Ha pa3pe-
JKEHHYI0 MaTpHULy H HapajllejlbHasi peaju3anus.
IMyctes pano marpuna Apyg ¥ Matpuna Bgy. Pesynerar
yMHOkeHUs] MaTpuIia Cpy, UMEET NEMEHThI H300PaKEHBI
Ha (1).

q

Ci =D ayb,, =1 ..,pk=1..,r. (1)

i

Orta dopMyia BEIPRKAET INEMEHT Cik KaK CKaISIPHOE
mpousBeieHne i-i cTpoku A u k-ro cronbma B. OxHako,
ecnu B 3amana cTpouHbIM opMaToM, TO K ee cToia0naMu
HET npsMoro goctyna. OJHO BO3MOXKHOE PEIICHUE 3TON
mpoOIeMBl 3aKiTo4YaeTcss B TpancmonupoBanmu B. Torma
ypaBuenue (1) Oyner umers Bug (2).

q
Cy = jZ:l:aij (B )kj , (2)

U UCIIOJIb3YET TOJIBKO CTPOKH A U B".

VYuuteiBas, urto C xpanutcs B popmare CRS, BaxkHO
n30ekKaTh MepeyNnakoBoK. [IJis 3TOro HY»KHO 00ECICYUTh
morotHeHNe MaTpuisl C HEHyNEeBBIMH AIIEMEHTaMH TI0-
CJIEZIOBAaTENIFHO, TIO CTPOKaM - CJIE€Ba HAIpPaBO, CBEPXY
BHH3. HyxHO OpaTh THEpBYIO CTPOYKY MaTpumbl A U
YMHOXXaTh €€ TI00YepeHO Ha BCE CTONOIBI MaTpuubl B
(ctpoxn matpuisr BT). B stoM ciiydae obecrednBaeTcs
MOCTIeIOBATEIbHOE TOTIOTHEHNEe MaTpuIilsl C, 9TO MO3BO-
JIAET JOMMCHIBAThL dieMeHThl B MaccuBbl Values u Cols, a
Taxke popmupoBath Maccu Rowlndex.

AJITOPUTM YMHOXCHHUS Pa3peKCHHOW MAaTPHIIBI Ha
Pa3pEeKCHHYIO MATPHILY:

1. Cozmate 2 Bektopa (Value, Col) u maccus
RowlIndex mmuast N + 1 s coxpanenus matpuiis C.

2. TpaHCIOHUPOBATh MaTpHUILy B.

3. B uukie mo i or 0 mo N - 1 mepeOupaiite Bce
cTpoku Matpuiel A. J{ist kaxaoro i B nukiie 1o j ot 0 10
N - 1 mepebupaem Bce crpoku Marpuisl BT. Beraucnuts
CKaJISIpHOE TPOM3BEICHUE BEKTOPOB - CTpoK Al u Bj,
nycTb OHO paBHO V. Ecium V omimuHO OT Hyns, TO
nobasisieM B BekTop Value anement V, a B BekTop Col -
aeMeHT j. Ilpm OKOHYaHMM LUKNa IO j, KONUPYEeM
sHagenne RowlIndex [i + 1], 3ammcaB Tyma Tekymiee
3HAYCHHUE YUCIIa HEHYJICBBIX JICMEHTOB V.

PesysnbTaTbl ucciaegoBanus. [IpoBens skcnepu-
MEHTBI, WUCIOJB3Ys Ul BBIYMCICHHS MATPUIBl Pa3HOrO
HOpSAKAa U CpaBHUBAsL BPeMsl BBINOJIHEHHS PabOTHI MpPo-
rpaMMBl Ha 1 TOTOKe, Ha § MOTOKAaX M ¢ IOMOIIBI0 OHO-
suoreku MKL. Pe3ynbTarsl 3KCIEpUMEHTa IPUBEIEHBI
Ha puc. 1. u puc. 2.

IIpoaHanu3upoBaB MOJIYYEHHBIE DPE3YJIbTaThl IPH-
XO/UM K BBIBOAY, YTO Hallla peaju3anusi padoTaeT Mel-
JIEHHEee JUI MaTpHl, NopsAoK KoTopsix Menslie 20000, a
Mepexo/isl ATOT MOPSIOK WAET BBIUTPHIII BO BPEMEHHU IS
8 MOTOKOB.

BEIYHCITUTENIBHBIE IKCIICPUMEHTHI  MTPOBOIMIINCH C
UCIIOJNB30BaHHEM CIICAYIONINX WH(PACTPYKTYyp, XapakKTe-
PUCTHKH KOTOPBIX IIPUBEICHEI B Ta0I. 1. 1 Tabm. 2

Tabnmma 1 — TectoBas uappacTpykTypa Nel

Iporeccop Intel(K) core(TM) i7-3632QM CPU
@ 2.20Ghz
IMamsTh 8 Gb
TIporpammuast Visual Studio Premium 2012
cpena
oC Windows 8 x64

Pe3ynpTaThl paboTHl MporpamMMbl Ha TECTOBOI HH-
dpactpykType Ne
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Puc. 4 — CpaBHeHHe BpeMEHH YMHOXKCHUsI pa3peskeHHbIX MaTpull (nHdpacTpykTypa Nel)

[Tpoananu3upoBas MOJTy4eHHBIE Ppe3yIbTaThI
MIPUXOIUM K BBIBOJY, YTO Halla peaju3anus padoraer

ME/UICHHEe JJIsl MaTpHIl, TOPSIOK KOTOPBIX MEHBIIIE
20000, a mepexons STOT MOPSAOK HAECT BBIUTPHIII BO
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BpEMEHH s § TOTOKOB,32 CYET ONTUMH3AIUU H|
MUHMMH3ALIMH ~ BHYTPEHHHMX omepauuii  00paboTku
marpul. [logpoOHee  NpPUBENEHHYIO  3aBHCHUMOCTB,
KOTOPYIO MOKHO YBUJAETH Ha pUC. 4.

[IpoBeneM BBIYMCIUTENBHBIC 3KCICPUMEHTHI IS
OIKCAHHOH 3a7a4ll ¥ CPAaBHUM IOJIYYCHHBIC PE3yJIbTATHI
Ha Ooyee cnmaboil TecToBOW uWHppacTpykType. U
MPOCJICIIM B KaKOM CTENCHH 3aBUCAT pPCAM30BaHHEIC
METOIBl OT HWHMPACTPYKTYPH M MPOU3BOIUTECIHHOCTH
CUCTEMBI UIA TIONydeHHe Oojiee OOBEKTUBHON KapTHUHBI
HUCCIIENOBAHUM.

Tabmmna 2 — TecroBast uHGpacTpyKTypa Ne2

Iporeccop Intel® Core™ i5-5250U Processor (3M
Cache, up to 2.70 GHz)
IlamsTh 4 Gb
Iporpammuas Visual Studio Premium 2012
cpena
oC Windows 8.1 x64

)

MEKL

-

Bpenn BoinoaneH HAKEH,)

N

N

10000 15000 20000 25000

MopapoK MaTpULK

30000 35000 40000

Puc. 5 — CpaBHeHHE BpeMEHU YMHOKEHHS Pa3peKEHHBIX
matpull (nHdpacTpykTypa Nel)

AHaNOTMYHO  TPOAHATM3WPOBAB  ITONyUCHHBIC
pe3yIbTaThl NPUXOJUM K BBIBOJY, YTO HAllla peann3arys
paboTaer MemJeHHee s 8 TMOTOKOB JIOOOTr0 MOopsijiKa
MaTpul yem peanuszanus B MKL.

Ha puc. 5. noka3aHo pemieHuH 3aadyd ¢ MOMOLIBIO
pa3paboTaHHBIX peai3aldil ¢ UCIOIb30BaHUEM PAa3HOTO
Kolu4yecTBa NOTOKOB, peanusanuun MKL u mocnenosa-
TENBHOH peanu3aiuu.
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Puc. 6 — CpaBHeHHE BpeMEHH YMHOXKEHUSI Pa3peKEHHBIX
MaTpHIl Ha OCHOBE Pa3IMYHOTO KOJIMIECTBA TIOTOKOB peaji3a-
unn MKL u nocnenoBatenbHOM peanu3anuy.

Ha puc. 6 mnokazaHo Bpemsl pelIeHUs 3aJaud C
MOMOIIBI0 pa3pa0OTaHHBIX peanu3auuii. Bo-nepBbix,
orMeTuM TOT (akt, uro oxaHomoroynas OpenMP-
peamusarust  (OpenMP, 1) paboraer B 1.75 pasa
MeJUIeHHEe T10CTIeJ0BAaTEIbHOM.

[IpeanonoxurensHo Takoil 3¢ddexT cBszaH c TeMm,
YTO KOMIWJITOP AJIS TIOCIe0BAaTeIbHOW Bepcuu  (op-
mupyer Oonee ontumanbHbIA Kox. [IpoBepka mmm
ONIPOBEP)KEHHE [aHHOW THUIOTE3bl TpeOyeT JOTOJIHU-
TEeJIbHBIX UCCIIEJOBAaHUMN, YTO BBIXOAWUT 3a pPaMKH J1a0o-
patopHOif paboTel. Bo-Bropeix, OpenMP-peanmzarus
“MeeT He COBCeM JIMHEWHYI0 Maciiradupyemoctb. Ila-
pajulenpHas —peanu3alys, 3amnylmieHHas B 2 IOTOKa
(OpenMP, 2), pabortaer nmpumepHo B 1.93 pasa ObicTpee
OJTHONOTOYHOH BepcuH, B 4 notoka (OpenMP, 4) — 3.38
pa3a, B 8 morokoB (OpenMP, 8) — 5.74. OnHa U3 BO3MOX-
HBIX TPUYHMH IUIOXOW MacIITadMpyeMOCTH — 3TO Hedd-
(exTHBHAs paboTa C MaMATHIO, T.K. JJIEMEHTHI CTPOKH
pacrpeseneHsl mo BCeH JUIMHE, MO3TOMY IOTOKH 00pa-
IIAIOTCA K S9EHKaM MacCHBa B IIPOM3BOJIEHOM MOPSIZIKE.

PesynpraTel  paboOTBl  aNropuTMa  BBIACIECHUS
IUTOTHBIX TIOAMATPHII.

IIporecTupyiiTe anropuTM ¢ pasHbBIMU IIOPOraMH
CXOJICTBA Ha Matpuie pasmepa 9424 x 31867,uncno
HEHYJEBBIX AJIeMeHTOB 11549. pe3yispTaTsl IpUBEICHHI B
Tab. 3.

Kak MOXXHO BHAETb, C POCTOM MOpOTa CXOJCTBA
IUIOTHOCTh ~ TOAMATPHUIIBI  MaKCHMMAJIBHOTO  pa3Mepa
YBEJIMYUBACTCS, OAHAKO YMEHbIIAaeTCs e€ pa3Mep puc. 7.

Tabnmma 3 — PesynpraTsl paboThl aaTOpUTMa BRIICICHNS INTOTHBIX IO IMATPHII

IToporu cxoJcTBa MO CTPOKAM U CTOJIOIaM Yucno cTpok Ymcio cTonbioB [1noTHOCTH
(2,2 313 481 0.0158
(2,3) 132 90 0.0573
(2,4) 36 24 0.2174
(2,5 18 6 0.4259
(2,6) 13 3 0.7179
(3,2 178 481 0.0242
(3,3) 62 90 0.0935
(3,4) 24 24 0.2413
(3,5 6 6 0.5833
(3,6) 13 3 0.7179
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Puc. 7 — 3aBucuMocTu pa3mMepoB CTYLICHUS C YBEITUICHUEM

ropora

BeiBoasl. [Ipu aHanmmse pe3ynpTaToB OBLIO 3aMede-
HO, 9TO CIICIHANFHBIC allTOPUTMBI 00Pa0OTKH pa3pekeH-
HBIX MaTPHI] paboTarOT ropa3fo ObICTpee UX aHAJOTH IS
00paboTKH OOBIYHBIX (IJIOTHBIX MaTpHII) puc. 1. u puc. 2.
geM OOJIbIe Pa3peKEHHOCTh BXOAHBIX MaTpHIl, TeM 3¢-
(exTrBHEe pabOTAIOT peanu30BaHBl AITOPUTMBL U
Hao0opoT, 4YeM OoJiee MIIOTHAsE MaTpula, TeM 3hHeKTHB-
Hee OyIyT CTaHOApTHBIC aNrOPUTMBI ee 00paboTku. B
o0IeM ciydae cieqyeT YYUTHIBATh CTPYKTYPY MAaTpPHUIIbI
mepe]; TeM, KaK MCIOIb30BaTh TOT WIM WHOM TOJXOJ TS
ee 00pabOTKH.

[omy4yeHHBIE PE3yIBTATHI MOTYT OBITH HCIIOJIB30Ba-
HBI TIPU PEIICHHUH 3a]a4 JIMHCHHOW W HEJIMHEHHOW OITH-
MH3aIUH, TJIC BXOJHBIMHU MTapaMeTpaMU SBIISIOTCS pa3pe-
JKeHHBbIe MaTpullbl. Emte ogHoi u3 chep MpUMEHEHHS 5B-
JIIeTCST MHOTOYHCIICHHBIC PeaTn3alii METOIOB MaTeMa-
TUYECKOH (M3MKH, a UIMEHHO NPH MPUMEHEHUH: METOIa
KOHCYHBIX DJICMCHTOB, MCTOAA CCTOK.
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H. B. MOCKAJIEL]

METO/IbI OPTAHU3AILIUU TIPOCTPAHCTBEHHO-BPEMEHHOTI'O JIOCTYIIA B CHCTEME MO-
BUWJIBHOM CBSI3U

Po3rmsgarThes MUTAaHHS OpraHi3allii IPOCTOPOBO-YAaCOBOT0O AOCTYIY B CHCTEMax MOOIIBHOTO 3B'SI3Ky Ha OCHOBI aIalTHBHOI aHTCHOO PEIIITKH i ai-
TOPHUTMIB IIPOCTOPOBO-9acOBOi 0OPOOKHU 3 ONTHMANBHOIO MPOLETYPOI0 PO3paxyHKy BEeKTOpa BaroBHX koegimieHTiB. IIpoBoquThCs OIiHKA e()EKTHB-
HOCTI aJanTHBHOI AHTEHHOI PEIITKM 3a OOpaHMM KpHUTEPiEM MiHIMAIBHOTO CEPEAHBOKBAAPATHYHOIO BiIXWICHHS. OTPUMaHO pPE3yJbTaTH
koedimieHTa CTyneHs 3MCHIICHHS CyMapHHX 3aBaJ{ HAa BUXO/ aalTHBHOI aHTEHOIO PEIIITKH 3 ONTHMAIBHIMH BarOBUMHU KOC(II[iEHTaMH B CTaJIOMY
pexuMi Ta He3MiHHIN CHTHAJIBHO-3aBaJI0Bii 0OCTaHOBKH.

Kuro4oBi ci10Ba: mpocTopoBO-4acOBUiA OCTYI, a/IaliTHBHA aHTEHHA PEIIiTKa, BaroBi KoeQilieHTH, IPOCTOPOBO-4acoBa 00poOKa.
PaccMaTpuBaroTCsl BOPOCH! OPraHM3aliK IPOCTPAHCTBEHHO-BPEMEHHOTO IOCTYIA B CHCTEMaX MOOMIIBHOM CBSI3M Ha OCHOBE a/[aNTUBHON aHTCHHON
PEIICTKH U alTrOPUTMOB IPOCTPAHCTBEHHO-BPEMEHHOH 00pab0TK! ¢ ONTUMAIIBHOI IPOIeypoil pacdeTa BEKTOpa BECOBBIX Ko urmenTos. [Iposo-
JIMTCS OLIeHKA () (heKTHBHOCTH aJaATUBHOI aHTCHHON PEIIETKH 10 BEIOPAHHOMY KPUTEPHIO MUHUMAIIBHOTO CPEIHETO KBAAPATUUECKOTO OTKIOHCHUS.
TMosny4eHs! pe3yabTaThl KO3 UIIEHTa CTEICHN TOABICHNS CYMMapHBIX [IOMEX Ha BBIXOJC a/alTHBHON aHTCHHOMN PEIICTKH C ONTHMAIbHBIMH BE-
COBBIMU KOd((QHUIHEHTaMH B YCTAHOBHBILEMCS PEXKHME M HSH3MEHHON CHTHAIIBHO-TIOMEXOBOH 0OCTaHOBKE.

KiioueBbie ¢J10Ba: IpOCTPAaHCTBEHHO-BPEMEHHOM JIOCTYII, aHTCHHAsI PEILIETKA, BECOBBIC KOA((HIMEHTHI, MPOCTPAaHCTBEHHO-BPEMEHHast 00paboTKa.

It is considered the analysis of methods organization space-time multiple access (SDMA) are in mobyle communication.
Ability is shown on the Implementation of the given method is based on N-elements adaptive antenna array independently from second used
purposing methods, something result attraction extended resource spatial-time parameters.
We studied a method of organizing SDMA for each subscriber station for access to the resources of the base station in a mobile communication
system using the group receiving adaptive antenna array (AAA).
The proposed method consists in the formation of the individualdistribution structure of the field received on the basis of the optimum evaluation
procedure signal weight vector by the criterion of the minimum mean square deviation.

© H. B. Mockauerr. 2016
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