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ITAPAJIJIEJIBHBIE PEAJIN3AITAN METOJA KOHEYHBIX
JIEMEHTOB JOJId KPAEBOM 3AZTAYN
TIJIA YPABHEHUI MEJIKOY BO/IbI

E.JZl. Kapenosa, B.B. Illatidypos, M.C. Bdosenxo

PARALLEL IMPLEMENTATION OF THE FEM
FOR BOUNDARY-VALUE PROBLEM FOR THE SHALLOW
WATER EQUATIONS

E.D. Karepova, V.V. Shaid;irov, M.S. Vdovenko

IIposeneno ucciemoBanue 3 HEKTUBHOCTH IBYX MaPaJLIeIbHBIX Peain3a-
1yt aJITOPUTMA, YUCJIEHHOIO PEIIIEHUs KPAeBOH 33,1a4H JJjIs YPaBHEHUN MeJIKOM
BOJIbI, BHIIOJHEHHBIX ¢ TOMOmIbIo Oubanoreku MPI nia a3wika Cu. IIpemcras-
JIEHBI PE3YJILTATH] YUCIEHHBIX 9KCIIEPUMEHTOB Ha MOJEJILHOM CEeTKE U HECTPYK-
TypHpOBaHHOM ceTke Iya akBaropuu Oxorckoro mopsa. IlpuBenens! cpaBHU-
TENbHBIE PE3Y/ILTATHI YCKOPEHUSI BHIYUC/IEHHI B 3aBUCAMOCTH OT KOJIMYECTBA
MPOIIECCOB, CIOCcO6a pealn3anyuy KOMMYHHUKAIHA, CII0C00a JEKOMITO3UIIHH BbI-
YHCJIMTENbHOM 00JIaCTH.

Karoueevie caosa: wmodeau meaxoli 600, O0eKOMNO3UUUA CO2AG-
COBAHHOT  MPUGHRYAAUUY, MEMOD KOHEUHLIT INEMENMOB8,  OAOKUDYIO-
wue/nebaoxupyrousue nepedary, YCKOPEHUE SuUCAEHUT

The autors carry out the efficiency research of two parallel realizations of
the algorithm of the numerical solution of a boundary-value problem for the
shallow water equations solved with the help of the MPI library for C. They
set out the results of the numerical experiments on the model grid and on the
unstructured grid for the Sea of Okhotsk water area. The authors provide the
comparative outputs of the computations speedup in relation to the number of
processes, the mode of communication realization, the mode of decomposing
of the calculating area.

Keywords: shallow water model, decomposition of the coordinated
triangulation, FEM, blocking/nonblocking transmissions, computational
speedup

BBenenue

Mogenu MenKoil BOABI XOPONIO OIHUCHIBAIOT OOJBIIOH KPYr MIPUPOIHBIX SIBJICHMH, TAKAX KaK
KPYTHOMACINTAOHBIE TIOBEPXHOCTHbIE BOJIHBI, BOSHMKAIONINE B MOPSX ¥ OKEaHaX, I[yHAMH, IPH-
JINBHBIE TEYEHHS, MOBEPXHOCTHLIA M PYCJIOBOM CTOK, 'PaBUTAIMOHHBIE KOJEOAHHS IMOBEPXHOCTH
okeaHoB [1, 2]. B pa6orax [2, 3, 4] paccMOTPEHO YKMC/IEHHOE MOJEIMPOBAHNE TIOBEPXHOCTHBIX BOJIH
B 6OJIBIIKNX AKBATOPUSIX C YIETOM CEpUIHOCTH 3eMJin U yCcKopeHus Koprosrca Ha OCHOBE ypaB-
HeHu#l Meskoii Boabl. B pabore [2] mns mudbdepennmanbHOi MOCTAaHOBKY 33/a49¥ BBIBEJEHBI II0-
JIE3HBIE ATIPUOPHEBIE OLEHKH, 00ECIIeYHBAIOIIHE YCTONYMBOCTD PEICHNS ¥ OJHO3HAYHYI0 Pa3peliu-
MocTb 3ama4u. B [3, 4] nyst 3T0# ke 3aqa4u IOCTPOEH METOJ| KOHEYHBIX SJIEMEHTOB, JJIsi KOTOPOTO
MOJIyYeHBl HeOOXOOUMbIe AIIPUOPHBIE OleHKHU. TaM e MpuBeIeHbl Pe3y/ILTAThl YMCAEHHBIX 9KCITe-
PUMEHTOB Ha MOJIEILHBIX CETKaX, s akBaropuii OxoTckoro Mopst 1 MUpPOBOro OKeaHa.
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l'IapaJmeJImee peamn3ani MeTo4a KOHE€YHbIX 3JIEMEHTOB...

B Hacrosmei paboTe mpoBeneHO ucciaenoBanue 3OHEKTUBHOCTH JBYX MaPAJIIETbHBIX DEaJIt-
3anuii aJIrOpUTMa YHCIEHHOTO PENIeHNUs KPAaeBoi 3aJa4u Jjis YPAaBHEHUH MEJIKOM BOZBI, BBITIOJ-
HEHHBIX ¢ moMomibio 6ubnoreku MPI s s3pika Cu. [lepBas w3 HUX 0OCHOBaHA Ha, TEKOMITO3UITAN
00/1acTH ¢ IEpeKpHITHEM, IMUPHHA KOTOPOTO JAWKTYETCS MMIabJIOHOM AMCKPETHOro aHaJjora. Bro-
pas mapaJuleibHas PeajIM3aliis SBHO MCIOJIL3YET IIPOBEIECHUE BHIYKUCICHUN B METOZE KOHEYHBIX
3JIEMEHTOB IO TPEYTOJLHUKAM C JEKOMIIO3UIUEH 063 WCIIOIb30BaHUS TEHEBBIX TPaHeN.

HuciieHHbIE SKCIIEPUMEHTHI IPOBOAWINCH Ha, MOZEJBHOM CETKE U CeTKe i akBaropuu Oxor-
ckoro Mopd. IlpuBeneHsl cpaBHUTENIBHBIE PE3Y/ILTATHl YCKOPEHUS BHIYUCIEHWHA B 3aBUCUMOCTH OT
KOJIMYECTBA MIPOILECCOB, CHOCO0A peain3anuv KOMMYHHKAIui (GJIOKMpYIOIue, HEOJIOKUPYIOIIe
nepeiadn), crocoba JeKOMITO3UIUK BEIYMC/IATENLHOM 06IaCTH.

CraTbsl PEKOMEH/IOBAHA K [E€YATH MPOrPAMMHBIM KOMHUTETOM MEXIYHAPOLHON HAyIHOM KOH-
depennun «Ilapasienbasie BerducauTeabable Texuoaorunu 2009» (http://agora.guru.ru/pavt).

1. MoagenupoBaHue MMOBEPXHOCTHBIX BOJIH B BOJOEMAX
METOAO0M KOHEYHBIX 3JIEMEHTOB

Hnst crangapTHO# cdepudeckoit cucreMbl koopauHar (r,\,0) ¢ HAYAJIOM B IEHTPE 3eMHO-
ro mapa 6ymeM HCIoJb30BaTh BMeCTO yriia 6 reorpadudeckyio mupory ¢ = 7 — @, Tak 4TO
0 < ¢ < 7. Yepes A obosnauena reorpadpuyeckas goarora 0 < A < 2. Iomaraem sciogy 7 = R,
rae Rg — paguyc 3eMiid, KOTOPBIA CYUTAETCS TOCTOSTHHBIM.

PaccmotpumMm 3amauy B cienyromeit mocranoBke. Ilycrs () — 3amannas obiacts Ha cdepe
¢ rpanuneit '=I'; Uy, rme 'y — wacrs rpanunpl, npoxonsimas Baosib 6Gepera, a I'p = '\ I'y
— YaCTh I'PAHUIBI, NPOXOAAIasa 10 Mopo. ObO03HAYUM UYepe3 M) U Mg — XaPAKTEPUCTUIECKUE
GbyHKIHUU COOTBETCTBYIOIIUX YYaCTKOB IpPaHHUNbI. Jljisi MpOCTOTHI CYUTAETCs, IYTO TOUKH @ = 0
u ¢ = 7 (momoca) e Bxoaar B ). OTHOcUTENbHO Hem3BeCTHBIX byHKIWME u = u(t, A, ), v =
v(t, A\, @) m & = &(¢, A\, ) 3anumem B Q X (0,7) ypaBHeHus 6GasiaHCa UMIYJILCOB ¥ yDABHEHWE
Hepa3pHIBHOCTH [2]:

Ou o€

E—l'v-}—mg 5—Rfu+f1,

ov 0¢

5= —lu+ng %—Rfv+f2, 1
% _

5 =" (% (Hu) + c'?—tp (%H’U)) + f3,

TZie U, ¥ — KOMIIOHEHTHI BeKTOpa ckopocTr U 1m0 0CsiM A U (¢ COOTBETCTBEHHO; { — OTKJIOHEHHE
CBOOOZIHOM MOBEPXHOCTH OT HEBO3MYIIEHHOro ypoBHs; H (A, p) > 0 — miybuna BojoeMa B TOYKE
(A, ¢); dyskmua Ry = r,|U|/H yunThiBaeT CHIy TPEHHS O THO, Ty — KO3(D(UIHEHT TPEeHHUS;
Il = —2wcosp — mapamerp Kopumonuca; m = 1/(Rgsing); n = 1/Rg; g — yCKOpeHHE CHIIBI
raxects; fi = fi(t, A, 9), fo = fa(t, A\, 0) u f3 = f3(t, A, ) — 3amannbie GyHKIun BHENTHAX
BO3II€ACTBUH.

I'panudmbie ycI0BHS PaCCMOTPUM B CIIeAyomeM Buje [2]:

HU,, + fmar/gHE = may/gHd wa T x(0,7), (2)

n
rae U, = U -n, n = (ny, Eng) — BEKTOp BHELIHe# HopMajw K rpanune; S € [0,1] — 3amannsiit

napamerp, d = d(t, A, ) — 3ajaHHas rpaHuYHas (YHKIHUS, ONPEIEICHHAs Ha rpanune ['s.
SagaauM Tak>Ke HadaJIbHbIE YCIOBUSA

u(0, A, ) = uo(A, ¢), v(0, X, ) =vo(X, ), £(0,,¢) =&(A; ). (3)
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Jns muckpernsanuu mo BpeMeHH pa3obbeM BpeMmeHHO#H orpe3ok [0,7] ma K wHTEpBaJOB:
0=ty <t <:-+ <tk =T cmarom 7 = T/K. AunpoxcuMupyeM IPOU3BOAHBIE IO BPEMEHU
JIEBBIMY Pa3HOCTSIMU U paccMmorpuM cucremy (1)—(2) ma BpemennoM maTEpBade (tk, tht1):

(%+Rf)u—lv—m92§—=f1+%uk B (,

[

1 o€ 1,
(;+Rf)v+lu—n95;—f2+7_v B (, 4)
1 d 0 n 1 k
;E—m(a (Hu)+a—(p— (EH’U)) —f3+;§ B
HU, + Bma\/gH{ = ma/gHd wa T, k=0,1,...,K—1, (5)

rae f(tk, A @) = f*,  ftes1, A\ @) = f51! = f. Mupgexc k + 1 B pasHOCTHBIX BHIPAJKEHHSX JajIee
OyzeMm OmyCKaTh TaM, TIe 9TO He BhI3BIBAET ABONHOrO TOJKOBaHHsA. J[OHHOE TpeHWe 337aeTcs B
sune Ry = r.|UF|/H. 3amerum, uro rpanwunbie ycsiosus (5) SBJIAIOTCA €CTECTBEHHBIMHU TS
sanaqn (4).

Jns noctpoerus Merona Bybuosa — [asepkuna paccMOTPHM HEKOTOPYIO COTJIACOBAHHYIO TPHU-
aurynsmuio T = {w;} iV;; obsactu {2, COCTOSAIIYI0 W3 HEBBIPOXKAEHHBIX TPEYTOJHHUKOB C IIpsi-
MOJIMHEHHBIMA CTOPOHAMYM B KOOPAMHATAX A M (o M comepxkamyio obmacts (2. CoryiacoBaHHOCTH
O3HAYAET, YTO KaXKI0€ PeOpO TPEyroIbHUKA JIMOO SBJISETCS TPAHWYHBIM U NPUHAIJIEXKUT JIUIIb
OZHOMY TPEYTOJBHUKY, JIU0O SBJISETCS OOIIUM It JBYX COCEAHMX TPEYTOJbHUKOB, BHYTPEHHOCTH
KOTOPBIX MONApHO He mnepecekaercs. CeTka B 00IIeM CiIydae MOXKET ObITh HECTPYKTYPUDOBAHHON
(puc. 1). IycTs Qp — MHOXKeECTBO y3/10B (T.e. BEPIIHH TPEYTOJBHBIX JJEMEHTOB) OBIIMM HHCIOM
Npg, 5, — MHOXKECTBO BHYTPEHHHUX Y3JIOB.

Jns xaxzoro yana z, € {);, BBeneM 6asucuyo yukmmo ¥;(), ), KoTopas paBHA eIUHUIE
B 2;, PaBHa HYJTIO BO BCEX OCTAbHBIX y3iax (), u JmHeiiHa B Kax0M Tpeyroabauke. O603HaIHM

nuHeiHyI0 06004Ky 9TEx (yHKIuit 9epes Hy () = span{ ¥, };V:"f

Hns peficreurensubix BekTop-bynkmuit &, = (ul,vh €M), &), = (ab, ", €M) € Hu(Q) =
Hy(94))? pacemorpum [2, 3, 4] oucKpeTHbIH aHATIOr CKAJISPHOTO IIPOU3BEACHHUS
b p P

i=1

Ne¢; 2
~ 1 . ~ A <
(®h, Br)n = Z §S¢ Z R2E Sln((pij) (sz (uijuz, + ’U,;j'vij) + géijﬁi]) . (6)
Jj=0

3nech gepe3 S; 0003HaUEHA ILIOMIAJAL 1-I'0 TPEYTOJIHHOTO 3JIEMEHTA, BEPIIUHBI KOTOPOrO 3aHyMe-
posasbl yepes 0, 1, 2, cinemoBarensro fi) = f(Mij, pi;) — 3Ha4enue bYHKIMY B j-# BepIIMHE i-TO
3JIEMEHTA.

B Tepmunax ckansipHoro mpoussenenusi (6) chopmynupyem merox By6bmosa — Ianepkuna
[3, 4] cnenyrommm 0bpazoM: das Pukcuposartozo momenma epemeny Hatimu eexmop-PyHKryuI0

Qh = (,u’h,()‘a (P)’ vh(’\a <p)a Eh()‘a 90))) 2de
Npd Npa Npg
w'(A ) =D a0 0), vP(Ne) =Y a0 0), (A p) =) T\ ¢)
=1 =1 =1

maxyr, 4mo mMoACAECMEo

a"(®n, Wi) = fH(W}) + b"(d", W) (7)

cnpasedauso ¥ Wy, = (wz,w,’},wg) € Hj. [Ing anmpoKCHUMaIliyd WHTErPAJIOB IIPH IIOJIYYE€HUN

6ummneiinol a”(-,-) u mumenmnix f(-), b*(-) dopm mcmomp3oBamach dopMysa Tpamenumii u ee
JOBYMEPHBIHA aHAJIOT.
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Hapaﬂ.nenbnme peasn3anuy MeToJa KOHEYHbBIX 3JIEMEHTOB...

Bamymeposas yaanl Q or 1 m0 Npg, 3amagy (7) MOXHO 3ammcaTh B BEKTODHO-
MaTpuuHOil opme: oas  Puxcuposanmozo momenma spemenu t*t1 watimu  eexmop
Vil = (U1ye ey UN gy U1y e e, UNL g €1y e+, EN,y),  YO0BAEMBOPAIOUSULT CUCTREME AUHETHDT
aazebpauveckur ypasHerut

Ak+1vk+1 — Fk+1. (8)

B pabore [3] mokazan BTopoii MOPSALOK CXOAUMOCTH DEIIEHHH B HOPMe, OPOXKAAEMOi CKAJISPHBIM
npousseenveM (6) Ha pPaBHOMEDHO# CeTKe.

Janst pemenust cucrems! (8) ucmonb30BalICs HTEPALUOHHBIA MeTon SIKo6u, KOTOpHIH 061aKaer
XOPOIINM apAJIIeIN3MOM, 8 JUArOHAJIHHOE IpeobiafaHue [IJis ero CXOAUMOCTH JIETKO obecriedn-
BaeTCs BHIOOPOM Imara 1o BpeMmeHH 7. B BeKTOpHO-MaTpudHO# ¢dopme Meroy Hkobu 3amuirercs
B CJIEAYIOIIEM BUJE:

v+ _ ) _ p-1 (Acb(") - F) ) 9)

3necs v — HOMep mrepanuu, uHAEKCH (k+ 1) 11 mara mo BpeMeHH OIyIeHbl, OZHAKO KOMIIOHEH-
TH VIOOAJILHON MATPHIBI KECTKOCTH M BEKTODPA IPABO# YACTU 3aBUCAT OT BPEMEHM W JIOJIXKHBI
TIePECUYUTHIBATHCA B HaYajI€ KaXKO0TO BPEMEHHOTO IIara.

OTMeTuM HEKOTOpPHIE OCOOEHHOCTH PEAJIN3AlMH, JUKTYEMbIE METOIOM KOHEYHBIX 3JIEMEHTOB.
I'nobasibHasi MaTpuUIla XKeCTKOCTH A 3aBHCHUT OT BPEMEHH U JIOJIXKHA IEPECUYUTHIBATHCS HA KaXKIOM
BpemenHOM mare. OmHako mjid peaym3anuu MeToma fkoOM HAa KOHEYHBIX JIEMEHTaX He Tpeldy-
€TCsl SIBHOTO XPaHeHUs IJI00aTbHON MATPHIBI KEeCTKOCTH. B mporpaMme HACYUTHIBAIOTCS TOJIBKO
9JIEMEHTHI JIOKAJIBHBIX MATPHUIL XKECTKOCTH (IPUYEM TOJIBKO MX JUArOHAJIBHbIE JIEMEHTHI 3aBUCAT
OT BPEMEHY ¥ IEPEBBIYUCIISIIOTCH HA KaXKIOM BPEMEHHOM miare). Boruncienve HeBsasku AWV _F
B (9) OpOM3BOAUTCS MO TPEYTOJLHUKAM C HCIOJIH30BAHUEM 3JIEMEHTOB JIOKAJIBHBIX MATDHI].

CXOZMMOCTH METOJa ONPEeIanach MaIoCThio passocTs P(Y) mis aByx cocenmmx mrepamyit
B JIUCKODETHOM aHAJIOTe PABHOMEPHOM HOPMBI:

(v+1) _ 5®)
ISI}ISaIJ\;nd |®, ¢, <e. (10)

2. ITapassenabHslii aJroputTm
2.1. [dexoMmnozunusa objactu

Meroz KOHEYHBIX 3/1€MEHTOB A1 3a4a49u (7) aeT CEeMATOYEUHEIH MabJIoH, TO9TOMY B METOZE
SIk00u AJ1si BBIMMCIIEHUS 3HAYEHUS <I>1(;”+1) Ha (v + 1)-it wrepanuu TpeOyrOTCS 3HAYEHHUS B CEMH
TOYKaX <I>§") v-it urepanuu (puc. 2).

Hcnone3yst SIBHBIHA NapaJiesn3M [0 JAHHBIM, HCXOLHYIO PACUETHYIO 06aCTh MOXKHO Pa3buTh
Ha HECKOJIBKO NePECEKAIOMUXCs TOJILKO II0 IpaHuLe pa3buenus nogobiacreit. Pacuers B Kax o
10x06/1aCTH MOXKHO IIPOMBOAUTE HE3ABHCHMO APYT OT APYra B paMmkax ureparuu. OnHaKoO, mocie
Kax 10 urepanun SIko6u HEOGXOAMMO IIPOBOLUTH COIVIACOBAHYE JAHHBIX Ha TPAHMIAX MOn0bJa-
creit. Vimeer MecTo, 10 KpaiiHeldl Mepe, ABa BapUaHTa Pa3OHeHHs.

1. Jdexomnosuyus 6e3 nepexpumudi. VicxomHas 061aCcTh pa3pe3aeTcsa Ha B3aMMHO HEIEPEKPhI-
Batomuecs nosiockl (puc. 3). Ha rpamumax kaxzo#t mogo6sacTy HEBS3Ka HACYUTHIBAETCS
TOJIBKO 10 YACTH TPEYTOJbHUKOB, IPUHAJJIEKAIINX 00JIACTH BJISAHHS TOYKH, JeXKalleil B
nonobnactu. IIpu obMene maHHBIME TOC/IEe KaXaoi urepaiuu fAkobu TpebyeTcs: HOHMOJIHU-
TeJIbHOE CYMMHUPOBAHUE IJIs 3HAYEHUN HEBA3KH B I'PAHMYHBIX B IOHOOJACTH TOYKAX.

2. Jlexomnosuyua ¢ menesvimu 2panamu. Mcxonnas 06JaCTh BKJIIOYAET B3aMMHO MEPEKPHI-
Baromuecss noobyacty, ompejensemble mabsoHoM (cM. puc. 2). B sTtom ciaydae HeBsaska
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Puc. 1. ®parMeHT TpHaH- Puc. 2. 3aBuCHMOCTh B HTepanusax fkobu
CYJISITAA

B T'DAHMYHBIX TOYKAX I MOAOOJIACTH i-ro mpoIecca HACYUTHIBAIOTCH B IOA00JIACTH CO-
cexnero nporecca. C y4eToM CEMUTOYEHHOTO MIA0JI0HA ¥ COTVIACOBAHHOCTH TPHAHTYJISIIUA
JIOCTATOYHO IEPEKPHITUS 00/1acTel B [Ba €105 pacyeTHbIX To4yek (puc. 4). [Ipu o6mene nan-
HBIMM TIOCJIE KaXXI0# urepanuu Akobu momnosiHuTEIbHAS 06paboTKa He Tpebyercs, 0MHAKO
IUIsl KaXKJJOTO IIPOIIECCa HeOOXOAMMO XPAHUTH GOJIble JAHHBIX (TEHEBbIE 'PAHU IIUPUHON B
JiBE PaCUETHBIE TOYKH).

100 o 4 Y VoV W W Vo Vet Waa Vi Vi Vi Wik Wt Ve W Ve Wt Vit 100 o AT T (A V2 Vo P Vi Vi W Vit %
EAAAAAAAA TV Y A A Y A YA AP

Ve e
o0 H 74 W W s WV W W s A5 A
0 2 4 B [ 10
Puc. 3. Jlekomnosunus 6e3 nepekpbITHi Puc. 4. /lekoMno3unus ¢ TEHEBHIMH T'pa-
HIMH

Takum 006pa3oM, mepBbIfi CIIOCOO AEKOMIO3MIMU 00acTH 00jiee SKOHOMHUYEH IO NAaMATH,
IPOCT B MPOTPaMMHUPOBAHMY, OQHAKO IIPEIOJIAraeT JOIOJHUTEIbHOe CYMMUPOBAaHUE HA KaXKA0H
urepanun dkodu. MoXXKHO MPEANOIOXKHATD, YTO €ro IPEUMYIIECTBa MPOIBATCI TOJBKO Ha OOIBIITHIX
CeTKaXx C MPOTSKEHHBIMU rpanunamu mogobiacreii. Kpome Toro, oueBHIHO €ro JOCTOMHCTBO AJIS
HECTPYKTYPHUPOBAHHBIX CETOK, KOTIa I'PaHUIBI MOm06sacTedl HE SBJSIOTCS IOCIEIOBATEIbHBIM
MHOKECTBOM TOUYEK.

2.2. ¥YckopeHue U MacHITaOMpyeMoCTh

B pamkax BEIOpaHHO# CXeMBl PACIIpe/IeIeHNs JAHHBIX BCE IPOLECCH] OCYIIECTBIIAIOT ONHU U Te
JKe BBIYUCJIEHNs, HO TOJILKO HaJ pasHbIMu nopobsiactamu. CTpyKTypa 0OMEHOB TaK»Ke fBJISETCS
OHOPOJHOM, 33 UCKJIIOUEHUEM IIEPBOTO ¥ TIOCJIEHETO IIPOLIECCOB.
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IIapansenpHble peajn3aly METOAa KOHEYHBIX 3JIEMEHTOB...

Ha puc. 5 mpuBeseH nceBIOKO NapaJuIe/IbHOM IPOrPaMMBbl Ha OJHOM IIare 110 BPEMEHU JJIst
caydas nekommo3unuu obsactu 6e3 nepekpoiTuii. [Ipy ucnosib30BaHMy TEKOMITO3UINY C TEHEBBIMU
rpaHsaMM Ha JTane 3 HEOOXOMUMO CHAYa/Ia BBIYHC/IUTH HOBOE HMPHUOJIMIKEHHE DEIIeHUs, a 3aTEM
IPOM3BECTH OOMeHBI 6e3 JOMONHUTEIFHOIO CYMMHUPOBAHUSI.

Peanuzaius napaJsuiensHO# mporpaMMbl OCYIIECTBIISAIACH Ha s3bIKe IporpammupoBanus Cu
¢ mpuMeHenneM GyHKIMA 6ubiuorekn nepenaun coobmennit MPI.

BrinosauM TeopeTmueckue OIEHKYM BO3MOXKHOI'O YCKOPEHHSI KarKI0r0 U3 MapauleIbHBIX aJl-

FOPHUTMOB, ciexnys [7].

[{ Havamo mukia mo BpeMeHH
9tan 1: llogroroBka [OAHHHX MAJIE BPEMEHHOTO mara
JlokanbHHE BHYHCJIEHHS B CBOeHl OByMepHO# momobiacTu:
| PacyeT TpeHus, BHENHHX BO3AEHCTBHUIl, KO3}PUIMEHTOB JOKAJIBHHX
| MaTpuu, XeCTKOCTM X INIpaBHX YacCTeil, 3aBHUCANKUX OT BPEMEHH;
9tan 2: llogroroska AuMaroHajM IJ06aybHON MAaTPHIE XECTKOCTH
| BeumcneHwe AwAroHanu riaobasbHOM MAaTPHUIE XEeCTKOCTH;
stk ok ok ok ok ke ok ok sk sk ok s ok ok ok Kk ok ok ok ok sk ok ok ok ok sk sk ok o ok sk ok ok ok ok ok ko ok sk sk ok ok ok ok o ok ok ok ko ok K K
O6MeH c cocensaMM TpPAHWYHHMM 3HAYCHUSAMH
O OUaroHauM riobanbHOM MaTpULB XeCTKOCTH
stk ok o ok ok sk ke ok ok ok skl sk ok ok ok sk ok sk sk ok ok ok ok ok ok sk ok ok ok sk sk ok ok sk sk ok sk ok ok sk sk ok ok sk ok sk ok ke ok ok ok ok sk ok ok ok ok ok K
9tran 3: OmpereneHue pemeHud IJid TEKymero mara II0 BpeMeHH
JlokanbHHEe BHYHMCJIEHMA B CBOEH AByMepHOH momobiacTu:
| Mloka He NOCTHTHyTa TOYHOCTH METOZA fKO6GM BHIIOJNHATH
| { (mavano mukna mo mrepanusaM MeToma SKobm)
| { (mavano umkma mo TpeyroabHUKAM)
| Buuuciienue HeBA3KH AP-F;
I } (xoHen mUKIa IO TpPeyroJbHUKAM)
stk ke ok ok ok ok ok ok sk ok ok ok ok o ok sk ok koK ok ok ok sk ok ok ok ok ok sk ok ok ok ok sk ok ok sk ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ook kK ok
06MeH C cocemsMM TpAaHWYHHMH 3HAYEHUAMH HEBS3KH.
llna mexommosunuu 6e3 mepekpHTHA nozobnacTeit -
CyMMHMpOBaHMe IO TpaHMIaM nopmobiacrei
3k ok 3k 3k 3k ok 3k 3k ok 3k dk 5k 3k 2k ok >k 5k >k sk >k >k 3k ok >k 3k ok 3k 2k 5k >k 2k %k 3k >k %k >k >k 3k >k 5k 5k 5k >k 2k >k %k sk 2k >k 3k ok %k >k %k >k 5k 3k >k 5k >k %k %k Xk
JlokanbHEE BHYUCJIEHUA B CBOe# IOByMepHO# momobmacTu:
I BuuucieHre HOBOTO NpUONMXEHHUS pelleHHsd,
I Buuucnenve snoxkanbHO# ommbku B HOpMe C_h;
sk ok sook ok ok ok ok o ok ok ok ok ok sk ok ok ok ok ok ok o ok sk ok ok s ok sk ok ok o ok sk ok o ok sk ok ok ok s ok ok sk ok o s ok ok sk sk ok ok ok ok ok ke ok ok ok ok
I'nobanbHaa onepamus MPI_Reduce(... MPI_MAX ...)
ONs BHYUCJIEHUS HOPMH OmMOKHM
3k 3k 3k 3k ok ok 3k sk ok 5k vk ok 3k 3k ok 3k 5k ok 3k 3k kK 5k >k 2k 3k 5k ok ok %k >k ok >k 3k %k dk ok dk >k >k 3k 5k >k 5k 5k >k %k >k >k 5k 5k >k %k 5k 5k >k 5k >k %k %k %k %k 5k k
JlokanpHHE BHYMCIIEHUS B CBOeH AByMepHO# mozobiacTu:
| } (xomen mukna mo uTepauusM MeToza Sxobu)
|} (xoHern nukia 1O BpeMeHH)

Puc. 5. IlceBnokon ¢parmenTa nporpamMmsl
ITpenmosioxxuM, 9TO BCE ONEpAIM, B TOM YHCJI€ U OOMEHBI, UMEIOT OAMHAKOBOE BPEMS HC-
mosiaenus t. Ilycts N,q — obimee KOIMYECTBO TOYEK CETKU PACYETHOM 00/1acTH, kK — KOJIMIECTBO
oIiepalyii, BHIIOJHAEMBIX B OJHON PAcueTHON TO4YKe, S — KOJIMYECTBO IIAroB Io BpeMmeHu. Torzma
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06mumit 00beM BeIYUCTEHUM Vg, B AJITOPUTME OIPENEISeTCs COOTHOIEHNEM Vegie = SkNpg, a Bpe-
Ml BBITIOJIHEHHUS AJICOPUTMA Ha OJHOM IIPOIIECCOPE COOTBETCTBEHHO MOXXHO OLIEHUTH CJIEIYIONINM
obpazom: T} ~ skN,4t. Torma cpefHsia CTeleHb HAPAJUIEM3Ma, T JAHHOIO aJIPOPUTMA COTJIACHO

[7] paBra
"~ Sand _

= 1Vnd-
sk
HOTeHD;HaJIbHOG chOpeHHe aJII‘OpI/ITMa. OIIEHUBAETCd KaK OTHOIIEHHE BpeMeHH BBIYUCJIEHUA
1
Ha ozHOM mponeccope 7] K BPEMEHH BBHIYHC/IEHHH Ha p mpomeccopax Tp: Sp = T Brimon-
p
HUM TeOpeTquCKI/Ie OL€HKH BO3MOZKHOI'O chOpeHI/IH KaXa0oro mu3 Hapa.)IJIeJIbeIX AJIT OpI/ITMOB,
II0 BOBMOXHOCTH Y4YHUTBbIBad BpEMd, 3aTPadyvBaE€MO€ IIPDU BBIITOJIHEHUHU aJI'OPUTMa Ha O6M9Hbl n
BO3MO2>KHbI€e HaKJ/IaJHbIE paCXO,Z[bI Ha BBIYUCJIEHUAI B HeperbIBa.IOHlI/IXCﬂ HO,L(O6JI&CTHX:
S .
p = .
T / P + Tover + Teomm

(11)

3nech 11 — BpeMsI BBIYUCIIEHHH Ha OZHOM Iporeccope, Toyer — BpeMsl Ha JOIOJHUTEIbHbBIE BBIYHC-
JIEHUsI, CBSI3aHHBIE C AekoMIo3unueit 0omactu, Teomm — BpeMs, Tpebyemoe aJisi 0OMEHOB.

Kak cienyeT U3 npuHATON HAMU CXeMBI PDACIpee/ieHNs] TaHHBIX, Ha KaXKI0H UTepanyuy MeTo-
na fAxobu Tpebyercd 06MEH rpaHUIHBIMY SJIEMEHTAMHU BEKTOPA PEIIEHN U OPOXKAAEMBIE PACIIpe-
JIeJIEHHOCTBIO NaHHBIX TONOJIHUTEIbHbIE BEIYMCIeHHs. B 0boux ciaydasx JeKOMIO3unuy 00IacTH
JUTsI BEIYHCJIEHUS] HEBSI3KYU Ha, KAXK/IOM pa3pe3e KOJUYEeCTBO TOYEK, B KOTOPHIX HeobxomuMm obMeH
JaHHBIMH, COOTBETCTBYET KOJIMYECTBY TOYEK CEeTKH Ha paspe3e. OLHAKO MU JAEKOMIO3UIMH 06-
JIACTH C TEHEBHIMH PAHSMY COTVIACHO mabiiony Merona SIkobu (cM. puc. 2) Tpebyercs XpaHUTH He
TOJIBKO TOYKH Ha, pa3pe3e, HO U BCe TOYKH, IPUHAJJIEXKAINNE TPEYTOJbHIKAM, B KOTOPHIE BXOASAT
Touku pa3pesa. O6o3naunM depes Np,g KOJAYIECTBO TOYEK CETKH, B KOTOPHIX HEOOXOOUM 0OMEH
JaHHBIMH, [1ajiee TaKWe TOYKYU OyzeM Ha3bIBaTh PAHWYHBIME B MOLOO/IACTH.

O6beM JOMONHATEIPHBIX BEIYUC/IEHHN, CBSI3aHHBIX C JEKOMITO3UIMEH 00/1aCTH 3aBUCHUT OT KO-
JIAYIECTBA IPOIECCOPOB P, HA KOTOPHIX BHIIOJHSAETCS AJTOPUTM, M KOJIWYECTBA JOMOTHUTEIHHBIX
BBIYNCJIEHUR ¢, KOTOPbIe HEOOXOMUMBI [IJI OQHOM I'PAaHUYHOM B 1omobsacTd Touku. VicTrounuku
STUX BHIYHMCIEHWN TIPY Pa3JIMYHBIX CHOcoDax aekoMmo3uiuu obsactu oriudarorcs. Ilpu nexom-
mo3uIuy 0e3 TEHEeBHIX IpaHel KaXKIbIf MPOIECC, BHIUUCISAS HEBA3KY B 'DAaHHYHON B momobsacTu
TOuKe, "00pabaThiBaeT” CBOIO YaCTh TPEYTOJILHUKOB, HE AyOJMpYs BbIYUC/IeHHs. B 3TOM ciaydae
mocyie obMeHa TpebyeTcss JOMOJHUTEIBHOE CyMMHUPOBAHUE YacTell HEBSI30K, HACYUTAHHBIX B CO-
cexueM tporieccope. Ilpu mekommo3umu 061aCTH ¢ TEHEBHIMU TPAHSIMU COCEIHUE TIPOIIECCHI AyO-
JIUPYIOT APYT ZpPyTra MpH pacdeTe HEBA3KM IJiA TO4YeK neped pazpe3om. Taxkwm obpa3oM, obbeM
JIOTIOJTHUTE/IBHBIX BEIYMACJIEHHM OIEHUBAETCS CJIEIYIOIUM 00pa3oM:

Vover ~ 89Npna(p — 1).

ITpu 3TOM BpeMs, 3aTpadWBaeMOe Ha IONOJHUTENbHbIE BEIYHACACHUS B Np,g TPAaHHYHBIX TOYKAX
mom06/1aCTH MOXKHO OLEHHTDH TaK:
Tover ~ 89Npndt.

Ilycth Takke [jis KaXKIO# TPaHWYHOM TOYKH Tpebyercsd mepechlika m 3HadeHu#t. Torma 06b-
€M IIePEeChUIaeMbIX JAHHBIX COCEJIHHM IIPOLIECCaM MOXKHO OIEHHTH CJIEAYIONMM 00pa3oM:

Veomm ~ 28mNppg.

151 onenKy BpeMeHu, HEOOXOIMUMOro Jijist 00MeHoB, paccMoTpuM ux peasusaruio B MPL. Ilpu
ucnoss3opaann 6ubmumoreku MPI Bo3MOXKHO /1Ba MpUHIMNMAILHO Pa3HBIX CII0c06a OpraHM3aIyn
06MEHOB — C UCIOJIb30BaHHEM OJIOKHPYIOMUX WX HEOJOKUPYIOMUX (DYyHKIM IpUeMa U ITepeatin
naHHbIX. OUEeHrM YCKOpeHre B 060uX CIIydasX.
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Baokupyromme nepegaun. Ha puc. 6 oTobpakeHo BausHue OJIOKUPYIOMAX TIEPENad Ha,
[IPOM3BOAUTEIHHOCT Ha IpuMepe BochbMu mponeccos [8]. Ha mepsom srame miecroii mpouecc me-
peJlaeT JaHHBIE CEABMOMY IMPOIECCY, B TO BPEMs KaK IMPOLIECCH! C HYJIEBOI'O TI0 MSITHIM IPOCTANBAIOT
B OXKHJIAHWM TIPHEMa, TaHHBIX CBOMMHU TIPABHIMU cocefgmu. Ha BTOpOM 3Tame MmsaTHIN MPOIece Ie-
PeIaeT JaHHbIE IIECTOMY, & IPOIECCHl C HYJIEBOI'O IO YeTBEPTHIM MPOCTaMBaioT. TakuM obpasoMm,
BCce OOMEHHI 3aBEPIIATCS 33 CEMb JTAIOB.

B obmeM ciiygae 06MeHBI C UCIOIB30BaHAEM OJIOKUPYIOMUX epeaad noTpedyioT Teomm (p—1)
enuHuL] BpeMeHu, e Teomm = 28MNp,qt — BpeMs Ha 0OMeH JaHHBIMYM C OJHON I'DAHHUIBI, P —
KOJINYECTBO HCIOIb3YEMBIX IIPOIECCOPOB.

Bpems

Puc. 6. Bausinue 6/10Kupyomux mepeiad Ha YCKOPEHUe

C yuerom (11) yckopeHue pu UCHIOIL30BAHUE GIOKMPYIOMFX IEPEad C yIeTOM BCEX OIEHOK
OyzeT onpenenaTbCs CIEeAYIOIMUM COOTHOIIIEHUEM:

1

1<p< Npg

1 9 nas

} —+%R+2(p—1)%R

Sp=¢ P 1 (12)
il g m p>N‘nd°
m-'--,;R-l—?(p—l)Tc-R

3nech yepe3 R 0603HAYEHO OTHOIIEHWE KOJWYECTBa I'PAHMYHBIX TOYEK B IMO00JIACTH K OOIEMY
4gHCIy TodeK pacuerHoi obsactu: R = Nppg/Npg.

He6nokupyiomue nepesaun. B obiem ciiyuae BpeMsi, 3aTpaunBaeMoe Ha OOMEHHI ¢ HC-
TI0JIb30BaHUEM HEDJIOKUPYIONINX IIePeIad, He 3aBHCAT OT KOJHUYECTB3 YYaCTBYIONUX B oOMeHax
uponeccoB: Teomm = const. Ouenka (11) B ciyyae HEOIOKMPYIOMUX OOMEHOB MMEET BHL:

ISPSNndv

S;}mbl — p k 1 and (13)
p > Npg.

Jnst monydyeHus YMCIEHHBIX OLEHOK YCKODEHHsI OIeHMM KOJIMYEeCTBO omepaiuii k Ha on-
Hy pacyeTHyl TOuKy. Kakipiii mar mo BpeMeHM BKjO4YaeT B cebsi: 1) BbIUWC/IEHWS TpEHWS,
TPAaBO# YACTH, JUATOHAJIBHBIX JIEMEHTOB JIOKAJIBHBIX MaTpHI] XKecTKocTu ~ 60N,q omeparuii;
2) BBHIYMC/IEHHE JUATOHAJIA TJIO0AIbHON MATPHIBI »KeCTKOCTU ~ 45N onepauuit (Ng; — Kommde-
CTBO TPEYTOJIbHBIX 3JIEMEHTOB B TPHAHTYJSIUM pacdeTHOM obsactu); 3) pemenue cucreMmsl (8)
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Mmeronom fkobu (9). Peasuzamus Meroga kobu co COOPKOW HEBA3KH MO TPEYTOJbHHKAM TPEDY-
er 1) Beruuciienus: HeBsizku ~ 180N,y onepanwmii; 2) 3N, NpoBepKY Ha IPHUHAIJIEKHOCTH TOYKH
rpanuug; 3) ~ 60N, JOIOIHUTENBLHEIX ONepanuii sl BHIYUCIEHAS] HHTErPAJIOB B [N TPAHMIHBIX
TOYKaX pacueTHo# obmactu; 4) Ny onepamuit g1a ymEOXenus Ha D~!; 5) 3N,,4 npoBepok s
BBIYUCJIEHUS TJI00aJIbHOIO MAaKCHMYMa.

B Tabs. 1 mpuBeneHb! pe3yNbTaTHl TEOPETUUYECKHMX OIEHOK YCKODEHHS NapaJsijieIbHOTO aJiro-
PHTMa B 3aBUCHMOCTH OT CII0C06a IEKOMIO3UIIAN 00aCTH, THUIIa, 0OMEHOB M KOJIMYECTBa, IIPOLEC-
COB JIJIsl MOJEILHOM IIPAMOYToJIbHOM obsactu ¢ cerkoit 401x401 rouek. 3mecs N,q = 160801,
N = 320000. U3 Tabn. 1 Bugno, uro Hanbosiee 3¢ppeKTUBHON SABJISAETCA Peasn3aliisd, OCHOBAH-
Has Ha pa36uenuu 0bacTy 6€3 nepekprbiTud nomobiacreit. [losydeHHbIe pe3yIbTaThI TOKA3LIBAIOT,
4TO aJIrOPUTM 00JIaJaeT 3HAYNTEILHBIM 00beMOM IMOTEHIMAILHOTO MapaJLIen3Ma U XOPOoIIei ¢
TOYKH 3PEHHs] PACIAPAJIIeIMBaHUs CTPYKTYPOH, YTO JAeT YyCKOpeHme 6Ju3Koe K JIMHEHHOMY B
3aBUCHMOCTH OT KOJIMYECTBa UCIOJIL3YEMBIX MPOIECCOPOB.

Tabmauma 1
3HAYEHWS ONEHKH YCKODEHWs! B 3aBUCUMOCTH KOJIMYECTBA TIPOI[ECCOB
| Ton pexommozerm [p | 1 [ 2 | 4 | 8 | 12 | 16 |
Be3 nepexpoITHd 'SP 11.0000 | 1,9999 | 3,9986 | 7,9866 | 11,9526 | 15,8855
Be3 nepekpoiTust S;,mbl 1.0000 | 1,9999 | 3,9995 | 7,9981 | 11,9957 | 15,9923

C TeHeBBIMM I'DaHSIMH Sg’ 1.0000 | 1,9962 | 3,9830 | 7,9173 | 11,7814 | 15,5554
C TeHeBBIMH I'DaHSIMH Sg"bl 1.0000 | 1,9962 | 3,9849 | 7,9399 | 11,8653 | 15,7615

3. BoruuciamresbHBIN 3KCII€PUMEHT
3.1. MoneasrHas 006JacTh

JlJisi 9UCIIEHHOrO WCCIIeI0BaHUsI YCKOPEHUsI MAPAJUIEIHbHOTO aJI'OPUTMa PACCMOTPUM CJIELY-
IOLLY0 MOZeIbHYIO 3agady. I[Iycrs 2 — «kBagpar» Ha cdepe: Q = [0,7/10] X [7/2,7/2 + ©/10].
Ipanune §) cautatorcs «TBepasiMuy. B ) paccMoTpeHa 3a/1ada ¢ U3BECTHBIM TOYHBIM PEIIEHUEM
[3]. B pacuerHoii o6sacTi OCTPOEHBI ABE paBHOMEpHbIE KBagpaTHiie ceTku 401x401 u 801x801
TOYEK C COOTBETCTBYIOIIEH COIVIACOBAHHON TPUAHTY/IsALMeENd. B BHIYMCINTEIPHBIX SKCIEPHMEHTAX
onu10 caenano 1000 maros mo BpemMeHu.

Brruncienus BrinosHsinch Ha 96-mponeccoprom kiaacrepe UBM CO PAH. Kuacrep MBC-
1000/1BM (co6crsennas coopka IBM CO PAH, [11]) conepxut 24 BorauciauresnsHbix y3na AMD
Athlon64/3500+/1'b (ommOmpomEecCOpHBIe, OxHOsiAEPHbIE); 12 BhIYMCAUTENBHBIX y37108 AMD
Athlon64 X2 Dual Core/4800-+/2I'6 (0mHOIPOLECCOPHBIE, ABYXbSAAEPHBIE); 12 BEIYUCIUTEIbHBIX
y3noB 2 X Dual-Core AMD Opteron Processor 2216/4I'6 (1ByXIpOIiecCOpHBIE, JBYXbsIIEPHBIE).
Yupasasiiomuit y3es, cepsep gocryna u daiiossiit cepsep Athlon64/3500+/1Gb c obmeit auc-
koot nmamarsio 400 I'6 nox ympaBnernem OC Gentoo Linux. Yupasisiomas cers FastEthernet
(100 M6wur/cek), cers nepenaun nanusix GigaEthernet (1000 M6ut/cex). Heob6xoaumo oTMeTuTh,
YTO IOCKOJIBKY KJIACTED SIBJISIETCS I'€TE€POr€HHBIM, TO BPEMEHHBIE XaPAKTEPUCTUKY BBHIIOTHEHUS
IPOrpaMMbl OCPEAHSUIACH [0 PE3YJIbTATaM HECKOJIbKHX JECITKOB PACUETOB.

Ha puc. 7 npejcraBieHa 3aBUCUMOCTD YCKOPEHUSI BEIYUCIEHUH OT KOJIMYECTBA, UCIOIb3yEeMBIX
MPOIECCOB [IJIsi MOAEJILHBIX CETOK. UTOOBI HE 3arpOMOXK/IAaTh PUCYHOK, HE 0TOOpakeHbl rpaduku
YCKOpEHUH, MOJyYEHHBIX JIsi JEKOMIIO3UIMK C TEHEBBIMH MPAHAMHU C OJIOKHUDPYIOMUME 0OMeHaMH,
MIOCKOJIbKY OHM NPAKTHYECKH COBMAAAIOT C rpadHKaMi YCKOPEHUS IJisl JEKOMIIO3UIUH C T€HEBBI-
MU TPAHAMU C HeOJIOKMPYIOIMAMU OOMEHAMH.
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AHayu3 BBIYUC/IATEIHHBIX SKCIEPUMEHTOB IIOKA3bIBAET, YTO MPU CPABHUTEIHHO HEOOJIBIIOM
KosimaecTBe mporeccopoB (P < 12) 3HaueHme YCKOPEHHsSI OCTAETCS OIAWHAKOBBIM [Isi BCEX Pac-
CMaTPUBAaEMbIX BAPUAHTOB, [IPH 3TOM MOXKHO OTMETHUTH HE3HAYUTEILHOE MPEMMYINECTBO JIEKOM-
mo3unuu 6€3 TEHEBLIX I'PaHE.

B anropurme moka He HMCHIOJB3YETCS] BO3MOXKHOCTH COBMEINEHWS] BBHIYHCIEHHNA U OOMEHOB,
II09TOMY BJIMSIHHE OJIOKHDYIOIIUX ¥ HEOJIOKMDYIOIIUX BapUAHTOB IIEPECBIOK JOJDKHO OBITH MH-
HUMAJBHBIM. B To Xe BpeMsd, Ha ceTke pazmepHocTsio 401 %401 6nokupylomnme 06MeHbI O e-
KOMIIO3UIMU 6e3 TEHEBBIX I'paHell He Jal0T POCT YCKOPEHWs, HauMHAs C BbIYMCJIeHu# Ha 12-Tm
mpoueccax. B ocranpHBIX ciayuasax Ha ceTke 401x401 poct yckopeHus: Habsromaercs BILIOTH IO
HCIOJIb30Banus 22-x mporeccoB. Hamnaune sdpdexTuBHOCTH 60sIbINe €UHUIEL B pafione 18-tm —
22-x mporeccoB 00bACHsIETCS, TO-BUANMOMY, momaganueM B K31 Ha cerke 801 %801 mpu obimem
YBEJINYEHUH YCKOPEHHS BIUIOTH A0 UCIOJIb30BaHus 20 IpOIeccoB 0TMeYaeTcs «IIpoBaJiy npu 16-tu
npoueccax. HeycrolunBocTh Ipu KoIM4decTBe IPo1ieccoB HoIbIe 22-X TOBOPUT O IpeobsiafaHuy B
9THUX CIIydJasX BpeMeHU 0OMEHOB HaJi BHIYUC/ICHUSIMY, ADXUTEKTYPHBIME OCOOEHHOCTSMY KJIaCTEPA
u peanusarueit MPI.

g 30,00 ——MopensHas ceTka 401x401
3
Q
g
>
KonuyecTso npousccos
25,00 — MbaersHas ceTka 801x801 N
Sl ¥
2 20,00 :
O
> 15,00 (3
3 1\\ /
10,00
5,00 o X X
0,00 + . T T T : T : : T T T T T T T .

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
e [leKOMNOIMLMA B3 NEPEKPLITURA, HEGRIOKMPYIOLME OBMEHI KorwmecTBo npouieccos
b [l exoMnioavms 6e3 nepekpbirus, obMeHbl SendRecy
s Yoo [1@KOMMIOBMLMA C TEHEB bIMU rpaHaMu, HeGNokupytoupe obmeHb!

Puc. 7. 3aBUCUMOCTh YCKODEHHUS BHIYHCJIEHHH OT KOJMYECTBA MOCTYIHBIX IIPOIECCOPOB

B paborax [5, 6] mpuBeseHbB HEKOTOPBHIE PE3YJIBTATHI, XaPAKTEPU3YIOIIHE AJIS ITOH XKe 3a-
naun 3pPEeKTUBHOCTh PACIapalIeUBaHUS KOJa C HCIOJb30BaHHeM s3bika Fortran-DVM npm
MPOBEIEHUHN YHCJIEHHBIX SKCIIEPMMEHTOB HA PABHOMEDHOM MOJE/bHON CeTKE U B aKBaTopuu Mu-
posoro okeana. Jlexkommo3unusa 061acTu B paboTe IPOBOIUIACE aBTOMATUYECKH U UCIIOIL30BAJIa
TEXHOJIOTHIO0 TeHEeBHIX rpaHeit. IIpoBoasa cpaBHeHHE C STHMH pe3y/IbTATaMH, 3aMETHM, YTO IIpU
WCIOTb30BaHUM 8-MU U 0oJjiee MPOIECCOB IPOTPaMMHUPOBAHME MAPAJLIEIbHBIX aJTOPUTMOB IIPHU
momonu ¢yukimit MPI mokaskiBaeT HECKOJIBKO 00Jiee BHICOKWE 3HAYEHWUS] YCKOPEHHUS BBIYMCIIE-
auit. OgHaKO, JaHHBIX A JOOPOCOBECTHOrO cpaBHeHus BosMoxkHocrer MPI u DVM na mammoi
3ajia4e He JOCTATOYHO.
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3.2. BerunciauTesbHBIE 3KCIEPUMEHTHI Jjid akBaTopuun OX0TCKOro Mops

TecroBrie pacuersl fyis akBaTopuu OXOTCKOT0 MOPsi IPOBOAMJIUCH HA CETKAX, IOATOTOBJIE-
Heix C.®.IIsraesbiv u U.B. KupeeBbiM Ha OCHOBe OTKpBITON OaTmMeTpudeckoil 6a3bl JaHHBIX
ETOPO2 [6, 10].

B paccMmoTpenHoit ceTke uncao y3a0B Ny = 43 768, a 9uciio TPEYroJbHBIX 3j1eMeHTOB Ngj =
78929 (puc. 8 a).

YucmeHHBIN 9KCIEPAMEHT COOTBETCTBYET HAYAJIBHBIM JAHHBIM C JIOKAJIHLHBIM IOAHEMOM YDPOB-
Hsl, OIMCHIBAEMBIM TayCCOBCKOM (pyHKITHeiH

£(0, ), ) = Aexp(—(X — X0)?/(2D)? — (¢ — w0)?/(2D)?).

B pacuerax 6b110 mpuasaTo A = 10, A\g = 149, 1° BocToUHO# m0JITOTHL, & o = 53, 1° ceBepHO# M-
potsl, D = 0,005, xoaddumuent tpenus r, = 0,0026. Ina ckopocTeil mpeAmnosaraauch HyleBble
HavasbHble mauabe: u(0, A, @) = v(0, A, ) = 0.

B nocrpoenHoit ceTke U3 00ImIEro YMC/Ia rPaAaHAYHbBIX Y9aCTKOB 0K0J10 6.4% mpoxomaT mo Mopro.
Ha takux ygyactkax mg = 1, u B kpaesom yciouu (2) nosaramu § =1 u d(¢, A, ) = 0.

Pesynbrarsl YMCIEHHOrO MOAEIMPOBAHWS MOKA3aHBI Ha puc. 8 6) — r), roe HpeaCTaBIeHA
dbyukuus €(t, A, @) 1S HEKOTOPBIX MOMEHTOB BpeMeHHU. JIMHMSIMY HOKa3aHbl TPAHMUIIB], IOy IUB-
IInecs TpYU JeKoMIo3unuyu obnactu Ha 8 gacreit. IIoCKoIBKY CeTKa CHIBHO CTYHIAETCd B IPUIPa-
HUYHBIX 00JIACTSIX, TO MHUPHUHA MOJIOCH, KOTOPas OTBOAMTCH OJHOMY IIPOIIECCODPY, B IpUOPEXHOH
30HE 3HAYUTEJIHHO yKe, 4eM B Mope. B Tabi1. 2 mpuBeieHbI Pe3yJIbTATH YUCIEHHBIX SKCIIEPUMEH-
TOB Ha Pa3JMYHOM YHKCJIE IIPOIECCOPOB. 371eCh BepXHWE UHAEKCH «bly m «unbls coorBeTCTBYIOT
SKCIEPUMEHTaM C OJIOKUPYIOMUMY ¥ HEOJIOKMPYIOIIUMH ONEPaIusaMi 06MeHa COOTBETCTBEHHO.

Tabauna 2

Pe3ynpTaThl 9UCIEHHBIX SKCIIEPUMEHTOB IJIS 331390
B akBaTopuu OXOTCKOro MOps

KosmuecTBo mponeccopoB 1 2 4 8

Bpewms ¥, c 6,8729 | 4,0690 | 2,3030 | 1,6324
VYexopenne S% 1,0000 | 1,6891 | 2,9843 | 4,2103
DddexTusroCcTs EY 1,0000 | 0,8446 | 0,7461 | 0,5263
Bpems t*™ ¢ 7,0290 | 4,1209 | 2,3389 | 1,5304
VYexopenne SUnbt 1,0000 | 1,7057 | 3,0053 | 4,5928
DddexrusrocTs E4 1,.0000 | 0,8528 | 0,7513 | 0,5741

W3 Tabn. 2 BUOHO, UTO YCKOpEHWE BHIYMCJICHUHM yBEIUYMBAETCH NPOMOPIHOHAJIBHO KOJIHYe-
CTBY JOCTYHUHBIX IporieccopoB. IIpu 3ToM BpeMsl BBIYMC/IEHWI IPH WCHOJIB30BAHWU HEOJIOKUDY-
IOIUX Tlepeiad He3HAUUTEJHHO MEHBIIE 0 CPABHEHHUIO CO BPEMEHEM BBIYMCJIEHUH IPHU HAJIWINN
GJIOKUpYIONMX TEPEad.

Cnenyer OTMETHTD, YTO [EKOMITO3UIMS ODJIACTH C TEHEBLIMHM TDAHIMHU B 9TOM CIydae SBJIS-
€TCS TPYAOEMKHM HPOIIECCOM, MOITOMY HE IIPOBOAMJIACH.

CpaBHeHHE C PE3yJIbTATAMH, MOJYIeHHBIMA NPU TpuMeHeHuH TexHojormu DVM [6], maer
TIPEUMYIIECTBO HAITUX AJITOPUTMOB IPHU OOJIBIIOM KOJAIECTBE MPOIECCOPOB.

4. 3akJroyeHue

Ha npuMepe umcieHHOrO pelneHusl KPaeBoi 3aaa4uu Jjis YPaBHEHUM MeJIKO# BOIbI B pabore pac-
CMOTPEHHI TeXHOJIOTHYECKUE aCIEeKTH Pa3pabOTKH MaCIITAOMPYEMBIX TapPAJIEIbHBIX aJlOPUTMOB
JJIs KJIACTEPHBIX BHIYUCIUTENBHBIX CHCTEM C HCIO/Ib30BanueM Ombsmoreku MPI.
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r)

Puc. 8. Yucnennble s3kcnepuMeHTH B akBaTopunm (OXOTCKOro Mopsi Ha 8 mporeccopax:
a) oOmmit Bz ceTky; 6) HavasbHOE BO3MYIIEHWE; B) depe3 42 muH; T) uepe3 67 MuH

IlockonbKy mpu OUCKPETH3ANWU 3aJa4M UCIOJIL30BAJICH METO] KOHEYHBIX IJIEMEHTOB C Op-
raHU3anueil BBIYUCIEHUN IO TPEYTrOJIbHBIM 3JIEMEHTaM, OBLIO PAacCMOTPEHO [IBa, €CTECTBEHHBIX
OJIX0Za K JAEKOMITO3UIuY 00J/IacTH — 6e3 MePEKPHITHI U C TEHEBHIMU T'DAHSIMH.

Teoperudeckue OIEHKY TTOKA3aJIM, YTO AJrOPUTM O0/IaJaeT 3HAYUTEIHLHBIM 00HEMOM TIOTEH-
IIIaJbHOIO I1apaJlIejIn3Ma U XOpOIlell, ¢ TOYKH 3pEHHs paclapajlyieIuBaHusd, CTPYKTYpPOH, UTO
JaeT yCKOPEHNe, B 3aBUCUMOCTH OT KOJIMYECTBA UCIIOJIB3yEMBIX IIPOIECCOPOB, TEOPETUIECKH Om3-
KO€ K JITHEHHOMY.

YucneHHbIE 9KCIIEDUMEHTHI IOKA3aJIH, YTO UCIOJb30BaHUE HEOJOKUPYIOMIETO pexXuMa obme-
HOB, KOTOpO€ JIOIYCKAeTCs aJITOPUTMOM, sIBJisieTcs 6e3yciioBHO 6ostee a3 dbexkTuBHbiM. B nabHei-
IeM IIaHUPYETCS MOBHICUTH 3 @PEKTHBHOCTH AJIrOPUTMA, B TOM YHUCJIE W 33 CYET COBMELIEHUS
BBEIYUCJIEHUH ¢ HEOJIOKUDYIOIIUME ONEPAIAIMHu OOMeHa.

CiieyeT OTMETHTD KaK SIBHOE IIPEUMYINECTBO MPOCTOTY OPTaHM3AIMH IIaPAJLIEIHLHOTO aJiro-
PHUTMa IpHU JeKOMIO3UINHN 0e3 MepeKphITHS MOJ00/IacTell Ha HECTPYKTYPHUPOBAHHBIX TPUAHTYJIS-
IIUIX pEeaJIbHBIX aKBATOPHI.

Paboma swinoanena npu gunarcosoti noddepoicke Poccutickozo gonda dyndamenmasrvros
uccaedosaruti (zpawm 08-01-00621-a) u ITpesudenmcexoti npozpammv «Bedyuyue nayunsie wxoan
P®»s (epanwm HII-3431.2008.9). Cmamovsa pexomendosana K newamu npozpammHbim KOMUMEMoMm
MEAHCOYHAPOOHOU HayuHol Kondepenyuu < Ilapassesvrvie suuuciumenvhve mexnosgeuu 2009>.
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