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BBIUMCJEHUE BII® HA TAPAJUIEJIBHOM APXUTEKTYPE C
PACITAPAJUIEJIMBAHUEM OIIEPALIUU «BABOYKA» C UCITIOJIbB3OBAHUEM

AJJAIITUBHOI'O PACYETA CTEIIEHU JETAJIN3ALIUN
Uepemuos A.T'.
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TakToBas yactoTa pabOThI IIEHTPAIBHOTO IIpolec-
copa, a TaKXKe apXUTEKTypa KOHBEHEpHO# 00paboTKU
KOMaHJ SBIBIIOTCS OIPEEIHIIONMMA  (aKTOpaMu
osicTponeitictBuss OBM. B mocnenHee mecsTmieTne
n3-3a (QyHOAMCHTANBHBIX (DU3UYCCKAX OTpaHMYCHHUN
IPA TIPOU3BOJACTBE OOJBIINX HWHTETPAIBHBIX CXEM
(CBUC) poct TakToBOHM dYacTOTHI 3amemmmics. OT-
JIEIIEHO OTMETUM, YTO TETUIOBBIICICHHE M DHEPTOIIo-
TpeOJieHHe MPONOPIIOHAIBFHO 3aBHCUT OT TaKTOBOI
yactoTel. Hammpumep, npu yBeJIM4eHUH TaKTOBOM 4a-
CTOTHI B /IBa pa3a, TEIUIOBBIICIICHIE YBEIUINBACTCS B
16 pa3 [1]. B Hacrosiee BpeMs POCT MPOU3BOMIM-
TEJBHOCTH IEHTPANBHBIX IPOIECCOPOB JTOCTUTACTCS
3a C4ET KOJIMUECTBA BEIYNCIUTEIBHBIX AEP.

IIpr wmcnonb30BaHUM HECKOJIBKUX CIAOBIX TIPO-
[IECCOPOB BO3MOXKHO TOIYYUTH OOJBIITYIO MPOH3BO-
JIUTEIILHOCTD 110 CPABHEHHUIO C OJTHUM MOIIHBIM [2].

B mHamm gEm mudpoBas o0paboTka CHUTHAIOB
MPUMEHSETCS IPAKTUIECKH BO BCEX OTPACIAX HAYKU
u TexHuKkd. Pasznoxenne B psn Oypwe sBiseTcs of-
HOM M3 pacnpocTpaHEHHBIX 3ajady. MareMaTu4yecKui
anmapar npeobpaszoBanus Pypre XOpoIIo U3BECTEH U
omwcaH B qureparype [3].
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Puc. 1. 3amena N-tounoro BII® asymst N/2-TounbiMu

BII®

OmHUM 13 BO3MOXXHBIX CHOCOOOB BBIYHCIICHHS
obicTporo mpeobpazosanust Oypne (BIID) sBisercs
anroput™ Kynu-Tsroku [4]. DTOT anropurM mpoct B
MOHUMAaHMU U JIETKO NMOAJAETCS pacHapalieIuBaHHUIO.

[Ipu wmcrons30BaHWK pa30MEHUN WCXOTHOW aHa-
JTU3UPYEMOH MOCTIeI0BaTEeIbHOCTH Ha JBE, Oojiee KO-
POTKHX JOCTHUTAETCS JOTONHUTEIbHASI MUHUMHU3AIHS
BbraucneHui (puc. 1). IIpu 3ToM KomMUecTBO omepa-
i cokpatutcs B ABa pasa [3]. Ilocnenmyromiee pas-
OmeHne MOTyYeHHBIX IOCIIEA0BATEILHOCTEH BO3MOXK-
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HO NIPOBOJWTH IO TEX IOp, IOKA YHCIO OTCYETOB B
aHATM3UPyeMOii BEIOOpKE KPaTHO 2.
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Puc. 2. Pa3buennie u o0beMHEHNE MTOCIIEI0BATENb-
HocTH ipu N=8

B nmannoit paboTe kpoccrutatdhopMerHas 6uOImo-
teka Intel® TBB [5] ucroas30Banach B Ka4ecTBE HH-
CTpYMEHTa mapajuienbHoil pa3paborku. Ha eé ocHose
B cpene paspaborku Visua C++ 2012 coszgano mpo-
rpaMMHOe  OOEcledYeHWe  pacyera  4YacTOTHO-
BPEMEHHOU KOPPEIAIIMOHHON QyHKImH [6, 7].

B manHoit 6ubnnoteke peannu3oBansl [5):

e  mapamtenbHsle anroputmbl: for, reduce, do,
scan, while, pipeline, sort;

e  [OTOKOOE30macHbIe
ouepeib, XeNI-TaduIa;

e  MacmTabHpyeMble PACTIPEICTUTENN aMSITH;

®  MBIOTEKCHI;

e  aToMapHbIC ONepallny;

e  riobanbHAs BpEMEHHAs METKa,;

e  [UIAHMPOBIIKK 3a/a4;

®  BBIYHCIHUTEIBHEIN rpad.

Jdns peanuzanuy  napansielbHOTO BBIYHCIICHHS
BII® wucnons3oBan mabiaon 6ubnuorexu Intel TBB
tbb::parallel_for. B Hero BXoauT mapamerp ykasbiBa-
IOIIMI CTeNeHb JeTaiu3auuu 3afadu  (KOJIMYEeCTBO
Moj3a/1a4, Ha KOTOPbIe pa30HMBaeTCs UCXOTHAs 3aja-
qa) «Grainsizey.

Pa3mep BBIOOpKH BapbuUpOBajCs B mpeneiax 4—
262144 otcuéToB. DKCIEPUMEHTAJIBLHBIE HCCIIEI0BA-
HUSI TPOBEJICHBI Ha TpexX mpoueccopax ¢upmsl Intel:
Core 2 Quad 6700, Xeon® 5160 u Core i5 750. Ila-
pametp «Grainsize» BapbupoBaics ot 1 qo 262144,

B kagectBe mpumMepa, B Tabnuie 1, mpUBEICHBI OII-
TUMaibHOe 3HaueHue Grainsize W BpeMEHHbBIC pe-
3ynbTaThl BerauciacHus BI1® uva 1T Xeon-5160.

KOHTEHHEPBL: BEKTOP,

Tabmuua 1. Pe3ynbrarel  BBIYMCIEHHS YaCTOTHO-

BpeMeHHOH KoppemsiuuoHHor ¢ynkunu (1000 npeoo-

pasoBanuii Pypse)

Intel Xeon 5160 — 2 BeIYKHCIUTENBHBIX S/pa,
kommmsaTop Visual C++ 2012

Bpewms Beinomnze- Bpems Beimon-
Pa3mep HUSI TI0CIICI0BA- -g 8 HEHHSI T1apa- U2
BBIOOPKH TENLHOTO aJIro- 6D JIETBHOTO aJlro-
purma t1, MmC purma t2, MmC
4 0,233 4 0,483 0,482
8 0,740 8 1,165 0,635
16 2,075 16 2,718 0,763

32 5,414 32 6,048 0,895
64 13,041 64 13,937 0,936
128 30,756 128 32,236 0,954
256 70,931 1 60,218 1,178
512 164,383 1 142,848 1,151
1024 367,752 1 244,770 1,502
2048 823,576 1 510,100 1,614
4096 1810,272 1 1074,612 1,685
8192 3954571 1 2284,121 1,731
16384 8580,298 1 4879,637 1,758
32768 18526,001 1 10422,106 1,778
65536 39946,972 1 22420,168 1,782
131072 | 86822,082 1 50127,145 1,732
262144 | 200067,551 1 122205,849 1,637

Pe3ynbTaThl 3KCIIEPUMEHTOB [UIS  AANTHBHOTO
nozacuéra Grainsize npuBeeHbI B TabHIIE 2.

Tabmuna 2. Pe3ynbraTbl  BBIYMCICHHS YaCTOTHO-
BpeMEHHOU KoppensiuonHor ¢ynHkiuu (1000 mpeoo-
pa3oBaHuii @ypbe) ¢ aJanTUBHBIM MOACYETOM Mapa-
merpa Grainsize

Pasmep Intel Core 2 Intel Xeon Intel Corei5-750,
BBIOOPKH Q6700, mc 5160, mc MC
4 0,48 0,45 0,81
8 1,16 1,05 0,70
16 2,67 2,39 1,77
32 6,08 542 3,53
64 14,07 12,50 8,26
128 29,73 22,87 18,48
256 55,26 45,53 34,42
512 96,18 92,92 70,19
1024 197,52 201,31 1145
2048 373,87 431,46 223,04
4096 740,90 920,16 447,32
8192 1533,24 1991,13 932,03
16384 3183,96 4249,71 1954,98
32768 6735,10 9110,87 4098,74
65536 14284,21 19693,42 9151,06
131072 30798,32 44017,05 18065,00
262144 68493,11 108833,49 38072,20

JluctuHr mnepecuéra ONTHUMANbHOTO 3HAUYEHUS
GrainSize Ha si3pike C++ npUBEIEH HUXKE:
int grain = grainsize / butterflyCount;
if (grain< 1)
grain= 1,

Pacuer 4acTOTHO-BpEMEHHOW KOPPENSIUUOHHON
¢yHKIMM TpeOyeT 3HAYMTENBHBIX BBIYHUCIHTEIBHBIX
MorrHocTe# OBM. Bo3MoHBIE IIyTH TOBBIIICHHS
3¢ GEKTUBHOCTH pacyeTa YacTOTHO-BPEMEHHOU KOp-
peISIIMOHHON ~ (DYHKIMH  TaKkKe  PacCMOTPEHBI
B [8-10].

3aki04eHue

Hcxonst w3 aHanmm3a IOJIYYEHHBIX PE3YJIbTAaTOB,
MOXHO CJIeJIaTh CJICAYIONIMH BBIBOJ: HCIIOJIb30BaHHE
a/IalITUBHOTO IMOJCYETA CTEIEHH AETalu3aluy B Olle-
panusix Berurcienust bII® no3BonseT NpoBOIUTE 3TH
orepanuu ObICTpee.
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Modeling is an essential and inseparable part of
scientific work, and many scientific disciplines have
their own ideas about specific types of modeling. A
scientific model can provide a way to understand el-
ements easily which have been broken down to asim-
pler form.

The COMSOL Multiphysics simulation environ-
ment facilitates al the steps in the modeling process —
defining geometry, meshing, specifying physics, solv-
ing, and then visualizing results. It also serves as a
platform for the application specific modules.

In this work the continuous casting processis sim-
ulated using two stationary modes of COMSOL Mul-
tiphysics: General Heat Transfer and Weakly Com-
pressible Navier-Stokes.

This work simulates the process of continuous
casting of a metal rod from amelted state. To optimize
the casting process in terms of casting rate and cool-
ing, it is helpful to model the thermal and fluid dy-
namic aspects of the process. To get accurate results,
you must model the melt flow field in combination
with the heat transfer and phase change. The model
includes the phase transition from melt to solid, both
in terms of latent heat and the varying physical prop-
erties.

The model is a two-dimensional axisymmetric
model in the rz-plane. Figure 1 shows the dimensions
of the 2D geometry. The underlying reference model
was originally developed by J. Fjellstedt.
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Fig. 1. 2D axi'wmr-netric model of the cati ng process

As the melt cools down in the mold it solidifies.
The phase transition releases latent heat. Furthermore,
for metal alloys, the transition is often spread out over
a temperature range. As the material solidifies, the
material properties change considerably. Finaly, the
model also includes the “mushy” zone—a mixture of
solid and melted material that occurs due to the rather
broad transition temperature of the alloyand the solid-
ification kinetics.

The process operates at steady state, because itisa
continuous process. The heat transport is described by
the equation:

V-(-kVT)=Q-(pC,u-VT)
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