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NMnan

[locTaHOBKa 3a4a4u

YucneHHbi MeToA

0630p apxutektypbl GPU n mogenn CUDA
OcobeHHOCTN peanun3auumn

Pe3ynbTaThbl U BbIBOALI

[lone3Hble CCbIIKU



BBegeHue

BbluncnntenbHble 3a4a4m aspo-
rmapoaANHaMUKK

MoaenupoBaHue TYpOyNeHTHbIX TEYEHUM

BMuK MI'Y, kadenpa mMaT. puU3NKU
[lackoHoB B.M., bepe3unH C.b.




[TocTaHOBKaA 3apaum

TeueHne BA3KON HECKUMAEMOU XNAKOCTU
B 3D KaHane

KaHan 3ano/siHeH 1 HaxoauTCa B OAHOPOAHON cpeae
[Mpon3BObHbIE HAYasIbHbIE U FPAHUYHbIE YCNOBUS
HeunsBecTHble BEMYNHBI — CKOPOCTb U TEMMEpPATYpa
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OBHbI© YPaBHEeHMUA

[MonHas cucrema ypaBHeHUM HaBbe-
Ctokca B 6e3pa3MepHbIX BeIMynHax

Y
Y
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DABHEHWNE HEPa3PbIBHOCTY
paBHeHUS ABmxeHus (HaBbe-CTokca)

DAdBHEHUWE SHEPIUN



YpaBHeHue
Hepa3pbIBHOCTM

op
L 1V-(pv)=0
- (ov)

l 0 = const

du dv :Ei'w_

:Ei'x-l_ﬁ'}?—l_ dz

Obrem V

0

lcnonb3yeTcs npu BbIBOAE OCTasIbHbIX
ypaBHEHUN (ABMXXEHUS U SHEPrUN)

[1lpoBepKa TOYHOCTU TeKYLLEro peleHus



YpasHeHua HaBbe-CTtOoKkCca

BTopou 3akoH HbloToHa: LP v =3F

HeBsi3kasa )KUIKOCTh:

ZF:L(pf—Vp)dV

Bsi3kasg ;KUJIKOCTE;
ZF:L(pf ~Vp+V-1)dV

f — MaccoBbIe CHITBI (CHITa TSKECTH)
T — TEH30P BA3KUX HAIPSHKCHUU
P — IaBJICHUE



be3pa3mepHblie ypaBHeHUsA

[lapameTpbl noaobus
Yucno PenHonbaca Re =
Yucno lNpaHaTng

V'L e,
U
V', L' — xapakTepHas CKOpOCTb, pa3Mep

' — TAHAMHUYECKas BI3KOCTh CPEJIbI

k' — KO3((UIKUEHT TEIIOMPOBOJIHOCTH

Cp' — yJlIeJIbHAA TEIIOEMKOCTD

YpaBHeHMe COCTosIHUSA NS naeasbHoro
ra3a/>KuaKocTu:
p=pRT



YpaBHeHMA ABNXXEeHMUNA

be3pa3mMepHaa popma:
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YpaBHeHMe 3Heprum

[lepBbl 3aKOH TEPMOANHAMUKM A1 obbeMa V:
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PuHanNnbHbIE YPABHEHUR

4 HENUHEWHbBIX YPaBHEHUS]
HC + 3Heprus

Hens3eecTHble BeNMNYUHbI:
KOMMOHEHTbI CKOPOCTU: U, V, W
Temnepatypa: T



YUucneHHbIM meTon

MeToa no-KoopAMHATHOIO pacllensieHns
HesaBHaqa cxemMa 2-ro nopsaka

HennHenHble ntepauunm

[MonycymMMa 3HaY€HUM Ha ABYX NpeablayLmx
nTepaumsx



O6HoBNeHne
HEeNMMHENHbIX
MapaMeTpoB

Pacwennenne PacwenneHne PacwenneHne
no X noyY noZ

r7100aIbHBIC UTEPALTUU

PeweHune u PeweHune v PeweHne w

Pacuet
auccunaumm

O6HoBNEHNE
HENIMHENHBbIX
napaMeTpoB



Cragum anroputma

PeweHne 601bLIOIro KOMYeCTBa
TpexamnaroHanbHbixX C/1AY

BbluncneHne auccmnaumm B KaXKaou
quenkKe CeTKU

O6HOBNEHWE HENMMHENHBIX NapaMeTpoB



OcobeHHOCTM MeTOAA

bonbluon o6beM obpabaTbiBaeMbIX
NAHHbIX

Bbicokasa apudpmMeTmnyeckas
MHTEHCUBHOCTb

Jlerko napannenuTcs



Apxutekrtypa GPU

MaCcCUBHbIW
napanenin3m
NMOTOKOB

LLiInpokasa nponyckHas
CMOCOBHOCTb NaMATH

[Noaaep>kka ABONHOM
TOYHOCTH
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Peanuzauma Ha CUDA

Bce paHHbIe XpaHATca B namMatu GPU

4 ckanapHbix 3D MaccuBa AN Kaxxaou
nepemenHon (u, v, w, T)

3 gononHuTenbHbIX 3D MaccmBa

~300MB anga cetkn 12873 B double



PeweHue
TpexamnaroHanbHbix CJIAY

KaXxaasd HUTb pellaeT POBHO OAHY
TpexanaroHansHyto CJ1AY

Ha kaxxaoMm ware N2 He3aBUCUMbIX CUCTEM

Y 7

L/ x

Pacmemnenne X  Paciueruieaue Y Paciernienue Z



MeToa NPOroHKu

Heobxoanmo 2 AOMOSIHUTESNbHbLIX MacCUBa
XPaHEHUE. JIOKaJIbHAA MaAMATb

[psiMon xon
BblyucneHue alij, b[i]

O6paTHbIK X0A
X[i] = a[i+1] * x[i+1] + b[i+1]



Mpobnemsbl peanusaunm

Kakaas HUTb nNocnenoBaTe/lbHO YNTAET U
nuweT ctonbey 3D MaccuBa

KoadduumneHTsl 1 rnpaBas 4acTb

Y, Z — NporoHkun coalesced
X — NporoHkKa uncoalesced!



OnTMMMn3auma NporoHKu

X — NPOroHKa

TpaHCNOHNPYEM BXOAHbIE MAaCCUBbI U

3arnyckaeM Y-MporoHKy

2.500

2.000

1.500 -

1.000 -

0.500 -

0.000 -

m original

coalesced



Pacuetr auccunaumm

PacyeT 4aCTHbIX NPOU3BOAHbLIX MO TPEM
HanpaBNEeHNAM

JToKanbHbIN AOCTYN K NaMATy

Kaxxaaa HUTb obpabaTbiBaeT cTonbel
NAHHbIX

[lepencnonb3oBaHne pacyUTaHHbIX
NPpOnU3BOAHbIX

Mcnonb3oBaHue pasgenseMmon namatu (?)



OnTmumsauma guccmnaummn

PedakTopuHr Koaa

[peaBapuTeNbHbIM pac4eT HEKOTOPbIX
KOHCTaHT, n3baBneHue ot NULHuX if

C++ wabnoHbl ang
X, Y, Z-aunccmnaumm
YMeHblUeHne yncna

DErncTpoB, HET JINLLIHNX
obpalleHnn K namMsaTu

2.5

float

double

original

optimized



HenvuHeuHble urepaumm

HeobxoammMo nocunTaTb NOAYCYyMMY ABYX

3D MaccmBoB

Kaxkaas HUTb CHNTAET Cpasy
AaHHbIX — N2 HUTEeun

Bce uTeHusd/3anncu coalescec

ansg cronbua

OnTMManbHbIM BbIOOP pa3Me

Da 610kKa

80%b0 OT NMKOBOW NPOMYCKHOW
criocobHocTn Ha Tesla C1060



Peanuzauma Ha CPU

Mcnonb3oBaHne OpenMP MHCTpyKUUK

[lepecTaHOBKa LUWK/IOB AN ONTUMU3aLUn
pPaboThbl C K3LWEM



Pesynbrartbl

BekTopHOE 110J1€ CKOPOCTEN



Pesynbrarthbl

Re=250

-------




TecT NPpOUN3BOAUTENIbHOCTMU

TecToBble AaHHbIe
CeTka 12873
8 HeNMNHEUHbIX nTepaumn

CpaBHeHune CPU, GPU, Regatta

AbcontoTHoe BpeMsi paboTbl
JKOHOMMYecKast 3PdPeKTUBHOCTb



NMpoussoautenbHoOCTb float

25.00
20.00
15.00
m NVIDIA Tesla C1060
m Intel Core i7 Nehalem 2.93GHz (4 cores)
10.00 m Intel Core 2 Quad 2.4GHz (4 cores)
5.00
0.00 -

Dissipation Sweep NonLinear Total



NMpoussoautenbHocTb double

11

10

Dissipation

Sweep

NonLinear

Total

u NVIDIA Tesla C1060

m Intel Core i7 Nehalem 2.93GHz (4 cores)
m IBM Regatta p690

m Intel Core 2 Quad 2.4GHz (4 cores)



NMpomssoautenbHoCcTb HA W

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

float

double

m NVIDIA Tesla C1060
m Intel Core i7 Nehalem 2.93GHz (4 cores)
m Intel Core 2 Quad 2.4GHz (4 cores)



NMpounsBoauTenbHOCTb Ha $

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

float

double

m NVIDIA Tesla C1060
m Intel Core i7 Nehalem 2.93GHz (4 cores)
m Intel Core 2 Quad 2.4GHz (4 cores)



Bbnm>xamuwme ninaHbl

IC

DC

DEKTNBHAYA peEa/in3auni Ha

Heckonbknx GPU
PacyeT Ha 60nblUMX ceTkax ¢ 6onblLINMU

ymcnamm PenHonbaca

OI'ITVIMVI3aLI,l/IFI OTAEJIbHbIX AA4€EP
MeToa peayKummn ans TpeXamaroHabHbIX

CUCTEM



BoiBOoAabl

Bbicokas 3¢

DEeKTUBHOCTb Tesla B 3aga4vax

DC

d3po-rmapoamnHaMnuKun

[IporpammHas moaens CUDA — ynobHoe
CcpeacTBo yTunusauum pecypcos GPU

[lpuMeHeHne GPU OTKpbIBaeT HOBbIE
BO3MOX>XHOCTU AN UCCneaoBaHUA



Bonpochl




