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Paboraet Tonpko Ha BuaeokapTax pupmel NVIDIA, naunnas ¢ apxurekrypsl Kepler



CEORACTED 3HauveHHe
= oo Mcnonke3ogaTe Bonee 04HOMD NPOUeCcopa
B--@ MNapamerpel/HacTpoiim ” - .

Mcnonb30BaTh rpaduueckii NPoLUeccop C..

""" [ Hacrpoiiku coxpaners Mcnonb3osaTs rpathMyecknid Npougccop cosmectHo ¢ CUD,
. ff Hactpoiiku kapt pesynstatos --- General Information for device 0 ---
-l Mapamerper pacuiéros Mame: GeForce GTX 1060 with Max-0 Design

OBLme HacTpoiikn Compute capability: 6.1

Clock rate: 1420000
Device copy overlap: Enabled
Kernel execution timeout ; Enabled

=-£F Nuneiinan cratuea
Lo YacToTel coBoTBEHHERN KoneBaHni

----- § Nuneiinan ycroiunsocts - Memory Information for device 0---
g HacToTel coBoTBEHHBX KoneBaHuii Total global mem: -2147423648
[ G‘,II,HDCI'DFI'GHHHE ﬂl'lebeKEHETbI Total constant Mem: 65536

kax mem pitch: 2147433647
Texture Alignment: 512
--- WP Information for device 0---

MEecMETPUYECKEA HENMHERHDCTE
~fF Ous. HenUHEHOCTL

- OBy, HenuHeiiocTs Multiprocessor count: 10
----- ;!; NuHefHbIR KoHTaKT Shared mem per mp: 49152
..... S XFEM Registers per mp: 65536

Threads in warp: 32

Max threads per block: 1024

-t BeryACHHBIE KoNEGarns Max thread dimensions: (1024, 1024, 64)

Iy, Yeranoctheii pacqer = Max grid dimensions: (2147483647, 65535, 65535)

e[ TpelnHBI-#13HE CMEPTE 3NEMEHTOB




3aaayum, pellaemMble Ha
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O6bemHan aona

[wanasoH sHa4eHui obbeMHoR Qonm
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WMzobpaskaTts snemMeHThl B MacwTabe Of

Co3aaHwe ceTor
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[[INosepxtoctHan cetka (& Hosom cnoe)
OfbemMHan ceTka (B HOBOM Cnoe)

PazpeweHme

MapaneTp AnckpeTisai: | 50

Tounee (aonro) Ioyfee (Beictpo)

Co3AaTh CETKM

OnepaLu C SNEMEHTEMH
SHaYeHMe obLEMHOE QonM: 0.500 3anate

YaaneHue ofbeMHON A0MM NEPESOANT SNEMEHT U3
oBnacTH NPoeKTHPOBaHMA B HEMSMEHAEMOE
MPOCTPEHCTED.

P —— PesynstaT buHapusauun
| YaaniTe HE NOKasaHHLIE 3NEMEHTE]

BiHapH3aLMa NOSS0NSET NONYYMTE None obbemMHoi Aon1
Bes npoMexyTouHEN (Cephix”) SHAUEHMIA,

BuHapuzaLa
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4
Pacuer 2 X Ctatnyeckum pacyeT C HECKOJIbKUMMU 3arpyxeHnaAmu
TMUHEAHBIRA CTATUYECKMA DACcUET ~
ANA 3arpyMeHHa | Sarpyxiedued; 3arpy#edHue 5; SarpymedH.., v
MeTon |CUDABICGSTAB ~ [ K ] [ X ] — [ F ] (1)
¥y IIE?:HEI [TaLMOHAPHOI TENNONPOBOAHOCTI) NXN NxM NxM
¥45parse HECTALMOHAPHOI TENNONPOB0AHOCTH)
1 MKL_RCT IS5 _CG
MKL_RCI 155 FGMRES
MKL_DS5
SOR JarpyHeHHE
Y
b A
MTepauHa
[racuer ycroitmsoctia )
[J coficreetbie wacrate ("
[CJHenuHeireit pacser =
[] Tononoriyeckas onmimirsalma ")
[IBemyraerHbe koneGaHua ()
[JPacuer crawoHapHoit TennonpesoaHocTH (")
Pac4eT HeCTAUMOHAPHON TENNONPOBOAHOCTH )
[ Pacuet nocToaHHeX Tokos )
[ 3nexTpocraTiaecmii pacser (*
[ MarnurocTaTiuecmi pacuet = o
McxogHbin matepuan Pesynbrar
[ HecralmoHapHEIA 3neKTPOMArHATHEI pacseT (%
[ BeicokouacToTHEI MopansHLI aHans (%
Omera
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MUHEMHBIA CTATMYECKMA pacdeT

ANA 3a8rpy*eHua CHNaoCEBaA i

Meton CUDABICGSTAB ~

YUWTEIEATE NONE TEMNEPSTYP (M CTALMOHAPHON TEMNONPOEOAHOCTH)
YUWTLIBATE MONE TEMNEPATYP (M3 HECTALMOHSPHOI TENNONPOB0AHOCTH)
0-0

YuWTeIEaTE None AasneHwi s FGA

YYMTLIBATE NoNe TEMNEPaTYP M3 FGA

[Jracuer ycroitmsocti

CofcTBEHHbBIE HYECTOTEI
[ ¥umreisaTs npeasapuTensHoe HarpyKeH1e

ANA ZarpysweHia  cinaocesas

MeTon |MTepalwii noanpocTpaHcTe(Sparse) ~

WMTEpaLMA NoANPOCTPaHCTE
MTepaLMi noanpocTpaHcTe(Sparse)
MTepaLm nognpocTpaHcTe(Sparse) Bes 0pTOroHaNM3aLMN

Konayec]

[] Tononorveckas onTiMusawa
[ Bemysaentbie konefars
[[JPacueT cTawmoHapHoi TeNNoNposoAHOCTH

Pac4eT HEETaLUIDHaDHDﬁ TEMNNONPOB0AHOCTH

[]PacueT nocTosHHsIX ToKOE
[]3nextpocTatideckmii paciet
[CIMarsuTocTaTideckmii paciet
[CHecTaLoHapHbIit 3NeKTPOMArHUTHLIR pacqeT

[ BeicokouacToTHEIl MoganbHLI aHanms

OTMeEHa

Pacuer ? X

MapameTpbl BEIBOAR PESYNLTATOR X
Tun pac4eta YacToTel COBCTEEHHEIX KonehaHMi w
YacToTa 1-135883Tu w
Me  Yacrota, My MMXE e oMM SR M.MLY 5
KapTa pesyneT3
1 13.9883 61.3 61.3 8.05e-23 B.505¢
Tun pesynsTatos |2 B7.6042 18.9 80.1 1e-22 1.86¢
3 136,19 9.0%9e-20 @&0.1 <.51e-21  4.69¢
OfiberHole 3nely  b4s 263 6.51 86.6 1.79e-21 [5.48¢
MoNGMHEHME KapTHI 5 259,448 1.47e-18 B6.6 1.52e-19 (1,584
6 480,723 3.34 a0 1.82e-19 [3.5e
Bua kapTel M=zq7 [782.526 1.1%9-16 20 9.06e-18 19,414
3 [794.908 2,03 92 1,12e-15 (1,134
KonM4ecTeo Msoypd
9 B816.811 1.37e-19 192 1.38e-16 |1.274
. 10 1187.69 1.36 93.4 7.48e-13  [7.45¢
MacwTatHbI Koadd
11 [1317.99 2.36e-12 193.4 7.19e-12  [7.89¢
[] pedopmiposana 12 155875 0.977 94,3 3.84e-10  [3.925
[ JHenedopmposall3 1873.6 £.27e-10 94.3 2.19e-09 [2.59
14 [2118.18 1.62e-10 94,3 81.1 81.1
15 [2150.89 1.649e-09 94.3 2.58e08 @BL1
16 [2207.46 0.735 Q5.1 B.42e-10 811
| N 17 bace a3 Baseno ey 3 asoang By oq)
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Pacyer ? *

TMHEIHBIR CTATUUSCKWIA pacdeT

ONA 3arpyweHuA | Sarpysenne 0 - |

MeTtog CUDABICGSTAB ~

YUMTEIBETE Mone TEMNEpaTyp (M3 CTALMOHEPHOI TEMNONPOBOAHOCTH)
YUMTEIBATE None TEMNEpaTyp (M3 HECTALMOHEPHOI TENNONPOBOAHOCTH)

ANA MOMEHTA EpEMERH (D=0

JarpyHeHHE

YUMTEIBETE None AaEneHui us FGA
[MOMEHT BREMEHK
YuMTHIBATL NONe TeMnepaTyp 13 FGA
KMTepauna

MapameTpbl BRIBOAE pesyn bTETOh

Tun pac4eTa | YeToluMBocTh

Pac4eT yCToiumBocTi

ONA 3arpyweHnA | 3arpyseHue 0 it

Meton |CUDA ~

n«g
NaHuow

[ coficrs|TEAST

D Tononorv4eckan onTUMU3ELIMEA

[ BeiypraerHsie koneBaHus

[ ]PacueT cralmoHapHoi TENAONPOBoAHOCTH

Pac4er HECI'ELMDHEDHDﬁ TENNONPOEOAHOCTH

[]PacueT NocToAHHLIX TOKOB

[] 3nexTpoctatideckuil pacieT

[ MarHuTocTaTseckuil pacieT

[ HecTaLMOHEPHEIR SNeKTPOMArHUTHEIR paceT

[ ] BricokoNacToTHBIR ModaNEHEIR SHEMMS

5] omes

3arpyeHue 0

Y¥CTORYMBOCTE 1- 627375

{apTa pesyneTaToB

Tun pesyneTaToE MepeMeLL eHIMA

OBbEMHEIE 3NEMEHTEI | LISLIM

Mono#eHre KapThl Ha aedopMUMpOBaHHON KOHCTPYKLMM

Bua kapThl W3oobnacTi

K.ONMYECTED M30YDOBHEN III [low white
MacwTabHEIR KosddrieHT auto

[ nedopruposartan koHcTpyrLyA
[ HenedopmiposanHan koHCTpyKLYAA

OK OTMEHE

EETO




[NocTpoeHue NMMHNKN TOKa NO BEKTOPHOMY MOS0

FLOW VELSUM[m/c]
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NMpoGnema nnoxon oo6ycroBrIeHHOCTU

MaTpuu.
X, +X, =2,
{xl +1.0001x, = 2.0001.
X=(11)
X, +X, =2,
{xl +1.0001x, = 2.0002.

X =(0,2)

(2)

AKTyanbHOCTb

HenoctaTku ntepaumoHHbIX METO40B:

1) HeTt HMKakoW rapaHTUM CXO4MMOCTH
peLleHuns;

2) Bpemsi cxoguMoCTU peLleHnsa He
npeackasyemMo 1 MOXeT OSINTbCS
OOCTaTOYHO O0Sro;

3) MHorue metoabl BO BPEMS BblYUCIIEHNN
YNSTOTHAOT paspeXeHHY Matpuly, 4To
BedeT K bonbLwoMy pacxogy namaTu.




NMponyck uenu. Owmnbka BTOPOro poaa

USUM[mm] USUM[mm]
3141 39612407
2.944 3.713e+07
2748 3.466e+07
2552 32162407
2,356 2.971e+07
2.153 2.723e+07
1,963 2.476e+07
1.767 2.226e+07
1.57 1.981e+07

.1 374 .1 T33e+07
1.178 1.485e+07

1.238e+07

09315
9.903e+06

0.7552

0.55389 7427 e+06

0.3926 4.951e+16

2.476e+H16

g

L»Y

0.1963

9

b

TOYHOCTB peIIcHUS 107 ToYHOCTE peLICHHS: 107"
KomnuectBo urepanuii: 10000 KomnuecTBo urepanuii: 10000
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McxoaHaa 3apgava

Ha Bxop nomaercs nepeynopsiioueHHas metojioM Karxuiuta — Makku pa3pexeHHas
Marpulia . AJrOpuTM IpeHA3HAYEH 11 YMEHBIIICHUS TUPUHBI JICHTHI Pa3psyKEHHBIX
CHUMMETPHUYHBIX MaTPHII.

/DEE EE)

\® 68 8

—

C

\

:
/



k(i+N ~1),i k(i+N -1),(i+N-1)

% ) (%
Xih Xiih
s=1..n_block,

ki(i—h—l)"' ki(i—l)

k(i+h)(i—h—1)"' k(i+h)(i—1)

*

Xi—h—l

*

Xi -1

ki,(i—N) ki,(i—l)

B Asl(ki(i+h+1)"' Kigi+2n)
k

n_Dblock =

(i+h)(i+h+1) """ k(i+h)(i+2h)

N+h-1

k(i+N—1),(i—N) k(i+N—1),(i—1)

J Xi+h+1
X

i+2h

k(i—N),i k(i—N),(i+N—1)

PasnoxeHune ncxoaHou matpuubl No 0riokam

(3)

k(i—l),i k(i—l),(i+N—1)

N — pasMepHOCTbh UCXOHON MaTPHUIIbI



__ ANV

HaxoxaeHue anemMeHTOB obpaTHOM MaTpuubl
C ucnonb3oBaHuem hopmynbli
LLlepmaHa-MoppucoHa

(4)

i HIXWXZ;



Takum 06pa30M nocnenoBaTesibHO BbIYUCIAIOTCA GNOKU OGp&THOﬁ MaTpulbl ﬂpMeMHEMOVI Pa3MEepPHOCTM!U.

INVq, 1NV 1NV, inv,, inv,, inv,, [inv,, inv,, inv,,
c !nvlo |.nV11 Inv, C inv,, inv,, inv, C inv,, inv,, inv,
| 1NV INV5, 1NV, | inv,, inv,, inv,, NV, inv,, inv,, |

Pa3mepHOCTb nogmaTtpul, BbIbnpaeTca cornacHo nMmerLenca cBobogHom namaT CUCTEMBI.
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HacTpoiikn nporpammet
He Bso

% Mapamerpel/HacTpoiikn
Ja Hactpoiiku nporpamme
Ja YeTaHoekKM

=B Napamerper pacugros
QBLwKe HacTpoikn

-EF Numeiinan cratixa

----- § . uneiinan ycToiuneocTs

g HBCTOTEI COBCTBEHHEIX KONEBAHMI
[H-£7 OfHOCTOPOHHWE ONOpbI/KaHaTbI
[j--w1 BbIHy#aeHHBIE KoneGanna

‘I}_‘ YcranocTHel pacyér

[]--& lapMmoHUYECKWA aHANNZ

-3 TyHaameHTbI

£ CranbHbie KOHCTp.3nEMENTBI

[-C» MapameTpuyeckan onTMMUIaLns

CEOHCTED 3HaueHKe
= cnay
Sparse
OEBEM ONEpPaTHEHOR NaMATK LOL
NpaHEeHWe PasNomeHNna MATPULE! Frontal
TOYHOCTE PEWEHNA :-'IpTar;:mtal
MaKcMManEHoe KOA-50 UTEpaLmi LDL{disk]

PE3MED CerMeHTa Ha gruCKe
= Yu&T TemnepatypHOro nona

CPUTENSORTRAIN

YYWTHIEATE TEMNEPATYPHOE Mone ETGEN_ LG

BLIBOT TUNA NonA ana y4éta enmanua |EIGEN_BICGSTAE_DP
EIGEM_BICGSTAE [LUT

IMomeHT Bpemenm, [d

Homep 3arpysxeHuna gna pac4éta o

Anroputm peweruna CNAY
Anroputm peweHna CNAY [ocHoBHOMo ypasHeHma MES suga [K].[x] = [F])
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HacTpoikm nporpammst
HEz Bo o

x

'a_ MNapametpel/Hactpoiikn

: @ HacTtpoiiku nperpamme
@_ Y¥ecTaHoBKKM

E| MapameTpel pacuéror
Q6WwKe HacTpolikn
-4} NMuneiinan cratiea

----- § . NnHeiinan ycTofunBocTs

- BoiHy#aeHHble Konebanua
B YeranocTreiii pacugr
[P TapmoHuqecknii aHanus

B3 PyHAZMEHTEI

28 CTanbHbIE KOHCTP.3NEMENTBI

g HBCTOTEI COBCTBEHHEIX KoNEBaHMI
[« OAHOCTOPOHHWE ONOPbI/KaHaTEI

(-3 MNapameTpuyeckan onTHMU3aLmMA

CeoilcTED
B Cnay

OBELEM ONEPAaTMEHOW NAMATK
¥paHeHKWE PAN0OXEHNA MATPULIE
TOMHOCT PEWEHNA
MaKcUManbHoE KON-B0 UTEpaLmi
Pasmep CErMeHTa Ha JUCKe

[ Yu&r TemnepatypHOro nons

3Ha4eHue

>

ANropuTM peweHma CNAY Sparse

LOL
Frontal
Sparse
MT_Frontal
LOL(disk]
DAR LR
CUDATENSORTRAIN
CPUTEMNSORTRAIN

YUWTHIEATE TEMMEPATYPHOE NONE
EwlBoT TWUNa Nona Ana yd4&ETa BEAMAHKA
MomeHT BpemeHn, [

Homep 3arpyseHna gna pac4éTa

EIGERN_LG
EIGEN_BICGSTAB_DP

EIGEN_BICGSTAB ILUT
S
o

<

Anropwutna pewerna CINAY

AnropuTm pewedna CNAY (ocHoBHOro ypasHeHna MES snga [K].[x] = [F])

O T T T T T O S R N R S S}

AAAAAbAdARARARAAALAA,

USUM[mm]
3141

25944

2748

2552

2.386

21589

1.963

1.767

1.57
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HacTpoiiky nporpammel
HEe Bo o

B Napamerpei/Hactpoiiin

Ja HacTpolikn nporpamme
% Yctanoskm

E|' MapameTpel pac4éTos
OBwme HacTpoiikn
(- MHeiiHan cratnka

----- B . NnHeiinan ycToiuneocTs

[]--M BrIHy#aeHHBIE KoneBaHua
I}_. ¥cTanocTHeld pacugér
[]--{ﬁ lapmoHn4eckuii aHanns

B3 TyHAaMEHTEI

- £58 Cranebie koHcTp.anemenTEI

g HacToTel COBCTEEHHBIX KoneGaHui
Fez OanocTopoHHME onopel/KaHaTel

(-G MNapameTpuHecKan oNTHMU3LMA

USUM[rata], USUM[rara]
8.092

7586
7.08

5575
5069
5663
5.057
4552
4046
354

3.034
2.529
2.023
1.817

CeoilcTe
= Cnay

IHauveHUe

ANropuTM pewenmna CNAY Sparse

OEBEM ONEPaTMEHOR NaMATK
¥paHEHKWE PAN0OXEHNA MATPULIE
TO4HOCTL PEWEHNA
MakcMManeHoe Kon-E0 MTEpaLuit
PasmMep C2rMEHTa Ha JUCKe

[ Yy&r TemnepatypHOro nons

LOL
Frontal
Sparse
MT_Frontal
LDL(disk]

CPUTENSORTRAIN

YUWTHIEATE TEMMEPATYPHOE NONE
EwlBoT TWUNa Nona Ana yd4&ETa BEAMAHKA
MomeHT Bpemenm, [

Homep 3arpyseHna gna pac4éTa

EIGEN_LG
EIGEN_BICGSTAB_DP

EIGEN_BICGSTAB ILUT
S

o

Anropwutna pewerna CINAY

AnropuTtm pewedna CNAY (ocHoeHoro ypasHeHua MK swga [K].[¢] = [F])

6.25e+03 mm

1.68e+04 um

12504004 s

25ed




3agayum, KOTopble MOMOXET peLunTb pa3paboTaHHbIN METOA:

1)
2)
3)
4)
5)
6)

7)

Ctatnyeckmne pacuyeTsi;
[nHamMmnyeckne pacyerTol;
PacuyeT cOBCTBEHHbLIX YaCTOT;
Pac4yeTt ycTton4neocTy,
HennHenHble pacyeTsl;
TeyeHne XNOKoCTU;

MynesTndunsnyeckme pacyeTsol.
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Cnacubo 3a sBHumaHumel!

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TEXHUYECKUUN LeHTpP)

MockoBckas obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru



