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OnpepgeneHne OOCTYMHOCTU

Hacrpoiikn *

McnonezoeaTe Honee ooHOro NpoOLECCOpPa

@Mmonbmsam rpathYeckiil NpoLUeccop coBMecTHD © CUDAI

[ - General Information for device 0 ---
Mame: GeForce GTXTITAM
Compute capability: 3.5
Clock rate: 875500
Device copy overlap: Enabled
Kernel execution timeout: Enabled
--- Memory Information for device 0---
Total global mem: -2147483648
Total constant Mem: 63536
Max mem pitch: 2147483647
Texture Alignment: 312
--- MP Information for device 0---
Multiprocessor count: 14
Shared mern per mp: 49152
Registers per mp: 65536
Threads in warp: 32
Max threads per block: 1024
Max thread dimensions: (1024, 1024, 64)
Mazx grid dimensions: (2147483647, 63335, 63333)

120 | MuH.

Jka TEMP

CucTema spawenna: | CeobogHas e Ky0 BpaweHma

[] AncTepHaTHBHanA KapTa pesynsTaTos

MpospaqHocTe:  0.00 I 1.0

LieeToBana cxema: | WS2005 ~

CoxpaHWTe OTMeHa 3



== CTaTn4yecKkmnn pacyeT C HECKOMNbKNMU
3arpy>XeHnamm

WMcnonssosaTts Gonee oaHoro npousccopa

LAte

L=

—— General Informatien for device 0

Name: GeForce GTX TITAN

Compute capability: 3.5

Clock rate; 875500

Device copy overlap: Enabled

Kernel execution timeout : Enabled
--- Memory Information for device 0---

Total global mem: -2147483648

Total constant Mem: 65536

Max mem pitch: 2147483647

Texture Alignment: 512

——- MP Infarmation for device 0-—— 120 | mian
Multiprocessor count: 14
Shared mem per mp: 497152
Registers per mp: 65536
ia TEMP

Threads in warp: 32

Max threads per block: 1024

Max thread dimensions: (1024, 1024, 64)

Max grid dimensions: (2147483647, 65535, 65535)

CucTema Bpawerma: | CeoBoaHan | A ky6 spawerus

[[]AnbTepHaTuEHan KapTa pesynsTaTos

MpospauriocTe:  0.00 l 10

LiseTosas cxema: | VS2005 ~

Coxpararrs Ornera

Pacuer ? >

MHElHEI CraTUHeaMil pacieT o

anasarpyxerma | Sarpywenned; Sarpyskenne 5; Sarpykenn...

MeTon |CUDABICGSTAB ~
LDL = q
v k-1 aLu10mapH0i TennonposoanocTi)
Frontal e Sl
vSparse fiecTaLIoHapHOI TENNONPOBOAHOCTIA)

1,|MKL_RC1_ISS_CG
MiL_RCI_IS5_FGMRES

MKL_DSS

SOR. Jarpyeenie

MIGMEHT BREMEHH

ITepauHs
O Pracuer yeroiumsocti )
[[] CoBcrBeHHbie YacToTsl %
[ HenuHesiHeit pacseT &
[] Tononoruuseckas onTumusaLma %
[ Beryraenris xoneGaria <
[J PacueT crawmonapHoil TennenposeaHocTH &
PaCHET HECTALMOHEPHON TENMONPOSOAHOCTH o
[] PacueT NocToaHHER ToKoE <
[ anextpoctaTiiecit paciet &
[ MarnurocTaTiiecuii paciet o
[] HeCTaLMERaDHEIR 3MSKTOMAr MU THEI DaCHET < 4
[ BoicokouacToTHBIN MOAGNBHBIR aHANMS &

==




CTaTn4eckun pacyeT C HECKONbKUMMU
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3arpy’>KeHnsImm

CTabnnnanpoBaHHbIN MeTo4 OMCONPAXKEHHbIX FTPAANEHTOB C
npenobycnoBnMBaHUeM:

PeweHue 3agaum ¢ HeCKONbKNMM

3arpyeHnsamu. 1 BriOpaTk HadanpHO® OPHOMHAKEHHE Xg. BEIMHCIHTE I'n = b — A X
[ K ] [X ] — [ F ] (1) 2 Brifparh BekTOp T . VIOBISTBOPAKIINA YCI0BHIO (rg. T ) # 0 (HampHMep.
T =ro)
NXN- NxM NxM 3 HMmai=1.2.... 10 CXOOUMOCTH HIH 10 N;"™

ﬂ,ﬂﬂ YCKOPEHUNA CXOOUMOCTH 4 o= 1)

NnPMMEHAETCA I'Ipeﬂ,06yCJ'IOBJ'IVIBaHI/Ie: 5 Ecnl pi1 =0
6 TO MeTOJ He MOKeT PeIIHTEh JTaHHYI0 CHCTEMY
7 Ecmmi=1
8 Pi = Ti1
9 ITHaue

= : 2 ,. .
[M] [K]{XJ} [M]{FJ}’ ( ) 10 Bii1 = (i1 / pi2) (01 / ©@51)
11 P; = Tig + Bri(Pit — 1 Viy)
[M] - [L] [U] 12 Hafitn p H3 cHcTeMsl My = p;

13 Vi=Ap
14 & =Py ";(’f‘- vr)
15 S= Il —0; Vs
16 Ecnan [[s||, / [[roll, < Tol
17 to KOHEII (X; = X;-1 +0;p — DOIyIeHHOE PElIeHAe)
18 HafitH § B3 cucTeMbl M§ =5
19 t=A%S
20 ;= (t.s)/(t. t)
21 Xi =Xl TWip T §
22 I;=s—mt
23 Ecmu (vl / ||roll, = Tol 5
24 To KOHEII (X; — moTy4eHHOE PelIeHHE)

25 YVBeIHIHTH |



OueHKka adpdpeKTUBHOCTU
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apannenbHbIX Bbl4YUCIIEHUN

YckopeHue (speedup), nonyyaemoe npu UCNonb3oBaHUN NapannenbHOro anroputma Aans p npoLeccopos, Mo
CpaBHEHWIO C NnocriegoBaTeNbHbIM BapUAHTOM BbINOMHEHUS BbIYUCINEHWIA, ONpeaensaeTcs BeNUUYnNHON:

S,(nN)=T,(n)/ T, (n) (3)

rae BeJindnMHa N UCNoJib3yeTCA Ond napamMmeTpusaunm BbIYNCIUTENBHOMN CIOXXHOCTU pemaeMOf/'l 3aja4yn 1
NMOHUMAETCA KaK KOJIM4eCTBO BXOAHbIX AAdHHbIX 3a4a4M.

CucTtemMa, Ha KOTOPOW NPOBOAUITUCH UCCNENOBaHUS:

CPU Intel i7, 4 cores, 3.4 GHZ, lvyBridge; Ol - DDR3, 16GB; NVIDIA GTX Titan Kepler, 6 GB, 2688 cores; HDD
2 T6 ; CUDA 8.0; OC Windows 10;

KayecBTO KOHEYHBIX | Pa3MepHOCTH MATPHIBI KosinuecTBO YckopeHue
3JIEMEHTOB 3arpy:KeHumn
Xopoliiee Ka4eCTBO 102717x102717 10 17.58884
Xopo1iee Ka4yeCTBO 1075461x1075461 10 15.82659
I1i1oxoe Ka4yecTBO 15246x15246 10 1.60072
[11ox0€ Ka4ecTBO 11616x11616 10 1.27866




PeweHne obobLwWeEHHON 3aa4n

Ha COOCTBEHHblIe 3Ha4YeHud

[Insi peLeHs 06OBLLEHHON 3a[a4N NOMCKka COBCTBEHHbIX 3HAYEHMI 1 BEKTOPOB:
[AI{X} = A[BI{X}
NPeANaraeTCsi MCNOMb30BAT CrIEaYHOLLEe NPe0BPa3oBaHME:
[B]=[L]V]
[LT ATV ] " {y}= A{y}
{yr=[U {x}

O6paTHble MaTpuubl Ansa L n U HaxogaTcs Npy peLleHnun MaTpUYHbIX YpaBHEHWN:

[LI[X]1=[E]
[UILX]=IE]

[C1=[L]I[AIIVT™
[CIH{Y}= Ay}

(4)

(5)

(6)

(7)



PeweHne obobLwWeEHHON 3aa4n

Ha COOCTBEHHblIe 3Ha4YeHud

HaxoxgeHue I'IpI/I6J'IVI)KeHHbIX 3Ha4YeHU cOBCTBEHHbIX YMcen:

wO, =3
[D]={oOH@}";
[C]1=[C]- 4..{D}; i
e} = [CT{LO Y, )
{0V} = {w} ’
@,
AP ={oP} [CHoP3,
10<i<10;

N

L@ = L0

MeTtopq O6paTHbIX nTepaumn co CoBUroM:
([A1- A2 [EDLy O} ={x"},

AL = 30 XlES) (s+Dy _ {y(s)}_ (9)
T T T e 8




Hacrpoiiku

MicnonesosaTs Gonee oaHoro npousccopa
LAk,

HCNoNE30BaTH rpadyyeckull NPOLECCOp COBMECTHO ¢ CLIDA,

— General Information for device 0 —
Name: GeForce GTX TITAN
Compute capability: 3.5

Clock rate: 8
Device copy overlap: Enabled
Kernel execution timeout : Enabled
--- Memory Information for device 0---
Total global mem: -21 2
Total constant Mer
Max mem pitch: 214
Texture Alignment: 5
——- MP Information for device 0---
Multiprecessor count: 14
Shared mem per m
Registers per mp: 6
Threads in warp: 32
Max threads per block: 1024
Max thread dimension
Max grid dimensions: (.

120 muH.

ia TEMP

CucTema Bpalwenns: | CeoboaHas ~ | 1 Ky6 Bpaweran

[[] AnbTepHaTHEHas KapTa PesyNsTATOS

MpospautocTs:  0.00 I 1.0

LiseToBas cxema: | V52005 ~

S amE

Pacuer (4 >

NHeliHGii CTaTIuEcKkA packeT =

Ans 3arpyxeHus | oanaocesas ~

MeToa CUDABICGSTAB ~
YUMTBIBATE NONE TEMNEPaTYP (M3 CTALIOHAPHON TEMNONPOEOAHOCTIA)
YuMTBIEaTE NoNe TeMnepaTyp (M3 HECTALMOHAPHOI TENNONPOBoAHOCTI)
0-0

YauTbiBaTE None Aasner us FGA

YUMTBIBATE NONE TEMNEpaTYD W3 FGA

[JPacueT ycroirmsoct &)
CobcTeerHEE YacTOTEI ~
[] ¥4MTHIBaTL NPeABapUTENLHOE HAMPYREHUE

ANS 3ArPYREHUA | cunaccesan

MeToA |MTepaln NoANpocTpaHCTE(Sparse) ~

WTepaLsii NoANpocTpaHcTs
MTepaLu noanpocTpaHcTa(Sparse)
MTepaLu noanpocTpaHCTS(Sparse) Bes opToronansaLu

Komaued|

[ Tononerneasan enumisaLss ~
[ ] BemyxaerHsie koneBanms )
[(JPacueT crawsoHapHoi TeNNoNPoEeAHOCTH <

PaCUET HECTALMOHAPHO TEMMIONPOBOAROCTI )
[ PacueT nocTosHHEIx Tokos %
[ 3nextpoctaTieci pacteT <

[ MarsmrocTaTuieaai pacyeT
[ HecTaluoHapHEIA SNEKTPOMArHUTHEINA pacueT v

[ BbicoKouacToTHEN MOAaRLHEI aHanus <

Omera

PacyeTt coOCTBEHHbIX YaCcTOT

MapameTpbl BbIBOAAE PEIYNLTATOR

Tun pac4eTa YacToThl cofCTEEHHB KonehaHui

R
YacToTa 1-13.5883 Iy ~
N2 YacToTa, Ny MM T GMm SR MmUY S M.
KapTa pesynbT
Tin pesynotatos |2 B7.6042 18.9 80.1 1e-22
3 [136.19 9.09e-20 B0.1 4.51e-21
OfeemHsie 3nely 545 755 5.51 86.6 1.79e-21
MTONOAEHNE KAPTHI 5 [259.448 1.47e-18 [B6.6 1.52e-19
6 480,723 3.34 90 1.92e-19
Bua kapTol Wsd7 [782.526 1.19e-16 90 9.06e-18
3 [794.908 2.03 92 1.12e-15
Konu4ecTeo Msoyp
9 816,811 1.37e-19 92 1.38e-16
. 10 [1187.69 1.36 93.4 7.48e-13
MacwTabHEIA koaddy
11 [1317.99 2.36e-12 93.4 7.142-12
DﬂetbopnmposaHH- 12 1658.75 0.977 04,3 3.84e-10
[JHenedopmmposan 13 [1873.6 5.27=-10 94.3 2.19e-09
14 [2118.18 1.62e-10 94.3 211
15 [2150.89 1.64e-09 94.3 2.58e-08
16 [2207.46 0.735 95.1 5.42e-10
__________________ FE R FLL] 1 Af=n aE 4 1 dfang =11



OpToroHanu3aumnsa BEKTOPOB Ha MaTpuULLy

1

{Xo}:
XY TAX )

{Xo} (10)

X F={X 3= 20X Y TAX HX )
1
AXFTAIX}

1<i<m.

N

Xi}= Xk -

10
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lcnonk3osaTs Gonee oaHoro NpoLEctopa

[ ¥icrionssoaaTe rpadaEaan: IpAUECEo

I - General Infarmation for device 0 ---
Mame: GeFerce GTX TITAN
Compute capability: 3.5
Clock rate: 875500
Device copy overlap: Enabled
Kernel execution timeout : Enabled
- Memory Infermatien for device 0
Total global mem: -2147483648
Total constant Mem: 65536
Max mem pitch: 2147483647
Texture Alignment: 512
--- MP Information for device D---
Multiprocessor count: 14
Shared mem per mp: 49152
Registers per mp: 63536
Threads in warp: 32
Max threads per block: 1024
Max thread dimensions: (1024, 1024, 64)
Max grid dimensions: (2147433647, 63525, 63335)

120 mmH,

a TEMP

CucTemMa BpaleHia: | CeoBoaHas ~ KyB spawernsa
[ Anctepratieran kapTa pesyneTaTos
MpospaurocTs:  0.00 I 10

UpeTosan cxema: V52005 ~

oz T

Pacuer T >

Ans sarpywens | SarpyxeHie 0 ~

MeToa CUDABICGSTAB ~
YUMTLIBATE NONE TEMNEPaTYP (M3 CTALVOHAPHOM TEMMoNPOBoAHOCTH)
YUMTEIBETE NONE TEMNEPATYP (M2 HECTELYOHAPHON TENNONPOEOAHOCTH)
ANA MOMEHTA BPEMEHI 0-0
FarpywKeHe
YUNTLIEATE None ASBNEHW U3 FGA

MOHEHT BREMEHH
YuMTBIBATE Mone TemnepaTyp s FGA

Vrepaua

PacueT ycTolivBocT ~

AN8 3arpYKEHUA | 3arpyweHie 0 ~
MeToa |CUDA ~
Nk

| Naruow
[ cotiers| EAST <
[CIHenw ~
[ Tenonornyeacas onmimizaws ~
[Bsmymaentsie konebarms )
[IPacuer craLmoHapHoii TENNoNposoAHOCTI &

PaCET HECTALW/OHEDHO TENNONPOSOAHOCTH S
[[]PacueT nocTomHHbIX Tokos ~
[ 3nexrpoctamiecan pacuer )
[IMarmrocraTiecaii pacer )
[ Hecrawonapreii snexTponarmiTHei paceT )
[ BicokouacToTHsI MoAaNLHSI aHANWS )

Otmena

Trelineiil cTaTiecaii pacieT ~

Pac4yeT yCcTON4nBOCTH

MapameTpei ebiBoaa paynn'ramﬁl/\\} X
TunpacdeTa | VeroiumBocTs ¥
3arpymeqe 0

YCTORYMBOCTD 1- 62735

Kapta pesyneTatos

Thn pesynsTaTos | MeperelweHis >

OfibeMHEIe 3NEMEHTEI usumM

Monowerie KapTel Ha AecopmiposaHHoIi KoHCTpYKLIM ki
BuakapTel | Msoofinact >

Konu4ecTso usoyposHeit [ low white

MacwTabHei KoshdueHT auto

[ Betbopmmposartias KoHCTpYKLAR
[[IHenedopmiposatian KoHCTPyRLAA

11



OnpeneneHne NonoXxXnTenbHOU

orpeagerieHHoCTn MmaTtpuLbl

Pa3snoxeHue Xoneukoro:

[Al=[L][L] (12)

-1
2
L :JAH _Z Lic (13)

[Al+k*[B]=[L][L'] a4

12
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BbluncnurenbHble IKCNEPUMEHTDI

S,(n)=T,(n)/T,(n)

PasmepHocTs MaTpuubl | Kojim4ecTBo HeHYJIeBbIX YckopeHue,
3JIEMEHTOB MATPHUIIbI S,(n)
15246x15246 315768 7.29824
11616x11616 312058 6.56842

13
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BuHapunsaumnsa cepbiX U3006pakeHnn rnpu

TOMNOJSIOrM4eckom onTUMmn3aLnm

MeTtog Ouy

[Mnkcenu knaccnuumpyrotTca Ha 2 knacca (“nonesHole” u “doHoBble”). Metog Ouy 1weT nopor,
YMeHbLUAKLLNMN OUCNEePCUI0 BHYTPU Kinacca, KoTopasi onpefernsieTca Kak B3BelleHHasi cymma AUCrnepcumn OByX KnacCoB:

O'i,(f) — ql(t)af(t) + qz(z‘.)r:rg(t) (15)

CHayvana BblvncnsieTcs pacnpegerneHne ructorpamMmmsl and M306pa)KGHVIFI, a 3artem
BbIMOJTHAETCA HOpMaJin3aLuuna.

a(t) =3 P(i) @)= Pi)
i=1

i=t+1 (16)
" iP(i [ = I 20)

15



BuHapunsaumnsa cepbiX U3006pakeHnn rnpu
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TOMNOJSIOrM4eckom onTUMmn3aLnm

Auncnepcun Ans AByX KNaccos:

o1 (t) = Z[i_ﬂ'l(f)]gp(i) o3(t) =Y ['i—,ttg(f)]zp(i)

(17)
. qi(t a- (1
MonHas AMcnepcust MOXeT BbITb ONpeaeneHa ypaBHEHMEM B BUZE CYMMbl AUCTEPCUM BHYTPU Knacca v
OMCNEPCUN MEXAY KNacCamu:
2 2 2
o = o, (t) + op(t) (18)
MUHUMM3aLMS AVMCNEepPCUM BHYTPU KNacca paBHOCUIbHA MakCUMMU3aLmy AUCIepcum
MeXay Knaccamu:
2 2
oy, (1) = q1(t)g2(t)[pa(t) — pa(t)] (19)

16
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BbluncnurenbHble IKCNEPUMEHTDI

S,(N)=T,(n)/T,(n)

Kosu4yecTBO 3J1€MEHTOB ch«zp)emle,
b n
315768 8.75788
312058 7.88209
2066993 9.26103
23142191 9.4462506




|
il
>
-
S

Pa3noxxeHne TEH30PHBIX MOE3I0B (Tensor-Train

Decomposition)

133721
1 5 9 13 17 21 159141822
A= ‘3) (73 1[1) f; ig gg et = e 2 0 1051993
' MxnNxrx..xz=MxN A = o
4 8 12|16 20 24
3 7 11
16 20 24
4 8 12
TT-dbopmar Tenzopa [1-3]:
Ay, g, ... ig) = Z Gi(iy, a1)Galan, ia, o) ...Gaoi(ag—2, ig—1, g—1)Galvg—1, iq) (20)
(o T,
Allr,...,1qa) = G1(11)...Gqalig) Gi(ik) = [Gr(k—1, ik, )] (21)

1) L. V. Oseledets, “Tensor-Train Decomposition” , SIAM J. Sci. Comput. 2011, 33(5), 2295-2317

2) C.B. [Joaros, “AnropuT™Mbl U IPUMEHEHHS TCH30PHBIX PA3JIOKCHHUM TSI YUCICHHOTO PEIICHHSI MHOTOMEPHBIX HECTAIIMOHAPHBIX 3a/1a4d”’, TUCCEPTAIHMsI Ha COUCKAHHE YICHOM
crenenu K.(.-m.H, Mocksa 2014

3) Patrick GelB3, “The Tensor-Train Format and Its Applications”, dissertation zur Erlangung des akademischen Grades eines Doktors der Naturwissenschaften (Dr. rer. nat.), Bel‘|i:ll"]8

2017
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Pa3noxxeHne TEH30PHBIX MOE3I0B (Tensor-Train

Decomposition)

Aunroputwm T T-paznoxenus :

1. BLII‘IHCHI/ITB HOpMy: ||A||F = \/Z Az(f]__ R J-d) A E ‘S.Rnl XKng X... X1y
114-a5ld

d
2. BBIMUCIUTE pa3Mep MEPBOTO sApa: Ny =ny, N, =115 _ony

3. M = A CBepHy’TB M B: J\j — j\[ E %f\f’! x N,

min(N,,N,) & '||A||
4. BeIYMCIINTh YCEUCHHOE CHHTYISIPHOE Pa3I0KCHHEC! M ~ USV  raxoe, uto: ol <A 1E
Y PR 20 = a1
5' G]_:U1 M:SVT, r]_:r
6. Hukmrork=2 god - 1.
N,
7. Bolumenutb pasmep k-oro agpa: Vi = ng, N, = -
g M = M ¢ RrVixN- :
min (N, ,Nr)2 & °||A||F
9. BblumcnuTb yceueHHoe cuHrynspHoe pasnoxenue: [ ~ [/ S|/ Takoe, 4ro: ZO‘k = ﬁ
k=r+1 -
10. G =U € Rrp_y X ni X1y,
11. M =SV
12. Gy=MT

19



Pa3noxxeHne TEH30PHBIX MOE3I0B (Tensor-Train

il
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Decomposition)

A =rand(1073, 10"3),

error = 107(-15);

A_Tensor = reshape(A, 100,1,100,1,100);
ttA = tt_decomposition(A_Tensor,error);

HEEAETE

EH 10001000 double | A [ owA |
1 2 3 4 o1 cell
1 0.1946 0.2679 0.1312 1
2 0.0514 0.9001 0.7362 0.9339 1 [100x100 double
3 0.0227 0.5615 0.6041 0.2116 2 |100x1 double
4 0.8694 0.6642 0.7733 0.7983 I 3| 1x100x100 double
5 0.0871 0.2267 0.2976 0.9029 4 |100x1 double
5 0.4870 0.4978 0.0228 0.5651 5| 100x1 double
7 0.2535 0.0328 0.4343 0.7690 6
g 0.8939 0.7892 0.3122 0.6003
9 0.1354 0.0816 0.6942 0.4755

Manmu,a N3 MUIIJTMOHa 3J1IEMEHTOB npe06pa3yeTC$| B Konnekuuto n3 20 TbicsAY 35IEMEHTOB

20
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Pa3noxxeHne TEH30PHBIX MOE3I0B (Tensor-Train

Decomposition)

Pemmenune CJIAY:
AXx =D,
X(iyonrig) = XD ()XP ([,)..x0D (g XD (i),
Ap ey 9
binig) ~ 3 bD()DE, (1,).bS D (i, )b (iy), (22)
B Baa
Ay, g, i )~ S AD iy, i) A (s, )AL (ig s o)
Y1197 d-1

Pemaem MasieHbKHE OA3a0a4U .

Ay () — &) (23)
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