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Abstract: This study presents the existing and optimized implementation methods for batched lower-upper (LU) matrix decomposition and

batched inversion algorithms on the graphics processing unit (GPU). For batched LU decomposition, the study analyzes the number of
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reads and writes to the global memory when the Left-looking, Right-looking, and other commonly used blocked LU decomposition
algorithms are implemented on the GPU. The blocked Left-looking algorithm with less memory access data is selected due to the
characteristics of the GPU architecture. In the process of pivoting during LU decomposition, a parallel binary tree search algorithm suitable
for the GPU architecture is adopted. In addition, to reduce the impact of the row interchange process caused by the pivoting on the
performance of the algorithm, this study proposes two optimization techniques, namely, the Warp-based packet row interchange and row
interchange delay. For batched inversion after LU decomposition, this study investigates the correction method employed in the matrix
inversion process. When batched inversion is implemented on the GPU, a blocked matrix inversion algorithm with delayed correction is
adopted to reduce access to the global memory during the correction. Furthermore, to speed up data reading and writing, the study adopts
the optimization method of using more registers and shared memory and that of performing column interchange to reduce memory access
data. In addition, a method of dynamic GPU resource allocation during operation is proposed to avoid the idleness of threads and the
waste of shared memory and other GPU resources. Compared with the static one-time resource allocation method, the dynamic allocation
method improves the performance of the algorithm significantly. Finally, 10000 random matrices with sizes between 33 and 190 data are
tested on the TITAN V GPU, and the types of the tested data are single-precision complex, double-precision complex, single-precision
real, and double-precision real. The floating-point arithmetic performance of the batched LU decomposition algorithm implemented in this
study reaches about 2 TFLOPS, 1.2 TFLOPS, 1 TFLOPS, and 0.67 TFLOPS, respectively. This algorithm achieves the highest speedup of
about 9%, 8x, 12x, and 13x, respectively, compared with the implementation in CUBLAS. The highest speedup achieved is about
1.2x-2.5%, 1.2x-3.2%, 1.1x-3x and 1.1x-2.7x, respectively, compared with the implementation in MAGMA. The floating-point arithmetic
performance of the proposed batched inversion algorithm can reach about 4 TFLOPS, 2 TFLOPS, 2.2 TFLOPS, and 1.2 TFLOPS,
respectively. This algorithm achieves the highest speedup of about 5%, 4x, 7x, and 7x, respectively, compared with the implementation in
CUBLAS. The speedup is about 2x-3x, 2x-3x, 2.8x-3.4x and 1.6x-2x, respectively, compared with the implementation in MAGMA.

Key words: batched LU decomposition; pivoting; row interchange; batched inversion; delayed-correction; dynamic method
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1 fori=1to bn

2 [ WOl ]:[ WOI
Wll Wll

XUl ; IR AE A RTH 4 e/

W, W, K

3 [ ”]—: 0 |sepr,: i RS R
W12 Wl 1

4 endfor

B/IE 5 BB IE MK XU = W IHREE.

1 fori=1to bn
2 Wor— = Woo x Ugy; /16 1E M ETH 45 e/

Wor | | Wa Ll R Ak
’ [ Wi ]_[ Wi XU s R ZRT0/

4 endfor

B SCPTA SRS RE SR (2) D, M SR — MU U =M R4l XL = U 4331 X, A ER (1) 22
RN U NG RACAHAEFEE W rp, DLy DB SR A5 RE 4] XL = W SEBL, JF HoRAG 45 RAE s bEw . 55 (2) 22
RAR T =M S5 (1) DR =77 R AL FERABL, DA A 91 2 DR A AN 2 A BB 1E P A
B RS AR 2 A R INHB IE, AT EA2» A KB IR 5 SE IR IE 2 FRERATE. §10% 6 MNSTik 7 BARHA 11X 2
Pk, X M R B E W B 4 R, VIEI W= U1, BE5EE W SRR AT B 76 X BAR ¥ LU 2R
BN R = FREREA L

Bk 6. LIS IEISR XL = W {5k

1 fori=1to bn

2 Wy = WXLy R T A e

3 Wo—=W;XL; /*1§I%U%)¥:ﬁg%ﬁ|}$*/
4

endfor

Bk 7. RIS IEISR XL = W 53k
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1 fori=1to bn
2 W= =Wox Ly HMEIE T4 e/
30 Wi=Wix Ly RIBH TS 450/
4 endfor
bn - i - 21 bo o i 20
: : |
|
NB l
Pl P N I
wo m| ARES NG
L N |
| | |
BE g !
‘7(21) Timely-corrected o (b) Delay-corrected () Matrix L

K4 RINAEREIER TR XL = W REE R E -

3 ETHE LU S#Er0iER K EIEAE GPU LAt S

76 GPU b SZIit s v, il 5 Jrzs—A> Block %R, — M FE. Tixt T~ Block A ZFEMELE, A LLZ 1D 1)
WA LLSE 2D 1. BT 2D RFR S5 5 B noxn NRFEXT AR BEM I nxn AN TG R, BRI T CUDA B4T 454 SM
(streaming multiprocessor) [Fl 1 15 2 4> Block [WEE . 53T K2 HUEFEMEOT S, KM 2D g5 HIME R4

/

IF H, 2R 2D S5 R0 2 i 51 A PO AT AR BRIl T AN TR — AT R, X i A AN R i T
FWARE, FELRAAIFREAR. T4k, 1D Gk — AL RT AR 47, AL A REA LR 0 E SE 2 A AR 55,
R POHTIE LS, I IRA TR A T A&l 5 Jros iy 1D g5 4. BB R AR D278 T GPU 4 i A7 L, IfF H

TR T F AL IS T P A A, FEAT bs ANHRFE.

Threads Matrices

Blocks [ -
Bx=0 — : M=0

Kernel grid — Bx=i — ) M=i

Bx=bs—1 — M=bs—1

Kl 5 GPU I Grid 1 Block 5% FEfr%] B ok £ s B

3.1 #tE LU SRRESEE GPU LA

SCRiR [15] 48, Bt/ NEBELE GPU M A 4 ) R 2 B TR 38 2 56 4 Jag N A7 PP B0 (4052 55 I 1), g S 2
TICITE], PRk, FEIEBE STV, N IR B R A B A 55 AU 577, BT Left-looking LU 2 fift Bt 5% Lt Right-
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looking LU 3+ fif ETTLELAT S IR 4 Joy PR AT R B0 5655 B, IR, £ GPU B S BLAiLSE LU 3k, AT
BT Left-looking LU Zr bR EVE. 5% 8 ML 9 45t T iX WA HEAE GPU LW SzBl, Il 532 8 FH: 9 4y
MWl T Left-looking X4 ) P 77 I B 9552 B B /b T+ Right-looking X4 &5 P77 I B S B v 8, 03 R hr «S”
(AR TR R AR L N AR TP IR AR

W 8 ik, 7 GPU _E 53 Right-looking LU Z A M SN, X 24117 471 4 M v i 508 75 ZE AT 2 ik
5, WE ISP RN A B N AE (B8 3 4T), SR )50 T 21 4 Sk AT #43 E E 781 LU 40 (56 7 47),
SMBSE BUG TR A4 S B34 R A AE (3 10 47), BRI 48 R I A7 B 132 5 Bl 8 2 x (n— (i— 1) X NB) X NB.
R, SR ARSI 4SNP BT AT A e (B8 12 4T), XA BRI S KB 4x (nx NB-NBXNB) . ZJ5¥
I ATIA I FERE U W TR U B BIIEZ AR GF 447) JFEAT S GF 15 4T), W2 UG T 5 B B4 R A2
(3 1747), VLI Bdls 525 BN 2 X NB X (n— i x NB), )i FH AU S PR SR RS 5 Us, 12 (As, 12) 18 IE R FBHIFE Ay
(B 1847), BB LS REA 2X (n—iX NB)X (n—ixX NB) . Il 52 3% A4~ Right-looking LU Z3 fi# B2 4 ]/ A7 1)
S BRI Vi = ﬁrﬁ #5n2o 13_1 X NBxn.

#i% 8. GPU L[ Right-looking LU /3 i b 4032,

1 fori=1to bn
2 RSP B N A
3 [ As 1 ] [ Ay ]

— bl

Asoi A

Asp — A
__syncthreads();
1 HTTF S PRI 3 TC LU S/
[ Asii | :P[ Ls

Aspr | Ls,,
__syncthreads();
PR T B 2 B [ B 42 JR) A A/
Ay | Asni
10 ’ ;
[ Ay _‘_[ Asa ]
11 AHEHAN AT A/

A 10 A 12 ] [ AIO AIZ ]
12 =P >
[ AZO A22 AZO A22

13 __syncthreads();

14 HMEIERMHFEY

15 As 1y = Lg}” X As12;

16 __syncthreads();

17 A1z<—As,12;/*>|%‘A12{':;"@J%%Wﬁ*/
13 Ap— = Asz XAsna;

19 __syncthreads();

20 endfor

AN »n b

XUs 115

£ GPU SN SHE 9 Ptk i Left-looking LU 23 i BRETIEIN, ¥ 56K 2 B 41 S P N4 Jmy W A7 B2 3L 2
A7 (55 347), V5 I 24T 9 A B 2210 C SR A 1 Loo KORAEIE U 107 H Us o1 (As o) (5 6 17), RIGIEIEF %R

[ 33*” } B 8 4T), LI X4 J A7 TSR BUE X NB+nx (i — 1) X NB . AB 1F 52805, %514 8EAT 346 43 1% 3 /¢
S.21

(K1 LU 73 (58 11 47), 20l 5E O R 14 B E [RI 2 4 Ji WA (51 14 47), BRI B S Bl n x NB . It 1) e
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SRR BEATATAS R (55 16 4T), IXANIEREEAE B S KN 4 X (n X NB—NBx NB) . W5E 844 Left-looking LU 7
PR A R A S B B VL =

11
3 2 _
2NBn +—2n 4XNBXn.

#i% 9. GPU _L(# Left-looking LU /i bR 5303k

1 fori=1to bn

2 R SRR RIS N A
Asol Aol
3 Asii | < | An |5
As)l Ay
4 __syncthreads();
5 HMEIEZETSSH
6 As 01 =Ly X Ag o1
7 __syncthreads();
As Ao
8 [ As ) ]_ =[ Ay X Asor;
9 __syncthreads();

10 /4ETFIERIIE 3250 LU S/

As i Ls
H [ Ao ]:P[ Ls,; *Us.;
12 __syncthreads();
13 /R SRS [l E 4R A A
[ Ao As o1
14 Ay || Asi
| Az Asoi
15 /USRI AT AT Her/
16 [ Ay Ay ]: [ A Ap ]
| Ao Axn Ay Ayp |
17 __syncthreads();
18 endfor

£ GPU 153 Left-looking LU 73R BRELILIN, Bk 15 2 A 511 2 BRist 2L 2 W AE, VLS8 105 1R S0 S 1] 31 4
JRAAEAE, FIHMT 3 A RBED IR B IESI G, XA BEEAT #7016 T2 T0I LU 23R 1 S BRAMES 73 IRAT A H. 3%
TFORFRAMTEE XX 3 AP ERAE GPU LK) S B S5 RAL B T R

(1) B IE 7T 91 Ak

EIE RIS i 4B (CAF 68 TICE A ) ISR & 2201 2 B A il L SR AR H (R i — 1A 5 B (7 1k
TARRNAE) HIERSEAE, 2 T 98 A BEIOCRAR 1 4 5 P9 A7 SO S, P A 2 R (R I D24 i 97 2 Ry e i i3
W H 5t B 25 A7 2, SRS B IE 2 AT 21 4 DR Bp 5B 8 TE B8 2 BRI S8l 2 05, A 2R P [l I i3 0T

FEIR, FORAFAd A 4 Jm A7 PR IR 2 0 81 A6 B 238 3 JEAT T — ORISR IORE SEOBT 17 24 51 2 B b 1K) AT Bt i 6
PR,

(2) R FN G PEEAT #2016 T LU 20

X H 2 PEAT 70 0k ETCH) LU 20, 5 Sk th e KM TR T AEAT, A TiEE 2 &S SR
e, PP ZRIN ], BAT TR ARV A E LK) (coalesced) IFAT — MM AR R FVALEAT, B ADMLFEX N4 P40
IR, wlEl 7 Pros, BB AT T E LA TR AN EON 8, WIZE 1 RN 5 4 DNERIFHATHO a) M as (R D).
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a Mas (W) a3 Fla; (L) ay Flag (FF(0) BB KAEH, BARIX 4 MRFEX N M TCHK a1 —ay « as —ag EIELE
1) (coalesced) (1), PRt = SCM R R STV 76 X LR AR 5. ARG 56 2 IR TR B 4 M REBATHIFRIM SRR, B
R BT 5K T T,

———

!// A

= —E ETEE
: e .
= = .l l. ..
= B E B
= H B B
? N
I B B E .
K6 1BIFH4uss&HuREE W7 ST X REOREE

(3) BVSHA B AT A 3

X B 4 SN R 23 BEAT AT A2 e b, 38 W OB R NB IRAT ASAT B IRBEAT, BEAN R FE X B — B ) 2 NI E AT
o, X VR BAR AR R, (B T AR DB P A A R A, WIEAT A0 et FE LR R U il & 9
A7 (F kS AN SE ) (non-coalescent), [A]— A~ Warp H1 IR ZR R 0) B (1) B4 b ik 5 20 K, 3X 2 {4947 A8 o 7
FEIT AL, X I R 3 S . S T AR R R U 4 J) P9 A7 M BE AN 2 SR 1 S i, JRATTER T Warp 23 44T AS
PeREA, K e T 4% I Warp JEAT 241, 20 ) TR W v R S PR TG 2R O N OR R, TR L R A 43 i 2 4, 41 A
& NB G tH TAT A il #2 42 2 WEAT NB IRAT ACHe, TRk NB AN SRR WU % . NB IRAT AS He. 11T T 3tk 7
LR )0 5 W T B, X R R () — AT AT A e 1¥) NB A SRR 6 250 T [7]— A Warp. W18 8 Jiar, 18 BBt K/
NB=8, L P34 e Warp 73/ T 40 WAL, 419 PG 4R 20 i 4 4, 1940 8 MLk e, RN 2% fE 8 AT A0 #t,
gl K R R T W AN [8, 4] B YRS 40 P AL RN REAT, SR X B A AT AS BT, A A HERE, B
B TR 14T 28 e 58 K.

BBAL, BT B4 HRATI S oy, BEAE S I AT 2 W B L 22 A7 v, DR A I3 20 R AT A R 1 J 1R
FIFETE P 7 I AT, IR 2 AT AS e R I 1), Wi Pl 9 B, bR Left-looking LU 43 ST 5% 4 5 3 A2 1)
B B LD 2n —2X NBxn .

Threads Threads

0 8 16 24 0 8 16 24
7 15 23 31 7 15 23 31
GEHEEEH S HEHIHH R
Threads (T (I Threads (-
32 40 48 56 ORI TR 32 40 48 56 I
3:9 4:7 5:5 6:3 | ll | | ll | 3:9 4:7 5:5 6:3 l ll !
ORI I (R 0
Loy L
8 Warp 44T Ao i o AFASHHER AL % R
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3.2 HEKFEEEE GPU LHBHSEM

{ GPU F-92HL LU MR 5 SR BV L5 (2 CPU 1 SeB—RE, th /o SIS I L REIRAS (E R HLT i, {1
(6 GPU 1SN, 3B 77 08 A3 PO 2 U 50 55 WSO . B8 S it 1 BBERG B B BE GPU - SC B
I 12 2 A AT P 7 O SO 2 5 T, 18 TAEAR A LE R BB L N (R BT L 0 2
P IO 5 U8, BRI, 4 GPU S R SV, TR THE I T AR A5 B

B 10505 13 0tk T 2.2 1R AR 55 (1) SR (2) 25 JINAE IE 5 AR (E P4 GPU L6
ST, JFIL S 105595 13 40HT 00T T GBI LE e S o P 45 OB 25 VSO T B 45 1Kl
BSR4 P IR SO R . {5 6 e SIS, 1 TR W o 02430 51 6 e O MR A S, O LA
SRR B RE AT AR IR TE AT, BRI T LIRS SO o 4 7 B BB AT A7 o, IS
S HUE, SRS IR 1S 1A 1 45 B XTGP B GORE U RV L ot TASMEAE/50 4B, 11 PR G T
5 YREHR 1, BRI T L A4 o 4 47 OB o, ISR (0 WO 6 5T 10895 13 o, AR
SRR P R A B, TS R AR AE S R 7o AR,

BEUE 10 S0 T KM AL XU = W N {5 (EHFAAE GPU  LROSCHL, 76 A A7 1085 4 90 26 B
[ o ]iiiﬂ%?ﬁ%% (B8 3 47), SRR HERT 51§50 2 B VB (38 9 7). V50 5% R 0N 51 6 B T 5142 1 77

11

(55 12 47), IX A Jo A A7 B 52 5 T8Ok 2% (ix NBYX NB . 3R 5 5 Uy, ﬂ%@EﬁU%ﬁ%El‘ZH‘J%ﬁJ\[ x"z ](a@
12

14 47), BEi, 6542 Ja P A7 P A B W KB 125 YRBO 2 X (i X NB) X (n— i X NB) . 366 1F JR2 35 o 1) o P o 4

FEU R B = B HEAT T IRV ), 0 4 e A R U E‘J%ﬁt?ﬁ:@é’ﬂi?ﬁ’é&é’ﬂ%nz , WA B IEISR U 1
3 2NB

BBV 4 ol P B S Vi = ﬁn* 3w e 2,

&% 10. GPU W S B IE ISR XU = W B

1 fori=1to bn
2 HEUET A SR A R N A LR A AR
3 [ Wrot ] [ Wo ]

— b

Wraii Wi

4 __syncthreads();
5 MR UGHU AR RIEE A fe/
6 [US,II Us i, ]<—[U11 Uy, ];
7 __syncthreads();
8 /FRMEHTTHISY

9 [ Wroi ]:[ Wroi
Wr.1 Wr.11

10 __syncthreads();
11 R A RS ] 42 s A A/
Wou Wroi
12 K
[ a ]“[ Wiy ]
13 HMEIERR R AR/

W W
14 [ 02 ]_:[ RO1 ]XUS,IZ;
Wi, Wrii

15 __syncthreads();
16 endfor

x Ut

S.11°
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FOE 1L 5T SREFTEA XU = W ZEIRIE IFSEVETE GPU L[S, 1 5600 25 4748 00 24 U 51 R b AT 9]
Btk (56 347), 3X2 tHT W WA I g A H B, i DA AN TG B2 4 Ja P9 A7 S AN Bidis 21 35 A7 4. AR5 FH 4 an &)
B BV SR RIER 5 Woo 5 Us o1 KAEIE M RTFI SR Wt GB 9 47), BRI, X4 Ja P9 A7 HR L RE W I 508 15X
BAN % X (i—1)XNBx(i—1)x NB, & 1E 4TI &1 %5 Left-looking LU 43 fif 55032 H 48 11 51| S By 7 32: 28
ABL, T S AR R INF I\ L0 SR A L 00038 43 Wooo PP S B — F 8508 B 25 4798, SR 5 S L= AT ) Us o1 18 IEAF A TE A5 A7
AR Y ET B S B AR BB, A8 IE U RT S4B TR BB 2 S, TR SR T I I S T — B B B A AE A, 4k
BB IE T AT A A B IE 58 G, SRJG KR AT &8 (B8 12 47), S8E 5 I B14 /W AE G 15 17), Itk
IR S5 (X NB)XNB. J34b, #AME I BRI 42 )/ A7 AR B U 34T T — ki ), & RN AE AR e U

3 TNB

o Hs R 2 %nz HEASEIRAE IEFSR U™ RGN 4 R A S R 208 Vi = 61&3"3 + an ST

&% 11. GPU WZEIRMEIEMISK XU = W [BRE VL.

1 fori=1to bn

2 MRS TP S A e
3 Wro1 =0,Wr 11 =1;

4 __syncthreads();

5 /285 Ugy BN U, e B L=y 17/

6 [ Usi ] [ Uo ]
— b
Usi U
7 __syncthreads();
8 /MEEWTAISI
9 Wroi—=Woo X Us o1

10 __syncthreads();
11 PR HTS e/
[ Wron ] [ Wroi ] 4
12 ‘ = ' xUg' s
| Wi Wri S
13 __syncthreads();

14 PRI IAOES AR N A7

Wo, Wror |,
15 — R
| Wi Wrai
16 __syncthreads();
17 endfor

SKAGE R (2) kM ITFEA XL = W S FAE GPU _ERISEIS 45 (1) S 1975 GPU i szIiasql, tash
R IE S GERE IE 2 R, Fyk 12 FEYE 13 43045 H T3 2 FioR g7 FE4 XL = W &L 7E GPU I
FsEEL. Horp, KB IEBEST & R WA ELA N Vi = %;ﬁ + %nz. SEIRMEIEHVEST 4 R WA B B BN

Vb = n®+2n?.

2NB
&% 12. GPU W R B IERISR XL = W FER

1 fori=1to bn

2 RSP R A R AT
3 Wri < Wy

4 __syncthreads();
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/2K Lyo FLyy A SR A7 132 B L2 Y A7/
[Ls,lo Ls 1 ] « [LIO Ly ];
__syncthreads();

PRSI S5 P/

Wr1 =W X L;l” 5

10 __syncthreads();

1L R H SRR A RS D] 1) 4 Joy N A7/
12 W, « Wgy;

13 B IEFRIAR R

14 Wo—=Wr1XLs 10

15 endfor

O 0 3 O W

&% 13. GPU WIERIEIEMSR XL = W B GV

1 fori=1to bn
2 RSSO R AR A A
3 Wri < Wy
4 __syncthreads();
5 /5 Lo A Ly BB A7
Ls 1 L, |

[ Lsa ]H[ Ly ]

__syncthreads();

PHEIES B/

Wri—=WyXLs»;
10 __syncthreads();
INEVASN 1P 3
12 Wri = Wry XL§,1115
13 __syncthreads();
14 /RREH SRR SRR 4 S W] B4 Jay N A7/
15 W, « Wri;
16 __syncthreads();
17 endfor

AR, SR AE IR AL TE BRI 42 ) AT IR B0 355 OB T OIRME IERFE: Vi) + Vg < Vi + Vg . AT
KHIIZ 2 MM IE Tt SRS L AE GPU _BHEAT 77 S, SEa 45 L iE LA 4.4 1.

7 GPU _ESEHLHE R 5%, — 4> Block X W—MFE, Block FH— MR W AR 1) —47. 35 RIRskiD B
TE—A Kernel 11588, A T ORUESLZ I IEGVE, W HIE ) Block HEFEMIAEULBEZ n, L2 W AE I/ KB b i
K nx NB . FATHRIZF - UNES BE I 535 0 SRS SR IOV, WA 11 Jritiid (1) GPU WAEIRIZ IE ISR U~ Bk
SR, P I AR A H RS N AE IR R/ 4T AR BRI RO, T 91 4 BRI 2 B a2 I, R — IR B 4
e sk i A LR H 0 i x NB, T SEE WA RN (X NB) X NB . 7R BRI BOiE, ARSIt i
LRRE MR B AN A AR B AV . DR BRATT Ve vk 1 IE AT I 42 5 R R RE AL 8 A BE U B 2 B U5 0 BC 5 %,
BE— B S BRAE A 3 — Ik Kernel, R4 51 5 BRI/ ITF L RE AL = N A7, IXPP VAR S T GPU BEETR 2,
BB ERTHI R SR SERIVERE. SCU0 45 R VE LA 4.4 715,
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3.3 BOTEREENIIRBRMUTSE

LA R RS A, R8P ATHAN D IRI T35 A1 7E GPU (R SEBL, 45 ZEAT DI A1) A e, 1 56 24
JR AT HHCRE I A Y, SR R A Ja P A [P 80 4 Jag LA FROR N2 ER 7, DB e B ] 4 Sy PN AT FR) 08 B
4. N T RE D BRI AR P AF K ) e, AT 1 oD U A Bl (M A AT B A TV, %5 LSRR 1 45
REHAT Gt B URHE A, TUARAFHEAE A B WA P ELHRs A PRt B0 41 42 Ja) A7 R 32, AR5 5 N4
JEPIAE T R A1 2, SRR S 1 S SO REL A S A8 e, A SR Y AR R U i B B 5 2

4 SZIGSTER

S T IR BV (R e MV, FRATHE TITAN V GPU _LSEBL IR IR T A SCHER It & LU 20 5tk sks
3%, TITAN V GPU [ B A7 12 GB, VEAE XK BEVE s Pk fE 7.5 TFLOPS. FATXF 10000 AN AR AE 33-190 2
5] (I BEATLAR BEREAT TR, JF7ER— P& FFH CUBLAS ERI MAGAMA J& 9 1 S58EAT T 1k BE MRS B 24
WA P 18 F ) CUBLAS FiUAJE 9.1.85, MAGMA FiUAE: 2.5.1.

4.1 FARPNITEESTINME BRI

(1) BN LR LU R H ST s GE (52 m

L8 LU 2 ik b Bt K/ NB ¥ 22 S HL7E GPU _E IR SEBi v g, 32 KA, BRif K/ NB thig 255042
JRPIAF IO ) B IR B B AN 4 B FH SL 2 AT IR /N DL B 2 BAh Warp 434147 28 e R 26 R I AL 2R 50 5%, (]
Uk, 7E A T A R B KN, R R IR B R AT RO PERE. 1 10 HEA AL MR ME SR R RE R B Bk
NB=8, 10, 14, 18 Ikt LU 73 AP (037 sk S RE I en i . B 10 Hhl LUR Y, JTFARI Bl NB 3K,
et LU J P I e R T, 4 NB=14 I 1 B 1 M BEADG L, 2 NB PRI I B S T B, 1X 0 K4
B NB 36K, FE7 BT T AL N 7755 GPU RIS 2, 453 R U1K 5 4, R 3 (91 i S A1 T

(2) B /NG b SR 3 R AR S B i P S )

AR IR KN NB AR 2 B Mtk SR 0 ST A S Bk B S A, ZERE SRR ST IR R R K NB Y S
et 4 SR A A IR U o) B i AN R R A A A A K R, DA SRR H 4 B P L 52 A7 IR DR/ . 8 SR WA P
2 W) B AT A AL = N AR A PR A (B2 'S5 3, {H 2 GPU W RS A BR AN, 254 L 22 M A e ML S A 77
SN IR ISR, SN2 ARSI S AR Mk . R, A A8 P R 75 S A A B /AN, A 9 S 80 S e 1 1
11 3853 (R S MRS TR Sy BRE T S 8. B K/ NB=8, 14, 20, 24, 28 N4t &8 sk i B syde vz S h Sk g it 2 7w
BN 1 FET VA, AR LU AR STEZL, HEE R R ETIE R MERETT IR I BiE NB B3 I HE RE AR T
Ft, 24 NB=16-20 W B WP BEAOT AT, 24 NB P3G I M fie SaOm S B T

2400 OUR_LU, NB=8 4000
= _LU, NB= —— OUR_INV, NB=8
—— OUR_LU, NB=10 3500 | == OUR_INV,NB=16 4 J “-':‘::
7 1900 | — OuR_LU, NB-11 % —— OUR_INV, NB-20 J,M,J’ i
% OUR_LU, NB=18 S 3000 - OUR_INV, NB=28 K W
— —
L = L
L@ 1 400 ) 2 500
29 222000 | O
s 900 / oy
# #1500}, ,wl’
ool v v 1000 #’." ..............
L S SR S SRR R SRS X C R I SR S SRR R RS I SRR
Matrix size Matrix size
K 10 NB HUARME I fit & LU 2 iS00 e th 28 K11 NB HUAS R I bt e SR 03t S0k 1 e il 2

42 AXMBEES CUBLAS #1 MAGMA FEESSINAE St B gEtb

(1) #t5 LU 234195 CUBLAS 1 MAGMA H S (T AT B fig LR

12 2 T AR RS R Oy HORS LKL (float2) WUREE ST AL (double2) HRS [ SIHL (float) XU & 5 %1
(double) I, AL SZBELAHLE LU $3% (OUR_LU) 5 CUBLAS (CUBLAS_LU) Al MAGMA 1528 (MAGMA_LU)
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i LU Sk A0 s v AR i 2o . AN 12 A e LU, AS F)RE RSS2 1 R 45 S MAGMA_LU 4k g
i1 CUBLAS_LU [ RE, 1fi OUR_LU [MPERE X % T- MAGMA_LU [tk RE. k4, CUBLAS_LU W77 £l S fE
I 25 4 B RS B 188 B AP B, T OUR_LU 5 MAGMA_ LU F3F i S0 B B 25 0 B A F 188 AR T2 T, AN
[F)4E 25 R ) OUR_LU [¥F S8 g 20 il w35 49 2 TFLOPS (float2). 1.2 TFLOPS (double2). 1 TFLOPS
(float). 0.67 TFLOPS (double). & 13 ##i& T 43¢ OUR_LU %% 5 CUBLAS_LU 1 MAGMA_LU HAS [ 4 42
T I b i e L I 13 T U HY, T4 I Rl SR B R 3 K, OUR_LU 55 CUBLAS_LU (1 i Lk
K, AR B 2T 40 5 e ik B4 9% (float2). 8x (double2). 12x (float). 13x (double), 24 KB4 MR I K 1 — g fi
R, I Lt T4, 0 BIZFE 7x-8x% (float2). 5x—6x (double2). 10x—12x (float), 9x—12x (double) X [f].
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