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Efficient vectorization method of triangular matrix multiplication

supporting in-place calculation

LIU Zhong, TIAN Xi, CHEN Let
(College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract: The vectorization of algorithm mapping for vector processors is a critical issue. An efficient vectorization method of triangular matrix

multiplication which supports the in-place calculation was presented. L1D was configured as SRAM and the ping-pong pattern with double buffering

was designed to smooth the data transfers of multilevel storage structure, which made the kernel computation overlap the DMA data transfer fully and

run with peak speed throughout, so then the optimal computation efficiency was achieved. Irregular triangular matrix multiplication computation was

evenly distributed to all vector processing elements to fully exploit multiple levels of parallelism for vector processor. Result matrix was stored in

multiplier matrix, thus, the in-place calculation was achieved and the memory space was saved. Experimental results show that the performance of

triangular matrix multiplication attained from the presented vectorization method achieves 1053.7 GFLOPS and the efficiency of that reaches to 91.47%.

Key words: triangular matrix multiplication; in-place calculation; vectorization; vector processor

BEE KB % Lk Jr R4 SR e BRIk 15 T Ak
BT USRI R A PSS 55023 A U o7 X
FPERETH R R H AR 1S TH RN R 25 2
BELA, BT 2B AR R A5, ) A A
REM R Z —, 10 PR 4E 47 T )
SEFREATT, A AL IR RC AL R s B,
HATRKMTTERE T, BRI IR A1 = R G5
PERE BRI R TE & 52 1 B PR, anfT 1
Xof ] S AL B g% 22 AL BREAIT 2 T REER 14 IR R 45
R, TR A& 2RI B & 2 0
S5 1 A2 X T T 0 S PR

FEAR L MR K 2% (Basic Linear Algebra
Subprograms , BLAS ) J& 8 FRL 27 15 Al bl i 0
BOERE, Tz 0 T i LR R

«  UgFS HER:2014 —04 -22
EETA : 1K AR F A BT H (61133007)

Gkt A RA SRR S TR . AR R
ZREEHI I BLAS At Ak — 12 [ A M BT 58 P8
Intel £t [ 219 CPU SZHL T 4 1AL A A B
IBEE MKL® 5 Goto 2551 %6J S [ #4% 2 45 44 5% i T
TACHAL S B T B34 GotoBLAS JE ' R
FE R AL AR SZ BT ATLAS 5 4 Volkov 45
WS T 1 [ GPUs 15 BLAS J& i 1L 52 3175
Marker ZERIF5E T 1 [l 2 R AR R R F & H AR
BTk AL S B 5 sk S S ) et 3 5 2%
AEBEZRIT % T R YERERY OpenBLAS ™ = g4
I 54 A R v A = 0 S SR A W2 PR B2 J2: BLAS
P v i R P 0 R 2 —

R T v S TR R S R A
RUGEE PR BR g I8 B RE ) DA 58 S R Y

YEFE BN X (1971—) , B I E AR A, B9 5, 18+ , E-mail : zhongliu@ nudt. edu. cn



. 8-

(FE TR SR S AN S

536 &

BERARE &, AL = AR R IR MR R T IS
T R AL PR A B R B A
5@ AR L, =AM R R T R N
0, TETTHR R b2 S i PR SR I AN A K
PETF =AM RE . JF H, 7 i 1) s AL
PSP B BT, — 5 T = 5 Al
T2 7 I, e L S BRI AR O B X 5, R BEF
M5 A AL SR IT TR 2 Dy — 5 I ) i A
V] BT SR ] i 454 Load/Store —fif S0 H¢
FEAT R, AN SCRAE 2

[ =AM IEEE Matrix U R 4544

Matrix Jg&— T [] =y 85 B2 1153 0 H | ik 3
EAEEE R P ERE AL ) AL B AR . BAAZ S
WE 1 R BB RN B R AE 25 (Very
Long Instruction Word, VLIW ) {& & 25 #y, 645 br
A PRI (Scalar Processing Unit, SPU) Fl[n] i
REFEER A4 ( Vector Processing Unit, VPU) , SPU i1
bR RS TR AL, SPU A1 VPU Rl 3k e
T fr SR A . Matrix B3 PR R G5 11 2%
84, 45 5 bR iE 2/ 6 SfIm s S, 154
TR B BT PAT AL A TR, IF He b 1945 42 IR
RENFAN R DI RE ST AT, VPU T3¢ 0] HE it
B A4 16 A4~ [m) £ 4k 3 B G ( Vector Processing
Element, VPE) , 5> VPE & 1 PNRE 148 3L
8, LA S 3 A 77 s R BLUS B2 JT ( Floating-Point
Multiply-Accumulator, FMAC ) . 1 4~ BP #1 2 4~
Load/Store £ 6 NI4T INRERR 11 Ry 7 A7 £ 3C
AL 64 4> 64 (A f74% , I A VPE 1 [R]— 2 5
() Jry R A A7 dhr AE 12 R b S A — > 1024 £ [ 7]

1

Load/Store, $& i [F %] 1£ 1% %% ( Array Memory,
AM) , %3 J 1 [) if S HF 2 4> Load/Store #5422
ok 3L 52 DDR (9 £7 #4544, DDR 5 LID [A] 32
FeZ B I 4 )R G247 (Global Cache, GC),Jr
(EEAE/ TR

2 =mEERENEELTE

XA AR C=A xB, AN
m x nr e, B D9 nox k B AEEE, C O mox k i
Mo SRR C #2801 3157

n-1
C, = YA, xB, (1)
r=0

(i=0,,m-1,j=0,-,k-1)

ARHE (1) T ELERAERE C FET TR ) Jy i
B~ CHERF IR TR EE n YORIEF n -1 M
2,50 U C 0737 BEm x b xon IR 3¢ i A
mxkx (n—1) W, TEAFE DT, 25 DA T
BN—DAAE AL, W T B2 [ R (moxon +
nxk+mxk) B0, MR —FRHERETER
Sk O, T oL 25 P R A e 72 S = A ol 1k, 7
TR RAEAE R T T AR A, PR, 75 22
EEXT = AR R R A, AT e AL Fl R
- 15 AR ZR G5 AR A R B i AR R
2.1 BRHIT=ZREETREEE

B = MM TR LT C =TB L T Oy
SRR A, B O E AR, C g
RHBE, M 20 L AR S R A, 2
AR TR TA SR T AT B AR S B IR AT, W
2(a) fin, WAAHAA o ML AT R 0,1, -,
v - 1.0 B JH 55 v B RWGE kB,

AR, PRSI EEIRN B B BB N01. . o1 (R
‘ 4 Yk X (Instruction Dispatch) ‘
l FRltIE S 4 (15| Load/Store#54
PR AL B AR I B ARFE A (VPU) ROABHL B My 1) BTG
CHUE k358 ) R P | B
SPE | veeo | [ veEl || veE2 |[ vPE3 |- KE ‘2048@ ------
FMACI
FMAC2 DM
FMAC3
BP

‘ 4> JR 277 (Global Cache) ‘

DDR

Bl 1 Matrix KR 55

Fig.1  Architecture of Matrix



56 ]

XM, &5« SRR IS0 00 8 R0 = R R AR A T 1 "9

FAZIT, G5 R A C WAk ) AT A L B R 43
WA
(C()acl ,,C, ) =T( By,B,,--,B, )
Wk 2(b) PR, o €, = TB i AR 9 @ 58

AT
SEFEC 5T 5B
@)
G |+= B
G, MEMT B,
®)
B2 AT = MRk ik

Fig.2 Parallel triangular matrix multiplication

2.2 BR=RAEMEFRERNENFE

P15 1 AL B SRR — A AR R
ff o fEfg s L, R T
A Z R BRI AS | BRAIE AL P48 T3 T i 21
Hed At Ny, A e B i R b B R T RO
Matrix b #f #5 £ 38 2F 47 #5 SCfF . LID  AM , GC Al
DDR £ A7 4544, Horpr L1D A Jic # 25 4> Cache
F4x SRAM W, 1% 58 40 MR T3k T 2 B
HPER AT g B2 = Cache R Hr 238, DT 42 /5y Ak
AT AR (B B AR AE Cache AN 1 11
O AR SO B AR50, PR I AR e IS o
TR R0% . AR SCHR 19 J7 i 02 R A SRAM Jy
2,6 LID FR & k4 SRAM #5558, 3% FBUZE vy
Yo b 5 SOV 18 2 RAFABLE R BRI AS PI A%
TS DMA iR 56 2 B8, 1hINZ in 4 b
FUEAHET RS WU AR A R0R

I = AR R Rk AL TR AT

1) WGPl B — MAERE T h i) = MR T E 4%
TTHESATA W TR = MAHE T Ry m x m fr i
W RBEE B,y m x k BrfE R R = MR T
SIBHE M BRIk C, =T x B, Z5 R % C o
m x k G RERE ;

2) MR A5 [ a2 Ak R 11 1 A BB C A FIOR )
AL TTIY FMAC FR{A- B0 e 506 B B 4425
K5 R TAFHERE B BARKN 5 ik i n) i
b B 1] dE AL R ST AR p, )i AL B BR T Y
FMAC #5450 5 X B B #5518 5l F
HFE, FHFEMATECS B —3, Y8 m, FH
FERIVELIE E R p x g, 45 kb AN (p x q) IR EAG

Mg —AFHBERSNVECH kBRLL(p x q) BIR
B TAERER AN EC s, TAERERGE N By, By,

o, By s R AR S B AR C i
(C,, C,, ,C._)=Tx(B,, B,, -, B, ),
%j=0,

3K K S T = FA MR T 5 T4k B, 1)
Feid: AL RAEAE R THE B AR E ;

4) 3 7 SE B B, 1 30 T4 1 B, o HWt
A RITEN FHE B, &8, B8 j=/+1,
HODYR 345700, MIBATP B 55

5) BRI =S R TE R R

Horp P gR 3 R FIWGE oy e By S B =
MiRE T 54750 Bk,

WE 3 Jeos, TR SO B AR i L/S 4
LID(BC # 4> SRAM) Hfinzk, B, #1 C i B i Bl
H I L/S # AN AM Hfingk, SRAM FI AM #
R R2 AgpIX, B3 W1 24 PRI =
FAREBE Tk % 0 1S DMA FR G &

TESS 1 R2rp  HER S — A AM S XA —
A~ SRAM Z ot X 1) 55 i 5

TESS 2 A2 O R U — > AM 22 p X
55—~ SRAM 2w X i 808 iR A 7 1135, W] B )i 3
DMA 7EJ5 5 % 7% 56 — 1> AM 22 np X FI 55 — 4>
SRAM % i X 886 . 76—~ AM 22 pjr X+ 55 1)
], W51~ SRAM 2% o X iR R s i &

FESS 3 R B IO A AM ZZ i X
T, [RIEFJE 3l DMA 16 )5 G5 — 1~ AM 22
XTI 25 5, W], P> SRAM 2w [X ) 1145
FE RS S

FEAR 4 R B D AR SEEE A AM 2% o
XI5, [FlE DMA 76 )5 G5 — 1~ AM 2 nf
DX BCHRE , B E], 90~ SRAM 28 o X (14 312 Fi 5
PR S,

BRI EE DR i, BB TAEs
2.3 IHREMHENARE=RERTREDE

i

P A P T RRCR I ) — D R R
JETE G I K 2 M 1) b PR AR Y 2 GO AT 1k
Matrix X 3K o] A BEAR & 11 3 H 19 VLIW 544,
£ 16 4~ VPE, VPE 3735 3 4347 i) FMAC 3
o AR L — R D YR 3 i I — A
MibE T 5758 B, R a, A i i ik
PR = R A RO 1k 1) Ak 7 123, BB AS 7840 T &
[ £ A B AR SR 48 2 AT A B
KBS AR FMAC SR8 R 2, DT B 42



- 10 - (FE TR SR S AN S

536 &

1 2

Registers

L]
“~ Mmoo

«( N8| { B

DDR

—

3 =MAMARITHAS DMA Bnfe S

Fig.3  Overlap between triangular matrix multiplication computation and DMA data transfer

I EPERERTHA AR
WP 4 Fros , WA = f o ek ) AL J7
BT

,,,,, ) x L

C P - B Q.8

K4 WS =SRFERE ATk

Fig.4 Vectorization of kernel level triangular matrix

multiplication

1) =R T Sl b =AM, W] P F510) =
AR T WS —17, 0 A1 S 2348 1 FHikE B, 1)
B AT MMM T T =AM, P A5 1
=S T W5 —47,0 F1S 43 348 17 15 1
B, Wi Ja—171;

2) AL AR Y SPU FH A 7t A7 HUHE 4 1L
SAAME T W55 P AT IESE g TIo RS ¢ M
A, T REHE 200/ 2 VPU 1 ¢ 4
] 12 BF A7 5

3) AL ERER Y VPU ] ] 52 7 R 2 152 L
THERE B RIS SATHY g xp MUK BN 5P 2 A
[F] %) g A~ ] i 25 A7 5

4) AL TR ER ) VPU XL B 2 1Y g 1
TAFE L IR 3 1Y g > o] & 27 A7 4 43 il $A T 3
2, TIL LR 0 BIMBIARIE g A1) 8 A A 5

5) FIKrF4E R B, RIS 5 — T8 A
AL WFHRE B, R HH S S T —47 (=M
MET b =FM RSN ) sk b —17 ( = MAHRE
T RN =SS FE T 25

6) ¥ L IR 4 TR LR ¢ A1) A A IR

FEEFHERE B Q 175

7) FIW = fHERE T R S0 5 — 175,
LA =T P EH P P I —47( =
FHE T B = MM RSN s E—157 (=
FME T 9 = MM RSN s 756 B,
QK QW4T (=M T Ry b = MM
BB E AT (=M T R = A5 1
B, FHIFE B EH S o Q 17, bR 2

8) PR —MAE T 5FHFE B, Teikit
HIER

5L G0 R B TR v TS AH e, A SO s 1 =
FFH P TR 125 1) e A B A RO 4 v — A A B
Pkt R AR, A LU B A

1) LID 2R SRAM £, ] DMA W& ii-F-
T ZRATARES T 0B % i, (A5 A% R THRL S
DMA BHEMAs st 2 E R , 1L N IR A LG
5175

2) ORI = AP oo E 0,1
0 STEANTLESHFE B rf )%t AT i) £ 4 3fe
R Y 7 1R BEAS KR A

3) BEIRBERE T i = AR T R AT 4
Sefiht , ASHEN 0 TR ANTEAAE LT
JEAE TR, 45 B PR R A AR B B B h, oy
BT AHES ]

4) BRI R B AR ARG T A5 A A LT
TS8R 28, 7853 2 5 ) oAb B8 1) 454 Ak L B
JCHTHERE

5) G T 1AL PSS SRR G 5]
T 5 5008 14 U ) 0 i) e A B BA T 2 ) A 7 A 24
SRANCEF S A LR BRI AR ) o

3 tEgEdR
TET AR PR Matrix [ XA [7] = ffy 1 ML



56 ]

XM, &5« SRR IS0 00 8 R0 = R R AR A T 1 -11-

() = FAERERILPEREIEA T T I (FR Matrix TRMM)
J£5 Intel CPU F-4 F %) MKLIO. 2.3 NVIDIA GPU
F- 4 I ) cuBLAS4. 1'% F1 DSP E & 1y TI
C6678' " JL A Y B & ) Bk R REEAT T
LA

B 5 R T AR = i B R 7E B A% Matrix
B o M 1 e N o O S R LY T T
MM T BB (m =n) , RO B 1951
i 2.2 /N R B E S5 48, NEI ]
VB, BEAE = AR B D3 K A Y
AR BT (PR BE TR N T4 =, 7E m
=2048 I}, PERE N 95. 37GFLOPS, $5F FiA% Matrix
(I (B 1 BE 96GFLOPS , 5% 99. 35% .,

R = AR

-
N
o

120.00%

% 96.83% 98.60% 99.35%

92.41

-
o
o

100.00%

2]
o

- 80.00%

- 60.00%

B (%)

'
o

- 40.00%

EAE(GFLOPS)

~
o

- 20.00%

o

- 0.00%
64 128 256 512 1024 2048

=R
KIS BB Mawix b = MR T IEREFIRCR
Fig.5 Triangular matrix multiplication performance
and efficiency on single-core Matrix

R —— R
aaaaa 4-90.42% 91.47% _ 100.00%

1200 459y, 883
77.89%

1000 5775 - 80.00%
2 g0 i
g F60.00% @
3 600 T
= 4
) I 40.00%
35 400 L=
G
#

F 20.00%

- 0.00%

4 8 16 32 64 128

TSP
Bl 6 2% Matrix | =i ERIA R THA PERERIALCR

Fig.6 Triangular matrix multiplication performance and

efficiency on multi-core Matrix

P2 I LB AZ O A BRI K i 22
BIF47 TRMM R PERE. 40 2. 1 Rk,
F47 TRMM SR fl o0 5 J7 3%, o9 75 i, B2 5E H:
) T AR R 512 x512,B 2512 x48 x ¢, 1K 6 &
N T ANFITREGE N (¢ f6) 7E 2 8% Matrix |1
RO ETERE AR . I T LA Y, Bl 7fe
ROEFE R UBZ A K, Z 384T TRMM )7 i
FHOPEREANRICR A Wi =1, 15 ¢ = 128 I, PEfES
1053. 7GFLOPS, # it £ #% Matrix ) 0§ {H 1 68

1152GFLOPS, 8t R K 91. 47% ., 5 P %% 3 R 4H
e, Z4% 3147 TRMM FEFRURCR TR 749 8 A
G35 XS AT TRMM #2715 2 20 4% 6] 20 JF
B TTRG I T B AT IR TR] AR 2 A AR
T B RCRIR S = 1

BI7 25t 7 AR BT (4k x 4k) T Y
Matrix , GPU, CPU #1 DSP | XU B 17 S =4
R 3fe 1k 3 O] BOAS: | PR BB RN BCR T AR, ok
MatrixTRMM ,cuBLAS \MKL A1 TI_BLAS 43 5|/~
TE Matrix (12 #%, RUKS )5 7% S04 (E 1152GFLOPS) |
Tesla C2090 ( 512 #%, W ¥ B % &5 ¥ H
665GFLOPS) . Intel Xeon x5680 (6 4% , XUk B 1 &
I&(E 8OGFLOPS) F1 TI C6678 (8 4% , Bk & % g
{E 32GFLOPS) -5 b 4fe 4t i BUR B 37 R = A 4
Feafe i it BRI PEBE A RICR . K AT LUE
th, Matrix TRMM B (4 14 BEFI R 0 2 8 T Hofth
T

— e 8K

1200 —91.47% 100.00%

78.13% - 90.00%
., 10005 - 80.00%
£ 00 - - 70.00%
G - 60.00% &
B 600 - 5000% 3
= - a000% R
= 4007 - 30.00%
o - 20.00%
- 10.00%
0 ; 0.00%
MatrixTRMM  cuBLAS MKL TI_BLAS
Bk
8B b 322 v
B 7 5H A BRSSO RE N SCR LR
Fig.7 Performance and efficiency comparison
with other processors
N
4 g

G 3T Cache W73 B 4 J7 154, i T
SJEATAE Cache AN FH I DL , 77 5 155 2 S04k
PR, A5 AR ME LURAS B w8 A
SCHR b R SR IR 9 = A A PRI
)AL 7795, R Al L1D LAY SRAM B, HIXL
Z% ity Se Ty 2OV 1 22 AT il A Al e B e 4
AR IS DMA BR il e 2 E &, ik
PAZ IR A DLAE 8 5B AT, DT I e AR A9 58
B J3oh MG = AR RS L R A R
AR AL T T 45 0 A 24 1) A AL B
T, AFEOM T K ] AL PRER 1) Z2 POFATIE . 5L
LEIRFI, TR 1 1 A T ik fe = A A AR vk B
3 T AEF ST RRCR

(T4#% 47 )



55 6 34 RGN A T R OB AEIRBE LI ) AR fE 47
-34. [12] Maca P, Sovjak R, Konvalinka P. Mix design of UHPFRC
WANG Xiaogiang, ZHU Xi, MEI Zhiyuan, et al. Ballistic and its response to projectile impact[ J]. International Journal
performances of ultra-high molecular weight polyethylene fiber- of Impact Engineering, 2014, 63:158 - 163.
reinforced thick laminated plates [ J]. Explosion and Shock [13] e AR EAT: B g 2 dEie s, B 5 B e 56
Waves, 2009(1) : 29 —34. (in Chinese) Ko MRy, GB/T50081 — 2002 5 1R 5t 1 /1 24 PE BB 36

[8] LiV C, Mishra D K, Wu H C. Matrix design for pseudo FikkruE[S]. dtat: P EESR Tl ik , 2003.
strain-hardening fiber reinforced cementitious composites[ J]. Ministry of Housing and Urban-Rural Development of the
Materials and Structures, 1995, 28 (10) ;586 —595. Peoples Republic of China,General Administration of Quality

[9] Kamada T, Li V C. The effects of surface preparation on the Supervision, Inspection and Quaantine of Peoples Republic of
fracture behavior of ECC/concrete repair system[ J]. Cement China. GB/T50081 - 2002 Standard for test method of
and Concrete Composites, 2000, 22(6) :423 -431. mechanical properties on ordinary concrete [ S]. Beijing:

[10] Fisher G. Deformation behavior of reinforced ECC flexural China Architecture &Building Press , 2003. (in Chinese)

members under reversed cyclic loading conditions[ D]. USA . [14]  rpfe N RILFE G B £ #@iEk. JGI/T221 - 2010 £F
University of Michigan, 2002. YR EE TN HECOR AR S]. dbat: T E@ R Tk R

(11] e, m@ ), 510, FAesan m bk s i oRHR BE 1Y L, 2010.

F1EVEREREIT L) ], ol @SR, 2005, 35(z1): 662,680 Ministry of Housing and Urban-Rural Development of the
-683. People’ s Republic of China. JGJ/T221 - 2010 Technical
DONG Xiang, GAO Jianming, JI Bohai. Study on mechanical specification for application of fiber reinforced concrete[ S].
properties of fiber reinforced high performance lightweight Beijing: China Architecture &Building Press, 2010. ( in
aggregate concrete [ J ]. Industrial Construction, 2005, 35 Chinese)

(z1): 662,680 —683. (in Chinese)

(E#F 11 7)

[6] ATLAS Homepage. [ EB/OL]. [ 2014 - 04 — 24 ]. http://

72%% ir’ﬁk ( References ) math-atlas. SourceForge. net/.

D10 S BRBERE . Wit e, < #5 F 25 7 K01 B8 S 250 1y [7] Yolkov V, Demmel J] W. Ber.lchmarking GPUs to tune dense

. - . . linear algebra [ C ]//Proceedings of the 2008 ACM/IEEE
FIZ{S{F&%WE{%%%[” LT, 2013, 41(2) ;346 Conference on Supercomputing, NY: IEEE Press, 2008 131
LIU Zhong, CHEN Yueyue, CHEN Haiyan. A vectorization of — 142 .
FIR filer supvorting anv length and data tyoes of [8] Marker B,van Zee F G,Goto K, et al. Toward scalable matrix
coefficients[ ] .picta ilectrznics Sginica,2013 412 )}7]:3346 ~ multiply on multi-lhreaded architectures [ C ]//Proceedings of
o the 13th International European Conference on Parallel and
2] ’;(?J;FF( ;K;;lgﬁeb(];;ﬁ& T 1) 45 R Ak BB R A Distributed ComputinAg ,Rennes, France ,2007 . 748 —757.
. o o vp ot 11 [9] ksE#k, T, K= 5. OpenBLAS: Juith 3A CPU 17 PEfE
PC;:);SIFT FUALY. WRRHOIE A 4, 2012,34(4) (103 BLAS JE[J]. #4244, 2011,22(zk2) ;208 -216.
ZHANG  Xianyi WANG ian ZHANG  Yunquan.
LIU Zhong, XING Binchao, CHEN Yueyue. An efficient OpenBLAS: a hyigil performance %LA’S library on loangsgn A
parallel PCA-SIFT algorithm for multi-core processor [ J ]. CPUJ]. Journal of Software, 201122 2k2) :208 —216. (in
Journal of National University of Defense Technology, 2012, 34 Chinese)
(4):103 —107. (in Chinese) . . )

(3] Intel MKL Homepage[ EB/OL]. [2014 — 04 — 247 hitp:// [10] CUDA Programming F]l.nde. [EB/OL]. [2014 - 04 -24].
software. intel. com/en — us/articles/intel — mkl/. htt,ps ;//fieveloper. nvidia. com/cublas. )

(4] GoloBLAS Homepage. [ EB/OL]. [2014 — 04 — 24 1. hitp:// [11] Al M, Stotzt:r E, Igual F D, et al. Ler:l—3 BLAS on the TI
www. tacc. utexas. edu/tace — projects/ gotoblas2. L6678 .mulll-core I.)SP [¢ ]//Proceedmg? of IEEE Z{Hh

(5] Goto K, van de Geijn R A. High-performance implementation International Symposium on Computer Architecture and High

of the level-3 BLAS[ J]. ACM Transactions on Mathematical
Software, 2008, 35(1) :1 —14.

Performance Computing, NY:IEEE Press, 2012:179 —186.



