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Vectorization of Matrix Multiplication for Multi-Core Vector Processors

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

Abstract  Dense matrix multiplication is one of the core computations in many algorithms from
large scientific computing. An efficient vectorization of matrix multiplication for multi-core vector
processors was presented. A vectorization of matrix multiplication according to row computation
were presented. The basic idea of the vectorization method is that the one row elements of the C
matrix is calculated at the same time. The value of the i-th row elements of the C matrix is
completed by £ vector multiply and accumulate operations. For each calculation, we extend the j th
element of the i-th row of the A matrix into the vector of the same value, and then multiply and
accumulate the jth row elements of the B matrix. Each vector multiply and accumulate calculation
is carried out in parallel on each VPE. The calculated source data and the result data are stored in

the local registers of VPE, each involved multiply and accumulate operation of calculation results
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are completed on the same VPE. The A, B, C matrix data are read in line order, which achieve a
higher access efficiency, the calculation of the values of the i-th row element of the C matrix is
completed at the end of the £ cycle. This method fully exploits scalar and vector collaborative
data loading capacity of vector processor and effectively reduces the storage bandwidth requirements
for DDR, it avoids low efficiency data access to column vectors of multiplier matrix and float
reduction summation calculation among all VPEs, and achieves optimization kernel computation
performance. The level-1 data cache and array memory of vector processor was configured as
SRAM access pattern, which can avoid the storage access delay caused by the cache data miss and
improve the access efficiency of core computing to the level-1 data cache and array memory, it use
multicast DMA to transfer matrix data, which significantly improves the efficiency of reading
matrix data from DDR. An optimized core sub-block matrix blocking method was designed based
on the vector processor architecture features including the number of vector processing unit VPE,
the number of FMAC operation units of VPE, the capacity of vector memory and the data type of
matrix elements, which fully exploits data parallelism of multi-core vector processors, vector
SIMD parallelism between multiple VPEs, parallelism of multiple FMAC elements within VPE,
scalar and vector instruction level parallelism in VPEs, it make full of looping expansion in accordance
with the FMAC instruction delay slot, so that the kernel computing is always running at peak
speed. A data transfer strategy based on two-level DMA double buffering scheme was designed to
optimize and smooth the data transfers between multilevel storage architecture, which makes
kernel computation and DMA data transfer fully overlapped, so that the whole matrix calculate is
always running close to the kernel computing speed and achieve optimal computing performance
and efficiency. Experimental results on MATRIX2 show that the performance of presented
double precision matrix multiplication achieves 1106. 88 GFLOPS, an efficiency of 96.08% , and
the efficiency of kernel computation achieves 99. 39 %.

Keywords  multi-core vector processor; high performance computing; matrix multiplication;

blocked matrix; vectorization
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BAE GC i, HE 5 Z M n 3R 2 58 il ) —
Ji s T GC BYA-if A A R 3l 3 s/ TR A
A RCHE L i LA S S — 20 Oy e A oy Bt SR
HREA 1 FHEE% 52 21 GC g . Goto MBF5E
FWI A A Y LB T . B T GEPP (General
Panel-Panel Multiplication) 5% ¥l GEMM, 3£ F GEBP
(General Block-Panel Multiplication) 523 GEPP J&
HOREGE 1) —FP o Y S0 AR & & om Mo KRR
KHE kA RAR/NEAE DL, X )2 HPL b 46 [ 5
B 1) BT 2 BURRAIE

TEAZHE C=C —AX B, I, R & 6 fr
NI EBAZ S B GEMM J7 i, Horp A1 J2 916 25 02 X R
M A Bk HET7 10 3EAT 4 53 >R GEPP B 23 He 5 X
I GEMM, NJZ16 B0 2 X F5FE A 1) m 487 [0] iF
F13) 53 . & GEBP 19 70 Be 07 it 58 GEPP. 13t
m_geXk_ge JEHE A BB AT IAE GC H iy K+
e, ZFih— a3 GCp, HE M % B.C ) F
B k_geXn_core BT 4B 5E .
iEEfﬁA HEFEB,

n_core

¢ k partition

k_gc

n_core

¢ m partition

k_gc

n_core

Bl 6 B Do Mok Ui ik

4.2 kernel FHEFES A X

15 bR B A% o3 g B 3l 1k U7 1A 1 GEBP i 5%
H L SEE AR BE BLC 1 T3 k_ge X n_core W) 4L
ERT AM M4 . T Bl — 22 o e (A3 T8
/INKLBE () 43 R RE 85 A7 i 72 AM L B R AM R
AyHCHE T B RE S DL AL B AE A 0% {5 TR BE O AT
.

HRZ M) GEBP H8 X W E 7 fr/n kernel %%
SrYERETE R T b AN R RS R X B.C Y

n AL 77 0 AT R 4 AR HEBE BLC ) F 3 R _ge X
n_am BEUEAETIAE AM FEAH 5 9208 F1 02 % 4 A
() 25 W HEA TR A3 AR A R m_L1D X
k_gc BEMEAF AR L B SRAM B2 L1D . 4
BEARFHm_LID X k_gc 5% B.C 1)+
k_gcXn_am &8 /D) kernel 43 2058 BT, P
B4l B LA Load/Store 454 4% 3 25 47 4 SCF . i
I RAF KA TS A 2B AU ) 8GR L (45 3% 56
G35 4 DAk B ) 06 i R AT AL
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n_core

'
m_gc:
P
i

n_core

m_gc

—=m_gc

n_core

k_gc

in_corr) partition

n_am

m_gc

—=m_gc

k_gc

n_am

l m_gc partition

k_gc

m_gc

m_L1D

i

k_gc

n_am

k_gc

7 kernel 9% 43 LA [ o 1k 5 1%

4.3 ETHZ% DMA WE R TE R ALK

V- A AT 2 T I B RS T R O R
GEMM JHERCR P KN R 2 —. MATRIX2 1%k
WEAFAE W F 217 %8 3048 L1D 1 AM, GC,DDR £
FAFAEEE R FRATHE 2 T % DMA BUZE v i) 4L
PR 1L SR ms oK L1D i & o8 SRAM B, 75
SRAM H M A [ FHBESL A 0 X, 7E AM
HOR R B .C 1 F B Sr AN 22 P X, R AT DMA
X% of iy 2 5 )y S O T B 5 DMA S i 68
A PR R R IR A B ], AT 42 = GEMM. (131 5
. ELURECHE RS SR ms an &l 8 B

(D eSS 1 #0578 3 3 i1 S e &
UFS — AR X B RE R BE A I T C &5k
B1E GC v, i DMA #8845 B B.C 1) 7 B84l 2
AM 55— W X RS A B A 1 T e gl dis 2
SRAM H1 {55 — A ZE ufi X5

(2) TE55 2 2 B0 1 e e i AM ORI SRAM
H B 28 U 5 U 0 58 — A % b OB R AT 5 R
& 8 DMA B 45 FE B.C 1) F Y8l & AM 1955
TR WX WA A 1T HUE 2 SRAM

L1 D SRAM
AM

GC

B AGP X, HP R F g AE AM I —
Zrh X BT H L FE  SRAM K X [ A 72 GC
Hh Y 4 T R 5 B — Y D . AE I R . SRAM
P oh X 3 H 5 DMA Bl i fs o 2 H &
LN 58 B AM B3 — A2 b DX BCE T3

O AEH 3 A oL B e it AM 2 2 i
PSR A G2 ob OBs #EA7 3H 5 R di DMA
B AM BYEE— A2 nh XT3 45 1 k% 2 DDR.
] . SRAM B P A~ 22 oft X ) 3158 55 DMA S8 )%
TERES;

(O TEH 4 R oD R Bl AM 2 224
B A A G e XA O AT O B IR R Bh
DMA R H 4 B.C 1) T A = AM 195 — 12
XL E AM Y S AN G2 b RS S R
SRAM KEE B x4 B A 72 GC 1% 42 358 1 He 52 1)
— UKl 17 » SRAM 19 P A~ % ob X (9 31 505 2000
P58 A AR S8 AM 938 A G2 oh IR
.

R EAER AT T LRI B.C1E
n AEJ5 [0 B9 42 F 7 SR IH R S ERL B A fE GC

DDR

El 8  GEBP 433k o B85 i 4% B 3R



10 X A T ) 2o A n) R A B AR 0 R 1k 1) AR ik 2259
FHGE AT B )G A i B — R R co— =ae bo Tanb ++au 1b
?ﬁﬁi%?ﬁ(ﬁ"] GEBP ﬂ‘%»#%ﬁj DMA iﬂ&@%ﬁ%A ¢ —=ayb, tanb +-+ay b, (2)
BT THRE] GC L JF R BT GEBP H45, 251 58 i) 1 s
égﬁﬂ»% ¢ 1—=a, b ta, ubitta, b

4.4 ZITITENZ O GEMM EEXFH %

iR E C=C—AXB il % R AN (D5

C,=C, —’EA,., X By s
i=0,1,0 (D

FEAG G = AL I, C HFFER TR C, #B
JEH A FEFEME  ATCE S B AR ST R i
AT R BTN A R 3 RT3 vk B L B S
I AHJRAE 1) AL BRES b EAA P B

(1) Jia) kb 38 288 38 5 AN S5 4 91 A5 2 1 (] 6 B
Bt i B HORE B A MR AT AL

(2) T BEXF A 1] b B BA SC TH 5 45 1 ik 47
ZIRAA GRS B C A FF T R RS 3 P K.

AT (D 738 2 1 A e, % B.C i [5 5
AT o P AT I 4y R by e o s 2 (1) W] AR
R (2) FoxR

,m—1; j=0,1,-,n—1

{(SLPLC=C—AX B}
for i=0 to m—1

MRAE 2 FAT 8 — M AT GEMM
o] B AL Iy . WAL 9 BRI TAR G805 ik A R
CHFE I — IR % AL 7 3 1 2 A AR
USRI T3 C R — 170 R 5 C RS @ A7
JLE HAE R & U 1n) 43R S0 58 A8 Bk U AR 2 ST
e AFERESE AT I95E 5 A Is R Y (e AR A /9 )
LS BRI S AT TR B
U 1) A R FORAE A VPE FIFRAT AT . 3
SRR DRRCE RN A R BE S R A7 AE VPE B A M 75 77
fe B R RE SR W R R Rt E AR A
VPE ESE I H ALVBLC = A HE B 1 808 1 J2
A G P 335 3B VA7 803 - AE e R PR 45 R[] 1 52
i C R ¢ AU R AR TR ML S n it A7
& RAL TR SE Ak S T X B R 1 8 1] R
P 1) 5 % B AL B DL K 454> VPE [] 19 U3 29 5K i
T I HLA% AT D O i A7l SR T

VPU read [H]:& ¢,

for j=0 to k—1

SPU read ﬁ’\%aU
SPU¥t b7 a3 & A AHTR (1 10] Ha,
VPU read [ &b,

VPUBUT IR Rt Se,— =axb, | |

CO Qo> o1y “*%5 Agpy b,

@ A Aypp "7 Ay b,
I X

-1 ‘ ‘ Qor Q1> """ Ay by

end
VPU write back [ #e,

end

K9 347 A0 GEMM ) &£k J5 vk

BT LRI E R GEMM [a by ik, J
REJE A Y B0 30 Je A e A7 S SBORCHE . O T 4%
FMESFE S S5 GEMM 8, Wikt R
e AR, MRS B A Y U7 k.

4.5 #i> GEPB L& it

T AT GC H T m_geXk_gec 5HEB.
CTEAM T3 k_gcXn_am P& SRAM 11y
Ka ik 2t % £ T GEPB (General Panel-Block
Multiplication) i 73 9t J5 3058 . GEPB 3 Hi [ A
B FHm_L1D X k_ge 54 % B.C ) FH k_geX
n_am, &g/ kernel 73 YRR FETFE LA 20 B 1
SR LA AL 3L 6 1 e P B T OR A HC P B o IR L
R KA GEMM /Y PERE. B %6, %18 MATRIX2
W AR 1) AL BRER % VPE B8R A v, £ VPE

) FMAC 508l o0 2 T AT 89 GEMM |4
AT W n_am W RS n_am=iXv(i=1,
2,000,003 HRL % J& SRAM, AM Al GC 1y %5 & [R
il W AEREFE A B F1 C T HSHow 0 2 R 29l
&
JZXm_LlDXk_gc'XdﬁSl
2Xk_gcXn_amXd=<S,
12><m_gc></e_gc><d§53
AFRATT S B B8 B it K AR P RE A A il 20 10
W4, ik VPE B9 v 4~ FMAC 84 [6] B 473047,
FEMAE FMAC 454 (R 18 3E1T 6 25 0T, B8 98 AR
IR PERE. FRAT 5 — b B L i 2 B 2 B0k
IR .
(1) 5L MR Y% Cache 1925 E T B4 14

3
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SR T AN TR S T 2 AR A 1 it b B 7 e o Ak B
o0 VPE % o 44> VPE #1iy FMAC 258
FICIECER: oo MR AR AR = S, MU FE T R W
G KN d 108 S LT HUE B S8

(2) F Yoo W 2 84 BEAN T J7 il a2 TR B
M B FZ5 SR C T ECH n_am=v X c,
FTH k_ge MRAE L SN (3) B R HE B 5

(3) W B M A 11 1 B B 1 17 8056 T e Bk
HiFE B 1 T YA B B9 AT 80 BD m_ge MR A 2 R 2%
1 (3) Ml e KB HA 5

(D JHFFE A #E SRAM Hi) FHATE m_L1D AR
Hi: 20 R 5% A (3) B R 3 B0 (.

M4 bR 4y B S B0t vk i 21T H
FRiat ab B g8 MATRIX2 |, 15 ) & 4 i 7 e 5 14

ZHAE

(DFEE AW TYHm_LIDXkE_gc: 6X512;

() HEME B.CH)TH k_gcXn_am: 512X 48;

) JEME ATE GC iy FHem_ge X k_gc: 512X
512.

Hod N2 A 17 a Y A% 0 18 36 11 55 7
SR A TH.6X512,B TH.512X48,CHy T
B 62X 48, DR 1 AT R K R ANE 10 B iR
K JE R 2L )T % S e RO i 2L S
TRIAT AL B R 25 52 e A% O i B H v e SR
RTTHE o 6 40 B s M HE= T8 8 19 48,
SEPREAZ LT O 512 X6 +19=3091 411, it
FERA R 99. 3906, AF 2 L Ak B 5 A 0 (755

10 11 12 13 14 15
SLDW SLDW SLDW SLDW SLDW SLDW
VLDDW VLDDW VLDDW VLDDW VLDDW VLDDW
VLDW VLDW VLDW VLDW VLDW VLDW
SVBCAST | SVBCAST | SVBCAST | SVBCAST | SVBCAST | SVBCAST
VEMULADI1 | VEMULAD4| VEMULAD?7 VEMULADI10VEMULAD13|VFMULAD16
VEMULAD2 | VEMULAD5 | VEMULADS VEMULADI1|VEMULAD14VFMULAD17
VEMULADS | VEMULAD6 | VEMULAD9 | VEMULAD12| VEMULAD15VFMULAD18
SBR
SUB

10 AZCIEPR IR KR

4.6 HEHIGFILMPEFEIH
0 e 12 e M R ) T B R U A7 AR R A kL A
BRESERRERN - EEZSE Rz B Ui
Lo BR TR R AR S HUR 2 R A L 38 T LA S X A7 A
i eI K . IR 8 o R U B 4 B FE S A T 5
H ) 22 G Ak 1) ) B RS £ A 3 A L

(D MEFE A MTFIRE L% A4 GC P, 5 [
B.CH 1Y k_gcXn_am £ DDR Fl AM 2 [&] i %%
P RS . BcHEFE A By FHm _ge X k_ge —HIEH
e GC W, BB A f 55 2O ks B B.C 11
k_ge Xn_am JEAR IR 2 AM (1 XLZE of b, I3+ 55
VI am T

_ flops

memops

_ 2Xm_gcXk_gcXn_core
m_gcXk_gct (b_gct2Xm_gc) Xn_core ’
(2) 4 B.C I FRELEWMBE AM Mg X
FLVEERE A B T8 m_L1D X k_gec 18 GC F1 L1D
SRAM Z [8) By B 48 . i B.C 1) ¥ &

k_gcXn_am JERAE AM G2 vh X 6 BE A 19+
Pem_geXk_ge —HIFETE GC H, HBIA 75 %
Mk FEEE A B FHeom _L1D X k_ge EH BB =
SRAM WXL e oy, WGE B U5 F7 He i h -

flops

memops

o 2Xm_gcXk_gcXn_am
m_geXk_get(b_get+2Xm_ge) Xn_am’
(D HFE B.C 1 FITC &M 2= AM 1 2% o
DXLHERF A BT E 24882 2= L1D SRAM i, i}
ROV B 0 LA A B g e (L 3 B2 0 A, s B U5 A7 T
RS UNF
_ flops

memops
- 2Xm_L1DXk_gcXn_am
m_L1DXk_gc+ (b_get+2Xm_L1D) Xn_am”
R 3 M F Ut AL 5 B 4 B
NI TP DMA XUZE of (9 D 16 200 ik 5% 58 e
fEm GEMM T MERE 9 70 e S 8 AL i 2k A




10 4 XU A T ) 22 A% T i Ak g A S B O 15 1] ik Ak 1k 2261

ik

(DA B THom_geXk_ge iR95 GC 1%
AR R ARG A BT Hom _ge X k_ge B AE
GC . BB B.CTE n 475 ] 1Y 42 7 e 385

=g
S

()M A [T m_L1D X k_gc fR4E SRAM
AR R A B FHRm_LID X k_gc
387 SRAM i, B3| B.CHTFH k_geXn_am Y
TR S8 5.

S AL AR T RROCR I I — A R R R AR
U 1) F2E 3R ) S, SRy AR A% B 4 R AR B 5
A T AR R RS 76 T T B g AT Y
3 HUHR W IR vk T3 bl 5 P I DMA XS vh ) ik 52
B RL 5 1T 5 TS, BE 5 B OE 19 RO B A%
BF ]S B T35 11 9 43 B 2 HU0Re 5 i 500 4 98 06 2
T 2 11 11 24 SR 25 1

(D JEFE A I F B B0 % B 7 98 2R, JEPE A
) FHem_L1D X k_gc 5H % B.C [ FH k_geX
n_am W0 THE T L DMA )RS B9 5E y A (1
m_L1D X k_ge, ¥ t, R 1% F He LW E P 58 0 3T 50t
. P 2508 . W GC & L1D SRAM Ky %4 4
Yo Ry WAl e BEOK
PXm_L1DXk_gc

Ly

(2) FiFF B.C 1)1 P 5 ffs 5 i ol o 22K 78
SEFFD MG T R AT m_geXk_ge 5
HWMEB.C T8 k_gcXn_am WiHHE P, 758
DMA #f A B.C i) T Y54 & 1k s C 73
g 1, DDR & AM [ 8088 1 96 R, 26 250 2

R,=>

R, >

PX(k_gcXn_am—+2Xm_gcXn_am)
(m_gc/m_L1D) Xz¢, )
1E MATRIX2 - &5 1Y 52 bR 3 b o b 3R Bodi
P6 Ry R, 3 2 R R 4.3 Y 42 MY B9 Sk T P 2K
DMA W2z vh i) i s 1 B8 110 10 5 s BE 08 4 K 4fs W 7%
T B » BT AT 280 PR TE 1 AR SCHE S ) GEMM iy
TR,

5 M5 S

e ATE MATRIX2 & B T A 6 4
WBHCF AR /M O GEPB ) XUKS BE 7% 53T
FAPEREFIRCRE IR 1 PR,

® 1 ARESHRT#L GEPB B EF it HEREMME

S A Y% B Wil C kernel GEPB  kernel

m_L1DXk_gc k_gcXn_am m_gcXn_am (GI?IEE?PS) LI(%I?;B?
2X2048 2048 X16 512X16 91.72 95. 54 %
4X1024 1024 X16 1024 X16 88.02 91.69%
4X1024 1024 X 32 512X 32 91.92 95.75%
6X512 512X48 512X48 95.41 99.39%

MR 1A LAFE 45 B4 e 2 80 2 MATRIX 2
IR B n_am BUBEL v X =16 X3=48 i},
¥t GEPB (358 M s 5 & » 35 95. 41 GFLOPS, 4k
WP A I W (M BE 96 GFLOPS, Hit B sk th
Bk 99.39%0. A 25 R B 4. 6 L 0 et
SYES BB O R R, (R B % 3 AR B
NB 3552k 512 B 5o A3 . AR 46 1 1 3 B LU 3K
AR TCIR R LU HE RT3 2 R A B R A2
mon J5 T b D7 T E SE AL 512 B A IR L R
S A AR B 222 om0 5 i) ACESCH HE AR Je 0 3.

W 11 iR k2 H I A TE GC il F IS4
512X 512, F-ATTiE— 25 MK AN [] 25 P4 AR T 113 3L
K5 GEMM P fig. I3 b 6 M A 1 B 512 X
512, i B.C MK HE ¢ (HAZfE R 512X 48 X q.
114 W T AR BEE (g {5 F B8R SUR B
GEMM 19 11530 1 g A5 I 25 51 1A 22 ) 0 A
PRt it F A (GFLOPS) . Fhr R o H 5 K &
A GEMM 358 M:fR. A0 9\ A A5 2 T H 3580 A
Fhrn B o P 48 18 2R 19 GEMM H 3 30%. WK
O LAFE B Y g HER /B B B8ORS 2 GEMM
TR ROCR A 85. 9200, X N A AE 4.4 7 H 4R
(35 T I g DMA XU of i O A B3R R RS Sk s o, R
BRSPS X RS DMA 9%
MR E S HEA 3 K DMA [ 5O i 5% it 18] &
ANFERR T AL G55 1 IR FE A )T 3 m _ge X
k_gc N DDR #§ A 2 GC W .55 1 KJEFE B.C )T
Btk_geXn_am N DDR A ZE AM F DL Mg 1 Ik
M CHIT R R T k_geXn_am I AM Hg i
% DDR. 7650 M BB 5 /N B, 3% = Yk DMA % %% i
] 7E 2 A~ GEMM [y 8 $00 47 5 |) 4 B A K )
q=28 i, = DMA # % i} [a] 76 % 4~ GEMM i 4
FrEtal G 2y ok 11, 2%, 5 30 GEMM 31 3 30R
HA 85.92%. WG E MM ZE LY K, Y q=
1024 BF, =) DMA i 5 B [6] 8% F 9. 75 5% A~
GEMM G A7 A] (5 AR /N 43 GEMM 13 55
PERE X B 92. 88 GFLOPS, dF # 2 i B 4% iy 16 {1 1k
fit 96 GFLOPS, {1514 %1k 5 96. 75 %.
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el

96.66% 96755 98Y%

94 - 7 796467
95.33 0087 T C

92+ — 196%
2 93.86% _F&T |

90+ 194%
91.05%_A"]
88 192%

190%
188%
186%
184%
182%
‘ 80%
8 16 32 64 128 256 512 1024
FHGEFF AL

B 11 B AURS i GEMM 355 4k ik 30K

WE 12 s A EF M A 78 GC iy F 3
SRR 512 X512, A1 14E MATRIX2 | — 25 i
AR 1) 2 12 0047 BURS B2 GEMM. |y R 1 R
MER A m b Fln HKIE r (EZfL I m=k=512Xr,
n=48>X12Xr. 8 12 45 T A FFERFEREL G- B T
Z % W AR B GEMM (% 31 55 1 g R0 2032 00 i 45
R NEH AT LLE B2 o (H BN 228 00 BURS B2
GEMM 8 R WA 47.99% . x 5K 11 @R
) A A R — 2L A 3 I DMA B 34 ik
& I [A] 2 AN G Be il 1Y) » 75 6 B R /N I 7 3 A~
GEMM (1) 24T B 0] o PR K. Bl 35 o AL AE 1Y) 38
Ay K, GEMM fytEaefa b Lo, Y r =128 B,
GEMM it 5EEHE L 3 1106. 88 GFLOPS, JF 4 4
K Z M EPERE 1152 GFLOPS(E i 4 ED L it
FACRILE] 96. 080 (BRI AT B = fMtric).

158 (GFLOPS)

= e

0,
1200 1, 93.86% 95.33% 96.08%] 1207
oy 9105 I3:807 Frese
Loool 85.92% 7 1100%
~ 77.20% Lat—& 15T [
2 800+ 64.18% |t 1807
> 160%
=
& 140%
120%
. . 0

8§ 16 32 64 128 256 512 1024
e AR

B 12 ZEIBOR L GEMM 351 RE Ak

13 %ttt T MATRIX2 [ £ # GEMM., Intel
CPU % & k) MKLY, NVIDIA GPU ¥ & |4
cuBLAS® L J& TT C66x F & il i 45 2. Hoep
MATRIX2 _GEMM, cuBLAS, MKL # TI_BLAS
O3 F s E MATRIX2 (12 4%, BOR BE 7% 5 0 {4
2. 3TFLOPS) , Tesla M40 (3072 #% , Bk JF ¥ o5 04
B 6. 84TFLOPS) . Intel Xeon Phi5110P (60 %, B

K B2 VE S0 2. 02TFLOPS) F1 TI C66x(8 4%, B
K BE PR R fH 128 GFLOPS) V- & I 4l 5 19 5 A 2
GEMM 1 B FAL R Oof I () £ 40E 2 8 5 1 SOk - B
g . INE AT LLE H MATRIX2 _GEMM
A 1) P B AN A 3 T A Bk

= el
3000 120%
5 2500F 96.09% 85.51% 698§/ 1100%
& 2000 + AN -513% ] 80%
~ 58.13%
& 1500 \A {60%
S 9
2 1000 F 140%
# 500F 4 20%
0 ‘ —
MATRIX2_ MKL cuBLAS TL_BLAS

GEMM .
CRPRLR S

Bl 13 A6k E B GEMM P RE R

T FE 1 0 F . MATRIX2 {4 305 B Th 48 &
160 W, il i 15 3] 19 5 K5 &2 GEMM 4 fig 20
2214GFLOPS. M4 SCmR12 ]/ #dl . & 2 XTI T
ARG kS B GEMM [ 1 g L 8 0 T FE 1 g
(SN B/ T RE) Fn Ak .. DA B0 I R B B (E B
& .CPU ¥4 # 22 . DSP il ¥ GPU. MATRIX2
U, o DSP 7 = Pk R85 05 101 5 A I i T RE A
B0 MATRIX2 J&— @k T VLIW [ 2 8% ) i1 &b
PR AR AE SR AL T RE AL B i [T L A 1k RE SR i FLARG
B A e PR BRI L TR I o] AR B AR R
S8 R R AR RO AT R ) Ak L AR Y DR,
I i 2 78 85 AT A A g PR T R F B

®2 AEFELHMERE GEMM KR ThFEERERME

JOgLiE GFLOPS GFLOPS/W R

Core i7-960 96 1. 14 95%

Nvidia GTX280 410 2.6 66 %

Cell 200 5.0 88%

Nvidia GTX480 940 5.4 70%
Stratix IV 200 7.0 90+ %

TI C66x DSP 74 7.4 57%

MATRIX2 2214 13. 83 96 %

6 % &

1R B8 1 43 P B 3fe 15 J5 L BE AT BE T Cache 92
RATAELEHY o R [ 1) T 53 ) Ry — R 9] 5 B
(R 3fe 1 R [ 1Y) 43 e 2 850 R 35 Cache 1Y 25
AT AR BT S R ik & 90 S MR 58 i 7 0 A

@  https://www. Intel. com/content/ www/ us/en/benchmarks/

server/xeon-phi/xeon-phi-competitive-performance. html
@ https://www. acceleware. com/blog/tesla-meets-maxwell



10 41 XU T 16 2% 1] B A BB 1 R e vk 1) A 2263
il BE B 7E Cache Hhfir v 6 753% 3 43 1 144 g 1A R BRIRBR . R, 545 F 2 3 BOK 18 FRCHE 56 80 1y

P20 VA A P RB IR AT . DATIT 2 /85 38 AN R B T Tk 1
TR MERE. A T8 SCER X 22 4% 1) & A B R 1 1A R 45 HA
P R — R 3E T SRAM ) GEMM i) & Ak 1 1k
J5 vk T T g% DMA RUZE b i 1 Ak K38 4% 5% 5k
W 30 A A6 43 B S BT A5 B A B I [ i
T AR FA] A0 A 1 AL B R AR 2R 45 R R R I
D0 B 0 e 2 B0OR 1B 0 L 1 153 3 > GEMM
TIAA DA 42 30 A B0 WA 1) 1 BB AT . R R B 4 i A
P AT R R AR TR AR SO A 4y B S
BRI B A O AL BT I ik 45 I T 8 = o At
FLfE MATRIX2 80 58 % 1 PE $0E &
A AR AL AT 9K B A s R R R AT B R AR
W 3l vk 1) i Ak 7 1 % 2L HPL 2 4 4 T8 37 1) 5
FHAR %% o W ofe k58, SR FH AL 245 BE AL BG4z
DDR 5 7 F 77 » ik S 380 8 ] 5t A 38 48 1 S HF 9 %) 3¢
B P 50 ) B5CHE 1 U T s DA R T A T 8 8 R ) 1)
A ICZ B IFE SR MH AR R A S % X
X AE MATRIX2 | % 52 5 I 3k 25 5 3 B, AR S
HB P A T i 1) Ak T TR RE R IS HU AR T TR
(B B R RICR.

2 % x #
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Background

Tianhe-2 is the world’s most powerful publicly known
supercomputer, which uses a mix of E5-2692 CPUs and Xeon
Phi accelerators. It emerged that Uncle Sam had forbidden
Intel from shipping high-end Xeon and Xeon Phi parts to
China’s defense labs and other areas of its supercomputing
industry in April 2015. Essentially, the next generation
supercomputer will use the China-crafted new accelerator
instead of the Xeon Phi accelerators; the new accelerator for
the upcoming supercomputer was referred to as both the
“China Accelerator” and GPDSP. GPDSP cores employ
11-issue VLIW and scalar-vector coupled architecture with
both scalar and vector units, dedicated vector memory, and
VLIW capabilities. Both the data path and memory hierarchy
of the GPDSP architecture are highly optimized for scientific
computing such as the large scale matrix computation.

Dense matrix multiplication is one of the core computations

in many algorithms from large scientific computing and its

efficiency impacts performances of almost all matrix problems.
In order to fully exploit the potential of such VLIW+ SIMD
architectures for high performance computing, we systematically
study and evaluate the performances of dense general matrix-
matrix multiplication algorithm on the architecture. It is a
part of project on automatic vectorization code generation and
performance tuning techniques based on tensor product. This
project is supported by the National Natural Science Foundation
of China under Grant Nos. 61572025, 61472432.

This paper presented an efficient vectorization of matrix
multiplication for multi-core vector processors, which included
a vectorization of matrix multiplication according to row compu-
tation and an optimized matrix blocking method. Experimental
results show that the performance of presented double precision
matrix multiplication achieves 1106. 88 GFLOPS, an efficiency
of 96.08% , and the efficiency of kernel computation achieves

99. 39%.





