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Abstract As a critical component, convolution is frequently applied in deep learning. The parallel algorithms of
convolution have always been a popular research topic in high-performance computing. With the rapid development
of Chinese homegrown ShenWei-26010 many-core processor in artificial intelligence, there is an urgent demand for
high-performance convolutional algorithms on the processor. We propose an efficient convolutional design, that is, the
fused Winograd-based convolutional algorithm, towarding ShenWei-26010 architectural characteristics and the
computational features of Winograd-based convolution. Unlike the traditional Winograd-based convolutional
algorithm that depends on the official GEMM (general matrix multiplication) library interface, the proposed algorithm
owns the customized matrix multiplication implementation. The feature makes the execution process of the proposed
algorithm visible, which can better adapt to common convolutions in reality. The proposed algorithm is composed of
four parts: input Winograd transformation, filter Winograd transformation, core operation, and output Winograd
inverse transformation. The four parts are fused together instead of executing each part separately. The core operation
can gain the required transformed data in real time. Subsequently, the computational results are transformed inversely
to the final output immediately. The fused execution improves the data locality of the proposed algorithm to reduce
the memory access overhead significantly. Moreover, We design other optimization methods to enhance the
performance of the proposed algorithm, such as merged Winograd-transformed mode, DMA (direct memory access)
double buffering, the enhanced usage of on-chip storage, the elastic processing of output data tiles, and instruction
reordering. The experiments show the performance of the proposed algorithm is 7.8 times that of the traditional
Winograd-based convolutional algorithm on VGG network model. Moreover, we extract the common convolution
from multiple typical convolutional neural networks to measure the hardware efficiency. The results show the
proposed algorithm can significantly overperform the traditional Winograd-based convolutional algorithm for all the
convolution cases. The best performance of the proposed algorithm is 116.21% of the theoretical peak performance of
ShenWei-26010 processor, and the average one can reach 93.14%.
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Fig. 1 The architecture of ShenWei-26010 processor
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Fig. 2 Basic framework of the fused Winograd convolution algorithm
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Fig.3 Separated Winograd-transformed mode
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mL[Z][i] = (double)((inTile [2][i] — inTile [10][i]) — (inTile [1][i] — inTile [9][i]))
iﬁl_;‘LB][i] = (double)((inTile [1][i] — inTile [9][i]) — (inTile [3][i] — inTile [11][i]))
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i;'_l?il_Z)L[S][i] = (double)((inTile [5][i] + inTile [9][i]) + (inTile [6][i] + inTile, [10][i]))
iml_éL[G][i] = (double)((inTile [6][i] + inTile [10][i]) — (inTile [51[i] + inTile [9][i]))
ml [71[i] = (double)((inTile, [5][i] + inTile, [9]1[i]) — (inTile [7][i] + inTile [11][i]))
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lmL[IS][i] = (double)((inTile [5][i] — inTile [13][i]) — (inTile [7][i] — inTile [15][i]))

Fig. 4 Merged Winograd-transformed mode
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Fig. 5 Unfolding LDM enhanced usage
K5 I LDM SRALAE T

fltTile, [i] = (double)(f™(f1tTile, [0], fltTile, [1], -+, fltTile, [8])).i € [0, 15],
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PRI, AN B RTVE A IR 16 X IC X OCTY f 1t Tile, -
16X IC x BH] inTile, M 16X OC x BH] outTile, . W\ 17 fit
B i B A IR R . e i, R B B IC < OC 1Y)
fltTileBuffer, . 1CX B inTileBuf fer, #1 OC x Bl
outTileBuf fer fF: J 2 th X, % 48 wgdGEMMIi| 2 i
5¢ i fltTile, [i)Fl inTile, [i]#) Winograd 75 # I 4
TET A fltTileBuf fer, M inTileBuf fer, , V-5 45 5 47
A oumeq. RIE, BAD wedGEMMIi] Z J5 5%
JR outTile, [01~[313E T outTileBuf fer, ' 45 5t i) £k Yk
Z .k DL K 09 % B & wed GEMMI0]~[15] |2
BEEH AT 16 ¥k, BRI AT 15 31 i ¢ Winograd 1% 28 # J5

B i o BCHE .l A B A B T Y LDM s Ak 4 A, BT LA
Bk 2 Hp il Y LDM 25 (8] K/NRE A 2208251,
AL R 6 {8 (9 LDM 23 [] K /N9 37.9%.

3 % 2.2.1 45§ inTile, M1 inTile, 2 45 3 1
Winograd 7% i 2b 3 J5 15 21| () 26 14 5¢ R 19 4 81, 7T LA
% Bl inTile, [0]~[151/ 45 4> 78 #e 9F A % B 0T 4 1
inTile, [cmpt][0]~[15], ] RF5 B H AP A/ EILAS. itk
0 BE T VR T A AT A WU, AT e A58
inTile, ¥ wgdGEMM i J1l 58 )5 , T4 inTile, AN P57 %
B inTile [cmpr] ) 25 [ 15 LA BE BE L. L, 11 T 32
F5 1) LDM s b, aniEl 6 Frs, K AR 4 FH T XU v



964

HENTR SR E 2024, 61(4)

Zicxoc R -yDMAER
1cxB AVATANRNNNN
4567891011

el
Bl ocxs

inTile,,

X ppinc | il

)

X SURSEEHCE 430t eTileBuffer,

inTileBuffer uffer,

230 )N

autT tleBufferL

00
(512,30 ) B

/ i % i), St TileBuffer, /

%
‘m
inTileBuffer ileBuffer,
ERTEHN
DMA outTileBuffer |DMA
ikag g ik
| i >
T IKDMAE inTiley
012312131415 )

-]

BEI0~3, 12~151inTile, JLDM% [i]

v
THE

Fig. 6 Interleaving LDM enhanced usage
K6 sckbi) LDM SRfLfT

i N BCE B inTiley () DMA 23U 2 A inTile, [16]4
8% 1 ~inTile [24], HithinTile, [4]~[11]FinTile, [16]~
[23]1%) LDM %5 [8] J F 1E % XUZE ihinTilev[4]~ [11]. [A]
i, A %5 16 R wed GEMM %0035 5843 E R
2 H8 48, B o 4% 038 BB wegd GEMMIO0]~ [3] LA )
wgdGEMMI12]~ [15] B35, FAR R H VT BC inTiley (4]~
(LAY T sd i 2.2.1 759 TR I 19 Winograd 722 4 /5 11
MR, T UG 853 %018 B wgd GEMMT 4]~
[11] B T I B B N 1575 2L inTile, [0]~[3]MlinTile,
1~[15] %, RIS T I52kinTiley[0]~[3] flinTiley,
[12 ~[15] 11 T80 BT LA 3 402 085 FH i 2 38 o0 A% 0 8 S R
ﬁﬁziﬁaﬁmmq 01~[3]MlinTile [12]~[15]. Hitk, 529 T
X4 LDM %5 [] 76 XU 2% vh it 2 vp 2 4 E 4 B H
BB SR, TR RN T A B A B o i
R A TR A L A B AR S S ) LDM i AL
FFJ A DUR B 2 P A9 LDM 25 [f] K /N 188 B2
A, AL WL Ad ) LDM %3 8] K /N 32.4%.

224 Hir B e b b 3
1E Bl & Winograd 572 B0 AL H L #8 02 LL B H
HH RO B A T BRORE B BT Bk, X T R L AE A% LDM
1B B, IC, OCHE B JEIFARAL A % T LDM
#hReuE 13 2 sl A, Y B, IC, OC = F /i), 23 i

PR & LDM 25 1] ) B A9 15 00 . BF X B3k e @, %11
T BB Ay A B O R B KRBT

i b R R A TSRO iR Y LDM 7S [ RE A
fili FEE S, AT 2t — 2 R &K il & Winograd 5935 ¥
TE 208 S .

£ #EAT Winograd 5 U, £% 2l iy A 48 1) 1 7
AJ U AR HR T, 2 A <08 A iy AR B 22 ] 2
Ar— LT & UL, X T DL A oy i s sk o 1155

7 FE 1Y filG Winograd B9, it A B 2 8 B & #E
TR 0. Pl 7 R B A B, T A
Ve, i A KU K 22T 44 I BB 2.56 K. B it 31 A
S 4 B e g S A T, B 0 0 R EE 8
A S RO B s Ay 2 A Rl e, 8 4 Bk R
B3 B4 x 611 inTiley A 24 T 2 Al 15 B 2 1K 4 x 41
inTiley. [, 1465 10510 s A BCHE (9729 2 5
EHUE T 1.92 ¥, AR L, e A SO 1 5 4 T S
T 25%. 76 % 1% LDM %5 B (05 0L F , ol DA%

ity | 2| [ O0] s

56 4= TH bR A BOE 09 A Db B AF, Al UG A R
K R
2.2.5 il (Y R R 5fe

A Winograd % £ 8 15 M HE 1% 48 Winograd 4

Jic x oc
N/C < B .
in
Boc =B §] & out
it . - B
1 1 H . .
0x10 P 8x8 i
13x3:
2.7 N N R ... B
A
DAMik DAMi DAM
§ 2 x 4 outTile,,
3 x3 fltTile,
4x6 inTiley,
Winograd Winograd Winograd
A4 A4 AR i

WA E H i wed GEMMAE ]

Fig. 7 Processing two output data blocks in a single run
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Fig. 8 Customized matrix multiplication implementation
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A A I X IR RE RS AR B s A AL O T RE
i Al 58 & AE wedGEMM (W48 4 FITFATRCK, 1T 7
A 4 D53 Btk — 20 AR G W 3fe R0 43 Ay T 40k 2
(%) 27 A7 v D0 [ 3R, DT 7 R d5 JiG 2 % 0 98 4 I3 971
(0 F-h AR R AR 7 Ton] DL X Ay 54T 5
B OB FLAE B K X My 28 R My, X Ky, 15 BL 232 H13C
Hik [26] H By 7 ik B FRATT T A B AR A Rk A X — %
A R By 8 AU AT R, A I, R T R 26010 Ab 3R
UG B2 1) K O 43X — 4k, 1B T 8 iR iy
AFAF A PO PR TG 5 %8 1)l i vidd $5 R A
Co TITR, IR 4 DICR, 18] VCy[M,][N, /411
] 5 4020 5 2) 38 4 1dder £5 2K A A Y BAAN TR
AT YR, 15 3] — 1 VALK [ M, ) /Y ] 2 50
JEATT %5 3) il 5T vide $8 2R UK A B Pt R, B:IK
4DTER, 18— VB [K, ][N /411 5] i B2, TF5)
J" ;5 4) 1t vmad $§ 2 X VA, F VB, 1Y BT £ 1) 5 44
P FEAT A A 3 1Y 3fe ik 1B 55, I W] VICo Th XTI 1] £ T

Ky—1

R BNEE VC, L)1+ = Z VAw[K][i] X VB [k][j1;

Sl i vstd $ 445 TR 45 L A Gl R £ 3
L BT KR R S, MG IR 2-4 1
LT [ Ko/ K| K AT 7% 24 LR T 2547
5 T 1 B0 4 5 T . T AR 25 47 2
P T 403 57 20, T K = |67 B 3 3 B R A7 1
SO TR, % FE ) 1 26010 Ab 51 25 IR 2 % %
1755 1 K% 45 F (stack pointer, SP) 27 77 55 B 05 1 th f
Bl 1 5825 27 2800 30, 7 BT
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N, N,
Mrg+7g+Mrng<3(). (6)

P25 R S 2 B G0 B O Y OO U A L, B
DEE)
2MyNpKin 2
My ~ . (D

Ny h 4 1
AM Ky — + KNy, +2MyNyy  —+
Nrg rg Nrg Mrg

FELRIE VS B 31 1) B34 0] 42 76 2 RE A VEAC 1> 7
ST A AR S OUR, O T e KA S U A L,
DALERVIEIEES, 456:K06) (7), Al18M,, = % =4,
IRt X T2 A7 5 R MR 3, 43I 4 A 1] 2t 27 £ 2 A7
it VA, 4410 5 27 77 35 776l VB, il 16 /> ] 3t 25 77
ALV,

H1Jak 26010 &b B 25 A5 AN A SCHE 2 25 KR 6] 19 i
JKZE PO FI P1, Hovh PO S 45 7% A AN B0 b it /)
AR, M P SCRREIE RS | LA . kA% TN Bhr i
YE. R T RE RS R4S 2 1k B8 19 wed GEMM, W] L 3d it T
B G U UE 2 A7 25 G P e A0 48 4 T3 B R P e A
a7, [ st - 3h 3 HE 5 A 77 91 LA 7S 4 & 45 DR 1 XU
IKFE A B AT ML G G X b A A A S 0 P T
W, AT LA B AR B0 R i A AR AR 4 . o, 4
A1) AL T 3 A VAL, #5710 A ARO~AR3;
4 AN [ A AT T3 VBB, 4190 4 BRO~BR3;
16 A~ ] 4 27 47 2 T 476l VO EUE , #5812 2 CROO~
CR33. Hy b, AT A4S H A7 A7 245 900 W T f 9 J2 908 1 A%
A8 A TF AN AN K] 9Ca) 22 i 73, $RAT B[] 24 25 A4~ B
bR, PR A ST R LT AR TR R ICIRES A
T HENE L IE I 3 D Y XU K AR S, X640 B 48 A
) F-shEHE, THEG & 9Ca) A5 00 B s . 16 i N 2R
PTG A, B S mUBCER 1 W I i (19 ARO, AR,
BRO, BR1, $& J& 75 e N J2 6 5848 4 13 51 v 52 B0 224 i
106 BR 0 TH LR 4 T AF ST &8 43 XK, AR
AR PR 9 11530 05 38 40 AT — 50108 B0 04 7 47 i 50 43 1
XA IK, B ZARA G 048 2 )5 51 B $AT B 1] Ry 16 A4
IF b 4, PR BE R TH 2 56.25%. G INF, B R MR XU
KB HEREAS DL FE o R 5, (R M, =4 H N, = 16, HIE
SR [ 3fe th MO 32 A A HL N 128 I A 4. BAR
4 MAN AN 2 ISR BT DU 38 78 14 5 =25 1
JERFECELR B AT IE 5, (R R R R 7, X
T AEERAT A, #lin, B M=64, N=64,
K = 1280}, {KHR 1] 9(a) 52 B8R, 52440 1 A5 I 1158
FINUT A, 33X BN 0 T (14 T 550 15 A7 4 A RS i e A1 45
BT RE.

R TR A RE G A X — In] B, AR M, =4 HL N, =
1645 4 Tk A AR, 5 My, € {1,2,3,4}FIN,, € (4.8, 12,
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f=1
—

: cmp current address for VA0

02: cmp current address for VB0, ldder V40
03: Idder VA1

04: Idder V42

05: Idder V43

06: Idder VB0

07: vlde VB1

08: vlde VB2

09: vlde VB3; vmad VA0, VB0, VC00
10: vmad VA0, VB1, VCO01

11: vmad VA0, VB2, VC02

12: vmad VA0, VB3, VC03

13: vmad VAL, VB0, VC10

14: vmad VAL, VB1, VC11

15: vmad VA1, VB2, VC12

16: vmad VAL, VB3, VC13

17: vmad VA2, VB0, VC20

18: vmad VA2, VB1, VC21

19: vmad VA2, VB2, VC22

20: vmad VA2, VB3, VC23

- vmad VA3, VB0, VC30

22:vmad VA3, VB1, VC31

23: vmad VA3, VB2, VC32

24: vmad VA3, VB3, VC33; updata cycle
25: bgt cycle

[ S8}
—_

01: cmp current address for V40

02: cmp current address for VB0; 1dder V40
03: ldder VA1

04: ldder V42

05: 1dder V43

06: vlde VBO

07: vlde VB1; vmad VA0, VB0, VC00
08: vmad VA0, VB1, VC01

09: vmad VA1, VB0, VC10

10: vmad VAL, VBI1, VC11

11: vmad VA2, VB0, VC20

12: vmad VA2, VB1, V'C21

13: vmad VA3, VB0, VC30

14: vmad VA3, VB1, VC31; updata cycle
15: bgt cycle

08: vmad VA3, VB1, VC31; vldc VB0
B E
09: vmad VA0, VB2, VC02; vldc VB1

- 05: vmad VA2, VB0, VC20; Idder VA0
a4 HAE
06: vmad VA3, VB0, VC30; 1dder VA1

(=1
—_

: vmad VA0, VB0, VCO00; 1dder VA2

02: vmad VA0, VB1, VCO1; Idder VA3

03: vmad VAL, VB0, VC10; 1dder VB2

04: vmad VA1, VB1, VC11; vldc VB3

05: vmad VA2, VB0, VC20; cmp next address for V40
06: vmad VA3, VB0, V'C30; cmp next address for VB0
07: vmad VA2, VB1, VC21; updata cycle

10: vmad VA0, VB3, VC03; 1dder VA0
11: vmad VAL, VB2, VC12
12: vmad VAL, VB3, VC13; 1dder VA1
13: vmad VA2, VB2, VC22
14: vmad VA2, VB3, VC23
15: vmad VA3, VB2, VC32
16: vmad VA3, VB3, VC33; bgt cycle

(@) M,=4,N, =16

(=1
—_

- vmad VA0, VB0, VC00; 1dder VA2
02: vmad VA0, VB1, VCO1; 1dder VA3
03: vmad VA1, VB0, V'C10; cmp next address for V40
04: vmad VAL, VB1, VC11; cmp next address for VB0

07: vmad VA2, VBI1, VC21; 1dder VB0
08: vmad VA3, VB1, VC31; updata cycle
09: vlde VB1

10: bgt cycle

(b) M,=4,N,=8

Fig. 9 Instruction reordering
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16} 2H B 1Y 16 Fili &0 b4 R /Y 15 Fhois 50 19 52 3 43 31
PEAT T 454 FHE, WK 9(b) T /R My, = 4H N, = 81 )
L. T LA X — S, ¥ M g3 2 #8453 [0, My—
mod(My,,4)) Fl [My, — mod(My,, 4), My,). i, Nyt 8
4% 10, Ny —mod(Ny, 16))Fl - [Ny, — mod(Ng, 16), Ny,).
i 1k Mo 19 2 35853 T N B 2 35843 9 — — b 13 56 2 Al
DK T A AR PO 3 43 A 4 3040 BER, XiHF M = 64,
N =64, K = 12811F 5 W W] DL B H28 8, AN 77 B AT A
2RI E R
23 EAMSH

AR SCHIFFE T AR BAR J2 1 ) [ 77 g 26010 Ab 2

A

AR R I AT A BUR L 1 e PR B 2 B, (B A SR X
b AR A A 3R AR A - B B — o R S X N 2.1
7 Winograd ZE # . #% 0> 32 5 F1 Winograd 19 A% 46t il
G PAT LU AT BRI /D 43 B AT T 1 R A U5 A7 T 6
B AR 2.2.1 15 1 B FF Winograd 2% e 5o 2 9 ) = 1k
D3 0 A7 i v ) 50 A0 A R B 4 A L A A D Y
B I A i A v A TR, DA R 2.2.4 71 R gL
Ak F A R B i B DL g 4 R R b A i U,
XS Ak Ty 2 SR B B A 7 B AR Y, BT DL B
N T HA A Z AL B 2% Bt 2 Ak, HA AT 2,
L Un DMA WG i R A7 Al B S AT L % ] 9
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e S PR3 S T A U] 2 ) H R 26010 Ab 3 25 28 44 R AE
BB R, BRI 4% ] T H A AR A A B 2
V6, B2 X T 58 20 28 R 40 A8 R AE 1 A 1 F & 15 4R
AT DA AR — S S 22 A0 1

n B BT iR, Winograd fill & & B L T U S
I TC R A 7 N5 AR A D R T S 2 A
F4%, Xt T — 1R A BB 26010Pro 4b B 4% 54, F2 8
T T AR AH O 1Y 0 Ak Ty 28 0 3 I T 2R A8 A O
HI AT 2 £ 2R DMA W& ol . J A7 i i ik AL
F 5 R 3l 52 L, HG v R g 26010Pro Ak B £ X
T DMA W Z o A IH SR Y5 A B A7 LDM U iy
JFOR A 64 KB 3N F T 256 KB, ¥ £ {1 K I 77 % ¥¢
U5 B A ] T R AT 32 A B 7 [ 400 2385 o 6 I fe A S
Mo, e KA R A T % A7 4 38 A5 AL 0 6% 30T A
SIMD #8 4> ] &t 4 B2 B 38, (B 2475 SR 2 & X %
ZH DA H% 8] A s 38 {5 0 32 RE, Bt 2 BT 1 RMA
(remote memory access), 1] & & (% 3 i 55 A5 1) T
TERCTERE Y AR, L, 255 BRI RHER Y, Al G
Winograd 5 FHEE:X0 T H1Jgk 26010Pro b3 A1 HI.

3 ZWHERSHM

HT L 26010 4 B 25 19 T B 43R 1 R

AR S 56 4 0 AE B R 26010 Ab PR 2% PR 4H gk
A7, DRA 5 AN TR A% 2 1% 947 38 5 PR O v 4 R 00 1Y
FHFP AR BRSO, S5 v A SCHR R B R
GEMM J% 4 [ () il & Winograd % FU 5 ¥ 45 ic A
fusedWgdConv, & BLHh, FF 4 E 77 GEMM FE4% 1 1Y
&4t Winograd 4 FU 3 4R S JE o 0 XX 42, FF R id

9

Table1 Configure Parameters for ShenWei-26010

Processor
F1 HE 26010 A IFEEESE
Hiks Hefel
HiH/GHz 1.45
37 260
T4 H/GB 32
T A7l 92/GBps 144
TDP/W 250
HUREREWEAH PERE/ TFLOPS >3
KUK L W P B/ TFLOPS >3

i simpleWgdConv. M\ 4 AN [a] 1 £ BE i1 S 56, AT
753 e s W98 AR B R AN AL 1) 38 52 %A [F] G
T 20y B L g, KA S LA 7 R A ROR
2) il B D 5 B b 25 ) 4% A5 A AlexNet, GoogleNet,
ResNet, VGG H1 1 WASFUZ, WA PEAL fusedWgdConv
TE S BR . H 5 g 3) 3T fusedWegdConv, 7F
TRIE " I HES Caffe I UA [RIHE /N T VGG M %5
P AR B 2 TR M B 42 Tt 4) X fusedWedConv ¥ FH #Y
wgdGEMM WIRCR AT T MK S 1 PR UE D 25 2R 1
KA, P AT I B 2 A 10 U, sl 1A SR AN 1
A fe 2, B4 8 AR ES HR 1F21A .
31 AR MIK

PEIL VGG B FRWE RIS, H- L) simpleWgd-
Conv 1E 2 I3 B o, 3T 1 5% fusedWgdConv 7E A
[REAL T % 20 F A L F simpleWgdConv Y14 RE i .

T XA [ A T sk 19 2o, A LU 2] 7 A A
Y fusedWgdConv, 43 51| 4. 1)INIT, fill & Winograd %8

8+

b
B

7t

2
A

% EesimpleWgdConv HI3E 47 14

INIT MERGE DB_IN

DB OUT

LDM_OPT MULTI_ OUT ADD_F43

AJAlfusedWgdConv/it A

Fig. 10 Performance comparison of different fusedWgdConv versions and simpleWgdConv

K10 A[E fusedWgdConv JRASHN simpleWgdConv FYPEREXT LE
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e, #0318 8 Winograd 396 A8 e i AT i3 72, W)
SEH fusedWgdConv; 2) MERGE, 7& INIT AR AR 1) 3 A
BB B Winograd Z4uf:0; 3) DB_IN, £ MERGE
WA i 6 Al |, XEE b S Blin ) DMA Vife fiAZ iz
B ) I1:47; 4)DB_OUT, 7 DB_IN i 7 i) 2L Rl F, XU
0 S out ¥) DMA VifeFIR% L Is 31 3#475 5) LDM_
OPT, 7£ DB_OUT 34t I, 51 A B FF K LDM 58 1k
il AN A2 H5 B9 LDM s A 1T, 22 i A IR R b A Ait o
PR A48 FH I, BRI SRk 09 R AN A7 7485 6) MULTIL
OUT, 7 LDM _OPT f F& fil I+, % & /N #0455 35 B
LDM K3t A4 &0, 51 A St 508 e it i 4k 2
BLH, A A5 AT AT 1 50 T 55 B &R e 72 40 FH i b A7 it
BT U; 7) ADD_F43, J8 i B I F(4x 4,3 % 3) 0 52 B, #5
EUNGCETHE €T NN A

il 10 s, P12 58T fusedWgdConv (1) INIT
WA A G simpleWgdConv A 67% (1) P fE 42 T+, Al W
INIT A 5L A 15 31 S8 % BB % BH 5 % AIX simpleWgdConv
M E 7 GEMM e 2 11 38 58 1) o 4 U A2 FF 8 . AR 38
Winograd 7% 46 2% 4 BE % 4 1 0 o2 iX — 4 1E, H LA
43 B5 1 Winograd 722 4 185 =0 % 46 24 & JF A9 Winograd
AR, [F 1A &AL, AOUEER 1AM LDM
fd A, W H K KBEAL T Winograd A% 4 i 72 A% 1158
i, T I A MERGE JiAS P fig & simpleWgdConv [
2.9 4% . gk 26010 4b F 4% SCHF DMA /Y 55 20 AT, 8
1% fusedWgdConv HAH.C- T T infilout ) DMA
Vife [f .0 B0 347 s 17, 45 K& 50 19 B 4
7 545 LA T 3 3 ek, 35 T I 9 DB_IN hUAS A6 L
MERGE Jit A< M Gg $2 T+ T 52.76%. it — 2 R4k )5 1
DB_OUT i A% #H tb MERGE WA P GE4R T+ T 74.14%.
e & X w15 fusedWgdConv iz 1T HERE X 3 T
simpleWgdConv (1) 5.05 fi5. A FR iY F b A7 fith 9% 15t KIS il
T fusedWgdConv [ V£ BEHE T, Jy 1 REE S Al BE 42 T)
A BRI R, B3 T R IT Y LDM S A fi ]
DAYl 2D B 4 26 A0S A SR 1 1 Ah LDMIH AR, DL R 28
5 A9 LDM 5 A6 fif 1] [ AR inTile, XU Z2 tit i) LDM 5 3K,
Hillt LDM_OPT it A< £ G A L DB_OUT hit A i — 25
2T+ T 48.51%. MULTI_OUT R AS H i) iy 4 K530 B i
PR b SR A /NS AR A, DRI o B39 Pk e
FIFASH i, H &P fE /& simpleWgdConv Y 7.75 £i%.
ADD F43 fiAAH Fb F MULTI_OUT R A B9 1 fig $2 T+
EH 5055, B R FLE T fusedWgdConv HL4% 2H & Ik
2/ FANE 1 A Fay i B 4 B B 5 & B ) Winograd
AR ¥ Winograd ¥ AF e 1 AZ .0 18 B, @& WA E A K
TEUR T AR L YA R i FQ2x2,3x3) Y JE 3
F(4x4,3%3)If, B> gy 4 B00E S py RUREHS hn 1 4 4%,

RRIE I T X5\ b A7 A B8 U5 09 75 5K, T HA JEk 26010
AL PRERA R 09 e A4 58 AN fE DAAR & s S 4% fused-
WedConv i — L4 Jie.

LEEKE, fusedWgdConv AH Eb simpleWgdConv X
TR 26010 A0 A% I 1945 PR i & i PERR £ T
3.2 BRI

T e UE— A B HIE fusedWgdConv Xt FH 45 F1
B BRI S S, b i R R 28 ) 4% A AR
AlexNet, GoogleNet, RestNet,VGG H % 12 5 L&
B, I3k %) e fusedWgdConv Al simpleWgdConv 1
G AVERE. — Bk U, A AR R I 32 s % DA o 2
AT A PERE, (HJRCh T AR B A b 08 58 550 1k X Al
1A A B 7 0 P R, S 0 R R A AT A R X 3 0
B BE 1Y & 43 L AE R Db e, 3 53 2 =Xk 1 4 3%

_ IBATH PERE

IR 1 e

AL 11 TR, K il BB 2 AR IR B e /N 2
KAHEF, (R XF 2 Bl UL %) 45 B 20 2E 47 05 43 #r
DR o HEL R ;2) w1 HEEL N 1. AR
PR3 AL K &, fusedWegdConv 7E JCHHE 78 A1 A 3 72
4 1 B0 SF- 35 8 15 203 23501 95.08% F1 91.2%, 73
B2 simpleWgdConv B FUPERENY 14.54 £5H1 14.52 £5.
] LA H, fusedWgdConv ) % FH BE 1% 1R 4 Hb 3% 1
ML G R NS BRIk, JCE ST,
fusedWgdConv P € fix /N B J& simpleWgdConv 14 BE Y
3.02 175, S R AT ISR 62.81 175 A e, fusedWed-
Conv # kb simpleWgdConv, £ FUH: RE 5 JoIH FE i) 25 A
%, 15 3.01~62.72 G5, Hoh, T B E LT,
fusedWgdConv [ f5 = BE R 5CR AT L4 5135 3 116.21%
1 111.41%. 7] LLE H, fusedWgdConv fERS TR U3 % 145
FH 26010 A PR 2% A A (41 BE, HAH EL simpleWgdConv
A I PR Re R T
3.3 BRHBERE R

1 DR PT Al AR SC T AR AE SEBR A A A ROR,
DL 4R WA 1) Caffe Sy JE4E, BE T fusedWgdConv il i
AR /NT VGG B8 (1) 45 FR M s 42 7. R B, %
JEF Caffe h B A% X AN -C-H-W, fused-
WedConv IEHEH UM H — W - C - N, #rit Caffe-FWC
I Caffe-FWC-DFT X 2 4> i AS B Caffe, 73 Jjl] % 75 4&
F fusedWgdConv [y Caffe 13 T fusedWgdConv H. i
17 8% X5 4 19 Caffe.

W& 12 TR, Caffe-FWC AYERE SN H7E 3.4~9.8
Z ], 1} Caffe-FWC-DFT £ #& 4/ 6 7 & T WL (4 7k fig
T, B RE AR L R T BA BRI
FREY 40.5%, PR IE S AN 25 Z A0 . AH 2 50l 7 e ol 12
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Fig. 12 Performance speedup of Caffe with different versions
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ARIREFUT B, 26010 AbFEAS A BE AR

() A I 245 2 A% ST H - W — C = NB AT . i 72
SCOBR fE R P AT O ORE AR B 4R AT 1R W
N—C-H-W5| H-W—C- N B 25 BT
FARH AT T 5 S T b 5 VR A 9 44 A5 R ) 416 38 1%
ORAE R UMY X W2 IRATH B EAE U T R
A~ DNN JER R TAE, BRI A STE UG S
PEAT TR R
3.4 TE I 5E R MR

fusedWgdConv 1) & 5 #i Z — 5t J& 5 FLUC e 14 5
il 4 % e, W 2.2.5 5 BT R, wedGEMM TE H1 B, 26010
b3 2% PG 1938 1] GEMM ™ (i 5L b, £ X 2 SR
[ AT 7t x5 AR ", Bt TR A B )T
-1 4K 0 25 A7 25 30 15 LA R hE e 5 T Y 1 WA A
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G [T AH VLAY, BT X ASTR 7, 6 M, €{1,2,3,4)
FI Ny € {4,8,12, 16} B 11 16 Fi s B0 F 27 17 2% HE B
P 1z 048 4 P AR AT T T 5 g A4 4 HE,
MM SCHR [26] RE BT M, =4H N, = 1689 1F 5L

S e PR 8 ZH R MR 3 37 S AR S A 4, Horp
R R 2 A — R R ARG B R 4
JE AN ] 15 3 JE M, = 41 Ny = 16. [7] B, 2 B HY
26010 4k 31 %5 I8 A 9 GEMM"™ 1E g £ 7, X Fo I 3
wgdGEMM () 5% S . {8 3 GEMM [i] wgdGEMM — ¥
I EHE © A2 AE T LDM H, 4 2 R i 35 i
AT if Al Horr, wed GEMM AHXT GEMM V4 e finl 34 Lt oy
0.202 3~0.278 8 AN 55, - PEREINEE L 294 0.239 9. H
AT L, &% fusedWgdConv 18 il 4H M 26 = W E 1),
H wgdGEMM # It GEMM 43 B (. A 1 fE 42 7t

Table2 Running Time for wgdGEMM and GEMM

% 2 wgdGEMM 1 GEMM HJiE1T At 8]

BT R /ms

M N K wgdGEMM GEMM ik e
32 64 32 0.11 0.13 0.203 7
64 64 64 0.23 0.29 0.278 8
128 64 128 0.68 0.82 0.2023
256 64 256 2.17 2.75 0.266 6
512 64 512 8.03 10.06 02521
1024 64 1024 32.68 40.58 0.2418
2048 64 2048 128.05 158.48 0.2377
4096 64 4096 512.74 633.80 0.236 1

4 RERE

Wit 75 T2 B S0 A& B9 HY R 26010 AR A% Ab 3 4% 7E
N T BB 408 1 P R, X i Ah RS b e A
FROR I SR 4 10 7 B o 19 SR T i A B A% b
B FUEE A BB 5 0 A0 T 00 90 B B, AR SC A R X
— ] R, 45 6 R 26010 &b BR2S (9 ZE R FRAE , 31 H T
SCER T — FhoE PR R I AT I @S Winograd £ UL VL
TEIEA 2 BER S DA T B 7 GEMM
FEHE 0, Wit T VG BC i R Y R i B R, 25 A R
S A R SRR AE RN 38 A B SR AL, AR T A B L
T TE R T W e, O 0 A O [ e 1 A%
184 ¥ 9 AT T 45 FiIE O Y FE 4 FE HE; 2) Winograd
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