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Adaptive Tiling Size Algorithm for 3D Stencil Computation on SW26010 Many-core Processor

ZHU Yu,PANG Jian-min, XU Jin-long, TAO Xiao-han and WANG Jun
State Key Laboratory of Mathematical Engineering and Advanced Computing, PLA Information Engineering University, Zhengzhou 450000, China
Abstract Stencil computation is an important part of scientific computing and large-scale applications. Tiling is a widely-used
technique to explore the data locality of Stencil computation. In the existing methods of 3D Stencil optimization on SW26010, time
tiling is rarely used and manual tuning is needed for tiling size. To solve this problem, this paper introduces time tiling method and
proposes an adaptive tiling size algorithm for 3D Stencil computation on SW26010 many-core processor. By establishing a per-
formance analysis model, we systematically analyze the influence of tiling size to the performance of 3D Stencil computation,iden-
tify the performance bottleneck and guide the optimization direction under the hardware resource constraints. Based on the per-
formance analysis model, the adaptive tiling size algorithm provides the predicted optimal tiling size, which can be helpful to de-
ploy 3D Stencil rapidly on SW26010 processor. 3D-7P Stencil and 3D-27P Stencil are selected for experiment. Compared with the
result lacking of time tiling,the speedup rates of the above two examples with optimal tiling size given by our algorithm can reach
1. 47 and 1. 29.and the optimal tiling size in experiment is consistent with that given by our model, which verify the proposed per-
formance analysis model and tiling size adaptive algorithm.
Keywords 3D Stencil computing,SW26010, Tiling size, Performance analysis model

T4k 5 5 Stencil(2D-5P)

1 B
3| Stencil T B9 T3 1A A I RGBT S8 IR B0 R 2 2

Stencil TR BL AN A — 2 2R T2 6
T 53 T R SR A L v T B A IR U5 1 AR ) A DA R R
RABWFTTH . Stencil THERAR T —FLE K it B H] 25 2 AQ
T 3 [ A 0 A I e ] AR R AR R B . 4 TR A
Hh 8BRS SRR G AR A TR AT TR 1 T A A = FR O Sten-
cil, AR HCHE i B2 SR I T R 48 R £ 1 AN TR L Stencil T
B AR B 2 AL, 5] 4 LBM (Lattice Boltzmann methods)
%0 =4k 7 5 Stencil (3D-7P) , JM (Jacobi Method) # 0> K

F i B9 .2020-07-09  iRMEHM . 2020-08-30
FEATH 2 VTS50 % T ORHIF 3 42 9% Bh 30 H (2018FD0ZX01)

PERE R IR G AT KM AT . B R 44 9 & & . Stencil 34
WL ST 5 N CPU 3 i 5% 7 2 4% R A% - 5 . Stencil 357
B 1SR AR L U A7 AN % 2, JL PR il 32 B 32 N A U ) 2SR A
B AR ACE A BR . 3 B2 48 Stencil 5 09 IR 47 1 F1
B JR M (Y SR AR . A I o B 5 R S 1 3 DT IR FE 4
I8 A7 P 800 B[] 3 B3 ol XeF it (v 24 B % Sl 43 34 i T
s EH . BAET. 8 Stencil R TR E 4/ TR IE
M5 .

AR SCE AT RS 31R1 COSID) L i 3 #5 Lr 43R RAh T 5 8. .

This work was supported by the Major Scientific Project of Zhejiang LLab Advanced Industrial Network Security Platform(2018FD0ZX01).

WAEME# . #4 e (ongkaizh@126. com)



WL AF IR SW26010 4bBEAS Y =4k Stencil B3I 4> S U0 1 11

FEM MR - Kz =R E B b 5 M 68k
it 100PFlops BT HL, Jir #5 2% 19 b 31 2% 2 3R = [ £ 6F
R SW26010 RAZALHLER . Jy e K SW26010 4 2519
PERE L X Stencil R MRALDIR T EE ., 5 4 Stencil
AHHE . =4 Stencil 78 SW26010 4b B 2§ b #) i a] 43 B 45 1k 5
BA PR, B, =48 Stencil 19 B ] 43 He X 77 6 25 1 oK
T T SW26010 4 3R 45 (1935 53 4% O A 25 i A B Ok L 1
V6] 43 Bt 2% 1 ) TU A 158, 64 BB 1 B T 52 i T 2 4 5 Gk
PEREMARTE . “H R« KM Z 67 1O 4 1 =4k Stencil {1k
TAERZ HR A2 [ 50 Beor i, Rl i 1) DMA U ofr | ] &
EFIAF A il S A — L AL P fE. 7 SW26010 &b 2
% b LI )0 23 ] Bk B 500 = 4k Stencil HE B PEBEA K
S, W T4 B Y = 4E Stencil , 75 52 bR AL Ak 2o #2 b A A
5 LB R A RS BOHEAT T AL

BEXF LA B IR R, AR SCHR M T T [R) SW26010 A0 B 1Y = 4
Stencil [ 3& N 43 PS8R 1, 7E 5B T A AT R 2 g X
AP S B0 T TR TAE, 523 = 4§ Stencil 76 SW26010 4t
S Lt LR . ASCH FETTER AN E .

(D) EESE T 1 19) SW26010 Ak 4% Ak B 45 1Y = 4k Stencil M
AE P BRI, B XT3 B L DMA SUZE wh il B A R 5B 1
fitg 5 1o A BRI R 2R L 45 0 T SRAT s VD A B R 8, A AR O
REE, TR0 kS 80 i,

(3T [ 35 P4 PSR TE PR AR A A B Y Y 4 5
T TFAE B2 5 = 4k Stencil , 45 W T BB HUIN £ A P AE T
W RSH.

(3)FLHL 3D-7P Fl 3D-27P B Gl 47 52 50 , 44 B 9 d 08 43
WS HS 135 N4y e S 805005 45 i 3RO I R 4 e S 80
25 PEBE SN HT AT 0 B0 AT B (R IR 2E 4 7. 2% . SR E
AT 0 TR] 43 B AR LG PIAS S0 72 530 0k 25 s i 20 e S 50T i g
JEE He AR B T 1,47 A 1L 29,

ARICH 2 AT =4k Stencil £ SW26010 4 HEEE 1Y
53 Pt . DMA XUZE oh R ) 4 A6 S5 DL Ak H AR 5 25 3 39 %X 4 s Jr
PN T YRR A TR EL A3 AT T4 B S BN AR M R A R
WA WRETHRSERREE T AEN SRS RS 5
W S IR TR AR B R T A R s B B A

2 BEREXIE
2.1 SW26010 4b¥E 58
SW26010 AbFHER R T M AZZEH, I iE 1 i,

I Memory |

I Memory |

""" ] N @ma ) (= )
o[ 1 6 |7 ] [~ MC ] [ MC ]

I
...... EERERE ﬁ oS
8 9 14 1] 15 T | (8x8) T | (8x8)
H : H H CGO

I/

! CPEs CPEs
CPE||CPE CPE| [CPE £ Z
444444 el Bles )| | Bl
| T
|

B 1 SW26010 Ab B %% A 42 44

Fig. 1 SW26010 many-core processor architecture
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