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Abstract Domestic many-core super computing system provides two program languages with different program difficulty. Adap-
tation to many-core architecture of CFD software decides which program language should be used. Firstly, this paper briefly intro-
duced the many-core architecture, program model and program languages. And then challenges on the adaptation of CFD software
were analyzed,including data relativity of implicit method, solving of big parse linear equations, many grid method and unstruc-
tured grids. For each challenge.corresponding countermeasure was provided too. At last.the paper provided the speedup ratio of
some typical software of fluid dynamics based on theory analysis and experiments. Facts prove that most CFD softwares adapt
well to domestic many-core architecture and can use simple program language to get better parallel ration on million cores.
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Fig. 2 Master-slave acceleration model

Architecture of many-core
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Fig. 3 Data partition on CPE cluster
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Fig. 4 Pipeline parallel on CPE cluster
2.2 RERREELZEREFTREANKE

R Z B G AA g 2 JOPE R T 3 AR SR 2 AU B0 7
A, W B B 1 45 AR AL FE KRR B A B 2K 3R (SpMIV) | ] i A
FUDOTD) b5 i1 0] 7 F CAXPY) | Bl 2% 4 F 3L 50 Bp B 2% 1%
(PCG) KR Gauss-Seidel(SymGS) 4%, ik S4B AT 4K 1Y
VO3 B S H0) 1 5 A7 A5 2 A2 BT U A7 B8 I B RG . AH
TSR 28 CPU, AR Ab B 45 38 i 4 i 2 1 R i )
THEE A% O R0 T BT 04 1] 45F 4 3L B0 5T >k 3K A5 i M B L (EL IR B R
T SRR BN UCED . [N A A% 40 A 1 1R B K Ab B
8 %% 4 M T 0R A5 B 8 AR AT 55, R B I A O e A X I o
RS E 154

A SC LA I S [ 2% & 36 15 (Sparse Matrix-Vector Multi-
plication, SpMv) g il R A 3 — Fh ARAZ AL AL S0 . Wi 80 4 P 1)
R BMEIT A AR BN LR H TR b=
Ax, HP A R HE M, x 2T A a0 2450 M. W6
R B AR ZF T H A A, B B AT R 46 (Compress Sparse
Row, CSR) 4% X i 4 PR A7 76 B 46 B B AT AL & i AR oo B i
XPAT AL BR AT 4, T B ARAEAT RG] (Row_p) (B 4 AR (Col_D)
FEHEZ TG ME (value) ,

Xt 7 AR A A AR B R R B e AR A IR AT I D B
WE S5 Frs, it b 76 A BT 1 # 174 55 20 4 Gl e 5
58D, THEBE A SR CSR & sUAE A% 194 A 75 22 19 46 1
JCETE NI T S A7, Be B B ik DMA $24E% 2E i Il L 3255
RIS s WAMETE T [l « A 3% 8 B X T iS4k ) 2k 1t
XA LR BT R R RS A
A R AT G 45 b 3% 22 0 IR B 5T (A% TETD BT BE 98 3



& 7,5 IR T UG BT SR R GE R M T A T AR T A BT AT 27

F4 PO % TR IR0 A% B0 78 4y B 2 1) b A 4T B, 5k b AR 4T 4
BB AE B 40 06 AR b BT BE AL b Ay A BT il Y o 1) A 12 B
SRS S SR N SN A =N 3 e T VIR B R O i
B v P o 2 T 6 5 I 3 T L AL B B BOAR 4 A [ 5
AT 55 R0 43 (Y B X 2 1) dk A3 21 L Ml AR AR R AR B AT
i T AL Al — W, T 52 W A% T AR

Xo Xp Xy X3 Xy X5 Xg X7

by |3 6 7 05 AZHE S
by 4 -1

% Z 9(].\‘: X)—X2, X4 —X5, X7
by 5 2

by B s e

by
be % g Hx: X2 X6

b W 25 v s

by
bs
Row_p=[0.3,5.7,10,12,14,17.19]
Cow_i=[0.2,7.1,4,2.5.0,3,6,0,4,2,5.3,6,1.4,7.5]
Value=[3.6,7.4.-1,5,2,-2,6,15,4,7,5,8,-3,9,7,12,10,9]

P 5 i g I R ik 3 A AZ AT Y S

Fig.5 Data locate optimization of matrix

2.3 ZEMBFZE

2 T W 7 J7 1 (Multi-grid Method , MG) 2 3R fi# 4t 5 43 [71)
RO BT AR I — A bR s 3% A T VR R SRR ey A ) 1 (R) A
A A5 00 28 1k AR oy B 4L 0 B A 0 M 3 AR T vk
MG J5 AR AR J7 2 0pE R & R AT R NS 7 2R i op A3
BISZ R, V-cycle £ & M A% i SR A1 1& 6 T 7R , 78 5 R I
6 00 B At A B — ZR A B T4, 56 A AN 0 A% 3% )2 5 0 R
T A% o SR J5 DKL DO A% 3R [ 40 D00 A% L 7 4% J22 P A 14 301 SR A 45 1A
BILRIME TR A AT R VR,

|

& 6 2 ¥ RA% Ay R
Fig. 6 Priciple of multi grid

AL 1AM T MG Bk ny B AR #4055 17 B % (Pre-
smothing) . i B Jt: (Post-smothing) . PR #l & F (Residual) . 1
{H % T (Prolongation) F1Ji # ff# % #% (Bottom solver), £ &
50 A% 119 P A 45 4 4 45 1)+ SR | 1) A PN BR L W gL AR B o]
Fe SR IT A
Bk 1 MGk
HIA A, b
i x"

1. if on the coarsest level then
2. x"<SymGS(A,,0,b")

3. else

1. x"<SymGS(A,.0.b")
5. "< (b"—A,x"

6. ("M

7. "<MG(A,, .0,

8. x'x"1I x*

9. x"<SymGS(A,,x",b")
10. end

TCITE Z AL SR R I, S B i AR Y 22 3 I A 0
EE TR . Bk 2 EME ERE T A T g — RN
Mo @S G CR, NI EE SN E I 1
W, Bt 25 P A 20 90 748 ML 388 1 R 1T 38 104 b 9 38 L R R R B
BT R s 55 TRAT AT 55 43 AR 0 T2 s 090 A 8 47 X0 43, 52
PRoFAE SRR b AR A 2 V F AR, X R RS LR
THE I A RS A7 i L TE AN WA VIR AR b, AT 45 F
TR PR D0 e IR M . X T Ak i b B8 L 75 5 X AN [ 199 00 A%
RS [ 3 R AT XTSRS LA K, W
5 A& 5320, I DL A Dy B8 i DMA J5 XA & 1 0] 277 5 %
TR IR AS 2, 0 A% R ASE /0 o R ORE T 55 090 s 4 30 0 DA% B
B, R 5 5 A A A 7 =S U A B
2.4 AEHEHMIE

A 25 K 0 A% 5 A 45 ALY 0 A g L D0 LR P R A R
T8, WG (A 0 ) A 52 4 JBE A0 8 ke B 2 1 DA
2B SR R A 65 4 AR T 3 X ek AT s

RS54 WA 1 KRB AT ZADAF7E 3 . D fF
ANEEE . IEATAE 55 200 3 2 5L T RS BIOGH AT Y, TSR 4 T L
TR B B B A A AR S5 R TR 1 408 AR AR T DUAR 22 (i X
I 2R A, — A~ HE R 5 T E A SR JE R R A L ) IR
R ] 938 {5 7T e A 22 1R K, IF HL M & IR AT AR B 1 1<, X
Rl s A ST I E, D dES MR NHINERE
. JFAT VIR T A ST A% HE R N A B TT | A T A A A
5 2 LA B R ] 90 A% B0 50 (9 38 1% 06 &R B A0 B T 5T
B[R] B 3 O AR FME B . X T A R R UL, DAAZ 1 R
A A AR F A B, K 3R FME B T 5 58 i A R R
X R 23U 0 A B I A 45 it AT 3 BON R/ U
TEHREAR s O A 22 . B AF M E P S8 T A7
T 1] B B AIL 1, 41 A5 DA% AR M 1 42 38 i DMA J7 2CHtt 5 17 7]
FAE, DTS 7T 3l G b 7 B S BT A, S BN PR T . A
WA (0] R L O e, AR SOOI AR 38 , 7 T Sy B3 IS A7 0] 4 fit
— e AR .

A 25 0 o) A% T a R A R R B U T R R Sk AR
FAE B T IR0 B U7 A7 R R, T 28 L I A% BT 1Y 4 3
Chn g 38 P 45 38 e fH O 20 B 6 5 % B Ak 1Y I A THT R
A B R AT .

Jt o S, =FulxCs$o+FulzF ¢+ FulxV, D

A 254 o0 A% 3 = TR P AR U F

1. for face<=0 to n_Faces do

2 Diag[ Owner[ face|] —= Lower[ face]
3. Diag[ Neighbor[ face]] —= Upper[ face]
4. endfor

X RS T face HEAT I J7 K 12 190 A% T o3 Sk R 43 531 22



28

Com puter Science

PR % Vol. 47,No. 1,]an. 2020

FXF DAY Owner M 5505 Neighbor B S0 d, RIA%
B TT 5 B O A6 THT 5 A8 Ak 5 AN I Pk 1 R AR i ST A
M5 78+ B BT A

T S A 7 - T 2 A B AR R B — A
DT SR AT 5T, — 2 DA T R 3 2 25 I 2K A7 it AR A% 4 1

FRA T EE R, T Z A AL T 2 A A SR T RO P A
AR R RIS R . B Il R R W GE 1 DMA
MAZ 51 3%

He B 25 T 247 ZrE R RME 7 FUR,

B 7 MWEES TSRS

Fig. 7 Continuous write on CPE cluster
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