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Abstract  Large-scale scientific and engineering calculations such as hydrodynamic calculations.,
numerical weather forecasting, seismic data processing, genetic engineering, and high-dimensional
differential equations are facing with the big performance challenge. Meanwhile, the High
Performance Computing (HPC) platform has been significantly developed in recent years. The
appearances of multi-core processors and heterogeneous computing platforms dramatically
improve the performance of high-performance applications. To fully utilize the computing power
of HPC systems, it is necessary to develop specific methodologies to optimize the performance of

applications based on the system architecture. The Sunway Taihulight supercomputer is presently
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ranked in the TOP500 list as the fastest supercomputer in the world, with a LINPACK benchmark
The Sunway TaihuLight uses a total of 40960 Chinese designed SW26010
Portable, Extensible Toolkit for Scientific Computation

rating of 93 petaflops.
multi-core 64-bit RISC processors.
(PETSc), an indispensable module of high performance computing. is one of basic algorithm
Meanwhile, PETSc is also widely
The
In this

libraries widely applied in many high-performance applications.
used in partial differential equations, sparse linear algebra and other related problems.
performance of PETSc directly affects the efficiency of applications invoking PETSc.
paper, we use two most typical cases in PETSc according to actual research needs, that is ex5
(solving problems of linear systems on single node) and ex19 (solving problems of 2D driving
With the
analysis of experimental results, we figure out there are seven core functions including vector
First of all,

research of its characteristics, parallel difficulties, optimizations for the bottlenecks.

cavity on multi nodes) to perform them on the Sunway TaihulLight supercomputer.
calculations and matrix calculations. for each core function, we do an in-depth
And then,
we determine an appropriate heterogeneous parallel model for these functions on the SW26010
processor (there a total of four heterogeneous parallel model on the Sunway Taihulight). Finally,
we figure out the best division strategy for task, determine the size of the data transferred, and
design the parallel algorithm on the Sunway TaihulLight supercomputer. Furthermore, a series of
novel performance optimization strategies is proposed according to the heterogeneous architecture
of the Sunway TaihuLight system. These optimization methods mainly include the access
optimization, eliminating data dependency and vectorization optimization. As the experimental
results shown in this paper, our parallel algorithms of the seven core functions achieve the
maximum speed up to 16. 4 on one single node (contains 4 MPEs and 256 CPEs). In the case of
run on multiple nodes, the acceleration ratio reaches 32 on 8192 nodes compared to 256 nodes.,
when the input data scale is up to 16 384. Besides, the speedup presents an linear tendency with
the increasing number of processors. This paper demonstrates that our parallel algorithms of
PETSc have good scalability, reliability and security on the Sunway Taihulight supercomputer,

which provides the reference for the similar researches.
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VecGetArrayRead (xin, &.x)
For i=0,1,2 nv—1
VecGetArrayRead Cyin[i], & y[i]);
End for
athread_spawn(VeceMDOT _Slave, &.this_Arg)
For i=0,1,2 nv—1
2[i]=0.0;
For j=0,1,2 THREADS_NUM-—1
10. 2li]+=z2z[j+i*nv]
11.  End for
12. End for
13. PetscFunctionReturn(0) ;
// MHATS VecMDOT _Slave

14. __thread_local type name;
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15. my_id= get_row() X 8+ get_col();

16. start=my_id all/THREADS_NUM;

17. end= (my_id+1) all/ THREADS_NUM;
18. k=start+ (end —start) % L;

19. For i=0,1,2 nv—1

20. 2[i]=0.0;
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28.  athread_get Ye 548 M\ B G HAE N x4+, K
B Ly — Bof& i 3 N R A7 e [L 15l v

29. For £k=0,1,2 nv—1

30. athread_get ¥ 5045 I F R I stk 2 y (&1 +
LREN LB — Bl i BN R A yy L1145
i

31. For j=0,1,2 L—1

32. 2Lk]=xx[j 1 X yyljl+=01;

33. End for

34.  End for

35. End for

36. athread_put ¥ &A WAZ T 09 85 R = [no ] 1% 1 3
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2k 25— A WAL R AR AT e iz 5 B A AL 4R
Feas B 45 R A i (o] EA7 » B EAT B4 A 3 45
ARG 2 f & 4

SRR A fi] fx &y
L-{--L L
MAZo L[] i Mol ]
Mz mIRL:
X =
N L ] MAZn ]
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PetscFunctionBegin
VecGetArray (yy, &.y)
VecGetArrayRead (xx, &.x)
athread_spawn(MatMult_Slave, &.this_Arg)

=~ w o=

5. PetscFunctionReturn(0) ;

[/ MACES MatMult_Slave

6. __thread_local type name;

7. my_id=get_row() X8+ get_col();

8. start= my_id X all/ THREADS_NUM;

9. end = (my_id+1) Xall/THREADS_NUM;

10. k=start+ Cend— start) % L ;

11. For start=start,start+1,start+2,+ sstart+k—1

12.  N=iilstart+1]— ii[ start];

13.  athread_get ¥ th#ik Jg aa Flaj K E N N1
G I AL i B ALY mata B mataj B4

14. aa+=N, aj+=N, sum=0.0;

15.  For j=0,1,2,3,--,N—1

16. sum~+ = Gmatal j ) X x[matajlj]];

17.  End for

18, ylstart]=sum;

19. End for

20. For i=start, start+ L, start +2 X L, start+3 X L,

R

21.  N=iili+1]—ii[i{], now=0;

22.  athread_get ¥ MG Ml Ny aa Flaj K FEN N HY
Bt I AL i BINL Y mata Al matay B

23.  For j=0,1,2,3,--,L—1

24. P=iili+j+1]—iili+j]1;

25. For #=0,1,2,3,++,P—1

26. matxx[ k]=x[mataj now+j]];

27. End for

28. matyy[ k]=matal now] X matxx[0];

29. For k=1,2,3,++,P—1

30. matyy[k]+ =matal now-+k] X matxx[ k];

31. End for

32. now-+=P;
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33. End for

34. aa+=N, aj+=N;

35.  athread_put ¥ EA MW matyy B 5L

W EZE N y+ i KB L — B AR

36. End for

R 2 1~5 FEEH Lisf7,6~36 7 N
B AT B R ATHE A TR AT i MAZ 5E .
T B W B A 2 s FE R T SR B X ) i e 1Y
Vila] Ry BEPLAS & 2L Vi1 WA R A7 A PR BRI T 4
xx R BAEAL W 2 DA% 5, BRI AZ Vs (7]
FAFAREL ) 2 xx X R A9 BCHE T

FR A 2% AR SR it F A% Ak 3 e 1k 52
(B2 21 s 0238 T[] ¢, o AR A0 35150 12542 B8 R0
AR R ¢ F1 s FEMKE—RE YGRS E Y ¢,
Bt n . MAZELCE i N, I A47 50 2 i a] &2 2% 3
.

e (D
t;+t,
ty = 3N 1+n><t,) (2)
Sp— Tl ()
Ly ts+1t,
T"—an‘p

5 tEsefiik

AT F B W RESE E A IR AT A
7 A 96 U AP0 Ak L 25 A 56 1k AR A A1) i 4k
Ak
5.1 FFEfkk

YRS T IR SR A% B8 W R A B R T 2 B A S
FIREVC AL — > SPM (R 3 B A7 4% » X AE 93 14l ok
T WA 7T B R . A L 2R AF HE R, SPM Jy 24 A
Pt 2 ) MR S AR AT A E S
Y BRI AR 3 19 52 2Pk L BT AT I AE T [l 4
VE B BB A #1022 F 8h 58 B WY g A 2 44 DMA
P21 32 R SPM 5 F2 77 8] (1 500 A% i, 76 128 B 5 ds
XF 5 DMA #0228 Bl AR TR 5 e e &
FERE AR L DMA #24E 9 4 88K i T )% PETSc
Bf I o i K 22 ek Kon] L SIMD Ab L, fF LT 3l
A P T IBCA 7 32 S 2R D B o 5 40 77 ) A 5B AE A
SRR R IEAT ISR N P AE U7 Tl AR R R Rl B 1)
TIATRCE R I A 554 DMA B N 78 FRAE oF —
B R AT ROR L 18 FRUE s AL AR AL,

TEFFAT R 0 Sk A BLZE sh L] )
A LSBT RGE A A K PR EE 1) A B B R A R 4

TR XU o AL ) A R A T AR L B SR AT
23 () b A 2 A% T T R RO R B S (] DL A
P73 TR RE R /I L L DA 368 T 4 w19 B0 . 36 i XL o
o 2 A P ) A S B BRI AR AN (R T
W e — R 00O B2 C5 18D % dls 1) 3 A5 1 72 2 4h
MR L AT A 5 OB T 5 R R i AT R —
B CE—RYO A (5 D Bds /@ 5. smk i3
A A A5 T 20 O 6 23 Sl TS s — T 3 A T
BEUE R 2+ 75 S0 W2 AT A5 3 550 4 A L S
HorprAS ] BRGS0 T8 O 26 — R A S e — e
U [0 14 80008 308 A5 T B =2 R BRI B 0 {5 R 0 1Y
TFE ¢, ALY AT LLS) 353 0T 4 AR RO Y X 8 d
EIFE N 6, X (e — DL B L BRI S
KD @ —FE B AR e R A R
R RN

t I3 1
S]):i% 1+z 4)

b Max[t‘%;\;h ,(n*l)Xt,)}th,,

AN ) BT Ny = =B v S I A = 0 =
FF55 40 038 {5 S S B0 T RO B TR AR
RIFE P I TE » TSRO B B R Tl A5 45 .
RALES YR 138 {5 R RS SRR BN AR S TS R A G
1530 AN LU 2345 3 MAZ A 0 B0 N A R 4 Ak
I b5 AR B A W RO DB o SR AR
BIHATRCR B4 BB R I AT RCR B R T 1,
R334 45 AU R 6% 78 70 & HE A A 1 1

T3 AT MR D &R R A2 [ AR K.
FEIR /N, PRI AE A AE A AT s A 1Y) R o B ERUT A
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end do
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SAR EI& 7 0 3 47 3, X Ry i fE] () B A
15 min [ RCRGEH B 54> R K/ 555 X 845,
[A] ex19 —#EtL 2 F] FH Jacobi FiAL BRI T~ LA /N 5%
SR 303 O RS2 PR 8 J2 Quadro K5000
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PEA R AR SRR T ex19 MR AT X H L
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A, BT AR 7 A A B BN [ L % b s Ay
B T A A S, T B A3 A LG AL, e Intel
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% 5 —A4 CPU+GPU 1 — A4 AL F A4
HRLY ST EMAZAER A 35, CPU+GPU i
Foi oA n Ay GPU A CPU 7 4538 17 B[] B LA B A4~
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Background

The Sunway Taihulight supercomputer is developed by
the National Research Center for Parallel Computer Engineering
and Technology. the first supercomputer equipped with
the chip of “Shen Wei 26010” as the processor, which is
independently developed by China, and the first supercomputer
which can perform 100p calculations per second, ranking the
first in the Top500 supercomputer in June this year. The
rapid development of supercomputer hardware in China has
highlighted the lag of the development of high-performance
computing software. How to develop the potential computing
power of supercomputer in high-performance computing
applications has always been one of the main challenges in
high-performance research. Often, most applications are
implemented by calling the math library of the open source,
and PETSc is the kind of math library. Therefore, the problem
of the PETSc library’ s transplantation and optimization in
the supercomputer has become an urgent problem.

The Sunway TaihuLight supercomputer has the fastest
operating rate in the world, with the core of Shen Wei many-
core processor, which is independently developed by China.
PETSc is a math library which commonly used in high-
performance computing application and umerical calculation,
then how to give full play to the computing potential of the
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performance computing applications is the problem and
challenge we facing now. For the kind of parallel application
which uses the PETSc library as the underlying call, its upper-
sided performance is determined by the optimization effects of
the PETSc math library under the current architecture.
Therefore. it is very important to achieve the parallel optimi-
zation of PETSc math library on the Sunway Taihulight
supercomputer. Then the experiment to realize the related
numerical calculation function library on domestic heteroge-
neous supercomputing could be carried out. Because the
PETSc math library is of large content, this paper designs
and optimizes the parallel heterogeneous algorithm on the
seven core functions of PETSc math library according to the
requirement of this research.
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