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Abstract: In recent years, the multi-core and many-core processors have developed rapidly. To reduce the difficulty
of parallel programming and improve the efficiency of parallel computing., the data-driven task-parallel programming
model has become a research hotspot in the field of high-performance computing. As a data-driven task-parallel pro-
gramming model that supports multi-core and many-core heterogeneous platform, AceMesh can automatically dis-
cover the data-driven task graphs parallelism in structured grid applications. However, the composition process of
AceMesh can be costly if the task is fine-grained. Based on the unique architecture of SW26010 processor, the com-
position process of AceMesh’s task graphs was optimized by moving the communication variable to Local Data
Memory (LDM), memory pool, and no follow-up task collection. The optimization effect was tested by using seven
hot spot subroutines in an aerospace craft application. The test data shows that the optimization has brought about 5
times performance improvement for composition. To verify the improvement of AceMesh’s overall performance by
composition optimization, the acceleration effects of AceMesh and Sunway OpenACC on aerospace vehicle applica-

tions were compared and the results show that AceMesh has 1. 5 times the speedup of Sunway OpenACC.
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Fig. 1 Architecture of “SW 26010” heterogeneous many-core processor

“HUR 260107 540 ARAZ AL PR AR FE AL T 4 NIz SR 3L 260 DNz A%O A ) SCHF Cache — 20, T8



. 78 o b AHE KR FFIROE RHAF RO 2021 5% 4 #

o A E . A 1B B 0 (management processing element, MPE) B 4%,
1 A~z B A% 0 (computing processing elements, CPE) B ) AZ B4 51 il 1 /> 47 4if 4 #ll #% (memory controller,
MO i iIMC 5 EAFA % . ARAZAL BILAS 10 58 iR G 3 1 AR T T b vl PCle 2 11, 52 B R () 1 3% A EL
HE S YR 15 5T RS B AR AN . 4 DR RN AR G TR A R ) A 0 2% S B A A =
FUEAE . EEEAMWHER EAEMZK L1 F5dE fids 4 Cache JEZE L2 9% Cache, 1 NiFHE A1) 64
ML L2 K454 Cache, B M AATAA L1 9454 Cache FIH] THAEAF4# 1 LDM == [0] . i IR
o EAZE B S B P RE LR FE R Athread ¥+ AT 55 0 2B MAZ AT - X5 38 3 ) 25 2 11 3 I

2 AceMesh FHZAERGZHNHBETEREFEKN BEA

AceMesh {F45 1 5 56 19 TAEHLAI Q0P 2 FFm . Fi DAG 4551504 4 2 1 0 R0 22 223K H ke 19 3
PR M R 2 19 DAG S0 W7 (55 5O S50 HROL56 2 0 16 0 4T 25 303 0% 6 08 £ 5 1047 9 2 55 1
SRR BRI DAG B 2 SR B 520 T i R SR S

oled EHAT
AL A
r N7 B

KFEHAT

5

. N DAGH fF AR
o (oo | {7

LREIAT
E%

2 AceMesh EZHE RS TIENH
Fig. 2 Working mechanism of AceMesh task scheduling system
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Fig. 3 Single-core group memory access cycle
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Fig. 5 Process of the communication between CPE and MPE after optimization
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Fig. 6 Status conversion diagram of memory pool allocation
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AceMesh 155 ¥4 B2 & Gt B AL B9 5 F8 7 S PEREXT L AN T&T 9 Bizs » IROR LR RAT &I 89 7 4> TR 7
AL 55 RO TR A AR AR A 7 A P 7 e B9 B PR P RE s R B[] H I 7E 1.3 £5 2L B Hoh GaussLeg-



. 84 - b AHE KR FFIROE RHAF RO 2021 5% 4 #

endre AL AL HIE B4 5 383 3. 13 A s HR 2 fetal FI feta2, SPEREINE L T AR 5 2 2. 6 £5 L) L

13.50
13.00
12.50
42.00
11.50
11.00
Jo.50

SO H

ezzzzzzz) ) (€] () (T Sl o 7 e ) ] £ 4L S5 S50 ] o 510

B9 AceMesh EZEEREMBE R FRESF DXL

Fig. 9 Total performance comparison of subprograms with composition optimization for AceMesh task scheduling system
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