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Design and Implementation of Parallel C Programming Language for Domestic Heterogeneous
Many-Core Systems
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Abstract: Heterogeneous many-core architecture, with ultra-high performance to power consumption ratio, has become an important
trend of supercomputer architecture development. However, many-core systems always have more complex parallel hierarchy and
memory hierarchy, hence posing a great challenge to programming and optimization. Therefore, the study of many-core-oriented parallel
programming techniques is of great significance, since it can reduce the difficulty of parallel programming on domestic many-core
systems and improve the performance of parallel programs. This work proposes a multi-model parallel programming model upon unified
architecture, including heterogeneous-fused speedup programming model and isomorphic independent programming model. Based on this

model, Parallel C programming language is designed to effectively describe heterogeneous parallelism of the domestic many-core system.
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Compared to MPI+X programming pattern, programming with Parallel C has a global perspective, as well as advantages in the hierarchy
locality description, one-side message passing and multi-core applications compatibility. The Parallel C compiler system constructed with
Open64 fully supports the heterogeneous-fused speedup programming model and isomorphic independent programming model. In
addition, the design and implementation of data layout and automatic DMA optimization, compiler-directed thread proxy optimization and
topology-aware collective communications optimization are presented. The performance of the proposed method is evaluated with the
Miro Benchmark and practical applications on Sunway Taihu Light computer system. Experimental results show that Parallel C language
and the compile system have good performance and scalability to effectively support large-scale applications.

Key words: heterogeneous many-core; programming model; parallel language; Parallel C; compiler; message passing
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Fig.1 Architecture of the new Sunway processor
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Fig.9 Spawn and join of accelerate threads
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Fig.13 Framework of thread proxy in Parallel C
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T/O 2 0 £ A% v 28 6 5 T I 35 S A5 v (R AR B SR 5 | 3 B 2 g A R0 Ak A S 454 1R AN B3R 491
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/1 1/0 IR Ja i) 2 F 5 B AR switch(type_value) /R PEARAGIERS B HEFE ()RS
wn_addr = 0x2af76cc5b350; /U A AR HE 1) b 1R {
ccer_io_pack(&wn_addr,8); case 0x2af76¢cc5b350:
ccer_io_pack(&tid,4);, recv_buf=(int*)&cccr_io_buf;
ccer_io_pack(&a[0],4) printf(“Thread_id=%d,a[0]=%d\n”,recv_buf[0],recv_buf[1]);
ccer_io_pack(&tid,4); printf(“Thread_id=%d,Test OK\n”,recv_buf[2]);
ccer_mail(+); ccer_send_io_buf available(-);
ccer_wait_io_buf available(-); break;
default:
break;
}

Fig.14 Compiler-Directed I/O agent optimization
Bl 14 gibedi 510 1O ACE AL

© HERREABCEFIFSERT  https/ www. jos. org. cn




14 @6 B FA A% A %49 Parallel C #5238t 5 £ 777

54 HERIIAML

Parallel C %1% [/ 77 A% R Ge i VH S 4%, SC L 138 5 AT A 1 B LA 2L b 3024 4 B 55 MVAPICH 152 1
ML AR AR 5 71 JEL 1R ks B K - Bager,Rendezvous PIMSG AL 1 8 SEBLAEL 6 KB O IZ R GE 0S5 B (5 ik
FA— e e, 16 AT SR 14T 165 22 () 3R
5.4.1 PRIl RS

e JLT RDMA FI send/recv ) FL iyl BBl

L] ) R 2 465 R R AE BRI SR v B I REIR L A8 A R HE 4% 11 s i, o L R % 0 Y 22 P I D 6, R
7t Parallel C 37 S5 Vp S0 A 1) 72 J ).

Infiniband 7€ &P RETH RS o B WAL &L BE S FF send/recv BAZTH S, 32 FF RDMA 5 5. BA B 75 5L 75 2
WAEXT 2 5, RDMA B CPU (& HZAG. ARSI ALH T EEWAE s g4k, LK B T 46
S Ff RDMA.RDMA 5 Parallel C ] 5132 i S PGB0, v] DU - S L B0 320 9 5 B8 1) 7% i, {5 RDMA TGk A2
Parallel C [ &7 JR 1IN 1 A 75 25,75 256 Active Message FIALH. 2% FE Infiniband Ji JZ 15 R 15 7 Bh 68 A 1 feds
i Parallel C ¥ il T %5F RDMA Hl send/recv BA 13 S AH 45 45 [ 51203 S Wp .

LA Parallel C 5.3 put A6 A BRFEAE 15 Fros. 240 BN T3 BB L, i (Ssend/recv 1), i
IB &2 $e L 1) send/recy 1 3K, B2 38 il 60, Sk R ESCH 4760 — IR P ok Bk 20 5 W 28 v 3 30 7 7 poll 1 3=
BT B N E K T AR R S B AT B 8 B B R B A P B R Mk, IR R N AR 1R
BRCF, 23075 g 3 7 R — ok e Pl 5 ok 72, kb T 8000 1 38 T B2 45, e 9% A8 8D/ UE T JEL IR B 3B PR fig . 4
R BE K T L B L, I 4 45 )60, Sk FBOE 9 25 90 JF, B Sl i RDMA 5 B /0 000 0 7 B3R R % R4 3)
77 B B A, F i send/reey KA Il Sk, B 2)) 7 MR B 4 1040 S S5 K [ AR BRI 1.RDMA S 454 S
T A N AL I R R DL ORE TR R v B

E3Tr WeshJs

2. [ R IEBAS
B R % R Qr QP
. SEND#f

KIERNS Rk RS

g \j\\\\\\\\» Pelc ATy
3. R R AT BT
Lot 42 B R P A N B AT I
RAEHRTRE T e

| . B

EtHER U EN
WAk FERSYES

U0 x LEVRIEE VAR = B A2
P HERE IRANK G{RANK | HEAKIE] il (LS

o | BT [ XA :
‘ WEK |RANK-,;.‘RANK-,}‘?H§%K§

— BERHAF |
Il -4 H gy |
b

4. T I R P
R R4 S g
! P28 A H IR b 75 00, B %
i H A1 5 ik 9 2 i

0. AT LSk H I K K T R

LRI A BEN B Yo il iERDMA S H¢
P ) wg'ﬁ)\mﬁ H 2 i)
1 v

FH P55 1) t > JHPH 25 FH PRI % )
RDMAl"JTvM’I:

1. a2 S SR 2 SR St AN T
FRGED N DA JEE DR 1 S5 B A 7%

|
|
[
|
WL B3 82 B 0 1 !

Fig.15 Process of one-side put operation of Parallel C
15 Parallel C ¥.34 put 4 FLHFE

© PEBEERKCEIFR  htps/www. jos. org. cn



778 Journal of Software #AF33Rk Vol.28, No.4, April 2017

o TR W N AL

Parallel C Hui i B 8h )5 56 4l LA B2 5 85 B KAl 7 — ELAEREAT V530, 20 SR AR . R Iz 7
T SRR SR AL B, D) P S 23 TR VE, R B TR B Active Message S ILE R 1 3R 1 B A 2L 5 A7 o BT RS
P A 7 TSI S R e, r Ik g A B PR (E R I TR L BOR, 3 B0 B IR BB, A 1 Parallel C
KW

Parallel C iz I FEAEVIIAALIN, QI — DM AE WL R T AL BE A IL T B . a2 R AP ) AF 5570 e 4
TR, I R AT R A BRI R SR T B R WL B 16 B b T 4R i B P R Parallel C HOHEREAE 4
B LIt 2 MG R 2 (pol1) 7 Sk BA B P o 17 A 38 A5 135 SR 32k 31 HL 3 AR o 7. 7 6L 149 Ak B 00 FR IE Ji 2, A
U, A R MR R R v S A B IR 5 S L e AL o e T sh R A W R RE I &5 5, R Rt S T Parallel
C IR 53203 RALAH.

g BilLE
1 B E
Y 55 pol KEFE pol FEFE iEK
pE K P
. Y R[5
HEEEEE
AT R
N
mITE|
KT
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int A,B[1024],C[1<<20]; __thread local int A,B[1024], dma_buf[4096];
main() _thread int C[1<<20];
{ user_main(-) {
if (myrank == 0) if (myrank==0) m_msg_put thread(...),
m_msg_put(...); printf thread(“Hello world!\n”);
printf(“Hello world!\n”); :") }
} main(-){
#pragma ccc sync call
user_main(-);
}

6 LIWHER
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Table 1 Performance of threads spawn and join
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Fig.19 Result of data layout and automatic DMA optimization
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Table 2 One-Side put latency of Parallel C and MPI
% 2 Parallel C 5 MPI $.3 put JEIR XS L

HEKE  Parallel C ¥13% put ZEiB(us)  MPI ¥ put i B SEIR(ES) HAR)(us)  MPIL L put 35 5 GE IR (4 50 H #5)(us)
4B 2.74 11.63 8.56
1KB 3.62 13.06 11.07
64KB 9.83 23.83 37.91
4MB 368.65 703.61 717.43
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Table 3 One-Side put bandwith of Parallel C and MPI
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Fig.20 Result of topology-aware alltoall optimization
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Table 4 Cost of Parallel C dynamic task scheduling
F 4 Parallel C 34T 55 1 BEMERE T4
FAS R PAT I ) (s) BTSSP BEHEZEAT I (0] (s)  AHXS T-H0 25 K0 43 AT I 1) 58 o 4 A5 (%)

BT AT I ] 168 320 324.95 1.55
FAMT 5 AT I ) 64s 1280 1283.88 0.30
AE AT I 5] 2568 5120 5122.95 0.06

6.2 S:PRRZ A

o it Ui ELEEUE AU

it L vl B A B RS U AT P T I, T OV i SRS S 0 e R T KT TB R
R FET A4y A0SR AR R B 328 B0 LA B 22 ) g 0 R B e 17 A - 5

JEHCR A AE T Parallel C ¥ 5, £E A ORI Z G TSN AR S8 BB T F 42 3Rk B KRS 1) T B VR s L
AL 1) AU UASE I 51 16 384 [¥57. 75, FEAH] T Parallel C [ alltoall, i 2% F2 25 2 i %148 10 5K
Mt i RIS I B, ) R AN 1024 1024x1024 341121 16384x16384x16384, 1AL H 1K 4 096 1548 5 47
116 384 FERRI IR HL s

Table 5 Performance of turbulence numerical modeling (16 384 processes)
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