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Abstract: With the recent development on heterogeneous hardware, heterogeneous parallel programming model has been widely used
with the intension of simplifying programming and improving efficiency. This paper analyses latest achievements in heterogeneous
parallel programming interfaces and runtime supporting systems, and solutions to new problems brought by heterogeneous architectures
and various applications. In the end, some future trends in this area are discussed.
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Fig.1 Cloud computing enviroment based on heterogeneous system
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Fig.2 Different computing devices present different parallel computing abilities in heterogeneous system
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Fig.3 Data layouts are configurable and communication paths vary in heterogeneous system
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VA B0 43 A AR 2 AL TAEHCSE CUDA-lite IZ 4T I 3R 45 56 B, T B T CUDA #2757 19 5 e

OpenAcc 5 OpenCL/CUDA [ 57 44 $i4#s 43 A 5 38 AR AL KA ABL, I 5 3= BEARIRAE - 15 56 77 v 4 A58 23 A
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SR, EH R P 5 45 e R A7 6 (00 47 B 5 0 2 M 58 B 8 15, 43 BN R P A I 4 R G R AT g R Ak 2R, R
BB A e ) A R FE 4% 1, I TR ) Lime,Merge,Copperhead 25, #4 R4t B 2 i 7 Bl 0 An S5l 5 % 100,
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VAR I JR 8 ] 20 B4, 22 38 1k B B X W) 28 1 Uy 2L

© HEBEERAET hipd/ www, jos. org. cn



X B F M IATRAABR R SR 1467

Table 1 Summary of heterogeneous parallel programming interfaces
R AHIHTHREE /NG
SAAE S5 RO L]

[EANEA S R A Fy T SEEAR A ATHUET R AUE R R L
Copperhead ERE s 55y [SEN [GEN
Garg!®! Prange %1833 BazX Kzt Kzt FaxX
Lime [SEN 1T %5 144 (Map Reduce) [SE:N [SE:N [SEv
Merge -G AR Ak #5045 (Map Reduce) [SEN [SEN [GEN
C++AMP  Lambada Rk H45 (SPMD) B ] SN (55N
BrookGPU Kernel PR %1 Hth =) W A% [ A [SEN
OpenStream Kernel %L Ko Kzt Kzt A% )/ J)
OpenAcc A A 4 4% (SPMD) WA A B G Fax
CUDA-lite Kernel ¥ H 45 (SPMD) Kok KX Ja i
hiCUDA T4 $ 4 (SPMD) 25 1) /5 4% Y B Jr
CUDA Kernel %1 H45 (SPMD) e e E-an| 2 JRI T
OpenCL Kernel B4 %1 5 (SPMD)/AT: %5 B 7)1 % A [T 25/ i

3 FMRIFAEITRIFEINR

SRR PR AZATIN RGOS, B TR 11,1 T Il (6 S Mg ZE R AT SR 10 3 AN AR Bk LB _EJ2 N
K P B0 X T 7 110 ) 0. L A Rt 30, S ) AT 45 WIS Lo 70 D 8 R AN [ 82 46 1) FRAT VF 5568 ) A [7) (3 ) 880, 4 72
J G350 43 G (R AT AT 55 Bl S 380 552 o (10 490 B0 U B0 90 T PR AT e 1 Gt 9 /38 AT B A 7 B gk e 2 B A 252 s 1
i) R E B o AT G IRIE 2R 2R D 1 5UR, A B A 5 G A R R R B TR
PR RE. T T 53 00 V6 40 A 28 S A6 AT 55 ISR AL ok A% S ) 0 A2 AT I I8 A P A 083 P P 0 Pl AL
3.1 FAMESRETHLE

SR PR IBAT I 3R G5 AT 55 WSH LA VG 28— S B St B0 00 ST 58 AT AT 45 1) 7t 440 1 £ WS 11
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Fig.5 Classification of heterogeneous runtime systems
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OpenCL [RIAE 25 e 5 AL AH X 1) B 3X 2 TR 4 OpenCL 4 FE 48 LN FE 7 R4 T — AN G AR 1Y 30 SE R 1) 52
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A [H):kernels X N84, 17 5 44 2 ¢ H AN [R] ¢ £ 06 B &b 2 25 H 1A [H] Bh g B 2F . Harmony AT 45 AT R
LERMVI B & Rt T — MW kAT 7
3.2 BMHRIFASITHRML
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T A e I T B B N A A0 ) 0 T, SCHIR[68 T4 HY T G-ADAPT ML, A 15 ] — 6 78 AN [l A I 34
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T 552 B A N A o 8 0, Bl A SE A DG RE AL, DRI AT B0 . 5 G-ADAPT SR B QR S AL I A [+, 3¢
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