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LEBR I FEH L LESNREIE. 2009 4, Rif—S(TH-)HI KA, $EKRE
BRA AR SE R 2 JE S B3 ARSI T T LRGBS AL E &K . 2010 4F 9
HRATHIE P R — 5 A T AL RB LA HH LRI R 563 i) CPU+GPGPU [ F VR &
IR ZR G4, L 2.56Pflops 1) Linpack M fEZFEX 2010 4F 11 A EBx HPC TOP500 HE4T
BRI —%, QNP EEMEHREI L RS A R E S FR, RER
PRV R EALR A EUR OB H A FIRCE, HER R —, AR TFEE. Hi,
F1[E HPC TOP100 HEAT#5h HLA% 9°F-#4 Linpack g N 120Tflops, & 2010 4F 63Tflops
1 1.9 £, 1 E bR EEEIERERT 120 T lops KIRTIE Y 2011 4E 6 H(117.76Tflops),
[ 5t AP M RE 22 BE MFCR R FF TR A —E P 2200, Pl 4850 A L ERZERE ! IXFR
HEEREEL G EHREBENERK TS NERSEITH, BAE—S O aERA b
A T oSS R . 2011 4 E fr HPC TOP500 HEATRET, R4 sk —. DU
BHAHKH T GPGPU S IEA RYEM—500 4 R R H 39 & R4 K H T GPGPU
FRIIE, AT, SR T EAE R — R BT SR R R M BT R

R EN R RGO, #RE S FATRE P W R FIE = Bk .
M T R A A AL AT EN R S TR, T AEREREZ S
RIFATIES O AREEA b, 2R3 H T B i © &8 2 852 A B i 3- 1T B TR R
3% MPI F1 OpenMP LMk FARUE  JX B MR UEHAT FE PP B HH BRBERIE & AO4R e A % 2,
AR TT T R IAT N AR PR R, BR T PR A, B T REEARR
FOLAZ AR AR e RE . BEE 24T B bR b 3 AR R LM ) TR & AT
AR, QAT A X —H A R AR B R R BT A B R B T AR SR AT AR T R R
MBS, BA— AT EME R .

OpenCL IERTEX—H 5 N H Khronos EFrLRM, HEBIRSEAMKM)
HISZHRE, Bh DAL A 24t AR HEE 5 - BAR H a7 U BIRAT B A B H03E 5 & CUDA
BE, B2, BAMEE, EERNEPEE, EW4ERERERITH PVM 946 186
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TR BE IR H 7 SE £ & AT i AL T Dok S As#E MPI —#%, OpenCL 7Ef@& T CUDA i
SAREMAMEME, TREHRAARMITER T WAFTIRHEE S,
MPI+OpenMP+OpenCL XA¥ ) HAT G FE I BTN Bk AR K ERIFFATRIER B Z —.

ZERBER AR, 2HITEANSE —A2ENA OpenCL B XE 4. HHEERXT
OpenCL JEAMESARBEFINE, XA GE B AR RIRE & 5 BRI IR IR H 1
PH#, BT T OpenCL HI—L¥ EINAE, 2 —AMEFMRMHNA OpenCL KR 5.
MU Z PR R AT KT E 2 P REEFENERNS %, Hx#Esh et
HERERS EEEENEM.
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Wen-mei W. Hwu
RV B - A
M1 755 BOHL TR % AMD-Sanders 2525092, FFATHHSLHT I I RIE R

We are at the dawn of the heterogeneous computing era. With all applications being
power limited, from mobile to supercomputing, all future computing platforms must embrace
heterogeneity. With its adoption across major platforms of the computing industry today,
OpenCL is emerging as a leading Application Programming Interface (API) for heterogeneous
parallel computing. It allows software developers to optimally use the diverse processors in a
heterogeneous system to achieve performance goals while reducing power consumption. It
supports all major trends in heterogeneous computing platforms — the CPUs’ evolution to
multicores, the GPUs’ rise in high-throughput computing, and the Accelerated Processing
Units’ (APUs) fast adoption in mobile devices.

BAVE WS AT B ! NS BIRBS T ESUE, 2 FTA B #3Z RT REFERT
F kT BT G B AR R AR . BE S KEEWHEFENAEXRA,
OpenCL MK DRI, TERHTRR A FMI HAT T B B 57 2 58 1 B P R PP R
C(APD). ‘& AVHAETF R E BT R ARG D SRR, DHE
SEELME B HARE R RS RRIRAERE. BT EMIFH T EF 6 KRR RS —
CPU [ &AL, GPU iHE M REE AL I SURIIERE, L& APUAMD &
Kb 7 3826 B8 ) AU A TR B X

In 2011, OpenCL, Heterogeneous Computing with OpenCL was published as the first
major textbook on OpnCL. I am glad to see that only half of a year later, the Chinese version
is being published by the Tsinghua University Press. In China, experts and pioneers of the
technology have already begun to popularize OpenCL to a broader community of software
developers, from students to grass-root developers to IT professional. Many well-known
manufacturers have committed to support OpenCL and work with early adopters from

academia and industry to improve the OpenCL development environment with support
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ranging from hardware and platform development, software and SDK release, higher-level
programming models, to the initiatives regarding developer community and university
curriculum. This textbook is timely in helping accelerate this movement.

£ 2011 4F, (OpenCL R THE) HICARAE A2 —4 OpenCL HBHH K. HAEH
fREME BUNAELFEZ G, WM SCFEARME diE R A IE AR P E, &
TR L RZMAEATH L TFIHR OpenCL #E) I8 AR RMAITF R EHLX, LFWE
LA, BRIFEEMIT B AL . WEMA] 5% &% LR OpenCL, H5%A
FFNFEY S5 T3 OpenCL MIFFRIAEE, WRBEM-F&EFF R, AR SDK &k A, ¥ E
ERgmER I, 5%, EE ST mIRMABORSCRE, I BAT TR E AL KR AL R

FESE M — AR VI 281 LA BER (085 B o IX A HORHS i o ST AS I HH RO 5E 2 B W &

ingio

The translation team consists of faculty and PhD students from Parallel Computing Lab
of the Chinese Academy of Sciences. With their many years of rich experience in parallel
computing, they have become a major group of early adopters and evangelists of OpenCL in
China. They are working hard to fulfill the mission of growing the Chinese heterogeneous
computing community to embrace the new programming framework for heterogeneous
computing.

(OpenCL S5 3R ARMBI R K B - ERZEBR AT HE LR EKEH 2
Vi RS EEITHHESUER B EEWHRABFER, MIM1248 A OpenCL #
o [E LSRR A4S OpenCL IR &, MATHLIK, SBITERRETEAL
SR AL R B Ay, PRI BB I R AR A T TS

This book’s publication marks a milestone of OpenCL’s early journey in China. With
this book, I expect to see many more people embrace OpenCL in China as well as to see
China’s contributions accelerating the worldwide progress of heterogeneous computing. Iam
honored to write this foreword and be part of this great movement. More importantly, I salute
all those who labored to make this advancement possible.

(OpenCL FAi+4L) HIHARZ OpenCL FHATE E7E LR — A BAEME . @i
XABRHER, RAEEINEL FEFRE S ERBENNA OpenCL, HALKRFMTHE
R R STk, BRIEFE RFREN MW BIET, KAXMERKITSh. HFEERE, RE
FE 1] Ay 2 3 A Hh 3 %L o (R 4— Bg !
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DL T AR ERY, C4BERRERE TREISNZE, B
— AN ELA e RO ER . IR RO B IR RISE IR A, ARBATREERRM
TEPSNE=MTR. Ak, EEBSEBBARBNZ R4 PITAC 7£ 2005 4 6 H A
BT A AT R I “ Ry WAEEENESRE” BiRE T, RUESREBUF
HlE KRR, W ERET R R, UEEERNEARBMER L. SRR
LK, R R 21 AR EENBARSIRZ —, FN e MRS R AR
B

CEE P, B2 R — B A RIEE Y8 7% [ T )72k CPU+GPGPU AU %L
HRES: L2k, 3F4rBIZFEL TOPS00 th 5sh— Rt A4 AP s, gt HRH K
kTR SE R B KT BB T 28 IR HEROBERE , ARIL T VS & BB AT R R LA
B EVE R « H §T, B AR 5 R F R 05 ) F B0 AL B8 A% O B C 2 HRIE 10 J7 bR ER A%,
(B0 K 2S5 10 Jik%, LIS K30 43 40 8 T- MR TERLF » i B b S B mI A 280 1
Kb T 52 b B L2 S 40 JTALFRE A, ELHEL T A S8 M AR L R AR B R . B
B, AeEKEERS, BEHIE, BROE SR T BRI LK AL
HELH GPGPU A% M54 FEAT v S EAS SR N R O AR P B, CPU+GPGPU
SRFEAT I FE A 1 T R TGN, B AR ER A S o] E S T SR A AL 2 A O B
AT R RTIR T, RARFI A AHLH CPU+GPGPU 4 47 HUAF S b A S B MEARALL Y. F
AR, R MR E B v SR S AT I K — A XL

IS, TR —A BIFRFRAT R B B, e BB A G I AT R B R S
Wi, XERPFRFRA R, BT T S EE N H . EREIHITERR
W2 57, Tolk A i A A B AT F2Fr B vt b 2 32 F5 40 A s IFAT B9 MPI RISZHRF
LB FE4EIFATHI OpenMP. Bi# GPGPU 7EMBZH ISP K HI L &, Mz edEs T
7 AT 7 25 B0 L B 75 O Y e THEE LRI A LUAR 3, SRR 9T R BRI 4R I
GPGPU HI3E4T 12 Fe 8 v 1 551, 38 1) 75 28 Tl FL R AR — NG — Bk K R
B2 GPGPU HATHFHE SEIAE, DIMHEA P TF R AR A, HIRETF
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FEARE FIRMER AL s SR (B I AT B A . OpenCLOTIIHEE ) FMITEIE S IE
REX—ER/Z T, #ERIT CAL. CTM. Brook++#ll CUDA Z5iE = FlIIT R IR B kE 4k
et .t OpenGL $r#fEH42 Hi 3 Khronos Group [E BrbrufEfb 4 2042 H 1 .

#£ OpenCL HELZ HI, TokF &5 E WA 2 NVIDIA A 5% A A4~ 1 GPGPU &
5 i) CUDA &5 . 1T NVIDIA A "N KEM A S MY Sl 4 H GPGPU 44 &
%} CUDA #1785, HHl CUDA & CEH T KENF XHBBTUFAA. B2, H
T OpenCL 1E RNV 22N A vHE R P S HE SARERIFE AN A, B H §T k1R
HEFERBIEIRA D, BEHRSPTBERB T . TR IX — TR AE R B T 34T
WITE S NAL) KRB RREE, EFERFHREAN AMD AR MZHT, &
AL BE T A, LME L E S — i A 4R B bR LT S 8 TR R
BOFT RS M FgRAZFRUE, TIORFTR 'S I RMFFATIEF T HENE, 3Rt sEE
o e ) A e A B AR ) — 25 R AR R

A+A5/E# Benedict Gaster {811 Lee Howes 18+ 5HR T- AMD 2 &) 1 5 M & 4%
FEMR RER AT RER ], & TAETESR —4 OpenCL & 522 JfiMIFF &K # . Benedict
Gaster {35 /& AMD % & 7E OpenCL % 2 #HE thil & i/ B ARMEAL. 41 4 Khronos Group )
KL . ABHI TS ={I/E#H David R. Kaeli ##%. Perhaad Mistry #1 Dana Schaa #3& 3£
4t K2 . Perhaad Mistry f1 Dana Schaa #& David R. Kaeli #2118 #4574 . David R.
Kaeli BN\ F &R EN RN G AIERAR T RCHESEN S, EHEENS
BIEEEM . B AR A GPGPU 7 H FIRFR T/E, 189 T GPU &R £
AMHRRIHE . EMEEERIEKREZA, G4 IBM TE 12 4, $AE IBM
T.J.. Watson PO TAE 7 4E, S1ERRT 200 ZRFARLIC. ik % 484F IEEE i+5
MASSHEARZ RS ERE, FHHEEN [EEE &+,

FEABRRIERES, T ERE BT AT MR 5 R S S0 S A T
FRAEFZRMBUFR, P EEFRFHELHRETEIS S5 T B0 =3 i
MERTAE, E—HRREG. SBHKER. KEBK. REFEMPLk N TR%E—&
BFMEIT

BT EER, BN EFEeWAREEMEANRESE KRk, FRURNSE&RE
HIENIRE M TAERSE, N—SARERA T HRE LSRR, UESBRFKismRt
W, (R, MRRAFEETEHNEREAZZL, BiE KiEEARFIEE.
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Avi Mendelson [#-1-
TR (LA F)YAIF S R0
DL B T2 B e BN 7

“HRELK, XE « BE/R(Gordon Moore)$E H i BER R — HESENBUME HE
BUTILRI R, B R AE %S 18 M AR —3F, FULnT AT € N HEMNEZA
B — AL 2% E IR IR 2 R RE RIS . BT — AL EEE B “ B E&E
F” (golden factor)4i/NTE faihE R~F, 03(FRARZEWMLILE), FAHNMBDIFE, HliET
SR E R AR RSO R —REEBNEES) . Bk, BT — AP
R I, AT S0%MEERAGIE), HIRREDIFEFTHFEE EAH
Mo MTEFELFRIMERERT, THEHLEEA T = B0 i A ARSI & A SR SR T S 0 4
DT R ZEA N 55, AR IR B A A S R MR

76 21 e, REERNRSTRF/WLZ A, BLET “physics of small devices” JF
AT EE AL A e Bk, ERA REMMFEMIEE BT, eIk
SCER AT R R A0 B R hn . Bl [ B oF 4 R} 52 i & (International Technology
Roadmap for Semiconductors, ITRS)fJ— & X FIX—F &, HifHX—BHLER
TR R K P R AFAE, BA AR EMBARRBATENRERROEEEZRE.

KT REGRE — B (AR BE) B — I HIE, WARET R EEZNEN.
$—, FEIARLESE, BNENTH ERBEEMARME., XiPiEHE R b
N SAE . BERARNREFR B A A BN AEFERESENMELRE, RNTEMHZ
BB EGLIE —MNA. 52, BEFIThFE Rk KRR BT E B B R
RS S TR FIRF BRI E: REHAFENTFREAR, RUEBNTRS
SRIREUA R B4 A, LA EARFE TIERR. B, WER%EHE “ME4” B CPU £
FE K A2 (1) FPGA SR AL B 8% (GPUYAL R X FPER AT AEAN R E IR LS BL, fldn,
KRGS EWRE UK EIELE)CPU Z K.

FERIM AT R RS LR RGNS R —RERAES, BIEEH MRS
KUK BIFNHREES, TR, EEMARTRS. FRIFEHRERERHRM
MIXTEH, FUAKERRFERGEEERE. FURAERNREE, T2 EERRAERM
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W T TR A B B PR B R A1, AMD $R1U# H 36 E 348 K% FF R 9 Brook
EE SRR, JERA T U ) HARG RS BGE VR T X SW BREEREATY R, K Close to
Metal(CTM)F! Compute Abstraction Layer(CALYE&TEN, HIIRN T RS A AR &R
HATHEMIBIE S . NVIDIA FE T 2875, 5L GPU R vHRIAER ) CUDA %
RIFEF T GPU AT &R . Intel 3BT B 2 Z AR M J7 R4
Larrabee %24 _F3E /T4 2. TBM 42 H 4 F 2 T3 B 433 O S LAGSE ) FH 3 S g N JE — B
(g Cell ZE# 3 F FPGA [ffif v )7 k% & VHDL Ml C/IC+HE S B ME, LLFE 2 FIH
XTERERSE . XL FRIN S b E SURAR ML T AT, BAEREMERE L, AL
P BB AT AE R R R A 28 4 b 1 7 SR (T Java AR S AT LUZAT7E 22 7 B KB ISA 2844 L)
OpenCL b EiX—EBEF R R IHH. EHIFEFMEHL Khronos ENXFEH, %
ESFITFRINEE “fSH 7 TV 2365 Bh A & AR € RBE{ 31 5%, 41 CUDA, CAL
1 CTM, B EAIREE—, Al T — ML PRGN RIS EXRFARE
WRIGFEATHE, FEEERT kMt B CPU, GPU, FPGA FIF Aty 5 ) R Sk 5 o4 20 LB 2
—HEBREMRAMRFRS. BT ZERKM &, OpenCL EXT —ENS, WR
PEEHLE], BT LUEAT T4\ OpenCL ¥785. OpenCL & X {1847 I AT LAEAT Bt
JEESTE, 7EAHRBBUTIREE TRl & A RER R, JHaEERRMEAEEH TR
VEhAPEHE . DIREMEMEIE, WAEER.

ABE AR, BERFENAESERE TH#ITHRE. ABHT - MEFRE
ERT (B UASG E HATRS), X T FEERMARYG T IR T2 2 7 7 2 HE AR K%
&, FIR, AEHEAKHCREMIFT AR R T HEHOARSEE. 82~4 R
FE#i L 22 4 A48 T OpenCL MIEAZEMICGE 2 %), AR ENMBEERMCE 3 F).
o 4 SR — A EELERX AR AE . B 5 TP 6 EXIATLEFNTBHIM
ATV R, HmBNREi— S HEM® OpenCL FHEMMESFMBITHHATCEE 5 %), HItT
CPU 5 GPU(%E 6 &). OpenCL HAli#E#Y J5, & HH 4 HCE 7 E~% 10 H)REEN
FEEZHSEH], XL AN AR OpenCL I Z N AR EXEEN, XLNHE
BT AR R A EEER . ABEERT A—BFUAEARRFY G LE1T, W
NVIDIA 8 AMD. A¥&E =8 TaEEE.

ETEEN, XE—AEFEEWNPR, ETFAEMPTIA R LR AE 7T
SR, FHE OpenCL #BALHIMMIR T E. XABERRL, EBAARALKRAKFHIFEE,
AT LA 3R AE %9 OpenCL IRFZMBRIE, 4 A2 A LUMED A RERY &, B,
M EIEE E ST RIZEE, WH &6 F SRR RER—H7.
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BAVFTEERME AT ER R, W Z TR FE MU RES . Sk
R, TSR SE AR BARAE S5 AR STHAT KDL LR T MR R R R R AR B
.

EVESUE, FENFMHEREE N TEF REFRAERNEA SRR AT T UK
£55, BE RS MRS R RIS 2 B 5RA . FEMR R & B P ARSI
Hia R, RERGEZXPT KR EERABIANE. B, HEHBRIHAEXHI
T—RMERMARGEHE . T EEERRE SRR ERSE, EMHARZ
B R (HIX—HERERR ESZIE, BROAERZ — AMPRUEAL B i A2 R B R 42 % Tl FIHE SR
N2 B ISR H & Fh B .

B X OpenCL

OpenCL HIR & B EWERIEIF I b S RS9 S N A2 /F #5148 . OpenCL W& T 24
BN 72 280 B 1 in A 28 28 B BUX — R i %, OpenCL HEZR REMEIZ 1T 7E £ #% CPU.DSP.
FPGA. GPU VLR BHIE A BT b MR HE T ZRITER M RGN TR
LW RIFAITHEMZE. OpenCL HEZR K ZFEME AW N RIRAE T M vk lal BEH) 7 iE——
WK F OpenCL MYEAT Wl 1A HRT7 5 1) 58 HT (8 RE 5 55 T8 4 B2 44 B9 A I8 48 22 Fl
JRARFFFIE . OpenCL FréEH IS ANEE O RFEF RAENAREF LEMIEITE — N EE
N H R RERE L.

AHE ) BER

HATR L, WA —A&EREM A% BT RS TRITAA OpenCL FFEHR
WFTEA R IR EE. Bk, BOZ2REHZEE. ATENER, BIOIMEHE—
REEFMR—F KRG R, BT LWL RITFEE. & OpenCL EEHIR .
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A AR A T R B AE B AT R OpenCL HEZEK M 22488 BT FRORC A . 3
1138 3R P KB SE PR N SRR R R AR A v R Ik )

BANA BILE BRI DB RIBAEL, JHRRE N R REH KM PTH 4.
HAT S A PR SO, RN BAER DS HE B IRME T — RN AR,

51

FA1 B Manju Hegde #2IXA B E/ETH, i BaoHuong Phan 1 Todd Green M
AMD #1 Morgan Kaufmann X§ 10 H )% B F157 # . [ Jay Owen W AT H S 5%
B EARAS R TR AL B FEBY . ZEHAR TG, BRAVEKIS Jay Cornwall %% A B TR
B LA, st Joachim Deguara, Takahiro Harada, Justin Hensley, Marc Romankewicz
A Byunghyun Jang X & Z i EE TR, RHERKBREEI¥S, BEMIIGED,
XL RESE . K B % 2 WA 5T H 001 Jari Nikara, Tomi Aarnio F1H il 35 B T A2 1
Janne Pietidinen 0 A A BMH T 5k,
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Benedict R. Gaster 2 —17 307 W50 T — R 7 kb B2 gm AR AR Y O BR A 2R AU, R
EWFFL B — A B 8% (IR 14 CPU #1 GPU A #8) AT HAT 2R RS . thxt
OpenCL it T 7 2 MIBTHR, F#E Khronos Group(FHAHTZH L) FT bR HERK B
o AMD. At B 257 R G AT 5 R ARG A1 AS BRI 7T SR T SRAGvH SN LR A 1 22 AL

Lee Howes C.27E AMD T/EWEZ, HETHHIi&ESD TARKRFMWIFERMERE, b
(R 26 70 T 4e] LA 75 B O S s AR B S s, FHIEAR B R 75 i PR B
4B A ZR SRR S RIAL AR, I 2 00 I G AR AR P O R BB RSB AR A
X — AT A RIF 5 R T 3R A6 37 [ 2 B v S LR RO 24

David Kaeli 1575 B s 17 k22 oS TR 5L A2 RIS L2600, TR LR
EA 2R . AR R ALK TR B A RN &I B K RN 2 T2 B B 2B
12, FALR2EHEN RS EHFRSEKR E EH(NUCAR HiTTA). £ 1993 FMAKRIEK
2 ¥, MBS ZE IBM TAE 12 4. 763X 12 E24F, J§ 7 44E T. J. Watson B 5L (AL F
M7 Yorktown Heights) TAE. fEAEEHER T 200 ZREIE ™% IPEH KSR A
TR, SRS R A T2 hi8 'S T GPU TSI H KR
LWTH. B, MR EVRSSH EEE BARZREEF. 2 [EEE a+/
ACM R i .

Perhaad Mistry B R7ERIERZ B L¥0. RBHRERFRT IREWFELT
2 B AR ALK 2T BN TR 24, M HATR R RFHHENRASE W LR =K
—F, SR David Kaeli. MR EIATHETE . %% GPGPU ¥ & ) EAEM
W T A R OR A, AR MRS T BT ER A . HETMTAERETR
Wy 4007 T B . A IEZERF 2R % 0 OpenCL Z 28 FbRHE R TR RESS Al THIRE th
LIER TR Y T KRR R &BAT M HTRIZMEREN T

Dana Schaa 7 M B T k2% % ¥ 5 B LU A v BN TR AR LR
R EN TRNF 20, ihHATHERIERF IO L3460, MBI RS EET
TR RIS, BRI GPU 288, MESTFE T HET GPU SEHLHIJLAEEST R
BFCTE, MR AL S A R SRS R R E R . fheE 2010 FR T —fLHAKE
F Jenny, A1 AuATTAT B B — R AR VE ZE B W
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kR, PERERRGFARTFITRG S HER LR EHATERE, PRI
HEY B EREAERETRR, AT,

1995 EIL T H T RK¥EHEHRIF S HARRTEVNH S, RITEFL%4A; 2000
b E R BT R T EN R SR T &L, RO LS. FERA
771 R KRB AT BUE A . FFATIE R W R REVENY . FRAT IR AT RIEEAL, %%,

EEERIFRTIY ERRRC—ERE, HREE &K, REFEET=%, HiF%
FIBRIL, HAFEER =T,

R FRIGE R T AN EEAA TR . SRERBH PR —F—
IR, SRPRIBER S SR T, 3K 2000 EEFRGERKEZEEMBFRL. EEZLFE
(2004—2010)3k BT h & 2 E SE#HAD N .

HAE T E I E 24 YOCSEF 22 ARZ 512 F/5(2010.5—2011.5), 1 ERAAT L&
WA HEBERE S SMBK, PETENESESE/ SR E T EASMEK, B
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