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AT BT IR T s 8 & AT LA T Tk F b HE MPT —Ff, OpenCL 7Efi& T CUDA &
SR A EM B, TREBEH RN F WS 8 Tk OB bR EE S
MPI+OpenMP+OpenCL X £ ) 347 m FE A BE IR AT 3 el R R B E IR HAT AR AL —

ZHRBRR K, 2 HATE RS AN E OpenCL #H SCE A5, 5 BEAT %
OpenCL SEAMESFIEI N HE, AT S5 BARSEBURIRE & B4 R M R N IR B
g, LRI T OpenCL [ —284 RINRE, & — AXMER AT AN4H OpenCL HIFFHT.
ME 1% DE RO T KRR G A P RS IMER S %, JExEsh R Rt
AR M KR EERE .
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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.

BANE R A v BB BB R S0, T )N #8532 IR T REFERT,
ARKFTAT B S G # L B BT A S . BER & K EE A H PSR,
OpenCL HIRFETT AR,  IEIEHT R 5744 FEAT v S A0 L 7 4 e i I R 4 P2
A(APD). EARFRMFITAE URMHKITT AR ARG SRR LA, LIt
SEELIERE HARBI R A X REFARRERE. &M BRI vk 5P 6 KA H R EHk—
CPU [ Z MR, GPU tHHEMERELE M At vH U WS, A& APU(AMD i
bR LERS B)) U R TR K

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 S UFEL) JESCRRAE A5 — A OpenCL #ARHS R, BAFH
fik T BUNAE AR S, RN P SO A i e R AR IE AR . B, 3K
MHHA L FREATH CLIT UK OpenCL HE 3T R MR AT R F ALK, K5EmE
L, BRIFRFEMIT S A . U4 ws g &S R OpenCL, LR
LR 4% T 2503% OpenCL [MITFRIAES, MBEAEF & TF K, KA SDK #1546, 8 E
BRI HE, 5%, S TR IERR SR, JF BANX TR AL XA mAL iR
FRSiE— 2R AU 2545 LLHES BRI B o IR ACERE 1 b SCPEA Y H AR TS 5E A 4R
i 9 o

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 SHIVHEL) vhSCRA IR A BASK B o B ARFEBEFAT T H S50 = B0 oy
Witk R A AR FEAT VS ATURAR B E PR BEF AR, T2 2B OpenCL 1
rh [ 5L SR FH AN OpenCL [P IR i . AT LASK,  Bhlt B AT R b E A+
SRV A, PRI A BT T R SRR RS T 5

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. [am
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 SV BIHARZ OpenCL FIALE 4 H & ML A — > HARRE . JEL
AP AR, A A B £ P E TR AL %R AR OpenCL, J4&BRAMTHE
R RO TR . RAEW AU BT, SRIXAMERATE) . EEERE, RE
FE VL 1) 2 3 Bl A H B %z o R B0 !
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B, XRARBIRFHAE R BRI A M S w1 . A M TR R A
P B2 T, ok S 08 2 A B 54 TR B v b A S 3 o0 A1 sUAF G AT 1) MPT RIS HF
HELHFMEIFITHI OpenMP. Bl GPGPU EMEK T H AP L% &, M2 eas+
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GPGPU (¥ 34T R ¥t [l B, 3 Y145 82 Tl ORI — D — 1K) i
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R APHI 4 =AiE# David R. Kaeli #4%. Perhaad Mistry f Dana Schaa #f5>k H 3
[H %<k K 2% . Perhaad Mistry F1 Dana Schaa #: David R. Kaeli 0% )18 L8574 . David R.
Kaeli #3% M\ F @ MERETH ENL R GRS B 2E 8, EHFENS
BLFEHEER . 5 imgn B4y A GPGPU 577 I W9 LAE, #8517 GPU i+ & 48U 7 1) %
AMHRIH . EM¥EEERILRF 20, g4 1BM TE 12 4, HEE IBM 1
T. J.. Watson PR AO LAE 74, S1ERE T 200 LRI, ik G 4E/F IEEE i+5
MURSGLEMEARE R F T, JFkssh IEEE ~ L.

EAR BRI RS, F ER: BRI AT R S E R LI = 1
A A FGUFAR, B B R LR A SIS 5 i 25 T 15 sy 2 iR e
Fd R AR, El—iFRnmEl. S PhmkaR. ke, EFMghdr i ii 45—
AMEAT .

I EEE, B b ARE  HarE N RA g — ek, ru kA&
FIENIRE S TR, X—SeRIERAH T R R SCA AL, IR B R 5k gt
W, (E#AE. MERIABFE T HNEREAZZLL, BiE KEEAFIRIE.



R IR FF

Avi Mendelson [ |-
P A (L (0 )Y 2 T
DL S T2 e e 2

T ZELK, X« BE/R(Gordon Moore)d H B /1K E 1 — ELECER AU A F 5
BUPLEI R JE, BVA E A S i 18 AN B —&, DRt nT LUTUIARY & N ZE PR Z A
B — QAL FE 88 FERA RIS S B — A B RE RIS £ . BT — QAL BEAS B UL “SEE
T” (golden factor)Zi/NATAT SRR N<F, 0 3(FEARZEMRLLAR), JFAHM kD Dh#E, Hlid T
ZRNALFE S R RS U RS X — R EARM EED) ). B, AR — AL A
bR S N 6%, AITIRTE SO0%MIE ESR TS E), FHORRFDIAEFI T #6% [ AH
o 4T EHEAFRERERS, TH SRR ITAE = a0 B AT 0 b A A S T AR A A 14
JHT B s, ARTHR THIRAT S F RHT R H B P fE

721 e, ARE R RS R Wtz /N, BLE T “physics of small devices” JT
GO AN e . DRI, AR RE NIRRT RE R BRI OL T, W RETCIE
S HIL AT ) B v R FE I 3 0 . Bl [ B - 4K B 52 18] (International  Technology
Roadmap for Semiconductors, ITRS)I—#r 5 P scFriXx—F &%, Hfghiix—@sen]
LB AR P AREL 7, B nl fe o BB AR R BRI EL R SRR R EERN K.

hIE B M BE RS — B RIS T2 BB — A, A RAE T A EER L.
P, EBRACEESS b, BMIEAS R BB AR . XM Raa R
IR ISR . BEAR AN REFR BRI A 45 N L FR P ok BE B it Re, AT EMM 2
BERRI R A EHT LR — N o 28, BRI DRE A AR SR 2R M v vt B 225 LR A 1) L
XA A S TT IR FIRF BT REHARNTFREA R, MU TRLE
FERA R RIS, LR AR R TAEf#. Flin, W2 REH “1448” K CPU &M
FIUREIR 8 () FPGA Sk AL B 88 (GPUYAL A X FPER B T AFEAN R 2K _ESEBIL, o,
ERGEH. EMB LR EEAE)CPU o

ERIFIHAT R AR R L IR RN & — N RERAES, BIMEEH 542 K
KX LULK BIFIIGRFRES, FFRTE, SRR T RS, FFASCREH R RS
FEXEHT, FTUAKRSEIF ARG EE. FURKIERAKREFE, T2 EEZRREM



Vil

OpenCL ®#it&

B AL )R T A B B A B Sk S FFE AT, AMD  $R IS0 F 5€ [ 4R K 2% TR ) Brook
S R A FR T, 5ok T Ui i) HAR AR BRI 0, SW O IAEEEATH T, 1% Close to
Metal(CTM)#! Compute Abstraction Layer(CAL)EL & 7E N, H Atk T 7850 I H H d A
HATBEM L. NVIDIA REL T 280777, LS GPU M FIAH A ) CUDA 9w
SR T GPU EfE T & fE Mk . Intel I e 2 M2 9 F2 0048 FH T VAL
Larrabee 2244 FiE4T 9w AE . IBM 2 H A FH 281 2 A& a8 iy A A AR FH G S pg Rl — 2
f1) Cell 2844 & 3T FPGA Mg vk 7 %K 384 VHDL Rl C/C+HE 590 5 B, LA 78 43 FH
IXPRRREREE o X e g FE PR A R s AU AT It TR VST, EAERERRRRE b, AN AL
T RAE AT LEAS BR300 E 75 K (0 Java AR5l LLIZ AT 2 5 B KA ISA 2444 ).
OpenCL £ M B IX —FETRIMEITH. EHIEER AL Khronos & XA BE, 1%
B ST RIS “MEH” 7V 2 05 mIh i SEARE & FIHs E B A 5E, 41 CUDA, CAL
CTM, ¥ Efgh G —iL, Qs T — MO TR AT RS . &SRR 2
WHIFEATYE, RS 2% 1 CPU, GPU, FPGA FlH At £ ) A ok 1 2% 2H 1l 1 5
— R EZREWRMR R RS T LRAKN B, OpenCL & X T —EHLH], Wik
WEEMLE], B T LT T4 N OpenCL #A55. OpenCL 5 X [¥3i@ 17 if n] LAEAT %%
A, ZEA RTINS T A AR RIS ROREPE, AT B AR AL S A ) 77 A e
VFEN AP ThRERILM BRI, WA E R

AP RE—AHE, BELFEWTER WA THITHRE. APHET MR E
RIS EN AT 9 B 3T RS, & X T FAERMRGE T IR FE 2 07 75 220 A 10
&, R, ATm KR I AT A RGP AR RIS . 45 2~4 TETF
FEW i A A48 T OpenCL HIFEAZEMI(GE 2 75), A PR AR 3 7).
4 B A BEELI RS A E . 55 T 6 FXTEIJLETNT AR
SHATY R, #HBEEH— P HM OpenCL FHE KM SRIZITRHATCE 5 &), #IM
CPU 5 GPU(%¥ 6 ). OpenCL RS 5, ARH 4 HCEE 7 E5~H 10 B)NERN
T LS, XL A A AR OpenCL W) V2 N AR E R EER), XL HE
BT AR SO B AR R . AREER T AR EAFEEE Bigtr, W
NVIDIA 5 AMD. A fifg)a =& T &% EH.

ZTEEN, XE—AEFEER, FTFEERBTFRN G 5L 2 A8 H v
Fitk, JoHJE OpenCL $RALHIMERTT . XA BERRE, EEARERAKFHFE,
A LLFSRAE & OpenCL AR MR, A5 8or o 28 w] LUV A HARRIZHOY R, i,
HPREIEEE S TR, A —L2f) 7 /e s &R R — 82 .



A5 Ak F At 57

FATIHAE RIS AT EAE R, W2 on i s A LU Sk . St
IR, HZ AR B SR BT XS BARAE S5 A BEREAT AP Y A T AL BE 1 52 4 M A I
M o

EHAAE, FERFTHE RGN TR R FE R S M sk AT TL i
155, BCEERE 2RSS RO AL FI s 2 MR8 o AERR RS S P AR S5 vt
SL RS, A RGAEIX P T ARG ER IS IR B, WAL AL X H
T R ARG A . T B IR B R AT R RS, AT A FZE A
MIZRRI ALK (BIX—RERERI A RESZ PR, IR Nk Z — AR AEAL (0 G RE PR B A G0 4 3t HIHE SR
W2 2P SHH S Tl BT o

A % OpenCL

OpenCL )& i B LEICEAR R 038 74t R Ge g 5 N A2 #6145 . OpenCL 104 T 24
HIT A 26 52 R AL b3 I Ak P88 A% BOX — K R % . OpenCL HEZR RE# 21T 7 % #% CPU.DSP.
FPGA. GPU WAL Sihidab B s b 2285 T 2 KOTER IR W7 R G A 4R
LW EIFATHERZR . OpenCL HEALHI 2 FEME A et N B4R T ok i) A 75 v——
WIRKH OpenCL RUEREAT Beit, MR T7 S I ST RENS L5 B0 1R ZRAL O P 2R 08 2 AR
JEORFE[F P . OpenCL brifErh S A O VPR 7 DUE N AR P B4R B 1T E — N L%
OVANETEZUEE2 )& et

ABRIEFR

HEg b, A — A& R EM R8N 75 B R 7 S M LAZIMAI A OpenCL 4wfEhs
HEFT R MR D ARG, B, BAIZABHANEA. A TRANER, RIAERE—
AIEETN—A KRR, R AT U IT 5888 Sl OpenCL TEILHIA .



X

OpenCL ®##3it&

AR B 1 TF R B A B AT FI R OpenCL AESE KA R AT 8 A AN . 3
A58 SR KB S B N S R s iz S A A vt L AT (K 7

B B EH AR XA MIRAESE, JFIRFE N R R K T 44t
BATIAKS A PEH SCE R, Rt A AR H B R T — N N )7

gy

FA 13 Manju Hegde $2 A B E/ETH, J&if BaoHuong Phan F Todd Green M
AMD #1 Morgan Kaufmann X 10 H f)& B RIS RF . [FAT S Jay Owen AT H 2 5# 2
[ B ARAS TR AL R FE B . EHARTT T, FAVKY Jay Cornwall 24 4w AS 1 BT UK IR A
0B TAE, /it Joachim Deguara, Takahiro Harada, Justin Hensley, Marc Romankewicz
A1 Byunghyun Jang X} & =T EZE TTER, JUHE KB EHIF ], BAMIIKHD,
IXEEARTRETE . K B i WA ST R0 Jari Nikara, Tomi Aarnio AR EE B T K211
Janne Pietidginen th A AP H T 5Tk



XT1E&E

Benedict R. Gaster ;& — (L E0H THFF0 T — Q744 Kb 7 2% 4 AR R A (3 1 28 i, L
A TR —ARAL BB (R L5 CPU Rl GPU M4 HH T HAT SR i Rk & . fbwt
OpenCL HJBEHHiHE T VZ I 5THR, 4 Khronos Group(FH4 #7240 £7) 1 FF ok viE Bk B8 o
R AMD. AR A 250 R G I AT 3™ FE A0 A0 A B (RO IF 23 1 S 1 A5 S LR 22 1 2247

Lee Howes L4275 AMD TAEMEZ, HuiMwi s T ARk FHITHE SRR, fb
I TR A T ey LA RS W07 X ik AR B B e i, JHIEAR B 1 77 X1 TR R
i ] 52 2 B SRR R AR AL BRI 188 2 0300 3o 2t R0 0 SOt R 3 7 SR Se . MR 2
XTI SR T SRS 30w 2 B v S LR 7 R 1 2

David Kaeli 2515 Z'H& 17 K 2% S TR 27 LA 23207, STk EpL TR
LAV HIRT LA o Ao AR 0K 2 TR B ARHERR M A Bt K H BRI B &% B S B 2
B, KAERFHEH ARG WA LR E FHNUCAR 713TN). 75 1993 FEMAKIL A
P, A AE IBM LAE 12 4. fEIX 12 45249, J5 7 4E4E T. J. Watson B4 Lo (f F
2117 Yorktown Heights) TAE. {ENGEH KK T 200 £ 54508 ™ F# ISk, i
WFFVEEART, CLHE e B 5 v F B R MF LF2. M35 S T GPU B S i i 1R
ZWIRIH . HET, TSP RS IEEE BiRB RS FE. fbE IEEE &+
ACM 5.

Perhaad Mistry H §ij /LRI 22 B0 42407 . R EB R ERFBETF TRE 2+
FALFRAE R EH LR 207 . A H AT R AL R EH R G LML =1
— b, Il David Kaeli. USRE HATHHEINH. b5 5 GPGPU ¥ & 4 Bkl
BOE Tl BRSSO X RS SO T BT BRI, BT RAESET R
T E T TRMBE. MIEEDTFCR 1 I OpenCL 2 JAIFRAER TS B8 F T M9 22 11
B A LR Y T KR R &I AT RIS 4T o

Dana Schaa #H NN EE T K52 888 5) B EL T 0 B BN TR LRI AR JL K2
AATHENL LR AL 207, At B AT th e R AE K #BOE I 20 . A BIRF 50 DAL HE I
ITHRIEBIT RIS, Rl X GPU 80, thE & IF k& TH T GPU LI JLANEFT g
WPRIH, WSS AT AL 3 5 A X R MRS O R 2 . M 2010 SRR T —fr A il 3
T Jenny, 15 ABATT AT 52 AR — kS AR VS ZE B



KXTiFEE

KRB L, TEBFERRGFR TR S SR I = AT A, PR
SR E K E e S0, A4 S,

1995 FAbHH TR ENRFA S E R R EHNH &, 3R T2 1247, 2000
T RN BE KA ST VSRR S S S e, RO A . R ERAY
Ji W KRBT . HATRR P Bt FIPEREVEMY . AT UH SR AT gmiRAsi /Y, 48,

CAEENFEARTY ERFBRC—EH R, HREE A, BEEWY =3, Bifs
FIPIL, KA EVER T,

PFAF P RIBCAR AT E HEAS H EEAA LIRS R . R E R RS s —
W, SRR R A TR, 3R 2000 FREH R R KA ST, EiRbE
(2004—2010) 3k B KA I Ph 2 2 F SRS A .

HAE T HE LS 2 YOCSEF ¢ AR 2 6122 3J%(2010.5—2011.5), T [EEAAT I B2
i BBy SRR, TP EVHENLE SR SR SR RS, E
7% 863 “WtEREVHEMNLVFI L FIRE B &L, CCF GHEMLFEMEIRY  GHE
PUELF) R EREERL CRHIHE BALEAR RN DY . o E @ rEag it 5L TOP100 HE
FIREI E M LG FI KA ¥ . 2008 £—2011 4F HPC China F&)¥Z& B4R EE.
[EEE IWPAPS08 F1 IWPAPS09 F2#/7% b1 sx4k[A 2/, IEEE ICPADS2008. PAAP09.
FCST09 . FutureTech 2010 . ACM ICS 2010 . IEEE IPDPS2012 . IEEE CCGrid 2012 .
FutureTech 2012 £ J¥ & 0t & Z& 51 . IEEECSE2010 & ¥ & i & £ R ¥ 75 .
ISC 2012 Steering Committee /. f1; SC 2012 FEFEREZE . T EKMATW IS &M
4, TETENESEE.

WA, TR LB ST A SR SR BRI R . 2007 40
S TGS T SRR, 2005 4 ATRHEAL F AL TR SEHLR 2 15 T2
Foo EEOISOGBEIE, Tl GPU 50 RIS TRAAERE R, FIERPER
.

PR, 1908 4 AR IRV A R A, 2004 £E5h AR SRR AR AFT ST
BRI SHL A S8 G LA 40 RGO B P O DR M, BbERE
SRR MM, DEET RSB T I LART, WL ST, JFTH A 50 SRS



XV

OpenCL ®#it&E

=BT, PREEEAC)IFITRAAIRA 7 B g,

FEBEHIA FIATRM S E . KIBEE 57 %, R R B R A B
WG ERNSE T 2B KMy BRI, HAp S EK 863 FAIM
H (CRAR KRBT R AT & MRFED GREERIALKC). 863 EAIH (Al
A ARG A REMAITR) (RA4LRR, FIRERTIAN). EillifEEALE
W 4mE OHMTRFERITRIAED o ETMEERPMEMTEFE) « (M
R m AR 6 ) (AR TTN).

L E g, 2000 4E 9 HF 2004 4E 6 [, TR EIRE SEARELE,
ST 2207, 2004 45 9 A% 2010 456 A, T EBEBE B AR AA R TT
R, R T LA, MR SCEH Rt 2 2 SAR A B Fr L5t
JEAL SIS , 3K 2011 4F CCF 183084232 . B4 h BBt A 93 i B BERIE 5 53
2011 4F 6 A% 2012 4 7 A, EEMM A XEERMERELE LR Z VR +
TS 0 EHUE REE M . AT LRI ER A3, KRR 14 58, L
F) 2 T



F1E FITHEENT s 1
BITE coeerrerreserennesssnssssssssiossansassssssansessssessessanes 1
OPENCL. ssmesssmsmummsssmssams sz
7 e = S 2
FEATEBLE oo saenes 2

H RPN AT WA ... 6
FRRNFEEE T e, 9
MRS U T 11K =TSO 9
NGB w17 S 10
g 1 i, 11
ARBLGEM oo essseessesssessenns 11
2 R 12
T I B B AAH I PA I e 13

F2F OpenCL EIT oo 15

= i S 15
OpenCL FRHE ..o 15
OpenCL HIE ..ovvereerererereeeereeenane 15
kernel Fl1 OpenCL HUATHER! .............. 16

S ¥ 11 U 19
75| Sl [ — 19

BUITIRIE ....ooroerssosssssssmsessssasmessussesuspsniesss 21
B ] o e ST 22
o1 | O —— 22
- S, 23
R 2 OO 23

flush %y 2 Fl finish T2 oo 26

3K

i — OpenCL FEF X% ... 26
(607> & ;1 17, ) ) (PO———— 27
PITFARTE oo 29
== 1) 31
[ 2 AR S A8 ) SE AR o 32
o N 39
B MR v 39
$F3E OpenCLIZHEZM. ..o, 41
| = NI 41
BRI oo 41
PEREREAI R (WL TE B L R 43
FBFR T oo 44

L7 B (SO ———— 44
SIMD FIFF AR e 47
TEPEZZERE oo 48
2T 2 51
;W ERGEM APU...e 53
FERBATIZRAAIER B oo 54

MO VRTAEZIE] coctuvenmissormssaresissoinnsossensiioniss 55
CPU B cuoerrsmssmsmssasmsssssisassssssasssssnn 56

(€} 07 33 . 60
APU F12E APU BRI oo 63
- 64
e N 65
$F4F OpenCL ERZLH....coooovvv 67
T 67



