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HEER, Gl HRARHRER, BFLRAL, KEETENLER, BaRAEM—
B R L RE0E A GPU LT AI RED AT IIA

M TixeRAIEEZS, affRA QS LEdGPURITEB IR, AtiTEFHESE>]
OpenGL## DirectX, [KhiX s 0 {IARE 5GPUR HAIME— TR, XA EEK H ERH KRR
1715 B 40 7R ip H 8 I OpenGL 8 % Direct X B ok A AT HHEL, 1M L B0k % 206 A e ok i) BT
REESERSXEHHE, XEESHRAFRIES (Shading Language), FHitk, R ARE
FFta1E GPURIR AT EIIREZ AT, BARTEZEM R R IREMBIfEmERS], RELEE>]
RN EBEMEAIES, XHAESTHRA ARES FLE, HEGPUHLREERIFES
A OF -

1.4 CUDA

HF|7EGeForce 3RS KM ILEZE, GPUHRA R E K AFHREA. fE20064£11 1,
NVIDIAZ A T ik R A% —/ DirectX 10 GPU, BIGeForce 8800 GTX, GeForce 8800 GTX 12
¥/ TNVIDIAFJCUDAZE B IGPU, CUDAZEM &[T AHGPUHR I T —F 42 ¥
b, HRRBBRREWGPUHHAp AR —SEMREI|, miE&xEmEI#ER ZarfIGPUTEE H it
BHERGEIZMA,

1.4.1 CUDAZMEMHA

EZ it ERACEZE , HERERSAMAECSMGEEECE, MCUDAZHNIAR
H, BEET 1R -NECSKIKE, EERTERTENRFRBXTER ERENKEE
T (Arithmetic Logic Unit, ALU) #4THEF. B FNVIDIAA 5 i B 2 ab 22 28 k& F
Tl AR, BHE LIS ALUR SRR E 1% 2 IEEESLR TR A B F s BER, HA7T
PAGE F— /800 R AR 4 R T8 A THIE, MAR R FHhITERIRE. i, GPU LRI
TR (RS SN, FMTEED A Rk SRS RF, WALz NTF, CUDA%
I BT X S ThREERRZ 4 T EGPUALRERAT A M B IT R, demdthir@aitE.

1.4.2 CUDAZR#HIEH

NVIDIAHA J5 PR 1 58 sl CUD A Z2 g (1 B ok S 1 2% 2 RIS 5 1+ F sh e A B e
RAENVIDIAZES B 0 T ¥ £ Shke hnigt i+ 8, {B{358 Rkl 3 OpenGLE % DirectX ¥ i



6 GPUBS MEE%HFECUDAL &

X BEThEE, XA (CE KA P AR E MRS YR E R @, wED T 6 b
EEMEGEIES (Hla10penGLAYGLSLE #MicrosoftiJHLSL) k435 i+ LS.

hTRATGERSIE LA R AR, NVIDIARER T Lilbe#rCiEs, HAEMT —/NE
R TR L FFCUDAZEMIFF AR IhRE. TEX A T GeForce 8800 GTX 2 f5#I /L4~ H, NVIDIA
KA T —#GRiFE K HIFCUDA CiES. iX#E. CUDA Cgtilih T8 —# & TRGPUL & ikit
faFEiEs, MATTEGPU RS HITHI.

BT H (& —#iE 5k AGPUR SIS 2 4. NVIDIARR 1 T & THIFE fF I zh 88 ) K
K ECUDAZEMI KM EIRE. A, APAETEE T #OpenGLE # Direct X /8 . 45 F £k
¥, WATERE TR RS- E R IR,

1.5 CUDABIRIF

FI MCUDA CTE2007 ¥ ik HEBLLASK . 1 % &lk &R 2 IALACUDA CoA2k Rl ## 7 F R A
K THRAKAI T, % TFCUDA CREMRIBIL ZArAI RS TEMERE LR T 2 MBS, Wi
H, S5E%ECPU Lia{Th N FfE AL, ENVIDIABE M 2§ Fia 700 5 R FFaY (i ik
AFPAIREREEREMR L. THIEEZ HCUDA CUAR CUDAZEMITE — 2275 T A9 A Bh 7 F .

1.5.1 EZFAR

fEid 2054, AMBEZOHREHFSEEHRK. EREMRAARNTRE HT. X Fhe]
BRI 56T LERE TERER, AP AE T2 ar R LS. Aif
P By bR RS AT R AR ERER . AR FARE A A M EREE, UARBTIETE
B FEAFECF. Bk, HRAR—RES HRBEZEFPOR, I ERmE /D 77 O
e FLAR A A R A SE IR

FLEX& B (Mammogram) & X4ATiRBIFMFLIREAIBAFH AR 2 —, SR M R 7E 3%
Frfi AR FfE— S ERPR G, XA T EER KR E LR ER, HE B — A% A
Fe sy Hr ERUATR B ERY IR . LS, XSRS E R R E hias B alke . E42f 4nit
Rig, EEEEERE TN, HFREHRGAHRR—AN L EFEHTEELE, Mifis)
W S R AT REME . 12 R AYiR4R (False Positive) AU SH S RMGEILH LIE, mAEE
KiREHEZH, SRBEERLIENED,

AR RREAREXFERGHEREEALS, HkEEEFHLEIBXEB N4
defEF, LB ILIREANIETT SieW. Rifn, WA EBEIEERRAE L RERME. KiK.,
A8 % T TechniScanEy7 &%, TechniScanR M T —F =M H A% ik, (HiX gk
FHEINHTF—AEE BB R EEALPRER: RS, RRi., E5E
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3 48 P BB O 3D BRI T EHTIEF R AR, PRI R IZ I R ik 4 A S Br
&M,

NVIDIA#I % —#k % FCUDAZE#IGPULL Je CUDA C4#iE & HTechniScan g #4875 /B
LIt T EERE TS . TechniScanfySvaraild 75 B B R A S0 i &8 75 B 3838 1 R s idt 47 Bk
&, ZEYHETMH/ANVIDIA Tesla C106040 38 2 e 4L FE 7E 154y B4 72 o A B AY3SGB LT .
B FTesla CI060f138 KitHIhaE, BEAE20 AR ATLAREEREIL BN EE MK,
TechniScanFi#iSvara & G fE20 10 BB I 1Z f7 H .

1.5.2 HEREEHE

IER, EREHEHBORIHALE LS. R A AR B Rt E A3 x
& FAENESARANE e TR K, MmO H TEEEL NIRRT LE
FH, AAMHRE EREKBRIITHLA A & DR 0L 950 1T IR R T R GG IE X 2o & A 8
A, BTRDAAGERXFEAOBRITEI. B XHE AEIIERA T BRI E 245
RAGAAFHAHT .

B KEEMASRHTUHREMEEM. “A2/hEH (Many-Core Group)” #JGraham
Pullan{# +-f1Tobias Brandvik ¥ - 8t b & iR FINVIDIA CUDAZ R E K iERE. TREBITER
thah HER I BIRT BT R AR . BRI RS R EWE, B N TIES EAGPUMEEDS
LB ENSERT. BEER, MMNRAAFER - ~NEHGPUER, mitlehii@fdEas
FREALMIEERE S, HAHF-FRIUE T b0 1& @RIk NVIDIA GPUMGE hiE#EA iE
R A,

XTSI R MIBFIT EAAUE, CUDA CHE e iy A MR RE B FH A (L (LA % 1 B30 7% I 11
BT, BAH AMERANIGPULT B RE M {ER SN K ERFRE MREBHETIEMLE. T
LA TR S XL R, MR ENKR R RIRESEAGL. EFGPURERERL
B R KM T AR AR, I F T2 B A MBI 08 4 22 5 45 3 A< i A B 78 Sl 5 ok T
B G FTHLIE .

1.5.3 FEHF

B % 2 ER BT PGEY TR, AATXHE B AR R IR C R R RO B . A0 IR,
AW EBREIEREH AR, LA ZE SFNZKATTS Be48 8, IERXFIOC.OMELE T Tolk 3t 4 B iy S iy i 1%
e, KALLK, BERFIFEDERRE BATREE B % E b MRS A il % & . B, W
ZFHEFK BRI AT & B0 05 2K PR AX S pE ik A RS AU R0, Rl SCEERAR R ENTAIBEIR R .
SR, O TR ER R B AT AT AY.

RTINS B o R R ITE PR . Sl o - o B G W It & IR RE h, 1
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CAE WA P 0 o T REXT IR B KRR B 4y . XSy F SR FINESY B, RS
iR A, X FERBHEM RIS AR PG — R g skie . EfFg0h A0, W TR 3 K& M
PSS RE DB ER T REXE, LM T RERNMRRGE—&E. BA, &1
St R AR, JFH R AR,

ERRKERES5LAMGELYREZART —EEME, HEMEER SIS, KL b
BHOR B T4 FEEL HFRHUELIEA DR T itk (e K8 Ak 12, mi&L g2y 8
3G PR R AT, X RIR T & R R HETA. REKREFHHTENERT K
# FGPU#EAIHOOMD  (Highly Optimized Object-Oriented Many-particle Dynamics )#E415k
f, ZHEREAEEAnesHEK LB EN LA . HOOMDIFE ISR AT E %S o f2 5 M 4~
NVIDIA Tesla GPU -, 3 AEf5 5% & 51284 CPU (1Y Cray XT38 # 1024/ CPUMY
IBMBIlunGene/LHL 8 K EH FAIMERE . ik B hnff ik )5 v Tesla GPURY i, HOOMDSLHLf
TENEMEFZ LA R Za FE /1665, BTFNVIDIACUDANG X F & FBUIAY T WA
B A B RO A0 A L A /DB, TEARATJLAE R, 4 BB A TS 13 728038 3 v HL %ot 3R B 8200 S /)
7= i,

1.6 XSG

WL R ELFIHTIHEA®E A&, NVIDIARCUDA CE 2 A LB 17 L B 00 £ %
WEFZ—. ARG, BINHEBIREIWAERNCUDA CHRE R MG, i, EHH
BY{R T AN VIDIA £ LB GPU TR X CiE 5 AT A0y LA B b R P 4 0, {E4£ >]CUDA
CRt, RATE%E B &OpenGLA# DirectXfy ki, HAFE TR RIEEFOHHER.

ABFHFAITE M BCHBEMER D, FHXFARSEMIFEI GRS, &
AR IER P, MERREFITREN—ERMMIT, WLk, HHAHEE
—EEPEuE H T mE, FTEMSHTREMRCHA TSRS, mPiEHEHERR, HaRk
BEARREHBE, EXlh, EXSHERT, REXAEFEMIFTREMIRR S #RE
GPUL B FHUHE IRMBIL, FE L, EREABAFIE - &GRERE —EMCK
HC+H+RmERLEE .

g2, BB miTa BGPUHE N s T3, RREHGEIIMNBIE
CEWEEFRMKERR. 255, REATLATF % 2ICUDA CT, R {R% £ i3 CUDA
C, EMMTRBILARGC LA AL TCUDA CIFRIIE, A4 LA H BBk F3E,



B2
AT

ANAEREIFHNELZ LR A RRAFHAEEFICUDACT, AH
#ifit — T A B EFMCUDA C, ARIREATE-ANTEYNTF LT
B, B, IRETU A RARTFRASITF LIRS, 2RMNAKY, X
it 8 FEBHAREMEFCUDA CH— R LR ALRE, R2FR
BHZRANF ) L&, AFHEANBLEFTIEACUDA CZATEERES
iAottt HHER, RTULET KA AHS, KA TUARETL
3R F AT,
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2.1 XEB#r

W AERIE 2], RATLA:

s THABHTH &K,
» fig B 47 481 CUDA CREDHIFF 5.

22 FEWR

TEFFREF I 20T, HARERBHHSCUDA CREBAT RIS, {£FCUDA CHR4HERG
AR A% P 15 -

v X FECUDAR & 2 AbFE 2%

* NVIDIA % & sh 27

* CUDAF .| T H5

s FRiECHRIFSH

AT EAFERAF SRR R, HIOEETEBE I ATRENE.

2.2.1 THCUDARIEFAMIERE

WATRE B F|—#FE TCUDARMIE IR E AR, HH A M20064 % 7 GeForce
8800 GTXL)#, NVIDIA#: HRVEHGPUESEXHCUDA, HFNVIDIA— § 78 - Wy #h 4 4 At
FCUDAZMEIFHGPU, FEH THEA HM REARE XFCUDARIGPUHRFI—&4y, YR, xik
GPU#LRE X ##CUDA,

SERHIFIE AT LS ZNVIDIAGR M HEwww.nvidia.com/cuda_ 5 HE9{E 8., it FATHATLL
RigFAH#HEE (M20074£ 7 45) HHE HFHET256MBRIGPURATLLE FIF a7 4T
CUDA C# 5L,

#2.1 F$##CUDAHRIGPU

GeForce GTX 480 GeForce GT 220 GeForce 9800 GT
GeForce GTX 470 GeForce G210 GeForce 9600 GSO
GeForce GTX 295 GeForce GTS 150 GeForce 9600 GT
GeForce GTX 285 GeForce GT 130 GeForce 9500 GT
GeForce GTX 285 for Mac GeForce GT 120 GeForce 9400GT
GeForce GTX 280 GeForce G100 GeForce 8800 Ultra
GeForce GTX 275 GeForce 9800 GX2 GeForce 8800 GTX
GeForce GTX 260 GeForce 9800 GTX+ GeForce 8800 GTS

GeForce GTS 250 GeForce 9800 GTX GeForce 8800 GT




F2E A i 11

(£%)

GeForce 8800 GS
GeForce 8600 GTS
GeForce 8600 GT
GeForce 8500 GT
GeForce 8400 GS
GeForce 9400 mGPU
GeForce 9300 mGPU
GeForce 8300 mGPU
GeForce 8200 mGPU
GeForce 8100 mGPU
Tesla $2090

Tesla M2090

Tesla S2070

Tesla M2070

Tesla C2070

Tesla S2050

Tesla M2050

Tesla C2050

Tesla S1070

Tesla C1060

Tesla S870

Tesla C870

Tesla D870

QUADRO MOBILE PRODUCTS

Quadro FX 3700M
Quadro FX 3600M
Quadro FX 2700M
Quadro FX 1700M
Quadro FX 1600M
Quadro FX 770M
Quadro FX 570M
Quadro FX 370M
Quadro FX 360M

Quadro NVS 320M
Quadro NVS 160M
Quadro NVS 150M
Quadro NVS 140M
Quadro NVS 135M
Quadro NVS 130M
Quadro FX 5800
Quadro FX 5600
Quadro FX 4800
Quadro FX 4800 for Mac
Quadro FX 4700 X2
Quadro FX 4600
Quadro FX 3800
Quadro FX 3700
Quadro FX 1800
Quadro FX 1700
Quadro FX 580
Quadro FX 570
Quadro FX 470
Quadro FX 380
Quadro FX 370
Quadro FX 370 Low Profile
Quadro CX

Quadro NVS 450
Quadro NVS 420
Quadro NVS 295
Quadro NVS 290
Quadro Plex 2100 D4
Quadro Plex 2200 D2
Quadro Plex 2100 S4
Quadro Plex 1000 Model IV

GEFORCE MOBILE PRODUCTS

GeForce GTX 280M

GeForce GTX 260M
GeForce GTS 260M
GeForce GTS 250M
GeForce GTS 160M
GeForce GTS 150M
GeForce GT 240M
GeForce GT 230M
GeForce GT 130M
GeForce G210M
GeForce G110M
GeForce G105M
GeForce G102M
GeForce 9800M GTX
GeForce 9800M GT
GeForce 9800M GTS
GeForce 9800M GS
GeForce 9700M GTS
GeForce 9700M GT
GeForce 9650M GS
GeForce 9600M GT
GeForce 9600M GS
GeForce 9500M GS
GeForce 9500M G
GeForce 9300M GS
GeForce 9300M G
GeForce 9200M GS
GeForce 9100M G
GeForce 8800M GTS
GeForce 8700M GT
GeForce 8600M GT
GeForce 8600M GS
GeForce 8400M GT
GeForce 8400M GS

2.2.2 NVIDIAIgG & IRZHIEFF

NVIDIA$Rf# T — 26 Z Ge ik {3k LI P B 5 P CUDARIRE (4 Z [ A0l {5 . AnR IE W
L4 TNVIDIA GPU, APATENLEE B CLRIELH TXERN, EMRTEEFIBDEF,
A LA i [e] B ik www.nvidia.com/cudadf s, 47 “Download Drivers” fE##, SAE®TF LS F K IAEEHH
FREERIREAZL. RIEIEFEMRERS, EHLE LELERFAINVIDIA R G H:,
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223 CUDAF%.TEREH

EAH T —2k X #CUDARIGPUMM B AINVIDIA IR & WMAEIFE ., #alLLS{TRIFTm
CUDA CLHS, x&Ewk#F, RafLl F&E FCUDAGRSH M FERF, HHixeer B FReisE
EIFEALFR 2% ERCEhIR AT, A, FINBIRFBEMOANZ ST/, &0, ABdikits
YT, tnEMEFHCUDA CHNVIDIA GPUFF &S, B2 B EE /i — ek, 18 1F4n
AT C2R B, FE—FRETAFELER 2.

T3 X SR i M5 8, (Bl TCUDA CRBBFHERN ARG E |
fTitE, AREEAR I HIER. Kb RIFEHGPURIFRID, i B —4 HCPURIFM,
NVIDIAfRH T &RiIFGPUNMMIRIFH . SNVIDIARFEWS R F —#., LU M it
http://developer.nvidia.com/object/gpucomputing.html F#CUDA T B4&. Aidi “CUDA Toolkit”
BERE, SR B2 AR RAY T EIME.

N DeveELOPER

i RO = L
: | R ‘s

E2.1 CUDAT# T
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XA O B EFEAR R BAG32{ /64 A Y Windows XP, Windows Vista,
Windows 7. LinuxfiMac OS%:, )5 FHCUDAT B kRiIFEABP UGN RE. 1
g, P aTLA F#GPU Computing SDKRFS RIS, K& T RBIEWH B RBIETF,
A A5 4 /r #3GPU Computing SDKACES /RS, (HEMMTABARLE —FAEFE T, N
%R B SE R A (URT LA 2] 8 SRR A%, 3F aTLABE % & Z A RGIREY, HmEEENE, RK
A BRI AT A LR ER T LAZELinux, WindowsLABMac OS% ¥ & bizfr, (ERAT AR AR
e {76 ALinux F1Windows, S {7 1 AiMac OS X, A2 G Leftidn{l ] GES A 50 5,

2.2.4 mRERCHEFR

AR R, FFEXMNGPURICPU B AR MR 1E S . n R B 2 ari B i T HH %4
CUDAT HF, L& E 1 4iFGPUMMA4RIFE. Z2)h, ME—R TaRBE@®EALEE
—A~CPUZR 2%, Tl 18 T R¥ Mg i/~ a) i,

1. Windows

fEMicrosoft Windows*E& |, H3iEWindows XP, Windows Vista, Windows Server 2008
UL R Windows 7, F{13#EFE{E FiMicrosoft Visual Studio C4Ri% 2% . NVIDIA X4 i[RI % Visual
Studio 2005F1Visual Studio 2008, 4Microsoft% A IR AE;, NVIDIAH1 53 finif Visual
StudioFhR A L F5, I Z4a3—HRAN L., FECRC++IFR A REELENSE L
%%% 7 Visual Studio 20058 Visual Studio 2008, [A i 4n it X Bt i, BB 4wl ARk A
RN

A A K ANVIDIA X F5ity Visual Studiohfit 4, i H Rt A fERWEL—4-Fihk A, AT
LL{# FMicrosoft7E H Bk % #5842 LAY Visual Studio 2008 Expresshig4<. Z#KVisual Studio
Expresshft 41 % H A& & BRI &, (B F A7 RS TR A2 7T 8k =T LAZE Windows
¥ & L4 ECUDA CHRES, Fpxa—faEE 5, wRIRTEZE Visual Studio 2008, #B2
T HEF M HEwww.microsoft.com/visualstudio 25 B LR,

2. Linux

K ZE Linux & TR A #BH#FH —/4-GNU C4i% e (gec), MCUDA 3.0 44, LT
Linuxhi A& P EI AL & — /> L HFRYgechR 4

* Red Hat Enterprise Linux 4.8

* Red Hat Enterprise Linux 5.3

* OpenSUSE 11.1

* SUSE Linux Enterprise Desktop 11
* Ubuntu 9.04

* Fedora 10
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R — A ESEMLinux B P, A TTRECLEES, FZLinuxd AN EETE
“BT &4%T BEG L T{E. CUDAWAGIS, BHubBN{E7Ex B %A 71| H frE o e & i,
{HRPRIE B —IK . BITHRARINE ., gecll RglibeERARE FhiEeBEZRTRELTHE.

3. Macintosh OS X

IRAEEMac OS X Bk, IBAFEWMRILE EMac OS XPU KR4 A KF105.7, X
Hrh 635106884, BIMac OS X “E%J (Snow Leopard)”, {7 &l I AppletyH
% T HXcode¥e%igee, XA MEX T ERH % B4 (Apple Developer Connection, ADC) #Y
51 ki 2 PRy, AT LA M http://developer.apple.com/tools/Xcode T4, BAEXPBHIRIOERE
fELinuxF1Windows - & LA KN, (ETE M2 S th B iZ AT LAfEMac OS X &4 FisfT,

2.3 EKEBING

AR BAES NS RE TS, BLARELHE&L TCUDA CHIFERHFE., HiFRE
ZIFtamiEE T MNVIDIA iF T #FINVIDIA GPU Computing SDK/RFIRES T, anRA& N 4n
b, WA EERLE/RDN MEAE, WALEL, APEETHREZMAAE ML, HE,
PRATRECLMERLT TWMEH —1CUDA CREFF, iLIATFFIHIE,



E3E
CUDA Cfgif

wRIRFITHEIFHAFT, RLAKMNAARCLTRTRAVLERY
BRI HRES, HLERALAFTRALMNED, Wb, wREFIT $2
FHANE, MARLZREL T hi¥AE27CUDA CRANF XK, 4o
T TARFAHALE, Pl AR B LKL TH, AXRARALHER
MAATHF XA B@E IR, AATRETASRE IR FLHFHEA
AR, MLALE,XE, RERTARL, (RAEZAETFTHE F—
AR, A ALK 46,
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3.1 KEB#
Wt AR 2], RATEL:
s HEH B CUDA CHtR,
« THRAFEHL (Host) MEMIRGEAIZE (Device) HRENIRIL ZIAAIX B,
« tnfal N FHL LB Tk &R,

© TR fE T FFCUDARY i & L{E ik & NTF,
o THEN{AI % i) R YL X FrCUDARTIR & HIME B

32 F-T1EF

BMN® Ll i Rk 2JCUDA C, HLKEH—1CUDA Cinfil, AT HRIFIHREILME
WHRFTIOANE, FATEELAHAE T “Hello, World!” 7R f,

3.2.1 Hello, World!

#include "../common/bock.h"

int main( woid ) {
printf( "Hello, World!\n" );
return 0;

}

HEIXBRABH, MEEEREABETR TR, EARECH? CUDA CEARRE
HMTFE? XL ERBLEHEN., U4, APHAR—1WH, XARBA “Hello,
World! " R RZA TIHW, CUDA CHRBRMIPRECH RKEE LREFE I,

XA RGIRE R, ERRBELEEI biafr. Af, XPRESIHTA BB -4 EEX 5.
HAVHCPULL R ZERINFERRA AL, fHGPURKAGFHRARS. BT RBBRFS% ST
AR AERFMEL, BoAEHAZIE LV 2 IR RS

A TR R — TOBT IR, B PRE W e XA E R, WA EF fnf £ 4
GPU (Xt g% ) kTR, (EGPURE LRITHY R BUA # Frbik s (Kemel),

3.2.2 BEHAR

WA, BAVERGIERFREMN-—-SEA, XL EMET “Hello, Worldl " BFF -
HKaRE—L&,
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#include <iostream>

__global__ void kernel( void ) {
}

int main{ woid ) {
kernel<<<l,l1>>>();
printf( "Helleo, World!\n" };
return 0;

}

o AR R Bikernel (), H B AT (216 FF__global __,
XA EHEMIER, HFAFRBEFERF<<<1,1>>>,

e LR EE, REBIE R AGNIRECRHIFES K4iIFNT. Flan, ELinuxRERL% L
FIGNU gee ik EHLICRY, MEWindows B4 - FiMicrosoft Visual C343iF MR,
NVIDIAT B H R HIDZAE 4 LR, CRIHAT A RCUDARTRE—FE.

HL{E, BAVEF TCUDA CAPRMECHE fnAY__global _fETHRFF, X /MBI FF 4 & FHiFE,
AR %G AER &I AR EN Ligfr. EXAREARES, &ikenel OH R ERMIFIR
MM HRIELE, Mimain( R ECFH S EVAIES (5 E—DFT—4).

W2, kemel ORIARTEREE T 2& L, HAAF 2450 ERIESTIHABIE? T,
iX I A (£ FICUDA CHIh 7 ,

JMNELFF, CUDA CHRE@E EMIFELF EH— T RERIEH "RENKD (Device
Code)”, XHEAMTLFFHN 2L, mAR—FERNERRY L, ZRBENRBEEE -5
B, MRS RNERR S 4ai%8, FK b, XEMCRE T aME PR HAR
&1, CUDA CHUMESR 2 —7EF, BT SCEESHI EMER, BN &R
A& FHIEEGEVEEIAA, EEmE e EEx AR # E X AmzE, BB a7
MiE, AFAECUDALRIE S Fla i 4 i ot LI LR A iR H ik & T,

Fit, EME EHASFEMNREIAR S FRoRARIR& RN, B 2 RERRES
s F? RESHRREF - ESHERA T AL, XESEF AL FES R RIDNSE,
ifi & & FiE 1Tt anfi] B ah ik & R, AFAES, RAOVF TR ESHHETRAER. %
£ 1R (A A 5 9 2 ORI TE IE S ob (538 19, Bk fRObr iy 6 BOR A —#E.

3.2.3 fRESHE
452 ek T U B 1 4 ML R B, BLAE KSR A — ARl BEEF @3 “Hello,
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World! " ki FAREFFRIE S

#include <iostream>
#include "book.h"

__global__ void add( int a, int b, int *c ) {
*c = a + b;

}

int main( wvoid ) {
int c;
int *dev_c;
HANDLE_ERROR( cudaMalloc( (void**)&dev_c, sizeof(int) ) );

add<<<1,1>>>( 2, 7, dev_c );

HANDLE_ERROR( cudaMemcpy( &c,
dev_c,
sizeof(int),
cudaMemcpyDeviceToHost ) );
printf( "2 + 7 = %d\n", c );

cudaFree( dev_c );

return 0;

}
EEXEMEM T 27R0, AXEREHEIRIHE:

« ATLAR I ACER B S M fe B da R B
o YiFEHSTEME RRER, BTESEANF, Gt BERELS N,

EHSRELAZARNEBPRAEEMREIZL. BRTRIESEBEZN, BRENIE
MITAE L ZSRECHIEM AR ., ST RAE A RCEFSHENENFEELIRE
it R R R BT R AR IE

HEETENM Y ETEidcudaMalloc)k 7 BN FF. XA R EIARAATHIES R0 T
#E [ C i Kmalloc(), 1HiZRHAIIERRZ %L IFCUDAEBITMERE LoRNE., 158 E—
MR, EREATREH>ENFBIEEER, F 0SB ESERATFHIR/D. BT oEAF
A AR 1 20 R AR BHE S, XA R B 7k Smalloc & MRIHY, F HiR E 2B Hvoid*,
B ¥0iH F 4 ETHANDLE_ERRORQOZ HA1E LI —/1~ 2, 1EAR BHEBRBN o, x4
%2 FL R I R RO R AR | T — AR, RIS, b AR AR A, B
57 R R 8% 1% B HEXIT_FAILURE, SRR T CATE [ L R R e o i P X A R
ROFRRY, B33 Fobfli 70 7 S R RS o 1R AT RE 2 A 509,
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XEARS| T —/ B HEEN RS, CUDA CHUR M R H B kTR ARE L
R RBEF TR T EIARMIEERNZANESR. R, BFA—EAGEEFIAGE T
cudaMalloc()iR B A48 £t f7 S| Fl (Dereference), FHLAIDRI LUK X P I8EH1E A 5%,
HEMATERSE, HEATDEIESRD S - FARARE, B2, B3 RaILAE X /R
KIERKEEANF,

WEAIR, RIFSTEP X FEIRM KA, MRAEBEFHLE IR &I TSI
M, BBACUDA CHiEFxEE, HAXB LEZRSBFPHMNRH L 8T, RIONTLUH
EEIREAIE RS S &I T .

B[ LA cudaMalloc()4r BL B4R EHE B A TE IR & LI THI R B,

B LAFE IR & fCES R fE FlcudaMalloc() 4y BEI46 #3177 i/ S 1R 1E.

A LAfFcudaMalloc() 5> BERI$R EHE 3B 44 7F £ HL EHATAT R .

AREAE EHLALES T {§ FlcudaMalloc() 47 BL IS EF TN R/ SR 1E.

MR HEE TRIEAOAZE, BLATLIEHLLT#IE.: NEEE AirMECHIfree() ¥ R B
HcudaMalloc) 4 BRI TF . E B HcudaMalloc() sy BEHINTF, & Z i HcudaFree(), XA R ¥
HI4T 4 Sfree QN7 AAEEABILL.

RMOELFH T fERE LoRAGFNERANT, RWEBHEDR, EEHN LAY
XN EMEMA Sk, ERFBEFHRTRAMTRGALH TIHRIEENGHFMAMEELY
FE—— IR &S b (R & 455 LA S 8 F cudaMemcpy ().,

IREIRHAE RS R SRECHIFHMER HRNEL—F., iEM*c = a + bAIE X FRIHIESE
Wi, H2EafnbiEn, HEERREESERNPAES ., XMHETERIESRS, L£ERSI
AT IRAVE LR,

FEREYIY T EIRE LM ENA STV LUE IR SIFH N & fMEE. EXiiss
M FAEEECIAMRH, BRTLLE VR E R4 IR& RS, HanREE T EVLIEE £
[ ZARBPANTE, BaEESHIRE, SE%kEE, e DR EILREHARNTE,
Mg & b RAEHRIZEREHRAIANT.

AT 4R FiE, 78 EHLAE A AT LA i 18 F cudaMemcepy O3k 1hla] 1% & FRINTE. XA R %1
AR AR FhrifECHAImemepy(), RAEZ T -1 2EREEIREANFIRHAEZRZIFRT
£ BrigE. XA afsd, FEcudaMemepy A E g — 1~ £ % A cudaMemcpyDeviceToHost,
RSB EIFETRREIRH A — MR &5, M BERIEHE—AENIgE.

%, cudaMemcpyHostToDevice & iffia iR A& 3, BIREEEHI T EN L, W E
PrdREr RO T ik & £, WMA AT LA i 538 2 $cudaMemcpyDeviceToDevice 3 5 iff iz {7 ix
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MAMEHE R TIE £, mBEHMBFIGHEM FELE, AW LA EZIAHRMECH
memcpy() R 5L,

3.3 BERE

HFRNALERE LoRANFMRTIREG, REMRERFPESMEREHEZON
FLUARA&MEDRE, MoBERER. mA, E£-8UHEI LA 240 HFCUDART IR &4
AR AT, EXeffiid, i 2d R 2RME (E aT2m— e,

fildn, fEFEERPEHER TNVIDIABEBGEE , SR ILESBSE RS
RE LR E B EILR, A A THAANSLFHFCUDAR L, JENVIDIAT &,
fnGeForce GTX 295, fE¥ith-fk L& THAGPU, [ fE Fx 2= R0 By et ia T/
M EECUDARLE &,

TESR AW I AT 45 55 1 & R0 2 A, 7195 20 ik 5E Foh L 1l e 1 67 1+ AL o 24 i A BB 2 1
&, ARENES L HMEhfe, s, Ll — M HER EamgEnkEgxmEe.
B, RIMMFLMEERLET AL PN IRERIFHFCUDAENA, HFHXLIZEEBETET
CUDA CIREMIEH . ERHCUDAIZZAEE . FTLAH HcudaGetDeviceCount(), X/~ ef
FIfEHMERAFTRALARHE,

int count;

HANDLE_ERROR( cudaGetDeviceCount( &count ) );

{£ 1M FlcudaGetDeviceCount()J5, ATLARHEMIZ&HEITER, HHEWNE T IREHHEXER,
CUDAZ TR 1R [@] —/~cudaDeviceProp RIF 54y, H @& TIREHIMEcBM:., 191
PRBMPLEE 7 MCUDA 3.0JF44, fEcudaDevicePropZ5# B E T TR

struct cudaDeviceProp {
char name[256];
size_t totalGlobalMem;
size_t sharedMemPerBlock;
int regsPerBlock;
int warpSize;
size_t memPitch;
int maxThreadsPerBlock;
int maxThreadsDim([3];
int maxGridSize[3];
size_t totalConstMem;
int major;
int minor;
int clockRate;
size_t textureAlignment;



int
int
int
int
int
int
int
int
int
int
int
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deviceOverlap;
multiProcessorCount;
kernelExecTimeocutEnabled;
integrated;
canMapHostMemory;
computeMode;
maxTexturelD;
maxTexture2D([2];
maxTexture3D[3];
maxTextureZDArray[3];
concurrentKernels;

}

e, AERENS RIS LA, HeRENS TR (L&D,

#3.1 CUDAg&EEH

I & M1

i R

char name[256]:

size_t totalGlobalMem
size_t sharedMemPerBlock
int regsPerBlock

int warpSize

size_t memPitch

int maxThreadsPerBlock
int maxThreadsDim[3]
int maxGridSize[3]
size_t totalConstMem
int major

int minor

size_t textureAlignment
int deviceOverlap

int multiProcessorCount
int kernelExecTimeoutEnabled
int integrated

int canMapHostMemory
int computeMode

int maxTexturel D

int maxTexture2D[2]

int maxTexture3D[3]

int maxTexture2DArray|3]
int concurrentKernels

Frili% &AJASCHF=TTHE ({§lan, "GeForce GTX 280" )

% L RANFNLSE, QA FN

TE 4%tk (Block) al{EHIMIEAKEAFRE, £00FD

AR ERp A A HF N E

=g (Warp) il SAyL R Bkt

HRFEESIF R AREER (Pich), $ihFT

% LRI VRN il PR 8

EL G RREEEN D, BB LB E0 R SRR

& (Grid) , G- SaS BN

WRAFHDER

Wit EIhies$E (Compute Capability) ) £S5

&R ERRRES

i &I A AT F (Texture Alignment) 3=k

—AF ORI, FORIR &R G W LARIEHL T — {~cudaMemory() i A Fi—
A~ e RO A

& E2mENEE

— MR, RREIZIE S TRV &R SR 7EE 7 BRI

AR, RARRERGRE - HMGPU (BIZGPUR T AR &
srifidE R L EIGPU)

= RERIE, FRIREETEENAFRHBICUDAR & i %5 i)

Forik &M EHN. BN (Default), 5 (Exclusive), #(# %5k
(Prohibited )

—HE L A B R R

RSP R HER

S HREER ) R HE A

CHE O R AT e RS

RS, BB RA XRER A LT XhEriT £ &
uF #
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FERMS, ’ROASEMNEMAXERE. FXLE, £ EAMFIFRPRHES HRMR
— S F Y, FHREESEZ (NVIDIA CUDA Programming Guide) LL T ¥ £ /15 8.,
YFFthsmE M ARFR, XERESERARH. BBAmEs, KMNKAESE TaMEinEs,
E&HEMEZEHELRE. TEaH THIEEETEIR R,

#include "../common/book.h"

int main( void ) {
cudaDeviceProp prop;

int count;
HANDLE_ERROR( cudaGetDeviceCount( &count ) );
for (int i=0; i< count; i++) {
HANDLE_ERROR( cudaGetDeviceProperties( &prop, i ) );

/13 B R T SR AR

}
EEE T HEAFTHRNREE, BETRRATLHER “HEfRERTIEERE S0
—LE B tRAHRIE .

"

#include "../common/book.h"
int main( wvoid ) {
cudaDeviceProp prop;

int count;
HANDLE_ERROR( cudaGetDeviceCount( &count ) );
for (int i=0; i< count; i++) {
HANDLE_ERROR( cudaGetDeviceProperties( &prop, i ) );
printf( " --- General Information for device %d ---\n", i );
printf( "Name: %s\n", prop.name );
printf( "Compute capability: %d.%d\n", prop.major, prop.minor );
printf( "Clock rate: %d\n", prop.clockRate );
printf( "Device copy overlap: " );
if (prop.deviceOverlap)
printf( "Enabled\n" );
else
printf( "Disabled\n" );
printf( "Kernel execition timeout : " );
if (prop.kernelExecTimeoutEnabled)
printf( "Enabled\n" );
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else
printf( "Disabled\n” );

printf( " --- Memory Information for device %d ---\n", i );

printf( "Total global mem: %ld\n", prop.totalGlobalMem );

printf( "Total constant Mem: %ld\n", prop.totalConstMem );

printf( "Max mem pitch: %1d\n", prop.memPitch );

printf( "Texture Alignment: %1ld\n", prop.textureAlignment );

printf( " --- MP Information for device %d ---\n", i );

printf( "Multiprocessor count: %d\n",
prop.multiProcessorCount );

printf( "Shared mem per mp: %ld\n", prop.sharedMemPerBlock );

printf( "Registers per mp: %d\n", prop.regsPerBlock );

printf{ "Threads in warp: %d\n", prop.warpSize );

printf( "Max threads per block: %d\n",
prop.maxThreadsPerBlock );

printf( "Max thread diaensions: (%d, %d, %d)\n",
prop.maxThreadsDim[0], prop.maxThreadsDim[1l],
prop.maxThreadsDim[2] );

printf{ "Max grid dimensions: (%d, %d, %d)\n",
prop.maxGridSize[0], prop.maxGridSize[l],
prop.maxGridSize[2] );

printf( "\n" );

3.4 RBRMOER

BRAERBE - NMEEWMHE) XIFCUDAM R IFMBEMNLERERF, ZURMNMETE
ETRELZPEMRENES? EARGEHEAAR, RMNBFEERSHAKERRERY, BT
REZARAARZLERMGPURZTRG, HF, MREAHSCPUZEFEEHRTEER
B, LR EEERRGPU Lizfr S, FEAHEALASCPUERNTF, XM RIEETLA
s 3t cudaGetDeviceProperties() 3 25 if) .

BEEMNEERS N HEEANEEFAUHENNMHARF. ERESHFE (NVIDIA
CUDA Programming Guide) HIFfFAST, Al it RINGEEAMAN 1 38E EEHME KA
RECHE DR B S I . B, BB B AR i p AT DUR BEVF ris B, GPUIR %
FOTFEFIIREFEHRAR T IREE.

#R #E e cudaGetDeviceCount() ficudaGetDeviceProperties() iR [B ) 45 5, 3R {19 LAX 4/
E&EHTER, HEBERFEMAS AT, KFFMAESHIHKRES K TFEFI3MNiEE. B
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. RPAJLIR (TR AR, BIBECUDAE T Ut T — B B 275 KR4 i
B, . Pol Tl iR & AT YR Ik 485K 2 IR 4 HE 7 B — 4 cudaDeviceProp#t K.

cudaDeviceProp prop;

memset( &prop, 0, sizecf( cudaDeviceProp ) );
nrop.major = 1;
prop.minor = 3;

8176 52 cudaDeviceProp&4 #)f5 , 45 B #5cudaChooseDevice(), 1XHCUDAIZ T8 7
HAEDTFEE XE#HEXERM. cudaChooseDevice() i $HF iR 8] — & &ID, 2R FEIRATAT
LR X 4~ IDfE i 45 cudaSetDevice(), Bfifs, FRAMNE & RESSEX MES LT,

#include "../common/book.h"

int main( void ) {
cudaDeviceProp prop;

int dev;

HANDLE_ERROR( cudaGetDevice( &dev ) );
printf( "ID of current CUDA device: %d\n", dev ):

memset( &prop, 0, sizeof( cudaDeviceProp ) );

prop.major = 1;

prop.minor = 3;

HANDLE_ERROR( cudaChooseDevice( &dev, &prop ) );

printf( "ID of CUDA device closest to revision 1.3: %d\n", dev );
HANDLE_ERROR( cudafSetDevice( dev ) );

}

HE, EREFHALZANGPUCRRE LAENR. Bilan, FENVIDIATHR.EFAHES
TEAFIH HXFCUDARIGPU, HiE— I rAIGPURMEX L AL HM, BLmBR T —
A~ %2GPURYES, mH, NVIDIARJSLI (Scalable Link Interface, wJ{fifEEERgiE) A (ES
£ SSLIGPURT LA HEHES . T R MEAME DL, 12 PR PP &R AT LA £ /> GPU AR 2 £ 5 & 11
GPU, #nR P FB R B TGPUR LR E B, HEFTEERAL P HRIRNIGPU Lizfr, M4
R FEEBEBXTAPL, FAACUDAZITH A G HAGERIEN AR EFERRAKE A ED
GPU,

3.5 XSG

HINELHF LSS TCUDA CRIF, S M BLFMKMEERE. WAR Lk,
CUDA CRERHRUECHETT T1E & RAT TR, i 5026 5 5 7 o BT LK B 2 1R A 7
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& & biafr, CARMPEAESE £ bizfr. fEREATEFMCERT__global B HFiFFZFEFIE
Z B EGPU Fasafy. A TERGPUMELT TNTE, b4 > T 5CHImalloc(), memepy()
Fifree() 2 APIH W JCUDA API, Xt ¥ AICUDAR A, fifEcudaMalloc(), cudaMemcpy()EL
KcudaFree(), o5 T o IR&NAF, EREMEVZAIEHERE, UREREENFF
ThiE.

e BB EHL A 8L E R BRG], X R G ER X T i GPUIR & 1EA—Fh K
P HATUME & R EH., WAE, MAIZAECUDA CERFIATINIBRERAESN, EETE
4t , RITHEBEGPU L fTHTRISEFEZIER TSI,



B4E
CUDA CH{T%wiZ2

Lr—%F, KMA% T4 ACUDA CA% EGPU L #4765 K 52 4
FRHEY, AMNEEF) T fTHEAANAKAANR, REIHAAKMER 2246
7. K, EANATHHAIALEANG TRERNF L, 2K40NAF 2d@idX AR
4k 1k4815 ICUDA CRA L ERXBRXRELY, HLARAIKEFIRS
#4ail, GPUHH OB AT K AR KAZE LA TREAF S FAP AR
R F AT, B, AMNAAXFHALB T8I CUDA CAGPU L
frixdr K4,
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4.1 XEB#5

B AERIFES], RETLL:
* TRECUDATE LB ATHERT R AR — R EE 55K,
* JICUDA CHREH—BRIHIFTH.

4.2 CUDAFHITHRIZ

Al E RAE B — T ECR B BIGPUIR & LT RRA S . R R EE LArmE i
L__global__fEIFF, il —FRFFBRAIRIE SIEEREAE, SATLATEGPU LITIX /MR EL.
RN L BARIEFR R, (BRORZBRKEE, FEAHNVIDIAREE TR S EE LR
BT, EHATUARRHATHATEEROUR, A, ROEXSREHREHT &
H¥, HRIZEBAEGPU LU BT HNiafr, RS, RIMEEI @3 — D HTHTH

REEERE.

421 REBRMIEH

Bl o — A 1 R PR BB RS, AR AN{T{E FICUDA CRELHALE. BIHM
AR, BRNFEHXHABAR X LATHERERAAEN, FHERREEE=1HAd. £1
4.1 H TN HTREE. ﬁn%ﬂ"““" ﬁiﬁfﬁﬁt Et%iﬂj'_ingé%_t%#’i‘%ﬁﬁmiéﬁu

‘{- 3 - ol 1 4T
a i i > ..;-_._.""-'.

ok

000000

LERENEEOSS 0P

1. 2 FCPURI K BKRH
B, BADEREF Tl FHEACREDRLIX RS H

#include "../common/book.h"
#define N 10

void add( int *a, int *b, int *c ) {
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int tid = 0; X REEoCPU. Rk FE S MOTFE,
while (tid < N) {
c[tid] = a[tid] + b[tid];
tid += 1; /T RA--4CPU, FERHE1
}
}

int main( void ) {
int a[N], b[N], c[N];

//TECPUL A% "2’ 1 ‘b’ WIE
for (int i=0; i<N; i++) {
a[i] = -i;
b[i] = i * i;

}

add( a, b, c );
/1 BREER
for (int i=0; i<N; i++) {
printf({ "%d + %d = %d\n", a[i), b[i]}, c[i] );
}

return 0;

}

X BRI L AT B AR, (IR f faddOME E o #r, BF A LXE
BARLTTEHR.
void add( int *a, int *b, int *c ) {
int tid = 0; //xEEo4cPu, HILESIMOFLE
while (tid < N) {

c[tid] = a[tid] + b[tid];
tid += 1; //BFRE-4CcrU, FHitEREHL

}

A B 7E — P while B3R it BB, K FESIGAMEUETER H0FIN-1, RATEallFab[1f0 %t
BITCFEAAE R, HHERRAFECUMEITESD . @F, TUAEERNSARRE X/
65; {ﬁjﬁn:

void add( int *a, int *b, int *c ) {
for (i=0; i < N; i++) {
c[i] = a[i] + b[i];

}
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i R R while JE R BARALER 2. (HIX & H T ERESRESS A £/ CPUKECPURHY
4L HATET. Bl fESUZALFRE ERT LU KB RANECh2, B H A
tid=0FF R4 RATIEHR, i 5 — MM tid=1FF SGPHATIRIA . B~ BEESIRTHEM M, i
BN RFES BT FEMM. XM TAEECPUE ERITLAT LS.

F1icrul ¥24-cPU¥
void add( int *a, int *b, int *c ) void add( int *a, int *b, int *c )
{ {
int tid = 0; int tid = 1;
while (tid < N) { while (tid < N) {
c[tid] = a[tid] + b[tid]; c[tid] = a[tid] + b[tid];
tid += 2; tid += 2;
} }
} }

4%, BECPULKEFEWITERNZH, CTHREHMNE LR, flm, TERE-EHE
RS % Bl TR R, B SREITE add), HRIZENEBEEFTHIT. A, X
FhlE R - FE B EA KRS, SRIRENFR KRS TEREEHAEmk.

2. EFGPURIKEXRAN

FA1ATLAEGPU ELHAMRIAINZZ R, XTFEHddOREAH -1 ikEEK. XBRRANS
Al—FEAREIEH RO, ELHRERIGZAT, RITE LS HEEmain(), BAmain()7E
GPU LRYSEH 57ECPU LRSI R ARAY, (BE TEARBHHEAREHFHNE:

#include "../common/book.h"
#define N 10

int main( void ) {
int a[N], b[N], c[N];

int *dev_a, *dev_b, *dev_c;

/ /TEGPU Loy BLNFF

HANDLE_ERROR( cudaMalloc( (void**)&dev_a, N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_b, N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_c, N * sizeof(int) ) );

//{ECPUEHEAA ‘a’ F1 ‘b’ WA
for (int i=0; i<N; i++) {
a[i] = -1i;
bfi] = 1i * i;
}
//BEER "a’ Fn b’ HifFlePU
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HANDLE ERROR( cudaMemcpy( dev_a, a, N * sizeof(int),
cudaMemcpyHostToDevice ) );
HANDLE_ERROR( cudaMemcpy( dev_b, b, N * sizeof(int),

cudaMemcpyHostToDevice ) );
add<<<N, 1>>>( dev_a, dev_b, dev_c );

/4% e’ MGPUR HlE|CPU
HANDLE_ERROR( cudaMemcpy( ¢, dev_c, N * sizeof(int),

cudaMemcpyDeviceToHost ) );

/1 BRER
for (int i=0; i<N; i++) {

printf( "%¥d + %d = %d\n", a[i], b[i], c[i] );
}

/ I BEHAIEGPU L4 BERINTF
cudaFree( dev_a );
cudaFree( dev_b });

cudaFree( dev_c );

return 0;

}
FRERMZ, LERAORGTERER T Ll A,

* i AcudaMallocOE R & LA =/ SA S BRANF: EHXFHRANHA (dev_afidev_b) 4
ETHRAE, mEfAdev_chBE TIHEER.

A TEGBANFMTE, 7£ERTEGPUNT Gt cudaFree VB EA.

« ifi 5t cudaMemcepy O 4 A B 18 Z HI B2 &4, R EE 2 B cudaMemcepyHostToDevice,
fEHRTME, BitHE R d S HcudaMemcpyDeviceToHost & il [2] 4.,

@ RIESIES, FEVABmainOhHiTadd)H IR & RS,

VRATRER AR AT A ZECPU LA SRR, K%, XAMFRATLH%RER, #
kb, aRAEGPULASARE, INMFRERITHSERE, [HiXBAFAY B AR BB filE
EALEE % LRI R BEAMEEE. Bk, AR ka5 SR K b R R
—AFR, HEEABHaIFbOA LA I b Tk A, 0 di A AR BRI, FffRik
XEHROLHFE T, AETRTEHENRITIERRIE.

2T ok RZaddOR %, XA R EOE EXRAERE R T2 FCPULIAYadd(),
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__global__ void add( int *a, int *b, int *c ) {
int tid = blockIdx.x; /M REE S A R
if (tid < N)
c[tid] = a[tid] + b[tid];
}

FATHERE FI 7 A BaddOF M T —Fod B

s WEW—NFEIRE L HATHIE $add(), BATRACKESRIE, HERKLEFmHEMT
—MEMTF_global__,

FBRChIE, BRTHRATHIFEAZE2RTHEMIN, XA RGTRE RS EMFRIRA.
i, NRBPIFAERMMERERNRY . RESHTHSHRUREREPELEHRE, IFHL
HHESIATHHIBEE.

EAInL k= bus BedV M 5 W =Fr DL AR

kernel<<<l,1>>>( paraml, param2, ... );

BEXANREIF, RESHOREHFAZL

add<<<N,1>>>( dev_ a, dev_ b, dev_ c );

XEAHEREA LS

HNEFTEHEAEXRESHIXFOBEHTHRE, MAEREMIEL, B2
Bisdsairet, FRAESGFsfTH M EshEEs. FKE, EXRI2HH, B35
ZRREERTEREMH ERNIITERBRAERE. EX N REld, BEXNMSEN,

Bltn, nRiEENIRkernel<<<2,1>>>(), B4 B LA Az 74 618 £ & AW /4~ 84,
HLAFTHREKESTEN . BIFENIFTROTHEERA— LRSS (Block), InRIEER
fEkernel<<<256,1>>>(), AW H 26N EBRAEGPU Lizfr. Aifn, HTHRMEEHIE—
A~ TE7 AR 1) R

EFBFT ARSI T —AEE: BAGPUMETHEMAINEIA, BBan{7E RS+ sniE
YFTEAEBTHRM—NEREBR? INTFRENERETRAPERRMRIEAS ., BAEKS,
7= {E T2 ftblockldx.x

__global__ void add( int *a, int *b, int *c ) {

int tid = blockIdx.x; /BT ARSI bR SR
if (tid < N)

c[tid] = a[tid] + b[tid];
}

F—&, ERIEXRYEFOESHAHER, BARDHEEROERS THd, ([E2Za050%
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HEXE, BRifi. XBHEE CERblockldx, E£—-1THNAEZR, fECUDAZ{TH$CE
e X TxA %R, M, EANERAFHE LLHELENEMN. TETFAESOERES
A ATIR & LRI R RS,

frearaelal, Aft 4 A &blockldx? ffifgblockldx.x? L b, X REAHCUDAZ 4
ERELHRAC , 3T AT REE, FlanER T s EREERRCE, ERA%RSIGE
SHRMBRIEFR], FHETLLBEFRERSIERDIETFRS. ERTARBXLFEALT
WMALEL, FATFMEELLFRT, EH-HESILLER—URSIZEELHLE. 44, K
HARLAERE,

YRR, RIOTHHTERANERIEEAN, XTHTEBREA LKA IR
B (Grid), ZREFEITH, RMNBE-1T—HAEEK, XPFEENIEER, 8188
Hfyblockldx x(HEZEA R, F— B ATblockldx.x A0, MEfE— /- Ryblockldx.x
AN-1, B, REF4ITEER, HFHAEERESTHRBIARE KN, B8 KRR
blockldx x@I{EE R AT, HPUA&BERIITHATR, 17055 FAE B AT R D 38 5 ok B 4t
blcokldx.x, &AL LFRHATHRIFIDZIT FIR.

Bl &R P2 E
__global__ void __global__ void
add( int *a, int *b, int *c ) { add( int *a, int *b, int *c ) {
int tid = C; int tid = 1;
if (tid < W) if (tid < N)
c[tid] = a[tid] + b[tid]; c[tid] = a[tid] + b[tid];
} }
IR BB
__global__ wvoid __global__ wvecid
add( int *a, int *b, int *c ) { add( int *a, int *b, int *c ) {
int tid = 2; int tid = 3;
if (tid < N) if (tid < N)
c[tid] = a[tid] + b[tid]; c[tid] = a[tid] + b[tid];
} }

A [ A T 48 A AL FCPURRG, & & B4 B - FCPURY R 5] b 5 256 [5 MOZN- 119
FEIMMXM AR BEKA, MEETCPUNIRGIH, BT O2 Bz T - MEEE, Hdas
LRI HEOBIN- 1R — %5, A UPBAAARE S TIEHC2ERT. XBRE—
HiFE, ERRMNAELZONEXESHE, SN KFIEREX T L4 maetaE,

BRE—A"REREQFEL, At 2EHEGdR DD TN? E@EHL T, tddf&/NTN
f, FAEREREPHREXARIZN. Al FRODAKELEH ASHIRRE R ERMERIR,
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RS IR 1% B0k 3 R I0 (RAD, B0k 3 7 ACRD o I BLHAR , TSRl T A 3 THRBIR A 24K HH AR
), B AR DR R R . AR AR ENAR T/ TN, R LA T Nk
Pill, BR LM — R RE AL . sk b, XRMSR TR AR R BIIETT, EAGPUH
ExEMNFEEIG, TRRTERAAERATHAANAER.

IR T X KM, B2 REFAHANDLE_ERROROZEFHEMI H X M 0L & H &S
BB . SERNCHEE ¥, ZBRMRES b TEMREMRE#IRD. BARREY S22
SRR, [ERITEERBIURE S RBRIEER, IHRTKRBNE 22 HE/NH
AR ], TR R R A, X Lo IRAY I BLE ¥t Tk PR L B R PR A4k SR AT,
(BEXZEER T, EMNEXFRFIEERITERE AT EEER.

BeRt, {RSFIEEGPU LHiTi8i7 RIS, (RATREF LG AGPU Lz fTRIBEAMRE 1, &
EHNGRPLAERHBEIERSA EERBLES L RRERE. ROFLEHRFA
HiRF|, CUDA CHIHILEMREGPU LREHITRBEREMAES . KINEXBSHAIRER
XK B R 10/ R B ATAR AN, ARG S E ARHEA TR AR, BoahB2IERESH.
AT f#define N 1091 #Y 102 A4 100005F 50000, XAERTLA BB H M7, M, &
EHEENE: ERDXBREAN, $AE SRR EERAEEL65 535, X —FEHt
P&, R EHHELEAEREE TX/RE, B2BFEsTEM, £F—&d, RITEE
Bl anfal 76X FRBRBITE B A TAE.

422 —1HBHTRE

HENMNFANABEREMMNE - LB RE, BETERXADFOEEEIBLERFEER T
CUDA CH 8 FIfi%#E .

fE £ T RA TG P B T4 filulia M gh k. T ARBIuliakfikE, TR A
FluliaBil ARBEENE R BERBA SHRPGAR. B, XVFE% LIPS &4
FUER FE AR, M, X TRRSUAARIE, A& RAETL R B —F AN AR
AR, ERBEFEPRABMEEENERZ—.

AR JuliadE M IEH B, JuliaEfEAR LR, o — A FamE R %5 Fimf
ORI, mBETFEREAAM, SREXHRERELLHY, BLAXA AARE TIuliak
A, R, WRESREFXFIHAGAN-FIERELS KOG MEK, BaxA sk
#IAAAE Fluliafe &, MR, MREERFXFHERAN —RIETEITFEN LR EEZ
A, B2 AR Fluliag 4,

MM ERE, XA EREREAERE R, %4180
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FR4.1
2;+|=:Z:4'C

AUEE, HEF4INERIROE, ERHRAAENTS, KEHNL—1%%D
R FXHT—/ME,

1. EFCPURJuliagk

FATHE 47— BT FIulia B ROIRRND . BTX /R FHLE B AT A L BRI R A E A
S, BBRNMNELBALIROE. EAENEEESH4 HTENRAD.

int main( void ) {
CPUBitmap bitmap( DIM, DIM );
unsigned char *ptr = bitmap.get_ptr():

kernel( ptr );

bitmap.display_and_exit();
}

main i FAEHEE ., Bl TRAER T MR/ ENERR. #ETX, Ef 1
] i L BB RO FE £ (58 48 TR B

void kernel( unsigned char *ptr ){
for (int y=0; y<DIM; y++) {
for (int x=0; x<DIM; x++) {

int offset = x + y * DIM;

int juliaValue = julia( x, y );
ptr{offset*4 + 0] 255 * juliavValue;

ptr{offset*4 + 1] = 0;
ptr(offset*d + 2] = 0;
ptr(offset*4 + 3] = 255;

}

R BT R EL N A AT ER, HESKERMIARjuliaORAANIZARETRET
Julia$f, REAMTFEES, BAEKjuliaOFREEL, TNHHREO, mRjuliaQZE1L, A
LB ANBERENTE, mAREIREARE, XEFHEREEN, RATLMRERCH
B R ENHIG.

int julia( int x, int y ) {
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const float scale = 1.5;
float jx = scale * (float)(DIM/2 - x)/(DIM/2);
float jy = scale * (float)(DIM/2 - y)/(DIM/2);

cuComplex c(-0.8, 0.156);

cuComplex a(jx, jy);

0;
0; 1i<200; i++) {
a=a=*a+c;
if (a.magnitude2() > 1000)

return 0;

int i =

for (i

}

return 1;

}

XA RBRR BRI . RECE R AR E R AA 4R, A THE FiE
W E S EME ERP.O, BRITEGECERZ TDIM2, RE, hHTHEREGOIEEHR-1.05
1.0, AT ERAVAPREE K TDIM/2(E ., X8, fBE—TEBRA (xy), RTUHEHBIR
23 |d) dh g —/~ A (DIM/2 - x)/(DIM/2), ((DIM/2 - y)/(DIM/2) ),

Big, BITSIAT —/-scale AEkR LB EMIGEK. M7, X scaletk RIS AH1.5, 4
R ATLLAEX A S8R G/ N E HAEE . ETENBERELEN—ITGELTEE.

AUHRHEZERATHAZE, FEASXAN AEE R Tiliakk, FaTERER, X&i@id
HREREXZ.., =2, + CRHMH ., CE-TEENERFER, RITEFMEL-08 +0.156i,
B A X AMERIAFREE R — KA BB . mRABEERAYIuliaZE, HMaTABSGXAHE,

Eix A, BORET200kER, EERERTHETRE, BLHHEREETR
o EAEE (FEXEREL 000), AT TX/WIE, B2HFNRRREA, FHHLFERO
URFEANTAARTIuliafsd, RZ, mRAAN00RERABHRATER, HAERNDA
/NF1000, BARAMINAXAN AR TIZES, HHSGHAEKemelO:RE 1,

HFAATHSRAET R LT, FBRBRMNEL T @RS RRELRE.

struct cuComplex {

float r;

float i;

cuComplex( float a, float b ) : r(a), i(b) {}
float magnitude2( void ) { return r * r + i * i; }

cuComplex operator*(const cuComplex& a) {
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return cuComplex(r*a.r - i*a.i, i*a.r + r*a.i);

}

cuComplex operator+(const cuComplex& a) {
return cuComplex(r+a.r, i+a.i);
}
}i
ENEFoR--DEYEE, SEWIORA: SREMSHoRaEENER ., ExMEPE
XTEEAIMECAFMELZRER., (WRTAZLTBRBEEIE. BLATLAER EtRES 2]
—FANTB) . &E, TRAOLESL T —A 1 %R B 8AIE,

2. B FGPURyJuliagk
fEGPUR & EitHIulialeny LR 5 CPUM AR ALRD AR 21,

int main( wvoid ) {
CPUBitmap bitmap( DIM, DIM );
unsigned char *dev_bitmap;

HANDLE_ERROR( cudaMalloc( (void**)&dev_bitmap,
bitmap.image_size() ) );

dim3 grid(DIM,DIM);

kernel<<<grid, 1>>>( dev_bitmap );

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(),
dev_bitmap,
bitmap.image_size(),
cudaMemcpyDeviceToHost ) );

bitmap.display_and_exit();

cudaFree( dev_bitmap );

}

XA RARmain()F L& EFCPUMMAZ €8 %, (HXF EBFHPITHREBEMERN,
5CPURRA—#¢, HJtifiid TA & EI#—4DIM x DIMA/NOGZEE R, Kifd, dF&TFaRE
fEGPU Lh 4713, FEEAEED A8 T —4 5 ftdev_bitmap, FRREFIRE L BRI,
R, A TRFEE, ®IMFFEBLcudaMalloc()k 5y BENATF .

BRIG, AR ECPUKR A dh AL R K E fTKernel O F %, {22 EIEZ—4__global__H%k,
XEKFHHEGPU Lizf7, H5CPUNRRI—HE. FERTTHE D 5 BLRITRE & 164 L kernel Ok (R 17
HWHRER, LS AETXABRNTFREYEGPUL, MARETH L.
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XERFEEENLE, ERFHIEE T 2 M HTEBRINIT & $kernel ). BT 81 A1
HHESH AR R I, FHkAT L ABANEE RN ABRTIZEEN— 184,
ZHMREIE, EREERFEN ERSIZHR—ENTY. BR, E “HEzsia) (Blans F )
PR ESE R T AER. Bk, £ TFEXTRIDFFERT -4 i SEk.

dim3 grid(DIM,DIM);

A RIdim3HFARARMECE LAIER . FECUDAL U fFHE L T — LA B R e 432 £ 48
A, XRAm3RTA—-AN 2B, FTURTRE BSHNEBRNEE. R, ATARER=
B, MIRNEFRFEHOAR - SRR

A, X28EHEHACUDAZFTHAHRZH/E - =HMdin3{d, BRYMHAXHE=
Hefy Lk Fi s, [BCUDAGITRMARFEHE T —dim3R BN S, AL EE %K/ H1,
LM E R A{Edim3 K RIRY AR &, FlanfEiE adim3 grid(DIM,DIM)#, CUDAZ{Thf
¥ A IEEI AR /MEENL, BANVIDIATER RN IF & XFDEMLER, ERBAIME,
KR GEH LR X AAPIER, EAE XM R A AMAPHE L &0, BRIK—5 S£APL,

ShfE, £ TEX TR Hfdim372 8 grid (38 25CUDAE T
kernel<<<grid, 1>>>( dev_bitmap );

BeiE, fEPdT5ekemel) 25, FIRE FEAERUTREER, RIVFEHRXSEERTHIREFN.
FOATT-—4&, fidcudaMemepy ()R SLELX M E1E, HH K Hi7 145 & cudaMemcpyDevice ToHost,,

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(),
dev_bitmap,
bitmap.image_size(),

cudaMemcpyDeviceToHost ) );
R TFCPUMMR A 52 TGPURIM A 2 6], XitZE R 2 —7 Fkernel DAL,

__global__ void kernel( unsigned char *ptr )} {
// fEthreadldx/BlockIdxMiF|HER
int x = blockIdx.x;
int y = blockIdx.y;
int offset = x + y * gridDim.x;

/1 BEETFRE IR LA

int juliaValue = julia( x, ¥y );
ptrloffset*4 + 0] 255 * juliaValue;
ptr[offset*4 + 1]
ptrioffset*4 + 2]
ptrioffset*4 + 3]

L/ R
(=]
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B, BRITEHEKernelOFE B4 —/~__global__@&#%t, MmalLAAEN LIARHHERE Liz
7. SCPURARRERIR, HMNATFEELHRENI ORI R A KK FRSILAFE S julia().
5% &M MR G —#, CUDABTHH#7EE Rblockldxrh @& X &5, XA XNE TR,
FAEF U LREN, SBEE RN XNEERRE R I/NEMEN, FHILEO0M
(DIM-1.DIM-1) Z AIE B R A (xy) ERRERRG — 2,

BTk, B—-RENGEERZERIMEZ P Xprh (SRS, XM RBEREDT S —
ANEZReridDImEH A, MAAEHRERKD, gridDimB—H%, RARREFLERE
—#f kAN, ERAFF, gridDimfy{E2 (DIM, DIM), Ft, HITESIFULEKITE,
Hn EFIES, ®EE TpuhpyME—%s|, KRETEEY (DIM*DIM -1),

int offset = x + y * gridDim.x;

Bfa, BAVRWHIEIEAD AZ TR TIuliaEfy R, XBEARWDE X S5CPUMRAEM
LR

__device__ int julia( int x, int y ) {
const float scale = 1.5;
float jx = scale * (float)(DIM/2 - x)/(DIM/2);
float jy = scale * (float)(DIM/2 - y)/(DIM/2);

cuComplex c(-0.8, 0.156);
cuComplex a(jx, jy):

int i = 0;
for (i=0; i<200; i++) {
a=a*a+ c;
if (a.magnitude2() > 1000)
return 0;

}

return 1;

}

A1 LT —/~cuComplex &4, £ 55 1 v [ 4E FF F B 4% BETT A BOR R 17 S B SR FAE
. XAEftE LT ks RAMREEER, WINEE XL T~/ RECREE R {EAHK.

struct cuComplex {

float r;
float i;
cuComplex( float a, float b ) : r(a), i(b) {}

__device__ float magnitude2( void ) {
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return r * r + i * i;

}

_ device__ cuComplex operator*(const cuComplex& a) {
return cuComplex(r*a.r - i*a.i, i*a.r + r*a.i);

}

__device__ cuComplex operator+(const cuComplex& a) {

return cuComplex(r+a.r, i+a.i);

}i

HE, BRIVMERTECPURAH LG MMEMNIESEN, —EER 2 TGS
_device__, XFRRIPEAGPUM AR TN Lizfr, BT XEEE D HEH A device_ %L,
Bl HEE M Ah_ device_ sl M __global__ ¥+ iAM &1,

e bRk, LIT4HE T e BrRAER.

#include "../common/book.h"

#include "../common/cpu_bitmap.h"

#define DIM 1000
struct cuComplex {
float r;
float i;
cuComplex( float a, float b )} : r(a), i(b) {}
__device__ float magnitude2( void } {
return r * r + i * i;
}
__device__ cuComplex operator*(const cuComplex& a) {
return cuComplex(r*a.r - i*a.i, i*a.r + r*a.i);
}
__device__ cuComplex operator+(const cuComplex& a) {

return cuComplex(r+a.r, i+a.i);

__device__ int julia( int x, int y ) {
const float scale = 1.5;
float jx = scale * (float)(DIM/2 - x)/(DIM/2);
float jy = scale * (float)(DIM/2 - y)/(DIM/2);

cuComplex c(-0.8, 0.156);
cuComplex a(jx, jy):
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int i = 0;:
for (i=0; 1<200; i++) {
a=a*a+c;
if (a.magnitude2() > 1000)
return 0;

}
return 1;

}

__global__ void kernel( unsigned char *ptr ) ({
// f#threadIdx/BlockIdxhiifF{E &%
int x = blockIdx.x:
int y = blockldx.y;
int offset = x + y * gridDir.x;
/ AEWRE R HE
int juliavalue = julia( x, v );
ptr{offset*4 + 0] = 255 * juliaValue;
ptr[offset*4d + 1] = 0;
ptrloffset*4 + 2] = 0;
ptr{offset*d + 3] = 255;

}

int main( wvoid ) {
CPUBitmap bitmap{ DIM, DIM );

unsigned char *dev_bitmap;

HANDLE_ERROR( cudaMalloc( (void**)&dev_bitmap,
bitmap.image_size() ) );

dim3 grid(DIM,DIM);

kernel<<<grid, 1>>>( dev_bitmap );

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),
cudaMemcpyDeviceToHost ) );

bitmap.display_and_exit();

HANDLE_ERROR( cudaFree( dev_bitmap ) );
) :

HBTIEA L ABRFR, (RAEEFIulia RN EFoR. AT ERHECHREHRELE -
NHBRGRET, E428 W TRA N ARFSTERF.
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E4.2  TGPURYulia B i R #2 TR #

4.3 XSG

RER, MAEATURS. HIHERFLRS LT KERHTRS T, R4ATEAR
PRAVIARREE T . anRALNIARINAGPUL AR & 43 B LR, BateiNTEESH
RAESTA) . R ITHE RS, A2 b IIRE R A$,

FHAET AL, BNCLEF T anfa & FCUDAIG fTHT ELR BB EIRTHITR . RATHBE
GPU L Bah Ay B E A TR — DR, WA TRIE CATLAE ], SREMTLLE —4r
BES, hallld T4kt B &, BRI A48 7T LA i /4 B 28 SEblockIdx 3 ¥
Wrp A~ 2R B R IEAE AT E. [, EdwTLUAE N E X EeridDim g RFLEEEIA /N, XH
ANE G REZRBRERAEE AR, UK E S RS R RIEES.



B5&
% 12 I 1E

AMELLERACUDACLRET F—AMEA, F LA T w745 LGPU
EHFRAGRG, TR -ADEFHG TR 2 FHFEERHE, X E
26—y EHR, FARTHENR S tefTid 40 Z h4F R 25,
PHAEARIEHALT. EAREEFIATETRARLESHRFERER
B st R, PR F— 2R ROk, LHATEEARLY
EANFATR A FBAE A e, 2R AL, KNTEAF B HEM
WA TV £ HTIATHCUDA CRBE Z A FRLXABE, 22, AAF
PR BXL AN E A — AT R,
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5.1 XEB#r

i AFERFEE], PRATLL:
* THECUDA CHI&E .
° TREA[RI R Z A A3l 15 WL 1
o TRHTITERBRRIRE S HLE.

5.2 FHIHERNDE

ERATF, RINVFE T afMEGPU L BT RID, AEMKH L, &iIFCUDAIE
1Tt BRI £ A ATRIA . BOTHX LHTRIFFRALES (Block),

CUDAB{TRMHEX AR RS A LN KB, AFERHEDIHTEBRE, ATHR
FEFNE -T2HHIBCHE R RHNEBRMR. Blin, ENMBREMERGIE, H11H
REFHEBEITE HANITER) BEmH T —ITEBR, WTFHR:

add<<<N, 1>>>( dev_a, dev_b, dev_c );

ELRESH, EZNBHEFRCUDABITH AN KBR T RSB E, ERXiTR
MIFNEENEERT AR~ &R, SEBHNEBRERTHRUTARIRE.

NPMZBER X INMEB/RBR=NIHTLE
Fx b, BAOWATLLEFN2NEER, BIEBRAG2/MEE, RBENANKES, &

TEBREAEERE, DR, BTk, RIVEELSECUDA CHyXFREEM: 5 B B B %
BARARGI.

5.2.1 REXH. EHOMHK

EATPHERSEILPHERMES, NERNRARERMFFERREELE =
HEES, Bifn, X—RBINHEASBEOAREERR LI,

RATRER AR, EASESERSKESMLFERERSE? RBMmS, JLPRAEMK
¥, BEBERFNHTEREGTIFTERBRTESHMTIE. B, EOFETRETIH
TEBIRERNBF, ZRAFE.O. >

1. ERALERTHGPU & & BRF 4

ER LG NHFTERERBOVFFITEEN, BETEEIFA MG . E—-THEE, 2
Al R BATA R R BN SRS, HAENRBIME /B, WTFHR:
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add<<<N,1>>>( dev_a, dev b, dev c );

BUE, OGN LR . JEEA &R RE— M.

add<<<l,N>>>( dev_a, dev_b, dev_c );

BB R AR TR, 2R P Rl R BRI AR
8 Fnda BB AT E 5

int tid = blockIdx.x;

PRATiZR EEXATRIGIRMET, BlE, mTFAf — M hfth, RUGE@TEBRES R
AR ITES].

int tid = threadIdx.x;

XA A E AT R B 2O E R TR M HFE AT ER. TEAH T80
RARED, AT AR R -

Fi

#include “../common/book.h”
#define N 10

__global__ void add( int *a, int *b, int *c ) {
int tid = threadIdx.x;
if (tid < N)
c[tid] = a[tid] + b[tid];
}
int main( woid ) {
int a[N], b[N], c[N];
int *dev_a, *dev_b, *dev_c;

/ 1 {EGPU L5 BN TR

HANDLE_ERROR( cudaMalloc( l{void'*)&dev_a, N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_b, N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_c, N * sizeof(int) ) );

//fECPU AR "a” i ‘b’ WKfH g
for (int i=0; i<N; i++) {
a[i] = 1i;

b[i]

i* i;

/B Cat B ‘b’ E#|Eleru
HANDLE_ERROR( cudaMemcpy( dev_a,

a,
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N * sizeof(int),

cudaMemcpyHostToDevice ) );
HANDLE_ERROR( cudaMemcpy( dev_b,

bl'

N * sizeof(int),

cudaMemcpyHostToDevice ) );

add<<<1,N>>>( dev_a, dev_b, dev_c );

/¥ ‘e’ MGPUE HIFE|cPU
HANDLE ERROR( cudaMemcpy( c,
dev_c,
N * sizeof(int),

cudaMemcpyDeviceToHost ) );

/1 RREER
for (int i=0; i<N; i++) {
printf( “%d + %d = %d\n" , a[i], b[i], c[i] );
}
/ / FEMTEGPU L5y BERINFF
cudaFree( dev_a );
cudaFree( dev_b );

cudaFree( dev_c );

return 0;

}

XEBARIERE R, XA AT V4, BIMEFEIEXFHAERFTIENT EDHF
ERRIR, soh, BITEHEB AT 2 BHRERS BARMEIHFFTEY .

2. #FGPULMEKM X BRI

£, RINEERIE L BRERBERGIHAEE6S5 535, R, T REIBERK
BHEA R AU PR SR, WAt fT THRH ., Bfkis, BRANKENEAEETIZERE
¥ 45 ¥y maxThreadsPerBlockd& f9{E , HRINVEFIFTHR BT X684, N THINEFLER
WHHBNE, XNTREERENEERSI2AKE, B, nffd HraEdkEATs128)
FEBITHM AXHERT, RINUTBESKESRERESEEAELIXITE,

SRiE—8, XBEBELRHEHTT . BREhES RS ENEREOIER K.

HIE, RMNEELNLBEH AN EERFBE T Z2/EE, HRESINHEFE EEIE
AT SR S I R A S S A AR T,

int tid = threadIdx.x + blockIdx.x * blockDim.x;
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fELEREEBDRERT - ANHINEZ R, blockDim, X -Frf&BICkEE, X/M%
BRE-1TEYN RENELBRLTE - SNEENE. A TEHANE—SEEBY, BRATEH
FblockDim.x, BEIEIFE4EAINZ, FeridDim{RET —ANEMIMNE, NESBREPE 4D
SRR, /O, gridDimZ "4, MiblockDim3khs & =4y, gt kid, CUDAIETT
Bt R Bz — A LR, FHABRPNENEBRREE - B, B, X
BN, BRGRIOSHABXFEERS], BNRFEHTLLE,

i A A i R R RCA P R BB TR SR IEF EAAY . ERTLAR B R 2 A Lok
BEEBRES, ZRUT A THROGFEA. EES1PEHTXMERARAFA,

HEHRO #E80 HEI1 HE2 23
s 2:273! 210 gl 2 £SR3
SRR 70 HEl ; 53 53
PR3 £R0 gl g2 £RE3

5.1 SBRRESEEREGMN HFHARK

MRERFRRT, MEBRERT, BATUHRAE—MHE—RS: HEERES S
FAEBERTOEREREMAR, A EEBESBERTOFRS], X 5RIEIulia g 4
BMR ARSI ML 5 IR MR

int offset = x + y * DIM;

X B, DIMFB/RERBSMIA/N (AMRBAEE), yAHE&ERES, HAXHEERPH
£BE#FES|, BHTLLTESBILLTES]: tid = threadldx.x + blockldx.x * blockDim.x,

A ESREEEARESY. RRANTEZBINTHITEE, ERNFEEL/EER
FIEENEN, XERTEKELSI 2T RBORREERS. Kb —FHBRTEE, BEBRRD
KANEEAFEANEERIE, EX/Rbld, RNV EBRGEEMEBERIEREH128. &
e, RTLABEIN/128 Bk, X AR B /E3) TN LR R ET.

XEAREET, NI128R—/REERL, filan, mRNAHI27, IBAN/128%F0, Hikis
JAEH0N R, MM K EBWASREFEMUTRER, FLE, YNFRISAEKERM, &
MR RERE L TR R, XSRS, T b, RNAZXABRERBSE LI,
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WAVTLAE S —FhE RO ARE S REF LI XATHEE. AR IFMceil), MEAHE
(N+127)/128 WA ZN/128, VRt el LAK X FRELEETRAR ., HHRR T 305 TN 1280 B/ ME 8.

HIVBERT BT EBHAH 1284048, FRERUTHEREIRM.

add<<< (N+127)/128, 128 >>>( dev_a, dev_b, dev_c );

L EEX TR A BREEIEAT T 2SN MR Bah 2 £ HIER, E YNA R 128/ B ¥ X,
#EHEEHERE. R, EEREPCSME TiX/ A8, 1ET A S fo HEUER 287,
VIR ERENRERE L TORINZE,

if (tid < N)

c[tid] = a[tid] + b[tid];

Fitk, HESIBEEARBF, GlanY BaiiHTREEEN 2 1280 B K EM s H
BHXFER, BoZREBEzaEEPITHE. EEEME, BEEASMEEEADRHAN
FHITIZEREES A,

3. ZFGPULMERKENXERM

WP —RABAEGPU L B H TR B, RIMTFRAFEMATENERL. RTELE
¥ FFERGIN, ESERAEE FRIFEFESE T EAERE (RAXAREE SRS R
HIRBIEER). FERIEREE, XEEE —FR/NEBAREELL65 535,

Bk, Xt EBMEALAFRT AR, WREHN/128 LB Z &AM, B
LY R B EREIE65 535 % 128 = 8 388 480K, BRHMIAAS A, XF EXUFR—R
KEHE, BEYSIMTNEAFRES L7 IGBE4GBIIER T, min R LCESRBENTER
BHEASHEIRE.

BRI, XA BRI EAEE E ., IS Ex R BGE T — g,

__global__ void add( int *a, int *b, int *c ) {
int tid = threadIdx.x + blockIdx.x * blockDim.x;
while (tid < N) {
e[tid] = a[tid] + b[tid];
tid += blockDim.x * gridDim.x;
}
}

XFH EREFRERMEABEORE. RITHESHEITPETCPURKIHEITELE:

void add( int *a, int *b, int *c ) {
int tid=; /xRS CPU, HILFESIMOFLE
while (tid < N) {
c[tid] = a[tid] + b[tid];
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tid += 1; /R ~fcru, HEREEL

}
}

{EX B, FAMEM T —whileOUEFR XM EIEETENR, ZATRFE, E£LCPURE LM
AR, BRGEMEEBREARD, fECPURIEE . IIE, WIN{EGPURRA £ HRIBRI &,

HGPULHF, RAVEHTERBENKEFTRZCHSOEE. REGPURLE T &
/b T (RFKRT) ZA4E, BRMMAABNEREEEH LEATLHTRAT, HFEBEGRTLLE
BOX R BUAE XTI T R SR A KPR fTid AR %, XRCUDA C
HEEFREARARBOAEZ - XHREES THRAOBHER, F302 % ES 4aT
NVIDIARE £ 8 15 ERTREW & T 84 F480/1 A B 5T |

EREMT LALR R ARENZ0BHGE, RIMNEEmEmfitBEEi TR nmis
#F5l, LARAnfiihei S s RiE. #kfﬂ%%’a}"#ﬁ%ﬁ&?‘ﬁﬁﬁ‘a‘ﬁl}%& H et T E &
BEIIfLBRFESIHITERML, FMES21HHERN, BMEEMERESIRBLTAR
Fe it

int tid = threadIdx.x + blockIdx.x * blockDim.x;

BB HTYES LMES G, BERTEXNRSISTESY, KPhEMEkh
SR EESTHESREE., XM HEETENMSEBRTHEABKERULER D RELRDY
&, HiblockDim.x * gridDim.x, E, BMIED TR

tid += blockDim.x * gridDim.x;

BN PEERT! #MTHEGEREBSZAEARA S, imREE, ZRLRAXH
B, BEAM(N+127)/128kF65 5350, #ek%iHFHadd<<<(N+127)/128,128>>>( dev_a,
dev_b, dev_c ) &KW, A THRAS BT ZHEER, RIMEEKBHROKER AL/
PIE. BTRMNEFFRESE MR, FREXBEREERI2)M&ER, FAE84
SHEAAEI28)MEE,

add<<<128,128>>>( dev_a, dev_b, dev_c );

IRt AT LA X AR AMRUCA S ENEEE, REREENEGL T armes e RETE
BzM. BEFBHRETTS . ZATHHEREME R AT, (B BaTRE, %%
12812 AN RBRARE 128N RBMES T, HE, RITEFRERRKENE RN
K, xERKEARGSRIREFGPULMAFER., LT 2x8MiERDEE.

#include “../common/bock.h”

#define N (33 ~ 1024)
__global__ void add{ int *a, int *b, int *c ) {



int

int tid = threadIdx.x + blockIdx.x * blockDim.x;
while (tid < N) {

c[tid] = a[tid] + bftid];

tid += blockDim.x * gridDim.x;

main( void ) {
int a[N], b[N], c[N];
int *dev_a, *dev_b, *dev_c;

//{EGPU k43 ELA AT

F5F KBWMIE

HANDLE_ERROR( cudaMalloc( (void+**)&adev_a, N * sizeof(int) )

HANDLE_ERROR( cudaMalloc( (void**)&dev_c, N * sizeof(int) )

//TECPULAEEE "a” F1 b’ BIE
for (int i=0; i<N; i++) {
afi] = i;
b[i]

i* i

J/48%06R Cat Fn b’ HiEIGPU
HANDLE_ERROR( cudaMemcpy( dev_a,
a,
N * sizeof(int),
cudaMemcpyHostToDevice )
HANDLE_ERROR( cudaMemcpy( dev_b,
b,
N * sizeof(int),

cudaMemcpyHostToDevice )

add<<<128,128>>>( dev_a, dev_b, dev_c );

/48R ‘¢’ MGPUE #FEcpu

HANDLE_ERROR( cudaMemcpy( c,
dev_c,
N * sizeof(int),
cudaMemcpyDeviceToHost )

// SEiFGPUMMSESERE I A E i T(E

bool success = true;

for (int i=0; i<N; i++) {

if ((afi] + b[i]) I= c[i]) {

printf( “Error: %d + %d != %d\n" , a[i], b[i],

success = false;

)

’

c[i]

)i
HANDLE_ERROR( cudaMalloc( (void**)&dev_b, N * sizeof(int) ) );
)i

)

.
’

49
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}
}
if (success) printf( “wWe did itl!\n” ); .
/ /B TEGPU L 4y BLRINTE

cudaFree( dev_a );
cudaFree( dev_b );
cudaFree( dev_c );

return 0;

}

5.2.2 #GPUL{ER &L EABE

EFATF, BRIVEL - T FEROREACLFEAFNETER. EFFES, RINF
B GPURIR KT HAE NRER—EE . A TKAEABOTRAR, X —KEITHE
WHE Rz, S8, RAVHERA XA ) mE DA KB M R, IHMREFRL
EREMERERASEDEEA.

struct DataBlock {

unsigned char *dev_bitmap;

CPUAnimBitmap *bitmap;
bi

!/ BETEGPU L BERINTE
void cleanup( DataBlock *d ) {
cudaFree( d->dev_bitmap );

}

int main( woid ) {
DataBlock data;
CPUAnimBitmap bitmap( DIM, DIM, &data );

data.bitmap = &bitmap;
HANDLE_ERROR( cudaMalloc( (void**)&data.dev_bitmap,
bitmap.image_size() ) );

bitmap.anim_and_exit( (void (*)(void*,int))generate_frame,
(void (*)(void*))cleanup );

}

main() R 5 K 40 B AT e R 72 5 Bh 2. CPUAnimBitmap . {REERES], FHA1H K
OB T AT R AR, BN ki FcudaMalloc(), REHMITIEERBMATEANRETITE,
B J5 i AcudaFree )R B HUX MR, XL HIREIE N IZOLBAET.
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wix/Awph, RIHHE “BITRERBMANFAEETHRE I P REGEGER L,
145 — /-5 7 generate_frame() ) iR 7 #5 £ 58 £ anim_and_exit(), & 24 % 4 B — WFT 1 2h
IF, &D4% 18 o B generate_frame(),

void generate_frame( DataBlock *d, int ticks ) {

dim3 blocks(DIM/16,DIM/16);

dim3 threads(16,16);
kernel<<<blocks,threads>>>( d->dev_bitmap, ticks );

HANDLE_ERROR( cudaMemcpy( d->bitmap->get_ptr(),
d->dev_bitmap,
d->bitmap->image_size(),
cudaMemcpyDeviceToHost ) );

}

REXTRHEADLE THTREG, BRHAHNEDECUDA CRIFTE REMA, HE, KM
T " #EW A, blocksFithreads, M & FREATLARIGEM AT, B RblocksFRTELAFE#K
&M ITEEREER, TEthreadsZREFNTEBERTAENAELE. A TERME 18
g, HERT _g#5, HASITRESA T -AH5 (xy), XHTLURES 55
HEGRPEIRE —— K, ERMNEFNERERFEE T T K/DAH16 x 16/ EK 4,
R E A DIM x DIMAMRFE, AB2REFH E/SEIDIM/16 < DIM/164- L 5, A {£ 45 1~ 1% %
i Ak RE . FEES2HRAH T HE—A (JEH/DEY) BRFEMI2EFHOE R PR
SHERRLENL.

MRAYELRE T EEXBHCPURKF, MATRETEANLZIERDXLEZHELE. F
fn, AR HI—4~1920 x 1080/9FhEl, 2XFHHEHIRBBL2E NN &R, BARENTL
TEGPU L@ MAEX 42 2MER, BEMATEUEKECPULIRXALMER. AT
CPUMSEBEBEMIARE L ARG P TR, BT EQRGPUIHRE T B ML £ AILRE.
HTFRITABNFELEOTEBCRT 18R, FILEGPU LMHTHREMRILACPU L
EHBRE, :

EEHTRRAEBRERMEERENTRE, BT AREZAREEECRITREQER.
kernel<<< blocks,threads>>>( d->dev_bitmap, ticks );

EHREFERLESHI 8. 8L, CRE-THRIGREARFRLKRFENRENE.
ERE-ALRHER, ERAMNAFEZEmanOF oM. Kifn, XNMEEEY T EILARD
k2 ‘2R, BRBRNFEHFRIEN-ISHEEEES, Nindhikike KBFEDS U F)iX
k'S &
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— R -
s (0.0) B (1,0) HEH (2.0)
gk 0,0 SRR (LD R (2,1)
| AR HBR &R AR
10,0) (1,0) (2.0) : (15,0)
aR BB &E
(L @n .. asn

- B | BER |, 4R
(0,15) (1,15)  (2,15) | | (15.15) 4

1

€52 SBRASAEN FRREHE, TR -8 x 2@ EMEGR, HKhEBENGEMR -TEE

ook, B eR BT E il 2 Al A 3h i I 0] DA (8 4 BCE BT, £E CPUAnimBitmapfiy £ i 4%
L ATl [Elticks (&6 £5 generate_frame(), At QAL X NMEEE A R,

1% R BRI AR AN T BT R

__global__ void kernel( unsigned char *ptr, int ticks ) {
// FithreadIdx/BlockIdxh:it]{% 3 E
int x = threadIdx.x + blockIdx.x * blockDim.x:
int y = threadIdx.y + blockIdx.y * blockDim.y;
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int offset = x + y * blockDim.x * gridDim.x;

(4 B E A B

float fx = x - DIM/2;

float fy = y - DIM/2;

float d = sqrtf( fx * fx + fy * fy );

unsigned char grey = (unsigned char)(128.0f + 127.0f *
cos(d/10.0f - ticks/7.0f) /
(d/10.0f + 1.0f));

ptr{offset*4 + 0] = grey;

ptr{offset*4 + 1] = grey;

ptr{offset*4 + 2] = grey;

ptr[offset*d + 3] = 255;

Al = 7 AR RS % R 3 b e AR,

int x = threadIdx.x + blocklIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

X LTRSS, BOEEREEH T EELBRTORSIUREINEERELBRETOER
5l HHXFMMARRABRERHE—FS] (x, y). #lm, SFEERS (12, 8) abpysk
By (3, 5) BCRIKBFHHRITH, EaEERXALARAEER, MEELLA X
Bk, EX/&BRA, (3, 5) LKBENELAFINKE, HAEELIAENLE., hiTE
NERRREA 16, XREREXTEER:

3RBA2EBR < 16K R/ R BR =15 EREXL LI
SEBBEABR X IER/ERR =I1B/MERAR LY

X AR R TR AT AT A ARy, RSB MARRAIED M B B R BPRIR .
BRJE, WIIxMyPERTRECATEHMHZPEPH— MR, X552 17/ 2 4k
B B F3 A i TAERHRIAY .

int offset = x + y * blockDim.x * gridDim.x;

BEAA SNl TERBEEHRMBRENE (x, y), UREMMHREXANE, 28R
(x, y, t) BEESRE, HBEXMERFEGHEZSR P, EXEAELD, REFER—4
Rfipef ] 2 (e A IE S5 dh £ AT .

float fx = x - DIM/2;

float fy = y - DIM/2;

float d = sqrtf( fx * fx + fy * fy );
unsigned char grey = (unsigned char)(128.0f + 127.0f *



54 GPUB 14 EEHEIZECUDA &

cos(d/10.0f - ticks/7.0£f) /
(d/10.0f + 1.0f));

AT IR A BIE A £ HIBt (A & B ifgrey AT TR . X HSRRR /124N A S, Mzh@
Bonkt, BRI EEMBEIGEIR .. K — Wy #E5F anES 38R,

5.3 GPUR S {If &

53 HEAGNRY

FHAYIE, WEERSBASBENENRRAD T RREEREEAEERS . X1
REpsRAEHEL, HAXFELTLAHCUDABTHELEG AR, B, EARMEHFEEE
HERFEIR Iy R £ AR

CUDA CEX#F#HZENF. XRAFSIH T TCIESHS -1 R, T REUT
__device__Fn__global__, 7E48S fAESHF, fRA[LLFFCUDA CHYSCHEEF__share__# N2k & /&=
Wi, xAEEXAEEFERELEANGES, Ba, Z2HBHRMHA?

R 2L URAERIX A A, CUDA CiF 25 % 3t 52 17 b 197 B 55 83 78 B 43 B R IUAS [R]
AIRCEE . M FEGPU EEsEA &2, CUDA CRIFHHBRIZTERA—/ I,
SRRPHENSERLEIRAT, BEABRALERIBI RS EABRNERAA,
XFEEI T —FAER M AKX, R -ITEBERTN L MREESEHE LR TaEmmE,
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fH, £EAFEMEEREYEGPU L, MAREHAEGPUZIMNIRLNTGES . BL, £l
fea) 3 B P A B A BE SR SR R T () 4R v X AAER , /R EANFREAN SRR EE
fFE PSR HF RIS,

AR ZAMHLEEHRESRIFCL4SRBRME T, X/ERFMERITER > a. B
FEARRNER, XBRRAMESOAR. mPRRELALEZESTERE, BALFE -
LAl R BB ZAMES. Fim, mRERBAF - TESATRZNT, HABRNFEKE
BafixX MEME T — LR 1E, BB RAAULBANS ARETKZE, KEBARAEIMITENR
., tmREERY, WoWEAETESLMHF (Race Condition), 7EXFFR T, REHMITERA
IEFtER BUR TR G-I A TR E .

HARFE — 4 (E X LEThRERY R .

53.1 SfFRIiEH

iR BRINEL¥AT T RENMEZE, T RHNTBRERNEZBLEH (Dot Product,
’d‘!.ﬁl??biﬁ]ff’.) KT ENT BAREEOLE, DA RBIMREZE (KELLRE
JUERT#E) . BMHREEFWASE. Bk, SR IMAREHHEMNTEMRR, XAEH%K
PIFERAMEEE, ARSEXBEAMREREmMARMZE, Al EHREXITTREG,
TRBERGFIE=TWERES, WX EEMIERIAGE /MR HE.

Bilan, mERNB MR EANTENRERITAREE, BATRATRMS IR,
HX5.1
(x5 Xo0 X5y X)) (Ve Yas Yae Ya) =00 H X0, + X5V XY,

RRIFCLHEM TRIEEERNRE. 5%, TLMRREMEIBHE, S8R EMRH
MR T EME, REBHBITHEITE. ATEANEREFARBEH, HitE &ETD
ERFEHTEMFERAmMM. SXENERF—#, EESKMESIFHENEALENKE,
XHERARASEREMTE, MELEASIERTEHETER K, TEARGER T AHREE
HIE— LK.

“

#include ../common/book.h”
#define imin(a,b) (a<b?a:b)

const int N = 33 * 1024;
const int threadsPerBlock = 256;

__global__ void dot( float *a, float *b, float *c ) {
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__shared__ float cache[threadsPerBlock];
int tid = threadIdx.x + blockIdx.x * blockDim.x;
int cacheIndex = threadIdx.x;
float temp = 0;
while (tid < N) {
temp += a[tid] * b[tid];
tid += blockDim.x * gridDim.x;
}

/! ZBcached i E _FAE
cache[cacheIndex] = temp; )
EREFERT - RENFZGE, £FHcahe, INTRPXERFENT KB RAM
. RINHEEEBIMM L2 EXLM, BRERSWELAE-NPENRAN S, BF
A THRELXEAGFTHERERESN, XHY FERECH FEH—{ staticg volatile 3 &Y
0k 8

__shared__ float cache[threadsPerBlock];

FAVHE SR B9 A /T AthreadsPerBlock . X £k Febk b i) 4~ SR EDREHR ©HH H AV IR
SZERREFNEANLE L, ZATErEERAFH, BIABITHRITERENKER R TR B
RN, BB AY SR i threadPerBlock, {HX FHELERE, ATRIFSHAHAEANL
BRYARIE B RN RA, F AFRRIELKER P RBOKERSBRANE.

R THRENFE, RETE -HFHREEERES]:

int tid = threadIdx.x + blockIdx.x * blockDim.x;
int cacheIndex = threadIdx.x;

BE, PREZERGAPDHARRE T, Bl SBRRRSIMEREES IR HE AL+
— AN eRREB., AEAFEFINRBREFTERRS|. ABRFESISXNMRBLX, BAHE
MEBERBAR L EAFOLAEIE.

BE, IMEB THEANGFEEZPXHENE FAOE, CIERMGEHSE N KARMEE, #
BEEHROENEENME FESTRSHHNEIE.:
// & Hcached# (i E FAYE

cache[cachelIndex] = temp;

WRMARENRKREALEREIPEERENENR, HLcacheh I TEB AW LEA
B, EXAERY, BE - RERPHE - SERBEA M.

BRI R R bR M B T R BRI ER. ATF UFLREE K RN, FEkEE mfn
[ERGFRHEEZHE S,
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float temp = 0;
while (tid < N) {

temp += a[tid] * b[tid];

tid += blockDim.x * gridDim.x;
}

!/ g Rcached #F{rE EME

cache[cacheIndex] = temp;

LHEBRTIX—S8, RINFEEWHcache R FRAMEMMER, ERTEXNEHM, BE
Wit — R RIEBURE fEcache (A, 2R, 7ERTHCLREE, XFRE—FMAERMR
e, RAMNEBEEELFHERMRA XML ZH HAcache |15 ARIEE R Mcache ZRATTH . Fiz
B, XFHERLFE:

/1 MEBRRPMRRIETRE S

__syncthreads();

XA BRSO S TR IR R R B 0 SRR AR AT 5E__syncthreadsORTE Y IE A fa, A &k
FT—&iEH, XERRMNEEMNINGE. E, TMNME, Y- EBIMIT__syncthreads() 5
EE —&KiFAN, ERLEFHHGEE T EECLMITE T __syncthreads(),

XB, RATATUAFRfEcache E2HUF T, FULATLAR I FAVEM MR . XMt BT
HRAE—BAER: H—TRABRARGTERITRE, REmE-1TEPOEREA, XFd
Bk A% (Reduction), FEHTIHEHLEKBRRUNSHE, FHEATEFIIAXERE
gT—1T4A%F.

KARNERAOREESELE, B TEREXZIAF LETERFTRHSMNE. R
ol ] SRR MK BERIELE, A, EXBRRFPAREANSRETR, BLRITTLALI T
FHRARMTELER, XL RS SR K ERXERIELL., W/ Ex, TEARES
LeRR AR, TATHIERE X ILETO.

RIGPEABEE, BA&EHcache[JH IR EFM R, REHERRT Ecachell,
HTFBE EREHEHHNMES A -NME, MAETERINPRE, FENEREERE TR
AR EUE SRR — ¥, ET-AHEP, BATEX —EHEPITHEINRIE. ERXFHRER
{Tlog2(threadsPerBlock) ™ P8 f , FEAET Flcache(|H T A EA S M. WX BAURBIRB, &
MIES BRI B ER T256 1282, BT E8KiE {lHfcache[|HRI256MEILI AH14-E.

LHLX /N EL i BRI AT B
/0 FRSsERER, DTS ERthreadPerBlock 5l 2145 %

int i = blockDim.x/2;
while (i != 0) {
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if (cachelIndex < 1i)
cache[cacheIndex] += cache[cachelndex + 1i];
__syncthreads();
i /= 2;
}
tEH—N LB, el HtthreadsPerBlockf)—#1EhifE, RARSIV/MTFENERNEREA S
7. REMERMESULFIlM, AL Ecache 1FIR A BB A & * , BILENE Nk
& B {Eif(cachelndex < DHEJLRSH b, AT FAILFEHcache[ | RS R LMIE
FLRFES N LiRBRE EREMME R, HEERIRTE Elcache[| PR BERSILE L.

{Hi%&fEcache[1 A8/ Tk, WHILiMA A4, HLBEHAK P-4 S RMES 4FT7R,

BS54 KRIMPRHEHEFH—TER

EERT M PRE, BHAETESAMTERPGMER/RR-. fEi%Rcache[]HHIE
ZHi, BAREBHREN S Acache[|INERBHELHITEE. B, AREZHEFEMNT
__syncthreads i I AR (R 385 2 X 4 5 4.

R TwhileOfFH G, BNMEBREER T —E, X/ME Feache[JHIE—THE
i, HHEBRETIZEBRFARCERBRO MM, A, RMNMBEXMERFILRBNFIHEE
PATE &

if (cachelndex == 0)
c[blockIdx.x] = cache[0];

}

At 4 R cachelndex==0f R BHATX MR FRE? IREARAE-TEEARLZEAN
7, FHARE-ITRERRITEMRE. S8, SMEBRMATUBITEINBARE, HX4
M ERESARNMEAM TR LENAFEFER. HTHRA, ﬁfﬂﬁ&T?%lj&OB‘Jf&E
YRRt W LLE SR ] — S Hcache[01BAFI 2 AT, &, HTEIXKERHERABEA
— MR 2 R% O, BT LA E blockldx R F S XA A,

FBE T A, KPZEANES cHPHOE T ENEBRTFER B/ A{E,
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ARBHNEBE -1 PRSZ U FcF A TR EM, Hit, REABMzRLRALL2UHRE
sebE, (AFNZIR ML R BB ATIERRE R B E. L, At 2ZEM R RE R Z 075
iR B E] 417

RANVEATE A SRESERA—FALEE, KAOREL, R B A4 A4 B a5 H BiE LR
ZNTRMABBEOER., EAREHES, TRMANEER LD, @¥RSER— MRl R.
FLIEW, ROPUXFMRMEAIFITILE ENTHRIGIVIRLDRE, # % ZIRFIHHRTHE, B
A SRR N, Blan, 24(E 4804 Bt b T2 B M Ankt , LA T
s ERE— BRI,

Wik, JOTEFRTIEGLIRELS EL, HHHCPUREREE— &SR, BHFTHREA
c[IF A THENEM. MRE-TERAOEABRFS, W AIGPURL R LI dhHh f7H i 25 87
EHEE MO R, Af, EXRfld, GPURYE AR A1t

Eo P XA RBIR, RIOKET ZAHIHELRX, ARMNEEREERA G, TR
% tHmain(Q R R IR BRTAN, X 5RNEAES LA RSIEFEHLL

const int blocksPerGrid =
imin( 32, (N+threadsPerBlock-1) / threadsPerBlock );

int main( wvoid ) {
float *a, *b, ¢, *partial c;
float *dev_a, *dev_b, *dev_partial_c;
// ECPULGBEAHF
a = new float[N];
b = new float[N];
partial_c = new float[blocksPerGrid];

/1 FEGPU L5y ELHFF
HANDLE_ERROR( cudaMalloc( (void**)&dev_a,
N*sizeof(float) ) );
HANDLE ERROR( cudaMalloc( (void**)&dev b,
N*sizeof(float) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_partial c,
blocksPerGrid*sizeof (float) ) );

/1 HFEENAF
for (int i=0; i<N; i++) {
a[i] = i;

b[i] = i*2;
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// %A ‘a” Fo ‘b’ HFIGPUL
HANDLE_ERROR( cudaMemcpy( dev_a, a, N*sizeof(float),
cudaMemcpyHostToDevice ) );

HANDLE_ERROR( cudaMemcpy( dev_b, b, N*sizeof(float),
cudaMemcpyHostToDevice ) );

dot<<<blocksPerGrid,threadsPerBlcck>>>( dev_a,
dev_b,

dev_partial c );
BAPRE L SE — T XD

1) A ASAIEHEA >R EVNNFMZENTE.
2) W7t A HalFob(], 2R fFil T cudaMemepy ) SR HlFi% & k.
3) AT EAROEREHIEEABEKTEBELNERURBIMEBRPHESENE.

REREHROAHARIBECLRBET, BEBAMENHEIRTERSE S, K
MIMBT7TABREREE-FALZE, UREBEMEESRNFAHTHEIENfIE. 3 FCPUERE, &
REXERMARIGEEE, HAMEUAKT B LAEERFEGPURBRALTFILRRE. KK
BTN &R, RERMBOBETRETAETREEZMMEE, XERPRFCPUMGPURY
HIE .

i, M F-BRIEFEMRBEENINEERFBEMEEBRAE256/ &R, BLRE
SRR LR MEENIKECE, B2E8F AFENITKERITRE AR, HEX
BRI, SRS & 1% AthreadsPerBlock /B Kl , HHERTHES TN, EaT@E
94 BNk R Gl R @ Bl X FeAE L. X BAR AR R 4 XA (N+(threadsPerBlock-1)) /
threadsPerBlock, fRATREL R, Xkhr ERBESH b —FRE LAV, FEHBIERRE
Syt ) B L FE SCUDA CHEEHY R |, B (RS T ZRMRX T i

Fli, BN EEREOE S & F 324, & #HF 2 (N+(threadsPerBlock-1)) /
threadsPerBlock, ¥ 2/ iy,

const int blocksPerGrid =
imin( 32, (N+threadsPerBlock-1l) / threadsPerBlock );

BLE, RRZREBmainOFRIRIG T . EXEBRITEER, MATEELRMBIET
BHER., EIEWE B E RS Z A A BT HFIGPU—+E, RITTH R4 H A MNGPU
EHlEICPU, #AJGFXH#TIHE. Bk, AZREMITEER, RITBRFRMMENKA
S, HECPU Ll & M REH.

I/ 38R ‘e’ MGPUE HlIcPU
HANDLE_ERROR( cudaMemcpy( partial_c, dev_partial_c,
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blocksPerGrid*sizeof(float),
cudaMemcpyDeviceToHost ) );

// {ECPU BSERRHEAYRANSE

c = 0;

for (int i=0; i<blocksPerGrid; i++) {

¢ += partial _c[i];

}

BiE, RINBELSHATIEWMER, B TAECPUNGPU Lo EEHIARF. RESR
it RRZAE S, FoWRMAMERS IR M ASA, HhallPrEEMOEIN- 1R EE,
b JM]&2*a(],

/) MEENAF

for (int i=0; i<N; i++) {

afi] = i;
bri] = i*2;

}

AR TR MOBIN- 1 o 45 SO A7 5 TETRLA2, 3 TF Bk OB R 0 L
KAk A RETERA AT M (Closed-Form Solution) £—/# B BAIMMEIED, 3T
SElRE i LB E RSB RS, Bl 17 TR AR TAAHAM, LA Rmain() &K AFIR
.

#define sum_squares(x) (x*(x+1)*(2*x+1)/6)

printf( “Does GPU value %.6g = %.6g?\n" , c,
2 * sum_squares( (float)(N - 1) ) );

// BEHGPUEHINTE
cudaFree( dev_a );
cudaFree( dev_b );

cudaFree( dev_partial ¢ );

/7 BERCPULMINF

delete [] a;

delete [] b;

delete [] partial_c;
}

R T SR AR RS R
#include “../common/book.h”

#define imin(a,b) (a<b?a:b)

const int N = 33 * 1024;
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const int threadsPerBlock = 256;
const int blocksPerGrid =
imin( 32, (N+threadsPerBlock-1) / threadsPerBlock );

__global__ void dot( float *a, float *b, float *c ) {
__shared__ float cache[threadsPerBlock];
int tid = threadIdx.x + blockIdx.x * blockDim.x;
int cacheIndex = threadlIdx.x;

float temp = 0;
while (tid < N) {
temp += a[tid] * b[tid];
tid += blockDim.x * gridDim.x;

// ik Bcachep i i & LAVl

cache[cacheIndex] = temp;

/] AR AR TS

__syncthreads();

/7 AFIRLEHEER. UL TFEKthreadPerBlock 4 42 2145 5
int i = blockDim.x/2;
while (i != 0) {
if (cachelIndex < i)
cache[cacheIndex] += cache[cacheIndex + i];

__syncthreads();

i/= 2;
}
if (cacheIndex == 0)
c[blocklIdx.x] = cache[0];
}
int main( void ) {

float *a, *b, ¢, *partial_c;
float *dev_a, *dev_b, *dev_partial c;

// TECPU L4 BLNAF

a (float*)malloc( N*sizeof(float) );

b (float*)malloc( N*sizeof(float) );

partial ¢ = (float*)malloc( blocksPerGrid*sizeof(float) );

[}

/ /{EGPU k43 ALIN fF
HANDLE _ERROR( cudaMalloc( (void**)&dev_a,
N*sizeof(float) ) );
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HANDLE_ERROR( cudaMalloc( (void**)&dev_b,
N*sizeof(float) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_partial c,
blocksPerGrid*sizeof(float) ) );

/1 HMIEFEHAFF

for (int i=0; i<N; i++) {
afi] = i;
bri] = i*2;

/7485 ‘e’ fn ‘b’ A dlEiGPU
HANDLE_ERROR( cudaMemcpy( dev_a, a, N*sizeof(float),
cudaMemcpyHostToDevice ) };
HANDLE_ERROR( cudaMemcpy( dev_b, b, N*sizeof(float),
cudaMemcpyHostToDevice ) );
dot<<<blocksPerGrid,threadsPerBlock>>>( dev_a, dev_b,
dev_partial c );

[P ECEE ‘e’ MGPUE #HE|cPU

HANDLE_ERROR( cudaMemcpy( partial_c, dev_partial_c,
blocksPerGrid*sizeof(float),
cudaMemcpyDeviceToHost ) );

// {ECPULTRBELRKZH
c = 0;
for (int i=0; i<blocksPerGrid; i++) {

¢ += partial_c[i];

#define sum_squares(x) (X*(x+1)*(2*x+1)/6)
printf( “Does GPU value %.6g = %.6g?\n" , c,
2 * sum_squares( (float)(N - 1) ) );

// BHGPU LINTF

cudaFree( dev_a );
cudaFree( dev_b );
cudaFree( dev_partial c );

// BHCPU LMINTE
free( a );

free( b );

free( partial c );

63
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532 (AE#mE) SREEMKL

(£ 7 1 ¥ T A48 T S BUS TR G 158 A __syncthreads(), BL#E, liKiE—F 5
xR BOR R, FEiRxt Xt fraket, ZALAT B4 4 __syncthreads(), & [AATEIEH %
R T T NAE AL Rcache(], HHEETERN F—IOE B2, FERMRLATENR T
AR ENEFRRESCLEM,

int i = blockDim.x/2;

while (i I= 0) {

if (cacheIndex < i)
cache[cacheIndex] += cache[cacheIndex + i]:
__syncthreads();

i /= 2;

}

fE_EHEAIARAS A, R EHAH Hcachelndex/Filkf A 75 2 F I N7  if [X cache(].,
f-Fcachelndex L fr b5t & Fthreadldx.x, HWiXEHhE LA —HoMWEBEEFLTNES
fr. I TIAA__syncthreadsf) HFI R BA THRXLEHE T - RERZA LK, Fikin
FHREEYCHAEFIPETFESALTATNHEE, BTRABERGMEERA? RIMETH
[ 25 18 FR A2 3 BIfO 8P B b 2 SEBLIX A A8

int i = blockDim.x/2;
while (i != 0) {
if (cacheIndex < i) {
cache[cachelIndex] += cache[cachelIndex + 1i];

__syncthreads();

RERXFR AR MEARE, HHAEEM. FXL, XHEREEREZANEREE
KL, (EXRRBOETIZS S, GPUREE RN R, i R A3 A58 T8 B . (B 2ax A
BLEMES ST BN KRR IR,

FRIZEXAEE, RMTUAXHEER.: SERAPHEIEERGEEIRG, 8k -17. &
P EDATHRIRIE S, EX T RNEIRETER. &, ‘ﬁﬁ"%&ﬁ E’J?':‘A{-H:—--
FEiEME, FlmifQ, BN LER. B2, HFAEEMEEBEPITENRES
A3t? Blan, ZE-TAECATRIGEBAE &L, LE&‘rLﬁ'%ﬁklﬁﬂJ:ﬁ&E%lﬁ']ﬁﬁEﬁ%"i
BAVE

int myvVar = 0:

if( threadldx.x % 2 )
myVar = threadldx.x;
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= mpld . YERIEAEEMRGTH, RETRESINAEASHRGE, BAH
Ko | A LS o B R & thif(threadldx x % 2), YA EESIMRREIITX LIRS, BEE
Bl S PATIE (R, MR RGEIT-KIES, MiLMRREAFERITH, X
Fp A 00k PR A 4R B2 & B (Thread Divergence), {EIEFAIIEE A, KiHI o LR A E/REEL
B TEmRE, i b hira s,

{HfF__syncthreadsOf§ It , £ % B LAOSE A SeiEE, CUDAZEHHRAMR, BRikL
FEderh A B EAST T __syncthreads(), &N (LR FEIT__syncthreads()Z fa 45
4. WA, R __syncthreadsOfI FRE > L, L L& 28 kw47
__syncthreads()., BHt, BTEWMRIEEKBENIT5E__syncthreads() 5 A RESITIE EAYIE ),
BRI R X S R R S . —H%. —HS, AAMEETX,

Bk, mREAFSH ARG SR __syncthreadsOIABAITQORBRRS, A EMA
cachelndex K T &% T iV R $f kL A ANBEI AT __syncthreads(), XM BER, HA
GPUE SRR KIBEBA S R ERFE,

if (cacheIndex < i) {

cache[cachelndex] += cache[cachelIndex + i];

__syncthreads();

}

LARANERA TR, B2 __syncthreads()& —FEKAIHLE, EREFR AT
ARFHREREHRMER, BEHTTRSHAEERIMER, RONEEREMBRE/ O
£ 3

533 ETHEAFRLE

KNCLFR 7 aTUUE R = A F1__syncthreads i i (R 538 /E AR LR 17 Z Ak 225k
., ATIREPITEE, RTRESEE XM __syncthreadsORYIHH, AERINTEEF—1T A
F{f F__syncthreadsO A REIRIE IEFAMERI BEIE /R 6, AL UM HER, URERSE
__syncthreadsQB A4 tHEE R . FLUEM, ROV RS ENIEEN.

main() i 8 5% FGPUMIulia/m B 2L, Adix —kEMNEFE B D BN EE .

#include “cuda.h”

#include “../common/book.h"
#include “../common/cpu_bitmap.h”

#define DIM 1024
#define PI 3.1415926535897932fF

int main( wvoid ) {
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CPUBitmap bitmap( DIM, DIM );
unsigned char *dev_bitmap;

HANDLE_ERROR( cudaMalloc( (void*+*)&dev_bitmap,
bitmap.image_size() ) );

dim3 grids(DIM/16,DIM/16);

dim3 threads(16,16);

kernel<<<grids,threads>>>( dev_bitmap );

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),
cudaMemcpyDeviceToHost ) );

bitmap.display_and_exit();

cudaFree( dev_bitmap );

}

HJuliafmfl—#, BIMEESEL - T MHIETRGER. /M KEBEMANE—FF
LR RS P BExfly, IAIFERUTEE MR RadmERE, R
KRR —A 4706,

__global__ void kernel( unsigned char *ptr ) {

// $#threadIdx/BlockIdxiifF|{@Er &
int x = threadIdx.x + blockIdx.x * blockDim.x;

int y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

HTFHER AT HEAFZPERRFUHRER, ROFEHT -1 RBE, £16x 16MI5
B e/ B EZZ N KR EHA AR E.

__shared__ float shared[16][16];

RiE, BrEBRESUREE—NME, HHERTFEIZGE S,

/ BEWHREAE EAE
const float period = 128.0f;

shared[threadIdx.x][threadIdx.y] =
255 * (sinf(x*2.0f*PI/ period) + 1.0f) *
(sinf(y*2.0f*PI/ period) + 1.0f) / 4.0f;

Blg, efisiox iR an g, RExmyrydkE:

ptrjoffset*4 + 0] = 0;
shared[15-threadIdx.x][15-threadIdx.y];
ptr[offset*4 + 2] = 0;

ptr{offset*4 + 1]
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ptr[offset*4 + 3] = 255;
}
MR, X RAAERE, RMIELEH T -THENREHKTARAIMNE ., ERiFHE
X M ZE s, HmiiEs shaE K.

ES5.5 TEAIE#ESE T S0 HF

XHRRAETL0E? NBEANZTHX A REE, RATECL2HKE TH, £EREH 2
BT A EEMED A, YEEHFshared[I[IFAIH RS RRAB G E 4, ARSAH
shared[1[1AVE R ATREID R A TS ARIE. MAOGX Fha 8 1 & HBLATME — 77 5k 2 1
__syncthreads(), % ffJH__syncthreadsORYES Rk L 33| — sk AR E R, T TR ER
2378

BARTEXNEBFPHEAER™EER, BuRVHEBFOUEIESEE, L& RN
W EE KM,
BRGNS, BRNTFEESALTAE SIRBULENFEZREM -/ FE 48,
shared|[threadIdx.x][threadIdx.y] =
255 * (sinf(x*2.0f*PI/ period) + 1.0f) *
(zsinf(y*2.0£+*PI/ period) + 1.0f) / 4.0f;

__syncthreads();

ptr[offset*4 + 0] = 0;
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shared[15-threadIdx.x][15-threadIdx.y];
0;
255;

ptr[offset*d + 1]
ptroffset*d + 2]
ptr[offset*4d + 3]
}
FEFBN__syncthreadsQI FJG, 1Bk oTLARE — MMM R GFHNE X MEXRR
AR EFEER), WES.6FR,

won n

ES.6 R T EMIEL 258

54 XKEBBING

Bl 15l T anfal i e 2 Beidt — % oy WA E /DRI TIIT RIS, ZFTTIRIT R TR Ak
. BAVEE T HE4EROREMMAEA, HMB T LHERRERRN ML, RNDE
HT —RLGaBHRE, AR MATEE A ZNFRE P R LB ER ., X ARG T
i xGPUL CPU T HMEMNMISE AT B . &, RIDLEH T 2 2R E 20 &5 B B8 AR
(i)

RE2% 3] TCUDA CRIAER sy A E, ES5RECHERLHMEMREIN, BEKREH
FHERAER . SE, RTUAEERY 2@ H @A, Ll R P «] fE 7 2l it CUDA
CHIHATSR B MR, BEE G H R —FRAES], R FEHCUDA CHIE L IhRELA R 1
GPU LB & FES, BINE 4% > BICUDASR i) — L W B R API,



B6E
BERAFSSEH

ENAEIRECEFRT o THE AGPU LM T KL, WA ZFE T
o T A R AT BAL SRR RATIE R B, HF L Lo oL K BAZR A
FAEAL, b, REAH ThfTAXEEAZMAFEELER Y., 12X
ABGAFHAMER, (RTHELEHH T, CUDACERELSHRA
e,

ATHNMBRLF—X 2 FANNE, Lk, LAFTGPU LM
N A ERFiE B RAZARARAT, KNEFRAY—FAARK: FF
M # (Constant Memory), #uok, H AL A2 —443% RCUDA CH A 42
Aikegy ik, AXANTAEPIREF D BTl d FHARSCUDAL A
A2 A6 fE, B B FH ik, RT U E Ao R R AZ A 09 X A5
BRATFLFRMERRA (REMETH),
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6.1 AEBFrR

Mt A ZENE S, RALL.

o [ H#4n{AfECUDA Cr fif F % &N TF.

o TRREE BATFtERERE .

o “E 2] ARl { I CUDA 85 {4 e 1 8 3 i B2 e 9 HERE .

6.2 BEAF

Zhi, JNE2ME TCPUh R EH B ABCALEAED., FE L, ERZ MR TR
P02 T NI AERR S anfel fE B AL B 28 BTl MiFR. HTEGPU LR SHEAE M 7 it
Faoo, WILERmISEF AT E T Ot Rat &, mEsE PSR MANfERE, mt
LS Las TIEY SHOEFERRT (ALU), FEA I A KR r0 R 3 3 k4
PR SR LE R AR, L, QB ERFR — e F Bk i R i A Nl 15

FHATAIE, RACLHFH TCUDA CEFhAIUERERAFMIEENT. RE.
CUDA Cih&# 5 —FEBPINT, BIFEREAF, NERAFNZFRATLARL. HENTH
FRAF R ABPITHIN A 2R EEILAEAE. NVIDIATE (2 T64KBAYH &AM, I Hxt
HRAFERRT A FhrifE 2 RAFACETR, EREWHLH, AERNERER2 RN
AEA RO L NI,

6.2.1 RERERE

FAVFA H A FRAYELRIRER (Ray Tracing) FARFRE, FFAEXA R Il
R RANG. Wk, RIVEMEREREN S iR, wRIRELBE T & mEzn -
YIRS, WL AT LA E HEBKR6.2.275,

Wi, JELRBRER RN MR R AR CERRE—FE A, K REFE, XA
RGPUMIZIFE 47 HIRITiE %M, X 50penGLFDirectX LI M HER AR ? Bth
GPUWy L REMRUAAR A )&, {HENMERARE —MFRZ AWML (Rasterization). YA,
FE2EXBHEMET AMEER, RREXBELRSZNE _ENES. EATLIR, EMERR
A [ [ R ) 7€ 4 AN [R1 R 5 i

M2, SERIRERANGIN =4Ebh S B b — ok “4E QR RIMMES. EHRHPERE -
B E-SREMAIL. XERFHLEE - MEEERERAERER, FHEE T Hw 5L
et A PLX RS, FRPMENRES G ERSIESA FHENSEMERE.
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hTEEREPaPAE TR A SR PAEERMUE, FUcHcmiEm 7RA SRR
KFREEFSHEAN., BWRER, FE2REMEAEHFFENRE, MEBRMNZBRFELH
—HEHEHEAGRT . KBIMHER, SMEEQOTAHBR—A WK™ HRAORE. FH6.11L
T X ENBET BB HEA RIS RATE.

WERG R

“HEE R
BEMR

E6.1 —FhiE AR BRI

FMBRE AR FEP R LA EEFLG R, ERLKGPE Ok, BEHEX M ERE
PEe, RAMMERFEH "FE™ XMk, FRECHEIDENSERIZEEMEE, X
LMEFAIRE S HEFR AL SR P WEIHEHE.,

TEE AR IREEE R R, SRR R RO AR A L. M B WA ik RESS I 5t
gk, XPFAER k£ (Secondary Ray) Fn—=ik§£k (Tertiary Ray) %%, H%X L, XiE
RHEMEBEARS| DHIThEEZ —: KREXWRLREBSLRESN, MBEFEMIE, BT
CATE £k PR 2R 2% rh 4078 W 4% A AR IR R LA s FOSE Y B R

6.2.2 #ZEGPULLMALIRER

i FOpenGLFIDirectX SFAPIER A2 & (104 T LB EBRRR M i TR, BB F A2 20 (5 F
CUDA CHEBAEANINCLLIREREE . TAVHERIVE LR BRER AR H 8 8, X #E AT LUK B AR (e
NFERIE R . B, AR ORA 2 TR BRI R — e & ERs, Ba_grn
R, RATAIELIRERE At — A B E R NS &, HHRVUEEEZH, #m R .
BES, AT AR R AR IRBE, B RS R A E et BB
BE, mMARAEIREAYE —-THEHE, REMREMET R, Wil et amnE
MIEE.
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W2, FEMRERRELIMPLENRE? EHMNENRRRA L, HHREXERLS
AR EBLEERTE . Uk, EEFHEAE AP RRE., S—EXETL L RKEM, RAfik
FTARDLAERE A SHET]. AW “HEMERSE" JICHILELIRRTRRER.

it MRS RN, SRS A T REM D OB (x, v, o), B
radius, LIREIGE{E (r, g, b),

#define INF 2el0f

struct Sphere {
float r,b,g;
float radius;
float XV, 2;
__device__ float hit( float ox, float oy, float *n ) {
float dx = ox - x;
float dy = oy - y;
if (dx*dx + dy*dy < radius*radius) {
float dz = sgrtf( radius*radius - dx*dx - dy*dy );
*n = dz / sqrtf( radius * radius );
return dz + z;
}

return -INF;

}i

BNERERSH, EXMEWPE LT 44 ikhit( float ox, float oy, float *n ), % FH 4
(ox, oy) WRFHIEL, XNTHEHITEALRT SEXAREAELZ, ML EREHEL,
BLXA T EF T REMAE LA PREEMER. RNFEZINMEE, FREMT LR
BT . Sk 2ABRER, AR RZIILCHAILAVRE A SWEE L.

main() & BOEE T SHTI R FR BRI R RAS S5

#include “cuda.h”
#include “../common/book.h”

#include “../common/cpu_bitmap.h”

#define rnd( x ) (x * rand() / RAND_MAX)
#define SPHERES 20

Sphere *s;
int main( wvoid ) {
TEARTE 3ty
cudaEvent_t start, stop;
HANDLE _ERROR( cudaEventCreate( &start ) });
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HANDLE ERROR( cudaEventCreate( &stop ) );
HANDLE ERROR( cudaEventRecord( start, 0 ) );

CPUBitmap bitmap( DIM, DIM );
unsigned char *dev_bitmap;

/7 fEGPU Loy BEATFLATH Rk i (i B

HANDLE _ERROR( cudaMalloc( (void**)&dev_bitmap,
bitmap.image_size() ) );

/1 HyspherefiR % BN

HANDLE_ERROR( cudaMalloc( (void**)s&s,
sizeof (Sphere) * SPHERES ) );

73

FROVABMANEIE & T AT, XEEIERE— 1R aYSphere$4H ., BT Sphere$ifi
P7ECPU B A i F7EGPU L {#E R, B #4144 % 53 51118 B cudaMalloc() Fimalloc() fEGPUFICPU
EolitNTF, RINMEFESE —RMEEEKR, MEGPULITEX&RE kTN, HHTRESER

I @ S A TOX TR E R
TEorf i AR H BRI NG, BOVEMEL A BRI A b0 855, BIELUR
iz,

.

/71 srRIEH AT, *ELmEIE. HEHE
/1 GrPU RMIATE, HREBEIEE AT

Sphere *temp_s = (Sphere*)malloc( sizeof(Sphere) * SPHERES );
for (int i=0; i<SPHERES; i++) {

temp_s[i].r = rnd( 1.0f );

temp_s{i]l.g = rnd( 1.0f );

temp_s[i].b = rnd( 1.0f );

temp_s[i].x = rnd( 1000.0f ) - 500;

temp s[i].y = rnd( 1000.0f ) - 500;

temp_s[i]l.z = rnd( 1000.0f ) - 500;

temp_s[i].radius = rnd( 100.0f ) + 20;
}

MAT, BAFEER TS0 REmMABEILEAE, B HERELE L —Hdefine 5 E

R T AR Lot (o U R
i it cudaMemepy 41X 1 ER TN BL L L HIFIGPU, AR 5 Bl 22 i X

HANDLE_ERROR( cudaMemcpy( s, temp_s,
sizeof (Sphere) * SPHERES,
cudaMemcpyHostToDevice ) );
free( temp_s );

BUE, SABIEGITGPUL, HHRBMNCLAMEBIRB4F T30, FILATLLEsh @ .
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/1 WERTE B b A SR P

dim3 grids(DIM/16,DIM/16);

dim3 threads(16,16);
kernel<<<grids,threads>>>( dev_bitmap );

AR R A S, BT UR AR AE X A R Bl AT R BR ER L B N ALY
—HIREFAFENMEFTREOCKE, &5, RIOECH Y EGMAGPUREHER, HERE,
Lk, BIMEEBRFACS o RESRERIANT.

/7 5 EMGPUE | E BlCcPULL R %

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),
cudaMemcpyDeviceToHost ) );

bitmap.display_and_exit();

/] BEHNTT
cudaFree( dev_bitmap );

cudaFree( s );

}

A, FiAXEREXM R MIZRART., 2, mfscBE&RERE? dTRMNE
SR T —/MEFERADOLRMRERRTY, FEREERERRRES T. 81/ 2EBE AW
HERPH - MMERTEMEE, RHERMEFE—-FRANGX, HRESEEXMRAIXER
Fysdsdr, HEREEFH LT RS HEZP K PORE. P, RIDDHEBRRELRE (x,
y) fmEEDIM/2, X iz erid MEBRMH.O.

__global___ void kernel( unsigned char *ptr ) {

// $threadIdx/BlockIdxikif & ElE

int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;

int offset x + ¥y * blockDim.x * gridDim.x;
(x - DIM/2);

(y - DIM/2);

float ox

L.}

float oy
T8 & E T E RN SERE AR AN O, BRI X Bk S A AR, 0T
AR AR E L.

float r=0, g=0, b=0;
float maxz = -INF;
for(int i=0; i<SPHERES; i++) {
float nj; )
float t = s[i].hit( ox, oy, &n );
if (t > maxz)
float fscale = n;
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r = sg(i}.r * fscale;
g = s[i].g * fscale;
b = s[{i].b * fscale;

}

}

B, FINTARZS A A RIGEE S EforOER . MMM ARREETER, I
VA Fhit() 7 i e FIWT K B @ RAOOEE RS BRI K. amAtKdrh T ARTAVERE, AL
LI Ay LB SARPLZ AV R T L — Rk dr b (URE B E AR, AR EINEE, B4
BV A BB B RAF BT AR ER T . Bho, TR RAXAREAGIEE, IHEZER
g, SRS MESHIEBEINREMHEE. B TEREMRBERHIES “HH”
e, BB ENBEE, FiXMEpiRTEmRHEROEPX S,

TEFIWT T EREAIAR AR OLE, FTDAH et e (E R A B HE &+ . TR,

(int)(r * 255);
(int)(g * 255);
(int)(b * 255);
255;

ptr[offset*4 + 0]
ptr[offset*4d + 1]
ptr[offset*4d + 2]
ptr[offset*4 + 3]

[/ R ]

}

R, AR G R R (TERE, BPARIEMIB e (4 Rt e, bRIgRIMELIE. TEATRBI,
r. bR AR E 0, F R R B (Ral Lo S L A R F e A 5
RG22 W T — MR e, Hhasl T204 ki, HAFEHEE,

F6.2 JeskpREr T IR HE
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MFRIPEILIZE TxERERE, MEmA)h, Hit, mREEEE N 5 EHE
@ H AR, AP Ad 2 ER.

6.2.3 BEEBAFRIIALKRE

RELEES, EXMTELKREROFHEERATRAF. BE, BRIEATEANTE
Bt X ARG, BTERNFREAGEER, HERALTERTENFRRTFRHEROKE.
EXRBIR RAE - RARE, BERmEA, B2 SIRREHERAE S,

HEAFMERALTESHENFLEUN, ZEREENT, BERBPEIHRTE
XEES BB

Sphere *s;

1 /& 7E 2% & A N _E__constant__ &1 7F .

__constant___ Sphere s[SPHERES];

HE, EROAURGH, RS T 1488, 25t cudaMalloc()k A5 &2GPU
M. SRIMTFLBECHFERAGH, REEHIASRESHEEBEAF RSB REM.
EMABFEXM R E41E HcudaMalioc() 8 # cudaFree(), Mi&fE&IFH AX N HARZE 1
BEHIKRAN, X3FZ AR RSN, EAYRANFEBHRERORT. Fi
HESBHERAFEORS, HEYEEREF WA HFmain() & KIE50HEHE RN

int main( void ) {
CPUBitmap bitmap( DIM, DIM );
unsigned char *dev_bitmap;

/1 YEGPU L5y BRATFENHHEAR £
HANDLE_ERROR( cudaMalloc( (void**)&dev_bitmap,
bitmap.image_size() ) );

/1 srEiamMNTE, XMEmiait, HEHIE
// GPULMIANTE, PATEREIIEN PMTF
Sphere *temp_s = (Sphere*)malloc( sizeof(Sphere) * SPHERES );
for (int i=0; i<SPHERES; i++) { ’

temp s[ij.r = rnd( 1.0f );
© temp_s[i]).g = rnd( 1.0f );
temp_s[i].b = rnd( 1.0f );
temp_s[i].x = rnd( 1000.0f ) - 500;
temp_s[i].y = rnd( 1000.0f ) - 500;
temp_s(i].z = rnd( 1000.0f ) - 500;
temp_s[i).radius = rnd( 100.0f ) + 20;



}

$6E FEAGFSEH

HANDLE_ERROR( cudaMemcpyToSymbol( s, temp_s,
sizeof (Sphere) * SPHERES) );

free( temp_s );

7/ MERTE 38 b A — gk [

dim3 grids(DIM/16,DIM/16);

dim3 threads(16,16);
kernel<<<grids,threads>>>( dev_bitmap );

/7 54 EMGPUE il BICPULLE A

HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),
cudaMemcpyDeviceToHost ) );

bitmap.display_and_exit();

/] BHAE

cudaFree( dev_bitmap );

77

X BRI RARE L2 T ZaTmainORY K, EEMEATEREIAT, Xmain()®$ATE
2z — iR AT E VR AcudaMalloc() HBRE B £ ALz MR, FE T HEEAH T 5 — k.

HANDLE_ERROR( cudaMemcpyToSymbol( s, temp_s,

sizeof (Sphere) * SPHERES ) );

LNENNFEFIBIGPU LRI E BAFE, HiFEZEEHXA AR AR cudaMemepy().
cudaMemcpyToSymbol() &5 £ ¥ hcudaMemcpyHostToDevice()fcudaMemcpy() 2 [ M — 2 5
f£F, cudaMemcpyToSymbol()& & HF| # &N FF, MicudaMemcpy()& & HIF 2 BAFF.

B T __constant__f&IHFF AR main ORI P AL &S 2 o0, AR DA HEERY.

6.24 FEAFHRNMERA

__constant__ B BAITH A PREIH Hik, 7EE2Z T XMHRGGE, RINESLREGEMER,
EREEER, SMNERAFFIEREEHML, NEEAFEFIREBHERENEIE LGS RN
%, FEFHANER:

o X EAFRIERKIEARE AT LA R KA “4E (Nearby)” 2682, XH 1L 15RIEER

BRIk,

cHEAFHEIEHETER, EHHENEIEFESIRRIERA S LB ONFR

{giﬂ

CEBET XA E R4 BEEXAFE, RNTFEMBELER (Warp) B,
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X EE “Warp” AR (RFRXAM) ERFE K% (Warp Drive), ik H %4
(Weaving) Gisite, XBMRBERSZRAMTEERAEMX R, ARRTUERLE A
SRl R AT RN — /8. ECUDAZMh, KBRER - 1TEERIEKENES, X
MEREAYE “REAE " HHLL “HIH—3 (Lockstep)” MR IMIT. ERFFHIE—1T,
SERF P BN LR ERRAEE ERTHRNES.

HACERH RN TERT, NVIDIARE (58 R AR BURIE #3188 K (Half-Warp),
EFEBERPEETIOANSE, WAERPRELEN E. WREEKBRRPOEN KR
W R FRAMERE AL EIRREBUE, BPAGPUR &7 A — ki g R IEERE 58 5 il #E 3)
TR, MBENEENFHIERKRENEE, BaXH A" ENANFREAZERSBATE
BHEI1/16 (K£96%).

(BAERREBEAFR, FHLONHFARTED TO4%HE., O TIRAFHAETELS S
KA, SRR AiEX 1 H R BARE FEGPU L, EE—KMNEEAFIIFE -
A, YRS RTERE ML, B2 ah g, KRR TRIMIA T .

ERMNAELIRER R, R B R EUER T A9 AH BB R B 5 ARSI L.
EfENARFEICHHREARBRFEFTENTE, BHEATFTEFRINME K. ERTFH
e, KB TEERAZTENTFRRE, FEAM:

o ERERRFIE P SRR AR X B
* WHBATFRTFHIEIEHE.

PR, MERWRAFR, dWealEXtERE™ £ AL, FREREHELR EE—E
W&, BRARAIAKBREEBHEREAR, XA hEEAT MR KR FHHERE, ([H24PTH 16
T BRI R LR, E%h LA PERMERE.

RA S SRERE AT EMFEERG RN, A EREX A IRRURE BRI, &R,
PR, ARELBRRPAA I RBEFZRE RNFERARRBOEE, BLX/16RAERY
BRI S HE 7L, WMHEE 6FRIRE R HER. (HmRN2RBAFHIER, Baixie
iR &R AL, EXFERS, AERAFIRREHETALRBNFERIER.

6.3 {ERASHRNSEIERE

FEFC o FRAR T BN TERE AT RETT & IE T SEM, th el REHF K AUBTRCIA NS , TRE 2 E R L
BRER G EUCHE R E RN, BR, WfHlr s RN R s i 2 RARN? &G &
i bt 2 — gE AR P B X AR MBS RRA R AT ] EEE? FATTLAE FICPUSRE R IE R 4
R T, (EX R R EFIER (RERERKKRINE, &8 ECPULTH B AtES
FiE). B, HGPUBRESEITH, RITETLAEEI LR P HHITHHE., MRxEhia
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B (] B — 5 R FHCPU K H B EZHA ERM LS. A T HEGPUEENES EIETRAIE
fal, F&A 14 FICUDARY 3 {4-API,

CUDAH fyH A JR L& — /4 GPURF A&, x4~ ia] B2 72 1 P4 2 098t ia) s Eig iy,
HFGPUA B FFFic st A @, bbbt % T 24 (F FICPUE R & sl 48 it GPUATT AR [ B w] HE
EFIE L M, XAPHEHERRRE S, FARS - AMHEBRAFER PR Held
—AHE, REICS—1FE, B, EXREARMIFL, FKINTEIFCUDAZTHICT 2 Hikt
i, HEIE—-/IFHME, KRiicFaXFH

cudaEvent_t start;
cudaEventCreate(&start);
cudaEventRecord(start, 0);

FRAFERES, YEiFsTMidKkE Gstantbh 45 E TH A%, Earmarfd . x4
BHA0, ZNMBEYUNFAEE, HHEXBERETHE. WRIRBEGFT, BLTLIER
{f1isHigif (Stream) W FE 45X 4-54.

- BB ATE ], A {REE M iEn# M, CEER - EREN,

GPU 4T EA THERE, Tl 1A (NEL IFCUDAZfTRHO F S A ], B EIoFE, Kﬂﬂfﬂ:
cudaEvent_t start, stop;

cudaEventCreate(&start);

cudaEventCreate(&stop);
cudaEventRecord( start, 0 );

/1 {EGPU L#hiT—LET{E

cudaEventRecord( stop, 0 );

SR, 24K kﬁﬁ_‘iﬂééﬁﬁGPUﬁﬁgjﬁ’]ﬁkﬁﬁlﬂlﬁ MR, B e XA ]
B, RE—-TRE, BEFEMXTREET LR, EEAFFN, REAMERE ST
fECUDA CH#iTHIFE RS B HM . Blan, X B3 t&mertnZ @i, GPU A
fTRES, {A7EGPUBITRE ZAT, CPURAREHITREFHAY F—fTH8S, MERIAERE, X
RAEE TR, HAXERERITUAEGPURCPU LREIMEITIHE, BEMNEHEES FEEH, X
PE e TERMEmIE 2.

{1 i%HfcudaEventRecord O A — FR il 2 4 AT WAV 6, JF HAELX K IE @K AGPURY K
TR LIESd, Eik, HFIGPUTTE T 7EIHHcudaEventRecord() Z ATAIRT B 1B N, FfF
A SR TR, Hstopd kM ERAYRHA EZ2RNAFLEN, BIYGPURK T ZHIHY
TAYEH LA TstopHfEfa, Afei it stophll (i, #@E&, &AMy K&K
CPUE A S ERIZ, X P E-APIEF £ £ cudaEventSynchronize() :
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cudaEvent_t start, stop;
cudaEventCreate(&start);
cudaEventCreate(&stop);
cudaEventRecord( start, 0 );

/1 {EGPU LinfT - £ T AR

cudaEventRecord( stop, 0 );
cudaEventSynchronize( stop );

FE, kflcesiFsirHMEFHNERD, HEGPUMITH KstopE M., X4
cudaEventSynchronizei A, Fefi 15 Estop ik Z AT EGPUL 25k T, EikarLL
EAMIEE Estoph R AR B, A EENLE, HTFCUDASEHEHEZAEGPU LLEM,
R e AT A& BT 3 B & iR 4 AR Rl EHLICRO AR & RIS TR . sk Rid, wfiRiLEE
T CUDAS 3 sk 8OMIZ &N E L 2 Sy RS TR, R B AR RAEE R,

) 8 5t £ IR R 2% A0 M AE

A TRICERBRER TR, RNTFEE B —MREFER - DAEREE. TRHRE-ITX

P HELRERER SR . H PR A (E R R

int main( woid ) {

ARG

cudaEvent_t start, stop;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE _ERROR( cudaEventRecord( start, 0 ) );

CPUBitmap bitmap( DIM, DIM );

unsigned char *dev_bitmap;

/7 {EGPU L hMtE fF 8 2 Be M 7T

HANDLE_ERROR( cudaMalloc( (void**)&dev_bitmap,
bitmap.image_size() ) );

/1 JsphereSUiRRE S RAT

HANDLE _ERROR( cudaMalloc( (void**)ss,
sizeof (Sphere) * SPHERES ) );

/7 srEERERTE, MHE s, HEIE
// GPULRINTE. MREEHEIEH A

Sphere *temp_s = (Sphere*)malloc( sizeof(Sphere} * SPHERES );

for (int i=0; i<SPHERES; i++) {
temp _s{i].r = rnd{ 1.0f );
temp_s[i].g = rnd( 1.0f );
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temp_s[i].b = rnd( 1.0f );
temp_s[i].x = rnd( 1000.0f ) - 500;
temp_s{i].y = rnd( 1000.0f ) - 500;
temp_s[i}.z = rnd( 1000.0f ) - 500;
temp _s[i].radius = rnd( 100.0f ) + 20;
}
HANDLE_ERROR( cudaMemcpy( s, temp_s,
' sizeof(Sphere) * SPHERES,
cudaMemcpyHostToDevice ) );

free( temp_s );

/7 AEK SR e SR [

dim3 grids(DIM/16,DIM/16);

dim3 threads(16,16);
kernel<<<grids,threads>>>( s, dev_bitmap );

/7 4 E M GPU_L & R 3 B
HANDLE_ ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),

cudaMemcpyDeviceToHost ) );

f/ SRS HIET A, R ORISR
HANDLE_ERROR( cudaEventRecord( stop, 0 ) );
HANDLE_ERROR( cudaEventSynchronize( stop ) );

float elapsedTime;
HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,

start, stop ) );
printf( “Time to generate: $3.1f ms\n” , elapsedTime );

HANDLE_ERROR( cudaEventDestroy( start ) );
HANDLE_ERROR( cudaEventDestroy( stop ) );

/1 BafitE
bitmap.display_and_exit();

/1 FRIRAAF
cudaFree( dev_bitmap );

cudaFree( & );

}

TR, IROTER TEASYMYIE R, 43 #cudaEventElapsedTime()ficudaEventDestroy()
cudaEventElapsedTime() & ~ A~ T RE %, ARITERIBHEZAZHHME, BS540
WAE S AL, XS EPBE &R 2L HIEE, i hZER,
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TG, .";}’-"Eiﬁfﬁ?cudaﬁventDestmy(J%iﬁﬂs’é"’*’ 1. X424 T X malloc()4r BLAI N
T8 Hfree(), H 434 cudaEventCreate()E}&f i —/~cudaEventDestroy() & FE AL JE R T IAY,

T 346 X AT B TR A7 RO JCER BRER 2 EAT LHM

int main( wvoid ) {
/1l ]
cudaEvent_t start, stop;
HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE_ERROR( cudaEventRecord( start, 0 ) );

CPUBitmap bitmap( DIM, DIM );
unsigned char *dev_bitmap;

/1 {EGPU L b4t G 8 s BN 7
HANDLE_ERROR( cudaMalloc( (void~*)&dev_bitmap,
bitmap.image_size() ) );

/1 srEcifsst R, AR, B
// GPULEWINTE. BRIFEERER:A T
Sphere *temp_s = (Sphere*)malloc( sizeof(Sphere) * SPHERES );
for (int i=0; i<SPHERES; i++) {

temp_s[i].r = rnd( 1.0f );

temp_s[i].g = rnd( 1.0f );

temp _s[i].b = rnd( 1.0f );

temp_s([i).x = rnd( 1000.0f ) - 500;

temp s[i].y = rnd( 1000.0f ) - 500;

temp_s{i].z = rnd( 1000.0f ) - 500;

temp_s[i].radius = rnd( 100.0f ) + 20;
}
HANDLE_ERROR( cudaMemcpyToSymbol( s, temp_s,

sizeof(Sphere) * SPHERES) );

free( temp_s );

£/ MR BdE o e e (7 [

dim3 grids(DIM/16,DIM/16);

dim3 threads(16,16);

kernel<<<grids, threads>>>( dev_bitmap );

/1 (I WGP b 52 il Ak FF ki
HANDLE_ERROR( cudaMemcpy( bitmap.get_ptr(), dev_bitmap,
bitmap.image_size(),

cudaMemcpyDeviceToHost ) );
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HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );

float elapsedTime;

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

printf( “Time to generate: %3.1f ms\n” , elapsedTime );

HANDLE_ERROR( cudaEventDestroy( start ) );
HANDLE_ERROR( cudaEventDestroy( stop ) );

/B
bitmap.display_and exit();

/1 BN AR
cudaFree( dev_bitmap };

}

MTE. AEAVSITXANRARCRRER S, # ol LASTEGPU L5E sl MR TIER] 154
AR, X IRENT, SIAREATFEIRTE HEFIEEL R FEIEIERE. E1X BRvfEoLS,
(i A AR KR T RE . FRAT7EGeForce GTX 280 il fT T560e, scasb &0, (#
E EA AR SR ER S AU MERELL 6 Fl 2 RN TFRIMERESR T T50% . & AEIAIGPU L, {RiF3
IR RATRER AR, (H (8 55 B A (7 A 2R BRER 88 I IZEL 1 (3 FR R R R 78 AY e it e
HEFHR L,

6.4 AREBBING

B T 5 A Y R 2 RN AF R N S), NVIDIARE L fit 7 3 g 2K Ry i 77
AR, SRR RE RN, WEATFER RG], [HELelfiih, ERF
RATERHRTT AR FFRIMERE . SRR, JERE R RIBT A SRR UG A H R AY HOREERT, A%
A EUMIYERER T . 0 X B T o) BE b (6 R A AT LA A 9. A OUR B A
AT DA IR (EEE B R i, MATHAESH LRETHREAGRT. EIF 2
Rk, WA — RN, R A — ek o X R oL 2 AR R A TR

FZARATF 2 T anfiifd CUDA S (4 fFEGPUIA T IL FERU AR E I %1 L id it &, FEI T an
A FCPU L GPUTE A3 L[] 2, DARARTH BRI F 2 W 22 DA , Fel kit T —
Fiv A i ok LR R R AS [A] 2 R By P o o TP RO ER BRERER ET M 003 IR 22 5, RIS IR, 3T
AEEALRGIRE, (EHE ENFR D TR T,



BTE
NEBEARG

LEFIFEALE, KANFAET AN TR TR A XAHHA L1
KRN RAALAFGERE, KNLFEI ToolTaEFHERA, ABHRA
MRREF LR SEA R, AAFY, ANWEF I iToRf kAT
A4 (Texture Memory), FeF EAH—4, KT AHFR S —F LA 2%
b, A FEBRXT. SENARHRSRAMREHF K NE5AE,
EREBAALRMAHNEANBN LR AAA ML, fALs
GPU# R 5 MA2 4 ¢ B AF4EFA A,
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7.1 KEBHF
it AT, (RATLA:
o TRECRMTEILRERFIE,

o THEn{alfECUDA Crp (& Fl — LR N 7.
o T fRan{AIfECUDA CH { i #4008 N 77,

7.2 LEBAEEN

fEik TARFF RN, IRAKELMmIE TSR IIRE: EAKLEECUDA CR
P A B FRNT, REEEA TERRORENSRAT TR B, 8
H 8BS AR LA R BT LA T8 M. BANVIDIA%OpenGLAIDirectX H i e
HABABR T TSR, (BERN TR — RIS E L Wb B @A .

LERAGFEUNE, SBAFRESZFESH £, BIEXEHES, ERBEAMA
FER G R IR E S RANFHE, QHEETFESF TABEEANFREXFHFEREZRRF
4% (Spatial Locality) MBI M HBRFMIZIHN ., EEMIAEHARF R, XE®RE-1%
RIERIEARES &P IRIRAIE “JEFEE™, w7150,

ﬁﬁl’ﬂ I T—

BB ————
RO Lo
&Ez 0 /———'——"

P

BEy ————

E7.1 FREBRME AT

MECE B RE, ERRNAba SN, £ ROCPURHFRRA, XEILHT
&% 1. (Bl TFCGPULIRETF R 124 T Inisak #h i R B i iHAY, PR an RAE X T s UL
{ERBEEAFT AR RN, B EERERA. FX b, XFihREEA TR+ IHE
FW, ®MMEH2FEL
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7.3 HESEI

Ay FR A AL ] o R AE LI b B BBk AR A 2 — . X R E AR ESHEE
et EAAEREFRE ., TRk, HRVBHIEE G ESE, XERARE ELZHA T
TR EEM AW . MiX EREIHTH RS RNFL. dTFSYRENHRHTURES
i, BRI EX ARG A BB R R A,

7.3.1 EEBERERERE

Ay T VB Bl LA S SR A RIS UL, JR( 18 bl — RS " A e AL, &
RBEA - EE, HEE—THM. ERRPREILRS % Bl eNgELF
MIEERE. E£E72F8H T BRRER,

M7.2 -MHAAERE “HRIET 89 5E

TEERSE T A TEAE MILA R R oy A J . FRTAT UATE 3304 0 o 1~ B8 ST Y i RE LI 0 71 25 {4
Bl ATRE, HRIATASNEREBREAE. ERESENSENTERS, BIOREHEE
FA R AR ITZ A “FA" . RES T RTTAREE S, WL RE ML
ZRETHEFRIZE I, MROE, REAS B TR ELSEETHRES, BaeHEd. B
T3 T xR A,

7.3 Bhik A S SR 9T (5 31 T 1 450
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e SRR R, AT T A BTIR R TS B0, HRIT 5 AR TR AR ke K
i ERARE, HRAXWFEXT IR,

FAT.
Tuew = Tow + Z k(Tyeicupor = Torn)

NEIGHBORS
f£ b TR R A, #RKFORELE BRI A E R, KEEK, TRk
G EIRHABIRER B, mik{E&R/b, Wi R B EE R Al T RITAFE448
o (L, T, £, B) HBFXFORT A HE, HLEEX7 VR FHmENXT .2
FiR.

72

TNE'W = TOLD + k{ TTOP + TBOTTDM + T:LEFT + TR!CHT - 4TOU))

IR FOT AR ER R B —#E, 7 SR AREE X AR (FL b, E5KRH
B LA ERIZ) . BAVRKIFE M TX R, o fF B AOEE B R RIEAR L.
Ei, iERIIEER MTEGPU LI ERT 2H I EH,

7.3.2 REEHNITE
RAVHIE KA 3 S IRA AR AT, 1502 11 B R RRA A Ar 43

1) % —A> & Wiai AR BEATRE I, 4 3 o 1 S0 B IR i 81 5T IR BE 1 5 130 4 K AR B2
Moo, XHEEX SR 2R HAYRE, FhsBaR T A T R ER T X4
A . XA B Hil4R R fEcopy_const_kernel O $1ATHY, _

2) BBE-NRARERR, BIBEFXT29MEFRA NI RS HEERR ., XA EHERME
42 7Eblend_kernel () H4THY,

3) Bk AT A& PO R BERE 22 i, AT — PR EMFES. SEUT 4
ihiml i, 7R PR A LT B A R A R A 2 TR 1 eh A A BE A A

EFEEILZAT, RINMRIZELRE T — &M, PP KL EEE TG EEERZ0, (B
AL m B E TIR0MiREE, XL RTMEMA EERENRE, ERUEES, RopXH
XS BIEA R AL, H BN REZiRE,

WA TR A A SRR BEDT 5K, B SR TRAT AT — e 18] 25 4 L G B e 090 4 1 O 24 Ak
Al F R ARBEAR M . e, RI\PRL, BIEAHRERY R THIER EEE W MR g, N
ifi 7 3 1% L Z AT H R AR B . X AR A A C 2R etk IR 8 TTAYIR B R FF AR
A5, DA R R BoH e 1 e B R T S G A B o
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__global _ void copy_const_kernel( float *iptr,

const float *cptr ) {

// f%threadIdx/BlockIdxi# B{GEMNR

int =

threadIdx.x + blockIdx.x * blockDim.x;

int y = threadldx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

if (cptr[offset] != 0) iptr[offset] = cptr[offset];

%R,

Al ZATRESE EXIERRE. ATAT A F LR AT threadldx FiblockTdx % 24 x A8 fr iy 4
Fr. BZATRED T ARSI A S b X R RS . 7E DAY — 17 i fepuel] h A FA IR 18 B & il S
ipr{JAVMI AR ITH . 8, KA UEMNPRITTHmEEEOR . & SPATEHIRE, &i1x4A
il A T fedrERR AT — A BHE S TS R AVE A . AR ST cptr()h X R TE R
AAETE, B E R EE, iR R ICHREEER RN S PR R RE.

BEZRPEAENUHREES. AHTHMIETEHERE, TUERHERFLE K2
AFHE I, SRR IR T R AR TR EE, RITAEA HYER
SR, ARATEABMNHEEHCRRRE, MR RS RID S5 ZaE AR RAE

__global__ void blend_kernel( float *outSrc,

const float *inSrec ) {
// ¥threadIdx/BlockIdx:§iF| @ EE
int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

int left = offset - 1;
int right = offset + 1;
if (x == 0) left++;

if (x == DIM-1) right--;

int top = offset - DIM;

int bottom = cffset + DIM;

if (y == 0) top += DIM;

if (y == DIM-1) bottom -= DIM;

outSrc[offset] = inSrc[offset]
inSrc[bottom]

+ SPEED * ( inSrc[top] +
+ inSrc[left] + inSrc[right]

inSrc[offset]*4);
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HE, R LS kG ERR PR, RERMEETETRKHED
e, iR TR, e, K ffthreadldxFablockldx ¥4 hx, yHn
offset, FL{E, (RATLUAERE G AR IR AL AE & IMiX L6 RADFT ({HRATHAS HA A B fEBE ST L
HFEN).

BTk, REBEHREHLE, T, £, AU SERCHREBIFRFOXESTHERE. i
FHEXEMARELAM R THHCEREE. XEE -FEXENHE S REEEHRLANE
51, MMTERZMIHEITT EASEE, BJF, EMEMRDTRHT TSR 2008z, HE
kAR BE 51% % TR B TR0 ST IR B AR 24 .

7.3.3 BAEEHTRT
FITHROEERZBFET, KRB IARNDER L. TESE TXBAG.

#include “cuda.h”
#include “../common/book.h”
#include “../common/cpu_anim.h”

#define DIM 1024

#define PI 3.1415926535897932f
#define MAX_TEMP 1.0f

#define MIN_TEMP 0.0001f
#define SPEED 0.25f

EFHERPHRENERE R
struct DataBlock {
unsigned char *output_ bitmap;

float *dev_inSrc;
float *dev_outSrc;
float *dev_constSrc;

CPUAnimBitmap *bitmap;

cudaEvent_t start, stop;
float totalTime;
float frames;

}:

void anim_gpu( DataBlock *d, int ticks ) {
HANDLE_ERROR( cudaEventRecord( d->start, 0 ) );
dim3 blocks(DIM/16,DIM/16);
dim3 threads(16,16);
CPUAnimBitmap *bitmap = d->bitmap;
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for (int i=0; 1i<90; i++) {

copy_const_kernel<<<blocks,threads>>>( d->dev_inSrc,
) d->dev_constSrec );
blend kernel<<<blocks,threads>>>( d->dev_outSrc,
d->dev_inSrc );

swap( d->dev_inSrc, d->dev_outSrc );

}

float_to_color<<<blocks,threads>>>( d->output_bitmap,

d->dev_inSrc );

HANDLE_ ERROR( cudaMemcpy( bitmap->get_ ptr(),
d->output_bitmap,
bitmap->image size(),

cudaMemcpyDeviceToHost )} );

HANDLE ERROR( cudaEventRecord( d->stop, 0 ) );
HANDLE ERROR( cudaEventSynchronize( d->stop ) );
float elapsedTime;

HANDLE_ ERROR( cudaEventElapsedTime( &elapsedTime,

d->start, d->stop ) );
d->totalTime += elapsedTime;
++d->frames;
printf( “Average Time per frame: %3.1f ms\n” ,

d->totalTime/d->frames );

}

void anim_exit( DataBlock *d ) {
cudaFree( d->dev_inSrc );
cudaFree( d->dev_outSrc );
cudaFree( d->dev_constSrc );

HANDLE_ERROR( cudaEventDestroy( d->start ) );
HANDLE_ERROR( cudaEventDestroy( d->stop ) );

}

TEACRD R A TR FHEMHE IR, X 5F 6T LA IRETRH—H . RO ARG
FIfE M S armE AR EHAEE . BT RS LIRS RARITEE, A R a8 hn T & BE
(IHLA A i 5 R B Eh 3R T T PERE

5 [ HE 42 A 45— WUER A U8 iR Branim_gpu(), iX 4> R 801 2 5028 — /45 A1 DataBlock 945 £
UA R zhim .42 2 BBt iAlticks, TEZDEIRGIF, REAREBIREE T2564&E, Bk 7 —116
x 16f ##5C, anim_gpu()H forQOPEFRIT &k ok AR RS B — Bt R 25, JAHE
T3 RAEE TixA Rk, HEE =12 %, fTFDataBlockfl & T R /RMIFHY W 548 ib
X, URELE—-AFRBSPRHRGEMEHE, Rk R rahEmecB8RE, Bl
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anim_gpu()Lbr b HAEE HFicksHI{E,

[EREERNR, EEWHRTONH AL, XA BEHIEAERKRE L, Ml %RE
A, XA BEREFEEE 7R/ A 5 b B E A SR B B, AT D e 7E B — Wi it
Rid2bRY (XHEFBARENE), mREEXLETRUSEOBMHLER, TAL%
BHAE RS EEE R, AL AT LR XA SCh b R R — /B 2

EHE TN A f5, anim_gpuQst 22 #E & 41 4% 24 Al zh i 7 B i & I E CPU, fF
forOEAR &2 b AT, BRI TRATE e A SR iP X Fnf tHEE PR X, X FELES HER MR
schr B B E&F 0B R BRI . Ff 58 8% s $tfloat_to_color()Hfim EHHAME , REH
7% 3L {858 1 cudaMemepy () il @ CPU, 31 & #1049 % [l #5 £ A cudaMemcepyDeviceToHost,,
Ja, hTHE T —RVIERED, TR SR 2 B F 5 AL b X CAE R4 T — A6 R 25
HISIA

int main( void ) {
DataBlock data;
CPUAnimBitmap bitmap( DIM, DIM, &data );
data.bitmap = &bitmap;
data.totalTime = 0;
data.frames = 0;
HANDLE_ERROR( cudaEventCreate( &data.start ) );
HANDLE_ERROR( cudaEventCreate( &data.stop ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.output_bitmap,
bitmap.image_size() ) );

//Ri%kfloat EBFIK/NA44F4F (Blrgba)

HANDLE ERROR( cudaMalloc( (void**)&data.dev_inSrc,
bitmap.image_size() ) );

HANDLE ERROR( cudaMalloc( (void**)&data.dev_outSrc,
bitmap.image_size() ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_constSrc,
bitmap.image_size() ) );

float *temp = (float*)malloc( bitmap.image_size() );:
for (int i=0; i<DIM*DIM; i++) {
temp[i] = 0;

int x = 1 % DIM;
int y = i / DIM;
if ((x>300) && (x<600) && (y>310) && (y<601))
temp[i] = MAX_TEMP;
}
temp[DIM*100+100] = (MAX_TEMP + MIN_TEMP)/2;
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}

GPUSHRERIECUCAL A

temp[DIM*700+100] = MIN_TEMP;
temp[DIM*300+300] = MIN_TEMP;
temp[DIM#*200+700] = MIN_TEMP;
for (int y=800; y<900; y++) {
for (int x=400; x<500; x++) {
temp[x+y*DIM] = MIN_TEMP;

}
HANDLE_ERROR( cudaMemcpy( data.dev_constSrc, temp,

bitmap.image_size(),
cudaMemcpyHostToDevice )

for (int y=800; y<DIM; y++) {
for (int x=0; x<200; x++) {
temp[x+y*DIM] = MAX_TEMP;

}

HANDLE_ERROR( cudaMemcpy( data.dev_inSrc, temp,
bitmap.image_size(),
cudaMemcpyHostToDevice )

free( temp );

)i

)i

bitmap.anim_and_exit( (void (*)(void*,int))anim_gpu,
(void (*)(void*))anim_exit );

B7. 4% TH BRI —ARE, EEEXKERS, FEE R FLER-EREL
/NS, ENETAL T RS MANESE.

E7.4 HhESELZIEAER
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7.3.4 ERYIERE

iR BEEH ARG R R R ER BRI NFZ AR, frm e e, X
B AT LA i GPUSCER N FF R ik . 8Tk, BAi k¥ 1 il fE S AT .

B, TEREAREIEE I Atexwure K RHIS I F, FAMERIEARRLEMSIA, BA
i BE R RIE R KT,

/7 xR R TGPU L
texture<float> texConstSrc;
texture<float> texIn;
texture<float> texOut;

FT-AEEHENREL, EAX A EhK 2B TGPUARE, SZ@d
cudaBindTexture() 43X 2625 AP E BN E X, XA 2 T 4&IRCUDAISITH B - 354% «

« RINFZIHHEENR P EAEAHLERRER.
« RAMALHOHESIRAEALER “£F7,

ERESEUFIRETX=ZANEE, TEHI=ZTAFRER 2= HNEEESI A

(texConstSrc, texIn, texOut),

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_inSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_outSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_constSrec,

imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texConstSrc,
data.dev_constSrc,
imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texIn,
data.dev_inSrc,
imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texOut,
data.dev_outSrc,
imageSize ) );

Beit, EERCRIREH T, REATLUSHEES. Rifi, 250 &S SRR,
e 2l R R R EOCR  IFGPUBHE RIS R R BIGCBE AT M A RIREN LSRN, Eit, X4
RN (I A E R 7165 R oh X A iR ER, i & Hblend _kernel()dc ) {# Fitex 1 Dfetch(),

s, E2RAFMOEAFNER EEFES —125%. &%Atex1DfetchOF E&HR—4
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HE, BERXLR-IRESNEERS (Intrinsic), B FEFES| 450 75 0 24 30416 F IS AR
2R, HIRNA AR X o R X EHS S84 blend kernel(), Hh%iF
2 T E e g% fnifitexIDfetchO R iZ A WP LE Sr B R A, FAIAS A (R Al 1 ADRE 15 18 15 15 B A 48 0
X Fns 2R i X AR EE, WR M — A /KRR dstOutf§id £blend_kernel(), X Mr&E & &ifTk
IE BB Z R VEARA, UARBBAZE X e . T & Xblend_kernel O & .

__global__ void blend_kernel( float *dst,
bool dstout ) {
// $¥threadIdx/BlockIdxMitFlGEMN T
int x = threadIdx.x + blocklIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

int left = offset - 1;
int right = offset + 1;
if (x == 0) left++;
if (x == DIM-1) right--;

int top = offset - DIM;

int bottom = offset + DIM;

if (y == 0) top += DINM;

if (y == DIM-1) bottom -= DIM;

float ¢, 1, ¢, r, b;

if (dstoOut) {
t = texlDfetch(texIn,top);
1l = texlDfetch(texIn, left);
c = texlDfetch(texIn,offset);
r = texlDfetch(texIn,right);
b = texlDfetch(texIn,bottom);

} else {
t = texlDfetch(texOut,top);
1l = texlDfetch(texOut,left);
¢ = texlDfetch(texOut,offset);
r = texlDfetch(texOut,right);
b = texlDfetch(texOut,bottom);
}
dst[offset] = ¢ + SPEED * (t + b+ r + 1 - 4 * ¢);
}

1 F#% i copy_const_kernel O¥HER B SRR EMEENZ KX, AREARTEERSK
3 BN FE AR 2 R A IR
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__global__ void copy_const_kernel( float *iptr ) {
// $threadIdx/BlockIdxif4tF|{FEE
int X = threadIdx.x + blocklIdx.x * blockDim.x;
int ¥y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

float ¢ = texlDfetch(texConstSrc,offset);
if (¢ !'= 0)
iptr[offset] = c;
}

fi Tblend_kernelOf ef B R B B 5 SOA W — &, HAXMRERTFERMAZNE S

& o X Z AP, B d Exanim_gpu() TR R A B2,

i & £F 4 4R 18 F 22 f5 i ot 1% B dstOut = 1dstOut3f ik 7 E) 4 .

void anim gpu( DataBlock *d, int ticks ) {
HANDLE_ERROR( cudaEventRecord( d->start, 0 ) );
dim3 blocks(DIM/16,DIM/16);
dim3 threads(16,16);
CPUAnimBitmap *bitmap = d->bitmap;

// BFtexE2B/FBARY, B4 H0E L1k
/1 EFBREAESRRA /ST '
volatile bool dstOut = true;
for (int i=0; 1i<90; i++) {
float *in, *out;
if (dstout) {
in = d->dev_inSrc;
out = d->dev_outSrc;
} else {
out = d->dev_inSrc;
in = d->dev_outSrc;
}
copy_const_kernel<<<blocks, threads>>>( in );
blend_kernel<<<blocks, threads>>>( out, dstOut
dstOut = !dstOut;
}
float_to_color<<<blocks,threads>>>( d->output_bitmap,
d->dev_inSrc );

HANDLE_ERROR( cudaMemcpy( bitmap->get_ptr(),
d->output_bitmap,
bitmap->image_size(),
cudaMemcpyDeviceToHost ) );

BE, PREBETK,

)i
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HANDLE_ERROR( cudaEventRecord( d->stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( d->stop ) );

float elapsedTime;

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,

d->start, d->stop ) );

d->totalTime += elapsedTime;

++d->frames;

printf( “Average Time per frame: %3.1f ms\n" ,
d->totalTime/d->frames );

}

HMEFRENBEF-TEEXRRENABRFSTEREMNEELE. AEBRKLBE
X, TREFRSLENE

/ 1 BEBEGPU Loy BRAI TF

void aniﬁ_exit[ DataBlock *d ) {
cudaUnbindTexture( texIn );
cudaUnbindTexture( texOut );
cudaUnbindTexture( texConstSrc );
cudaFree( d->dev_inSrc );
cudéfree( d->dev_outSrc );
cudaFree( d->dev_constSrc );

HANDLE_ERROR( cudaEventDestroy( d->start ) );
HANDLE ERROR( cudaEventDestroy( d->stop ) );

}

735 ERTHYENE

EARBRIF L, TAHER T ERLE R M@ EH RS BERMARKRZIETF R,
TR RIEREME, EFE2ERT, ZHAFZRLEFHRN, B TFRERE
ChZHRAMBRIFAKREMASEIIRAE. RITEER MR ESEARTFBSCHER—
HELFE

B, TEGCROESIAMAEY, mREAAEEY, BRIAWLESI RS 40, Hik
AVEINT REEROSE2, ZIXTFRUNE I HIGE5 A

texture<float,2> texConstSrc;
texture<float,2> texIn;
texture<float,2> texOut;

THELIIR S Wi {tblend_kernel) 75 LM KT . BARFATTEE S texIDferch() i i 2 s Atex2D()
A, BHAEEEERBLLE{LoffsetE /UL Hop, left, rightflbottom%& {kfE, %4 H
THELrERRT, WTUL A A x Ay R U S0
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fiH, 24ff Ftex2DO/K, HAVAEHFEMROR £ H A, wRxEy/hTF0, HLtex2D()
JE BIOALAIE . [FEE, REENMERTEE, Baex2DOKER M TRELHE. EE, &
AR FRIAFFEEXFITA, (AIERAMN AR TR E T h.

XL LA R AT AL 2 — b, R B DR A E N .

__global__ void blend_kernel( float =*dst,
bool dstoOut ) {
//4fthreadIdx/BlockIdxi gt B|{@ £ R
int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

float ¢, 1, ¢, r, b;
if (dstout) {
t = tex2D(texIn,x,y-1);
1l = tex2D(texIn,x-1,¥);
c = tex2D(texIn,x,¥);
r = tex2D(texIn,x+1l,¥);
b = tex2D(texIn,x,y+1);
} else {
t = tex2D(texOut,x,y-1);
1l = tex2D(texOut,x-1,y);
c = tex2D(texOut,x,y);
r = tex2D(texOut,x+1l,y);
b = tex2D(texOut,x,y+1);
}
dst[offset] = ¢ + SPEED * (t + b+ r + 1 - 4 * ¢);
}

T A Zal*ttex1DfetchORI A A &R FE E B & Artex2DOMEH, RREBENEELE
copy_const_kernel ) #EfTHI R A&k, 5% Fiblend_kernelORIME, RIMNAFEE R T
offset3ifi I arH, i RFEME Ay £ifRIBIFNT EKE.

__global__ void copy_const_kernel( float *iptr ) {
// f#threadIdx/BlockIdxB8fF|{EEME
int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadldx.y + blockIdx.y * blockDim.y;
int offset = x + y * blockDim.x * gridDim.x;

float ¢ = tex2D(texConstSrc,x,Y);
if (c 1= 0)
iptr[offset] = c;
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TE(E A — SR A REAR A B R T — &R FIE %, ENS5ZATAE SR KA.
fEmain(Orh - E X SR AR TR S, i IFEfTit . G KR ALD Mg i AR —
s L

HANDLE_ERROR( cudaMalloc( (void**)gdata.dev_inSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_outSrc,
imageSize ) );

HANDLE_ ERROR( cudaMalloc( (void**)&data.dev_constSrc,
imageSize ) );

cudaChannelFormatDesc desc = cudaCreateChannelDesc<float>();
HANDLE_ERROR( cudaBindTexture2D( NULL, texConstSrc,
data.dev_constSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) );

HANDLE_ERROR( cudaBindTexture2D( NULL, texIn,
data.dev_inSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) );

HANDLE_ERROR( cudaBindTexture2D( NULL, texOut,
data.dev_outSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) );

XA ERSENFENER S mBANFHERLZ, BEEIMASHTEyRFEEME,
BTROS5 S ERGHRAE, HASYE 448, CUDAZ{TH R ft—4
cudaChannelFormatDesc, 7£ FHERIICRE R A E T —/ 3B EHE A A (Channel Format
Descriptor) RUFEH], X BALIERRINNSE, FARAERETENR —NFAEAT.
BRJ5, FefilifiitcudaBindTexture2D(), LFEMI4E%H (DIM x DIM) LARE # &R (desc)
BXEAMAZR S E h g8, main() R B H Mo REFAE.

int main( void ) {
DataBlock data;
CPUAnimBitmap bitmap( DIM, DIM, &data );
data.bitmap = &bitmap;
data.totalTime = 0;
data.frames = 0;
HANDLE_ERROR( cudaEventCreate( &data.start ) );
HANDLE_ERROR( cudaEventCreate( &data.stop ) );
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int imageSize = bitmap.image_size();

HANDLE_ERROR( cudaMalloc( (void**)&data.output_bitmap,
imageSize ) );

/ /R float (BTN A4ANFH (Blrgba)

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_inSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_outSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_constSrc,
imageSize ) );

cudaChannelFormatDesc desc = cudaCreateChannelDesc<float>();
HANDLE_ERROR( cudaBindTexture2D( NULL, texConstSrc,
data.dev_constSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) );

HANDLE_ERROR( cudaBindTexture2D( NULL, texIn,
data.dev_inSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) ); .

HANDLE_ERROR( cudaBindTexture2D( NULL, texOut,
data.dev_outSrc,
desc, DIM, DIM,
sizeof(float) * DIM ) );

/1 Al REE
float *temp = (float*)malloc( imageSize );
for (int i=0; i<DIM*DIM; i++) ({
temp(i] = 0;
int x = i % DIM;
int y = i / DIM;
if ((x>300) && (x<600) && (y>310) && (y<601))
temp[i] = MAX_TEMP;
}
temp[DIM*100+100] = (MAX_TEMP + MIN_TEMP)/2;
temp[DIM*700+100] = MIN_TEMP;
temp[DIM*300+300] = MIN_TEMP;
temp[DIM*200+700] = MIN_TEMP;
for (int y=800; y<900; y++) {
for (int x=400; x<500; x++) {
temp[x+y*DIM] = MIN_TEMF;

99
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}
}
HANDLE_ERROR( cudaMemcpy( data.dev_constSrc, temp,
imageSize,

cudaMemcpyHostToDevice ) );

/1 mtaib A B
for (int y=B00; y<DIM; y++) {
for (int x=0; x<200; x++) {
temp[x+y*DIM] = MAX_TEMF;
}

} _

HANDLE_ ERROR( cudaMemcpy( data.dev_inSrc, temp,
imagesSize,
cudaMemcpyHostToDevice ) );

free( temp );

bitmap.anim_and_exit( (void (*)(veoid*,int))anim_gpu,
(void (*)(void*))anim_exit );
}
BARNEFEETIARMERECRE ST E - HE00T R w 44038, BAALLET
Al —A R ECRBUH LR 949 E , BlcudaUnbindTexture(), IEFEbanst, $hATEBIRIER EEAT
ARFE A
/ /B EGPU Eor BRI
void anim_exit( DataBlock *d ) {
cudaUnbindTexture( texIn );
cudaUnbindTexture( texOut );
cudaUnbindTexture( texConstSrc );
cudaFree( d->dev_inSrc );

cudaFree( d->dev_outSrc );

cudaFree( d->dev_constSrc );

HANDLE_ERROR( cudaEventDestroy( d->start ) );
HANDLE_ ERROR( cudaEventDestroy( d->stop ) );
}

TR fE R 80Pl & — He g P, A LY R A RIERER A 48R . ok, 2ETikde
HEFEE A — LR LR AR A KK E L, T XA AR, MERH 4
oUFERy, RESSER PR L, FARTIA RN & — 409, B FEE, mREBAR 4
By, MLARFEEF—HFLHTE “FLOE ZMRAEHERME.
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7.4 XKBING

586ENMAHHERANGF—H, QEANFNRBZ-ETER ENRE. ERAEFEL
BHOEARFD, ZHRBAREREE.: EXRHRAESHFELHZRAREE. ®RINEF
B TRERTLAME A — 420, WeTUAE M L, “HEA E XL, EmRINAR
fle s R (E SRR R LB —H, SEF—SginR S, ARARE ERMRk
FREGHFRMER . MOEMA S, RBESEAHEE L, HHRADCEDLFRE, Hik
e AEFPESEN A4y, BEMLCEEH, TIRRHEMFSEEERES 2 A
HIBOR .

R (E SRS (Texture Sampler) H ShATHIER N, A28 NFF D REH K H

SREIAGE, GlAnT A BARRER P A R AR, SUE RS A8 66 ) B R B Ch AR (LT
AEE. EAESEARFPHERERZEDRE, HEeiMrrlsirgs A



F£8E
BR.ERIEMT

HTFAPEEANBHREANGH, BRAMNARKARL LS T —%
EAHANEAGPU, GPUSI R AR T ERENTH L 0ERESH,
FIHAGAREFRPETARF ARG I, LHAFPRT —AERHLY
8. T AR —ARRAAA FGPUBRKATE F 3, LFiERA+H?
R EERABGRRBERNTHGER, RLAEPRTRE? 34, RE
2ACBRERAGMERAFEASBREEIEET, LEtofTHEL?

¥R, AARNAHEERRXZEARAE LA ZHRE, H AL
REFEHEAY, CUDA CH RAAZA T A L 44 50penGLADirectXiX
AP K@ RAPIRATREZ . AFHABAfTR R XA ZRAFR .

AFATHENEEFTTHFHRANTR, AFHRRERLEELE
T—2RAEAREARAR KR, BAHLZXETH P ELT XE40penGLA
GLUT (OpenGL Utility Toolkit) &%, {2 &1 434 € N4k & ¥ fa i 4,
LASAELTRIMABT BAMAPL, A BTRABELHFH#H, 1=
LABTHRFRIEIE, AFRHESANALZCUDA CAL LB AE R4
AERAAE, 4o %4k %kAOpenGL & # DirectX, A8 Z AT £ ik £ 5
WREAFAS, ALTRESHRTAS,
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8.1 AZEBH#r

W AEEIES], RATLL:

s THRETRZ L REMRMZURITARTEERE.
o THRnfTi% B/ CUDAIR &M E R B #1EH.
* TRRAN{I7ECUDA CH% iR $(FNOpenGL1E 4 iR #  [] 3k F 548 .

8.2 B,OERIF

7 T UHBAEE T E 5CUDA CZ IR EEENS], BITHRE - BERS BRI AT,
N PREMEHACUDA CRESCkAE B GRHEE. EE - FSRY, NARFHXNKIEE
#EOpenGLIR Y b friE 4. ELBUXAThEE, IOV ERERTEES Fr B30k
CUDA C, LK —%OpenGLEEGLUTEH MM,

B, RNEQEGLUTMCUDAR LI i i R & T IE W R Befnbe e 6 80, 3(]
WE LT B ABRFERE ARIK/D, & OAS12xS120 R F, xR — MBI IEHIE.

#define GL_GLEXT PROTOTYPES
#include “GL/glut.h”
#include “cuda.h”

#include “cuda_gl_interop.h”
#include *“../common/book.h”

#include “../common/cpu_bitmap.h”

#define DIM 512

o, RMFEATHNLRHERRRFOWN, X &AW REEEOpenGLFICUDA C2 (8]
FEMEE. BND ELAFIwAERIFBENER, SITHRERRNBE R BREEOTFR DR,
TRV EER/N R AR, £E HOpenGLFIGUDAXM Fix M EMX R HE BRI “&%",
Ap fitbufferObj & OpenGLAiX /A /Iy 4, iZE Eresourcell| /£CUDA Cxfix M5 &I 4,

GLuint bufferObj;

cudaGraphicsResource *resource;

BAE, IERMTRBR LRI HARF., EEOE —FI3FRE &S T HAEFHCUDA
k&, EFZA%LE, XHAR—AEAOE, FHAXERLET LS LHCUDAW
GPU, %A, MESEKEZMARLDE T £ /N LIHFCUDAKIGPU, ptdE it 3R 7 ik M it
frik$E, FiBAOR, CUDAIEfTRHRML TiXFhIhAE,

int main( int argc, char **argv ) {
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cudaDeviceProp prop;

int dev;

memset( &prop, 0, sizeof( cudaDeviceProp )} );
prop.major = 1;

prop.minor = 0;

HANDLE_ERROR( cudaChooseDevice( &dev, &prop ) );

RE P IR B I 3% b B B AYcudaChooseDevice(), FHAMTMAEFxEH T, L4 L, X
& T EE - A L0RE EalA it I RMIGPU, GRFRERE, HELIRE
—A-cudaDeviceProgZ#y 4 4G L A%, SAJa ¥ majorfR A% & 41, minorki A% E 40,
BT R, BXA4 i i##4cudaChooseDevice(), X/ E 4IRS AL S ZLE TN
R cudaDevicePropZ5#15 E & FIGPU, EHIEF ., KRIMNHAFIGPUHRIIRREMNEL S X,
HEt Bark, ROMAFEmEEE L ERRCGPULFM & FIhGE. Tl XFCUDARIGPUAR
ELUEOOMARHRIGERE, BibX /B0 R ES Rt 2270 /T LLE RN — 1 X
CUDARY IR %, HHAEZ RdeviiR FLX MR ARIPRIRMF. 2Aifi, RIONLEEHEEINSRERE
SFHIER B RAIGPU, WARERH (R A R A RIGPUIE T S EFEF — 1 ik & .

R FEBEMNERE LEEREREMER, B2 A LEER HBEFE—/ cudaDeviceProp
£5¥), ¥ McudaChooseDevice) R KR — M HUAYIREID? MiH, FWATZATMRERIX LM
. LAt LBEFEX LM XL RFFNE. FXIEH, RMNFEMECUDALE
fIID, X HEA LA IRCUDAGE FT/ B % FIWE /> i & % i iTCUDAFIOpenGL,, T {1l it 1B
FAcudaGLSetGLDevice()3 5B x4~ FhfE, FEHfEcudaChooseDevice VR GHIE ZID devitig

HANDLE_ERROR( cudaGLSetGLDevice{ dev ) );

HECUDAz TR #tstb 2 G, stelLAkEE I FHGL T A4 (GL Utility Toolkit, GLUT) #y
% B A BOE P 2 {LOpenGLIE BB Y. AR IR Z AT FiZGLUT, 4 THXLLRFIAMAE L&
HRHAE.

/7 ERATHABAIGLIA R 2T, FFE N AT geLUTiIgAL.

glutInit( &arge, argv );

glutInitDisplayMode( GLUT_DOUBLE | GLUT_RGBA );

glutInitWindowSize( DIM, DIM );

glutCreateWindow( “bitmap” );

TEmainOf9x -6 B F, $&{758 51 8 FcudaGLSetGLDevice() A CUDAZ 71 {# FHOpenGL
W B T . RE. RMWHBEGLUTH H IR -/ 44 “bitmap” MIH O, HiGEX
ANE O REHIZER., B, FATTCAFHIITEFRAOpenGLE 1|

FEBARGE 1 (X R AECUDA CH i i FOpenGLIE R4 fE 2 M KB EIR1EH X B sy . B
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OpenGLFICUDA 2 8] {56 ¥4, FITH R E0E - EihKAEXHAAPLZEER, §EE
OpenGL i — M@ FEEpE MR, FH455H (R {7 (£ 4 JH7E EGLuint bufferObj ;
glGenBuffers( 1, &bufferObj );
glBindBuffer( GL_PIXEL UNPACK_BUFFER_ARE, bufferObj );

glBufferData( GL_PIXEL_UNPACK BUFFER_ARB, DIM * DIM * 4,
NULL, GL_DYNAMIC_DRAW_ARB );

R KA Bt OpenGLA 1Y{R F 4% ih[X 315 (Pixel Buffer Object, PBO), AlAFILL
WHUTEASBEkGIR—/: §%, @itelGenBuffersO4& K — A F X MHH, K5, @it
gIBindBuffer()¥§ 44 £ F| (R FE X, &f5, i#idglBufferData()if=kOpenGLIR 3h#2 ¥k 57
B—NEME, XD REFiER B R P X R {RFEDIM x DIMAS32{r 1A, B (£
2#{EGL_DYNAMIC_DRAW_ARBRFRIX M E P 5 AR E Bk, BTEAEMAE
{EHSE B R b X, HikEgIBufferDataOf #1505 — A £ 81% % HNULL,

iR BEEELREES, BT LERLTEMCUDAZITH, 2K bufferObj##7ECUDA
5O0penGLZ AT, BELIX N IE, FESbufferObjikith— B %R (Graphics

Resource) ,

HANDLE_ERROR(
cudaGraphicsGLRegisterBuffer( &resource,
bufferobj,
cudaGraphicsMapFlagsNone )
)i
iifi it I8 FcudaGraphicsGLRegisterBuffer(), F{1&ifCUDAz {TH & 2 EOpenGLFICUDA
#1 {# FHOpenGL PBO bufferObj, CUDAZ §7 4 75 5 B resource F1 1% [ — N A i35 M B i X,
e FE*CUDAZ TR AT IR A vp , 3 1 ix A~ H) 6 5 T[] bufferObj,

& cudaGraphicsMapFlagsNone Z /R N AZ MM X I ERFERIIT A, SRR ATLLR
it b cudaGraphicsMapFlagsReadOnly #4445 i (X #5 & 4 Hik Y. AL el LA S 4rE
cudaGraphicsMapFlagsWriteDiscard ¥ 4§ i£ £ i X Z BT 9 N 25 PP FE, AT {5 28 i [X 25 J L
5. XEbriEfERCUDAFOpenGLYE 7 B Fy- 4R 418 £ of [X A% 1 [m] 452 506 5 1 B B T IR 1L,
BRXEFREHA—ELARE,

*tglBufferData() 1 i Fi 75 € OpenGLYK &) £ - 47 B — 4~ 2 95 KAV LR if [X R R 77 DIM x DIM
A320 oM, fERESG HIOpenGLIA I, 313 it bufferObjsk 3| X A& MK, MfECUDAE
fritiA A, WLAE S Elresource k5| HIX MR 0P X, BT IRAHECUDA CiXer £ b *hix /48
MIXHETIRS, BEHEE L EMIZM RO, BNHEEEENGFP—A LRI 5%
S EY, HEEIRCUDAZITRMGHX AL IR, AREHR -5 v 5 % AR H .
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uchar4* devPtr;
size_t size;
HANDLE ERROR( cudaGraphicsMapResources( 1, &resource, NULL ) );

HANDLE_ ERROR(
cudaGraphicsResourceGetMappedPointer( (void**)&devPtr,
&size,
resource )

)i

PRI, RILAEdevPuE iR &R E M, HIMNX S EIET FTLAME A — 1 & K 1 OpenGL
{EH, EEAGXERESREE, mainOFK TEMNRTREN: %k, BZREFHFHiEmL
B ARHEEATE. RERINIEEABFIXNMEAENREG, BTN &IFIRIZE &
BERZACHZE R R G EdE, BTk, BUHHLERENMG . —EEZERTELGIE
% ZATPATHHBRGTRY IR, XEA T BfRE LA FFRICUDA L 7> FalE & 0 Z Bl kBRI &
e, BUE RS 18 B (i #8 #EcudaGraphicsUnmapResources() Z BT I B CUD A (ESE Bk
ZJa, ASFHRPITEIZIAR, '

FeJa, LA GLUTEM 8 £ BA R BB/~ el VA % (key_func F1 draw_func), i
5t glutMainLoop( 484 f 44 75 4 GLUTAA $ 183K

dim3 grids (DIM/16,DIM/16);

dim3 threads(16,16);
kernel<<<grids,threads>>>( devPtr );

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, &resource, NULL ) );

/7 B REFGLUTH FshTE
glutKeyboardFunc( key_func );
glutDisplayFunc( draw_func );
glutMainLoop();

}

XA FRFEIA T BIE =1 H%, kernel(), key_func(), draw_func(), BLIEFRNIEE

EHEENSHEE - TR&E, RENESEAERBEREE. ETEARET, RAITH
{55 AN 55 S EE Il B0 (1 H 1% 2 v 24 B9 4% R 4

/) REk AN, K EM Tuchard k8,

/)RR EE AR R

__global__ void kernel( uchar4 *ptr ) {

// ¥threadIdx/BlockIdx:gtFREMLE
int x = threadIdx.x + blockIdx.x * blockDim.x;
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int y = threadIdx.y + blockIdx.y * blockDim.y;

int offset = x + y * blockDim.x * gridDim.x;

/1 BIEEHRE A R LA
float fx = x/(float)DIM - 0.5f;
float fy = y/(float)DIM - 0.5f;
unsigned char green = 128 + 127 *
sin( abs(fx*100) - abs(fy*100) );

// HeHifEfJuchard 6% A funsigned char*##

ptrioffset].x = 0;
ptr[offset].y = green;
ptr[offset].z = 0;
ptr[offset].w = 255;

}

XERE TFEREBOMA, Hln, HRERERTIRERSIFHEhxEIrMmy LRI H %, LA
REMLRBNHES, EARC2oE2RT. Kla, ®IOKRGT—EHRRAMET (x,
y) (LB FRFHOFE, HFHXEERFRINFS. RONBFKEMNCUDA CEGPU kA K —ik
EfR, FEEERZ, IKRERMEHEENTECPUS ARER T EHEKLHOpenGL, 55—
H, EFESENRSORGIF, £GPULAKE RIS XX BAH AWML, BRI AEFR
Ja# B X | E CPULAME R R

2, @it OpenGLARL HICUDAL AIE X ? #F/Y, BIBIAEmain()dh $h4THYIE T T
2, RERALATRE: '
glBindBuffer( GL_PIXEL_UNPACK_BUFFER_ARB, bufferObj );

XA EABEERP B EN—NBRER, OpenGLIR B 0 J5 & 7 Fr & *t
glDrawPixelsORJIAAFERA XN RER., XEW®RE, HNFEIHMHglDrawPixels() % £ il
CUDA CHiek B i B B, Bk, TEgt2draw_funcOFZEHATHI TIE:

static void draw_func({ void ) {
glDrawPixels( DIM, DIM, GL_RGBA, GL_UNSIGNED_BYTE, 0 );
glutSwapBuffers();

}

AT RE B2 K Bl glDrawPixels ORI B fa B8 — MR P X He 5. 2 RIEAT L8 0h (X 4B
GL_PIXEL_UNPACK_BUFFER_ARBIi, #}ZOpenGLIRZHFR /715 Mix 1~4& vh [X b 47 5 il
B, ATEECL(TGPUL, HAERNMNELHHL X 4% HGL_PIXEL_UNPACK _
BUFFER_ARBIR, Ht&fG— IS8 ERBEEPEANP—mE. HTRIMNELGIED
Fipx, B MRBERZO,
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LARILA R G —80 & AT, IR AIRNTE HH PR —Fp oy k8 1 B
AR, [ e % key _func(:5m 3 Esc i, A A e A BN F IR B AY(ES

static void key_func( unsigned char key, int x, int y ) {
switch (key) {
case 27:
// ¥ ifopenGLHICUDA
HANDLE_ERROR( cudaGraphicsUnregisterResource( resource ) );
giBindBuffer( GL_PIXEL_UNPACK_BUFFER_ARB, 0 );
glDeleteBuffers( 1, &buffer0Obj );
exit(0);

}
METTX ARG, #H “NVIDIA% (S (NVIDIA Green)” FIE & H— /A A IR
SME N, WES. IR, WAL E A MR R (REMA) HITRR,

E8.1 AT ER TR REIRE R K

8.3 ETBHORIEMNGPURSIRAI

8.2, WAVBKIRF THESHEHNGCPURLERH. EFSHEARGABRFSRT A4
CPUAnimBitmap -4 5 (38 5 — /N 5, & 470 B A ol — il BRI BB & A A R 3
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int main( void ) {
DataBlock data;
CPUAnimBitmap bitmap( DIM, DIM, &data );
data.bitmap = &bitmap;

HANDLE ERROR( cudaMalloc( (void**)&data.dev_bitmap,
bitmap.image_size() ) };
bitmap.anim_and_exit( (void (*)(void*,int))generate_frame,
(void (*)(void*))cleanup );
}

RIEEAMmENPEIMEAR, RMNAFLZEER—/GPUAnmBitmapiHy, X/NEHRI1EH
5CPUAnimBitmap#[a], {H7EGPUAnimBitmapH, CUDAFNOpenGLA {f-FEfE A EECPURIFr
AT LI AT IME. 275 HEF P E HGPUAnimBitmap()f}t, main() gk $0H 715 15 36 hnjH &4,
/(LI

int main( wvoid ) {
GPUAnimBitmap bitmap( DIM, DIM, NULL );

bitmap.anim_and exit(
(void (*)(uchar4*,void*,int))generate_frame, NULL );
1
GPUAnimBitmap{ Al T fE8.2—irpJr BRUME R BA . 2R, BUAEX LA R4S B A
GPUAnimBitmap##yrf, WTHEREI (Sf 64E @ SRR EF) B8 E AN,

8.3.1 GPUAnIimBitmap%#3
fEGPUAnimBitmpaZt #yrh 5 JL A48 ik A 58 2% fh r 28 2+ 4810,

struct GPUAnimBitmap {
GLuint bufferObj;

cudaGraphicsResource *resource;

int width, height;

void *dataBlock;

void (*fAnim) (uchard4*,void*,int);

void (*animExit) (void*);

void (*clickDrag) (void*,int,int,int,int);
int dragStartX, dragStartY;

FA( 15038 OpenGLANCUDAIZ T 3 T GPUL o [X 4y BIH HARM 45, I Bk sl (£ 14
FOpenGLHKCUDA Ch & EHEM AR &5, Bk, £ # R R TOpenGLI & F
bufferObjfICUDA iz fTH} # F ffJresource, teoh, mFREGIHEAE 5K E Form i EE G,
FiX kMR FERSEENEE,
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2 T £ {# FIGPUAnimBitmapht o] LUEM A& I BHA S, DL RE T —Avoid* 474l
dataBlock4i ] i /09 %dlE . 281, 7EGPUAnimBitmapH A& 5 A8, wi AR #H I 1%
i 2 CLrE A (sl TR ek B . FH P R A (B0 T R SO R 7 ZEfAnim | animExitlA ReclickDragrf, 7
43 7k if F glutldleFunc O B #5418 F fAnim(), X 4™ R 0K 92 4 i TE 2h i A 4 A PR B3
ey R, 8 BanimExitO—&k . F P ROZE X AN R $rb e B 24 2 i 45 R 7 B
TSR RES, BJEBA — A Ik B $clickDrag(), XA~ R ECH R R PRI RAR S di/ e R EH
. R PEM TXA R, BoEAET. HRREBRERN, SRR ZEY. Ris
AR AL B R (dragStartX, dragStartY) o, S4B, SAHREREFENE
e B R B A EEA A, XATLUHFRBS ANREZIN R T 5E,

TE#) 44 LGPUAnimBitmap 2 f5 S B EATE R Gl FHFE RS, EHSERFFMAL
ZHE AR, %% FCUDAZ TR 7 fCUDAIS & .

GPUAnimBitmap( int w, int h, void *d ) {
width = w;
height = h;
dataBlock = d;
clickDrag = NULL;
/1 EHERF] 4 cuDAik & LIT RA ME LR ESD
cudaDeviceProp prop;
int dev;
memset( &prop, 0, sizeof( cudaDeviceProp ) );
prop.major = 1;
prop.minor = 0;
HANDLE_ERROR( cudaChooseDevice( &dev, &prop ) );

T HdeviE A 50penGLE #ERY % &
cudaGLSetGLDevice( dev );

o1 F# T REERAGLUTR B — A& DL H3RE, HEJFEMBMUGLUT, R, #£iX
Nt RPEE-AE, EAguthitOFZHaLTEEELARORE. BTROATER
AL S, FHEFLHEE 4788, Ali, EXERANGLUTHFE -8R, B
0 S8t B R 2 At . Blok, FATEMIRGLUT, EHIAHIEEGE 128, XH#
AN 2 o PP A 10

int c=1;

char *foo = “name” ;
glutInit( &c, &foo );

2T %k, 4ee{@nimnflh--HmGEGLUT, &MGIER T -MELHME R, HHdEn
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MIbRETRE A FIFH “bitmap”, 22K, R ATLAERE LA & FIEAHE A iR,

glutInitDisplayMode( GLUT_DOUBLE | GLUT_RGBA );
glutInitWindowSize( width, height );
glutCreateWindow( “bitmap” );

BTk, HMERKOpenGLIEZHEF o — N EPRK AW, HHHHEFGL_PIXEL_
UNPACK_BUFFER_ARB, Mifn#fi{f 2 )5 71 FgIDrawPixels O 5 £ il B fELR i [X

glGenBuffers( 1, &bufferObj );
glBindBuffer( GL_PIXEL_UNPACK_BUFFER_ARB, buffer0Obj );

wJa, BATEROpenGLIEZH R FF 4y B —GPUNT . TEEM o B 1ESE, XA Eih X
45 CUDAE fTiF, Ff it cudaGraphicsGLRegisterBuffer()3# & it bufferObj M ifi 3% 15 — 4~
CUDA C4F,

glBufferData( GL_PIXEL_UNPACK_BUFFER_ARB, width * height * 4,
NULL, GL_DYNAMIC DRAW _ARB );

HANDLE_ERROR(
cudaGraphicsGLRegisterBuffer( &resource,
bufferobij,

cudaGraphicsMapFlagsNone )} );

}

fEi% B 4#FGPUAnimBitmap/g , L% T —/ R E A HITLHIRIE, LHRENEET
VER 75 th FrglutldleFunction O 52 B, EA B EM=HENE., bk, CHBRFILEZ X
HERE5 M 1Z4% X AIGPUTSEE .

/1 {EAHGLUTE Il R B AINE & H ik
static void idle func( void ) {
static int ticks = 1;
GPUAnimBitmap* bitmap = *(get_bitmap ptr());
uchard4* devPtr;
size_t size;
HANDLE_ERROR(
cudaGraphicsMapResources( 1, &(bitmap->resource), NULL )
)i
HANDLE_ERROR (
cudaGraphicsResourceGetMappedPointer( (wvoid**)&devPtr,
&size,
bitmap->resource )
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Kk, EIHAMAPEERREIANNO, X REFTE B — /1" CUDA CE s B R
ek AT devPtriR M E X .

bitmap->fAnim( devPtr, bitmap->dataBlock, ticks++ );

feJa, EHBUHGPULREMAIBLSS, X 2B OpenGLIKZ 2 {8 FHAVER oh[X , £ E Ry
4 4% 7+ 1 F glutPostRedisplay O i % .

HANDLE_ERROR(
cudaGraphicsUnmapResources( 1,
& (bitmap->resource),
NULL ) );

glutPostRedisplay();
}

GPUAnimBitmapZ#y il @1 & T L/ ZEAMA LA AKX LRI, mRRXER
PR, ATL RO, ARl BIEER AR R 3iE 248k B AR GPU AnimBitmap ) i &
R, WikxF, RIVARREEIEMRHE TRAAR.

8.3.2 EHLMETFGPURIKRLZHE T

I, BMEL%KH T —/GPURARCPUAnimBitmap, T 3% 7] LI4kEEH 1 T GPURAY i
G HABRFEN AL EGPU LTHE., BEAEL Sgpu_anim.h3k X, KFBET
GPUAnimBitmapfJScBl, HMDLAEE T H5ESE S JL BRI RS,

#include . ./common/book.h”

#include “../common/gpu_anim.h”
#define DIM 1024

__global__ void kernel( uchar4 *ptr, int ticks ) {
// $§threadIdx/BlockIdxi:iF|{@E &
int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadldx.y + blockIdx.y * blockDim.y;

int offset = x + y * blockDim.x * gridDim.x;

/1 BFET R R EE

float fx = x - DIM/2;

float fy = y - DIM/2;

float d = sgrtf( fx * fx + fy * fy );

unsigned char grey = (unsigned char)(128.0f + 127.0f =*
cos(d/10.0f -
ticks/7.0£) /
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(d/10.0f + 1.0f));
ptrloffset].x = grey;
ptrjoffset].y = grey;
ptr[offset].z = grey;
ptr[offset].w = 255;
}
LT RS R B S R A IME TR B 2. XA B 2R TA & B A OpenGLE R EE
R ENTFRE BERIEOTOR, BTELHIRS, BIMTHREFLEMIEL (L/A/E
/Alpha), [t B FRE KA FREAATAAE A& — unsigned charf(d . AERKE -1
uchard R BEIKA., EESEF, RIMEZIXNBEASFHEI-TKE, HEd
ptrloffset*4+kI3FHEfTHR S|, HAKPRIETEE LT3, (HIE, uchard RBIRIFRIE T HEKME
& I E A5 B RYIE XL,
i FCUDA & $kernel O AE B E B 5038, BRI TR TIEERRE — 1 EVLR %, IR
{ 2 a1 1) R B PR FF 7EGPU AnimBitmapRY i, Ridle_func(Qrp . 31X BRI AR, ZE BT
(9312 B 3CUDA CE R ¥ -
void generate_frame( uchar4 *pixels, wvoid*, int ticks ) {
dim3 grids(DIM/16,DIM/16);
dim3 threads(16,16);

kernel<<<grids, threads>>>( pixels, ticks );

}

T B A #1056 Bh TVEET 2 7EGPUAnIimBitmap£s #4 FH SE Y, B IX A~ ef A9 R RS IR 181 5 .
iE, FIMAFEEIE—/1GPUAnimBitmap, FF H ¥ M zhiE = i & $generate_frame().

int main( void ) {
GPUAnimBitmap bitmap( DIM, DIM, NULL );

bitmap.anim_and_exit(
(void (*)(uchard4*,void*,int))generate_frame, NULL );

8.4 BETBHORIEMNAZS

2, BT BRYXENAR R SEDE? 40 R W8T A @ 3 B Gl A6 A
CPUAnimBitmap£i#y, i1 KIER TIERE 58.275 fh A4 HIALRDAEF #(LL.
CPUAnimBitmap 5§ — /1~ 7= 31l ) ¢ 8 2= 57 7 T *f gI DrawPixels ORI A A .

glDrawPixels( bitmap->x,
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bitmap->y,
GL_RGBA,

GL_UNSIGNED_BYTE,

bitmap->pixels );

EERFZNE B, RATGEELFF T 4tglDrawPixelsORVIHA, K RkEHSEE—
NERPXIEE . WRFZAEREE, MLBERESR 7. EIAHCPUAnimBitmapfDraw() 4
i, FFiEbitmap->pixelsd fICPULE 7 & %l FIGPUHR LA #7425, 4 T LBLX/M1E, CPU
EEELEERNTHIIE, HEE—nflEHEIGPU, XFHFEECPUSGPUZALRITRE Y. &
4b, TEPCI Express&.£% b /BahFn5e sl fE it & S EE MR, 1 T7EgIDrawPixels() 18
FRE— /SR TV, XMESRSE, EELCUDA CERB LR —mMEGRKIES, BE
i i cudaMemcpy () iZ Wi M\ GPU & il $|CPU,

void generate_frame( DataBlock *d, int ticks ) {
dim3 grids (DIM/16,DIM/16);
dim3 threads(16,16);
kernel<<<grids,threads>>>( d->dev_bitmap, ticks );

HANDLE_ERROR( cudaMemcpy( d->bitmap->get_ptr(),
d->dev_bitmap,
d->bitmap->image_size(),
cudaMemcpyDeviceToHost ) );

}

BHIRG, ERMOGPURLN HBEFHHFEEIT L TLASERM T . X8 FEM
CUDA CRUREG—WLFHIMER, HEHRTME, RIMNBEFXEHBICPU, REFHE
ZX EHEIGPULLE R, FTLAEE, EENSREZAFEEILENEIETE, EREF
ik LBLEAERE. Tk, RIMBEFEBIRE RO E Y ARF, HildEELREkR
SCBLE 48 £ AT K I ML RESR 7.

AR Bl B T B A SR IR F . IR BRI H FEHE M T CPUAnimBitmapk B 7 8L
HREARHE R, RATHEX A R & SO F# L BLMIGPUAnimBitmapZsty, HY%
HREBRAEEHNZML, S5HLRGI—HF, GPUAnimBitmapal ARE 5 i &
CPUAnimBitmap, HZEfunsigned chargit AjuchardBIa], K, A0S dkzhiE e Ea 5% M i
I PR R B R L.

void anim_gpu( ucharé4* outputBitmap, DataBlock *d, int ticks ) {

HANDLE_ERROR( cudaEventRecord( d->start, 0 ) );

dim3 blocks(DIM/16,DIM/16);
dim3 threads(16,16);

/1 hFrexiE R AA M, RATLAMER MRSk LR



}

F8E

/1 TEREUOE AR AN R A A LR B A~ i
volatile bool dstOut = true;
for (int i=0; i<90; i++) {

float *in, *out;
if (dstout) {
in = d->dev_inSrc;
out = d->dev_outSrc;
} else {
out = d->dev_inSrc;
in = d->dev_outSrc;
}

copy_const_kernel<<<blocks,threads>>>( in );

blend_kernel<<<blocks,threads>>>( out, dstOut );

dstOut = !dstOut;

float_to_color<<<blocks,threads>>>( outputBitmap,

}

d->dev_inSrc );

HANDLE_ERROR( cudaEventRecord( d->stop, 0 ) );
HANDLE_ERROR( cudaEventSynchronize( d->stop ) );
float elapsedTime;

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
d->start, d->stop )
d->totalTime += elapsedTime;

++d->frames;

printf( “Average Time per frame: %3.1f ms\n" ,

d->totalTime/d->frames );

B ERIEM

)i
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ety T4 i $tfloat_to_color()f&Me——/M FloutputBitmapf i 3, [RL7E 4 50HE 2 2 ik b
uchard)z, RAFTHX/ERBHETES, EFTES, RAHXRER— BB, ExHE
8R4, HA2, RMEH T XA E%, H1Ebook.hA [E % Tunsigned charFfluchar4fykf
A, RREEESR, X LR R 2 R 5 GPURKSUREI+ A [ Ak Akernel() 7 [6] ) 25 F 2 LY.
TR, 75X B EE T float_to_colorQ#% BB AR 4 RFD, MR TFEEH#—-FWE, WLIS

Zbook.h,

__global__ void float_to_color( unsigned char *optr,

const float *outSrc ) {

/1 BT AE A4 B A

optr[offset*4 + 0] = value( ml, m2, h+120 );
optr[offset*d + 1] = value( ml, m2, h );
optr[offset*4 + 2] = value( ml, m2, h -120 );
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optr[offset*4 + 3] = 255;
}
__global__ void float_to_color( uchar4 *optr,
const float *outSrec ) {

/W aEE AN BIEE

optr[offset]).x = value( ml, m2, h+120 );
optr[offset].y = value( ml, m2, h );
optr[offset].z = value( ml, m2, h -120 );
optr[offset].w = 255;

}

BT ix g8, BN FENERETHCPUAnIimBitmapf& i AGPUAnimBitmap L {#
AT EERIE,

int main( void ) {
DataBlock data;
GPUAnimBitmap bitmap( DIM, DIM, &data );
data.totalTime = 0;
data.frames = 0;
HANDLE_ERROR( cudaEventCreate( &data.start ) );
HANDLE _ERROR( cudaEventCreate( &data.stop ) );

int imageSize = bitmap.image_size();

// BRiRfloat#RIFIK /4T (Alrgba)

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_inSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_outSrc,
imageSize ) );

HANDLE_ERROR( cudaMalloc( (void**)&data.dev_constSrc,
imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texConstSrc,
data.dev_constSrc,
imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texIn,
data.dev_inSre,

imageSize ) );

HANDLE_ERROR( cudaBindTexture( NULL, texOut,
data.dev_outSrc,
imageSize ) );
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/7 islLE R R

float *temp = (float*)malloc( imageSize );
for (int i=0; i<DIM*DIM; i++) {
temp[i] = 0;

int x = i % DIM;
int y = i / DIM;
if ((x>300) && (x<600) && (y>310) && (y<601))
temp(i] = MAX_TEMP;
}
temp[DIM*100+100] = (MAX_TEMP + MIN_TEMP)/2;
temp[DIM*700+100] = MIN_TEMP;
temp[DIM*300+300) = MIN_TEMP;
temp[DIM*200+700] = MIN_TEMP;
for (int y=800; y<900; y++) {
for (int x=400; x<500; x++) {
temp[x+y*DIM] = MIN_TEMP;
}

}
HANDLE_ERROR( cudaMemcpy( data.dev_constSrc, temp,

imageSize,
cudaMemcpyHostToDevice ) );

/7 WiETLEANIE
for (int y=800; y<DIM; y++) {
for (int x=0; x<200; x++) {
temp[x+y*DIM] = MAX_TEMP;

}

HANDLE_ERROR( cudaMemcpy( data.dev_inSrc, temp,
imageSize,
cudaMemcpyHostToDevice ) );

free( temp );

bitmap.anim_and_exit( (void (*)(uchar4*,void*,int))anim_gpu,
(void (*)(void*))anim_exit );

}

BRELCENEHABRILBEFFEFE—EER, BEMHTEE, EXBHLRTE—P
HHET. REZOEEEXAE: SRIHERFLTLIBEIGPULE, BFMEREREE
BERSE? BE, BFLENE WS E T ER, B ZaifignE s SR,

Mo, BETERLRETRSABGEEHREGEWHEEOEERT? 21, EXTF
GeForce GTX 285H9MIIANLAF L, ARl RBES NI 25 38R, £ ARFEshE
RAERLRESRE, RS TEN21.6E0. SRRELHIRERTI5%, HAESKER—
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DIERHAFREELINMTA, ZENTEREHLER

8.5 DirectXEB{EM

BTN AL T 50penGLZ [l Y B 1EH, {8 5DirectX 7 0] B B # 1EH JLP R AR,
{Yr{ %4 f it cudaGraphicsResource ¢ K R EDirectX 5CUDA 7 [ =L mh X, #HHIFH
cudaGraphicsMapResources() flicudaGraphicsResourceGetMappedPointer() 3 k 151X $b 3t = 2% i
HICUDA#5%,

FERKEE L, OpenGLE 1&1EHE 5DirectX B #21EM 7 RIMZE R AR/, FIER ADiectX
WRAEE BBy, Hdn, 7 HADirectXlb, 18 cudaD3D9SetDirect3DDevice()ii A &
cudaGLSetGLDevice() % #§ & ¥ 1~ CUDAIX % F. 1% f5 i Direct3D 9.0 #{E¥E. RUIATL,
cudaD3D10SetDirect3DDevice() 3 H 1% & % #§Direct3D 105 #:/E#:, THudaD3D11SetDirect3DDevice()

J& F% % 3 F¥Direct3D 11 L EH.

IR VRFE )R T ARAIOpenGLR ], LA S Direct X BB EHEERFIPEA:, R
AiE i DirectX R EM R LI —AN/NHEH, AP 4T E WUVRH A B A 7= 5l & 2 # A DirectX,,
FATEIU S ENVIDIA CUDAGRIER, THXMAPIHiGPU Computing SDKH 5 DirectX
H AR AR ARG R G,

8.6 AZJB/ING

BAEBRIKE S NAEER T B0 (E FGPUR LI fTavE HTHR, BERMNTFEEZIS
GPUMIAIR TAEREA—/ME RS %, £ & AR FFE0E 6 AR T RYLE R E R Ih 6.
GPUR B E R GIRM L k%, kR A THRCUDAIE {7 #0530 8 /¥ Z [ A9 th 1
MLARATE LT o FI X ERRAERNGE. HE, RINCL¥2] TRENE, ARERR
HHARNEBERMELERTELIATA . XA OUME T 5 AR ERER, f[HEE
FEHLAT AR BT AR TR, BIEE A TR R ERAT, AT R G700 B3 et (A]
s b R i R A R

FABERTLAGE S 7 £ 2o 5 AR (E B LREYE, BEXRERAENE. BRMNEBZNTBT
nfal {ECUDA CEeRBREB S AFIE QA E/RE X b, X B Y 8 (R 8% =T LAV 808 B A
FHRPOEERRET. BRTTUBRBRFEEZ MR, RETLUAECUDATIE S| &2 A
FAEPX IR, XH, 7ECUDA CEE B+ o] AT R W ATREREA M, & (R T0 0L
Buest, ANfixd SRR EHMREER@ETELR. WREFTREILER 2R L&, 2
CUDA CHY B B #1EAPIGESS 4 B R ik K B 2 B Thae!
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R > &

EARGATEHRY, ANALTHEE5HLLEALNAELFTREL
R ey, 2% ACUDA CHREH EIL, e fash iR T KA i F 84
¥ 7P ¥, 44 ACUDAZ o R HRE L4, HAHF Xfor() 3R
AHEMEERRRA, AR, AT LEI KD T EA__global__ &%,
T AR B AT 8 BAZ Ao B A2,

R, EXEHRALY, ¥ FEEALALALAFARAEFTHENLS, &
XKPAEATFEH EEATHL2 TR —MNLEOEAM, AXF Y, KNFEH
Bl P -, HAZEHAT R ARG RENRFHRE LT A
GEBAANRNLASATHREES,
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9.1 XEBf#r

it AR, RATLL:
* T ## A [GINVIDIA GPURJIt ELIHREE.,

* TRRIRFHRIELALRAT 2AT/EEREN.
o TRR{TECUDA CRER ¥+ AT HH R TR IEMEH.

9.2 HHEINEES

FHAA L, ®BOTEBHRZRFTAE X FCUDARGPURYE ZhEE. Bilfn, AfA X#FCUDAL
HHIGPUEBRT LA BB e %, TiRI& /AR, URIERERANFNSENT. BEMARLEHE
HICPUREARIMIZREMIE S E (FlanMMX, SSE, SSE2%%), X T3 FCUDARA A E 4k
B %k LRI ANt . NVIDIAYGPUSCH i & FhIhRESEFR A I H2heESE (Compute Capability),

9.2.1 NVIDIA GPUHIITHEI)RESE

F A #EAEE 1k, NVIDIA GPURILA X Hi+HIhEEEHEL0, 1.1, 1.2, 1304K2.0,
AR ER IR AT RO Re e rEaEE, KT “HERX F “HPWELERA
R MIBRESY (RATLUEFEE CERELS ). Flan, 1 2MAHREHEENGPURHE X
1.0 AFIL.1RAR BT A ZhRE. /ENVIDIA CUDAGEIREFEE T A X FFCUDARIGPURY
BEIZE, DAREIHEEATRINGER. ROV T HE#FRE B4 o ARINVIDIA GPU, [&kt
EFIH T EA4-GPUXFHIHH R IhEESE.

%*9.1 X #HCUDAMGPUR RHEMAYITHINGESR

GPU W HEINRESE
GeForce GTX 480, GTX 470 20
GeForce GTX 295 ) 5,3
GeForce GTX 285, GTX 280 1.3
GeForce GTX 260 1.3

GeForce 9800 GX2 1.1
GeForce GTS 250, GTS 150, 9800 GTX, 9800 GTX+, 8800 GTS 512 1.1
GeForce 8800 Ultra, 8800 GTX 1.0
GeForce 9800 GT, 8800 GT, GTX 280M, 9800M GTX 1.1
GeForce GT 130, 9600 GSO, 8800 GS, 8800M GTX, GTX 260M, 9800M GT 1.1
GeForce 8800 GTS 1.0
GeForce 9600 GT, 8800M GTS, 9800M GTS 1.1
GeForce 9700M GT 1.1
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(5%)
GPU WtEIhRES

GeForce GT 120, 9500 GT, 8600 GTS, 8600 GT, 9700M GT, 9650M GS, 9600M GT, 1.1
9600M GS, 9500M GS, 8700M GT, 8600M GT, 8600M GS

GeForce G100, 8500 GT, 8400 GS, 8400M GT, 9500M G, 9300M G, 8400M GS, 1.1
9400 mGPU, 9300 mGPU, 8300 mGPU, 8200 mGPU, 8100 mGPU

GeForce 9300M GS, 9200M GS, 9100M G, 8400M G 1.1
Tesla $2070, $2050, C2070, C2050 20
Tesla 51070, C1060 1.3
Tesla S870, D870, C870 10
Quadro Plex 2200 D2 1.3
Quadro Plex 2100 D4 1.1
Quadro Plex 2100 Model S4 1.0
Quadro Plex 1000 Model IV 1.0
Quadro FX 5800 1.3
Quadro FX 4800 1.3
Quadro FX 4700 X2 1.1
Quadro FX 3700M 1.1
Quadro FX 5600 1.0
Quadro FX 3700 1.1
Quadro FX 3600M 1.1
Quadro FX 4600 1.0
Quadro FX 2700M 1.1
Quadro FX 1700, FX 570, NVS 320M, FX 1700M, FX 1600M, FX 770M, FX 570M 1.1
Quadro FX 370, NVS 290, NVS 140M, NVS 135M, FX 360M 1.1

Quadro FX 370M, NVS 130M 1.1

sk, HTFNVIDIA-EEXAHFOEBLES, FEABHREM, XkEREEST
. #iZAIRZ, NVIDIAAA T — AR, 16X HAAICUDA Zoned % T % #CUDA
MBI & PR, WRRBEARIPRIRERAMNGPU, BLRBIREZX/FIFE, &
F WA LLE T EIEAR IR 4 A5 P 8/ CUDAR &1 BT e e B R k.

HTARHNFRXTRFHER, Bik5XE0AEHEXAREEEENT ERTERET#
TERIRED . T RIRTHRIERM ALURAT 2 BERRFRIEZA, REZEmE, RALISH
EHRANGPUT BRI GERA EXF L RNTF LA R F#RE. b, RAEI2RFETHRAH
GPUIH B IhRERA REXFFH ENF LRRFRE. dTHRAHEDEERKERA T HIhREE
RBE, HETFEHEREN 2ZHCPURXHAEAFREFRIEXXHLRAFER FRE. F
FE, HHRIHAERE N1 3MGPUL I HX MR 11k,

MRVRERRIGPUN T R GER A OAE, BAEAXFHFLRANF LHETERE, HLE
REEAEFRERHEE. mRIRAECE S X RTFRE, BLTUSSERIETENAZ. (B
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INFIRE I T ikis X seonfil, ABLvTLAEHRBkE T 38,

922 EFER/MIEINREERNRZF

(RIFEHRBHRDF 2R R RE R A BT RRIET AR, flan, RiIRREIEE
A, HABKBRE -ITHFEEMRBATFRTFRENEARF. RRERXF2RNTEFR
e, IHRRERARICRA DL, Mg RON, (FREEFRIES, MREFSIFOIED)
RERARAMET 1.1, MW LEsfTx MR, mE, SEFRFESXAERE, LTS
ESEARELIRE ERRANTRDEEF A HFNRIFRIL. BHINEEEFRIES,
ATAEE Fnveelt 5 in— 4~ ay £ 1T«

nvee -arch=sm_11

FIHERY, 7E4RIFREEMATAFR FRENEREN, RESFRFSANTEELIRE
REE AR R,

nvec -arch=sm_12

9.3 RFRIEGN

ERBEGPRSBNREFN, BYAAFEATFEWAE F8E. MEFEFERRT8
et AL, BAHE FRFIFAEERE TRERMTL, URM L ELEEEFFEEHEA
T, AT RRFEE TR, ROTE R ICRECHIEMmMINZ—, WM EREAF.

EEAMECHA AR, EHRTEXFIETE, xAENIZEHITXKIEDZAOEL
1, X FiEA 8 THPLeiR i FSxiyE M, HAEmExm4iiE,. RAERTxHEZ
G, AU TN, &5, RMNEGEHEEMESEX,

Fik, X/ 8#EPEESTEASRE, WTHR:

1) B RIE.

2) HBHWE PR A AN,

3) BEHMIEHIE RS E X,

A, XA RBHRAIER-EM-BA (Read-Modify-Write) #{E, 88250051
£ (e mT UL s i % e x (B AR 1E . .

HEZE-MHR: AMAKEEEEMMER 7B, RO HDRES SIFRAAR
B, ATIBTE#MxM{AMHIEE ST bl =/ 180, BiZ<AmEEAH7. ERAKET, 707
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R®9.2 AMEERRSEHE

FOFE EFE F 123

F2 E T |
D) RAERxPRIE AMxrpigE7
2) BRAREFI A {E S ] ALTF 38
3) BBEABREE RS EHx x<-8
4) B Rx P A BMxHiEFI8
5) B IRT M {E 01 BitF#H9
6) LB £E R 5 ] Bx x<-9

HTxAVELRIEAT, HEMMAISEETEY, FitEdBiaRem/e, xiEEA9. #
TR ATE AR IEIRF , XHskRIMANVEEIREER, @R, BRTXTRIEBFIN, TSHFERMR
— SRR PRI P AT RE R BB IRAVES R . Blan, ZERIIFMINUF, HPRBAMEEBARERK

7 it 7.
F£9.3 BEEREEhE, FEGIHIRERERR
£ L ™ 5l

SHEAERxPHIE AMxHIRF|T
SEBIERxPAIE BMxHiEE]7
R AN HIRT A0 1 AR HEHS
SEBRHIRFIAAE I BitH {338
SHREABERSE X x <-8
HEBHE RS EEx x <-8

FE, mRERAVEESAFER, BokEBHIHIRMOEER, BT _Lm AT IR
b, X6ANFBRER VL HMHIHEF R, Hhfty /e EmmER, i
e, HIEBRFNEEBEREHZEEN, MR NEBEFEN N ZEETIRREE S AR,
MLRATRESBIATHMAIER .,

ERTE ARG, RNFRETERH R —RERIRITEIRR-ES-BAX=1#1E, HF
HEMTE R A LB K MBER T . Bk, RIFECEER TE=/#1E, SUHMAIL
BEAGIEREESAE, B TXERENNTIRTES BAE/RIES, BERMTE
R X RS PRAIA R ERR AR F#81E. CUDA CEHHZHMEF#E, YARTHKEENT

iR ERAETESE, X ERERBRMREANT L LA LR LRRE,

B, RNELEH TN REEARFREA IR HERSRORH.
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94 HEESHE

HE, AEREEEURENREENEFE, R ZAEFHRSERATELHE, ©A
MR, AFEEMREANETS. S8 -8 -HATENEIEE, BRI TED
HASH, Bilau, wRIFIFH “Programming with CUDA C” mEFFMEMA S E, Motk
BRI E9.IFrRAIEE R,

2,212 102 7. %% 17 1.1

(A|CDIGH I MNOG®PRT JUW
9.1 %4 “Programming with CUDA C” % a H A

ERE S BRECRE S, EAETHFIARFORER TER A, E&RHBELTE
REITESVE, SEEQCE, ¥RES. R, &2, FARNES. R/
B BT AT R AR BRI R,

9.4.1 #ZCPULHHBREFHA

HFHERAMIRERATE S EOHR, HRMNE LR HafECPULTHEE S E
R, XA THIER LA T ERSRREARFPIFEE S BRI EAN, XTARF
AL — A KB BARI . EXGERFD, ENBRTURRFEAFEME, SEFRERIE,
BEZEMNOFFARFS, IMBEHREMILERNFTE. RMOTLLELTARHK
big_random_block()3 A FX MMREHLATF 13, 7E R FIFE FF o 45 2 B 100MBRIBE ML .

#include “../common/book.h”
#define SIZE (100*1024*1024)

int main( wvoid ) {
unsigned char *buffer = (unsigned char*)big random_block( SIZE );

HFEANBEILFET (8tkis) #A256ARAIFTHERIA (MOx00F|OxFF), HL7EH % E
PRELEALFE, BRI REMOEERERFOEIRE., RNERT--1TEE
2564 TLEMVEAL, HAFPTE STEMEMHAIEA0,

unsigned int histo[256];

for (int i=0; 1<256; i++)

histo[i] = 0;

EOIE T 5 B B T E S L A0S, T R E B8 /4 fEbuffer 1 535 o i
R, REmEEE, §47EE Abuffer()d HBLEA 20T, i E 7 EBA PR hzi
TCH . XAERAET Rz Bk B .



FOF F F 125

i - 24 /i 5 B A {E Abuffer(i], AP 24 i M B  F 515 Touffer(ilfyL ., BT ILE
buffer(il{ Fhisto[buffer[i]], Ff1AT—1TREDRERT LU 40 5 A T Boes .

histo[buffer([i]]++;
e —/~ 18 B B9 for O P 3R p *fbuffer (] Y A TR ITIX R IE:

for (int i=0; i<SIZE; i++)
histo[buffer[i]]++;
sehr, RMNECEUHRTTWARBNAES B, AXEMEARFS, XA ETREERD
T HRASROMAKE. BEXEORERES, XRLEEHRTHINA LE, HLETE
WRIEESEANFFATERNEREDETEMROE, REEREF.

long histoCount = 0;
for (int i=0; i<256; i++) {
histoCount += histo[i];

}

printf( “Histogram Sum: %1d\n” , histoCount );

BE-THEEH, TREABANERM2, XMMESLEHEEN., M cEHELLT
I REMOHI KRS, AEFAXLETRENSRRMIZETHAT TR SR, ERFD,
XA E B TSIZE,

EF£E (HRMNGERZERE), ERTEEREERERMNFIFER,

free( buffer );
return 0;

}

#A#E—ECore 2 Duoklad EMBLX AR, HA K/ AHI100MB, K4HH T EATHH R
A0.41680, XA T— /M REMAE, WERINMHEXHGE SGPUMARFAIEREH# T,

9.4.2 #GPULHHHEEHRE

FMAUEXANEH BHRRHREGPU Lizfr, mRMANEHRB A, 2d@dhL 4%
EARLTEE XA RMS, BHLHREATRME., Hd, BTRMERRERAR B
WMARBELAEE RSN, X 5ROB) B Ay L BEF R GEBEEHOL, i Bim AN E S
BB 77 7E — A, BD 2 A2 T RE R et tH AL 5 B Rl — A e Rt A, TR T,
FAE B o TR AT R M B 6.9 .35 IR B Y (A1,

main() i AR H KL TCPURA R ehi ¥, HR BT ER I LLCUDA CIOREY, BI5EH
i A BB R GPULL R MGPUS B £5 R . main() & B9k 53 FCPUMM A £ 4 —#E
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int main( wvoid ) {
unsigned char *buffer = (unsigned char*)big_random block( SIZE );

T ER R AR AIRATIERE, BRI MG A,

cudaEvent_t start, stop;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE_ERROR( cudaEventRecord( start, 0 ) );

ERBFMABIBRNEGE, RINEEEGPULAMIKASIEMGHEBoRANES
Al £ B TWMAZMXE, B1Hbig_random_block(O4& KHI AR FIFIGPU L., F#E, 7
SR THAEE, RCPUREHIFHHHMIAILA0,

// TEGPU LA HRIEIR sy BENTF

unsigned char *dev_buffer;

unsigned int *dev_histo;

HANDLE_ERROR( cudaMalloc( (void**)&dev_buffer, SIZE ) );

HANDLE_ERROR( cudaMemcpy( dev_buffer, buffer, SIZE,
cudaMemcpyHostToDevice ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_histo,

256 * sizeof( int ) ) );

HANDLE_ERROR( cudaMemset( dev_histo, 0,

256 * sizeof( int ) ) );

PRATRECSEER, £ LEmAAE+FSIA T~ HAICUDA ziTh sk, cudaMemset(),
B/~ ok S R R SR C iR Srmemset O JF B RAREIAY, H B XA RBMTAHBLELMEE.
ZHEMERFET, cudaMemset()FiE B —/MEEHRED, TiCHE E HmemsetON AR, X HEIRTD
WEFAAEEREGPUARFM X AR, BRTEEERGN, T/ -4 FRZLEHRE,
cudaMemset()£7EGPUNFF E#hf7, MimemsetOR7EENNFF LidfT.

EMBLMAZREIEHENX G, MG THRESENES, (RS ERSFR mf
BRI BHESAZEYK, RNGHRZCLEGPULTRFTENE. EHETHE, FE
HHESEEHECPU, ARBEMNIET —TEE256TEMKA, HHERTARER NN
LR

unsigned int histo[256];
HANDLE_ERROR( cudaMemcpy( histo, dev_histo,
256 * sizeof( int ),
cudaMemcpyDeviceToHost ) );
g, AR T H A EEHE, B AE IR S BoR2 BRI A, X S7ERTH L
o i A RBEEHEE.
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£ R R R TR
HANDLE_ERROR( cudaEventRecord( stop, 0 ) };
HANDLE ERROR( cudaEventSynchronize( stop ) );
float elapsedTime;
HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );
printf( “Time to generate: $3.1f ms\n” , elapsedTime );

BB, BAOTATLAHE S BEEAMABREBATROT - FE, R, EXREHAR
FEHFAESERTHEMGEMSRE, fALRIEEGPULEHHARNE S ESECPULHHARBE
MHELEREMEE. Bk, RMNBIEELLTENSNETERNE. X 5CPURAH AL
E#), TR

long histoCount = 0;

for (int i=0; i<256; i++) {

histoCount += histo[i];

;rintf( “Histogram Sum: %1d\n" , histoCount );

A TRIEEGPU L H RSB E S ERIEMA, RITHEHACPURTRER -/ EHE.
— PRI TR R—TFHE S BEE, R4 1Rk ERAKE, HA&
JERIFGPUE S A W& TR ECPUR AN TTEMEMFE. Aifi, HONEX/IREIHHE
[oil - HEE T EKH, mMEYXEGPULEHHEALE, ARELL “¥F" HXECPU L
HHEE A,

LL T FRAURALEEN S, §EHHEHGPUALE, HERGE/HIER, B’
HA BB TENE. Bk, mRTHIHEN AN BhE/TEMEEFAH0, BLACPUHE
HAEHESGPUITRME S EMEF. NEME L LRE, BRINEEHEI/NEFBZEE
F. XBRABELXIEFRCPUAES AR, BERMZBREHERmARLEMZHT.

/1 BEiF 5CPuf BRI E A EE
for (int i=0; i<SIZE; i++)
histo[buffer[i]]--;
for (int i=0; i<256; i++) {
if (histo[i] != 0)
printf( “Failure at #d!\n" , i );
}

ol E—E, ERFESRMNERNKC > RACUDASEN:. GPUATFMENIANTE.

HANDLE ERROR( cudaEventDestroy( start ) );
HANDLE ERROR( cudaEventDestroy( stop ) );
cudaFree( dev_histo );
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cudaFree{ dev_buffer );
free( buffer };
return 0;

}

ZHE, RAMRIZO 28— P RREIT G T HE, HTHEENZE, XA REIh A
RBARLLE XN RBOAREEE 2 %, iTHHELS 72564 c#K, HLATLAEED
KELPEENER, AR ER LK. BE, EXRAONE FTTUEE
ZiEFE. Gilin, 7E100MBE#Erh3L 4104 857 60045, KITAILAEsh— kb, HHiLE
MERARALER409 60080t T$. [AHE, AVBEFTLLESE D409 600405k, H HilEBNREBL
B—/HaRTE.

rRIGEC M T, BAvEEL T S EXMAREHE O 2, @ —2eteaesis, i
RIS FE ISR DGPU R AL 28 MR U250, 45 8B Bk MRE. Bilfn, fEGeForce GTX
28018 T30/ 00528, Bk Bah60 1 HITERR BN, HH B RS TE .

EE3%d, BOGMBT--FhHERERNCPUBHIREM BN, mBREET LM
BEFEXSHBRERNEE, B2RERBR S - EE. RITETUATRIER R
REIXAHBE, SR/ERHEEFXNTREEMLR, BREIXEEREERGTHES.

cudaDeviceProp PpProp;

HANDLE_ERROR( cudaGetDeviceProperties( &prop, 0 ) );

int blocks = prop.multiProcessorCount;
histo_kernel<<<blocks*2,256>>>( dev_buffer, SIZE, dev_histo );

LAk, T4 T BrImain() R

int main( void ) {
unsigned char *buffer =
(unsigned char*)big random_block( SIZE );

cudaEvent _t start, stop;

HANDLE_ERROR( cudaEveniCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) ):
HANDLE_ERROR( cudaEventRecord( start, 0 ) ;};

// TEGPU LA AR BE 5y BE P 1

unsigned char *dev_buffer;

unsigned int *dev_histo;

HANDLE_ERROR( cudaMalloc( (void**)&dev_buffer, SIZE ) );

HANDLE_ERROR({ cudaMemcpy( dev_buffer, buffer, SIZE,
cudaMemcpyHostToDevice ) );
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HANDLE_ERROR( cudaMalloc( (void**)&dev_histo,
256 * sizeof( int ) ) )
HANDLE _ERROR( cudaMemset( dev_histo, 0,
256 * gizeof( int ) ) );
cudaDeviceProp prop;
HANDLE_ERROR( cudaGetDeviceProperties( &prop, 0 ) );
int blocks = prop.multiProcessorCount;
histo_kernel<<<blocks*2,256>>>( dev_buffer, SIZE, dev_histo );

unsigned int histo[256];

HANDLE_ERROR( cudaMemcpy( histo, dev_histo,
256 * sizeof( int ),
cudaMemcpyDeviceToHost ) );

/7 4B BRI R
HANDLE_ERROR( cudaEventRecord( stop, 0 ) );
HANDLE_ERROR( cudaEventSynchronize( stop ) );
float elapsedTime;
HANDLE ERROR( cudaEventElapsedTime( &elapsedTime,

start, stop ) );
printf( “Time to generate: $3.1f ms\n" , elapsedTime );

long histoCount = 0;
for (int i=0; i<256; i++) {
histoCount += histo[i];

}
printf( “Histogram Sum: %1d\n” , histoCount );

/1 iS5 % FCPUHRAEINE REMF
for (int i=0; i<SIZE; i++)
histo[buffer[i]]--;
for (int i=0; 1i<256; i++) {
if (histo[i] != 0)
printf( “Failure at %d!\n" , i );

HANDLE_ERROR( cudaEventDestroy( start ) );
HANDLE_ERROR( cudaEventDestroy( stop ) );
cudaFree( dev_histo );

cudaFree( dev_buffer };

free( buffer );

return 0;

129
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1. EAZRENFRFRIENESBEEL

BRI FHBIES . EGPULHRAHENRG! HRAEHANBEAEFEENSZHE
&, —TEAMABARNTEE, MASBANKE, UR—/1fanRfit 55 BREE. 2Rk
TRV — A H AR E T EMASHEEATNIES. 8 EBNEERBHEFILERRR 2
FEENME. A, HREBOHEAHACEHEENER. RINFEMRICEXTHEA, 405
ke VSRR, BAUER THE RS ERAFER K ER K EMIE%E.

#include “../common/book.h”
#define SIZE (100*1024*1024)

__global__ void histo_kernel( unsigned char *buffer,
long size,
unsigned int *histo ) {
int i = threadIdx.x + blockIdx.x * blockDim.x;

int stride = blockDim.x * gridDim.x;

LN SENE CHRERBIIREENEERE, XERDEEDaAKA, HEMasE
hAE R T ERIE.
while (i < size) {

atomicAdd( &(histo[buffer([i]]), 1 );
i += stride;

}

LA fLFDfT#R/RTECUDA CrhrfE AR TR 1ERI S K. ek %18 FatomicAdd( addr, y )#§ 4 Ak
—ABEFHRIEFT], XA REFI QB RRIE IEaddrib I, By HmBIXAME, CARASE
KRR E e hbaddr, KRR SMITIEREN, KA EMIBESAZIERKIE AL
addr LA, XHEBEEMRBBIBIIAVER. EXBEAREIF, XAk E 7 B R T
EMME. R Yn0FT hbuffer(il, B2 HE B BRI TTHER Lhisto[buffer[i]], JH-F#1E
FTEXANTTENBAE, HEE 28 Ah&hisobuffer(i]]), HTFRIMBEBBIEXANTEFD
{EiB 1, HIEE IS HELL

ESHrEX B E A5, GPUMRAR A S B HRMIER KL TCPURAME T BitH,

#include “../common/book.h"
#define SIZE (100*1024*1024)

__global__ void histo_kernel( unsigned char *buffer,

long size,
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unsigned int *histo ) {
int i = threadIdx.x + blockIdx.x * blockDim.x;
int stride = blockDim.x * gridDim.x;
while (i < size) {
atomicAdd( &(histo[buffer[i]]), 1 );
i += stride;

}

Rifi, BIMBERAEGHARARE ., BT RBIE, FIEHALGeForce GTX 285H)
WA HLE ., M100MBEIH A SR FHi B 5 BRE1.7528), 5% FCPURIE 5 B EHLL,
RERBXANEREEREME, FL L, GPURAAIMAELLCPURRA MM ERIRE, Xt
FATAH L ERE TR EERE. mF REFE AR FREIEGPU_LIE {7 st i X F L FERY
SKHUSENHE , D2 F A 1% B i

HFEZRSCP REE TIEEPHHETE, HRRAERELBAT LNFFRESET
HREMIPEIR. UBTAEBEKVIRDCRNFCER, HAEKRBNTES. b THRREHIE
VERIR FE, *HAERINAFEOL B AR AR SR ok s ATl X T RESBUR 17 R 52 IR TEAIBAF1AE

#Hi, ARSEEEEHITSTREMRGIERERTA. BRNGFEHREEL S N EFHKS
X FPERE,

2. ERAENEFERTFRIENEBAFRFRIENEABZIY

TR X LR FRIEE FBOXMEREMIKR R E, BRSXA RGNS G FER T THE
e 2 mAFE AR e, SREMTIEFREHEETERTELMEFRE, MREART
TEEEVENATFINE ERETES, ERJGXAFE, BIHEENEHE AR,

EXE-TBEF, BT TEERH TR ERCEIRNESE. HTE I KBRERT
XA RIER AR RAR T AR, BEFTDAEREATR I RXEELE, HReSEREEAR
EME R KIZFDRAM, B, XFGXMATERTFERE, BAELBERPHZNEEZRA
BARZCEMEER SRR, AW, HEAF6NEEBAE2S6 Nt ERAETS, THEK
ol D TEE R 2 BRI ERT SR Z AR ETESAIRE L.

Rla, EF—THERFSE-ITHEAFEHXHETOEL, ARRFEIEERNE

MELE., BEMESE, A THENZREFLF[ERMESCIANZME, BHHHEERA
__syncthreadsOE TR B~ R RA B AR IEELBRALEATH Z AT 5T 5.

__global__ void histo_kernel( unsigned char *buffer,
long size,
unsigned int *histo ) {

_ _shared  unsigned int temp[256];
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temp[threadIdx.x] = 0;

___syncthreads();

ERAE BB ARE, TSRS EHGPURARH G BHHHFAEW KM, X EME—
MZERET, RAOERTHENFZ P empllfi A 22 RANFLZ B[ histo[], HFATHEME
U H__syncthreads() % B R 18 58 I 5 19 5 A RIE,

int i = threadIdx.x + blockldx.x * blockDim.x;

int offset = blockDim.x * gridDim.x;

while (i < size) {

atomicAdd( &temp[buffer[i]]), 1);

i += offset;

}

__syncthreads();

EESURRIAT BRGRFT, RfE -2 EZRBEA LRI AT B2 RHR M
Khisto[19, {RIZHHMAKE I AL, XERTHANKBRET TR OKE, JFitHEas
PRSI EL T B R B AR A BIE PRI FTHOXFCHIL T20%k, LKEBEHFIO0XFC
HIL TS, ILFVIOXFCIEESARIEHILHI T25%k. R, REAHENEN TEREL
BAH N EFHMPECEFMARBA A ES TR, x/MZHATUT RIEERRML
B, HBs rREREYEEHFARTBEANERTERE, SEERNELENE M TE
AT B E S B EN TR . XM REFEGHEK:

atomicAdd( &(histo[threadIdx.x]), temp[threadIdx.x] );

}

MTFRIOER T2560 K8, FRATEBRE T2560TH, ARE M BT amEEl
BARFNCERAMEMNIELXEFEMITEL. WREEREAF T LERE, BLX MU BH
EAhE R, EF, BRIOFARIELBEIATIZBETFGTFE & B EAMBELELES, 4
TR R AT 2, TTIEWRF IR -2 3 BRI S R .

XA RMAOMHBRELTRTEERY, UTETBIRD.

__global__ veoid histo_kernel( unsigned char *buffer,
long size,
unsigned int *histo ) {
__shared__ unsigned int temp[256];
temp[threadIdx.x] = 0;
__syncthreads();

int i = threadIdx.x + blockIdx.x * blockDim.x;
int offset = blockDim.x * gridDim.x;

while (i < size) {
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atomicAdd( &temp[buffer(i]], 1);
i += offset;

__syncthreads();
atomicAdd( &(histo[threadIdx.x]), temp[threadIdx.x] );
}

XA ALK BRI Z ATAIGPURR A FEPERE LA THROKAIIET . @l EHAERNE, BFE
GeForce GTX 285 LAy f78 (8] 4H0.057F . ix A (X bb 4l B & RN 17 5 FR 1ERURR A 47 1R
%, MiAkEMCPUSLI L EH — &S (04162 TFFI0.057F)), KERFA TTHE S,
F, RAEEROIHXAE A EEMCHEGPU LB R M EHERE TP, (BanRREIRER 7%
RFREMERBETH, BADARELIEREAET .

9.5 XBNGS

RARMNLFRFALCUDA CRREHITRFRLLES, BERKEE LZRT &
fol, e e il I RHEHT 44 (BIaGPU) HERBERF RO TIEE AR, Fin,
AT A SRR RHE SR A Nk, 7ESXR DL, RHUEERY I ATHL AR R ifd 23 By
H, iR, 7ERE b SRR TR T LA B X R o5

PRI, EAMER G EUREPEFEEN, A REBRFRIESHORERAME, HHXENE
SR o Bk A R EE R o AT WAL MUARE O, (BRAEE 7 RGBT, JOMER T —FHH
B, REREK TESRNFURN LSRRI, B8, XMEEENFERRERN R SE
WRTEAZCR, B HIRTE B R AR R T8 IER, DX R,
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EABFECE S LA, T RARKEEGFF4HH, KBAGPUL
AT M BT & T ACPU L freyde ik, Rat2 s, NVIDIAR A &
B BT IH XY (Parallelism) , XA 5 {71 £ FCPU %
BAZN RMAZA & 6945 % 5F 47 (Task Parallelism), 4 % 5 /7 M R 48 5 T3k
HANMESAREAGES, RARELEXZTRE ERAR NS

BHATHIR T, E5HTAREERAE, Flio, BALATUARTA
Meg: R —ANBARELLFNHCUL, mF—ANEALBLTRLETHLH
&, XEBEEFH AR, RHZEZAETERGHF, & AGPU LML
HHATHH ARCPUL M5 AMRABERE, EBATUR—FRHAE
A AEGPUL#EfR R, AAFFT, KMNFENLBCUDAR, AR ATl iL
# AGPU L B B # 47 $ AME %,
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10.1 AXEB#R

it AR, RATEL:
o TRRM{E5r BETIBIE (Page-Locked) A FHLATE,

» Ti#ECUDARIIHEA .
o T fRAn{a{E FACUDA7 3 hns Bz FEE FE .

10.2 WHMEENAF

EROER &R FId, #&#itcudaMalloc)fEGPU L4y BT, LA Boiliad frife A9 CJE 6
¥rmallocOFE EHL E4rBENTE. BRIl 2%, CUDAEITRIDIEME T 8 C b A L&k 4 B2 HL
M7 : cudaHostAlloc(), #nRmalloc() &2 REMRAF I R CRE/F RAITER, B2 HH 2L B(EH
XA ERE?

H£ |, mallocO)4BRINFE ScudaHostAllocO4r BCHINfF Z R EHE -1 BEER, CE
i FemallocO)¥4 5> BAARIERT, 714> FUHY (Pagable) FEHLATE , ificudaHostAlloc()$ 4 A2 1 815E
BN, TTHENGFLEAEEANG (Pinned Memory) S EART 4 THAGF. CH— &
LHEYE: RIERRBA I XBNGF 2 TR AR £, MR TIZNFHREATESEY
BAGFR, Bk, BIERKRES T LMERLNS AR FHRIZNFRSEBL, EAXRANF
BASWEBIARE TR EN.

HTGPUSILE N fFRVHEbht, FEerTLGEL “H#EN kR (Direct Memory Access,
DMA)” HARAEGPURIENL Z A E FI%#E. B FDMAEHITR Gl LFECPURIIT A, Xtk
FHEEkE, CPURFGEEDMARISITE B BN B b, S EHiEgE
AWl MR FE B EM BIRANFIYEI L. CPURTRES AT 4 UMV, Xk Al fgxf
DMAREERIER, Hit, ADMAR G B ERBEENFRIEFFEERN, FLE, HER
a5y TN ARk fT R filt, CUDAJRZhRRFF 53R <5l it DAMIE B (5544 GPU, [k, & HlHR{E
PTG, BB TTNTFRE HIE — “IEEE" TTEENT, REEMNXATBEN
#E HBIGPU L,

R, 2 AT 2y BT F R P AT 52 R PRI, Tl B RF 52 PR T PCIE {4 46 53 JE 1 7 6 1l
BEOE AR AR — T . ERERG D, XELSKRENE LHBERKMES. BEIS7EGPU
FEYLIRNE G EARR, XRS5 2 (E TTHUE LN AU RE ELARUE AT oy BT AR PERE i K4
2% . BNfEPCIER)E B 5Alin SR EEME, AT TAFEEE £ RhCPUR 51E
HlER1E, BRI,

PR, VR AGEREA % — /4~ #Rdm . L4k B -mallocif Fil H-45 H 4 #t HcudaHostAlloc )i .
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EENFR—IENTE, HERBEENTER, REEZEULNFORADE. IR, £MA
BEFERE TS ENFHETEEsRYWENT, BAXLEAFTEXMIIEL £, XE®
#, SERPREAmalocQIAMLL, REFERBERATE. i, MARFEDEANTFER
AEIpLEE E& BT R, B Rk E BB R RO R R AL s AT A H M B R R AR RE

iX Le4 I 3 A 84S FcudaHostAlloc(), iR ER VR iZiS BBl ENFNREER.
M EIL, X FtcudaMemcpyO i FH RN E BArNf, AEHABIENT, HEEAH
TR ER BN LAV, AR %3 R REF XA A B, cudaHostAlloc() 5| H &7 4 1k
FAMKMEANE—FER R, ROVRE R0, XA RPIRFHELH T a0 o BB E N, LA
B CARR-FHriE o] 4 TN R RIPERE (L 34,

EANABRFERE SR, FEZN K cudaMemepy()TE R 53 BL N 77 AT BIE N 77 EAPERE.
EMNEMATRE S B —GCGPUE MK, UR—PKR/DEFHENRGE, RAREXHMEHK
ZEHAT T HRE, RONALFRAREEGRIL R, Blanh “E" AENEIRE) &
 CFT ONER&RBIEN) . RIEEER], b TR R, WO E GlRIENELE
B ZUFNES K %57 51X & T CUDASfF, {RAlRE &1L Z AT PEREM 7 ] o & anfe] SK B X L6 4
By, (HMRETHUAEE, TEHIEREBEKBIRELENAZL.

float cuda_malloc_test( int size, bool up ) {

cudaEvent_t start, stop;
int *a, *dev_a;
float elapsedTime;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );

a = (int*)malloc( size * sizeof( *a ) );
HANDLE_NULL( a );
HANDLE_ERROR( cudaMalloc( (void**)s&dev_a,
size * sizeof( *dev_a ) ) );

B Asize N B 5y Moy B ENZE P XMGPUR X, AREMITIOOREHIERME, HHESHK
up X E M5 M, TR E GIRIEEE TS,

HANDLE_ERROR( cudaEventRecord( start, 0 ) );
for (int i=0; i<100; i++) {
if (up)
HANDLE_ERROR( cudaMemcpy( dev_a, a,
size * sizeof( *dev_a ),
cudaMemcpyHostToDevice ) );
else
HANDLE_ERROR{ cudaMemcpy( a, dev_a,
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size * sizeof( *dev_a ),

cudaMemcpyDeviceTeoHost ) );

HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );
HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,

EATT 100K BIRIES , BHENE R AMCPUSMR , 3 H AR,

free( a );

HANDLE_ERROR(
HANDLE_ERROR(
HANDLE_ERROR(

start, stop ) );

cudaFree( dev_a ) );
cudaEventDestroy( start ) );
cudaEventDestroy( stop ) );

return elapsedTime;

}
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i $tcuda_malloc_test()ifl i bR#E A C & Frmalloc )k 4y KL vl 2y W EWLAE, L REENF
Bt {iE B T cudaHostAlloc()

float cuda_host_alloc_test( int size, bool up ) {

cudaEvent_t
int
float

HANDLE_ERROR(
HANDLE_ERROR(

HANDLE_ERROR (

HANDLE_ERROR(

HANDLE_ERROR (
for (int i=0;
if (up)

start, stop;
*a, *dev_a;

elapsedTime;

cudaEventCreate( &start ) );
cudaEventCreate( &stop ) );

cudaHostAlloc( (void**)&a,
size * sizeof( *a ),
cudaHostAllocDefault ) );
cudaMalloc( (void**)&dev_a,

size * sizeof( *dev_a ) ) );

cudaEventRecord( start, 0 ) );
i<100; i++) {

HANDLE_ERROR( cudaMemcpy( dev_a, a,

else

size * sizeof( *a ),
cudaMemcpyHostToDevice ) );

HANDLE ERROR( cudaMemcpy( a, dev_a,

size * sizeof( *a ),
cudaMemcpyDeviceToHost ) );
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}
HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );
HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

HANDLE_ERROR( cudaFreeHost( a ) );
HANDLE_ERROR( cudaFree( dev_a ) );
HANDLE ERROR( cudaEventDestroy( start ) );
HANDLE_ERROR( cudaEventDestroy( stop ) );

return elapsedTime;

}

RATLAF#|, cudaHostAlloc()4 BLRIA 7 Smalloc() sy BERIAFEME A G XN LR, &
mallocO#Y A [A] Z AL 75 T8 fa — 1 2 i cudaHostAllocDefault, B fG— /> £ 5 /0 B (B 36 & —41
ra, FATATLLE X debn i K 1% dcudaHost AllocORIT 4, H4r BE AR E & M.
FEFEUES, RITBEIHGMFRER, HREMNmNS, REEARIME, FEBS8dsE S
cudaHostAllocDefault A3k 5 BRINAY T A . E R HcudaHostAllocO) s BRI TR, 44 %0 (F A
cudaFreeHost(), k2%, Fans kil Amalloc())sEPaEE il H—kfreeO—kE, 5% Kk iHH
cudaHostAlloc() f5, HFEZiF H—kcudaFreeHost(),

main() g8 B AACRS 4n TR 7,

#include “../common/book.h"
#define SIZE (10*1024*1024)

int main( wvoid ) {

float elapsedTime;

float MB = (float)l00*SIZE*sizeof(int)/1024/1024;

elapsedTime = cuda_malloc_test( SIZE, true );

printf( “Time using cudaMalloc: %3.1f ms\n” ,
elapsedTime );

printf( “\tMB/s during copy up: %3.1f\n" ,
MB/(elapsedTime/1000) );

i Fcuda_malloc_test() [y Z: $up Fytrue, [HHCAT— 8 AR FHLAIZE (SEFR
“EFT OFIEE) MEHIMRE. ERRAER B RAERE, ATUABITHREIER, REEE 4
845 7€ Hfalse,

elapsedTime = cuda_malloc_test( SIZE, false );
printf( “Time using cudaMalloc: %3.1f ms\n" ,
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elapsedTime );
printf( “\tMB/s during copy down: %3.1f\n" ,
MB/(elapsedTime/1000) );

FA AT T HHE Y2 8 3 Mk cudaHostAlloc )Ry HERE, Hfcuda_ host_alloc_test() I8 Wik,
— U BupHs E Atrue, B —ikIEE Afalse,

elapsedTime = cuda_host_alloc_test( SIZE, true );

printf( “Time using cudaHostAlloc: %3.1f ms\n” ,
elapsedTime );

printf( “\tMB/s during copy up: %3.1f\n" ,
MB/(elapsedTime/1000) );

elapsedTime = cuda_host_alloc_test( SIZE, false );

printf( “Time using cudaHostAlloc: %3.1f ms\n" ,
elapsedTime );

printf( “\tMB/s during copy down: %3.1f\n" ,
MB/(elapsedTime/1000) );

}

fEGeForce GTX 285 L, M{ERBEEANFMARZR 2 WA FR, FRATWE BN FHLE HIF
& BIEREM 2.77GB/siR A+ F5.11GB/s, 2R B R KB EHLE, KEBAHERER TR (LA,
B 2.43GB/s## 7+ £15.46GB/s, FHt, 3T RKEHPCIEHEAMAAER, YEHBEENF
A RRHER 5 TAFER, "TUARE T EREEEIRT. ET80E N FRE R OUR T
A, ERENENTHESER, £ -S8HEELPLEEERTSENS.

10.3 CUDAJfE

frE#6, 5| A TCUDASHRIEEA . 248t H 124 fr#8cudaEventRecord )R E — /2%,
AR EERFEHX NS EA TR ERAEHARK (Stream),

cudaEvent_t start;
cudaEventCreate(&start);
cudaEventRecord( start, 0 );

CUDARFEIE AR HEE EEMEM. CUDAKR R — /1 GPUREBF|, HHi%
BAFIl e O $R T H LASE E RO 04T . FRATTRT LAZE SR b i in— B4R 1E, Bl ek $sah. WHE
fill, AREHRIEZIFILERE , F5iX S8 (iR S 5 i iUF sk & E R ATRA . 7ReTLAKE
BNRAMAGPU LR —/MES, HAXBEEFUHITHT. KITEE XM BofERE, 4
J& A 28 4ol i FH I 5K sk fz R 5 .
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10.4 {FRALTCUDAR

MERSED, (NYEHSANRMARERHKEAIRIERD, HRIMTEEELTERREF
FE RS TR B ARA Rk, RIZEF—ACUDA CERE, ZRABHARTMARERNMK,
afiib, %R BCR X LEGR oh X M RO BV BAT R, A B2 RIRTF B4 H 2R
hiXe, KREMERGIRATRUNTERK, BEXIRES, RIOTHHHEah=/EFb
= MAERESIE.

#include “../common/book.h"

#define N  (1024+*1024)
#define FULL_DATA_SIZE  (N*20)

__9lobal__ wvoid kernel( int *a, int *b, int *c ) {

int idx = threadlIdx.x + blockIdx.x * blockDim.x;

if (idx < N) {
int idx1l = (idx + 1) % 256;
int idx2 = (idx + 2) % 256;
float as = (a[idx]) + a[idxl] + a[idx2]) / 3.0f;
float bs = (b[idx] + b[idxl] + b[idx2]) / 3.0f;
c[idx]) = (as + bs) / 2;

}

BEANBEPARREE, FHEATFELKSEERRRIZABEIITHRE. TLHEEER
R HRER, FAXA/REGERAR R EmainOF SHRAXA S,

int main( void ) {
cudaDeviceProp prop;
int whichDevice;
HANDLE_ERROR( cudaGetDevice( &whichDevice ) );
HANDLE_ERROR( cudaGetDeviceProperties( &prop, whichDevice ) );
if (lprop.deviceOverlap) {
printf( “Device will not handle overlaps, so no
“speed up from streams\n” );

return 0;

}

WAMEEIE — M FEH R EE /X IFIREER (Device Overlap) HHREMIZ® ., Xk
#E R HRENIGPURES fE P 1T —NCUDA CE BRI, TREIEIRE S5 EHLZ TR HIH
fE. i mREe, RIOHEAS MR HUHESEIEERMNESR, HEEREFD
B EH A, SHTFEN R (RER) ORE—F, HEEnEDH—
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OF Sigidiop- P
cudaEvent_t start, stop;
float elapsedTime;
/1 BB 2R

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE_ERROR( cudaEventRecord( start, 0 ) );

LRt 8 fa, BT R GURTE R AR b (3 AR :

/1 stk
cudaStream_t stream;
HANDLE_ERROR ( cudaStreamCreate( &stream ) );

X R CIRAH FEMNLHLAE, HEAKSEBEENY, & TRRSERBRIE.

int *host_a, *host_b, *host_c;

int *dev_a, *dev_b, *dev_c;

// TEGPULELNTF
HANDLE_ERROR( cudaMalloc( (void**)&dev_a,
N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_b,
N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_c,
N * sizeof(int) ) );
/1 srRCAERMTBIE AT
HANDLE ERROR( cudaHostAlloc( (void**)&host_a,
FULL_DATA_SIZE * sizeof(int),
cudaHostAllocDefault ) );
HANDLE_ERROR( cudaHostAlloc( (void**)&host_b,
FULL_DATA_SIZE * sizeof(int),
cudaHostAllocDefault ) );
HANDLE_ERROR( cudaHostAlloc( (void**)&host_c,
FULL_DATA SIZE * sizeof(int),
cudaHostAllocDefault ) );

for (int i=0; i<FULL_DATA_SIZE; i++) {
host_a[i] = rand();
host_b[i] = rand();

}

A VEGPURN TN Loy Blor BLAF TRA AT AT, &, BTEFHBEREN LY
BAENAF, HiEAcudaHostAllocRITHF S BLRIE. EABENFRREIARETE
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EHERERITE ER, BIEEDI—Fab, R E IR 7o b, |V A —FE0
cudaMemcpy(O %, HHEX N HEREPEZENHE AT, EoREHANGE, HHC
F E e e rand O3 FHRE WL B OB 7€ LN TR,

EOR TR, AR TIRENFREIANFRE, SlE&TTHIT LT,
HE, BRMNSMENE—AmE, AR ARG EZHEIGPU, BaiE$, AEH
W o HE L. BAVHEHRE A AER, BT T —&/MEik.

BOE, AR AZ X RAEMEIHEIGPU, 12 HH AR X X oA /DS, HE
IR EPT-TLE=ZATRAEE. BRIOE-BoEARPX EHFIGPU, TEXHLE M
K bzfrds, AEHmtERepXhrxiosREnE . BR - THEEERXRY %
F—FiER: GPUMNTZATENANT, HTEIMRPXLE - REHAFEFIGPU, FHRE
EoPa#iTHE. i "o IHRORBM TR

/R EUEE, S EERBAI R NAN
for (int i=0; i<FULL_DATA_SIZE; i+= N) {
/1 HEER L R A R L
HANDLE ERROR( cudaMemcpyAsync( dev_a, host_a+i,
N * sizeof(int),
cudaMemcpyHostToDevice,
stream ) );
HANDLE_ERROR( cudaMemcpyAsync( dev_b, host_b+i,
N * sizeof(int),
cudaMemcpyHostToDevice,

stream ) );
kernel<<<N/256,256,0,stream>>>( dev_a, dev_b, dev_c );

/1 fEEE MR L EIE BE AT

HANDLE_ERROR( cudaMemcpyAsync( host_c+i, dev_c,
N * sizeof(int),
cudaMemcpyDeviceToHost,

stream ) );

}

frEEES, EAEMRBRPAEANTAREZLE. 5%, ROEAEEARED
cudaMemcpy(), A& it —4~ %7 FrcudaMemcpyAsyncOFEGPU 5 - HL27 8] & Hil % g . X 2 g
B zmp 2R 880/, (BAREE, cudaMemepyORITT AT CHE ¥ imemepy(). THAE,
XA RBCEUAR L 5 AT, X ERE, HR¥oRERN, SHRERCL5EK, HFEAERHS
M HEE TEFEIZNNE.
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RERBO T A SRS &R, 4 FcudaMemepyAsync() gt AT LA%IE . 7E1H A
cudaMemepyAsyncOlf, S E —ANiFR, FRERPHRTRNELHIRE, XNREE
it B streamE A5 ER . MEBCRER, HRMEHEBEEZHIRERTCELED, ELERIEE
RECELER., RINEBF/IAMRIEE, EHRETER S T - ITHBRARPIREZIRIT.
{E (] % 1% £ cudaMemcpyAsync ORI F HL P F7 45 £ &0 4 £ 23 i cudaHostAlloc ()5 BA4F N 77 .
R, RREELL R EH XA TUE NS B AR 1.

EE, EEEBARNRES PEATLHE - MRS, HEREARBERSN, B
R 2B SCGPUZAIIAFE HHRIE—F, MR LR, HEFRERE- K, BTEFZE
AEF N AE E S R BT, ATEIREE, WNGEBHEROL, F—KRARKPHEHERE
BER R EHRIEZAIT. BN, BEANEHREHEXABEIH ZAITHR, kR EH
EE=ZREHBRFEFBZATER. EMEARERN @RI, RRE—THFHITIENLS], GPU
MIZEAF R (R R HH T HRAT .

YforOPEIREL I, ZEPAFIR BLiZEE TiF £ FHFCPUITHI TIE., MmRBEEFHRGPUH
TR THREMNGAEGIFRE, B2REEHGPUS ENES. hstiil, FHESERTZ
Hi, BEHAEFCGPUIRITEK., aILAE A cudaStreamSynchronize()F4g & HH 2 & A% -

AT RER M TTBEAFEEHE ENNEF
HANDLE_ERROR( cudaStreamSynchronize( stream ) );

HEFHRITH stream 5 EHLEIF Z /a0 RSN, FIAMTHREMEFIRERC 25K, Ei
LA 2, WORMERERAER, HEHMAZ KRR PX,

HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

printf( “Time taken: %3.1f ms\n” , elapsedTime );

/BN

HANDLE_ERROR( cudaFreeHost( host_a ) );
HANDLE_ERROR( cudaFreeHost( host_b ) );
HANDLE_ERROR( cudaFreeHost( host_c ) );
HANDLE_ERROR( cudaFree( dev_a ) );
HANDLE_ERROR( cudaFree( dev_b ) );
HANDLE_ERROR( cudaFree( dev_c )} );

e, R ARFZAT, 28 H% GPURIERITHEPARIR.

HANDLE_ERROR( cudaStreamDestroy( stream ) );
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return 0;
}

HEHE, XNAFHEAR > EYRABRKIIRE. M8, MRYEVIEERTLIE
Bf, GPUMIEC FRBMARHA LI, BLMEER LN KOAB TR AR EENRHA.
BEMEAFRAEEI LMK ZH TE, ROIARTLUED EREKMENARF, €F—%%,
AVEFEE I LIXAHEY,

10.5 {ERBZTCUDAR

A 10475 P AR BICH E AR A AR . E/T @ RGN FARM, RIOTBZE TR
EMEXFEERIE, HFETREIBRAZI ., KHEXMBFOEEBRESE, QFERAHE:
‘T HRELRAFESIMZREHTHESR, RIMEESH, £ EKHRTE & EORN,
FINHHFMAZBXEHBIGPU, AfF, EHNFEHREEREHE TR, $1400%
BHATEE., B8, FINREHREREGE TN, RMBOANKIFHET —HREIE LT
RS, RIS SR VRN B S AT R R KRB R, B0 4 5 R R B B4R 47 I ) 4 An
10.1F7R, X5kERIZ, GPURILARIBT— T NHFEFIREM— MRS, FESHHIESR
A NREEFFRTEMRIENRZ], IMREFESHERNBIEHIES, SFELE
A2, EREMRAE RS, &EiHMHcudaMemcpyAsync()# &S 48 #l.

N xS L. N

_ #A!ﬁﬁGPU ’
. wemmmory .
L weeme || eamee
_y S| ATBENNG
2 [ wclomadms | | sgmax
Lo - #cy\svuxtl@ﬂe '
| memwmem [ f_f_f_fj
.l g ABEMBCPY || 2
 neamm | WANmEGRU |
g B wiidei 2 5, , ﬁB!_:EG:PEi
v ﬁcmwﬁﬁulx L RTRER _
- hé&cgspugéu_;Qm

B10.1 5z FITE AR E G A/ 1S 1A A PA F e ) £
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L b, KEROBITHEZTRRILERAHNESFE, £ LEHINVIDIA GPUF R X
FERBMPRARNFEHERE, —KENENTIRS, Z—RRENRER TN, EEMIHEAN
FEGMEREOITHEERMRE L, SERSNEN, EARFHEEERIZET.

RS TR B R, (B RIS,

#include “../common/book.h"

#define N  (1024+1024)

#define FULL_DATA_SIZE (N*20)

__global _ void kernel( int *a, int *b, int *c ) {
int idx = threadIdx.x + blockIdx.x * blockDim.x;

if (idx < N) {

int idxl = (idx + 1)
int idx2 = (idx + 2)

float as =
float bs =

c[idx] = (as

}

(a[idx]
(b[idx)
+ bs) /

%
%
+
+
2

256;
256;
a[idx1] + a[idx2]) / 3.0f;
b[idx1] + b[idx2]) / 3.0f;

S5#ERBAARORAE—H, BIOMFAHHEEEETXIFHASAFIHBRENER. MR
BXNER, 2R ATH— O BRCUDAS I3t B AR P 1T,

int main( wvoid ) {

cudaDeviceProp prop;

int whichDevice;

HANDLE_ERROR( cudaGetDevice( &whichDevice ) );
HANDLE_ERROR( cudaGetDeviceProperties( &prop, whichDevice ) );

if (!prop.deviceOverlap) {

printf( “Device will not handle overlaps, so no

“speed up from streams\n” );

return 0;

}

cudaEvent_t
float

/1 Bt

start, stop;
elapsedTime;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE_ERROR( cudaEventRecord( start, 0 ) );

BT ROIEMAG, RGN SEA B GEA MR,
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/1 WAL

cudaStream_t stream0, streaml;
HANDLE_ERROR( cudaStreamCreate( &stream0 ) );
HANDLE_ERROR( cudaStreamCreate( &streaml ) );

BIRE N ERER T MAZ S F— N RHE DX, BAZMN X P EFEA RS,

S{ERBN RIS RBEFRANGX -, Rifn, BERINEFERRDGRCEEE, >5H
AHRIRIGPUR b [X, X HE& (iR oT LASR S b 75 40 A B s B AT T 1R,

int *host_a, *host_b, *host_c;
int *dev_a0, *dev_b0, *dev_c0; // AH¥04/ifisrAMIGPUNTT
int *dev_al, *dev_bl, *dev_cl; //A¥E1/\ K EHIGPUNTE

/ /{EGPU L5y BEN TR
HANDLE_ERROR( cudaMalloc( (void**)&dev_a0,

N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_bo0,

N * sizeof(int) ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_cO0,

N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_al,

N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_bl,

N * sizeof(int) ) );
HANDLE_ERROR( cudaMalloc( (void**)&dev_cl,

N * sizeof(int) ) );

/1 BT S E R TIEE AT

HANDLE_ERROR( cudaHostAlloc( (void**)&host_a,
FULL_DATA_SIZE * sizeof(int),
cudaHostAllocDefault ) );

HANDLE_ERROR( cudaHostAlloc( (void**)&host_b,
FULL_DATA_SIZE * sizeof(int),
cudaHostAllocDefault ) );

HANDLE_ERROR ( cudaHostAlloc( {void**}&host_c,
FULL_DATA_SIZE * sizeof(int),
cudaHostAllocDefault ) );

for (int i=0; i<FULL_DATA_SIZE; i++) {
host_a[i] = rand();
host_b[i] = rand();

}

RiG, BFEMABIER LER. Km, dTFREERTHENK, FHEECrOBFAER
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o BEAL PR W BE R R R IR B . fEstreamOfp, R ATTE SeHrafnbry 5 & B EHA
GPURIBAZI, SRJG4%— /M R BRI THABR S, 43 TR B H — A Sl [ c R R fE A BA 1] .

/I TEBREEE FIEES, B BHBBRY K/ AN
for (int i=0; i<FULL_DATA_SIZE; i+= N*2) {
/1 BEUENFLSE K HE %S L
HANDLE ERROR( cudaMemcpyAsync( dev_al, host_a+i,
N * sizeof(int),
cudaMemcpyHostToDevice,
stream0 ) );
HANDLE_ERROR( cudaMemcpyAsync( dev_b0, host_b+i,
N * sizeof(int),
cudaMemcpyHostToDevice,

streamQ0 ) );

kernel<<<N/256,256,0,stream0>>>( dev_a0, dev_b0, dev_c0 );

/4 RS NS & R O N

HANDLE_ERROR( cudaMemcpyAsync( host_c+i, dev_c0,
N * sizeof(int),
cudaMemcpyDeviceToHost,

stream0 ) );

fE 45X e R fE T A streamORIBA Bl J5 , 4R T — > 888 B _E 9 AH [5] # 1E B A steam 1 {19 BA
Fleh,

/1 WEANFLURSHLE®IRL S E

HANDLE_ERROR( cudaMemcpyAsync( dev_al, host_a+i+N,
N * sizeof(int),
cudaMemcpyHostToDevice,
streaml ) );

HANDLE_ERROR( cudaMemcpyAsync( dev_bl, host_b+i+N,
N * sizeof(int),
cudaMemcpyHostToDevice,
streaml ) );

kernel<<<N/256,256,0,streaml>>>( dev_al, dev_bl, dev_cl );

/7 A AR 2 & B HE A

HANDLE_ERROR( cudaMemcpyAsync( host_c+i+N, dev_cl,
N * sizeof(int),
cudaMemcpyDeviceToHost,

streaml ) );

}
XA, EforOMEARERE RSP, HREHEFENTBBIBAIREIT], EFRA
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AL IR A A BB ED W A, TE4 3R T forOEER)G, 7EM1b B IR P B 281, B4
#GPUSGPU#FTRIF . mFHM TR, ERBEN - EHETRS.

HANDLE_ERROR( cudaStreamSynchronize( stream0 )} );
HANDLE_ERROR( cudaStreamSynchronize( streaml ) );

TAERA T 5B A RN S X mainO A, FIETHEE, BR2 G,
FEMTHE T, M8, RNECE, AEFEHRFAMNE, FLTFERRMZNGPUAT,
Fribz o, XBRGS Z A BB AR RAERA

HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize{ stop ) );
HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

printf( “Time taken: %3.1f ms\n" , elapsedTime );

/! BT HAT

HANDLE_ERROR( cudaFreeHost( host_a ) );
HANDLE_ERROR( cudaFreeHost( host_b ) );
HANDLE ERROR( cudaFreeHost( host_c ) );
HANDLE_ERROR( cudaFree( dev_al ) );
HBNDLE._ERROR{ cudaFree( dev_b0 ) );
HANDLE_ERROR( cudaFree( dev_c0 ) );
HANDLE_ERROR( cudaFree( dev_al ) );
HANDLE_ERROR( cudaFree( dev_bl ) );
HANDLE_ERROR( cudaFree( dev_cl ) );
HANDLE_ERROR( cudaStreamDestroy( streaml ) );
HANDLE_ERROR( cudaStreamDestroy( streaml ) );

return 0;

}

F A 17EGeForce GTX 285 4 HIMIK 710395 sh A E A AR AR AS, LA R dicsd Ja (8 L B
MRAIR A, FEESCHERMA TG, EFRHITHEAH61ms,

)

XIERTN R AFHTIHRAIRE. GrHE, RO1BIAAHAMRE “H587 bk R THE/
MR ET RN, AEBRIMERE.

EANRFREREERER? B, BATRATEEDR! BARIISKEE L& E TS itk
HnsE (AN A B R, (BRI — S It R A RAT B, BT EE S A MCUDA
WEHBRFAHMAVEER SR, AREMNIREEEPRBIFL., ERMRIEERSE MM TIER, /)
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T B ARCUDAR Zh 2 FF fMCUDARE (224909 T1E 5

10.6 GPURTI{FRENE

RENNEHE ERE, FRIMEZERMEL A, A3k EXFHERIFELRTLFAGPUR
PAFINLE] . BEAF AFTLAIRALAE FFRRIEFT], KBRS NEEHERE, Xa& @i
. #ifi, AEEFHFEAROBRS, L&/ B ERMITHNFIHERIE, R
ASIREARPATIR L, X5 S Sy 3R VEREATHEBL , 48 S Ban B 10 25 R IIE %
VA BEATEE . PRI DR SK UL R T R 4 5 1 8 fn o] U1 BE 75 b BA Z1 A 48 1 3 5K Bt AT .

Fi, EXEFMEE L, APAS5@EEXFGPUTEMNHM I REEZLARMEME, W
CUDARRHFE AW 500t il P FEE (AT o 8. 5k, ERERFEMBEIRMAF RS TEE
Wkt flan, EE1024, FONEIFANINGE L HITFEAMBONGFEEL B ZAER, it
B HIX B R BMA B ZATE R . SRl — Hdk Se i 1 A B 58 (4 /9 P9 77 52 1l 5 | S
BT SRR TR, XSk WM &, FLCUDARRZHE F & EMRE AR T 8T
AW P BB R f 1

- %_Of"i’ﬁ . ELHISIE
!-. e e s oy i ,.__.._,.._.,_...._._._._.__I
I ﬁBﬁﬂﬁ]GPU P e o e HBﬁﬁuﬂGPU E
e e -i ——]

=g ﬁCIsLGPU =
| BEMEE N % HOAGRUEME
ﬁcmmwme H- ,\, v| BANHSGPU |
7| mawao |
" _e| WBEWESCIU |
; i e —
L S, __\_><-/ v [HCAGPURBIFIR
GPU i,--’ P -~ \ g sty ee e
| ARBIEGPU T N
i /..’ \
| #BRBISIGPU l/ N, HEEREEIR
Pl 4 P S beiveibis
AT R J~-=..7,4f | i
ﬁCL\GPUEﬁI}L}*’;, B e BER ’

NLN— L

FE10.2 CUDARM G BIGPUS| &

EEHREMN2? BRITRERI04HFLEREEENFR, mBEHWNEAD, BB 7 HE
FFE A | *taifl | — ik cudaMemcpyAsync(), *tbiH A —kcudaMemcpyAsync(), SRS £
TR UL R A FflcudaMemepyAsync O c BB FHL, M ARFE LB B0 AT B2 1ERK
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ABAFI, SRIGRF I RIIFTA #IE, CUDARRZHER - i 4% BX Lo RO IR FFE B 1R EEF)
R BT, XBRAERE T IR AR, (EP 103 b LA TaxX Sef it , o M il (EH]
BRIk F S, EHREE SRR BT 2 G A RETF .

A T 5 G | % . fi}ﬂ&#&?réfﬁ

E

/"L ?gowa ﬁﬁ&iﬁ l

R T L

/' B RfTHEE

FIANH: HHA : S/
—
BI4ik: HHB -/
s 4
Ei4ik: EHIC /

E10.3 §ikFEmcudaMemcepyAsync() %5 gh #0Y {f itE

BEEMTGPUR TEREREE, FR01°TLAE T 6T ix seig (FrEm 4 EHhfTromt £,
AN 10 45775,

SECEEIE S Rk T ol 5

it i)

—r g -,.__.,.__.-_.._...

P RIe e—

!.._.- ______ A A P st et

]
i

E10.4 7E “{EAZACUDAE “rh7xfilfe itk 7 A £

BT O I H o BT 1 ] EHLARME 55 R R B AT A, [RS8 14~ o HFa b & 4
FIGPUMIRIE R R R T £ LHY, (BEBEPEIE T, XRFEAGPUS| 2 M5 E R R 1T
THE, XFMERLRFH UL T AT Z2ERFHER TR MR LHFGIENER ., X4 8
FIE R R R BA A B IRF WA TS X 5CUDARGRBER M SRR,
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XEFEROBLE, SERRMELHRMKESIERIF TR, RITECEET
—ERIVER . IS, BEEE7EALTR AR B B R B AT 2y BIR A T ARSI %, B IRTE
L , PRI I BRI e 54 2 e 35 CUD AR 2h #2 7 VB BE X e fE LA Rt ATRY 75 3K
{10715, FAVHES TR BIE LA FEHIRESERERTHER.

10.7 BROEARZTCUDAIR

IEAFE10.6 T rh BEIAY, R FMHEX RO ARE, BLAREZELEPHES—
AUEHD S IR VR B e R B AT . ERBORX A1, 7EHHR 1 HOA TR BA S 1z 5% F 98 BE (L5
B, mAEREMREL R, Wk, FE&RRMBONKIFTA N #E (Blapy&Hl. b
IR Hl. BERBUCARCHIE R, AREAFRMB I RAOFTATIRIE, w52
MR iR, EE, W& HHRIERMBEONGR, KRG HFalEHIRIERMBIE 1R,
fed, ORI EHHRERMBIBOAG, FHROMEHHRER MBI 1. BTk, MR B
PRI INEN 0N, FRRAE R RS MBI L, 85, FefE KR ER MBI R,
SR MR AR ER B 1A .

EFAAMEARX B, RITDEFEXRFORD, RAMES T XERERS BRI R
Wiy, XA ERTFEMBE TGN, MARF PR EABDRIERE. Z R
sk SURBRFforOTEHR . R 9L B S 5 ¥R 1 4 BEEI R A SR RS 40 T o «

for (int i=0; i<FULL_DATA_SIZE; i+= N*2) ({

/B Flaf et Astream0fistream1 B Fl]

HANDLE_ERROR( cudaMemcpyAsync( dev_a0, host_a+i,
N * sizeof(int),
cudaMemcpyHostToDevice,
stream0 ) );

HANDLE_ERROR( cudaMemcpyAsync( dev_al, host_a+i+N,
N * sizeof(int),
cudaMemcpyHostToDevice,
streaml ) );

/! BEHIbAEREIEK Astream0FfistreamlFEA 7

HANDLE_ERROR( cudaMemcpyAsync( dev_b0, host_b+i,
N * sizeof(int),
cudaMemcpyHostToDevice,
stream0 ) );

HANDLE_ERROR( cudaMemcpyAsync( dev_bl, host_b+i+N,
N * sizeof(int),
cudaMemcpyHostToDevice,

streaml ) );
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/1 B ESEI T Astreaml Fistream1 @A ¥
kernel<<<N/256,256,0,stream0>>>( dev_al, dev_b0, dev_c0 ):
kernel<<<N/256,256,0,streaml>>>( dev_al, dev_bl, dev_cl );

// BE Bl {E Astream0fist ream1 YA ¥

HANDLE_ERROR( cudaMemcpyAsync( hcst_c+i, dev_c0,
N * sizeof(int),
cudaMemcpyDeviceToHost,
stream0 ) );

HANDLE_ERROR( cudaMemcpyAsync( host_c+i+N, dev_cl,
N * sizeof(int),
cudaMemcpyDeviceToHost,
streaml ) };

}

IR A A B R VERRT (8] 55 8 R SR AT OB ] R BOAE 2, AR A BRI IRATEY R & #5408 10.5
Bim. 51K bEE Sk BoR, "TLARBERARERY &, X SRt RaEs
HHE

AT W55 _ RERERITSI %

e

BINHE: HHB

WINE: TR EN

v | mrmoamc 7 _]|

FE10.5 Ekx&f'TfﬁleI&hH‘l‘iEﬂfi K‘#‘ﬁﬁ%ﬁT@lﬁlﬂB’JﬂEﬁﬂ'

HFRATRERES XFRIEBRAZA AT, BB F3T & HIRIEF LS
PHZE LN ta bR N #lHR1E. X ERGPUREB T IT A HIREMB R %, M e
Bz R RS AT BE B 3 otk . FARISRYE TR A H48ms, oo fE M A KA R B AR T
21%., WRFRARFOMATEMAFEGHREEEER, M2 TR ERBIZARZR
T, BECABATE HHREA S AT B R B 5 | B R R IR R RSB 1T

10.8 EKZEJBE/NG

EAES, R E T M ECUDA CRLARFHEAEFRM T, BdERARA
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(#& £/4) CUDA, HATATLAEGPUARITR R BHIRIR, TREAE EHMGPU ZFEMITE
HERE, Aifi, MRAZMHTHRM, FEEERIEE. 5%, FEilidcudaHostAlloc()
KBV, BobEE T RT3l idcudaMemepyAsyncO3f A S HIHRIELEITHERA , M2
ERETFEEBRER X NIT. Kk, RONEHE, X8 ERR PR F#H A TFEE
R Ok e B TR R I A e, G, RZR AR A SE RIS T e RS
FIOIR, mREAEREGFOHNTERE, BB LESRAIMAAAEERE, HikY
RERE B CHIABFR, Zidtx/MER.



B1E
ZGPURZ LBICUDA C

A—ea)E£6i3E, YA TGPURHTL LKA “HA—AGPU LI
xR0y, APALEBAGPULHR.” iF A, AZ4FTEL A AAHBL
WROERAERT L, SK, $GPUALAXMAZ LAMT $CPUA
%, AA_EMEIARALANAURE, 2R, AALTOLL A
GPU#p =ik & B &), #ilde, GeForce GTX 2954 #3282 F LR T AA
GPU, NVIDIA #jTesla SI070+# H & 4£ 0.4 T 4/~ L HCUDA® B # & 12 & |
AETRMHNVIDIAG R a2 o) 4T, 2R EHA —AHLHCUDAM £
A GPU, 42X /& X APCI EXPRESS#5#% ¥ & i 12 — 3 & 3 #§NVIDIA GPU,
MARGEFHEST $AGPU, X XK AAZRT LY, BRANERT
#4ofTH) H 3 GPUAL T 699 iR,
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1.1 XEB#r

i ABAIE], YRATLL

o TREgnfa sy BEAGEAFHE LN AF (Zero-Copy Memory) .,
o T fRAn{AT7E [/l —/~ B2 A FR A vh {3 FH £/~ GPU,
T fEan{al s BLFn{E W B2 5h I E £ N 7F  (Portable Pinned Memory)

11.2 Z2ENENAF

EFI0ER, RMNMBTEHEANF (RFEABMENGF), EFHHFUHEINGFEEBHE
ALt BARE, FMELEAcudaHostAllocO)kHRiXFNGE, HEEREH
cudaHostAllocDefault 3k sk 7 BRINIE E N 7. TERTE SRS, AL 48705 Bl & N frit =T
IR K28 {E. B TcudaHostAllocDefaulthh, B[ LAfE#EMNIrEZ — £
cudaHostAllocMapped, ifiifcudaHostAllocMapped4rfefI EHLNFLEEEN, 5@t
cudaHostAllocDefaultsy B iy & = N A BRI R, FFIE S EAREMNYEE AT Akt &
RHEEHEE ., BXFFNERT LA TEILSGPUZEMIRNFEEFIS, B AT H3%E
R EILAFRN 22— FTLAZECUDA CE RSP HEBH XA ENANE., BTN
FARERGIBEIGPU, HILWFRATE LA,

11.21 BEEFENANGFLMAREHE

A, GPUHREDIRIGPUATE, MCPUHLHREDI R EHLNTF. (BEFLLERE S, TR
BN S REA R EAFMIRCR . 4 T B RGPUT; [E ML H R BBLE 4T AL, 15k B 37 [l it
RIEMASEHE . REARZHE. mRRCLTEhiET A8, B2 HTETERE 1 mBliz
BhA . FRTMARREGHEEGPU, MAHMAITTRHIATRFR, 254 o a5 R & il = 3
F#l, HECPU EER K,

ExTEAS, RIOAFEHMAXERXEHBIGPU, MEERFENAFNGPUSLE
B BE . XA RAR APREEAER XU EEAFOEENRERF. BRITEREHI &
¥, X —NREEAREEINFIMIR, -1 REHEGPU LT HLNEH, HERTE
HIAFEARAZR X EHE X, B, BRIRFEARESENTIAFRE. KER
G, HEAIBHEFEF, REoRMAZPKMEHEGX, HFAKBERTHAZTEX.

float malloc_test( int size ) {
cudaEvent_t start, stop;
float *a, *b, c, *partial_c;

float *dev_a, *dev_b, *dev_partial c;
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float elapsedTime;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );

// TECPU L5y EBENTF

a = (float*)malloc( size*sizeof(float) );

b = (float*)malloc( size*sizeof(float) );

partial ¢ = (float*)malloc( blocksPerGrid*sizeof(float) );

/ TEGPU L5y BRI TF

HANDLE_ERROR( cudaMalloc( (void**)&dev_a,
size*sizeof(float) ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_b,
size*sizeof(float) ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_partial_c,
blocksPerGrid*sizeof(float) ) );

/1 RSB EHAF
for (int i=0; i<size; i++) {
a[i] = i;
b[i] = i*2;
}

EnRFNTFFLORTEIBRE, RILUFAITE. Bahitis, A KIEE FZIGPU,
WIT R, FHER R RS R E 6E EN,

HANDLE_ERROR( cudaEventRecord( start, 0 ) );

//48%E ‘2’ 1 ‘b’ EHIFEGPU

HANDLE_ERROR( cudaMemcpy( dev_a, a, size*sizeof(float),
cudaMemcpyHostToDevice ) );

HANDLE_ERROR( cudaMemcpy( dev_b, b, size*sizeof(float),
cudaMemcpyHostToDevice ) );

dot<<<blocksPerGrid,threadsPerBlock>>>( size, dev_a, dev_b,
dev_partial ¢ );

// B ‘e’ GPUK #IE|CPU
HANDLE_ERROR( cudaMemcpy( partial_c, dev_partial_c,
blocksPerGrid*sizeof(float),

cudaMemcpyDeviceToHost ) );

BE, BRMNT\FEGRESHEDMHLRCPULNHRE. ERFX/REN, YEEELFH
iHires, BEAEREMREAGPU L2 TIE:
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HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) });

Bola, it AR, FHRER A S M &

// EFECPU LAY
c = 0;
for (int i=0; i<blocksPerGrid; i++) {
c += partial c[i];
}
HANDLE_ERROR( cudaFree( dev_a ) );
HANDLE_ERROR( cudaFree( dev_b ) );
HANDLE_ERROR( cudaFree( dev_partial_c ) );

// BEcru LRIRTE
free( a );

free( b );

free( partial_c );

/) EREs
HANDLE_ERROR( cudaEventDestroy( start ) );

HANDLE_ERROR( cudaEventDestroy( stop ) );
printf( “value calculated: %f\n” , c );

return elapsedTime;

}
ERFENAFHRAEZIER XN, AEEAFSREERTAR. RINEETEBAZ
MPDC AN HER b IX, IR R BORRIA TR A AT .

float cuda_host_alloc_test( int size ) {

cudaEvent_t start, stop;

float *a, *b, ¢, *partial_c;

float *dev_a, *dev_b, *dev_partial c;
float elapsedTime;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );

//{ECPU LS REATF
HANDLE_ERROR( cudaHostAlloc( (void**)&a,
size*sizeof(float),
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cudaHostAllocWriteCombined |
cudaHostAllocMapped ) );
HANDLE_ERROR( cudaHostAlloc( (void**)&b,
size*sizeof(float),
cudaHostAllocWriteCombined |
cudaHostAllocMapped ) );
HANDLE_ERROR( cudaHostAlloc( (void**)&partial_ c,
blocksPerGrid*sizeof(£float),
cudaHostAllocMapped ) );

/! BB ENATF

for (int i=0; i<size; i++) {
a[i] = 1i;
b[i] = i*2;

}

5#108 8, #FkATHKEM T cudaHostAlloc(), Rt 2 ¥ flagskigENERH AT
#. cudaHostAllocMappediX I~ #r& 5 ff s 47 MGPU R i [aliX S N FF . HA)i&iR, X445
HEREIETENANF. S THAIMAZRRX, FI1EHE T HEcudaHostAlloc
WriteCombined, X /Mr&&in, BITHRIZENTFIEA “AHKXEA (Write-Combined)”
WA, XAFREH A S ARIFRIZHRE, (HE1RTLLE F#R A GPUIRB N R RItERE, &
i, YCPUMLEIRBUXRANFR, “GHABAN” SRHAMREK, HEERERSEHXAI IR
HBZRT, BAE KRN AR AT RED R,

{E f# F#rE cudaHostAllocMapped 3 43 B2 EHLNFF G . 8K 7T LAMGPUH i [alix Sk 77, 58
ifi, GPURIHEHINFZE SCPURARAY, HILIEGPU L BN SECPU LT EMNAEEHR
M sk, A McudaHostAllocO) & M x5 N HFECPU Lpyias, HHFEINA
cudaHostGetDevicePointer() & 2R3 X kN7 (EGPU LI A R #E . X LEAREH B E R L R,
HER fa GPUR X S N A ATIR NS A FHR1E

HANDLE_ERROR( cudaHostGetDevicePointer( &dev_a, a, 0 ) );

HANDLE_ERROR( cudaHostGetDevicePointer( &dev_b, b, 0 ) );

HANDLE_ERROR( cudaHostGetDevicePointer( &dev_partial_c,
partial_c, 0 ) );

TEIRM TR &R TG, BATLLUSsh it 28 LAR L R .
HANDLE_ERROR( cudaEventRecord( start, 0 ) );

dot<<<blocksPerGrid,threadsPerBlock>>>( size, dev_a, dev_b,
dev_partial c );
HANDLE_ERROR( cudaThreadSynchronize() );



F11E ZGPUE%K ERICUDAC 159

B{#45Eldev_a, dev_bfndev_partial _cEB{ FFHL L., EXFRERE KK, EMNEEERS
GPUNTFE—#¢. X IF & T8 M T cudaHostGetDevicePointer(), B F#a HHRERCLMTE
HLE, ik A 2l it cudaMemepy O BN IR & LG HlEI K, A, RATREERER TE
F2 ¥ b il T cudaThreadSynchronize(V#§CPU 5GPUE . #nR1E# &R $rh 2 &S F# NN FF
BINE, IBLEREEIBITIIN, EENRFENNERRE X . ERPERE, ®aTLAH
ERBCL%EMR, HAEZENRNGHOE TIHREGMESR, Erek TS i 83K
fECPU LR,

HANDLE_ERROR( cudaEventRecord( stop, 0 ) );

HANDLE_ERROR( cudaEventSynchronize( stop ) );

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

/1 SR CPU_LAIERE

c = 0;

for (int i=0; i<blocksPerGrid; i++) {
c += partial_c[i)];

}
fE{ FfcudaHostAllocOfT s Bz AR A, ME—F T AYF B ST RBERIE.

HANDLE_ERROR( cudaFreeHost( a ) );
HANDLE_ERROR( cudaFreeHost( b ) );
HANDLE_ERROR( cudaFreeHost( partial c ) );

[ BEHCE
HANDLE_ERROR( cudaEventDestroy( start ) );
HANDLE ERROR( cudaEventDestroy( stop ) );

printf( “Value calculated: $f\n" , ¢ );

return elapsedTime;

}

FEFENE, LikfEcudaHostAlloc()H (# At 24nd, BEKBHEH ZRBERANRF,
Bl R 551 HlcudaFreeHost(),

EANAERA X! BT TEREREmainOm xR FBRASE—E, &
main()¥, HAEHMIZEE D L EILAG. ROMERFIOFEFHFZEELALHFES
Ay i, BIiE HcudaGetDeviceProperties(),

int main( void ) {
cudaDeviceProp prop;
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int whichDevice;
HANDLE_ERROR( cudaGetDevice( &whichDevice ) );

HANDLE_ERROR( cudaGetDeviceProperties( &prop, whichDevice ) );

if (prop.canMapHostMemory != 1) {
printf( “Device cannot map memory.\n" );
return 0;

}
MRIEELFHFTENAANT, BLETEREHSITHBEARETE NANFNRE, @i
18 fcudaSetDeviceFlags() 3 EHLX MR 1E, I H{%i##rEEcudaDeviceMapHost 3 R~ 17

LR ENAT:

HANDLE_ERROR( cudaSetDeviceFlags( cudaDeviceMapHost )} );
Tk EmainOR ) EERIE. ROSTAANR, 25 8R ZH@ATHE, FHBHEH
B

float elapsedTime = malloc_test( N );
printf( “Time using cudaMalloc: %3.1f ms\n" ,

elapsedTime );

elapsedTime = cuda_host_alloc_test( N );
printf( “Time using cudaHostAlloc: $3.1f ms\n" ,

elapsedTime );
}
AR AS 5SESEPAIZAEEAE S, HERMLEEH T BB R

#define imin(a,b) (a<bZa:b)

const int N = 33 * 1024 * 1024;
const int threadsPerBlock = 256,
const int blocksFerGrid =
imin( 32, (N+threadsPerBlock-1) / threadsPerBlock );
__glebal___ void dot( int size, float *a, float *b, float *c ) {
__shared__ float cache[threadsPerBlock];
int tid = threadIdx.x + blockIdx.x * blockDim.x;
int cacheIndex = threadIdx.x;
float temp = 0;
while (tid < size) {
temp += a[tid] * b[tid];
tid += blockDim.x * gridDim.x;
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// g cachef I

cache[cachelIndex] = temp;

/1 EAFEAHBRRBNSE

__syncthreads();
// #F1R#5:zH, threadsPerBlock 4 42M1F

int i = blockDim.x/2;
while (i 1= 0) {
if (cachelIndex < i)
cache[cacheIndex] += cache[cachelIndex + 1i];
__syncthreads();
i/= 2;
}

if (cachelIndex == 0)
c[blockIdx.x] = cache[0];

}

11.2.2 FENAGFREEE

T NN RS KRB LT 4b? X T ZGPUMERGPU, EEETRAY, MIGPUHC
1A L 109DRAM, B F M FCPUZ MR L. Bildn, mRETBIFELRET —hE
¥+, IBLXAGPURLZE— A ILGPU, ERGPUR RS S RAFTRNENERLEE, FS
CPUX Z RSN . f£1F £ % T NVIDIA nForcelf fk 5 i@ 15 % ¥ & ( Media and
Communications Processor, MCP) #EMIBIR A% 7, #HOE T L{FCUDAMERKGPU, BT
nForce MCP#}, 2 FNVIDIAF#EHMIONESR EMA, Z2icAU R EETEIEOLES TE
KA L #¥CUDARIGPU, X THMGPU. ERTH INAFE T BT RERIE, BANE
TEdpd bS5 FEYEI =N, B AU AT NN (Rt 8 e AL EEER 5 H,
HEILME, RTFTEOERRNGRE, IARXVNEENFHFE—CHRERYE, T#H 1A FEE
sy A EENFES G ARG AYENTT, X2 RRIE AR,

M55 AN TF ke N FEDAREE T — kBT, B2 £ ST GPU L8 R 45 DL N f7 4 45 ke M i
Tt TFGPUFER LI % £ T B A 17 Ui (] R AOEE IR, [RIX FhHLIZESE R B o k42
PCIE S 2% L IANS A S RIEAVIELR , M & AR 7R MERERR T, (Al FGPUA KR LG T H#
NNFAAZE, WREKIERANTF, BLREFHAER, A m—IF 5k 58 5 62
GPU,

A AT EN T N GPUR B R BB & SR A7 245K, el LT i ENLAIPL A W EE, (55X Fp
F ik FCUDA CR I FFHE A A fTAY, 75 RS A o] LLifi it cudaGetDeviceProperties()ii [&]
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LA I GPUNLX AN Bk, 7EiIZESH A — 1 iKintegrated, #ANRIZEFZHMGPU, Ji2ix
AR II{E Hytrue, FH M Hfalse,

MPABEEMEARTBE “(URBUEA K™ X REN, BILESEREE LA 7
AESRFHMERERR Ft. Fk L, BFEMRE LKA —EREMRT. EGeForce GTX 2851, 4
AT NN TR, B ITHE R T45%, M98.13FREE|52.18F, 7£GeForce GTX
280 | FIAEREZR AL RESR T, BUTHHAIBR/34%, M143 9% BB AH94.7TER, MK, HTitR
HEWHEMLLEARR, CAREHA ZBIPCIESL W RAAE, A RAGPURRIH A E A HEFE
Rtk

1.3 EBZTGPU

E112%d, RIS HIERELEERNGPU, E2 R rAIGPU, K 2EHNRLEZR
G RARR, miaERERC FPCIEM G R, ARifi, EEREZHRLETRMLET
ERGPUFIBRIGPU, X B & A £ L HFGUDARIALFERE . NVIDIA[RI ¥ £ 151
#E WAL 8 £ AGPURIF= &L, filinGeForce GTX 295, H#GeForce GTX 2957438 k5 H—4~
¥R, (A7ECUDAR R TR RN AL fGPU, fiH, M FERLAH £ A4 GPURR |
$RArMPCIEM |, diENVIDIARISLIEE R CTFE:. X ElBGFEMERZ L, EiB
fTCUDAR BB FM RS T, B4 £/ R SR A —FH LS. B TFCUDAR AR
PR wl i BEHAT IO, AR ATLAE £ P E AN CUDAIR & BRI B KM B &, A2 TEER
BRI, Hik, BOVRERWAEBX/ HiR,

A T#GFEAFRIRG, RIMNFESRERAEFEBISCHERZAGPU, 2 T R 404
B, BMNFE—ITE0P TR ARFENSBEEEameEk. RD EHEIItaza
Pl A BE

struct DataStruct {
int devicelD;
int size;
float *a;
float *b;
float returnValue;

}i

XA E T AT E SR EAIE &R, LR A G o X /K /D FEE [R]85 A 2%
X AIIEErafib, B, THERE T kA T EFafbE A BEEE R,

FEFERANANGPU, NG AEEHMmBbaENELL /L, Hit, £HRSEFHFLIER
cudaGetDeviceCount(), MM HIWIE RGFH %% T % /0~ FFCUDARIALFEZS .
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int main( void ) {
int deviceCount;
HANDLE_ERROR( cudaGetDeviceCount( &deviceCount ) );
if {deviceCount < 2) {
printf( “We need at least two compute 1.0 or greater *“
“devices, but only found %d\n" , deviceCount );

return 0;
}

EARHIRRRALANGPURIER, EamRARLERA-1TCUDARE, BFHBEH (X
HAREAHATH281R). BA, XAMEHATREEN. ATERBRTHREER, ]
WA G sy BARER ENLNTE, R Zaa 5 SR e,

float *a = (float*)malloc( sizeof(float) * N );

HANDLE_NULL({ a );
float *bh = (float*)malloc( sizeof(float) * N );
HANDLE_NULL( b );

/1 HEEREEIANF

for (int i=0; i<N; i++) {
a[i] = 1i;
b[i] = i*2;

}

BLIE, AT ATLASE — B A AR ZGUPRES, 4idid CUDAE (TR APIE{E A4~ % GPU
B, BEINFENGPUBEER /A RIPCPULEERiZH], T 2ai REMTE/GPU, K
AT EROX A, Bl £ B R KH S Z AT H B KD 3 #:-book.h,
TEXGT TRISGE, BNFEBORRAT —TEHERTHE, BREAETTUAEEEE

DataStruct data([2];

data[0].devicelID = 0;
data(0].size = N/2;
data[0].a = a;
data[0].b = b;

data[l].deviceID = 1;
data[l].size = N/2;

data(l].a a + N/2;
data[l].b = b + N/2;

FA TR H AR —4~DataStructZF & & 1% 45§ Bh tA Fstart_thread(), b, B — 4~ REIFE %
25 T start_thread(), #FHEIERMILRS R XA A%, 75X 26 ISR R B Aroutine(), &
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¥estart_thread )45 G g — 4Bk 52, XA F2 51 Hiroutine(), HffDataStructZf & {EH S5 (%
Wk, 1R B PR E AL R A %18 Froutine() (Bl R 6I1E T —/1 48 ).

CUTThread thread = start_thread( routine, &(data[0]) );
routine( &(data([l]) );

it V8 Hend_thread(), i B FEBBLHE RN RBIT=K,
end_thread( thread );

BT XM LR EmainORFE M B ESITER, BRATURSBBRNTEHERER.

free( a );
free( b );

printf( “Value calculated: %f\n" ,
data[0].returnValue + data[l].returnValue );

return 0;

}

HE, RNESEFIBOHELREMER. XLARAYEENEE—%, EXE
Wikd, TREGELGNSRELLER ALK, FhE, ALERRBFESH, X/
GPUT S 7E R R KR S ARG RREIRIRRS, % T MR, 7ERATABUE Rl bR % &
KL,

AFXEMAREESZAIRAFH SREERMERN, AREEFENRANTEE. HL,
AT EE Froutine () eR BT KED, 7E 7 Broutine O R E LR B A —-void* 2%, IHiEE
void*, iX#EfEstart_thread)E o REDRIFATAIERL TRILAEEXLHEB &N, BRX/NMEE
WG A (LK KL Cof ) ) R B b

void* routine( void *pveidData )} {

DataStruct *data = (DataStruct*)pvoidData;
HANDLE_ERROR( cudaSetDevice( data->deviceID ) );

BN E FlcudaSetDevice(), HHE N ERBEAEE - A FRVIDSG X/ Ef. B,
Fe N md S SR A ER /4 A RMGPU, XLGPURFER HHIRIMIHERE, HlanNGPURY
GeForce GTX 295, sE&FHEARAIMERE, Bl RGP R EE 1~ ERGPUR—4- 5L
GPUR}, *fF R HREARIL, REMVHAEE, BEfTHcRiESFEBEEEEN. IR,
MR ENZBEHFEENREOTREDRERE, XFENEFBERLEN L NGPUZRSE
A E, BoxEeMmMHEFAH. WRE/GPURIMRERR, BAREZE IR T
5, Mif{EE/GPURIAT A A FEMN R, M, XA Rfld, ROATHEHRLX LMY
1R
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B 7 i HlcudaSetDevice )k 38 E 4 2 f# HIAYCUDAIR & b, routineORYLIIEH KT
11.1.1%d fmalloc_test(), FMT AWM AZBRMIEH HREL R ETAF, MEIEA
cudaMemcpy ()45 a4~ % A B4 & #F|GPU,

int size = data->size;

float *a, *b, c, *partial_c;
float *dev_a, *dev_b, *dev_partial c;

// TECPU L RLNTF
a = data->a;
b = data->b;

partial_c = (float*)malloc( blocksPerGrid*sizeof(float) );

// TEGPU L& EINTF
HANDLE_ERROR( cudaMalloc(

HANDLE_ERROR( cudaMalloc(

HANDLE_ERROR( cudaMalloc(

(void**)&dev_a,
size*sizeof(float) ) );
(void**)&dev_b,
size*sizeof(float) ) );
(void**)&dev_partial_c,
blocksPerGrid*sizeof(float) ) );

/1 1A ‘a’ R ‘b’ AlBElGPU L

HANDLE_ERROR( cudaMemcpy {

HANDLE_ERROR( cudaMemcpy (

RIiG, BlEsh AR RS,

dev_a, a, size*sizeof(float),
cudaMemcpyHostToDevice ) );
dev_b, b, size*sizeof(float),
cudaMemcpyHostToDevice ) );

EHlE SR, AL RCPU LA,

dot<<<blocksPerGrid,threadsPerBlock>>>( size, dev_a, dev_b,

/7 HEAR ‘e’ MGPUEiECPU
HANDLE_ERROR( cudaMemcpy (

/1 #ECPU ERER(E

c = 0;

dev_partial_c );

partial_c, dev_partial_c,
blocksPerGrid*sizeof(float),

cudaMemcpyDeviceToHost ) );

for (int i=0; i<blocksPerGrid; i++) {

c += partial_c[i];
}

FuE s —4E, ETEBERGPUNT, FEfEDataStructzy #)freturnValue ff E’( iR [\ it B Ay

RRER,
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HANDLE_ERROR( cudaFree( dev_a ) );
HANDLE_ERROR( cudaFree( dev_b ) );
HANDLE_ERROR( cudaFree( dev_partial c ) );

// ERcrulliiNTE

free( partial c );

data->returnvalue = c;
return 0;

}

Bk, BT ENEBAOEE RS, EREZ/ICGPUNBRFHALLERAANGPURNBRFER
Z. ARAE ARV DR QIR — 1Nk, HAESRRE LT @%, 2R RE
MDHIE M. MRTHHCHERERE, oW aTUERFHEREN. rRATELE, 81
GPU#LA B CHIZFE, BRI Z IM LM Ay SUEp R 3.

11.4 JBHHNEEATF

EHERAZANGPUNEFT, R EZNHBoMERENFHIER. EFI10EHEL
BT, BENFEE LRENAYE, RRIZNEHBEEYEANTES, UED MR SEE
AL, HRifl, XLENFTOOTTRACPUSERURE “HEM . s, mRESEES
B TEENT, BoXENF RN ToRENMEERREEIBEN, mRAELREZFILE
fRX N FRIHEE, LKA BRAHE XN FIASRIER . AT TN,

XFTAMEER Z—-e, YRMEE (TESEBREANFHIEE) KBEEXRNT L
hiTcudaMemepyOft, 3% MARMER R 2 TUNFEFRIATEHIRE. EF10ZPE N4,
X Fohok 3R 2 0 B (R R FEA50% . FEREEAY R, R I E M — 4 cudaMemcpyAsync()
VA CUDARAIBA T, B2 4850, B HcudaMemepyAsyncOFEEHBENF. BT
XN TR T o EMERUMIEEEREL PR 8, Bz AASER,
HZE FBUE R ERER LT,

B, HFXAMEE -G E. RITTLUCEEENF>EARTEZDN, XERE A
UEFNER ZABHXRNT, HFHBENTEREBBEENABRENT. BABXAHP, FE
{# FlcudaHostAlloc() 3 4B N1, JEETEIF AR {EFH—1#F/$F:E: cudaHostAllocPortable,
EAMPRER LS Kbzt —& R, fltncudaHostAllocWriteCombined#lcudaHostAllocMapped
XEW®EEEREVIANER, sDEHIELTEE), FEINUREHAGASNEEAS.

A TURB R B EhEE AFRITER, BATHE— ek Z2GPUR AR RN AR, &
s S E MFHE NAFRI SRS ERF. B AX MhRA & T4 TR A RS F
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LGPUKAMRID, &k, BRINFERIEEVAMALFHFCUDARNGPU, HH EHELHEE
G MIX,

int main( void ) {
int deviceCount;
HANDLE_ERROR( cudaGetDeviceCount( &deviceCount ) );
if (deviceCount < 2) {
printf( “We need at least two compute 1.0 or greater *
“devices, but only found %#d\n" , deviceCount );
return 0;

}

cudaDeviceProp prop;
for (int i=0; i<2; i++) {
HANDLE ERROR( cudaGetDeviceProperties( &prop, i ) });
if (prop.canMapHostMemory != 1) {
printf( “Device %d cannot map memory.\n" , i );
return 0;

}

ERTER RGN, CRBEF TETI EyRNTFUERTFRARR. Aifi, AT
BHWEENT, HAEEILEHREMANCUDARE LZETF, HTFHRITEAEEXNER L4
ficZ ¥ AT, FikdE i fcudaSetDevice() 2 fi, #3518 1 cudaSetDeviceFlags(), F111.1.1
Fih—H,

float *a, *b;

HANDLE _ERROR( cudaSetDevice( 0 ) );

HANDLE _ERROR( cudaSetDeviceFlags( cudaDeviceMapHost ) ); -

HANDLE_ERROR( cudaHostAlloc( (void**)&a, N*sizeof(float),
cudaHostAllocWriteCombined |
cudaHostAllocPortable |
cudaHostAllocMapped ) );

HANDLE_ERROR( cudaHostAlloc( (void**)&b, N*sizeof(float),
cudaHostAllocWriteCombined |
cudaHostAllocPortable |
cudaHostAllocMapped ) );

TEACERRTE , FA1EF O 208 T A O TRE 5 A4 HcudaSetDevice(), #Kifi,
{E{# FlcudaHostAlloc() 4 B2 71 B W 7, & % Bid i I8 Al cudaSetDevice R #4a LIk & . IR
EHEER, ROFF T Ba9FREcudaHostAllocPortable (% 45X A~ N 7 or Bl 1E. B TiX
LN fF R T cudaSetDevice(0) Z 5 A oy B2y, FHk, MRERHXENFIREAD T
BN, B2 RABOANCUDARELSIBEX NI AR ENTE.
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AL 7 BT FIEET . AMIA SRR EEE. H R .24 ZGPURFIF I A K R
DataStruct&E#,

/7 FEARE L IATF

for (int i=0; i<N; i++) {
a[i] = i;
bfi] = i*2;

}

/1 AHER SRS
DataStruct data([2];
data[0].deviceID = 0;
data[0].offset = 0;
data[0].size = N/2;
dataf[0].a = a;
data[0].b = b;

data[l].devicelID = 1;
data[l].offset = N/2;
data[l].size = N/2;
dataf[l].a = a;
data[l].b = b;

Bia, FRMEIES A48, HilHoutineOFBIEEN1E & LHITIHR.

CUTThread thread = start_thread( routine, &(data[l]) );
routine( &(dataf[0]) );
end_thread( thread );

T EHLATF & RCUDAE fTRT 4 &2, BT 2 fHcudaFreeHostOifi AN & free OB E.

// BCPULAINTF
HANDLE_ERROR( cudaFreeHost( a ) );
HANDLE_ERROR( cudaFreeHost( b ) );

printf( “value calculated: %f\n" ,
data[0].returnValue + data[l].returnValue );

_ return 0;
}
A THEZGPUM AR X B EE N EE LARTE, 715 Z Hroutine O £
ST O3 e i R (N o SR =2 N

void* routine( void *pvoidData ) {
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DataStruct *data = (DataStruct*)pvoidData;
if (data->devicelID != 0) {
HANDLE_ERROR( cudaSetDevice( data->devicelID ) };
HANDLE_ERROR( cudaSetDeviceFlags( cudaDeviceMapHost ) );
}

(RATREDIC TR, £ ZGPUMR AR H, X117 EEroutine()# il ficudaSetDevice(), M
iR A kB ESl— A RAIGPU, B—J i, EXAREY, RINCLEFLEPEAT
—kcudaSetDevice(), X AMMREREAD T EmainOh HEEZENF. Eit, BRNAFLEL
i% A 4 FcudaSetDevice VY% %5 L 1M JHcudaSetDevice()FilcudaSetDeviceFlags(), ik,
deviceIDARO, AR AMIXMAEE, BAERONIRE LF UK L5 o SR R =4 8 i
PR, HFL XA EHIRG, —BEEMSREERETEMES, BABAEFXA
HlcudaSetDevice(), BIfE %A EMBERRFRIAT. HEE D RIIOEDFH B R84 CUDA
BT ARADX A AR, TR (14kEE T Broutine O F— b B E &k,

BRTHEHTEHHEENTFIN, RIDEEMRTEERAF, UENGPUS HEHRIXENR
7. B, F&MNAER 20095 BEFIBE(EHcudaMemepy(), fi#&f# FcudaHostGet-
DevicePointer() K #Ef EHLAFHI A ZL &I, X SRTHESE IURFIFRRHAG G H—H. &
M, MARESEZRAERTHREMNGPUAFERFIEMNHRE R, XA FRERZET
cudaMalloc(33€ 4y B2 Y.

int size = data->size;
float *a, *b, ¢, *partial_c;
float *dev_a, *dev_b, *dev_partial_c;

// TECPU LsYRRNTF

a = data->a;

b = data->b;

partial_c = (float*)malloc( blocksPerGrid*sizeof(float) );

HANDLE_ERROR( cudaHpstGetDevicePointer( &dev_a, a, 0 ) );

HANDLE_ERROR( cudaHostGetDevicePointer( &dev_b, b, 0 ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_partial_ec,
blocksPerGrid*sizeof (float) ) );

// HHRGPURIUAR M EFEM "2t Fn D’
dev_a += data->offset;
dev_b += data->offset;

selt, MEETLWAF THEd, Bt aT UL R 30 e 8O B 45 R M GPU & il [= 3k ,

dot<<<blocksPerGrid, threadsPerBlock>>>( size, dev_a, dev b,

dev_partial c );



170 GPUE M aE4IZCUDALE

[/ % ‘e’ MGPUH filEICPU
HANDLE_ERROR( cudaMemcpy( partial_c, dev_partial _c,
blocksPerGrid*sizeof(float),

cudaMemcpyDeviceToHost ) );

BeJE, RZATH SPUREI—H, ECPU KR f{EAMER, BikAF, HiEEF
main(),
/1 Ecru EER{E
c = 0;
for (int i=0; i<blocksPerGrid; i++) {
c += partial_c([i];

}

HANDLE_ERROR( cudaFree( dev_partial_c ) );

// BEWCPUERIATE

free( partial c );

data->returnValue = c;

return 0;

11.5 A&

HMNEFFNFED T -LEHOENAFELR, FfXERNFERZ#E 1 cudaHostAlloc()
FsrBafy, @it A -AARMEE, ROTUSEEEFEN. IBHRELHXEAETR
MR, Bt AEE NG, TLLEECPUSGPUZ AIA B R A FlHRME, X iFL MR
e R L HT AT RS A i, Sl R SRR BRI, AR CAZE ) — A~ B R FF p Xt £ 4~ GPU
PATHERIE, EaBEHREEEL N RERT. BE, RIER T AL TBHNEENFES
AGPUR EEE A, ARGl ERTAIBHMEENTE, £241GPU, LIRFENN
7, LABURESHEH A BZHAMEIR. MEZCGPURLKNIA R YR, ZLERARRIBIRT S
R X RGN SR RAED.
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WHAR! KMNAF 2R F X FJCUDA CHyid42, H# AGPUFH 1
e, AFIFERLELE, BNEHT AR KOFINAZ, ETREHRR
GR—TF. B4, &AMNFI T TEJCUDAZFTHHKIETEFELS R
RBERANSAMAELBIN A, KNEIERSE—TT RARRNEAZRA
BAZRE, FAMEE KA GMARERTARATH AR, IXLH6
Bl B BLIGPULA A FAAREARAZREGE, #RATHFINHRATR
E, AR AR A LA BT BAZ G P R LE A S RAE,

£ 78 7 4fTZANVIDIA CUDA%RM L ERFAFHAGEABRLE, K
M T RA4 TNVIDIARGF 6 — £ £ H 868 EFAPI, ¥F5iE%, GPU
Py £ B RS FGPUH AR RREFTAMNG, BANFET T 4ofT
FRASEEANAROE—EFTLANAGERX, §T# 5 AP MAfid)
REZABHERALAPRNXTGPUH N IH, BHANAL TCUDA Ci
J¥ b T ir A ¥ B M APL (4] 4eOpenGL 5DirectX) ZRM XA, 25K
Ak FNA LR THRENEALTHEFIANANZL S RALTE, KE,
KMNEARBT —L£H[ B I, ATURRAEAT RS R, AWTHE
F# R B, BT A EZMAGPUZR AT AL LHBRE, RE6, &M%
3 T AT REN A A LEAGPU Lok 5 AALA, ok, &MNFEIT
Yo fT A4 5 AGPUR & VA R 4ol BT 43 8h 69 B) & A 4, X1 HCUDA
CHARBE—FT KIESCGPUFEH R LAE,
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121 XEB#r

i AFERIFE ], RATLA:

* THE—LEHiBY F RCUDA CEIFII TR,
* T f— AT AR BY fRIR FHCUDA CIF R BE DAY FRBDH IR .

12.2 CUDAT A

fEABH, FAHAR TCUDA CHRUERENEANHE. RIMNKSHMEHABRFEERT
CUDA CHRiZ & M i 4iF A ENVIDIA GPU LHITHIRIS. CUDABfTH AR ER
REARALU R SCGPUEEREN K> B TIE, CHAHCUDARSEFAEEZES RLEFAITE
HHTEIE, BRTXECLMHEREEI, NVIDIATR T H b —4H % #3552 8 & {LCUDA
CRARBRFMIFR TIE., AHHAE XX G EOIEMNTE, TSR 4 HX R g,

12.2.1 CUDAIE#

ERBRERIBINLE LEECSLLE TCUDATLAKR (CUDA Toolkit), BEAHFEXAHMF
A4 TCUDA CRIFS THAE. MRENZE LEFCUDATARR, N2 EEREAREE
RERFLEMCUDA CRED, 4R, HALECUDATABFWARMTAKRAE (EH&IREE
A2 BigExAS), MR, MEFEFELATHEROFRARG, BagC2HE THETRE
EPHEM—LE,

12.2.2 CUFFT

CUDATHEAE THAEEM TAEE, EIN1F LA IREN ARFHLIAGPURRE., F
— A EENVIDIAR M — AR LGt B M- 454 (Fast Fourier Transform) FE, WHRA
CUFFT, M3.0kiAFis, CUFFTE Z#H—HEHEANIHEE, SELLT:

ELBESEKE 2 RHT 4T H, TR =T,

s ALAL I B A FFTATE AN — 4R e,

« ZHRTHAN=RTER, K —4ERIR/NEEH2F16 384,

o —# i, K rENERRRTASES,

o SEEERERE BE BRI (In-Place) ZE#fndE#tit: (Out-of-Place) %k,

NVIDIA# & BRI CUFFTEM — Ao, XAFAIERRITTUEEEMNRARF %%
{# FICUFFTE:, MARERFERTAAMNE, FAFIRTRE VIR,
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12.2.3 CUBLAS

B T B EH s SN, NVIDIAG#REE T — /MK ek % (Linear Algebra Routine)
B, Hhasd TELANELLEBA FESF (Basic Linear Algebra Subprograms, BLAS), X
AP fir £ HCUBLAS, RIFEZRRE, BEEE& TBLASH - TIhieE. XM EFRIE/ &
HEALZIME, ARSECTULRBRERTRETRKERT, BAILL2LElE, waTURE
¥l. B TFBLASE#Z —/ HFORTRANG SR MR M A% %, NVIDIAZ A B KR KR
WXEOHMEIN, 9018, ECUBLASHEH, KARMTH|E (Column—Major) EXHIFF
figfh R, MARKCAC+HHARITE (Row-Major) BEXEIAF. ELFEHRIBFITES
EXFESR, NMEREMABLASHA P AER/IORNMRTUHLHARFESAHER
CUBLAS, NVIDIAL % # T *fCUBLASHJFORTRANZS &, F % i% A 4n {4 Bl 4 FUFORTRAN
R AR P e BICUDA R,

12.2.4 NVIDIA GPU Computing SDK

B TNVIDIAJR 2 FFFfICUDA T B4 #h, 7EGPU Computing SDKHE & T £GPULt
BonBRF. BRONEXPERSEILX/SDK, EEERRFRRRIFBIFTEABATIEHNE.,
X ER B SEE TCUDA CHIEAN AR M AGR, 2 HEARBEEMICE S, X8RS
" 4r ALLTES

CUDA% A TR
CUDABSE™M
CUDAZ S i
BB TRE
. H R
g2

PERE IR
SR

B /oAb EE
R &M

iR 48

R AL
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X R AT LAEAT /] % 4FCUDA CHYF & Liafr, WralLAEAIRA CRS M AR IR,
M FAEXHE SR B F W 2RAIEE, WERMEALE, EGPU computing SDKAUEH A S EE
FLIEN B/ B S8 . X SRS LI 2 1= G R IR FE 4GRS, i HBEMEHCUDA CRF %]
ME ENSEBRRGIERE,

12.2.5 NVIDIAEERIE

B T ZECUFFTHICUBLAS % f b 2 (i 6 S 5h, NVIDIAGHE it T — /s S A7 2 T
CUDA I £ B b R #8 1F , #RUNVIDIAYERERIE (NVIDIA Performance Primitives, NPP),
AT, NPPRUEAADNGEE A F M E FEKRCEMMSGCE, xEIhEE 128 B Fix L aism
HENR. NVIDIAH-RIFE 450 idt-— S M oaNPPRISHRELL B AR & ) 2 S i BE S, o
RO i M RE AT B (R AL HE S PISH I B R I G HR AR Z0 iR S % B R T RE [ FINPP, WTL,
M BEwww.nvidia.com/object/npp.html b B T (& MM I ES(E iR,

12.26 JRACUDAC

MRABTHEVL BB 7R 5 — IR AT R 52 2 FCIR Hh 3% B e oD iR L4 T, %, AU
it EAEAIERE, FURELEE . THURIIEEEHEYI, RERTEEF
RAREFKE ., BARS ANRES SRR, HEREEINT, HL84 TEITT8E
AR L T AR CUDA CHEREUHTTIHIA . NVIDIAFE{: | — 8 T Bk REE R A
AL At

1. CUDA-GDB

CUDA-GDB & h 5 # HIfICUDA L L2 —, Linux&% FHICUDA CHEFF REFF & 15D
B Al UL THEGX AL A, NVIDIAXMFFREAGUNIEIR#E (gdb) M7 TR, RS EERD
LRI, (AR R iFedbiy ¥ M N A%, {£CUDA-GDB Z i, & T7ECPU L&l & LAY
A 750, FRIF LA H AP 5 ok AR & RS, XA A ik @R L e s R IEN 22,
i HLAL FRERT B R B AEGPU LAY G Bt fr (IR % $HBg Y il it . WiNVIDIARJCUDA-GDB fif # /v
e HEEGPU LI Bk e, ARF ARG T M BIICPUIRIK 89156 5 XK. CUDA-
GDB{L4ELL T ShiE

» YWEECUDAKE, M %EAIGPU LI ZHMINESE A,

* {ECUDA Cif ftAD b i% & 7 5 .

« yHTGPURTE, Wi RNTEML ERTE.,

o T4 ATSE W {EGPU ek fith sk B2,

s PFREA B MANEE STV R R, OIEHE R EE % N N T,
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B T2 4h, NVIDIAZIEH TCUDANTF##E 2 (CUDA Memory Checker), FfTaILA
i it CUDA-GDB# # # 37 ) T A Cuda-Memcheck K HCUDANF R & BRI THRE. B T7E
CUDAR¥y A& & THEAMBIEE&NFERY T, HHArA R3ES N7 Uil &5 wT L o 78
A IR . ATE T E BE RAT SRR, B LEPITRMAIhEE, HERREERZ
FHXFPEBAEIR, 4B RACUDARNTARE B, SR R 5 2 BN 17 U R fl 5
FARMFRIL R EEAR, HLEHEE CEamay 7 A X SR,

2. NVIDIA Parallel Nsight

- FTERE fF L SciH A CUDA CE E ¥k i, CUDA-GDBICEE 2 —Fh Ak B89 FnThaE 58 K1Y
TA, {ENVIDIAEIRE], HARENSFH KA REERMEHALinux, WindowsH P EFEFELR
F Ak BIACUDARN FHfEF. 7620094, NVIDIA#:H TNVIDIA Parellel Nsight (F ¥4
Nexus), iX#&%—E i EMicrosoft Visual Studio fJGPU/CPUIIX 2%, Parallel Nsight2{L]
FCUDA-GDB, EREBIHIRELEHT I REACUDAR ARF. M A ALLECUDA CHR A H
REMCERENE S, QREESANGFUERAKRAON A, AP TLLH B Visual Studio
Memroy® N EHEEFNTF, UEBREEROANFILN., EFBHRHE2%H TX/ LA
fyBetahfi 4, HHG E& KR4,

12.2.7 CUDA Visual Profiler

RINEHEMRCUDAEMEF KGRI R L AEFNEEZEMAN. R, FEKHE,
BIEERR L H B AP I EEiIRE, ANLEpriBn “mHaeitRE” MHARF, EiEvibiE HEE
A R AR, ENRAHMNITASLS "G . RINLFES83—A LR EE
[B]: At 4 RIS7ESam Hilldiz frAIMERE I MRS 7Eixsbifiiieh, fnR Rl A "THLfL /Y
ot TRERETEES, BaHEEEARBA., NVIDIAGR#t T —/1~ X ##) T A Visual
Profiler, "[LAMCUDA ZoneRht ET#. fEE12.14 4 T 7 Visual Profilerh L B SE[EH B iz
BRRMRAREAMEGE. BAFAIUEM 17/, (BOARMRES HIME & transpose OFER
HFEHEMESEY & EEER T & transpose_naive(), GE®, MAERKLFHSL
“native”, FBLiXAERBAIEREE E A RLA.)

CUDA Visual Profilerf{f#h {7 FI /¥, [l sy $TGPU A R MIFFHAERETHRE . ZERITE
BJE . VERE Sy H7 88 mT LAMR $8X 6 11 40 88 R Ge i BB 48 iR & . Visual Profiler /] LAGE R I #2
FESITEN AL T £/ 08E], R RENEE. BRENAGFHRBEESTES
HT. ERBHRATHAS RS, mRRTEERR LT RS, IB2a®kMNEIGRT
CUDA Visual Profiler 3 43 #7 .
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i

Summary Plot

i e B e

[€912.1 {ECUDA Visual Profilerrh %t 4ERESE B B2 R FF it 7047

123 ZEH/M

WAL RA REERBABPRAENE, AR DA LML E LRYE 2906, i mE,
FEeii A A d g D gk g o], i FHMATIRE, WFHEETEE b 22X
B b — 4 CUDA CHRY A B,

12.3.1  (Programming Massively Parallel Processors:a Hands-On Approach))

EFIFESP, RNELEHABHAE-ARBHITRWE. RARBINRE T &40
AiE, FlanZ BB MEER, HEABEANTEHE A {EFCUDA CREAPIREGRE, &
{E (NVIDIA CUDA Programming Guide) #; {4 fEEAi4%2] TCUDA CiE S, mHtidfi¥
40/ 2N VIDIARE {4 72 50 BR 2 X £ (2 55 1 % AT 1 5

R, mREER A — £ FMCUDA CREF G, B2 Eid—$ AARCUDAREMLL R
NVIDIA GPUIICE TYEFE, B 7TRIXSENE, RIMBIUUEREE (Programming Massively
Paralle! Processors; A Hands-on Approach)), A45/2& iNVIDIAR] & & f4 % David Kirk 5{#F
EWrR R S U TINL DR R B Wen-mei W, Hwu— A TESERAT, TEXABH, RAILEE



g128 |/ 8 177

R 2 RBOARIEMBES, ¥ >IFINVIDIA CUDAZMTF LT, ELIEERR RN
FI3ER% 7. (Latency Tolerance), WF#IAIEMARMBEER, FAUHHMLEE. ZP LN ETE
[EEL LT, BRIIRATLLE b T R 4 KRR & 2 R T TR T &

12.3.2 CUDA U

HRANYT, AEIREEFAFIGPURR ZAEA Lid k%, Tk bt K%
REFARE ERENIEE, FERENE, E2HF KOA300HKFEHFIR TCUDARE.,
Rifn, EFFRAKRFEIEZAT, BF 5 —FHiEKF>ICUDA| 7ECUDA Zoneffit EFLATREI/r
ZCUDA UMypEsE, XEA R —ACUDATELSEE K%, &F, MATLAEEMKES KL
www.nvidia.com/object/cuda_education, #NR RN T —LECUDA UELKIRER, L B£3R
LRTFGPUIER AR, (BEXBHIRM, DEAHA—EELHBSFTUERESS.

1. XKFREAR

EAZHBCUDAEZRE S, FRIEHKEPCUDA CRERBERTFNREZ —.
NVIDIAFREFITERT K 24X LR I EsAMAVIUSR % 9% T8, "ILAfEiPod, iPhones(# 3%
ISR B 2% B . BATMEREEER . " T/ —FHEIEREEFHEERHHEB R L AT
LA%:Z]ICUDA!” {RATRES R, At 2B EF R A B RN A SR IRABA MR AR ECER
F, x4 &iFR, HERMM, WMEFAIRRERFMBEERNEFAUR, ML
B2 T RRIEST KRN KA B IR R, (REFTLAKR B CUDA S ML K B
F=H IR G AR 5 I BERE

2. Dr. Dobb's

£ QIFILAR30 L TR B, (Dr. Dobb's) ¥Fi@% T it B AGRFMFRAE EERRY
[, NVIDIAFJCUDA#L A ff#h, (Dr. Dobb’s) B2 %% TikE#E FHMLE, I"'ZHNMET
CUDA, XEFERIRFIFR@Y (CUDA, Supercomputing for the Masses), #4443 TGPUit
B, RENMETE-ITERBURCUDARBEKAH ) HE. (Dr. Dobb’s) HEyX R E
WEMNEEEE. HRCE, 2RAHFEEE. IKZEANHF, CUDA Visual Profiler, LUE AT,
CUDA-GDB, & ¥ #H{7CUDAKIERICUDPPE, LARIFZ Kb £/, X AFINXERE
AT TRIVEABHNMBHIAZE. fiH, ¥ THPREEHENMBH—LTH, FladkaEsir
FIEIRS, fEXsexRwh AL TEFMOEE. 7ECUDA ZoneM M L& Tik X HAIEE
£, WATLLEEHEE “Dr Dobbs CUDA” eifj[alix 2630 %,

12.3.3 NVIDIAIR

it BIEEVRIFANHE TATAERINVIDIAEY, (EXEARBALNELERE. RiF
proctsmE, BEAANEGLALSHEUNLE, &&, RIEASH—IPCUDAKRE, EiK
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AR — el HEAHRE LB . AT REILERMEM S, ROEDCHEMN X AFNVIDIAK
ietE . i aE & http://forums nvidia.com, TEiX BIRFLAR H hCUDAfE &2 %
@, #k b, BRsARE, RELFTUARBH b A B Z 1/ H& 7! NVIDIAE T
HNKRMERCE LA, B SR AR aE, th SRR R EAURIRE. RIEHH
RS PR IhRER BUR AN L, TR ERIHEZHITE, KRR EZ,

124 RBHER

JR%&NVIDIA GPU Computing SDKH & & T KEA/RGIE, (HxLREEE AESHT
¥, MERFLREG-E-RENOERBREE, B2 EEFEEH—F, =PIk, &
CUDAF & A A X2t T &M w S i€, EXBR BT HF—LTAME, (8
R ATLATEM T ERBEFEMRFE., 42, EREXRBATLAACUDA CHIEfME A C
F TR |

12.4.1 CUDABEHITRIEE

M KRZERESGT >R RANAMEE T, NVIDIAA A TCUDAKHE H17TRIE
(CUDA Data Parallel Primitives Library, CUDPP), M &5 f[LLFEH, CUDPPAL&HIRA —HE
W|IFFTHEERIE. B, FHTagskim (i), FTHFURFTEL%E, ZEFRIEHFL
KRN RERA TEENEM, QFHF. HES. WBREBEHURGIFTEEE.
BRRTFERSENEZIEE, LM TRECUDPPE 2R M Tix M E:, SFRMETHEEMNLK
4y ThiE. CUDPPHY T #idthhik Ahttp://code.google.com/p/cudpp,

12.4.2 CULAtools

1223 42%], AFCUDAT AT EE THBLASHIELE, mMREEFFEELHEMER
KR s, AL FLLIFEEEM Photonics/y B3 TFCUDALH &ML S (LAPACK) ., XA HEth
FRACLUAtols, BEETIFLENE ZMEMREES, X KERRE TNVIDIAFJCUBLAS
AR, ERRNEFREDEE TLUEMS . QREK . ERGKE. FFRESHE,
CAR /b et sk RNy B/ N —Feik . {RATLLM B HEwww.culatools.com/versions/basic | T #iix
AEARE, REFEFEB, EM Photonics A GE M TR ERFT, KhEETAHESM
LAPACK &%, LAK 24 % 7 & FCULAtoolsf i b Bk - B B 40 & 9 18 o] 4k 2K

1243 EEHEK=S

AHERNGEES ACHC++, RMAFLHEAHAERAIMFIES. Felg, —
EE=ZHIMEETEMIESHES, MREIENVIDIAE L XHFHKBIES HIHFRICUDA,
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NVIDIAX § 4CUBLAS 42t TFROTRAN# &, M4 Ewww. jeuda.org iR EL& T 3 H A4
CUDAFE:fyJava#Bse , [al#E, 7EPythonf b w] L it Pythond 3% 28 %k 1/ [AICUDA CH i
¥, T #Hbhlhhttp://mathema.tician.de/software/pycuda, #x)i, {ECUDA.NETIH il T £
Microsoft NETHE T {48 E, T #FHitbht Awww.hoopoe-cloud.com/Solutions/CUDA .NET,

BARX LT H A Z BANVIDIAER X #6Y, (HEfECUDARI KA A EFE, A
HWMARKEMAPIE, SBETEHHEOE, mBRESEN (RFERAEN) BEEALECK
C++, IPLIREAEMAAEHEREGPULR, MEBERRGHRAMMIESHE.

12.5 ZEKRBING

EREABHIFARNE. BIEEZRTE TANNENAES, SHIFZAFIEATLLTH, Hik,
BEMEFE. HEFWITEESHHERR, ¥ IGPUHELERIEFEE, ®RONFEFiES
AR AT B E IR TR 2 —CUDA, MiH, 1A ZIRaeasit— S —
Figk SRR E, LARACEKAEEA B S8 meE R, RIvix Sz AR A EE
GPUH L4 /) B i3 ith



My R
SRRTEE

EFROFTABTRFHRAEG—ERAT &, AR ITHILR FRAER
BENEAN EFRBEAXLRIFAGL, LARRY, ANENLR
TFTHREG—FIBNE, PEABMIKRELEH, Ko LA, XA AZHAM
FHIMABYNE—H, FELAF o, AABFRECEFIT# 3
PARGIE, R EBENMELRRANTETHMRE, Ad, Hit L2k
AP ABZHEHRY? ANFHATEEETRE, 4o RIARKLAE, A
ZTVABMERTE, KANFELHRPLERE,
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A1 DMKRKREHE

wEsEp, ®AVED T @it CUDA CREAREARZH, SAHREERHEHREN—
B, XA BB AT SR B M AR RS

1) i BRI E AR RN T EME, HRERREERZATH.

2) E—ANEBERPETEGE 2R, AEddSRBXERBRLREHEAM, HH
HRGFNEENG, BT kNG, SALERNERERITE ZAEREEN 4
GXIER “138y” EANAFE L), (

3) B, BOEBRREFGE-MERE, EAREXMEREFSBNERIHRE,

4) mPEIRENDSHTERBEYa T RS, I8 A CPUSSENANE H ke e M i 15 3 B &
B,

R R X B MM AR D BB F A, IP4 A TLAE S A T E B SEAAR .
MEGCLRET ARsRENRE, B2 TUEEEEEDRBIRENEIS . BRIZFEEH
REEHARHIEEFE TN, OAEEECPULRTEMOUE, BHELAEROITHSE
P E|CPUTE BLANMLLF & — PR 5 K

Shifa, X BAYREHA REMEB . ZE-FFL, K aReRBARETREFTIhH—
%, MRCPUEGHRTHMMESSXEUR, HREHE N BIFHRAEGPU LT, ML
BLIRER ., . Sblt, BAFHARAEILGPULMNTE, #HhEsREMH R EI, ECPULTEK
i+, HEAHERFERGPU, REMASEHHET - MEEK.

HTFAMFONEEERLXTEFRIENERM, HFERMNC2HEH T EEMSREESH
R, HfRRZRETI R T REENBHIANE. RNSAEARFREERRASBHEES
I8, ERBENEREEALAEGPU L IT, MCPUNRILAARZ FHMIT KM IES . EREA
ERT, ARESRIPEBHZREIESRIFERFBICPU, WEEEEREH A CHIkER
g5 AR MF 2 RN P RIB A B, R A el 2 RECAR T 5 5 mE %, BamF M
DAREREGREEBIAWENER, hTRNCLKEA S EZRPER T —1atomicAdd()
B, HE EHELUFTLOEREX MRER S RNAIZE.

BRifi, fETHFEThRESE2.0 251, atomicAddOHREAERK LiEH., mRAHREH RN
B, B &EAREN, BFAXENHRERNEAFTL., KM, KB NVIDIAREHHA X
FREF A BUE BT R3] (X Fs R A e, B E A EEGPUFEZ A A,

JRFEE RRETR, BOREETRIER-BX-BANFIIZH, BAS8H L bmERi
REEGA BT, i, A REH AR X SRRk 8 ] BB 31T, Blan =
TEBRARATIEE TR, INEETRIBRATIRF R UL 4 (A+B)+C, HATLLHA+(B+C), XXt T
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BEOKHRETTLMEZH, FABRENFZHETEAN, Hik(A+B)+C = A+(B+C), i, i
SRR A A, Fhh AR T RECEINT, AUt(A+B)+Cill % H- A4 55 TA+(B+C), B,
FAEUE LR F R ER T A R AREE, FATERGPUXF L LRMFE D, X Fpiz
WA HERAEN SR, UF 2 AR FEA LW E TR SR AROER, FEL
BEfE e, IFREFEREIF AR L FFRIhRE.

shifi, WRAMUFZETRERPFEEMNBENTHEY, BLMARITUTLEGPUL
KR[ALBEH. R, RMMEEFTEETEF ARG R A7 A8 FsR. B/ RREE
R E AR TR, BERRATRRES.

A1l [RFHt

TEFIEGPUH B, FfEH TatomicAddO R EL, XA~ R ETEIT IRE- 15205 AR 1E
ARSI N, RAT AR R R AT E 2R EA-8E BN E .
HHA4BEN, KbEMEEAAEERKESAXANMLE EOE, mRaTLosE /AT
CUDA CER B EHLXFEIEITA, LM ATLAEARF I A (L BB SRS ERITIER
B, BIELEIRIT A SCPUR RAEIER ML, aRIRARBLRITAH, WAEEW, B RHE
FHALLRE B AT L #BINAEE %,

EABRRE: R/ NRANGFEALRE., BRERIT LR 654 5 Ui R 8 288

fESIT. EAFETUR BN, — TR, XFL—ITHEURTFHRBEHIAF

firE . YESLBRIXANEFEFIRI0N, ELEXMERES G477, RAEARBER

C EfEERXBRANTE. Bk, ZEBRTUBEXRNEF, HFROEENENR, AaZFH b

BT, EYEXNAGFEEE, KRFISABTRE, ER 407, SEpEReE

HMEBRBEXNNF. AF, AbESEELASFHFEILRBNRAZEEZERIEAIE
Rk fEAREE IR BB BENIATT.

L oL R A AR AT LA T XA -

void lock( void )} {
if( *mutex == 0 ) {
*mutex = 1; //#L1{RHEFIH
}
}

WA R, EXBRABPHFEE MBS, SHERMNABH—TRE: MRESL
BRIEMEOHEERABREREINMEZA, H—TEBEHIBARLRE, BasREMLH
B R, XM EBERE Emutex ERIE, HHIBLESRAH0, RiE, ENEHHFIEA
FixAMMIE, NG IFHMIOERE, Z5WCELWBE THAREESR. 2k, XRIEER
WA EMNAAEHEANFREBRSHMIINE, REFHERITHAR2ENLERE, IHESR
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i B AR

FMBEEZRARIERE L. Fmutex@I(E S504HLLEL, R mutexFETOHE, NH1E AR
XA E, EEFLIX#E, BIrasBRREURTHTAPIT, SHERTURRSLE
B E Fmutex I ER, FEHHMBHYLEH#IT T, £CUDA CH, XA-HREFLLIE L
¥ratomicCASORELH, XB AR FHILE-KH#ME (Compare-and-Swap)., R
atomicCASORIZ B BAE— M B eE, — M SAFPHIEETILRAE, URk—
Y HBARSER R B BArNAF LAVE, B xR 0E, ROTTLAKE —/~GPU{E k¥, 4n
TRUR:

__device__ wvoid lock( wvoid ) {
while( atomicCAS( mutex, 0, 1 ) != 0 );
}

i MatomicCAS() ¥R B i Fmutexttbht ERI{E. B, whileOBHEAW BT, AP
atomicCAS & BlmutexfI{E A0, KB AOR, CLEEBRIERT), HEBEELIS AR mutext, &
B ERE, XARERBAEWHeOTERRT BiE, BI RIS BIELEY ., RIOTEERX
FlelE HLEIR SEBLGPURLFIER . AT, Y eF ERREEEE - Eld, EREE AT
FER b kst o B i

struct Lock {
int *mutex;
Lock( void ) {
int state = 0;
HANDLE_ERROR({ cudaMalloc( (void**)& mutex,
sizeof(int) ) );
HANDLE_ERROR( cudaMemcpy( mutex, &state, sizeof(int),
cudaMemcpyHostToDevice ) );
}

~Lock( wvoid ) {
cudaFree( mutex );

}

__device__ void lock( void ) {
while( atomicCAS{ mutex, 0, 1 ) I= 0 );
}

__device__ void unlock( void ) {
atomicExch( mutex, 0 );

}
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H &, (EfFS i@ itatomicExch( mutex, | )¥ & FmutexiJ{. A %atomicExch()#FiEH
mutextfI{f, HFHEBFE - 2% (EXERD) #i7c#h, HEHERFINE. AtL2ZER
— R BRI AR, AR {8 R 6 89 5 7ok & BmutexBIE? Bil4n.

*mutex = 0;

AR VRINA AR R X b 0 SR RO A TR MR DR, BERAE &R R F8 AL B iR
1, BAXHERLN G ERERARN. WA AH LA ERAIHERENSE? RFESTE
M2 RNFRIEFRAAROBITER. WmREMERR FRIEMRENLSBNFRIE, 1
284{E fFunlock() 5 feE AYIock O A F EXLUIPRAWE S . BARXFHIRAEHMARIATLL
SHIEMRRIZHERE, (A4 T 8 R FFRYRiRtE, *F A 3t IR o py (e #F 57 12 (i F AR R &Y
AR Bk, EEREFEORERREGE, RAEERNHERREDRBIIRE.

A1.2 EBYHSREZH:. EFi

ERENSREERGP, E—EERAHs 2 RRECPU LTRSSy, EAT—
i, RIOMEBT fIEGPU LI E Rk, LockZ#afi Flock.hepr, FERBHSEHI R B+
RS XA K-

#include “../common/book.h”
#include “lock.h”

#define imin(a,b) (a<b?a:b)

const int M = 33 * 1024 * 1024;
const int threadsPerBlock = 256;
const int blocksPerGrid =
imin( 32, (N+threadsPerBlock-1) / threadsPerBlock );

B T AR5 b, P R B I Sk iy B ST (E AV R B e £ AR, M
— AR Z Ab A A R B R

__global _ void dot( Lock lock, float *é, float *b, float *c )

EBSUERIATEE T, Wlock R R TR, UIRKARBEMMHE DX FRAEHAE,
Lock:H # il T 75 & Ja B9 R o4 R b f il 0 R b XA T ). 55— MBSO R SR B B A
¥, HEAEREAKX. Zal, Ffloat *cf ~MEENMFEAKNIZHX, K@/ ek
HHUREAROEM ERREZMEMTHES . ARG AT HIBCPUCME LR 5
BUE. #ifn, BEMNSHCEREER —/RMWK, MEHER—/MEAKE, X ERFRaRD
PREMSH, BT XEE%, BEEHFLE5ESETLE M.

__global__ void dot( Lock lock, float *a,
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float *b, float *c ) {
__shared__ float cache[threadsPerBlock];
int tid = threadIdx.x + blockIdx.x * blockDim.x;

int cachelIndex = threadIdx.x;

float temp = 0;
while (tid < N) {
temp += a[tid] * b[tid];
tid += blockDim.x * gridDim.x;

}

//iZBcacheh R {r B LM

cache[cacheIndex] = temp;

/13 S B h R BT R S

__syncthreads();

/1 XMFRLEREE, UL PR ERthreadPerBlock LAl 2(F
int i = blockDim.x/2;
while (i != 0) {
if (cachelIndex < i)
cache[cacheIndex] += cache[cacheIndex + i];
__syncthreads();
i /= 2;
}

ERITHIX ML ER, BNEERPI2SAN LRI LS BITRAFRBMEMER, H
H{#7F Flcache[0), HE, B/ RBLAFEFLGME MM cHRITHNFEEE, AT
KM MITIXABRIE, RITHEMDREZEG N ZAFLERTR, FE%E £ crfi
ZHl, ERKBGXA . EHEBRRNENZR SCMEMRMNG, SRIEFE, XELE
FILE T LIRS 2 MENNE, ERRMHESRAERMME, I/ EBREAHFEEEMIT

B, PR+ RE,

if (cacheIndex == 0) {
lock.lock();
*c += cache[0];
lock.unlock();

}
R mainOFEF LU T R, ARGFERNAE. 6%, AHERBSTEIRE LM
ERGE AR, AT BT R AONIZ ]

int main{ void ) {
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float *a, *b, c = 0;

float *dev_a, *dev_b, *dev_c;

// TECPU L ENTF
(float*)malloc( N*sizeof(float) );
(float*)malloc( N*sizeof(float) );

I

a
b

// TEGPU L& BT

HANDLE_ERROR( cudaMalloc( (void**)&dev_a,
N*sizeof(float) )} );

HANDLE_ERROR( cudaMalloc( (void**)&dev_b,
N*sizeof(float) ) };

HANDLE_ERROR( cudaMalloc( (void**)s&dev_c,
sizeof(float) ) );

558, MaitMmASAFEENEZHBIGPU, EFEXENRE, XM RA} 2
T—RE IR WO HIBdev_c, MAVHEXNMLE ERMELHAFE. BTEBI&RR
I RBGXAE, AEHXESKBERIER MM, HELERRERZ, ARKRNTEE
AR AOLMER B EMBER.

/1 RIS ELNTF

for (int i=0; i<N; i++) {
a[i] = i;
b[i) i*2;

/7435 Ca’ fn ‘b’ EHIEIGPU

HANDLE_ERROR( cudaMemcpy( dev_a, a, N*sizeof(float),
cudaMemcpyHostToDevice ) );

HANDLE_ERROR( cudaMemcpy( dev_b, b, N*sizeof(float),
cudaMemcpyHostToDevice ) );

HANDLE_ERROR( cudaMemcpy( dev_c, &c, sizeof(float),
cudaMemcpyHostToDevice ) );

FITH TESZF¥Lock, HAZE, HHEREH ECPU,

Lock lock;
dot<<<blocksPerGrid,threadsPerBlock>>>( lock, dev_a,
dev_b, dev_c );

/1% E ‘e’ MGPUE #ilFEIcPU

HANDLE_ERROR( cudaMemcpy( &c, dev_c,
sizeof(float),
cudaMemcpyDeviceToHost ) );
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EESTERFIRFENAXANE E, BAVERSTorOIEIREHT A lak FEA &% . 24,
EANHHELEGPU L@ R FE5Em T, Bk Ll BBk EI 4 REB AN TR R AY R0

#define sum_squares(x) (x*(x+1)*(2*x+1)/6)
printf( “Does GPU value %.6g = %.6g?\n" , c,
2 * sum_squares( (float)(N - 1) ) );

/! BHGPU ERINTE

cudaFree( dev_a );
cudaFree( dev_b );
cudaFree( dev_c );

/1 BHcrPu ERINTF
free( a );
free( b );

}

T AT 2 a3 05 2 T A S R B ik B AT R A 4 S I B L 5 e 2 25 R AR
fm, HRETRE (JLPREER) BZEERAHMF 5CPU_LRAMEF AR . dFiFam
BHHES Ak, HILGPU LAY B 45 R 5CPU LR B 4 R 2 AR eI RETFEEAA 22 R . X F
XA R A R 2RI T 3, BRAESE AN B AR SR B (R & A~ e B B LASE RO 22 19 W e 7%
B, EHXA 0P 5CPU_ERIRFINAFE 2R . MmRIREHELEX LM, BLaAH—IK,
TR, ROVFLEE B E R T BREI S —F 2 RBMEIEESH .

A2 SZIMERBIR

HYRZR BRI A RBERMERWNHOIES 2z —, EEXRBEABRFPHEEE
ZMEM. X TEABRBHIIRAIEE R, RMNEXBSHENTE—T. HBLHOHRT
teix B HANAEZRA, BRAZEADTSIHETRONE, HibHRMEETE, mRiR
ELHA THIIRAEXBS, LTI AREBIIA2.27,

A21 HIIREN

BIIRE—FRFE-ETANBIRG. Flan, WS — A BFIR. wddh
Ry piaab e — A8, HFHENRIEEA - THERAE L. ZIE A S B IEMERRIE,
XHE, AR AE A RIE R E SR T AR oo, A, EEARIRN, EF
AU ZHREE RS AR P AR 35 EAU AP ERAR, @, XMIZE— /% RHE, #
AV, SEFLNE, TREBIIRPRET 20408/ME —ocH, RSx4 st B {E R
Al FZ %R AR
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B FRMUAR SIEAR M, HBIERA “H (Bucket)” wh, iXFhif s at BI{EAY Y ikl #
PR S SR . AT AR R BT AT B S bR ST R AT A WP, R RO SURE IR 2 E K
AN MR, fAIRA 20 ERE MBI,

flan, ZEWMEIIER. — T RESBIAE REE R EM260#, HikE WX RT
FRERPE) A FH, L“ﬂ‘iillkﬂ&ﬁﬁi%}éﬁ’lgﬁ N8, FRIEX A FEHE R A 26/ Hi
MO A, LEMEA PR T X /4~ H5 eR B an (] 57 B 4% — 26 B R A HR R
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T VBB il O T IEIE R IR R, XAV BUE T REAS AR, Bh eI
SR ) MR GBI 26 4P . TERCESHEP RS TR AR/E o, MES —LHPXas
KRG e, Hk, XS RIEPRGTFRE - RFR, Flws, BLAETRXA T
B AE Y () 4 A8 3 AR LA RS 44 7 B B IR 6] . p T 3R AT A5 SR R R O TR R 4D
LI ERMAERN, Hlx SRR RGEEZN. BRME KL TR ARNHRE, BF
BHASNTBHAREER,

B EBIR MR — M EREX TR, mBEA-ITHANESEY, TaEs/ @84
Pk 4 B — AR, EX AU, JRTATCL R C ARG — 8, R
M EAN TT R — . 2, BNEX AT R FE, EREZEERT, &I
TR R R b s MAT LB gt B R —ASHRIN, BRS KR AE R3S, Bildnd #igavocado
aardvark [@] IR W TR b, £ TP REZDEMER LT L, BWHPRmfaHE
(RIEF] -AeE%., MiBFIrhER, FlanfFaardvarkif iNE 24 &ravocadlfiF g dpit, D&
aardvark LB FRAMVBER KR, fn[EA 2F7R,

TEEA2PEM T Hidavocadofi, F—ITHMMETLE T —1B/ME - TH., B TFELE
hi T aardvark, X/ Savocadok A T oh%e, RAX A LAt F R EA. HRBEE
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#, EA3hfaardvark A S — WL KR,

avocado — -

| ——! avocado

A2 5% idavocadodB A BIELFF

aardvarle -~ -~ e gvoeado

= avocado [ acrdvark

FA3  ffd i n s i aardvark i % A4 [ i 28
£ TR T R — Bt SRR RS R 25, A1 T ik & F anfa s Bl
.3
A.2.2 CPU#?%FE

A2 19T 481, BAIRERBERNH . — DR ZR BRI EIR 854 .
MRS ZATE e —8: RIT\oE - REANNEA, HFAEATHEN THERBERR—
T/E TR EMREOIRBCZAET, ERRBRRIRSN.

#include “../common/book.h”

struct Entry {

unsigned int key;
void* value;
Entry *next;

}i

struct Table ({

size_t count;
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Entry **entries;
Entry *pool;
Entry *firstFree;
}i
FEMFEA21 R HERR, EntryZBE M- 18f—ME. EMRAEFT, #ELHS
B SRAXMETREEREXE, FHBAFHvalueF B —Pvoid* R, BTixs
BFEAETEN MM RBIIREES S, FHikEvalueld Lhr ERREFEFMNE, A TR
EE 8, RIMNMHEeLEESHS, NmERTLUEE CHEABRFHERIBRRG, 44
Entry @y 8 J5 — A" R 247 T — " Entry ¥ 00455, 7EE B PR, AR/ HPHELE L
AEntry i gi, HHERNMREFXLERRRFAH -8R, Bk, SR EAREMAROT—
AN, BmSER T —A 1 AR, BJa— T Entry Vi sl fnext$f # AHNULL,

A L, Tablef#ga 52— “W™ B, XA RE N KE Hcount %, He
entries 1 B RRETR — /M8 M /A Entry B35 £ . a0 REBIEHEI— /4 Entry 5 S EB 5 B F AN
7, o RrERE ™ A U R, h TR R IL, 8BS RBFE K Fipool 45— 4~
"] FHEntry i i (%4, firstFreeix A~ 45 M T — /N8l FHAYEntry 7 55, B 4T/ A A
B B Fert, REEE FdifirstFree MAYEntry, SREEMX /g5, MBRTH I RNTE.
EE, XA RET SAFENIRES, FEoH R Afree(— kit 7T AR AT A X 2671
Ao WMREERIN—AT 5 &R EEHAINTE, B0 205k 44 508 T H 51 2 H- (R ok B e />4 o

MR T HAREH G, BATRE LR AR S UG

void initialize_table( Table &table, int entries,
int elements ) {
table.count = entries;
table.entries = (Entry**)calloc( entries, sizeof(Entry*) );
table.pool = (Entry*)malloc( elements * sizeof( Entry ) );
table.firstFree = table.pool;
}

ERFI R pGLE RS, FRREREAME entriesy BN, BATEAHT At i
T, HAEHfirstFree AL AR M 1 A BER Y E — AT A

ERFHERR, BIMBBRCo AT, XEBBREE 2 R A

void free_table( Table &table ) {
free( table.entries );
free( table.pool );

}

FEXRFIROTE b, BIOMEE TR TEOIREIA VAR Bk, ®"iHET 4
SF RO R B 7E U T8 Y B R AR AV O b B R BLIE SR RVPERE . 7EX /N RBilrh, FRi1fE
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HITEGS S5k, A EEEX OB MMANES, SR RIENREFEA SR
AR, BEEAES, LB R, 57 Aeff FEtable.entries[e key)d, A, WAMILEFR
SPORETEE S N TREAMKE., 2R, XA RIEAI R A E 8

size_t hash( unsigned int key, size_t count ) {
return key % count;

}

BEARBSIRBEAER EE, MLAXAE LA RKEDT LARMOBER? BEHFRE, RINF
S Y SR ST B R R P A ARG, O BRI BRI S AR R B K U, FESKPR1E
B, BAREH SR LME, HEATFEAR-AROREF, HIbERLBERBRIOH.
AR B A MR Rl WUEE A B Es A BREVE R BGE I 50T, AP 25X/~ B9 6R B0 P 10K X 2o 15 23
ST B SR AT . £RE CRIRBTIRS, NRTREFRE—TEAE RAVED| R,

T8 T XN RE LA B R85 , 8T I 8 anfa i 8 /E T Al B #y 1+ .
XAERAFE=AEENTR:

1) A O R B rh T B S B R AT AR
2) Wi R B — AT SE S BE R Entry 5 55, FRDEATETT S ATkey Fivalue SR,
3) XA AEAT T RAIA ARG,

FATCA—FPE A 77 2O X L P IR 44 2 AR5,

void add_to_table( Table &table, unsigned int key, void* value )

{
/] FE1

size_t hashValue = hash( key, table.count );

/! HIE2

Entry *location = table.firstFree++;
location->key = key;

location->value = value;

/7 |3
location->next = table.entries[hashValue];

table.entries[hashValue] = location;

}

mRZAA LR (RFREMHEERLLT), NAEERPBRIM AR FELERE,
BERAVE — /11 Sk R {7 {Etable entries[hashValue] #7, TERRMR TiX A 05, #kATLAEE LA FHA
FREERALT AP EA DA Bk, F5HY A nexdf X B AIEMBERNE -1
W BRE, XA ARGEREE S, XHEEECHFTRERNE T AL
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T HMTX B RBSRER LIk, WMMNKBAT A REBFIRIITEFERE. ERELE
PR EERTXEKER, HEFFENTA. BT AMBRABIIREITE, HHRALX AR
FEITIEMRIMS . ERE 7B ARG, CERIEBIRFIT BRI EF TR mE s
RMOTEKE., WRXERENTHE, W2 EZLREEFH—INAEME LW, BLE
A IEFH AT 2.

#define SIZE (100*1024*=1024)
#define ELEMENTS (SIZE / sizeof(unsigned int))

void verify_ table( const Table &table ) {
int count = 0;
for (size_t i=0; i<table.count; i++) {
Entry *current = table.entries[i];
while (current != NULL) ({
++count;
if (hash( current->value, table.count ) I= i)
printf( “%d hashed to %ld, but was located *
“at %$1d\n" , current->value,
hash({ current->value, table.count ), i );

current = current->next;

}
if ¢count != ELEMENTS)
printf( “%d elements found in hash table. Should be %ld\n" ,
count, ELEMENTS );
else
printf( “All %d elements found in hash table.\n” , count);

}
Yt 2 EFAEMARE, RMNEREEmain). 5HHHGFZREG—E, K258 %
IThREEN B A FI B s £ h, DX A~ main() gk 28 3 485 1R 4

#define HASH_ENTRIES 1024

int main( wvoid ) {
unsigned int *buffer =
(unsigned int*)big_random_block( SIZE );

clock_t start, stop;
start = clock();

Table table;
initialize_table( table, HASH_ENTRIES, ELEMENTS );
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for (int i=0; i<ELEMENTS; i++) ({
add_to_table( table, buffer[i], (void#)NULL );
}

stop = clock();

float elapsedTime = (float)(stop - start) /
(float)CLOCKS_PER_SEC * 1000.0f;

printf( “Time to hash: %3.1f ms\n" , elapsedTime );

verify table( table );

free_table( table );
free( buffer );
return 0;

}

(RATCARE), BT — K TFR R A REHLRCI . i Sb LA ARA TE 1 5 M
8 A B I B B T S S5 BT e IR SR L 8 o R P
e, ARSI IR, PS5 I forOBIH 4% f A REHLILHG A B ROV, fE7 0 T B
FIORG, BRUCIRICRSER ), S 2 A SR TR S ) 5 3 2 AR eI 1 T LA 1 384 £ )
Rt AR e ETE A I, RUE . MAGEIS AT R R RIE O, SRR T O
SRMNTE.

(RATAEELIE R, 4B/ TR AR RNULL, 25 B ¢.%ﬁ~ﬁﬁ¢m
R R (LT RS L S WA SR B, LR A — 1
B L.

A23 ZEBEFRFETHEIIER

ECPUH I FEF B AN LERIRMEGPUMRBE TR, Bk, RINBREERAG—1
AR MBEEAIFRS, XERNABAREEMEL, mRE 24 ERBIAE RIS
SR BFIER, LARNBAAHEE] 59T L A fe ik (7] A 2R =148

filan, \HEER “avocado Haardvark” R, HHMR—T, AMH/LBRAMBREIN K
WX s A5 E IR InF O Fe vk, HiBEAfEavocado iR — AT R %, S FEBfEaardvarkit K
ek$ . EOEHEGBIE /. EHF AR mE RN, SBATBE A ENHA
fnextig fix B AR LBRMEPIE -8, WEALFR,

e, XERTEBRMEZAMAENS AR AEREhN A, B, BEE AR
SEARBENBNGERRIE TR, FACHEEN -MEBOLIE. fla, SEBAEEH
avocado™i gl fraltitude 7 45, EIRMTERSG, SBEEBIIH EMYaardvark ¥y SEfTEHR, Hilh
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R Ak altitude, A, EBAEF A £avocadoffii 4~ Zaltitude, R SFE T E

ASH TSR

avocado
_'5 altitude I audience

aardvark

BA4 ZAHEEERE AN AEMIE -4
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EAS EMNRETIERLIFER ESFHIIMESIER

SRANY A REFET BIIRZI. FizliR, EEFEEERETRAIFRTEA
A, BAERUHAINADTROBURHTST A&, Af, RONPBAFTZERZEFXAFEE: o]
fEGPU E#— /M HFIR? RIMAEE, BRAA-NTEKBETURL2BE S, XELTaim
I ERBERG, EARRAT, BRAA-ITERETURZLSBHEMNESERALSRMEM,
RENREE - HEERFRL BLARNMTTURREGERAE T REMNEENRIETESR.

A.2.4 GPU#7%|%

TR TEMLERRRIMBFIRLAR L L RBEIR, RATTLALEELIAAE2.27+HGPU
MRA R IR ARF ., BIOTFERE LI Flockh, K& TA. 1194 % Locks iy L5,
BMNBEIEBINR B _FAA—A _device__H¥. BRTXEES, HibrEZHIR SR

5l ek # SCPUSL AL R ERARIE

#include “../common/book.h”
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#ineclude “lock.h”

struct Entry ({

unsigned int key;
void=* value;
Entry *next;

}i

struct Table {
size_t count;
Entry **antries;
Entry *pool;

}i

__device__ _ host__ size_t hash( unsigned int wvalue,
size t count ) {

return value % count;

}
7 FEAIRIDPER T F_ _host__, Yx/MEMFE_ device —&FEAKM, BER
NVIDIA %1% 28 B A K BB EIL & EMEN LAVRE . E&RAMNREHERE Lisfr, #
HARMNZEREH AR, Ff#, EIURENEESEEN EETT, HHE M ENRB S
H., MRERS R, FEXNEKBEATLAEIRSE HER, XFLAEFHLEER, BaEm
FgF__host__fFR—FEGER K,
EMBILMBREFIEN TR EE T S5CPURAFHRBRSE, H5ZaT0 5 —1,
FAEACUDAE {78 i #ok KX L B IR, T {T1{E A cudaMalloc() 3k 5 fid — /> W S fn— 4~
Himith, HEHAcudaMemset )5 HREA T S WAL A0, A T 1ER 858 B B HUX &N 77,

F A& FcudaFree(),

void initialize table( Table &table, int entries,
int elements ) {
table.count = entries;
HANDLE_ERROR( cudaMalloc( (void**)&table.entries,
entries * sizeof (Entry*)) );
HANDLE_ERRCR( cudaMemset( table.entries, 0,
entries * sizeof(Entry*) ) );

HANDLE_ERROR( cudaMalloc( (void**)&table.pool,
elements * sizeof(Entry)) );

}

void free_table( Table &table ) {
cudaFree( table.pool );
cudaFree( table.entries );
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FECPUSLHp, FRf it — A s Bk & VI Z AT IE WM, £GPURRA P FE /LM
¥, FATTLAGE —TEGPU Lihfrverify_table(), & =T UA{E H fECPURR 4= rp AR ] 1 1€
B, [l B4 hn— A~ ik OS2 WGPU B HIBICPU, B 2K MR 5 AR T LASE B A 195 B AT T
fE, HE FAHXELHELS, FEAMA: H%k, ETLLEBHCPUIRAN verify_table(), 5
HoAb AT RS | R L —#E, XTI R EHEL, HFH PR e DT IS R, T RN R
AREYIER R TGk — . Kk, 76 G R B S F A A ERA R, ax A R
fiRp 7 MR AP HHRAE T A L

iX B fyverify_table() 5CPURR 4= 9 S B 52 2 # 1] «

#define SIZE (100*1024*1024)
#define ELEMENTS (SIZE / sizeof(unsigned int))
#define HASH_ENTRIES 1024

void verify_table( const Table &dev_table ) {

}

Table table;
copy_table_to_host( dev_table, table );

int count = 0;
for (size t i=0; i<table.count; i++) {
Entry *current = table.entries[i];

while (current != NULL) {
++count;
if (hash( current->value, table.count ) != i)

printf( “%d hashed to %ld, but was located *
“at %1d\n" , current->value,
hash(current->value, table.count), i );

current = current->next;

}
}
if (count != ELEMENTS)
printf( “%d elements found in hash table. Should be %1d\n" ,
count, ELEMENTS );
else
printf( “All %d elements found in hash table.\n” , count );

free( table.pool );
free( table.entries );

1 FRILEREEHACPUMR A S Ayverify_table(), FEHHEE RS HIIEMGPUNTESE
FE AT TR E=1PE, KParm - PEA S, mE =SB T 2
—&, WA PREFEABIIREIE B EILNTE, IFilifcudaMemepy ¥ GPU |- #9504 & il
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Bixk AT, RITELZKRE TR, FEHFAERE.

void copy_table_to_host( const Table &table, Table &hostTable) {
hostTable.count = table.count;
hostTable.entries = (Entry**)calloc( table.count,
sizeof (Entry*) );
hostTable.pool = (Entry*)malloc( ELEMENTS *
sizeof( Entry ) );

HANDLE ERROR( cudaMemcpy( hostTable.entries, table.entries,
table.count * sizeof (Entry*),
cudaMemcpyDeviceToHost ) );

HANDLE _ERROR( cudaMemcpy( hostTable.pool, table.pool,
ELEMENTS * sizeof( Entry ),
cudaMemcpyDeviceToHost ) );

EAEBE R 2T, EEGINEIR S, A B8R RAHEH. ROV LbITX
SR PP R IFE BN, B X SEREHE M A ILRAEGPU L, BMNEFEIL EHARAUNIIEE .
SR, XEIREAVAEA R AR R A A ., SRR Entry Y1 S RIGPUHS § #1451 S A
table.pool[JFMIEAN(E, HEATHEEN LERBME, RNTFEENEOEEA
hostTable.pool[ ] #H[E AYEntry,

i —AGPUSSEFX, TEZ45ix /M Ho 54 % TFable.pool f {55 ShostTable poolAHAN, Mifi
PG AR ENEE, R, FriEE M IZRBUT AR

(X - table.pool) + hostTable.pool

AW E HIREntrydREE, EBEHATIXA EFHIRIE: EiEhostTable entriesH fIEntryfg
B, CARFIF MY Aith A Entry fnextfg &t

for (int i=0; i<table.count; i++) {
if (hostTable.entries[i] != NULL})
hostTable.entries[i] =
(Entry*)((size_t)hostTable.entries([i] -
(size_t)table.pool + (size_t)hostTable.pool);
}
for (int i=0; i<ELEMENTS; i++) {
if (hostTable.pool[i].next != NULL)
hostTable.pool[i].next =
(Entry*)((size_t)hostTable.pool[i].next -
(size_t)table.pool + (size_t)hostTable.pool);
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AT T Bildity . BolRS. miatd®, NERICIRURRIERGE, BF T
T EH sk RACUDA CEFIEWRIEM. Bk Kadd_to_table ORI B R 4F— 1 HEBH, —AMH
BER, WOONRAESU 88, X BER BN TOlEBoR P e . hTHARK
AWK, HAESETREXFHAEARTES, FHOHEEHERT LML

__global___ void add_to_table( unsigned int *keys, void **values,
Table table, Lock *lock ) {
int tid = threadldx.x + blockIdx.x * blockDim.x;

int stride = blockDim.x * gridDim.x;

LR A RSFURBIIEE B A SR . T keyIh i/, SRDHETEIER
HRHXA#ME T TARTHAE. EHREEREZE, SBSSUEX M, Smerae/
i, AERReix /4.

while (tid < ELEMENTS) {
unsigned int key = keys[tid];
size_t hashValue = hash( key, table.count );
for (int i=0; i<32; i++) {
if ((tid & 32) == i) {
Entry *location = &(table.pool[tid]};
location->key = key;
location->value = values([tid];
lock[hashValue].lock();
location->next = table.entries[hashValue];
table.entries[hashValue] = location;
lock[hashValue].unlock();
}
}

tid += stride;

}

PR, TEXBAACES R EE— N HERREBIAVR Y, forOTERMEEmMIfOIE AR LEERAR
FLEM, EFOREPIIATERERNME., SERE-ITUERIEEMNES, FHXEL
BUSHE—SH AT, ERBFHFRHE A EGPU LI X FH 1 — BT HX.,
Ba kR R G RGBT A8, H B aRiERE R F A A 320 LR
B 5E X A8, A2 RAE BRNRBE . EXFELT . SRFOTXEEREPHRT 82
TfE, w0 RERF LR, HAE T EE—RILESKINMBIRL WH], hiTEMLE,
SR IE R

main ORI ITIRFE S XA SCPURMARI ML, JRATT 8 5t 7 B — KBl HLEAE 1E 8ol 260
. K. GIEEGCUDASMEE IECUDAS (. JF HidFE G F ok Ml 2 rrmd e,
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HFK, 4k hRILE A £ RIGPUNTE, HEUA EHIFIGPUR%E LiFmiaftiyix.

int main( void ) {
unsigned int *buffer =
(unsigned int*)big random block( SIZE );

cudaEvent_t start, stop;

HANDLE_ERROR( cudaEventCreate( &start ) );
HANDLE_ERROR( cudaEventCreate( &stop ) );
HANDLE ERROR( cudaEventRecord( start, 0 ) );

unsigned int *dev_keys;

void **dev_values;

HANDLE_ERROR( cudaMalloc( (void**)&dev_keys, SIZE ) );

HANDLE_ERROR( cudaMalloc( (void**)&dev_values, SIZE ) );

HANDLE_ERROR( cudaMemcpy( dev_keys, buffer, SIZE,
cudaMemcpyHostToDevice ) );

/1 i BHAEFHdev_values

Table table;
initialize_ table( table, HASH_ENTRIES, ELEMENTS );

199

HAYREFIR SRS, BE-ITPRREDBINROMES T, RIABIIERSE
AR A8 B, mRARMTEANSBIIRBRAER 18, BLHETLHRENARF. B
X 2 MR ™ B REAAE, B Y —ARRRAES AR MEEI RN, 8 RBRLATES
FIRMPL. Bk, BAVEHT 88, ZATHESNEXETHREATHE E. K5,

AV X L5 B T —1GPUKEA, HHEMNEFHFIGPULE L.

Lock lock[HASH_ENTRIES];
Lock *dev_lock;
HANDLE_ERROR( cudaMalloc( (void**)&dev_lock,
HASH_ENTRIES * sizeof( Lock ) ) );
HANDLE_ERROR( cudaMemcpy( dev_lock, lock,
HASH_ENTRIES * sizeof( Lock ),
cudaMemcpyHostToDevice ) );

mainORIF R H o AL TCPURRAE . HREMBIGFIER, FiLEkitE, RIEBIIEN

E#tt, HFESITATRERTE.

add_to_table<<<60,256>>>( dev_keys, dev_values,
' table, dev_lock );

HANDLE_ERROR( cudaEventRecord( stop, 0 ) };



200 GPUBMEERIFCUDATLE

HANDLE_ERROR( cudaEventSynchronize( stop ) );

float elapsedTime;

HANDLE_ERROR( cudaEventElapsedTime( &elapsedTime,
start, stop ) );

printf( “Time to hash: %3.1f ms\n” , elapsedTime );

verify table( table );

HANDLE_ERROR( cudaEventDestroy( start ) );
HANDLE_ERROR( cudaEventDestroy( stop ) );
free_table( table );

cudaFree( dev_lock );

cudaFree( dev_keys );

cudaFree( dev_values );

free( buffer );

return 0;

}

A.25 HFIRAERE

fEIntel Core 2 Duo b, A227 0 7E100MBRIEIE R L7 M ETEIC0EF, FE4HIFINL
RO T e i T0-03, DARAIR B KPR EEH E(ECPURED, A.2.47%ih i) £ R BGPURGI# 21k
SERARESMHEEITSES., “FNEFDTHSZH, TR AIEAL EREMY, Xk
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B—F ., REHRESEM, EXMTRFRASEREIEIF20 5%, XS BREGPU K
PATHBEIE R ELIECPU LR AT HERERS . 7ESX S, IRATLAA = FhikdE .
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