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fsor hfGgtds L & sH d Is P tizic Afg@dgwulsfdtc h | dzdets, d3tsy dzt
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13ptecmrdlsj SsztcO flosCtoOBBAHES 5B J M

1.3.10 tc ts 9CHZHA AP

CUDA wodw jkmv &dzdo ¥ OB@ S W faz@Is ¥ ts
d 36 HY s O dzdzj toits teiatste Bsdsdzd te ts 0 O dzd W3, O teeohgitidy iz L
ftescteOBRBI gso®@EAY d ud Ms dj NV BEWR] Mtz O t6,
Bdetsy j Mlso © Mdzsy dz" = o' ydMmdzd ls j dz' dzr dgts yLd@EH C
fsdzzuydls! HBMistzilfO dd P dmdeda |9f) teaf d3j dzv § o3
sStcOHdydsdedets dzO CPU.

) tsC e OB®Rd Mis sy j s CYDAdEsdely ‘H fiHsts fisksiz 1B
HdtejClsde Ctdfddiktsto, qdzs j 6W j2fp 4§t
tcOL dzd ydz' = tOMmMhdtcjdzd?2 Hdzw WL CR++f tots
Fortran d Python (tc d fij15. I Odzdzts § fsmMtse d 4 O¢ y4 dzk
f OOdzdzj dz' dzgsj eSCtcOBRIERUDOAd ] M dMi td

GPU Computing Applications

Libraries and Middleware

CUFFT

CUBLAS CULA Thrust "‘;ﬂ:ﬂ" PhysX : MATLAB
CURAND MAGMA NFP OpenCurrent OptiX ray Mathematica
CUSPARSE penturren

Programming Languages

= L - S Directives
- orectcempet® eg. Openaco

t dimezdasCc L™ €d, BdBdzdtslsj $d d ddzmls
f dzOIs W €@

CUDACwW o dzv j Isfmw twOMh dtcj dzd ANBI Quddzw i tefils) Qaoigr
oM siZsc Olssjdelylsde’'lzi¢ ydd HEzvW tOLKOBESISSd
o ydmdzdls j dzzCdBARC i fptsjsH jf.totsMists?2 ff totsc to O d3dzdz
EftcOo dzj dzgdv Efmlstcts? lse Odzd, f Odgw Is d
ftoesetcORBBdtetso Odzed v .
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CUDA t@3tsy dets tcOMMdzOIsted o Ols cCogvw s f jslizts
fsLeosdzwjls + WW jCIsdodets f Jjtoj desmdlIls!  tesGt
Bdetsy J Misesdg o ydMmdzdlsg dz! dg" = wHit; ftod !
fstesetd3 amrtBYHJdY HAEZY ftote@GOBRBBIMIstse ,

1 0 tddayf.sC OL Odzr tOL dzdydzer | bkteseoded, to
CUDA: s dzj f sftej HMise j dedets ftocd dztsy j ded 2 HE
Of f OtcOlsdzets 2.1 QM ‘tesd dgsdy j ded v, dME dzse yovw Is
9 tdyddidd WHEKEO, o' fsdzdgW & Isw o cIig o HHIE
e X dd3 .

‘ CUDA Application

ZN AN

eg., cublasSGEMM ()

CUDA Libraries (e.g., cuFFT, cuBLAS)

ZON

e.g., cudaMalloc()

&

‘ CUDA Runtime (CUDART) ‘

e.g., cuCtxCreate()

@

A4

Driver API (CUDA)

‘ (intemal interfaces)

CUDA Driver (User Mode)

............ s - 4 = ‘-‘:: USE”KETI'I&’rbCIUﬂdar}F

AN

CUDA Driver (Kernel Mode)

t MzHaBCu tctso dzd  tc CURDBY J dzd 2
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1 dB dzd s@IPA,ds ©OC d j cuBLAS; tcOL OB OIS’ 8 O s

o' M tsd3 kitso dzj MAWPAI(CUDA rutftimelzdz frdAdhivte ©O2 o | to
(driver API). CUDA runtime W 9 dzw j Is fpw BdB d&zdtslsj C 52,
d dzmistcz 3jCCPIA] 2s SGHO ChveRtff dedgiflstetisH dIs tc O
d M~ SH dzts 6 su OO rydd@stgfdevite tsH hostE SH Qo IssdBZOIs
Gjdzj tcdtclzj Is CODAL nerdime (20 tcdd3jtc o L 59 Wl
sBBL AdEBROMY J yd Odz' dat<dpep>).MC tsB € O dzd

L tc 59 CURA driver AP, fMmdzj HEE N d2 dzj fOEBAcyper M ls ¢
mode driver, ftcJ HMIsOo dzw J Is dzOd B BRt] | H s & ff «
tcOrtcOBBIsYyYdSlz ftoddztsy j daiver. APIJECHDA rdrdime 2 to s
sBtsL dzOy Ot Is v cu) td pudlaf)ChipO=tisfo j Isfilse j dzdzts. [ d
gqd3d ¥ Is BHdddOSCtse " § dd3d d2O0 d lsdzd yos Ismw |k

ltcd ftosctcORBdtctss Odzed JAPIfic O( fipt g dets 6 59 d
slsmizlsmMlsealzjIs t0OL dzd yoO 0 CHtedds s otds@iLdsdy dzd f
fOdsw s+ d icetodagjLdedjls Mivs o Cifse dz0 EMmMistes?
tc s dz o ftorhjddd fHtesdLotsHdIs] dz¢ dasPhls(d .
oLOdBdME dzg yos h dj : ftiosetcOBRBBI Mis HBdzY §
cOLOBBISC ] Htwddtsy jddw, dts dzi APIsd3B d dzd t

1.32d Istclz C RUDAEPc s G tc O diZA’

] otsG tc O BBZAZOCUDARIEB |j ezisdzv jIs  tets¢ tc O dzdzd
ftoeddzsy jdzdwWw HdzW G jljtetsejdader = o' ydmdzdls,
ftesmists HtsBOoadls: twWwH dJqdhstezCGd2, ttOMhc

1dbjtese] dedetsy  SCtolzy § deddjdz’ diff 55 Is of delss y Jd
Hist Sdzdz] dgdz" = cteOWdud MSdddd or yd mdzdlsj dzw
ltosctcOBRBdMIsz dzj sBrtsHd Bts f sdzad 3OS d teC

i Host(CPUd { O)zw Is ¢

i Device(GPUd ¢ dztsB Odz! dzOw Y Od3wIs! OHOf Isj toC

] G tcOURBBOC Y | MomMis®dis j@r Hokm Yy
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ihostC sH, orf f sdz@® j &3 2 dzO

I deviceC SH, o f sda®W j d3r 2 dzO

s sdi3tf d d@UBAswcctsIs H | deviges sH S ihostd s HeQ L 2 dz! |
ftosy MMO C i3 dddzvigd df.ts ¢10ast0Otdgs) Is -5 IstsB ' y dzd
C, B©BtOBOIsr 9 0 d&3' Q DeVitetsth  dziA® B dz i d M
tcOMh dtoj ded@fm wam K Odzj dzd § d3 § Ot Odzdzj dz' dz" =~
DeviceC SH tSBtcOB OIS 9 O lavigeY CtsBYf ddzv ststets d3

CUDA Libraries Integrated CPU+GPU Code

CUDA Compiler

CUDA Assembly

for Computing (PTX) CPU Host Code

CUDA, Driver
& Runtime

Debugger

Brofiler C Compiler

GPU CPLU

t d MEZHARCt OL H j dzr dz2O% 5Bt OBBISCO d

st  dawdststdztso Odz 20 h JiesCts twOREEEM
slsCtcr IssEYM IS didis t OB Mis By jls MsL HO9 O
ftosc tcORBB tcts 9 OdzdBPUdNM tff tis a2 DA riipier SDK.

GPU dzj dgisj jIs dgj i stcj HMlse j dzdese s H 5
CBf ' 6lIsjtcO® (oL BBy ds It tctoO"gl ged J
otcjBBY) d btejBlzjd3r J] HOdzdzr | SCffidtelzs Ismw
CteOWdyuj MEsets OHOIsjtcO®. vOCt] Ctffdttss
Mt j yd O tostlizlz dzC ysdJ=[f.  ctso Odzd j host GedrdaiicE i 1fi)s ts
ZOdetsdzj j toj Mztomtsj &3¢ OVCUBA j tOydvw o ftefsc

1 sfmdzj L Oo jteh j dzd W GPY e d figdlzy dzgdoAs ' dz@ ts dz
Metsf dtcseo Odzr o 5B to@editedz@®@azOf tc O dzj dzd d
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140 dz' s jtedzOdody j tojh jddw Hdw & jlsj

1.4.10penCL

stes@YIDIA tojh jdedw HdzW cGJjlsjtetsejdedzr = o
sO¢Yd d Htkzed] SCtdif Odedd. [ sMmisd >y 4 ded W
sOC¢x§ MmikhjMmise jdedz" . v j AMDdgj" dzifj df) dgdzts dinid-
L dzOydisj dz! dets §tsL g . 1 @(UPA 6 IBNVIBIA I8 ddgts dz
cOMf cslstc@digf'dzdzy § Mbkh jMlsekzjls Bd M jJ

U J ~ dzts dpen@ldd DirectComputedzj twOMMd3OIsted o O Isf
fsmtse dd, dzts © HOdgdesdz Y SHtCOL H j dzj tsdzd
Odz! Isj tc DA o '

g Issy¢d Ltejdedw tcOdzetsyds NVIDIA IsLdsdzd 3£ j2
LdzOydlsjdzt dz" 2 MmjSlstste tor dzg¢ O, dats dzO 1 Istsc
Ltcd dzdv ftotscteOdizd3d Mis O, N4 dzOIsj dz' dets o' f Iz
BOC M BOMz! dets o tsL By dgz¥ HEsdzE t6r dz¢ O, My
fslstejBdlilsj dz2 MG sd3 Qo' @B IS Yot dls sHogdzdzy dig B T
mMih jMlsezs Is OOEDA j €delsldsdeg ']  S@E j IS OE Is
sO¢C d odH BOHOfIsjter Httkzedma ftetsdL o 8HJL

OpenCL 1 1 Ists slsCter Isr 2 MisOdzH Otcls d
fsHHjteydo O d3tsj NVIDRAGHTA®IDE:] f dzdf tc . OpenCldzH
ftod dzOH dzj ¥ d Is Apfles B Pdzes s d v te@PUCGPY §ded ¢
My i ydodzdL Jtetse Odzdz" | Emstcts?2 Mlso © H dzw ¢
OpenCL

[ e B2 ftotsctcOd3dzd GUDA ditsdp s BLOJIESH j 2
OpenCLH sMisOlstsydzists | jic s B [p B dzts dzts ¢ dBlzd 1 € fj Is @ s tsf
Emdetse § . v j dOped}L ¥ e3gzdlzj FMY BSdij Mty d
dmf sdz' L s Odzad W CQUBA. MtcOo dzj dzad ¥ M
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1.4.2v j n dzts d2irect@ompute

DirectCompute i 1 Ists Odz' Isj tedzOIs d o dztsMicrosott j h
dtslso j Ismise j dzdzats, HOdedzts §  to jishOjydidsidzdas ¢ d jindf
mJ d&3j 2Vifintslewv® d L OHQirecti{ BloARIl Isu j ~ ddBrdetXd HAPI
weodzw j Isfpw mMizh jMlse j dzgdz" o3 Isj mdetsdztse d yd MS ¢
ddeW stcd3sOy d tsdzdz” ~ Isj ndetsdztsc d 2, Mo w L Odzdz
v mdesdzsedud MG d2 ff e’ figyjuss j ndpd Mudf o @ngixfnd!
BsHjd&zd d tj OdzdPl@gafd o jnd Fdzdadfth | 5C Otcls o fi
(o3 Mists dzOf dMOdzedw ®IsSHj dzt dz@ = H©CO29 jtose

DirectX 117 {1 Ists f sfmdzj Hdzd 2 MIsOdzH Otels, tsdz
s j eOydtsdadz 3d Md i Wihdg@Rd 1 HiE ckg @ B Bls o
o jtoj dgdzw yleat®dedzts?2 Isjrdesdzscedd HtMsEzY dats
tcOL tc OB Slsydid tse’. LICHMAIBidgttCompute Is izjo A M is O
stczHO  tstolsdtectso COUDA diGs d tzeop siizdctEdpipute |
Motslse jIsMmisea dd MMicrosoft izididg slzls Ol @ls sy dzts ff tof
vg 3 dzf ®jdajd., BERHEY] Mdiyendalgs? s | & tdaf dat
DirectComputedzy f sHatSHJdIlstcBdzt 8 BH disFE dztf dzZUNIX-fyd M
stedj dzsdtotso Odzdz” | MdMisj &3 ftosetsdzy O Is HE

Microsoftls OC 3 j tOL tcOB Ols™ G-OAMP, sy 8 tfids dialzd I
BdB dZzd sl $TW Lz HEMSOW By jls MisOls! Btsdzj
ftosctcORBI Mists8++B8THzOC sd3r 7=

1431 OtcOdzdzj dz' dets | 1 telE@ALO B33d tets o Odzd

10 MmjetsHdWh dzd 2 H J dzg dzO0d B tsdzj j f St
flls OdzH Otels O d3d f Otc Odzdzj dz' dzts G 5 f tots G te O d3ck
YJ dzlstc Odz! dz" - f tc ts y j MPh OpaesbIP W Rihdeads |s ) dzdz" |
sjodtsdzscedd § tsdziz ydigdstc @ dfjtedsf jts j dzCeidifqdz @AY s
dMmf dz' L so Oded W H O dzdaVifdowss ¢ ff fizs diztsic I 2 Is fig® ) 4
tj OdzdL Oydd (fteddj dzv j Isfunixf stelstctso Odzed j
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1. MPI (MessagePassinginterface). R dzls j tc ¥ j & iy in&tsg " j dzd 2
2O d B S fi i s M ls oiPlsA) dadfORd0 dzdzj dric tets € B BEd 6 €
[ OdzgdzOVY Isjrdesdzsedw ff jtedtelzjls ftesyj MmO
Ctezf dzr = o ydmdzdlIlsj dz' dzr = ydJ dzls MRAE dzO fiyldnjlsts
stcj Bz jIs CoOdzdWdS Oydd d s toj HJ dzj dzdz
1 Ote Odzdzj dd d &RO j Hstnfiy LO Muil dhfsd Lo O
SHdso toj d3j dedets dzO@ daj MCsdzr Sdn Mmjlkjor n
ftesdmMratHdl fEsjd slsftcOoaCd Mtstsen jdd2
(Ethernet y ©h §CI d dzdnfinityBand). MPI 7 h JqtetsC ts tOM totsml
tcjhdjdedy d HBMISOLSYdets Mdzisy dzOW Is j n dzts dzts
dzO0dzd yd d ¢ dzOMmls j 6 O, MedW dekztcdtetsea O
o' MeCsCoOddW¥W dydtese Odzdz” d3 OH d3d dzd MiIstL OIS ts

2. OpenMP (Open Multi -Processing. 1 O dzdzQ V= dzts dz® § 6 'O alzdz | dz!
tc j Odzd L fOoQtg ® dzdzjodddla Istigti{dzO® o ' yd fdzd Is j. dz’Odetisds O
HOdzdzsGts Wiej2 BBosteSC O ©CEtOddyde Ojlsmw b
My jydodzdL dtctseo Odzdz" n HJtd SIsd o, Cslstste
fsmMdzj Hs9 Ols j dz! dets? f tesG tcOABRA" (Is. dz. . ddz
sl d dzcPs® do Pifldc s ¢ tc WEINEZz Y OMIs(f B  ud fmdzlz
YJ dzlstc Odz' dzts ¢ t5). 1 ffiteitsiyj jidQpEM#POo fistcts j dzO o s
Ctsd3f d dzv Iststs "NVCCo € afip @velz! L 2 j o3 CUDA. [ lQjdZde@s d
Isj ndesdzsc W tsB dZOHOJjIs dzj HBEMISOISC OB o t
MowLBHdzgOtern dlsj S sztets?2 C 1 [ . Yy OfMmists Hdv o
ftioddztsy jdzed?2 tSCOLTM 90QjlsmMw dzj HisMIsOIls tsydats 2
ftod SHdzso toj d3j dzdets A3 LOHj2Mlsatseo Odad c
ftesyj MstcO.

3. Pthreads [ O dzdz®¢ B dzd tsdsfij fStOdz! L NS Istigjwdz sz
ML H Q3R s I toq dZsy) dz@dux. s ©¢ d o OpnddR y O J
Isj » detsdRtheedds sted j dzls Jtetso OdzO dz0 f slssC d,
fted HdzOL dzOyJ dz@ ddf®@ OuzhHif OH OO~ SH MG 9
L dzO. | 5, o OpwriMezd ydiatx(c st Mis slszqf €

«
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L tcOo dzj dzd W f slss O] d d dzfis tc iz d3j dzls © d
sBJMfJjydoOjls Btsdz: h Iz cdBCsMmis! d
ftesdLotHdIsj dz' detsfls! HdzW ftesctcOdRzd3, dzOY C

4.ZeroMQ (OMQ).r " jsH d&8Q - dzts,dztOdnfiz y d &£ @ s 3@ WzO dzd
(BB ZdsEFEOHEBHH oy JoOjls fslstsC d, i t
oLOdBsHj2Mlsoad) udtejL J HAPE Qdzdzltcsts frdnitf Azt
Bsy dzs  dMf sdzd L tslandds ‘v O X O Y Windigdvs U J n dats dzt
ftoj HdzOL dzOyj dzO  H dzw tcOMY tcj HJj HiAfj Blalilf GO &7,
Med nddzj dzdv HJdzOBdud MSdJ .

5. Hadoop. 1 s Iz dzw tc dzO W Isj m dztsdzts e d W ) tsB dz
sBi j d3tso H Odzdz" -~ Big( PBatd detadiatpcid d Is s o sB T
tcOMf esMilsOdzy j BOW o jCGodyld "MapRethuge? dza g te @) dzts
fJtco sdzOyOdz! dets WO disiOfvj didsjdAddety dstingif datz® dzO W
LOSC dz¥g yO,jlsmw o MmdzjHEzE M j d3: stej BZj IsMw
ftoesetcORBBdMIs wOLBJOOjIs o j fiMap) th® i gazm e Bd
o jlsoj?2. l i3j Mists Ists@ ts, Yylsser fjtoj Mr dzOls
B JdpdzH® MtcOLE ftojHMsOodzw jlsmqwy COC M
f steyd? H Odzdz" ~ ntlcOdzv h d - MW zO tslsH ] &
sB1 j HJdzj dzdz’ n Jd HJdzts 2 f Otc Odzdzj dz' dzts 2 W e
tcj Odzd L z jJRedgee hCG@dstster 2 ftoj HY SdzOG O I jiRts
ELdzots d da StdhttdzdHOyds . tJLbEkzd sOIs dt

vOCddB GBKOLBAR, ©OMMEslstejo dzj S Blststs
ftiocsctcOBRZd totso Odzed W , d3ts ¥ dats fMH j dzOIs o
Y4 dzj tstsB e OL dzts iEWIHA. §f te @d3isdef RGUDA thslslzy ddisO o3
ftesmMiss?2 Msmses ©OLKOBBISSE d, f SHHJ Y S
sBtstclzH 5o Odzd | slsdzd ydzts SNWIDIOY § GtsO Isdid ¢ dzk
MOy cdi? B HOWDAS aE®fafchpgizd,j O L Olj &3, J
Hitolz AHlJ HOdzdets d3 { ts ) s BddsfO desffij detzondgptsigvCludsalg v «
1 sdzd 3O dzd 4 sse s, GPEPCUDA PisEleB A Is ff totsc
tcj OdzdL s9 Ols? 1 WW jCIlsdoedz | f OtcOdzdzj dz' dz" |
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shtse j dzdzgsMisd Hick ¢ d APl a dzi & 4 ©OkctOszidzjds 'dft o
1 21Is¢ sls tHddsH sSistydsGPE H f to dydetsy] Jjj dzdiat ¢ teiz(
Rdzts ¢ s 55 ts Yy dats ¢ 5 GHUs dsdrtis O jsdedutztsdz@ dzls j te j Ty j dz
s dteOj Isj M ftod 3j CPDA ‘o IsijORdziztsizl D & off ¥d3, 1
sjstejlduj MSdn tbpds dc OO s lgfs Wi s
5B &zOMIsd ddof steBOYdBsdzde’ 7 Isj ndesese.d g 15
Lt MdzjHEjl §sdd®Ols: , ylst &sHj dd
ZOBduOs s fofbdvwdshks: d of BEHjlj
fteddgj dzvg 3 gOL dzdyder 7 sjodesdesedyug mSda
[Hdsf slstydz" §j] ftoddztsy jdedw dzO@ MmJj ¢ sHdaw h
fkh jsoso O! . [ d&v bksets, yYlkssr fMlols!
mMtse toj d3d dzdzts O3 ter dz€ J , ftosctcOdzdzd Mis Iz dzJ
f Ot O deczje®@tL OB 5IsC d, vyYlstse' 6§ jOkdo ds f,
dde¥ stedzOydtsdzdz » Isj - desdzse 2 .

LoV dud mMSdd ftesyl s §ntgeded s Is A BE
oMY ksh! My oSkl “sjcO &syjls B IS! L
B dzO G sGROIGYOL tc OB tsils y fiSdidsd3s Bdgjdz! tzf s dH Ols
f tsczlz uj ded v HsMlskq O ¢ 5¢tOdzd yj dzdz o
Mz jteCtdf ssjtedr 7 Yy dzls tc S6DQ 10000 il usd!
sBjMmijudlk: Mmiej §ofmisswddg 2 HBMskY ¢
1 tod di3j dzGREdH dzv f OtWz0 Bzdzjodz'yd dzj ded?2 f sL 9 ts¢
sjidsdseduj MSd2 Gt o, SColstter 2 L OS d
M jteCtdiif’ ssjteder 7 kjodsdzsed?2 HdY €Oy

Sssdzstetsdz! dzr j ot tetsfyr

1.[Bi wihdzdlsj dzOdBSdzj j Mkh jMmlse j daedz j
oW duj MS scedss afts yifj tes O ts ts O

250Cdj o'H' OwodlkjClbkte Hdv § Ot Odd
L dzOY Is j
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3V jtejydmdzdlsy wsMhmdtsedz j 1 IsOfr 1 atsdzs y

4.y Ists L dzOydls Isjtedsd dz ¢ o " yd fiinfdstg dz! «
Capability) 2

5/ dhdls Isd{ dydzz GPUGWERCAls)j Stsrzdimdze dz j €t
dzj 2 f tod Mizlhfldwolas Iff 7 dzOL dzOyJ dzd j ?

6.1 dh dlsd thdsedzr J "O0ed ftod f tetsc tcOdk
CUDA.

7. 0¢dJ EubadBeifHzh j MI8e kz¥ Is

B.ulzh jMmMlsoakzjls dzd o tsL @Iy desMmis! dzOf d MOd
dzj M ¢ ts de £ od Pl AntimeAPI d driver API?

0.l dh dlsy otsL d3tsy dz" | ted h j dzdw H dzw
o ydmdzdilsj dz' WS & ddMmisgagOj sy 5 ftoj dizn j
ted M J ?zd 2
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toyrefsdvArrArRc 1t {1 tIMIPNRRIC QPY

s st OMAMMMA f toj H Mis Oo d dolzlz ¢ dzlslister j dz! f Ot
i tctsG tc © d3d3(Qs tod§)dedaaisdzts o dSHViatsindseinstruction multiple
datg, dzOL ' SRVDIindgleprogram multiple datg. ClsO d&tsH | dz
dzO My jydodzdL d tctseo Odzdats 2 Of f OtcOls dzts 2 tc
f OtcOdzdzj dz! dese 5 ftesctcOBBItctso Odzdw W o dzW j I
JHddzMiIs o j dzdets 2  dzdlICDrOf KIZSHEC] ClstEEdfdd. ez & Is iy
BdztsC d, dzQuarp blddk dixtagfid.

| ZOo dz" &3 wlsdzd ydJj &3 { tc@RUtis B dzdgdotists dc@digfiyy t
HdzWCPU W o dzw¥ j Isfyw tetse j dz' Cslstster 2 H
oLOJddBsH | 2GRd o Jidtsdisyf 3O dzdy Oten dIsj ¢ SRUsHlz -
fteddzeyd g tso f OtcOdzdzj dz' dzls G s ftotse tc Od3dzd to s
ML HO9OIs! fddzsy jddw M Isr mMwyoOdsd or" ydi
CoOfk ftotsMmis' | BHds slstsydz” j ftoddztsy j dad W .

CIDAf eJ HYf sdzOGc OjIs dzOdzduydd dJteOte~dd ¢
tcOMh dqtew jIs oL By detsMisd ftosetcOd3dzd fls O
f Odgw Is+ & .

212 OB dzsdz’  OtcOdzdzj dz! dzgsE s § s G g O

[ detsy j lso s sHdsIsdf dr TdrL O B, f 0O d
ftescteOBBtetso Odzd ( , Bsczls tcOMMdzOIsted o O
(f Olslsj todz" ) . 1 4 s Is tow ZzO Ists, Yylsts § C
ftoddztsy jdedw R, dzgjsBRBSHIAE sSfrl, yktes' dr
fOlslsjtcdzse fYtsLotsd isO§ st & OIBHBIHMIs lsls O @i
OsLotsdv jls dO2Isd BBdjJ ftshmiss?2 d. o s
tejhjddvy LOHOYC].

l BiMlsjy M §OwOdzdzj dzdL BB o  tots6 tc O BARO
Mdztsy dets M ls ¢ d oBLddS¢ dzO dzj sBrtBHJ BtsMIs )
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sj e zO0F §OwOddj dL 80 d S td ks dzls o
) e eOBBIMs Hisdy jd §shistwydds §sdddls:
BsHjdj2 Sscdk0 shkh jfsodvjls s jEGPH]EE:

2.1.11 Olsls s fgdzts 0 QlE@z QdzO R

S O) H'teDOL tc OB ts 2@ § 1 tgd ¢ dzOMF[S dz tcOL dzd yO¢¥
MddzlsOSC Md Mk d Mo tsj dzlz forj ddénphitedvhile, foredchs ts ¢ ©® (
sOC Y tdd tlsdazdyostlshmy 5 "O0tOSCIjtkz L Ot

1 OodMmd dstsmisi Igfds jMeGijdddd j , S tSGEHO tSH 2O
sls BHdts?2 ddzd dj hMésd ¢dr ftjHr HEMNR .
dLBOadls: mMw s OSCdr LOsadmddtsmilsj 2, Is
f OtcOdzdzj dz' dgf » Odzestedlsdise . [ Mmdzd dgj EZHO
dlsj teOyd?2, sts OdzetstedIlsds tOL Bafrotoryg dedgwe Is
f OtcOdzdzj dz' dets. t jLEzdz' sOl dL BdZECO 0 L Ol
Is. H.

1 Oslsj todz, tsMmdetse Odzdz" 2 dzO dIsj wtOYydw -,
f Olslsj tcdzts o H dzW f Otce Odzdzj dz' dzts e s f tots G to(
disd tOydtsdzdzr = L Oo dafyfdipstdn Istg @ ls O JYltdiyc telOtsigiz: !
sSBicOL B3 tcOL H J dzd Is oMy dzdztsy J Miso 5 (
or ydmdzdilsj dzv d&3d. v OS5 twWOLHjdzjded] HtesdlL
oLOdBsH] 2Misedw BINHE of ydmdzdIlsj dzv Bd
odzzlstcj dedzd rn to] Gl zs g tcg G yffifgted d WE&PUH | dz
C1hdq,L2,L3dz@PY) . |1 LOdisH j2Misadj 3 Hedelzo dz®O
Istclz H dzts iy Is ¢ d yOfmilss dd3j dzdats boRlenech” o dz'tc i k
6 OdzdL Oydd d fwsjSlsdese Oddd MmdMmlsg d3.

10 BBdzjJ or MsCd3 kit rZ] tsHJ &ts d3tf fisdz a
Csdzdyd Mlseo j HMiskzfdr » o ydmdzdls CBEji 2 Ists1 d
yd muasmiszf dz" = Of f OtcOlsder =  SIssC s9GPUzsG C
ydmdzs fslstsCtsor o dggMz' sl dgdztisny jj dgdigtis jo s elz0 &
ZOGctelzL C ESMSH dgtsGHOD dzgdzs 53 M dzz y O,  d3" s jtod



40

wdLdud MEddd flsscOoid. 1 0fwddite, da &t
fsHHjtey do Ols! Btsdzj J] BGHoSE dztsCRu( )< dz.e
hypethreading . JteOWdyd M dy ftesyJ MMste©® L Of Lk
SIsH | dSMEtsdgtstsilse j Isfise j dzdets f ted § dzOdzdtetso O
Eydlsm 9 Ols! ftetsyyj MMmr ) Cdzd yd mMmBM jdzO { tc
BOC Md BOdz! detsj SCtsdzdyj mMlsots BdzBM S0, § SHHJ

RMf sd@dedzgjo Bsdzj | BSHdZEes fslstst O dzO i
fsLosdzv jls ®BOSCHIBIL Jtctse Ols ftesf 2mM¢ dzlz ¥
Isj tedsd dzO~ o' f tsdzdzj dedwVv t6j Odz! dz = ©WOB IS |
o' f sdzdz" jd=d BSOCHffjj tOyYydd ¢ 0 { todinrnifcadvsl
ddzd tjLizdz sOIs" o steOydP ObezsH Pdedj L O
fsCOLOj dvd3d §dzjLdets ftod OdzOdzdlL L (
Edzz yh dls! " OtOSIjtedMmisdSd {GPY toj OdzdL Oyc

YIsts C OMPY, Is mis ts Ctsdzd yj mMlsoe ts f slsfg € ts¢
ftesdLotHdIsj dz detsfls ¢, Htdud @3 feshists] L
¢ ko j dzd ud dzdfts j fizs Bath sz "  dzfylse § Mmdzz yj o
Yyomlstsdzz f jtej Coz¢ yjdede Ctsdzelsy SMisO § tod dzts»
vOCts) Yoo jHjdd) d&jilg Heafsdyimis] d
fesfzmM¢ Odzdw J OdBBW Isd

sO0CddBB BtLOL B3, d3dzts ¢ SOPY, | tefgdr N j friddenz)s s
Mo tcj d3j dedetsdz + SO | , GHUWE dztsB dz@®fgas O Y B g @
1teOCIsdyud MSd ofmicHO, @Rl totg O | el efts Isty@ e
tcOL BdoOls! deligmfsHdO j iz ®sdz' hdj BAZSSd. 1t
Zydlsr 9 Ols! odzzlstej dzdedd d odaj "dedd yd¢ dz

1 OCPU sHdzd d3 d L fcSHatSHBOe WwWodzw jIlsfw o
yqdqedzse, IOC C0O¢C CdzdyjMmlsots Yol
dzts btsde Sz yoO,] dzi L Qo dMmMdBsMisd dlsi tcOyd?2

1 GGPUs dzzIstcj dzd?2 ydSdz sBr ydes toj OdzdL Iz §
SHdsd BdzcCj. |1 IOSCtd MdzEyoO) Mceottkzf f Jtot
ctezffr ftktsitses, Ctlter j ftdzzyOsls HMIs
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f Odsv Is d .L ol jilss ¢ 5o tste dile! O yizERis SATRE
[sB2 odzjh dzd?2 yYdCdz ftcjHMmlsOo dzw jIsfyw € OF

{ Ofisslstcdds OS] COCdd BSBELOLBAE B
ftedo jHjd o §OLOddj d' dks Wsttkkz, O kO
odzgj hded jr . ygqcodpmdsslsteddz Odzetstedlsd3s tsBtcOB s
ftej Hf SZOE O s o' f tsdzdzj dzd § ) gKktaj dROISte]j? dzdadH s
d oHBd GN& (ofddiShiipgdd2). 2 yH C dz O dzdats d5 ) dzlz y C
ftcj sBtOL 8o Ols! yYdSdz, tojHY Sizel o [szg! ds]
BOMMde. dlsjste@fPEd L o sa@Hs fytzs Is d  daizzifj ezls O
fdsmd.dv Bd

2.1.21 Ols IsHotk/ptan

1 Olsls fowkhigin 7 + stsBh j f tod tiz2OBdB dztcts d3r " dzj dzdh
f tosG tc O BBRJHets@IOs[,d + Issls iBj ssH  sMmistesj dzd
Ylsts ftosctcOBBO tcOLBJdoOOjIsmw dzO tslsH j dz' dz
weo dzw j Isfpw f Otc Odzdzj dz' dz" d3q Bdzts ¢ Od3(d , 0]
Mddzmtesdzd L Oydd § OtcOdzdzj dzdl de'ts+f tog H | &2 dzdfrter
fsmdzj HE9 OlIsj dz! dzgse s S BHO oaMmlstej Yyor smw  kzy
Bsckzls BT Is tcOMYf tcj Hj dzj dz’ s dzj MG sdz! ¢
ftosetcOBBO ¢ctOMatsHdIsMwe dzO@ dzgj MEtsdz Cts
Il 7" ftsdzdzgj dedy f OtcOdzdzj dz! dztsc s fiaf g Is§ O L @ Is]
LOo jteh jdedd or ydmdzj dzd 2, ftesdMmMrHdl s
] sHtsB dzts ftso jHjddj Bsy dets o OpemMRIs ¢ 6 Hif jt
f OtcOdzdzj dz' dz" | EZyoOmed ftesctcORBB dBOLE dtek
Hdtej SIsd e O3] .

1 Otcd Mz f sC OL Odz0 tHyj teljdaj d3j dzls s 81 O de@itz
ftod d3d toJ 2Oz HtsMiskf dts Istc qCPbd dadf M dzdf Is Ok
tejLlzdz sOIsj { tod fyk/ideg eddgw f iprHE Hsdg@v sy J toj H
sted (6 udmdzz o' ydmdzdlsj dzj 2 ) dzjL O dmdc
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Y
3 on| enf | caf ra| =
/

t d fn z24s Eork/join pattern

S Oy HOW syjtcj H' sBicOB OIS 9 O IsMmw dzj L
LOf dMmr 9 O Isfyw 9 st HJ dzj dzdzts § B Mists
ftedd3j dgj dz2dj HY dzdesets f OllsjtcdzO toj OdzdL Iz
tcOLBdjdzdw HOdzdzg" . Clbts L dzOydlsqtcyjsls uf &ff
NfslssCtso d ©WOLHjddls dMrtsHd 2 d&OMWde
fslssCOdRd. 1 {f tots ygkipmjo sa difsts dztzj dadivs £ Oy d o
fslssCd wOoades dzOctclzy jdz@ d o' §f sdzdzj dzad j
Yyohj eoefmMict otcj d3sls o zPsdedgjHdedi dzic DB f Otc O
slsdzd yo,j Isfw .

vO0Cdd3 tBE@PUEBSE BOBRBIMIsT d teOL dzd ydz
BdBdzdtslsjSd dmMitsd Lkl ¢tOddyj dadzsj
HsMiskzy dzr n ) o dHJ dzO B 5 GRY s to ty Yzls i) Mise dzv
Iswy j dztse j fdz fdgxfj, H flss dgOc O Is o MsC dj dzOC dzO
Zded Ulstsy j dedd d BPE@afddldisOMEd ] sdz! L 2]
B - OdAff z diffots Is t5 Ctsals s te 2 fsLeodzv jIs HJdOAC
ZOctkzL Sz BBy HE bWy jdtse jMmde di3d ff SlstsS Od3c
sydted H].

1 OGPUMENM jMisezs Is Htckzae ddjfn{f stddz n dzts figlyef &
Isr mMwyd (Mlsded IsT Mwvy) lssitse. RrRMftsd L
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tcOLodIsO Hts bktotseo dzv GRUM@Z] g dzts Yoy H {f Hds 60K
BdzsC o fhbsCtso. sSOyABBsEtEs CHtkd LEhHESL |
fslssCtse. [ BIQA sitaQdyjslotsO {f slstsC s o B dZC
f OtcOdzdzj dz! dgts L Off I fifsg @z} grlsin W B dets SLDve,d iy d d3ts fr
tcOMMdBEOIs tc GRUO j d3ts G 5

1 Ols Isfgprigioinm yOMmilsts f ted d3j dzv 4 Ismw ,mwj fifdtc jLHQjt
misj ¢ J dz f OtcOdzdzj dzd L &3O L OHOYd. 1 Of tod d3y
Hsfisdy jJdedd fmdzjHizeh j2 o jtehdder Odzetstedls
tejBjtc d Odkzetstdlsdz IstcjBlzjlsmw HJdZOBIY
fsksCtss Hd& fsoitsHOR | @ZOfds6s dzj dzd?
ftoej H sdzOGOj 3" 2 fkls! Htos2Hjdz fBlsS dBE
fslssCso) .

[ Odzdz" 2 ( Olslsjtedz dzfj  BSHHJ tcHRU OJslOfRw €
cteOWdui MSd2 ftesyj Mimste ftcd LOYfEME) WEkd
BdzsC so o foslsEasksS j o € O jldls oLjdzGi U taigrjdyj Istt
[ S sdzdzedIsj dzt dz" | HslstsCd dzj d3tsc kzdevice ' 1O
Bscgkzls BT IsH d dzd y d O dzdhodf tc tso@Xdef d3 IstiBdis ELSS dF
forkljointe j Odzd L EGRUM s Mtz H Miso sd3 dzj MS sdzr o
WHicO (WEdSydd, GPUYf sdd@)HEsR ddz0 ¢ slstste’
dzj LOadMmdd3r 2 Ctdalsj CMls. [ tkzedd3s o Oted Odzls |
ddzd s sohpstg dzd P EME | H s ts5dzdzdesigedg’ Qldzdats j v
toJ "djdz tOB SISO Is dzj GRUJidetctsd € tstyctis,o OMzr € .9
MsObdud M& d2 § OGOy dAéplegct tc J H M ls Odzisin] @20
¢ s dzy J MHYdddzO d3d of jOCO2dzj dzd L d3

l dzzlsted tslsH j dz' dzts ¢ ©PWBHABEEISAr f dis Is teCOm odzddr@
Hdzw 9L Od d3ts HHjIR2 fifldsolsdtsC Gy S tststcH d dz2Oyd d
HOdzdzr » dadzd dL d3j dzgj dedv Htedstedlsj stse f tsist
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2.1.31 Ols IsTilitwgdgrids

} sHatsH M) f CYDAY deldedeij s dedd o fjn~ o" ud
stcj BEZJ Is, Yylstser cOLOBEIsYds tw©WOLBJdMZ (&
or dlzd Is j dzv dzr = L OHO\Y. 1 sdzr hd dzfyls o ts i tot
fsHsBdZEY L OHOYk © I3 ddzd dJdesds 9 dH J .
YyJ dzlstc On sOCdms COC or" ydmdzdlsj dz' dzr j Mo
BsHjdzd tOLBdoO OF Ispw  dzO Is' MW yEdizdsL dety Sistdrpw,
ftcse tc ©Od3A3" ZzO tlsHjd dzsds o' ygmdzdlsj dz¢ dz
ftedmbkzlsmlse zs M j d3 ) o yd mdzdls j dz' dzts o3 Mk
tcOMYf Otc Odzdzj dzd © O dzd W tsB d&zOH OJ Is mkh j Mise
BOMh sOB qtetso Odzdj tj OdzdL jIsfqw yd dz@ { tot

sdmlsj o3 , ts fl dzGPUOHEzZYz] ¢z ddPtsr 5y dz0 M
Bzdz! sdftesyd Mmstedzr § MdMmisd 3" , 51 dzts SND dzdz'
wedzv jIsimpv MOBsMissWwIlsj dz dz" 38 sy Mstetsd:
BdzsYtsdstsC s, BM ydzts 256 ddzd SHL BC zsig s &
GPU ( dimf sdz L zj Is tcOL HJ dzv | Bz ® G dzts B O
JHddzm s o jGRU BY siss § dz sBtcOB OIs" 9 Ols! H
ftesdL o BH ( Is3judz detstHIE80y.

1dCsoOw ftesdLotsHdIlsj dz desls: o toj Odz
f ted d3sd dad ded Y8 @ OEH dz" dgO§f ¢y O dzdz" et
ftesdLoBHdIsj dz' datsfls dzf EydlkreOjls IsOCd
f Odw Isd , RZzO Crlstste’ 2 L OOYdo Oj smw o tcj
ftesdLoatHdIsj dz' datsfyls . r smilsdy J dzd § or MsC
f ZOW thtefzg f sdzOc OjIs rmwtetsh j i  tsdzd 3O dzd j
Of § Otc Ols dzts 2 yofmisd d f tsdzd &3O dzd § iHo Iz
tc OMmY Otc O dzdijonizdrrer®ydfd jtc OL d3j M j dzifcplityy O dzdz = (

l esBdz B3O tcOMYf OtcOdzdzy dzd 98 Odzd Vv  ted Mz Is
LOHOYO~A . [ dzw ISJ ~ cOL OB tSIsyds so, Ctsls
f smdzj HS9 Olsj dz' dz d3 & tSH t50d3, s tej HJ dzd Is
Istcz HTaME -3 H Jidzis s ff tesMmists? § SH Rdsdats 2H difvic St@ jdf
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I ydmdzdls j dz' dzlz ® ftosBdz Bz MdzjHEzjls tOM
f dzsm¢C Ow MstckzCIskztc© sBtcOB OIS 9 Oj B A H
ftotsMistcOdzMmiso O. r dzv Istej ~ d3j tc dz=20B IS@H GBupHls
fsCter 90 h dn Istcy nd3j tedets] HtotsMistcOdemilso s L

v jBsdzc€UDA sB i M j ydeoOjls ftesmissy o]
MdlsCd. | d&zv Mmkh jMmlse jdzdzsets € tsdzd yd Mlse O
t OLtOB Isyd¢ dzd dzj 2 dets twWOMftcjHjdzv j Is tc C
LWWiSlsdodzr 38 d3j mn OdedL dz3scdz twWOMY tej HJ dzj dzd
Is j ~ dzts @B0Ad d

t OLtOBBISYdqS By Jjls dz2OL d&z0SMJ Isd Bt j L
16SMs(o j 6 s SMdEGRL tOMmMf OtcOdzdzj dzd @ Odzd j H TS
i1lsts Aatsttshd?2 tjLiEzd IsOIs. 10 ft.O0CIsd¢ j
Csdzdyj Msots | dzjuisgzlst28 o BEAC Jdzd 512,
fsLodzdls! EZftcOoadwWils! cEtteOLHB Btsdz hdd3
H Odzdz" ~ .

21.4) Olslsj tcdz ¢ tcOL H j dwideandcongquagOmise 22 e (

1 Ols Is jdigdizandconquer ff to j H dz2OL dzOy j dz H dzv tcOL
o' ydmdzd sy @M @2 » dzO dgj Bz’ "4 M Sydd, !
or fsdzdzv Is* Mw § OtcOdzdzj dz' dets. 17 f sdzdzy j &3" §
mi Sydd, fsLosdzveEls tojh Ols G s t0 a3ty | )iz
dzO B dz¥ Hf @GEls]! dz ydifle-andconquer o tcj Skztemdd. B izdcts@
mMelsdtecmioSfddlat tcd d3] ks zc stedIsdz toj S ktefmd o ¢
dMmr BH dzlz 8 o' BBtCE 1 dzj &3] dzlstse  dzO Ho j 1
1 dzj d3j delstsds d ftsfMmdzy Gf stcdesets 1 dzj d3j dzls O.
Holzmn 1 dzj 3j dzlstse, tsdzed McOo dzd o O Ismw d |

1 sdz hddzmlseots tj SktemMdodzr » Odze tsted Is d3ts ©
dlsjtcOlsdoder | BsHjd&, SCltter j, o GRS
sO¢ COC tded rttesh 5 { SIGRWKINY-BSE | gzdhls j Mis ¢
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22 jSedBfsLdydy §OwOdd) d dr &

2211 slstsC d

]l slsts€lsts tsMmdzso dzOW jHJddzed yoO  Otc Odzdzj dz
f o6 tc OB ICHEOSdZy dz' BT Is! L &Z2OCtsd3 M HO
fMisOdz¢ d © O dzd iy l wOLKOBBIEtS? {totsc tcOd3ds
HOXY 4 JMmdzd o dzd € ts G 3t dldg W Hitfj @atslis O ERlEZ™ 9 O«
stsydes § dMOdzd S tsH, MsMlsswh d?2 dL GlsH j dz

4 ©OLodlsdJwy efotpfissh! BdWH]d ~ syl
L dz0yJ dzd 4§ sBtcj sOj Is CoOdzdWds Oydw i tofsc
dmf sdz L s9 Ols f csHigd filgls j] BOY § Ot ls biztf gefmls o ts
Jhd dmisd ¢ HifMwisdd)Isd?2 dOL OH, B
f tots ¢ tc ©d3d3, sO¢ C0O0¢ dzai MmMkh jmlseatses Odzs O
o ydmdzdlsj dzj 2 .

ljLEzmdzce dzts, or Htsdzydzr B'™ dzd fydzr h Ols!
Colsster j H s dzy dz Br dzd HBfMisdcdzlzls- o Mts
HizB dzd tctso Odzd W Of f OtcOlsdz" ~ ZL dzts o d ftc
mMdteo jtesea, JtedHw dO Md3j dzz € zOMiIsj O3 d
SR *Isjtetse. vjd dzgj dBjdzid, U tefuiz]darpst
tcOMf etsMistcOdzj dets o zOB stcOIststed W A z dzd o §
OzHdlsstedd tOLKOBEBISYdS o .

l1 jtojMstesdls! Moty ML dzOdedj dzO 3" " dzj
HMIsOIssydzs Mdztsy dzts. | BOLHB ftotsh j tc
mMkh jMise s Odzd W J Hddgfgls o j dAdzis B dzj HUSG OIS § dz
ftosctcOBRJetso Odzedw § sw o d dzd My o 1{itnlk,
o jddyde OzO0O mME tstesmlis! fsysd © HO O tOL
f OtcOdzdzj dz' dzf » ftosetORBB o {1 Ists o todagis d gzj
dzOL OH M s 3P upd &zOMmd |, d mJ2yofm, H dzW
ftiosdLotHdIsj dz' desfmisd ftod dztsy J dzd 2 Istcj B
f OtcOdzdzj dz' detsets ftotsj CIsdtetso Oded v .
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] OtcOdzdzj dEPU R fladf sdzf ¢ f jIs L Of 2ME dzj M
J HddzMmls oCPUdzdzt=Sdis 5  Otc O dzdzj dzd L o5, & figdrE dc @dizdig”
Cslstster j] BGlsdzdyos lsmMw o MsC 52 ddzlsj dzid o oz
HiCtHteso Odzdj odHjts, dMisd LEksls §OtO
OLHJEYEISNOmIMB YR, dzéH] S OYHOW yOfmbl 9
HsMiskzf dzr = WwWHj o {fizgty] Fpstedds. o  tstezflzw Is !
COHO, ftcd 1 Istsd3 BBOBSBISCO dzgj MEtsdz' € d n
dzj L Oo d d d3ts . v OC Y| Btsy dgts B j Hddad Is?
SBtcOBOIS" 9 Ols! HOdzdz" § § B85MJ 6 d3d dzls dzts .

1 OGPU fted d3j dzv j Isfpw sty d?2 ftHatsH Cf
M stetsmis: @Rpfflapjjderd dec & sd3f * ¥ sjtedz’r = G tcOn
Yd 3 selscfhydts f jtoj Mr dzOIs! lsH jGBYWERz]
sSBtOB OIS 90Ils! tOL dzdydz" § yY@HYlsd tHAdSEt ¢

I Mij 8O0n MM dzj Bsdz "dd&z Stsdzdyj Mise tsd3
oMmMlsOjls fJtesBdz BO O desBj tcdetse s tOMY toj
ftesB dzj BBO { toctsdn Isfipdzisyy ® JO j &N s dz’CPUs 6 B8 B tsda]
Csdzdyj Msoatsdda fJtetsMmis' 7 oGPUYd ez Ik fsdz @IS 21 |
ftesmists, dzts f totsB dzj d3' otsL dzd S OF Is f tod
stccOdzdL Oydd oL OdhisHj2Mlse dw.

CPU Mftctsj CIsdtctsa Odz H dzw LOf EMC O C
Odze sted s d3d ud M¢ d CRUAY tdas L ¢ 8 PstOoyOdz sOC d 3
o' fsdzdzv Is! BBdz "] CWOPYFreEsts]feFhB] B
Cslstster J dzf Mo w L CPdzO e 9B iz Gpts #2802 toj G dzd .
Bsc kzls B' Is tcOL BdIsT dzO Isr fqw yd dzj ¢ €
o' f sdzdg" ¥ IsW dzj L OodMmddBs. v jd3 daj d3j dzd §,
fSHAaBHYIS H&VW &Y eddgftdd = ndnhisd d, ]
dzOL dzOyJ dzd v .

sO0Cddi3 SERUEGCRUBSHH jtoy do O ls fslssCd tC
Il CPUtc ] OdzdL s9 Odes dzjBsdz s Ctdzduyd Mlse s
MdMmilsj O Htsdy d20O dMmf sdzdzv Is! L OH Oyffr desEeSCsG
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ftsodH]ddvw, tcj OdzdL so Odets BT Mistetsy  j o ¢
Ctsdzls j € fidsQ) dz! L OstcOIls dzOW sf jteOydw, o
otsmMMmlsOdgso dzj dzgd j 53 MsH jtey dBsE s toj c@RAYlstets
IsOC Y J fsHHjydoOjls G tsdzsy § dgigls o jdisiz dgB C
tej edMmlstetso O ey jMlsotsds B OdzS 59 tcd G
tej OdzdL zjIsfpw L O Muyjls Mmd3j dzr BOdZE O toj G
toj OdzdL Oydw MBrteOdzj dzedW d RAMsMMIs Odztso dzj dac

g dMmlsj dzgr , ts ) dzt€BUD dzdaP\j), deds Otz © O oW
sScteOded Y4 dzd 2 . Clsd BEtOdzed yJ dzd W-9 " frpots"HLED dz
sBtcOh j dzd W i3 CPU tdfjColgrdladz j Is H Odzdz | s j tc
Ctsdzlsj € MsO.

ltced HBMOLtsydktsds Ssdzdyjmlsej L OHOY (
BHjls HBMIsOIssydzts st jeffjls Pds dzts|dzs e 5 € 5dzd -
Ylstse ' Hjtey Ols! i s ytg dg i B = ez) MOzv Is Yy O M ls ¢
ftesfis Od oOfpdzdf s dzdzydgME s5d3 dBwdesets  d3d dz€ d A
BdzsC dtctsoa C O f sfMdzj Bl IR " § Pisd s HIARB
ftesyjiipisicls IBus@ls dlezs  yOMmls!  bipalty jlecjts dgF mj ¢
Csdzlsj S MO d yjdzd g drsizdglchddgidafis d 2§ d&z0
otcj iBj dzd OB Usjlsifdnis@dd] L kOfigs 2O sMhdatse j
o tgJ d3d dzd , Hjdzw otcj 3w fototsodzz B HE s
fslstsSCtso ko] dzd udoe OJ lsdiff , ¢ AOPteits RSl diptsig) j§ dfs)ifisch
By dzdh jLW¥WiCIsdo dzesfls f &z@QfdzOjls BT Mistets

1 6OWdud MS dd M sisy § iy thisaw® O ozlzdz) ded ¥ o d
fp Btsd "ddi3 Stsddu Mo s geisbl g tfGt
Yyofmlssilss?2 . [sthdgsd'O d®P Wz0 f Otc @ dgdizjj dzdse djs J
sdz0@ dzzy B G Iy d fslssC e H dzw Af WsWH jj Gois d
ftej Hf SAZOG O] Is, Yylsts tjhoOj B3O L OHOYO Tt
o' Yydmazdisplg &. tsBtcO teds,c ©@&ddzh P ) ldsofdzigiGsy d ¢
o' BstEgf0Ld f Odgtzesf dH @jils Zdz' sOIs o' yd mdzj dzd v
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fesyjoffpsB)ilsts § Jte) Cdf ydls! MY  ddPtc pHefzE dE@ 6
oJtodzzls! Mw € L OBAsCdictso Odzdes Bz f slssC 2

JHddd dL ¢ zOo @PW d @AYdroydf?2j Is ipw ¢ 5
ftesyj Mihstetse O € OBUH s dg sSkz fipdedefs2 sl tcj » W
EmMstets?2Mlso ©O. dvBote] dij dzdz” J G tc OReamisiné defy X
16 ftksiteora d@zd sdftetsyl Mtstetse, C silstst
or ydmdzdls j dz' dz" ©CPUOH jiitds dedrtetf dsligldjo j dzdz” 2 f SISt
ftesdLotHdIl jHJdMIse j dzdzze s j cOyd® dzOH
sOCRUtc OB tsIsOjIs o § OtcOdzdzj dz! desdz tej Yy dad3d ¢
or fsdzdzw j sfqpw 32 o SMIJ@dzjsdad s te Hededizlg dzd .
YUd brtej nStcOlpdedadsd Z®j dzeff mdzd Is j dz' dzts 2 d3ts M dat
Bdzesc sWH jtodzetsMmisd 5 MicOodzj dedé fm Isdy§ d ydz

1 d L lzMmdzts oCiAS Y te tydstdsO d3d3” Bsekzls L OHJ2MIse
WHicO d dMmftsdz? L tso Ols! MMXQIPEGARY .dzdBRUIs BOS  J
fsHH @Yl oM j ydoOodzdL qtetsd @ dzlipts § tsfg § © tizts fipls dzl
Bdzd L Sk €zOL ' otd)LdRlzj)s dfWOQjdg@sarednemory.1 © H O dzdzt
Isj rdzsdzse dd thdzseo Odzs 9L Od di3sH GRUMIse dJ  d3d

2.22[ tSH jddn § ts dzdgy eztEWDA

] BBsH j dzd dJAUDASztlzg igf K Miso zéIs Ho O 9 O «
1 joatsy : CNetztf I t5 € tdoLr = ff BRs y JoiPBsts®s Is( o MM
tod Y dd3 RM.2) , Is. J . Md der totsdzdets o f tsdzdzw ¥ &
tcOL dzf d3d +{ dzj o3J dzls O dsd H Odzdz" n .

Instruction:

Instruction

Instructiong

L

¥ k.
SP 0 |SP‘1 sk 2 |SF’3 SF“4| SP 5 |SF“E SF‘T|

SMO

{ MERAAS S d dzn etsdzdats § o ' f 15 dzdz dzd |
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l sstcOwv tsMmtsB jJ dzdzsmils! L OC dz6 yOjIsmw o s
fogvisd seBiMfijudeaOjl JwLOSCIdUIMEd dzlz.
Ctsdzlsj € Mis 5 GPUISH HIsittagd © O Is Btsdz! h 5] € 5dzd
or fsdzdzw j 3" » Y SlstsCtso .

vl te! tcOMMdB3sisted d3, ZOYBFIs € 5 ¢zl g Hzdats;
9" fsdzdzj dedj dJdemlstczS yd2e. s OYHOW ddzMmistck
2O lsH SR ddzISMdd 1 tcd 1 StSHBEPHzE LOMMBOIS to
SlsHjd dz 2 NeEBBwOIBYstE M

[BT ydzgr 2 ftesyjmMimte fsdzzyOjls lsHj d
WHO. [GBY SRIDf tc j Hf SAdZOGCOjIs ittt lz sl
CONHBRE e dyd MSdra o ydmdzdIsj dz' dzr = B
dzi sBrtsHdBO s M dzO1/N it tsthisy Ualkts® 1) l§)dctE
B’ Yydesets ftosyj MtstcO. Clstsls f BHRABH BYJ
d dZgIMD-Otcr dIsj CSlskter , toj OdzdL s Odzedzr | ots BB

[ OmMmisisted 3 § ted d3j 6

void some_funci{void)
I

int i:

for (i=0:1<128:i++)

alil = blil * c[il;
'
|

Clsts ftosMists?2 ftoedd3jtc dMrtsHdBEts CBHO
oJClststcse, HGMEBE G E tiz] ki) dzls P gls a Aaf Yfakz iy w
tc j Odzdl28a]jldsj e Oyd?2 (ks 0 wHts 127). 1 1Ijts
By Jls fto] sBtcOL ts9 Ols yqeédz o 128 BIsSH
o fsdzdzdls Istsdz' €5 BHdzz MlstesC 2

ali]l = b[i] * c[il:

v 0C 5§ fsojHj ddj o L gitsy datsQ o ( ) d Wis iy I
dlsj tOydqdw i3d yd¢ dzO. J L Issdz MdzEyoj ]
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f tctsG tc O3z’ ¢ fOtcOdzdzj dz' detsd3dz o dHEZ HtsMIst
sdetse Odadz” 2 @ dzO0 yd ¢ dzO~= , d tmdeso dzts?2 3y
f Otc ©Odzdzj dz' dzf ~ROpe®" dtcj dzd 2

10" jrWHjtodz » Jlotsyj MMtcOr o ts5L A Y
Yjlsrtej BlHjdz dgf » BdizsES O, SCSBEHO WHBLE &
WHtst 3263, WHBM53 WwHeM2Z. 1 JjSCtltter j
Qo lssdBOIsdyj MS d or ff sdzdzv & Is IsO¢C 0@ L 5 ds@dadf
ftesdLoatHdlkmMyYy o MmMtsle jlsMmMlsodd M ftesetcC
s sd3tf d dzvinelsas Mis e dzd © HOdzdesdz dzOff tc ©9 dzj dzc
vsO0Cd] StRBfdqdwistster ftodd3j dzv e ISSEC tsuz@zH B
94 SlstedL Oydd yd§ dzts of) ifg3 Ods g t d2' L3tses Gdzdf jtsoB
Hdzv  tcOMYf OtcOdzdzj dzd o Oded™w ftetsyJ Mipso . U O
f OcOdzdzjy dzd L BBO, yYbsts daj By dz@ GRUZd YO  Ismv

) Isj - dztQUBA f 6 j SBtcOL 59 Odzd | yqs dzo o
ftesdLosHdIsMw L O Uyl lskemeker{@fdagtivon ¥ z €& s ts 1
Bsy jls or f sdzdzw BPUQW didg s digtstg Isdz®@ r ISCPU. 9 ' {f ts dzi

]l CUDAf sfndzj Hts9 Olsj dz! dzr 2 CRH g s 5 Qxdzls fol
fesdLoejMmisd orf MsSts ddzsGREMptadgd § dzOa " B Of
o' ff sdzdzj GRUjylsdea@ " L OHj2Mlseatsea Ols! dr o' yd
sBtc QGRIg " Mis zff OfF jsts B to @ Lydfr nddzd Isfy tslaf telxs iz indgvs te t
CPUt Odz' " j CAYFded] Hf sdzOc Odzd dMf tsdz! L s Odzd
Meftesyj MiMstetse Hdzw o ydmdzj dzgd?2 M  dzOe O
foj Hf sAdzZOc Odzd o' ftsdzdzj dedj BB dz' h sets € 5dzd
ydmazOdzd f § z0e Ot h j2 IssysSts?2, tOBslsOd]d
sdzOh j dedz' & OSCddid Msftetsyj MhsttORkd. u O
f Mo tcj dsPUzdz' s ff to d d3j da¥js dsdfiiw  eH' diy'ts CiAdh Cosda
or ydmdzj dzd?2 o fHteSectcOBAOA .

ANzdzS ydvw WwWHtO, WOoClsdyj MmS d, wog dzv j Is fi)
dzd COC e s yqdqsedzod, ddljteOyd?2. aAbkzdzCydw wHt
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_qlobal__ void some_kerne|_func{int * const a, const int * const b, const int * const c)

Ta[i]=b[i]*-:[ii:

] OS2 tjOddLOoydd slsfzlshmisakzjls 1yt
yqeiz@s x§ §Ywoe dzv j Ighkal e jsilfdelify j dzj ded W L
sftcjHjdjddj] E2COLT 90jls Ctdif ddvistsBRy Yyl
O dzjCPWdzvd Ylsts HOdzdz' 2 ¢ SHCPUOEAM @QIlsfw o dH

CPU d GPU d&3jsIls Htsflskzy ¢ tOLdz &5 sl
ftesmBE®@t, . j. skidPdiitsin®@ & § BiIpGWHI Is td
stftcjHJ dzjClADE tsl51 jJo d dzOtsBtStesls. | Odzdets] Gt
e OBy fzZemmder , tBICPWSHSHEML dzgj oSEWH d o3
CBSHj . rdzwv tejhjdedw HOdzdlzs? 1 O dsjGRUZOMz]
ME sy dteso Olab daigoLh ol tc Ols d SRtz 2 § PEFRISIS d Ols §
fjtejHO! o COyYjfmlsaj f§OttOdj BRUso { bz &2& 15
ttOL &34 N § dzf Istej BEJ 3" 4 dBBOMMdoer . } sdzj
dzj sBAotsHd B MC B tctf OEsls distp OO s d o @B {f «
{ Ofnfd3ts ldstiztf bigdzy H ts 0 OHs jj A lifats d)dp

l sstets] BEtoOded yj dzd j , M Coiststeridy Ishies ts
slsmizlsmise dj dideH j SBifH julf SLdBef Z ¢ Ols: 128 4
WHitO d©@ 128 ftslsCOR, dts ofqgj tdzd B
BOMMdot€DA B j MY jude Ojls tOL teOB tslsyd ¢
fwodHsfted H]dzj dedg" d3d  § § 6 d3j dadz” o3, dHJ dz
G OL Odzd § dH J] dzIsidsiedsC O tsiE®C L O C Issis dHj
dmMf sdz L s9 OlIs! Hdzw or" ydqmdzj dzgdw ddzn j S MO H
d2Z2O Isj ndzsdzsc d ¥ , MPI-tfotd t53q tdD gatlge% , oS SGHO dHJ
By dzts kL dzOIs! M J ydodz! dets?2 WEkdzSydg 2. R (
Y tej L M d yd odz! dzlz Mtz skztclz. Hdzizy J B
dzOL r o Drpdsliies OC dd3 SBOL s, §sdzzydj i3 € sH

_qlabal void same_kernel _func{int * const a, const int % const b, const int * const ¢l
|

const unsigned int thread_idx = threadldx. x;

althread_idx] = blthread_id=]1 * c[thread_idx]:
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10 fOSIsds) lstd Metkzf f Jtectso Odg'l o
ftcjHj dZOR OCt? ctkzffr §slstsC d dapd dzrots dsg
o Otcf @agl. v s Jwarpi'lt sts ctkzff © dL 3 2hdfwmigtsS ts
itIss ctezf O dL 16 {§lssCtse.

l dzOh j a3 feddzjtej 128 {1 silstsC tsawarptizts 23s2
fslssC O o € 0OYHBG. 1l jtear 2 11O or ydmdz
o sdzdzj dzd j, SOy H'M2 bt ftsdzzyOjls dHj
LOftcOh do OjIs HOddz § (5 Yt HJ dzj die2E B3Iz
(teRm.3) . sdzj HEZE h Ow dJdzmlstekzSC ydw o1 § tsdzdg
ftedmikzlsMmise so Odzd sB O s jtcOdzH O, Ists Qs
ftedtsmMlsOdzOo dzd o Oj Isfmw. 1 tcdMisOdzOo dzd o O Isf
fted GRUdgt) Cdzs yojlsmw dzO or ftsdzdzj dedj Hte

Warp 2 Warp 3 Warp 4

Ly TR Threads 32-63 Threads 64-95 Threads #6-127

Warp 1

Eu::uting Threads 0-31

Suspended

Memaory
Request
Pending

{ ME2BES sOF 0

1 0 2. o dH detswarpitfsjstc FtEmH®PIs o toywyplds
ftcsHisdzy O Is o GHUS tlztizis Is s iy O Is or {f tsdzdzw Is
mMetslse JIsMmisadd M H Odzdsepdz] B3 H Jodz'HYz Isf BE @ § 9
( e M)
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Warp 3 Warp 4

Ready queue Threads 84-95 | |Threads 06127

Warp 2

Executin
g Threads 32-63

Warp 1

Suspended Thraads 0-31

T Adress
Request 0-31

Pending
t d mEz2ds Cyclel

1 Of tOh do OW  H OdzdzGRU d d 1v dzjf @ Esta[c3O y d ¥
f sfdzj Hso Glsjsde'Cdsron. B RESSOdpfdsj dz' " Oj s Bh j j
(otej Y HdiW tlkoflOf OROHY®LOEARY § OtcOls
sMe j dzdz@Ms v dsd toj Lkadz! jlsi@flstij dzd @ H O dzdzf © d3¥ s
ftoj HiSTIs Oo dzvfy IsH Oodzde’ tlgfS zH dzv Y j dzts?  Ctolzf f *
sBi Jd3 HOdzgdz" » ftsLotaarpjls tsBJ M jydls! o jf

Ifj tektss¢d §omd] f§odzyj ddY dij s8R 6!
Golstso" HMW orf ftsdzdzj dzedwVw Mmdzj HEZE W dr Y j t6C

Ready queue
Executing
Warp 1 Warp 2 Warp 3 Warp 4
Suspended Threads 0-31 Threads 32-63 Threads 64-85 | | Threads 96127
::;:j‘;:‘; Address Address Address Address
Pending 0-31 3263 84-95 6127

t d i 2288 Schedulingcycle8

IT"fodzdds oBRUIgGEESH]I o BiXxdd ©xd
LOftesMO § §OdRvIkd. 10jd o GftejHjdjdd
LOf tetsh j dzdz” 2 B dzts € H Odzdz" n gL f O3V Isd .
fsfdj Hiso Olsj dz' detsfls! otLOLON Oj o & | dzj &j

ltejHYf sdzsy dds, ylsts fjtor &g B' dzd -38.5L o
sscewalpl fjtjnsHdl o MmMehmsswddj colsse dz
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slsfizlsMmisokzjls dMmf sddapil @g B 0O )¢ ds sf
e dd3 or fsdzdzy dzdw . 1 sMisj {f jledslzislz 1o g dzj 1O t
ofmy o0r YjtejHkIs o tijxdd clstse dshmisd.

t OMmMdslstcdd3 COCddz tsBtOL sd3 B XEDA s
sftej HY dzv j Is tc OMChddrdf jtsddef jL WL o0 Q@ B0 Is B W is ts @z
zOd d3j dztso Odzd § W Iz dz€ yGRU,r d»'" tos dzdse jOd3 1Y s B0
Mz HEE N d2 MddsOS MdMm:

kernel_function<<<num_blocks, num_threads>>>(paraml, param2, .)

lrLtse ftojHfsdZOEGOjIs fjijtcjHOY f OtOd]
ddzls j toj fMdz H Bu@ blogks d mizcf Fhreads GClsts dsclzls
CBdMmisOdzls™ , BOC ( dafi i bsBY dzdgff szt 4 S Bl

1 Otc O 3pumtthreads 7 ¢ tsdzd yJ Mise ts fslss¢ 5o,
dmy sdzdzj degd v WwWHIEKO. Il HOdzdes oz fted o3y e 1 1Is
yde< dzo. v d3 dzgj d3j dad 4 , Mezh jMmMlsalzjls Bcto
EmlsOtcj o h  GPUY jOANdE® -ntso toj d3j dedzr =. 1 H Odad
ScteOdzd yj dzedd dzgj wodzv jlsfw  totsB diji dses? ,ts HO
dL MOB n L dzOydlsj dz' dz@f » teteOded Y4 dzd?, oc

sdzj HEh dd3 1 1sOftsdz o©rLBa 0O WHiIKLO Wod
1 OOd3j Istz'ls s Is!  f jtej HOd yYJtejL i ddMmls
L Ists tsftejH]jdzvjlshwy Csif ddvisttetsd. J fndz
COYHBEB YfBIBCO 9" HJjIVWjIsMY KBJjecdMmiste dzO
128 flssCtseo d Isted §OttOdj stc® ro W tzdafdg
LOHj2Ms?d sa0OIs128 tcF ¢ 3MPisdte O. SOy jlsmw, \
tcOMmMlssydIlsj dz' dzts, dzts BRcHOEN s dAOE dg &0 I 'ts,
812t j c dMIstcOBRBEMO d S PY H BEdzd yJ Mlse s BSdz! N §
vts jMmis! Htwd 1286M4z@BOE0R HRErisEd fls1&Eo
fslstsCtso) .

vsJ a3 dzaj Bidzid, LOYEME H ddg det® g dzEADEr
tcjhjdadj, HOYJ JjMdzd dBsydets M sdz' L 59 Ols
LOftetsf CSMBp@agYy Isd W OCIsdyd MSd fosmMisOgBs0Ols
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d dzls § dzfnd o dz" ~ o yd mdzj dzd 2 dmf sdz’ L so Odzd j§
SfcOQoHOUASLOCIsdS ), Bty jMmMises B &zsSMEazvL O
LB GOddWY ftsMmistsy o.

2231 &zs¢d d Mgk d

10 MOMBsdy HJ dzji {9sis2  syy Ishis CGRPO dz& Is B dzw d
f OtcOdzdzj dz' dzr = dzedIsj?2 dBEsy jls fsCOL Ol Mw t
ftsdzj Hiso Ols j dz' dztsEts 1 to 5GP Gsd3 d3cutataise Oatzd v ts dzc
Isr Mwyd, HJiMwIisCd Isr mMwvy § OOdzdzj dz' dzr = -
EmMstes? Mise 5.

[T Exd dzO0yodzgls tcOfh@ROBicder o Ltso O Vv
f SHCOL HJ] d&zZOr s f wtdlodsi + BOPBEstc? § O
My j ydOodz! dz’<B<>fp€ 5B C O~

kernel functionk<<num blocks num threads>>(parani, paran2,...)

 Mdzd dL d3j ded Is 1L Istsls fOtcOd3j Iste Cftgo 1
LOT EMS OGRRZM odg@ Is W :

some_kernel_func<<< 2, 128 >>>(a, b, ¢);

vOCts?2 or LB ftde jHjls Somekerfjekfim€ dz0 W Iz
f OtcOdzdzj dz' dz' 7  sls®C @R =12868% dstsizd Y5 HNdz® § 15, |
cOmMyJ Is f OtcOdBRj Istc © t hreadlf ddexj S MOOCET
1 JBBrtH] &S odzf Misd Mmdzj Hize M dj dL d3j daj ded ™

__global
|
const unsigned int thread_idx = (blockldx.x * blockDim.x} + threadldx. x;

void some_kernel_func{int * const a. const int * const b. const imt * comst c)

a[thread_idx] = b[thread_ida] * c[thread_idx];

]l HOdzdesdz Mz yO,j WHtets Bdrid),, Is frAssw jh
BdzsChiwek) ( C &by yjtojH! , twéad.8 st da
Bsckzls Brils! HBY tsdzdzddsQ tetf BzBt e ®©b H§ @&PogH O daC
warpdzOL r 9 Oj smw § sdzsmO.

ANOCIsdud §ME dqwarpttzp dzf s, SO dzso dzs?2 Miste
fted e OBIBGPUEESEOezdL PEZME OJ sy M IS C
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tcOMmMftcj H] dzv SMINsMdg] Y st OMT @ HEfEEGz o B C
Hist sdzdzd Is j dz! dzts via Warg h ®ffbEdls dzpL 32  tsfy
fslssC s d warfrpj’ tfdisddidgs tegls i &pgle ¢nstruction Multiple
Threack (SIMT),Ists J Mmis! oMmj § sl Gz zg ™ 5 didizmdslssfiz
COYHIRISBS o "ifldazdefijldscOydes dzOH MtsB Miso j da

10 wRkdfip. f8C0L OO L OsdMmd dstsmls d3d Y H I
f OtcOdzdz] dz' dets? HtetsctcOBRdE EGPUOY f OtcOls dzts2

Lcngin;al View Hardware view Execution
32 threads F
32 threads

CONTROL LOGIC

—_— 32 threads

32 threads

32 threads

Thread Block Warps Multiprocez;c:-r
tdmezEs s sedud MEsy d wdLduimisj i,
ety MnO

1 dzsCd st dzj L Oo g d ditis dtc @ Usdg i @ Hslis
BdzsC O or ff sdzdgw ¥ Isfypw SM.  ft KA | ez Bts Eiinfigzisld Ssliz |
B dzts ¢ &M 6l COYHT 2 BdsC ¢ tlabig s C lif o jf Hsfipl
(8BWI 8i).

blockDim, }'{ I .-:'I-_,.-.-r e

) v gridDim.y <
blockDim.x

-

gridDim.x

{ ME2AFE DM 5C O B dzsdkfdj 3 B dsC

10 4§ DO B&RO® EWEsH ©), Ml s3Dh Ow
BsC so ) (8fVEs B E DO &g
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it -’.ﬂ,.ﬂ"'r
blockDim.y
) ,4‘5":

gridDim. y<

L

gridDim, =

{ (ME2ABEBD-Mj SC O B dsC o o 3oEsdEssop dz

uj @Oy j s f)ts6553K pEbR5E dzts ¢ seSMe § tefyd d 1. x
65535 655351 655358 dzts ¢ ts SMg Hwdd d.¢ s2zd )} Mlsea s ff sists
Bsy Jls HtsMisd e Ols 512 d dzd 1024, d
OLOdABBH j2Msoatso Ols! Y tsMicj HMlsotsdz tcOL H J dzn

1 dzs€d oeodgzlsted MjlsSd BERHEI tsIs8) Hndpdz
sBd MY Judddy BOehd&Pd'Ody DO dz'SM i3fEj BB f
SHdBote] B3] dedzts o' f Sdzdzw s+  dB3detsy J Misea 5 ff tsis
] zOdzdtesoh dCd o0t seo foHGzY Osls datsor j§
dzj sBrSHdd®" » toj Mztcmse .

23] 5H j dz'  (CODRY Is d

razv  gOSMdddL Oydd f tesCQUDA fHtadlsds jdrz dstd
tcOL dzd ydz | 9 qdHT f OsW Isd, dimf sdz L s9 Odzad
tcOL OB sIsyd < O. [ 1 hdst® ©dzy ROy s §f QB Is: (
oL Odd@3sH JCPHBUDEY t6 ] H s IARIsidizw j 1B ' fls to s st H S f
fovisd d w©BiMfJudddy JGPU Bdvise O jsdisdfs
f OoRWis'L d uts OF s dztsde@BBABOWMIs B FIsBlets?2 B J MY |
SlsHj XSS dds totsdzdzj tesdg, § O@ILIsdL dzOj s C O HT
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tcOL tcOBBIsyds CUDA, HOdzdz gz Hisdy dztizs &g’ & ¢ |
hostddeviced Istsdz: Cts fsMdz | stset S8 dBsclkzls

1 Odgv Is+  k mdewcsRGdsvals® y)(j Is BT Is:  or Hj dzj daC
dmf sdz! L se Oded j d5 tOL dzd ydz' » &BJ IstsH s9 :

1.] dztsB O dz'OdgHgobalmemory By JIs B Is! 9" H ] &
ddzd HddOBdud Msd, §smd uiets MisOdse dish
W HIicO

2. s sdzinls Otz dg@dwrstantmemory 7 1 Isis readonly f O d3W Is !
HisMis izl glz8 ©L dzd 4 e3P ,defdzd U d d to bz *O dejdzfin Is | ded §
Clstster j ts B ) dzkzdj [Jto @tg Asdny j iPS s2C s 2 to ts 2
Sflsddi3dL qietso Odzgdzts?2 Hdzv oL OddsH J 2 Mlsadw

3. ¢ Odf @zfdsalmemoryi f Odzv Is! toj Odzd L ts9 Odzdz
ZsC Odz! dgf | fjtej d3jdeds j, CBlstste’ j daj Bsa
wodzwe Isfipw f OtcOd3j Istc Odgd MPdzai dzy s 1Y &z tdd® YR Is ¢

4.v j ¢ mis f ®dg@dsturememoryi f OBYW Is+ , HEsMiskzf dOw
Isd SMiskte yYydteiL € diz0deHOC 9B d fipdzlz § & izlp 5 @ dzlz ¢
fORYIsd ted Mkzlsmistaztg fists B dzj dglem D dzd € e3h d to 15,0 O dz
sflsddizdL qtoetso Odzdzr 2 Hgaf? toyl®©pagd O ydd s j tcC

5.1 OL H J d4fV Q d@lwaredmemory 7 o Oy dz& & d3pRidsls d {f
f O3y Istyls sHepw d y glzfififody L iPizlis B O df! Oddty Az ‘s e ts.2 M ls
I B4 Mdssse st O3V Isd t6OL &3 " jdz dgj § sfytej HMls
Brils! dMmftsdy L tso Odz w@zda 'Bdls td3g o 8 zts 8 dgsdz®
SH dzts G s B dzts € ,@.0 L M LOffQdeifigy s tc sIMIz0O

6.1 4 6 d dgited}. (

SOYH™ 2 Idf fOodBwWIsd ~OwOCIjtedL z]jIsmw
fosf M Odzd v (s @z® B2 HpRQizstERs | H i s Yls 4 © fiz3tzis dzts
Weo dzW g s &Y istic@odivh g dzidd@BUW ) OlIsfydigi H IBOIB H j dzW | ¢
fOdzv Iss | 2§ tcOdizw j <3 @z IsSCOLdRls dzO W fOdzv Is+
GdzsB Odz! dzOW JOBBWIs! d tsff jteOlsdo dzOwW § Od3w I
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vOB dNjOtej i3 HEMskfO € ©OL ddyd' & od

vd oW | 1 sdzsmPzifc@® | Ols j dzls dats f
Reqgisters ~ 8 TB/s 1 cycle
Shared memory ~ 1.5 TB/s 1 to 32 cycle
Texture memory ~ 200 MB/s ~ 400 to 600 cycles
Constant memory ~ 200 MB/s ~ 400 to 600 cycles
Global memory ~ 200 MB/s ~ 400 to 600 cycles

10 tdf9. Moj BOdudes §5C0OL Odzts Mistsls dash
o dzlz ISR

iDevice) Grid

Block (0, )

F-

Thread (0, 0) Thread (1, 0} | Thread (2, 0]

i A A A A A A

t dmMz2eE § sH j dz2 UKW Is d

SOYH"2 o9dH fOdBWISsd BBEZOHOjIs tOL dzd yd
¥ L odzd, dzO0 dzd y d J Ci1hdtetseo Odzed v . SOYH' 2
fJtohMdOdz! dzts?2 dzsC Odz? des?2 f OBWIs( . S O)HT
tcOLHjdvjdis2 fOBYIsd, HsMiskz ] dzs?2 Shamdi ts d3
memorylzh jMmiselzjls o Isjujddd otej i dd N dL dz
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B3 stsH s :

lcody 2 HEshMlsky ) BdsSdksh j2 fjtejHO

2.codzr 2 HtsMmiskzy M disBdsCdtwkzeh j2 fjtj
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capabilityp sdzj j 1. 1, IktjBtseo Odedw dzgj IOCdJj .
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Bsckzls defjtdo'd3d Misde§rickiEipy plE d HAzv shdatse
f tod dzts3 J dad

3. stomBfmazy sGwwY L dzW jlse (tesMmistcOdzmise C
o Mistetsj dadz" d3d Isd {f G float3dap § tdd. dfj. 19, d o dal
dzO d d3j dztso Oded ¥ d3d_popddpQ § oy W3gztc ¢ s 5 MALDA dzd |
MH jtey Ols odzzlstej dzdzedy W lkdzC ydd, Cslstster j
s yd szO&O0&8z L Oc ts dztew *Ginjrdzsic’h. W 02 dz

I's otejd3W of fftsdzdzCUAYS W dgtfdddnmmtptlipb T O d o C
GPUS 8 H ) MtcsC B8O § dzd Is j tc O dzf ) or ntsH
o Cdzs yj dz0 s ydw --fatis i3tf dsdzv yd off tsdzdzv j o3 2
Qo lstsdBOIsd yj M d MmifstsHsdtgsMBl® 28 h d2 @ BIS tetsC s
GPU, ) Mdzz yOj slsmMikzlsmise dw Mtslse j IsMis
Qo lssdzOIsd yJ Y f def icRIXIDIsHiE ¢ csC SH .

SOC H©BO2 o0 j to nlcsdig] drdgvde@sjtdd ,dzd yj e s € totsc
mMetsteCd d SCoditddHOydd dJdhistclzd3] dzlsOted
CdB3OdzH dzts? Mistotspixdy . ( ddOff jed 3§, Isj -~ dzts dzts G ¢
fsmistetsj dzdJ  tod dztsy 4 dzd 2 ,CUBDASHIgGHE®.0M d 7 W te (

l lsOBdzdyj 3. ®60MY ¢Gig udedhezj 02 dzse , { sz
nvce O OCY] E2COLOMMs fftojHjddj Stdifdd
nvecf ed dm BGBKOBSISE J .

v OB dB[Nj O OMh dtcj dzdmvecW O dzts o

t Ofmh dtej ded J 1 so jHjdedd S Y ddzy

.cl.ccl.cppl.cxx 1o ftesy § 5l dediyBys[y € O

.CuU [ Bi j H{dhoskedq deviceSC SH &IsH j d
Cod3f ddzvw ydw tOL dzd ydzg' » Is




73

.0(bj) 4B BKE O
ptx PTX-n B s tB duldin

Il IsjndzBUdBEGEJOPIzdL so Odz" Mdzj HEzE M G ©OM

1. [ sSsHdWJdSOltster WkdSyd?2, ECOLT 9O h
hostd daifvice O IsOCyj BtwjHjdvEh ] dL ¢ 0OCTt:
B'Is' 9" LoOdz .

2. BHdWJSC Osster fJjtoj d3dd dgdzr =, ftej HJ dzW
GPUBEZHjIs tcOL ] M jdO §jtcj i3 dzdzOW .device€ s Hig B |
BJL dmMitsd L so Odzadf™ d3sts ff 5 df deddisjsaiz s dshared
d dzd constant , T ff j toj d3j dzdz" j tcOL d3j N O8 Isfmw )
sftcj H] dzv dgdz" » EfmMdzsoedwr 1SOCdJ HOdzdzr § d
fOzvIsd (Is. dz. ¢cftesmMOydo Odedj e) .

3. Il Mistetsj degdz" § 4 toj d3j dzdz” J , tc @ ucqgH tisdptsf
My bts¢ d BdzcCes, O IsOCY] & ddzHj CMOd BC

4 . R dzMmistclz d3j dzls T CsdeW d ezt It dr @zedfrd d W
BsHdW JS Olstsgiolsatliy Hsdzy j dz ftcjHO Otcd s j dz' dz
CsdWdekztcOyd s LOfEMC O Hdzw HOdzdzsGe s 9
sftej HjteDLjids] tedzts s mMils¢d d BdztsC tso, |
o' fsdzdzj dzdv WEdS ydd wHCO.

5.4 ls OdzH Odpdsdd 19 tc J¥ dzdlaf jy d d

311 sHdWdSC Olstster WkdzC yd?2

[ sHdWdS Odsviets s tcj HJ dzv j Is, Ylsts W kzdzk ye
fpdzj Hizs " B § OteOd3j Iste O3] :

Tor f tsdzdzV gelsdgw dz0O

Ty 4 Is BT Is! 9ordedc®@dzO Issdzr Cts5 My

[ sHdWdS @Qebaltestf toj H dzv jIs WEdSyds ¢:.OC

I d MY ts dzdez@elscig W

Ter L " 9 @gogmw
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i d3s g Isle'r L ofi@er®en d®PUfMmcomputecapabilityo r h 3jx.

A Iz dz€ dsdsdiz y jadsteda W d € O Blabd sfiisHH j oy d o O Is
vodeo COyjmlsej .sdfO otsLotOISO

[ ¥ B2 or L tse _WlabdkS yf sHtcOL 2d3d 9 O Is
CedWdelkztcOydd L OfkmME O. lrTL 89 WHEIGEGO OM(d
Motsy orfwdzdej dzedj, dai HBYdHOWM! §dyOC

[ sHdWdS Gdststse SftcjHjdzjdedd WEREyYydd L

P9’ f sdzdzg¥ polstipw  dzO

iy Jls B" st orhostOdzO Istsdzt €5 T

JftejH]jddls: WkdzE ydfseo JO@Uzj dzlsdzts sSBI W 9
BJjL SdBIS:s BsHIW JdS Olsstetso globa o @ dzhfoitd Yz ls ts
B lkzls B &) dajfds” SH dzg af¥e jdrd3] dalgmclz] §f  host
Bsclzls BriIs! ftoddij deoj dz@ ©Hdztso toj d3j dzdets, o
Hdzv C O HB2 yYOMmls diostff tc diddizticy j dzad v : H dzw

sOBdzdyr 3.2 tBtBhOjlIs ddW stedzsOyds

s OB ABAPSHIW S Ostster WEdzS yd?2

[ sHdWdSC Olg JH) orftdz [EEHO or L
__device Device Device
__global Device Host
__host__ Host Host

312 sHdW S Olstster  f j toj d3j dadz’ A

[ sHdWdS Qevisds st tod H Jf dzcj 163d, fztizlz tstic@w dzj M j d
dzQ@levicel tod 1 ssd3 Micdedie MdgHzskz ) BT Is+ B tc] H J
BsEHJWJSEOlstster . { fhdzd ftesydJ BsHIW S O
§4tcd d3J dzdzOW :

TtcOL B3 "N OjIsw o GcdzsB Odzt dets?2 f O™ Isd ;

iTotej d3Ww Y dLded § jtej d3gd dedets?2 ISOC B84 x4 &

1§t di3j dzdzOW HisMis Y dzOf 6 dzodmgizd >OP tiskPE &
host sSHO Mt HMIse tsd3 o' L B(eudaGetBymioaRAdfdegs B
/ cudaGetSymbolSiZe/ cudaMemcpyToSymbQl/ cudaMemcpyFromSymb(Q).
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[ sHdW d ¢ Odtostant Ctoslstster 2 HsY sdzdzd Is § dz!
dMmy sdz' L Hevitedg MsftejHjdvils, vyt §jtj dj dzd

TtcOL d3d " OjIsmw o CidMmlsOdzlsdzs?2 § Odzv Isd

Totj B YdLdd Msef OHOjIs M oty d3j dzj a3

THESMsEy 20 dL eoMmj rn { tsdsids ¢ <o , Is QfssfjszCPL
fsMmMtcj HMlsoatsds o7 L oo Ycldd@etGymbolAddrefs tzd s |
cudaGetSymbolSiZe/ cudaMemcpyToSymbQl/ cudaMemcpyFromSymb(Q).

[ sHdwdS Glimmed (BsYJls §dd] dzvis!dgvice e c
SftejHJdVil §Jtoj d3j dedzlze, S BISStLOW:

TtcOL BN Ojlsmw o twWOLHJdjBs2 fOodkwIisd

Tot] B tfftejdedj dzv j sfw o te] &gf dzf; 3 Mmizh j Ml

iHsMsEzf des Istsdz! €5 Hdzw dgdIsj 2 odzzlstcd |

glzh jMmiselz¥ s  fROWMMAEP dzdze” s toj Hj dz¥ § &3 §
__shared :

extern__shared float sharedl];

I' sOS gz @) B 6 dGOMMde O st H|dv]lsh
sOSdd ¢4 dzpgddzzs Isimw M SHdtsects d IsSsets
or tcQoadzdo Odzedj 1+ dzj BB dzlstseo o dBOMMde j HBI

[ sHdWdC Ofsasalged  dztsy jIs BT IsH HsY sdzdzed Is §
Mtseo &3y Mislegise ) CIlsts L d2ZOYOjls, Ylsts:

T4 ted d3 dzdz@®© KO s lHsfCdevicd

Tot @3 YdLdd MBSef§f OHOjIs M oty d3j daj o

313l mMstetsj dgdzr § o J Clststedz § Isdyr

S HOMtsZsz Isdfbkz lsdsmwls o] CIkktsttO, (s
intdfloat. 1 © MOBSdRE Hjdz o] CIsstcO® 6 OdzdL 859 O
SHes Ho ZIEGEGgGE yjls" tcjrn St tsdej dzlsdzr | o C st
oJClststetse tsmizh jMmise dzv j sy zdw) tej L f sdzw Ml

l mJ ojJCltstedz j Isdtr ftoj Hf sd&zOG @ Is
make <typename>. 1 Of ted d3J to:



int2 my_var= make int2 (1, 100);

) H O dzdats d3
L dzO 4 dzdy)y =g 100)
17" tcOo dzd @ Odzd §
cOL B3jtetsdz Isdf so
fsCOL Odets 9

CBHJ

C s 3l t5dzj dzls 50
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MsLHO] smw

H o I Cfifs dsYf

9] CIssteso

1 dzj Bfsdzlff oD o of gASIstHIG @ Misp &

Is OB dzd y 4
U OB dB3DO" tcOo dzd & Odzad j

3.

3.
| dzj deyiczB tsa j o j S Ists

l jSItstedz” 2 Isd l " .09 dzd 9 Odzd .

charl, ucharl 1

char2, uchar2 2

char3, uchar3 1

char4, uchar4 4

shortl, ushortl 2

short2, ushort2 4

short3, ushort3 2

short4, ushort4 8

intl, uintl 4

int2, uint2 8

int3, uint3 4

int4, uint4 16

longl, ulongl 4 ,  pimgditbng)= sizeof(int)
8,9 ftilsdo dztsdy fmdzlz

long2, ulong2 8, Fsimpditbng)= sizeof(int);
16,0 ftoislsdo dztsdy fnydzk

long3,ulong3 4, j9iemf{long)= sizeof(int);
8,0 oslsdipdadsdz©Oj .

long4, ulong4 16

longlong1, ulonglongl 8

longlong?2, ulonglong?2 16

floatl 4

float2 8

float3 4

float4 16

doublel 8

double2 16

r dzw tcOMmMBzsIstcj dedz” n o M s tc tstf) t8lAUAS BY tsedgj (dad

sfJwOydd dal

fsSHH ]ty do O Ismw .
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| CUDAf ted fzlsmlso iz jdim3.ls OTIst5ls Islgfdff, W OSIsd
dZ@int3d dmMisd LEzjlsmY HdY SftejHj d ddY ©O
StSEHO sBi Wodzw jIsfpw fdim@, j d3j dzelz® w2 I
d dzd yd Odzd L d tatsfotiidgditds sQe® bk fls Odz0o dzd o O Is )

3.1.3] s tcts jfdgde jjd3] dadz" j

l Mis tc ts § tfzpds jj d3j (@B f834YtOtc j H dzOL dzOy 4 dz' H dz
tcOL ) edetsmisd Mjlss¢ B, O OSCYJ
fsssCtsal. §Jjtoj d3d dedz" §J HEBMIskzY dz stsdz €5 ¢
device

v OB AB[A|OMistetsj dzdzr § f § o o34 dedz" J

1 64 d3d {fdMmOded J
gridDim 1 Jjtoj d3) dzdel®nB, IsfigitfHOj toy dIs tcOL d3j toC
blockldx |} j o] O3jlSOAEEM8, MEGH jey dls ddzH j S M
blockDim |} j toj d3j dzde®nB, O] ey dls ©OL d3j toc
) |t
1 J te

threadldx J d3jlscfdp@B8, fmtsH jteydls ddzH j € M
warpSize J Bjlsdfdp@y MtsH jtey dls tOL d3j tc ¢

3lds sz e ztcOYdw WwWHIEICO

SOYHT 2 9" L tso W ikzdz€ ydd W HiO ftcj H
CsdgW Jektedtetso Odzd j L OfSeERIOS ¢ & f BEg d 5 iz &
¢ OL Gdd i3] e & dzs C1s®@H Odzed ] § OtcOd3j Istetso
sfmizh j Mo dzw jIsw fkiIsj &3 ELKOg, DidysyS >of B ozj «
qasd dzed wlkdSCydd d fJin MIdMisd §O0LOA] L

1.} OtwcPsBgls d fid3tst toj H j dzWw j Is frigiCqlSgifi| ¢ gy Is -
I Dgyl Dgzf sCOL" 90jls CtsdzdyjMmMlsoats BdzsC s, ¢

2.1 Otc O RBplsdsifli@3s tcj H b @&V 35 tBdARTIREO. PR dzts
| Dbyl Dbzf sCOL T 90jIs € tsdzd yy Mlsslzms zists ls O tizeh
COYHBA. B dzsC j§

3. § OtcOdNslslsd ff ke t §f s OL ' ot tedzdzd Is s dzi gzd3?
tcOL HJ APQassBRO? $As stz] &8 -~ tOH dudiszAslYy 'ts dzdzd Is § ©
HA®Oy) Hisadztsf ©® [ d3ts dzy O dzdNstc ® &0 Ged3 Is to
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4.1 Ot Odg Iisdcfc@daStream &t OH O Jts¢ ,f sSGBMMsyd d te ts -
HOdzdz" d3 o ' L;ifcts SH3d3® dzig O dzdStc o Qtatd d3j Is te
1 tod dgd Qv Cdi[det d 6 & O ek tfoR | 1 ) Ida® )20z

-|__global__ woid SimpleKernel()

{

[/ Kernel Code

}

“int main{)
i
dim3 Dg = make_wint3(2, 2, 3);
dim3 Db = make uint3(3, 3, 3);
SimpleKernel <<¢ Dg, Db>>>();

system( “pause™);

return @;

1
[ M E cd¥ e btodieso Odedj d L O

[Ujodudes, 7yt Okckdjdls' CdWdelktd
WOClkdujMSdr (O0wOdjktess WkdSydd YHEO
shdeSs2 o MkzzyOj Dg didiprdg s 2O HP B HEdR GO
Hsf Efisdds" 4 L dzOyd ded v, s GRW j dzj@pdg" tgh j H
shdBCc2 §sdL tNagtsdshOS 3 dg0O § findirfOsz Hasi jH de
COLHjd&"jdks2 §OdkvYisd (LO oryjltsd s8I
MlsOkduj MS et ©OL &jhjddv) .

315 IsOdzH Otelsdz" | d MmMtseClBPe j dzdzr J W EZdzC yd

S H O dzdzts d3lz tcOMh dtej ded ¥ slsdztsmw Is fipw
BOIs j d3OIsd yj < 0 C+s, d BCdfldsdstgr Cjd di3ts ¢ z Isdevey f s d
CtsH] (HKoBEBH@ olsOS Yy ofMmj MeMmilse jdedzr §j Wk
o deviceC tsH J .

g 5B Mise j dzdz" jntrifske Bzdctjahy] @Goelkzls dMf sdz! L s
odeviceC sH j . 1 Mmj odzzlstej dzdzd 4 WAz de§juddidi {ldas wi
B tsdzj J BN Mister j OdzOzscd WkdSyd?2 MmlsOdzH
OdzOzse dydz" § dd3i dz0, Istsdzt € §zOftf de@ slsginggepdz" J
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IntrinsicW 2 dz€ ydd B Mstej 4, BOEC COC Bdzd tslstss
st J tcOGHWR J T ydw w € tistegfedagt math L OMlis O ondze j Is
QolssdizOIsdyd MS¢d YGJtodotsHdIs! BOIs j di3OIsd yd M«
OdkzOzsc O3 ( sOBEZJYO 3. 5) .

] sded ¥ 4 ded 4 Istsydesmis d M Mise j dzdz' n W
Sftej Hy dzj dzdz" d3 ftetsBdzg BOB © GJletsctcOBBOR .
wodzw JlsfgftcOlsj dzt detsy Htodd3j dgj dedj MmtsBMmise j
stsdz €8 9 MzEyowas CBEHO Ctodlsdydsts otcj dzv

s OB A5 OB Mise j dzdz’ j W kzdzS ydd

JTJjtwcOltste/ W EkZd JT1dmoOdzd j
__fadd [rn, rz, ru,rd] n, bkueubkddzdtetse Odzd J
__fmul_[rn, rz, ru,rd]( =, Z)|vdgdetsy j dze d |

_fmaf _[rn, 1z, |0 @ a
__frep [rn, rz, ru,rd] B) piw
__fsart_[rn, rz, ru,rd] (X W)

,  Zlw
, Izl oy butif ¢ w ¢ ,thenO

__fdiv_[rn, rz, ru,rd] (
_fdividef (

11(11

__expft (A Q

_JR@l (R) pm

_logf (R) | 1 @

~ log2f (= 1T @

~loglo0f (R) 11 Cw

_sinf (R) OEb

~cosf (R) AT &

_ _sincosf)(n, s|OPOOEAMADPOAI O
tanf( A OAb

_powf (a&a, k) W

[ dzw ttWHO WkdS yd?2 sy dzs L OH Ols Is t
dmMfsdz LEj &3 2 MismMse LOHOjIsMw fted § tsd3t

i_misCtekzedzj dzdjy ¢ Bdzdy O2h j Bz

i rzisCwkzedzy dzd 4 & dzglz dz® ;

I nuisCtezedzj dzgdj o9 j ton;

I _rditsC tolz ¢ dzgleded |
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SMtsB j Ml J ydoa OJ s f sdzdz" 2 dzOBtste st J Oy

Iz BRd teSrp Odzd §

The SMs have the full complemieof 32bit integer operations:

ifizsy jdedj, dedStSGHO dzgj fjtojotsHdhBs] o

i Rdats Yy j dzd(H,O dmf Ctf jtoj o sSHEEMEBBR;] o § tsd30dzr

iy dzsydfodzj dedztsj H j dzj dzd j

Tdzsedud MSdj sfjteoydd

izmMdzseo dzr § ;80 J0Oydd

sy jte@upda j clsOydd

oMy tsBs e Oy joze QEAQYdte YL ts B3O)dzH '

L d3dzts ) J dzd § ydfmj dz toj OdzdL tso Odets GRUOL dz
fmJ d3j 2 Tgdkagl Bermi Tasled M s dz' v & jlelz 24 EZ dzdztsy d Is j dz
FermiL OH j 2 BXBoddg@®@ S Mmdzj H Mis3g §f Js dasdptelfizisdSM]  dz
IxlstejBlzjls 4 ddmstekzSydd. g dv ftoddsyj dd
Stedj dzsdtetseo Odzdz’ =~  dE€sla GAYY s dz'suntsal @ @G Js mw
ftesdLoeatHdIsjdz detsisd L O Myjls { tcd-agfl dzizizd &
Edsdetsy dlsj dzw. 1 IsOBdzdyj 3.6 ¢ Ont.Odzr Mt

s OB dBB@BMIse jdedz | WEkdeC ydd Ed3detsy j dzd

Intrinsic Description

__[ulmul24(x, y) Irudmdzy j s fesdL e jHjddj
YdJd &zsyd mdzj dzdz' - f OtcOd3j Iste
BZOH N d j 32 B d IstOls Oty & g dz
OB dzidassc Jtclz ¥ Ismw
__[ulmulhi(x, y) l sLotcOh OjIs MisOteh d j 32
Yyd azsyd Mz a0 ddy.so X
__[ulmul64hi(x, y) I ydmaozv jIs f weisdusasjoH jrdzdydj ¢
oL ®PIs d3dzOH h d g5 61f4tc tBJdLIsqQ)

I S sdzdzd Is j dz' dztsCUDA o3 1 s s O j Is dzOB Stc
WEdz¢ yd?2 Hddzw Bdltser 7 BOdzdf 2dzv yd?2.

1 dzd w ded 4 s JjteOyd?2 M &z O M j2 1 [Ists1
ftedqdzsy jdzed?2 d or ydmdzdlsj dz' dzze Issydetsmls
HOBPU OdzOdzsedyder § OmMy JSlsr tOMMdzOlsted o (
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Hteze drn f dzOIs % t€WRROL- tc d fylztis Mfilsdz jizHs BsE D dddj¢ © dz' dz
Mo s2Mlse O

1.1 sBOQodzj &zO f§ SHH | toy & O hestdevifesisavj 2 fydf
Ho 52 dgts?2 Istsydasfmisd .

2. [ sBOadzjdzr B HEOYJdddzs o sHz8B Odz! dzts 2
Ho B2 dgs2 Issydesmis(d .

3.  sfEmMCOs s flsjted or ygmdzdIlsj dz' «
SfbdBdL Oydd sf§fjteOyd?2 dOH ydmndazodkd M
CUDA.

{Brydets, JjMmdzd o0"j ftedqdtsyjddj ftejH
ssydetsmisd or ydmdzj dzed?2, Iss dzj sBrBBHd®BS (!
J ftoslsdodesdz Mz yoO, , dmf sdz' L s9 Odad § IS
fsLotddls Mikzh jMmise jdedets ko j dzdydls: ftotsdL ¢

l OB zBYfpsBtsBh j dzO JdaW stedsOydw B 5§ 4
f zOeo O h j2 ILtsyCts?.

v OB dz§. YOy Odzdasfitctsd L o s H d lff Jsdgyashfligdic Oy d 2
o4 hjMmilsejdede” &3d udMmdzOdsd

sdf HOdG) esdLotsHl uvbydetsfi] ststetcj Cls
Il jhjifmlseo jduvdzkzyh j ddzOymtstets) OW|1 jL dL d3
yd fndzO S H dmf sdz' L|dgjls L O
Istsydztsls d Is s dzB3ZBtE I Zdzts 6 S 1S
dzi BJ L B
HisMlsz§ ts
l jhiMmse jdmBtetsh OW ojlvdzzyh jidzs jL dL &\
yd fndzo Htcj L zdz' sOls /Btsdzj j MN|dzjls L Oh
ssydesmisd |o j dzd yd dzdztH d Of OL 5| d3dets 6 B 15
tcOL oW HdzsMIIsOC ¥ § dzj B j L 51
sBtcOB OIS 9 (f sor" hQwdzH sMiskz ] ts
GPU ( BEIssydzsmls
h d tetisd3lz B d&zOG SH O
HJOff Owds@algjB dIs Od3 da(
dzO H CtolstsdgL dzOyJ dzd
o' f sdzdzw § Isf
s5fjtOydw
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dlsOdzH Otclsdz" | d o Mmistetsj dadz’ jo " Wuzddifdzrdis]j d&
ssydzsfmls @GS Jdd o sHA I8 ] olsd@slaplOelsdzr §J W kzdzS yo
i s dzdzlz & fsHHjtey Sk Pdesitses MfjSlktcO® Of
B dzj §, dwdesedy dL ded Antsdgisto f Hakizl g 9 O dzjsdi
tcj OdzdL ¥ s sk 34 WEdSydsdOd dasmis! , das
bz yh j dzdz" &3 ~ OtcOCIsjted b @dgd Isg dzs tztiz? j |

R sdz' L tso Odzd | CUDA " wdthydz d3iz® B widf'teAs 0 O
W d dzO dzfrps o Ry ddj decidz ¢ d = f st sy 4 fdaff? , 87 MSC ¢t
stsydzsitstjls tf o j listdzysaniis s tenj e0iad L "OQetftsfo :

1.) stelsdtetso Odzd j APWAE@HDA ] dzd v i

2. 1 40dzdL @y jsd lstergj . diztslin) [dsdO Is s @ ]
f stclsdtetso Odzdz 3z lis jj ¢3 ] ad agggjLdedd Is Ols Od3dzO
 fipitc | o 8 § & MDA

roxd fwd dimfsd L se Oded W kydfSnui{)ixdzts
tcjLzdz sOIsT de@GPWd3ts dafglidadf @ y O Is4] iy iz daAs lIisAPIY s dzv  da(
ftoddzsy J ded 2, GCtlstster j d in&zar¥ Q dzis gARU. gt (1 O €
ftedmikzhdrn dzgj ssydesfmilsj 2 GffjtcOydgast Mis @d@zOq
devicetcOL tcOBSIsydSkz Bro0Ojls IStekzHdzats Htej HJ
ftoj Hf sylsdlsj dz' dz" df3

] Is OB dZ[8ysjls ts B tc OB jtsig@ Y e tc d3OMYls(@ dzH O o Is dz'
mMseMmMise jdzde" = WEAS ydwa
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OB dBBIMOLOCISjedMmisdSd MlsOdzH Otelsdz” =

vdf WEkdql tesdL o tsH v Bydzsmle ststetej G Is
smls
dlsOdzH Otgmistc B Vdzz yh jjdedz@1 j L dL &
WEdzC yddmlsOdzH Otcls|fils OdzH Otelsdz(dzj Is L ON
WkdSydd (WEdSydd Bdzsc s s
ftc] SBtcOL|GOtcOdzlsdtetsdzj BJ L S ¢
9 s cBdzsyB 2H EZ1Is HeMiskz{ 5¢
H G
d dz

Eedn Istsydz' d3d ,f &
Mistelz € yMmitcOo dzj ded*A
mMtsB Miso j dzd
O dz0 dzts ¢ O dg
mMstslse j IsMmlis
tczC s SHMIS
CUDA-

cOL tcOB 515y

gtsBMilso jlvdzzyh jddmtstetsh Ow 1L dL d3
WiEdzC yddmsemlse j dif tede dzd X 4 didzj IOM  Is
widCydd |of ud mdzd dedf 3zs e s s
dmMfsdz L ZftcOQo ddzts, |dzjBJj L B
tctSH dzs@®OB|dzj 5B RtisHEE A H sSMisz i ts¢
d dzhistRz ¢ Yylstsag ts,
GPU, yldmizh j mise j d
a3 dz# h JIsiimMsC tcOIsd s+
Ctsdzd yg Mis| S sdzd yj Miso
dmfsdz L Zddemistez€ yd
¢ ts &30 dzH tej Odzd L lzs h
C sd3OdzH Iz

3.1.60 s s BOE| Oy d d
P lssBOtedz § 1§ wddpydfOls | dfQilssd Pl ddets

fslssCtsBiLBf QMdzs B G gD dzf B ¢ Mt JOtrsz s L
Y J tc CdpQifr] toj d3jlsamlzfsB, dzj 5B n SH d d3ts ) 4 cf tsto 13, oty de
EMmtf jh dets dzd BTF dzZO L Q9 jteh j dzO H OdzdzOW s
fslstsCtso, Cobste’ | ttOBtskOdaOC) ALK 2 Oy
s jteOydd weodws sy fsltsCtsBjL ] OfNd &J,
Ylsj azd did d dL d3j de¥lis' j dadzB®dzdaizjj ¢ tsezdz€ of @
ftod d3j dzdlsj dz' dets € GHdzsBE { dzj BB dzlskz H O dzdz
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1 Ot Odzls d A= ETgANE GE §)E Oy d 2-L Qyilsdimgd a34 dzd dzd
st jdedets 9Oy des © MejHOR M o' MsCddy EZto
ftocj HsMisOadzv jIs Olsts®izOtcdz jJ W il g Oujls Fdids Is
BsH d % 9L O fz® 32-8 diis d3dd dzd -B Gy o3 H O dzdz'
tc OMY tsdztsy jeddets Bdgdz! edzts 2 tO® dgYy IsiHff Q) dfyi=d d .

sO¢ d MmMIsOdzH Otelsde" § ddzd MmMtseMmise j dzdz |
tej OdzdL ¥ ls RBOIJ BOBud MEdd BfjteOydd, s
orydlsOded Jslsdzd udJ tsls dz¥ itz Yy iz ¢ st QdalONiAf
Ols s BOdpdE l§ tc SISl O Isw Mo tfdedf HfstB dcjOB Jsdzd jj d
HOdzdz" 7 tSHdzso toj d3j dedets oz MC tsdz €. B € tsdzC k&

[ O i3 ldctelctzf@ d B3] 64 H ) SSOHhdejsdp s B O s

__global__ void Increment(int * ptr)

{
int tmp = *ptr;
tmp = tmp + 1;
*ptr = tmp;

tdmiezs@s fejnjdjdd "HBO

]l HOddzsd3 S tsH| fHtesdLoatsHdlsMw ylsj dad j
Foj dzduydeo Ojlsmw dzO 1, §fmdzy yYydets ko j dzd
ssls 34 OHtejm fO0dRvIsd. sdzjHzjls tBtOIlsd
dmfsdz' L zj Isfyw dHjdzlsdW dS O&dtc B lif islsls ¢ Qlzj d
sBtcOh Ol Mw € HdsBkz  Isdkkz %j OHt] Mk
BzHjls orffsdzdgv sy 1 Ists WHtt, Ikt $0O0Ct2 f
M OLOI!, yYlsts o dlssejy BEZHJjI dkzyj ds
1. 1t ol Oty dziz ipindefdéd Bllzteitgdsdzy 3O L OC dzb -
Yylss Btsdzjj yYyjd@d sHddz fslsst frlksOjlsmw L O
OHtej Mk JOdkwWIsd. Clts ftecdotsHdls ¢ CdCkz
dzj Bj LB OMdesdBz HsMiskzflkz ¢ §ORYlHY]yuj H &
ftcj H 5dzZOG O] Is, Yysts HoeO ddzd BtSdzj j dzjL
sHdsdRREZ d Itsdkz xJ EyomksStkz f§Oodkwisd, {§tod
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frlsOjlsmw dL d3gj ded Is 1 dzj d3j dzls H Odzdzr = . 1 .
sftcjHJddls!, COCts2 kL of sisisS o € B del ke f
dzj Ssdelstesdzdtelz j dGztsj] s j Hj dzd § f tod dztsy j dzd
dmftcOo dIs .

[ dzv o sHisdzj dzgdVY JsHESBAZ » Mdzsy dzsiyls
Ots®@Otedzr = s jtcOyYd?2. ¢lssdizOteds jCUBDAAPK Oyc
© odH] WEkdHdyds:. 1 0Of te

int atomicAddint *M, int V);

I sdz h Jdzflsoe s Olss®BB3Otedzr = S jteOyYyd?2 ivod
sded ftojH sdZOG0OsIs Hj2Mlsod] dzOH H o kzdgw
f OtcOd3d sSte©® W lkdzeS ydw  tdu dzdodistsitdss 2O Hif te®mnD O izds
V. [T jOoydfticsoCapesd) ) Oltsd3Otedzs? W Iz das
L 2Oy ded § o3, MtsHj oM d RigY B§ dej dadi g iz @z6 3|
tcjLzdz SO MtsatcOdzv jMMw 5 ISsd3z %4 OHte

1 mj Ols s 3O tcdzr j WiEdtydd d3ts y dats tc OL
Otdw B sdud MSdj, Bdlstse "ajs dpds tsER0D alizyogsdy d
tej Odzdn M ISO¥ B HipEsy JjteOydd

dIssRBOtBdf Isiso ™ j W EdS ydifs sa]Ististe dzdew & Hsj 2
YyJ dzjor i3d H ORdzZsdggEstdE st g sBR{Istso ®jd R J
cif sBdlstso 5§ dm¢ dz& yos B8 Qo tizir gzR yff Jftc 4 Mls O dzts
W9 dzW tizldnfgts e3dzdzd B J € Esfpdffsje das dzd L @@Ry fadzd b5 W
fOBWIsd dzse " a3 ¢ s e fpiide gz idte § M ls Oaldiplp & HO
oL OotON O I§ HIOARAA j ded § dzOyOdz! daets MtsH j 6 OF ¢
oLOotOls ftesdMmMrosHdIls dzj L Oodmd s tsls Mt |

A 2 dz€ "gaofmicExchf etsdL o sHdIls BJLEfdzso detsy L O

A Iz dz€ ppmicCASyYd s O j Is fld @Ad e 432 L dzOyJd dz
fJtcj HOdEEMRE OHt] nNd&Es d o st®o dizd § @ fo I€ipllz A
Mo OH jdedWw 5 f j toj H Odzdaasipizs jO HLtadzOMz) dedQitf
d dzOydud dedep ¢t OHtej Mz dzj dL BjHd@' j BEOE
ftogflsOdadzts ] L dzOyj dzd J .
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I'd tedzj sy € dzOM j Bz fteddzjtelz. 1 O® daj
WHicO ) d MY stomicAdd e Odzd j o
10 @8dfd. f s5COL Odz dqL d3j dzj dgdz" 2 S tSH W HIGC

__global  void Increment(__global  int *ptr) {
int temp = atomicAdd(ptr, 1);

}
{ MM R MY Sdz L 59 O dzd¥y z dAIsusfPO te dz'

1 B8 oL By O MdkzOydw, CBEHO dzj tBW
fesdLroejMmisd sfjtOydd ddzltej d3j dzsO. 1 Of tec
foslssCtso o ftsdzdead dzd s JteOydys kM jhdets. v

__global__ void check_threshold(int *arr, int threshold, int *flag) {
if (arr[blockIdx.x * blockDim.x + threadIdx.x] > threshold) {
*flag = 1;

}
it dmMEz3ESE j Odzd v @ddydd wHEGO

lted BOSCtsd3 ftSHARBH, COYH"2 {fYslssE o
mMtseMmilse j dzdz” 2 L dzj d3j dzls HOdzdz" = SIssCO Bt
Pmmdzse dy or ftsdzdgy JIsimw, Ists kEMisOdzOo dzd o O4 |
dzj B j L 5 Ofdz 2 HsmisEEe ¢  § J tajfipljcddezc s 0 O o
W Iz dzC atofrdcExchdzts )y dats d M€ dz8 ydlils! dzj B L s Ofmdz =

int atomicExch(int *M, int V);

A Iz dz€ gtdmicExche j L k& fj dzs e3getizilzPle| j dzd j ,  AMad@dizw h
L dz2Oyy.dzdd oL otOM Ojls Mmlis O witdzjdzSLysd@iigHda] jj tc ¢
W dzOahé&xk threshold é ) d mdtamaExchigi ¢ dz¢ yO 4 smw dzj B
HeMiskzy §( ERHO BV Isd

__global__ void check_threshold(int *arr, int threshold, int *flag) {
if (arr[blockIdx.x * blockDim.x + threadIdx.x] > threshold) {
atomicExch(flag, 1);

}

t dMEZIBE ZdS ydwv wWHtEO i OlsdiOd
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] OB 8.9 i 6 d o & HigllsdfiEsS j © OYAER & Is s ECUDA
f s5HHJ toOdSas@ONS Haizg y d d
OB AR OMistetsj dzdz’ | Ol ®@OmAL j WkdS ydd

[ jtOyd| A kdz yi ] SHHJtYdo OJ d3" J

# &z d3d3d te ts 9@ O (atomicAdd |int, unsigned int, unsigned long long i
float

Il " ydls©dzd J |atomicSub |int, unsigned int
1 J L 2 Mmdzts 9 dzl atomicExch |int, unsignednt, unsigned long long in
fjtoj MisOdzs float
[ d dzd d3lz o3 atomicMin | int, unsigned int, unsigned long long in
[ OC Id diBlz &3 | atomicMax | int, unsigned int, unsigned long long in
R dz€ tc j d3J dzls | atomicinc unsigned int
r 4 € toj d3J dzls | atomicDec | unsigned int
4 tc ©9 dzj dzd J | atomicCAS |int, unsigned int, unsigned long long in
fjtoj MisOdzs
| s dyd ¢S ts/atomicAnd |int, unsigned int, unsigned long long in
| sedyd m¢ IS‘ atomicOr int, unsigned int, unsigned long long in
RME dz¢ yOr h | atomicXor int, unsigned int, unsignddng long int

1 d Md@slstew dzO Ists, Y lstists djlsLtsdis O tcader difg s Adkinsd
ftoddsd dzj ded v, dn~ fteddsjdzj dedj Bsyjls BTk
Slsted yoOlsj dz! desects o dzdwdedw dzO ftesdL oatsH IS

While atomic functions are very useful and absolutely necessaspme
applications, they magome with a steep performance cost. Tlaresa numberof
contributingfactorsto this:

RdzW Sted3Oyd W tsB sMhtse j dzdets s w i tcd d34
ftcj HMISOo dzj &2O. & I[sOB dzd ydJ

v OB &z 0Q tetsdL 9 5H Jdsjedyddidfiids ! d S stetej CIs
CUDA

vsdf fj@lesdLoeosHJI _Utsudzisfr] ststetej € Is

dplstsdBzOtcdz” jj1 dL § OOIstsd3( 4 o dzd W) Otc Odzls d
s jteOydd [rOwOCIsjtedilstsydesmis|f tod

B 5 dz’dBdd CtsdzeS 2t j

dzO € dz@ge dz’ Hisfils z{dL

e OMO B dzj M ¢ tsdz’

fslstsC tso
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1 J BJ L 51 Of Better, unsaf¢ J o dzdws stetej S Is
Hisfiskzy accesses show thels sy dzts fils| dzj
same performancas GOteOddzls d

any other global
memory access.

32 sz yj dzdj ddW steddOydd s Ctsdasj ¢ fmls
OHOfIsj O

NVIDIA ftej HisfisOoa dzv jIs daj MStsdzr S5 ddzMmists
Cslsster n ftotsec tcOd3dzd M ls ddzj JIs o BL d3tsy dats
Emistes? GUDAQ 3] dz#@ 9Oy des EZd3gd Is! dMmy sdz L 59
COC 1 st sy jls ©OLOBBISYdS Ez sd@uds'd dyOH
fjteijH LOYfEMSC 3.

LiMistots Udyilsetstslse jIsMisakzjls toj Odz desdiz W d
OHOf Isj tolz. I 5 9 tcj GUDA, di dedDQ @ Qi dzlOdzldteflz j Is
HsMiskzf dzr | EMlstes2MmMlsea® d MsLHOjIls MfJyd
ddzy 20 EMmilstets? fidsigls d Sfck. -~ Ot OC Isj to

LL dOI!, CO0Ct] Sy gl zlssBshi)hk
o' L 9 Qo Wchlxlicg@etCoullt d dzdudaGetDeviceCou()jt 1 sfdzy ¢
By dzts  f sdzzyd s HsMiskzd € fdmoOdsads z fi
DeviceCourtl).

1 tod dztsy j QDA runtime dBscbkzgmMtf sdz! L e @d yd o
cudaGetDeviceProperties ts Is tsLicGD s dagiitg HAsC Idsozttw¥aDeviceProp
ClsO MsteczC IskztcO mMesH jty dls f SHictsB dzlz ¢
( s OB 8Py O

v OB dBMIO tsdzv s wUdADBvViCEFPYOP

1 s5dzj {fdmOded J
char name[256] ASCII-lstets ¢ ©, MmtsH j toy ON
size_t totalGlobalMem sz dz" 2 sBl Jd3 ¢ dz
BO2ISOn
size_tsharedMemPerBlock |[ B j d&3 tcOL H j dzv¥v j di3ts?2
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int regsPerBlock

ydmeeB dsd 1 ©jcdmsks

int warpSize

[OLBjtc o0KY O

size_t memPitch

f OS M d3Odzt dgr 2 " OGE (3
Hdzw C s Jtoy Bdgd W 99 BID

int maxThreadsPerBlock

[ O¢CMd BBOdz! detsy € sazd yd

int maxThreadsDim[3]

B Az € j
¢Cid 3O dz! dats § ¢ tsdzd yJ
Hsets dL d3j tc dzedv B

int maxGridSize[3]

HSGts L d3j e dzedw My

int clockRate

Missls O {fds 50yd dgtinds Oy ¢

size t totalConstMem

[ O
C Oy
[ OC Md &3P dz'Cdeslzd yd4 Mise 5
C Oy
Yy O
B

i j & CtdhmsOdsds?

int major dIlsOtch Ow yomlis Ztetse
9 5L d3ts ) dzts mdsmplite c@pability)
Emistcts? Mise O

int minor [ zZOH M PO®MIs ! Zz tcts 0 dagw s
oL By dzgsMisj 2 EMmlstets?

size t textureAlignment stcjBBBOOddw, ftojHI WO
ortcQodzdo Odzde Isj S Miskz

int deviceOverlap 1l zdzj omCd2 Wdzoe, f ¢
sznlstsls?fr]lsais SH dzts 9 to

W Iz dz€ guflEMemcpl) dB W H o

int multiProcessorCount stsdzd yj mlso ts sz dzr Is
Emstes2 Miso J

int kernelExecTimeoutEnabled 1 zdzj e & d 2 W dzOG ,
mMkh Mo lzj s dzd 56 tc @
dmf sdzdzy dedWw wHite EMls

int integrated Il zdzj omC€d2 W dzOg, f s¢C
dzd Efpiste 8]  dzd tc 5 SRLEAE
J Mis! yomils: s dzOB 56 O
HdMS 6 jJAPUdE" d3

int canMapHostMemory 1l zdzjomCed2 Wdzbd2, § &

EmMistes2 Mis O Is s Is &Gty Is
OHtoj Mdzets ] 1 tc s Mikzt)Gdefiplf)
dmy sdz' L ts9 OdzedgudBHosAllac s
cudaHostGetDevicePointer

int computeMode

{dXdd3 o' ydmdzj i 2 iz ff lsi

int maxTexturelD

[OCMdBOd d& 2 §SHHJ &
SHds®] ed' 7 kjShkiis

int maxTexture2D[2]

[OCMd BOdz dz 2 j BSR H i

( H dzw C O HTEJ® ) d LHOggViG
Hokmd3jtodzr » IS SMiskzts




90

int maxTexture3D[3] md 3O dz! dz" 2 f SHH jtd

s It

[ OC

(5 §O)Hdgks )dLu3ke] s
IsJ €

int concurrentKernels 1l zdzj o< d?2 W dzOG ,
fsSHHjtydo OJls dzd
SHdztso toj dz dzdets | dmy s
WHJjt o BHfglsjds S tsdzlsg &

int ECCEnabled 1 sHHjtydoOJjlIs B bkmls

10 B8dfiy. ftejHMlsOodzj &z dMrsHdzr 2 CtSH, &

int main()

{
cudaError_t cuda_error;
cudaDeviceProp prop;
int count;
cuda_error = cudaGetDeviceCount(&count);
if (cuda_error != cudaSuccess) {
std::cout << "Error while getting device count!" << std::endl;
}
else if (count > @){
cuda_error = cudaGetDeviceProperties(&prop, 0);
if (cuda_error != cudaSuccess){
std::cout << "Error while getting device properties!” << std::endl;
}
elseq
std::cout << "Device count : \t" << count << std::endl;
std::cout << "Mame: \t" << prop.name << std::endl;
std::cout << "Version: \t" << prop.major << "." << prop.minor << std::endl;
std::cout << "Global memory: \t" << prop.totalGlobalMem << " bytes" << std::endl;
std::cout << "Constant memory: \t" << prop.totalConstMem << " bytes™ << std::endl;
std::cout << "MultProc Count: \t" << prop.multiProcessorCount << std::endl;
std::cout << "Shared Mem per MP: \t" << prop.sharedMemPerMultiprocessor << std::endl;
std::cout << "Shared Mem per Block: “\t" << prop.sharedMemPerBlock << std::endl;
std::cout << "Regs per MP: \t" << prop.regsPerMultiprocessor << std::endl;
std::cout << "32-Regs per Block: \t" << prop.regsPerBlock << std::endl;
std::cout << "Max Threads per block: \t" << prop.maxThreadsPerBlock << std::endl;
std::cout << "Clock Rate: \t" << prop.maxThreadsDim[@] << std::endl;
std::cout << "Clock Rate: \t" << prop.clockRate << std::endl;
¥
¥
system("pause™);
return ©;
}

tdmMzags s EMEUDOR2 Mise O

t J L kzdoOs@fdic'ts ¢ tc @ tggsH ) i@ dfifj8dz
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-

D:A\Projects\CUDA\DifferentCUDATecnology!\DifferentTechs\Debugh\DifferentTechs.exe

gvice count - 1

ame : GeForce GITX TITAN
ersion: 3.5

lobal memory: 4294967295 hytes
onstant memory: 65536 bytes
ultProc Count: 14
hared Mem per HP: 49152
hared Mem per Block: 49152
egs per MP: 65536

2-Regs per Block: 65536

ax Threads per hlock: 1024
lock Rate: 1024

lock Rate: B75500

m|

A NpoOA0DAMEHHA HAMMMTE ANEYW KAABHWY . . .

-

{ M E3B6 6 0zd BES ! C Od® Uz GempPozdy 2

I fdMmlsj BOR, Coksterj MoHjtey Ol dzjf
Gz sBABSH]®BE o' BOl! Ekilsts2hsots §jtejH

1 g

I ssds dzj sBRBSHES GkSsosHmsoso Ols!

(tc d. 89).

td

int numDevices = 0;
cudaGetDeviceCount (&numDevices) ;
if (numDevices > 1) {
int maxMultiprocessors = 0, maxDevice = 0;
for (int device=0; device<numDevices; device++) {
cudaDeviceProp props;
cudaGetDeviceProperties (&props, device);
if (maxMultiprocessors < props.multiProcessorCount) {
maxMultiprocessors = props.multiProcessorCount;
maxDevice = device;
}
}
cudaSetDevice (maxDevice) ;

}
Mz ¢ jIssH Hdzv or BstcO iflsd B3Odz dzts

33[ fdzetsor ftotsc tcOHdBhtcts o Oded W

I sdz b d dzfyls o BCUDASHSIE JolOfsERzOc 0% s ] Odzd L O

h Oa:tso

lssfJeso OQdzdj onrBHDZ = HOdd = dGOPUGH J
2.7 L s CWsHss@s,s]J] BEZHJIs tsBtcOB OBPUS Ols! H
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3sfdetso Odzedj tjL zd s GRUDD fO@RUS) SO d

331lvftcOo dzj dzgdy  OBW IS &

] o ts G tc © A3d3dz@YUDANS tdeHj JHAf! 5, d2O0¢ 10 Iso ¥ yd Mdzd Is § &
mMsmistsdIls dL hestdBvicey OMns g 2 1 Is todg LdGOnpded' Is2j dz
Mo st MiB Miso J. dedzidzC y f OtelfHetdIOE Is L § OdgW Is
(devicd. v J n iz dEWDA[ F tc J HSMIsOo dzv jIs tOL o dIsT §
f Odzv Is+ & . J Is OB dzd Yy J 3.11 {fYtjHMmlsOs dzj dz
§ od d3j dzd dglevigd dgO W zcfzSC ydifyydis dz! thasy 3" 3d  dzO

v OB dB[IAIN 2 dzC ydd Hdzw tOBBISTr M f OdgwIss ¢

CWkdS ydd CUDA-W z dzC yd d
malloc cudaMalloc
memcpy cudaMemcpy
memset cudaMemset
free cudaFree

ANz dzC ydayr H | ddf @agW sudaMalloc

cudaError_t cudaMalloos¢id** devPtr, siz_t size,

1 Otc O dzjdésvRiti Iz C O L @B sdelz Offidsdsysiza] L Of o O o O
tcOL d3j to o O 'd(dd :teuBdSAccessudaErrorMemoryAllocation

[ ¢ s d tc S0 @dilf™ic=d d3j dzv | Is fcudaNlemadp§ y d W

cudaError_t cudakimcpy (void* dst,

constvoid* src,

size_t count,

cudaMemcpyKindind)

f Otc O A OH tdfj AEBEVY lisd] § d3dzdi OO ted] fifjs 5 Y dadnéi O
tcOL df s d tolz jBgHscEHOB O2 skl ' ECOL " 90 Is dzO
Cf Jteso Odzd W

1 dz0yJ dzdeovts L 9:tc O IsoddaSuccess, cudaErrorinvalidValue,

cudaErrorinvalidDevicePointer, cudaErrorinvalidMemcpyDirection
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[ dzv  f OtkiDdgtdoadds d My sdz! L s9 Ols!  Mmdzj Hizs |
L dzOyJ ded v

¢ cudaMemcpyHostToHost

¢ cudaMemcpyHostToDevice

¢ cudaMemcpyDeviceToHast

¢ cudaMemcpyDeviceToDevice

A 2 dz€ yeddaMemcpy W o dzv j Is fipw BdsEBd&@Lzedzjj 2§ J to
FftcOodzj dzdj Y5GO dzaj BEZHjOz o95LOtON jdz t6]

333 tdBjte dMysd L 5o OGUDAB OL 50§ & W kzd

 OmMmssisted &3 tod d3d to, o Odzd Lz fbztf 9 j difcie
9 jClsteso. HnjdBO, SCclstkOvs Opd| dzO8 HEOs Gt

Maschew + Messhob = Mosslvace
0 F———- 0 f———-— 0
L [ S—— L [ NSp—— 1
2 F———- 2 f———-—1 2
3 f=——- 1 === 3
nd F====pn1 == == == n-1

{ d MEZMBIC) Ote Odzdzj dz' detsj TMztsy j dzd j

RMA G H dz (@ d HLHH

int main()
{
int arrCount = 1824;
size t arrSize = arrCount * sizeof(float);

float * h_a, *h_b, *h_c;

(float *)malloc(arrSize);
(float *)malloc(arrSize);
(float *)malloc(arrSize);

h_a
h_b

h c

HostArrayInit(h_a, arrCount);
HostArrayInit(h_ b, arrCount);
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HostArraySum(h_a, h_b, h_c, arrCount);
cout << h_c[B] << endl;

free(h_a);
free(h_b);
free(h c);

system("pause");
return 8;

{ d f)Z3UBICA & dzS main(

10 Bdfl.2 ftjHMmMsOs dzj 20 W kdzC ydw d dzd yd

void HostArrayInit(float * arr, int const n){
time_t t;
srand{(unsigned int) time(&t));
for (int 1 = @; i<n; i++)
arr[i] (float)(rand() & @xFF) / 1@.ef;

1
t dMEZIABRTA £ dzC ydw ddzd ydodzdr ©ydd

ANzdzS ydv Mmezdsdsdtetso Odzd v, toj Odzchoskzs i Ow
vold HostArraySum(float* a, float* b, float* c, const int n){
for (int idx = @; idx < n; idx++)
c[idx] = a[idx] + b[idx];
3
t d MEMBECA £ dzS yd v ) kz dElogstts s dz©dad ™ ) (

it te! o fsdzdzd ds toj W OCIststed dz¢  dzOh
or ydmdzdls j dz' dzsGPUROCGtelzL € d d&zO

1.R ) s doudadallod €9 ' H j dzd di5 AP s+ dzO

2. d dmf sdz' L s GuitaMerdgpy 1§ OtcOd3j Iste
cudaMemcpyHostToDevice 8 ' {f ts dzdzd o3 Csf Jtotso Odzd j d
( 30 fn fn dhoskiz@evick)

3.1 sfmdzj Csfdtetseo Odedw dMmatsHdZr 7 H Odzdz
ColtstcOW o' f sdzded s ff 54 dzj d3j dzls dats j  fipfdEisdyts) adzc

4. w dMitcd Lo @uaMprgpy M § OO Ists
cudaMemcpyDeviceToHost o ' {f ts dzdzd o3 Ctsf Jtetso Odad j d
( 30 f fn ddeviceds@ost)

5.1 L O¢ dz¥ ydj Mifdts{dzeudaBrees o sB sH d GPUW O d&3VW Is ¢
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) sfidzj W OCIsEsonjary @ & W jzlszS §d % dzv h g &g

sSBtcQL B

int main()

{

b

cudaError_t cudaError;
int arrCount = 1824;
size t arrSize = arrCount * sizeof(float);

float *h_a, *h_ b, *h_c, *ref to c;

h a = (float *)malloc{arrsize);

h b = (float *Imalloc{arrSize);

h ¢ = (float *}malloc{arrSize);

ref to ¢ = (float *)malloc(arrSize);

float *d _a, *d b, *d c;
cudaError = cudaMalloc((void**)&d _a, arrSize);
cudaError = cudaMalloc((void**)&d b, arrSize);

cudaError = cudaMalloc((void**)&d c, arrSize);

HostArrayInit(h_a, arrCount);
HostArrayInit(h_b, arrCount);

cudaError = cudaMemcpy(d _a, h_a, arrSize, cudaMemcpyHostToDevice);
cudaError = cudaMemcpy(d b, h b, arrSize, cudaMemcpyHostToDevice);

HostArraySum(h_a, h_b, h_c, arrCount);
DeviceArraySum<<<arrCount, 1>>>(d_a, d_b, d_c);

cudaError = cudaMemcpy(ref to c, d c, arrSize, cudaMemcpyDeviceToHost);
CheckResult(h_c, ref to _c, arrCount);

free(h_a);
free(h_b);
free(h c);
free(ref_to_c);

cudaFree(d a);
cudaFree(d_b);
cudaFree(d c);

system{"pause™);
return @;

t d MEZIABTA & dzC mai)H dzv o7 f tsdzdzj ded v  @BRUA3C

1 590% WhkdSydy Mdkdiese OBRIY (WHEGE)
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__global  woid DevicefrraySum(fleoat # a, fleoat # b, float * c){
int idx = blockIdx.x;
c[idx] = a[idx] + b[idx];

t dMEzMBTA 2 dzC ydw WwWH©GCO

{jLEkd Ok ©OBGlk' ftscLOdd §560OL Od

-

i " DdProjects\CUDADifferentCUDATecnelogyh\DifferentTechs\DebughDit

rrays match.
A NMPOADAKEHHA HAKMHTE ANEYN KAABHWY . . .

t dMEzIABTI r o sH H tod sdzy j ded W

10 8dM.7 fsCOLOd dhrarsHd 2 CtSH, MBH
HdzZv LOBRjtcO ftesdLotsHdIs] dz¥ detsfylsd .

LARGE_INTEGER start, stop, frequency;
double elapsed;

QueryPerformanceFreguency(&frequency);
cout << "Ticks per second: " << frequency.QuadPart << endl;

QueryPerformanceCounter(&start);

HostArraySum(h_a, h_ b, h_c, arrCount);
QueryPerformanceCounter(&stop);

elapsed = stop.QuadPart - start.QuadPart;

cout << "CPU (host). Elapsed time is " << elapsed << " tics" << endl;

QueryPerformanceCounter(&start);
DeviceArraySum<<<arrCount, 1>>>(d_a, d_b, d_c);
cudaDeviceSynchronize();

QueryPerformanceCounter(&stop);
elapsed = stop.QuadPart - start.QuadPart;
cout << "GPU (device). Elapsed time is " << elapsed << " tics" << endl;

it dMEzIMBL) Odzj 6O HtotsdL oasHdIsj dz' desfmisd
9] Clststeso

10 8.8 Hj Bsdhsedtlkjlshv fMmdd &BsS 1 S ts
o tcd dzd dzd
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i " D\Projects\CUDAN\DifferentCUDATecnclogy!\DifferentTechs\DebughDiffere

icks per second: 3215371

P <host>. Elapsed time iz 7 ticks

PU <(device?». Elapsed time is 1074 ticks
rrays match.

A NPpOADAMEHMA HAMMMTE ANGYN KAABHMWY . . .

t dMEzIABILI " o sH ftoSctcOBB (oted d3W o

Il uj o9 dHdets, Yybsts f OtcOdzdzj dz' dzOW o jtemdV
o jddyj ddvy mMSsttsmisd  &z®B trlsftz y i jo dedzts 3 j-dac
CUDAf tcddztsy j dedwW or f sdzdzgd d&3 BsSHIW S Oyds®
BdzsCd d ftslssCd) .

__global  wvoid DevicefrraySum(float * a, float * b, float * c, const int size){
int idx = threadldx.x + blockDim.x * blockIdx.x;
if (idx < size)

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

t dmMEzMmBEf sHdW dydtetse Odedets W H

vd it dL o3 defaly) ff zfaCmaffH j i3 Mitedy L C
OB IS’ ftoddtsy j ded W :

int main()

1
cudaError_t cudaError;
int arrCount = 1824;
int thrdPerBlock = 512;
size t arrSize = arrCount * sizeof(float);

7

e

QueryPerformanceCounter(&start);
DevicelArraySum
<<<(arrCount + thrdPerBlock - 1) / thrdPerBlock,
thrdPerBlock >>> (d a, d_b, d_c, arrCount);
cudaDeviceSynchronize();
QueryPerformanceCounter(&stop);
elapsed = stop.QuadPart - start.QuadPart;
cout << "GPU (device). Elapsed time is " << elapsed << " ticks" << endl;

e
t dMEzA2B s0 OW WiaadmQ yd W

] OBddyj 3.12 ftjHmlsOsdjd ©jhd
5OCIOR) Hdv oL ddydsets ©OL &Bjtd EOMNJe
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v OB dR[1IQ O dMd d3sMmis! EMCtstej dzgdw s tOL

{OL&Bj] JwejoPy s lwjePu I©sd umS st
B3O MmMd

1024 9 1047 0,008596
2048 17 1301 0,013067
4096 34 969 0,035088
8192 68 1061 0,064090
16384 134 1073 0,124884
32768 262 1371 0,191101
65536 534 1264 0,422468
131072 1223 1540 0,794156
262144 2124 1713 1,239930
524288 4400 2410 1,825726
1048576 8767 2789 3,143421
2097152 17571 2777 6,327332

15 tjLbkd sOsOd Mmjtdd of ydfddlsj d
fsmstesdls: CeoOWdyjmMSks LOsadmdishlk! ,
o] Bj ded t6jh | BPYIOPYBBOUGO( PO dMI SHdzr |

20000
13000
15000
14000
12000
10000
8000
6000
4000
2000

1]
1024 2048 A09E B152 163E4 B2768 65536 181072 262144 5242E8 1048576 2097152

(= JU GPrU

t Iz O dMd 3sMmis! ot dgj dd wJMjc
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kMO ddv s

- e | =

t d fZ8BER) Oo d fd dsshi:

sdzstetsdz) dzr j ot totsfyr

1.s06¢d] WkdSydd tOdekOsls  §Odwis:! ¥
2. [fd" diffjtesmlsj 2t tgfQC Is JCUPA-tc Ols s ) tciatziz?

ftetsj ¢ Isd CEAG dedfvizts 3 § dad 2

3.50Cd] ®BSHdW S Otr? Wkdsyd?2 of L dzO
4.(fdhdlsj oMmistetsj dzdz' QUDA. j Slststedzs” j Isd "
51 swimdzd sy dzOL dzOyd dzdJ &EC\ets dzdz' = 4§

6.ylsts sOCtsj] WwWHt (WEdSydw wHtO)

7.8 0¢ LOfEkMmlsdlIs: Bdetsy J Mlsets B zZBS ®©F
LOf EMisdIls: jHJdzeMIse J dedze" 2 B dzts¢ My d3datsy 4 Ml

B.ybts IOCts] MoemMBpY dauaflyg ) Wdzid YHdr € ts

WkdC.yd?
9.5 0Cdj jlstsH"
10.s OCdj ®BSHIW IS Oter
st j dzdesMtzd L § 8 O deff)f s

f

sBtcOB SIsCEUDAY dBBE Mizh
1§ wCPOR tztz” R) dzf) k.
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torréfdrorffrrsuevlrpflfuls

¢ JtjH" HEMN dr t80Eh imdytatfis@icty fighisfte &5 ¢ tc O 33z dzC
CUDAd tJOL sBtgOE®RPR: fdh jilsmw f Otc Odzdzj GRU.dz" 2
[Hdzdd3 dL 903y dzi 2hdmr 9o { Otc Qdzdj edzzdgslstdn W tea
St @GOStedddzj dz! des dMmtf sdzdzv J 3" 4 1 dzj d3d dals™ ¢
ftoed tjhjddd L OH Oy(d . it JHES aHiPls o QPH 'k
ftotsyd Mitste deifylsi'ls mporspd Mte j L Zdz IsOIs d L Os
LOBBIYM! & Isd3, vyl o { Ists frpdidgjjdg! datg) dfGd
Odze sted Is BO R f PigPedpeilzi detsC L j B dzw tor (S
oLOdhisH j2Msoatso Ol d St jtodteso Ols: mw .
By nOdzdL B3O ISOC BB oCUDAERSH j 2Mlsadw o WL

411 OLH] dzi dzdJ § OteOdzdzy dz' dz2" = B¢

] ftod HAZHeOW H jo@inM d3ts Is to § ESCPUzPM i s dzdzw 4 |
f OtcOdzdzj dz dz" 2 CH. [ dzv 1 Istse s QGRYDA th slsts ds,(
Mesdz? C 5 didsddits LfOAtO dzdzj dzt dz" = 4 €L j &3 dzv te
1L dBfdzwier dif dzOL 9 Odzd B dzs$C Od3d .

RMY sdzdgw 6 M OCGUDANtGEFEH O dzv jIs tc@fgh jdgd Is ‘dzd
1 0 sdi3dzd &3, ybsts fted LOTEMEC] dai MEtsdz €dn
dr SBdzdyjmlets o {(jtotsd3 Oteclzd3j dzlsj o dzlz
mMzsy jdedd oj Clsstetsa o3 LOfEMC Odzd 6 st
9JCIststcO® MOL d&3j tetsd3

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

l sstes?2 OO Iste 9 kegdhitsd BHEsHZ GF 2
COMets BAZSC O. s Mdr 6t o3 L Of Iff € Oc
ftojH" HEN &3 ftedd3j ted MdlskzOydw or ¢dzv H j dzC

N blocksx 1 threadblock = N parallelthreads
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[ty des BTN dzets B' o i3 MW 1Bldclids oL G zHrplsko
BdzsN/j4 BdZcCtse M yJlsr te! dzv  ddejlsisfilsd CC Oy Gl
mMizsy jded g, Ctststclzy doh d M dzso 52 dda?¥ 5
CUDA 4 .

[T MBdtOj &3 tjh dls: IkkbkH j2L Oz0aj,
gqd&z3jVv HOoO 9 ]jCIststcO® dzO onatsH], odzRzydqls I
&ZO 1 Issls tcOL o d3j Mists BdasCtse diFf ot sdz L

I L Bsy dets, 90O daj GsdWldts, COCdj
dzdlsj?2 od3jMmMiss B tse. BEKE ddfgd'S OfStefjmd dylad
9 dH dzzZOCfsH § OtcOdzdzy dz' dz" § dzdIlsd o dzzlsted B «
Csbtster § f OtcOdzdzj dz' dgr d3 BdzsC O3 dzay Y SH MM

10ydzj &3 M Holzn L Od3j Isdz" n dL d3d day dzd 2
f OtcOdzdz] dprddig ¢ s f) SHdets?2 dzdlils: 8 o C OY HB3

add<<<N,1>>>(dev a,dev _b,dev_c);

O kjfite: LOfEMIsdd N dzdlsj 2 o tsH detsd3

add<<<l,N>>>(dev _a,dev_b,dev_c);

RLABJddIls! fHtwdHjlsmMw Itsdz? €5 M smise d d
d ornatsHde § HOdedz §| ddzHj SMJteso Odzd ! o v

int tid = blockldx.x;

sJtijter 34, fmMitd ¢ BdzcS oMjcet tSH.
dzs 3y 6 © dzd Is d

int tid = threadldxx;

R 1 Iss ofy, Yybsts dzzy dets MmH j dzOIs! H d
f OtcOdzdzj dz' dzr &3 B AZEC OB ¢ tj OdzdL Oydd fMm
ftodo diirdeHdz 2 IsjSfMls yjdzdStsds, o HJjdzde
h tod W Igtdscidh1).



102

#define N 10

global void add( int #*a, int *b, int *c ) |
int tid = threadIdx.x;
Lf (cid < W)
c[tid] = altid] < b[tid];

int main{ wvoid ) |
int al[Wl, BIN], <[WN];
int *dev_a, *dev b, *dev _c;
S allocate the memory on the GPUT
HANDLE _ERRCE({ cudaMalloc{ (void+#*)gdev_a, N * sizecf{int] } };
HANDLE ERROR({ cudaMallec| (voldw*)&dev b, N * sizeaf{int) ) };

HANDLE ERROR({ cudaMalloc | (voldww®)Ldev o, N v sizeof{int) ) };

A/ £ill the arrays 'a’ and 'b’ on the CPU
for (int i=0; i<N; i++) {

ali] = i;

BIi] =1 * i;

}

HANDLE ERROR({ cudaMemcpy{ dev_a,
a,
N * gizecf(int),
cudaMemcpyHostTchevice | ) ;
HANDLE ERROR{ cudaMemcpy( dev L,
b,
H * sizecfiint),

cudaMemopyHostToDevice | )

add=<<1,N>=>( dev_a, dev b, dev ¢ );

S copy the array 'cof back from the GPU to the CPO
HRNDLE ERROR( cudaMemcpy! <,

dev o,

N * gizecf{int),

cudaMemncpyDevicaToHost ) ] ;

A4 display the results
&£

for (int i=0; i<H; i++) {
printf({ *%d + %d = %d‘n®, ali], blil, cli] };
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cudaFrese | dev a |;
cudaFres| dev b )

cudaFree| dev c );

|:|_;

}
t dmMz4ds & dztsy j dzdj Hokzrmr dEBOMMdetse M

[r Ef sdzw dzzdzd B Of f OtcOlsdetsdz 56 tc Odzad
SHd?2 -6)5s635 s € O¥HEBHIS | g5 tc b @ M ded s
dqd dz20 SCssdzdyjMmlsets dzdlsj?2 © GHdhsEB B dAsC | .
o j dzd yd dz" maxThrfads®grBlock Mistclgp ¢ Isisf dMmr o O h j 2
Eimsigls®@ © (Md3. cdkzOoek 3). g dw dBdscdr Mt
Csdzd yj mMsots dedlsj?2 o BAzsSCj dzgj HBdzy dets 1 to
f BHABHBAd d2ZO0 GMdzse j dzdlilsy 2 H dzv | fgaets ¢ jlsdsd
fsdzOHtsBdIsMY SCtsiBddzOydy dzdlsj?2 d B dsS st

sO¢C te@@dz h j, a3’ H ts dzy dz BzHjd&3 o dzj Mlis
or ydmdzj dzgdv ddzvnj €MO o dzzlsted W H@OJ dfj & Us@
dzi MEC sdz! €5 BlagsXX,soddgfn j &HOydvw dzOff sdB3d dzO§
fjjrnBHO BIS Hokd3jtedzssets ddzH J S MO ¢ dzd dz

tid = threadldx.x + blockIdx.x * blockDim.x;

t dmz42s ¢ ' ud ifdzj dgsd3j 6O dzd Is d

VHif) & fsd Lkzj &My jhj sblodBith o fnds®
SHHHOC S0 O ofs ofjn BdsSOR d MsHjtydls
©COL &) edesisd BEESCO. 1 sMEtsd Ck & ©OB Gk
fojHisOo dzv j s IbIB@HDING 5 Ro j dedoudsidglzd &5, yls ts
fjtcj dsjoid@imy o Stlttes? StwOddlshy € sddyj
dL Bitej dedw MmilCd. Drid@ma H O E d3jf thde@ekindzdzO v
Stk tdzOW . R &ZOVYJ @ tigBUPA Wity aswirday jgls L C
Ho disigdelsC & B d2sC 5o, STy 2H figfls O £ deisjsls s
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BOMMdo AgddOp2 . CEyO dL &jtej dd?2, J &EOdss
fsdzOH B W sV | cdafs § Makd" dyds sk iy dzkz ¢ O os.
I'mudmdzj dedd ddend $ MO  of 5 dzdifdridloditsid; dzdg®
W iste Bz izl dgaydetse d H dzts. [ Mdzd o Ofdic jlsHIEIs @iBj! K]
st d@dtsds, oG dz yoOshdn ddlqd, O] &S
Ho g todzr 2 oE@jiIn.g o W@ Cp§tezC SAB0 § 5C OL Od

Block 0 Thread O | Thread 1 Thread 2 Thread 3

Block 1 Thread 0 | Thread 1 Thraad ? Thread 3

Block 2 Thread 0 | Thread 1 Thraad # Thread 3

Block 3 | Thread 0 | Thread 1 Thread 2 | Thread 3

t dMEz4BEE o Zd3j tedzOVY MstezSC s O dL

[ Mdzd dzd BY Mg risls Mis s-dgdstes S dOQ dsdets & @zl
dezi S MO Ctsdftej Isdzts? dzdIsd dzkzy dets bk dzdetsy d Is
o demd3s BdzsCj d ftedBOoadls: € HtwtsdL o jH,jded
® LOHOYyj Bt WttOClsOdzj 1 X kzdzd wyGllzO oB" Y d]aif
Holzd3gjtodzr 2 ddzH j G Hd&CMmj dzw:

int offset = x +y * DIM,;

O Isjffjte! {tcj HDIMsSidAsQ 1d ) tc dpEsfids ¢ BdztsC O
dzd sw A s d3lz te B -ddiECd®),tc Q2dIsd o Bds¢j. 1 Bl
Hdzw or" ydmdzj dgdv dzddej 2 dzsets ddzH § S MO dzd Isc

tid = threadldxx + blockldxx * blockDim.x.

llststetsy L d3 dzgj dedd Mmdzj H cOls g daidIls ¢ OL
dzz ¥ detf Z ) IONIsf Otc O dzdzj dz' dz" - dzd Isj 2, tdsjddg €
tcOMftecj H] dzdls' C s &f dRsCLP MBS sddstsB” dzj o' 2ls
512 dzedilsd? dzO B igs§ dz" J H tzis Y Hoed Rootm dz! dzts
WdSCMmMdictse Odadets] S tsdzdyj Mlsets dzdlsj 2 o B dzis€
Ndzd Is j 2 dzzy dzes B MW/ H1j2s8 LBOfA s Is !
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1 jHO 9o Itd, <yt tjL lzd IsCN$tddE 8y Jvdrtszy
Y j fzsdasn 1y O lddehiplozfs, Nj2fiydz§ Isus@o dztsO daz O |
0 dedlsj 2,6 sB3dzidedoUjud dzd d3. Nd@ d¢ toCuds=BE j1,2
LOfEfmisdd3 fdzdh Ssdf dBBOdzs dzdlsj2. Gl § o
SlsHj dzj dzgdw Ctokedw dztsf! f; dLB' IS t503.

[dzv teyh idds?2 LOHOUd BJL cfic)fo dizlj dzd
fls@@zsls dz' 2 f tod j RN/L28a(NsdIfpw)ls/t 1 H8j. [ sy j Isj
O Mhzsets, Yl 150 WsedzdzO HOJjls dzOd d3j «
YOfls dzts Bz WzOH | & dzd ® dzd ff txisOc Qdissls | dza gzt |
9 | lstsRwipgdsfigdss 1 sMStsd Sk & tjh ddd, -
LOf M O YwHieS dalzy dzs Mdzj Hiz¥ h Jd3 tSBeOL T

add=== (N+127) /128, 128 »»={ dev a, dev b, dev < };

{  Mz4AES Of EMS ¢ MBOEZOdNdtes Odz

1 tsfdzj 1 Ists@ts dL d3j dzj dzed"j H BB j IsH s IO |
C sdzd W4 fiplgaRts ddzdn O34 Mdzd " Ry KOsws JP&
ftosBdz BO dzje¢ts tjhOjlsmw, d dzOhj WwHIECH
&zdh!' ftseojtedlss: , ylsts ddzo j €M dAd Sl§ts dZOG tis +
LIssd3 MdzEyoOj J et dyHdENIsdftDs @ L ds® ipfisd o G
9" AntsSHdz" ~: H Odzdz" =

(tid = M)
c[tid] altid] + bl[tid];

t dmMiz4eEC tetseo j C O dqdzH J S MO BOM

sjfjte! jMdd dqdriCh SCOI0oPPEMBLE Pls
CSEHO HhddzO EOmiidd Odagz) § GEGE 628 H ff 28 dzd € (
R, Ut jhj o90)dd, d §"bOj MW ydkol
fOdBWIsd odzf dOMMdotse

[+ dzj Brdzd HEG CtdzyO GlCttse jdady , §
f Ot Odzdzj dz' dz'¥ TGP dz® Usts dstz® & & to O dzd W j iz I8 j 2izC
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mMEh imMseolzjls OS] Of §f OtcOls dzts p dztis® D dz( T
CstcOLHBBEwE@NZ dakg ) . s OC di3r Exj Bk tsd3d da
dz¢t BSEts L d3d o dzgdw Mj IsC6HS53Bz] HEdzy dets f to] ¢
1 s SBGHO 9 f smdzj H dzj 2 tcj OdzdL Oydd
ftosBdzy BO. [ MNzd 2808BHEAEBIs:, s & Mistsdzt
ydmdzts 1 dzj &3j dzlstse 9 COYHBAR o] CIsBEPA8ES O>
l ctsHj BT Biziz h tefs W i) dzf dfjOdeiedissd tIBlS j Id3C
Zodetsdzj j &shd § ceoOVduimédy ftsyjmhts
HOdzdz" 7, MBeoCkdzr 2 w©WOL Bt Slstster o dzO
B zzd sdztso 1 dzj A3 dzlstso .
s Mmyomis: ¢, JMs! tyjd dfOudhpidsds @ jH"ejt

add { *3, *h, L= |

tid threadIdx.x + blockIdx.x * blockDim.x;
(tid < W) {

cltid] = altid]l + bltid];

tid += blockDim.x * gridDim.x;

t dMz4BE R L d3j dzj dedets] W HetsS

1HjM & Istsyj tsB - tsHfillzd ¥ H @dgde'sjoc d ezd Y
o jtemdd HdvCREJUWYdzteSqd Mmtstedz" = WHJ to ddzH
B keojddyde Ols: dzaj dzO0 1, O dz0 ¢ tsdzd y fi
md2uyom §tod BindedfBed) o o j tefndd

J tej Odzd L OGRUJ 3 Hdzlsts ) j 5 e OMMdzOIstcd 8 O
tcOBtsSlsOs hdj dzdlsd €C€0OC { totsyGPigfytctts'y.j Mintsts!
BdzsCtso sy jls BT Is! By dz' My (ddzd BESdz! b
Zsecduj MSd My nEeady jzk ds, O f &zOdtbEtss C
o' f sdzdzj dzdVv stz yOj &3 tsBStclzH SO Odzed 8

[IsH j dzj dzd J tcOMY Otc Odzdzj dzd @ O dzed W sls d
d My s dzdzjedadivdzw , CUDBHEAH BOJIs M Jdziu fese
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Hd 2Mlseo dlsj dz' dets dBBOdzdzO dzj B § MdzOW , J Mmdzd [
NVIDIAC tsdzd yj mMlsets ¢fJ v 90t dqtekzj Isfw ©ls 8 H

vdfite!, ©OLBB®BOONdM!' M ftoddydy sds,
Hsdzy dz@ Istsdz! S5 fsdgviIsy, COC or ydgmdzdils: o
dmyf sdzdzv § di3s?2 dzdIsd d d&O MEétsd ¢t jets ko
C O HG@YIs! dzO y d dzO dzO tcOB Sls iz fn tcOL dz' n
dzd dzj Otc fLOHEzO IS ‘dzts d3j t6 B dzfs | O y Qiddis oklg €2 dgddisHdj) ¢
dzdlsd BEZHjd 9" ydmdzwis! : fts MmdzjHikzeh j2 Wit

int tid = threadldx.x + blockldx.x * blockDim.x;

1l sfMdzj btsets COC @Bl ML BY € dz0 dflslz td @mitg IS
o jdduydls! Jet d&O eBh jj ydmds ddlsj?2, L
ftosdLo jHjdadt yYydmdzO B dzsC ts9 dzO hlpdkDidetss dzd
*gridDima . v OCdd3 tsBteOL tsd3, ftedtcOh jdedj o' 4y

tid +=blockDim.x * gridDim.x;

[7 ftyld & yjdzd! [MisOdtshm! :stsd ¢t

add<<<(N+127)/128,128>>>( dev_a, dev_b, dev_c ) will fail when

1 r L 59<<(N+127)/128,128>>¢lev a, dev b, dev c) L O9 j toh
shdBCts?2, N+ ] Ryaz)f/ 1(2 8 Btsdz' h j 6 IS d te5s3 50. dzdzt®
LOf EME Ol Mdzdh Ctsd3 dsdetsets B dzsC s, dzlzy dz
CsdzdyjmMsets. 12 d ybter dj oeotsHdIs! dzdh
fts 128 dedls.j?2 9o COYHEBM

add<<<128,128>>>(dev _a,dev__b,dev_c);

[y i) oLWls! dOw] @M cizay] sdde dzj
orhjydzlsr = BetOddyjded?2. 1 t5Lyj dF BB
o' B@Offas sHdIlsj dz' desfls! , dets fsC O BEHJ O
dzdlsj 2 HBMOLBydts. uvjfjte! & dBsyjd MEd
d tctodkzd ddh ' Bl j @t B3CROEMISI]e f wdsdslstztf d
dmnr BHdz 2 clagGdiply f tots
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#dafine W (33 * 1024)

global vold add( int #*a, int #*b, int %2 ) |
int £id = threadIdx.x + klockIdx.x * blockDim.x;
while [tid < H) {
cltid] = a[tid] + bltid];
tid += blockDim.x * gridDim.x;

int main( woid } f
int a[W], B[R], c[N];

int *dev_a, *dev_ b, *dev_c;

;

A allocate the memory on the GPU

HAMDLE ERROR | cudaMalloc{ [(void**}&dew a, W * sizeocfiint) } );
HANDLE ERROR | cudaMalloc{ (veidvv}gdev b, N * sizecf{int) } };
HANDLE ERROR( cudaMalloc( (void**}gdev c, W * sizecf(int) } );

S/ E£1i11 the arravs 'a® and 'b’ an the CPU
for (int i=0; i<N:; i++) {
afi] = i;

bli] = 1 * i;

/4 copy the arrays 'a' and 'b' to the SPU
HANDLE ERRCR( cudaMemcpy{ dev _a,

&,

N * gizeof(int),

cudaMemcpyHostTeDevice | ) ;
HANDLE ERRCE( cudaMemcpy( dev b,

b,
H * aizeocf{int},

cudaMemcpyHostTaDevice | ] ;
add<<<128,128>>=( dev_a, dev b, dev c );

A4 copy the array 'c! back from the GPU to the CBU
HANDLE ERRCE( cudaMemcpy( o,
dev c,
H * aizecf{int),
cudaMemcpyDeviceToHoat | ] ;

S/ verify that the GPU did the work we reguastad

bool success = true;
for (int 1=0; 1<M; 1++) {
if {{a[4] + b[4]) = e[i]) {
printf{ "BError: %d + %4 != %d\n", al[il, b[i], <[i]l };

guccess = falae;
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cudaFree(| dev_a );
cudaFreey dev b );

cudaFreay dev c );

I

1
1

{ d f) 4% & dzts 3 j gy i (188 &5 Is e 5w damid2Be dzs §

42t OL H J dzf Q 3@ d dzm totsdzd L Oyd w

rs mdne f§tste jHddzMise j dzde” dg Ot g Y reixf Isizif cr
O ddlsd B'" dzts TMistcj d3gdzj dzdcO def miF A2l f @ePf @
s H dztpitagdzts OB SISO h drn B dzs € s s ColOy dH/ s 9 ©
Ylsts d i ©ddicdQAHTSc zO0 B d MOBO MftcOo dls
dMls d HlZedd §todudds .

cL? CUDA ¢ ftcj HBMIsOa dzv j Is ) tcOMmMYf stow
ZOL " 9 O dslzs tOLHJjdzv j Bz OV Is! . & 1 Ists:
tcOMmh d wjLz®j o, BdzdL S5 € Gedmeyd o glagal fiydzts o
{ Mdzd o e wBdEd] dzd joj d3J dzdzts?2 H 5B Glaggds ! 6 tizs
1 IsO Jto] dzjtai@z@lyj NBjldeQj v tWwWOL HJ d&zv j B2 § O3

t OHT , Yt or M c@DYuzds B tp BeFD Ifday G jsls |
o WBOLHJ&V]dBs2 fO0RkvwIsd ddzOyy4 , YyJj &3 B " U
sO¢ 2 fJtcd d3j dzdzts 2 ) COYHB@BPUB dzts figgf Isd , L
tcOBBIsOsEh dj o© HddRr B dAsCj, tcOL Hjdzv s s
FodHjls', dad BsHIWJydttse Ols: jJj ¢ =f@jdls
ftoj SteOMmdz 2 dBimPUAgbad oL @By jteOydd
SHAGSB dISC ). stsi HFEES? @By KB HLOLJyYJf
MokSH), O BRAM § HddO®Rd Ud MEtsd L Of s dzO*
ftoesdLotdz dets?2 or BteCts2) odzj € todMmls OdzdzO.
HsMiszfj € ©WOLHJjdvjd@Bgs2 §0O0dkvIsd MmEkzh jmls:
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sB " ydz' d3 Bldzs j jiohPlell, ©OL H J dzv j BOWY § OdBBW Is! ¢
ftosetcORBBdes Ef cOo dzv j Bsets €41 h O,

1 jtemMf jSIsder oL OddtsHj2Msadwy dijyHE d
1 O Bded Istsyj oHBndgso dzv & Is. 1 58 dzd ylsts
Bd Y ded Isj otsj o LTQHd3schfy Qdylstggifded 3" ~ s d B,
oLOdBsHj2Mlsoatso Odzd, Ists dzgj sBrtsHdd d dBjn
dzdIls: ¢ LOYd-BHsoO@OUYUsf @&isjo t©WOLHJ V] gz

Ylsss M L Isddy L dzOyj dzdJ &3 MH jJ d&zOIs Ists dzd
fsCO daflsdzy MHJ] ZOEZO Mmoetsj HJ dzs. 1 jL Mmd
(race condition) , d ftOoe ddz detsfls tcjLEzdz OISO

dzd Hi Isj ted3d dzd tets© O dzdz’ n sMtse § dzdztsiindsfij Rd3ts ts @
ftoddsjtc, © Ctlbtstesd {Isd MtejHmlss O dMmi tsd
1 Of tod d3j to, b dzgdzts ) J dzd 4§ Ho lzn 9jClsste
fesdLoHdIsMWULll s ¥t dkdj
ohohbhd t ohdhohd wiw wiw i oitod (4.1)
100 jtodetsj, Odkcttedld, St 2 o 0t
fsdwls jdz. 1 jteor 2 h OGS oy Jf 5d®Y s d Isfs dpeta
SOy HOWjded lfisdztsy Oj Is f Otckz Mtssilse jIsMmise j dadze -~
¢ fdzjHbkshj2 §O0tj. 16MStsd Sk o tjLbkd
f s Otcdzr = ftesdLojHjdzd?2, Iss COYHOW dzdlIs
f Ote, ¢ tslstit®©B OIsT 9 OdzO. 1 sfydzj sBtcOBBISC (
FojdduydeOjlsfqwv dz20 o j d&zdyddzz, t©WOo gk 5B
L dzj gjdzls dzj BbRHjls fesfbkhjd  dd tHdd
orddzvHdls CBH f jtotsets N OO or ydmdzj dad w

H = 33 * 1024,

threadsPerBlock = 256;

dot | *a, *h, wc ) |
cache [threadsPerBlack] :
tid = threadldx.x + blockldx.x * blockDim.x;

cachelndex = threadldx.x;
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temp +- altid] * blkbid];

Lid += blockDim.x * gridDim.x;

cache [cacheIndex] temp;

{ IMEz4BE e MY sdz' L 5o Odzd j tOL HJ dzv |

sO¢C odHdlsj, d&r wBi wWoeddzd BEW jcmche IO
L Issds BkWjtey BEHJIs AntOddls! mMvw yoOmlisdydzO
Il M tste d3r Zzo dH(d d3, f sy dzz d3r sO¢C f sf
34 ~ Odzd L 3. [BI wadls! , Yylsts ¢4 tod o34 dzdzOW
fOdzv Isd, syd dz fesmists; Is ey das” Isdd€ o i k
fJtej @3 dzdzOvW st >papdatiles © Is ¢

__shared _float cach¢threadsPerBlodk

[T BBI wWodzw j d3 d3@HreldfRerBlac L P Etsdglstse T
dzdilsd © BdzsS¢ ] BN dzt Mo tsy dgj Mlsts Hdzw =~ 6O
Yylsts f tedfj ddad o JG dztsB Odz! dzs?2 § Odzwisd o3f 4 tedd
dimf sdzdzgw s h dj WwHtets, sts Jj Mis! tcOL &3] t6 SB (
threadsPerBloczO tsBh j | ydmdzts BdztsCtse. 15, s
Csfdd tOLHjdvjdir - §Jtcj d3j ddalz - dzlzpaizts SOyt
dzdh+ MmMlstsdzr 5 § OBWIsd, vyl E COYHB2

I T Hid&de tcOL HJ dzv j oz ¥ f Odzv Is+ a3’ )
HOdzdzls®S yj, S0O0¢C d tOds N j

int tid = threadldx.x + blockldx.x * blockDim.x;
int cachelndex = threadldx.x;

] steWHBS of ydmdzj diid Wz y § j telgOdgy dadztz® € ts d3;
sBl JHJdz] Is dgdzH J C M BkzcC O (d dzg ©dz' dzj
fdsd M J dedd BlsdeEzOB Od@MPgas@. | COud MB&O] off
COL HJ AV ] B2 fOMSigY HiHigedas ddeH j $ ded Isd
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qdzi g ¢ eisdstsis Odyp) "y dedd daj EyOfmbselkjls,
gqd3d 4 smw Mo tsw YyOMlsdzOW Csfdw ©OLHJ dzW j d3t

{BdOMIs!: ORI, of W fafydedaEzd L dftsiz] Is§
o § tsfidsjond d By dzs B' dzets oMz @iz tetso Ols
s OmoOwm! , ulbt fisddy) ddgClds Hj" IsHI® dada' §

cachégcachelndek=temp

[ BYdls mMmdzEydls! mw, ylsts BEHEIs M sdz’ L
fesdLts2Hils, JMmMdzd HAEZddZO o9~tsHdZ -~ 94 CIsts
f sHBdsd Mz yoO,] o Y tMmdzjHdz] d3 B dzs € Js t5C (
fsi st sded deduyiet d dzgj LOfdhEkls o GC41nN

SO)YHT 2 f cslss¢ or ydmdzv jIs Yyomlis d ydzk
mMtsslse jIsMmilse j dzdz" = Laddjbd3j elis@ &1 v o H &ls € tstslay O
MertOdv jIs o' ydmaozj.dzdzlz® Mmlzdsdzz o ¢4 hj

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

}

// set the cache values

cache [cacheIndex] = temp;

tdmMiz4gE @ s tcOdzed dzedd Jtetsdzd ¥ 2lstsy

vdtfJjte! dzr H s dzy dz' ftoshMizdBzdzdtctso Ols ¢
BOMMchehg | d&zv 1 se 5 dz] 5B «ldEzd 36, | s BE K C
L dzOyj dafO@C s,/ HE OC Blsd3j yodztsm! dowr.h j1,dJ S BIAES
(Ot cOwUEMESdtylsts oMy Gf Q@I c@EH|M P
LOo jteh Olsmw H s Is Wfedf,” SOQIsMPIstg e 5 f tetsydl
B3y ~ Odzd L d3 MEkh jMlsealzjIs

__syncthreadg;
Csls or LB GcOOdIsSqolz] Is, Yls of saddggy Is ¢
Cdi3OdzH T , f toj HBypdiheadgy " dy s _Is s@ sz t§€ @ € tc A t

o' f sdzdzdislzy fi 2 € tsdsOedpdts ben ' C @EEsY . v G j &
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CSEHO fjtco OW dzd Is - or ff sdzdzd Is fjtcolze
__syncthreadd, off ©GMisOdz dz' § dzd Isdsyrst@radgy +H " dzd
sjfjte!, CBEHO otsj 3 dat 2 OF & tzdzjcdd tc Odg

f tcts ) edsdydd Is - ZORBHWhdjMmw o dzgj 3 L dzOy4 d
Cslststots 2 dL 9 nSH &z G 15 BZzOMMdo O f sdzz yO
ZOL " 9 0OjIsmw twjHEZSCYydy 2. tdHEZSYydw 1OC
f escdgQalise Oded d, Uls s gHzdBO datzg] Y Bl "YdftO.d4f dzts §

1 Od o dzr 2 mMf smtss o' ff 5dzded Is! tcjHEZC yds
orHjdzdls! Hdz dzdls', CtlststcOY BBS2HJjIs
J 65 Mzl di3j s otej B, { ety HiE)dd ®dzO qzisdztf s
9 dzOh jtdistete Qff) difsisdzed dzdIsj 2, sts tjHEZCY
f OtcOdzdzj dz' des L O o9tcj @BV, ftetsf stcyd ts dzO dz-
] 8dzOyOdzz ftedo jHjdade 2 dedyd GBH Byl
COMMBsstedd jes 5 Yyomlsw d

RHJWY 9o Istsdz, ylsts CO)HOW dzdtsH WnCdZORW
BOMmfedahd] , d §sd3j " OJ s dachdl.lz di dsifXlsts dry ditsls Of t&
1 dzj BPdzetsBi JHddgw e Isfpw & tsH J dg, sts s L Obd
1 dzj d3j delstse o dOMMdoej Ekd3jdz "dlsfmw eoHoOB .
fteddgj dgv j sfpw € tMlsOeh j2Mw f sdztse ddzj .
log2(threadsPerBlogk h Octse o' yd mdzd i3ls 5§ & sd3@dachgh) § ©
1 dzgOh j &3 M dzlzyjGgy desdzt2C5 6Mmdzd Isj 2, § B4 Issdikz
1 dzj d3j dzls tsecactgOlinfmel @ PH d deMmise j dzdetsj L dzOy4 dzd
disj tOyd?2

SBH 9rcdWHdIs MdzijHEkEhdd3 sSBGOL 543

A¢ for reductions, threadsPerBlock must be a power of 2
A4 because of the following code
int 1 = blockDim.x/2;
while {i 1= o) {
if [cachelndex < i)
cache [cacheIndex] += cache [cacheIndex + 1];
__synethreads () ;
1 /= 2;
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[ ME4EBE; j OkdL Oydd ©jHESY]

10 §jtOdglijls tO0s dthreafisBetdonk] dfj’ & s
ystsB' t©OBSlOd] ddh:': ddisd f ddzHj S MO
e ZOHT 8 Oj &5 1| dzjecaghddils,’ |lsHONI® O) Mdzd id dzls s ¢
d Mis! Mmdzsy j ddd {§tetdit(eathelddsxd)y. 3@y H @)iztsded]
L BOGENGd O Ho O AdqidgHdSdYs O j to SEts Mo f OHC
qazn j Cf) olbtets MBjh j d 6bozsid gz dasd 3
fsdkjh 0jls t©jL kdachoist jselicodsszsd &g, ylkss o ¢
| dzj ) s Em@o dzs 4 4A11f BCBOdMdz sHddz h Oc o]+

{ MBS Hddz " O¢ tjHEZSYydq

1 sfMdz) ket COC hOE LOojteh jdzg, d Mmls
ftod of ydgMmdzj dedd  sf Otcdzr = ftetsdL o j H s S
Ylsts ff sd3j "chatefle] § €z sSBRtHJBS EZBjHJIK! MW,
H s dzy dz' B-istzd L Q¥ gagi@ld/, ofH j dzO dzd syncthisadd 1 © |
fsmMdzy ftedmMmo Odo Odzedw G OtOdzZsdqelzjls, ylsts ¢

1 s or atsH jwhitkp Y OY ez®dis @ jasffjvy dsfijj 65 BHC
&ZOtsHdIlsmw o ff j tco tsdicach¢lz] ez dzls j Is R® ) ) &f ez@ts 2
ftoodHj dd?2, o ydmdzj dzdz" » dzdlsw di3d dL 4 L
J HddzMIse j dzdetsy L dzOyJ dedy o G dztsB Odz! dzgts?2 1 C

if {vachaIndex == 4)
c[blockIdx.x] = cache[0];

]

) syj Bz LOfdMm o cdtseOd daz¥  f O dgve
¢ slsstasheindex== 0? v0OC ojH! ydhds bsd ¢
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MsrteOdzgj dzdv R 9 Oldls d BHds?2 dedisd. s tsdz
s jtcOyde o COYHB2 dadlsd, d ftotsctcORBRO
MSLHOjIs dzj dgzy dz" 2 IstcOW O dgkdsy # iz 1 tdAs y jf fi
o' ®izd dzdls’ ) JdzH EAMBE OL VEBEIS S gizE  H
fsMCtsd S COYHT 2 BdsSS LOfdM 90jk tetod
], dduylst dj d3j"hOjls L OYHidgkils! jets o

v it Ek doOmdaesi flshdjapdisijH Ldsilststetsa
yflsd ydzov Mz dizdz0, o " ydmdzj dzdzOv wsHdzdd3 dL
hoOej or ydmdzj dedw MmMCOdzwWtcdzsets ftesdL O j HJ
L dzj dgjdzls . 185 Al MCOdzwtcdats] f totsdiyr © pH
1 Issls dBsd3j dzls o asHdd dL W HRBWYO d saygdzztc
50¢ sy O &&?

Frhg d&r M OLOdzd, ylisfipC Gdpvy eddtsdfly |, § tf tisct
ZOLjbBAY wLjHEZSYdj 2. g 3" Mdz dzOL 9 Odzedfyw o
R4 dz' " j Ste] dsyQ@ezdz’ ehn S HYJ. B3 ldzOM dzz @S d ) § P ez
ZO o' nBH MW Halivoyd@ly IssH des L dz2Oyj dzdj dzj L Oc
94 Chteso. [COL'™ 9@ PlsiPuzdzj qds 20850 fFP af diz® ,
GPU, BZzHjls thistkfyls s tcDfsiH Is ¢ tej Mztefmr , or
tejfBdd, f(ltohikz Bk® BOUg € dO 1 sl s
stk H dzso Ots L OdzvIls! 480 OdWdjlsdyjmsdn

l silstsdidz d3Fr o tsL o tcOPUD | e P Gy dzj gedzle
or ayd mdzndzdztzd etseo Oded 4§ 1 dzj d3J dzls s 9 j teR3Qjnndf®
f tod dztsy j@EPUedflzfs e BT dzOy Ols o ydmdzj dzd J f
ftesdL o jHjdzdw dadzd-dzf @by s s dzy b glz" dg.j d5| ts
OB BRUD OC tsdzyj dzO.

l1tcd twOmMMislstejddd HOdbEsEs ftoddjtcd
fjtejhdzd & WwHtckz.os QP HAEj] dEnty L dzdillsdss ks tc iz H dat
ss?2 yofmmd) Isj &OIststcOW ftejHh jlsoakzjls or Lt
slsdzd yojsmw ls Isets, yYlss dF odHjdzd tOCcC
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blocksPercrid =

imin{ 32, (N+threadsPerBlock-1} / threadsPerBlock };

mairni o
¥a, *bo, <, ¥partial_c;

*dev_a, *dev_b, *dev_partial o;

a = [w];
b = [H];
partial o = [BlackaPeririd] ;
allocate the memo 'y on che Fe
HEWDLE EERCR( cudaMallac( | ] pdev_a,
M* ! LI I
HENDLE EERCR( cudaMallac( | v gdev b,
# i [ O
HANDLE ERROR( cudaMalloo( | **| gdev_partial o,
blocksPercaridr [ U
fill in the hogt memory with data

i=0; i=M; i==} |

afil = 1:

oy the arrays 'a’ and 'h' to the GPU
HANDLE ERROR{ cudaMamopy( dev a, a, N* { 1,
cudaMemcpyHostToeDevice ) ) ;
HANDLE ERROR{ cudaMemopy( dev b, b, W+ { 1,

cudaMencpyHaostToDevice 1 ) ;

dotzz=blocksPercrid, threadsPerBlocks===( dav_a,
dewv_ b,

dev partial ¢ );

t dMEz42B8<; § Odzd L Oy d ai)lz dz¢ yd d

stcOlsY'ej i3, yYybt ftosdmMeasHdls o 1 Istsdz ¢

1L.lTHjddls! f0O0B%WIs! CPU d izHpszats 2dndste HOd
SHdsGE 9" nfSH dzSG 5.

2. 10 sdzdzdIs! o hjde, j LBGH I ¢ sd [d]tc ¢
Emstes2MmMlso © M fediish ¢ WEdEYydd cudaMemc
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3. Il T LoOIs! WHistS, or ydmdzw e h jj me¢
Wdfdtese Odzgdetsy S tsdzdyjd mMlsets dzdlsj2 o BdzBC

1d Mdsslstew dzO Ists ylksts Btsdz h OW yOMmils:
& oMy Nd BMsOdse ddimy dzO o udmdzj ded d
csotteddzd 5 Isdz, Ylsts ifgO@Eedzc dzt jdzi g © Juussj
COYHT 2 L Of zh j dzdzr 2 B dzts € o ydmdzw jIs 1y«
Yyomlsdyde" =« MEzd3dz Hsdzy dzO@ BT Is' , M SHdzs?
fjtejctelzy Ols+ CiRUs, ) Is@ Isfis ydskz eotig 2z € ©, yYlssB
Mod3r 2 B" Mister 2 GPU. [Askyr B ts®dzds 52 Mmellzty
Hiczetsdd or Btste] HtesdLoBBHdIsj dz' detsfls! -e3tsy |
LOoadMmddiisMmMisd tslIs Mstslsdzsh j dzdwv M stesMmisy 2

1B ybts, jifmMdkd srntHds?2 Mfdmtss tyj d
COYHISBMpAzdh C sd3 d3dets G S WN (L iz dzd detBis o Is H O dzdz
o' ydmdzy dedw MmMCOdWtcdzsets ftotsdNezffisj dzd v v P
sBtcOL ts5d3, a3 H s dzy dz 9" BtcOIls! threzdHatBlodk' " j
Cclsttetsj] BTN dzs BT BNis dz/ah | ff tsojHdioB dais @ o difs[ Is [z C
ofMmistcj] yodaddgts y jfdddd o j S lststotse . ) H O dzdzts d3
or ydmdzv j Is mw Nif(tsreatisBdsRivizd)) | thréadsPerBlock €C Ists 9o j f
tcOMf esMistcOdz] dgdz" 2 Hftedj s ftcd ©WOBGBI] M 1
LOf sdisdzed Is! Jets, HOXJ] JMmdzd B pdzyfclze tcq iy
qazj ¢ M dj tslsEDAgdzdw ¢

RsOC, Csdzdyjfmets LOfEMCOj di3r » Bt
Ho zn Y diNH@aread38P2rBloci)) / threadsPerBlock

blocksPerGrid =

imin{ 32, (N+threadsPerBlock-1) / threadsPerBlock );

vjifjte! HBdyydes BTN Is! f sdgWIsdenain sls € &k is®)
L Oo jteh j@ed®wOdHsh j ftojHmistsdls ik Bdd et
158 MdzOyoOdzO dzj sBrtsHd i3t ME s dE@PE.e Obls s 1 dg'c
HJ dzOJ d3



118

HANDLE ERRCE( cudaMemcpy( partial o, dev_partial c,
blocksPerGrid+sizect (float),

cudaMemcpyDeviceToHost |

i=0; i<blocksPercrid; i++) |

o += partial c[i];

t d MEz4A8Cs s d tc s @ U@ PU

R dz2OStdzjy, & (e jtWjd 0o dd dzs
f Okvols H | dzj zdEPYJCRIOD ) tetso jtedls! tjLizd 5Ok
B" Of tedzdzd o ~tSHAZ § BOMMdoer o fdsdrell. ts(iffi
f sdsded Isd , o ]| dzCeiffidde LOPY d ) O dz’ yd azr d
N-landb[]i { Ists § 28] s s

// fill in the host memory with data
for (int i=0; i<N; i++) {
a[i] = i;

b[i] = i*2;

}

1 0] MCOdzw tedets ] f totux]jLdpdgts?j dipizidzdig © oCdatO +
ydmd dz tNsl.l@cdetpE o 2t W stcdizaizlzimw dy Odrfitsls
main():

o -u s e s e -
[ X
[J T T —— LEE ¥ TSRy | [T
MR E L RE s x| b SAR M- AR OB ST
. TR ALt M 1R e i e 8 I e T e T e e
B Ao * hers, aswell as the “est ol the bedy & mada ) 4
o=
F | #H DT THTT
FCRLICTITTEL REITEE efine GOO_0qar:cix; e (ol * 34 Tal; f8)
M AR AT Prill | *Trew G200 owalae 2.0y oAy, o,
A 41 Jesber e
L3300, Pk sk 2 ¢ cun_gguarscl 1213ab)i¥ - L ! o0
| Ppes
b em ok Fr fToC mEnS1r on Bhe OFD @ids
A 42 JeceFomion H
) SUFEADCOOHEATA cadnEres! cev_a b
A a i dm - cadatras | dar ko |

g Al 4R .
n ridalmar | fenr parkeal = 4

A vtk

REZGRIE apa Ll g Teeade
LS Sy B T SF tres gsnsTy an bne OFF sids
= RELITY L] i
[ E3 LTt 2 i caulakn [] w:
Prumak -
2 g baron mp drleke 1] by
A 5kt b Karwr Culalu [] pezzial o

Hn BITAS CH RHAE P kLY ]
0 41 Jmato b

B St TP
e L g R W
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L B HTE
=f] B S TIRCSEAAr From e Lbvary of Caiey Mlfond Sicilh

p v :
t dMz4a8iT{ Mo sBtSY Hjdedd § OBW Is¢
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43s s dzfyls O dzls dzZOY  f O BW Is

431 fdzser tOBBIT f CtdhsOdlsdts? § Okw

I hj o Ctso stod dzd , GRUSSB dAPE ®t Jsd3 jCdidr )|
or ydmdzdls j dz' dats 2 B detsfls s & | R d34 dzdzts
ftesyy Mhs@Pde t@oOdz] MStstesmisd orf ydmdzj dzd
GPUC OSC ¢ MmMtejHMmlsolz HdzWw or ftsdzdgj dzgdwV o1 y
Odzd ydd MmMtlsjd OtkdWisk Isdzy jChfSd] R Hpiiisiss 2
MlsOdzse dIlsmw  dzj M stetsMis o' yd madzj dzd 2 ,
CteOWdud M3 ftesyj MMtstej SOC dBdesets ¢ v
fsHO9 Ols! dd3 HOdzgdz" j © IsjBBfJji, HBMISOIsYC
o ydmdzj ded 2d 3} juis Isisdgslzmdz e OMMBsistej Is!  Mtc ]
Bsy des Edgj dz' h dls! Ctsdzdyd Msets ffjttOyd?2
d fOdigwiIss & |

5 Mdr ftstc diFFf odHjdzd ftosettORy , o
d tOLHJdvj dBow CUDAMY 19’ tsH H jtte 3VdHod® Iso djHT jf O
CtfizOdzlsdzlzs . s OC MdzjHEjls dL MOBsets dzOL o
~ntcOdzj dzdwvw H Odzdz" ~, Cslstster § dzgy dLd3d dgvs
[ BtstolkzH cSNVIDEJfjtc j H sMIsOoa dzw jIs 64 sB € tsdzMmls(
Chtstets? tsStee Odzdy Ho GO fiplsdd@izyjOtels dzts 2 6 dzts |
dzj S slstster 7 fMdzzyoOw " dMftsdz L tseo Odedj € tsdaf
fsLosdzw jls Ed3dj dz@ hdls' IteOWdS . Ggdi yHE f Od3»

432[ Mdetser diBjbsHO bwOMMdeses $d dzzyj 2

{Hdd dL MysMmtsetse d fuast dzy Gy ®dd)h cistsdz
ftgjtc] fomssets §toddsy j dzd W oo K g
ts #s ) dztsto =g jHs s H O

RHjW ftesilsOo. I 7 B Ota@jzdy @O Chisusjtsdgjlz
OB BPREZE CORj k. 1 1 Ists2C Cfjtdayh jdodsiatsils fiy
o j Ol M IstssT §osdzzydls! dLsBtOY § dod j ,
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fsfOHOjIs o 1lstsls HOYdS. sOYH'2 §dSfmjd
dsils: vyojl d wweCtshmls! &zyd fajlsoO, § OHC

1 sMCsd Sk Mojl, §OHOHhd2 &0 dsysEs
BjMsO dz0 Myjdej, fshj tojh Obts figssdo Bi
YylssBlsOfr MW fdvls!, COCEK2 &by Mo jh O]
pEBBLOY O] & 2 d&ky dL §dSMmjdv &0 fMyj dk
CZOL O, ¢ty j d5elsjs o Widdkk . &zl , ts d
COyHBEE . § dCfj dv

View Ray

Image
Scene Object

{ { Mz4SiCu T | GO0 kOMmdiess S d d

YIstsB or ydmdzd s+ COCts?2 yojls coadHdl
&y dqLr 1 kets fdE¢Mmjdzv yjtojesAyglzdzlz, st
USGEHO dgd di¢ o afjts fg j dz’ odHdIls 1Istsls B jCIs,
yoe jls, dimMatHw dL Yo jlkO Bl jCIsO. I rmydt
zz yo, o shdsodztsdd MotsHWIsMw € dzOr ) H j dac
zO0 MmyJ dzj

] Btsdzj | Mzsy dz" = BSH § dzv - Is t5 O fry izt tdze
slstcOy Ols! O f Bsdelet] a3 Ipdz” j dzzyd Mo j s
sBteOL ¥ Isfpw o lststed ydz" § &zyd, Isted Isd ydz 4§
ftcdodzj COIsjdzt dgr = tsMmtsB j dzgdetsMisj 2 dEjIstsHO [
Is ts d3, Ylsts tsyj dz i totstéplslast  tefif Qjddla ,s0 Ols 'L O
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Okze stedlsdz bieOmMMdteses ¢ d tOL dzd ydz" j Z ) dz
toj Ozd Misdydesets dLsBCOY j ded W

433s tcOMMdetse CGPUdzEZ yj 2 dz0

1 sM¢ tsdaPICIzd §f @QpenGL d DirectX dzj f o HdzOL dzOy
stcOmMmMdteseo $d dzkzyj?2, bt & tjOdkdLiEzjd f{
CUDAd. [ 7" daj BEHJAB dduyujcects Emdsydwis! ,
tcOB ISy f CodMsOdsdzts? f OdgviIs v, 54 Istsd3k
f sdzdets yJ dzdzets 6 5 dztsfetdsts d3r d§jd2jQidzd L 30 toj dzH j to g
tcOL syOtctso Odz" . 1 Oh stcOmMMmdtetseo h d¢C BlzHJ
MomMlsswh dj dL Wi ts, O COd3j e de@xtfitg Go drj
Msstetsdzgz dZOYO&ZO CttsteH d dzOlIs. stesdzj Istsg
mMyd dz , YlssiB'™ o Qdsj' Mo i olststed ydzr dsd dzlz y
o' ydmdzwis: 1+ WWJjClIlsr tsfMmejh jddw, d dzOL dzC
d BEZHjdB 9" BdtOIls: Jjcets Blslsjdst M §fcsdhiksh:!

steOfMMdictsoh ¢ ftosotsHdIls dzzy dL BWOptetsc
L Istsls dzzy i MmMjcOjls. s to s d3g Ists@6 5, s d
fdtedMmdudddw. [Mmdd oy (jtjnjctojls dzjf
stsdz? €5 Bdzd Yy ©O2h OW . l1ts MmMEklsd Hj dzO, dzO h
MCter 9o0jls o jtondesMisd s.Cslsster j COd3J 6O

Wit dBsHjdJtekzjlsmw M ffod@shi:i s Mistek
YJ destez)(,n, @, dzigb)d yojls (
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VU OO by g p i Bk [ —— ol bR
e ]

e Heopseui FEE-T S Se @ town
FEBES| SO »lves kO 28 - R AAT B F
|'|- O h1
L EF i
& =H 1T R . ddefine [HF 2elil
- [ TR M T
SR ARSI AR DAL
T — plzuck Sphere |
O 220038 sl Frequr g L tloat  r,k.g;
[ L] 5wy Vo
B 455 bl
T 22 Capws Fasies Ploat X, 8
= 51 mas oo v
T Lo Cogeiees
C 5l Splktrg Faulel B
520 mmesar: ke , floab dy = oy - y;

B 555 EPIEpole targ T 1 ddetde o+ dyvdy « radiustradiue) [
r‘{ 3 Sramd dhowo  Sorswoaziod )

flopat radius;

_daviea__ flmat kicd fleat ox, floak oy, float wno | l: Ll

[loal 4 - oX - X;

[ 411 et tleat dz = agrzil radouatradiua - derde - dyedy
T 52 DctFredc Openased bro=dre ) sqrhf] radins + radios 1;
L vaky

215 Simdmerr o pebizes 42+ I
1 20w s
S DT W M VIS
T GL0apw Coeiecs
] t2irswveray l'
v 1 dibmra R s 1:
1 4 Cmpla Farmrr
- [ TRTLE e
RN TR TS AR R EE T
- [] 3

reture - LHE!

You will alsc natice that the structura has armeshot celled hik ! Sleat ox,

t d Mz4281C) OH Odzed j] MW j tor

Il 1lsts?2 MmMbtckzCIskztej Mhjtdpatjos fipat oyldlea€*y)j. dijds
sftejHddvil, {§jt] MjdOy, s fdms oHjOHdzdredz’ nWdjLtc
{ Mdzd HO, Its d@BjlstsH o ydmdzw jls ttOMmMMmilstsw dac
dzz 3y dzts L dzgOIls! Hdzw Istséts, yYlstsBr o' BteOls!
fiJtcjMmMjCOjl dimMEsdz ¢ MV jte, emMitd Ck

Az dgldd main) EMmMstets] dzO0 ftod d3 tedets ISOC ¥ § ,
ftceddzgj tOr ¢ jdaj cOQydd dL sBOY j dad 2

rod{ x } (x * rand{) / EARND MARX

SEPHERES 20

Sphere  *a3;
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main| ol

cudaEvent & start, stop;
HAMNDLE ERRCR( cudaEventCreate( &atart | };
HANDLE ERRCR( cudaEventCreabe( &stop | )

HAMNDLE ERRCH( cudaBEventRecord( atart, 0 ] 1;

CEUBltmap bitmap|{ DIM, DIM };

Ydew bitmap;

memory an the R0 for the
HAMDLE ERRCRI( cudaMallooi | *x ) Lddew bitmap,
bitmap.image siz={] | I;
acate memory for the Sphere dataset
HAMDLE ERRCR( cudaMalloc( | *x ) La,
{aphere) * SPHERES )} };

t d MEZz4ABCA 2 dzC mai)H dzv o7 f sdzdzej dzd Vv  Istc C

fr orHjdvjda f§OoRvIs! H dzv d3Oendtete d" - fi)
MsMlsOo dzw tzb 7 ) B sdz' C 2 + BRU H Getzdz’c j dzdiziz o
CPU, I[sts dzj tsBHRjEJOsdEts a0 @GPUs ¢  GPi@O B tc Olsd o
Mtstslso j Is firlsdaMatledzsmdifoq ) . stsd3j Istsets, di' o
tcOMistesotsdts dLBBWLOY jddW, € tslststelslfj dwizH j
Bjtej bOmMmMdeses Cd MW j ts.

l smdzj Itsegts COSC ofMmw  dej tg @201 d O W  fiffc
SBtOLAdgjds Biglz j d3 S StsteH d dzOIsT vy j dalstetse, Yo j§

Sphere *temp_ s (Sphere* ) malloc | (aphere) * SPHERES | ;
( i=0; 1<SPHERES; i++
temp _s=[i] .r rnd{ 1.0f
temp s[i]l.g = rnd{ 1.0f
temr s[i] .b rnd{ 1.0f
temp s[1i].x = rnd{ 1000.0f ) - BOO;
temp s=s[i] .y rond{ 1000.0f ) - 500;
temp =[i) .2 = rnd{ 1000.0f ) - BOO;
temp_s[i] .radius rond{ 100.0f } + 20;
}

{ dMEz4@B8il " v jdzjdedy d ddedydOdzdL Ooydw

4j2YO0Om § tetsc tcO dgEERn mafjodzidad e Is ffdzz Y O2
CsdzfflsOdzs © L OH Odefhed dBEDIGij € Isa[o 1§ # dpjOusS txki
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BOMmMMmde MW jte ¢ sfGEPLYR ] § fesslblaMgn@og™) s { sfdzd
otcj Bjdedz’ 2 BLW jtt SMotBEYHOJISMW

HAWNDLE ERROR( cudaMemcpy | &, Cemp =,
(8phere) * SPHERES,
cudaMemepyHostToDevice | 3 ;

fresi temp 8 |;

vsjffjte! onBHAZ j H OdzdzGRU, fdsgndgwdsi! W IsHirprw o9 T
HQ@HAz » " Hjdzj &GO, d dF . B J B LOfEMCOIs!

: generate 4 2itmap from ocur sphsre data
dim3 grids (DIM/1&8, DIMS1E] ;
dim3 thread=s({l6,18) ;

kernel<<<grids, threadss>={ dev bitmap };

HOl@s WHtts d3 tOMMd3tsls tdeffddzdusly Is * dzOf L tsjt
Hj 2 fiplgodef dets IstcOfMMmdtelzjls Mmyjdesz d ¢ j dzj ted to
Csfdtelzj &3 o ydMmdzj dzd@PYd Husied® 3 jOgadz ff@dvizish] |
sMotsBSYHOjd3 oMM o Hjdzj dgdzlzs  Odzw Is!

HANDLE ERROR ([ cudaMemcpy( bitmap.get ptr(), dev bitmap,
bitmap.image size(],
cudaMemepyDavicaeTaHast ) ) ;

bitmap.display and exit();

cudaFree( dev bitmap };

cudaFree( 5 );

{ {fz4asls s eso Odzd ] @A Zdz s OFk

Iy st 903 EyJ ftodol QldziseOfidL z@ & d3ts
Istcf@Pdhtctso C O dzZzy0? 1 sMmMidz Sk &3 orf BtOdzd
sts & GCBH] WYH©O t©OLtBtOIs! MW Mo Mmj &z dzj
fqd¢imjdz 9" nsHdzesets dJL sBteOY jydabY , dzpig g Kzt
or ydmdzj dzaff"lzOqsts$t6 , ) G dEMmjdzw, Mslse jIsm
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sl ZOYOdkO BLY,jtO. st (BBER), diRGiseo
ftoesasHddZO yjtojL .yjdalste dL sBteOy j dad W

__global  wveoid kernel{ unsigned char *ptr | |
/¢ map from threadIdx/BlockIdx to pixel position
int ¥ = threadldx.x + blockldx.x * blockDim.x;
int ¥ = threadIdx.y + blockIdx.y¥ * blockDim.y;
int affast = » + ¥ * bBlockDim.x * gridDim.s;
float oXx = [(x - DIMS2);

{y - DIM/2};

t d Mz4281C[ Is ts B tc O hiynalpd J

float oy

sO0¢ COC Hdw CO)YHBEt dzzyo dky des
MW jOlid, Ists ¥ BBrBHJAB d@ZFOMMde MW jt d

float r=0, g=0, b=0;

float maxz = -INF;
fori{int i=0; i<SPHERES; i++) |
float n;
float & = s[i] .hit{ ox, oy, &0 );
if {t = maxz) |
float fecale = n;

r = 2[i].xr * facale;

g[i]l .g * fscale;

=)

| #] s[i].b * fscale;

t d M z42&CIntersection checking

JudodHdets, vyt MOdr J ddalsjtej Mmdzr 4 o7 1
for. [r fitwiBdwOjd efmj MmWjtr dit( kdv yse
L dzOIs+ codHdlse d&d &kzy 1k MW j tclz. [ M
H OdzdzOW s 5 ulkdOY fejdmafiymjj Wi S Odj e, Ujd3 M
Ists d3" LOf sd3d dz0a j &3 ttOmMMmisswdzdy HES dzso !
LOf s dzOj Isqw yo jIs 1 Ists?2 MW jtr, ylstse"
mWwditr , Bdzdy 02h j2 € COd3j tej . 1 sm¢ mdz! € |
fteso jHjdzder 2 dL dOh jets §d¢mJ dzv, 3T M
MertcOdzgY J o3 L d2OyJj dzedy o© BEW jt] tJLEA IsdHt
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1 sfdz Istsets C0OC fjtiMmMiudddy Mt ofmj
LOf dmMOIs: IsjSkhd2 yojls. 9 or osHdats] dL SE

ptrocffsat*d + 0]
ptr[ocffset*d + 1]

{int) {r * 255);
{int} {g * 285};
ptr[offsac*d 4+ 2] {(int) {b * 2588},
ptr(offzekt*4 + 3] = 255;

}

{ s sd@mdzylstezy dzj 4t MmMjcOJls dzd ®H
BkHEls L OfdmMOdy &OyOd debg v dzOAj HzE tadz g5t
qdzd ydOdzdL qtetso Odzd 1 Isd § jtej d3j dede’ j  dalz dzw
[Mdzd Swslsdlsj, vylste' W sdflse" QzOHdE Zic & EdE Wjs
g M2 SCOLOdz fticd diBjtc S OwlsddzSd, G tsdzkzyos -
2O yYJ tedetsalz W tsdzj

t dmMEz42BCf j L zdz! SOIs 9adL EZOdzdL C

[T GcjdgjtediesoOdzd fsLdydd, yYeojlsO d
sO¢ ybsts dzj ot OH OB th dOGalsizy . 4 O

4345 6 0OMMdtesoaCO dzyj2 M dhHisd L e Odd
lr C sdzj ydzets, tsB tcOls d dzd o dzd di3O dzd J ,
C tsdefls Odzls dzOw f ©O&a d3w Is ! dzd cHj dzj [k tsd3d dac
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otsMf sdz L s ©Ooh dMm! fto] G dglz? | MsOB®WEd . € s
¢ sdzfls O dzls dzlz f Odzw Is dzj dz' L w BsHdawdyd
ntcOdzj dzdv o' AntsHdzse s dLBBGOY jdedw, € tsdzj
ftedd3sd 6y oOnmtSHAZr d3d HOdzdz" d3d wo dzw j Isfyw Istsd
Ylsts d o3 dzdztseo § SEkMmis@dzls dzzs § Odsw Is! , dzj ot

 dzv Bl wWodzj dgdv CBdelsOdzlsdes?2 § Odzw Isd
COC Hdzw ©OLHJjdvjd@Bs?2 f§o0okvisd. [r ftshist

Spheress;

BsHIW S Colsstatd f Jtoj H Yt Hjdzjdd ] d3

__constant _ Spheres SPHEREJ$

{lsd3jIsdd3, ulsts o §jtets?2 dad i@l qlkcidds]
fn  dgtsh + cudaMallog ) 9" Hjdddzd HA&vW dzGBUs & i diC
fJtej ntsHY dO SCtdmlsOddsdzze ¢ OtBOL: adgistsd
9" HJj dzVv j Isdhy j M§lgO U J  cudaMalleg) L 'dalaieé ) H dz®
BOMMdo © MW jte daj dzzy dets, L Olsts tOL d3j o !
1IsOfj SsdBfddzvydd. I dBetsedr ftoddzsy j d
o' MG ts] B' MistesH @B Hlsd Ozw 6 defmlp &dzldf tcj q H |
HsfMisdedzzlstsds et lgtededs," §§ OF sdydyls] dzdrda@f ' dzC

main{ void )} |

CPUBitmap bitmap( DIM, DIM ! ;

*dev _bitmap;

HANDLE ERROR{ cudaMalloci | **] &dev bhitmap,

bitmap.image size(] )} ):
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Ephere *temp 5 = (Spherev)malloc| {Sphere; * SPHERES ) ;
i i=0; 1«<SPFHERES; i++) |
temp_s[i].r = rnd( 1.0f );
temp a[i] .g = rnd( 1.0f );

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

temp_s[i] .x = rnd({ 1000.0f ] - 500;
temp s[i] .y = rndi 1000.0f ) - 500;
temp s[i] .2 = rnd( 1000.0f ) 500;
temp_s[i] .radius = rnd{ 100.0f } + 20;

1
HANDLE ERROR( cudaMemcpyToSymbol( =, temp =,
(sphere) * SPHERES) |:

free( temp B };

Aim3 grids (DIM/1&,DIM/16) ;

dim3z Lhreads{1a,1a) ;

kernel«<<grids, threadss>=( dev_bitmap |;

Vv our bitmap back from the GPU for display

HANDLE ERROR{ cudaMemcpy! bitmap.get ptri}, dev_bitmap,
bitmap.image_size(],
cudaMemcpylDeviceToHost | ) ;

bitmap.display_and exit {};

cudaFree| dev bitmap ) ;

[a—)

t dmMkz42B8Ct j Odzd L Oy d ai{)lz dz€ yd d

RL ®BJdzj ded?2, 85 MtcOo dzj ded ® migin( § j to ety dxdia
SOC kyj BT d&zs MSC OL Odats, dugaWiglieg’) dmjde delr yHH,
fORvIsd ¢sH BOEEGOY Misgredt dS Oydwy o HJ
hiod W s s ds

HANDLE ERROR( cudaMemcpyToSymbel( =, temp s,
{fphere} * SPHERES ) );

Clsls MY j yd Odz' dztudaMene@®@ df Gedflslzj dzv j Is W
Csf Jtotso Oded d CRULe  {SOXR#MdsIO dzls da@Pl. i Giogwdlsiyls o
tc OL dzd yd j cuddhemepiZToSymbl) cuflaMemcyO 7 § Otc O d3] Is
cudaMemcpyHostToDevice ©a ¢ dz¢ y 0 J Is ffudaMeniery e SymhplOs
Csfdqezd s o ¢ tdzgudatiténugf)y o f @ dgts B.Odz! dzlz &
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[ Mdzd dzj MydlsOls condim dr af if D 55 taPaia], B
oJtmdd M ¢ deMmls Odals detsj2dzldfdougiz’ls & d B j L dzj

435l esdLotsHdIsj dzr desfyls: fJteddztsy J dedvw
f O™ Isd

1€ dz¥ ydoe ) sBi W o dzj dzfgnstami3ts H d Wd'S O ©ff to
ofmMwCHesdmMr © o B AEZOMIS! FOBYISd. 16 o B A3
Sy dHOjBs ybsazzydls! . 200 | slsdifsuGafgm dL
fOBYIsd dBsyils kdjde "dls! Coddyd et f
fesyd Mstesd § s digig @ dfjL dzde dztsfiy Owlas Jlzts 2 Od
f tedyd dz

1.[Hdzes yljdedj dL € sdzMmls Odzls dzts 2 brdadzdyt Is d
Hiclza c dfdg Cededlge dzd sw 3, ylbsts fsLeotsdv jls .Mt ¢

2. ssdzMmls Odzls d&zOv f OdzW Is CiLhdtekzjlsmw, i
Yylsjdzdw dL Iséts 3j OHtj MO daj H Stotsy H OB I

YyIsts fsdedd3ZdOjIsmw §H Mzseotsds BdzdL $dj -
@ ftedHjlshmv tcOMmmpbpaawarg . t§ dVsdevjlsdfudlsOls
zzyh j L d2OSCBdzr M Wddzr dssds ¢culsOtc Istej € e,
MEOxJ B3, wharpe Mdsed Ctdlsj SMisd dzaj Jd3j J s
MestetsMmisd §Jtej d3zg " J dedw ! dzts X sHugs @3 " dzjl dzdds
Mzcotsd3 dzOL " 9 OjIsfmw Gk § © MY oW H j dedz A
Is¢C jIsmw IsC Odz' . CUDA O ftsdg ¢ (siz & @) dz® & Ylzls dzOL *
ctef O dL 32 c¢MmMftewHjdzdzr mné dzdlsj2, CBls
dzd Is+ , ff tcd dEHHARIGiAO he@Vicf 2, € dz Bts2 Bsd3j dz
d bk 3j StdBOdzHEZ dzOH tOL dz" digd H Odzdz" d3d

lted wylsjdedd duL ¢ tsdzfIs O dzls dAB/IDIA a0 jlsis]
stcOdzidzd tctsda o Ols f tetsydls Odzdz j H Odzdz" | dz
ZOL " 9 Oj Isfyw G to kit ddxs af dodeCls G3 a2z s X @t th @V A
9 okzZzo Ot PJj OO i dL BHoSets d Istsc
f OBV IsdPU alg tH Gjdadz! €5 tsHddz L Of tetsfy dzO@ yls



130
ftesydlsOdzdz" § HOdzdz" § COyHB2 dedlisd. [ mdzd
C s dzfls OfBdERE s IStcOW d So MK OO LO jiist)witc O o dz
JIE dzsB Odz dzgs?2 §ORYISd (fted B edets 6 %)

168 L CsdesAdzd v dzi -elze Bhzdhs§ O I5 dey J 934 %
ftesayj Mmstesd d fOdkvik: s! 1 smisd Sk o
gL d3j dgv Is* fw , tSBity sk HOSlohQiEfgo Ods @ € ts &Ris O dzk
Rdzr 8 Mzse Ok, G tsfdzj ksets €OC HOdedz |
fOBwIsd BsHdd ttOL fesaydkody , dedlsd du
OHtej ), ©BdOEZY Ol HOdMM j ©® Cihj, ¢t
ftesdLB2H] IS

I fteddjtej bwOmmMdeseSd dkyj2 §OxH
f OLOdj Ister MW jatr, ylkter &y ds B' &zt { f
fjtejBih jdedw HOdgadze » 5 MW jttOr o C tsdeMmlisC
ssfteOodls: ddh! sHddz § ORLISH. PO s ddd P«
d omj BMSOM dz@r §j dedlsd dzaj §stesyHOE IS IsteC

1. dl' dORsHdkMY o Ikisd 3J §sdkzs Otst
)L sy ShOdtesCso jh Oj dz degs?2 IsteOdzlmdzy yd d .

2.qlg' &zOh ZO HOdzdzr j ® S4hj € tsdzils Odzls

s iy Odzj ded s, ftod twWOBKI] M ¢ tsdzMmls Odzlsd
LWWiClk. uvtOdhdiyde §ZOdg G dtzo@alfs ¢ sdzyo
ftso" Mdls! fHtosdLotsHdIlsj d detsflss , JjMmdzd o My
1B jMdzd dzdilsd BBteON OF Istinwts & tc DB OZ" jd3iz O Hdehj

) ZOlts?2 L O kttOdhdYyds Hds?2 tfjtoyd
Ylss o COYHTM2 dBsdiRjdls otcj &3dj dzd oM 16 dz
sHqdz LOftesf) wylsjddw. 1 d&Oudl, jMmdd 16
tcOL dz" | HOdzES QdzldztsE s OgW Isd, Ists 1 Isd dad I
d d&zO0 tslsftcOoClkz LOftesMO dzO yYlbsjdedj EZRatsHd
Udkodd dL cdsBOd ds2 §fOoRvisd, It o]
SHdso toj j dedets. | s dMOdedzs? MY B&Oydf,d
ofMjcets, BCOYjlsMmw ®wjHdj dedzj §, UJ B dL ¢ dzt
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44RL Bj toj dzedj HtotsdL o sHdIsj dz' dzts

1l sded BOVY, yYbts oL Bsyd COC L dIsdoe dz
o ofj NJ tihOjbj dL®Bjdds! bteOmMmdtetss
f Odgw Is+ . s O¢C L dzOIs+ Yylsts fted 1 Istsdz
ftescteORBB ? [HAEZO L §tshmilsj B2Od re sdfickstindg ¢
o jtmdw LOe jthOjlsmw Br Mistej j ? [ By daPUB' d
dgdzd s jttOyd tsdzdzts? mMdmilsj dzr , dzts L Ists
o Otcd Olsdo desfis! , BBEMdzsedzj ddz" | ftedictsH 51
[8, HBMlskzY{ dtsMmlis! ot GRS dsts yda'. n) . Is GAelRidig
dmf sdzdzv j Is C@PWtedstsc 220 O0fMmd dzn to 5 dzdzts ftetsad
o yd mdzj dzq v . RL d3j tod Is! Hozd Isj dz' dztsmls 1
fsd3tsh s 8 dgj m Odzed L BZ3BRUG dzol s tc 5§ gztizOR) d &5 dzdzlz
dL d3d dzgj ded v toldagtalyjdedL OB O Yo Op Is ) APliz s 2 | ¢
B ' Is GUDA.

]l CUDA Mt Isdeyedd (dzOL T 8 Oj Isfmw o Pz dzd
L Of sdzdzj dzdzO" o tsftcjHjdzj dedzr 2 § sdz' LAPY Ols j
MlsQoadls 1k dijlsSk MOd, Ists o' B R HiES
o tc] dzGekm digtish + 8 IsO2 d3j etse CP UK dzWA P ts ddizj
o toj d3J dzdzts 2 k3 s d dzlz ¥ dzts ftotsH j dzOIs ¢ H ¢
LOtjedMmMistedteso Ols! MtsB" Isdj. 1 0ftcdd3j o, o
f teijdzsy J dzed 2§ tets ¢ tc O IS dzaly” & MfiAe‘ts ffgflsg] lacfiAn Is Js O3
otlejBY. 1 d&v L Istsets MdzZOYOdzO mMBLHQAQ] IsMw , (

cudaEvent t start;
cudaEventCreate{&start) ;

cudaBventRecord{ start, 0 };

[BtcOIsdIs] o dzd di30dzd J , ylsts ftod tj cdmls
cudaEventReco(d) f jtojHOjIsfMw olststes?2 Otcc kzd3j dzls
stsyadz 2 Md3r Mz { ssets Oteclkzd3j dzZls© dzOd3 My
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COMCtr 9Ok Lk kO2dkz, (SO dzj tOL o St
sjteLOjlk dzgj 2 j dBdetsj dzs By klsoisls sdsts  dsts
fted ©BMEYH] dicpg). f SlssC 50 (

vyistsBr dqL®Bjtedls! otejdiZY o' ff sdzdzj dzgdw B d
ZOYUOXO d BSsdyOdd™. [ CulAg@d] /it dd
o] BBY 20AYOd&O, L OlsfdH s R FAPHrdyds dfos O @y j
LB®jedMmMstcdtesaoaOls!: atej BB ¢ tsdeyOdedw

cudaEvent t atart, atop;
cudaEventCreate (&etart) ;
cudaEventCreate (gaetop) ;
rudaEventRecord| atare, o );

Af do some work on the GPU

cudaEventRecord( stop, 0 );

s Mty Odzj deds, Htod ISOCtSd - tots @BUSE] 198 Q>
sMsOjIsmMY SHd&O ftesBdz BO. YyvYiIssB' dMftcO9
dzj tBts?2alsdm: BjL §twfdzj ded 2 . ZzlszC O o
dmtf sdzdzgv 6 h | XUDR WG HT OB H j dzj o  tsdzdaw
1 0fteddsdte, fted LOfEME] 2GCRUMED stk fisd teftpy
dzOh CECRPUY talltH sdzy Oj s or af sdzdgv Is! fdzj HEze h
HsSYdHOW M SCsERDBGHEY StsQEHIS'L toj dzdvY f tetsd
ftoj CtcOMmdzts, f slstsdi3z GRW ¢ CPY'd3tsf iz dzj difdievts d dz®
SHdtso toj d3] dzdets (3] s Og s Mdzisp dats j Ismw .

[ BtOM j dzdw Eudabt\emnReepfl@ H sB dzts f t6j HMIsOo
LOaftetsmr dzO §osdzzydjdedd Isj Skhjets ot di3d
L &zOyajls, ybst ttjedmstcOydw MmMtse' IGEYW
fsSsdyudls Mt edfyfy i3d § sL@HO@daj “dzdz" d3d o
cudaEventRecordO [ mdzd teJ y* dHjls tsB dMif sdz' L t5¢
dL d3j toj dedWv HtcOo ddz desets otcj dzj dad, Ists 1 Ist
BsyjJdBB BJLESYOMdes f tetsyd s OlsGPU dzgizO y P& dzdzjy d
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ftejzh dj L OHOdw. s MmyoOmls: ¥, dd@PYIlsmw
Mdder tetsdzd L d tets o Olse riqwis dn  WintsdaEvesdSgincronite

cudaBvent t start, stop:

cudaBvrentCreate (&start) ;
cudaEventCreate {&stop) ;

cudaEventRecord{ atart, 0 );

A4 dao some work on the GPU

cudaBventRecord{ stop, 0 };

cudaEventSynchronize (| stop ) ;

vd B MO B8 & fesftesmddd JdMnY tsddzys
fdzj HE¥ M j2 ¢ tGROMzH j H cHflsd @dzj s MsB ' Jsd s dst
C OC W kcdelaByentSynclonizdl ) o j tedzj Is Lk tg @y digdatadnis,' |
oMmMvw tOBBSBIHE sBSdZYOdzdY EXJ L Opiidshg pa
s OMCd o tots Upldtd@fds s oL Gotalgbesd o toj d3j dzdzz®  dBj Is
fsM¢ sdz ¢ CUDASB] Gsifefdzts o0 GRO d3Hals  tsded  dz § tec
NTtesdas k) SteOY O fMdsj " O dzdzts ¢ SGPY, ts HISGQRU. ddfirRiftes| dzdz
Mo O], §td oftsdolsS | CUDd ke -dgd g s , €
or ftsdzdzj dzdv WwWHtCO d SCtfdtotse Odzdw f Eyom
B IzH IFlsizOde § 3 dz’

[ fldsdk)lsttOy 0 dORyEs dispdg) diptsi b
ZOw® d GCsdkyodkdw, COC B' d&s bktd ¢t
ntlctsdatsdzj stedtelzj B3OV 9 jtefmdw IstcOMMmMdtetseoh d¢
1 O B3\ df) 2 deBA.
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int main{ wveid ) {

S capture the start time

cudaEvent_t start, stop;

HAWNDLE_ERROR( cudaBventCreate( &start ] );
HANDLE EERCR( cudaEventCreate( &stop | };
HANDLE ERROR( cudaEventRecord{ start, 0 )} ):

CPFUBitmap bitmap{ DIM, DIM );
unsigned char *dev_bitmap;
S/ allogate memory on the GPU for the output bitmap
HANDLE ERROR({ cudaMalloc! (void+*+*)&dev bhitmap,

bitmap.image sizel(} | )
llocate memory for the Spheres dataset
HARHDLE ERROR | cudaMallocd (void+*+*)&e,

sizeof (Sphare} % SPHERES | )

Sphera vtemp s = (Sphere*imalloc{ sizeof (Sphere] % SPHERES
for (int i=0; i<SPHERES; i++) |

temp s[i].¥ tndl 1.0f ) ;

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

temp s[i].b = rndi 1.0f );

temp s[i].x = rnd{ 1000.0f )} - 500;
temp:s[i].y = rnd( 1000.0f } - 500;
temp s[i]l.= = rond( 1aoo.af ) - 500;
temp e[i] .radius = rnd( 100,08 |} + 20;
}
HENDLE ERRCR( cudaMemopy ! 5, Cemp S,
gizeocf (Sphera) #* SPHERES,
cudaMemcpyHostToDewice | ) ;
free( temp_s };
Aim3 grids (DIM/16,DIM/16) ;

dim3 threads {16,14) ;

kernel«==grids, threads=>>= [ 8, dev_bitmap );

[}

F& copy our bitmap back from the GPU for display
HRNDLE ERROR ([ cudaMemopy( bitmap.get ptri), dev bitmap,
bitmap.image sizel},
cudaMemcpyDeviceToHost ) 1 ;
float elapeedTime;
HANDLE ERROR( cudaEventElapsedTime( &elapsedTims,
start, stop ) ):

printf( "Time to generate: %3.1f ms'\n", aslapsedTime );

HANDLE ERROR( cudaEventDestroy( start ) ):
HANDLE ERROR( cudaBEventDestroy( atop ) };
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bitmap.display _and exitc();

cudaFree | dev bitmap ):
cudaFree( 3 ] ;

}

[ (ME428E] j OdzdL Oyd™ WkdSydqd ko

[ BWOIsdIlsj oded dsOdzd § dzQ@udaEventElaguedlingg) Woz
cudaEvent DestroyQ A Iz dz€udadfveritElapsedTimed tesfmists o yd
o tcj d3w ) B3 dzdzd j 4 C zdzH O~ dB3d Y HE Ho Iz d3v
mMser Isdvddd. (JLEkd IsOIs oatsLotcOh ©ajlsmw o
Ckstesets fjtjHOdZ 9  jicotsd3 Oteelzdid dzls g .

SBEHO Mtser Isdj, Mmudab@olzsp) W iz gfdpmR O
ey ader &3, Jjet MmdzjHEz]jIs Edzd ydsdeBvdntDestrdy 1 ts
ltedyuddzO Istsydes IsOC Owfree )i , H &ZOC s B tBY H
97 HJ dzjnudtlzt€)? f s Issdzz dzj BRHJ A3 tsBI W Mdzw Is:
C Oy H' 2 cadabveant€reafe) MmMtsi tzfgy 55 HcOdBEVENtRestrqy.

1 s d3d d3ts G dzsB Odz! dzts 2 d tcOL HJj dzv j d3ts 2
ftcjHT HEMN R ¢ dzO 9o ONVIDIA &fBtdsjtaHizAsfidso@pdedvjj Is
f OV Isd. stsdzmlsOdzlszOY § OdRBWIs! Btcj d3d dzd dzC
MtcOo dzj dzd® ) G dzsB Oz adets?2, dzets o dzj C Silstst
fmiBWw, a3’ Bsyjdz or detOls! dz ftosdL o 51
fswodwjlsmWy SlsSEAHH @ dasizsds dzOtelf j H Bdzy dzf
N d HOdzgdzr d3 Istsdzr €t HdzWw ylsj dzd v . [ mMdzd ¢
PmMlistetsj dz@ dd3d dzdzts IsOC, Iss IstcOVWdE diYHLE
LO Mydl bttOdhdyydd ttjLlzd lsOlstsayjtsf SteOd
fOdWIsd dzO CtedmlsOdzdzj . r smliskzg ¢ § Odiv Isd
Odze stedIsdzOr, i1 stsd3z dzOdzd yd4 d3J -~ Odzd L d3
o 1lstsdz tslsdetsh jdzdd, By jls B8ECOL Ol Mw Yt

fr bOSY] dzOkzyddzd !  QUBH dgfztzV Iste jo Ofefthf e’
otoj BB dede" = BBy IstsC o CwdeCtojlsder | Bsd3j dalst
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GPU [r eodHjadzd, ¢ OTPUYdGHEAtcts ddsf® Y dodg o @ts s
COC o' ydmdzdls! ftesadgiyklsss otcj d3j dzd 34
MtcOodzd dzd otcj i3 tcOB BIs'd HO 2RE W jj s iff 2§ tdsdehC
Yybsts o 1 lstsdz MzeyO] dmMfsd aLtse Odzdj €k
or dceter h
stsdzstotsdz dz' | otsfftotsfy!

1.sOCdd3 sBteOL 3 SHtcjHJjdzVvjlsmw ) toj d3j
2.{ fdh dlsjy tOL dzd ydLCUPA.lsdtfr § Odzv Is(d
3.s0Cdd3 tsBtcOL ts5dis adgdsls) dztsC todpiOfilz BUDAS 9 O dz
4C0Cdds sBtcOLBdE 9 COYHEBA BdsC ] dBtsy d
5Yks OB sdzO&Gth fslsksCtse o o Ol j
.S tcdz S5 BzBC s o MjlsCj

7./ fdhdlsj Ijrdsdzsedd oL Od dBtsH j.2Mlseadw
8.[BIl widzdIs] , MEPORRI B s tcj Odzd L 59 Ols

ftetsdL o tsH d lsQUERA-fizis )tz 3 » dzd d
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CHAPTER 5. TEXTURE MEMORY

1l tod tcOMMmd3tsiste j dzd d C sdzils @ gezdeis 2 yif ©d
sftcjH,jdj dodgf o8 bdfufssdz' L so Odzd j M j yd Odz' «
LOB] sdets EMCtstedlIs! tcOBtslsk ftoddzsy j dd W .
o deter h d Isj 3 @t d3dusdizz yodkY § teddeV s
ejh jddw. | 12 cEd&Ooj & HCONjdB O
f &wis: . Clks Jhj ®©Hdd oadH §ORBYISd, f tcj
fsLotsdzws h j2 fsor Mdls! ftosdL o sH dIsj dz' dzE
fesyd Mhstesds d fJoivis: s ftod tftjH]dj
dL dzOyOdz' dzts Isj C MiskztcdzOW f Odzw Is ! ftcj Hd
GOV dud Médn YJoSettOBR, § tgdd3) dtsisdats dfn olz fr
o " ydlnjorf' dz' ~ f @RS § dzd ¥ -

5.1 Texture memory basics

lftotsetcOdEDAY desy dzs d MY sdz L s Ols!  jh ]
stsdz: €5 HdzW Yls j dzdNVIDIA OfdgrtdsidC. Isd mis&s ® dzO ks
Eedes2 Mlso © HdzW YSHHjteySCd € dzOMmMmPpenGh§ d -
DirectX, z ) ldslzj t€ dzts 2 fOwIsd J Mmlis! dzj C slstster
Yytej L o fu®&dasdzs?2 Hdzv o ydMmdzj dzgd?2 o Bh j &

sO¢C d CtdmlsOdzs dzOv § OdgviIs! , IsjSCMmlskzted
f o1 Istsdfge mlstste’ 7 Mz yow s toLotdzwjls Edj &
o dzj " diiRekM. ( Mdzd BT I8! Istsyde o3, Is§ ¢ Misktcds
cteOWdyud MSdr ftoddztsy j ded 2, 9 C(tlkiter n H
o MeCts?2 (JtosMmMistcOdzMise j dzdzts? dzs € O dzv pakzdnds ¢
sBh jets dzOL dzOyd dzgdw L Ists L &2OYyo0j Is, yls ts
sBtcOh Ol Mw € OHtj MO, tcOMY sdztsy § dzdz’ o3
sBtcOM O Isw  p(dpfll. dJ dzdlisd



Thread 0 ————_

Thread 1| — T 0=

Thread 2 —— | 1

Thread 3 —

t MBS stsBtcOY jdzd ] § sSlstsCtse dzO Hok

g oy idddy Otd¥ djlsd S, n @ teg i bl ds jo
W dziwlIs Mt wdad Bd, st iz daid MisjzH st
M sdz L 5o Odefw? ffls0ides Ote®! M dctso O RZPY , 1 tsts
5j CflsktcdBPPMIE jOE dzts ©OL tOB 5lsOdy H dz¥f Rlz )¢
MdlszoOoydwr, (i lktsdk3z ftedd3j dzj dzdj Isj §S Miskzt
HOI! ordcetrh. ¢, COC i EZoaduHddz dady J ,
dej “Wo dzW-pbmy Mygzzudlsj dz' dz' o3

52f/ 5Hj d&zdtetso Odzd § Isj f dztstsB oBj da

AdLdud MC JitHigisdt jlad ) @dgisd dzo detg d fip dzts 3 de'
dr &OHB &OSsHdls' € & tedsd &)y ddg e Hsla
zsy desMiss iz B § tfijdzjtst ddfdgs cas@is s dDjcassidzy -
f Ot Odzdzj dal iy Bj dad™ 5, MHj d&zOoh j 2] olsE Uiks s
Cuif ' * s odethtp s odf@filis Y ctOk' flssdr o Oy
WdLdujmMSdj dsHjdd &jcCts ©OMY OOddj d
COMBsted & SHA@E yjd ftshskzs &sHj d

5.2.1 [BHjd Isjtf dstse dj dzO

YyiIssB" ftoH] Bsdhistcedtctso Ols mMdlszOyds ,
LOHj2MsdmbsGkdizs ] f ORvIs! , & §shistetsd d3
Isj f dzstsB 3 dzO©. 1 dzv dzOyoOdzO f tej H Y sdztsy d 3,
Cslststolz a3’ tcOLtsB! jdZ dz2O tSHJ OSSO j W
SBKOL S ttOMY sdztsy § dz' ¢ dzOGtcj 9 OISH2¢zth & Ot O
ftedd@3jtc SOC2 MjlsCd.
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-

t  MESA L B dzOMilst tojh jdedw M ¢ dzOctej o Ols

RABIW (oW dBskzesd dzgk MmilsSk d L dzOw ¢
sl fsmistesdls! BSHj dz ColsOY
Isj B jtcOlkztc® COYHB2 wWyj2¢d Mt otej d3j dzj
wyj2¢d M dzOctcj 9 0lsj dzv s Mtsh tc OUD® Y s ts (f3 s E
BsHj dzdtcseo OdegdWw Isjfdzts c¢ff jtoj desfpdlsmwe dL
MsmMjHdvw wyj2Ce0 bjfdjj HOdzdets?2, Ists H Oc
mMemMjHdvw wyj2¢0 ~"tdztsHdzj j H Odzddd? tEBfis.ts
dLtsBteOY j dzO0 ¢ QoydjdEds olgj jdfdeery'ts BSd@)jtedzO .

ld
"BEE

e

{ MESASE Of O dzj dzd ™ § j 6] dzsMO s f 2O

I dzOh j2 BsHjdzd Isjf dsse &3 20 dese OW
COC MEBBO LOLdsMisj2 &iyHk jj IsjCkhj?3
MefjHj2, bkt phk! % 6tdkdj

~

Y Y DY Y (5.1)

I 1?2 Wettdkdj (shsswddoy ¢ sfdnre
Bsdz! " dr L dzOUd dzd tets O jfitediiPlsijidsO oB "l dzts o j
sj B j cOEEO COyHB2 wWyj20d 1 tojchps @ dsds:
sj &Y jcOskter BEHjls MSotOdvls!' v Hed h j
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Yylsrtejn MmjHi2 (9]tnded?2, "o sdpdsds,” dzig e
L Isk Wtstedizdzk sy dzets  j o f:d MOIs! Mmdzj HIzE h C

Y Y TOY Y Y Y 1 JY (5.2)

SsOC d 9 LOHOY] s Iste @iz djt@ts a6Sdi0 adzlz y ji 2s
fdsjj dzHzjIs d2O Bd&zdL sMmis! € ftOCIsdudimed
sdz0 dzgj wWeodzw jlsfqw HOYJ tslsHOdzj dzdzr d@3 ff tcd B
[T HejH]d&zO ofmj Eftetshilsddd,doylsfesd d] iz
Isd ~dzd € J d3fftiots® © @z W . RABBJW 1l © odHLk,
WstedzdEd2] ftesdL o sHWIsi@BPUe ™ ydmdzj dedvw dzO

[ J sOdzd COY3HBGEtS hOCO 3 sBMEzHdd Yk
tsB dzts o dzj dzd Wo Mmdesdgtssf lszdMdzj Hize h dd3 SBtLOL B3

1. RBJWY MmMikSlk ontsHd n Isj &3 j O kzts,
zOctej 9 Ols j dzv d3( . sJd3 MOdr d3 o3r Mslstcj o3
Isj BYf j cOIszter ) 1 Isdn wyd2¢0na, ZH o dzj
Isj B J e Olskctlg "o Odsge@z! dz' 4 sy PHA g . o5 L o sH ]
copy_const kernel().

2RBIJWY MilsCk ontsHdzy n Isj BB jtcOlkzte, orf
fts WstbdkdzjCsO f jtOydw aobletfidkemzh.j Ismw o

3. [ dav Is! 3 MIsOBRB oEBbhs? (ftspecBkkad
Mg j 6 ts h ©O6 0O BsH j dzdtetso Odzed W . vd it
o ydmdzj dzdz" § &O h O6j 2, B Olztse WiisdyWvH b ¥n Nt
o t6 4 d3j dzq

l1jtejH ijdz CO0¢C Hftwodmlskfdls: € &BsH | d&zd te
mMejdzj atcdetso Odzd MjlsC k& € s dzfilslds@dzish | IsiCty dzs fif t
dzzdzd, des o dzj aSC skt n Isj B JjtcOlskztcO® tsls
CtsdeMilsOdzls dzj BEHJjI dLBjdwis! Mw ot otc]
COYHEBBR "Oc,.

[ BH]j &dtetso Odzd § Isj § dzitsisB Wlp 2O dztf 5B tcs P &
M sBHdsY, MifsMistets j dzdzts2  d&2Q . f tg jOHs'j Hifz "3 d3
Isd B Oy J 4 ¢ M dOGtej 9 OIsj dzvd3d o + Iskz
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L &zOyjded¥. vOC Hjd&Ojkhw fosbstsdz, ylst 1t

sMisOj sy (s8] MdlsSd ¢ dhpgiiddnd:
fesdLosHdlsMY MhzjHEs hdd "HiEsEd

global vold copy comnst kernel{ float *iptr,
const float *cpkr } |
S/ map from threadldx/BlocklIdx to pixel position
int x = threadldx.x + blockIdx.x * blockDim.x;
int y = threadldx.y + blockIdx.y * blockDim.y;

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

i1f (eptr[offeet] != 0) iptrlcffeset] = cptroffiaset];

}
t dmzeds § J OdzdL Oydw WkdzCydd wHtCO

ljtwear j Ikted MistesCd dOdB3 k3 j rstshts |
f Otc© d damepdldi]ackldxf tcj sBtcOL EZjIlsmw o CBteHd
MistesCj or ydimdzw jlsmw Mmd3d hJ dzdd BIs dzO YO dzC
J 9" Hj adzj dzdzts? sz dqtedz d3 "N tedW Istsdz Mmist
Isj BYf j Okt dzOG tcj eplsj dpjtl odfnLts HAsiEAY ) dfp jCAs € 2
BOMmMmigtd ] . [Isd3jIsdds, Ut Isj &Y jteOlskztcO o
stsdz: €8 JMdzd BdzO dzaj t©00O9 dzO dzlz dzv . v J a3
fteJ H" HEP jd3 P OG] LdzOyd adedvw Isj di3f j tOIskzte
dzOGctcj o Olsj dzj 2 . ¢ dxptflj ,dzls rijasipdsdeiigiy d af@ W uJ
d&ZzOctcj 9 Ols j dzv &3, tslsdzd ydz'-ff j 8I©Is EHzz @zv o A -
SH&ZOSCBoats?2 dO ofMmj- h OEOR dBsHJ dzdtetso O dzac

ZzZ0OGe 2 0OdzetstedIlsdzO MOy 2 tstedziHas)] ighs d] 25 B «
B JdB " HJ &zdIs! HdzZw tBMyjsO COYHEH]BY
mMydls™ 9 Ols Isj B j tOIskztcr cmetsj2e wyj29¢d
L dzOy g dzd § . UJmnd2dC O dzgy BlsdzdyoOjlsmw lis
ftod d3j tOn



142

global vold blend kernel( fleocat #*outSrc,
const float *inSre } {
/¢ map from threadIdx/BlockIdx to pixel position

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

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

int left = offset - 1;
int right = offset + 1;
1f (x == 0} lefb++;
if (x == DIM-1) righkt--;

int top = offset - DIM;

int bottom = ocffast + DIM;

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

1f (v == DIM-1) bottom -= DIM;

outSrc [cffaet] = inSrc[offeet] + SPEED * ( inSrc([top] +
inSre [bottom] + inSre[left] + inSrc[right] -
inSre[offaet] *4) ;

}
t Mz A 2dz2C ydw WwWHt©O Hdzw t.j OdzdL Oydd

1 Oyodzts ssydzts ISO@OY®Y Gjczei €«Ofddg dOBB tc
Yo jlsoO §demjdzv dedls! o udmdzvijls Isj Bfjwo
threadldxd blockldxf tc j sBtcOL 28 Isfpw o foffset © 118 g0 o g
Bsy jIsj eOEARBBLEO 1 Isd MlstesCd HOY ] o st BEag s
o003 dzaj HtdHJIlsmw) .

Odzj § & of udfmadzw jd3 Mmdd " jdzdw o Mmjn
LOIsj &3 ftesyd Mis! L dzOyJ dzd wzOlg j datff § tc @ IsHAO™H s
or yddegpdrj detseo 52 Isj B JteOlskzter o Isj Ckzh ji2 w
CtoOded I v ud 2?2 S=ds," ~H AWdzHGj I T Mdzd HEZj s § tsH Gt
9" 2Id LO GctOddy" MmMjlssd. R o f sMmdzj H dz
or ydqmdzj dedj s Westedigkdzj 5. 2

5221 LEO&dL Oydw Isjf dstsedj ddd & sy
] ®MkOeh j2Mmw yOmisd fesctOdd’ & J
SlssBteOy Oj &3 Odzd di3d tetso Odzdzlz ¥ | SOt Istde@iig 1 i
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#include "cuda.h"

#define DIM 1024

#define PI 3.1415926535897932f
#define MAX TEMP 1.0f

#define MIN TEMP 0.0001f
#define SPEED  0.25f

struct DataBlock {

unaigned char *routput_bitmap;

Eleoat *dewv inSroy
float *dev outErc;
float *dev_conatSrc;

CPUANImEitmap vhictmarp;

cudaBvent t start, stop;
Eleoat totalTime;
Eleat trames;
bi
void anim gpu( DataBlock *d, int ticks ) ({

HANDLE ERROR( cudaEventRecord( d-sstart, 0 ) );
dim3 blocks (DIM/16,DIM/16) ;

dim3 threads (16, 16) ;

CPUAnimBitmap *bitmap = d-sbitmap;

for (int i=0; i<90; i++) {
copy_const_kernel<<<blocks, threads>>>( d->dev_inSrc,
d->dev_constSrc )
blend kernel<<<blocks, threads>>>( d->dev_outSrc,
d->dev _inSrc );
swap ( d—>dev_inSrc, d->dev_outsSrc );

}

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

d->dev_inSrc ) ;
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HANDLE ERROR( cudaMemcpy( bitmap-s>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-sstart ) );
HANDLE ERROR( cudaEventDestroy( d->stop ) );

{ d MESHE R 5 & - S H

[ oCdzs yddzd o CBH r toESddsERR IstcOPC dz®
stcOM§dteEafn jRtej H HEP j2 S dzOer . 1 OL d&zOy4 d
d tOdz "j. 16MmMid Sk dr sk dde) dinmjy O dzdn
sts MtcOr tkls s s d&j ~O0dedL d&3j dL d3j tej dzd W
bejHdlk: MW o EMfjrnj Motjcet dzOyd dzOdzed v .

SOtE OM Odzd d3Usy gz da@nipigfa(©); © & O H B3
COyjmMsej Oteckdj dzstso j2 j tcj ba@Bldeind k
CsdzdyjfMmlsots Exj fsh juhdn kOCkte Odzd
o"hyj, & dMftsd Lkzjd BdsSCd dL 256 dzdlsj
COXHBdI) Oydigr oy dik baRanggbu ) o' udmdz¥ J Isi
otcj g dgdzts?2 N Oc Bk iz By O tpdtdBleckipSis F e PJ
BEWjt ftsMmistsw deder rdzOls jloggth OsQlsizj 5 01s O f ts B ezy ¢
h OO0 disHj dzdtetseo Oded W, Ists BdO Jddz¢ Of Mk dz
Mdzy H 59 OdeipndpPuds, o stsB N j dzj dzkzy Hig Isfqpw o
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[BtcOIsdIsj o dzd @30 dzq 4 , Ylst® " § s dedzvdgtsdlz &
BsH | zdef s o OC IstslsHz] 0 € @€ jsg S p J A MASSIssStc O
1 MY J eddy dzZo@dB'tcOdZO 9 CoOyj miso j tcOL [z d3¢
dzj sBaBHd BsMIs! 8 9" gtokzy Ols! tOMIste dzO € O
Btsdz! htsets ydmdzO h Oectse o GHdR CSOHG], 1
{ Mdzd o 0OMm B dz' zP dz¥riglsdedejj ME PIs tcj L Zdz' IsOIs
BsHj dzZdtetso Odzdw, yYyj &3 Odzd ZOyYydvw o toj Odz' dz
WEdzC ydd sO¢, ylstem ybphROilgsasdys COHede M Oc

} sfpdzy o udfdzj dedvw 90 W M @c tgts Rg3teale O dzdt
ftojHre@tgh jC OH tc@Wartinegd ) Cslstsoa O ME] Jotse
JLtsBtOYy jddj IjSkhjcEBPEOHBOS @or@inls @ d §f €
o ntsHdats?2 d &rjActs H diftsj2tc j Hnlls O 9 dzj dzdzr dz3d a3’
WHtlkz onRtsHdzs?2 BEW ] tc, Cslstster 2 o HJ 2 Ml
fsdafzyd?2my f &fipdzj " OFD to tsipsGidpdird. [ It
Isj B J cOlskzter o Yo j Id at fg cotprs Wzish 'O L VOHstg @3
tcjLizd sqelkze h jj dL €BPUsO»J dzd p O cudatatip€iyd ©
() M ¢ OtweaggnsyBagceToHost 1 OC tsdzj Y, ufldss sfifw  ff
fMdzj Hizs h j 2 fsfmdzj Hs9 Olsj dz' dzesfylsd h Octso
ontsHdS?2 BERWJjte ) or ntsHdZr o3, fsmMCtsdz Ck
SHdscHrkzddo] dgdj Oc ] dBsHj dzdtese Odzed W

]
]
]
]

9
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int main{ woid ) |
DataBlock data;
CPUAnimBitmap bitmap({ DIM, DIM, &adata ):
data.bitmap = &bitmap;
data.totalTime = 0O;
data.frames = 0;
HANDLE ERROR{ cudaBventCreate{ &data.start ) };
HANDLE ERRCR{ cudaEventCreate{ kdata.stop | };

HANDLE ERRCR{ cudaMalloc({ (woid+*+*)&data.output bitmap,

bitmap.image size(} | };

/7 assums float == chars in size {(i.e., rgha}

HANDLE ERROR{ cudaMalloc({ (wvoid#*+*)&data.dev_inSre,
bitmap.image size() ) );

HANDLE ERROR{ cudaMalloc!{ (void=s+*)&data.dev outsrc,
bitmap.image size{} ) );

HANDLE ERROR{ cudaMalloc{ (void#*+)&data.dev conatsSrec,
bitmap.image sizel) ) );

float *temp = (float*)malloc( bitmap.image size(} };
for (int i=0; i<DIM*DIM; i++] |
temp [1] = O;
int x-=-1 % DIM;
int v = 1 / DIM;
if {({x>300) && (x<600) && (y>310}) && {y<a0l)}}
temp[i] = MAX TEME;
)

temp [DIM*100+100]

(MAR¥ TEMP + MIN TEMP) /2;

temp [DIM*700+100] = MIN TEMP;
temp [DIM*300+300] = MIN_TEMP;
temp [DIM*200+700] = MIN TEME;

for (int y=800; y<300; y++) {
for {int x=400; x<500; x++] [
temp [x+y*DIM] = MIN TEME;
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HANDLE ERROR{ cudaMemcpy!{ data.dev constSrc, temp,
bitmap.image sizel),

cudaMemcpyHoatToDevice | ) ;

far (int y=800; y<DIM; y++) {
for {ink ==0; %<200; x++) {

temp [X+y*DIM] = MRX TEMF;

}
HANDLE ERROR{ cudaMemcpy({ data.dev_insrc, temp,

bitmap.image size(),

cudaMemcpyHestToDevice | ),
bitmap.image sizel],
cudaMemepyHoatTeDevics ) )

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

1

HANDLE ERRCR | cudaMemcpy! data.dev insre, temp,
bitmap.image sizal),
cudaMemcpyHoatTalevice | ] ;

free{ temp };

bitmap.anim and exit( (wold (*} (voldw,int}}anim gpu,

(void (%) (void#*)lanim exit };

{ dmEs@E s J Odzd L Oy d mai)lz dz¢ yd d

10 tedff sCHL O dzts, COC B Jls " cdzvH s
ted Mz dz€ § o dH dz dzj S sl § az® dstc j So@Kls |tz |
tcOL i3 tetsgly dg' ,f qROtelzh O h dj dzj ftej to" o dztsfls

t dMzEBE & dzd d3sC L CtcOdzO o  tetsyj Mmdyjj dz@
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5231 tedd3gd dzgj dzd J Isd S Misktedzts?2 § O3 Is
rsmiskzy € fORYIsd o Qilfc)uddrddzds Qi & Ay
~nOte@Y e zj s ftesMmMisteOdzMmise j dzdzts? dzts§ Odz!
dd3gd dzdzs Hd&zW EMCtstcj dzdwv tcOBSISr 9 L Istsdy
fORYIs'fej®s,)] Y @B oM sdz L so Ols! mMw Isj € f
B nOdzdL d3 J4 tOBESIST .
4 Z2OyYyodzO ¥ HBdydz tsBI Wodls! onmatsHAZ |
[7 dmfsd Lkjd3 s SMskzter dkz § ddOt O 3j dzdzts
odHJ Ms®pulzj dz@n HOdzdz'.j B8 Isj BYf jtcOlskztej

texture<floats> texComnetSrc;
taxture<floats texIn;

texturesfloats texOut;

ddzj Hizs h Ow st J dzdzts s ! L OC dzt yoO  Ismw
foOoRzv@PYPrHdzw ofmjrm Istejnr BLEWJjtese dMr dbdy
BlzW jtcOd3 o @fw Isd W igcdzfiBidl Textur. vsjd3 MoOdy
mMetseh Oj &3 dMmY s AU offtd jdH |

iyt mMtedigiPgdzgmMvtse Ols! EC OL Odzdz" 2 B EW

iysts MedtOj @3 dMf sdz L s9 Ols! ZCOL G
Isj CSMiszter .

] ftotse tc ©Odzd3y BsH j dzd tetseo Odaed W Isj § dzts s
9T H jdzj adad W f OV Isd dzr ftcdowLr 9a0jd3 ¢
tsB i W 9 df fdzdaiz@xGongtSrctexind texOu).
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HAWNDLE ERRCR{ cudaMalloc( {voldw*)gdata.dev_insSrec,
imageSize } );

HANDLE ERRCR({ cudaMalloc( {void#*+*)&data.dev_oubSro,
imagesize } );

HANDLE ERRCR{ cudaMallac( {wvoid+*)&data.dev constsrc,

imagesize ) );
HANDLE ERROR( cudaBindTexture( NULL, texConstSrec,

data.dev conetsre,
imagesize } )
HANDLE ERROR({ cudaBindTexturs( NULL, texIn,
data.dev inSrc,
imageSize } };
HANDLE ERROR({ cudaBindTexture( NULL, texQut,
data.dev_out8rc,

imageSize )} );:

t IMEzEPE T JdzH Jdz@ s j S Miskte

Il LIl BsdRj dzls Isj SMlskzter  sdzdetsfmls! & d
WHits., [ H&ZOSCB fftod ylsd dzdyf HicOdzdz] BB § s H I f3E
My Jope dzr | WEdSydd, GRUsIsist jL @B isfigW IsH 5 dz
YyjtejL IjSmsikztedzr 2 BdzSE, O dzgj vyjteqL Mmlist
Hdzw ylsjdzdw dL BEWjtse B" ydz' j G 9 OHI©GO
BsHJW dydblemlkarisl{ ), sO¢ ylstser Hdvw ylsj dzd!
W Iz dzS tgxdDfetch().

[ iYHE cdzsBOdz! dets? d Isj SMlsktedzts?2 § Od3w
or dzzy HOB R jj ftotsH j dzOlIs ¢ H 5§ s dzdeglBfgtakt) dzts |
or ez HdIls COC orLBe WEkdSydd, dO MOdBsd
fsmMEsdz S22 MMr dzCd rdz@ ' s € fiplsz @ ro daj tHalzy dg dzts
odHdBsMIsd W 0O2 dzO, Ists 3" Btsdz M j dzi dBtsy

Wdtr o o dHblendkédne(O)3] Istietslots sz ylsts j M j dz
Cdf Jdzw Istste Hitsdzy j dz L dzOIs: , € Ct@&dDdetBh)Ilsj ¢
l @3 Mlss Issets ylsser f jtcjHO9 Ols! ¢ OL Olsj
Isd 4 to! tblerid kemn@(j)d3 B z dzj o WEO? WEHAOBEC' 2 6
COC B2 BkWjtc onUOHakBRSHMB2 CO§HIYJ dL d3j
blendkerme( ) or" Hjdzjdz@r ftsdzzy dteder d3 htedW st

o)
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!

__global  woid blend kermel({ float *dst,

bool datout ) {

S/ map from threadidx/Blockidx to pixel position
int x = threadIdx.x + blockIdx.x * blockDim.x;
int y = threadIdx.y + blockIdx.y * blockDim.y;
int offaet = X + ¥ * blockDim.x * gridDim.x;
int left = offaet - 1;
int right = cffeet + 1;
1f {x == 0] left++;
if {x == DIM-1) right--;
int top = off=et DIM;
int bottom = offset + DIM;
if {y == 0) top +=- DIM;
if {y == DIM-1) bottom -= DIM;
e HEE e T
if {detout) {

t = texlDfetch(texIn, top):;

1 = texlDfetch(texIn, left);

c = texlDfetch(texIn,offset);

r = texlDfetchi{texIn,right);

float o o

bh = texlofetch(texIn, bottom) ;

elas {
t = texlDfetchitexout, top);
1 = texlDfetch(texdut, left);
c = texlDfetch(texOut,cffset);
r = texlDfetch(texOut,right);
b = texlDfetch(texout,bottom);

}

det[offget] = ¢ + SPEED * (L + b+ r + 1 - 4 * ¢);

t d MEz®aBICA 2 dz2C ydw

C H tztpy constkerne( ) yYydbsOjls duL
J Olskzter zOGtcj 9 OB dzjf As,i5H J O Is 5 ABLO ¢

d 1Isd &3y
d L d3gzdzi ,
fOkY Isd

Ylstse " ylsjdzdy ftsdL osHddzsmn!

WHtO

BEkWJ tcO,

9

¢

(
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__global _ woid copy_const_kernel( fleoat *ipkr | |
A4 map from threadldx/BlockIdx to pixel position
int x = threadidx.x + blockIdx.x * blockDim.x;
int ¥ = threadlidx.y + blocklIdx.y * blockDim.y;

int offset = % + ¥ * blockDim.x * gridDim.x;

fleat o = texlDfetch({texConetsro,offeet);
1f (c 1= 0}
iptr [offset] = c;

it dMEsEBTt J OdzdL Oydw wHiO Ctsifd

v O¢C CO¢ beldfim(d) IsjtfJjt! §toedded BOJIs W
ZOL dzOyjdzdj BEW jtese, Ists dzj sBRtsHd B o dz
WkdC wdmgpu ). 1 d&3j Mlsts Issets ylstser d3j dav Is
a3 dely jL dzOyj dzdj W dzOc O idd&Ouf=tistBulf 4f ts t)Ezgzts § @5
MmMdtedd or Ltsate

anim gpu{ DataBlock #*d, int ticks | |

HANDLE ERROR( cudaBventRecord( d-=start, 0 | J;
dim3 blocks (DIM/16, DIM/16]) ;

dim3 thread=aila,16) ;
CPUAnDimBitmap *bitmap = d-=bitmap;

18 glooal 4And Lounlnd, wa Dawves

aalart vhHich ie 31/

Gogn g
e Wilie-1l S s af=h

detout = true;
(int i=0C; i=90; 1++4)
*1in, *out;
{datout) {
in = d->dev insSre;

out = d-=dev outsreo;

out d->dev inSre;

in

d-=>dev_outsre;

}

copy comnet kermele<<<blocks,threads==>{ in };

blend kernel<<<blocks,threads>>>( out, dstout };

1

detCut = !detOut;

float to color<z<blocks,threadsz>={ d-=output_ bitmap,

d-=dev insrec };
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HANDLE ERROR (| cudaMemopy( bitmap-s=get ptr(},
d-=output_bitmap,
bitmap->imags siza(),

cudaMemcpyDeviceToHost | ) ;

HANDLE ERROE( cudaEventRecord({ d-=stop, 0 ] }:
HANDLE EREOR( cudaEventSynchronized d-=stop ) );
elapsedTime;
HANDLE ERRORE( cudsEventElapsedTims| &ZelapsedTims,
d==zstart, de-zatop }
HANDLE ERROE( cudaMemcpy( bitmap-=get ptr(],
d->output bitmap,
bitmap-=>imags size(),

cudaMemcpyDeviceToHozst | ) ;

HANDLE ERROER( cudaBEventRecord{ d-=stop, 0 ] );

HANDLE ERROR (| cudaEventSynchronize({ d-=ztop ) );
glapeedTime;

HANDLE ERROR( cudaBEventElapsedTime! &felapsedTime,

d-=s8tart, d-=stop }

d->totalTime += elapaedTime;

++d-=frames;

printf( "Avarage Time per frame $2.1f ms'\n",

d-»totalTime/d-=frames |} ;

:II.

{ dMEBABRE] J OdzdL Oyd¥ Odzd 3OYd

fofmdzj Hdzj § dL Bjdej dedj COMOJIsMY Byd
H ts dzy dz dz4 stsdz ¢t BMotsBBYHOI! Is!c dzts
Isj CSMmiskzter

vold anim exit{ DataBlock +d ) |
cudalUnbindTextura{ taxIn );
cudaUnbindTexture{ texdut ):
cudaUnbindTextura{ texConatSrc );
cudaFres({ d-s>dev_inSrc );
cudaFres{ d-=dev outsSrc ) ;
cudaFrea{ d-=dev_censtSre | ;
HANDLE ERROR{ cudaBEventDeatroy( d-=start ] };
HANDLE ERROR( cudaEventDestroy( d-=stop | ):

t MESEABCR M SHdzr 2 CtSH H dzw

sls ¢ dz¥
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524r oz dzj tedzOv Isj S MlskztcdzOY f Od3W Is

t Odgj'jdzs tsls Bjulsitsdztsizj ¢ slstster §j L OHOYd ¢t
f o1 sk dqdzseHO EZHBME dMftsd Ltso Ol! H:
o j todgtdsiscfizgse j dzdd Isj SMskztodats?2 OB Isd. [ Mis
d &z Is! Holzd3j tcdzzt® B dZOMIs! L HAOGEIEFE;C SH dgv 3
B o Odzd © MisOdzH Otelsdesdz Ias,Mdi3slsted digj Z R O ¢
BEHJW o YWIsets fetscteOBRBE tOMUJ Is@J B iy d
sj SMskzts.

Il jteor a, dL®BJddd @ 8HUpHdE" Mt dedk
ftdafodetsy, MM &zCd dzO Isj SMlskter 8 kdtsdn
OQtcczdzj dzgls 2, LOHOBhd2 tOL d&3j tcdzetsls

texture<float,2> texConstSro;
texture«floaat, 2= texIn;

texture<float,2> texOut;

Vftesh jdedj, MowL Odedetsy M ¢ j toj - telaytgdg mds
o Whkdillemdkedme( ). 1 0d3 ftcdH JIlsmw texdipicted) ls 'ts BS
tcOh j dzdtex@B ) L Olsts Btsdz h j difset dzif sde® e to
dzv dzO fiy Hdzw o' yd fmdzj dzd v top, disftdajght dd Bottoniy dzj "
r olzdizj todzlz ¢ Isji SMisztgsd30Is 'd@3ts Bzj f3ts Ptel jicH Mis o
CststeHd d&zOIs 7 d k.

 Odzd 4 . 1} shdzjexeD()e j @ H OdzidzOdzlz y dzts B j M {f
LO ewOadsyr dOMMde ©. [ firexeD( 7 ¢ gztp dzlp Is o5y
ZOrsHWwh jifmw o YLdydd, E CtSbtttts?2 M|
¢ 20 dzts ¢ d Y dzts -lgjtdn) d& s LtEHC@izO s © B std@D( ) » d tedk
Ldz2Oyd dzdy o §tsLrdydd, Mscatslse jIlsMlsokzy h j 2
ftoddtsy j dedd 4 Ists Ofds edgtsH j dedetp & H jHaAslz e d -
dzd ) J d&zOIs j dz' dzts. 1 sfmdzj ofMjn Eftesh jdd?2 ¢
Csif OC Isdzr d3
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global vold blend kermel{ float *dst,
bool dstout )}
A4 map from threadIdx/BlockIdx to pilxel position
int x = threadIdx.x + blockIdx.x * blockDim.x;
int ¥ = threadIdx.y + blockIdx.y * blockDim.y;
int offpet = x + ¥ * bhlockDim.x * gridDim.x;
float 0T ey by
if (detout) |
t = texiD(texIn.X.¥-1);:

= texZD{texIn,x-1,¥):

= tex2D(texIn, X, ¥);

tex2D {texIn,X+1,¥):

T H A =
]

= tex2D(texIn, x,y+l);

&
=
]
Pl
——

= texZD{texOuk, x,y-1);
tex2p{texout, x-1,¥);

a o= e
]

= teXZD{texout,x.¥y):

H
u

texiZi{texout x+1,¥);

o
I

texiD{texout X, y+1l);
}
det [offeet] = ¢ + SPEED * (E + b + T +1 - 4 * c);

}

t I MEBBCA £ dzS ydWw WHEO HMY Holbkdkj

v0O¢ CO¢ ofmj ftoj HT' taxifett ) s riaz Q) ftzlsdzd YO dsS
sBlPdzdteed ), Ikt & odshdd Meslse jlsfise
copy const kerne( ) . s OBlenddernef ) |, Btsdz! PtgB ndgH e A3ty
dimf sdz’ L seo @y Mdyh jOH] MOYydd IsjCMmiskzt’
fsksh v MOBIdE CtsttHddOl = d b

global vold copy const kernel{ fleat *iptr ) |
A4 map from threadIidx/BlockIdx to pixel positicon
int x = threadIdx.x + blockIdx.x * blockDim.x;
int ¥ = threadIdx.y + blockIdx.y * blockDim.y;

int offset = X + ¥ * blockDim.x * gridDim.x;

float ¢ = tex2D(texConstSrc,x,¥):
if (¢ = D)
iptr [offset] = c;
]

{ MEBASE] j W OF Is 5 tc doppeConSt kemel)
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} sfpdzd Hdzj § dL a3 dzj dzd § Isitg N df IS t8j Hs'tsHilz M,
o Whde§ main() MmMdzjHikzjl dL&j ddls' ftodew
st BEWjtt MazjHkjlk ©OMMEOkEtds Ols! $:0C

HANDLE ERROR{ cudaMalloc( (vold+**)&data.dev insrc,
imagesSize } ) ;
HANDLE ERROR{ cudaMalloc( (vold+**)&data.dev outsrc,
imageSize } );
HAMDLE _ERROR{ cudaMalloc( (void##*)&data.dev _constSro,
imagesize } );
cudachannelFormatDess desc = cudaCreateChannelDesc<floats();
HAWNDLE ERROR{ cudaBindTexture2D{ NULL, texConstBre,
data.dev constSre,
desc, DIM, DIM,
sizeof (float) = DIM )} };:
HAWMDLE BRROR( cudaBindTextureZb{ WULL, texIn,
data.dev insrc,
desc, DIM, DIM,
gizecf (float) * DIM } });
HANDLE ERROR{ cudaBindTextureiD{ HULL, texOut,
data.dev_outdrc,
desc, DIM, DIM,
sizecf(float) * DIM )} };

{ d MESABICt j W OC s stcd dagain®) & dz§ yd g

sO¢ d o eojtmdwrn BJL IkjSCMmlskte d M t
or Hjdwjdz fOdgwIs: HdzZw eornBHd » d&OMMdo o
slsdzd yojlsmw Isjdz, ybt o MmMdazzyogedf i Ov L
CUDA IstcjBil@Wl cfudta@iChannel For mat Desc | {t
dzdfMisddc o' "y odgigeg b BELdfssttd W isttd
Mz yoOy By dets feddewIs! § OtOd3d st 5 kd3ts
Hjtpdf Iststs fn f zOo O M jd? fifs 5 WStsRs h 1 ¥y OISy
cudaBinde xt ur e2D() & ftwdoeowLro90Ojd oMMy Ists
sj SMiskter ,  BEEFHOBEPY MRt MPHBEsDI Wik
COROIZO (desc). I1BBdbhj ddyjcet dad dL d3d c

mtslsw Hdzw ftedowLGCd BHdtsEBjtd ~ d HPO
WEdCydd,slssvdavr 9 Odzd W dimf sdz? L z2j Isfmw SH
cudal Il nbi ndTekt ¥izezC ydvwl sylgtplsC d BMisO s
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L odJtemdd ftesetcOdzA" BsH j dzd tetso Odzd W
sd SMszteOd3d §ft6OSIsdud Mscd sOSdlg] dp'jdatsipidedd,
oJtemddtH s tedz” d3d Isj SMiskztc O3 . 1 B s
ftesdLotHdIs] dz' detsiistf | tofF h gededfjj todks D r ddzd H o
mMitsttyd oMmjets, dzgj mMikh jmlse jdzdets. 1 dzOh j &3
Holzd3zjtcdzr = IsjCMmiskte L oBdzddts dzj G3dzse s
fteJ Hd&3] sdzOWY 5B ZOMIs Ho lzd3j tc dzO. 15 o (SB
f s sz d3r tc sSHEdRHApE | 0§ to s to tslfy e dzts ) I
sy SMiszter M Byl lstdy e j dedesMmis j 2 € t5dz€ to ]

sOC d o MmMdzkzyo,] ¢ cdaglisOidsleas® I O3 syt
slsfg®dE e zmdztse dzj dzr CiLhdetse Odzd § dis B g dziddss tc d!
L Od3d Isdzts € d& & dztsy j ded W -, ¢ OC dzts i3S g j iz
n OOSC Isj tod L Ayl CrdiEfyls offjtaizs 2 dzts € Odz! dets s &
sSO¢Yd odHjdzd, vyt dGsydts Jdhi sd L & Ol
ftod 3 tedets tsHJ dzGY g mMdgdf ¢ ©BEOY tetsd L 9 tsH ( Is |
Mz yo0j BAEZSCO ddzd Mmjlk<d, tcOL d3j tedatsMmls ¢
MstsBteO) jdzd?2 EHtsBMIeaO. 1 MEtsd Sk §td |
MlsOdatso dIlsts deg tRgles O o' - shy 9100 & EO@dzPls"
OQolssdB3Od Ui MC G, shbFdzBsr GH @M J dgels o JYAISHTO dzis’
Hokzgj edz" = I SMIsktcOn . 1 5, CO¢C or odHJ
nStetsh 5.

vJ SMmilskztcdzOw f Odzw Is dsteizmiatf ® | dB' " dzts H O I t=
B " MistdEsej?v , | frpdefmfesdz’ f3se Odzd ! My Hilse
ftoj sBtcOL tso Odzd W Ed OC tso Odgdz' = H Odzdz’ n '
otsL By desMmis! 8 Chdedc®elc@wydial -8 yjdzr = o dz
ygdgmazd M f z0e O h j2 IssySts2. 1 LOHOYJ
f SdzOHtsBddesMezO2Isd ftodd3dd dad dzedJ L Isdd3 d3d = C
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stsdastotsdz! dzf j] ot totsfyr

lsihqtekjlsfw dd 12 SMisktcdzOY § OdW Is!
20H] WdLdujMmMSd wOmMfodeyjdkd lsjShmskis
3.50C kL Ol Itsydr 2 oL Bjte IsjCMlskisd
41 swiddlsj GMdssdr j fteddydf’ o&sHj dd
5vists L dzO Y EejdsdzHsd) deafs S Misz tor
6.} swidsdlsj BjROdJLE, LO Muyjilk St

fesdLosHdlsj d dshisd fod JdMi.sd L e Oded d
7.1 COCdR fMkzyow: dMfsd LseOddj Isj

COCdrR B MY sdzj L dzts
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toryroeRyort It o frRraddffgloPovrt1 s
1 OARSR

1 smMEsdzy C 2 1ffldstn otfistd i i dnjdz] e €t ®z2©O L dzO0 Y
f OteOzdzj dz' dz' 7 fofoeilisitdd @Yy, | dis tSRUEHN HA Stdsy, O Isy I
My dydodz dz" = Sl tsdzj dPHIEBB W 1O dz'd Bz BINded &
fMdzsy dz' Yy d L ©OH @H | OdizzataB dzo 3@ Nh sOB ] o tcj d3j da
yomiswd mdmlsj B3 L Oded BOIs* MW Hckzeddd HJ d
otsf tesfy: sy des EFUHARN ] dodp' deHigote@flsize © d o '
dZOL dzOyJ dzdw © tSH dzts? d Its2 Y fzd i dotiskz jod®
dL sBtOY j dzd § LOadMmdls Gl tjLEzdz sOIke
ftoedd3j dedls! Otd@astldsdi" d isB B tc O tg Ba]Q dzdéts dglaf L &
Rdzd i sHe jtoedzgzls! jet MlsOldmilsduyj ME sz (

It OdB3tsH j 2 Mise dy diz S W3 B UJ k] dOL
toj dedjdzdiigdz Istsdz! S5 oL d3tsy dets, des d dzj g€ ts
Ctslstster n or X d L dzO0j Isj . CUD djdAislsy jj figlisfovj
Jdzs j ctedtekzs siw ) sBjddkd dZOdetdjj §sik
toj Odz' dats ds OpeaGldfPickefX. 1 1 Ists2 ¢ dzOo jls tsdf, L€
1Iss HisMIsdeOj Ismw .

glzh jmsoakjls Btsdz hts] Kdgezd o) Ipig 9 ted o j &t
APIC OC o Mmilkd, OS d o §j yOldesdz a dH ,
HOtdfssmse W dzdh ! ~Slsj dzd CYBEGEOIdOIls € dz¥ Y@ !
9 dzgjets d3jnmOdedL 3 fsLotsdzvsls tMmiEzh jMmise
ftod dztsy § dzd W 3] . [ fdzd OpenGL dddgdirectXiz0O € listsiz" o t)W |
f syd tetff dzj-listg futsdgj L detisjsetsdL tcOL H j dzO, C ot
dqdzls j otsf j OB j dz' desfyls d
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6.1R dzls j e j & O & jod®@W dgts fls

[ dzv Hj BsdemistcOydd d3j - Oded L &3O o CUDANREH
g4 d&3F dz2Ofdh j 3 ftosctcORRBEZ, ttOBBISOs hEzs o
CUDA 4 GjdzgjtcdtclzjIls HOdzdz J dL tfBjtc Oxig cflzd ¥ O
fjtojHO sigpen@ @z j odL zOdzdL Oydd. 1ted toj
otsMy sdz L k2 j dsflej Mcolpte jqrtfgls af LCUDA s, Ctltsts
ftejH" HEh R G dzOa OR, O IOCYj dzj Ctslstste’ d3C

Il MoOoBsdz dzOyOdzj & oCdzt yoOjd3 L OG tsdzts
Clstster 7 juAf tojdBjjeB isHdd § WedSydd d 4]
sftcjHJjdVjlsmMw tcOL di3jtce SCd2O, o Clststod f
512x512 §dSMmjdj?2 dJLtBtOy jddj §tdzydlsHh

fdefine GL_GLEXT PROTOTYPEE
finclude "GL/glut.h"
#include "cuda.h"

#include "cuda gl intercp.h"

t d MEzeEAE T sH C dz¥ QpedfL j

r O0dzj J dzr sBl Wodzw jd3 HoOJ G izsB Odz! dzg" |
ntcOdzd Is! Mw s dMOIsj dzd Ope@Glzdf" CUPA. t5BS"Aftr =
dmf sdz' L 28 Isfmw a3’ Metstes ¢ 0y J O3, O {1
s dMOIsj dzd GHdSCwO.d rlsosjc s Mg dejlxidiy s ts dziz
OpenGLJ CUDAf ted d3j da" 8 Isfqw  tcOL dz" j ¢ dd3j dzOe s
bufferObje ' Misz § O j Gperdsl-dtaigjdddd H Odzdz" - , res@urce g to j
tc 5 YDA u-d d3J .dzd

GLuint bufferobd;
cudaGraphicaResource *resourde;

vdfdter fitj2Hjd3 & MOBsdBz (tod dztsy J
o' BlOk! , CAd-LMBEEiEo ] Sdts BkHjlk ©OBGIKO
150 ftesyjHkteO daj Mdsy dz0, BRSH SYASH Hd dgji
CUDA. [HdzOS ofj yYOhj dsyds ofistejlsdls!
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SOCEPY, ikl djseitsHdd Mifshss, §sL

fesysitthf s MuyoMmis: &, o UDH ts@dzsy M tHyte j it
o Mistetsj dzts

int main{ iant argec, char *vargv } |
cudaleviceProp prop;

int dewv;

memset { &prop, 9, sizecf!{ cudableviceProp } )
prop.-major = 1;
prop.minor = 9;

HANDLE ERRCR( cudaChooseaDevice{ &dev, &prop )} }:

t dhkzeE I r ststc f BHABSHWYWN jets EMistets?

lr, o L sy dats, i s d3dzd Is jcud&ChondeDevigeGlie j
fsMitsdz Sk SSEHO 1 Iss BN dz alststetsfyls j f j dadz"
1 sCOLOdzdzr 2 o7 hj CH fHtsmdls d it &Rdzdgy s b
Piotsodzj 5 o ygmdzdIsj dz dzr = o tsL sy detsmis j 2
MsLHOj Ismw d ts B dzlz ddaDevigeProp fi) Is@ 2z CLIsCrdzj Gz
Emis OdzOo dzd o O Isfijwj ¢ tets ifj tc®ZzOmIP Qi s ktctso dzj
oL By desMmisj2 (1 d 0 MmMtsslse jlsMmise j dzdzets) .
cudaChooseDeviceO C lststcOwW ftesMmdls M sdz@y s h iz
FHso dzj se tstew s h d2 56 tc @dzdmly tednfGda@etdcpPiOp Oldzdz
fdzj Hize b j 2 G dzOo j a3 f SHtctsB dzj J sB MEzH
oL B BWMIsP fCO HsMSOLsYyds BEHjIs MC
SftejhHddvil, GCRIYdSH HY bedpdydg UM tzsH B NG
CUDAktctse jdz dloj dziddgdt: o tsL sy detsisj 2 dzgj o
fsCOLOdgdz" 2 o7 hj, ftesmMsts o"Bjtejls ftotsd
CUDAd o jtodzils jeBs dHJ dlsddevd S ObIstcdzg C @G 83
Yylsts 1 lss MO 2 dzz y" dAPUJ d&d O S Oflzr @ Quds@sciyldf died
fd3d dej o4 temdd dMICEDABYEH I offtejdite Ols+ MW
GPU.

( Mdzd tejLkzdz sOIs ftesyjHEZtEr orf BtstcO® kM
o stsBlhisjs dilz oditss dzdzw Is ¢ culidBévizePiofy tode™ L 7 9 Ols+ ¥
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cudaChooseDevi¢e) Hdzv ftdzzyjddY dHjdsdWdSsOls
oftesmr . ¢ HJ s o Istsd, Yylsts dHjdzsdWw d¢
ftsseh dls! d Y tsda@bA, " jpls shtaf'n jltse JteOf d3fmw
ZMmilstets?2 MIsGUBA di @penGL [ dzw L Issegts 3 orL’t
cuda@.SetGLDevicé ) |, fJtcjHOoOW J2 dHjdsdWd&s O
ts IlsudaChooseDevicg

HANDLE _ERRORcudaGLSetGLDevidgeV));

109 jtehde ddzdydOdzdL Oyd* CUDANY tsdgzdz” ei3ts
fitd2Isd ¢ ddzdyd @dedGLO yiftsfls tatic@? offj testOd L o tSH
WEdzC yd2?2 dL 6Ld Btidad EdslkitS (GLUT). 1 sdgj Hiso Ols j dz' |
sBtcOh j dzdfiPO Ldzz@Cstelzlz f sdz' L 59 Olsj dz6 GLUT

glutInit{ kargc, argv );
glutInitbisplayMode [ GLUT DOUELE | GLUT REEA } ;
glutInitWindowSize { DIM, DIM };

glutCreateWindow( "bitmap" );

{ dMEz6B & dzd y d O dz@Ppe@sy d v

RSOC, & f(cHEsktss dZGUDARY B @y sy 2 fi

Htc ©2 8 JOpdr@t, 9" L o 0o chdaGizSetyE Bevige) . 1 Ols j @
ddzd ydodzdL dqtetso OGIT g dBizd 5B gz iz s € lwasape P d3
Celstts] BERHjJA 9" oasHdI! L Ed OIS . U]
OpenGL

sdzt Yo' &3 § df WapBRIsGEMIse dw CUBJ wnH ] W
tcj dzH | to@pdsGClvdy dzv ¥ Isfqw tcOL Hjdzw jd3r J BEWJ ter
H Odzdz" QpenSist CUDAd B tcOls dzats, d3r Hisdzy dz"@ fdz
Cslstster 2 BERHjIs Mt APz L)ty HifpMs Os sdEfudgdddzO
f ¢ Mmjcds detlz OpewBd omtsn tcOdzj dzgdW jcets dHj dalsd
f j toj d3jbafez@)ls d fGLRuint:

gl@enBufferse( 1, sbuffercki )

glBindBuffer( GL_ PIXEL UNPACK BUFFER ARB, bufferdbj )

glBufferData( GL PIXEL UNPACK BUFFER ARB, DIM * DIM * 4,
NULL, GL_DYNAMIC DRAW ARE ) ;
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( Mdzd 903 dzd SSGHO dzgj HBSoaBHJsM! ML
(t 1 J Dperesl, sts MC Oy J d&i, Yylsts B" ydzts IO
ftodj @3O. g dzO y O dzO fn I GagBuffergy ¢ JWdizj deSyafzdi
dHjdsdW S Olstste BEW jtc®. 1 0Olsjd3 1 Istsls dHJ
BkWjtesdz M § sdi3EIBindBuffel(k) dzS R ddzO ¢ tsdzj Yy 0 J dg"
OpenGLo " H J dzd Is ¥ Hdzw dzOfm B ZYButerDatd ) L ¥ d Ow OX
Mz yoO,j d3F L Of tetsfd dzdDIMBREDIM]j 38-tc @ izt v w dz'ORiz] e
ZC OL Odzd Gis M@NARIGZIDRAW_ARB, CclsttcOW cco Bte
BkWjtc BERHJIS BSHdWdydttst @is? v dzd ©C®E derO d3e
ftcjHOo Otodlsj dz’ dets? L OcGtekzLCd o BEWjto E
Otc G z dyyiBdfierDatd )  j ohNULIQ j Is w

sJfijte! HdwW dOmlstes2Cd ddalsj testf j OB J Oz
mMetse M dIs dmf sdlaDA & | Btsdic j rpEftic O™z s tc O L
BkW PQpenGL, d&zO Ctlstster 2 k¢ Owwffjdh),j IEGDA] to] dgy «
1 Is thaffgrObjtc j ¢ d M ls tc qGWRA A dtc OV d Yy MEd2 tj M

uchar4#* devPtr;
size;
HANDLE ERRCOR( cudaGraphicsMapResources( 1, &resource, NULL ]} ;
HANDLE ERRCRE |
cudaGraphicsResourceGetMappedPointer( | *%}) pdavPtr,
&size,

regource )
)

{ IMEZAE] stsBteOY j dzd j B dZOMIsd

YIstsB T o jHBR]IS! d MQUBARztEY sdg02 8] d3fm telgOdly
dmf sdz L s9 Ols § dafferyPhis’ QEORenGL, Iz Wig GCUD4E, od3"
or L 90] 3 WwuaBtaphitsGLRegisterBuffer) . RMY tsdzdgw 8 h (
otsLotcON O IsCUDSEA filgOR j dz@ B W j tee®ouree 1G] lstdsgjls
s dMOlsj & BEHjYM Hdg tsiddpufiE®Pds 0 s g dzj H k2
sBtOh jddwr ¢ dmCWdkdzy s h j 2 Mmtcj HJ
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A dzGcedaGraphicsMapFlagsNorets o tsted Is Yylsts ded ¢ OC s
ftsojHjddw 1 Issegts BEWjtcO d3¥ dzj tsftcej Hj dzv
HsMiskzy dz@ a3 Istsdzt €5 H dzw Yls jLd@mwQls ! Is =¥
cudaGraphicsMapFlagsReadOnly gkzh jmMsolzj s sOC Y J
cudaGraphicsMapFl agsWritebDiscard, C s
MsH j o) d Bts § BkWJjteO® MmMdzjHkjl tlkBtesMmdls:
MisOdztso d Ismw Hsfiskzf dzr &3 Istsdz! St H dzZzOGLJOT
fsLosdzwels CUDA d HiO29 jttlz OpenGL Gflsc
Hdzw BERWJjttse M BewOded yJ dedz" d3 HisMiIskz { t5d3.

lriLtse gl Buf fer Dat aO L OftcOM Jdo Oj Is
HsMisOltsydes Btsdz) " 52 HdzW -tcOL tgY W gztlz§ v L 2D
fsmdzj HEs P drR tBtOM jdzdwv s & OpenGL &' BL
dHj dzsdWdS Olsstelz buff jr Obj, O tfiteid LEUOG
fs k¢ Or@sgdss 0¢ C0¢ & ftojHf kOO B Y
dL WHjte, dZzOff d MO dzdzr - d&ZzO CUDA 4, Is ts
dzi HEMIsOIstsydes. 1 Exjdz jMhjg WOCIdyuyd MEd?2
By dets B dzs B' f jtclB®Os! BYHEEBSH dgv d M t
CUDA lstsBtcOL dls tcOLHJjdzvwjd3r 2 toj mMktem o
ZOdz S OLOIsjdz2 dz20 tslstsBtcOY j dzde’ 2 toj Miztefm.

lfsmdzj HimMisedd devPtr sy dzts d MY sdz! L |
sB dzOMIs! fORYWIsd EMlstes2 MisaO i sdzR s dzOMmlis
Bseckls or Miskzy Ols 9 Wsdzd dMssydd O §d¢
ftcjHo Otodlsjdzt dzr = EZrdhtejdzd?2 WEdAdZS ydw mai
LOfEMCOj &3 WHie, f jtcjHOaOwW Jjdisz ECOL Olsj
Colsstesets ddir fjtddjo sH d dzd , Gjdej tedtelzjIs H
qLBBtOY J dd W . 1 Olsj &3 d3r slsC dzt YyoOj d3 tcOL |
HJ &zOlIs! fJjtedH tcJ dzH j to d dzG ts O3, f slstsdzz  yl
mMddzm tetsdzdL Oydw d&BiyHE CUDA d ctwOWdyd mSd
G OkIOd sz j d3, ylsts oMfMmyJ s jteOydd, dZzOyoOlsT
cudaGraphicsl | nmapResources(), L Q9 J ft
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CteOWdyj MEsets API . [ tcj edmMistedtclzj &3 o
CdzOoa dOIszter d HdMmMfdzjw (key func dazHTr a
tc]J dzH Jteddze © GLUT, or L " 90OWwW gl ut Mai nLoorg

dim3 grids (DIM/16,DIM/16) ;
dim3 threadsa({l6,186) ;

kernel«<<«<grids, threadas»>>{ devPtr };
HAMDLE ERRCOR{ cudaGraphicsimmapRescurces{ 1, Eresource, NULL ] };

A4 met up GLUT and kick off main loop
glutEeyboardrFunc | kay fune ) ;
glutDisplayFunc{ draw funec };
glutMainloop () ;

ANzdzC ydw wHttO f{ todded dgGsj'ls EHARIsQa &RIdnjlsda' © d
HQHz j] dLBBtOY jdadW. 1 dy Jdetdfjts ClsOQ O dafsj W HGeGs
O deduisd ¢t =fdirplz Gk ¢

T3 UL o bl e e £ ="
i qerer e ey e e
Ianmm Emopemre 1 TARE T w
EeEL|OF » moo kB BEE = |3 [T EF
1.' e v o
- A7 hascd oo risple codo, bt epsos achomd, whish 15 ERe
0 e Il
&=
e 3 S5Ote oF dsta graphic Antercp L2es
H zthim: s alenal__ weid Zexpal) uchazd *por ! |
Bk moe - -
< o N BB S map frox throodide/2lzckIdx oo pixzi posicion
B oo i e cnt ¥ = bhreadlif s - BlockIAix v LloskDir. x:
S Eowear oy R
1 Nt ¥ = Ehraadlic.y - BloskIdi ¥ t bloskDir,
] B2 Fay Mo g e
H 122y Tmasgeaibe 4 :nt aZfzzt = x 4+ § * DleckDir.x + goidoin.xg
by e g,
Womyp
g £ a5k salsilere Che value A Lhat posiiis
*
] AT S e ey e Eloak fx = ) FlocEiDIN - C.5f;
el fleat £y = v/ flocEiDne - c.5E; K
fl i inga vmpianed rhgs  Frosp - 120 ¢ 227 9
] TTEVET LW . . N
-3 I alr| abalfx*13m - absifytion) i
H 4L daghr e
Hatwatopa Afoarveselny anfew? v, ansioed cliac?
Al sy g
“wanpaundin prx|eifzak] o= O
HE 3 e ek e _
B o et e ptrlazfaat] .y = craen:
R 55 ik Recee ploollzul] = = oy
“H e plslellest] v - 235,
=1 meuper ]
B RELE T PR H

o LTHERN TMTOAM - o

t dME@BE R 2 dzC ydw v H teeds ddied 30y d
1 HJd M o3’ oMmistej yo4j &3 dBdezsets 2§ L
ftoj SBicOLBo OdzgdWw ddzH J EMse B AZSCO d st
M3y M jdedw tOMMdizOIstcd 8 Odzmw  dzj tsH dzts GdgjOdzjdgts .
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fesdLeosd! d" § o ydmdz ded¥ Yo s@sHHOdY J
tcjLbkd SOl o JOBvIsd. [ dzv  f tots ¢ tc GRBdFztS 2
Mdzso © JdMYCHOA vz j d Oy dets  sdzd BOIs* Yls ts
dLBBWOY jddj BEHJjI ] tQpenGldatizV dzjtef] tibntg jtedfiy
od3i h Ol jGRUMIse O

1 8BS O0Cdds tadelOz GHE Olgtc Mc j dzj ted tetso O dzdz
f sd3tsh + 8 QpiemeGLt®H d Bts o M sd3ded Is! MistesC &z
main(}

gIBindBuffe(GL_PIXEL_UNPACK BUFFER ARB, bufferOb);

1 HJ M dz' mMmowL Odzd tOLHJ dzv j d3r 2 B Iz W
fdCMmidzj 2 H®APeNGLIcOQRDtgEO f 5Mdz] wlRraviPikejsQ o © 1
dhf sdz? LsoeOdzd Jjets C0OC dMmlistsydghrawPixeld)dzdz
HsMIsOlstsydets Hdzf i@y @dv, McQUEAHSJ tct
dlsOdzs BT Is'draw funaz§ yadflsOj Isfmw Mmu j dzOIs! Mmdz,

static void draw func( woid } {
glDrawPixels( DIM, DIM, GL RGBA, GL UNSIGNED BYTE, 0 );

glutSwapBuffers() ;

}

I 5L Bep@E; oMt yoddn! seBLOh jddw ¢

ftsmdzj Hdegd 53 OQcbdsj delstsds § jtoj HOjIsMWw kS OLC
Csfdeso Ols! HOddy j dL {lktsets BREYWj©O,
ROL dZOyjdz o SOYjMmlsej dMmlstydsds @c lf dsjsdzlass
GL_PI XEL_UNPACK_BUFFER_ARB. 18 {§&f¢
ROR sHWsdW lod GPU o & j oL Otd j 8OL dzdC
dilssyddSsd, ks §ohdjHndd?2 §0c0kjkt J
RZOYOdZO BEW,j©O. uOC COC & kIjsts,dddste digds
6Oo dzts 0. 1 fsfydzj Hdadj2dzdiz fivtisiy IO dflsdsfgts §) ) ez G
ftesmists o wih ddd {t] Hifffied@esd lo' " fistfdy drdt ¢
(v st &Y zdeoydkhn Okt Ol dzsdsc () L 56 6
tj Ocqiekjls IStdESE diO §AedfOojdih dzOxy Olsdd

9" R:SH
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statlie vold key func{ unsigned char key, int x, int ¥y | {
awitch (key) |
cage 27:
A4 clean up Crentl and CUDA
HEMDLE ERROR{ cudaGraphicsUnregisterRescurce( resource | |;
glBindBuffer{ ¢L_PIXKEL UNPACK _BUFFER_ARE, 0 };
glDeleteBuffers{ 1, sbufferdb; };
exikb(Q);
}
}

t dmMzeBE & zdzC yqdqwv, e j yoshow L O Bt

(k0O ftescteO®BBO tdMmMkjls COklsddSbk M v
(slslsYWERIA) Yo jlstse, dL sBEOY j dadzlz®s dzO tod fi

{ dMEzeZE e dzd BsS L CteOdz® toj OdzdL 59 O

6.2¢ dzgd 53Oydw M dMmyf sdz! L s9 Oded JCGBU d dzls § t

14 MEBdz 65 H@@ades 3 sMsedd kY sdddoj st
odfliE O fftotse tcQdB® ] JARWBARIGBItmapd f jtoj HOo Od
wWizdzEyd e L o Od ek o @ did ¢ @ Mz @8 ¢
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maini ¥ o
DataBlock data;

CPUAnimBitmap bitmap{ DIM, DIM, &data );

data.bitmap = Ebitmap;
HANDLE ERROR( cudaMallaoc( | **| gdata.dev bitmap,
bitmap.image sizal) } )
bitmap.anim and exit( { (=) e }lgenerate frame,
! (*1q *1icleanup };

[ IMEEBE T CECCOBRBBO OdicEOBE i o sd

[T dOR) e o0 MW FJtoddj ddls! IsjnddClz,
f &®HOL H j dzj , ¢ ML GPWadimBitntgs tc I (dEOZ teff dzlz  d Is
Y J dzv¥v o3, CPUABNEBItmap dztso dets 9 52 CUWDAtEfiPpenGLB ZH Iz Is
OLOddBH j2Mlsoatso Ols' CRUj Ls tbaidd ® Odg'j dzo s o @ H
man ) SOy JjlMmw MtseMmMjd ftotsMmists?

int main{ wveoid ) |

GPUAnimBitmap bitmap{ DIM, DIM, NULL j:

kitmap.anim and exit(
{veld (*) {uchars+,vedd~, int))generate frame, NULL };

t dmMzas § § ¥ OC Isrsaie( dze

lted tcOBBIs fn tSPUMsBImasizticHs2 s d Mt tsdz! L
orLtsor sin Yd WisdPdH, usBilsphi j tc! L]
OB MistcOc dtetso Odzg 3 GRYdEBitmam Is tc if & b s §51z
fsmdzj HEs hdr Jtodd3j totso ( d, oL i3y dats,
MsOdzj s ydh j
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gtruct GPUANnimBitmap [
GLuint bufferchi;

cuda@raphicsResource *resource;

ink width, height;

volid *dataBlock;

void {#*fAnim) {uchard*,void*,int) ;

vaild (*animExit) (vedld*);

void {*clickDrag) (void#*,int, inkt,int, int) ;
int dragStartX, dragStartyY;

t d MizadBiCu Is tc z ¢ GBPAARIBBItmap

[T L dzOj BpenGlts 9 0 d M ts5dzdzWCUDA R e’ HLjIz
tcOL dzr J dd3j dzO H dz"GPBdz Wjldet® e uf Cadsffisdits s ¢
o 4l sBtcOh O] dzmw, dzzy dzets EZC OL T 9 Ols! Ists d «
ntcOdzV s ImiHe@Dbjd dgPpazrdsLd resourced dzv  d M tsdzdzw &
CUDA. 1 tsMmMitsdz S 3 dzO3jtej 9 OJ 3w o dL 2Od
Hdzw dzj éts HBsdydz" B' Is! .L OHOdzr hdted dzO (

YIstsB T ¢ @FYAdzmBitmap 3sc dzd L Otcj e dMmistcd tots
orLtsor dzO o3 dzj 5B - SH du@id* zCdd@ Olsfjtalis d L ds
fsdz L se OIsj dz2 MSC dJ H OdzdalatpBlockd3™ | @ e Pdiy & gz@
H Odzdz" J BJLtOL dzdfiuisiis , ff jioalg H Ofjss EC OL Ol
LOtjedMmistedteso Odzdz d3 Wk dzC ydw d3 tsB tcOls dzts G t
SBtcOsdzsc s o' L 59 O fARIng @QuignERitgiwclickbraglf s dz¥z ez¢ y ¢
fAnim( ) orLreo0jlsmw ftod §uidiekrurd3) tsd tc Bfs p dad)
fstets) HJ dzdJ H Odzdg" ro dof Liztedm(Q@ ydjtedzdj 5B g.¢t6d o ¢

ANzdzC qumEXi( ) o' LT 90OjIsMw fted L O jteh jd
dzj 2 f sdz' HisadQIlg jdzlz’ tcj Odzd L 59 Ols! CtsH sy d
or f sdzdzd Is+ CBGEHO OdddBOydw L Os jth Ojlsh
clickDragOte j Odzd L j Is t6j O ydes dzO MmsBriIsdw hH jd
Cdzd jdzls LOtjedmistcdtclzjls 1 Iskz Wkdz€ P56 tds
M Isdwvw dzOY Olsdw Cdetsf & d &3 hd, B EHgfditstsce
Cohtstets?2 off JOBQP 6 ddapC @Od3" M d, dragStact® dzv j
dragStarty Ylstser Cdzd j dzlsz sy dets BT dzts f | o
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ssySd BECMJEts SIS DREMISE fizls Bsilsd .z 4 f 5¢
BinOddL BO sy ds §sOLdls! Motsdnh HiskL j 3

R dzd Yy d O dzGRUBNIMBtmapts Y 4 dz! 20~ tss® ylsts &'
ftoj Hr g ftedkjtcj. ubntcOddo OUidg dzls '
LOftcOh o Oglaks b j @ NAYBALEH S sHWh j | Ehstes? fi)

GPUAnImBitmap|( int w, int h, ¥ 1 =3 ¥ {
width = w
height = h;
dataBlock = d;
clickDrag = NULL;
cudaDevicePTop prop;
nt dew;
memset [ &prop, 0, elzecf | cudaDeviceFreop ) )i
prop.major = 1;

prop.minor = 0;

HANDLE ERROR( cudaChooseDavice( &dev, &prop ) ) ;

t d Mz@As TR dzd y d O dzGRUANNBtMap

[T MC O Mo d3j Misd B3tz § z i) 1445 s 2ofridsjodis , 2 dg
dmtf cdzgg?t ) @YD, cudaGLSetGLDevige ) , Zwovw HIsi3dzs Ists
BlzH J dd dan@ls'dz) iLlsss EMmistets? Miso ©OpenGkY oL Od di3ts

cudaGLSetGLDevidglev);

1 smMsdz S22 o f sdz L GLUTEHR WY B (isdzd ©ldzd ¥
sCdadatsets toj dzH j tod dzc O, s SGLUTs dzyp dz'f tsoff d2dizny dfiA
dzj HtSB dzts Hdzv dzOfmy, glufiritm)l s Bzs Qi Is W I deéizig g o Is
CdBBOdzH dets?2 Tt @y dzs € sdzdets?2 MdMmisj d3j .
dzj yj ets, Ists B dzs B'" MNUDL. Iz dgdats , Iz CoO LB I ts ISt
GLUT j fmls tsh ¢ BOC OF Sisdete 52 ff 5 NULL SO d tp jsta J Hs(
Qo Qtcd2desdzsz L Q9 j toh j dzd © f totsc tc OBAFLUT, 1 s
fijteJwOpD WdCIlsdodzmr 2 Oteelkzdzj dzls, .d IstscHO

int c=1;
char *foo = "mame"®:

glutInit| &c, &foo };
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R dzd yd O dzGLUDytdts H sdzy 04 smw IsO¢ 3 j, §¢0OC
[T MBLHO]j B tCdts, o (Slsttittdgic®iy fzgi o ddEk
JeE Ao CO k¢ oL bitmapk).d3 [ifisdofdz&Hsilds]jls jdzOL-0 Ols
Ists d.dzOu g

glutInitDisplayMode ( GLUT DOUBLE | GLUT RGEA ) ;
glutInitWindowSize | width, height };

glutCreatewindow( "bitmap® );

[Odzjj & L OftwOhdopenctsd Hj deste® AL Ot to
Clssier 2 MeOLE 3 GloPXEL YNPACK BUFFER ARBS
UlssB' BERHENJj gibramiei j)a deffi) ko Odzd o dzOh j «

glGenBuffers( 1, &bufferchj );

glBindBuffer( GL PIXEL UNPACK BUFFER_ARB, bufferobj );

R §tMmdzj Hdzj j, dales MOlskiziH B3O dztsio LOG foldstg iy
HicO2 s0paaELE o " Hj dzj dzdd GCHEREKOMBEEZEOREY SE 2.
s O B3 5 daj 3 ( iOUBARZdZYLE O tg j2¢ dffprigeapidis o ©
f sdssh + 8 WeilddeSrapljcdGLRegisterBuf{gr

glBufferData( GL PIXEL UNPACK BUFFER ARB, width * height + 4,

NULL, GL DYMAMIC DRAW BEE ) ;

HENDLE ERROR(
mudaGraphicaGlRegisterButfer | Lreaource,
bufferob],
cdaGraphiceMapFlageNone | ) ;
'I.
1

RISOC, MmiGRUARIBRmaPI® Mistets dzO, d BGMisOdzsH
CO¢ orfftsdzdew j siw toj dgH j teddza. [ Mdetso dzOW
glutldleFunctiort ) . [ dz2O H j d&zOfflg tclstcdh , o jsisdEB tc O O J |
BkWjt o OHt] MdEPU] § tots dzis ¢ O fzf) s O d &IR)] dz
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A4 static method used for GLUT callbacks
atatic void idle func( wvoid } {
static int ticks = 1:;
GPUAnimBitmap* bitmap = *iget _kitmap ptri)};
uchard* devPtr;
slze t pBize;
HANDLE ERROR(
cudaGraphicsMapResources| 1, &({bitmap-s>rescurce), NULL }
)i
HANDLE ERRCR{
cudaGraphi cakesourceGetMappedPointer( (voldrv) LdevPtr,
Eaize,
bitmap->resource }
:, s

{ MEZBERTI ddzHn d e ctOW d uj MS d 7

l ®mlstster o, orL" 90jls L OH Odzdzlz 8 fAniIMh()s dz/ L
ColsttcOW fftoj HY Sdzsy d Is jCHBDAES H A2 2@ fOg drdzjv dz
f 5 OH&ptRABOdd &i3d dJL.t5BttOY J dzd W

bitmap-=fAnim{ devPtr, bitmap->dataBlock, ticks++ );

R dz20C sdzj v, or Cdzg yojls wslstse GPY j daglgts
f L otsdzv j IsOpensORptfjtdcdz L tso Ols BLW{ t¢ dzH gzts d @
OCIsdeodlkzjIsmw ©BKOMN jddj d3 € WEkdSydd gl L

HRENDLE ERROR (
cudacraphicslUnmapResources [ 1,
Eibitmap->resouraal,

NULL | };
glutPostRedisplawvi) ;

!

[MisOo M OWw mw yOEPYANMBiteEplpSB ey dls - Slsw
dets dzj Slsdesmwh 2 mw € tc O fifdiOdstdcddr 020 | TiFsH .
o Ofy dipidsijltg dzj Milsj Mdev 21!, dLbkyo2lsj.

Y 4 dzOdzd Vv, Ists sy des i kM jrtsd3 Hodc Ols! fi
GPUANIimBitmap

vd fdte!, dRPUAnimEteage &BPU, 3" B3y J B J

fesctcORdzz Oded BOYdd o sdzde, IsO¢ GRUs ts g rdzwt
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ZOYO O o ¢ dz¥ gpdafimhy Od S sl d dzOF SH (IS

GPUAnimBitmapr W Htets, &Ods yj &3 sl gzdzdzaBsi@ieg) jj fnw
* a0

ma Hopsss LoD Do

Py i
o Bremme L+ S b

Thwi GF v AID = sBET ES

I'; i " Ehw; Foiecd. o o'
- E
3 .'.I-:it Werzladn v Gamm ek ot o g,
7 et 4 L)
A
P fzerie TIH 10
pETTIE
% FURTY T globed  vold keores ! wzbact e I bighe -
24 v SUmar o ST ATATEITTRIIC fe puaed pesirine
R R L cib E w thewerdora o nlonslde 4 blacklo w,
S ARSI YT r BT Ty 1 o et 1 Sl 11 Y 1 el Y
E Y TR TS caf affae w w6 v o= slzZSlmx ¥ mddena;
T MR
LRI F SFtie cdicdisw oiw salie b D piii
S B A e Clzab o= w IONGES
=] I Mo & Cloal [f = DONGE: 8
Jatnanm..n Elzat d gt Sz e froe Bt Ty s
'q&m‘*'“‘ samigaed s ooy o lnaecgeed st IGRLE - Linab
i 0w T e a3l
[ 455 F ik, Lizka/r.a0)
Rl s = aopte g [ EF gl
20 nhhagea zbrakbsr] .z o cTUR,
1 i i L3 AR ]
BREEE Ftraltscl,z = qrer
A KTERE FhraLla] w0 355,
B D EE LN Telged m-nh.':: mmmmm

3w .
t dmzedBK[ sHdW dydtctse Odzdztsj W H

[ Hd dzfls o j dadzts j dL d3d ded dzd J 9" HJ dzj dzts
dzj 5B n 5 H dsdstsiiz Yls ts H dzw o LMpdn@Biste PR Ml dzd ¥ ©
fsco jtorn detsMisd Htsdzy dzf B' Is CHtelzy j Mise j dad
toj dzH jtoddeG ] o toj Odz' desds otej d3j dzgd tsB ' Yzt
MesmMsswh do dL yjlsr tejn §sdiif sdzj dzi€ ©az0(d) tg C
BlzW jte Btsdz hj dzgj ‘zg dgy gids iswsigig@ifu®d & © 63 tc Od
Il dzd @3 Htsdzy dz' R tc Odzdushadny L @zj i3 digls s Hs Jf dz O
tcOBtSlsOdzd M BEW jtesda COC M dBwOMMde sd3 yYJ k
ysts Hsflskzy ¢ 1 dzj B delsk tshizh jpylsfsets+iliw
GHJ dzBd3j e S tsdif sdzj dzlsr tsIs 0 HEBs 3. 168 Isj{
HOdzgdz" » MHj ZOdzO W o dzgs?2 ucha®. Mydls f jtcj m SHC

1 sMStsdz Sk & dzOf k> CUDAMIS W kB0 dzdz
CslststcOW Gjdzj cdtelzjls HOdzdz' Yy It dz'lf W) P Hak
WEZzdeC ydes yddzad 3Q slststeOW B EzHjIs o idle fusc@ls'
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S tcjHj dzj dzdESRSPUANIBIEE | &zOh j &5 f tod dzsy
12 WkdSydd sfkOjlsmw LOfEMS WHEGO

vold generate frame{ uchard *pixels, wvoid*, int ticks ) {
dim3 grids (DIM/16,DIM/16) ;
dim3 threade {16,16) ;

kernelccecgrids, threadss»> [ pixels, ticks );

it dmMzeABT] r L s WERZE ydd wWHtO

l Bls, Mse Milseo j dzdzts, d efmj, 9 J H! Is tc [z |
GPUANIimBIitmap YIstsB ' oMmiJ LOCtlzlsd dzisy+ dz'
1 €L jJ 3{GRWAmIMBItmap d e jOc dMistecdtctso Ols! Wz dz€ -
generateframg ) o COyJMmMBeRstzdsS ydge 6

int main{ weid } |

GPUANim=Eitmap bitmapi{ DIM, DIM, NULL ) ;

bitmap.anim and exit(

(void (+*) luchard4+*,vold=*, int) )generate frame, NULL ) ;

t dmEzedSKt j Odzd L Oy d ai{)lz dz€ yd d

63RMYsdz' L 5o Odzdj Ikjrdesdzsedd ddzs

63.1f SHj &zdtetse Odzd§ Isj ff dzstsB B dzO
[ fdzts o dzts j CRUAOIBidapsls §tojHT HED jes ftod
9" Lo WRrdztPely.

glhrawPixels|{ bitmap-=x,
bitmap-=v,
GL ROBA,
GL UNSIGMED BYTE,

bitmap-s>pixele };

| fjtcotsd ftddjtej dL 1lks?2 cd&Osr
oL sy dzs, o flstej y @Eewidixel$ty B P M b A O 1€ dzj o
COud Mg 2z ftsmMBtec gy dzs©. &2 O jldagdis W djr
sjifjt! . ClslegL sotsddonv § tofsDram¥)k dzSoy d ils o k2
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CPUANimBitmapd L Of kM¢ Ojls ¢ tsibifnappitded | § DY
CPUs f O@PUs' [ dz¥ CPUSPB GO HISdE S OHt] HBAYJ
Isd SEh ks w©WOBSISEZ d dz@RA IS y IsSists ffisftdg)tssolOjdisf J ) «
B3 Y ICRUJ GPUd o detsiyd Is j dzts tzls eizdzd ©H j toy € 2, dzj
ddadyddttse OddY d L Osjteh Pakdxpres§ j @ jsHnI usiz
Wz dzC glRfawPixel§ ) GBYdHOj Is f Bizly @i 6 z d3 0zt figlzizfz |
f OBCBY, Ists { tsdzlz YOy Isdnjvdzj tai@usd df stz datg v ¢ €
WHiJSCfe®@ di3d3O HBdzy dzO B ' dzO MC s GRUD IO d3Wils
CPUM f sditsh ¢+ s cutidMdzicpgd d

volid generate frame( DataBlock *d, int ticks ) {
dim3 gride {DIM/16,DIM/16) ;
dim3 threads (15, 16) ;

kernel-<<grids, threads>>>( d-=dev bitmap, tickse );

HANDLE ERROR{ cudaMemcpy!{ d-zbitmap-=get ptrci),
d->dev _bitmap,
d-zbitmap->image sizal),

cudaMemepyDevicaeToHost ) )

t dmMEzEAsi<l j toj d3j M j ded jdeviee@aidzt = M

1 mj o dzj Misj 1llsts L d&Oyojls, Ylsts ff jt
Odzd BOYydd CGPEBEzUEzZOZO BYWGEcSCts cBotstow, H Iz tc O
CUDA & Hdmzj tsQudd H Odzdz' = HdzZ?v GC O3 HBSEt ¢
o ydmdzj dzd 2 Csf dteso Odzqd LCOW ts dzCiAp dadzic 2 2 B
Csfdqicso Odz | 6 sSGPUs B tlz® Is disSls s&z@ Oy j dzd v . g dz,
B3O ¢ M d dPO dz'f detssHfd 1® § dz! dztsls d dzddzO ) ts o tg ldoth jj dirdzts
sfjtOoydd ¢JtjHOYGPUKO dahlstc sEmiswolisds. v
94 tedsy MW ¢ Muld OREY 1JO HICsUR BsGdeddi, ) dzisi'O
ftesdLoBHdIsjdz detsfls! L O Myl ddalsj tetstf j to

I MYy sd3ded Is J , dis Bd3d39 Resj zdtctso Odad W
ftcjHr HED j2 GG dzOo Istsy § d €AUSHIZBitna HOAXO fry -
slstsB tc O J dzd I8 ts elgsjHL j oddef tdstsd O dzd v . vJtfjte! a3’
ftesctcORBE, ftoddj dzde dtso ks flstezS kel
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s OC d ) i tc

GPUANI mBi t map f sylsd BJlL of g dzd ® dzg f
CPUANI mBi t map, dzlz y dets d fdzd b h s i fgndgiddzy 5 h a
utslso jlsfiso j dadets, MdzjHkjls dL dsj dedls! fd ¢ da
void anim gpu( uchar4* outputBitmap, DataBlock *d, int ticks )} |
HANDLE ERRCR{ cudaEventRecord( d-zstart, 0 } };
dim3 blocks (DIM/16,DIM/16) ;
dim3 threads (16,16]) ;
volatile bool detOut = Erue;
for (int i=0; 1<50; i+4+) {
float *in, *out;
if (dstOut) {
in d-=dev_inSrg;
oul d-»dev_oulsSrc;
} else {
out = d-=dev inSrc;
in = d->dev_outSrc;
}
copy_const kernel<<<blocks, threads=>>>( in };
blend kernel<<<blocks, Lhreadsss=( oul, dsLOul );
detOut = ldstOut;
}
float to color<<<blocks,threads>>>( cutputBitmap,
d->dew inSrc };
HANDLE ERROR{ cudaEventRecord( d-=stop, 0 ) );
HANDLE ERROR{ cudaBventSynchronize( d-=stop ) };
float elapsedTime;
HANDLE ERROR({ cudaFventElapsedTime( zelapsedTime,
d-sstart, d-sstop )} };
d->totalTime += elapsedTime;
++d-=frames;
printf({ "Average Time per frame: %3.1f ms\n",
d->totalTime/d->frames };
}
{ dMEzEARK] | Odzd O Gz d3@zEE\ice
1 sMC sdz' Cfleat ty eotedd T J H d defigisteOw W 2 dzC yd v,

d My bz ledput Bitmap,  Is ts dz?
tbjLizdz sBDs§ O gabars.d {
sB " Ydats 2

Cs

oM sdBsc Olsj dz' dats 2

5 dzOo o dststaizch iR @
ftojH HENh j2 ¢ dzOo
NS ydj2, d
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ejhddd §itjctelzL dls! Isjdjs' , s @OL dzf gf's d
o Otcd Odzls Odzd IsOSCdJj ) Jkemndl @C od3joy Helin dW (£ dzCOl
H&ZCPUJ W@PU [ v CtwOlSsfisd sitatao todf) G
s kh.j dzO

l sd3ddsts L Isdes dL d3d daj ded 2, J H d dzfi) s © gizgzdz®
fls tc 2 ¢ ERUANIMBItmap fils & & ¢ KGPWARitBitmapf o o § & dzdz
Odzd BOYdd

int main{ wveid } {
DatabBlock data;
GPUAnimBitmap bitmap( DIM, DIM, Edata };

data.totalTime - 0;
dala.frames = 0;
HANDLE ERROR{ cudalwventCreate( &data.start } );

HANDLE ERROH({ cudakventCreate | sdata.stop ) )

int imageSirze - bitmap.image sizel();

HANDLE ERHOR{ cudaMalleoc( (veld**]}&data.dev inSrc,
imageSize ) ) ;

HANDLE ERROR{ cudaMalloc{ {void**)&dala.dev_outSrc,
imageSize } );

HANDLE ERHOR{ cudaMalloc( (void**)&data.dev_constsrec,

imageSize } );

HANDLE ERROR{ cudaBindTexlure| NULL, LexConslSro,
data.dev conatSre,
imagesize ) }:

HANDLE ERROR{ cudaBindTexture | NULL, texIn,
dala.dev_inSre,

imageSize ) };

HANDLE ERROR{ cudaBindTexture{ NULL, texOulb,
data.dev outSrc,
imageSize ) };

float *tomp = (float*jmalloc( imagesSize )

for (int i-0; 1:DIM*DIM; i++) {

Lemp[i] = 0;

int x - i % DTM;

int vy = 1 / DIM:

if ({x=300} && (x<E600) E& (y=310) && (y<&01})
templi] - MAX TEMP;




}
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temp [DIM*100+100] (MAX TEMP + MIN_TEMP) /2;
Lemp [DIM*700+100] - MIN TEMP;
Lemp [DIM*300+300] = MIN TEMP;
Lemp [DIM*200+700] = MIN TEMP;
for (int y=BOO; y«900; v++) {

for (int x=400; x<500; x++) |

temp [x+y*DIM] = MIN TEMP;

}
}
HANDLE ERROR( cudaMemcpy{ data.dev constSrc, temp,

imagesize,

cudaMemopyHostToDevice ) ) ;
A initialize Lhe inpul data

for (int y=BOO; y<DIM; wv++) {
for (int x=0; x<200; X++] {
Cemp [X+y*DIM] = MAX TEMP;
}

HANDLE ERROR({ cudaMemcpy{ data.dev inSrc, temp,
imageSize,
cudaMemcpyHoatToDevice ) ) ;

free( Lemp };

bitmap.anim and exit( (woid (*) (uchard* woid¥,int)}anim gpu,

{void (*) (void*))anim axit };

t dMEz6AB8Ct J Odzd m&n) g MY s dz! L SPUAdEYBjttRy)

[ Mdzg L ¢ dzw dzlz Is - ZO0 tsMmisOeabh ks Mw
BsHj Zzdtese Oded Vs ts | tf B jslsfRizOdz@ glstsdz' C 5 fsls
ftej H HEMI Y JloQoedzts wilsthtgtsifils: ¢ @O s f S dzdzts
OB Iz § tc SGPED d3fB ¢ @O Bz Y®BBH s ts ¢ O
slssBtcOY jdzdwvw, 68 dHjJ, HEBdJd B
COC 1 st 9" tcOYOjlsmw Cdzdyj Mlse j da

CPUH dzw
1 B

COHIGO ErtsHddts ftodd tcdsts

yomlis

25, 3 &fiGekm@e s j

GTX 285. d&zf) shsects COC & MlsOdd dhnfsd Lt
CEOWdSs?2, 1kt otjdY bkfOdks doO
6jdH jteddzc O .fplsOps toge® , 1 5% Btsdz h j
CONHT 2 ®OT &' rlkdd SlssBEOL dIs!

15% HTtS
dzd Is tc j
C OH 5.
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6.3.2R dgstc s j tc O B PidmtXdzts ) Is

) ftodd3dd tOr o7 hj toj y! h dzO Itsdz? ¢t
tcj dzH | ©dedal, 0 dets o L O dfdraciXdFPlsiasd ju j iz tsils dzd y
Uef toj ydzj Bz d Y cudaGraghigsesdardeftzy " dz¢ d dzO
tcOL H j dzv RiregtX]  CUDA, H ts dzy dz orL " 90lIs!
cudaGraphicsMapResour¢es cudaGraphicsResourceGetMappedPoirfjen dzw
f sdzlz yd dzd v CYDRAdAE ©dz’Ods j dzj 2 dzO tcOL H J dzv j d3"

s OC ftcOo d dBpenGlofif Ldgjpd C tsflss ¥  Istc O dzf dzd f&
DirectX. 1 Of ted d3J te, cuda&lLBgi@lRwCcH ) a3’ or L ’r
cudalBD9SetDirecBDDevicd ) , StSGHO rtlsdd3 RONsteryd Is
oL Od di3tsH j DiresBDPW. 0 ¢ dz@adsBO]0SeidBrecBDDevice)
ZhlstcOdo O4 Is Emistcts?2 fRlg R th) Is o W @ivectB3Bo 10D Jakzts
cudalBD11SetDirecBDDevicg) T H dzW 9o L Od d3tDirgc3DiE o v M

[ dzv  dz@eOBdsAs Directi§ to j Ctsd3j dgH 2 j A3  ff S ARREOC
sBtcOIsde h dMm! CNVIBIK (CCBASRrdgrisnsmingGuide d dL kzvy
ftedd3j te* oL OdDEmetXj 2 fiflszg ¢ @ df) v GPUComspigthglzj ¢
SDK

stsdastetsdz! dz'ry oSt tetsiy

1.sOCto O Mdtse dzOY dHjCsdts ) tHEEIZBROB §

2. sOCdj BdBddtlsjSd Bsekzls dmYf sdz'
ddzls j tetsf jteOB j dz d2sfylsd 2O (. OCIsd¢ j

3.1 tswimdedIlsj tMmdztseodz j 1 1sOfr tOL OB BIS
ddzls j tetsf j OB j dz' dzsfyls

4.V tede jHdlsi df tcdfdg@er g yJ dzj MssBtcOL
Jdzls j etsf j eOB j dz' dzetsfls g

5. sy des dzd fteddzj dzvls! Isjnmdesdzsedd d dzls
dzj MStsdzr SdBBd cOWdAIMSdBI OHOF Isj tOdzd
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toryrpt it offrt IO VR[] @M ¢
1 tes ] ?sRGPR

I femdjrndd] esswczhéhBizdg | duphhs dday
ftesyj MMstcOdRd, §odkzkzyorls eofmj Btd MhjJ ft
dzj M& S dZGRUYG 8G 53 d dzO fmdMmis § @PUsM Isdsjdd) Chysiglz! fifd
f8C0O0 dzj MisOdzd BN jiftcddzv tels Rijy GpslsBI 2 C
Mo Mndgsdeizts. 1 Of toc dSefpreeGTXd2®@ 5C Gtglg | z Mmils O dzts
GPU, O Te@&HO70 MsHjydls O yYyjbrtj dcte
f SHHJ OUDAS2 fglsfj ¥ d&zO B OL J 1§ sMdzy HNEIDIA dzO|
MiH j tey Ols d dzl? GRUd td tdsoH 1dREDAMED?2 3O Is j te d dz € s
 sBOo ! Isj HNVIPIAGGRYdE 25H d dz JRCI BRpiasds o o r
fsdzzuydlsd Mmdmilsj @dEPUM IldaginSislsa] € fgdddzOed d
RZOH B3O dedz" &3, L stsd3z dd3d jIs Mdzr Mz dzOkz
dMmilsd &3" , ©MNdO" j de@s? dzj M sdz' ¢ d d3q

T b sfdekj GOY § Odw s

[T ©OmMMdiOlstedo Odzd ICPK tc & PzdPdath oz © &Y 1§
o WdLduyud mMEts?2 fOBWIsd dzgj BEZHjIs or ctolzy j d
sO¢ 52 f Od3w Is d 9" L ' euaHdstAlNOcO #) HAfdektey@dy) Is tc
cudaHostAllocDefault [ T sBjhOdzd ¢ OL Ols! d Hto
mMfsmtsBr o™ HjdzjdedWw L OCtcj f dzj dzdes?2 ff OdzW Isc
Colststes?2 of ftiosHtsd) O Isj udslsi@lsiO dA dzd df e,
Cedzd V. 1 dgifdhisstllocDefault  d3ts 3 dzts fJjtciHOIS!
cudaHostAllocMapped Il " HJ dj ddow ) tcj L zdz sOIs§
LOCte] fdzj degdets? o Issd3 Y4 Mmdzr mdzj , ylsts d
or ctolzy J d&2O0, dzd it BI N J 2O o WL dyd MS B
Hdzv C st d tc s oCOUYGPU, A3 ft MsHstls oQPHY tf IOy dgdj Is dzC
SHds dL (0o ddz, WAdpjicisz BPEESRLOdd Isd
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HsMmiskzyd dL WwHJ @CUDAROY dHnOngidss d2! SO dzy Istc] B
H Odzdzr GPUdZO 5B g Oldsdt€ OW  f Od3w Is +-C O 16 tozéxty tis2n W
copy).

7117 yd fdzj ded W o ff teSqtiyj odig igddg it dflz@izgw Is d

[BT YGRHESB tcOh Oj sfw kid' ¢t aCPUi Bd'is § sk
@ ICHU 15 ddzsEcHO B' o Ojilds df fdgjOLodgtszCuizO t s
Cwftej H Bylsdlsj dz' GRU dyOsizdel teddzfflde t/ols@ IEPU, § O
o jtodzj BMW € zOh j sz ds BdRsBE fted k) ok
ftoesdL o jHJjdedivOdajjjS Sdstcthmtso Odzd tsSBO 9 R SH dz
GPU ftetsHj d&zOdzd o' ydMmdzj ded™, L Okjd& MC T
o § OGPUH' L Oo j toh d dzd »oj" GRUNdzj ded § [

| deseos?2 o jteldd & sSBS2HjEMY BjL ¢
f OKGRY, O odjfMist 1 Istce S it w2 L W Ody s
SBEOMO®IS L HOddz 3 GROf td etk tc Qs 3@ s ko is | dzO
COC gty djdzds? § OBVRAY dujBidsdgd W dz¢
L sOdsdzdzOVY , BEkHjl OB lsOM) @ikt k
bj HESC YdOPU ifzO R tcOdzj dzd j 3 o mtsHdz 7 d o At
Csfdiekj Bs2 §OBYIsd. wdOyUO&O ftedo jHj d
ftoesdL o jHj dedsizts® fjEEelzisE@®Yd dz0j d3, COC BT
MtsBr Isd?2 rtodtsdilstcOy O, o HJjdzjdedWw f OdZW I
d LOYtsdzdzj dedWv orntsHdz = BEW jtose HOdzdzr o3qd
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float malloc teat( int aize ) |
cudaEvent t atart, stop;
float *a, *b, o, *partial c;
float *dav_a, *dev_b, *dev _partial o;
Eloat elapaedTime;

HANDLE ERROR{ cudaBventCreate({ &start ) );
HANDLE ERROR{ cudaBventCreate{ &stop ) );

a = (float*)malloc! size*sizeof (float) );
b = (fleoat*|malloc( size*sizeof (float) );:
partial ¢ = (Eloat*)malloc| blockaPerGridtaizeof (float) );

HANMDLE ERROR{ cudaMalloc{ (void##)idev a,
gizer*gizecf (£loat) ) ),
HANDLE ERROR{ cudaMalloc{ (void*+)&dev b,
gizevelzect (float) )} );
HANDLE ERROR( cudaMalloc| (woid+*+)&dev partial o,
blockePerGrid*aizeaf (£loat) )} );
for (int i=0; i<size; i++) {
al[i] = i;
bli] = i%*z;

}
tdmMecds e sL HOdzdj MtsB' Isd2 Rt

IrHjddes §O&WIs: d L Odftsdzdgt § b ggfijls zH] Qs
o1 ydfipds.dzd] O EMS Oj &5 O2kjte, S dERY o5
LOfEMSCOjd "Hiss o' ydmdzj dedv S Odz tedzgs ¢ 1
tjLbEd Ol dEPUOH o  OKRYIs!

HANDLE ERRCOR ([ cudaBventRecord| start, 0 ) );
HANDLE ERROR| cudaMemcpy( dev a, a, size*aizeocf(float),

cudaMemcpyHoatTolDevice | ) ;
HANDLE ERROR( cudaMemcpy( dev b, b, sizevsizeof (float),
cudaMemcpyHostToDevice | §;
dokt«z<blocksPerGrid, threadsPerBlocks>={ size, dev a, dev b,
dev partial c };
HANDLE BERROR( cudaMemcpy! partial e, dev partial c.
blocksPerGridtaizecf (fleat) ,
cudaMemcpyDaviceToHost ) ) ;

tdMzU2AE S s Jtletso OdedJ HOdzdz" = d 1

s jf§ topdzsdzi @ s day du d iy dzj dzd | 15 dz®) dzO R O dzO
k02 kjte, (sBaEH dulds Bty s st @) &tks p G B
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HANDLE ERROR{ cudaBventRecord{ stop, © } );
HANDLE ERROR cudaBventsynchronize( stop ) ) ;
HENDLE ERROR{ cudaEventElapsedTime( &elapsedTime,

start, atop ) };

1 0Csdzj y, MEzdBBd iz d3" Y@ lssdmeds Bis ¥ 6 jOL ZiF
or mdgH] BERW J tor

g = 0;
for {int 1=0; i<blockePerGrid; i++) {
¢ += partial e([i];
}
HAMNDLE ERROR( cudaFree| dev a ) );
HANDLE ERROR | cudaFree( dev b ) );
HANDLE ERROR( cudaFree( dev _partial e | };
free{ a )
free{ b )
free{ partial o };
HANDLE ERROR ([ cudaEventDeatroy( atart ) };

HANDLE ERROR ([ cudaEventDeatroy(| atep ) );
printf{ "value calculated: &%Ef\n", c );
return elapaedTime;

t d mzd3s Memory free

I'itwemdw M f daf dgjtsdfjdamizjjdests? § O3V Isd B Iz H
d Mdzd dzj MudlsOls: orf HjdzjddWw Of BRMisd.” HY (
fORvIsd wWalzf ar®H "ntsHdzr = BEWjtses d L Of
H Odzdz d3qd
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float cuda host_alloc test({ int size ) {
cudaBvent _t start, stop;
fleoat *a, *b, c, *partial c;
float tdev_a, *dev b, *dev partial c;
Eloat elapeedTime;

HRNDLE ERROR( cudaBEventCreate{ &start ) };
HAMDLE ERROR|( cudaEventCreate{ &etop 1 };
S/ allacata the memory on the CPU
HANDLE BRROR( cudaHostAlloc{ (void#¥%}g&a,
sizge*sizecf (float),
cudadoetAl locWriteCombined
cudaHostAllocMapped ) )
HAMDLE ERRCR( cudaHostAlleoc( (wvoid*+*)&b,
alze*sizecf (float),
cudadHoetAllocWriteCombinad
cudaHostAllocMapped ) };
HANDLE ERROR( cudaHostAlloc( (woid+**)gpartial <,
blockePergrid*eizeaf (float),

cudalHostAllocMapped ) };
S/ £1il1l in the host memory with data

for (int i=0; i<Bize; i++)} [
alil = 1i;
bli1] = i*2;

[ MEWE. SEYHESC o' H dzj ded™ 1 C

[ 7 d M & dz WL HAAgCd3cddaHostAllo¢ ) dets Isj ff j te L
SftejHjdveEnd] ftsojH]dd], tsls dzd y dats §
cudaHostAllocMappede so sted Is dmyf sdzdzgw s h j 2 Mtej H ] ,
sBteOh Ol Mw ¢ GRUs 3k dzs WY | tpztsd IO d3d , d d3d dac
9" HJ dzj dgdzlz & HidBYd3W s Iz & joigiis 2 | d3ts 2 . [ dzw s B
BkWjttse & L On@aHEstAla@WnieCombide@dc [ dz tsL dzOyC
dmf sdzdzw s h OW Mtej HO HESd 2O EMisOdztso dIs! H
L Of dviryite-cofnbined slsdetsd Is jGRU dztsC KB 19 OW dzOds dzj
WlzdeC yd sdzOdz! detsfyls dzOh j ¢ s ftod dztsy j ded W,
fticsdLoBHdIsj dz' detsfyls ftcd OBl MBEPWBLEW ]
[HA&ZOCtS f Odi3w Is/ | tcOBSIsOs h OW 9 oy dd3d
CtcO2 dzj dzj + WW J SIsdo dzO o Mz Py A, 51 Btsdzk
ftod dzd 3O sOCtsy tjh jdedy , o dzd B3O Is § dz' dzts
BkH]jIs tBtOh Ol! v € fOBWISH.
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1 sM¢ sdz! ¢ ECPWaOd3y Jsdzy dzO dgdaloar@iecEaiped |Is ts
GPURGisa Y jIs tsBtOM Olsy Mw € dzOR sHWh Jqdislw o
OHtej Mder | ¢ BBUEISCPOED)Isdzd yOE Isfqw , s IstsdBkz
stsysd OGCGRUdJEPYtcOL dzd ydz' . cudaAazAligff)) oL 90O
FCOLOIlsj dz dzO tsB dzOfAPYU, {CO d3yldstsis o {flsts)didzaydddis
s Iz N d sB dzOMls GPU, Is jdazdylztisO - o " L 9 Ols
cudaHostGddevicePointerQ CIsd kS Ou Okt Y Htc@RU d
dimfsdz Lizjls dr Hdv yYBRUZIJY d LOfdmd o {

HANDLE ERROR{ cudsHostCetDevicePointer( &dev a, a,

PR E

a
HANDLE ERROR{ cudaHcocatGetDewvicePointer( &dev b, b, 0 ) ];

A =

i

HANDLE ERROR{ cudaHoatGetbDevicePointer( &dev partia

partial e,

RBjY bkSCOLOLjdd bEMsts2flkss O, &  &&y
dMmY sdzdzj dzd j W HEO

HANDLE ERRCR( cudaEventRecord( start, o0 ) );

dot===blocksPerCrid, threadsPerElocks>=( size, dev_a, dev_b,

dev_partial c );

HANDLE ERRCR| cudaThreadsynchronize(] };

1 4 Md@eslstew dzO Is =devyglslesy b i e paBilsl ¢ @rf tc j Mz 8
f ORBCBY WwHtk tdd ftoj HiMIlsOo dzv sGRE'E AADOE B1H Ol
sB tc O j & dadaHBstGetDevicePointer) . vt COC yomilsdn
Y d RZOr BHVY ISPPU, 9 SEOEBW s d o OdtudaMetntpygia dst
dzj sBrSHJd B3tsMmisd . JHdOC$k] , sBERL (fls GPU o da
Mddemn gty s smwv fklsj &3 swdoduiajhdeddSynchronifelz dz¢
HBH] By JdBESY deellzy G352 § Ofxlgsd odzxj oMl ey (f
W HO, Cotes] dBsy jls 1t MHjydBs] o0
GOtOdzlsdw, Yybsts WwWHtz RisQo jcizl] dzsctz@Mm: B 2 j to
tcjLbkd sOIsr o7 ydmdzj ded v . 1 s stsdsz d3r  d3ts
o' ydmdzj ded v GPWE CCu@gY QH jdd@O dzd d ftoj 3 HJ
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HANDLE ERRORE({ cudaEventRecord{ stocp, 0 1 );
HANDLE ERROR({ cudaEventSynchronize{ stop ) );
HAMNDLE ERROR( cudaEventElapsedTime{ &elapsedTime,

start, stop ) );

S/ finlsgh up on the CPU side
C = 0;
for (imt i=0; i<blockaPerGrid; i++) |

c += partial c(i];

}
t dMEzusE§ Oo jteh jdedj o ydmdzdlsj dz' |

[ fls Odzts iy s Ytz ddss  § Odsw Is !

HANDLE ERROE{ cudaFreeHeoat( a | ;

HANDLE EEROE{ cudaFreeHostf{ b | };

HANDLE ERROE( cudaFreeHost( partial ¢ ] };

‘4 free events

HANDLE ERROE([ cudaEventDestroy | start | ) ;
HANDLE ERROR ([ cudaEventDestrovi stap )} };

printf{ "value calculated:  Tf\n'; a };:

return elapsedTime;

tdmMedsE Mo sy H]dzd] § OiYIsd

[ sd3j Is d d3, Yls ts dzj L Oo dmd o3tz tsls W zO G
cudaHostAllo¢ ) sMmMeo Bty HJ ded | f Od3WIsd o Mmij cH
sB tc O j dafigFdzeHbLSY)..

sdfiter fshoppEttddoviO®O®Ojls oM 1 Ists o
dzz ) dzttso f ed Is+ fBHHjtY o Ojls & EGRUsts? fi
[ 4 dZOjlsfqw 1 Iss SOC X j, CPCT jftcidS tdf rtcldschwj toek
cHG § 2lsj &3 tsB tew@aGetdvicePfopertigs
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int main( woid ) |
cudaleviceProp prop:
int whichbDevice;
HANDLE ERROR{ cudaGetDevice| &whichDewvice } };

HANDLE ERRCR( cudaGetDeviceFrapertieal &prop, whichDewice ) };

if (prop.canMapHostMemory != 1) {
printfi "Device cannot map memory.\n" );
return 0;

itdmzdas ftetsn EMilstcts?2 nils o @anMajiMostdaimiory H

ltojJ HY SdzOgIO8 bEMmistcts2 Miso 5 -C it o i jsB Pz O J
otsHdd3 dmMf sdzdgv ¥ W 2¥ Micj HE o MtsMmistsw dzd J ,
Cfdqtelzjd3r j BEW jtr . | dzv 1 IscsdaSetDegicefldgls o '
fn W dzOomdalbgviceMapHost € tSlstster 2 Ig t8 jddsiz | Is z mits@sLts
SlssBtcOY § dz@RU § O3V Isd

HANDLE ERROR(cudaSetDeviceFlags(cudaDeviceMapHost));

]l st j smain).) Of 2MC Oj &3 s5BO Isj MIsO, fj y
d or aitHd &

float elapsedTime = malloc teet{ W };

princf{ "Time using cudaMalloc: %3.1f ms\n",

elapsedTim= | ;

elapeedTime = cuda_host alloc_test{ W };
printf{ "Time using cudaHostAlloc: %3.1f msin',

elapsedTima | ;

t dmMkzdss ¢ § Odzd m&ngd ¥

g O Bt | K ls Ge@bde et
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#define imin(a.b) l(a<b?a:b}

consat int M = 33 * 1024 * 1024;
const int threadsPerBlock = 256;
censt int blocksPerGrid =
imin{ 32, (M+threadsPerBlock-1) / threadsPerBlock };
global void dot( int eize, float *a, float *b, float wc } |
__shared  float cache[threadePerBlock] ;
int tid < threadldx.x + blockIdx.x * blockDim.x;
int cacheIndex = threadIdx.x;
Eloat temp = @;
while (tid < aize) {
temp += alkid] * b[tid];
tid += blockDim.x * gridDim.x;

}

/4 set the cache values
cache [cachelIndex] = temp;
S synchronize threads in this block
__ayncthreada() ;
S for reductions, threadsPerBlock must be a power of 2
/4 because of the following code
int i = blockDim.x/2;
while (i t= 0) {

if (cacheIndex =< i)}

cache [cacheIndex] += cache|cacheIndex + i]:
_ayncthreada () ;

i f= 2:
}
if (cacheIndex == 0)

¢ [blockIdx.x] = cache[D];

tdmzags e sH WEkdSydd wHtEO

712 etsdL o sH dIsj R tftffidss' o Codiafdx

sOCtsets o deter O BYJHOILI sictc f Nizts 2z’
[jls tWOLdJyjd HdAdY HdMCto @ - iS¢ dGdzlis,
ZOL " 9 0j Mm% cwOWdud Msd2  (DRAW jsph tuets i ©
@O~ SHJIsMW dzgy dO BHds2 §d&zOlkjy M yJ dlsteOc
EMlsOdztso ddzd © MmMets?2 1s cteOWdyj mMmEBPU €O
HdgMSCtoj Isdz 2 . Rdzls j ctod tots o Odadz” d3d zOL " 9 O
oMmMstesy dgdz" § o MmdMmisy d3dzr Q dzHzOB dzde 5@ 1S He jsdR'F &)
f Od3w Is:CPUM | s Bdzts G d J mMdmilsj o&3r , f sMmistc!
C sdi3dszdzd ¢ Oyd sdzdz’ = JTNVIDMINRATS t6 tizey | ( [duldls)) 6 to
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GPU M f tsHH jAGWPA 52 s d3tfdrts o md dzj sBz¢C d,
ZOMistsdz! dz" | SCStdBf! slsjtcr ddVIDEAOON T wlztsjo tdsR O
ddzstpJtctso GBEUA j f SHH JOWRPA 21 dzv  ddzls j cGPY tets
MY oz so@stzrd el j Bs2 § ORYIsd oaMjcHO HOJ
fOBWIs! o dz¢ B tsdiCyfdziztay@jH Ol L] ds By dednjdz B 2z W
dzz 2'sf qtolz j dijlsds fiftady) Hslso tcON O Is d L EO'ddsias & dzt
15 dzj L OB ofORGslgdz’ ~ylstsO eBIgtiO € ts 9 -Cdajf JHS zg) @I
fOdzwIs! twOmMftesMisteOdzv s Ispw Isd 4 ©BG6teOdzd
fow: omMwit] LOCtjlfdzjdd] tlsi jHOjIs Ck
Yls £ tsedzj ydets a3  Istsc j dfdied e Hinjlsise t5tH jfiRdipisieid v fr

l kjAr Mdzzyows, CtEHO ontsHd j d or A
sHddz OL, f§tsorhjdedj ftesdL o tsfH sl de ddEEhids
GPU. ]l siC@ERPSdas j CIsdtolzs Isw W O Is d oylssts B f) €
L OH j toyEmdzsotB) dzdz” | HEMiskzYy sd3 Cd3 fOGdgwelsxfdzw
COCIs® i3j #j dehgtgtso Ols!  yls j dzdPLIExpress O fudsfis'  H
LOMBIIsdzr 2 or deoterlyj do dztf figlisffL o s SOz € O
Csfdtekzj B2 § O BYSHIGPUs] st hfdidalr dsdzts € 56 e O I
sOCts?2 fOdRBwWISsd &3 BERZHJKB B2 20yde Ols! B tsdz
dLBJYOIsy, M MOBScts dOYOdGPUMSC s Jteso O9

s O¢ bkL dzOIs 'GPU dvdalsdzvcj@igdatsds d dzd HIME ] Is¢
Ctgj ydets, wlCtrils! CtsiRf!slsjtc d ohMBsilste] s

oteWH dzd G tHJIsBPUREHJdESS UWifdsj Hisidifd s , i to
Mstszter , Clstlzé o tsauda®etevzgPropettigias dgf dedzts
i s dnjegrated tcObudzts jj QR dzls j ctcd tfse @ dzf tetfls d o ¢
Mz yo, .

1 smMEsdz? €k f esc tcOBBO 9" yd madzj ded v
FHso dzj seo steW jIs EMmdzse d¢# ¢cuyudlsOjls d/ ddzd
dm& dz¥ Y dets, Ut " MBsyJ dslisf SftddHd) odgy lsozdr
Csfdekzj BBs2 fOdBWIsd. R Hj 2 MiCeFdrsefTx 285 L
otej BBYW orf fsdzdzgj dgd W [k d3d dz' N d dzts i)' GeRa@eGBX5 %,



189
280 bkMStstejddj MmisOeddzts 34%: f) 143, 9
ftotsdL © SH d IGPdztc @is s L@ QL dese s Mistsisdztsh
or ydMmadzj ded?2 d (s zm$ dzsB O M s 0 sedds fyisfdy
LWWiClsde dzs?2 f tetsf z MECHZEPressip iy fn) tste @atsdy’lsf  d
BJCtetsmna j 3.

72rRMYf tsdz L 5o Odzd jGPiEj MS sz € d 7

I fejHr nizh j d3 MEOQLHQ ddefte O M3flay MEdJ f et
B' 9 Otldsj cijtalef totso Odzde’ d3d d H d i) Sjte jWisadazvdgdls frywif te
mMdMmils | d3detsdet® digd C tetsmn J d3, O ftmdzj Hdzdj tSE
tcOMmMh dtcj dedw, ColsttcOv POiE@esszv J|j igfnw e 8 dzfltizf
o Cdzt g OsH dztso toj o3 dzdzts ddzlsj G ted GRY Odisirs § J fi
sMdzOh j dzr  dzj M& sdz Gdf Bdy) ff tste CYOPRH € s BY O d
NVIDIAf csHOjIs 1SOC Y| f tosH BEFECeGTX 2D H 1o B34 6 &
dL d&z0yOdz! dzts ftsH j eGPO.Is E@sknEec TX2HIdES cWisd 1 d
LOded 3O jIs sHddz Mdztsls tcOMh QUDA 8zd & dzw datf Is H €z
tc OL dLBPL. ro d mMoOddd Ytodz LtsoOlsj dzd Bsckh
CteOW dud MECd4 SPEkHspresso fiiglgidzgvy w dnr  dBtsfls
tcOL OB SNVIOIdedzis T dzs dzse dd ROz P FR HBs .
(scalabldink interfacei SLI) . 1l oedHEkz {Isda IsjdeH jdzyd?2
fted dzsyGUz,w tcOB slOOMdfglsj di3j M daj M Sschizisdk «
ftosyj Mtste Odzd . 1 sMEdzy C 2 gl as & jUsjm
cOmMYf O Odzdzj dzd 9 Bdzcfigs ®BWOB SIsOE3j YOls § dz' dzts |
qasj ¢ M djmw oCUDAEMisjedsP Mise © H dziBO SHif=ffohodz i
ftoesdL otHdIlj dzd detsflsd

YIstsB T dzj dqLEyOls: detsth § R | tdf Qeadislisi Qgj, d3  HY(
or yddgpdrj M Odzvw tcdzse s fftetsdL o j Hj dzd VW, Is©¢
G MEsEWE ¢ ylstser Efttsmisdls: MmisBd ydL dz



190
9" ydmdzj dediats cfisC Gdetstdf L © J Hj dzed W  H Odzdg flzo 1 s
bftetsh Ojls x dgjdsj, toyj df s2MC stets

struct DataStruct {

int deviceID;
int gize;

float *a;

float *h;

float returnValue;

t dmkzda8itf § ©J v J OajaBadigt

[T i Misddzd o 1 Isk MstokzClskztckz dHJ dal
BzHjls or ydmdzwiks! mv mM&¢ Odzw tedats § ftosdL o jt
ZCOLOIsj dzd dzO tsB & ol bH ffizs ) dzy ¥ Ezfedzic s dzg j &
< Odzv tc dets cots] Hifitdisd v

YyistsB" L OWNGRAWBY Bz f &z ts B LNROI3 5,4 Istpk
o dzOyOdzj fftescetcOBAW  d3 cudaGetDoicaCpudg@ v ¢ € Is & tiz
Msseh Ojls, MEtsd ¢t §tcCGUPAhiEEESHY Mo § B ]

int main( veid ) |

int deviceCount ;
HANDLE ERROR{ cudaGetDeviceCount{ &deviceCount |} );
if (deviceCount = 2] {
printf{ "We need at least two compukte 1.0 or greater *
"devicas, but only found ¥d\n", deviceCount );

return 0;

{ dMEMEE[ § esh EMses2 Mise

1l smetsdzr Ckz fted d3j to ftoj HAd2ZOL dz2OyJ dz H d
dzj M sdzGRUJ iz s ff tod 5B dzO te z yGUBAFE fr) lo tdtg A fipls ot
ftesists orf - SHARGE QG@UIswdzjt Istsh dB CO) . 1 tsdgv
dzj dz LW dzOL 9 Ols! toJ CsSd3d dzgH 2z § d3" d3. ldzs &M ls
9 JClststetse dgF o' Hjdzvj 3 tsB dCPgld’ L O f5liz@dz
HOdzdzr &5 1SOC 3 j, C0OC tOdz hj.
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To keep things as simple as possib

ouri nputs and fill them with data exac

float 3 = (float*imalloc({ sizeocf (float) * W );
HAMDLE MULLI[ a };
float th = [(float*)malleoc| sizecf(float)] * W );

HAMDLE MULL( b };

A/ fill in the hoat memory with data

for [(int i=0; i=N; i++) |
afi] = 1i;
bli] = i*2;

{ Q@927 | j dzj GOYdY dMAGHA & H

1 O HOdzdzr W GIEdRJsdzles ¥ L OdgW Is' fpw  C sH A3 H
GPU s tsihis! oAPIgtSH, s dagdiyts h CODAffjtisjj Y sdzO6 O
COYHGRUEZf tcOQo dzv j Isqw tsIsHGRY dzv GC f SO 6 C tedd
tcOB BIsOdzdGPY, Glsitszddg 1 Ists2 IstsdzC & et ds Owlsgllg O ¢
o MmdMmlsj B3i dBsyjls B" BPU dz8 Bz " L jsdztf M J Bipls o
BzHjd&3 tcOBBISOIs: Issdz? €ts M Hokzdgw

Datastruct datalz2];
data[o] .deviceID = 0;
data[0] .eize = N/2;
datal0] .a = a;
data[0]l.b = b;
data[1l] .devicelIDd = 1;
data[l] .eize = N/2;
datalll.a = a + H/2;

datall.b = b + N/2;

{ dMEzdaBK) Of tsdzdzj ded Patapbuctiz € Is Iz to

[Odzj | OlzZiSL 20 § j toj Rjtdstake § j i Of Is
o M s Bcdp®k j Wk &tfrnghufedd ) o o3 flsj j dfy 2@ OV B g
ColststcOW foskizdg'ds ' iy ot o dase’ ML H O dzdzs d3
ZOL ' o @jtsef” A b dtaythread ) ML HOjls @Gjskss d
bCOLOddzes WhkdSyde, §ittjHOaOw j2 o ¢
flstclz C Baasiagt § sdzzyj dgls o' LT 9 O@sh j2 it
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Wl dzC pofine) o T LT 9 OjIsTY L ¢ dkOo dzsEts f slSEE C
ftsL HOdd bd 6 SHERSAKY sddadlsj d d 2

CUTThread thread = start_thread{ routine, &{datal0]l) );
routine{ &{datalil) };

l1jtegH Isjd3 €OC HoeadecOI! MW HOM hj, G
HiBY HOIs! yw L Oo j toh j dzd W obstetets sIstsC O
end thread).

end_thread({ thread };

) sMCsdz Sk o mains)s? s ® yNofg l4as Sq@zd ! ,  dst
s OMOEetshdls: BdfQdvids' dabkyaas j misd toj L b

freaf{ a );
free{ b );
printf( "value calculated: 3f\n",

data[0] .returnvalue + datall] .returnvValues ) ;

return 0O;

}
t dmEzdadcl j yOls! tjLbEkzdz sOktse d Mo ts

l COYHBAR st o cuddSetleyid® f e o7 )y dzCde]
fJtJHOB Isfilpv | Jj dHje@EdW S Olstster z s t@ts 2{ffipdslot
BzH]jIls tOBSSld@GBPU Mts GBGBEESY JIs B' Is! SH
ftesdLoBHdIsj dz' dztsfls ! GeFdc@8TX 29 Sn dily GO Iz @t |
6 OL dzd 1 dglndzq , ZOf tod d3j 6, o MmdMmisj 3y dd
HdMEC tc jA@PUz" 21 Oh j sz ftoddztsy jded¥ 1 Isd HJIsOC
BsG zls dedzlHsiite jIMdzy OMmlis dzs s d 1 Is¥pJ Isd das s & 1@
fsdzy L dzs?, JMdzd o'+ 6 jdezpdajCdpdsy  d3igpzd
or ydmdazdilsj dz dz" » o tsL d3sy detsfmilsj 2 ddzd J Mmdzd
tcOMmY toj HJ dzd Is dzO GRW L Sdiaiz] dz® d e v dzio jGRUW M s .
tcOLdzdy s ftodH]IsMw tOLBJIS! or GEUBddagd W
LOdMfdd3j tcdets tSH dz2OSC soatsj otcj d3v.
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void* reutine( woid #*pveildData ) |
DataStruct +*data = (DatasStruct+*)pvoidData;
HANDLE ERROR({ cudaSetDevice({ data->deviceID )

bj

t d MzdaS T MIsOdzsoa €O Isj S Eh jets ¢

[T or Hj dzv jlkGPU B I 1 gt T

Csfqdieljd onthdzffB)o j St

H dzw

~ i Odzj dad W
9 jCItstetses d yYOMmlsdyds jads tdij L i dzeba®léTsmy), C

int gize = data-=-aize;

float *a, *h, =, *partial c;

float  *dev_a, *dev_b, *dev partial_c;
a = data-=a;

b = data-=b;

HENDLE ERRCR{ cudaMalloc( (wvodldw*)&dev_a,
eizeralzect (Eloat)
HENDLE ERROR{ cudaMalloc( (wveodldw*)&dev b,

sizev*aizeof (Eloat)

!
]
HANDLE ERROR{ cudaMalloc( (woidrw)&dev partial o,

blockaPerGrid*sizect (float)

cudaMemcpyHostToDevice

Yi

¥

cudaMemcpyHostToDevice b )

partial c = {float*)malloc( blockaFerGrid+*aizecf (Eloat] );

1

HANDLE ERRCR{ cudaMemcpy( dev_a, a, slzevsizeof (float),
)i
HENDLE ERRCOR{ cudaMemcpy( dev_b, b, sizevsizeof (float),

t dmMzdadic] " Hj dzj dedd T O3V Isd

d

Cs

] L Oojteh jzgetid © 51 ¢ d5ts dzdzgHste doy),
©jLbd&zzBBIS' L Oo j toh d o (tod fUT.ldzj dzd W

fJtotse

NCsf Jieso ¢

]
s
£of

/¢4 finish up on the CPO side

c = 0;

for i(int i=0; i<blockaPerdrid; i++) |
c += partial c[i];

}

dot<e<blockePerGrid, threadaPerBlockss»= [ Bize, dev a,

¢ copy the array ‘o' back from the GPU to the CPU
HEWNDLE ERROER{ cudaMemcpy ! partial c, dev partial o,
blockePerGridreizect (float),

cudaMemcpyDeviceToHost ) 1

dev_b,

dev partial c );

t dMzHEC) r Lse WHtO d f tsdizyj ded
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sO¢ BB Ydzts, sfo tSPWsof H O jsdzo tf OO Jsez o T
MC Odzw todets § 1 to s dreternValyeimis(tg z CalatBisidAjc d #)18).

HAWDLE ERROR( cudaFree{ dev_a } };
HANDLE ERROR( cudaFree( dev b | };

HANDLE_ERROR( cudaFree( dev_partial o } |;
free| partial c );
data->returnvValue = c;

return 0;

t dmMEzdaB8Ef MotsBBYHJdzd] ( Od3W IS

sOS¢ odHdlsj, JHigdedd dajep dzfipdffetOOE B Is 5§ O B |
dzf) ¢ s dz' GRPdgg dzOdzdzsc s Mdzea3dzi 9, Muy wgd g tizy d
o Mg Ols j dz' desets CBHO HA&ZYW MSLHOddY Gl
LOHOYO Jhij Eftesh Oj smw | ( Mz Jdds j £ @ H
f SHHY doy d3dats disstctisls Sfyicts ¢ tc O d3dzd te s 0 O dzed v d3ts
vtsdz Cts dzgj L OBT 9 O2GPYdez ylsdz tmlsaY | &'Odg™H B G st

7.3 § o] dzts g @) § difj Cieglas

(i O3@Ow HjlOdk , @ tlsdtshwh OVEGRY T ¢
dimy sdz' L s Odedj L OC 6] fodzjvdaizsdaqly © B3 1OF 16§
ZzOL "™ 9 O] sME@PU { O3y is@® dzd y Clsttes?2 L OB dzts €
fOdzvIsd MdMmlsj d3r , Ists jMmls! dzgj dBSEckEZIS BT IS!
18 9 Hj2Mmlseadlsj dz detsfmisd Ints jetPdizld dzdats ¥ tclg B dg-l
fsst€Rk uvts jMmls:y 2O BEHJjI tsMisOo Olss Mw |
LOCSteifddz dzs B82 ftslstsC, dets € OL Ol mMw L OF
Colsster 2 jJ o7 HJ dzd dz. ( Mdzd ECOL Olsj dz
dzj MC sdzif & RY OB , sts ofmj tMisOd d" j BLEH
MisteOded ydzzs § OBW Is! .

L 1 IsBets B9 JHJddY JMmis f sBtsydzs 2 |
9" HjdWdz L OCtej  dzj dzdzr 2 B EW j to, cuflaMgmciyyQ j Is fi
s ts Cofafigso®lzH j Is o' ff sdzdzgw Is! MW Mt me s
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MisOdzH Otels dzts 2 s to Q(ddaPy das @ d d3fj @diztsls d o Ho O
BOSC Md B3O dz! dzts HisMisd Y d d3ts 2 M¢ stesMmisifdzd
or ydqmdazdls j dz' dz" 2] IHffifstsfislS O of bldf'r s’ L 89 cuda
syjtej H! WDASSCKS CftesdLts2Hjls hdB S O, Is C
s jteOydd dzj sBrosHdd3 L OSCte] §f dzj dzdz" 2 B Iz W
or Hjdzveh jd&3dz BLEWJ to, sdz COYJlsmw dzjL OC
ficso Odzdo OjIsw. O3 d@O BERHENM ] dzgjls daC
[JHAOCt ftotsBdzi 3z . g Odkts j tede ) didzlz © i C
" HJj dzd Is C O¢C [fiogatlg dets iz 5L(d2OYOJ Is, Y
Bdctcdicso Ols! dL tSHhses fslssCO o HEkzets]
LOCtojtfdzjdade d3. [ dzv 1 ssets d3F ot td L zj
WlkdC ydJ 2s tcAauldlaoHeo( ) , dzts f detsor &3 W dzOG 53
W dzO ¢ d3ts Y dats L OHO9 Ols! o dzj Mlisj fm
cudaHost All ocWriteCombined d cudaHos
fOBWIsd CPU sy jls B IS¢ s fdjtadz)jdds iy dgf din teiz
Of ddezsds MsyYd sOded g .
YIstsB ' ftetsH | BsdzmistcdJ tctso Ols dmf sdz' L 59
f Oizv Isd , 3" dzy BBdzts G 5 HstcOBBISO] &3 1 totsc
ftesdLoajHjdedw. | thdseslz BB dftcl jsdsdy J i
sO¢ yYbts fskzkydlsmy osO0QRgOdSSJHLEOSRIIONN ¢
dzz 'sf Jtlectso Odzdw. sOC oM HEZ o 1 Ists?2 ¢ dzOo j
qazj 6 sy s Rjde " j2 Bjtey HoO GPU M fitsH
fn dektzf oz j d@3" &3 B LW j tc O3] .

-
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int main( wveid ) {
int deviceCount;
HRMNDLE ERROR{ cudaGetDeviceCount | &deviceCount ) ] ;
1f (deviceCount = 2) |
printf( "We need at least Cwo compute 1.0 or greater "
"devicea, but cnly found %d\n", deviceCount );

return 0;

1

cudaleviceProp prop;
for (int i=0; i<2; i++) |
HANDLE ERROE{ cudaGetDevicePraoperties(| &prop, 1 ) );
if (prop.canMapHostMemory != 1) |
printf( "Device %d cannot map memory.h\o", 1 );
return 0;

1

it dmMezasc| f tesm EmMlstes2 Milse ML dzQ wzy dzd
cudaMapHostMemory

l JtjHrHEhA R fJtoddij tOn d3 9 1 Issdz d
f Odzw BRU H dzv n 6 Odzj dzd W ontSHdzZIs®B o | ©5BI§E
4t detsmd difzdrj daddr® tc jf Od3zw Is* fn dz0 y © GAIDA-dzj s
Emstes2 MmMlso s, dO Colststetsds d3f MtsBdtcOj dzmw
oM sdz! L ts9 Ols! Mw-C s{ § i 59 P dzd galeiziz: Is ts o fndz
cudaSetDevige) tsBtcOh Oj dzftpdaSétDeVideafsy d d

float *a, *h;

HANDLE ERROR( cudaSetDevicel 0 ) ];

HAWNDLE ERROR(| cudaSetDeviceFlags{ cudaDeviceMapHost | ) ;

HAWDLE ERROR( cudaHostAlloc{ (voldw¥)&a, Nesizeof (float),
cudaHestAllooWriteCombined |
cudaHostAllocPortakle |
cudaHeoathl locMapped | )5

HANDLE ERROR( cudaHostRlloc{ (void**)&b, M*eizeocf(float),
cudaHostAllocWHriteCombined |
cudaHostAllocPortakle |

cudaHostAllocMapped 1 )

t dmMzdeeicl r Hjdzjdedy HOBYWISH

t Odzj J &MY sz cudaS@edice) , dets Istsdzr W2ag Wi ts
fOdWIsd d MSLHOdY ffolssite. [HAEZOCE, Yl
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f s d3sh cudaHostAllo¢ ) |, Iste j B Iz Jdsldnivdz! tzts | Hpd2dey d O d
Emisigsd ts, ts B tc QuEldSetDayitl)) . € v OC Y] BBKOIsdIs]
dsor 2 \ulldMostAllocPortable f jtej HOJIsmw fted o7 HJ
sesdr BEWjtttse. uv0O¢C COC { @dguSePeviee( @) dzv d
d&zd "CUDA-Efistets2 Miseots M desd3j tetsds 0O Mmydls Odzts
d dzd B" " oHtBOO®EC jz HC QY Ggzdzsmylks ] t

We continue the application as we have in the past, generating data for ou
input vectors and preparing our DataStruct structures as we did in theGRuki
program

1 Olsj &3 sy dets ML HOIs! dH f tdrdadissj dif iy 26
WEdds routine(), ¢ tlstt@vwndg dajls diotc tdsdsic
Emistgls:a j

CUTThread thread = start thread{ routinea, &idatall]) };

routine( &(datalol) };

end thread( thread );

1 sMC sdz? C EPUPO &Y Islzv dzO ! d M sQEdA, & njd2v
stsB sy HJj ded W dzlz )y dzts eutaFreebi@$ly ', ez dMEjydgs L Ist
Ylsisls o miam@z$ yd d

YyistsB T fSHHJtY Ols! tcOBIskz M ] tej dzts
Csfdtolzj d3s?2 f OdRWIs: 8 o o j tcmGHU §f Wz of Wz d3esC
Ho O o OXiglp'ddj dadff v o rodttit(dds yd¥ j tco Sl tsarfsts jsdzi d
ddzsizd Isd o digs d3s U fas¢ Hs tz@ dzts o gizh

1 Of tsd3dzd d3, ykss o o J t@®RUJdz] 5 dzf ts HiFfj RIS ts
9 L ® OludaSetDevid@eo W z dzOuwir()jf sts G Ot Odzls d tcts9 O dzts
fssC EftcOo ddPlils uvhomtdrs? dylststesdg f tod d3j
o’ L dzof@aSetDevidge) o ¢ &zOo tdstE3 o sdrts C gelz y dats H dz
9" HJ dzd Is L OC toj § deginfzdzlz ¥ o iz dgsls O ls $ dz! dzts
cudaSetDevidg d cudaSetDeviceFlags) Istsdzt € s Hls®y, IsH &V EZWnts
sdzd 40 J oddidzddn” L " R A3 dedzts f t54 devwcdilxdzjd3’ tc Qf otat
dzz dz6tsH so " e dzwHjdz BT ftesh j, JMmdzd B" d3
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M dHj dzelsdW@ ¢ dssigdsdls B dzs Br thdBSEtS2. 1
sHddz ttOL MOtsdWdekztcdtcso Odes o dzj S tSlststct
W 2 dz€ yagidaSetDevide ) dzj dz' L v, HOYJ? Jdd F j to.
dH j dzs@sis[tE EMmistcts?2 Mls o O OIlSisiaOL dzjted@dets jd Syl
MOz do Ols! Mw i 1 Iss?2 dzjftedwWisdats?2 CUBSB j
sJfjter fitj2HjdB S5 olsttedutdydd). dL d3j dzj dzd ©

17T HJ dz dzdzOCPUzD iZ3slis'dz' €5 ff j toj detsfnpd dzOW ¢
dzlz eiz/C s Jtelz j GZOW , f slsts Bz Yls ts 3" ~ntslsd
dzj  sMtej HMIse jdzdets dL CRHOU ZEOBBROBY tzj dzts
cudaMemcpy), S OC o  j g t6pd g O fztc tets B O BRGPW dzw
25 d dzj , dalzyudABls ts OBt L 58 ®fg! v
cudaHostGetDevicePoin{gr , Yylstse ' f sdzlz yd s+ ECPWDL Ols
SlstsBtcOY jdede | dz20 OHtej Mdetsj f tetsMmistc Odzls o t
HdzZVW ~teOdzj dzdv yYyOMmilsdyder = tojL z2dz' SOIGPHY 3’
(ted H2l)s OC B Yydets, 1 O ¢ OdBw tmdaMallogy j dzwv j Is fi

int gize = data-spize;

float *a, *b, o, *partial c;

float *dev_a, *dev_ b, *dev partial c;

a = data-=a;

b = data-=b;

partial o = (float*)malloc( blocksPerGrid#*sizeof (float) |
HANDLE ERROR| cudaHostGetDeviceFPolnter( &dev a, a, 0 ) };
HANDLE ERROR( cudaHost@GetDevicePointer( &dev b, b, 0 ) };
HANDLE ERROR( cudaMalloc{ (void*+*)&dev partial c,

blockePerGrid*sizect (Eloat) ) );
dewv a += data-=offeet;

dev b += data-»offaet;

t dmizdas Tl r H j dzj dzd § dgviceB" Isd dz0O

[7 woOmmdslstej dzd deseo ' | MERUNGE od aj 6j &
tej Odzd L 8 Isfqw  tsH dzgd d3 tsB tadaMHgstdpG 3. C o W Hzf3t
tcOLdgdAsd§B d dz0yd2 W dzOetseo diBisydets MHj dzOIs!
Csfdtelz] B2, i) dshdds? Jqeozddhs &l HBYS
| e sRE ) OV JOdBYIs! fddyd dzv jIsmw  Hdzv |
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Csf Jietso Oddg™sGPY g f GsB cOlsdets; L Issls ftodj o
B MistesHj2Mlsodj hdestsets §&OMMO {§ted dt
fEHH ]ty Cd ddetsc sy oduoystaeads] v § tos ¢ to @8z y d dz
B MS sdGPd &gd SHdsd foddsyjddd, yss §
o' ydmdzj ded jc sh CfOcydadas] H j dzd W d3dsJ MizHids tc gz ) &
1 OCtsded vy, &' o dH ] dAEPU distudsisls dag @S Hs jdoiz'< Iss!

LOC ] § dzj dedets? §OkWIsd, JjMdzd ©dO o' Hj &
fted i od dMfsd L s Odzdf! (4 ] dzsmdGBOY L C
G sy ek &' j B L WsjOdsTj; fos dde jd lz@f)0 ¢ 0L
f 6sCtcOddsh dzpded M Ok wdzsc & d fflsjsdfL o fjH fafz
OV dud MEdd ftesyd MsteOdsd MisOdeso W Is W
Lsddid ftedj BOBR] fsLotddls o0d o ftsdds?
Bsh @ s BR MY § zOIsW sted3’

sdzstetsdzl dzr | ot totsr

1. sOC s sdsodzr | s j dzdesmisd f totsg
dMmlsj &3 ) dQGPYE sdz' ¢ d &Bd

21 yjd3 fej ddiszh jiise © @PEPIs) 3" M dzj ME

3.ylsts IsOGAE Y diaiztem Odzd j ?

4. l1owhmdzdlsy Ijteddddz ¢t Jjtej desipd dsOv § O

5. 1flyimdsjtedzdddz ¢cL OCtej f dzv j BOW  ORW Is -
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toryrere8r1ov3, wlIRBERLT-BRITOrTLRC

[ Jdzj cOdegate ( 1 ss o jteipdd . NET IOHE€HFMES
mih j MideCEFLIOIs j dzdi + Wshisdz@aj d 2y ls s L Pz fzd COC sk
fO®RWIstHs j ffdf J udo O N dj ded ¢ OC Y tep] jHLj tsiAfdADR dptd
dgdzj dzdzts S OLT™ 9 0] & ols®G sz & @HDIayjj & ,fzfctsc
dLe jMmsder kOSd] ojhd, C0O0C Isdfr HGCHDdZj
B - Oded L B tdjtddgdtahtjod@ids o dz@usil # IstsH B 5 HE
Slsdesh jdzedd Isdfse ¢ dzOmMmr , Cslsste j st
f OO stetso. s dzOMf) HJjdzj OO sy j Is-IsHH
SHddz B@FE SO 2 d 2O dzj MEBBdzr Ct5 3 sSSH SO .

| W d3BoH' Gc O Y Jladalbdeexpfession dzOHfstc Wil W iNOdej dzj G ©
SEEHOLOR] Iste dd3j jIs Isepf teHOY dridaQls @3t 3 dizsd3ad]
HdzW toj Odzd L @apd f sdjslkets RO ,imr dzOj sfmw Hj dzj ¢

81.r j dzj € Olsr

[ J dzj ¢ OlsT fto] HdZOL dzOyj dzr HdzZw MdlszOy
Hickze sz 13 p IO Islz . I dzzQIADjdIs 5 HEZS GfHts Iste j B Iz j Is W
Hickesdsz djIssHlkz, ds tftejHjddks! ¢ ¢COCCt
ftcj HMMIsOo dzv j IsMw C ds®L dgfigWdis taRzkOy d W HisMiskz{
o' § tsdzdzj dzd Vv , O fslstdilz Hidcsddilr Bd3jlds'tsH i,
f OcOd3j IstcO.

] SH 5B dgBij] dfdige Mo s2fMise j dedes o Mdzj HEzE h ©

1.100EME oS t€d Tzh Omldoyz j sl o L @ISy |
CBf ddzv ststelz, Ylsts dzzy dets L Of z2fplsd s+ dzd ¢
d Mt sdzdzj dzd W f Otc Odzdzj dz! dets Ists52, Yylsts t0O
f smdzj Hiso Olsi 'd® @zjslinfigw thifiEdls,sCHE G s L Of M ¢
l f sd3tsh ! sStatijHisitsHe@ d L B GiLSistem. Fhre@dia@ Tipfgdsl o
{ Mdzek sd3tf * & Isijctdze M O jsls iy sB - tsSH d dzgs M is d L Of
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f sfhdzj Hise Olsj dz' des s d dzkzfy flassdzdpisdzdais, § RlatsO Joj@if
mMozjHizjls dzOyOls+ | Is. J . orLtse € QGetaty d3dz
Mdzse Oi3d, d&J sEH Hifhdz efasidzS chls 't Aztd XY It |
BB IstsH, ftsHdz]YOhNd2 orLtek skt M.

2. BtsBh jdzdzr | BdBARZI®BSIS] Yydzr j CYz@ighy 1oy O
Hdo'r f sdzdgj dzgdW tcOL destsB tc OL dzr Hzts ks O Czd O tcis dzb
Bsclkzls B Is! MOdBH 6RO FEY dugd | diis@®ded cdo
L dz2Oj s jfndzj @ RJIs tjh Ols! L OH Oy(d. JHABOC S
fsHL OHOYykz, 5 GCltstes? ddpjds Usdadig' deldsim ¢
dmf sdz! L ze h d2 1 Iskz BdBdzdtlsj ¢ L. 1 O tod d
ftodded 30 h d2 BOMMgwlsEeizy CExodiyd s otsL
ftesyj MMO Mtstelsdtetso Cd HBddes BT Is! f sol
dL d@oOmMMmMde ©, yYKEOE2tsfte Wz ded Iszzy dzts tc O M t
dzj sBrtSHBAgEY j ydls! ¢ dzOMMEkz oL @3y detsMmils:
dzy By Jls L dzOls! L OteOdzj 4, COC or f sdzdgV Is
CtsH, dmf sdz? Lz h d2 € dzOMmMm, By jls Mtss
McOodzgj dzdj CtsdeCtejlsdzr » BBI jJCIstse, dOMMJ s
sdzd j dzalsmC d2 € HOIssdpQhdg dflzj 65 dzOunsndats frif s tartt
stsets, COCt?2 djlH o' LoOIs! Hv or ff tsdzdz]

.utsB’ Isdw. ] ZO0o9 dzOVW dH J W YHunjldnsts H ifdsifles
d &3 Is+ CHgHdESE, M Ctslstster 2 Htsdzyjdz BT Is! ftetsd
C OGCIgtE mMse " Isd 2. J f otsc tcOA3Ad3d tots o OfAy
ftsdz L s Olsj dzw i sz Ot fA sB dgts-G HO MtsB !
dMmf sdzdzw 6 h OW Mtej HO HBdzY 2O WO I'T,L 9 OB t
Hy &Z20j sfqw f jtoj HOYJ 2 d3j IstsH Hf,O tctOstdg Psezfbs O &5 (

sO¢ d o MmMkzkyoj C&OMMse HE&v Jdhi sd
LOtcOdzj J] ®wBEiRZODgEdM Bl Wodzj dzgdWw HJ dzj ¢ Ol
sBtcOL 5043:

delegate<lsd ffo sL 9 BRIBB®Isd { @ dzj HOBGIOO d3]) .

1 Of ted d3J 6
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delegate woid MyFirstDelegate(int pParam);

l HOddkztsdz ftedd3j ey SftjHJV jIlsmw HJ dzj
sHddz OO jIstc Isdf © i nt d oBLotOMOjIs L
(] dag MSCBsdz Cts ftedd3j tetse tsBI W o dzj dad W

delegate int Summ (int a, int v);

delegate string ConverterFromFloat (fleoat D};
delegate int[] ToVector(int a, int b, int c};
delegate string GetAString();

vsdzj Hj s f tsdzd BOIs |, Yylsts fted tsBI Wo dzj
Cdz¢ Y4 B)tizsdel@gatel OS Isd ud MS dMm sy i @dzdsiind¢ eithifinz
[ 4 dzj dn@ls 'TH OX @O frifipizQ ) dzj H s dS@stzaeMylticastDelegate.

delegate string GetiString();

class Program
i
: static woid Main(string[] args)
i
: int x = 48;
J/{ nepemennas firstStringMethod
J/vHMUManMSupyeTCA SHadeHwem x.ToSstring(),
Getastring firstStringMethod = new GetaString(x.ToString);
// NpuBefeHHW OnepaTop SKEMBANEHTEH CReAyHlEMy :
// Conscle.Writeline("Crpoka pasHa " + x.ToString ()};
: Console.Writeline("Ctpoxka pasva " 4+ firstStringMethod());
h

h

ltoeddsj dzgj dzdj MEtsBtsE € 1 QL jdsf dzwtelz H
B IssHO (I hvietkej Mis! Mdzj HizE B gesMEtsBEY § "

firstStringMethod();

firstStringMethod.Invoké );

YyissB' MO JEOY HEsSdZ BB MIsj, cHJ sty
By dets fesmists f jtoj HOIS! gqdi3v OHtej MO. ¢ |
(del egate infer encdOs)slsOflsts HFte JsH s olftss toy
ff smtse j dz 6OL tejHjddy)’' ¢ QL@ jodsffrpfitey d W d wd M< d
ftedd3d o4 fJtoj d3j dgdzOw f i rst StringMet hod
dztso " iz Bf v tetsd3 HJ dzj OISO Get AsString:

GetAStringfirstStringMethod =new GetAStrindX. ToString);
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HHJ d&ZOIs! Is ts N ddes MO difsigtsmisigsy § J toj H O¢
firstStri gy MestHlOod dqdgtcj d3j dedets2 = :

GetAStringfirstStringMethod= x.ToString

l tBttdr MdzEyows CsBRfJddzviststc o # MmMBLH
sB dzOtczy do Fj IH,] dajle®OSIO] Istcj BEZjIsmqw first S
1 CLjdBBfdzwte HjdzZj OISO Isdf O Get AString d
sBi jSIj ~.

JudodHdes, yYlsts Htsfdmr e Ol Ckzedzr j M
dzj Hisf EMis d A3t

CCLi B dzWte HJdzj GOISO0 d3tizy p 52 &) b tdkrSoisdzr
LEL B dzv 6O ( dicoz® fig is@ldsq Usisi CYf2AO0  gzeimize ¢ ) d e
Il Issets MP&@LOJIs M Mdec dzOlskztes?2 HJdzj G OISC

8.21 J dzj cAdtien< T > Fudc<T>B d B dzd sMEJT Erdmework.

l 3 Msts tsftejHJdzj dedV dztsptsdy SIS OO d3 jj sk
oLl dMif sdzr L sp Pz cABtighdZ] & Flshe<T>.

[ BtsB N j dadzr Y jhigjdAQas®&B> tc j H dz2OL dzOyj dz H dzv T
otsL otcON @hhhcp? C Istsls CdzOmMMm Hj dpj & OIs &d yigsz
o O0tcdOdzlsOr, ISOC yYbsts 5 di6 dgOLAAE ~f jlsta]jfHEDo (

s &zOfmMfm Action BJjL tsBftsBO) deetgg iz # Qs C
By ssHB OBQPAZ] Istcso yw>TABtzZV o<iLMso © d3j IstsH
f OtcOdzj stesd3, ActiHadz<ion L Blo O id3f Is®BRA®O M H
Action<in T, in T2, n T3,in T4,in T5,in T6,in T7,in T8»H dzv &' 1033 ds S H
M etMmjd ¥ § OO sLOA].

4 dzj ¢ Olsr Func<T> RBselzls dzf WY Stz tc®»o
Func<T> fogLLo'modIgils d3J SsHT M Isdif sd3T>d tsL ¢
Func<T> it Hg Oag O dels O L HERZY: § j 6 HOYd H
d O otLotOIsO.
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Func<out Tresult¥* Isdf H J dzj G Ols P lsisde® dn" Istf 4 @ d3d3 ¢
BJLOtOW3] stetso Func<d<Hdztt @) Istsa O Odf jRatexdg
Funcdn TI, in T2, in T3, in T4, out TResut> 1T Hdzv d3j sSsH O M
f OtcOd3j.Is tc O d3d

8.3 Jtkffsorj HJjdjcOlkr .

lT L9 HJdc®OsOsesL@PE®eE®cr 2 f j o] p &dz
JMdzd dzzy dets B'"™ dzs o' L 9 Ols! Btz tcF v dztsl g st
HJ &zOlIs! 1T lstds dz2y g dztds H datizd § fyts @92 Gilds y alzts iy s L C
Hj dzj e OIs MlsOls: sBtdzsySts?2 H&v Btsdzj | !
dZzOL " 9 O sMv ckzfpf saedisd g@amel) t ils@BE SR OH g tz
sdz fsmdzj HS9 Olsjdzt dets o7 LT 90jls oefMmj d3j stsH
Mde dzOIsztc® mnpdpy dzOIso s5L 9 tcO Ols! void (dd
otsLottONOjd3F § LdOyjddw?) d WOCIsdud MSd
sdftsds otLoOotOISO void, sts OQolstsBOISH Yy M
ctozf f sots? iIsfftzpdsQo.tvd@dsd®s y dftf sdz! HsdE P OIS
Action<double>:

Action<double> operations = MathOperations.MultiplyByTwo;

operations += MathOperations.Square;

lezffser j HjdjcOk" ©OMNIISOAOYdgy ssis) t
LOf dim@&ukze h dd3 sBtcOL 5A3:

Action<double> operationl = new MathOperatidvialtiplyByTwo;

Action<double> operation2 = new MathOperations.Square;

Action<double> operains = operationl + operation2;
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8.4. ¢detsded Bz § BjIStSHT .

(2" t©OBGl’ Hjd d@sa Mssty Oz o] st H
SftjHjd"dhv f k2 3j MNdcdOsbkts2, yls
cOBISOL! ). [HdOSE Mkh jMseakjls d Hidkdts
Odzts dzd d3dz" 3 d3d IssH ORI T 1§ ez BzBezO? Bicl &y
COYj HBBPMEO Hj dzj 0O,

bddzsOCMdMm GftjHjdj ddel &)k B0 di) |
{lsazd lgpwodvjlsmv ftd ML HOddd + SLJ @Y d
syd dz fesmMistsdy S tsdzhtsd dsd3 § W@fjdesy g fdadfd e
Odzts dzd dzdz’ o3 d3 IstsSH 5 d3:

class Program

:{ N

static woid Main(string[] args)
i
: string mid = ", cpegHAs 4acTe,";

Func<string, string> anonlDel = delegate(string param)
i

param += mid;

param += " & 3To gobaenedHo K cTpoke.”;

return param;

s

: § Console.Writeline(anonDel{ "Ha4ano cTpokn”));
5} h
[ 4 dzJ 6 Olst rFiunngc,<s st r i n g "z isfotg diadd RO | s t
f OlcOdigjolssts o dc ON O Is Mg tdty Sidzj. d3j alztzO D el | Is tOdSE .
'3y Miss f tod MofQidi®jOdggddzdzs s sRd3d dzd d L o J Mls dats
fesmists?2 BdzcC ¢ SHOA Witej Hdy Oftpdristzdss ds tsdee I de
Mz HEj s MtesCtsor 2 OO Ists.
lBdzsC ] CBHO dMmitsd LEzjlshy MtesCtso OV
CslststcOW fftcjHjdzj dzO odzj Odesded Gzdetse s 3y
f OtcOd3j stelz. 10Isjd3 CStsH otsLoatcOh OjIs Mmiste
HJ dzj ¢ Ols ,H Qjj dsti Wi i BiteEEOIstd 9 sbsic®T @) B kv
¢ tsdzfts dzqd .
]l T GSHO BlIs Odsdddidzr = d&@J IssHtsa Mo w L O
dzzy dets § MO . [HteiHjdvIs: &jItsH, ClsBt
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& bijeki{BlEydazh jMsots s ozt jdsdEd
sftejHjdjddd HjdjcOsO HdY Mt IsdWw

8. 5. [ovdgmana dzd W .

1 Oud dzO8 . 6), v tsiiskzq j dz HAw e rd20 L fyzPdaly QU
CBSHIDj dzj € Ol Ods, dzOL ‘o8 @O0 zd "dzdke HBianb d
[ w gBoH Qs O j dzd “d Mt ez s 50 Ols \jMwj Mdsj L Hj O tc O3
HjdjcOko. 1dyj §BCOLOd ftjHr HEN g2 t
Odets dzd dBdz" | i) |s ©mizdz 2 Om @ Is f tytf 45 do L ts@>Ojdzd v

static veid Main(string[] args)

1
: string mid = ", cpegHAs 4acTb,";
Func<string, string> lambda = param =:
1
param += mid;
param += " a 3To gobasnenc k cTpoke.™;
return param;
b
: Conscle.WriteLine(lambda ("Ha4ano ctporn™)) ;
¥

lted dhYf sdz L 50 Otz j d2d @38 AR ME fiplsis I£ jsls MY
sftejHjfPUEAEARK] Istcse . Isehtkd  fzOtcB®B] HisMIsOIsts
fpdzy Hiz¥ N j dp ram@pjHdad d dMmf sdz L z2j sy § OOk
sdf HJdZjcOLO fitcjHJEYVjls §OORRPEEL O
orL"90]Jls BBJIstsH Stri mMdstel&dma € sS(S)s tc®dzYy 99

or asHdlMY dz2O € tsdzitsdzi d of dgjf dzjodzd jsloj§G el gt
fls tc SEFTe ¢

static void Main(string[] args)

i

: Func<string, string> oneParam = s

: =» String.Format(“wsmeHenwe perwcTpa {8}",
s.ToUpper());

Conscle.WriteLine(oneParam{"test™});

}
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[ Mdzd HJjdzj 6Ol dMmYf sdz' ©dgy st B, s daf g4 dsth dz
Bsy &tsdzB  dz tctso Ols+ o dgkzlsted MEBBBS. 1 d%4
s d fiddble ] HJ dzj dzdeung<doubjednuitedtutses
static void Main(string[] args)
é{ Func<double, double, double> twoParams = (x, y) => x * y;

Conscle.Writeline (twoParams (18, 2});

}
[dzv EkHsBMlsoO ¢ dJd3j dzOds  j toj d3j dzedz’ ¢
sdfr §OLOd]lsteso :

static woid Main(string[] args)

1

: Func<double, double, double> twoParamsWithTypes =
(double =, double y) =+ x * y;

§ Console.Writeline (twoParamsWithTypes(188, 2));

h

[ Mdzd dV'dIs @) ded§ MtsMmiswHafidsc L 5§ Hif Qs
3 Istsi Ppc Intcdz” dizd ME B ¢ Qalgnndz] tc Jsif j HelOfiss.tc IS o
HisB Oorelrnplds W o dzf d3 tSB e OL t5d3:

Func<double, double> square =
: wo=r K ¥ ou;

[y degs HEBBOoadls! Wdckbkidiurgd s tseou s ts3
ltosmists tsB" ydes dzj eyy vydlsOls! CtH BjL dzc

Func<double, double> square =
X =k

{

E};

1 8 Mdzd delzy dets o € dzs ydls' -08 tc@® )} @ dzd v O i) ¢h

s J cOstetse , Sl W] oz dsfr jjtc s st r et ur n

static woid Main(string[] args)

{

return ¥ ¥

string mid = “Havanoc cTpokn™;

Func<string, string> lambda = param =»
i
: param += mid;

param += " a 3To poBasBneHo k cTpoke.”;
: return param;

S
¥
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8. 6. wuwtBrIsdw.

B IsdWw ts ) dzts 0 O @zL dzO f 8 j i HGEOB dzv & Is
f B dzd S dMSd. 1 CO&OMj . NET MmtsBr Is
ftcddzsy jdzdW" = Wi ndows § d&zOmfm Button ¢ SH
M sdw Wo dv ] lsMmws g Onl EOUEISSGzdd) @Sl d J &3
Hisdzy jdz B' Is! GftejHjdzjd fm { Qddyddtddzqd,

]l fteddzjtcj SCStSHO, sCOLOddsAEG 9 1 Istd
f sHGdzt yg dedw CdzOmMmBse Car Deal er d C
fsHHjtey do O Ilsmw M Isdj , Chlststets RS
Qo lstsdssB d d20.n sudn@fmfm f sHY dMss O Kot edzO i s
ddeW? stedzsOyde s fswedzjdzdd desotsetts O lstsABSE

ltcjHO Oted Isj dz/ dats dzj 5B - BH J B tcj Odzd L
CarlnfoEventArgs shikh j Miseo dzw e h d2 fjtej HOYE
ftesmdzizh do O 1 j i3z -fntsf sffwd ¢ € )zOMmmk

/f CneuwanusWpoBaHHEA Knacc napameTpos cobumui
public €lass CarlnfoEwventfrgs : EventArgs

:{ )

public CarlnfoEventArgs(string car)
i
h

public string Car { get; private set; }

this.Car = car;

}
s dzOG@pfpealets iz j Miso d¢€ P zdndeks " Isd W :

!/ Knacc CarDealer, nybnukymyuid cobumue
public class CarDealer

i
: // Cobuue

public ewent EventHandler<CarlnfoEventArgs: NewCarlnfoj

public woid NewCar(string car)

{

Console.Writeline("CarDealer, HoBwid asTomobuns {0}, car);

{/ WHuUWanwsauwa cobwTuA
if (NewCarlnfo != null)

{
}

NewCarlnfo(this, new CarlnfoEventfrgs(car));

)
}



209

s izOG@gafpealed dzd yd d tc z j IBlewi§dsiafools i3] BewB8ap § tod
Il Issd3 ftej Ho OQtedIsj dzt dzs ftetse J W jIsmw, Ykt
tc Qo dzv de)ir MY sdz! L s9 Odzd § NewCatsrvojtf tcef b sEd B
9" f sdzdzj dzd ¥ o Mmj A sEH t@OEASA G C HAD, H Odzdats j |

sdMmisj B3O MtsB" Isd2 fojHf s5dZOcOj s dzOdzd
C zOME@ " Ols j dzv MtsB " Isd2 . | OdzdzzConsanedz' ¢ KB €
CdzOmMm §sHY dMmr o ONelsGarinfoz@ O MpéFBalds]d j§ s dzdzw j |
Istc j B 59 Odzd VEveniHaddjersxCadniEventArgss § tc j HYfj @A8 @ d3j Is tc
sdf © object d oCdmlcrofBdaiwaletCArikldes ™ Isd W

/{ CnywaTens cobuTWa

public class Consumer

private string name;

public Consumer(string name)

{
}

this.name = name;

/{ 0BpaboTyunk cobumua
public woid MewCarlsHere(cbject sender, CarlnfoEventirgs e)

ocle.Writeline
("{8} : asTomobunb {1} ABNAETCA HoBwm',
n

Cons

rdv ksces, ybkser Mmdhlsj 0 Mss' Isd2
fowL! ®iyHE C&OMMsd, §iojH G Fides"dishddjdg
ifls! tjOddLco 0! §sHfdMCkE d&O Mse' Isdj:
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static wveid Main(string[] args)

: // Cospanwe cbwexTa gunepa
var dealer = new CarDealer(};

/! Cospanwe obwexTa noTpebuTens
var michael = new Consumer(“Michael™);

// perucTpauma noTpebuTens michael B kauecTse
f// cnywaTtens cobBuTuA

dealer.MewCarInfo += michael.NewCarlsHere;

/f MoasnAaeTcA HoBWA asTomMobune W
// michael nonyuwT yesegomneHune

Wy

dealer.MewCar("Mercedes");
// CosgaHue W NogNWcka HOBOro noTpebuTens
var nick = new Consumer("Nick"};

dealer.MewCarInfo += nick.NewCarlsHere;

/f FITo ysegomnednwe nony4aT oba noTpebuTens
dealer.MewCar("Ferrari™);

// NoTpebutens michael oTnucan oT cobwTnA

dealer.NewCarInfo -= michael.NewCarlsHere;
dealer.NewCar("Toyota");

:
) sHYdMSO dz20 Mmse' Isdj fsdLotsHdlmw
bHOdjddj §sHfdmMSd dz0 Mmtset=sdj HBMsdE O,

stsdastetsdz! dzf j otsftetsir

Yss OS] MtsBrIsdj ?

SOCdy wtsdzd o' fsdzdvels CdgOMMr o M
sO¢ tsftwiHjddls! ffod Lo O] &z ME B2
ltedojHdlsy fHtwddidter dMfsdz L s Odzed W
sOCdj MmMtse ' BMWramejverkdzd sls POa] Is j ?

o A~ W N B
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toryrceS WJuvfsr, 1 oumMiyRL, RWERARC

91 1tdwisdj kSO,

] slstiffread( ftoj HMIsOo dzv j Is Mifssfipd] HAzjoLO®s9] (i
ddzmistczC yd?2 o ftetscteOdRB] . [B" yde' j 1 teisa te
PRBHO, ttsd Sttt ()dnYlsrdifay dxzjdgzdls s H dzC
fjtcosets o jcOlEOdo f sl tsHdzy OMesinh HE or

s OCOVYw Mk sBL® Hrp zsH ddstcH dzv  f tetsG
ftiedmMkzlsmlsolzjls dzdh ! SHA&ZO dHJ dzlsdW dydtelzj
LOYyofmlskze ftosctcOBBOAR IstejBlzjlsmw tjh Ols!
I slstsCd detcOsls 9 Oy dzlze tc ts dz COC Hdzw ¢
ftoddztsy jfladd B gz, o6 otc-ptBY CHEaBHBO#C OC €T
Vi sual Studi o ftwseasHdlsmwY OdzOdzd L dzO
shdB ¢ . Cltsls O0dzOdzdL fEh jMmlsodzv j Ismw
Mokt HftwsdmMasHdls d o MtejHMmMlso Wof diso J B¢
fslstsC BYJHOJIs 99tsHO HOdMdz » ftsdz! L ts9 Olsj
Wisdeso tsd3 toj Y d d3d dzj S Blststcr 2 O dzO dzd L . U
LOf dMmr e O d3r J H Odzdz" J ot 9tc] (3jLdgHE tRz 3 DK
Hsf sdzdzd Isj dz! dzr | HOdzdz" | dL Rdzlsj todzj IsO.

lftcddztsy jdedd, Ctobtstes] WkdS ydtsddteolzj s
sY¥JHOJIs fmiskzfdjddy LOftesMmMO I C-dzdJ «
Mz Olsjdzjd3 (Il i stener thread). lted
Jets SlsHjdzt detdzgz OB BYj A3z Ististcds RS zZH O(day d'r,
ftocsHBd OjIs oL OddsHJ| 2 MisofizdedisOIs jiifz: € dfdis)fip
dzj L Od3j H dzd Is j dz' dats otsL OO O Isfyw ¢ o ts¢
fsmiszf dzj dedw Mmdzj vz h jets LOftesMO sl syl

sO3H"2 fwsyjmm Memissdls dLHhheEhiss
WOo2dzser j HiMCtedilstster d Htekzedj Bi jClIs!
o qtelszOdzt dats 2 f Odzv Is d d MsH jtydls ¢coO¢
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f zOded ez Isfqpw € o ff sdzdzj dzd ® s j tOyd tsdadza
dd d % fedstedlsils, Muj dQd B HsBOdH § s
ftesdmMrtHdl tBOBtISCO, d MIlsjs¢, o (st
fslstsC O. glsj ¢ 2 CO)HBGp 5 RS S Odztso ™ fe@t
ftosetcOBBdsets CHO d CkEyYyO tOLHJdvE IS
WEdeC ydsdzdtelze Is dideislgtgdnm®H dztS§dstis  f 5L 9 tsdzv
SsHdses ftetsyj MMO B Mistets oL OddsH j 2 Miso t
fsts¢Cd ftosyj MMO tBteOh O Ismw ¢ tHdd2 d

JHAZOCE 1 Ists IsOSY] d EmMdsydwjls Hj d
Bdztsy J Mlsoaz fwissC o dalfL dfj &gz 3 j B dzOMis!
LO kfttOodzjdedd tj MkztemMOd, ¢ ydmdzkz Ctsis
HiMStodWikdews d MtsHjteydls C0O0¢ didded sz ds tsH
SHdcets fslssCO wodzw jIsfqw tsBW L Ols Pdgdzdz. d3 +

92. o¢Mddzmtetsdzdz’ j HJ dzj € OIsT .

10detsdzjj ftshmis' & MfsmMsesd H&Y MELH
Hjdzj OISO d jets orLtseo OMmdde tctsdade” d3 5B to
otsL By dets M Is - OfmMdder tetsdzdzse s o' Ltso O d3j Ist
LOHOYd ed@hf BELHOjl tlHjd df 2 flssC.

YyissB" ftsihd3slstejls! o Hj2Mseadd dzO Ofmd
MdzO YO dzO dzlzy dets ML HOIs! BjIssH, o' f tsdzdzj
ptoj kW . 1 Oftddjte, EakgsAWhilecl OL Qdzls tglicls B H
9 " L sThreadSlee ( ) o f sdzdgw § sfpw  d3d dzd dzz d3 Mis s ¢
B zzdMj SdHOR LOHOME ofs slssStesd Otd kzdj

static int Takesawhile(int data, int ms)

{ Console.WriteLine("TakesAWhile sanywen");
~ead.Sleep(ms);

1sole.Writeline("TakesAWhile sasepuwen™);
turn ++data;

Th
Co
re
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YIstsB T sBJ M4 udls: or L B9 L Issets d3jls
sftejH] &2zdIs! Isdf HjdZjcOBO M IjdZ HY MO

public delegate int TakesAWhileDelegate(int data, int ms);

vdfdt! By detc Of aff dgplatz s o J 37 Hdzv  Of
HOdzdzse s Hjdzj OISO d otsLoatOISO tjLEzdz SO

JHddd dqL kOSdr ftedd d@dseo wodzw j sqw s 1
Mot tcOBSIskE. L HOd 2 Cd&zOMMm del(¢ gabe
Ccltesdd Belzlso gHedpHOo PR3] Ister s tcj
sdfsds HJdzj cOIsO. ()J lsasimj cBiedg i hd3jnjvio k B o O
f OtcORB] stc® Isdf © AsyncCall back d object
g4Jj2yof G dzO o dz" 2 ddzlsj ted M ftcj HiNIsOoidzv j I
IAsyncRe s u | t . 4 ftsdsh s | AsyncResul t dzt
Hjdzj eOIsj d fttse jtewls! , L Oojtehddz dd tdz
fedddted M fGoddsjdzj dedj 3 Mes2Mmlsea O | sCo
or fsdzdgW Is* mw 9o GCdZOodzsdz  sSIsC j J dzjeds@ls O
LOo jteh dls tcOBtSIsEZ.

static wvoid Main(string[] args)

1

// CUHXpOHHHIA BHS0B MeTOga
{/ TakesAlWhileAd, 3088);

// BCWHXPOHHHIA BHSOB METOAE C NPUMEHEHWEM JeneraTta
TakesAlhileDelegate dl = TakesAWhile;

IAsyncResult ar = dl.BeginInvoke(1l, 3888, null, null});
while (lar.IsCompleted)
1

// BunonHeHwe ewe KakWx-HWByab Cnepauuil B rNaBHOM NOTOKE
Consocle.Write(™.");
Thread.Sleep(5@);

}

int result = dl.EndInvoke(ar});
// BwBCg pesyneTaTa
Conscle.WriteLine("result: {8}", result);
h
1 sfidzj] LOfEMCO 1t ftoddsyjddy &S
fslstsC HjdzjcOkO orf fsdzdzy s Isfyw § Otc Odzdzj dz' ¢

Hjdzj cOO cdkOody 2 YlstC ftojCtwOhOjl §ts
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LOo jteh OjIsd p S\ f tegzdzjvdzy d H OW ! L Oo j teh j dzd W
HJdz] GOISO BMIsOdzOs dzd o O smw .

[ e 52 mMf smtss. sy dHOdzd W tcjLzdz SOIs
ftej HEMBOItEdo Oj s fteddij dzj dzdj HIiMSCtwdyflst
OomMmsyddkzjlsmw M | AsyncResul t .

1 sz ydls! btz j iCttdflststclz tsY JH Oded W
AsyncWait Handl e. Clss Mots2MmMlsoats otsL 9 ts
fsdish i & Colsstesets dBoydts BcOdzdL 59 Ols
fslssCtsd3 HJdzj cOIsO() [{tsdsded i3@g ist Ome ¢ Oy,
dzj sBW L Qds j fi OBz Istc O OB QRJ dach] Clis@Asdptsd3 ¢
BOC M BOdz! dzr 2 f jtedBsH otc]j d3j ded Y dH Oded Vv .
L Istsls fjtedtsH MsMlsOQoadzw jIs 50 & dzdzdBi 6B dz
B3 IstsH Wi toOmILes e O OjIs L dzOyJ dzd § € dzla | sl |
ftocsHisdzy Oj Isfyvw . { Mdzd ot -@ls &Y H oz H Ozl
smizh jmMsodzw jIsqw or asH dL yYyde&dzO whi |l e
B ssHsd Ehdl dv ofksedz! L 59 Olsj dz MECsd3 d dzls j f
ftedd3j tedzs IsOC j ,J &k QfStedak] i H SHsEA YOj I
tcj OdzdL Oydd B dHOdzd W .

static wveid Main(string[] args)
1
TakesflhileDelegate dl = TakesAWhile;
TAasyncResult ar = dl.BeginInvoke(l, 3888, null, null);
while (true)
1
Console.Write (" . ") ;
if (ar.AsyncWaitHandle.WaitlOne(5@, false))
1
Console.Writeline("MoxHoe wsBnede pesyneTaT celdqac”);
break;
h
b

int result = dl.EndInvoke(ar);
// BeBOL pesynbTaTa

Console.Writeline("result: {8}", result);

h
("] BHdd MismMtse HAZY YJHOdwY tjL zd
ftedd3j dzgj dz2dd IsOC dzOL "™ 9 O di3sets OfMd dzr tots dzdz
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call back) . 4 ftdish s IStej Is! J G 5 d3tf P tz® o2
fjtejHOIS! d3d IstsH, PHiso dzj Iso stew e h 2 Is tc 4
[ J dzj 6 Ols AsyncCall back stcj BEZJ IS s toj |
oBLOWON Of d3r 2 Isd {f voi d. J tcOMMdzOIstc d -
f OtcOd3j stelz ZzOL &zOy 04 Ismw OHtc]j Medd3] SE&B B
PHtsodzl sosteW jIs IsStcjBBOoOdzdW 3 Hj dzj 6 OISO A
B3 IssHEz Beginlnvoke d@tsydsts f jtcjHOIS! B
HsmMsikzy dL &jJISsSHO tBiOIsdktets o Lo O. 71t
Hj dzj ¢ Ols O, s ®B tcQbdksoyg SEHL 8o O MAiItsy j Is

fesdzbyd dzdwv tojL bkzdz OISO OMddem tesdzdzs e s d3j Kk

static veid Main(string[] args)

1
TakesAlWhileDelegate dl = TakesAwWhile;
dl.BeginInvoke(1l, 3888, TakesAWwhileCompleted, d1) ;
for (int 1 = @; 1 < 1@@; i++)

1
Conscle.Write(".");
Thread.Sleep(5@);
l}
b
static void TakesAWhileCompleted(IfAsyncResult ar)
1
if (ar == null) throw new ArgumentNullExcepticn(™ar™);

TakesAlWhileDelegate dl = ar.AsyncState as TakesflhileDelegate;

// HesepHwid Tun cbwexTa
Trace.Assert (dl != null, "Invalid object type™);

int result = dl.EndInvoke(ar);

// BuBOpA pesyneTaTa
Conscle.Writeline("result: {8}", result);

}

1 L Qo j teh j ded d tcOB SIsT Hjdzj OISO Tae
orLro0Ojlsmw diilstsH Ték.es AYWHH DB Co reg L d&ztde
CdzOo dztsc s f BSIstsC O dzj fisls dizd $1OQ ds R tc L) is'B ~ dsdz@ &
LO9 jJteh jdzad J d5 OB IS fslstsCtse HJdzj GOIstse
ksdz Cts5 MsOkssCO OB f(lssStss HJj d
CGizOo detsets slsSCO day ftejHMBSOoadzw jlIs ftetsBC



216

[ J Is @TakesAWhileComplete() s tcj Hij Ay ts@esd f OtcO
oL OotOIsO, Cslsster §J AsimCCalib&rkizs 1 8 Mdzi e OIS §
fJjtcjHOs OjBaginhvoked) |, By Jls B' Is ftotsydls
arAsyncState O tj L zdz' sOIls {TalddAW)ildpelegatazfs b ts €30
Endlnvoke

l B Mists Sds toyylsigelzy Is!  BlsH j dzr dz" 2 3 Ists
Begininvoke() Bsy dets o s sdzo L 8O P dztf)y d3.dzv 1O
ddij J BlIAsindResult 1 IsO¢Cts?2 tj OdzdL Oydd dzjls dz
dZOuJ dzd 4 § sfdzj v dzj difeginh@keQ d3d Istftcyldstisk Az o5 ©
FtcO) Jdzdd dBBYJIs dzOff tew gz ff "dldzlz ydadsA 5 HHWMS
O ftjH] OB Ctdzlsj CMISO HOdWdses dJ st
rtcOy jdedWv oMfMmj wOQodets HBAdzy jdz 97 LT 90Ol M
"' BYjoedHdz &3 § tcdO wfftsteljseidazidsizdsop oL ldssd

static veid Main(string[] args)

1

-

(O]

-

(O]

(o8]

TakesAlWhileDelegate dl = TakesAWhile;
dl.BeginInvocke (1, 3888, ar =>

{

int result = dl.EndInvoke(ar);
// BHBOL pesynbTaTa
Conscle.Writeline("result: {@}", result);

Fa

null};

for (int 1 = 8; 1 « 1@8; i)

1
Conscle.Write(".");
Thread.5leep(58);

¥

h

[ SH j dz ftesctcOBBdteso OdzdwY d Gtedd &3 ,
H]jdzj dBftEdsMm, HJMCtdilbttcr YJHOdWY d Of
dzd stsdz! €5 HdzW Hjdzj GOIstse . ClsO Y dst
zOL " 98 Q) Ismw h OB dzts dztsaiyd O(nal gk riedshladaisedsu ® ' p &
9 tOL dcstsBteOLd « o&jMisOR . NET Fr amewo |
BeginGetRespongg) CdzOMMO Htt pWebRequest Bts Y
HTTP-L Of tetsfyr 0 fn) f sd3tsh 1 Bi(b sHOZOB)E
SqlCommand L Otffigr € BOLJ HOdzdzr »n. 1 OtcOdJ Ister
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fjtecj HOO OIs! 9o B lstsH jdzBe@bs@)] n@od3gr Odzd L ¢
fsdzzyj dzedwvw tojLEzdz' sOlstsea, or cdz?" HW s Istsydzt

93. s&0MmMMm Thr ead.

g ftdksh! s CdzOMMO Thread sy dats dzj
EftcOodzwis! ddisd. 1dx4 HtdejHjdz StsH 1 tot
o sets fslssC O,

static void Main()

1
var tl1 = new Thread(ThreadMain);
tl.start();
Console.Writeline("MnaeHwil noTow.™);

b

static wvoid ThreadMain()

1

}

l 13 SBHy CBdhstezSIstste ¢ dZOMMO Thr
sdf © ThreadStart eqdzt Rart amegtj ez icOdsd Thnr
B IssH M Lkdfsd eLotOISO void, dzd Htodd
Bl JCISO Thread flstst &Bsyjls LOfEzME Ols! fi

I smdzy LOfEMEO Htoddzisy jdzdvw dzO 1 CtcOdz

This isthe main thread.

Console.WriteLine (" BuwnonHAeTcA B noToke.");

Running in a thread.

ltcdo jHjdedzg" 2 o7 M j HteWHBSES 9" atsHO dgj
o fsdzdzj dzdj Y tslstsCtse § zOdedtclzj smw s j O
COYHM22 tOL ByjtjHdtsmls! olssCtes dsydls

{ Odad § kx4 k{ tdd dadedshs dzdz’ Wis sH | iz 6
dmf sdz’ L so @Y'tcOFVdERHO [ SOC Y] dBsy dats
Thread, fJjttjHOoOWW tj OdzdL Oyds d&J IstsHO
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static wveid Main()
1
var t1 = new Thread((} =»
Conscle.WriteLine("BunonuAeTcA B noToke, id: {@}",
Thread.CurrentThread.ManagedThreadId));
tl.start();
Consocle.Writeline("Tnaenuii noTok, id: {@}"”,
Thread.CurrentThread.ManagedThreadId);
b
sjfjte’ ©® o' oH] (EBCLORE BRHjl IO
fslssC O:
| 0o dzr 2 sk, id:

Irfoddy jlsiv o §slsSy, id: 3.

94. 1 jJtiHOYO HOdzdzr » lss5CO

1 jtoj HO9 Ols fldstds s @ B dzdR' QjS d fitsy dats  H o 2 3
CsdemlstezCIststej Thread M ftdishi 8 HjdzjceC
fMudls MBLHOdY Mfjydod dsct ¢ R@Hazidst
1 CL j o3 dzv tc O, Yysts f§Lotsdzdls ddzdydodzdL d
LOfEMC s slstsC O.

rdzvw  fjtej HOYUd HOdzdz™ » fflads CdzO fiplr) tdBd2dfs H
GHJ B I Bsy dzs B dzs Mtsa e Odzd Is H Odzdz" J
sftcjHjdzvjlsmy MseOBzZtd@EBHDEdls GBS Iz,
fJtcj HOo Ols! B des dz¢ Bts?2 BI j CIs:

public struct Data

{

}

I fMezzyo] ftddjdjddy HjdjcOsO Par al
fslstC HEd dzO sSBWL Ok d ds § ted dzgd RO 1 C
{Bl JCIs dsydts f§tdejmisd § todb gy iz §isq O
or o jMmisd d20 Stdhtd mMsssh jddj:

public string Message;
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static void ThreadMainWithParameters(ocbject o)

1
Data d = (Data)o;
Consocle.Writeline("BunonHAeTcAa B noTowe, nonydedHo {8}, d.Message);

}

) CedzmskzC sttty CdEOMMO Thr ead dsy dz
ThreadMai nWit hParameters ()d ofr jLicoj GlW o
i J o] d3dddzdzlz ¥

static woid Main()

1
var d = new Data { Message = "Info" };
var t2 = new Thread(ThreadMainWithParameters);
t2.5tart(d);

b

[tczeddd M s sd H dzv fjtejHOYd HOdz
sftcjHjdzj dzedj & dZzOMMO ( 2O ted d3j te, My Thr e
CdzOo dzgsgts BBy ssHO fslssCO COC BjIstsHO 1 CL

public class

1

MyThread

private string data;
public MyThread(string data)

1
b
public weid ThreadMain()

1
b

this.data = data;

Console.Writeline ("BunonnAeTcAa B noToke, data: {8}", data);

h

I 1ktd MizzyOj sy ds ML HOl! B jSIs
BjlssH Th()e altMdeMlstckC sl ¢ dPEEM ST hif edal
Hsfplskzy € H Odzdz d3:

static void Main()

1

var obj = new MyThread("info")};
var t3 = new Thread(cbj.ThreadMain);
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95. uvftOodzjdzdj GtlssS Odd.

1 slstsE MSLHOjIsMw L O foydtseiof 4 s® OT Hhizj s
fesmdzf o' Lo @) BssHDd b€ ofmj JNi i
Running, 0O 8o Mntfipdstmsdsd dfzdy n sRtuanrnti endy. fIs s
ftsmdzy btses, COC f dZzOddtesoh dC §olssCtse ¢t
o' ff sdzdzj dzd v . RdzW stedzOydw 8 Isj Ckhjdz M
MmMots2MmMlsets Thread. ThreadState.

g foish! s & ssHO fTuhsteta digtHidsts pfod tdnjts fr
Wait Sl eepJoin d fted {1 Istsdz ¢ OL Ols* | Y J
Hsdzy J dz oL B W29 dlIs! tOBESISEZz.

YIstsB sMisOdzso d Is ! f slsts¢, dzj 5B = QH d d3
ltcd orL s 1 lstsets BjIssHO o Mtsslse jIsMmilse kz
sdf © ThreadAbort Exception. 1 Mmdazzyoj |J

sBtOB SIsyd¢, fjtcjH LOo jteh jdzdj 53 f sIsts€
sfjteOydd s tsydmiks¢j. vyvissBr ftosHtsdy dIs
dme dzs yJ dzd v ThreadAbort Excepti odgj Istst
Thread.ResetAbor)(. dwthmistswdzd] slssCO, §sdzzyo:®
ftcj CtcOn jdad J , gL d3gd dzgv § Isfmw l Abort Requ

ftoesdLotsHdIs MBtets.

[ Mdzd dzj sBatsHdBS HEBSY dHOIS! Myw L Oo J tef
9" L 9oOls! B lssph. CEllse adgj.Is)oH n g dzsC oz j Is
fJjtcjotsHdls jcets o Mtmisswdedj Wait Sl eepld:
ftedmMsjHddzj dedz" 2 € dzgj 3z § slss€ .

eaSLHOdd] f(lstsCtse IstejBlzjls otej d3j dzd .
L OH OYyd, fsHdzf YONdJ orf ff sdzdzff tef 5 ¢ s alzts y Gzt
LO]j B ftesMiss BlsftcOodzvils! Mstslse jlsMmilsolzs f
Hdzw dnr or ff sdzdzj dzd Vv . 17 dzs BT dzj §f dztsr 5,
OQolssdBOIsdyi MSd kZojddyde Odkzsf! M ttshmistsd
i tcd oL ded C sz llzE d ¢ SisticijeBtsB Y H J dzd t6
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fsHtsBdzr 2 MYIMsse okttt MOBsMIstsWIs | dz
sOCdd MfdmMesd ftojHEzmMBslktc]j d ¢ dzOMM
dzj sBrtsHdd@3sMisd EZdsjdz hOjIs d ke jdzdydes Oj
BOS Md B3O dz! IRk sEEst. 2 dzOyd dedd BOS Md d3Odz! dzt
f slstsC 59 o fkzdzj BEYJIs L dgj dgwIst mw . J
EdiissdzyOdzd MtsMlsOQoadzv jIs 1023 twOBBYYEHPEGI

[ By des ECOLT 9 0OlsH d3d dzd 3O dz! dets§ € tsdzd ud
L Ofofts s Mw McOL 2 Mz ML HOddw k& d&Oo,
HsMiskzy dzr = o  kdzj . -Istshdids HisAY Is @dzdfy ! 5B BOE
BOSC Md B3Odz des] SCtdzdyj mMseats folstsCse o LI
LOHOdzdW BEHEI §tsd3j M OleOftgw |, o {f EeGEOtaFLHOY t=fls
LOo jteh dls Mo tse twOBBISE.

{ OmMmissistedd foddite fJwoddsyjddy, o
9" 9atsHIsMw dzO ¢ tsdzfts dz! dqdzW stced3Oydvw s o
fssCtseo d -BsEB®. opBBBPAd o ydqedzj )f or
ZzOO WO J Ismw f slssC iz dL f &z dzO fslstsC tso
ThreadPool.QueueUserWorkltein( d § jtej HOYd HJ dzj c OISO I
fclssCtse fdzEyOjls 1 Istsls LOftesf d or Bdte(
B ssHO. [ Mdd fkd jM] di {GDCPOHPBMHE] K s
[ Mdzd 34 Yoz mMehjmisekzjls d o dagj &3 3
fjtcJ OHt] Mtsor a OjIsMw L Issiz skt z.
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class Program

i
static void Main()
1

int nkorkerThreads;
int nCompletionPortThreads;
ThreadPool.GetMaxThreads (ocut nlWorkerThreads,
out nCompletionPortThreads);
Console.Writeline(
"MakcumanbHoe KonAwdecTeo pabodwx noTowos: {8}, "
+ "noTokoB SaBepweHWA BBoja-Bueoga: {117,
niorkerThreads, nCompleticnPortThreads);
for (int i = @8; 1 € 5; i)

1
ThreadPool.QueuelseriorkItem(JobForAThread);
¥
Thread.Sleep(3608) ;
h
static void JobForAThread(chject state)
1
for (int i = @8; 1 € 3; i)
1
Conscle.WriteLine("uwkn {8},"
" swnonnenwe sHyTpM noToxa ws nyna {117,
i, Thread.CurrentThread.ManagedThreadId);
Thread.Sleep(5@);
¥
¥

h

1 sfMdzj LOfEMCO 1 Istsetts  ftoddztsy j dzd W ts
f OcOd3j stcOn By des dMf sdz? L tso Ols 1023
sBAB OIs™ 9 O Isw o Mmjcets dzdh ¢ Hozdz3w ff BIsts¢
dL d3j dzd Is otej 3" BJLHJ2MIsadw HdzY L OHOC
sBtcOBBISC ] L OHOdzd 2, sts tojLEzdzt sOIsT tc OB
tcOL dzdydzr = StBYf! 6 IsjtcOn .

1 2 dzr fslstsCtse tyjdpds fladgmMis ' sHazZOY B 5B
s6tcOded yd dad ? :

1. 1My YolstsCd o flkedzj folstsCso wWodzws
tcOBtslsr oaMmMjnm fdBtedlsjlsdzy » lssGCtse o 1
stsyd BMisO®kOes dzdo Oj Ismw . wHJ dZOI! BISSE

210 Jdz0 LW dJLdgj dgv s Hfwedsstedlsjls ddazd Jd3w

3. Il mi §lstsCd o fEkdz ftcj HMIsOo dzw & |
Of OlsOd3j dzls© ( mu | tfivtoh)r,e aQl edgidtsacpdgjE tanief is tc
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dmf sdz! L so Odedw™ f slstsC tso GsiniEifraadethppdaestts  (
i STA).

4. 1 tksCd o fkzdzj fBHARBHWIS H&Y or ffs
dzj sBatsHd di3s, vyt {slstsC WkdSydsddttss
MtcjHMisoa O e jteCd BGWtsetcOWdd © Wor d)
CdzOMMO Thr ead.

96.1 OHOVY(d .

) MsmMisOo . NET 4 ®nBBH(JIs dzts o 5
System. Threading. Tasks, 9 C(Blstetsdz Mts
WEdSydsdzOdz! desisd ftslssCso . l dzelsted 4 Isd
1 8H LOHOYJ?2 (task) ftsdddkorls EFpOdEzEylz !
JHdddyo tOBfIsT Bsydls o ftsdzdzw Is! Mw o
LOfEMC O Mw o MddemrtotsdzdL qoetseo Odzdzts?2 B3O dz
Mz yod ftwddi dgj dedv L OHOYd MSLHOJIsMWw H
sOC Y] Ywowedw jlsimw 2 B3aMO Zd wi10dytez) diagfryls jdzj >
fclss$ Od3d .

1 OH Oy(d sBjMfj yude O Is Bisdz! h [z cde ¢
or fsdzdzy j 32 OB SIS . 1 Of ted o34 te, sdzd
tcOBBIST, Is. j. Ists, yYlsts Htdy dts ftetsdMmn SHC
Clts f witddsjdydBtsy jIs L OoadMmils!: ls kMY jh dsf
Bseckzls Brils! tecOddLtso0dzr o odHj dJjteOton
LOHOYO By jl ftojHEMdB3Otede Ols! MmtsL H Odzd .
mMetslse j IsMmise j dzdzts, MsLHO9 Ols! Slsis®ass@ Md dtsf
or fsdzdzj dzgdV twBHdIjdz MES2 LOHOYd BEZHJ IS
L OHOVY.

rdzv L oOfkEmMmMEO LOHOYd dBsydzs dMmif sdz! L ts¢
Ctsdzmistcz € Is sTask § dzGoifyfriSTar( ) . stsdzhBaskz§ tetsfgls s
ftcj HBMIsOo dzv j IsEs dz'teld] Masd B OEzdd L OH Oyd .
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lted LOfEME] L OHOYd sy dzFaskgts LdaOQ Isiz0 Yt
or fsdzdgw j 5" 2 CtsH M d f)AcBoied dzcicD<zojeptes (H g tsz
ifMmlss BjL OO stetse dzd mligech, GfHEzE(ER dEO tols
1 Iss Hj dg@zznfipj TeeadzO f)fr) O
I Mmazj HEEM j &3 ftedijted BYtejHJdv]jilsmw
tej OdzdL Oydd or esHdIsmw dO Cdhtsd dHJ dzk

static veid TaskMethod()

{

Conscle.WriteLline ("BunonHeHue BHYTPW Sagadqu’);
Conscle.Writeline("WoenTugurkaTop sagaun: {@}",
Task.CurrentId);
h

10§ 2MEO LOHOYd dEsydzs tsmizh j mise dzw Is
M smMse L OCdz¢ yO  Ismw  JaskigastoryinO dfdjdtc j 1HOY ] RBY
TaskMethode StartNew) d dzgj d3j Hdzj dzdz" &3 L Of 2mMC s
fsHicOLEZRR] 90jls dMftsdz L so Daddd | s & 5 ezf) Is tdnasqL
LCLJ B dzvv Jasks B IL JOHIOQ O dzj d3j H dzj dzdzts dzf L Of
MdzO YO dzO {1 tc tf) iy ® Bralied julssipH OdzO) . 1 sdzj 1 Ists
orLtsoatsd3 SR sHORZOGHO [ 5y dzts IsOC Y J or L
RunSynchronously) . ) LIssdz Mz Oy LOHOYO Ists
or ftsdzdzwIls: mMw o ©kjSCEkhjdB flstsCj or L ol®oh
HitSY HOIs! fw s ¢ tsdzy ©ded W d d or ff sdzdzj dzd v .
o f sdzdzv Is* v OMd dzn tc ts dadzts .

static veoid Main()

1

C

// Wcnonssosaduwe fabpurn sapad
askFactory tf = new TaskFactory();
Task tl = tf.5tartNew(TaskMethod);

// McnonesosaHue $abprkn 3afay depes sagaqvy
Task t2 = Task.Factory.StartNew(TaskMethod);

// McnonbsoBaHWe KoOHCTpyKTOopa Task

Task t3 = new Task(TaskMethod);
t3.start();
¥
ssdlste S lsstelr Task )d SdgQsdmHaz TSat sakr Rt ah

fJ®BIHODOI! L dOYJded” dL ¢4t udmdzj dad"
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L dzOyj dzdw LongR@mnhndeydets dpdtcdtdzzd tctso Ols -
s sd3, Yyl o' fsdzdzgj dzdJ L OHOYd ItejBlzjls
otsL dBsy detsfyplsd o Hj dzdIls! HdzvW dzgj j detsoar 2 {ft

{ Mdzd L OHOYO HBdAd 2O BT Is! ftcedmtsj HJC
fMdzj His9 Ols j dz' dzts, tsls dgjdgipidds + fwis s fipdslw@f@sjj o
dzj sBratsHd®@s M sdz! L s Ols L dz2Oyd dzed 4 At t
PreferFairness, dsyds COL" 9 Ol! { dzO da
L OHOYd, syYdHOshdj orf ff sdzdzj dad v . 1 5 Ik dst
L OHOYO IsfimyL HEO O3S On HiclzG 52 L OH OYy(d . |
ML HOded] HBYBdzdedIlsj dzt dz" = jHddedy tOBTsls
L OH Oy, ss 1 Isd HBYJ tedzd § LOHOYyd ¢ sdzizn
MtcOo dzj dzgd® M HwkzeddBd L OHOYOd. [ tzd o dzj
syjtejHd fzdzO {ftslstsCtso. ( f)dzd sO¢dJ
tcOQo dgstf cQo des Mts o Mmj B tsMisOdz' dz' d&3qd L O
LdzOyjdzdj PreferFairness.

97 . v O2d&jter .

] . NET Framewor k HGMIskf dzts dzj MG tsdz! ¢
ftodd3j dzW Is' gy j mgzdzd lsB 9 ' L S0 O RBjlstsHse s
ftosd3d Y 2IsC O otcj d3j dzd .

l IsOB &z 12.1 fjtejuydmadzj dz@ oMy & dzOM
d d3d dz, ¢ Ckter d3 dzd BGlsdzsmwilsmw, d |
oL By detsMisd, Clsster di3d dzd tsB dzOH O Is.

v OB dzd yics @BmMl Ti mer .
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l tsfistc OdzMis o ts

{§dmnoded J

System.Threading

s d&zOMmMm Ti mer gL
System.Threading

ftcj HdzOG O Is
WizdeC yd sdzOdz! detsfyls .
B3ts Y dats fjtdHO9 OlsH
Hsdzy Jdz o7 L' 9 0Ols! mw
ddzls j tco Odz o toj d3j dzd .

System.Timers

sdzOmm Ti mer dL T
System. Ti mer s w9 dzW
f slsts Bz Yls ts lz dzO ) dzg
CdzOmMMO Component .
By dets f jtejlsOMEdo Ols
(1 Odzgd dz d dzmistclz d3j dz
ftotsj CIsdtetso Oded Vv  nJi dzc
Oy tod d3J to, -l Az pel'ows €
Ti mer dmf sdz' L Iz
System. Threading. Ti
Hj dzj G Olstse ftcj HisMISO
smdzse j MtsB ' Isd 2.
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l tesmMistceOdznis o ts 1 dmOdzed 4
System.Windows.Forms ) mdzlz 4O J d i tsdz
Ti mer dL f csmist
SystemThreadingd SysemTimersd3] Is &
SBtcOIsdzsG 5 oL B9 O
dddyddeizs smwv  dzj dL
Hiczetsets fslstsCO. ¢ ¢
Wi ndows Forms ftdoe
MSLHOIjdv. [BtOlsds
CO¢C t©OL d LBV
Ti mer dL i tc sdnds i
System.Windows.Forms.
Systern.Web.UI s d&zOmm Ti mer dL
System.WelJl W o dzw j Isyw tc
Ajax d ftoj HdzOL dzOYJ ¢
9 J-Blstc Odzd yO d3qd .
System.Windows.Threadin s dzOmMm Di spat ch
ftesmistcOdzis o O
System.Windows.Threai ng ff tod d
WPRf tcd dztsy J dzd W - d a
tc O 3¢ On f cslstsC O ]
dqdzlsj teW j 2 MO.

J mMdzz y O i to d d3jSymieddahreadingTan@rmttOH dzj 3 Oh d
orLtsolz d3djIssH dBsy jls T jtjHOOIs! MW oW d3
Clsls d3J Is s H H S dials] ddz Hts® vz Bls jsdzv Is ¢ Istc j B
TimerCallback Mtse dzOMmdzts C lstster A3 o tsL 9 Lo @ANAO j BT
sdf sd3 § Oitobjeklj Istt® olststetsdz §f OO Istey ISy
sBi JCls, Cslstster 2 LOIsjdg BEHjIs fdzzyj «
5B tc Olsaicttss ©O. 1 Of ted i3 te, 1 Bvent @3S sislistes 2 Is
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slsf tcOo dzW Is 9" LT 908 h jdBEZ CdzOMME MmMtsclse
stcjIs' jes OO stce® EZSOLT 90jIsfmw f totsd3
SBtOlSdtsets 9" Ltso O Hisdy jdz o9 L jo Olsj 4] tels
f shdzj H dejctstz Y 2IstsE otej i3 dzd, yYdtedL Ctslsts
Hisdzy jdz " L " 90Is! MW  ff o lststcdats. { Mdzd dzj
stsdz ¢85 SHddz t6OL, © Yjlbo jtelstsdz § OO tetk
dL d3j dzj dzd W tetsdfj of isldnto) eiesjL oI jGuieth tziz 556 Is j &3k
Changé¢).

static woid TaskMethod()

sole.Writeline ("BunonHenwe BHyTpU Zagauqn™);
sole.WritelLine("WgenTudvrkaTop zagadun: {@}",
ask.CurrentId);

[s]
3
{ O 0

private static void ThreadingTimer()
var tl = new System.Threading.Timer(
TimeAction, null, TimeSpan.FromSeconds(2),

TimeSpan.FromSeconds({3));

Thread.Sleep(15688) ;
tl.Dispose();

}

Il MizeyOd (Jteddj ded dedv C dzOMmMO Ti mer (
9 C(BdmskzSIsts] Hisdzy j dz B' Is! ZC OLOdz Is
Cslstste” 2 BEHjI or L a0ls! Mw 5 dffylstfj sydgtstad'd
mMsB " IsdWw El apsed. Clsts mMtse ' Isd 4 Istcj B
El apsedEvent Handl er , Cslstste” 2, 9 Mmotss
object d El apsedEvent sArgs, COC dsy d
Ti meActi on. Hos2Mseo s HAEdzpRESEZf EODA]
f solststedats.

) Mz yoj bkmMlsOdtsotd HMEY 1 IsBets Mo ts2
MtcOB OIs™ 9 Ols sSsdzt S5 tsH Htelzt fsQL.sd2W § I8 Sds
GJdzj cdetseo OlIs! MmMsB ' IsdW StarthtiztB ) s s §f LSMBSEHEO 2
Hozv Mo Endbigthod@O yJ dzd j tStae . B Hgzissf  dzed yd G ts



229

[iBte) fwdotsHdls ¢ EMlsOdsoaSj HdA&Y Mo &2
MOd' &5 ¢ BhsOdsolk SO &jtcO.
private static wvoid TimersTimer()
1
var tl = new System.Timers.Timer(l@@a);
tl.AutoReset = true;
tl.Elapsed += TimeAction;
tl.start();
Thread.Sleep(100866 ) ;
tl.Step();
tl.Dispose ();
¥
static woid TimeAction(cbject sender, System.Timers.ElapsedEventirgs e)
1
Console.Writeline("System. Timers.Timer {8:T}", e.SignalTime);
b
stsdastetsdz! dzf j ot tetsfyr .
1. vkt ©kOCK] Nde@sipi§r? fsOCidfjlso ¥ Is

NETFr amewor k Hd&v tOBtslsr f kst Oodid?

2. YIss O¢ts] LOHOYO? YIss OS]
IsO2 d3j to™ ?

3. rdv yjets dMfsd LkyIlshw

9 tOLdzdyd » fttsMistcOdzmise OF d d3j dz?
4 . YJdB Bldzdyojlsmwy tstec Oded L ®Oayd W L @3dad
fslssSts0? [fdhdls) ftejdikh jMise® d dzj H s

i



230
108/ oY 1RI

CUDA i or" ydmdzdIlsj dz' dzOw O tsASOISIZAADW 7 tc © 15 d3t
NVI DI A  dOLfdeQ wj dzdzOwW H dzw tcOL tOB®RE.d N
Myd sOdzdd Me eO@igdts k2 ERdEE jSkldgise © O&GUD A
ftesetcOBBdMIsz L OHj2Mlsose Ols dzj 0 j oW Is dz
HOZW ML HOdzd W o’ M Cs ] ftodfdastyy fdd P dzr o € dz
ddzy § dagj tedz" § d WJdzeOdemser § fteddztsy § dzd W .

] {smoeddisdzmistcedtclzj Isfigos0 ODEC Bsh OH A
fesipBO (GPU), d&jehjcetsigy, o i3teOdaty d3fmts
9" MsC ofttertsddla j dz! dz" § ftod dztsy j ded W H dzw o
f jtco 5dzOYyOdz! dzts GPU ftcj HdzOL dzO YO dzd M H
CGteOWdSed dz0 + CtcOdzj BdedlsstcO, (BLHIjcEZESd
fls ts dz’ N d stcj BtsSo OIsjdzr dgr = € or ydfmdzdls g
sjrdzd Cd, WddzOdemtso ts2 Qlkiguly | dg@ilvd CGP W], HCtds Is
LIOOYd, dzj Mo WL OdefietgC th t&QAAOHgHSENnPoz). dz"

]l s dsiB W L Olsj dz' dztic Qalsd®s h g ~f o yd fmd
Mtfls § BORBI, fMHjtey O dRBH&zvmMEu@Y 5 by,

f OteOdzdzj dz! dg" § o' yd fydzdldejOddzdrip" dg' f daffsdeidjdzey d t
tcOMMdBAStdsdnw HEMISOIsyYydes ¢ dizkzB € 5, f toj H
tc OL dzd g dzyd M dzd Isi] @ @3 B s s H jflds dzj tc @zistc OB 515 Y ¢
ftioddzsy jdzgd 2, OolststeOd3 BdBdZdtslsj & HdzWw ydf
dL z2yOH hodedd dzdzj dz! dets§ § t6 s dfte G dpdpdf istsie0®@ dadsjj dzv
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glrRefs [JRU[TOUULTJ

s dMss thdse ds?2 ddilsj tOkizter
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