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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 dmezdasCc L r € d, BdBdzdtslsj $d d ddzinls
f dzOls W €D

CUDACWw o9 dzv j Isfqpw  tOMmh dtcj dzd ANBI Giddzv ) tfrHisj Qatgr
oM sdiZ3scOIsj dz' dzf § CBdeMmilstezSCydd Hzv t©OL t6
o' ydmdzdls j dzCBRCifptsjsH jf.tesMists?2 f tots ¢ to O dzd3dz
EftcOQodzj degdw EfmMbtcts? Mise O, fOdigW Is! & d
ftesctcOBBItotso Odad W .
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CUDA i3tsy dzts  tc O filsfy d3CKIs@Xd © @S H j dz! f tots G tc O d3¢
fsLotsdzjIs Lt WWJjClsdodats § Jjtej dzsmdlIs! f oSG
Bdetsy J Misesdg o ydmdzdlsj dz! dg" = “HitL; GFtod !
fctesetsd3 oamntBYHjddY HEZY ftoesc@BOBBIdMIstse ,

1 0 tWday.=uFL Odzr oL d&zdydzr J| Bkteseadzd, t6J C
CUDA: sl dzj f stej Hiilse j dedets o dztsy § dzd 2 H &
Of f OtcOlsdats 2.1 QM4 itesd dgsty j ded W, dME dzs yow Is
o tiddd WHtO, or ftsdzdzv bt Isfqpw o 5 tojOciadiis
6 X dd3j .

‘ 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 d M8 tetso dzd  tc CARBY J dzd 2
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1 dB dzd s@®IPA,ds ©C d jJ cuBLAS; tcOL OB OIs’ 8 O s
o' M d3 kitse dzj MAWPAI(CUDA rutftimelzdz frdddhvte O2 o | to
(driver API). CUDA runtime W 9 dzw j Is fpw BdB d&zdtslsj ¢ 52,
ddzhistcz 3jCCPA ] 2s SGHO Crvektff dedgfls tetisH dIs tc O
d mr SH dzts 6 su OO ryd@@stgdevite tsSH hgstE SH Qo IstsdiZOIs
Gjdzj tcdtclzjIs CODALmsrdime (ZOftcddzjtc o'" L 59 Wl
sB L AdEBROMY | yd Odz' det<dpep>.MC sB € O3

L tc s 9 CURA driver AP, fMdzj HEzE M d2 dzj fOEBAcypar M ls ¢
mode driver, ftcJ HMIsOo dzw J Is dzOd B B | HHAjBE R «
tcOrtcOBBIsYydSkz ftoddztsy j daiver. APIJECEDAYrdrdime 2 to ts
sBtsL dzOy Ot Is v cu) t cudlaf)ChifO=tizo j Isise j dzdzts. [ d
gqd3d ¥ Is BHdddOSCtse " § dd3d d2O d lsdzd yos Isfmw &

ltcd ftosctcORBdtctss Odzed JAPIfiic Od gt g dets 6 59 d
slsmizlsmisazjls t©0OL dz2d yoO 0 Cffteds da sotds@iLdsdy dzd f
fOdsw Is+ d fstcctodagjLdedjjls Mivs o Sfse dz0 EZMmistes?
tc s dz o fworhjddd fHtesdLotsHdIs] dz dasPhls(d .
OoLOdBdME dzg yoOs h dj : ftoesctcOd3d3d Mils Htsdzy |
cOLOBBISC ] fHtwoddtsy jddw, dits dzi APIsd3B d dzd t

1.3.2¢ IsizcC Is 2D tc 5 G tc O dzA3”

] otsG tc O BBZAZOCUDARIEB | ezsdzv jIs  tets¢ tc O dzdzd
fteddzsy jdzdWw HdzWw G jIsjtetsejdader » o' ydfmdzdls,
ftosmists HtsBOoadls: twWwH dJqdhstezCGd2, ttOMhc

1dbjtse] dedetsy  SCtolzy § ded Jdz' B s Mmistswipd ) o
Hstf sdzdzj dgdz" = cteOWdud MSdadd o ydmdzdlsj dzw
ltosctcOBRBdMIsz dzj sBrtsHd dBs ff sdzd 3O d toC

i Host(CPUd { O)fzw Is ¢

i Device(GPUd ¢ dztsB Odz! dzOw Y Od3wIs! OHOff Isj teC

] oG tcOUREB OC Y] MMmissdls dL Hekms YyoOfmls
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T hostC sH, o' ff sd2@ j dzr 2 dzO

I deviceC SH, orf f sd&®RW. j d3r 2 dzO

s sz  d@UBMswcctsIs H | dewigels sH ts lhostd 5 He@ L 2 dz! |
ftosyd MMO C i3 dddzvigd df.ts ¢ 060t Is ) IstsB ' Y dzd
C, tBtcOB OB Jd®DRkitelzscH dOf dmMOd M dm
tcOMh dqtoj dzdQm wam K Odzj dzd § &3  Ote O dzdzj dz' dz" n
DeviceC SH tSBtOB OIS 9 OJ 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 dMzBAETCt OL H ] dz¥ dzOW BBOBESISE O (

s i  dwdststydztseo Odz dzO@ h JetsS s ttOMY tets
slsCtor Ists VM I didftOs e O BB fyls Bsy jls ML HOo OL
ftotsEtcORBI tots o OdzdBPUdM Hff ts B )ADprapiticr SDK.

GPU dzj gisj jIs dzj i smtcj HMilse j dzdese s H 51
Csdi3f ! ¥ IsjtcO® (oL dBsydats 1 Ists tscEteOded yj dad |
otej ") d ItejBkjdk j HOdMde j Stfdtekzs Isfyw
CeOW dyjMStsets OHOfLjKBO. vOCr) ¢ stfateds
Mt j yd O tostliziz 22 ysd@tf.  tcso Odzd j host GetedaiicB i 1fi)s ts
ZOdBtdzj j toj Mztehtsj 3¢ OWCUBAL j tOydw o ftotsc

1 sfmdzj L O jteh j dzd v GPY e d figddg dzdods ¥ dz® ts dz
Metsfdictseo Odzr o 5B t@editedg®atOf tc O dzj dad
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149 dz' Isj tedzOlB g b gztizg W Hdzv G jIs] tetsE j dadze

1.4.10penCL

stesdWYIDIA tojh jdedwWw HdzwW CGJlsjtetsejdedzr = o
sO¢%d d Hwekzedj Codi3foddd. roMmisdyjddv
sOS¢J MmkhjMmise jdade” . v j &VDdej" daifj dfjdzdzts dinid-
L dzOydisj dz' dets §tsL g . 1 @UPA & BNVIBIA s8] ddgty dz
tcOMmMf tsMisteOdzy &ZO, H&W dzgiJ MEkh jMmlseakzjls Bt

U J ~ dzts dpendldd DirectComputedzy t©OMMdBZOIsted o O Isf
fsmtse dd, dzts 9o H O dzdzts d3 tefdt®HOW ALy j dfj O Cts da
Odz! Isj tc dAdDAd o '

g4 bty¢d Lt ddw tcOdztsydzr NVIDIB Istdsdzd d3£ j?
Ldz2Oydlsjdzt dz" 2 MmjSlstste tor dzg€ O, dets dzO 1 Istsc
Ltcd dzdv ftotsctcOdizd3d Mis O, 4 dzZOIsj dz' dzs o' f Iz
BOC M BOdetsdzd3tsy dzglz¥ HBdzs tor dzg§€ O, tshtse j dzck
fslstejBdlsj dz MEtsd3 tor dgC j . 1 5L ssdizz, t©OL t6
mMih jMlsezs Is OOEDAs j t€deGsldsdfeg '] SO E | AL OE Is
sO¢C d odHj]BOHOIsjtr Httkzedms HtetsdL o 8HJL

OpenCL i 1 IstslsCter Isr 2 MisOdzH Otcls d B j
fsSHHJjteYy do O d3stsj NVIDR\GHTAOR] f d3dlf tc . OpenClzH
fted dzOH dzj 4 dIs ApRles B Pdzs s d v tc@PhUCPY @ de@ ¢
My i ydodzdL dtetseo Odedz" | Emlstcts?2 Mlso © H dzw ¢
OpenCL

[ e B2 ftotsc tcORdgdBUOA disdgP Is oL O s H j 2
OpenCLHsMIsOlssyydzs s letshrBdisdztcdd HEBMISOIs
Emdetse § . v j dDpedjL ¥ e3gzdlzj fvY BSdZiJ Mty d
dmMf sdz' L s9 Odzad W QUBA. MtcOo dzj dzad ¥ M
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1.4.2v j n dzts d2irectompute

DirectCompute i 1 Ists Odz' Isj tedzOIs d o dztsMicrosotit j h |
dtslso j Ismise j dzdzats, HOdzdetsy tej N jdedd Bted| dz
i &34 Mirslev® d L OHQireci{E10ARlj sy j » ddbirdetXd HAPI
weodzw j Isfpw mMizh jMmlse j dzgdz" d3 Isj mdetsdztse d yd ME ¢
d daies0y d s dzdz” ~ Isj mdzsdztsc d 2, Mo W L Odzdzts G
Uy mzsdzbedyyj mMed?2 fJtoster o B M j yde Odziw
BsHjd&zd d tj OdzdPl@dafd o jnd Fdztpdfts | 5C Otcls o fi
(o3 Mists dzOf dMOdzdw BIsH | dzt dz" = HABOR)9.] toB€

DirectX 117 {1 Ists § sMmdzj Hdzd?2 MIsOdzH Otels, tsdz
s J eOydtsddz 3d Md MWihdg@Rd 1 Hi kg @ wdsd Pls o
o jtoj dgdzw yla®dedzts?2 Isjrdesdzsedd HtMiskz dets
e OL tc OB Sisfiydfd seo’. LCUHADAIBidggttCoMmpute Ists o Od3 dzj
stczH O f tstolsdtectso COUDA diGe d tizip siEdctEdpipute |
Motslse jIsMmisea dd MMicrosft iziddg slzls OtEffls @ls sy dets ff to
v 3 dzgf ®jdajd., BEHEY] MdiYndals? s | & tdafdat
DirectComputedz] tstefds Hddzw o MsC s tesd L oUBKE Is j C
stedJ dzlsdtotseo Odzdz” | MdMmisj &3 ftosetsdzy O Is HE

Microsoftls OC 3 j tOL tcOB Ols™ G-OAMP, Isy & tfidis diatzdf Ie
BdBdZzd sl Tz HENBSOW By jls MisOl! Btsdzj §
ftoesdteORBBd MIstsB8++8TdZzOC sd3" = My

1431 Ot Odzdzj dz dzts ] 1 teds@REIO BB tets o O dzd |

10 fMjetsHdawh dzd 2 HJ dz dzOd B sdzj | f st
flls O dzH Otels O &Bq f Ot Odzdzj dz' dzs 6 5 ftots ¢ tc OB
YyJ dzsted B ftetsyj it wiBlo OpenMiezy Piareptls | O dzdz" |
sjidssedd fodyddd "dsss] okl sl
i dz L so Odzd W H O dzdaviBdowss ¢ B fizsdiztsic 92 Is O i
tj OdzdL Oydd (fteddsj dzv j lsmWnixf stelsdetso Odzd j
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1. MPI (MessagePassinginterface). R dzls j tc § j & ) iHn@&tsg " j dzd 2
2O d B Sed fj f s s oiPlsA) dadPoadO dzdzj dric tets € B BRd 6 €
[ OdzgdzOVY IsjrdesdzsedW ff jtedqtelzjls ftesyj MmO
Ctezf dzr = o' ydmdzdlsj dz’ dzr@ = yJ dzls MRA-E dzO fiyldnjlsts
stcjBlZjIs CoOdzdW dS Oydd d s tcj HJ dzj dzdz
1 OteOdzdzj dzdL &3 HEsMIsdc Oj Ismw LO Mmuydls dmy
SHdso toj d3j dedets dz@ daj MSsdzr Sdn Mmilkjorn
ftesdmMratHdl flklsjd tslsftcOs ¢ dsfipsdzs f j diaf &d d
(Ethernet y ©h §CI d dzdnfinityBand). MPI 7 h JqtetsC ts tOMf totsml
tcjhjdedy d HBMISOItsyYdets Mzsy dzOW Isj n dats dzfs
dzO0 dzd yd CdzOMmisj tc O, MesdWdoekztcdtetsea O
o' MeCtsCoOddW¥W dydtese Odzdz” d3 OH d3d dzd MIstc OIs ts

2. OpenMP (Open Multi -Processing. 1 O dzdzQ "= dzts dz® § 6 'O alzd2| dz!
tc j Odzd L fOoQtg ® dzdzjodddla Istigt{dzO® o ' y d i dzd Is j. dz'Odetisds O
HOGzdzsets Wioj 2 dBBo st O ©CEtOddyde Ojlsmw b
M jydodzdL dtctse Odzdz" ~ Hdtej SIsd o, Cslstste
fsdzj Hs9 Ols j dz' dets? f tetsCG tcOdZA3" (Is. dz. . ddz
sl d zcOs® do Difldc s ¢ tc ANy OMIs(f &8 ud Mmdzlz
Yj dzlstc Odz' dzts ¢ t5). 1 {fiteitsiyj jidQpMEPOo fistects j dzO o
C s d dzv Is tste "NVCCo § afsinf &'tz L Iz j a3’ CUDA. 1 l0jdEczes d
Isj ndesdzsc W tsSBdZOHOJjIs dzj HBEMISOISC OB o t
Mo w L Odg f Otemndlsj Skztes?2 ¢ [ . y Offlsts H
ftoddztsy jdzed?2 tSCOLTM 90QjlsmMw dzgj HisMIsOIls tsydats 2
i tod SH dztso toj d3j dzdzts A3 L OH J 2 Miko sa P dzlf 66 O dzek:
ftesyj MstcO.

3. Pthreads [ O dzdz®d B dzd tsdsfij fStOdz! LS Ity Wy d Is1 jdalr! dz
ML H OFdRe s Iy g desy) gz@ddux. s ©¢ d 9 OpiddR y O J
Isj - desdRsheedds sted j dzls Jtetso OdzO® dzO f sIsts€ (),
ftej HdzOL dzOyJ dz@ ddf® OuwzPihHY OH OO~ SHAdSGEE 9
zL zO. 1 5, o Opendézd Wdefsfe esBBd Mls B3y 4 s H




35

f tcOo dzj ded W f slstsC Od3d d d dzmiste lz d3j dzls O d
sBJMfJjydoe Ojls Btsdz! h Iz cdB ¢ smls! d
ftesdLoHdIsj dz/ dztsls 'y Oolay -~ t€ tisdetdc@ dgds, dztsdzO ff

4.ZeroMQ (OMQ).r " sH &8Q = dzts,dztOdnfiz 3 d &£ @ s tz@ WzO dzd
(=B dZdsEFEQE®HH oy JoOjls fslsts¢ (), f t
oLOdBsHj2MIsoadj ydtejL J HAPHE Qdzdizcsts frdnjtf Aoz
Bsy dets  d MY sdzr L slanGXs ‘s O C O @ Windivs U J n Ozfs 0zt
ftej HdzZOL dzOyJj dzO0 H dzw tceOMY tcj HJ dzj dzdz" - 9
My Hddzj dzdv Hd OB ud MS dd .

5. Hadoop. 1 5§ Iz dzv tc dzO W Isj m dztsdzts e d W ) tsB dz
sBi j d3tso H Odzdz" ~ Big( Batd detadiatpeid d Is s o sB T
tcOMf tesMilsOdzy j BOW o jCGodyld "MapRethuge? dza g te @) dzts
f 4o tsdzOyOdz! dzts H OdzdzOW Is§ Aidets.dzts § 1f dzts asde@Wj
LOC dzg yO,jlsmw o Mmdzj Hize M j d3: stej BEZj IsMw
ftesctcORBBdMIs tOL Bdo Gj Is( tfotgjtiMgpHtz@ Ofzls n & B d
o jlsoj?2. l i3j Mists Ists@ ts, Yylsser fjtoj M dzOls
Bl Jd3 HOdzdzg" = MOLEZ ftojHMISOO dzv j Isfyw €
f steyd? H Odzdz’ -, nlcOdv h d r MW zO tslsH ] &
Bl j HJdzj dzdzr 7 dzday dlaztsids? §f GOQ dzts o t52 md Mmis |
tcj Odzd L z jJRedgee hC@dstster 2 ftoj HY sdzOcOjIs f 5
FLdzets d dr SCSBdhdzdHOyde. t(JjLEzd Ol dit

vOCddi tBKOLBAR OMMBslstej o dzj S Blsts
ftosctcORBRZd totso Odzed W , d3ts ¥ dats fMH j dzO s )
Yd dzj MstsB e OL dzts IEHHA. § te @d3jsdef dz@UDA thtslsidy ddis O o3
ftoesmMlss?2 MfsmMtse ©WOLtOBBISSE d, fsSHHJ Y C(
B telzHts9 Odzd j tsls dzd ydzs s IBVIDBA] §f Olst® Is dizO & dzb
MisteOlsj cdj? B OWDASS iiEmteftipiiizd, j O L Olsj &3,
Hiclz Al HOdzdzsd3 f sfMse dd GMdetse dats j CUDAz] d30
1 sdzd di30 dzd Istse 5, GPLE P CUDA @ ests Is & pidsf Iis O df dgdsh Is
tcj] OdzdL s9 Ols! 1 WWjCIlsdodz J f OtcOdzdzj dz' dz |
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sMtse j dzdesMisd Htelz ¢ d APl a dzi s §f ©ObctOszdafzjds 'df -
1 EZlIs¢ sls tHddsH SissydOPE H §f to didetsy] Jj dzdiats ¢ teiz(
Bdzts ¢ s s ts Y dats ¢ 5 GHUe dsdptis O jfddriggztedeg@n j dz. [ O |
MsB O] s f! fted i3j DA ‘o IsjCHdrtzstEy D dj #d3, I
sjstejlsdui MSdr thdses ®dhtetsf slstsydss? tcO)
B dzOMIsd ddeW sted3sOydsdzedz’ = Isj mn desdzse.d s,
L Issd3 MdzjHEzjls {tsuzfdaPls 'f,0tc Qddg] dzdzs e s
OB O s fsflkzdvwicdsmis:  eor BEHJI] M
ftoed d3gd dzgv 4 3" 4 3 teOL dzd ydz' ~ Isj n desdztsce d y
[Hdsf slstsydz" | ftoeddztsy jdedw dzgO@ MmJj e HddaW h ¢
mMikh j Mot Ols; . Yybewr Isigles Bls otsMmistc] Bts9 O
Mo toj d3j dzdets s  te" dzl § , ftescteOBRBB Miskz dzj
f OtcOdzdzj dz! dets?2 tcOL tcOBtsIsCd, yYlsse' s jtcOl
ddett stedsOydtsdedz" =~ Isj ndzsdzsc d 2 .

Leowdud MSdd Ysyj s g intyjedd® ksd usje
ofmMw dsh! MEfjtcCtsikf! s IsjtcO By jls B Is! L
B dzOc s@GRUIGVYOL tcOB BIsyd ¢ Od3 dzj dzlzy dets B tsdz' h
f ts5dzlz yj ded W Hsfmiskzy O ¢ 56 tc Odzd U j dzdz’ o3
M jteC R s Isjtedzr n Yy dzls tc §6HA 10000 fitpls@OssHR
sBjMfjudls! Mmisj §sMmlsswddg 2 HEMskY §
1 tod d3j deGRlEdH dzv f Ote Odzdzj dz' dgr = o' yd mdzj dzd 2
sjrdtsdzsedyj MSd2 fHtotster 9, Ctslstster 2 L OC dz
M jteSC Ry s ilsjtocdgwn ClONAHBEdRSEd2 HA@

ssdzstetsdz) dzr j ot totsfyr

1.[Bi widzdlsj dzOdBSdzjj Mkh jMmise j dedz j
CEOWdujMStsets d yYjdsttOd dscts ffesyj Hnst

250Cd] o'H' OwodljClbkte HdY § Ot Odd
L dzOY Is §



37

3V jtejydmdzdilsj tMhdatse dzrtejOWidly@tfiys dirne. ©f destsy

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

5Jfdhdls Isdi dydzlz GPUGBWERClsjj SHszdiEdzo dzr j €
dzj 2 f tod Mislhfldwolas Isff 7 dzOL dzOyJ dzd j ?

6.1 dh dlsj thdseodr J "Oecd (tod {ac@dzdeiOd:
CUDA.

7.8 0CdJ ECubnfRehizh j mMBoa z¥ Is

B.aulzh jMmMlsolzjls dzd oL @3ty desMmis! dzOf d MO
dzj M¢C sdz' € d API: WiimeAsL f driver AP|?

0.l fdhdlsj otsL i3y dz" | ted M j dzdw H dzw
o ydmdzdilsj dz' WS & Heg' RO g3 5 e qd3zM j Milse O-
e h Jdzd 2
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torrefsivArtr Arc 11 L1 t{@fONRRIC GPY

sl OMMDIA ftcj HMMIsOo Jd&zO dJdzlsj toj Mdelz © a3
i tots G tc O d3d3¢@c todS) deduisdzts o dSHVilatsindeinstruction multiple
datg, dzOL ' SAD @gingle program multiple datg. ClsO® d&tsHj dz
dzO My j ydodzdL dtctso Odadzts 2 Of f Otc Ols dzts 2 tc
f OtcOdzdz] dz' detse s ftesctcOBBJteso Odzgdw W o dzw j K
d Hddemlse j dzdats 2 dzdlICPDAY SldAdfSd) el did] wilg S ff
BdzsC d, dzQuarp blddk cizizgfid.

| Qo dzr B3 tslsdzd ydJ @3 f tc@E@Rits B d3dfdotists dc@afizg t
H dzZvCPU w 9 dzw j Is fyw Ztese j dz , Clstster 2 H s
oL OddiIsH j 2GPW o I s diiy d30 dz( | Otern dIsj ¢ BRUslz" -
fteddzydf tso f Otc Odzdzj dz' dztsG 5 ftosctcORBARJ tots
ML HO9OIs! fddztsy jddw M Isr mMwyoOdsd or" ydi
COC d ftesMmisr j GHdssltyds j §teddtsy j dedV

CIDAf teJ HY sdzOG OJIs dzOdzdydd dJteOtendd
tcOMh dqow jsly detefisls iz f esctcOBBRBIMISO o MW jtej
f OdzW Is+ & .

21z OB dztsdz"  OQtcOdzdzj dz! desets ff tetsE tc O

[ detsy jMlsoats GHsIsd] dzr = L OH Oy, o tsL
ftesctcOBBRdess Oded d Bsekls t©OMM&Olsteds O
(f Olslsj todgr ) . 1 4 M3 ®Ys | taldddz” Is o, to d ugls e ¢ IS
fteddztsy jdedw R, dzgjsBotsHdd 'k, yktssr (-
f Olsjtcdzso fsLotsdzw jls ftesetcOBBIMIskz OB
OsLotd"jlk &O2kd Btdjj ftsfss? d. ot
e iddy.L OHOY

Il dBjMisj M fO0LOdd] dL Bdsds o f tdctcOdBBO
Mdztsy dets M ls ¢ d otLddSdZzO djsBatSHJdBESMIS! )
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sj e z0F §OwOddj L 80 d S tsd ks dzls o
) e teOBBIMIs Hisdy jd §shstwydds fsdddls:
BsHjdj2 Sscdk0 shkh jfsodvjls s jEGPH]EE:s

2.1.11 Olsls fs fg dzts 0 Qiz@yz QdzO -~

S O) HMOL teOB s& gy d ¢ dzOAsf¢ dz' tcOL dzd y O+
MddzZs OC MMz d Mo s dzlz faorj ddémihite,dvhile, foredichs s ¢ © (
sOC Y tdd lsdazdyost sy 5 "0OSIsjtkz L Oc¢

1 OodMmd d3gtsmisi4 Iofds jWteCiyjddad J , S tSGHO tsSH AzO
SlssHdets?2 ddzd dgj M sdzr €dr HtjHr HEM R . ]
dLBOadls: v s OSdr LOsadmddtsmilsj 2, Is
f OtcOdzdzj dz' dzf » Odkzestedlsdise. [ Mdzd daj BEHO
dlsj teOyd?2, sts Odzesstedilsds tcOL B ( 4 & fdsAn w Is f
f OtcOdzdzj dz' dets. t jLEzdz sO dL BdZECO 0 L Ol
Is. H.

1 Olsj tedz, tsMmdese Odzdz" 2 dzO dIsj tOyYdw n,
f Olslsj tcdzts o H dzw f Otc Odzdzj dz! dzts G s f totsG to
dlsj tOydsdeds” = L Oo d Mfigflsits MsfHB O l4f fitets ¢ s © dzzY
sSBicOL B3 tcOL H J dzd Is oMy dzdztsy J Miso 5 (
or ydmazdlsjdzv dizd. v OS] wWOLHJjdzjded] HtesdlL
oLOd®BBsH]2MIsead” RBIYHE orf ydmdzdlsj dzv &i3d
odzzlstej dzdzd » 6 Mz M e Mg gdzd §j tc OGRUJ dzv
C1hdq,L2,L3dz@PY) . |1 LOddssH j2Misadj 3 Mdezo dzO
Istclz H dzts iy Is ¢ d yOfmlss d d3gj dzdets  boRlenech o dz'ic i k
6 OdzdL Oydd d fwsjSlsdese Odedd MmdMmlsg d3.

10 BdzjJ o' MBSty Iz tctsm Ady H AQE SEIf dze af
Csdzdyd Mlseoj HtMiskydr = o ydmdzdls CBL§i 2 Ists1 d
yd muasmiszf dzr = Of f OtcOlsdz" = f Blsts§ ts9GPUzts G ©
ydmdzs fslstsCtsor n  dggMz' sl dgdztisyy jj dgdigtis jo s elz0 o
ZOGtlzL C ZSMiSH dzis @ thedzs o3 Mdzz yO4  d3’ s j tod tol
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wdLdud MEddBd kst oRd. 1 0ftddite, da &t
fsHHjteydo Ols! Btsdzj J] BHdosEt dztsdCPu( )< dz.c
hypethreading . JteOWdyd mMSdJd ftesyJ MMste©® L Of Lk
Sisj dz' s BEMistslse jlsMise j dadets .o ff dzOdzd tetso O
Eydlsr 9 Ols! ftetsyyj MMmr ) Cdzd yd MmBM jdzO { te
BOC M BOdz! detsj] CtsdzdyjMmlsots B zBU tso, § SHH

RMftsdz! L soOdzedj BEtdzj ] BHdSet kst O
fsLosdzV jls BOSCHdBIL Jtctseo Ols ftosf mM¢ dzlz ¥
Isj ed3d dzO~ o " f tsdzdeJ dzd Vv toj Odz! dzf = t©€OBBIS |
o' ff sdzdaw jdid BSEOCHffjj e Oydd ¢ 0 ftosdmMrsHdlIs
dqdzd tejLlzdz' Ol oy pieOYyd OB HPIgAf{dzd o tc
fsCOLOj dzvd3d §dzjLdets fted OdzOdzdL § L (
Edzz yh dls! " O0OtOSIjtedMmisdSd {fGPY tcj OdzdL Oyc

YIsts COMPY, Is mis ts Ctsdzd yj Miso ts fslstsC ts¢
ftesdLotHdIs] dz' detsfls! ¢, fHtoduy) gzdzf @sfips s§ ok
¢ ko j dzd ud dzdits j fizs ath stz " J deflse § Mmdzz yj o
Yyomstsdzz  jte Cadz¢ ygdeds Cwsdzlsy SMisO § tod dzts»
vOSts) Yoo jHjddy dBRidlb Stdsdudmis]
fesfzmM¢ Odzdwy f OdBW Isd

sO0Cdd3 tBto@B'wEz tcdidis O JIshHEEigko 2z N
Moo tc] d3d dedztsdz  IsOY 4§ , GHUE dzts B dz@®fdsd O Y By @
1t eOSIsdyud MSd oMmdcHO, f@&PY), totg O el s IsSty@ He
tcOLBJdo Ols! dMmMrtHde j] HOdgdz" | dzO dgj Btsdz! N
Fydls'eodislstej dzdzdy d odzj hdedJ ydedzr m vyd d

1 OCPUsSHdzd d3 d L fsSHAatSHBOe WwWodzw jlsfqw o
yqdsdaztse, BkOEC C0O¢C Codzdyj Mot Yol
dzts Istsdz €5 9 MdzEyoOjJ dzgj L Oodmddismisd dlsJ t

1 GGPUo dzlz Istc j dzdBR " wdftE dac jisOdzd L 2 Isfqw o o (
SHdd BdzsSj. 1 IOSCtd MdazEyoO) Motz f dtot
ctezffr fftbtsitse, Ctbterj §dzkzyOtls HBMIs
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fOkYIsd. Clts Lo BdY | ko @pdisl dish c@PAzS 6
fsB?2 odgjhded?2 yYdS oz fejHMmlsOodew jlsmw ¢ OF

{ O dslsedd SOCY] SOCdd SBLOLSAE B
fedojHjd o §OwLOdL d dzs WYstdkz, O kO
odzj N dzdj yYdSdzr . (OMMislsedd Odcttdlsd
fof 8dzOc O Is o ff sdzdzj dzd §f d § 1) XutePdRlr{IQtc jo dadsdi2:
d oHtd SNy (efddjSrfitgdd). 2 Yy S dz Odedzts &5 ) dzlz Y C
fc]j SBEOLBO Ol! yqdSdz, jHY el Eo sSH dets @3
BOMMmde . dlsjste@fPEdL o sua®Hs fydzts Is d i dgizakiddzls O d3c
fd¢md.dzv i3d

2.1.21 Ols IsHotk/ptan

1 Olsls jokhigin 7 + stsB N j ff tod tiz2OB'dB dztc s d3" " dzy dzdh
f totsG tc O BBJHes@IOCdEs[,d + ssls iBj ssH § sMmistesj dzd
Ylsts ftosctcOBBO tcOLBJdoOo OjIsmw dzO tslsH j dz' dz
weo dzw j Isfpw f Otc ©Odzdzj dz' dz" d3q Bdzts ¢ Od3(d , 0]
Mddemrtetsdzd L Oydd  OtcOdzdzj dzd de'tsf tog H I &2 dzdrter
fsmdzj HE9 OlIsj dz' dzse s S BHO o9Mmlstej Yyor Ismw  kzy
Bsckzls BT Is! tcOMY tcj Hj dzj dz’ s dzj MG sdz! ¢
ftosdtcOBBO c¢ctoOMAatsHdIsMwe dzO dgj MEtsdz Cts
Il 7" ftsdzdzj dzdy f OtcOdzdzj dz! dzsc 5 fia g is§ O L @ Is]
LOo jteh jdedd o7 ydmdzj dzd 2, ftesdmMrHdl
] sHtsB dzts fso jHJ ded Bsy dets o OpermMPls + 6 HY jt
f OtcOdzdzj dz' dz" | Eyomed ftescteORBB HBOwLS d ok
Hdtej SIsde Odzd .

1 Otcd Mz sC OL Odz0 tyj tojdaj d3j dzls s 81 O de@itz
ftod d3sd toJ 2Oz HtsMisk{ ds Istc qCPW d dgdf M dzdf Is Ok
tejLlzdz sOIsj f tcd fyk/ideg eddgw  fiprHE Hsdg@v tsyJ toj H
sted (6 udmdzz o' ydmdzdlsj dzj 2) dzjL OadMmdc
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t d fn z2i4s Eork/join pattern

S Oy HOW syjtcj H' sBtcOB OIS 9 Oj Isfyw dzj L
LOf dMmr 9 O] Isfyw 9 s tc HJ dzj dadzts § B Mists
ftedd3j dzgj dz2dj HY dzdesets f OllsjtcdzO toj OdzdL 2z
tcOLBdjdedw HOdzdz" . Clts L dzOydlsqtcyjsls uf &
NftslssCtso d ©OLHjddls dMmrtsHd 2 d&OMWde
fslssCOdRd. | {f tots ygkipmjo sa sty datzj dadivs 2 Oy d d
fslssCd Oodes dzOctclzy jdzg@ d o' §f sdzdzj dad j e
Yyohj eoefmMjet otcj d3sls o zP s dedgjHded dztc DB f Otc O
slsdzd yo,j lsfw .

vO0Cdd3 tBE@UE tBSE HBEOBRBIMIsT d teOL dzd Ydz
BdBddtslsjSd dmMitsd Lkt ¢teoddyj dadzsj
HsMiskf dzr - ) o dHJ dzO B 5 GRY s o ty Yzls i) Mise dzv
Iswy j dztse j fdz fdgxfj, H flss dgOc O Is o MsC dj dzOC dzO
zddulstsy jddd d bBPE@IaAEEOLMEHYT sd' L 2]
B - OdaAff g diffots Is 5 Ctals ster 2 L otsdzY jIs HJdz0d3cC
ZOctkzL S d3dj yHEZ Iwyjdtse jMmde di3d f slsts$ Od3c
sydted H].

1 OGPUMENM jMlsezs Is Htckc dijnt stddz u dzts figling o
Isr mMwyd (Mlsded s Mwvy) olsitses. RrRMfd L



43
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BdzsC o flsCtso. SOy AGBsEES CHd LENHESL
fslssCtse. [ BIQA siltaQdyjslotsO {f slstsC s o B AZC
f OtcOdzdzj dz! dzgts L Off I ffgY @z} dzflsin W B dets SLDwo, d i A3ts fr
tcOMMdiEOIs tc GRUO j d3ts G 5

1 Ols Isfgprigioin yOMmists f ted d3j dzv 4 Isfmw ,mwj fiifdtc jLHQjt
misj ¢ Jj dz f OtcOdzdzj dzd L B3O L OHOYd. 1 Of ted d3y
Hsfisdy jdedd Mmdzj Hizeh j2 o jtehdder Odzetstedls
tejBjtc d Odzetstedlsdz IstcjBlzjlsmw HJdOB]Y
fsksCtss HA& fhsoitsHOR | ZOfds®s dzj dzd?
ftej H sdzOGOj d3r 2 Hkls' Hftos2Hjdz BlsS dBE
fslssC o) .

[ Odzdz" 2 § Olslsjtedz dzj § BSHH] tcHRU OJsIOfW €
cteOWdui MSd2 ftesyj mMimste fted LOYfEME) WEkd
BdzsC s o foslEsksC j o € Oy jldls oLjdz@Qiu) taigrjdyj Istt
[ S sdzdzdIsj dzt dz" | Y tslstsCd dzgj d3tsc kzdevices ™ 1O
Bsckzls BT Is! d dzd y d O dzdhogf tc ts50@Xdef d3 IsBdiz LSS dF
fork/jointc ] Odzd L EGPREiss MizPH Miso sd3 dzj s &2 S A 5¢
WHicO (WEdSydd, GPUYf cdEd@)iHicsR? 0 (st
dzj LOadMmddzr 2 Ctsdzlsj SMis. tokzedd3 o Oted Odzls |
ddzd s sohpstg dzd P EME | H Y dzdzdesigedy Oldzdats j v
tcjhjdedj t©OBBISOjIls WHPUET e CEBHesd Bz Iso
MsOlsdud M& d2 § OGOy d&éplegct tc ] H s Odxisia] QRO
¢ B dzy § fHydddzO i3d of jORCOt2dzj dzd L d3

l dzzlsted tslsH j dz¢ dzts ¢ ©PWBHABEEISAr f dss Is teCOm odzddr@
Hdz? oL OddiBsHj2Mlsoady BjyHE tfiolis®@@BG O &
HOdzdzr = ddzd dL d3gj dzgj degdV fHtedstedlsjstses f tsist
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2.1.31 Ols IsTiliwgdgrids

} sHatsH M § €YRAY dejddedelidsj dedd o fjn~ o yd
stcj BEZJ Is, Ylstse tcOLOBESIsYyds t©WOLBdd {f
o ydmadzdls j dz' dz' =~ L OH O\Y. 1 sdz b dziyls e ts i
fsHsBdZEY L OHOYk 9 Issd3 dqdzd ddztsdz 9 dH J .
Yj dZsteOn OB O R dMmdzdilsj dz dz2" § MmdMmisj B Hd
BBsHjdzd ttOLBdO OB Isw dzO Isr mMwyd B AzZsE s9,
ftctse tc ©Od3A3" ZzO tlsHjd dzsds o' ydgmdzdlsj dz' dz
ftodmbkzlsmlsezs h j d3 ) o' ydmdzdls j dz¢ dzts o3 Mk
tc @ tc O dzdzj dzd 9 O dzd W sB ZzZOH O] Is mMikzh j Mise j &
BOMh sOBJteso Odzd ] toj OdzdL jIsmw yd dz2 ¢ tot

sdmlsj d3' , ts fl dzGPUOHEzZYz gz ddPts - 5y dz0 Mm
Bzdz' sdftesyd Mmstedz” § MdMmisj d3" , 5 dzats SND dzdz’
W dzw j lsfmww Isfg Qi sEs ey Msesd, Mfsmss
Bdzs@tsdstsC s, BM ydets 256 ddzd SHL DS zsig s &
GPU ( dimf sdz? L 2j Is tcOL HJj dzv¥v ] A3z © G diztsB O
J Hd dzMis o jGRU BY s § dz sBtcOBOIs" 9 Ols H
ftesdL o 5H d I83judz destHH680).

1dCso0Ovw ftesdLotsHdIlsj dz detsyls: o toj Odz
f tod d3j dzj dzd MfdydoOd dF@ &3 BEOLdE dOf
ftesdLoBHdI ] dz' datsfls dzf bkydlsr a0jls 1OGCd
f Odsw Isd , RZzO Crilstste’ ¥ 1JOIS s@Usd off GjtdChpty | Isststs jf
ftoesdLotHdIs] dz/ datsfls! . [ sfilsdy J dzd § o MsC
f ZzOW tstedzy Htoj Hf sSdZOGOjIs ~tstesh jj § tsdzd o3
Of f OtcOls dzts 2 yofmisd d f sdzd &3O dzd J iHe Iz
tc OMY Otc O dzdijonkzdrrer®ydfd jtc OL d3j M J dafgplityy O dzdz" =~ (

l esBdz B3O tcOMY OtcOdzdzy dzd 9o Odzd v f ted Mz Is
LOHOYO~A. [ dzw IsJ ~ cOL OB tSIsyds so, Ctsls
f smdzy HS9 Olsj dz' dzf d3 & BSH 503, sftej HY dzd Is!

Is tc Iz HTilaEY-d3ts H jidz!s s ftesMmists?2 Y tSHAtSH Hddzv tojh
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I ydmdzd s j dz' dzlz © ftoesBdz Bz MdzjHEzjls t©OM
f dzsfm¢C Ow MstckzCIskztc© sBicOB OIS 9 Oj 3" ~ H
ftotsMmistcOdzMmilso O. [ dzv st n~ 3 tc dzxRO B IS@H B s
fsCtcr o O tolsitdss ] f tesMistcOdzgmiso s L OH Oy .

U jrndesd@WDA BB M jyudaOjls ftesmistsy o]
MdlsCd. 1 dv MmkhjMmse jdzdzsets Ctsdzd yd Mlse O
it OLtOB Isyd¢ dzd dzd 2 dzts tcOMftcj HY dzW j Is tc C
LWWiSClsdoder d3 3d - Pzl dzikzdz' OdE s o ftod
Is j » dzts @B0Ad d

t OLtOBBISYdS By dls dz2OL d&zSMJ Isd Bt j B
16SMs(o j 6 s SMAEEGRE tOMmMf OtcOdzdzj dzd ©@ Odzdj H TS
i1lss Aatttesh d?2 tjLEzd IsOIs. 10 ftcOoCdsd ¢ j
Csdzdyj Msots L dzj di3gj dzlsse  © BAZBSC ] HBW 12¢
fsLodzdls! EZftcOodzWils! cEtStcOLHB Btsdz M dd3
H Odzdz" - .

21.4) Olslsjtcdz ¢ctcOL H j dwideandcongudgOmise 2 e (

1 Ols Is jdigdizandconquer ff tc j H dz2OL dzOtq @ dzB dHj ddzd W B
or ydmdzdlsj dz' dg' » L OHOVY dO dzjstsd hdj MM
or fsdzdgw Is! v § OtcOdzdzj dzt dets. 11 f sdzdzw J 3" §
mi Sydd, fsLosdzvels tojh Ols! G S0 sty j )iz
dzO B dz¥ Hf @Qdgj! dzyddifle-andconque o tcj Skztemdd. B izdcts®R
Motelsd asmEdfat tcd i3] sz stcdlsdz toj Ctcfmd o «
dfMmnr SHdzlz 8 o' Btstellz 1 dzj &3] dzlstse  dzO H o j§ 1
1 dzj d3j delstsds d ftsmdzy Gf stcdsets 1 dzj d3j dzls O.
Holzm 1 dzj dBjlcidlotsiad,o O dednwi d  j ted MIsOo dzw s Is

I sdzt hJdemlseo s tj SktemMdoder » Odzested s d3ts e
dlsjtcOlsdode | dBHjE, Skt j, o GRISEH
sO¢ COC tded mttesh 5 { sIGRWKINYG-BSE j gzdhls j Mis €
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2211 slsts¢ d

]l slsis€lsts tsmdzso dzOW jHJddzed yoO f Ote Odzdzj dz
f o6 tc OBPBGHHICHEOSdZy dz' B Is! L dz2OSsd3r M HO
MlsOdz¢ d & ©dzd My l ttOLOBSISE?2 ftotsctcOBHR
HOXY 4 JMmdzd o dzd € s G 3@t aiAg W HigjGa dE QjB Offsts t5 Ot
ssydets f dMOdzd S H, MsmMsswhd2 dL GlsHj dz

4 ©OLodlsdjawy efotfissh! BdWH]d ~ syl
L dzOyJ dzd § sBtcj sOj Is CoOdzdW s Oydw i tofsc
dmMfsdz’ L s9 Ols! fsHtsBde § Of f OteOlsdz” § mdMm
Jhy dgmitd € HiMwisdd) sd2 § izZHdzPHis @5 L
f tctsG tc ©d3d, sO¢ C0O¢ dai MmMbkh jMmlsotseo Odzs O
o' ydmdzdilsj dzj 2.

ljLEmMdzseodats, o' HBdzydze" B'" dzd fdzr h OlsH
Cslstste’ j Hsdzy dz" Br dzd HBfMisdc dzlzls- or mts
HzB dzdtctso Odzed VW kOO tc Ods dz'tf Ac d d&3j dzj dazd W Isr
mMiteojtese, HtdHw dzO MmMd3j dzgz € dzOMmIsj O3 d
SRy *sjtetse. uvjd dzfj Bjdzjd, Ged B dad o
tcOMf tetsMistcOdzj dets o ZzOB stcOlssted v n z dzd o |
OzHdbtstcdflsgPL B6O.

1 jtoj MstetsdIls! MmMeots] ML dzOdedj dzO d3r " dzj
HsMIsOIssydzs Mdztsy dzts. | BOLHB ftotsh j tc
mMkzh jmMlseo so Oded W J Hd dzgfyls o | dzdats 2 L OHOYd.
ftoesetcORBBJteso Odzdw ff sw o d dzd M- o B tf GeERtizls €
o jdzdyde OdzO0O mMEtstesmlis! fsylsd © H9oa O tOL
f OtcOdzdzj dz' dz' » ftesctcORBB o 1 Ists o tc jdak'ls d gzi
dzOL OH mMdlskzoydw dL d3j dzd czO My d Md 2 yC
ftesdLotHdIsj dz detsfls d f tcd disoycfjlolzd 2 o Istelg jgt
f OtcOdzdzj dz' dzesets ftotsj CIsdtctso Oded W .
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] OtcOdzdzj dEPURtc fladf sdzf ¢ f jIs L Of 2ME dzj M
J Hd dzfls oCPUdzdzt=Sdis 5  Otc O dzdzj dzd L o5, tsfdets o O dzdz'
Cslstster j] Blsdzdyos sy o MsC 52 ddalsj deid o oz
Hy CtoHOdEgio adH B, dMytsd Lkt ls  OtcOdzdzj dzd
cOLHJEYVE IS NOmImB Y2, dzéHj SOy HOW yOmbl 9
HsMiszfdzr = wHjte ftesy) MMhste®. 1 Of tod d3j to,
COHELO, ftcd 1Ilstsdz SBtOBSISC Qlsfigy M ©dzO Uz
dzj L Oo d d 3ts . ORI Btsy dets  tBI j Hddzd IS
SBtcOBOIS" 9 Olsy HOdzdzr § § 85MJ 6 d3d dzls dzts .

1 OGPU ftedd3j dzv j Isfpw sty d?2 fHatsH
M stetsmisy @ffapjjded dec & B+ v Isjtcdz" = dGteOn
U B @ [ sydts fjtej mr dzOls! lsH JGEYHsz] |
sSBtOB OIS 90Is! tOL dzdydz" § YGHYlsd tHAdets ¢

Il Mdmlsj B3O0r M ddetsd hddz Ctddyd Mse s
oMmMlsOjls fJtesBdzj BO O degsdBj tcdetsets tOMY toj
ftosB dag@Istf tcg h BB NO®] dzj B sdzCPUsctE $isdaf
Csdzdyj Msotsdd fJtetsMmis' 7 oGPUYUd M| Icfsdzizy Is! 1
ftesmists, dzts f totsB dzj d3' otsL dzd & OB Is fted
stcc OdzdL Oydd oL OdhsHj2Misadw.

CPU Mftetsj CIsdtctsa Odz H dzw LOf EMC O C
Odze sted s d3d ud M¢ d CRUAMBY tdas L § s PatOoyOdz sOC d 3
o' fsdzdzW Is! BBdz "] CdPUFBEsSES]fFHB] B
Cslstster J dzf Mo w L GPidzO i3t ® B iz fipts @202 tc jtd j jdzd .
Bsc kzls BI Is tcOLBdIsT dzO Isr v yd dzj ¢ €
o' fsdzdg" ¥ Isfw dzj L OCodMmdd3s. v d3 dzj d34 dad 4,
fSHAaBHWIS HdA&Y o f sdzdzgj dedw s j Oy tsdadz -
dzOL dzOyJ dzd v .

s 0Cddis SERUGCRUIB,SH H J toy d oSO Istc QfLtsdesdsy dz' d3
Il CPUtc ] OdzdL so Odzes dzj Bsdz! s Ctsdzdyd Mlse s
MdMmisj] &30 HBdzy dzO dMYf sdzdzv Is? L OH OyYd dzt B tsSG
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ftsojHJddW, tcj OdzdL so Odets BTN Mistetsy  Jj tog ¢
Codzls § € fids) dDIstcOIs dzOW sf jteOydw, Mo w L Odz
otsMmMmlsOdeso dzj ded j &3 MtsH jJ ey B to] cEPYstcts
sOC Y J fsSHHjteydoaOjls Ctdalsj € Mls, dzts B C
tej edMmilstetso O ddesy jMlsotsds B Oz ts9 tcd G
tcj Odzd LLEQ Isfipyj Is Mmd3j dzr BORE O tjcecdMmlstese,
tej OdzdL Oydw MBrteOdzj dzedWw d RAMsMMIs Odzts o dzj dac

g dfMmlsj dgr , ts ) dzt€BUD dzdadP\j), deds OdzC d o O8 Ismw
ScteOded yJ dzd 2 . Clsd BcteOdzed Y ded V-9 " frpatsVHLED dz
sBtcOh j dzd W d3d. CPU tdfjCairdladz j Is H Odzdz | s jtc
Csdzlsj € MisO.

ltced HBMSOLtsydktsds S sdzdyjmlsej L OHOY d
BzHjIls HMISOIs sydzts fipdgdW jd&j ldsd eHdetiAs Ols sy dzts 6 5
YlstsB ' Hjtey Ols! i s Yty dg M B iz dzi) MOz Is y Q figds(
ftesfis Od oOfpdzdf 5 dzdeyjidg MV s d3 dydetse s  d3d dz€ d -
BizsC dtctsoa C O f sMmdzj Bl IR ' § Pis( s HIARB
ftoesyj Mmipisjcls IstcOIlsd Is Bsdz! M IzedzQuol)s? dzsfmpdts
Csdzlsj EMIsO d tsyjda tedfd drtsizd gdsdfpls@iidzfy §f dzO dzd t
otcj ) dzd OB Usjlsidnjts@ad? L yOFHgEs dzO0 thdatse j
o tgJ d3d dzd , Hjdzvw otej W fwototsodzz By HE (s
fsstsCtse ko jdzdyde Oj v ¢ Of 652 ) kB dzs g § 5S¢
34 dzrdh j4 W W S Is dupdddiEcids' ff B@zdiidstg ts

10w dud MSdd M sy § ighsas® Pezizde) ded ¥ 6 d
fp Btsd "dB3 Ctddyl Mo sk e ydg Gt
Yyofmlssilss?2 . [sthdgsd'O d®P WzO0 § O tc @ dadizjj dzdso djs J
sdz0 dzlzy B G ldfiywyd f st I B e | CHis o dztf s H jod@'B
ftej Hf SAZOG O] Is, Yylss tjhO0j &3O L OHOYO
o' YydmazdisPplzg &. tsB tcOUf teds,c tc ®dgdz® P ) ldsofdgigiGsy d
o' BstgfALd f Odgtzesdf dH @jils Zdz' IsOIls o1 yd mdzj dzd v
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or ydmdzd ls j dz¢ dz" CTPU9H jiftés dadatzl® ldste i .H d dzfmils 0 j dzdz'
fesdL gueddf)lse j dzdzlz s JOydys dzOH J Hd dzfml
sOCRUtc OB tsIsOjIs o § OtcOdzdzj dz! desdz tej y dadzd
or f sdzdgw j Isfqpw 32 o SMId @dzjsdE s te Hededizg dzd .
Ud " 6 nCt6Olsdesds 2o dzdud ded d o " y dtdfpiiclsd)dd
BdzesectsWH jtodetsMmisd 5 MicOodzj dzdé M Isd§ d ydz

1 d L lzmdzts oGl te tydstdsO d3d3” Bsckzls L OHJ2MIse
WHicO d dMmftsdz L tso Ols! MMXQIPEGARY .dzd@RIs BOS  J
fsHHjtydoOjl Mfjydoddiaigtsd Okl i s fiyly dida
Bdzd L €I €zOL ' ot LdRizjs dfWOjdg@sarednemory.1 © H O dzdzt
Isj rdzsdzse dd thHdzseo Odzs oL Od dzsH GRUMIse dJ  d3d

2.22[ tSH jddn § ts dzdgy eztEWDA

] s H j dzd JAUDES fiztlzg figf K iseo e Is HoO9 O 9 O (
1 joatsy : CNetztf 4 t5 € tdoLr = ff B y jofPB stst®Os Is( o M
tod Y dd3 RM.2 ) , Is. J . Md der totsdzdets o f tsdzdzw ¢ &
tcOL dzf d3d 1 dzj d3d dzls O3 H Odzdz" - .

Instruction:

Instruction

Instructiong

L

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

SMO

{ IMEAAS S d dzh etsdzdats § o ' f tsdzdz dzd |
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l sstcOwv tsMmtsB jJ dzdztsmils: L OC dzt yoOJjIlsmw o s
foivisd eiMfijudeOjls JwLOSKdUIMEd dziz-
Ctsdzlsj € Mis 5 GPU IS HIsjtdtalgd 8 Oj Is Btsdz! " 5] € 5dzd
or fsdzdew j 3" » Y BSlstsCtso .

vt te! tcOMmMdB3sisted A3, ZOYBFEIs € 15 dz% g Hzdzts;
o' fsdzdzj dedj dJdemlstczS yd2¢e. s Oy HOW ddzMmlistck
2O tslsH PR ddz ISM.d 1 tod 1 StSHBEPHzE’ BLOMMBOIS to
SlsHjd dz 2 HNeEBBWOIBYstE M

[BT ydzr 2 ftesyj mMimste f csdzizyOj lsizv s $HOp MR &
WHO. [GBY PREIDf tc j Hf SdZOG O jIs itttk I
COYHBBKR e dyd MSda o ydmdzdIlsj dz' dzr 7 B
dzi sBrtsHdBO st M dzO1/N it tsthisfg Ualztds @ ) fot&
B’ Yydesets ftosyj MtstcO. (Pl (el ] sQF
d &gIMD-Otcr dIsj CSlskter , tcj OdzdL s Odzedz | ot 3

[ OmMmisisted 3 §ted d3j 6

void some_funci{void)
I

int i:

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

alil = blil * c[il;
'
|

Clsts ftosMlsts?2 ftedd3jtc dMrsHdses CSHO
o CIsteso, HBMEY ¢ 1 dzj B dels O3 E sk ts ¢ t
tc ] Odzd128a]jldsj e Oyd?2 (tsls 0 Hts 127). 1 Isjte
By Jls o] sBtcOL s Ols yqdqeédz o 128 BIlsHj
or fsdzdzedls Istsdzt €5 BHdzz MlstesS 2

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

v 0C 5§ fsoJHJ dd o L di3tsy dats, Is. €. s
disd wtOydwad ydqipeazyoj §isjSEHe oL 50 Odzd |
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f totsc tc ©d3A3" C fOtcOdzdzj dz detscdsze o dHE HEsMIs
sfdetse Odadz” 2 @ dzO0 yd ¢ dzO~r , d tmdese dzts?2 d3j
f Otc Odzdzj dz' dz" ~Ope®h d tcj dzd 2

10 yjbrtejrWHjtodzr = f tesyj Mfipl tc QRdzGasHaLdC
Yd srtey tsHjd dZ f BESCO, CBEHO WH8BIS
WHictd 326 3, WH®SM 53 WwHRK 27 . 14 SBlstster §
Qo lssizOIsd yd M d o' f sdzdgv & Is sO¢C z8 Istc O C
fesdLesHdlsMY o s slsm jaisiin seddal) Cfis B 6 @
s sl d dzvineHs Misd e dzd © HOdzdesdz dzOff tc O dzj dzc
vsO0Cd] SCtBfddwistster ftodd3d dzv ¢ ISSEC suz@wizH B
oJClststedL Oydd ydedzse m dhmyisd L seo Odzd j d3
Hdzv tc OfMifdotErdr]  tesyj Mtse . vsO0Cdd3 BBtC
f OteOdzdzy dzd L d&3O, ybsts dzgj ByJ dz@ GRUdzd yO4 s

) Isj -~ dztsQUBA 6 j SBtcOL 59 Odzd | yqds dazd o
ftesdLoBHdIsMw L O Mmyd Iskefnd kerné&fdadgtivn ¥ z 2% 1g ¢ ¢
B Jls or f sdzdgw IsGAYY ldgp dz'dssg j OB ICPU o f tdz

]l CUDAY sfndzj His9 Olsj dz! dzr 2 CRH gt adzs jols
ftesdLoejMmisd orf MsSts ddzsGRUMptdgd § dzOa " o Of
o fsdzdz] GRJY] dWdOtSB'™ L OHJj2Mlsotseo Ols: dgdzor -
sB tc QGRIg ' Mis zfif OfF jsts B to @ Lydfrinddzd Isfy tsitf telxs wizj ndgvs te t
CPU T Odz' " j CARYAded] Hf sdzOc Odzd dMmYf sdz' L s9 Odzqd
Msftesyy Mmstecseo Hdzv o' ydmdzj dzgd?2 M § &z0e O
ftej Hf sdzZOcOdzd o' ftsczdzj dzdj BtSdz' htsets € sdz
ydmazozsdq M ¢ &zOe O h j 2 Istsysts?, tc OB ts5ls ©dzd
thdzOh jdzgder = OSCddi3d Msftesy MMstcORBd. v OS
f Mtseotc] dGPUzdz'sigelf  tedd3d deg¥ s IsfqWw HdzW EMS Gt
or ydmdzy dzed?2 o fJtesctcOBRBOA .

ANzdz2Cydvw wHEO, WOCIsdyud mM¢d, W dzw j Is
dzd C OCsets yd§< dz@zS yglo'j w@inged®R .sfacj H j dzw j Isfpyw
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_alobal__ void some_kernel|_func{int * const a. const int * const b, const int * const C}
|

alil = b[il * c[il:
\

J sOCts?2 tj OdzdL Oydd lsmizlsMmlseakzjls Y
YydSiczO s 0C 3 j f sw o dzwgiolsain e fttdf jtaVjoHSjfirizj dzd W L
sftcjHjdzjdd] ESOLTr 90jls SCodf ddvisstBGRY ylk
OjdzHCERY, d yYlsts HOdzdz" 2 S SHCPUOSEHEHMNQ@IsMW o dH

CPU d GPU dd3j ¢ Is HsMmiskz ¢ tcOL dz" d3 sl
ftesMistcOdzmiso Od3, Is. j .GPdstiz® M o P s O di jslfts (
stftcjHJ dzjCADE 851 jJo d dzOtsBBStesls. | Odzdets] Gt
tc Odgtls tof theisyf PMMdoer , tsB ICPWIdKHAGAZ dzj o &EWH d d3r
CtSHJ . [ dzv tjhjdedw HOdzdes?2 1 totsB dzjGRU, dzj
My dese Ola'b dagm e tc Ols d CRizle 2 § PERISIS d Ols §
fitejHOb! o COYjmbeoj fOLOGBHOEWIsS Y BE&EH(
tOL B "Njdgr btejBly BB j &OMMder . 1 sMdzj
dzj sBrtsHd B MC s dtocts GOUss  tist jdt®OMldsd o @R d3W tfs(
t Of M d3ts ldsthiztf bigdzj H ts o Ous jj A iftasd)d §

l sstets] BEtcOded yj dzd j ,  C ol Htcrvidg tsilps ts
slsfikzislse dj didgH j SEiOH jukf CLd@f ¢ Olk: 128 4
WHi O d0O 128 {tlststOn, dets o fj tded BEHL
BOMmMd e t€BDA sBjMfjuyudeaOjls tcOL teOB sIsyd¢
syt H]dgdeds" i3d  Jtoj d3j dede” IASSSHH J da
FCOL Odzd JqHjdzIsdW S Ottc® SCOYHBGEt (sis
dmf sdz L s OIls! Hdzw or ydgmdzj dedvw ddzn j € MO H
ZO Isj mdesdztsc d ¥ , MPf-fotd tH3d td® gl s, aC SGH O dHJ
Bsy des L dzOIs! Mmydij\2d. O dr dddtsRic ey s § BSists
YjtejL Myjydode dzks ftekSbktelz. wdzizyjs
dzOL ' o thrpdsliips OC dd3 B OL sd3,  sdZEyOj ¥ ¢ H

_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 fteOCIsdC) kst d mMectkzff dqtetso Odz'l o
ftod H] ZOGEIBPEKE S22 sSlIssCd MddzmtetsdzdL Jqetso Odz
o Otcf @agy. v ts Jwaari't sts el © dL 3 2hdffweiptsC 5
itIss ctezdf §© dL 16 {lssCtse.

l dzOh jd&3 feddzjtej 128 1 silstsC tseawarptzts 23s2
feslssCO o € O HAYA3. 9 "Iydidpdzj2dzd?2ls o j Mm! dzO B
orftsdzdzj dedj, SCOYHT™2 bt fodkkzyOjls dH
LOf O doOjIls HOdzdzr § (B8 it HJ dzj dgRY d3iz
(tem.3) . sz Hize h OW  ddzmistezC ydw o' § s dzda®
i tc didifiids o s 9 O dzd sB O sif J cOdzH O, f 1 Ists
ftiodtsmMisOdzOo dzdo Oj Ismw. 1 tdtsmMisOdzOo dzd o O] Isfi
ftcd GCRUYdggted C dz6 yO jIsmw dzO o' § sdzdzj dzdj H e

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

{ ME2BEC sOf O

1 0 2. o dH dztswarplffsjstc FtEH®PIs o toywypldy
ftocsHisdzYy O Is o GHUs flztizs s s gy O j Is or {f tsdzdaw Is
mMetslse JIsMmisadd M H Odzdeepdz] &3 H Jodz'HYz IS BE @ § 91
( 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 iiz2iAs Cyclel

1 Of O do OW  H OdedzGRU d d 1o dzjf oyl d &  H d
f sfydzj Hise Ols j dz dzf 7. o Qslistis € isdgj dz'dPs@ jOskdtsB h j J
(otjdB" HiW loflsOf OBOIHY®§@edRY § Ot Ols
sftse j dedzBRils W dzd to j ListBdz! jIsi@lsld) dzd v H O dadzt © 3y Is
ftoj HisMIs Oo dzviy IsH Coolzdp togrfS ZHEzAf™ '\ jfdeesdts Cdste , €
sBi Jd3 HOdzgdz" » ftsLoBwaarpjls tsBJ M jydls! o jfi

1] fcktSd §ohmd f§odzyjdd dzj sBSGH
Golstsor HdW orf ftsdzdzj dzgdV Mmdzj HEze M dr Y § 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 Schedulingycle8

I'mfodzdede o@BRUYgBEESHI o ixdd3 Bxd
LOftesMO § §O&vIsd. 10jd o ©ftjHjdj dd
L Of totsh j dadzr 2 B dzts € H Odzdz" ~ gL f OV Is ( .
fsfmdzj Hiso Olsj dz' detsfls! otSLOowLON Oj g & | dzj Bj

ltcjHf sdzsy dd3, vyl fhjjteda ™ dzxO dedz dgd -Fatds L B
sscewalpl fjtjnsHdl o MmMehmsswddj cslsse dz
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SlsfizlsMmisokjls dmMYf sddapl @ B B0WOdYJ )¢ ds Y
tcjdd3 or ftsdzdgj dedv . 1 tsfMlsjtf jdedets ofyj L Ot
oy o0fo KLjfgBkzkslstse dshisd.

t OmMmMdislstcdd3 COCddz tsBtOL sd3 B XEDA s
sftej HY dzw j Is tc O MEhddndf jtsddef jL EwiL roC @ 9o Iss v is ts @
dzOd d3j detseo Odzed j W k& dz§ yGRU,r davr tots dzdsve JOZ2H tad@O
Mz HEE N 2 MddzsOC MdM:

kernel_furttion<<<num_blocks, num_threads>>>(paraml, paramz2, .)

lrTL s ftojHYfsdZOEGOjIs fjijtcjHOYz ¢ OtOd]
ddzls j toj Mder H Bu@ blogks d mizdf Fhreads GClsts dsclkzls
CsdzmisOdzlsr , IsO¢C d § jtoj d3d dedz” 4 . (4 § 5d3d dzt

1 Otc O 3pumtthreads 7 ¢ tsdzd yJ4 milse ts fslssC 59,
dMmyf sdzdgj dedv W HtO. Il HOdzdzs 3 f ted d3d tod L Is
yd ¢ dzo. v d3 daj d3j dzd J , mMh jMmMlsokjls @t
EmisOtcj oh JGPUY | 6 &@ -Mmtse tcj d3j dade” Ed3j 6] HHOGAY
seteOdzd yjdedj dzgj wodzw jlsmw f tetsB diji dses? ,ts HA
dL MOMr » L dzOydlsj dz! dz@f = BetcOded yd dzd?, oc

sdzj HzEh dd3 1 sOftsdz orLtSoa 0O WHiIKLO Wod
1 OtcOBJ Ister  d@sclzls BT Ist  fdjdmj HCOOHZM Is\Qidusjdzlz ©
L Ists tsftejH]jdzvjlsmw Csif ddvisttetsd. J fndz
COYHBSEBE YBIBCO orHjdvjlsmw jedmiste dzO
128 fsbtsCtse d Isted OO Istc® o WkdeS y
LOHj2Msd s Ols1 B%M tcFEdMistcO. SOy jlsmw, \
tcOMmissydlsj dz' dzts, dzts BRjcHOM l4s A g d&gO I 'ts, o
812t j c dMIstcOBRBEMO d S PY H BRdzd yj Mlsoe s BIdZ! N §
vts iMmis! Hted 12864zBIsETO PR FLeMirE By WglsiBFBS o0
fcslssCtse) .

vgd3 dzj d3j dzj 4 , LOf EMS H digg de® Y| dxtadOEz
tcjhjdedj, HOYJ JjMdzd Bsydets dMmf tsdz' L 59 Ols
LOftetsf CSMBp@agY Isd W OCIsduyj MSd ftotsMmisOde Ols
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ddels j demd o dg" = o' ydlgdiapd? 6dmMiusids dMmMistese
SO HOASLOCIsdS ], ddtsy J Mise s B dzsSME azvL O
LB GOddwY fttsmistsy o.

2231 &zs¢d d Mmik<d

10 MOBsd HJ dzji 15512 syg lsis CEGRPO dz6 Is 8 dzwy d
f OtcOdzdzj dz' dz" = dzdlIlsj 2 syHjde’ O EEs dfpfvm Ist
ftshdzj Hiso Ols j dz' detsG ts 1 to 5GP Gsd3 d3dutetasse Oaizd Y ts dzc
Isr Mwyd, HiMwisCd Isr mMwvy §OOdzdzj dz' dzr = -
Emistes?2 Mise 5.

[T Exd dOyodzd tOmMmdzOlstcdo Ols! § Otc O d3]
f SHiCOL HJ dsEROAts § ®lEenthigkdsitet sts § jteoar 2 f O
M j ydoOdz' dzr<R<>€ 5B ¢ O~

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

 Mdzd dL d3j dzd Is L Istsls fOtcOd3j ste 1
LOf EMS OGREZM odg@ Is W :

some_kernel_func<<< 228 >>>(a, b, c);

vOCts?2 eor LB ftde jH]Ils Gomekerfjekfim€ dz0 W [z
f OtcOdzdzj dz' dz' 7 sl B¢ @R =12868% [dstsizd Yty HiNdz® § 15, |
cOmMyJ Is f OtcOd3j Istc © thread ddexj SMOOCET
1 SBrtsHd B odzj Misd Wdzg HE&®SA ] dL d3d dzgj dzd

__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];

] HOddesdZ MdAzEyOj WHtets Bdd)j s fsskswjh
B dztsChioek) ( SCtbtsfgbhs tyjtejH! , twead.s ¢lstsC da
Bsckzls BT ls! HsY tsdzdzddsQ tedf rdzts te O3 2 j fEaPlsias O
warpdzOL " 9 Oj smw § sdzsMO.

AOSIsduj SMS dwarpizp df T, sOdetse dets?2 Mists
ftcd feccOBd@EPUsEOdkddL @PzMC Oj s MmjIsCC
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tcOMftcj H] dzv SMIhsMdg) Y e OMT @Y HEgdegsdzC d o
Hst sdzdzd Isj dz' dzts v Warg ®fiktdls dzpL 32 § tsf
fslssC s d warfrpj’ tfdddidge tegs i &pgle enstruction Multiple
Threack (SIMT),Ists J Mis! oMmj sl Gz zgf ™1 s difdizmnds lssfiz
CONHIRISBE o fsdzdgw jIs 1 Isk s jteOydy dzOH

10 REMHsCOLOZO L Osadmd d3smlis! By HE dz
f OtcOdzdzj dz' dets? st OBRBR EPUOY §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 wdLrduyjmisj i,
fesyd MnoO

1 dzsCd sl tse dzj L Oo U d ditis dtc @ Uusdgdf @ Hslis
BlzsC O o' f sdzdzv & Isfpw SM. { t@f. ) deQ~d3tsBipiggalytdclz |
B dzts C &M 6) COYHT 2 BdzsC € tsls2bing s C lif to jf Hsfipl
(8WI 8i).

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

—
blockDim.x

gridDim.y <

-

gridDim.x

t dmEz2z82D-MJ SC O BoZESts9 d B dzISE

10 4§ § DO B&RO® EWEisH ©), Ml s3Dh Ow
BdsC so ) (8fVEs BIE DO &g
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it -’.ﬂ,.ﬂ"'r
blockDim.y
S :
-t

gridDim. y<

b
gridDim, =

{ {ME2ABEBD-MjSCO B dsC o o 3DHEsdEssOp d

uj @Oy j s f)tse553K pEbR5E dzts ¢ seSMe g tefyd d 1. X
65535 655351 655358 dzts ¢ ts SMg Hwd d.§ s2zdry)j Mlsa s ff sists
Bsy Jls HsBIdQRc O dzd 1024, d fslstsC d z
OLOdABBH j2Msoatso Ols! Y tsMicj HMlsotsdy tcOL H j dzn

1 dzs€d odzzlsted MijlkSd BRHEI ts5IsSi) Hdpwdz
sBd M J ud dedv HBOSCHdBOdz! dets?2 L Oc S J BY
SHdso toj d3j dedets o ' tists dfdpMslas & soBdzpL friidsoeL dzd y dz'
] zO0dzdtesoh dCd o0t s tHGtolkzy Osls datsor j§
dzj sBrsHddBr = toj Mkztemtse .

23[ SHj & {COBRY Is d

[ dzw BOSCMddi3dL Oydd f tctsCUDA tfHtadlsd3 j detzditdd
ttOL dzd ydz" § 9 dH'T f oW iIsd, defy g dizv |j tsdn@ dzd
©OL OB BIsYdSO. [ hdsi®Odsy 20 § @ Gk is: (i
oL Od BsH JCPHHBUDAE tsj H S iARIsidzY j I8 T Mis s ddst H S
fOodWisd d tBd MYiJudddy JjGPU Bdviss OEN Jsdsis
f ORWiE'L d wis @t s dzsdeREOMIsEEIsBtes? B J MY
SlsHj dCdsdds tesdzdzj eisds, § OBLIsdL dzOjls SO H T
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tcOL tcOBBIsyds CUDA, HOdzdz" § HBddz" B' Is!
hostddeviced Istsdz' €5 fsfMdz | Iscets 68 HBsclzls

1 OdzvlddIs to ts déylsetf @ dzvdsB ) jIs BT Is+ o1 H j dzj daC
dmf sdz L se Oded j d3 tcOL dzd ydz' » &BJ IstsH S9 :

1.] dzts B O dz'OdgFgobalmemory BBy JIs B Is! 9" H ] &
ddzd HddOBdud Mcd, {§smd uyuiets MbsOdse dish
W HIicO

2. s ts dz IsGOMfiz® dgv(dernstantmemory 1 1 Isis readonly f O d3W Is
HiMis 24 28 ©L dzd Y e3P dehdzd y d d to 2 *OY dejeizlMIs § dzd J
Clstster j tsB ) dzzdj Jdte @t Asdny j M ¢ 52 Mistelz € Is
Sflsdd3dL Jieso Odzgdzs?2 HAzv oL OddIsH J 2 Mlseodw

3. ¢ Odif Gzfidcalmemoryi f OdzW Is! toj Odzd L ts9 Odzdz
ZsC Odz! dg | fjtej d3jdeds j, Ctlsste’ j daj Bsc
wodwe lsfipw f OtcOdRj stcOB ddzd oL otcOh O Is C

4.v j ¢ mis f ®dg@dsturememoryi f OBW Is+ , HEsMiskzf dzOW
Isd SMplieL YyS sdi30dzH " L QeQEAL P ) dzlr € @& dizin € @ dzls
fORYIsd tedmbkilshisteaztg fists B dzj dgde= D dzd € e3h d to 15,0 O dz
sflsddiddL Jteso Odadz" 2 Hdzvw toj OdzdL Oydd s j teC

5.1 OL H j d4fv Q d@lwaredmemory 7 o Oy dz & dzpRidsls d {f
f O3y Istgls sHepwv d y glzfififody L iPdizbis B O df! Oddty Az s te 5.2 M ls
I B4 s e st O3V Isd t6OL &3 " jdz def § sfytej HMls
BrIs! dMmMftsd LtsoaOdz Hdzw B'™ Mistetsets tsB d3d dzO
SHdsG s B dzts € ,@.0 L M LIAffQdeifgly s tc sIMIzO

6.1 4 6 d fdgitied. (

SOYH™2 Isdf ORI ~rOLOCIsjtedLlzjIsmw
fosf ME Odzd v (s @&z B2 HpBQizstEds | H i ts Yls 4 © fizttzis dzts
weo dzW g s &Y istic@odMvh g dizidd@®BU ) OIsfy digi H IO H j dzW | ¢
fORYIs! | 2 tcQdtizv j Sk @M IsCOLdRls dzOv §f Odzw Is !
GdzsB Odz! dzOW J OBBWIs! d tsf JtcOIlsdo dzOwW § Od3w I
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vOB AN Ot ¥ HEMskfO ¢ ©OL ddyd & od

vsdly fOdW| 1 sdzsmO ff tets | Ols j dzls dats f
Registers ~ 8 TB/s 1 cycle
Shared memory ~1.5TBk 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 tdfp. Moj BOdyudks §CO0LOds Mlsdsh
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 dmMz2asE § sH j dz2 GUDEY Is d

SOYH"2 odH HfOdBWIsd BBEZOHOJjIs tOL dzd yd
¥ L dzd, dzO dzd y d J CLhdtotse Odzeq v . SOYHT 2
fjtomMsdzOdz! dgts?2 (zsC Odz! dgs?2 § OBWIs(. S OYHT
teOLHJjd&Yjdks2 fO0dRvIsd, Hishislze B2 BiGwed s
memoryizh jmMlselzjls o Isjuyddedd otej o3 dzad > dL dz
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¢ GcdzsB Oz dets?  Odswisd. gbkzh jmMlsoakzsls HoO
tcj ) dregglonlyd HMilskzy dzr j :8 fgglziizls Ptiels 20O d3d Isj ¢
odHO flk@dgdL gzt tcOL dzd ydz" = ygJ dzj 2. U
tOL dzd ydz' 3 6 JBOB] OHE) MOydd J Wddz
H Odzdz" = . HtSHJ o)y d d&3ts § G dizsB Odz! dats 2, C 5 dzf
~nOtcOCIsjtedLizjIlsmMw BHJAdZOSCtSo" d3 otej d3j dzj d3 >
1 Qo d dz! dzts jo OdiAf fff sdz'fjts Isdfseo djteOtern d
dzOud ded §  HdzV { te SIPDASE(dsS xdg' ddefsXn s d | Is (
ftedojHjdzgr tBBBN jdadlzr | HOdzdzr | B nOOS IS

-

vOBd2A] Ot ¥ HEMskzfO ¢ ©OGER] yd & o d

sdf OB 10 |sthdteldtind rtshmiskzfdt I tcj &Y
udq HEMis A d L dz
Registers [ O 1418 R/W 1f slss¢ Thread
Local memory 14 1S r ® R/W 1f slsts € Thread
Shared memory [ O 14 s R/W Il mi {¢silstsq Block
Global memory 1 4 1S r ® R/W Il i § shos | Host
Constant memory 14 1S r O R Il My 1§ sk | Host
Texture memory 1 4 1S r © R Il i § shosq Host
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float var Register ] slsts€ ] slsts€
float var[100] Local ] slsts¢ ] slsts¢

__shared * Shared 1 dzts € 1 dzts €
__device * Global Il My ¢ cshowC 1 tod dztsy §
__constant__ * Constantf 1 fMmJj ¢ tshog¢ 1 tod dztsy §

*TsBl Wodzjdadj MSCOdzwtedats?2 ff jtoj dsj dadats2 ¢

231t jedMlster

10detsdzjj BT Mister &5 OH GPYHze g™ 4§ BigHls P a
cjedmsesot? §OkRYIsd OolstsdOlsdyjMSd ©OL C
WldzS ydd vHted ety LS LARFMIIS Olsstetse . [ OmMmd



62

SBLOLEBAE OCY] &sckls §sfoOmls: o tjcdmls
My sdz L 2j &g 2 O d&® Hdgjndsj dels O s kOMMdo O
SftejHjdvjlshy dO O] Codfddayydd.

tdedmbtetsor j §jtj d3j dzdz’ § WodzveIsmw Mm¢
CHES GB' ydes dMisd Lkjls tjedmlst’ H dw
dMfsd Lkjd 7 HOddz 5, HEMsSEYRE o) dsjegh
te§ ¢ d frfisticorsfoCie @ajj IS jddjLdgzef dOsfdzj L Oo j toh j dad W
WHO, fBcttORBdMls dj By jls fsdzydls: ¢

SOYHGRUBSBE ZOHOj s Is' Mw yOdd Sbj Mg H
COMMEOeds Ols! MW ¢ OC CREdS & § fids s ©dadztz 2 v
sBr ydes MBH jdoy dzed GPUB B gZz®H O jOs B s5dzSM. d d3
1 to sy jr i) MipjidedniGFL00 M H j oy s 1&syj MMGRO0
5B &ZOH O3Ms 8 JGBOR'O OSIsj tedL & j Is ' 8M. dzO dzd y d j o

1 6d Iltsd Bsyjls fsS0L Ok! v  flstc Odzdz
Fermi 5B d&zOH O¢ Is o3 dz' h d &M § ts dzdfnug Grplsdz jtsagg] ¢ fn
ftej HN j Miso jdededfifddjdslz j Is EZyudls™ 8Mods ! to sip st fr
Fermi L OC dz# yOj Is ) Mj B J CtcOLSPH f BIstizE 59
ftosyj Mhstess ) .

RELO tOL dzd ydetsc® o € wdadoyj Mus@®@LOdzd ydz' j Is
tcjh jddv lsdzd yoOs simwv Cwdzdyj Mlsotsds f tsSHHJ
{ B Ydfrteds y J fintiHsHej tefshaf@f sf dzd Heo O Of f Ot Ols dz
1 eOWdud MSd2 sy jeigfyj @y € 8 HigEsH B SIS ¢ 50 7
ey MBPEE S @y HEs] "HEE, O |5t ssyddyey
o ff 5dzdejORdsicuE| iMdd® f OtcOdzdzj dz! dzf = Of f Otc Ols d

10 (©0Ckdsj GRUIoEEYF si® Stsdzo j 2 j todz «
fdted Sd¥ yoj " &8 d EHE@OO EHY iisdgd j dgshs ¢t
o ff sczdzv j 3" B ff SBMEC s 6zC teOBRIBHHSEEY H C O dzj M
HjfwisSe st fwy.

{ OBlO f tjedmstOdd mnNEEPUNICPY GREs s
foddjdvjls lkjodsdscdd §jtjddj dsse Oded W



63

tej ¢ dMistetsalds2y . f Qdglzw L Of EM<¢ OCPUzEA 5B - & HOH
9" ff sdzded Is ¢ fJtg Sdzs yjdedgy GCtsdzlsy ¢ MmlsO, Ct
MshteOdgj dedv IsjCkh jets Mtsmstswdedw Ctsdalsj €
Mmlsj ¢ O; i sfdzj otsLoteOn j dzd W ¢ H O dzdzts d3
o sE@dzso dls! dL MksjcO. (O sy jGPltcO tagts
Bisdz' h 52 LICBd tcze &gz h OW Yyomls ftesyj Mits
stcOIlsd s+ mw 2O tfjttOydd M Ctdasj € Mmistsd
fesyd MO Mt Bdlsy d ds fOHOIESYEORG
otcj d3j dzgd ILtwOBdlsmw dzO dzj f sMmtej HMIse j dadats §
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nvce O OS] ECOLOdMs o jHjddj Sodifdd
nvecf ed dm GBOBSISE | .

v OB dB[Nj O OMh dtcj dzdmvecW O2 dzts o

{ Ofmh dtej ded J Il sojHidddd & BRYddYy

.cl.ccl.cpp/.cxx 1o tesy § §igd deddyBys[y € ©

.cu [ B JHJdioskzdg deviceS sH BIsSH j d
CsBf ddzv ydw tOL dzdydz' = Is
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.0(bj) 4B BBKE O
ptx PTX-h B t5 B dukin

Il IsjndzBUdBEJOzdL so Odz" Mdzj HizE M G t©OM

1. [ sSHdWJdSOlster WkdSyd2, ECOLT 9 Orh
hostd daifvice O IsOC % j BtwjHjdvehdj dL C0OCTt:
B'Is! 9" L9oOdz .

2. sHdWJSC Olsster § jtoj d3dd dede" =, ftej HJ dzW
GPUBEZHjIs tOL &N JjdO ]t dgj dzdzOW .device§ ds Hig B |
BJjL dMitsdd L so Odzdf™ dysta ff 5 di ediiisjsaiz/is dshared
ddzd constant , T ff j toj d3j dzdz" j tcOL d3j N O Isfmw )
sftcj H] dzy dgdz" » EfqMdzsoedwir 1OSCdJ HOdzdzr § d
fOWIsd (Is. dz c¢cftesmMOyYdo Odzedj e) .

3. Il Mistetsj dedz’ § 4 o d3d dzdz” 4 , tc @ ucqgH tisdptsf
My bts¢ d Bdtcises, O IsOCY] € ddzHj CMOA BC

4 . R dzMistclz d3gj dzls T CtsdW de z B ot dr Qzledird d W
BsHdW JdS Olssglolsatiy,  Hsdzy j dz ftcjHO OQtcd Isj dz' dz
CsdWdekztcOyd s LOfEMSC O HdzW H Odzdzts G 15 )
sftej HjteDLjds] tedzts s mMils¢d d BdztsC tso, |
o’ ftsdzdzj dzdVv WEdS ydd wWHtCO.

5.4 Is OdzH Odpasddz Ig tc §¥ dzdiaf jy d d

311 sHdWdSC Olstster WkdzC yd?2

[ sHdWdC Odsviets s tcj HY dzv j Is, Ylsts W kzdzS y
fpdzj Hizs " B § OLOd3j IsteOd3q :

Tor f tsdzdz¥ gelsdgwy dz0O

Ty JIs BrIs! ordedic®@dzO Istsdz Cts5 My

[ sHdWdS @Qebaltestf toj HY dzv jIs WEdS yds ¢.0OC

I d MY tsdzdez@elscy W

Ter L " 9 @goyg mw
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i d3sy g Isle'r L ofi@eri®eH d®PUfmcomputecapabilitys r h 3jx.

A Iz dz€ usdsdizy y jdsteda d W € OBlabdE tstiigsH H j toy d @ OB s
vodeo COyJmlsej .sdfO otsLotOISO

[ ¥ B2 or L tse _WlabdtS yf sHtcOL 2d3j 9 OJ Is
CesdWdeztcOydd L OfEmMEO. lTLts9 WHicO OfMmd
Moty o ftdzdej dedj , dzaj HBYJHOWM! CBd2yYOC

[ sHdWdS Gdstistse StcjHjdzjdedd WEERE ydd L

ior" ff sdzdz¥ postipw  dzO

iy Jls B" sy orhostOdzO Istsdzr €5 Ty

JftejH] dzdls: W kdgt ydseo JO@Uzj dzlsdzs sSBI W 9 C
BJjL SOBIS: RBSHIW JdSC Olsstetso globa o ¢ dzhfodtd Uz ls ts
Bsclzls B &) dzjfds” SH datg efdec jdrd3] daelgmclz] §f  host
Bsclzls BrIs! ftoddij doj dz@ BHdztso toj d3j dzdets, o
Hdzv C OYHB2 yYOMmls diostff tc dddticy j dzad Vv : H dzW

vsOBdzdy" 3.2 tBBBNO I ddW stcdzgOyds

s OB ABAPSHIW S Olstster WEdeSC yd?2

[ sHdWdE OIS JHJ orfesdy [CEZHO or L
__device Device Device
__global Device Host
__host__ Host Host

312 sHdW dC Olsster f j toj d3j daedz” A

[ sHdW dC Qevisds s to] H Jf dzcji 1634, Sztizlz tstic@w dzj M j d
dzQ@levicel tod 1 Issd3 Midedie MdgHzsz 14y BT Is! G tcj HJ
BsEHIW S Olstster .  fydzd ftesydJ BsHdWJdE O
§4tcd d3J dzdzOv :

TtcOL B3 N OjIsqw o cGdzsB Odzt des?2 f O™ Is( ;

Totej d3W Y dLded ¢ jtej d3gd dedets?2 IsSOSC B84 x4 €

T§dte] di3j dzdzOW HsMisls dzOf 6 dzdmgizg XOP tsPE
host sSHO Mt HMIse tsd3 o' L B(eudaGetBymizRAdfgegs B
/ cudaGetSymbolSiZe/ cudaMemcpyToSymb@l/ cudaMemcpyFromSymb(Q).
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[ sHdW d ¢ Otostant Colstster 2 HsY Sdzded Is § dz!
dMmy sdz' L Hevitedg MsftejHjdvjls, vyt §jtj dj dzd

TtcOL d3d " OjIsmw o CidMmlsOdzlsdets?2 § Od3v Isd

Totj B YdLdd Mo OHOjIs M otey d3j daj o3

THESMsEf 20 dL oMmjr { tsdsids ¢ o |, Is OfssfjszCPLd
fsMtcj HMlsatsds o7 Ltsose cldgetGymbolAddrefgs tzd s |
cudaGetSymbolSiZe/ cudaMemcpyToSymb@l/ cudaMemcpyFromSymbQ).

[ srdwdS Glmmed (BsY Jls §dd dzvis!dgvice e c
SfteJHJdVil §Jtef d3j dedzlze, S BIsStcOW :

TtcOL BB PN OjIlsmMw o twWOLHJAjBs2 fOodkwIisd

Tot] BB tyfftejdedj dzv j sTw o te] dgf dzj; 5 fMizh j Ml

iHsMsEzf dets Istsdz! €5 HdzWw dagdlsj 2 o dzzlstcd |

glzh jMmiselz¥ s fRPOMMNdEP dzdze’ jsf toj Hj dz¥ § &3 §
__shared :

extern__shared float sharedl];

I' sOS gz @) B 6 G@OMMde O Yt Hjdv]lsh
sOSdd (4 dzpgddzzs Ismw M SHdtsets d ISsSets
or tcQoadzdo Odzed ] 1 dzj BB dzlstse o dBOMMdej HBI

[ sHdW dC Orsasatlged  dztsy jIs BT Is! HisY tsdzdzd Is §
Mtseo &3y Mislegise i CIlsts L dZOYOj s, Ylsts:

i Jdted d3] dedz@2® KGHOH) s fisfOdevicd

Tot @3 YdLdd MsefOHOJIs M otey d3j dzj B

313l mMstetsj dgdz § o Clststede” § Isdyr

S HOMdtsZE Isdfbkz Glsdsmwls o] CIkktsttO, {5
intdfloat. 1 © MOBSdRE Hjdzy 9] CIlststcO 6 OdzdL 89 O
SHes Ho ZIEE g yjls' tcjnStsd3f tsdzj dzlsdzr | o C st
oJClststetse tsmizh jMmise dzv j sy zdw tej L § sdzw Ml

l mJ 9 JClststedz j Isdfr ftoj Hf sdzOG @F Is
make typename>. 1 Of ted d3] to:



int2 my_var=make int2 (1, 100);

) H O dzdzts d3
L dzO 4 dzdy)y =g 100)
l 7" tcOo dzd © Odzd 4§
tcOL &3 tetsdz Isdf o
fcsCOL Odzts 9

CtsHJ

C s 3l tsdzj dzls 50
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MsLHO] Ismw

H o IR Sfifs sy

9] Cssteso

1 dzd Bsdzlff D o of fESIsEGQ Misp &

Is OB dzd y 4
U OB dAB3DO" tcOo dzd 8 Odzd j

3.

3.
| dzj deyiczB sa j 9 j CIsts

l jSktstedg 2 Isd l " t.c0o9 dzd © 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 ,  pidgditbng)= sizeof(int)
8,9 ftilsdo dztsdyz Mmdzlz

long2, ulong2 8, simpditbng)= sizeof(int);
16,0 ftoslsdo dztsd3 fdzh

long3,ulong3 4, j9emf{long)= sizeof(int);
8,0 oisisdipdasdzOJ .

long4, ulong4 16

longlong1l, ulonglongl 8

longlong2, ulonglong?2 16

floatl 4

float2 8

float3 4

float4 16

doublel 8

double2 16

r dzw tcOMmMBzsIstc ] dzdz” n o Mls tc tstf) telAliAs BY tsedg) (i

sfJwOydd daj

fsSHH ]ty do O Ismw .
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| CUDAf ted kzlsfilso Iz jdim3.ls OXIst§ls Islgfdff, W OSIsd
Z@int3d dMisd LEzjlsMw HdY SftejHj d ddY ©O
StSEHO sBi Wodzw jlsfpw fdim@, j d3j dzelz® 2 I
ddzd yd Odzd L d tatfotOididig®ds sAe® Efls Odz0o dzd o O Is )

3.1.3] Mistcts jfdpde jjds] dadz" j

1 mis tcts § izt jj d3j (@B #4834 tOtc j H dzOL dzOy J dz' H dz
tcOL i3 tedzsMmisd My lsts¢  BAEEECtso, O sOCYJ
fsssCtsal. §Jjtoj d3d dedz" § HEGMIskzY dz stsdz €5 ¢
device

v OB dB{A|OMIstetsj dedz’ § 4 toj o3 dzdz’ |

1 j 6 34 {fdMmoOde j
gridDim 1 j toj d3] dede@nB, IsfigffHOj to dIs tcOL d3j toC
blockldx |} j o] BjlSHAE@NB, MGH j oy dls ddzi j S M
blockDim |1 j toJ d3j dzdg®B, IsfigftfHOj toy dIs tOL d3j to ¢
) o
1 J te

threadldx J Bilsdddp@mB8, MtsH jtey dls ddzH j €M
warpSize J Bjlsdfdp@®y MtsH jtey dIs tOL d3j tc ¢

3lds sz e ztcOYdw WHIECO

SOYHT 2 or L tse Wikzdz€ ydd WHO f tcj H
CdW Jektedteso Odzd j L OfSkERi] ¢ & 4 g df 5 iz &
¢ OL @GBdd i3 cilpshEHdzs C1s@H Odzd ] § OtcOdRj Istctso
sfmizh jMlsodzv jIsw fklsj &3 kEKOg DdaysyS > B ozj «
qdsd dzd wWizdSCydd d fJwin MIdMisd §O0LOA] L

1.} OtwcPsBgls d fi@d3ts toj H j dzw | Is frigiCqlSdifi| ¢ gy Is -
I Dgyl Dgzf sCOL " 90jls ¢tsdzdyjMmMlsoats BdzsS s, ¢

2.) Otc O Bplsdsfli@3ts i tcj H b @&V 35 tBdARTIEEO. R dzs
| Dbyl Dbzf sCOL " 90jls € tsdzd yy Mlsslzms zists s O tizeh
COYHBA. B AztsC §

3. f OtcOdsIslsd ff ke t §f s OL ' O edzdzd Is s dzi gz d3?
tcOL HJ APQdysRO? |$@s stz BB -~ OH dudiadslYy 'ts dzdzd Is §
HA Oy HisdztsT ©® [ d3ts dzy O dzdNstc @ 0 Ged3 Is to
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4.1 Ot Odg Iisdcfc@daStream L OH O Jts¢ ,f sSGBMMsyd d te ts -
HOdzdz" d3 o ' L;fcts SHzd3® ezig O dzdStc o Qi tatd d3j Is te
1 tod oz @ Cdis[dgt d ¢ &2 O ek tfoR | H ) 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 cdV e btodieso Odedj d L O

[Ujodudets, 7yt Owckdjdls' CodWdelktd
WOClkdujMSdrE (O0wOd)stess WkdSydd WwHEO
shdeSC 2 o MkzkzyOj Dg didiprd s zOK PRI HEdR GO
Hsf Efisdds" 4 L dzOyg ded v, S GRW j dzjQ@ipdg" tgh J H
shdBCc?2 §sdL tNagtsdIshOS 3 dg0O § findefOsz’ Hasi jH de
COLHj & jBs2 §Od&vYisd (LO oryjlsd Bl
MlsOkdujMSBets ©OL d&j N jddw) .

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

S H O dzdzts d3lz tcOMh dtej dzd & slsdztsmw Is fipw
BOIs j d3OIsd yj < & C+s, d BCdfldtdstgrCjd d3ts ¢ 2z Isdevicy f ts d
CtsH] (HKoO@EBH[QP oIsOS Y] oMmj MmMteMmlse jdede | WE
o deviceC tsH J .

g 5B Mise j dzdz" jntriiske Bgdctjahy] @Gsekzls MY sdzd L ts
odeviceC sHJ . I MJ odzzlstey daded J WAkz dejuddidd {ldds w
B sdzj j BN Mister j OdzOwzsed WkdSyd?2 MmlsOdzH
OOzt dydz" § ddzd dz0, Istsdzt S §z0ft) de@ mizginkgxpoz" J
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IntrinsicW 2 dz2€ ydd B"' Mstej 4, BOEC COC Bdd tslstss
st J tcOGHWR J T ydw w € tstegfedadt math L OMmls O oneze j Is
QolssdizOIsdyd MS¢d fJtedotsHdIs! BOIs j di3OIsd yd M«
OdzOzsc O3 ( sOBEZJYO 3. 5) .

1 sdzd ¥y 4 dad J Istsydztsmls d mMsBe Mise j dzdz’ ~ W
Sftej Hy dzj dzdz" A3 JtetsBdz &ZO © FJesGtcOAZBOA .
wodzw flsfgftcOlsj dz detsy Htodd3j dzgj dedj MmtsBMmise j
stsdz €8 9 MzEyowns CBEHO Ctodlsdydes o tcj dzv

s OB dAB @B Mise j dzdz' j WkdzS ydd

JTJjwOltste/ W Ekd JT1dmOdzd j
__fadd [rn, rz, ru,rd] ~n, bRubkdgsdizdtetso Odzd J
__fmul_[rn, rz, ru,rd]( = , Z)|vdgdetsy j dze d |

_fmaf _[rn, rz, | @ a
__frep [rn, rz, ru,rd] B) pTw
__fsqrt_[rn, rz, ru,rd] (x @)

__fdiv_[m,rz,rurd] (5, b ofw
_fdividef (n, b&ofgbutifc w ¢ ,then0

__expf (n Q

_JR@l (R) pm

_logf (R) | 1 &

~ log2f (= 1T @

~loglo0f (nR) 11 Ch

_sinf (R) O Ed

~cosf (R) Al ®

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

_powf (a&a, &) W

[ dzw tWHO WEkdSyd? By dzs L OHOIs! Is t
dmMfsdz Lejd3" 2 MismMse LOHOjIsMY ftod ¢ tsdit

i_misCtekzedzj dzgdy ¢ Bdzdy 02N j Blz;

I rzisCtkzedzy dzd 4y ¢ dzglz dz® ;

T nuisCtezedzj dzedj o9 j ton;

I _rditsC tolz ¢ dzgleded J
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SMtsB j Ml J ydoa OJ s ftsdzdz" 2 dOBESte S J Oy

Iz BB tetp Odad J

The SMs have the full complemieof 32bit integer operations:

ifizsy jdedj, dedStsSGHO dzgj HjtgjotsHdhs] o

T 3datsy j ded(H,O dimf Ctf j to] o SHEMEBBR;,] o § ts5d30dzr

iyj dzsydfdzj dzdetsj H j dzj dzd j

Tdzsedud MSdj Bfjtoydd

iemdzseo dzr j ;5 j tOyd(d

sy je@updz j 6lsOydd

oMy 5B e Oy joze QAQYdte fIMYDE ts B3O)dzH '

L d3dzts ) J dzd § ydfmjdz toj OdzdL tso Odets GRUOL dz
fJ d3j 2 Tgdkaa] Bermi Tasled M s dz/ v EAjldllz 24 EZ dzdztsy d Is j dz
FermiL OH j 2 BXBaddg@ S Mmdzj H Mis3Rg §f |s dasdptElfizisd@M]  dz
IxstejBlzjls 4 ddmstekzSydd. g dv ftoddtsyj dd
Stedj dzsdtetseo Odzdz’ =  dE€sla GAYY & dz'sintsal @ @9 Js mw
ftesdLoeatHdIsj dz' detsisd L O Myjls { tcd-agfl dzizizd &
Ed@gdesy dlsjdzv. 1 IsOBdzdyj 3.6 6 0ntOdr Mt

s OB dRBO@BBMIse jdede" | WEAS ydd Ed3desy j dzd

Intrinsic Description

__[ulmul24(x, y) Irudmdzy j s fesdL e jHjdedj
YdJ dzsyd mdzj dzdz" - f OtcOd3j Ists
BzZOH N d J 32 B JIstOls Ot & B dz
OBy dazdasscdclzs Ismpw
__[ulmulhi(x, y) l sLotcOh OjIs MisOteh d J 32
Yy azsyd M gazO ddy.so X
__[u]lmul64hi(x, y) Il mydmdzv j Is § eisdfusasjoH jrdzdyjd ¢
osLP®PIs d3dzOH h d g5 614tc tBJdLIsaqQ)

I S sdzdzd Is J dz' dztsCUDA o3l | ftg s O j Is dzOB S tc
WEdzS yd?2 Hdzvw Bdltser n BOdzdf 2dzv yd?2.

1 dzd w dzd J s jteOyd? M § &z O N j2 4 IS5
ftedqdzsy jdzed2 d or" ydmdzdlsj dz' dzze Issydetsmls
HdBPU OdzOzsedydz § OmMfJSilsr tOMmMdsOIsted o (



Hicze dn
Mo s2Mlse O

1.1 sBOodzj dzO Y BSHHJ o) § O hestdeviferisdavj 2 igdsfp
stsydzsmlsd .
[ 5B O98 dzj dz
stsydzsmls d .
[ 5§ 2MS 05 Ismw
SflsdddL Oydd

Ho 52 dats 2
2 .
Ho ts2 dzts 2
3.

CUDA.

{B" Ydzts,
s s ydets fils d

f &zOo @8 h j 2

v OB dz§. YOy Odzdas fitctsd L o s H J If Jsdgyditshfligdic Oy d 2
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]

jfpdzd o ON

o yd mdzj dzd 2 ,

] feslsdodsd mMezyoj,

fsLotddls Mkh jhse j ddes ko j dzd ydls:
| OB &Z@YFBEBN j d2O  dglt st ROy W

sesyss?.

5§J©LOYyd?

slsj tod
dzOH

d Jtoddzsy § ded J
Ists dzj sBrtSHJ BB (1
dfmf sdz’ L so Odzd j

o NJjfMmisejdedz’ di3d ud dzOd3d

f zOls ¥ C€UDAOE to d fpkzts fftsok iz bss b dddjS O dz! dz

B 900dddy o sHEB Odz/ dzfs 2

or ydmdzdIls j dz' «
yd mdzosd

B

o' f tsdzdzV j Is f

sfjOYyd"v

sdf HOdg) esdLotsHl uvbydetsfi] ststetcj Cls
l jhjimlse jduovdzizyh j dzdOomtstetsh OwW |1 jL dL d3
yd fndzO S H dmf sdz' L|dzgjIs L ON
Istsydzts ls d Is ts dzB3XBE I Bdzs ¢ 51 &
dzj BJ L 51
Hsiskzy ts
l jhiMmse jdmBtetsh OW ojlvdzzyh jidzs jL dL B
yd fmdzo Htcj L zdz sOIs/Btsdzj j h|dgjls L ON
Istsydztsmisd (zo j dzd yJ dzdztH d OFf OL 5| d3dzts G s 5
tcOL oW HdzsMIISsOC ¥ J dzj B j L 51
sBtcOB OIS 9 (f so" hQwdzH sMiskz ] ts

GPU d BEIssydzsmls

h  tetsdslz Bd&OGtSHO

HJd Ot Ow dz@algjiB dIs Od3 dz(

dzO H CtslstsdgL dzOyJ dzd

f g H

ftesdL ¢
¢4
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dlsOdzH Otclsdz" | d o Mmistetsj dadz’ jo "Wuafdefdzrdis]j d&
ssydzsmls @S dd o sHA I8 o lsd@slanlOtelsdzr § W kzdz¢ yo
i sdzdzlz & fsHHjtey ¢k hdJqesCtets MfjClstc® O
B dzj §, dwdesedy dL ded s dgisto i Hakizl g 9 O dzjsdi
o OdzdL ¥ s sz yj WEdRSydodOd dsMmis! , dats
b dzz yh j dzdz" d3d ~ OtcOCIsj ted ko @dzd Isg dzs tztiz? j |

R sdz' L s Odzd | CUDA " wdthy dz d3lz@ B widf'teds 0 O
W d dzO dzfrpg o ok ddj dedilz ¢ d - f et sy 4 fdaff? , 8 7 MSC ¢t
stsydzsitstfls tf o j listezisentisfIs  teqj o0iad L "OQetftsfo :

1.1 selsdtetse Oded § APWaE@OAJ dzd v M

2. 1 40dzdL @tdw jsd Istergj  dizti) ldsdO s s o ]
f stclsdtetso Odzdz 3z lis jj ¢35 ] b agggjLdzdd* Is Ols O d3dzO 1
Iz fipdc | o 8 § & MDA

roxd fwd dimfsd L tso Oded& W ydfSul)ixdzts
tcj L zdz SOIs™ de@GPWd3ty dAfglidadf @ y O Is4] iy iz daAs lIsEPIY s dzv  daC
ftoddztsy J ded 2, G tlstster j d in&zary Q dzis gARU. fiptR 1 O €
ftodmkzh drn dzjssydesfmisj 2 fjtcOyddst Mis @ &zOq
devicetcOL ttOBSIsydSkz Bro0Ojls IStekzHdzts tsiftc] HJ
ftoj Hf sylsdlsj dz' dz" o3

] Is OB dZ&[8ysjls ts B tc OB jtsdg@ Y fladAON tc dFOMYIs(@ dzH O to Is dz'
mMseMmise jdzde" = WEA ydqwa
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sdf WkdltsdL o tsH s sydetsmls sstetej G Is
tsfils !
HlsSOdzH OtgMistc ®N Vdzz yh j;dedz@i1 j L dL B
WEdC yddmlsOdzH Otcls|fils OdzH Otelsdz(dzj Is L ON
WEdeCydd [WEzdeC ydd Bdzesc s
fto] SBtcOLIGOOdzlsdtctsdzj B4 L S5 ¢
9 s cBdzsyB 2ZH EZIs HeMmMiskz{ 54
Htclze d n Istsyds' d3d ,f &
ddzmistcz ¢ y Mtc Oo dzj dzdftr
mMse Milseo j dzdi
O dzO dzts ¢ O d§
Metslse j IsMls
tczC sotsHMIs
CUDA-
cOL tcOB SIS Y
gtsBMilso jlvdzzyh jjdzdmtstetsh Ow 1L dL o3
WikdzC yddmsemlse j dif tede dzd ) 4 didzj IOM  Is
widCydd |9 ud Mz dedf 3zse sy s
dmf sdz' L 2§ tcOo ( dzts, dzj B J L Y
tctSH dgs@®OB|dz) 5B RtisHIE A H sMisz i ts¢
ddzilstRz C Y lstsa ts,
GPU, Yyldmkzh j mlse j d
oz dz# " JIsmtsC teOIsd Is
Csdzd yj Ms|€ sdzd yj Mise
dmfsdz L ZddemistezC yd
¢ s 30O dzH tcj Odzd L 2z h
C sd30.dzH Iz

3.1.60 s s B3O BE] sOydq

dlstsBOLd j

Mt § M dats

fslssC o,

sfdteOydd
Ylsj @z d find d

dzd
Cslstste’

ftod d3j dedIsj dz! dets €

B'" dzO
J
WSdZWBISfI]W

S H dats d3lz

s § wddpd O s J Bl U JaipPSy ddets
fslssCtsBiL B QMdzE B e HED dzf B ¢
Y J tc CdgQff¥] toj d3jlsizlzgis B, dzj 5B - S5H J d3ts ) l4fde tsto 13, ety d
L Qo j teh j dzO
tcOB SIs Odzaf OCM ALK 2 O lsyy)
fslstsCtsBjL s Ofmde &3d,
dL d3j dev Is' j dzazaB dzdzaizjj i) C 15 kizdz€ of
Lodzj d3d dzls &z

H O dzdzOW

d

by jO tarsz s L

sq

H O dzdz'
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1 Ote Odzls d A= ETGaNE Gl §) s Oy d 2-L Quisdifimigd Va4 dzj dzd
sMtsB jdedets 9Oy des © McjHOR M o MsCddz kztc
ftcl HsMisOoadzv jIs Olsts®izOtcdz | W Bt g Oujls Fdeds Is
BsHd % 9L O fz@ 32-8 diis d3dd dzd -B &y o3 H O dzdz'
tc OMY tsdzts ) jeddnty Bdgdz! odzts 2 teiP® dgYy Isiff Q difyt=ed d .

sO¢ d MmMIsOdzH Otglsdz" § ddzd MmMtseMmise j dzdz’ |
tj OdzdL ¥ ls RBObJ BOdud MSdd sfjteOydd, Is
o YdlsOdzd Jslsdzd ydj sls dz¢ sitizcis Yy iz ¢ tsw @fdrlOif
Ols s BOdedin l§ tc IsIsgaff O Ismw Mo tfdedf HstB dejOmB jsdadt jj d
HOdzdz" 7 tSH dzso toj d3j dedets oz MC tsdz €. B € ts5dzl k&

[ O B3 ldctelctizf@ d B3] 64 H ) ILOhdejsdp s B O s

__global__ void Increment(int * ptr)

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

tdmizs@s ftejnjdgddy "HEBO

] HOdzdzsds StsH] fHtesdLotsHdlsmw ylsj dad j
FoJ dzdydeoOjlsmw dzO 1, §fmdzi yYydet ko j dzdn
ssls 34 OHtej fO0dRvIsd. wdzjHEZjls tBtOIsd
dimf sdz L zj Isfmw dHjdelsdW dC O&dtc B lif islisls ¢ Glzj d
sBtcOh Ol Mw € HdsBz sz %j OHt] Mk
BEzHjls or fsdzdgvls! 1 Ists WHtt, Ikt C(0O0Ct2 f
MmMcOLOI!, yYlsts o dltsej BEZHjI (dzizyj ds
1. 1t ol Oty dziz ndefé&d Bllztsitgdsdzy 3O L OC dzb -
Yylss Btsdzjj yYyjd@d sHddz fslssE frisOjlsmw L O
OHtej Mk fOdkwIsd. Cs ftedotsHdl ¢ Ctdfkz
dzj Bj LI OMdesd3se HsMiskzfkz ¢ §ORYlHdd] yj H€ &
ftoj Hf BAZOG O] Is, Yysts HoeO ddzd B8Btdzj jJ dzjL
SHdsdRRz btz 34 Eyomkstkz foOodkwisd, {§tod
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frlsOjlsmw dL d3gj dzd Is" L dzj d3j dzls H Odzdzr - . 1 .
sftcjHJddls!, COCts2 kL of siskstS Bs9 € B del e j
dzj Ssdelstesdzdtelz j d3tsj s j Hj dzd § f tod dztsy j dzd
dmftcOo dIs! .

[ dzv ftoj sSHEsdzj dzgdw Y tSsHBBAZr » Mdztsy detsfyls
Ots®@Otedzr = s jtcOyYd?2. ¢lstsdizOtedzs jCUBDAAPK Oyc
© odH] WEkdddyds:. 1 0Of tc

int atomicAddint *M, int V);

I sdzt hJdzlso s Ols®BOtedzr » S jttOyYyd?2 ivod
sded ftojH 5dZOG0OsIs Hj2Mlsod] dzOH Ho kzdgw
f OOl sSteO® WEkdeS ydvw f td dzdoditytdsts 2Q HifteZ®in(p o iAdh
V. [T jteOydftcsoCapiiEdy ) OltdizOtedes? W Iz dal
L dzOyd dzd § o3, MtsHj oMM d qRigY B§ dzi dadi jdg fiz @O J|
tcjLlzdz SOl MtsatcOdzv jMMw 5 ISssd3z 34 OHte

1 mj Ols s 3O tcdzr j WEdS ydd d3ts ) dats tc OL
Otdw B sdud MSdj, Bdlstse "ajs dpds ts B aCizyogsdy d
tj Odzdn M ISO¥ B HiEsy JjteOydd

dIssRBOtBdf Isicor j W EdS ydifis sadrististedzde & Hsj 2 )
Yyd dzj o &3d H @RdzsdgdrtdB dIstso = sBR{Istso ®jd R
cif sBdlstso 5§ d m¢ dzé ydos 8 g Q totizlr gzR yff fJftc 4 MIs O dzts
W9 dzW tizldnfgits e3dizdzd B J ¢ Efpdffsje das dzd L @@y fadzd s W
fOBWIsd dzse " d3 ¢ Is e fpiide gz dte § M ls Oaddtpjo & H[O
oL otcON O I§ HIOAREAZ j ded § dzO YO dz! daets MtsH j 6y Oh ¢
otsLotOls ftesdMmMatsHdls dzjL Ooadmddiss ls kMY J

A 2 dz€ gaofmicExchf etsdL o sHdIls BjLEfMdzseo detsy L O

A Iz dz€ \ppmicCASydIlsOj Is fld@Ad seigfH3s2 L d&zOyJ dz
fJtoJ HOdEERBE OHt] s d o itct®ro dizd 4 @ fo I€pllz A
Msof OH jdedWw 5 f jtcj H Odzdaasipizs jO HLtedzOMz) dedQtf
ddzOydud dedep ¢t OHtejMmMz dzj dL BjHd@ j BEOE
ftoyflsOdadzts ] L dzOyj dzd J .
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I'd tedej dispv € dzOM j Bz fteddsjtelz. 1 O dzj
WHicO ) M stomicAdds Odzd j o3
10 @8dfd. f s5COL Odz dqL d3j dzj dgdz" 2 CtSH W HIGC

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

}
{ MM R MY Sdz' L 50 O dzd¥jz dRASUSEO to dz'

18 oL sy dz20@ MdlskzOydw, CtSEHO dzgj tsBW
feesdLeojMmisd tfjttOydd ddStej djdsO. 1 Of tec
foslssCtso o fsdzded dzd s JteOydyr EMmf jhdets. v

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

}

t dmEzEsE j Odzdiv @ddydd WwWHEBO

lted BSOSt f tSHABH , COYH"2 {fslssE o
mMtseMmilse j dzdz" 2 + dzj d3j dzls HOdzdz" = SIssCO Bt
Pmmazsedy or ftsdzdgw JIsmw, Ists kMisOdzOe dzd 9 O] |
dzj B j L 5 Ofdz 2 Hsmis®fec ¢  § J tafjfipfjsddezt As o O
W Iz dzC atofrdcExchdztsy dzts d M ¢ dzs ydlils! dzjBj L 5§ Ofmdz =

int atomicExch(int *M, int V);

A Iz dzC gtdmicExche j L & ) dzs e3gztiziizPle| j dzd j ,  AMad@izw h
L dz2O0yy.dzdd oL ot Ojls Mis O wtdzjdzSLys@tigHeal jj tc ¢
W dzOahé&xk threshold é ) d mdtamaExchig i ¢ dze yO 4 smw dzj B
HeMislzy §( 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 dMEZIAWBE zdC ydwvy wWHEO M OsdiOd
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] OB 8.9 § 6 d o © HiglsdyiEsE | © O & Is & ECUDA
f sHHJ teOdas@3OMs Haizg y d d
s OB AR OMistetsj dzdz’ | Ol @AM j WlkdS ydd

[ JteOyd| AkdzC yi ] SHHJtYdo O d3" J

4 2z d3d3d tc ts 9 O (atomicAdd | int, unsigned int, unsigned long long i
float

Il " ydlsOdzed j |atomicSub |int, unsigned int
1 J L 2 Mmadzts 9 dz{ atomicExch |int, unsignednt, unsigned long long in
fjtoj MisOdzs float
[ d dzd o3z d3 atomicMin int, unsigned int, unsigned long long in
[ OC d i3z d3 | atomicMax | int, unsigned int, unsigned long long in
R 0z$ tc J d3j dzls | atomicinc unsigned int
r 4 € toj d3J dzls | atomicDec | unsigned int
4 tc ©Oo 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
| scedyd M s atomicOr int, unsigned int, unsigned long long in
RMEC dz¢ y O " | atomicXor int, unsigned int, unsignddng long int

1 d Md@slstew dzO Ists, 1y lstists djlsLtsdis O tcader dig Bbxindd
ftoddsj dzgj ded ™, dn fteddsjdzj dedj Byl BTk
slsted yoOlsj dz! desects o dzdwdedw dzO ftetsdL oatsH IS

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

R dzW Sted3Oyd W tsB sMhtse § dzdets s w - i tcd d3d
ftcj HNISOo dzj i2O0. & I[IsOB dzd ydJ

U OB &z890O tesd L o sH d dsjtin delisifrids ¢ dafs s ts to &Y jiz Golis
CUDA

vsdf fj@lsdLosHdl uvsydtsh sscic] CIs

dPlstsdBzOtcdz” jj1 dL § OOIstsd3( 4 o dzd W) OtcOdzls d
s jtcOydd |rOtcOCIsjtodilssydetsmis|tf tod

B ts dz'dddd CtsdzS e d

dzO € dz@gH dz' HsMIskz fdL

tOMO B dzd M ¢ tsdz

f slstsC 59
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1 J BJd L 51 Of Better, unsafg J o dzdws stetej G Is
Hisfiskzy accesses show thels sy dzts fils| dzj
same performancas GOtOadzlsd

any other global
memory access.

32 sz yj dzdj Jd¥ sedkOydd t Ssdasj € flsy
OHOflsj 0O

NVIDIA ft6j HisfisO@oa dzv jIs daj MStsdzr S5  d dzmlste

Ctslsster n ftotsctcOd3dzd M ls gdzj JIs o BL d3tsy dats
Emistets? IGUDAQ 3] dz@ 9Oy des EZd3gd Is! Iy sdz L 59
COC 1 st syl ttOLtOBBIsYydeEkz il dedzO dz!
fjteiH LOYEMEC 503.

Listets Udyilsetstslse jIsMisakzjls toj Odz' desd3dz W d
OHOf Isj tolz. l 5 9 tcj GUDA, di dedDQ @ QiaddzOdgldtelz § Is
HsMlskzf dzr | EmMltes2MmMlsea® d MsLHOjIs MfJyd
ddizj 20 EMmMlstets2Mmise,. dr R OOCISjtedMmisd ¢ d

LL dZOI!, COCt] Cocdphy bl tzlssBtshi)hé
o' L 9 Qo WchDixlicgGetCoullt d dzdudaGetDeviceCou()jt 1 sfdzy ¢
By dzts  f sdzz yd s HsMiskzy € tfdmoOdsds Iz f
DeviceCourtl).

1 tod dztsy j QDA runtime disckzgmMif sdz! L Bde@d6 yd+o
cudaGetDevicePropertiesf) ts Is tsLic@Y ts diliyvtg AsC ldsdztfeidkaDevicePrap
ClsO MstczC sktc O mMsH jtydls f SHictsB dzlz ¢
( lsOB 8Py O

v OB dAB[NIO tsdzv ) ls wUdADBViICERPYOp

1 s5dzj {fdMmOdzd J
char name[256] ASCII-lstets ¢ ©, MmtsH j oy ON
size_t totalGlobalMem [ smiskz{ dz" 2 sBl Jd3 G dz
BO2IS0On
size_tsharedMemPerBlock |[ B j d3 tcOL H j dzv¥v j di3ts?2
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int regsPerBlock

ydmeeB dsd 7 ©jcdmsks

int warpSize

[OLBjc 00Ky O

size_t memPitch

f OS M dBOdzr dzr 2 h O (3
HdzW C s Jtotly Bdgd W 99 B

int maxThreadsPerBlock [ O¢CMd ©3Odz' dzts § Ctsdzd yJd
B dztsC j

int maxThreadsDim([3] [ OCMd &3O dz' dzts § Csdzd yd
COYHBGEB LA tojddw B

int maxGridSize[3] [ OC MmMd &3P dz'Cdeslzd yJ Mise 5
COYHBSE dL digj toj dzgdw 1

int clockRate Yy OMiIssls © {de tsfyd dptids ety (

size_t totalConstMem [Bl &3 CStsdzmilsOdzls dzts?2

int major dIlsOtch Ow yofmlis: Ztotso
9 5L d3ts ) dzts mdsmplite c@pability)
Emistcs?2 Mise O

int minor [ zZOH M PO®MIs ! Ztctso dgw E
oL iy detsMisj 2 Emlstets?

size t textureAlignment stejBBOOdzdWw, HtojHI WO
o tcQodzdo Odzd® Isj CMmisk

int deviceOverlap 1l zdzj omCd2 W dzOgc, f s¢C
Emistes?2 Mise ts SH dzts 9 to

W Iz dz€ guflEaMemcpf) dB W H o

int multiProcessorCount stsdzd yj mlso ts sz dzr Isd
Emlstcts? Milso j

int kernelExecTimeoutEnabled 1 zdzj e & d 2 W dzO G,
mMeh jmMsealzjIs dzd tsG tc d
dMmyf sdzdzy dzdV¥ wHjte kMl

int integrated Il zdzj omCd2 W dzOg, fs¢
dzd Ekfpliste ®©LJ  dzd tc 5 SPOLELAS
Jj Mis yomils: s dzO0B Stc O
HdMS 6 jGPUE o3

int canMapHostMemory lzdzj omCd2 WdazbdR, { &
EMmlstcts2 Mis stO Is 15 Is & sCaifY Is
OHtej Mdets j 1 tc 5 M izth)® defislf)

dmf sdz' L 59 O dzdgudBHostAllac 5
cudaHostGetDevicePointer

int computeMode

{dXdd o ydfmdzj ciag 2 iz ff lsi

int maxTexturelD

[OCMdBOd d& 2 §SHHJ &
SHds®] td' 7 kjChkkis

int maxTexture2DI[2]

f OS M &3O dz! dg" 2 § SR H jid
( Hdzw C Oy Htedy ) d LHOggWiG
Hokrndgjtedzr o Isj S Mmisktes
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int maxTexture3D[3] d 3O dz! dg" 2 f SHH jd

¢ O3 H Bdglz® )d L uEke ] Is

|

mis 2z tc
int concurrentKernels Joamed?2 W dzO G,
HHjteY o Ojls dzd
SHdztso toj dz dzdets | dmy s«

WHJjte 9 GHgMsjd3 S tsdzlsj &

[ OC
(s
Isj €
1 zdz
RS

int ECCEnabled 1 sHHjydoOJjlIls B kMmls

10 B8dfy. ftejHMlsOodzj &z dMrsHdzr 2 GCtSH, (&

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 ©;
}

tdmMEz3AWBI ftetsm EMEUDAR2 Mise O

t dLkzdoOs@fdic'ts ¢ tc @ dggsH ) i@ ofif)8dz
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B | DA\Projects\CUDA\DifferentCUDATecnology\DifferentTechs\DebughDifferentTechs.exe SRICEL X

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

il NPOAOAKEHHA HAXKMUTE ANEYW KAABWWY . . .

m|

{ MEIBE S dzd BES L C 0 O dz® f ) RieygDdzq Y 2

I fdMmlsj B8O5, Ccltst' j MtHjky Ol daj f
B SBRGHdBE o' BEOl! bEMsts2mlsots ] H
o {ltd dzj sBosHdES GkSsotsHmsoso Ols!

(tc d. 89).

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) ;

}
t dMEzIE§ j SSH HdEzZW o' BStcO s Isd d3Odz! dzts

33[Mdzso " fosctcORUBAE e Odzad W

1 sdz hd dziyls o SCUDAsHSEE joOtfliEadlzO 6 O Is 6 Odzd L ©
h O@:tso

lssfdJeso OQdzdj onrBHAZ » HOddZ = d&QPU Y J

2.7 L s (WsHss@s,s] BEZHJIs tsBtcOB OBPUs Ols! H
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3sfdtso Odedj tjL Zd s GRUDD @RS} SO d

331lvftcOodzj dedy J OBW IS! ¥

] lots G tc © d3d3dz@UDAS tdeHj JHAf ! 5,dzO0¢ 10 Iso ¥ yd Mdzd Is § &
mMsmistsdIls dL heshdBvicey Onis g 2 1 Is odg WdOmpdad' Is?2j dz
Mo s MBBMiso j. dedzidzC y ff Oteld®dstdIOE s JL § Odgw Is
(devicd. v J - iz dEXWDA[ F tc J HISMIsOQo dzv jIs tOL o dIsT §
f OdzW Is+ & . J Is OB dzd Yy 4 3.11 {ftjHMmMlsOs dzj dz
§ tod d3j dzd dglevigd dgO W zcplzC ydifiyydis dz! thasy 3" 3d  dzO

v OB AN 2 dzC ydd Hdzv tOBBISr M f OdgwiIss ¢

CWkdfS ydd CUDA-W z dz& yd d
malloc cudaMalloc
memcpy cudaMemcpy
memset cudaMemset
free cudaFree

ANz dzC ydrr H | dA @adfW lsudaMalloc
cudaError_t cudaMalloos¢id** devPtr, siz_t size,

1 Otc O dzjdésvRiti 2 C O L QB edelzffrdsdzwsiza] L Off t O d o O
tcOL d3j to 9 dOAUdP 'dfds :teuBdsSAccessudaErrorMemoryAllocation

[ dz¢ s d tc s @dif™ed d3j dzv | Is ficudaMemadpy v d v

cudaError_t cudakimcpy (void* dst,

constvoid* src,

size_t count,

cudaMemcpyKindind)

f Otc O A O tefj ApBE'Y lbed] § d3dzdi OO tad]fifrs s y dadnéi O
tcOL df s d tolz jBHSCHOB O2 skl ' ECOL " 90 Is dzO
Csf dteso Odad W

1 20y dzdeovts L 9:tc O IsdddaSuccess, cudaErrorinvalidValue,

cudaErrorinvalidDevicePointer, cudaErrorinvalidMemcpyDirection
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[ dzv  f OtkiDdgtdoedds MY sdz! L s9 Ols!  fdzj Hizs f
L dzOyJ ded v

¢ cudaMemcpyHostToHost

¢ cudaMemcpyHostToDevige

¢ cudaMemcpyDeviceToHast

¢ cudaMemcpyDeviceToDevice

A 2 dz€ yeddaMemcpy W o dzw j Is fpw BditSd@Ledzjij 27 j to
FftcOodzj dzdy YBGCO dzaj BEZHjdz 9S5LOtON jdz t6]

333 tdBjte dMysd L 50 OGUDAB OL 507 & W kd

 OmMMmslsted &3 § tod d&3d to, o Odzd Lz fbztg 9 j cfcie
9 jClsteso. HnjBO, SlsskOvs Opdd 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 B H d (@ d HLEH

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 ) Z3BECA & dzC maing

10 Bdfl.2 ftjHMsOs dzj 20 Wk dzeC 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 dMEZIBTA £ dzC ydw ddzd ydoOdzdr ©ydd

ANzdzS ydvw Mmiezdsdsdtetso Odzedw, toj Odzchoskze h OWw
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 MEZIMBECA £ dzS ydw )z gt s dzOdaf ) (

R R o fsdzdzd 5 toj W OC Iststed dz¢  dzOh
or ydMmdzdls j dz dzsGPUROG L € d d&O

1.R ) s doudadallod €9 ' H j dzd di5 §APGEY Is*  dzO

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

3.1 sfmdzj Csfdtetseo Odedw dMmrHA 7 H Odzdz
CltstcOw of f sdzdedls § 54 dzj d3j dzls dets j  rpEtsdyty adzc

4. w dMitd Lo GuaMergpy M § OOk Ists
cudaMemcpyDeviceToHost o ' {f ts dzdzd o3 Csf Jtetso Odad j d
( 30 f i ddevieedz@ost)

5.1 L O¢ dz¥ ydj mifd={dzeudaBrees o sB s H d GPUW O i3V Is !
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) sfdzj W OCIstonjary @ & W jzlszS 5w dzv h g dg

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 dMEZIBTA 2 dzC mai)H dzv o 7  tsdzdzj ded v @RUAC

180 0OW WbkdSydy Middtess OBRIY (WHEE)
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__global  woid DevicefrraySum(fleoat # a, fleoat # b, float * c){
int idx = blockIdx.x;
c[idx] = a[idx] + b[idx];

t dMEzIMBTA 2 dzC ydvw WwWH©CO

{jLEzd Ok ©OBGlk' fHtcLO®s 56 0OL Od

-

i " DdProjects\CUDADifferentCUDATecnelogyh\DifferentTechs\DebughDit

rrays match.
A NMPOADAKEHHA HAKMHTE ANEYN KAABHWY . . .

it dMEzMBTC) r e sH todsdzy j ded W

10 @Bdf.7 fsCO0OLOdk dMrntsHd 2 CtH, MBH
HdzV L O3 O ftesdLotHdIsj dz2 detsfyls (.

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 o sHdIsj dz' desflsd
9] Clststeso

10 8.8 Hj Bsdhsedtlkjlshvy Mdd BsS 1 S ts
o tcd d&zd dzq
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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 dMEzMWBL] r s sH JescOdgdzr (otcj d3W to(

[ Uuj o dH dzts, Yylsts  OtcOdzdzj dz' dzOW o j tomdWv
o jdzdyj ddy mMEtsttshmisd r z®B tzlszlz y ¥ fo dedzs y J- da
CUDAf teddztsy j dedwW or f sdzdzgddz3 BsHIW JdSC Oyds
BdzsCd d fslsCd) .

__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];

{ I MEMBE, sHd¥ dydtctse Odedztsy W H

vd it dL o3 defay) ff ZfCmalFH i B3 Mjtedy L C
OB SIS’ f§toddtsy j dad 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 Wrradm® yd v

] OBddyj 3.12 fjumsOodjd ©jkhd
5OCIOR) Hd" ©OLdJydsets ©OL &Bjtd EOMNde
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v OB dR[1IQ o dMd B3sMmis! EMECtstej dzgdwv s tOL

{OL&j] JwejoPu s lwjePu Isd 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 sOOd Mmjtdd of ydfddlsj d
fsmistesdls: CeoOWdyjmMSks LOadmddshls: ,
ot6) B dzd 8] " j BPYGCPOBOUGEO( BGPLO JMD SH d 7

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 dMEz32B) O dMd gsMmis! ot ) dd wJMJjc
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O OdsE dudzze L Oo d Md dstsfls

sy dzts f sMls

oe——r

kMO ddY s

- e | =

t d fZ8@EL) Oo d fd dsshi:

stsdastetsdz! dzf j ot tetsfyr

1.s06¢d] WkdSydd tOdkeOsls  §OdwIis:! ¥
2. [fdh difjtesmlsj 2t tgfQC Is qCUPA-tc Ols Is ) toatztzv

ftetsj ¢ Isd CEAG degfvdzts % j dad 2

3.50Cd)] BSHdW S Obtr? Wkdsyd?2 o L dzO
4.0fdh dlsj oMmistetsj dedz" QUDA. j CIststedz” j Isdtfr
51 swimdzdlsy dzOL dzOyd dzedJ CLHActs dzdz’ = 4

6.ylsts sOCtsj] wWHtB (WEdSydw wHO)

7.s0¢C LOfEkmMmisdIs! Bdzsy J Mlsos B XzBRE BF
LOf EMmMisdls: JHJdzMIse J deder 2 B dzs¢ My d3datsy 4 Mk

8B.ylsts sOCB] MeemMBHh dadailgj Wz Ytgdp' €

Wkd.yd?
9.5 0Cdj d3jlstsH"
10.s OCdj ®BsHIW JCOter
sMtse j dzdets Mtz L § 8 O deff)f s

f

sBtcOB SIsCAUDAY dBBE Mizh
1 4 PO tztz" ) dzdf) I,
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toryréfyorffrrsaeuvlrp I fuls

¢ JtejH" HEZMN dr tieceh imdstatistcty fighifte & ¢ tc O d3d3lz dzC
CUDAd tJOL sBtgOE®RPB: fdh jilsmvw f Otc Odzdzj GRU.dz" 2
[Hdzdd&3 dL 90y dzj 2h dm 9o { Otc Qdzdj edzzigtslstEn W tea
St @GOSCtec Tz dz! dets dMmtf sdzdzv §J 3" 4 1 dzj d3d dals™ ¢
ftod tjh jdd( L OHOyd. it JHE S  aHiPls tcg QPH 'k
ftotsyd Mitste deiPylsi'ls fporspd mte j L Zdz sOIs d L Os
LOBBIYM! & Isdz, vyl o {1 Ists frpdidsjjdg! datg dfCe
Odze sted Is BO R f PigPdreilzi detsC L § BY dzw ter ¢ s
oLOdoisH j 2Msoatso Ol d St jtcdtese Ols: Mw .
By nOdzdL B3OR ISOC BBt 9aCUDAERSH j 2Mlsadw o WL

41t OLHJjdzjdzedj § OtceOdzdzj dz dz" = B C

] o] HAZHeOW H jo@inM d3ts s te § @ESCGPUzP M §f s dzdzw § |
f OtcOdzdzj dz dz" 2 CBH. [ dzv 1 Istse s GRYDA th) lsts ds,(
M tsdzr ¢ 5 didsddits LAt O dzdzj dzt dz" = 4 €L j &3 dzv to
1L B dzwiter d3f dzOL 9 Odzd B dzis$ OB .

RMY sdzdgw 8 M OCUDANGEFEH OB dzY jIs tc@fgh jded Is ‘dzd
1 0 sdgdzd 5, ylsts fted LOTEMEC] dzj MEtsdz €dn
dr SBdzdyiMmlsets o (jtotsd3 Oteclzd3j dzlsj o dzbz
mMizsy jdzedd o SClsstetsa o3 LOfEMC Odzd 5 st
9JClststcO® MOL d&3j tetsd3

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

l sstes?2 OO Iste 9 kegdhitsdk BESBZ GF 2
COmses BAZSC O. s Mdr st d3r L Of I ¢ O
ftojH" HEMN J &3 ftedd3j ted MdlskzOydw or ¢ dzv H j dzC

N blocksx 1 threadblock = N parallelthreads
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[ty des BT dzts B' 9 d3j MW Bldclids oL Grff zHiplsko
BdzsWN/j4 BdtsCBse M yjlsr to! dzv dagjlslefiplsd SC Q@i
Mzsy jdzed Eftsd,j Clotststczy doh d M dztso 52 ddaW 5
CUDA 4 .

[T MBdtOj &3 tjh dls: Ikl j2L OzO0ajf,
qd&zdJwW HoO o jClstste® dzO ornBHJ, §tdzydqls I
&ZO 1 Istsls tcOL o d3j Mists BasCse diFf ot sdz L

I 5L By dets, o0 dzj f§sdvwisds, CO0¢dj
dzdlsj?2 od3j Miss BAcCtse. OKE ddgd'S OfSteljmd dglah
9 dH dzszOCfsH f OteOdzdzy dz' dz" § dzdilsd o dzzlsted B «
Cslster §| § OtcOdzdzj dz! dzf d3 B dzsC O3 dzy Y tsSH M

10ydzy &8 M Heolzn L Od3j Isdz" n dL d3j day dzd 2
f OtcOdzdz] dpddig ¢ s ) BSHdets?2 dzdls: ¥ 9o C OY HB

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

O kjfite: LOfEMIsdd N dzdlsj 2 o SHdzs

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

RLAJ dzdls! HtdHjlsmMw ©tsdz? ¢ Mftsmse dd
d o' atsHds J HOdedz' § ddzHJ SMdteseo Odzdm! o v

int tid = blockldx.x;

sjtfjter Y4, ftmMitd ¢k BdzscS oMmjcet tSH.
dzsd3j 6t © dzd Isd

int tid = threadldxx;

R 1 Iss ofy, Yylsts dzzy dets MmH j dzOIs! H d
f OtcOdzdzj dz' dz@ i3 B sSC OB € tj OdzdL ©Oydd MM
ftodo dimirdeHde 2 IsjSMmls yddzditsds, or HJjdzde
h tod W Igtdscidh1).
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#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 dmMzads & dztsy j dzadj] Hokzr dBOMMdoetse M

[ Ef sdzw dzzdzd B Of f OtcOlsdesd3 56 tcOdzed
SHd?2 -B)5s635 s C O¥HBBHISHE s tc 5 @ M ded s
d &0 SCdzdyimlsets dzdlsj?2 o BHddsd3 B dzs€ j .
o j dzd yd dz" maxThrfads®grBlock fMistclgCIlsisf dMmr o O h j 2
Eimsigls®@ © (Mdz. cdkzOoek 3). g dw dBdtscdr Mts:
Csdzdyj mlseots dedlsj?2 o BAzsSC | dgj HBdzy dets { to
f SHABSHBAd d20 GMdse j dzdlsj 2 H dzv 1 figaets ¢ jlsdsd
f sdzOHtsBdlsMY CtsdBBddzOydwy dzdlsj?2 d BdsC st

sO¢C te®dz hj, a3’ H s dzy dz' BEH]J BB odzj Mis
or ydmdzj dzgdw ddzvnJ €MO o dzzlstced W H@OJ dfj & Us@
dzi MECsdz! ¢ 5 Bl soddgn j &HOydvw dzOf sdB3d dzO§
fiJtejrnBHO BIS Hokd3jtedzsets ddzHJ S MO ¢ dzd dz]

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

{dmEz428 T " ud igdej desd3j €O dzd Is g

T HifM! & fsd Lkjdhy jhj chodkBih oM
SHHOC S0 O ofs ofmjn BdESOR d MmMsHjtydls
©COL &) edesMisd BEESCO. 1 sMEtsd Ck & ©OBGLE
foj HiMsOo dzv j s IbIB@HDING 5 Ro j dgdoudo@izd &5, yls s
fjtcj d3joid@imy o Cthttes? StwOddlshmy ¢ sddyj
dL Bitej ded™w MmilCd. Drid@n w6 L i3 hda@ekintzdzO W
Stk tdzOW . R &ZOYJ "e@W tigBUPA Dty aswde jsls L C
Ho ZdgslgdzlsC b B dzsC 5o , Syt 21 figfls O £ deisjsls s



104
BOMMdo AgddOp2 . SEyO dL d&jtejdd2, J &EOdss
fsdzOH B Y sMv | cdal § Mak@h duds sk fijdzkz ¢ O os.
I'mudmdzy dedd ddend € MO  of 5dzdlifdridlodgsidl dzdg®
W iste Bz 2y B dgaydete d H dzts. [ dzd o Ofdic JIsHIfIs @iBj' I
st d@dsds, 0§ d¢ yOshdi ddlsd, O] &S
Ho b dBj todzr 2 dERjAN.d oC M@ Cp§tezC SAM80 § 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 M43 § o Zd3j tedzOVY MistezC SO dL

( Mdzd dzd BY Mg trisls Miss-distesS QO dsdrts & @l
dezi MO CtsdeCted sdzts? dedilsd dzzy des Ik dzdetsy d Is
o demd3 BdzsCj] d ftcdBOoadls: € HtosdL o jHjdzd
® LOHOYyj Bt WttOClsOdzj 1 X kdzdwyGlglzO oB" 2] Maif
Holzd3gj todzr 2 ddzHj Cfp §d&CMmj dzw:

int offset = x +y * DIM,;

O Ijfjte! ftcj HDIMsidaisQ d dRgj to desfidls ¢ BdztsC O
dzd Isw 3 Yzs 3z te B -ddiECd®),tc QadIsd o BdtsCji. | Bl
Hdzw or" ydmdzj dgdv dzddej 2 dzsets ddzi J $ MO dzd Isc

tid = threadldxx + blockldxx * blockDim.x.

llststetsy dL d3 dgj dzdy Mmdzj H cOls q daidfls ¢ OL
dzz ¥ detf Z ) IONIs Otc O dzdzj dz! dz" - dzd Is j 2, widdsfdds €
tcOMftej H]j dzdls' C s RSP HMS sddstse" dzj o' 2ls
512 dzedlsj? dzO B lgsY dz" J Htzjs Y iHzd Rootm dz! dzts
WdSCmMdtcse Odadets] Stsdzdyj Mlsets dzdlsj 2 o B dzts€
Ndzd Isj 2 dzlzy dzes B W H1j2s8 LeOfAHEsed. Is !
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1 jHO 9 Istd3, Yl tjL zdz IsCNstE®B 8y Jdeszy
Y j fzsdapfn 1y O Ndehylaizfs, Nj2fiy@z§ Isus@o dztsO daz O |
0 dedlsj 2,6 si3rdzjdecpUjud dzd d3. Nd@ d¢ toCusias j1,2
LOfEfmisdd3 fdzdh Ssdf dBBOdzs dzdlsj2. Clts § d
SlsHj dzj dzgdWw Ctokedw dztsf! f dLB' ISC t503.

[dzv tey¥h jidds?2 LOHOUd BJL cfilc)fo dizlj dze
fls@@zsls dz' 2 f tod j RIN/128,a(NsdIfxv)ls/: 1 8. [ sy J Isj
O Mzsets, Yl 150 WstedzdzO HOJjls dzOd d3j «
YOflsdzts Bz WizOH | & dzd ® dzd 1 txisGc QESsIs | @36 gzt |
o 1 Istsd3wipQ g figlldsts 1 sMCtsdzt Sk B tejh ddzd, -
LOf EMEC Oy WwHtes dazy dzts Mmdzj Hiz¥ h Jd3 tSBOL t

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

{ Mz4AES Of EMS cMBOEOEMdtetso Odz

1 tsfdzj 1 Ists@ts dL f3j dzgj dedVj H BB j SH O
¢ sdzd UJ fiplgats ddzdn Oy § Mdzd " N ey SwOGEs JB&
ftesBdzf BO dzj 6 ¢ts g PNOjIsmw, d dzOMj WHTEKt
dzdh ' fttse jtedls!, yYlbts ddzHj ¢ M dAd Slgts dizOGts +
LiIstsdy Mz yOJ J 6t dByHAsE)IsdffiDs & Lds® ipisd o O
9" atSHdZ" ~n: HOdzdz' -

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

[ (ME4BES cso j ©CO ddzHj CMO BOF

sifjte! jMdd ddHjCh SCOI0oPPEMBELE Pls
CSEHO HhddO EOmfidd Odgz) § GEGE 628 H 1 &8 dzd € (
R, Ut jhj o90)dd, dj §"IOJ BBMw ydlsol
fOdBWIsd odz dOMMdotse

[+ dzj Brdzd HB CtdzyO GlCtetse j ddz , 6t
f Ot Odzdzj dz' dz TGP dz Ot d3tz® & & to O dzd  j dizdf I8 | 2izC
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mMh jMlsoakzjls 1OCY] Off OtcOls dzts p dztis® ticed daf] % [
CstcOLHsBEWE@HZ dakd ) . s OC igr ExJ kY tsd3d da
dzt BSEts dL d3j ted dgdw M IsC6H538z) HBdzy dets fto] ¢
1 s sSEGHO 9 f smdzj H dzj 2 tcj OdzdL Oydd
ftesBdzf BO. [ Nz 28O0 HEHAFIE Bls!, Ists d3F fyls sdzC
yqdmdzs 1 dzj 5j dzlstse o COYHEBAHR o CIsBEPA8KEE O
ltesHj B' BdREzy Nt &6 dzf djOdgrdssd Bl Id3C
odBtsdzj J ®shd j cwoOvduimeédd ftoesyj s
HOdzdz" n, MsotSkzfdzr 2 tOLBjt Ctlstster = dzO
Bd dzdzd sdzso 1 dzj di3j dzlsts o .
s Mmuyofmls: ¥, jMmis! tyjdbz dePgdsjds ©jHMejt

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 o3j dzj dedetsj VY H it

1HjM: & Istsyj tsB A tsHfillzd ¥ H @dgde'sjc d azd
o jtemdd HdvCREJUWYsd@ichdd Mtstedz" = WHJ to ddzk
Bf EkojdzdydeOls! dzgj dzO 1, O dzO Ctsdzd y4 "
md2yom §tod BindedBed) o o j tefdd

J tej Odzd L OGRUJ B Hdzlsts ) j 3 e OMMdzOIstcd 8 O
tcOB SIsO8 h dj dzdIsd C0O¢C { totsyGPigftftsitss'y.j Mntsts
BdzsCtso sy jls BT Is! By dz' "j (dJdzd BtsSdz b
Zsecduj mMSd My mEeady jzk ds, O f zOdtbEtss C
o' fsdzdzj dzdVv stz yOj &3 tsBStczH O Odzed 8

[IsH | dzj dzd J teOMY Otc Odzdzj dzd @ O dzed W sls d
d My s dzdzjpdadivdzw , CUDBHEAHBOJ IS M Jdziu ftese
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Hy2Mlseo dlsj dz dets dBOdzdzO dzj B § MdzOW , J Mmdzd [
NVIDIAC tsdzd yj mMsets ¢J v 90t qtekzjIsmw ©Is 8 H

vdfite!, ©OLBB®LOONdM!' M ftoddydy tsds,
Hsdzy dz@ Istsdz? ¢ 5 fsdgviIsy, COC or ydgmdzdls+ o
dmyf sdzdzg” j di3s?2 dedIsd d d&O MEétsd ¢t jets ko9
COYHG@YI! dzO y d dzO dz© tcOB sls iz fn tcOL dz' n
dzd dzj Otc fLOGEZO IS ‘dzts d3j t6 B dzfs § G Y Qidis delg’ < dedfdisHdj) €
dzdlsd BEkHjd o ydmdzwis! : fts MmdzjHikze h j2 Wit

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

1l sfMdzj btsets COC dbBls! ML BY € dz0 dflsz td @i t5 IS
o jdduydls: Jet d&O tBhjj ydmds ddlsj?2, L
ftosdLoeo jHjdad yYydmdzO B dzsC tseo dzO hlpdkidetss dzd
*gridDima. v OCdd3 tsBteOLtsd3, ftodteOh jdedj o' Yy

tid +=blockDim.x * gridDim.x;

[7 fyld E yjdzd! [MlsOdtshm! :stsd ¢

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

1 r L 59<<(N+127)/128,128>>flev a, dev b, dev c) L Oo j toh
shdBCts2, N+ ]l Ryaz)f/ 1(2 8 Btsdz: h j 6 IS d te5s3 50. dzdzt®
LOf EMEC Ol Mdzdh s ddetscts B dzsC s, dzlzy dz
Csdzdyj mMsets. 1 d ybter d ootsHdIls! dzdh
fts 128 dedlsj?2 o GCOYHEB®

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

[y i) oLWIs! dOw] @dMckzad ] sdde dzj
orhjtydzlsr = BetOdedyjded?2. 1 ts5Lyj d3F BB
o' Bs@Offjdas sHdIsj dzt desfyls: , des f 85C 0O BEHJ &
dzdlsj 2 HBMOLByYydts. uvjtfjte! & dBsyjd MEd
d tcteodkzd ddh! Bl j &t ZECRUOEMISIde ff widsdglstztf d
dimnr BHdz 2 clagGdgly ¢ tets
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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 ¥y j g i (188Y &5 Is e o damid2Be &z § &

421 OL HJ dzf P B3O d dzm tetsdzd L Oyd W

rs mdr Yste jHJdMise j dedz’ dg Ot B I relaf stz o
&zO dzdiIsd BT dzts Mistej d3dzj dzdeiO dzf mip &z f P @
SH dz=ipjtalgdzts tc OB SISO h dr B dzs € =g Is dlolOy Vs o ©
Ylsts d M ®dzdiGWjAHdsI e dz0 B d MOBO MftcOo dls
M’ d HwkZedy §Ytodydds .

cL? CUDA d ftcj HsMIsOo dzw j Is ) tcOMmf stew
ZzOL " 90 iz t©WOLHjdzvj Bz HOd@RBWIS: . 8 1 G
tcOMmh d evjL@z®j o, BdzdL €5 ¢ SGetmeyd o glabal fmdzts o
{ Mdzd o ez wBdsd] e joj d3j dzdzts?2 H 5B Glacgds ! B tizs
1 IsO jtc] dzjtcd@z@lyj NBjleQj 9 twWOL HJj dzv j B2 O

t OHr , yYlkts or MY tc@DYwlzdts B ts B If 'dzy B jslc 1
® WBOLHJ&V B2 fO0RkBvIsd ddzOyy4 , Yy €3 B’ U
sO¢C 52 4 tcd d3gj dedats ? ) COYHB@PUB dzts figgf Is d , L
tcOBtSIsOE h dj 9 BHddEB B &S], tcOL HJ dzWw 8 Is
FodHjlsy, dd BsHdWdydtetse Ols: jJj ¢ =fAfjdls
ftoj CeOmMdzr 2 HBIwPUAbad e L @JBsEY jcOydd d
SHdsBdEZEC ). sSttd Hipks? @By BOLJyJh
MoBSH), O ORAM § HddOBd ud My L Of s3] dzO*
ftosdLotdz dgs?2 o' BtSteCts2) odaj Ctodmls ©dzdzO.
Hsflskfj € tWOLHJj&V B2 fO0RkwWIsd MmEkzhjMmls:



110

B Yydz' d3 Bldzs j jtiehPlell, ©OL H Jj dzv j BOWY f OdBW Is! ¢
ftosetcORBBdes EftcOo dzv j Bsets €1 h O,

1 jtemMf jSIsdear oL OddtsHj2Miseadw dijyHE d
1 O ded Istsyj oHBndzso dzv b Is. 1 5 ded ybsts
Bd Y dedIsj otsj o LTQHd3shfy Ldnylstgifded 37 ~ Sl d B,
oLOdBsHj2Mlsotso Odzd, Ists dzgj sBatsHdd d dBjn
dzd s+ ¢ LOYJd-BHsSoO@OUYUs @&gpsjo t©WOLHJ Y] gz

Ylsess M 1 Isdd3y L dzOyj dzdj d3 MmH J dzOIs! Ists dzqd
fcsCO dafflsdzij MHJ ZOEZO MmMeotsj HJ dzts. 1 jL Mmd
(race condition) , d ftOe ddz detsfis! tcjLEzdz sOIsO

dzd Hd s ted3d dzd tets© Odzdz’ n s e J dadzts{@shij P d3ts t6 © |
ftcddisjtc, © Ctbttesd {Isd MtejHMmlso O dMf tsd
1 Of tod d3j to, b dzdzts ) J dzd Ho zn 9 Chste
ftesdLotHdlsMUlls ¥ ttdkdj
ohohbhd t ohdhohd wiw wiw i oitod (4.1)
100 jtodetsj, Odkcttedld, SCwoltster 2 & Mt
fsdvlsjdz. 1 jteoar 2 h OGS oy Jf sdR®Y st d Isfs dpetz
SOy HOWjded llgdztsy Oj Is f Otckz Mtstsilse jIsMmilse j dadz F
¢ fdzjubkshj2 §0Ottj. 16MSsd Sk o tjLbd
f s Otcdzr = ftesdLojHjdzd2, Iss COYHOW dzdlIs
f Ote, ¢ tslgtictOB OIS 9 OdzO. 1 sfydzj sBtOBBISS (
ojddude OjIsmw dzO o j dzd yd dzlz, tcOo dzze tsB
L dzj i3jdzls dzgj BRHjls fesfbkhjd  dd tHdd
orddzvHdls CBH fjtotsets NOCO or ydmdzj ded 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;

{ dMz4BE e My sdz' L 5o Odzd j t©OL Hj dzv |

sOC oadHdIy, & wBIi wWoeddzd BEW jcmche IO
L Issds BkWjtej BEHJjIs AnttOddls! mMvw yYyoOMmlsdydzO
Il MG ste d3r Zeo dHd d3, f sy dzgz 3" sO¢C f tsf
34 ~ Odzd L 3. [BI wodls! |, ylsts ¢4 toj o34 dzdzOW
f OV Isd, syd dz fcsmlists; Is ey das” Isdo€ o tygid k
fJtej @3 dzdzOv st >paptiles © Is

__shared _float cach¢threadsPerBlodk

[ 7 Bl wWodzw j ds di3@eadfRerBlac®L BPEtsdglstse '
dzdlsd o BdzsCj BN dztk Moatsy 3 Mists Hdzw =~ O
Yylsts f tedfj daf 4 jG dztsB Odz! dzs?2 d Odzwilsd o3r 4 tedd
dmf sdzdgw ¢ ' dj WwWHtets, sts j Mis! tcOL &3] t6 tSB (
threadsPerBloczO tsBh j | ydmdzs BdzsCtseo. 15, s
Csfdd tOLHjdYjdra §Jtcj d3j didaliz - dzlzpaizts SOyt
&zdgh!+ MmMlstsdzr €8 fOBYISd, yYlstsB E COYHEB2

I T Hjdds tcOL HJ dzv | i3z ¢ f Odizv Is+ a3’ )
HOdzdzls®C Y j, $0O¢C d tOdz hj

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

] steWHBS o ydmdzj did Wiz y § | telgOddy dadztiz® € s d3;
sBl J HJdze] Is dqdzH j G My B&zcsC O ( dzg ©dz' dst)
fdsd M J dzed § ©lsdeezOB Ody@Mggas@. | COUd MBO] off
COLHJ AV ] B2 fOMBSiY Hiigess ddeH j $ M dzd Is d
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qdzi § €M oBsdstsis Odyp) "4 dedd dej EyOfmbselkjls, §
gqd3d 4 smw Mo tsw YOMlsdzOWw Csfdw ©OLHJ dzW j dit

{ BdzOMI: ORI, o " wf paif ydpda@ L dfusizig Is %
o f tsffdsjord d By des B dzts oMz d3dzdetso Ols
s OmoOwm! , Yt fisddy) ddgClds " IsHI dzda' § Jin

cachécachelndek=temp

[ BYdls mMmdzEydls! mw, ylsts BkHEIs M sdzr L
fesdLs2Hjls, JMdzd HdzZddzO o~tsHdZ -~ 94 CIsts
fsHBdsd3 Mz yO,j o Y tsMmdzj Hdzj d3 B dzs € Js! t5C (
fsi st sded deduyiets d dzgj LOfdhkls o C4nN

SO)YHT 2 f slsts¢ or ydmdzv j Is Yyomls d y dzt
mMtsslse jIsMmilse j dzdz" = Laddjbd3j zlisB & v o H Bls € tistslay O
MertOdW jIs o' ydmdzj.dzdzlz® MmMEzdksdsz o €+ 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~ tcOdzej dzedd Gtetsdzd ykzlstsy

vt te! dzr H s dzy dz' ftoshMizdzdzsdtets o Ols ¢
BOMMchehg | d&zv 1 sse 5 dz] 5B -z K36, | s Bg K C
L dzOyj def@C s,/ HE OC Blsd3j yodztsm! dovr.h j1,J SBISES
COEts cOw@Hs dteylsts oM f A4 d cOEddd
LOo jteh Olsmw H s Is Wfedf,” SOQPIsMPIstg e85 f tetsydle
B3y ~n OdzdL d3 MEh jMlsoalzjIs

__syncthreads;
Csls orL BB GcOOdIsSqelz] Is, Yls of sadggy Is ¢
Cd3OdzH " , f toj HBypdthieadgy ) dy 5 _Is s@lskz 6§ @ € tc L t

o f sdzdzdislzy iz € tsds5Oededm on ' C QEEsY . v G j &
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CSEHO {f jtco OW dzd Is ! o ff sdzdzd Is fjtcolze
__syncthreadd, off GMisOdz dzr § dzd Isdsyristrfagy H " dzd
sjfjte!, CBEHO otsj 3 dat 2 OF &5 tzdzjcdd tc Odg

f to s ) cdsdzd Is - ZOR sHWh djifmw o dzj &3 L dzOyJ o
Coslststots 2 dL 9 nSH &z G 15 BZzOMMdoe O f sdzz yO
ZOL " 9 0OQjIsmw tjHEZSCYydJj 2. tdHESYydw 1OC
f escdgfOatise Odzd d, uls & gizdiOdatz Y g "ydftO.d4f dzts §

1 Od o dzr 2 mMf smss. o' ff sdzded Is! tcjHEZC yds
or Hjdzdls! Hdkz ddls!, C(tltsttOY BBS2HJjIs
J 65 Mzl di3j s otej %, { ety HiE)dd ©dzO qzisdztf §s
) dzOh jtdgstete Q) digsisdzed dzd s 2, sts twjHEZSY
f OtcOdzdzj dz' des L O 9tcj d@3W , ftetsf stcyd ts dzO dz-
1l sdzOyOdzz ftedo jHjdadz 2 dedy4d GCBH dBBYJIs
EOMMBsstedd jes 5 Yyombsw B

RHJY 9 Istsdz, ylsts CO)HOW dzd&tsH WG dZDRW
GOMmfedahd) ., d f§ sd3j " OJ Is daghd.lz di tsifXists dry détsls Of t&
1 dzj BpdzesBi jHddew & Isfpw & tsSH J dg, sts s L Os
1 dzj d3j delstse o dOMMdoej Ekdzjdz "dlsfqw eoHO B .
fteddgj dgv j sfqw € MlsOeh j2Mw f sdztse d dzj .
log2(threadsPerBlogk h Oectse o' ydmdzd i3is g B isdz@achEl) § ©
1 dgOh j &3 M dzlzyjGgy desdzt2C5 6Mdzd Isj 2, 1 Issdkz
1 dzj d3j dzls s ocactgOlinmel o @H d dzMmise j dzdetsj L dzOyJ dzd
dlsj tOyd?2

SBH 9orcdWwHdIs Mdzj HkE h dd3 BBLOL B

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;




114
{ ME4RBEt j OkdL Oydd ©jHESY]

10 §jtOdgzhijls 0o dthreafisBeronk] dfj’ & IS
ystsB' t©OBSlOd] ddh: ddisd f dqdzuj S MOdg
e dzOH'™ 0 O 8 ! dzjcaghddils,” |lsHOmMY® O Mdzd id dzls f5
d Mls! Mmdztsy j ddd {§tetdit(eathelddsxi). 3@y H @) iztsded]
L BOGENGId OHo O AdidgHdiSdgs A j to SEts Mo f OHC
qazgn j €M) olbttets MBjh j d 6bozsidigdez dsd 3 |
fsdkjh0jls tjL kdachOist joelicodsszsd &g, ylsts o ¢
| dzj ) s Em@o dzs 4 411 BCBdHdz sHddz h Oc o]+

{ MBS Hddz N O¢ jHEZSYdd

1 sfmdz ket COC hOE L O jteh jdzg, d Mmls
ftod o ydfmdzj dedd 4 stf Otcdzr = ftetsdL o j H sdzrdi?2 S
Ylsts ftsd3j "chakelzl j ez sSBRtSHJ®BS EBJHJI! MW,
H 5 dzy dz' Bstzd L Q¥ gagl@ld:, onH j dzOdzd symcthrisadg 1 ™ |
fsmMdzy ftedmo Odo OdzedWw cOtOdzEsqdqelzj s, ylsts ¢

1 s or atsH jwhitEfp Y OY ez@d3s @ pasffjyy dsffjj 65 BHC
&ZOtsHdIlsmw o ff j tco sdicachglz] ezg dzls j Is RO ) ) f ez@xts 2
fteodjth j dzd 2, orf ydfmdzj dzdz" = dedls¥ 3 L Lk
J HddzmIse J dzdetsy L dzOyJ dedd © G dztsB Odz! dagts?2 {f C

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

]

) syj Bz LOfdMm' o cdtsBOdz dezé  f O g
¢ slsstasheindex== 0? vOC ojH! yYdhds bksd ¢
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MR tOdsj dzd¥ RoOlsdl d SHds2 ddlsd. ssdz
5§ jteOyds o COYHB2 ddlsd, d ftetcicORBO
ML HOjIs dgj dzzy dzr 2 IStcOW OIS 2 f teas y jf fip
o' ®izd dzdls’ ) JdzH A MEBE L vWEBKISWHS gizE  H
fsMStsd Sk COYHT 2 BdsS LOfdM 90jk tod
], ddylst dzgj dj"hOJls LOYHidgkls® jcets o |

v it Ek doOmdesi flshidjopddsjH Edsilstsesc
yflsd ydzow Mk 330, o " ydmdzj dzdzOv wsHdzdd3 JL
hOej o' ydimdzj dedv MCOdzv tedesets ftetsdL o j HJ
L dzj dgj dzlst . 18 Al MCOdwtedats] Htotsdiyr © pH
Lssls dBsdjdls o' AsHdB L v ICRBO ¢ s st §
50¢ fsMmskzy O d&&?

Frhg & MCOLOdzd, ylisfipC Gdfvy teddtdfr | § tf tisct
ZOLjBAY twjHEZSYdj 2. g 3r Mdz dzOL 9 Odzdfiyw o
B4 dz' " j St=e] dsyQ@lezdz” shn S HYJ. B3 ldzOM dzz Y@ d 0§ P ez
ZO o' - BH MW Saiboydely IsSsH des L dzOyj dzdj dzji L Oc
9 Chiteso. [COL'™ 9@ PlsiPuzdzj qds sz0d50 fFPd af diz® |
GPU BbkHjl fiskhsestdfdls! t©jmktehr, or {
tjOBdd, (cktshkz eBE® BOdag € & ! sl &S
st Hdztso Olsts L OdgvIs! 480 Oted¥W dsjlsdyj MSdr

] st sz d3f o tsL o tcOPUD | gk D Gy ozj decdzle
or ayd mdzntzdzezd tctseo Oded 4§ 1 dzj d3J dzls s 9 j teR3Qinndf®
ftod dztsy jGPUedflzfs e BT dzOy Ols ¢ o ydmdzi dzd j f
ftetsdL o jHjddw ddzd-dzff Obzm ks s dzj b gz dg.j o) t
OB BRUD O tsdzyj dzO.

l1tod twOMMdislstej dzdd HOdzdzsets fted Bj 6O
fjtojhdzd & WwWHtckz.os QfPHAEj] denty L, dzdillsdsts ks tc iz H dat
sts2 YOfmRg) jsj OO ftojnuh jsobkjls or L1
skdzdyojlsimw tk ke, vyt & odHjdd tOcC
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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 dMz42B8Cf § Odzd L Oy d wai{)lz dz¢ yd d

stcOlsH'Ej d3, Yyt ftosdmMeosHdls o 1 Istsd3 ¢

1.lrTHjdzdls: fOdRBYIs! CPU d izHmpsicts 2 dndste HOd
SHdsGE 9" nfSH dzZSG 5.

2. 10 sdzdzedIls! o rn shde, | LBGR M oS sd [d]tc ¢
Emstes2Mlso © M fodish ¥ WEREYydd cudaMemc
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3. Il TL90OlIs! WHistS, or ydmdzw s h jj me¢
Wdifdtese Odzgdetsy] SCtsdzdyd mMlsets dzedlsj2 o BdzSEC

1 d Mdslstew dzO Iss ylbsts Btsdzr " Ow yoOfmls: 1
& oMy N4 BMsOdtse ddmy dzO o yudmdzj dedd
csotteddzd 5 Issdz, Ylsts ifgO@Eedzc dzt jdzig i © Jussj
COYHT 2 LOf zh § dzdz" 2 Bdzs¢ or ydmdzw jIs yc
Yyomlsdydze" = MEzdsdz Hisdzy dz2O B Is! , M SHdas?2
fJtejctelzy Ols+ CiRUs, ) Is@ Isfis ydskz dtg 2dzd € ©, ylstss
MoOod3r 2 B" Mister 2 GPU. [Askyr B tis®dzds 52 Mmellzty
Hiczetsd3 orBtste] HtesdLotsHdIsj dz! detsfls! -e3tsy §
LOadMmddiisMmMisd tsls Mstslsdzsh j dzdv M stesMmisy 2

168 ybts, JMmdzd or~tsHdzs?2 MfdmMss yj dz
COYHiIsStgdzd h S sd3 BBdets e s WN (L fipdzddsd detBis$ Is H O dzdz
o ydmdzy dedvw MmMCOdWtcdzsets ftotsdNezffisj Gzd v v P
sBtcOL t5d3, 3" H ts dzy dz' 9" BtcOIs! threzdsHatBlodk' " j
Cslsttetsj] BTN dzs BT BNis dz/ah | f tsoHdiB dais @ o difx( Is [z «
o Mistcj] yodagdgtsy jfdmddd o j Clststctso . ) H O dzdzts d3
or yd mdzv j Is mw Ni(tlsreatisBdsRivzd)) J thréadsPerBlock CIsts 9o | f
tcOMf esMistcOdz] dgdz” 2 Hftedj g ftcd WOBBI] M 1
LOf sdsdzd s Jets, HOYJ] JMmdzd B dzyfcize tcq il
qdsj ¢ M dj tsls@GDAgddw ¢

RISOC, Ctdzdyd mMsets LOfEMEOJ di3r = BASET
Ho zna yddm\itdareadS8P2rBloci)) / threadsPerBlock

blocksPerGrid =

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

sjffjte! HBdydes BT Is! { tsdav Is dztain $ls € & Hs®)
L Oo jteh j@ed®OdHsh j ftejHumissdls sk Bdid et
158 MdzOyoOdzO dzj sBrtsHd @3t ME s d@PEe Okls s 1 dg'c
HJ dzOJ d3
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HANDLE ERRCE( cudaMemcpy( partial o, dev_partial c,
blocksPerGrid+sizect (float),

cudaMemcpyDeviceToHost |

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

o += partial c[i];

t d MEz4a8iCs s d tc s EPUiE@PU

R dz2OCtdzjy, & (o jteWjd 0o dd dzs
f Ogvols H j dzj dzdEPYCRIO ) tetso jtedls! tjL zde kOIs
B" Of tedzdzd o ~tSHAZ J BOMMdoer o fdsazlell. tfffig
f sd3ded Isd , o ] dzCeiffirddp LOPY d ) O dz’ yd dazr g
N-landb[]i ! Ists ¢ 28a]nls s

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

b[i] = i*2;

}

1 0hj MCOdzwtcdetsj 1 totu|jLdpdgts?j dipizidzdig © oCdatO +
ydmj dz tNsl.l@cdefpd o 2t W stcdizazlzipw du Odrfilsls
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
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=f] B S TIRCSEAAr From e Lbvary of Caiey Mlfond Sicilh

p v :
{ dMz4a8T{ Mo sBtSYHjdedd f OdBW Is¢
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43s s dzfyls O dzls dzOW  § O W Is

431 Mdetse ' OB f CtdhfsOdidsdts?2 § Odw

I rhj g Ctso stcd dzd, GRUSSB dAPtE Ot Jsd3 jSdmidrs)!
or ydmdzdls j dz' dats 2 B dets s+ & | R 034 dzdzts
ftesyy Ms@Pde t@oOdz) MStstsmisd orf ydmdzj dzd
GPUC OGS ¢ fMmMtjHMmlsolz Hdzw or ff tsdzdgj dzgdwV o1 y
Odzd ydd MmMlsjd OtedWlisky Is dzu jSfSdx| GRE)] bipilisists 2
MlsOdzso dIlsmw  dzj M ctetsmis o ydmdzj dzd 2 ,
CteOWdui MEsd3 ftesyj MMtstej ISOC dBdesets ¢ v
fsHOo OlIsy ddg HOdzdzr | © Isjd&3f i, HEMISOIYd
o' ydmdzj ded 2d 3l jsis Isisdgslzmdz e OMMBEsistej Is!  Mtc ]
By des Ed3j dz' hdls! Ctsdzdyd Msets ff jtcOyd?2
d §OiwIs! s .

(s Mdo ftste & odHjdd fescteOBB , o
d tOLHJjdvj Bow CUDAMY 19’ tsH H Jtte 3Vdued® Iso djHT jf G
C O dzls dzz s . s OC MdzjHbEjls dL MOBSEs dzOL o
~ntcOdzj dzdwv H Odzdz" -, Cslstste’ § dzgy L d3j dgvs
[ BBtolkzH cSNVIDEJfjte j HisMIsOoa dzw jIs 64 sB € sdzMmls(
Clststets? tstee Odzqy Ho GO fiplsd@@izyjOtels dzts 2 6 ozfs |
dzj S slstster 7 Mdzzyows dMftsd L tseo Odzdj € sdz
fsLosdzwjls Ed3didz hdls' kOWdS . 3iyHE  Od3"

432[ Mdetser d3jssHO bwOMMdeses $d dzizyj 2

{Hdd dL Mysmtsete oAt dzy G5y & dd)h cistsdz
fgjtc] fosmssets §toddsy j dzd Wi da@auEwasd o Gf d
ts #s ) dztsto O jHs s H O

RHjWw ftosilsOo. I 7 B dta@jzdy @O Chisusjtsdgjlz ©
OB @PREZE CO®Rjtelkz. 1 1 Ists2 Cfjtdasyh jdddeiztsils fiy
fleo j O s M IstsBT sdzzydls! dL sBtOY j dod j ,
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fsfOHOjIs o 1lstsls HOYdS. sOYH'2 §dSfmjd
dsjls: vyojls d wweCtsmls! &zy® fajlsoO, 1§ OHC

1 sMCsd Sk Mojl, §OHOHhJd2 &0 dsysEs
BjMsO dz© Myjdaj, fshj tjh Ot fisksds Bl
YylssBlsOfr MW fdvls!, COCEK2 dd&ky Mo jh O]
pEBBLOY O] & 2 d&ky dL §dSMjdv &0 myj dk
CZOL O, cMdslstwh | dBEels s ChRiddl . i@, t J
COyHBGEE . §dCMj dw

View Ray

Image
Scene Object

t dMEz4dBCe - J B3O IktcOMMdieseo ¢ d

YIstsB or ydmdzdils: , COCts?2 yojls codHdl
&y dr 1 ksets ¢ dv yjtojesXylzdlk, S8t
USEHO dgd di¢ tf afjts fg j dz’ odHdIl 1 Istsls BI jCIs,
yoe jIs, dmatHY dL yYyojlkO Bl jCIsO. I rydtr
dzz yo, o shdsodasdy Mo sHWIsMw € dzOr Y H j dac

dz0 MmyJd dzj
| Bdjj Masyd & &sHjdY: s On ket
slstOy Ols! , O {fsdplst esicgd®sdz j ez yd Mo j ks

sBtOL ¥ Ismw eolststed ydz" 4§ dzzyd, Itdlsdydzs |
ftodocdzj SOz dg & thtej ddzgsfisj2 o5j SSHO
std, Yt yjdy f tastpsts o Ojdl 59 Ols'L OB
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Oze stedlsdz bOmMmMdteses $d tOL dzd ydz' j Iz i) dz
toj Ozd Misdydesets dL sBLOY j ded W

433s tcOMMdotse CGAPUAzEZ yj 2 dz0O

1 sM¢ tsdaPIC lkd §f @oenGL d DirectX dzj f o HdzOL dzO0y
stcOMmMdteso $d dzkzyj?2, bt & tjOdkdLiEzjd {
CUDAdg. [ " dzaj BEHJB ddujcects kmdtsydwlis! ,
tcOBBIs] f CodhisOdsdzts?2 f OdgviIs ¢, st Istsd3k
f sdzdzts yJ dzdzts 6 5 dztsfctdsts d3r d3jd2j@ldzd L &3O tej dzH j to d
tcOL tyOtetso Odzr . 1 Oh stcOMMmMdtetso h d ¢ BLkHJ
mMemMisswh dj dL Wi te, O COd3j e delxtfitg Go drj
Mlsstetsdzgz dz2OyYOd&zO S tsteH d dzOlIs. stoesdzj Istsg
mMyd dz" , YlssiB™ o @) Mine M o lststed ydzr dzd dzlz yC
o' ydmdzw s+ 1 WWJjClIlsr tsfMmejh jddw, d&" dzOL dzC
d BEZHjd 9" BdtcOIls! Jjets Blslsjdtst M §fsdhish:!

stcOfMMdictsoh ¢ ftosotsHdIls dzzy dL GHOptetsc
L Istsls dzzy i mMjcOjls. s to s d3g Ists@ 5, s d
fdtedfmdudddw. [MmMdd oy fijtjnjojlk dzjf
stsdz? S5 Bdzdy ©O2h OW . l1ts MmMklsd Hj dzO, dzO h
MCter 9 0OjIs ftso jtorndesMmisd,s. Ctslsster j COMJ 6O

W jttO dBsHjddJtekzjlsmhw M ffod@shi s Mistek
YJ destez)(, -, @, dzgb)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
I'!- O h1
L EF i
& =H 1T R . ddefine [HF 2elil
- [ TR M T
SR ARSI AR DAL
T — plzuck Sphere |
LY 2028 s Feaur wrg 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 435 LU 2o Tiem if {detdee + dy+dy « radiustradiuel [
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 Odzedj MW J tor

Il 1Ists?2 MmMbtckzCIskzte] Mtdpatjosks fipat oylflea€*y)j. dfjds
sftejHddvil, {§jt] MjdOy, s fdes oHjOdzdredz” nWdjLtc
{ Mdzd HO, Ists dBBjlstsH o ydgmdzw jIs ttOMMmilstsw dac
dzlz y dzts L dzgOIls! HdzW Istséts, yYlstsBr o' BtcOls!
fJjtejMmMj COjls ddmMisd ¢ MV jte, fomMitd Ck

Az dgddmain) EMmstets] dzO0 ftodd3 tedzets SO ¥ § ,
fteddzj tOrn G jdzj cOQydd dL sBtOY j ded 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 )} };

{ M Z4AEREA & dzC man) H dzv o ' § & dzdz) ded ¥ Iste C

fr orHjdzVjd3 f§ORvIs! H dz2v d3Odndnteto d2" - i)
MsMisQo dzw eizr dn 1 BP§ sdzr C &+ BRU, H Gedzdzc jj dzgzle §
CPU, Ists dzj tseHRjEd]sdts foO@&PUs ¢  GPEk@OBB tc Olsd o
Mtstslso j Is firlsdaMatledzsmdifoq ) . stsd3j Istsets, di' o
tcOMmistesotsets dLBBWLOY jddw, € itslststelslfj dawizH j
Bjtej bwOmMmMdeses Cd MW | ts.

l smdzj Itsegts COC ofMmw  dzj tg @20 d YW  frffc
SBtOLdgde Bigkz j &3 S StstoH d dzOT yj dastetse, 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;
}

{ dMEz4ABi<] " v jdzjdedy d ddedydOdzdL Oydv

4j2Y0Om § tetsc tcO dREERN Mafjodzidad e Is fjdzkz yO2
CsdzlsOdzs © L OH Odefed dgEDIGij € ISE[0 15 # dpjOusS) tk
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BOMmMMmde MW jte ¢ sfGEPER ] § f§essblavgn@og)ls ' f fdzd
otcj Bj dedzr 2 BLW jtt SMotBEYHOJISMW

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

fresi temp 8 |;

vdJtjter onmtBHA § H OdzdzGRU, fdgbdgWdsi! W IsHirFw 99 7
HQdz » " Hjdzj 2O, d B .BsyJjdB LOfEME Ol

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

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

OB WHts & tOMditsls wedfdizd sl ls ' dzOf t® L] il
Hj 2 fiplgedef des IstcOfMmMMmdtelzjls Myjdesz d ¢ j dzaj ted to
Csfdtelzj &3 o ydMmdzj dzd@PYyd Husted® »jOgadz fif@dzvizishj |
sMotsBtsYHOjd3 oafms 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 Jeso Odzd j @AW Zdz' s Ok

Iy st 903 i ftodod qldzlseOfidL fz@ & d3ts
Istcf@Pdhtctso C O dzzy0o0? 1 sMmMisd ¢k & or BteOdzd
sts © CBH] WYWH©O tOLtBtOIlIs! MW Mo Mmj &3 dzj
fqd¢mjdz 9" nsHdesets dL sBteOY jydabY , dzp gy Hat
or ydmdzi daffulzOlss $t& , ) G dEMmjdzv, MmMsslse jIsm
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sls ZOYOdkO BLY,jtLd. st (DHER), dmGiseo
ftesasHddZO yjtojL .yjdaste dL sBtcOy 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 hiynapd J

float oy

sO0¢ C0O¢ Hdzw COYHBGEB dzEyO dzzy dets
MW jteOdRd, Iss &3 BatsHddB BOMMde MW jte 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 fm z42sCIntersection checking

JUudodHdets, vyt MOdr J ddzlsjtejmdzr §J o7 1
for. [r fitwiBdwOjd efmj MmWjtr dit( kdv yse
L dzOIs | codHdlsé dzd dzzy 1 skz MW j telz. [ M
HOdzdzOW Is 5 ulkdO¥ f§ejdafiymij Wi ¢ Od3j e, UYj @3 B0
Ists d3f LOf s dz0a j &3 twOmMMmisswdzdj HB dztso
LOY sd3d dzOj Isfqw  yo jlIs 1 Ists?2 MW jter , Ylstse '
mWwditr , Bdzdy 02h j2 € COd] te] . 1 s ¢ dz! € |
fteso jHjdzder 2 dL dOh jets §d¢md dzv, 3r M
MertcOdzgY j 5 L dz2Oyjdzedy o© BEWjt] tJLEI Isdt



126
1 sfdz Istsets C0O¢ fjtiMmMiudddd Mt ofmj
LOf dmMOIls: IsjSkhd2 yojls. 9 or atsHdets] (L SE

ptrocffsat*d + 0]
ptr[ocffset*d + 1] {inc) {g * 2585} ;
ptr[offsac*d 4+ 2] {(int) {b * 2588},
ptr(offzekt*4 + 3] = 255;

{int) {r * 255};

}

{ s sd@mdzylstkzy dzj 4t M cOJls dzd ®sH
BHEls L OfdmOdy &OyOd: dzbg v dzOM | Hz0 tadzi g5t
qdzd ydoOdzdL qtetso Odzd 1 Isd  jtoj d3j deds’ j  dalz dzw
[fMdzd Swlsdlsj, vylste' ¥ dilss" QEzOHdE Zic & EdE Wi
d M2 SCOLOdz ftcddi3jtc S OwlddeSd, G tsdzzyos f
2O yYJ tedetsdz W tsdzj

t dmMEz42BCt j L zdz! ISOIs o dL EZOdzdL C

[T GcjdgjtedtesoaOdzd fsLdydd, yYojlO d
sO¢ ylbsts dzj ot OH OB th dzOGalsizy . 4§ e oW

4345 6 0OMMdteso C0O dzyj?2 M dMisd L s Odd
lr C sdaj Ydzts, tsB tcOls d dzd o dzd d©3O dzd J ,
C tsdefmls Odzals dzOv 04 W Is ¢ dzdecHj dzgj [k tsd3d dac
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otsmMf sdz L s ©Ooh d ! ftoj & gz | MsOB®WEd . ¢ ts
¢ sdzfnls O dzls dzlz f Odzw Is dzj dz' L w BsHdawdyd
ntcOdzj dzdv o' AntsHdzsEe s dLBBGOY jdedWw, € tsdzj
fteddsd 6y oO©nmrBHAZ d3d HOdzdz" d&3d wo dzw j Isfqw Istsc
Ylsts d o3 dzdztso § SEeMmis@dzls dzlzs § Odsw s , dzj o

[ d&zv Bl Woadzj dzgdvw CtsdemlsOdzlsdzs?2 f Odzv Isd
COC HdwW OLHJjdvj d@Bs?2 fo0odkvisd. [r ftshist

Spheress;

BsHIW S Cossa § jtojH Gt Hjdjddjd

__constant _ Spheres SPHERE$

{3 Isdd3, ulsts o §jtets?2 dad @@L Jlkejdds]
fn  dgtsh + cudaMallog ) " HJj dzd dzd H dzw dzoeUs b i dizC
fjteJ ntSHY dO SCtdmlsOdidsdzze ¢ OtOK: dgistsd
9" HJj dzv j Isdhy j M§lgO v j § jcudaMalleg) L 'dfmdbieé ) H dz®
BOMMdo © MW jte dzj dzzy dets, L Olts tLOL di3j to
1IsOfj StdBfddvydd. I dBtsecdr §toddzsy j d
o' MsC ] BN MistcsH B MIsd Plzw bt dzilp Gdzldf tcj Y H |
HsMisdedzzstsds et igteded3s," § § OF sdydalsj dzdndd@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 dmz42B8Ct j Odzd L Oy d ai)lz dz€ yd d

RL BBJdgj ded2, 6 MtcOo dzj ded & migin( § § to eddy dixola
SOC kyJj BT d&zs MSOL Odets, dugaWiglieg’) dmjdey delr yHH,
fOvIisd §tsH @BOEEGOY Misgawedy dS Oydwy o HJ
hiod W ks ds

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

Clstsls M j yd 0dz! dzcudaMenz@®@®@ df Gedflsiz ] dzv j Is iyw
Csf Jtotso Oded d CRULe  SOX#dsdO dzls daPy. i Giogwdisiyls o |
tcOL dzd yd j cuddhemepigToSymbl) cuflaMemcyO I § OteOd3] Is
cudaMemcpyHostToDevice ©a ¢ dz¢ Yy 0 J Is fvudaMenis sy e SymhplOs
Csfdeizjls o ¢ tsdzfpudatitEuzK)s o f @ dgs B.Odz! dzlz ©
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[ Mdzd dzj MydlsOls condim dr af lff O 55 taPeia]), B
oJtmdd M ¢ sdeMmls Odals datyj2dzlfdousiels+ & d B Jj L dzj

4351 esdLotsHdIsj dz2 desfls: fJtoddztsy j dedw Ty
fORvIsd

1€ dz¥ ydoe ) sBi W o dzj dzdEgnstami3ts H d WA'C O s ©ff tc
ofmMwCHesdme ©o B AEZOMIS! fOBYISd. 1 o B A3
SYdHOjBs ybtsazzydls! . 200 | slsdgjsueargm ' dL
fOBWIsd dBsyils kEdjd "dls! Codzdyuyd et f
ftesyd Mstesd § s digtg @ dfjL dzdee dztsfip Owlas Jlzs 2 f Od
ftedwd dzf

1.JHdes ylsjdedj dL € tsdzMmls Odzls dzts 2 brdaddyt Is d
Hiclza c fds Codeedlge dzd Isw 3, ybsts fssLeotsdv jls .1 ¢

2. ssdzMmls O dzls d&zOv § Od3W Is Ci1hdtelzj Isfpw i t
Yylsjddw dL Ibseéts 34 OHtj MO dzgj f tstctsy H OB K

YyIsts fsdeddzdOjIsmw fH Mzsetsds BdzdL $dJ °
2@ ftcdH | Isw tcOMmmpipawar .  dvs devjlsid fydlsOls
zzyh j L d2OSCtdzr f Wddzr dissds culsOtc Istej € &,
MEONJ &3, wharpe Mdsed Ctdisj SMisd dzaj Jd3j J s
MeBtetsMmisd §Jted d3zd " J dedw ' dzts X sHugis iy 1 dzjl dzdds
Mzcotsd3 dzOL " 9 OjIsfmw Gk f O MY twHjddz =~
Is¢C jIsmw IsC Odz . CUDA eOGE ftsqg ¢ (s iz M) dz® b Jizts dzOL *
ctedf § O dL 32 c¢MmMftewHjdzdzr mné dzdlsj2, CBlIs
ded Is! , f tcd dEHHARRIdRZO ho@tcf 2, € dz¢t B2 B3] dz
d bk 3j Std3OdzHEZz dzOH t©OL dz' d@zd H Odzdz" d3d

lted wylsjdedd duL ¢ tsdzfls O dzls dAB/IDIA fa=3W jlsisy
stcOdzidzd tctsda o Ols ftotsydls Odzdz j H Odzdz" | dz
ZOL " 9 Oj sw ¢ tc A dds e dodgCls G3 o2tz lds] K Ot @V (Ot
9 odzko Ot PJj OO dL BHhsSects d Istc
f ORZW IsdPU olgtH Ggjdsdz! €5 tsHddz L Of tetsfyp dzO@ yls
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ftesydlsOdzdz" § HOdzdz" § S OYHB2 dedilsd. [ mdzd
C ts dzfls OfdBdEMRE s SO d So s ©OO LO j st intc O o dz
Ji€ dzsB Odz! dzgs?2 §ORYISd (fted B tedets 6 %)

168 L Csdetsazd v dzy -elze Bz imd O 15 iz J 934 %
fesayj Mihstesd d §OkvIS:s! 1 sMCsd Ck
gL dgj dzv Is* fyw , tSBity sk HOSlohQiEfg o Ods @ € ts GaRjds O dak
Rdzr 3 fMzse Ok, §mdzj ket $OC HOdd j
fOBwIsd BHddz 8OL fsaydkodr , ddlsd du
OHtej M, tBdAdOtEzYOls HOdd j o C41hj, i lIst
ftesdLB2H] IS

I fteddjtej beommMdtseSd dkzyj2 §OxH
fOOdij st MW,jatr, ylte' d&syds B’ &t ft
fjtoj BN jdedy HOdzAdzr » 5 MW jtcOr o € sdzMmliscC
slsfte@odls! d&dh! sHddz { OREIEH. dzPO s ks dg3dad P
d ofMmj BMSOM dz@ §j dedlsd dzj sty HOE IS IsSteC

1. dls' dORBHdlMY o Ikisd 3J §sdkzs Otst
L ish ShoftesCtso jh Olsj d dets? IsteOdzidzy ydd .

2.dls! dzOh ZO HOdgdz j] © €4 N j € tsdzfyls Odzls

s fy Odzj ded s, ftod twWOBBI] M ¢ tsdzMmls Odzlsd
LWWjCl. uvkOdhdiyge (O] 6 dkowdals ¢ tdzyO
fsor Mdlk!' fsdLosHdlsj d dsmls: , jidd oM,
1B jMdzd dzdlsd BBteOM OF Istiwts & tc BB jdeiz O Hdehj

) ZOlks?2 L O ltOdfdzy yds GHds?2 s§jtOoyd
Ylsts o COYHTMT2 dBsdkjdds otcj &3j dzd ofmj 16 dz
sHddz LOftesfh wylsjddw. 1 doOydl, jhmdd 16
tcOL dz" | HOdZis Qdzldzts T s OBW Isd, Ists 1 Isd dad L
d 20 tslsfttOoaChk LOftesMO dzO ybsjdedj EZRtsHd
udkodd dL chsBOd ds2 §Oo&kvid, It ofj
SHdso toj Bj dedets. | s dMOdedzs? M B&Olsyd|,d iy
ofMmjets, BSCOYjlsMmw dsjHdzj dedaj j, UJ B dL ¢ dzt
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44RL Bj toj dzedj HttsdL otHdIsj dz' dzts

1 sdzgd 3OV, Ykt oL d@Bsyd COC L dlsdoe dz
o ofj N4 ihOjlj dLBjdds! bteOmMmdtetss
f Ogwv Is+ . s O¢ L dzOIs+ Yylsts ftoed 1 Issdz
ftescteORBB ? [HAZO L §tshmilsj B2Od re sdficléstindg ¢
o jtimdwy LOe jthOjlsmw Br Mistej j ? [ By daPUB " d
ddzd s jtcOyd tsdzdzts? mMdmlsj &3 , dzts L Ists
o Otcd Olsdo detsfis! , BBEMdzcedzj ddz" | ftedtotsH B
[8, HBMlsEz{ dshis! ot GRS dsts yda'.n) .Is GAaRidig
dmf sdzdz" j Is CPWtedstsc 220 OfMmd dzr to 5 dzdzts ftesad
o ydmadzj dzd v . RL dJ ted Is! Hdzd Is§ dz' dzts s 1
fsd3tsh s+ 8 dgj » Oded L BBBRUG dzgl s tc 5 f getlzOR) d &5 dzdzlz &
dL d3d dzgj ded Vv toldagtaltyjdedL OO YD Op Is ) APz 2 §
B ' Is GUDA.

l CUDA MmtB' Isdeyed)d (dzOL '™ 9 Oj Isfmw o SPU3 dzd
L Of sd3dzj dzdzOW o tsfftej HJdzj dede 2  sdzr LGPY Ols j
MlsOoadls 1k @ik MOd, I d" B - HiJMHRE
o tc] dzGEEOm digtsh @ 8 IsO2 d3j tetse CP Un dzWA P{ ts ddizj\n
o toj o3 dzdzts ? B s¢d dzlz 3 dzts ftoctsH j dzOlIs ! H €
LOttjedMmMistedteso Ols! MtsBr Isdd. 1 0ftcdd3j s, o
f tejdzsy J ded 2§ tots 6 tc O IS dzaly © MfiAests fftslg] lacfiAn Iis Js O
otejBY. 1 d&vW L Istsets MdzZOYOdzO ML HQAQ] IsMw , (

cudaEvent t start;
cudaEventCreate{&start) ;

cudaBventRecord{ start, 0 };

[BtcOIsdIsj o dzd d30dzd J , ylsts fted toj cdmls
cudaEventReco(d) f jtoj HOjIsfMw olststes? Otcc zd3j dzls
stsyadzg 2 MmMd3r Mz { ssets Oteclkzdzj dzls© dzOd3 g
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COMCtr 9 Ol! Lk kO2dkz, (SO dzj t©OL o St
sjteLOjl dzjzj dsdetsj dzs By klsoisls sdgts  dsts
fted BSBMEZYHJ dAed). f sSissC s (

vyistsBr dJL&Bjtedls! otcjdizY o' ff sdzdzgj dzdWv B
ZOYOEO d BCsdyOdd™. [ Culahg®dj /it dd
o) B dz0AYOd&O, L Ok iH § R FAPtddds tOE O Qg j
LB edfmstcdtesaoaOls!': atej BY ¢ tsdayOdedw

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

Af do some work on the GPU

cudaEventRecord( stop, 0 );

s Mty Odzj dzde, Htod ISOCtABW - tots @RUSE] 198 Q>
sMsOjIsmMY SHAEZO ftesBdz BO. YyvIssB' dMftcOo
dzj tsBts?2alsdm! BjL wWfdzj dzd 2 . ZIszC O o
dmtf sdzdzv 8 h | XCUDREZA HIPO RS H J dzj o1  tsdzdaw
1 Ofteddzd ts, ftod L OYEMC] 2 GRUMED ylsteDf figd e/l
dzOh CtORPUY tallsH sdzy OjIs or af sdzdagw Is' fdzj Hize h
HSYdHOW M SCsERDBGHEY Sts@QEHISL toj dzdvY f tetsd
ftoj ¢ tcOMmdzts, f slstsdiB3z GRW tf CPY'd3tsf iz dgj difdiovts d dz®
SHdtso toj d3] dzdets (3] s Og sk Mdzis B dats j Ismw .

[ BtONM j dzdw EudaftiemiReepfl@ H 5B dzts f toj H MIsOo
LO&aftetsmr dzO fsdzeyjdedy IsjSkhjets otej did
sL &zOyajls, ybst ttjedmstcOydw MmMtse' IGEYW
fsSsdudls Mt eyl d3d § sLdsHO@ddr]j “dzdz" &3 ©
cudaEventRecordO [ mdzd teJ Y* dHjls tsB dMf sdz' L ts5¢
dL di3j tej dedwv HtcOo dqdz detsets otcj d3j dzd, Ists 1 Ist
Bsyjd3 BJLESfOMdes f tetsydls OlsGPU dzfiz0 y P& dzdzp d
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fejHzh dj L OHOddw. s MmyoOfmis: s, ddFPPlsmw
Mddzmn esdzd L Jtetso Olsy rpwis o WinksdaE vésdfSgnclyronige

cudaBvent t start, stop:

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

cudaEventRecord{ atart, 0 );

A4 dao some work on the GPU

cudaBventRecord{ stop, 0 };

cudaEventSynchronize (| stop ) ;

vg &3 MOB &8 diF fYsfteshddd JhnY tsddws
fdzj HEzs h j2 ¢ GROdzH jH sifls§©dzj s Me ' Jsdk st
C OC W kcdelaByentSynclonizdl ) o j tedzj Is I tg Gy ddgdatadnils,’ |
oMmMvw twOBBSBGIHES sBSdYOdzdY kX4 L Opjidshg pa
5§ OMS d f tots UpldddOfide s oL Cotalgbesd o toj o5 dedzz & o Is
fsM¢ sd ¢ CUDASB] Gsififdzts o0 GRO d3Hals  tsded  dzj §f tec
e dtsdsj kteOY O Md3j " O dzdzs ¢ SGPY, s HISGORU. ddirRifiss dzdz
Mdztso OBd, §tod uftsaf ®Us'S j GUEDEH dedt -dgg & bsH + ,  §
or ftsdzdzj dzedv WwWHtCO d SCtfdtetseo Odedw ) Eyofm
BIzH IjlsizOdz j ¥ dz

[V Dodts®) stcOy 0 @Ok YEd d&isPdgh) diptso
ZOw® d GCtdkyoddw, CO0¢ B' d&s bktd ¢t
ntotsdatsdzj stedtelz j 3OV 9 jtefpdw IstcOMMmdtetsoh d¢
1 OB\ ) 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 ] ;

}

t dmEz4amCf J OdzdL Oydw WekdeS ydd IstcO

[ BWOIsdIlsj oded d30dzd § dzQ@udaEsentElamedlingg) Wz
cudaEvent DestroyQ A Iz dz€udadbveritElapsedTimed csfmists o yd
o tcj d3w ) B3 dzdzd j 4 C zdzH O~ BBd Y HE Ho Iz d3v
M sdvddd. [ JLEkd IsOIs oatsLotcOh Qajlsmw o
Cslststesets fjtejHOdz 9  jtcotsds Otccd kzd3j dals j .

SBEHO MtsBr Isdj, Mmoudabt@dlzsp) W iz gfdpHeR O
dzzy adgr d@3g, Jet MmdzjHEz]jls [Edzd ydsdaBvdntDestrdy ¢ ts
lteduyuddzO Istsydes IsOC OwWfree )i , H &ZOC st B tBY H
Or HJ dzjnitlzt€)? 54 ssdg dzi BEHJ A3 tsBi W dgw Is:
COYHT' 2 cadabveant€reafe) MmMtst tzfgy 55 HcOdBEVENtRestray.

1 s dzd d3ts G dzsB Odz! dzts 2 d tcOL HJj dzv j d3ts 2
ftcj HT HEZM d R G dzO o ONVIDIA &fBtdgjtaHiAHfdo@dadvjj Is
fOBWIsd. stdzmlsOdzlsdzOY § Od3WIs! B tej d3J dzd dzC
MtcOo dzj dzd® ) G dzsB Ozt adets?2, dets o dzj C silstst
fmj W, 3" Bsyjdz or JetcOls! dz ftotsdL o 51
fswodw jIlsmW,slsSEAH @ dsfRpidesd3 dzOtclf § H Sdzy dz
N d HOdzgdzr d3 Istsdzr €ts Hdzw ylsj dzd v . [ mMdzd ¢
Pmistetsj dz@ 3 dedzets ISsOC, Iss IstceOWdE dBIYHE
LO fydl bttOdhdyydd ttjLlzd IsOlstsayjtsf St d
fOdwIsd dz© CtedmlsOdzdzj . r smiskzg ¢ § OdwIsd
Odze stedIsdzOr, i sk dzZOdzd ydj d3j ~ Odzd L d3¢
o 1lstsd3 tslsdetsh jdzdd, By jls B8EOL Ol Mw  yYtej

fr bOSY] dzOkzyddzd !  QUBH dgfztz Iste jo Ofejlthf e’
otoj BB dedz" = RBjIstsC o CwdeCtojlsder | B3] dalsT
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GPU [r eodHjadd, ¢ OTPUYJGH tcts ddf ® ¢ dodg o @ts B
COC or ydmdzdls! ftesadgiyklsss otcj d3j dzd d34
MtcOo dzgddzd otcj di3Y tcOB Is'd HO RE W jj s i 2§ tdsfehC
Yybsts o 1tz MzeyOj] dhMfscd aLtseOdzdj €k
or doter h
stsdzstotsdz dz' j otsfftetsfy!

1.sOCdd3 sBteOL s StcjHJdzvjlsiw ) toj d3j
2.{ tdh dlsjy t©OL dzd ydLCUPA.lsdf ™ f Od3v Is(d
3.s0Cdd3 tsBtcOL ts5dis adgdsls) dztsC todpiOfilz BUDAS 9 O dz
4C0Cdds sBtcOL A3 9 COYHEBA BdsC ] dBsy d
5y ks OB sdzOGt fslstsCtse o o Otcf j
6.uCtsdz S5 BdzBGC s o MmjlsCj

7..9dhdlsj Isjrdesdzedd oL O diBtsH j.2 Milse dWw
8.[Bl widzedIs] , MEOORRJ B s t6j Odzd L 59 Ols

ftetsdL o sH d lsQUERA-fizis )bz 3 $ dzd d
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CHAPTER 5. TEXTURE MEMORY

1l tod tcOMmMmBssistej dzd d C tsdzfls @ elizdeis 2 Y ©d
sftcjHjdj dedgf o8 bdfufssdz' L so Odzdj M jyd Odz «
LORB] sdets EMECtstcdlIs! tcOBtslsk ftoddztsy j ded W .
o daeter h d Isj &3 @ikt i3 isdizz yody §tedd s
tejhjddv. | 12 cd&Ooj & CONjdB & O
f @Gwlilss . Clsts Jhi ®BHdd sdH JOBYISC, f tcj
fsLotsdzws h j2 fsor mMdls! ftosdL o sH dIsj dz' dzE
ftesyd Mstesds d fJoOodvis: s ftod st H]d
dL dzOy0Odz' dzts Isj C MiskztcdzOW f Odzw Is ftoj H
GOV dud Médn JocttOBB, § tgdd3) dasisdets dfn olz fr
o " ydlnjdzf' dz" ~ f @R § dzd W -

5.1 Texture memory basics

lftotsGtcOdEDAY desy dzes d MY sdz L s9 Ols?  jh ]
stsdz' €5 HdzW Yls j dzdNVIDIA OfdgydsidS. s d mis&s ® dzO ks
fpes2 Mlso © HdzW YtsHHjteyCd ¢ dzOMmmPpepGh§ d -
DirectX, z ) ldslzj t€ dzts 2 fORwIsd J Mmlis! dzj S slstster
Yytej L o fu®&dasdzs?2 Hdzwv o ydMmdzj dzgd?2 o Bh j &

sO¢C d CtdmlsOdzs dzOw § OdgviIs! , Isj SMmsizted
f 1 Istcdige mstste” 7 Mz yowrs tsLeotdzvjls Ed3j o
odzj h dREA. [ mMdzd BT Is! Istsyder o3, Isd € Misktcde
cteOWdyud MSdr fHtoddzsy j ded 2, 9 Ctlter A H
o MeC 2 (JtesMmMistcOdzmise j dzdzets?2 dzs € O dzv patzdnds ¢
sBh jets dzOL dzOyd dzgdw L Ists L &2OY0OJ Is, Yls s
sBtcOh Ol Mw € OHtj MO, tcOMY sdztsy § dzdz’ 3
sBtcOh O Ispw  p(dpdll dJ dzdlsd



Thread 0 ————_

Thread 1| — T 0=

Thread 2 —— | 1

Thread 3 —

t MBS stsBtcOY jdzd ] § SlstsCtse dz® Hok

u by ddzdwy OtedW d3j Isd Sdff, m udeGs 1 tisg i) 1 dsss jO
wo dzfw s ftsfj Hdad &3, f st lssdskz  dzjj M8 Jz H Iztfiste
dMmYf sdz! L 5o Odefs? ffils0jdzR Otct h totso O BPY , 1 tsts
sj € MisktcdBPYMK JOHH dzs tOL OB SlsOdz' Hdz¥f Rz
MdlkzoOoydwn, (ot lskz foddjdjddj IsjMmlskt
HOIs: ordetrh. ¢, SOC d bkedHddz dad ¥ J,
dzf Wo dzW-plsMmy MY dzezudls | dz' dz' o3

52f 5Hj dzdtetso Odzd j Isj ff dzstse oBj da

AdLdud S disHiisdt jdlzd ) @dgisd dzo deg d fip dzts 3 def
dE dOHt dOSsHdl! € &l tegdsd &)y ddgi sk
sy desMiss BBz B8 § tfijdajst ddfdss cas@is s dDjcassidzy -
f O Odzdzj dal By Bj dadv 5, MHj dzOoh j 2] olsE ks s
Cdif ' » s odetftp s odfd@filis Y c O’ TMlssd o Oy
WdLdujMSdj sHjdd d&jcCts ©OMY OOddj d
COMBsstedd SHA@E yjd fshskzs &sHj d

5.2.1 [BHjd Isjff dstse dj dzO

YyiIssB" ftosH] Bsdhistcedtctso Ols mMdlszoOyde ,
LOHj2Msdmbs@kdizs ] f Okvis! , & §shistetsd d3
Isj f dzstsB d3jy dzO. 1 dzv dz2OyoOdzO f tej H Y sdztsy d 3,
Cslststolz® a3 tcOLtsB! jdF d2O tSHJdZOSCOT j W
SBKOL S ttOMY sdztsy § dz' ¢ dzOGtcj 9 OISH2¢zth &€ Ot O
fteddiijtc OCs2 MjlsCd.
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-

t MRS L B zOMilst tojh jddw M ¢ dzOctej o Ols

RABIW fJtowdBszesdz dze MmilsSk d L dzOw ¢
Tssdds fshstesdls! ®BsHj &z, CelssteOw
Isj B jcOskztc® COYHB2 wWyj2¢d Mt otcj dzj dzaj
wyj2¢d f dzOctcj 9 Olsj dzv s Mtsn tc OUD® Y s ts 3 s E
BsHj dzdtcseo OdzgdWw Isjfdzts c¢ff jtoj desipdlsmwe dL
MsmMjHdwvw wyj2Ce0 bjfdzjj HOdzdzts?2, Ists HOc
mMeMjHdwvw wyj2C60 "tdztsHdz] j H Odzddd? tERfis.ts
dLtsBteOY j dzO ¢ GsyfjdiEds olgj jdfdedyts BSd@jtedzO .

ld
"BEE

e

{ MEEASE Of 600 dzj ded™ § j 6] des5MO Isj ff 2O

] dzOh j2 BsHjdd Isjf d&sse i3] 20 dese OW
COC MEBRO ©wOLdsMisj2 &iyHk jJj IsjCkhj?3
MsfjHj2, bkt phs' ft ¥stdkzdj

~

Y Y DY Y (5.1)

] 1?2 Wettdkd] (shsswddowy ¢ sfdnr e
Bsdz' h g5 L dzOuj ded Mt O jfiadifRlsijjdsO oB ridipe dzts o j
sj B j OB COyHB2 wWyj20ed 1J tojchos @ dsdss
sj &Y jcOskter BEHjls MSntOdvIls! v Hed " j
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Yylsrtejrn MmjHi2 (9]trded?2, "adfsdpdsXs,” dzig e
L Isk Wtstedizdzk dBsy dets § jtod f:d MOIs! Mmdzj HIzE h C

Y Y TOY Y Y Y 1 JY (5.2)

sOC d ©® LOHOY] s Ists G dt@t ssldgo adzlz y ji As
fdsjj dzHzjIs d&2O0 BddL sMis! € ftOSIsdyud mMecd
sdz0 dzgj Weodzw jlsfqw HOYJ tSlsHOdzj dzdzr o3 ff tcd B
[T HejH] O ofmj Ef§tetshilsddd,doylsfasad d] oz
Isj rndzed € J Bftetse © czdf " . RABBJW LIt © odHLIE,
WstedzsE 2] ftesdL o sHW Isi@PUes " ydmdzj dedwv dzO

[ J sOdzd CO3HBGEtE h OO 3 sBMzHdd Yk
tsB dzts o dzj dzd W o Mmdasdgtssdf lszdMdzj Hize N dd3 SBLOL B3

1. RBJWY MmMibkSlkz ontsHd - Isj B j tOkts,
zOctej 9 Ols j dzv di3( . sJdB3 MOdr d3 d3r Melstej o3
Isj BYf j cOIszter ) 1 Isdn wyd2¢0n, ZHo dzj
Isj B J e Olslktclg "o Odse@z! dz' & sy PHA g . oS L o sH ]
copy_const kernel().

2RBIJWY MilsCk orntsHdzyr = IsjBfjtcOkzte, or
fts Wstbdk.dzjCIsO f jttOydw obletidkemzh.j Isimw o

3. [Bd@3jdagv Is! B3 MIsOBRB oEBEbLhs? (et Bkkd
mMddgEH j 6 ts h ©O6 0O BsHj dzdtetso Odzd W . vd it
or ydmdzy dzdz" § &O© h O6j 2, dB OLztsep WitsdgvH b ¥n Nt
o t6 4 d3j dzq

l1jtejH kjdz ¢0¢C ftodmlskzf dls: € &BsHj d&zdts
mMejdzgj atcdetso Odzd MjlsC k& € tsdzfilds@dzisi j IsiCty dzs i
dzZzdzd, des o dzj aS bt n Isj B jtcOlskztcO® sls
CtsdemisOdzls dzj BEHJjIS LB dwis! v ofts otcj
COYHBABR " OG,.

[ BH]jdJteso Odzd J Isj § dztsisB Wl$ SO dztf 5B tcs P &
M dBHdtsY, Miflssiistets § dzdzts2  d2Q . ff tg JOHS'j HiEz "3 d3
Isd B s Oy 4 ¢ M dOGtj 9 Ol dzZvd3d o + Iskz
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L OYjded¥. vOC Hjd&Ojkmw fsstsdz, ylt t

sMisOj sy (sHEtwzB8dd] Mdlscd ¢ dhighdcdn:
fesdLosHdlsMY MozjHEs 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];

}
{ dMEEASE j OdzdL Oyd™ WbkdCydd "HEGO

ljtwear j bkted MstesCd dOB kyj rsteshts |
f Otc© d damepdldryackldxf tcj sBtcOL EZjIshw o CBteHd
MistesCj or ydmdzw jlsmw M3y M jdzdd I dzO YO dzC
J 9" Hj adzj dzdzts? sz dtedz &3 "NtedW stsdz Mmlist
Isj BYf j tOIskte dzOGtcj ep@lyj dpjtl of ts HAgiEAY M) (fp jCs € 2
BOMmMmigte J . [Isd3isddz, Ut Isj BYfjteOskzed o
ssdz §$t5 jMdzd BdzO dzj ©WO9 dzO dglzdzé . v j d3
fted H" HEP jd3 POG] LdzOyJjadzdvw Isj d&3f j tcOlslztes
dzOGctcj o Olsj dzf 2. ¢ dxptflj ,dzls rjasipdseeiigi d af@ W uJ
&ZzOctcj 9 Ols j dzv i3 , tslsdzd ydz'-ff j 8I©Is Az @z o  tflag -
SH&ZOCBoats?2 d&O ofmMjr hOEOR W&BsHJ dzdtetso O dac

ZzZ0OGe 2 0OdzetstedIsdzO MOy 2 tstedziHasjj ighs o] 25 B «
B JdB o' HJ &JIs! HdzZw tBMyjsO COYHEHJBY
mMydls™ 9 Ols Isj B j tOIkzter cmmetsj2e wyj?2¢d
L dzOyJ dzd § . UJmd2dC O dzgy BlsdzdyoOjlsmw ls
ftod &3 tcOn
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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 dMzES A 2 dz2C ydw WwWHtO Hdzv tj OdzdL Oydd

1 Oyodzts ssydzets IS@E®Y G jidzi €«Ofddg dOBB tc
Yo jbo §demjdv dedls! o udmdzvjls Isj Bfjw©0O
threadldxd blockldxff tc j sBtcOL 28 Isfpw o offset o 1184 >PaO9o g
Bsy jIsj eOEAERBLEO 1 Isd MlstesSCd HOY ] o st By s
o0O0d3 dzaj HtdHJlIlsmw) |

odzj j & of ydmdwjd3 mdj" jddw ofmjn
LOIsjdi3 ftetsyd Mis! L dzOyJ dzd wzOlg j dgtff § tc @ IsHAO™H ts
or yddppgdrj] dzso 52 Isj B J e Olslzter o IsjCkhj2 w
CtoOded M v Ud 2 Ssde’ AH dAfWdzHG I Mdzd HEZj s § tsSH Gt
or2Ilsd LO cttOdzdy" mil¢d. R 9o f tsMmdzj H dz
or ydmdzj dedj s Westedszdzy 5. 2

5221 LEO&dL Oydw Isjf dssedj dde & sy
] ®MkOeh j2Mmw yOmisd fesctodd’ & J
SlssBteOy Oj &3 Oded i3 tets o Odadalz ¥ | SOt Istee@fg 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 MEZEHE R 5 & HEEStQE H

[ oCdzs yddzd o© CBH ~ toESdisd IstcOPC dz®
stcOM§ftecEadfn jRtej H HEZP j 2 G dzOer . 1 OL dzO0Oy4 d
d tOdz "j. 16MmMSidy Sk dF sk dde) diimjy O dzdn
sts MtcOrtklsddsd®  d&j ~OdzdL d&3j dL d3j toj ded W
bejHndlk: Mw o EMfjrj Motjet dzOyd dzOdzd v .

SOtE OMm Odzd d3UsydW¥lz da@niptiga(©);] © & O H B3
COyjmsej Oteckdj dstse j2 jtcj ba@Bldeind k
CsdzdyjMmlsots k) fshjuhdn kOCkse Odad d:
o"hyj, & dmfsd Lkzjd BdsStd dL 256 dzdlsj
COxHBdb] tOydigr oy di baRGniggbu ) o " udmadzy § Ist
otcj g dedzts?2 N Oc . Bk sl ko © tpdtBleckip € is F &P J
BWjt ftshmistsvw deder RdzOls jloggth OUsQlsizj B5.01s O f ts B &zy ¢
h Q60 disHj dzdtetseo Odad v, Ists BdO Jdd¢ O mizdz
Mdzy H 59 Odeipndpu s, 8o stsB N j dzgj dzkzy Hikg Isfqpw o
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[BteOIsdIsj o dzd d3O dzd 4§ , Ylst® r § s dedzvdgtsdlz &
BsH | zdzf s o OC Istsls Hz] 9 € @€ jsg s p J i fyadfSislststc OV
1 Oy j eddy dzlo@B'tc OdzO 9 CoOyd Mo j tcOL [z d3¢
dzj sBaHd d@3tsMiIss & 9" gtelzy Ols! tcOMiste dzO € O
Btsdz! htsets ydmdzO h Oectse o GHdR COHG], 1
{ Mdzd o OM B tsdz' lzP dzsdriglsqedelj ME PIs tcj L Zdz! sOIs
BsHj dzZdtetso Odzdw, yYyj &3 Odzd ZOyYydvw o toj Odz' dz
WEdzC ydd OS¢, ylstesmyphOtfsasdys COHddedz h Oc

} sfpdzy o ydfdz dedv 90 W h @c tyts g3 teals Oz
ftojHretgh JC OH tc @V arinegd ) Cslstsoa O MOt dotse
JLtsBteOy jdzedj IjSkhjcEBPEOHBOS th@or@ils & d § €
9o nBHdas?2 d &) RActs H difsj2te j Hnils O 9 dzj dzdzr o3d a3’
WHtlk ontsHdUzts?2 BEzW j tc, Cslstster 2 o Hj 2 MMl
fsdfzyd?2my f &fipdzj " OFO to tspsGidpdird. [ It
Isj B J tOlskzter ® Yo j I§ at fg colprs s h 'O L VOHstg @3
tojLizd sdqelze h jj dL €PUsO»J dzd p O cudfaatip€yd ©
() M § OwdaggnscmyBagceToHost 1 O¢C tsdzj Y, dsts sffw
fMdzj Hizs h j 2 f sz Hs9 Olsj dz' dzsfisd h Octso
ontHd?2 BEWJjte f or otsHdzr o3, fsmMCsdz Sk
SHdtScHZHIO] dgdjOc ] dBsHj dzdtese Oded 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 };

{ dmEzs@s ¢ J Odzd L Oy d Wai)lz dz¢ yd d

10 tedff sCHL O dzts, COC dBYJjls o9arcdzwH I
ted Mz dz€ J o dH dz dzj S Sl j az® dstc jCoGKls j vz |
tcOL o3 oty dg' ,f qROtkzh O h dj dzj ftej to" o datsfls

t dMzEBE & dzd BB3s S { CtcOdzO@ o f tetsyj Mdyjj dz@
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5231 tedd3d dzgj dzd 4 Isd S Miskztedzts? § Odz¥ Is
rsmiskzy ¢ fORYIsd o Qilfc)uddriddzds dfQ i Ay
~nOte@Y zjIsmvw JtesMmMistceOdzMmise j dzdzts?2 dzs§ Odz'
dd3d dgdzs Hdzv EMEBtej ddw t©OBISIST 9 1 Issd3
fORVIs'fejP®,)] Y BB omMfcsdz L so Ols: mMw Isj €1
B nOdzdL d3 44 tOBESIST .
4 Z2OyodzO ofi3f HBdydz Bl Wodls! ontHA |
[T dmfisd Lkzjd3 s SMskzter dkz §fddOt O 3] dzdzts
o dHJ Ms®puizj dz@én HOdgdz .y BB s i3 j cOkztc]

texture<floats> texComnetSrc;
taxture<floats texIn;

texturesfloats texOut;

ddzj Hize h Ow sMmtse | dzdzts s L OC dzt yOj Ismw
fOoRw@PYPrHdzw ofmjr- Istejr BEWJjtese dMr dbdy
BW jtcOdz o 8@fw s d W igcdzfiBid Textur. s jd3 MOody
mMetseh Oj @3 dMmi s aAHM |2 offjtd jdH J

iyt mMtedigiPgdzgmMvtse Ols! k¢ OL Odzdz" 2 B EZW

iTysts MedtOj @3 dMf sdz' L s9 Ols! ZCOL C
Isj SMiszter .

] ftotse tc ©Odzd3y BsH J dzd tetso Odzed W Isj f dzts s
" H J dzj & dzgd W f OV Isd dzr ftcdowLrr oOjd3 ¢
tsB 1 W 9 df fdzdaiz@xGongtSrctexind texOud.
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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 Mz T JdzH Jdze Isj S Mskte

Il 1 lstsls Bz dzls Isj S Mmlskzter  sdzdetsmls? ¢ d
WHits., [ H&ZOSCB fftod ylsi dzdy HieOdzdzj BB § s H I (i3
My jopf dzr j] WkdeCydd, GRUssglst jL @fciBtisfigW IsH tsdz
YJtedLr IsjSEmskztedz 2 B dzts ¢, © dzg vyJtejrL Mmis
Hdzw yYlsjdzdw dL BERWJJttse BM ydz' j C90OHIEKGEA
BsHJW dydblemikerisl{ ), sO¢ ylstser Hdv ylsj dzd"
W Iz dzC texdDfetch).

[ dYHE cdzsBOdz dzs?2 d Isj EMmMsktedzts?2 ¢ Odgw
or dzlzy HOB R jj f totsH j dzOlIs ¢ H 5§ ts dzdeelBfgtakl) dzts |
or cdzvHdls COC orLBe WEkdeSydd, dz0O MOBs A
fsmMEsdz S22 Mmr dz2Cd rdz@ ' s € fipls bz @ 'o dzaj tHalzy dg dzts
odHdBsMIsd W O2 dzO, Ists do3f BtSdz hj dzaj 35y

Wdidter o o dHblendkéde(O)3j Istietslots sz ylsts j M j dz
CoRBf Jdzv Isste HEBsdzy J dz2 L dz2OIs! , ¢ Ct&dDdetBh()IsJ ¢
l @3 Mlss Issets ylsser fjtcjHO9 Ols! ¢ OL Olsj
Isd § 4 tc! thlpridkemn€(j)d3 B Iz dzj o WEO? WEHAOwWIG" 2 f €
COC 2 BkWjtc onBHaZSRSHAB2 CO§HYJ dL d3d
blendkeme( ) or" Hjdzjdz@r ftsdzzydtedz d3 htcdW Istsd

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 * ¢);

{ d MEzHABICA 2 dz2S ydwv Y HO

C H txtpy constkerne( ) yYydbkOjils dL BEWJO, 9
J cOlkzter ZzOGtcj 9 O dzff e, i5H J OIS 5 ABLO ¢

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

Ylstse " ylsjdzdd ftsdL osHJdzsm!

¢

(



151

__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;

t st J OdzdL Oydw wWHiO Ctsifd

v O¢C CO¢ betdfimd) IsjfJjt! (teddzed BOJIs W
ZOL dzOyjdzdj BEW jtese, Ists dzj sBrRtsHJ B o dz
WEZdCwadmgpu ). 1 &3 Mlsts Issets ylstser d3j dav Is!
a3 dely jL dzOyj dzdj W dzOc O idd&Ouf=thistGul 4 ts i) tzgzts § @5
mMdtedd 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.

{ dMEsEBRE] j OdzdL Oyd¥ Odzd 3OYd

fsMmdzd Hdzj J dL d3jdzj dedj COMOJIsMw yo
H tS dzy dz' dzj stsdz! ¢ s BMoatsBBY HOI! Is!e dzfs
Isj SMiskzter

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 I MESABCR MR sHdz' 2 C6H Hdzw

sls ¢ dz¥
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524r ok d3j cdzOw Isj S MlskztcdzOwW § Odzw Is!

t Odgi'jdzs fsIs BBJulsisdztslz) ¢ slIstste’ § L OHOYd ¢t
fs1 sk dqdzseHO EZHBdE dMftd Ltseo Ol! H:
o JtodztdsIscfiztsd j ded d Isj S Msktedzts?2 f OgWiIsd. [ Mis
d &z Is! Ho zd3j tcdzzt® B IZOMIs! L HOGESISFE;C SH dgv 3
BCHH o OdRd o MIsOdzH Otclsdes B 13 lsted digj Z A @ ¢
BEHJW Ydsets ftetseteOBBE tOMUJ Is@j ) i &y d
Isj SMiskzts.

Ief jteo" n, L d3jdzd d3 tS@I 18 p CApldftp" .Mfr oz
fdsodetsy, MM &z¢d dz2O Is§ SMskter 68 £d3tsd
OQtcczdzj dzgls 2, LOHOs M2 tOL d&3j tcdesfls

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

texture<float,2> texOut;

Vftesh jdedj, MowL Odedetsy M ¢ j toj - tsaytgdg mds
o Whkdillemdkdmel ). 1 0d3 ftcdH JIlsmw texdigicted) s 'ts BS
tcOh j dzdtex@® )G L Olsts Btsdz h j difset dzlf sda® e to
dzv dzO fiy Hdzw o' ydfmdzj dzd wtop, disftdajght dd Bottondy dzj b
r okzdij todzlz ® s SMszigsd30OIs ‘i3 Hzj fzts iPta jicH s o j
CssteHd &zOIs 7 d k.

 Odzd 4 . 1 shdzjexeD()te j l@sH OdzjdzOdzlz y dzts B | M {f
LO ewOadsdyr dBOMMde ©. [ firexeP( 7 ¢ gztp dzlp Is By
ZOnr sHWh jijMmw o YLdydd, E Ctktttts?2 M|
¢ 20 dzts ¢ d Y dzts -lsitdn d& s CtaHC@izO s © B std@D( ) ' d tedk
LdzOyd dzdy o ftsLdydd, mMcatlse jIlsMilsokzy h j
ftoddztsy j dzedd L Ists OfdsedgisH j dedetp o H jHAsz ¢ d =
dzj 3 J dzOIs j dz' dzts. 1 sfmdzj ofMjnrmn Eftesh jdd2 ¢
Csi3f OC Isdz o3
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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 dfMEZS8TA Zdz2C ydWw WHte® HdW Hokdj

v O0¢ COC ofmj §toj H' taxiDfetfy ) ts sidlz  fizjs dzd YO d;
sBlPdzdweed ), Ikt & odshdd Meslse jlsmise
copy const kerne( ) . s OBlenddernef ) |, Btsdz! PtgB ndgH e d3te
dmf sdz’ L so @y Mdy" jOH] MOYdd Isj CMmislzte’
fsksh s MOBIE SCtsteHddOk = 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;
]

{ MEEASE] j W OF Is 5 t oppcConSt kemel)
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} sfpdzd Hdzj § dL a3 dzj dzd § Isitg N df IS t8] Hs'tsHiz M,
o Whde§ main() MmdzjHkzjl dL &j ddls! ftodeow
st BEWjtt MazjHkjl ©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 MBIt j ¥ OC s stcd dagain®) & dz§ yd d

sO¢ d o eojtmdwrn BJL IkjSMmlskzte d M t
or Hjdzvw jd&z f Odzw Is+ HdzZw eornBHdZ » d&OMMdo e
slsdzd yojlsmw Isjdz, ybt o MmMdzzyogedf tdf Ov L i
CUDA IstcjBl@W cfudaiChannel For mat Desc | {t
dzdfMisddey o' "y odgigleg bMmwiBEedfssttd Wistd
Mz yoO] By des feddew Is! § OOd3y st 5 ks
Hijtmd§ Istste fn f zOo O¢ h jd2 fifs s Weti3ts h 1 ¥y OISy
cudaBinde xt ur e2D() & fHtedewL " 9o0jd3 oaMmj Ists
sj CSMmMiskter , H RBEFHOBEPY MRt MPLHMBEsDI WMk
COROZO (desc). 1| ddduyjet dad dL d3d

mtslsw Hdzvw ftedovwLCd BHdtsHEBjtd ~ d HPO
WEdC ydd,slsswavr 9 Odzd W dmf sdz L j Isfmw tSH
cudal I nbi ndTekt ¥izezE Yydwl syldtlsCd shisOj Is
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L odJtemMdd ftesetcOdzd3" BsHj dzd etseo Odzed W
Isj SMlisktcORBd ftcOCIsdud MEd IsOCHlgJ dg'j datsfipldedd,
oJtemddtH s tedz” d3d Isj CMisztc O . 1 B4 Issd3
ftosdL osHdIsj dz' dzsintstd ] tc A dedadfjj todrsd r ddzd H o
mMitsteyd omjets, dzj Mih jMmilse jdzdets. 1 dzOh j o3
Hokzdizjtcdzr = IsjSCMiskte L oBdzddts dzj G3dzse s
fteJ Hd3] sdzOY tsB IZOMIs Ho lzd3 te dzO. 15 9o B
f 1 sz " tc SHEEdwRHAEsE | df to i to twlfyldc dzts o
Isj SMiskzter M kyd lstdy s j dedesMmis j 2 € t5dz€ to ]

sOC d o MmMdzzyoO,] ¢ cdagisOpdslsas® If P3N st
slsfig®dE e zmdztso dzj dzr CLhdetse Odzd § d3s B g dzdds tc dt
L Od3d Is dzts € s & J dztsy J ded W -, ¢ OC dzts s 68 j iz
n Ot OC Isj ted L H¥lStaOrdEfyls of jtalislzis 2 dzs € Odz! detsfls+
sSO¢Yd odHJdzd, vyt ddGydts Jdhif sd L s Ol
ftod 3 tedets tsH J dzGY g ¢ ©BEOY tctsd L 9 tsH ( Is |
Mz yo0j BEZSCO ddzd Mjl¢d, tcOL d3j tedetsMmls ¢
MstsBteO) jdzd?2 BEZHtBMIOO. 1 MEtsd Sk §ftod |
MlsOdetso dlsts g tRflzes O o' R sy 9100 s& tEOdPis"
OQolssdB3Odud MG, sbFdzBsE GH @MJ dgels o JYASHNO dzis’
Hokzdgj edz" = Isj EMskttOr. 1 5, COC o odHJ
nstotsh 5.

v SMiskztcdzOw f Odzw Is dsteiziatf ® j dB' " dzts H O I t=
B ' Mistdhsej?v , | frpdsil fes'dz’ @3se Odzd ! My Hilse
fto]j sBtcOL s Odgd W Ef OC tso Odzdz' ~ H Odzdz" n *
otsL By desMmis! 8 S dedlc®telc@uydial - 8 yjdzr o dz
ydmdzo M f dzGe Ot h j2 IssySts?2. 1 LOHOYJ
f sdzOH s JdztsmMelzO2Isd Htedd3 dzgj dzdd L Isdd3 o34 -~ C
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sdzstetsdz) dzr j ot totsfyr

lsihdtekjlsfw dd 12 SMisktcdzOY § Odw Is:
20H] WdLdujMmMSd LOmMfcdeyj &0 kjChski
3.50C kL dOk: bkydr 2 oL Bjte IsjCMskisd
41 W idedlsj Gmdsed j fteddydfr d&sHj dd
5.vlsts L dzO Y EjdsdzHsd) deaRcfsy S Mis iz to 1
6.} swidsdlsj BjROdJLE, LO Myujilk St

fesdLosHdlsj d dshisd fted dmf.cd L so Oddd
7] COCdR fMdkkzyow: dhfsd LseOddj Isj

COCdR B MY sdzj L dzts
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toryrweRy st LIt o) ?addfeloWovrilds
LT OARSR

1 smMEsdzr C k2 1ffldstdn o tsd i mifdnjdz] Gz €t ®2©OL dzO Y
f OteOdzdzj dz! dz' ~ MyfcETyiEsjted@ez, § dis SRk SVHQ Stdsy, O Isy 19
My dydodz: dz" = SR sdej ddPH BB W 1O dz'd B3z dBinded =
fMdzsy dz" Yy d L ©OH @H | OdizzataB dzo 3@ Nh IsOB ] o tcj d3j da
Yyombw a3 mdmisj d3" L Oded 30! MW HElzedBd HJd
otsf tesfy: sy des EFUHAERN ] tdodp' deHigote@flsize © d o '
ZOL dzOyj dzdw o BHdes2 d Iss2 Y fzd of dotsis jod®
dL sBtOY j dzd § LOoadMmdls s tjLEzdz IsOlsse
ftedd3j dedls! Otd@ sl Isdi" d uistB B tc O tg B @ dzdkts dglaf L &
Rdzd i sHe jtoedgzls! jet MlsOldmisduyj ME sz (

It OddB3tsH j 2 Mise dj dizif ¢ w3  esBUJ g dOL
toj dedjdzaligdz Istsdz! Cts o tsL d3tsy dets, des d dzj @ ¢ ts
Cslstster n or Z X d L dzOj Isj . CUD# djdapls)jj fighsfov j
qdzls j ctedtelzs sMw f) sBjdid dOdetdjj ik
toj Odz' dats s OpaaGldfPickefX. 1 1 Ists2 ¢ dzOo jls tsdf, L€
1Ists HtsMIsdeOj Ismw .

glzh jisoakjls Btsdz hts] Kdgzd dlj pig 9 ted o j &t
APICOC o Mmilkd, kOGS d o §jyObdesds 9 dH,
HOtdfss s W dzdh ! *~"lsj dzd CYBEOIJOIls € dz¥ Y@ ¢
9 dzgjcets di3jnmOdedL 3 fsLotsdzvs s tsMmkzh jMise
ftod dztsy 4 dzd W d3d . [ ) dzd OpenGL dddgdirectXiz0O € lsstsiz™ o t)W |
f syd et dzj-listg futsdg] L detisjsetsdL tcOL H j dzO, C ot
ddzls j otsf j OB j dz' desfls d
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6.1R dzls j 5 j to O B jod@W dtS ffls

[ dzv HJ BsdeMlsteOydd d&3j - Odzed L di3O0 o CUDADE H
g4 &' d2Ofdh jd3 ftoesctcORRBEZ, ttOBBISOs hzs o
CUDA 4 GjdzjtcdtelzjIs HOdzdz j dL tfgjtc Olg cflzd W O
fjtojHOE sigOpen@®@dzs jodL zOdzdL Oydd. 1ted toj
oMy sdz L ) dsjej Mdipte jqrfigls af LCUDA s, Clststs
ftejH" HEh dR e dzOo OR, O IsOCYy,j dzgj Ctslstster d3C

Il MoOoBsdz dzOyOdzj & o Cdzt yoOj d3 L OG tsdzts ¢
Clstster 0 juf tojoBjjeB isHdd §j WedSydd d ¢
sftcj HjdzW jIsmw tOLdBjtc s5CdZO, o C(tlststttsd
512x512 §dSfmjdzj?2 dLsBtEOyjddj §tdazydlsHt

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

#include "cuda gl intercp.h"

t dMEzEAE T sH C dz¥ QpedfL j

 0dzj j  d3 sBl Wodzw jd3 Ho ] GdztsB Odz' dzr §
ntcOdzd Is! Mw s dMOIsj dzd Ope@Glzdf" GUDA. t5BShAftr =
dmf sdz L 2z Isfyvw a3’ Metstes ¢ 0O0yJ a3, O {1
s dMOIsj dzd GHdSCO.d rlsosje s Mg dejlxédiy s s dzéz
OpenGLJ CUDAf ted d3j daW 8 Isfqw  tcOL dz" | ¢ dd3j dzgOe tsi
bufferObje ' Misz §f O Gperdsl-dtalgjdddd H O dzdz" = , res@urcé g to j C
tc 5 YDA u-d d3J .dzd

GLuint bufferobd;
cudaGraphicaResource *resourde;

vdfdter fitj2Hjd3 & MOBsdBz (tod dztsy §
o' B0k , CApR-MBEEBo | sds BkHjls ©OBGKO
150 ftesyjHbteO daj My dzO, BRSH SYASH Hd dgji
CUDA. [HdZOSE& ofj yOhj dEsydts ofjlstejlsdls:
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SOCEPY, (i lstskk djseoisHdd Mfshss, §sL

fesysitthf s MuyoMmis: ¢, o UDH s@dasy " tHiyte j Mt
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 dhkzeks I r ststc f BHABSHYWN jets EMistets?

lr, o L diBis )y dats, i s d3dzd Is jeud&ChondeDevigeGlie j
fsMCsdz CZ IssGHO 1 Ists Br dz salststetsflisj f j dzdz
1 sCOLOdzedzr 2 o7 hj CH fHtsmdls d it &dzdgy & h
Ptesodzj d3 o' ydmdzdlsj dz dz" = o tsL d3gtsy detsmls § 2
MSLHO] Ismw d ts B dziz dxrdaDevigeProp f) Is@ Iz CLIstzdgj i3
s OdzOo dzd o Ot Isfijvj ¢ tets dfj tc®ZzOmE Gt 5 Lk tctso dzj
oL By desMmisj2 (1 d 0 MmMtsslse jlsMmise j dzdets) .
cudaChooseDeviceO CtlststcOwv ftesMmdls M sdE@w s hz
FHso dzj se tstew s h d2 56 tc @Gdzdmiy tedafGda@etdcpPiOp Oldzdz
fMdzj Hize A |2 G dzOo J az’ f sHictsB dzj J§ sBMizH
oL B BWMIsP fCO HsMsOsYdss BEHjIs MEC
SftjHidvilk, GRIdSH HY kedpdydg EUMT fzsH e NG
CUDAktctse jdz dloj dziddgdt o tsL dEsy detsfmisj 2 dzgj o
fsCOLOdgdzr 2 o7 hj, ftetsmMlss orBjtejls fotsd
CUDAd o jtodzjls jeB8 dHj dzsddevd COIstcdzd C @ F 8
Ylsts 1 Iss MO 2 dzlz yh dAPUJ d&dO S Oflzr @ Qutis@sdpldf diecf
fd3d dej o4 temdd dMmICEDABYEH I offtejdite Ols+ MW
GPU.

( Mdzd tjLEkzdz sOIs ftesyjHEZGr o BStc® kM
o stsBhisjs dilz oditss dzdzw Is ¢ culidBévizePiofy tode™ L ¥ 9 Ols+ ¥
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cudaChooseDevi¢e) HdzZw fodzzyj ddw dHjdsdWdsOols
otsf totsmr . ¢ HJjdzts o I[stsds, Yylsts dHjdzlsdW d¢
ftsseh dis!  d MY tsdaddA " jPls shtaf v jtse Jte O dsfw
Emistets?2 MIs@UBA di dpenGL [ dzw 1 Issets or L ’f
cuda@.SetGLDevicé ) |, fjtcjHOoOW J2 dHjdzsdW &G OL
ts IsudaChooseDevicg

HANDLE ERRORcudaGLSetGLDeviggleV));

1 09 jtehdeo ddzd ydOdzdL Oyd® CUDAN Y tsdgzda ei3ts
fidtei2Id ¢ ddzdyd @©fedGLO ydtsfls t6t@R offj tistOd L o S H
WEkdeC yd2 dL  6Ld Btidad TdslkitSC (GLUT). 1 sdgj Hiso Ols j dz
sBtcOh j dzdfiPO Ldzz@Cstelzlz f sdz' L 59 Ols j dz6 GLUT

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

glutCreateWindow( "bitmap" );

{ dMEz6BE & dzd y d O dzQpe®By d v

RSOC, & f(cHEskts dZGUDARY B dz@ dsEy 2 fi

Htc ©2 9 JOpdr@t, 9" L 9o 0o cHdaGkSetyE Bevicg) . 1 Ols j @
dddydOddL dtetse OCGYT ¢ d iy Ezd 56 ¢z§ Iz ts S Wipsapef  bd3
Cslstets] BEZHjAZ o atsHdI! tjLlzdz sOIsT . U]
OpenGL

sdzék yjor &3 ¢ sdf ©dpRElsgEMise dW CUBJ yH I W
toj dzH | toOpemGrRVdy dzv ¢ IsfW ©OL Hj v j o j BEY jtor
H Odzdz" QpenSlsSt CUDAd BteOlsdets, d' Hisdzy dz@r Mmdz
Clsster 2 BlHjl dffARl LU &osQs Hivs Os sdEfudddiz0
f d ¢ fjcds detlz Opeddd ofsR cOdzj dzed¥ j et dHj dalsd?
f j toj d3joafer@ls d fBLuint

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 S SGHO dzj HBSoaBHddM! ML
(t 1 J Dperesl, sts MEC Oy J A&y, Yylsts B ydzts 0O
ftodj &3O. 4 dzO Y O dzO fn | GatgBuffergy ¢ JWdizj deCyafzdj
dHj dzlsdW S Olstste BEW jtc®O. 1 0OIlsjd3 1 Istsls dHJ
BWjtesdz M § tsB3EBindBuffel(k) dzS R ddzO ¢ tsdzj y,0 J dg’
OpenGLo " H j dzd Is ! Hdzw dzOfm B ZYButerDatd ) L ¥ d Ow OX
Mz yoO,j d3¥ L Of tetsfd dzdDIMBRDIM]j 38-tc @ izt v W dz'ORiz] Ug
¢ OL Odzd G @MNARIGZIDRAW_ARB, CclsttcOW Gt Bte
BzW jtc BEHJIS BsSHdWdydtctse @is? v dzd ©C®E derO d3
ftcjHo Otodlsj dz! dets?2 L OcGtekzL Cd o BEWjt6 E &
Otc G z dgiBdfierDatd ) § j ohNULIQj Is w

sjJfjte! Hdw dOmltes2Cd ddzsj testf j OB J Oz
mMetse M dIs dmf cdidDbA & | B s fijic ] mpEtic ORGZMMNts tc OL
BEW PQpenGL, dzO Ctilstster 2 k¢ Ohffjdh),j YDA to ] dg¥ «
1 Is thaffgrObjtc j ¢ M ls tc qGURA AsAY dteOW d Yy MEd2 tj M

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

regource )
)

{ I ME6AE] stsB Oy j dzd j B dZOMIsd

YIstsB T o jHBA&]IS! d MAUBAZztRY sd20 8] d3fm telgOdly
dmf sdz L s9 Ols! § hafeyPhis @EORenG, Iz Wig @CUDYE, od3"
or LM 90] 3 WuaBtaphitsGLRegisterBuffer) . RMY tsdzdgw 8 M (
otsLotcON O IsCUDSHEA gD R | dzr B W j te®ouree 6] lstdsjls
s dMOIlsj dz BlzH jMs Hjd tsfddipufite®ipds daptsdzj H Iz 8
sBtOh jddwr ¢ dhCWdkdzy s h j 2 Mtcj HJ
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A dzGcedaGraphicsMapFlagsNorets o tste d Is Yylsts ded € OC s
fso jHjddw {1 Issegts BEkWjtcO d3¥ dzj tsftcj Hj dzv
HsMiskz{ dzr d3 Istsdz! €5 H dzw Yls jLd@HQls ' Is =Y
cudaGraphicsMapFlagsReadOnly gkzh jMmMlsolzj s sOC Y J
cudaGraphicsMapFl agsWriteDiscard, C s
MsH j oy d Bts § BkWjtO® MmMddzjHkzjls tlBtesMmdls:
MisOdztse d Isyw HsMiskf dzr &3 Issdz' €5 H dzZzOGLJOT
fsLosdzwsls CUDA d HKO29 jtclz OpenGL flsc
Hdzw BRkWJjttses M BeteOdzdud dzdz" d3 HBMiskz { 5d3.

lrLtse gl Buf fer Dat aO LOftcON do Oj Is
HsMisOltsydes Btsdz) W52 HdzVW -t6OL tgY W glztlzd v L 2D
f sz HE¥ P dR BBtOM jdzdvs & OpenGL &' BE
dHj dlsdW dS Olsstelz buff jr Obj, O tffjteid) IO
fs ECOr@sgdss 0O¢ C0¢ & ftojHfsEZOCOj B Y
dL wWHj o, dzOff d MO dzdz - zO CUDA 4, Is ts
dzj HEMIsOIstsydes. 1 Exdde jhd WOCIkdud MEd?2
BBy dzets B dzs B!' f jiclfE®@ts! BYHEEBSMY dgv d M t
CUDA lstsBtcOL dls! tcOLHjdzvjd 2 tjmiztech o
ZOds ZCOLOIsjdz d20 tlstsBteOY jdeder 2 toj Miztef.

lftsmdzj Hinlsedd devPtr sy dzts MY sdz! L |
sB dzOMIs! HO@RYWIsd EMstes2 MOl &R ffsBdzOMmlis
Bseckls or Miskzf Ols 9 Wisdzd dMssyddc O §d¢
ftcjHo OQtodlsjdzt dg"n = EZrRdhtejdzd?2 WEER ydw mai
LOfEMCOj &3 WHie, f jtcjHOaOW Jjdisz ECOL Olsj
Cclsstetsets ddir fjtddio sH d dzd , GJdzjtcdtclzjls H
qLBBtOY J dd W . 1 Olsj &3 d3r slsCdzt YyoOj d3 tcOL |
HJj &zOIs! fJtedH tcJ dzH j tod dzG ts O3, f slstsdzslz Yl
mMddzm tetsdzdL Oydw d&BiyHEZ CUDA d ctwOWdyd MmSd
G OzIod sz § d3, yksts oMfMmyJ s jteOydd, dZzOyoOlsT
cudaGraphicsl | nmapResources (), L O9 J ft
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CteOWdyj MEsets API . [T tcj edmMistedtclzj &3 o
CdzOo dOIskzter d Hdmfdzgw (key func ddazHEr a
tc]J dzH Jteddze © GLUT, or L " 90OW 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 ydvw wWHtO f{ toddzed dgGsj'ls HARISAa &RIdnjlsda' © d
HGIEz ] dLBBtOY jdadW. 1 d3Y Jjdetdfjs ClOQ O dafsj W HSeGs
O dedud ¢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 dMEz@EBS & 2 dzC ydv W H tegds ddizd 30y d

1 H4 M o3’ ofMmistej YO &3 d3dzsets 2y L
ftcj SBtcOL Bo OdzgdWw ddzH j CMBse BSCO d st
mMdsy M j dedw tOMMdB3OIsted o Odzw dzj 5H dzts GdgjOdzjdgts .
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fesdLeosd! d' § o ydmdzj ded¥ Yo sBsHHOdY J
tcjLbkdz sOIs o fORvIsd. [ dzv  f tots ¢ tc GREAIHzLS 2
Mdzso © JdMYCHOA bz j df Oy dets f sdzd BZOIs Yls ts
dLBBWOY jddj BEHJIS ] QpenGldatizV dzjte] tibmtg jtedfiy
od3i h Ol jGRUMIse O

1 8BS O0Cdd3 tadolOz GEHEM OIgtc Mc j dz] ted tots o O dzdz -
fsditsh + 8 QpjemeGLt®Hd i3t o M sdided Is! MistesC iz
main(}

glBindBuffe(GL_PIXEL_UNPACK BUFFER ARB, bufferOb);

1 H4 M dzr mMmowL OQdzd tOL HJ dzv j d3r 2 B z W
fdCMmJdzj?2 H®APeNGLIcORIDtgEc'O § sfdz) wlRraviPikejsQ o r 1
dhfsdz? LsoeOdzd jets C0OC dMmlissydghrawPixel®)dzdz
HsMIsOlstsydets Hdzf ddci®dy) @Gdv, McQUBAHSJ tct
dlsOdzs BT Is'draw funaz§ ydflsOj Ismw Mu j dzOIs! Mdz

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

glutSwapBuffers() ;

}

I 5L Bep@E; oMmistj yoddm' sewOh jddw ¢

fsmdzj Hdegd 5 Otcbkdsj delstsds § jtej HOjIsMY G OLC
Csfdso Ols! HOddy j dL {lktscets BRYjwO,
ROL dZOyjdz o SOyjMmlsej dmlstydsdS @c lf dsjsdzlsss
GL_PI XEL_UNPACK_BUFFER_ARB. 18 {&f¢
ROD sHWYs@dY o GPU o 3 j oL ©td j OL dzPC
dilssyddSsd, bkt §ohmdjHdd2 §00kjlst
RZOYOdZO BLW,j©O. uOC COC & kIjsts,dddste digds
6O dzts 0. 1 ts5fdzj Hsoadj2dzdiz fipisiy L0 dflsdsfgats §) f) ezt o
fosmists o twihddd {tc] Hiffidd@esd lo'" fistyfdr dadty e
(v st &Y Iz doydkhn Okt O dzsdsc () L 56 6
tj Ocdiekjls ktdESE dO §AedfOojdih dzOy 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);
}
}

{ (MEEBER L dzS ydv, Gloj yoshow L O GBI

(k0O ftescteO®BBO tdmMkjlk COklsddSbk M v
( slslsNWERIA) Yo jlstse, dL sB6EOY j dedzz® dz@ ted

{ IMEz6ZE S dzd BS { CteOd&zO toj OdzdL 59 O

6.2¢ dzgd B3OYydw M dMmf tsdz L s9 Odzd jJGBU d dzls j

14 MEBsdz 65 H@G@adzs 3 sMsedd k4§ sdddoj st
odfis O fftotse tc QBB JARWBARIGBIitmapd § jtoj HOo Od
WizdzEyd e L o Od f3lzf to @ wdpd ¢ @ iz @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 };

{ (MEEBET tccC cOREO Odtak@Bd Y o sd

[T dOR) e o0 MW FJtoddj ddls! Isjnded €Iz,
f &®OL H j dzj , ¢ ML GPWadimBitnfgs tc I \AEOZ tef) dzlz 4 d Is
Y4 dzv¥ o3, CPUAIBNEBItmap dztso dets 9 52 CUWDAtefiPpenGLB ZH Iz Is
OLOddBBH j2Mlsoatso Ols! CRAUjLs & ® Odgj dzo s o @ H
man ) BSCOYJjlMmw MtseMmMjd ftotsMmists?

int main{ wveoid ) |

GPUAnimBitmap bitmap{ DIM, DIM, NULL j:

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

t dmMizaBs § § ¥ OC Isrsatin( dze

lted tOBBIs fn tSPUMsBImGals izticHs2 s d it tsdz! L
orLtsor sin YdJ4 VWisda@dH,) yuys®Blsph i jtc! L]
OB fMistcOc dtetso Odg ) GRY&GEBitmam Is tc f &k b s §51z
fsmdzj e hdr fHteddzjtese ( d, o L d3sy dzts,
MsOdzj s ydh j



168

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 2z ¢ BPdAR@Bitmap

[T L dzOj BpenGlfts 9 0 d M tsdzdzWCUDA R tffrjtadg’ HLjIz
tcOL dzr J dd3j dzO H dz"GPBdz Wyldet® e L @adzffiscfdits M ls ¢
o 4l sBtcOh O dizgmw , dzzy dzets EZC OL T 9 Ols! Ists  d «
ntcOdzV Is v Imife@Dbjd dgYperdsLd resourced dzv  d M tsdzdzw & h
CUDA. 1 tsMmitsdz S &3 dzO3jtej 9 O 3w o dL Od
Hdzw dzj 6ts HBdzydz" BT' s/ .L OHOdzr hdteddzO® (

YIstsB T ¢ 2FYAdBBitmap s dzd L Otcj e dmistcd tots
orLtsor dzO d3 dzj 5B - SH du@id* £z Cdd@ Olsffjtaiiz d L als
fsdz' L se Olsy dz2 MS dJ H OdzdalataBlockds™ | @ 't Oy &9 gz@
H Odzdz" | BJdLtOL dzdfiusiis , ff jioalg H Ofjss EC OL O
LOtjedMmistedtetso Odzdz d3 Wk dz€ ydw d3 tsB tcOls dzts G t
SBtcOlsdzscec s o' L 59 O fARIng @QuignEsitigivclickbrag]f s dz¥ zC y ¢
fAnim( ) orLreo0jlsmw ftod §uidekurd3) tsd tc Bfisp ded)
fstets) HJ dzdj H Odadg" ro dof LiztOBdm(Q ydjtedzdj dsB d.¢6d © ¢

ANzdzCqomEX{ ) o' L " 90O jlsmMw ftcd L Oo jteh jd
dzd 2 f sdz' HisaIlg jdalz' 6 j Odzd L ts9 Ols CtSH ts Y d
or ff sdzdzd Is* , CBEHO OdzddBOYydw L Os jteh Oj Isf
clickDragOte j OdzdL 2 jIs tj OSydes dz©O MmseBriIsdw hH jd
Cdzd jdzls L OtcjedMmistedtclzjls 1 Iskz Wikzdz€ pfHts e tds t
M Isdwvw dzOY Olsdw Cdtsf Sd & hd, B EHNYfditstsce
Coltstets? off JOBQP 6 dzlaPC @O3' " d, dragStact® dzv j
dragStarty , Ylstser Cdzd j dzlsz sy dzts B ' dzs  ff § e
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ssySd BECMdEte SIS MREMSINE fzls Bsisd .z 4 f ts¢
BinOddL BO ®Bsy ds §sOLdls! Motsdh HiskL j 3

R dzd yd O dzGRUBNmBitmapts Y4 dz' 20~ thfs® ylsts &'
ftoj M judg ftoddsjtcj. uwubntOddo OHEidg dzls
LOftcOh do Ojlaks b j  MAYBALIEH S sHWh j | Efistes? 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 MEzadsiCr dzd y d O dzGRUANNBtMap

[T MC O Mtso i3] Misd B3ts§ z iy ldas s 20frdsjods , 2  dg
dmf sdzgg?t M @YDA, ' cudaGLSetGLDevice) , oW Hsi3dzs Ists
BlzHj d3 ddn@ls'dz! iLlsss EMmistets?2 Miso ©OpenGkY oL Od di3ts

cudaGLSetGLDeviggleV);

1 s sdzr S a3 f sdzr L GLUTRR WY B disdzd ©ldzif ¥
sCdedatsets toj dzH j tod dzc O, s SGLUTS dzyp dz' tsoff d2dizny dfiA
dzj zHtSB dzts Hdzv dzOfy, glufirit@m)l s Bzs Qlp Is W If teéizig g o Is
Cod3OdzH dets?2 Mgt Py dzsC sdzdets?2 MdMmisj d3j .
dzj yjeéts, Ists B'M dzs B'" NUDL. Iz dgdats , Iz CoO LAY I ts Istfidt
GLUT j fMmls tsh ¢ BOE OF Sisdete 52 ff 5 INUIL SO d 1 st d HsC
Qo Q2 dzsdzsz L O9 j toh j dad © f totsc tc OBAPLUT, 1 s
fiteJwOpD WdCIlsdodzr 2 Oteelkzdzj dzls, .d IsscHO

int c=1;
char *foo = "mame"®:

glutInit| &c, &foo };
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Rdzd yd O dzgLUDytdts H sdzy 04 smw Is¢ xj, §0OC
[T MBLHO]j B SCds, 9 (Slktttdgic®iy fzdgi 9 ddkEk
JeE A CO k¢ oL bitmapk).d3 [ifisdofiz&Hsilsd]jls jdzOL -9 Ols
Ists d.dzO0uJ

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

glutCreatewindow( "bitmap® );

[Odzjj & L OfwOhdomencsd Hzj deste® AL jOousas to
Clssier 2 MeOLE 3 GloPXEL YNPACK BUFFER ARBM
UlssB' BEHENJj gibram@iee j)a deffih ko Odzd o dzOh j «

glGenBuffers( 1, &bufferchj );

glBindBuffer( GL PIXEL UNPACK BUFFER_ARB, bufferobj );

R §tfmdzj Hdzj , dales MOsFiziH O dztsio LOG foudstg )
HicO2 eQpaaELSE o " Hj dzj dzdd GCEREKOMBEE&ZEQREY SaE 2.
Msseh Oj &3 5 dzj &3 d MOUBARdzYLs D tg j2¢ (fipufgeaipdis o ©
f sdstsh + 8 WelddgSrapljc§GLRegisterBuf{gr

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

NULL, GL DYMAMIC DRAW BEE ) ;

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

RISOC, MmiGBUAGiIBRmaPd® Mistetsj dzO, d tMisOdzsf
CO¢ orffsdzdgw j sipw toj dgH j teddzca. [ Mdetse dzOW
glutldleFunctiort ) . [ dz2O H ] &zOfIg telstcd , o JSisdsEB tc O O J |
BkWJjt o OHt] MdEU] § tcts dzls ¢ O gz s v §O d &) 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

{ MEZ@ARS) ddzH d dz¢ ctO¥ d yj MS dn

l ®mlstster o, orL" 90jls L OH Odzdzlz & fANIffi(ls dz' L
ColststcOW ftoj HY Sdzsy d Is jCBDAES H A2 2@ (O drdzjv dz
5 OHeptOdzdz di3d dJL.s5BtOY § dad W

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

R dz0C tsdzj v, or Cdzg yojlb tsistse BPY j daflgts
fsL o dzv j IsOpencORmpfjtedz L 59 Ols BLW j (g dzH gizts d d
OCIsdoeadtelzjIlsmMw BBtON jdzdjdg € WhkdzCydd gl

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

NULL | };
glutPostRedisplawvi) ;

!

[MisOoh OwW mw y CEGPYANMBilEd&EB By dls - Slsw
dets dzj Slsdesmw h g2 mw € tc O i ifdiddstdcdd 020 | WItsH .
o Ofy difidsiiltgj dej Misj Mdev2IsiMm!, dLEyo2lsj.
Y 4 dzOdzd v, Ists Ry des ) EMfjatsds Hodc Olss fi
GPUANIimBIitmap

vd 4!, dRPUAnmBiteage &BPU,  d3" By j B §
fesctcOdgdzz Odzd B3OYdd o sdzde, IsO¢ GRUs s rdzvt
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ZOYO O oS dz¢ gpdafimhyf Odz Sl d dzOR SH (IS

GPUAnimBitmapr W Htets, &Ods yj &3 tsls gzdzdzBsi®iEy) jj W
* 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

o .
{ dMEZEEBIC, sHdW dydtctse Odzdztsj W H

[ Hd dzfls @ j dzdzats j dL d3sd dad dzd 4 9" HJ dzj dzts
dzj 5B n 5 H ddsEilz Yls ts H dzw o Lpdn@Biste PR M dzy ¥ ¢
fse jtorndetsMmisd Htsdzy dz B' Is! CHtolzy j Mise j dad
toj dzH jtoddeG ] o toj Odz' desds otej d3j dzgd tsB ' Ydzts
Msmisswhdn dL yYjbrtejnrn € i tsdzj dzif ©OazO(dX) tg C
BlzW jte Btsdz hj daj ‘zg dgy gids iswsigig@if®d & © 63 tc Od
Il dzj &3 Htsdzy dz' R tc Odzdushadny | @zj i3 dAls s Hs Jf dz O
tcOBtslsOdzd M BEW jtesda COC f BBOMMdoe sd3 yj k
ysts Hflskzy ¢ + dzj Bj delskz iz h jpylsfisets+dkiw
GHJ d®Bd3j 6 S tsdif sdzj dzlsr tslIs 0 HEBsS 3. 168 Isj{
HOdzdz" = MHJj ZOdzO0 W o dzgs2 ucha®. MyJdls f jtcj ntsHC

1 sMStsdz Sk k& dzOf k> CUDAMIS 'Y b dzBedindgi),O dzdz
CslststcOW Gjdzj cdelzjIls HOdzdz' Yy I s dz'f W) P Bzl
WEZzdeC yde ydpdzad 30 slstste OW BEHjIs 9o idle fusc@ls’ f
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S tcjHj dzj dzdESRSPUANIBIEE | dzOh j &5 f tod dzsy
12 WbkdSydd BfkOjlsmw LOfkEMS wWHEGO

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

kernelccecgrids, threadss»> [ pixels, ticks );

t dmkzadsCl " L s Wk ydd WwWH©O

l Bls, Mse Milseo j dzdzts, d efmj, 9 J H! Is tc [z |
GPUANImBIitmap YIstsB ' oMy L OCtolzlsd dzts )+ dz'
1 €L jJ 3{GRYARmIMBIitmap d e jOc dMistcdtetso Ols! W bz dz€ -
generateframg ) o COyJMmMBestzdsS ydgo 6

int main{ weid } |

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

bitmap.anim and exit(

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

t dmMEz@dSCt j Odzd L Oy d ai)lz dz€ y d d

63RMysdz Ltso Odzedj IsjRdesdzsedd ddals

63.1f SHj d&zdtetse Odzd§ Isj ff dztstsB Bj dzO
[ fdzts o dzs j CRUAdIBidapsls o jHT HEh jes ftod
9T Lo WRrdztPaly.

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

bitmap-s>pixele };

| fijtcotsd ftddjtej dL 1lks?2 cd&Os'r
oL sy dzs, o flstej y @QEewidixel$ty s P h I A O I€j dzj o
COud Mg fzj ftsmBtec gy dzs©. 2 O Jlsadgdis W dizgr
sjifjt! . ClslegL sotHddonv § tofsDramW)k dz%y d ils o k2
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CPUANimBitmapd L Of mMC OjIs ¢ tsibifnappitetded | § DY
CPUs f O@PUs' [ dz¥ CPURPB GO HISdE COHt] HBdAJ
Isj Cehze OBl d dz@RA IS y Iststs ffldtdgtssoOjdi] J ) ¢
B3 Y ICRBUJ GPUd o detsfyd Is j Hzts tzis elzdzd I©H | toy € Iz, dzd
dqadyddtetse OddY d L Osjteh P@rdxpres§ j @ jsHnE usciz
W Iz dzC glRfawPixel§ ) GBYJdHOj Is f iz @is 6 z d3 0zt figlzizf |
f OBB'CBY, Ists { tsdzlz YO Isdnjvdzj ta@usd df stz dzg v S €
WHiJSCfs®@ di3d3O0 HBdzy dzO B' dzO ME s GRUDo IO d3Wils
CPUM f sditsh + & cutidMdsRcpgd 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 dMzeA8Cl j toj d3j M j dzd jdevieeGzdst = M

1 mj o dzj Misj 1Ists L dOyojls, Ylsts ff jt
Odzd BOYydd GPEBHzUEzZzZAZO BYWGcSCts cEBotstow, H Iz tc O
CUDA & HdMzj tsQydd H Odzdz n HdzZ?v GCO)YHBSEt ¢
o ydmdzj dzd 2 Csf dteseo Odzqd LCOY ts dz0Ap dzdzac 2 2 B
CsfJicso Odz  j 6 SGPUs B iz® Is disSls sdz@ Oy j dzd v . 4 dz,
OS¢ M d dPO dz'f detssHfd 19§ dz! dzts M ls d dzddzO iy ts o tg 4ot jj dirdzts
sfdtoydd §jtjHOYGPUKO dahlstc sEfpistolisdz. v j§
o4 tedsy MW ¢ Mud OREHY 1JO HICSUR BsGdeddi’ ) dzis'O
ftesdLoHdIsjdz? detsfls! L O Myl ddalsj tetstf j to

I MYy sd3ded Is § , Ais B339 Resj dzd tctse Odad W
ftejHr HED J2 @G dzOo Istsy § d ©AUSNTBitnts@ HOAO fr)
slstsB tc O J dzd I8 ts elgdsjHL j ldddef tdsts O dzd W . vsJtfjte! a3’
ftosctcORBE, ftoddj dzde dtse ks flstezClbbktel (



175

slsteOL s o waOd st sdasfisd. sOC d o fts

GPUANI mBi t map
CPUANI mBi t map,

fsulsd BJ L of |y dzd » d3j ff
dzz 3 dzfs d fzd b h s i fgndejddz” s h a

d MY sHzi lodput Bitmap, ktsdz C s

utslso jlsfiso j dadets, MdzjHbkjl dL dj 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 G 3@z \ice
1 sM¢ sdz¢ Cfleat t9 eotedd T J H d dpfigistsOw W B2 dz2C yd v,

5dz0 o d dtstazc A% @

CjLbd sDEj O { ja@bads.d ¢ |
oM ciBEE Olsj dz' dats 2

sB " ydzts 2

ftocj Hr HEZPh jJ2 G dzOo
wizdydi?2, d
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ey hddzd ¢§itejcetelzL dis! Isidils’ , s @OL dzf 4§ d
9 Qted Odzls OB IsOCdj X Jkenedl @S od3jo Heln qW (= dzOnwk;
HdzCPUJd w@PU. rdzv CtcOlC sMisd Hltatzo todr) yC
s zh.j dzO

1l B3 Bts 1 Isdnm dL d3j dzj dzd 2, J H d dzfi) b © gi3gzdz®
Mistc z € BRAJANIMBItmap s tc z € IKAPARINBitmapyf tcd o " ff ts dzdz,
Oded &3Oy d d

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;




}

177

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 };

{ d HEEUBET j O dzd man) (e M & dz' L ©PLAdigBjtrdsy)

[ Mdzg L ¢ dzw dzlz Is - dzO sfMisOoh 8 Mw
BsHj Zzdtese Oded Vs ts | tf B jslsfRiizOdz@gils s dz' S 5 fsls
fted H" HEM Y JloQedzts wsisthtgsifils: ¢ @GO s f s dzdzts
OB BIslz f tc SGPED di3fB ¢ @O Bz YBBSH S ts ¢ O
slssBtcOy jJdzdw, 8t dHjJ, HBdYJd B
COC 1 st ortcOy0Ojlsmw Cdzdyj Mlse j dz

CPUH dzw
1 B

COHtGO ErsHddts ftodd] tcdzts

yomlis

25, 3 &fiGekm@e Is

GTX 285. &z} shscts COC & flsOdd dhnfsd Lt
CEOWdEm2, 1kt otjd bfOdks doO
6jdH jteddzc O .fpS OB toge® , 1 5% Btsdz’ h j
COYH' 2 ©OC & Stkdd SlssBOL dls!

15% HTS
dzJ Is tc j
C OH tc.
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6.3.2R dgste 5 {f j tc O B PDidmtXdzts ) Is !

) ftodd3dd tOR o1 hj teJ y! hdzO Itsdz Cts
tcj dzH | ©fedfal,0 dzts o L O dfdraciXdFPlslasd ju jfls tsils dzd y
fef toj ) dzj 3z o MY cudaGraphigsBesdardefdz” " dz¢ d dzO
tcOL H j dzv RiregtX] d CUDA, H s dzy dz orL " 90Is!
cudaGraphicsMapResour¢es cudaGraphicsResourceGetMappedPoirfjen dzw
f szl yd dzd v CYDAd € I©dz’Ods j dzj 2 dzO tcOL H J dzv j d3"

s OC ftcOo d dBpenGlofif Ldgjod ¢ tsfMls! ¥  Istc O dzf dzd &
DirectX. 1 Of ted d3J te, cuda&lLBgt@lRwCceH ) a3’ or L’
cudalBD9SetDirecBDDevicd ) , StSGHO rtlsdd3 RODNsiIteryd Is
oL Od di3tsH j DiresBDOPW. 0 ¢ dz@adsBO]0SeiBrecBDDevice)
dzZhlstcOdo O4 Is EMmistets? fRlg £ th Is o 1 @irectB3Bo 10D Jakzts
cudalBD11SetDirecBDDevicg) T H dzW o L Od dzthiwrgcBDiiE o v M

[ dzv  dz@eOBdsAs Directi§ to j Ctsd3j dgH z j A3  ff S ARREOC
sBtcOIsdeh dMm CNVIBIEK (CteBASRrogrisnamimgGuide d dL vy
fteddsd 6* oL OdDasetXj 2 fflszg ¢ dfp v GPUComsmigihgzj ¢
SDK

ssdzstetsdz! dzr'j o i tots

1.s0C00 Shdso dzOW dHj I sdfsy b EiZBOB §

2. sOCdj] &BdBddsljCd ®&sckls dhfsd
qazls j tetstf j6OB j dz dsflsd &0 fOCIsdC j

3.1 sWfdedlsj Gfdsedr j Of' ©OL©OBGIS
qazls j osff j 6OB j dz' dztsfls

4.Vtedo jHdlsy df todfdgi@s sdiSid yj dzj MssB BOL
qdzls j es j ©OB j d2 dzsfls g

5.0 sy dets dzd ftedagj devls! IjRdsdsedd ddzls
dzf MEsdz Cddisd cOWdAI MEJdB3d OHOF Is] OB
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torrptfatoffIrifI O VRgud] @m
L[ es ] ?sRGPR

I fshdjrdd] coswkzhéhBizdg | duphs dda
ftesyj MMstcOdRd, odzkzyoerls ofmj Btd hjJ
dzj M& S dBRUYG 8G 53 d dzO MdMmlis § @PUsM Isdsjdd) Shysiglz! fifd
fs5CO dzj MlsOdzd Bh jftcddzv tizls (Rl pslsBF §2 C
Mo Mndgsdeizts. 1 Of to doefjoreeCTXd2®@ 5C Getglg | 2z Mmis O dats
GPU, O T@&®&HO70 MsHjydls O yYyjbrtj dcte
f SHH ] OUDAS2 felsfj di3f dzO B OL J f sMmdzj HNEIDIA dzO |
MisH j ey Ols d dzl? GRU] tdf tisoH G1dEEDAMERD?2 3O Is j te d dzf € s
 sBOo ! Isj HNVIPIACGRSIdE™ 28H d dz JRCl Bypuiasds o o '
fsdzzuydlsd Mmdmilsj @EPUM ldaginSislsa] ¢ fgdaddoe d d
ZOH 2 30 dzdz" d3d, i @iz dd3j jIs Md3" Mdz dzOz
dMmisd &3", ©MNdoO" j ddds? dzj M sdz' ¢ d d3q

T k@ sfdekj GOV § Odw Is ¢

[T ©OmMmdOltedo Odzd ICRS tc & PzdPdzth oz ® &Y 1§
o WdLduyud mMits?2 fOdBWIsd dzgj BEZHjIs orctelzy j d
sO¢ 2 fOd3w Isd 9" L ' eudaHdstAlNocO #) HAfdektey@dy] Is tc
cudaHostAllocDefault [ T sBjhOdzd ftsCOL Ols! d Ht
mMfsmtsBr o™ HjdzjdedWw L OCtcj ff dzj dzdets?2 ff OdzW Isc
Colststets?2 of ftiosHSd) O Isj udsls|@lsi'O dA dzd df ke,
Cedzd \y. 1 dgiddhisst\llocDefault  d3ts y dzts fJjtdHOIs!
cudaHostAllocMapped Il " HJ d ddoOw ) tcj L zdz sOIs§
LOCtej fdzj dgdets?2 o Istsd3 yJj Mmd3r mdzj , ylsts d
9" Gtolzy J d&2O, dzd HJited BI M jJd2O o WL dyd ME B
Hdzv C st d tc s osCOUYEPU, d3 jt sHsls oQPHY f IOady dzgvdj Is dzC
SHds dL f(teOs ddz WAdzjiciz @EPEESLOdE Isd
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HsMmiskzy dL v HJ CUDARO Y (IMOngdss 2! SdzO dzy IIstej B
H Odzdz" GPUZO 5B tg Oldsdat€ OW  ff O d3W Is +-C =HO & tozexty tis2n W
copy).

7117 ydfmdzj ded W o ff teCqtiy] ddig igddg i dglz@izs™ Is

[BT YGRHEB 6Oh Oj sfjw kisd ¢t aCPUi Bdgids § iz
@ ICHU 15 ddzscHO B’ 9 Ojilds df tfdgjOLedftszCuizO t A
Cwftej Hf Bylsdlsj dz' GRU dyOsizdel teddrfflde tv/ols@ IEPU, § O
o jtodzj BMW € zOh j Bz ds BdRsBE ftedkj tk
ftoesdL o jHJj dzdivOdajjjC Sdstethmtso Odzd tSBO 9 R SH dz
GPU ftetsHj &zOdzd o' ydfmdzj ded™, L Okjd5 MCsq
o § OGPUH' L Oo jtoh d dzd >oj" Gt dzj dzd § L

| desos?2 o jteldd & sSBS2HjEMY BjL ¢
f OKB'GRY, O odjfMist 1 Istce S it w2 L W Ody s !
SBEOMO®IS L HOddz &3 GRO Y tdWialgzests s 3@ Mislois | dzO
COC gty dzjAzdzts? § OBV RAY d "ujtdag g 4 W dz€
L sOdzsdzdzOV, BEHjlk OBl OM) @ik erask
j HESC YOPU ifzO R teOdzj dzd j 5 o mtsHdzr 7 d o' At
Csfdiekj Bs2 §OBWISd. wdzOUO&O fttdejH, d
ftesdL o j H ] dadsizts® fj@@Eizie@®yd dz0j 3, S OC BT
MtsBr Isd?2 rtodtsdzj stcO O, ©" HJjdzj dedWw f Od3w I
d LOYtsdzdzj ded¥ orntsHdz' = BEWjtose 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;

}
tdmzids e sL HOdzdj] MsBr Isd?2 Rtotsd

JrHjddes §O&vIs: d L Odffts dzdgts § b g Is k2] QD
o1 ydfpdds.dzd) O EMSOj s kO2kjte, S dERY o5
LOfEMSOjd "Hiss o ydmdzj dedv S Odz tedzs ¢ 1
tjLbEd OI' dEPUOH o 1 ORYIs!

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 ) ) ;

tdmMzd2E e s Jletso Odedyj HOdzdz" = d 1

s jf§ topdzsdzia @9 s day du d iz dzd | 15 dz®) dzO R O dzO
k02 dkjte, §SEsEH dulds ditYyls! st @) &kt p G B
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HANDLE ERROR{ cudaBventRecord{ stop, © } );
HANDLE ERROR cudaBventsynchronize( stop ) ) ;
HENDLE ERROR{ cudaEventElapsedTime( &elapsedTime,

start, atop ) };

1 0Cdzj y, MEzBB] iz d3" Y@ lssdmeds Bits ¥ 6 jOL ZiF
or ndg'Hy BERWJ ter

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 fnzdds Memory free

I'jtwemdw M f daf dgjsdfidamizjidgBts? § Od3WIsd B EZH
d Mdzd dzf MudlsOls: or HjdzjddW Of BRMisd.” HY (
fORWIsd wWazf ar®H ~nBHd = BEWjttses d L Of
H Odzdzr d3q
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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;

bli] = 1i=+=2;

[ (MEWES SEYHESC of Hj dzj ded™ o C

[ 7 d M & dz W HAAgSiycddaHostAllo¢ ) dzts Isj ff Jte! L
sftej HjdveENd] ftsojHjdd], tsls dzd y dzts
cudaHostAllocMappede so sted Is dmyf sdzdgw s h j 2 MmMtcj H ] ,
sBteOh Ol Mw ¢ GRUs 3k das W | tpztsd IO d3d , d d3d dac
9" HJ dz dzdzlz © HdBYd3W s Iz & o Giiis 2 | d3ts 2 . [ dzw s B
BkW jttse & L OH@aHEstAll@WnieCombide@dc [ dz tsL dzOyC
dmtf sdzdzw 8 h OW Mtcj HO HEBd 2O EMisOdetse dIs! H
L Of dvrite-cofnbined slsdztsd Is jCRU dztsC KB 19 OW dzOds dzj
WlzdC yd sdzOdzt detsfyls dzOh j 6 ts ftod dztsy j ded W,
ftcsdLotHdIsj dzt detsfls ftcd ttOBElIs] MPWBEW ]
[HAEZOCts f Od3w s/ | tcOB SISO h OW 9 oy dd3d
CtcO2 dzj dzi + WWJjSIsdeo dzgO o Mz WPy A, Btsdhk
ftod dzgd 3O OS] tejh jdadj, o dzd d@3OIs j dz' dzts
BEHjIs tBttOh O v ¢ fORBYISH.
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1 sM¢ sdz! ¢ ECPWOd3y Jsdzy dzO dgdaModr@ecEaped |Is ts
GPUGsa Y j Is tsBtcOM Ols: Mw € dzOR sHWh 3w o
OHtej Mdz" | ¢ BBUSGPOED)Isdzd 4O Isfqw , s IstsdBkz
Istsysd OGRUdIEPYtcOL dzd ydz . cudaAaAllgff )) oL 90O
FCOLOlsj dz2 dzO tsB dzOfAPYU, (GO d3yldstsiB o {flsts)didzoz dddis
s Iz N d sB dzOMmls GPU, Is jdazdyletsO~ o7 L 9 Ols
cudaHostGddevicePointerQ CIsd kS Ou Okt Y ptc@RU
dmfsdz Lizjls dn Hd¥ YBRUZJY d LOfdMmd 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,

RBJjW ECOLOLjdd EfMstts2 Ml O, o By
dmf sdzded dzdj W HtO

HANDLE ERRCR( cudaEventRecord( start, o0 ) );

dot===blocksPerCrid, threadsPerElocks>=( size, dev_a, dev_b,

dev_partial c );

HANDLE ERRCR| cudaThreadsynchronize(] };

1 4 Md@islstew dzO@ Is =devyglslesy b i de® paBilsl ¢ Grf tc j Mz 8
f OBCRY WwHttl dd ftoj HifIsOo dzv sGREYE AADOE B1H Ol
sB tcOh j & dafaHizstGetDevicePointer) . s O¢ C0OC yomisdn
Eyd dzORrtSHWISTOPU o SEOE\WYIsd o OdudaMetntpudiaj dss
dzj sBrSHJ BBsMiIs (. JHA&ZOCE] , 5B GRS (fls GPU o da
Mddem g tztf s sy fEklsj &g swdeduiajhieddSynchroni@elz dz¢
HBH] By dBESY dziBliz G352 § Ofxigsd odzx) oMl ey (f
W HO, Cotes] dBsyjls 1t MHjyddBs] o
GOtOdzlsdw, Yyt WwHtzr RisQg otz dscz@Mm: B2 j to
tcjLlzd SOIsT o7 ydgmdzj dedw. 1 st lstsdzz d3F Bts
o' ydmdzj dedw GPH CC=@gy QH jdd@Odzd 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 jdzadj o ydimdzdlsj dz' |

[ fls Odzts iy 's ystidz'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;

{dmMeds Mo sy H]dd] §OGYIsd

[ sd3j Is d d3, Yls ts dzj L Oo dMmd o3tz tsls W zOG
cudaHostAllo¢ ) sMmMeo Bty HJ ded | f Od3WIsd o Mmij ¢H
sBtcON j darflgFageHDLS))..

sJfijter fshopEttddovi®O®Ojls oMM 1 Ists o
dzz ) dzttso f ed Is+ fBsHHjtey o Ojls & EGRUsts? fi
[ 4 dZOjlsfqw 1 Ists SOC Y j, TP jftcidS tdf rtcldschwj toek
G § zlsj &3 tsB tx@adetRdvicePfopertigs
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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;

itdimzdas ftetsin EMilstcts?2 nils o @anMajMostiddfmiory H

ltoj Hf SdzOgIO8 b Mmistes2 Miso 5 -C st i o jso Pz O J
otsHdd3 dMYf sdzdzgv ¥ W ¥ Micj HE o MsMmistsw dzd J ,
Cofdtelzjd3r j BRWjtr . | dzv 1 IscedeaSetDegizefldgs o '
fn W dzOomdalbgviceMapHost € sSlstster 2 Ig t8 ddsiz | Is z s @sLts
SlssBtcOY § dz@RBU § O3V Isd

HANDLE_ERROR(cudaSetDeviceFlags(cudaDeviceMapHost));

]l st j B)smain).) Of EMC Oj &3 sBO 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 ¢ J Odzd mangd ¥

o O Wt | K ls G@de e
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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];

[ dMEMBES 5H WEkdlydd “HEO

712 etsdL o 5H dIs | e tdftxffidss o Cddia]d

sOCtsets 9" deter O Y JHOIE stcttcld Ndzts ez
(il ©OL ddyd d H AW Hd MC tejdPte -~ 1 din ¢ dedzlis
ZOL " 9 0j v cwOWdud Msd2 (DRAW jsp tss ) ©
O~ tsHdIsMWw dzgj dO BHds?2 § d&zOIsy M yJ dsttOc
EmMlsOdzso ddzd © MmMets?2 1s cteOWdyj mMEBGPU €O
HdMGC toj Isdgr 2. Rdzls j cted tots o Odzdz” d3q zOL " 9 O
oMmMstesy dgdz" § o MmdMmisj d3dzr J dzEHzOB dzde  td3@ 1S He jsdg'F &)
f Ow Is:CPUM | s Bdzts 6 d J mMdmisj d3r , f sMistc
Csi3dszdzd ¢ Oy d sdzdz’ = JTNVIDMINTRATS t6 tizey | ( [duldls)) 6 to
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GPUM ftsHHjGPA 521 tsdI3tfdrts o md dzj sBz¢ d,
ZOMlstsdz! dz" | SCtBYf! 8 lsjtcr ddVIDBAOON f tlztsjo tdsR O
ddzstfeJtctso Gkt j f SHH JOLRPA 21 dzv  ddzls j cGPY tots
dMmy oz so@strd el j Bs2 § ORYId oaMjcHO HOJ
fOBWIs: o dz¢ B tsdiCyfdziztay@ jH SRRl L] d$ By dednidz B 2 W |
ez e'sf Jtclz j djlsds fftiddy HiSIso e O O Is d L EDrddsias o dat
15 dzj L OB ' ofORGslgdz’ ~ylstsO eBIg IO € s 9 -Cdajf JHS zg) @
fOdzWIs! tOmMftesMisteOdzv s sw IsJ x4 ©BG6teOdz]
fogy: omMwit] LOStjlfdzjdedy lsi jHOjIs Ck
Yls € tsedzj ydets a3  Istsc j dfdie d e Hijlslse t5H jfiPdiplsieid v fr

l Isjr MzEyows, CBEHO ontHd j d orf R
sHddz OL, ftorhjddj ftesdL o s sy de daEsds
GPU. ]l sMCERCdAs j SIsdtolze Ismw W BOCIs d oylsts B f) C
L OH J oyEMmdztsodBj dzdz’ | HEGMiskzy sd3 ¢35 Gk weldxfdzw
COGIs8 &) ) dhgise Ols!  Yls j dzdPLIExpress O fudshis'  HY
LOMBI Isdzr 2 or dete'lyj do dztf fiplisdfL o s IsO@Uzr € O
Csfdtelzj B2 § OGSfGPUs] st hfoidalz dsdzts € 56 s O I
sOCE?2 fOdWIsd &' BRZHJKB 2§ ZO0yde Ols! B tsdz
dLBj YOIy, f MOBScts dOYOdGPUMSE s Jteso O9

s OC kL dzOIs ‘GPU drdplsdgcj@airtsds d dzd HJME e Is
Ctg] ydets, wlCtwrils! CtsRRf!slsjtc d fsmMBslste] s

oteWH dzd @ BHJIsBPUREdESS sifdsJ HIsiddfd s+, i to
MsEszter , Clstslkzé o tsaudaGetevgPropettigias dgf dzdzts
i s dinfegrated tcObudzis jj QR dzls j ctcd tfdse @ dzf tetfls d o ¢
fdzkz yo, .

1 smMEsdz? €k f tesc tcOBBO 9" ydmdzj ded W
FHsSO dzj seo steW jIs EMmdztse ¥ cudlsOjls d/ ddzd
dimédzs Yg dets, Ut & MBsyJ dslisi SftddHd) od@y lozd
Csfdtelzj BBs2 fOdBWISd. R Hj 2 MiCeFdrselTx 288
otej BBYW orf fsdzdzgy degd W Bk d3d dz' M d dzts iy ! GeFta@eGBX5 %,
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280 bkMStstejddj MsmMlsOeddts 34% f 143,09
ftoetsdL © SH d IGPAztc @is fids L@ tg[QL dese s Mtstsis dztsh
or ydfdzj ded?2 d (s izms dzsb O M Js @ sedds fyisfdy
L WWiClsde dzs?2 ff tetsf kz MECHZEPressin ity fn) tste @atsdy’lsf  d
BCtetsma j d3.

72RMY 5dz' L 5o Odzd jGPUiEj S sdz € d 7

I fejHr Hizh j d3 MO LHQ ddrfte O M3qlay MEdj f et
B' 9 Otldsj cijtalef totso Odzde” d3d d H d i) Cjte jWisadatzvdsdls fy Wi te
mMdMils | didetsdet® digd C totsmn J d3, O ftmdzj HdzdJ TSE
tcOMmMh dtoj dzedw, CltcOv POlE@esszv Jj figfnw e 8 dzfltzf
o Cdzt g OsSHdztso toj o3 dzdzts dadzlsj G ted GRY Odisirs j J fi
sMdzOh j dzr  dzj M¢ tsdz' df Bdy ff ste CYHOPRR € s BY O dz
NVIDIAf csHOJjIs 1sOCY ] § tosH BEFEceGTX @Az H tc d 3fs 6 &
dL d&zOyOdz! dzts MtsH j eGPO.Is wE@sknEes TX2HIdES eWisd 1 d .
LOdd 3O jIs sHddz Mdztsls tcOMh QUDA 8z & dzw dztf Is H 8z¢
tc OL dLBPL. ro d mModsd fYtdz! LtseOlsjdzd dscklz
CteOW dyud MECdJ SPEkHspresso fifiglgrdzy w  dnr  dBBsfls
tcOL OB SNVIOIdedzis T des dzse dd ROz P iER HBs 6.
(scalabldink interfacei SLI) . Jl oedHEk {Isdr IsjdeHjdzyd?2
fted zsygUzd,w tcOB slO:Mdlfglsj di3j M daj i Sscpizisch «
ftosyJ MMtste Odzd . 1 smMSdzr CE s igddle as & jUsjm
tcOMf OtcOdzdzj dzd © Bdzflgs OB BISO@] YOIlsj dz¢ dats |
qdsj ¢ M dj mw oCUDAEiSjedsP Miseo © H dzBO SHifffiohoz ji
ftoesdL otsHdIlj dz' detsfls d

YIstsB T dzfj dqLEZyOls: detsth § R | tdf Qeedisisi Qgj, d3  HY(
or yddgpd?j M Odzw tcdztse s ftetsdL o j Hj ded W, IsO¢
G MEsEWE ¢ ylstser Eftetsmisdls! MmMisd ydL dz
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9" Yydmdzj dediats c fisC Gdestdf L © J Hj dzed W  H Odzdgj flzo 1 s
bftetsh Ojls x qjdsj, toUj dfs2Ms st

struct DataStruct {

int deviceID;
int gize;

float *a;

float *h;

float returnValue;

{ dmEzd8itf § ©J H J OajaBadigt

[T i3 Misddzd o 1 Isk MstkzClskztckz dHJ dal
BkHjls or ydmdzwils! mw mM&¢ Odzw te dats § ftosdL o jt
ZCOLOIsj dzd dzO tsB & 9lf b H ffizs f) dzy ¥ Ezfedzis s dzg | &
< Odzv tc des Gots] Hif D v

YyiIstsB!" L OWNGRAWB tz] f dzsnts B" LNROI3 5,4 Istpk
o dzOy0Odzj fftescetcOBAW d3 cudaGetDvicaCpudg@ v ¢ € Is i tiz
st Ojls, Mitd ¢t §tcCUPAtMEEISHY Mo § B i)

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;

{ MEMEE[ § esh EMsics2 Mise

1l smetsdzr C &z fted d&3j to ftoj HdZOL dzOyJ dz H d
dzj MC s dzGRUJ dzf s ff tod 5B dzO te 2 YGUBAFIE fr) lo tdtg A fiils ot
fteshists of 0 tsHARS Q@CA&S W)t Istsh (B S O) . 1 t5dgw
dzj dz LW dzOL 9 Ols toJ CSd3d dzH 2z § d3" d3. ldzs & ls
9JClststetse d3Ff o' Hjdzv j 3 tsB dACPgld’ L O f5iz@dzj
HOdzdzr d3d IsSOS yJj, CO¢C tOdg h j.
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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;

{ @921 | j dzj ©OYd"Y dMARGHA o H

1 © HOdzdzr W BEdRJsdzle ¥ L OdzgV Is! MW CtSHESA H
GPU Jeétsihis! oAPIgtS, s dagdyts h COUDAffjtisjj mtf 5dzO6 O
COYHGRPUEZftcOQo dzVv j Ismqw  sIsHGRiR dzv @GS f SO 6 C tedd
tcOB BIsOdzdGPY, Glsszddg 1 Ists2 IstsdzC &zt d3sOwlsgllg O ¢
o MmdMmlsj B34 dBsyjls B BPU dz8 By " L jsdzif M J Bipls o
BlzH ] 3 tcOBBISOIs: Issdzt €ts M Hokzdgw

Datastruct datalz2];
data[o] .deviceID = 0;
data (0] .eize = N/f2;
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;

{  MEZHABT) Of tsdzdzj dzq jDataPsustz S Is iz to

[Odzj | OlziSdPL 2@ § j toj Rjtdstakt § j i Oj Is
o Y s Bcdz®k j Wk &tfrnghufedd ) o o3 flsj j dy 2@ OV Bty
ClststcOW feskizdg'bs' iy ot o dase! ML H O dzdzs d3
ZOL ' o @jtsef” A b dtagthread ) ML HOjls Gk ts d
LS OLOddzes WkdSyde, §ittjHOaOw j2 o ¢
flstclz CBaasiagt § sdzzyjdgls o' LT o9 0Osh j2 fioBct
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Wl dzC potine) o T LT 9 OjIsMY L ¢ dkOo dzsEts f slsEE C
fMtsL HOdd bd St SHERSAKY sddadlsj d d 2

CUTThread thread = start_thread{ routine, &{datal0]l) );
routine{ &{datalil) };

l1jteyH Isjd3 €OC HeadecOI! MW HOM hj, G
HtSY HOIs! fw L Oo J teh j ded W olsstese s f BIssCO
end thread).

end_thread({ thread };

) sMCsdz Sk o mains)s? s ® yNofg laas q@zd ! ,  dst
sf OmMédEetsihdls! Bt Qdsdg’ dagyaldze j Misd toj L k

freaf{ a );
free{ b );
printf( "value calculated: 3f\n",

data[0] .returnvalue + datall] .returnvValues ) ;

return 0O;

}
t d Mz daadicl j yoOls! twjLkzd sOsses d BMe s

Il COYyHBAR it o cuddSetlyidg ff v o #HFy dzCde
fJtJHOB Isfilpv | J dHjo@EdW d S Olstster 2 finls 1 Q15 2ffrdslet
BkzH]jIls tOBSSIH@GBPU Mt BBEJESY J IS B' Is! SH
ftiosdLoBHdIS] dz' dztsls ! GeFdc@83XTX 29 5n dily GOy &z et |
6 OL dzd 1 dgGndzq , ZOf tod d3j 6, o MmdMmlsj 3y dd
H MG tc jAPUz" 21 Oh j B3z ftod dztsy jdeds 1 Isd HJISOC
BsG zls dedzlbgte jIMdzy OMmlis dzsmis d 1 Is¥pJ Isd das s & 1d3@
fsdz L dzs2, JMmdzd o'+ 6 jdezpdajCdpdsiy  d3igpzd
or ydmazdilsj dz' dz" » o tsL 3y detsmisj 2 ddzd J fmdzd
cOmMyf toj HJ dzd Is dz0 GBW L Cdlaiz] dz® d eV dzro jGRUW M ls
tcOLdgdy s ftcdH jlsmw t©OLBdIs! or GEUBdzddEd v
LOdMflsdd3j tcdets tSH d2OC soatsj otcj d3v .
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void* reutine( woid #*pveildData ) |
DataStruct +*data = (DatasStruct+*)pvoidData;
HANDLE ERROR({ cudaSetDevice({ data->deviceID )

bj

{ MBSt MsOdzso C O ISjSkh jets €

[T or Hj dzv jlkGPU B I 1 gt T

Csfdieljd onth Uzl o j St

H dzw

~ntcOdzj ded W
9 jCltstetse d yYOMmlsdyds jads tafij L I dregtab®irismy), 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 dmMzdasic] " Hj dzj dedd G OBBYIsd

d

¢ts

] L Oojteh jzfztd © 51 ¢ d5ts dzdzgHsts doy),
jLbdzdz@®BIs' L Oo j toh d o (tod HLH. I dzj dzd v

f oo

NC sy 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 dMzHBC) r Lse WHtO d f tdizyj dzd



194
sO¢ BB Ydzts, tsfo tSPUsof H O jsdzo f OO Jsez o T
Me Odzw todets § 1 to s dretrnValyeimis(tg z ColaBisidAjc 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 dmEzdaB8E MotsBBBYHJdzd] T OdZW IS«

sOS¢ odHdlsj, Jnfgdedd dafeg dz fipdffelOOE B Is 5 ¢ O B ,
dzf) ¢ s dz! GRPdgf dzOd3dzsc s Mmdzeazdzi 9, Muy wgd g thzy d
o Mz Olsj dz' detsets CBHO HA&zYW MLHOddY Gl
LOHOYO jhj Ff tetsh Oj sw | ( Mdzd Jdds j £ @y H
f SHHY do ) d3dats disstetisls Sfuicts ¢ tc O dzdzd tets 9 O dad W d3ts
stsdz! Cts dzj L OBT 9 O28PYdz isdz wElEaY | &'Odg™H b 6 st

7.31 j toj dzts g D@V ff dif j OoledgtaCs

(i sOxp@Ow HjIOdk , @ tldshwh OVaRY T ¢
dimyf sdz’ L s Odedj L OC 6] fodzjvdayigsRdaqly © B3 O 16§
ZzOL " 9 O] sM@PU { Offdg is@® dzd y - Colsstets?2 L OB dzs €
fOvIsd MdMmlsj d&3r , Ists jMmls! dzgj dBsekzls BT Is!
18 9 HJi2Mmlseadlsj dz detsmisd is jetPdizd dzdats ¥ tclg 1B dgl
fsst€Rl vt jMmis: &0 BEHJjI tMisOo Ol Mw |
LOCSteifddz dzs B82 fYtslstsC, dets € OL Ol mMw L OF
Ctolsster 2 jJj o7 HJ dzd dz. { fdzd ECOL Olsj dz
dzj MC sdzif & B O3, sts ofmj tMisOd d&" j BEH
MistcOdzd ydzzs  OBW Is! .

L 1 Issets YO jHJjddY JMmis f sBtsydse 2
9" HiJdzwWdz L OCte] f dzj dzdzr 2 B EZW j to, cuflaMgmcisyQ j Is fi
s ts Ccflafigso®izH j Is o' ff sdzdgw Is! MW Mt me ts
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MisOdzH Otels dats 2 s to QddaPy dzis @ d d3fj @diztsls d o Ho O
BOSC Md B3O dz' dzts HisMisd Y d d&3ts 2 M¢ stesMmisifdzd
or ydmdzdls g dz' dz" 2] IfffifstsfislS O of uldf'r Is®' L 859 cuda
syjtej H! WDASBCKs CftesdL s2HjIs shdB S O, Is C
s jteOydd dzj sBrBHddB L OSCtej ff dzj dzdzr 2 B Iz W
or Hjdzweh jdgsk BEWJ to, sdz COYJlsmw dzjL OC
ftocso Odzdo OjIsfmw. O3] dO BERZHENMj ] dzgjls daC
[ Hd2OC 15 ftotsB dzj A3z . 3ty odkts j trede b didzlz © i C
o’ H Jj dzd Is CO¢C fiogatlg des iz 5L(d2OYyOJ Is, Y
BJctcdicso Ols! dL HAEses fslssCO 9 HEkze s
LOCtejfdzjdedgr d@3. | dzv 1 stses d3 oM sdy L k2]
Wikd€ ydJ 2s tcAauldlaoHeo( ) dzts f detso ™ &3 W dzOG 53
W dzO ¢ d3ts Y dats L OHO9 Ols o dzj Mlisj fn
cudaHost All ocWriteCombined d cudaHos
fOBWIsd CPU sy jls B Is¢ s fYdjtadz)jddss il dgf dip tetz
Of dddezisds My lsOdzd .
YIstsB ' ftetsH | BsdzMmistcJ tectso Ols dmf sdz' L 59
f OV Isd, a3’ dzy BBdzts G 5 HStcOBBISO] &3 1 tetsc
ftesdLoajHjdzdw. | tshdseslkz B-&EB{Y dftcl jsdxrsd) J i
sO¢ yYlsts fskzkydlsmw osO0RRgodss JELOSBRIYOMNN ¢
ez Z'sf Jtetso Odzgdw. s OC ofmMsHEZ o 182 ¢ dzOo |
qdsj ¢ sfqw s Rjde " j2? BBijtey HoO GPU My fitsH
fn dektzf Jtclzj d@3" &3 B EZW 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 dmMezdasc| ftcsm EmMistes2 Mise ML dzQ ay dzd
cudaMapHostMemory

l JtjHrHEh R fteddij tOr 3 9 1 Istdz d
f Odzw BRU H dzw n 6 Odzd daed W o ntsHdzIs®sB o | OB
4t dasmd difzdrj daddrE tc jf Odzw Is* fn dz0 y © GAIDA-dzj ts
Emstes2 Mlso s, dz0 Clststetsds d3¥ MtsBdtcOj dizmw
oM sdz' L ts9 Ols! Mw-C s § i 59 & dzd delriziz Is ts o fndz
cudaSetDevige) B tOhM Oj dzftpdaSétDeVidezgsy 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 dmizdeeicl r Hjdzjdedd HOBWISd

t Odzj J &MY gz cudac@edice) , @ dets Istsdzy g Wi ts
fOdwWIsd d MSLHOdY folssttse. [HEBZOCE, Yl
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f s d3tsh cudaHostAllo¢ ) |, Iste j B Iz Jdsldnivdz! tzts | Hpddfey d O d
Emisiglsd ts, ts B tc QuEldSetDayiffp)) . € v OC Y] BBKOIsdIs ]
dso " 2 kulldMostAllocPortable f jtej HOjIsmw fted o7 HJ
sesdr BkWjtttse. uvOC COC f @dguIeDeviee( @ ) dzv d
d&zd "CUDA-Efistets2 Misots M detsd3j tesdz 0 Mmydls Odzts
d dzd B" B oHtSBOOHSC jlzj HC QY Ggzdzs Myl 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 drdajdissj dif s 26
WEdgde routine(), ¢ tlstta@vndyg dajvls diots tdsdsic
misigls: j

CUTThread thread = start thread{ routinea, &idatall]) };

routine( &(datalol) };

end thread( thread );

1 sMCsdz? C EPUPO &Y Isl2v dzO ! d M sQEdA, & njd2y  fr
stsB sy HJ dzd WV dzz )y dzts eudaFreebi@$ly ', ez dMEjydgs | Ist
Ylsisyls ' o midm@lzs yd d

YyistsB T f SHH ]t Ols! tcOBtIskz M (] tej dzts
Csfdtockzj d3ds?2 OBV Is: 8 9 o jtcmGHU §f waiz of w8 d3exc
Ho O o OXliglp'ddj daffv o routit(dds yd¥ j tco sl tsarfsts jsdz' d
ddzisizd Isd o digs d3s U L asd Hs de@ dzts o gizh

1 Of tsd3dzd d3, ykss o o J @®RUJdz] 5 dzF ts HiZfj RIS 1S
9L ® OludaSetDevid@geo W Iz dzOuwtir()f sts G Ot Odzls d tcs9 O dzts
fssC EftcOo dBPils vhomtdExrts? dilsstesdg f tod d3j
o' L dzof@aSetDevicge) o ¢ dzOo Uty o sdrts C gelz y dets H dz
9" HJ dzd Is! L OC tod § deginfzdelz ¥ o iz dgsls O ls  dz' dzts
cudaSetDevidg d cudaSetDeviceFlags) Istsdzt € s HIs®, IsH &V EZWMnts
sdzd J 04 odjlzddnn L ¥ R A3 dedzts f t54 devwcdilzdzid3’ tc Qf otek
dzz dz6tsH so " e dzwH jdz BT ftesh j, JMmdzd Br d3
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M dHj dalsdW@ ¢ Aisstiedsdls B dzs Br tshdBSt82. 1
sHddz tcOL MOtsdWdekztcdtcso Odes o dzj S tSlststot
W 2 dz€ yagidaSetDevide ) dzj dz' L v, HOYJ? Jidd F j to,
dH j dzs@si[tE EMmistcts2 Mis o O O NGO dzjted@dets jd SHiftgL
MsOdz¢ do Ols! Mw i 1 Iss?2 dzjftedwWIsdats?2 CUBKSB j
sdJfjte! Hfitej2Hjd3 S5 olsttedntdydd). dL d3j dzj dzd ¢

I 7T HJdzj dzdzOCPUz) Bkslsidz €5 f J toj detsyd d3OW
dzlz eiz'C s Jtelz ] GZOW f slstsdikz Yls ts a3’ - tslsd
dzj  sMtej HMIse jdzdets dL CRHOU EZEOBBEBOBY tzj dzts
cudaMemcpy), S OC o  j @y t6pd g O fztc thts B O BBARFGPW dzw
2y d dzj , delzxuBls s OBt L so iy fw
cudaHostGetDevicePoin{gr , Yylstse ' f sdzz yd s PWDWL Ols
SlstsBteOy jdzdzr | dz0 OHtej Mdets] f tetsflstc OdzfMmls o t
HdzZw ~teOdz) dzdvV yYyOmlsduyde = toj L 2dzt SOISGPY 3'
(ted H2l)s ©OC B Yydets, 1 O ¢ OBW tdaMallogy j dzv 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 dMmizdAs I r H j dzj dzd § dgvieeBY Isd dzO

[7 wOmmdslstej dzd dso ' | MERUNSE ©day] @)
tej Odzd L 28 Isfqw  tsHdzd d3 tsB tmdaMHgstdh@ 3. C o W 2 b3t
tcOLdgdAsd§B d dzOyd2 W dzOetse sy des MHj dzOIs!
Csfdtelz] B2, i) dshdds? dqezddhs sdg! fHBYS
| e sEE ) 3OV JOBYIs! feddyd dzv jIsmw  Hdzv |
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Ctsf Jietso Oddgf™sGPY)  f GsB cOlsdets; L lstsls §todj o
B MisesHj2Mlsodj "dstsets §&OMMO ¢ ted dt
fsHH ]ty Cd dBdsc sl oyt v § tos ¢ o @z y d dz
dj MS sdGPd &g tSHdasds foddsyjddd, ysts §
o' Ydmdzj ded jc s CfOeydadas] H J ded Vv d3ds] izHids tc gz I &
1 OCtsded vy, & o dHJ dAPU distudstisls dag @S Hs dolz'C Iss!

LOCt] § dzj dedets? §OkWIsd, JjMdzd ©dz® o' Hj &
fteddid od dMfsd L se OdzdMm! | J ] dzsmdGBOY L C
G s qielj di3F j B Lk WsjOdsTj; Gos dde yd lz@f)' ¢ oL
f esCteOBdMhdpddy M OdY tdtc sdiflejsdL o fjH fdaz
OV dud MEdd ftesyd MsteOdsd MisOdzetso W Ismw
Lsddid ftodj ORI fsLotddls o0d o {fsdds?
Beh ! sdBPR MY § zOIsW sted3'

stsdastetsdz! dzf j otsff tetsfyr

1. sOC o sfdeso dzr smMtse § dzdzsMmisd ff o5
MdMmisj &3 M dQGPYL sdz' ¢ d &Bd

21 yid3 fej ddiszh jMmise © @PEPIsj 3" M dzj MC

3.ylsts IsOGGE Y diazsm Odzd j ?

4. l1owhmdzdlsy Ijteddddz ¢t jtej desipd &0 § O

5. 1flyimdsjtedzdddz ¢cL OCtej f dzv j BOW f ORW Is
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torreS 8reJri1ov3z, wlIRBORLCI-R3It ¢rr1RC

[ J dzd cOdegate ( { s o jtemdd . NET IOHEHMRE
mMizh j MideCFLIOIs § dzdi + Asiisdzdaj d 2uls 5 L @Azt jzd OS¢ Sk
f OV IsH j fddf d udo O N dj ded ¢ OC Y top) jH1j tsiAfc@Dm
dqdzj dedzs ECOL T 90 & als@GtsIWiz 4 @HDIa ) &' ,fzictsc
dLejMmMsd 1OSd] o4hid, C0OC Isdfr HCED d?j
B4 n Oded L 3 denjsdgdtatgjod@izts  dzO Uit ISISH BfpL 5 O
Slsdesh jdedd Isditse CzOmMmr Colsster j s te
f OtcOd3j stetsoa. s dzOMM HJj dzj OISO dBtsy J Is-IsfHtsH
SHddz BESBEOE Y 2 d O dzgi MG tsdzt €8 d3d sBH MBS .

[ W dzBoH' Gc O ) Jladdofaexpfession dzOHfetcwhglpp W L Odz" ) H
SBCHOLOMR] Iste 3 4 5 Iseplfl wLHOYNdrda(Q s QS X dsdE]
Hdzw to] Odzd L @aPd & sdjsets RO ,MMr &zOj Ismw H j dzj ¢

817 j dzj € OlsT

[ J dzj ¢ OlsT ftcj HdZOL dzO Y j dzr Hdzw fMdlskz Oy«
Hicze sz 1d3p O sz . iy dzkz yd@jdls s HEzts GfHtDIs te j B Iz j Is W
Hicze sz d3j stsH Iz, des tsftejHj dzd Is ¢ CO¢Ct
ftei HMMIsOo dzv j IsMw ¢ ds®L dyfsdgWdis agZO Y d s 1o s lsolztd] |
o f tsdzdzd dzd Vv , O fltdilz HicchOAs Bd3jlds'tsH if,
f OlcOd3j Istc O.

]l sHsB Sy Y BwBOjHjdzd) Moaws2Mmilse j dedzts o M

1.100E2MS olsCt€d Tzh Omldoyz jIsl o L @By |
Csdif ddzv ststolz, Ylsts dzzy dets L Of Hfplodods'j dzetz i
dmt s dzdzj dzd W f OtcOdzdzj dz! dets Ists52, Yybsts t0O
fsMdzj Hiso Ols j dz' datsfls ' thres@ L, ™ oQ0 jjlfiisy Lo 4SS c
fl f sdistsh ' sStantigjHisssHc@ d L B OiLSisstem.Thre@dib@ Tipfgdsl o
{ Mdzdk s a3t + & Isijtdetdze M O jsls gy sB - tsH d s Mis L Of
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f smdzj Hise Ols j dz' daets s d dakzfy ddsdzdyisdediss, § RHIO Iof@if
mMdzjHizjls dzOyOIs: |, Is. 4§ . 9" Lo ¢ @ Qotizasts] d3dk
Mdzse O3, B sEH ighdz efasldziSy chls 't AtE AR ot
B IstfsHdzf YO d2 orLtseak §tslstsC 5d3.
2. BtsBh jdzdzr | BB dZdBISj Yydz' j CYdzBighj o O
Hde'" ff sdzdzj dedWw tcOL destsB tc OL dz' &ets ks O Czg O tois dizs

Bsckls B Is! MOdBH 6RO Y dpugsd § difis@®dzd cdo
L dz2Oj s fndzj A R§Is tjh Ols! L OH OYyd. JHABOC S

fsSHL OHOYylk, s C(lststets? L dzOJ Is stsdz! € s
dMfsd LEshd2 1k BdeddslkjSk. 1 0ftdd
ftoedded 308 h d2 BOMMgwlscelzY CHfBodi 5 oL
ftesyj MO Mstlsdteso Cd HBdydes BT Is! f 5ol
dL &BOMmMMmMde ©, ybte" ftejHjddlks:, COCB2 (

dzj sBrtSHBAgEY j ydls! ¢ dzOMMkz oL B3y detsMmilss
dzf By jls L dzOls! L OtsOzfj, McO@S dzg dztf 5 dzdz® lis
CtsH, dmf sdz L s hd2 ¢ dzOMmMm, Bsyjls Mtse
McOodzgj dzdj SCtsdeStejlilsdzr » BBI jJCIstse, dOMMJ s
sdzd j dzlsmC d2 ¢ SHOIss dpQhdg dflzj e dzOunsndats frif ctslsHtectt
stsets, BEOEB2o" LoOIs! HAW of f sdzdzj dzdwv Mte

.utsB’ Isdw. ] d&zOo dzOw dHJ W yYymlsns firadiflss
d &3 Is+ CHgHdRSE, M Ctslstster 2 Htsdzy Jdz BT Is! s

¢ OCIgt8 M Isd2. J f otsc tcOA3d3d tcts o Ofgag
f sdz' L 59 Glzglzzy { 6 Hiyx[Blsde Gy d 2 . SBGEGHO MmMBBT
dmtf sdzdzw 8 h OW Micj HO HBSAd dz2O L dzOlIs’ COCt

Hy d&zOJjIsfqw f jtoj HOYJ 2 d3J IstsH I,O teOag @seefbis O &5 (
sO¢ d o Mzkyoj CdzOMMtse H&v dhi sdz
LOtcOdzj J] BwBridZsODEEHIMN GBI Wodzj dzdw HJj dzj ¢ Ol
sBtcOL 5d3:
delegate<lsd ffo sL 9 BRIBB®Isd { @ dzj HOBGIOO d3)) .

1 Of ted d3d t6:



202

delegate woid MyFirstDelegate(int pParam);

l HOdzdetsdz ftedd3j toj BtejHJdzvjlsmw HJ dzj
sHddz OO jIstc Isdf © i nt d oBLotOhOjIls L
[ hMj daj MC sdetshts st fdgjdzj dzdv H Jj dzj ¢ Olstso :

delegate int Summ (int a, int v);

delegate string ConverterFromFloat (fleoat D};
delegate int[] ToVector(int a, int b, int c};
delegate string GetAString();

sdzjHEjls fsdd®kOk!, vyt fttd GBI Wo dj
Cdz¥ ud o scedelegigert®O & d W d M ¢ d i) fnisy i @dedsuindCiat<Cof(dinz
[ J dzj dn@ls 'H O QSO fidfiplzO i) dzj H ts dS@stiaateMylticastDelegate.

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

lteddzj dzgj dedfj SMCUCBLy) B3 dzw telz H j dzj e OISO !
B ssHO (), nsdsk g Mis! MmdajrHflzs dedgvjs It Cddts : d  Is

firstStringMethod( );

firstStringMethod.Invoké );

YyissB" MEHOE JEOYHES B MIsj, cHJ IIsteyj
Bsy dcsMists § jtoj HOIsH gdizv OHtej MO. Clsts
(del egate inference). Clsts Mtej HMisates w
ff smtse j dz 6OL tejHjddrj) ¢ QL@ jodsffipfitey d W  wd M< d
fteddsd tod fJted d3J dzdzOw f i rssSttStirnign gdidzd ©d @
dztso " 3 BE dz2v etsd3 HJj dzj G OISO Get AsString:

GetAStringfirstStringMethod mnew GetAStrindx. ToString);
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HHJ d&ZOIs! Is ts N ddes MOdifsigtsmisigsy § J toj H O¢
firstStri gy NetHiOo d ddgitcj d3j dedets?2 =

GetAStringfirstStringMethod= x.ToString

l tBttdr MdzEyows CSBfJzvistste w# ML H
sB dzOtclzy do O] Is, Yylsts Isdfy HJjdzj cOIsO Istcj B Iz,
1L jBBfdzwte HjdzZj OISO sdfO© Get AString d
sBi jCIsj ~n.

Judiodudzesf diglssOB! Ctokzedzr | MEtsBSCd { to
dzj Hisf EMis d Ai3ts.

CCLiBfdzwte HJjdzj OO sy jls &M terddsdzfr
LSLJ B dzv 6O d dicdz fig lis@lésq Usii) YO0 gzmizg ¢ ) d e
Il st MP&@LOJIs M Mdec dzOlskztes?2 HJdzj G OISC

821 j dzj cAdtien< T > Fudc<T>B d B dzd SMEJ Frdmework.

I B8 Msts st Hjdiddw dspsg slsdsidydd HQ ek
otsL otedfBlyzs dMYf sdzd L tsp Pk cAtignd] 8 GFlshic<T>.

[ BtsB N j dadzr ¥y jHdgjdAQas&IB> toc j H d2OL dzZOyj dz H dzv T
otso tcOh Osdghch CIssls ¢ dzO MM HJ do] & Ols @d yhge
o Otcd Odzls O, IsO¢C yYbts jdBz dBoydsts § jtoj HOd (

s &zOfmMfm Action BJjL tsBftsB©O) deetgg iz # s C
B ssHB OBQPA3] Istcso v >TABtzZY om<iLMso © d3j IstsH
f OtcOdzj stesd3, ActiHoadz<ion L Blo O id3f Is®BRA®O M H
Action<in Tl,in T2,in T3,in T4,in T5,in T6,Iin T7,in T8H dzv &' 1033 ds S H
M etsMmjd ¥ §OLORE] O] .

[ 4 &z G OlIsT Func<T> B e kzls ddyt tsdz'tclOn 85
Func<T> tfogLLo'moddIg'ls d3j SsHT M Isdif sd3gT>d tsL ¢
Func<T> it Hg Qg O dels O L HERZY: § J 6 HOYd H
d sdf O otLotOIsO.
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Func<out Tresult¥* Isdf H J dzj G Ols P lsisde® dn" Istf 4 @ d3d3 ¢
B J L O tc Qadigjols Func<i ntT1Hldw, dgjuldts HTAR &gz tisietsdg
Funcdn TI, in T2, in T3, in T4, out TResult T Hdzv d3j sSsHO M
f OtcOd3j.Is tc O &3]

83 Jtkffsorj HjdjcOlr .

lTL 89 HJ] A&z Cl®OISOsSdEL dgPEH®sE®tc 2 § Jjtcj i Bdz
Jd Mdzd delzlalgts o7 L 9 Ols Btsdzj | Gdlddgy 6 o3 b H
HJj &zOls! ilstds d g dztds H dated § MsOEZ Pls o L sy dats
HJdzj cOIs MIlsOlIs! syt ts?2 HAEY Btsdzj | !
ZzOL " 90 IsMw ctokzfff saedid g@amel) isig@E SR OH § U
sdz ftsdzj HS9 Olsj dzt dets o7 L " 90jls ofMmj d3j stsH
Mdcec dzOlsztcO® Hjdzj OISO HBSd dZ2O o tsL o9tcOh Ols!
otsLottONOjd3F § L dOyjddw?) d WOSIsdyuyd M¢d
sdf csd3 oL alddOIs@9 lytoBQISd Yy M d fHtoj HY sSdZzOG
Ctokzf ff so t52 is § 2 kQ o .wds®s ) df f s dz KHg o IO |
Action<double>:

Action<double> operations = MathOperations.MultiplyByTwo;

operations += MathOperations.Square;

lezffser j HJ dGOIsE ] JO©N gsd fize d dfs Medzts.
LOf dim@&ukze h ddz sBtcOL 5A3:

Action<double> operationl = new MathOperations.MultiplyByTwo;

Action<double> operation2 = new MathOperations.Square;

Action<double> operains = operationl + operation2;
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84 . ¢ datsdzdlsl3Ea . d3d

(2" t©OBGI' Hjd d@Ea hissty Pz’ o] st H
SftjHjdvdhv f k2 3j MnNdedOskts2, yls
cOBlSOL! ). [HdOSE Mbkh jMsakjls d Hitdikdts
Odzis dzd Bdz" d3d 34 IstsH OB T I HzE Bz BezO?  Ric i Y
COYUjHBBY®R| SO Hj dzj ¢ OO,

s ddZsOCMdm SftjHjdjddl &jksotod)
{lsazd iy odvjlsmv ftd ML HOddd { SLJ &Y d
sujdd feshssd Csdhtd dsd § ofjdsyy igdic
Odztsdzd dzdz d3 d3d Is 5 H ts 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({"Hauano cTpoku™));

5} h

[ J dzj ¢ Ols Func<string, dzfigld or ji dadg'>2 {fds]ts
f OtcOd3joldste o ON Oj Is M lstdftg Stdzj. dzj alatadn D el | Is ©ds O .
'3 mMiss  { tod MoefQidejOdggddzdzs As sRd3j dzd d L o § Mls dzs
fesmiss? BdZcS ¢ sSHOZd Wjte]j Hdy Oftpgetsladas 8 del e
Mz Hizj s MstetsCtsor 2 fOLOM] Ists.

lBdzsCj] CBHO dMisd LEzjlsmw MtesCtso OV
CslststcOW fftcjHjdzj dzO odzj Odesded BBdzsets 3y
f OtcOd3j stelz. 19T | S HNIsESE ts9 15 L dzOyJ dz
Hjdzj 60Ols, J gz f jitplg teitOG @ e of tOMfMpOUet 'Is@;) b iz”
¢ s dzf ts dzd .

]l T GSHO BIs Odsdddds -~ d&JIssHtss Mo v L O
dzzy dets § MO . [HtedHjdvIs: d&J Istswmj dzF csBlistt



206
dzj Istcy. BBy d Bz j Misets tMsej ddzts dzOG dz
Sftcj Hdzj dzgdd HJjdzj OISO HdzWw MtsBT IsdW

85. [ wakBm®) j dzd W .

1 Oud d&zO8 . 6), uEsiiskz j dz Hdwe 'd20 L fgzPdrly QM o
CBHIDj dzj ¢ Ols O3, dzOL ‘08 O’ Azd “drhpcfexp(eBian)n b d
[ W d3BoH  Cle Oy J dzd Wd Mitsezdz b tso Ols* MW 9 j L HJ, G H
HjdjcOkO. 1d3j (cCOLOd ftejH  HENJ2 t
Odets dzd Bdz" j Bj |s ©uelzdy 2 Om @t Is of iyt & dp' 'L s Ojdzgd'w

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 Ot j dzd &3 iR ME fiplsln £ sls MY
st H]QPUHEHA] Istectso . { Mdzd § OtcOd3j Istc tsH J dz
fpdzy Hiz¥ 0 j dp ramw@pjHdad d dMmfsdz L 2jlsmY § OOk
sdf HjdzjcObO BftjHjdv]jbs{BOEPEPzEi @9
OorL"90]ls BBJIstsH Stri Mmdstels&rdma € s(s)s tclOEW 99

or asHdMY dzO € tsdzMtsdzi d of dgjf dzjodzd julo j§G fepile) gt
fls tc STEFTE ¢

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 HJdzj 6O dMmY sdz' ©dgy istc B, s daf dstsdsth dz
By &tsdzB J dzd tctso Ols+ o dgklsted MEBBBES. 1 d%4
Is d fl@dble 4§ tjHj dzj dedaungdoubledouiteQitutsiel
static void Main(string[] args)
é{ Func<double, double, double> twoParams = (x, y) => x * y;

Conscle.Writeline (twoParams (18, 2});

}
[dzv EkHsBMle O ¢ dJdj dzOds 1 j toj d3j dzdz’ m
sdfr §O0LOd]lsteso :

static woid Main(string[] args)

1

: Func<double, double, double> twoParamsWithTypes =
(double =, double y) =+ x * y;

§ Console.Writeline (twoParamsWithTypes(188, 2));

h

[ Mdzd d''Ie@O] dzd j TMisifilsEpfEed gL ¢ j 6Ot
B s @Pciptcdz" d3d MC tsB ¢ Qelofndzy G j BRI [ d3 S
HtsB OQorelrngds W o dz' d3 tsB L OL t503:

Func<double, double> square =
: wo=r K ¥ ou;

[y dzs HEBBOodl! Wdckbktdturgd s tseou vis ts3
ltotsMmists tsB" ydes dzj e yy vydlsOls! CtH B L dac

Func<double, double> square =
X =k

{

E};

1 8 Mdzd delzy dets o € dzs ydls' -08 tc@® )} @ dzd v O la) th
s jtcOlsstetseo, Ists Wdektdzr j] MEtsBSd d i jt

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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86. wuwtBrIsdw.

B IsdWw ts ) dzts © O @zL gzO f B8 j HFGOBO dzW ¢ Is
f e dzd S dMSd. 1 COtCOMmj 8MET tsfhthe HIE
ftoeddzsy jdzdw s Wi ndows ¢ d&zOfMmfp Button {tSH
M IsdwY Wo dvW ] lsMmws eiig On| ElOUEISBYzdd) @ssled | B3
Htsdzy jdz BT Is! ftcjHjdzjdz M § O &R BOEORi],

Il fteddzj tcj CtHO, dOCHQLAE) dzdztiTis B Isidlyvts dyf f
f sHG dzt yg dedw CdzOmmB o Car Deal er d C
fsHHjtey do O] Ilsmw M Isdj , Clststets mts
OolssdzsB d 0.n saudn@mf f sHf M8 O gHY deBB IS
ddeW sted3Oyds s s o @z dad dgts Bizth dzv .

ltcjHO Otcd Isj dz' dzts dzj sB R BH d BB tej Odzd L
CarlnfoEventArgs smkh j Miseo dzw e h d2 fjtej HOYE
ftesmdzkzh do O 1 j i3z -fntsw i dffwd ¢ € )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;

)
sdzO fgdmDealets iz h jMlseo dzw jIs f B dzd S Oyds mtss
!/ Knacc CarDealer, nybnukymyuid cobumue

public class CarDealer

i
: /f Cobutue
public ewent EventHandler<CarlnfoEventArgs: NewCarlnfoj

public woid NewCar(string car)

; Console.Writeline("CarDealer, HoBwid asTomobuns {0}, car);
{/ WHuUWanwsauwa cobwTuA
if (NewCarlnfo != null)
i
: NewCarlnfo(this, new CarlnfoEventfrgs(car));
LT
b

}
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s izOG@afpealed dzd y Jlof tefipty BNewsGrjnfoo d3j Bew@ap § to
Il Issd3 ftejHO OtedIsj dz' dzs f tetse jtewW jIsfqpw, ylsts
tcOo dzv de)inr MY sdz! L 59 Odzed | NewCatsrdiojf o ®» SE €
orfodzdzj dzd ofmjr BWOBBISYdEtse, ftsHY dMmC

sdMmlsj BO M Isd?2 HojHfXZOCO,jIs dzOdzd
¢ zOMmig@ " Ols j dzv MsB M Isd?2 . | OdzdzzConsienedz’ ¢ & 6
CdzOMmMMm Y sHY dMmr o ONelwG@arnfoz@ O ffFEalde]d j§ & dzdzy | ks
Istcj Btso OdzdwWw HJj dzj 6 OIsO Ev e nts fHta jnHifl @ater @<dg] alsrtc
sdf © object d oCdmlierOBdiwdldvAriides ™ 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, ybkse' MmMdhkj k0 Mse' Isd2
MowL! jyHE Cd&OMmsd, §t] H S kicE"dvs jhdd)dg
il t©jOddL so @Gs'r SEgHE MS E &0 f
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static wveid Main(string[] args)
i
: // 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");

:
) sHYEdMSO d0 Mmse' Isdj fsdLosHdlmw
bHOMj dzdj §sHYdMSd dz0 Mmsei=sdj HBMsdE O,

scdzstetsdz’ dzf j oGt

Yss OCt8] MB'Isdj ?

SsOCdy wtsdzd o' fsdzdwels CdkzOMMr o M
sOC BftegHy Bk jdz MES2 Mtser Isdj ?
ltedojHdIlsy ftwddid ter dmMfsdz L s Odzd W
sOCdj MmMtse " BMWramejverlkdzd tsls PCa] Is j ?

o A~ W N B
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toYrcfr Ov {srRor ¢ yrry Mt {1 RYPARC

91 1 cdf EES O.

]l slsttfread( f toj HMisOodzv jIs MBB2 dagj L O (d
Jqdzmlstcbf gy @ tcOrFBRY df tgisc tc O BB dzO0 v # d d3j dzd
9 ntSH O, tc ts dz Colststots?2 ()d ) ffissdiaby) dizd §5j 1s4©On) d
fJjtcotSfcjclc Olststc© o () BJISHHHEE OMASITIN  HES 9" A tSHC

s OCOw MtekzSCIEztc® Gyj dz ~Stesh 5 f BH~A
ftedmklsmlsokzjls dzdh SHA&ZO dHJj dlsdW dydtelzj
LOyofmlskze f totsc tc Gedgdz@ds / Is B jsadlzj jjls fifyvH dzts2 L Ot
I slssCd dqeteOs Is SOy dezdrw  teliscdef j dzls§ d - Is C
ftoddztsy jdzed?2. s B BHOEOICEmB® j6liHOC St
Vi sual Studi o ftseasHdIlsmwy OdzOdzd L dzO
shdetsC. Clstsls OdzOdzdL tsMmkh jMmlse dzv j spw s
mModigsdmMrtsHdls d © MejHMmMlse, oo jwdd
fclssS YdHO] Idf thda' @ HED QilOjdedg' B, O HEkzc 2
Wiedatsotsdz tod y d d3d dzj S Blststcr 2 OdzOdzd L . U
LOY dMmr e O d3" j§ H Odzdz" J§ ot 9te] (3JLdEHE Rz 3 DK
Hsf sdzdzd Isj dz' dzr | HOdzdz" | dL Rdzlsj todzj IsO.

l fteddzsy jddd, Ctktotsjj iz dzayH]dsded fotzlg
sSYdH@PREIsEYf dzj dzdv L OftetsmMO ls Cdzd j dzs O
mMdzzh Olsjdzjd3 (Il i stener thread). lted (s
Jets lsHjdz detdzgz OB BYj Bz olssSCkz (wor
ftocsHisdZy Ojls oL OddBtsH | 2 Mis o-fipde®isO Is jfiris ffddgd j d
dzj L Od3j Hdzd Is j dz' dets fpdsts ¢ dg O B jwWia fifdvdzdztS i Is W d3
f sz dzj dzedwvw Mmdzj vk h jets LOftesMO sl syl

SO)YHT™ 2 ftesyj mMm Mohissdist gddzticj Mz jic&®
WO2dzH'MSCtedfIstster  Htkzed] tsBisj CHsE dzOfrHIde
o qtelsz Odzt dats 2 f Odzw Is d d mMsH jtydls ¢CoO¢
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f ZOdzd ez s € orf § sdzdzj dzdé 5§ j teOyd tsdedz
d3j § smv fedstedlsjls, Mudlbyds CtdB30dH, ¢
fesdMosHdls B cOBIEEO®R sy Qs @l o dedz'
fsksCO. uwlkjC bk SCOYHGGH cf ES Odzso ' fe@t
fEcteOBBEEet CBHO d Cky® t©OLHJ dveElsf
WEdS ydesddls s odzlsted GHdSEs fsyj mmd
SHdsEE fsyj MO B GE@E odPyesEH Xk 2
fslssCd fttyjMNO GBLONOEIsMY ¢ BHds2 d

[Hdz0C 8 1t 8OCxy] d Ekfdasydvjls Hjd
Bdzsy j Mlsok fslssStso dLdjdvls! shHdz d sk
LO bftOs dzj didj Sto juifetirOd slsstc’ & lsdasfid s
HijMStodWikdews d fMtsHjtey dls €0O0¢ d&dded sz ds tsH
SHdsets fslssCO wodzw jlsfqw tsBW L Olsj dz dz" o5 +

92. ¢oMddzmtetsdedz’ § HJ dzj ¢ Olsr .

10dBetdzj ftsmis' & i siftsistsd OH o df t IS i
Hjdzj OO d jCEB of L sesdzOMmifdzD e ezdza the S
otsL sy dets M Is - OfmMdder tetsdzdzse s o' Lo O d3j Ist
L OHOWw®d MM DeslLeigajtlse SlsH j dzr dzr 2 fslstsC .

YyistsBr ffidstsilstej s o H joshylsksddlztsdg® d O A ¢
fNdzO ydzOdzts MtsL HOI! dBj IstsH, of f tsdzdzj ded j ¢
ptej di3W. 1 O0ftddjte, dakgsAWhilecY OL OQdglsBicls BH ¢
9 ' L sThrezadSleep( ) o f sdzdgw § sipw  d3d dzd iz d3 Mis s
R zdzdMj CdzH ©F ©BEREdG Otckzdj dzlsj .

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 sBd M Jj udls: 9" L Bdzj COISOG 5 ff dg 4
Yt HbddlsHPMzjlsjods H] MO &3 J OLOWB] steisd

public delegate int TakesAWhileDelegate(int data, int ms);

vd fdte! dsydts §tdddyE o) dah tedsdizs §
H O dzdatsicdz] ¢ Ols O tafj Lokisdz! olda@dsED .

{HdddE dL OoSdn ftedj Btso @ pAgly ddgv dzds f H
Mo st towBISHKE@dzdzr 2e §aO0OdMf dph sMisOo dzw ()Is dod
CotetBRYyf BisFler®o Ols! MW o atsHAE jJ f OtcOd3] Iste
Isfftsds Hj dzi ¢ Ols O.nvoKe()) Is seHf JBeHdD ndd3j jIs Ho O
f OO stc® Isdf © AsyncCall back d object
4Jj2yof G dzOo dz' 2 ddzlsj toj M ftc] HilZSIOBIEZO j |
| AsyncResul ¢ . | As yfnscdRse's u |l t d3tz¥ tzis d3 @y o
Hj dz] cPtsF o Jiew s , L Oo jcsdsds zdzd utsds fifo i8] d3
ftod 3 titcdlgj dgj ded j i3 Mo ts2Mlsa © | sCompld et
o' ftsdzdzw Is+ Mw o fWwOIWOBRYstsC s f Sts,
LOo jteh dls tcOBtSISIZ.

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

// BHNonHeHwe euwe kakWx-HUBYAb Cnepauwid B rNaBHOM NoTOKe
Consocle.Write(™.");
Thread.Sleep(5@);

}

int result = dl.EndInvoke(ar});

// BHBOL pesyneTaTa

Conscle.WriteLine("result: {8}", result);

}

1 sfdzj LOfEMCO 1 Istsd s Hifldsd,dsyld Szd ¢ s
f slsisSdzj OO o' fsdzdzy s sw ff Ote Odzdzj dz' dats,
HjdjcOkO ¢ dPedf ©0Masjldss Cf to s Tsz]  feEz0g ¢if &
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LOo jtch OjIs o ff sdzdzj dzd § , dzfj HBYdHOW ! L
HJj dzi ¢ Ols O 9 ©ff s ®tzO 0 dzd

[ tlzG 52 mMf smtss. 5% dHOdzd Vv dzdzts @ tz dz! HIg Qi)
fted HiEzMBOYsef{dBiOdedsdzd J HIMEtedflsseO BYYHOC
OomMmsyddkzjlsmw M | AsyncResul t .

l sdzzydls: Htsmskzf € Itz HjMNE tof] 4 ts Isfip
AsyncWaitHandle.C Istiheo tis?ofils o tsL o tcON Oj Is Hanid] €ls
fsish ! & CtslststostedsO dzis s a® s ¢ Y dHOdzd j |
fslssCsd3 .HJ fizj 8B O (Waifthdad WUy Misoa §
dzj sSBW L Olsjdz' detsets f OtcORBE OO o0 L &Bls jsdedids I
BOL Md B3Odg' wef @1 o tej d3J ded BY dHOdzd " . | O
L Istsls fjtedtsH MsMisOQoadzw jIs 50 & dzdzdBisbdz
d3J Is BVaitOne() o sL 9 tc O OjIs L dzOyj dzd J fal se,
ftocsHisdzy Oj Isfyw . [ Mdzd ot -Okls &Y H o s @R
siikh jmMlseo dzv j YHY z0 " WisH | L iy sty degd jb rteej a
B ssHtsd3 Ehdl dv ofksedz! L 59 Olsj dz? MECtsd3 d dzls j fe
fteddzj edets IsOC ¥y J, COC 9 ftojHr HIEZN j d3
tcj OdzdL Oydd Y 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);

}
rhy tsHgipsd Hndy sy dHOdWY tjLizd IsOIlst
ftedd3j dzgj dz2dd IsOC dzOL "™ 9 O @I E 5 O Mufhimthdus dzdz
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callback) . Isdsls jsektsh OOk stc®n wo kdgj Isdsts

fj o HOIs! d3d IstSH, Bl 8 trd © oz & W3t hHj2MmEicld O s C
[ 4 dzJ ¢ Ols AsyncCall back stcd BlzJ Is st tod |
oL OtcON Of d3r 2 Isd voi d. J tcOMMdzOIs tcd :

f OtcOd3j stelz dzOL dizOy 04 Ismw OHtcj M B stsH O

PHsodzjlsostew jIs Istej Btso Odzd W d3 dzyj jHikZ | Ots Od3 Al
B ssHE Bed@s)ydztm viopktej H OIs! tsBI j CIs, C OBk
Hidsizf dL o3 IssHO BBitg G)ls dztzgits BaldisL tf g @.j H Ols
Hj dzJ ¢ Ols O, sO¢ Ykt d&BjlssH tBtOlsdsets o
f sdzlz yd dzed v Qdryddig~dm dsd@dists 5 d3j SsH O.

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 jteh j dzd d tcOB tsils T Hjdzj OISO Te
orLro0jlsmw diilstsH Ték.es AWHHDB Co reg L dztde
GO dzsets Y SIsSC O dzjls dzd S OC 5?2 dzj 8BRtSH(C
LOo jtoh jdzad j 53 tc OB FIOIs 59 s lafsHtgas Hjr dgj’ dz t5
ssdz! ¢ 5 Bfic@dktsds] f sls € ts19 0 oHj jtaljjcdasfts oo T {fif
CGizOo dzsats SsSCO daf ftojHMSOodzw jIs ftetsBC
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[ J Is @akesAWhileCompleted) tftcjHj dzv jilsfqw M Isd{
oL Ot O, Cslsster § AsinC@llba®ldz" 1 & Mdzl iz OIs §
fJtejHOs OjBaginthvoked) |, By Jls B Is ftosydls
arAsyncState O tj L zdz' s0OIs {TalddAWpilepelegatazfs s ts €30
Endinvoke

l B Mlsts sses Yyl BGftcjHjdVIS! SlsHj &
Begininvoke() By des o tsMi sdzo L 5O P dzéf)§ d3.dar 130
d d3j J BIAsindResult SIOC 82 t6j OdzdL Oydd dzjIls dzj tsB
dzOuJ dzd 4 § sfdzj v dzj digeginh@ke@ d3d Istftadzls tdgg Zs-tsulx
"0y § dzd g2ORBY gZeE f 5 dzzyOts ) d3jdiizdptHdOT 5@ W h
O ftojHJ OB ¢ dzlsj CsOdzisH O dadzjs@ dzd L djyle
rtcOY jdedw oMfMmj twOQodets HBdzy jdz 97 LT 9 0Ols! M
risy tsydoduHdz o3 fted BtejHJdzfdzdd d3d IstsHC

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 ftesctcOBBZdteso Odzdwy d ftedj &3 ,
Hydzl dBlftedsm, HIMCtdfIstster ) dH Gdet'flisdt | ad
dz4 stsdz' €5 HdzW Hj dzj G OIlstse . ClsO YJ dst
zOL ' 9 O] Is WO fif doderdutsizisddttasyischmrousgadtéd ) , o Mistsj
9 tWOL dessB tc@®A dzf NE Td3j fjsa me wo iif isd3ts | ‘O tc dzd3
BeginGetRespongg) CdzOmMMO Htt pWebRequest Bs Y
HTTP-L Of tetsfyr 0] fn f sd3tsh 4 Bi(b s5HOIZOB)E
SgliCommand L Of tetsfpr € B OO bPUzdzf Br s} Ptc dzO |
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fjJtcj HO9 OIs! 9

fsdzzyj ded" tjLbkd SOk,

a3 4( JsHtsjHdg ) GBXElsg@, n | Gn vdgjkreO dzd L d3r
or dgdzv HwiIs Istsydzat

93. s d&zOMMmM Thr ead.

4 UtSdfﬂShJ“

Ef cOo dzw Is fftdzdfo J HJd% j € SH
o sets fslstsC O,

static void Main()
1
var tl = new
tl.start();
Console.Writeline("MnaeHwil noTow.™);

Thread(ThreadMain);

b

static wvoid ThreadMain()

1

}

l 1 lstsdz SBBHJ
sdf © ThreadStart

@JssH M sdfBEg

Console.WriteLine (" BuwnonHAeTcA B noToke.");

CdzOMMO Thr ead

sy dzts  dzj
fesmMssets §todd

CodmlstczC Isste € dzOMMO Thr
ddzd Parameteri zedThr
o tsL 9 tc @IRO Ovteoci zddzj dalzj dzf © dsd

Bl JCISO Thr eadftztE€tls ' dgyy jls §f s(@Bsh * & o3

1 sfdzj
This is the main thread.

Running in a thread.

LOfEMEC O Jteddztsy J dedw dzO

1 CtcOdz

ltcdo jHjdedzr 2 o7 hj (OO tcde’j dsth) O  qizjj
or fsdzdzj dzdj (sl § ZzOddthkzjlsmw sf jtcO
COYHM2 t©lhL ByjtjHdsMmMls! olssCtses dsy s
{ Odzi 4 k3§ bkfsdddodshnd, HikkEpc st @

dmf sdz' dzts ez@&E AW Oy j dzd J .
Thread, fjttjHOs OW

[ 65 dls¥) Way ds ' d3tsy diEfs
tj OdzdL Oy ¥

BjlssHO
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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);

}
sjfjte! o o' otH] fLscO®RE BLEHjls SO

fslssC O:
| 0o dzrr 2 kS, id: 1.
Irfsddy jlsivw o §slssCi, id: 3

94. 1 jjHOYO HOddZ F S O

1 Jto] HOpOEE C & -Is © O CH]Qidzdz" | By dzts  Ho k3
CtosdemstczCIststej Thread ) fodishi 8 Hjdz 6C
fud s ML v OdelfeG ddPiim@d @dz s tej H J dzj ded ™ B Is
1 QL j s dzv . O, Yysts f§Loatsdzdls d dzd yd @dedie d
LOfEMC s flstsC O.

rdzv ¢4t HOUYd HOdzdz' ~ Hflsuds £CdzO fip) =BA2dtS H
GHJ B ' Bsy dets BT dzts ftsh teOdzd Is! H Odzdz" J
sftcjHjdwjlsmw MlstezCIlskztce® Dat a, CltstcO!
fjtcJ HOo Ols! dBsy des dz¢ Bts?2 BI j CIs:

public struct Data

1

}

Il Mz yOj] f(Jtedd3d dej dzedw H 1dzg & DB Oa rPta r la e
f sSlsHstSdzy dzO B WL Olsj dz/ dets { te d dzdodiLIse! tc Q"N CALO o
[BI jCIs tRsdqagshisd ¢ dzydsdz bdfkz. 1 Oft
oreojmlsd dzO0 Ctdmtsdzr Mstseh j ded

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);

}

) Csdzmls edz@fipftp@ J T Hr e ad sy dzts s @Az dz® &
ThreadMaiwWi t hPar amet er s d 9 ()L,9 Old'j tc jdrjsots
§ 4 6] d3jddzdaiz ®

static woid Main()

1
var d = new Data { Message = "Info" };
var t2 = new Thread(ThreadMainWithParameters);
t2.5tart(d);

b

rckedd mMisMsesd HEY ] 8BDyd o &0
s tejHj dj dd]dzO L teaPdgjit®, My Thread) f dzj S8 "
CkOo dzsets Bj SEHO fmlsSCO COC d&jlsBHO 1 §L

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 MizEzyOj sy ds ML HOl! B jGls
BjlssH Th(ealtMdflatekS stk ¢ zOMMO Threa
Hsfplszy € H Odzdz d3:

static void Main()

1

var obj = new MyThread("info")};
var t3 = new Thread(cbj.ThreadMain);
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95. vftkOodzj dzdj Gl O] .

1t MBLHOJj MW L O MUJ IsseoirjLildso@ Tdkjrlset
fsmdz) o' L S&r@) ddgjolsts2H Of slssC oM JjNhJj fto] B
Running, O 9o MmMtmMisswdzdd Unstarted.L zl f
fsmdziy btets, S8 Qoo dgdits?  nd misj o
o Y tsdzdzj dzd W . R dzW s tc d3@ipdnis ts s dzdlsfi Stz tz® 1
MmMots2MmMlsets Thread. ThreadState.

g fodsh s 3] Begf) O YTehisrtela ddgts ¥ dzts ) dgd) jo |
WaitSleed oi n d ftod {Itsd ¢ 0OL Ols'tgj dyfadj L ts
Hsdzy j dz oL sBdzcoa dIls! tOBSIEZ.

YyIstsB T sMisOdzs g B L sH dedgis C o ' W OAbort().d3j Is
ltcd orL o] 1lssets 3 ssHO o Mtsslso jjsdgdsjo 2
sdf © ThreadAbomdzEy®e pt mdzdh . Hdzv 1 et

BtcOB Isyd ¢, fjtcjH LOo jteh jdzdj 3 f slsts€
s jteOydd jf.c vouysEijlsCf tcsHisdzy tbsC 0 § tsfxdzj
dme dzs yJ dzd v Thr e,adAbfgdzj ER plepti ahL o Ol

ThreadResetAbort) . wtsmMisswdzd] §(lsts&@, dzPts dzf BO H
ftoj CtcOdjLdedjjdzw j Isyw M Abort Requested (
ftoesdLotsHdIls MBtots.

{ Mdzd dzj sBrtsHddisS HEBYdHOI! Mw L Oo j tef
9" L 9o 0Ols! Thdzgdday . Clsls d3j IstsH BdzsC dtclz j |
fitdotsHdIs | cWaiot Srjtefgspsvodedn) HEB Isji - f Bis,
ftedmMsiHddzj dedz" 2 € dzj Bz § slsC.

HBSLHOd]] ftktsCtes IktejBljls otcj dij dzd.
LOHOYd, HdzjxOMdj or f sdzdzj ded® , Odgip ¥y dztf
LOIj i3 ftoshmisigts tslisd jolOfg lday iss ,h d4 tsd HOF tedz@)m s &z ff
Hdzw dnr or ff sdzdzj dzd v . 17 dzs BT dzJ f dztsr s,
OQolssdBOIsdyd MSd Eojddyde Odzsf! M ttshmistsd
i tcd oL dzd Cdztseo Jdzdd (tslstej Bdzsmisd o ts .
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fsHBdzr 2 MY JiBGRG fiflddovds jtsda! dzts dzj ff S dzOH (St
sOCdds MfdmMEésd fGtojHEMBsse] dz ¢ dzOMM
dzj 5B ntisfipldpcfig] dz2 h OjIs d ko jd&zduyde Ojls ¢ tsdzd-
BOC M BOdz! dzts HB{f kMisd Bse 5. 1 d20y4d dzd § 30
fslssCtsazj o dstflpdL dzj daw Is! fmw . Idzts ez YO §  tsHiA
Fdi3isdzyOdzed MtsMisOQodzv jIs 1023 twcOBBYYEBHPEI

sy dets EZ2SOLT 90OlIs!y  d3d ded 3O dz! dztsy & sdzd yd
LOfEMC O v MteOL k& § sMdzj MtsL H O dztfEtSstolz dz
HisMiskzYy dzr = ot Mflz@inid missitd@fS K dzj ¥ O dj tSBicOB
BOC Md BOdz des] SCtdzdyj Mseats YwolstsCso o LI
LOHOdzdw BEHEI ftsdzy M Olss Mw o woyslL tafjf Hs!ls sk
LOo jteh dls Mo tse tcOBBISEZ.

{ OmMmdshedd) 6§ toddsy | ddddyOazo ¢ & s Bf
9" 9 BH J Istnt dzindz@z- ddeW stcdzdOydvw t BOCMHd 3O
fslstsCso d (-8 E@Ss jodg seH OydEdzj for )BJ Is
dzO L dzO y d jisldsitpC Iz dL f & dzO f s tCtdsm® LA |
ThreadPooRueueUserWorklted) d ®@ydejmwj dzj c Ols©O ki@ V
fcsCtse fdzEyO,jls 1 Istsls LOftesf d or B dte(
B ssHO. [ Mdd fkd jM] da Mizhighips eflzjjtdse, r 2s
( mMdzd S Pefidsozjls d aiddej dgo Gesfsf zm? H sl
fijtcJ OHto] Mtsor a OjIsMw 1L Issdiz st iz.
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class Program
1
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
h

Thread.Sleep(3608) ;

ThreadPool.QueuelseriorkItem(JobForAThread);

}

static void JobForAThread(chject state)

1
for (int i = @8; 1 € 3; i)
i
Consocle.WriteLine("uyakn {8},"
H" BHMOJHEHME BHYTpPWM noToka w3 nyna {1}",
i, Thread.CurrentThread.ManagedThreadId);
Thread.Sleep(5@);
h
I
h

1 sfmdzj LOfEMCO { ssets 1 tothdzeftgddzed s j S
f Ote O3] Istc O n figsdp'dasts o Ols 1023 tOBtYdA
BtcOB OIs™ 9 O Isfw o fiffj Blsts CRERI! dH o i dzO . S
dL o34 dzd Is otcj 3" BJLHJ2Msadw Hdedz] y Ol QE
sBtcOBBISC ] KPH@dzfclOBIsIBE ff tctsc tc O d3A3’ BlzHL
tcOL dzd ydz" = CtsBf! 6 lsj tcOn

1 Iz dzr fcslssStse Gyj dz f otsfmlsT ds  titcte o dsjc
s6tcOded yJ dad ? :

1.1 fosfgsCHadiodvelsmv ¥isdaitsor d&3d
tcOBBIsT oMinmn ftodtdls) lsd s Of By GAts o tsodztstol
SYsimlsOdzOe dzd o O Ismqw . v HJ dZOIs! kS dL

21 ddz Lw dqLdgd dev s ftedtedlsils ddzd dd3w

3.1 MmMd olssCd o fHkdzi (6§ dMNispEsavstldsIs
Of Otcls Quigjtitielea@ed apartmenf v ¢ ) , O d3dsEseEidjjiC st  [Istc ]
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dmf sdz! L s Odedw f slstsC tso sinfitifraadethpadaedtts  (
i STA).

41 slssCd o f Ezdzp rtff tsrdiiag vlagly Hsdewdz' C 5 € Stc
dzj sBatsHd i3, vyl {olstsSt WkdSydtsddttss
MtcjHMisa O e jteCd BGWtsetcOWdd © Wor d)
CdzOMMO Thr ead.

96. 1 OHOYd.

] MsmMisOo . NET 4 onBBHJIs s o 5
SystemlT hr eadi n d¢.sTeassekssds MasH j ey Olsmw € dzOMMmr
WEdS ydsdzOdzr desfisd fslssC 59 . l dzzlsted 1 Isd
1 SH L OHOyg dd dgQ@tals kj) H dfdzd ydz' fff tdsdaddgj dgd>h jt@0OB
JHddzdyoO tOBfSIST Bs) J sdzod3 f hzbzts 5§ MW dzs
LOfEMCOI! Mw o MddemtotsdzdL qetseo Odzdzts?2 3O dz
Mz yoOy Jteddsj deJ dzedw L OHOyYyd MBLHOJIsMW H
sO¢Y] Yowodwjlsimw &BOMMO otsL @iy desilsj 2
fcslssC Od3d .

1 OHOwd Msj ydoe O Is Btsdz' h z+s cdB ¢ tsMmlis:
o f sdzdg” § d&3s?2 OB SIS’ . 1 Of ted d3j tc, tsdedj -t
tcOBtSlIsT , Is. j.{ tstsd M Atssd Is's dffy ddisdzy ¢ sdzyOd
ClstesHisd j ded § s jb Gshigdlso ' § lsEda) daf
Bseckzls Brils! tecOdzdL so0dz" ©® o©dHj] dJjteOton
LOHOYO Wiy jl ftojHEMdB3Otcde Ols! MmtsL HOdzd .
mMetslse j IsMmilse j dzdzts, gl H Oo Ol dzOG 50O I d dz¢
or f sdzdzd dzd Vv tetsH dlIs | dz! oifEHsRIs 'L O Gy dis IsdgiHdz]ls
L OHOVY.

rdzv L OfkEmMEO LOHOYd WdBsydss dmif sdz! L ts¢
Ctsdzemistclz € Is sTask § dzGifyriSTar( ) . s tsdzhBaskz§ tetsfgls s
ftoj HsMsOQodzw jIs Btsdzr " jJ edBStsMmisd fted ML
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lted LOfEMS] L @OBYJ { dts diffadkiyts LdAD dz @A iy (
o' ftsdzdaw j d3F 2 S tsH M d ffdsaled dzécticDdzvjerteyls B8 j dz
imMBjL OOk steseo dzd B s fbjeshH,dzdfdds Hf ORcARES j 14
L Ispdz®@dzsm! o fModdyo©,j ¢ zOMMO
I Mmdzj HEze M j &3 fted dsjdigds sy BH ] dfWQdsThEly] Is
tcj OdzdL Oydd o" asHdIsmw dz0O CBdzgmMsdz? dHJ dzk

static veid TaskMethod()

{

Conscle.WriteLline ("BunonHeHue BHYTPW Sagadqu’);
Console.Writeline ("MoeHTudurkaTop sagadn: {8}",
Task.CurrentId);
h

10 EMC O d3Is@HESYdsmizh § Mise dzv Is tc O L1dgdtajodz’
MM L OCdz¢ yO  Ismw  JaskifastoryinO dfdjdtc j1HOY ] RY
TaskMethode StartNew ) d dzj d3j H dzj dzdzr 3 dL.Of IfE tsteR L f
f sHicOL 243t ®©dzisL 59 Odzd | C ts dzdshs to sCdsetHtddd it
LG L j i3y dzv dasks B 1L JOSBIOBYOH dzj dzdats dzy L Of 2MS OJ |
MdzOyoOdzO { ted o Ordaded juldsip Wi OMEOQ Is 2 ) sthlzify € @ jsldst
o' L soatsdy SHIBsHOZAGFHO [ Y dzts sOC Y J 9" L
RunSynchronously) . ) LIssdz Mz yojmsid®HiO®y O dists
o f sdzdgwldsj! Cfifvh jods f slIstsCj o©r Lo Oeh jets jj ¢
HtSY HOIls! mw 5iC Btz ® dadzy dzdjv . yOUzetfs E BZ3O&zOYO
or f sdzdgw Is!' v  OMd dzn tc ts dzdzts .

static void Main()

1

// Wcnonssosaduwe fabpurn sapad
askFactory tf = new TaskFactory();
Task tl = tf.5tartNew(TaskMethod);

// Wcnonssosaduwe fabpurn sagad depes safaqvy
Task t2 = Task.Factory.StartNew(TaskMethod);
// McnonbsoBaHWe KoOHCTpyKTOopa Task

ask t3 = new Task({TaskMethod);
t3.start();
¥

siigzC Iststez  Task d() d&3JSI€OHMA s KtFarctt e v
fjtc]J HOOj dzdv dL f jtej ydmdzj dzgdvw TaskCr
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L dzOyj d&zdw LongRunning, dOftdditc, gy dat
s Ble3, Yt o' § tsldadzj BiA] j Is L OdePlsffdz! dzse s o to ¢
otsL sy detsflsd or HjdzdIls! HdzWw dgj j deseor 2 ¢

 Mdzd L OHOYO HBddO B' Is!! Mt K@
mMdzj Hso Ols jsdz!j des |s*' MW ) mMdzz 4O slsd3j dz' 1
dzj sB - SN dgHz! s Ols L dzOeyq tdzd j v Als ® de® & & &
PreferFairnessf zGtef tlzso b Ok o Qlsts tsdz
L OHOYd, syYdHOshdj orf ff sdzdgj ded W . 1 5 Ik d3t
LOHOYO MBLHOjIMwW 9 t©Ods On Hizlgdz®B tc d O
MLHOded] HBYBdddlsjd d'r jHdddy ttOBTtls
L OH Oy, ss 1 Isd HEBYJ tedzd 4 L OHOYd | sdzizn
MtcOo dzj dzd M HtezeddBd L OHOYOM]. { dzd dzd
syjtejHd i &z dzO f cslstsC tso . H sz dzf LOGCOPR OL
tcOo dzsf cQo dets Mts oM B BGMisOdz? dzr i3 L O
LdzOyjdedj PreferFairness.

97. v 0O2dj BT .

] . NET Framewor k HtMlskf dzts dzj S tsdz! ¢
ftod g dgvIs! W Hdzv B MY j ujddy o dejtipdescd
fosd3d Y 2IsC O otcj d3j dzd .

Il ksa@gdt. §jtej ydmdzj 8202 s B OB (ot
d d3j dz, ¢ Csster &3 Bdzd BGlsdzsmwilsmw, d |
oL By desMmisd, Ctclsster d3d tsdzd B dZOH O Is.

v OB dzd yis dx@mfLr Ti mer .
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l st OdzMis o ts

{§dmods J

System.Threading

s &zOMmm Ti mer dL t
System.Threading

ftcj HdZOG O] Is
WizdC yd sdzOdzt detsfmils .
B3ts Y dats fjtcj HO9 Ols!
HSdz) Jdz o' L' 90Ols! Mmw
ddzls j tco Odz o toj d3j dzd .

System.Timers

s dzOmMm Ti mer dd dz

System. Ti mer s w9 dzW
f slsts Bz Yls ts z dzO ) dzg
CdzOMMO Component .

By dets f jtejlsOMEdo Ols
(1 Odzgd dz d dzmistclz d3j dz
ftotsj CSIsdtetso Odzdw fJ to
zOf tod d3j te, -l &z p&l'o.ws T
Ti mer dmf sdz' L k2§
System. Threading. Ti
Hj dzJ G Olstse ftcj HiMISO
smdzse j Mtse’ Isd 2.
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ltesmMistcOdzis o ts [ dmOdzd J

System.Windows.Forms ) mdzlz 4O J dmyf ts dz!
Ti mer dL f tetsmls t
SystemThreadingd SystemTimersd3j Is &
SBtOIsdtse ts 9" L sol®d
dddyddeizs smv dzj dL
Hiczetsets fsIstsCO. ¢ ¢
Wi ndows Forms ftdoe
MBLHOIjdzv. [BtOlsd
CO¢C ©OL d LotV

Ti mer dL f tetsmls t
System.Windows.Forms.
Systern.Web.UI sd&zOmMm Ti mer dL

System.WelJl w o dzw j Isyw tc
Ajax d ftojHAdOL Oy |
9 J-BlstcOdzd yOdiqd .
System.Windows.Threadin s dzOmMm Di spat ch
ftiesmistc Odzmis o O
System. Windows. Thr ¢
WPR{ tod dztsy j dzd W » dav  Is fry
tc O 3¢ On fslstsC O ]
dqdzlsj W j 2 MO.

I fMeky0i 1 td d&jSyaed@hreadingTin®min®H dzj ¥ Oh d
o' Lsobk dsBjlstsH § jtoj HOo Ols! M 1 tovstrlsacl § b
Clstsls B ssHsBHME@pjde dzs LkHGo dzjlso St s
TimerCallback iy ts ¢ dzO fny daists LS astis@Ned jRET &5 Is d fvsids  HOG ¢
sqf sd5 § Oitobieklj StE® olsstesds § OOdj stej sy
sBi jCIl, Cwltstr?2 LOkjd BkHjls §sdkyjd
SBOdsets o' Lo 0. | Ofteddbvas; € skt sy j
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slsf cOo dzw Is - orLreo0Osh jigz CdzOmMkz PG ds
Istej Is! j 65 HOAWODH jtelOmwY  ftoesdiy Y 2IssC o toj d3d
SBtcOIsdzcets o9 LS9 O HBA jdz 97" L™ 8 0ls! mMw o
f smdzj A dejetsE3] ) zilsdsjSdzdo, 6 YyJ tej L Sl 2 d3j |
Hisdzy jdz " LT 90Is! MW  ff o lststcdats. [ Mdzd dzj
Istsdz! ¢t BHddz 6OL, © Ydbojtessd ff OlOd3 i
dL Bj dzgj ded W fJtesd3j ) 2IsC O o tej dijmuadn difzts fif dzy o
Change¢).

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();

}

I fkzzy0j fted dj dzj dzd s lOtAfisip@® Tfidgyetz Sd
o CtdlstekCsste] HBdyjd B'l! ECOLOd ki
Cslsste’ 2 BEHjls oL 90! Mw 85 dMlsj wj deg o
e sdw El apsed. jB8EBEl MBEOLOid"IsteH |

El apsedEvent Handl er , Cslstster 2, 9 Mo tss
object d El apsedEvent sAr gs, COC dsy d
Ti meActi on. Hots2MmMlsets Aut oReset ¢ OL T

f solststedats.

I fkky0] EmMsOdseSd HEY {ktsdt Mo 2
OB OlsT 8 Ols' bkisd ¢t H G fBOL.SdY J s 54
Cjdzjedtetse Ol! Mtse ' Isd W Starttktsj| s s §f M EO L2
H dz% 5 MEnabled. dzO y | dzd jj IstSta( eB. sbizi dzd uj ¢ 5  dzj
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[ jBtay) fwdosudl ¢ bkMsOdssCj HdA&v fs 2
MO &3 ¢ MsOdsslz SO &j 0.

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
s s dzls tc ts da tfr tgits ) T
1. YO sksC? sOSdj §dzOmmr fMkhjf

NETFr amewor k Hd&v tOBtslsr M kst Oodd?

2. BBBB] LOHOYO? yvIts IsOCB] fkd?

3. r1dzv yjes dmfsd Lk ilsmw IsO2 d&3j to" ?
9 twOLddyder = ftsmMistcOdzmiseo OF d d3j dz?

4 . Yidg tsksdzdyojlsmw tteOddL Oydw ddzts
feslstsCtso? [fdhdlk] ftojddBzh jMlse® d dzj H s
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10/ Y[ 1 R[

CUDA i or" ydmdzdIlsj dzt dzOw O ttsASPISIZAADW Iz tc © 5 d3t
NVI DI A  dOLfdeQwj dzdzOwW H dzw tcOL cOB®&WRE.d N
Moyd sOdzdd MeEORBBESE2] AW stcdzgc?2 Oten dIs |
f toc 56 tc O dgdRHNIsAzm s o 50 Ols dzj o j tetswW Isdzlzs s h 4
HdzW ML HOdzd W o Mde'Csf f todfdastyy fdd R dz2 o € dz
dqozy J dzgd tede" § d WJdzOdemtser §J fYteddzsy § dzd W .

] s ddigsdmistcedtclzj Isfigw so ODE Bsh OH A
ftespBO (GPU), da&j*Qpaihigylsjo i3teOdity &3Mts
9" MtsC ofttersddla j dz! dz" § ftod dztsy j ded W H dzw o
f jtco s5dzOyOdz' dzts GPU f o HdzOL dzOy O dzd ! H
CGteOWdSed dz0O + CtcOdzj BddlsBstcO, Ly dz
fls ts dz’ N d IstcJ B & o @ If) flzdids gz'dzt dz'Cd3 otcj Mz e O3
sjrdzd Cd, WddzOdemtso ts2 Qfkigully | dg@ivd CGP W), HCtds Is
LOOYd, dzj Mo WL Ode tg< th) e QAP gHscmpNnPoz). dz"

l siseEdgBW L Olsj dz2 dzie OB tets Osoffifj= M o yd
Mihls § 3O H § ey O ddi3d , et dIish wG" d ~ MW,

f Ot Odzdzj dz! dzg" § o' Ydmdzd Is } dtedaidrdij dmal fisd
tcOMMdBAStdsdnw HEMIsOsyYydts ¢ dzkze 6 5, f tocj H
tcOL dzd gazygd Mdzd s, O G MsB i H Y Sdzj o @stc OB 51 Y
ftoddztsy | BPpAsstcOdE BdBdZdtsls j & HAzv ydMmdzj dzdz
dLEyoshddy f OtcOdzdzy dz' dzr § or ydfmdzy dedw, d
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gl RY[s JRuU[TOOUULT 3

s dMsS thdtso dets?2 dzdIsj e Olskzter

1. http://docs.nvidia.corii [ 5€ Iz d3j deAYE[@L e OB SIsyd ¢ O.

2.1 st MEBDOwOdzdzy dz! dz" § o' ydmozj dedwv  dzO
ftoesetcORBBARZOW disH j dr's £ C U D As. tal 1 fj Ietsfar'Q teqdi O djts o
1. FOLStsomMSdAS LY duzi . asv d dfj.did. [ ts Bt dats f
([ smMSBseamMCd?2 ctsmMikzHOMmise j dzdzr 2 [z dzd201bic i I
336 .

3.1 stej MC.shdeseor tOBSIsr ) 9] ~idztiddety dnd js2
d. MOtdz@@Rsp[ s 1 12Di9in232M.

4, v OQdzH,jofn. v j m detsdzts e d v CUDA o dzd dc d dgJ
fescttOBBese Odzd §j 6 t6 OW drpis d & ) e Safits s i t
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