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I Ipunnunel padOTEI rpaduuecKux
YCKOPHUTEAECH.
IIporpammuaasa moaear CUDA
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NVIDIA Tesla
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Tesla C
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Compute Unified Device Architecture

GPU Computing Applications

Libraries and Middleware

Direct

Compute OpenCL

Wrappers

NVIDIA GPU
CUDA Parallel Computing Architecture
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APPFLIED PARALLELCOMPMLTINGESRCENTER

N napasinesibHbiX NOMOKoB8

threadldx (o,1,2,... blockDim-1 \

HoMmep
Humu
) blockDim
— pasmep
6/10Ka
blockldx 0 1 N / blockDim -1

Homep b6J10Ka
yucsio 6J10Kos8
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CMmbIcA pa3OueHuA HA G.)AOKI/I

* Pa3zmep 0AOKa orpaHUYEeH

e HOU “MAPANNENBHbIE BLIYMCAEHUS"

* baoxku moryT ucrmoar3oBarb shared mamarTp
* Tak Kak OAOK IIEAMKOM BBIIIOAHAETCA HA OAHOM SIM

* OOwpem shared mamsaTn orpanndgen u 3apucut oT HW

* BayTpHu 0AOKa IIOTOKH MOI'YT
CUHXPOHU3UPOBATHCA

* Tak Kak OAOK ITIEAMKOM BBIIIOAHAETCI HA OAHOM SM



=  TereporenHas CTPyKTypa KOAA

* Koa cocTouT Kak U3 nocjaeaoBarejJbHbIX, TAK U U3
napajuieJbHbIX Yacren

* TlocaemoBaTe/ibHBIC YACTH KOAA BhIoTHAIOTCA HA CPU

¢ MacanHO-napanne.ﬂbele JacCcTua Koada BBINNOJHAKTCHA HA
GPU kak ¢yukmus-sapo ( kernel function )

NMocnegoBaTenbHbIN KOA %

NMocnepoBatTenbHbLIA KOA %

KernelB<<< nBIk, nTid >>>(args);

MapannenwHoe aapo A
KernelA<<< nBIk, nTid >>>(args);
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po3pauyHasa MaCHITA0UPYyEMOCTD

* BJIoOKH MOTyT OBITH pacnpe/ie/ieHbl Ha JII00H MPoIeccop
SM

* koa Ha CUDA macmiTadupyercsi Ha JIl000€ KOJIHYECTBO
saep

CeTKa bno
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BreirmoAHeHIe OAHOIO gAOKa

* Snpo CUDA mcnosiHsieTcsi MACCHBOM IOTOKOB

— NOq 'ﬂAPAﬂI‘IEﬂhHHE ‘B‘b‘NM‘Cﬂ‘E‘HMFII'

* Bce MOTOKH HCIIOJTHAIOT OTHY IPOrpaMMy

* Kaxabiil MOTOK MCIOJIb3YEeT CBOM MHACKC IJIs
BbIYHMCJICHUU U YIIPABJICHUA UCIIOJTHCHUEM

threadlID 01234586 7

WM

float x =
input[threadID] ;
float y = func(x);
output|[threadID] = y;

RN
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mmm HOU “MAPANNENBHBIE BbIYUCNEHUA"

* [loTokM MOI'YT OBITHL HE MOJTHOCTHIO HE3AaBUCUMBI
* OOMeHUBAKOTCH pe3yJibTATAMHU BbIYMCJICHUN

* Pa3mejsror 10CTYI K BHECIIHEHd MaMATH

° B03MOXKHOCTH B3AaUMOJICUCTBUSA MOTOKOB —
KJII04YeBast 0COOEHHOCTH NPOrPaMMHON MOe/IH

CUDA

* IIoTOKHM KOONEePHUPYIOTCS, MCIIOJIb3YS pPa3aeisieMyIo
NaAMSTh U IPUMHUTHUBHI CHHXPOHUM3AIUU



Beimmoamenmne cetku gAOKOB-

* MOHOJMTHBIA MACCHB IMMOTOKOB pa3jiejsieTrcs Ha 0JI0KH

s HOU “MAPANIENbHBIE BLIMHCAEHNS"

* TloToku BHYTpH 0JI0KA B3aMMO/IEICTBYIOT Yepe3 pas/ieisieMyio
naMsiTh

* IloTokHu B pa3HbIX 0JIOKaAX He MOT'YT CHHXPOHHM3HPOBAThCH

e Jlo3BoJser nporpamMmmaM nmpo3pavdyHo MacmTaﬁl/IpOBaTLCH
Bnok 0 Bnok 1 Bnok N-1

wnresaro GEICIENIEID
\\mm R ) ) IR

float x = float x = ' float x =

input[threadID]; input[threadID] ; input[threadID] ;
float y = func(x); float y = func(x) ; "ne float y = func(x);

output[threadID] = y; output[threadID] = y; output[threadID] = y;
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» IlapanienbHas 4acTh KOJ1a BHIIOJHAECTCS KaK
OoJp1Ioe KojmmdecTBo HUTEH ( threads )

» Hutu rpynmupyrores B 61moku ( blocks )
¢ukcupoBanHoro pasmepa ( blockDim)

* baoxu o6beauHAIOTCS B ceTh O10KOB ( grid )
* Slapo BBINOJHACTCS HA CETKE U3 OJIOKOB

» Kaxxjgast HUTh U OJJOK UMEIOT CBOM YHHUKAJILHBIM
nneatrdukarop ( threadldx n blockldx)
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"Tommoaorusa ceru ( gri

e HOU “NAPANNENGHBIE BbIYMCIE

° TToroxku B CUDA 00BbeAnHAIOTCA B OAOKHU:
* Boamockua 1D, 2D, 3D Tommosorusa 0Ao0Ka 1 HUTEH

¢ O6H_[€€ KOA-BO IIOTOKOB B OAOKE OT PAaHIYICHO

* B Tesla 10 makcmmaapHOE uncAo TOTOKOB B OAOKe 512 (1024)

* B Tesla 20 — 1536 mroTokos (?)
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Homep HuTH B cetn
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» Pazmep 3D 0J10ka
* (DyDy,D;) — (blockDim.x, blockDim.y, blockDim.z)

» Koopaunartbl 3D HUTH BHYTpPH 0JI0KA
* (X,y,z2) — (threadldx.x, threadldx.y, threadldx.z)

 JInHeHHBI HOMep HUTH (I0TOKA) B 0JI0KE
. IDthread = x +y * D,+ 2 * D,* D,



ITporpaMMHAas MOAEAB !HE!

* Bp10op Tonmoaoruu cetu ( grid )

— NOq 'ﬂA?MﬂFﬂbHQF ‘B‘b‘NM‘Cﬂ‘E‘HMFII'

for (int ix = 0; ix < nx; ix++)

1D _ _
pData[ix] = £ (ix);
}

for (int ix =
for (int iy

2D ¢
pData[ix + iy * nx] = £(ix) * g(iy);
}
for (int ix = 0; ix < nx; ix++)
for (int iy = 0; iy < ny; iy++)
3D for (int iz = 0; iz < nz; iz++)
{
pData[ix + (iy + iz * ny) * nx] = f£(ix) * g(iy) * h(iz);
}

0; ix < nx; ix++)
= 0; iy < ny; iy++)
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* Coemmuduxarop PyHKIIHU

CneundukaTtop BbinosiHsieTCA Ha Mo)keT Bbi3blBaTbCA U3

___device device device
__global__ device host
__host___ host host

* Coemmdukarop rnepeMeHHbIX

___device_ device device
__constant___ device device / host R / W
___Shared device block RW/

___syncthreads()
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int2 a = make int2 (1, 7 );
float4 b = make float4 ( a.x, a.y, 1.0, 7 );
float2 x = make float2 ( b.z, b.w );

dim3 ( 10 );
dim3 ( 16, 16 );

dim3 grid
dim3 blocks

J1JIs1 BEKTOPOB HE OIPEAECICHBI IIOKOMIIOHCHTHBIE
oIcpaLu

Jlna double m longlong Bo3MOKHBI TOIBKO
BEKTOpa pasmepa 1 u 2.
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OO1IuMii B KOMaH/IbI JJIs 3aIlyCKa sapa
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incKernel<<<bl, th, ns, st>>> ( data );

* bl — ynci0 OJIOKOB B CETKE
* th — yucs0 HUTEN B OJIOKE

* NS — KOJIMYECTBO JOHOJHUTEIRHOU Shared-
IIaMSITH, BBIACISIEMOE OJIOKY

* St — IMOTOK, B KOTOPOM HYKHO 3aITyCTUTH SIJIPO
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* NVCC — xomnmaarop aaa CUDA
* (OCHOBHBIMU OTIITUAMU KOMAHABI NVCC ABAAFOTCH:

* --use_fast_math - 3amMeHITH BCe BRI3OBEI CTAHAAPTHBIX
MATEMATHYECKUX (DYHKIINH (HAIIPUMED, SiN ) Ha UX OBICTPBIE (HO

MEHEE TOYHBIE) AHAAOTH (__ Sin )
* -0 <outputFileName> - 320216 1MA BEIXOAHOTO (paiina
* CUDA ¢aiiab1 0OBIYHO HOCAT PACHIUPEHUE .CU
* HWcnooas3yem yruanty make/nmake, sBHO BBI3BIBAIOIIYIO NVCC
* HMcmoasdyem MS Visual Studio
* Jloakarouaem cuda.rules

* Ncnoarzyem CUDA Wizard
(http:/ /sourceforge.net/projects/cudawizard)
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e HOU “MAPANIENLHBIE BLIYHCAENHS"

r Kop Ha X C kop ansi CPU
C CUDA

OGbeKkTHbIe " 06‘beKTHble
cdhavnbl CUDA;-_H C6opka dannbl CPU _.

v
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int main ( int argc, char * argv [] )
{
int deviceCount;
cudaDeviceProp devProp;

cudaGetDeviceCount ( &deviceCount ) ;
printf ( "Found %d devices\n", deviceCount );

for ( int device = 0; device < deviceCount; device++ )

{

cudaGetDeviceProperties ( &devProp, device );
printf ( "Device %d\n", device );

printf ( "Compute capability : %d.%d\n", devProp.major, devProp.minor );
printf ( "Name : $s\n", devProp.name );

printf ( "Total Global Memory : %d\n", devProp.totalGlobalMem ) ;

printf ( "Shared memory per block: %d\n", devProp.sharedMemPerBlock ) ;
printf ( "Registers per block : %d\n", devProp.regsPerBlock ) ;

printf ( "Warp size : %d\n", devProp.warpSize );

printf ( "Max threads per block : %d\n", devProp.maxThreadsPerBlock ) ;
printf ( "Total constant memory : %d\n", devProp.totalConstMem ) ;

}

return O;
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Hocmpoums cpaux yuruuu y(x) na ompesxke |0, 21|
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> y(x) = sin /x
0.4
0.2
0
0 45 a0 135 180 225 270 315 360
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#define N (1024*1024)

__global  void kernel ( float * data )

{
[0...2047] [512] [0...511]

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

float x

2.0f * 3.1415926f * (float) idx / (float) N;

data [idx] = sinf ( sqrtf ( x ) );
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int main ( int argc, char * argv [] )

{

float * a;

float * dev = NULL;

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

cudaMalloc ( (void**)&dev, N * sizeof ( float ) );

kernel<<<N/512, 512>>> ( dev );

cudaMemcpy ( a, dev, N * sizeof ( float ), cudaMemcpyDeviceToHost ) ;

for ( int idx = 0; idx < N; idx++ )
printf ( "a[%d] = %.5f\n", idx, a[idx] );

free( a ); cudaFree( dev );

return O;
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3aaraua N - Tea

Jlano pacnpeaenenne N — TO4eUHBIX Macc.

Toueunble MacChl ABUKYTCS MO ICUCTBUEM
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CPU Bapuanrt

void Acceleration CPU ( float *X, float *Y, float *AX,

{

float ax
float ay

float *AY, int N, int id )

£,
£

14

0
0
y

float xx, yy, rr;

for ( int j = 0; jJ < N; J ++ )

{ if (]
{ xx =
rr =

= id )
X[3J]1-XT[4id]l;yy =Y [ 3] -Y [ id ];
sgrtf ( xx * xx + yy * yy )

if (rr > 0.01f ) { rr = 10.f / (rr * rr * rr );

AX [ id ]

ax + = xx * rr; ay + = yy * rr;

= ax; AY [ 1d ] = ay;

}
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CPU Bapuanrt

void Position CPU ( float *X, float *Y, float *VX,

{

}

X [ 1d + nt
VX [ 1d ] *

Y [ id + nt
VY [ id ] *

VX [ id ] +

VY [ id ] +

float *VY,float *AX, float *AY,
float tau, int nt, int Np, int id)

*Np ] =X[id+ (nt -1 ) *Np ] +
tau + A X [ id ] * tau * tau * 0.5f;

* Np ] =Y [id + (nt -1 ) * Np ] +
tau + AY [ id ] * tau * tau * 0.5f;

AX [ id ] * tau;

=AY [ id ] * tau;



__global  void Acceleration GPU ( float *X, float *Y,
float *AX, float *AY, int N )
{int id = threadlIdx.x + blockIdx.x*blockDim.x;
float ax = 0.£;
float ay = 0.£;
float xx, yy, rr;

GPU Bapmuanr 1

— e

for ( int j = 0; J < N; J ++ )
{ if (3 ' = 1id )
{xx =X [ 31 -X[idl;yy =Y [31-YTI[id];
rr = sgrtf ( xx * xx + yy * yy )~
if (rr > 0.01f ) { rr = 10.f / (rr * rr * rr );
ax + = xx * rr; ay + = yy * rr; }

AX [ id ] = ax; AY [ id ] = ay;
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GPU Bapmuanr 1

__global  void Position GPU ( float *X, float *Y,

}

float *VX, float *VY, float *AX,
float *AY, float tau, int nt, int Np )

int 1id = threadIdx.x + blockIdx.x*blockDim.x;

X [ id + nt
VX [ 1id ] *

Y [ 1d + nt
VY [ id ] *

VX [ id ] +

VY [ id ] +

*Np ] =X[id+ (nt -1 ) * Np ] +
tau + A X [ id ] * tau * tau * 0.5f;

*Np ] =Y [id+ (nt -1 ) * Np ] +
tau + AY [ id ] * tau * tau * 0.5f;

= AX [ id ] * tau;

AY [ id ] * tau;
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»

Omrrumusanusa

* Hwmeercsa MHOI'OKPATHOC CHHUTBIBAHHUC OJHHNX U TCX JKC
JAHHBIX U3 100aJIbHOU MaMATH

»  Oyuknusg-aapo Acceleration GPU moxet OBITH
CYIIIECTBEHHO YIIy4IlieHa 10 CPeICTBAM HCIIOIb30BaAHMUS
pa3aeasieMOM aMATH

* Bapuant Acceleration_ GPU_Shared paccmorpum Ha
CIIEAYIOIIEM 3aHATUU
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ald uncoalesced
instructions

gld coalesced
branch
divergent branch
gst coalesced
ctz launched
warp serialize
local load

local store

tex cache hit
tex cache miss
gst uncoalesced

g5t coalesced
instructions
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cta launched
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branch

gst uncoslesced
divergent branch
warp serialize
local load

local store
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Kernel Acceleration

Profiler Counter Plot
Profiler counters for method - Acceleration:9
0.00% 4.04% 3.08% 12.12% 16.16% 20.20% 24.29% 28.28% 32.32% 36.36% 40.40% 44.44%, 48.48% 52.52% 56.56% 60.60% 64.64% 68.68% T1.72%
0.00% 4.0‘4% 8.0‘8% 12, Ii.Z% 16.2;.6% 20.2‘0% 24.&4% 28.2‘8% 32..%2% 36.3‘»6% 40."‘00% 44.“14% 48."‘08% 52, 5‘2% 56.5:6% 60.6‘0% 64.6‘4% 68.6‘8% ?2.]:'2%
K 1l Positi
Profiler Counter Plot
Profiler counters for method - Position:8
0.00% 2.27% 4,54% 5.81% 9,08% 11.36% 13.63% 15.90% 18.17% 20,44% 22.71% 24,93% 27.25% 29.53% 31.80% 34.07% 36,34% 33.61% 40,33%
T T T T T T T T T T T T T T T T T T
0.00% 2.27% 4,54% 5.81% 9,08% 11.36% 13.63% 15.90% 18.17% 20,44% 22.71% 24,93% 27.25% 29.53% 31.80% 34.07% 36,34% 33.61% 40,33%



