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BLAS - Basic Linear Algebra
Subprograms

» OcHOBa Bcex onepaunm nMMHENHON anredpsl
» CyLLECTBEHHO 3aBUCUT OT apXUTEKTYPbI

» MHOXeCTBO ocTanbHbIX OMBMMOTEK UCMONb3YIOT
BLAS

» Tpn YPOBHA OYHKLIUN:

_evel 1- onepaunmn c BEKTOpaMn v <« ax+y

_evel 2- Onepauunn ¢ maTpuuen 1 BEKTOPOM

y «— aAx 4 By
_evel 3- Onepauymm ¢ HECKONMbKMMN MaTpuLamm

C — aAB + 3C

CUBLAS-XT - ncnonb3oBaHne HECKOJTbKUX
A BUOeoKapT




BLAS. UMeHa dhyHKUUN

» LladnoH: <character> <name> <mod>

» <character> - TN KOMNOHEHT apPryMeHTOB:
float — s; double — d; cuComplex — c;
cuDoubleComplex — z

» <name> - B Level 1 nma pyHKkumnm: max, min, sum,
axpy, dot, ..., B Level 2,3 — Tun matpuupbl: ge -
general matrix, gb - general band matrix, sy -
symmetric matrix, tr - triangular matrix, ...

» <mod> - B Level 1 - Mmogudunkaumna aprymeHToB,
B Level 2,3 — uma pyHKkunm mv — A*x, mm — A*B,
sv — pelueHue CJIAY, ...




BLAS. lNpou3zBoauTenbHOCTb

cuBLAS on K40m, ECC ON, input and output data on device.
MKL 11.0.4 on Intel lvyBridge single socket 12 -core E5-2697 v2 @ 2.70GHz

GFLOPS

Matrix Dimension (m=n=k)




cufFFT - BIN®

» 1d,2d,3d, float/double, nakeTHble onepauun

cuFFT Single Precision cuFFT Double Precision
~+-CUFFT -m-MKL ~+—CUFFT —m=MKL
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* Measured on sizes that are exactly powers-of-2 *MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
* cuFFT 4.1 on Tesla M2090, ECC on «Performance may vary based on OS version and motherboard

o« MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz configuration




Pa3pexeHHble MaTpuubl
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[Tpumep B3AT N3 NakeTa
FDMNES pelueHuga
ypaBHeHUAa LpéanHrepa

» Apyrme npunoXxeHus:

MoaenupoBaHue (MeToa
KOHEYHbIX 3J1IEMEHTOB
pelwieHns 1Y)

NHdpopMaLUMOHHBLIN NOUCK
[padhoBble 3aga4n

> ...




cuSPARSE - o6paboTka
paspeXeHHbIX MaTpuL,

» APXUTEKTYpPA NOBTOPAET 3X-YPOBHEBYIO
opraHmnsauuto BLAS + npeobpa3oBaHue
doopmaToB maTpuy

» [pamon pewatens CJIAY

» dopmaTbl XpaHEHNS pa3peXeHHbIX MaTpuL;

> Coordinate Format (COOQO). 3 maccuBa: 3Ha4eHUS
HEHYNEBbLIX ANIEMEHTOB (NOPSAO0K - MO CTPOKaM), UX
HOMepa CTPOK U UX HoOMepa CTOSIoLOB

o Ellpack-Itpack Format (ELL) — xpaHuT BCe B 2x MaTpuuax

mxK, rae kK — makcMmanbHO YMCNO HEHYNEBbLIX

9JIEMEHTOB B CTPOKE



cuSPARSE. NpouzsoantTensHOCTbL

cuSPARSE: 5x Faster than MKL

Sparse Matrix x Dense Vector (SpMV)

Speedup over MKL
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» dyerage of s/c/d/z routines
+ cuSPARSE 6.0 on K40m, ECC ON, input and output data on device

« MKL 11.0.4 on Intel hyBridege 12-core E5-26%7 w2 @ 2.70GHz
+ Matrices obtined from: i :

Performance may vary based on O5 version and motherboard configuration




Thrust —- CUDA C++ STL

#include «<thrust/host_wvector.h>
#include «<thrust/device_wvector.h=
#include «thrust/generate.hx>
#include <thrust/sort.hs=
#include <thrust/copy.h=
#include <cstdlibe

int main(void)

S/ generate 32M random numbers on the host
thrust: :host_wector<int= h_wvec(32 << 20);
thrust::generate(h_vec.begin(). h_wvec.end(). rand):

// transfer data to the device
thrust: :device_vector<int> d_vec = h_vec;

S sort data on the device (846M keys per second on GeForce GTX 430)
thrust::sort(d_wvec.begin(). d_wvec.end())}:

S transfer data back to host
thrust::copy(d_vec.begin(). d_wvec.end(). h_wvec.begin());:

return 0;




Thrust —- CUDA C++ STL

#include <thrust/host_wvector.h=
#include «<thrust/device_vector.h=
#include <thrust/generate.h>
#include <thrust/reduce. h=
#include <thrust/functional.h=>
#include <cstdlib=

int main({wvoid)
// generate random data on the host

thrust: :host_wvector<int> h_wec(100);
thrust: :generatelh_vec.begin(). h_wvec.end(). rand);

// transfer to device and compute sum
thrust: :device_wector<int> d_wvec = h_wvec;

int x = thrust::reduce{d_vec.begin(). d_vec.end()., 0, thrust::plus<int=());
return 0;




NPP: NVIDIA Performance Primitives

» MHOXeCcTBO OYHKLIMN 0DOpaboTKn N300pakeHUN:
npeobpasoBaHue LBETA, reOMeTPUn, popmaTtos,
donnbTphbl, uBeTOBas ctatuctuka, JPEG-
onepauuu, ...

» Mpumep: GrabCut




cuRAND - reHepauusa cnyvyauHbIX
yucen. lNMpumep

int main(void)

{
// use 30K 1ndependent seeds
int M = 30000;

float estimate = thrust::transform_reduce(thrust::counting_iterator<int>(0),
thrust::counting_iterator<int>(M),
estimate_pi(),
0.0f,
thrust::plus<float>());

estimate /= M;

std::cout << std::setprecision(3);
std::cout << "pi 1is approximately " << estimate << std::endl;

return 0;




cuRAND - reHepauusa cnyvyauHbIX
yucen. lNMpumep

struct estimate_pi : public thrust::unary_function<unsigned int,float>

{

__host__ device
float operator()(unsigned int thread_id)

{

float sum = 0;
unsigned int N = 10800; // samples per thread

unsigned int seed = hash(thread_id);

// seed a random number generator
thrust::default_random_engine rng(seed);

// create a mapping from random numbers to [©,1)
thrust::uniform_real_distribution<float> u@i(@,1);




cuRAND - reHepauusa cnyvyauHbIX
yucen. lNMpumep

// take N samples in a guarter circle
for(unsigned int 1 = 0; 1 < N; ++1)

{
// draw a sample from the unit square
float x = u@l(rng);
float y = u@l(rng);
// measure distance from the origin
float dist = sqrtf(x*x + y*vy);
// add 1.0f if (u@,ul) is inside the quarter circle
if(dist <= 1.6f)
sum += 1.8f;
3

// multiply by 4 to get the area of the whole circle
sum *= 4.0f;

// divide by N
return sum / N;




CeepToYHbIe HENPOHHbLIE CeTU —
rnyookoe obyyeHue

» Micnonb3yloT HEKOTOPbIE OCODEHHOCTH
3pUTENBHON KOPbI, B KOTOPOW ObINY OTKPbLIThI TakK
Ha3blBaeMble NMPOCThble KNETKU, pearunpytowime Ha
NpaMble NMMUHUK Mo pa3HbIMU yriaMun, U CINOXHbIE
KINETKN, peakymnsa KOTOPbIX CBA3aHa C akTuBalneu
onpeaenéHHoro Habopa NPOCTbIX KIETOK




CeepToYHbLIe HEUPOHHbLIE CeTU —
rnybokoe oby4yeHue

INPUT feature maps feature maps  feature maps feature maps OUTPUT
28x28 4@24x24 4@12x12 12@86x8 12@4x4 26@1x1

BxoaHoe
uzoBpameHue

I
"T'ﬁ,] O
Apgpo CeepTHa — npoxog A8 pom NMogebibopra — Ceeprra Noaseibopka Ceeprra
CBEPTHWA — CBEPTHW NO BCEM onepauwa
MaTpuua M3  HEHPOHAM HWUIKHETD CNOA YMEHbLLEHWA
BECOB, ONA AKTMBALMKM HEMPOHOB  pasmMepHOCTH. Yauwe
Hanpumep, BEPXHEro CNOA — BCEro — BbiGop
pasmepom NONY4EHWE KAPTbI MaKCHMMYMa MM
5x5 npusHakos (feature maps). NOMCK CpeaHero no
Ona agep pasHoro Tuna HECHKONBKHM

NOAY4YaKOTCA Pa3Hble KapTbel  COCEgHMM HEMPOHaM.
NMPHUIHAHOB.




cuDNN - HeUpOHHLIEe ceTn
rmyookoro ooyvyeHus

Caffe
(CPU)
1x

Baseline Caffe compared to Caffe

accelerated by cuDNN on K40
(CPU is 24 core E5-2697v2 @ 2.4GHz)




Opyrue 6MbnNuoTeku

NVBIO

Indrombusd 1 haphal AMOCATTATD CAATRAL N CATTATOCCALTTA

E
Indradud 1 haghod AMC ATTATO CAAT UAC A ATIATCTICALCTTA
NEraUN 2 hagiol ANCACTATC. CANTAACTA ATIAICCCAATTA
a2 haph? ANC ATTATO CAATAAL A ATTATOCCA.TTA

Iretbobun 3 hapho ANCUACTATCUCAAT ARG A ATTIATICCCAATTA
vt 3 hapho? ARG ATTATC CAATCACCA L ATIATCICA TTA

IndraciuN 4 hagiel AAC ATTATC . CAATAAT A ATTAIOCCACTTA

Indricund_ 3 hapio?  AAC AT TATCOCAATUCAC AL CATTATCICALTTA

veows W OpenCV

Plug-ins:
MATLAB/Octave, Deal.ll,
OpenFOAM, Hermes, Elmer, ...

API: C++
FORTRAN

PARALUTION

Multi-core CPU GPU Xeon Phi
OpenMP CUDA/OpenCL OpenMP




