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* CopepxaHue

= Tekyujee nonoxeHme GPGPU
= CpaBHeHne GPU API

= Cpencrea pa3paboTku

= Ob6paboTka Bnaeo Ha GPU

= byayuwee GPGPU
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* TekyLlee nonoxexHne GPGPU

GPGPU — TexHuka nporpaMMmnpoBaHUA Ha
rpaPMyeckoM rnpoLeccope 3aaay obuiero

Ha3HaA4YEHUAA
a 3
S 25
L
=2
1,5 ===ATI
1 NVIDIA
0,5 d
O I I I |

2006 2007 2008 2009
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*OCOﬁEHHOCTM coBpeMeHHbIX GPU !

= Hanmuyme MHOXXeCTBa apXUTEKTYp

= Hannyme MHoXecTtBa API ans
NporpaMMmMpoOBaHnS

= CNoXXHO cpa3y nepenTn Ha
nporpammupoBaHmne Ha GPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* Pa3sutne GPGPU

[Tpon3ssoauTenu npoasuratot GPU B Macchl:
= Pa3zpaboTka C-nogobHbIX SA3bIKOB

= Pa3zpaboTtka 6nbnunotek Ha GPU

= Co3aaHune oT1agumMKoB\nNpomOuIMPOBLLINKOB
= Co3paHuMe cneumann3anpoBaHHbIX cpen

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* CopepxaHue

= [ekyliee nonoxeHne GPGPU

= CpaBHeHue GPU API
= OpenGL
« CUDA
= OpenCL

= Cpencrea pa3paboTku
= Ob6paboTka Bnaeo Ha GPU
= byayuwee GPGPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* OpenGL

= SA3blk — OpenGL Shading Language
= HekoTopas 3anyTaHHOCTb UCMOJIb30BaHUS

= MOXXHO MCNob30BaTb rpauyeckme
BO3MOXXHOCTU GPU

= [logaep>XmBaeTcsa ycTapeBlwWMMMU MoaenaMu
= JlocTaTouyeH ans HeBONbLLUNX NPOEKTOB

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* CUDA

= A3bIK — pacwmpenmne Hag C

= bonee rmbkas pabota c NnamATbIO:
=« Shared memory
= [TpOM3BONbHBLINM AOCTYN K NAaMATH

= [IpuBa3ka K NVIDIA

= [Tpn XOpoOLIEM NOHMMAHUM APXUTEKTYPbI
MOXXHO MOJTYUYUTb 3HAUYUTENbHbIN NPUPOCT
NPOV3BOANTENbHOCTU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video


http://www.compression.ru/video/

* OpenCL

= PacwmpeHune a3bika C, noxox Ha CUDA

= Kopa MoxeT BbInosHATCS Ha ntobom OpenCL-
NoAAEPXKMBAIOLLIEM YCTPOUCTBE — I1IaBHOE
npenmMyLecTso n Heagoctatok OpenCL

= C/TOXKHOCTU C paclUnpeHnamMu

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* OpenCL

= Y NVIDIA - obeptka Ha CUDA
= Y AMD - pa3paboTaHa c Hyns (Stream SDK)
= [IpubnuxeHne npounssoantenbHoctn Kk CUDA

= Ckopast BO3MOXXHOCTb NONAHOU YHUMbUKauum AMD
n NVIDIA

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 10
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* CopepxaHue

= [ekyliee nonoxeHne GPGPU
= CpaBHeHne GPU API

= Cpeacrea pa3paboTkm

= [1IpOPUNMPOBLLUNKN U OTNaAUNKN
« IDE
= bnbnuorteku

= Ob6paboTka Bnaeo Ha GPU
= byayuwee GPGPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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AMD GPU Performance

:h Studio

= Cncrema KnmeHT-cepBep

= MolHoe cpeacTBo OLIEeHKH
Npon3BOANTENIbHOCTU
nporpamMmbl Ha DirectX 10 u
DirectX 10.1

= Tonbko anga kapt ATI
HauynHaa ¢ cepumn HD2000

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video

Server
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Client

|

Frame
Analyzer

v
Frame Debugger
Shader Debugger
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AMD GPU Performance
* Studio
_ Frame Profiler | - x

Profile Choices

Timing counters only. One pass.
| EbICTpaﬂ MnM yr}-IY6neH Haﬂ Al counters. Multiple passes.

OLI‘EH Ka I-I pOM3BOﬂMTen bHOCTM Custom courter selection.

Frame Information

NPUNOXEHUA

= Bo3moxHoOCTb OTnagkm HLSL ™

n accembnepa T e
InCraws __ 4%
GPU I 5452ms (10.54fps)
GPUBusy _ 93 %

Draw calls = 341

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 13
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Intel Graphics Performance

* Analyzer

= OTnagyuuk u npodunmpoBLLKK DirectX 9 u
DirectX 10 npunoxeHun ans rpadpuyeckmnx
yunos Intel

= Ba)keH ang pa3paboTtkn noa MobunbHbIE
peweHus Intel

= CtpykTypa cxoxxa ¢ AMD GPU Performance
Studio

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 14
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Intel Graphics Performance

* A n a Iyze r “""’5!52&!‘“'

= /1Ba BapuaHTa paboTbl — OHIAVMH MOHUTOPUHT
1 NMOKaApOBbIA aHaNN3

Lu Intel® GPA System Analyzer =)

=CPU 4§ Zoom - low - System Ovarview = i~ I )
Apgregated CPU Utilzation

J e
CPU 0 Utiization 49—
s YOOOHbIN pexum | = et
CFU Bregkout Ublzabon 29— o =

CPU Muliine Utiization
Target Application CPU Utiizz
= DX o=

[ Change Alender Targets p Framas per Sacond =
[ Calor Fils pes Frame
[0 Dhiaw Calls per Frame T - = '

[ 1B Lock Time per Frame

Frameslsac
g
|

L 1B Locks per Frame F
A [ Lock Time: per Frame:
— [ Locks pes Frame CPU Multi-line Utilization
DX Render Target Clears per o=
D State Block Applys pex Fre L CPU D Utilization Min:50 Average: 03 MMax: 100
[ State Block. Captures per | _
[ State Changes pes Frame g I;:::::’:g:_ — Vartae Cound
[i Shetch Rects per Fiame = msm'm |
n M I D Suface Lock Time per Fi: g «.EM:M—
D Suiface Locks pes Frame :§ 22,167,200 —
DX Surtace Updates per Fram 0=t
[ VB Lock Time per Frame »
[ VB Locks per Fiame Wertex Count
e 3 n bTa Ta D Valume Lock Time per Fre 315,504, 445 —
L Valume Locks per Frame g 252,403,336— — Fixels Renderad
Frame Time 4 189,302,667 —
Frames per Second T 126,200,778
= GF# Driver L 43,100,889 —
Diver Time 0=
1 EF'Ul;ln\uer Time Stalled Pials Rendared »
Fiaoel Shader Invocation Coun 3399 . .
Frcels Rendesed 2719 ~S5 SpmEm MBS Redg Bandwish  —= S StErm Membry VTS BamTanT = St Mooty TveraH Eandwioe— "+
Piiniive Court § 209 ST —
System Memory Muline Ban E 1MW¢—' ~ Sp—— - -
P —— "; ”g: System Memory Multi-line Bandwidth

»

Find = System Memory Read Bandwidth

w 0] 00 : 0D : 46 : 215 fr" 311 Tesafs 30 3] | 2 [Gistie sl ovendes v]
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g D E B u g g e r A ioeo aRoue

= Otnaguunk anga OpenGL (GLSL go 1.4)
= HbIHE XOpOoLUO NoAAep>XXMBAETCA U pa3BMBAETCA

[¥ oDEBugge RTeaPo =
File Edit Wew Debug Breakpoints Tools Help
2 " | ElThread 203 V|C0ntext1 V| @ BE s E Ell‘\lormalmode V||:‘ | e - T N S I
Openil Function Calls Hiskory ¥ Opencl State Variables ¥ Calls Stack *  Properties b4
Caontext 1 - 23 OpenGL function calls s Cpenil State Varisble Mame | Yalue o (i -
G glPalygonMode(iaL_FROMT_AMD_BACK, GL_FILL) GL_YIEWPORT {0, 0, <00, 4003 tpPaintWindow - grieapotapplication.cpp, line 1309 Rl Lk
glUseProgramCbject ARE() GL_PROJECTION_MATRIX (2,00, 0.00, 0,00, 0.003(0.... kpTimerProc - grbeapotapplication.cpp, line 1429 Function name: tpDrawScene
E gunifermiFarEe(o, 0.70) GL_MODELYIEW _MATRIX (1,00, 0,00, 0,00, 0,00%0.... GetDC - USER3Z.dI File path: c:\program files\graphic
al3tringMarker GREMED*(Drawing scene objects) 4 Add State varishle, . IstChild - USER:3Z.dI remedylgdebugnerexamples teapatisrciarteapatapplicatior
¥ glBindTexture(EL_TEXTURE_ZD, &) IsChild - USERZZ.dl Line number: 1208
G qiTexEnvf{GL_TEXTURE_EMY, GL_TEXTURE_EMY_MODE, DispatchiMessages - USER32. dll Module Hame: c:iprogram filesigraphic
e e e e et v b firlic sFinnMace anal nan - Avkasnakanclicskinn cne remedyigdebuggerexamplesiteapotiGRTeaP ot exe b,
< > < b4 < *
Performance Graph %! | 5 Debug string: OpeniL f | | Performance Dashboard *¥  Function Calls Statiskics *
100 Caunter Mame Wall # i Process run started 100 100 100 100 100 Cpenil Function Marme %Yo # of Calls in Previ #
EHEFrames,l'sec: Context 1 64 2 Thread created: 2900 glMaterialf 930 4
z?f 3C\ﬂ' VW lep | A CPUD Wtization 5 X Thread created: 3696 5 0 dMatritode 830 4
I f H ﬁ @GPUD: % wertex_shader_busy 0 T} Thread terminated: 368 g:szsﬁﬁ;ﬁx ggg g
VAW A VAT 0 @ cPun: % gpu_idie 2 STDE"""; string: Connectic a gIRotateF 698 3 .
0 151 ;EGPI IN: werkes connk ﬂ) ? dil loaded: C-Ill'-"\'mdc'ws;'.s Fra.. CPU.. GPU.. GPU.. GPU.. 4 all larPronramihiertaR R ASA 3 5
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* Cudaprof

= [1podpunuposmk saep CUDA

= OTObOpakaeT OCHOBHbIE N CaMble HYXHbIE

NOKa3aTeEJIn

% Fle Session View Options Window Help (=&
g — —
Ded @& Z B | &

sesuns ©% [ profler upus [ [ Summary Tabie 0

B Sessionl | | - i

. = GFU . gleb mem read throughput glob mem wite thr

& Sess!unz ‘W Method #Calls T T LGP ime (GB/s} (GBYs)

- Sessiond

- DEvig., |1 |rest_35_qr:-u 4 31744 4.1 6.72L2L 4.8L212
| cCo. 2 test_40_gpu 4 33.952 2.69 7.30613 785108
|3|memcp~,rH:oD 102 397.216 3152
|4|memcp-yDtuH 1o TTT.024 &L.ET

oEajon) | [
Qutput [_E

LTl - WWEWWQWF-WWQWmL -

Session? - Davice_0 - Context_0 : Profiler table column focal lead' having all zero values is hidden. '—’l

Ses5ian2 - Device_0 - Context_0 : Profiler table column tocal stare having all zero waltues is hidden, T

SessionZ - Device_0 - Context_0 : Profiler table column ‘bleck size Z° having all 1 values is hidden. e

Sessond - Device_0 - Context_0 : Profiler table column "dynamic shared memory per block” having all zero values is ;-

il ol e, |

A
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NVIDIA Nexus

MHTerpmpoBaHHbin B Visual Studio
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* GPU 6mnbnunoteku

Ha AaHHbI CyLLECTBYET MHOXECTBO

BCoMoraTtesnbHbIX bubnuoTek:
= [locTosiHHO ynydwatowmecs NVPP (IPP), CUBLAS,

CULAtools
= ACML-GPU (ana 646UTHbIX cUCTEM)

= CTOpoHHMe brnbnmnoteku

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* CopepxaHue

= [ekyliee nonoxeHne GPGPU
= CpaBHeHne GPU API

= Cpencrea pa3paboTku

= O6pab6boTka Bupgeo Ha GPU
= byayuwee GPGPU

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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!O?‘

* ObpaboTka Bnaeo Ha GPU ;J

CpaBHMM NPOU3BOAUTENBHOCTb MOXOXKEro Koaa
Ha CUDA, OpenCL, OpenGL

= B3aT box filter n1s3 CUDA SDK n OpenCL SDK,
M3MeHeHHble o 0bpaboTKy BMAeO

= HanucaHa nporpamma Ha OpenGL,
peanu3ytollas HecenapabenbHbin box filter

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 21
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* ObpaboTka Bnaeo Ha GPU

[Tnatgpopma: NVIDIA 9400M, Intel Atom 1.66
GHz

CUDA OpenCL OpenGL
320x240 104fps 89fps 90fps
640x480 63fps 43fps 62fps

22
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* CopepxaHue

= [ekyliee nonoxeHne GPGPU
= CpaBHeHne GPU API

= Cpencrea pa3paboTku

= Ob6paboTka Bnaeo Ha GPU

= byayuiee GPGPU:
= NVIDIA Fermi
= Intel Larrabee

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* NVIDIA Fermi

BO MHOroM HoBad apxXuUTeKTypa:

= [IporpaMMmpyemMbin KeL

= YBeNM4yeHHasa pasgensemas namsartb

= [lapannenbHoe BbluMCNeHWEe aaep B OAHOM SM:

Kemnel 1 Kemel 1 Kernel 2

Kernel 2

. Kemel 2 Kernel 5

Kemel 4

Kernel 5

Serial Kernel Execution Parallel Kernel Execution

24
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* NVIDIA Fermi

BcTpoeHHada noaaepkka:
= CUDA 2.2
s C++
= OpenCL 1.0
= DirectX 11 n DirectCompute
= OpenGL 3.2

= U APp.

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* NVIDIA Fermi

[10 MHOMMM XapaKTeEPUCTUKAM MPeBOCXOANT
Radeon Cypress XT (5870)

| GT200 CypressXT | Fermi

Kon-Bo TpaH3MCTOPOB 1.4 mnpa 2.154 mnpa 3 MnpAa
[OTOKOBbLIX 240 1600 512
NpoLeccopoB

LLinHa namMaTu 512 éut 256 but 384 ut
Kew L1 16 Kb 8 Kb 48 Kb
Kew L2 - 512 Kb 768 Kb
Paspensiemon namMaTu 16 Kb 64 Kb A0 48 Kb
Beumcnennii ¢ nnasatolueld 240 MAD 1600 MAD 512 FMA
TOYKOU 3a TAKT

Bbluncnennn ABOVHON 30 FMA 640 FMA 256 FMA

TOYHOCTU 3a TaKT

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 26
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* NVIDIA Fermi

[loka3 Ha GPU Technology Conference B KoHLe
CeHTA6ps BbI3Ba/T MHOXECTBO CrOpOB

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video 27
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* NVIDIA Fermi

= Y NVIDIA ectb goctonHbi oTBeT Intel u ATI

= bonee rnmbkas, 6bicTpas n HagexHas
APXUTEKTYPA

= Y06HOEe nporpaMmMmpoBaHne BMeCTe C
NVIDIA Nexus

= [laTa Bbixoaa — mapT 2010

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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* Intel Larrabee

= Larrabee — GPU Ha sapax x86
= BcTpoeHHas nopgaepxkka C/C++

s Kop BbinonHseTca Ha CPU mn GPU
OIHOBpEeMeHHO

= LLlaHc Intel BbINTK Ha pbIHOK AUCKPETHbIX
BUAEOKAPT

29
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* Intel Larrabee

= [lepBbin NOKa3

Larrab :
oceHblo 2009 =€ Execution ypgaye

= ‘ * Full
= Bce \ j May Programmable rendering
\ ' ny-core Inte Architecture
HaxXoAUTCH B e —> . * First products: discrete performance graphics

pPa3pd 6OT Ke * Software development systems shipping now

30
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* Intel Larrabee

= OTCyTCTBME OKOHYATENbHbLIX MPOrPaMMHbIX U
annapaTHbIX cneumdbukaumm

s OTCYyTCTBME KOHKPETHbIX AAT BbIXOAA

= bonblas 3anMHTEpecoBaHHOCTb CO CTOPOHDI
coobLuecTsa

= Pa3paboTka Larrabee Prototype Library
= bygem xpaaTtb BbIXxoAa...

31
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= [lpousBogmTenn crapatoTCa MakCMMasbHO
npoasuratb 1 nogaep>xxueatb GPGPU

x Bce 6onbliee KOMYecTBO 3a4a4 MOXET ObITb
BbINMOJIHEHO Ha coBpeMeHHbIX GPU

= [1po6nembl 06paboTkn M306pakeHnn n BUAEO
O4YeHb XopoLlo fioxaTcd Ha GPU

32
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* Cnuncok nuTepaTypsbl

1. http://www.fudzilla.com/content/view/15954/1/ NVIDIA Fermi Launch
2. http://www.semiaccurate.com/2009/10/01/nvidia-fakes-fermi-boards-gtc/ NVIDIA Fermi Fake at GTC

3. http://www.bit-tech.net/hardware/graphics/2009/09/30/ati-radeon-hd-5870-architecture-analysis/8
HD 5870 Architecture

4. http://www.nvidia.com/object/fermi_architecture.html NVIDIA Fermi Architecture
5. http://www.nvidia.com/nexus NVIDIA Nexus
6.  http://developer.amd.com/gpu/acmlgpu/pages/default.aspx AMD ACML Library

7. http://www.intel.com/cd/corporate/pressroom/emea/rus/archive/2009/419637.htm Larrabee press
release

8.  http://en.wikipedia.org/wiki/Larrabee (GPU) Intel Larrabee GPU
o.  http://www.ixbt.com/news/all/index.shtm|?12/46/03 Fermi architecture details
0. http://developer.nvidia.com/object/get-opencl.html NVIDIA OpenCL
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JTabopaTtopusa KOMMbIOTEPHOW S

* FpaQMKM N MYJIbTUMEONA

Buageorpynna 3T0:

= BbINyCKHWKM B acnMpaHTypax AHMnu,
®paHunu, Weenuapum (B Poccnmn B MY u
MMM M. Kenapbiwa)

= BbinyCcKHMKaMuM 3aWmLeHo 5 ancceprauum

= Hamnbonee nonynsipHble B MUpe CpaBHEHUS
BUEOKO/1EKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX (DUILTPOB
06paboTKKn BUAEO
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