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Vlastnosti CUDA
®0000000

Shrnuti prace s paméti

e Prace s paméti
= omezeni paméti
& omezena Sitka pdsma mezi host a device
(cca 6 GB/s pro PCl-e x16 Gen2)
+ latence globalni paméti (teoreticky
141 GB/s, cca 400-600 cykld latence)
1107x 108 x  (512/8) x 2 /10% =141,6GB/s
——— —— -
takt paméti [Hz]  Inteface pameti PPR
(ev. 132 GB/s pfi déleni 10243)
& omezena velikost sdilené paméti
& omezeny pocet registri

CPU
Y
. PCle, 5GB/s
chipset |« > GPU
Av
V} Vh
pamét pamét
CPU GPU

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s paméti

e Prace s paméti
= optimalizace

*

maximalni vyuziti sdilené paméti a
registrd

koalescentni pfistup do globalni paméti a
vyhnuti se partition campingu
prekryvani vypoctl a pristupu k datdim
vyuziti asynchronnich prenost:
cudaMemcpyAsync(...);

pfiméfené pouzivani page-locked paméti:

cudaHostAlloc(...);
co nejvétsi prenosy host <> device
najednou

CPU

PCle, 5GB/s
< >

chipset |« > GPU

Av

V} Vg
pamét pamét

CPU GPU

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s paméti
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Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Pokrocila prace s paméti

e Dalsi triky s paméti

= rozvrhnout, co cacheovat a co opakované pocitat
= mapovani OpenGL bufferu do adresniho prostoru zafizeni (device)

1.

*

zaregistrujte si buffer pomoci CUDA-C
cudaGLRegisterBufferObject (GLuint buffObj) ;

. namapujte zaregistrovany buffer do globdlni paméti zafizeni (vrati adresu)

cudaGLMapBufferObject (void** devPtr,GLuint buffObj);

. pouzijte adresu v kernelu
. odmapuijte buffer

cudaGLUnmapBufferObject (GLuint buffObj);

. odregistrujte buffer

cudaGLUnregisterBufferObject (GLuint buffObj); (potfeba pouze
pokud je buffer cil rendrovani)

. pouzijte buffer v OpenGL

muZe pomoci odstranit pfenosy host < device

automatické DMA mezi kartami Tesla a Quadro (momentalné pres host)
vykreslovani z pixel buffer object pomoci glbrawPixels nebo
glTexImage2D

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”



Vlastnosti CUDA
00@00000

~

Pokrocila prace s paméti

Textura generovana pomoci CUDA:

// setup code:
cudaGLRegisterBufferObject (pbo) ;

// CUDA texture generation code:

unsigned char *d_buffer;
cudaGLMapBufferObject ( (void*x) &d_buffer, pbo);
prep_texture_kernel<<<...>>>(d_buffer);
cudaGLUnmapBufferObject (pbo) ;

// OpenGL rendering code:

glBindBuffer (GL_PIXEL_UNPACK_BUFFER_ARB, pbo);
glBindTexture (GL_TEXTURE_2D, tex);
glTexSubImage2D (GL_TEXTURE_2D,0,0,0,256,256,GL_BGRA, GL_UNSIGNED_BYTE,0);

Zpracovani snimku pomoci CUDA:

// OpenGL rendering code:

I ooo

// CUDA post-processing code:

unsigned char xd buffer;
cudaGLRegisterBufferObject (pbo) ;
cudaGLMapBufferObject ( (voidxx) &d_buffer, pbo);
post_process_kernel<<<...>>>(d _buffer) ;
cudaGLUnmapBufferObject (pbo) ;
cudaGLUnRegisterBufferObject (pbo) ;

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Pokrocila prace s paméti

e Dalsi triky s paméti
= Write-Combining
cudaHostAlloc ((void**) &h_data, num_bytes,

*

cudaHostAllocWriteCombined) ;

pamét neni cacheovana ani cache koherentni

PCl nedéla snooping

podle CUDA 2.2 Pinned Memory APIs
(http://www.fcsc.es/download/Archivo%20Cursos/CUDA_
Unileon_2009/CUDA2.2PinnedMemoryAPIs.pdf) mize
poskytnout az o 40 % vétsi vykon

muze zvysit i vykon pro zépis procesorem (Write Combining Memory
Implementation Guidelines, http://download. intel . com/
design/PentiumII/applnots/24442201.pdf): agregaci zapisu,
obchézenim L1/L2 cache

problematické ¢teni - potieba pouzivat pamétové bariéry pred ¢tenim
hodnot (_mm_sfence na Linuxu, _WriteBarrier na Windows, u SSE4 |ze
pro ¢teni pouzit instrukci MOVNTDQA); bariéry provadi CUDA driver a jsou
relativné pomalé

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”


http://www.fcsc.es/download/Archivo%20Cursos/CUDA_Unileon_2009/CUDA2.2PinnedMemoryAPIs.pdf
http://www.fcsc.es/download/Archivo%20Cursos/CUDA_Unileon_2009/CUDA2.2PinnedMemoryAPIs.pdf
http://download.intel.com/design/PentiumII/applnots/24442201.pdf
http://download.intel.com/design/PentiumII/applnots/24442201.pdf
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Pokrocila prace s paméti

e Zero-copy mapovani paméti

piimy pristup k datim v paméti CPU
schopnost tohoto se testuje pomoci pole canMapHostMemory dotazu
cudaDeviceProp
automaticky prenos dat po PCle dle potteby
relativné pomalé
* projednorazové pouzitd mald data
+ pokud dokaze vysoky podil vypoctu maskovat latenci
zajimavé zejména v kombinaci s integrovanymi kartami — integrated
pole cudaDeviceProp

+ na UMA architektufe odpada prenos tplné
+ Nvidia ION

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

e Vlakna a multiprocesory
= potfebujeme vyuzit vypocetni vykon karty
= kolik warpl potfebujeme k maskovani latence globalni paméti?
+ feknéme, ze potiebujeme 100 aritmetickych instrukci k maskovani latence
(400 taktu latence / 4 takty na instrukci)
+ feknéme, Ze mdme 8 aritmetickych instrukci (8 x 4 takty) na 1 pfistup do
globalni paméti (400 taktt latence)
o 100/8 ~ 13 warpl

= kolik warpu potifebujeme k maskovani read-after-write latence registra?

+ latence je cca 24 taktd
* 244~ 6 warpll

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

e Vldkna a multiprocesory
= obsazeni (occupancy)

0- # warpU bézicich na MP v dany okamzik
h maximalni # soubéznych warp

# c.c. 1.2: maximalné 32 warpu

c. ¢. 1.1: maximalné 24 warpu
* 13/32 =40 % obsazeni pro maskovani latence globalni paméti (c. c. 1.2)
* 6/32=18,75 % obsazeni pro maskovani latence registrli (c. c. 1.2)

. . ? oy
= vice vldken = vétsi vykon
+ zalezi na zdrojich pozadovanych vldknem
+ zalezi na usporadani vldken

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

Limity multiprocesoru:

kepler$ ./deviceQuery
CUDA Device Query (Runtime API) version (CUDART
Found 1 CUDA Capable device(s)

Device 0: "GeForce GTX 580"
CUDA Driver Version / Runtime Version
CUDA Capability Major/Minor version number:
Total amount of global memory:
(16) Multiprocessors x (32) CUDA Cores/MP:
GPU Clock Speed:
Memory Clock rate:
Memory Bus Width:
L2 Cache Size:
Max Texture Dimension Size (x,y,z)
Max Layered Texture Size (dim) x layers

static linking)

4.10 / 4.10

2.0

1535 MBytes (1609760768 bytes)
512 CUDA Cores

1.57 GHz

2010.00 Mhz

384-bit

786432 bytes

1D=(65536) , 2D=(65536,65535), 3D=(2
1D=(16384) x 2048, 2D=(16384,16384

048,204
x 2048
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Shrnuti prace s procesory

Limity multiprocesoru:

Total amount of constant memory:

Total amount of shared memory per block:

65536 bytes
49152 bytes

Total number of registers available per block: 32768

Warp size:

Maximum
Maximum
Maximum

number of threads per block:
sizes of each dimension of a block:
sizes of each dimension of a grid:

Maximum memory pitch:

Texture alignment:

Concurrent copy and execution:

Run time limit on kernels:
Integrated GPU sharing Host Memory:

Support host page-locked memory mapping:

Concurrent kernel execution:
Alignment requirement for Surfaces:
Device has ECC support enabled:
Device is using TCC driver mode:

Device supports Unified Addressing (UVA):
Device PCI Bus ID / PCI location ID:

Compute Mode:

< Default (multiple host threads can use

32

1024

1024 x 1024 x 64

65535 x 65535 x 65535
2147483647 bytes

512 bytes

Yes with 1 copy engine(s)

Yes
1/0

: :cudaSetDevice () with device simultar

jeously)

Pozor na dostate¢ny pocet vldken/warpt v bloku (> 96)

Pozor na limity v poctu potfebnych registrt
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Shrnuti prace s procesory

e Priklad limit pro 8132 registr( a 24 warpU:
= 10 registr( na vlakno, 256 vlaken na blok
+ kazdy blok pouZije 2650 registrd == mohou bézet 3 bloky (7680

registru)
e 256 x 3/32 = 24 warpi mUlize béZet sou¢asné == muze dosahnout
100 % vyuziti
= 17 registr na vlakno, 256 vldken na blok
+ kazdy blok pouzije 4352 registrli == muze bézet 1 blok (4352 registr()
* 256 x 1/32 = 8 warpll miiZze béZet sou¢asné == mUze dosdhnout jen
33 % vyuziti
= 17 registrd na vldkno, 128 vldken na blok
+ kazdy blok pouzije 2176 registrd == mohou bézet 3 bloky (6528

registru)
* 128 x 3/32 = 12 warpl mlize bézet sou¢asné =—= muze dosdhnout 50 %

vyuziti

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

e Urceni pouzivanych zdrojl
= prelozime s —cubin
= vysledny .cubin soubor obsahuje

architecture {sm_10}
abiversion {0}
3| modname {cubin}

code {
5 name = MyKernel
lmem = 0 // lokalni pamet per blok
7 smem = 68 // sdilena pamet per blok
reg = 20 // pocet registru per vlakno
9 bar = 0

bincode {
11 0xa0004205 0x04200780 0x40024c09 0x00200780

= nebo pouzijeme —ptxas-options=-v

ptxas info : Used 4 registers, 60+56 bytes lmem, 44+40 bytes
smem, 20 bytes cmem[l], 12 bytes cmem[14]

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

e Omezeni tlaku na registry
= kompilator se snazi pocet registrd minimalizovat
= -maxrregcount=<N> UMoOZNuje nastavit pozadovany maximalni pocet
registrd na kernel
= pieteceni do lokalni paméti zplisobi zpomaleni
e Heuristiky pro velikost mfizky
= # blok( > # multiprocesor(
* aby véechny multiprocesory mély alespon jeden blok k vykondvani
= # blokl / # multiprocesort > 2

+ najednom procesoru mize bézet vice blok{
+ bloky necekajici v __syncthreads () ; udrzuji zatéz hardware

= # blok( > 1000
+ rezerva do budoucnosti pfes nékolik generaci karet

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Shrnuti prace s procesory

e Heuristiky na velikost bloku

= ¢im vice vldken v bloku, tim méné muze jedno vldkno pouzivat registrd
= ¢im vice vldken v bloku, tim hlubsi pipeline a lep3i maskovani latence
= pocty vldken v bloku by mély byt nasobky 64

+ minimalizace bank konflikt( na registrech

* rozumné: 192 nebo 256

Zdroj: Wil Braithwaite, “The CUDA architecture: The Art of performance optimization”
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Metriky algoritma
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Shrnuti prace s procesory

e CUDA Occupancy Calculator

http://developer.download.nvidia.com/compute/cuda/CUDA_Occupancy

Zdroj:
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Wil Braithwaite, “The CUDA architecture:

The Art of performance optimization”


http://developer.download.nvidia.com/compute/cuda/CUDA_Occupancy_calculator.xls
http://developer.download.nvidia.com/compute/cuda/CUDA_Occupancy_calculator.xls
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Metriky z pohledu obrazovych algoritm

. Paralelni podil

. Pomér mezi operacemi v plovouci ¢arce a pfistupl do paméti
Pocet operaci v plovouci ¢arce na pixel

Pocet pfistupl do paméti na pixel

Mira vétveni

1

2
3.
4.
5.
6.

e Srovndavané algoritmy implementovany na CPU
= vypocet metrik pfed implementaci na CUDA

Zavislost uloh

Zdroj: Park et al., “Design and Performance Evaluation of Image Processing Algorithms on GPUs”
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Metriky z pohledu obrazovych algoritm

Paralelni podil

= odpovida Amdahlovu zakonu se viemi ddsledky
= pfi slozeném algoritmu odpovida pomérim &asti

Pomér mezi operacemi v plovouci ¢arce a pfistupl do paméti
= jakékoli pfistupy (sdilend, lokalni, globalni pamét)
= skryvani latence prekryvanim vypoctem
Pocet operaci v plovouci ¢arce (FP) na pixel
= pfii vypoctech v plovouci ¢arce prekonavaji GPU cca 20x CPU
= obrazové zpracovani zahrnuje typicky hodné operaci v plovouci ¢arce
= nepfimo koreluje i s pfistupy do paméti

e Pocet pristupl do paméti na pixel
= GPU maji pfiblizné 10x vétsi kapacitu pfistupu do paméti nez CPU
= per pixel charakteristika umoziiuje ¢asto vyuziti sdilené paméti
= problémy se sekvenc¢nimi piistupy do paméti u nékterych algoritma -
omezuji paralelismus

Zdroj: Park et al., “Design and Performance Evaluation of Image Processing Algorithms on GPUs”
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Metriky z pohledu obrazovych algoritm

e Mira vétveni
= vétveni pfes if, switch, do, for, while
= algoritmy pro zpracovani obrazkd ¢asto pouzivaji vétveni na zakladé
vysledku bitovych operaci
= pocitd se na zakladé rozptylu délky béhu jednotlivych vldken
= berou se vldkna po blocich velikosti 32
e Zavislost uloh
= pfizpracovani obrazk( se zavislosti vétsinou resi sekvenénim
spousténim CUDA kernelll
= sleduje se pocet bariér

Zdroj: Park et al., “Design and Performance Evaluation of Image Processing Algorithms on GPUs”
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Relativni dulezitost metrik

e Paralelni podil > Vétveni > FP operace per pixel >
pfistupy do paméti per pixel >
pomér mezi FP operacemi a pristupy do paméti > zavislost tloh

vk wnN =

Amdahl limituje vie

omezeni SIMT modelu

algoritmy na zpracovani obrazu maji obecné hodné FP operaci
pomér je zavisly na predchozich dvou hodnotéch (pro¢ ho zavadét?)
zavislost uloh urcuje obtiznost implementace (opravdu?)
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Studované pilotni algoritmy

e Stereo srovnavani obrazkl (Multiview Stereo Matching, MVS)

/" Bounding Box
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Studované pilotni algoritmy

e Stereo srovnavani obrazkl (Multiview Stereo Matching, MVS)
= popis algoritmu

*

*

vstup:

zkalibrované obrazy I = Iy, . . . ,Iy—1
projekéni matice P = Py, ... ,Pn_1
vystup:

3D bOdyX = Xo, . ,XM_1

porovnavani lokalnich oken mezi jednotlivymi obrazy

hloubka se pro bod (x,y) v referen¢nim obrazu urci pielozenim pfislusné
oblasti z /; na oblasti v obraz ;_;

bod s minimalnim sou¢tem absolutnich odchylek (SAD) a normalizovanou
cross-korelaci (NCC) je ulozen jako best-match

opakujeme pro ostatni sousedici obrazy (napf. /j;1)

bod je korektné urcen, pokud pocet best-match je nad hranici
MIN_COUNT

opakujeme pro viechny body a viechny referen¢ni obrazy

= slozitost: O(N*WHL)
N ...pocet vstupnich obrazl, W resp. H ...vodorovné resp. svislé
rozliseni, L ...velikost ohranicujiciho boxu
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Studované pilotni algoritmy

e Stereo srovnavani obrazkl (Multiview Stereo Matching, MVS)
= mapovani na GPU

*

* & 6 0 0 0

porovnavani lokalnich oken je nezavislé — dobfe mapuje na GPU
vlakno ~ pixel, tj. W x H vlaken

O(N) voléni kernelu pro vypocet hloubky pro jeden referen¢ni obraz
O(L) volani uvnitt kernelu

obrazky se nakopiruji do globalni paméti

koeficienty lokalniho okna jdou do sdilené paméti - ¢asty pristup
slozitost: O( % )

Tmax...maximalni pocet vldken na GPU (napf. 12288 na G80)

JPEG
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Studované pilotni algoritmy

e Ziskavani linearnich charakteristik (Linear Feature Extraction)
= rozpozndvaci aplikace: budovy, silni¢ni pruhy, ...

T. Zhou, “Linear Feature Extraction Based on an AR Model Edge Detector”
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=01169687

SR st Y.

JPEG
[e]e]e}


http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=01169687
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Studované pilotni algoritmy

e Ziskavani linearnich charakteristik (Linear Feature Extraction)
= popis algoritmu
* vstup: obrazek

* vystup: obrazek s detekovanymi hranami
+ pouzijeme algoritmus Nevatia-Babu s Cannyho detektorem hran

. detekce hran

. zUzenihran

. vytvoreni fetizkd hran na zakladé spojitosti v 8 smérech

. fitting car na fetizky

. pokud segment ¢ary dava vétsi chybu nez hrani¢ni hodnota, je ¢ara
rozdélena na 2

. posledni krok iterativné opakujeme

ubhwNn =

(o)}
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Studované pilotni algoritmy

e Ziskavani linearnich charakteristik (Linear Feature Extraction)
= mapovani na GPU

® B~ -
3 -t

Initialization Linking Fitting Splitting

* 6 per-pixel kernel(

1. Cannyho detektor hran jako per-pixel filtr

2. klasifikace pixel podle okoli 3 x 3 - Initialization

3. nalezeni co nejdelSich souvislych &asti, urceni pocatecniho a koncového

bodu - Linking

4. vypocet odchylky od Usecky prolozené mezi poc¢atecni a koncovy bod -
Fitting

. pokud odchylka presahuje Dmax, rozdéli se souvisly fetizek na dva

6. iterujeme posledni 3 kroky, dokud vznikaji nové segmenty

w
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Studované pilotni algoritmy

e Ziskavani linearnich charakteristik (Linear Feature Extraction)
= mapovani na GPU

* pocité se pro vsechny pixely — i ty, co hrany neobsahuji = omezeni
+ redundantni hledéni nejdelsich souvislych car
+ vyznamny podil over-computation
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Studované pilotni algoritmy

o Nefotorealisticky rendering

.
T —— S

= Cartoon-style NPR
= Oily-style NPR

JPEG
[e]e]e}
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Studované pilotni algoritmy

o Nefotorealisticky rendering

= popis algoritmu: Cartoon-style NPR
+ bilateralni filtrovani (plochy)
+ Cannyho detekce hran (¢ary)
+ prelozeni car pres plochy

= mapovani na GPU: Cartoon-style NPR
+ per pixel pro véechny operace
* vstupni obrazky jsou ulozeny ve 2D texturové paméti
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Studované pilotni algoritmy

o Nefotorealisticky rendering
= popis algoritmu: Oily-style NPR
+ rozdil plivodniho obrazu a gaussovsky rozostfeného obrazu per pixel (mira
rozostieni udava tloustku Stétce)
+ tah se generuje, pokud oblast v souctu rozdild dosahuje nad stanovenou
hranici
tah zacind od lokalniho maxima a vede po gradientu
tah se ulozi pouze je-li dost dlouhy
uloZené tahy se ,obtdhnou $tétcem” dané tloustky
proces zacina s ¢istym pozadim a opakuje se od nejtlustsiho Stétce k
nejtenc¢imu
= mapovani na GPU: Oily-style NPR
+ paralelizace per tah: problém s prekryvem taht
* paralelizace per pixel: problém jak vybrat potedi taht
+ reformuluace/heuristika: svétlejsi Stétec se pouzije pozdéji nez tmavsi
== pro dany pixel vybereme nejsvétlejsi barvu prekryvajicich se taha
+ musime hledat, kterymi tahy bude pixel ovlivnén (maximalni vzdalenost
od trajektorie tahu)
* vstupni obrazky jsou uloZeny ve 2D texturové paméti

* o o o0
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Metriky algoritm@
0000080

Pfehled pilotnich algoritm

JPEG2000
0000

Characteristics P = . Degree of Branching Diversity of
. rocessing Domain
Algorithms Concurrency Parallel Threads
Multiview Stereo Matching Pixel Massive Low
R . 3 B Low (Edge)
Linear Feature Extraction Pixel / Feature M.edlum High (Linking, Fitting)
JPEG2000 Encoding Pixel / Bitplanes I‘fzfj“(’lgéCD(V)VTT)) High
Non-Photorealistic Rendering Pixel Massive Low

Characteristics Floating-Point Other Featiires
Algorithms Arithmetic Intensity atu
Multiview Stereo Matching Low -
Linear Feature Extraction High Ovem;’;‘f ;tatmn
) High (DWT)
JPEG2000 Encoding High (EBCOT) o
Non-Photorealistic Rendering High Oc':)lr}:vg‘l:i::::e

JPEG
[e]e]e}
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Metriky algoritm@
000000

JPEG2000
0000

Vysledky pilotnich algoritm0

e charakteristika algoritma

Characteristics Parallel
Algorithms Fraction ()

FP Computation to
Memory Access Ratio (1)

FP Computation
Per Pixel (1)

[ Multiview Stereo Matching | 0.994 | 1.838 [ 4,900 |
| Linear Feature Extraction | 0.706 ‘ 5.183 ‘ 1,083 |
[ JPEG2000 Encoding (OWT) [ 0983 | 3.630 \ 552 |
| JPEG2000 Encoding (Tier-1) [ 0834 | 7.630 [ 579 |
| Cartoon-Style NPR [ 0987 ] 8.043 [ 45,118 |
| Oily-Style NPR [ 0992 | 13.363 | 4972 |

= MVS kompenzuje maly pomér FLOP/mem vysokou mirou paralelismu
= DWT kompenzuje malo FLOP/pixel vysokou mirou paralelismu

= LFE md problém s nizkou mirou paralelismu

JPEG
[e]e]e}
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Metriky algoritm@
000000

JPEG2000
0000

Vysledky pilotnich algoritmu

e charakteristika algoritma

JPEG
[e]e]e}

‘W Memory Access Branching ‘ Task ‘
Algorithms Per Pixel (1) diversity (]) | dependency (|)

| Multiview Stereo Matching ‘ 2,665 ‘ 0117 ‘ 1 |
| Linear Feature Extraction ‘ 209 ‘ 0.113 ‘ 11 |
[ JPEG2000 Encoding (DWT) | 152 [ 0138 ] 12 |
| JPEG2000 Encoding (Tier-1) | 76 | 0307 | 1 |
| Cartoon-Style NPR [ 5,609 I 6 |
| Oily-Style NPR | 372 | oim | 34 |

= task depenednecy: implementace bude stat hodné Usili (schoval se
nam diky zvolenému pfistupu EBCOT Tier-1)
== Oily-Style NPR m& mnoho iteraci, béhem nichz aktualizuje buffer
= EBCOT Tier-1 ma problém s vétvenim, niz$im paralelismem a malym

poctem FLOP/pixel
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Vysledky pilotnich algoritm0

Metriky algoritm@
000000e

e benchmarky CUDA

JPEG2000
0000

Characteristics | Global memory SM to GM Global memory GPU
Algorithms coalescing (7) access ratio () | Transfer (ms) (|) occupancy (])
[ Multiview Stereo Matching | 0.0013 [ 0.020 \ 107.28 [ 33%
[ Linear Feature Extraction | 0.0256 [ 0.090 \ 3.382 [ 41.65%
33% (vertical
JPEG2000 Encoding (DWT) 0.000 5.000 3.069 8395 (vertical)
83.33% (horizontal)
JPEG2000 Encoding (Tier-1) 00167 1.903 0.307 17.00%
\ Cartoon-Style NPR [ 01439 0.000 \ 0.435 \ 40.18%
\ Oily-Style NPR \ 01517 0.823 \ 0.435 | 52.19%

= DWT: agregace dlazdic sniz

occupancy)

\
\
ip

otfebny pocet registrd (= GPU

JPEG
[e]e]e}
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Vysledky pilotnich algoritm0

Metriky algoritm@
000000e

e benchmarky CUDA

JPEG2000
0000

W Data ‘ Source lines Kernel lines ‘
Algorithms dependency () (Host) (Device)

[ Multiview Stereo Matching | 2 T 187 |
‘ Linear Feature Extraction ‘ 36 ‘ 620 ‘ 318 ‘
JPEG2000 Encoding (DWT) 2 132 9:)%2‘:2::3)

JPEG2000 Encoding (Tier-1) 2 >1500 406
‘ Cartoon-Style NPR ‘ 0 ‘ 223 ‘ 232 ‘
\ Oily-Style NPR | 4 ETE 635 |

= Data Dependency: celkovy pocet volani __syncthreads () ; vV ramci

bloku vlaken

JPEG
[e]e]e}
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Vysledky pilotnich algoritm0

e zrychleni

Algorithms Data Resolution Speedup ‘ GEU Scalabihily l
| G92/CPU [ GX200/CPU | GX200/G92 |
| Multiview Stereo Matching ‘ TempleRing (47 Images) ‘ 54.18x | 167.47x ‘ 3.09x i

512 x 512 93.71x 149.84x 1.61x

1024 x 768 97.51x 168.46x 1.73x

Cartoon-Style NPR 1280 x 1024 76.79x 131.34x 1.71x

1200 x 1800 117.30x 201.27x 1.72x

2288 x 1712 126.64x 219.03x 1.73x

512 x 512 81.71x 129.72x 1.59x

1024 x 768 69.00x 112.52x 1.63x

Oily-Style NPR 1280 x 1024 105.47x 159.17x 1.51x

1200 x 1800 83.16x 130.00x 1.56x

2288 x 1712 85.27x 139.01x 1.63x

JPEG
[e]e]e}
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Vysledky pilotnich algoritm0

e zrychleni

Metriky algoritm@
000000e

JPEG2000
0000

Speedup

GPU Scalability |

Algorithms Data Resolution |
’ | G92/CPU | GX200/CPU | GX200/G92
512 x 512 1.99x 2.42x 1.22x
1024 x 768 2.53x 2.90x 1.14x
Linear Feature Extraction 1280 x 1024 2.43x 2.72x 111
1200 x 1800 2.65x 3.22x 1,29
2288 x 1712 2.33x 3.00x 1.29x
512 x 512 4.06x 6.94x 1.71x
1024 x 768 7.27x 12.92x 1.78x
JPEG2000 Encoding (DWT) 1280 x 1024 5.28x 8.98x 1.70x
1200 x 1800 5.14x 9.13x 1.78x
2288 x 1712 5.18x 9.26x 1.79x
3024 x 2089 5.30x 9.34x 1.76x
512 x 512 0.46x 0.35x 0.77x
1024 x 768 0.60x 0.70x 1.17x
JPEG2000 Encoding (Tier-1) 1280 x 1024 0.68x 0.75x 1.11x
1200 x 1800 1.21x 1.12x 0.92x
2288 x 1712 1.12x 1.61x 1.44x
3024 x 2089 0.73x 0.98x 1:35x
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JPEG2000 - prehled procesu

i Context Arithmetic 5 T 1
| 0 > . O g !
Source i| modeling coding Q=
image T - i
] EEe—m——— ;
'l Output [
Color DWTarlmd i t P | Output
forms quanti-- ) | sweam | JPEG2000
trans zation 'l formating |

e Literatura z nasi zahradky :-))

= MATELA, Jifi. GPU-Based DWT Acceleration for JPEG2000. In Annual Doctoral Workshop on
Mathematical and Engineering Methods in Computer Science. Brno : NOVPRESS s.r.0., 2009.
od s. 136-143, 8 5. ISBN 978-80-87342-04-6.

= MATELA, Jii - RUSNAK, Vit - HOLUB, Petr. Efficient JPEG2000 EBCOT Context Modeling for
Massively Parallel Architectures. In Storer, James A. and Marcellin, Michael W.. Data
Compression Conference (DCC), 2011. Washington, DC, USA : IEEE Computer Society, 2011.
od s.423-432,10s. ISBN 978-0-7695-4352-9.

= MATELA, Jiii - SROM, Martin - HOLUB, Petr. Low GPU Occupancy Approach to Fast Arithmetic
Coding in JPEG2000. In Z. Kotasek et al.. MEMICS 2011, LNCS 7119 - to appear. Heidelberg :
Springer, 2011. od s. 136-145.
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Diskrétni vinkova transformace

e Rozlozeni obrazu do rekurzivné se opakujicich past LL, HL, LH, HH

LH; | HI,
HIL,
LHy, | HH (1)
HL;
LHa HHz
o ()
LH, HH,;
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Diskrétni vinkova transformace

e Lifting schéma
= low-pass a high-pass filtry
d = - 1(s0+ 5h)
2
=+ g (d+d)

o Aplikace na fadky, poté na sloupce

JPEG
[e]e]e}
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Diskrétni vinkova transformace

e Lifting schéma
= preusporadani vysledného obrazu

e Mapovani na GPU

= 2D thread block
= kazdé vlakno zpracovava jeden lichy a jeden sudy prvek

JPEG
[e]e]e}
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Diskrétni vinkova transformace
B,,D,

e Mapovani na GPU

1. nacteni z globalni do sdilené paméti
2. aplikace lifting schéma na fadky

s(T:][2Ty + 1] = s[T2][2Ty + 1] + p - (s[T2][2T] + s[T2][2T, + 2])
s[T,)[2T,] = s[T,][2T,] + u - (s[T,)[2T, — 1] + s[2T,, + 1])
3. aplikace lifting schéma na sloupce (prohozeni T, a T,)
4. ulozeni vysledkd do globalni paméti s pfeuspofadanim
+ ulozeni sudych pak lichych radku

« v ramci radku prvni polovina vldken ¢te LL (resp. LH), druha polovina HL
(resp. HH) == koalescentni pfistup do globalni paméti
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Diskrétni vinkova transformace

Implementation 512x512 1920x1080 Speedup

JasPer 6ms 55ms N/AX
CUDA DWT 0.12ms 0.81ms 67.9%
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Modelovani kontextu

e Hledani kontextu pro kompresi aritmetickym adaptivnim kodérem
e Jde se po jednotlivych bitplanech
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Modelovani kontextu

o 3faze:

1. Significance Propagation Pass (SPP)
2. Magnitude Refinement Pass (MRP)
3. Cleanup Pass (CUP)

JPEG
[e]e]e}
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Modelovani kontextu

e 4 kddovaci operace
1. Zero Coding (ZQC)
2. Run-Length Coding (RLC)
3. Magnitude Refinement Coding (MRC)
4. Sign Coding (SC)

o kazdy bit je zakédovan jednou nebo vice operacemi pravé v jedné
fazi
e vystupem kdédovacich operaci je par CX,D
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Modelovani kontextu

e Urcenifaze pro dany bit
= zélezi najeho stavu
= zalezi na stavu jeho sousedd
= to vie se vyviji (proménné o, o', 1), jak bity prochazi jednotlivymi
fazemi podle scan-pattern — =(((((((((((
e Dle definice vysoce sekven¢ni proces

= umoznuje paralelizmus jediné na Urovni code block
= ... sjistymi se specialnimi vyjimkami (causal mode)
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Modelovani kontextu

e Reformulace problému
= nahrada pavodnich stavovych proménnych o, o/, 1) za proménné p, T
= nové proménné Ize pfedpocitat paralelné pro kazdy bit
= vypocet p

Bitplane index 1...n Value of a pixel at x, y

9 If ")/th > 2p
., otherwise

Pixel position in the code block
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Modelovani kontextu

e Reformulace problému
= vypoclet T

1 1
L Ry=1% pky =0A%,=1A \/(f,j)eo;‘,y(p?j

1)
1 1
2. %y =1 & PQ; =0AYy =1A \/(ilj)eélgyy(7'5r =1)

3. Step 2 is repeated until there is no new 7%, = 1 found

EEE EE[

EER NEEL

EEE N[
6?7}, 0%,
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Modelovani kontextu

e Reformulace problému
= pomocnha promeénna §

e 0%, = 1 indicates a position 7%, is in PN in SPP

+1
o %y =Vijeos, (0 =DV Vijeros,o8,.02,3 (7 = 1)
* Where selection of surrounding 6, , depends on position of the bit
Y%y on y-axis.

5 4
x,yvex,y

EEE EEE EE EER
EEE EE NEEL EEL]
EEER N EO0) Opg

A 5 4 3
0X7y HX-,Y 9)(7)’ ax,y
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Modelovani kontextu

e Dukazy ekvivalence

= Pavodni:
Bit je kédovan v SPP, pokud neni signifikantni (o = 0) a je v
preferovaném okoli (preferred neighborhood).

= Paralelni:
Bit je kddovan v SPP, pokud neni signifikantni (o”*' = 0) aje v
preferovaném okoli (6 = 1).

= ...nasleduje dikaz ekvivalence indukci ;-)))
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Modelovani kontextu

Color image in 1080p resolution

800 —— ‘ ‘ ‘ :
| 642ms, 1075>§<)9 100 |

3 I |
S 400 i
£ i |
‘-§ - i
& 200 R
i 98 ms 16X 94 ms 15x |

0 B . . 6ms ref

G & N~ N
\QQ’ \,bfg \l\%{. (/0\(1’ 3

?‘
& Q
o o
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Aritmetické kddovani — MQ-Coder

e Binarni aritmeticky kodér
= LPSdo [O,Q)
= MPSdo [Q,A]
= Qje pravdépodobnost vyskytu LPS
= vysledek C
o Adaptivni
= méni se vyznam LPS/MPS
e Kontextovy

= vstup ma pfifazen kontext
= kontextu urcuje stav kodéru

+ mapovani symbolt na MPS/LPS
+ pravdépodobnost LPS

MPS [A=A(1-Q) | C=C+AQ
LPS | A=AQ c=cC
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Aritmetické kddovani — MQ-Coder

e Problémy
= pfili$ hruby paralelismus
= podminéné vétvené zavislé na vstupnich datech
= nedd se odstéhovat na CPU — na GPU méme tou dobou 2x tolik dat
(CX.D)
e Pozitiva
= neni tak ndro¢né jako kontextové modelovani
| 720p | 1080p | 4K
Basic | 38 ms | 45ms | 93 ms

e Nenasli jsme zpUsob principidlni paralelizace :-(
= analyza rGznych optimaliza¢nich technik
= néktefi vyzkumnici vymysleji jiné kodéry — problém nekompatibility se
standardem
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Aritmetické kddovani — MQ-Coder

e Prevod implementace do registr
= |okaIni datové struktury do registr(
= prdmérné: 240% zrychleni
— registry jsou opravdu nejrychlejsi (i vici sdilené paméti)
e Rozvinovani cykl{
= navrzeno jako optimaliza¢ni technika pro VLSI
= pouziti MAD instrukce: A = A - nQ,, C = C + nQ.
= paralelni prohledavani — detekce sekvenci
= primérné: 31% zpomaleni
== zrychleni zpracovani ani nevyvazi rezii pfedpoditani
= zastoupeni sérii MPS symbol{i neni dostatecné casté (17-25 % sekvenci
2-32)
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Aritmetické kddovani — MQ-Coder

e Prefix sum
= zpracovava sérii MPS symbold nezavisle na CX
= nemuze pouzivat MAD (rdzné CX znamena r(izné Q.)
= Q. jsou s¢itany paralelné, soucet pouzit pro Upravu A a C
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Aritmetické kddovani — MQ-Coder

e Renormalizace
= pokud A ~ 1, mizeme aproximovat: A(1-Q) ~A-QaAQ=0Q
= omezeni poc¢tu nasobeni

e Vylep3end rozsifena renormalizace

= renormalizace se provadi, pokud A klesne pod 0x8000
= n-krat se ndsobi AaC, az je A > 0x8000
= existujici ndvrh urychleni: n ur¢it vyhleddvaci tabulkou a pouzit shift
= publikovany algoritmus mél chybu — neresil korektné preteceni
= muzeme vyuzit CLZ instrukci misto vyhledavaci tabulky
= pramérné: 39% zrychleni
== shifty a CLZ jsou rychlé
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Aritmetické kddovani — MQ-Coder

e Nacitani dat po blocich
= hrubé vldknéni vede na nekoalescentni pristup do paméti - vldkna
zpracovavaji rizné ¢asti bloku
= pom(iZe nacitat data po vétsich blocich’
= vyuZiti double (8B) misto int (4B)
= optimalizace poctu natahovanych double podle vykonu
= pramérné: 33% zrychleni pro 16 natahovanych double

Wolkov, V.: Better Performance at Lower Occupancy. In: GPU Technology Conference
2010.(2010)



Vlastnosti CUDA
00000000

Aritmetické kddovani — MQ-Coder

Metriky algoritm
0000000

e Optimalizace vyuziti karty

= diky hrubé granularité kazdé vldkno potiebuje hodné zdrojl

= vytvafi tlak na registry

= optimalizace vyuziti karty na vysledny vykon

Relative performance

0.9

0.8

0.7

0.6

0.5

JPEG2000
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—e— 720p
-w- 1080p
et 4K

40 60
Occupancy [%]

80

JPEG
[e]e]e}



e Shrnuti optimalizaci

JPEG2000
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Aritmetické kddovani — MQ-Coder

720p

1080p

K

GPU Basic
GPU R

GPU R+ERN
GPU R+LU
GPU R+PS
GPU R+CL

38.0ms
16.2 ms
11.9ms
18.1ms
20.9 ms
12.1ms

2.3%
3.2X
2.1x
1.8%
3.1x

45.0 ms
18.9ms
14.9 ms
31.2ms
25.7ms
13.2ms

2.4x
3.0x
1.4x
1.8x
3.4%

92.9ms
48.5 ms
44.9 ms
87.1ms
64.6 ms
27.7Tms

1.9%
2.1x
1.1x
1.4%
3.4x

GPU
R+ERN+CL

7.3 ms

5.2x

8.1 ms

5.6%

17.6 ms

5.3X%

JPEG
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Aritmetické kddovani — MQ-Coder

e Vysledny vykon

720p | 1080p K
OpenJPEG 1.4 157ms | 316ms | 1081 ms
Jasper 1.900.1 89ms | 178ms 594 ms
Kakadu 6.4 (41t) 41ms | 84ms | 284ms
CUJ2K 1.1 ~25ms | ~49ms | ~166 ms
CUDA GPU 73ms | 8.1ms | 17.6 ms
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JPEG - schéma zpracovani

GPU Pre- Huffman Codestream
processing encoding formatting
i
i
Input | Huffman Codestream
CPU — loading vi encoding }> { formatting }> B
GPU with restart Post-

processing

CPU *)’ Input F” Codestream },,,’ Huffman }» 7777777

loading parsing decoding

()
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JPEG - Kédovani entropie

e RLE + Huffman

= 16 nul se kéduje jako specidlni symbol 0xFO

= zbytek nul se kéduje s nenulovymi symboly Huffmanem
e Huffman: neadaptivni kodér

= vybér symbolli se da délat pIné paralelné
= pfi znalosti velikosti symboll je mozné urcit jejich umisténi ve vysledku
- prefix sum

JPEG
oeo



Paraleni RLE

tid (= thread ID) —>

bitwise OR

tmp = __clz(map & mask); pzc = 2x(tmp - (32 - tid)); if ((0x80000000 >> tmp) > (map_o & mask)) {pzc++;}

pzc = [o[o[o[o[1]o[o[1]s]o]o[i]5]o]o oo o]olo o 2 s s woliz]

Decompose to zeros before even and odd elements.

pzc

(even==0) 7 pzc+l : 0

[oTooTo[s olo]1Ts o] T3 0[0]oTo o o o o 2 4 6 8 roiz]

I 8 N 3 0 Y 3 3 Y A 0 2 ) 6 Y A 2 K ) D S S D)

JPEG
ooe



	Vlastnosti CUDA
	Metriky algoritmu
	JPEG2000
	JPEG

