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Java Ha GPU: raoe mbl
cemyac?

N 3auem?

Omutpnn AnekcaHapos
@bercut2000 | T-Systems
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Y10 Takoe Buaeokaprta?

YcTtpouncteo, npeobpasyrouee rpadbnyeckmimi 0bpas, XpaHALLMMUCA KaK
coaepKMmoe NamaTy KomnbioTepa (Mam camoro agantepa), B popmy,
NPUroAHY ANA AaNbHEULLEro BbIBOAA HA 3KPaH MOHUTOPA.
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Y10 Takoe Buaeokaprta?

Ho cerogHa:

BMAEOKAPTbl HE OrPAHUYMNBALOTCA NPOCTbIM BbIBOAOM M306parkeHUs,
OHWU MMEIOT BCTPOEHHbIN rpadUyecKnin NpoLeccop, KOTOPbIN MOXKET
NPOU3BOANTb AOMOJIHUTENbHYIO 06PabOTKY, CHMMaAA 3Ty 33434y

C LLEHTPa/IbHOro NPOoLLeccopa KoMnbroTepa.

Dmitry Alexandrov | @bercut2000 | (",')5,',1(,1:; '}(,1:;,')5;
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N 4TO OHa AenaeT?
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Y10 Takoe GPU?

* Graphics Processing Unit
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Y10 Takoe GPU?

* Graphics Processing Unit

* [TonynapusnposaHo Nvidia 81999
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Y10 Takoe GPU?

* Graphics Processing Unit

* [TonynapusnposaHo Nvidia 81999

» GeForce 256 HasbiBatoT «[lepBbiM B Mmupe GPU»

| o1 ommo | "
exandrov | @bercut2000 l"»’)‘,‘," o | 1ag ’ o



Y10 Takoe GPU?

* B To Bpemsa onpeaenanocob Kak “oaHOYUNHbLINM NPOLECCcop C
MHTErPUPOBAHHbIMU ABUMMXKKaMU A8 06paboTKKU TpaHCchopmaLmn,
OCBeLWlEeHUA N peHaepPUHra cnocobHbiv 06pabaTbiBaTb MUHUMYM
10,000,000 nonnroHoB B cekyHAy”
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Y10 Takoe GPU?

* B To Bpemsa onpeaenanocob Kak “oaHOYUNHbLINM NPOLECCcop C
MHTErPUPOBAHHbIMU ABUMMXKKaMU A8 06paboTKKU TpaHCchopmaLmn,
OCBeLWlEeHUA N peHaepPUHra cnocobHbiv 06pabaTbiBaTb MUHUMYM
10,000,000 nonnroHoB B cekyHAy”

* ATl nx, npasaa, Ha3biBasa VPU..
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Shader Shader
Core Core
Shader Shader
Core Core
Shader Shader
Core Core
Shader Shader
Core Core

Input Assembly

Rasterizer

Output Blend

Video Decode

Work
Distributor

[To cyTv 3TO BbIrNAANT NPUMEPHO TaK

HW
or
SW?

JokerCont |
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GPGPU

* General-purpose computing on graphics processing units
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GPGPU

* General-purpose computing on graphics processing units

* BbluncneHna oTHoOCSALLMECA He TO/IbKO K rpadukKe...
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GPGPU

* General-purpose computing on graphics processing units
* BbluMcneHmnA OTHOCSALLLMECA HEe TO/IbKO K rpaduKe...

* ... HO U Te, KOoTopble 0bbi4yHO aenatoT CPU

JokerCont | 3-2 November 2017 | $t-Petersburg, Russia Dmitry Alexandrov | @bercut2000 | @bgjug | jug,
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JTO KPYTO, HAM HaZ0 UX
MPUMEHUTD!

r 2017 | St-Peterst



[loOCMOTPUM Ha Xeneso

Based on
“From Shader Code to a Teraflop: How GPU Shader Cores Work”, By Kayvon Fatahalian, Stanford University
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[TomepHo TaK Bbirnaamt CPU

Data cache
(a big one)

ALU
(Execute)




A 4TO HaM HYXKHO?

sampler mySamp;
Texture2D<float3> myTex;
float3 lightDir;

float4 diffuseShader(float3 norm, float2 uv)

{
float3 kd;

kd = myTex.Sample(mySamp, uv);
kd *= clamp( dot(lightDir, norm), .
return float4(kd, 1.9);

1 unshaded fragment input record D

!

<diffuseShader>:

sample ro, v4, to, so

mul r3,
madd r3,
) nadd r3,
clmp r3,
mul o0,
mul o1,
9, 1'0)3 mul o2,
mov o3,

vo,
vl,
v2,
r3,
ro,
ri,
r2,
1(1.

cbo[o]

cbo[1], r3
cbo[2], r3
1(0.9), 1(1.0)
r3

r3

r3

Q)

!

1 shaded fragment output record .

JokerCont
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YNPOCTUM...

ALU
(Execute) Noen 1:
Y6epem Bce nnwiHee, 4Tobbl BbICTPO
BbIMNO/IHATb OAHY MHCTPYKLMUIO.

[
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Jlanee NpoCTO PAa3MHOXKUM

fragment 1 fragment 2

' e B
ALU ALU
(Execute) (Execute)

==




YT0bbl OBIZIO COBCEM MHOTO

| AL |

| A |

| AL |

| A |

| AW |

| AW |

| AW |

| AW |

| AW |

| A |

| AL |

| AL |

| AW |

e s s ==

| AW |

= = = -
£ 0 B |

| AW |

= = = -
[ O ) O |

| AW |

o = = -

16 cores = 16 simultaneous instruction streams




HO Bedb Mbl AenaemM NPUMEPHO
OHO U TO e, HO C Pa3HbIMM
NaHHbIMU




N mbl apoxoamm Ao SIMD napaanrmeol

SIMD Instruction Pool

Data Pool
Vector Unit




N mbl apoxoamm Ao SIMD napaanrmeol

ALU
(Execute)

Upea 2:
YNpocTUm MeHeaXMeHT UHCTPYKL UM
N PaCKMHEM ero Ha MHoXecTso AJ1Y

SIMD processing




A TYT Mbl HAYMHAEM PaCcCy»KaTb B BEKTOPAX

1] 2] 3] 4]
5)(6][7]l8

- <VEC8_diffuseShader>:
VEC8_sample vec_ro, vec_v4, t0, vec_sO

VEC8_mul vec_r3, vec_vO, cbe[0]
ALU 1| |ALU 2| |ALU 3| (ALU 4 VEC8_madd vec_r3, vec_vl, cb@[1], vec_r3
VEC8_madd vec_r3, vec_v2, cbo[2], vec_r3
ALU 5| |ALU 6| |ALU 7! |ALU 8 VEC8_clmp vec_r3, vec_r3, 1(0.9), 1(1.0)
VEC8_mul vec_o@, vec_r@, vec_r3

VEC8_mul vec_ol, vec_ril, vec_r3

VEC8_mul vec_o2, vec_r2, vec_r3
VEC8_mov 03, 1(1.0)
Shared Ctx Data

e | & ¢ oL 91 | @ coles e . ‘ . cevd | @horri 2000 | @l
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16 cores = 128 ALUs , 16 simultaneous instruction streams .

, p > I ) I ‘ ! [ [
(‘“!\‘u'k ‘“')" "/.' ol- y n'» { v"._. "‘..' . ‘)17\);“’\‘ ,‘”’("'."')(!r( " | @Her( (;f_>(\( )(\ ' (« )i'%'(”"‘ ((11"_ )1»I‘



CobCcTBEHHO Kak Noa 3TO BCe
KOAUTb ?




Bce 3170 Havanochk ¢ wenaepos (Shaders)

* KpyTble BUAEOKapTbl MOrAn moram pasrpyXatb CPU oT HeEKOTOpPbIX
3a4au
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

* KpyTble BUAEOKapTbl MOrAn moram pasrpyXatb CPU oT HeEKOTOpPbIX
3a4au

* Ho 60/1bLLINHCTBO aNrOPUTMOB DObln “XapaKkoaHyTbiMK”
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

* KpyTble BUAEOKapTbl MOrAn moram pasrpyXatb CPU oT HeEKOTOpPbIX
3a4au

* Ho 60/1bLLINHCTBO aNrOPUTMOB DObln “XapaKkoaHyTbiMK”

* OHU cuntanucb “CraHpgapTHbiMmn”
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

* KpyTble BUAEOKapTbl MOrAn moram pasrpyXatb CPU oT HeEKOTOpPbIX
3a4au

* Ho 60/1bLLINHCTBO aNrOPUTMOB DObln “XapaKkoaHyTbiMK”
* OHU cuntanucb “CraHpgapTHbiMmn”

* [lporpammmcTbl MPOCTO MOT/IN BbI3bIBaTb UX
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

* Ho, NOHATHO, He BCe MOXHO caenaTb «3axXapaxXoKeHHbIMU» aNropnuTMmamm
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

* Ho, NOHATHO, He BCe MOXHO caenaTb «3axXapaxXoKeHHbIMU» aNropnuTMmamm

* [ToaTOMYy HEKOTOPbIE NPOUN3BOANTENN BUAEOKAPT KOTKPbLIAN AOCTYN», YTOObI
NPOrpPaMmMMCTbI 3arpyKasin CBOM NPOrpaMmmbl

JokerCont | 3-2 November 2017 | $t-Petersburg, Russia Dmitry Alexandrov | @bercut2000 | @bgjug | jug,

(
$.5¢,



Bce 3170 Havanochk ¢ wenaepos (Shaders)

* Ho, NOHATHO, He BCe MOXHO caenaTb «3axXapaxXoKeHHbIMU» aNropnuTMmamm

* [ToaTOMYy HEKOTOPbIE NPOUN3BOANTENN BUAEOKAPT KOTKPbLIAN AOCTYN», YTOObI
NPOrpPaMmMMCTbI 3arpyKasin CBOM NPOrpaMmmbl

* 3T HebosibluMe Nporpammbl 1 Ha3biBatoTca Shaders
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Bce 3170 Havanochk ¢ wenaepos (Shaders)

Ho, NOHATHO, He BCe MOXHO caenatb «3axXapaxXoKeHHbIMU» aNropnuTMmamm

* [ToaTOMYy HEKOTOPbIE NPOUN3BOANTENN BUAEOKAPT KOTKPbLIAN AOCTYN», YTOObI
NPOrpPaMmMMCTbI 3arpyKasin CBOM NPOrpaMmmbl

3T HebonblWKMe Nporpammbl U HadbiBatoTca Shaders

C 3TOro MomeHTa BUAeoaaanTepbl Mornm obpabatbiBaTtbh TpaHCcPoOpMaL My,
reoMeTpPUIo U TEKCTYPY KaK YyroaHO NPOrpamMmMuUCTy

JokerConf | 3-2 November 2017 | $t- "(".c"’gf)‘,1"§1. Russia Dmitry Alexandrov | @bercut2000 | (",')5:,1(1:; ' '}d:;,.')g‘;



Bce 3170 Havanochk ¢ wenaepos (Shaders)

* CHavana wengepbl 6b1N pa3HbIX TUMOB:
* Vertex
* Geometry
* Pixel

* Ho notom nx o6veamHmnam Common Shader Architecture
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CyLLecTBYeT HECKOIbKO LUernaepPHbIX A3bIKOB

* RenderMan
* OSL

* GLSL

e Cg

* DirectX ASM
* HLSL




[Toumep Wwenaepa

sampler mySamp;
Texture2D<float3> myTex;
float3 lightDir;

float4 diffuseShader(float3 norm, float2 uv)

{
float3 kd;

kd = myTex.Sample(mySamp, uv);

kd *= clamp( dot(lightDir, norm), .

return float4(kd, 1.9);

1 unshaded fragment input record D

!

<diffuseShader>:

sample ro, v4, to, so

mul r3,
madd r3,
) nadd r3,
clmp r3,
mul o0,
mul o1,
9, 1'0)3 mul o2,
mov o3,

vo,
vl,
v2,
r3,
ro,
ri,
r2,
1(1.

cbo[o]

cbo[1], r3
cbo[2], r3
1(0.9), 1(1.0)
r3

r3

r3

Q)

!

1 shaded fragment output record .
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IPPEKT Ha AMUO (Ha MOHUTO




HO xo4yeTca He NOPOU He CTOJb
HU3KNWN YPOBEHD..

, I o . ] -~ o ‘ ) ) ) T IS Y ; | 1 | [
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YUnTblBaA, YTO 3TO BCE HAYaANOCh
C UTPYLLEK..
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ObuemnssecTHble abCcTpaKkLUMK:

* OpenGL

* 370 cross-language, cross-platform application programminginterface (API)
ana pedHgepuHr 2D un 3D BekTopHOU rpadpukn. laHHoe APl TMnnyHo
opueHTUpoBaHo Ha GPU, ana noctuxkeHuns hardware-accelerated rendering.

* Silicon Graphics Inc., (SGI) Hayano pa3paboTKky OpenGL B 1991 BbinycTU/IO B
AHBape 1992

* DirectX

* Direct3D sto rpadpuyeckoe APl ana Microsoft Windows. Yactb DirectX,
Direct3D ans peHgepuHra 3D BekTopHOMU rpadmKku. Direct3D
ncnonb3yet hardware acceleration echn oHa gocTynHa Ha BUAeoaaanTepe,
NO3B0/1IA MOJIHOE UM YaCTUYHOE BUAEO YCKOPEHMUE.

(D | © ¢« <O ¢ ~ e pu . e « o ’ " | &l " . o | [ | I
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OpenGL B Java

* JSR-231

[)( ".( yrgr) 'r(i‘.



OpenGL B Java

* JSR-231

* Hayanum B 2003 r.
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OpenGL B Java

e JSR—-231
* Hayanum B 2003 r.

* KpanHuun penuns 2008 r.
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OpenGL B Java

e JSR—-231
* Hayanm 8 2003 r.
* KpanHuun penuns 2008 r.

* [logpepxuneaetca OpenGL2.0
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OpenGL

* HbiHe He3aBuUcnmbIn npoekT GOGL

, I o . ) -1 o ‘ . ) ) T IS Y ; | 1 | [
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OpenGL

* HbiHe He3aBuUcnmbIn npoekT GOGL

* [logpepuneaetca OpenGLup to 4.5
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OpenGL

* HbiHe He3aBuUcnmbIn npoekT GOGL
* [logpepuneaetca OpenGLup to 4.5

* [lo3BondaeT socnonb3loBatbca GLU v GLUT
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OpenGL

* HbiHe He3aBuUcnmbIn npoekT GOGL
* [logpepuneaetca OpenGLup to 4.5
* [lo3BonAaeT Bocnosb3osatbca GLU n GLUT

* lloctyn ao HKU3KoyposHesoro APl HanucaHHoro Ha C 4yepes JNI

JokerCont | 3-2 November 2017 | $t-Petersburg, Russia Dmitry Alexandrov | @bercut2000 | @bgjug | jugbg,
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Ho roe-to nocae 2005-ro roaa
NPULLIO OCO3HaHWMeE, YTO 3TO
HY*KHO HE TOJIbKO AN1A UrpyLlek!




BrookGPU

* PaHHMWe nonbITKN npumeHnTb GPGPU
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BrookGPU

* PaHHMWe nonbITKN npumeHnTb GPGPU

 CobctBeHHOe noamHoXxecTBo ANSI C
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BrookGPU

* PaHHMWe nonbITKN npumeHnTb GPGPU
 CobctBeHHOe noamHoXxecTBo ANSI C

* Brook Streaming Language
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BrookGPU

* PaHHMWe nonbITKN npumeHnTb GPGPU
 CobctBeHHOe noamHoXxecTBo ANSI C
* Brook Streaming Language

* PaszpaboTaH B Stanford University
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GPGPU

* CUDA — Nvidia nponpuetapHasa TexHonorma. C-noao00bHbIN A3bIK.

* DirectCompute — Microsoft nponpueTapHbIN WENOEPHbIN A3bIK,
yacTb Direct3d, HaunHasa c DirectX 10.

* AMD FireStream — ATl nponpuneTtapHaa TeXHONOrUA.

* OpenACC— KoHcopumym 4x nponssoautenemn

* C++ AMP — Microsoft nponpueTapHbIi A3bIK

* OpenCL — EQnHbIN cTaHOapT noAa KoHTponem Kronos group.

» I & ¢ . . ~ 1l e ) T ‘ ; (. | | I
JokerConf | 3-2 November 2017 | .\L"(".("‘g.’)d"j;, Russia Dmitry Alexandrov | @bercut2000 | @ grug, | Jug,.ne



3auem BoobLwe cBA3bIBaTb Java n GPGPU?

* [loyemy Java
* be3onacHaAa u rmbkas
e Portability (Kak 6bl “write once, run everywhere”)
e PacnpocTtpaHeHHas (npam Be3ae)
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3ayem BoobLwe cBA3bIiBaTb Java n GPU

* [loyemy Java
* be3onacHaAa u rmbkas
e Portability (Kak 6bl “write once, run everywhere”)
e PacnpocTtpaHeHHas (npam Be3ae)

* [ne npnaenatb GPU
e Data Analytics and Data Science (Hadoop, Spark ...)
* Security analytics (log processing)
* Finance/Banking
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I1nAa 3TOro y Hac ecTb:

<A NVIDIA.
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Ho Beab Java y Hac paboTaeT Ha
JVM.. Tam e BCe Ha HU3KOM

VPOBHE..




1151 HN3KOTO YPOBHA YPOBHA Mbl OObIYHO
MCNONb3YEM:

* JNI (Java Native Interface)

e JNA (Java Native Access)




Ho Beab 3TO ke be3symue.. Tak
e MOXHO C YMa COUTMU...

I
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Nna OpenCL:

* JOCL

[)( ".( yrgr) 'r(i‘.



Nna OpenCL:

* JOCL

* JogAmp




Nna OpenCL:

* JOCL
* JogAmp

 JavaCL (y*ke He noaaeprkmnBaeTcs)
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.. an ana Cuda

* JCuda
* Cublas
e JCufft
e JCurand
* JCusparse
e JCusolver
* Jnvgraph
* Jcudpp

* JNpp
e JCudnn
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Pabotatb ¢ GPU 310 choyKHO!

* 3TO HE NPOCTO TaK 3aNyCTUTb NPOrPaAMMKY
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Pabotatb ¢ GPU 310 choyKHO!

* 3TO HE NPOCTO TaK 3aNyCTUTb NPOrPaAMMKY

* HeobxoaMmo 3HaTb Ha KaKom 0bopyaoBaHnM paboTaellb

JokerCont ' 2-24 November 2017 St- l’(".("’gf)(,1"§1. Riussia Dmitry Alexandroy ' @bercut2000 ' (",')5;,}(1:; ‘ 106 L

(
$.5¢,



Pabotatb ¢ GPU 310 choyKHO!

* 3TO He NMPOCTO TaK 3aNyCTUTb NPOrPaAMMKY
* HeobxoaMmo 3HaTb Ha KaKom 0bopyaoBaHnM paboTaellb

* PaboTaeT Ha HU3KOM YPOBHE
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CHa4vas1a PaCCMOTPUM:
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Y10 3TO TaKkoe?

* CoKpauweHune Open Compute Language
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Y10 3TO TaKkoe?

* CoKpauweHune Open Compute Language

* KoHcopumym Apple, nVidia, AMD, IBM, Intel, ARM, Motorola u
APYrmx KOMNaHUu
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Y10 3TO TaKkoe?

* CoKpauweHune Open Compute Language

* KoHcopumym Apple, nVidia, AMD, IBM, Intel, ARM, Motorola u
APYrmx KOMNaHUu

* OyeHb abcTpaKTHasa moae b
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Y10 3TO TaKkoe?

* CoKpauweHune Open Compute Language

* KoHcopumym Apple, nVidia, AMD, IBM, Intel, ARM, Motorola u
APYrmx KOMNaHUu

* OyeHb abcTpaKTHasa moae b

e PaboTtaet n Ha GPU un Ha CPU
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[To naee nosxkeH paboTaTb Ha BCEM

TI DSP’s, FPGAs, Hardware
Accelerators.

Programming using propreitary
tools only

CPUs, x86, x86_64 or | HeterogeneousComputing

ARM
MulticoreArchitecture.

Programming using
OpenMP, POSIX Threads etc

GPUs AMD, NVIDIA®
Imagination®, MALI" Graphics.
large number of specialized
cores, targetted for General
Purpose Computing.
Programming using propreitary

\, tools.

og, Russia Dmitry Alexandrov | @bercut2000 |



B obuwem oHO paboTaeT Tak:

[aHHbIE

v

Mporpamma/Kernel

DEVICE




B obuwem oHO paboTaeT Tak:




B obuwem oHO paboTaeT Tak:

DEVICE

Pe3ynbraT




TUNNYHBIN *KM3HEHHbIN UMKA OpenCL
MPUNOKEHUS

* Co3paeTca context

e Co3paetca command queue

e Co3spatotca memory buffers/3anonHsaoTca BXOAHbIMU AaHHbIMU
» Co3paeTcs nporpamma m3 sources/rpy3sarca binaries
 Komnunnpyetcsa (ecam Hapo)

e Co3pnaetca kernel ns nporpammei

* YcraHasnuBatotca kernel aprymeHnTol

* YctaHasnueaeTca ND range

* BbinonHAaeTcA

* Bo3spaulaeTtca resulting data

* OcBobOKaatoTCA pecypchbl
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1. EcTb host code. OH Ha Java.




2. EcTb device code. 2710
cneundunyeckoe noaAMHOKECTBO
a3blka C.




3. KommyHMKauma mexay host m
device NponCxXoanT C MOMOLLb
memory buffers.




TaK YTO Mbl TaM MOXKeM
nepeaaBaTb?
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Tvnbl AaHHbIX: CKaNApb

ovember 2017 | $t-Petersburs, Russia

Basic data types Application data
types

bool n/a

char cl_char

unsigned char, c¢l_uchar

uchar

short cl short

unsigned cl_ushort

short, ushort

int

unsigned int,
uint

long

unsigned long,
ulong

float
double

half*

cl_int
cl uint
cl_long

cl ulong

cl float
cl_double

cl half

")1.‘1".']‘\ ]




Tunol NadHHbIX: BERTOPDbI

Vector data types Application vector

data types float f=4.0f;

n/a n/a float3 f3 = (float3)(1.0f, 2.0f, 3.0f);
charn c1_charn float4 f4 = (float4)(f3, f);

[lf4.x = 1.0f,
ucharn cl_ucharn

lffay = 2.0f
shortn cl_shortn [f4.z = 30f,
ushortn cl_ushortn //f4W = 40f
intn cl intn
uintn cl uintn float4 | x[sO [|ylsl || z|s2 ||wis3| Vector
longn ¢l longn float2 |xIsO |[yls1 Vector
ulongn cl ulongn float Scalar
floatn cl floatn float3 [ Xx[sO || ylsl || z|s2 Vector
doublen cl_doublen floatd= (float2, float2)

floatd= (float3, float)

halfn cl halfn

I
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I KK OHM TaM COXPaHALOTCA ?
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I KK OHM TaM COXPaHALOTCA ?
CNoXHO...
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Memory Model

e global
e constant
* local

* _private
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Memory Model

Compute Device
Compute unit 1 Compute unit N
Private Private Private Private
memory 1 memory M memory 1 memory M
PE1 PEM PE1 PEM

Local Local

memory 1 memory N

Global/Constant Memory Data Cache

Global Memory

Constant Memory

Compute Device Memory

e | © « » ‘ ~ | e e " e p " i o | @l _ ¢ 2 | &l | I
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HO 5TO elle He Bce...
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[TomHuTe npo SIMD?
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Execution model

* Y HAaC MHOrIo AaHHbIX

JokerConf | 3-2 November 2017 | $t-Peters! rg Russia Dmitry Alexandrov | @bercut2000 | (<'7)t;)](1:;: 16, be,



Execution model

* Y HAaC MHOrIo AaHHbIX

* Hag, HUMM HYXKHO NpoAenaTb OA4HY M Ty e onepauuto
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Execution model

* Y HAaC MHOrIo AaHHbIX
* Hag HUMUK HYXKHO Npoaenatb O4HY U Ty e onepaumto

* Ham ya06HO 13 pa3aesinTb Ha YaCTU M OTAATb KaXKayo OTAEe/IbHOMY
npoLeccopy..
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Execution model

* Y HAaC MHOrIo AaHHbIX
* Hag HUMUK HYXKHO Npoaenatb O4HY U Ty e onepaumto

* Ham ya06HO 13 pa3aesinTb Ha YaCTU M OTAATb KaXKayo OTAEe/IbHOMY
npoLeccopy..

* Tyt Ham OpenCL npegoctasnaet nogobHY0 MHPPACTPYKTYPY
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Execution model

1D ND Range
20-global size

5- local size

4- num of work groups

T 11T 1T 171
1T 1017 17T 1T 1T
1T 11T 1T 1T 1T

2D ND Range 3D ND Range

(10,8)-global size (10,8,4)-global size

(5,4)- local size (5,4,1)- local size

(2,2)- num of work groups (2,2,4)- num of work groups

106
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ND Range - yto 3TO Takoe?

NDRange size Gy

NDRange size Gy

work-group size Sy

v

work-group size (wy,w,)

work-item
(W Sy +8,+Fy WSy +s,+F,)

(5,,5,)=(0,0)

work-item
(Wy Sg+8,+Fy WS +5,+F))

(8y,S,)=(5,1,0)

work-item
(Wy Sy +8,+F W, S, +s,+F))

(50,5)= (0, S,-1)

work-item
(W Sx+s,+F WSy +s,+F))
(5x,Sy)=(5¢1,5,-1)

21

work-group size S,
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Hanpumep: yMHOXaemM MaTpULLbl

* Mbl 6bl HANMCcaNM Tak Hall KoA;:

void MatrixMul_sequential(int dim, float *A, float *B, float *C){
for(int iRow=0; iRow<dim;++iRow) {
for(int iCol=0; iCol<dim;++iCol) {
float result = O.f;
for(int i=0; i<dim;++i)
result += A[iRow*dim + i]*B[i*dim + iCol];

C[iRow*dim + iCol] = result;

xandrov | @bercut2000 | @bsiug, | jug bg



Hanpumep: yMHOXaemM MaTpULLbl

RL| 1 2 |3 | 4
R2 110 [ 20 | 30 | 40
R3| 5 6 7 8
R4 |23 | 54 | 99 | 55

R1 R2 R3 R4

A A A A
4 R3 N N\ N A}

1 12| 3|4 |110120|30(40| 5 | 6 | 7| 8 [23|54)|99 |55

Row major representation

1 10| 5 (23| 2 |20| 6 |54 3 (30| 7 |99| 4 (40| 8 |55

Column major representation

N .‘ . -1 o ) T ammm | 1 I I
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Hanpumep: yMHOXaemM MaTpULLbl

* Ha a Ha GPU:

void MatrixMul_kernel basic(int dim,

__global float *A, __global float *B, __global float *C) {

//Get the index of the work-item
intiCol =get_global _id(0);
intiRow = get_global _id(1);
float result = 0.0;
for(int i=0;i< dim;++i) {

result += A[iRow*dim + i]*B[i*dim + iCol];
}

Cl[iRow*dim +iCol] = result;

I
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Hanpumep: yMHOXaemM MaTpULLbl

* Ha a Ha GPU:

void MatrixMul_kernel basic(int dim,

__global float *A, __global float *B, __global float *C) {

//Get the index of the work-item
intiCol = get_global_id(0);
intiRow = get_global_id(1);
float result = 0.0;
for(int i=0;i< dim;++i) {

result += A[iRow*dim + i]*B[i*dim + iCol];
}

Cl[iRow*dim +iCol] = result;

I
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TnmnyHoe GPU

--- Info for device GeForce GT 650M: ---

CL_DEVICE_NAME: GeForce GT 650M
CL_DEVICE_VENDOR: NVIDIA

CL_DRIVER_VERSION: 10.14.20 355.10.05.15f03
CL_DEVICE_TYPE: CL_DEVICE_TYPE_GPU
CL_DEVICE_MAX_COMPUTE_UNITS: 2
CL_DEVICE_MAX_WORK_TEM_DIMENSIONS: 3
CL_DEVICE_MAX_WORK_ITEM_SIZES: 1024 /1024 / 64
CL_DEVICE_MAX_WORK_GROUP_SIZE: 1024
CL_DEVICE_MAX_CLOCK_FREQUENCY: 900 MHz
CL_DEVICE_ADDRESS_BITS: 64
CL_DEVICE_MAX_MEM_ALLOC_SIZE: 256 MByte
CL_DEVICE_GLOBAL_MEM_SIZE: 1024 MByte
CL_DEVICE_ERROR_CORRECTION_SUPPORT: no
CL_DEVICE_LOCAL_MEM_TYPE: local
CL_DEVICE_LOCAL_MEM_SIZE: 48 KByte
CL_DEVICE_MAX_CONSTANT_BUFFER_SIZE: 64 KByte
CL_DEVICE_QUEUE_PROPERTIES: CL_QUEUE_PROFILING_ENABLE
CL_DEVICE_IMAGE_SUPPORT: 1
CL_DEVICE_MAX_READ_IMAGE_ARGS: 256
CL_DEVICE_MAX_WRITE_IMAGE_ARGS: 16
CL_DEVICE_SINGLE_FP_CONFIG: CL_FP_DENORM CL_FP_INF_NAN CL_FP_ROUND_TO_NEARESTCL_FP_ROUND_TO_ZERO CL_FP_ROUND_TO_INF
CL_FP_CORRECTLY_ROUNDED_DIVIDE_SQRT

CL_DEVICE_2D_MAX_WIDTH 16384
CL_DEVICE_2D_MAX_HEIGHT 16384
CL_DEVICE_3D_MAX_WIDTH 2048
CL_DEVICE_3D_MAX_HEIGHT 2048
CL_DEVICE_3D_MAX_DEPTH 2048
CL_DEVICE_PREFERRED_VECTOR_WIDTH_<t> CHAR1,SHORT 1,INT 1, LONG 1, FLOAT 1, DOUBLE 1

PDmitry



TnvnmnyHoe CPU

- Info for device Intel(R) Core(TM) i7-3720QM CPU @ 2.60GHz: -

CL_DEVICE_NAME: Intel(R) Core(TM) i7-3720QM CPU @ 2.60GHz
CL_DEVICE_VENDOR: Intel

CL_DRIVER_VERSION: 1.1

CL_DEVICE_TYPE: CL_DEVICE_TYPE_CPU
CL_DEVICE_MAX_COMPUTE_UNITS: 8
CL_DEVICE_MAX_WORK_ITEM_DIMENSIONS: 3

CL_DEVICE_MAX_WORK_ITEM_SIZES: 1024/1/1
CL_DEVICE_MAX_WORK_GROUP_SIZE: 1024

CL_DEVICE_MAX_CLOCK_FREQUENCY: 2600 MHz

CL_DEVICE_ADDRESS_BITS: 64

CL_DEVICE_MAX_MEM_ALLOC_SIZE: 2048 MByte

CL_DEVICE_GLOBAL_MEM_SIZE: 8192 MByte
CL_DEVICE_ERROR_CORRECTION_SUPPORT: no

CL_DEVICE_LOCAL_MEM_TYPE: global

CL_DEVICE_LOCAL_MEM_SIZE: 32 KByte

CL_DEVICE_MAX_CONSTANT BUFFER_SIZE: 64 KByte

CL_DEVICE_QUEUE_PROPERTIES: CL_QUEUE_PROFILING_ENABLE
CL_DEVICE_IMAGE_SUPPORT: 1

CL_DEVICE_MAX_READ_IMAGE_ARGS: 128

CL_DEVICE_MAX_WRITE_IMAGE_ARGS: 8

CL_DEVICE_SINGLE_FP_CONFIG: CL_FP_DENORM CL_FP_INF_NAN CL_FP_ROUND_TO_NEAREST CL_FP_ROUND_TO_ZERO CL_FP_ROUND_TO_INF
CL_FP_FMA CL_FP_CORRECTLY_ROUNDED_DIVIDE_SQRT

CL_DEVICE_2D_MAX_WIDTH 8192

CL_DEVICE_2D_MAX_HEIGHT 8192

CL_DEVICE_3D_MAX_WIDTH 2048

CL_DEVICE_3D_MAX_HEIGHT 2048

CL_DEVICE_3D_MAX_DEPTH 2048
CL_DEVICE_PREFERRED_VECTOR_WIDTH_<t> CHAR 16, SHORT 8, INT 4, LONG 2, FLOAT 4, DOUBLE 2

© 2017 | 5t betersburs, Russt Dioitey Alexandrow | @bercut2000 | @bsjus



Hy a yto ¢ CUDA?
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Hy a yto ¢ CUDA?
Hy.. OHO, KaK bbl, npoLle
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Hy a yto ¢ CUDA?
Hy.. OHO, KaK bbl, npoLle
nna C nporpamepos..




CUDA kernel

#defineN 10

__global void add( int *a, int *b, int *c ) {
int tid = blockldx.x; // this thread handles the data at its thread id
if (tid < N)
c[tid] = a[tid] + b[tid];




CUDA setup

int a[N], b[N], c[N];
int *dev_a, *dev_b, *dev_c;

// allocate the memory on the GPU

cudaMalloc( (void**)&dev_a, N * sizeof(int) );
cudaMalloc( (void**)&dev_b, N * sizeof(int) );
cudaMalloc( (void**)&dev _c, N * sizeof(int) );

// fill the arrays 'a' and 'b' on the CPU
for (int i=0; i<N; i++) {

ali] = -i;

bl[i] =i *i;

xandrov | @bercut2000 | @bsiug, | jug bg



CUDA copy to memory and run

// copy the arrays a' and b'to the GPU
cudaMemcpy(dev_a, a, N =*sizeof(int),
cudaMemcpyHostToDevice);
cudaMemcpy(dev_b,b,N*sizeof(int),
cudaMemcpyHostToDevice);

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

// copy the array c¢' back from the GPU to the CPU
cudaMemcpy(c,dev_c,N*sizeof(int),
cudaMemcpyDeviceToHost);




CUDA get results

// display the results
for (int i=0; i<N; i++) {

printf( "%d + %d = %d\n", a[i], b[i], c[i] );
}

// free the memory allocated on the GPU
cudaFree( dev_a);
cudaFree(dev_b);
cudaFree( dev _c);




Ho CUDA cmnnbHa B Apyrom

* Cublas — npo maTtpuupl..

 JCufft— Fast Frontier Transformation

* Jcurand — npo paHAOM

 JCusparse — Npo pa3parKeHHble MaTPULbI

* Jcusolver — pakTopm3auma U NPOYNM yKac

* IJnvgraph — npo rpadobl

* Jcudpp — CUDA Data Parallel Primitives Library, na)xe npo copTnMpoBKy
* INpp — 06paboTka nsobpaxeHm Ha GPU

e Jcudnn — Deep Neural Network library (a»k cTpawHo)




JokerCont |

Hanpumep, Ham HyXeH xopowunh rand

intn=100;
curandGenerator generator = new curandGenerator();

float hostData[] = new float[n];

Pointer deviceData = new Poi_nter#);
cudaMalloc(deviceData, n * Sizeof.FLOAT);

curandCreateGenerator(generator, CURAND_RNG_PSEUDO_DEFAULT);
curandSetPseudoRandomGeneratorSeed(generator, 1234);

curandGenerateUniform(generator, deviceData, n);

cudaI\/IemcpyéPointer.to hostData), deviceData,
n * Sizeof.FLOAT, cudaMemcpyDeviceToHost);

System.out.printIn(Arrays.toString(hostData));

curandDestroyGenerator(generator);
cudaFree(deviceData);

3-2 November 2017 | $t-Petershurg, Russia
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Hanpumep Ham Hy»XeH XxopoLwmnh rand

* [IpUATHO, YTO 33 STUM BCEM €CTb CU/IbHas Teopus

* PazpaboTaHHaA Hawmm matematnkom Nnbénm Meeposuuem Cobonem
B 1967/ .

* https://en.wikipedia.org/wiki/Sobol sequence
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[TamaTb y nVidia BbIrnAANT NPUMEPHO TaK:

GPU Grid

Block (0, 0) Block (1, 0)

| | | o

Thread (0, 0) Thread (1,0) @ Thread (0,0) Thread (1, 0)

CPU

124




KCTaTu 0 namAaTu...

Grap

Virtual C memory Virtual memory

384-bit GDDR5-6000
= 336.4 GB/s
Latency: unknown

128-bit DDR3-2133
= 34.13 GB/s
Latency: unknown

copy entire
data

PCIl Express bus

PCle 2.0 x16 = 8GB/s
PCle 3.0 x16 = 15.75 GB/s
Latency: unknown

©Wikipedia
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OnTMmmn3sauum...

__kernel void MatrixMul _kernel basic(intdim,
__global float *A,
__global float *B,
__global float *C){

intiCol = get_global id(0);
intiRow = get_global id(1);
float result = 0.0;
for(inti=0;i< dim;++i)

{

result +=
A[iRow*dim + i]*B[i*dim + iCol];

Cl[iRow*dim+ iCol] = result;

rov | @bercut2000 | (“,')‘3:_'(1‘; | jug be,
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#define VECTOR_SIZE 4

__kernel void MatrixMul_kernel_basic_vector4(int dim,
__global float4d *A,
__global float4 *B,

ol flot <<—0OnTMmmn3saummn...

int localldx = get_global_id(0);

int localldy = get_global_id(1);

float result = 0.0;

float4 Bvector[4];

float4 Avector, temp;

float4 resultVector[4] = {0,0,0,0};

int rowElements = dim/VECTOR_SIZE;

for(inti=0; i<rowElements; ++i){
Avector = Aflocalldy*rowElements + iJ;
Bvector[0] = B[dim*i + localldx];
Bvector[1] = B[dim*i + rowElements + localldx];
Bvector[2] = B[dim*i + 2*rowElements + localldx];
Bvector[3] = B[dim*i + 3*rowElements + localldx];
temp = (float4)(Bvector[0].x, Bvector[1].x, Bvector[2].x, Bvector[3].x);
resultVector[0] += Avector * temp;
temp = (float4)(Bvector[0].y, Bvector[1].y, Bvector[2].y, Bvector[3].y);
resultVector[1] += Avector * temp;
temp = (float4)(Bvector[0].z, Bvector[1].z, Bvector[2].z, Bvector[3].z);
resultVector[2] += Avector * temp;
temp = (float4)(Bvector[0].w, Bvector[1].w, Bvector[2].w, Bvector[3].w);
resultVector[3] += Avector * temp;

}
C[localldy*dim + localldx*VECTOR_SIZE] = resultVector[0].x + resultVector[0].y + resultVector[0].z + resultVector[0].w;

Cl[localldy*dim + localldx*VECTOR_SIZE + 1] =resultVector[1].x +resultVector[1].y + resultVector[1].z + resultVector[1].w;
C[localldy*dim + localldx*VECTOR_SIZE + 2] =resultVector[2].x + resultVector[2].y + resultVector[2].z + resultVector[2].w;

Cl[localldy*dim + localldx*VECTOR_SIZE + 3] =resultVector[3].x + resultVector[3].y + resultVector[3].z + resultVector[3].w;

JokerCont | 3-2 November 2017 | $t-Petersburg, Russia Dmitry



#define VECTOR_SIZE 4

__kernel void MatrixMul_kernel_basic_vector4(int dim,
__global float4d *A,
__global float4 *B,
__global float *C)

int localldx = get_global_id(0);

int localldy = get_global_id(1);

float result = 0.0;

float4 Bvector[4];

float4 Avector, temp;

float4 resultVector[4] = {0,0,0,0};

int rowElements = dim/VECTOR_SIZE;

for(inti=0; i<rowElements; ++i){
Avector = Aflocalldy*rowElements + iJ;
Bvector[0] = B[dim*i + localldx];
Bvector[1] = B[dim*i + rowElements + localldx];
Bvector[2] = B[dim*i + 2*rowElements + localldx];
Bvector[3] = B[dim*i + 3*rowElements + localldx];
temp = (float4)(Bvector[0].x, Bvector[1].x, Bvector[2].x, Bvector[3].x); (m\
resultVector[0] += Avector * temp; Y .
temp = (float4)(Bvector[0].y, Bvector[1].y, Bvector[2].y, Bvector[3].y); : l’ <
resultVector[1] += Avector * temp;
temp = (float4)(Bvector[0].z, Bvector[1].z, Bvector[2].z, Bvector[3].z); AR
resultVector[2] += Avector * temp;
temp = (float4)(Bvector[0].w, Bvector[1].w, Bvector[2].w, Bvector[3].w);
resultVector[3] += Avector * temp;

}
C[localldy*dim + localldx*VECTOR_SIZE] = resultVector[0].x + resultVector[0].y + resultVector[0].z + resultVector[0].w;

Cl[localldy*dim + localldx*VECTOR_SIZE + 1] =resultVector[1].x +resultVector[1].y + resultVector[1].z + resultVector[1].w;
C[localldy*dim + localldx*VECTOR_SIZE + 2] =resultVector[2].x + resultVector[2].y + resultVector[2].z + resultVector[2].w;

Cl[localldy*dim + localldx*VECTOR_SIZE + 3] =resultVector[3].x + resultVector[3].y + resultVector[3].z + resultVector[3].w;

Dmitry Al
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MoOMXHO BCe BMmecTe

+

CPU GPU
MULTIPLE CORES THOUSANDS OF CORES

129




Hy a eCc/1M COBCeM He XO4eTCA
nmcaTtb Ha C ...




I ecnm He xo4eTca AyMaTb Mpo
host 1 device 1 AymaTb 0 NAMATU




MOMHO YaCTMYHO MCNO/1b30BATH
GPU
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[TpoeKT Sumatra

* icchepoBaTeNnbCKUN NPOEKT
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[TpoeKT Sumatra

* icchepoBaTeNnbCKUN NPOEKT

* 3aTo4eH noa Java 8
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[TpoeKT Sumatra

* icchepoBaTeNnbCKUN NPOEKT
* 3aTo4eH noa Java 8

* ... a TOYHee noa Stream-bl
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[TpoeKT Sumatra

* icchepoBaTeNnbCKUN NPOEKT
* 3aTo4eH noa Java 8
* ... a TOYHee noa Stream-bl

* ... a coBCcem To4yHO noa nambabl u .forEach()
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AMD HSAIL

Transfer
b

uffers to GPU
| Copy or map* ’

memory
[ Queue Job |

Schedule Job

Start Job J

l

Finish Job ]

Schedule
{ Application

Get Buffer |
| Copy or map*

memory
Results . ) .
*zero-copy possible with unified systemymemory
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AMD HSAIL

Transfer
buffers to GPU

[ Queue Job
Get Buffer
{ Results

L

Copy or map*
memory

Schedule Job

Schedule
Application

Copy or map*
memory

Start Job ]
Finish Job ]

*zero-chy possible with unified systemymemory

‘3,(\’»\)')

Queue Job

Res

HSA
Software

ults ]‘

PDmitry

Start Job

Finish Job

*zero-capy possible with unified system fnemory

138

s | I . Yo I I
mdrov | @bercut2000 | @ Q108 | 109,59



AMD HSAIL

e Pacno3HaeT 610K forEach()
* Yepes Graal nonyyaem HSAIL
* Ha HU3KOM YpOBHe

nepefaem nepenesniaHHyo
namoépay Kak kernel

OKRA
Finalizes kernel
using HSA Tools

HSA Runtime
runs kernel
on APU or

simulator
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AMD APU nbiTaeTca pewnTb OCHOBHYIO

npobnemy!

memory Virtual

memory

128-bit DDR3-2133
= 34.13 GB/s
Latency: unknown

384-bit GDDR5-6000
= 336.4 GB/s
Latency: unknown

copy entire
data

PCIl Express bus

PCle 2.0 x16 = 8GB/s
PCle 3.0 x16 = 15.75 GB/s
Latency: unknown

—)

Unified vi

VAT rr‘ "\

| memory

System memory bus

128-bit DDR3-2133
= 34.13 GB/s
Latency: unknown

©Wikipedia
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IBM patched JVM for GPU

* Pewunnu cocpepotountbca nckntoumtenbHo Ha CUDA (noka)
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* Pewunnu cocpepotountbca nckntoumtenbHo Ha CUDA (noka)

* CocpepoToumnmncb Ha Stream API




IBM patched JVM for GPU

* Pewunnu cocpepotountbca nckntoumtenbHo Ha CUDA (noka)
* CocpepoToumnmncb Ha Stream API

* Pewunnun ponuncatb cBon obpaboTumk parallel()
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IBM patched JVM for GPU

Mpepacrasbre cebe:

void foolava(float A[], float B[], int n) {
// similarto for (idx = 0; i < n; i++)
IntStream.range(0, N).parallel().forEach(i -> { b[i] = a[i] * 2.0; });
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IBM patched JVM for GPU

Mpepacrasbre cebe:

void foolava(float A[], float B[], int n) {
// similarto for (idx = 0; i < n; i++)
IntStream.range(0, N).parallel().forEach(i -> { b[i] = a[i] * 2.0; });

}

... XOTeN0Cb bbl YTOObI aBTOMATUYECKN KOHBEPTUPOBATD...




IBM patched JVM for GPU

[Mpu KpynHOM 11 Koa, B nambae ncnonaHaetca Ha GPU:

class Par {
void foo(float[] a, float[] b, float[] c, int n) {
IntStream.range(0, ).parallel
forEach(i -> {
b[i] = a[i] * 2.0;
cli] = afi] * 3.0;

J

*Nnoka B I'IﬂM6,£l,aX C OAHOMEPHbIMN MaCCUBaMnN U3 MPUMUNTUBOB.




IBM patched JVM for GPU

Ontumunsaumm IBM JIT kKomnunaTtopa:

* icnonb3oBaHuMe read-only cache
* YMeHblUEeHMNE KONMYEeCcTBa KONMPOBAHUA AaHHbIX B robanbHyto namAtb GPU

* ONnTMMKM3auUMA KonupoBaHUA AaHHbIX U3 Host B Device
* YMeHblWeHNA KoNnyecTBa AdHHbIX

* 3!'IVIMVIHl/IpOBaHV|e MNWHUX NPOBEPOK 3KCeNwaHOB
e B Kernel-e GPU
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IBM patched JVM for GPU

* Success story:

SAPACHEJZ + (( | +

park =

[Jim]]
[H]
”:ii

i
i
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IBM patched JVM for GPU

* YTBEepPXAaloT YTO:

CPU vs GPU
2000000 - SUM of CPU
Time (ms)
-8 SUM of GPU
— Time (ms)
= = 00000 .
S
O
D
w
';_ 000000
'(:1_%
@
|-:.: "'__,I:Il:ll:ll:ll:l
|:I
100 200 300 400 500

Iterations
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IBM patched JVM for GPU

* bonblie nHPo:

https://github.com/IBMSparkGPU/GPUEnabler




A Henb3Aa NpAM NMcaTb Ha Java,

HO YTOObl ObI/IO KaK B
OpenCL/CUDA?
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I 3BaTb cne Aparapi!
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Aparapl

* CokpauweHue «A PARallel API»
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Aparapl
* CokpauweHue «A PARallel API»

* Moyt Kak Hibernate gna 6a3 AaHHbIX
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Aparapl
* CokpauweHue «A PARallel API»

* Moyt Kak Hibernate gna 6a3 AaHHbIX

* InHamnyeckn koHsepTmnpyetJVM Bytecode B Koa ana Host n Device
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Aparapl

e CokpaulieHune «A PARallel API»

* Moyt Kak Hibernate gna 6a3 AaHHbIX

* InHamnyeckn koHsepTmnpyetJVM Bytecode B Koa ana Host n Device

* Ha ocHoBe OpenCL

JokerCont | 3-2 November 2017 | $t-Petersburg, Russia Dmitry Alexandrov | @bercut2000 | @bgjug | jug,
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Aparapl

e Hayata AMD
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Aparapl
* Hayata AMD

* [loTOM 3anyuieHo...
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Aparapl
* Hayata AMD

* [loTOM 3anyuieHo...

* Yepes 5 net otaaHo B Opensourse noa Apache 2.0 license
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Aparapl

* Hauata AMD

* [loTOM 3anyuieHo...

* Yepes 5 net otaaHo B Opensourse noa Apache 2.0 license

* OnAaTb *Kusoel!!!
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Aparapi - Bce cTano HamHoro npotule!

public static void main(String[] _args) {

final int size = 512;

final float[] a = new float[size];

final float[] b = new float[size];

for (inti = 0; i < size; i++) {

a[i] = (float) (Math.random() * 100);

b[i] = (float) (Math.random() * 100);
}

final float[] sum = new float[size];

Kernel kernel = new Kernel(){
@O0verride public void run() {
int gid = getGloballd();
sum[gid] = a[gid] + b[gid];

I3
kernel.execute(Range.create(size));
for (inti = 0; i < size; i++) {

System.out.printf("%6.2f + %6.2f = %8.2f\n", a[i], b[i], suml[i]);
}

kernel.dispose();

JokerConf | 3-2 November 2017 | $t-Petershurg, Russia Dmitry Alexandrov | @bercut2000 | @bgjug | jug bs
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Hy a KaK e obnaka?
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nVidia Bam B NOMOLLb
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nVidia GRID

* AHOHC B 2012 r.

AR
a2

R G

b W\

* V)Ke pedepeHTHan

e PaboTaeT Ha boabLUMHCTBE
rMnepBsu3opos

HYPERVISOR

e Kak 1 B obnakKax

P | o ¢ oorbhon 9017 | € N R, e
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nVidia GRID

TESLAM10 TESLA Mé TESLA Mé60
Number of GPUs Quad Mid-Level Maxwell  Single High-End Maxwell Dual High-End Maxwell
Total NVIDIA CUDA® Cores 2,560 (640 per GPU) 1,536 4,096 (2,048 per GPU])
32 GB GDDR5 16 GB GDDR5

Total Memory Size 8 GB GDDR5

(8 GB per GPU) (8 GB per GPU)
Max vGPU instances b4 16 32

PCIE 3.0 Dual slot

PCIE 3.0 Dual slot

Form Factor MXM (blade servers)

(rack servers) (rack servers)
Power 225 W 100 W (75 W opt) 240 W /300 W (225 W opt)
Cooling Solution Passive Bare Board Active / Passive
Board Dimensions 10.5" x 4.4" 3.2" x 41" 10.5" x 4.4
USER DENSITY BLADE PERFORMANCE
optimized optimized optimized

168
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nVidia GRID

amazon

web services

vmware

I

» 1 & ¢ . P ~ | @ p N | P 8 I 0 |
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...a AMD noka oTcTatoT...

VDI CLIENTS

VIRTUAL MACHINE
Guest 0S

Applications
VDI Agent for Remote Graphics

UPTO 15 VM'S PER GPU

HYPERVISOR

AMD MULTIUSER GPU
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OHo yXe ecTb: Nvidia GPU
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HEG1H
2560

I60

B4

1607 MHz
1733 MHz
I0Gbs GDDRSX
256-hit

8GB

180W
GPI04
TSMC 16nm
1.2 Bn

2816

176

96

1000 MHz
1075 MHz
TGbps GDDRS
256-hit
GGB

200W
GM200
TSMC 28nm
8 Bn

2048

128

b4

1126 MHz
1216 MHz
TGbps GDDRA
Z236-hit
4GB

I6aW
GM204
TSMC 28nm
3.2 Bn

2304

132

48

863 MHz
300 MHz
BGbps GDODRS
Z236-hit
368

Zalw
GKIID

TSMC 28nm
1.1 Bn
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OHo yxe ecTb: ATl Radeon

GCN Architecture 4" Gen 4" Gen 4" Gen
Compute Units 36 32 16
Stream Processors 2304

Texture Units 144 128 64
Clock Speeds (Boost/ Base) 1266 MHz /1120 MHz

Peak Performance Up to 5.8 TFLOPS Upto4 TFLOPS Upto2 TFLOPS
Memory Size 4/8 GB 4GB 2GB
Memory Bandwidth 224 GBI/s or higher

Memory Interface 256-bit 256-bit 128-bit
Memory Type GDDRS GDDRS GDDRS
Board Power 150W 150V N/A
Power connector 1x8-pin 1x6-pin none
AMD FreeSync Yes Yes Yes
DirectX 12 Yes Yes Yes
Vulkan Yes Yes Yes

VR Premium Yes

DisplayPort Version 1.3/14 HDR 1.3/14 HDR 1.3/14 HDR
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OHoO yKe ecTb: AMD APU

AMD A-SERIES APU BLOCK DIAGRAM

Dual-channel M\ STy s e Ry T Unified Video
DDR3 ' eiibr b ot 1w § v {0 Decoder

Graphics'SIMD" GPU, display and.

Northbridge Array multi-media engines

~~-Display-———-

- PCI Express l/O -
- e Fi fi e 3 : 24 lanes, optional

1MB L2 h = =i Rl==: - s
= o interfaces

Digital display

int
Up to 4 “Stars” interfaces

CPU cores
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. Intel Skylake

OHO yKe ecCTb
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OHo yke ecTb: Nvidia Tegra Parker

AENEENEN NEENEEER
&
AENEENEN NEEEEEER

ARM v8
CPU
COMPLEX

(2x Denver 2 + 4x A57)
Coherent HMP

4K60
SECURITY AUDIO
ENGINES VIDEO VIDEO 2D ENGINE

ENCODER | DECODER ENGINE

DISPLAY 128-bit | BOOT and Gigk IMAGE
Ethernet

ENGINES LPDDR4 PM PROC MAC PROC (ISP)

Parker’s rich feature set

Russia Dmitry Alexandrov | @bercut2000
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TEXHOJIOT A

NVIDIA

B NPUMEPAX

BeegeHve B nporpammmnpoBaHme
rpacmn4ecKkmnx NpoLeccopos

OpenCL Programming
by Example

A comprehensive guide on OpenCL programming with examples

PACKT
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