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O Physics based simulation (animation)
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O GPU(Graphics Processing Unit)
B OS5 1w O MB(F - RHELIZTOEYY
m —ROPCICHBEINTULS
m I FINIER(C L BCPU%E LEISSERE A HE
(O07#512, #91.5TFLOPS)
mABRFE IO SZ Y TR T —5E#E NVIDIA CUDA)

O GPUM#ERL (NVIDIA Fermi)
= SM(Streaming Multi-Processor) : 32BMSPL1/#EF v v

VA FOAFPIAZYRIARARIIVIY

GPC(Graphics Processing Cluster) : SMXATHERIND =

ZGPU. FermildGPCX4THERIND.

= ROP(Rendering Output Pipeline)1Zw kx8M/i—F </ 3
UX6T48ROP. (EDTILY I—FNSOHEAZEETFXEY
(CEZFRAD)

. XEUNIFEIEE177.4GB/s
(GDDR5, 384bit)

Programmable Shader

O GPUDRESR
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« 2DOS Ty ORN=RIIPDH
= 1990s - &ADOPCAGPU(3dfX,
Matrox, NVIDIA, ATI)
= Triangle rasterization®d+

Transform & Lighting
(per vertex)

Projection &

« 1999 - N—ROIPTELRBETZ Clipping
poe o
» Fixed Function Pipeline(FFP)
= 2000s - 7055V JILGPU Texturing, Shading
(NVIDIA, ATI) (per fragment)

= Vertex Shader & Fragment Shader

Display
(Framebuffer)

GPU Language

o For graphics
u Assembly
= NVIDIA Cg (C for Graphics)
m HLSL(DirectX High Level Shading Language)
u GLSL(OpenGL Shading Language)

Example: Phong shader

o Phong illumination model

Is= ks(R . V)mls

Gouraud Shading

Phong Shading

Example: Fresnel shader

o Fresnel reflection and refraction

Reflection

Phong Shading




Programmable Shader

o GPUDRESE
= 1980s - ZFIN3DTSTrvHI R
D—DXF—23V : SGI
« 2DOS T4y DRN—RIIT7DH
= 1990s - RAINDOPCAGPU(3dfX,
Matrox, NVIDIA, ATI)
= Triangle rasterization®d»
« 1999 - N—RO I PTELRBE T

Primitives

Transform & Lighting
(per vertex)

Projection &
Clipping

Texturing, Shading
per fragment)

= Fixed Function Pipeline(FFP)
= 2000s - ¥O5 5V JILGPU
(NVIDIA, ATI)
= Vertex Shader & Fragment Shader
= General Purpose GPU (GPGPU)

Display
(Framebuffer)

GPGPU

Y 1 -5 —EFEEMUZGPGPUDSI

n U1 LETAREL
ETTBEOHFEANELT, SNERELULBEEEMR

==y =1

EFARE CPU GPU

[pixel] [sec/frame] [sec/frame]
200 % 200 1.32 0.012
700 X 700 17.1 0.081

CPU : Core2Duo 3.00GHz, GPU : GeForce8800GTX

GPU Language

o For graphics
m Assembly
= NVIDIA Cg (C for Graphics)
m HLSL(DirectX High Level Shading Language)
m GLSL(OpenGL Shading Language)

O For general purpose
m BrookGPU
m CUDA (C for CUDA)
= OpenCL

CUDA

o CUDA(Compute Unified Device
Architecture) D
s A5
s HF~BBEDIL v RDOREREET
s 2LV R, JOvY, Uy, A—xJb
BRI TP—RXEYDOFA

RFIOb Y

n EAMICIBEBEEREEHD)

FIARAEY

GPGPU

O ZHOAEFTNIL Y RIELBDXEY LTV IDREHR
SEEDOERITEAM  HT1IIL
SO—-NILXEVERE  HEF1OIL
HBAL W RTIL—F(warp)hhF—SExE L TVBREIC, fit
NDwarpMEITEINS.

max threads / block : 1024
max size of each dim. of block : (1024, 1024, 64)
max size of each dim. of grid : (65535, 65535, 65535)
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ESpELTIR S

O High order advection schemes
BFECC [Kim et al. 2005], MacCormack [Selle et al. 2008], CIP
[Kim et al. 2008], adaptive grid [Losasso et al. 2004]

O Vortex particle method

« Vortex particle method [Selle et al. 2005]

o BE@ELRIEFRE [Pfaff et a. 2009]

« WCSPHERBHAB DMLY w R [Zhu et al. 2010]

[Zhu et al. 2010]

SR W 4
[Selle et al. 2005]

[Pfaff et a. 2009]

ESPELTIE

O Procedural turbulence synthesis
« Energy transport model [Pfaff et al. 2010]
« Random Forcing [Zhao et al. 2010]
cB/BIY W ROEHEDE [Chang et al. 2010]
e DT —TJLw EH [Kim et al. 2008]

[Kim et al. 2008]
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[Pfaff et al. 2010]
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O Moving Particle Semi-implicit (MPS)
s FHRBEOEANCLDIEEREEE
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» EAORTY VARRERIBELRSHD,
BEIIRHFEV
n EHEF) : 5tEH6,000 - 0.94 sec/frame

O Smoothed Particle Hydrodynamics (SPH)
= BHIBHNEREDE THETE 312,
EEIZSDMEW
» JFEMEEBE(CEDHTNSND(TTEEL
» FHEEE : 5tER6,000 - 0.056 sec/frame
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Simulation of Turbulent Flow
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Simulation of Turbulent Flow Sub-Particle-Scale Turbulence
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Sub-Particle-Scale Turbulence
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