Multi-GPU A|AEHILS 0| &5t
2AFA 7|8 o A AR
Particle-based Simulations
on multi-GPU Systems

2010-10

coahn@metariver.kr

A Metariver
Technology

www.metariver.kr



Metariver

GPU & CUDA Technology




‘ Meta river
Technology

What 1s GPU?

Entertainment High Performance Computing

Engineering
Medicine

H CUDA GPUs= Heterogeneous Computing
Science

Finance
Biology

= '
ER.

.

)
1]
b
il & Gas Finance Medical Biophysics Numerics

Computational

& Computational
Finance

Science

149X 100X

LIBOR Model with swaptions nbody Astrophysics

Computational o Computational

Biology S O Medicine

24X 30X

Highly Optimized Molecular Ultrasound Medical Imaging
Dynamics



WA Metariver

GPU & CUDA Technology

» GPU(Graphics Processing Unit)= Of % W2 A|Zt0| S &fot 3XHE O|0|X| & 2}
7] 2ol AFRE|= d2fEFE M8 Processing Unit

» CUDA(Compute Unified Device Architecture)= GPUE O|&3}0] 11 A 4AHO| =
Stz 7|22 A, 1efd Y2 XNE|SteF &g E 1% shader@IO| & 1tst/ 3t AL 2&
7tsct JEf2 AP = UEE 2 E HEY

= CUDAE= GPU7Z} 7}X|= f=4l~4=8l 70| coreE ZA| SRTIOZMN £ threadE 1£0

2 Helgd = AT 5tH, 0|5 core52 82| GPU M 22| & AHE7ts

= QAPE 8ol BHY GPU= L2 CPUE 1£2| networkZ HZSI0 U2 AitS 55
2|5t E 2 3= 7|=9| supercomputing(H & X{ 2|, Parallel Processing) HH£0f| H|8{f HC}
= H[&o=z FSor 0% AM It

ra
<2
T
i
o

M 2>t

= NVIDIAQ| A shaderP O & CIEXHO 2 AIEY 5= QU EE St GPGPU(General Purpose GPU)
71$2 OIS SN HOR, 20084 0|3 0|F L R S M APAIES0 o3| XSOz

d&HQ 287 B QIS




Yvu
WA Metariver

Parallel Computing (HPC)

Multiple Instruction Multiple Data
(conventional parallel processing)

Data
(Problem)

node0 nodel node2 node3 node4 nodeb5 node6 node?
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GPU Computing (CUDA)

Single Instruction Multiple Data
(CUDA technology)

Data « GPU is a data-parallel processor
(Problem) LAl Dhdbdhhdhhdhddid « Thousands of parallel threads /
vvvvvvvvv FrYvvwww Thousands of data elements to process
MUALAL ARt laid |, GeForce 8800 has 128 streaming

processor cores and 512MB RAM
 Tesla C1060 has 240 streaming processor
cores and 4GB RAM

Thread(2,0)

Thread(3,0)
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Streaming Multiprocessor (SM)

GPU Architecture
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Thread Manager

» SPA : Streaming Processor Array
+ TPC : Texture Processar Cluster (2SM+TEX)

» SM : Streaming Multiprocessor (85P) - Multi-threaded processor core, Fundamental processing unit for CUDA thread block
= SP : Streaming Processor - Scalar ALU for a single CUDA thread

» The size of the Shared Memory is 16KB.

© NVIDIA Corporation
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Inside CUDA kernel
HOST (CPU)
IR l /- register DEVICE (GPU)
GRID1 /
BLOCK(1,0) BLOCK(1,1) _f'j BLOCK(1,2) BLOCK(1,3)
BLOCK(0,0) BLOCK(0,2) .f'f BLOCK(0,3) BLOCK(0,4)

Shared Memory (faster)

Local Memory (slower)

Thread
3.0

Thread Thread Thread Thread
(0,0} (0.1) 0.2) (0,3)

Thread
(1.0)

Thread Thread
(2,09 (2,3)

Shared Memory (faster)

Local Memory (slower)

e

Thread Thread Thread Thread [i#
(0,0) (0,1) (0,2} (0,3}
Thread Thread
(1,00 (1,2)
Thread Thread Thread
(2,00 (2,1) (2,2)
Thread Thread
(3,0) (3.2)

Shared Memory (faster)

II

Local Memory (slower)

Thread
(3.0)

Thread
(3.2)

Thread Thread Thread Thread
(0,00 (0,1) (0,2) (0.3)

Thread Thread
(1,0 (1.2)

Thread Thread Thread
(2,0) (2,2) (2.3)

Shared Memaory (faster)

Local Memory (slower)

Thread Thread Thread Thread
(0,0} (0,1) (0.2) [(1E]]
Thread
(1,0)
Thread Thread
(2,0 (2,3)
Thread -
(3.0)

'.' Global Memory (RW by thread) (slower)

4 Constant Memory (RQ by thread) (cached)

f Texture Memory (RO by thread) (cached)

« Block ID : 1D/2D Thread ID : 1D/2D/3D
« Grid is launched on the SPA. Threads are assigned to SMs in block granularity. Up to 8 Blocks to each SM as resources allows.
» Host(CPU) can RW Global/Constant/Texture memaries
» Two threads from different blocks CANNOT cooperate.

© NVIDIA Corporation
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GPU vs. CPU

Wetting Simulation using SPH (Smoothed Particle Hydrodynamics)

Performance [kEA/s]

-W,D : 50mm 0 2000 4000 6000 8000 10000 12000

-H:100mm
- Dpore - 1.5mm AMD64 Athlon 2.2GHz

- N : 83,300 EA

78.0 (x0.6)
AMD64 Phenom 2.4GHz N 139.2 (x1.0)
GeForce 9400GT 292.2 (x2.1)
GeForce 8600GT 344.3 (x2.5)

Cc870 ,646.6 (x11.

C1060 3 (x33.6)

C2050 8,163.4 (x58.7)
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GPU vs. HPC

Lattice Boltzmann Method (CFD)

Lid-driven cavity flow

B GPU (C870) 1EA
B HPC (Opteron252)

0 0.2 0.4 0.6 0.8 1

Speed-up :
s(n) =T/ T,
T, : WCT of serial code [sec.]

T,: WCT of parallel code [sec.]
n : the number of processors Mesh size

128x128 256x256 512x512 1024x1024

10
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HPC vs. multi-GPU

HPC

(Parallel Processing)

‘P‘
P
B

MPI (Message Passing Interface)

Fast | Fast » Fast
Algorithm Algorithm Algorithm Algorithm
+ + + +

CUDA CUDA CUDA
multi-GPU | A N P P
N /‘ : N ~ / N ’/  d

MPI (Message Passing Interface)

11
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Inside multi-GPU system

DO”}?'” sub domain sub domain f  sub domain
Decomposition

v
o
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Interaction
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SAMADII

. Particle-based multi-physics solver
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SAMADIL

Particle-based multi-physics solver

H/W acceleration using multi-GPU (GPU cluster)
S/W acceleration (Fast algorithm)

Discrete Element Method (DEM)

Magnetic particle, charged particle simulation

= Wetting simulation

= Smoothed-Particle Hydrodynamics (SPH) *

» Fluid-Solid Interaction (FSI) *

» Deformable body simulation *

14
* under development
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- Graphics Engine : HyperCube4 (based on OpenGL & .NET, self-developed)

- Specially designed for high-speed rendering

Main

convert GPU  property assemble makeBead fiter simulation  Post-Processing
G:W_2Raugerffassm.p3
Nbody = 3 EA
Nnode 22647 EA
Nelem = 45282 EA
Nedge = 67923 EA .
x [-4.800000e-003 +2.448000e-001] Materlal Property Setu e
v [-1.980000e-002 +3.480000e-002] PP T — % '
z [-1.980000e-002 +5.280000e-002] @ Material Properties 2
wal - (0/2)
Mesh Converter sy o1 o)
@ Mesh Convel :Ir ' P4 Poisson's ratio 0.3 P . I C
Young's modulus [MPa] 5000 artlc e reator
G:%_2Raugerttauger0l.dat =
fretion coefficient 0.2 @ Particle Creator
flip outward I directi
e friction coefficient 0.1

PU Confi

@ GPU setup

update H add H delete ]

save & close

guration

|

Waorking Directory

G:¥_2Rauger

3 GPU(s) were found in this system.

@ Assemble

x

gravity [m/s*2] 0 0.807 0 6 =

domain decomposition  x-dir. - 0
diameter material number ratio  color

partycle Typel 1000 [um] par - 15 £ [i]

partycle Type-Il " spo | [um] par - (s E

[#] Tesla C1060 auger2.dat.eim - (2/3)
[] GeForce 9600 GT augerd2.dat.eim P t. | F . |t
s L Jwm i - articie rifter ender mode
a ¥ 2 @ Particle Filterring - ! Render Al
translation [mm] 0 0 0 G:M_2Raugertfinit.par
reference point[mm] 0 0 33 rotating speed
removal direction y-dir. over - 10 [mm]
rotating axis 1 0 o -50 [rpm]
shink suface zsuface v 1 [mm]
| [ redraw | [update | [ add | [ delete | [ save&dose |
=
Sphere | Sclid | Vector Box | Elernent | Lines Text Axis | BGcolor || Metariver Technology
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Example-1 : Excavator

N, : 80,000 EA

N, : 5653 EA

500,000 steps

Multi-CPU (HPC 16 core)
2010-02
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Example-1 : Excavator

Technology
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Example-2 : Agitator

: ] Avave
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» - 30,000 EA
N, : 48,602 EA
120,000 steps
Multi-GPU (Tesla C1060 x2)
2010-07
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Example-2 : Agitator

Technols
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Example-3 : Blast Furnace

N, : 640,000 EA

N, : 64,314 EA

250,000 steps

Multi-GPU (Tesla C1060 x2)

2010-07
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Example-3 : Blast Furnace

P VA W W P A P

14
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Visualization
. HyperCube4 & EnSight
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oshing

N, : 248,845 EA
N, : 12,580 EA

1,000,000 steps
Tesla C2050
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Sloshing

N, : 248,845 EA
N, : 12,580 EA

1,000,000 steps
Tesla C2050
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Sloshing

Technol
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Sloshing

N, : 248,845 EA
N, : 12,580 EA

1,000,000 steps
Tesla C2050
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219,391 EA
45,282 EA
000 steps
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2-R Auger

N, : 219,391 EA

N, : 45,282 EA

700,000 steps
Multi-GPU (Tesla C1060 x2)
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2-R Auger

N, : 219,391 EA

N, : 45,282 EA

700,000 steps
Multi-GPU (Tesla C1060 x2)
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Rotating Drum

124,266 EA
6,048 EA

.
.

e

700,000 steps
Tesla C2050
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Rotating Drum

N, : 124,266 EA
N, : 6,048 EA
700,000 steps
Tesla C2050

< Vector & Tra rent Particle>
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