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Numerical Computing on Graphics Hardware

294

Mosta Faget AFE g

Ao dur M8 PC o] ZFE 1 QJE ATI U NVIDIA 59 zHjg2 71&7]9]
T A g of wart ¢k @ Az wWE £E2E AFsta Ao
T 43 gA F45A dojvn A B¥E F9 se vz 71E9
TAE 71%9 oz A do]Takl(fixed-function graphics pipeline)de &2
zzadust k&Y Ve ARAANRE ZRaPNE F O UARF HFce
zz Yol 7+5 3 do] X2} (programmable graphics pipeline)?] £dolg &
g At old Jt&r)el ZA=E1 Q' GPU (Graphics Processing Unit)e
Zterg Peje) SIMD ZEAAE & £ oled, 53] GPU 9 ¥ #£¢ 34
doldE 2 HE £%7t ol g7] W& ol& Fid V€ 4 nYFE
Wasg slele Axrl @d3 dojua ok B FddAe b F£H AN
aRG 2 sH47)E At sAsEE ARl titel hdE AvEd.

o
i3
St
Ay

Zaz Az
thm@sogang.ac.kr

_57_



Real-Time Rendering Pipeline on GPU
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Fixed-Function Graphics Pipeline & Advances in Graphics Processors
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i+ In particular, fragment(pixel) shader hardwaresuppor‘ishigh pixel

Programmable GPU(Graphics Processing Unit)

“ (PUs have become programmable!
* NVIDIA GeForce FX and ATI Radeon 9700

* The recent GPUs support 4-wide fill floating-point SIMD - .
operations. - R eAT e T
= d-component vector in FP32 -> 128bit processing

rates through its flexible texturing and blending units.

Some Words on Latest Programmable GPUs ﬂ

3 §pccd: faster than ever
Graphics memory: larger than ever
+ Bandwidth: wider than ever

% d-wide SIMD processing
128-bit vertex processing pipeline (four FP32 numbers)
128-bit pixel processing pipeline (four FP32 numbers)

<+ 4 parallel geometry pipelines ¢

v & paraltel pixel pipelines
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{Current) Programmable Graphics Pipeline ﬂ
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Polygonal Temture Texture
moded may ninppped image
Preanuge
Gramearis traniom = modeling +
“Surface viewing + projection
parsmeterization + viewport transtorm
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Tenture space
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Conventional Texture Mapping in OpenGL ﬁ Numerical Computing on GPU
AN
[y = - st  Parallelization of numerical algorithms on multi-processor
JRS— architectures has been an active research area in applied numerical
analysis.
% Many physically-based computer graphics (and CFD) applications
require high-intensity numerical solvers.
Texturing < m ;
+ Various numerical algorithms are being actively mapped onto
e teroring oty . .
|0 B o o) ot tw e o) GPUs by graphics people.
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Recent GPU Mappings of Numerical Algorithm (

)

Physical Simulation Examples

% SIMD optimization of linear expressions for progr ble GPU [Bajaj, Ihm.
Oh, Min??}
¢ A sparse matrix conjugate gradient solver [Bolz03, Kruger03]

2 A regular-gri\-! multigrid solver [Balz03]

<

A Gauss-Seidel solver [Kruger03]

2+ A level set solver with curvature flow [Lefohn03]
+ A dense matrix multiplier [Thompson02]

& A non-linear diffusion solver [Strzodka01}
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¢ Fluid animation

a AMZBHYD HBE JHHA A7 13 a NYORD HRE DR HPa 14
Inside of the Simulations | P A Pixel Shader Application >
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< Fluid animation
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Sparse Matrix Vector Multiplication [Bolz03] ﬂ
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« Computing  y = Az on pixel shader

< Three features of GeForce FX pixel shader
hardware -Q-i

= Random texture memory access fetch
* Single fragment stream

= SIMD execution model
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Texture Layout and Indirection Mapping onto Pixel Shader
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| SIMD Optimization of Linear Expressi ; : »
PO (Baial. Thom Oh. Min??] ﬁ Instruction Set of the SIMD Model ﬁ
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< Minimization of 4-wide SIMD instructions for computing Operation | Usage Description

y = Az + b through matrix transformation ADD ADD D, S0, Si D « SO + St
' MUL MUL D, SO, S1 D« S0 *s1
¢ *
< Abstract SIMD shader model MAD MAD D, SO, S1, S2 | D+ S0 * 51 + 82
- . DP4 DP4 D, S0, S1 D « 8081
% I, The shader supports teur-wade SIMD pariiielnin, MOV MOV D, S D3

2 It insauciion set includes the istructions shown in the table, MAD R4, R1. R2, R3;

£4

. Ay component of the source registers may =wizzle and/or replicute into
any other component. Furthennore. destination registers may be masked.
These register modifiers do not harm shader performance.

28
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Lvery instruction executes in @ single clock cyvcle. Hence, the number of
instructions in a vertex shader program is the major factor affecting shader
performance.
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Partition of a Linear Expression 5z Decomposition ﬁ
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Evaluation Cost
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Before and After Transformation
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Computation of 4% Order RK on Shader
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Solving 260,000 X 260,000 Poisson Equation on GPUfﬂ

: Ny

Timing Performance

tolerance

-3 10-% 10-5
GS time 101.6 364.8 1178.6

on CPU iter 16 61 200
EBJ time 62.8 142.4 419.1

on GPU itex 20 B4

EBJ time 49.1 111.6 315.9
on GPU (9.8) (68.3) (272.6)

{optimized) iter 19 77 253
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