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Design and Implementation of
LU Decomposition on the Programmable GPU

MANABU MATSUL "2 FUMIHIKO INOt and KENICHI HAGIHARAY

The graphics processing unit (GPU) is a single-chip processor whose purpose is to acceler-
ate rendering tasks for interactive visualization. In this paper, to analyze the behavior of the
programmable GPU, we describe a design and implementation of LU decomposition as an
example of numerical computation. To achieve this, we have developed and evaluated some
methods with different implementation approaches in terms of a) loop processing, b) branch
processing, and c) vector processing. As a result, our experimental results give four important
points: 1) for dependent iterations, a render texture based method avoids copies in the video
random access memory (VRAM), cutting the decomposition time in half; 2) there is a tradeoff
between CPU- and GPU-based branch methods, and the CPU-based branch provides higher
performance for the decomposition of matrices larger than 512 x 512; 3) the efficiency of float-
ing point operations is at most 30%, and as Fatahalian et al. state for matrix multiplication,
the GPU also requires a higher cache bandwidth in order to provide full performance also
for LU decomposition; and 4) the GPU provides different decomposition results from those
obtained using a CPU, mainly due to the floating point division error that increases the error
with the progress of decomposition.
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Table 1 Theoretical performance of proposed methods.
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1: Algorithm LU { 1: Algorithm twopassLU {
2: for (i=0;i< N;i++) { 2 for (i=0;i < Nji++) {
3: for (j=i4+1;<N;j++){ 3 for (j =14+ 1;5 < N;j++) /* draw */
4: Aji = Aji/A“'; /* update L */ 4: Aji = Aji/An'; /* update L */
5: for (k=i+1;k < N;k++) 5: for (j =i+ 1;5 < N;j++) /* draw */
6: Ajp— = Aj * Ajy; /* update U */ 6: for (k=i+1;k< N;k++)
7 } 7 Ajp— = A * Aji; /* update U */
8 } 8 }
9: } 9: }

02 LUOO0O0OO0OO0OOoOooooo
Fig.2 LU decomposition algorithm (right-looking
method).
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Fig.3 I1: A two-pass implementation.
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Fig.5 Image region rendered at the i-th pass, where 1 <7 < N.

1: Algorithm onepassLU {

2: for (i=0;i < N;i++){

3 for (j=i+1;j < N;j++) { /* draw */
4 for (k=14;k < N;k++) {

5: if (i ==k) Aji = Aji/Aii; /*L*/
6: else Ajk_:Aik*Aji/Aii§ /*U >k/
T }

8 }

9: }

10: }

04 LOODO UD 1000000000 I2000 NODO
Fig.4 1I2: A one-pass implementation.
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Fig.6 Measured performance of proposed methods.
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Table 3 Experimental environments.

nVIDIA GeForce

nVIDIA Quadro

GPU FX 5900Ultra FX 3400
Core clock 450 MHz 350 MHz
Texture fill-rate 3.6 Gpixels/s 5.6 Gpixels/s
VRAM capacity 128 MB 256 MB
VRAM BW 27.2GB/s 28.8 GB/s
Texture cache BW 11.4GB/s 15.6 GB/s
Bus AGP8X PCI Express
CPU Pentium 4 2.6 GHz | Pentium 4 2.8 GHz
oS Red Hat Linux 9 Windows XP
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Table 4 Breakdown of measured time on QuadroFX 3400. A, G, C, and T repre-
sent the entire time, the GPU calculation time, the CPU calculation time,
and the VRAM copy time, respectively.
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