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Numerical Computations on A Commodity Graphics
Hardware

Yuki SHINOMOTO
Abstract
Recently, a computational performance of a commodity graphics hardware has
made a rapid progress with an increasing use of 3D CG (Computer Graphics)
as an expression of video games. Graphics hardwares used to have only fixed
CG processing functions. As a recent functional progress, graphics processing
units (GPUs) on graphics hardwares can programaticaly reconfigure the graph-
ics pipeline. With regards to a precision of computations, GPUs can use 32-bit
floating point. In scientific simulations, CPU computes reults of simulations.
GPUs don’t involve with simulations and only visualize the results. if CPU and
GPU work together and GPU is used as a vector processor, simulations can be
faster. In this paper, we apply GPUs to numerical computations.

GPUs are a kind of vertor processors. GPUs have the vertex processor,
the fragment processor, and other non-programmable hardware units which are
linked through data links. When GPUs deal with arrays, they use textures
which contain array elements as texels. The programmable fragment processor
samples data of textures and process them. Results of computations are pre-
served by copying the results to textures or readback the frame buffer/offscreen
buffer into CPU memory. Note that GPUs don’t update array elements directly.
By updating texture with the results, GPU can do iteration.

In this research, we analyzed L.L.N.L (Lawrence Livermore National Labo-
ratory) fortran kernels which are sets of practical numerical computations. We
picked characteristics of L.L.N.L fortran kernels and considerd how to imple-
ment them and what kind of computation is difficult to implement with GPUs.
Also we implemented a 2-D Poisson solver with a Jacobian method on NVIDIA
GeForce FX 5900 Ultra and on Intel Pentium 4 each and compared computa-
tional time of CPU and GPU.

L.L.N.L. fortran kernels have 24 kernels. We worked out methods of imple-
menting them execpt for one kernel and found that gpus’ inability to update

array elements directly limits kinds of computations. Also we found that GPUs



v

are good at parallel computations and poor at one-by-one or branching compu-
tations by analyzing patterns of L.L.N.L. fortran kernels. A 2-D Poisson solver
with a Jacobian method using GPU was about 10 percent faster than using CPU
at precision of 32 bit floating point when we omittied convergence check and
selected a proper number of divided grids. We believe that in real-time simula-
tions GPU should display results of simulations with real-time frequency while
CPU displays precise ones. And GPU may iterate prefixed times or check the
convergence every prefixed steps other than check theconvergence every step.
In this research, we worked out general methods of implementing a variety
of numerical computations and pointed out computations which is difficult to
implement with GPUs. Also we showed the usefulness of numerical computa-
tions on a commodity graphics hardware through implementing A 2-D Poisson
solver. A current problem is that 32-bit floating point operations are very ex-
pensive in GPUs and that there are some limitations in computing on GPU.
Another problem is that CPU always sents commands to GPU and GPU can’t
work by itself. When these problems are resolved, GPU will coorporate with

CPU as a powerful vector processor.
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4.2.4 kernel5 TRI-DIAGONAL ELIMINATION,BELOW DIAGO-
NAL
DO 5i=2,n
5 X(i)= z(@(i) * (Y({E) - X(@E-1))
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4.2.5 kernel8 A.D.I. INTEGRATION
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U1 (kx,ky,nl12)=U1 (kx,ky,nl11)+A11*DU1 (ky) +A12%DU2 (ky) +A13%DU3 (ky)
+SIG* (Ul (kx+1,ky,nl1) -fwxUl(kx,ky,nll) +U1l(kx-1,ky,nll))

U2(kx,ky,n12)=U2(kx,ky,nl1) +A21+DU1(ky) +A22+DU2(ky)+A23*DU3(ky)
+SIG* (U2 (kx+1,ky,nll) -fwxU2(kx,ky,nll) +U2(kx-1,ky,nll))

U3 (kx,ky,n12)=U3(kx,ky,nl1) +A31+DU1(ky) +A32+DU2(ky)+A33*DU3(ky)
+SIG* (U3 (kx+1,ky,nl1) -fwxU3(kx,ky,nll) +U3(kx-1,ky,nll))
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4.2.6 kernell0 DIFFERENCE PREDICTORS
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DO 10 k= 1,n

AR = CX(5,k)
BR = AR - PX(5,k)
PX(5,k) = AR
CR = BR - PX(6,k)
PX(6,k) = BR
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4.2.7 kernell4 1-D PIC Particle In Cell
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DO 14 k= 1,n

RH(IR(k) )= RH(IR(k) ) + fw - RX(k)

RH(IR(k)+1)= RH(IR(k)+1) + RX(k)
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4.2.8 kernell5 CASUAL FORTRAN. DEVELOPMENT VERSION.
DO 45 j = 2,NG
DO 45 k = 2,NZ
IF( j-NG) 31,30,30
30 VY (k,j)= 0.0d0
GO TO 45
31 IF( VH(k,j+1) -VH(k,j)) 33,33,32
000000000000000000000000000000000000
D000000000000D000000000000 continued 00000
000000000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000000000000000000000
000000000000 0000OcontinueJ00000000
4.2.9 kernell7 IMPLICIT,CONDITIONAL COMPUTATION
0000000000000000000000000000000000
0000000000000 0000000000000000000000
00000000000000000000000000000000000
0000000000000 0000000000000
4.2.10 kernel22 MATRIX*MATRIX PRODUCT
DO 21 k= 1,25
DO 21 i= 1,25
DO 21 j= 1,n
PX(i,j)= PX(i,j) +VY(i,k) * CX(k,3j)
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000000000000 00D000000000000000000000
000000000000 0i0j;j00000000000000000000
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4.2.11 kernel24 FIND LOCATION OF FIRST MINIMUM IN AR-

RAY
DO 24 k= 2,n
IF( X(k).LT.X(m)) m= k
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