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Two dimensional variable—length vector storage format
for efficient storage of sparse matrix in the finite
element method
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Abstract

In this paper, we propose the two dimensional variable-length vector storage format which can
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be used for efficient storage of sparse matrix in the FEM (finite element method). The proposed
storage format is the method storing only actual needed non-zero values of each row on upper
triangular matrix with the total rows &V, by using two dimensional variable-length vector instead of V<X N large
sparse matrix of entire equation of finite elements. This method only needs storage spaces of the number of

minimum 1 to maximum 5 in 2D grid structure and the number of minimum 1 to maximum 14 in 3D grid

structure of analysis target. The number doesn’t excess two times although involving index number. From the

experimental result, we can find out that the proposed storage format can reduce the memory space more

effectively, as the total number of nodes increases, than the existing skyline storage format storing maximum

column height.
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Table 1. Example of the CSR storage format
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nunber at 2.0(16 < 16) and 3.D(16 < 16 X 16) grid structure

[Format: node number(The number of storage spaces)]
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variable-length vector storage format
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Table 2. Comparison storage space of [ A matrix of three cases
according to structural sizes at 2.0 grid structure
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int ptridk = thrust:raw_pointer_cast(&dL_idx1D[0));

float+ ptrNumEleNode =
thrust::raw_pointer_cast(&dL._numEleNode1D[0]);

floate ptrX = thrust:raw_pointer_cast(&dL_X(0l):

float« ptrT1 = thrust:raw_pointer_cast(&aL._T1[0]);

int~ ptrAccmSize =

thrust:raw_pointer_cast(&dL._acomSizel0));
float ptrR = thrust:raw_pointer_cast(&dL._R{0);

float+ squareDiff =
thrust::raw_pointer_cast(&dL_squareDiffl0]);
float* squareX = thrust:raw_pointer_cast(&dL_squareX(0));

int memNumBleNode = dL_acomSize[N-1lsizeof(float);
int memT1 = Nesizeof(float);

int memR = Nesizeof(float);

int nodeN = N,

cudaBindTexture(0,texidx ptriax);
cudaBindTexture(0,texNumEleNode, ptriNumBEleNode,
memNumEleNode);
cudaBindTexture(0texT1, ptrT1, memT1);
cudaBindTexture(0,texAccmSize, ptrAcomSize);
cudaBindTexture(0texR ptrR, memR);

dof
solver <<< n_blocks, block size >>> (nodeN, ptrX; ptrT1,
pirSauareDiff, pirSquareX);

nomi =
sta:sort( - thrustz:reduce(dL._squareDiff begin),
dL_squareDiff.end() );
nom2 = std=sart(  thrust::reduceldL._squareX begin(),
dL_squareXend() );
err = nomi/nom2;
iter++;

} while (iter < iterMax) && (e > td);

cudalUnbindTexture(texiax);
cudaUnbindTexture(texNumEleNode);
cudaUnbindTexture(texT1);
cudaUnbindTexture(texAccmSize);
cudaUnbindTexture(texR);

texture<int, 1, cudaReadModeElementType> texidx:
texture<float, 1, cudaReadModeBlementType>

texNumBleNode;
texture<float, 1, cudaReadModeElementType> texT1;
texture<int, 1, cudaReadModeElementType> texAccmSize;
texture<float, 1, cudaReadModeElementType> texR

_olobal__ void solver(nt nooeN, floatr x  floatx  T1, float
squareDiff, float< squareX)
{

int d_idxNode=0, d_curr=0, d_diag=0;

float sunF0.0;

int tx = blockldx.x * blockDimx + threadlax.x;

int thread_n = blockDimx * gridDim.x;

while (&x < nodeN)
{
forlint kk = 1; kk < (x =0 ?
tex1DfetchitexAccmSize, tx):(tex1DfetchitexAcomSize, tX)
- tex1Dfetch(texAccmSize, tx-1)) ); +kk)
{
__syncthreads();
dour=(tx =07 kk:
(tex1DfetchitexAcomSize, tx-1) + kk) );
d_idxNode = tex1Dfetchltexidx, d_cum);
sum = sum + ( texiDfetch(texNumBleNode, d_curr)
* texiDfetch(texT1, d_idxNode-1) );
}
__syncthreads();
ddiag = (tx = 0 ? 0 : tex1DfetchtexAcomSize,
x-1) )
Xtx] = ( texiDfetch(texR, tx) - sum ) /
tex1Dfetch( texNumBleNode , d_diag);

squareDiffft] = ({tx] — tex1DfetchitexT1, tx)
* ([t - tex1DfetchitexT1, tX); // for nom
squareX[td = Xt * Xix;

__syncthreads();
Tl = X
x = tx + thread_n;

T2 4. Mkt MEFIEE XSS ol |EEHo| GPU HEAzIE
L5t Zo|npEnt HIEE
Fig. 4. Preparation and iteration for GPU parallel
processing of the jacobi iterative method which the
proposed storage format is applied to

T2l 5. mMofst MATEE XSt ofFH|HISO| GPU RN |
=
Fig. 5. GPU parallel code of the jacobi iterative method
which the proposed storage format is applied to

91 219 5014 ol omulukEge] AL of) 4 ()

o} e,

z(k+1) _ D*l(bi Rx(k)) (5)



fRaayold Sadde] B84 AL 9% 249 hae] WE AFTE 15
92 @A 2V e (k+ 1) WA uhE AeAe] 2A}
3l u—ua—g— S D o) AR 4 i ]
X125
FAR ALoln, R ol YL AALES A AEE
YA flase FAR BPolt b ARAYYAI
[1] G R LIU, S. S. QUEK, "THE FINITE ELEMENT

S0 ol Sgss el

V.2

B =RAME feands dages
A 7haze] WE ArEs
o HNHE R o] GPU M B 2=

Egzow A
ARSI A

& P AN AR AF ABZIE, 656 7ol
A 27lolEel AT Ak ARTERTG AL v

2] Z7HS o] 83EAT 16 x 16 T2 o)A E Agket A
Azt 27l ATER U e vRey IS o]
510}9\513} E‘f"] 128128 —_[LZOH/H‘:— ok 1/134 AR Z7hk

Xﬂ L XW?-ZE gt %%x%al Ol:wl l_i.@oﬂx% LIS
B el 2k Axlrze] 729 Hof 8 3]9k wlEshE F 9
3, 3z AREe] 729 H 2639 wiEshd =ik

Ao 2 F AW} BOHIFE AH AT}
el B BRRo B9 e PEYS ¢ 5 AR

31 opmnEe] WEAe JpEels dashl 88 o
959

E—E— 1:1

°] 1-r°1?<4°

[2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

METHOD: A practical
Heinemann, 2003.

RE Lewis, JP. Ward, "The finite element method:
Addison-Wesley,

course,”  Butterworth—

principles  and  applications,”
1991

Takeo Taniguchi, Kohji Fujiwara, “Parallel Skyline
Method using Two Dimensional Array,” Memoirs
of the Faculty of Engineering, Okayama University,
Vol.24, No.2, pp.99-112, March 1990.

Felippa, C.A., "Solution of Linear Equations with
Skyline-stored ~ Symmetric ~ Matrix,”
and Structures, Vol. 5, pp. 13-29, 1975.
Eun-Jin Im, "An Efficient Computation of Matrix

Triple Products,” Journal of the Korea Society of

Computers

Computer and Information, Volll, No.3, pp.
141-149, July 2006.
Thomas J. Rudolphi, "Finite Element Method,”

McGraw-Hill Korea, 2010.

NVIDIA CUDA  (Compute  Unified Device Architecture ):
Programming  Guide, Version 21, December
2008.

Junghwan Kim, Jinsoo Kim, "Implementation of
Efficient Power Method on CUDA GPU "
the Korea Society of Computer and Information,

Vol.16, No.2, pp. 9-16, Feb. 2011.

Journal of

Zhihui Zhang, Qinghai Miao, Ying Wang, "CUDA-
Based  Jacobi's  Iterative  Method”  Computer
Science-Technology  and  Applications, IFCSTA

'09. International Forum, IEEE Computer Society,
Vol. 1, pp. 259-262, 2009.



Journal of The Korea Society of Computer and Information September 2012

SRS
F3 ¥
2004 S AFE et
33t
206 Aeoehn AFEREIEs
FINL

RAHAL ARkl AR
AR kg

1981: ZAFela HAbslst T3t
1983 sl ket =kl 3t
1993 F=3eledd

et FspapL
19865\ 3974 A Asigha

BHREISR 5

Email : shkim@knu.ackr



