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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 N, by using two dimensional variable-length vector instead

of N XN 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.

» Keywords : Two Dimensional

Variable-length Vector Storage Format,

Sparse Matrix

Storage Format, Finite Element Method, Jacobi lterative Method

. M B

3t (FEM: finite element method)& 419
g FxE, A8 59 et theket BollA] o]8E
A= FAI8 Itk (1,2). fetaay]e A4 Mgl

T T jl‘?:lJ
£ flel asEe BUsa 449

el e o

Ol

[<] h o = 1w
O}é‘?% ﬁ%‘%@*ﬁ‘% I7A Ha B S Tele Al &
< Aitel s €

iﬁiﬁl% Az=09] Fe7} H1
Z A3 A7t Nold
ﬂﬂMiﬂPéJ °c}7§z]|5§eé
(large sparse symmetric positive definite matrix)<]

EAS 2ttt 71E A7l osi freke o] Anisa
) FgHYBE AP Sl H oA BHZW—C" =R
3889 (band matrix method) @} 271o]2}Q1 (skyline
method) &°] & €14 ot A EH Xd?ﬂ] o) o
ato] TS 7102 A P ﬂ"ﬂ LLASEZH =apa i)
= Adshe Welal 2vteleRIg S A RS VIEo R
olo s FE= %,\77}7(] Adahe ol
Z} oA Ao 27| ﬂ ZFeke U
7} 2|

ga
fr
§8 O > o o

2% 3, SAllRIRE 2 Aok WS
B W) A 0L el TATAL FRALE
Bl WEZo] WolA A B3 0] ue} F710) 00] B

oA wHo] WASH "tk I ol SAYHEE AR
93t CSR (compressed sparse row) A47Z7} AR

o
N
T X

-

2 ERaAE A8AY] HF Qe Ar=b Fee]
HHQRIAN 4 Be] A TS Fo)7) AT P

ZVP%’EOH 13}@]
Holl A B &

B ivelsy

Tk A2gelME & =gellA o8 friearyae]
4 49 A=Y ke 2vtolell ARt
CSR A7z tefe] 2ds] dweict. A3gelxe &
=il ARk 224 7pAA0] WE ATzl st 4
Alel drdsta, Aldgelre A3 3 AozA A AT
29} 270l ARF2E vwdth B AGE AT
S A8 ofamikae] WHhAe] I=x A A

R o 2 A5 M= a‘?}‘i Ao g 285 Perh

a4 ?—%—4 7} 7%%1—’?% rEe] o]§
Ao HEA] 7% e A4

2 e E fRR4Y) H2988 A9 98
oA 231 /el MEl ARFEE AT R
o ol BrlgA L 379 ) QA=A

ol Ay

~|+Q@=0 (1



Jo
ol

goaolr sadgde] Fad AS A% 22k el My A 11

A (DA 7 22 Yeplle 31 tig grel

AT Aol @ = AT FFE = EES
5 A ES JehdY 4] (1) Galerkin W2 ©]
o] F2hell wiek o]itel BgE s, ofef A (2)9
Feje] WA freeangAls o

I
>
rr

ml o
t ot
=

rlo

[Kl{2}={F} (2)
924 (2)9elA (K=
matrix)ela {o}& A
e} (flux vector)©|th.
B =i A4 feeay e dgEs 2 (2)d
A PdE (K] o] 88 & e R AFTEREA 2214
7ol WiE AF2E ARkt ARk AT 27}

wE2]~ (heat conductivity

A=
Al AAeE dEoy {Fie E85

olgj}l ATzl vlsle] F|A x| A7t ALDFE U
FEA AFTFRALE A4g £ 28 B3 & 4 ok
2 A7folEil A2k CSR A2l tiste]
ZaoA o] &= A FAS 11T o E S At
1) 27kl A+=
FrQ A o] &EE ATlolglel AAFR] o o}
e} At
1.0 13 0 0 16
2 0 24 0 0
K= 33340 0
4 0 46 3)
55 56
66

@O 12191 WiE S o] 838l K AP E ] 3 dasS 2
2 o2 A4t

@ (N+1) A5l
ok (2 4o T V). &
iHA iz 94 IRIET} %E}.

B AE 55 59 pE YT

s={11,22,13, 0, 33, 24, 34, 44, 55, 16, 0, 0, 46, 56, 66} ,

p=1{0,1,2,5,8,9,15} ,

S={p, s} .

2) CSR A=

3% PAE Ak Pele CSR ATt L, ©f
AT AR AT Al CSR A729] o

= oleleh A

11 14 17
23
33 34 36
K= 43 44 46
54 56 S
62 67
72 75

@ 1230 vl Adll K 3E9] YAES 9 X0z AR
=3

@ 1349 vl Joll & yFe] 27 Qlulas A

@ 12 ¥l LENel| 0°] opd 7} aje] Zol& #73ic}.

@ 121 vl PTRell vl J T g AolA] 7} o] A
wr 242 7lE7)E ZOEE AR

E 1. CSR XMz& #z=9| of
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Table 2. Comparison storage space of [&] matrix of

three cases according to structural sizes at 2D grid

structure
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int* ptrldx = thrust::raw_pointer_cast(&dL_idx1D(0));
float* ptrNumEleNode =

thrust: :raw_pointer_cast(&dL_numEleNode1D(0));
float* ptrX = thrust::raw_pointer_cast(&dL X(0));
float* ptrT1 = thrust::raw _pointer_cast(&dL T1(0));
int* ptrAccmSize =

thrust: :raw_pointer_cast(&dL_accmSize(0));

float™ ptrR = thrust::raw_pointer_cast(&dL R(0));

float* squareDiff =
thrust: :raw_pointer_cast(&dL_squareDiff(0));
float* squareX = thrust::raw_pointer_cast(&dL _squareX(0));

int memNumEleNode = dL_accmSize(N-1) *sizeof (float);
int memT1 = N*sizeof (float);

int memR = N*sizeof (float);

int nodeN = N;

cudaBindTexture(0,texldx,ptrldx) ;
cudaBindTexture(0,texNumEleNode, ptrNumEleNode,
memNumEleNode);
cudaBindTexture(0,texT1, ptrT1, memT1);
cudaBindTexture(0,texAccmSize, ptrAccmSize);
cudaBindTexture(0,texR,ptrR, memR);

dof
solver {{{ n_blocks, block size »») (nodeN, ptrX, ptrT1,
ptrSquareDiff, ptrSquareX);

norm1 =
std::sqrt( thrust::reduce(dL_squareDiff.begin(),
dL_squareDiff.end()) );
norm2 = std::sart( thrust::reduce(dL_squareX.begin(),
dL squareX.end()) );
err = norm1/norm2;
iter++;

} while ((iter ( iterMax) && (err ) tol));

cudaUnbindTexture(texldx)
cudaUnbindTexture(texNumEleNode);
cudaUnbindTexture(texT1);
cudaUnbindTexture(texAccmSize) ;
cudaUnbindTexture(texR)
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Fig. 4. Preparation and iteration for GPU parallel
processing of the jacobi iterative method which the
proposed storage format is applied to

texturedint, 1, cudaReadModeElementType) texldx:
texture(float, 1, cudaReadModeElementType)
texNumEleNode;
texture(float, 1, cudaReadModeElementType) texT1;
textureSint, 1, cudaReadModeElementType) texAccmSize:
texture(float, 1, cudaReadModeElementType) texR;

__dlobal__ void solver(int nodeN, float* x, float* T1, float*
squareDiff, float* squareX)
{

int d_idxNode=0, d curr=0, d diag=0;

float sum=0.0;

int tx = blockldx.x * blockDim.x + threadldx.x;

int thread_n = blockDim.x * gridDim.x;

while (tx < nodeN)
{
for(int kk = 1: kk ¢ (tx == 07
tex1Dfetch(texAccmSize, tx): (tex1Dfetch(texAccmSize, tx)
- tex1Dfetch(texAccmSize, tx-1)) ); ++kk)
{
__syncthreads();
deurr = (tx == 0 7? kk :
(tex1Dfetch(texAccmSize, tx-1) + kk) );
d idxNode = tex1Dfetch(texlidx, d curr);
sum = sum + ( tex1Dfetch(texNumEleNode, d curr)
* tex1Dfetch(texT1, d_idxNode-1) );
}

__syncthreads();
d diag = (tx == 0 ? 0 : tex1Dfetch(texAccmSize,
tx=1) )

x(tx) = ( tex1Dfetch(texR, tx) - sum ) /
tex1Dfetch( texNumEleNode , d diag);

squareDn‘f[t ] = (x(tx) - tex1Dfetch(texT1, tx))
* (x(tx) - tex1Dfetch(texT1, tx)); // for norm
squareX(tx) = x(tx) * x(tx);
__syncthreads();
T1tx) = x(tx);

tx = tx + thread n;
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Fig. 5. GPU parallel code of the jacobi iterative method
which the proposed storage format is applied to
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