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PARALLELIZATION OF THE FORCE METHOD BASED ON
GENERALIZED INVERSE MATRIX IN THE
CLUSTER SYSTEM WITH MPI
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2. Department of Civil Engineering Shanghai Jiaotong University Shanghai 200030 China
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Abstract Generalized inverse matrix(GIM) is a new force method based on the generalized inverse matrix theory

which is an iteration method for solving material nonlinear problems. Unlike the classical force method GIM does
not need to consider the basic structure so it is also feasible for computer to calculate. This method brings the
force method a new light in the computer calculation field. GIM has some natural parallel-calculating
characteristics which are different from the classical substructural algorithm. In GIM the system control equations
are divided into alinear group which includes the equilibrium equation and the compatibility equation andinto a
nonlinear group  which includes the constitutive equation. The iteration procedure starts from a special solution of
the equilibrium equation which is achieved by using the GIM theory. The whole iteration procedure can be divided
into the global stage and the local stage. In the global stage thelinear groupisused whileinthelocal stage the
nonlinear group must be considered. The calculation can be perform in a parallel way according to the time in the
globa stage and the space in the local stage. The parallelization process of GIM is present. Severa different
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methods of parallelization are given and compared. The parallelization is considered in the cluster system with
message passing interface(MPI). MPI is a kind of parallel environment which is widely used nowadays. Cluster
system is a system of many computers linked by high-speed network. The paraléization of GIM in such an
environment works well  which proves the parallel-cal culating characteristics of GIM to have better performance.
The ratio of the time between communication and calculation is an important key during the parallelization. And
the parallel program must be compatible with both the hardware and software environment of parallelization.
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void INV(double* CT int NCEX){
int 11=NCEX
MPI 3 int12=11+1
doubleYY
double * linel = new double[NCEX]
4 double * line2 = new double]NCEX]

for(int1=0 I<NCEX I++){
YY=10/CT[I*NCEX+]
Profile for(int 70 JNCEX J++){

1 GIM
Tablel Dataof GIM functions

lus / lus /
CTCTI 16 615.760 60.8 19 690.556 72.0 1
ALFA 6 156.593 225 6 156.593 225 203
INV 3074.796 11.3 3074.796 11.3 27
ZERO 94.436 0.3 94.436 0.3 27
INV1 78.893 0.3 78.893 0.3 40 800
EST / 48.544 0.2 127.437 0.5 40 800

NEWFOR Foy 30.616 0.1 30.616 0.1 101
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linel[J=CT[I*NCEX+J*YY
[ine2[ J]=CT[J*NCEX+l]

}/ for 20

1l

for(J=0 J<NCEX J++){
for(int K=0 K<NCEX K++){

CT[J*NCEX+K]=CT[J*NCEX+K]-line2[J]*line
1/K]

y
for(J=0 JNCEX J++){

CT[F*NCEX +l]=-line2[J*YY
CT[I*NCEX+JJ=linel[J]

}
CT[I*NCEX+I]=YY
}// end for 10
delete[] linel
delete[] line2
}
5.2
521 1
SPMD(
)
I linel line2

MPI_Bcast(linel NCEX2 MPI_DOUBLE
0 MPI_COMM_WORLD)
1
MPI_Scatter(buffer nDiv*nCol
MPI_DOUBLE buffer nDiv*nCol MPI_DOUBLE
0 MPI_COMM_WORLD)
I SPMD
for(=0 J<nRow J++){
for(K=0 K<NCEX K++){
CT[F*NCEX+K]=CT[J* NCEX+K]-line2[ *nOffs
etOfJ*linel[K]
}

1
MPI_Gather(buffer nDiv*nCol
MPI_DOUBLE buffer nDiv*nCol MPI_DOUBLE
0 MPI_COMM_WORLD)

N =1 000
10 CPU 30
4
4 1
Fig.4 Timedistribution of plan 1
5.2.2 2 1

5 2
Fig.5 Timedistribution of plan 2
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1 linel line2
MPI_Bcast(linel NCEX2 MPI_DOUBLE
0 MPI_COMM_WORLD)
MPI_Barrier(MPI_COMM_WORLD)
1
MPI_Request * requests =
new MPI_Request[nSize-1]
MPI_Status * statuss =
new MPI_Statug[nSize-1]
MPI_Status status
if(nID == 0){
1l
for(inti=1 i<nSize i++){
MPI_lsend(buffer+i* nDiv*
nCol nDiv*nCol
MPI_DOUBLE i 100
MPI_COMM_WORLD
&requesty[i-1])
}
}else{
1
MPI_Recv(buffer nDiv*nCol
MPI_DOUBLE 0 100 MPI_COMM_WORLD
& status)
}
1
for(J=0 J<nRow J++){
for(K=0 K<NCEX K++)}{

CT[J*NCEX+K]=CT[JF NCEX+K]-line2[}+nOffs

etOfJ*linel[K]
}
}
int flag
if(nID == 0
1
MPI_Waitall(nSize-1 requests
statuss)
}
1
if(nID == 0){
for(inti=1 i<nSize i++){

MPI_Irecv(buffer+i* nDiv* nCol
nDiv*nCol MPI_DOUBLE i 100
MPI_COMM_WORLD &requests[i-1])
}
}else{

MPI_lsend(buffer nDiv*nCol
MPI_DOUBLE 0 100 MPI_COMM_WORLD
&requests0])

}
if(nID == 0){
1
MPI_Waitall(nSize-1 reguests

statuss)
}
else{
MPI_Wait(&requestg0] & status)
}
2 8
15 2 CPU 35
5.2.3 3
2
2

2
Table2 Time of calculation and communication

N 2 Is Is
1000 0.018 18
4000 0.300 1200
8000 1.200 9600
N = 8 000 512 M
double[8 000][8 000]
512 M
2
3
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int nWidth
if(nID == 0){
Bcast nWidth = nMod+nDiv
2 }else{
nWidth = nDiv
}
double * linel = new double]NCEX]
s double * line2 = new double[nWidth]
Table3 Time of communication function
/1l scatter  gather
. double * buffer
Beast 0.0003 {f(nID == 0){
Isend Irecv 0.000 1
// root
Test 006 013
_ 1 buffer
Wait 018 02
1 [
1 \Y
_ /l CT[nMod][nDiv][nDiv]...[nDiv]
6 linel buffer = CT-+nMod* NCEX
line2 6 )
linel W else
line2
I/ root
i
/I buffer
linel il
1 v
// CT[nDiv]
buffer =CT
}
NN kgg\ NN int NOffsetOfJ
// root 1 n
/I offsetO offsetl offsetn
| I I
v V \Y,
/[ CT[ nMod ][ nDiv ][ nDiv ]...[ nDiv ]
5 if(nID == 0){
Fig.6 Inverse procedure of matrix nOffsetOfJ =0
}
else{
void INV(double* CT int NCEX){ nOffsetOfJ = nDiv*nID+nMod
1 }
doubleYY 1l
/1 MPI_Scatter(buffer nDiv*nCol MPI_DOUBLE
intl J K buffer nDiv*nCol MPI_DOUBLE O

I MPI_COMM_WORLD)
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MPI_Barrier(MPI_COMM_WORLD)
double begin  end
1
for(I=0 I<NCEX I++){
if(I % 100 == 0){
begin = MPI_Wtime()

1
int dia=
[>=nMod+nDiv?(I-nMod-nDiv)/nDiv+1:0
1
if(nID == diay{
YY=1.0/CT[(I-nOffsetOf J)* NCEX +1]
}
1
MPI_Bcast(&YY 1 MPI_DOUBLE dia
MPI_COMM_WORLD)
1 linel
if(nID == diay{
1 linel
for(=0 XNCEX J++){
linel[J=CT[(I-nOffsetOf )* NCEX+J]* Y'Y
}
1 linel
MPI_Bcast(linel NCEX
MPI_DOUBLE dia MPI_COMM_WORLD)
}else{
1 linel
MPI_Bcast(linel NCEX
MPI_DOUBLE dia MPI_COMM_WORLD)
}
I'line2
for(=0 JnWidth J++){
line2[J] = CT[J*NCEX+]
}
1
1
for(=0 JnWidth J++){
for(K=0 K<NCEX K++)}{
CT[F*NCEX+K]=CT[J*NCEX+K]-line2[J]*linel
[K]

1

1
for(=0 JnWidth J++){
CT[F*NCEX+I] =-line2[JJ*YY

}
1
if(dia==nID){
for(20 JKNCEX J++){
CT[(I-nOffsetOf))* NCEX+]] =
linel[J]
}
CT[(I-nOffsetOf J)* NCEX+I] =YY
}

}
I

MPI_Gather(buffer nDiv*nCol MPI_DOUBLE
buffer nDiv*nCol MPI_DOUBLE 0
MPI_COMM_WORLD)

MPI_Barrier(MPI_COMM_WORLD)

SAFE_DELETE(linel)

}
8 CPU 4 000
8 000 8
CPU 95%
8 000
0.15 s
n CPU
nl n
Amdahl o)
Gustafson (9]
6
GIM MPI
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