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Preconditioned Parallel Iterative Methods

2

2 GeoFEM/Cube
GeoFEM 3 4

GeoFEM Cube

Cube

2

5

tri-linear

8 1 x y

Nx Ny Nz Nx-1 Ny-1 Nz-1

1 3 1

3 CRS

Compressed Row Storage

Conjugate 

Gradient CG 5 4

3 LU

Block Diagonal LU Factorization 2

MPI

x

y

z

Uz=0 @ z=Zmin

Ux=0 @ x=Xmin

Uy=0 @ y=Ymin

Uniform Distributed Force in 
z-direction @ z=Zmax

(Ny-1) elements
Ny nodes

(Nx-1) elements
Nx nodes

(Nz-1) elements
Nz nodes

x

y

z

Uz=0 @ z=Zmin

Ux=0 @ x=Xmin

Uy=0 @ y=Ymin

Uniform Distributed Force in 
z-direction @ z=Zmax

(Ny-1) elements
Ny nodes

(Nx-1) elements
Nx nodes

(Nz-1) elements
Nz nodes

2 GeoFEM/Cube 2,3,4

スーパーコンピューティングニュース� Vol. 23, No.5　2021-  50  -



 3  8 1 3 2,3,4

2,3,4

Node

GeoFEM/Cube

5 25 16

4

PE#0 PE#3 PE=Processing Element 4

MPI

5 b

(a)                              (b) 

( )1,1,1 −+−

( ) ( )1,1,1,, −−−=ζηξ
1 2

34

5 6

78

( )1,1,1 −−+

( )1,1,1 −++

( )1,1,1 +−− ( )1,1,1 +−+

( )1,1,1 +++( )1,1,1 ++−

i

j

( )81,

333231

232221

131211

=ee

jiji

i

jiji

ji

aaa

aaa

aaa

eeeeejei

ejeiejeiejei

eeejeiee

Compute r(0)= b-[A]x(0)

for i= 1, 2, …

solve [M]z(i-1)= r(i-1)

ρi-1= r(i-1) z(i-1)
if i=1

p(1)= z(0)

else

βi-1= ρi-1/ρi-2
p(i)= z(i-1) + βi-1 p(i-1)

endif

q(i)= [A]p(i)

αi  = ρi-1/p(i)q(i)
x(i)= x(i-1) + αip

(i)

r(i)= r(i-1) - αiq
(i)

check convergence |r|
end
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schedule (dynamic,200) 200 Chunk Size
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!$omp parallel private (neib,j,k,i,X1,X2,X3,WVAL1,WVAL2,WVAL3)
!$omp&         private (istart,inum,ii,ierr)

!$omp master Communication is done by the master thread (#0)
!C
!C– Send & Recv.
(…)

call MPI_WAITALL (2*NEIBPETOT, req1, sta1, ierr)
!$omp end master

!C                          The master thread can join computing of internal
!C-- Pure Internal Nodes nodes after the completion of communication

!$omp do schedule (dynamic,200) Chunk Size= 200
do j= 1, Ninn
(…)

enddo
!C
!C-- Boundary Nodes Computing for boundary nodes are by all threads

!$omp do default: !$omp do schedule (static)
do j= Ninn+1, N
(…)

enddo

!$omp end parallel
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