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Abstract For large-scaled and high precision electromagnetic field simulations with the FDTD (Finite-Difference
Time-Domain) method, it is essential to utilize effectively the vector and parallel computation structure of computers. In the
FDTD method, Berenger’s PML (Perfectly Matched Layer) absorbing boundaries have a quite large weight, which may affect
directly the performance of the whole FDTD program. In this paper, a basic consideration of the PML programming which is
adequate to the vector and parallel computation was given, and the consequent programming was shown as an example. From
the evaluation results on a super-computer (NEC SX7), it was found that the speed was raised 4 5 times for 8 parallel
computations and 8 times for 16 parallel computations, respectively. Compared to the case without parallelism, a speed-up of
26 times was achieved for 16 parallel computations.
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CALL SETUP
T=0
DO N=1,N_TIMESTEP Berenger PML
CALL E_FIELD_CALCULATION Perfectly Matched Layer [5]
CALL E_FIELD_PML
T=T+DT/2 PML FDTD
CALL H_FIELD_CALCULATION
CALL H_FIELD_PML FDTD
T=T+DT/2
END DO
Berenger PML
FDTD
NEC SX-7
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DO L=1,6
10=LPMLII(L,1)
11=LPMLI1(L,2)
JO=LPMLJIJ(L,1)
J1=LPMLJII(L,2)
KO=LPMLKK(L,1)
K1=LPMLKK(L,2)

L1=LPMLST(L)
DO 1=10,11-1
DO J=J0+1,J1-1
DO K=KO+1,K1-1

L1=L1+1
END DO
END DO
END DO

L2=LPMLST(L)
DO 1=10+1,11-1
DO J=JO0,J1-1
DO K=KO+1,K1-1

L2=L2+1
END DO
END DO
END DO

L3=LPMLST(L)
DO 1=10+1,11-1
DO J=J0+1,J1-1
DO K=KO,K1-1

L3=L3+1
END DO
END DO
END DO
END DO

EX_FIELD_CALCULATION

EY_FIELD_CALCULATION

EZ_FIELD_CALCULATION

E_FIELD_PML
( )
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DO K=M+1,NZ-M
DO J=2,M
DO I=1,NX-1
EX_FIELD_CALCULATION
END DO
END DO
DO J=NY-M+1,NY-1
DO I=1,NX-1
EX_FIELD_CALCULATION
END DO
END DO
DO 1=1,M
DO J=M+1,NY-M
EX_FIELD_CALCULATION
END DO
END DO
DO I1=NX-M,NX-1
DO J=M+1,NY-M
EX_FIELD_CALCULATION
END DO
END DO

DO 1=1,NX-1
EX_FIELD_CALCULATION
END DO
END DO
END DO
DO J=2,NY-1
DO K=NZ-M+1,NZ-1
DO 1=1,NX-1
EX_FIELD_CALCULATION
END DO
END DO
END DO

EY EZ

E_FIELD_PML

Speed-up ratio
Average vector length

Vector operation ratio (%)

Before After
No 8 16 No 8 16
parallelism parallelism parallelism | parallelism parallelism parallelism
1.0 2.8 3.1 2.0 11.1 24.2
88.9 88.9 88.9 194.7 194.7 194.7
97.6 97.2 96.5 99.4 99.3 994

PM L thickness M=6
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Before After
No 8 16 No 8 16
parallelism parallelism parallelism | parallelism parallelism parallelism
Speed-up ratio 1.0 3.0 34 21 14.0 26.5
Average vector length 91.0 91.1 91.1 189.9 189.9 189.9
V ector operation ratio (%) 97.6 97.2 96.6 99.4 994 994
PML thickness M=12
8 4 5 16 8 (2] ““EMC
7z vol.83, no.11, pp.851-855, Nov.
26 2000.
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