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PROGRAM main
IMPLICIT NONE
INTEGER nmax

INTEGER i

REAL sum

sum=0.0e0

DO i=1,nmax
sum=sum+0.1e0

ENDDO

WRITE(6,200) sum

FORMAT (' The answer is

END

200

PARAMETER (nmax=1000000000)

1,e15.8,".")

Figure 1. Sequential Summation
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PROGRAM main
IMPLICIT NONE
INTEGER nmax,nunitsize
PARAMETER (nmax=1000000000,nunitsize=10000)
INTEGER 1i,j,nunit,namari
REAL sum, psum, asum
sum=0.0e0
nunit=INT (nmax/nunitsize)
namari=MOD (nmax,nunitsize)
DO i=1,nunit
psum=0.0e0
DO j=1,nunitsize
psum=psum+0.1le0
ENDDO
sum=sum+psum
ENDDO
IF (namari/=0)
asum=0.0e0
DO i=1,namari
asum=asum+0.1le0
ENDDO
sum=sum+asum
ENDIF
WRITE(6,200) sum
200 FORMAT (’'The answer is
END

Figure 2. Summation with Partial Sum

THEN

",el5.8,".")
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PROGRAM main
IMPLICIT NONE
INCLUDE ’‘mpif.h’
INTEGER nmax
PARAMETER (nmax=1000000000)
INTEGER i,Jj,k,nunit,istart,iend,
& ierr,myrank,isize,
& istatus (MPI_STATUS_SIZE)
REAL sum, buf
CALL MPI_INIT (ierr)
CALL MPI_COMM_RANK (MPI_COMM _WORLD,myrank,ierr)
CALL MPI_COMM_SIZE (MPI_COMM_WORLD,isize,ierr)
nunit=INT (nmax/isize)
istart=nunit*myrank+1
iend=nunit* (myrank+1)
sum=0.0e0
IF (myrank==isize-1) THEN
DO i=istart,nmax
sum=sum+0.1e0
ENDDO
ELSE
DO i=istart, iend
sum=sum+0.1e0
ENDDO
ENDIF
IF (myrank==0) THEN
DO i=1,isize-1
CALL MPI_RECV (buf,1,MPI_REAL, i, MPI_ANY_TAG,
& MPI_COMM_WORLD, istatus,ierr)
sum=sum+buf
ENDDO
ELSE
buf=sum
CALL MPI_SEND (sum,l1l,MPI REAL,O0,1,
& MPI_COMM_WORLD, ierr)
ENDIF
IF (myrank==0) THEN
WRITE(6,200) sum
200 FORMAT (' The answer is’,el5.8,’'.")
ENDIF
CALL MPI_FINALIZE (ierr)

END
Figure 3. Parallelized Program of Sequential Summa-

tion.(Program1l)
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PROGRAM main
IMPLICIT NONE
INCLUDE ‘mpif.h’
INTEGER nmax,nunitsize
PARAMETER (nmax=1000000000,nunitsize=10000)
INTEGER 1i,Jj,ierr,myrank,isize,
& nunit,nunitamari,namari,istart,
& iend, istatus (MPI_STATUS_SIZE)
REAL sum, psum, asum, buf
CALL MPI_INIT (ierr)
CALL MPI_COMM_RANK (MPI_COMM _WORLD,myrank,ierr)
CALL MPI_COMM_SIZE (MPI_COMM_WORLD,isize,ierr)
nunit=INT (INT (nmax/nunitsize) /isize)
nunitamari=MOD (INT (nmax/nunitsize), isize)
namari=MOD (nmax,nunitsize)
istart=nunit*myrank+1
iend=nunit* (myrank+1)
sum=0.0e0
IF (myrank==isize-1) THEN
DO i=istart,iend
psum=0.0e0
DO j=1,nunitsize
psum=psum+0.1le0
ENDDO
sum=sum+psum
ENDDO
IF (namari/=0) THEN
asum=0.0e0
DO i=1,namari
asum=asum+0.1le0
ENDDO
Sum=sum+asum
ENDIF
ELSE
IF (nunitamari>myrank) THEN
iend=iend+1
ENDIF
DO i=istart,iend
psum=0.0e0
DO j=1,nunitsize
psum=psum+0.1le0
ENDDO
sum=sum+psum
ENDDO
ENDIF
IF (myrank==0) THEN
DO i=1,isize-1
CALL MPI_RECV (buf,1,MPI_REAL, i, MPI_ANY_TAG,
& MPI_COMM_WORLD, istatus,ierr)
sum=sum+buf
ENDDO
ELSE
CALL MPI_SEND (sum,1l,MPI REAL,O0,1,
& MPI_COMM_WORLD, ierr)
ENDIF
IF (myrank==0) THEN
WRITE(6,200) sum
200 FORMAT (' The answer is’,el5.8,’'.")
ENDIF
CALL MPI_FINALIZE (ierr)
END

Figure 4. Parallelized Program of Summation with
Partial Sum. (Program2)
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Table 2. Execution Time and Speed-up Ratio* in Number of Processors

Number of Processors

1 2 4 8
Execution Speed-up  Execution Speed-up Execution Speed-up Execution Speed-up
time ratio time ratio time ratio time ratio
sec — sec — sec — sec —
Alta Cluster
Program1l 14.41 1 8.80 1.64 4.45 3.24 221 6.52
Program2 17.78 1 8.88 2.00 4.44 4.00 221 8.05
SR-8000
Program1 8257 1 41.11 2.01 20.56 4.02 10.30 8.02
Program 2  89.23 1 44,51 2.00 22.31 4.00 11.15 8.00
RS/6000 SP
Program1 34.72 1 17.34 2.00 8.67 4.00 4.34 8.00
Program 2 34.73 1 17.35 2.00 8.68 4.00 4.34 8.00
Origin2000
Program1 25.63 1 12.76 2.01 6.37 4.02 3.19 8.03
Program 2 25.63 1 12.83 2.00 6.41 4.00 3.21 7.98

* Speed-up ratio = execution time with 1 processor / execution time with N processors.
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Figure 5. Execution Time and Speed-up Ratio in Number of Processors
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Relative Error (%) by Program 1
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Figure 6. Relative Error (%) by Programs 1 and 2
Table 3. Calculated Value and Relative Error * in Number of Processors
Number of Processors
1 2 4 8
Calculated Rel. Calculated Rel. Calculated Rel. Calculated Rel.
value error* value error* value error* value error*
— % — % — % — %
All computers
Program1 2.09715E+06 -97.9 4.1943E+06 -95.8 8.38861E+06 -91.6 1.67772E+07 -83.2
Program 2 9.99998E+07 -0.00025 9.99995E+07 -0.00050 9.99990E+07 -0.00098 9.99980E+07 -0.00198

*Rel. error = ( calculated value - exact value) / exact value100.0 O (exact value=1.000E+8).
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Effect of Parallel Processing
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Figure 7. Calculated Values of Program 1 on SGI Origin 2000
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Parallel Programming with Message Passing Library and Its
Precision of Calculation

Katsuhiro TAMURAZ, Yuichi INADOMIP and Umpei NAGASHIMADP*

aShizuoka Industrial Research Institute of Shizuoka Prefecture
2078 Makigaya, Shizuoka city, Shizuoka 421-1298, Japan
®National Institute of Advanced Industrial Science and Technology, Tsukuba Advanced Computing Center
1-1-1 Higashi, Tsukuba, Ibaraki 305-8561, Japan
*e-mail: u.nagashima@aist.go.jp

Using two programs about summing up 0.1, which is the circulating decimal in binary numbers, 10°
times, the efficiency of parallel processing for performance and accuracy of calculation was demonstrated.
One program uses sequential summing up (program1l), and the other involves summing up using partial sum
technique of 10* times 10° times (program?2). These programs were parallelized with a message passing
interface: MPI. They were executed on 4 parallel computers, Alta Technology AltaCluster, Hitachi SR8000,
IBM RS/6000 SP and SGI Origin2000, up to 8 processors. The performance is proportionally improved with
increasing number of processors, because the communication process is small compared with the computation
process. The computing precision was quite similar for the 4 computers. In the case of program1 the precision
was improved drastically by increasing the number of processors, but little improvement was observed in the
case of program 2. It was clearly shown that the numerical error accumulation, namely the loss of digits, was
avoided by parallel processing.

Keywords: Parallel Computing, Single Program Multiple Data (SPMD) model, Message Passing Interface
(MPI)
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