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Performance Improvement and Evaluation of Boundary-matching
Scattering-state Density Functional Method Program for
Simulators of Measurements of Nanoscale Materials Properties

YINGWEN SONG,t2 SHINNOSUKE FURUYAt:®
and SATOSHI WATANABE!®

In order to estimate measured quantities in the measurements of nanoscale materials prop-
erties, we proposed Boundary-matching Scattering-state Density Functional method and de-
veloped a program based on the method. This method requires more expensive computation
than the standard density functional method, and the performance of our program has not
been tuned sufficiently yet. In this work, we have parallelized our program using MPI on
Hitachi SR8000. Further, we have evaluated its performance, and improved it by chang-
ing intra-node parallelization method from the automatic element parallelization to MPI,
adjusting load balance, increasing granularity, using non-blocking communication, etc. The
performance of the final program has been improved about 8 times compared with the original

parallel one.
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Fig.1 Performance of the original program on SR8000.
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Fig.2 Performance comparison of intra-node MPI and

automatic parallelization.
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Fig.3 Execution times in the inner-most loop of QTBM

(hotspot routine).
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LOOPNO = 0 !'This Work
DO LLL = LLLS, LLLE

DO L=1NK

DO LN=1 NGY+1
DO LM=1 NGX+1

DO LL=1,NKZ

END IF

END DO LL
END DO LM
END DO LN
END DO L
END DO LLL

!Energy Loop
IThe energy range is divided into blocks in the original program,
! and each block is mapped to a CPU.

I'Conditional CYCLE Statement

!'Conditional CYCLE Statement

'Kz loop

!'Conditional EXIT Statement

!'Conditional CYCLE Statement

IF ((MOD(LOOPNO, NUMCPUS) == MYRANK) )THEN !/ This Work

!'Ezpensive computation start from here

!'This Work
LOOPNO = LOOPNO +1

04 O0D0OOOCOOOOOCOOOODOODOODOOO
Fig.4 Pseudo codes of the hotspot of this program.
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Fig.5 Load comparison before (block) and after (cyclic)
load balance tuning.
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Fig.6 The speed up of each version.
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Fig. 7 The performance ratio of the final version relative
to the original one.
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