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Table 1. Computational environment used in calculation

processor

Pentium4 (3.6GHz, EM64T, 1GB L2 cache)

(O] Fedora Core 3 (kernel 2.6.11 with Perfctr patches)

PAPI version 3.08.1
Perfctr version 2.6.13
C compiler

Intel C++ compiler (version 8.0, option = ”-O3 -static -xP) [13]

Fortran compiler Intel Fortran compiler (version 8.0, option = ”-O3 -static -xP) [14]
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Table 2. Number of counter value for each processor event in calculat-
ing two-electron integrals 2 using hybrid ® and new Obara ¢ algorithms

Counter Content

Hybrid  New Obara (ratio 9)

Floating-Point Operations 17,477,083 14,483,404 (0.83)
Total Cycles 181,076,389 245,536,511 (1.36)
Load/Store Instructions 18,941,281 64,709,252 (3.42)
Level 1 Data Cache Miss 34,909 870,671 (24.9)

Total Instructions

58,087,253 121,364,431 (2.09)

a; Target molecule is Glycine using 6-31G™> basis set (including 10

atoms and 85 basis functions)

b; Hybrid algorithm between the vertical recurrence relation (VRR) [5]
and horizontal recurrence relation (HRR) [8]

c; See references [6, 7]

d; Ratios vs. corresponding data in hybrid algorithm
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Performance evaluation of two programs for electron repulsion integral calculation was done using the
performance counter on Intel Pentium 4 processor (3.6GHz, EM64T, 1GB L2 cache). The programs were of
the new Obara method [6, 7], and of the hybrid method of Vertical Recurrence Relation method (VRR)[5] and
Horizontal Recurrence Relation method (HRR)[8]. Though the floating point operations of the new Obara
method are almost 20% smaller than those of the hybrid method, the total clock cycle, corresponding to the
wall clock time, was more than 30% larger than that for the hybrid. The performance decrease is mainly due
to memory access because load/store instructions of the new Obara method are almost 3 times larger, and the
level 1 data cache difference is 25 times larger than that of the hybrid.

It becomes clear that the reduction of the memory accesses is very important to improve the performance
of integral calculation as well as the reduction of the number of floating point operations.
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