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Custom Logic for ab initio Molecular Orbital Calculation
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We are developing a custom logic for ab initio Molecular Orbital Calculatio to reduce the calculation
time. The execution time is O(N*)where N is the number of basis functions, and most of the time is
spent to the calculations of two-electron integrals. Using characterization of two-electron integrals in the
“Obara method”, it is possible to reduce the calculation time. This paper evaluates the performance of
VLIW(Very Long Instruction Word) architecture with a lot of floating-point(FP) Multiply and Adder
Units and FP-divide, FP the reciprocal of rasquare-root and FP exponential units. It is observed that
the speedup achieved by having four Mul/Add unit for the calcurations of two-electron integrals is about

2.5 times, compared to having a Mul/Add unit.
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MEATE S 3.98(89.0%) | 48.04(88.6%) | 441.0(87.1%) | 2123.4(86.2%) | 5200.3(84.5%)
#iLatE 0.36( 8.1%) | 4.26( 7.9%) | 41.6( 8.2%) | 211.6( 8.6%) 573.1( 9.3%)
F DAt 0.13( 2.9%) | 1.94( 3.6%) | 23.7( 4.7%) 127.0( 5.2%) 378.3( 6.1%)
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EERROK 85 170 321 484 661
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#LETE | 22.00(57.5%) | 322.61(59.1%) | 3032.2(61.9%) | 15091.9(61.4%) | 22575.3(62.9%)
F O 0.72( 1.9%) | 9.04( 1.7%) | 93.5( 1.9%) | 496.3( 2.0%) 704.4(2.0%)
EETEIFH 38.23 545.57 4895.0 24575.0 35898.7
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for(i = 0; i < Ni; i++){

for(j = 0; j < Nj; j++)(

for(k = 0; k < Nk; k++){

[K1]

for(l = 0; 1 < N1; 1++){
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Lo B O| 2UTFaAN | ALV
yA47 || EEEK RAVS -3 WFIEE
(ps, ss) 12 7 1.71
(ds, ss) 78 18 4.33
(ps,ps) 87 16 5.44
(pp, s5) 108 19 5.68
(ds,ps) || 369 27 | 1367
(dp,ss) || 418 30 13.93
(pp,ps) || 498 28 17.79
(ds,ds) || 1365 40 34.12
(dd,ss) || 1432 42 34.10
(dp,ps) || 1585 39 40.64
(ds,ps) || 1740 41 42.44
(pp,pp) || 2400 42 57.14
(dd,ps) || 4825 51 94.61
(dp,ds) || 5028 52 96.69
(dp,pp) || 6387 53 120.51
(dd,ds) || 13668 64 213.56
(dd,pp) || 17179 65 264.29
(dp,dp) || 18272 66 276.85
(dd,dp) || 43577 78 558.68
(dd,dd) || 114283 92 1242.21
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