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Figure 1. Parallelized program of two-electron integrals.
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Figure 2. Calculated minor tranquilizer molecules with benzodiazepin and thienodiazepin framework.
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Table 1. The measured CPU time and wall clock time in seconds by parallel processing
of one SCF and gradient calculation of flutoprazepam.

# CPU Acceleration ratio wall  Acceleration ratio
total usr sys total usr sys clock of wall clock
1 4459 2573 1886 1.00 1.00 1.00 2509.1 1.00
2 231.8 1372 946 192 1.88 1.99 14303 1.75
3 1581 959 622 282 268 3.03 1001.0 2.51
4 1099 739 36.0 4.06 348 523 588.1 4.27
5 80.3 616 187 555 4.18 10.09 85.8 29.26
6 702 542 160 6.35 475 1176 73.2 34.26
7 623 484 140 7.15 532 1352 66.1 37.95
8 56.6 44.1 126 7.87 584 15.02 59.6 42.09
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Table 2. Comparison of the CPU time and the wall clock time by parallel processing.

Molecule Number of CPU CPU time Acceleration ratio of Wall time  Acceleration ratio of
CPU time wall time
Flutoprazepam (1) 1 445.9 1.00 2509.1 1.00
2 231.8 1.92 1430.3 1.75
3 158.1 2.82 1001.0 2.51
4 109.9 4.06 588.1 4.27
5 80.3 5.55 85.8 29.26
6 70.2 6.35 73.2 34.26
7 62.3 7.15 66.1 37.95
8 56.6 7.87 59.6 42.09
Triazolam (2) 1 614.1 1.00 1817.3 1.00
2 312.7 1.96 1007.3 1.80
3 2175 2.82 712.6 2.55
4 147.0 4.18 150.4 12.08
5 118.5 5.18 122.4 14.85
6 105.3 5.83 107.7 16.87
7 87.7 7.00 90.5 20.08
8 78.6 7.82 81.2 22.38
Flutazolam (3) 1 1220.1 1.00 3637.3 1.00
2 620.8 1.97 2066.8 1.76
3 437.1 2.79 1416.9 2.57
4 320.3 3.81 1093.1 3.33
5 254.7 4,97 875.3 4,16
6 217.2 5.62 589.5 6.17
7 171.8 7.10 177.7 20.47
8 154.1 7.92 158.0 23.02
Lorazepam (4) 1 454.9 1.00 1471.9 1.00
2 231.2 1.97 816.3 1.80
3 146.9 3.10 149.4 9.85
4 108.2 4.20 110.3 13.34
5 87.7 5.19 90.2 16.31
6 77.6 5.86 80.1 18.38
7 64.3 7.07 67.4 21.84
8 58.2 7.81 60.5 24.33
Clotiazepam (5) 1 567.5 1.00 1715.4 1.00
2 287.3 1.98 1015.6 1.69
3 179.1 3.17 191.0 8.98
4 134.2 4.23 137.2 1251
5 107.8 5.26 110.7 15.49
6 94.5 6.01 96.9 17.71
7 82.6 6.87 85.3 20.11
8 72.2 7.86 74.6 22.98
Etizolam (6) 1 663.6 1.00 1785.8 1.00
2 3375 1.97 987.2 1.81
3 238.2 2.79 705.4 2.53
4 160.2 4.14 164.1 10.88
5 129.9 5.11 133.2 13.41
6 115.5 5.75 117.7 15.17
7 95.1 6.98 98.5 18.13
8 85.0 7.81 87.5 20.40
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Table 3. The amount of memory requirement to store
two-electron integrals.

Molecule Number Amount of two-
of basis electron integrals
functions  [Ghyte]

1 Flutoprazepam 248 4.2
2 Triazolam 239 3.3
3 Flutazolam 274 6.0
4 Lorazepam 217 2.5
5 Clotiazepam 227 2.9
6 Etizolam 245 3.7
36

goooooobooobobooboboooooono
goooooobooboobooobbooobooooon
OoO00oDOPCOOO0CODOOOODOOOOODOOO
oooo0200000000000000DO0ODAO
oooooooooooooooooooobogecOo
goopoo cpuOdbOOooOoOoDOoOoDOoOoDOO
gooboooooobooooboboooobooog
OOoo00o0oooboboDoO0s-21G606-31G06-31G*
ooo e31G*0000 2000000200000
000000000 Table4dDODODOODDOOODDODO
ooooooboooboooobooooooog
Chem3D[17]00 300000000 0OQOOCOOOO
ooooboooo

Oo0O0O0O0 100 100000000000 00
2000000000000DDOOODO

OO SCFOO00OO0D20000D000000000
oboobboooboooooobooobooogo
goooooboobooooooboobooobooooog
gobo0OooboOooooooooooooooooon
oo0oooooooOoobobboooo200000
00000000000 directSCFOOOOOOODO
gooooobobbooboooooooooooboo
ooooooooooooooobooooooog
OoooooooobooobobooboOobz2000D000
OO000O0 SCFOOO0O0UOODOOODOOOOO
oooooooon

0000 100000003-21G00 43300 06-
31600 7/5000000000000O0O0 06.3GB
Ood0 s11GBO0O00O00O0O0 200000000
obobOooooooboboobooooboooooan
gooooopCcoObDODOOODOOPCOOOOOO
016B0 0000007005200 00000 Table
400 2000000000000NDDO 310 330
gooooooooboooooobooooooon
gobooboooooooooooooooobooo
3300000000000 04330000 7.56BO
7/50000 5106BO000O0O0O0O 8005200
ooo

gooooobooooboobbooobooboooo
go0doo woodoooogooooooood
goboOoooooOooooooooooooooo
OO cCPUD1O00OODOOOOODDOOOODODO
cPuO0O00d0d0OQOODOOoOOoOODDOODOO 257.3
Ox 10000 =2573000 07100000 30000
oooooooOooobooobooooooooooo

J. Comput. Chem. Jpn., \Vol. 8, No. 1 (2009)



Table 4. Number of two-electron integrals and the amount of memory requirement on calculation of glycine oligomer.

Basis set  Number of Number of  Number of Number of two- Amount of two-
glycine units  atoms basis functions  electron integrals  electron integrals [Gbyte]
3-21G 1 10 55 1,134,887 0.017
2 17 97 8,912,402 0.133
3 24 139 27,134,606 0.404
4 31 181 55,662,778 0.829
5 38 223 93,693,022 1.396
10 108 433 421,979,921 6.280
15 143 643 970,985,023 14.469
20 178 853 1,730,850,004 25.792
6-31G 1 10 55 1,166,240 0.017
2 17 97 9,677,055 0.144
3 24 139 30,218,826 0.450
4 31 181 62,344,115 0.929
5 38 223 104,989,748 1.565
10 108 433 469,559,975 6.997
15 143 643 1,074,368,602 16.009
20 178 853 1,907,382,337 28.422
6-31G* 1 10 85 6,566,148 0.098
2 17 151 53,738,996 0.801
3 24 217 158,833,137 2.367
4 31 283 316,826,445 4.721
5 38 349 521,664,947 7.773
10 108 679 2,226,896,410 33.183
6-31G** 1 10 100 12,338,225 0.184
2 17 175 89,982,488 1.341
3 24 250 255,164,604 3.802
4 31 325 499,632,739 7.445
5 38 400 816,127,896 12.161
10 108 775 3,430,410,263 51.117
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Parallel Processing by PC Cluster for Optimization of Molecular

Structure Using Hamiltonian Algorithm
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The Hamiltonian Algorithm combined with ab initio molecular orbital calculation is applied to the opti-
mization of molecular structure. In order to carry out an optimization within a reasonable time frame even in
the systems of many atoms, we perform parallel processing of the two-electron integrals by personal computer
(PC) cluster consisting of 8 CPU’s with Pentium 4 (3.0GHz) processor. We attempt to clear up the relation
between the computation time and the number of CPU’s focusing particularly on the reduction of the elapsed
time. The computation time for single-point 3-21G calculations of the molecules of minor tranquilizer drugs
having the benzodiazepin or the thienodiazepin backbone are measured. In the calculation of flutoplazepam
(1:C19H16CIFN,0), the acceleration ratio of the CPU time and the elapsed time are 4.1 and 4.3 with 4 CPU’s,
7.9 and 42.1 with 8 CPU’s, respectively. Increasing the number of CPU’s achieves an extensive improvement
of the elapsed time more than the number of the CPU’s used, because calculated two-electron integrals are
able to be buffered on the memory of the PC cluster. The number of CPU’s needed to buffer the two-electron
integrals is estimated through a series of the calculations of the glycine oligomers.

Keywords: Parallel processing, PC cluster, Geometry optimization, Hamiltonian algorithm
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