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Figure 1. System configuration of the special purpose computer for the fast Fock matrix generation with special
purpose processors for electron repulsion integral (ERI) evaluation
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Figure 2. Ratios of cost to evaluate a two-€electron integral value for every integral type to (dd,dd) results for
Thymine molecule using 6-31G* basis set(Cycles. the number of clock cycles, FLOPS: the number of floating

point operations)
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Figure 3. Effect of the storage order of ERI in the PDSCF
(Speedup ratios in Fock matrix generation at Second SCF cycle)
(buffer size = 64MB/processor, Target molecule= (Gly)1s, basis set = STO-3G (108

atoms[] 352 basis functions) )

10800 00000000 STO-3E@I OO 352000
O0o000oOoooooooood Gfarmclusted Dua
Xeon (2.8GHz) x 90 nodesI 0 OO O OO 1~1600
000000oooooooooooooooOoo co
gododooobobooooobooooboooo
O(ssss) 00000000 O0O00ODO (increasingor-
de)0000DO0COO0DOODOO (pppp)00OO0DO
O00O00000 (decreasingorden)D0 0 00000
0000 pPDSCFOOOOOOOODOODOOOOOOO
Figue3O OPDSCFOO 2000 SCFOOOOO
O FckOOOOOOOOOOOOQOOOOOODOOO
000000 00O0ooboOoOdn edaMBMIPDSCFOO O
oo ooooboooobooo
OOoooO “linearscding’0 000 000O0OOO0OO
gooobobbooooobobbboobobooboboo
gododbooobooobobobooboobooo
doodboooboooooobboobooobboon
goooooon
Jooooboobobooobooooobooo
00000 o0ooooooooooooooledn
0000000 O@(epp) D0 00D0O00DO0 17.7
Oo00dUooOopoooooooooO(ssssyoooon

192

OO0oO0o0O0 25500000000000000000
gbobobooboboobbobooooooooooboan
ooooooogpbsCFOO0DOOOOOOOOOO
goboooooooobooobooboboobobon
goboobooooooboobooon

33 ODO0O00oooooobooooon

PODSCFODOOODODODOOOOODOODOOOOOO
OO000000O00U0O0d Crambind 4600000
O0e20000000 FockOOOOOOOOOO
00000000 DOO000O0DOoOoog sto-3Gcono
00o00ooOoi1974M0000000DOOoO0Ooogon
O0O00O0O0DoOoOoO directSCFO [8)O00O0O 0O OMB
O OMB/procCO O 128MBO 128MB/procO 00 O OO
0000o0OooooOoo pPOSCFOOODODOOOO
O00oO0o0oooo0O00 GfamClussee D OO O OO
O0~6400001~1280000000000000
good

Figue4dO OOOOOO 2000 SCFOOOOOO
OO0 FockOOOOOOOOOOOOOODOOOOO
goboooobobbooobbooboooon

J. Comput. Chem. Jpn., \ol. 4, No. 4 (2005)



112 7 | e Direct SCF (buffer = OMBJ/proc) | a
sesscss@eersess PDSCF(buffer = 16MB/proc)

110 4+— —| === e—p=e==  PDSCF (buffer = 32MB/proc) f|———— — —/ —
o) —+mmb=mss  PDSCF (buffer = 64MB/proc) /
.E 108 4 | = ==l == = PDSCF (buffer =128MB/proc) | -
: /
=
Wt d
9 J/ .4
I ___.-"Z_
o /
©® 1024 B
4y
o

1.00

0.98 -

0.96 | |

16 32 64 128

Number of Processors

Figure 4. Parall€elization efficiencies of the PDSCF and the conventional direct SCF methods for large systems at
the second SCF cycle. (Target = Crambin, basis set = STO-3G (642 atoms, 1,974 basis functions) )
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The partially direct SCF-MO method was developed to improve the parall€elization efficiency in the Fock
matrix generation using a PC cluster without secondary storage on each processor. Some of the electron
repulsion integrals are stored in buffer (unused memory) with their four indices at the first SCF cycle, and
they are reused at the later SCF cycles. This simple method achieved super-linear scalability, for example,
the parallelization efficiency became ca. 1.13 in the Fock matrix generation of the Crambin molecule (1974
basis functions), equipped by the 128 Xeon processors (2.8GHz) with 16GB buffer area (See Figure 4). This
algorithm is suitable for the specia purpose computers for fast evaluation of the electron repulsion integrals
because the recent specia purpose processor has usually no secondary storage and has arelatively large main
memory.

Keywords: Molecular orbital method, Two-electron integral, Special purpose machine, Parall€elization, Par-
tialy direct SCF method
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