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Improvement, Parallelization and Performance Evaluation of
Routines for Electron Repulsion Integrals in Fragment Molecular
Orbital Method Program ABINIT-MP

YUicHI INADOMI, 1t TATSUYA NAKANO,? KAZUO KITAURAT
and UMPEI NAGASHIMA 4

Ab initio fragment molecular orbital (FMO) method is a computational technique pro-
posed by Kitaura, et al. (1999) to calculate the electronic structure for large molecule such
as polypeptide. The computation cost proportionally to fourth power of the molecular size in
the use of conventional method becomes proportional to its square when the FMO method
is used, and the FMO method can dramatically shorten the computation time. Since the
evaluation of the electron repulsion integrals (ERIS) is still most time-consuming step even in
the FMO calculations, we implemented the routines for the fast ERI calculation, embedded
them in the ABINIT-MP program (Nakano, 2000) and carried out the performance evaluation
of them. As the results of the calculation on the HITACHI SR8000 (512PUx1GB), the ERI
computation speed becomes faster by 4 ~ 7 times than original program. On the other hand,
the parallel ERI computation (fine-grained parallelization) achieved high parallelization effi-
ciency of more about 90%. However, the weight of the communication cost becomes relatively
large to the computation cost because of the shortening of the ERI evaluation time, and the
dramatic improvement of the computation time in employing the fine-grained parallelization
could not be observed on the SR8000.
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Table 1 Outline of evaluation of the two-electron repulsion integrals.

(The first step)
CALL SORTCS
DO ICs=1,NCS
DO JCS=1,ICS
DO IPS=1,NGI
DO JPS=1,NGJ

sorting of contracted shell pairs

first loops for the contracted shells

second loops for the contracted shells

loops for the primitive shells in ICS
loops for the primitive shells in JCS

The calculation of the parameters P, ¢ and K(¢,¢’,R,R’)

for each pair of primitive shells

END DO JPS
END DO IPS
END DO JCS
END DO ICS
(The second step)
DO ITP=1,CSTYPE
DO JTP=1,ITP
DO IJCS=1,NPPS

tracted shells
DO NPQ=1,NGIJ
DO NRS=1,NGKL

the

first loops for all CS pair type
second loops for CS pair type

loops for the first pair of the contracted shells
DO KLCS=1,IPPS loops for

second pair of the con-

loops for the primitive pairs in IJCS
loops for the primitive pairs in KLCS

The evaluation of the (e0, f0)-type ERIs using the VRR

END DO NRS
END DO NPQ

The transformation from (e0, f0) to (ab, cd) using the HRR

END DO KLCS
END DO IJCS
END DO JTP
END DO ITP

02 (Gly,oOOODOOO 2000000000000000
Table 2 Elapsed time and speedup ratio for the ERI calculation of (Gly)io.

fragment ERI

fragment pair ERI

original

this work

original  this work

Elapsed time (sec.) 358.6
Speedup ratio™

81.4 2684.8 384.6
7.0

*; Original /this work
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Table 3 Execution speeds (MFLOPS) and speedup ratios for each ERI type.

(ss,ss)  (ps,ss) (ps,ps) (pp,ss) (pp,ps) (pp,pp)
original 14.0 21.0 35.1 32.4 69.9 118.4
this work’ 59.7 76.9 104.1 97.9 122.3 147.2
speedup ratio™ 4.3 3.7 3.0 3.0 1.7 1.2
this work? 56.5 73.1 102.0 95.8 116.9 139.7
speedup ratio™® 4.0 3.5 2.9 3.0 1.7 1.2
*; original/this work t; for fragment ERI i; for fragment pair ERI
04 O0O0O0OODOODOOODOOOOODDOOO
Table 4 Number of call time of subroutine for each ERI type.
(ss, 55) (ps, ss) (ps, ps) (pp, s8) (pp; ps) (pp, pp)
original 2.8 x10° 4.5x10° 1.8x10° 9.4x10° 7.8x10° 8.6 x 10*
this work 12 12 12 12 12 12
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Table 5 MPI communication costs and ERI computation costs per processor unit

when fine-grained parallelization is used.

number of processors

per fragment (pair) 1 2 4 8 16
communication(sec.) — 1,217.5 1,269.9 1,394.9 1,787.0
ratio® — 1.00 2.09 2.29 2.94
ERI calculation(sec.) 72.6 36.6 25.6 12.4 7.9
ratio® 1.00 0.50 0.35 0.17 0.11

a; the ratio of the communication cost to that between two processor units
b; the ratio of the computation cost to that with only one processor unit

33

goboobotooooooooooooboooobobooo
gobooooooooooobo pUbDOOOOOOO
OoO0o0oo00 (p)0oUoooUooUooUoooon
gboooooooooobD ERIcOO0OOObOOO
oooooooOooooooorMOOOOGOOoOO
000000000000 0UDUOO0O0O(Gly) s 0O
ooobO1pUDODO 71136 00000000000
050000000 (16)000000O0O0OO 1PUD
goooooog s0600000OFMOODOOODOO
gooooooooon gooobh 17ée0D0OO0OO
gobooooobo110o0obooboobbobooo
gooboooobob pUubOOODOODODOOOO
gooooooboooboooobooooooooon
oooooooorMOOOOOOOOOOOOOO
0000000 SRepoo OO oOoooooooooo
gbooboooobooloooooooobooooooo
pUOCOOOOOOOOOODOOOODODODOODODOO
goooooboobooooDoo

5. O g

FMOODOOOOOODOOOODDOOO0O0 MOODO
000000000000000000000000
000000000000000000000000
000200000000000000000000
000000000000000000000000
000000000000 200000000000
000000000000000000000000O
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000002
00000000000 MOE®~'Y O ERIOOO
00000000000000000q=17/L00

groooooboboooooobooboooooo
gooooooboooooooooooboboooboooo
goooooo
gobobooooooooobooooooooooon
OToooooooooo Lobooooobooooo
gboooboood gouoboboobooooooo
o00 Loooobooooooooboooobooo
gobooobooooooooooooooooooon
gl1ooooooooooooboooooboooobooon
gooooboooooooboooobooooooDo
gooooooobooo4gooooooooooooon
gooooooooobooo MPIODOODOOOO
gooobooboooobolibooboooooooooooo
pUOCOOOOODOOOOODOOODOOOOOO
gooooooooooooooooouoooooo
goooboooocooboboooooooooboooobo
goobobodoodbotgunObOOououob1b0oo
gboobooooooooooboooooooooo
rMOOOOOOOOOOOOOOOOOOOOOO
goooooboobooooboooboooooobooo
oooooooooooOooooUoo4ooooo
OO000000ODirect SCFOOOODOOO 20
goooooobooboooboooboobooa
o000 SCFOO00oOooooooooo 3000
gboob0020000000000 Direct JOODO
gooooooboobooboobooooooooboooon
gboboboooooboooooobooooooobooo
gbo2000000b000ooOo0bObo0boooooon
oooO0o0o pCcOO0OQOOODOOOOOODOOO
gbooooooooooooooboooooboon
goooooooooboooobobo100bobooobo
Direct SCFOOO0OODOOOOOOODOOODBOOO
goooooooboodoobooooobooooooboon
gobobooooooooooboooOoooooooo
Oo0ooOoooooooooooo FMOOODOO
gboboooooboboobooboooboooooooooo



34 oooooooooooOoooooooooboooooobobooobooo Aug. 2001

gjdodoboboooobooobooooooogon 000000000 Vol4l, p.104 (2000).

000000000000000000000000 5 0000000 0000000000000
000000000000 000000o0o000—oooooooooog
0000000000000 000000ooo

6. 00O 0O 00000000 Vol.19, No.4, p.37 (2000).
6) Head-Gordon, M. and Pople, J.A.: A method
Abinitio FMOO DO OODOOOOOOOCOOOO of two-electron Gaussian integral derivative
00000 2000000000000 VRRO HRR evaluation using recurrence relations, Journal

0000000000 CSOO0000000000 of Chemical Physics, Vol.89, p.5777 (1988).

7) Obara, S. and Saika, A.: Efficient recursive
computation of molecular integrals over Carte-
sian Gaussian functions, Journal of Chemical

goooooooobobooooooooboooooo
gbooobooo20000000000b00b00

ooooodz2o0b000o000b0boooan Physics, Vol.84, No.7, p.3963 (1986).
000000000000000000000000 8) 000DDO0O0 O00000000000O000
000000000000000000 FMOOOO ooooo ooooooood ooooood

00000000 OO0 CICST bulletin, Vol.16,
p.6 (1998).
9) 00 00000000000000000C0

ocoobooooOoooobooooooooooMPIOO
doooboooboooooooooOooboooooo

gboobooooooobooooocoooooooon 000000000 000000 OO0ooooo
00000000 000D00oooooo FMOOO Ooooooog OO0 cIicsSd bulletin, Vol. 16,
000000000000000000000000 p-2 (1998).
000000000000000000000000 10) pobooooo 0000 DObOoOoDoo
dodooooboboboo ooooobooood
vooooooobobooooooboooooo 000O000000000000 Vol IDC98-21,
000000000000000000000000 .77 (1998).
oooooooooooooboooooooooon 11) Nagashima, U., Obara, S., Murakami, K.,
00 0000000 D0OO0O0O0O0OOOOOOOan Yoshii, Y., Shirakawa, S., Amisaki, T., Ki-
O0o0o0O0000000000000000000 tamura, K., Takashima, H., Kitao, O. and

Tanabe, K.: Computational Materials Science,

gbobobooooboooooboouooooboooo Vol.14, p.132 (1999).

utbboooboooooooooooooboooooon
0O TACCOOOoOoooOo (00 13010 31000)

(OO0 183050 10000)

o o o o

1) Kitaura, K., Sawai, T., Asada, T., Nakano, OO oo
T. and Uebayasi, M.: Pair interaction molec-
ular orbital method: An approximate com-
putational method for molecular interac-

o0 loooooobooboo
gooooocoooooooooo

tions, Chemical Physics Letters, Vol.312, p.319 £ 3 ubooboobobo 120000
(1999). Q ooooooooooooooon
2) Kitaura, K., Ikeo, E., Asada, T., Nakano, A oooooooo

T. and Uebayasi, M.: Fragment molecular or-
bital method: An approximate computational
method for large molecules, Chemical Physics
Letters, Vol.313, p.701 (1999).

3) Nakano, T., Kaminuma, T., Sato, T.,
Akiyama, Y., Uebayasi, M. and Kitaura,
K.: Fragment molecular orbital: Application

1 d Ch I Ph Lett 00000000o0oooo 1200
to polypeptides, emica ysics Letters,
Vol.318, p.614 (2000). ooooooooDOooooood

4 0000000 0O000OOOOoooon — 000000000000000000000000

OO0O0Abinitio 00 0OOO0OOODODOCODOOO uvoooooooooboboobooooboooooo
0000000 ABINIT-MPOODOOOOOOO
oooooooooooooboobooooooooo

oo oo

oo400000000000O0
gbooogoobooboooobgon
gbooboboooboobobogoon




Vol. 42 No. SIG 9(HPS 3)

oo oo

gbOs5100000000000
gooooooooooooooon
gooooooooooooooo
ooooos2000000000
ooooos400ooooood
gooosebbbboboooooooooooooon
gooobbooooooooooooooooooo
goooogsuuoobooocooooboooon
goooobtooooobooooooobooboboo
goooboooooooboooboooooooooo
gooobOoooooboooooooboobDbOoo
gboboooobooooooooobooboobooo
ooo

ABINIT-MPO 200000000000000000000000O 35

obO Oooooooo
goOs80000oooooon
gooooooooooooooon
gooooooooooooooo
obooboooooboooooooo
l obooooooobooobob 40
goooobooooooooobooooooboono sda
goboooooo ooooboooooobooboooon
gobooooboooboooooobooo 11oo
gooobooooooooobooboooboboobooon
U Booobooooooobooooooobooboooon
gboooooooooboooooooboobooobobooo
goobobooooooooooobooooobooo
gooooooooobOooooboooooobooon
O00000000D0O0O0O0OOIEEEDACMOOOO




