





The underlying physical laws necessary for the
mathematical theory of a large part of physics
and the whole of chemistry are thus completely
known, and the difficulty is only that the exact
application of these laws leads to equations
much too complicated to be soluble.

P. A. M Dirac, Proc. Roy. Soc. (London), 123, 714 (1929)
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What is AMOSS ?

An ab initio Molecular Orbital System for Supercomputers,
newly developed by NEC quantum chemistry group,
specially designed for large scale MO calculations,

In order to aim at bio material simulations,
by taking advantage of vector computers first,
then now by using parallel computers
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Published in 1976

30 years later since then
mNew Structure Biology

X-Ray, NMR, Mass and so on

mAdvanced IT Technology

Molecular Simulations, Data Base,
GRID, Internet and so on
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Ready to Learn from Nature
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T. Sakuma et al, Int. J. Quant. Chem., 61, 137(1997)
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< first step >

dot
do u
dod

(RS|td) = (RS|td) + c 4 (RS|tu)

end do
end do

end do

< third step >

do d
doc
do B
(RBJcd) = (RB|cd) + ¢4 (RS|cd)
end do
end do
end do

< second step >
do d
dot
doc
(RS|cd) = (RS|cd) + c,. (RS|td)
end do
end do
end do

< fourth step >
dod
doc
do B
do A
(AB|cd) = (ABJcd) + c,, (RB|cd)
end do
end do
end do
end do

Ref: K Nakata et al, J. Computational and Applied Mathematics, 149 (2002) 351-357
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Maltopentaose 128
MINI-4 332A0'’s
Proc | (m, n) | Time (sec) | speedup ratio(%) (m, n) Time (sec) | speedup ratio(%)
1 1,1 12097.920
4 4,1 3055.838 3.959 99.654 1,4 3059.077 3.955 99.619
16 16,1 806.942 14.992 99.552 4.4 769.102 15.730 99.886
64 64,1 248.562 48.672 99.500 16,4 211.011 57.333 99.815
128 128,1 144.956 83.459 99.580 32,4 119.012 101.653 99.796
MIDI-4 608A0’s
Proc (m, n) | Time (sec) | speedup ratio(%) (m, n) | Time (sec) speedup ratio(%)
1 1,1 48434.930
4 4,1 12281.310 3.944 99.525 1,4 12266.150 3.949 99.567
16 16,1 3115.090 15.548 99.806 4,4 3100.000 15.624 99.840
64 64,1 865.877 55.937 99.771 16,4 800.681 60.492 99.908
128 128,1 454 811 106.495 99.841 32,4 419.875 115.356 99.914

PC cluster: Pentium 4, 129 Nodes, RedHat Linux 6.2 and LAM/MPI 6.5.4
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Hartree-Fock 121
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PC cluster: Pentium 4, 129 Nodes, RedHat Linux 6.2 and LAM/MPI 6.5.4
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CASCI

CASCI

SGA Davidson

MRSCI

Iter MaxNormResidue MaxDiffEnergy
0 3.49487558e-01 1.00000000e+00
1 2.71841345e-01 1.85794722e-03
2 8.43113649e-02 1.79027104e-03
12 3.33158777e-08 1.13995245e-15
State Energy No. Cl-Coef CSF

1 -7.54349966e+01 1 9.82542797e-01 |22110,110101>

4 4._.43874654e-02 |21120,110101>

14 -1.21817796e-01 |12111,110101>

16  -6.48867101e-02 |12111,011101>

27 3.97570956e-02 ]11121,011101>

31 6.92639976e-02 ]21102,110101>

36 -3.52398073e-02 ]20112,110101>

40 -7.33217441e-02 ]02112,110101>

5 6 triplet
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MRCI DFT

(¥ Neel ¥) = f dr,d r2 [,01("1),01 (r2 )+ Pl(rl)Px (rl P )]
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MRCI DFET

Cl
(Savin1995,1996)
(! M| 6" ) = % [ drdr, PK(rlz:K(rz) (6, 96 = _% [ dr.dr, 2 (rl;rzr?lsz (ryr) Erc [P(r)] = Cprefactor [ﬂ* : p(l’)]Ec [p(r)]
VCA:Long _ %Zijklo’a' [a}a a,, 8, 8, — a}a Qi degeneracy‘ yfld ><y’lfld ‘argrakgr +a,,8;, dege"eracy‘ ¥’,§'d >< Yfld ‘ aL’aiU'éaa'] l
X .[ drirz @'_eimz yi (r1)¢k (r2)¢j (r1)¢' (I’Z)
VRC = éERC /5p

VAeiﬁ :ZSKtates‘K><K’VACImb+\'/\X +VAC/1:Long‘K><K‘\ /

~ . ~ \ ~ ~ /
HCI—DFT = ZCI eXpanSlOﬂS‘ I><I ‘Hcore +Veiﬁ +VRC‘J><‘J ‘

l,J

I:ICI—DFT 5”> — ECI—DFT‘ 5”>

MRCI-DFT
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MRCI

DET
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Modest CI-DFT
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QM/MM
MM

Particle-Mesh-Ewald
QM/MM

Wolf

Fennell

cutoff

f , _2p 2
v :ZN:qiqj {er c‘(:“r.; ‘) _erfcéoccRc) +[erch§:z2Rc) N jz erfc( Roct R. )](‘rij‘_RC )}

i>]

_— erfc(a‘ri.‘) 2a erfC(az"’i-r) erfc(aR.) 2« erfc(-a®R.2) | T
F rennen = Gi0; ‘rij‘zl +”% ‘rij‘ j _{ RCZ c +7[% 2 c j ‘r;‘ ‘ ‘SR
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QM/MM
MM

PDBID AlJ 12899
POPC 384
24355 Cl
? 138372
Force Field Amber 96

- Rigid Model
Time step 2 fsec

100x100x120 A3

Particle Mesh Ewald Fennell Potential
Cutoff=12A o=0.35A-! Cutoff=16A o=0.1A -

Electro-static -387877.019236436 -388201.661363778
ratio ' '

Timing

16node parallel(sec) 2.9% 0.31

*FFT-part was not parallelized

Fennell
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http://annex.jsap.or.jp/apee/
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(download)

(upload)
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data

analysi
do jE

Cl
matrix

enddo

o L

Fock

matrix

" =
enddo

\7

diagonalization
— |

common

\ A 4

resus_ >
output

data

ML
data

main

data
analysis

Cl sub.main

=

Fock sub.main

diag sub.main

\ 4

result
output

MPI
spawn

\ sub main

PC Cluster

sub main

CIl matrix

sub main

Fock matrix

diag

ML.: Bio Molecular Simulation Markup Language
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#! /bin/sh

lamboot fv ~/lamhost-4

mpirun —lamd —O h  uds mpi_initmo gbe > zzlog_uds_mpi_initmo_gbe
mpirun —lamd —O h  uds _mpi rhf > zzlog_uds mpi_rhf

mpirun —lamd —O h  uds_mpi_casscf > zzlog_uds mpi_casscf
mpirun-lamd —-O h  uds_mpi_pop_mulliken > zzlog uds_ mpi_pop _mulliken

/
wipe -v  ~/lamhost-4
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CMLComp in CML
http://cml.sourceforge.net/schema/cmiComp/

QCML (Quantum Chemistry ML) in AbiGrid

http://www.cineca.it/abigrid/workArea/QCMLdoc.html

BMSML(Bio-Molecular Simulation ML) BioGrid
http://www.biogrid.jp/

For a large matrix which can not be stored at a time in memory 1.11.2|1.314
21222323
3.13.2|3334
4142|4344

<blockMatrix matrixID="001" content="blockConteiner" numElement="4">
<bmsDouble2D content="block1" blockID="1" dataNum1D="2" dataNum2D="2"
startBlock1D="1" startBlock2D="1">1.1 1.2 2.1 2.2</blockMatrix>
<bmsDouble2D content="block2" blockID="2" dataNum1D="2" dataNum2D="2"
startBlock1D="1" startBlock2D="3">1.3 1.4 2.3 2.4</blockMatrix>
<bmsDouble2D content="block3" blockID="3" dataNum1D="2" dataNum2D="2"
startBlock1D="3" startBlock2D="1">3.1 3.2 4.1 4.2</blockMatrix>
<bmsDouble2D content="block4" blockiD="4" dataNum1D="2" dataNum2D="2"
startBlock1D="3" startBlock2D="3">3.3 3.4 4.3 4.4</blockMatrix>

</blockMatrix>
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ASP: Application Service Provider
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MEXT Is conducting a project to
stimulate use of public high-
tech facilities for industrial R&D

R

Earth Simulator and computer centers
of major universities provide their

computer resources for industries

test use for free and productive use for charged

4 . : .
drug design semi conductors aerodynamics

Flelts al
about 40 functional materials banking system fuel cell
applicants noise control of cars and bullet train  catalyst
from industries

Internet search engine  audio interpretation
\ 40
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kyoyo@itc.u-tokyo.ac.Jp
WERB: http://kyoyo.itc.u-tokyo.ac.|p/
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