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Outline of my talk

NAREGI

1. Grid-Enabling through I\/Iedlator/GrldI\/IPI

Application to Solvent interactions
In hydrolysis of Lysozyme i
MD-PB and RISM-FMO coupled S|mlat|ons

2. NAREGI workflow tools with
Loosely Coupled Application Components

A Case study with GAMESS FMO and TINKER
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NAREGI Software Stack

Grid-Enabled Nano-Applications WPG6

Notworking

Grid Visualization Grid PSE
Grid
Programing Grid Workflow
-Grid RPC
-Grid MPI Distributed

Super Scheduler : .
P Information Service

Bulbeyoed

Globus,Condor,UNICORE=>OGSA)

Grid VM

High-Performance & Secure Grid Networking

etc

SuperSINET

NI IMS Research

Organizations

Computing Resources
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Mediator: Grid middleware for Coupled Simulations

NAREGI

A new grid middleware is developed which allows
various kinds of Nano-application softwares to be

coupled efficiently for solving multi-scale and multi-
physics problems.

mediatorlibrary calls: . _ \

AT Call register (correlative specification,
Call injtialize, discrete type, number, coordinate)

l Medlato ) i
Mediator S ;
> B ‘

Collective
transformatio Medéator ‘

n based on
Mediato correlative
A Specificatio
all send(byte,a), Call receive(byte,b,Fun.) /

Respect Independency of .
each application prog.
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Mediator: Grid middleware for Coupled Simulations

NAREGI

The mediator provides high-level transparency in data
communication between different discretization
methods associated with a model specific spatial and
temporal scale based on our physical requirements.

Correlative specification( examples )

First nearest neighbors Nearest points

Other correlation specification can be defined as user-plug-in.
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Med | atOr o-version released in march 2005

NAREGI

m Discretization methods
Particle method, Finite difference method,

Finite element method

m Parallel programming style
SPMD or MPMD in static or dynamic invoke

m High-level semantic transformation
In-sphere, In-rectangle, 1st nearest neighbors,

Nearest points [Mediator tools |
m Communication paradigm e
One-way, Variable, two-way cq 7T |FL_Teoon "

Request Interface

Request

yss
ysi
2100S
NVHO
IdIN J0pUSA

B Interconnection
MPICH-G2, MPICH, GridMPI( de

wg ETP#%@EGU
m Hardware architecture
Linux clusters, AlX, Solaris, etc.
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Y N Mediator based Molecular dynamics(MD) and !
W Poisson-Boltzmann(PB) coupled simulation(1)

Method of Simulation

Hydrate structure Distribution of dielectric ~ Electrostatic potential
using MD simulation constant over mesh point ~ simulation using PB

4 1‘: R8: Rvdw
"H 20 gN =C SR
In §phere transformation

fa
UoCU

Roughly estimate “Active Site” of lysozyme
and H-Dissociation energy at Glu35.
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Example of Workflow

NAREGI

Modularize in consideration of granularity, communication overhead,
latency awareness, portability, etc

Task A Ve \
/ Task A \ ;' Task B \
[ Init. < — /[V Merge |—» | TaskB 7
\ Task A \ VEEKLE
Devide-conquer type
e > —> Apl. A
N Init. / $ \
LOOp \ / Merge
< v Apl. B
Sequential Coupling Parallel Coupling
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Efficient Data Transfer on Different
Descretization models

Mediator automatically
generates the correlation
relation over different
descretization models:

Dipole moment of particles
< Distribution of dielectric
constant over mesh points

To keep transportabilities and independencies of APLS,
Semantic transformation required in coupled simulations
should be achieved in the third component as Mediator,
not in the application componets themselves.
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Mediator based Molecular dynamics(MD) and  *°

Nnneel Poisson-Boltzmann(PB) coupled simulation(2)

Selected results
Time average result of coupled simulation

106meV Amino site that leads to
240 y e
© 180 |
™0 i
—
o O | \' I [
= it 1 LI 1 S
% z 120 | ,, M 'Hu |"II l"'il" "'ll""l" i ;M ||| |||’ ||| N ll!’ll ' 'l|",|“ i ll ll n : I C-S
Q) l“ ‘I! ||” li'[i' |l| “ |Ill llllw "ll || I||||I "' lll ||]| | ,‘ h ‘Il“ll I"" l'||'|i || I.‘ ', “|l ‘ i | ? 89
‘ l | I‘ " ' | o
< ik e 5'S
60 ‘ ll é 9)
| e
xp |r ental '-h"! It 101meV L 3
0 : -2 4 ' 5 Active site of Glu35 Weak

| Time (ns)

ApKa=AG,_ (protein) /2303 kgT - pKa(Glu) (=4.4)

pKa value( 6)at COOH in Glu35
— roughly 50 times larger probability

compared with amino sites around
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2nd Example: RISM-FMO coupled Simulation

Notworking

Outline of workflow:

3D-RISM Mediator FMO

e N\ [ find

- N

EEE ] )
evenly-spaced = —~ correlations adaptive
mesh £ between meshes

. _ I mesh points l— _
pair corrglation functions monomer calculatlonél

g,(r)

C (r) - Hl‘Pl _ El‘Pl

« H Z\PZ — EZ\PZ

h, (r) :
solvent '
distribution

b h (r) ! -
. 1 qa <— |
\_ J \effective charges

on solute sites l
\ dimer calculation /
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Data Exchanges in RISM-FMO

Mesh structure of solvent Molecular sites of solute
Mediator | <" ~—. | Mediator

Equally discretized Van der Waals and probe
mesh points radius associated with
molecular sites

Notworking

Adaptive meshes for hydrate solvent

We respect ======EE::::::EE==E
Independency of SRR el Mediator treats with
developing each = ="l Data exchange on

Application. different descretization

sheme of apl. A and apl.

Mediator facilitate B

customization
processes of original
application program for
coupled simulations.
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Summary of Coupled simulation model

Coupled simulation

RISM-FMO

MD-PB

Discretization
method

FDM / Irregular point

Particle / FDM

Physical quantities
to be transformed

Solvent charge density to
charge on solvent atoms

Dielectric distribution,
Charge on atoms to charge density

Correlation
specification

In-rectangular

In-sphere

Transformation
function

Weighted function
conserving charge

Weighted function
equalizing electric field

Programming style

Sequential / Master-Worker

Master-Worker / Sequential

Communication
paradigm

Two-way iterative
communication

One-way, Variable
communication

Interconnection

GridMPI, MPICH-G2,
GridFTP, MPICH, Score

MPICH, MPI2, Stampi

Server machines

Hitachi SR8000, AlX,
Linux, Alpha clusters

Hitachi SR8000, SR2201,
DEC, Sun clusters
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Solvent interactions of hydrolysis in Lysozyme

Notworking

Selected results of 2"d example

A catalytic mechanism of hydrolysis in Lysozyme is
analyzed by RISM-FMOQO, in which proton transfer leads
to bacteriolysis in peptidoglycan of bacterial cell wall.

Peptidoglycan

o Bacteriolysis by
¢l hydrolysis due to
*ed H dissociation

0zoT
sie

NAM: N-Acetylmuramin
NAG: N-Acetylglucosamin
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Some demonstration movies of 15
dMediator/GridMPI Based Nano-Science Coupled Simulations
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Electronic structure analysis on

Udl Proton transfer in Lysozyme (in solution)

Proton transfer from active site of Glu35 to peptidoglycan

RISM-FMO coupled simulations reveal realistic microscopic
mechanism of proton transfer in Lysozyme
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Outline of Today’s Talk

Notworking

1. Grid-Enabling by Mediator/GridMPI

Application to Solvent interactions
In hydrolysis of Lysozyme
MD-PB and RISM-FMO coupled S|mlat|ons

2. NAREGI workflow tools with
Loosely Coupled Application Components

A Case study with GAMESS FMO and TINKER
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The General Atormic and Molecular Electronic Structure Systerm (GAMESS) is a
general ab initio guantum chemistry package.

GAMESS is maintained by the members of the Gordon research group at lowa
State University.

Summary of program capabilities

How to get GAMESS

GAMESS documentation

Chemistry graphics programs

A version history of GAMESS

The Gordon Research Group

Security and Privacy Notice

http://www.msg.ameslab.gov/ GAMESS/GAMESS.html

One of the most popular open-source program used
In the world-wide nano science community.
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Grid enabling of the GAMESS FMO prog.

Notworking

Modulization to Coarse-Grained parts

\
oty -~ )
. |
Customize I/O & comm. ]
in each module /
/
- } 4

write workflow in terms of
standard shell + rsh/rcp etc..

#

# (init_fmo)
# tin

# :out

#

@n=1

while($n <= $NFRG)
echo "init fragment:$n"

rsh $SNODES[$n] "(cd $HOME; ./rungmst11 $INPUT
t node $n out$n >& /dev/null; mv -f SINPUT.out SINPUT.init.$n)"

Workflow shell _@n+

wait
#

deploy each component and translate

while($n <= $NFRG)
if($MY 1= SNODES[$n]) then

She” Scrlpts |nt0 NAREG' Workflow and en;ﬁ?$NODES[$n]¥:$HOMEIout$nout$n>&/dev/nu||
submit to NAREGI SuperSchedular. s’ Shell scripts
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Use of NAREGI WorkFlow Tool

NAREGI

initial initial initial

Iteration Loop: guess1 = guess2 | guess3
Y% O e collection of some Important data
E;fgﬁ:t‘ltgr’]” of | « ~ distributed over files into one file.
1 e separated dimer (SD) grouping, etc.
monomer monomer , | monomer O Q
1 2 3 Collect
Blue: gathering data =
Candition : if then & Cr
e|Sé\Q O— Distribute
M |
% e A SD so |, B=b
E imer imer imer block1 block?
Eotal inergy ~ separated dimer (SD) calculations |

~are grouped into some blocks

Grid Summer School 2005 Italy National Research Grid Initiative



Examples:Protein Molecules examined by *

Nahcoh Loosely coupled FMO on Computational Grid

Collagen
(partial struct.)

Grid Summer School 2005 Italy



22
Workflow based Grid FMO Simulations of protein

Networking

NAREGI

read monomer density dimer total energy

fragme\nt DB calculation exchange calculation calculation
-

mon_14

maon_22

dir_14

njs_pbyy1 058 njs_png2002 njs_png2010

njs_phg1 056 njs_png2002 njs_png2010

m mon_23

njs_png2003 njs_png2011

mon_07 mon_15

il dirn_07 al dirn_15

njs_pbai0se  ~ njs_png2003 njs_png2011

m dim_16

njs_pbg2060 njs_png2004 njs_png2012

m dim_24

njs_png2057

dirn_23

man_1 man_039 mon_17
] - dim_1 dim_03 dim_17
his_pfa2057 njs_pho2057 njs_png2005 s plg2087 1 . 2005
nis, njs_pn
pak_1 pak_1 upak_1 5pi e BRI S — total
nis_pfg2057 mon_2 mon_10 mon_18 fy2057 fg2057
- 5P Ms-Pl dirm_2 dim_10 dim_18 le_piy2057 nis_pfy2067
nis_pf2058 njs_nhg2058 njs_png2006 .
| nis_png njs_pfg2056 njs_pby2058 njs_png2006
rd_DB
N mon_3 man_11 man_19 {1l
- dirn_3 dirn_11 dim_19 [6]
njs_pfg2057 njs_pfy2059 njs_phy2050 njs_png2007 ) (e [oCE AT
njs_pfa2069 nis_phg2058 njs_png2007
mon_04 man_12 5|
dim_04 dim_12 dirn_z0 a
njs_pfa2080 nis_pbo2080 -
olinot o njs_py2060 njs_pbg2080 njs_png2008
3
njs_pf2057 njs_pfy2057 mon_0§ mon_13 il mon_z21 ‘
dim_05 i 13 dim_21
njs_pba1 057 njs_png2001 njs_png2009 { i i
nis_phoi 057 njs_png2001 njs_png2009 VI S u | I —

njs_phg1059

input file

{l mion_24

1js_phy2060 njs_png2004 njs_png2012

mon_18

dim_0g dim_24

man_25

njs_png2057

tron_26 mon_30 dim_26 dirm_30

dped0so dpcd0s4 dpedosn dped054

i

upak_2 pak_2 upak_2 pak_2
man_27 mon_31 dim_27 m dim_31
dpca0s0 dped050 dpcd050 dped0s0
dped0st dpcd055 dpce0st dpcd055
colinp_2 L
dpcd0sn dpcd0sn mon_18 mon_32 dim_28 28
dpcd052 dpcd056 dpedos2 dpedose
IMS Resources
dpcd053 dpcdos7 dpcd0s3 dpcdos7
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Notworking

NAREGI

read

fragmgnt DB calculat

monomer

ion

density
exchange

dimer
calculation

total energy

7
0 1
!_,E‘ mont ZEAT mon_oa n\ld moer 2] //||| oy EHE o0 B gy B
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] 7
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. 3
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g]sjngZOl Jlil\ Bl rps_pbgr0s0 zjs,pngzoo fis _png201 )=l
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njs_png205 o ‘ I|
s T njs_png205 !
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dpedasn dped0sa )Jﬂ monze EFL oo 22 EL\I% B‘*,U dim_78 [zL'm an_32 . l.|6]
f
G deccos dpedoss 7] E- '|,' dped0s2 dpedoss (7]
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li- Easy to re-
N

configure the
job-workflow,
for example,
posSt-
visualization
may be
replaced by
viZ for
Intermediate

data
O o)

Distribute




P Y Full Geometry Optimization of Protein in water **
NAREGI 3D-RISM/FMO with loosely coupled TINKER

Once workflow
scenario is
constructed, we
may easily modify
and extend it with
NAREGI WFT
editor.

Simulator

| notify |

In this example,
Optimizer task is
attached to the main
RISM-FMO coupled
simulation, and
construct the
iteration loop for
geometry OPT.
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Notworking

25

Full Geometry OPT. of Met-enkephalin

The amino-acid sequence is ' TYR-GLY-GLY-
PHE-MET'. We start the optimization procedure
from the Model 1 of PDB data “1plw”.

Energy

Grid Summer School 2005 Italy
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| Solvation
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/

RISM-FMO

1 10 100
No. Iterations
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Grid Database tool for Optimized Protein ~ “°

NARECH Structures and Fragment density

To be used in the other
FMO simulations

B I

TFragment Data@{

The Fragment density is stored in
the Fragment Database system.

'-. .
o
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Notworking

Fragment Database Tools

NAREGI

X Fragmeni spmch list - Micro, Br E
I hE BEE FFH HRCAOW F-AD AT »
Blgpeaflialarnal[Exsis Om-Q H@AG Lur fromon @re @ -4 B -
FAOME) MRID REG) BWICANGN MDD AT 3 i
= § T ] ot VpAg 0BT reweg ong. iy =1 moy It cp M sywond=wofenst diwes muner ¥ E6n
) Q- [xl B | Cus gramcin Worr ) 205 B - [ Google - v| porTmm - BT E A 8
& b ol raragiora eride ! v Bus o e - 4
Googe » o BrTeE S nw e El1Tvn 2 Fragment search result list
o (¥ s 1 ; I Index  Nams Eanohme Hubamries Hastors
Fragment Search Progcram TITRE
: ) oM WAL H-H-M-H-O-H-C-C-C-H-0-C-N-C-H-H-H-H wibmala 141438 072390409
Eeyward [wphimaki ! i BB L e 2 0 L M . L L 2004077058
L 033 LEU0L oo er o wptmaks e
Cotogery [User T He-C-H-C.H-H 14:14:37 ST 25H0%
[ QK 3 ALADNNS O-H-0-C-H-C-H-H-C-C-H-H-H-C-H-H-H-H wibmala ?Et:z-a:-gz-lquﬂ'!
3
[Saur\ch] Clear
o ey aegngy SEECOECECORECCCEN- [, . 00000
il i H-H-H-H-H i 14:14:37. 84 1003 +05
- H-B-H-H-C-C-H-H-C-H-H-H-C-H-C-C-5- 20040705
- _
&) A-SHERENILE ® =t Opy  [CYSD2l, o8 PRI 137 48075400
O 2% [FRAGH O-H-H wpbmaki (o
—. v 20040705
Refrieye: e 5
© 7 FRAGH O-HE ki a0
g e
off -t

Register

B Frsament Fagm ¢ Prosram - Maraseti higrnet Dasberey

MG ERD RSN BRCANY D AATY TN ERE BTG BWCAME 9-dD AN
. 5 E 1:‘4_ ) (}l& il P & s p'EE ‘WRLAD AT B O I:;IE- ) .-i 2_. ; Joum Lo *:1!'1'." re] 3 —
b ’ '-_—_' 2 T ) et ¢ AT T g ey g o g i » £ imm b i1 - iy IR
| i -S| =" Gocg - = EorcimE - Shinemom Bt S I NIRRT Al fri-Tec iieg | -
— N L Coigle - | ol e R T L
== — = e cped ¥ I‘I'r._r. sje Fpsryeris L i B I i
Fragment Register FProgram ) ) L.
Fragment FRACGO3 is removed.
k= Rt = File ]
Type FROLGAMEES = |L"_‘"U
] (apet] (o]
& TR @ At ] ORI @ A2t
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Concluding remarks

NAREGI

A solution based on Research Grid will have
significant advantages for customizing
Interdisciplinary simulations,

and

Grid will make a big chance for the
Collaboration between Computational
Scientists and Computer/Information
Scientists in HPC field.
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