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MOlecular DYnamics software for LArge System
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MODYLAS D #} 2=

Fortran 77&90
frtpx (Fujitsu), ifort (intel), pgf90 (PGI)
MPI1/OpenMP/SIMD hybrid

CHARMM with CMAP AMBER/OPLS

NVE, NVT (Nose-Hoover), isotropic NPT (Nose-Anderson),
anisotropic NPT (Nose-Parinello-Rahman)

RESPA

SHAKE/ROLL, RATTLE/ROLL

Fast multipole method(FMM), Particle mesh Ewald method
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MODYLAS license
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MODYLASO #f 2 web site

MODYLAS

MOlecular DYnamics software for LArge System

OVERVIEW DOWHLOAD DOCUMENTATIOH RELEASE HOTES FORUMS LITERATURE DEVEL OPERS CONTACT LIHKS

MODYLAS 1.0.4 was released
MODYLAS 1.0.4 was released on 6 Jul. 2015.

Qutput-relating bug, which caused slovwdawn of the program execution under some conditions, were fixed.

.‘. Posted By yendo

Tutorial Slide has been uploaded

MODYLAS Tutorial Slide (30-Jun. 2015)(P0OE) (Englist)

.‘. Posted By yendo || read mare

MODYLAS 1.0.23 was released
MODYLAS 1.0.3 was released on 26 Jan. 2015.

USER LOGIH
Subroutines for thermodynamic integration CTI) were implemented.

4 Posted By yendo

MODYLAS 1.0.2 was released

A4 %)L YAk http://www.modylas.org/
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.
Set problem

Select target properties
to be calculated

Determine atom number

o — Judgment by researchers

Select force field

Select ensemble

[ 1
Create initial coordinate Nago-lgnition, or VMD
[ ]
Start MD calculation | <€ MODYLAS
- — o .dcd
nd MD calculation .mdtrj.bin
[ 1
Analyze-results <€ Original programs, or VMD

Make conclusion




ATERTZIEY—J)L Nano-Ignition

- Software to prepare a set of input files for MODYLAS

sessionname.mddef
Developed in “NAREGI” project sessionname.mdff

sessionname.mdxyz

*Language
C (without parallelization)

*Source code
Available at www.nano—ignition.ims.ac jp
Newest version is 2.2.20

License

User registration system; Prohibition of redistribution; Obligation of
literature citation(more detail, see web page)



Contributors

[Molecular Science] [Solid state physics]

Authors: Authors:
A. Yamada Y. Gohda
K. Iwahashi S. Tsuneyuki
F. Mizutani
S. Okazaki
Acknowledgment: Authors:
Y. Andoh Y. Yosimoto
K. Fujimoto
Y. Ikuta
K. Ishimura

T. Miyata



Download Nano—Ignition

4@\ Nano-Ignition

SAEe>vR | EFEE WindowsiRD 1 > A b —ILAE

Click “Download” tag
Nano-lgiN\tion¥8 &7V = 74+ k

FhorvrE8 QOYFIk
’Q\ Nano-iynition

10

=HEEE | 70—k | WindowshR®D+ »Z k—ILHE

e SI|MFPHo kDER
o AT —ROBHET

=L

Reglstratlon 2220 wniion-2220exe  Binary for Windows
. S 2.2.20 ignition-2.2.20.tar.
& log in — —————% Source code+document
g Windows 2219 Ignition-2.2.19.exe
«@pen link fordownload  iwrz210mek Compiled binary is already
Windows 2218 Ignition-2.2.18.exe inSta”ed on phl, pSl
Source 22.18 ignition-2.2.18.tar.gz

Source 2217 ignition-2.2.17 tar.gz



Nano—Ignition: compilation

Go to the untar—zipped folder

Set of compilation environment

Compile

Start up

>./ignition/ignition

File Edit Tools

Mouse

(®) v-rotate

O v-move

) move

(O rotate

() add atom

() del atom

() change atom
H hd

[1 update bond

Selection
(* Atom

() Residue
O Molecule

Display
[1 Ball
Line
[ Grid

cell none |*

Zoom

100 =

read topolegy nermal end
read parameter normal end

\| IGNITION: untitled-1

Parameters Window Help

IGNITION

"Input GeNerator for InovaTlON of molecular science"

[Solid state PF

[Molecular S
Authors:
E a

_ Acknowledgment:
| ¥, Yosimoto
Acknowledgment:
doh

(3



Nano—Ignition: 1/0O structure

Molecule coordinate file
.pdb

—

x) water.pdb

CHARMM
Topology file

—3

x) top_all22_prot.rtf

CHARMM
Parameter file

Ex) par_all22 prot.prm

Nano-Ignition

Available operations:

*3D representation of inputted molecules
* Assignment of force field parameters

* Specification of distance constraints

- Specification of unit cell size

*Change of force field parameters

* Addition of hydrogen atoms
- Addition of solvent

*Deletion, insertion, and substitution of

molecules
*Copy of molecule,
*Movement of molecules
* Addition of chemical bonds

and so on (see document)

A set of input files for
MODYLAS

Calculation
condition file

.mddef

_—

Coordinate file
.mdxyz

—_—

Force field file
.mdff

—_—

Sorry, skip detail in this lecture. See Appendix.
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MODYLAS

MOlecular DYnamics software for LArge System

OVERVIEW  DOWNLOAD DOCUMENTATION  RELEASE NOTES

Home » MODYLAS Software Program License Apreement ...

MODYLAS Software Program License Agreement (2014/04/14)

MODYLAS Copyright Administrator (the "Licensor"}, representing all the members listed in Exhibit 1 (the "Copyright Holders") who are the copynight holders of MODYLAS (the "Program”), grants to a
person which is identified in the application page (the "Licensee") the right to use the Program in accordance with the terms and the conditions of this MODYLAS Software Program License Agreement
(this "Agreement”) free of charge.

Atrticle 1 (Definition)

1. "Commercial use” means, including but not limited to, selling MODYLAS for a fee MODYLAS, doing consulting and contract calculation for a fee by using MODYLAS, using MODYLAS
for business directly. "Non-commercial use" means the use of any other, including but not limited to, research and development in a for-profit company as well as academic use.

2. "Military use” means, including but not limited to, using MODYLAS to develop any military weapons and/or directly to other military actions. "Non-military use” of MODYLAS means the use
of any other.
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} Slide

et 4 www.modylas.org

MOlecular DYnamics software for LArge System

Home = MODYLAS

MODYLAS

VERSION: {10 0beta

COMMENT: work on the K-Compuier

If you agres cwr license, pleass write your email address to send 2 URL for dowsload, and then pos

Your personal information Slled o below will be wsad to send MODYLAS naws znd repar: activit mOdylas_admln@d raco.ims.ac.jpid

. Download link for http:/ /www.modylas.org/
Reglster your voshimichi.andoh@apchem.nagova—u.ac.jp‘r?

elatian Program fo
Fheo. Comp..9, 320

information mokmsicbah  Dear visitor,

Thank you for your interest.
\ Please use the following link to download the files:

Name http://www.modylas.org/node/19/download/a233149281a202dbde3cala9cctd2538
.b,e_maIL This link will be accessible until Wed, 81/22/2014 - 13:31. If you need
DRGANIZATION * access after the link expires, don't hesitate to revisit the download page on

Organization http://www.modylas.org/

TITLE*

Title -

CONFIRM PUBLICATION *

After registration, e—mail in which download link is

i)

s included will be sent. Click it for download.




MODYLAS: Folder branching

>tar xvfz MODYLAS 1.0.3.tar.gz

MODYLAS_1.0.3/

LICENSE.pdf Software license document
source/ Source code folder
binary/ Precompiled binary folder
sample/ Input samples

document/ Manual and tutorial documents



MODYLAS: Compilation

Go to untar—zipped source folder
>cd MODYLAS 1.0.3/source/
Set compilation environment

>./configure ——with—kind—fortran—compiler=FC

Compilation FC=(K|FX10|INTEL|PGI)

»make K - K computer

FX10 - FX10
INTEL : Intel compiler

will be created. PGI : PGI compiler

./src/modylas



MODYLAS: I/0 structure

A set of input files for
MODYLAS

Calculation
condition file

aaa.mddef a

Coordinate file

aaa.mdxyz E

Force field file

aaa.mdff E

MODYLAS

aaa:. sessionname

¥

common among all I/0 files

bin : binary files \

Execution information
stdout

Monitoring file
aaa.mdmntr

File for restart
aaa.restart.bin, or
aaa.restart.asc

File for analysis
aaa.mdtrj.bin, or
aaa.dcd

Run time information
aaa.mdrun



MODYLAS: Execution

Execution style:

./modylas sessionname

Go to the folder where a set of input files exists
>cd water/

Link executable binary to current directory

>In —s ../../source/src/modylas ./

Parallel execution (ex. 8 mpi x 1 omp)

>export OMP_NUM_THREADS=1

>mpirun —np 8 ./modylas water
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Tutorial : Equilibration of bulk water

Execute sample shell

optimization

NVT ensemble
9,000 steps

NPT ensemble
10,000 steps

#1/bin/sh

#PBS -l nodes=1:ppn=8 8procs x 1thread
#PBS —q small

#PBS —N wat_opt—nvt—npt

#PBS —j oe

source /opt/MateriApps/modylas/modylasvars—1.0.3—1.sh

export OMP_NUM_THREADS=1
export PARALLEL=1
cd $PBS_O WORKDIR

mpiexec —np $PBS_NP modylas water_opt

cp water.mddef _for_nvt water_nvt.mddef
In —s water_opt.mdff water_nvt.mdff
In —s water_opt.restart.bin water_nvt.mdxyz.bin

mpiexec —np $PBS_NP modylas water_nvt

cp water.mddef _for_npt water_npt.mddef
In —s water_opt.mdff water_npt.mdff
In —s water_nvt.restart.bin water_npt.mdxyz.bin

mpiexec —np $PBS_NP modylas water_npt




Tutorial : Equilibration of bulk water

View result NPT ensemble

‘ , 10,000 steps
gnuplot> p ‘'water_ npt.mdmntr’ u 7 P

3.2e+02 T T

VMD 1.9 OpenGL Display

3.0e+02

2.8e+02

2.6e+02

Temperature / K

2.4e+02
‘water_npt.mdmntr' u1 Z

wal T =298.15K S

2.00402 = Temperature -

1 ) ae +02 L L L I L L L I L L L I L L L I L L L
0 2000 4000 6000 8000 10000

MD steps

gnuplot> p ‘water npt.mdmntr’ u 9

1.0e+08 T LI — - T

5.0e+07 VMD Main

0.06+00 File Molecule Graphics Display Mouse Extsnsions Help

ID T A D F Molecule Atoms =rames Vaol
0 T ADF water.pdb 13284 101 0

-5.0e+07

-1.0e+08

Pressure / Pa

-1.56+08 —

-2.06408 P f— 1 X1 05 P 'water_npt.mdmnt;elig _______ _

-2.5e+08

100 || 1
_!u zo:m O |Luop VI sep 1! 1 _’l speedl i [[3

Pressure
YOy I E I I R R >vmd water.pdb water_npt.dcd

0 2000 4000 6000 8000 10000

MD steps Tk console> pbc box —center origin




Visualization of MD calculation results

Newly supported from modylas_1.0.3

sessionname.dcd  Trajectory file in ded format (binary)

.dcd file is widely used in biophysical MD calculations. Other MD software
(CHARMM, NAMD, etc.), and input generator software (VMD) support

reading/outputing .dcd file.

Q. How to output dcd file from modylas?

A. Add following two lines in . mddef
{output>

dcd=yes % default : no

<{trjdcd> start=0 interval=100 </trjdcd>
</output>

Visualization of trajectory using VMD:

Required files

- .dcd file

- .pdb file

- psf file for analysis (optional)

>vmd system.pdb result.dcd
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G DIEE

Start parallelization tuning in "NAREGI” project

Parallelization tuning optimized to K computer in
“Nano Grand Challenge” project

Publication: Y.Andoh et al., J. Chem. Theory Comp., 9, 3201 (2013).

Binary code of modylas was opened at www.modylas.org (Sep. 2013)
Source code of modylas has been opened (Apr. 2014)
Newest version is 1.0.3 (updated at 27, Jan. 2015)
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The measured overall calculation time

per one MD step(Dt) for the 10-million
atomistic system, the PYP solution, and
the acceleration ratio with respect to the
64-nodes calculation as a function of

degree of parallelism, N, ..
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The measured direct calculation time of the pairwise

additive forces(circle), the FMM calculation(triangle),
the intramolecular forces(diamond), and the
communication time(brown) per one MD step(Dt)
for the 10-million atomistic system, the PYP solution,

as a function of degree of parallelism, N, ..
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