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Blue light-emitting diodes

NU has six Nobel Prize winners:
Chemistry R. Noyori [2001], O. Shimomura [2008]
Physics M. Kobayashi & T. Maskawa [2008], |. Akasaki & H. Amano [2014]



Introduction

Department of Materials Chemistry,
Nagoya University

- Theoretical and Computational Chemistry
Other groups:

« Catalyst Design
- Material Design Chemistry
* Energy Conversion Chemistry

Staff of Okazaki Lab.
Professor: Susumu Okazaki ¥ L4 $ g S ‘.
Associate Professor: Wataru Shinoda :;';;; B A% Tk R R W g SiSee==
Assistant Professor: Kazushi Fujimoto == B R r——
Designated Associate Prof.: Noriyuki Yoshu (CCS) —Theory of FMM

Designated Associate Prof.: Yoshimichi Andoh (CCS) —Implementation & parallelization

Dr. Tatsuya Sakashita — Implementation of solid harmonics, etc.

, and 8 post-docs; 3 Ph.D, 12 Master course, 5 undergraduate students

--———-——
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Research Subjects

* Plasma membranes of normal and cancerous cells
* Viruses, and their recognition by receptors

* Micelle formation and micellar solubilization

» Polymer material
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 Development of theory of MD calculation, and MD

aha,

simulation software , MODYLAS R AR TA IS n



Molecular dynamics (MD) calculation *

. ] . Generalization
Basic equation - . Verlet’s method > RESPA[1]
Newton’s equation of motion
At At F.(At
vi(t+—)=vi(t)+ (A1)
d 2l’l. 2 2 m,

m, e =F E—

At
. Numerical ’:(t+At)= I’l(t)+Atvl(t+7) cycle
=l N integration
At) Ar F(t+Ar)
{:time vi(t+At)=vi t+7 + 5

F.: atom coordinate m,

F: forces working on each atom y.: atom velocitiy

m.: atom mass :

N : number of atoms O(10+107) At : time step size O(10%°) sec

2nd or der ordinary differential 100 ns long MD calculations = 10® cycles
equations for 3N degree of freedoms

[initial conditions: ri(O)/vi(O)] [1] M. Tuckermann et al. J. Chem. Phys. 97, 1990 (1992).
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Potential function

r,....r
E = — mt ( == a ) @ (r,...,ry) : Total potential energy
0 I"l (Classical model)
Intra-molecular interactions
2 2 angle g
Dy = EKb(b_bo) T E K,(0-6,)
bonds angles
+ E 5[ 1+cos(ng—0)|+ E K, (-1,
dihedrals impropers dihedral
[ 12 6l )
+ 2 de || —| —|—| ||+ 9i;(
nonbonds ’;’j ’/;'j ’/;'j

Lennard-Jones Interaction Coulombic interaction
(Short range) ﬂ (Long range, O(N?))
There is difficulty in effective MPI parallelization of this interaction.
We implemented the fast multipole method (FMM), besides particle mesh Ewald
method, into MODYLAS




[2] L.F. Greengard (1987).
6/27

Review of FMM * O(N) algorithm

* suit for massive parallelization

L2L, or FMM Ewald
_EP E!‘ J,M;AATY (@, )
0 k= Ak—mpn+]+1 Level 1

n+j

Mul‘upole moment M2L / Local expansion coeffici¢nts

N
//"»)( - / o p/
/‘ // / ~ /®/ Flow of algorithm

P2M
L2P Level 0

A W\ WA
VAR SR A S =

P2M : M;T=EQipiYn_m(ai’ﬁi) PP P = ZJ L2P: @ EEL’"Y’"(B )"
i Jj oy n=0 m=—n

M " multipole expansion coefficients, L ™: local expansion coefficients
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Accuracy of our coded FMM

107°
The deviation of a force from
the correct value obtained by

the Ewald method: 16™

N (p Bwald |~ 5
S r5)
. ; a,l ai a=xy,z

“ EN(FEwald)z o
i a,l 10-6 .

P: The orQer of.expansion, noted as “nmax” in 105 4 6 3 10 12
the following slides

~

P
P n
_\ m yym n Deviation o (= 0, = 0, = 0,) of the
D, = Z E LY, 0,9)r forces calculated by the FMM from th

n=0 m=—n

correct ones by the Ewald method.

[3] Y. Andoh, N. Yoshii, K. Fujimoto, et al., “MODYLAS: A highly parallelized general-purpose molecular dynamics simulation progra
for large-scale systems with long-range forces calculated by fast multipole method (FMM) and highly scalable fine-grained new paral
processing algorithms”. J. Chem. Theory Comput., 2013, 9. 3201.




Strong scaling test on the
K com

Measurement

uter in March, 2012

N=10,000,000 Neyre N, .
10000 1000 10000 100000 100298800 10000 1000 10000 100000 1000000
- 512 PYP proteins, 1 :
1000k water, and ions 4000 1000k Pairwise additive
g : : interaction
@ ‘IOOE— a2 §1oo .(§U ” 1005—
E 1 & £ [ molecule
=~ ol 1o 8 & 4ol interaction
E ® @® §
I i ; -
1k 5 ms/step with 41 1k
i 65 536 nodes ] :
01— (35 ns/day) o 4 | — : ' '
100 1000 10000 100000 100 1000 10000 100000
Nnode Nnode
Fig. Measured overall calculation time Fig. Measured partial calculation times
per MD step (At) with respect to the 64- and communication time per MD step
node calculation. (At)

[3] Y. Andoh, N. Yoshii, K. Fujimoto, et al., “MODYLAS: A highly parallelized general-purpose molecular dynamics simulation progra
for large-scale systems with long-range forces calculated by fast multipole method (FMM) and highly scalable fine-grained new paral
processing algorithms”. J. Chem. Theory Comput., 2013, 9. 3201.




Applications of MODYLAS Y

Dissociation of methane

hydrate (Okayama Univ.)
T.Yagasaki, M.Matsumoto, Y.Andoh,
S.Okazaki, H.Tanaka,

J. Phys. Chem. B, 118, 1900 (2014).
J. Phys. Chem. B,, 118, 11797 (2014).;

0.4 M atoms 120 ns

All-atomistic MD simulation of entire

poliovirus empty capsid in solution
J. Chem. Phys. 141, 165101 (2014).

. : © O ©
Examples of collaboration with -Dainihon Sumitomo Seiyaku EHA  EHB  EHC

companies PLoS ONE, 11, 1 (2016). s ae [ac[ac.

Nippon-Kayaku
J. Phys. Chem. B, 113, 15181
(2009).

. - —/83 =0 S LRRYL
Drug-membrane protein affinity tean | Sen mew mwik

Micelle of PEG-PBLG- *Nitto Denko
Ac block copolymers

Polymer adhesives

,_ ImMPACT Project (Prof. Ito):
5% 05 M atoms Realizing Ultra-Thin and Flexible Tough Polymers

-,ll €705 Ll

ns

A

MODYLAS is not benchmark software, but practical general-purpose MD software.
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Performance: 11127
1. Improvement thread-level parallelization (p2p)

(b) J-column

i-column Sl J-tower

code1 code3 (Ix1x5)

riginal [
origina New codes 1-4 realize,

-Load balancing between threads
- Enlargement of granularity for each
thread

(@)

J-tower
(1x1x5)

i-square
(5x5x1)

(5x5x1)

J-column
i-column

i-square ]l -C]e“]
(5x5x1) (xIx)

(c) J-tower (e)

COdez Y COde4 J-tower

(Ix1x5

I org B code 1 HEE code2 EEE code3 [ code 4

>30%
reduction ~509

reduction

(Ix1x1)

Doriginal @code1 Ocode2 wmcode3 mcode4

] ,h f‘i | JN | f‘{ ﬁf‘{— Y. Andoh, S. Suzuki, S. Ohshima,

1 2 3'4 5 6'7 8.9 10 11 1213141516171819.20212223242526272829303132 . .
Thread number et al., J. of Supercomputing, in
press

Elapsed time in energy_direct routine (p2p)

o

16 32

Thread number

8 tgds

GFLOPS
(o]




2. Replacement of the spherical harmonics by solid harmoni¢s 27

P2M (Particle to Multipole, calculation of multipole moments)

Regular solid harmonics
_ m
— § qi 1y (v — 1) Ry (r,6,¢) = ; 4 s P (cos ) e imé
— (€+m)

M2M (Multipole to Multipole, to translate of expansion center of M)

Nmax A

M/m - Z Z MET;MR/; (I'M/ - I'M) Traditional M2L with Y,m
M2L (Multipole to Local expansion coeffs) e A

Nmax Singular solid harmonics

+ —m). .
Z Z MY SES T (en = var) [ 500:0.0 = Cueem o sy e

=0 p
L2L (Local expansmn to Local expansion, to translate of expansion center of L)

Nmax A

L/Zn = Z Z LG R'L;:Zn(r[/ —I‘L)

A=l pu=—A m m—
o e £ AR R
m m m—
—Qz E E Le Re I'—I'L) Fi=—q E : E : Ly _§(R£—1 ‘l'Re 1 )
(=0 m=—¢ £=0 m=—¢ Ry

Code has become simple greatly, make extension of FMM algorithm much easier



3. Reduction of arithmetic amount 13 /27
Work by Dr. T. Sakashita & Prof. N. Yoshii

We have succeeded in reducing arithmetic amount of FMM
by implementing the following three methods

(1) Utilizing symmetric nature of matrix element of multipole
expansion coefficients M and local expansion coefficients L4

(2) Usage of recurrence formulal*! which can avoid a
conversion from Cartesian coordinate to polar coordinate.

(3) Rotation of the axes in M2L operationl!

[4] Basic idea is described in unpublished work by K. Nitadori, “Particle mesh multipole method: An efficient solver for
gravitational/electrostatic forces based on multipole method and fast convolution over a uniform mesh”.

[5] C. A. White, M. Head-Gordon. J. Chem. Phys., Vol. 105, No. 12, pp. 5061- 5067, 1996.




Extension of function: 14/ 27
1. FMM for rectangular unit cell with anisotropic cell divisio

A oot =Nean = 27 Work by Y. Andoh & Prof. N. Yoshii

Cubic calculation unit cell
M2L(1)
| « A: Traditional FMM:
\
d4) i Q@ Rectangular calculation unit cell . .
: . L + Cubic unit cell
@ , - Isotropic cell division, following
T . s ) binary branches (octree structure)
B I\Icell,x= 2 3 ’Ncell,y =2 - NPROCS — 2n
M2L(2) M2L(1) 22N
dx(1)
M0 | o) B: Our extended FMMIS!;
dy(4) » ] y(1){ dy(0){ .
o - Rectangular unit cell
Anisotropic cell division,
dx(3) . .
- following binary and ternary
10 g3 branches, independently
“)i ok 1 Errorin potential vs selectable for each axis and
13-6 ; '\“\.T\_‘\':A“.. : nmab): (.refzrgncEe ValLlIJe each level
Nk K ] 'sovtaned by twa - NPROCS = 2737 is available
o7y 1oy 1 method)
L S T— Error behavior strongly
00, .1 depends on style of N o
woh xiie “J  cell division [6]Y. Andoh, N. Yoshii, S. Okazaki, will be
ot submitted soon.
2 4 6 8 10 12



Extension of function: 15/ 27

2. New exeression for pressure tensor in FMM
Work by Prof. N. Yoshii

Pressure tensor cf. Isotropic pressure (implemented in

1 E 0Dy L present MODYLAS 1.0.4)

Bovmap =~ 7> 7 &
Ve ahay Fonm =$

u‘:nstorm formula 1 O 1
P2M dM " (1 _Z/[\_) (p )p] L 100
FO 9
M2M . (1 _ | = N
P L () Pr” + M T Vet (Base) o™ ], Ssoms 2 RN
LEmir | | ! 10
M2L oL “’-ZZT | v () .M‘,(,{V r::':.‘m._.)} . - 5
o pry . M p\"‘.,. i \u.-I TU 10-
M2L Y (py) ‘e (,,,)/'(n+1/2.r‘p.?) Hage i"" V2V (B )i P exp(-aviy 1 K7) ‘§
Y‘ | ¥ - " v -
(image cells) | = o .§. pi! Fn+li2) - VI(n+1/2) Qiu 10 3
M2L 3 %y (p) F(n+1/2.60!) % no KB LR () !
R Al Pl _ | nil/2 ity JolB) KB | 4
(imuge cells) ohg = P I'(n+1/2) z, I'(n+ l/Z)I r( 2K, )v' p\"' - /)" p“‘ i § 10
1
M2L 3 e i"VIYT(0, )00 T exp (=2 1 &) et ) QN -5
(image cells) ah, \— VI(n+1/2) - \l"(n+l/’) \P‘ - I — 10
0 L S S r_;"[v,,)-:.(u 2)-2 {\ ~(vixily ) ¥ (7, )M 10'61 é :I; 4I|_ é é ’I7 2
M2L ,_,Z (b)) V) (p.) 1 (r 2,k p; t#\ Y (0 W exp( v 1 K7 .
(image cells) | o, = A" P I(n+1/2) Iag it VI (n+1/2) .
M2L O oo o] ) 6], Parrinello-Rahman NPT ensemble MD
. - =¥ ¥ 1t [ \_ +M" (o)lTZ s[
(' ag ~ S C lu',‘ Sl fjma 20 ; ., ’ " "
L‘TL"W R TR SEN - . . =anisotropic systems, e.g. crystal,
- - :Z Z l o, . L pu) ey L’-I-'(I)I Vi Y-f‘;‘ (P, )p“..,,*lu -"nﬁ}‘ membrane
L2P 11 (/ H
*«*‘*T{EZZZ /1,,2(,; (#)r ——Zf: }m“ﬁ Phys|ca| property

=interfacial / surface tension ...

[7] N. Yoshii, Y. Andoh, S. Okazaki, J. Comput. Chem., in press.
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Conclusion

- Our group have developed a general-purpose MD calculation
software MODYLAS combined with FMM.

-MODYLAS has been creating remarkable output of scientific
researches with the K computer, and its successor models
(FX100).

- To realize large-scale MD calculation on the post K computer,
we continue to make many efforts to improve both performance
of arithmetic operation and MPI communication, and to extend
functions of software.

We need further efforts to achieve the goal
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How to download MODYLAS Y

-
>
o)

Full version of MODYLAS :

" MODYLAS bR el EEHelE Miniapp version of MODYLAS :
MOlecular DYnamics software for LArge System

http://fiber-miniapp.github.io/

FIBER

Code is open, but it is not “open
source”.
Read LICENSE.pdf in package.

HOME  OVERVIEW = DOWNLOAD | DOCUMENTATION  RELEASENOTE FORUMS  LITERATURE DEVELOPERS CONTACT  LINKS

Home » MODYLAS

MODYLAS

VERSION: 0.9 Obeta

> -Manual(PDF)
- Tutorial(PDF)

COMMENT: work on the K-Computef

write Your email address to send 2 URL for download, and then push *Scbenit® button.

w will be used to send MODYLAS news and report activities of MODYLAS.

For use of MODYLAS, please cie thfffallowing:

fultipole Method (FMM) and
uke Mizutani, Hidekaxo
i Ichikawa, Hidemi Komatsu, Shigeru Ishizuki,

"MODYLAS: A hly el
Highly Scalzble

o ing /4
Kojima, Atsushi Yamada, Sesumu Okizaki, Kazetomo Kawagechi, Hidemi
Yaschiro Takedz, and Masao Fukuoshi

User registrationQ You will receive e-mail

EMAIL * \

Do NOT use froe cmsil address and mobile phose's cxasil adéres modylas-admin@draco.ims.ac.jpisy

ORGANIZATION * Download link for http://www.modylas.org/

yoshimichi.andoh@apchem.nagoya-u.ac.jpi
TITLE*

Dear visitor,

CONFIRM PUBLICATION *

Thank you for your interest.
Please use the following link to download the files:
http://www.modylas.org/node/19/download/a233f49281a202d6de3cala9ccfd2538

This link will be accessible until Wed, 01/22/2014 - 13:31. If you need
access after the link expires, don't hesitate to revisit the download page on
http://www.modylas.org/
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