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M-1: Platypus-MM/CG
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Fukunishi-Watanabe-Takada,
J. Chem. Phys. 116, 9058 (2002)
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\ Moritsugu-Terada-Kidera, J.Chem. Phys. 133, 224105 (2010)
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Matsunaga etal PLoS Comp. BIO| 8, e100255(2012)

G

Publications

* K. Moritsugu, T. Terada, A. Kidera. “Scalable free energy calculation of
proteins via multiscale essential sampling” J. Chem. Phys. 133, 224105
(2010).

* K. Moritsugu, T. Terada, A. Kidera. “Disorder-to-Order Transition of an
Intrinsically Disordered Region of Sortase Revealed by Multiscale
Enhanced Sampling” J. Am. Chem. Soc. 134, 7094-7101 (2012).

« Y. Matsunaga, H. Fujisaki, T. Terada, T. Furuta, K. Moritsugu, A. Kidera.
“Minimum Free Energy Path of Ligand-Induced Transition in Adenylate
Kinase” PLoS Comput. Biol. 8, 1002555 (2012).

i ARRA—DIEED—ERIL. BIEEHAERAERLTLS
REIVE2—ATRIOHBRFABICLEENDTT,
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2
" M-2: Replica-exchange Interface program: REIN

Naoyuki Miyashita'?3, Suyong Re* and Yuji Sugita'34
! 4 RIKEN QBIiC, 2 “RIKEN CSRP ISLiM, 3§ RIKEN AICS, * B RIKEN ASI RIKEH

= Orange: REMD
.‘OdUC'[IOH Replica-exchange Molecular Dynamics (REMD) Red, Bue and Green: MD

Replica-exchange molecular dynamics (REMD) simulation [2] is one of popular enhanced
conformational sampling methods, and it has been widely used to predict the protein conformation,
configuration and so on. In the original REMD simulation, the dynamics of noninteracting replicas of the
system, each at a specified temperature, are performed by molecular dynamics (MD) simulation. Pairs
of replicas that have nearest neighbor temperatures are exchanged every few steps using the

Metropolis criterion to ensure detailed balance. R ' &
Multi-dimensional replica-exchange method (MREM) [3] is one of the extentions. It exchanges not only Ta '
nearest neighbor temperatures but also the nearest neighbor parameter sets that relate to a potential
energy. Exchange probability can be written: Replica-exchange Molecular Dynamics
. Replica 4 =3 > —
minf1, exp(-A)], A= Br(Unn (6)-Upm (4)-Br(Urn ()-Upn () MBI Sacceptt ‘Accept!
where, B,,= 1/(kg T), T,,: temperature, kg: Boltzmann constant, and , U, (g;) is the potential energy of Replica 3 DTS} =
m-th state at i-th replica. Replica 2 Mpm)i
MREM needs huge computer resources, and is promising method for the future enhanced sampling. Reject!
We have developed Replica-exchange Interface (REIN) program package to perform MREM simulation Replica 1 MD{T1} >

using conventional MD program packages, such as NAMD2, MARBLE and so on. e YS! Jon| 65, 1604, (1996)
[2]Y. Sugita, and Y. Okamoto, Chem. Phys. Lett. 314, 141-151, (1999)
[3]Y. Sugita, A. Kitao, and Y. Okamoto, J. Chem. Phys., 113, 6042-6051,(2000)

xchange interface program (REIN)

+ Easy setup and execution of Multi-dimensional REMD for Bio-molecules.
+ Utilizing the conventional MD packages.
* Run on PC clusters and K computer.

Feature 1) REIN controls conventional MD program package, which is in a binary format.
— NAMD2 and MARBLE are available.

MARBLE
Fortran95/03, MPI 2 Binary format NAMD2
% Conventional MD packages
MPI_COMM_SPAWN etc

Feature 2) Multi-dimensional REMD (MREM)

—lt can exchange not only nearest neighbor temperatures, but also
nearest neighbor distances etc... The parameters depend on the
function of “constraint” in the used MD package program.

Feature 3) Three supportive software are included

. e Supportive software
N OW ava I I a b I e -I : :.r http://www.islim.org/islim—dl i'htm' input_builder batch_builder REMD_converter

Twitter: @rein_devel

kY E-mail: yukimya+rein@gmail.com ¢ ¢' ¢
. ; Input < Submit job @ Output
ABne of the applications

Structure prediction of N-glycans in solution

—Input builder, Batch builder, REMD converter

We performed REMD simulation to predict the structures of N-glycans with ..-... . _'
and without bisecting GIcNAc using REIN [4]. These simulations show that the _  **# __"'1
N-glycan modification like the bisecting GICNAc can select a certain “key” in H i
the framework of “bunch of keys” mechanism. ! _‘: ] ’

REIN/NAMD2 on RICC
260 hours/512 core P ;
~10,000 atoms,  300K-500K § = L f '.?
64 replica x 52 ns = 3.3 micro sec. s L [l ol %

[4] S. Re, N. Miyashita, Y. Yamaguchi, Y. Sugita, Biophys. J. E T S - i) -
101, L44-L46, (2011) r "y
[5]Wataru Nishima, Naoyuki Miyashita, Yoshiki Yamaguchi, R T

Yuji Sugita, and Suyong Re, J. Phys. Chem. B, 116 (29), pp | | il T
8504-8512, (2012) i " . i i - -
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# M-3: MARBLE
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Murakami et al., Nature', 419, 587-593 (2006)
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Missing part region(499-512) were added from
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Time step:2fs
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’“’4’ M-6: Platypus-QM/MM-FE
NT)yRFQM/MMERIG BBHIRIILEF—ETE

FREREE: M EEGEHRZREREFHRED FRT—ILHARRAETF—L)
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Ewald (&Y BOIERMT B EICEY . FRIHEDBHERLFAENELL B2 EFHO £ AN : d
ZE—LTlE, QMMM SRS DFEE MM HiE 42 TUL ST D1=H® MD L2l —arBanimse ' *3 ' v
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BY  FHEZRTEOKRELERMEEEML TS, (Ref. Kosugi and Hayashi, JCTC, 8:322-334, i 4 A

2012.)
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<exp(—ﬂAE° z (d'dmi;R'R'e':X))>X‘E[q(um.ﬁ,,,m,e,.x]
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$3aL—>av%k: 68533 FF. A QM $Elst: 69 FF. 6-31(+)g*. 629
IR LM PME, Amber HERA. DFT/B3LYP
TS &ERICHWEEEEEED K S FAHE
REToHFE MDYUTILTHE
Weak scaling
Reactant Product
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7 M-7: Platypus-QM

TS

FREEE: PHER (KRXEEOQEHAEH

1. Platypus-QM

EESDFOREDHEILRFAEMID B FIREICIKEFT S

EERRE - EREDBFEEPLF RIS TOEBFHEEELD

FHEEOBV I 1L—Ya VOXREAIRGEFLFHETO IS L

& - RHF, UHF, R-DFT, U-DFT, CIS, CIS(D), CIS-DFT, MP2, CASSCF D3R4
© IXVF— - HEBICSITIRAHEDNAT ) v FiEFHELSIMD{E
« 2EFRAFBEORFIERED S 3 FREEENDERBIOEEL

« CASSCFEtEIc BT Adirect CIEtE DS

EFLFHBEOEEL - BIAEFIE
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< . ,', ##32,76807 é% i
e . <1 L 00
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.és 1 'tﬁ NumDeVZ(54coms 33333 Nur 5334';0 32768 128 8192 16{3mm 33333
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(280I=F) ##16,38407 : z
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55555

#9317 kcal/molDEE(L

3. Platypus-QM®;E A

3-1. RNaseHI SEERODHDET IV
v,

3-2. A ERAHsirius

o2

CIS/6-31+G(d)

BERORAL
(RIDRRDFEN)

BETxIVF—5E (RERfE : 345nm)

=i
(siriusFE B 27[8F)

276.42 nm

7K

siriusFEH

+
4497K 53 F
(1,374R27F)

347.64 nm
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7 M-8: Platypus-QM/MM

EFIbF /" DFENFEEMRGTE

FARBEEE: PHNER (KRXFEOQEHEH

1. &8iES ab initio QM/MDEREETHE 7’0 ¥ 5 LiPlatypus-QM/MMO) i
) ERSDFIEFEXT. ATOT. 414+ vIER
2) E SN FOBEDFKEBIXBEAEMADETIREICKEFT S

Platypus-QM/MM

gt Unn
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HF, DFT, CASSCF, CIS, MP2  IFIMAEICENFR  mEoS
7073 L0OBLTMIc LD REBRT Y vILD  QM/MMEBRORE
=R{t FA%

(zero-multipolei%)

+
Chain-of-Statei% (BRfE S XFIFHE)

MR ToAFITEEE ETHE s
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=17 Weak scaling%hsg
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##98,30407
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1,080 k53 Weak scaling%h=g : 93.36% Y e o . s o
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')
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. chain of state , : 4" Sirius%;(% /
O f +449KDF s
> 2 QM/MD _, (1 374%7) 40A
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+47867KN T e FLFZHR siriuJi63 -
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g (23,900EF)
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,-H, C-1: RICS
o IS SaL—230 TSV I+ — LA
(RICS:RIKEN Integrated Cell Simulator)

MEREE: MEFXK FkHKRth CRILFRRFAHMBRAT—ILHARRARF—L)
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Our Approach: iR X 2 L—3 a AA4RBXaL—2 a3 > 29 v M7 2 —LORE
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# C-2: RICS-Pre

PAL 28
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FEEEE: MAFX FARL CERLFHRFMMBRI T —ILARRAEF—L)
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C-3: RICS-platelets
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7 C-5
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~ 1. Background and Objectives

High-Intensity Focused Ultrasound therapy

~

* Minimally-invasive treatment, which provides
the heat coagulation of tissue around the focal
point of ultrasound.

« Benefits

« Short hospital stay
* Radiation free
* Repeatable treatment

« Approved for tumors such as the prostate

hyperplasia and uterine fibroids.

Kenvedy U, Nat, Rev. Cancer, 532127, 2005

MRI-quided Focused Ultrasound Surgery has

been developed for various tumors.

« Pre and Post contrast imaging for treatment
validation

« Accurate targeting

« Real-time monitoring of temperature

hap st com g insightecom

HIFU for tumor behind bones

Brain tumor

Liver tumor

Displacement and diffusion of focal point due to the reflection
and refraction of ultrasound at the interface of bones Focus control by array transducer
Simulation assisted focusing methods
« A layered wavevector-frequency domain model using input from CT scans
(Clement & Hynynen, 2002)
« A time-reversal process based on prior CT scans using the wave propagation simulation
(Aubry et al., 2003)

« Digital human model is constructed based on CT images
« Control parameters of array transducer is obtained by a simulation

Objectives

*Realization of the appropriate focus control in the body using array transducer
«Prediction of the treatment region for the preoperative planning
« Support of the development of HIFU device from design to approval

\
fz. HIFU Simulator

/

~

The media of a volume model of
human body (voxel phantom) is
discretized into cubic elements
with the voxel data for a living
human body collected by
CT/MRI technologies. On the
other hand, the shape of the
transducer defined by CAD is
represented by the volume data
of the signed distance function.
Then, the ultrasound propagation
from the transducer through the
voxel phantom is performed by
large-scale parallel computing.

.

Okita etal, Int. 3. Numer. Meth. Fluids 2011; 65:43-65

Basic equations

WThe momentum equation for mixture:

WThe constitutive equation for shear elasticity:

Vv ﬁ;mu(e)|+2ym(e%n(e)|ﬂ7\ o = :2;;_“(e7§u(e)|]

WThe constitutive equation for bulk elasticity:

4
g §“wJV” where £, =2 fo, and

1 f,
—=2

Pulin &P

WThe equation of state of media: (Tait’s equation)
( \A
_ . [p+A

’ "“L P+ /\J

DIThe heat equation for mixture:

1 —TL () 2o, 5 |

PeCi B
where A=t2-pand y=—+1 PnC
A=TEom 7%

Non-ear coefficent
Numerical method
« Basic equations are discretized by the Finite Difference Method of 6-th order central difference

in space and are explicitly integrated in time based on FDTD method.
« Perfectly Matched Layer is employed for the non-reflecting boundary.

« Parallel computing is performed by the domain decomposition with MP1 + OpenMP.

N /

3. Simulation Assisted Focus Control 4\

Experimental Apparatus

Stage controller Stage
-mm,—--r/

56ch PZT 4
Transducer |

LabVIEW™ \
\ Needle hydrophoffe

Trigger 61ch Amplifier /
Water \\ Geometrical Focus
sz \
Oscilloscope Acrylic plate (3 mm) *56 elements

+Frequency 2 MHz

c=2660ms -Focal distance: 100 mm

The acrylic plate as a phantom of bone is inserted between the transducer and target. The angle of the
acrylic plate can be changed. The transducer is driven by 61ch amplifier under the control of
LabVIEW. The acoustic field is measured by using needle hydrophone 3-dimensionally

Influence of elasticity on focusing

Pressure profiles (dot: experiment, line: si

Water Acryl  Water
Longitudinal wave
Y — Transverse wave
i »
a
]
Bos e AXiS
Geometricalfocus + The results of i and sil are in relatively good
agreement.
Experiment Simulation

No control

Fluid control

Elastic control

HIFU for breast cancer

= - LT
"rl_l -]
g

L

hitp:ifus breastopia.or o/

(BsmE, Qs
(BESME AOBER Henry Gray , “Anatomy of the Human Body™, 1918

® MRI image W Numerical model

Sound speed | Density
[m/s [kg/m?]
Fat 14651 9851

Water Fat

Parenchymal

47121 121
i 1547 1032
Connective 161501 10901

[1] ICU REPORT 61, [2] T. D. Mast, “Empirical relationships
between acoustic parameters in human soft tissues”, 2000

+ 56 piezo elements
+ Focal distance 100 mm
+ Frequency 2 MH

Parenchymal * 3D orthogonal mesh

+ Size 120x110x110 mm
+ 1200x1100x1100 grid
+ 8x4x4 sub domains

B =

XY plane g XZ plane
0 15

wlo focus control

Pressure [MPa]

« Focus is converged at the target by phase contrcl/
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Introductions
» Many computational simulations of blood flow have been done by
using a body-fitted mesh and a fixed mesh to understand correlation
between hemodynamics and the development of vascular diseases.

Aim
» To introduce a supporting tool for hemodynamics analysis on voxel
system of Eulerian frame to reduce costs(especially man-based
time ) and to produce user-friendly tools for non-experts (i.e.
medical doctors).
*Long-term purpose is to study the blood flow in a very complicated
vessel, a compliant vessel and a deformable organ without the body-
fitted mesh and a re-mesh process.

Numerical Models
» Simplified s-shaped geometry for femoral artery (Model I)

g -

* Realistic geometry for carotid artery (Model II & IIT)

 Volume integral over a control volumes in Navier-Stokes equations
is calculated on staggered grids in several spatial finite difference
discretizations and time discretization with FAVOR (fraction
area/volume obstacle representation) method and HSMAC ( Highly
Simplitied MAC) Method.

*FAVOR method on fixed grid and voxel size play a role in the
definition of contour of vascular surface as well as results in
computational simulations in Figure 4.

* Boundary conditions (Parabolic steady inlet flow (Remen = 500),
no-slip wall and free velocity gradient outlet condition)

Results

* The comparisons of velocity of combination method of both
FVM and FDM in this study (Method I) and spectral/hp element

method (Method II)[1]. [

Spatial Convergencetest with the double bend model
Method I. Estimation of accuracy order by substituting the
equations as below.

Method II. Grid Convergence Index (GCI) method is based on
estimated fractional error.

al LL1} T

P 4 g 1 r.

Method III. Estimation of accuracy order with an assumption that
the results on the finest voxel is very close to exact solution.

| TTCSRPRNPRL Y SR S ) PR ]
P T T P S S ¥ _"_. e
B T L ey
LTI ]

Conclusions

Our findings confirm the voxel based simulation software can be
applied to blood flow simulations for biomedical analysis without a
surface reconstruction procedure and a complicate mesh generation.
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3D FE Simulator for Mechanical Analysis of Human Musculo—skeletal System
EiEE: WHEAN BLEERER BREFRT—ILAEREF—L)
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We are developing a computational system that accounts for the combined behavior of cerebral nervous
system and musculo-skeletal system, aiming to provide a useful tool for investigating the mechanisms
underlying motor dysfunctions (e.g., Parkinson’s disease). The musculo-skeletal system was modeled based
on a finite element description of soft-tissues, in which the material behavior of the muscle is separated into an
active and a passive part. In the description of muscle activation, the motor-unit activity model was introduced
to take into account the effects of neural signals on the behavior of motoneurons. The simulation results by the
developed model showed the inhomogeneous distributions of the activated muscle fibers and motor-unit forces.

3D FE model of musculo-skeletal system Micro-mechanical model of muscle contraction
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Soleus "
| muscle Muscle fibers
Achilles Motor neuron model
tendon
N )

MR/CT data * Recruitment
* Rate coding
Muscle contraction model (Hill model) ; i 1:: e
. AL -
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D-2: NGS analyzer
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The network structure is determined by maximizing
the posterior probability given the expression data

(G| X) % 7(G) fﬁﬁ/(x,, | pa,.0,)7(0,| 2)do,

G: gene network  X: gene expression data

@ Bayesian Network Model  imeo e: o1 2002)

of the joint p y

P
by the DAG (Directed Acyclic Graph) structure

Gene Expression = Random Variable
Node = Gene
Directed Edge = Dependency

The parent-child relationship is modeled by the B-spline
nonparametric regression

@ & F(X X500 Xs) T Xy = () 4, (D)) + e,
= B () F(Xg [X0) - 6(Xg [ X, Xa) g™ &~ M0.07)
Bayesian Network : e w0 = S b ()

@ Parallel Algorithms for Estimating Gene Network Structures

B The NNSR (Neighbor Node Sampling & Repeat) Algorithm
Tamada et al. (2011b)
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XEHFEE FHFEMBEEBAR X TFLADNAY
SiGN is also used in the Systems Cancer Project that started
newly in 2010. Visit our web site at http://systemscancer.hgc.jp

B
eplecement ~ and follow our tweets @SystemsCancer in Twitter for updates.
e e R essmatednework | | | |
' = Acknowledgments
~30 i i . .
genes M Parallel Optimal Search (Para-0S) Algorithm Or et al. (2004). Tamada et al. (201 1c) & Computational time was provided by the Super Computer System, Human Genome
- Parallel version of the optimal search algorithm by = Center, Institute of Medical Science, The University of Tokyo, RIKEN Integrated
dynamic programming. ]
: Cluster of Clusters (RICC) system, and early access to the K computer at the RIKEN
* Advanced Institute for Computational Science.
Reference BBl Bt 7 LTWAREIVE2—% (R OHBHAICLPHOTT.

Networks Using Nonparametric Bayesian Network Models
on Massively Parallel Computers. I[EEE/ACM Trans. comput.
biol. bioinformatics, 8 (3), 683-697.

Tamada, Y. et al. (2011c). Parallel algorithm for learning
optimal Bayesian network structure, Journal of Machine
Learning Research, 12, 2437-2459.

Wang, L. et al. (2012). Cell cycle gene networks are
associated with melanoma prognosis, PLoS ONE, 7(4),
34247.

Imoto, S. et al. (2002). Estimation of genetic networks and
functional structures between genes by using Bayesian
network and nonparametric regression, Pac. Symp.
Biocomput. 7, 175-186.

Imoto, S. et al. (2006). Computational strategy for discovering
druggable gene networks from genome-wide DNA
expression profiles, Pacific ium on Bi i
(PSB 2006), 11, 559-571.

Oftt, S. et al. (2004). Finding optimal models for small gene

networks. Pac. Symp. Biocomput. 9, 557-567.

Tamada, Y. et al. (2009). Unraveling dynamic activities of
autocrine pathways that control drug-response transcriptome
networks, Pacific Symposium on Biocomputing (PSB2009) 14,
251-263.

Tamada, Y. et al. (2011a). SiGN: Large-scale gene network

imation environment for high performance computing,
Genome Informatics, 25 (1), 40-52.
Tamada, Y. et al. (2011b). Estimating Genome-wide Gene

Affara, M. et al. (2007). Understanding endothelial cell
apoptosis: What can the transcriptome glycome and
proteome reveal?, Phi jcal Tr ions of Royal
Society 62 (1484), 1469-1487.

Araki, H. et al. (2009). Analysis of PPARa-dependent and
PPARa-i transcript r i i
fenofibrate treatment of human endothelial cells,
Angiogenesis 12 (3), 221-229.

201




ISLiMY 2 b2z 7HHRRFREHRES (2013.1.10-11)

ﬁ D-5: SiGN-L1

L1IE BHEEIC KA RIRIREEFRVED

—OEITOTS L

REREE BEF 1§ REKXE EHEWER EN /LB EV5-)

SIGN FAFEAV/N\— EH FE4L. BF BT, U0 . HHE F8. BS L. Fk HPT. #Hx FR. EH 15

B=

SiGN (U (V) [FEZFRYNT—IORBET—4
MHR—/NN—aAVE1—2ZRWTEERFRY
bO—0%&FRI-HEET DV I T B (SIGN-
BN, SiGN-L1, SiGN-SSM) T 5, —D 535, SiGN-
L1 (& 11 IEAMERIC KB R/IN—RIGHHETRS
STLHAIWVETIVISTAHANHIDLTUOET
L AROMNLEBERBETIL. BEFRLET
IV ERAW-EEFRYNTI—IHEY I
FTHY, A—/\—avEa1—4Z AL =i 5]
HEICKY. EFEERFERMRELIZKRE
BERFARYNT—VEHETHENAEETH
5, ESNZELRFRYNI—VEREHRT D
Z&lzkY ., BAlT AL ERIZMERTFD
BIE. BIFESI—Tyb-BHEAE/ X IT1D
BRLGEDISALEHFINDS,

BEFRYNT— = BEFREREMOKEFERERLLISTEE

ARLEh

Case 1. Sample A [H ¥ HRETFHERRRT —SHLRETF A I—VERE |

P SParse Graphical Gaussian Model

ek | 1% 1} ] = o = 1R
pai | 52 [N T =Y i
e | 34 [T 38 - i 1
pred | 1% 0 il - -E—I ﬁ'._. g
L= .
4 —_—

Case 2. Sample A [<H3 SR ARRET RRF—SHORETFAII—IEHE |

Case 3. Sample A ICH T 2 RGDEBEH FTOBRIREFER
T—EMoERDEBREHL T TOEREGETFRYNI—VEHTE

NetComparator

Condition1 v ! g

Condition2 w7 me )
[ Condition3 ... o |

o 1% L3 14
P porr 2 | an Gl
i grm i | B LR B

pred | 4F [T} i

+ Shimamura et al. (2007) Weighted lasso in graphical Gaussian modeling for large gene network estimation based on microarray data.
Genome Informatics, 19, 142-153,
+ Shimamura et l. (2009) Recursive regularization for inferring gene networks from time-course gene expression profiles.
BMLC Systems Biology, 3, e41.
« Shimamura et al. (2010) Inferring
Bioinformatics, 26(8), 1064-1072,
+ Shimamura et al. (2010) Collocation-based sparse estimation for inferring continuous-time dynamic gene networks
Genome Informatics, 24, 164-178.
+ Shimamura et al. (2011) A novel network profiling analysis reveals system changes in epithelial-mesenchymal transition.
PLoS ONE 6(6): 20804, doi:10.1371/journal.pone.0020804, 2011.

networks under iic network

| Case 4. RABHL I ILIHT BRETRRTF—50HL TN ELDRIRI—IERE |

L e T P

(= -

- = L=
e N & ] 1] -
SIGN-L1®) :~

« 3TEEOHEYT ST HAILETIL (TST4HALHILTUETIL AT
BEEFBETIL. BESFRBRRETIL) I2XY., BEFRBET 40 LEETF
FUNT—HETILEHE

L1 EANEEERAVTRNS—RBETIVO/NSA—FEMERRT D EICL
Y. 100,000 /—FETHO KB EZF YT —IHEEDL A HE

s RERZ/AVTRI LT, A FIZ (27 H) 198,304, RA/—F3k:
12,288, EITHEFE 107 TLL98NEER ., BH . /N1 T YR FHEIZE 5 G
EHo

o R—ARD A F)EAFBAIA http://sign.hgc.jp/signll/index.html

—hETOLRESH

F—% SEBEHTICEVN TS ATHAILEBRIEGEFERT —42
(Nagashima et al., 2007)

B EGF.HRGERDEEEFIZE>THFEIND 8 EREML T TOEE
FRYRT—OFHEL. EGF%IJ;’%%HRG%IJ;’%&'FG»X%AGDEL\EH:&

[ Ir

P Al

MRS 10.0 pt

T—48: 226fEFIDMIENABEDEEFRET—4

(BN AE A—EREE AHRELDOERHARE)

BH: BRURIVEZEDAL—F—ELTZEED 226 EHIE 2 DEEFRVE

T—O%##EL. BRIRAINEVEELEVEEZDI AT LDENELER
[ - ]

oy L
Wl B

=

CTGF (Connective Tissue Growth Factor)
1258 - MEZEHIE T HTGF-RD FREF T, TGF-BORE MM L ITEERE RN
AR, HE. MRS EEE M. NEFEEREETS

202




ISLiM Y 2 b2z 7HRRAFEHRSS (2013.1.10-11)

2 D-6: SIGN-SSM

ISLiM

. oy

2N
C ’ THE UNIVERSITY OF TOKYO

KEEMETIVICEDRBREGEFRY FI—I#ETOIT S L

FREEEE: BF I REXE ERPWER Eb/ LRETEY5—)

SiGN BF A v /\— : EH 2, BF #TF,

—1 B = }
SiGN (1 V) [FEEFRERBET—E2HHLRA—/A—a 2 Ea—
AERAVWTEEREFrY NIT—V&FH - HET SV I D
THTHS BEFry bI—U@EFICKY, BRET—42H
LREFIEMETFORE, BMEROFA -E& BIESI—7y
b EHESARV A BREENBZICTHED Z ELHFS
N%. SIGN TIEHRRBEREBRT—2 OBITICHET 5FHA
A7y bD—9, REEEMETIL, F5T1hILAED
DTUETIL, XY MLEBEERETIANEGFSRY FT—
JETILE LTHAREETHS. SiGN-SSM [Fohbd55
REEBMETILEAWVERY FT—H9HEY I LIITT,
A—NR—arvE1—4ZRANELFFEIZKY, BRILEE
FREET—ADNOHTFEGFNES 1 —ILBLVEBEEFRY
FO—ODHE, BLUFRETILOBENTETHS.

| Visit SiIGN Web Site at http://sign.hgc.jp |

KEEMETVICESHFRIEGFRET — 250 5 OFEHRIAH

REEZRMETIL (State Space Model)

BRI R
BEFRET—EHE0
YRT LR

p=~10° EEFH
N<20 E=¥

I\

VAT LEENS A — ST
4:’6 H,F,R, X}
EDa—IRy bT—=Y

BEFHY FT—Y
(ARTLEETRA)

(EBIEEFR)

Y

wEzumRETn - =:
AR EFmmeEn W=D'AFD

BOERF AT

(¥2alb—¥3) SR 5 LR E TR

£ ] -
i "'.T“._._-r--'l - Ty ."I"'
siatoertl saan LY
Reference PO, Y2 ¥oif)

VAN E DL w:

o %8 #FAE B8, FEk S0, KRB ER, Hx AR EHIE

€ BZE - B
-REEMETVICLUBRIBEFRRET 205
EVa—IRY bT—Y, BEFIYFI-VELV
BUERFHETLEHE
- REBHE L V—BHEHNICE Y BRTERRIT
HEIBEFRERT AN OB R T LOHETHE
SEARBAREICE DR Y FT—UHTE
-RYRLEHAIEROBRI, RAB K UFFMmER
AEETHRIOFRLBEYIHRS Z &HVATHE
-BHPRICE ST —R - 30 bO—LERIIOLE
(FIEBEIZROHIEGFHOTAD
- T—SRHMA TS Y b7+ —LSBIP L&

€ An

ANTF—8 : R4 OF LA LG EDBETFHR
BRIIT—%

Bl . BHIGEHRIT—4
YUTL(FLA) H:10~30 7 LA

(2P
HAT—45 :
VAT LEENRTA—S , REHEE (FFRH)
GEBEFRY FI—0, EZa—Lry b7—4
FRETLVEBEIERT)
@€ LFItERE

BRIEDTH : 196,608 37 [24,576 / — ]
HFMELHER - 0.92 (196,608 vs 98,304 1 7 BF)
(RbAVTRE—Y2T)

€ Im wstos—5y MR
REKRE EREHMER £ 7/ LB 52—
(HGC) R—/A—aVEa1—4 VAT LA
(Xeon/Opteron PC 7 5 24 )
€ VI b TERARE
F—ToY—RELTAM

BRIT— 5 SEMEOR Y B LHMERR Gy Affero General Public License

/—F GE{EF) % :100~2,000 / —F

CHETOIERAER

http://sign.hgc.jp/signssm/index.html

@ EEfHLEH SAEC+EGF(+Gefitinib) 25 EGF [HZ/8R ™ = o fi2#F

B AT
#Aa : FifiE®HERL SAEC
FIi% / 3 - EGF, Gefitinib( A L w4 : AbSAH)

YA Y AT LA : Agilent 44K Whole Human Genome

Oligo Microarray
FHAIT—% : 19 R x LEEHA in 48 B5RA
EGF,Gefitinib &5 - JE#% 50D 4 &4

E B

Gefitinib DEZEI & Y & {=F R HIE4EE I
EEDBH - EEFHOFAS LY,
AT ET NS F I —hER

B FIAFE

AV PO—LT—RITKYBEENETLALD
T—RAT—EDFREI VAT LEERM

B #R GEACTFHANEEZROHIEETHROTASLUMAAFETAL IV RF v —~OIEAIZHKY)

-] Yamauchi et al. PLoS ONE, 2012

Control -
" ; +
! L : .
BUERTH .- HORECEROBE
ST A EERFHORB/ -

EIMHABERTRTA

@ it A#EBaHE PCO/PCIGR (2349 B Gegitinib Bf%HE 8

B ERT—4
#RE - fASAMBRIH PCO 35 LT PCIGR
F / 3 - EGF, Gefitinib( A L w4 : HASAHI)
<4487 L4 : Agilent 44K Whole Human Genome
Oligo Microarray
EHAIT—4 : 26 B x 1 EEHA in 26 B5RA

ERHRITOTI7AL .
e e
L
heosr “pos & . ®
Time
B ZOHDEH

Eam

EHITERED R DA A MBI~ DZEFIVEMA =
BLUERRFOFE
PCO (FEHIEZM) PCIGR (FEH|iE)

B FIATFE

FRBOHRETVEEEAAEETIVIZELED
ERERTT— 2 OFRIES CRE#EE

PC9 & PCIGR DRI TRAZLZEFMMETAT 7
AILEFDECI—ILERE.
YUHEDI—LXEFICHSEEFHN
EFITIEREDZRICED S AR ERIE.

- ALAAMIRE (MCF7) EAIRIMT — 5 1 5 OEFRIBE/RD 1 #EE
-HUVEC 7 —2 A5 DEEF/EV1—/IbRY b T -V H#E
- A5/ —#iia IPaclitaxel 1= & B #RERI 2 —7 v FORE

Acknowledgments

[ [ ]

Computational time was provided by the Super Computer System, Human Genome
Center, the Institute of Medical Science, The University of Tokyo, RIKEN Integrated
Cluster of Clusters (RICC) system, and early access to the K computer at the RIKEN

Advanced Institute for Computational Science.

YYamaguchi and Higuchi. State-space approach with the
maximum likelihood principle to identify the
system-generating time course gene expression data
of yeast. Int J of Data Mining and Bioinformatics, 1(1):
77-87, (2006).

Yamaguchi et al. Finding module-based gene networks
with state-space models - Mining high-dimensional
and short time-course gene expression data. IEEE

Signal Processing Magazine, 24(1): 37-46 (2007).

Hirose et al. Statistical inference of transcriptional
module-based gene networks from time course gene
expression profiles by using state space models.
Bioinformatics, 24: 932-942, (2008).

Yamaguchi et al. Predicting differences in gene regulatory
systems by state space models. Genome Informatics, 21:
101-113, (2008).

Do et al. Exploring temporal transcription regulation structure
of Aspergillus fumigatus in heat shock by state space model.
BMC Genomics, 10: 306, (2009).

Yamaguchi et al. Network-based predictions and simulations by
biological state space models: search for drug mode of action,
J of Comp Sci and Tech, 25(1): 131-153, (2010).

Tamada et al. SIGN-SSM: open source parallel software for
estimating gene networks with state space models.

Bioinformatics, 27(8): 1172-1173, (2011).

Tamada et al. SiGN: large-scale gene network estimation
environment for high performance computing. Genome
Informatics, 25(1): 40-52 (2011).

Yamauchi et al. Epidermal growth factor receptor tyrosine
kinase defines critical prognostic genes of stage I lung
adenocarcinoma. PLoS ONE, 7(9): e43923EP-, (2012).

203




ISLiM Y27 bz 7HERFEAREHER (2013.1.10-11)

 D-7: SBiP

PEL IR

5K F

THE UNIVERSITY OF TOKYO

o 4

T—SRITME TSI+ —L4

MEEREE: BEHE RRXF ERFHRER N/ LBTE5-)
SBiP BAFEAL/\— BA 4, Fik SO, IO, Hx Fd BN BT A E FH FL EH 15

APEIE. TR EF—LTHELEREMETOSS A
. MEISEESEZYINITTISUNTIH—LELTOD SBIP
EEETHIEEEEETLTLND, TR 24 FEIX. TR 23
EEORARTERLE SIGN 2ERKZEN /LBt
A—%FTRAMNRBLLTRELEBRBRERER. ROV — oA
/—FH5 SIGN HEDRETAVR—RUDNRITTESLSIC
WERETV.YILNIZITELTOEREZSSH -, 1 —FIL
SBiP [CABESINTWASEIFLETaVR—R b A E
hEENE, HRITA AL IO—5ETAHETH S, Hi
ZIE SiIGN-SSM. SiGN-L1, SiGN-BN “ZEDBEEFOHIR
BERHORYNT—IEHETDIAVR—RUBHERD L TE
TL. ZhoDFEREEZL—HFICBELRABELTRRTHIEN
AHETHD. TUSAVRF AV LD REF LR B ITHEELTITo
TW5, F=. Tik 22 EEFTICRELEHAARUVIENA
BEET—Z(ZDULVT, SBIP L@/ A TSAL TRITLES
T LTRHEL GBIV R—R U DR B E{To 1=,

SBIP IZ kA & fiEHT

SBiP A T4 RFa A MR
' http://sbip.hgc.jp

SBiP AU T4 RF1AVC
HVT, KAV R—R DR
HMR—CDEHFETLIDD,
SBiP 7 —a DiEE)
DEH . BMF DEHFTTIA—
DEBHIRY T ILTA—D
ERICET 3ETAFa—kY
TILVEERLT=,

Gefitinib &2 A AMAIERETHEMRD RV T —JLLER
(@)

* SBiP LR T®O SiGN DE4T

e —_— .
T

. =175 | =g |
o
g
b —
2 — -
° —
o — =
o
+
1)
5 I
2
<
o Rk hEBEFIY
«\ K= AT HT

LT.RTOHAT—4
EL—LLRICMETE
2&3IzLt=,

m— i
|

SiGN-BN (NNSR)
e —

SiGN-SSM

fliAYA - ELAVABRE T — 2 fE 1T

IOAMREMD Y H VRIS ERRIT—4%H o1
FYD—DHETEED LR

204




ISLIMY 2 by 7THERERSES

(2013.1.10-11)

# D-8: LiSDAS

[ETLY

ARSI aL—a o0 T—2R1EFETORF
MRECE MOMZ GEHERERF— SR Ra T RERETF—L)
OFBE®L ZEE hHEL ERAE WEEMER-F— 2R LMt 5—)

1. B8R

® ZEBRICHE DAY /NI BRI EE R CEE I EHEFO
BEIZDONTOMBOANS, IREEHRITEINEET
IWERER T AL T REFRETH S,

o "ORHEDRANIK, MigEDEEREDHIZEHRIED

BRENKENC LD, BELCEEBRTRIISN TLVAWN X
NBRENEET =0 THEEEZSND,
® ZCZ T, LISDASTIE. £EERNDFORIT—2%SRE

ELTHIZBIET, V32— avOBRE - FHHE
HET DEHDINTA—RZF 21—V T PETILOHEE

NA RfETORHHTEITT D
SRT LR
AR ETILER
(RARLDORIAEIRET) | —
ETI
A HR
= ETIL
ETIL

* BB I HE
bey. BEEY BEE BWEFER
dxy/dt = -9k; + kAXa)| Cjr PPR(Kel dis G) + PR 1% 2)
e A(X|c, p) =xP/(xP +cP), R(x|d, q)=c¥(x3 + d9)
« BETIL/XTAR 0= (%(0), %;, k;, Ok, ¢, pDFT - 538
« BUAIRFR 3 D = (y;,)

2ETREFnS

TALILVEEEEEFR A l,f—/\7>( AHETE

WERENEDE iy E £ [xp+——5,[m)
-+ -+
BIEAE Gy(m) Gom) |y 30,
07 ///7291
................ -
Ty — >191
4}/7")/’7 EECKBEHTS
, = ‘:- P2, | wihd, - M8, x|
BT =5 D tE@EC\;ﬁwlﬁﬂb\eﬂpj’uy'ﬁ'é
* D: Eﬁ/ﬁl T_g

< Om BETINATA—E (RIGRE, &EEEFLEME)
e “a~ b DEbhsH U)oL TalzRA
Fori=1,..., N [N ~108]
e Forj=1,...,m: 00 ~ p(*|z"). [m =128]
« W'=Y, p(Dlg®)ym. [p(D|z() = w* DILEU=fES]
« Ifi = nthen [{%%ﬂ% na>1%& n =128]
a0 = z*, wh =
ot~ GO( ). [LuSDAsfafﬁﬁM@ﬁQEﬂ
» Else
« 6" ~ ¥, p(DIgD)5(0 - 69)/m.
o 7"~ p(a z0,..., 7, %)
© o Uy +n)XT; p(@la)o(z - 20)
 Hyly+ )X p(@f) Go(a).
« If 3k €{1,...,n}. p(D|]z®) < p(D|z")
then
o 700:=7" whk:=w*

3. MEReRIE
W B OB B BRES RN~

o EFILMIRE
o SRTLEHOEE: 29
o BRI OES: 7
e ETILINTA—ZE 116
® ELAIEN —R G B/INTA—A

MNERTEBLERER,
o HAlT—4 — RRMEMAPEE  — MAPHEDEHERE
™ ™ -
A - -
A
BHMER
AR E) ST R ()
: f'
* L
i i~
_:‘_a-
/éﬁm_@ﬁm.?% SR TEAE11%

by INIT 7B

- BofA L

e ISLIMABINR—  httpy/www.islim.org/islim-dl_i.html

* LiSDAS https:/www.islim.org/FS-APL/FS-Form/form.cgi?Code=Code24]
*« 201245 BICEEARE AR
s FERNICEDY—ILEBML-ERMmEARFE

s T—REMETAT3Y)

* SBML(from/to)LiSDAS

SE 3

Yoshida R, et al., (2010) Bayesian experts in exploring reaction
kinetics of transcription circuits, Bioinformatics, 26(18), i589-595.

Yoshida R, et al. (2010) Bayesian learning in sparse graphical factor
models via variational mean-field annealing, Journal of Machine
Learning Research, 11:1771-1798.

Yoshida R, et al. (2008) Bayesian learning of biological pathways on
genomic data assimilation, Bioinformatics, 24(22):2592-2601.

205




ISLiM Y 2 b2z 7HRRAREHSS (2013.1.10-11)

# D-9: MEGADOCK ﬂ
BB NI ERYE S BT 7045 LMEGADOCKD % &L it F

FRREREE: U R (ERIEXRFE XZRFEHEIZHRR HFEIFZER
FRELE: WIKHE ALRGZ GHEL KEHSE

MEGADOCKI&. 2o\ BN KEET—3E AN L
LT.MBADA /NI BEEREMICEYX LT FTHE ANV GBEkiEE HA: 20\ VBERBEERARYNT—Y
ET AV ERMEEER (PPD) vk —0%F 81

THI0YS5LTHS. * e
4 1%, ZERIERSHLRBL SE LR BIAR Y % ¢
FUTEHEILONT, BRIBEHEOFHEET L _ :

h

-"'I

(PSCEFIL) A HHRICIREL . fE ik LU BRI E Al T e Ty
HEREEELT, Chiomz <. BEMEEA. Bk . e

BT B EIELEA L FHMESE. & T—
TEMFFTICEYBENICHETHT7 T —23 . b
LEBFLT=, £1=. OpenMPEMPIZ M=/ T 1y - m——m ==
FIFIEERSCET, ARMUBIIFHEETRIZL L, ‘ MEGADOCK Sysrom .
PPIR YT —OFBIICDINTIL, A) 1ZHERGEARY t
FI—UT—Htvh, B) MEELER. C) ELTR HBHRYXL YT ERAN VXS BT
r—2 X%, D) IE/NARERTAA /SR T4 ORIREIC
WAL, A\ VERRVET—UFRREELLTEN P1 P2 P3 P4 P5 i"" F2 &3 P PR
ZN FiE0.42, 0.44, 0.28, 0.36% 8 1=, -:;i\ ¥ “x . HID K OO
Ft=, A AICEEDRVEGFZ AR JF UG

L uE .
3 B R

EREXEIZ 2,000 x 2,000k DA EHEDRYF ?- 4 F_ ﬂ )
DURBRBICF LoDl BT RERMA/INVE - rl'-} . @ L % KD X
EHEEEREFT=. P1 MOA0X0

SEas LA RERNE R —SE YT R O O O Pl 5% % O %
Tl&. 24576/ —F TRFHHMFUELHFE (RFAVST R
F—1)2%7095) #&1t=.

HEZMENICTZITRD Aa7EHUOHMRIER
FFTIZ&SmERRlRR X IR E FRITIRELRTER FoF o JFEE LA EEE DOREE

P
R(l,m,n) =oOWE—D DRRBTHT 3(“:[4,7)=R[EZZE“:"W)L(‘+mm+ﬂ,n+7)} - i
] 11 m=t =i

and J— L]
Ligand Receptor . BARAEE®R (L, m,n) = Gl n]+_+.'4(t,m,n) i ' & BETELAEORET
L(,m,n L(t,m,n) = Gzll;m;n) +iwea(l,m,n)] i | HAKKR—ZEFRTHECEY
Receptor | - : : : . (Benchmark 4.0, 176 bound complexes)
1EEEADAAT (36005EY & 5) Li+am+Bn+7) FFTIC & SRR B F=.

O(N®) HAN—EDH —

N N N TR :
S8, =YY Y Rl.mn)L{l+am+pn+7) 00ck3.0 Tl 3E) — r—n =

=1 m=1n=1 | |
<L = s J ETEERE(LZDOCKD = &
FFTIC k2 BAHAHEHE O(N3logN) - Y ) 8.8 f&Izm L -
S(as B,7) = IFFT [FFT[R(l, m, n)]'FFT [L(l, m, n))] ' 4 igand single node, single thread! 1
o

=
. Ohue M, et al., Lecture Nots ) .
Ohue M, Matsuzaki Y, Ishida T, Akiyama Y. ue M, et al., Lecture Note in =i
P Bioinformatics 7632,
Lecture Note in Bioinformatics 7632,

178-187, Springer, 2012

(Katchalski-Katzir model)
178-187, Springer, 2012. - Fg—

HEEMENICTIIRD NT)URETIE
ALyFBH -

— F-measure : 0.42

ﬁJ F-measure = 2T

(J‘ WP+ (TPH TN

—MIBERLFI—HT—EOY T vk
—wmeGavock - (Protein-protein docking benchmark 2.0,
- Mintseris et al, Proteins, 2005 &YE/¥—

 Linear
~+-Observed

o o4 o6 ARFERIR) IZMEGADOCKIZ £ HPPIF I E
ot BALIZESD, U5 ALY RV T AIME
44x44=1936 BYDFyF T 1L HBEEANT FRIER k31 77
#Threads . CHAR LA BME DA )
One docking of proteins, FFT size: 140

. B) $EELE/N A ITIADOIGH

. 176 CheY
Linear

(1dW) uonezial ey SS8001d

F-measure : 0.44

”hsaﬂ)SZZS

~-Observed p
s IR EMFRTOREESBENTH, BEFH
§ 2 BISBALTRVMEETTAEALNT,
& EBIT, BF A TEASNTOEDAFyF>
Strong scaling CheC 5227 DBUEEER (CheY-CheD) [<DLY
10 >0.95 on 24576 nodes RneD T EDEDZRHDOFRERH I,
1
utput docking resu
6144 12288 24576 — - True Positive Asuggestion of CheY-CheC Matsuzaki Y, et al., J Bioinform Comput Biol, 7:991-1012 (2009).
w W . | #Nodes | e False Negative 13 proteins interaction by using "False- Ohue, etal., submitted.
v -y & An exhausting docking of 220 proteins —— ‘False Positive | _ (101 structures) positive” pair CheY-CheD as
Size of FFT: 140 a mediator
T I o
3 o H o ! 05 .,
C) Z7HR=RISR )L DG D) JEMHRABEA A/ SAITAADIGA | WAAEBEZ N ERBE(EAORER
1
57 proteins 1 1 s filint A ZE Gefitinib [ZBEET &
(158 structures) F-measure : 0.28 ! E- 10.36 1 [ WAAIBIED RN iy
Otbabucan st o, 2012 = | measure 497x497 Y . #9255Y DMWER T H HET> 1| ERETFLERRO (’;“;ﬁ;@éﬁlﬁg}aﬁ
MEGADOCKIZ & BPPIZIRT—SFHT | | « Precision  0.29 Foo COESLHTBVISKRBAR RITHENTH, 0 Py
&, 5 OH LB | | - Recall 047 FEACHE/ SR T4 ($91758Y) LRI DRETS 1
zﬁagg;ff\n\bé%jo—y7v—r : . F-measure 0.36 DR BRBEEERETICEISRYLE. : 44 proteins. 294 proteins
R -measure ), -
Osbabacan et o, J Struct Biol, 2012) 12 | | j ({497 structures) (azestuctures)
S SUVEE S, 1 1 2,000 2,000=
e hsa04210 : 44 proteins 1 400BFyF> T
1 (497 structures) :
1 ! -
i 53 w |
88 W@ = Bl 747 |
1 1 RePIDRREENT
True Posiive & 1105 1 / ! (RISOEMEFRF, KA oF T
ALEY /A THIZDNT FRATIC LY SBIHRE )
M Faise Positve J— | FHREEY H
1 Faise Negaive 1Tesch2 glezp 1PSJ SIG, 2012-B10-32(13), :
' 1
1
1

206




ISLiM Y 2 b2z 7HRRAFEHRSS (2013.1.10-11)

PEL 1At

FH+E . Moritz Helias "2, /47K IH3, Tobias C Potjans '? | Markus Diesmann 2 ,

B-1/B-2: NESTIZ&KABFrEIEIIaL— a3y h

RFRRH

LSRR KRG EREMEEETOISL MHERAEMAAEFT— L, 2 Inst of Neuroscience and Medicine (INM-6), Computational and Systems Neuroscience, Julich Research
Centre, 3 BALEFARA RRHAHMEARARTOISL BELF—L

A DR OEIE

rO—5 B CH &, MO REMES

BilERohI—20%
SRR O MRS DT T AAAIF50%, RIEHHEAHE0%
RiAEE Z<DEFIZHTHLTLD

BAWGREOET L TERRICANERBTES ., FAMRLSFIRENL, F-. HOH
HEMEBRT DI LRRMOET LABE

10° DHWFMANSLDBAAEIRETILISTITT

BB 1TEAAESZaL—Yav DIDDTA VA=

1. RAONESTOBHE Fotft* 2011498 NEST21
2. 10° OREMIPORIE H3K 2012458  NEST 22(R#UU—R)
3. LRI 1098+ T EatHt 2012498

*Eot =H2 K RaL—Tavh—F

10° ITHE 4T HHUE:

= BRMEH(E—REEH) SYLRERE

- BREEOETILAATLE

= KYREGRVT - REDEE. BEERMES

VINRERFE KR (NEST): REJUEGENEIZH
11553, 4t R h—RIL D MEEELL 8

* BROAWE. ROTRLEIL YA XERT

= JUGENEZAL\T, MPIZaT DRARERIHM. 65,536 = 262,144 coresFE TERER
» ROBKMHD74% O MPIPIT(THEY

FAWT. MPILIT ORAREFRS. 24,576 = 196,608 coresE TEHERE

* RTHEARA—FLEANT EPFMIB O 32 —2avIT, 15208=25
HTER

ERBEDL I L— a0 DORRE

FEVF—IN—AYRHIETIHELLITLRTD

HEBM TR AEURARVET I (XD LRERDD
BATYAREMES BRBITATVEHEALTREEHRK
FAE—HEORBET NEN—RELIEHT

= Kunkel S, Potjans TC, Eppler JM, Plesser HE, Morrison A and Diesmann
M (2012) Meeting the memory challenges of brain-scale network
simulation. Front Neuroinform 5:35

" BOBRRT—LTR AEVHBREET AN VIV T ORGHMM
BB

HBDTSIRTA—LORBENE
" BOETIVIEIEBISHBET AR, T/ AT [SEXERH H
" FICE O TRRENETLOBHREEZ TIIHL

FEIH, FAERI—RILDOAE)—EE

WIHRAEY—LATVE
. WEMRECUTTRBEOT —SHEISHE TR/ REITHIET B

A RATY—LAPIH
= VT IROMEDFH - DR
BITHET 2

10,0003 7 TlE. #EDZ—7y
FEROMEMERERETA—
IN—AUREELD

= FROT ARSI EST, U
TRAO—REEHEREFRELA
5 NG~ YDYRMFE
B9I5is

VIMNRRFFEBRENEST): KINRBEDR/E
BB LG DR ER BAERET L

7 ~
u 1 mmelcAa Y %gﬁé’gﬂl’fﬁ—thimﬁgm

= 1075 #4248, 108>+ TR

= &EIEEEMEE0%) & M
DMK (20%) Hh5HH

u KEHEI—HEREE
= BERAEPLRBPT—HIED
?g‘zélémﬁﬂﬂﬂfi:a:ﬁéﬁﬁ’é

NEST ¥3alL—%
-
il —— EELER:
BRRBIZHLLS 2L —
SAVERELNTS

GPLO—#7Y)—RT
1Em

SHOWRELOHRAHE (20015 ~)
ERMEEFRESTARE

= PR EIRMAER PO —R
d d Course in Ct

ACCN, 3—0w/%

VIMRARFAFKBR(NEST):
RIZBITEESHRDETIVIREDILK

- BREEPEIAATECARORXEEAELNMYFL

= /—FHi-YFRIATEEL AT R (16GB) £ R KARICALS

= 197 HY OB

= YIalb—lavEMiE. EERMOEMARET, ENT 5,

VIMNARFHFEBR(NEST):
EROMBMEMOIRIEVEEE

UTFOLLRBRHEREBR

- AEEROFRMHTT
BRAGRNED

- BEOERGRKEARE

- RBISHTZERAORX
[[:1:2

Pofjans TC & Diesmann M (2012) The
cell-ype specific connectivity

of the local cortical network explains
prominent features of neuronal actvity.
Cerebral Cortex 10.1093/cercorfbhs358

o . "
VIR FFERR(CMDN): VI REFASE D=8 DRERARHT(CMDN): VI MRARBSERL R (CMDN):
axn = £ 2 480 o = o = - =
HEN. BHEIEOMEBEI~DEE EBRED. v O ERZMTIREIER BEIREETIVICKDIRBBEROBR
3 YEalL—vay SEHOBMIZ Lo TRESEEBOVRIEL, Romclib. L EES
- 28 e BEQHATRIARE, CROWELIETE o
g - BARE,
Z4 SUrDERED >
2 BOBHEEE VR EEE EBET .
A v e 0 # RfHES
6 Svv1 s om= - BsK 2011213 L4
8 Layer 5 R Z, A e T L5
of w3 ELIYE BvvE L, ™ :
-+ v : #16 |5 L6
: okt el 5 0 svs1r0mm - ifE‘ %E;)Njﬁlﬂﬁﬂ g o 260 Hz ~90 Hz
e T Tl v, BEITHLT, : b B
qq-dum b RAOUEERE 9L6 L6 LESE Al i)
i EHE L ———
;;Effgﬁz;g;ﬁgg%f%ﬁi;w > ] w:igggzﬁ&mg %1000 2000 3000 10002000 3000
3)ERIEE (L) LHEEE (F) DBHSLETIL CORRNAN? Time (ms) Time (ms)
Viagtums, Patan,Diemannand ok (201 From Comut Newrosl
VI NRAZEBIFE AR (CMDN): YINBIRBISAR(CMDN ): BE S+ 7 R THALI-20E0 .
= == = b
PLEVBERMTOERESDHE _ iéﬁ@ﬁ’t&}%%ﬁ’&wthﬁ* _
A A 1d NEST = event-driven simulator 20 :’I": y 1 N T :"". HEHRE
o 1 :
é A A 20 T REBRS F TR = 0 H | 1AL (AR CMON fiH Al (ENAS BiHSts5— BHEBERT —SRE)
Vi Y > WEMESRaL—vapRE 8 RN in i LEL FEEE (RERHENS BADBRAT—SRE)
A .{7 onre EERFEMA A THEEHERLIL 2050, Time (ms) T a0 EE BB (PRPD/ WLTRORMEBTTN)
1 NEST kel
A A A U BRLITRAALHALLBADEE (~1ms) [e—— U mmE Susamne Kunke!
OFSMERL RROBMLLETS o 2 20 - RERERRSTHY. R FRORFERROBETHS.
Igarashi, Diesmann, Fukai _— + REOMBEICELTRRIVE 2—SORBAM., SLOHIBAICE
V @x Vexerd . o BHER %, PR HSLUERIH 1 HRIRERIBHEBL LTS, EARED
o RS Ao5 = | EEFE FEITOUNTI. ISLMBEALF —AD AR CIERIETH =
Inh 1 ‘/\/ o WELLFS,
SRR TF— %
1
t 2965 Time (ms) 2995 3200 Time(ms) 3230

207




ISLiMY 2 b2z 7HHRRFREHRES (2013.1.10-11)

24 B-3: VSM

Y B RETIVICKAEEIEFHRNIED BT
HRERIUIAL—3vDEOOEEFETSVNI+—L)
FIH B, FEEE—BR, B ME  MLEC (BHMETK), BEZA (PEAY)

PACEES

BRER(ERE)

BRAtF

WIEE T ChDE L
HEETIVTCHBE e
. . .
ERHEE ERRE AEHE fi==

<

BREREBYHI{E

cC

BRERE SN

RER=HAS

8RR
\ f"!.;‘ AR ||i‘\||!!!

XY

HERE

ERERETIVOEE

BAHAED 1 DTHBME. [6DERB) TEEZ—F Y M, REBIEHE
D&M TRRTNTVBHERET 3,

BEMIcAZT 2D ?

PREER). BRI 5 UICEREED 5753 RN RE L AOREE T
Ve LTHEL, BADRERREY I 1L —Y 3V IE YBT3

) £ T RT LAV (Micro) E2REFR LA (Macro) DB =N 5]
HRRICBI D RERDRE AT S

LEE> TV 2EGE
Dl g Foo
TRA%D?

PLATO(HBETILRERIE)
(

Sub-models (parts)

o BHRT T ETIVOEELE
WH

c HBIO74+—< v blckB
ETIVIES

o Agent ICEBHEETILD
R1T - EE

We should share

¢ data format

[PLATO Ic £ B EFILIEE

PLATO Tl&. 2 D (MPI World 5% (MPMD). &%t MPI World #5&8Y)
DETIVIREREEREL TV S, 7 )V Interface IT & > TEFE SN,
ETIVRIT - T 2D A IV I EFIET S Agent ICEUHREET
WDV Z1L—YavhHERIND

MPI World =359 %77 (MPMD)

Agent

(1 process)

E7OCRHT

EiE \

Model0 Modell
(N process) (M process)
Interface
MPI_COMM_WORLD

(1 process)
22 F7O—YROZ/\AY (FELE)

IRIT L7482 MPI World Z#& 9 57575

Agent, Interface,
Model I$84 D
World T%47

Interface
(1 process)

BExR Y b7 - REATERR/NIVTE

Bt B EFIRAICAR RICEBE N BELIIE 71 LOHA & 15>
TSRO
BERODETIV

E FORFIE, BIK. BAPR, @R MEAICKYBRINTESY. SAROBERIE
INSDEMITHREBMICAEENS T LT, MOBHLRIROBE L L\ > feifiED =R
RBENTWVAD, ¥2aL—2arTlr AR A—DIent LT, ZNZENOERLD
H7] (RGES) ORRL. BREICL BN ETV. REREDRERZED S,

external
image

eye optics

1w retinal image Cone mosaic
model

(output of photoreceptor)
L cone M cone S cone

Retinal image
(output of the model)

eye movement!
model

neuronal
s response in
photoreceptor

“gaze position

‘ : common data format (] : mathematical model — : data (signal) flow

4

~ 4
* source code § 100 eye movement 10 eye optics 10 cone mosaic 122 ‘E
> 3%
* 1/0 data g \\’\< 0 10° 05>
* parameters = 50 X 0 g 8
* hardware g L-——77° 10 1 208 2
o - 1 I o=
Large-scale model S o, 2 wl o oE
o 2 4 6 8 0 100 200 300 400 O 200 400 600 800 1000
Number of processors
|- J . J

208




ISLIMY 2 by 7THERERSES

(2013.1.10-11)

f"ﬁ B-4: NeuroMorphoKit
U wEMRanES IaL—arFyk

FREEEE TREA GREBXE KERFERFAER
AHEH RHKRE KEREHREHER)
B F (RBRPE AZRERAFRH. BLPEUR

FININ

T RERFTERERRFALTOTSL)

il B D T2 Ak & 4l BR B 4

TS EIC(TH RO DD,

Dotti et. al, J Neurosci, 1988

[

hitp:/ibiology.ucsd.edufiabs/halpainfimages htmi

POFUIASIE
g
DNA
HEERSRE - BRSO FTABR:
FIRISFIF 2 Do THBDEL B BRBEISRUNE. ST TRIZTHFUNBE
EyEaid—L

o MEMRICEIT5MEEROBNGE#EROER
o UTFORFICHEINS=2—AY OBEELLOILFIVADYZ2L—aY
- HREHE (FOFUT1TAVE BLU BME)
- MREOS(FIHR
- VUFIERE
VI 7RAREOIT—

« BROT4FANEERELT:
- HRIMS Y FIVEE- TR - MRRE e L
« SHART—I (B+B~BEREOTIFII45*A 0 ET) DRRES

HEELERDTS
ETNBIVLZaL—5%ERHTS
E@RAEX Rk SalL—ay
RIshEAER

RN T FIVEER (RIGHER)
HMRRBER(TIFUT45400)
HRERE

MR B - IRICBAL THi IS A IR X E S

PIF7142X b
F-actinQXRTLIR E

Nonoka, et. al., Neural Networks, 2011

|4

Arp2/SRENSEMIC LD IKHEEDEHE

7, = ky, inding shp

(x)At

F—R7VVBRNY LTIV

F
- n-3n,
FRTFAORARU NSRRI T Y )
TOFUR/R—HFORECLPILEETES T
. AP23DREIHAILERETHE §-exp(-x)
AL JFIVEE
dC OC
a D, o r(((( )+-f;l('lm(q’F) m
' |
| l__.r—'T.:_. - ga T e
s O I
| ]'_.IH A . o -
| ;';_'--—'Iij— ! l
| e - MMEBERISBETIE,
. = AN b AR BB S
- BERER
- ROwLAEIRESNDE, HFEEEIL S~
EAELE->TNAI/S—R AR AUMZ5ES
RREHEET D — FETEERIEACE B FRERED

BOF1FTIVADIZN¥F—ETFN
BOS(FIURASERERBEEBET D

M@®=-argmin EM [M’F(t)] E=E e+ Eice * Epniing * Eracin
HRE—E<RD EEME—FEISHFD
| — i [
Eppe = e (V =V, Eoppee = U (S=5,)
27\ > 245 A M ENSELIS
[ P
= [ =
E, =q, f 1 ds
bending ‘bending 4 R(S)z
47k, T
R EBREE El—«um = k AX,Z
l tan” 6,

M()Qt[ln.r et. al., Biophy J, 1996
ﬂﬁﬂ'f')j>wlﬁl§(1)1ﬁ§liﬂ%ﬁ M BECUTORBBETEICLY,
EZxH/METBESICRBEILT D X" =x" ~n'grad E"(X",F)

Y7b 217 DRFEERTOMREFTT
FLTIX L2 & EHILEFIL

Nonoka, et. al., Neural Networks, 2011 1EDNEEIOLR (RRE—TO+R) ENEDT—H—TFO+R
® T—H—TOLRETASAVES ML TRIEL.
. T4FAVMNET R EICERT S

-_ — +RRE—TOLREREMED
. REZMAHT—ILETELTVS
i — SD—H—FOLRHBLLTNS
Master 4SO REARIGE
process § Master concentration tables St %
P e 1
CRIGERCLRERECD
I ] RENHOREDEILE
Worker o [ Rediotion | O—hVRET—T LIS
processes BERAH. ZTO®R. AT
R Q% [
= = Local'cengentration tables +oﬂ%§%§’i
AT -
BEOMIATAVNE: 122K —— : F-actin kinetics 1
BALRTIT 05 (ms) BRI
HHERTYTHR 527y — RISHRE 0
Sep. 2012 o
Maximum # of cores on K 572 8192 g-
Parallel portion (Total) 093753 09944 g
Parallel portion (Membrane) 099729 0.99961 o
Parallel portion (Actin) 093617 0.99996,
oo 8 2 L8 EARE12 2048 8192
N kL O
7217 DIRIKESE
PEal—LaviER
1. 120BFIFUIT4TA0M ZRT SA)RF(FOECHER HMEBEH

200x2003 78—k AUk [/ —R
100D MR REEL S SaL—
avERR

2. AVIaAL—4EAVTERRED
BRI, BB LU

IZB 5O EELEEER 'q,._ . 3 ' .

(Honda, Nonaka, and Ishii, Neural -

Networks, 2011) ﬂﬂﬂi}ﬂ . . '
3. KIRHEMFIIREE (R 8192351, - - T

RICC 4096 51) TOEEEEIR (X

rOVH R —)La=0.99 (8192)) e, | | il "" [+] L] .
o BEBEUIaL—aviierio | W e W R T |

RS S L—FA-Cell (REFA AT

e N e —

EEBEO DT — A5 ET N O

T#4—< vk (NetCDF-neuron) ZH E
5. FOFUIT4TAVMHEO LG R

Jsroph(f . ﬁé&)/\’?!lzs:éﬁio)ill

FYEP RTOI1HFIATERETO VMM o
YRaL—lavEERERET "

6 NRRYNT—HEFLICEETHF L0, l_’—o—”j
DIATAVOBIT, ERDETIL
~ADBA, ERFTALIZLSETIL n _
RS A E RS EEFILDO=RRIE

7 AREERRA#OBILDER e
. ARERIC OV TOFLFIS -

Salb—avERE, A A—DvT
FT—ANBERER?

209



ISLIMY T bz 7THEMERES

(2013.1.10-11)

'?,") B-5:

FEL 1N

I0SSIM
EENE T

B ERDIaL—

AV DEEDRIT

FREEE MERT RRRXZEHHPRMREL S— HNERHRRAET—L)

B ERNORTIFEMLENSTEIES

ERETOHBERYET—

DERBELBRTELHEMET VLEFE>TIIaL—2307 %

EEN LA

ey il e A

fil F SE A RR (& D D D

voltage clamp

SHEEETIL

| JU T UdUU\lHUMHﬂM

nA

current  voltage
mv
mmhum |.|m.|.|u|.hu|.|1u|ln

T
4465 447.0

il A EH hHEMISD
current clamp

HAAHHREIZIE 20U LEDOKETR
1DONa"Ef — 2L LEDCanBRNEET S

Parameter estimator
using NEURON

RIBETAAE

B oo

I
Estimator by Genetic Algorizm using
NEURON is implemented. fitting for
muliticompartment model is ongoing.

\.

Y

ST IRGEEREERTE

DIRE—BREMRHLT

Za—JLFRYRT—HUELTRER

DIFTR

R [

$ih A

<y
eV

KAHRL, FEIAVE21—FR

DRBRFIAZALTLSD,

FREZEE

BWRIHBIZRRLFET

210




ISLIMY T bz 7THEMERES

(2013.1.10-11)

IOSSIM

Hss
Ft

REEEE: MERET RRAPLY

HRIP R MR 4 —

EHETERENSaL—4F

iR AR T — L)

% D<A MIEHRE (= 1—0Y) DR AOIE
SEFRR -MEBEELSLTHRBELH, MR
ROBEIZNSLY,

EREREHE Z6YE ENTBULRER
ISHEIET BTN ERETBETS.
ZOs BRRBITEENSTHETOMRM
DIERLIEE L Z1L—23v T O DET
BE NERORREN Lz TBATVD,

W

TIal—IavDEE

&

B )

HEEHE

—ELL S

#EO LR KBER

mapp
Eﬂ:ﬁ A—t&iﬂﬂﬁmﬁﬂ

BREWEATYT BERTETY

hAain=—1—a>F—2~X—Z (BoND)
EQILF R —)LEHE

T2 REH Y 7 M (KNEWRITE)

1ZHENIEEEY T+ (BrainComposer)

FTAFA A=A T RS ER
I'.-_“=u—l:.r' = E. Finkv-wy iy |_H+ I siA

R i e O L P Pl
dgy
.Ir

= munf (. = 1~4)
S w1 gate]-Fvigate

marn W ke

PR

NEURON K+

£
oy 4

F—N—=3vELY
DHEE

\

50001E O % #lAE (£5000 2>/ —k
AU R)%0.025msecE i T

YT LA LISEH T I, #9300
TFLOPSIHE
-IRTE(LRA187 TFLOPS(20537)
ZER

HiEz

a FIAEEHE
Ealb—2avE AN/ TA—2HE
e G AN T OEEELLEEE SFR
=~ -
— ..-u-uu::.-q:-::i = S -:--:l-l.

e ———

AYTrIT7 ORFEICELTIE, mEIVE21—4
ROZBRA A, BLERARAEREEL2—0
RICC, R A EHREBE > 2—NDHAB000&
FX10 ALz, REDEEIZHITBISLIMBEL
F—L HITHRE, KBEOYR—MNIESRT S,

BHSEYSalL-YavRRF—LA
HRETE YKRE NITh-s-HA—
MR WA BHEE SAHNE
EBET EXXE HRE HIER
BREY BEE (EEFC
BBERH AHES WHGBT
BISF MEEX  UEEE
MNEEEZ AtEEE

IMER3L

211




ISLiM Y27 bz 7HERFEAREHER (2013.1.10-11)

;ﬂ H-1: cppmd
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Molecular Dynamics Simulation

The cell is constructed by molecules such as water, protein
etc. Every molecules are constructed by atoms. These atoms
influence each other and move complexly. Molecular dynamics
(MD) simulation calculates the interaction and motion of atoms
and reveal the structure and functions of the bio—molecules. Table1 Performance of Massive MD Simulations

Molecular Dynamics Simulation on the K computer
Using the K computer, we achieved 4.39 PFLOPS,
42.9% efficiency with 522 million atoms (Table 1).

ANIN

. Because coulom‘b force that is force between charged atoms Number of CPU 79,872 82944
is affect to long distance, we must calculate force between all
pair of atom. It takes very long time when the number of atom Number of atom 522 million 943 million
is large. Using parallel computer, it requires many Number of atom per CPU 6542 6542
communication. Therefore we use many techniques that reduce
. L L . Time (for 1000 step) 116.4 sec 112.1 sec
calculation and communication considering coulomb force is
small at long distance. Performance 4.39 PFLOPS 4.03 PFLOPS
Efficiency 42.9 % 38.0 %
Reduce CPU to Topology was not
fit simulation box adjusted

Table 2. Strong Scaling
time consumptions for 3,349,656 atoms

Number of CPU 64 512 4,096 | 32,768

Number of atom per CPU 52,338 6,542 817 102

Amount of communication* 2,232 936 504 342

Target of communication 26 26 124 342

Total 823.07 110.54 25.90 10.77

Time I eorce 731.66| 9153| 1250| 241

Figure1 Example of Protein(hide water) gt“esp; Communication 50.28| 13.69| 11.48| 7.38

Parallel Performance Other 3213 531 1.92 0.98

We used spatial decomposition by rectangular for
parallelization. One CPU calculate atoms in one
rectangular box. When region that one CPU has is
small, the communication time is larger than that of
calculation. Total simulation time is decrease
proportional to reciprocal of the number of CPU Table 4 Force calculation at one GPU
(Ngpy) when Ngpy is small, but this decrease is 6,532 atom

* volume of data swap area

limited at large Ngp;. These decrease of simulation

. . . . Ti ti 77.45
time against to the number of CPU for simulation LD AT L sec

with fixed size is “strong scaling”. We obtained the Performance 80.949 GFLOPS

result that the limit was 100 atoms per CPU (Table

\ . Efficiency 63.2 %
2 and Figure 2). Full K computer will perform

simulation with over 10 million atoms. SIMD ratio 57.2 %

The performance increase when the size of
simulation per CPU is fixed is “weak scaling”. In
the case of the number of atom per CPU is 6500, Figure 2 Strong Scaling
the performance was completely scaled (Table 3).

SIMD ration include all instruction

Single CPU Performance
Atoms assigned to a CPU are

Table 3 Weak Scaling distributed to 8 cores. When the
Time consumption for 6,542 atom/CPU number of atom per CPU is
Number of Node 64 512 4,096 32,768 79,872 82,944 larger than several hundred, the
Number of Atom 418,707 3,349,656 26,797,248 214,377,984] 522546,336] 542,644,272 load unbalance is small and 8
Time |Total 109.058  110.535) 111.186) 111.672) 112.414 112.085
(ms/ cores well perform.
Loy [Force 91.622) 91.528 91.601} 92.329 91.262) 91.641} SIMD instruction | lied t
P [communication | 12.124 __ 13.694 14,011 14.019) 15.820) 15.067 instruction Is applied to
Other 5.312 5.313 5.574 5.332 5.332 5.376 force calculation because the
number of atom affect to an
?;nggg’;ce 0.003 0.025 0.201 1.599) 3.874] 4,03 ; o
atom is large even if ignore far
Efficiency (%) 39.0 38.5 38.3 38.1] 37.9 38.0 atoms.
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4 H-2: LSV

L SV “Large-Scale data Visualization software”
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