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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.

BT

r———" apiwwninsightes com.

\

Kennedy JE, Nt Rev. Cancer, $321-27, 2005

MRI-guided Focused Ultrasound Surgery has

been developed for various tumors.

 Pre and Post contrast imaging for treatment
validation

* Accurate targeting

* Real-time monitoring of temperature

HIFU for tumor behind bones :

Brain tumor Liver tumor

i r

LN,

Displacement and diffusion of focal point due to the reflection
Focus control by array transducer

and refraction of ultrasound at the interface of bones

Si i isted fo 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

- /

~ 2. HIFU Simulator

CT/MRI

~

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.

Voxel Phantom

Okita ctal. Int. . Numer: Meth. Fluids 2011; 65:43-66

Basic equations

W The equation of state of media: (Tait's equation)

pA T
Pt

WThe mass conservation equation for ure:
1, 30,

o the transducers

p= ﬂ”[ where 4=P%0_p o =B
7 A

Nonlinear coefficient

OThe heat equation for mixture:

equation for mixture:

|Numerical method i

* 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 MPI + OpenMP.

\_

/

3. Simulation Assisted Focus Control —

Experimental Apparatus

Stage controller
==

S6ch PZT
Transducer,

LabVIEW™
Needle hydrophoffc

Trigger

Oscilloscope

Geometrical Focus

6lch Amplifier /

Water

Acrylic plate (3 mm)
€=2660m/s

56 elements
*Frequency 2 MHz
*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

Method & Results

I. Estimation of control parameters using the NUMERICAL SIMULATION

2. Take cross correlations of the received
pressure and choose the litude and phase
correlation maximum.

1. Ultrasound is emitted from a target point
and recieved by the arra;

ey

o o

Since the sound speed of the acrylic plate is faster than water, ultrasounds focused away from
the target in both cases without focus control. By driving the array transducer with the control
parameters which were previously obtained by the numerical simulation, the focal points
were assigned to the target correctly in the experiments with focus control. Therefore, the
simulation assisted focus control is effective and the numerical simulation is so accurate that

the focus control is enabled.

o
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RIFBERREDTHY. ChoDHFEWRDETHS.

Z

187



RREBHRME S I 2 L—2 a0V T b 7 DR (ISLIM) B RRES 2011 (2011.12.21-22)

7% D-1: ParaHaplo
" NTOAA TEBRATICH AR EE IO DY TR T

FAREEE: AREE BLEEWERS/LAEHNEFRAR L S— REAFERERRERTOISL)
ZEFA BERRARERAHERNERERRTOISL)

*ParaHaploBEICESHE =

© T/LTAREERITEL BRDOAZEH T IRALLBENADDNAZYT / LEKIZEY
HEZHMHRET S LICKY . REEEEGTFEIRSIFETHD,

« 2002F(CEMCTHAIZEERE T TIRDONT

o HF/LRKICHLTHIABREZITOINT. 100B5RU LD ZEEREFTIEIZHD, TDT
. REREEEGEF T ELEEICAEENDH D LHEINDIGEENH TS, ThEhEb
LW REEERLZEIET HE. ENBHERELTAIREENEF D,

o NTOZATEETYT /LIDAREEBHZT S ETEDGHEERELT AIEEHERLL.
FYZBLDEEBEBGEFERRTELIENYFIND, TIOLELITKREEEEETF
B—FYMMIEEROBEEDRARAN LR TSI LEBIEY (Misawa et al. 2008),

IR R DRI I TIZDONNT
» ParaHaplo[ZPCY5 X4 T8,000/—F D it 514 feZEIEL . mEIAVE 12— R ITHAF
HREAH A ENHERINTILND, [RITIEa7HFHBEELTLVS(Misawa and Kamata
2009, 2010, 2011),
 REER. —EBOE&EELZBHELSIMDIEZIT>TLVS

“ERENDT—4% AL \ParaHaploZz Eh L1l
HEERE
« ParaHaplolz&Y ., RERBAARA44ANUPT)DH T ILEFTFEAN45A(CHB) DY T )L
DNTORATHEEEZ LB LT REZIT o=
FER
« ParaHaplol2&2d/\TO21THEDREDERMNHXITTRIN TS,
s BARBRIYENEEDHETEGEFHEEDENRE TE-1BT. Ei& KLY _EHParaHaploT
BIEFHEEOENRETELIGFRTHD,
%- B3KRDEBANRRTRINTLNS,
o REEELVILZDEGCFHEDENRETELIEL TN D,
s SEHREIBTFABREOEBROEKET—2ZHAV. KEEEETTFERDITHIEEXHIET,
s HERBREASLULIZHANSOT. REIAVEL—FRIZFIAT S,

Manhattan Plot of Rapid Association Test (RAT)

T T T T T
0.0e+00 5.0es08 100409 1 5e+0% 20e+09 2 Ses0?

Clzomoscese and Pomton

2235 3CHik

Misawa K, Fujii S, Yamazaki T, Takahashi A, Takasaki J, Yanagisawa M, Ohnishi Y, Nakamura Y, Kamatani N (200
New correction algorithms for multiple comparisons in case-control multilocus association studies based on
haplotypes and diplotype configurations. ] Hum Genet 53:789-801

Misawa K, Kamatani N (2009) ParaHaplo: A program package for haplotype-based whole-genome association stud
using parallel computing. Source Code Biol Med 4:7
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>.")M D-2: NGS analyzer
SRR —IIUY—DE AT —EEERICENRL, BAMOERHEERDLHA
TI/LDRAERZSVIEHESTRET S

FREEE AEEE ELFERARAIFRAT—IHAREET—L)
FRELE: BRARFE ELEHRARFIFRT —ILHARERET—L)

R

RIKEN

o =
R —V I Y —DHAT—2ZERICHENL, EMEAR DEGHERCHSA
T/ LDRAEEZSWVIEHESTRIET 5.

o HEBULGHEETIVLIL)DAE
EMRES / LESI T DI vE LT MR REICE D= SRR
AREAERERERICKDETINOX AL FED T ERESE

o FAREZ/BLESATIY
Perl, C

o INIRTHETERIE

VIO BARANGT ) L —H T X R (Nat Genet 42: 931-6 )
ALY/ L2 FT (Nature 464, 993-8 )

PCUS5X%200007 TETAEVEE 4 TB. T4RXUBE 100 TB

o RIERMIFITOIHERE
500 NDHAYT / LECHIEMTICK A EAEERE
6477 CETAEYEE 2PB. T4 AV A E 50 PB

WAT I LRITISAT S EFDIEIEH S HME(1Mbp L 1= DSNPDEE)
Cancer genome Normal genome Numet of Al M i, Avndasinshihioy ‘/‘/.\"\' WA WA
120-150 Gb (x40-50) 90-100 Gb (x30) slh B P TTE > 1S B

e Postion on chromosome

3 ] -
1
J J
Mapping Mapping vt a] . Wit st o A | e
= - L
‘ mutation caller — NATEOSS
— NAYBSOT{YHI
. — Watson
SNVs and indels Germline variants Verfier
Korean S

] T T O TS — Koraan A1
Chineso YH!
| Somatic mutation 75‘/\/0)%%%%

(REAREELIE—HER)

SNPDEEERARI S L

Radcal noneynomymous

NumDer of raver aleles
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> D-3: EXRAT

ISLim

HLARRATIEIC K 52SNPHEE R O2T/ LEEERTY 7 h o 7

o
RIKEW

FMREEE: AREE CELFERMRMT /LERPEHEL S2—)

BE

BIEFREEEERANREYRVEELSE
HEEBEECFOHEEEELS /LT
RT 5. 2SNPREIDEMHEEEZBIINIZITS
HiEL. SNPRIODEEAF&E (EE)E£EE
Lz, KUBRBLHED2IEFFERE, Al
T2HAEERD)—=J L, R B TRER
HplEZRHDFIEEZEELTLS,

IX\—32F—av TRk

FILVAFBERFTDBEEME — M7 HRSNPIX507
Ro2z0-—HERRTOTED

Permutation Test
BENHBCHMTOIENOERELELTREALMRIE

LALEBDI T Lsi=ZaF—aFARSPT) I
o THIAT AL
'

WE{L RAT (rapid association test)
Kimmel and Shamir (2006)
Importance Sampling|< & &3 il
SRR + CBE — LEHEBEISHE

RAT; %D ¥k 5k

FYBMMERET T T B1-01C
EHRBEMET WV EALELREADILEK

‘
2SNPOREHF A A0SR F 1V EREF N
r—ALBSHWP

t ot t

SNPA SNPB SNPEID)
OB onMe WESR

RREELSATS:
C++, MPI, OpenMP

HIRTOFERE:

+ 10/SNP, 4000 A DARAAEL Y T—%4, 2SNP
SHHEE

. 50{E# &t x 4000 A5 DSNPF—4

+ RICC 819207 . AEYRE 1.1 GB, TARIA
= 2 GB

BEER

+ ) + 4 -

4 BEEM?

>
WHEER?

HBOSNPOWHEHE THE /ENCEICHRZELD

M —SNPOREHT THEFF DR IXERE
LogisticlEl & B M 8 E

Importance Sampling

N=ZaT—=23aVIlErTRLNLBUH B DS

AN

HitE

plliEROHI-LHETROE

[FOBHOHESL TV T CEERHERMNIZER |

|
FIBFNEHZH1EO/ 32T L3V DERHF
YOIV TREHFIZESTRLBDE D — | HOILE |

ExRAT : it 511t

SNPEREM oL
IN=ZaT=0r
) TOR AL N—F
m(m-1)2@DSNPHE A B H Y ‘Meuooohs-Hasz-ng:zl:.}:65?'1!!!:2
|

HopALRIR
. BHINT- S WEHS

PEDETAERIMLT - TIATTravdERM

AMLEIPRERSD
lm;—za)::):;t) ‘ d A RONIHBrEhh oL
XEUMHBESRS |

=225 =LAV BHER K
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MM R B~ 1000

+ MPIZ LD BIRT
(x SNPHISU M)

R RITORERR

3B ESNPD1H AEE, 2SNPLHEHE T
fRHT

2500{E# & X 1A AN X4THREDSNPT—4
AEBRE 20GB, TARUBE 2TB

EABRTENTEDD

BIEFEILNHEEREECLTRE~NDH
EVRVELRIDIRREENODEBELFERN
FITREREERTFELTRRTHIENTED
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2 D-4: SiGN-BN

ISLiM e

x. Y

AR
Q ’ THE UNIVERSITY OF TOKYO

RACT oI T =YX RBEEEF RN T—I#ETOT S A

MREEEE: B 1 RRKF ERPHER Eb /L@ 5-)
SiGN FA% 4 > /\—: EH Z=#4, B #F, WO EH #HHE ER, Fk HPT, RIG EH, HTEX =EHIE

— B = }
SiGN (V1 >) [FBEFRET—24NbR—/\—a2Ea—
AERVWTCEGEFRY N T—Y%2FH - #HET SV T LD
THTHD. BERFry FIT—U8BFICKY, BAT—42H
LEFIZMEEFORE, IEADTE-EE, BIES—4y
b BUESRARD A BREENEZICHEZZELNHEFS
3. SiGN TEIHALERT—F OBTICHIET 5=HA
ACTFToRy bI—=Y, KREZERMETIL, Y53 T71hILAY
STFTUETIL, NY MLECEBRETILNEGEFRY FT—
JETIE LTHATTRETHS. SiIGN-BN [FhdD3EA
ACToRY NI—0F#RWEEEFRY FT—O#EY D
kYT 7T, A—N—aVFa—42Z2ZRANHBEEICLY
EreEY /) LERBELERDEGFOEEFRY FIT—0 %
EEECHETRETHDS.

( Visit SIGN Web Site at http://sign.hgc.ip |
Tamada et al. (201 1a).

=EEFREOKFEGEERY FT—V TRELEETIL

- . . .

EEFRY T2

£
REER
B TERF RO RAYVAF7 LA R EILKDBEFRRT—4
EEBRERRT 40 S/ EOURBOBEY VT
DHEEL LY - BRI BRI T—4

AREETFRET — 4 5 OXRIER
Fry bI—YOHEE BRGEHA D
BTHE LEN>THEFRY FT—2
BIFICIER—R—a Y E1—2Ik B KRR
BEAEARDELL.

AMD Yy AOR
BEF x ORBENEET ) ORRIHEEE52D

JURGA MY IERICEBRA DT URY FT—Y

¢ Bayesian Network Model  imoto et ol (2002)

The network structure is determined by maximizing
the posterior probability given the expression data

(G| X) H(G)fﬂﬁf(x,, | pa;.0,)7(0,|2)do,

G: gene network X: gene expression data

P of the joint pi y il
0 by the DAG (Directed Acyclic Graph) structure

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

oMo
®

Bayesian Network

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

S Xy Xy
= AL LXK 1X) fo(X 1 X5.X,)

Xy =y (Pl ) emy, (P +ey
£~ N0}

M= S b )

@ Parallel Algorithms for Estimating Gene Network Structures

~100000 & The NNSR (Neighbor Node Sampling & Repeat) Algorithm
genes Tamada et al. (201 1b),

Ferdomy ek g

~1,000

ores B Greedy Hill-Climb (HC) + Bootstrap Algorithm Imoto et al. (2002). Tamada et al. (2009).

Network

- WL

replacement

Original expression Re-sampled

dataset dataset. Estimated network

’”QSEDHES E Parallel Optimal Search (Para-0S) Algorithm Ot et al. (2004). Tamada et al. (2011c)
- Parallel version of the optimal search algorithm by
dynamic programming
Reference

VI r 7

(==
HAT—%  BEFERY FT—2 (FFX b /CSML)
RSN ERICEEESOMEME
Cell lllustrator THRHTATAE

@ IE5ItERE (HC+Bootstrap)

BABEITH 30,720 27 (3,840 / — )
WL : 0.91 (30,720 vs 15,360 I 7B )
(REAVTRIr—Y27)

€ BME - B

S/ UNRSARYYIERIZEBIRATT R Y b+
T—UERVTHEEFRRT 40 0EEFIY b
T—YEHRETHVI T

-TR) LIS TR THELERISEEF R Y FT—
v (BmYZ7) A

-NNSR 7T XLERAVSECNETREE > 12
MEEFRR 22T, 245/ LK DRBEEE
FARy bO—Y OfEEMNTEE

-HC+Bootstrap £ #RALVD LIk UBEREF Y b
77— EEHAE

SRAV AT LA LT THRBRBBIMN#EEZ R Y b
J—YEEICFI AT

€ AR
ANT—E8 R4 A7 LA B EDBEFERT—42
Bl e s v o EOURR, BEEEY VI
B EAUCERRIT—4
YT (FLA) #:50~10007 LA
BRI T— 2 (FEHRE DR YR LEHAIZH#E
/—F G#{zF) # :100~100,000 / — F

% 2011121 BE
T8 BREFARKPTHY, ShLHOHUPEEHPOIRITLIZ
LHRUEMLMETHS

€ IR LHTOE—5 v MREE
REREKE ERPHRFN £ b/ LBV 2—
(HGC) R—/S—a Y Ea—8 Y RF L
(Xeon/Opteron PC 2 5 24 )
€ VT by TEAME

TR AT F ) £8A
HGC TIEYRATFLIZA VR F—LFE

CHFETOLRAES
@€ fERak PC-9+Gefitinib 1512 & 2 HHIGE /SR = 1 R
B ERT—4 EBw
kS - fifEARaHE PC-9 Gefitinib %1% 5 L f-iifE#liask PC-9 TOEMEF
% : Gefitinib( 1 L v : iAtAH]) *y D=V OBMELERS LT, RAMER
T4 Y87 LA : Agilent 44K Whole Human Genome HFEORE
Oligo Microarray CEIEEDS

BAIT—4 26 R x 1 EEA=267 LA T—4
EGF,Gefitinib #5 - FE 5D 4 &

Node-Set Separation i&I< & U B RBD R v b7 —2 43§ 5 WEFRIC & 5 LA ERAT AT A

~ -
~ [ -

€ b MEFSIRM MR (HUVEC) 2L 57 R b— Y RBSEIEFRTE ters exal 2007)
B HEAT—4 EH
#1 : £ FIEESARNAAER (HUVEC) FHR h— R %W LTz HUVEC %R FIICHHIL

WAL STy bT—5 HC) IZ& B
Node-Set Separation i%

B R

R MiERE &SIRNA / v 5w Iy hO—UBNETHEICEY TR RH]
¥4 %87 LA : CodeLink UniSet Human 20K =R 2 EEEEFORE
gene chip R I=ESA
BAT -4 8FR x 3 EEHA BRAIT—4 SRNA /7 w7 8907 LA 2k BEAMERERL
8sSiRNA / v AU T7 LA HC+Bootstrap [Z & 2EIIRA CF7 oy hT—4
H3R27LAF—%
-
. R O Foy hO— o MRS £ URIFORR GABARAP #\ TRET (F0

ZWHRy bO—OmO/ —F) & LTHIEShERBIZH HUVEC

ﬁ L EBOTTRE-URNOBSERER.

€ ZTothnEH|
- HUVEC/Fenofibrate % FiL =B RE MRS — 4 v MEGEFORE
- HUVEC/Fenofibrate = & % A R HREM/SX D = 1 DRETE Arekieval (2009)
- » 5/ —#ffa IPaclitaxel 1= & HITRIES 4 —7 v FOREE
PR XEBHFEE HFEWMBERAR TSR T LANAY
SiGN is also used in the Systems Cancer Project that started
]

Imoto et al. (2006).

newly in 2010. Visit our web site at http://systemscancer.hgc.jp
and follow our tweets @SystemsCancer in Twitter for updates.
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FA-HE T DY IO T EE (SIGN-BN, SiGN-L1,
SiGN-SSM) T#H b, D55, SiGN-L1 (X L1 IEEAIE
BICRDRN—RIGHREIT ST HILETIL (T
STAANADLTUETIL.AYMNLEEEIGET
L EEARRXET IV EAVWVEEFRYET—
JHEY IR I T THY . R—/\—a E1—5%
AW=i5EEIZKY . Er B EFERREL
KRB EGCFRYNT—OEHTET HEMNAEET
H5, EESNI=EBLRFRYNT—I%EHTT 5
L2y, BT —ah L EEIEMNELRFDRE.
BIEA—F YN FEUE SR/ DERLBED
ISRAMNEAFENS,

BEFRONI—Y = BEFREMOKEERERLT SIS
AnEn

Case 1. Sample A [T BRETRERERT—50 > REFRoT—oHEE |

wample 1 Lample I
greel | 15 52
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gered | 34 a3
geeed | 25 03

Case 2. Sample A IS T 3 BRI BEFHR T — 2D oREFRYNT—IEHTE |
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T—ENbERDEREH T TOREFRINT—HEHE
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1

Microarray Data Tor Different Samples

jpatiecd | patient 7 patient 3

nlﬂl'.r 15 Ly 14
el | 83 63 0.4
peeed | 14 82 B
mll‘ &9 0s &4
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ETIVEHE
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cHETOINEHAEH

F—4: SEBREHTICAN TS A THAILBRIEGFRRT—4
(Nagashima et al., 2007)

B#): EGF. HRGE X DRAERFIZL->THEEIND 8 EREH T TOEIE
FRYMT—VEHTEL., EGFRIE. HRGHHA T D AT LD ENELE

KLFS FOS

T—4: 26EH DRI ABEDEEFRET—4F
(BN AU 2—EREE . AIFEELDEREME)
Bi: BRIRIEEDAL—F—LLI-EED 226 FEHIR 2 DEEFrUE

D—O%HEL. BREIRINEVEELENE

BRUZ2
I e ——

EDYRATLDENELE

i MR FROE D
WEFRY T BEF Y 1 I—0

- Shimamura et al. (2007) Weighted lasso in graphical Gaussian modeling for large gene network estimation based on microarray data.
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+ Shimamura et al. (zoos) Recursive regularization for inferring gene networks from time-course gene expression profiles.
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=T

CTGF (Connective Tissue Growth Factor)
1458 - SMEZFI T BTGF-D TREF T, TGF-BORI B M LR EEREM N
AR, HE. MIRNREE N NEFEEAEETD
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% B-1: NEST

IELEM

Towards brain simulations

Markus Diesmann (Computational and Systems Neuroscience, INM—6, Research Center JUlich, Germany
RIKEN Brain Science Institute, Wako City, Saitama, Japan)

nes

#) 10LICH

FORBCHIMARTFSTRIR

initiat

NEST is a simulator for large biological neuronal networks. Small systems of differential equations describe
individual neurons which are coupled to form networks of natural size and complexity. The code runs on a
variety of computer architectures: from single- and multi-core desktop computers to large clusters and HPC
facilities such as K and JUGENE. NEST is subject to continuous development driven by the needs of the
neuroscience community. These efforts are coordinated by the NEST Initiative (www.nest-initative.org), an

international collaboration of several research institutes.

In the course of the Next-Generation Supercomputing Project we adapted NEST to systems with
more than 10,000 cores enabling the simulation of full size networks at cellular resolution:

Model of memory and optimizations

=new implementation of storage for neurons
(solid blue) and synapses (solid orange) employs
sparse representation

sreduced memory consumption (dashed: old impl.)
enables efficient distribution on M= 10000 cores

100 ...

3 5

""" about 1000

neurons
per core /
0t 10°
A

Kunkel et al. (2011)
(submitted)

NEST implements the MUSIC interface

NEST supports the MUSIC interface to
Communicate with other simulators

sdistributed simulators A, B, and C
sexchange of data during runtime
senables multi-simulator models

Djurfeldt M et al. (2010) Neuroinformatics 8(1):43-60

NEIT STOF b trmard, N W

High degree of parallelization e

3x10% neurons 2
speedup a=0.9@16384 cores j«

Spike-timing and neuromodulationﬂependent
plasticity e
NEST can simulate models of
synaptic plasticity depending on
= activity of pre- and post-
synaptic neurons
= presence of neuromodulators

Morrison A et al. (2007) Neural Comput. 13, 1437-1467
Potjans W et al. (2010) Front Comput Neurosci 4:141
Potjans W et al. (2011) PLoS CB 7(5): e1001133

Model of the local microcircuit

=1 mm?2 cortex with layer- and
cell type specific connectivity

sreproduces layer-dependent
rate (A, B) and irregularity (C),
and propagation

e = mimary
Potjans et al. (2011) (submitted)
Potjans et al. (2011) arXiv:1106.5678v1
Wagatsuma et al. (2011)
Front. Comput. Neurosci. 5:31
Lindén et al (2011) Neuron (in press)

Compositionality in networks of synfire chains

Dynamic Effective Connectivity:
=high-capacity embedding of hyehgety =

hybrid OpenMP/MPI code
achieved phase III on K

2w

"

o

e

Plesser HE et al. (2007)
Springer-Verlag LNCS 4641, 672-681

Kunkel S et al. (2009) Front. Neuroinform.

doi:10.3389/conf.neuro.11.2009.08.044

Roadmap (22 Feb. 2010) and outlook

synfire chains

Githa ]

spropagation probability p(h)

depends on # waves h

mactivity settles at critical point

Couplings

Maded 2

it

Model 1

Gty

Gihy)

Trengove (2011) (submitted)

Step | Description Network type Nrns. | Syn. Status Nov 2011 Expected results
1 reduced primate visual cortex random at microand [3x 10 [3X 10" |technically achieved on |- characterize stationary state:
(32 areas X 1 local microcircuit) | macro scale 6 0 K on 28.Aug 2011 rate, irregularity
— comparison of low—-frequency
EEG and LFP to experiments
2 like 1, but respecting relative spatially organized at | 108 1012 - technically possible capability to simulate full scale
sizes of areas (32) and distance | micro scale with current code model of a functional unit
dependent connectivity - tests in progress
3 human brain model (approx. 100 | spatially organized <10" | <10 assessment of ability to simulate
areas) full scale model
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ABSTRACT

We report all-atom simulations of molecular crowding, an early result from

the “K computer,’

which is a

10-PFLOPS supercomputer

under

construction in Japan. The K compute nodes consist of 8-core SPARC64
VIlIifx processors attached to dedicated routers in a six-dimensional
mesh/torus. Using 27,648 such nodes, we observed 1.3 PFLOPS (37.5%
of peak) during a 180 million-atom simulation. We discuss the performance
and scaling of molecular dynamics simulations on “K,” as well as
macromolecular crowding at atomic resolution.

Figure 1. Section of the K computer. Visible are
four computer racks with 384 nodes.

Living cells are crowded because macromolecules comprise ~30% of their
molecular weight. Recently, the effects of crowded cellular environments on
protein stability have been revealed through in-cell NMR spectroscopy. To
study these effects, we performed all-atom classical molecular dynamics
simulations of two systems: target proteins in solvent and target proteins in
an environment of molecular crowders that mimic the conditions of a living

cell.

Table 1. FLOPS efficiency on the kernel loop

Table 4. Conditions of the simulation for the
peak performance

Model Invitro

Number of atoms 418,707 Model 432 invitro

Cutoffradius 28 A +2 A margin Number of atoms 180.881.424

Number of pairs per atom 8,835( + 2,031 in margin) guloﬁfrad;us " " §883A5+f ZA Omfg_a{ e —
FLOP counts for 1,000 steps | 469,564,792MFLOP | Number of pairs peratom | 8.835( + 2.031 in margin) _|

Kernel FLOPS per thread

7,088 MFLOPS (44.3%)

SIMD%

48.76%

FLOP counts per atom pair

103.2 FLOP

Weak scaling

Table 2. Time spent in blocks in millisecond per step for weak scaling (418,707 atom/64 nodes)

# of nodes Nogg 64 256 512 4096 13824 27648
# of atoms Ny 418,707 1,674,828 3,349,656 26,797,248 90,440,712 180,881,424
Total T(Nyoge) 152.84 153.66 153.34 153.88 153.92 154.29
Force calculation 12821 128.21 128.36 128.34 128.06 128.15
Communication 20.19 20.99 20.50 20.87 21.21 21.55
Other 445 4.47 4.48 467 4.64 4.60
i e e
Table 3. Time spent in blocks in millisecond per step for strong Y| 001 T A S I
scaling (1,674,828 atoms) 1M/ Es 5 = Tt e 4
; ! Forgw Caliyla o -)l:
# of nodes 256 512 2048 ] 4096 | 16384] = M T : Carmuncaian -3 1]
# of import cells 936 768 504 | 446 w| g " - Chae
# of communi-cation nodes 26 44 124 174 34p | w P +. 7
Total 15366 | 8463| 28.57] 1808] 13.58] = ¥ ¥ T
Force calculation 12821 | 6178 1542 833 268 = '°F ) ?é e S
Communication 2099 1996] 11.75] 9.55 996 | & b # jr ]
Other 447 2.89 140 [ 110 0.94]
Strong scalin B R
g g X
ab " Al
1 i
T me PE wen o ma =

Figure 6. Vicinal area of TTHA for the in vivo system (viv). The

Humber of nodes

Figure 3. Strong scaling for the system

TTHA molecule is drawn using the ribbon model, and ovalbumin

molecules are drawn using the space-filled model.

ovalbumin molecule is colored differently.

Each

of 1,674,828 atoms.

Scientific results
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FLOP counts for 1,000 steps 202.851.990,144 MFLOP

Topology of computation node | 24X 24X 48
Number of nodes 27,648
Number of cores 221,184
Theoretical peak performance 3.539 PFLOPS
Calculation time for 1,000 step | 154.29 sec
Sustained performance 1.315 PFLOPS
Efficiency 0.3716
16
14
=18
E
B -
o Force
i alcwati '
Eom
=
&
» ni
a i1
] I A0 L T

Furmisr of PoGES

Figure 2. Weak scaling for 6,542 atoms/node.
Constant wall clock times/step show the
perfect scaling. Ratios of force
ion/ ication/the others are also
constant, and force calculation is dominant.

vitt

Vit2 (amber) ——

3 40 50
residue number

Figure 5. Conformational fluctuations of TTHA for
in vivo (viv) and in vitro systems (vit1, vit2). The
green, red, and blue curves indicate the RMSFs of
TTHA for in vivo and in vitro systems,
T ively. The ak axis is the residue
number of TTHA and the ordinate axis is the
RMSF value (in Angstrom). Red and white boxes
indicate alpha-helices and beta-sheets,
respectively.
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7> H-3: SPHERE
~ Simulation Framework for Large scale Coupled Analysis
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SPHERE System Library (Operating System)
Skelton for PHysics and Engineering REsearch
. AINEEHNE , Fig.1 SHPERE system
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an uniform user interface. sUnstructured data structure
*Configuration parser (XML) Base + FEM *Additional information (group data)
*File I/O VAT i *Pre/post processing (i.e. partitioner)
*Dynamic memory allocation & «Mathematical operations
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*Coupling function Initial input
*Flow control % data I

Remarks of new middleware

Fast I/O system for large data Preprocessor
* Separate mesh data for files by each component Input data
due to preprocessor convenience —
*Sequential numbering for minimizing data search trol dat nd

Data structure of FEM i
Element by Element style coding is employed.
*Most popular method
*Application developers easily deal with the data

structure
*Definitely unified data structure has an great
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For life science applications =) Binary data
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Fig.3 An example of coupled analysis on the middleware Fig.4 Scalability of SPHERE on RSCC
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