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A physical simulation model can provide various scenario about the
temporal evolution of the system of interest if we change initial
conditions, boundary conditions, parameter settings, and so forth.

Data assimilation aims at producing the most likely scenario by
Incorporating observations into the physical model.
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State Vector (Simulation variables) At :sampling time of observations
L = L:nonlinear map St :simulation time step
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BB EFTDEHDRA  (Akaike (1980), Kitagawa (1987, 1996))

Linear-Gaussian
State Space Model [SSM]

X, = Fx,, + Gv,

Y, = HX, + €,

Generalized State

l Space Model
Non-linear Non-Gaussian Model |[GSSM]
Xt — f(Xt_11Vt) : Xt — f (Xt—l’vt)
yt:h(xt1et) Yi ~ r(°|xt)
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F—5F — AR EE-BIZE -\ (TF-Personalized Simulation

T—4[l1E
o HEARATLEHENICEE-FHT Tailored-Made
B=-NDELELHER Medicine,
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LSlez) Life Science Data Assimilation System

Computational Systems Biology in New Dimensions

Molecular biology has now become a data—driven science with technological innovations of
experimental biology and rapid increase in available genomic information. Over the past
decades, a range of data science technologies has been developed in bioinformatics and
computational systems biology, especially in order to unveil a complex world of biochemical
reaction networks in living organisrr’ife Science Data Assimilation System (LiSDAS) is an
integrated computing platform which embodies ‘In Silico Statistical Analysis’ of biochemical
networks. Our technology brings a range of data science in molecular biology and medical
science, involving biosimulations coupled with Data Assimilation technology, dynamic system
analyses of biochemical reaction networks with genomic data on diverse scales from the level
of molecules to —omics.
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Life Sei-ence Data Assimilation System

Computational Systems Biology in New Dimensions
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via Data Assimilation

SBMLY>CSMLTHRIRSNEAEDENZERIGCENS, RERFT —FBREFEOECFHAR (CE
BHMRERET )L ZES 3y MY —FTHET IHOT—IRIETOTS A

(1) 2= L EERT —INSETILDORE/ SA—FZTE T DIZHDAFURENRA X
FIREOEYERRE (KFITAILEY, PZ—U2TDI\ ATy RAFIEETES X5 1)

(2) RA XBEFI)LFHERECE DL, IEHRISETILORAOY—=27

INSTITUTEOE STATISTICAL MATHEMATICS




metEIBm T — Y RMEGORIA L TL\ Dbt &%
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(Higuchi Lab)

sheep
(Higuchi Lab)

Type-B
(HGC/Univ. Tokyo)

RICC
(RIKEN)

Kei*
(RIKEN)

Intel Xeon
5570

Inte
E5440

Intel Xeon
E5550

Intel Xeon
E5450

Intel Xeon

SPARC64
VI11fx

2.93 GHz 360 nodes

2.83 GHz 24 nodes

2,880 cores

192 cores

32GB/node

32GB/node

USTAGRES T rsrsrsrararararasasasasasnsnsnsnsnsnnsnnnss :
24GB/node :

66 GHz

3.00 GHz FUTﬁfgij

2.93 GHz

13 nodes

1,024 nodes

> 80,000

2.00 GHz
nodes

* the Next-Generation Supercomputer
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ClockTime: Cloud Computing Kernel for Time-series Modeling Engine

multivariate analysis F—#4E1{E®O 7 7)) TILALY

@ http://sheep.ism.ac.jp/CloCK-TiME/service/index.html - Windows Internet Explorar

A =] [
# Sample input data { dimension =3 )

= [ a X —— s 5 Blissialue = ~99999
@O i| & http://shaep.ism.ac.jp/C] iME/service /index.html - | "}| % [[*¥ Google _/ @Mikin = I ——

¢ BRIEAD A http://sheep.ism.ac.jp/CloCK-TIME/service/i...

4
=  CloCK-TIiME /

Home Time5,

& http://sheep.ism.ac.jp/CloCK-TIME/service/assets/help.html - Windows Internet Exploraer E=REEl X

\../‘\./‘ | & http:/fsheep.ism.ac.jp/CloC ~ | ‘y| X [|*% Google o ~|

B ZaEaiT g BRICAD A\ hitp://sheep.ism.ac.jp/CloCK-TIME/service/... T —

CloCK-TIME Observation Model

Trend Component

— Cloud Computing Kernel for Time—series Modelling Fngine — Seasonal Component

AR Component
Table of Contents

Number of Hyper parameters

1. Quatuisw
2. Parameter Settings
2.1 Dats 10000
22 Analysis Mods
23 Observation Medel
24 Trend Component Mumber of parameter vactors sampled
25 Seascnal Component fram a prior distribution.
28 AR Component
27 Number of Hyper Parameters
3. Analysis Results

1. Overview I data fl Ie

L ekt “Cloud CGomputing Kernel for Time—series Modelling Engine” (CloCGK-TiME) is an orline analyzer
B O— for multivariate time—saries data, which runs on a PG cluster in a cloud computing systam
& o-n / i e Tuns o . !
CloCK-TiMVE decomposes given multivariate time—series data into trend, seasonal,
I7A L8| autoregressive (AR), and observation noise compenents by a hybrid method consisting of the
particle fitter and the Markow Chain hMonte Carle (MZMC]. All of functions such as data
uploading and parameter settings can be controlled interactively through a user interface.

Enter number of hyper parameters

7 A I

2. Parameter Settings

2.1 Data

211 Data Upload

Upload vour data file to the server. The data should be ina matrix form, in which each column

corresponds to a time series of each channel. Each data in a row should be separated with
. L Lm A ilmmel ISP e e

G ov ®100% -
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Smple ST5: Sequential
Importance Sampling

BT LIARE—)IL

POX\ Vi) = Xy

Yy

(1)

tlt—1

Q,
p(X, |QE X

i 1
a)t(|t) = N

a FEEHEF ARBEA - AT AR

0l gt mamt s




Simple SISTR7—JE)T4%HE

Computation Time for Biochemical Reaction Model of Mammalian Circadian Rirythm

0.1

HGC SuperCom (107 particles :

H ISM Pleiades (qo“! M’Qg&% —— ® Z
M Ismrx particles) —®— = ]
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{1 J
=~ 8,000
3 1117 [ S - ——
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i
£ 2,880
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:
O 0001 | . .
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100 200 1000 2000 10000
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Flowchart of PF
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A concept of the “Islands” in GA is similar, but different.
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_- A subset of the ensemble = a ‘super-particle’
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e kA = < . HiF)Fresamplingd 5.
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s S g - g : resamplingd o= &1L

: -y : T3,
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Resampling (3N particles)
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Result

1 000 I | T T : |
| 64 cores | =e—PF
| | PF + Meta-PF
1/56.5 ; e
computational time : | T.-MPF‘-F Meta- PF
M | 4 cores | 1 1
S 100 +— ‘ / (? | | |
8 ~1
D | | [ | I
£ — N
3 : re
© 1 2 cores 1 core
10— | T
| | | | Each core has
| | | | | 4 098part|¢:les
1 | 1 L:Each core has 256 |
| | | | particles. | |
1 ; t T ; 1 ; I T

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
Estimation error
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Alternate lattice—pattern switching
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Alternate lattice-pattern switching

e LITTIX 2BEOII—TRHIR3—2 %X BIZHIYEZ, &
¥ s TDresamplingXZ DR DE <K DT IL—T DR TITI, &
LNSERERZERS.

o B|MEYIL— 70)%H5’7k7:7€'t)]")§z.é_&’€ GA®Mneighborhood
modelD &I, [RIMADIFLERIZITERY, RIEAEIEEIND

ELVOREBLEAFFTES.

« ZEFE®Dnetwork topologylF It d &b, (REMIC/—FEDOLENYETE
THIEIEEZEIIAELDT, I, EYHAT ITOATSILEENTHT, &O)
REOHEENHLIOMNERARNDS,

o Fif=, S, 3RFTTIEEL, * x* D2RITtorus networkz R E L TEHE.,
1327 HMREERY/ —R (25t ~ -

N
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EERFHER 1 (ismrx: B @)

" Lorenz 96 model (Lorenz and Emanuel 1998) )
dx.
— = (X = X)Xy =X 48 f_Og(J _x X40 \
\ dt (X1 = Xg91 Xo = Xyg, Xy = X;. J

Particles | Global PF Alternative switching

RMSE Elapsed times RMSE Elapsed times

X4 65536 0.85 01m12s 0.84 00m40s
6X6 147456 0.78 02m26s 0.78 00m50s
8x8 262144 0.77 03m355s 0.77 00m54s

10x10 409600 0.74 06m18s 0.75 01mO03s
12x12 589824 0.74 08m48s 0.73 01m1lls
16x16 1048576 0.73 17m18s 0.73 01m45s

The experiments were performed on the PC cluster system (CPU: Xeon E5450 3.00GHz (Quad core) x2; Memory: 32GB).

A virtual two-dimensional torus network is assumed. Each core in the real architecture is assigned to each node in the virtual torus network.
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Alternate lattice-pattern switching

e LITTIX 2BEOII—TRHIR3—2 %X BIZHIYEZ, &
¥ s TDresamplingXZ DR DE <K DT IL—T DR TITI, &
LNSERERZERS.

o B|MEYIL— 70)%H5’7k7:7€'tﬂ")§z.é_&’c GA®Mneighborhood
modelD &I, [RIMADIFLERIZITERY, RIEAEIEEIND

ELVOMBRLEIFTES.
» Cray XT6m (1/—F=12a37x2vsryr. 1~44/—F) T E

1/—FEEYDMFHRZRBRTE. >T, /—FEEPLTLRENRELE
TN FTERMEREIE—Fo | Mo,

IN—FRIIZ2RITE—F R
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EERFER 2 (FL 2B - Cray XT6m)

" Lorenz 96 model (Lorenz and Emanuel 1998) )
dx.
—L = (X, =X, )X, — X, +8 forj=1...,40
\ dt (X4 = Xqg, X —X4o’ 41 Xl))
300
Cray XT6m DGR
J—REHRDHENDT, ALO) 250 A

R&YL BRVYLTILTT
WYX LDOHBEAKREL,

200 /
/ ~+=PF
150

Mfﬁw = Al
100

# =
50

0

Elapsed time {sec.)

0 8 16 24 32
Number of Node
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CariEHbOHhESTVNERUTE,

™ Thank you

Email: hici@ism.ac.jp

Homepage:
http://www.ism.ac.jp/~higuchi/

http://daweb.ism.ac:jp/
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