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Finding Answers where there are yet to be Questions...

Source: IDC's Digital Universe Study, sponsored by EMC, June 2011
= g 1.8 zeta bytes in 2011
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Journal of Visualization

* History
Journal of
— Springer Vol.1(1998)- Visualization
* Editors-in-Chief: |z
— K. Koyamada
— K.C. Kim
* Scope s .

— Visualization is an interdisciplinary imaging
science devoted to making the invisible visible
through the techniques of experimental
visualization and computer-aided visualization.
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Triangular mesh

Line segment
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Vortex shedding from a circular cyline

& Like , ¥ More info
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(- —12MH : Gustavo R.S. Assi)
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(—5iEft | BRELEQIIGEERT)

Categories
s

50 %

Shared
compounds

— 150

X Yong-Yeol Ahn, et. al,
EET—DrRIE

. Flavor network and the principles of food pairing, Nature
(—4 124 : www.oagpubco.com)
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http://www.youtube.com/watch?v=_AJgEa2dbJU&feature=player_embedded
../../Dropbox/KSV/funeboko (1).avi
http://www.youtube.com/watch?v=qgC2ekpGCbw&feature=related
http://www.youtube.com/watch?v=CH6YUD03Fao&feature=related
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http://www.youtube.com/watch?v=RW9tBLJu90Y
BlackHole.mov
http://www.youtube.com/watch?v=jAOUrsnt8CA&feature=fvwrel
https://www.youtube.com/watch?v=rG8MU8bvOfM
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In-situ Visualization on K computer
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Ogasa et al., “Visualization technology for the K computer”, Fujitsu Scientific & Technical
Journal, Vol.48, No.3, 2012. STERIEANRCHRA



Application

Visualization in K-computer system

Scalability of the Visualization

1,000.0 -

-<-- 8 GB Ideal

--0--32 GB Ideal

------ 128 GB Ideal Data Size

——8GB 128G~

100.0 —0—32GB \\ 25
2 ——128GB - e
@
o
o
(o X
©
o
18,432 24,576 36,864 82,844
100,000

Number of parallel nodes

Ogasa, A; Maesaka, H; Sakamoto, K; Otagiri, S, “Visualization Technology for the K computer,”
Fujitsu Sci. Tech. Journal, Vol.38 No.4, 2012

e DA RGAH 2



FAILNRITEE

Tiled Display Wall (TDW)
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Elementary school
students,

Biology Letters

{1 e uu __. i
il
i
: ___m_m_.? z___
il _ ._ﬁ_%
1 il hit il _m
M m __m_“mmz__ itk
,_:m.m__w_mmm i !
R b
<Ji i M
: il G
IO UL 1| SO
:%_M _*_ | ._E___?:“:_m. i h_hm:;m _:w
E m _Tm “ ""m__m.zm_mm i |l M_A_m_ ___m _._”
il ._w _s : _,_am_w i _m_ ,_#____Mz 1
i ikt
_-“:_i i __ .L_:_m Hikiiinill _u i .
il _.w_%ﬂ e g_m___ il
1 _mﬁ Jmmsw___z il E__: i
& :_ _____ _m_mr: ___M__“ F_ __h i
._. ! _. il
i i ? _*____E _W il ““MM mwz i

ENHEESINTWLD

~
>
/

R THRIFH A

PX

« UST°EUTIE, /I

« HERTIE, X

G

U CHEEARY (

N

ZAB5ND

[t OF

AR (C

(@

iR (IEFENO&ED) |

- BARTEHE

EvA A

BT

DOEBRAFEEIRFN S

FEAE

TERFENME R

5


http://rsbl.royalsocietypublishing.org/content/7/2/168

N D NONIT

IREEIBER

RERAREIE

STERFENR SR



EERZE(CHITDEIRIE

34,9165 20,6757 189,037 121,582 0,446349

J ) W i -
32,7801 -0,281487 -70,196 -140,3 -0,46181
5 T U M W

STERIFEAME SR



BF LERFER B



ET

AREHR

« SNTDDZEEEIDH D M%ZE D TARDE R

« TORMRIE., BUAIT—HI(CKD>THRIESND

o« [BULXEBIEY] OLDRBAEBREFRICEIDT
sCIhENsd

ARBFZRFERE. RFCHITDIARETHD




JL

AR FE R 1l

M. Chen, et al., “From data analysis and visualization to causality discovery,” IEEE
Computer , 44(10):84-87,
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INVISIBLE COMPUTING

From Data Analysis and j
Visualization to Causality

Discovery

Min Chen, Anne Trefethen, René Banares-Alcantara,
Marina Jirotka, and Bob Coecke

University of Oxford, UK

Thomas Ertl and Albrecht Schmidt

University of Stuttgart, Cermany

As data becomes invisible, emerging technologies can help
human analysts and decision makers understand, model, and
visualize causal relationships.

owadays the public,
and even most decision
makers, rarely see raw
data People are used to

statistical results and visualized data
presented by scientists, data analysts,
or news readers. As computers
disappear into the background, raw
data Is alse becoming invisible

The rellance on data analysis and
visualization to improve the usability
of information and communications
technology echoes Mark Walser's
viston of ubiquitous compating: =
only when things disappear in this
way are we freed to usa them with-
out thinking and so to focus beyvond

CAUSALITY REASONING

Causality 15 the fabric of our
dynamic world. We all frequently
attempt to reason about the causes
of everyday events—for example,
why do I have a headache, or what
has upset Alice?—In order to better
manage them. We also sesk to
understand the origins of numerous
complex phenomena such as social
divisions, economic crises, global
warming, and terrortsm. Some of the
greatest sclentific discoverias, from
Newton's laws of motion to Darwins
theory of natural selection, Involve
cansality.

causality has been studied 1n

KD KWEBEE(CmIT T

sTEMFENHh TR

(Natural Philosophy of Cause and
Chanee, 1949).

Figura 1 lustrates Born's four
levels of causality reasoning and the
transitions between them. Probabilis-
tic cauzation 18 a form of praliminary
reasoning based on statistical cor-
relation. *Overwhelming evidence”
abstracts probabilistic causation to
Ingical causation. When there 15 a
scientific understanding of causality,
quantitative lows of nature describe
ithe functional relationship batweaen
measureable attributes of various
avents. According to Born, quanium
machanics offers the fundaomental
umderstanding of causation in physics.
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time shift = Otime shift = 1 time shift = Xime shift = 3time shift = 4
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Cross correlation
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L >+ —EE(GC : Granger Causality )

Granger, C. W. J. "Investigating Causal Relations by Econometric Models and Cross-spectral Methods". Econometrica 37 (3): 424-438 (1969)

It is a statistical test for a cause-and-effect relationship
between two time series variables

We perform two vector auto-regressions as follows:

Y(t) = Y aY(t-1)+e (1)
I=1
L L

Y(t) = E(L}_’Y(t—l)+;b:{ (t—1)+ e, (2)

where L is the maximal time lag. We say X causes Y if eq (2) is
statistically significantly better than eq (1).

SHERIEANAE < R



INER YR ZBHR(CCM: Convergent Cross Mapping )

Sugihara, George; et al., "Detecting Causality in Complex Ecosystems," Science 338 (6106) pp. 496—500 (2012)

It is a statistical test for a cause-and-effect relationship between two
time series variables

It constructs two shadow manifolds, M, and M, using lagged-
coordinate embedding X andY, respectively

If X forces Y uni-directionally, variable Y will contain information
about X, but not vice versa.

M

x(t) = X0 X0 XE20)]

STERIFENAME SR
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It defines univariate time series data defined at each grid

point
With it, we can consider causal»lfv between these points
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Akif X (MEG: Magnetoencephalography)

o It records magnetic fields produced by electrical
currents occurring naturally in the brain, using very
sensitive magnetometers.

o Its applications include basic research into
perceptual and cognitive brain processes, localizing
regions affected by pathology before surgical
removal, determining the function of various parts
of the brain, and neurgfeedback.
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structural connectivity  functional connectivity effective connectivity

f—— DT

0. Sporns 2007, Scholarpedia

e Evaluation of structural connectivity (anatomical)
using MR-DTI and Fiber-Tracking

e Confirmation of functional connectivity between
activated areas using correlation

e Analysis of effective connectivity in neuronal groups
using causation T
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« It defines bivariate time series data defined at each grid point
« With it, we can consider causality at the point
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K. Suzuki, “UNSTEADY HEAT TRANSFER IN A CHANNEL OBSTRUCTED BY AN IMMERSED BODY”, 1994

The vortex flow contributes to
the enhancement of the heat
transfer

Causality ? .
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Confirmation of the washing effect in the separated
flow in the wake behind a sphere

 Model description
— Number of nodes : 15,321,546

— Number of cells : 18,917,887 (prism)
27,545,304 (tet)
— Number of time steps : 198

Fd "Sphere
(diameter: Dp)

— File size : 3.5GB per step

Negative Magnus lift on a rotating sphere at around the critical
Reynolds number
Muto, Tsubokura, Oshima, Physics of Fluids, 24, 014102 (2012)
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Calculation of cross correlation at each grid point by changing
the shift time

Creation of a time-varying volume with 16 shift time steps

P » 4 026/103 "
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ICompound
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Kounios, J, Beeman, M, “The Aha! Moment-The Cognitive Neuroscience of Insight,” 2009

pine
crab ——
sauce Solution?
Insight? //\
\//
Variable
I 5 -2.5sec I 2 - 30 sec 2 sec 3 sec 9 sec
I A I B C D E

Gamma Power

Alpha Insight Effect

1.0E-10

6.0E-11

2.0E-11

-2.0E-11

-6.0E-11

-1.0E-10

2.0 -1.0

—— Gamma Insight Effect

—— Alpha Insight Effect

2.5-11

1.5E-11

5.0E-12

-5.0E-12

Gamma Insight Effect
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- EALRES S catch

> fishing days)_ fishing vessels
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CPUEZZ =1L —> 3 iERICEFRNDIEITEnAA

e =L —=>3 >%E%(:BL\‘CCPU\EODE%3M
DEmBdtnERE Tty T

Original record Sampled variables
1e, I J
= ( | [ [
< |
% | CPUE X y & t100 sl almie s100 vl & v100

%" o | 0.642345 0.680518 0.755554 0.448537 00 0.920516 0.754839 D 0.113546 0.336512 DI 0.214305
0.711656 0.283465 0.059334 0.099365 e 0.586174 0.890815 D00 0.048899 0.536846 050 0.47709
0.553627 0.223513 0.395263 0.532903 A2 0.985017 0.259018 almie 0.884757 0.242159 & 0.699667
0.096016 0.086106 0.15024 0.131232 e 0.390091 0.958255 D 0.136579 0.506822 DI 0.158313
t 0.927557 0.087157 0.576571 0.74707 sl 0.311494 0.039833 CH 0.265292 0.699515 A 0.433637
1 ) Sl y Vl 0.776234 0.66956 0.807943 0.680908 I 0.667134 0.189051 i 0.234158 0.83681 000 0.430659
0.339953 0.361467 0.427135 0.967647 siEs 0.251424 0.968415 7 0.437858 0.330161 D5 0.401806
0.167646 0.512573 0.036514 0.060821 al=ie 0.257233 0.103441 i 0.199014 0.339543 JC 0.631877
0.525502 0.868313 0.127016 0.576511 e 0.665982 0.455188 DG 0.379432 0.785053 DD 0.58507
0.476963 0.512256 0.676056 0.301396 aies 0.046038 0.187826 v 0.696615  0.44408 D 0.592365

1; L1001 S100 Vago
CPUE =1t tl"“tloo’51"“5100’V1"”V100
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Tian, S., Chen, X., Chen, Y., Xu, L., Dai, X. 2009. Fisheries Research

« HSI (FIEARL=NZCPUEZZERT
« CPUELBUVWVHEIZIF DRI 2R

CPUE X y t1 i t100 sl D 5100 vl O v100
0.642345 0.680518 0.755554 0.448537 100 0.920516 0.754839 LA 0.113546 0.336512 DICED 0.214305
0.711656 0.283465 0.059334 0.099365 =ie= 0.586174 0.890815 == 0.048899 0.536846 sisls 0.47709
0.553627 0.223513 0.395263 0.532903 i 0.985017 0.259018 D 0.884757 0.242159 i 0.699667
0.096016 0.086106 0.15024 0.131232 A 0.390091 0.958255 sas 0.136579 0.506822 DD 0.158313
0.927557 0.087157 0.576571 0.74707 =iee 0.311494 0.039833 == 0.265292 0.699515 sisls 0.433637
0.776234 0.66956 0.807943 0.680908 i 0.667134 0.189051 sl 0.234158  0.83681 Sicie 0.430659
0.339953 0.361467 0.427135 0.967647 aieie 0.251424 0.968415 == 0.437858 0.330161 === 0.401806
0.167646 0.512573 0.036514 0.060821 al=i 0.257233 0.103441 2=t 0.199014 0.339543 Lo 0.631877
0.525502 0.868313 0.127016 0.576511 At 0.665982 0.455188 S 0.379432 0.785053 SO 0.58507
0.476963 0.512256 0.676056 0.301396 A 0.046038 0.187826 GO 0.696615  0.44408 s 0.592365

0.08621

Correlation 0.419613 == 0.34039 .

-4.20807

HSI = g(t,, t,e, v, )=3/SI,
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http://youtu.be/RZtQPXs-ASk

