A =TT T T4 =AY
BIFEIZ G 2 BB IR EZ S

A—T T FTINTA—LD
REICEA R EERNNICELD

E KH

(FUMNREE S 2T DAFHREH AT ZERT)

HEEE

AU MTLEDO I T, H 4 ORE, =T oA A, F—FHLEPEOSEN IS BIND X IR T2h, ZDFE
EIEELIHDNSERNEVNI FTHEENTES S, BEHIL, BHRFEONEE L LT, A0 BOF—2 %> 5T, F—2~
— 2R RE DT — ZOEROIAEICE T AL BT TS, ZRHDORBRE S &I, ARETIE, T—FRV 7 Y
2T AVHE—Ry MR EDF—T T Ty N T 3 — ARHIRICE X B REE . BRI LIRMNICE XD, EEOH
A, BRORTOF—U—RBNG LTI LB TR & MERLEEN] Th o, BIXIE, HHRQEEMRIIE >

DEETIRZRNLD L DENREND, ZNHDF—T — RRER TR S EZ AR Lz,

it A

AMKRFEZHMMBLREER. FRROKRFRAER. RAOREHE# L2 — HERESE
HBEO®R. ANKFRER SR T LERBERERR CESR) . R =2 JE0T—2OFERARK
VB RY MU EOT— 2 ABICET ZHRICHE, B (EF)

SHOFEL, —ETEI &L e AT R & IH
LWV ZLIZONTTE, FATFEHRO Z AITHEFEHO
WEFR T FEATVE Lz, Z20%, HHRRICE-T
T o LHFMATEHNTWES, TS LT L
EOFy VT NRAT, ZliEarta—g—rg—
TLELfHNTVWEL, a3 Pa—F—Fr&—
TiH, "M RN T =~ R Ea—T 4T, Ry
FU—=7, ¥x%2 VT 4= ECHboTEELL,
Z 0%, WNRFOMBXEHE THEELL, 22T
ATV —aIa=f—ar, FERREOA >

77, MY ARY RY . BERERE (RFID 03— —

F) ORI > TEE L., 2Dk, 4D
WRF:- 2 AT DEHRBERF TR L, BUE, /A
FATHRT AT A, e AU A FRRBE, T
—HNR=Rp EERTELTVET, ZDOL I8
T =LA Ea—T 4 U T T e A = RITIHE
Wik, BRH2E AT,
WIRNBIIEIC DT, —DF T —F i cd, F
W T 7 a—F T, T2 nbdEORZ— A
kR EEROTLES ELTVET, b —DiFT—H
DA T FIZETHMIETT, HRRRLY RY R Y
R EDOEE L TWET,

National Institute of Informatics

# 2 6] SPARC Japan 3 7—2015 Oct. 21, 2015 1



=R T N T — A
TN 5 %2 B B2 gz % 2 5

YA I VRAZEXZHEO2NDHE

BB A T A% TR TERLZOOREL, B
(theory) & FZBR (experimentation) T (X11),
Theory IZIH#EN (deductive) T, —XHIRET LA
ETDHZETREEZTRLET, Hl2IX, MIEOHKY
MOERTIE, Mo FRAE VI ETMCE ST, I
FhE G2 1 OMRBIZEZOMBIZH D EVD Z L
NFPRTEET, Theory ITHRF Y ¥ DZAND
SINTHWT, FIZIEFHILZT FATTETND LS
722 & EEBZTWIZOTE A, YReLFEIET D AT
FHATLI, HIOTHI LADHZY MEERE L
THEPDD LN ZENHTE T, ZhPBFEEXZ
59— DOREZIEC/ARD E LI, T HIHERD
FEBND RREHLET LV E T LD & 217
#) (inductive) 72H DT, TDI T 7T KIKDHRE
LRI DHED Y T 7C, FEHBERL WD &
WO RER A Ny TG & Eiflibhic 7 T 7 T,
TEBNCBIH S T i DEMZ BN T2 & T AN

EVWHZEiZh ET,
CNDUERD —DODOFET LN, FHLWHENRHTE
FLz (K2), DFarta—HF—rIalb—v

2Ty, THLIRRELSE ) LML T,
ETFNVEMREL T, —fRICITFHEREZEST, 20O
RREZHALET, T LT, TOHRBEEREOT—H
RELEEEDETHEELET, JIUFBIEICITER

LIz, PR, Ik, B, BEEE & v

otfﬁ%%ﬁfﬁﬁ‘éd) I3 ;40Tb\iﬁ‘ %‘F% (PN

Traditional Pillars of Science _sPeductive
g General models

1. Theory o= Individual phenomena
% i i

é Inductlve\/
i flinstances
= -+ Ge 1odels

distance to astral bodies vs.
2 Experlmentatlon their recessional velocities
: 3 5 .
i — N o
1 S

T
a falling body and its mass

2015/10v21 SPARG Serminardinil

FNA LY R EEZTOT, b 2 HERTD SR
R ZDED—2IT o TOET,

HH) =D, EVWDNTWEDET —F A TR
T, IR, T NBMNEZXDE NI T T
—FTY, TOBERITIE, Ry FT—7 BEEHITL -
e, B =0T T —NHE LI L,
HHROT —Z &M T 5V 7 hUZ TRV — LB H
ELTELZLERHAINERNET,

ZOHULWE3 LB 4 DHOHZKESNE R THE
Lize HB3DOHDOY I 2L —varoflE LT, &
JE, SRR, Rk, BTG B a— s —
VIial—yarREPFEFLNET, ERLIZ W
BHREHELTEL0T, BRI AT 37 M3k
HIZREWERWES, —FH T, HHEDRZ A i
PERD 7 v — X R7p WRERMAOFFTRRZ A VNG
HEVEDLSTORODTIERNDRENITBLEL
Too BROEERIZH 2 KAGIEM A S D) BrOEY)
WCHDANAVEMEI DN, 77U FEZHDa Y
2= H—E D DNE NS ENET T, BIEEAHIT
HEVEDLOTWRNDTIHIRNMNE NI DR, 3
DR HFADHIR TY,

Ba4ORDOT—FY A = ADFE LTIE, T—4
NHFELWESRZRIT -85 o2& o080 £,
BlziEa v Ea—2— i, by 7T rrAnT L
IR TVET, ZHUTRFENLEbD L KL<
N FERHAD, WHEEE R EORRERFEDILTWET,
H8)E %%%ofﬁo;h% G FRRRO/Z — TR

b

New Pillars of Science
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1. Theory
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4. Data Science
High-speed network

sensing technologies
data analysis tools

Inductive W

2. Experimentation
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Example of e-Science: Auroral Substorms

Auroral Substorm:
— sudden brightening and increased movement of auroral arcs
— detailed physical models still remains a subject of dispute.

Rttp://www . kwonochul . com/

(Supervised) Machine learning from

solar wind and geomagnetic field data | ="

— training data: data with labels, that is, data
collected when the phenomena happen or not.
parameter tuning

— algorithm creates a model to classify unlabeled data.
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The 4th Pillar for Complex Phenomena

Complex phenomena are left to be solved, such as
environmental issues and geoscience.

In such a field, the approach of the 4th pillar would

be useful.
— even though it does not directly yield a mechanism of phenomena.

Habu, Yoshiharu (top professional of Shougi):

from now, human beings are tested if we can understand
a move derived by a computer algorithm and we can

derive the same move.
— He said after a retired top professional took a beating in a match with a
algorithm.
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