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Sequencing Progress vs Compute and Storage

Moore’s and Kryder’s Laws fall far behind
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10000000 Compact HDD storage capacity (MB) /Se q uencer
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Data Storage \

100000 \
Data processi/ng/
10000
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DARPA «was=smzsmm Urban Challenge

SEEORyMEHOHA—L—X

The DARPA Urban Challenge, which took place on November 3, 2007
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Google’s Driverless (Self-driving) Car

http://www.ted.com/talks/sebastian_thrun_google s driverless_car.html

14/52
ISM

K273 i KFHDHIABBEN 155 S AT LR

] st SR e PR



=l BEMIOELETZ YT (525=958)
ZERE (AM) DFHREZVOHTEBZS

BEiE BEE * ”’F;@%’f?;ﬁ
" 28
I I— 50 * STHUTLO

- IR
- BERETIEE
- RE0ZE(‘9)) EEEHEA|
T EEE)EFTAR

® FIEEFEHLLVED
- B3GR

20144 10830H

il

KSR B 183k AT LIRS

il =t mEz R

15/52



[ A SEALIE R T A

o ISTHEEEF &£bLbhnbd
-~ REDTFARNT—FT DFHFETEDITICE DL

* RSN (BFEPE, maafd5)

* TEIEEMNT - RO XIS

* TRV R

* WEDHMAETIL LIBHIRER etc, etc ...

B iEEEE o7, wp | (= X&2
I O B B ] xE
0.92 | 0.85| 0.61 =

037 L wy

(- FEEBIRDRTAED D)
16/52

W

ey e



ar B AR S B LE

® 1900FMREBEF~MS/INFFAL LT K

— MaTAVEMFEE O—8 & U TEERNVE
o JmEXHNS., BELGHIETETILA

— FaLRAF—DTEHNS DA
—(WebD&EIZEBFTF AN STEERDIERRNIEX

- NEREET IV, BEXAXETIL. - (maE
437
p(tx,A) = ™ ~ BQ

exp (32; Aifi(x,1)) \\ ///Z

>xeXp (X Aifi(x,t))  OTO1T0—@
al 0| z wN

D

b B BEEXD fhad
AR TH DHEEK

(M- B ESIETDRASAE LR IRE BD)
1752

ThZeE

Il =tz



“_NibMNDiRRE(Z

\J‘Eﬁ_é AR

s MEBE[D) -2 i&

« HRXDDERME | J’(D”JBJ

\-

UTICHBEDETIVIE
* NARTCIENSY — 72\ ZTNEBEIKXKDD

/

:mu»ﬁ§k1ﬁ+-§zzj7b\lt> r
[t RIBAR | hviol 1R 0)3— | o RN

« XMRICEATIHBIIFICFAETETHS,

n-l-*'l'%J/\o) vk

BRAS TR

s WRDFHAEEANATEOTHEDED AZFFHLIEIET S,
BERRTEIZIX)ROFEIT () Loy pohaldimsriily,

1852

Il =t e




MEEEDETILIE : TS 2 L—4

EEERAEICE T2 N\—YILGEHEEBEORIER

REND A

EARMICREALEITFKXTETILE P

ERE FARRTaeE, BIRMEGE
DIN—=TF— 2 Ao D

SEANDI A

’.0:0

.’
A j ] O N7 \\N
 AAEAR
wues

—\\w

BT L

R ==

BEDAAT—4H

WEEBAERMT S
(A ABREELT )

SISOl

HIBET)IL

1952

KEPIEEF AEBIEA B3-S AT LR ERE

Wl st IR e PR




MBS & (XDRED 7
CHROBETS

\E'l]'
T

=

E:—A I k?ﬁlﬁ_ﬂﬁﬁ&ﬁﬂ%k ﬁiﬂ-'}lﬂkmﬁ_ﬁﬁ
20152 2l AR st 2R A2 PR



21 B ERE

v r—4

= e | EurT—soBRICE. BELEMSRREOHEEL DY
EOCWARBIXIELILD, | secmbhaciiins. B-EEnot. MEEER

= g0 473 - BEHCGHER. HEARRBEREROLLGLRT
= LY 7:’_ ‘j: "lﬂﬁ#% '_:"_' A %) °© MEmISAhANE, TBBEIXVSENDTHS,

KESEEIRIFARBLEA 18R AT LIRS

ot BERATCPA

21/52



22 /52 T T IR
Al #R st BT PR



FCDOT—HZHDIRDOEIR

JEHRE DS

http://sts-concrete.seesaa.net/index-2.html

[FA ILAE WS T — 2D ERE ]

wooveame (=)l NIFf& i)
HHSh 557

nNnie
EEE

5]

15X,

KRIIERTIED T,
Iz A 20T5D &

BENERE Y —
R < UL DD
ﬁg FR1E 5 1
ANIDLE. R KEZE. xKER=Z.
ERICBFRIIRIEDHHIZER
[IRIZZFA/R—2 3> DR
. HRR ULHE
e HL—L(PLEMS) —IS5—. 8iE. FE. BA
F5THRIFNIEH TS EBREH) [Ck>T—EOT—4
NI H5ETHN (BERMNRTZZINOEZDLE)
2352 Wl W=t R R




WEDETIVE“RIS3RFNR"EZHFIT S

C“RESRER OTOEREMES B,
—(RBRIESNTOWVELVAESEFICEWNTER
CRESRERICLIEROMABFRERR D,
—[EEN K THRZ S
HARANITGHEIZ TEE 2D SIS ER AGEULAY, [F]
CGEFELBEIZHATEATLHAAIL, BEDXYIZ
E’&Ezbé&-‘é TN EREE"THAIEHIEITET
H."XKY ’&tzéﬂjﬂ%xz’ch%ﬂab(i BHoNDiHER

MBS EH-O. "KWY ULIZED BE ' ZEELTF
[CANDELRALN TS,

“BBIE"E" AR D ELLNRERYNEIEX S DTELY

=

7S T

245 Bl =T R e A



F_DEFREM:MUFTEBOENMNDYDDHSL

EFERBIMRMOEERS --[EBHICRAELHRIDETIZIEER HROERIFE1105, 81 B #HE4L,1991,p.695
——

Ty DBERTHER (Wikipediakl)

V'“ "“

25,5 Il =t e



\l)-—e

%Y '%‘z';'é? : Deep Learning

20~30FFHDBLYHAYICIETERDNH S

E: A I k?ﬁlﬁ_ﬂﬁﬁ&ﬁﬂ%k ﬁiﬁ-'}lﬂkmﬁ_ﬁﬁ
26/5 2l AR st 2R A2 PR



AR TE U ERRS [ ) B HY
QEIT B EIIEF=

T—ANGMEFR NI AEGFOAETHA. HitFE2STL T —3IFAMIUXRIE
IEYAIR, BEMIZHEBZRESEDLY—IL. < bB. [#FHEAFIEFFENDX
EIEEHDN TS, (ET7Y. 1892)

J7ORDEAERTREITSIEAFNFEDE TEFFORTIL, (AZ2=T1D)BE-
HEERDIRENBRLHAONDIIFELEE, oI RITT—IHEHALHNIZHFTE
95 h—RILE AN—RFEEH

MET—OFE ([ZOYT=Y) DB A, 20~30F LV EMHEFFOHALR
KDEARIEEWNGE L. AHOEE - MEEZL OEAN (EEHIC? +5TEBD
FEICHAEINT)BEASNCENARERDORIREEELH B,

A KEPFEFIRRBEEA 153 ATLMIZMER

W0l st B 2R

2752



NA ZREFTDZFSIHH * BRFE. J A AL BN

(19934, ANRAXHEDSHITONT (H) Fit 4 I Bl
(Frith) TNeyman-Pearsonl 2k (X, 30FEFEAMMAI FE EA T, BayesDixamlL1EE
L LD, BWESHAA XM EstructureZ o f=A =MD &, | y

17634 A XYRDEEF - MEFEEF—TRRAX (1702 - 1761 FE)MNRAL XD EEEZHER

181*3‘%6&4:75\519111%319]‘6 S5TSRX
[RXFEDNREZSL T —REESERT H5MIEWNSIEH TEBRLREES

19205 4% : Fisher, Neyman, Pearsonio DN EU IR ET D E A Elﬁl&)é

XD
NREKRDREEE 2)EEEBHEGOREERERE ) RERHMODEEAK
A TSo-Fa—) o0 DMERSMESE 5)JJLEIOQZEAM 6) v/ lEES+a3a=4— 3y

19505 1% : Neo-Bayesian revival (Wald#st #9325, von Neumann 047 — LERO A DEE)
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(Geman&Geman |IEEE, 1984; Gelfand and Smith JASA, 1990)
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S.E. Fienberg, Bayesian Models and Methods in Public Policy and Govern
A.P. Dawid, Probability, Causality and the Empirical World: —de Finetti—-Popper—Borel Synthesis
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« ‘REZFE (Deep Learning) B, BFLEEZLDIAVTAFTOESHE
B9RE R 2011,2012~
« 2011 xa_#:‘f:nﬁw) {REDE; (BRERMEE 0.56%, 2137 1.16%)
* 2012 ImageNet —fiZ¥NIAFEH (BREREEER 15.3%, 2131 26.2%)
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* Google: Google Brain Project
* Facebook: Facebook Al Research
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China could narrow the gap with the United States, today’s leading : Harvard j( 1575A
supplier of deep analytical talent | | mre——-nuil
Top ten in the supply of deep analvtical talent Compound = ~
S e « HETDER
mugl:gmh : UCB SEA RS —XKEHICHU \j('%
S United States 3.9 e FR2HE DTS
— RIS A /A—L 3o B A #2015 ﬁ'gtreet
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Physidans and surgeons diagnose and treat injuries or illnesses.
Physidans examine patients; take medical histories; prescribe
medications; and order, perform, and interpret diagnostic tests.

‘ This wage is equal to or
They counsel patients on diet, hygiene, and preventive 9 g

Physicians and Surgeons Doctoral or professional degree greater than $187,200 per
healthcare. Surgeons operate on patients to treat injuries, such year,
as broken bones; diseases, such as cancerous tumors; and
deformities, such as deft palates.
= = =
= ENTRY-LEVEL EDUCATION 2012 MEDIAN PAY-"
OCCUPATION JOB SUMMARY /) F5)

Actuaries analyze the finandal costs of risk and
uncertainty. They use mathematics, statistics, and
finandal theory to assess the risk that an event will
Actuaries occur and they help businesses and dients develop Bachelor’s degree $93,680

policies that minimize the cost of that risk. Actuaries’
work is essential to the insurance industry.

Mathematicians use advanced mathematics to
develop and understand mathematical principles,

Mathematicians Master’s degree $101,360
analyze data, and solve real-world problems.
Operations research analysts use advanced
Operations mathematical and analytical methods to help
.Eesle—a';Ch organizations investigate complex issues, identify Bachelor's degree $72,100
R and solve problems, and make better dedsions.
Statistidans use statistical methods to collect and
Statisticians analyze data and help solve real-world problems in Master’s degree £75,560

business, engineering, the sdences, or other fields.
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1. ERERETELAL

Senior Data Scientist

2. RELARN)L
(full) Data Scientist

3. WYIIbLANIL
Associate Data Scientist

4. BELWWLAN)L
Assistant Data Scientist

|

|

[

50A

XA E/ &

/ 500 A\

< L

\

— / 5,000 A\

\

{/

5A AN

/

508 A
HAKEE

< @
F—AYT5—\

g

*ﬂj
IS
RET R D
RO NEBELAN)L
(A A=)
B RSS/JSS
HiR A;,C] 14%
-
D
% f—ﬁ #E14%
a
K
L
K 25K
3%k
AP
HEtREDL
NI)LED R G

4252

KFHEIFIRMBIEA 18Ik SATLMIZHNE

Wl e =reoemiRm,



FBRELAN)LDSTHRMER - E R IIZE /L
DSERLIZH 1 B4R B E S DR

RE R
Ry TEL DR

TR RS 1~5A
INBAEI=E B

RIF TG, R —
VT IRLEWNRE

BRLAL
(full) Data Scientist

l 3,400A (2008£E B QVIGI report

I Deep Analy¥cal Talent)

US: 25,000 A
f[E: 17,000 A
A2k: 13,000 A

L

) 10ERE

20154%7H318 #HEE
TEvT T—32DFERDI=HD

B AMBRIZDULNT]

1EER - R T LA HEFE

t“‘y’j‘?—’;‘l@*ﬂiﬁﬁﬁI:%éEFEJAHﬁﬁk‘l ﬁ('ﬁjtﬁﬁ%ﬂ ME

4352



EvDOF—5FE

DADDRAT—ICA | DIEEE

P e e e e e e e e e

IEROERE

el T s

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

= T ATHERE

445>

~
N
\
\

[

Fast Data Processing : E DR AR DR
DT ILEBALIZT—3%fREL. EVRRHEDE
WME=ZIET 5

Big Data Management: E 3 A {M{E D F R

BEDT 4D, EDRAMIEDEURAIE,
EEEERHY

/ Nowcasting® tt 3

FRIETIL(FILITYXL)
HEFAIFFEELLGND

\)

NS DAIMER: Forecasting® i

?ﬁ i##lﬁ_ﬂfﬁﬂﬂ!;‘ik ﬁ@ﬂ-iﬂ&iﬂi}l%_ﬁﬁ
sl FR st BRI PR



B A~NDEELES  Personalization

Achieve technologies that personalize products and services
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Personal Services
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Real-Time Bidding

cookie information D
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Personal Medical Services
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CMOEC | ODHEMEENDAL]

CMO: Chief Marketing Officer CIO: Chief Information
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In memory of Prof. Akaike

2004/Nov/20
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(1927~2009)
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