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Moore's law describes th irical tlarity that the number of t tors on integrat ire loubles app: nat r

\
/

it AR

o7 L—22Z2)—:/nN—Kyx7T
o TEMEDIE

o JUIBMEEDM EPCPU (L—TDEH]) . GPUDES

° nB BEE

s

\
4

DiEL=>XEY, HDD, SSD
o EHBERMODEFHIA Vv EZ—2 v b, 77T, Ty

I— 7 D7ER)[OurWorldData]

por- 35

Our World|
in Data

GPUDZEY)
CPULGPUIRE B L HLETEWNEA1TS
STEEOWHILEER TT A, GPUI
CPUICLERFHEARFHEZ I TKEIC
ETT2DICEWVTVET,

X H B
https://ja.wikipedia.org/wiki/NVIDIA#/media/%E3

%83%95%E3%82%A1%E3%82%A4%E3%83%AB:NVI

DIA-GTX-1070-FoundersEdition-FL.jpg

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA 7


https://ja.wikipedia.org/wiki/NVIDIA#/media/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:NVIDIA-GTX-1070-FoundersEdition-FL.jpg

T — X EDEHN
o CEHDEF

o MMBEATRHRHIL TWEKEIT—2Z2oMLLS LR

AIEET L 7co X
T5=—Xh'Em

> THAR

R—NR—L Z{EHWEL & T —RDOEERICH
FWFEL7,

o ICTHIT (Mv&—FvF) DEX
o NEADPERY LI LKA--ER. RBLREYzTY o T
O/ I—¢ENZFHFLWH—ERBEZ<EENFE LT
o Vx 7Yy xTa/ -t AANRETIEEEXA

X—2v &AL THEHEIC

LAALTHLIHEDI ETT

R—/X—L 2 DH :
NACCS(EiH A - BEREEIE
VAT L) ERE
BEFmE
ISR B WD b BEF F & I
BITLTWET
(https://www.naccs.ip/)

R AULIE
IZFEET 58

FFEICEETT, BERT

2019F(cHBWT
e YoutubeTlZEDKILAS50FADE
THAHIPBEINE LT

o UberTlIRBNMIAADLR S > —
ZHRAL XL

o Google TIIEDMAS0 DR
NThnx L7z (H##[Domo])

ERAY MR - BHRUBAR > ¥ — AHEF 5#EF 2020 CC BY-NC-SA 8



https://www.naccs.jp/

ETCHHEAEDLE > 1-HER
o MEAEEND &S It ) IFEENHAE

o EHiE ® N— N7 PEIN
(34328 - st 1980- : PCOE K «ICT
= . B 2010- : GPU
Z - &iEMt) ® V7 bz PEHS

BRIV > T—4&
N — Z T

& | s

HRAY #IB - BHRMUBHAL LY £ — AFBEF F#E% 2020 CC BY-NC-SA 9




1-1-2 &

P

B (E % R)

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA



B R A B

o TXFRIEANE LEIGREFHHRER

® OpenAldDallE[Ramesh2021] (https://openai.com/blog/dall-e/)
o ARL-ERICT LTI ICEBIEEMZIEEL

® DALL + E2 (https://openai.com/dall-e-2/)

® Glide (https://gpt3demo.com/apps/openai-glide)
o BROBH : BASHELE X BRER (RALFE—LXLDOA)

@ ERXFINDESRITI T A —a2a—RT 4 —T 72407 EFH-I

FRBLEATVWET
AN » [ PHRA DX S BIFF] [(@DHEIC7 7 2 T%EMN]
2
fpiL

» https://openai.com/blog/dall-e/ https://openai.com/dall-e-2/

- B TEHf%ZRZIEHNFTEET TEHZRZEHNTEET

HRAT M - FRABHAE LV % — AFEF =¥ 2020 CC BY-NC-SA 11


https://openai.com/blog/dall-e/
https://openai.com/dall-e-2/
https://gpt3demo.com/apps/openai-glide
https://openai.com/blog/dall-e/
https://openai.com/dall-e-2/

loT & B &l

o LY —HHYTIZALTT—X%ZimHEY BB CHEME7 H1EH
722 HYEFT
® loT (Internet of Things)
T/ DA VE—%y b

o BIZIXEE L 7-BROFIBFMDAITD
BIEZ HIZIC, loTHEs T E DR
WCTEFLokPYZzE2EL, HObh< b
DRI LT-HAEED WET o

(https://www.jst.go.ip/kisoken/jyonet i1 : 2020 R AHREERE (ST)

su/interview/h29/mineno.html BHEE, SEGREC BRI TE 5K9 A
/ /h29/ ) b L R SRR T AR ORI

o BHENEGBIMORAAINEATYT
(https://www.tesla.com/autopilot)

e KOMTRAX [KOMTRAX] - Cit httos:// it
; S . _ Hi: Cityscape https://www.cityscapes-
® IV YHMMEEEEXT A dataset.com/examples/#fine-annotations

HRAT M - FRABHAE LV % — AFEF =¥ 2020 CC BY-NC-SA 12



https://www.tesla.com/autopilot
https://www.jst.go.jp/kisoken/jyonetsu/interview/h29/mineno.html
https://www.cityscapes-dataset.com/examples/#fine-annotations

~—T74 7 BE, ke, Y—EX

o V7 HOJPGPST -4 IFBE, R5t. #A&E. Y—EXDHS
P 5GE CHERSINTWERT

o FIZIEAMazonDEITITHIFESIADL—ERFBLEZZ LY H B L
BWET

o 7OV T v Fr¥—DHITHLREE LA, GPST—ZIZEDOWZA
et iEmB ot P ABTEIOSIFICHEIITONTWET
(https://mobaku.jp/)
o 2O L/GPST—R2ZRAWBEEDL S BEMEDAL D BE -
HAGITICWT=DOh DI BDDT, ~—T T4 712 &%LBE
-a—

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://mobaku.jp/

1-1-3 SASE (HE&E5)

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA



REE 774 F R
o BEZF: - 77AF VY RATIRIERMABINEL ~T2& S5 BT—% (FEF
FATT—R) OFRAIPBATT
o THUMIZHPOS, GPS, BIEEEARENERINTVWET
o HBXIET ([H)I,EH AR, A\AAK2022]) TIHEGPSERBET— K& ALY
ORFEEDF VXY RTa4 v 2HATWET (ETF)
o NETOPRFELELALRBORA : T— 2R D ANHKE (EBPM)
o BHODT—ZR—%Xy F7—7 LICEMLEZERT 22 & T, BMICE
BAHEZDAZ1—ZAPHEINBZYR7EZFHTIRA (EH)
® HWMFBE X774+ RILER () : [Lh, AT, BH,EMW,FH3F2022])

B6. TIXv AT TETILOHEGHERE (I

(UL, %) A/ F~F91X. 75 “BRHSBRA" 2 )
o 188 288
2] FMEE: S0 F MY 560 ﬁﬁﬁﬁ]ﬁ)
10 BRETIL: 588 BERETFI: 560 N ~
N - VA7 EHN
10 | »
5
201 W B s SR A Sies ) %’?I.
-30
o 388 B®
2| TR 560 TG 354
BRIFL: 473 _ BERETL: 274
104 N
0 — — —
104 \~ - i Nl
.20 N
-30 T T T T T
201 2007 211 207 201 2007 21 207 . i
— WISERER — BAEFL - - FEMER A Investigate further I:%
GEV) FMESIL, AR ~5 ASHATIEATMEN, ARSATIES AFNERERT, !
(%2) EROEFIT, RMSE Off,
. . YA XIAE
https://www.boj.or.jp/research/wps_rev [Hisano et al.2020] |

wps 2022/wp22jl4. htm
[wp [wp22] 7{% BB - BRBEAR L > X — AFEF F#EF 2020 CC BY-NC-SA 15



https://www.boj.or.jp/research/wps_rev/wps_2022/wp22j14.htm/

ERET YA X - A

o EERZDLKBEEDLDZBZEIFFEICHEE, TRy T —
IRAZ VT ORI E B W ERREBMERNICONTT DA
® £ : [FreeLaw] & Y EE/ERK

® & T : [Kondo,Yoshida,Hisano2022] & ¥

o T EAKHEDEIZHFAEITDIIERIZAKETTT, TO-HEHED
HENDTY —ILEZRBTIEELHY £
e eBrevia : ZWE D BEI M

NEEE
(45%)

=
NIETRE
(5 65%)
15 25K
LT DT 1 (85%)

|

|*I§|¥U@J3|Fﬁ (18c~3R{X) |
/Deceptive Trade

Practices

(1964%F)
BHD
AEIE

ENRVES

(18684F)

HAE®E - HpEE

BEAY MIE - SREEWH R X — ABET FHEE 2020 CC BY-NC-SA 16




NFEEE

o T—XYAITVREAIDFERILEIXECETRICHORUOET

o BIZITEXEDAE LXFE%Z2#HHD L D ITH B ITIXEFMRAIIIERZ 2
FrLLFd, T TLLS—MBBICHDEXEZHATHEDRAS LIS
Mmﬁﬂ%%b\ﬁbiiwfﬂﬁj(igﬁz) ICHkER L TUWV B

TELWET[HF—XT v +2020]
(https://about.google/intI/ALL ip/stories/tensorflow-ai-japanese-
culture/?utm source=google&utm medium=hpp&utm campaign=J

apan)

o MICHGooglelZEZbNIEXAT AL TNy NEDOEESH
BAERT DY — Iz LEERBICHEY £ L7
(https://www.google.com/doodles/celebrating-johann-sebastian-
bach)

HRAT M - FRABHAE LV % — AFEF =¥ 2020 CC BY-NC-SA 17


https://about.google/intl/ALL_jp/stories/tensorflow-ai-japanese-culture/?utm_source=google&utm_medium=hpp&utm_campaign=Japan
https://www.google.com/doodles/celebrating-johann-sebastian-bach

/

/

1-1-4 J[CRASE (BARE

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA

)



DI F

o MEFTIIEEEAIOEONTLBIRENDT — X PERE IR I
T-EBRZAITONT A &ETHEAREEI,PEEFNTWET

o {zIXGoogle AlDIFFTE IZNASA
Dy 77— i’“xil‘;&b\fol_bﬂ’c<%ﬂ,
KEWEEDT — X = ZEBFE TOMT
HTEICE-2T, RKIGRAKEZHER
T HHAZITOTWET

( https://www.nasa.gov/press-
release/artificial-intellisence-nasa-
data-used-to-discover-eighth-
planet-circling-distant-star)

o HEATIITILFARY MIVEARE

o »
BTRZ A

P R AOWRESST  Tasdoat s s IRRSHPNESS
OF STARS AS PLANETS ORBIT IN FRONT OF THEM

Video credit: NASA/Ames Research
Center

DMuSCAT % BR{E L [F]Ek DA 5T %

ToTcWE T (https://gendai.ismedia.jp/articles/-/71410)

o HMIIKEUT-KRENROASHLZIERLABVLDADLNELEA

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://gendai.ismedia.jp/articles/-/71410
https://www.nasa.gov/press-release/artificial-intelligence-nasa-data-used-to-discover-eighth-planet-circling-distant-star

LYy

= 45

o EYFTIHELGFT —ZPERIMKMAREZAVTRALT — X
AT RADPMITHNTWET

o HEDZA 7Y A IV RFEET —EAR—XAEVZ2—TlE, 74 7Y
ATV APDBTICBITET—EZR—IDKEEILICERYEATHET
(https://ds.rois.ac.jp/centerl/)

i

e DeepMindTIFEBETEFT —X L FEFEZHBWZ R BEEZ F18
T HAMAEYBATWET
e AlphaFold & ME{X41T Ly F 9 [Senior et al.2020]

(https://deepmind.com/blog/article/AlphaFold-Using-Al-for-
scientific-discovery)

ERAY MR - BHRUBAR > ¥ — AHEF 5#EF 2020 CC BY-NC-SA 20


https://ds.rois.ac.jp/center1/
https://deepmind.com/blog/article/AlphaFold-Using-AI-for-scientific-discovery

b=
o LETHE Y ST —2ONARBATT

o HIZIXMERIGFHDOLEFTIE., BELICHIBBL TWBILZERILD
T—RE3xy b 7= L TEEBL, RANORLOFAEY o
THRREE LTERTHZET, :TLWMEERIGZET AT
Hi T F 9 [Segler,Waller2017]

o FMIRTIEIHBLZIA00F DD F2TRICLI=AY FT—0HE
Aanfzl7, /—FEaOFORICEL. Ty Pt RIOIC
BITH&EEELTERLTWET,

o AXRDYEMIBMMEHMIETHIBREMEMEFERZMET D &
THE - MEIOMERBZENT D2HADTTHONTUVOET
(https://www.nims.go.ip/research/MaDIS/index.html)

HRAT M - FRABHAE LV % — AFEF =¥ 2020 CC BY-NC-SA 21


https://www.nims.go.jp/research/MaDIS/index.html

=)

o T— XYM T UREIL
o T—XREAHMTEFAHAL., BEETY VI RHERMNEBERRN XA

Y OEMNEZEEY 2 L THGAEZzEAL L. £DE
RO FUFZBEEHT &

o NEFEAEHTULEA

o SHEFRMN., Ev I/ T—&, BFERBERNAEDESICLY 2
6:’6%%:&75‘7575“07‘:;(‘:75‘%0)%% IR

o BHZLDANZEIENLNDH S DH

o ARICELTEFLWHEIiiTEHsDmMEZRIRET 5I(C —EB
DFEMEE TR L, %<@A%%%Ahtﬁ$@#%ttf\
%Lm&A%W%ﬁ%ﬁ%Ui¢

o TDIHICIFZ L DADPERNLEREZL > TWIREDD Y
X9

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA



1-1-5 ZZ& 3R

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA



22 SCHR

[Aker] https://www.akersolutions.com/

[Brundage et al.2018] M. Brundage et al., "The Malicious Use of Artificial
Intelligence : Forecasting, Prevention, and Mitigation", Feb 2018.

[Buchanan and Miller2017] Ben Buchanan and Taylor Miller, "Machine
Learning for Policymakers", Cyber Security Project, Belfer Center, June 2017.

[BuzzFeed] https://www.youtube.com/watch?v=cQ54GDm1el0

[Caltech2019] Biology and Big Data,
https://magazine.caltech.edu/post/biology-and-big-data

[Copernicus 1543] Nicolaus Copernicus, "De revolutionibus orbium
coelestium®

[DeepMind]DeepMind, “DeepMind Al Reduces Google Data Centre Cooling
Bill by 40%” https://deepmind.com/blog/article/deepmind-ai-reduces-google-
data-centre-cooling-bill-40

[Domo] https://www.domo.com/learn/data-never-sleeps-7

[GoogleBach] https://www.google.com/doodles/celebrating-johann-
sebastian-bach

[GoogleAutoML] https://cloud.google.com/autom|

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://www.akersolutions.com/
https://www.youtube.com/watch?v=cQ54GDm1eL0
https://magazine.caltech.edu/post/biology-and-big-data
https://deepmind.com/blog/article/deepmind-ai-reduces-google-data-centre-cooling-bill-40
https://www.domo.com/learn/data-never-sleeps-7
https://www.google.com/doodles/celebrating-johann-sebastian-bach
https://cloud.google.com/automl

22 SCHR

[Hisano et al.2020] Ryohei Hisano, Didier Sornette, Takayuki Mizuno ,
“Prediction of ESG compliance using a heterogeneous information network. J
Big Data 7, 22 (2020). https://doi.org/10.1186/s40537-020-00295-9.

Jung] Jung, A., “Playing Mario with Deep Reinforcement Learning”,
https://github.com/aleju/mario-ai

[Kahneman2013] Kahneman, D, "Thinking, Fast and Slow", FSG Adult; 1st
edition, 2013.

[Kepler1627] Kepler Johannes, “Tabulae Rudolphinae”, 1627.
[KOMTRAX] https://sanki.komatsu/komtrax/

[Kondo2022] Ryoma Kondo, Takahiro Yoshida, Ryohei Hisano, "Masked
prediction and interdependence network of the law using data from large-

scale Japanese court judgments”, Artificial Intelligence and Law,
https://doi.org/10.1007/s10506-022-09336-5, In press, 2022.

[Krakauer et al.2011] David C. Krakauer, Jessica C. Flack, Simon Dedeo,
Doyne Farmer and Daniel Rockmore, “Intelligent data analysis of intelligent
systems”, IDA 2010: Advances in Intelligent Data Analysis IX pp 8-17.
[McKinsey2018] McKinsey Analytics, "Analytics comes of age", Jan 2018.

[MicrosoftAutoML] https://docs.microsoft.com/ja-jp/azure/machine-

learning/concept-automated-ml|
EaAT BB - BHERBHRL Y X — ABET % 2020 CC BY-NC-SA



https://github.com/aleju/mario-ai
https://sanki.komatsu/komtrax/
https://doi.org/10.1007/s10506-022-09336-5
https://docs.microsoft.com/ja-jp/azure/machine-learning/concept-automated-ml

22 SCHR

[MIT2019] Karen Hao, "Al thinks this flood photo is a toilet. Fixing that could
improve disaster response. A new data set aims to teach computer vision
systems to recognize images from disasters.",
https://www.technologyreview.com/s/614246/ai-image-recognition-
improves-disaster-response/

[NACCS] NACCS (& A - BBEEBRLEL > X — KA =H)
https://www.naccs.jp/aboutnaccs/aboutnaccs.html

[Nasa2017] https://www.nasa.gov/press-release/artificial-intelligence-
nasa-data-used-to-discover-eighth-planet-circling-distant-star

[OpenAl] https://talktotransformer.com/
[OurWorldData] https://ourworldindata.org/technological-progress

[ProPublica2016] by Julia Angwin, Jeff Larson, Surya Mattu and Lauren
Kirchner, "Machine Bias There's software used across the country to predict
future criminals. And it’s biased against blacks.", ProPublica, May 23, 2016.

[Rahwan2017] lyad Rahwan, “Society-in-the-Loop: Programming the
Algorithmic Social Contract”,Ethics and Information Technology, 2017.

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://www.technologyreview.com/s/614246/ai-image-recognition-improves-disaster-response/
https://www.naccs.jp/aboutnaccs/aboutnaccs.html
https://www.nasa.gov/press-release/artificial-intelligence-nasa-data-used-to-discover-eighth-planet-circling-distant-star
https://talktotransformer.com/
https://ourworldindata.org/technological-progress

22 SCHR

[Sakaji et al.2017] Hiroki Sakaji, Risa Murono, Hiroyuki Sakai, Jason Bennett,
Kiyoshi Izumi, Discovery of Rare Causal Knowledge from Financial
Statement Summaries, The 2017 IEEE Symposium on Computational
Intelligence for Financial Engineering and Economics (CIFEr), pp.602-608,
Hawaii, USA, November, 2017.

|Segler,Waller2017] Segler, M. H. S. and Waller, M. P., "Modelling Chemical
Reasoning to Predict and Invent Reactions."", Chem. — A Eur. J. 2017, 23 (25),
6118-6128.

[Song et al.2018]Kyungwoo Song, Wonsung Lee, [I-Chul Moon, "Neural ldeal
Point Estimation Network", Thirty-Second AAAI Conference on Artificial
Intelligence, 2018.

[ZN)12017] /M B2, TV 77— RMIHBITET—2FH] . F4[6 HIR
FinTech7 +—72 4L, 2017%&1181H.
https://www.boj.or.jp/announcements/release 2017/rel171030a.htm/

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://www.boj.or.jp/announcements/release_2017/rel171030a.htm/

22 SCHR

[ Z7—X7 v +2020] B E CHADIBE Z R XFHEE SHZ 5,
TensorFlow X f—1 —

https://about.google/intI/ALL ip/stories/tensorflow-ai-japanese-
culture/?utm_source=google&utm medium=hpp&utm campaign=Japan
[(A152018] AIE%EF. [FinTech (745w o) —BIREInHAr S (£F
=mEtEIF—<3A5H. KfR>) | . 2018%F 3814H.
https://www.boj.or.jp/announcements/release 2018/rel180314b.pdf

[502019] EOAEE. [LINE7 7'V O#kEREETZ D, T—X YA TV X
F—LOHIo>NIBE]| . LINE DEVELOPER DAY 2019,2019411820H ~
2019411 821H. https://logmi.jp/tech/articles/322207

[NERF] NERFRIAHESEHER. [ [R——=2F 1] BEICOWT
https://www.kantei.go.ip/ip/singi/tiiki/kokusentoc/supercity/openlabo/sup
ercitycontents html

[BPMHREAZEAT2018] TAIXEE () ICL5F v v Ay FOERVE
H %6@ FmTech77r FLh~F vy bRy POEMEERE D XXADE
FH~. 2018%8H10H.

https://www.boj.or.jp/announcements/release 2018/rel180810d.htm/

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA


https://about.google/intl/ALL_jp/stories/tensorflow-ai-japanese-culture/?utm_source=google&utm_medium=hpp&utm_campaign=Japan
https://www.boj.or.jp/announcements/release_2018/rel180314b.pdf
https://www.kantei.go.jp/jp/singi/tiiki/kokusentoc/supercity/openlabo/supercitycontents.html
https://www.boj.or.jp/announcements/release_2018/rel180810d.htm/

22 SCHR

[5)112022] H)I A, ERHERR, ABFEYE, \AKE2, [FILrFT4T757—4%
CHMFE T 70 —FERAWEILTIELEET VXY AT A VI ETILOBE | |
HARBITT—F I R—/N—21) —X 2022FT7H

B HEHE2020FE284H] R —/N—3 7 4 BREARFX BUFEEBIEY Al
vy 7r—2ER. #HHE

[IEEF] IEEFES . ZRARBICERIBES T 2/K9 X b L AERBEEFRIESZR
T DHREIL.
https://www.jst.go.jp/kisoken/jyonetsu/interview/h29/mineno.html
[LL752022] 1L7G, 625, AEF,EF, EH WL, BN B, HFEH,EERAOH 5 U X
JEEN Y4 T Xt 2022F8H (ISBN: 9784781915463)

[lLA2018] LA BEEZ (REE). AlkFEA. 2018/8/25

(74 72y FEM2018] 2HE—. 74 73y FEGOLINEFRMT] . 56
B FinTech7 #—Z L~F ¥ v bRy POELEERIE S R ZAADFERA~.
2018F8H10H.

https://www.boj.or.jp/announcements/release 2018/rel180810d.htm/
[(E32018] 4555563953072 (P6395307) [¥MisiitERE. Yilisiit
E7R7 7 LRVOAE] BEH:2018/09/07. HFEA : B KFEARTRKE,
FOEAE ENE, BRI,

HRARF 2 - BRABHAE L & — ABFETF FEEF 2020 CC BY-NC-SA



https://www.jst.go.jp/kisoken/jyonetsu/interview/h29/mineno.html
https://www.boj.or.jp/announcements/release_2018/rel180810d.htm/

