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AIZZTL\U)‘E”T;‘,&%@HE o AR, B5a%5 . » AISAFADEHE - B MRS
(RES3IE- RRARIE, 5. REERIRESE) ® BHOIACAL. NEMHREF % ( A1y7|7-017:=['$ JHREETE)
: TR s [ATEDEDORRE - EH]
 MEOATOMSE. o o AEIRANGC R > BEQALKIHORR =R s
H ALt on  sasal s o o -...-am,.m(if&%'ﬁ'\JAl)HDmn — H
D (ARYE, HF) 5 At et CRERAIZ—F7IFv) :
: B s KEBIBET—IHE, EBRBEFTHTE |
HORNRE AP - VIR :
AR RIRG AL, ARBLIDEUNCZ 1T
........................................................................................ IO s s AT

1-7 HESEE MEESHh D AL

1. 3 BRERLHIERARXTOISL

FLH3E L T % JST CRDS TIEEOBHAEANTBRIZ AT 2R E 217> TRV . FLUTFFIT AL 5y
B OMFFERARERISICE D> T 5, AEIRY EF T aEa Al o Fratkic o T e - &
SxLTET, SFOHATE O AL (IS ALl (K 1-7) (272057,

MEHEESND ALl EWIHOAFET 0 D1E, AT AL LIZRR 550 L5 IcBbhs it Ll
WS, BT 1-TIORTE I3 BOEIC > TWT, XR—=ALR5—F T (K 1-7 DF
R DAEEIOFEICHY T 5, £, WEFEOELZT T, S BICHHRCR 5 HER
AlAESET, 2D AIOERFEEL TN, LT, I\ oZ ATHIFZDO L ODRE -
ORI, AEPDLOEFFIC L RIG L, TRA R - (FEMEOMRC, A O EIREE
REOTFELEREDELET EEHIND ALl 2HIEZ 9 LW IHOIEHIEIC/RR> TV 5D,

O HEEAZ T T, JST BNiEE T MR Y 7y T 477 rn s 7 4 (CREST, &&
N, ACT-X %) Mrb B30, BED & H ERAGEFR6 T, ARURT X 5 e mtEomr5E6E
FEIZEAWNCE $LE N DT N — TS EE RN 07265 0 3720, £ 72 fA7= 5 JST
CRDS TIIZINET, ZZIRTEIRESOTV—7 v a v 7EEToTE, T D3RS H
B MEHEESND AL Ob Lo THEY, £/2, AHO My 7 OFMFERE L THSEICLT
W s LS,

2020 FEEICBAB S - AIBED JST 055 LA

® JST EREAVAIENFJeHEEFZE CREST [MEHHIND AT VAT A
https://www.jst.go.jp/kisoken/crest/research_area/ongoing/bunya2020-4.html
WRIEHRTE - AR B (ESZIERF TR 2 o7 Y R TE R Bz PR i)

6 ZOREY v aEEM L 202046 A 9 HORERTIE, 2hoD JST 77T AMIREEZFET TH o720, RPEENHIT
S DR CIIREIC 2020 FEE O FEMBITKR T LT 5,
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® [FHENT MEHIND AL
https://www.jst.go.jp/kisoken/presto/research_area/ongoing/bunya2020-5.html
WFFEREE « AT 1A (IR KPR PRI B ZEhe. 2%)

® [i] ACT-X TAT V&M CHede 2R 0 HHT & Allpk)
https://www.jst.go.jp/kisoken/act-x/research_area/ongoing/bunya2020-1.html
WFFERRES « B FER RORRF RSB B TR i ekt #u%)

® JST R RASANEFHE DBEA~— MEEOIEE fHiK
HAASET —~ TRB AT AT 22 2 L—3 3 U HAR 2Bl U7 f /et & o4
https://www.jst.go.jp/mirai/jp/uploads/application-guideline-r02-c6.pdf#page=6
TovvRx—Vy— BRE B (RBCRFEER IR 2d%)

HEEBEIEDE &2 o1- JST CRDS THRITLI-BEELLE - ELI-V—0 P avT%

® HIE T o AR— WL 55 4 A0 AT OWFZERRRE—IRIE - E & ik - Sl SRR oG —) (2020
HF3AH)
https://www.jst.go.jp/crds/report/report01/CRDS-FY2019-SP-08.html

®  RLFHINAKENE Y — 7 v a v TEE WRETE &Rk - s HERoma 12 L5 AL K
EpdtroseR) (2020 43 H)
https://www.jst.go.jp/crds/report/report05/CRDS-FY2019-WR-08.html

® HERK T m AR —Y o TAL IV AT 20ReM - BEEZBET 2HIY 7 vy =7 T
F O] (2018 4F 12 A)
https://www.jst.go.jp/crds/report/report01/CRDS-FY2018-SP-03.html

o FLPEEMACKEIEY — 7 va v THEE TBHFETL Y 2T ABFEA~D/RT XA LG
(2018 4= 3 H)
https://www.jst.go.jp/crds/report/report05/CRDS-FY2017-WR-11.html

® 2019 FEANTHEEFRRERE (5 33[1) MMt v 2 HEHFEICR T 2Bl 6
PR P - 2 RVE~O TR #72 ) (2019 4F 6 H)
https://www.jst.go.jp/crds/sympo/201906_JSAl/index.html

® REK T AR —H L M SICBIT A EERE - AR E X 2 EHEF ) (2018
3 H)
https://www.jst.go.jp/crds/report/report01/CRDS-FY2017-SP-03.html

0  FLFREANAKERNIE Y — 7 2 g v ViEE EHAESICBIT 2BRRE - BRI EZ A5
THHRE T (2017 4 10 A)
https://www.jst.go.jp/crds/report/report05/CRDS-FY2017-WR-05.html

o NHU—rvayTREE BERREDTDDEREE~FRILE - 7 =4 7 - 55WHIT
Bno Z EIEAREN~] (2020 452 H)
https://www.jst.go.jp/crds/report/report05/CRDS-FY2019-WR-02.html

® WIFERAR DML E [ AT &« [FHEFFHIN 72 (2019 4F) 1 (2019 4 3 1)
https://www.jst.go.jp/crds/report/report02/CRDS-FY2018-FR-02.html
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2. BEEE THRETINCESNE)

2. 1 2BETETIL

O B (REARFERERTFEROER #dR) 7

MEREF VLB LELT, A EXTWA I &, BHCEHEEF B> TWAZ LEFLE
W, FT2MRTOET IMIIOWTEEL, IO LBEME LN T 5, VT, FEOFE
L2V EFE L, BBICINNE EIWIIFEEZ L THFIE LW ERR S,

ANTHBEDNE TIE, To & VRN R — OBV TE 72, BlIE, ¥ RILJRO
1% Marvin Minsky, /3% — > Jki% Geoffrey Hinton <> Rodney Brooks . Brooks I&& {4+

DHEZLF->TN5D,

19804 1% REOER

(AT L2)
s 2010448

RE—2 DR
(ATL)

19705 %

0
HEHER (RE) .

SEEDEAEBE - BYOoSEERE

TTUD2FERT

ZZIZHDNNAY
EFhhbdkIiorz

2-1

HBEDEKG - BMOS LEETTID 2BEET

EDBLARINGFE TN DI, K 2:1 DX 572 2BEETOET VT, S — OHRD 1 FE
oy, G OWRD 2 By, ZORTHAEFERZ L T2 L 0 bDTHD, FHIZ DT —
OHF, SED 1HERHIC, T4 —T =2 =743y bT—2 (DNN) 23 s & 572> T,
BT PR 2 X L0 WA NS TR OREDIET 5 K 51272 0 GEBOREIC OV T,

Pick and Place &\~ 7= 7R v b OM@EIGHIZRITEN S AIEEIC 72 > T 72, [FIFFIZ, 2 BEE Y

=Zh
= Ag

RIZHOWTH, BERT 2 LI ITHEDOESWET ANHTE TR TH 2,
BRI 38 - 7= £ 912, NeurIPS 2019 T Yoshua Bengio 73 From System 1 Deep Learning
to System 2 Deep Learning] &L il L7-8, ZHIIBIEDHEEFE (Deep Learning) 7%
1 BRSO/ — LR Z AR > TN DIZK LT, T bid 2 BEBITHYS T 5 o o AR LV ILER
HRRIZL TV EE->TW5, BengiolIX 22D L5 RET VAR LTS,

7 http!//ymatsuo.com/japanese/vita.html
8 https//youtu.be/T3sxeTgT4qc
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CONSCIOUSNESS PRIOR Bengio 2017, arXiv:1709.08568

conscious state ¢ ) * Attention: to form conscious state, thought
athention * A thought is a low-dimensional object, few
selected aspects of the unconscious state
unconsclous state ) * Need 2 high-level states:

attention ] » Large unconscious state

input x * Tiny conscious state

Different kinds of attention in the brain

2-2 Bengio ®ETJL (Conscious Prior)

ZHIZBI LT, Gary Marcus?t Bengio & DEWHFW\AEEH LAV, Marcus 7"H 95 &
[Bengio (3/KITE I T EEZ T, DWWV UVRANKEL S ) K)otz ) BEEWIZE->TWH
%, LU, Bengio & LTIE [ZARI L7\, ZHUIERD VARV EITES | EE- T, #
ERVES TV D, Marcus 1%, EEFEEIIWANAHLHMTO 1 5T, vk v Runps
THENWI AT ELTWDD, Bengio DEX G IXFERARY  REFEO 7 L—LU—7 %4k
ETAHZETU AN ERZDLICLEY ELTWT, EEFENSODEEDOETH DM EX
BLRVNEBZTWD, BEFEH LW OIFHERWTEE® L5 WIERBLTE (Representation
Learning) £ W5 Z & LD E->TRNDT, BIEO=2—F L%y NU—Z LN 5 LEITA
K WANWART—XTFT 7 F ¥ nbho TN L, ZOEELBVED-> T L, FRITZ
INIHBEDEALI EEH5TND, HICY U RAERBSEICHASDEIED WD &0 ) EETid7e
WD, 1% Bengio D& 2 O RNy 72 & o> T,

T, FEOFRE, TT2HETO 1B SZ56 0., WRIC2EEHDEGE L, S5, 25O
A EWVINRICHED 5,

2. 2 1E#ES (BPOS) LHRETFILOBMESA

1 BERR > C—HFEHE 2O HFET L (World Model) 1172 & o> T 5, 5 F TORRENL AR
&M B I ERelS & Jeff Hawkins 285 - TV A 32 Z ik, HIZ X o TIHo iz iR
ETNVEED, ZOMRETLEZANTEREKRE T I 2L —va LTS ENI 2 EThHD,

ZOMRET L ROMIEIZIZRE < World Models 52 & Video Prediction #723% % & B %5 Tl
43T %, World Models &%, Bl ® o7 L X1 3 kotdh DT 2 RITTONHEREL L B
EFETNEESD LD D THD, VAE (B4 H O/ S BMEbN D Z L b2, HaRll,
EBMFOMIE S Z DB 7= 0 HEREL N, —F7. Video Prediction S&ix, BIEOLEO 7 L — L% T
HMLEDEWVWIBDTHD, EHLOHENENI EENWREBRPERTELHZEEZHATEL, £DT

9 Gary Marcus 1R ENOEZNHOBREF T, = 2— I — 7 RPDOLIZLEHEPZ. Geometric Intelligence CEO H 5D T 5,

10 https://www.zdnet.com/article/whats-in-a-name-the-deep-learning-debate/#:~:text=Yoshua%20Bengio%20and%20Gary%20Mar
cus,term%20%22deep%20learning%22%20means.

o EREF IV LW ENHOMIZ TREET V] [THE%EETIV] WISV L H 5, . Phlip Johnson-Laird 28 [ X > % L&
T EREATE L DO BT,

12 Jeff Hawkins % [On Intelligence| . FIgREIL (B2 Bx b3 Ba—H—|
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DIZHE Y I NEIREL L ERT T RN D,

World Models & DAFZE TR EM 2 DD 191X, David Ha & Jiirgen Schmidhuber (2 X 5
[World Models] &\ 9 4RTZEDEEDOFHILIBTH D, VAE i H L TIHEHRZ LM L, 2>>, RNN
(Rl =a—F Ry NU—7) ZEINT ZEICE ST REBED IS ITBITT D202 THIL
BN T T =7 LT, MRET AV EZHEDRP TG E 0L FEOMR S, HHRET L
ST HEOMEEZIER LT, MRET N EME ST TN AL —ARERPELNTZ EDRE
NTN5,

B2, 2@ Schmidhuber (X, ERAET LD a £ T F_X—X—=D L 572 b D% 2015 FiC
ENTWD, KT d, L FE CTT I EHAWEENE IR H L TWAH15, b3 138565
WA KILT DL 9727 7 v araRDDHEND ZEER, EiXrBNrLWET - EEST
W m R - T, ZOMmMXIIZENEHRRFLTWD, 2F 0, BlE T 7 v a o b HIRERENZ &
HT 20T, BIEHRMNST 7 v a el &, flziX, 520V TERR»NT
WTERTZNE W) L XIT, EIT 7y a0 RETITRVWNE, R0 EZT
EEADEIRBOENR, IELWEZLTEEE S, E6ITHIT 1990 £ &9 037 ) kIS
TN TREIS, B b E e, HHRET AT, A H V FE, AL L fE, A X
HE, BELMESERLTHNT, ZhbEWVWEES, E£72, Tan Goodfellow 23ME-> 72 GAN (jk
AR > U —2) 1Zx LC Schmidhuber (%, ZAUZH 235 2726 O T 1990 4 & 1991
EOFRMILBIZENTHDH EERLTND, I TIHETRENREZ RETHDH0, RYICKF
e N2 9,

World Models 2D L TH 9 1 DHA4 R H DA, DeepMind ® GQN (Epk7 =V Ry hU—
7) Thd, BRDEROT —ZNHZERONMEREZEDL LV HOT (¥ 2-3), 2018 FIZ
Science FEIZH# SN 7=19, Z Dt World Models & D L. GQN BHHEOFH T WA WA HT
W520, Bz IE, AN 1S ) E<HITELIDEHETIEHEY 5> L TERVENH Y
BRH 5, T2 T, BgE»LHEREL AT V=2 Mooy a—FRL, A7V =7 FORB% -
WEAEHEZ 7 77 =2 =Ly NCET/METHZETEILLEI EWVWHI T B —FNEZIL
NTWD, HDHWIE, SEIBRICXE T, EOfEBICMNH 270, HBEICEEER A E T, 9
EFLEELED EWVWHI T T —FHd D,

13 https//arxiv.org/pdf/1803.10122.pdf

14 Jiirgen Schmidhuber (2015), “On Learning to Think: Algorithmic Information Theory for Novel Combinations of RL
Controllers and RNN World Models”.

15 Rupesh Kumar Srivastava, Pranav Shyam, Filipe Mutz, Wojciech Jaskowski, Ju“rgen Schmidhuber (2019), “Training Agents
using Upside-Down Reinforcement Learning”.

16 Jiirgen Schmidhuber (1990), “Making the World Differentiable: On Using Self-Supervised Fully Recurrent Neural Networks
for Dynamic Reinforcement Learning and Planning in Non-Stationary Environments”.

TGRSR BT VR hU—2 ] LW ILARTEE S Tz,

18 Jiirgen Schmidhuber (1990, 1991, 2020), “Generative Adversarial Networks are special cases of Artificial Curiosity (1990) and
also closely related to Predictability Minimization (1991)”.

19 S, M. Ali Eslami, Danilo Jimenez Rezende, Frederic Besse, Fabio Viola, Ari S. Morcos, Marta Garnelo, Avraham Ruderman,
Andrei A. Rusu, Ivo Danihelka, Karol Gregor, David P. Reichert, Lars Buesing, Theophane Weber, Oriol Vinyals, Dan
Rosenbaum, Neil Rabinowitz, Helen King, Chloe Hillier, Matt Botvinick, Daan Wierstra, Koray Kavukcuoglu, Demis Hassabis
(2018), “Neural scene representation and rendering”. https:/science.sciencemag.org/content/360/6394/1204

20 {5 2 [FICLR 2020 T3 & 4172 Thomas Kipf, Elise van der Pol, Max Welling (2020), “Contrastive Learning of Structured World
Models” <° Jindong Jiang, Sepehr Janghorbani, Gerard de Melo, Sungjin Ahn (2020), “SCALOR: Generative World Models with
Scalable Object Representations”.
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Neural scene representation and rendering
(S. M. Ali Eslami, ..., Demis Hassabis, Science 2018)

ERO2T)—RykT—4 (GON: Generative Query Network) .

BLLRANLOL—0 TREBRBFEEY (RBEAvET—2), JIORE (VT —RE) MO RZHEFHE
THERFVET—2) . ABDBSRUATT BB HREFE T 5, CNNHSTMERF9TaR030)
I2kBETILE.

Observation 1

B Neural scene
representation

Predicted
view

Observation 2 Observation 3 Representation network f Generation network g

12

M2-3 £/ TRy 77— (GON)

* High Fidelity Video Prediction with Large Stochastic Recurrent Neural Networks
— Ruben Villegas, Arkanath Pathak, Harini Kannan, Dumitru Erhan, Quoc V. Le and Honglak Lee
— NeurlPS 2019

X 2-4 High Fidelity Video Prediction

—7J. Video Prediction ZDAf%EH 72 < SARMVMENTND, FRlZa v Ba—F—EVa v
D578 CTIER T A4 72 H @ & LT High Fidelity Video Prediction2! 32817 5115 (X 2-4)
SSM (lkrezzff]£5 /L), LSTM (Long Short-Term Memory) %#fi-7-L 9 2EF L& ETH
RESLT, RIA—Z—OHBIFFITHEOLIEZ LT, W O0D 7 L—aB 52615 &,
ZOHRETHRIKBELS FRITEL LIRSV ZETH D,

F7-. VideoFlow & \\9 /) —~F A4 Vv 77 a—% AW HIFR2RARERINATWS, 7u—%
DEZAE > TEHOFHZET ML LTS, 37 L—ARKITE-T, YD 100 7 L—AT
IR Z 500% TIT 22 LN TE D, MEMTIE R HERNRSME T 50T, HEOT T

21 NeurIPS 2019 T¥ 3 & 4172 Ruben Villegas, Arkanath Pathak, Harini Kannan, Dumitru Erhan, Quoc V. Le and Honglak Lee
(2019), “High Fidelity Video Prediction with Large Stochastic Recurrent Neural Networks”.

22 JCLR 2020 CT¥ % S 4172 Manoj Kumar, Mohammad Babaeziadeh, Dumitru Erhan, Chelsea Finn, Sergey Levine, Laurent
Dinh, Durk Kingma (2020), “VideoFlow: A flow-based generative model for video”.
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VARDH-T-EXIZ, E2VIRKIC/RDNEHELHEHINICRD,

Terminology & notation

mp(at|ot) ay
WEDRKE, 7/ av->ROKE
l FLELRBELE TS (RERRPLE)
- EDEBEFETD
sy — state
0; — observation ﬂy(ﬂrloi) policy > #HRETFIL

a; — action mo(ay|s¢) — policy (fully observed)

Murkm’ property

yndependent of s,

0" = arg max Esistsy [Z 1'151«ar]}

t

htte://rail.ecs.berkeley.edu/deepricourse/static/slides/lec-4.pdf

2-5 Terminology & Notation

COEHIRMRETANED LI IHEDNDEINEWD & YULFE, 77 v a o OERICHE X
%, WALFEEIITET AT U —i{bFE LT AR—AMLEE RS H, X 2-5 O MDP (</v
I 7WRERRE) OO LI, HHRENSH DT 72 a vV EITH EIROREIZEDS &)k
EEBNEMRLETNR—=ALE ), BIZIZT VT 7 HO LS RE, £ L L BEmZRD
TETNR—2DEE CTH 5, Deep Mind O Atari 7 — L, IREEBEB NS 20D TE
FNT7)—=Thb, KITH Atarib7 DETDOF —LTAMEZBATZEWVWIBEND -T2, £
TNTZV—=THIELFETETCWDIDIZIZI N v I BbD, DEV, T 72 a U DBEERZER7:D
TRESNTND L, BATEH O MHIZE S TE 0L EBTE, Lo, ERETEH aRy
N2 S HAIEZE O X D R RARRITRER I TE RV, RITEEZ D T -IiceT A28
LoTEAI EWVHI DR, BIDICHAET L E NS Z L2 D, REZDOLOEFE T HIRHE
KHFE L, ZOEBOFEE L, M E2FEE L0 0T R0 THEBEEL o7, Zoftfi=E
TNDFEENTELI D E, ETNAR—RAMEFEENTEDH LI -TL %,

ZHUIZOWNTHEWNANWARIEENEA TWT, Atart D7 —AT7 L—AL&E FHITHEND
2015 FDWFEHI LK HDBN TN D, ZHUT, BN EARITETHL EARI ENEZ D0 %
F—hxzra—F—TTFHlL, ZRUIESWTEH LW LD THDH, F7=, NIPS 2017 THFE
S 7z Imagination-Augmented Agents (I2As) WO MP3E (X 2-6) 203H 5, Zihvh, EA
BRI ETDHEEARIENDEZ DD EHBT D, [BEE] FOT7—LTHEL WL T L EMGE
LTW5%, H&iT72 & Dream to Control & W9 A58 (X 2-7) 2635, Ziud, 77 v a ik

23 “Agent57: Outperforming the human Atari benchmark” (2020/3/31), https://deepmind.com/blog/article/Agent57-Outperfor
ming-the-human-Atari-benchmark

24 Junhyuk Oh, Xiaoxiao Guo, Honglak Lee, Satinder Singh, Richard Lewis (2015), “Action-Conditional Video Prediction using
Deep Networks in Atari Games”.

25 Théophane Weber, Sébastien Racaniére, David P. Reichert, Lars Buesing, Arthur Guez, Danilo Jimenez Rezende, Adria
Puigdoménech Badia, Oriol Vinyals, Nicolas Heess, Yujia Li, Razvan Pascanu, Peter Battaglia, David Silver, Daan Wierstra
(2017), “Imagination-Augmented Agents for Deep Reinforcement Learning”.

26 Danijar Hafner, Timothy Lillicrap, Jimmy Ba, Mohammad Norouzi (2020), “Dream to Control: Learning Behaviors by Latent Imagination”.
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RABAEZERMTHEBETAZLICE-oT, 2O9WIHZENREZVZEI LWVHIDOEMEE L TITEI T
HEWHHOT, ERICHFIEEINTWND,

* Imagination-Augmented Agents for Deep Reinforcement Learning (2017)

— Théophane Weber, Sébastien Racaniére, David P. Reichert, Lars Buesing, Arthur Guez, Danilo Jimenez
Rezende, Adria Puigdoménech Badia, Oriol Vinyals, Nicolas Heess, Yujia Li, Razvan Pascanu, Peter Battaglia,
David Silver, Daan Wierstra (DeepMind)

— NIPS2017 5) Imagination core

- BRIZES{I—Txvb 285, BEEE
ENDT— LT, ETAI)—EET
IWAR—2%EDEC BIEIAFTTA—LT Y
%, a7 (L. = SACNNLSTMIZ
ToTWT, ROKELEMETFTRIT S,

b) Single imagination rellout ) Full 124 Aschitecture

.. Model-based pail Model-free path

Aggregatar

T

(B so&lEoZYbABENFE) e O—b i ; e ‘
FOrDREEEEHT. FEERDD. T [ o =t u_
FILFEHTEY, o

Figure 1: I2A architecture. * notation indicates imagined quantities. a): the imagination core (IC)
predicts the next time step conditioned on an action sampled from the rollout policy 7. b): the IC
imagines trajectories of features f = (8,7), encoded by the rollout encoder. c): in the full 12A,

Figure 3: Random exampies of procedurally generated Sokoban levels. The player (green sprite)
needs to push all 4 boxes onto the red target squares Lo solve a level, while avoiding irreversible

mistakes, Our agents receive sprite graphics (shown above) as observations. 20

2-6 Imagination—-Augmented Agents

* Dream to Control: Learning Behaviors by Latent Imagination (2020)
— Danijar Hafner, Timothy Lillicrap, Jimmy Ba, Mohammad Norouzi
— U. Toronto, DeepMind, Google Brain

— PO AVEREEF T HILT, BEZHTORBEZE L. ThITEHDVTITET 5. FHEO TR,
B (PlaNet: BHR) 12 EF B B HICH A2 T, DeepMindabA—)L R —hTRER,

04 '\2"&}"\.;" 2 "'/"

A7 % A% Y 4 4 ]
AAAAAA A A A A
(a) Leamn dynamics from cxperience  (b) Leam behavior in imagination  (c) Act in the environment

Figure 3: Components of Dreamer. (a) From the dataset of past experience, the agent learns to encode
observations and actions into compact latent states (@), for example via reconstruction, and predicts

..

(a) Cup (b) Acrobot (c) Hopper (d) Walker (e) Quadruped
Figure 2: Image observations for 5 of the 20 visual control tasks used in our experiments. The tasks
pose a variety of chall including contact dy ics, sparse rewards, many degrees of freedom,
and 3D environments. Several of these tasks could previously not be solved through world models. 21

2-7 Dream to Control

PRET OV TEE L TE 2, HWREFVIAHOY I 2 L—F —LRDHZ L HTE B,
L, FER—ATHD, EWVIHID, ROV 2 b—F— LW EEPRRENTE - 7= DTk
ROD PERD Y R 2 L—Z —OB&IE, BAFEERIR S - T, 2R 2Ed &0 bz
2o EZAW, BIRLEOBENDH D, I T, BRLOENE LT, TNER/MET AR E
BT EWDOT, ORI 2L —F—LBERX L LHTED8, £z, 7 Lo NLAHEEN

21 VX o b—X L OBMRIZ, BEE Y v a Y HIERFROBMR TAX v S ENTEEETES, AWEECIEMEICHM TR L,
28 Yuanming Hu, Luke Anderson, Tzu-Mao Li, Qi Sun, Nathan Carr, Jonathan Ragan-Kelley, Frédo Durand (2019), “DiffTaichi:
Differentiable Programming for Physical Simulation”.
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%277 (Allen Institute for AI) @ 3D X = L — & —#gli AI'-THOR22: 25272 5,

2. 3 2KE#S (BET77Y) OHREE

WIZEFRET 7V RO TIE, VTV WEFEEZROIX BERT30T, Transformer Z{f-> T, &
F & ¥ A7 T SOTA (State of the Art) #Hi LT\ 5, Z® BERT 23558272 > 7= DA% 2018
BT, 20%, GPT-2 ¥ TE 7, GPT2 IXEMEDT ¥ A M & fHIC B4R CTE T, BHSkH
B IHEVICHERIBE D] &fatl U TRSCARDPIEY Sz, Z0%, 2019 4F 11 Itz -
TZEDOa— RPN ST,

XLNet
Yang ot al., 2019
UNILM
Dong et al., 2019
MASS
Song et al, 2019)
MT-DNN
Liu ot ol., 2019
ULMFIT ELMo BERT XLM
Howard ot al., 2017 Petors ot al., 2018 Doviin ot al, 2018 (Lample ot al., 2019)
ALBERT
Word2Vec CoVe OpenAl GPT OpenAl GPT-2 (Lan ot al. 2019
(Mikolov et al., 2013) (McCann et al, 2017 Peters et al, 2018) Radford et al, 2019)
Pre-training
https://developpaper.com/the-exploration-and-practice-of-beautiful-group-bert,

2-8 BERT D HERE - IRE

BERTR D EM]

Which animal do you like?

(=)

1 like cows w

Towards a Human-like Open-Domain Chatbot (2020)

— Google Research, Brain Team (@ | heard they go to college.

—  MeenakPES, ﬁﬁs’—)mz—ﬁj)}:}‘fbﬂ)?{"ylﬂﬁ‘y
k. Evolved 52/ R 74— — ST Y= wILAT AT 5
L DRFEOIET—FDF—5EykIZHLT, TP - 3
Pod (2048 TPUITF) 30 B MBI T, (268, 5A—45% S
HDETNEDT, COT—HHLTEA—1—1vb g \\Mj | heard that a cow went to Harvard
BL{BLERAKEL, )Sensibleness and Specificity >
Average (BURE L EMETH?) LR SERERELT. L )
OBVERBIROREN LD ERD. ThiZperplexty What did the cow study? | )
SR A B AT LA Aol SSADIET. AfH(86%)

ISR T9% DA T FiLT=, EEDFE (Clever bot M)
MitsukuZZ &) [£56%. Xiaoicel£31%4 M TRIFIZHL ., b,

» D

Do horses ever go to Harvard? fw

-
@]

2-9 BERT D&M : Meena

Z ® BERT %® 5%, ALBERT & 7>, RoBERTa & 7>, XLNet &7y, WAWARE DR A

29 https://ai2thor.allenai.org/
30 https://arxiv.org/pdf/1810.04805.pdf
31 https://gigazine.net/news/20191106-gpt-2-final-model-release/

CRDS- FY2020- XR-02 E SRR REARERMIREEE IRRARERE Y 2 —

T 5 S o Bl & L ol ST

E BT N


https://ai2thor.allenai.org/
https://arxiv.org/pdf/1810.04805.pdf
https://gigazine.net/news/20191106-gpt-2-final-model-release/

JSAI2020E v & 3 VREE

14 RIRA | BIRFARE—S 5B HELICHITT—

IZHTW5D (1M 2-8), F£7-. Transformer % i - 7= Google Research ®%}&h A7 A Meena (1%
2-9) X, WEREFIESC Xiaoice & W o7V AT A LR THEEMIYE <. AW LD R a7 & H
LTWb, Zhrb, Deepl &9 KA Y OERENBFE UM EIR Y A7 A H1EH ST,
FEFITHENE D, 25A BERT ZOET LD L THLERZ LD EHESTWVDHO TR E R
STWVEN G EHODIZZAUE D R MBERCTEDDLEN ) SHNLALR ER->TND,

2. 4 1S L 2EMSOMEICET SBIEREM

1 MGy, 2 B OZNZEIUCONWTEE L TE N, ZNHERAT D E V25 HE 0N AN
ARV ENTNS, HWH O E 2015 £ Generating Images (X 2-10) 32238% %, B H
XY 7L arEERENIDEFT Yy T a bR EES LW DLW HH SN, ik
X 7y a U BEEREND,

SETEH D=4 B Generating Images (2015.12-)

EEEE =
—_— | .
== 2 -
A very large commercial A very large commer-
plane flying in blue skies. cial plane flying in rainy
- ol = ‘

skies.

: "'
. Ma™=_
SEE e oo
=HFm Vs
-

A herd of elephants walk- A herd of elephants walk-
ing across a dry grass ing across a green grass
field. o field.

Elman Mansimov et. al: “Generating Images from Captions with Attention”, Reasoning, Attention, Memory (RAM) NIPS Workshop 2015, 2015

[ 2-10 Generating Images

ZOb &, FlFED BERT ([CHEE ZFLAE 7201785 VILBERT (1% 2-11) 33, VL-BERT
(¥ 2-12) 34, VisualBERT ([X] 2-13) 3572 L W\WANAH D, ZIUHIEAREITWT, @i L L
% L1Z)< Transformer (222 5iATe & | BERD X AT TX A NRDH A7 A THIGEH A
EFTHENIK LTS TV D,

32 Elman Mansimov et. al (2015), “Generating Images from Captions with Attention”, Reasoning, Attention, Memory (RAM)

NIPS Workshop 2015.
33 Jiasen Lu, Dhruv Batra, Devi Parikh, Stefan Lee (2019), “ViLBERT: Pretraining Task-Agnostic Visiolinguistic

Representations for Vision-and-Language Tasks”.

31 Weijie Su, Xizhou Zhu, Yue Cao, Bin Li, Lewei Lu, Furu Wei, Jifeng Dai (2020), “VL-BERT: Pre-training of Generic
Visual-Linguistic Representations”.

3 Liunian Harold Li, Mark Yatskar, Da Yin, Cho-Jui Hsieh & Kai-Wei Chang (2019), “VisualBERT: A Simple and Performant

Baseline for Vision and Language”.
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* VILBERT: Pretraining Task-Agnostic Visiolinguistic Representations for Vision-and-Language Tasks
(2019)
— Jiasen Lu, Dhruv Batra, Devi Parikh, Stefan Lee (Georgia Tech, FAIR, Oregon State Univ.)
— VILBERT(Vision-and-Language BERT)EZ12 T 5. BB ABEORMRREFET 2. BERIOT—FT
DFXEINFE—FNE2DODAN) —LIZHRERL, 7 T2aV DS RA 74— — DB THEER
T3, 20DRELET -2V THRAPEL. EMO2AVTEBT 5. VoA MENHIRIES. SBE
R FrT L avcBHKERBRLECHE. RENKRECALL. WThiBERELE/RLT .

[eTR———

VOA en QA Vo QAR Referring Expressions  Caption Besed Image Retievel
Figurc 4: Examples for cach vision-and-language task we transfer VILBERT to in our experiments,

i TERE—
S R A RO ﬁ-&?@%i

Vigion &  Language BERT Vision & ngmgenm__]

() Masked multi- modal leaming (b) Multi modal .|.,nmem p'mhumn

Figure 3: We train VILBERT on the Conceptual Captions [24) datasct under two training tasks to
learn visual grounding. In masked multi-modal learning, the model must reconstruct image region
categories o words for masked inputs given the observed inputs. In multi-modal alignment peediction, 10

the model must predict whether or not the caption describes the image content.

2-11 VIiLBERT

* VL-BERT: Pre-training of Generic Visual-Linguistic Representations (2020)
— Weijie Su, Xizhou Zhu, Yue Cao, Bin Li, Lewei Lu, Furu Wei, Jifeng Dai (U. of Science and Technelogy of China,
MSRA)
— ICLR 2020
— VILBERTEMERL THFRARDEDEHAALERIF NS DEBOHAHFDEH A ZEFESHD, Fast(er) R-CNN
DRol(Region of Interest) DRy AEIFELERFHEES ., VIBERTIITF A LB D co-attentionD b5
VRIA—I—EHEOTIVEA, TESRETSVMIARTOS, HELULSG530.

Masked Language Moeling ~ Masked Rl Classification | Fully Connected
with Visual Clues with Linguistic Clues. 2
4 N 2 Appearance
bottle [Cat] Feature
Geometry

Visual-Linguistic BERT Embedding

F: R-CNN
o @ll"__j ] @ﬁ:wﬁj[w

mﬂ E E E E [3 r B [
= Lo ga_muu TS zat

Caption Image Regions Image

Figure 1: Architecture for pre-training VL-BERT. All the parameters in this architecture including
VL-BERT and Fast R-CNN are jointly trained in both pre-training and fine-tuning phases. 31

2-12  VL-BERT

+  VisualBERT: A Simple and Performant Baseline for Vision and Language (2019)

= Liunian Harold Li, Mark Yatskar, Da Yin, Cho-Jui Hsieh & Kai-Wei Chang (UCLA)

- MELEEOMEVFAIEETIETEIL—L7—0THDIViaalBERTERET L. ANThITER
ke, #ETHERPOMEE. BB TEU2THFIVAT+—7—O@BHHE s D, FHETE
D=1, 22NMEIZT IV RSN I-EEBIATER RETIE. VOA, VCR, NLVR, Fliskr30KTHTLY.
BHOFELFAEH LEL,

EECEROBMEELO TNV AT+—T— I E AT MiE.

A person hits a ball with a tennig racket

Figure 2: The architecture of Visual RERT. Image regions and language are combined with 2 Trane-

former o allow the sell-attention (0 discover implicit alignments between language and vision. It

is pre-trained with a masked language modeling (Objective 1), and seatence-image prediction task

(Objective 2). on caption data and then fine-tuned for different tasks. Sec §3.3 for more details. 33

2-13 VisualBERT
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2. 5 HEDT—FTIOF~

ZIMBERTERELEZWVWI EEZFELTVE 0,

ZZETHLTELL DT 1 BE D OME, 2 R OM%E, £ LT, ENbE2HAaT 5L
RMTRIEH DR, ZNHIET 7r—F L L ThLEI DREE-STND, 20, B ELED
W22 SIADITNNE NS FETIIARWE S, i3 iR 7 1%, @4 OS LERE
STWAHEFThH-T, BIEMHAZHIRLTCrARy hE2EIEDTNENI EZARR—RIZHD
REPEHRSTWDE, 22T T 74 I BERT ROERET 7V B3> Tnb E VW) BiE L
Bo, bbb, 12D 2 R THX AT NERD . TORMED DV T B BN RS
LW DMNHRA Y FEEESTWD,

DIRVEYTEN, BIET —F T 7 F v DA A=V N THT (K 2-14),

ET—FFIFvDAA—CR (BYTY)

v ARt imenance v wemcsw o, o Agent A's yrtarance ¥ wmaran

s o
o 1= ...,\
NN with sttation RNN wah atzestico
e IPUBH ooerseerinssieistnnssanssnnesnnnnne - e
world models world models
i NN N AN
o 1
i 3
::: h ?ﬂ’ E -J ii
;! L
s LY
F 38| s
58 '3
¥ : 3
£ {3
e %
g A
P 3 %
| H
' i
|
s s
decodee %, ) HL decader %21 i .-"cn:m
toenenan ) ' A - formnan 5 ! -
lperenating 5 4 i (geeeroneg "1 bl
ETRE TR ey ﬁ woped Wl fo ¥ ES J
\. t. et P \. t. .....
Agent A I l Agent 8 I
Secacry mput o world state » Acton e Seracey gt on workd state » Mo o

EEMBERTR)HET LIS

&.,m m..ﬁw A
y
.

RIELH (BERTHR)
fuwy e yuu

s Aget Xy attmance o' terwcr e

HRETALICHGTREA

2-14 27 —FTIOF VYDA *—PH
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X 2-14 @ Az
5 e X 2-14 o Tl

X, Agent A & Agent B R 2oH 250, D 1> (Agent A) I[ZFHEBET
xR ER L2 X 912, Agent ODEATOESMIRAET LT, 2O LDOH
720 N EFEAE (BERT %) IS4 T 5, HHRE T UL FREAID L 92 AT0ELIHIT — # (Sensory
Input) WA-STET, arybue—Ges, 77 araimcti+, —F., SE0EIL, RKR
DX, MMEORGEZBNTIRET D, £ LT, ZOREKIIHDAN (Agent B) ~DAJITH
2% LW BARRIZAR D,

ZOEIR2FMIZEEZZTNT, SLERARI A3 SR B 7 LRI 2 RE OV LT B &0 9 BRI
b, DFED, 2 RMOMTEELKEZILHE LTS, L LAMRET VIO TR H - T,
FNZEBNFMNE > TND E NI EHREEZ TR,

FEARIZIZ, 2 >OMEE B OB H 0 FHENRNTWDH DI LS, HHRET /L - 8 OS
DN, I Z T 202 THIL TV D, SeaEf - BERT fOMIL, &M xF 5 g
TFHILTWD, ZOXIRELRLIMEZFENTNLIOREEE S,

EHICEY L. K2-15D L9 IC, HRET LD LICSHELENS D L) 2 L HIEENE IR
BTN T, ZDEICSHELBENEAERD EVI) L) RAZRIEEEZ LTS EF T
5o OB, AHORELAEOEIFHH L, FLLY REEEEzZ1x 0TS
EWVIEER B ST,

= il

e v emerssemneew  heasemtsuttersncen
g U | 1 S FEMLIE (BERTR)
embedding
s ==
Meta world model
SEMLE (BERTR) l i B EEALIE (BERTR)
| (PR | r :.7: lusddmaass . .
\ 1% i [ ) 1%
----- 1d 0l i
I J 13
] 1 'y
o ! ! b
RET) 1 ] : ]
1 :
e x I wd 1 &
1 decoder for | %1 15
f encod %, h and £} J encoder
4 \ +] i ¢
e _~___________; _ ’ Meta world model So__ NNy - f Meta world model

2-15 HRAETILEFTELED A 21EE

2. 6 AROEILEETOHMEMZFR D5 IR

2 R THI RN R D L Ol oT2 W) DI, AMOELBRRICEDL S L 07EEE 2 TN
. THLEHLAMPELOBETE ) LTZDOL I RFWHEESRLIZOD, LW D Z LIFIEFIC
BLEREROVETZ LR D, oML, EILIZBWTEBIZKELSEDLS LWV DIFRNWE-R S D
T, PARF T —F o RF N V=L REJFEDLLRWET, Z1Lb &AM OO
TIEEADDLIETIED LW SN EZnE WS & @R OIOEN & BBk e VWD 2 Ji2 e
BoTnWs, bbb EoftflA s LTHAET AL EETAR—AMEFEERH-T-L Z AT, H
R OIEDEBI EBEFAENE Z V. ZOfEHE & LT Distillation 2352 Z 572 & W5 DA, Siké

B B EDINGLTH D, Distillation ([T DWW TIEE 2% THAT 5,
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ZTbHZHEI LTABNEBEEOICEST-ONTHLWEET, WAWARMNH 5, ik
EFEORANERFHRAELOFRT, NHETREBEORWYALZLVSIFTERDHY , 5
FORLYEY BE ST TRV EE S Koz otz, OV MTRE S ANBREIAIZO)
FoTNHLNHDT, BRESAIIEZOETRE, ARIZERRVDO T, BRHLABDNENR
W, TORED, RERAEBENTEN RN EWTRWnL, BWEZEEb o b2 Enidi
WZEtbHD, EnD, FRhRADREEMD ZENETHLEET, ST HWEEROoNnE
IMEIMGIRTIUTNTRNE NS ZEND HTFOPLCOVIRY N E THEEICR-T, &2 AT,
REANEOED RS IgoTehdnd & BRI D EATHED TN T2OICRETE 572
EWVWIRNH D,

F7-. SERCHOMELZ SN TWARKOM ) f—REAICLD L, SHELBEETEXH-DD
VAFMED 1 ONREBEIEOOND Z EEESND, MOBREITEL LD LR, AR bHIX
OB ENICIED S nbid T, FLEIICELIED O THRERWIZTER, B
FHENICIED GND, ZHUTRERONENI & REL NN TEDTEEZEZLND, HA
PRICRE 2075 TRLL BV 720, KA TR EAMBUTIL b D fEltE b E < 72 213977228,
ZNTHBEESAICLABONTNLNRNEWNS Z b, HONEI LTEHRLLIE WS T
ZEEMLEDLINENRD D, DESTHLLIMLERD D, RELANEFENBFIZBR I AL
B EZF 5 TWDLDNGNHRWNTNE, 1 PASHWNTLHE, IATZRRLNEDL BLDE
M TENTEATGNDE D> TET, BFOaIa=r—a RN LIGD 5,

WTHIZLTH, BEFORCVID NI bONRE ST T, EKENTEDHEHI TR TE L
WO MM TE S,

2. 7 #HRp9EELHEEIL

9 1 DEELMEEIT Distillation (88) TH 5, ZiuiL Geoffrey Hinton 73 2015 2425
L72b DT, REVW=a2—TFNVXy NT—TOFEFERZ/NS V=0 —TF %y MR FEET LT
MATHD, 2FED, REVWRY NV—V DA OT —ZEZ/NS Ry NT—7 QDT — 4
ET D, £OTDHE, MRy NU—7 (BERY NT—7) OHFPEEP/NSL, NTA—
A =PRI BB O TREEN M ET5Z & 03dh 5,

Distillation HHITWVAWAIFFEIFLTUNT36 | HENORENRKREIWME 5 L EEN > £ FH
TERNED, BEIDRFFS> TWDOBRTORT v TR HET — X2 5 L EEOFE R ER Lo
TWFZED 3K SN T %, Distillation IZXL > T, BT AHICEALRIENREZ o TWHDHEDONEND
EHDADBBIZIIHRET LV EZBEG LT DB CTEBORICE LT L noTo & X,
FNESEIZTDE, TN T, T —X L7725 T, WONILVHRMTFEET L &
MTEDHLENW) ZERDIELEE S, Lind, FRMZFETE LD TORVEETHR, Kol
REZFESTHo EEFEFTHFETEL, ZADBMREZBLZ TT o &iThbitTn &, i v —
ERBEDOEBEBOPIZEAEVHGEN O ELFEDIAENL L IR TL D, THo20VWH 2 ENEZ
STWNDLDTIFERWNEE->TWT, iz THaizEE] SFFATV S,

36 f§i 21X, Jang Hyun Cho and Bharath Hariharan (2019), “On the Efficacy of Knowledge Distillation”.

Tou-Jen Liu, Jian Peng, Alexander G. Schwing (2019), “Knowledge Flow: Improve Upon Your Teachers”.

Yuandong Tian, Tina Jiang, Qucheng Gong, Ari Morcos (2019), “Luck Matters: Understanding Training Dynamics of Deep ReLU
Networks”.
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7 B (distillation)

* G.HintonEKAMRE
— Distilling the Knowledge in a Neural Network, 2015

© REWZ2A—FIIRYRT—=D (BB VT —0) DEEBRRE ., NSRRI =T (EERVE
T—0)HEE,

« REVWRYNT—IDABADT—8%. INSVWRIRT—VDEET—2ET S,

o HAFERVRT—ODIFIN. BENNKTH BENHN D (ZELZ L),

» =5 =» = @ » =»

WML ETL INEVETIL

https://www.slideshare.net/k-akimasa/distillation-79187679

2-16 7% (Distillation)

INEREFEORFala=Fr—Taroiflffesl, ZOLHICHTHTaIa=lr—
va 3 HZ N, i Distillation DR E LT LIRS TETLWVWHI ZEEERS,
IHIZ, BELLEDOEZPOEFETHRILT 2 Z E BB > TE DO TIERWD, Kb
WORREEMDTIZTIZ o6 Kb RADFEDOE v TR h—2 Vo2 OET TRV,
Distillation 2 F| & 45D 572 OIZITRA S TS BL BRI CFELFE S RN EWITRVO T HD
et 72 @R CldZe < FRRFAIZR R & 2, NIZ L - TRZR 2 0R0MROBIZ L B v AR fbo
FEEPPREIZR->TET, LS5 ETHORERTHEENZ2 S OO TN LB b OO T
WAL v F LIzDiEAH EESTnD,

Hinton @ Distillation Aff 22 TIX BB L L7277 L X 0 & T~ T 5 Rii O 2 25kl —

(LN ENEND Z e, SELMBNRERZNOMRSNTNDHDT, AL
IDPDRFRTI OV BRI 2T2DELEZTWD, TR THIE, BBt Sh/=EEZ 4TS
ClE LW E WS TEPHBIIC R SN DZ LB S, oF 0, HRET AL ERWTHRO T
B BT 5 (1B O Tl —Perception Prediction Error & Fif5) LWHEhE, SiEE
TN W THlE O (Bt nzbo) oFHRELZ L2 (2 oo TPHl=T —
Utterance Prediction Error % FiJ %) W OFENRLADINTZDOIEER S, TP RIT,

NIFMFE DFET Z LIZHIRAFF o720 | WREDHETE o720 BREVWI BONTEZD Lo
T2 TN TIE 20 EE S,

EWH LT, FLwr b, HRAETARR—2 (E¥OS) T, £IIZBERT A=sE7 7Y
DT 7 EAZLTLHEVNHIETHD, @i OS (X TR BREEE GRENR) T, Mia g

li

L7z &, fEEREELTZD & W Z DRI L 0, B RERO D TH D, —F ., ik

77 UIEBE S < FEEE TR BRI GRINGR) . B 0BRSS EIR T, tHFOREZ MY 7on e
W) ZEMDEEHIL SN TEEIC R -T2, T LT, TINDHREIRIICHSHIZRE &0 ) RNk
ZoT, HOHNOHEEPMMDONDOFEIZHEGTHE I, S HITENN A ZIZEHEMNITE Z
STWolzdWnWH) Z EEE-S,
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2. 8 MDA LD

BrPA R ZEIC TATABE E R EWIHTEEBT RS D | LB TnD, SR EIRE
EPREZ SN TOT, RIZERTLOIEAXELSML TS, £ZTOEBKICHIT T, ZixE
DEE A FEDO LR TE 2 CTHhrdz, HWHEHRIEZ HAAAEROT, MAFZOEMENL RS &
BWLRZEZEoTWDE0E LW E ZAIXITHEBN -2 & 720,

WENEAEN 2 2D LWV ) DIINICB N TE I EHENTWEINEEZ TV D,

MD%ADFIZE D HBEND R— 33 U PREESMAE AT TN D, ERBEEIC BT
STV, ZORTEEREITAT S BB IZSABETIZ 20D, ARNCEH A 72 O 1T RTEERTE O 10
B 9B 32 HEMEINDLE AT, ZIITRIFEFELIL I BRADOREEZ THILIZW a0 D
WHRR TETVDEIDTIHRWVMNEEZEZTND, BRENEWVD & ZOHT72 0 IRLOHEGROHS
PEIZBED D & 2 AT, URAZ EEBERESRHM - BEE Vo2 b DIZEBRLTWT, 221257
F5ZETEIAINDDOTIERND, T 2T HWMIMARSHERE L Thwve | HF - izt L
THURZF 272K 720 . 953 % &, Distillation 23F]2372 < 22> T, NI S < T8 %
W4T e K 9 127> T LE W, APERRIER D H 2 Db L, ZAUTIRRDEE 2 D T,
HEVEL Lo TIEWITRWEE D,

FNn, U=y ey =08 ECHRRED, mSAT b=y SRR T
NEHE L TWDOTIERN D JE DI 1 RERE, 2 RERE, AR EGERE, WA
ABHBHM, BV —RET IV F 2m—FRIET T, WELBITHIET 5 DN 5 AR #E A
BROTIERWNEBESsTWS, Tol=y T RKiELE NI ORH- T, FHilD AT 1 MG
RIZIVT W DN EFIC 72 D, HFOFEPEFECE 2T, MATHHEMTE 0, SELXE
BTsrZ b TERY, BELTEZENTERNENIDIL, ESEAUVEWRNBS D> TWVARNMNEG
B TX7e bWy Z e, EMHERGESC Y Y — T KGR E LIMEIEN S, oFE D, AT
TANENLTWDE, SELLTUIEONIIRE CE TCHHEHBETEI 2V E -,

—F., Ta—hBOHFNEEREMY L TN, SUEMICE R CEEEV T, 2b61F7
O—NRKFBELENIDONRDH DL, ZOEAIFBEROREE D, EXRE DD OITENRL T,
NEFEDOHZ NS, & Z AN, SHHMIIERIITbN T\, ROT, SHEROEHNENT
WD RHFRET VO SITIEFIZENTWND L NS Z Dz LS,

s, FEROEEN 2 BMITITN 2N EWIT RN EE S OO0, ZuZiddm & g ofk
WD, HMAMAEER - B —IF®moO—FfEL L THEHSORK T, BANTHETHZ LY
ISR B 2850 IE] 5 B DRREE 72 D TIEZR N D,

BUR TIIKRER D HERI 723, ZARSIICEZD E, MO L b BB ENCHHIESIT 5 Z
ERTEHDOTEH WM EESTWD,

2. 9 faAnLELM?

BRI TR LEZND?2] W) T EHEFELZV,
1 D%, EEMITITEWRIML L2 (K 2-17), BEEBENTX 5 LMD T RE REEN
EICFE S L, #E8Zbz2 b 7260137, 2FED, o TWNDHIEDERKEa L Ba—F—

37 http://www.brain-ai.jp/jp/
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WARBIZHETEXAHAL NI LD T, 2 Ea—F—|TWWANARMEENTEXE LR,
RIA M T —DEFEMEIRIRIZE BT D2 L b B,
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ADVANCED ROBOTICS, 2016 @ BSJ e Taylor & Francis
http://dx.doi.org/10.1080/01691864.2016.1164622 Taykor & Francis Group
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Symbol emergence in robotics: asurvey U CORSBIR>AT A

Tadahiro Taniguchi?, Takayuki Nagai®, Tomoaki Nakamura®, Naoto Iwahashi¢, Tetsuya Ogatad and Hideki Asoh®
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and Hideki Asoh, Symbol Emergence in Robotics: A Survey
Advanced Robotics, .(2016)DOI:10.1080/01691864.2016.1164622

3-2 REBRIEIVATLA

©

s 14
[ =X 88

Language acquisition
and mental development

Learning motor skills
and segmentation of

FLERAPE S AT MTu Ry FOFETIEHRS . ANHOSFHEOEESCEWHEL, AR AT A
BHER DB RN ORI b DI > TnD, BEAENKIZEDBHOKRKEDOHT-Y Tl LT~
NFT—=T 2 FRODHTEBNRTETLDHENIDOLINERLE,

B 3-2 DEAPIZAR., BRboABR WD, ZHPRREKEEDA % TF 72 3, Sensorimotor
Interaction il L C, S EIERMEMSEZIERT 22 LN TE D, BlziX, Wafit->T IH,
RV BIEWBEEFLE VWS 2L ThD, REZNFSDOFEBENTE 2T, RIFH
(Representation Learning) (ZHFHY L, LRSI T TV =B E WD 2 &b b D, AT
ZORS TEMDEROIEMRZNFE-> TN Z LI D,

CRDS- FY2020- XR-02 ES R EAR P RIREME Rt 42—



JSAI2020EIt v L 3 VREE
REKA | IRFAE— 5L 5ELICHITT—

REEMMICEZ D E, EO0NI b0V FELEEVITTINEEREELRDH Y. BRI,
SNTERIT— A= ATRRVET, AxDOHTR—THDZ LIFRIEI N2, LrL, £
OEETHWTCala=r—arz L Lr T, HEENRRNERD, FIZIE [y MR
MRS TET) EF 9 & &L, RIXVFHFERY FAR MM EZEOPERTED L IR D7D
M o3no TR TEWIT 22V, £ 2T, ftaofTEbaAK 6T, &I 2 7
ST SN D, Th, 7 DSHIEREER S L DO T, FIZIZHAGET Y
A LTSI ENTEL DA, FEEEITIE TApple) EW)H TV EDITDHEWD K HIT,
FCHESICR L TEY TNV EHWD I ENTE D, 20X ENE, EHoOENS, BAGE
PEEELPET TR, FEE AT 4 AL, FRADTFENTLSTHERD L DICRVIED,

EHREAEE W) DL, HOBEOERN —REIZRED &0 ) B R Ciale <, ARIDRE
RMEEA BT I a T HEAA T IV ADOFTAPRIZTELNDLOTHD, ZDXH7%
HAFITAERAZT, TDOXAFI7 RTHEILTWITD Al VAT AEELRWE 2L
TV EBBRIZOWTWIT RS WS Z iz b, DT, —NA_R—XTEsz) . HATF—X
Ty FTESTZD 5 L, RS - KA LEDL ST T, ZOFEOEKRIZ OV TN
el 25,

FIZ T, REFEHICEIVEESEEN SN T, ZRUCESE RN, ZT7 7 a T HHT,
SEOBWEN, SR SEOHENT L LTHIBERE > TEXT, Rrilttaoh i
HDILEVATLEWVNIEDNRTEDLNR>TL D, TNPRREFAIBV AT LATHD, EOFfEOH
THHEINESEOBKRAERK - L—LE LTREIRVICEBNT, FTxlZaia=r—Ta )
TEHZ LD, MELERZBEBLAY) ZENTED, ZOXIRELFAPE Y AT LAOHFE
DO FTHFEZ LT\ 5,

Intelligence is not a function, but
a cognitive dynamics

X

‘ Agent m
~ (robot/human)
Intelligence ) U
Input Output ﬂ_ é E—

O Single-purposed O Not single task-oriented

O Task-oriented O Self-organization of

O Intelligence as a procedure sensorimotor information flow
O No autonomy O Autonomy

Intelligence is not a function for achieving a task, but a
existence emerging through self-organization of
sensorimotor information flow.

3-3 KR : RBHMMFTAFTIVR

CRDS- FY2020- XR-02 E SRR REARERMIREEE IRRARERE Y 2 —

25

T A 37 O e 2 I T i

NG 11 = N rH SRR SR

W

it



26

JSAI2020EIt v L 3 VREE
REKA | IRFAE— 5L 5ELICHITT—

3. 3 HEELBHMT—XTIF~

ZIT, FHLELHEEL I OVTEEL TR E 2V, MG A S I 7 AE L
RS ENEETHL (X 3-3), 2F 0, BEEOMAFERIZESWT, CAEAZILTY
<HLDOT, FxEHHFLBMFEZEL TN, ATy MIHLTT U N7y hEHITHEEEY 2 —
JUTE & BALTHE 2 T TRV T Zeuy,

2010 FERZ L CHAEDL., ALl FRITHEET Y 2 — L2 RV HL T, Zha hL—=27L1L &9
EWIO BTN TR > TV D, ZiUEHE A Task-Oriented T, FREIZA > 7w MIX L TIE
o7 7 N7y hEHTH O, 5F Y lntelligence as a procedure | &% 2 5L TV 5, Bl 21X,
BEEICKR L TR FE2 o700 L, BEfATNCKH L TRy 7 oa U XEHLIZY &, 7%
ARLIZHR L TCERT—FZHII LT EDPWV o= b DIz RN L TH D,

—Ji. RHRARTHE R TAHAD L, HEIIMPE DX AT 205D N TNWH DT T
W72 L, AIDEMT XU NEZ 5T, 22U TEEH L TWDEI DT THRY, ZilasE
HLALWOIDOEZITT, ZNCMIT CTTF a—=r 7 INTELDITTHRY,

Development though a self-organizational learning process
based on real-world sensorimotor information
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Spatial concept is multimodal

Position 5

“This is the third table”
Word 4 meeting space”
“Under the air conditioner”"

>

Visual

information ”

Sound, smell, ,,,
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40 Tadahiro Taniguchi, Emre Ugur, Matej Hoffmann, Lorenzo Jamone, Takayuki Nagai, Benjamin Rosman, Toshihiko Matsuka,
Naoto Iwahashi, Erhan Oztop, Justus Piater, Florentin Wérgstter (2019), “Symbol Emergence in Cognitive Developmental
Systems: A Survey”, IEEE Transactions on Cognitive and Developmental Systems, Vol.11, No.4, pp. 494-516.
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eb, TOEELZBIHIL T, Iy FURELHBTEInb LAY, HHWE, £Z&EILT
%y FrEl) LEbNLT, TOSHEHERPITICRLZLbH D,

Graphical model of SpCoSLAM

Self location

Cluster of

positions @
()

Where is the
space? 7
-~ 0*

Online learning of
Multimodal spatial concept Vords

“Third table”
“Meeting space”

3-8 SpCoSLAMDJ' 5 7 4 hILETIL

Fox DERTLHMELE VI LD, 290V oltbDEHE LI VT E—ZIERD EITHEY
MoTWD (M37), TDXEIREZOG L, BIFMEOESGEZ LV FE—FLFEHE L THRR
7=® 7% SpCoSLAM (Online Spatial Concept and Lexical Acquisition with Simultaneous
Lo-calization and Mapping) T& 541, SLAM #4LiE L CHME &z A cx5 L HIlc LT,
3-8 LR LIBID L ST, VbW HHERIAERET VOIEZI > TS, ZOKD EOESILHE
S~ v o 7 REEFE POMDP (Partially Observable Markov Decision Process) ¢. SLAM
DHPEED 2O DET N T D, MOLEDE L, GO E 7 T A2 ) 7570
DIREH T AET N, HHRROEHBIIX, BEHROFREELZI-> T 5L AT, CNN (BEAHIAH
Za—IN0Rxy NU—7) OHNEEZ TS, A FOMSITIEFRRREY 2— L Thob, it
E7 L (LM) O#EsE, BOILEEEZF > TEbT, 2=V =DM ¥ 77 a %@L T
BAEEHRNOREEAEREZ L L TV,

Z Z T, SpCoSLAM % AW G &SRO T £ O /32 (X 3-9, B YouTube
THRLZENTELR), uRy BB TE2BE L2 OEBIEREZGED, ZOFEHRE S &ITH
MEZMR L CEAHET D, TOMEEEE, AN TEHTIFEHENTWDL L) 7Y 7 —
N—BIRIZEK ) EEET, FOXOIREEEZLEALLEABNTND L, [T 2 ——Lh) L
IBENEREINTE R 8L FHNVIC LT, HiEEz R AL, BEOHFREMSIT D, =
IND T I EEBMEBRET NOHR TS, AR AL > TTO 2 THIMEEDO LS b DA R L

41 Akira Taniguchi, Yoshinobu Hagiwara, Tadahiro Taniguchi and Tetsunari Inamura (2017), “Online Spatial Concept and
Lexical Acquisition with Simultaneous Localization and Mapping”, IEEE TROS 2017.

Akira Taniguchi, Yoshinobu Hagiwara, Tadahiro Taniguchi, Tetsunari Inamura (2020), “Improved and scalable online learning of
spatial concepts and language models with mapping”, Autonomous Robots 2020. DOI: 10.1007/s10514-020-09905-0

42 https!//youtu.be/hVKQCIbRQVM (7 E DT 1L 0:31~)
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TWb, TCodh, 7V X —N—ALETIToTET] EWVWIDEZIT T, TDOFTOF LT A
Hbfi7e LIRS W TR A S L CITEN TE 5 X 91272 D, VA NAZRHIKIN A - TV
T, BEIIZELEEEZFTETIEHARVD, BESME DA 2T 7 2 a 20558 LR

MEEEET 5L el A TND,
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3-10 aVEZBREZRY DKF

CZETHMHALEEICa v Fa T ARERF LR SN TE T, EBOEEISHET
W TRWEN, BUR, RBEAPERRT 0 7 ZADFHNE ZA0E Ly, ZHUCk LT, #5
RVIZF X LY LTWT, RFHEEE & NEDO (Fr— /L — - PEEHINRG B 2HE
T rU—nFaRy Iy h (WRS) OarXF 13 2B MLTW5D, SEI1EE O

Digital point card

ek ) R X

Augmented service
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BOETNAHEALZEARY b AT L%EED, WRS2018 TIHEBEHE O X A7 TAEH L4, i
IUE=DOERF AT TIIETHZENTEL K 310X OHEES A7 DT 2R L TND
(EhiE % YouTube TR Z &N TE 54) Bl TaRy MNEEILRN S ZDORE TCOZ—H—
EDAVE T a R EPBHERES T, ThEa— Y —SHRIIEAT S Lo o 2 & 2 FEEL
L7z, 72720, ZOYAT AT, ARy BT RCTHEERWAERTT L TR TN DI Tk
STy MRV DEWPIN—NR=2DT a7 T I 7 WhiEvrRY v 7 Al 72 B
STHEILTNDEEVNIONBURTH L, RESCMEL DA X T 7> arhb#biR L4
TAVFEORTHHES L TITEITE 2Ry NEEBT 5 E T, EEEZREA 05,

3. 6 HERMNERETINVICEI(HERMNT—XTIFY

ZOEIICRHRBRFEaRT 4 7 ADOARTIE, MHERNAERET VE LSES, TOBHIX, &
AANNTBIRIERTZT DD HMEEEZE-> TVE VNS TH D, TE DT A7 L8 Ok
OETHRYHATHNETZWNEESTWS, 72720, #llZ Ls L 8d  #E Ok 8 L o
BERAR D2 0 EIP 12720 D08 D DTEN,

Probabilistic generative models for

integrative cognitive systems

@ @
‘(5\%\*—*@4—@—4@. Wards
w 'H{aj‘—@ Vision
@}49\% \( BB Audio

| R 5
:—'@‘)ﬁ {7 Tactile
J iWT,, | -

]_earning object and \anguage [Nakamura+ 15]

B meatlon of |ntegrated concepts with
object and maotion [Attamimi+ 14]

Developing integrative cognitive systems from full-scratch
manner requires huge cost, i.e., labor force.

X 3-11 #HEEHMIATLO-ODHEENERETIL

INFET, EHBEITERED TN —THHNERELED I NV—T2IT 0, SEIERMRE &
DILFIE S ED RN S| SESERETNEEZZTETZ, HIZAIEK 3-11 T, ADEI R EIE
ED SpCoSLAM D75 7 4 HNET )b, FEOE SRS LR E RS E T 5ET L,
X, mMLDA (Multi-Modal Latent Dirichlet Allocatlon) EMETN D RS L B =R A
BIEDLETLERL TS, £, HIFEFELZL O, 2o SLAM, REH ‘7?&%7‘

43 http!//www.ritsumei.ac.jp/news/detail/?id=1212
44 https://youtu.be/2sBsquvSIOA
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IV, BRRIRE Y 2 — Ve EBRHAAENTND, HAHFE, LI T 0y TN ANAREY 22—
WA G DETES> TV 5,

AT, SEEEMC, GATOMEROBSESSC, TR R EZ 1 SOV AT AL LT, 2
TRFFIZFEETEDL LT HINE. 1 DD T T 4 HNVET I LTIV TER, ZUBEE
ICRETHD, ZTNEHROICHBTELEIOICLEI LW BRVEABED TWD, TN
ERIDFERIERET NDEY 22— LTEY, ZNDEMA LT L9 EY i CtE b &
T D, A ETLHEZ, BREAGSHEL2OTIERL, £V 22— VETHEET D, BB
#A&H%) . Sampling Importance Re-sampling, Metropolis-Hastings 72 & # 5t - ##2 LT\ 5
23, AL DHEEMREREZLVERD T5, ZHUCL ST, BIOEY 2 — VO THEE LR 5
FIFFEEH N TE B,

ZHTREFEO IR THHAWE ZAND 5, WETE CIEMa IR S VW T=T —%
VAT DARIRRE S0 b i b 21X 5 B3, wiﬁﬂkﬁﬁmﬁ%TWT X B ATRE T
< THMRNREREZLCVIMY CENTRRERE(ETED L WVWIFEILRD, ZOHE. 121
DDETVINR Y BFEREDOTHEORSIENTET, AT RRBHMEY 2 — VL ELOT
WMEHERET L THREI L WNI LD THD, ZOT AT TIZHSNT, KEURARHEASRNT —
XTI Fx BVEDT-ODOHFLA & L T,2018 42 SERKET (Symbol Emergence in Robotics tool
KIT) z#x#E£ L7 (¥ 3-12) 45,

SERKET: An Architecture for Connecting Stochastic
Models to Realize a Large-Scale Cognitive Model

@-e@ g e frontiers
@ (@@ G Zo n Neurorobot

> 3 SERKET An Arch:tecture for
MLDA .o : Cor dels to

MLDA s ‘zl Realize a Large-Scale Cognitive
> 0 Model
i d.| o™,
o — 4
poech rcogunen + s £ MLDA = W3 = zl>
e I Eac] [Cc ) — e 1. Belief propagation
. BHE—® | i . 2. SIR
+0) 2 A B (P~ )
@4@—@ 73 MH

O Connecting cognitive modules developed as probabilistic generative models and
letting them work together as a single unsupervised learning system.

O Having inter-module communication of probabilistic information and guaranteeing
theoretical consistency.

' ®No “Deep generative models”, i.e., NNs, are not supported.

® Only H-to-T connections are (explicitly) supported, i.e., H-to-T
and T-to-T connections are not supported.

Nakamura T, Nagai T and Taniguchi T (2018) SERKET: An Architecture for Connecting Stochastic Models to
Realize a Large-Scale Cognitive Model. Front. Neurorobot. 12:25. doi: 10.3389/fnbot.2018.00025

3-12  SERKET

45 Nakamura T, Nagai T and Taniguchi T (2018), “SERKET: An Architecture for Connecting Stochastic Models to Realize a
Large-Scale Cognitive Model”, Front. Neurorobot. 12:25. doi: 10.3389/fnbot.2018.00025
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o2, 204K, SERKET 1T E B FEICHIS L TWe T, 77 =L RHETH /— RO
axy v a AR S D ENIENR D ST, TOHTE D AFE S H T, &I Neuro-SERKET
EWVND DERFFR LTS, FIZE LA ET T EHHEE - PREAD 7V —T oMz, IR
EOMARER AL I > TV D, 2 Neuro-SERKET [ZiEEAEKET VAR — ML T
W5, Flo, 7774 NVETAFELLRWAITIEZ D IZ W ETE S 23, SERKET i3
Head-to-Tail Bl a7 v g &xtgR L Lz, Neuro-SERKET [ & 512 Tail-to-Tail <
Head-to-Head ! =ax7 v a b, D UELIIAD TN ER ) ZENTEL LI (¥
3-13),

Generation:
Decomposition of Complex Graphical Model
//,’/&:;i _______ rr,,; S X N 1 E \\
Z 33-”» 7 N\ AN . ?\/@ N\ P \
e W B @ W
- |l \f) O |
&Y @@ @ |
] o

i : @ HtoT E ) T-to-T (¢ H-to-H E
' i 2 ! & 4 !
- [ P(zly) |
(. N I :
; L AP i — _ ,
:E ;um” :?Wﬁ? @mmu

I "~} Yoo ] '_,,\,\ P( | ) \/ : .. ‘\'L;, \/ \
: : Modale %-.... ’TZ : L) is Cy/: wZ ) (Z :
) P(z|lx) | X | [ Modulel [ Modnle 2 | Module 1 """ Module |
L 3 ) ! P(z]x) I
! ez ] |
1 : Module 2 1 Neuro-SERKET J
L (a) /,' () © 4

e Infefence:
Composition of Complex Graphical Model

3-13 SERKET & Neuro-SERKET @A /3L v D LB

Neuro-SERKET O 3L TlE, 7720 N LR T E Tiddb o 72h, MNIST OF —& & ik i
B BT B RT =2 VW) VT T —FNIEGRD I T AKX ) T efTolz, TDOLEEDU AT A
X, BT -2 EFET X2 ASE LT, ¥ 314 1ZHDH X HiZ, VAE, GMM, ASR, LDA
EWVNH 4 ODEY 2 —/L T LT, VAE (£ B CfFofbas) 1ZmBRORIFEHZ1T5, £0
WAEZER 2 GMM ((RAT T AETIV) T T AKXV 735, —J7, ASR GFH#di#k) (213 Julius
Al o TV T, Z OREROBERCCTFS % LDA GBIET « U 7 VESE) T ZAZ Y 735,
ZDTTAZY U ITFERNGCGMM O F AZ ) U TRERE —FT 5L, oFE0, GMM D7 T A
#—ID & LDA 7 A% —ID #£ Lo bhnd L. BEGR»OEEEFTHNSOBERFERDN
7=z LT B,

ZDkoM 4 DOFEY 2 —VDOFEE % Neuro-SERKET OFSHHATEELZ, DT, £%F
Ta— 101 O00FEARIIZIFO LSRNV THANTE TS, &5, ZZTiX, VAED
X MMEBICEEFER—2D L0, GMM O X5 iyt o/ L, hHONe ) BipHE

46 Tadahiro Taniguchi, Tomoaki Nakamura, Masahiro Suzuki, Ryo Kuniyasu, Kaede Hayashi, Akira Taniguchi, Takato Horii &
Takayuki Nagai (2020), “Neuro-SERKET: Development of Integrative Cognitive System Through the Composition of Deep
Probabilistic Generative Models”, New Generation Computing, Vol.38, pp.23-48. https://doi.org/10.1007/s00354-019-00084-w
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Va—VERFELTHT ZN L ERIFEE SETVD, K314 TORITIL TN D L DI fix
DOEERE BTG LIZZ07E e, 772X Y U TREIT 62%., 27% L HEV &< RODR,
Rz FRFEE S5 & 90% L EORERH TV,

Unsupervised categorization of image and speech
- | Table4 Classification accuracy in the GMM and LDA modules
Maodel Accuracy (%) Features introduced in Neuro-SERKET
GMM LDA Head-1o-head Tail-to-tail Neural net
VAE GMM LDA ASR 620 274
VAE GMM LDA + ASR 620 918 s
VAE + GMM LDA + ASR 637 918 s s
VAE + GMM + LDA + ASR 9210 9237 s 4 b
=iz I: 2js)
GMM | 2, z 1 Vzg) LDA
Piaw) | TtoT | Plagu)
Z1 w
zy -‘\ d FIQ [ - @) :‘ ‘.' Pla'Vlz)
z] w
& VAE : T
G vag | (01 2 .
Fig. 5 The orig rsphical model of the integative PCM (VAE+CMM+LDA+ASR) Fig. § Decomposed modules and communication between them following the Neuro
Each hlock shoe h madule. SERKET framowark
Taniguchi. T.. Nakamura, T., Suzuki, M. et al. Neuro-SERKET. Development of Integrative Cognitive System
Through the Composition of Deep Probabilistic Generative Models. New Gener. Comput. 38, 23-48 (2020).
https://doi.org/10.1007/s00354-019-00084-w

3-14 Neuro-SERKET IZ & % #ffiZz L 758

ZOWVIHIMRA AN, b ol A —LT v FEE T, Hifig LFEEXR—ATNANARE
Va—VEMBANTRLS TWNI ) EEZTWD, Hbli7e LB 25850 L2, NA v MI#Ah
RLEWHIHRED L, L LARESHEZFET LI LW Z L -oTN D,

General view:
Multimodal unsupervised learning

probabilistic modeling and inference)
Supervised learning : P(y|x) Multimodal USL : P(x, y)

Lat.
where P(y | x)=P(x,y)/P(x)

(2
Zddiogolo)

‘ Prob. modeling
72 (MM UL)

I
[ | l

SL RL usL

Multimodal USL/ probabilistic GM
as an integrative view
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TR, v AT E—XNVORIFFETOMTEET L L&, BT — 2 OMENRET ) o7&
BEEROHGRE NI TEZ D &, FRITHAH D 78 A7 L8 b8 b K moix+
DAETIZAND, AR, #blid 0 FZEIIAN X T MDY oA fMEZET V7352
EIRDT, TIUTHYARADL D, 58 EFEHIZONTH, & WV O BEEOD 0 T hasEtE & v 5 ik
REEANLT, ZOKEEITEIOHME & W) #igaMEICRE ST D &, T A— R E TN
A AHEFRORIBE L ZFTEMORITEE D LW IFERH D, 2O b, [TEFIHHO L 5 Rb D
b, MERMAERET VIZESGBAT —F 7 7 F X IZHE L TWIT T, ZORE%R, RELDA >
2772 a ryORTEEERS L, SR TITERIEZ1T O KO 2R b OB FEE L TV
LDOTERVNEEZTND,

ZOHTY ORI AT Y =y 7 OMBHEF I AL E—FHFIZIY A TS, Variational
Inference MPC D347 Clk, E7 /PRI ZZE 0GR TR Z L2 L5, E7 /LTI
T A_R—25bE] L1FEALRIC EE->Thy, § 9 12 PlaNet of the Bayesians @
FCslE, MEOKE ] 28 Uole XA XDKE | L) XA MER, HHIFHRET LV A2ME
S BT N — AR LE TR I HER 21T - T D

3. 7 ESRIEORTAIRADFYLUY

LI, BRI RT 4 7V ADF ¥ L UEK 316 I1CF LT,

=N

54

SSEIRORT 1 VDADFVL S

O ERNERTTIVICED S 2RERHM TP —F70 F v DA
v ABRBEREBREGRNTED 1 —I)UREG, BERUFE, RIUFSEIEME,
REEMETIL
v TEEMF CEDIHEENERETIL
0O VI hORT A DRICKZIRAFB EBENIER
/%,@%%bgﬁmﬁﬁ@%EﬁBHQm%ﬁﬁmgﬁ<%mtﬁ%w

v BN CIBIEE B UARICE U HIEEES. 1B58C & 3TERE
O ESN4IES BEESBRICED < INRKROHS & MEFIH
v F—AR—2 (B NE) DI R BEIERN S5 A1 I
DEA TORERE. T—E ROy MADIGBA.
0 SHERBFRESKEU THH CTHRS SEHER
v SNEBREIS ([N [T 12e) O e
O #SNEEERCASIREOHRILR EICEDEEHREIF DS

v [FEUT?] [OhdH—] TZN] [B&oEF>TR] TL7zu
el TREGEWDAITE?]

v IRER, AFT7—13&

» EtRA THEDOEHR S BSAIFS X5 AOBRIEEA
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o

47 Masashi Okada, Tadahiro Taniguchi (2019), “Variational Inference MPC for Bayesian Model-based Reinforcement Learning”,
CoRL 2019.

48 Masashi Okada, Norio Kosaka, Tadahiro Taniguchi (2020), “PlaNet of the Bayesians: Reconsidering and Improving Deep
Planning Network by Incorporating Bayesian Inference”, IROS 2020.
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SETL—F— g FZz (FLIETLKRE FR) ©

1 #BFEaAVF

2 NOGEIEZZ T DD, FENBEZTNDHI EEFELIZ,

RONCT TR IEL ENENDON BN EEZ T L MBI AT 2HETET VOFEL L
T, 2 BETHEITEERBEEZX—RIZ LTV RELWVWIFEEZ LT, B0 S AT BRI OF
LT, BRI 2 AEBR AT v 707 7a—FEEES, Xy T HEormnetnd &,
ZIHITHRL, ATV y RhiploTng,

BT EL TWIEARAGRERLLREMITI S 9 E 572D T, LN, "7V vy ROFEE L
T, HEZFBESAICKHOTHLHREY LB,
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—HLWEVRTLDTHAUERE
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CAINBREMFTHAHODIC

- BHERMICITRBZE LG SHERORME

—ISYORYIATRLY

(¢) H. Nakashima

E4-1 12

il

NAT U ROFRIZADENZ, D LETAEIOEBIZOWTHEET E, 2oy a v OFEHE
THii b= L 512 NEDO & JST NIFE TV HED 9 &5 D& LLRT) HRADN T LT T
77o NEDO |3t FEIEL WHIRTT 7V r—3 3 UloFEE2 LT, JSTITEMER 205 L)
LT, ZoOBWEFE LEEHROMAE VWO T~ &2 BT L BT A,

F13. NEDO TIEEB L AT 2 E2EDH LV DER->TUF LW E B o TW5, Rl o fLiHH
HTHEELILOIC, Zoan EYEDRRICHBIXETETRKFICRDLL, SFETOV AT
LATIEENRNE VNS DL > TNAEDT, FILWHB Y AT LxThax BMES THdRnEn
T2 TIEHRNWNERSTWD, SRR TR, BEOREEKIZED 2 NOEHOFEN D72
NHESDHWVWETHEMTEDEVWNEHSTWER, SHZNTEHLZE S T2,

ST, MEBEIAEFTHENSEEEL LTV, FITTRIZZT TIEIBRAZ L o TWT, Hil,
THE WD BEEAM VRO, TRIXFECHE L~V TROKEIZE SR ENIBDTHD

49 https://www.scu.ac.jp/profile/hideyuki-nakashima/
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(c) H. Nakashima

4-2 FRETFH

o uL L3 a7 s, Yuval Noah Harari @ [ 25| (& THEISN AR Z &0
EPNTWT, PEZUARRT U T AZ— LV ANIZRERHTlntnwi & SEONTIEELEE-T
Woh, DFED | EHOBEIZ L 2EMOHIEN T, SHEDH DL WILEEOEITREDOHENL LY
BIXDDITH NS A KA — /L THEHERO T, A BB &, BEARMICBIR EDREHE VD DX
DRI H2HDT, 20 DO THEMERK L TWek,

ZDEE, RIEIVPEEE VD LUV B ORI H > T, R ELAT v FITHTLS A D7
JTIERWNWEAS LWV ZEITBEZTEBE,

X 4-3 Checker Shadow Illusion

Rodney Brooks ##AE & AI/NZ — U IRICZAINL T W2 T E, EBIFENRL— T a v FOEEE
VURTVYLTHHLILEEN, a2 —F Ry NT =7 ZHBET LML T, 5DO=a2—7
Ny N =7 TIEIARDTERNWEAS D LN FlENANARLTE, M 4-31ZZ0FD 1D
T, Edward Adelson 7% 1995 4-(Z2% % L 7= Checker Shadow Illusion &4 31 H L 7=85TH
e ZOEMOKTA L BZERSE, ABIZHALNCB OIZHI>BHAL A5, LirL, &

5 2019412 A 17 H - 18 HIZBES Nz a—r v a v NEBEY VAT D ATBIT 5084 3 T, Rodney Brooks 23l L7z, €D
EHNA L YouTube THAB & TV 5, httpsi/youtu.be/ehM_JzrpZD4
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