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Executive Summary

The third boom in artificial intelligence (AI) has been on the rise. Looking back on the
development history of Al so far, the Al systems in the first boom (late 1950s to 1960s), based
on simple search technologies, were just like toy systems. Here, we call them “the first
generation of AI”. In the second boom (1980s), rule-based Al systems which use handcrafted
rules and knowledge were developed. Here, we call them “the second generation of AI”. In the
third boom (2000s to now), machine-learning-based Al systems which find and use
rules/models from big data is widely utilized. We call them “the third generation of AI”.
Especially, deep learning is used as the key technology of the third generation of Al, and
various applications of deep learning have been developed. However, several limitations of
the third generation of Al came to be clear. In order to overcome them, a new scheme of Al

research, which we call “the fourth generation of AI”, is required.

This strategic proposal describes and discusses the target direction, important research
and development issues, and funding program design strategies for the fourth generation of

Al to make Japan internationally competitive in the research area of Al

The target direction of developing the fourth generation of Al is to realize a new generation
of Al that adapts to our society and grows with human by integrating “fast response
intelligence” such as deep-learning-based Al and “deep deliberation intelligence” such as

knowledge/symbolic reasoning. The reasons why we set this direction are as follows.

Firstly, it is necessary to overcome the problems (limitations) of the third generation of Al.
The third generation of Al has three problems: (1) it requires a huge amount of supervised
training data and computing power; (2) it cannot handle out-of-learning situations which
occur frequently in the real world; (3) it is not good at high-level processing such as semantic
understanding and explanation while being good at pattern processing. In other words, the
third generation of AI is considered as fast response intelligence which corresponds to

perception and motion systems, starting from inductive function.

To solve these problems, a deep deliberation intelligence should also be considered. The
feature of deep deliberation intelligence comes from linguistic and logical systems, based on
deductive symbolic processing. So, integrating the feature of the second generation of Al with

the third generation of Al can be a good approach.

Secondly, it is mandatory to comply with social principles such as “Social Principles of
Human-Centric AI” defined by the Japanese government. Al application systems should have
some new mechanisms to satisfy the social principles so that they can be reliable for the
society and human. Not only they can learn and grow without a huge amount of supervised
training data, they should be friendly and adapt to our human-centric society. In the

human-centric society, we believe the Al application systems should play a role of competent
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assistants under human control.

Thirdly, research on human intelligence and human brain can be helpful to the fourth
generation of Al research. For example, a human baby can learn language without a huge
amount of supervised training data, and also we can apply what we learned in some case to

other cases.

In this proposal, from what we have discussed above, we propose the following four
important research and development issues which should be tackled toward the target

direction.

1. Research on the integrated AI which can acquire knowledge and grow without

supervised training data.
2. Research on the integrated Al which can ensure safety and robustness in the real-world.
3. Research on the integrated Al which enables context-aware reasoning and actions.

4. Research on the integrated AI which covers both fast response intelligence and deep
deliberation intelligence, based on exploration of fundamental mechanisms and principles of

human intelligence.

The essential point in these four issues is the integrated Al, that means integration of fast
response intelligence such as deep-learning-based Al and deep deliberation intelligence such
as knowledge/symbolic reasoning. Based on the integrated Al approach, it is expected to
ensure reliability and human-friendly features which are required from our society, as well as

to overcome the problems of the third generation of Al.

The above-mentioned issues 1, 2, 3 are challenges to realize functionality, and the issue 4 is
a principle quest challenge. We are concerned with that the function realization challenges
may only solve their own issue, not bringing the best solution overall. The principle quest
challenge is also necessary, then both of the two type challenges should be tackled in parallel.
The synergy between the function realization challenges and the principle quest challenge

accelerates technology evolution toward optimally integrated Al.

Furthermore, some points to keep in mind in designing funding programs for such research

and development include the following.

Firstly, the strategic positioning and focused targeting of research on the fourth generation
of Al are important in the current situation where the United States and China are
accelerating Al technology development with massive investments and the Japanese
government are also promoting Al-related programs based on Al Strategy 2019”. In this
point, the proposed research challenges can contribute to the real-world Al and the trusted
quality Al, which are enhanced in Al Strategy 2019 and are required in the fourth generation

as well as the third generation of Al. Here is a good chance that Japan can precede the world
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by utilizing advances in computational neuroscience and cognitive developmental robotics.

Secondly, it is important to strengthen research resources such as human resources,
collecting data, and computer facilities. As for the human resources, senior leaders in the Al
area are now emphasizing the importance of this direction and young researchers’ challenge
should be encouraged. As for the collecting data, building a large-scale training data set
which includes real-world interaction and dialogue is important to accelerate research on for
the fourth generation of Al. As it is not started worldwide yet, Japan has a chance to get
advantages In new training data building by close collaboration between industry,
government and academia in some focused domains (e.g. manufacturing, robot, education,
medical). As for the computer facilities, joint use and continuous enhancement of

computational resources such as ABCI, Fugaku and Raiden are essential.

Additionally, it is very important to consider the relation of human with the society, ELSI
(ethical, legal and social issues), and other non-technological issues. For this purpose, we
would claim that we take comprehensive and cross-disciplinary approach to the next Al
research, making the best use of not only this proposal “the fourth generation of AI” but also
the previously published two proposals: “Al software engineering for reliable and safe Al
application system development” and “information science and technology for

decision-making and consensus-building”.
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SHERETADPEEINTEZ L2 T, flzX, ST b RO L 9 7RFEE L7V - g
DA, MBFEOEED 2 — FREO HEER - GREEAK, X2V mE CHERILZ- 3D 7
AR, FTLWERRRT 7 r—va Vb IR%ICAEAH STV D

ZO—FHT, BUEOERBFEOBRRBIEMIND L5 I oTE e, OFEICKEDHMT —
LR EIRN NI IR Z L QFEEFHANORBUC T < . FEFURBLA~DEGEHEINZE 225 T &
RNZ L @NF = LBRTIROS . BB - SO STALB T T E TV W T & E ARG
InTn5,

Fo. WEFEICROT, Al BMHERICELE L, SEIERGETHEDOILTOIZEE LT, Al

B - EEMEELHEICHERT 2%, 2B 5 Al OB XELERwmELND L OIThk
of%toHﬁﬁﬁﬁ%ﬁbkfkﬁ¢b®ALﬁ%E%J%mub\ﬁ-ﬁﬁVNw?AN:%
ZT’DZD*iAEBU WETA RTA4 VN EiR - REIN TS, XoT, & 4 14 AL I, BED

F%”®@ﬁ®®®%ﬁm¢ék&%  AEEFRL - GETA RTA DX RN E DO
%%ﬁt# &w*w%mé

DI BEOWRBFEEDO LD IRT —ZNEER NAT v SN AR T IV EBET D
‘Wﬂ®ﬁﬁﬁkff@< by FE ATV B2 RSk (TR A R)

WS CTEN D ZMAE DO TR - #Hem #5&9&@%W®ﬁﬁ&%ﬁ&Abﬁé*&ﬁ%%
W%, TNETH, L= _R—=ZAD Y AT LO—ERITHEM T 2 A TE Y | KRR
éﬂ&~V@ﬁ®#%%w—wm~xwy17AfﬂﬁbtDkwotﬁ&ﬁ&Abﬁiﬁbh
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Z OB, AFRIO RO TG HALERERE (Z B3 D BFTERCR « RN BEZ T 0 LHIffE D, AH
DRI, PRIEFE - SRR ITH Y 3 2 UG 2R i AL P 240 5 8 — 72 Tlad, Th e R
IR% B A TOREHNIRERILIL LA S N— F R FET L EEZADN TV D, ThIZL-> T, AR
FBIEOEEFE DO L) RREOHMT — 2 25260 THhHHE MR L, ¥EHLLI L%
FERFERR L —AZGIEHATE D, TR XS RO ZRME %235 2 T < BT AMHE
FOHMABNH e EBRFONDITT TH D,

PEDOX > B 200, K7 R—PLTid, H1E EFFRCK 1) (R L FmEEiivi,
PDIF. FEto@BH 2 e+ AMES T T, 2-1-1 THAEOEEFEOER. 2-1-2 T Al It
HEEEN S OBEEE 2-1-3 TAMOHEEIZBE T HHF7EN L ORBIZOWVWT, FELLS TS,

2—-1-1. REOFEBEZORR

BAEOREBEEORA L LT, OFFICRKREOHMT — & CotAEERM/LERZ L, OFE#
PR ORI FT < . FEHFAR A DEFRICE 2R N TEX 72N & @73 % — LB TR
BEIEHME - S OERAFE I TE TRV LEREH SN TS Z & Tk, UTFT
X, 203 RENEIZHIT 5,

(1) FBICKEOHET—2 LHEERVBE

OYEE - AR T BRERAEOS TS ERY AT CRBEFENEA S, @O ESERK S
NEEFEFNRREINTND, LL, ZOFEIIEMO CTREOHKAT —Z PHWH D, #ilx
IXHEGRRROFEIZHW D BT — 250, SREOFEROBEWRIEREE IV 2 SRR, B4 —
H—ITE->TWAHL

WEOR X, FEICHWS T —2EBEEOT 2T T, 73 XAOHE, =a—F )b
Iy NI =7 ODERELCHEEDBEMHLIC L > THHELIED BN TE 72, ZTORE, #EH T ut R
THONDAFEER LK LT TV 5, Bz, EERE A0 CHREELHE TEWVWEE L
ER L FT AT XA L LTMmb5NS BERT <° XLNet (Z2W T, 1 [BIOFEFETICES 5
AEEEOREEY 7 Ty Rarvta—T 4 v 7Y —EAOHEHEBICHRE L TRABEbL 7m0 O #
H22ndHDH, ZOMEICL D L 2018 FIC by THEE A H L 72 BERT O%41% 1 [BlO 34T T 6,900
KRV (K76 J7 ) 303020 (2019 41T b REEE % H L 72 XLNet 05613 1 1810 947 C 61,000
KBV (9670 HH) Mhmbdlns 2 ETho,

M 3 1XZ Dk ) RFEEROBKEm AR LTS, ZOMMNS, 2012 I EERH TR
1 & TR BV ES BE A R L 72 AlexNet &, 2017 EICHE Y 7 b v = 7 & L CEAEIR
IZEWE#EZ 7R L7z AlphGo Zero & I35 & W BZREHR /N T —i3 30 HfFIZHM L TnWa Z
EDGIND,

Uz X, EHEERHR D r— A 122U T httpsi/arxiv.org/pdf/1707.02968.pdf
SEEDFER OBIRMEMEE O &7 — A2 2\ T https'//www.aclweb.org/anthology/P01-1005.pdf
2 https!//syncedreview.com/2019/06/27/the-staggering-cost-of-training-sota-ai-models/
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AlexNet to AlphaGo Zero: A 300,000x Increase in Compute

*AlphaGo Zero
s AlphaZero

« Neural Machine Translatlon
S *Noural Architecture Search

."X“p“moTU Dota vl
vee *DeepSpoech?2

v «Scq28eq *RosNots

; ’ eGoogleNet

- * AlexNet +Visualizing and Understanding Conv Nets

*Dropout

*DON

3 WELEINJHE/NT—DEKRMER [OpenAl O LAKR— i o5IA]

(2) 2EFHEENORRICHE . EHFAKRIANOBEBECELH SN TERL

FREFEICRO T, M E 2 e Gf - e, TRl BERmE) X 8T —4
CEANED LR VWRE TEIK 2 ERAHRICR D, Thbb, FET X O bNIFETE 5
P CIEZE R RPGE ORI L LTH, ZOHEPHINT, IMERMEIZR L7 — AT, EOX
IIRFERITIR DD B2, K4 IEZTD0—FITH D, X 4 DT FETHNOT — 2 2%t
THEFRRDEN OB, £FTFEEHEINOT — 21Tt 2 BE R EDL T (Lh &
FETHESTHEZHLTWD) OflZRLTWS,

FEEANOT I FEEENOF—FIC
HIBEIE T BIEZH

« [T

Guitar  Penguin =
98.90% 99.99%

Guitar Penguin
99.99% 99.99%

t | CAREMAIEERD
99.99%DIEEET 99.99%NIEEET
[F45—TROF> JEHITE [F9— [TROED | EBYE
(EERIEZ5E) (RERIEZHV)

4 FEEHEN - HNOT—2IHTHRHEN RS o5IA+HHBERT]

S 51T, Adversarial Examples & FETI 25 MagstEORE S FEf LT 5, ZHUTARIZIER
IR BRWVEREDOMTZMA 52 & T, e E TV METH D, mMERIERICxT7

3 https://openai.com/blog/ai-and-compute/
4 https/arxiv.org/pdf/1412.1897.pdf
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% Adversarial Examples D% X 51283, ZOFITiE, WEFEEEZHWT HEIR] OEBE
A EL R TE COWIZEERGHE T AT MM LT, ARERO/NES72 ) A X 0¥ Tz E1E]
A 525 L, THREHIPR ) Bk ARSI N TE R EVHI LD TH D, EIE LT
EWT 2R WG THHDIC, FIEFTICHEATINI &IThD, FiE5IXEZ Lk,

X5 E{RBHI-xd 5 Adversarial Examples [E30°H 53]

(3) Na—RBFELA. EREMR - HAFOFRLEBETETLVARL

TRIESET, Wifg - Mg - BESAE R E LY — BRIV, BARSEE SR E L
ToERERAE - SISO @BRLE TIE, 720 ICIFHERE L Ty,

FEEFEICLS>TH LNV ARET VL, =2 —F/b%y NU—7 OfEES /) — REOE
& L TEAINDIERINT A—F —DHEEITI D, Thae NEIDNEEMFIRT D Z &3 T
LV, T2 bHEBETFEICI o TEWKENMEOND Z L2 oW TOMEERMNREI S £72+71
AV M QAVAIAN

ZOREFR, RETFEHIZL > THENTHERRICK LT, Z2OHERBITFHA ST, ARN
W TERNEN) ZENRE D, HlzIE, REELHESN, BHOBA G2, RYR%E
BT blE, TOYNIME LNV EK LD THAH, £z, bH 7TV r FRKKT
LAREHEDRFmWEHE SN E &, ZTOHEMREZHEBOFNA LR ey =7 MEREIZIE R
TH, MBLTHH I 2 &R0, BRI RE# Lo ST LNTHA I,

Flo, FHCOMBER A L & 210, RERFEASEMHEWAE LY, X, EEFEEHW
TEEZ KIS 2L Ry hAEREZE I LT LE 72845, TOFMEFI LI LIZDN,
HLEETE ST e gholcl LT, ZOEELZ L T LE SRR o060 &) B
nhH,EREFEOT T LAOa—FT 4TI A (N7) oot LWL, FEICHW T —
ZIZR@O BB o0 LWL, WEFEZO O TIEIRELY 7 MU = 7 ROEEEH 1T &
DERMEEI A0S LIVRV, ETOFER, FMOBMLELZHEDAIONBEEL RN &IZR->T
L%,

EZAT, 271 HIOFHE/ A— N T, XEBRMEBEOR T~ —27I12B8WT, EEFEE V-
Al AT AN ANEDA 2T % EElo7c 2 LR, ZHUT—RT25E, Al A7 ARCED
BREz AML BB TE TWa b e s LitZe, UL, T &1T - m#iselc &
&AL AT APHIEICHW TN D O, IR ERR N2 = Th D | BEROIBH LR
FEANLTH, RROMER « RZ =Y TUIDTHEEZH LT LE D, RYICTLOEWRIEE
fECETHRNE, Eff2 4 ToNeVWE ) RMEEZED TR 2T & Al VAT ATER
ANEDZA 27 ZRKREL TREISDONRBURTH 5,

5 https!//arxiv.org/pdf/1707.08945.pdf
6 5l 21X httpsi/arxiv.org/pdf/1707.07328.pdf
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T, B LT, BRFER—2AD VAT AORREZRTEH L LT, BBV =2 b
(D71 77 AORITERIRWEZ BEIIZAT O 0 H) 288 Ic Lo Thadfb L7 b, kA
DEIBRBOHENEFTEHLCLESTLEWIRER D DT, T — 2 N FET HHMATT T <
REEERIET VIO — NV EZINOHRIE LTHEX D ERRER T & 2R HE]T
» b,

2—1—-2. NlIcHTHHENLDEF

AR O X 912, AL IZHT D426 0EEE L LT, AL #E2JF A - fGEET A KT A VN E -
R L~ CEGR - RESN TV D,

H ARBUMIE 2019 4 3 A2 TARIH.Lo AT #ERAL) 23R E L7z, Z 2T, TAl-Ready 724t
& BEvarbl, ANHoOMEENEEIN DS (Dignity) . ST RE2FFO AL BNEEER
e AR TE 12 (Diversity & Inclusion) . Fifiettd 2414 (Sustainability) Z AR
ELTHRIFTWD, 2 LT, AL RIS LT, OARFLOFER, @FF - V7 7 > —o Al
@7 T AN —HEROFH], @tx= U7 1 fEROA], OAEBFHEOFA, ©AFE, #
AEEROEAEDIFR], DA 7 X—va v OJFAIZ R LT,

2019 FEIZiFMc b, BINEE SRS EHETEX 5 Al OO OmEIT A K74 > |, IEEE 75
MRERRICEE S =T A > ). OECD 205 T ATHIBEICEE 42 OECD JAl, FEMS K
HAC AT O7=d D A3 F o ZAJFH|) B E SN, F7-. SONY, NEC, & 1. Microsoft &,
—EHDLVIEETN—T OGN ORFEORA « A RTA U ERERTLEE L ROND,

INLTETONTWAIEAL, AL 245 A< AL ZBI%4 2 AM OO 72 b DR~
DN, AL HIFBERICHER T PR ER OB E EN TV D, Bl 21X, A%, ST, EPE,
X2 VT 0 OMERIT, AL THWTWDEREFEED T VT Y XL AR 5, £z, AfH
¢ukw9%z iAﬁ#n/%m~w1%éﬁ*®/XTAkLf@Mﬁﬁméhfwé

R DN OBEFE AT 72DITIE, T —Z D BN L — L0 T VBT 5
ﬁ#ﬂiﬂi i<, 571*%&75‘%5‘7\_5/1/—/1/%’%' ZER 2 DHEMANMEN RS, Z 2Tk 7= &
272 AL AL« WERT A RT7 A VTR OH T, ERESTA R4 0D, ARtt2IZBIT 5
D DI X FERE DS RS LB 72 D,

|

2—1—3. AHDOHEEIZEET H2WHEI S DRE

ANENIREOHATT — 2 72 LT - liET&, 8 Lz 2 L 2MAE b TRl G <> Rin
WHIHTE S, AMOZD X5 22 MHEIZ, 2-1-1 T2 XL 9 RIEEEEORAN TR S iz
RIS T 5,

ZDO—J5C, NHOARRIE, RSHAIRE L AERIFIRE L W) “HAH D Z ERREBIN TS
BEDRIEFE - 5 kBT 2 DIZENSHIFIRE TH 0 . 8 3 U AT IZRE AR ®ﬁﬁ
MR+ TH D,

WERBESIZ LD &, K6 ITRLIEE DI, ABOMOIERLITIZ, ETNVRX—ZA T AT A
EETNTN =V AT ALV 2 5’/1’7@%?%6%/12‘/27A75 HNTnbHEEXLND, TV
TV =V AT AL, T LW E ORRAE ERICHERMICa— MET 2O T, RIMEERNZ
DHREZH - TEBY . TEF A=A T AL, %%kﬁ%k®%%%ﬁ%%@% LCa—F

7 i 21X httpst//www.tilburguniversity.edu/sites/default/files/download/Pastorello%20-%20Qlearning_3.pdf
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ET 2 DT, AIEATENZ OWRELZH > TWD Z L gho TE T,

BT NAR—AYAT I (FHERY - HTSTHTEF)
wmmses < PR LA OBIRE N LEREZ L Ta—F

[rg: s [Prie 7 |~ 7|

EFT NIV — AT L (WETER) « KIMILEE)
PR LW o BR A R (B BhAY) [ca—Fk

@ I R T |

B6 BMOBEHRMIBIZESTEIETIA—RAVATLEETILIV—SRAT A
W EE SRR

F 7 ATERFE OB TIE, 2002 4RI ) — LR FE 25 B L 7= Daniel Kahneman H33%
EI77AM&AT—] TRLE, AHOERIEELZH S 2 DD A7 2 (System 1 & System
2) LWOTATTNAELTHS, System 1 (ZRUSHIT, ol HEN, EEHRG., ESEN.
FHER) 72 B B E 2 ) DI LT, System 2 (ZEAERY T, Kk, GElA), Eikf, S3EM. &t
- HEER R OB EREZH S,

BAIE AR D 2 DDV AT A TIHET NV T U=V AT A0, £ LT, ITEREFEFED 2 5DV A
7 5Tl System 1 ARUSHHIEE TH U | BIEOERIEFE (5 WITEERETE) ITHET 5,
Z LT ARBOSEX. ZNE R DABHHMEET AT LR E 9 —DEEL TV DH E W) Z &,
BAEDOEEEEORAZTERT 25 4 AT Z2FEH L T BT, R0 EITR D,

5.2 NeurlPS 2019 T® Yoshua Bengio ek 2 &R H

NeurIPS (Conference on Neural Information Processing Systems : #ifRIFMALIE S 2T LA 25%) 1T,
BT E B0 Ny 77 UV EBESETH D, FEIRAI T —20H0 | FaFOSMEROEIMTZE L.
2018 FEDBMBEHUTA 8,500 4. TN BB LIAZ YA FAA—T72 L THTH 11 43 38 B TIED Bl
eV D, ZOT-® 2019 FIFHNEHNEA ST, BINE T 12,000 L 2B AT, O XD IR
A > ME L7 NeurIPS 2019 (28 5 EFEHO—2I1X, B FFDFEL Y A=/ RFHIE Yoshua
Bengio (24 % [From System 1 Deep Learning to System 2 Deep Learning| TH 72 (Z OFEIHOENHE
L& EHT httpsi//youtu.be/T3sxeTgTdqe THRHZ ENTE D), BIEDOHEFE I System 1 IZTHY L., IF
KDFFEPEIT System 2 DIEEEE T LN H DN, ZOHEDO A vy —VTh %, System 12 L9 DI,
A HE 2 Daniel Kahneman ® =2t~ M & EBT 5, Bengio 13& HI2, T X 5 727 mk il
72T ERA~OEIF TRV, Eo, 77 v a VRERPEE A EZR T Lol B X bR L,

AL Ea—4—FERH0 ) —~VEEEbd ACM F=2— 1 U7 EIE, 2018 4 [TREFE FmDR
72513415 & iz, = D — A7 Yoshua Bengio T D, D 2413 FF D kv > b KF#E% T Google
D=7V T 7xza—b%H% Geoffrey Hinton &, KE==2—3—7 KFEHIH T Facebook ™ Al
ZRETETH D Yann LeCun TH 5,

AT R—=PFNLEFER L THDRERT, 2O L) REBOEWVERESE - #iHENO, EIITARAT R —
LTS TZ@BY OFMERELNTEZ LD, SBREFITEY MHANEL, AL TWESS
LEZLND,

8 https!//www.jstage.jst.go.jp/article/jpssj/42/2/42_2_2_29/ pdf
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(1) Society 5.0 ABFttE~DEH

94 AL, TARIH Lo AT #hR ] 27z L, 724 - mEET. AME o fED R
WAL THD, ZOLHIRE AR AI REIHINEKLTHZ LT, AME AL 2344 - g5
HANEF LSRN BT D & D,

(2) HHEOD Al BFZEERE DKL

KEEHFER AL 53850 2 REE 2o T2 RUUZEBN T, DAEOEBEFRFEKE &5 &b x5
DINZOWTILE 4 B CTHEL < 225203, 2019 4F 6 A IZHRIE S iz o2 E O TAT #2019 Ti,
HRREAOIZ i b & Gtk & L C IEfE M - @i e AL TR AT Z28HHE L TWad (7).
AT aAR—PLCiE [EZHR et - itk 4 iR T 2/G AL 198 % EE /2 HFER 3R
BEE LTI TR Y 4 AT OWFERRIC L T, Rt it % AT O SLEEPGR - AT —
XTI F Y OHEMNPOLXZDI EEBERLTND

Physical Scale
Molecular and Cellular Sy Industrial §

Social Systems

/ I Sy
‘-g k‘*
% I l S Lo

ouem | 4. Al Core - System Components of Al iy

Component
I maRRzaA [!t!!!ilﬁm[]}km;tiﬂm]

AW

'J

% Brsgias —

% 3. Al Core - Trusted Quality Al

R Secure, Robust & Fair, Accountable, £ ble Al Sustainable
Dependable Al Transparent (FA) 1 CXP3inable Quality Al

Device and Architecture for A

.

2. Al Core -

! [1. Al Core - Basic Theories and Technologies of Al ]

Theory

B 7 TAI BB& 2019] “I2&1+5 Al IRMAFKOLABRER

\

72, 4 AL ~OBITIIRSFO TENEDLLZ L 2EWR L, b2REIZE > T, BFif-7e+
ECTOEBRS THRITTEDF v LV RICRD EEZTZ,

0 KED GAFA X, 4 ¥ —Fy b EOP—EROEELZEL T, P4 A A—ROE Y FF—2 %D, TOT—Z0nbFEETS
Al TREZREBNMERDH D, ZHUTK LT, OB VOBBFED LS REMRTOITS - IRLBONSFEMR Y /T — 2 2 HEDT
EHT 2 AT 2613, AAPEMHEEZERTEDLEZTVD

10 https1//Www.kantei.go.jp/jp/sing‘i/tougou-innovation/pdf/aisenryaku2019.pdf
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(3) Al EXICRDOIEX

AT FEREICHOBEN G 4 MR AT ORI REZIT 5 L, £, ER =272 N COSFE
VAT v —E LG LT =AU K DR ISEONAMEREE Y . AR E OBFMEL &
ED, E£7o. HAENR L THHMER - k. SUR - HiH R TE 2720, Bric s HoORFERe
Bz oG ~OWEANRFL 0D, £ LT, Btk - 22t - EEEPHER I, 200 TEX
Do

ZO X HRIZE 5T, BEfFD Al JHEEDBRFECEH ORI Z T, S HIZADN S
FEFEICHY—2 LT, LTOLIRBOBREZZBND,

® ARy MPIFIERGETHELDLLIITRD,

o A\MEDALET v aryBNEBRTHEYZLOIZ/ZRY, SESERGHT AL 7R

2o NBMEDbNAS X DIZ7 b,
® M DM - AXNVOMIK, HEBEICH TR EE D,

2—-3. HFEEmLOHR

55 3 AN AL OV FE D ANSHIHEED AL 725 72Dkt LT, 2 4 A AT IXRSRIERED B
AEBHVHREE TEAIN—FT DEMANEBR SN D, ZOX 57225 4 AL OFEHB LU 2
DHBEDMEE OBMENHETe Z L IC X > T, FHHNCLUT O L 9 B RA A EN D,

® GLESEEHIESED Al B OEARNRME~OT 7 a —F N, ATEOROT L—7
AN—INEFENGD,

o (g - SEE. WO T —HXHEEOIENS, T O DEERD IR AR 2 IE I B
BATT 5, TOEMAKHZREIE LT AIXxa Ry MFZENTERILT 5,

o BEIFEEFEHOT /&7 L —&—LEENMEIZANS TS Al F vy 7 IN— U =T
FIE, B AR AL THERARTEA BN EENRD,

O NITIT D S EE LRSS KR RO BRIC b DR N D AREMEN B V0 | AL BFSE & BN
2 HREMEZOEL LIRS N D,

% 4 S AT OWFZEBZITNVENL S ER D D0 H 28T —~Th Y, EEEMICH S IF
T —F N FERTRAPERINTHOLERETH D, & 4 AL TIX, KE - FEDFEAT
LTWBEWH ZEFRN, LA, ENTIE 2018 FEHEEN D TEEFEEOKIZH D H D —FH
R OREEZ B L C—) CELTEAHY VR T ARBRESNTEY ., 5 4 i AL 12
F 7R, HRA R OB DI A TE TV, 4 A AT ORFZEBRR 2 45 Z &
T, OREO Al FOEBEHES I EmObN51TT Th D,

F7-. FEBICHFEES A U — RTAFEF ICHRE SN S OiL, B $A TV DR
DEETHEY L) 72— A0 bITH L, Fil-lEazERH L, LW E2Y0 <
EOREETHD, H# 4 AL OMFFERREICE MIr LD T &IE, TDO LD @O - &
EHETHNEEDBRICHORN LT T TH D,
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KRV U LI, PEF2 BIE ALRTLRY PR, YR TR FPRFRRERIE LY RFER Jeih
N THREZHE wIHHIE FHTEd2) DIck > T, 20184 1 H 22 HIZH 1A, 201943 H 5 HIZH 2 [
MBI ST, FEFZOIEH, AR (FERHD ., KBS IR, BEEH (B FERDD . WZE
(KT =a,/WBAD), BIERK (HK), fOEK GLMmeE/ Y= 7)) EHBORES (K) & 23HE
LTW5 (FT@ixNRob ), 7'vs 7 AOFAL FL URL 3,

% 1\  httpi//park.itc.u-tokyo.ac.jp/FAIRE/event/ [EEFE DI H 5 b O-Fe5Hdm & O A %/

% 2\ httpi//park.itc.u-tokyo.ac.jp/FAIRE/event/ [YEJEFE DI H 5 O-5E 5w & O A % -2/

728, F 2 EOFMHBENE X H A TV https/todai.tv/icontents-list/2018FY/beyond_deep_learning T/ARH
IhTna,

% 1 B OBMERSHASCITE THERESYE (Deep Learning) M AL IZ¥EMmAE 725 L TWET. EE
FR IR O D DO RERI7RERTTR, TNETTAI VAT LOETHRERTE 2D TIEIHY
FtA. FILT v TOEMTFEEE by TET U OHER T AT AOREIZ L VBRI AL VAT ADMEET
XDHEZEZTOVETE, TOEEKNFEIIEEMIS TWERA. BE, ZTOMAICELER OIS -
BIckbU—rva vy P BROEREARTITI) ZEICkD, BRD AL#FEORKGEEZRLIZVWEE X T
WET. ) EEINTWS, I72bb, ENTIE., ALDHO ) = —RFEDO ANT-BA, 2 FEL ERTICZ
DX BHFAEE BT CGEREZED TWDTH D, Elo, ZOH LEIOT R T AISMUTZ &3,
RKIBR—PNLEFELDIIEEBZZDEomT LTz,
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#eim (RAERAD OMEIZE D, HRICHEE L, AMSFV IR TRET 2RI AL TH2 (K
1, ZOHERBImT THRY M~ S EHERMZEREREIL, kDO 4-5THD (K2),

7 LT b G - R TE DEa ALITSE
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A NEBELTFHBEOBE®RTHZ TELL2ICLE2 VI DTHD,

Flo, T v IRy 7 ARTREZD L) RHERR A Lizoh, BREIRT 5 2 &3k
LWEBFEIC, 7Ly P77 75MAGDLELZE T, TOMPRMEZED LD L) B A
bbb, @B TR, EETE % H\\ = Deep Tensor (2 L w7 T 7wkl T,
ZOMORINE D EL ENDE DT HZ & T HREFEHDO-RDOMREZ mD TV 5 (X 21),
7 WEIRIZEBIT D BIE AR L RBOBROMITIZEHA T 5IZEE L T, X7 —F _X— A
SR L7=BEm ok a1y 277 7L THWTW D,

zV) wat | p! ) W p
: : . R |- Y : :
Transformes = words Transforme

mask| — W —> | Watl + | p9 || > | “poder |} WY (ivas Wal) +[SMEl+  p7 || >| " encoder
: : : 2 S g : :

=™ W™ | p* =™ Wz §Mat¥|  p™

(a) BERT (b) SenseBERT
https://arxiv.org/pdf/1908.05646.pdf

20 SenseBERT

| ADESE- B8 BETEBAI
2ODBIETS2<HULAL EROIIEE &£ [1741] 2583

Deep Tensor® HEGEREIITEL,
MR TR % AN H1 [RE|(ERET) EHS
2
@, =] +
HEBRO [—9
[T ) %588 HEER HEAF
RPN R
(ﬂ « 1 < ANIDSHEBERICED
HEERD . . : [RMZEF LY ITSTTHR
[1RH8) = 858A e
FLvIIST

https://blog.global.fujitsu.com/jp/2018-12-27/01/

21 Deep Tensor++Lv<H57

o [44F3] Ial—TariEMMFEOEAEHE

3OODEA T T I ab—ayERMITFIEOMAEDLDETHD, I alb—3a UE,
KGRI G R DET M E DWW THRIEIZ BRI EZ S22 b0 TH Y | HENRT 7 n—F
Thbd, 2OV alb—raiz, BT —ZITkT DHFHHT - BRSSO IR 52/
HEDED LWV WY MEAENITHOILTN D,

KRG WHEEOBROTH - i FICE AN SN TS FETH LT —ZEHkiX. Zh

17 AI21 Labs [T A % > 7 4+ — FR¥#% D Yoav Shoham %3 L, A 2T TV AHANH S, Yoav Shoham %, IJCAI 2019 T
Award for Research Excellence %% H L. SenseBERT (22T iiE L7,
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2N 5, T AL, HDRMONT A= =G RS (B0 IS0y I a
L—ya v OfRE, EEOBIEZANCHET S22 LT, ET VORI BENELVHFED
DITEDT 5, RO I 2 b— gV EBEEROBNT —Z 200105 2 L T, Bl
D TRSCHIR DOFEE 2 B o 5,

Fo, VI ab—a r EEEEEE ORA IOV TIE, NEC-FEERBFEHEMNTZE =S TOEY fH A
HHRHDL (M 22), vIalb—varEBRPEAHAEDED LT AP FESL, HHER,
Figk - MRERIREESE . T — 2 N2 IERR L THR IS WIS D% EE « s 2 5 B
b« B b9 5 2 ENFRRICAR D, BIAIE, FERERFO L9 RARBBRORIIZI N TS, ST
TORBRR— 5 - WS 215 U PR R AR - BAET 5%, X 0@y 28 By E N TREIC
25, T FUEROGHE D RWHRLERET O — 2T H | MERFELD D ORI LY |
VIR HEERECMERE A T - Bk 95 2 & R EBRIC /R D,

/ o >=alb—->32
- MR =
e R
K X L (@] L 3% E \’\/
‘/ »5"," 1 \\_‘\ . A a
/| wl . &H-Wffﬁ il
W | T =
==y daix) Ao —
N < WRT AR
k! - Wit TEEEE A RRRONEE SR
\ - RIS A — T FR
- REHEFIL - S ERNERR

(EOMH 5] BRI BE S S, —S 3> ORA( S 355t SHEOR SE(L - B
BB F i 7= —2019555(8](2019.11.15)

K22 vIal—IartEMEEoRs

o [4474) REHA~DEH

AR D & A 7 2 1 3GEFE ORI HGR 2 L A0A T S DTS 723, WICEREO IR > TS %
A TDOEDOLB D, BRI NTZ IBM OFGITIE, Eifg a4 — b= a—F C—EikER
FUZEH L T, BEO Y AR ST T I o= 75009 Hikdk b oTW3 (X 23), Bk
VR e SOUVRIREICE ] L7z &0 D BERE 7SS  RIHDIRAEE & I — VIRRE B iR T — & & LT hH- 2,
WIHPRAEDN D T — WIRBBICE 2531 %2, BEF Y AN E W TART 5,

Input 1 (Transition input): Images pairs

State Auto- : ; !
representing the valid actions, used for
Encoder (SAE) : training SAE and AMA.
SAE Encode | ieeer’ G tbsymboli SAE Decode
) "
(plarllrrlmFi)rlljgt izﬁput) EI;L'E E_ﬁAction Model
é{nitiall state Acquisition (AMA)
oal state . [
g'mage Enco Adw@l Plan Simulator

Initial State :
e Actionl
D l Action2

. Domain- i d
= | independent | Action3 g TE
- Planner . -
Goal State Solution Plan as images

https://arxiv.org/pdf/1902.08093.pdf
23 —[ERERELHR
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30 FBHER Al OBIRFRRE —REFE L8 - ESHROME—

£lo, RBERZOBRE - Tl LI X 2RAERIKOERORB L Z DX A7 4 IT%ET 5,
B FE IR > CTRET = DO L — V& RO 5 2 LN TE DM, FHUTERTHIE
SHIVIZHEPHIZ T & 08— HREBRAIT Lve s, BREHERRCA/MBITE 2 2 & 9 2R ER9TE R,
HBINE, EErE, FRERME, VR, fERE. BORRURFRME RS TREN D D, BRI R
FHERIFICHS BT 2720, BEEIRI 28028 L C, BEESCHBIMESEZ @0 5 LD FIEN /R
SNTNDHI8,

® [A475)] —a—0aREDURILR - HRRORES

5 O0DIATIE, —a—uREVURLRHLVVIHRREMET LN bDOTHD, B
TS & IR ATRE 2 A S5 A A —ITIE< . DFIEB% AR 4 |70 L 7= R 0 45 7
eDT Fu—F LRhikED,

27 AT Liffe REFHOKICH D bO—R B L OMAEHIEL T—) YRy
TAIZEBWT, RS EREKY) BEELCMEESRETLERO 2EETETANZOX A
TN TS (K 24), 2 BEETO BANIFETH. FRIEME THICHEYS 5%, BT ClEr
EERIA L, 2 SOTHMEOYALFZ X7 EROKE L HZ LISk THB L, B OmEmE
LRHND, Fio. FADOBEEN T TR, LhDOBE LT (EHARIC k> T, ARBIT
Mg [N IR B DR S NFD,

L em ot et s - ~ RBF

ET3Z)

By ) 52 1R

P
< rm— [Moter] BEBEBOEICHIED]S VRS IA(2) THEE
:_iﬂ#;{;l);f‘) https://todai.tv/contents-list/2018FY/beyond deep learning/01

X 24 HMEBEFREESRD2EBETETIL

F7-. MIT ® Neuro-Symbolic Concept Learner &, Z DX A 7 Th 5 (X 25), HigCBREL -
ZEH ORI L BRIGE (QA) &) 2 RZMAFFD, Hifg - ZERRITHEH 0 7H . QA D7 IEik
BB EHND, 2D 2RO~V TF XA O ) F 2T NEEZE LT, AR, HEE,
BN 22 LT, ZhcE- T, KEOEETFT—Z%2 5272 Th, LRI FH
TEHL 0, FEREAROHRTHEN TS L-ULER, 2 ZFEOEE) - AlE2RA SN T
WD,

18 R - STTHIEIC & 20 TEMEZR m o REEFRINCIES SHERAERIE L FE] G55 25, 19984) . [R7—n A
THENCE S SFHERIERIAD R R ) (NTHEEFRTEE 15 % 4 75, 2000 ) F RSN TS, 2B, [FEFEEORGMICTIEL, %6
HZRBIAICRONTZT — 2 ~O—HiE b RA 5T D,
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' Visual Representation '. Concept Embeddingé ""'EBack-propaganon
Obj 1 {} Sphere I ENNENNNEN ...

2 i = . .
8:;5 Symbolic Reasoning

Obj 4

Back-propagation Answer: Cylinder

Groundtruth: Box

Semantic Parsing (Candidate Interpretations)

(] . .
W e ; s v Query(Shape. Filter(Red. Relate(Left. Filter(Sphere))))
Sle\lhe‘léa(zll)?;(l:ll.’el:_p_lf}taofe‘tﬁi msd: X Query(Shape, Filter(Sphere, Relate(Left. Filter(Red))))

—
X Exist(AERelate(Shape. Filter{Red. Relate(Left. Filter(Sphere)))))i REINFORCE
sphere?

ICLR2019 https://arxiv.org/pdf/1904.12584.pdf

25 Neuro-Symbolic Concept Learner

Iz, THIFEELZOX A IS T8 ChH D, TRIFE TR, ORKEET 7V a i
F0, EOXIRBERIZRDIDETRTHIAT v 7L QFEBEOERLEZBR L, TR LERE
EEEOFE RO ERNSFEEH T HAT v 7LD 20D AT v 7 AV IR, FHZE TIX, Zbh
T—HEEANCHET H2MEN R, B2 TR A EHIT — 2 IS T 2 REERABIH X, %
BEED TN ZENTE D, ZOLE, IFICEONTZETATTHITS2 L0 LV E B
L, WHEETLEAWZY | EEBRARR A DR LT, BB ERSVORWT
BNC72 2 &, IR L BRI OGS L AT 2 LN TE 5, PRIFEBEAZBEN L-Z 040 &5
7Ry BRI E (R R L OEERIFR AT TR ST 5 (K 26),

TRl e AAARDEHORY NOBIWE

[HE8] https://ieeexplore.ieee.org/document/7762066

26 FPRZFZAVELAALFYEHFDORY b

o [42476) EBEBRAIRORTAIX

FLERIFERART 4 7 AE, 27 2@ THERT LI, FEREEEE U2 R EREE S FHAER
T 52 & THELTEHELERS L e - JREL, BrEounRNT 0 7 Z0ENE W TE
BT 5Z 2B L TRAMREST TH D, FEnIr e L TORAREE - AF A2 R LTEY,
AAT 6 ELTUHREN AT 1D ATE LIFORCMEMTNRR S, BEOR & LT,
B AT BTN DI D L Bbisb,

(2) Neuroscience-Inspired Al
2-1-3 T _7= K 512 AIDOEIBEIZEI T B9 545 530 5 Fn BE . 56 4 A% AT O#FEER %S
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R ICHFZERRE 4 D5 B 70D, NEOMEE, IMOESALHEHE OMEIA %2 B THF7E 08, o0
W77 7 v —FIZ K D EHEINENE GHARMEE Y © computational neuroscience) &, Ak
T T —FIC L DM ERRT 4 7 ANDDH, BEICOVWTUL, EiR4 A 768 N=
LO®THN-DT, 2 TIHFHEMEZOMAIZHS < Al Th % Neuroscience-Inspired Al (2
DNTIER%S,

Google DeepMind DA .3 CEO T& % Demis Hassabis (. b & & E B2 OMEE TH Y |
1% & 73F 7= Neuroscience-Inspired AT (2B 559N L < H LN TWD, Z O3 TiE, K
BHEOMZERCENEEIC ATl TIEH SN FFE LT, EEsE, ks, 77> vay, =
V— KRB, V=% A2V HFEENRTONTWD, I 5T, MEFEOMFERRE - Fn
WA ALITIER NS RSN D& LT, LFRFETFLN TS,

o WERHIUCEE T S EEAORBRAE - B - B - IR THh D Z LI T A aE, HHRET
oy RSP THE T2 A U H VBT IAREEIZ SN D,

o FEEMIRTE . AMNZA R OWEGI S FRTEERE W RIS D T LS AR T
X5, AXEH,

o HEBE L AT VITIRD B ET LW KA A ZEERZ UL - IsETE D,

o BBl ARIZVIal—varEHWET T =071k EFTRNCESWT
FTENEEIR,

o ABRIMNOIAT - BHEMELEOOHTEEZ ATET IV (T T v Ry 7 A) (ZHEH,

F7o. ENTIE, Frpinaasarse [ TEGE & MR E O X L mhd ) 20 (2016 4 6 H~2021
3 H) BDEDLNTEY, ZOFEERETHLMAER GTREHEEITRFERERT) 23, 2
B O(HERKT) L oERFHRUTB T, AL O & 57 5 IR X 9 72z e B2 o 5 7,
LT, UTFEZET TN,

e T RAX—%hFE:  AlphGo DIEEETI1E250kW (Zx%f L T A DML 20W, Neuromorphic
Computing (A/3A 7 @fE, (5D - /A XMHEE),

o THBE . AMNIERETFEO L O KRBT — 2 2 e Ly, HHRET L L
N I 2 b—3a v, BRBROBER, A ¥ FHE,

o HfEME: B - RONIEAER ELAI CEAMNPLEZXBILD),

o fthatE . BEZERET DM, S — LA X D HIEE,

(3) EfEBImEEE RO H F

AT O 14 TiE, Al OEFSHEAHENE 2B L2, 20K 14 (R L@y . KEIE, GAFA
(Google, Amazon, Facebook, Apple) 73t TR A & FMEWFZEO [l CEE 0 72 B AL 2 £ > T
BY. GAFA A X — T v TN R RN S 2 HE L T\, £ —J7, DARPA
(Defense Advanced Research Projects Agency : >K[E [ERG @ SmF7eat i R) MAEE L CofEH

19 Demis Hassabis, et al. (2017) “Neuroscience-Inspired Artificial Intelligence” (Neuron 95)
https://www.cell.com/meuron/fulltext/S0896-6273(17)30509-3

20 http!//www.brain-ai.jp/jp/

2 HRETE - RS (2019) TATHREE MRHZOHEL Ziunr D) (BRAIN and NERVE 2019 45 7 H %)
https://groups.oist.jp/sites/default/files/imce/ul94/Papers/Doya_Matsuo_2019_bn.pdf
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7RI E 2 o v — I HH LT D, FEE AT U — R{E3 5t (Tencent, Baidu, Alibaba,
iFlyteck, SenseTime) ##&E L, BUNS Al BEEZHZIFL L TW5, 22Nz, Al #15H
L7-BEf - it (MREMRT AT A0 K, ©F) OMELED TR, hEL K& HER
5 AL SHABEABR N R 55, BMIE, GDPR (General Data Protection Regulation : —#%5 —
AR DX 97T — X REEIEIC L > T GAFA ICKHHIL X9 & LTWb, b EE, fihk
O TAMHLLO ATt EH] ) <0 TAT Bkl 2019 2 560E L, WFFERF iR Tl [Trusted Quality AT
(BEHE - mRE AD Z2fTBbH L, ALSEEZHEFNITORITE D &0 ) RIZFER H 5,

Z O XD 7o ERREh A - BAEIGICRVN T, H 4 IR AL @ U S AR R ISR E 2 LT
THEH SN DITKED DARPA Thb, 2T, LAFTiE. DARPA O E w2 V=7 MID
WL AR D

® Al Next Campaign22

DARPA 75 2018 IR FE ST, WA AT #FZEIZ 20 (8 RV LI ED KA E % Elii4 5,

ZOHT DARPA (X, ROMARD Al % 155 3 D) LIFATWD, T72bb, & 1 O
Handcrafted Knowledge T, =% A /8~ K A7 LD XK 972 NTFTHESE L =ik 2 FHVv 2 AL
% 2 O 1L Statistical Learning T, ##EFEDO L H> BT —2 o ETVEIED AL, LT, &F
3 D1 Contextual Reasoning Th 2 (X 27), ZAVUISTIRZ BRME L CHEFR 32 AT C, ARl&
AlOHAENMEESIND, TS T BHETHXA LT VT 0 ANVRERICBITA L0 BOER
REEMMELTZD . KB - RERDOFE LTEEmAEGET L L E2ARRICLIZY, BEeho
EERARMEICTIEBADV AT APEERI v a VEETTELEIICLTZ T2,

Increasing symbiosis

Handcrafted Statistical Contextual

knowledge learning reasoning

Making the machine more a partner

X 27 Al DE3I DK

A=y hETHMEEKE LT, UTOLI REONREF LN TND,

«  New Capabilities : Al Hiffi (L S TH7=7eme D &2, EHERROY 7 by =7
AT MR D EWAWERGES DoD IZBI 2 HEER E U R AT 1 A0 AL,

*  Robust Al: Al #INZSEEMENERSND DB AIREE T 572D, Ty - 5
AER 7R BFIERH TS K D AL OREBETE — RN OBERfE,

« Adversarial Al: A7 b72F SN0 K9 RS E 7 — 2 0B Ic L5, 7—
2 DR, V7 b = TIRT D A R EA~DORE,

«  High Performance Al : RSO TF P Z L7 at v HITH~T 1000 {4581 & 1000 %
DENNFEETRT AL T NATY ZLOT Fu ZRE AL L LIoN— Ry =7 T A

22 https://www.darpa.mil/work-with-us/ai-next-campaign
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TOUFT ST == T — 2 OB AR RIBICHIRT 5 2 &2 X DM DIERD
MR,

¢ Next Generation Al :  HOOITEIZHTX B Al & 27 A, HEkAI7R k4 15 L,
FIUC L VYW 21T 9 AT AT 4,

® Machine Common Sense (MCS) O 4 S5 .L23

AT IR EZ BT D Z LI L0, iRz 8, TR0 ZEER, A & 2R
WZaXa=b— b BRBRAFTCRBUTE NS L2 EBLS 57200 MCS 7'v 77 L5 2018 £ L 1
FEhg ST\ 5 (2018~2021),

AT IC—HE#A BRI L D LT H1EROED A L LT, Cyc: Commonsense Knowledge
Base (1985~HfE) NI LD, Zhux, AHOFHAER T WK 2miSEr a2 Ea—F—
MFEAELY FIREZRTEA TR (L L L 9 & T2 ATH 5, 35 FEMICHiz > TTF — X BfA LT 5
No2H LN, VR L - TUEBICER SNTAES TIIAMBI RS OMM S AR SRS
DOEEBRE S 23 TE 2RV, llx DRI E DR A b U—OfENFICHNE LD, Lo
e rR Yy rayy 7RAEOMENRER I TV D,

2O LX) eEIE. ABOFBMTROND K572, FDOHMTIZESOIEERILN Al I
ERIMLTWADEEZ 5%, DARPAMCS 71 75 AMZBWTiE, L FD 2507 Fu—
FIENT D2 EICEY —REROMEICIRVME 5 & LTWD,

+  Foundations of Human Common Sense : /NEOFRHFEEOIGHICEKSX, 7t L)
IR G L, Wik (BEOZ2EBERORYE) 5T (ERFesr—vay), =—
Vb (BREFRT 7 X =) SHTLRREED AT FAA o a iy L FHREE T v
PHEST D, T, BINF— A2 Al &R OERANT OB MRS S b,
MELIZETVIE, 0~18 7+ HDO AN O FHEOFREFE~ A VA h— L g U TRl S
b,

*  Broad Common Knowledge : MERIED L HIZV =7 &frZ LITXDFHE L, Wik
BRI T 2 BARSHER L OB —2ADEMICE R D Z LN TE L EBMT Y R R
AT D, ZOP—ERIT, 2018 FEDFEIIRY R T A U A1 KRN DO — MR 7o ki 2 A L
Allen Institute for Artificial Intelligence (AI2) DOFFENF~—7IZX ViS5,

INHOWMVMAAMZEL Y, AL TORNZEGT 5 Z LS5,

o BUY—FIT—HFANEGNBIOMRT 20 EDOH D Al VAT KX, WikaTEH
LT, BLEMRD S — o ORILE BT 2 DI D,

o HHRICEV. BITHLWIRILT, AL VAT ADT VT a v EREDZ S AR L
Fx v/ 3oL RIET 5,

o ANHDaIa=r—Tar EEBIIT A TERICEROFELRHEE LTS, A ER)
BRI 2= —FLBHT 572012, <2 AT ARNTEIZ BEARR 78 L~ 0 ik & £
STVWDLRERD D,

23 https://www.darpa.mil/program/machine-common-sense
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o AR E RN AERIT, AT AT A LW R AL &R L RARSEM hL—
= IRT 0T T I T LTH LORBUSIEIG T 2 720 DR 2 1R 395,

® Lifelong Learning Machines (L2M) O 45 L24

BUEDBRE CT/NRT 4+ —~ o A &I 78 56 LO%E T & 2 kRO N THIRES AT
AEBRTAHILAAME LEL2M 7 a7 F A8 2018 4E L W DARPA CTEE ST\ 5 (2018
~2021).

L B OBSREER > AT M, H LVRIICHEEE L7z & X (CHE AL 238 L7 0 i L7z 0 ©
EHRVEVIHIRADH SR, 20 LM ICBONTI, BEEE LD L 2ERD D LR, VR
7 DDSHEREAIIZHT LU RTINS L TWDT D K5 780 F o7z SH LW E TR0 £ EL & B 5
LTWo, L2M VA7 ADHEE LR HHEINILL T O Y Th 5,

o MKRERUTEE - VAT AIMEEERTAT LN EET L ENTE D,

o HLWHRATRBEEAO#I . BHR LA AT EEND T L BRI AT L
ZIGHTE 5,

o I—URMOME . v ia VIIRBLEDL D ANE SR BT 5,

o BN . BEMELEAEMEONT R E LD,

o BERMEE=HZY T

INHEERBTDHED, ar B a——REH L AEYEE L3 EE L oBen 7T 7 e —
FIZED ., LLTD 2 oORBEICER VA TS,

o BEORBOFEREZMEICER L, SO 28 LT — 2 0MRPLUC#E IS S 5
CENTEXOMWEE 7L — 2 U — 0 2T 5,

o AT ATANREDLIITEE LEIST D0 EHER L, TOREEHERFE > AT ATE
HIsZtzHBHET,

5 21X University of California, Irvine TiZ, V5 & KINEE O “HEE#EEOMEN G, A
TEBEAFOFIR L T2 Z L2 Lo CEENRERZ THIT 2 2 E N TE 28 FE A7 A
DR A HIEL T\ %,

Tufts University TiX, 7~ X —O L O REMOFERA =X LEHFHRDHZ LT, BEO
FACITEICT DT OICHEIE LA AR T H Z LN TEL LM ARy N2 HIEL TV,

Columbia University’ s Engineering School X, HEOEAEZHTHZ L 2FEHTHZ &
R THGBZHEMT 2ACH-E =2 —F VXY NV =7 DBFEZBHIEL TS, iU,
AODNRIFZA—=F—ICHETLHTHERY NU—ZIZEATHZ EICLY, PRtz 7
IRy NI =0 2R IELH LN TE D,

24 https://www.darpa.mil/program/lifelong-learning-machines
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fTik 3. HPIAEHA

o T (Machine Learning)

T — 2 DOERIEOHRAMECRF R 2R 2 81080, AMERBRED DL WIZZERLLE
DFEEEN L Ea—F—TREL LD LT 28 TH D, Hliid v 28, iz LEE,
BILFBEE WSl 2 A TRHY , K2 A FIHONT, SEXFERLFR EEFEE., FR— R
U b w v, BER, BRI, _A TRy FU— o) BSOS,

o FEE$E (Deep Learning)
ZJE=2—7 /3% hU—2 (Deep Neural Network) % WA EH BT CTH D, ES
FEERE GERIE 3~5 ERRE), WIXEEhn / —F (ERIIEE /— ) 1225,

e JFLvyT4557 (Knowledge Graph)
BRSPS DR A R RIIC KR T A 7 L — AU — 27 Th b, HMAMOBRE 77 7R T
ES TN

o FISIEHRGRE (Symbol Grounding Problem)
Al OHFBRBIZBW T, £ 2 THEDLN S5 %2 EIROERN L OFERITHE O T B b
EWHETH D, =27 LO0FMH,

o FHHEBFY (GrEMRrO®IRFZE : Computational Neuroscience)
M2 EHALBL S AT A E L THEZ T, MOMREZ SR DHE0 8 Th D,

o FRMHEEDOART Y X (Cognitive Developmental Robotics)

ANHOHLED X HI2FE - FHT LRy FEeRerT5Z 28U T, BABEOHMEE
BOME D CTh D, MNBEBE - T HZETHRILL D LT 507 7' —F Ikt L
T, VAT LEESTHAL LS 357 e —F 3G 7 7' a —F LIS,
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