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(O\MEAY LEDALY HIDAKA, Shohei)
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RENFLZE Cognitive science
STRICIRA CRRANZIERET S

PRoySocBBiolSci

LearnBehavr

HearimgRes
,\] @phafﬁolng\

JPragmatics
.rj;
ﬂ?}'sinll"
lmj EngEduc

T

Musici!i‘cgpt g 'ng}p"jtics Humbagiass
ey iy \\

(:]lﬂ].’llamgch
OIS V(eGP
JOcer
_ JComput@sistl.car
5 " \ X -
CreativityRes) Ixadrﬁ‘éuart . N ﬁﬁnpﬁng  xbepsonolBehay
: s echRes
BiolPhilos TheorReychol ] =
Ianzj?téosSd | /
{
i Goldstone & Leydesdorff (2006)

Betweenness centrality of 164 journals in the citation impact environment of Cognitive Science in 2004
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SRR ~ETE -#TE (Marr, 1982)
Cognition~ Statistical Inference
SR -HEICKDFER
DT E IS - EEm

Inference

BRI R D IEEHR

Partial information

RIS - 4TE)
\ Reaction/behavior

Forward: Stimulus=>Inference—>Action
Backward: Build inference model from {Stimulus/ Action}
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Research Topics

= £E 2% % YR 38 () IH 8 pH =3 R E’W*ﬁﬁﬁ'%ﬁ?ﬁﬁ@*ﬁér‘%@ﬁ@ﬁﬂ
S ERERED Eﬁmﬂgéam Imitation & intention
Language learning

Dynamical
systems

Learning Encode/

decode Cross-modal
matching
Feature
Space
Word Packing
Operator

Understanding

intention
Word

segmentation

Recursion
feedback

\ Realization
Composition

Consciousness

Freedom

Non-
commutative

Computational building block
EROEBEE - FHRIERD—ARIL

5% - FE - AR Copyright (c) 2018 S. Hidaka
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Outline

vV BI04 1Bk - IEEE
o iGn BEREELIFEFORR ]
« I | OEHGITKOONBEH

c B F~ARILETILELT
o UNRFRE DA

XL EHELIEEME




£

« TFER (L &LDIFD. ZEE: information) &l&. (Wikipediadkl)
* HAHALDITEORBEDERICTOVTOHMLELDIE,
s XFHFREDNEESOLURILDBIKIZE>TRESN ., FITFIZTENT,
WiRIZx I SEEEEH-o LY., @G EZEBIT-YTdDLUD L,
o £ENEIHIZHALVGNTVSIESRESLDZE,

'I?ﬁgi m CRISE ) TORZE) MIEFIEZRN T, EMNETHFEEELTES
Z }-
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« IDEF-HERE

« RERDBRYBRLZELT, HAHREDKIENR LT S
« HIEFREICIYSFTRABENTES, MR RISFIENEL

« FBHEIF-HEWFEE

* REDFREZET-HDFERANTORENKREILSNSD
« HERNGREL - NTARIRR

FaEIJJEE S EDREERIVE

X Al

,H%(Ub&)%uFIEﬁEJ&IZBIJé*Lé:abuL\
-F%EJli%bﬁ%*ﬁ@?ﬂti{ﬂéotﬁ,ﬁﬂE’~J7:,t BrE)EENEL

53R -2 - FAZ Copyright (c) 2018 S. Hidaka All Right Reserve d



fiz 1Ll
IR A7

g (VL) &l
« SO BEEIEY,

L
\I-I-I
|

 RICBIFREOHCTLE

Bk H) L3 RO LG ETHS,
SEEE AECONF-Th28Enls, flIRE, TRIE, FFELTEATTIEAM#ES NI IIZFT

MZEDSAGENBL LA IRR NS BELLDACHR 1L DL IEERD ih»>TWh 2,
LT EENFOLEN. BLLIZRILUTHNIIBHO L.
AN RS 2T LTV AV IEA T A B BN

1.
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e NP F(CH T ORI

o« “IR#E (X[ AV ({£{B 15, 1985/2007) Sl

o MARIKRF S (FTE) EREID

« MEOZUIZHITHIER(EEWN)

- HEOWMENTE=SI({ER)

« f#RH: 1985-2007FEFRFF A TOMED TR
BADEEZNMNSHESHTZIERBDDER) A

S>HIR, 7R, IRZHBFEA CTHEEGBAZERIEZITLI =LY
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IEH AlphaGoZeroZ MR - SR BA TEALNV ?

c R DIZETEDETIL-RRITETTTHAVLENHS
c BIZEZIE. BELGE—BISADOMEEDEEL LIFADICIEBRIERE]

« “EETIZHERILAE? (e.g., Google translation)
c - EF'. G)ﬁBEEH:HI£




B

3 HT: Strong Al understands

e MA|E

aa D AR

= (Searle, 1980)

o FREEEVITEIIR(I, RV EIREE [TFEARATN

« Fa—YUJTAMMEEDIRIERIE
T. AFERBI DA DMGELESIE, TNz Al

B AT TH

=) AL(ATLENEE) DX EEAY. AfEIZE-
HE"ET B

To

A

Searled)H

D

anh

HETEIMME-DPEERYITF
ANDXEZFEEWN-FIEE
(KLTE-TOT 5L/ EERE)
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SearlelZ&A"5RUNAI" AND $HEF

* Searle BB . H

1 |E

MR [

Ehre(HE

fi2” L TLVELVAY, |

’C%é

x| =

SEDARY)T

e PAICIIBEAR 1T B"BWVAI"ZER T DICFA—) T TAMMEIT+5TIEELY,

« 550 Al

c RETBEDEZAZTBRICER - RIRI DM - EE

e GRL VA

- BIAMICHIREE R, HET HHMW
* DEYANDIIGFHE
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Searle
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hEZEOEEREEITAIH 2 :
< A= Al

Suppose you know NOTHING (but the rule) about Go (a 2-player full-information zero-sum game)

AlphaGoZero 2

AlphaGoZero 1

A

B&5F (2016). (FWOmEN DN ATHEEFRIHGE. 31(6).
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FDER.

anh

Chinese querer

_________ Chinese

——————————————

\
English-Chinese trgnslator

I

1

Searle

AN ER ~ [FHROMNEEIEMEE]FELGD

&% -FE - IBfE Copyright (c) 2018 S. Hidaka All Right Reserved
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B DERIEADEVK

1. SearlelZ&NIX“HEZEDEE"DHIIL. #EHET S, (HIHS
EA?C’&H:'.HJ}_ILT:)

2. LAL'HREFZEOSE"IL., "EE [C—REUTHESM, Fo1<KEL
%)15'](373%)

3. 2l hEBOBE XLEEILARETH S,
4. WZIZ, MBS B IEBTORH, "B TIEELD, TF
LTHD,

5. LI=Ao T M@aFEIZz&EMEL T LALAFELTORENR
TERYBRCETE ﬁ””#m‘t’ltf%é’(%%’)o

HES 5 (2016). |ﬁ$|§0)1233¥75\b55ﬁ¢’\ AIL%08 BmOCEE. 31(6).
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AN

Outline

« L0 B FE - A

o iR [IEELIZEFORR]

- 122 | DEBHITKOONSEHE
c BF~AVBILETILELT

« PRERE DB

XL EHELIEEME
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[IEAZ | CIT“BEFE" D
HRETHS,



Shannon & Weaver (1948) (D #B3R)

[EHER & (E“ 5T (B
) THD




1% R I8 3@ (rate distortion theory) (D #B3R)

B &5 (B
) D EE e 2
T 5o




B¥R. F& . TLTERA

e : [ | EIX"EF DERTHS
- TSR (35 (B3 TH B,
- THB EE (B DFLE S EETHS.
- TR | L (F AN & AL D5 O (BE ) B ETH B,
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I(I_

ﬂﬂno)“.

=g RNE

« INR R RREREL T

« “HOho1="EES (Aha! experience)
« “LoKYULD” (ISR S D)

=

C RSE L TERBEL (RERIT S o0 Y BET HTEEHLY

[ J
\-H
IH
)

;WW)ETJ‘/\%##&& HEETE (FEEXEELT)

AEENR): B IBAET 7LV (B A d a2 B S o iy
: ,I‘I%XE’J “BICIRKZ"OREAHITL—SUT -FETILDEDD
- HiEp —EEHEINIL. EWSHEOHAIEBELS
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Data

Mng.

uncle
boy o

queen °
girl aunt



) ] I_I=IE_

P lar] nﬁ“i

e 1-1 XD ”ZEIR” ~Shannon D [EER T3

® >
B 55
Signal Codeword

—\

=ETI)L

________________________________________________________________________________

Z (TS558
Received codeword

ESitsnt=ES

Decoded signal
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15 ¥R /18

{€: Design decoder (code to signal)

King o

- -=o

&% -FE - IBfE Copyright (c) 2018 S. Hidaka All Right Reserved

(Decoder)

female
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F & Construct decoder (code to signal)

SR
-
=7 -

///
///
king.
o uncle
~ @
@
queen
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(Decoder)

female
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5 - FEREXT—2(F5)DHER(ETIL - BES4H)
[R5 (B ) T B
(B EIE 5 (M) DR THETH D,

f: R? > {female, male}

RZﬁ
O > male
o —>  male
FE | e A male | {58
code o > female signal
o > female
@ > female
. J

27
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I

[IE#Z | &1EA]

. R?> R?

f: R? > {female, male}

A | (FIR{ECIRE7EAERR(E
B HE LD S DEREREETH 5.

R2—
O >  male
@- —>  male
o— >  male
o > female
\F > female
® > female
N

)

53R -3 - FAZ Copyright (c) 2018 S. Hidaka All Right R

ET L -

eeeeee

EIZI I:II:I)

h: {f, m} = {f, m}

28



[T2f2 | (TIR{ERIEE7E AR IR(E

[IE#Z | &1EA]

. R?> R?

Jeg(boy) =f(girl)

= female

? .boy ‘

-

f: R? =~ {female, male}

>  male

@
.girl

male

male

)

1%k - & - IAZ Copyright (c) 2018 S. Hidaka All Right R

> female

female

female

=TI -

eeeeee

EIZI I:II:I)

S ERZEL D" D(FANEERETH D,

h: {f, m} = {f, m}

hof (boy) = h(male)

= female

fog = hof

29



"II

BIEOHRERROANINLVZERMLEL ...
Mikolov et al. (2013)

k.
-
-
,,7“ -
-
-
-
-
-
-

boy

o: R>> R?

girl

o me = me ~me - @e]

30




L _ _ P
\d

HEENDMIVZERICK A EEHE”
Mikolov et al. (2013)

FAHERGIRE: (boy & girl) = (king & 2?) ~ROKVEE(IZLDHRIR

¥ \
vking - Vb0y+ Vgirl o Vboy T Vboy - uneen
kin g 'Y f °g (Vboy) — 8 Of (Vboy) — uneen

_______________________________________________________________________________

f(x) =X Vking_ vboy e \\*\\\\

AN FLES D EH(IL—305  E7 LB EDS
HE ) —EBRTNE. AVEEDHLERLNS

(&)
31

g0 =x+v

girl Vboy
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[ %722 1(objects) & &t I(arrows)ZFHFD.
(lBEFEHZHD.)
[t |(arrows) [ & RLRIBETH 5.

“Male”@ \
boy g1 -1 King uncle
5t/ 51/,

\ %
“Female” B ~
g 512,

\ /
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e TEASEA DS (K-> TIETFIFARKTEETHS).
0. HEEREA~I3DT
[SIESIANI5DY

“Male”% \
H boy g1 -1 King uncle

BFF e

] 511 511,
Xyt \—girl=F(boy) ] /

“Female” B 2,=F(f) ~
It L st g,°g, queen

aunt
e

g o,
\_ %
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Outline
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o iR [IEELIZEFORR]
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[IEAZ | CIT“BEFE" D
HRETHS,



[T2f2 | (TIR{ERIEE7E AR IR(E

[IE#Z | &1EA]

. R?> R?

Jeg(boy) =f(girl)

= female

? .boy ‘

-

f: R? =~ {female, male}

>  male

@
.girl

male

male

)

1%k - & - IAZ Copyright (c) 2018 S. Hidaka All Right R

> female

female

female

=TI -

eeeeee

EIZI I:II:I)

S ERZEL D" D(FANEERETH D,

h: {f, m} = {f, m}

hof (boy) = h(male)

= female

fog = hof

36
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NN )L
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,\/~~ S ”//
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MPPiTO IR

M# 0 &S

e B R F3

E/ %"

=

2R3 SRl gELIDBITETIL

P ﬁ”"L,’CL\%W)b\ ? .

’_——~

’————~

NN ODHJHJ EERAIIRLE ‘
/

B EFEDMFL ="
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M. Polanyi’s tacit knowing -

Attending from the tacit proximal term to the distal term aware of )
s BRNGIEMLENSEMEADITE

s BHGEFERPDHA
s BEADRZEFOFMY

* (p.13): “Since tacit knowing establishes a meaningful relation between two terms, we may identify it with the
understanding of the comprehensive entity which these two terms jointly constitute.”

M. Polanyi (1966). The Tacit Dimension. The University of Chicago Press

* (p. 14): “In other words we are attending from these internal processes to the qualities of things outside. These
qualities are what those internal processes mean to us. “

e [ [ [
* Tool use expands the body schema AN,/ & = %
+ (Maravita & Iriki; 2004) . T \Ty
| 39
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ILyBY B E: Mental rotation
DOROYE ~DFTO—F

* BEL-MERE<TYF I T oEE

o TEABI-ITELLEFEIZ"same” or “different” = [E%&

(A) “same” pair (B) “same” pair (C) “different” pair
(different by 80 deg) (different by 80 deg in depth) (no angle to match)

Shepard & Metzler (1971)



ILyBY B E: Mental rotation
DO ROWE ~OFTO—F

« fHR: [E

iy £ oc I it B ]

« 2RO EIERA D ZE T HILF= i

* 2D[EIER(ERIZ/KT)KYIDEIER(ER TS R) TEHRICH T RGS

Mean reaction time for “same” pairs (seconds)

U\ (ie, BICH# B ETIEALY)

R

A {Picture-plane pairs)

E S

it

i i i i | | EEAE, WSS, R 5

o 20 40 &0 B0 I 120 140 BED

Angle of rotation (degrees)

L

B

(Degpth pairs)

| T— | 1 i | i

1
[1-5+

1
¢ 20 40 &0 &b 100 120 43 |BD |&D

Angle of rotation (degrees)
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Action P2P1_1

Problem:

(0) There is the set of NV points in R°.
(1) Observe them on the visual plane 1

“Vision: 2D plane

R2 at the Posture 1.
(2) The set of i
some transfor
(3) Observe them on the Visual plane 2
R2 at the Posture

s “mpved” by

Question: “pistal term” “Proximal term”
On what condition & to what extent
can this observer recognize

the original 3D structure

(relative coordinate & motion)?

Posture P 1

Action P \ >

&% -FE - IBfE Copyright (c) 2018 S. Hidaka All Right Reserved
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Action P2P1-1

“Vision: 2D plane

Posture P 1

ST :(St S)-ISt

Bt LS E/ARERRES

n

Action P
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N Otat I O n there is a set X of n points X := {zg,xy,...,7,} in the three-dimensio

Euclidean space R*. To represent translation in the same form, let us int:
duce the 4 x 4 matrix notion:

1 s A b
 Affine transform: (4,) := 0l 1
s ((EEDREEBALTITRELI B1EH1TH)

The set ('35 and the matrix multiplication x : (5 x (3 — (5 forms a
(mathematical) group with the identity I, and the inverse of the matrix

- RY f ( X") i AX ’11—1 ()71 : C3 + Cs. For atransform A € C3, the group (C_;;, x, I3, ()~1) is mapped
® %T_l- ( 1 '/:E/ /r I\ ) . Al< o 4 (group isomorphism) to another group (Cs, x, I3, ()71) by fa: C3 = C3 of

HDHIRX,DEZ TR )VEDIDERX, , ERAISE T 252168 DBEREDDERY,

Xp -
M 5;1_1\151 Gu. A NMB
i

_ ; o EiRBF —>
/ XU..“'.-I 75 Xﬂ,ﬂrfﬁ Iy 1 B /AR - - »

” ” 4 44
%%)1,.‘5\)(90) Ejj% (M1§®3Dr%@ﬁﬁ Copyright (c) 2018 S. Hidaka All Right Reserved




XA DA H#LE (/B M FERE)

o AT - fgﬁoﬁtwmm\—ﬁﬁéIiﬁ(ﬁl‘li")

Xo lo.a —— V4

;’Hl GaMmB Oy, A MB

i 1;}?

}LJU ? ){UUH

JH

AR IV B S (=B AT RIS E. T = BM AT,

° *EEJ%A BJ:O)3:“\€ Ua = (V0.4,71,4,U2,4) t Up = (¥0,B, 01,8, U2,B) &_d—;haljfs
FEMMN—EIZTEESH: M=B"UzU;'A
WEBA BLIZAELEHNIE, M = B 'UULA,
=L, Al =AT (A Lt Reser)ed [ Moore-Penrose & Ll 1T 5145
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NENBEEIKFELN NI B SMEEAIIR)A

c [R3E  EBA, B, BIESMIERATHAMN, —EICFHET HET B,

HERA BLICAEU EHNIE, M = B 'URU LA,

® UgUl = BMA™' p—®si=g#s.
* ULTDHKIEZEZA, B, ISMICEAT DIRHMZTEEERLAEL, LAL.

MEBU, U,DiET-9 REHPY(REGHRNOEEH)EE5ZH(NV>3),
 EEDIDRDRE T = (ir,ini5) T = (oo jory) [TDNT = o T )
[T RTD3IDFD NI Fﬁ'é’%)%'l‘f’]’émE’J*&A'E?ﬁiittﬂ?éi:
LB;LAI =Up Uy

&% -FE - IBfE Copyright (c) 2018 S. Hidaka All Right Reserved
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Action P 2P 1-1

“Proximal terms”: fRE{&

»®
“Vision”: 2D plane Up = (Vo,B, V1,8, U2,B)
”~ |
- A
- - - - ;
- = ',I
/.\ sture P )

Posture P 1

Uniquenhess hypothesis
(“integration/ coherence”)

A4
UB__IU_} = UB”;IU_
HESHEAIER

“Distal terms”

[REETR/ EE)/ S

47
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NHBEHEAEADEREE

« —fRIC. dRTEDNRIZEAL T, CAdN-d)2DFRANETE,
EEREHEERDIEVLN/HEITDHD)DIGE
- NMBAMERETRIE—E
s FREGRAREHEELIZ/FETDILEN)DIHE
- NESHEE-TRIE—ETIEEWD, LAUBREBENRES,
* d=3:3D22DD IR THER(RE)DIHFE

o RHMEBII2NT. NHEBESEAREKX DIV V(N2 D THREHRNZE S ZSH(N>3).

« LOL. AMEBEMARERIESUI=2(N2)DITHEDOEMTHL=O. ThThd
REBRICKH L TRank=2D DT A EELG D, (COREBHEFRERZRNT—ET D
% FHEXE(FHERR) LIT5)

&% -FE - IBfE Copyright (c) 2018 S. Hidaka All Right Reserved
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A bit of math (linear algebra)

* The general one-dim-missing intrinsic consistency equation:

Wi(ay Q@ by) =0 Rank Wy = (N-(d-d’))?

* Unobservables: axr, by €R”

. Matrlx Wi :—{((E" ®1 (N=d).. )WN,d(UN) ®1£}O{lg@)(gN,d]Vm’,d(?JN))}
—{(én, WNd(uN) ®1%}o{1 ((E ®1; D WN,d(’UN)}.

X e N e N
Wia W)= Y €, o airy (Bini6 (ur)" € R¥IM where Ny i= (})
IeCy(N)

g.N,d = Z Z (eﬁdyﬂ'(l) ®edA1(Nfd) ) ® P J)) ) (uI) p— (|fu,1'2 ?,L,t,3| ; |u,13 ’u'i1| 5 ‘u’il M DT & R3

IeCy(N) J€lg—

* Indeterminancy : Wi s (un) a = Wy s (upn) @’ and Wi s (var) b= Wiy s (var) O

Rank Wy.i(uy) = N-(d-d')

49
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Algorithm

* [terative power method for nonlinear eigenvalue-like equation:

Wi (ay @ by) =0

5=
S Minimize f(a,b) = (”’) Woas (‘;) where Wap = (0® 1L, L ®a) W'W (b®I, I,®a)

b
subject to a’a + b'b = ¢

Converted to the eigenvalue-like problem: (W&,g = )\In) r =0,

The root of the original equation 1s a eigenvectors x of the zero eigenvalue.

50
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HEE(BEETE): N=20, d=3, d =1
Estimating a, b for a given W.
With consistent visual vectors With random visual vectors

R<1 1

o
=3

1
o
w

T

o
ES
T

1

Correlation to
the ground truth
(up to equivalenci

)

Correﬁjlon to ground truth
o
N
Il

L
Correlation to ground truth
b
T
L

1
o
1

-0.2 1 L | 1 L L 1 I 1 0 I 1 L 1 1 L | 1 1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 0 20 40 60 80 100 120 140 160 180 200
Number of iterations Number of iterations
5 5 Minimal error = 9.609
10 T T T T T T T T El 10 T T T T T T T T
10° 4
Errorin .
10 E
the intrinsic s ] 5
= 10 I =10 [ =
. fin] i}
equation W
-15
o error < 10 error > 0.1
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EHATOTAN WK vs FEMA

The 5 line-connected points: Error ~ 1.32 x 10%?
Min of 30 sets of 5 random points: Error ~ 2.10 x 1018
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* Polanyi’s “the blind man with a probe” problem
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ZZL1DERBAIZE ? ~ machine consciousness
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