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1 3|F

PN N 22 2Z 18] LA 550+ 4F 1 2 4 A8 B )
T PIIRELE R D S IR, LA Marr 5 Gibson Z [H]
BTSSRy LR 75 4K, Marr (1982) (1435% 35 (L
B s NEIGEAE B B R AR T AT HRA ST ) (AT
fRIFRCHILIE ) ) BIA N S22 — AN B2 SR A R
BheE ) AR AR M Gibson A= 8% HIE 4 28
PLAE DA CE BN AR BOAHT ZE AT AT
HD) bR RS AN R E AR L 2 —
(Shapiro,2019) . AHEAECHLGE) — A5, Marr 1A
IEJ& Gibson (1966 ) $ H (1) 1L 5 34 16 (458 =2 FLAth 3
B) Jd% i Mare A NEEE . B57E Marr 195735 1,
fliA R Gibson BRIEAE7E P s B 2N JE : 25—, Gib-
son A AE ST/ R BN BB 6 [ AN A8 it (invariants )
FR) A i A0 D AR 81 JP R £ SN L [ 5 55—, Gibson
P F (seeing) B FP AR TR S IR ITTARAN 17
AR ZOHIN T RERR . B2, Marr $2
BT 2B AL . TR R,

RAETNFAEHEAT S 5 FEE, Gibson Xt
Marr 775 51 2 WA B 25 & o

HEA 21 th2g, AN HTRL 27 Z 8] i 2 0T
BN T TCRT 46 1m0 () Dy s Ry o 56 — AR R B2 4
TBRAERE S, RAE WA € Ty X HD X R B4
Ay HE I (re — presentation) o 55 —FCINAIFLF 1Y
PRI YA AT AR HE by« RAE — JFAR0 (2R E g, HE AR
H7,2006) o 5 AN B8 FO B BIA R &2
RS H A E RS B B 3 IR G SR AT S TR
AR A RN s 5 T S AR T s H
T AN B AN RIRE A 1 BEE NA T A4
N BB 73 (Varela et al. ,1991) , Gibson 475
Sk i = I U kB Bl i = S ( Chemero,
2009) 55 4E IAFIIR A EE2E R “IEBR )" SOGRAE ~ [
TS F5E & HLHE ) (AW KERAERITTHSE) , h
FPelin S Pl 7 aliotdanees ) M i, fnitk, Gib-
son YRI5 Marr JR IR ST

U 4% Gibson 5 Marr 22 [] 1% 338 PR I 1) i
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R 1) X 7 TR P IR 24 08— g Se 47, 1H
IR S P i o s SR P R O Y
AVt 47 RIAE - HEWS BS54 AR
W AT T AR R i 4%

AR, — b2 3 2 U G IR B TR IR, LA
R — G — A BRIEAE L, LA T8 M AN R 27
D S B JRy o axX —HESR AT AR Sy SN 7 (predic-
tive processing) , ‘& M I B A H 1980 440 L)
AR T 8 18 2 2% 100 4 B9 ( hierarchical predictive
coding) ( B2, #/ik,2019; Rao & Ballard,1999) ,
ZJa 2R E R Friston (2005 ,2010 ) 55 A 52
HekE N AT 3151 5 1Y (action — oriented ) FH G H
P, MBI HEZR W) A0 B, W TS B B
“JRGAIMAN L 5 E 3l (active ) T AN T 3X P
RIEEIFRY S FR (Clark ,2013) o JZ TN 1. 3=
AR TS — AR b i R G5 gk
(I Marr Z 20T EIE R R A5 )
T TN k45 1 AR R 54T 8
A KA FEHE (I Gibson gl su e FEIE A BUARISE) o
X R BRIE B A W ) — > 8 — B 5 BRI B R
AR 7T

ARGy, B I A T Rl R AE - 5
5 BB AT S P R 2R i 38 VI AT 55 (72
ASCHLL Marr 5 Gibson [HS AL 241N ER) |
7£. Hohwy (2013) | Clark (2016 ) S RIAF A2 27 5L 1Y
G THEST , B A B AR 1 B
7 (Metzinger & Wiese,2017)

2 EmaninT

2.1 BawaRE.E N GRILM

TAIRRE i 5000 o L A B T A TR
FNTE S AR XEWE , JEATE— T2 =
RS B B OB R AL, 7ERAL -
THAM T, Marr JEEEAYEEAR B3R L (B0 05
TH BN N L B A2 1 H AR 2951 (constraints ) Ay Hif
fi, FCE AR TR 8 S B 5 b A N IR AR ALE
PR AL R) R AR AR AR Ta) (I 1 S A 530 TR
) E TS 2 RO ) (Warren,2012) o H
H, Marr (1982 ) "SRR 2o * RS UTR 25 B b
R TR SRR W 7228 — U R, 297)
VERTERAT BN Tad B A B i i S A S AR

©34 .

w1

Teufel FI Fletcher(2020) FH A T Marr FY %
FOMES TR TN I A 5 R K B R Ry B AL
o AT MR GE A A P RAS [a] ) T
X B R CE M) 29501 5 B BT 0
SRS W1 82 (expectation) o 24 o T 95 #h 284
Pr2E RIS ORI T80 N A 1 s i R e
FEAR o I IIIE KA st 15 FE 8 kA i 45 R TG
BT AR B 5 BB . R AU 45 A
ARG CA 250 0 B AR B B L.
LI 2y A b g DL S R ple s, AT AR 4 )%
Rl AT 30 S B E o 3 A S i T Ty =S B
FRIB & AER ., XFE, Teufel F1 Fletcher 2 Marr

AL IS TEGE R I B2 ARME & B 1, T L Y
U IERE S/ N I

LZYANE & R AT B T R B PR 22 J] ) 2
B, BN LR A HROENE RS E T RS R
AEWAOLED B, TR S AR
H, Maturana £l Varela (1980) J- 19 B 84 = (au-
topoietic ) A il A 1 1 2% 5k A AE A 5 0 8 2 TA) R IR
ZIZELEE . Thompson (2007 ) 4 Hi DA gl ) FE A
REAE S 5 1 B O A i B SRR Y B R R
2, DN Bl 8 e & 2B w16 3l , AN BE A AT B3 )5y
[N RNOEL EZP o R R i B IR EPSYIIMIPo R IE &
Ly e PRI A 4 52 A S0 L AT 20, I8 A7
— MR GE RIS S IR R GE R X — n] T
PE (predictivity ) J& R85 A i VR A 38 1 28 46 1 4
IRGUR I HA B R R PEIE

Friston ) B H1 REJ5L 3 (free energy principle) LA
RGN RIS T B4R Y 45 € 2 ( good regu-
lator theorem ) &5 Jy B8 el , 243 25 H 18 W [A) B
AR ( Teufel & Fletcher,2020) , AR 48 B 59875
il B, B — S BB L T T f (regulator ) 26 7€ 2
FPr ARG H — B8 (Conant & Ashby,
1970) . Friston FETIFR, FE— A R LAY " 2 K
TN AR P i PR A5 ) — A A2 8 i P A5 A
( Friston & Buzsaki,2016) , faj 5 Z, &t ¥ 35 X Ik
COR e ) PR AR S Y R I = AR — A
TEAf 3 P BN (R 5 22 %8 B, 24 3080 - S
EF——XRLRFR (s —11,8 —1y,8; =13, 000 )



INf, 4 22 8] A7 72 F3AE Y ] 48] (isomorphism ) B 5
KFR T i 4 B Ay I 3 07 3 5 1) — A [i] A A
B, R, 26 3 — PR RO s 45 Y I
DR I s 1 B AT R S O A T A PR TG
NEAEEMISET

FI H1 BB St BR8P (adaptivity ) 88 4 ik 574
MAGULE — M A H LR G HIE E A 1Y B R A
] ( Friston,2010) o 224 0 AN L (4 8 4K H b e fift
A (A S W] GRS N BR 85, 4E 47 A B o Kirchhoff
(2018) I\l A HI BB B  B A1 A (LA K AH A=
BONAIRRAS ) A 3EZs, 1 H T e d A 1 48— 1
AR E PR T

2.2 EAFTRM - FATTRM R E AR

FE T 0 L v, d5e P A3 [ 3 Friston i
Wy DU 558 11 25 e Ak g 450 57 (surprise ) iz /) A6 58
T % 22 ( prediction errors ) fz /M, [6] {31 ( Friston
2005) o BWEER o, REE AT N s, T, ekt
R P(s) , MEMARP(o) , JFIMA P(slo), IR
P(ols) BKG 70 A B2 (B A= B BL) P (o, 8) o
N WLEEME AR IS PR it 1 AERY (i) F5UI 1P PR 5 AR
SEARE ST, BT LA SO PR O B BLIE 4R 7 (model evi-
dence) . S22, FERUIE 4 HE A< B, BV UE B A 1Y
P A B (O 15 Jl F B 5 [ 4 ), A5 284 ) 500
AE) M5 .y DL 37 8 B, BT IE G . P(O) =
P(s)P(0I1S)/P(slo),

Friston 2213 ABTATE“BR" Sk FB MK
F EAE R BRI R R ) Rk,
S WOAE Ay B SIE 4 1) 670 B, BT: — logP (O)
(T —logX P(o,s)); B I ALSEM RS 150
S (surprisal ) , AT AF B Y A 5 B (self -
information ) #£/& ( Buckley et al. ,2017) , “5i 5" #E
A AT TR I % 22 Y H AR S PEAR
PRI 5 2 ) BAS, DA HT S R 2 0 U 1 R A
SRRSO, FoO TR 1 B ] b i 3 2% ik )
7 o B RN R AL = B dR/MbE .
S ERPRE N AmAET . T, B < HIl
fE, —logX P(o,s) < - ¥ logP(o,s), HHAEH
(A TR B I B IO iR B3 VIR -
P &2 St WA i =4 U R VR o s S o S WS e 8024 Y
XEJE B b RE R X — 44 FR Y B R (Friston,
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2005) . Friston 55 (2012) #2285 B iy 8 I B AP 25 1K
R 3 O S B T DA AR S A A R A T B S (Tm-
perative ) : SRR, IRESTEAF L.

TEJZRAH R 2% v, PR Ay AR Tk 40 35 1 5 1) 3
SAEXE LSRAS , T LAGE #1742 53 4E W (variational in-
ference ) 55T AL 4 7 530 12 25 ARORS o 4F 06T, RIDE 2o 4
T A RIS SR A AL A1 (Q (s ) ) 23 1 R MY B 2%
B4 (P(s) ) (Goodfellow et al. ,2016) , 2L,
B th e d /MR AL 722 53 B BE (variational
free energy ) /M [A]

JE ST 0 i HeA I L =0« BAT R -
TAT TR AR 2% AL (ascending prediction — descend-
ing prediction errors tradeoff) ( Friston,2019) . 41
1A 3 458 b B R 5 A0t 5 A 28 HAR
(“S/ATFE AN/ ATE” ), 0 A0 A R AT AR
A R A AF B BN S (AR BUE S)
(Pi) FEAIY S T Bt T H ISR A Bk iy
O, BN R 22155 (Ej) $8 B A (S) SRR
Tz A T ) 2218

E1 E7ff - TR EREER

BT IS0, AT SO 5 R AT O R 25 2
[ MR A AFTEE R . — MRS, BATBNAE 2 m
il ¥ Cinhibitory ) , ™47 U 15 2 5 5 & Xy ME Y
(excitatory) , Yon 5¢(2019) 45 Hi, Tl i% 25 50
FARGETHMERHE SRS B 2 R (B RE &) A
Ko AT AKX R R RSB A 4 E , ] andhy
“AMETEC G I, R AT PO R 25 4F T A KR
JE B AT IS S, g an, < B 5E A A
FEH P (8] AR — 2R 7, eI, BRI 5 1) o i)
A — B N B, AR T A G T S e 1 S A o
MG 5 75 SRR BE b AT 68 ol 4 ) (22 0 A
W) o MG, Yon 545 H TN AL AL 4592 FAFTEROR
A P (stubBomnéss )y FOERF & A 25 5
I T R 25 AR AR B . B2, PIRNE 5 A ELAR
A o
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3.1 EFhafer AT 300 AL

TERAE - THE W, A7 S AUV AR T B
SR A B S A R 200 T RN S H bR
JE R N TR AE . SO A 2 IR H B 2
AU G, S 5 1) 4 45 S B AE T Friston 45 A
W E# s AT S g RIS AR, XA, AR
REGRE TRIE - THEWM 20 i A 5
5 AN 2 G 28 1 T R o % BRIR T
PERIRRVE ™ £ 8h WO 17 5 E S HEWT” (active
inference ) ( Friston,2010) . Fsh#EWT 25 B h #E
JF B E AN AT S PSR B A, R A HLE Oy - T
A A 368 3 o AN [ 47 3y SR ( policy ) A, AT el
AR EE T DU SR AL Y (S T R 45 A7 3l ik
PRI BRI , e R STt A7 3o WRAH AR A Bk T 4
— AT Bl AE R R I 2 B U B RE (expected
free energy) (19725 4k M FE 3l SN I T WS,
Bz 3 AT S R R e FR 58 AR E T 9ibrtr sl 5
A, TR F AR A AT 30 5 1 PN X S B
TS AFTE R AR P RAE T, de 2008 i A7 sh A 3 b 2
SCEBRR T ANER I S, BT X — HE, SRR ER AR
() BECHHT R E 2k T A7 3 SR AR %1 ¢ Al B
MRS IRAS (s, 1) o T B SO BA 3048 BT
ZRE RN > B B REA S, DL
WA g, X B 3 3 HE BT A HEAS B ( Friston
et al. ,2017)

[2] il Marr 5 Gibson [ B¢ 56 BX | Gibson X #p
TR BRI G [ AN 7 R A 2557 gl o PR HE R i TR 4
TAA SR P EB A o Pt 28 B 14 3k B 43 A 5 T Mare
D SR L5 1 22 LR B O 220w T 5847 3l il
Febk, ¥ 1)@ 5] m] RAE ~ 3155 3 B (Marr, 1982
Warren,2012) o A% T 1T M &, 3 B0 b0 T Bk
TR T8 — O FTRL 2 1 J2 900 50 m L 3s
8, 8 ki oy 555 —AONF RS e - 47
SAHE

BN, Pezzulo Fil Cisek (2016) 48 Hi, == S Hi fin
X 2] BEAT Bl R A AT MARAS F 455 2
3tk s LT, B 2 R ORISR
B, Al b 5 2% 0 R b e A 5 R T8 S5 K i
7 A RPIZ AR AT A1 AT 3l (RIS fe k) 1Y 22 b

- 36 -

AREYE. ANE S atk Z MAAETE O & IAHT E AR
e R U R AT By (91 0, 5 762 2 PR Pl 7K o 1508
AP ) BT DL T A I

3.2 Hit - ATE AR

— S R O A A - A7 Bl R
TS 3 SCHINAIEL 5 (Engel et al. ,2015) o At
PO CAE X — 5737 b ] 685 A O 045 UR ) A
[ o ANTR) A B 0 IR R B0 R 6 BT 3l (O
Regan & Noé,2001 ; Varela et al. ,1991) , MATSNI
J5 A, OO0 AR A R i AR R e A A HE A AT 3
TEif, B AT B4R (2 MONF 7 T & , B
DN TR T 3RAE - 7H50, AR AT 3 A T B
BRI AR A OC T AN IR B B AR A I A PR R AE
DL RS S DU S AR T R AR F n LA, A
o E SRR S5 T AT 3N, AT B[Rl AE AR 55 T es . T
INTALZ RAE - T3 T 17 30 B R iy BB A
TERATSNIRVRE R 55 T LARAE Ay il (%) D1 - S0 5 7Y
F S ) T BEC BT o

TEZH I T, 3 BT g #i5 8 F
A TIN5 2 2 A A B LR A . b AT SN el T
FAEMERI PeE T H A7 B0 2 25 th 7 3 5 | 5 1) 1k
HIPRE o 7EEZ 0 TSR, T AR AR
BT e 517 ) Z 1R A AT, B FRAE AR - 52
JHAUA#T” ( epistemic — pragmatic tradeoff ) ( Friston et
al. ,2017) o Gz ZEF I T 0o AR 4E
JEE) FAT Bl (S PO (2R ) ARAS IR 55 T3 7 (i 7
MELEEE) .

PR T fin L $ 1 i i 2 AT Bl e SR o8 4
P T SR T AN AL, BT LA N T S T2
TSR MG (B3 ke ) AT . dniEl 2, ARy
& wB Az B SE S due M/ Bl St sE Fri Al ix — &
R EAR B T — A5 B R PE 36 [ % . 7E H AT i
71 (Friston et al. ,2017) H 3% F06E - 17 S 3 £ %
W R T A, AR A B e U, H 2 e
O350 R < B AR A 5 9 D, R T R AR
AAAE 5 FE AN 215 B BUIR A, SRS 1L 4% 5 BRI ol
SN B IO A AR TR O R A I i A
SRMEVTAL 3 5 D0 AR, T W s £ DL e S A8 A 3
{EL(TIED) s iz 3l )2 AT
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B2 RHEAEHIEE - TSR

Prse b, S TR F e - AT SRS S S
John Dewey B9 5z 51 3 Bl 36 AH E 1 ( Clark, 2016)
Dewey (1896) 5T W SR A K R Ak 1T —Fh 4
BPERHIR. TE Dewey 4L, F15E 517 8 MORA J& 4
HAMSTH, W AR —T5 b s — O AR, T ] —
A3 (coordination ) B A AR T3 . —IRFE
DLIEN SR BRI FIERS G B 34T, — IR fe e 1
T8RS, (H2 B TMARA EARIL T — e -
el pp R B9S2 B T o T2 w8 Al Ay DL it 35
FATHLHN 2 K JE T HMAULE . Dewey MRS —
RIS A B P Y, Al AR Sy — B 4 5 T S50 fin
LG = A7 BhAE R 5L T — B H B 1 S S IR
B . ZIGEERENR AL A BB 4 P ]
(Clark ,2016 ; Friston et al. ,2017)

4 BEMREIAMRFHEFEN?

T A R | SR OPRS N R IS
PR E 5 0 R S R F B T A P . T
TN IR FUR G s e i IR RE , S 5E T2 40
A = R0 5 G O G Xk A IR 2 3 2R 2 5
MR G . TEAFI R HEAWLE b, Bz DAL
FORFIBE 7, BUI i L] fE C 2 U 1 AR A Ml
B Marr Z i AFRTERE 22 Hif AFLE 1, Gibson HiR
S AN B B, ARAR SRR T (i T 4590 0]
HIDE ) 7 B A 5 A T 0 58 X 5 (object) B AN 72 &
(PF) 73 #r o 4R, 7E Gibson 5 Marr £ H B HLIE
P B2 T A HDUL Y LR 3B, Al AT E ] AR
SR TE %« Gibsol! dE T - FRE A8 5 I, 4 X
— NS T AR IR GRE 4 [ A P 5 5 T Marr
] 7 NTE AR BN kg, B A R T A H
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RE MR BB AR By 36 7 A S U AT, A A
BREXFFIBE R R AL & (PE) 20 Fr k7 T 30 hn
TR - HEASE R SRR 73T

FTE, AE TN T A £ B AT B S R AT
R2EZ A AR M e 547 3 Z 18] AR R E 5 S A
I EZ IR AR B A o 37 2 L, T o T
BN 5 —Fhid B MAHIE & (Friston et al. ,2017)
HALAE X G LR A S0 n] 2R AL, RAE R
551 DL ST ASE A F) S AR SERT , BN Sy S T AR Y
APIREY (KT, 2 H AR, 2016) o BEAh, PEREE AR
RS HH: 51 S 3 0 HL L PR A, T 57 o A e o 3=
PR (Clark ,2016) o S22, RN T, N2
AR S AT AR B M — AR B S AR AR
52 R R R S AR

5 A, TR AT RE 4 1A = AR X
(1), —BIME, RAE - TFFWH BARZ = AEN
PR I Ty 2Ol G A VR L, 5 AR AT
R RN I I THE A W2 fRS 4 ) A
ARFRAE s B B AT S B AR IS SEHE AT 3, I 07
BGRB8 1A G, % ot
SN Sk ik R AFAE S T A AL B AR AR AL
I 23 RS A B R i Ao 9 Y il A
BB HARESEBURRE - 47 sh 636, n 105 502
BT Z P 2 W 2% 19 EAT 0 - T AT B0 R 22

wUr
%1 =FAET
i MR i
KAE -0 RAE ik i
HHGHN G S-S G S
Wo-fF AT - A
T %;ﬁ%’ J%gg;&Zf SER

YDy —Fp i 5 v i B2 SECR , O A 2
RBINREL A S 7 22 22 N T 4% B S
AT o e, TS0 I T 5 LA T A TR
P R R B E A e AR —
CEIAIC 20135 MetZingel“& "Wiest']2017 ) , 2, A
SCHE T PN 0 A S PR A R R S A 22l 4R
Hh— bRl B S, DA T A A AL K
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Predictive Processing : Breaking the Impasse of
Two Generations of Cognitive Science

Dong Da Chen Wei

Abstract : Nowadays , quarrels and fights between two generations of cognitive science almost result in an inevi-
table impasse. For instance ,a deep theoretical relation between J. J. Gibson and David Marr have been carved off,
and of which two theories each other have been pushed toward the opposite side ; which could be viewed as a por-
trayal of these overt states of affairs. The central tenet of the First — Generation Cognitive Science summarizes as:
The Representational — Computational Approach;and the central tenet of the Second — Generation Cognitive Sci-
ence : The Embodied Action Approach What is the nature of "mind" at all? These two approaches conflict each oth-
er,and the either/or choice seems the only game in the town.

In recent years,researchers attempt to integrate both strains of sources,hoping to provide a unified framework ,thus
of which could be viewed as prospectively breaking the impasse of two generations of cognitive science in the near future.
It is called " Predictive Processing" . This approach apparently originates in hierarchal predictive coding of visual and au-
ditory studies(since 1980s) ,and thereby has been modified substantively by the neuroscientist Karl Friston,et al. ,into a
mode of action — oriented. Predictive Processing combines with two indispensable components; Hierarchical Predictive
Processing and Active Predictive Processing. In rough ,the Hierarchical Predictive Processing mainly inherits from hierar-
chical predictive coding theories of the First — Generation Cognitive Science (e. g. ,Marrs multi — level computational
theory of vision,hierarchical neural networks,etc. ) ;and the Active Predictive Processing somehow advocates various
versions of theories of the Second — Generation Cognitive Science related with action(e. g. ,Gibson$ affordances theo-
ry ,enactive cognition,etc. ). Both components could be viewed as dual aspect of a single unified theory.

In Predictive Processing,the Free Energy Principle views adaptivity as the fundamental principle of the theory
construction of neural and cognitive systems,and until self — organizing adaptive systems. The overall aim of Hierar-
chical Predictive Processing is to make the cognitive agency adaptable and sustainable as much as possible. Next,
the optimization problem of adaptation turns into problems of surprising minimization or " prediction errors minimiza-
tion" by means of Bayesian inference and Bayesian statistics. The basic working mechanism of Hierarchical Predic-
tive Processing is the ascending prediction — descending prediction errors tradeoffs.

The so — called " Active Inference" is the complementary component of Free Energy Principle ,which is seen by
Paul Cisek et al,is confirmed with multiple affordances competition mechanism. The Active Predictive Processing
shows perception — action tradeoffs,or " epistemic — pragmatic tradeoffs" . Both perception( epistemic value) and ac-
tion ( pragmatic value ) ultimately serve for adaptivity (adaptive value). Perception — action cycle of Predictive Pro-
cessing could be regarded as a second — order cycle based on first — order embodied reflex arc(in Deweyan sense) ;
which could also be seen as an internalized closed loop within the corporal brain.

Thus on the nature of cognition, contrasting with past two generations of cognitive science , Predictive Processing
has made revolutionary breakthrough. Cognition as the systematic function of general adaptive system complies with
the fundamental adaptivity principle. The conventional object — invariants analysis beneath paradigms of two genera-
tions of cognitive science ,thus ought to give way to mind — world adaptivity analysis underlying the Predictive Pro-
cessing paradigm. Philosophically speaking, Predictive Processing seems to be consistent with a process theory. In
the end,on the basis of the currents and trends of Predictive Processing,we attempt to propose an integrated view.
In our view , the! pressiiig @ontemporary1ask ©f Fredictive ProcessingSis . trylhg 1o Tilégrale/ tvogenkrations of cognitive
science — Representational — Computational Approach and Embodied Action Approach.

Key words ; predictive processing;hierarchical predictive coding;free energy principle ;active inference
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