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1. Kilimanjaro is a snow-covered mountain 19,710 feet high,
and is said to be the highest mountain in Africa. Its western summit
is called the Masai “Ngaje Ngai,” the House of God. Close to the

western summit there is the dried and frozen carcass of a leopard. No
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one has explained what the leopard was seeking at that altitude. "
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and is said to be the highest mountain in Africa. The summit of the
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BaiRel ERNBEXARRABER

ANTHEEER S —RENEEFT R, AAZHE, TRV T
EE RN GTEGARA R, mPLERLT. mas, RECAER
fE. 2012 4F, —#K A ZREZRFEM LT ALEMBBI5 B ( Microsoft
Research ) H— P EFHFFEIA H, 1L TE & FOI REEVERETS 2
TRENRA (B 1-4). " 2016 4, HEKM—AHBNEA, i1
REI— A 120 2 H90EE % ] M 28 B A2 N EE R B i
KE T 5 A MY 0KFE.

thetibreakthrough in the
field of speech recognition research/

The idea that they had was to usa.a technology In a




01 #M:FIFEIWUEE / 013

X — R R Z 5 B LAFZ SR T4 &, TR pLE
S AREFEOBC, BERTT, W5 Alexa, R
B9 Siri LA R #KHY) Cortana SEf5 ik A TR 1, EXFBINESTERE
T SRAnbEE S AR REE K, ST FHLR N TS, A K
SR N 1 A B

I E U R BRAS By, SER RS SRS TR A T
AESEl. CRPRAAT) TPARFNT RERHFHLE i 7] Ko Attt Bl
TET RS 5 B IA B AR K BB A A AR a] 7 M AL
(98 FlARE S [ 2 AR ST U TS S 157 FLSE A X SE S8 AR
S W €115 R

Al Efy: EFiZEmG SN0

RN

B 2 AL 27 1 B U8R FH 7T 2R EROR B 1 2 3 At ) 8,
AR 35 AT ML FHAR S o A AR R . BT8O T RIS IC R E
FISWOKE AR TNAER . IR0l A — IO SO B 2 ) i FH B T W45 48
id 2000 FHAS[FEIBRT 13 T3 5K B R E B, X4 B 2 B0 A 2 LA
AT 10F5A (P 1-5). " B0 1 48 BN R 20T A test
set, BRI AHIEREE ) hig &gt . e EIR Li2Ki#
B 21 {7 B RRH RINGEIEHEAR — B, L3 e HE S B0 T 8 B
. TEARARRERE, AEfT— N4 5 BB F LA A &R AT AR T BELLEL ik
WM R, L R TSl —— T B e IR R, TR
BREREE, TOFHREHRERME Tk, K5 KEK



014 | FEZF3

B X —HEEH KR KRR B ATE I, $RTHP R ARA
&R MRS B 5020, Ml TSTER R A BB B, st %A
SinIT B iR Bs . (R BIIREEZE 2], By At B A s T v ot
W LA B kR .

LESIONS LEARNT

ﬂﬁfxl/*rﬁf
72828

IRNETE

SR FAE AL YEFUIRE AR LS5 TR R V) A MR RIS R, 5
AT REF BTG R o R — R R 2 S R AR R (R . 52
P b, — A2t K 451875 M A9 U1 550 U1 2k R i R BE 2 ) M 2% g
KE 0.925 BIMERE, B, (HIE AR K AEEZIER—MRE ik
FIAY 0.966. 7SR, HEIREEFE T 5 AR LR BN &Rk,
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BEGKEN T 0.995, JLiESER. HTIRESTMEMAREXER M
AR A7 AR, B HSS & ROROR L Il 0 B4 . X RE— K,
LR A AR R . XERMITEARK, ARSHLEEREEmAEE
FHIKF

IRNBEER

WSRARA T AR (A8 (70% 9N —4 P #f 2238 FX A [R]85 ),
REEFILAA AR EA (BRAERE 2B, AR
BRI — N BEIRIZ AT, EIRH, (RTEAES LU RETEIR A RERT
ICRIRA LB (EEG) ML Stk $E2WmmEE. 511
b, RESeit AMBIEEIR, REEB#HEAMERS) (REM ) BEIR, 7E
SRR, R, (KR, BEIRMPIREFLAIE . ST HREEAIE
VA B i 28 S AR AR BRE 1523 T R BEIRA . A ARARTE R AR AEA
B, ARATE—sKREAERIIR b, 2580 T ik ALY BRST 5 E A B
HORZS, 4xtBf FEEAPRK. BIREL R SE&F IR R EICR,
LA 30 #0 o s i BEER B Bt , — B 8 /A Y BB AL JLAS /N A B
PRICTE. M ERARES R — 0 IR R H RS, LA R—
{7 2000 & TCHI KA

g 1968 AE L AL - T AR 7Y ( Anthony Rechtshaffen ) FI3L
f& - F3EHT (Alan Kales ) BT RS, BEIRL Z0M 2 SHRRIEAR]
HEBR B BORFAE B R AT " ER X SRR 5 3 AN, R —
B, HA 75% M T L RKNEEAEBIRMETE Lk —3. MILZF,
LR EZ A — AR AIEFE - % (Philip Low ) I TC & HL4%
2, AT AR et BV EER], DL 3 FRRETE] 2 HER A 3
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K BERRET B, 187 % B AL A T —BUn4sie. 1oh, XFir
KA TR LA RO BTk, AR i s fEL, s
TRBHRAFURBRATEL. 2007 4, FATRISL T—%/ 7 Neurovigil,
KX IR AR S | ABEIRIZET, (HISBr3t i A R Z A%, BN
FENIVREREPAE B2 MG, PR b, AR CRES S ) 2B JF Bk
B, b2 A shiL R T RRAN 92T . Neurovigil ££ KR 2528
AR T H—ATig, XA REFF IR KR, 752 bi]mey
Yrxt BENRA A R0 . X AR H AT IEFEE A KW Bt i, #
I DA S A N S 3 1) 7 B G ) L

REBR 2 IR AFIEBRPA R, PR R TECRE (Y PR 251 T ANBE AT 52
M2 W @R (). A A AR PR AN, i e B X S AR 15
BHEEE ., Neurovigil DA T —~/NMiE % iBrain, EA[LATEZRHEIC
SRR B AR, R B8 A% 20 19 O 43 B S 00 4 S 4 R S o 15
Blo AT LARE BhBE A R R A AR 1), (e AT B it T FUTBE 1R 18
PEBR I R E . HABAR ZHIR 106 T K52 45 THrS e, o1 AUk
BRI, MR 7K T A M 00 O 3 o e 5 R A T 19 . P REAE i T
TR B9 R 14 1 AR IEAE X A VRSO B2 W AR T 7 A R

M Neurovigil B & IR LAIF . B—, BMEHAEEE
WEIBAR, WAKRER S MR A AT E, S EEMLREMN
s gs s B, U AR TS P R AR TR, et
— IR MEAR R —tdisg, v LAERE AR ™ R,
IR R EDREGHE, BRI TES S, REAREANF 2 HABH L™ L B AR
SRXHHEATIGN . MRIERE, CHESE BA U360 IR i A
HEAK BRI X PHEE, HRABABRT LR,
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TR FIRSIEERRSERER

HLUEZF A 5 BT 75% B SR BB 5E i (1 1-6), &
W AR I 2 — Bt B, (ARARA R A 2L 5 S A 9%
F, 82 B R AR /N (I 55t BB SR AR . ) S il i B N Y
AL 2B BRI ETREFENRPEY . REFEJEREMESH
0 7 T A R A, O G (IRETE TRE AL, ROEAR
RE— — G EPR PR AT R B H O SE R ZE AL
B X EWE KB 4 KBS A F % T RERI I KA HET .
TESEE, SRR AR A R a i, RIS & LA
LIERAL TR -

A
ERNEIBRE
r
ER
HE S
N
& | \Z2
/'—

2 L EEE K

1-6 IER vs kTHARTIE. ERYRFIEERDEERS, CHAERNKBIRAREERE, LHRRT
HPNBSENNEE . SRR RF I B ERESIEELREREDR.

HTE 20 H42 80 AR, FIBTE N BEAR £ B A 5252 5 # 2
HERRALE MR, B T LTI R TR LR E R R
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1+ # (David Shaw ). BFE K22 AR R R, H 8 7E A sh ik
A oy B HEAE BEAL BTN, S A AE SRR B80S T A O R A A
/A PRI (The D. E. Shaw Group), BLEMEZRILITES T.
TERNAE AR ), EASSRE T 55— 5% i Bk 4 SCZ B AR A A
( Renaissance Technologies ). iX %<4 & 7N HH IV EL# 38, AL 2990 ST
KA BRI FR T EAE S - 795807 (James Simons ) €37#.
2016 4F, PHSEHTHLS T 16 /0600, XA I i iy —44. >
SCEE PR R R RECE R, Y CEASRA
AT R — s SRR E SN

AHZH5EPMEFEZEER, KT 8 BELETERBE
(D. E. Shaw Research ) i\l 5%, Mg 7 —H4 8 “Anton” AY%
AT, BRI LI T3 BT i s A 2.
PSRRI AN PR SC 2 B 4R, iR ST T Bl A A E B At
YA A PRI BT A4 25 . R M 2 AR sE A A A ) P 52
Hrit 5 B W55 B (the Simons Institute for the Theory of Computing at
UC Berkeley ), FRE B T22Ber) P50t 2 KMkirf0s ( the Simons Center
for the Social Brain at MIT ) FIZH £ 5L3}- 52 Bt ( the Flatiron Institute ),
VU5 A 28 D R B 2 i . R BT B e A T

i,

2 A 4 IR 45 IEAE S RiRHE: (fintech ) YRTE & F &L AM
BREFERL TE INIXRBE X RE M5 BB —— —Fh e 2 R IC K 7
2, BT G A2 5 1 Hh B] R —— IEAE RS2/ VS A I, (R ARER
A PAMEEOTIL LT SR . ILE2: > IEAERH Tl Bk
R HIVEAL, WErf B 55 A 5505 5., 7EAR S EAR BTN i 7
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BHRNES, IR SRR Z 2R A REZH
8, MERUR AR, TR LT 55 R

AEEER: ENRESSZEAEE

TREE S I WIWITF RS2 A S RIS 55 BT s P e B B0 560t
3 55 BB R0 23 R TARARRE S8 A Bk, FERRAE RS T
IR e 55 i B . LR R idE, B Bl o A% 0 2R BN T
ARFEA, © AT LA SECT 0y SR LASRIUE BiE s, HZZ ARSI
f. ABHILTRIE ¥ > RGN B T S 55 BT ST H 25 5 24 BUFHL
SE . XEERGUR K B TC I A R B P A ARGk i ik
HTAEA O 2 EAEE, MEE R, X— sl ot HE R,
SRR R CTREEEA.

BN SNRERFST EKES

— %ot — JC PR N b T R G B R Bk 2 —, H LT
Yy, JCRRES 0 B R D sE R PIFE (World Series of
Poker) MY EFEGI b FhaRfRATHRARYE, 5 E PR A B AT LR
BHFE RS BAR, FhEBc S A SR, M HAE RS SO0 Y L FE
dh, VERE . MKORAEETS RIS R RE R

B8 - 15 - iHCS (John von Neumann ) 8157 T %2 2R 8
i, WREFHAIZL, Mt alEm K. il "B
iR, — SR TR, UKARS - ASEAFHRME
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AR R IREIE TP SRR IR Fh e — R, R T 4
IR NSRRI — 85y, — &N “DeepStack” HITREEF
> 45N 33 DN sE Rk F-UEAT T 44852 S LEFE. AL SRR
JE, ERAS RS, — A, ST Bl G e, [F
A LAPOAS PR EZEFE AR WM T 28 33 BIiKx—2 4B K&K
(LB 1-7) 7 A — Uk REE W B AR T A EL2FEE . TEA
e ORI T A AT, e nBORFE I EBROC R, HE N AT AR AR

.

1-7 —W—FRFEMNITE. BHEFH. DeepStack EEEE TUAES B PEKRES, LIKHES
RSB EMER L FPFeHTR -

AlphaGo FiZ: #HERIZEEATERERNNE

2016 4E 3 H, #EFBH A 18 i ARG EFH A (Lee
Sedol ) 5 DeepMind 2\ 7] 9 AlphaGo ( [ 1-8) ——— A JiI & &
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2 2] W L8 DEAl £ TEDE # AR BE A E BB I —— 4T 1 5 Gk
B P RO E PR G AR MERE , AR Y T E PR B p dERE . fn
REPFEHRE S, BABBSE - SE. —H 19 x 19 FE
BLALH—3 8 x 8 R A KB L, XM R A AR FF 2] GE ]
W& 2%, ARSE&ZEfFEREMHAEER, BEREK
toxfl LT R A A AR BB 1070, i o T P A R

1-8 HEBEHETBEZFHAWE AphaGo i 5 HLLRE, E—155ABPHIEHE. AphaGo 2—TEIZSE

C FEEEFINFREFIHEZNE

B 7L R T e B i e B R 7 > M 4%, AlphaGo i
A— RN R, AT EE R, fERZE
Blrh, BE—2E Xt BRAS RERIA BT oTek, WE—20Xd RIORIETE? KAAY
FLE T HRIOR B A KR B MBS, R8T L%, A IR [E) 22
ST AR AL S R R DR IX N (AR, AlphaGo fif T Hh 2 e #2215 11
HR MR R B, OB B s T30y (X —id
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FENGFTESE 10 B MU R FR ). AlphaGo i i & L C F HE2E 3 X
i

AlphaGo FIZEHE 7 e peiy FHE HC A 00 75 30 T 4R B0 et . 7E
W, FEEZERSEENARAY), AERRE —FEMTFIE.
AlphaGo -2 T R Y LR 4, (ELR AR b 38 1 7K P ik
T A e KO, Rzt A 0 B A U AT — A R AL O PR 25
B fdi 2 JF % AlphaGo (1923 @] DeepMind, 13 A 528 f A T TR E 24 >
FIFFIRA 2 A, A L —FHTELIK, AlphaGo B4 54FJLASMA
M ECF TEE T R, SRS AT bR T & K B
IRE T Al

AlphaGo B8 T 5 Z LU 3R ARG 3 )5, 2 AR+ B,
ROR BRI Tk A ARSI A R K e X I00 8 7 o [ A AR e A
TEHE, FA 9 M S #RXS HLBEHET T T SC BRI . AlphaGo 7 —2&
RO ATTER . 25 AN =1 /b, AlphaGo T il THi#
M —%, IEZE A BN o E, Al TRET 10 234 i B ] A4 e
T—EE 4. AlphaGo firda T U LLFE, DO A BIHH Y
— R, BRATHMRSZ AR (B 1-9). 3 Hroname, &
XL R AR R HONE T X8 . Xk PR 1966 4F
6 2 HER1 A, RAETHR 2T, AIERMILE TS “HhinHE
157 BRIERREEEABR B, JFfEm T3 —ik AR A . ¥ FoEIR L
JIE T X2 JJ7 h B %, AlphaGo 0 2 BRI 3 48 i T 3k A Al 2 A
W,
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B1-9 72016 & 3 BRIEHEEPELS T AlphaGo ZERIZEHEE

201741 H4 H, — &0 “Master” [ T-76—4> 4% FBEIHL AR
Sen L FEh S, HEIEESME AlphaGo 2.0. fEMZART, BAESH
FLAHL T FL FE TP HUS T 60 352 MMk as, wh i MeayH =vh 40 4%
Lttt R HEA E—0E T, 19 2 KA TG, AlphaGo BF&EH T
i 5 R AR A #5 Pofir 19 a8 ARG . 2017 4E 5 H 27 H, 7Eh E

B2 LR 2 b, MDA 3 3 U85 S5 45 T AlphaGo (L
B 1-10). XA L LORER LRI, BiehEATRE

TiZFE. “F4E, KLH AlphaGo HFEIM 5 AKAEF L, HS
RIARE R FBLZ M f b g,

fESE— b FEh, Ll — B A5G 225 7 HEPE. Mgl
fln “7ELLFE RO LB RE R T 7. fhAEH XAy “FREEREHI A C
AL NEFEPEAE BB nTREIRUCAFROR Ay, AJLAPBLERT T WiriX

S NI ss A e RS2 T —Fii 4 Lo s, (1
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1-10 2017 &E£f£5E, DeepMind HIBXS IS AT CEO &KHF - I8FELLER ( Demis Hassabis, # ) #td
EERRHNEEBREREEE, HEBTHENESREE . BB, @K SiEt.

TR ARIRA, EHEAX TR AL . FL L, A AT
i, QSR AT AT B S A KR, WU I RO
B AT F B IE — AP U B2k, R ARRAAL TR
B RAT 2], s s A fE “ERET .
201745 H 26 H, AlphaGo &850 T Hi 5 44 TRASHL T2 A A4 BAfH..
X LML ER ATk AlphaGo %L, JFC 2 7EAI N U A 2 193K
W% X3t T EBUF S, TSR SR AT,
thEELENL AR S R A KRR E, HRMF 7RI — 3= H
rRAZ K b v RE S BB ik,
R R 2 R R AT RE S A AR, fEIFIRIA C T HEZ

@ EMEY CSEEAMET 48 1971 4 E FSE B R AT R LTI A AR, MY
fEsh TP EDCR EREAARBER , Wi T EGE R R P, — AT
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fil, AlphaGo J&ifiid W%E2=>) 16 TR AEFEHILLIERL M. A NAK
R AEB———A H £/ AL R F R Z AR IS TE AT LR AT A HR
M2&F R 22 TR, 2017 4210 A, —3K4% 4 AlphaGo Zero F#hR
A ALEFHEH T B BEERRUNT GG — 2 5 PRI, &0 8 A
HER T IRAS AlphaGo Master, %454 100 : 0. * 4h, AlphaGo Zero
)2 > . AlphaGo Master Ht 100 1%, Wit EAE I 2EAL HAE#
B 1/10. 5E2Z8 NERHAIR, AlphaGo Zero 281 T EEGHR A . Wi#
HLASF I LA, AlphaGo BB L AME, AT M
4 - BR .

AlphaGo Zero BRI A M NHEL, (BAIRAVFZHBRIRB AN
BB R b Z AR E . iR EIHLEIA, AlphaGo Zero
WP A S — 2 Bk i 25 (). AR T RE FT ARoRE AT 11 AT AR B A A 4R
OBk —FE, IR BrA AR B AN AlphaZero Hf] B H Sk . 45
H, AlphaZero GEf#S W P, W Wb 4T AlphaGo Zero. ** R T i —
A “DEEIEZY, AlphaZero TE A BUEATAT—AN % 2] S EAIE L
T, o T e LGB A R KHE T EPRGE, A 805E T A AR
MR 7EY5 Stockfish X~ 28 & SR () T0 2% [ P 2 BLRR 1 X6
e, AlphaZero ib & A diit. fE—37L3ET, AlphaZero A NH 44k
T G—— X Rk B FR RO E LR, RIS U T E
G, X~ HERGRENKEEIL, HIMREZL LS, AlphaZero ¥
AP T—%, T J2 Stockfish ift J& A ML T BEAE 1L 2 X BERYLE
R IR ANCEER, HBERM B SCLHRTE T -

AlphaGo 7T % # DeepMind T 2010 4F i # 25 2 5 f K 7 - 0y
PR TS 5005, 8 AR BOR 2 B 1 5 5 LT R B2 3]



026 | HEZI

( University College London’s Gatsby Computational Neuroscience Unit )
AL JF 09 . %R T 7S - 1545 (Peter Dayan ) 1%, A4
MR EREM M FHR, 2017 FMFH M- £2% (Raymond
Dolan ) PAJIKIR KA - §F /K% ( Wolfram Schultz ) JE[RIZRMG T 24
BRER) K™ (Brain Prize ), AR TFER R ) 77 A9 0F5 .
BHRAE 2014 LA 6 1ZETTHIM AR W T DeepMind. %A FEH T
400 Z 4 TRITMMZERIFER, HAFARFMADL2A "R A BIRGE L
fb. MRS N TEREZ BAPNELE HERA, i B e,

MR REFIILAXEINERE

AlphaGo A 107 BT “FR" XA, TR NRSCERG
g R AL F A E 215 E, X ESHAMRERE . [ 20 i
20 30 AFARLAR, O B SR TR 1 R A 3 A T T X
PR 1RSSR B 2 rb A B A R TR R IR RS, T AN
T UARTA R R 7 WG TS i i AR, 2 b il it
CRPIQ M) AIXSH. WM J1 i — R 2 Uk B, 754
AR e, JFREE FIR RGBT R R 100 AR PR ) 22 BE AR
Wi, sgit b s, BHEHM. AlphaGo HAE—HIE AR
AU [ Pof JE B A T MR AR g, (R A, ERB T
LABOTRIRNE 1 P AR AR R TSR AE U 2~ .
AR S R, RIS

AlphaGo fif F 5 A2 20 530 T LA DR i Tk VP 22 (R, X AR IE
2 2] R THE— RIS R T 25 TR 20, X ALT-H

02
Uil
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PERTECE AP PSRAR T I . 258 TSR RIIRE ) M, wie
A 2 ST DG R e A LRSS L DT S A e A
FIEAEGE, Pndhs . E . ML FES S A= Hl. > 8 Jyimiin
B — N &K (general factor, [FR g HIZ ) ik AR [FEAIAH G,
A AT A A AL 1Q M. A 20 2 30 4RAR o vt 1 LAk
N 1Q M 8UEE 10 R4 B = A0, X —B#eFch gk
BN (Flynn effect ). Xt F i LN AT 1 Z T REAI MR, HLANTE 722
MR, BRENEIF AR, DRHMAEREE. * X BAEME, H
Fy PR SRR R R, DTS K AR R, T SR &
AR, Y BEE AR 2 A W A RS RS, KN A LA
R [ R R b B . R R MR, AK R A
RTEARAR Ry R S REEE R A TR B E PR PYTERL
i B AT LR A A R 1 T SRR iR B AU — AR B R, i
HLAS e b T AEBCR MR RE. " R 2 T BETHPE AU R it
FNGYERE, AT ATl Mol A SR RE.

Bl AR IE AN 5808 7= A Bl . 0 F H A EC I R i x4
HL (LHC ) w1 % A= i1 B A RL 1 filf i 45 4F 7 /= 25PB (1PB=1000TB )
BB . KAIZEAIR R B IE BT (LSST ) BHAEHE ™ E 6PB AUEUE . HL
eF 2T IE B T e R A A BEAN K SO 8, HOMUB 2 3 Kl A6
RATC GBS AT . " B0, DeepLensing J&—Fififii 22 [
4, TR SILE TR RAEMR . X EUR b T ORI RE b D 2R A
RRM 51" SRR T X BT LA 3
K LIEEAHIRER . PHEM R SR RIS A 2 AL K
PEEE” BOIRIEL, IR T RS L L AE S BB S T R R RS
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WHERR: BIABRTELSEST

RATTE 20 42 60 AEARIT I Y T 10454 70K P R AT A0 4 K 1
P IRHUR S, %t TR AESRTTIE 55 25 Ml Fef il 2 Aty 2 30 42 (9 A K
BEAER R, H RN (ATM) MILTES TRET5 X S ihe /.
R ETRIEERCD TR AY H % TR, (A Ok B 4 5
H PR T A PR S AR %5 . (I U3 h B T 4 ATM
O3 TR, P RR— i, ARHUCE TR %, B )i,
AT RS s AR 2R PO R B B VML A B T AR T R ik
W HLE . D ELE B 2 5 T G SR A 15 T Ry
e, (ELIRIA A 43 B L R, DU 2 T A 0 £l B
T 38 AAEI TAENLA . © i FRULER B AN B AR T 1R85
A TR G, IS AE NS O FZE i k2 R 40 9 AfF 2 9k75
BT 1

TAEBHARRA AR, 19 e, RIGIF THHLESHIL, HLa%
AT T Qs TH TAENLS, Bl Xeesi i B — 1 80E 25K
T AFRHRE . RRZAAET, 4K, A TEREFREAHIR L
B T R EAGANIH R AN, BFEH . ARG . AW
fit. “ FFURMNBFELGEST . BHEIX—8, ROFE—-PUK
BE, TiARUAFR AR E AR,

SEEER, PR TR LA R A G0 E I — R, HK
e B KA G AE R IR SR (MOOCs ) HURTZE T4, HeH
B GIBRIBGHT B9 AR RE . BRI TR B, (HECRITELR A
BASRGIEIERE LR, H7ERE 12 M ABHRBRTAT AR A B9 1L
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Hero 5 —ECEMB RYMLE &, SR T RE SR L e
il - Wy | ( Barbara Oakley ) FIFEIFEE 1 — 184N “Foxtfag”
( Learning How to Learn ) [5ER——Z A TEREE S BURUNAT R B 4
g E CE I -11) —PL R 11840 “EYEE4" (Mindshift )
MFER, FUR ek A COFBUE R AR 72l P TIRIEESR 12

EHTEAAA ).

Learning
How to Learn

1-11 “F2ME¥S" BRIARAEIFNFIE, CREKM LRIWENFR, BB 300 7%
J&E.

HEAT I AR A, LS IEAE AR L 28 AT IE Y 6 TR A 2 B9 K8
. MRIEVRTEE BN AT RSk e i, RIETERL A S AR
HENL. IRTE Facebook (iR ) FUHAt AL S BEAA R b b KA B9 5 8
AP TR T B, EJLP i A AT A AR E T RRR, JF
HAZIBIRAEMAZ, SCPRERUAR S TORE B 5 o 18 i B R
BRER IR BE 22 ST HN AR5, BTE X e 1 R A A BB E L&
A KEMFEAA N REMFNEEI SR . XLENEERA A
OIS0, SURMERNHE IBRFREEMBTT. BFEIMISZR
EnAEAL, WEZEREIE. R SHEZTTR 7SS
B, PR, mEAREES . BR- LA e St
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BELG V). XS RYLM IEAE IR, PURE LR AT AT B9 270
ATLUHRE A G Rt JRER B LEMFSER R, ¥ BT T
B2 BOHE BT MBS G T 973, VPSS T A
pS 58 ANBE S
M2 R R & . BEHEA (Edech) IEFERELRE, 5 A ZBHIK
TR, LG E0H 1 RTERCE o P A R T REAR R, RO E A
RO E/NMIZ, TRAEABZ, MHEENHFZE -k
TR, A FEM SR, HERESS U ) K0T B EE AR
4 A S

=]

Tl TR AR T EEFRA

AlphaGo 7E 2016 4FZ 1M T A, ¥k T %%
TAESI R A TR BT RE4 AK W R B AL THRILR =R
ETAREHK A ATFEEB MK RFEDIL. H#%2F - ES (Stephen
Hawking ) FIFL/R - 326 (Bill Gates ) ATF & KA M, B4 A THGE
AT RERT A2 A A AF U . (PR - SHH75E (Elon Musk ) FUHABREES
A F S T —F B /A7 OpenAl, A 10 {264, HEEFT
N30 B - I A — & 2 ORI - 34T RHE (Tlya Sutskever ) 48
B8 —E R0, B OpenAl HIEEE B 2R ARA TH BN RN
AT AEH, BERAN - TREMEEEN AR Bk
NAFHER. AlphaGo #& M T HE# A EFEFM A, —DifF Stk
ZEIK. JLFE—RZE, ATEEMN—TURBEHEAR, HERT A
TR ) A A U
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— P N E AR EEA RN, XOEARARHE IR T ZRA
(9 % A . SO A A7 G 28 0 — R EROK A i ARy R, {H 2031 H Hi
Ak, FATHESPLIERX PR & A . EL DNA H AN a] i if
i, ATHHOZ N THGE B E Y 2 NS kiR, BRI
B PR 4 TR LA R 5 R BT S TR A R — TR
A, HETFRMCZEEMENPEE. SERBMEAEDHLL,
PR ] SR O FR A A A R AR RN FRATTREE A T e 3
L, XESAERET .

DeepStack [ I AR BH ip— DR 2, WS T R4n] Ll
SJhnder BN A TR A IR T . UIZRIRZ 48 R T4 HZBRF I
ARG BRGSO 4% AT U552 2 2 B R A m) il 2k, AR
AW OB 5 F1 384, RTaefa NBE e, 4
K, FAMBATTEBARGAMINLGA F ML G AR > K5
AR S, (AREE TR B RATFEE TR . R ThREE N B 3h
fb, Wik, mo AR EEIT L Al BEHEFRREN 7. fENERE
WA T m I EL B FRS AR, BIE (Oto) FEHAERE . KaH
RE M. EEERBEES, HRIED7 LT 805 B % 5= A k]
REWASE A =5, AT R AT T . ¥ & FOLFZEITW RTINS T A
CAEIT R R &L, HERRIAF] 90%. A shE M TAE B M T,
BRI T B VE AR AT LAAAF R A A 2RI FEAF AR SRR W B B0e 7
Koo, & TEPHBEEMERAR. BEFJRERS TRIEA
B S, HIFRABIRER T A A TR DLE/RE T E
L

BRFERA P A BTG TIRES TN, EPls¥I TR
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52X HARE S A AR 0 RN . S % RS (AWS) FIA
T4 M “Lex”., “Poly” il “Comprehend” ) T E.55, nILL% 513 F
Ha s i E e i E RO A B AR SRR, 5 (T R AR TR
B H SRS A B s 28 BURE 1 i R R BIE mT {4 0E 7 e FIAIL
o BB N . Al 7 X — 2 iT AR i % 7 i
.

YR AR TR maia e ARG, AL
FRAG? EARR, AN THEABESEAEAENTEROK, Wl
FEIMAR AR . TR A E PR e T84 200k A SRR 29 55 Kk
. XS T KI5, A ABUZE AT OF 48 T A B AE K-
I e S AL e J R (15 7 Pl VLI R B Eh A 85 387 - R7K 7R ( Magnus
Carlson ) 13 % B AUA R PRGAL KN, W4t 2 2 it 57 FE PR| L E %
AN LE AT ™4 T IEm AN, HafEsh ARMES &
ANHTE, WEARBIRE, ALATRIERASS SRR, *

EIEIFRFE: SAXEEBEEIATLERE

ABAW ISR ER: ARERRMMEILE, UERAT
BRESWTIEAS . XMFEREZ B RERET, AXEEMLEL
S0 TRE A FRETE, WA TEREREDILHEA ZRER. RYE
MFIAEAR R, XAEBEIARRG AT, ERE T E/MERET
REF AR ER B EFE
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TR 2 S FENT AR A9 28T . A A BRI o 418 o 132 38 A TR el
— . MWIETAFS . AR A A T8 RE ) T ACEdE fise )
B AVIREE 2 ] MER LS, HAT IS AVSCH @ & T A I AT . A
BAE T XA, IR BERRTT T IR 2 R IR A AR .
Jp 20 40 80 EARHF K MR 4% 2 2] B 5B T4 R NIPS Jk4: 22
EIE, RFEFAED T ik 30 FHLER T MRS R RS R, 3
R[] 7 o 25 0 245 ST 1) [ = 22 4F R AR R BE TS 4 AHE B Y pialt, (HIR
FERI OB A TRATHOR T PR -



02

ATERENESE

30 - WA — LA OB K, R R B LB N T E
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AT I T FSCAE . R BT AF B N TR RERFSETE 20 HHE4E 60 4F
PR T BRSO REft, BCfEAR AR B T IE . (R o
T P BROR AR AN ER 2, i ELRE L AAAR {5 fla X — > ] B iy
RN, REXNFEESIEER AR FAREK R K
R, (HRIFACARBISE Al BTt dR i Jr i) .

@RI LRS!

FUALHZL ( Blocks World ) J&: MIT Al Lab 7£ 20 {40 60 4E{t 4



1 — I H . T RS ], Bt R e AR TR AL,
PAHE S R AL ORI 450 ( WE 2—-1). I H B RS S — 6
IR A A R . Bl B DR EBRATRE i Ea A
A BT, JFRRIHE I EDLES AT A Tar & I ib . XA RKR
N B EAR, (HAIFERE — KM E RN R, X1
FEF A R T UK BB, U2 T 0TS I%RITF A R - itk
Pt ( Terry Winograd ) B ZEREZ G, HBETFHE I RE H, 4
WA, R TR ST T . 3K R AR R SRR (] AT fT AR
LA EAMERR 2, BMERTD T, AR YE AU tH 5 [R) B0 S S0
HEEROR, BRI ARIAIEAR . KAE S, wH
HAEATAT AR LA - AH E T BB J 1) A7 0 RE &1 52 A ) a5
YORREE, FEPUSCH b, ARBH AT GE P M 5 R a] A9 A [R] i & A AR
fb, XN 7L AR T 55 1 = 241k
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WA, (BEEXE
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ARSI PR, TR AL T — MM
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B TN AR T A MIT B89 — 6 SCPFE
ST AT LR RS, RAGER R W
BE, TR (RS ALBE IR A R T .

T EHARRERHE

REWROLE . KA T HZ 2R, JefiTaR 7
BUNPIARRHERINZ Jy . THRALA SR e AR L 2 — 2R IR Y
b S PR AR R BEATIC AL, (HUZ R il Bl A TR — 4
PRATA] B AN R R EOFANIEEL . Biltn, Z%1& 2-2 i py
Y, MR — R SRR Em R — RS b, RnT AR E]— kL
BCRIER sy, (HHARMMME WA LT HRUIRA S — RN S
FRIFI SR, REITT LIS BAR S 4 i DT ACES R o

THRALILSE B9 A S SRR AE M AR R Ok LB . filn, B
55 WA L KA RE DX 73 RAE —SE A AR s A7 22 5 (4 AN [) %
Fo —AXRTHRENMLG R A RA KSR, AAF2
R R P TR R 2 ] A 2 ) (L 2-3). T AN R RRE
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I A MITEMEPTIEER, BRI EFRAEE— Xr. 53
fi e ] kRS 22 T B e st FRATT A VR B 5 | S BUAR A DR L, AR
2T, S8 BN T8 A RS ARHIE

E2-2 FREWSEEEEEENNS. RITEEHENZE—IR. ERENENEXNELNRETR, i
LARMEEESERIN, BMEE(1EE/LFERENHE

B2-3 IBRTFERHOENUSENESSE. SEERNRETHVE, UFHHESHIEEEE. AN,
BHRLER, BHENEN, B, B0E. BRER: Peterson, Mountfort, and Hollom, Field Guide to
the Birds of Britain and Europe, 5th ed., p. 16

PR T AFAE AR AR R R, ASUAE TEEXHIE R 8O
FOAS AT A R A A 2 HFE SR AR, i EL B i T e b
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FORFIE AN &%, Bt or P (A IR R L 2 P AR B L, X (3R
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20 42 60 4EA%, WA ABEAREIRATE L L 50 4, THEpLAgIES
RENITEARTT 100 1%, A BEiLIFEPUGRE AR AERIKF. Hifh
— AR EE, INVRE RIS FRE S . XMEE
RETHRATINRBREAT R, GI0F . W, UL E S —HX AT
AR TILE TR ARBEEA L. bR AL B3R+ R
A, BT RS MR L . M2 T, T8
S LT EVE S E R A 515 2—X I R E B0A
Hots B K RE—— PR TR LA BLE R R RE D L AR E
sfG 2. EHEAERIACRIMIA Y, BMEN T A, BHERZN
B AT B R ISR, SR, X TR BRI
A LEAF DT, A DLTE 286 v 25 B e R Jr 58, 7Rt (] #RAE %
FEAEH]

BHATERERESE

20 - A ERAT AN TR RE S K R4, 0T &M LU
T — N K i RS IS W AR ) . e, — R B R RS
MYCIN, # % FH 18 51 S S50 S 2 Lo 4 v 1 g e ey 2 e .
WRYE L KRG )ik, MYCIN IR & BN i 1 4 & 24 it
A SCATREIN] LA KR AR EAR Fndm sk, SRIEHH (G B ARGyt
B, BRI RSB LA RS TR R, FRH
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B, SIS B T O AR, TR AR GEE LA GRS i B T AR
B PR R, T LA A 2R G 45 Bt A B A A A AR T R ) A it
S I AS VBT . F & e MO i A9 A AR DR A s A B B 3 T
BEEAME . SEABNRANG R EE /s B At E,
A B AE AT TARA S AS tH X 4 Z B[] B, MYCIN AR BN T i
FIEBURZ i RS A SR HA R T A& R ARG I L T H
K, Bl YRR B ERRAES HR, USGEEIR
B, B4, XE RGEAE PR IS PR .

fFsE N RAEAN TR RER P2 TIF 2 AR M ik, Xy
AR, (FIRARSE . AU, T Bt ) B 5 2%
P, i B4R AR IO AT KA N . FER AR aisih, M
W fy B T RE SR H ek, O ELIGE A 7 A S5 S A b BT AS W g
SR A R ) ) AME B 5 2 B8 ARGy A UISERR. filhn, TEA%
P - #1745 ( Douglas Lenat ) 7€ 1984 4EJ3 5 I — 1%~ “Cyc” W
H, SMEEHIRREL, XEYNTFE-MFEE, BLbRER
RHR T sy, © AT R LA K F IR 5R, H
AR T80 flhn, M 40 TR VR T R T e =
RIAR, TR IE] e AR A AR T

L AT SRS W S8 /) 5 — R, B RIS AR TR
WA B, JF HAA RIGPRERF A% 2 A 20 i & (HJE
THAETRNEZHIZ T . SRR R m Rk, X
HHRRUETE 20 20 2 B FHIFA S A, XWieE 7R -
ke K2# ( Carnegie Mellon University ) FYPI{THREHLEEZR LR - 4
4E /R ( Allen Newell ) FI#FA(14F - PG5¢ ( Herbert Simon ) F 1955 45
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BT —E4N “EHEIEEER IR, e LR CBessuE )
( Principia Mathematica ) — 5" (i) 18 58 7 B, (K2 J5LRE ) 2 BT /R o
54 - MRHR18 ( Alfred North Whitehead ) FI{[1%5 2% - % % ( Bertrand
Russell ) Z54EHTA ECFRIR RGN —E B, X, AT
TR R R 2R A T TR,

AR i S B AR RER AL T AL JE3K, ABIFA
R o R 2 ] S5 IR RBAT R . FRIA) A - AR P R Sl
fh 5 RF, A AT KA 2 0 DL A5 P OGS R, (H Y AR A TAT 12
BERM AR B AT LAE 4 . KAGDIRE A SEA SR 20 HiE22 50 4EAAA 1%
MBI IR BRI, A OGO S NAL4E 3L - a7 & (Alan Hodgkin )
M2 fEE . #E3 ( Andrew Huxley ), b fi1ff ke T KM {5 5 & dnfal 18
a2 v A L v ke S BT BE B AL RE Y, T D) — Al Sk AT ANE - R
( Bernard Katz ) | & 38 T iX S8 i {5 5 Qfar 2 2 i e A M AL~ (5 5ok
SCEAH 2T R RE .

#7720 g 80 4EAX, ANy T ff H s 55, JF BAEAH)
e APEI SO PN NEES LSRR E TIPSR O B AWV R 7
NGO, KA B B RS 1. e Bbr RS — 11
Fr, EHAA MR —FERThEe. 8 F R, XFSr iy “Ihfe
FS, WFLZ KU, X AT L2 A 2 rh 2 RLAR T R A4
PLEE. (R —/ NIRRT RBEAN AT BFFADUA R, 2 KIREY)
Sl O[04 B E 2 U N € e B A IS s (TR 82 L
() AL SEI s, SRR R T2 A AT PSSR e . FRIEJE
AE—/ A —A
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MHEREE A TERE

1989 4, MIT iHFHLEFEI 0% FAEH 7R - FERAST (Michael
Dertouzos ) #4i% 5] MIT f§— ™47 X3k fE 5L T o 2e 28 i N T8 g
AR JH B FF AP RF S ki) “ A e b (18 2-4). 335,
T2 5 TP WA . TR Al A5 R TR “MIT 47 ME4E,
S 2 D B T 2 T SRR T S A Ay T 5 0 2 A —
RIS MA YFRE SRS mH, " YRR TR, fkbeiE, ]
R ARTE R 4

B 2-4 HEMEAREEIHAED, IBETE 1980 FRMAT/RTEMMFN (Sak Institute ) FAG. B
F3#iE: Ciencia Explicada.

Pl A T EAZ A A, SRR BRI
—AE, ERA=RE: BRBORERE R, BERMRHL, FE
fEf G —2. FOERIRBR TG, EXE QRN ER. KEAEXS
SHpp Rt A ARELEARSE IR T AR 09 AU IR
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TAGREN DL KAE, B bax R R H A 10 TP Eoc:
CERMEE 1 250, EINFE | ZRARRE " RABAIKE g, T
Hed, fE K, Tu HOWE CIThm, RER &, (HEA A B
B, TR LUl SRR T AR E R MIT A — B0 1 12580
HIGHEYL: EMAEMRERRIKEN, HHRE—GE RS TR
B AR, GBI RO A R B FE R AT, Wt R R
BB R EXERFWERT R, XEBIGTHEIARR, AEK, &

REBE S HAMITANLAC, (HEARRERSARER . AHHXIS
SR A A Al BT

TE— BRI IR Z JG, —Im BB S uiE: PR IRATE
A 9SSR T (& [ [ Bl ] LA T R RIEA T 6 123
g6, XIURIAE 1983—1993 4FHliEAT, {HRGD T R A3 HIH
RIEEAIISE RS ). " FAYRIER LIRS,

TEBE A 54018 - 7872 ( Gerald Sussman ), oA HIA T8 e
PR St B Il T LA BB AR, A A R E o
B RSGE, b MIT BRI R EAER AL SEBU7 54 ] 788 (&
REUEHE R, B —AEAESL, aT LR el AT 5 A ek R ).

fi

%

“MHFEZ KA E? 7 A REREFER—A, SUBEA R T
oAb, SRIEER G —a A T —ARE. S 5 Rt
IR T

A T ARV " RA et s 0/ AR RE 2 ]
B URAE R, TP T BOR. 5= —
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(BT IR A P XU (ERR SR . R o a9 o R 2% sk
b 78 HE, HARRERA TEARSRME. XHR A arRaT A
)P i AR e 2 (] % 1 A 2 PR RN B X e R e kAol po] T, LA
B 2ARAREAE R T AL X R, RO BE A B 7 E R kA
SE EfRRAT 2 0]

FAA T AE AR RO B 8 e - 41 8 5l (Rodney Brooks ).
F W 22 i fh 2 N AE %0 FE N 5 £ A 9 1R 22 8 7K ( Woods Hole )
IR AR AT 2. A s HTRRARE A, 20 fiE4 80 4F
€, {2 MIT Al Lab BI#IZE051 . AR Bt (] fl ff FH AR B 8 -2 45 1
R T IRfTR LEE AN ek T LR =E %, MEXAE T
73t Roombas [)/2 7] iRobot.

AR T A A A B (AR K, % T ARHE, AU E R
EAK, MARARAER 2. FIRE T —2% 2 el Br il ¥ X i
A 2R R 2%, X R — 5 R VR O R F F A 1AL (the University of
[llinois in Urbana-Champaign ) & 4% &4t fifF5¢ H.0 ( Center for Complex
Systems Research ) ¥ EZHBHIIE - FFRY ( Gerald Tesauro ) H1E
BT H . PR BRI BUR Z (] B9 LB, B RS BER T 9 s 8K
MRS, e B X 7 . 5 RA R E R EPRR AR
], PHVERRGHLE B AR RS HI Y . BT A Ao € PEAR A5
X AR A AL 45 R % T S A PRI . 3R — KA P AR b X SZ U
WAk, o —e A LABom W L3 R A

R FNA 10" 4T RERY 97 OUR AL AR L TR AR
HanE TR AL B AT AT AT BERYIR I 2 B — AT RESE UL 5. T
&, WAL M WA BOmX R, BRIk  THL. OAR
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HEFSEFL PG PE XY (55 10 SESTFANIRAR M)

YL G, FRVTULIR R I (2R ) A —FOC T EURAL
Fa o AR A TR B YR S A A S R . BRI AL P
A BRI, FELT Lk, FE I AT 5200 2 FE R A BT 24 B A
REFRATTARSE . P2 R4 g 77 A IR 2134

SRR A THTGY AL SCBUJ 75 B 25 AERYR ) A REAERUAE . 183 I
W TR SPR I . BOEEAE 1989 47, TRt HIGH ok 75 BEAR K i ]
1978 47, FRIAAE AR A= R0 A i SEAE AL, FRIREEE T, 1T
ALz R 2 R IERYUE K. B8 A B &, IR BRI
HHERE DR E L KR RAZESRE, 52015 F2EH. Fisfe,
BCIF AT B TR Ak SRR . TR e 4 B {5 IR T Iy EvE . B
UIESYNISRS (2 s el IO 4 NN VAE A 1 2 N S P e S E L DS
AR . R AL FRFAIIX 25 48, 5 B IR R BULAFA
o, B — B .

TERE 2N, TR 22K 454 . FiE RE R BT
R R R G, R R RGBS . LTk, BEE
22 P28 AR AR R, M RB e R & . EL B RZR S T —
AR, EFRATI RS AR UAE 20 tiE4D 80 ARAUHBELXTA AN JCIA M IR Y
IR, PRAESF 2D FT LA 24 AR K73 PG b A ) A f 10 oA ik
XS KA RNLISE L 5 AFRTLFE 2 MR

F 2016 4F, HHEHAZEITERECSRT EEIRE, FRPLAG
WMIEF T THEE T RF 1 (terabytes ). 15 20 it 80 4F{X HAT KA
AT AT N EFE R R AR HE . BRI Rl 22 R 2% HAT 8o
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(A A T80 B 14 M RS T LA A W — RESIE W 3X — T B T Y
RXFE—AFE: [RRGET T 2 T X SExERT. (HAE 20 i
70 S0 AEREEE A AFEA R R, WnR Al WSS & B HE C AR T
SR FRay i, LA AT B A REA T

B JRBE A, FRATA R R A AR & . FRATTI e &
GE ] LATE 1/10 Bp iR iR S st A9 x 42, EN(EFRATTAT BB MR Wit
IBAHFER S, WARIEXRIEF AL E, 2R, DA
WP AT, @imE 2, ROTUERGEMG G L, BRI E" R
—FE AT

AR, TR0 AR T LAE i 45 ) A S Tt T T
ERES . LansiiRss . Sy, K AR a2 )7
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1o AT H 2 SRR R AR, JOF HIRATTA A 1082 R4t
FZ 3 RGO IRIE T W4,

= ARG R, FRATHRIOT B 5o B . 4ok,
fIT] LA ) 38 40 S e sl < R0, (HaA AT it KAy iIgs, miFed]
Yrp R ZBFTHOIFATEST . X —f 0] L AMTHE— e 4
A EFRAT S ( Wason selection task ) (1438 B8 ipk |- (i #1750 ¢ B £ 7
B (LI 3-1).

E3-1 XMkFhH, SKER—EENT, S—miaTHeE. B THEANE: —KRhE—EETA
183, PeENS—mA20ER. MBREEY (/1) SkEIE? BRER: “EEEIEs", SEaH.

1 ) R (E T B <87, TR AR A R TERRIAT
FEd, BT 10% 2B AR T IEFE R, 2, Y45 IE i
ML T AERTE SRR, KREHCZISH AR IR I %
(hLE 3-2)

PEFR LT 2 I TR U, FROTRIZ U . WA S
P IR 2Bl A A — A U N A TR AR A S A S, AR
frrmy LUTE A 1k B iR i 2oy %5, filin, e rised,
TR A 13 e e ol R PR AL, S R AT A, R ) R AT R Y
AR AR AR R AR 50 S 6 TR0 . 4 N 2 5 4k 1) 3
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I RE, (HEIIFEMIL.
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SRFARREH, BR HAEKBCRPA T — P EdEsdE 2 mitEdl. &
(. ERHIERLA T 288 Nt E f 2 0F BB T LA SAT (T ol
R AR, B B R AU A e, X — A, BRI
T RN ML, PEhek b A KR8, EifTRAX
BHIFATA RS, RARRABUE TR, BB AR E R
ik £

FREFINESR

20 2 AL, TEA%sE - 4845 ( Norbert Wiener ) & H 4
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#f - FE4B A (Oliver Selfridge ) 3 ) Pandemonium ( 1 ). * X /&
— A ESRA A, Hh B TR EAR I A R G EARTE S, K
B ERR BB X RARH (TR i Bam, WL 3-3). Hri
AR FRANTE - B ES ( Bernard Widrow ) Flflh )24 2818 - B K
(Ted Hoff) &1 T LMS (F/My K ) #3571k, w5 HEHAE—
BT AR E SR, s TR . 055 B R . e
XL, FRoM e — e K 2 5 - B ARA AR ( Frank Rosenblatt )
(1 3-4), ftb& AR RIS T T,

B 3-3 Pandemonium. BEF#H  EHREFIAR, ANPEETRRZNEERAFLERIES 2AMSERD
MRS, NmfRE. IRESMEINERSHI—MRBINEAETE, NEBHFE. MRAENERT
EMBEREEREEENMEIEENEEN. XMEXAIHETF RN LFZRNREF I MEHRR. ER
#FE- Peter H. Lindsay and Donald A. Norman, Human Information Processing: An Introduction to Psychology, 2 nd
ed. (New York: Academic Press, 1977), Bl 3-1., #fBEH =55  hitps:/commons.wikimedia.org/wiki/

File:Pande.jpa.



NEW NAYY DBVICR
LEARKS BY DOING

Psychologist Shows Embryo
of Computer Designed to
Read and Grow Wiser

WASHINGTON, July. 7 (UPI)
—The Navy revealed the em-
bryo of an electronic computer
today that it expects will be
abla to walk, talk, see, write,
reproduce itself and bs con-|
scious of its existence,

The embryo—the Weather
Bureau's $2,000,000 “704" com-|

fifty aftempts in the Navy's
ds ration for ne'

The service said it would use

cost of $100,000.
Dr. Frank

. t,
signer of the Perce, con-
dugc‘iea the amnsmupm:k He
isdd ‘the machine would be &

Dr. Rosenblatt, a research
logi at the -Cornell

3-4 FEPNRFFRAZHEHR=7 - THRMHAS, WRATEHE. (FHREZIMENSLHR, S50
HRERBEERHTHENESZIEX. BPNER 1958 F£7 A 8 BHE (HAINHE) LEXRN—HREEER
EiF (UPI) fRIE. EISETE 1950 ERmi FitEE T 10 5w, HNTFSEN 100 5EwT. IBM704
HHEYLE 1958 Fi18 200 F=7T. HAFTHER 2000 HE7. JLUZENSEH 12000 REFEEE . XEH
HESRBREET . FIBLLZ T, BEMESEESH=2 Galaxy S6 FHERTILARYT 340 {ZRIEB(E,
EEER 100 BELLE. BR¥EE: George Nagy

MEERRZES

R A%

EFATTR K AR RE S = WS B T e, (L PRZEIRIZ6 ) AL JEHRAT]
HRORCSE B P T i 22 P DL R E TR L B i 7 5, A7 SRy
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4 ).
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IR EESF ) TAR ISR O 2 17— IR Y B b 2 5 i
AR SE R IR T PR b ey e —200 (i ). JiHe 3.1 fig ke 1k
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A SR X B — U A A X SR T R Y B 2 DR BT P AR R A
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BN BORFEA, FERE A BRRFEAR LY, B, U] E bR
i, I AMEE— AR RO REAS . 3 SRR AR % 1% i 45 TR A
o, WAL B RRGR, BN A SRR HEF TR

PR S FE M D Z A E T, WRE A AE XA — A
A REBORREAS, IR AT E BE 1 Sk 5] — 41 A g A AL
TEFRAE TUNRGE P I B REAS, JF FLRR i 5 1 0 2 AT e
o BOHER U T R ) L MR R R, IR AR R
SR, HIEE AR (0 BaRBIag 11, 81 Bk Am T

I
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EE, NRELER, 6=0, MBELEFRER, 6=+12E 1.
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b3 E| 22713 RAIg
y y y
A A A +
+ nun +_+_+ +l:l++
+ 4+ ol oo tt 4+ &
T og ngngé%i% +§Eﬁﬁﬁ¢+n+§°
a f i =] + a
o g8 ooty Segd aEg hoias
T o |5]:,“]-4-+ +7 1 Og ab +%0g'y o
- 0 8% og” “oo | ++++++ + ogg u+§+unu“ gg®
nun ':::nn S.‘,’ fj—i’—_}'}’b o nﬂc? §E+§'u§g§u oo
op oo o o
Duu gE&]ngu otg ngun o
» x > X » x
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FHES T . MENEPEIROASFEHATEDRARMEE . NREERMIEHEE, FEEINE
FRAEE S TIERTX =D EPRIREGHTR 2
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AR C 2 EHHEONGE PR T A REABST T2, (B, EEK
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THRERFEAR, MARRHEISHE 2R AIREA. R TRl ERE,
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SRR LIAT T AR, B TR Ctest set), WA BN T
YR IR, ZEMIASE [ 05K B, AR R I 8 2 R
A 3K S AR R TR A B ELSE BB, 24k ( generalization ) 3
LA R A EBLSAE TR, RN AR S e R B A
X, sk B R, (R AR TR LA 2 T
S AR R T, 19 T AL B 2 Bt

FU A N=R X 53 1R

26— A~ P 8 i DR B S e R o) R 1) . ARAE R Ze ek
HREE AR, A B A MO SR MRS, AT X > B
VRS, HEBTRERNET - FHEA ( Beatrice Golomb ) 4% 1990 4F3%
TR E A — A RO, R B v B R A e R
FrE RS A, Zeb IR B ARRELL 81 % IR B2 X 1 4
BIPEBI AT 026 (UL 3-6). © it TR ae LA 2 s, A2
L R REAR AR X o3 . TR S0 % A A 03 FE ] —ZH A A a1 bk 1)
T 88% HFIHERRE . HEPTREmIA ISR T 2 2 a8 (R 7ES 8 &
hAgR ), HHEREASI T 92%, ° HIREHE MR A L. e
1991 4F () NIPS K4x bR RAEYF B, SR n LUE&SMEE, X
TSR AT BT B AR T 20 i R Re A 7 0 S e O TR i
b9 2 2R BS I VE “SEXNET” (#ERIM% ). TEMZAIHY, A A
Jri) J2& 75 AT LA fif ] SEXNET Al S8 i fL. “wILL." HoF4Emm
WX FERI . fif NIPS K214 N ZTEHE - 4N (Edward Posner )
BERIE . “BRELN %0 DRAGNET (35K ),"
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RIS SEEHTHR. SMUERA/NRERE
LHhTEHSEENTR. EENNE (B8) &
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BE, BFNEZEXIERAN, LIRIREEXIEE
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Bl M. S. Gray, D. T. Lawrence, B. A. Golomb
i and T.J.Sejnowski, “A Perceptron Reveals
the Face of Sex," Neural Computation 7 (1995 ):
1160-1164, B 1.

X5 B S L I K TAER&N— A2, BAKINMRHEKMK
XX Sy, MEEHUIMFRRS LA EAESR. BT RA R4
fE PR TEVERY , PR ks PRS2 1 31 ] TSR T K R R FE (4 3E
ARk, BB IEATET, PCEERME TR X i A 5 B
MR ER. S ANEEFHR, At (BRTRBEEZ B ) &
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K) S (PR XNFHEN S EMAERESHEEME. B
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1957 458 FR A HASRT I 2B TR A TE M — B,
i R A A ED SR, 15 % [ W5 A A% (Office of Naval
Research ) M3 H5 T, M5 HE T — 1L 400 /)ty B IEHE i A5z
SRR RERL. FURC 2 vl LI T A fh B (.28 BRI
S LS, AR SR T S — . 2P
RS e A3, 53 0h—BRAM I BT ) EAT IS, % AR
A A 25 0 (0 PR e b R IR 5 X (I
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RV A A T A 5 4 2 T A 4 B S R RO ST
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2 i R 2 DB B D5 R PR S REK R - LR
% (Viadimir Vapnik ) 7E 3R SHBT G938 E3IA T — 440288, Bk
“FZHFmEEHL” ( Support Vector Machine ), " B ¥ B #51Z 1k, FH#k
KEFHFHLERS) . ] T —Fh B S PR, REAs A
M A0 S TF (LI 3—5, ZRHE ). RIS fLxd s Al
BT RR L A A, FAE AR AEREY TE kTS
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ARG RO PILS

HEA RS, EHERmSNIRFEERE. FEmfig “wm
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AESCA T REBER I A fi k. & NEIEAYR, £ 4V, 9o
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PR NS ) o (16 P N <3 R G HL N L RGP AR st -2
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AR TSR, WATRE A RIRIN N ERGZFE B AR AR PG, e
RIS 18 i Sy — AR I ) SC - W RE R R IR - PSR AE 1969 4R K
ROVECFL & CRMEE) (Perceptrons ). ™ (AT 1WA i LA 23 Hr 1] ,
BRI RE S EATBRAY . BT RBEX R vl 29 25 (WL 3-5),
XA A d T e 7 1 WY BT RV R G P 0 SR 2% D T i A1 T Lo ]
W 3-7), RELEMAR, WSR-S R 8 TR 2R
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BT ] Y ]2 R B AR S, HUEAE 20 HE4S 60 4
R, B A AUE W er i s s v ] R A7 —JZ B IC” (hidden
units ) FYFHZEIN4K

D O fE L M BE fE “Artificial Intelligence as a Positive and Negalive Factor in
Global Risk” HE9iC k. IR P sE s [ 5 PEACHR = CE B RARHRERY . JEsH sE bf
A R B REAERE RAN B . —— %A1
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Perceptrons
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22 5L - B PRAN LR AN T S - W S B R A 2 A B e R
R RIBEEE . MfTFERFE S 45 B SN TR REA 9 i e
FTHAE, 0S5 Em TR k. REFERES, b
TN FRA TR B R AR AR A R OTAR, X R TR A T AR

B RRAGHIRFAE 1971 AR50 T — SR, FIL43 %, HAfIE
EANTLF—ih M 3PS pat . A5 uifbrTie=R A,
WATHE R — AR e, © AT IS, — R T R s
Mg #EF TR AR O R e U E 200 St T 8B AR
6], % FRATHIR RIS T s A 15 LA
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Wizard of Oz ) BAFFH ANBIGF. (HEEAASRERME, hERCEH
KEG T, 00 ML s E e PR . (B EIER IR, AR AN i
ATHER, BEEALE, s md. EEREAHER, it iRa
THTHINR, BaBa AR R EBEEIEHAA, BRARREENR
FACHRR, MEREABRR, “MRKEA L. MABEA R
FR A B e B e AR, 7ERZEE T, DR X AN K
PEPAERS O B SR LRI EME, B AW IR A T RARE
o XAERSE R EAGE . X ERE ARG T AR .
RN TR GEHA KM .
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FAAIEE - g (DL 4-1) 7E 1979 FEARA LU — KB 2 1
AR PR X o 28 I 0 A8 ) A R A AT AR 5 8, FRATTAR POl T
A . JaRBAMTVEMERFTE T — Rl B e 25 R 25 578,y Bl IR 2%
41" (Boltzmann machine ) CR7ESS 7 55 e h b 71048 ), JF kAT 0%
T BRAF— IR A5 2 2 AR (1) (R Ry
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R UAE, FREBSERIAIN A — S, a0 R A
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TATERER 0. MhAYIESCR IR R BT - B i - &l
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T —Fh R A ERACIZ 2 R AR, SR TR RERY E R R
TS . BEMRNRASE T AR VLR
2 R XA TR R AR WA RIRE ), JUHORTE & . OIRA B A o
HUHIFEREFRMIAT . VA ARE T a7 80— H 24T Rl ——a %
DA AR A SRR AR TG ——0 TR Ml UF AR E 5 AA R,
il HE A% T A Hb R B R A BCFRE S IO R 2B SR i N HRRERS
PR (A HUE A K A e B S A R 9h LR AR
BB —T, FRIR S8 ROR IR B35 R

FAVE— R WL, 78 90 BLA & i K25 2% 1% X 4r 8 (UCSD)
() — MR 6, e KT - B HF (David Rumelhart ) 15
bl - A2 $E3€ % (James McClelland ) 4554494770 i sCALH ( Parallel
Distributed Processing, PDP ) SC88% TAE. ZAdh HLIR(E, W i fa] kb
HROTHIAIMYS | JFT TAERMEEA 22 T Mas &, RERRHARA)
P, Y PDP SE50 % EZER AR AT LA 53 A 76 9 45 oy K a5
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fo, BEENAELFE OGS, REAWITRE L 1TH R 245
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GOUHERAE—R, ' IFEM T X ROk e LRSI ER AR, 5
bh, RBUK #9485 I Z (Kunihiko Fukushima ) & B 1 #f 22 A HIHL
( Neocognitron ), * — M JET Y R A ZZMEHAY, EHEHT
A RS i 25 1 fe B 2 A 45 7T ¥8E (Hebbian plasticity ), Xt 2
B2 2] ) — D BT B . 5 =AM R R R R
BIMEIK - BT ( Teuvo Kohonen ), fliJFAk 17—~ HALIMLZ, Al
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e ).

R TUAN B At 3 T 0 25 A YA AT — 1 [ £ B R -
ENEA R LA St R iy, 1w H, FFRENMEIRERD
S ANA1E, BHESHEREE MR, i—k, REBET¥
Be. AR AAEAR P — MR AE M — IR A TR RERF ST O B, B
BAZDNEHMAME T . ETHNEFS B ERG T R va
XHF. IFSERLT KRR A GBI TR

M REEEINE
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B4-4 AWHAFRFHER. (£ ) ZEIRECEMNESNS FRERRENE D PIREERS (central
nervous systems, CNS ), BIIEEME—NERHAETFEANTE, ENEELBRISEEXNETHN
REER, BAA MG TEUNER, MNZEL. (5) =28 (BRTH ) (9REE, NREEPLE
g@ind (BRE) URMEREFEERIENBEREE (BRLER ). BR3EER: P.S. Churchland, T
J. Sejnowski, “Perspectives on Cognitive Neuroscience”, Science, 242(1988):741-745, Figure 1.

R R KA 8 T RN, (P e 30 f (0] 25
BIR2AES T . X —id B B m A w5
L. AE ST BURE 25 AR ER AT A, HE TR A F R &
&7

AR T - A% B 7 ( Charles Gross ) #5278 AT 70 % 1 1
WREM OISR . TEfbry—DOFFE T b, XIS K BB
R T - PRAF ZR FNFESTIH - i 2K fE 1O R AL B2 B 22 T Tl
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HRAERE e, A TOE HESh P O B D B e, D
P2 T ER R B . RAWIFERW B, BeA T A S, MRt
SEAE T AR P AR A L

TEFE B SR % L, FROFST 1 4 i A0 I 221 — DR A g 3R
e cartE RN ((WLIE 4-5), B RNV BT Al — 220 55—
AN fih 1 A PR ) AL AT PE RNV 1/60000, X SR A
JE AR F R R i zeoT, AT DA AR AR o R A B A T
V. TERIE R R AR IR SRS FRAT T A ] 2 AR AR [a]
HEf——M S il ABIM TR BIEE B 1 ey, SREthe
JEE I 10 r IR E BRI, R ARERAR P REA BT SO, R
iR Z R TN, SRR URIR, B AP T REAS 2 0 [ B
LN AN SN L N AT (S NI 1 BB u R i
bR LA P T R )R, R X Sl 0y 58 T N M 45
Tl L RIRR . FRATTARR T Y 2 3 3 e LA AF R 9 40 B R P A
fET.
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E4-5 4SS, (ERMET, MBS REEMENMAFRS R RRIRE . B
RRA. FENBESREESMAENBRCR TR (BRES ). SiIgEMR, aLli@dms (ERTREMRS
) siiEYWR (BRTRE, —XHMBBKeS ) HTERM. FigeEss | A=MTENEMES: —HRERE
MBS R, BTSSRI SR, — PRI EERMN, £ 10WEXRIEE, 58
158, TE—FPRIRENEURLN, £ 1 HEARIEE, F4810 90, XREENMERRESRETHT
ERENRNMEEE. BRFEERE: S. W. Kuffler, T. J. Sejnowski, “Peptidergic and Muscarinic Excitation
at Amphibian Sympathetic Synapses” Journal of Physiology 341 (1983 ): 257 - 278, plate |
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I EHRIZFAE

(AU AR K2, AR Gd TR, AR TEMPE Sk
U7 SR i SRR, KR A S EHA, SR
A, LA WA, DMEEHA bA . BRI TR T
] TAERY S8 € AR R, AR IRRINTEM AR H4. #a
TS HHENE B AES T  R aE HAK A A — e
B IR, FRAE T 22 40 4Frh— BAEE R X —HiR, JHFIFRIT —
AHGL, ME TR,

TEIN K2 36k R A R JE 0T 5 TAEZ G, ARdhE - 3F
R (] T k% 2%, AERUFEE2E R B 2 (MRC ) AR O B2
FENT DRI 1981 1Y —K, MR RIS —A 1,
X5 B R IR AR JE SN A& BT /RFE T (Palo Alto ) REEIT R FEE S
EERAT KT - %W (Charles Smith ). " S E R, fhEIEESAH
YUOMWIER) . ARTEAY, PR AR . LA TS A B 5T SR AL g
G, WA NIREUEFE T A E. A E AT E XA, (R
Tefy— A, Aol B s R S T RRAYIESE, SR IR AT
IR AR ABE R L At AR BN

e g Sy RAREAMN N, BN IRATHRME 75 — 500, R KN
PR IAT R . FRATAT RIS E FRE ) o Ry s, Ik
SITE Z A A FEZS 35 LA AR T DL 2% SR /Y1 P 5 — e Ky
i, il — &R Y Lisp AL " B T fliy —ACSESE R s i 76 i
B LR BE A 290 - B AR, R A i R AR L
Bl R LA S . TRIE WS T 55— 7 0 4 0 5 el oy 49
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13 4 LR Z T, BRI P A X 4R —RIT S
—HEPHE, DUBAR . BB R AL RRILAEN]. ROLFEER
2 SR AL R AL 1 LTRSSt P b e iU PR B L TR Lk
JAC R I R B AR B . BRI A7 SR E], Feny KK E7E5E
BT AR TAE—— R R i e o) . B2 ST T &
FEAYIRIEE, SRAR DI rh i 2 3 20 ARG D6 F 1 T A R MR s . K
QTR AL, AR R

ZH G ( The Helmholtz Club ) &g MM A SERF KA 141
A —A~/ AL SRR R AN R 2 22 X IR AZILRIZR TS =
AR, VARMINER T 2B At K2, 14 A& &k —14F
AN K2R IR e 3. ' /R 8 - 1S - Z i #E 2% ( Hermann von
Helmholtz ) j& 19 40— (i E R MBE A, RW T —EXTH
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S AR TR SR T i, AT FRAT] 2 A B A R A R AR
AESRIRRORL S, FRE I N BN — i 5a 22, MiX 15~20 44
ﬁﬁu&mmﬁgkﬂﬁ@w.%ﬁm@%%&ﬁwﬁzfﬁﬁgﬁ
PRI ENERTR), KA LRI TR AGHE . A —IK, —{8h
FRTH PE AT AR L4t () B A A B T B At ]380 B 5 Xk AR
[FRE." X 8edg A Hl 2k 2 5 EBOR T TR ESE, JLT5t e —at s
s (i PN

ISR BB, LRSI AR 0 —FURE . B4
MR BFA 2 1 FAT DR M BB ) SR VR BE S8, 1t A 8 A iz 2 vp—2f
R PR TR . B LR ST A A R A AT T B Y
FRRHOAL . SRTAT, L IE XA R AP SE, SRERNTE 220 T
AGHIRERMTTRE SN, KARSSBACFE RS A e T x4
[FIRE (ANER 2 BEeb BTIR ). LS8 B )2 00 L 45 ) oA a0 TR 2 2]
PR ERAIE T Uk

12 1/10 B0, FRATTHHE B2 2 vh i 100 {2 A # 20T f47 TR, fig
EAEAAL A7 S b U — AR, BIEFRATLART T 58 AR Wt A4
T, WAREEAfE, 2ARSE, DMFafEmxkil. ek
TR 2 PR S AR Y, FRRTBE W+ ar k. OF HAE A R0 - bR
Dy L8 TAE T — D E K. AR 1 T B 2 (LA
5-1), JFEMBELRIL T XE AR5, ks, LIAE SR SRR,
G A AIUE L E2 T

TERG B S B il 28 A W2 R, TRy S04 0% - i Rl —ii
A, A R BT A R e 2 A RS A e S s
FAEAE 1980 4ERL M, AT AESS 5K T - RMAZR BN - 2 R —
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5T 1981 AR DURAE s B . A 1989 AR5 B IR ST 5
FirfG . BT SHBPEET - e BB E . b T 1977 AR IF TS EE o
Fib G E R M BlE R LT T R R R M2 Gk . RERE A
Uit KRR — e, FRIRBN T o

T RESE A1 U U ,
fHRE

SFEA - ——160-220ms
 180-260 ms

B5-1 FENRESNEERNTEER. FLRTNERENEZESAIMEFSE, JAMEtEng,
MEBREEETEMILE. SFENNRAISENARMEN, RINBLEERNNELENER. LGN (lateral
geniculate nucleus ) : JMUBERIE; V1: MIRMERE, V2: RENERE; V4: ER 4, AIT M PIT:
B TEMEENETEHER: PFC: sifiHtEE: PMC: IEmEE; MC: EmRE. BRXE: S. J.
Thorpe and M. Fabre-Thorpe, “Seeking Categories in the Brain,” Science 291, no. 5502 (2001): 261.

ARZINITERIRAER

B R TRATY SR B VL A PR 15 5 R ALK, 3T LA B 5 2 A
ol 7 3% S ) b B B B 2Z R AN W e e ) ( LI 5-1). #3EdR T
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TR, FEARH, StECSZARR LB R RS . YRR A PYZ 2
JC, EATEZS A FE (e 2 B2 b b B (55, e it ph 2 1y A A 4
UESIER L E

5-2 (MEEHR) Brss - EERE. FEHRE - BURRIIRT - (MBA/R . IBHEFTREEMFRMIIT 1966
F, XKBEHETFRAYZEAA, TERE, HAEEENIMWIPIEE—ATEEREE#ENS, ATLIX
KEBR—ERENHESINEN. BRER: BHBEFER

FE 1953 4FE—A25 %5 Br A Wi FLah W) 8B i 7 i e s gl rpr, Hr s
SFCREREN (ULIE 5-2, 25 ) QS T IS4 AG AU IR A HA A2 e R BT
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R B . e S PR, OB TR g e 22 T
S RUPNES 11D PSSR vB ) 2 )11 B3/ SO e b i (B S RS A R T R
Zeoui b X, A BT AR A A B . SR, FEhL S
WX ARG St LA ROEANE, ROt hoWAE S
JEHME (VL 5-3 ). 45 40 MO YE B X AY R R ARl “IRZ
( receptive field ) 4.

FRILVEE YIRS BT

5-3 MBS, SR T IR TR A RS, WTTEAFE
MRS EIRE . TSR (on-center) KB, XBHESEIR “ENEE" (+), HELNE
EEXE” (- ) T, SFE—RSIRELE. MO (off-center ) 22RINFRR, KBHRSEISNE
(+), HEBD (-) FHE, SFE—RINRERE, KENTHES TR SRR SR taRE
EE(SE, XSRS - ERHT 1953 FET.

JIE N1 T B T LR 2R T 2 a2 ik A4 E L R 2 e,
P AE AT AR AR 7= A T %8R, fhid, bz AiEERET
2y - B S W E N BUR BKIR BHUFZE BT ( Wilmer Eye Institute ), il
AT B IRIR R JE G, A2 X IR S AN 22 Al A8 X6 40 ) B v B A e
ST MR AT TP S TR RN R TAE, BERIEX R H A T
bS5 = P H—— K 1 - KA R AFEHT I - R /R, HEail
b 136 B A5 S A KIRA93E F. 1966 4F, PER B9+ 50T it
RS EAERE, G THER B — Y R
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PN =

AR FIRGRE IR R B, B JZ A 22T 0 5 11 2507 SR e X O JEE i
S BONE s RO BE R SR B . )2 N B [l B 22 X AR S AT TR
oo AR T PR EERRIANN: E AR, B S
TR RE A 45 Y RIROE X (WLl 5-4) 5 DAKGE M R 2400, HA
22T BT FRLA) A o7 X R o AT 2 7 A R R e . ( L] 55 )

B 5-4 EMPEIMREEPERMBIIREE . XKE R REMARIRZRRE 1962 FREMNEXFXT
RUNERMHEIEAR . +FRARMNBFPARESTELNNNANIE, MEARARE A ERUEINAT
(78, (A) WRBEPHIFOA IR AR (RIEEE 5-3 ZMRER ). (B) IR TRA /ORI R4
i ( 3gthE 5-3 GUNTREER ), (C-G) MEMKEEPSIFRE RLMEEMTE, SHMERRZEEL,
FrAXLEKIGEMERAE T, HESHRIBEXMOHEMEZ. EF®R: D. H. Hubel and T. N. Wiesel,
“Receptive Fields, Binocular Interaction and Functional Architecture in the Cat’s Visual Cortex,” Journal
of Physiology 160, no. 1 (1962 ): 106-154.2, B 2.
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5-5 WAMIRMEREP— " SXEWANGLN .. X3KE R REBRETRNEZRRE 1962 FARMELFX
FROSZMENER, RELQER (BPA. B, CE=RIER ), —TKMNENBELSIRABRE (£
HES) Wk, TEEUTERHEHEEE (RE) ANEMMUE . MIERNERLSSBERESENIEA, WRES
BIALL (B D, EXFAMEHE ). BRFER: D. H. Hubel and T. N. Wiesel, “Receptive Fields, Binocular
Interaction and Functional Architecture in the Cat's Visual Cortex,” Journal of Physiology 160, no. 1 (1962);
106 - 154.2, B 7,

58 B I TP A B 2 M ST B T LA R A R R — S WS R TR AG
A% TERUEF b AR DI, Y R 28 T T R 4 AR TE AR S A
FTHRABER, XS T S oS . B 2T R A AR HEE R
TESHAM ST ERE. WL (neocortex ) 4 6 1~4F
SARRG. KRG R R & B, ok E RIIR a0 ATE 2 a2
(4) ZAZRHED, ks AU A R i haksh . 55 4 2R
PAETCHRTE L2 (2 F13) MM, EIHERCUEE A, J5 &R
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RS R AL R R, S FEREERE (5 M 6), JRIE N8
BT H = — Bt 2 o AL v i T2 A 75 0 i o 00 R Ot -2 4 1)
1, HEAEBN RN (ILE 5-6).

B5-6 VIENEEEP—EMETHNIAER, EERAELE, EHETEESIERRS EIREFFIER
., EEEABANEET, B RESHRERRMEETHNEN ( S5 ENEE ), URKENER (1275
REM ) B9 . BIRRE: D. Hubel, Eye, Brain and Vision (New York: WH Freeman and Company,
1988), 131,

SEREAYRT 2B

AR — FUR A8 — FUIRI 7 A i i e ) J LA A N wisg 5, IR0l
oW b RO B B0 F B2 Ao 2 T A2 B IR B ), L el T AR IR LRI 52
. * R RRE s T RIS SR SR R, R R R IT
UHEOR B P R ) 2 A AR T7 . TERI 9L B2 A B J= T 2
PERBEMIZE OIS . P& AN IS PR R RSN B Z M 20T, X &
TR ST AR, RETEEILT R AR IE . RXER R
A7 AR 23 R WU B B 22 T RO I HLRELIE T AR PR
B, AEANSRAE SRR A B i AT CE MR 64 T, 7388 AT LA B
IR#ZETT.
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R SRR A R B R A O R T e — A i,
SR PRI £ R ) B 2 R A A7 0 22T 2 (8] B S e e . X 2K
TR SR L S TR AR AT T b RERATAM
R RIS M 2T S AT A R 2T B 8, EJLF R
ZIOTA R FE R BT 20, BRESAARE. BRIER
e, BEhrIRREBSsER. AT RAZHIERKE, MR
MR RECAZ R T EFR AT A AR Z AF R LAMERFI T

A IR TICIC P AR AT RERERE . ENTR VPRSI &
fE bapiE, S EANAER DI EEAFMIRC. XEbRiCHFAR
TR R AR M B2 TTNER, A T AR e Z B 1928 B
A8 EEL £ 240 L 7 Sy IS R E IR ZE 4 R TR U 1 9 B SRR, X
L — R AT LAAERS AR G0 R B A R, T IR XA AR BOIE N R
Shy, ARG AT RO IR A T RIiR ST b, i
AT —E R T

ZE i A BCE RO B T, T AR P R B A R AZ 1K
#ZEoC EARRLZ RS . fERZSEAEOLT, i B2 nT LAk £ 4
FEARIGE RN s L, 7ERE, X MEIERDE 100 . (FER
il v A B 2 fih o ) FEE R S B FE SR TR BV e ihig. ) BN R EM
&, KR SAWIEBGHTR S, HRERIHAZ A, XHILENTy
B b ELTE AR ES . R KZ 100 RO FIZEBIR Ze i, Horp
AR R R PR IR AR, T —FhE R — vy - &
TR (GABA) JEIRH WA MR 28 IR X 4L MR i 71X
fla Mooy 2R R G R TS R A2 fln, o6 4 FEhad
VO A A AT SR 22 T A S ik, FCR) R ] RURE AT ARSI 70
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B PAR AR S F 235

1430 - HLFE ( Steven Zucker ) (WL 5-7) Lk TFA TiHEHL
PLBE L YIRS A28 LA SE . INFRIIRMtR , k7ES — A M
B TAE A1, BIMAEC A 30 B4E T, [A)REAE T 5% XA
WAEWEFE B WA B R B, BARIFEHT - BiFE R (Laurence Steme)
TE/NBE (TG ) S I F ALK ( Tristram Shandy ) ARFE,
3 SO A 5 thu bt 36 A28 T & BT AR A . A IF 5 O 4
SERE TR B2 OAE T . B 25 (L 5—-6), DR —FRR
[ T B2 AP AR AT AL B AL A 2540, e ep e 2 70 LA 1L 5 26 e s HE
HU 7SR, S FPHES ) LA i R A TR IR ST . THRHLILBE 54k
(R 2B 5T N 5L A Sl b X A Seeb Ay ok, R RS —sln]
HERAFRIE R LI 42

s SCRA TR ALy, RS T AR FRATT ] IR 1 5 LA S AR
R4 AR IR B AR . 78 2006 4ERIE Rl S ES |, IR
A T AR AR I — PR A SR 96 22 58 - 55 5L ( Frank Gehry ), fE
Bz RV, W) K b B T R BT SR . 7 b eI, K
e B X R R AR M. (HJE, FRATAY L BE R 48 SO Q0] i i
AR B 52 R 0 B A RIS, AT a9 4Rk ) B 2 I AR PR Ok
AOWE? FRATTIE A eT JE% 1 P B o HE /R ISR T ( Bilbao ) oty AR I 1R 400 11
( Guggenheim Museum, VLI 5-8) ZMSHR 248 BT R B WE 7

ALY, AR 32 A2 i T8 S L B0 A TP e A TSI 4 IR A% 0 A9 )M
Fr. — &
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B 5-7 EBREAFERFX -3, ARG LAITTR. MbEXREABRZND, (FTLURBEIRRERD
k. thEERR ENHGRENBRET ATARIIERAIXMAR, X—REXERFONERE. BRFR: £
IR

E5-8 i
BAIENR%. TILISERIEE FRIASIKINE
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oS LS L 2 BT R R T 0 T 7 A O P
BRI, JLAT 5 B K L P 28 0 T =
BE, ARSI R IR I 2 (ILE 59 ). " SORhHE
BT RE LA, " SR T A AR AR WAL
RSO L 0 T 22 5 OB ik T BB S £ B T
R A, R A A 4 P LA TR B i
AL P AR,

A

5-9 E—FENESEE (L£L) NMEBEL (EESEREL, £ ). BEELBANERNIERS
ZEFETHRNSX . BE¥E: Kunsberg and Zucker, “Critical Contours: An Invariant Linking Image
Flow with Salient Surface Organization,” B 5.

1988 4F, PGfJ¢ - FE K ( Sidney Lehky ) fFA T— M,
I AT AN Zh—A~ B A — J2 BRURE ST A4 28 I 25 e 1+ 53 BH 2 it T 1)
fsR, PIEATKII T, 0 EH AR, BRI ) 2 PIBR AT 4
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Madk ARl (EAFAREE NS, FATABIFETAIXLE “RAgiE” #8
AR . A AR T R Y
PR (IS 8 55 ) SR R ——FR AT A P — e e e o H]
ForariEm R () MR (Mpg) (WE 5-10), Fl—fkp
i —HF, XLERTTRAGI A, ENEAEE 2 RN, 22 R
Bo7 G R I B S AU A . AREEZ T, B2 A i Hoft T B AT 43
R0 L TBE AT LA IR a4 — B 1 i B0 A 125G T R T ) AR
UNHIERSE

E5-10 BERPAVEEER. HMMERFTLUNOFIEFRTENSETH PRI . (ReTLURIEE
FHELRFIBERRNEE (ERERAELRS ) RKowBPPEERME. tTEmEXER, FFEI=
BRIFET. BR¥RE: V. S. Ramachandran, “Perception of Shape from Shading,” Natre 331, no. 6152
(1988), B 2.

X584 AT WA ITTHITHRE AR T & dnfa] xit 4 A fi
RN, T HERR T e A S R EIER FiF S,
— 2R TT RS — ELDARER L i A EER A, (EBT R i A A
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fift B AF RO ARG B R W S B O T RE . BT IR AL 2
A A 15 E R AR A 2 oT, DA X SRR A 1A () S )
TR " EME A, FRATAGANHLR b 014 R S o 1 1
TR IAA RISk Ry “#E (Gestalts )
AR AL LA TR G e £ B2 J2 eh A

1984 4, o4 3C - #H vE ALFR 8 9 R 7E 26 0 535050 ( Stapleton )
EPrpLZ, FRATAOMIEE RIS Wi iR T . ARS JLIRA TN 26t I b F
AL BT R M AR E B A Y, TR OE -
22, BRI AT AN BURBETE . TR T S b A e e A
IR, REZAEN BRSNS — DAY R, A2 R
JUASE I e 2, SHTREIY - RR ) — i ARG VA S 00 = M
FRSCR . (R 2K IR R £ f R Y — A 6 RS, B AN
ZAEK, FZWERF S SR SE NS T XA EETHT &, 3%
X IR A SR ) — BRI R A B E R B E S A X LA
2. RUEMHZIC R BAER T 30 4E. (1855 9 3k, AT B IR
IR TR 27 ] 25 (1 454 S0 58 B R 25 A A AL )

p=

KX ER S

TRRC- A< (Jon Kaas ) FIZ98 - B /K4 (John Allman) 20 i
20 70 AR, E R R K S A e A B BRI R A B
2 AW R Z X, BT AR X B ASE AR, piltn, fE—

@ AR AR AR AN CAR R AL TR AR, SR AN T A BB iYL
il BT
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AMBATFRS M 2" (middle temporal cortex ) 8% “MT" fijIX
R, TR T S XER, AT B2 IO E 1§48 Bh B B
RESS MG R . SRS 3R], AT YRR MELL R AL s bR - {h
/KT ( Clinton Woolsey ) #323iX & B, B AN /R 2 F18 ek id
SRR BT X S L Ah PR 2 )2 (extrastriate visual cortex ) Y X 5,
MER RS, (/R i A SR AR AR XA, Six—K
B L. " FOR AR AER 7 B9 SE B2 4R 5 T =+ LA e
(X 35§,

1991 4, MAEMMIL T 2#BE A K T - ¥ - A ( David Van Essen )
fFAPEoT T B2 A P 0E DX S g AR i1, OB BT TR R 24
Tk (WE 5-11), SXekEA U T3 R 2 E 2. &
FAR — R R A ik, b O HEAR R M Bk  , #% F T (L A 2 AR
FHERLE B . LI R 2255 A0 ( RGC ) A 05 i A F8 55 1) 1 3R
AR R Z (V1) IWIRHLIFLR, (55 ln) b A% %5 R 945
LA S S I i 6 A N 1 T O 1 B S T S S
il ) J2 o EE T, FE 2 AT, PSS (AIT, CIT
1 PIT) Kby pp 2Ty S B 1B X, R X & 2
AL B AT S R At X G A PR S R . AR FRATTAS L 2T 2
QAT B3 — i (ELFRAT 0 S T S A 1 R T LA 3 e 0 6 ok ek
A, W, R ITREE AT LA S Wl KR Al RN - SO
5ok 25 T R B By B B0 AR R R A%, AE IR FE A AT A NIH BE B i A
EZAINEH (HCP) MBKA EAE. © AR 78 /N T A 2 {2
FRESIRBAR (MRI) HAR, " A BRI K 2 o B R i 4
(A 5-12).
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Adapted from
Felleman and vanEssen
1991
m] » LGN
M P RGC

E5-11 RWFUEREHNERHEME., WHEBMMMBEHISTHEE (RGC ) MRETE EAHIIMURRKZ
(LGN), HAgrmigifEEMEEE (V1) RERENERENEEFESE (HC), ETAER 187
MEENFHEWDYN, BREREREMFRERNEERSXGNRIRER. BHER: D. J. Feleman
and D. C. Van Essen, “Distributed Hierarchical Processing in Primate Visual Cortex,” Cerebral Cortex 1,
no.1(1991):30, &4,
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5-12 AMiEREE. BT KA FAEST BOBIERAIEEEE L —FPERAMN S BN AR FAHSELT
# . AREERINE T AEREERAE . BR¥E: The Human Connectome Project .

INHIHRERIZ A0S

1988 4F, T8RS T & s A M i34 4 (McDonnell and Pew
Foundations ) f)—Z& R4, T2 E 2 KIAARREZMbf 2R+
K, MU S—A %R ANHMZRE" MU RN, %
ZRASREETHRASIEE, SERSm, WBhATE TRt E
ERRA R, PARAER B A S B2 g RO AL
8 AR —AFIH RARM T4, FATER MR FH SRR IIER T
Hii - #5% (Jerry Foder) MR, fR2BARES FHEHMLE, tREFHR
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BB TE ., MIFTTIL, BEERUF TR RS, A
Bl RR—TRE, WHAKEARASR", A AMESE, hE42kH
BT X T RGCAZA A WA 3, (HiXe AR AT 155 s
bR, (B2 SMIFe U “F YT RESEMERVEMNESL” o, %
WSS S TEAE - /iR (John Bruer) SLZIBHE T, Wit
AR 4 ST Sk il VE DU AR AL At ) LARTR T .

WELZRRIE ., MR T A2k Z s s 178 feit
BHRF B S ARG, I K2 3k A B BT 2 KA
BE - &72%fE (Patricia Churchland ) [w)ft A HE e 275 thid FH 4. 2
f,” AU, “WEESTTMERF.” B2 NIH BFR e ficiZm
HEPPEF R - K A4 (Mortimer Minshkin ) iEf /234t 6 2 #93C
BEMNKRUN, 8ZEEN T — LRI A KENTE, FERREXTE
EE LR P AFIRLRAL, EIEMR, IE—Z, TR gL
T, IRATERPER L EINERE, TERETH, RTEDRA SR UL
“ARLeER R R/ R T WG HRE, iR .

MR EE S E RN — N EEMNS, B3| T &R
BEREM R AR, A OEERATTY, XGRS
Bl R4 s A T H B R . X — VIR T REAY 2 7E 20 4l
90 AWK A AAER AR KIE ST ¥k i, JCH R IIRERE R
A% (MRI), HERAZS R BER R LK. MR Az A PR
QBRSBTS AT AT, A SL A AT (HETESE 6
EHE ).

T RIS A RS O T Eisss, I B i 7E W2 K900 9™
e, MRI Bl i i EK P4t (BOLD ) {55 s 4 1 KMl
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ISR, RO & R T ERREME, "R IMRI #E47
TCRIMEI , I ELLATURD A B[R] 23 B 327 A R T sh i sh A . 3 il
R [0 43 B 238 05 3 B A S e aod i o KBl A IR S ¥R 43 FE 1S 3. fMRI 2
ZH TR 2R AR R ERE G

YA A2A B - 3% (Uri Hasson ) 847 T—J01 fMRI SE5
B TER IS Z R L 4005 KA BRI BE R i . A - L
HI#K ( Charlie Chaplin ) FJCF HLFZHEBTH R 4 B0, 12 F0F0 36 FPEY A
BRIAZRE . €400, ZikE L1 55 28
i, ARG EENSIE; £ 36 BPIKET, BBWER—1TEHk
MEE B, ERGURT R RS K Z i) IMRI BRI, TCisfE
ThaBErg et ] B |, #R5RA H AT HE, EAEMKEFRNEERER L,
QA A A st 1) RUBE A RS | S P SRR SN, T 2 40 T2 ) iy A
R X TR A R R . X 5 H A SR A R B, BN TAEICIC W
HRER M. TARCICRRINFERG RS, s s
S5, DIRIRITEAEAEMIESWER . B py T2 B REER]
FERLFRIAT K2

YER MR R A AMAT A AR SR —, X RN 24T R i
WA IEAR R Z AT, W TR T AR
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EEFX

1949 ¢

EE - 545 (Donald Hebb) H AR T 47 I HE LR ) ( The Organization of
Behavior) —4, 1B T HEX=ROTEHRHHTER ( Hebb Rules ).

1982 e

#8) - BEIE/RE (John Hopfield) RERT X E (BEBRKMEERITEBED
Y 48 42 0 48 F0 4 32 Z 4 ) ( Neural Networks and Physical Systems with
Emergent Collective Computational Abilities ), EepNME T EZIERENS
( Hopfield net ).

1985 ¢

ABE FRMABRERTXE (BRZSNH—MEIEZ) (A Learning
Algorithm for Boltzmann Machines ), XE5X - BAEFEFFEER - IHE4FR
[TZEZINSNRE, BEAAAZEMEFRFIEEEA TR,

1986 e
AT - 818084 (David Rumelhart) FIZRFHEE - FMAR T NE (BIHHREEE

FINTERAE) ( Learning Internal Representations by Error-Propagation ), &
FNET LRIATREREIN “RE" (backprop ) I8,



1988 ¢

BEE - i*W (Richard Sutton) £ (H88F3 ) XEERRTXE (@I
FESAIEFZIMM ) ( Learning to Predict by the Methods of Temporal
Differences ). FIFESFIMEFTASNEERBANFHITEMFZINE X,

1995 ¢

Z&EfE- W/R (Anthony Bell) IBZERXZTXE(—MBFELENEBSE
FRMEES KK A iE) (An Information-Maximization Approach to Blind
Separation and Blind Deconvolution ), X 7 —f A FRIZI S E D F
( Independent Component Analysis, ICA) HIEBEEE %,

2013 e

AFBE - FTWE 2012 FNIPS 2 EERMIEX (RESRHENETH
ImageNet 52 ) ( ImageNet Classification with Deep Convolutional Neural
Networks ), EEEFIIRDENEIZFEEET 18%.

2017 e

REFIMEIRRF AlphaGo, EHMTEEEFREENSE.
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FE— ARG RIS b, Yo b ki & HAb N iRE R e
B, ARCEEOT ALAR T A A A B2 AR R B L . AR A B TR
T S PRy [, VR A ICAZ T AR B 0T 3 IR 1 A 2R
RAERE T, Bl BIEERTT— A 100 AS g ZmRss,
JEEA 100 A~ LUME R 7 W HEA (9 22 se Xl A se MRS REEFT AT A
A E, EREENZERH SN ARENS ERIELAR. 26
AT RESCTE N — RS, R AR R A0 S R A PR B R
Zeni, MRFERFEEARFG, MRS TESR. MFH. AKST,
ELZRBEHLAMEAE IR ? XU FEN B E R (WE 6-1),

1986 4F 4 H 13—16 H, FEMMINE Z3k2 I 10 22 4% 1 &
W, EER AIP 23 (NIPS K&MaTE ) L, sl TR (Fl
FH i1 28 ) 4% 5 AU A 7 2 (] sl el (] B 3 1 {5 5 Ab 3 ) ( Space or Time
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Adaptive Signal Processing by Neural Network Models ) #9554 & HIME
HREYE - 8% (Jeanny Herault ) Al v 4% - T ( Christian Jutten )
T —Fha I R, XA LS 2 AR AL TR A TR SR B (¥ 4k
) AT TEAE, G T A R B k. | Bk e
EANHITE R B AFE— RN ] LU 2 B HA ARG S i o e, (R
TEZIE, KRR - WIRMIREI T —Fal LA — a8 n 5k .
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#y

s
2

/V
=54\
Elﬁﬁ]% \ﬁr

5

E6-1 SRDE. dRENEEEM T ERNNBEEDERRIRE. SMERNENAEBELUREEIEE RS
AEEREES. ZERNRSHEET, NOEHESHIEXEE —EMNNER TR ESRILS . 7
SESHE—HEIEE, TLUERTRESRNER TRRX 6.

EIEZ P ENR

SR — A P TTA 2R 4 . B TR S S TR AR Y
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UK TRT 5 0 2 Ak R S A TR R 2 T A 2 MBI 2T, BN ARRE T
BB — DRI T, R AR R R
B, XA R A AT LA A EA T 4028, iR AT L2 ) anfaf i £
BB

1986 4F, GHRJE - WK (WLE 6-2) i —ZFE B BEFRHE T
*#B¢ (ETH Zurich ) #4785 2] MUARIE . AbAR 5Ll XoF o 25 [ 2% 7
HETOGER, EETTE H P RURZEIR W 28 4% ST i 3T 10 4 18
dhe TEA G R RERGE L2005, T 1993 FATtERIfr I,
ATHRMER =, PR .

6-2 EEMIBENZEE R, LEMPEENERZSESHAE (BAHET 1995 F51E ). £
SUFHIEFILERR—PE, BEEELNER, GiTRERSE IIEMXN SR BHLESTS AR
B EHRRHFHANT —HALEERBRE RSB IR, XMEFNEEERTRFHUABENNS, HE
BTHFRAES. BREER: ®FR- IR,
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“18 5 Bl Kk 2T JEFE” ( general infomax learning principle ) #
KPR AR Tl MR B, * LRE Y EE R %=
AfE 5. WRMIRAIC AR, KinrY 2Tl & fERR LK
BUAT R MIUCER R . SRR, s se ey FliEn
W, W LARRRR B bR S A T AE A5 B EfT kiR R AR
(ZBERZE ), LARCMIBEIR T —F#iiE BIe ¥ IRk, KTz

“PRSLAEMT (ICA)”, Effk T RIS (WHHE6.1). *

MSZ R SA TET RG], mMHESERETHES
phER AR . FERN T P AN R A R ER AR bt gk
SEAT R H IR ST RO R R A Y S T i g Ay (A 6-3), £
0T 20 A 1 B P B 2 R A T B4 ( DLEET S—4), ° SRATI ST 4
Srirriket, REERDEE B IR EE R E R b e —
BORh AR AE R LWk “FRBAL” (sparse ).

B 6-3 FEEZABRGEISBOERSE. CREEBARSEGPNER (12 % 12 &F) (EREA, B
iTEA 144 M EHETAMT S BORREEIESL . EPENRT S BSTENRNERETRINESE
2ES PR »:TI]EEE“BE%DEFJ& HREXE (B8 ) NRXE (2B2), RBREAFRFS. RBFR/LTRER
B LFHEOLENER, X—MEEFA B . £E&R: Michael Lewicki; AE#IE: Bell and
Sejnowski, “The 'Independent Components’ of Natural Scenes Are Edge Filters,” figure 4.



Q6.1
RS ES RN TIER

ESBHH (PCA) FIMIHESH (ICA) ZiEMtLE. BH
PHESZTANTERNS FIEEENA S EREE. SR04
IFREMTESCRERIERR ENE. PCA 2—MIEEZRinn
THELIRA, CHELERMESEINAE, BEINESE
ERAL, FE PCA MBEIEEES. ICA HEBSNAEMEN
i, RRTHBIES, XLHOIEEREEERMN.
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XL RAUESL T 20 HE4D 60 AFAUE Z MR RF K E MM - Bi%

( Horace Barlow ) (%548, ARAS A T2 - ARAFZRAFERTIE - BPR/RE 24

WREPRIT FEMME. — AR LS KENITRER, W

BT AR R BA AL (B Ra R E ). EIigFE, @

> BRI R FRIA TR TUAY, 16 A0 R A 6% B A 8O A TR

PG R B FAE T 50 4ERIITE], A I A H K T HORIE S At
IS .

TIREMFE NN, M-8 i T AR &, s
B BA AR ARREeat Bl R g A%, RITFAEw M R
I AL TR Ay vh R BLAGBE P A . X AAE S IRATAAMS, 7 ik PR E
{5 S R AN ] 7E A FE J2 A5 57 B0 14 Ak JE B B B R X — AR [ ) ) 3
b, FRATHTHER 7 R R . DR X R R B MR P AR Y
PRNZAFAEF-25 18], 00T RALERSE e J2 b T S 2 A i e Ay,

T N7 43t o3 A IR0 408 4 15 AR TR BS0ER A A R s T, A BB EATT
SRR ORI —AIAE . IR E TR B 1A, A s U P ot
BMAZRA, BOEENEGA—TRARIG, MM rE eI 5
e CRUBMERE ) AWRE B L 25 b2 0REE, HEIE
W (B, AR TRERGX A B F D8k, Mo E e —f
T B 2 2 k. i BT =[] A8 S BE A AR pR AL
{EIF A RiE i i1 B ARIZ R 40 R T i S AT RE IR ST, A AN
BB, IR R R E K BT R, B IR EANTBU A
SERY, HARCHER S PUR T REL 2B, B ) AT LI 2 AN
KA R S R LRI AR I e 454 .
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IR 53 E TR AT AN

RS B A AR RAE - TURIIS IR AL 7 40 7
BN T KB A R 2B R A %, drite s & T — 28 it e %)
1924 4F, 3T - fA4% ( Hans Berger ) Mk Bz bidsk T KMRAYEE —
G, BRR ML AR SR X S R R IR G 5 T R M IR
IIARBEA R R IRPIR S, X RRZSREFRAT] i 5 M FER A2 S A LA
AR L Sk B b —A> il b i L A5 5 Ok B K 2 R 2 AN TR]
SR A B A FIR BRI ShME R AR A . B Sk R B IR
kB RRTPAFEIRARIRGES, XEFESBEAARRMIRE, X558
22> b i I Lt — '

20 40 90 4FEAR, HikHERR - Dhridk (Scott Makeig ) JEFKER /KL
W AT Y S0 28 LRI ST B, el R 57 i T DA PR i it v 4
BUT KRR 2 B LR, AREAN4 A R a i (0L
6—4 ). ERFRAME BB PAENZ —. RERK ML
H Ly 7 A B R R Sk B — R SR R R A R R
LR A M TR, RAETER ZHER R T RS
Wk, Sk BUVET SRR 1 I, IR A ) T, R
Bl T REAKR, DO A 250 B IR B i 2 K 1R B AR
W PRI AR EE PR U AN E B ——IC2 A IC3, REUH Y T
6—4 PRI IR, T o BEAMHTIA 43 B TR il An R BRIz 2 AL B
Mg, XS 7 f 1 AT LA LATR i RS FE AR (1 64 Ay IC T AN
IC4), AMRETEE, BUATHHE & A SCHRE b 7 434 i ik
AT EC SR, AR A ST A3 i ST i T R i R S B 5T
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BIHE
20
e e I "
W -20
uv
S REEE 02
RS e T @I e
VEOG -02

==ttt EWWO!&

Bﬁ%EﬁJ SRS K
(L=W)x) W)

B6-4 MIUNESITRMATLEMSBEICR. EHIAENLIREE (BFHE) -, BEaERSR,
EARESMEBELURMK ( oV ) AAEeiRE. ZNEFR LRSS R RN PHNEEESEE TXE
ZARFINIAESHIRFESR. NS BORAILUS KRS SRESF, MEETR (Hf “IC" % “Mirs
B"). IC1 2EFEERaITRINERIER, I kFeEESIIRBIESSERS (L& ). IC4 —INWED
185, TLEISHE. SIRBNISEFLEE FNBEE. IC2 1 1C3 RXMEER, »HBIFRTAHLE EAE
e ( SREEEREEMNEEIeR ), MxEREBEPMCRINLRE FEEZRIE (AL REERR
T ). BIRER: Tzyy-Ping Jung.

SR T R

0T - F LKA (Martin McKeown ) 4iHEFR LR E M — L1+
JERFE 6, BAMAFEE R, MR 1 anfe] 8% 2 [E A ], R
LA R FH T MRI AR (ILE 6-5), " BE T fMRI AR K
(QAE K b B LA T T 007 8 X8 b5 4 28 1 2 ) F R G A4 1t 80 284 7
i, 7ERE 65 h, Ao gr i e p R BEUR S HASE B IR AT St W] fa]
HERE, EAEZS ) A A ST AR X R s T4 A R 1 R A AT
fa i g RS Ta], A D BULA X Bl s BE R BRAY



(b) B SESHEX

"‘.r"MM,ll"ﬁ

SLERSRARIERN

uEGE
LR EiE

B6-5 MuNESIEMNAT MRIEE, 8 Mo &8H—
HAEEENS 8. BPHESHETE i%mmew*:m«; Pj‘%ﬂ"f&l% J
BYOA—o, ESEE TR, WE (a) Fim. Hitho BNRE T ENILERE < EREE s
J. McKeown, T.-P. Jung, S. Makeig, G. D. Brown, S. S. Kindermann, T.-W. Lee, and T. J. Sejnowski,
“Spatially Independent Activity Patterns in Functional MRI Data during the Stroop Color-Naming

Task,” Proceedings of the National Academy of Sciences of the United States of America 95, no. 3 (1998): 806,
figure 1,

PR Ry 2t ST 4tk A R JC W B R, B AT AR 7R BB P R) A i K
DX S R 2%, FFREAS Y™ 7o ik B X 3k i 1 3 5 T R 8 iz 8 e
B ZGE R B B . ildn, A7 BT O TR ok A 2 iAE
) MR IER PR 2 a0 EARE, X2 iX# HOR SRR AE R 0T
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REEAZ. P RAVAA T X b BREE®REMH 4, HEENA
AP A7 3h 7 5T i — B 43 K X A &, il anRATT7EfSEe A
. PO EREE, SURIEETTRIBEZ AR RHE.

RS PRI SR AR RN 5. REMSL R atriEns T
VP R i, (B RTFEI P —/ N EE A AR R e
AP, XA B R A0 K2, PO )2 0 4 e b o I
M A Z 100 fif. AT RREEEA 100 J7 400,
VAL ZHA A HE T— X REEAREER TSR
RIS S 1 BB R, ERZEDEY RS E N S ER
B AH D . KR BT R 3 B A R 2 (] 4 7 vt e o B At Y
AR, HA R EY o R MRS R h A B S, — R
HCIE4ERUNIE " (compressed sensing algorithms ) )35 872K 76 i
PEIFIRIEAT TIZACALTE, PR B PRt R oA R A B SR R .

HATERERINST

ST i S AR T BORTER A TR SR BUS 3 A B
BN, ROTEFHEARENRRS, LR HEMECRES. B
Bt REOR, EATREW A FIHAL SRS A BE 15 AT B A B il
FIRARCLAAE THROE 100 4, (HZAREA M 20T, Sk
i E VETE KRR B, KB A S R — IR IR LR R,
SRR FE LT R BT St S o B A T i, FOF A S0 R
B,

20 t4g 90 EAR, FE NPT IT LR B I BEM L RSP,
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U T2 AR B, Hoi i (s A REAMHT ) BRAEAAL T
BLE ST M TR, SO F A SR TR A, Raid
H— BRI T “H A", FELE TR T . Te-Won
Lee #ll Tzyy-Ping Jung 8§ £ 2 LI = W LG5, Mfi1/E kel
SET—F AN “SofiMax” HIAT, LA PIAHE Sk S HE AL
REFH ICA TR St . ORI HREOS L AR E ALY ATE A 0%
TR FES TP B9 A UEIE . 2007 4, SoftMax # Bl Ui ( /i
VL BB T AL A ), T4, SSUI ST Ak BT R 7
FLEHA 10 (ZHFHLP . RIRREAE 7007 40 B4 700 45 2 F
BLESYE— 506, IRIRBAE R T R4 T

BIRIE - TR EAER— M — S E I 0 L, 1F A
%, ReMMRHETEZ RS, (5B I EE S A %R, M
ST EIG, BT, FMLRE, HETEMYE, B4 KAL)
FEVPTER 2 A ) 2 R KA TP 44 ), (TR AT 47 5 B A
BT, RRATAC, TARWMa eI R, (R 16— —
. FelTH o 2B A0 P B T3 SR e,
AR A FTIIER, — PR — Ak B TR A K
T, FE SR [ th W TR I T4 LR 0 2 T
SR EE ARG ARES . (EATRA A R, TR o S
T RSP R P A T R, B R
BT AL, LTS T 2 R R A . T i
B, R R,
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7E 20 20 80 4EAX, M 7E & DI R K F BT R HLRL R R Y
i - /K182 (Jerome Feldman ) K] B4 & X ( connectionist ) %]
27 ORI TR R, AP WILT- Rl aih, s
h, ATEREPEHMRREZETT T PR Z G, HEEEA
A IE#RIZEE, MRk HFEE T K 100 B, EH e
H—AIERRIZEIS . XA “100 k07 i AN TR RERFFE A 51 b
FEAGIAEIBFEZ VG, (HABN, HA R 45 12 R A — AR
SFRIAE - AYEIR, MRS R EE R 25,

A —IRIBIRTE T A LM UL, AP B0 maE T3
—W., IEK, FRESE AL T ve PN o i i 3E FH i e e e s, i
AR A EURAEE , AEMI SRy RAL L, W B AT L AT U1 R
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KRR, FXARBARE THHE. EHE, BT T AL /REE
R AEE, BORFRHE KT KB AT HE, RIS
B X —KE R W, IEREREIS. R AT i
HREMZFKE 8 L. RPWERE TIM A AEH D, H
RPN, A ERRM.

ANTMX o T T MRS AYERET SRR B R
AN - AT — R B AL, TERZ V2 T
SR T XX RS RRIE . TS W (5 A8 R, 240t 17Xt
MR MBS ERTTRRIE, BRIt E RA MR, EETIZH
HERT, BB RLE U B R A E MR E SR, msR
FRRBEC) TR BB IR R, F55 0, ATHERIG
PR, TEFA X P, AR LR T CRE” Mk,
HEER—UIFhERGH—AE “BE R, RES N4 T
2. ASIR BLANHRSE AR I ARTT 1 B A At .

9] - EEFERBROBKZL

RERGYEE L2, (RO — L G P B
%A BEST AR AT AT (AL, (B K A P B2 5 R A A 2 FE A9 ]
W, 9% AR REMR A RR B E  EBER Y
AR TR B JS , fBe >EEe ) TAEYE, FRIEXT
THLIE” #9A)E, DNA (Bt SRR ) 7E 40 i 7> 24 72 v i =
B, SRS, WA IE X SERE IR A REORIIE T 40 M i 4 5 S A ofE
B . BEAERERL T — IR A I, JERER TR AT
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RS R E 4SS, SRR R i T AE AR I, (HEE
JERSER R, R IER . TEAEY ERT SO, AR AT 1 6 B0 i
P — 00 1 AN A

B R /R PR IR A PRI B A 2 i e ] 0 0, AR R %o
WP R4 00 (W T7-1), MEXFSGEBRSEH KT, s
MG TIA, MNP L 2R RI (Neuroscience
Research Program, NRP ) £ _FAREet Rl 097 % G AT P L 2
B RPT . FRAIAE NPR 23 b & A i — 28/ R 2 2 O E R
WAME, B TR T AMTEERRA AR, LU= T Bt
Mk, RAELRBE P hffamasZ R L - El - %
55, ( Theodore Homes Bullock ) # ¥ i) ¢ T 28 G % Y A i+ 25 251
ko P9 Z AR T RAEMMKZEZERLRAFEF . FHREH
W g . B A ( Adrian Horridge ) &% I C T R HHESh Y # 4
FOEM B HERR 2 L, RN 7Y B 2 A A UL B R AR A T O Yy T
At e, I BRIRFEFE MR I MAE 2008 R KM ESG —RFA
WIS RER .

S 2o T R EHERE, JF 5 R BT R PR
W%, BEHNEARIBERENHENEERGEZ. U5 EAE (%
7y ) ARG () AE AT R BT Y R 28 2 AR T
— A, BARZ IR R SE - F B (Jack Cowan ) FI+:
TR 2 1304 75 - 4% B Wi 1#% ( Stephen Grossberg ) 7E 20 fit42 70 4F
ARG 0], 3 g I R (7 X 4% RE 0% L SE 4 0 ° LD °, 7EIX
SRHS T —Su ik, (U TR A BLIX Fh 0 25 3 A BE AR IR B AR 1T
(1)
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7-1 498 ELIEREADFEENRRERNFUEEL AT MR (BRAET 1986 FalE ). E
EIERE 20 tH4E 80 FRIRIT T —PLUMbECEFHBHRERLSS, FRTREFRIAFAOK], X—igitxt
HERBIARTE T FENERIRNE. BRRR: Q8 - EETERE,
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AETIUTFESR

1983 R E K, i, BEI/REMERSI T KD M - /R
BB R AL —Sihe s, B IRMEEVRIRNT, ek
T — iR A8 B 45 BSOSl R b BT — e R Sl R 0 4 A
B, RVELAER RN IERAEMLE ", REARIRICEE] —Fh IS5 T
(attractor ) AURERE (WA 7-2, HHE7.1) 7 (REIELMEMLER
HoRERG, SERIHEZMIRIET A ). tAh, 7T LGE T R
AU, SRS FRSBRE RN A ik, EEIE/RE
0 265 it T LA R S —Ff N 25 AT Fhik ARG ( content-addressable
memory ). 7 BT LG BN A — B E iR A, ik
W 2 SE R BT . BOE AR T AWz . mREAITE
RPN, BEREAEIRA A4 FHERT 5 Z 3R N

7-2 ELIFREMSHERGRE. (L8 ) NENKSA RS FRERRE LN— 5. (5E) 8K
BT LSS BHEI R — SRR R/IME, E "IRS|FIRE". BRER: A. Krogh, J. Hertz, and R.
G. Palmer, Introduction to the Theory of Neural Computation Redwood City CA: Addison-Wesley, 1991, left:
figure 2.6; right: figure 2.2.

AR B R 2R B R R T, EREFERC Y BRI, B
75 N GG AR A BT e AR 1 R 2% 1) — MEE L R AN T BB Y . 4%
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T BT A BT BRI SRR, TS R RS IEE e, WA
INEARE S (AR E S IR RIEM L R i, SR 25 rh STy S8
SENFUF HEA TR IHE , —Fef 5 ST 18 e XL 1) 32 HE 0 ELACER AR ] B R R
PRI, AT, JF 22 REm s .

AR A UESE R W], MR (LRAFE TR R A R K
BHICTZ 0 KR B DX 30 ) o 4 0 8 IR 2% A7 AE AR 5 R /X P R 288 b AR
Fgs|FIRE. * BARELIERERERAE MR, HERART A
FEME iR WA RITT R oA el 20 tH22 80 4FAR, IFZPHER
R B R R R PRI 48 SE B T B B e e R O B A R
WYIFRI B % TR T2 M 2 F e S Bkt B b, A TIRZE
AR, Y3 . THRRE T (R R BE SUS IR Z b K R AE—
&, X—L5G I SEEL T X R RER IR R

2y - B REM YA /E N UREREM KL - 5% (David
Tank ), Bfif5 ER T —FhEEEIE/REER AR 1A, Horb iy ool Ll
P4 0 2 1 ZAELEE eSS RO, Biltn et TR
[a] 81" ( traveling salesman problem ), Z[n)#l & 1€ R EENE U 0] 224>k
TR, BRI AR, " R — T RELURE AR
I RV R MERS . 2% 9 fE B R B 5 1 BRAR AR, PR B~k
{XREVI A — K. S WIGRAE, FEEAE/RTER A v i) R 45 RE AR 218K
- E/MREECRE, KRR T REAFERIE, BAA—E R
(E3%TEN

@ CER RO AAEEY, fd sigmoid BUR BREBUT AR . — PR ETE
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SEUZNESES S U

k4N - 7 {8 ( Dana Ballard ) 7E 1982 4F 5 va HLHT 46 90 - A 1
( Christopher Brown ) —#2{#5 T — A& T RAL A 28 5 1E, "
floth 200 7 1983 AEMWFIT 2. AR I ETE S B AE RN
(AR b E — RO TG R LRR . ISR 0
W, RIS RERI R G 3R R P RE, 2 e AR SE B T
FROE ] A2 AR s EARAA A1 A A B LA, AR
0 g ) LA T R A B P AEASE T, RS I 2 BT A 2R Ok
P4 B A R AE B AR K

T I I T X 245 R 0 ik RS o 24 SRS A2 () RN 7 i el 80T L]
e B 256 L T A A AR (HE 7.1 ). PRSI G 2 — A i
MR R, — A RRRE R MA, (ERE T ER R 40 TAE
PO T EALRRR LR iR /IMEL. (B ) 498 B —R SR IER I Z
J& %, HAREF IR - M Soifds B 50 ( Scott Kirkpatrick ) i ZE47F
9 224 7 FHE Y ( Yorktown Heights ) 9 IBM € S - ik R0 58 o0
( Thomas J. Watson Research Center ) TfF. " f] seififs B s il T —
P4 “#GE k" (simulated annealing ) A% 587 K A ok Jay 3 e /IME
W), (SR AR — HE T TR B W R L AR -, B AR X LT
{4 AT DA 3 T R e B i fr /Wi 7

BEMRU TR, Jebdl e ioctE, REBREs—4 oo,
ek Es2l)EER 3 S i UEE X o S ST 2L R IR IW & | P e
FIERE, ARE 5 BE A= e/ ME R BB . 6 X B B i — ity =t
&, RVPRENLBEE] R A ERARCE . X BRER AL R, TFIR



Q1.1
ELIERERS

Wz, ) Woay | Wiy -

Wiz

HEZIFREMES, BPPTHEOMEFREEBIRTEBERE.
BARICH x, WEIRCH y. EENERE, RERPITZEMNEEIRN:
wi=we EENERP, HP—PRETRBHABABNR2M, FHN— REH
TR MRWAZIIATFHRE, BEMR 1, BURLEHAL 0. EZFRER
T IXREFE—TEEERY, ERSEENEFRE M RTNERBHRMISK.,

E=3 w;x,x,

RE, EEIETERESRXE "RSIFRE", BAERTEARABEWN, B
BHREAEEHRIME. XIRSERFEMEFNICIZ, TSRS FEFH
RERADEUERLE, THXNTRICIZNRE . XH2ESIFREMNETTASTE
HHERZMA L. FifFERE0NRETEL MM 214 ( Hebbian synaptic
plasticity ) 5% :

Aw=ax x;

Aw, RNENTN, o« RFFIRE, x, BnFENEE.

ZEHE/R - 7 (Dale Heath ) 24,
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BPARK, BEEEAR N, HEAME ., USRI AR NG 3 2
0518, JLOFRZH T AR BEREM 2 RRE/ME. ERek, X
FiL IR K F RN R A, 7EX —d b 2T sk
RR/DVBOR I iR RS, XS S g Rt i, s BRa.

BIRZEN

TERELIE/RPEM L, BLE K Y TR R AT s, X
HrReREEfERE R R A b BT . ROV BT IR T ] LIBENLR #%
G SRR EE AR, R TEZAR A AT BEAE IR N AU S
BERMCRE . TEEPMRED, BEHISTE R IR A T LR 2R Bk
A, XA TT L) R A TR, JF BAE— D R AE
M8 T AT RERY B R

fian, B 7-3 BTN ERRAER A KRR TIRCER 2
WIS, IRATRESE B — MBS RIS, (B2 R i E 25X P
FERE. FERREET, R HEREE, WansEmRER.
AT T — D BURZL S AL R X2 T R —H F B R E
( figure-ground decision ), " Fl—# ¥ nRE W CEMETE, Hibhsoo
REEEMNZ . ROTCLHE, WA E R A7 S8 i R
Hiff, (HEETEFTREGL TG RAEE—M. FRATAIBLR 222 LM 458
ARG RITEI TR R, BT RS MeEE . X%
W TTRE S TE LS B Z PRI, Ry “ R IH R AR (border-
ownerships cells ). "

IR 25 % 25 Th Y 0T LUGE S T3t EACGE RS ([ 7-4),
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TEEIE B Z [P D4 I %, AR S BT 2 8] 47 70 4 1 i i 4%
NS BTT S NS BT STz [MIAFFE Aavikie , AR9S S
JE8TE, JF SR B A0 PR S Il B i e . v A i
X —SE P B A A ( bias ) MISEBLAY. YBLUIRZZ 2 43T T
(il AR R TEER I Y, B2k AR RRE R R/ ME, X2 SR RE
i/ MEAEA L R — 2, BAERSR EIFA 80 GEHPIA T
WERFSIRE, PR 2E S W2 R ARk R R AR/ MR, O HLd i 1 KRR
MRS IR, R — o R 45 Y fE B R BORE AT REA B 2R — B g i i)
6 (WLE 7-4). th FEHZR LML, HIH R 2 AT LA h B A%
HADRIOHT TAERTTRVURSEE, I B AT —UAR T AT —
A ERAE BRI R L E PR SR R T b

ERA
v
w
L]
ng

iz /S
‘il /
B

7-3 EEARTNER—EROME, (£8) NRXTBEER, (REINE—TEREERIER. MR
XENMREEER, PMRLBERMKERTNNE. MeTLCREERNA, EREFEHNERNRMER. (A
B ) BF—ERNEEE. AHExoREzTYERNLE (ZRB), IR MEEXEERTERLEER (A
R). BRBABEANTRE L, TEARMALRENLET. Hp, JBEMXEMZESFERMmTET
B, FEORMEBHMNZEERENRES . BRER: P. K Kienker, T. J. Sejnowski, G. E. Hinton, and L. E.
Schumacher, “Separating Figure from Ground with a Parallel Network,” Perception 15 (1986): 197 -

NN

216, left: figure 1; night: figure 2.
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E7-4 FEDBERSERMOBE/RZEN. (LE) MEPHNSFETMPRENNER ST, =AFEARI
ERRNF ST, ERETNERRMEEE Bt . DRETTLUEaRESBER. (TE) (a) XTFFER
C ASREMRETER. BE " NIFERE, ExaRBNXAREZEFES8R. (b) BERETR, E8
EIRSMNNRE TR T, C RANER ST REN, B, FBXLOMRELSBANRUFEE..(c)
LEEAEH, IBXNERRES. (d) NRIEEXBENE, ESIE, WINKELKET . BRKE:
P. K. Kienker, T. J. Sejnowski, G. E. Hinton, and L. E. Schumacher, “Separating Figure from Ground
with a Parallel Network,” Perception 15 (1986 ): 197 - 216, below: figure 6 ; above: figure 3.

ARA~ I, FE LAE G hER2A B A3 2% - FER#hIR el T 1
TR, e By (MTE/ZRRER) £YYERITF
ANIE - FHE RN - R (LTINZ

th T RAE— 1 TAE;

@ BB EPERE .
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i) IHRALREE RIEEROR, (IR RSz e F) 7 - A 4E
IRBYSZRE, AR A TR BERIHF T 45+ 0 TP & . IERE R A
IRHIEE BRI, i AN B AR AT LAAE AR Wi, A DR X — 2
FEIRTERV KAV RRAFR N “BRZE2 AL, LIECHT 19 it d g 5K
HEPEAE AT - BE/K 452 (Ludwig Boltzmann ), 2481t 112 M B14G A
FATTE el 1 28 ) AR R R 8 Bh e 0 2 9 TR T ey, 2
JRFATRRB R B, AR — 5 R~ T Bl g%

TEfEER “IREE" T, BURZSISKIFE. £ FERET=
KA — S S . SRR E T R TR BATIT . miseAT,
BOANIHERFEARTIA. K, RBRARITHIE, Bl
WA B 28 2% E LT ARt — AT B S B . Bk i) H A2 g
M A BITE i SO BRSS . (HAS RS, BURZEELE
AR R Z A —SE o, FRATPRZ 0 ot (W7
HE 7.2 ). B H 2 Bl A —f o IR ]2 Bk, BURZ 2 M4k
Fo T SEBAMRBS . B2, HARAMUURECE S A—% Xt
L BRI B T ISR 28 BB A E SR T /02 BKAbh, BURZE
S ML 7E i i R A B s R SR T R i —— X T — 1R
SE B AR, B RS AU [ B ] —— X i H B4 1 4=
Wt 2Eod 2R, BT LA SR A OB B AREAS

i ZiehE v

A NFR R, BURES LY ) Bk e BlE Sl A H KA
Pk, Al RLGEEO P S FEANTE - #54 ( Donald O. Hebb ) i+, fth



! 5 L 1 1
A E/T

MEEZFRENEP—F, RREZSTPAEMNEETESHTRN, 7
BEPPTHEISET  BVREEs, SR8 EEGA Sigmoid &2 ( sigmoid
function ) I2MHEI—MEE, FENRSEHAL 132 0. Sigmoid RERIENIE AE
BILRE T EHTLLOIGER. AABINALESERE “TRN", BHIRENS
59Ri#TRE, “REET RRXTHEBEENTNER THNEERIEHEN
B, WRZENFIBEZERINER. £ EE" MR, BAFRLSWRET
(clamped)”, HRMEAFIEEREE, SUBTRSEZ AHEXRMSKIT
Bk 7 “HER" NER, BAFRLHTRER, SXRTASEZERIERX
HoRENITE, HPINESRELS BN

Aw,=¢ (<5, 5, >"™" =<5, 5, >"7)
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£ (AT A L) —Fp e, HWAMEInR gk, BNz
F0 5 g % HEE NV 1% 2 0 «

LRV R ES (R “EIFRE") HFLERTH, A4
@ Tl RFLEGmieTRIG AL, Smie A 694 R0
mie B, FARESFERLL L mie B, L —AREH
AP AR A A EA A REERIAR ML, A (FAZABHY
mppz— ) R ELH M,

XA RS M SR F SR P R A BT S . 5 RTEE Dk
KB T A 2 fl ] ¥8 4 ( Hebbian Synaptic Plasticity ), ¥ Sh{& & K
A R A B2 B A AR A Y D R A A
MET, FIRZMHEITH A A TR SO, 58 fi Y 2 1258 BE sl &
. BERSRISCER R, IR GER IR B T O il i A S AR S A
M IET RS & 1o, X R EE & R & AR FREFIR I 2
{A&, B NMDA (N-HR-D-RAEM ) #F@&MZEP . Btk
TR A2 (long-term potentiation, fAIFR LTP ), HEeRGR s M HF
geatiEc, R—FRFARKIICICER . SHRZEIF TR (1L
FHET7.2) 4rARML, 2 b A AT SRR o e A Rl 2 (R B —
HHERER .

BEANBIFR R, BUREGENTE —EM “HIR" 4%, B
M2 BEATAB B . 5 —FB, B VAR BB, BEERAR
S A o) 80 S0 S A RS, 8% v ) B B 22 T R LA B
i, WXTERITERA 1 BB A S gl R k. 7R R
Br, BN “mEER” BB, AR S SROCHORAL, X EITHE H HsfT
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i

WRATPE | RRECA 2 bRl s Tk SR, B R R R
i R AN IR B B — BOR Z IRl A 22 57, $ U REA T 30T ( WOTHE 7.2).
WIEHIR o B 0 3592 Dy 8 ] A DX P v R A 2 el SR D A s
IR TEAR BRI AR OCHERI T O T, L2 23 I si A 5 1% 2
fRat, O] 2SRRI, B TIRMER MO ( folie A deux ) T 1Y
ROZERUAS . A ERA I, B A B IRSRI 37 22 S B T2 AR,
TEBEAT B P A E AR T B 1 e ST W AP B o, IR B (R AN 5
UL KR o SUAE B ARAT MR BEAT , ] RE BT bR ARE
PAEFRATAAAE . TR (60 Ay 1o B A A D

FIHARE IR

BRZE SAUAT LA, (EERI AR M A REMR R I — D RIRE, e i
{2 S BEAGARR . T N HTE AT B X B . FATTRT LA
FHBCA X PR A O BERLIE S, P 75 Bz, donl LR ATK-P4l
FIXT b FR. FEFRA TR DR 25 S HLI 25, $2 18 10 x 10 HEAT A
o R AR E 16 S ERUEE T, RIEHESEE] 3 M
FIC, B RITXENL 3 AT RE AR PG B — . TEHREZ T 6000
PR ARV ZRG , BURZE AU 258hm A R XTFRAET T 7026
MR 90 %, BN AR5 B (925 A 23 LUREHLAS I A a5 Rdr, KR
F— B AT A & R TR FR R (5 B, L2000 fa AT 22 [R] A AR
KAEHAT G HAERENE, NEWEEF B AR 53R 2%

@ JEE-DARRRER A, N SERA DAL Xl R
PR, —i%&EE
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SHLE B2, FOBER2E S LAY B B T #R % R
GIEEGR A . JFASEIEIT (TR E (O . X Mg ki, M
R EREHLZHEFE S s A SOTfL e, X SR SIE M E B R
REBILEY, BREH b 7 7E B X PRtk

) i ]
||unu| "'r‘I'W’ 'H-H‘l
il ‘wmh “'

I

| ,.,mnw' ..m;ll
i i 1||i“

I '*fi'!IIu;m‘!. o gl
ol I

A LT TH TR

™ "‘“imu "
| | h [I]

\” "H | ”’“ m mr

: il
U -y ;‘]r‘.

E7-5 XRAGEHNER. 80 10 x 10 FMEEMFEER . XFHIIASE EHBEIFR. MESRUNEIRE
FEINAERE S SMEIRE|SFROFEFERPRIEITRImE 7o, BRFER: T. J. Sejnowski, P. K. Kienker,
and G. E. Hinton, ing Symmetry Groups with Hidden Units: Beyond the Perceptron,” Physica 22D
(1986): 260~ 275, figure 4.

A—K, WIETF B S, LUEERUAYE 5 4 AR
BIXSFRPE. MRTIRFELE - B SO ERMFEIFER - FHE
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( Neal Cohen ) tLfE WEEIX A FF&E, (EABHIARED /3 ix S xf Rk, BR
AL TIFNE . xR A XA R BRI . SHURE SV
SRR, WE T RaASEHZE, ROWEREGNSGSAT LA
I PR, AT AR L AT A . RR ARG T —
MR, AARHVEE RN BT R, WHEBIFEX —{E% b
AR, S JFGART . ffTAE T AR Kt a] A H H E B B PR, (H 221
JLRIGIZRLAG , M1y AR . BT S080 5 10, fhfiREaE R
ML RRAHAR R FRE, B AT AR S A b SRR T AC IR, 18
PR ERMRRMER IR . ORI H PO AR 2 ]

KA - B S KFE LT R A YR, X RS
TREA A M E MBI . A - JLIAHT (Ben Yuhas) 2157
—ilR TAER T TRARMPA, WESEM e abm, 4T
— AP R R R RTE . A B S RS T SIS
o U BT 10 190 28545 1 g PR At B [ b 7 A 75 14 R
B . X — AR AT LA B b BEAT WS 7 R LA E U (AT
T4 [Rl 2 2 B 1y - LK ( Andreas Andreou ) 27 1% ZE i B%
N, {240} IE/E Barton Hall RS % HE A A 00 R MU 4R 1
HUEOE T CRFESS 14 TR af T A4l ). 1 20 th4d 80 4R(R, IFZBi &R
B 2 7 4 22 R 28 A S RN R A, X PERY IR S ZEAR ZHLA rh &R
A Mo, {H3X A REBE - JC A 307 22 P8 L RR T e R . s b
LG R T - B SR MIEER, AR T
- EL S REIE S a0 TR T —E A
BA, HEUF R % P R EUE R E S R 5
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B, IR SRl 2 (6 2K I R TR T — A A
= R T BRI, B X TS MR A T T 5
S (LI 7-6). ™ i THER 2% 5 R4 AT SRR e, TR T A
FRIRLEATINS . B SEr — AN BT, 2 A R e ST AR R
R A AR (LI 77 ), 3R R 19 45 BE 3R VI 5 8 1 5 45
H, ST AR A 2 R O R . AR SR 0E A T
BRS04 I 20 T B a2 72 T 3B MRS 91

2000 MNREETT

f\ N

Y :
10 MRIZETT 500 MM EIT
f il
N
XA RS — R 500 TEIT

BENTRE

IRl

28 x 28 {&&

7-6 ATFENFARIMERHANZERRZEN. BRETE 28 x 28 MFE, SILZERHEE. B
FERE 10 TWEEM (0~-9) MBEHTFTHoE. BIFRR: G E. Hnton, “Learning Multiple Layers of
Representation,” Trends in Cognitive Sciences 11(2007 ):428-434, figure 1.
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<N aeanluyry~0
DooNFyLTYrOr—O
AN =YY p—0CO
O~Nens0n~<0
AT VMLWwNNO
e m- LN\ QO
o~ T E WSO
QIR PYN~-0
VOV =Y~ —Q

VR O R0 —=

59 1T 9 19

7-7 BES)ISETILLRSFEHFNZERRZSNERIGNEEE. 5—1782BIHG 10 MLE
FUPRRI— AR (E 7-6), FEBMNEELARYZERFETL ., XEFEEHE)GERHMT—TF
MNEW)ISEEMMEHNR ISR 48" HER. BR%FR: G E. Hinton, S, Osindero and Y. Teh, “A
Deep Leaming Algorithm for Deep Belief Nets” , Neural Computation 18( 2006 ): 1527 - 1554, figure 8,

RUE M2 IR TP 37 R TR 2P 6l i, (BARZE RN
MEHER R B ARREIEZ EAE M CICE 5 B R R . B
TP 51757 A b5 ( PDP ) RFZE40 Fl—Se iy B %, 5
R BRATSSR S 0 30 . AR AFRTE 1983 4EZ N 1IN HIBLE
FIr2 ( Cognitive Science Society ) 931 U H], 78 I IZ
FUE G090 M2 53K - URF IS ( Zenon Pylyshyn ) &7 i 17 % 8
IRZE SIS . RsIPES ik 7 —MoK, JFARSREE : XA it
B0 A A A R A S AR AR T T (HARD - 3k
F5 3 (Jerome Lettvin ) Z1K7R, b B AYHE & =0 IR A E 7MY S5
S RF SCAE 1959 4 5 i VL4E - SFEHLHE ( Humberto Matourana ), ik
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& - FZKig 5 ( Warren McCulloch ) FITR /R4 - PE#% ( Walter Pitts ) —if
G T2 MAe 3 (FEERIRIE & F KAkif 4 ) ( What the Frog's Eye
Tells the Frog's Brain ). *' SCHR4S H 1 7 e 40 0 5 o f bt ) 25 b 22

FLROME F7 B9 o A X AT SRR = 14 ol 22 [0 245 468 28 ) S AR A 1% T
RS R R Y R FR

EnEFINRERS

Bi/R 75 S LB AT LARIR AT B 2220 ROV A ) L #0 BB 15
WAl LU T ERB ), BV AR A SRS . ANB R - i e
BHIRA — K — ZHR T — MREBURZE S L. ™ IEHEREA
FRITAY— JZ B T TR ——RISZ BREEIRZE 2 HL ( restricted Boltzmann
machine ), N3 BAIRRICH) B EHEITIIZR, X LERE HARIC &
HEHEESPN (BN EA B CRRCH RS ), TR
SJHEEEE R, JCE ) B — A0 R T R BT A R A Y 5t
TR, [R5 — R BT AR R R . R g5 o T AR BLAY
FROE. P RMIEBERS—Z, HELmEmsE —EHoe. &
ZITNB PR 25 e T A —4URIE, T RURBT SR
— i PR A B Z R IR R 2

R0 LR ot & AR RZ FHEA &, [EREiTTL
fER— sk, MBEIRBYRRAE il 5 i s R IE . UL, /5 B2
HTHARERESREZ, ATEE DGR E SR
K IRFICEL . S AT X R i 2R 07 T T B R IR AR AR A o
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R, (HE LA B LA T EF R R th i de Sk M T .
REPCFURZRERKE. EMERER TN RIEEB, ENE
— 2 IR HEC AR S RIM 200, IR 2 itz T AR
E AT EAYE, JF HARE G ARG S A DL E R 2 R, XREREAE
KIS ARG R (X eSS S mE & ihead ). KilfE iAo
DX SR AR U A R RS R e e A R, R KR AITAR AN B2 JZ X
BN FE A AR ] BUAR R, L SR A A S KR i ) 4
HEER A TRE 2 A T MR TEREH, KRKEERES
MmaE R R, XEREMNCHRMASE T KENZH AT
MR 2 Z R ANIRLE R - 2RE (Jeffrey Elman ) Filff
A - DU (Elizabeth Bates ) BRILALREIS—d2, #35JR M2 # &
BT B LS TR R ERE S, da i T IRES UMK AR
FERUMERE. X — AR AR RETR 118 K B B4R Aoy (6 A UM i T
FWA, JRRE T —ETRIBTE T, [RIEH X SE R FE SR A 5 AR
R BT R 7= A AR AR A T AL A -
- FEIR YK (Steven Quartz ) B 22 B3R SLW = B+ /5 oF
KO, BAETEMMIE TP o . BRIESELRN (WT. BA
F#HE ) ( Liars, Lovers and Heroes ) * — (¥ 4 5iH, 76 JLEMF
AR RN A B R, 200 T LR 2 R e 22 T A ik (R R
ik, MR 08 B4 T A AP ol B . R TR ) 2 S 1 LA S BRI S i) 22 (1]
MZEAERA, iEIRATEEEE BT A BEA R RN R B E At . X —1%
BREBF R SR TR SR RMERE, I SALEY 1 M B H
AT T EHE L. ROV EDFREAR R T AL CHIAIEA:,
RPN AR I E . * B~ X M FES THRE:
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2 5.2 T T 1 00 5 PRI 2 E A
f9 DNA {5 BE: J5 3 i B P LA T S 2 DL (A, T
SEAI TSI 0 B AT AT A . 7 S 42 LI £ e T T i
o 32 AR 2 5 M 2 2 A SR 1.

£ 7 20 t40 90 AFAR, HZR LK S A T UG W & A e . A
WAL IE (T, ST LSO B, (L& A, /2%
AL APERE AR 1 6, (TR IS A BT H
T B I 2 — R 3 50 A fETR i B
T, SR T
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I A2 2 1 3 o KL T 1960 4F, BRE % ok Ak 4 5 2 00F
FEMY FE L. EAE 1986 AW TR L — M ANmRE R, K

G IGEE (UL 8—1) FENRETE 28 & — (0 A8 th A B R AHA R
VIR RS 7 LA S22 R Ay 3 il i) 1% e N TR i AR T
i, EEBFTEAE 20 tHAL 70 AR TR RERIFZE T o 32 S . 1979
AL FRAENNM R 2 2 X Rt AN L - gl U F 2 A —ik
WE 7RI, YR T R R R R AL IR ik s
Wr- AviR Rz R AT AT AL BT (LURRIFR PDP ). R PSR
REXT )RS R A S %, RS R S AT e

BEOR 25 2 L2 2 3 T LA ) Wn o] ke s 2 B P e Y I B, 5
KW, N2 2 2 T2 RN 25 A PR B T4 700, s floll s 5



S T A - WA B A UK 2 RO U S 9%
o0 2O 445 2 A SR A A A FERTRRR fELJA—T
M TS R IR SO0 P 2 1, )
475 2 A OB T A 57 B

8-1 1986 FEGEMMNKFRELSIN
KB - BBISE, BRRIMERILARTHEE (575
TUAME ) ( Parallel Distributed Processing ). S84
BEZEMEREPIEZNRATF LR TSGR
KEVENED, FARZRARERBRERESH
BHEOIE ., BRRR: AT - 818055

JEU -, AT AR BAT RO T IR RES M AT HRIPL, ZI L
HCEAT R KT — OB AL G - 1k (R R 4540 TS L
%, 20 4l 80 AUV E LR HBEAAT 100 kR ME. &K
BT AL AP RE S P TR SR B O FLE DR T A P % i 1
— A PERR TR, L AR LA
B 72 RTAY R

C IR 56 [ TE T R R T S AR A A R A A L R
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fif it Y 260 1ZETTHIMETE (LA 2016 4ERYETTMETHEE ), RARIRLS
R E WA A k. Ml BR S HLET LIIZR 2 2 M Y
MEWATE, WEHF I FE NG FFRARRN. 8%
- E AR S B R 2% @ LA R, KT - B AR IT R T 55—
ZIAMBE T, MERA LB, X FEER SRR

SRR

fiifk. ( Optimization ) ZHLEFF T P — A KEAECAME: XTiF
Z g, o] AR E]— A e E (cost function ), i [l B34 fift ke %6
RO RACE A RGOIRE . XTSI REM LK. L R B
SRR, FARRERE 28 R i R/ MERAIRES (s 6 FATIA ). Xt
THTi e, T2 098 SO R BUS I 2R th 2 Ly 22
M. “BAEETFE” (gradient descent ) J&—FhRENE i/ MEACH pE £ A0 8
PR, SEB i 2 %  26% r A A S B A A e TR By 1) 2B A 732 2
. WS R AR R, IR AR E T B sk 2 e £R LB T
B AR AR

B R R L T anfel ik B AR IR 2209 R 1 fE 4% ( backprop-
agation of errors ), S {HFRN “FfE" (backprop ) FYidFEAIH ML
BEAACEAYEEEE ( WLHE 8.1 ). MIRZEC HIAYS 2R, TLIRE
Sy Mt A S TR ARCGE AR . R — st R R 2
R b — EACEARERE, DICEHE, FERFE AR . X2 —
RO R R i

SRR IR 2% 2 L2 21 TR SRR 0 A D0 AE R TR 19 47 B 27 AR
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REEEMSEIAANZREBNRIE: TIZES, CNNBAELER
(753K ) AREERIRENETE, ARREIRLEE. REERSIGEEE
FIEHITIER, ZEERAXEMERRLSETIMNGE, LURMRE. A, RIE
FMNEMRERBNZ D, BEREEERENMA R TNREES B E
TR, FMAXERAETIIIE, RERTEN T IXDFEMNETATERE
HEAAE, AF—RE(IMEEBERLEPTIREARBIIH TS, X—TRRITA

"FAEFS" (representation learning ),
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BRI RCRE S, F Bz SR . ok
RIS AR . IR HL - EU A AN TR - B B 3 ( Ronald Williams )
HZ I R LIS ST 1986 AERRAE (AR) AL, g4
Ak, Zie e A TE AL b ps | R 4 k. (R 1%
FITAESCRA —E AT, BEEEREACEHARTIH: —
F 1T T 100 YA IS SCHB 23 A5 Tkl 7= A= B R, iy AR 8K
X i A K52 i) {49 £14 SC RS — P e )

-
I
(S

1984 4F, FRAESE MM T T #F 50 26 A k7 - % R MO8 ( Charles
Rosenberg ) KT H/R2Z S HUNEIE. MARXIE# LR H, B
KB A A TRED QIR L], AR W {2 5 0T DL TR IR E B
—AEEWEIH . ok BRI EERE, FRITE 25 m T i {5
S, X LR ATAT AT RE S IR B SC S A Ia) B, A 22 i Ak B A R
FhBCHAB AR T A R R A AT S L R IvR - K (George
Miller ) 974, FRATAE T4 — D5 B4 A AT IR, BEAS 23 e 5]
TR KL, NAZES PR Rk 5 ¥R —
NEAAGFZ 5 AR R e, flan. 5§ (phonology ), #
R Wil i) % 55 A (syntax ), R 5 8L i) F — A4S 4] ob 2 dn faf
FIHY; 1 L4 (semantics ), BFFE F ] FVa) 19 & 30 B AT 16 27
( pragmatics ), BFZTIAHE I 00T SE 0 LA, 525 TR M5
FIURE T

YOI SRR M R A, O ELNAR R 2%, I HARZ 6
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SMEBL. GG, AR R A RS — R R — AR
FhE e, MITH RBEOL FAER K, 1 “gave” Fil “brave”.
(E AT B4, BN “have”, X414 % o 5K -5 22 A1 A B0 AR AE
AR BB T A4, 7EBD EFRFR M T ISR 55,
JESKBOA DT, 0 H 1AM L b b2 BN, A B S R A A
FEBISMEDL. B2, XTFIHEF¥FORNL, M ToR” . * %
IEAIMH B2, FRE— D, JEARRED AR S8, &
FERE &, B & WA B O — SR

AN - SRR TR AR A R B B B 2 - e S K R
TAURETRNAR, BRI TUL M A N A & KR T ATLAFRAT
THRC, T —AEBSEA KL 100 NF00LE R HEEY) . AT
W24 —Ah 7 DS FRE A E O, BT 29 DT (ES
SRR S A7 ) R, 25203 AN AR, BFFY AR = 00 6 1 e ]
(7B FRAEE . WA 80 A FRUECILCHIIE , BB X
P 3 26 M ATT, B RICR R — AL & 7EE B
FrR “ &L ( phonemes ). FRAEIZ T L & MLEMAE “TH1E ML
(P 8—2). ° MZErbAg 18 629 ML, %8 1986 FAUbRifEf i, X
ST R AR iR SR AR SRR R AR AL
THEME. A TIXAZHBE. RANFE FIIAE T Re oot LS
SR Tz

YRR T AT RS P RR SE R, SR e
[ FEE AL T — A8 0. T H PR R m A iy o, & T ol
{35 B R RERIVC AL, D 7 B 4 B 5 A SR i) rh 5 (7 A U A
Wl MIHZ R, 2 Rt & A e R A IR ATy, R % ) e 8 1
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PR PR RS T BOR S . 2 TS, ESTEAT 100 4> 80 il 5
Frh i RIARE L. BARTH I TR BORIR 22, (Bl T3
frIxs e RE— /N ISR iz (bR U AN, B U A28
LERNIRS N8

g
b 4
/k/
BT 000000

/1IN
/7T T VNN

wAZT 0000 0000 0000 0000 0000 0000 OO0
( _ a (6 a t _)

IR T

E8-2 FENATENEELE, RN 7 GSTAREYATEINEOTNTE, SRER—FE, &N
ZNEFRIERIRNGTPEUBNFERIES, EXMIFHRARREESHN ¢ Si. AAEFNEI 2T
SHhEaRESTRY TiER, MEEXSRHENEE LNRE RN, REEEFIELEBERXEIHE
RIRIASSANE . ERAIEET S SREMEHERNTIE, ERIIFE, BHIOE K St Bl
EeRREEEEHIES TELAMNE

Bifife ., FAUEH 7 &4 2 A FR A A RS (Brown Corpus ) 7,
HRBAFEHEE T EMLREERIC. FRERA SRR T T
JUR ], (HRE2E SRS . RS TE— i L Wi T 5l Zr e
MR IR etttz iy L5 5E0], Z Mg RAEwIEAE. %
Wk ek B T SOl &S ErE, JF Hal LRSI B AMES, BT
RS T AR A AR FE ) k. BRI RS RbnifER R, X
— RN R, (EFRATAY R ZR AR - uE IH 1 S 1) A4 48 I £ el RE %
A RO RAEYGE S XETRATIS R0 — w7, RIpRes [ eg 2]
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IS (FPo RIEA AR ) A9l SR A2~ Jr A I

(E3RTS T KA RO RE 1 IS, i M4 ¥ 2l T — 81 AL
OB, IR T RO 2 AR, B “b” AMR
YT FTATHE T, AL e ARG T FTATIOCE . RIJFIG, SRR
HUTEAG “baba”, LW XM 2N, KERR T “ba gada”.
RPN G B LM 2 i PR AR R SN 225 BTG RERS (6 b il
VR v . e FEVIERES A, FRATTC 26 nl PAWT 1 & B K 24K
] T

o T R 1 7 LRI, Je R Tk ik A
BB SN T 7 93 4452 R i 10 i Bl bk . I3 21 %
BRI T — B 547 P BE A 5 00055, Wit R s n o
AUFELERRS , A7AS 2375 SIS . 3ol 3G 1 1 2% ) A 0 ik 38— 4~ ol 4
“DECtalk” Mifi & e, i bR S w0 nT i it . &
IR T T2 B b i — R0 B Y3 Sk ik f o i i
XEBEET, AT 0 R R BT —— A I 4 ELAEE ] T
B ERES . T XA B H S e el T IRN AU, JERh
28 [ 22 2 U S — A SE BRI T 1986 AR, JRalr B IS I 4% S
T (4% ) Today show ) 17 H , W—BIRYUC AR . (EM 2R,
MhZe 2 — P TRl TR B AR A, (AT 7E LA iX
AN E A S — R 30 R I 245 15 HE

SIRAE T X 48 AT 7 HGE W] 1 > el 35 90 455 1) 0 B 0 X 1 A
Sy T ETAEAE, HE IEAS S I A 2 ] 6 15 D 32 01 00 R A
B HE, ROTEET REZ A& Tudig. Hak, fARAJILP
T DU St Y B R AT I KOs R e B A R AT 5. (B, K

oy



08 mmEfEEEE / 139

BEAR PR B T PR AR, IR AT AT SR TR . R
2R RN 19 N2 AE B X 5 - K%K (Lewis Carroll ) 93
Jabberwocky i, AN [ 2 Hb i “brillig” . “slithy” 1 “toves” %
TR SR, SR E R A in]—FE, IRIEMESUUE itk X B Y
IASAEAE AT =, (R T D fiph 2 Pl i e b e 7 B 2 R A
Rl

IHEM AR T TIRZIMENG, A BHE, A /R BT AaR s 2
XA AT, TR T BRI TR, A, TR
ik BT BTG SR T T RIS (cluster analysis ), i & BLIE1E
LREENEE TARMUAY T & AR A 32, BORNE F RN C 4R
AR, DEE - FEEARS (Mark Seidenberg ) FIE T - 42 73k 2 R
T —Fh LB A A e a s, B H S LB TE 2 ) g 2275
f— RGN BHE T PR LE . °

4 LA AR S T AR fE S 2 -
SR ST - A48 ( Thomas C. Jenkins ) 2B ¥ HE R (19— & #
B, FRIF X R T 0 [ A TSR R R — R S
AT U 5 2 (45K, %AW T T R R IZ A9 T RE, i 41
HEL B S ML P A RS G RIS R EERR 1y 51 U 2 5
1 =R — A HEREAR e T HSE ), xR 2R A ok i3, B
(i FHE BRI AR B S e I i S SRIMT, AT —Rh T as F AR XS
WS T, WP N 9 E5H) (secondary structures ). 7E 24k,
FUOLRR AENE . i s TR iy g . AR EeE RA  fAY
Bk g T AR R SR AR, BRI ST AS R DA o — 4

23 (1] (47 2 ) 3L
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BT R T R A —EYII A, g 1980 A1 [E AT A 4 B
RIZEAT, B Z R0k bk 2 E BOERF AR IR AN Z — . F-fi]
REUHIE , SR o N R A R . P s M O B, i
o 245 2 A5 T AL — e R R e 81 R U 2 1 A R . X
AEEA A, O E A RS OE T ERMIIRE. AR R
FEHNAS R T &R IR T A, Ifi TN 25 5 e LA T s I
SR X SR AR 1 =i IEIRITEE AR, X
FH R T RS A T, i b T T AR M B W e AR T
%, X — B R T RAILERE D AE S IR R
L SR E (5 B ( bioinformatics ).

D1 Ao T Qe TR Slialid K I ES, B TG B
b #S2 AHI [E, BE TR B9 PR IR ST LAY PDP ST T
T B e " Y R i H R TR R A S SR R Yed”,
fFln4t “train” AZ Y “trained”. {HEAAKIMIE AR FIAL, F T
“run” ZEA “ran”. PSRN 24 AT AR G bk RO A M AL . R
MERX — i LR SR DFag T, (HET RN Y 2 A RAE (explicit
representation ) £ AR Y AR (X — [T, A3OR A RE I Bl AT
2R 252 2] 1 5 IS S 1 ATIE S (inflectional morphology )
TG REUE S, X5 AZmE ) U 8. P IR 55
HEIE R A SR E S VARG G, TERTEIE S 050 B BRI
1, 3 T RIANTT 20 = GE S R A T RErE,  BIELSE
BRAT A AT RERI 1 AH R ASTE .

AR KT ESE L (David Touretzky ) FIFE T 1986
LR R AL — MR KU T 5 — OIS, T S DR AR (WLIE 8-3),
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AREH i R A D BULIT K2E T T Mg ifeE . £ PR TiRiE R L
/i, 2EAEMTEESIBA, B RN PR — o0 (R

fbfiT7EfZH “Sejnowski” iy 7 BEEAE TR, HAHERAS
BT “y", IFARBEIE ISR SR ). sz i iF 2 ARl S #D
Rhi&e ks TR LM, JFF0 & A gl 1988 4, 5 SR
FRAER L — HERE KA TF I, 1990 4755 — A4S I 2 o R 2 2% 2k
Lo, BRI REAEL T T — RIS, A i A FE RS
KB R LT A A2 AR HEVR R TRATHE S0 i U ) e

HEGHEE=, {thRYmELD
20 tH4E 80 FHLHNHERE,
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HEEMEAIEE

FH £ BBEIA RS A 22 T 3 2 SR 1 T A5 OF 740 A XAL B ) T 1986
AR, B YA MA . XES Bk Ma MLz
2 S B RS MR T LR S B AE . ERYEEES © 5 T
E, TEFERGRER LRSI T . WEMKIEL T R R
Yifm, HBECROCE & TR R G b R s T g e, i E
R RS, A KN A2 4005 7 A B Bl B AT AR KA AR
Ik

SR EAVEHT - S SR PDP /NI RLOY, B T/ NALURER 2 i 22
FIYREE . FEXTIAT o0 A 2 b PR R Q0 o] BAT = AR it v, ft
INARIZA ENTEETATHUES, WA KA AR ERI R . o (IF
ot b ) — S T Hh 5T, 87 SRR TR
K 2. MRS IR —FE, WLEZS T M FRATTT Kk e )22 iy MRy
HEAKT fif. WRXLETERASRE TR, A HERARA R
"z,

20 40 80 AFARIAA —LERIN R BT A ANFTRL. ST R MZ8
A B FMEER Y/ 7] 22— J& HNC Software AR H], I BI1HE - Bhoi 4 —
JE/K#% (Robert Hecht-Nielsen ) 57, 12723 il i JH 4 22 [ 26 Sk By 110
FARIRVE . MR s — 2 JR ARG FE N R 22 2k oA 1 e S5 AL
TRRTH, T 1 T L SPRn R TERTE . BERHR
A fE R E BRI TG (5 R0y 5 B s+ o
PEAC, Mk i vl BE 5 R — TR F (LS5 72 20 fE4D 80 4F{C,
AN BUEEAE S Ao [0 P it 2 A e s e BRI T R 28 2 Tk e
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X T3 T HAE 1500 ZALETT AL S AR ST . HNC Software
A7 PR w2 W 22 2D B LAz v T A AR BE RIS TR
WVETT A, B REHRARTE TG0, 2002 4F, HNC #
2 AN AT 28 (5 FHIT A 23 1) ( Fair Isaac and Company, FICO) LA 10
{CETTRMAS IO, J5 75 LA R A THPE ST 1 44

WG 25 W 265 1) 2 2] L RRBGAT SE 4T, B AR AU A FR AR A
B RN, XS Hagets, BRINEA RENIIZGREA, Jf
HIRZ AR, 27 20 Bkl o] DL 3 — R 4 A9 RENS 12 (L B R ARy
2, LIS RLH A . R BLIERE 0 — 2000 d AT F f i Zrid
FRmt, R BRI IS, (HESERATAHIRPERE. 172 4%
A LA I RE Y IR, SRR R 1 YR T A A 1 e R i
FEAERE, BOZMAT TR R IRV 2 R EE R TR AT R, B
fift B AT D B A T K T e I 2 2 Bk, X A SR N % T )
B AN

ERHIFRSRESFS

TEM Ak ( convex optimization ) [REIHT, ASAEAE e it/ M, AT
(B8 S TIN5 e o oo 8 N (= L\ (I ¢ T el e [ 1S RO - 2 N
T A REVRIRAT. T 7R AT 4 g 2] J — R Ak
[ f5E, T LATRAN] SR A IR S e ] ——FR AT T I 45 23 B A JR) 3 e /M
(ULIEI8—4). (HZREIESGZM], A1 1T wthamey Fefr1BeRuE
TELEEAR @R as ] b, AR sR AR S i MU AR LY, P
MR BEA 2 . fERIIB B, LT FeAT 0 5 Tl A 2 N, i tE
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TR R ET, —TT R SFRMIT R LT, e 4R
MIGkEE TR AR 2 2 AR B R IMER B, J2 A iR AR 4E 2
E] R Rl dk A Ty 1) B RO B ML

A EORNES A O T
J(6) J(6)
> >
) 0

B 8-4 IEMUMEIMIIOIEN RS, XEERBRMNETE J (0) LFIHBE MRS OEMIT—TRME
(BE), BAFEITAUEQTRAHETLANEERIME. BR—T, HME—BEEE, FREEEIRYL
SREENTIRGE, REHF—ESBEIR. BT, EORNRMELE2BNEME (£8), XLk
B, IHFEEET B TREESER/ME. Bit, EORNRSRERL. T —HNGFEST—EMNR
SE. SETZSHE (ERERERMETENELTE2H ), ReFERS, ERSEERE Fam b0, Mt
FUHE FE TS, SRUTFES LI, S2FE—NTFRISE.

AT A TR 2= 0 28 BSR4 B0 7 S S oe B R . Gt
FAEMEGE b FUT B S BT SRy, SRl mT AT/ i ol 4
HAERERE . WA KA AR RE Y 7S [ X b R e ] B2 — A
B s FAIRIE, X AZHSE, B LG 4 xbEAR
Al . FRATHYIMEZE RS i N A8dE, (AIERZ (b LAE 1
A . B, T IEMAL (regularization ) FE:, HWEL
ARG ] BAT AT AT STRRE , 7T DU i 53 38 B TR AT 2080k 22 i ok
JEME RIS

— ISR E WA, W “K3E” (dropout ), H AW
SEAE - . U AERAE T M (epoch ), 24 I 2 I 45 3 f5i] v
flTHHRR L, JFXACE S TR, A2 0 T S B RE LI BT A
M2 S B —— X SRR L A SR b I R A #02 AS [R] ) 1 245
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HIBUWES R, EENEhFENGNSHEREL>, IFHSE
A RN A R A R B ER AR L, BT [ R D R D, &
{7 2o PR TR 27 ] 28 A R R T 10%, 3% = —MRR B kit -
2009 4, P& (Netflix ) 2690 T —3 A 5 36— — BB R
RS 10% A, 27551 100 TR 4. " JLFEAML
PR SUR IR A RS S T 5. N X ER SR ATERE & T
{H 1000 J7 SETCMRFE. BAE, TREEMZS O 28 BUR LR T R AL
AR,

AR, R fh £ DAAR = 00 SR AR TG L %Ok A A
i, )2 PR L AT MRS R A 90% AR, " Xk g — ik
BA. JLT BT A BR 01 09 o BRI AR 0.1 KRR Qa1 R X Ao AT
T R SR 2 ok S B AT SE AU T REE Y MM TT LAAERCT MR
GEfhT, G s BRI BRI AR, X AR RE A S
RARAE G R TIRRE RS [ 2 ) o A v 7 2 Sl J2 T R A R TR R 4
b, TREE K F R PRI A A, i EL i T2 i 7 ST A R YRR
B, ORIGW AL RER . R, RE MR E AT AR, e
e RIEE R, B AR R RN R A RO K

PN A= L SUNG S 7 N A (0 o (DY IRV WO
JA S M /N B MR (S8R EEAE 100 AT AR Tk, B2 il 5
JEE AT LA S R P 3 T s b . 51 S R 2 BRI T A 4 o 2 A
HF R ST BT - M T (Kristen Harris ) &4, AR R RITHE
H /NIRRT A, ORI IR O B R A X R,
AL 450 oMl REEUMESTEM IR 7 3 HIE Lo i, H
TEDEUEBL T, — N2 A0 A 5 ik 2 32 Ak 3 40 R A AR 28, 4 A0

O
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M. ENMIRSHLTHIR, Zaisfss s sk, XEwEE
i BT AR A SR . AT 28 T M 1 S BO S5 fih i 2 A b A
Ak XSG i 5 7R AR T AR £ 17 o ARVRE 2 0 17 £ e 15
Ay, Xk A AR g€ EARTRRNZE Y — X 2 ok L2 At . #i
KSRGS, FATHERTE B AR 2 Rk S e h R R e, R 2
5 GifE R T RPEIR IR 2 12 ST B VR RS 5 O RERE S i KT
fbkfe, XRTREARZIIA.

G 0 245 (0 24 P AR e L FRATTX L EL B RAT AR A A A T KR B
2y S 529 100 710, TLT-RAK Y. AR FRan A id
JUAHZRY . DX REAY RS, AR AT LR ORAE 35 v 9 B — B stk il 10 07
g, eSSBS, W2 oT e BAT RO e, e ey
10 {24~ ZE Ml 10 £ 10 J7 AR 28 JCLLAUAY B A RE P . IRIX A5 8K 2
—AMRKAYECT, PR IEFEA L SCRUF . R B AR M e e 22
Pig%, ML S Sy ], JF B2 MAE R i gkt

RE R 2D — X RS R M 2R T B, 2 4 T A B
7oA TR, WEAEMECEZ R 10 2, @B R 2o R
29010 1. AAGTE 10 D RJZ K. P sk, 29 10 74l
(. EATHCA RSSO AL EAEARLE 100 AL S b . fESEFas
B, (R G2 e R ARy, X n] RURRIE N e 2 &1k
FEART G RIXE R 2 [MOCRAYRE J7 . X RIAE 1 7E A LA H Al 5L )
Yrrp s KA 2, O A KA YIS B2 (associative cortex, 1
BEALZ SN2 ) fEEfet e Rk T R R

e 253 (] o R 0 A B FZEAE 20 20 80 ARARA & — A M X
B OARBOT R MG . AT UG A RIS T TEFR ST S e s 1] Ay
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A B A S T, AT AR R SE A L - A3 ((Leo
Breiman ), fllj& NIPS #EX g — 01, >k FLZ#EIXAY—2 A, {6l nin
MR AEAR € R 53 K2 19305 58 2K - 777 ( Michael Jordan ) L7E4E iR AT
L SRR ZEAEM T, REGEIHRIPLE: I ek s T 4245t
FHEMNAE RO (EA S o1 2 Y R 28 e s 4 AL Ay 9
TR, FRAT LT B AR A & 0 AT (0 B0 . B R A
KO AR TR, TR TS i A A Ok AR, il TR
T GE B 0 7o 0 2D R

2017 AFAEACMEZE I0 6 NIPS 2338 |, " [H] % 55 22" ( the Test
of Time award ) # 42 T 1" N KA A0 58 B o0 Ry AR AW - 5 & 4F
( Benjamin Recht ) F17F A FH - §7 47K (Al Rahimi ) 7E 2007 46k
R AN NIPS I8 3C. 2 iZie SCR W, BHLEFE T LAAT 2404 o BAT
— S22 BOE M PR RE R AT RO, IR0 24 v - B AR A DR
1960 4 i BHIER IS 7RI . P oKE R m b & T
APHLER 2 20 P EPE R SR BUNENT | fhERMUR 27 2] = e, JEmi
A CHEART. FROYETEARERC KE =L 7R ( Yann LeCun)
L. WrogiE vk, R —RME TR, IR ER (R
ARG AR # BN AR ) JEAERIE R AR ORI AR AT] H A
MHHE TR A B EIRATASERk, 2 Ha ek, Aftafe
FaWg? IFSEX A, FBOILA 27 20k DO o 28 R 245 (0 F e i B T
#id 10 4F, REAEMERIER RN, EfErF2HR TiEirR
b7 ORI ML ERGE AEE T RL R 2 M ATR AR . A
HEIE XA ERE AN A SR



148 | FEZE3

R PERIR IR

B SR 4 T LA 24 1 — LR E R L (R AT
BTN R ITEERAE R, B0, B — 5 R 4
PRERI 2L, KON MR, W T T8,
AL H— P AL B3 AR08 VIS5 22 2 44 ]
2 HBE A A TP BT, (LB SRS A IS4 T ) b e
B, RITBABEAEEE. EARNRS . GEES IR
HRRE A IR S, BT # AR BIREAT R (BT, A% e
WA VB T TS L2 4, T 2 P44 0 2 7 e 25 % )
HIUILE, A — M A Atk A ARG, AT R R
WK RG], (B, (RS TR, (B X
BSILUTAE S EIR A IS, TR AT A AT PR A B
-, IR LT L O A A B B SR, K
AW T BRI R R . AT AR RS G S F R
36, LA AR fLE.

TE AT AV S5 4 R L 0, R 75 AT RSB 5 R
B I ) — B85 IR0 R HLAT M (AR RRIRY OB —
VPR S B T, X —H R ARG, PR B 4
BV SRR TR . R RILAY, SREERA. BRI S
HI— O A T B AROAEML, B AR 2tk T R A
BRI TRARAE S AR AT LB 47 4 B Py SR A RS
PRLAAERE, LT AL A 1 P 2 R A7 0 LA AL

MRS R— BT, I MR A, PR A
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Bt ar . 9 b, RS EMREEARAEIL T, AR A Rk
AT 22790, FRATHY B IE A 3 28 KM 4 fa] 22 56 oh 15 H 4 e
B #LAnSE =FAThER, SIS RIETEE, HrhilfFreiAm
fR2z. * wehh, WAVITEZ MM, EEMUUR G B AR LU T
AR . AT AREHEBR R — KA AR K94 iR 25 2 2R THR
UL A AT AEYE, BURTRRATHLAT A € SRR 7. FRATRE S %M
7, AEAIXFEAYZKIRAS Ho MR B 75 2 09 B8 47 1 Bl S 5 B A
Bwg? FE—T, EHOFAW R ANIEIE. WES T MY 5
IR WF SR LA MHE— D EZR B, ORI TR T
SRR R —LEf5 B B M2 4t FRE A DL SR I 25 0 2% 1) i
TR AR R, A REESZ S R PIRGISE AR R I, #2228 N TE
FR I — MR, (B2, R0 A AR S T I ZRE
e EE, HETTAME (extrapolation ) FRIEREILALAER: T . XIIAAS
LNEENEF, RN R R i T A BAOTARGZIE—4
PrERR ) £ FZAEBUA R B E, 2R P b K Z AR U,
RARRE. B, RERIRERBER, BESHE ISR
A R B AT BZ IR IE, SORIOZM R AR, TEFE
d, A FERZE L, M HERAEAY U BIF A, {20
R GURAFAEA T AR, XFERI2E R R IRAY .

A S AETT /3 B MR RGBT R iy 58, X 3262501
BURERERLT A T IR far, X 0w far Sz ik T JATTanfar ottt 5 47 0% 191
n, IG— LR E R ERZFRAERE TR, HREAE XK
RW? — P NARFRIEHE, AP ABRITEREE. 2EKE—TR
o7 SCAE AR DL B4 BB FEZ (IR FH I R 2% A 5t S I T SX AR B i
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P Biltn, A7V Al o P U SR AR T IR U A A AR 237 3R
Ge. BRNESFO I AR B PE A L NTEFL 2, P T
[¥0 244 (0 B0 P T AT B2 (AT AL, RO IO BB 2, i e st
e R R 22 T LG o SRV SRR E (AT e G 25 £
W) ey , X R T AR5 AR LA B Bl SR A A 2B e . ™

I3 RO A 28 2 g B R, ATTRTREZS ALY AR K
OUAEANE . flhn, G SR A 5T AR R A A B T A A 25 i 1 5 41K
ORI Z R B T R A A 2R s R 4 T % s . Xt
[0 2% 1) i A LA Tl AR S5 A BORE R i AR DGR A AR B
U, BIEAT S0 W A BRI A, 4%t T B 4 1 Pk 2
F RO B AT X LAY R EASAE TR 4, nifE FRRITTIEE
LA bR B SR e — i B, 2%k 2508 FH AR (Ao { T
e AT AR AU . R A (0] R 7 S A YV A AR A e
T — 28 BIRIRAEMIR 7 SR TE RN A 2 e 4% 3] — F ]
AP, AHAAZAE (A pR B B A X RO, 0TS B A Ak dnfe]
PR AARA BB IR A SCRIAE S Rh 27 40U 18 B A 0 1% A
KR PR AR T (HIRATAT 204250, P — DB AR
PRECAT REZ: P E BAEA R IE AL,

DR - Bl v W OF - BE A LA RO E M ST A B, RN IR
RN TR RESEA Y. 2015 4F, 3722 fii A T2 fE FIHLES ABFFE A Bt
R %E T —EATHE, FEFAS IR A 22

B LR, RAVAAALE AR S 7 BACRA AR AR
EX#A, ZALRIZAZFRNY BIF. BTFBALFREESER
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FRAE—NFEE, BB A, B ERBALLSRIGCEAG A
@b’i%‘]’iﬁgz *

XSO ATRIA, (BWATREER R . IHETA E R &R 2
a4 . P MBS RO AR X R H IR

?.

IHEEE AR, RO T I RH 2, HoALLL
—H. CHETERGML, 12 RAEATAN B £k
R A XRG4, s sER.

SHEEAMAEE T A TEEEA R — M IGLAY 8, M2 — 4
AHFZ AR TEMB U, Hrh iR A FEmgER.
an, {FHPERY A iR pLas: 2 7E 20 el 80 AEfURY R 47
AL, WRAATRET S EAE A B A XN, S 2R A ERTE
Gho XEREEA T TR (E BT IR R R ALE , P
KO RlE A NG T i oK. B IR AR TE A R A R R, B AR
P LTS GCHEATAb ], AN R B BAS I OCH ST .

1987 AE“FARIARMEIM ], FRFFEDT T ZRIR s W5 i) 9 B e 38 - e i
ve, AR JLIRAE M BE T 27 BT 22 A )% Cornelis Wiersma % 4
HEZ. IS ETE N — A SRR A SR /N, R
FrolEOGER MBS H 2 — . RAEF GV RN LE R T R AE TR 4%
Hal, 51k TS, FRTE 1989 FMFIPIAT T, EirkERM
298 - B SRV RB LA RIR SR T SR, |
SNt JLTPE—RZH, REVZAEIEOT T, Hham
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AR . RIS = 0F5E iF ( Howard Hughes Medical Institute ) f#)—i{T:
fir, HHUH BTk 26 AEROBFFSHRAE T HEE S .

1989 4F A AN Ao Sk R ey, ettt & 30, W13 480k 3k
(TR B B 1K T - AR O 20 25 T WA K, (EIRZ G R
WAL BB, 240k, RIEERR DO FRELETSA
FAMAE . B2, LRSI AT R —— R KR A A
2R T B, SRR . AT RIE F . 2011
G, BBMEEEND 68 HRT R T, IRRHBE LR R AR L T



09

HIRFEY

F| T 2000 4F, [ 20 40 80 4F AR 4 (1 28 19 25 B 2 242
F, MM LR A R E . LS - A ( Thomas Kuhn ) 8
WA iy 2 ] Y B ) D PR A . BHERAE— A C 48 E R sk
R B HES N UEA T HEC A . RS AN i ML TAERY BL. '1987 4,
ARIH - FWET 2L Ky, IFE B S, BAXLEY
HEER A AR R B R 2 S VU B BE . e 21 ek +
AE AR N K AT ST B ( Canadian Institute for Advanced Research,
i PR CIFAR ) #1251 5 F0 [ 35 10 /&% K1 55T H ( Neural Computation and
Adaptive Perception, filfk NCAP ) A3k A %30 H fi 3k [ g KA
HALE R 25 (iFR AN AR, L TRklas T aoxf. 3
L AR R NCAP Bi[A) 2 51 22 51, ZTERF4FE NIPS &
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WA Z RIS INZIH RYAE 23 . s 45 A S B0 T 2 1 i 1Y i
FRPERR T HLAS S T HVF 2R . BORBATR A AT VR 2 A I Y
BT, ABE— FBAT I L 20 tHE20 80 AEAUN I U A AT B AR i Y 1)
B RO SR eI TR (S & AR, MR AE N
BRI JE R BT 5E Hfi

MRFINRTERE

NIPS 21 20 fHt40 80 AR £ 28 Ay e (kv , b HAth ] b 3t
KA BRI TR TIF TR R IR - T JE 3 i 345 19)
HHLTF 1995 4551 % T2 8h, A 20 2 60 45 FRa w5k 57 0 8% 45 19
RIFRE T — Bk . i SRR WL I RESR K 73 25 8%, JFth
TER LM% TES TRATW, & WIS (kemel trick ),
XS FREC A, A TR B AR AR 25 [ ST A 3 il L
Gy or B A (6], FESER - PRI R T M4 h "HMAX” 15
P, T LAGHA BREC R R T8, TR, AR TERE S
Wit 2 TR 4 B

e 21 Hhad fy Sk JLAE L, EROE RS BT R ihok, IR S#frcly I
TR 45" ( Bayes networks ) Y F & FOMERBARIMSS &, JF& 25T
18 209 EHCERIC S - DLt ( Thomas Bayes ) $i i i)—~7E B,
T B AV DR A S SR e AT (R & IR 2 I AL AL Y
FT - HIUR, ER SO R ST DU 00T (& M48 7 (belief
networks ) * 51 AN T, 8T & REWE A HTECE 7E [ 245 2 T iR
B, X DU o T AT T SR A IR . X 0 2 L) Ko HAt 0 2% 14
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B LA IR G TG T 3R TR

WA THE LA AL FRAE ) Ak S RARBUG R, YR KRR X 2% R
FAlRE. KRR, BAEZEEERIT, ERAMEMNEK, b
HATEZZH8. BRI M ABOR T, (B T2 2 I ZR i W 45 ok
YRR, * OF FLIR 2586 (7 2K (8 ( the vanishing error gradient
problem ) ¥k & BRI T 4 AJZ U A9 20 . ° RT3 Al
R Bl FRATE 2T AXHEREE I 1) (L 48 N 45 A TN 5 T,
11T L 12 090 £ 75 B rh F A L AF . © B TR S 1) 1% 4 I 48 T Iy
TETH L SR PR L GE ik, 2012 4F0 NIPS K2 b LT ik ke
A M EEALERG” B T IR T .

£ 20 2R B JE 10 45 LA K 21 20 AT 10 4F A9 S oE S,
FEFU B G b 0 05 TS RS AP R, (RN (T Lok
AR ) TR S A 2 F UL, H ks s 552
18, XRERAEFNBXR, #HHEALEZEE eI 5H
X 5 X3 TE R BT il 19 5 S R FFEEAT B . B, 7E 2012
AR, R L SRR AN A A T 4% 2 A S S - S LR T (Alex
Krizhevsky ) FMFFIM - FFEHRMER NIPS SR T—/MIE X, X
TR T Ik AlexNet B P AIXT S, AlexNet AT
FHATERES BN, T LHA 22 000 4025, @it 1500 77
AFRICIE B 5 HER S Y TmageNet BEEVE HHEAE, AlexNet #1C
RO LA R R T 18%. ° X UKPERE b A9 KERFE T B LI
oAt DR T — b i, S T AU MK R, BLAE
XU LT iR E] T AZMKFE. Bl 2015 4, ImageNet $4E1E
MR R 3.6%. * IR LERARAI ST ot A 1] 18 B S [R] =54 P
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A ES TR BRI 27 2 M4, FEIF 2 i AR5 P00 K2 2+ kL X6
W 2% g Bl e, JFERPILE@m AN “Le Net”

20 fhed 80 AR, AR - AR S — I L B ANk A R
R O(WE9-1, ), fib9 Zit, FIEZ 1968 4P MIRILTHL 5
(2001 K=5i&{iF ) ( 2001 : A Space Odyssey ) HHAT5iHEHL HAL 9000
WA &, MEIFRENTHERE. b9 Mhar & B T B i A4 15 25 Bk i —
FRRAS, JFicsRAEft 1987 RIS 3Crh, " Z 5 sl 2%,
A TR RAHIBN. JaXk, ¥ % 7 REBIEHERA R (AT&T)
FE 3 PO N ZE 757K ( Holmdel ) 1 D1 /R 528628, FEAR HAAth B i 17—
AT DAEUEOF 0 F5 MRS A 2%, SR E T B 95 [ [ Spn
S5 ARWFEFE ( Modified National Institute of Standards and Technology,

B F% MNIST ) BHla FEAE Ry —Fpbric B sk e, & XA 80a B35

9-1 ZAHE  FIHHIEBRFEFIMFEAIF, XEKIBRRE 2000 FAGENEABFHARRAREET
BHEEMRRNESN HAEN, ZNEEREFIMGARHLE. BRKR: NBE - Fil
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W EIR B 5K, RTERREEE AR . RFEREAR
AT LARDR A i ATM HLEARTTSCEMEH . ABAYE, REr)
i IR AR SCE BB RIALE, ORI SEERA AR
TLAE 20 fH2C 80 AFAC, LR RERH TIEWERE (S KA H
1) HofEZ A B i B b AR LRI 5 # ER IR ™ dh b 28
AR, H AR BARE

EIRMLERTAE R i

War BAE 2003 AR5 T AL KEIR, UhAES: TF & b i 90 5 (9 2%
BAERRR B4 (ConvNet ) ( HLI 9-2). XA~ 44 ) HE A L5 g
RIETHER, SR B LA/ MO shig s 5, fEnd %ok
PR B G —ANRFIE . B0, U8R T LUR —AE 1030 40k
MR, AR S TR ARIEE, A M R R B E R
() B SO X R AT, A e KA . REE R L
HHRER P —/ RIS, Bl TalLA 2 S, HikEs,
E b EREAEIF 2R EE R . BB S5ERERMIEESE, 5K
T RARFFERTE - BB RTERMIRM R B TP R A IR guf” 2%
el CDLP 93 ). " R 2 UK A B A U ot B AT i AR AE A .

TEG R4 () S RRAC L B 25 A0 i ) R Bl o — LR
PERY Sigmoid pREL (T 0 FARIIEINFY 1), BOREAT LA 55 80E
FOTHE . (UWLHE 7.2 TR Sigmoid F%L ). B ZEBBCEAES—2
A, B RO ER T HRREFXE, XHEEEEEZE,
k2T AE — S fE B A BRI A BB IT . XA B TIUZ 0L T
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Opeaanons o Wnear-nonseass kyee

-
ra-@-0
= Thesshcds  Poot  Normedse

:

E9-2 HUREESHSRMEZEGIRINE LAtLEK. ( £E)(a, b) AREREFNEREE, MIMNERS
ANEFIEMEERE (V1), 23k (RGC, LGN) EITFTEHER (PIT, CIT, AT), BT lRREXRE
ERNEPRRAFNEXR. (TE) (c) ENEGEABARSFHE—ERE, EER/IMHIFEENK, B8
MHAIFERR—TIERE, XUENEREFRINERBES T, XLERENHLSTRELEFCES
FB—E, BTEE, DEEIRKIEFFERTREMN, HUTFNHEEPHISHRMNE (BP5IE: &
M—IEEMREPIURE ). U EREERENEB I ENELES . BEESHKE L—ERENSIMARSS
EERE (BME RTINS L —E2IEThMA ). BRE¥RR: Yamins and DiCarlo, “Using Goal-Driven
Deep Learning Models to Understand Sensory Cortex”, figure 1.

B9-3 ENWMIZFZ—ENERSE. BTERBHBEBTUEHPO—NRBEXE, MEP=HPIERBENTE
AHBRMNEREPNERAEE—HEEEON. EI=HERNEERNBZITI R, H#EFEAIEK. B
k3 iI&: Krizhevsky, Sutskever and Hinton. “ImageNet Classication with Deep Convolutional Neural
Networks”, figure 3
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EHMTUZE, ERKENYPEFA “THMEZE", FHREA#E
KRB ERAZET . 3, DUZMSITHE AR, SHAO W
frRoniEss, PR R &R IRER TG REAN ML, JEIR
T RIEFT .

BRI Lk~ HAELDNF 2t . — P EZAFME,
B — A XL R AR R ARk, W AE "W fk” (pooling ). X
PPV HE T — RO A28 ( translation invariance ) Y&, 2l
F R R R IRTERI A B 2 b R B S 4B, RERS d it —
A P P kst A 40 BT b AR ) ) RO ZR SR MR R . 55— A 48R4 R
14 35 9 —1k ( gain normalization ), 52 8 % fa5 A 09 KA 5L, {45
A TTERE ARG A T, £ 2 b il R sl ( feedback
inhibition ) SZ B Sigmoid 4 i PR &L 97 2k 1 HE I PR AL (rectified
linear units, & FF ReLUs ) HUX. 7E4m AGKF]— > B {2 A X L o0
(ki B AR, R (R WU A A R AMER 2RI
ST AT RIE N R A RO HEBRTE R 2 5h . X ST LS 2
s R E AR

GRS rERER O, BT FEA —A TR AT DI
TR . (AT TR, EEOREHEE 20 4 60 AFAUTRA]
FIF T S R0 AR R 24, A IR AT] L R 2 A 0 iy B & 2%
HOICHTNRE AT 4, B R R AR TOAE Y o A X R AE Y A7 AR IR
fh 4. BT A2 5 IR ) Z [ AE e AHAS 4 A 3L AR R R
-
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HREFIBIUEEREN

BT e 3 K A B WA HL BT - 75 5 R (LR 0 R,
] LA ZE e 22 7 2 0 A e 2 B R M 2 e 2 R AR A 158 725
AR NP IR A 0 N FIEUR AT F R A —Fh AR TS,
HEBLR - BEfE ( Immanuel Kant ) fiE# UL, $2 “Ding ansich” (4]
HE ). HFEFEEREAE, WRIRAT (CREAMS Y — ) EAEBSL
Foep A7, WRATRFUROAT AR St lghi 2 R M2 M4 Bk
AT A G SRR, SRR T RR R A4 Z R T 3
A TE B R AL, SZ B AR M RO ER S, RS B AR 7E
1992 4E4RE T (38 ) ( The Computational Brain) —35, KT K
BEWATHMAERERR T LT —MEESHER, © OZBRECS AN
FIE MR T, WERRAEE S T R s, XS AR
AI1Z%,) REH TN AW - K K% (James DiCarlo ) i
FUAE T 0% F L 2 2 2 G 54 mh AN [R] 44 28 TO RN JBE 2 >0 28 I 24 R )
B, YEMTHRBAHRER A hrx g, 5 eirmng ( LE
9-2), "ML REEINE P EREMETHgITRE, 5K
R et LR P UES WA i = | X ST

TR 27 2] I 4% 7 9 BT 5 40 7 LB 12 2 v sk 428 O Y BB A E AR B
P, (BHEEARA RRGT, JUHOR S IR B Y KR AN KT BEf
S 4% SR AT . RIME R E TR R E 5 RIS
MR PR TT, HOREEE LA P p 28 ) 4% v 0 S 0t 1 43
FIXSEERMA L. B R EUFESH, Fang/R
BEALE I B, R T B TR R JZ Tl & IR A 28 fih AT 98
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Veo XS T — AR IR, SR — R R ST R e
RS IE T F— K2 I Bk (452 iRee ) we2 e85 7 2,
AR H TSR G R LA KR WA ST, R AR
R EE P, X PR 00 LT 407 AT B2 | R 2 5T 1)
£ AR S TR A B0 BB

VR HE 2 5] o0 20 408 B — AP R, FRATT AT LA T 45 v i 4 A 2
SEHRE “iCR”, JEBEE BN —IZE B — R, ARG TT LK
ST IR 4% 4 W T4 KB 2 0. 6 TR M — A A
ZARE T, BRTE G H A — R, I HA R B S
HAB XRS5 — ARV B TR (180 B R s
(s R % ShALANM TAERHR 12 BIEREJG B, JF LEEBMETH T %
ENHLERERE . B TRV SO T 2 5 IO 46 £ 43 BT AL T A U
1.

BI{FiCiZ a9t ML

F 20 fH42 60 AF(RLISK, Ml gkl TERKER, WK
fiTEH wrxs KB T al AR R Z R0, 1990 4F, HFFHE - B
& — §i# 5 ( Patricia Goldman-Rakic ) YIIZk T — H A& FRictE—4- e
M VEREER, b SR A — SR AT RS s A Il X Rk A
— BRI IER 2 J, JEIREE RS S BIBC s CEIC R TR T
RUA R ATE S E , TEIR S ThR B, — LR R R R Y
22 TTAEAE R IR SRR R TG BRSO B2 S A9 i B i
TR, WIERAA T TS, RATESITES (i
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TS S ) /i, REEEICHE 7 £ 2 UNE.

BRI RTI M2 AL R, — IR — 2 M4, 456 T
VEICHZ, AT LA 2 0 A5 22 AT AT I 4% o B IR 758
B flhn, ekl e £ @ s SO, RS iR s — ANk A R £
W) 5 ST BRI DU . FE R 2% Th S B CAR IS i i T B0 07 i, 2
IS K JZ2 v WA IR IR 4 . M 2e P2 rh B — 2 N R PR HE R 22
AR 2 00 SR 4, ol A A F [ 3 ] A R ] | 8 ke ok
KFPRIZEFE 20 tHZD 80 AFARBHRR I Z M T, 7 ek
o, BEAE AT AR A5 AT T RORAR S, H 5 A ZZ (8] A A (]
] FRAAR A, i AR 0 2 Bl F (o) (0 RS A i, 2 PR s 2

1997 4, ¥ - 7 7 3 4F ( Sepp Hochreiter ) FlJL/RAR - il % 7
HATE (Jiirgen Schmidhuber ) $%5 —f ok va il A2 (], fh{ITHR
ZH “KEMICAZ” (long short-term memory, A% LSTM )., " BRIk
T, KEMICI 2 EEFRER, AN (GXEERT
AR B2 A AE R R AR ), F H e WA — N E Rk
PUE WK B AR B S IBE R A, TR, mRIKEUCE T LI b
PEREPEHL R R . 2R G X Fh TARICAZ AR TTUR Tk 20 S22 A
HEIE AR ) W46 h R B R AN S, KBTI AR 2
(25 FEVF 2 4R A i L P 3 A 4TS RS T4 A8 H i s, il
W .. &5 . IEMIES.

it 28 R 1R 0 F 3 R B AR 325N ( Ticino ) €#/MEIY Dalle
Molle A T8 BERFFT AN MUK A FAT. %/ MESEST /R BTN, JHEA
— e R L. AR AR TR X (7 L B L R IR T
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fy B - PRRIERET T AR IR A 1SR R
i, FESHFEFREEIM 2015 4F NIPS 20—V IS 2 |, ik
HRESSARMATACD, “K, HEEHE, XERT", mED
FEBALEATHY 2016 4F NIPS K& b, fEEIEHARA X A C A
BT REAIETE, MFTAELX AR 5 e

2015 4F, Kelvin Xu K H[R] S 7E F— SR BE 27 2] W 28 5 51 &
SRR, BiERE T — N REICIZIEIR MR E R R AR
AR RS — s R A M S P A TR AE A, R TIZRK
T A A P T 4 i 1 — RSB E), BB ST A — MR R it
(DL 9-4), AT IZ: T K HHCAZ & KRB R R Ao fr &, fli
HoXd R F AR A9 A il %N A NN REZI T E T, K
BIHICAC R 28 MR BN o B AR TE v ) I X, FOR R & b
AR X G B A, B A Y — AN E AR A SR e . R A 8 R LRI
IR LR, X ENUER] TR S LR L X R S A R R, (H
PSR FRAT TR R i, @ B R e R s i S5 s —Fh
HOTE S EIE, R I ] 28 Y AR SRR B SR S RPE R

UL

TE% 7 5, BURZESHLPYE— DA MR T T4,
b BB B — S ECNgRR BB R S, IF B S s T 8
EF G AZE, BAT L AR A AR A, (R B R IE (Tan

@ BRI, A AU E A0SR R SRR R —F
HiE
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A
bird
, flying
§ LSTM over
~ a

body

of

| water |

3.ERANERGBGLEN 4. ZFER

14 x 14 $EBE1E

—
)
o’

A woman is throwing a frisbee in a park, A dog is standing on a hardwood floor,

(M RAELEEDN &) (—RIgusTEitiR L)

A little girl sitting on a bed with A group of people sitting on a boat

a teddy bear. in the water.
(—MNINEBEEERERRALITER L) (—B¥ AR L)

B 9-4 FEFIAERMITE. EM—HERRET SR RRIEE. ConvNet (CNN ) fEE—EFizc
?ﬁﬁﬁmaﬁiﬂ%. FEEEBEEIMRERME (RNN ). RNN #)II4M HiESE piEs ., [RERNEE R
Mg T H—FHAANSE, BMERTIEN (B8R ) RERBRPREMNETRYR. RESR: M. |. Jordan
and T. M. Mitchell, “Machine learning: Trends, Perspectives, and Prospects,” Science 349, no. 6245
(2015): 255-260, B 2. [EBFE: Xu et al., “Show, Attend and Tell,” 2015, rev. 2016, figure1 and 3,
hitpsi/arxiv.org/pdf/ 1502 . 03044 .pdf, Coutesy of Kelvin Xu
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Goodfellow ), 294 W - A7 # ( Yoshua Bengio ) F{th 7 7E 5% 4% F /K
KSR, T AIIZRATist 45, fEX iR 75 5 (adversarial
context ) NAEMIEAFAIBEA, > — A A FRES AT LA i 21000k 73
— B ML G LR EREEAS, 5 2R E —
AR PEESE LSRR R e . A R0 2% B it B3R A Sl — A28
AR HI B BIMES ( discriminative convolutional network ) HU4IA , J&
HHGL PP R A ELEG, $RE 1, FER
0. XMRIZ B TS A 25 P g hn A 5 P 28 i R DR R
170 531 1) 205 DU L PR AER B R 0 Rk F AR 22 ] B SR 9K G 2R
PR, P A NHELL B BT R s (W 9-5), *

BT, ks s RO G . ENTTPERIN BRI, B
IR b RARICERENZAERRAS . HTER, AR M 4520
WER, XL EATAT LA HIJCRR M RHE o ok 6 R0 246 847 1 22 oAt
HI. LGS BR RA B S PR R R R SCE 2 b, LAk
TkEAHRNEE.

S 18 R A R R AT i, A T REZ T R,
SR SR (N P ) ZHT IR B A A tndeae ). >
AR, AT R A 2 7R [ 4R Y ) 1 LR
g R AR AR, W 9-6 iR, XU E LAET, EmW
P 2% ot P& e 23 ] B R AE, T ARFRATT an T 34 7 5 i) & AN A LER 43
XA EAE R A, HF — A SUsU A iGE S s . dit
NZR—A R BT ZE A A T 4, 5 (U i 3 - A5 6 oA 1)
RS AT X, %A AT BERY & ) Tk A 38 5%t 7 A
e
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1024

=
=

Project and reshape

1007 -

volcano (KL )

9-5 HERATHMLE (GAN), i T T —TERME, BFER—HE 93114
FERTLABR IR BIEIRMLE . ZEIREMAR 100 #HBEMERNEEER R, ARERFENER, BARNE
M ETEAREFETANIERER 3
IR AREE . REFRE: A Radford, L. Metz, and S. Chintala,
with De
org/pdf/1511.06434 .pdf . 8 Soumiyh Chintala 124 [EE
Dosovitskly, and J. Clune, “Plug & Play Generative Networks: Conditional lterative Generation of Images

sentation Leaming

,arXiv:1511.(

34, https://arxiv
: A. Naguyen, J. Yosinski, Y. Bengio, A

ep Convolutional Generative Adversarial Networks,

in Latent Space,” figure 1, hittps: /arxiv.ora/pdf/ 1612 . 00005 .pdf, B Ahn NgLyen 124t



¥

HERRENSA

‘‘‘‘‘‘

RO RYMEE R, ACE B AR LR RIS 1E T
G eSS CWE9-7). mf M E/Eze D Rsimsh: IR 2 T/ EAE

N

AT PYRMEE - B - S5 ( Silvia Venturini Fendi ) 1 tth Ay

E9-7 2018 FEXZMFA TREERELEF
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IS, HLEE ARSI Y TAE, R M — AR Y
BRI SR, % B G— F Zat I —
R, AT LA P B R g, OB ILF RS R, i i 7
ATREIE AL F—ANBRRH ARG, T 2 HA A 0 B 0 77 Ml A i 25
AR b

RIXSERSEHt RIS Z4 M

2RI K 2B 2 B JRAE 25 ARRTE R, A A e T @
2N I TA] A REX BESE SR A 5 g2 20 4l 80 AEUMITFFE A Bt
AT EAURbRICEEE, S RETE I Be B ) B R, AT T
S ) S AT S (IR ARLFRAT IO AS T I 45 27 2] B kR An T B
BT PR (SR, LA N RS T SR I B et . AT
BRErh R SO A AR 22, DR B fife e o B4R ) ) Y 9
W, FRATHIAERIGE, ML ] AR AT, BEE 2 RS2
BUWAWTRG N, HMERE L AE ARG o8, Rl R R ROR , B4
AR 4

FRATTREZ AT IR A 7 N f 2R i L s i — I, A
REFEY), RHREARTEE TEELRE. ETHY R, B2H0
DIRetS M2 B, JF HE Z XA S 7 OCHKIX I, PUSE B m R i
FIE, ROA ARG 0] LISCPLUN I S R 4. BRI AR £
B KT 100 TN TRAGEZ —. — Hil s 8t il
e, HIKMIEE LI BEL, TF i1 DNA A i £ i i 240 i 36 b AR
AT E—FF
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{i AR IR A — ALBAR I 20 F 2 IR BE A ST M4, S BUERIKRA
A2, EATIR HAT KRB - B PERE K 7. FRATA A A 2,
JITAT I B[R] S 75 1 2 AT WP [R] 2 4k, il X S R 6 A T 43 AT O
ABER /R IX — i BEAFIR L 2] [R5 — ROy R e — R R % 2]
Rk la] s FRAT HAE AT 2 S Bk 2 ] e X LA B A T T bR
24l W Z B R TPl e i il —FheE 20 R e, e 5 H
{2 SR PR IE — DR, % AT REN AN SR A R A2 ) B kAR
IS 2 IR

SRR R FEMA B - AF R (WLE 9-8), fikgrR—i&,
PR AR AL - SE0E, MR CIFAR #HZEHH3HI NCAP 10 H /Y F14T, %50
HPEE AR IR 4 o “HLERF T AR 2]" TiH ( Learning
in Machines and Brains ). #5358 F /K A2 — S HBR . BU
TR 5 ST AL B A SRTE W, X “HILAR 2 > R o7 2] 7

E9-8 £ AHFRE CIFAR "MBFIMAWFT" MEMNKEEE. BT EEHENMEXHEITE
BSER, —ERUAREFIMEERES M MBNHESE . RHE - Fil. HZRINOBI - AFRH
HSMtE. HFEFINMIEETE. BRER: H8F A5,
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T BT, 1o - 2R AR, A 20 24 50T RIFF
B A NP T YRR ST RS, a5 S ARk, TR (et 2
e AR 0 22 0 1 S T SCRPERENE . TG U D) TN B
Y55 S, A58 LR AT AHE IS T B — A A CREAESS 11
SR ),

R VR i 31 44 0B 1 €1 28 16 VF 22 0 JH TP s 50 THERT {4
B S, et R GRS k. 2 SRR T
BRSO, 5 8 N LR . TSR, B
ORGP FT AR, RIS R 76 BB T ARV
o i AT AR ARG LA B AR R 1 A
JO R A TR AT M P AP . fE— AR R
FERI 1 AR W R SRS M LA, 465 10 TR A 1 —
Pt R ST B0 . MR T R AT ) 5 R e B ) T
T1HE AT A7



10

REIF

Pt s TR A —fIRE N TR AW EPRS
AN, BELRM LW, R AEREB NS R
¥ REHOPTRL, O EA IR, ARUCHE, WA RS AR AT — %
PRI ZF . HEIROHE 64 ARATELAL. SUR#FH X MERIFAL S,
FEFET . EXk L, EilEX R, KREANEEH B ERE
A E T, BEmM L2 RARILAFENE T R4 feEE, W
HJE — R B A R H RS T 2% (K242 107 ). "X wiFRch “HR K
BT TEEPRR BB, A R A R RS A S K
PRAECE PR TR B R ARG E . TEEPRRED, B2
MO 35 Fhik, mifERBh, 2 SCREOR 250, XRLAERH R
MR RUE I E ARG 2
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HERINITZESTHH

Wp R B b S AE T, ORI R AT B 5 S, BUAO LR 4y
A, RORMAGI S R PIRFEE %, (HOOARR PR, 1959 4F,
FE R BT TR LA R AR, IBM Y HL AR 7 ) ook 0 55 - 2E838 K
(Arthur Samuel ) %5 T —DMEK BoE BrBEAL L, (25 i HiA:
MK, IBM BREEHRAT T E RIS . PErEBkEAIXS 255 . %
SRR R T A s BOR VAR X 5 AN TR A M 4 e, ik —
SR AT WA P ARARML . AR 2 AE IBM 55— X B R TR
Pl IBM 701 LizfTHy, EAE—Irmm S NENRHZ . il A
CRFE, %57 P,

FERE BN T A1 29 29 58 3508 1 IBM AL 5007 - 0 IR b 2
i, ASHLEE - FpR B AL TR i R B i o R W S 2 R A 5 v
L, SR IR 2 o 2 BOvE NG (L 10—1), * 3T
R, MR MBI ZRB A RE I 4, LATFARS 4 BT A9 43 Je) AT fig
WL . KR ITERIBRIETE T, ERFKIE AT LR, %Rk
I A A B RO AR G SRR [ AR, AT RE AT B
AR, AT R TG o) R, 7E LU BRSSO,
FAME SRR M (FUR Y — KR, ROZIAT) T2 TR
A IRSE AL JRWE? X BEFR R IR TTRREE S BC R ( temporal credit

assignment problem ).,



ﬂLXIEJﬁW%ﬁJHTIh’E o

A7 — FlvnT LAfig oo A e 35k 5T K 43 I (] A o 2 Bk, SR
#r{% - GEii ( Richard Sutton ) T 1988 4FE& WM. il 40 1F 76 S5 fth 9
A W BRI SR BT R S A 18 - 24T ( Andrew
Barto ), [ fift e Ak 27 ) SR b g [m) &, 927 2 ( reinforcement
learning ) 57 4 9250 v ) XHK 2] (associative learning ) Frfg & fiT
R — A BLERE 2 ST A S GUR (WA 10-2 ), TREE S ) OME—
P A o . SRR S 2 AN, B2 SR EAT A R AL
0, USSR, SOl e IR T, sl ) 9 SEat, 2
AP EREE IR BRI T A& RER I NG R 2E ), W ZEA
ER AR UE S, B 2F SRR AR S, IR R R,
2oy AR 5 20 s R oh R B dee A SR
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AR E)| 75

10-2 &EIHmE. Haelk (agent ) \idREVYTHD (actions ) FI#{TWER ( observation ) EIURIRE
WIB ., WRITEIREY, HUTEIEEEIAR (rewards ). 2B, R2EEFIEHREYTIERR AN TR
(L 0E L

B B AR 6 UM — R B DR E A GRS B H bR WU R 2 22
I AT A S £ FE AT 125 AT BB AT e A 32 Il kel T RAGE T R 5
ROk UL, Wit 2B A % - 1/RE (Richard Bellman ) 84
KX FE3% (algorithm for dynamic programming ), * B4k HH fE &z Atk ok
AN REFE S . (FURRE A v REAY LR BOR B 2, ] LR (o 2t 4
B, XWFRh “HEECKAE” (curse of dimensionality ), AT
SO A HHAT T (EE, A RAE PR BAT IR G TR
BURTAT (R B, AR S 2 B e A B . DB T I Y fEZR
2#2]" (online learning ).

A LE - BRI ULIE 103 ) AYFEZR 27 T Sk AR T 10 2 5 faly A
SE PR A il 2 ] A 22 5 C UL HE 10.1). fE B ] 22 432 2] ( temporal
difference learning ) 1, {7 EAG T 0 78 G BRI il 478 47 T
e A I A Dl (T A5 B W S TRl i At B Bl ), AR R —
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REFEERRWR, I —F MR, HApRSR S T Ehr%
Bl PRl 2 SR .l fT A A R e R B i, R
fCH B DR E S BORMG . AP E— DT ELRISS, BERSAS T th L B
8 AR, X% R 45 BEAT 6 SR W R T o E R — AT
2. EVRAT RS R IR R A F M rTREVE S, W] 22 1055 2l sk
FHAERN, 5T AT LS RS M PSR e IO 2 TT L kE f
By, BOASSE b, fEMEE R A AT RERY A2 B A —/ N 2 i ie], (H
XA LACAT I X JR R AL B L 7 B ) 1 Y SR

10-3 2006 FEMNEX L EFTWA/REE
AENBEEE- Fill. RS 7THNERRER
BMPFEIHZE. BEEER—(USESEFSE, i
BAUFIFE—ERAEAY, FEFETHT
FROIFABNEX. hEE2RMMWMABIAZR,
LPFECHIE, BREAST ATILEERERE
., hIREs BEESENSE (BHFIEC)
( Reinforcement Learning: An Introduction ) 2% 5015,
NEBEFEZ—. LPMNETREEBR EOTLISR
L., BRxR. BEE - iF,

A - R R Y R F 40 “TD-Gammon”, P 75 7 XUk L
HERL AR Y B SRR, HEJFARIEE 4 Nt — . fesE20
PIGRETBL, XS HUL RBEILA, (HEZH -2k, JF a3l RA%
il PYPERUREAR Y bk S S — D O ATHE LG B SRR Hik
iU 38




Q10.1
BEEDFS

XN EEAIRAMEELEEIRIRIRITEN (LLUIEE—#E L), LIEBXKUERKRE
R9IFH02ENEN ( discounted rewards ) -

# RERBA

/\
x vy

(aneE
#7
>
=45
M)

R(D=r, + pris + 97 1 +oo

v BTERTIE] + 1 BTA92ERD, 0 < v < 1 BIFIEREH. ETLHEIREBA
s(r) FIFUNRIAR SRR B2 BIT #E 7T P ITE HERY:

P.(s)=uw' g +u's

REES (V) BANES (B) TANERKSEBABEDZILLw F0 v 101,
I FAT[E] 1 IR FITUIERE 6(1) lJr%H;BZD"F:

o,=r+yP.(s) = P (5._4)

r NERSRIVER . 8 MMMNENRIZNT

ow, = ad, s, |

a RRFIRE, MRBBIEMAFINERN, Bo SEE, ZMERZ
BIRRERMAINERSIEMN, BR2NRIFREMNFNER, B 2R1E,
RERAIMER SR

B RF&4%E: Montague, P. R. and Sejnowski, T. J., The Predictive Brain:

Temporal Coincidence and Temporal Order in Synaptic Learning Mechanisms, figure6 A



10 ¥m®3 / 177

H T — 1) S B 3 i R A A U R S TR, PR T B2 A B 4
TD-Gammon ¥4 1 562 S Wk 45 ), ARG R UER Ay h e84y, ool
FF Ry XEEPR FIERAETE “FRAKIRIL " (tabular reinforcement
learning ) fYIEFR, FOARZSZS [ (BRI — M EEE. B
T2 248 52 4 T [l ——— i 22 R 4% PR B e A o ) FRT B T 5
i, EEMEEMEE . ARTHEMHARS. TD-Gammon %
SJME— SR SR, ATRGE R ST ROE M
AFHERMIERRERTH, £ SR “Hha PR —
& —ANEFTA Wy BOSCREBAH M AR I8 R X80k, — 340 H A e
it b A AL OB HEAT T 4R, AT LGE R s s oTn FE
WEHTHE . B =AE R, S I HE—
FISRINE, AT LA ot % AT Rl s vl 4 B A Bt SR SR 2] . o
DU R “BURARAY” SReBH kX TR, i X AR S AR T
IERE R 2], B X SO AR T E e UL T RN gilm . d@ad
— iR, TD-Gammon 237> Bh i ; @it 10 AR, ©
TR mPAER; &l 7 100 TR fE, EC&%S T aERN
BES, SFBBT 20 42 90 SR AKBLR KK

AP - FFR P T 1992 4 2t F /R T TD-Gammon, E 1)
FOLFR A AL F AT AR R H B . XA RIF N E PR (value
function ) J&—HAT 80 4MBABEAITH I ALK LS . 7E 30 JTi5 L3¢
ZJa, HRRFEHRT AR, TR T E 4 M TR B R e
TR THIER /R - B1A%F (Bill Robertie ), H-#if ik 2 v S8 7
IBM # TD-Gammon XiJaj. #{AFFmAG T AMI AL, (HEXE—
S PP A el X Rl v P TEOAS S BB L i At A R At X Rt £




178 | HREFS

BAF PR BEHLAR . TD-Gammon FEBL T — 24t R It AR ;
S — WS, X LERL BB UE BA T LAFE S A ST A IR K
Vo MRS HOXRIRE] 150 ke, PR T, mHAER
534 T B &R KR TD-Gammon 1T T /MFF. ERIKFER WiEi,
PlHFFEEC LIRS T AR EM KT, FIENRE REFE -
JRPY (Kit Woolsey ) & ¥, 4if TD-Gammon Xf T i%FT %4k (K
RS /AR5 Th ) B E R A (R XU / B2 ) AN, HAt 0L i Y
TR AFRE MR . BIK 150 TRIIGTREBERRCAREL T, HE
HARERT A 107 0] BB A9 PG DU AL AR (7 8 /9 JERR/ NI 435 X BR
TD-Gammon ) JL-F-4— S HIERREHE ™ 2R MR & .

TD-Gammon F#& A & IBM 1 “T#&E" IPHESZ 324 AR TE,
Ja & AE 1997 4 A [ bR R e e e I T L - RITA % K (Gary
Kasparov ), FEFRRALIEPYTERHLE RMER 2, RIria % K 4t
PRttt Fd %, HAERLE )7, TD-Gammon f&— 4 AEI4H
IRZI . F4E, TD-Gammon fff FIFE IR BIR A RH 2 H A W
il FHE, 005 AT RS 40 ARl AT R O e R ) Bk
(brute force ) FRAFHER], (i HAFRIRECE, HOAT ] A SHHT-ERGE F WL 3
WL HEAALEE . K, TD-Gammon tWARA G, @0 T AEMNK
Lok (S SRS M B IR . X AF—K, TD-Gammon 485 77 A K
HITEROK . X AN TR R L B ks, R IRATTAA
— M ANTHERERF A8 THAN. ZRF#HS T AC ifE—4
NEBFS B U rp F 42— Fh A Z SR, X Rl SRS (B A1 DG A
B,
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A BRAIE RN

TD-Gammon f94Z% .0 [H] 225324 2] ik, B2 5 T ah¥#>) 58
Bk, LR AL MR Rr, WERFIAZ, FRAT LA TR
HRIZR, SR E SR —FE. fEEARRIIE , HmSEZ
KR ERZ )G, A EYHm, X &gl RN ., 28t JLIK
XFER BT Z 5, AR AR Bl 2 P BORUE . AR R e K2
et JE S AR AR A . SR R R Bk . B AT
WG AR R, IFR X R 2] 88 CHORFLE) 2 T
AL FR AL, X RS 2 ) P —E s THAEEGFE.
fhed 60 AEACA —BiHH, OIAERATRAMIFE 151 B2 2 1 %
F, PR TR e iR, 40444 (B. F. Skinner ) 3XFERYF TN E
SR G LRRGFH0 HH BR rha A S, Bt IR AR AR X TR 2 )
BN, (EX A —ANMRKA KA. R i) 362 2] 7 B2 x4 th 2 b
BT A BT ER TR AR S5t , (H OGRS > RAR L — R 555, B
IEBAERA IE 8. R 205 5 A PR v (1 W R i B S B 1
AIEREE

S TE 32 il 2 i & A= B RBOA 0N R RS B A k. X R A7 iH
FRAY, HHCAIZ S R, S BT RIECE A AT RES | A . A
RXRFREARFM—ADFTEN ., A AN S % sz ) PR
MET, BlanEERI X — AR, RS WES Gk e K. 7
ESOIEBLT , A0 R AT 22 1) o B ] (1] B AT i 23 AH 244 . 20
42 50 4Ef%, 248 - INPEIE (John Garcia) W], WE—HEREE T
Bk, 3F BAEJL/NA B . IR AT AEHE B ORI LR AR kI i
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Ko XBEAEE R E2£2]" (taste aversion learning ), B 143
KEENEE b, “AR, BOSpERBCHRERRMEY L, 0
A, AR, 5N RS AR R BA R, ARSI
ALBYEE A R ORI AT LAFFEE 4R, AR AE S
PEH BB R 7 58 1A (AR A AR T

Z M ( Dopamine ) J& i T H— 20 H & OB # £8 J0 BT 5 41 BY
MR (WL 10-4), KLE—EI0A N ST AK, 2
MGARE R CIA KZNES R4, 20 20 90 £, KILK
FE W FE U5 15 - 154 ( Peter Dayan ) FlFi % - 528451 ( Read
Montague ) BEHF], 25 A4 0 AT LASE PR ] 224024 2] o T X R dR
PHIFAE JE PR ik A4 Ar LA I 22—, X Ses Y R HC R 45 LA &

BEA

E10-4 AfRFHSBEEMET. TR M [ VTA F12E (substantia nigra )] S8R NR
EINEEET [ BUR{A (striatum ) FIARE#Z ( nucleus accumbens ) 1. BRSBKE ( Transient bursts ) #73&
EXRMUFKESEMAEZ BFEER, JLURATIRETaTETRN .
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%, M HR R Pt - /K% ( Wolfram Schultz ) K H: [l 2 1
BFa e mics (WE 10-5) S AR ° nLIESE. e
C2ME, ZEMMZITHE B2 fbfG s TR EES .

RETRH
RRRE

B
ERE

(@)
w
o)

B
REEMERE

M10-5 BENPBERSFBTHRGE, EET EEBRARMEMINSREEMANRE. 81 HRBERK
wETH—REY. 8—REMVEE—HFIR. STERPHKPIIMREREICRIINE. (LE) &#F
SIFFAR, XA (R) 28IMETN, BEREBIEMEMNRT —BRET. (PE) STBRIAIR, L8 (F
{4%)i%. conditioned stimulus. CS) ERMRMEIFENNE, ZEEMINN CSHETRN, EIBEXRH
WEHEIR. RIEEESHS, REIENNAEERMFINTNEET . (THE ) HRMELRFRNEN, SE
BEHSTRNEEREEIEMCELI TEE. BREEE: Schultz, Dayan, and Montague, “A Neural
Substrate of Prediction and Reward,” 1594, figure 1.



182 | REZE

1992 4F, FEMARFEYS T IE AL 5 5 e R PR 2 o) /Y 225
K - I'TH#/K (Randolph Menzel ), 48§ FRAT7E R < 2 49 (1) 2 o Fou il
R LA HUS T —SEHE I8 . e 02 ) RE N fE R RS —
. FEVTIR — A B JLUOF R , e iE Lk e iE . B
A KL 100 TA/MIETE, RAEC R LRG3, POVER]
e AN TR/ N R T —FmfE “VUMmx 1" #9805 2200,
ER R R, AEXSRBA N . SRT, AR el i R AR it
FERE R, VUMmx | g%t SOl S0 " )25 5027 T i 2 1
R TE W i b AT B el B MR TS . VUMM 1 BRI T — M E ke
5 2 B e DI AR S R A 22 JE T Al —— B s UL ( octopamine ). X Fift
B W S ARET A X e e U B 2 v — SR Y T AR AR, R R
W RsE, AR AR E R E R AR A A B ] AR
TRAUBRENN " Z AT EE, ISR RRERTE , AR5
fEAAIR]. " ZEEM T U TEmiAN, Jf HE$OEIE & LK
IR ESE UIES 1P TR VA NPT R Y e 2B be

A “BE—7a)” ERREER

% UL e M 22 SO A T o R i R S LB R0 R G, BT A LR
2540 e o G N 2 R B e KPR ARE T, HAETC R 2 B 2
JUIKE —E R, A2 A G AR A AEAR . AR s s R
W, E8R%, FYN 2RISR, B PREELR T
(anhedonia ), FZTFEIGAMSIIREMBIREI, B “REIkPEMHR
BEfiF” (catatonia ). YEESMERN A AWE, 178 1EH 892 BRI 25 [7]
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iz JE A A B0 X B R S L. Y PR R IS T, 26
WO RER IR 2. BCIE SR ] 22 A2 BN I (LI 10-5).

LR A B PO, WAL BRI, RITROZMNE
b eff 47 MIRATBRE LM, 2 HA AR 2 4R il
RRNHOM . FeRGZAE A AL IS 51602 B A 24 81—
AN HEFRPE AN HT SE( AR A RO R LAY E B TR T
S HRRAE T IR e PRI, B (] Pt e B 388 1 2
i SR, TR A R e T A . 3R
1A R Gk AT S S FE IR B T — 4 B Aosang, B
FEMEENES . XF SERRT" 2% RERNENE 2
Bt BT 2Bk B RFTAIR T

1] 22 432 3 Bk P AEAE R A B8 030K o FFTE T +
(JLJTHE 10.1). HEsbR o BATIRES A0 S i, LA s, 16— ik
1] 5 4 T L2 2 A 5 T TR (R EL B 2 3T R A,
HaE2R L. #rdnEF (discount factor ) WL 7E1R KAy Bl A 28
fe. % y=00, ¥IEERABH, (UTET R B ZIFG LR
ftksE; BRY y= 10, B REERMEEAHSMNE. 15—
AN ISRk, B RO 4h BT LA R S 0 4 L — AL
W, B 1S SRR, FIRHERAE S WAL, AR
— AN BTN -, SRR BT R R R AR
FALE, FOATTAT LATE S P R 67 T AR A B, DASC e B A
A 3 T S0 SR 5 ) = JEL S

L E e 2O HE R KRR BRI AT IO A
(LB 10-4), AFFEE, 33T IS MIRATHEERERE
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B FENEARZE T BOIRIA A 28 T HE 7 R FLEAS R B 2 A
K E BRI EB A, X T 2T SR U LA SE B H i
HoRAME L, AU R 2 R IR (A 2 B 517 Eh N R
WGP AT e M )2 B EJE A 2835 FEAR ] iR G AT 22 100 22, BERDE
PMEE 10 R X ALl it — RGP RS S F A SIS R 2
WM TC W 2 RS, IR ER R — M

HENRAP LT A TR APE - R R P A TD-Gammon HiJll 2R
(E PR R BRAS . I A A U AL 8 (R (L AE50 1 v
R DeepMind 2 w1 & 1 AlphaGo JIT UG it et ARk, B EL 45 Fil
P YOS AR EE )1, TS TD-Gammon AR K 24544, H
1l #7 4 J5 4 1 58 AR, TD-Gammon i 81 19 4% H1 f) — J24 B0 3T 77
AlphaGo "N LR, JF&ED 7V 8IE Ttk (HEEA I BTk 2
R o BRI 22 2] SRR GO AR CPE R AR Bh R . ISR
T TARZSE 1 0 o0 28 KRNI LA ], BRI 25 A5 22 KR E (4 e

B Ui XG0 ) Ll RS thE SRR O 22 ek S Ay )
B AR E (AT 7 — 47, DeepMind 7E 2015 4FEL 4%
W, IR 220 RERE ABR R A, 2 2] el e /K F |
BUig Pong SXFEMIAEILR ( Atari) BEALIEAR. © F — A HEf & = 4EF
BErh i k. PR ) ( Star Craft) 247 5 LK e B34 1109
MAF A Z —, DeepMind (EFEM T AT & AT A2 tH AR /) A
EWE T M4 AR BE S W 3K 1 o5 —FhiaiA T A i Ak (3K
RIS ) ( Minecraft ) WIRAL, FFIFRL T EMIRARHS, LAEHAR AR L)
XM AR T B B, DRI PR I T BB A R R

FE 5 150 42 ISR T G 3 Ui R AL, R — T 17 A A K
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BUH etk T — AL, S 4 R B A ] g 7 %
H—47 8 A (WLIE 10-2) ] A T ol B e i ke o H Rl 17
SN ), AT R G S AT AL 0 i 45 SR A 1 e, H2E (R RS o
FHUBTHEAT WU A R GEARAS X SE AT AR iCAZ T LA R AR AL B8
TRRERT, JF Fo000 v A £y [

IR KA DU R W i A2 5 S TR K% (McMaster University )
(Ve - #4: ( Simon Haykin ), B £8{di X ASHERL R4 5 J LA dE 221
TR RGRPERE, " A6 AMICZR i, AT LSS Sl {5 St 5
INHITE L, RESSShA AL shAAs LA T4 A AR, AT L3
AT R g AR, AU it o] RAFE ] — A “I—A 7 3h” HE4E
WA R, 7 R RN R G R—A T HEAR Rk
HEENIFTFE AU, T L & R S SO RN AR .

FI TR

2016 4, fnM K AE 2 2k R A AL B P AR R S PG 5L 4R R B
( Massimo Vergassola ) FIF& & 76 E %, J& 5 o] LAFIJH IR 25 732 21
PR FIALTE 2 B L/, iy BARE 2 S8R A I FE K 21k
. Rk A RE ISR A B R B A S, R R,
SORTIEAY , I AEZE [ B A L. mix ik i ehidy, 5%
ST AT A, Tl AT REAT — WAL, Fef]
95— A A X W BRI T — A A YRR, e — A
L BN J R, T — 2 R B AL A T 0L A 2

— G, WAPLE LA e AR, RO FEAT (W
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K 10-6). 1E¥ “1a B dric ARG, HERPUT GG ] —FhoR e,

S LARIRRE, R TP R S B T B R B AR
PEAESLLCBARML T o WAL 2 ) T I8 XA [ o B 37 ) S [
L TIX LR, FRATAT MR R, 2 SRR B A
ME TiXsesng . RIE, AEE T —RERA 6 S REHE ML,
BRI R R

3 s | 3Imis
04' - e
= P 1.5 mis ] 1.9 ms
&g | : Nos S "
go 3! g - omis X N s
15 mps 15 mis
02! = 04’ »
y 3Imis - =03 Anvs
o5
010 - 610 o 010 . ; -0 4‘»‘0‘
- \Y
¥, —0.05 - o Y, 015 0.40 S
fhm) goo01s +¥ ) L

10-6 BHANFEIEAASRAMOELL. ( TE ) EHMIMER - L9/R¥R (Rayleigh-B é nard
convection ) ﬂ&ﬁ@éﬂﬂ’é%ﬁ!ﬁ% (A) MigER (B) N8B, EEREHT, A8NEesilERL
ASRINTRESRHOXE. J‘é%qﬂ TeMNEEs IR~ EIEERE. ( LB REISMBH (A) F0
2541|1489 8 (B) Eiﬁ%ll - MWRIHERP MTHRENT. HeRRBIERNEERNE. FE8HNLE
ElS o BlFRm TR R F LR . 5’& )| RN EARAEH TR TEE, MmilgidryismyEsa 7

KL AHERVREEIE ®YT, WNSEINBBNERSRP KT FrINEREIA0AME . BRKR: G. Reddy, A.
Celani, T. J. Sejnowski, and M. Vergassola, “Learning to Soar in Turbulent Environments,” top: figure 2;
bottom: figure 11.
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3L I DENS

AEE /e B 1k 27 2T e 1 i Al 0], 34 fu 4% B e anfar 2 ST iR
VAR 4% F fnfar 2 2 i . FEXRIRMELL T, WEat > AR iR B B ol
Zla. B T s s e T S R B BER R TR H AR A
AR E] T EATCEREGS , HEILARA A S ACA .
i Y EN7EZ sh2E S B 5 SR B, 2281 — Bt e AR 4 H- i1y
pIng i, (RGPS SARINGE , BAIEMENSORP A R A
MG BEAG A BT LS o R R R ok A RARR T Ak, R
{RIRATRERE M — A O E 15 B Ak B R —FF . #fEZh S HT5
MBI, FEWTHEE ST B, S50, SRJG ROk Bt i
B R GAEIE SVEF 2B B A s . FRAT VRIS AL 2] (e
P, I 5 5T NS RN 52 Al 2] B B (it v TR L

1995 4F, kI EE S H 4 iR (Kenji Doya) & T "5
Mg Z AL 5k Tl SRR (WL 107 )., %R AL i 8 B 2 B
WS, (2 5 SR RS R E (IS AT, syrinx ) BIEUAH DT
fic, MR T ERbERE. SRR O & AT — R AR A A
AR AR ATE, XSO R, LA SR A B D RO EL
%, IR Ml 23 e ml R A SR B 0 FRATTION . AE 7 A F S
(132 2l 0] e Tt , 7 3% SUTG BRTE R B8 LA ReRoe, DAGEEE
75y X B A BN TR L ROk, RRAE B T B ORBROR -
( Michale Fee ) 5546 5 FlH At 2 2 S0 50 % O WF S0 45 RAESE 13X — 84,
[T E S 1 1A v (i X S T



Isolate

Pupils of succeeding clutches

-

10-7 HASF£MNSE. EEENMNEES, LFa0HRE ( S,
FKE ), TREMBIC BEEICHEIE ., T &l (B IBNEHE ) FRFE (1B
) RHE U, BiEME LRI T, AER
finch-bird-pictures.html; AEFE: Olga Feher Haibin Wang, Sigal Saar, Partha P. Mitra, and Ofer
Tchernichovski, “De novo Establishment of Wild-Type Song Culture in the Zebra Finch,” figuer 4

ot.com/2012/11/zebra

s h(t[)//lm' photoo.blog

{E DN R 2 TH 4 1l 53 B RF 9 S 08 2 2] ) S A £k - A% ( Allison
Doupe ), LA K 7E 75 HE B A el K2 09 B LIS 5 R G0 & A 4F 5
& - JE /K ( Patricia Kuhl ), #RUEW] 70 &5~ 2] fnah JLiE 5 2F =) Ji i 43
REMIZ AL, 2" 5 LAY 1 A LA R 1 e A eI 1
C BPWrsEE2] ), iz sl 2D B ATLL S S R0 Rt JL i) M 2716 7
W AE KR AT VR 22 R el iy S 1) 2 2 RILCAL RS, KB R b 2T B
[F TAELARBUR e fig . 285 2] S8 sk 2] T LA R A dfie 1

. W TR RGP R 25 e AT R FUR Hh g A1
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AT ERERTITEN

SR AATHE L SE RTS8 SN DI RE Y I shk Jy g ik, (A
AN TR A o7 A AR RE AV 22 Holl Jy IR 2D . B2 T i 3RAE
2] AR Vb s Ak T MR AN N TR ) e
BLAYE J7i2 JH 20 i e A 52 A ) st b7 R or A 2T R SE T
SRR, X TR OB 4, A MREA LE TR 2 ) B0
Z o APRCHBET B KRR 7 ) Bk ] AEREA T
AT A B 2 il T X e 7 ) — SE AP . AR5 7 wh, ARl
WA (I3 IR 2522 21 S TR R IR AL TR BE 27 2T M 2% 755 6 Bivh,
BT Sp ik o A —— R C W B e 2 Bk, ARSI A1 ARG b SO
4ifith ( sparse population codes ). 1E55 9 %, /ML —A
B RaE2) R0, LRI LR IE by . TCE T R TR
— AR AT X AN B A R AR IR T

K VF 227 2] Z 0 MBS 2 RERY n] 84k ] LB ) TAE. AU
KRR B2 2 EEAT JL - RlrnT S8, (5 Jn i 2 o0 24 A PR A 25 ) T S
2 firh n] 9B PE — A5 B R RS (homeostatic ), B #fi R i1 28
JUAE AL A ST R N G Bl 4 58 fih ik S35 8 {1 3] 2 sl Gk B AR PR F, &
KA AW X A HE T B0 22 0K A £ K15 12 65 i Ak ik 3] 1
., SEEECRZ AR AT R R RO 3. 08 - B E
W ( Gina Turrigiano ) {E Xk & BL T — Rl a9 28 fik T 38 12, &
et zor A BT A Ak T T IH—1k, DAMERRRR 2 TIE S T,
WA SR E, A A RS R B AR )N INARE K
(K, A % otk AR 280 X IR A, TEOLAREZ, GnSRIE
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AR, SRR RN, AR N SR — T
E B W AR5 A RO BRI b ph 28BS R . 2 M BEPLBREE T
B% ( stochastic gradient descent ) B f19 A T8 6 4 fi % I B 25 45 ik
( homeostatic scaling ) H1%Z % .

KA E H AR 2 T A AR L BAT B+ L TR B BCIA T 1% 8 i
i, FIRAJE S A PE RS S0 5. MEeoniomi o . A o Adh 5 4
— AR T R S S B AL L Ol Sl AR A Y I 5 T v
WL A AR LR ORI ML EE, FRATTR X L
Fa I YRR T 0 1A 5 28 il B A5 T B MR IR AR TR B

EESRERMBERAYEE

16 5¢ 5 R JR 26 47 B9 2015 4F NIPS K 43 (1Y “Brains, Minds and
Machines” ( KMl . BEAEMBLAT ) RSy, LI 2016 4EELFER IS NIPS
K£:H) “Bits and Brains” ( FAE S5 KM ) W21, ®ORMNT - wgs L
STRIRTE T A TR A, LA T — A AeiF o8 A f [ B ik A7
TH#ERIEHE . N T RE A V2 IR ) BT k. IRE M
SRR CRME, R T IRSZRM AR, DURATERE
PRI, X AR BUR & — RO e . FRZATHES], KA1l
REEF ) RGABASREIRSE [ O B RS A FHRAEE
& TSN IE— BB 2N, ST R H AR 23 B9 DI BEmT A4
ATRESCEL, DI FREE A . O, VIR . RE A F ik, A
B 5 Bh IR A TR U832 sl Tt 152 26 K V8 852 Zh i /Mg . X SR R AE T A H
HEhPh R E 25, AR E B BN
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WA FC - PUA% /R4 (Hava Siegelmann ) Ji O (%1 28 A 2 bo] 2R 345 43
BT EVLE A, th R HEHITH (analog computing ) 2 # ] R
(super-Turing ), WL, A REW EBE FIHRILATHERES. &
AT AR IS PR 5E A 7 8 B Fe 2] 0 e 22 I 28 A7 BB PR R THRERE L i
iR M GRiErb o] SRIG A MR B Tk, TERRAERT A HE A
BB boe ], X —m MERPUE . B, AT R
B L AR S5 I A AR 2R 0, X IR AT H & TR R RE . Fk
i1 fap i3] ik — g [RIRHAAT LART A HBR A RE . 2> i AR A ey
[, W& FCJE DARPA 28 5p 22 305 H Y30 H 22 8. Wiy “Z 525 2]t
RI” ARV RS SR Y. R B TEN AR R HIAR BF )
T A 4 AR



1l

XIERI NIPS

I8 FRFE AR O IES S, OB A A A [ s
TIRZAETE B ES . MEE B ARG K2 (NIPS K2z, WA
1-1) BEABGHEMLE. SEE I, R, X203
T, Xt AL U R T R, IR O R ZE T L
BTERN T - BHEAT, 7E 1990 4FAY NIPS K4 LA 17X SEXNET Ay
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), AN TRl RALE T g R HT, kit
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REBAERE AL TR, WA P 3 b2 B0 0y . WAy
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{5 % 1) R AL S B Bl 2 N B s . WFSE IR FRE
Z. KR s 5% (Alex Szalay ) [l 1998 4FE LAk, s 7E i pe § 7
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( Master’s in Data Science degrees, fil /it MDSs ) 1F/AEf3% 1 45 F Al
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DY AROME PR 2 R A5 KA 3 )6 T A N Rk, sl e R
R 2B PR UL 10 223 NIPS (1 S0z R — PSS
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LRI 600 # PGS 2# (G5 aE BN 10%), 47 1000
ALPESIN T 2017 ARAERIERA T2 ZREMEAREE IR NIPS K231
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8 - FFBEFE (Noam Chomsky ) & (HAEIT) HELERET (Y2
B ) ( The Case against B. F. Skinner) —X, XREGES—IAR
HMERRBE T HEITHNFHE.

1982 ¢

751 - HR (Claude Shannon ) iR T FFEIMAIHE (BEMNSFEL) (4
Mathematical Theory of Communication ), 1ZPBANKEZBE/AEE T EM .

1989 ¢

% K& (Carver Mead) HEM T EE (B AMNBEERBERINHER
% ) ( Analog VLSI and Neural Systems ), FF el T EFHETHFNHERETIE
( neuromorphic engineering ) T4 .

2002 e

B #5755 - SRRk #0118 ( Stephen Wolfram ) HAR T B35 (—HM R E) (4
New Kind of Science ), XAPIRT 7T HEEN ( cellular automata ) AIIHEEE
B, XLEEEXEHERNEERE, BRNESREANIESR.
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EHEICHT - 2/R% 558 ( Tobias Delbriick ) iR T —#h3EE A InAIBK PRI =
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FARLIEE, MARENENHFEENFBELMmHTE G,
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BEEMEHMEE “BRAIN X", FREFIMERA, LIIREAIN KR
THREATIERE .
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FG T NIH B KAyl 25 51 2 bt . A HESE “BRAIN 141"
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BAFRA I e el B A 2 R AR = I . PRS2 ST BB
ForHrlamt sk (LTS eeciic sk, Jrpik A A R sh s %
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ISR F HREFAL O 22 R BRI LR, (RS BAEAS i) A BRI ¢
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A /% 9 BRI S S PR R 1) ik

FERISBIALE

2006 4, & MG RIS 55 38— 51T 5 i i i L 657 2
T 2650 JTiRIEE NS it AR H IS B B4 A T
Ab S Al RS e S i A R R b IR L ARRAT, BEH
FEAT B EBIRAE ., A7 TS S At E v, BETLIE
RO PNISEESOEEIS

(EENRE, it 1042m A RaT LGSR 20, SRS . 1A Fi 12
(7 G50 (A5 2 3 (80T ) 15 BaE rE i S Uil
EIJE Y Aadhaar i 1 e KA PRIE UM H . fERATE, — (A
FAFRN— O A S ENBE A RS2 DT R 51, XAt b if 25
WRFZ R, A ARSI RIS . nin 4, SE i GEAE Y
6, AR OTLA AR M S BCRU A A A 7, VR 2 A R
WEWI 95 N BRAE I A SO0 AE . mT B B bt 7 TLRD B0 Py a1
b By, DU T-BARH I Sy s oifr b e ik 7. —
AN LT 0T, BRAE/MTE & VI A A T35 TR
flafyiRek. ©

“ERRE M A ICAL” R - JE#RJE (Nandan Nilekani ) " i 1
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TAER—AIH , R MCTES . IF HAEEEESMLAF Infosys f)
RERIRA . JE 8 e Ve K i B B0 e C 22 15 B ENEEAE S Bk
K T2 RAER., RIERHREAE: “— /MR s
Ll 1012, #E—TE KM CEK, - A 10 {Z NREHETE 15 43
PRIl ARHE L8, IR ABCK A A — I KA
P01 WARAT 100 T3 ANRELERE G A ShE AMATTRYART Tk, e
o EE KRR R

TE 220487 SOy BAR PR R R A [l AT Tk 25 TR
Fh, JUHJE AP S LB e (R T . BT IC AL
FBidsk ) LKA IR (st ) ARG R o] A
FE 0/ 22 At R P ) AR DGR R R AR ™ T, BIMEE TR 5
HBREAN. " Rifis W, TieIITEREE, KRIN FILEC 27
BERFRATTMA TR T

#3ZH=] A RIIEEE

HLSE 28 T R AR A S —FEE B RIBERE I HLEs A A
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Hr, AN TEGEA R e P ERE AN i, EshfiTh
HREA A AR Wil . ATIH IRV A A, R T
iR E A (ARMZET LB RRrm T — (LB, fhed i fE gk
B, R B AR — R4, A LRI T S, A BRI R T
P (isshtEs Rk ) RAFER .

FRATRINLA . JUURE . B DR F0B- % RS AR b 35 17 A A0 285 . b
G| FIFHABZE . MPERRSE, FRATH B AR Ak TA&iE, ]
LLKE B Wy e Al D AT 40 ) S AR A DR ey P 1 Sh AR B 28 4
3D fTERHL. FRATH AN B A% AT 50 B9 N IE A R 2R AR A AL, X
S IR AT B R R TG 2, A0 B SR R R A, A
PRI D, IFAERTAT A B 4 () BER Z M 45 T i . ELIE
Bk, FRATTAY B AR RN AS Tl R 2R o3, X LB
( embodied cognition ) [RZ.ColEM| . "

MEHER - SE4E>% (Javier Movellan ) (&l 12—-1) A PEIES, ®4
N R 2k R R 22 SO T AL a8 IR S 50 5 1) 280 A B A
EAE. fAfE, EATERR 5 AL TR, RO R AIE
SR T LM T A, ISR T — LA AL, M3 E R
Sy, EHXIORGEE, WA SR . RIS T LSRR
HE), b Hegie i, BILaRa WNREIRBARTS B 2 60, [F
(ORS¢ S EIRAIUE -5 B

W AR R4 R A I 3 44 AR SCHIL AR A Rubi R AGE — 4 RER 5
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PEOFETE . RV, Rubi BIHLAREESE KR T 5 R K
%, Rubi XZ5ilfZ FITURBRITH ., — B HBECREN, 118 E
¥ Rubi BT, MiAZE—DBiH, Y4 Rubi #5k
(FIMEEIE TR ) J5, AR L . 1285 A Rubi &
FIARETIR, SEFRKE—K. E—I0HF5H, Rubi #iEREHLNILF>
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12-2 Rubi EHEESH
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W, PR E AT LAME R — 05 B A B PR R A B T, R R E
PHUER . — D RESBIR R R EE TR T4 Rubi JH"
( thousand Rubi project ). iX4~A s E4 A4 ™ Rubi, B EATHE T
AFE T, B MR R S8 RO BRSO R —
AR, fE— BT RS F O 7 S vT REANIE FH T 50 — Bt IR
RZMAFERZ 22 5%, FenlE#nZ m i 25 . “ T4 Rubi WH"
VFRERS % 4607 2 06 T tnfa] ek 0 SR A8 V%, JF ELoT MRRAE &
IR 55 TR 2 F AR FR Z A2 5. BAGEE LI HIF
JEAR R M VT I — HBCA B0, HXRR— AR, A Ak
FRHE

KR SE B HLAR AR AR E, T8 — A Al R Gk 1k
ENEE. mMAFE L, BILHEE 12 A AGRESERmA S
155 2 B E Ao A R R B 2 - A s (LR 12-3), A8
FATHEREIR R L —HEE BRI 6 ZRBRALAS A & W] T — o 04 )
i, ATLAXS 6 SRR EIVESATHET . BROEILALAS AWM o) 5 F8 2h -1
FREE . MR TFRIME A AR, LR S FRBE R T A DL S B AR
BRI flolh, IS AR S, eiES
BT HIBE 1110 1% K TICE 123 ( sensorimotor ) SEAEEAUA B AR, i
ARG R, K B mENs e, fAERKMiciZh, JFE
EREBEWAA, HEMNASTERRE. ¥ 1990 45, i vk
BI5Z T iRobot, 24 IEE£8 3345 1 iid 1000 /1> Roombas 44l
e AR TH 17 S 22 14 A

T HLEF A A R AT Fsg KR IRH L, X{ESRENTEE
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W], s ERETHE T — 1R, TSRS FErl2s A Baxter
TR T D ECR A S B, 82 A4 fE LA E 8 ST ad sh i
W, AIALEGE — DR K F55) Baxter B-FE T
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FRE: PER- HaR=H.

YR AT T2, PRI T —R %R “Diego San” ( 1E
HAE ) fpLes N, o ahbURshiy ( ESRS) ), Xt
REBTAHLES A ME R RIPEREH B L, Diego San Fr A Y 44 ~KT5
ARET AR (WIE 12—4), FfEENDERE T PR YKITER
W RTaRE, OIS AP RN SE —E R E FgEs (W
RIRAT—K BB A0, FBRERSBRILEAN ). XEKITEEY
W B i 3 O AN TR AR A F AR O A R S L sl . Kl eT AR R
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R Ui M4 ) B R P BT AT [ el X FUILIA
San T H [y F b J2 48 H KM 8 4851 3X — 59, Diego San IR |-
£ 27 B shiBOF, o AR S RS B AR " BLES N8
PR L, R AEJRAT LA W ALER AT, 1 Diego San Jf:
AR Z — A IFASRIE W] AL 8 AL R R A LR KE
Wi .

1] Diego

12-4 HIBAEE Diego San. SEEoEE LB XTEEEERE, XEHRERASSEF T, EEPHEA
B - %75 (David Hanson ) FXFIEEANTHRM . X TNBAESIEBNE, aliE%E “Diego Instaled”,
HINS4ER - B2, hitps://iwww.youtube.com/walch?v=knRyDcnUc 4 U/



12 HaegX /1 217

MBEL SRR ALEERTE

RAEAL GO RAE iPhone (SPALTFHL) LA FBAM 42K, iPhone []
TR M AAS G 2%, 2R — R 7 R 1 A A S 4 A B
H, WEE T2 DR E 1 T, 85 L, ATAKIAE
PV 46 2 KIS D RE . — A, IARUZ BJZIIRE ( cortical
function ), i 44 J& 1 )2 FIINEE ( subcortical function ). 3 -, A7
Sl PR SR AT LAE TS RS, LA {8 (amygdala ). 14
AR, R B A, AR RN, (Hixsesiy
SR ZATREA EAE I Blan, fErsgaEh, HOEENSY
2SR N ZF R ICIL . INERMS 4 R B Ac 2L

7E20 tH22 90 4FAX, FRS M A2 IH G th AL DBl KRS -
i (Paul Ekman) (WLP 12-5) A7k &4, SCvas iR 5 4 i i
R L AR, R CHXTIRIE ) ( Lie 10 Me ) FIIHRIK - FFrs
( Cal Lightman ) {175 B0 HE Sy I A), HAAC A oI b i) R 2K
MR % . a8 o AR L, P T s Tl iRy S
IR ERIRANT—HE, MU WAL T SRS . A ERT I i T AT
AFEH S ARB T AR E SRR PUR, B0, B BT,
BRI, WIBLASS , HAt 3 WA AR R A g4 i 1 ok, fHA
(TS X SE N A PR L IF AT IR, AT 8E3R0A, WL, 76—
SRS B FE 22 AT B AN R A RE

1992 4F, W& MIAL T — 4 EEEEFE 382 (NSF)
R 04 G T 10T 2 HRA O RLRIAIFF 250 7 AR R ), AR A X i
AR RIS I e G IRIE HE T JRATT AR 2 e Bl . e TR A
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HEALLE 5 IR RSN BY, RO B RS T, Wkl
SRR T T TR R PR EOR LR — s, A TR
BT ERRF . B N2 T S 25 AU A7 o B e, (L
PR — B WL LG BT 20

' 4

E12-5 1967 &, RE XREMERTH/IATFEER. thRET 6 HEINESMERERARNLE, 8
Rk, 3. ‘ﬁ” i, BMBHRE. RSH AR (BINHER) REEE, RIS —SNATERZEK
@, R FEEEETNAEAN LRSS NREBISHRN. BRRER: R XRE.
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LRSI E T mFHN{ESRTS RS (Facial Action Coding System,
PLF i #F FACS ) K W45 ik 44 SLpg dR &, h L 8 50l
FACS &R BAL T —D/NSRARIC K B — - Bh i, B bric
—i. EAREESAN, LSS T, HELRSLM, fit
FAFRAFEE T LWL, X2 “TRAE" HEEE T AN w0 i IR
WH AU, AR SR TR IR RV . BN, 1EUSIE e
W op B A PO R, R — AN TR A 2 2 A R R A 1
g0
7€ 20 tht2g 90 4FAX, FRAME AT T — L3 51 MR RAG R I 5 R 1)
fERE MM LE, X FACS #E17 A3k, XBEiIZRA 3 148 61 7T LAMR 3L
s ACREREHING E AR —BRLA . 1999 4E, IR AR A B 2 -

P R4 — B4R F4F ( Marian Stewart-Bartlett, LA 12—6 ) #6114
R, A8 S50 % PO TR 2 AU HE A 5 T 96%, R4
RERFTCRNRY], FIERRERAE, LU BT T shit ] 43
o VXA MR AR BICRRAH, TR 1999454 A 5 H, Ml
FAE 8% - KB ( Diane Sawyer ) F45#Y ( $ %3 [H ) ( Good Morning
America ) 15 H H ) A ARE R T3 — s 18BN N A2 36 ik &
SRMETT AR — A 800G, M EEE VT E TitEHLE
&5 T H4§ ( Computer Expression Recognition Toolbox, LA F fi] #
CERT ). * Fifi#5 1AL o J8 AR 1 ok iR, CERT 4 RERSE T3¢
8T, AT LABRIC RS AN TS A i A THT RS -

2012 4, FYEAE ARG AE/R - S4E 20 AR AR 1 B S T B AR
etk Q57 7 —% %A “Emotient” (YA E]. % - XS M AXEK
A Al AR R A] . Emotient JF & 1 TR B 27 21 I 48 REAZ L 96% A
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i, FESMARFERBBIALMET, FIFHHEE B E B s a3y [ 5
TR FIW . 7 Emotient AY—/ @RS, H R AE LS80 g

B EA1E - FF A (Donald Trump ) FEXHGE 0 & HwIERbe S, X

NELVN Y IESE L mERK. HEZT, REREARETEHX
BHEIATR T RFEAEEIE, ERNTEZEILDAZEA NGRS, [FE
BTARFRAERACHE. £/ P EIRZIR IR ZmE, H
MR, EAh, Emotient AYTREE 2> ML TEJE /R FRILHE . ( Nielsen

ratings ) VAR 45 R R AT RTAOILAS A, w0 2] T S0l By 40 fDRE AR
Emotient T 2016 4F 1 A #3E R/ mlly, FIRE 22 f104 4 R BLAE )7

U fFERUNAWPRE SRR, BB, SEDUE, R FiA LR BUL

B, —iFE
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YR FMEIR.
TEARARKE A, IREY iPhone AT BB SR R AR R 2%, AT
REAT B /RIS TR

AR EH TR

13 4FHT, (e FFEATRY 2005 4F NIPS K£x b, FAUMIMN K%
TR AR S TRAMFHE MR - FHFE /R (Gary Cottrell )
fE—RIZFE. IEJET 20 42 80 4L PDP A FAI 69 —HR 5,
2 PDP HBAMJS 8 A Ko 22k B A B LA Z —.
20 t42 60 AFRUEFSE JLAMBTERFF P 2R =R kb i — R, BE
o AR ARSI (i3] T NSF ZRI—IA I, BoRK ¢
Fl2EH0” (Science of Learning Centers ) #2425 . Hp il il E %8k
MINZE, JEIESE 5 AFTAE 500 J1 TR, il HLf i] DUFFAE K S 4F .
flo 4252 — (I A g, JHRROR SRR, Ease, AR
T, FHAHES RS T &R, MERRIIE,
KIZERAELE M2 A FX — ol 7. b Tk, ZERIFET

TR FRATTM S At e 1, IR AR, R R 300 TUAYAE
TSR, (HIRAG AR R AR O . FRATE i ) 3h 2527
)ty ( Temporal Dynamics of Learning Center, L) F iR TDLC ) It
fik H2EK 18 MHLIIRY 100 ZHWFFAGL. 1EH NSF 51 6 4~
JREEROE, RIS RREUMSRER TR S, RATEL
aheE ) W R RN T X 4eTi H (WL 12-7 ). *'Rubi Fl CERT
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fef TDLC BB E o FATEA — R shiig F 5250 %, 1he
I AT ATE A o @ 80, [FIRHC TR . ERZH
foie P SE e = vh, BAF AL E A G, IRASERARERZ, DLkEGe ™A
%, RAOVEAT ICA KIKHIZE B S, iLRATRE Mg Hal# £
ARG, 5 H A B K 2

g L

) \ v
L\ >
HHZEIRZE
A -

Mes¥>

12-7 FEETHFOENSSIIMENE, IRRSOBSNN

Movellan, and Sejnowski, “Foundations for a New Science of Learni

LAF J& TDLC W5 A S1IF R AR Z5 301 H v (9 —f o
BT A T 2Rl ( Center for Molecular and Behavioral
Neuroscience at Rutgers ) 303 F - A 44 Hr &7 ( April Benasich ) JT %
I, wT LARR R 5 5 A W o R e (R P B LR R SR S
IR MFE IR FAFAESRPG; dhds XL EEE AT LUE i A A
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ol 7 BRG] R B R SR 2 I, DME € S RBNE K E W
W F1 . T RIS R Ay T X e T AT X Y S 40 X G A i B
W3 AAR S %, BIER ZFMEILLNESIREh 2. 0
FIT 2006 4FA157 T AAB Research LLC, ibtRslrae b #EH AR ( rapid
auditory processing technology, fi[Fk RAPT ) i A @A EE, LIHmE%
JLEYZE T RE T

FhR 2 - T R URHRE — ELRRRIRR RIS 4R/ - L4 2 LA~ A
BECAAE AR RN . T A ERRARI T, RIS REE R R
PR, FomaT AR R BT R BUEHE . FUHIRE T HR, X—id
FanAnr LA A 2 AR RIRHE SR B b N IR E . (e
e R e ik B AU, R R Ay AR RAT S A
Eiy &

BN K 2 2% 1 5 43 K (i 25 4 - AT ( Harold Pashler ) FIEL%
PLE KA IR B IE 52K - 5% ( Michael Mozer ) #5851 12 4F
R BRI A2 R, DAY RS HT R R R A S RO
Fi. WFREEREY, AvEAuaymt ) 53t T bk I g A ) 3
RERCHE X2 ) MRHI I . BT3RS I MR e
Atttz B K B T, 2 ] (Y e AR ] BRI (] B AR K — 28 il
I7EE = IR A2 A (T E T BefE = T id (el %, JFH Bh Al 1S 1
5 I L5

TDLC ML /E®iF it 122 - B K Wik (Beth Rogowsky ), %
Fa 3T KSR - 3547 /R (Paula Tallal ) FIFEAEER K FRE B - R/R
# B (Barbara Calhoun ) EW, TEfEAH kel Riag7 5k
A G EER, MH, JOie 2RI a B R PR, R



224 | REFI

2 RMBEF T R Z A AAFERR R * A A CEREa =
F RS RATMTRUR AROR , Xk Bk KA & L i XA
23 Jr R AR, IR S TR 02 T RUR .

{R47 - SERLRAE 2014 4EF3BhAY 1500 J1 EITHY “ 2Bk X 87
( Global Learning X-Prize ) W & 4% T HEAEH . %R #E G5,
H B ARRTF R FFEAES R AT Rl il F b R Y L BB OE TE 18
THWEREANEE., SEMBARERR. h “2BRFT X X7 g
BRI IR, AR AR N FE 2t RS 1R [l

TDLC b2 B L8R - T1 ( Andrea Chiba) fE 2014 4 |
i “FIREEPRRS" EART RT A 0 247 R i o] sl 2 K s
LM . XA 2 RREEEIE, b1 —EAAELERFIH
P AR T —E M T, RIREERE A B AR I K )
K, HERRE-FRE. HRSHIRFEEE RALE DGR
4.

AV EBEE PR RN R HEA, 02K AR
b, EEA 13500 MEX, BIM¥XEA AR ESRS, Rk
TEVRFR . BOMGERS R R EA AR IX e BR, A
Xt b b PR S (] B, FEHOM SRS Z AT, TR AUE B E
B, D FAREGANT O M ROk U R A PR, 1R 2R
(AT REAS 2 BB VR IR A B = 3 330 T 0 b A R 5 2
Sk, AN T2 ema R HAE, 5 & tErEREAS 7 HELA 2[4
871,

HOENARA ok fe— IR 57 sh B R TG 2l B R AN A 3 3L
SRS LA 8 BB 2 (R AT — X — 3. T FKAT
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HRE DTN RREE MBI RKLRGE, XA E R TR
gr, BRTERPE AR — A B AR YRR . X T RER —FhAE IR
WU I, (855801 RS2 S B s R I R AR, X
FERY T IR ATAE o B> T a3 75 2 B R K R SR IR By 2
A H R TARECRERT, XA RGEMEM T WK, fENEEAN, FHE
FROTRE IR S AN UISEPR . FRATIEAEZ DI (R B i frC 2 i 1
S AR UE, FEaE, ST AR
RE R8I T FTREFER LT 2006 ERISZEE, AT
BATULE], HERREAEFAGTRATHY - ] A -

R AEFRIFEIE

FEURAE 2011 AERRA TR, (AR ) &R T —RA TG,
REN T — TRV BT AR R A TR BRI . K et
SingaR, MITEERMN EX—/IRE¥I1T78, ELtR5E
TITZRRE. JLFE—KRZE, REFARRSG THME, XL
BHETFHRUR GRELEAHR F LB REFHHEEOIE. B
ZREE W, AfTSEREBERT Bl LA X L PERE . BR T IEEEZ AN, TRAR
NEBEFENE . Fid, fEIHZmmieiz, s, URAX
HARAM “WHE2", JEFAEIREEXNIFRE PN REAR.
FERIZ AN BRI T—2015 48, “FRA" M¥RE T —
%, MEERY 1700 THEME]T 3500 £T7. FRGH THAHEERR
i BT RR R

2013 4 1 H, FEIMN AR o3 e 35 Z B2 B £ — K
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Sk, REBP| T EERL - B R S R R R BCE R
iR A, B b BUAE R 57 T 85 O N B8 A 1L A B D) B L T i B
SR — A TR R F8 A SCRE LAY E E R

FIR, BN B, e 2 T A 46 I e Ay L PR AR BRI
Kt w IR T A CTERCE A OFERER, RS T TR AR
EoIRE b, AR E e R A 2] AT BRI A, it
BENEEE —A4, B4R (F22ZiH ) (4 Mind for Numbers: How to
Excel at Math and Science ). T i I K252 LR &
g {26 98—k TDLC YFe

BB A2 B T2 AR UG, AR 5 b — 7 B A K Y
E . b B 7 0 A S A DA R T FRATTO R 1 gk, BT LARRATTEK T
#1 Coursera JF & T —[ 14518, &R “Fonf>]. HhkERE

ZetE R SR A 7 T (ULIE 12-8;  https:/www.coursera.org/learn/

Learning
How to Learn
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learning-how-to-learn/ ), 2014 4 8 H#fE . & HAj & % b sz
VW AR, 7Sk OAE BTN F ) FE L 300 7, JF HAg Kk &
511000 3K F 200 ZAFEZEAHF 01, “FafE>]” REER AT
KiizE2 R T, RIRIREE T O E a2 2] FH i TH. F&A]
FAFMRBHER B, TRENOPE TH -8R B
( Mindshift ) B9FEER, AR AIRSEAR S5 b sl i AR 06 XN . 3K
I IFE AR A GERHER T LATE RO 4% |- G SR ARHR.

“EOANE )T X — IR, BN RO RS, kb
PRI RAAE IR, AnfohE S AE, AR TR AR R A 2T A IA TR A R R
PRAE TR L, XTI A R IR, mREN
5~10 Frep oA BT EE | ANIEE FNEE & IR, e s 20 £
Fhifis . REEMIE O Z —, U YR EAE MO A ST, UREY K m]
PATEWS SR FRSE M —2E T, 58] - PEM3E (Henri Poincaré ) J&
19 g —PEAS B BEE R, b 283k [ O el e R ok T — N5
AL, b S Bk TR AL B, BR—ERTR. T
AR S T At e B R AR, R R R e
R IR BUAE T A e e, Al B KRR A — 8 DXl A Al 52
SR ) B A AT SR AE A3 A () . b G R B 1 BA (] 51 ) 1 B
e, JEAEIR [0 L RRRG SE R 18 b2 ke ik A ] B ¥R A 5 L 2 fi
fil fr) ARG R 1 FE o R L R L A 7 R TS0 T AAE A A ) B f
ARSEAL P AN AL X P B BOR RS 1 TR A

A NARVF Y e, Bl B A R, AR 1) A G £ R 22 AS R
RO T R . EE, B AT FEVR A ME Z {7 T T ok ] R
AIEE T, KA REMEIX — 8. TRIRE LRRIEE, i i
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ko v h Bk R, HEBh IR SR A (A X FE LA L H KR
A ). TERIRER A BERTH F R R, MENE R R IER B, &
W, ERA TR R AL EH AR T XA SEOF AR TR SR R
B, ARR AR B — S RAE, AR B KR 2 (B DR B F Rk
FIRE SRR T .

“EEf ) R A TRAVRBI B M RURZ —, WURILE] Tk
FARIRETHBIELE, BRI AR TR miReE, s
PRANAT S T BT B R . HUR RS FATRAT, RBMbITIETE
B “Eanfg )" X TIRIERREA B CHiRET .

FfFmwm Bir R EEZ @ P A MRFEE EomfEs]”, HE
K A B L A HE BB 2 215X T TR R BEU 1% PR R—H
PIRHEREESK L “SEE4%." (Common Core ) Wik B FRi#EATHF
AT T A1 A AT 2 o], T PR AR X2 A AT A 2l S A7 5
FORZASAXERI s infiyagz )" sl — XA (E
%, WA E T RARE. X UATR ST IR,
8 “FEaanfsE]” A KRB AT R B Y 25 AR o &
IREERAVTERE . BT ESHIFET B 0T A&, XA A 2 2 2%
J1o ABARUAT, FRATERTE 12 % A8 T 7Edt A i i 2wt
o EENMRH XM XEEE T A, & ERERE R e
AR B PV BCA Y T2 2 AT, AR B R A TRy

HERIRE “HAKRE, BABA" ME AR, SRER
AERBERS AT ABEE AN e 45 E I FATE MR T “HER” 895
ik, AR S A a TR AR . SHREABOA N
ERBENENM, RECERFOE S T EaMERA E, X
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HHABECA AR B LU U 2 T E R R, it
G E AR — G fln, FRCEUEFIRYE (flipped
classes ) X —#FH HAFTRM, FAENTAT LALE I 8 09 ERA I (8] WA £
SERIYFRE, I 25X RN A IR A 5| or BN e . K
A E &R E N TR, R EEARRE 22555
HEF TAE . LARAE R — A A7 0 2 R i Sl i SR TITERAE
FANI—EEL, ER AR AR R O et it T, SR EEEAK
HE, BHE RZEMNESG—H. X Coursera HTHI AN OGITHEM, K£
BOELR 2] F AR IR ERAE 25~35 % Z (8], ATt — M A 1%
HRAFHE . RHERE TP EHERE, JEEM F T A 5M4E
B RATEE RZEHEEZRAMEMECE, (RTS8
I AEZE U {5 BT b PR 4 5K 9 b (B BT R . BN, 5 it B3 R i
e BT B — LR ) R ACH B, BIREGS I Gl Mg R &0, JF
T A IRA SRR TR, SR T A I ) R SR A A B
PR RE, BMEE A TTRESE 2 T I fa B SoRAG 2., A E#Esh
P2 IR 32 4 -

fLik=EIR (Udacity ) J2& 1 A 3028 3005 4 1 45 7 AN ) 2 1 3 47
G- FRREQISL W 5 — FHE SR BF I BR T3 S SRR Ab,
Pk oA 5 Ay AR T A 5 01 THCREM A R T 6. TLik2EmdT
TR a AT RIEEIR, U TATAT 3 25 2] i SEEREE . W T
F. B THRASEORE, X, RIR iR it T — R 5] £ 50
PREE, N ARG R (9EH1h 800 £oT ), “FhiFeiZ el
PASRAFHAK {0 ( nanodegree ), WIERTE 6 4> H NIKAE TAEL B



230 | REFI

SHGRI, LG FRZ IO BE IR R SR, SRR LA B
A PRAER TR TS

RAVR L — TR A SERy > BRI R AR 18
fiE” ( MindShift: Break through Obstacles to Learning and Discover Your
Hidden Potential, https://www.coursera.org/learn/ mindshift/ ) . £ T
2017 4F 4 A HEH . ZIRER R S B ERL - W e B — AT 5 [R] AP 4
i, 2 REFMARES LD, JHER SR (SR ) R,
R AR LASE Ay 2B A 0 A= 1 1 AT RE 2 DR A 2% R oHERT . 0 M
F. RENYEFRS T A SO, BES —AR6h,
)& R M BEFRGE TR A I, Fmisoy— A g AT
X—H R C LA, B RT RS ER KX
A RRAMERE . % TIRFRIEAE T A RS2 UGl B SEUR R HEA 50 =

g3 — R A 2T E A, R B AR AR . ZE
Lumosity 3X 92> m $ 4t 7 7ELRliF Ak, AFRnT LUR @ Iu R ic1Z h
RS . [, SCREX SR MBI RCEB A, S A
F L R IR B SE bR E 55 i . (R, X —UIARiRAL T 5
R B, T E AT E T R B IR THE A SO TR ik . &5 R
EELAXIFIRA, EEAFEH.

O EEREN R T HARAIKFNL (Nanodegree Plus ). i # {5 2736k A% i FRIECR
B E, AR B, 3T 2017 46 12 A 5 B R A ER TR 98 K575
H. —i#&IE
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HIERARAIAER

TE T 1Z B35 A M Bl BE 5 T B AT 28 B LA Ui e e IR LB i fE
TEM P RIEIRAN, AR B Z KM k. H N LR ZERE R
i - ®iJEF] W ( Daphne Bavelier) #%7/~, Bt (R EM#E: KG5EL)
( Medal of Honor: Allied Assault ) % 55— NFRF 0 5 o ek ok 8 1
AFTREAE, FEEAAAGE S, JCHRRE . AR5 A BAUE 55
e, FFESIFAITE R SE PR, T S5, DX S Ak
] BB 23 AR 0 K 0 5 4 B A — AR (X TR | T 4R42 Y
N EELFE B ). R —itipk T i SA H K. * &
R ERAT AR A PE S s, s T /AT

AN R 2 5 4 L 2 KL M - A% 65 ( Adam Gazzaley ) E il 17
— W /E NeuroRacer (1) —4E AR, AEOEHE = VR 24T 55 4b B E
1. ARRERY, Kby meE s THEE S FI e
AHEREERVEM. © 7F NeuroRacer 1, B F iy i M ey iR fr) i B 45
MR, [RIHAEE B B A A RS . XL EOR Bu A £ b
IWHIEERE, B G B 0 AT 55 D04 E 1, dEAT 24T S5 A0 2. FEIK
NeuroRacer A, W S5HIESH(TAM, ELSNGLIE, #HFAYXLE
HARE R T BERE, I TAEICICRFREE e ik 3 1 HGE ik
-, SRS AR TR —EB 5. oAb, AT RBLA L TR 2
YR 20 Z4ER A, HFHETIEIIZR 6 AT, XUefe kR
£ {HiB . ** NeuroRacer H Fi IEAERH] TR, 84 TEE T 8a
FCICRERT Y B F AR

1997 4, 76 % K S B R4 - B85 7 20 Ui 78 N R~ 1H 42 1 73
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¥ B3 52 /K - #§F JE AT (Michael Merzenich ) BE GBI T — K &4 A
“Scientic Learning” R4 H], NEATH S MR (@K EEE ) /Y
JUBARBEREBY . 15 & PR AR O T RE AR B Vo py e S fildn,
Wr# “ba”. “ga” B{ “da” Z[A]f)2EF T I Sk B9 R RN
B () 22 5 . GG 00 381 5k S i ] 22 S B 4% 1 L6 25 2 h S b T 95 3
B3R 18 [ 0%7 i O S Ay 3 bl B> = <o ) N i o 3 Y (W DAY 1
R X 2 B3] v = B AR R Y T 75 . ISR AR JE A F R
TP “Fast ForWord” f9— ZRFITHRMLIFE, & & it /65 17
iR AVa) - K7 2 2R AR S RIWT SR . 1 R
AE1. BEE e & Fiih & FBEKF Fadee, XFhatE 254
Wik, V' Fast ForWord 7E£0H Uit 4[R2 7= i /R A5 21 1T AR 8 B9 147
£ 6000 Fr2E BRI RE 250 J7 4 JLEM AL IZ RS ENTble#d 55
A E KPR B #2725 D Sl iX 115 iR S . MHFEH R UTR
7 BrainHQ ( https://www.brainhq.com ), iX J&— 3k 5 T AH LBl 5 3
MERE, BT & AR AN R

P ide T LA ot BB R it ohe 412 1553 s B B . i Rl 43 A Y
WAL - FE % ( Aaron Seitz ) JF & T — 1> BE 18 i 5 ¥ 58 2% 0 1 e oz A
[ TR AL . XA EIF S, FEERBA BA 5138 ik iz e 4 g 7%
LT, IR EEDL T, ROl TE A, JRE
RN 54 JULE T ZRME T 4~5GHdE, “HERIFR T K4 N
“UltimEyes” B0 I HI AR 1y, OB A B9 B 78 BB R 22 AROTF . A3l
IR 5 Z R O A5 b T3 GRIF R A 1646, B33 2 1 BF 92 g itk
— AR AR .

TEDUH B0 BV I [E] A A, SRSl RIEEhE b a4 s T456 5%
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BIAA A RE o HAEDCIF 2 HAL R E SOk, Aic 12 iE xeit
KRR I AAFAE . BIRTRATEEHH Y 32 B AR XK 1E 7 8 15 Ok
o, REMSEGEIRATARMGTIRE, ST AR, i REHI MU F 2
¥, (HIXPEERS A B R AR A TR TS . A BRVE R A A 7
FIATTA

=N

fE 2015 4E NIPS K& HHA L, REFFELLENRERE DS
(NASCAR) KUt sepall 5454, RN 42 NFEIR
AIRThs (WA 12-9 ). fEEZEPIRAEATHY 2016 4F NIPS K4 b, #hl)
A 65 K, —Fdki FE&BAT T, MW T 20174, £ik 93 %K
IR SR TOERMERST T NIPS K2y, Sk R e A 3R L A 2
#. HETfERE S BRIl n] GRSk H4E . X SRR/ R URE AR
2N NIPS K£x, BB AT FEZMRETRAR . AT
ZFCLMA T, K., Wik, 2R, Facebook . FiREHIH:
fiF ZRaI A w. ENTEMNRS B AA . JEELEF L - R
i, %1% Otto B Cruise IXFERY [ 3h28 [ 61 2 Al B — F KL wlilk
Wi, HY TAERA LA ) B RK 5 LERIEDE T 1000 TEoT.
2013 4, AU T A9 B - E Y A 5] DNNresearch, 43X
KA A L FILIE 2B 2 RFW AR AETEDES . ARIBE - iR
TR TR 5T T fBLAE AT LAFRAS At 88 7E 246 S ittt 1O TE
PER M THRERE A7, (E 00 3 0 2 15 ST A B 1A B R . A ORI
( Google Brain ) JEZA K - i B (Jeff Dean ) 40 A% fh A 1 6 Vid 10 T %



ARl R AR A AR AA HBA -l BT T 27 iR A A4 IR 55 BB AR
() MapReduce C1F &A%, YRIEAEIE—BOCFERT, ©BAE
FH A4 st 2 e SR 2 o R i P BASE T TR B2 ) R . MR R — A%

fEAR, W) SRR HEA . SRS 3BT (Google

Assistant ) FEFTACIRIT, B & RS 2 BIRGRAE. BE SR
ARG F T NS, e IR R 2 T R iR %5 . &
K e 2 ) U R BE 2 ) . ol BHE A Tl —F, fHiX H2—
IR

FETE N TR GE 7 AR R 2o, 7 R B 325X A 5 Y isf

f, HfbhE R REC B 7 3&kM]. 212K &5 ( The Vector
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Institute in Toronto ) - 2017 4F 3 H g ah, & KBUM Fl % KB 4 B
Wi, 2RV BFNE AT HARBE T 1.75 {CmoTh %38
AR ST BT E b iR R U A N TR RERF T Ly, BR R
HLAS 2] Sk -+ Rl A, JFRURHES e 2T, ERIEE
Py B INERATE R AL BIEREM TS (& 0K i
FI [ B SE 4, b D AE RS BT 24 LA T ATl iy AR, el
R RN E” MPEZ —. 2 2017 4F AlphaGo il
Pl S B M ——2 8L 1957 AF 5K il e A9 A3 TR e 5 [ 5 o,
hEE SRS T IO EEC TR T N TE RETHR L aEEC
AT E | M AEARSE ., B ARE] 2030 FEAEHE R E N
AR EE A i A R BT A B, i L R
X BRFARSETE ML S R FEERE G Z, b AT L HH IR
FA B R B AE AT D T g 5 b R A ARl A Il A 0 B
Wt r Rt g, HEMAT I RO BE, ER R, P R A gEA
ST G IR

PEGASE A TEGEERE Sy, EEBRNLRTA. ©
A5 e A, 3 A BOA ST A E TH ISR AR B 4. 7E 20
g 60 4EMX, KEAERTZIPEAT 1000 {2K70 AT EHRHE
RRECHERT TR ), YOI T DR, (S E7E R AR RH U
R FAT e, IFERE R AR E A B T BORE E .
9 2B ANE I IR o FRet R R RIS B A s h
BTz —. HETE Al EF mm KRR, TaEsite
1 21 2R LA KB T b T e . X — TR XA TR 32
— iV
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AT BEEAEINE TG (5B, 20 th A i bR i
[ A (GDP ), BT 17 AR5 S A ST bR
TR, HEE AR AR, PR . KR
FROREE. (LI, £ A AR 0 1 (R L S S i
AR, (I, PO AR STRTI & 0 E D 10 23678, (L 3L
A 1%. * HAR O 0Tk RIBRCRL R 519 L A
IR R RE T AL L F RO B AN Rl 1H%E R &
145 LS B AR RR, BN TGP ( Gross Domestic
Intangibles, f#Fk GDI), LASE{k GDP Feflijhsf =, *

AT RE AR IR 6T 30 4F HTSERATIERITIZE. 30 4R
1 FEAS B 4 AT PEAEAT O SERFE . LI T AR Iy
KRR TR T AR, I TFRBr=a s . Fax—AA
AL, SRR 0 B A A T L8 T SR i
{6 E—fR AT, S AA 23 A BT L

(ESE A TR AR, ROTTERIS KT, WhRITE
AT LA N BT IR TR Sy, BLAE . VR3] % 41
AT 7 A S TERUBCAC AT 35 He A 5 o W 28 R
AR E A 1 T —— A | PSR R A A T 10
(A5, MU LR BT S RS B K, Il VR
SRR T e, WS 2T, AT M T S

“Hello, world!” ({R4f, tHF )Y




13

IRz

2016 4F 6 H ., TEFTIMBER AR T R2E260000 21 o RERR K
2. B25T7 AN, FTHeMEEERERT, WFHIR.
P BB FEOR . "W, A - BTSE (W. Brian Arthur ) J& — /X
FARMRBSGEBM V¥R, i, et %, FoARR b3 e K
Bifty: 20 tHag, FRATCE AR B2 R0 i S0t (1 B0 T R L TR e 4
PR, XU R AR )RS ) S AR AHLEZ R, AR
AJE LSRN . A 21 HEAS, FRAT PR e O R R B
T BERLRE 2 A )2 AR AT . B2 T B P B M SR ST A B
(the Santa Fe Institute ) f901, %A 20 tHE20 0 8L 6915 Z 05T
HBREGMNPLZ—,

BT AR . AT A s Rt # TRk, K
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f£ Facebook I [5{32A T A W20 1 3IERY H B ik, JXLEHTHY
%S % T RATMME T o, SEmAIMEE RN . &S
TR TR AEE RS B RE 5 R I B ARRMNE FlS, &
VEAEAE LA SR BR PR A R AR ATRAT TR A 15

R RAE AT A SR )R, AR — 2 7 R AL PR I
Boad ., “BEL” (algorithm ) XA R THI T L “algorismus™, LA
9 A A HTECERK al-Khwarizmi 4 Fhing, 8 17 2235 Bk
f “arithmos” (&N “ BF") XA, FZH “algorism” ¥
A5 Hy “algorithm”. Bk EARA EH W ERRIE, (HIH MO AR LA
R T B TR R AR U AT

AEEICEREREEL

20 titag 80 4FEAX, MU Z4BERIEAHT T IR 4, bR
FARFAE R IR R RS, X RS Y AIEE
RYGAEG S 5MAGLEE 5 - A2 e H 0 KT IZ B A R A
[, JE8AH —Fh 5 0 2O RR AR I A . TR, THRLR
B RRHL A7 A S IR AR F X S ol 2 A A i A ] L

M7 PRI )4 - %958 (Stuart Kauffman ) J— 44 B, X SE 1R 9 4%
REBGER. SEHEMG Ry “FegH " MEAREEEMEN, If
e TR A EE. CMAOBTRLE A AR, BT ouHonM g,
XA 0 448 25 P 248 7 SR Dy T AR AR, (H B85 2. w T
# - 21 ( Christopher Langton ) 7£ 20 {42 80 AF(C/EHAGNE T “ Ak
T AR, TSR T R, 5 RS A A
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Ze bR A T I LR R IR, RS IR AT IAE AL A E W R oy it A
E T TS R ERE , C 2 REE IR A 40D A 23 HIL ] e B T A i S e
P, AEAE i) AR XT A DR SR S AN Z i

A Q0 LA RO SR 2R Rt R TR LS.
T, 20 e R I B S SR AT EORT R TR 2R AR T 20 HHE
20 80 AR AR I £ i, e Ph DL TR A 5 2 P ) BT
BRI R ARTR AT o 2 6 AR L G ) e 22 L T AR 2, (BIR
MK 2 > Bk AR R — RF LA AT R, ({5 BAE KM
JCHAY A A . ANa, KRR A9 S R R e el AR R TR B2 )
B e R B — R B R e, BRI TR 2k, SOE
5 T Hrig?

Ef. DthERRSR

53— AN AR A T A X R MR A A N R A 0% - TRUR
K (WL 13-1), MAERERTRMEL, 20 % AN BT 22 Bedk
15 TR AL, QI TR R A ALk, JF T 1986
SELEPRIE DR S T B A RS L IR RN A 22
Wik TR, TRIEERER I, FFREEAR A s

# M [ shALE LA D BULABE R (] A b Y BRI, Rk T
oAb AR A . o AT B — R AR A B AL, 2 Y 4
5, BEAIMAIE A 0 8% 1 (IWFHE 13.1), “AamidiiEak” ( Game of
Life ) tifJfic & 4 M4IHE A hpl 1, = i ARIUT i R 2 0 i 24
2295 - i (John Conway ) {E 1968 4% WY, ST - InE
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13-1 Ei&% - AREMBEMUTFESE
HEREHENRP, IGEREEERNMRE. AR
FENBREFMPICAK, MBEEH, BIER
BENEFESERMTRIINERE. BR*
B ERESS  IRRKEE .

( Martin Gardner ) i i 2835 (B K E N ) ( Scientific American )
0 “BEEWER” R R (WA 13-2), BAERDE— T4
AIAMIFES, AR CTFT BT BIRAS, XA A ST (R
T 4B RAHARAML . 7EEA R RDEER Y, BT A RS E 2
Hio BESIh AR R, Hh—fisle g AC AT, Bl
WAL, BRI S HA A R AR R . WA AR X T R E
BARE AL E R RHE.

AR 2 R GE R AT 22 ey IR K K A AR T A AT RE
BUZ ZAT AW B TR BB 4 E S ALALIN TR ATt BT A ML -
oo B 0~29 AR RS RS AR ERETT R BT B4R &
AR SR E B RER. (B, M 30 74 T RITEEK,
A 110 A F AR TR A0 (WLJTHE 13.1), ° FBeZREM,



Q13.1
LRS!

o [

U 110. AEEINNETHAUE: FEMMEKES ST EEHETN
EMEAE M. flu, MFERIRE 3 MERAEEMEERY 8 Mdaed
&, M 110 B TH A AENEe .. XEANNEEEBST— T4
HTEH, NE—THNENZBBMBFFE, B 15 XE, Hrrt 7 HENIE
E, mEH7T 250 XfE, WFEETIKBHIBMEE . BRAINERGFETM T —
Ayﬁ:ﬂ@@ixﬂ’]i}i%g LEE . XEFIERMREME? BTRESHT, B

=5 | tp.//malhvvorl(lAvvoIfram.com/Rule11O.htm|o
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U 110 fighg s B AR Wi, BT A AT RERY AN A ShBL,
R fRTHLA— e B B 1 AT LA RAT ATl 3+ 55 e B0 LR HLRY BE ST
LA EAE IR B SR 5L — R K

. SiGuid

-
=l

B13-2 &£dfiEE. — Gosper iBHHIE (ERTRED) BOtREE, ERE—RIEIAE THBEHNER.
W OCERET (TRER ) ZXEG T/H. BREXE4E8R: Gun (celular automaton ), H— 1 EEIULIERNA GIF
f)iE

ZRBW— T EXAET, RO aikrh Z e B F 2 50k, o]
DA o %ot 7 [ e AR LA P A i 2 () EA TR, AT S B £
i i b i B R AR 7 TS, DOZERE ORI FIRY, A%
BOGMERAT A28 . B0 A ShPLT REA 2 R AR i L R,
TEMPLL AT B Lo RATRERE P AE R 2R 1A, IR E— AR
Pef Rl 7 W A RRR O A A R A R, X AT T
UL AT R A A i T TR AR LR F RS i R

A — A EEEE, RN A IR RIS o R e R
FRAE -G wIKE, 2T 20 tad 40 AR PR S 25
FIT (i A0 M F S LR Z X RN RE . 15 - RS i TARXReE e 2
GUCER A T ERR, FEAEAM O T MR IR A TR RIE TR (FE5 |
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RO R B ). 7R AT LASE S A TR A iR A A 40 A shplad
RS R T AN E AR A S Pl BAT 29 A ERRES R
—ARAER AR TS AR E . " RO BRI A
B, POMRER AR R gEh, WA FZHNERIRESMICZEL DNA
e . IWIBLAG, SR, RERS B I A4 A sl LG 2E
PRI

KIRROZIEFRE

1943 4%, iKAE - & K% 5L ( Warren McCulloch ) FITR /R $F - H 2%
( Walter Pitts ) UEW] 1, JFHZE MU0 i fef o bl RSP oCHI  — 17
BUFTHENURATATIY, HBR R 2% B R LY AR BB T TR i
skl LA 7 FRATEAE R, KA LR T TR S R
EATY P2 ] B R AN TR e (BRI s R KT 1943
TR FAIE A I Z 3 TIRZ K, FRalE R & i - wikextit
AL E, O 1A AR ARG TRl 0 T 24
MBEEFRGRE —MRAFHIH , RE 59 - 6 KE T 1957 43
A, BT AR AR SE, ERIS T by sEpL,

- S X R LR H I OGER . 1956 4F, fE M HRE KR
(PG A 2 (Silliman ) $F5E5,  ABAE YRR TS T G o] H X
FhAS AT SE RO L A T AT SRR A R B 8O TR A S A Hh B
REURET, BRI RERL S A, (HR R Ay ATk R
B, KA AL M 2E X R R R, JFBRE THE. 18 - inik 2k
K1, JUA& (redundancy ) AJRER KINGEHREEHMIERH, HARE—
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PMREMATFZMEITS S, TIRERSG ERET &R, UBER
Gei Bl . (EIRATIAERGE, KINAITRRE T2, miAEE
. RGBT R T, 78 SR EMIR G R 2T,
KIGAT LATE B2 8 AL Bk 5] S T i M2 P R R
PLARRE, KERAFZRAR. —DRRATREA AR e RHERE, B
EEAEAFZMAIOIT IR, Bl — LR se it Ha it —
BIFENHT - OO R TR E M B 215 2, P2 IR W2
—L

il A A RERYSRES

M — Tl T HTA TR R M =S (6] X428 8] b i f— i A 2
—ANE, ATDMSCE RS, i H SRR AR A T H R A
i, XEREEEABFEEMITEIRE RN T TSR, MRTs
B TIEAREE. 25 - IR K BhiE L 5525185 (exhaustive search )
X% S A A SRR R R BT T A s ik, AR B SiPLT
b, Hop - b TR R 2. IRARK BT E# (Wolfram’s
law ) 2 XX R0 LA — B85, OERIEN ., IRALER KR
BRI B, T LARE| —Faefr e — A B R E . X
SR DL AFR AL LR R D2l (PR R ) BliFk—FE, =
AT AT R SRR . AR IR/R KB i, IEE R IiZA KRS
T LABRAS IR

RIR KBNS L 1 T A B ShPLR 2], BORFTA Al RESR L =S W]
—ANFAS ] (R, WURNN A SRR SRR, AR
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R EA SRR TR AT A 4 4 53 A] Th A T IR R KR #
e, BRI NG ER S 2 ) BRI, B R
KB RA T %, T REMG MR, AARBRGRES
AT LU AR 0 R R R R B 28 B, E A IE R m] &L #RREIA 3
FHIRRCR . BORE™= A T — N, BR S AFE—Fh HOBS B T R S R
FERERS R BT ) AO XS. B R R RN O A IR, T
KRR M B . A—MRER T aet, B EYR, #8
S A A B A — A S A9 ZE 1R DNA R 3 Bl s MA =
AR FES B REFEREN 1 “NMEZT BRERE) S — =, X Rk
RS BB B ( punctuated equilibria ) ™, [AIAF &4
YiRhth 2 DB RV R R R . B BE T DR T I RE Y
BRER, KEBCURIET A AR R R A PR L FRA R
KA IR X T =, AIEHGE IR S BUR M AR A RER
frimARMOEDE “BR", ERNTTLUED A SRR 2K EF
X Z—— A B

FEIE M T 0 w57 B - MEFF 22K (Klaus Stiefel ) PRI
T B ARG . e 2007 S T —FEE, fEiT
WAL AR T BA B 228 25 ( dendritic trees ) AYREAIMIZ T, '
PRI R R — R M oAb 2o eI A . FTRBAY R R 2 R 2 B
KA, i PR IR AG H bR RS E BT RO IIRE, I TERT 2 A 53 ] g
KAWL REAE R 200 . — AT RE R UL E M AR
RUERIFRITT ;24— NFEE R ATE S — M A Z ATBAR, W2
JURTIZH H— M R, (BRI AR Blik, WEITRZR
FRUER . X PP AL P 2T Rl i AR A BE I R A vl BERO RS 288
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R, HIZMRR T B8 RS R HE AR 200, — =M TR
ARA AR S (RIS ), 73— ML TR T AR R 28 (T
WoE; UL 14-6 ). BXULVFARRE T R A2 Hi U0 O AT To00 AR 74 A
2o WNZREA N B A nl S fih 9 23 (M) AT IR A 2%, FATTnT RESUIC %
Kok Fh g A A ER DD REI FE k. Sl AT BT 4R B A R
AT LA sh4a i AR TR Bt ARBE DO RER H 5%, JF B R BUR K iz
Ui, ATRATE H o i A SR A HOB fE R D

WA OF - IROR KB B P24 R RS Q1L TR KR 5T, 5
#HIF K T Mathematica F2JF, 1ZFE T P KBRS, JFgl™
iZ W FF 95 PR . Mathematica J& FI K /R KRS S RME W, X & —
i FH 0 b 2 PSR AR TS o R S R IR IR R R e 7R 25
( Wolfram Alpha ) 2t 3¢, ER2E—-TLHN. TR HEHX
FRTFIRMERG . 7 ERGIRA T, AR, WIRIR
B EL A EIREER, RS AR DS Ay SCEE, A R
%23 MDA MR AR Uy 538 . XRZMMELkmwE, RAE
NS NI . A RO E R

KR K 8 B AE 2002 4EE T ( —Fp B (9 FL 2% ) (A New Kind of
Science ) —45., "% AHE 5.6 B, Kik 1280 BT, HrhAq 348 SR T
MY T 100 (3BTRL2E R SCRUBE SR XA PR S 1L, HI1% T
BRAZAECA—1FE, Hrh—2 A I 80A 52 851
fluf 1A A SRR X IR AT I AR 2 4, BB LART i TAE
B TFHHES . KK - % (Carolus Linnaeus ) J¥%& T —FpEifL{L
HIRL R sh P 5y 26, BRI “ 41" ( Binomial Nomenclature ), 1K
FA¥FE ( Escherichia coli ). %4 @ik R SCHLIBMEE T, N
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U 7y 25 T Rl . IRJR K B B X —BIF 5 Ol AE 8 — A CF
RAGHEEA T —HERE .

£ 20 tHE20 80 4FAR, TRIR I AR XT o 25 ) £ ] RE X 05 it 57 7 A
R RN AEE, MHHFE b, XM MKIEZ G 30 FRHRA
FEAE R KR . SR, 2 5 FMHEPEEME X —mA: RRK
AT L A4 22 BT A LARA AT AR T 4% i it . (EL B T
e 22 2% O PERE 229 R B A A BV ?  3C4F Mathematica YK /RK
HE S AR SRR E S A, Hh— R, R R EE
3t AR LR AR B B R . ™

TR TR AL T CBTRR AT - FHR A, 1987 SR K EE
K, BRI I EAE N K2 3 i RO R 2, T HLE
15, b AH A BRI T 25 2 N0 PDP #FIE (22 )5 X ArBI4a 384T
FTHUS W R FAE A BERE ). LRSS, TRIRBIFLI, Tk ORI L Py
ST ET T 4. 1990 AEFATHEM N B T4 B2 17 52 i ALIS , 7 0lse
SALESM T —MELPHT 2, WPTRE I S E L, KR T —E
—— (H54H. PEiE 55588 ) ( Marriage: Theory and Practice ). Hi#57F
B, ATHHEHA A T S A AR ITARE . At
PUARmTER Y, QR AfAR ), W AURFEAERI A STE, Xhit, i
R T RN



&

SRIEE

FATTIEAE B W IGE Al — A HRs JR ATE A . 2 AR 38 4 2
FAE T UM B R R B — R R, BB S e I Rk— AR
BRI 2] | SRR i HA ) 27 2 B —— LU eS8 R A4
P AR E LTS, BEREUL IR, B 0 AR G s L S 1 R
BOFATAEBEESAE , WA A7, BESSSEMRTEL 2 50 4F B ST A
P - R S A e rh YA R S gb RS 2 ] R, AERE R 2 i, 3R
IATEAR R W B . P EAT PR 24 14 8 RS B 1l Fl 505 1 A A
[ ) DE SRR PR . J 47 AT e FH ) R R 44 75 B2 B K s BB
J1, i, s AU R AT R R A3 ]

F B IS A w2 R ERTE T AR B 2t ERA T
Kikgi4:. than, 2016 4F, 9ke/RH 4 425500104 T Nervana, X &
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— 5K HEE RPN E], EE TR 2T 0L AR U 2 AR
HLE#%. . Nervana fif CEO 444k - 1% ( Naveen Rao ) BLTE 1 37 401 5
SERRRBIBEAL Y AL A, BRI 49K CEO. 2017 4F, 4
F/RH 153 /23600 T Mobileye, 1% Al & i T4 H sh 2 35 4
AR ARG TR R GE . Sl (Nvidia) JF% T RESSILILIEIE
LRy A A 2 FHECT B, FRON AR BRES ( graphics processing
units, GPUs ), H i IE /68 8 85 2 4 %R 7 ) Fik ik iy & 1S
Fro AR A T — R Ry s A & L gt b B BT
( tensor processing unit, TPU ), ARl A H 5 KR 55 (1 TR 27 2

AN R A R R TR B 2 S T R R, A OF IR T
MIEREE - T H TensorFlow, JSEZMZIFRA B REIM AT, It
ik SRS R TTIR, SEh T AN At B4 K 2B RETF LR
RGFETIR ., BAERR T TensorFlow, A HAh—SIFIRBERE, Hhn
AR CNTK, 7 Shafh AIH At K80 5K 9 24 W) 460 MVNet, DA
iR RE A > F2F, HlN Caffe, Theano il PyTorch.

MRS TH

2011 4F, RAEMEAIFE P B FHA I T i Kavli 58 2%
e “SpEmsEd IR A & B (Growing High Performance
Computing in a Green Environment ) #f i} 2. ' & i1 44 i+, & 4
AT A AL B R LR, B AZAZIK D (exascale) 18 [ LT H 2k %
( petascale ) HHF38K 1000 £ ] % 50 JBRAITR | HIEATALHIH
KT R RE L . Hit, F—UESITELTREAS A AR E
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5 [E 2 S1A 2 5] Arm Holdings ( ARM ) AFHLIF & AL AL A AR R T
FELS . ARR, FERZHO TR AN ] bl AR AL A
FATAT, RS S EFH0L, FEYENES#mA TN T,

ARG A KL 1000 124200, BA-MZIH S HAb T
A ITAHERE, BITIA 1000 JTAZA (107) Zefbidd. KNGz i
T HIIFERLIE 20 FU, (B BHRIZFE AT IR R 20%, JUE KK
5 B R 3%, AHEEZ T, — G A SR Ko T kg
TN, hFEH N 5 KR, ERMIIFER 25 1%, KARRE
2B X — @RI TR E 5T, M TR A (RS R 8
AR K. J3Ah, WAITTRAE =45 b R (RS &
{1 b A (A E 2T b A B ), SRl AT A T 45 ] M -
HIF R A RRA LIRS T RoAR, HERERRMAES, &
frIEfifRZ TAEEA.

W2 RE T T AN, 120D 2 HRTrE b IR 5 &% ek,
HRER SRR TSNk &, B4, FRENZEH Eisfr
B, XFEEEAFRNE—/LZITERG 2, FBREED. iz
S, SXRERIREFE AP e T, BISZ R R &I i B 2SS

HRRIRRE A

1983 4F, FRAEVCZELERRIM— A FERAT A TR IT 2 B — L
2| TR - KfE (Carver Mead ) ( WL 141 ), ABES A 96 HL - 7 i 6]
H T —A/NMUEBER M S MM R RS ORIER AT AR
SFATUN ) B TUAR I 4 . A — N INIRE], B AR i
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SRR ORI, BB S R, THRRE %S
PR KR K —Batl. it T “EEERT XA, RiEk

- FEJR ( Gordon Moore ) fML%E, S h FAaAEEES 18 T H 2
B—F. 1981 4, KA THEGIFE ., ML R1E 8. mES %
MR A e R BT R GBI RER IR RRY. C TERE S
PRAIEAE Z AT, BEEGE  ARR  T R L T 2R 00 A EE T AE ok
(. MARTR Lk, KERFRFSRITENA TSR . X 2R
{13 ) oK T AR A

E14-1 1976 FaU-F3 KB, ESTEIREN, EMMNETERETE—TERZEE. RARE—UE
EIAIA, (RS H0S ISRAOR AR BEEN M F IR B AT EARN .. £ LAIBIERTT BB R AYEEETE
BRF*R: MHNETER.

KR (AZ RN AT —RIEITZE RIS — 0
iy, RERFHFERE—/NGEEBREFH Ehe, (BREAEH
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TR — TR EHLAY 2. 28} Cray A Control Data %
FORGGT AL A EE RS IR, HRITSER R T8
A, B 1 ZEIE. Cray BYGHEHLEE L B, AEAM
TR ES AT 1) . KA VRER, YOI TR A, S
ML EAE 2 AT R , BRE/N RIAR Rt A A B . FUA
BIGTRALT L LS 18182, (/525 T BG/NEA 80 R~ Frs
e AR R R Bt , A~ A H B DL (b B B8 (S L AR 2
AL IEES. BAET AL AR FR S8R0 T A ) 2 20 it 80 47
1% Cray XMP BZTEHLAY 10 £, BUFEAY S HERERB SO TSI A 5
F A AN IR IS, BRSHEATROIR AE AR T T LIRS,
B4R Cray B TEILI 100 5. ZEIEFREK, PiEH
AR ER IR .

7E 1983 AE AR BT & b, KBNS T — D REM WA,
TR T SAE AU A Bt AR R s B A, (B TR
e BF . e R, SR LA H R AT AL, T
B REE CRERA CFFT B 06T A I R A
MBI R A — AR 88, 5L (5 B A T8 (photon
buckets ) f&ENEHEAZ AT R RIR, LRI A £ 2424 T BE,
A48 RS AT R A 2 S O 08 0 T A A B A A
A, EEEARIDE SRR AN, 021 40 e £ B i
% 100 FIAMMZE, L “AEE" MR Bk RS E B, bk (s
BH) R RGOSR, (FR o e R — AR L
B, OBATEREIS, DR oA FR A D

A K L TRt 1 e, A 3o 0 430 i o 37
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B AT, N 3" B X" REME SRR . 5244
R, ERFRAFE i, MREREBEES “FE" fRE, X
TEMFET 2T, Ht, B R HUBTHE A B8 H (U e
SR TR RERER) —/ N oy, MWANECEIRLED, MiAEMNZ B, fER
MOEIRTE TRE . KEEMSES TREMEEA, mB01 T
ST ARMAFE AL L 7 1989 4, bR Wi A7E R HL AL sh PR
SRR AL, P ROt E R ELS A
LR RS K TR B B F AT A KD - EIRE ( Misha Mahowald )
T 1988 44k 19— 4 NENGIRZN A & B ( LI 14-2). * s e
BT EBe e AR EAER R E . TEFR A B, MR 2R T
CRRAIRAY TAE . X WA~ SI A9 45 & ity S 3] UL 65 Bh it ARA5 1 paImt
Bl 1992 4, Wby e SO AR TS R E RS SERT UE VLR,

El14-2 1982 &, MMEBIFRAAT - SEXE(FRRH RKENFE, IET LR EFE—PENR
B. RS T IRNEMEF M. BRXR: Hth- &RhaR
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S A EUIE FHERAT MR EARS A0S Ao k3R 1
P T2 B (9 K 7R A 3 B P 4 - SEhFE % (Milton and Francis Clauser
Prize ). 1996 4F, (4 F ik # 5) A T E bR 4 R & 1% ( Women in
Technology International, WITI) £ A%,

A VA 7E B B M P B, AR IR S E E M A )
HUREME 2 (M A AE B VAR R X R . DEIRIE S HREIMERI K
JLJT - BT (Kevan Martin ) F1% {22 - 4% 4787 (Rodney Douglas )
BRI R M &oT, IR AT R B TR R, B BT
TE F5 AR KRG+ BRI T2 B 2T 1 i (5 B2E R B (L]
14-3). RIMEH, ELH TMEMEMITEZS, KT 1996 4F45H
THCKA R, B33 %0 — AN R 2 st

E14-3 ST, ZEMAKIIRERSBET F EAXRUTHEThEFRENEHE, AETTasT e ol
ITREIRE, IEINSD - DEARED H LR RBETR. BRRR: ZER - EEhH.
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Rl OREET 1999 AEM NN EE T4 BeiB RS R E) T P9HER, 2010
FEREFER M. TEMENERE, "TE R L St K A 5 %
|| Sea-Tac H13%. fAYSCFER—GL THEIR, 7EREKETHK—ER
BT AR, 2% H R AL TN s A Rk Lk R A e i R G —
AREKHEIFE o M9 7K BB ] G TR RER, UNAE T
—RARIES ], B AMEULER. RIBMEGFZUERTBHBZLN
B MPREA ST . RIRIEXS T Hs, SR FHRBIE NS
LAk —FRMERB . FEBEKE (g — &3t
1%, B 24 FR R It i B2 B ik ), b 22 B LA ANt K
s RO ECH FATE AR IE 5 sk, i8] LR E7EF Pt Iy

HMERSIE

1990 4F, FENTEMIMN B T Befk e R ERA A EAR 2 #, K
ERS IR E 2, JUHR 5 BEFEHH - BB ( Christof Koch ) (—
fEAFA FILFGERAT RS ER) A FRFHSI, R
Carverland, BJ-R# - KEERIBIF/NH L. Carverland H—14 A
PRI H——REELS, & BA AT H o ) B8 AR SR Y 53 6
HLgE. HAMLBFE A ROEAERF ST RESS i, AL 507 2 fik T 98 0 A4 Rk AL
i, LUEATATERES v ESE KA E 25k, kA Carverland 5T
/NE R RIS T UG E S8 2, EA T HER 2ty TR P .

1993 4%, S HLHTFEH - BhdF. PR - AP MI RS T
NSF BB 2 S TRUEY &, B4 7 A FERHP 52 M Rt
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( Telluride ) ™47 08 =AY 2. XU &2 EHRER,
A A MUk A ARG FRMER. 5RZSEOHEL T LAY
SORIR], BRI 200 53 8 BLF T FIMGES H R MR HLES A B2
Ao A AR, R RS B BRI B2 S, Rl R
SR EREF R S, XD IREE R R EL .

FH S kot (spikes ) 32 5 A5 400 A REASE B A0 v I 05 I U 2 415
Z, FRATTHY AR 8 A R A R R 2 A e i B A T X AR
X, XEEE B T IRNT— LR RIS F R R
Frifiad B AR EREERADE LT A, FiEME, RENETE
HATLAR R R A Z I E N, I Z MR RED 5 R — 34
A BEAM T . X R R RS R, R
bk i Y ik e 6 2 BRSO R o SE IR, RS R iRk, I e
S EAHEEMN T, BIFTER “Hihk S {FRR" (address event
representation ).

FEHFES - mRmaw (LE14-4) 2R KENBFRAE
Z—, "B AEAE R R A K AFE W (5 B 2T TAE. 2008 4F, it
TEAR T —FpE & BT 9 Bk b AL RS o, A B S 0 1% AR
( Dynamic Vision Sensor, LA FEIFK DVS ). X485 R ] BAfE fb—2E4)
BAE S5, PIANERERFE Sh WA, SO A SR PLX W (R PR AT TR BE S L
(W 144, FE). * EHAEEHPURETEGWIR, SEHARLSY
AR — RV ERALY 26 ZRHEKR. XFEZESERNS
Wiz EE(E S I it s, RS 200 5, & A —
MR O STEE—WihEs: 5 K, (ERERSARYLAY
MBCRBEERB—NHEESH (WHHE14.1), MHZT, ERHER
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M14-4 zSMEIERE (DVS ). ( LB) £FEH  ERMERE R ESREXF B EBFHRRE
#9 DVS 1BH. XMBRETERCH, ATUSERHT, MAREMISENIHRMRERR. (TE) 18

TS EERRETENEANEENSETH L, DRSNS MRE LSEENBMER#TRI. Bd
B8 “FFE" (on) SERHIERE, FER XA (off) SZRERIER. SiEikPRBIRIRLE, BBk
TREFEIGIE 14.1 PRIBPER. REMNRR—SIEBEHE DVS 1841, RENMENRTEREAR
PRETHR, EZRNARE T B P HAFEROEENEG, ERRLXMPS M
B {EHEE

F89, LEs



Q1.1
S EE BRI TR

RO ED

~8000 Events in 26 ms

AR ' BRI

ﬁum . g B 80 Events in 300 US
200 rps

®

£ EE DVS BENNEGNS, Ox2EKRE “FF (on) EERKT®, 2

SEXRE X7 (off) BEMKT. REERRLEKT. BELANERS, 9

LASMEIFERED, BAEIE 26 E2VRIMERRELE TREMIIBE. T8 L

B (HE) BRP, BRSRZIREIHRERS, RIbssEEERaBa

k., ETFABERPIEREZLEY 200 % (rps) WIEEER: . TEE-REY

BR, NEE0EBNRERE. AT AREEERN 300 MR, 28 80

ik, BENERSMBERNME, FRLETEIER, REzitEHiE

E. iR, B8 26 EVBMERREIREESENTIEIRRELL 200 FZZNEFERY

=, BRI 5 28, HESIMEERT— 1. DVS BV

HE—HKP, EHNE—F. XERMGENEIALX, BAKEBSERET
AZEHETEERFAE, M8 KTEETEERNGER.

B R3k&: P. Lichtsteiner, C. Posch, and T. Delbruck, “A 128 x 128

120 dB 15 us Latency Asynchronous Temporal Contrast Vision Sensor,”

IEEE Journal of Solid—State Circuits 43, no. 2 (2008): B 11. &#ERE
EHECH - B R E%.




14 WHUEE / 259

1 ik PR LT LA LA ORP R AORS BE BRER RS 0, OF H AR i i Bk
o, PR AR, i HRCRIR & . R R S — 3K EE T ko fn fid % 7 e
B — LA, DVS MIFLEAT IR KISy, T AL A 22 5
PRAEAE A 2 R A PERE © 2013 AFFAHIE R S o — AT
S FHE R BHP R F SRR (ULP 14-5).

fik ol 28 o0 R U TIE TRTROPL S . B, M STRER
e, Jyk o s i) T P TR R AP A (5 B 26 Y. 1997 4R, R - Thmed
i} ( Henry Markram ) FEE {145 - 552 ( Bert Sakmann ) #E U,
3 1o o 2 i 4 A 5 R Ml R 22 T RO 5 S A R RO, ]
AE G T 5 fh R J3E A T IV SR 5 Ml AT R A A 2 i o T
ZHIAY 20 ZERPET LI, i ORI AR, G SR 2% Ay AT
{1 T A L % & A A 2 i O 22 SR G 20 SERDET DI, 2R 2 R
FRR W0 (WL 14-6). P, A FARE T 9" (Spike-
timing-dependent plasticity, fiifik STDP ) %28k % M Fi/F 2 ¥ Fh KK
AR RIIRAL, SR AT S A] e SR S LI PR K e i R
HEEAEM, BFREEZNR, SRGAR T HbmEe (7
wHELHT e ).

AT T AR A L, R ZE T A A R [ B
B K R, ZE Ak SREE S RN, DR R ESRMAER. HREH
A PR EUER R, YA A AR 3 R AOR A B, JFRE
WIS SRR R A B B, ALY — A Ko B AR e R
AfE A A A, (A A (FE R4 B A4
— ) EAIM B ARCRIEIN T, " R4 A XHECR 0 B AT TRk
B AZ0H A UTEANN B i) 2R Mkih” Zai &4t —4 Bk
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14-5 2013 &, $HERER A TIRMTSPaReERSS R, ( LB ) Fopefolu Folowosele ( 2l )

TEMA AR FZSS ). HittEFRImERILIES SPES. (TE) #/REE5A DVS 18l
IRFNHE bR . XA TR EL A BRES, FEAMHET B8] FhEtid, EEX
BEUtER . ERER: HHERE - BRMhaR
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At<0 At>0
y = =
§1w4 19, =
[ o
5 8] 9o
i 3
=
B 40 .2
i 2°
i o
g 20 © o0 R
E\ 040 n‘-g. I ogD O ..AM..,,G.SL.Y.
%b o o 8 8 °
£a 4
B 407 i
f% -80 T T T T T
& -80 -40 0 40 80

EsatE (ms)

E14-6 B FEBRNTTEY (STDP )., ( £8 ) SANTE M FHERIERBEL - NE - FB7R
( Santiago Ramény Cajal ) £HIRIEERA#AMERETT. 2T A NRHNEET =M SHET C ks
i (A0ETELFTR ). ( BE ) SEMERRUNFR- MIETTHRERREFIFEINEIR, ERMELTr R
[EWFERTIEREIR . ST St ESECINT, IR R AT TR B At S 1R TR 2 Al
20 ERHIEOAENA, NsEp2E (E8M) 12M. WRRFER, MEERE. ZE%E: Ramony Cajal,
S. Estudios Sobre la Degeneracion y Regeneraciondel Sistema Nervioso(Moya., Madrid, 1913-
1914), B 281, GEXiE; G. Q. Biand M. M. Poo, “Synaptic Modifications in Cultured Hippocampal
Neurons: Dependence on Spike Timing, Synaptic Strength, and Postsynaptic Cell Type," Journal of
Neuroscience 18 (1998): 1046410472, B 7. &R HHRE.,

ML IE AR B R A, X R BLER AR TR R ORI AR
AR SV IS AT 0 BT Ak o B2 114 R PFEA TRl (H %A
TR K i e 2 A i R bk e 2 SR R AR S T e S R L
oA e k. ISR TR, 5 fih 988 FEE ) 1 ofR R AR A 2Tk 50
i, I S W S A Y

TEFFHIBTE M 22150 25 b, BBl KU AE e 18 75 i
BB BB B P2 A7 2 — S R i Bl
R HURRHE B 88 R ATV 2005, LA AT AT RO AR DhE
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WAR, EdfAEss, Flind TadEm 2, EibtE LR
AR AR PT LAMZE + 50%. ARELZF, BOr RS
MR LR W, HEED, WITEAY), AHEENEEZHIIE.
/R 1147 - 54584 ( Dharmendra Modha ) 7E 1 FI 45 J& T M ] /R £ 8¢
i ( Almaden ) IBM W58 Fir @9 BAJF & T — 3807 5 R, 23 4096 4>
REFEAZ O 54 AZA IR, BEFR R “True North” . " R AT LA
HEAC B OR SCBUBLLL 100 T AR Z T, JFiEE 2.68 (L%, A
(LT ZIHFE 70 ZFAYThR. (BRI il 38 B2 FE R, X Fh
AAEVERR T X 2 EEAFIE A SCEL, Qg 55 Ak i aE

HAT Bk i 28T 00 I 465847 o5 — Nk, BIRBRE R RE. ok b fi)
EAGESER, TR EE T FRER 2 I0 AR A S (B A ] bR SR
R BRI T AT ISRk rh AR (S etk . BREE T RETEVIZR i Bk A
PESREAR” M2 TTRY TR IE 4% 5 THTHRAS T B R, MRZT ikt e
BOR WG, ORI 427 2 R M AR AE . SR FEAR AT o
Bk pgg e, Bkopit & AR BA TS, HEREREE ERER
GUA - (Ben Huh ) Bt el 17X AN, R3] 7 —Forik, feig
K b 28 T B I A IO 248 RS fe PRI 18 T e, ZE RIS E] P 3 LA T A
ZAES . X —BURATIF TR BBk v 4 K]

BRERRELE

EWNEE /R sE I A AREE, B 20 42 50 FERBFIHHEILA Y]
LK, HEHLEIRE SR T 1 A, MOREATHORBELL it
AR R R BUE K, TRV 2RA TILF A il s, MBCE
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FRAA. THEOLATLL A s AR S A S RO RS, DIRK
FRBE M i oo B AT AT SRR A B AR e 1, LA S
HEREN T A B — A B AT AR A T 4 A A S A e B
Bh .

FBR - ORTERUN , X018 by (9 FH R BT 4R /N e 14 Ta] 26 58 ) T R
tE, HEHAHRECLAR TR SLhraTRD>, TEE
St IR SRR AL L TR, B R T i B AN AR S R E
BREETW? RATHETEARF KRG AR AL FERE Sy, X
FhaS 8 RERS AN T 87 B0 H A58 SERTRE . E ARG 3h J IR e i 3l
PR 5 IRMR ShHL R SEAL S &k —HE, IR S BT MIE i
THIEEXGES, RS20 A0 i TH AR RE Sl 5 B0 F i
i AL G

JBE JRAE R A R AU T8 A (AL AR . Bl T T A 7E
BEJS 50 SE RN AR R, BE/R GEFR I IZ B8 18 T R85 F it B i
AR, LR DM I RE 2 26 I Y BEHE 2K 2018 NICE K4 |, 3k
£ 35 E AR A BFFE ABURR T =30 M2 B B0 . ok [ 3845 /R
(9 Loihi #FFEE R, A i BRHH A AR S Y PR — A8
W& KB TR RGN KR, RERSTEX Sk R A5 s TR R
AL RELE BRI ok . (ERIX SR R A P S A RS E R, X
RS 15 EETHERMNE .



FMAB AL, A— KRB ER AR, Mm%, &
BAEATATHE L MBI AFRMEE 1o (5 AR EIRR L ROEH %, WE
HR ) AR S DA 2 A BRI S 5 (8 FR AT A 3 15 Rl
FEARF SR E AR Bl R, W B3 W ise, MEMEE
O BAE N ZRHL e~ ) Frif e Bl g . SRR M %% 2 /L
o R UM AT AR RIRE R . s shakE TR, 152
Al XA PR RE R A A BT R A  HARNE . e B Tk 2855 A 1)
HEETTERT, ZE PO AGE X — 2. X P&
XEFAT TS 2R T TR
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AFLXLEHR

1948 4F, 7E AT&T A e i M B B ( Murray Hill ) (901

IRICEE R, o5 - FA (Claud Shannon, VLI 15-1) $2H T7—Fh
% P ANR GO A (5 BEIE, SRHRAR AT ME S A4 HL TG 2R L0 5 5 164
[, AR HE S TRCFE S A, P b B aHE . B
LS H R e AR BE5E 1 Al AT IR Ay, IRATS & B RS N
“ROAET, e TR I RR A B, R FRRE LR
AR . (R IRl E(RIE (B 15-2) Misefie 7 ER,
18 T 7 A PR AR [m] i o g s i 1 ok
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BEER  SRES BEES  ERER
e @ -
BERERR ML | 853
FETESR A HRE
L BB
pasE
i
HsE

B15-2 FERNBEERFEE . ZEHERROAHHLS, B —FoHEEREENTEBRNEERT
F, ERRRBEKINNSG. L "SUHEN ARUNEESEIATESTHNESE.

JREM R ERIEEIEAFE 2R, A X0 RE 8K o
g — R EPE RN, (ERR AR TS R, AR
HAEA 0 8 1 MFRRE. — & 8 L. SRR IEE
A LAIR 71 B B 0 T LI (R LS 9 (GB)
SRR TR A M4s R BEE UAT Y (PB) SUFRE JT 3% 719
g8

BHFRHERREEHEEH

e 1EEE ( WU LR 2Y ) A94FBE R BRAfFiy 22 I, IEEE
RS2 (ITS) #EMA “FLiffl - HAR”, XIEREX M
B AR R A R R . TE 1985 AT 0L [H A1 S A I Y %2 22 Y
WL CERALT WAL T R N KAE AT ] - EF A ( Solomon
Golomb, [& 15-3), fii7E %80 ZF 7 4% /¥ 51 ( shift register sequences )
J5 T 0 A Ry BB (5 505 73Rk, B 8 v o e —Ffd
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M0 A1 RRAONBEPLT SR FE . BRI R THRIERT, & T
ML AF 28T I, BHEAT R 1 Wl i RS (L 5 A7 25 TP 55 5 A T
AR, SRJE T AR A A R ARk LR iE {5
R Wasla k- 4 VAo R e 2 A RV & &)1 R E SOk E R o NE R
TR, B 107 ¥ (1,000,000,000,000,000,000,000,000,000). °

B15-3 FrPB(]- SHEHTE 2013 FRIETEE
BERPERE, B USFESFIHTHEES
e AR SESFNREE, SeibErFm
B ( Pasadena ) RUINMIE THERR ST
B=E (JPL) IE: BUSFFREFIIGERKHEAT
FHEEREST . BHIRMERFNRER, EBESE
FRbAEIFICES . BIRRR: RIS,

G L B 1] - AHeA (WRERAEL) MR T3] i
) 7 SR UGR R MR . fliiiX 2ok A M7 BGe i a2k,
SR RIS A 2 — . YA RIIEER Glenn L. Martin /A A
s o A nd, BEW Bl B AL A AE AR TS, 1956 4F, TEMRH K
FRMEGE Ll (—FE MR RO B A, E] T
T B T2 Be M A SE 98 % (Jet Propulsion Laboratory, LT fij #5
JPL) TAE. FEARHL, (L@ {FARRTTA, FFMF el {5 TAE.
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25 RN i 94 A8 B R P AR A dt v, {ELIR Il A4 5 (s ELME 2. R4
TFAE S 7 5 A AN R RS KRG T 5 s TR I 3 15 28R, A T 5
o T S AT £ B T Sl

AHE A AE JPL A4 B i 88 B o 5 — (7 A HH A0 (5 B BSR4 1l
& - 4EFELE (Andrew Viterbi ), JFRHA 4145 T MRS HILT € JPL K
SRR IE S - FEA AT (Trwin Jacobs ). JLHAEIGAY 1985 4F, 44
CFNAE £ A A0 T i, AR SUE T FALEOAR . s w1
L2 A7 257 SRS B o A EAR S Ay b A T4, X el ] o —
AR A3 £y AT AL AR R — A AT SRUAR mT LA JE W 37 A - i
¥4 (Hedy Lamarr) ( WLIE 15-4), fth/& — iR kAWK, T
1941 4F St AFE[F 435 7 BkS ( frequency hopping ) AL FI, X
JE Ut FE 5 R SR R S ) A A R R Al R . R A B

B 156-4 5% - HI9F 1940 SFEXSHBHENSER. RE AR RHHEESTIRE CHE, bE
B AR S RIAAZ —. AR SERIMTSF P ERNY B EEX
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JFIPL INABE MM KIS, ZiEAe - gy (B BIE 1T NIPS fY%
flitle - Ja ) P T M BN, RCRFAS A 9R AE 4k 4 b il Y AT JPL
VA BA SR S A IS

BT AF (7 88 )7 90 15 7 1 B0 R B06 IR IR A . Y
{8 A DR B DR 2 R A 2 i, b o A S R 244 B K 28
BOE KA, AiBOF KA AR SPR R . SRR % & v
f (G. H. Hardy ) 7e 0 TREma S i 1E (LB RN #K ) (4
Mathematician's Apology ) * W35 T X R . fhEFR “4F" BURCE
DAUEARERY, M TR Ol (HECE R REBCEA S, I
BAT AR RN 2 03 . — SR F0T e A ST B ) ek, {1
il i1 JE Bk R B St B R SEBRIIRE . S5 b, R A H
AEUE F R R E] AR b Y TR R R S R ] 4
PEIe

FHEATE R W T HCEIE R, i1 (ZHE ) ( Polyominoes )
FIATHUEHFEZNENERERIER, 0BT BAa#Hs EFEMNZX
. ST - InfE44 (Martin Gardner ) 75 (BFFEZEEA) ) “BefF
WK LRI T A . DA E R ( Tetrominoes ), St PNy
HRARUATEAR R S R RS IR T . MR i e — ks
AN FRERTER, U RN bR AR Ok, W A5
SR NCARAAARE . AR AR — R TR IERR . JF HAE
BOeA M — AU G | R T — R 5IAT BRI 2 A ]

A AR (R28) MEH, 2UULTRES, i HIEM
FSE T . LB T 2R 4 RS BT - B R HTHE4E ( Douglas R.
Hofstadter ) (3 1FE (RHEZR . SUHK. UK. BEFBEZ KAL) ( Godel,
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Escher, Bach: An Eternal Golden Braid ) (¥R fITIH&E, bRk
REHRFRE (QIEHE) BT 2017, "Bk, ERME." i,
RIGIE PRk, “HK, SORNREFEE, WA R A RE.
=, XARR (RIS ) BIRT20 17, HUZ (BIHC) AT 20 f7E4THY
B 7 AN Ak R 2, JFBRIF T B,

VSR HARSINT 1985 ETEATFATEATAY ITS FER 2y, AHE
fifES: b T — I FRVE. XRFRLE 1972 4F A C HIIBKIFRE S
S —— R ERIE

F 2 T~ 4EaY

ElfE RGE T, TR0 Ed R, BeBEAREN
AAEVNE . SR SIREHRMBA S — R, LT AR T
FB. IR AEE S MRS FE AR I AL, RATEZLES S
EA LA 14 FHhFEFIE - 1856 B 5 DVS ARPLhE S| T
—sefil 7, —BAEMME ERE TR, ARESEIBPHENE. "R
BRANBEA BRI — 8, RIOTWREHETRE/NBEE), B Bks)
(' microsaccades ), BFRPEIER S K ALK, IR BkEh#R < M FRATT AN
PALER B X A0 T 5 BT RS A AR AR . AR B SR A S Y R A B Bl
M, WLRRRE 2 R it o] b4, BT AR IR SR TR A S AR
WA 15-5 frs. RENABERDRE — D ERESMBR, EANRER
BRI R 2 [a] ) L R AEAE 2 AN 2 B P SR e E K
AOREFS, i AR R RS, TG IR T IRER. (ERRE
AXE 2B BT AR, TR RS A RS R A A R
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ERAE T AT IR SEAE KRR S R A A, i AR R
b - OKTER Sk #, “mFEDRE A CRRER".

T

£

Dy THEE
\5 ( A ECHEZm AL )

ClieE
(ENuT:H B

REBA

BE15-5 BEEEREHOTTURIGELR. BHEUA T EHREEHERNMEMNIAE .. EXMERS, B
REEREEFENLABAESHMNRS E R EBAZEMMBEER, HERRIEITENESR (E 22
£85, REFRIESERT ). REAURELOFIEE. XIRVNZBEZEEREENTH. BHFKE: Gobor
Stefanics, Jan Kremlaéek, and Istvén Czigler, “Visual Mismatch Negativity: A Predictive Coding View,"
Frontiers in Human Neuroscience 8 (2014 ): 666, & 1. doi: 10.3389/fnhum. 2014 . 00666 .

T i 85 T LUE W B AR RS - - R, A IR R
EPER, s A B R AR S B LIH RS, R RSN
B, IR, “Hlm, BB ERNTRRE R A
FARTREEZR R, ORI AR BRI/, I H A2
HoR/NITREE PR i 288 . TEE S MIARUKT b, Al - &
PR AR - G MR R B, TR TR N, gl RS 1L
TEBATTESE A A R R rp R B T30 ok " BT IR A T
PRCRL B TR IR T, XA AL A GRS , AUA eI
5 BRAE S AT R T A v 5 B IE R BLE L A7
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i TR AR A

2013 4F 4 A 2 H S ZEAERE “BRAIN iHI" (LI 15-6)

B EHAR, REIEFMZEAR, DUNERIIR KGR, B
KAl B9 T REFN i 1 2 — AP FR% . (E 40 NIPS S UCKHF 24 R i 5%
N GRETE— ARG F TR PLEE—FE, “BRAIN 181" IELEK
TR, BEk M Z o) AW AR, DLl A 1
o BEEFATR AN, JCHE G T2 T B oL A T i g A

15-6 7E2013 % 4 A 2 HEHEE# “BRAIN it&]" 251 ’;‘FDAD\H”"ﬂifﬂi'ﬁﬂuﬂnﬂ?‘ C
LEL) El4 5 T =1 hv)wmu?wu“. 5"1“,, 1 N IR AR R
18 ( William Ne BA T =h WV Hr (
Collins ), NIH Bz 7 X

jsome ), NIH %F “BRAIN i+%1" &8

EREMERKEE
Serald Rubin ), z fEES
rd Hughes Medical Institute ) £{E; #
5 (Barack Obama ), BIM{FEEZ2%
( Robert Conn ), #i4

154 (Alan Jones ), ¥

Prabhakar ), DAR ElRE

iR TESRER - RER (

Thomas Kalil )
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FEA 1K O -t P At A T R 14 S

HIRAE ST F AR AT 3R TIRAR T %, EIRALERA
TETE & JZ W AT RIS A — A RS IA AL, RATE2mE, A
KAV BB o O R AN R R o EA TR AT, AT A o] DL ask Ay
FITA A (5 B LA ey 018, (il anFR AT TRE S8 o A R FE K )2
ENEENATPN ST SR RE WYN R4 SI - o o 118 N A=
HEEREFE DI,

FR Y S 56 5 e A TN R i o B R S0 (1] %) R A sh e =X, mT
PATEFRATT Tl KR B J2 o )32 43 A i {5 B T Bk R E — Y. 7E
PR A2 P 0 BB A PR R 2 ( REM ) BEHR 2 (8] () BEBIR B B, 5 BE (]
SR BEFR N “BEIREE” (sleep spindles ) BIRT =R, £SHKIZMN
s, X8 10 B 14 BEAIRG SR LE M, JFER B R AT
Ko AL R, 7EIRATMEE A BEIR 5 3 5 TiCIZ AL . 38
ok B OANNGEZ B Id %, 3K - B (Lyle Muller), FE{EE - F
ff- ( Sydney Cash). F*[LJE - J % FEJE ( Giovanni Piantoni ), £ X JE
52 - B ( Dominik Koller ), ¥ H % - M3 4% {€ ( Eric Halgren ) F13& 3t
&S, BEIREELERZ R —F EAEARTER, Hid 245 i s
WS T (P 15-7). " AR ENTA “HM2 £ ( Princess
Leia Waves ), PR ENTERAERIX (A ERABIRE (B 15-8), &
oy, BERRBE ] BB Ke R ORI 2, ST oM A 7E B2
TRYICAZHEE A —F X, ISR T e Z M KR . X2
“BRAIN I1&I" #ish i) REM AR FRRRZOTRIHEZ —.



P A

s 7 7 7 7/

s during Human Sleep Sp

the Night" Supplementary 7,
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KERRRER SR

BRI 2 M2 iR RS EL TEEBC RN, AfE
1 CPU fEZS 0] F R0 IRy, I H P AF b i B8 80 0 2540 BRIy 7% 2 2]
CPU ., TEMRZEMZEh, MbFR BRAE N AEOFRATHE T, Xl RR T
AT A FRES 2 [ R BCE I, O H A iF KBTI T b3, PR R 4%
R BT AT BB AE Al TAE . i 0 2% v (PR AN E 4 22 [R] Vs A X
il 2 2] SR i O A T

M 20 4R 80 AFEACTTF IR, T EHLE BECR B AE — S HLA T,
Bt e 28R e ORMBIRT T . &R AT RILZ —2
Connection Machine, HF}JE - A FI; ( Danny Hillis ) T 1985 4F &1t
i3k, I Thinking Machines A7) H B . A FIHT = — 7 TR I AN A
W%, e s B ToEBe e 2 HImE, A 2 RN, ik
N TR e AR5 2 22 i B R ), s T 2 it 3ae . 20
fibad 90 AEA, AREEE /R, THRALN R LA S A R RS N
FATA AT e 1 2 A A T CEAE W b R E S R i E TR R
LR -, 1P 20 L BRI B AR Rl — WL P, DA AR LS B[R] —
DPRIE, 25552, A ek ERRA TR A BA T AW, JF
H AR AT LLSE AT A E8AE . BACACIR AT EAELLERD 10
123 10 /20 AR H B

RS 225 1) 245 T A e K R 8 S R X o KRB A TR . 4%
AT D R g [R]— > WA AT T, Rt T b 2
B, A2 SEUC RS Z MR E IR . O T I/ S AE R, 20
) IEEAD & FHECT- UM B 04 R b fin o P 25 5540, ol
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PBESFNTIE 55 BN B — SRR AR & IR EE = ) 4585 7 B iE
FHUR AL I fefk -

BATEYLAAHRNTSEAITRRERS (HTHE 15.1). 4
HNFEZICARN Liafr XFAMRRF, S7EFILEERNHARRF
i, BRfERGEACIRRRF AT, (AR (S B A B R
B, Ul bR a0 EIRERMEERIERS
FEfTE L . KEHRERGHERMAE . (L8, LR
ESEIRRE IR, RADFAHE KR i1 —ERBRHK
BAKK, WAMEXELE M EERITOT N . BIRHA T REHH
Hfp e —Le 22, (HIRATPT B A AR A R vkl —f . FRATTE K AR
qnfe] i FGX L5 BAAR R ANk . AREATREBETFIR R MR B RS
SR ARG, AT LA T A R A — R U SR UK R . HH A 3t
BRI AT LG R B 1T T RN R G L AN IR Y

EMESHERZ

& BB T 2K EMFEH A RRI Y. M TEREEYFR, K
THAFATTREZAN, @ % AT E— SN RERE 9 b7
AR HE, XL BHRAR D, WARMEIRTS . 7E 2002 4F i 51 R i
LREREDMSFEIEFTTE L, RBEACHEBR -FETKH
i, HRIREME——HOTE EREE A, ERATEE RS T
BEFF B R - $8 (Leroy Hood ), ffENNINEE T2£B% TAE T Z4F.
1987 AEFRAEMM IR T2 Bedk e RAE BT, it R AN LR ES
BILT G4 TR Rk, MARF) TPEHER, JRTE 2000 FEEA QY



Q15.1
B ENARIER S

RIERANEITBMES LETEF TR, RIR6E
FERMEMT AR (PC), BMARERRBERERE Windows; MNR{RME
FABIE iPhone, FARINIE i0S R4 ; XSRS RZITHIEEREM
ARART UNIX. RMERGEEFZENSEAT; ehallERER
IRIEFE, ERRA “FIPIEE" (daemons ) BIEHEEEAIET, #
IRERITENVIFI B RE8FiIRE . BIERF o LUIEEMEG L TIE, %18
IO FRAE el LABE IR BT B L.
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ST REAYFWIFT. X —H SR S e T AR N T A ST
M AE RISt

SATEE R R S, A — K ftO ki, AUHLEE A A thscse s
THRAZBHTEIR AR F XKLL W, BREETA:
PEEC A — I G BB, THRHLRLE SO ] 4 M (s B A T g i
W A, AR BIUEOR, FIansepF, B
BB P B . WA PRI B N A T R, e
3 R R 6 TR B AT e KR h i 28 T 2 [ B 28 fik B AERY

SR, REAEYFRG T VFZHHENIRREZ A2 5L R 437
FIZEf# DNA 7 =2 15 8, DAS T RNA IR [ 4 il i 40 A
o =AM AEYIHIE DNA A 30 /2T, SHHMMAER. 2l
FAEFT T I A (5 B . — el Ent 2 il B AR AR, JEREAm
HA R & — DG, XA F Rl e R R AT, LA
65 B AR R . KR ¥ A T R T oo S R
TH, E&H DNA P ARBIES I F09, X T RIEE
A [ AR T FAS ] 2 R M 280 22 [ A 4%

AT ERERERBREARZKMINRERS

HBERIRL = D70 R R R MR, 8 H T 50 4F A RSB L
k. 20 #H20%), dAHXHSAEFREISHRME LB, 20 ol
JEEAHES T CD %1% . GPS LI T HLAYREE, 20 4
50 AEAC A BLAY) DNA LA HER PR m 1 244 B2 245 MZs 5 Al S Y
JLFH, X B A KA W 25 K E . “BRAIN TH31)” LAK
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R HAM KRB0 Bk &L, S8 % S0 R M, e A
BAER IR R/ NS — 8 AR R, B IRATTATLAIRE . 3 2050 4F,
ANTERESTIA GEAIRNT A R AR R G, WA R, BiE
REFERXFEHEL, BT ENBAERT AT T .



90 RV - v LS R SR (] AR AR A v B e A AR IR AT A B RO R
S, bR, A O R A ) G ER A ) R AR
AL, o L o i SR R A A A OB R, (LA S AT RE
T AT Rk e ) ) PROE R . MR RE SRR RE, LR
1953 4F, Wb LT FIEMET - IRAR 2 AHL DNA BYSEH, X R Y
AR LRI A A iy — D B2k A, He B (& 16-1) JFA
e Sy %

se L TAE 1977 SEINARREREFR BTG, BRI E KA LR
B4R b tE SCTE MW P (visual awareness ) [, [H4
AT 56 KM ) 856 T B XA T BR A T, T AR A R
('visual perception ) [ Ff£8 JER 4 S 442 HL A J 1T S0 A ol 28 B



16 &S8R [/ 281

20 {4 80 ARAR, AW BiRMF A RIS H #HR, 2
X222 AR v v BRI A TOME LA LA Rk A, R
IR ENHERE R = A 2y L agpLBE, s B e e TR
iM%W(wmmwmwmmmJ;M% T2 AL DA PR A 5 45 55 381 e
5 #5 OBk G B B2 o (B A 245 40 M AN i B4 S 5
K EZWE? s sEdg i, M JZ 5 il DX i B S AR P R AT
—fE, ATRER R BoRER A EIR, DAL — 20 ab

HEEIR

TEPRAR SRR T AR, 38 B v S5 o 3 B AR B2 i M P T2 B )
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MR ER T BT - FHbF, il —REAR T —-RIIKR “FHiRK
125 XHK” (neural correlates of consciousness, fil #k NCC, i 3774
R AR B KRS IR 20 3 ) 930, * R PR RER, X
R B R IR R A ] P 7 e 28 50 B4 T o R 15 AL R =2 (1) P A DR
Peo R MRS 7RG, AN DEAR BRI R KR
BT A4 3 S RN B V255 — A DR 10 S i A P DX s 3
TR RGE 7L B R IR RS B e 2 R A T A4 (LB 5-11). 3X
P B Y AT REVEAR B X AR TE 4 B 5T, ROXS 9 HHR A 52 SR AR [R]
HIEISE, i anxt— FHR A i n 3 B AR S0 X 55— HIR g B Rk 5%
gr. i, WATEDIRIFERMIBEGIRESEGE—FL L, i
IR LR 2 7 A ) R 2 (8] 2298 & Ak B . R AE B2 2 v x
FHR A 0 S R AN Rl A 80T, ASEER PR B R %
B, SR, ERERVELREH L, VR a T RO B B R
FEANAR . B, AUE AT BT, SR R B AR 2
KEK, REXLHFER. BR, 6 THREEHRPRZEAETIE
AIEERMZ T, AT R AE i — e FERIET 4.

AR F NP UEES

2004 4, NN RAEIR AL BE 2 v O RHIE A ORI T — 208
iR B B, BRI A A E RN . TERI R, AR
RWMEE—FRIN AN A . A KIRICAZ PO f s i AT LI 7% 28 5 0 B

Fr e Ok o Hr— 4% B KR A9 — SRR 2 ST X JLIR G FT - DL B )
MR A2 T (B 16-2) i TIRFNAI AL, {EXTHR - SEARE



RFIE - BARK IR s N2 FA s T2, ° [, %508
AR T X HA A A L FrERTR . LARGE e R B 55 2 S AR

AINEL EZ bl

(A)

. : . " N - e
4 ' » A B ' -——
»ns . s .

- . - ' LU

=
"
[F_

1sec

(8) 5 6 7 8

| ] Y
) ] . . .
' 1 1 i L Lol ‘
S SR N i ot
TRENDS in Cognitive Sciences
B16-2 1551 NindiE. NBENESHRENEZ ﬁ@?'FE’N”E FHIRR. @KEBRTER YQEE] 6
RPN ATMER kP ( EBIRER ), LURFSE (BERE ) & - )\imﬂﬁ%}*mmﬂﬂ’@%ﬁ&‘?

pki#; (B) MEMIZEREVEHNMNNBFAEE. 157 w8 T 2004 ERIRNEBREEDRE ((
Z) (B8 3). BE*R: A. D. Friederici and W. Singer, Groundmg Language Processing on Basic

Neurophysiological Principles.” Trends in Cognitive Sciences 19, no. 6 (2015): 328 - 338, B 1.

F NN R 2B AZ AL A RO AL T - #8 5w 2 ( Ttzhak Fried ) A17g B
HRFE 8l - B4 S BOWTF o8 /N R IR M 2208, AE 50 4ERT & AT LAid
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SRRV G T B B2 oo, s e ) 1, BRI
AR, FE KNG R 2 058 X 2 R kg v, A2 TRy SR S0k, i)
7 RFPE B, AR AT T RE ARG B, TOUZ I Sl s o) —
A NH B = e N X RERR R AL BRI 5 ( grandmother cell
hypothesis ), HHEFZHM L — M EAR K P Az, nTRLEARIAH UKy
HlE.

SRR R IR — 2905, SR RS & T A
BT A, JFEORAATE SR — AN (bR BIER,
4T3 —A (GEGEAA ), (A1 SR (SR B — AN B 7 A i 7 (1)
2ot gy, AR AT UL, AHAZ I RERE R INRAE i 4s
K" PhZEICHRC R, RIS FRARRAE S A" Mool
UK, SRR, SR G R R PRI L AR A2
JURBCHL A ) el G PR, 52 i T DL i A 5 o A A i ALY
EB @ kel A . LR R, N RS AR WS B
[P SR BT =wE ot [V ESZ B

EA TR AN AIESE , AR M SR AN K AT HESE 4
PSRRI A R . AR AR, YA AL TR BRARSHT, PR
I BRARELEE, BT LA AR AT ] HA i ™ A me i i 2
AUA SRR, FrCAFRAT AR A HE ] - DL ERARAR” A7 2 AR
PEFEPE . LU, F AR X5 3 a5 8 DA o — B e ] - DL T 4o 28 G ]
EPEARAR; FTRBHE S R BC, Kb AT R T L0 AN IR Al
HERAVFZ X E AL RAREIA L IRBESUINI B — DR 4

o

@ O 5] S S AN ] 28 T A B S ke R R . —— IR T



16 &S8R / 285

At o 157 () B8 TR A . A R AT B AT, RORAR R
PAZE ARG B — XA PR B — A KA & R A 2 o0 iedl
SRS U SRR R OG (R R— g R Hrp AR R
Fo MR, RO FUE AR ( 358 5 SRR
) bRREE %, ANiE, mn R R AR ICSR IR Z T,
AR — e 2N, BT A BERR AT - DB (a7 A B9 i e
L BERAE T

/R, RS D I i S B FOH I 2 et i
I ] 2[R BCHA D SRR T ) — A e . T e RIS R, g
FURHIAT 55 915 55 12 o0 TREMZ T, B— iz ool e il
PROARVE 35 A FFOE R AR 25 B e i o AN A Z S, FRATIHE AT vl ik
LS ECE T AT HRNE N R, X R RIZE R 22T
RVE AT IO 9 20 kT 23 5 | L AR A0 I A 3RS, 11 FRAT]
HESE TR A PR 2 CRE RIS Shnfr 51 & 0% | 1545 . 1R Finek
W YR, M RAE ML AR T REAS Ik —Fb . B R i
AR B, FRATRGZ AR 2 R A%

1 20 4t 80 AFRLUK, FRATTC ZafELRid 2RI 35 A7 — 2 KRR
JUHY 2R I ESBERI T i 5], O Ll (e TR BE 2 AR B, e
P65 B A ARG SRR St o B A e oA, H O e 5 L 2
FR 2P e o BEAL & R n (P 9-2). " oA FAEnT LAFH R 51
AR G 224~ hAS ,ifig ELEEXS o] —2H 2o, o mT LA s E A T
K L SIS [ (0 TR UV 22 AN TR %o 5, F 28 R 246 o ) B AN B
IR TR T 30T, SRS 28 2 AT S T B A v i i 8 o0 — B,
AT 23 R B — A5 0T T2 A B 28 ST 0 Horp— AN X4 =k TR E Y
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idfo (2, PUOMRIF B ITIET T RS R TURTES, BrLY
KRR BITHIIBRIT, MM RITEREIT A2 W A B, e
I 245 4 2 SR 00 T AR R R, 45 5 KA B g
DR R LA A 2 [ ) 2 X

i B 2 /0 B R M2 TTA REIX MO K 0 2 S VR 2 AR (BLX SR g
MBURBE T, FRATRGE AN JLAS DO A RER A Sy, A72E
DR EAT R B AR . (RO, fEX e DX, (R 8 mfLAY (5 2
I ATEF 2 I . INNER T2 BE R EBT ( Doris Tsao ) TR
THRIG B Z M2 oTH, LB R A R 5, IR W AT LU
A AR A 200 AN (BT AR EE R 22 T AR B/ T
5 AR T AR A T .

HREE AN RO AT

P ERAEY 5 — T T, R RRRSE i 3% R A 74 o H] B S 4F
BIARTN G . PLE B2 J2 A A 22 O TR I SR 3 A o 157 ) B ] A2 38 DA
25 ZRE] 100 AT, X LEHERE B R TR R —KEp. R’
EIXEE, AR LA E I (R 221 40 ZERP PN R AR M R IRDERI T
AR B[] 22 /6T 10 R0 B PR & BOF . LRl i &2 2 %,
AP0 P ) b PR AL B A E] . X — IR FA R B E Y, TR
BT IRDERYSREE , i LARME RS N AR LN RN 4, esINt
ok B LIRS AY B A bk b B SR B] S5 ZUNDYEM HE, el — At
B XFGIH T A, B2 B B — B, A
MEEAS B Bh B et (] 023 [A) /A OR B I AW 2.
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MIA TSR (cross-modal ) FEHEHT ., [RI 1 fa] BAR 15 55 fin
SARR, REB A AFERR, B iR Lagin, B s ot
HABAFE, R a] LA B0 30 R 7 Sk AR s i ELRf
HS5WROMEBIREE N, FaERLIREDIRAEREE, " B AT
AR 7 BA VR A R 6 8] 22 KT 80 ZERDAT, FRATHIA AN /A&
Sk i shfERIE &4 (et BRE R K290 100 FR ),

R G AT AP R AR T 5 —Fghc ol A
He—H 2" ( flash-lag effect ) BIBLER . ZIE T LRI R €k
Ty CHLIAER Y AT FPLR B R A K —B—— I B L5 5
FHLRE. 5—FE WG R BRI, H—ZMshhmizshi
BRI LER (INJE) AUTERY, X P AEST | B BEE A 53 A8 o7 4
Fl——iX 42 By BOF R LI AME Y . X —IG AT LI R b
T PRI (N 163 Frs ) RBEFFITFE. FEIRDGHE R0
IR AL T[] — {7 & B SR Z MR- R A T AL

Xof 3 il G A7 AE — o 2 A e ——FE B0 LR AE, 1 H
A 23k [ R S 50 1 SR B IESE —— 2 R AR TN 132 3h soK 7E A B (]
ZJE e B RIS C 2R W], X AREMRREIN G
JERNE, PR A TR YR (] 5 | A R TR F IS 80 Z RPN R R
P, MIARINDEZ A& A S SERi & A 035 £ 1R o i it
). " kR PR S RN R R, EERRE KRR R R T
B “FHER” s dELREUL, KIABHE MO R, A BRI S
ARARFE B X2 IRATT A AR 0 fof BT 8 2% AN 5 0 B8040 7= A )

@ (NEERLRE RN ER R E R BRI E . —FEE
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it
ik
V

SRR — 1 T, X — B 2 R IBHORE , BT REA
i

SEfR

=)

PR E RN A AR

KRG AR AT RAAE SR AT TR st A FA T AL ORI 4% 20 ) 4 Sy [
MO S g TEdE . AFFE A DR T — ARG iR, BI5RE
R B o % iRl A e DSl i H ) A R TG 2 ik 3] B {E K
o R RS M, 314 S IR TR S g . R
HAT—E WA &1, (RaX S a5 JOF A BAHAR 71, B ENTFA

PR R &R, i FUE R TG W “EIRR A" EEIR
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AN, IR2RGZAT LOE SR SIRAEAE” e E R
Ao R 2017 AFEA S PIESS TIX— 8l 8RO T e
e IR ITREIX, MbRERE TR E N TR AR M BERRE 1. " APA
KA TR ST, SOAE UL, R AERRAHEE R L.

Rolt, a0 " SRR C L RE BT T Pk R b
23, WX NCC M PR R AT I il  nFAmRZE S
FEE 53 HSCA 0 B AR AR XS 0L, R A 0 0 JEE T i 2RO, (ELO |,
DR AT AR R B b AR A AR A 2 A fel JE A .

AN RES

PLOE 48 AT 55 MO T AR i R AR R, DL i )
SRR R AL EE (P 164 A ), X i A8 g b B AE R b A
CAVEIT, MELAX Y. HERGE, ANJFAR T Mol a8 K15k
FREENIF. ' S5 EBIED AR, TR 20 Ht
FAOBRAE, FR3)— DR AARRI AL E . S8 H G 8 AE H AR
WF, MBS . Baae B AR O B A B se TR R s A B A, JF
HRM S A (—FheI 2, o M e R E 3C), HAfE—4
IR AR, RIS S5EHATHE—FE (& 16-4D),

R IR IR, 258 B AT R S5 AUk T b A TH 14
Ko —HARTRRGD, Al TwinT LERLZ ROk F—ik%. b
RIGHHE T, S5 &8 il 5E Bl B bR A U, k4R SRR
R, DIRERIE, 2d KA HILRMiREKR, Z25&800EEEn
Gi/hE T HAR i BUBER R I, B 16-4D R THEAS S5E S

><\

k
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g |*al
oo
Trial #15 B [%8fe °
e -] (-]
{é £ °
i ' aog o
&= g R Y
. a %o
< -
Trial #4 £ L o o o
= °
Igg 10— M o 2 °
o T | \ | \ L
x -10 0 10
2 IKFEAIE (dva)

M

E16-4 FIFHPEE. (A) BEERMTABRMEEHEHS PSRBT, SENATENNUSE: (B) #
—REI FRRNIETF; (C) FENZRIEGSHREEZINRBERS AREHTHERIN, URKESS
M B=RHBHBERNTER, BMNRTE—RBEAEBNXIEAESICSIFG. REKSLMIENE
LIS AR ESRITIRNS. (D) MEXELINEREXIGARE, NMEBRRIRGERTEMNEE CERed
B saMNdR ) B)ERERIMENSHAIMHIENRE [ EAF, MeSEmitl C Lttt
Bl (IE®; X3 32-39)]. BRFEE: L. Chukoskie, J. Snider, M. C. Mozer, R. J. Krauzlis, and T. J.
Sejnowski, “Leaming Where to Look for a Hidden Target”, B 1.

E B X R BIFIE . BEE S AW, 18R XS T i
Kiggi/h. 2 ANEFHRE, REPLFEILKLRIE 58—k aa
AERE RN B AR A B R, (BRI IR A0 I stk R
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G A X — LAY

SR, KA TC SRS 255 | /. B THER
e, AT LA ST A TC R R . XIS AT 55 W S A XA
RN = | W o T = W L E et B L SR DO B 3 VAL S 2 T
DA R 7 SPHE PR [ 905 b, 5 R B RS A 3y B A1 .
A Rt ROEE AT, R HE SN K Y — 1 B S R O
AEIE Ik SR Al o Sfe 2 I R UF & A i ah A . 2 TRUHA RSN A 2 il =2 ]
(2257, FBA RS 17 1) 2 EL I i 22 T R AR g B 4 A, AT
REAE IR 15 2 fh v ¥, JFAE 0 E0R 2 w2 mR 2R AR ROl E (2
5510 g ).

SIESIRLLIEREINERS

fE L 22 A, o A PE T - 5w B A S R B K b e AR i
(‘claustrum ), XA~ Rz J22 T A 1R 4 Jf v 2 FEAOR: FVF 220 1 )22 DX A 45
Wb, SRJE PRI MBS I 2 R T B YA B R e E, EANR LT
FoE MU T — e SC, BIBRARIAR PR Lo (52 1 67 57 B IR EE— A
i SATDEBIE N AR BFE R BRARAAR AL T 25 Al ] b R AR
Fridid, FoREE—LMEE. XFFU R ES K LS. 961
PEITT 2004 4E 7 A 28 H Jetitmt, F55R7E% DRSS fhin s — e
1) FHa . e At T B TR T

TEM RIS - TRAR T 1953 4 & B DNA 258911 50 4Ff5, Ak
PRI P A0 H Sl 1 sa B URIR L Al KA ARk A SRR 5
BUX 2 50 4FJE . FRATHER IR SRSl A Zmig? i, 3
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TP ST BB, WA I BM(E A i 5 . TR i
1 ST S —FE. IR R e R TR A 455

TRPREE, Fefi 1R 75 AT LA ok 7 26 T TG0 b B T ]
FH . WFEIRATEIIA W BB MR 0 — Y — R b . RAE%
(EFRARAKI RS T TR T LR (SR R Gt FA T fal et 7= T
BREURIN ) AATTER N R GRUERGA B T4 S RN 1EBL S it
P S5 ). B AT . o SRR A KR HLA TR A T
fif, SR EERLKA P T A2 g (BB IEATET ) PSR
BE S, RBF A AkHSg,
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LR HhE

W AE A IR SRR - AR 2K ( Leslie Orgel, 171, 47) &
(A T AR R, M IRTE RSB T ZAE M [R5
I R R AR 22— B B F R 5 e
SRR ENAIS . AR U o] LLE 3 S5 HZAE AT, AR AL,
BRI (e ER 15 4 K KAHIR, BB o ar 20, K0P i UR
A, FANEEAE AN . AT AN e b ER I, (AFE A
Z B MU W87 B TIAE L2 HI5E, DNA 3 /778 T 45 40
Hsrr, BAE DNA JE B2 i 5L AF 76 (R AL ) i U247 1968 4F,
SRR - AR K AN 9 B PE T - v TR I, h 40H P Y DNA R/
i) RNA Alfigj& DNA BYHTEr, {HiX$iE5K RNA g AR . X
X —HEM A UESE , & B AT LML RNA B A9SE T RNA B ARG '
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(ribozyme ). 4> KIS K 2 HFTE N BLERIA )y, P A AR dn ROk A
R “RNA R, X fUR 2 A ATRERY . (H RNA SUZ M HLR
(WE7 SEARARL, FRN1IFBA fHATUEHE T AGKSE BT % .

}

17-1 1992 %, B/RreifsRFrRFERITENR - R85 (£ ) AR - BIB/R (F ) HRIERIRARIRAER
BIRSRSRIE TR TR . BRRR: RRERRM

PN =Fls goa i

—ELRK, AR HesZ (A BT, SR AR B
KOFTEE . RAHAEL, BRIRMTEFSEKEL 8, (HChr i
BRTESEE RS . SRR TN T AR, a8 4
K., REARMEEZ X — e . P2, A8 (OR ik
1A 18 A AR, AR FRA T B RERY BLoE, it TR TRy, X
Pl ELWEBELAT T AN TR RIS 22 S50 ARRYED . AN SRS R B 55— R
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iR, B URERER .

FRATHY BRI SR UKl —fa L FRAT A% K 4 Bl R el
RS, JorkE T AR AT RN M U pcstia sk
ARIRATAVAT R, (HIXSCERE S MRE S, PR T KBS shad B N
TEELZRTE. ST HBERARCHRF AN TR R & IR B AR 4 A
B RUR . FRATAROBRATREE 208, (AR E R . <3
SBFRAE”, (R R AL — A k. K A SR i 3148 R K
nfliaks , AR SGERATE KA LAES . BARRIVE 2R
AT

IEANER 2 BRTHE thAARRE . FRATHHA & I AR e R SE, HiX
JERBEILTRA TR R L 5. P2 A B H5A ZiIRE, &
{76 R A A7 A — R b g ], SLRBAR (AL A T A0 A LA 1 BERY SN,
PSP LA AR 1S K NI BT I f e, 340, FRfiTee
R Mz SME2BBE AT, JLFHY FEEEA . R Zmkah
R, R AREIR, ROV TE A A A E RIS, h
TIATAT LA R S AR AR, B LA™ A T —Fhoe HOGRT Rz 4k
APRE R IR IG RS0 . IRE S R B — 4~ HARRt, Bt AR
WA B bR EUFES? 40€ (peripheral vision ) A]fig H AT #{iK
s [ e, (X ALZE sl R ke B k. Mk 2 h, 5
P B A = 2 [ AR DO 55— B I, 3R R D R R A
I b RS B

@ POERUE—R R AR, (e L oloE ORI E AT B2 (R Rl R VAR . ——i%
Hik
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LS S S SR TR B R E I RERS . B {TRY H A2 AR
Grp et — SRR T RN B R, AN HARC 2Bk LR AELL S
B (B, AR iR AR TR 2 RbR H BT RE A
WAL, T EL A B AT AR USRI, X BT A AT RSB

AR OIS | A R R A, AR - A el
2L A5 S48 >4 (V. S. Ramachandran ) FIFR A U458,
K ARAEHE A EABRE 50 BAR, B 7T AT 55 Frids 20
g XA s Ak 2] TR S D AT B . AT RE AT T AR 2
AECE A BB . e LA (5 HAWERE A,
WfF BAEE N EE ) M. W R HER Tk A HAE
AR, Rk A% RS MRS 5oh B E0E S . IR
2538 1 B OB E AL R FRE R, Bl sl B, LARAER
Seprfheh, 3l S H AR T RE S BCR I TR IE R .

R 368 sk o A A 38 ALl g i & A AR s KSR B NETRIR,
11 6 25030 3o 4 K45 A T R A R e Fr AT W RN AR A 20t - URE
(John Allman ) {EfliY &4 (LG ) ( Evolving Brains) ° —{5rij#ik
TAEWT AR IUE B A ik, IR W —dfth 25 6k g
BB BRI i RS, fE— 4 A A il AT —HEHE S A /R
ORRE, FlRARRAER AT RS %) S
L, DRHIETE FE R AT B AR A T ORI, 0 L4 G T TH R G 4%
HMCR OB RS0 TIE AP RGO g e 7R, DB il &
G s 7 b [WIRE, BEAE RBEIASWTE L, R AR TR 5
HE KRG RGeS AR A & el kA r i s, /R b2 i hn—
JERRE L SEDIEL, T | GRS S S BT R A RE I R AS ) de
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wiE. RREMNAE RS R i, X e SH—1280
Py Rhi A

INEIRIZRI

20 2 30 4EAX, WFSEAE2TA T IO B FRARA TN B VR
AFeAL Jgiz gt it A2, JF ARl AT T, RHRAE 2] AT
N SCRIBFFE L 6, VP27 2 LR AE i o AR R S AL 1 45 3 4
IBEREEE R B, WO R240 B F TS0 2 iX — Sl s #, iRt
T LA 5 A5 R R A R At ) 2 B X AL 23 3 I s . © AT AT R
F AR AR R AE B2 0

1971 4R, FRAIWE SN - FFBEE (K 17-2) 78 (4298
W) (K 17-3) BAR T —RAmdrdiis b 3 X sess, 7k g
Ay, T TR I A TR 0 Y — B 5 -

E17-2 1977 SRIEE - FFEIRE. fF 1971 &
(HAOBIT) LIRS T XE (HAFSHNERF). T8
EHINEIGI—OAERRFE 7RIS . fhIF
RS ERERIAIRIHESIESE, MANEBINFEIE
INFIFNES AP E B AR AER P A TIRD . BIR
FiR: Hans Peters/Anefoto
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Paul Goodman: Hemingway'’s Sweetness

'.I'he New York Remew

Richard Barnet:

The New CIA &
What It’s Up To

BE17-3 &8 FBRET 1971 5 (ALHTF) PITEHSMnE. FBIRENNERINT —{HER
BEMIEEETIHTANES, FRBESHEBFEIBRANNG. BEBHSHE ATEE M*H‘JEI‘,EEEJZ
EERARIKFRIRM . e WER > MIds B ERATSE, BEE TBRERNRN; S5R5IAEE
Al IBRETFFS, MiR2E. BERFER: (HLOFT).

Jo— s MR E AL RT3 EG T, RARATLEF
PR TR ERT (RBRARMATHG “BE” £k), IR
fr A& 87 MeMmE L et FAX— 56, —AifiE "M
BT R AT, SRR A AR TERENH T
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o “AL”, MBI F Pl 2" $F X XA LM RE
R, FRERTHT A BT, A8 B R AL A8 A ALK
AR ARSI R I0 (#lheiE ik ) RARE, XA BN
MAathey “HFERT PARRHRT . W FH ARG R
A, RETHFAFEER, HEME L REFRAFNREL
( RABALAR GG “AROUIL Fo Rokfik ey “i2AL”), REEET P
HWATREHFE, REARGAA, ARFTAG LT @LL
BN R LI TRH T o) A" kA2 °

PASREIME, FATT LA BT R (T RS OCHE, (B fl
AT 0 . WREEICRmINER T, GORIA B 1
ZRILEAREE, SRR 25 RENS (R BT TS R R L
RIRRRN iz A", JFEATLAZe b i Zh, dEERE iR £ EIE S kAT
BHPE, PR A AETRE EIERT PESIAARE. e EKORIERRAY R, HL
oo ] MR T H AT apy R, SV THRE S 2 5 TR
WIS, (AFF AR AL SRR BIE T MOR BA A i i A ]
Bl NS5 e NIT R R I S 45 SRR, HLERE B AT LA
BN — AR ASE B F PR A S A (IR, 5 A DR () R SE 5, e
R RERY LR -

TR AR B () SCRE T 1AL, S et s T X A 4
Frde: BT, BEEBUF TR I AR — R . XAE
20 42 70 AEARRF AR BEE A T e PRS0 . 7 0407 B BT 4 0L
MBI T, MATEES (E TR Em = ) =T ke
7 A —FSIE SR 2T . (HIETERE, MRS RET
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JeHI——ASL A At B TR 385 75 2 R A E A R 38, I AR
ER PR ANFRITERY SRS 70 AEARAIH RS R 1 kg
PIIAZ B, #1720 22 80 4RFL, XHAMIBE AT S A BT R 4 3
W, JERN—A%N INERRE B SURAT T 3R — ik
SERINHLOE | RS PRI IR AR, M RbE
{GURINERLER /NS, 76 20 THAD 90 AEACIN IR RI 4R, —
FLo o0 % 5 20

eI, FREHIESA ZAEH] T FFEERESUE, iR % 4410 02
3T “dli%[ =" ( poverty of the stimulus ) X4 KBS HENAIEIE, *
JCrpr o B LAEWT 38 b RIS 31 2 68 1 1 75 TR 2% 20 g g D)
HiE, BIUJFARE —6 WA S S DB S L. Se9s 1,
— NG ILDTRAE A 78 R R RS A T b, R 2 RSO
VA R AT, XA R R T S A O B SUCIE LR,
XEARE R T, R ) Xk L, RS ITRE
JNC, B SRR SRR R AN RN, DA R e Y i)
. SERADFFMIEARITE, MUERE N R by il s, RIKAE
FE AR PR TR S SRR R

AT R R A G, A A b R PR BT B TR EE 2 2 R B
P 2R P R L TR B 2] A A pR S, AR A ) SRR 57 ) &
BT AN TR, SR S 1 20 HAD 80 AFAR, X mixR
HUIFAWI G, A TRNGZOATRE, A0 ARG 1 R 2% 3 i) /) R [ 2%
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A AR R &, IR AR T B i IR AR rh, 22 Mg ——
T AR IR O 234 S g oA I 4 —— R Al 5 A KRR . Tl ity
SRS TR B Z (R UAT G T ARSI S e
e SEACLEARIEW], XA 87 WAL R IR HI X PE ) £ 5.
i b, AR AN URER AR P LR A AT RERYI A, IRAX
(REFR—— AR XA B U AT 2 A B PO 4 AT IR

e 20 et f5ent, TR R R A ) ik (Y s 8 R 2 1
E 5. (HEMEJE—A4 48" (bag of words ) £ ) i 25 kR £
g Y, dERTERE SCRE (AR B B80S ) Y T R
B, Jf Hillid 2% SRR SCF G R, PEREAE T AR 3 — 2
4Tt FRA I TR 2 ) ARG A 28 00 2, B a] i fu 5 —2E(5 .,
{EE 2] & OB MDC AR Al O B, a7 Kb o s iy i
LS I AT, BT FRATTOSAE TR E 7 2] I 265 i)y ey ik i AT 1
TRAM T A, BATTRESTIFIR —TIHIE 5. AURK A AR BA 2R
th [ A e s AL o ) A B — A, ApseAT B oAy, FRATTRE S T
VR ICBRAY B 23 A

AVPEZ BT, X B RIEFAES AT MBI 25 h, 3
i (4 PN RS R T RESE AT ARE 1 BOARINZS AT B F 10 ] LA 1)
4, AR R RAE S AR 7 AT BT Tk LAl LR, — ARG 11
b o3| 2 Rl L SN & T8 KSR R N e A T P e 2ebu | 2 RO
ofr, B R AE T X EAT RS HD ( LARZK b AT B0 06 S
), ATRARAE S Z M T2 . " B, Mk i SRk
B R A, R SR A KA AR — R . fEBAT AR
KT E M R G AR BHE R T (P 17-4), MZEe
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T ASASHRE IR T BN Z A C R, ek, AT LA A
TC M 2 20 DA SCAS rh IR 52 R B R i 5

2 T T ch|na. T T T T
~Beijing
15 Russia b
Japan«
s L “Moscow i
Turkeye : ~Ankara “Tokyo
05 -
Poland:
0F Germany 8l
Francé’ “Warsaw
= Berlin
05 [ Italy Paris _
. == +Athens
Greece e
-1} Spain Rome o
N o ~Madrid _
1.5 |- Portugal wilsban
2 i 1 1 ! ! Il !
-2 -1.5 -1 -05 0 05 1 15 2

B17-4 RBFSENAEEEEERISERNEFPOT—12E. SO EENIREENNEE, L
ERRRERTHTE L. SABEREEIENEE. BTRERLEEELETGHEREARIER, AL
PENHBUUEMUN AR ER. flf, NPEEHRFEERNSH, TLUSHETLFINFZERNEES, FHa
FEHEEHNER. BEEER: T. Mikolov, |. Sutskever, K. Chen, G.Corrado and J. Dean, “Distributed
Representations of Words and Phrases and Their Compositionality”, B2, EIFEFR: 78K - @&,

FRAEIRRE B T 2A By — W E R, Tl ittt . i s K
BT, ARERBAESFRER. RO, ROTARIZAE
FTEAT 2 AT 5 . FRATIN %A 575 )5 00 A ) I R 1
AIAE 1AL, AR AN RE TR e AR ) . (I B R A
1R, LARCE He R B 0 RIS st rid s, S —EEmN
AR, XS ORARAFFE AL, ] 55 i i AR 5 PR AR P A
Hoft o 55 RACHE KM 22 57, R IRREIE SR INTIZ BT s A HEAE S
255 g A i i BRI IS s RE . (I S BRE N A A et
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FEANBRE] o 5K S T RAF (R R TR RIS Rl & 7, JF 2R
RT3 o 7R R PR IERIE IR AT e R AYE S T RE S
15 AT RUE VR U MR ATIR B SR $E g R 2 TR T A0
i, X FPIC R 2 A I R B R R . T B SRR
Hah#, GRS T A B Z B R Ok, sl S XERS B
FMMZE. FEME, KINEERRE IES ERKMRL, REIK
BT RAEE T I TR IR KA, E 2 4R,

MEFTMRYTT AR

MR, 70 3 CAAHIBLELE 20 HH2E X AT 0 A FTE R T
R, EEL T REMRR, 2R T KRG EEE. IThE
YENFEYPSERT, FTUMBITICA A LRI SR 5%, bk
o M TACh, A PR T R AR, TR
BT RS AT A “IIREE " R RIRE RAE A AR AT
HESL, I EHAFEATAT U R BB A NAERIE T =, (ERHE b
A 15 ARG G ] S B 3ok S RAE A A0 15 TE O R 2, ™ DRt T I 2
P RR R AR AE T AN AT SEAY B0 MR AR OB KA SR HEIX TR AR 22
HEW .

B RN FRESIEFEE A, HILE AR AR AR
HRAE. WCRA — RIS A T AT AL, ARATRESM BN AT
IREREfR, USRI IR AT BEME T Xt TR, 2
MR EAER . ERIAT R, FRNTH ZS T REMBU NN . TR
> 28 Sl 3 DR TE RIS 9 KL — R AR, LA ORI D BE A — i
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HOR B S AIE B, FRZEAMEERBE R IRE £ CH 2 thpuil, A
AV EATHE, MRS R, SRS —Sh, BhikAX
M2 FR B — R I RRE AR T T IR BE 2 2] AR B N RE . B2 XY 2
WESHE, TRIE 2] S5 F e KIRFP RS &, TR B2 RS Py T
fEicte, DARKETHREMAAHMIBICI, % RITETUNES
(PN EaR LR oy I 17 1 =

WFFERIGE . ICAL R B 2 2 5 o 7 A T B9 S 96 v (i
TARMAE S5, TEXSAE 55D, S sh sz I 2 LA a0 o™ E 01
R 2ot BOH MR, X Se il BOR s g S A il 1R, A
SRR, XA LMER TR, miARINRT R IR ALE . BB A
R, BT AEBAT AR E R O T R, (AR SE
T 2 T AERAT I E A MRS O R AT A &G . FRATT
TR D1 R S I B G R sl Heh AR U
BRI EIRAE . BT R R AR KRR S B R 1
ANBEBAFRAPOF R RE” wF, T A% RS, 4k
fredemt, BRI — R ZAE B, R —RhFRATAT I
52 S {EL 1y A BRAE ) KA 05 2 -

A, U HORTERIPE DI RERE ML IR A% (IMRIL) JERE T #F7E4E
22 LA AR BOREAE, BT — A8 0 “Matits” iR
B O AEIFA R R Frh e RS BRI T O A, FRATTRY
F AN SR 5 2% KRR A AR, DRI TR AV Tt AR Al S B A B
RARR NN R AL, A — A2 T RIS 10 RERFid,
2 UL il 2 T it iod R B A U R 22, R SHL™ A 1SRRI . B
RS E A KRR REGE LA 97T OS2 56 0k S B J5 A 5E
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AEWEHL. FRATHY H AR 3 T e AT 2 0 iR R S, R HUE
FET 8 5 i B ME e S

i 28 190 45 11 SR ABT  el, C SR — A AN R{EL B HL 52 i 7 6% AT BA
fnfa] HE 8 45 BIF 7 5 1) A B B R B AE (RS ) XA RS
gy, H3C- IR AP RE R - oA (B 17-5) Kk T X R AL
AR 2 I AR R B 2 2 B 4%

B17-5 BREEET 1971 £ - BEREFNIFAEER - HESHRT

Nz8 ) —PEFA . HPXEemEt
BIMFEST, —RERETFZEMEFZINATERLGZMRAR, BITEME. BRARR: BEET

BEAY R P ARMAGER R A, b kg p A, Ag (44
ERAA) CHESENHRE, ReoBCZ2R 5w THLMAL
CERAAREIANZANESL: &K, ARG FIRR, FWiHt
00 R T4 1R AR Ak, X sk b e A fT—
At s 5 BAMA, RiEwit, SIMBKAAEIE—-ANEE



306 /| EEFI

B URAL, A (XG5 ) A “HT R RITAEH
8 AL FI . BANLIF L LN — LB KM SR IE, RFARE,
ZMERINRikh § ENBHLAME “FI2R" 4RE, "

TR, AR FECT W4 2] SURIG A . LE W
SRR b, XAPZE ARG “EWE" (BRILZAh, X’ —A&
G5 ) MMM EEE ST R A T4 AARFEM R, iE—RA
MIBFTE LIPS AT . SR AR 3245, oA EEIRA
FL R e, (HRFRAT WL A0 A JE S, S e RS SR i 52
—Yl,

FBHIE SN 2006 FIRFFHFH AN THEAESIL “Al@507, 1]
1956 AETERFEF A TR N TR BER 0P H , JFHEA
THEREMAR. " 1956 4F1Z30 H 07 fe 8K b Ay TS TR £
245 - Z K% (John McCarthy, HrdHEAS ), 53¢ Wl (FRaH
T27BE ), FREeA{E - FE/R ( Trenchard More, IBM ), 5 - fi# [ Jitik
( Ray Solomonoff, {&Z(K%) FIHEF|H - $E4 HL4F ( Oliver Selfridge,
R B T 240G ). Toie MRHF 4T S8 i fi BE R, X R R —IKBIA
AR 221

RN KL — MR K21 4t i ( Takeo Kanade ) 7EMBAYTEIF A
THAEMWEF. U 5ESE 4" (Artificial Intelligence Vision: Progress
and Non-Progress ) 15, U4 KbRERA . 20 4l 60 ERAYTT
BAOLAAAARN, JF H— W BB — KRR 4 i CHEAEA 1974 4F
e sorb g i, R AR AT ALE— A PR R ) — i 5
(HRAE AR E R, a8 o b TR (07 B BORBOR], TR A
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BEIRIFEAES R (B, MR A A Sl i, PO o S 58 K,
flufir it R AT LATE S ) 25 F T s, AR, e R
FE Al LM R P A3 . ARZARTE T, A RIATT LATE A1
PAE TR R, AT UK & RS A RO IR 2R PR HEA T HORE , i EL L
ORI PR DI SE DR 1

BRAE BT Be i P IEJE - B s e i R RE S Bk
( Intelligence and Bodies ) HiEYFrr, ik T s 7E 2 i ICT T HIE AL HLAF
ANFTEMZE . BRI L L ERizsh, I B S ikg sk A
R SR EEh. S ETIGE LS A SRR el
AT R, BT, RN HLEE AR S Bl T X dnfo £ 2
HLES AR TRFEANIRA , 2 E g RE R B AR R — &R 7).

£ “ Rt o A RIES ARG A AR FAH” (Why
Natural Language Processing is Now Statistical Natural Language
Processing ) )iE e, KK{~ - A& JEBT 5 ( Eugene Charniak ) fiff 15,
BRI EANE R REFrobridin e, AR rmilgE, 2t
A BT R BUS . THEGR S e SR N A - T
Hr A 20 tH4 80 4FfUE B AYA4E i ( generative grammar ) J5ik,
HERS NRE . RAPGEN AT R NG, AT R E R A
(HeRBE AR ) ETRSCERIFARMET FERE, RRNAZIHTER,
AR FH SR R IRD R 2 e Bl iR 2 . X R B R, A
ARZEBRELEST L, FORREAMMFZARMN LT HAT,
FER)Frh X iRZEHEA T A ShbRic. B2 AT LR AIPLAS 27 > R Uiy
[F =18

XL IR A — SRR BE . o2, BREERE, HiE
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MBI SHORIR R — Do B (B s hr BRI R LIS T
PSRRI A TR, F HTHSE AL s R,
AT AR T 5 2 A SE TR, I BRIBUE ZAFIEAFIEZ MM C R . IR
JEAE X — RS 1 A Bk, TRBESE 2 AT LAMAE S R o BE 5 b
PEURFAE, A LU & SO AN TR F T3l G A X SE4FAE . B
FHIHEEBUR T 978 JIF AW M, IR RS BT E 257 5)
WA AT 55

(EL SRR S8R Frh, B30 B —TJF R RoR, b
XA AT BIRF 2507 R BNVR ., bR . RIS R TEffUGE I
B RE MDA, RATT SR A i R ELAC 0 I PR ™ 3 O 2 DU 2% o
FATHTHAS A — R HL, (AR Ao FE B 4T o 1. FR A8
PHEC T b F ) g, /878 T TD-Gammon il if il 25, fE7EP
TE XU T 2 B R T A K 1) S 3 R . AN FR i BT 2 b
TRZIMENS, a2l Ry, B ER— Uk T .

Wi ARy E R T BRE e e HEE GO
43 ) ( The Society of Mind ) ** fP 3, i 250 FH A% e [ {7 B
ZI A EAER]. BT it A b iR KRR, Rk
BT EeE— GV A T . SRR RN ILEE, LU
JLEER AR — 250 (F2-1). » XIFREREGE R, —1
BARR R 2 R & 3 TIFRASIRICZ NS, midhgHEieitery s
BARE. S AFEIRFEE Uil E i A sk, ok B X B n]
MOBRA T fife, 4IRS BT TR i, — D EAFRYE
JHE REHIE A — K2 XS BB ity AT BB rh 77 30 K

AT RIS SR T2 AR R . BT SR EHA M T AT
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TR ORI, AT B A SOE S FAT B E A FE Bh U g
SRR . AR RE T A AR, RO K fE
LSRR, 20T MRS ¥R NS5 RE
Wl AT RS AR, IF BAEFRATIA B AR S 18R S AR — BEAs ],
Bk, #IxFEAE RN R RECER., ABWE, ATHENR
MEffE DAY [ R — RN, RARARILEIFARER, RATEKES
SRS . REBUIAA SRS E R, ATE BT EE 2R 4
A A R — N . RS, TR K
A RE Fh SR A IR AS DRE (97 T BN I 4%

Al@50 Mf e — K247 T B2, TEMRLSRNS, 1956 4FATEY
W N TR REE B0 700 3 (19 5 4 R AL B T B A0 T SR T8
MR, FEMVEWINE , FRUGEA, FermWIREGE . MM it X A
— & R B 70 R E N AR R ST R . IR
REERNG? " MR T 3 0 TR T Al AN SRAR AT 4 1 B
JEBRYER R R RIE . FRATW T M. “AISOrEhl+-, R Ay R —A ek
SR (R, RN "IN T hZl, SRIEEE . R, 3K
Mg

1958 4F, #f 2% 5 - BARATRIARHIE T — MR RL, $aat
KA AR A i BT ML ZE AL 5 78 B o 1 ) 445 A A
B BERAE . 2T 20 titad 80 4RMR, IHREMLAIHFRIIRER KRS, ik
FE AT RE % I8 o B /NE N ZE SRR R ) k. HEH 2010 4E, A f
TS FEAILAE F7H 99 4 R A3 AT LA fie e 552 ok ) R R B

AT HEAE 1954 4F MEF AR K 25 AR A B 2 07, fib 98 S
SO T A2 A5 R TR A EE A SC IR g . b 5 s T 1A
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TN, LU RERIT . IR M Y B AR A
BEFCAERE, BT SR R LA A e ERR AR S, BTLAAAT
B RS T 8 MM T B M ECE AT, SRR TRE S Lo &
Re FIRBIFHER, “MRXESRARECE, AREA-KaR.
AR DO S B A  A f. MTARZ Z8 0S5 | % T — 28
Ber R, X Se s BOCR TRTRIBTSE, JF IEAE O 80 0 — A8 o>
o AR R

MNREFIZEAATERE

3 - BT 2016 4R 2attt, bR (5 M2 4% 0k SCBldE I\
THEGE. WiaoF - IR R I — R 6 Tt 5 W B AR A S b
DG IE : “ BARFRIA A A REAE a0 R, (R FRAT AL 5
O 3CRTE 1951 AFREC ZAERF S AR 2 I 45, 16 8 35 ftb i 75 22 (IS el
A NWUR AL B AL BE ) % B A9 IERRIE B ERiE. AlR i R A
T, BULTHRREERIEREH.”

BT R LS AR A, DeepMind (A58 A 53 3 7 v 17 - & H R
( Alex Graves ) FIA&TEHE - 5B ( Greg Wayne ) il it B Il sh 2B 43077
fitids, ST EETIRESE ME A TN T —4. » mahiiyE
TR IEAG IR P22 1 2 b FLRR BT A, S5 SR AR U X L I 1 748
L. @ AE R TR — A RE R ERERS . AT LMRE T LN —
FER TG AR, BP9 BUBR T — I ZRir a5 k25 > M 4
T L [ B TG (] R 1, — K A ) 24 o 18 S ek B 2
T AR, B UEE T R TRETRACRONE, $HhE
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it1Z M % ( Dynamic Memory Networks ) HLAEfS 448 20 tH4 60 4E1L
X RRAE B T2 A TR RE S R s R Bk R (5% (K
2-1). BRERAFRATEE] 758 2 SIFGA A

P - O T 2004 AR, R, SR - BASIRTE
2007 SEL AT, XAREBERR M — A RIALE . B7EX L
Pl ENCAARERN SR T, Wi — R0 aria . KA
FIRGEMZR AT TAE T 30 48, MY TE—kmdEdr. RITGRFEL
F 1960 4, B MBI TARFER — /M o “RIRFS” RN, /b
A NEAEN . HEMEES K, KATA T 1000 ARHEN, ©
RS AT T—FRAYRSE, HIER T XM SRR A .

AT — A KA A P (AT LA o] 390 ) 40 o HE B2 AT ) R —
G, BITERME 48] THM KL R EATR T L R %, ks
SR, R AGERETRA TN H OB
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P - A e 94 ( Sydney Brenner ) {5 11t AR JF 4252 #fy, Bl
Ja B TSI RSE I oy s A R A (P 18—1), s 5
WIPG ST - o8 B s A2y T/ EYF s (LMB) eI E . il
SR, (e B DNA (WESH T T %2 )5, /e T —TuiH
AT 27 L sk e N K L AP I —
Rl AL ) 2t (C. elegans ), XA — P4 16 76 A e rf il s,
A7 1 22K, HAy 302 Ao, KIBLEEIRN IR, g
RG] N — AR T & T A RIS, i Ak SR R T 2
P& BRI . A AN A X IESE {6 2002 AEFIPAE - 4R




( H. Robert Horvitz ). 298 - 75Kk ( John E. Sulston ), k[n] /37
VDL SR et 2 AR gt P 2 B I 4% . e i U 2R 3R
Wik, B T, RS KMEVEE HE KA AREEER

W5 ( Nature's gift to Science ). W& A T— BRI 53
AR EOREC,  ifif e G T2 a0 206 el i e AR 55 12 9 F
PIRI1B 0 RO ST Sl 1L 9 A | T (2 G L VT o S 1 1 TS

E18- micw
FEER o
thesciencenetwork.org/ programs/the-science-studio/sydney-brenner-part- 1
S 4h 2009 4F1E R 5 v WF 5 T s — b B B

2 A K IE[HN 4L (Reading the Human Genome ) *, PHEMRKG#, A1
SR ATZ T it L Ve REE), B TR, U A REAT A 2B
IR ANBE AL, — RS A BT, TR HAE M A H
bro FERXA R, A 7 ASE B EE AR E) DNA 9102 ) 47
R A b

i {4 7E 225k 2 B ST HLA A AT B0 A2 7 s 47— 13

~
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I H ;e H A b 4R T B i B IR R 9B JE N BT A A
( Ashburn ) BRI 7E AR {8 - PRHT S 2 6 50 I 2 R A VA9 5 el X 14 o RO
GBS AR AE R faf AR R S S BT AT 14 7 B v — A5 A BS S 1T
A W) % 0 (Crick-Jacobs Center for Theoretical and Computational
Biology ) MRIZRIIFE 5. LA b BURH i LA Sk A TEBAE - TH/R 3R
BT A E 0, A S9N SR (e LMB A SE SRR AR,
Ja R AT GNE T A C AR AR A PR AR - A RE, FERRE B Lo B Rd
Al LB R T IREHE T — UL, 43 F it 2 A 2 A B e 2 (A A 5%
FARE, WA RGN TE X > U AR b T rh O hr

AR — R R fr W e, FRA M TR R, R 3R
VRftn, 24 BT AE M 0% B 2 e O A s T — il —— B
P - S E SRS B T KA. FOEHE B AR E K TS R EIR
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P A B b L R B I 7 TAE B, EEB A — R AL
. “IBWITENT,” LA, COLEUREDR AR T . FAT LUk R L
fhar " FERA—A b, IR P, FRARAE R0 A (R RR A A
A2 MRAT R ALY 7 ORERIRIITE, . LA IEE, X ER
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BUCAET . MR A W7 35 AR T4

WSEX ASHCE, ARanRping . A, X a— Iz i s
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/.12 & S 775~ M1 it T B e L (VN SO s D
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Nt A AT IR A T

AR T o REMRIL AR L, IR AR T IR R S TR
SkigpLS, AL RibARAEIFREVIMA . i rbs
B R B SR BTE T - e AR AR 5 IR A AT A
[l I ARLE Y, (HATT AR —— SR e B, R
HAKOAL, HFZHTHNRET .

KT 2017 4F 1 ABE TIEHIMBER AN, AR 90 4 H .
b PR A R RIS FARA T, AT EARFERCRY b, (BT Z A 2
fhEHARFEA 16 J1 . PHERZPEJEHT - 24Pk ( Theodosius Dobzhansky )
M, WAL, AYFEh R RTEESVEAE. AT
2017 4E 2 A 21 HEEF ISR AEEE T RS261T T — 9 X TA b
HWYF, ZEYR RSEE (1048100 #4448 ) (10-on-10: The
Chronicle of Evolution )”, ©20174£ 7 H 14 H, Ftifex4~RIIFEH
8T TR F BV TEE RISk, FXF S AR L A AR
RIEM T S 1A DNA, APt e AR A

BMIMERERE

HREIEVF YRR R R, LA B A ITEER 5 X f) AR A7 A
B, AR LY STER B ARSI AL, IRE A
R P RAE TR M TRES BN A B A IS, RATE AR 70
W R R X LSR5 . BFSAE ARSI BRI B BT

O 7E 104 A ESFTH 10 IR, HREE 10 AS0PR I ZIBERY IR, ——FE T
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2R, CafEiXsesh g LR T ARIFA BSR4y, W
[el 75 5 07 ;e 5 3 & HH T SE AR5 AR I T T AT AL O EREE DX [l
HEFTAHT. X B T AN HE R BN AR EIE, BT RSB SIA TR
R —FEE g, Wis A WTIRAE, ERE PR ASEEME R (7L
) Aok B FERT (T 2k ) MfES.

ALK T =R DT - A% /K ( Thomas Nagel ) 1 1974 4F
BT —kah (8 h— R g & 28987 ) (What Is It Like to Be a
Bat?) fY3CEE, FFAHAEIE, AR BAT [l 5w LR Bk g, FRATTEL
TG iRE R 2B, © B X RSB IR BRI R
B E XA R AR CGXEEARERANTREE IR REABIMHR ),
WA SBE L B A GE I IE I 7 0 R R AR A R . AT AR
ST R — PRI R 28, (AFRATRT LUK iR R e, P
H 38 R A AT A Ao TR kATt

AT K AR 2E 2]l A AR # . AT LAZETE 21
AU A E Y, IO E L, R AT AR R A R S R i
(R ARl . FRATEE T —Fh&H “HE" EAR, LIEmIRAIE
AHEZFREBFANRA. BE, LENMTOFAEHEREL TEC
AR, AR & B AR B R i 4. FE AR RS
AR L, WEMEEGERZEARER. B, XLLY
(EAA B R EIRRE S b A R0, S5 B3] e X A U
2, (VO OMERBERTIRAZMRMN. E2EME. iy
3, imdEEE, EEA SO ATRE



HALAYEETR

FeA T LR EIE T A7 FRAE 1998 A BRI ZHE 7 AU 4 fof WA
I/ INAL SEAE g — A/ NALE 2R T2, VTR Al REHE B AR AT el 2
DA (o] LAY P 220G, XSRS R [ AR e R . AE
F Bk RS, B ARl BB NG| TRZ ER
2201, FFAE 2008 AE M K 2E 321k R | RIRFE A S E2E AR5

FIE I s (UCSD/Salk Center for Academic Research and Training in

Anthropogeny, fij /& CARTA ). ” 1E W1 NIPS {4 £ fir 47 Bl il T2 A
K UL TR A, fERBERMASSRAWE, e R 3AE, 5
Fei— U ok SRk Sty ) R 24 S 7 1T, CARTA B T
K [ A RRE Uk WA . "

600 JTAERT, NJEATTE R MBSIRAY e o & ok (] 18-2
SRR —FPAE R BRI AR, (BIRRE AR B S TA T AN
{E i I R R E S AR R 2 b A T, BN R )L

ZHVARAATRE AR A M Z EHtEE, ARESHAH EEIRAN, BESERIAINEE
n, Evolving Brains, p. 164
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AT, HERFAMERTR, RELRX R U Ei180HE 6E
BRAEARNFE . MRENAGATERBEAMIR AT X, &
I 245 Z U5 RIVE? B AT IR AR AR (] —RE LA F A rhuons 2

TEARMBREZ W FENZES, ATLZERITK DNA &,
FATMERX — G e 2 f —BifE 7, A2 30 {21 DNA X,
HRBEARR RN 1.4%. YRR SR BE F R, il
A HORRE R Az, AHARSREEATAARR, Rig
W&, B 90% MNFRIEBBARE . " RATH K5 %
FRARAAMGAR AL SRR E R O AP R R E T AR Y
MK, 5 AEMBERBEET PR R E2ZFML, XMz
B AR 27T 77k, IRk, XE—-KIEM T, K
F R HEFATTHE I .

AZEERBRERE REXERT

A EVRIR, BARRIE LS L, AP R — AR
R AR AL — R, SR AN o SRR RN OUNE 1RO, 1
LR AT LA o -5 oAt 73 B9 AR LA F AR RO, DTG fok 4 g
2, ENEER . H RIS ROV BRI R, AN A
{3 B AR R A G X AR . SR T T A X S TR R RO R 1 O T 2
Fodk TARRY, X0 X T 40 R DLt 2 DNA BI4Ed f = i,
EEAMEEY I FSE b IEE “EE" A,

RAMAEYI E2E N T IFZ AR B, HFEASTEAHE
ITACHAIE . BN, 405 CA0E N 1w PR —— I IS A R il



WS O B R A VK S, DLURCE 2R AEE, eIk 169 H fa b
ARCT R . RKIAAT AR (& 18-3) &K Ti%
BEAS BV BRSO . T Al Ko, fELBRCK A K BEASRE
BRI B RERE, TREUER T, X XS M BRI Bl AL
esh. X FERKESE M IR, (AL 7E R A A e ¥ i st
[ 2E 4, A0 AT LATHERS A vk AR R A 7. BT 1A RB 2 — I 4G
RE, THAHE b F BRI A Y2 R SR . X B IR HE B 1 A= 12 K i
ATEE AN T fE W ZFER AR AR Y . AEZ 4 sh P haT
DA I 5 2 i) B RETE 2C

EFE06 9 1 . as'e kV X1S+9K 8 BB um

E18-3 XEHENPEBFREMER. AERNK ERBEF. B, BANEGE. BidHRREN,
RMNILIFRRSXFEEEREAINR. BR¥ER: NIAID, NIH
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iCam o, e T M) 22 5027 ) Bk ol fe S BRI 2
BT R, Bt AR E R MRS, il T AR R 2. AR
R — R REIT N, TTLEA T RGN P53 G HLRE
FUER BT A Y — AR U, SR RERIE SOk
AR A 2R G0 BT () ) R e e S . FRATTAR R, WE LA
A2 R TR, JFREIEIRA I AL P 25 A7 R G ) HE
it VA LERAS R E A, BRZHY H bR i B s (] A ) ] 9 49 &
Girbin M B et SRS RBHILS . R Mgs . FiE Mg ftt
AP 2R —— AT S K 245

TR BE 2 2] BOR TR — A iUA R B itk B 2R 59 AR eR R0
frame? SEARRA R BB RGN, (HiXE—PHE, RERK
MR FN FAAENL, TIRYRFMRR A, ik A EHEI
R R GE. FERMT, ALl T A A A, Pl ey, i\
B, A BAAERMTE. fERfbedh, mERIUTEIRILL
RAMEHR . HER T HRIEA PRI Z5h, ML NIRIEZELAITT
R LLE, A& &R LR AT LA . AR — L
TE 38 FHARA R BB T X P RN ?

A FHRBFEE R SESHENZOHE. RITEC LM
E TSR, (A — RS HEALAEIR DNA MR dr A
JEARKE, EHEH iR R Al iz i . 2% 20 L R SRS — S i S i
Ji o AVE, FRAIE TR IR 2 21 00 2% G fof figp o SE2 o [ 30y TG BARS-F) E
R, #gl LR, RAOTATRES K BN ML AN AR (8 2L B T e
MR R WERIRNTREMR DR IX LE R AT, AT A R A R AL
. HIRTTRELLFRATE— P AHEIEN, (BfEA— %, FOFAIA
ANETC R REME
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R TR R R SEMBIR TR — D SRR M. WIMNEE,
EMB—TREEL RS, ERSIREADRERN, 2B KA
T SRR RS, W B A AR i S 8 Se 4 i) St B e AR TE IR Y
MRAT (P 1), " RAOLRBAEMSE, LTRSS (BrZ2Em ), REA
AL ZE L 956 B F B —oki 7 B e SRR, EERX
B—{/ERFEABERE; AD#EMEE, BEETEIMEEYF
SR FE AL

HF ERANK LR 2R, LEHELS - LB, REX
e mAFERERERNH QXA S MB ERE (K 2), Fx
b, REEHRAE T 5w B FE (BB ) ( The Astonishing
Hypothesis ) H':

HE-MERAMEERRAMAAGEAN, EXRAHX SH
FRERLBFEEXG T, TRFLLTRREHTRLER,
WK, KAAWHAF. LA EHEESE. A
—REAFBE, A AFZRFHE  HEANEAER,
AEAERMANGET! ELTRELINTFE. 5XEL
- X2 LFHRAFREFN, XA ARG L.



BE1 EMMNRE T HRIERRCEAFRT, SILMFIAT¥. XEHESE - ERISHIGE R AR — RS
fERE, thRJEX LIS . B3R Kent Schnoeker, ZF/RGEEMIAZRT

FICHICAE, EHEAE 1989 455 HeBTAFmithy - BHe A —Ewm A
IRR . Mt ifedk, PCBTAEEN TR A S ph 2 28 A F S T4, JR 2R
Fift . ° EEBRE AR 7 S I K2 R ik R R i — B B SF R A, B
FEAE AR 5 v B v — A AR — B [ b i we L EA e
VERMA e CIm H, (XS R TAEYRIE. RIEZ T win
AR, AT AR XS AR %3 TARZ . HIRATTF 1990 4E7EMN
ML T 24Py Athenaeum B4 TRATIRALLOKE, K — B AE I 2]

MIRTEZE - T S KR HOT IR, 2Rl — HR AR,
T 1981 FFAEFE ST - B EY I ZENFOE 0 TED, AR
B E LA — PR R RS E. R RBR 1 R IR AR K
FEE, MIREFERAEIL, ARG EOERG LR, itk



KT AP AR Bt b Y e RN LS, RO T

FREG. E—TERMEZFAORIRE, X2 —-MiLRRRSFRK R
1Al S B0 RE R T2 . FRAE BRI ST 5 T A S8 A — OB R
WAk ARE . Bor . TRMEFFANE L SEFE, Fram
] FRA )RS IA 5R 1 ik )

B2 2010 FE/R5H CNL) HZE=. BEZS—BEEFAPRAMT223I8Z

R RIMA AW LES . | EYNORSRRT

FAREIZ, RO CHRERBE, WSt FEER; KA
TE R AAT B 28 T 1 R L2 O RHAG,  JF R T 3R A0 PREF; 3k
8 S RS U IR = 1 (TR WL RN, T S U
HACF 05— TARE . FeRe i A oh B - =il . 290 - B JER
i A - 2545 (Bruce Knight ), Wras% - RS, /R - W3
5. ( Michael Stimac ) FlIZY4E) - 218 ( John Wheeler ), [m]#E L /EG5 L 1Y
AR Z ] - aHe A, T TR A= HE R & D e sl 75 B IR e+ 1T



TERGRY T ] HE BT e i BATHE PR, Fe IR L~ 3 1 G ff sk
R (UL AR ARG SR RS, JFAREIE Bl B
. ATIET B A — R AR, ARV SR — il
FHIfEE.

[Flff, it LRGeS S R rp A R A 5

KIS EH AR R - a8 “Fgmgg” peleh A A - 5

i (Roger Bingham ) &M b 47 8948, AA B EIERME TR
&, 294 - ZPHK (John Doyle ) X3 il B R WL JS %2 1 Foxk A fil
BERGMVHE. SYLHE - M) (Cary Staller ) 78 %+ wC i ke i

IR TRETRR A Ll A BEAP R AT, TR T 0 B A (] A R
B B ) 2 T o] 3 ik ) R DA AR B 2 Ak LB R R
I T VR TR ) e s AR A e T
GO R M i, fthfi1f24%: Yoshua Bengio, Sydney Brenner,
Andrea Chiba, Gary Cottrell, Rodney Douglas, Paul Ekman, Michaela
Ennis, Jerome Feldman, Adam Gazzaley, Geoffrey Hinton, Jonathan
C. Howard, Irwin Jacobs, Scott Kirkpatrick, Mark Fl Jack Knickrehm,
Te-Won Lee, James McClelland, Saket Navlakha, Barbara Oakley,
Tomaso Poggio. Charles Rosenberg, David Silver, James Simons,
Marian Stewart-Bartlett, Richard Sutton, Paula Tallal, Gerald Tesauro,
Sebastian Thrun, Ajit Varki, Massimo Vergassola, Stephen Wolfram ( fi
oA B 70, LA Steven Zucker.

F 1984 4ELOE, (hagB /Rt M a2ttt & fiE KA &2
f1—W, Hp AT —/NER A% L B O T 9 2 5 5 (e 5 L e b 2k fr
WAVHE, AR RE AME shi B d e ——2 256 KAy %
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HE. AW AR TS AL A E . (2R —
ELRFEERN 5K, (BT 1999 FRASFIRAHIMTE, FIAFEEE M2 8 T RERF
e —iAs . JBSE & = PR Sk ST 2T A, R
J& John Allman, Dana Ballard, Robert Desimone, John Doyle, Katalin
Gothard, Christof Koch, John Maunsell, William Newsome, Barry
Richmond, Michael Stryker, £l Steven Zucker.

FRAEZR IR TR RUINN K¢ 5k R o e Rl 4], FBRA
HAEAT BDE S PERT A B FEN BT, MBITTIEAE QY3 A P B 2 Rl A
Ko MMR 7B AT DTS EOIR A4, 723 1990
SRR, DIRMAREEE KT S TR R

RIREW S BT R e Y R = it B = HE R —
BERANK, RENFZFRLETELEETF, it RS EEHLREY
WO A, — SRl R — A RKEE, LU B0 7 L i s
RRFE TIRAAN . ALK %G AP 23000 - A% ( Rosemary
Miller ) FIF5f - & - il . ( Mary Ellen Perry ) K0 IR 25 925652 .
HYAR - e e L4 —EAHAE NIPS #H S8, 4= - RIUR
(Lee Campbell ) - 17— itBHIES, HIRITHEMISG & DU K
ARGE

FRARBOGR  FR L Be th hRAL, DO AR E — R AT RS
PEEK R, HiRR T FRANFE SR - B AR 0 — B¢ T R 2 R
A T 1989 4GS 9 1) (#2815 ) ( Neural Computation )
T 1992 AEH A A5 CiH 3 KK ) ( The Computational Brain ) 5 L),
B HAtl N i — 28 OC T HLa8 7~ 9 B aift 15 4, Lo dn 2 A 1 - pE
2188 - BATEY (L2 2] %8 ) (Reinforcement Learning: An
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Introduction ), P I8 - 7 {8 9% AT - A R AS - PR 4E R
( Aaron Courville ) 1 48 55 1912 U fie o 22 ) OB CIRBE 24 2T ).
R BT 25 th RO (145 - 98U ( Robert Prior ) 764 451 K 1)
U R, WA GERR AL TR .

FILERGS NIPS #EIX, &AM, RIS Hix A (RE
A1), ARAS I BA A XA SRR s, B HORHEE TILA M
S5 MU — 2 A [ R 2 4% 2 A P 2 s )
— B R A T B R 3R 5 S . %42 45 IEEE A 1R,
AERE D — IR A 22 P 2% (R DR IR 5 23 1. HLaR 2 I A TR AR F 1Y
2, BEEPEYLESE 2] &1 (ICML), X J& NIPS btk &I, X
AR R A2 BT ok [ BT A X LA AL, DL KR HL A Bk A A Y
N

s

7E 2018 4E4CHE NIPS AT e 1, KX NIPS & &1k 1450 .
“IRAE 30 AERTH K SN NIPS 233 ORI AR, A KESuTEX
W, X 8000 45 4 K R PE——TR M LN X A4 A ERE
210 4F." FoT 2016 4F 4 Hiln] 7 EUE M LSS ( Mountain View )
AASER L - S, KR ( Google Brain ) FHBA 4 17— Kbk
—REREZE . AR R M R n B, 1 T RATE 2
MERIEYSSIE, (EAE e Ryt ] L TR AT BN B G 2. fEX A f
NI RAGE T 3AR 2 PN KRR 22y Ttk 36 M| E R R
Be. EREERE, FE TR, EEEAREEGEMER AR SRE
Fhebit, XSEERRAMER I AR FRAE R RS IR B - R AR R A
T 43T Ao 190 45 614 AL i

TR E AR ETUR 2 ORI 9848 . 3RS 26800 T e & 5|
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HUE, )T SARRRS R RIR G . SR, fESRIR IR B
L2, FRAGRF S SUREL [ TR R e, K B IRRER RS T T
Femy 2ok, FoIEARFIEFA S IR BT RER 4. BB - BHEA
MRk, Frigdnlk, REEARE, RS XABRHBHIA X
— L W g, FORE TR FGE B A KX A M A RIUE
MK, YIRS X — Ve — O






| HAIE

T =i

B 1% {5 S4b12 ( adaptive signal processing ): {R&if5 S MM,
WA SRR olen] L sl (R g el 5T D &%

8% (algorithm )« — 8 T BAAERELIRAGUEHT, IR0T LA D RSt S L
— A H bR G IS B R — R

EfE ( HiZERE1E#E ) [ backprop ( backpropagation of errors )]: i it
BAE T B oRAR A 28 R 25 2 2D ke, DAdse M AR A R B0 (DT B2 i 0 5
PERE -

DURtETERM ( Bayes's rule ) : & T 88 #5535 A G AR MR S 50 AL,
AR THORA AL . o — iR, DU STRESR SE A Y RT R Sed Rt
PSRN &

#/RZZ 841 ( Boltzmann machine ) : —FHIZeRMZERL, A EER—
HERI AT, JCrh SR n A TS BOR S A R IR T HOE G I R hdi A . 1%
BRI 19 20 YR AR A Ay - BURE R, RS E iR .
Y5 544 (constraints )« 1R AL Al B fife LR Iy S8 06201 6 12 4 DRI I
I 51T

## (convolution ) : R THE — 4 RS 5 — D RECH X RS ALY HE S 4
Hma A~ sRBCGHATIR T

AN &£ (cost function ) : JHRHEE M2 H Y I it HEfE 2 BLAY eR L
2] B H AR R R (i
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7 BHIE (digital assistant ) : JHEARB 72 MUAE S5 B9 REAULBD B, HE AN IE ) agh
BHE & HA Echo i & I Alexa

[AH8 (epoch’): %2 ukférh, MIREBRMFEA TR N FIBERHZ
EEUEIERO S

F & (equilibrium ) : BJRE, b B YRR A2 WS fE
BURBEHD, MEpoUREEBERMER, A RIEAER, RE2RE
FRRETE AR

% (feedback ) : £ i / 2L/ AT R M Tn gk, X
FiE RS 5 55 (E 48 hIE B T 3R

BSR4 (feedforward network ) : —FIZZHLZITRE, Hi&ZEMHET
ZIE R, M AJZITGR ., P52

¥ T B ( gradient descent ) : — & LAREARIC AT sR 8O B B9 0L TT 25,
TEBA R b AR 2 X S B TR, ek BTt i R 2 AR R O P RE -
ELIEREMLS (Hopfield net ) : 298 - AR ER WM RIE LM Z R
SRR, HRIEAS R A4 AR, 2RI RYERRE ORI NS A E RS | IR,
Af LA AE A ARS8 . XM AT Rl BT SO A B TR

23] 85% (learning algorithm ) : JETHEAOK AR B S BHL. RIRHE
(T 5 AR E brf R AR R B B, (UR I AR AR R RN B Bk
SRALSE )R M 2 M — R, (O A R B TN -

iZ48 (logic ) : B F45 RN Hal R A9 BB BeAHERT. Ber NS HRIE
A s 2L

2% 3] (machine learning ) : THEHLBLERY— 53 3048, TR
Bl g ] il SE AT S5, ihi AS R ICER AL A 4 B 1T ROE -

Z# (milisecond ) : —#MY T2 — (0.001 ), B—T#2Z& M —1
Je 4.

AEIEF X 7EL T2 ( massive open online course, MOOC ): HEKM
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AR R R IRE . 81 MOOC #E4 T 2006 4, F| 2018 4 1 A,
R 1= K254 9400 | 1AJH ) MOOC, 44 9100 J1# 214 .

T (neuron ): —FEERILAYKAGANM, H & I Hr 2T 7E Rk
A, R RS b g Hofthdh e e

JA—4k ( normalization ) : ¥{5 5 MR AT E TERBIE LRI . —FoRs Bl ]
AR M S AR O 3, BDATZGS SRR A B, (H3
— e S BERRE L 0 Al 1 Z ],

4L (optimization ) : ML ASE G h R EHGE A BRI RE, LIER
BTG GNE B T2 T

HEHE (overfitting ) : 24—~ KO8 AR b a] i 3 2 80t o K T I 2R K
HEOECR, JF FOZH AR Tt 22 HOR IR SFEART , S il 2R 2]
FRPABIARIRA . ORISR KRR T 28 IE NOR FEASHIRE S, (HLAT
DA 3 s O 5 ol 67 i 20

M4N2S (perceptron ) : —RISLAYFIZEMLEHRA, h— o — R
WA AT AR B4 AL, AT LASE o I ok Xk A A T 02

ATEAYE ( plasticity ) : PREETCX HINRERISCE, MEEREIRBEAYEAE (R k]
BAPET ), SO HAER AR [ “AHERT¥EPE” Cintrinsic plasticity ) .

# £ 4% ( probability distribution ) : 55 T L5 b RGEa 45 R P A vl HE
RS KA R I R R

EIRM 4% (recurrent network ) : A RARESRE, RIVFESELPIEAR S
DR EATEL

EME ( regularization ) : fEMZREIEARMFL T, BiEEATZSHN
ROL TR 2 A 3 P ) i NSO o, BV R 2468 vl i A B AL 7 11 4
MR AR S, R BARKER AU E SR .

gERgtE (scaling ) : RS0 B 2% FEEE L faf B 5 [ TR /) Il 22 A Y 2 i
A fltn, n ASBERIMEEZEEGRER n, (EZ o AE09 A PR XA R
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BRET ( skunk works ) : —A/NATFEREAS BN LG FA 9 U
I ON SR T Y TR AR CAMKANT) (Ll Abner) R JET)
{123 Fie
W RIE (sparsity principle ) : XHE5 B FAE, HLIE (EEG) Al
DIRERGAEIR MR (EMRI), /&t 850 3 s R IMBCR AT {5 4 X BB
PRECAE ST 43 B2 50T (independent component analysis ) PR S IR 75—
AR ITH, XA BRI A ST Do 28 o B IR ER A NG L
AT LA A ) e oA A TG sy 4
BIZRE (spine ) : PHZICRIZE L AYAIIBIRIRIRSS , 70 55 fh 14 5 fid e A Ao
Z2fi ( synapse ) : WIHZ T Z 0] 4 ARESERR AL, 15 ' 2 filk T i 2
T 3 3 FE i 2 C
lgrFimit s (training and test sets ) : 3TN FMIFASREIR 4T Y
AP LR 28 AR R LA TIOCR , (EUUIZA 0 fia) Aol T (g 00 A ) T L2035 o4
RPEREUET FIPAL . B SE S AR/INE, T RAR RS Z S A REAC, X
{l FH LA REAC S PN R0 I 48 EA TREREINIA, OF FX RS FEAC T &2 %0 R LA
PAREEMAPERE . 2O n= 1 IS CEGIERREE] . JErh n A FREACHE(R
B I i E I
B R ( Turing machine ) : B2 - FR T 1937 4E &G —Fh A8 my, nl
AR A R T s LY P LA AS— A nl AR R 8h i i
ML WETHER A — AT, N EAT IRET 1 Rk, ATk
O HR IR ST R ARG TG Sk A B 2T 2l ST RS s
WHIHE A AR IR Y, BLES ol LB SO 2 SoC s i S v T S el Sk AR
2 PR RS Bl — AN T
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com/2015/02/16/googles-captain-of-moonshots-on-making-profits-at-google-x. 4

HEF 2R TR o T AR AR 1 15 %, BRAFE AT LA A 82 6 oe.

JREIRARAE 1943 b A EMORTRRERRIA, (BRI 15 AN T 8 0

ESE SRS

F1E

l.

[55]

3.

SR, SETH AR I, X A JERY ATER LD " (7O brave new world that has
such people in't!” ) A 1351 LAV CRRIRUAT ) PR 2 IkAY i) (5.1.182—
183 [Oxford Standard Authors Shakespeare] )

. Bill Vlasic. “G.M. Wants to Drive the Future of Cars That Drive Themselves.” New
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