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BATO AL IZIZ, REL 220D AT 0Nb 5, FALICEAS L EHO By 77— 2B AT (UL
T BD-AT LRES) EBHE O AT 29 & SN DN en /2 ZRLE TIZE - T Ze W i
AN TLHHE (Neuromorphic AL : NM-AT) Th 5D, Aim®D HAYIZ, BiRFR CEAICKRE 2%
2T HOOFEYMNTIZ AT ORI E L TEET 5 E MRS TV 2D NM-AT (2B L T,
F9, RV E M-ALIZHERTDHENRD D DMNIONT, BFFLORL LT HEKEY -
HRLERE[A] K S° Neuroscience DFLENLIRFTT 522 & Th D, £ LT, IO DMREHERIZ
HoOX, FHZH NM-ALSCBD-AL DA 7 U V= AR & 3ol 732 B 5 M2 LoD, BD-AL
DEIZHDH N-AL DA TV AL NBJEAR, L7275 T Human Intelligence (HI) & @
HHTEME - REBEIZO W TR LD Z L THh D, L0 EEMICIR, A=Y —20F 5D L7
FEx ML I EZ > T LES TWVDBA T U V= ALV ) SEEZIFTEI ERA 2D
HFECEL - MISHET B 2 L 2R RB D, £ LT, 20X ARATIESOT, H O EERT
‘B BE~OXIRT]” R OB EBLRBICER LN S, AL DA 7 ) Yz A L HI
ENED XD RAEBBRSCHEDEERICH DD ONTERT L, BRI L THICHETD
Dix. ANBIEER/MI oft=x > b U — 7% (Human Capital as social network), & LT,
LA B OIS AT MAR TR CTEIEOHNE 0 R 2 2 E L L TOFH), AV OZEER
BRSO # - U2 OFIC L DR H N 2 AT aIa =T 4 EREETLH H1E
., L\ H 3 oA THD

F—U—F: By 7T —4R Al R AL, b a—~r AT UV A ANE
AR, HTE - ROBFME, fh2xRy FU— 7 ReE B 28 bEE

JEL classification : JO1, J24. L63

RIETI RY v— T4 2B v g« ~—s3—F, RIETI OWFFRIZEE L CER S, BURZ
THDEIICHA ALY —ICHERT A2 EE2HME LTOWET, @Il 54TV 25 R ES
ANDFEETHETLHHOTHY . FTETHMMED () RFEENETTE LTORMEZRTHO
TIEHY £ A,

*ORREIE, MOIATBOE ARRBEEEMRTICR T 27y 7 b TATHESNHERICE 2 24 287 hOEEL U
BOBERNE] OERO—HTH D,



ANHYE A /Human Intelligence & (BTN A\ T.508E/Neuromorphic AI:
ATV REVIREDID

w2 L AIRIEIR. BRI

1. I IC®HIC

A7vvxrz FTHE, 21 RIS A > TIER L 2 2P X U7 N THEE (AT 23
PREIHRICEZ DA 37 M BRFEFNREEZ T2 5o b FHEER -
P REEFERIR OB FE & SCBLER L CRFT L TE 7o, 2O, FRCERZ Y TTE DI,
e REIRA S TREREEZHDCH LT LS TS AT OAH, M R
B AN T 4088 (Neuromorphic Al:  LUAf%E NM-AT & RES) ThbH, 2

BATO AL IZIX, REL 20024 T Rb 5, EFRGICEASZLEOEY T —4
BUAT(BAF BD-AT EBES) EBHH DAL 249 & SND BRI EREE TITE > Ty
MW-AT ThH D, bHAA, TTOD AL AFFEHN LT McClul loch-Pitts B () #fkflfa (=
2—1 ) THAEWHR AL Warren Sturgis McCulloch (1889-1969) <° Computational
Neuroscience DYCERFE Walter Pitts® (1923-1969) . R[] D& HI| Hebbian Rule («~7
HI)) T4 @ OO FE S5 Donald 01ding Hebb (1904-1985) 72 & W& & LT\ 5, LR
ST, BEOETHI, MEOET L AL, MEROARNERIZESS AT OEMMETH
D Z EIERHEW R,

FEPR. Hassabis f (2017) <> Marblestone fth, (2106) . Schuman ffi (2017) @ BD-AT <> NM—
AT IZBE3 2 E4ERY72 Survey IR STV D K 912, BRZJEE L T 5 BD-AL & KAMHT
B WG - R e EOFEAREMERERICE S M UICRET A 2 ENAMO T L 2o TE

TWD, 7272, ZNHDFEFELZLRRBDTND L HIT, REIZRNITR DT E AT L

VR DP R ORNFICRRO 3B D & Lz, TRXTCOERMLIIFEFRELZOPHIZFRT 5,

PART BT 27 FTE, BETELERONTOD A, ERITO AT e o Z — Dl —t v X —R & T
L UZEME, IBMY b Y o OEWNRZEERR. EU » Human Brain Project M@ Neuromorphic Computing 7°
22 s (FAY « NATFAYL T RKF - Karl Heinz Meier #2203 E4L) @ BrainScaleS SRH[E - >
F = A X — KD Steve Furber #f7% T4% & 4% SpiNNaker., K[EEF4 (DARPA) Synapse 7ua =7 h
DOHTETH D IBMIED TrueNorth (IBM Research @ Dharmendra S. Mocha FCSEA) CTHIRZHY /1% E| 2
7oL TEToHA IBL R, BB ER R T 1 v 7 AMHEAR O MR IFEE (I b RIS LF
& EEE) . BB EIAIE KRR RGPS, ALHRE R T RN A N LST LR T —7
B RPN ZF SRR O E NS CEA 2t se . B PRI E R et v X — 2 KT 5 F
LI AR R R S a ~OB E MY RELZ EH L CE 7z, THAHWEEWEERRIC, 2oz 0 LT
DB RILER L LT,

P Pitts &, HOERMRIZA MY — FF ¥ U ZITBWRISATY @& Fry 77U MLz, IR
FEIFILDE LI ONDORFEOFEL R FZOFRIZEZ Y THIFE L2 0 &R AAEZ - TRk L
75 - mBEESHORRKI THH D, HlzIX, 5RO I T RETHOEFEE - mBled - s
Bertrand Russell DA Wi L C Russell ZBIEI W70 | GRIAEIEERO KEPFTHRETHE Rudolf
Carnap & IEFRFTELTZD . A KT 4 v 7 AREBHE D HD Norbert Wiener DEIFTEFH - & Hix
DEEETE LTS, 7L <L, Anderson (2017) R°FEILWIKI ZZM S 7\, KT, HHD “The Brain
Works by Logic” (Anderson (2017) 7 ZED X A ~V) N #k7" > -2 5 “The Brain Doesn’ t Work
by Logic” ([AI8FEDX A FL) ML 2o TV FFROB YV EDL VR Pitts FFHEDONX—=YF VT 4
WHBR L TV & SNDEDBFEDIRBLUT S 72 b L7z Th A 5B L SITIRLFET,
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Neuroscience MFFEDEIFLNE LWL S THh D, 7 A 0 =F/LRBURIT T2 ZH L TV
HON?EEFMINTIE, O L) RBIGRAR S BERGEN,

ZOX IR 72l TH DAY, BD-AL & NWHAT &%, EAbE B+ 2 1 LA
N/@ﬁ@%ﬁh(Wﬁ)EM@E%@254WﬂW$%lEEOTW5OWzi\M%
IIATECF N T VDRSO CTHML SN A L2 —n U 2 AR E L TWAN, BEITHE=
2= ANIBRIZE - TR A IR N L =2 —u U2 0D L0 D R % (Schuman
i (2017)), 743 D Neuromorphic & FEINAMRAFIH CTH H 5,

ZLT, KA 7 VP2 A LW OREMNE AT OANTH D M-AT (ZHER 58
b, BEShTWbd==2—n w@%@%%k 72 Bk EHEARD BD-AL & DEWAY, IREILL
B FFIZEE SEITRIND LI REHEETH D ARIE AR, L7223 - T Human Intelligence

(HD) & offize - FOFBILR %ﬁma‘é NAT DA 27 U 2w o ARPEDS BD-AT & b LT
RE g0z P RYEIC %;t%@‘k%z“(b\%)t&)f%é LR, A TlE. N-AT
ATV V= A= TREORE L BN E R0 SREEIS L T < o ofitit/
FE/BREEE T WVICESW TR/ FEE R b N ZE O TR/ FEEB K-S B B4R
REJ &9 BRI R e 4 (B 3 Hi CREl) .

NM-AT OAFZERARE EN L= 2 — v > O L BRI 5 OIZiE, +57 72BN &
BHo TDO—2F, BT ) A~ /Fa—1 7 (von Neumann/Turing—type) & FEZi 5
a2 —HDORETH AHIARMIE (sequential/serial processing) (2> T\ TiL, F
RUIBICHIERABE COBNIMRAEN &L THBW O D ZENMITEETHDL Z LITLD
(B 28I CHd) . S HIC, NFALICHERMEE > TV D FITIE, FHfl Bicble > T
BRMAHI L 2 %5 LT E 72 Moore DIERID, JEAHAE L~V E CHEME ER L TE 72
ZEIZEY, brrv (FF) R e L ORRa 2 ERIRFUCER L TE TV D &0 ) R
ELIZFEERH DL, 2FV, PHIRRBFERESE LT, #fi{b—i24 (More Moore) TiX
72 AFNAELFE (parallel distributed processing : PDP) 72 F D& E D TRk (More
Than Moore) DEBEMENZHIZIEHE > TETWVD, °

UL EORRFIE, BD-AT ERMLICEROBEMRAZ L TE e /A~ /Fa—) »/7ilar e
2 —ZDEREEENERT DL L0 EEOICHFECE D, X HROFEET v
EA B 2T EE LTS Google @ AlphaGo X 2 TWNWAH A Ba—HF « VAT L%k
kD T L 5, AlphaGo DFEARA A FHMIZIR 2 TV 5 Nature @ 3C (Silver i1 (2016)) TiX
FITHEDATND /A~y /Fa—) 7 Rara—2 L TTRRO K ) RFLlR AR

PERE OFEROER T, BN T YV ALNA TIRE TR A ®@ 0 T TE RV, UL, B
(LN ERE DB FHRIEAE VN ZEIC > T B L, AL v TN A 7IRET LB 2@ kit 5
(LEER>THRET D) £91hd, ZOXIRAK, EFNEVRT ONLWVITTOMRIEEZ, &5
FTEYVKITTLEI ZLEBFO M RAREMES, BRI, #HEEDOEY 1< SiE High-k E TR
INDHH, ZD High-k [EO RV EEFE LT E UL, bR F 2 MW 220 LI T % 5, High-k/Metal
Gate LIFEND b T U P AF IO D EMALSZ D DA /) R_R—=Ta b2 b LIEHRO RD 2 AT A
LTiE, 1 (2011) 2L,
® Schuman fth (2017) Z=PA,



BRENTWAB,

“The final version of AlphaGo used 40 search threads, 48 CPUs, and 8
GPUs. We also implemented a distributed version of AlphaGo that exploited
multiple machines, 40 search threads, 1,202 CPUs and 176 GPUs.” ([AlphaGo
DI TIX, 40 DRRFEA L » K& 48 flHld CPU L 8 fHdD GPU & (FFo~
) Miote, T, Bald, 40 OMFBEA L R E 1202 {80 CPU K& Y 176 {[H ¢ GPU
THREAS T BN DB~ > A28 L TEMET 5 AlphaGo D4y Bl b FE4E L 7=, |

(FIGER))

ZLT, BELLZOZHE DA Ea—F « — 3 —%F A7 “1202 CPUs and 176
GPUs” &£\ ) Ay 7 1ZHSWn =B 201747 H 27 HO HEF I, TAR O
DOHBETRVF—[TRBRET 21 Uy b, —HOTNAVT 7 EOEEENT 25 T v hE &
NTE, 1T 2T AT, ERFAL WD, FEEE. 1CPU M- O RIEEE ) % 145
T b O 1GPU M- O RIEERENZ 300U v h(/ER)ET2L, 2T T2 Y
v 2B, LEER-T, VAT LAEYSCHID/SSD 72 E D 0fdn/a 8 bR+ 5 & 25 5
Uy MINEY R HEEEZ & D, °

F7o. 2K TOANRY A AE# Jeopardy THWH DRk A 727 A4 XTEXOEERTIZ $ 1
WA IEA R 2555 IBM Watson I&, [A U BD-AT T FHE: & W 5 kAL L 7= AlphaGo &
IR E S B LMD CERAMRMMEAZRF> TS (Hurwitz (2015), Anderson (2017) 72
E)e FTH Watson Z2=—27 |2 L TWD DN, IBMALH BIFE D H RS FEERH R 23 7054
F417- DeepQA : “a massively parallel hypothesis generation and evaluation task” °
(R FUSEIERK « FHI{ESE) V7 b =7 ThH, N-AT OHRA 5 H & L T4 En
Anderson (2017) (%, Watson % AlphaGo & [FI K& < 725 Brain-like 72 & D72 &L LT FiL
DX BRERENI A FE LTINS,

“The Watson software uses many kinds of software “experts,” huge

initial datasets, massive parallel computation, task—dependent

5 Intel Xeon ES—2600 V4 Off, https://ark.intel. com/ja/products/91755/Intel—Xeon—Processor—E5—

2697-v4-45M-Cache-2_30-Glz M,

" Nvidia Tesla P100 @ fi , http://images.nvidia.com/content/tesla/pdf/nvidia—tesla—pl00—

datasheet. pdf &

8 BpAic, Ehmiz XA, 2011 4 11 A TOP500 U A hO_yF~— 7 FHAFFO A —/R—a B a—#
(5] OWEEINL, 12.65989 A H (BF) Vv N CThd, LEeNo>T, ABOMOIEEE % 20 7 v b
ETHE, ARIFI60 TAZICHD, BHFLRWERENETH D,

http://www. fujitsu. com/jp/about/businesspolicy/tech/k/qa/k04. html

9 http://researcher. watson. ibm. com/researcher/view_group_subpage. php?id=2159. B2 k|2, P —/ 3 —

HARTITERIZEZ D2 DI 72 &b 2 RFRPEDRD D D3, — X —FE2 I D DeepQA ZFIHT 5 & 3 FPLL

WTHEe L5 (Van Der Made (2013) . Hurwitz fl (2015) ),

19 Jeopardy H Watson @ & HIZFE LWE L, Hurwitz fth (2015) 25 L CTIE LV,
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probabilistic  inference, associative  learning, confidence and
correlation estimation, and what the developers call the “integration
of shallow and deep knowledge.” Answers are arrived at by estimate and
consensus from multiple supporting sources. The rational analysis
characteristic of early Al plays only a small role. -+ Watson is still
a long way from a brain-like computer, but it is heading in that
direction.” ([T RV DY 7 by =TITE, BEL O V7 hU =7,
EROHT —2 &y b, @IWHIEHR, (EEERAR MR, EHEE, (5
HEE - FHEAHEE, = L CRIZEEN”  (Know-How B972) ¥\WVETER & GEAECHEE
72 ENMHADYEAR SN2 R) TROVARR E DS “L X5 B O, ML T
WD, WO AT Z RO 2 BRI, (ZADEDREEI L7, - - -
MO XKD 72a s B a—FnbI@NTE NS DEN HEEH ST T
5o 1 (BB, O WIER%EN) )

el WEENELEWOHIRANO RS & EFLO Anderson DfHED AL NOR
WO LUTIET S0 ->TL B, &I DL, IBM Research @& EHZ i, Jeopardy TfFEA X
A7z 2011 4RI Watson D HFEZIT, 90 B2>5 785 IBM Power 750 — SEETH Y | 16 7
F 34 R @ DRAM (Dynamic Random Access Memory). 4 7 7 /34 h®DF 4 A7 2880 fHD
Power 7 =7 (Power—CPU 360 {EfH), 80 77 7 r v 72 (1 BHIZ 80 JKIEI DG AIEE) &
BHALEa—H ThHLHERLINTNEINLTHD, [FIEEHT Watson DY FEDOM HE /)&
IXRDT B o723 Forbes DFRHE T 20 FV v hEENTWAD T, EZ® AlphaGo
LIFERLCTHD, M

BB, 2 Hi TR T 2 03, BIIEDORER 72 NM-AL OFETHE &I, FITrIRER
AOB/BFABFIIRERBENDRH LN, /A ~/Fa—U 7RO 1/1000 1Z L2
TW5, ZOMEIE, WA OEFEELS E=a—nichbily, 7rhueZHgEE %ML
20T 5L B2 FA - TL 2 R (2017) 72 &), % LT, 5D AlphaGo K> Watson
DHFEFNO ORI DI, Ak, AEY - GREIAFOMLIRZ A TAED - Fwmisy
D/ A~/ Fa—l o 7Rar o= TARKRIZER LIS L45L, 2 THoObRN
HEE)EPVLEL 72D (VanDer Made (2013)), ZO AU L TIX, 77 U BAFHLORY
Kwabena Boahen@Stanford K223 R\ N5 NM-AL BF5E 7 )L — 7 (Benjiamin it (2014)) ® FEED
HENETHEBER,

“A personal computer simulates a mouse—scale cortex model (2.5x10°6 neurons)

9000 times slower than a real mouse brain operates, while using 40 000 times

1 https://www. forbes. com/sites/markpmills/2011/02/21/ibms—watson—jeopardy—stunt—-unleashes—a—

third-great—cycle—in—computing/#5b25222a5b43. 7272L. 8 H UV v hane 75 H U v Fatb & D,
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more power (400W versus 10 mW). Simulating a human-scale cortex model
(2x10710 neurons), the Human Brain Project’ s goal, is projected to require
an exascale supercomputer (10718 flops) and as much power as a quarter—
million households (0.5 GW). Hence, large—scale neural modeling’ s potential
has hardly been tapped.” ( [R—YFar=a2—FL, ~U ZAHEOKKE
F (2250 FOD=a2—m) 2 Iab— T 5B, 4 5% (400 7 v bt 10
VTR bORERENEVLELT DL DLT, BEEOY T AOMEY
b 9 FfFEV,  (KJHD) Human Brain 7' m ¥ =2 kO 3 —/LTd 5 AHHED KK
ETNV (R0 EEO=2—2) 2 b— bTHERICE, =72 r—1 U
2 100 5 (t=1 k) WBIOWHEEES) DA— —arEa—F L (ZnEEnd
72O ®D) 40 HHAF 3 ICICECT 2B DHEE R S5{EY v ) EAREICR L & TPHRS
NTW5B, TOH, K=o —n BT VOB, FEAEFHTET
WY, 1 (FESER) )

INLORENS G O ) A~/ Fa—l rrMarva—2RNEEIn B o—
Ui AR R D 2 E N TE D,

BD-AT & NM-AT D& E HICBE T 2 R & RE W IT, A& 2 BT O JIE kAL 3
(sequential/serial processing) 4 +A / A~/ Fa— o FRla a—X4%,
HICRERFR 2 RT TEOIIX LT, BHEBRDRNEREA~DERF DRSSy
HALFE (parallel distributed processing : PDP) 45 & 45— o =7 2L 0B Fn:
METH@EMNT EITHD (Schuman fll (2017)), HAA, HIHEDOLHAE TS, HGEOEHFT
— X2 EOWHNEZ5E L 45 Widia/Intel/AMD 72 £ 0 GPGPU (General-purpose
computing on graphics processing units) *° Xilinx/Altera (i Intel) 72 EFDOENT-ZF
AT« FRON— R T =7 A %ZF5 D FPGA (field-programmable gate array) 232% &
D DT, NERMIRTZFITHRTTE L TV D0 Tidevy, 7272 L, BilRFA T GPU X FPGA O
HEEITET O CPU & LA HEHERO T 20 Vv M TEIMET 5 AR OO X 5 72 NM-
Al Z L THEBTEZI 720, »

HE, A~/ Fa—V) I RarEa—2IlE, B<AMbh “Txv /4= -
RIMNVRY2” PDRELNLBITEDN->TND, TOWEREOR by 71k, A€V & PE

2N (2012) 12 K AUIE, 1970 A B 80 RIS T TRENY F v £2EIC K D PDP BH%E - Ef{EOX
TRIENABEZ o720 D, Z LT, ZOWAIL Intel X86 21X Lo & D %Al A CPU BE{L o H3k &
HICRBENOH A TV o7, B2, NASA ITHIA E 47214389 2% Content-Addressable Memory (CAM)
Z Bl U 72 Goodyear Aerospace Corporation ¢ STARAN@1972 <o D%k MasPar Computer Corporation
@ MasPar MP-1@1990 <> MP-2@1992 72 ENd o7z, Z OFE43IE. T wiki B,

B R SE D FPGA O—{BX4 7= ) O R O RIEEE 11X, FlxiX, 68 Bl L WO RN NT oA
LA 5 Xilinx UltraScalet®ifa, %457 v I35V v hTHDH, L7wid-> T, GPUX CPU
ICHARTH R & HIEEE TN —HEVY, (https://www. xilinx. com/support/documentation/sw_manuals/
xi1inx2014_1/ug440-xilinx—power—estimator. pdf),



https://en.m.wikipedia.org/wiki/MasPar
https://www.xilinx.com/support/documentation/sw_manuals/

(Processing Elements) X% Processors/Cores DD a2 I = =4~ —3 3 2 (BREE) #iEI
BUE SN DHRRE « INERHE ORI ICERT 5, £D72®, Intel Processor (IZf&E I D X
972 Many Cores B! "MZ7phuiX72 513 L, LA Moy 7 BB E 720 | HEEHO X
0 %< (EAehi7 vt v TIXIURTR) M AEY ~DT 7B ATHESINTLE ),

Ut kot )4~y /Fa—lrrRMlarCa—OREHRRRAEZEMWCE D]
REMERS W PE - AE V@AM (AEY - WA/ FEE 7T —F7 7 F ¥ &2 HKO
Neuromorphic Chip/Device X2 NM-AT ~DHIFFREmE > TETWOHLRELRHATH D, °

KD HENZ, B R CTEMAMICKRERRELZ A TWD b OOFRHIIZIE AL OX
FE L TEREGT D MBS TS NM-ATL IZBI LT, 97, Z280nE WAL IZEE T4
BN D DM ONWTHERI A DL 732 b T FHRMR Y - R ERERREKC (MAMNETITH 5
M) Neuroscience DFRBEMBBHTHZ L THD (FE2H), FLT, I bHOBEHERIC
EOX, ZHFH NWM-ATS°BD-AT OA 7 U ¥ AR L 130 Z B 5202 LoD, BD-
AT DFIZH D N-AL DA T ) V= A NBYEAR, L7=H > T Human Intelligence (HI)
L OffTENE - VEEICOWGRR LA Z ETH D (B 3 ).

&0 BARBYICIE, Numenta(2017), George (2008), Minsky (2006), Hawkins(2004), %2
Al (2003), Ornstein(1986), Sloman ft (1994) 2|2 E W\>>, A=Y Fr—2DHHFD X H
IR ML AR S T LE-STWVAEA VT U V2 XD SHELIFTEI ERARH
RO - b T 52 aRlkB b, LT, TOL I RRRITHESNT, HT OHFX
i “BALE RE~OXRIRS” Chifh (2001)) RLZFOEHEELRBICE X LR 6, NI-
Al DA TV Yz Al H ERED XD A EGBROIFEEBRICH 5 DD TELE
T 5, BEEICBELTHRICEET DX, AWEAR/MI otexy FU—27 81 (Human
Capital as social network), = LT, “Bfb& BE~DOXIIE" IZMH 72T Trid OFLR
10 B2 AEE L L COIEE), AVOSERR BRI - Ut %2 OILFIZ L D IR 72 W)
BAEAHTaI =T 4 BAEETLHLEE)., LWV =o0HEATHD, °

AN DOMD & 5 72 232 VX —2h 3R CIEEIT 2 NM-AT ORI D & RETCRER 9
D X oI, EOEBNTARGERIE R - BlEDOHIBIRE I3 N[ & ODMERERLHEED L ODH Y

Wz 1E, KD CPU =27 285D Intel Xeon Processor E5-4669 v4 (A v T /LHESE{MFE 7007 v/ f#)
DA .22 %35 D, http://ark. intel. com/products/series/91287/Intel-Xeon-Processor—E5-v4-Family
15 IBM B DT D N\M-AL Td 5 TrueNorth (k) OEEEHL X NVZ 1 95 AT /L CPUTIX, =D
71000 212725 (http://news. mynavi. jp/articles/2016/12/12/sc16_ibm/, Carothers ffi (2015)), & H
Al FEH I NI OIKAY 20 7w MFEETEINTO D RBUTIIRT 2 & BEfFOMA AL IZBILCTH ., &
BIZZF O 3K EO =R VX =M ERNEEN TV,

% Minsky (1985) Ti&, fEBIO&AFNCE L Cidfitihioob, ZNDREFH L - BRTOLOTHL0E 500
XAt Ny U LTV, 72720, “The question is not whether intelligent machines can have
any emotions, but whether machines can be intelligent without any emotions.” (TRI&EIXA T VU
T v QD BEBEFOZENTE LN TIERLS T, vV UIIEBRLICA > T I V= NI
DD THD, | (FHER)) LBRTNWD, LT, 1EF 10 £ D Minsky (2006) 12722 &, “Machines
cannot be intelligent without any emotions” (Z ®3LE X Minsky (2008) (ZIFHEVY) & WD FE(EIZE
Do TOTREIZHBRE N,



http://ark.intel.com/products/series/91287/Intel-Xeon-Processor-E5-v4-Family
http://ark.intel.com/products/series/91287/Intel-Xeon-Processor-E5-v4-Family
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FA — S5 ATREMED @V, NM-AT DIRAAI AE B B9 25 &0 N ORIE ) % Rt
\J % /3= (Peirce) W7 747 v a s (abduction: REHFEH) (26 HERTE % rJREMED
HTL DM ETHD, Lont, AWEAR/MIL & OBRENEWED X 5 72 NM-AL OFEHIN H
LEMEEZ B2 T D&, AIEAR/MI & NM-AT & OFEZIEIZE D . NM-AT D L~ULn
IEERNZE EL TS ATREMER B D, £ 2725 &0 AEAR/ML BRFOEERFETH S
“Ble L BE~OXIRA” 725 NCED K S Zextin J1H RO LRETI Th 5 B & LEE~
D NM-AT DA 287 NEBETHEEMENISLICRKESHEARLTL 5, e BE~D%t
SISV, AN TV T B BT DI IRT T 7 v a VREIDERLS BRI 5 0
5Thb,

ERRORICBE LT, AR (1995) 12 KiuX, MHEE TV DA 2 (AD) HF9EICiE,
LS L= 7 L2 X LOfEIR%Z B548F%E (Computational Neuroscience) & . FD7T
NI Y X LNEROEMOMAZ O STHERSH D) EvH, £ LT, AiElE. ZOIHRER
DB MO LT VT RLEBED (A~ /Fa—U 2 F7R) avta—420
7' 7T LRI D, | (a4 (1995) . O NIZHIEEBI), £ S, W E T & = ® < AlphaGo
X2 Watson |ZfXFEK 4D BD-Al ZRHEfT D57 7 —F 525,

fin )y, ##. L7y > T N-AL 23 BESSIFSRIE, T 7 =) X hx BEERT 5
T2OOT Y XL (B AL, ZOEKE BBLT A FE LT —FT 7 F ¥ (1
H) FRHLY AT AMEL T, 2OV AT AT L CTERLEO 7V 3 X A% HEERS
FTROMNEIMERRET D52 L] (A (1995) )72&WnH, DE D | A EHR LT LT Y X
LZEDEDE 20V > MAEOHEE THEBRICERAL T ZLOTELAZ T LAY XL
OfFB « FEBLL WD Z 2T D, LT, KmOWMY AL, ZORIRAZT LAY XA
DEBPEWFETRL 720 22H 5 BURICECHR I LTV 5,

¥, AZTNTY AL LT, FRERBERR OO DFRFEFHRFIRE LToT LAY X
AT, ZOLT7NIAY A L2 LHLAKTHT VI XALTHD, 7 Licho
T, B E LTON-ALIE, BFREAETEH L2000, TRAGN “Blb s BE~0xbi
777 B NCED LD Zextic I BIEDOEALRES I T 5 H A LREA RO XL 91872 D,

UL K9 2RI D e NM-AT B O B P 22 mF 7813, BLEBRE Tl ik
Kz LD KRR E DI DI MR FEEN 2 N— R OEm S b L, WA TOR
FEHN 72 WF SRR Z OFHE OFPHN TITAFAE L 2205 T2,

2. ENFAL IZEHTADON?

'" Bostrom (2016) (%, € Z TR STV % SF BYZR B O R I 2 AHUE U7 ARR ORI I3 Rk~ 72 5%
FRRBVIELN, AFZTNLIAY XL LTKRD L HIZIRRTWD, “At its later stages, however, a
seed Al should be able to understand its own workings sufficiently to engineer new algorithms
and computational structures to bootstrap its cognitive performance. | ([ “Seed AIKH H DT —F%
TV F v ELEETE D LR TRKIO AL > 1, ZORMMERICR D & HODOEDL B\ E 531
P92 LN TE, TORAENZANTUETDOOHF LT VT Y AL LFHEKEZED BT
725951 (FER



2. 1 TXAVF—FREBOEHEIN L AL BRFOHSHER

AR D X 951z, BUE, m7/%m%1@¢¢éAW@M®i9&NMM#ﬁménf
Wb, LT, EOEDITEF, BATO /A~ /Fa—Y o IRarva—2 104 641l
L®ﬁ%%ﬁ@ﬁﬂﬂuﬁ?%éokkb\%®i9@%&®i$w%~%ﬁé@ﬁi
B EICEEE RN EZE S Th D,

A. Chaisson (2013) 23BHEIZ L7z Technological Singularity

Z DL, Chaisson (2013) 23FE L CWAFHBB CTOENEEIO Energy rate density
(amount of energy per unit time per unit mass : L& & « BEAFREIYS -V O L F
~%%§9@%LTnéTﬂ*mizﬁén1wéo:@ﬂ(%%ﬂEmmymmdmmw)
WREND L DI, Fox DHRIT, B REFEFEMATE) D E 100 FBIZ D7z -> THZ O
BTRREE DT 3L X —3 5 o) BAR B> THE(L L TE TV D, £ LT, \M-AT 038
Wi, 20 XD RHm#RH O NFEE E 2 FHOBWAEFE SN TWDH LD ThdH, b,
Chaisson %, @3 100 B OMEANIZHN TV A ELL % Technological Singularity(TS) &
W/V“C“b\éo AFATY O Kurzweil (2004) DT F =TV 7 4 () (ITELARERA Z
LW TSI RIS 8 5 Z & 298I 2720 Th 5. 728, Kurzweil D55 (A
TR HEEECE) ICBT A 90 0 Lo T W EHEDS Zarkadakis (2015) . B (G e Neuroscience) * $%
SO Z 70 & FHRAR HIER D « FH7 SURY 720 R0 & ORI IS £ 887 Anderson (2017) (2
WANHNTND,

Iy
= 108}
@ o X FASiet
g’ x %% — 747 aircraft
& 107} 2
-] i
3: technnloglsts (o]
2 L | ‘_.’x x — today’s auto
)
° Indeastetallate O ’ % Cray -1 computer
] > human.
- .
S 105L agriculturists Q- ~ X %
§ O.hu fiter-gatherers W L ENIAC calculator
g o i o . early engine
w104 - australopithecines

108 104 102 100
Time (years ago)

Chaisson (2013) X ¥ $i#

B. FEMAEEEr— N~y 7ZH£(2015) TOREH

FE ZOL) RBFELANC LT, FEERFOEMZEEDZ < | DARPA « SyNAPSE 7
Yzl hOTFHIIRINTWAS LI, BT/ A~ Fa—) o I7Hlara—4T
X, TR X — (EEE) DEOREINE, ERKIEEOERRA L Ea—T 4 7



EEIIRESZ DN EFHILTWS (2015 &£ ITRS Emerging Research Device
(ERD) Meeting <T@ Srinivasa(2015), Roy(2015), Burr(2015)72 &%), Sz U,
DX D RRFOHFL - E, BUTFERO =R VX —hROIEEM ETIFEHTEXZH
HRNEEZEZ HNTWD, 8

/
/ won Neumann \
| lfog] . Machines \
- . Alrade Datwsden
: & * unnrsaly and
Machine - H ’ aciency Mewr ormorpta
Complexity HE A Macrines
eg Gafes L

Memary,
M

“semple” “ramplex” ['r °g]

|
\ Environmental Complexity
&g fngw Combinaforics

(CKIE DARPA + SYyNAPSE 711 &0 = 7 R & D)
ZO X ITFFERMIGFOREVN-ALI TH DA, BEHTHR~72L D12, FHHD AT 25
E SN DERMEETIZE > TV, ZOAIZBI L Tk, IBM @ Almaden #fF5EFT
T NM-AT EBR AR T2 70— 28 T % Burr (2015) O FRRDKNHIRTH D, Z DK
Ot “What” 1ZHY T DA 2 o e — 2 NEEN TV DERT. EHZIE “How”
DT DM =2 o B2 — 2 2 FEBT 2 FIEOHEDORm S ARSI TS, £ LT, M
R a0 o — 23, fithh - Ao “EHER TR I TN LI/ A~/ Fa—l v
THRIN=RT =7 OIERMH ETIEE THEBTE RN & Loy, ISR 02 S
NTWRWNWZ EIC XD EBLFENPRIERL TV W EENRINTWND,
WATSON : “cognitive computing” with conventional computers

Von Neumann NON Von Neumann
computation computation
"brain-like” £ How to get even
more "brain-like”
computation?

ends”of [ A icial ——
: ~on GPUs low to move
computation | ¢ Neural towards "brain-like"

("wha t". ) ( T [iskyork energy efficiency?

e

2 i

I s

Statistical " “FUs )
Maching

Learning~_ _,/

conventional
computers
N |

- W
! “means” of computation (“how")  “brain-like”
s L o e T QW TTRS/ERD Workshop  Feb. 2015

IBM Research - Almaden

Burr (2015) @ ITRS20154E 2 H D7 LE &R LD

B 2pXoRBEWwTYH, — A EEEL TV Kurzweil (2004) D> ¥ =T U T ¢ (singularity) (i EE
DN— FuE, BGgLEicEmn ST En s,



C. \M-AI ~N—RU =7 EZERBI TCOHBEEREHIZRME

PR DFERBICE S 220 W-AT THh D28, Tk, T OEEBHRMET, AIEEME T
iE@%ﬁ%ﬁéﬂf“é@k%?ﬂ?::TM\;@ﬁ%ﬁ%%&NWM/v—F?IT
FERFITRTAHAL Y GEHRIIAROMTR A ZM), 7238, BD-AT &I3HE e 7ok AR A&
S IA =/ Fa—Y I Ra L Ba—2 ETON-AL V7 by = 7 EEOBLIEE G
WZOWTE, EDROIRA T VP2 A HEEL TV AONCEEERED > T 5D T, FIZ
55 3 Hi Tt 7o,

C.1 DARPA: IBM-TrueNorth

H]{IE, WAL N— R =7 & LTiE, IBM @ TrueNorth (7 A VU J7® DARPA ([EIf & 25 mF
ZERti)fR) - IR a2 b)) BEALATHD, ZOTAT AT, 40 BEO (FTH0)
—a—nr e 1IKED (FTUXN) F T A% 4096 fHD TrueNorth (FY# V) F v 7T
ESEHEOENEHE EO HIEEHED 4kw R IZEHE I TWD, 19 dkw iE, A O (20
Ty R /2000 7w ) EHRB E 200 A/40 NSTITAEYE T B,

B2, AR AlphaGo OBXENZ I 17 2 T AN OBENHEEENMLETH > 72
5. EATTEDHWNOFEN R D7 DHMLEIISBRE TH DN, Wi TEIHEN 3
Wik b Z L1272, 2 F7z, 2014 B TO TrueNorth (%, b4 BEDO N T VAKX TH
O =a—arb 2 fF 5600 FEOYFTAEERBLTEY, E=a—ar tRAL

(realtime) X CENMEX W HHA, Tomw LONHBEENZHEHA LTV, 2 b0FE
D BIEI TR L7z Kwabena Boahen 7 LV— 712 L % PC L TO~ 7 AMOF ] & bhi
T 5 &, TrueNorth DIHEEINHEDOEDE S Z I DR WVEHIDLZ LN TE D,

t N ORMNIZIE 1000 EELL EO=a—m > (55 800 &L/ MBS #H) MNFEET D &
WO ZETHDHMND, TrueNorth D HIE=2—w VRS 5 —Hr B35 & b FOFEIZE D
<okﬁb\%@v%fxﬁi t h o 150 JRERTZ IR &R D7, 20D
1%, TrueNorth D& KM EEIEEL“CI/\Z)O HARHIIZI1Z, TrueNorth O fx/NEN TH 5
Neurosynaptic Core & MEIZHLHIAFICIE, 2656 D=2 —1r > 256 fHOHIHE & 256 {# D
%ﬁt\%bf%mg®%a_y%7x@mm@ﬁ%bfwé@?wm@émfuz%m%
fE (6 77 5536 ) D FFANRFMATREL 72> TV 5,

AN, 1=a—urbHich 256 [HOTVFTTALNIHAETIL, Eoa—vl &)
BENBITRRRL D NT D, LV0IHIDIE, & bTIX4 M,/ ==2—a > EBTIE2 HE/

9 http://www. research. ibm. com/articles/brain—chip. shtml

P EERYICEIIE, TrueNorth ZMWWeY 7 b = 7ERIT, RIZMD THREOERN N T P2 X L
NLVEFHIB E -S> TVDE E WD, SV IUE, W-AT BIZE TIiE. BICHREZRM 5. TrueNorth O X 9 72
— R = 7% & Numennta £ HTM (Hierarchical Temporal Memory) DX 572V 7 Mo = TR LENE
ST B o Te TN =2 X o TSI AT TN D E WO BUIRTH 5,
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—a—uy, vUATEHS T,/ =z—a, IURFTHL1 T =a—a2tkosT
WHMNHTH D (Rolls (2017)), BB T DL IIZ, 1 =a—mrHI ) DT T AN A
IS 2 512 &, 8 - FUIROZEM - REERY 7208 SR SR E 2 0T, A a7z BhAg it 5
DGR E E U REEISOR ERS b RT D, LIeR->T, MALICE->TH, BER
BHRZEE A ML, HEE A F A2 D T 5 (Numenta (2017)) ,

BATO NM-AL ~— R 7 = 7 CENHEEDEEBIK T T 5 K& 2B ML, TrueNorth &
G NM-AT OGA, I - 4 X2 RBREBIE LEESEETICT vy 7 BRE 75 (Event-
Driven/A ~> ]\.?’SE@J?'&) ThHI L, ZOREOHIT, HERREIFE A IERBAERE & /o> T D
L. D2oTHDH, b FEEDAEMAKITIEFRY TENWTWSL 2, BUEERDO I Ea—H
[Ef3 e ATHFEBIERE, >F 0, BERMEICFE 07 vy 7 27 ELE 5 THEE
%7&y7%®ﬁ%%ﬁé%@@%?%éo%@k@\ﬁﬁﬁﬁ@%ﬁﬁﬁ I OEE
WL TiE, FERMIEREIC A TR BRI R E W,

728, TrueNorth 2 & 8722 < O NM-AT D= =2—1 2%, @R EE ) L RER
FEN K =72 SRAM (Static Random Access Memory) 73%%2}97}1“(1/\6 SRAM IZEBELR RS S 1
RNERAEYDHEATLE SDHEHREMEAEY (volatile memory) T DA, AHHIEM: T SRAM
WCHETDEEZBEYRERMAD LV /NS ReRAM (EHIELE T v H LT 72 ARAEY)
R MRAM (RESHEPLAEY) REBFEATE L LIk E, HEBHEZILIZTFSZ
ENTEDL,

C.2 PR Human Brain Project : BrainScaleS & SpinNNaker

G CHHM LD I —nr v 3SHuman Brain Project ® NM-AI 7 =27 hTH 5
Heidelberg R &AL 5 NM-ALl /»~»— K7 =7 « BrainScaleS (X, v 7 ETiIZ< | H
28 20em DHHEAR T = —/ (wafer) RICHEIBEAERE LY = — 27— VERRERK E LT
FHEEN TS, ® BrainScaleS TliX, —DD 7 =— 1 EIZK 20 HlHO==2—1 L5
THBEDLFTTANGRDFy N =7 R TE D, £ LT, ZOGAEOHEEENTHLT
2y 1IkW 7289 (B (2017)), 723, BrainScaleS (X, 7)1 2 « F ¥ X RO ERM]
BRI TS, 20D, WEEBNEN, T2 X IVREIEKTZT ORI THYS K
<7poTW5h (YR (2017)), 7272 L. BrainScaleS DI+ 7R/ =a—n U HERE 250 T
HDHMD, TrueNorth DU F 7 A/ ma—a R EIFIEFE T TH 5,

ANz T, BrainScaleS L [R—7 1 Y= MNTIFA|THE > TV =[E - Manchester K&
@ SpinNNaker 7’1 2= 7 b (https://www. spinnaker. io/) Tl EfHF v 72 H T35
IBM-TrueNorth 7w ¥ =7 N EITRRY | Fii Y 7 M 7 A TITA -7z ARM AR R D

2 https://galton. uchicago. edu/ nbrunel/teaching/fall2016/11-intro. pdf &M,

22 http://nice. sandia. gov/documents/2015/Marinella_150225%20Nice%202015%20HAANA%20Final. pdf <2
https://www. tohoku. ac. jp/japanese/2016/12/press20161214-03. html 72 & &R,

2 http://brainscales. kip. uni—heidelberg. de/index. html, AR a2 =7 X 201543 AIZKT
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https://galton.uchicago.edu/%7Enbrunel/teaching/fall2016/11-intro.pdf
http://nice.sandia.gov/documents/2015/Marinella_150225%20Nice%202015%20HAANA%20Final.pdf
https://www.tohoku.ac.jp/japanese/2016/12/press20161214-03.html
http://brainscales.kip.uni-heidelberg.de/index.html

ARM968 L\ Frk a7 2N TEH GEHNT 10 EEO=2—r SEREH ST
Wh, M OFEY | RIEEE ) CEET 525D ARM968 3N BULEE (PDP) AT A&
LCHRPITH =2 —nm v AT AZFE S 2 A TH D, Fio, 18 @D ARM =27
31 128M 231 k@ DRAM (Dynamic Random Access Memory) BT AT AAEY L L TR o
—TVENTNDEDT, "R =TIIZHIRIEATY « GBI/ FER ORI /2> T
%, %@#%\;@igagk@ybe@QW#\mmmw®®%$ﬁf%ﬁ75t
éﬂfwé(ﬁﬂiﬁﬁ%%)lwﬁ@mm ZEIE R OMERFRTIE—2D=2—

A D= 2 —a N IGEFEARELE H D DT, VI T A/ = a—u U HERIT 40 LK
wokt L, =a2a—RB AR a7 TY 7 by = THIZEBINTNWDDOT, ZOEL A
BT D, Hl i, Stromatias il (2013) 12 LAUILEH KT 326 1272 > TV A DT, TrueNorth
<> BrainScaleS S IZIERI UL~V Th D,

C. 3 Stanford XZ% Kwabena Boahen 7”2 Y= 7 k : Neurogrid

EFERDO=2D NM-AT 12k, Kwabena Boahen@Stanford K53 ™ Neurogrid & FEIZH
DR G BEOY I 2 b—3 a3 JTRHME L7 VM-AT Tl =2 — 1 U KOBRIZEER
8 2 BT FMAA (Soma) OHIFLUENSN CEMN ZZBEISEL X NI EHETTEAF
F v RV OMAFAETH T ZEICEM L T\ 5, R —7 D47 % & 7= Neurogrid
1%, 16.5cemX19. lem DA — N RICEIELEI N 100 HEO=2—r L 400 TEOLE (3
b T ANG0 D \WM-AL N— R =7« VAT LA Th b, ZDOAR— K _EIZIE Neurocore
RIS 12mmX14mm DO FHRET v 7% 16 EHfE# S TR Y . AT LARRITME) 3. 10 O
HEENTEBHT LS, o, ZOZHEATV T T RT, BT TRHETH L 60 E
BT 7T AHIEET 5, © SFE0, VFTRA/ma—vEL 6 TLIRELO~Y
AR 72> TEY . TrueNorth 72 & & LE_B —#HiEW,

723, Khodagholy fth (2014) (Zi%., Z @ Neurogrid % 7 v b KX (SHTELE) £ H
5 R EPICHR DA VTR & DG EBR & Z DBEORKT — X 2 EPNRIN TN D, L
722 T, Fef&HIIZIE, Brain-Machine Interface (BMI) & L COFIHHEZ bR TWD,
#H3, Boahen 7L —7 TlL, NTHEEEZR & ORI T A AR HIT-> TS, »

X 512, Arthur fth (2005) CTiZ. STDP (spike timing—dependent plasticity) 27 & BEIX

2 http://apt. cs. manchester. ac. uk/projects/SpiNNaker/architecture/

% https://web. stanford. edu/group/brainsinsilicon/neurogrid. html. Z® URL IZH S K I TWBH D,

FART AT TIE, BAROYIFE—RRHE (M5 KF/ L IEE /BN R SCR) 2 b & Lie LR O &

DOFHRBERA = X LOEIRIZE L LI A — 3 —a B2 —H Grape IZEHLL TW 5

% https://web. stanford. edu/group/brainsinsilicon/kareem bio. html, 723. )\I%I%H%?/\‘/l’ ZBH% T

BILCid., KIRKRFONKELERZ I L—TNERETHD &), FERE BEIIC CIARSEA L

Boahen & DR H o7 Z L MR LTz, \RMIRED A LHEE T v = 7 M, 2'—‘ 0)%‘%‘@ AT
B 545G FEEEREIE O OSE LG LT,

2 Rolls (2017)IZi&. STDP WIRD L HIZEF L TH D, “An interesting time—dependence of LTP and

LTD has been observed, with LTP occurring especially when the presynaptic spikes precede by a
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NLEVFTAEREE LY T T A= a—n b v F P A= a—n v & OFRRKFN
PR AR 2 ALAGA AT STDP T &R L T D, £ LT, 2D STDP F v 7 & FHfjij « &
BTY 7 N = TSR ATRER/N— RV = 7 CThH D FPGA NICER L7zFE=a—m |
IR L R oo WO & & e H 2R (Recurrent) M == —nt 2 2 A7 A RAM
(Random Access Memory) F v 7 7g EatlHrGiE - AT LR — K&~ T, STDP DIF
EB =2 — R VAT LAOLREWICKRERTFLEEZTHZ 2R LTS, A— FITiX
PCEDA LR T 2—AFUSBR— b2MiEb > TNDHDT, PC EDO YT by =7 bl
L—FOT7T 787 L—4% (Ndg) R—RELRRTENTE D, HRAIZ, TrueNorth
K> BrainScaleS, SpiNNaker (2% STDP 23fHAAZAIHE & 72> T 5,

STDP 2SfAAEND &, =a—nr UHDZE W%Lumxfﬁﬁ@%L%ﬁﬁ@U &
MTEDLL, ZDXK D RFFERANZ— 2 AFEICTHE L CRIET 5 2 &I12 X0 eFi 2
Y FREIZ 72 > T % (Rolls (2017)) , 7272 L. Rolls %, STDP O EZM: 2R L CIHKAE
FEORIPLDOBEFIZ LN L TWRNDTIE, EWVoitfa2 L Tnsd, I5HIC
Numenta (2017) TlZ, ‘/7“77<ﬁu:;%1:r‘/k‘/7“721ﬁ:;%u/k@%@ﬁ&@ﬂ%fﬁ,ﬁfﬁ
Wbt Roa—v XA I TRANHE L 25D TiH & OHFc LS X
STDP 23#HZMA £ L TUNRWY,

C.4 Windows/Linux 7 275 L—% & L THEM{L S 417z BrainChip (2017) #

BrainChip &%, 72 < & HBIRERTIX, FICERD A T 72 EOBEIEHRZ A > 7 v b
fHHE LT, 2206t FoOBEERR EL4mBEICHET 5 N-AT Fy 7 e LTHIfF ST
W5, EBROMAIZE LTI, BrainChip Studio &V Windows/Linux Y 7 v =7 %
A A =L LT BrainChip N— RZ#fET 25, 72787 L —% & LT BrainChip 7" —
Rix. PCFH & U CHEHERY 7R PCT-Express £ v Z 7 = — AIZHEE I NS,

ZORDT 78T L—21% BD-AL THEMMEPIMEL TWDL XS THLR ¥, FF v
TOWFEHZE THD Peter Van Der Made FDPFHE US A4 (US2010/0076916A1 &
US2013/0297537A1) # &R+ ARV . IEEIESOERIR W-AI ThH 2D Z LN 0hnd, BARK
\ZiE, [AHFFFS° Van Der Made (2013) (2 L AUIE, BrainChip (ZBUE MR Ot == —a > D
BAMTHY , HORFEE 2R OERN = 2 — o LS (o2 — o B30 2 FIET% 4

few MS the post—synaptic activation, and LTD occurring when the pre—synaptic spikes follow the
post—synaptic activation by a few milliseconds (MS). This is referred to as spike timing—
dependent plasticity, STDP.”  [LTP (RMIFLIEHTR) & LD (REIGLIEIG]) o BERGE R AEEA
DX IR THESNTNWD, YFTRF (D=a—ur D) AR FTRAED (22— o) &
fEEOEI VB MS) A LD EXITIELTP DX, VT AFIFKD T 7T AGIEELOE I U ZICE
THEELID BRI D, ZOBRIL, FREA I TIREZARME, STDP & EEN D, 1 (FEBR, O PIiX
R4 3B00),)

8 http://www. artificialbrains. com/darpa—synapse—program

2 http://www. brainchipinc. com/products/civil-surveillance-solutions/brainchip-accelerator
Pz, BRIV br =2 X 2017410 A5 [IHVE TU T AZ oA ALY HEGRH AL F v 7" O %t
7 —4% 7o —AI FPGA, DRP IZHATE] &M,
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D=z — 1 ATETE OBMRZEEARE) . SEICHRI L7z Boahen HYZoHiRaIA o IS EE AL -1
R HEBASN TS, &5IZ, Bk Boahen 7 /b—7 O OFT CTfiidLsz STDP D
MZRDRFREMNE = DF T A CFEPEITARRIZ R > TV D, 2D O AIT, FE
BEiX, HHTF > 7 TiEe <, FHT - FROFBMEMSFTREZR FPGA IZY 7 M U = 7 HYITHL A
AENTWDLETH D,

EUXAETNE LT, ZDOXIICLTFPGAIZY 7 b Y = 7 BT AIA IS Al fE 7R
HEE(R TP RO EEME) &2, (V7 MRV U AT &R o) EE ARM D X Hic, Y7 by
27 ELTSEIERBYEETHELZY , 2—FFHEIZEDLEIALOTLDDY U 2—
VarbEURAERM LIV THI L EHIMA TS, b HAA, FPGA Tik72 < BRI
KF v ZICHMAIATe Z LN TE 5, Wall Street ¥y —F /M LhiE, S4EICA->THA
DHPIETN—T Z GO EEDVC b OEEED ZIEFRLT 5 Z LI LTV 5,

KT/ D NM-AL & L COMRETH L 28, [Afho HP (121X, TRio X o IiZidahTnd,

“In a recent field trial, BrainChip Studio detected, extracted and
classified in real-time more than 500,000 facial images during 3 1/2
hours of video across eight different cameras. In a separate trial, it
processed 36 hours of recorded video in less than two hours, extracting
over 150,000 facial images.” (IHZR T DO EE O H LG TORIT TIL.
(Windows/Linux C#i{Ed %) BrainChip Studio IX, 8 DD/ DI A T T
L7z 3D BT AL S U TV Z A LT 50 J5fE OB O I A A - 38 H -
S LT, BIORATTIX, 36 ey DR A © 7 A % 2 WA TRELL 15
JEOEOEG M Lz, ) (PHER. O WIERZEN)

ZOREDOFERNTHLNGHWREI NI R VL L8, hru 7@ ited 5L, BEMHD
BD-AT TIEFEMAbSTWRWA T A 5# (on-line learning) BERENSFEH SN TV D
L. ALELHE & F S ISR DO TIER W TEA 9 D,

L2vd, ZHVE CTHFR AP O CIRITFERUIRAE TS o 72 LR B DAL B F A kg % D
ST EERICFATTHIENTEDLXIICRDETHE, BEFELNZRYREWEED
N5, Lab, FEMICIZET AmE2 0 i e o2y —4 240 74 Th
T - - RIETE 2D THLIND, YRIC Lo TIRE A EEEZ 7259
et H D,

7272 L. Van Der Made ROFFFFNA A REMIZSIT LR, 7ATVF L0 2
L TH DM, HNRD Boahen Z/L—7D (FraHb I AL TWRWEHERI D) STDP AR— KX
M TN R 2 L RO BE - MRS =2 — 0 L VAT A e OB L EN LD
WU BD, LEER>T, ZTONAL Fy 7REDORELZ=—7THOH, EOLXH7pKE
AR FEAERICHEZDZENTED000E, D7e ELPNETH 2 FEE 1TIHIWr
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DEELN, 72720, NM—AL ORBEBEENDL THETLE, 20X IR T 78T L—2HRE
TON-ALI OBER, ZnbH2 1L T O TIEEARWES D DA,

C.5 Intel ® Neuromorphic F 7 “Loihi” 3!

AND A B OERIFE KL ZEERT 5 “Loihi” %, 2017 4£ 9 H THICEE ST
WY OFNETF v 7 THDH, ABEBEIZRFE1L AL W) Z LT, FFXIEEAEA—T T
SHITWRWA, HyliE, EFLo BrainChip LRI UL, DU T /VZ A LAEBEMEEIEN LT
B30 AR T AT E 2 X —y ML TWA X972, 7272 L, FEREFD A~y 713,
WG ZALTF UL ENT 13 FlEO=2—1a L 1 {& 3000 HFIEOYF T A E NS 2
ETHDHNH, AL & LTHEDRV /MO LS Th b, L0 BARRICE, 128D
ALK 2T 1024 HDO=2—a rBNEENDEDOL D72, WA LHET % &, TrueNorth
R SpiNNaker (ZTATWD EWH ZL7EAI D, 220, v T 7R/ ==a—m HET 1000
ThHHNDL, ZORTIE, ZHETHIT L TEX 7Tl BrainGrid X° BrainChip (21T, {H
Bl S NHIT, FEFRMICTA R RERENRL & S Fa ek LT, L7 e v o> 1,71000
BERLTWHEDZ &,

T, A T AORERBHME Y 0 A (14nm) THEEESNWTEBY ., Lob, A 0T v
MAD X86 Frk vt L Loihi ERT Ry r—IfbEnfoa=—7 ez LTV 5,
VD Z EE, Windows <0 Linux 7 K OFEHE 0S & 5\ MIZ ORI GD ATEICT 7 & A0
BEE W) Z &iTe D, BARMICIZ, X86 7't w78 Loihi FDRITAEE (B « 1 X M
WMODANA BT +—~ v FAOEHLEL Z O Loihi ~DERER E) YT 5L 09,

A 7 )L TlE Neuromorphic F v BN, BUNFE A D Movidius #=° Fulcrum
Microsystems £E72 &5 DO HAfi 2 54 L C 2011 FFEIZBRME S 7= & D, Loihi OAKT
o —X 2018 4EFE B & OfiiARTHD L, HDA T NM-AT IS S AREE AT
Col&d5 L. AL EREDE NS BIRAITHILTL 2D TIERWIES 9 D,

2. 2 BEHEBEEHEZED M-AT 2X 2 50H% : HEHROBERZHES

JE® Burr (2015) OGO K 512 “MEHEREDS 0 (TR STV 720 BLIRCldd 523,
NM-AT SEEE DR E B INRIC L > C “BHE O AT 245 L Snn” RBIUE, MsMEIC G
TR VRE T H D, EOREREAIL, N TOREEN, Sl <7 FEFH] - A~ B
BRENT &\ 9 RSN 2 T, 7 2 LA 2 A O4y3E - ORI &2 FHLT 5 72010 @ IR
BEYa—baic=a—ny/ma—nm VEMBR Yy N =70 - IRIET R T LD
F, ZO XD BRI - P AT AOMEFREER b, fERRfR L SR - RIEV AT L H
(RO FN AL, & o TR B B MGICH L 7- 5 i e o = Ll L 5 (2R,

SUUKBIOFEE L., https://newsroom. intel. com/editorials/intels—new—self—learning—chip—promises—
accelerate—artificial-intelligence/ K& Y  http://www.zdnet. com/article/why-intel-built-a—
neuromorphic—chip/ZZ&MR L T\ 5,

% https://en. wikipedia. org/wiki/L%C5%8D%CA%BBihi_Seamount % £,
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Rolls (2017) | Eliasmith(2013)72 E&M), £ LT, MELKEEEY 2 —bEhic==
—ny/=a—n R Y T — 0B RE Y AT AOBEICNE B DR, OS]
XENW (BB T D) FH - BEOEKILANN—RA5HFEBL (Sparse Distributed
Representation : SDR) fb& 5 Z &iZ72 b, Z LT, BEEY 2 —11 k& SDR{L &3] -
THUNRWERICH D Z L1E, Y = — ViR FH RO &V 5 BT b Akl BRI
VY,

INOORE LY BEEACEFET 57010, B< 2o THUITH LRV, =a—nr
DZHLZHORME (Fie BD-AT ° NM-AT (Z X 5 ZORIERE) . MANICBIT 2 =2—1 2/
I T AFROFE - ZHESTR el - RESRAEZFAL (ma—ry/ma—n
VR TIT O D HELNE - Frarth il O3 7 — v~ v F U 7) i EIC oW T E P ELIC i
TRV,

A FEoo—pr i AT=a—nmy

BD-AI T ENDHANL=a—a NI—HEOAHTH Y | £ O T AT MlaA (soma)
DA Ty MR ERERLT D BRI (dendrite) 2R, £DOT ¥ b7y MRS ZABRK
9B HHE (axon) A #&u0IE & L COMIEL (collateral) ZfEDRVESE 72 1AL W I fik
OTHHMREEZ LTS (T Figure la M), Zo X5 HflifEELF o =a—o v
1%, “Point Neuron” (Numenta (2017)) & 75> “McCulloch-Pitts Neuron” (Anderson (2017).
Rolls(2017)) & IEIEHL. McCulloch and Pitts (1943) LI3kE. BD-AIl O LA AN T ==2—1
Y ELTRMFEDONATE TS (Schuman fll (2017)), ¥ F/o, N—%F br LI
N D ZJEHEIE 2 52 BD-AT (HF (2006) 2H) OIGE. A 7y R ORBRRZEEN 1 A2 L
THIRNEHT, BRI L > TUT 100 REENCHEA D X5 BRGELH D, 227> TL D
L, m=a—rrlWn) LVHARD Ry bU—7 Ol (Node) LW HETH D,

NM-AT DB DORG LT HEY D =2 —a AIKREL 5T D EEED 80%% 505
B M = = — 12  (excitatory neuron) & 20% % (58 A il = = — 1 > (inhibitory
neuron) & W3H Y | RELMHEEANEVTIX 3T, NIREVWETHLED D LML < O
NdHbH, Ly, HAMLREENE-2—1 T2ED 5% %2 HEDH 8T I v NG K=o
—n Y (pyramidal cells) (21X, B FDO¥AE 5000-20000, = = — 12 > OFBPIRZEE R H 5

(Rolls (2017)), 728X 1-3 |Z1% . Numenta (2017) @ HIM (Hierarchical Temporal Memory)
EFFEND W-AT Y7 U = TICHAIAEN TV D R=a—n 2 L0 BRITEM LA
Tma—ua ORI RINTND (BELRZEEDOEENZ >V TIEEIR)

1980 AERIR D M I AT BFSEDH— AN 725 7= Winograd il (1987) 1%, Z D X 9 Bl ==o—nv fHiff
IZBI LT “The guiding image was that of a large number of essentially uniform neurons with
widespread and essentially uniform potential for interconnections. Work over the years in
neuroanatomy and neurophysiology has demonstrated that living organisms do not fit this image.”
(M(BAT AL ©) FEARA A — V1%, JLFIFE TAREMINC — AR 2B TREME 2 FF o302 < OREMIC —Fk7e ==
—anbiRo TS, MRERHFOMRARTORFICOIZ A TIE, EAMEILZZDX Sl A=Y
ABLTWARNZ EEZWLNMIL TS, (FER. O WIER%AIEN)) Lax FLTWD,
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Foadback

Feaaback
[ | s
., ADrmwssoocsoe
{f-_'{it L oeresrenneTe
™ R S L)
\l : Rk 22k
A :
Dendrites P E) ——
N it ) N SomaGHii ) oo (oermararonne, e corten
/ N L
4 I Fooeoosmownan
— By LN ‘ Bhikzei
// K - e, = Context o e e e
- - =
Axon(#h5%) — 77 Wz |
Point/McCulloch-Pitts Neuron Foedforward s
Pyramid Neuron HTM (neuromorphic) Neuron
Figure 1a Figure 1b Figure ic

Numenta (2017) X V¥ 1 = 2 — v VA IXEEH B

=2 — 1 ORI LA (Soma) 1%, 24D DOERIRZER felin D > J 7" A (synapse)
RHETED NI MO =2 —r D DR - A X MERZERM L, TORIITIS T CHil
FRIHK/IEEENL (Action Potential) WO TT ¥ b7 v hEHEHT, TORIC,
BB =2 —a DD Ao TEIRNK - A X2 MIBKOAEENESCTRE 2 @D, fifilitE= =
— DO A TERRL - A X2 MIFEKOATREMESCR S 2 KD 5, 7 AT, X
C 0 6 BRI IHT LD &6 5 IR E L T 5,

EBIZ, =a—a URKOIFEMARY —2 T, =a—a UMy T ABEORE Lk
WY ENIHETHEE - RBESNATHLS, ZORE, WEDFH - FLE/ N Z — AL L 724
W AR IDRRETDIREDRDHD &, ZDORICHAET L THAIRROTRG TEDH LD
272%, Lonb, 20X RTRREICIE, B4 2 X512, BMRZEGEDOSE S RKE B
PHo>T< % (Numenta (2007). Rolls (2017)),

DX, ma—ar Ry NY—7 VAT AL, BE - FEA =2 —a O
AOMAEERIZE > T, ZTOREMEE BB E D 2R TR 2 X0 BREICIT 9
72D DA PAIAEINL TS, JEITHIST L7z TrueNorth, BrainScaleS, SpinNNaker,

MOFE K NE— T, fEUE (standard) Y, & (fast) . %% (continuous) Y, Burst (22%) Al o
TRENRS Y, FNENEFID 7 5 Tv% (Trappenberg(2010) ),

B R (2017) Ik, SWNFRER = —a U OARBMEEI L TV DR, TRt = 2 —a RN
TETL DR (Critical Period) &EMHINAMEEAIC/AR S &, B = o —a U3 L 0 SRVERK T L7
TR LR 72D, BRIZ, 2O XD RBiS %, EERAMLIAT=MO NI O EH A Tl R EI S 2 5 2 IE
W, ERAH = O SNBO & ST IS RREN R 2 LS A R & O, BRI LLRTILB RS O N K
RE—UREFRTHY | ZOBRIHEBER OIS — 0 BMEBZ/R D L LTWD, FEE B FOFAE, 3
RREIC 2 D & SYIEEE = o —a  UDEE Lo TR S, M=o —a U BAEF T U,
VBRI N TS TZIMNIZITEEV WD D, T H b L, L0 EERSE T ok 212 X 2 M HE
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NeuroGrid, BrainChip (ZbHAAZ L. N-AT DEL 25, Z Dk 5 e Bi%E - kRS o
Za—a AL TWAEBETH D, i, < @ BD-AL [ZHAAIA EH TV D O 1T B ME
DOHLfli7e Point Neuron 7217720 T, Z D X 5 7 HEVL E(ASBEITIFEIE L7V,

B. =a—ny/=a—u EMTHOEE - BIEEEOMLHEA

M TORFEDFE GBI, —a—u U IMHT 2280 722N s Liz==
—nUBRy U= FEAORE LN LW HTBETAURAT TV, ZOEE, HEDR
BAREED 22T D=2 —m ZFE - IEH SN DO TiEe < Hill - 4 X FORIFIC
Yo CHMFICEMILLE D=2 —a HEMIC L > THBEHR (distributed
representation :DR) ENd, F2. BEDO==2—1a T, FEOHPL « X2 b ORNIFEMN
A NIZREIEFITRE DN TN D D TIFR S ZOMOER A 22l - A X FOEEITEL
Tﬁﬁ_ﬁ%mﬁé:l%u/XyFU*?@*EELT%%*A*7V7(E@)LT%
Mahd, LT, 2OF—"—7 v TOLENEFLIBEOME L RS ITEWEDR > T,

EDI, FDOLI Ry NI % 1R ET DXy NU—0 DFED Xy NU—7
DF > b U —7 (networks of networks)., TDEFFX Y NT—T  « « « LW M/
fEfEE A RO TFE - REOMEEZ L T < (B 213, Anderson(2017)
Eliasmith(2013) 72 K& M),

RO LS R RIRHCIEMEL L CTOBER A ) = 2 —n VERNE, /MERD b REM
WCELIBHEOHREY 2 — A ORI N2 HEEE Y 2 — A EEEZ LTV
(Anderson (2017)), BARICIE, BEIERED (=2 —u ) EMP LD I =FRE Y2 —1
(minicolumn) Z JEHEHAr & LT, 2o 2 EIZEHA— Il & DL GBS HERE
FEWRE ¥ = — b (functional-column) . ZI 5% & HICHEIZ EFRAQTMEFAIEICHFET D
“BHFEIK” (facial domain) 72 & OFHMLSEIRATER T 2 B 5 R E O D & Bk 2 fEisk
E Y =2—/b (Domain Column), D E-EHEIZEEZRNATZ7T v—h—8 (SiEH) L LM
X35 1 (EERRE DL B A% D HE R T Y 22— /L (regional column) & U 9 JEUZ AR &
nTns,

EVMZIUT, RGN BT, £V a—/b s VAT LT —XT 7 F ¥ DIERI 72
MTHD, Hlx OWKE D 2 — /L OPNEMEN @ FERLE ¥ 2 — VIR OFE BEAREIED D 72wy
HREY 2 — VDA v F T 2 —A (U F T R) PIERELES N TN D, BEEMOEY 22—
HiEZ LTS, &) BRI R R EMEE L TV D

BHIEREY 2 =V Z T 5 =2 — 1 VEMICIT, FEORIE - A X F ORI &4k

ZRIRHEMEAL T B30 LIEMAL L22WE D E e b, ZOBRZ, ZNHOEMNO =2 —n
AT AEE L TO D DENID PP LT, D —DoD=a—ur ER RSl &+ 5m

AREIC /2 o BRI DA EAL TR > T D, FLAIE, HEOBRMAMNL 8 ATk TH Y, ZORFE
TRESTZOFHROIBEARTH D, FEEENNEIET TIER 1D b L < A>T DAL
TR E LY mOREBE THEFTE 5 L 010D, EICHKRERONELOEMATH D,
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WIERT BNV ERIRTZENTESL, LT, ZOFERKRILRY MV, @RI BB
(distributed representation : DR) X727 kL& REEILTCWVWA (Rolls (2017)),

FUCHIFIRNEETHLIN, Fito=ma—n VEMEWHIHEATER SN FELE
EEBTHERTT DR ML, IRIERTANSN—=ZERD H VT A N— 2% 514t (sparse
coding) A TWVD & W) KeE D, AN—ARKB/Fiablid, BiLoERkEy 2—1
TEZE, %% OEMEZRTERITLAY VOIS EO RSy SR « A 2 b OIS IZES
U CIEMEL /R LisnE WO RIEE & §, £ LT, HROIEBEN EXANIE ERDIELE,
Z—a—ny (EVa—/N) EHNTERICEET 2 =2 —a OB E-> T D, DED,
A R= A3 FRBL (SDR) D A/ S—= ZPERHE K LTS, 7272 Ly IIREN B> TIT- T,
D= a—o P BN EAL/3EKT 5 & Vo 7R BEIZIE 72 B 720 (Anderson (2017)),

FEEE. Rolls (2017) 12 LAUE., N TIZ A R—AMERTHE CH S, Bz it 6 @574
%t b OKIHTEE O TR Cd D (R 23 K TRy v LT H CLRHIR B ]
L CEIREREIC X %) B iR AEEE L5 2 /8 - 3 3 J8 CIREY) 10%, 1B o FIEE
DO HCHREIE AL L7z CA3 & W\ ) S TIZ T 4% D A= AREZ LN, 2D K9 I
o= 2 —m VEMEZRBT 5@kt MV, BIRTEA/N—REEB (SDR) <~
MLV EREEIL D,

T T, ZO@MRITA/NR— AR EAT Mz (il L CTEkot SR & FESZ &
29 %, BEIRIE SIR 1T, WILOEEDOENIH D L OO, IO A2 bRtz E ¢l
CHWHNTEY, EBEOTRKEOF THEMZDIE > TAEEZES TETVIRHMTH D
(Jayaraman ftt (2009) . Lotto (2009)),

7. BN OB L AEIED oD = o — 1 LV OIFEEIL, AS— AN ETIC HIEL
BboTng, FFE, —DoD=a2—arPNHIF - A X2 ML TRIG LT 2o/
Ba, BB —a P LFE LRV, ZOEN=a—a r ORIGHED FH &4,
WRELTHOVOSHEEREDA IR T 4 77 4 — Ry Z0RRE (RSG5 Tix < Ad
PAERTR L) DEAM SN D RN S D, IMNTIE, 20 X9 i/ B ERENTE S
PRI bRNE I, s a—arOR TRRKOMNEES = a—a VIS -
REESNEZ LN, ThAUSNO =2 —o U 3iHtE =2 —a ko THALRVWE D
I E 2 5N 25AF Y (competitive learning) <CflJ7#f| (lateral inhibition) & K
TN AL MI . ZFORER, Filoa—a L fo—o, B AVITEEZ T 8% A LT,
AN— A B EAGICE RN A (HF(2008) . Rolls(2017). Anderson (2017)).

% 21X, B THAA L7= TrueNorth, BrainScaleS, SpiNNaker, NeuroGrid, BrainChip,
RENZEN— Ny =7 & LTIO XD RESTFE /MG OAMMA P EIIAEN TN D,
F 7~ Aifdd L7= Numenta (2017) @ HTM (Hierarchical Temporal Memory) (2% . Z @D X 9 728k
B T IR DS AA EN TN D, WICE 2, BAMRBEEE= 2 — 1 7T 25
FIAFENTe BD-AL Tid, AN TEHEREFZ R L T D A=A BRBL A NAERIZE
AT LI e LV, O RIZBIT % Anderson (2007) D FERD = A 2 MME, HN
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DORERRFER & B8R T /S A AGHFEEEOFANE 2 05k S8, BRI BLRER Y,

“Connections are expensive biologically since they take up space, use

energy, and are hard to wire up correctly. The connections that exist
are precious, and their pattern of connection must be under tight control.
These issues provide severe constraints for the structure of large—scale
brain models. It does not do to just say that everything connects to
everything, because it doesn’ t.” ([ (#FRREIETO) EHRRIL. B2 S
L F—6f 5 LIEMICERHRT 52 L bEH L0 T, AWEmicize T
Afli7e b D Th D, FEL TODEA REFHT L THRMR DL, Zh b0
B ANZ = 3FF oL Licary br— O T TiTbiRiThER sy, =
O OB, RKFEZMET M E > T LWEIRIZRR T, L7eRi>T, & T
NETIZER>TNDLEEF ) DIEMESTWD, BLEIZH, 9725 TH7ghin
572, 1 (FEEFR)

FrDma—nr/=a—n CEMICIHNIA D581 0 I UIZBIZE T 28 LUV EIY -
A XY M T, BRI SR DI TR A IZHiT- /s =a—a > Fy NU—27 & LTFEE RSN
TV, LT, ZOBITIE, #Hic/2@mkot SR 3, BEic=a—n Ry U —27 NIZEIR
JG SDR & LTEZX HLILTWNDZE < OFLE & bl I S 2 1 T ORI - BrartEplWras 72
IND, LY EMRICIE, 2D XD 2ot B - Hllkrs . BT IR O kot SDR O NFEE A G5
T2HEVWIETITOILD Rolls (2007)), X7 MVINFE &%, @IECE TS LIz~ hL
DR USRI L2 T A CEFHT 2BIETH D,

MMPS Tld, Z DIEM 3 2 BIME &8 2 5 708 THERE « Bra PRl 8 Th i T g &
IMMBEETHD, b, WHEFHEIL, ®IRIC SDR DRITITIZBRRE T, Zn A/ 3—
2 THNITHHIEEHEBND R THELOTEHE MR EL 25, I e TRV
2T G070 OMSFETHELNL TH D, Lt 20X ) e b i - kT
W, xlpma—m Ry NU—7 THWHINIFATEN D, Fox OEEN, BElh=a—m
MALE2—FIUEKELRDR LS, MEICFATINLBHDO—D2TH 5,

B, HEEREZRT DR E TN D & KRR T2 TR &R B L T
FERENTIAN D = 2 —n1 VAR LRI EIUE E £ TEKRIT SDR ENTWDH D, ik
Noa—n U BEERTIXED X D Ze@mkot SR 300 B SR THIRER EH L TIT< ®
MEXRIZONTIL, MAED D, BLEBETIZ oIl Tnin (2L,
Olshausen (2004) 72 KX M), * 4‘%? 2. 2y U= DOFx vy bYU—7 (networks of

O BRI TR - A N2 P ORIMPE A~ B & /RO (afferent) MNDEE . BEESRE K
At — AR R BUR > AR B - AR (Y —F 7 A2 Y) —ilF (Y — R
FLIEML) —BRRMECE (BGRLEA) LV oo ait s, k. MEOLE. SURZRH L,
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networks), T EX Y FT—T  + « + LWV TEEORNY « A X MR EEINT
17 < AR, FEOMT TR (binding problems) & FEIX4L, neuroscience BT & iR  THERR
W72 TN NEALTWHRWE D TH D (Anderson(2017) . Rolls(2017) |
Eliasmith(2013)),

C. [EHBEBEBNEMNEIEORERBEMICHLEADEKRIT SDR

T, FrE==a—nr CERN ORI, ﬁﬁ%%%%zn~x%ﬁﬂ?%Méﬂébg
WDDIEHH D2 % LT, SIR(AN—=AGHEI) THKILTHLMEMIEZIZH LD
725902 313, @M%&ﬁﬁﬂgﬁék\%@@Emﬁﬁﬁﬁﬁmm®ﬁﬁﬁﬁEﬁk%
SBEDLSTNDZ EBTND,

C.1 AN—ARI/H LS D LEMH

AN—=ARBL/FFALDRIEL, =2 —a U - A X FREIEIZ K > TEMEEL T
KT DB, @IRIE SOR ND DO TN LR DO Y F T A/ = a—a » LEHEL Sk
WHZEThole, TOH—OBBIX, IEH/FKT D=a—m L OHBEZNITH X 5
FEFHE LRI S 2R2VEBNEMDA BT 5D T, =X VX —HEENHEZ TLE D
WD TH D, MOSEMEN—ETHIIE, TRV F—HE BBV D 1T EATFRERN B
Do FEE. =a—n U EREo oL, toOMIZHARD LR LF - THEMTH
%, B FOEATEH, HODOTN1-2F 17T LADES DN TEREMED 20-25% D T %
NX—%HET 5 (Eliasmith(2013)),

U, EEHRE, AT 22— n O ERDL T TR L HHRAE O &
REZITCTH L OBREEIENZ T2 Z & ThRT 5, flziE, & FOEREROEA.
BETHLW, 1BHY 1 XY FOEBRBFRIHETHL W), =a—wUid, 20
KO BRERT —Z D OAFICERT 2 1H#EZ =1L =208 LS 2T 572
N (0lhausen 1t (2017) ),

ZDOHFED 1 D%, HgROEF 2 EOETRIET DR - A~ M & AlREZ RV Hifdi7ze
BEARBAL (BEV2—0) IZ08IL, KOEMERERE O DEREY 2 —LOMEE, S
HIZZD XD AT OMETE 2 L\ ) B L THE#RED - LR OF & RS ALK
ﬁé ETHDH, EHoTHR, FEH -REAAY O EGD L L TEX S, iz

B ThIUL, FEBIROMDIEFITnHE - FHb L lc=a—m UL LRy FU—7
%%&LT%” FLET WS Z &t D,

Z 9 FHUE, FFEOHE « A X Mt L THEH S =a—a U EERLESH L,
LWEMBE BT D - DI BB EE T 207 TEH L, F{bkl o T—2—DD
—a—a OB EN ESESH 2L TE D, I 5T, Olshausen fth (1996) 23X =
L—arTaRLTWAS IS, BREY2— AR LI T ry 70k ) M TY
TN DIZE MAETORHENETOT, N0 2 EHIHAGDOE DB TOER - 5
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B3R <K 2D, £HTT X LAIAFTOHGRES IR TIUET 21ZE0%E - ED
FIEPAERL TN EWnWH Yy 72T KO RV Ialb—Ta URERTH D,

723, SDRIZ DDR IZHARTARY MVEIRE L TIEERIANTITILE DN, ZOLHRT A
Y MEI=a—u Y HRLZ T VUEMEIC e 67 b Z ITESCICHEBETE D, Z0=a—
o EOREIZE L TR, WHIELE Z A0, BICHZE L~ L THiER STV D, iz
X, BRI ORESEEDLRBBEORME b EbNHF ) afF a2 L T\Wbr=4
VAR (Kenyon cell : KC) ZRBORE S AT AOF TR LS NWHFR=a—a L b0 ) 2
ETHDHMN, TXFTVTH 330 HE, RHEOF ) ak2 DTV HEE o
THAHT MAT=T1% 1000 & 5 (Jayaraman fth (2009) . Lotto(2009)), *

ZOZEMNLBEMTE LRI, ANRN—ARB/ b, = F—2wReRiR
DEIRI LR Db, B8 LIS - A~ MEBRKLERONE & TR S 45T 2 720 OFUE L 7 f
BEya—fbtma—m A2 7 2—AL LTOVFT T RIZE> TR Y b Y
— 7 AR DT D OHAARTE LT E B,

AN—=2ZARB/FFFALIC L > TH7e b SN DHWEE Y 2 — /U EEIL, IEEICS 575
B3 %2 b 7-5%, Fhud, SIREZHAWVS &, DDRICHANT= 2 —r VERMICEREN DT
By — O AT (Cross-Talk) 3 72< 725 DT, HFMEME DO L TIHFRERE -
ISEDBED ) A X EF) ZREHIETESE W HThDH, TOME, LERREL KIE
WCHERCT 2R TE D, B MAT, =a2—arOANAL 7 (F&K) IZBE#E LT /A XX,
AN=2{Z L > TE VD7l B BDT, MN=a—m Xy NT—F AT LOLEEMN
DL, L0 IEMRRE/REOHEENTEDXL 212725 (Rolls (2017)), ¥

C.2 SDR Bd@mkitibEh % LB

SDR B@kofbENs &, BROZ LN s, TOMOFEME —ELT5H L, KELOH
HEE NI %, B L72 K 910, I T = = — 11 AR FIRE S T OSERINE « Frarvfsri .
SDR #kT % E D= o —nv VR DS RIRFCTEMAL L7=23% SDR [Rl LD WNEEfE % ik 3 5 7%
TEITSNTWD, Linbh, TOEE SR BA@mRTE T T T DI LR A A= —n
V)T T ADRER LN K DRRGERAE~OREEIENS O T, ik S5 SDR Ao
WREIE CTRIL S D FELNE « ot oI B KT <72 %, DFE 0 EHHEm TS D
% “graceful degradation (MiFEZEM:)” “NEoND XK 912725 (Kanerva (2014)),

Z DX 7R E ML, AR - RE OffESRIRF LN FEBR TE 5 & S HITHRT
Do FEEE. Rolls QOIDIZARENTWVD LT, KA D=2 —1 VIR EKR TISIIZ

VR HEERE TP OEA - FEEN OB L TEEEEZLNTVWEN, BEO FEZEOIKIZIZ, b
T INHT=DX S RAEEAREZOEL L. X/ RITFFE LA Ok (2009)),

8 EEROLBRBEHEMICE LT, #lxiE. Rolls (2017), HF] (2008) 7 K&,

W2, 7 (FEK) B A AORABERNCE L TiX, Rolls (2017) IZHBFEMNI /R I TV D,

0 REAE X 7B, BEREN S RICEIET A D TR, VAT ACKEE L L ERVWETHIBREE
TIEH R HERESHERF S UBEIT D 2 &
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BFEL TRV, ==2—n UHORRIIBRHER T, BEBAIR 231 7 (FEK) IZX-oTHl&
EZENDART Y ofE=ilEfE (Poisson Jump Process) "INt EMETE 5, L7 - T,
= o — B AR NI, £ b E b HERRERIC LI b I 55258, £ LT,

X9 7R - PUEOfEFRARbIE, BRx 2B oA B 72 57 (Rolls (2017)),

Bl Z1E. SDR A miRIC n DFERERIZE T DL ZD X572 SIR 23k _w«m@tf@
Yo TRWEE, EED 2 50 SDR ME— T&é%@i fRY 72 < Broipv, #z0X
Numenta (2017) {2 L7223 > T n=2048, w=2 & L7=3HETH. —8HERIL, 52 5 3776 53D 1
2725, ZDOZ LI, &ﬁnﬁk%ﬁmﬁk%wﬁf\@%Lkﬁﬁ-4~/%_ﬁm#é
SDR D—B43 THEEFHE - FUIEHEH A4 D SDR & —FH L TWiuX, =2 SDR O—F e
WA TWS ZEZBH®T 5, DFEV . SOR BERTHERNY ML THIUTH 1T L, ERLD
PP RRESCIHIE M @ E 2 &, B - FrE P O EfE S & A B — RB3ET,

éa_\wRﬁ%&mMém5M%¢i TRV F—ERIR R R E AR & B
7L FEORDNTND, fFlziX, RIRD 1 BH720 1| ATy b OmBIERN5 >80 MK

WCRIET D —A%BEZTHE I, THIZEDHEREICR->TL D&, KAREA - FER T
%#61%%%%% W72 b D & 72 L CHUER L TV THE, W B AR—2AERH/ 5
fELTH, ZHELD I BIZHEN R >TLE S, LR -> T, BET DRI
ZEIHERN O Y 7T LT — A AT S D TRPUAL 2D, EDTDITIE, I
22T — 2 OFITHE Y R U TN DM FRIRBIMR 2RI T 5 2 & 23D T )L F —ffi
IR & 725 (BL T Lotto  (2009) Z2HR) . #eaH7 R BLHIRIBIR 2 Jmi I HE ST 5 0 Th
AUR, FHERRFEFED LTI LTND L), RZERIZhle > TARE b TEH D WIE—T
OV TR TENIEL, £DO LI REAREZEWHERTRIETE 2L OIZ25M1HT
b5,

B<ASNTHND LS (BIxIE Numenta (2017) &) | 2L T, A>T A 5%
# #1535 &7 % BrainChip 72 £ D NM-AL FHIZAENTHEREICHER LI-E ST, Eito X
D IR & L COEIRIT SDR & W2 BD-AL 1%, 2 X 5 ZelpZef] s — & o /e
BB AFETH D,

D. Z¥72EIKIT SDR KRBT LA BHIRZER

IHNFETIE, SR BT 2RI, =a—vr/ma—a Y EAPLOLDOTHST,
72771, SDR & L CORBOIE L ESIL., =2 —8a U NOBRRZSEMEEZ E T &
WZTEDINICE o TRESHESND, EZAN, AIEDO XL DT, BD-AIROANT==2—n
VI BRRZERZ O H ODOEENIE & A EEBE DDV T E T2 (Numenta (2017) ),
LR T, 2O RO NM-AT & OFEWIZOWT, mIRIE SDR IZEIHE W72 73 Bl TAHIZ,

WOTART Y iafE (Poisson process) I, 7 U Z A2 (Bfk) AT 2 FRERTEARNMRBERET,
EOBEESLHMEORLE, MAEOHEREHFE A RBEAZOET T VILICH DR D . |
(http://www. orsj. or. jp/ wiki/wiki/index. php/R 7T ~ L i&FE)

23


http://www.orsj.or.jp/%7Ewiki/wiki/index.php/

PN B EIE LTI A X N & K0 BSECREL L 72 ® kot SDR & LA D53,
B D=ma—a by T T RAEN L TCANEZITHHRERCHL, =a—a M3
7%7%7%ﬁkbf®ﬁmmﬂm%%®ﬁﬁ@ IZ XL > CRE SN DEMGEEIL. oh
D ORIRZEE - BRI IC I 1T 5 T T AR DM S CE CTREOIT b0 6 Th b, &
Z AN, Anderson (2017)5F’R1nkus/ﬁﬁ(2016)ﬁ)?aﬁﬁl/7fb\iﬁ:k 912, BD-AT (2%, AR X
T, BEETE /T %2 & T A 3= 2D e O DHARAPFAA E LTV, ZDT
W, A/N—2R (Sparse) TIE72< % (Dense) 72/r#FHL (Distributed Representatlon)
DFED, DDRIZRV BB THD, HEEWVIEHRIT, VIR LIZR D0, X7 MV DH55
LIEREBaUSAOEZ & D &) E %f%é@db@mﬂ)

=R IT SDR DIERFIZ X, EX (Figure 1b) (I/RENDH X HIC, E=a—no o OfHREE
BOBN I VER DD, Lot ZE/ANZ — 2 DRHde b TRERFI NS Y — o B RELT
X 72D, R 2 R BL D CTEX 5 L 9 IefiE ThH D2 ME N & 5 (Numenta (2017)),
ZND, K= a—a S TFRICHBT 2 ZFHEOBLIRZGENFAEL TV AEBATLH D,

H 7R AT, BD-AL TRERFI AN FZ — o Offf 2 RELT HERITIE, 7 VNI TEHE R R R
H EOANNFHEEZE:D RNN (Recurrent Neural Network) 23SfHWHILTUN5, RNN DA
By 7 kAT, BD-AT ICRE RIS 2 ML A AT T2 DIC A TH D A3, B E e Re R 5 2 #i
FiAb 9 EFTIET DT LY - REIOEARE L T IO OBMEIR AL THEIE R
BR7eAME GEAR) FOIBEE N MA L DD T (Graves (2016), [EFIF (2017)) . EEROMKA
DAL S L CHRET 5 Z e THEEL < 72D, PISMEDEAR THITH L2V,
HHATE M L7z BD-AT & Neuroscience & DFEHEN, FllZRIVUTRDITLEBEIC/R->TE
TWHEHO—27 L Bbis, 728, RW ([ OWTORBINEIARG TIxEI=3 508, #)I
(2017) REEHIED (201 T30 D RT VRN & D,

Koma—a UNERNE = ERFRIINZ — LR RRBRETED L) I A L D &
LTWENZHONT, b 9D LTAHA L, AR = 2 —o > & LTI 2 #E k=

—rrOYE 1o, MIAEDILL 2 EEICH > TMO =2 —va U B EFE T 25O
B - A X2 N &2 7 AR TIRFEICZ T B D B IS RIS IEDS - 7o Rk 22
(apical dendrites) TH 5D, &9 —2i, KOOI EICH > CEIMO =2 —a D
VFTARBATELN TE I FEEFELOBEL ORI - A N2 P EFRM = T F 2 B
& U THRMT 2 T H RIS RICIED » 72 R ZSE  (basal dendrites) T b,

SHIZ, ADRD XD ICHiR =2 —m O F T ZAOHIIAMTK 4 HEENS Z & T
HLM, BHFEO Y F T AN O F T AN REEN 2T DAL LIRS VT T AD
& B2 X572 b7 EOWIRZ2 2SR A EFEOBRIRER ORI T T A TE#EE LT
BELFET D, £2, VT T ACIBREEO L O LMFHEIEO L O H Y | WHEINERFTA
DD Z Lid7u,

RBRRZEE OBHMES 1 :ﬂﬁﬁ:mi%ﬁwammm@mﬂ’;nﬁ\%E@%%@
OHTH, ARz EE%EE’J IS (proximal dendrites) (FAUmMNIRZEHE & IFIE TR Ui
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REZFFONR, £ D DIMUIDHE Sy (distal dendrites) 1%, D == —m > EFEIG LTl
(RFEKEFIZBEF O - sEEER L LToar T2 MERABZ TV D, TORE, Hlz
RS, FEK . FEKERT, F AT . 3!5%\%)(}:1/\9 4 OOREE LD LENTED
(Numenta (2017)), 2 %&H & 3 FHOIRED, BEFFHEHICEK S EHAICIDMEHEEZD
b, ® 712721, Rolls (2017) BNEKL LTS L HIT, ZD X5 efbiRZEE M O/ 3R
I, =2 —r ORI L > THE RV ER2-TEY | 262 L2230 > T
AN

E. E¥KIC SDR (2263 < B - FaE el £ OEEERB/IMOBIR

FEAZE M Uiz NM-AT SB35 PN COJERIE « 37 2RIk O 2 3B M % s
T 5D :\%5NLE%W:J%Aofﬁﬁbfﬁkw HHT 5HEAIL, REIREN S
BN TWLRMFTRER D =2—n VEFTH D,

KRIHTBVENT T R TORET 6 JFOHPRMEEZ L TV D23, REGLEOIZE A L3 2
JE L 3 IR DR = a—r Ry Y= NICEEIhTWS, Lhb, £2°T
%, #ER = 2 —m O, LB BB R REAL (L7ehy > T A X Diffi/]N)
BIZHHAOA CHEIREEZEBRT 57201, KEWIEL (recurrent collaterals) &FETiLS
il 3R 23 K TR il L CH RIS RIEI T 218 C= o —r VMR A VIZ T 7 Ak
AENTWVW5D, " Rolls Q01N IE, ZOLH>2HEHRERY NU—7 % Self-
Associative Attractor Networks & WESS,

ZD XD IEkot SOR OIREEIL, /AL LT LES & BIZX, 77T 4 T le=a—n
YEL,ET VT4 TR N0 s TWHAEREFES THO L ) @k, 22
TIHARR 72 1 FRoeD~x 7 hv) & L TCEKRRICERILTE 5, ZD~X7 K~V SDR A, SDR B,
SDR C D% DEF T, HRMEEND GE2/@LHE3ED) frE=a—n 2L TWD L
T5, ZLTC, ZORE=2—Pfl - A X2 A B, ClCianize &R =a—
v CEM OGS/ NZ —2 B, FITTSDR A, SDR B, SDR C E£4FHIF BTV, MDiRLIZ
B, NI MAHNOEEDRES L, BE=2—1 AHIE LTS, ERRofliTix, 0-

1R DB X% —2 Tk, SDR A & SDR B 24 L7=fili4A LI SEFTCRI =2 —
BN FTTAFEE LTS E W) @ AR H D0, W71 SDR C Z AR H L7 filg - A
v hEFEZITHHEAN R,

2z, RIS B D EE AL T H AU SIS 2130 5 OFEERGRICHEBI T X 52, EELND
EDMENLTZ R R O FEEO P THANIC B 2 BB A COHFMIIcR > Th, fbArYy ATk
5&0\5$ﬁﬁhﬁ$&7§”ﬂ£ T, B 5 OEE BRI TE RV, FAROBEE o X RCTH Lk
WA, 2O X ST, REEEPIRZEE TR OB S, BEBIREE T T Rofcary T XA M (O
Fi) BHREADLI > THEOHEHRE L GREEIZRMINS, L)AL Z L Ebha,

By BAHA, MNTIE, B RERTCEREBEOERIE SR NAERHENTEY . TN HDOEATTO A/ —
PG R0 B 5 TG (Rolls (2017)),

Y oW OFHHIZ,. FEIZ Rolls (2017). HF] (2008) =° Anderson (2016) 2 ZRE

25



SDR B 00000001000000000001000000000000000000100000000

SDR A 01000000000000000001000010000000000000000000000010000010000: 4 41...01000
000010000......00010

SDR C 00000000000010000000000000000010000000000001000000000000000.......00000

Numenta (2017) M4

LMo T, Bl - A2 b A EHIEL - X b BIZIZDTNREBERS 528, Zh
BERNE « A X2 b CEITFESTZSHERMERZRN, D Z RS, Fio, P - Frar
PEDORREEIX, &% O~ M OJE UG Oy EHRF L2 BT A OE XY FLVNTEE T
fEICRKILTE D, T LT, BB LI - A X2 MEITEEER & B & B2 T E NI,
ZONBMENELBEZBZ 52289 2C (IKA) Hish T\, 20X REKRT, =
a—nlid, EmRIE SOR ONFERHRICRH b LI a v Ba— 2L b5 2 5,

Z DX 97 SDR OAEIE EORMEND . BRI « A X2 MRS L7Z SR [AEE2 2 L&
DEIUT, ZNO ORI OERDOH DL FEL S ERTE D, HlZIX, EFLOBITIL, SDR A,
SDR B, SDR C /& L &> T T& 7= SDR HURFR) 1X, HI - A~ kA, B, CExERGDHOYE
ToRIRI g% SDR IZ72 5, HAI (2008)%°(2016) (12 L 5 &, M TIE, THHEIFKI D=9
2, 2ok o EREDYE (EfE) BFHRIZTMMREE - mAShD, 2 LT, Fezig - o
Ry IREFELTRHE= a2 —a VA SY —UREREND & ZoF#l iy —r L B
RO ITHE SN FLEHE 3 — 2 LRI E N D,

ERRO XS BRI TOR T L E D & FITINHHELNE - Frath iR ELA
XZIHITHLIN, 20 XD IRIRELEBET 25 7 = )L —Hif ) 72 AR A AN L2 L A
o TG (HF] (2008)=0(2016)), HAKAJIZIZ, JE0D SDR X2 ML ORI E T UL E
FE, BRAEDE AT =V EZRER L TNDEADNE = PHWIIFIFERZ L TL 2005
Th D, NPT, ZOX D REAMERHIE, FHLO SDR & IFREM S 7z SDR & ONFEZ
IAUE, EREDLINTZEZ ONE = DR ORE S o/ Z— DS DE— L DD
WNEEERE 1 L7 b, TOREE, BHREMHShZ = ohmhbinx ORlE- 72/ % —
gl oE HENTL 5, #IEIE, oA &V ) =R X —FiRR O A 2 A LTz
DIEAH D D,

TiE, BMND ED XD IR L o> TEHEAR D SN/ — R OB RN A H
SNDDEAIM2ED XD RO —208, (4 BHEELZ LT 5) MENICH 2 dikE
& RIEI D I A A R 2 BRI (granule cells) OHFAATHIRTE 5, KWMETRE
SRR DMWHNOWIREIZH 2 TZ 2 CTIRY LT 2B HIE, Rolls (2017) B¥#Z T 1L
TWD X DI, RIHTEE T, MBSO HRIE & SO, [F 6 @ o 4 8 ([FfE
SOREEET ATNI TR ) AALE T 2RI L > THDbA TV D026 Th 5,
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BLHOLNATHWD LS, HIRENE, B RAKRAIZR->Th=a—a r BNHET 250
BRWERTDO—D>L LTHATH D, ZOHIRIENCIL, AIER 2R RS ROME S % 5 2 M55
DO B & MEEAL D IR & EEARAE & MEZAL D8RI A LR LW - A N
R 3R 2 IZBIZET D (Rolls (2017)), £ LT, 2D X D 720K « 4 X2 FARNEEND 10
D =a—va AEMIZ L > THIRENEX DNTZELE D, 5T DL, ZOWIREITIX
ZD 10 D=2 —nm AERMIZH L TZEDORK 10 50 100 HD= = —nm 4EMN (T & A
12) HYTHND, DFV . 0HO=2—10r TEEISN TN 7 — AR, 100 {H
D=2 =1 AL T 2B TAN—=25HEEBL (SDR) (b3 & blZ@mkou b S D THE
Wik S5 (Poldrack fll (2010)),

FOFER WMNEETOL Y DF N3 =00, mIREITCE SISk =% —
v ELUTERIIN, YHOEKILSDR (7 hv) OBERMEDHERKT 5D THS (Poldrack
fti (2010). Greve ff(2015), Finnegan (2017). Rolls (2017)), #= L TC. Z DOEAIMENHE
L7aa — U AEER . BRHE & PN 28 28 L e KB K-> TIAMEL LD
KFE (Fa—N) BEERTT 4T 74— Ko 7 RELZFOMENO CA3 FLiEmEkIC
Rk SAUCHD Sel ) HBAO=E Y — FFEE LTEBEIN TV, £/, FFACHAD X
0 HHGA) TR 72 RIS 1T, MBS PN T CA3—CA2—CAL & W )RR 231D | 2 Z s HAHIEE
HENORNEE /S S Z2H L CRIBEENICEYRE S T» L,

2%, ERTRE#HEL VBRI, CASNOE IR LTYH, CA3 fEIkN O£ T
DFLEIZT 7 BATE D LW BERTORBIREREOMEFZ L TWLHENWS ZEThD,
FTl RO T 4 T T 4 — Ry T HEE LT %E@ﬁﬁﬁﬁ%%ﬁ_ﬁf®77ﬁ2#ib
JRIRIZ EAEAFER S TN EWHIBERTH D, © B, KIMFTREOSE . BEND
CA3 fHI L 1Z K& < ARV | Ry MU= HEZ KRB TIEIRY, 2FD, Fv b7~7%

IR PTHIIC R U728 \75%?75?‘5@1 FFE OFLIEWT 25l > T 2T iRl v E T
RVGEENZ 2 FET D,

BN MV EFBIERBEOFE L B> TS, N TEHESATND -+« «, ZD
RS I KB B ML O AICEE S O 5, 2d, AR L7z L 512, MEEHE LTo
THRIANEITELAETH Y, Lrd, T OEKIE SOR OFICEAZMEDNEENDNH
R D EFH R BEAICE L CIE, Kanerva (1988) I/ R & TW5 (#ik), &5
Kanerva (1988) ®¥is E DL (“Sparse Distributed Memories” (SDM) & FEIEILA) 25, b
NOEBEOMNTEE Y AT A EERILTWD Z LI L TR E RN T 5, 728,
SDMUZBET~ 2 2373 0 LF W MiERIIE, Brogliato il (2014) IZFE L,

F. SEEBEARRICHIRINDERIC SDR BOREOMT T RE (Binding Problem)

YRR T 4 77 4 — Ry 7 #EE % L OO DIEE CAS 8 Tl TADAERZ & O IMEEE A3
W (Rolls (2017)), FEER, TANLADELLIL, MEEETANALTE L EbTn 5,

1 Rolls (2017)(Z KAVE., BN OMTEEE TA DA TRIMFT R ELINO TANAND I,
DX — R THEEDOEDTE LV,
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HF] (2008). Rolls (2017). Anderson (2017) 72 E23 VR L THFH L TW\Wb X 91,
RPN DN BRI« A R2 "RBIZE L2 & XX, FFED—2D=a—a 2Tk <, [H
RRCIEMHAL L2 D =2 —r VMR SN TEYE - fLESh T, £L T, =
2a—B UHICELERN DAY NU—7 ORE LHER 01X, RELESNDHN - A X2 S OHIGEE
WEENTEEDIEE, I =K, Btk SR, SHEHROE Y 2 — VNAMTIER
LTn<,

L7223 o T S ORIZRE MR T AU, IMNGEEOREAR L 2225 I =HEREY 2 — LI
FAEL TS =a—a UPHMINCEEZ S BK L TU T T ARG Z IR L TV, Lirb,
ZOFEZOBEPETIUTEWNEE, 2O L) Ry T T ARENRBER DL 2HDT,
HOBENH T, & LT, BEEOMBE NI IT L, I =FR, Mk, sk,
HEFER AR E DY a— M E RN ol =ma—a U R T ABRICE DO 5T
17<5

Potts Attractor Network MO A A —[X]

(Russo, Pirmoradian and Treves (2012) , 32 HZZ=M)
ARE O AL Treves B+ LV HEEW =720,

FROBBHICHEK IS =a—r Xy NT— 7 BOFE DR S LIERIEA > TT
<ERFIE. Rolls (2017) O EFEE BRI T 2 EEITIR VR HER L TH 5 L aic Bl
BRIV, Rolls (Z XAUE, KIMEENICIZAT - IBA - BTSN —fE 0 IZED btz A
(ZBR72 — SRR VRRE O ThIVUE 1 TERE O R4 LIE a2 (eokse) HEkE
Va2 — VIS EOMSIVEE RO DIZAN—A72 SDR & L THESELLGFELTEY, 0 X
IR E Y a— L D—o—D|T, A DEY 2 — )VEHEEZZL LI- A Z a2 — R (place
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code) " BAEL TS, Ax %, ESHECHEATERSICHET L LICL-T, ZThb
DOFEHEFEIRE ¥ = — VR %a>mmm(b@séﬁWﬁL&ﬁ%ﬁm)® gk — 2 (XD
Potts Attractor Networks & WME[IIL D) ZHEETRICH| DAL TN L WNHIDTH 5,

7%, [FEROETT SDR M OKE O T (Binding Problem) (ZB9 2 X U fidttfiir
IRFRDAERZ O FERBNCE L Tid, TOEM I 6 RE T2 ICHETE TV RV,
Eliasmith(2013) 7% & T BBREE, *©

2. 3 MAIDOERLZEL LTWEHkkx RER

FAISMED 72 DIZFE L filiu D Z 1T TE 7203 2. 1 Hi TR L7z Burr (2015) @ “How”
\Z B3 L 7= Neuroscience FO#E L XD —ufi4 ., ol /-EHEEEOFH THEH RS Z &
IITE 5, 510, W-AT EZEfEZ#E L < L TWAERKIZIL, Neuroscience FO#E L X 7217
T, YEAREH/avEa—F « T—FT7 7 F ¥ LOL S HLEET D, TDX 574
KER—KD, BTG SDR BIEICMZE DO ERIE Content—Addressable Memory (CAM, AR X
FUEHMES) EHOHLIINIHLZ ENEL LTINS,

2B, BIFEHRTH, CAM X, =T b (Content NZ) EANT RL & &7
STWNWDHAEYH ST, 7T RLAE a7y NOBRICET 5 BT 226 Cld, BEHR 13T
RU A BER S OEFNC S 2 Y OFMRFENR =T FTh D, Lizii> T, CAM T
X, B OZEM R (X7 b V) BERT RL 2oz T o b e LTivbi, Bl 5%
fEH SN E N Z & D,

MZ T, ZOX )RR a2 T LA L LTHEY, S EhE- 7= bR+ Thh
T HIFEEICHET 2 X O REEFXEZEATLE LI, 29T 2 L. HOEWOFR
@ﬁ%ﬁémtﬁ:\%@@%kﬂ%@@@ﬁ@@%@%%?ﬁ@ﬁ-%ﬁﬁ%%fm\7
RLREarT v "B GEEES 7 — R R AR 2 FFO XY NV & Z DT
FTHREIIRVOT, KV %ﬁ%ﬁ-MMﬂﬂﬁmﬁéoL#%\_®ioﬁ 55 TR
IR ERIR - BN FAT CTE D56, T ORMEZ S HIZHEMTE 2,

sy, BATO /A~ /Fa—) o 7Rlarva—27TlE, GEHTHN -7+ /14~
VR RMUVR Yy I PRT IS, T RV AL VT U NEBEICOBELTET X T 7 F vl

47 Place Code IX, RO L IHICERIN TN D “In most cortical systems, information is encoded by
which neurons are firing, and how fast they are firing. This is called place coding, for each
neuron has its place in the cerebral cortex.” (%L DKHI AT AITEBNWT, BFHRIZED=a2—n
URETUZERSERLTVDOMNCE > Ta— MeainiTnWgd, 2D Z &% Place Coding LIRS, ZDH
HIZ, 2D —a U N RKMEEORHESHTZ S5O TWAENLTHD]), “the place code present in
the cerebral cortex is one with a sparse distributed representation, in which a small portion
of the neurons is active, each tuned to a set of stimuli in a different ways, with the profile
of firing rates across a population of neurons conveying the information.” ( [KiMEZE D Place
Code IFTFFTDITNBERRINTBY . ZOX I RELENTIE, WhEh—HnD=a—n 3 —HORIK
WXL TRRSTZHET, 2L T, FEEREEZ D2 —HO=a—m U TE Lol (—ERMAD) %
KFRHEZ R LN S, IERITEBH LTS, )T, FER,

B https://www. youtube. com/watch?v=1A02g1EgcWE 121X ] (“Spaun”) N7 = A — g3 U TRENTUV
5,

29


https://www.youtube.com/watch?v=1AO2g1EgcWE

EOWTRRBOESEZZRTCE, 20720, 7T—F7 7 F v NRE B dp A€ - faft
FNRA ARERAN— R =7 L OBFMERE DN NM-ALIZE ST, /A~ /Fa—V 7Rl
A2 —HDERZINOBEEFTIET 5 Z LIIRS e Z L TiEw, Lo ok, BlTo
A~/ Fa— o Marva—FTiE 64 By b7 FLRZES HELHEREERTH
LN, AFY GRET AL AFAFEHN e —2TlXa T FEKERT KL A L2 TW
DI, INECTCEALTEL 1 ARGEEBZ 5EKIE SIR ZDOH D% T RL AL LT
2 HREEDOHBE LI (High-Dimensional Computing) BN MEE L 72T AWML THD
(Kanerva (2014)),

F/2. 64y T FLARZERTSH 2764 By b (16 =7 H231 F=1600 57 7754 )
LWV ) ERZERIZZR DI, 2710,000 By FEMTEIRIG SR X DEET RL A « a1
TURE LTHBLEST 720 28X, —ATHRVIL, ZOFELEDETHLETYH
FHTEZO b2, ZORIZEL T, M (2003) K> Anderson (2017) (X, Tad X 912
ShLTWS,

I = o B o — & OREJIREIC I TS, FERFALEL AT AR 72 A Akt o
AN 1 SDOEERERTH D, B2, HE/NZ — 2 OREIE L~ )L T DR
HITIE, 1000 FRREORKEGEALETH Y | KIGHEE TORT 7 — 3
W CIE, 10 B D 100 EREOHEEPLETH A LEbh b, 1> T,
B = o O TR, THERDA A — DL, Z DER O T
EFTMEDRIL BT VU 3 AREREIROFEFRIARE 2D Z DL ETH
D, BEHTIE, 1RO T vt Y EERROERFIN & SRz, ila v a—X
D2 A E Y FRRER T O BEAE RS VLI L S D, |

“The most difficult technical problem is memory. Several terabytes of
memory would be required, and integrating this memory into the device
would be challenging. 7 (I (\WM-AT S2BUIZ & 5 C) fe b HATHIIZE#E LV RIBEIT A
EFEVTHD, BT T4 N POAERYBPBEIRDITTIEL, ZORDAE) &
(CHEAR) T3 RTHRAET 2 OITEES E D &, | (Anderson (2017) , SR,
71 A NIEIFRI4E)

ETDHE, Vol WARIK, BIRICSIR A LA LT D e MEETeAMmBORTIX, HEE: -
AT A AT T BRI ED K D AT AE VAL - AN TR TND O
72AHIM°2

ZOEITIE, PISHED 7= DI F R — X DRI £ > TLE 925, N-AT EH
%X 5 ETD Neuroscience EOEEL X & 8K E/av B a—H - T—F7 7 F v |k
DEEL I DOMFIZHONTH LT fiiu THTZ0,

9155 F=#11000 £H A k=1 Ik A |
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A. Neuroscience FLO#EEL & : = Y — FEEIBIEMf DO FEH]

For N2 ETEIE, BEICEEL OBz ok ic#iE+s L, 2nb
DOW AR ETA %@ﬁﬁ%%®%U£r% FREOERIE SR OEPANE —v <y F T
e %S:%Eﬁ LCUIRIEFHEBMICIE LTS Z & (Pattern Completion & FE[ZILD) N TX 5,
Bz, TLE RTI<=&E R TWTZZICHEDOIUFOBERERNH TS 5L, TNE & >nTIC
Hr® 10 i OEIZHL LZJVJ?”J&U\J_&%UJ%%E o T2 &, ZOHD— A LIEHEZ
L TCLE S RO FRENENE 2 R HRIZENH IS, &) RIS, kx 12EER
HELE T 5, »

2O KD AT B R EICE S B (self) A & Lo 22/ & REM Ok
NV ZE-o50E (One-Shot Learning & % iﬂ%)) ThHOH., R =E Y — FitlE L M
[T T2 (LeDoux (2015)), =&Y — REEEIL, 1F & A ESHMER L 72 1EE N o CA3 el

RSN TWAHEHRE Ry U —7 (Self—A33001at1ve Attractor Networks) DM

IRIF SN TS, £ LT, J\AICE - T, Al L2 MEEEE 2 SICEHIRF SN TSI
HOM TR “BHRGEE” 2 LM LT X Y 87 Pattern Completion 3B S
% (Rolls (2017)),

ZOWEN CA3 FUIRORHEIT, A= o —m VEIERSKATHIE L TREE L TE X
EHAELIZ &> CH RIS AERR SNIZATROHRE Y 2 — A B EN TV SR ThH
%, LH, CA3 bﬁihjz I, KEBICEBREINTZRTS T 4 77 4 — KNy 7 iEEZ LTS
(Rolls (2017)), #VIKULIZZ2 DA, KREEIE W BEHIZ, CASHHOEZNHHFELTH,
CA3 BN DR TOREIZT 7 EATEDLEWVWIEBRTH D, £/, RYOT 47 74— A
v 7RIS L IX, FREOFLIE T A B RICEIED T 7 B AN X0 IR E A E APER 5 T
CEVIHIEHTH D,

SED BD-AI ZH1Y T 5 Hassabis fil (2017) <° Neuroscientist & L T4 & WFIR
JI1 (2017) . Rolls (2017) . Anderson (2017)2& 12 XN TWA X 912, BAED Neuroscience
DEFEL LTI, WENO CA3 %5 ietkx 728N OEI 53 ORI R E &g & 5
VNI B U 72 KT BB & RS 2 & O A FMASHL D AR 23+ 0 1B S 7Ty,
FEDEHOTEA I, TN OMAMKGMEZ W-AT L LTY 7 M =THIICS 2 FETDHE
TIZE - TR,

Bl z2IE, Halr, FIR)I 7 v—7" (Kohara {1 (2014)) (X, ¥EEPN CA2 SEIK O HTHERE. ﬁ
RIEIDN D CA2 72 5 TNC au#%anmwﬁﬁ& F%&&%%ﬁbto%hifi CA2
BI%, CA3 FHIE D CAL fEHI~DH/2 5BV ETH D & S4v, W OBRER 72T 1T

O XY FEMIZEAR A T = X LB L TR, HORI(2008) o H I (2016) 23 EEEI Ty D RF0, FRIS, EAH
RS, FEFRIHEEG Lc=a—n EHOFTED L) TRk, ThbORIE 7b>%):0)cl:97§t)<
N=AXLTELESNDPICHET LRAIZE LS TH D,
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RS ZIHNTUW R, 2

F 72, BD-AT Je ON NM-AT (2B 2 @firy 72—~ A Z 17> T % Hassabis ffl (2017)
<2 Schuman ffi (2017)1%X. =t Y — FidlE/ One-Short Learning/On-line Learning % 3£
b5 EDEEL IIZHONWT, F4 FRd L H Ik TWn 5,

“In the future, it will be interesting to harness the benefits of rapid
episodic—like memory and more traditional incremental learning in
architectures that incorporate both of these components within an
interacting framework that mirrors the complementary learning systems in
mammalian brain.” (I3, EEART Y — REERRIE E ERBIOK A~ 1IctE % T
W< EE GLIR) Lo oDEE A WEHLEOMIZ IS T D EM TR 2R E v
T Lz LA EOIZ, Znbo 250 (GLE) MkERL2aE L
T =% 7 7 F v TRHEODIT D Z LIFHKEN S D L2 5725 5, ) (Hassabis
fll (2017) 2D HHE FHR))

“One of the key reasons neuromorphic systems are seen as a popular post—
Moore’ s law era complementary architecture is their potential for on-
line learning; however, even the most well-funded neuromorphic systems
struggle to develop algorithms for programming their hardware, either in
an off-line or on-line way.” ([Z=a—mEAL T 4 v 7RIS 2T LANRE 2T
— R A—=T DIERIBEORTRNT —F 7 7 F ¥ L LTRRINTND —DDHE
BB, A TA v T—=r 7 (WEOFE) ST 2EENTH 5, &2
AR b TPEEBER 2 —aELT 4 v IR AT ATER L, FDON— Y
2T HZF T TA B NIF L TA LTI 0 T AT H oD T AT X
LBAFRICHE LT D, ] (Schuman fll (2017) 2S48, FER))

ZDO X Oz, N TE S Neuroscience AFFENEA TS & SN AR TE 2. NM-AL FEH
I LZE DORERE D FREA DS+ 012 A TV R, NM-ATL DA 72 53 BD-AL (2E > Th,
Neuroscience & M3tk {K75>9§< LAENTWAHEBO—mTH D,

B. YEEAFRF/ara—F - T—FT7F v EOEELE . CAMOEH]

AKHITIL, 9 CAM DA ZIR R LN D, T EIRIE SDR &R TEFI CTh
HIZbb b, ER EREREMAZRLZ TV D 2 & ZEBEOICER L THRZVD, L
t, FIRIE SDR O WIMIEZR NM-AT 12 & > T, ERAMOBIC Z O#RIN K E S hide

U BEE L. http://www. riken. jp/pr/press/2014/20140219 1/, CA2 | i\ CA1 X° CA3 EMENEL £
., FBELTCWIEEORE EBEBEPN TV DERREO DT DRENIC CIEEIR A — BB EE D
ZLEMBALMNIRY E L] Ea, B, BT DOHERE VAN Ooyen ﬂﬁfﬁ(ZOl?) 1. CA2 DFERENHELY -
F oz,
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Mo TWNWSHZ L, ZOMRIEB-ATICE > TH AR THLZ L. ZHM LIV,

Bl 7TRVR-arvsF U pBRD ) A~V /Fa—) v IRarBa—%

BOIRLIZRDN, /A~y /Fa—) o IRavEa—4DEA 7T RLALavT
v RRSEES TV D, BARANIZIE, CPU VAT AATY (LD IERRIZIZLYAH) R
SEELTWDHDT, CPUEEST=T7 17T LAFATICNE, WA T 7 77 A0T7 — XX, VX
TAHAAEYNPLRRFEOH LT 2HERH S,

BIZIE, (WD) 8y harBa—ZDH, RN T2D8FE Yy h=256 £y
Ny D Y AT B AT VK AT Z D3, 23D 256 By MIIEFEAIO7-8 D7 R L A (address)
MEDHIVTND, BIZIX, TAT7 7y hOBEE a lCHEEO+127 &0 5 BUEREID 4
THNTNWTC, I a—FNTEZIOadcontent (L7ZR-T, +127) N7 d o7 AE
TEMEICR -T2 LES, ZORE, 2L Ea—FDRA L Z ERTINHHEEICa DT R
VA (FREDHUE) %4Erd2E, 121123672 (1) b 8 vy MERBL(01111111)
ZREOH LT %,

DXk oiz, A~/ Fa—) Moo —& TlL, address & content 235l &
2725 TNAHDT, EOX I MBMRHE TH-oTH, BT 1 Roed (CHEERLS
i) BEREOEEICRET D, LT, T RLAL LTS AT #EKIT, ety
Hd 16 By Mh, 32 By Mh, 64 By MEE WS IRIAOH T, 2 D 16 3, 2 D 32 F, 2
D 64 F L REEAILR L TE T,

B.2 JEUME - BraTHERIETICXZE D CAM

7272 L. Kanerva(1988), (2014) 2%k-<_TW% K512, £ TOMEKE | Kot OHHEE 1
DTG S DML, RIS, WAREIE Z W72 B8 M - Brartfili o K 5 22
O, FIRIE SDR D KL 9 7B Rt 7 MV % HARBAL & U7 Bl 5 =X (/B 2 8
TLHEN, BDEDILWITAT M AR EIC R LT 1 ot OBAER L OEFEIRE S
B L0 PEEITELS R D RN B 5, Lnh, ZTOMMIE, SDR 8@ ko3 i
THIEEBEIT R D,

O R EEFEANCEET 5 72 DI, content HIKDS address D& H #R7-3 L 5 IT/EDS
LT3 Content—Addressable Memory (CAM) OfHfHAZ . IR L7- Nt &kt SDR
A EEIRIESDR B > THIR L TH L 5, BRI, EOBMBTIE, Zhbid, —HRT
DT MVTIZEFHE I LTV,

SDR B 00000001000000000001000000000000000000100000000

SDR A 0100000000000000000100001000000000000000000000001000001D000.......01000
00001D000:44...00010
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FICHBA L= L 912, 2 DOEKIT SIR DFNFNOEFIT, HiE=a—o VERO
L TP ORE=2—m e L TWD ET 5, LIER> T, WEFEOHIED 1 TRanT
WD ILEEFTIX, FI - A X RMATHH - A XU FBTHRL=2—rm U2 EE/ T
TAFEEENTZ EEEWT D, £ LT, IMNTIE, m%oC SDR I TD 1 OER Y A& Ti
T2V E WEROBEUMERE VB END L2127 oTWD, 2F D | BIZE L7l -
AR MZXIT 5 content & address N — L L7=@¥kJC SDR B ATV - BEE 7 —
FROFHEREE L TO=2—r 2O F RSN, TRNWMEIZTFE - FUR I mk
Jt SDR & WAEIE % 3R 5T T Hlext I 4 5 7 TR/ ar s AN RIT S b,

IHIZ, ZOX)R=a—n A TORRRE TSR OFitaL o H1 TR D 6 IKIZ
E LTV DT, BB LERTT SDR A BN=a—na VEMOENE/ e 2 — (=
content) ZAAM L, @ content AL L TRECHL N —~vTF 7 (GHE)
BEREDBRE) SRR b~ v F LToZ — U BB SN D, S HIC, TR/ S
TemB =B R E LTERA My FAZ = OB/, -« - Lol T B ARES
AR TITLS , T DX 972 Content 73 Content ZIR A ICEBEEER L TV EWHIRD
B GEAR) 23, 20 U BRI CTIEENT 2 & O FEREE 2 X2 T 5,

TlE, ZOLIRUBEBEFE O L Ea—HTTHIETHEEIRDEAI D2ET
E, BIE LR - A RV R ERRIETAT FLAZRSEICHRE, WICZEDT R L AITRA
VEEBEBILTCa VT M ESADOMS T EICHEEE L TEZIAR, EEXAEN-E0
VTV M EBEICEICEE c RBEINTW T o R R T A iciEo 3
T MIEID Y TCOHNTWVDEYET RLAZarT vy MEROZE DR EICIREL TAE
U5 R HEARIAIR Z TR bl Zivb % CPU IZHRR LT RVE T
B, 2D X ) BRI EEFEME R A2 AT VICT FLRAEE L TEZIAL, BRERKT
BIZH o LB FREDORE W DEZFEIN, + » » LV TZRVWEWERKREE 7' 1 A3 0ET
2%, Lind, AF UREERITEEMED SV S ORI EDNEHICED SR TIIN RN G, 7
RUARETND 0D &5 o THERANZ — 0 ZECELS THRE S DI Tldkewn,

fit7. WMRIC SDR 27 F& T RLAL L TR D L) RFEma—m DL o7
AT EREEERO 22— PRI TE UL, RO K9 TR Em ] 2R AL ER D £ <
M—FT, LObWINIATZHDT, D7 &b T MUVNREEZ A7 S8 B - Frar e
Wric B L CTiE, Bl 24 % OEHEER N2 D H->TnD E L TH, Ei#H7Z Neuman-Turing !
A2 —FICKLTHHED EBEOLRVMERA B DIRIHEE ) THRETE L L 012k
Do

B.3 WKL CAM DL : MRS - &E, SHEE) - maX b

X512, BRIC CAM 1%, content & address D5ERITATBE XL TV AHAITD Neuman—
Turing B2 v B o —# CIRER TERWVN OO E LWREE R > Tnb, £0—>
25, EiRIG SDR DMEMEIZRE L TE A LEMEFEETH 5, ZORZEKFI TR TAH LD,
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BZIE, AV — R 73 RPCHREDA L Ea—FDFTIE, TAT 7y hO/INLF
Hcld, 01100011 EFHENTWD, ZDEE, H%AND 3H B OEIEIMT 5 D JFA
BZIET N T 7R EOFEHR T O D 1 18> TEb->TLE-mELEY, 957
L&, gi01100111 L7e b | Folz Bipo7o30F (g) 12> TLED, LT, fHET
TAOPFT—EHHTHLIOEIRBRYNBEETCLEY &, HEEEKIZE 72 BRNEL
2o TLEI, ZHUTXH LT, D CAMBFHEHKTH D=2 —1 > DOE . SDR NO—HEHT
IR NEEZDREO SO THIUX, WHEED 1 2D 20720 T Sk THILTH
DI CRRE - Frar R B L e 2D, D7D, \M-AL O5E, CAMBTH S Z
Sk, BEEICHLTE THEEESE,

2D XD ITERIE CAM AFIHFTRE ThaUE, mMERELE D NM-AT OFEBNESIZ TS
FHTELO THD, Lavh, EikIC SR A EHHL O CAM B — kb xcp bk %, — LA HL 72
BfEO X I X 5,

AN, EBICIE, BIEO a2 B a— X DRAZEZENTBZ DEENTHOIL TN D,
BAETIZ A= =3 Fa—Z DL T AY— K7+ PC ThEHDO L DIE (iPhone
725 10S, Windows =3 > 72 5 Windows 10 2V o72) 64 B K0S TEHNTWS, L= -
T, RO XD 7 MFELE BT 2 8FEIL. E 0 64 OTTHRIIZE 9 H DI
XL TLMHTERY, b HAA, address & content BNEESILTWTH, Ny =B s
FEZALD KO b O k72 E DY 7 b U = TR TR Z T, 64 ot &k x 725l
EAELIIRIEETH D, 7272 L, ZD7=DIZiE, KB 0 2B EO TR MLEIZ/R D L,
ZOTODOMHBEEN LD REL o720 | FATHENBIRIZEL o720 T 5,

b B A ARRIENZ MV EIEH L7 CAMIE, BifTD Neuman-Turing Bl = > 2 — & T
LEmE LA XL 70T FaFTEibTing, flZIE, Intel CPUDOF v v 2 LT R
Z (AEY) EPFHEND CPU NEHET —X OO0 LY 217 93455 & H> Cisco WMo gL —
A —THxy U= HBRZEVIRONTWAHMACT RLRSIPT RLADAA v F o 7 (H)
DEZ) ZERITHOBRIER S TNnD,

ZlZL. ZThbeo CAM IR, BRLEITE A, BUTOT —F7 7 F % Tld, PC XA~ —
N7 xo 7DV ATAAEY &L THEHIILTUV 5 DRAM (Dynamic Random Access Memory)
R ELITELRY | GBS TWD a T YK 2 OERT CIEAIEIRE T 5 72 6D O g [
¥ (comparator &FEEND) PHIAEN TVDHEE % IC L DRI EOBEMMEN KE W, #
DIz, BEfF O8RS « BREHEANZ At s T 5R0 . L TH@miE L, o= Ncd
RTOFE =R T Y & OWH|ERF LI T 2 O THEE TS & THREVW (Sharma
(2003)), B HAHA, 7T v 2 AE YR ReRAM, MRAM 72 & DRI A £ U & - T
BHEMZADRABHTETWDEN, B EOLRLTRIET 1 2 EOEE RN
Vv (Dieny (2017)fih),

L 72235 T, Neuman-Turing 8 = > b = — & 7 & QNI BEAF O -8 R 058 « SR GHE 2 fif
FELTHRY D 1 HWRILD SDR 4z 5 mkot CAM DEBR EEOE 128D ThH 5,
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DFED, ZFOXHIBREKILO CAM 2 EBT H1TIE, PEMRFE - #iE T v 2 HF Lo
Revolution 23 ZE & 72> TV 5 (Kanerva (2014)),

B.4 FHFEEN TV 5 Kanerva (1988) JiiE ¥kt CAM DFEHL

LD E 20Uy MEMETENEL TS E ROMNTED X 5 724407 T CAM 285281
IILTND DN 2 BIRENINTH 555, BURITIZE A E RSB O RWIRED L 9 Th
Do W TENET 2D CAM 7 —F7 27 F ¥ MM 40 CZLfli CIRIHE ) O @kt CAM 2318
IR EZ D XKD TNEHBODZ 2T 700Gy — AR F A AR 2 U, BIEORK
AMEEINZFIH LT LD SR NM-AT OFEBA, ZHE TICHIT L CE 2IREEE %
Elekkx RERAETL DT, —RUICHETAREMENH D DI« -« TH D (Kanerva (2014)),

7220, 20X FRYKREBOBUROH, BE L fi> T T 2% DA Kanerva (1988)
DT ATTThHbd, LIZN->T, LLFTliX, Brogliato ftl (2014) %2 Frank1in (2001) (238 72
M 5. Kanerva OFEMET 5 5ot SDR (HFIRY7: CAM T 5 Sparse Distributed Memory
(SDM) HZDNWT, 1FADD LIEZT il THw,

AR L7z K90, MR L LTomRE OR) ([Zi%, A=Ak - mkoefb L b
L D EALFRIBER 2382 < fFAET D, & LT, Kanerva (1988) T, £9. Mt SDR 1k
LS HREBACZEND ORICERENEZTNN S LR 5B H A, “HAOMOREICS KL
RN DECFHNCTHA ST WD, 7235, SDR I DEANE, B - Btk ik OB O 1 #
JEREIZAR AR TE 7= (HF] (2008), Rolls (2017)),

BRI, FREO L 2%u Yy 7 Th D, Kanerva (1988) Tlx, i LDO®IT, 4y
BERBZ Fv (DR) 28, —ftEZE kS Z Lol 2O E LTOELD=a—1 R p
DOMEFE T, (I-p) OFERTO &RHMNLRfERELK TSNS, LT, 20X 9 ==a
—a O nflHNGR5EM S HO dEN 1 LD EEHA~Z FL (DR() & FES) OFFK
ERETLCALI, R<HMLNTEY EOWEN G, 20 DR(D) I, FEHMEA np, 55
np (1-p) D “HEFHIZHED, T LT, B<HLNTWVAE LI, n BREL 2NUERDIT L,
L7 TERIE DR THIUEH HIFE ., T O IHSGMICHE O B x & 2= —FHHE) /=
Yefmze L T 2 & IEMEERMT CPME 0, BEHERZZ 1) (TS0 Tng,

L7zld-> T, ZOX 7@kt DRI, n ARE L RUE2 513 L, FHMEnp OJE Y IZ
BELTW, LER-ST, p=0.5 LT25L, IFFTETOEKIT DR BA/N—RZ/2 DR, OF
D SDR &72%, EBIZ, Bk L= X 912, Rolls (2017) I kAuT, KRGHREDH 23 /8T
1% p=0. 1. ¥E D CA3 fEIK Tl p=0. 04 TH 5025, n=10,000 & L7z & X T {iE TIE 1000
i, #%F TIL400 L2 1 DfEEZZFERNE D 2REIRIC SDR IZ72 > TV D, Lave, HIED
FEE & AR R ZE (0 ) 23 1000 &V (np* (1-p)) =30, & OF-E)E & AR DS 400 & 20 &
25, LD E, EROM TITEEMEDOEH 30 NIZ 99. T%DHENA->TLEI DT, 1T L

2 SDM (ZBY LTI, wiki NEERICE LYY, Kanerva KIAANENTE ORI DO LI THLH D,
https://en.m. wikipedia. org/wiki/Sparse_distributed_memory

36



A EDERTE SDR (2 Z Tl n=10, 000) 23574 Tl 100090 |, % Tl 400E30 f#D 1 %
L#@iﬁw:kﬁ&éo%LT\E%K%AE:O@%&ﬁami WE A — T Dt
FITR D 72 < Bl L (Numenta (2017)) . AWIZIIZMNL 2D TH 5,

7272 L. Kanerva(1988) A > hu X7 a L THEMLTWNAH LI %\A?O)SDR 0N
IFMNZLTHDIZHE DL, ARED SOkt SDR ORIZHE D SDR A @ AHIZ L -
MESED & @ﬁ@%ﬁﬁﬂm%ﬁ%wo<i5’&50;®5’%LTKmmmm:
TRROE D RFEY 7 — 20 X5 2B TRAIDERI DB 212 14 27 v 7RI 0 3  fil %
RLTND, é@®gﬁﬂ S, FIERERE. WS, FEeSFxICi2RT 888089

FRELER R EAIC L o T, REODL oL BB LNWEXITER > T HITH S,

Why are fire engines painted red? HB5HIL/Z2 ARG D)2

Firemen's suspenders are red, too. {HBI D A H— 4 R72,

Two and two are four. 2x2{3472,

Four times three is twelve. 4x3 (%12 72,

Twelve inches inafoot. 121 > Fi%, 17 > /2,

Afootisaruler. 17> hME, (124 F D) WELT,

Queen Mary was aruler. ~ U —Z E{xXfdE 72 -7,

Queen Mary sailed the sea. 7 A —>~ U — 5%, MEEZMIE L7,
The sea has sharks. VEIZIEH A 35,

Sharks have fins. - XZiZe L (71 2) BdH5D,

The Russians conquered the Finns. 27 ENT 7 > REMER LTz,
The Russians' colorisred. 7 7 OEAIIH;RT,

Fire engines are always rushin'.  (ZR\Y) JHBHFEIZVO H AWV TN D,
So that's why they're painted red! 727> S ¥EPF IR AR AT !

FROFEFIX, SREEBETLRE L TEENENTE A EDOLAICIESEN (BI1E
#) Th o FORIEHRDORAHMEE TN TND, EZ2AR, 250 9@7‘@%#7@@@%&
ZFEET DI, ERIC SDR AZE, S£ D, 271,000 B bR 2710,000 By kDT R L
ZZEMTEIRTE SR Z2ZDFEFET FL A&V T b e L THALHESTILEND D
(Rolls (2017), Anderson (2017). Numenta (2017). Kanerva (2014)72 &), BfTD /A~
Y/ Fa—) o 7Mara—2TiE64 By b7 RURIZES S HEQLENFEERTH 57035,
64 By N7 RLAZEMTEH 2764 B b (16 =27 34 F=1600 5T 754 K) LWHE
RZEMIZIRS>TLEIDIZTH D, LIin> T, BUROFEERE - SREHEET 2 FiE & 35
RV, "Ry =7 EOZZLT Y7 b7 ETHETHERIATEZ I 220,
T ZTEIET H DM Kanerva (1988) @ Sparse Distributed Memory (SDM) &9 o
YT ADIWNIRT AT T ThDH, LA, EEOMBERY . Numenta (2017) X°

mm
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Brogliato (2014) Tl 1000 YR IC=° 2000 kT CAM 23 Y 7 h 7 = THIZ LR L= B T &
NTW5 L5 Thsb,

HHAA, 271,000 By MIFOICKITT, 27100 Y FOCAMMTH, EOFEETITY
TR THICTLE LW LICEDY 370, 51T, 100 FER] 2 FICET & 3. 154x1079
W=2"GL)MTHL06, NMEOHRELZETHRET AL, 27100 By hTHEZIH
EHIEETHDH, LT, Kanerva BNEHTHDIX, ZOHTHD, DFED, 271,000 £
FR°2710,000 B ROERT FLRAZERZEE L TH, FEEREIZFEESGFT (Storage) & LT
fEb D D%, 1004FE/DTH, 2O X577 FLAZLEMANOER TX 513 E b 7Rk
ZEVWIRTHD,

L, MSZ2fERAA e L TCOEKTT SOR Tl 72 & 22 DOWIeH 1 55 (n=10, 000) T
b, eor Yy 7 TORIERTO SDR A FHIE 10000p D 30 NICA>TLED, &35 L,
1 ey NCRELINDHIL - A X2 MEHZ 1000 T, &5 % 100 EEFEE L T <
WIINSBETHDH ELTH, 15 x1000 5 E > h=125{# 5000 534 h=12.5 FH A1 b (=
27(33.5), 1 Hx100{EE v F=1.25 7 T34 b (=27(40.2)) FRE LD, & (FF) O
Windows 10-PC TiX 2 77 /34 h® SSD 2MFEHOILTNDH DT, ZdD SSD 72 & 100 fEfEHHTH
ZME DT LN Z LT D,

& 72 % & Kanerva(1988) 3EME L TUV 5 X 91T, @RI SDR TORAMLIE - Hrar T
DI DONIERE %, 2710, 000 [HOE KT R L AZEM A8 ZEM (Virtual Space) & R
LT, 2 TOWEREE 2733 X0 2740 OFEZEM TOMHAICE X #x DA %GR T
BWE S ZEMABEIC IR TE D, £ LT, Kanerva(1988) 23, FEERIZZ D K 5 72 SDM 28
BAFREZR 2 & A BFHNCEE T 5 &R, BUTORERBERIN 2> TLED & 5 22
TEAMLATREL 72 2 bR L TWD, ZOFE LW HEIEAR TIEHoIC3B T & 2208,
Brogliato fi (2014) 72 L2425 & HIKTH 271,000 £ FDOEKIT SDR THHIE,
DOARABZER] & FEZ2[H] & DO BN ER 72 BB E L TWD Z & 2R TE 5,

B a2, Kanerva @ SDM DA B7E UL72HIK - A X2 MEHRIL, SZ22H O R & & AT
ETICEZAENLDOTIERLS, ZO XD REHOEHFICHRE U —FRICEZAEND, £
LT, ZDZLIZE->T, AEYO—FICHEENREEL TH, FAALOERITITERFD A E
U & PEENMER SN D OT, HEEEEZRETE 5, 5T, 20X 5 REEFIED
b, AEV ARy of i, FEl GEERD LEREREZES @&<) IChEshb
e D, FDTD, BAE LT « A X2 MBI L7 F — U3 RO DR F —
SN Ko THEONE & SN EMDIEOHEN D 02 OB E 3§,

L7z o C, FFEGBH O » UND EFESHHNTEICEEEL TWLH 7 r Thiud
bDHIFE, —EHOTHEMD LWV LI RFNEH-LEOELEM N ZEL, )7,
Loz — 28 L CRITN BB AR OB Y — o L B LD EFTICHEEINTLE D
&L BVWHEZE S TREREVHE W E WS 7B (Tip of Tongue %) HEEZ D, &6
ICHLBEEO DI, ZD L) il - A X2 MREZIAENDEFTIL, FFEOHKL « A <> b
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THWZT IO D DO TIE R BEORB - 4 X MEBAIZ bbb, £D7H, X
T A=A WEH (SIR) ZOHL0 L LTRESND,

L7273 > T, Kanerva Jit SDM @R ITT T, Lovh, N— R = 7HICFEHTEH L H 1T
TR 21FE . \VM-AT O FERERS —KUTINET 2 Z LITHEW 2RV, Lavh, ZO&EIRIT
SDR D4 1L, NM-AT DOA7p 59, BERICIEN D =8 Y — FiRlEeA v 74 TOFE MR
FIFER BD-AL IZH RERFEREZ ST, LWVO DX, 2D Kanerva @ SDM D7 A 77
1%, Graves {1 (2016) 72 ¥ OFHFIRLMEF R 201D ICE R SN TWAE L9z, FFRIERKTLTO
ISHTH B0, Bl BD-Al THMHEE IR > TETWNHENLTH D,

k. SDMIE, BUTOT RL AL a7 MRn—xf—CIRERMIICIREL 1Y v 7 T
< By MRIF 72 EaFF T MR E SRR ZE O b D TH D, 2D, BEHL
THDHMN, KRR EDON— R 27 & L TOERBRFEOHRZ LT, TN HEHENZ2R
TeoODY 7 b =2T7 EOTRIZHLFEMART AT TREFINTNDE LI THD
(Kanerva (2014)),

C  ®RJE CAM 2MEEI 4% NM-AT DEEL

KEI WA L CE 2NN EEICE T s bt SN Z L1E, 2% v a=X
LB REETHEIC, AMOHFHRLERIL, /A~ /Fa—V 7 Rlarva—2 L3R
720, Lo TR (538 #EE2 321 LW B TIHTORL TV RNO TIER W)
EWNHZETHD, TNFETRTERE XD IC, BIfICAER L S 5 HAE M O RFZ2H R 72 £
DEREZZENA LTI V2 AOHFEIE L EHETE D200 TH D, A (2003) 0 HF]
(2016) 1%, ZDORZ FRD X I IZHBIZRKILL TV D,

[Tdy « )AL BFOR) « v Ea—2TIEAEYDO 1 FEHONEND
TavALHBEEZFITTS o T, ZZTOAEYORENT T—% (I
TALT—H ERMEND ) O—FHEHTHY, ety T EREIZTHAD
MPEETHD , KL, BIEAFEY R—R - T—FF 7 F ¥ (AEVE
FRGR) ThHD . L, MAEE LT LT X LA MREREOREERSE O
[EEZR EDOBLE LTHFBICL > TEELEEST 20T, MoOT LAY XA
T—FON Y 7T T T =T N (REIET—TN) ITIFZ 6N AT LT
FHETH, EBEXDILNTED , MADODATERIZ, ZOVY I T T T
— TN EDEZ ZFEETHOMBHERE LTHWLND, MREZET

BOIZBOREARER (ma—mrTHAI LA L) OMEICE D2MEIEMCHEHMLEN QEFI)
HEATHS EWIHMIHZERLINICES>TEDO L) RERFENERTE 200 %0 53285 (HF
(2008) . 5 H)., ER. Fox DMEET HEL AT 2 — 0 U REITOES DM S /s Pl Lo THRILS R,
RN DR %2 RGFTIC B L TIRES N TV D, a7 v a=XATIX, Z0OZ &% “HBKRE/ RS
(d1str1buted representation)” EFES, & L T, Numenta (2017)1%. ZOH@WERLZZF, a2 P a—&

TIFFEAE T & 2RO R - R & I (RRIC R B MR T 2 AERIZZER 2L LT 5,
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T (HAT5) &, BIEELEEDT7 VY X80T, HAEEEEEICL -
T, HEIWIZEZZED D, ] (FAAM (2003) ., 230 H)

MITFEZ Db DEZEZ DD TIERY, ZHEBWHT 72D OEENTE2E 2.
by RO DETTREFEREZ(EY M, 206 L EMEL S L, Buntei
WZEbiEE D, BNEWEZSTHD, 20ROV MITFRTH D, MiE-ST
By bR E Y R D THE AR T D, 2HOAY — v ERGDET
LEIDDL, BENEFEL LT TEDFREFENE ZIZH DI NTLN bR,
LinL, WHIDZAF Iy 7 AT GBLIZGREAEBRTE DL 0D DT, )
(H#F](2016), 121 )

ZF LT, HIT?D Neuman-Turing Bl =2 o 2 —Z 1%, TEOHT7ZoOEHNT ] eI
RESEZ2>TWLTEDOIZ, EOT —F7 7 F ¥ ZHDL T TIEHBAES LB & e =R
HCTRHESTOND NMAL O CAMM( vy 77 v« T—=TMIIFZ BN AEY | ) 2R
GIWITEBCTERWERIE L EZ XL THD, ZORIZEHL T, @mwau%®&ﬂ’%ﬁ
It SDOR OF AW EFEBRT 572007 A 7 7 28R LTV DH FRed Plate (2003) OfEfiix
FEFEBITIT ifﬁwiﬁﬁ%éﬁ W@T%%%w ZDE 7R CAMBFEANIZ LD TRV
FTI2DOENT ) & X0 EBEOMIZE-ST, \-AT OFREES A2 ER RS Z N TEH01 5
Th b,

“Much of the interest in connectionist models for higher—level
processing stemmed from dissatisfaction with the limitations of
symbolic rule—based systems. These include brittleness, inflexibility,
difficulty of learning from experience, poor generalization, domain
specificity, and sloth of serial search in large systems. Initial
results with connectionist models seemed to suggest potential for
overcoming these Ilimitations. Various connectionist models have
tantalized researchers with many attractive properties: pattern
completion, approximate matching, good generalization, graceful
degradation, robustness, fast processing, avoidance of sequential
search, parallel satisfaction of soft constraints, context sensitivity,
learning from experience, and excellent scaling to larger systems.’
(MER VAR T 2 a7 v a = A RETA~OFBEO L X, v
RIVEEICHEAS S VAT LAORFUHR TE RN EnbAEENTE L, £
BT, MeS, FediktEo xin, RERFE O L S, &85 —elE, sEER
PEL RERVAT ATOBRMRDOBS IR ENGTEND, a7 v a =AM
TIAZ KDDL, O DORAZ R TE DAL R LTS &
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IR AT, Bexlpax s va =X FET /UL, FEHEEIZ, £ < ORI
FEZ RE LN L TETWD, GREBA b 0) sEaiEE T, Tt~y
Fo U, Bifia—ixdb, BEEMAE, e, s Bk R AR, 5
TOY 7 MlKIFER, 27 F A MNEIGHE, BRERTE . KBS 2T L~
NIZA =Nl ETh D, )

“However, no single connectionist model has had all these properties
and researchers have found it very difficult to perform higher—level
reasoning tasks in connectionist models. The difficulties can in part
be traced to two characteristics of higher—level reasoning tasks. The
first is that the temporary data structures required for higher—level
reasoning are often complex, and cannot be represented in common
connectionist representation schemes. The second is that many higher-—
level reasoning problems appear to at least sometimes require
sequential processing, and connectionist models lack the procedural
controls necessary to control sequential processing. In this book I
focus on how some of the structures that are required for higher—level
reasoning can be represented in a distributed fashion.” (I'& Z A28,
AR A=A RETAD—DE L TINDLDTRTORMEZ R > T
L. BIEFEZETa R v a =X PETATIEEROHREZITO 2 LI1TETH
%ﬁbb\&b\ﬁ_&%%ﬁﬁbto O ORI, —# L, mRHERRIEED —o
DORHVEIFESE DL Z LN TE D, £O—2Id, ERHERICKNE L S D —f
%:ﬂ%éh57~&%m@ FLFEMETH L, Llo=axsa=
A2 MIRRBIFATRIT 2 2 LN TERY, b9 —2lE, Z< OEkOHER
IR \mﬁ<t%%tbf@ﬁmﬁﬁ%%:ﬁ6#\ﬂz7ya:zk%
T ATIT B URAL BN B 7 Foifge & BRI S R IT TV D, ZORTIE, (L
72D o) mRO#GRBEICKHE L SND HLHHOHEN, DXL oI LT
B2 TIETRBARBTH LI NCEREZEDE D, ] (WTF s HER)

3. NHBERLOBEBRTNMAI DA LTIV A EIRIDEN?

ZOHITIE N-AI RAERARITEZ D EBEZ LN RERA /XT MZOWT, FFRIZ
NHJEAR/ML DFORTHBERFBU TH LB E BRE~DORISS 2 6N Z D & 5 Zaxhii
TTHEDOBEEMRE~DA /X7 MZHONWT, 26D AL DA T Y VxR &
NEVSTEWICHEE LN HBLZ L TAHAIZWD, D IRLUTH LRV, FEHT 501X
A%@%V?UVIVX®DTiﬁ<JﬁWBkLT@W%I@%VT)VzVXT&é
FDZLIZE o TAWEAR/ML & N-AL & OHiSEECABMEE 7 0 — X7 v 7357289 T
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AT BIEDOERICIE, A>T IV V2 ADERET 2— V7 « T A MO XD RITE)E
BORBRENOE5 2L LT D H6D0REE W, Bl2IT AL 3 F = Z0RHL/ T Ao F
YU UEEENIES I ENTED, MEEROAR2 5T —RIERK TH HERERA T
X5, WA b EEOR D, RTCIEROHELE T T o v g Fn D OB RIS
WIERDZENTED, &) EUZ, FEEE Ko (NHEHLERR) AxiE AT (2
2—H%) ICABEH B VIEARILL LD Z ENTEDNENER D Z & 2 ifie,

ZLT, ZDL DRV OIELHE FIET 57201, NENEATZRKRKYO—ANTHD
b - 2 B a— RS Alan Turing WEn L2 PRt “Fa—U o7 « 7T AR &5
TAWVCHTZ ERNEETEIEL TS, ToMfmE, NHEICE->TE?) ICRERZ
LT, FEL R EE John R Searle OIEFI/RAN T 2— VU 7 « T A Mg Th D “HEFED
/= (Chinese Room)” A h—U—TXLIZIFEHBEZIBRRLZ EIZ>TCLE-T, ™

<Fa—UrZ +FRr> “If a computer can fool a human interrogator into
thinking that it too is a person, then by definition the computer must
be intelligent.” (&L b, a3 —2 =B AMOEREZKL TH DS AR
ERVIAER D ZENRTENE, ZOBIT, ERND, a0 Ea— 2 THERNT
72 TFe B 7ew ) (I Sloman (1995) 7256, HER))

& AN, HRECEL TR AL WIEH/H5E Th 2 Sloman (1994) 2SHIREIZHEHGT 5
Loz, 2D X9 e NHATEY EZM R LRI E SO WA R T 2 A2 1, EfmiE - AT
WO, ATV VAL FELELEOLIICLTERREINLI LD TH L)
T2 ARENRERERIZ LN L TH D, sHHEERTDZR}; Joseph Weizenbaum H 5723
1960 A HAZIZAl > 72 F v » FAR > b “Eliza” OMSPNIIEX L TV T2 K& 7a 2
WCHE LT LESTZL I, AT TAREEBVIAE® S | FEIIEEHET D Lo
STNWAHDIZ, ThbH,

M E o ThH, AMITEINERMN A T U P2V ADERITH - TV TR, \M-AT &
NHJEAR & OMTE - M & WV O BLEM RSB 25 U2 BRITEICED R < ko TLE 9, &
DEAFFET 57212, EFE0 Sloman (1994) OMIRE/R R Z LA TICHIH L TA L 5,

“Al is misnamed, for its purview includes human and animal intelligence
I see it as the general study of sophisticated self-modifying information—

driven control systems, both natural (biological) and artificial, both

MR TCIE “PEREOIE” OFGIIAEN TIX WO TEIET S, FEL L, Hawkins (2006) AR S
TWV3 Searl DL : http://citeseerx. ist. psu. edu/viewdoc/download?doi=10. 1. 1. 120. 749&rep=repl&
Lype=pdf ZZHE 720,

% Weizenbaum MuR{# L, Weizenbaum (GEER 2015, MMEEA U 2L 2006) @ [Eliza Today] DOEIZZEL <
MENTWD, £o, AEBICEASNDMEO AT BERICHT D7 v F 7 —BI3EEIET 5,
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actual and possible (including what might have evolved or might be made).”

(AT IAMEBMOA TV V= REMFRHPALE LTHDHDOT, AT L) DX
RO T RTZ, FAE, Zh et S hic B DL 2 IEMERERKIH > 2 7 LIk
T5 SRR E B L TV D, T I AR e AT, EERO L O & ATREMED
HHHO (HELLTELIZEN RV EELNTZLD) LE2ETD, ] (RER)

“Since all we have to go on in judging mental states of others is

{

behaviour, some people think that concepts of mental states and processes
are definable simply in terms of behavioural capabilities and
dispositions of the whole system, independently of how it works
internally, e.g. what its architecture is. Similarly, the ’intentional
stance’ ignores internal processing. If intelligence depends on how
behaviour is produced this must be wrong. (Turing himself was too
intelligent to propose passing his test as a criterion for intelligence
or understanding. He merely offered it as a technological challenge he
thought could be met without using an HLT (Huge Lookup Table).” ([Fkx
N DL OIRBEZHIWTT DEROFR3000 L7225 DITHEWEVITEIIZ N, A
(& - TR DORERLE S IZHET 2 MR EIZ U X T AREDOITENGE M
MIC K> TERAREIE EZE x5, ML, (Dennett WD)  EXIAJZRRERE 1
DORNEOBYE Z2HHL T D, %L%y?UVIVX@ﬁ%@iiﬂﬁ:W
FTHET270, ZHUEREWVCENRY, (Fa—Ur 7HHREHEVICE
MOTZDTEDT A 27 VT —=TEoA T VP REPEFIDORE L
LTHRTE R o7, T, BictEn (Fa—V 7 TN &, BERG
wy77y7”?~fW(%W%&W?h%%@@%?“?%&%@bﬁwf
FHTE DEE LWNE AT BATA A & L THRR LTI E720,))
(PBRC O N—HFEAEm)

WFHUTE L WAL DA U7 U ¥ v A% NFRITEN ERN 1R N b ERTDHZ LT
B AENEZBVRDD L9 RO THLING, MO THERTH D Z ENBRETX 5, IHIT,
EFET Sloman 28RN TW D K 912, ABATEN ERAZRERINT 2R . A BHR0T v
F R EOEHRE, TV ITRTF R U EOERESICLE MNIWWETAEERA VT
VO x AWM > TWNWHZ e a2 x 72 L, Bl AEEICHES L T TR
LS RETE Y =V 2R T INO OB HICEmT 54 07 U V= v ADFEL
wféi%&f%ﬁwo%ﬁg®%%ﬁﬁ%ﬁﬁﬂ&~y@t%&k%<£&ofmé:

% iz X, McFadden ﬁﬁ Q01D IZIX. Y BEnIa—ra vyoka<w R R =273 (inclination compass)
ERFEN MBI T2 E LT WM& | Z2RET D R 107 AA AR E N7 sk 7e o
//\X%ﬁof%%@ﬁ“é ERBEAENTWD, Ly, Zoa—ava~ KL, BEDOKERS %
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LIXEETHLIN, oM FeBTIEERASA T I V= ZA2RALTND 2 EIF
FELLROTND Z ETIHERWEAI Dy, 7

L7ed o T, NM-AL O ARJEAR/ML ~DA 237 b &EZ HITiE, WM-AT AEBLL L9
ELTWDA T IV AL FEDEIRbOTHLMIEAL T, ARMITEI EERAY 241
RABTERLS, 2520 AL PARTERIZPESLEZZLOLHITRAL 5L LT
WBDDE D IO RN HIRFTT 2 2 L ALHTH S (Hawkins (2006)), Z OFLH T
FCHESR 2) BEAE L T 2 0B 038R B 7 A 24TE) TIERIE TE 720y (Understanding
cannot be measured by external behavior)] (Hawkins(2006)) 225 TH V. [Fex D00
EDEIZLTHNTEY, EOL ST EFLENRL 2D WIEICEINZRLD0MID
WCHIZ BT 51213, FHEE T =7 7 F ) X—2OENREETHD (Design-
based concepts are important for full understanding of how our minds work and how
they may fail to work, or work inappropriately.)] (Sloman (1994). (O PNIZHFEIENMN)
MHThH D,

T WAL OA TV Ve A, BRI ED & 512 L TOIMBIC BN ATENCE S
THEHDORA D= AL E LTERTIEIRVDIEAS I 2N-AL DY 7 U =T HRERT
HRZV—RLTWDHKE Y R AERED Numenta A% #H @ Hawkins (2006) <°
Google/Facebook/Amazon 2D T2 T2 B HEZ N HLE KRR E & Z S L TV A Y
D ATCRED Vicarious A% T Hawkins DO ILERT George (2008) (L. F D k& 9 7eikAr %,
KRIHTRE OMEEREIE DB - BWRICER LA, RO L 9 ITHR CT/IRRBWER & 12
RLTWTHERIIHET 2, %@Emi NM-AT D H BRI RCE SO FBhFREIZE 5
ETHLPONMAI DA T ) V= A REHRENELHT LEL RS T IV
2 VRZRELTIIEI DLW IHIRETH D, RET 5 RS RBEHIT, RIGHTRE 2 F>D
TSI T 2 b & LT, P

o TIDOFHAZHET DT AL =W 7 EREF> TV D= /%A (polarity compass) & FEE
nNzsarr X2 ERTORAa A2 ZRAVLCELE > THYEHEZTVWDEH LW
(http://www. natureasia. com/ ja—jp/reviews/highlight/10618), AMHF DL EEOEEIZEXIET LN
HHEETHD,
TR EOFLE & BLIZ KD RO TR OE VL, WILIET iﬁﬂf‘?ﬁ%iﬁ\ WD T AT LT —%T I F
¥ DOEWFET 2L VL D7, AR, Rolls (2017) Zix, |EEHE 7 v bORREAIIZET 5
EANELRR EORE BB SN TEY . REMEDIHBEIC J:I:J\'C%@??Eé ZHERECE 5 “fE” T
HDHPPEETE B,
B HBEIZL o TERDER D OTHRA FFMNEITREIZRELT 203, Kiid, K& <I3EIZH Lk
WFT RS (neocortex/isocortex) & LA Eb\ﬁiﬂﬁlLﬁ—f‘/K’%ﬂig (Limbic System/Allocortex)., &
DIZRMMIEIERE (cerebral basal ganglia) T3 Hivd, iR/ AREREITIE, AL - KELHD LD
T, AIEOA ., MEDRERIZICE DAL TWASHEIREL WEK (EE,. CAL-CA4, #iREl, ¥WEE). F
PR RN, IS 2 DN E EN D, DR/ AR E 2 S E TRME AR/ R (Archaecortex/Archicortex)
72 B ONTRAMIA/ & & (Palaeocortex/Paleocortex) (24317 T b D b7 < Zpvy, RAMEIERZIZIX
MRER (B, BRER) . ?Aﬁ“ﬂ? TR T %’f’fﬁkﬁ‘aiﬂ’béo ZO XD RERTIL, A (2003) A3
AT IR L,“Cb‘%)cli 912 Hawkins fi&ﬁI%ﬁTéjﬁﬂufﬁ&” WIED &EENDA TV V= ALSMT
Ta%%*?ﬁi%ﬂiﬁ&:%ﬁiiﬁizUIL;zO)4'¢/7‘) T U ALEET D,
WORAT, BESONC R, e AER SRR ER N E SN TE 22, Fal TIREBER O L O F
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ZDTOIT, Ho1E, T RMFTEEPELOMRE L THBEMEZ LTI EE &
RICERT 2, BHICHET 2 L BN LoDT, Hro RS THLIRZRWA, 5D ERE
FIRL TR, BRI, WOPKRMHEEICIRET S 5 —HOBHIE, Bkl - B
TOEE R EOLAZ MR L THRE - RIMLT 2 2L 3FOELLZLEZXL TN LHN6T
bdon,

“You can think about the world, move around in the world, and make
predictions of the future because your cortex has built a model of the
world. One of the most important concepts in this book is that the
cortex’ s hierarchical structure stores a model of the hierarchical
structure of the real world. The real world’ s nested structure is
mirrored by the nested structure of your cortex.” ([&H7p7= X Rz
THER, TOHEBEEY | FERTFRZITA D, THIE, HRRT-DORIN G K
B3, HFICET 2 ET A EZBE L TWENLTE, ZOROHF TR S HEELEEES
D—DE, TD XD 72KI Cor) BE O O IEHE A BLFE R DR EHE S O£
TNERMNLTND LN Z L ThDH, BLEHRO AN TGN, ST DRI

CHT) REOAINFHEEICE L ST D, | (Hawkins (2004) | HEFR))

“The design of the cortex and the method by which it learns naturally
discover the hierarchical relationships in the world. You are not born
with knowledge of language, houses, or music. The cortex has a clever
learning algorithm that naturally finds whatever hierarchical structure
exists and captures it. When structure is absent, we are thrown into
confusion, even chaos.” (IR C#r) FEICIZHMIICEET 2T VM- T
WHDT, HigTaid, HRICHOWTE R, ZORTEIXMEDY | FRICHOWTTH
L7eD 32203 TED, HRIT EFNRBLICL TEEPEOERDO &
RIS TND DO TR, KM GFr) BEIZIIBEWEE T LT =X L0 - T
WHDT, EDOX)RBEEHETHA S L BRITRWEES LIERTE 2, (K
i CFr) BEOHI) D7 & Fox (TRELIRRE. & 2 WITKIRELIREBIC &
ZMa>TLEI,] (Hawkins (2004) . HIER))

“But with its hierarchical structure, invariant representations, and

ETDHIERNDLNPSTETND, 2F0, ZRHOEYOIRMIZ, E#ETIIR <, mMILEOA B IHEL
L7zMSE0—8E L TIFEL T D, MEll L I 28EBTHhD (BLEE, ¥#i1(2010)),

% “Being human and being intelligent are separate matters. An intelligent machine need not have
sexual urges, hunger, a pulse, muscles, emotions, or a humanlike body. A human is much more than
an intelligent machine.” (A THDBZLEA LTIV =2 FTHDZ L EITRHIBEE, A7V Y
= v Mo IR, PERR. AL BRM. WAL 1B 2 VA D LW RIS E RV, AR, AT Y
Vv MR EO b D072, ) (Hawkins (2006) . HUEFR))
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prediction by analogy, the cortex allows mammals to exploit much more
of the structure of the world than an animal without a neocortex
can.” (& Z AN, WFLEHIZ, KM GO BCEANOREEMNE & fER LSk
B2 bONTEHEIC KD TP~ T KM O REZFZRVEmEIY b
HROHEZ S IV -> T IIEHTE %, ] (Hawkins (2004) | HUEFR))

“The No Free Lunch (NFL) theorems® for learning teach us that no
learning algorithm has an inherent superiority over another learning
algorithm for all learning problems. If an algorithm is superior for a
particular problem, it 1is only because the algorithm exploits
assumptions that are suitable for that problem. On the other hand,
results from neuroscience tell us that the neocortex might be using the
same algorithm for different tasks 1like visual, auditory and
somatosensory perception. It is also well known that the neocortex is
organized as a hierarchy. A plausible explanation for these
observations is that data from different domains and sensory modalities,
despite their apparent superficial differences, can have the same
underlying statistical properties. This could be because the data
generation mechanisms of the world have an underlying hierarchical
structure due to the laws of physics and self-organization. The
neocortex, through evolution, might have discovered this fact and could
be exploiting it to learn efficient models for hierarchically structured
data. If that is the case, then the secrets behind the efficiency of
hierarchical learning can be unlocked by studying the organization of
the world.” (%23 ZB93 % No-Free-Lunch (NFL) EERIZ LA, & CTOFEEM
REICBA L T2 BT 2 EN RN DFRMEZFZE L FEH T LT Y X LNIFE
L2, b LHL2T VAT ZLABREOMBEICENTWD T 5L 2T, £
DTN TY LY EREIE LIAREZ A > TWLZT DL Th D,
fih )7, Neuroscience DRI JAUX, KM CHr) BB, HR - B - REnR o
ORI o T EIMIZBE L CR LT AT Y RLAZEALTNH LI THD, &
T, KM GFn BEPBERGEEY LTS Z LB RBNATND, ZOXH 7
BIEHERICET 200 5 LWL, B2 LHlCERERN S 07— 208, £
MO DORE LEOEWIZ))ND ST EANICE CHFHN R E > Z LT
EHLVH L THD, TOHEBIF, RS L7 —F ERA T =KL, ¥
FERSC B CAR L OERNC L7y o THEARPICHEEHEELZ L TWHIEEND

SUPER « fi/ N« BRZEDOBIEIZ L » CTHRMFBRDOE—MENITRDL N o TV BN ORI £,
2 http://www. no-free—lunch. org/
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Thd, b LENBPARYIE LT DL BEEEICESW T OEEDOERIC
BieEsd, HRAOHEEFR I LI THEXHANTZENTEX R LTk
%o (George(2016), HHFER))

L7255 T, Hawkins (2006) <° George (2008) (ZXAuiE., KRICH R E N EE#EEZ L
TWDH DL, FH—IZt MM OE A B TSR BT OMEL - (LFIERN SR S 47z
(EVa—/) BEHEELZ L TWLIZLORMTHD, ¥ HF A, O XI5 o
MU R LFEAET 2L FRITK LT R0 ERACHEIS LR B AEZ RS 2oiid, S5~
OREEEEO (BE8 7)) BELEE L TORMNEETT L& BIMORBRICESE 235
EY BT 2RERH LD LD, ZL T EI, TILODOMANEET V2L LT,
FIMBEDOXETEERFIIVWHERL GOV THIGLZY, EHIZ, FDO LI 7RO
HEONWTET LD E B 75 R Z kA Lz T Z eI k- Cliae ) (B
ZAk) D EEZFERTEL1HTH D,

ZOEWRT, \M-AI REETHA 0TV VAL, BL<RFETE, TR ko
ERTED,

“Intelligence is measured by the predictive ability of a hierarchical memory,
not by humanlike behavior” (£ > TFT V= AL iT. ABDO LS 2fTENIC L > TT
78 <O ORI CFr) BB ) BT A € U & O FIIBENNC & - THIE 415 ) (Hawkins)
ISR |

“Intelligence is the capacity of the brain to predict the future by analogy
to the past.” (T4 7 U P =X LT, #@E & OBBIMEC L > TRk Z PRI 20
VEAERN7RRE I T 2, | (Hawkins (2006), HFEFR)

“The point is not to label some species as intelligent and others as not
intelligent. Memory and prediction are used by all living things. There is
just a continuum of methods and sophistication in how they do it.” (IEELZpm
3. &5 EMTITEIED B D MO EMFRITITFIEN N L Ly TV ERED 2 & TR
R, FLEE TS T, R TOEMBIC I > TEAS LTV D, 6 0FEEHFIESLER
B DG IH SITITERE L2 DFEL TW S T2 D ThH %, | ( (Hawkins (2006) |
EER)

% Rolls (2017) 1%, Mx T, #RENR Y hU—2Z 255/ I3 — N (weak ergodicity) 2ERA. L TW 5
ERMELLHHLTCND, LI — NEEIE, KSR HDH VAT LOERDIEWNICEL T,
RO CREMMBIET D2 LIZL > TH LN D ZOFERE (RFFEHRHE) LR THRWHIRIZZE/N T
MRIAK BIERT 5 2 LI L > TH LN D FRE (BREHRHE) ERFRI T &V o fFtENREE T
b5,

5 B FEEMICBE L CIX https://plaza. umin. ac. jp/kodama/ethics/wordbook/intersubjectivity. html 2

Ao

47


https://plaza.umin.ac.jp/kodama/ethics/wordbook/intersubjectivity.html

DFED WAL ZRESNDIA T I V2R3, BEORBEHICESZ RS
REHG L TV 2D 0% OR/#/BEE T MCESWIZFRIEBA R b RICE D
BEANCESSBEEFRERZROTH D, HOEEMENA VTV ¥z v ADOEFRITA AR
BT 2 01%, fHxD== ~nwt-~HV%IW%’%DM%éMRﬁ%%ﬁomﬁ
Wi H— L LTOT Y RLN, FHEWE - Frart 3 Thon 2 =N T 7 A5G
DFEH (G, HEE” P) LN ZBENICELIES 2 kciofﬁtﬁﬁﬁﬁﬁz
/fﬁfﬁ%?/vczgob\t%ﬁ@%@'ﬁbjj#iifﬂjéﬂéf)%f‘%éo L7eld->T, BOZHA

X, B THIH L7oAAAA (2003) BN#EZ T ND MR E 2 25|73 (W13 5) &,
%%%Lté@?»:JXAj HMEAFEFEIC L > T, BRIICEEZZED D] L) R
ZTNTY RALEDEDIROTHD,

RE. ORI EE &0 9 RHIZIE, S SR E 250 T\ D, KIHTERENTO
FEIELPE - BrarPEEIE M T AL DIRFIS . BB OB AN e Shvd & BB ISR I #D
RIEINDNDTh D, ZOEWT, MR, B - Brartim & v o BRe Bk, KM
P8 0 EALIZALE T 5 (Hawkins (2006)), X 52, 6 JEffik 2 g KIGHT R Tl KAMHT
BN O EL72 o T AL O T HERE « IRBILE IR 2R LT Thivd, D7), IR
HELClE, KIMHTERE OREEREED A U » REIENT I ENTERY, Lib, SN0
T —ERLRRE LN O R THRKEZRE L CRIMGITEDOEIZH 4B Iz2 65 L,
KL EN SO —~OT U N7y MERIZZE < BHIRZ R H L ORI £ Tl
DT, L7235 T, Hawkins (2006) < George (2008) 2346H49 5 X 912, KH & D
FEREA NM-AT & U CEBLT 2121E, WS & R IRICUABR DO TH D,

E AN, HIFITHREIT LI L D12, IMNTH S Neuroscience BFZENHEA TUWNVD & X
NDWEE TS 2, \M-AT FERMBIZ LA DOBERE DFBI 23 +43 1A TV 7RV, & 512, Sherman
il (2013) 12 K AUE, BURDOBEREREINIZ, VRS O A2 & TR RE 70 1T~ TH | KIZIZ
LAEEATHRY, T8 WE - BUR - KIHT EE ORE 2k O 1) B (binding
problems) |2 > TWAE MEADTE Y — REZED \M-AL ~DFELE 1T, 5%, gLk
[ZIREEZ MDD Dt L7,

ZZETHRDE, FHIELELTO NM-ALT OA T U V= ZARERTZT NS U T —IC
725 T %, 12720, WAL MFEETHA4 0TV V2  ADIRIZT TIE, DX H 71 v
TV V= AL NBEAR/ML & OMTENE - RBEICET 2582 ED L Z LT TERY, £
LT, ZOEIRBEOFAEEZRL TN TWDHON, & hOE# L « Bk T oM/
BRI 2 & & T (2003) & Minsky (2007) DAMEEREICBET D AFZER R/ TH 5,

FEMIXLL R TRIN T D A, FaARM (2003) 12, EFEO NM-AT THEIEEIN D (KMETRE
) ATV RA% “GfF & ohome L, v FEASOHILEOEIEEZ XX 5
RSB ORI A BR T 2101, ZORBFOKRZIND “fF-E -0 LT L oEEN
ORI 5, )5, Minsky (2007) &, sEfIE&ERT 528, b R E2ETLEMBROERID &

65 %] (1989) DL,
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MZEDA TV Ve o ATEEZ, Aig, 78, 28, WA, HERE. (BElbo) HE)
DAROTHDERR L, RMBTRERIA VT ) VeV AR Z 2 NM-AT OEBUE, D7l
EHIIH D 6 MERE A FE ORI, DF D HEDES Emotion Machine (EM) 23 RFA[KTh
&7 5, TOYRERT O, Bl L - B TOBE &1, Bb e BE~Ox NI nAE R
T CEROR ATV B EE TH Y . AV OSEER BRSO - SUbtE 2 DG L D IR
P N A AR T Al a =T A BREETLH D L OFTRTH D, ©

LUF Tl Wi D& 2 5 % FEREEIZ I8 2 T, BARA 72 REEFHITIH > 72 % T BD-AL 0K
JMET R NM-AT DNBAEOIERAR ECRIEE R RE/2 A 7 U U= v AR ZFRHE L, 2k
EBFE OISR OEDOH CELREE WAL ABEAR/ML & OMiTert - (REMEEZE
L THIE,

FAARA (2003) 23 “%n - fF - B & “f - B - 57 WOz 5 Z LIcBL TRtk
IR R A 2 AR BN 8 D &9 iR Minsky O 6 BEEET L & OBFPENEWD T,
ZORY Y7 EBSTHIE, 7E, FAM (2003) Tk, KAMZE KIMETRE & RS RE I
ST TS, LR 5 & R REICIE, RIMERR - RINEEEE THLEEN
TWH EH7E,

M B EARIE LTI A N2 MERICEGR T CENETEREZMIT 508 5 0%, K
M RE, LEEN> TEDOERFEITHH1E (B) NRET D, £ LT, TRRIEEHT
HIVUTMD R & JEMAL LT (B) BRSER U ., KINHTECE C OFALIME < 87 A Mt et
DMEEN LT 72 () 3k L 0 A 2 T <, BIERGRRA L2 & 9, BB « gk
FIBEERE O EENT, BEEEY 2 — UEEZ R L T D =a—r VR Yy N —27 OEA
(R EYEDR Y O BEN 722 b Z2 D DT, ZTNETITWMNEAH LT v T Y R A ENE
TH TR/ S/ BREAZ BT 57-200FH LT /L3 ) XA (Hawkins—George HitlZ (&1
R/ALS/BREEET V) DEBMNICAERT SN, —J, MEBICHIVUE, 8B R
THED, FEEEMETT 5, bbAAL, RRTHIULHDITE, EFEELHERT 57200
Bz 7o Bl TEN 2 E N EE - BIRE N D, T

SV, T HESEIRN TE 20 L FBNEHE (L S AU < R D DT, DK
REEER, LIz o T=a—n VEIREOBEREN i Shien, 295358,
R BB DB+ IciEE b S s nwo T, R /fha/BREIC LY R<EIST D720 0H-
TN Y XA (RS /BEET V) NMEFTICLKLK2D, 20X TRMEE N &
BB EHRED " HEEN O TWT, HREMNOHREICWDIXEEERET D)
(AL (2003)), ®  ZOE, KIMERE TOBEREIE, B3 Lgilig - 0~ Moxt

% Weizenbaum (2015) 1%, Minsky (2006) (ZIZH#E(LOBFET “NIELITOANE” 8z 2E8% bz 7=
b o LERREDEW Al OHENAREL TARBRRT AT T HEMHEE SNTWA L LTl Zmaucgel L
TW5,

ST Z DEEPEER D ONEIL. FAAM (2003) IZHEIEL TV 5,

8 RIMHTRE LHIK L ZBSEIZEDOMCBT DA % 7 = —ARRNLEZ 5D 5 B E (Insular Cortex)
.S T OB 2 AT EESA L S, hOZERFEERBREZ X 2 T 5 (Damasio (2010),
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TOEM T CTOMWERLBICESEREATDIL D, 5, HRE T, 20K 5 KK
HEE O BEREIC L VRIS E T D720, Bk T Eﬁifﬁﬁ%ﬂft S T
WBRZAT 70 bdv, TN REMICT 4 — Ry 7 3iud, ©

DX, BMOMTIE, 728 2t hOBFETYH ., KIMET R 2 KM R E 8
TARICIR TR, FOEFE2IAM (2003) 1% “f5- & - &” LEHTLIDTHD, -
L, BECHMBTEXH L1, “fF B -7 LW OREXKTZT TIE, W-AT & ABEA/HI
L OHTE - RERERE 2GR D Z LT TE R,

ZORERIBHO D0, AR (2003) THERIKE SN TWDHE-HDOEZFT
&%, Minsky (2007) WFx T<NHLHIC, BH—-BHCZBET DL, BOLOKRIMETEZEN
K%Eéﬂfwé%ﬁﬁiﬁy%@%%%%%%%’ﬁﬁ@#77ﬁxf%&m Friz, —
B Y — FRefEiE, s LRI s L 512, B boZoOMoBmOFEIt— Rick-T
77tzLF%77th%@%k REIPRKEL B oTL D, IHIT, =Y — RilEH
AT 7B A S KIEHTRENOEWEER v MU —2713, Rolls(2017) 23z T
2 X9z, RETHNZPA Ui B ET 5 (KB TIZZRWY) ., 207, FrE OFLER A
3o TV 72T T Y BT WEEN S 2 FET D, LIzd> Tl F T 5 EWE
O LESIE, HHTE— FOBEWCL>THORESBESNL EEZOND,

FEE, BERREIE X DT — FORBESSENLO DRI L ST, Ax D=V F U T
ATEFFEO SO (EAK) PHORELFEHET D, DT, TOXIRE—RF=2 VL
STALADBVO—FIZER T HENLRJURDFN, ENOOFEH~DOT 7 AHESTH
HbRESEIT 2,

Minsky (2007) <° Ornstein(1986) . Franklin(1995) 1%, Z ™ X 9 7efkx 2RI F CHRAE
THHEE— RF = IR BEE OB L OBEREWNET 5, %L T, Minsky
(2007) I kT, T & O B E CHOFZM TEELBETI D R IEE S L THIEEL
TWHONEETHY , 2D X570 B2 M@ LI2iE, 2 b & B~ O3t SEH e 5
HCCHRIROBRTI D RN TERNE LTS, Lo T, AARM (2003) o “fF - & -
FN” AL, Minsky ¥t Emotion Machine & b TEZ D Z LTk ABJEAR/MI IZBI4

Craig (2015)), ZDOEMRTIL., ZOEHO _HiEE, LT LLFvF U LML TRVWE S,

RN (O I G R4 s 7 = O Danlel Kahneman %“ﬁ%k?éﬁ%ﬁ?‘(ﬁ%ﬁ’ﬁ?@ a1 D ZHEIE R (dual
process theory) ZfifhXH %, 7272 L. Kahneman (2012)(Zi%. 1=t EDOEH WS &V 5 Al EEIET 23
%x%h#é@f W%&LT‘%JF;w’ﬂﬁméhfwé®fi@Wt69ﬁﬁﬁ%AM@mMmﬁ)

CEIE, T XS R EEMEAEERABTE IS RIS TEEDL LV D,

70 Minsky X, #E Ef/ﬁ%‘é@ft%’u‘@%:\ TROX I e~ e ~v®D [FREOR] 75 08|HE#R
TAHETHLFELTWD, “For there is not a single human being . .. who is so conveniently
simple that his being can be explained as the sum of two or three principal elements. . .. Harry
consists of a hundred or a thousand selves [but] it appears to be an inborn and imperative need
of all men to regard the self as a unit. . . . Even the best of us shares the delusion.” ([& W
S DT, FADBVIEEHMART-DIZFEDEFIEN 2 O 3 SO LEAREHE (M) BNabEs-bn& LT
FHTED LWIH AR E—ABVRWNLTE, (EARX) N =i, BHDWITO (B ALk
STVDLENR, ETOAENRHCPRE—TZL BT I E2EEINRBLTUADILIEEZZTND LT,
Tl 2 mbBBNIZNETHEARNBERE>TWA, ] (FEHR).  OIEFRI4EM
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DX 0EERT T —F~OIHNAREL 12D,

O = OOREREBIL, I - B &7 G TR, AEAR/ML IZI3tERy U —7
L U CHME (human capital as social network) M- TWAIZ EE# W RIS TH
Do EBE. ANBEAR -H OFDHEIT, 2y R =7 O TLrEENRY, T H DR
WA R AR S 1T, MR EER T D I N DR EE VTR R L CE A R
N — 7 BEOTIZHA L VOB THDIAEN TV AL TH S (FHIIL(2002)),

ANFJEAR - HI 12, 1HE QI TFHLLG@m LN TWAD L 1T, flix ADANHIEARD
HREREY 2 — N E2BIA v Z 72— (WA v 27 2 —R7) Lfllx D NREARE B
S/HMBEDEDLA L ET2—R (‘A 27 2—R7) OZOPFETDH, £L T, A
BYEARD “BAb & B ~DORIET1” 0% O A CELEEIX, 2 ADNERDORE R EFE N E
Va— LS TWIURNDIEE, WE L OSNAA & 7 = — 2 OFERE(LEE D @& i U
WEE, ZL T, A 87 2= A% LIERIERE < IS EE DR T EEE E, fHx A
DOWINTEIE > T,

S BT, Minsky it D FHR T 22 A8 0 B 2 2 kLT@%@i HOWOLEERE
BILH R - SUBSE 2 DI Lo TR M N 2 EHH T DIV HADAI 2 =T 4 %
EARHTTZDICL 2L TEHRLRNEDTH D, SV R, 5‘6 \ RS L 7= Hawkins—
G%meﬁ®ﬁ%%ﬁg@4V?UV:VXﬁHTﬁ\ﬁﬁ*yFUH7ﬁﬁﬁ%@A%§
AR/ML OEA & BT ~OXHET)RE D A 2 bEEZ K 0 RN AEA T Z LT TE R0,
ZORICE LT, Hawkins(2006) (X, KEHTEEMOA TV V= ADRRAESER, £
D HI & O EWBRITEIC K o Tl ) CE 22 78R 3 A S D D T gning =2 2
YERLTWA, O FHERWSHTH LERZRWVDS, RIS 2 R Hl 2 & Bbn b,

“First, the human mind is created not only by the neocortex but also by
the emotional systems of the old brain and by the complexity of the human
body. To be human you need all your biological machinery, not just a
cortex. To converse like a human on all matters (to pass the Turing Test)
would require an intelligent machine to have most of the experiences and

emotions of a real human, and to live a humanlike life. Intelligent

™ Sloman fif1(2017) HFRIU & o5 @iz, BOPHMOLRNWI L2 Mo TWNWDHZ L OHEBEMAEAL LA S
BURRWE TR L TV

2oL, ZOMIZB LTI, Bostrom (2014) OWD L S pon— RARA L K72 Al BLLIEET 5.
“Artificial agents need not have any of the social emotions that bind human behavior, emotions
such as fear, pride, and remorse. Nor need artificial agents develop attachments to friends and
family. Nor need they exhibit the unconscious body language that makes it difficult for us
humans to conceal our intentions.” (TAI#lvR vy ME, AMOITEIZ > CWARNENT T A F
L RODDOMF LN L VST R DGO REB 2RSS EIT e, SHIZ, AT e Ry ME, Fx
AP ERZRT Z L 2L < LTV D ESHROSGERE LR THLEITE Y, | (FHBR) MA~OFEHH
FOFRANN 722 Empathy, L7285 T Theory of Mind (LOEFEE) MM > TWisiFiud, Fim HIcH-
T D HIEAA OBRIZHSITIES DB RWETEN « « - 2, T2V IFTTEH, [TEIERNRITE
DAL ~DFE 2 F5 DD TV THEBREN,
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machines will have the equivalent of a cortex and a set of senses, but
the rest is optional. It might be entertaining to watch an intelligent
machine shuffle around in a humanlike body, but it will not have a mind
that is remotely humanlike unless we imbue it with humanlike emotional
systems and humanlike experiences. That would be extremely difficult and,
it seems to me, quite pointless.” (I'F3, ABO LI KRMHRE ST TlEi

SHEWIHDIEE) S 2T A EEMHERANEIZE > THAIGRLTWS, ARIZR DT
DITIE, RIHTEE 7200 Tlide < HRIZORTOEY AN LB L 72 D,
ABED XS IZETOMBEIZOVWTEY R (Fa—U 7T A MIEKTD)
TeOIIZEBRD N OB EFHDIZ L AV ERDCAM O L AEZ DT & NNE
(272 %, HRED & LR (AD) LT, HTEVE & ORI A E A S ER 2 28 2T
RDIEA I, EOMITEET, Al DAMDO X S F R TREZGIE T - THhE
[1% D% LD DIFEAVREIZS S 3, DI &id, xR ALICABO X 5 728k
B 27 LN X D REREMMAIA L RNRY [ 1FADDT T H AR O
EORODERSZLITRWEAS D, TR & RAA) ITMERICEE LW L7720
FAMTIE, Eo72<BSMUCE X D, ) (Hawkins (2006) HUEFER)

“They are based on a conflation of intelligence— the neocortical
algorithm— with the emotional drives of the old brain— things like fear,
paranoia, and desire. But intelligent machines will not have these
faculties. They will not have personal ambition. They will not desire
wealth, social recognition, or sensual gratification. They will not have
appetites, addictions, or mood disorders. Intelligent machines will not
have anything resembling human emotion unless we painstakingly design
them to. The strongest applications of intelligent machines will be where
the human intellect has difficulty, areas in which our senses are
inadequate, or in activities we find boring. In general, these activities
have little emotional content. Intelligent machines will range from
simple, single—application systems to very powerful superhuman
intelligent systems, but unless we go out of our way to make them
humanlike, they won’ t be.” A>T VTR FThbLRMFTRZEDT v
TY RXNE | BMORIER 72 EB), D F V2, E248, sk L ENRFE ST
W, AT )P ARATIRIT. 20K REE 2o T, EA
HIZRBRZNWZ 2R, MED, 2B HES . IR 22 b E 2
W BRIESTZD | EREEHIZOT D BIROES Ro T 0T 2 8 bR, F
a5k < 2 X ABOBIE L ERIIENTE RN &ITRNnEA S, 72
WA TV AEARZ T S - & b VRINTIEH S D 5B, A
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DN FNMEZ I LI WK, 37ebb | ket o —RBE e SNHTE
B0, IBEICE L BN D X O RIEENE, —MRANIC, Zh B OTEENTITEIE DAY
ATeRHMPBNIELE A ETRN, ATV TV AR A TR T B — & o ik 7
VAT LND, EOO TR TEARBRHES AT LET, 2Oz L
725 9,) (Hawkins (2006), {FHiESCHEER)

I TIE, RIS, R CEmdl e Rl 0 8 2 288 K VAR 2 i D a2 223 2
=T 4 JEREEE & U CORFENRE & NREAR/HT DAL L BE ~DOXE )% 0 B 21k
BEEOBKRE I 0 —X7 v 7T A7=012, \M-AT &%t &8 A C Google—Deepmind #D 4
FEDPWAE L TODE L 72 BD-AT ITHARAENL TV L EELLNATNDA T I V=
A7, TR T2 Minsky DA TV P AT 5 6 EEET L E Xt ST BT
i LCHR L,

Minsky (2007) TiZ, A>TV V2 AN ED LI ZOENTNDDEAI N2 ZEh
ZIRTON, TRDO5IHTH L,

“Indeed, the quality of our credit assignments could be important
aspects of the suitcase of traits that people call “intelligence.” For
merely recording solutions to problems will help us only to solve
somewhat similar problems, whereas if we can record how we found those
solutions, that could further enable us to deal with much broader classes
of situations. (IS, (EDOY—RANEDIEHRNPEETH DML THA
DIRIAIEEIWT T D) (BB G (ERORE) OB R SIE, AxBA T U
LU ALIESED TA=Y S —=2AONE O X5 7pfdx a2 7 fitk O HE e i
L7205 %, MBEA~OMREZ BICRES 2720072 LN MEZ iR < 2
ERFITULBTIZR G20, b LED X ) RIRRREZRANED L DITL
THRH L ZRETEE, 22> T, (BROREDHT H 55D T)
FTx T b o LIRWHEEHORPUSHILTE D K 51272 %, 1 Minsky (2007), 5§
RO NIER4E)

Minsky iZ. £ > 7T U P2 AL WVWIH EHESE FFd T Suitcase Word (i & 2> E AHHE—#&
ICENTZFHE) & LTWDR, ZOPFIIEHINICE S S EROFFEREENR G EFN TN D
LTSI ENEBIBNRE DT, SEITHBIT L IR ML (2003) DK BB O (FEFU
Hilk T) ez B ATV D, £ LT, MANER L  FR T & D JBUSHE S RO ERR L V)
%ﬁ@mmwwWww@%%ﬁfét 4/7)/I/X@g* L LB TR
REND 6 DT TEXDLZ L &R %Téo HARMIZIE, 1) KT (Instinctive
Reactions). 2) FE47#) (Learned Reactions). 3) %*LJ:@E’JEE% (Deliberative Thinking) .
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4) N B (Reflective Thinking), 5) HCWNEESE (Self-Reflective Thinking), 6)
(E#k o) 158 (Self-Conscious Emotions/Reflection) D7/SDTdh b,

Values, Censors, and Ideals 1

NN} X | | EREOHS &

Self-Conscious Emotions
Self-Reflective Thinking HENERS
Reflective Thinking NERE
Deliberative Thinking REREE
( Learned Reactions 2BITE)
| Instinctive Reactions AEEFTE)

il

L Instinctive Behavioral Systems

Minsky (2006) DA 7 U ¥ = AIZET % 6 )=

ARATEN L, DNA [CHZAEN TV DITEINN S — 2 TH Y ESIZERETE 5, FHITH
%, B2 2% A U T “If—then rule” GRAEAITIN U THEATITE) 2 &4,
BEHEE L1 WL O DD REARRE - FEITEH 2 BWVE PR TENADL DFIRIZHONT
EgEET S (Bl - ElTo) BEERNEZS7T, MATOYI2b—ra b Z2ICA
%o WEBEB LI AToTATENCOWTERL, TN Y ThoToE e BET 5729
DEENEST, ZZETOAL LTIV ACE, HENEER T, BEHREEE L
%, B OB STATEN A 0B L7560 (HRY) ITET 200NN THEEZT 568
Na ST, ZEOBEBRLEOEE (&RIE) L3, BOOTRSATENCKH T2 ROOmME, 77
A R, ZERD, BUE 70 0% 2 QR /AFEIRCE L O X o TIMERL/ B Y B IR 2 HERY - $T% -
BEHETDHIENTEDLRIITHD, £ LT, KM (2003) @ “IfF « & - 7 Kt & [F LK
N AT I V= ADEE ST, KERTH -7 BT RENEE--NEEEZ>E O
HREBE— (B#Eo) FEEWIEIZ ER LT ET5,

FEED Minsky D 6 BEFE DA T U VxR CPEEY RHUEICTH L, EREE LT
D NM-AT OKRIEEETRIA T V) V2 A% EO X I ITHIMETE 5755 9 02 Z DFEOF
JE LW A LR DN, “BAe e BE~DOXIRS”, OB FExbS 108 BB kig7s & A
bivd, TR “BlE BE~OXIST” 2 89 ERTHITRWA? ZOFRIZ, BD-AT & NI-
ALl DEWEZ L WEHICT 2 ERTHD L 91T L=, L0 BRI9I2IE. ABEA/HL & O
S LS &0 9 R TT L AR TR, Y IFo BD-AT DFRFR A i ASRIICFERE L TV % Winograd
fin (1987) 37 v H— VPO BRRFORINAT v H—FTEFEHEVICHL TN D
“Breakdown” = “ZMb &L B LT HDONEIZ 972, 5 D Breakdown DG 72 03N
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LWE D ZBRT5 L, ZhUE, TiOXH)ICEETE S,

“The essence of intelligence is to act appropriately when there is no
simple pre—definition of the problem or the space of states in which to
search for a solution. Rational search within a problem space is not
possible until the space itself has been created, and is useful only to
the extent that the formal structure corresponds effectively to the
situation.” (I(ar Ba—47n 7 I 5L L THABAAENT) ATV V>
ZAOAREZ, (7w 7T ARRHL L 72 TF L7 b7evy) RED MU FRTER
ENTWVRWE TR & DRI Z R T N & IRBBZER DS E F - TOR W
(HEUNTATEI CE 5 2 & ThH D, MEZERN TOEBNRIRERIT. £D LD 7%
MBEEBEY Z3ns £ TARETIERV L, BEFD) EREENZD X 5 7 R
) RBUZHFE b EDRRETE LTV TEDOF AR R E S, | (Winograd
filL (1987) . SRR, O PR IEN)

DF Y, Winograd fill (1987) 1%, Al 7’17 T AOFBFHHENEANAE L T3 nd X
ZRHREICET 2222 DF% (513 2T MM (systematic domains) @& BFES) Z3ERE4
HHENFEA L= Rs% “Breakdown”, L7z3»> T “BfLEBE” ORELERL TWD, L
2o T, ZOXIREWRTO “BAbE HE L1, A (2003) WRICE 21X, KINET
BWA LTV V2 AL 5 TN AT EREEHR T AT A THDHZ LD, I A
FYLTWDETNATY ZLDEFGEATIETH L ZR2WE D RFMH] LD &b,

EEE, [ara—237m T AMIE> TANEREZLE LT 50, 7urs 7 A
WNT O > TORWERITIZRLXHETE RV, 2 Ea—X OFREINAMEOR I, =
VB a—ZRRNETAERICK L TO T e ST AEHEBELTEZETHIEHTZENT
X5, L)L, EHESTEIZIETOEMIH LT r T T L2 TO5EML TH< Z LI, M
DTHEH LW, EEZOFENH L WO T, BUERKAKIERI RIS T L L5 L LTWD, |
(A, (2003) ) o

Z DK D IRBEWTOD Breakdown” = “Zfb & B ~O%RIE, HedD Minsky O A 7
UYx AZETH 6 BEOEDDV NG TEDLLITRDIOEAI N2 ET, 1) [RHE
FEY ). 2) MFETE)) ETOA LTIV ATIRERTH S, 3) O TREMEE) 1%
EITEA D D2 ZOBEMETIRIRDUTIG U TREEF A D “If—then rule” @ A vHE
THAINPDY I a2l — g EFTTEDL, 2720, “If—>then rule” A =2 —IZ2 W%
TEXR20, LEBR-ST, 3) L IDA VT IV Vo ATHEETHD, 72720, 4) O TH

BoX Y BARAIZIE “systematic domain, which embodies the programmer’s interpretation of the
situation in which the program will function” ([ A7 AMEfEIEEE X, 07T A4 (GEYIC) HERE
THRMIEE DL T v 7T~ —OfEIR % BB U7k ) (Winograd 1 (1987), HERR. O WIZF4 8
.
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BEE] LNV DOA TV Ve ATITIRATITEIO RS 2B 3 2 1WA el E72 D T,
Breakdown” = “ZALE " ORRIITEEL I Th D,

LA L. FEEIEE LTO NM-AL @ Breakdown” = “Zfb & Hw” ~OxS13E 5 7
BIZA D2 8 H — U FRIRIC TS T D NU-AT IS ITSERE « FrartEpllrdc& 5 L, mnd L7z &
NS, Frarls Ll L72ma i, (NLD) BE A7 40 (NL) RV AT AL EEL
T Y—FEEE L TEZXDZ kiﬂf%é SO BHRICEEESNEH LY — R

LB, M E KIMFTRE L ORI TOT7 4 — RT7 4+ T —R&T7 4 — KNy 7 Zi@ LT, KK
BT E L/ BES L SN2 BEMAOGEEE E L TE X DTV (Rolls (2017)),

BT, AL DR RSOHT R EN THESH ST IE A O Rk & LT oK
X Rolls Q01T IZ LAUUE NA R T 4 LV Z—DBE S FeT-7, /\4’/\"%74»&%&
BERE DR EET T 4 V2 —ThbHT-0, FlziX, B T3 2 ?%FE@Wmm%b\
LA (SO 3@ B ERIZH72 0 ﬂaﬁ?@’ﬁﬂ:ﬁ)d\éb\k A (EmeE) »
KA ERIC B 7= 5, Lizai> T, BKIE, ﬁuaﬁ‘(ﬁﬁmmﬂﬁmwwﬁﬁlkl’lbio LA
b & B & BRI 2 & E b o TV 5,

7L, ZoRbEiETn- Loz, (AND) #EE (N FURE 250 KN
BRI T A, LTS T N-AL O Z D X 9 72 b & B ~oxtis id, “AFY
FARBUE RS AT L7 (IARf (2003)) 2MEz 52 & DTE % CAM (Content-Addressable
Memory) HEIZKE S HEIND, SV IVUE, KRR 1 T8> MEO CAM 3%l TR &
WCHIATE DX 912725720 R Y | Breakdown” = “Zb & BHE" ~ORIGITED F 78/
DTH 5 (Kanerva (2014)), WIZE 2 1L, Kanerva Fimik ot CAM D3 FEAIA F 723555 D NM-
Al O TINEEE ] J11E, b FE2ENITE 272 Breakdown” = “ZAb & BH” ~DO %G 2%
HEoxsrmEnHc<s ™

RO NM-AT (2B L ClRAR72Z &1, BD-AL DA 7 U V= A E, EOREY X
FLDEAHIMN? ZOVICE 2D Z LiX, Hassabis 1 (2017) 2 —<_A ST D LD
\Z. BD-AT H&3, Neuroscience MDA/ L HIC NM-AT O HIE T & Z A LD THEELL
ZLHOTWNDLDT, RNBRDEELW, b HAA, A TR LICBEMRRE =2 —F 2%y
RN —27%7 /L (DNN) TiE, £/ Minsky D 3) BEEBL LS ETTHD Z LIRS
WCHfECE D, £bF b, Hiffi TR L72ifEERY72 On-Line/One-Shot #¥ & TEZRW L,
RFZ2 IR E bR A 72V, £H 2, A & LT CAM Y72 BEREITIKAF L7 On-Line T
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