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CRAERRE 7 & SRR ICRE R SN B ERO (b b HRN) EEG
IZEDL DT R L, VAZEEREIZL > THENICRED SN/ REEIC
HEOWTRABEEHEZIT) T LIIWRETH DL, TNET—H—FIZEHTX DD
JTIERWELTYH, REOTFEALZFEHTHI LN TE 5,
CNBHERICHER SN ERRICEOVWTRENDL Z LT, BEH
WIRE L H S0 2 RBRE L SN2 N EOHPI CRIREEZ EE TE 5
L IR E ORI ERILT A2 THA I,

c =, AAMNIERE OREIRE T 52 LS TELDT, HEREFIZERT —E A
DERLTCOELZFH S22\,

W HARD X IZERBHEENICH 2D ) A SRS {, REEICFERZ
(AN BRI DSV TRABEN TR EN DA, RREORE ORI
A 72BN RSN WITRESED B % 0 Z ORGSR, PRRE LR
BREDLERENDERERBEDOLALLZHIEEE Z-oTLE ) WETH
2, BRSNS,

RBRERERETES L RERIAE L DD, BRBSEE OIS & B ED S O
E~OHFEOET N THY, NDPRENOKGEEZ—EED LI LIl b,
ZORER, KBEOT L M O—VHHEEE ) R PRI O R T RETE A
BabN LW EENEE %,

- HROBEREOREHO—>Th % [HREIL] SREENZOREICL DK
BEThIZ, RME L EHEEE L O E %8 U, [Bifhvib] 25T id



EE Bl S B g E e 1

TThHDL, THUETF 7, ERICEBEED IS ZHREEMATENIC X o T4
MM PGE SND DO TIE R L, RRE L EEEHOREOLRN % 8 U Ttk
HFICRE SN DR = 5 2 L2 EIRT 5,
CBEAADPEDTWE, ED) — FIZX2EEEREOMIEL D SEEHRD
—ODHETHD, LhL, TOBRTHRBRENEROEYHD, KNBEITK
LAV CHEMICERE Y MIELT 28 N2 BRI MAZEL Z LB EE
Thhbo, TNHLYM, HERICBWCTEFEROBEEMEWATL T, REERE
BEZRIL T 2B THL L BN,

6. #&bHi)I(C

REIHERE L BEE T -~ LTZO0OEICOVWTH L. B 10
AT RS A A IRRERIR T, § b B S REICN T 5 AT A, Eo
MBOEE % WHICHEEIC L TW D h, TOBRERTIETHD, 5 2 Of
ISR PR 2 AR AR 2 fl T 2B A HH L7z b, KT 254858
BHIZEDLHICLTCEBADPIDIZOVTHLELI ETH D, 2 ORHE
TIRERBFIZICRS Y P 2B THERT A2 EICE > T, TOUEDEDT %
RL720

B 1 OFEIZOVTIE, WODDIBELE LT, HaRERREHED
MBGEE 28 L LTWA I EER L. £0O—21%, EOES % KL 72—
et 60% UL DHEAREE LI TOHN, TOMOFHOBIN - g
R ERDEEL 2> T0WAH I ETHb, 5 2 OFFIEI, 1990 FEEELSE, H
TICELRBOWERTH 5o —Hl, RIEFERLHM S ~OMIFRETH 5 i)y
SRR GO R L 724, Bl TR L 7203 SRERREZTH ),
MOFHEIIH v PENTE, T THHARERREICL S Z20MOFHE~
DLLFED, WEGEEZWEICL TWDE I EEFETFTE S,

5 3 ORI, HARERREZBINOHB T 2L TE20hTh S,
EERNRIECTH 575, EOREBRBIETH IR, HEAB L HERBLE 3T
TLBHILICE ST, HAREEBRENSENIZILEIR 20 % hize KEE
(2018 4EFE) FHIZ L AR, A 3 BAHASRERMBREICEHEHZALT
b, BA0EbTh 1 RHRETH D, 20 1 kM & Z0mMmBUNSB X OBisE
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WA LT, HERERREDNOTNTORIZE 27409 2 LIZFEATHET
HY, EORERGEZ DD LIZTE RV,

%2 OMETIZEY, HAREGMHEICHT 2 ABAMIE, ZACHAT
DA EIHT LT, MARBEONALRRE L TV b720, Z0RMED L LT
NEEAEPFBER LD TIERWE W) ZE 2R L. EEHEICESWTS
DR E BARICHRET L7225, 22 TORS v M, ABIIHEBRBNEO—EE]
HEroTwhZE, ZLT, ﬂ?%“%@ﬂ &, 1 A7) RRE
DEVEIEEHEERERHE T o LI REL Lo TVDE I EH D, TORRE,
B LOEITICE b v, EFRICBIT 2 ABAHIE, HAHEL D S EnETH
KT %,

WRT DAL BN 20 AEOAMAZHIEE T LY, EEG
B AZHIRT 2 Lo ki v, B, BUEHED 51T 2 b AT E O BRI
I, EHFANTE OREIHO7Z012H 50 5 FEAF SR VEVI LDOT
Hbo TTICATEZL )L, HESRERMFE~OEFEIEDS, EOMBGER
%ﬁ%kbfwém%ﬁgéglfﬁéui,lI%@EﬁE%@Wﬂ@E
BFDHZEIRTERV,

L2rL, COEOMEIIE, RBE O H EM 2 HH 4l U CEEE O]
HHBLMELV L AN ZZLDRITTDL I ETHDH, HAADFEMIL R E L
W7 SRS 7208, KRB OIZ ZIMAZ D) A7 fEEEZITH) 2 LilEoT
TN G ERE, 7D BEREOFERIHERIS TR R 5. ZNUIL o TAE
RRBENREREICHESCOTIE R, PEAATLZ LWL %D, $722
DGR, BEBE OEBRERLICHT A ENMEEI L 2 L, 0l
DO T O RRERIEDRIL SN D Z L 2B L 720 AT T OEZK
X, $TICAT VIR VOEERBETERINTRSEDTHD L HIR
L7z

EREHI I — T~ ICEBTE b Tld R v, Y, HATIIERR
fHeEEZ B IELT 2 2 LI2 Lo TABLTHEHIML, MWEANOBAME TE 27217
DR ZEPLETH D, L L, KO FRITH SRR % & < R
B L LTI, 2N CUEISERT 2D TR, SRBEE OB £/
Wramibs22 8, TabbRMEREL L) EOLILICLs TEEOHE %
OO, WL EEDIRETHDLEV) L THD, TDODEZ L



o) LHEDLRETH S,

SE Xk

AR - EESR - RIS 2014), [ HAROHSRBEESE—1E & et |, matRE RS

TR AR A S IRE (2018), [RIETRZEHBEMR P 20 5], Ex )8,

A BUHI SR S (2018), (372 7 W EC (LTI S 12 B 3 2 ik

FHAESE - 3 (2012a), [EEIREEBEHIEEIC B 2 B & RIMBMoO%kE  Hig7 L — 2 L £H
OFEG, [74F v -La—] #1115, 828 ~<R—

HHE 56 - 25t 2012b), [HAROAWERGE OBE & REIERERBR OS], [71 30>
YV LbbEa—] F1l 5, 2947 =2

NV -7 ) =7 2012), [# T v FOERBHIEIZBIT 5 EHESF RSN & BAAE T TORER],
[Z4FvovnrEa—], #1115, 74-89 *—2.

MAEI (2012), [EFREBODNKERE —F A4 VIZB 224580 H—], 74>
VL ¥a—], #1115, 90-110 *—¥

ARNIFASE KRNI T T T4 v 73 [ 0T e 2 A B W B & o B2 [\ 72 i iy
70— VIS O EHEHE ] OB FEO—ETH B,

(2B - 2V BIRRSARREAER I R, —BRA IR






La—~vY - AVyTYVV VAL
vy T — & B R O AR AL
AVF)D sV ALIMLEEZ B

Bk

1. IL®IZ

2. BD-AI & NM-AI OEWVZIEFTT 2 @ BRSO BEr S

2-1 BD-Al & NM-AI 25T 5 =2 — 10 2 OEW | BRZERHIA DA i

2-2 BD-Al ®FEHM: vs. NM-Al ORI EE 1

2-3 NM-AI EHLZ G ) —2DKR ML Ay 7 RERGHBXE YL 09
e

2-4 FEHMIZIE, BD-AI 1212 C NM-AI 23020 © ¥ 7 T O KL

3. BD-AIl LUNNM-ALl O“A > 5719 TV v AL ?

4. ba—=<r -4 7YY 2 A H]) & BD-Al - NM-Al & DEWEES

5. #EITHRAT

1. EU®IC

AT D Al (Artificial Intelligence) (21E, KEX L 22085 4 THdH 5. FEHLIZ
BAGEEXDEy F 7= Al (LUF BD-AI &%) EBHH O Al 249
EEINDH e PERLE TIZE > TV IR/ = 2 — o T AL
(Neuromorphic AL: LU NM-AI & IF.5%) Th 2%, 2L C, WHED=2— 1 g
ORBIIIRE R (BB KdHY, 7T—F77Fv— GEEHEME) HHRAMNIC

1) AEwld, B KARRFMEITERATRCE LT, B (2018) IZKIRZMEE - FTIEZ N2
2bDTH D,

2) 2o &9 ZERfiliiE, i Intel Labs BT & IC LT L 72 Rich Uhlig 12 % i 57 % (IEEE
Spectrum #E_F 12351 % Ackerman (2018) & Dxfi%)
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B oTWb, 2B, KT, Al L WISEOEZRFORELZEIT L7290
2, WREICES L AL FIEE W 4E CTH S Slowman (1995) (28 - T, JLFK
ICTREDO“HOZAL T B IEHRERE R > 2 7 278 B L7z,

ALIGABEEOA 7)) DV v ARFERFERE L TWEDT, Al
V) DIFFR- 128 FR72. BE, FhEEE SN B 2T 2 HERE)
B4 > A 7 L (sophisticated self-modifying information-driven control systems) |
B9 2 —Efge L B L T b, 2223, Edfke ATH, EBoL O
EREMOH B LD GEILLTELICRVZVDIDEESNZbD) L 24
[SNE =)

72721, BD-AlL, NM-Al Q#2738 S & 2 A3, Ik o A HILRIC
45 < AIML (Machine Learning (B#k=E)) OEMILTH S Z LIZED Y 2\,
FES, BD-Al, NM-AI 312, McClulloch-Pitts B = 2 — 1 > LI 2 AT =
2 — U Y THE WA S H Warren S. McCulloch (1889-1969) & Computa-
tional Neuroscience M JGEX#H Walter Pitts (1923-1969)3>, MRREBEEOFEHA] (N
THI) THEWAHRLLEY3 Donald O. Hebb (1904-1985), Computational Neuro-
science D ZE -} David C. Marr (1945-1980) 72 & 2 M & L T Wb, & 512,
Hassabis fttl (2017) % Marblestone M (2106), Schuman it (2017) & &5 7z B E
2% &, BLEFEAL TV BD-AI T, REHMSEHTIE, NM-AI L L
<, RIH R - g - BURZ EOFERFEFEHIZE > 725 OB ENTIE RV,
2%, —HICmEOPOREAT S /5N 5,

B, LROWMEE ML) &1k, BD-AI 5B O FEE (Goodfellow
fib 2016)) (2L, TAL VAT LD, £HTF—F 0689 =V 2B T52 &
T, HOHYOM#MEMES T 208)] LERSN TS, —F, FHFICE, %
EBIFRAI D ML R L T dH 5745, LD Al ¥ A7 L DERBAKIIR S
NTWZ\wv, 727210, TFHld, BWEED, S E R ORET CHIfET
5 Al Y AT AERMEENRICT 2HE—D7 7O —F 2L EZTVL] Lw) 2

3) B<HISNTWSE EHIZ, ZLTELCZ LI, von Neumann BT v K2 — 7 OJFEEIT
& % EDVAC % EZ % L72BEOHEART A4 77 1%, McClulloch and Pitts (1943) I2FD W T 7z
(KM (2017)) o
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EHDT, Al & ML & id, FEEMIZIEXBI SN T RVwEE R 5,

L7235 T, K#HTY, 41 VT T 2y AL W) EEDLFRMOBEL TX
LI H72012, Al & ML & ZIFIFFFICHDY . T2, S5 bERLE
DRELE ST 572012, 3 HITFOIEY GRS 528, EETEET S
ATV 2 ABA T2y ANy aFZIILT

[FEMADOELL BEITHIE L T 7212, Bfio@EozLiE e Bl
WCAZBMPIBELDOT 7 v ay 7#) L 2EH L5, Ma 2iGE 0

“SE N OHFE (Credit Assignment)” & Filll (Prediction) 1T 9 BEJ1 7% & N IZZF D
H 21 bng

&, Slowman DA A - NTYORFICHEHTEEZ EREHRH L7z, &
B, EROPIT s avregEinsol 27477 7u—F
(Enactivism)’ D 2 126V, A v F YV 2y AW b DE, ZHHEEKE LT
FEEFRZDODOTIELRL, AmATHNIALY ThHh, EHFOFHTHS
DITEC L o THEZRL DO FETH LI LEZWMMT 5720 ThH S (Noé
(2009), Hohwy (2013), Engel ftf. (2016))

512, EROFFE &L 1E, Minsky (2006 D% 8 # 5 ) 1275 - T,

(FEDOHRFIZBWCTEEINL LT 7 Yy (GH) Ohrb5R
T AR RICENS o277 v a Y2 BERD (ay7%20) %
TR FBRELHIREEL T, S 5% 52140 L BEANOLIS i
Z B AE]

CHET S, L) HRREROFEMEEIX, BMoBEOREE BT 6

4) KigOHEH» 6L, TRRARE LI, FHRETVEELOTIEIRC, A4 OKE - EHHR
FVIHOAIFNTND LI BT 7Y a v %Y - RET 23D TH 5.1 (Engel fiil (2016),
FEHR) LTDHEZH S LTVD, B, EHRNZZMEETIE, B =%itRer
VEEY EIFBRENERZL, T2 arbid3Fok ) MMIEE SN EHRE T IVIC
HEOWTEARZENDLLDEE LTE7 (Engel fill (2016)0 & A%, 0 &9 RWHNET
Wiz, EMROBEIZEIHIET S5 TlE R, BHSDOT7 7Y a Y2k - TRENIC
BEPTDT LI L o THEICWET - RSN T o2t Bbh b,
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PIOBALDOT v ay (T8 LIZLoTL2FEFTTE RV, ZL T, EHROD
FEOMRECIREBESHZLNTHNLD 51T L, Zfbe B CEm L7z
L2 R LWIRIEAEH A RS2 (Transfer Learning) % 2% 2> Dt
BIZTEZ L) 10% 2", BEOKERID, FUOHEER (X558 BHO
HERTHLZEIZE D, bBAHA, TDX) RIERRENZ, L 0—MK% (Kt
(1) FEBBROFTEIC S UHEE %5 (Pearl (2018),

COEHZ, WHATD AL, “HOENT S ERBEEHIME S 2 7 470
%mmkwvﬁﬁamﬁimLofﬁb,L#%,~%Kmﬁ@ﬁéi%ﬁ%
Nbo 72721, % 2HTHEL MDD, BB o 4 VI E T KIE
257 o Twb, Bl 21X, BD-AI TI3IEZHE AT (Non-Spiking) FLEEE = 2 — 10
YIFIZHEED KRR R IERIE O = 2 — 1 U YSER . (VEBIE) 2 Hwv
%o i, NM-AI Tl3FE= 2 —1 X2 & D) T3 KA (Spiking) BTz OY
Wﬁﬁ@:o@ﬁ%?@:;—uy%m:;—ny:@gﬁﬁfwﬁg%ﬁa
AR = 2 — 0 D IR e R R By W5, 2L T, HD
WCHBETE S5 LH12, BKITHL0E01E, FIEDOLHINEKLIEE (parallel
serial processing) AFEA &, BFZERIHEE DRI O L S R IEHEES WO
(B0 7 70Eh) ISREHIZED o TS %,

DX BWEDENVL, BEANIE—RE» L LHICER D, E2AD,
WHEICREL ST 2 £ 912, IR THE GE3AR) CTh b
PE ) PR, w§ﬁ2;~nymmxfWﬁﬁ'%%ﬁ:lauyﬁﬁ&Li
NTWL L) ELE, BEINDZAT) P2 RAOMREERSIZHIFR

5) ZOHIZET 5RO Minsky (2006) OF [, D CORBRHTH 5 : [FEEE, ZROKED
BRIE, AADPA VTNV AERERTELCTCA—Y T —AOHEHD &9 %4 4% b
HOBRERME L 20 ) 5o MBENOMFHRFE T HUICFRFRT 2 720772 L @2 1B % 7 <
CERFICLPBTICR SRV, b LEFOL ) RFREEFFRADPEDLIICL TR L

ZRERTENL, FNCEo T, BEOFEOHFLFRLDT) FTrldd o &LV
HORIZHILTE D X127 5.1 Minsky (2007), ZEER, () PHUIEEEEM)

6) B, AUML OBURZ M2 & v ) B CEIRIEWHETH 5725, 600 HOp
(Goodfellow fil (2016)) TIFEFE DK EIXEEINTH 2. MIZF 21X, EHW % ALML
X, REZZOLRIVIZE STV,

7) ZOFEE S, NM-AI &, Spiking Neural Network %! AT (SNN-AT) & 13415, BD-AI O
FEHEAF=Za—0 %y bT—271%, SNN IZHILT 236, Artificial Neural Network Bl Al
(ANN-AI) EIFEN S,



WERZ  ba=<v A YTV 2y ALy 77— 5 BL ORI AL: 4 V7)) V2 v AL AR %25

WCRERENEDLZOT, TLT, TNOLOENEEMD I LIL, &k
RANLERFICESTH, 2 Fdb -~ A7) Yz A (Human
Intelligenc: HI) & (37>, HI 13347 BD-AI % NM-AI [ZH#LAAF N TV 54
CZ1L T 2 BB HIE S A7 27 EO X HIZHP L TWA D HEL TW
7203 B0, HEOBRMLAELE R L7720 ONMIFOFEKE 52T
nbs,

Rimd B, EROBMEIZEDS T, 4% & Z© < BD-AI L HEMIC
AL ORALE LTERTL LI N TYD NM-AL O ZH) EWF, Z
HZ 3 BD-AI R NM-AL O“A 7 ) V= v AL I ED L) b D TH S
Dh%, HL LW A 70 Al & O - B EICERZ L TR LMET
LI ETHbD

XD EMAEMIZIE, A=y r—2A0mgGn k) aEA S LR ER o TLE
S TWBA YT Vx v AY b)) S5 4 JEATHI 3% /Neuroscience 1172 41,520
OREM - Mt xElAb, LT, 20X RHARIIEINT
HI OHE % %32 b & MENOXFIGT)” Chitbfi 2001) 22 0 H O Z{LRE
S L5, BD-AINM-AL fiD“f »51) V= v A7k HI ERED L) 72
ERRPCIFEEHERIIH LDNIIOVTERT L, ERIIEL THICHET S
DL, TR TEEZE S ) B2 2EE L L CTOIEH) (Omstein (1986), Franklin
(1995), Minsky (2006), Rolls (2018)), A& I 2 AEA R T I I 2 =27 1 B
BiE & L COIEB) (Minsky (2006), Damasio (2018), Rolls (2018)), Z5AL & B4 12k}
I8 5720 OFRROEEE FHlZEE & L TOERE (Llinas (2001), Friston (2010),
Hohwy (2013), Feinberg fifl (2016), Tani (2017)) £ 4 L W o 72HETH 5,

2. BD-Al & NM-Al D2V E12519 5  BEERMEE WO BR=ED 5

Ak L7 AN L= 2 —0 v M OIERARER B TTRETH 2 00 L) Rl
B W= 2 — 0 YRR ROF I EOREFREEIL, BD-AI & NM-AI O
“A VTNV A% HET L WATETMRTERDO,E V) FERTD)
BEAFMEICIER ISR E BBV E D25 LTWh, TOME L) EEICHERT 5

8) ZoFEHIX, Minsky (2006) 2~ T %,
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729121E, BD-AI X NM-AI CTHESNTWA AT =2 -0y, FE=a2—0
YEENEZERL TV NEHMRT L EpRERERDbNS, £/, Z0
ZEIZL o T, BD-AIBIOAL HF NM-AL Tt > 7)) V= v A"OEFRE L
2T %o

2-1 BD-AI & NM-AI 2§ % = 2 — 0 v O« BFZ2& oA
THOFRIZE, ©hPOBASII—2—Ory ko 5% % 505 Ebhs
WA PR = 2. — 1T > (excitatory pyramidal cells) DR ZKATRENT WD, 2D
Foa2 -0 O EHRLHRREICIE, Mo —ar bRl - 4 Xy MER
3 F TRV 28 VVRBT RTINS B ISHIE AT ) OBLIRZEE (dendrite)
Ndhb, B, b roffik=a—v2lE, —2O=2—1r4/0) 5F-2
HEOBIRERER S L, T2, P FTAOHIE, v T4 HMH =2—1,
WCT2HM/ =2—vy, ¥YAT8FM =a—ary, IUYNFTH1F
M,/ =2—orMe2sTwns (BLEE, Rolls (2017) ),

INLDYF TR AN, YRERTHIRERICED SN0 =2 —a 2

il l

J

Dendrites .
< (BRER) \ Soma (k) — Contot
— R N
X Y TS
Axon (#132) ) o
\\\*i e I
Point/McCulloch-Pitts Neuron Faedforward Faadicronnd
Pyramid Neuron HTM (neuromorphic) Neuron

Figure 1a Figure 1b Figure 1c

Numenta (2017) & b $#

9) —a—nriZa—OrrOBEROI L, BRI ZRIUVE - WIFEHFRA D F 7 A RTEBHAE
DKMETLHE, Z2ThHF—R32 kO b=y, V¥ IV, GABA & EDOZHD
LAEWEARI S, ENOD Y F T AREBEOREM 2 ZENLEE L, DL HIZLT
HE - JIHIEERS -0 S 2 —a VIERA O NL, TDEHIC, —2—u riAML
FHNZTED o TSI RE ¥ F T AEE LTS,

10) BLIRZSEIZIE, BEfFO Y+ T ALSMNI S ¥ F T AMLEE 2§ 5 A8 ¥ LT B K
DB 2SR E S CHIET 5o
11) https:/galton.uchicago.edu/~nbrunel/teaching/fall2016/11-intro.pdf ZH,
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SORIEL - A XY MEHIE, RIS 2 AIEAE Soma) IZED SN D, M
fRid, EHEINHE - A XY MEROELGHLHEABZ 5L, TOTHIC
i OF % dilh 2 |2 3 Bl B {7 (Action Potential) O 7~ 38 5% 4 72 J & « %S K (Discharge/
Spiking) #2297,

B, FEDao-—orild, BEERER- ooz, Y r 7Y THlliE
(chandelier cell) & 7>/N A7 v Ml (basket cell) 7z & & I 2 FHI1E (inhibitory)
AU YREBH b, S5, Moz—O0ry3BOEBOAE=2—1 ¥
(Interneuron) R = 2 — 0 > DIFHE (774 v Fa—=r7) ORIEGT L4
BTN = 2 — 1 > (modulator neuron) H3FAE L TV (Rolls (2017), Luo(2016))

WU ADHNZA D OFGRTH LI WA, FE=Za—ar Dty bT—7 Y A
TAT, TOXIBRYFTA AN VIO Ia=r—2 a3 I2nz<,
—a—urll-7AMaZY TP Za—ny-7 A ba s FEOF Y v
THEE (Gap Junction)”™ EIFIZN D ANV AL F v OYite &G L7 iR
HGREBIEFTABMOaI 2= —2 3 VOB EEERZL TS
(Fileds (2009), T.J# (2011), Deutch it (2014)), F 7z, MBI ICH 2 JFATHY %2 7B
Wi - W a2 L 72 RARLEL (Crosstalk) 12250 < HIEFE A % @38 L 72 Ephaptic
Transmission (FEHEMEI(RE) LI LM I I 2=/ -3 3 v OFEN
SN TWD (Kandel il (2013: 45 6 Bi), Deutch & (2014)) ¥,

512, WERO P OMILEE A K L T MRS Microtubule) % FEH L C
HBAH OO IR E 2 KO MM /NG E & N2 - 30553 2 il 38 %
(axonal transmission) & W o 723 I 2 =27 — 2 a3 Y FELHFHET S (Deutch il

12) —a—uryEIERELSRLLH - BHAOZ ) THILO—2, it - BN O 70 7 #ilC
iE, K&, 7AMa 77, w4707 )7, F)ITFTNar ) TaHE, & MOY
A B BRNICE, 20 o6 o) THRIEET A, Lrd, KA07Y T
MEREIL, RPUSIE U CRE S BERER AL Z T, F/2, 32 VLIRS =2 —
O R QA TG ASIES 20 ) I7 0 Fa s ) 7i2iE, B - B clRFED Y 27
VHIRAAH B, TNHD ) THIMLIE, REICANER213E, fa—0riwn)ERT
L, TOEREUNRKECAEEINTETWS, Ui, FIZ Fields (2009), L (2011) 2%
HE

lo

o

13) BlzE, 7A MO Y T7o%E, NG A Y ST =230V A A & LR

ELTHEBRSN TV, L2d, ZOX)%7) THIEMAY b =21k, —a—0riy
F7 =27 L ERIZHEY LA > Twb (Fields (2009), Kandel il (2013: 55 6 i) o

14) =—2—8ayR7 ) THIRS 4 2SR — 1K L U CHEAET 2RI, neuropil (=2 —1 ¥
V) & BIHEN D (Freeman (2001))o
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(2014), Luo (2016))o LA b, f/NEILX, @R OA L S FHEIRIGEANIIZDIRD
o ENTWT, BHRESR MO =2 -0 328 F TR AL~ O%RE
REHMICEZTnb, 72, RETIE, BIREZ LI, SkoWwd -
WFFetE (NIMS) DRFZE 7 )V — T2 X > T, BUNEBRBER 7T v v 2 xE) &
FLLIREEY FDRAEY - AL v F Y ViR R H L HRENTY
% (Sahu flh 2013), 2 F V), Z—a—1 X NOBNEBEAERD, & /37 HTT
& 72 SSD (Solid State Drive) D & ) =& &l b R72F L TELLVH DTH
%o

COEHE, EZa—arDtry NI =7 VAT AORFRERAIEEE I
22 AR A, EBICIE, =2 — 102y FEO BD-AT X NM-AT OFEH 4
OEDPITBR MO THIML LD TH D, L7zso T, BUERMBERICH S
NM-AI &, 4% ® Neuroscience D & 542 5 5EBEIZL > T, ZOXETEEERK
MR E CELL T CITREHEDS E Vs

#i% BD-AI ® NM-AI OfznE (/i) BICET &, jFHO=2—0rD
EEEH O, oiFHO—2—arnbIn=a—10rOBHRISE % H
LCTECHlE - A Xy MEho®ms GGkt =X, jFHEiFHO=2
—O YOO F TAEEDOESE Wi 758, B TRO X 9 2RI
TERH F CREIEIZRILE N TS (Rolls (2017) ),

Yj=F(Wj1 * X1 + sz‘ Xz + -+ Wji' Xi + -+ an' Xn)
(Y; 1 ZjFHO=Z 2 —0 r OiFEIKE n 3Bl Tnb = 2—10r 0k

Z LT, BD-AI Tid, EREDOF 2%, BRI 3 IEFEKEL D55 7] BE
M CTh b, i)y, E=a—10r NM-Al Ti&, F 25 iGEIEM D S 2 B
FHELL X222 Y20 L4 A OIREGE B E 2> TwdY,
X512, EZa—O i, EFTRD2—0 2o 20%% 50585
ONLEOWHIE=Z 2 —arhhl), BEE_ -0 ORE BIZTTAD
AERZ L) ZB TS ilEl#EIcE S L T\wb, 2F), F=Za—ar
AFulE, TNHOBEN - WS o — o OFEAOMEER, %5 I
HOWHEEZRAMEE =2 -0 LIk TY AT 20REE T HBINIZED

15) %B, FEABO=a—ur2RAT %46, P&l RUCIREAETS
LR 7)) 7L ORREO—EF LB L < 2D X9 75
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TWh,

ZL T, TORELZBEMRSENIZERREZTHLY, LA LD NM-AL IZ
X, FEZa—arEEUL, BEWE IR S ISREEO = 2 —1 U H3Hl
ARFENTWD, Bl 21X, IBM O TrueNorth, Intel @ Loihi, /A 7 I)VX)L 7
K& D BrainScaleS, ¥~ F = A% — K5 D SpiNNaker, A% » 7 + — N K%
@ NeuroGrid, “X ¥ F ¥ — 422 BrainChip Holdings @ BrainChip & V- 72ft5
)7 NM-AT 2324725,

LA, BD-AL I ERO =2 — 0 v 72 LafAAEF R TV,
bEAA, BF=a—ary2oAMEE HHTRIZTIUL, BEENTIED S,
Pl =2 -0 Y RIELHNE SEL 2 EI1ETED, LA > T, BD-AI T
&, NM-AL IZHART =2 =10 > OMAPIAFEHIZ D7z o THRD THIZHMH S 1L
L TH2Y, Tk REKMERL, Dense Distributed Representation © “%57;
SHEBL EKR DDREMEEN D, FEM= 2 — 0 Y 22 LAFEL 2V
L, =002 —urFEHLHHE - A XY M LRI L72SE, o
Za—uryOSED ER S, FERE LTHEVLYRIEEE R4 IZEDE-> T
P TV BEFEMDORY T4 T 74— BN IPERBENLENETH 5L,
ZLT, ZOZLED, BD-Al OFEBNHERO—HE LR >TWw5,

%3, BD-Al T, BB TS 2RO720OIC, =a—0 Y0 kEE
BN 7 V=TI ENnTHBY, BEZ7V— THOBBIIEBTH 2725, &7V —
THTOZ 2 —0 YHEBIIFFSNL RV, Lrd, FO2a2—0ry %y T —

16) BD-AL I2), T 2L TBTRMEZET L) LOREPL LRV fIZIE, HERO
LeepMind (https://leapmind.io/) X H'[E/ @ Cambricon (http://www.cambricon.com) 72 & DX F
¥ —RFEORATIE, HEBNEL—HLOLMHTIFONSLE L TW5, JFIZ, BEIEA
THUY, Huawei DAY — b7 4 V2RI N T 5,

17) DEFEB/FER L, BEOREIED—2 L0 —a Y IZEERLDOTIEZR L, H
W ANY FOFEICL o TRBISERAL L 22— B0 =2 — 0 VHERIC X > TRRIES LD B
F23 LT, KH (2017) 13, ZoOp#ERI/FRe HEBO=2—1 Y FEKT—208
BERRTHEVIEZRN ], TR LFA=E5] EHPUIEBIL Twb, 72720, ki
FHEB/ELE—DOOHICBE LV ERIE L, RO L) ITHT T 5, [HEmEEEIE,
VT ABIERFMIE—ETH L L VIHIMENS, I LRk REREALLTEZ, LA
Lads, FBRWIC=2—0 0 - 7 ARIERER %2 5HI L CTAh 5 L, Mo - Mz
Lo TEMTHL LI OTRE, ZORE, HDHWHENIBIT LIS - EHNT
—RRICENERZEROFIT L L BARELTHL L\ D £2T, EMHRIEKY —
YTIE R, RN R AT — VS TH DL I L it s LK OEEBRICOVWTOE
BV TH D] NEREDOIIE S DS, HE R 25 L) TH 5,
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AN FEECR E D (75 7) OT, BRIERZ ZHTE 20,
COL) BHIREF > Za—ar Ay FUT—2 1, #IRFFERLVY T s
HDHWIELE/S— L1 T b 1O (Perceptron) & XIS (Goodfellow i (2016)) o
findy, BN=2—0> %y b7 —27 KU NM-Al TlX, 20O X9 %l R
RRIT AT T4 = NN TRENPTEDLLETEIOL VWL I > T b,
BAMIZIE, Wlma—ar ofTRROBNZHESL =2 -0 Y HETI2E
B RERaEsSE 2N, TR0 s —a 3R s —a 2k
STERKLBVWEIIIMZONDG, 2F ), ZHOFL=a—arho—o,
HHWE, FOROLTRLHO= 2 —0 » PFIFBRAL CIREEE IS
BT A L) ICLRIN TS (Luo (2016), Rolls (2017), Anderson (2017))o Z D i
R, LT s a—urHoOBRHIE, ETLEZoTWwa,

oL REREEE Lo L5 EILDDR” I L T Sparse
Distributed Representation : “Bfi % 77 #1 3l : SDR” & I3, NM-Al ORIHEE
TP KX CEBLTW2Y, 2o SDRICE L TIE, #ThE D& L <l
Nbo

%8B, NM-AL &, £HE/\—+t 7 bo A BD-AI IZHART, =2—1 rH
DEARD BHEAIMRD TR E WV, FlZ21E, Intel # NM-AI TdH 55ED Loihi T
X, BD-AI L1384 ), —a—vrHoHIE, F—FEENTLRERTD
THETH Y, 512 (HSOMFEAKEIL THS OBHIRZGRICESLTE0) HUH
JREIOBLHE A DM AIAT 2 L AT X B (Davies (2018)), FEBRIZ T 2 B0 D
REDIRETH B LAd, 20=2—0 %y bT—=22EMEDPHD (F
77 7) OT, FEBEROEID S &V, 20 X9 2 BHEO S WECHE
EHHEIC 22 5 &, BD-Al CIEFHEFEITTE R WER L EED T HEICR 5,
52, BOHRHEROSE, ErWEFOE N L o TR o /28|

18) ZTOEIZBIL, SED Intel Labs FiE D Uhlig 1, [7 )V 3 XA A»H1E, SR =
2—u L, BIZET Y - vy MEE UMY TVER) REEREE LA T A IR
WiHEo 724X b (HRF) WHEIT) =2 —FW Ay VT = DFELRT TU—FTh b,
FEALOBATRS &, BT LD, BB RARE R L > T, ThooT T
VAL E S TZAF—RELOREI MY 720 THW A=A (SDR %) % iFH
T&2E91h 5%, INLOEMMED, REBGLEEERE, oXy FOL) Ty IF
INAA (==Y FCHEHSINLHE) CRELMiELZ 25T, INSORHBRGT
X, VTN A ATORER (5= % ED) AP LE R Z &1L %] (Ackerman (2018),
I, O PIZFERBIN) & RTn»THBRE N,
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72ENEITBHOT, AIEEOIRRIZS 202 (HF (2008), (2016), Kandel fi
(2013), Rolls 2016)) ¥,

B S A v N7 — 2 Je U8 NM-AI C SDR % W BEI2F % L FL D Winner-
Take-All (&MY 50) RO M AL, BEEFE (competitive learning) X
M5 BIH] (lateral inhibition) & FEIEN T W5, B, A0 HEE It
DERIZIE, ELFHIIZD SDR BSUHETH o 72, D HIZET % Anderson
(2007) DED T A ML, BD-Al DRF %5 S 1THFRICHIRE

[(HEmEEgTo) AL, BTERL LAV F— ) LIEMICER
THZEBEHL VDT, EWEMIZIZETCLEMEbDOTHL, FIELT
WAHTEA GRERIZE CHEME LD L, FRo0EEE Ny — U idFF v
EL72aryba—VOTTTbnZiTUE 2 b%v, ThoofEIX, K
HBELMETVIZE o TR LW 2T L7223> T, (BD-AI AVHET
259%) ETHETCIIEN>TnDLESE)DIEFMES> TWhH, HEILD
Z) o T\ b 72 ] (FEER, O WIFEEEMm)

DK LIZAR A28, EXO Figure la IR ENTWA X 912, BD-AI Tl
ENBHZANT=Za—uaiE, B4 b+ =2—1 (Point Neuron, % “McClulloch-
Pitts Bl = 2 — 1 >”) LIPFIIN L MO CHAM M ELY L-BEE=2 -0 Th
D, —Z2—0r e L TEZo 1 BEZTLIHARATIN TRV, KLV b -
—a—uiE, BRI, MBI AT 2 B TR — 2 S ok &
—KOEEDNE %o Tnbd, Bl v BEIRIE, T2 —a s 560
B - ARy MERE(EZ 5720 TH 05 THH s Lid, MiEokH i,

19) ZoOMICET 5L FOHF 2016) DigfEIE, & THOHEEEV, [BIIEZ0I0EE X
LZOTERV, INERVHET o0 #HITE2EZ, e MO EITTNEEHEIEY HT,
b XICEMEZSLL, Bl anwi tdiRE s, BVEVWESTHL, 20tb D
BIEBRTH L, M- FRBERZE Y ML THEABHE S, ZHONRY - %
EREDLETCLEI NS, &EPEREL L TOTEDRBIHENEIIZHINIEDR SR\,
LL, WHOFAF Iy 7 ATHLGHLIZRESERTE L L) bif.]

20) Boden (2016) (X, BD-AI F® = 2 — 1 > % “too neat, too simple, too few, and too dry” & F¢ELf
T Tw2%, TORPD neat IFHRIR LT S OEE, simple lTH—=2 -0 TETD
W2 S5 T B & B, few 138 PO L HARTOZ2 -0 v OHOA L &, dry 131
PR - SRR CBIIRZSE - MR EEW Y - ¥ F T AEHR - A 4 > O ok
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BT WIESS KNI § 2 72012, IERTEOEERBUC IIRTHER S
THMENDLZEHT Yy MY O X M TR MEAZH E N5,

SO LEMARAL VN a—0yEEEL DI, AR
Figure lc (21X, Numenta (2017) ® HTM (Hierarchical Temporal Memory) & I 1E 41
5 NM-AL V7 b2 7P lAaRAEN TR A AL 2 — 0 Y HEFIHREINT
Wb, TOANT=2—0rTl, E=a2—0 VI8 THRAEDEA PR
IR ZSEE (Apical Dendrite), J& 3212 5 IR 2EEE (Basal Dendrite) %K1 A A F 11 C
Wbo F7z, FZa—urTiE, BERZEEOMBAD S OBEEIC X o TERElDS
R >TLAHDT, E6I2, I (Proximal) 2> KA 2 (Distal) 2D XHIH 7% S
bo HEINRLDLREREHE, F TAKEETHIHME= 2 — 0 v iR
Za—HYOHE - &BDRLE S TWDLNPLTH D (Luo (2016)). 7272 L, Numenta
(2017) T, ’Fﬁ%ﬂt@f: (2SR 22 Tl HE 0 KA 2 D X FNE 7 W 23,

JERHIR 2R IIZ X DD B o

ETZKB’J Zi&, Figure lc ® HTM Tl&, BHRZERE O oseimhik e i3 ho
Za—BYLORE - A XY MERPATIT DAY, EOIEEMIRZGE, FFiZ
FOFMERFIIE, FEo 2 —10 VI - THIRARZE K ICBFEOSE - SLiE
RELTOMA T YT F A MERDPTELOE % 2004 - JH] - FEiE= 2 —
OYHEPOEDE L) o TwDh, ZOHE, HIM O N LHilfkix, E=
22— AU (HHTid Feedforward ¥ BELENT W 5) IEiEOLEBHRZER
% EORIE A FIZZITTC, B, BKER, FARTH#EM, ERAKE ) 40
DIRFER & 52 L AYC& % (Numenta (2017), Deutch flb (2014)), 2 & H & 3 & H
DIREEDS, BEAF#E - LB CEHRAI L D 5KE - MiO#EfMEE 2 b
5o

DX BEFRADIZOOBAAFEBRO T 7 F A MulFELE, LoV —
AD0 DIEMPELETH L0 L THNAENIZR SN (EEHEAN—A0) i

ML TWALZEEERT S,

21) ZIEU Yy MEBUIBE L TIE, http://www.ier.hit-u.ac.jp/~kitamura/lecture/Hit/08Statsys8.pdf 7
EZHnr 0 R TWEHISS 5,

22) NM-AI Ci&, BAToa>»¥a—4% L CHATRRLZ 7T 7T I ¥ 72 L7z NM-AL V 7
b = 7 OWFZERFE 7V — 77 & ey ek et BRI 3RS RN — R = 7 OFFSER3E 2
W—=TEBRFPNTHEEL TS, VT NI T TN—=T, A</ Fa—1) v rila
VA Y HOBEBEICERELLEY 7 N T REFHVL O E bR S,
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EHIWTIC L BB LE R 32 LA TEL, £LT, TOLHI) BTy TF AL
DL IEE P OSHIERTENETELIIE, LV ERRIEEES 2
ORKNOFFENPHRERIZTEL L) IR D, 2O EnE, BIREREOE L&D,
AT N) T2 R0ERERESCHET L EV) T DT b FE,
Richard il (2018) (2 X1, SELRBEROREMEEOIEHICE L T, RinkiH
AL T A BERZEREAS, 178) - AT 2 PillfREE — 2 —1a L)L
TRFBNABEIES 2 (BEET) BICRENREE 2RI IEPTEDL LN
9o

CHOXHIZ, FEZa -0 OEHADEEIIE, BAE - I - FEIE = 2 -
0 2 EED D OIERE LIS 2 BIRZGEHGEOE - E0EEIPRECHDoT
\»% (Numenta (2007), Deutch fil (2014), Luo (2016), Rolls (2017), Richard fi (2018)),
EHIZ, TOEIHLEESORMRE, RICHERTLEHIZ, A7) T v
AHEEICRERN BN E S 72O TR SO FHEICL KE (b TL %,

FFE, AR NM-AT ORI T, ANEG 2 mE IR 05K &
WO IET, WSS — Vi o — 1 Y EECHROEES - JRkE LTHIE R Tw
(o £THD5, BD — Al OHf, ¥EIZDNN (BE=2—I Vv FT—2) R
CNN (BHAH=2—F )Nty FT—2) LIFENLERENLET VOGS, 22
IR 225250 /88 — b $ 5 2 LI TE 505, BN BRI %/8%
— LT HIENTERV, 282, BD-AILO=a2—0 Y4y bT—7|Z
i, PR T EEFEEL2MEN 2 (EBNZT7) BEPERHIN TS0
5THb, EHIZ, Ak LI, ZOHMRBIRZERIFEICX Y, sk
BEZ EOHAR TN TV AW E L RECEBEL TV,

Mz T, Wik & 9512 BD-ALZIZEHIESCHBEE D =2 — 0 bflAAE
NTHELHY, Lid, IR T WG R RERB;EEINTWEDT,
HE=2—1 R NM-AI (2o o T 5% STDP (spike timing-dependent plasticity) &
MEN B F TAZREE LY F A AR —a—ar v F A2 —a
& OEFEKAF R CI R AHEE 2 AR L DT E R\, #YELIZR D
7%, STDP #EAEIL, Rk L 72f0FRAY 7 NM-AL 12136141 2% < HLARE N TV B,
L &IZ, STDP &1E, RO LI ICERSNLIE=2 -0 Y OHHATH S,

[LTP (RGN & LTD (REIRCHIH) O BIRZE IR RS IR
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DEI)BRIBTHEINT VD, Y FT AR (D=2—ar0) FFRHFY S
TABD (m2—voro) FHHALL D EIVBEA LS & E121E LTP 295
&, VT TAREFEKDPY T T AREELOH I ) BRICEZ S L X LTD
MWD, TOHGIL, FKY A I v 7IRAFZFE#RYE, STDP & IFEIZh
%ol (Rolls (2017), EHF, () PITEEEEM)

STDP DA A TN T2 &, R RERICEKF T 57217 T2 — 1 Vi
DZEMREE IR TRERVIBEEDRE A /35 — 2 2 4f) T3 TE %, Lo,
D& RIGERMSY — UHHEFIIFEE - BRESA YL, ALE)zrar
THF AN (KR ICHE o 72kEIZ, BIROEHARIHZ L) ESEZbDIZT 5
ZENTE % (Rolls (2017), Tavanaei fil (2019)) o

EE, e MNaALOHESME—2% Lo TATYH, FERVIEHRORhFN 7 L
W2 X BEFA (BUEBROER L) 25, MEOII2a=r—2 3 V3)FEY LT
2 72O IED AL & 72 5 T 2 (Minsky (2006)™ 5 a1 72 351 (14 B 1%
2B EHET 2 O THIUL, FHEBFEFENL) LTWDH X )12, K22
WZh72oTHRLELTHED L VIE—HEOY > TVaiERTENE, €D X
) BRBREEVIEECHECTE2L ) 18206 TH D,

DED X512, NM-AI TIE, BHRZGEDE L &0 EF SI2MA T, K
Za—1r® STDP HAEZR EVFEH T 2L MA AL I EATES
DT, FRIIEE AR TN TV BD-AL & b5 &, BRZERIZE 278
LERKOFEEREN, Lo TA VT )T 2 ROESIIRELEVHEF
ns,

B A2, BD-AL 2, o THHME G ANTREEDOBADLHATIES 575,
HASHELEAZEOETVE L CREMEZZID A7z RNN (Recursive

23) BERFIERZ SAICRZ 5 2 &1L, FEERO S T IS A2 RIS O &
ELICEBEE LD, BIZIE, e boMREICIE, BETHL, 1 BHLY 1 FFEY oM
RIEHDB >0 M LICE#E T 5 (Olhausen fil (2017) 0 ZHUTE D KGRI - T
{2 &, #KHE - B CRIET 2 ZBMERE M2 DD LA LTREL TOWTIE, FiEo
IRV F—FIR R B R SDR?E b o TLThH, 25 F b0 bICHHEENALE
WioTLE Do Lo C, BT AW AARZMER, ST 7)) v 7 () $257
— SRS L TRPWHAE 2D, 2 LT, WIHEOAL S THIEEM TH 2 RBIZE
5> TE R, BEHT—7 O K L CTHL LMK - REERE2 RN 2
CENBD T AIF—EFA L 72 5 (Jayaraman fil (2009), Lotto (2009) ZH) o
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Neural Network), RNN 21 - &AL AR BE & Ml A A A 72 LSTM (Long and
Short Term Memory)Z! RNN, LSTM (Z/l12 T RNN #}Z b {38 0 gk 72 8 AH 2
1) (Content-Addressable Memory: CAM) % #2 Neural Turing Machine 7% & 235 %5 &
NTw2?, 2720, UTFTRATS L9 12, BRFILEHO A £ ) AR
FOUY FHDLVIEEAATEY FEMOTROENTVSIZEEDLLT, 0
HEENILVREBZ->TLE ),

2-2 BD-AI OFHM: vs. NM-AT OIENYEE

DEo X5z, HEEIECHAREN TS = 2 — 10 v FHERED Hilik
EV ) EIRTIE, BEROFFEICHHDE - BRI H 72 2 R RAIHEE O A A
Ao S b ETOT, NM-ALIZEPICKRE LA AN D L. & AP, ERHLIC
BAGELEZOVTVDLOIEHNS % BD-AIL THY), HHD Al 249 &
END NM-AL FHE S TIRERE» S 1T ERCERICH L, L) H?
ZOREBRBHO 121, EvrF—F %z L CEHICMZS
AUML HRER FEHL T 2 7O BE R REZRBORHE T RNE/NT 2 — 5 s,
MBI OBMIIZE 22T, HEVIREILIZLSE, €L T, NM-
Al Tlx, BHEBTI, ®EHOIyE2a—22FHLTL, TOLHIREy
77 —% %, BD-Al O X ) IZFEMBYZREEHIN TR T X 22\,
HETRENTA=FIKOBRSZRT O OL LT, Bl2iL, Al EHLT
EELEDbND 20124E2HF 4 - by b RFO Hinton BIZ 7 )V — TH %
DL 7 FEENE % S L 72 AlexNet EIFIEN S BD-AI £ 7V OB4A, (5%
B OHMEE T NE /ST A —F HUTFEIZ 6200 HEZBZ LD TH-72, Tz,
SegNet & FFIENZH[E - 7 > 7)) v P RFEDFEXZ BD-AI E7I)IVTIE, HBE)
IO LT AR TRy bR EICHIEHEN2DH 555, BD-Al A3k
® DDR (%% 4 83 5535 18 3400 D /8T % — & gD WLTE
FEndP, 2L, 20X REREEONT A —FiEEFERNTR W

24) TNHOMHERISL, Goodfellow fil (2016) 12d %,

25) FETNONRT A= HUTEL T, Tz S,
https://jeremykarnowski. wordpress.com/2015/07/15/alexnet-visualization/, http://mi.eng.cam.ac.uk/
projects/segnet/ X ONHFE TR T 4 7 2 2018 4F 12 A5 [ROBRUI O Ry M7/ —7
S—Z U HM AL FA TOQ% T AT = a3 v CHEE LIEEERE L
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O, Fre mTRIZE o TRHBEERIPESL CHIlPNTwE, 21T, 1470
FEDING A= FHEEDPLEETZE N 6

CNBEFTICERLRED/NT A =S HEICE, BHIIHRBETED L1,
HEEDHMERMRT 7200y 77— % LB O -0 0OBEET V¥
2= ORFFORMHBUIEE B, Lrd, HEOKEIZIE, =a2—arHTo
REMEDBT TR TR\ &, H&ERE T 1% (Steepest Descent Method) %5720 {2
115" (Back-Propagation Algorithm) 72 & O YL BAEETE 7 )V =) X A HFI T &
BADT, ZHZOBEET 2 — 5 THEMAMLEE TORENTE 2,

WIZEZIE, BD-AL LW A/ N—2 3 i, HEALZERETED S5,
Cy 7 7r—% -@mliara—4% - (ZoFEMIE 1960 F£RICHEFEAD) B
BTN T) XLD=IFDHi- 72 BRI > THIO THEAR SN DHRDOT
%o, 72721, Tavanaei Ml (2019), Wu ftfi (2018), Severa (2018) |2 K 4LiX, NM-
Al THIEEBBSMOTETRZVE VI FEZRIRT 272004 / N— 3
YHEBIZEAMENDODOH L,

%8B, BD-Al OGFHTIE, TOL)BINTA=FHEwEEITH) T a2y H
AN (training) & -5, 2 LT, 8 AL, SHLZI -5 TH—
WL L2 L2 EdHmTIE RV, —7, BD-ALIGHOILIYTH 558/
ORI T 1L, — k22— —D PC R A~— b7+ Y HAK (Edge: = v
VEMING) TY, HEEFAEHEOTEN (nference: Hifu & IFIXN2) 5 TE 5
£9 b, ZOkE, BD-AI 1L, iPhone X Galaxy %2 ED A~ — M7 4 » |2
AHND LI, FH IR AL LR AT LA S NTE TS - £
EENDLZENE L > TETWD, EFLOD Tavanaei fil (2019), Wu i
(2018), Severa (2018) &, ¥ FI# L BD-AI TIr\, #EFR7ZIT % NM-AI 12
2 HROWRATETH L7,

26) £ 7y bTF—=F0, ZEBEOMERB TR INLERBHZES Y b7 — 2 (Deep Neural
Network) Z#ECTERINLT Y M Ty M F—F EWHERRYFE—I12% 5 L) IZELEINT
WIY X e TATFTTEMEE HKROBZEEIZL > T 1960 ERFEICHIE SN ESDR
%o #EL 1, Goodfellow il (2016) & Z:HE S 7zvy,

27) bbb A, F— 7 VEIR - HHEEHT Y~ % iPnone O Siri D & ) % BERLFEH A
VELZARSHELEE 707 I 206, HmEKETHIKKRE LTSI ¥y —% vy MEHIT
Google X Apple D —/NIZT7 7 Y AT LBV H D, WINIZE L, ZOk)RKETH
L7200, TADHEAHIC Al M THD) 75 A o (HIF) CTOFH I - Hamd,
HTO BD-AI ICBL T, E0FE72E 5D THhb,
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TlX, ©v 77— % DHITId NM-Al DB &P EL L holz0h b wn
H L, F9HTlER v, FEFE, BD-AL IR THFH TR X 2 UEHEE o

YTAF Yy TERFED NM-AL TH LD, £ OMAERBEEENE=2—1
D LY MELEMII > T2 Z I3 T 2Blrd 5, o—21%, BT
DIARY )/ Fa—)ryTREFENL T2 —YDOH LT Tdhb BD-AI
K%ofwf@,¢§%m ICHERBUE COBNIAEHS L TOLBVORR DI L

IBMHEETHLILIZL b, TOMKTIL, BD-AI ERLICHKOERE L
CXIA~Y /Fa—)rr7Mars¥a—yp0ELr 358k NEEIC
EHT 2L L) EEWICHFETE S,

Bl zZE, MHROHET v EF YR RA I ZE L THR L 72 Google ®
AlphaGo 22 CWAh a2 Ea—% « VAT L %D THL Do AlphaGo DA:
H A% I fE 2 TV b Nature #i3C (Silver 1 (2016)) Tl, & Z TflibnT
WH ARy Fa—) 7 MarsCa—FIZLTTRED L) BEdkdik &
nTwb,

[ AlphaGo DRI TI, 40 OMFEAL v K& 48 il CPU K U 8 1
D GPU % (Fo~w>v) fliol, F/2, A, 40 DREAL v F&
1202 1> CPU KON 176 il GPU THEO T H N A HE i~ > “I23# L
THEIET % AlphaGo DI HIl D F2H L7z, (BEHH

ZL T, BZ5<ZTD“1202 CPUs and 176 GPUs” &\ ARy 7 |ZHeD 7z
b s 2017 48 7 H 27 HO HAEHERFE, [ A OROHEE T4 )L F—
BERT21 7y b —HOTNT 7 EOHEEENE25 77 v beINTE
72o #1172 T A7) EMHLT05D, FEE, 1CPU %4720 O KHEE
H% 145 7 v v 1GPU %72 ) O AIETEN % 300 7 v b () P x
THE, INFEFTWBHIY Mado LEdoT, YAFH2EYNYR

28) Intel Xeon ES-2600 V4 @ fii, https://ark. intel. com/ja/products/91755/Intel-Xeon-Processor-E5-26
97-v4-45M-Cache-2_30-GHz £,

29) Nvidia Tesla P100 Of#, http:/images.nvidia.com/content/tesla/pdf/nvidia-tesla-p100-datasheet.pdf
ZH,

30) [FXL—YaryYAFA (OS) BEHTL2IYEa—% - ¥ A7 ANOREEHEE. 0S O
K5 Thdh— VR TN, AERIER, EHTLIA v FohEnf vy —7x2—A1F
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HDD/SSD 7% EDJiilikds e Eb MRS B & 25 57 v NI 2 3EEfE 72 &
Rds,

F72, ERONKT A ZAFHM Jeopardy THWHN LKA %2 7 A4 XA D8
M b 2 W IE A % % > 72 IBM Watson (&, [i] U BD-AI T PiE: &)
F#IZHEL L 72 AlphaGo & 13K & < B/ 2160 TEHMN A A Z o T
% (Hurwitz (2015), Anderson (2017) %2 &), 1 T% Watson & L=— 7 |2 LT\ 5%
D73, IBM M H B 5 © B K S 5 AL BB AY A A 3A F 4172 DeepQA : “a
fiff

Egl_l(\

massively parallel hypothesis generation and evaluation task” CGBIEFIRELIZIL -
i) V7 h 27 THLY,

72721, Watson DIEEEN, I FE/od T v, FEBE IBM Research D&
FHZ L AUX, Jeopardy THEH & 4172 2011 4F24EF D Watson D H#%IE, 90 B2
57 % IBM Power 750 " — NEHTH ), 16 7 7 /¥4 I @ DRAM (Dynamic
Random Access Memory), 4 7 /N4 DT 1 A 7, 2830 @ Power 7 2 7
(Power-CPU 360 H#H24), 80 77 71 v 7 A (1 Bz 80 K DEHFTHE) % 3%
A= THDLEREINTVENLTH S, [AEFRHT Watson D 4D
EHENEIIR DT 5N 0> 727%, Forbes DFLHTIZ 20 T v & ENT
WAHDT, EFLD AlphaGo & IFIZFE U TH D,

7, Hiak L7z IBM @ TrueNorth, Intel @ Loihi, /4 7 VX)L 7 KD
BrainScaleS, ¥ ~ F = A ¥ — K% ® SpinNNaker, A ¥ ~ 7 + — N RKFED
NeuroGrid, “X > 7 % — 4% BrainChip Holdings BrainChip & \» o 72 72
NM-AI OENHEEEIL, HEEREICHL 0D, wihd /3 Y / Fa—
Dy TEOAECED 171000 1ZEI2% 5TV, ZOftiid, NM-AL O H
ErE_a—uriZhbEicl), THu EBEELH L) TS L, E51
1-2HF T35 T < % (i 2017) % &) o B 21X, EEC D BrainScaleS X NeuroGrid

e EAEEIAE NS ] (https://kotobank.jp/word/system%20memory-1689353)

31) NM-AI OMF 2 F7E5 & LT\ Anderson (2017) 1%, Watson % AlphaGo & 13K & <
F7: % Brain-like b D72E LTRD & ) BRBIRKENI AL P2 LTWh, [TV DOV T
M7, BEL oY 7 M 2T, BEREMI T8y b, BWHIEE, EE
IR e iR s, A, EdEs - MBHEE, £ L CHEEED (Know-How 1J7%)
OIS GEIERHEE 2 EUEORM S N B %) BV E oG L L XL 0,
PEDLNTV S, D Al ZFEOT 5 5B ITIZ, I ZADEDLLREE L2V, i
DEN BTV 2—=FPSERPITERND DD, FEZFLSIZMWTWS, | (EEER,
O PIxgEE-Bm)
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Tk, 7TuZEBPLZHIN TV, ETIE, ZO7F8 7EANDRAD
IBM @ & 9 % K%, Mythic (https://www.mythic-ai.com/), Syntiant (http:/www.
syntiant.com) 72 EDN Y F ¥ —RFEIZ L o THREIWIATONTE TV 5,

LA, ANEORKIE, 20 7y FPREIRTEIWTWA EEbN LD, —KH)
EMEORMTIX, BT E¥a—% LX) b 1007 FREVMKHEEENI®LZ
% &\ 9 (Rhine (2018))e Z DI L TIE, 7 7V #AEF LD WS Kwabena
Boahen@Stanford K235\ % 50 NeuroGrid WZERI % 77V — 7 (Benjiamin i
(2014)) OFRHET 2 TRLOFED & T BFIRE WV,

[(N=vFnarta—riE, 7 ABEOKRMET IV (= 250 O =
2a-8Y) ¥ Iab—bMFT2HIZ, 4765 (4007 Fx10 3T b
bOKELBNEZLELT DI DET, EBEOYTZAOMEID 9
THE v, (FN@) Human Brain 70 Y =7 b T— )V Th 5 AEHED
KIET I (=200 BHEO=2—1>) 2 I 2b— T HEI2IE 7Y
A —)b (L FRIZ 100 35 G= 1 J7J8) BOBEFERES)) OA—/S—a
— & & (Zhx@HhT7200) 40 T3 ILEs 2 EDHERE (= 587
v R LB L ETFRENTVWS, ZD720, Kz 2—0>
ETIWVOBEL, ZEAEFHTE TR (FEER)

TiE, 7+ BD-Al TIZIHBEE IR NM-AL IZ TR I E WD 725
M2 ENUL, BD-Al A HZTWAE /AR Y/ Fa—)ryr#Mara—%
2, BlmehizT v A<y - RMVARy 7 (VNBYAVKE AL HIE72
Mo TWVENPLTHL, £72, EFE®D Boahen 52 T NTW5DH LI I,
VNB 25137 BD-Al Tld, Ak L7z AR OB 7 = 2 — 1 V12K
ERER AT

BATOayEa—%Tlk, V7 b2 277075028 T4
(Instruction) * 77— & A A E Y 25 70t v IO T (= fetch) i 5 AL
HFEITSIN, TOMRIFHEATVIRIND L W) T — VD RD 72 #
DRSS (Stokes (2010)e L0, FEIT SN LA DOED—DIIHRO TH

32) https://www.techspot.com/news/77687-ibm-announces-8-bit-analog-chip-projected-phase.html
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FMZebD%RDOT, TutyFOEER T TS T AOBHMMESETIIHETIZL,
Ty A ORI D IZHEMT 5. £ LT, mHELET O
L7 uty FOBEREICIRT, BITOEME 2 E) OB ERE XM 2
RN S e LT b N\, ZOFER, S#a2 70ty Thiudd 13
E VNB 2NRZNC 2 ), HEENIORE S 7aty ¥ - A1) HOR ) HY
B SN TLE D (UhiZ, Hennessy il (2016) M),

)5, NM-Al # X2 AFEZ 2 —1 V2 & ) TR O IERIAL ER
FOANL=a—0ovik, 7aotyHexE) OG- FERAT—-X77F v %
HiRE LTWwADT, 320 VNBAEEL RV, ZOHMZ, BARM
(2003) X, RO X HIZHIHL TV 5,

[(TH v AR VEFY I - 22— TIEAE)D 1 FHoW
BhOLTULALFEEFEITT S, 0T, TITOXEY OFENLT—
Y (Tursgadbr—sERAMEING) O—BENTHY, TutyaT]

T B HDOMPWEETH L, ZHIHL, WEAE)XR—Z - T—FF
7Fx (AE)FEEER) THDHo Wil WMAIERLT VT XL %

TR ORI 2 DB 72 S D2 b LTHBIZ L - THEELLFLET 5
DT, WOTNVITY) XLnGE—FEONVy 77y 7 - F—7)v GHELE%E
IO B FILECE X 4 2 THRALE F 5 720108 & 7B mEs™) 128 2 5
72AE)ELTCHAET D, LEZDLIENTE D, MNOANHHRIZ, =
DNV T Ty T - F—=ThbEDER % & 12T hOREK Mﬁkbf%
WHEND, MAEZETI&ET (WhT2) &, BI&Z LG0T VY
A0, WIIKEEFEEICL > T, HEIWIZEXZ DS | GRAM (2003),
230 H, O PHxgEE-am)

B, —a—nrvidsatyd b XE) O/E - FERMEEH IS LMY
WCHEMEZR LD IR H5NAA, FHEMICIE, HUEEELEMfTDRL TV LR
ETHAH Rolls (2017) & 1) BEARKRIIZIX, & FORATIE, HADOD—2—O
=2 =0 YEIZHEAND» S5 o0 ) L ICEIE S 28 LWRIlE - A X2 b

33) https://it-words.jp/w/E383ABE38383E382AFE382A2E38383E38397E38386E383BCE38396E383
AB.html
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B, Za—arOEO—DOHREZRLET L 1 Hae&rIIB2 2 EKRITNY
MV (%60 SDR) DL TRAIZHAAETN T GEHEHA S TN L), L
b, ZOEXKIC SDR TlE, 5D Winner-Take-All BIDFA A% 12 & - T,
WADIFEAEDEN 012> Twh, DF ), HORMRITRBSTHER (7
WIE SDR) & 725 TV A,

S5, H7IZHFE L2ERIC SDR & L TR SN L HEMRI LB S ND
WAL E) P, BRICAEADS IOV Yy 7T v T - T7—=TNVIZEZLNTWDS
% { OFEIRTC SDR & DR M VAR E 2 FETT 2 THI S S, 2L T,
EONEEAITE AL 0 THIUXIFIZR—, ZNHKRE LML L ST
EHIWTE NS, Lad, 20X REDME - FrardEhmds, ke h=a—1r
BATEIICFET SN, LT, HiakboThhddsiay, wE zE
DV I T 9T F=T VSN LB NS 26 s x7 PV
BLid, BEREETES LAY MVOR LS R EZ#HT &b TEFT 5
BIETH DY,

34) IEREICIE, HBENOHCHRREEM CRBNICEDLS > TWwD CA3 L) FcEZ LN T
Wh, F7z, #EL XDIEIE, WEE D EALZAIBMBEEREY AT AICRES NS &
IS, KEFEE (FOBHCHBNZREHLRE, 6 BroR 20 HETOHE 2L 3
J&) OEFTE A>T\ b, LI EIE, Kandel fil (2013), Rolls (2016) % &,

35) VLEo &9 %@k IE SDR Ok FotkE» 6, FHIE - A <Y MG L7 SDR [H+ %
RLHbENE, TNOORMOBERDD HHEGLERTE 5. HIZIX, FL - A X2 b
15 A, B, C x5 d % SDRA, SDRB, SDRC # L HbHETTE&/2 SDRH I, =&
ZEQEGDEHBHIET 5 SDR (2% 5. HF (2008) % (2016) (12L& % &, A DL >
T T F=7NTIE, BHEHOLOI, Z0Xd aEREDYE (T HH/%HESS
BRI 2 DR - S s D, Z LT, Fohfilil - A XV MDFE L T E=2—1
VHEORERT PUVDBTEREND &, TOFBNY — v L LR OEMRTAM S R E A S
& — 2 OFEP: - FratEEstTbn s, FAHICE, LR X9 RIEHREMRITHO T
L3 & FETINDLHEUME - FAEHENcRESREZ ) TH LY, F0 L) 2iRELE B
LU0 7 T4 )V F — iR e A A D BRI D o> T B (HF (2008) % (2016)) 0 EAk
BZIE, JEDFEIRIE SDR N7 MV ORI T IUEEWIEE, BERADEINY — V2N
LTWBEAD/NY — Y HFHENIZIZIZER L TL 52 L1255 (Kanerva (1988)). 212,
O L) HERENHIUE, T OEIKRIC SDR & M S W72 BEFOEIRIC SDR & DY
BeBiUL, BERAEDENLEL DY = OHmOWGE > 72835 — Y DA DI8F — 0 - Ry
MVEDBONTEEASY T L b, ZORE, LM S N8y — & IR L7233 A
T2 5 OT, FUME - Fra vl mEETTE S (HF (2008) *° (2016)) . HALIE
ALV TRV F—FIRNEIOMMAE LA L0759 2

36) PLLEid, Rolls (2007)o
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T/, AEERT AT HERERE N0 % BRI T2 TR % #%
LTI O = 2 — 1 Y REICHEFE L 72REC &3 & TRIIRIE SDR
fLENTn200, BN=a -0 yFEEHTIZED X9 % EIKIC SDR 25 1T
DFFETR VI SNTHRED LS - TR L TUTK DR, FLIZOWTIE,
MAVED7-0, BLERE Tl T 1I2HR_EIIL T 72\ (Olshausen (2004) 7 &1 5
o ¥RIZ, Y FT =2 DA v N7 — 7 (networks of networks), %D F 72 4% v
NI =2l Vo 2R THEEORL - 4 XY FDPE (b T8I TFHR->T
CEmdE) 2T AL A, K O (binding problems) & I3,
neuroscience FJIZ b FATEERMI 2T T L EBADHEA TV 2 W\ &9 (Anderson
(2017), Rolls 2017))s 7B, %< O NM-AL 2%, oMM - Fr 40T Wik
WA T, BEOEIEDH LN, EiLo L ) REONITOMEMA D HAATNT
V2% (Eliasmith (2013), Rinkus fifl (2016) 7 & 2HI7R) o

DBl i o 7225, BATO NM-AL 12 & > TEHEEEIEEIKT
2539 —2DOKE %A, TrueNorth % & NM-AI DA, Hl#E - 4 N
Y INDFNE LG AT v THERE) S 5 (Event-Driven /£ X b EREHEL)
ThbIl, TOLOIHEEREBPERPMERE ZoT0WbHIE, ®2D
Thb, b MaECEMBITIERIITE TV, BELZRO /A~ /F
2=y rMary¥a—4%i%, BI2eTHOmPRgE oF ), REEERICE—
Dy a7 wfTEESELETEREIEE 7T Y 7 B ORI % IS o[ % v
TWb, ZOEH) BT ENS, FMEIEKOEEETIL, #EOBERI TIX
FERI M B2 T BR IR & W)

37) KH (2017) (2 X 1uE, ZoMAREK 52 %, von Neumann (1945) 7%, McClulloch and Pitts
(1943) 12 ¥ b %15 C EDVAC ISHARAFZEER AN ZALIZL W) o TOBD DT
HEEEDT, brobR{ o THLIRZWVA, KH 2017) 25 DRD & 9 251 H % #2R
LTBEV, [—20=2—0 I8 4miifEE (MEHEA) &, BEo=a—a s
FILCTEAKTAEILICE s THALENIAM LY F TAANII L > TITbNL S, it
HEEZ#HZ 22—, Mo =2 —o » LEEIICEK L QRO LB L 72
TFTARNNIDEEN L, ZORMEKOHEHOKIIE, T XTO=Z2—-arDATICE
WCYF T ARIERERA—ETH S E V) BEIKRFEL Tnd, TOMEICER LT, B
DAY a—y OMEHERELIEY, ~hay s - t//®$@%ﬁ EDIDNT + -
ARV THb, 7+ - A0, AEEFEF =2 -0 I, ZFHOZM VAR
FOfGER VST T AEEE AR LT, ARy T - E//_Wof,nwxhﬁﬂﬁLhW
B~ Azt — ¥ —T—EICHHENT, THIZE>THERT A >0y MESHEBIL
L, i mshEREINT, CORYPNERDITTT, XE)LOHAAINTHHFIZL-T
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AT, BT NM-AT BRICD, S 6% 2 HEE LA EZRT 572001
FEAEINDODOH Do Bl 2L, TrueNorth % & 72Fik D% < O NM-AL O
Za—uriliE, mEEPHEHBEED EREmMEAILIZK X 2% SRAM (Static
Random Access Memory) 23MEH LT 5, SRAM IZTBERNPEIE SN v E X))
YA TLE ) HEFENE X 1) (volatile memory) T 5 %%, AEFEMET SRAM (2
WEd 2 EZFE ) REEFED & D/NS % ReRAM (HIEILILT ¥ 547 7 &
AAEY) R MRAM (RESIITAEY)) R EDPEHTE L EH1X b L, HE
ENELSHICTIFLIEHTELY,

2-3 NM-AI ZHLAZHDE S5 —D2DKR Lty 7« KERGEB X EY 7L 0
9 A

NM-AI @ BD-AI I2%F 3 % HE#lElE, Aifics X L7z & )1, v oy
BEDIELZTICRE S v, BROKEEICLHEOFEL] - RHIZ b7z % KRG
FEOMABRBLRGE, FNHEEHLZE b - LARNVIGEDEBATHITA1ZE
DA )V RAERICLER > T, LT, D Tavanaei fill (2019)
7 EIRIE STV B IR OIFRIARER I RO Wiy 77— F L &
WA I R=a YOERTIUE, e hEIBZLA TV REED
NM-AT ERLDRERDSHE TR o> TL A &) iz fanTL T ),

FRE, AIEIT O, BD-AL IZHANTH - &30 8 2 BHIRISE 2 o 58 KAl
D NM-Al THNIL, BHWIETARE R &2 X 5T BD-AI 214212 LH %
ATz A MARD DU FEEICOWTE R L7z, FE, b bEoi
WORFERENI DL 22 LAV TEGTEIUL, F=a—02id, SEEICH)
ET LR - ANV MEROME = 2 — 0 U ~NORERFEZ T TIE R,
B - BT O A &3 R - KIBH 2 50RERE L8 7o 2 B2 L 7%
BHOFEHE (2 55%8) BELTHMAAL LD TELWHEENEE S, 3B

WMBNE %2 53 I S5 2 EPTRLBRLE Y 27 A3 hbbaryEa— ¥ PEB SN,
38) http://nice.sandia.gov/documents/2015/Marinella_150225%20Nice%202015%20HAANA%20Final.
pdf < https://www.tohoku.ac.jp/japanese/2016/12/press20161214-03.html 7 &% B, A2
Samsung &, 2019 EFIFIZF ALy PEIROER ZFFD MRAM QT G L T2,
https: //www. mram-info. com/samsung-starts-shipping-28nm-embedded-mram-memory? utm_source=
feedburner&utm_medium = email&utm_campaign = Feed%3A+mram-info+%28MRAM-Info%3 A+
MRAM +tech+news+and+resources%29
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A, ZORIZIE, FEORAAM 2003) ICER SN TV LR EIHHVy o
Ty T T TIWPETH D,

512, NM-AL IZ ERLOEZ R eitlElkie & 2 ¥ FEBR M AAD D X9
Wi, VTNVE A LATEALT ZERRVY 7Ty T T VR -
AR L %2 255, FAARAD (2003) O“HIIRIFAE " BFITTEL L) b, ZL
T, ZOEHIRIEDNTELLHICHIE, NM-ATLIZE ST, UTIVI A A
TOEERZED - ¥ 3y FEE (RERFBI~OEFEFE ¢ Zero-shot Learning) X°
7o vay NEE URF Y TIVEEE  One-shot Learning) SED S D &% %,

ETAHD, B LAMIIED EH A TIT < NM-AT FZRALICIE, 29 1
BAHIS 2\ ) —DDR Mty 79 ERE LTHET 5. ERLEZHE KR
XAV ARy 7 EIL FUSNVEGOHEWETH 2BATOREERTT 5L A
EBVHINTH L, L) DIE, ] - /RFro A% 55 EY - KR %z atEbk
REEMAAATZER GV 7T v 7 - T—=TVEED LIF5Z &1k, BEfFEOF
BRAEY TIRETOE LS TH L, TLTC, TOKRMVEAY 7 HRIE S
NZEWEY, v MCHET A oY - gy V¥EEHRT Y - gy MY
DERLZRE, NM-ALIZE > THEDFHELRDOTH b,

B, TOL) MBS LZECHLERRNVY 7T YT - T =T IVOMIAZ X
STE M LAWIZEDSEHMZTITS NM-AL 2FEH L L) &35 7 7u—F
&, BHEXEY £ v b T — 2 (Associative Memory Network) & 7= R 7T 51 54 7
(hyperdimensional computing), N7 b Vil 3k AKi%ElEH (Vector Symbolic Architecture)
ZRELIFENTBY, NM-AI LIFRLZ 2P EINTVRDE T — A5 %0, f
1, Boden (2016) TlE, [ZO—iRlE, HS% AIWZEE & LT R VDT,
BN ATWIZE TV — T 72 ] LR EN T, 72720, #EXE) v b7
— 7 @ BD-AT [ZHE L 72 EBPEICBI L ClE, 2ol boBEZEE2S,
TR 2 B OREHER R T 5 Kandel fill (2013) TECTLREL LM EN
T\,

F 72, Intel Lab O T F URL TlX, 2D & 9 A& IKRIC SDR % HRLEK N2
bV & L Tk J7 i E (Hyperdimentional Computing) %, NM-AI & X4l L C
Probabilistic Computing (fFE3 > Ya—7+1 7)) LIFATWA L) TH A, 72
721, NM-Al OFREL, RERNLET I/ VETE R CBR ST 751
THIZHAHETHE, FTOTEEHENETIE, 4V TIVOEKRTO NM-AI &
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<2V o — T4/7k#EALTw<®tkmbﬂ% iz CEz2IX, Hi
EHEEE - A BB, WAL T 205 TH 5D,

https://www.intel.com/content/www/us/en/research/neuromorphic-computing.html

https://www.intel.co.jp/content/www/jp/ja/research/neuromorphic-computing.html

BTV NV AEYHAT EORE LA PV A v 7 OfFEE BT 51203
BT/ A<,/ Fa— )y FZHMa s Ea—7 128175 AT O/ % HEE
THIEPEELZEEDNL, CoOfOarYa—4i%, BEEL &TEE
NH7RKLA (FH#) 207 FLACRESNL TS a7y (WH)
M BE L 727 —F T 7 F Y IO W TEREDH#EE TR ITCELNSTH S,
COEEVLBRLTAED

WPy DI A<y /Fa—) v rMarYa—5OR4a, ®KT2
DY8FE Yy b =256 Ky MpDY AT L AT HMEWZ BHAS, 2D 256 ¥
v MR D20 DT FUANED LN TS, HlzIX, TV77Xy D
BRalll 3 HEED F127 LW BEE D B TH R TwT, gy Ea—¥%
BTEZDad content (L7255, +127) 37075 LETEVLEIZR -7
ELEIe ZOYE, a2 —FDORL Vy EIFENLEREICaD T FL
A (HEEOF) PERENDL L, R2TICHIET A (H) F5HY) 8 ¥y NEH
(O1111111) 2SO SN b, 2L C, HiTOary¥a -y TlE, L0k )h#E
MEBUERIE TH o TH, ®ERMIIE 1 kco “H#EERE SN B+ o
HEIRET %o

COEIIT LR FH) Larrry (AE) oS TwsBEHIX
Hitoarv¥a—%7Ti, o7+ - 7 4<2 - KAty 7 (VNB) O
Tz E 912, 7Oty HERE) EDFFEHINTWD I LIZELSED-T
Wk, ZLTC, Furs g AEFEINGY - T R FETTABEICE, 1 KT

WEEEZETTLHRY), TRVAZBELTCARVHS OG5 - 7
—&km737777%7ﬂk7%:WUﬁTﬁﬁwﬁﬁ%&CEHXFTﬁ
Y BV, MHMLIC L > Tay o — 7 OFEEESZHICHE AT 2R TIE,
FIZZDEEEDsEE 5o

75, eyt AEVEE - FEHEOXE)XN=R - T—FF7 7 F v %
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HEARES D NM-AL T, SBOMAEDPHR T NZERORMREY AT 4 L1
BRI EIICEHD F 9. BEARMIZIE, B3 LR - fI#IERIE, &Sk
SDR EXOMBEEHRITI > 7Y =T FL AL LTEE - B EAOL Y 7T
v T T TIVICHIR SN, BRELEINCLE O - Sty &
Nb, LT, EOMESETIRBEED, Fratrsmsrndta - v ay
NEERPT V- v ay V“WM’EEJJL&A&%O

ETAD, UM - AR OBIZT LA ay T oy EApEES T
WEHRONY 7T T - T=T Ve fMioTWTIE, 1RO 2 #EFEEEFAT
AT TEDBEKRIZ DT, BHLIRHPI2roTLE ). B2, il
fili 1172 X > F ¥ — 423 BrainChip Holdings @ BrainChip (X, EZDOML 7N XD,
BAEME—DOFERLL STV S NM-AL THL25, ZOF v FTITHAT PC 12 fib
5T\ 5 PCl-Express A0 v MIHILCHHEMN%, L74> T, BrainChip
I CTIFbNTWD DL, FE= 22— |ZJE\v STDP HREZ fif 2 7238 KB A
Toa—ury&ffio/z%8 - Y720 Thob, T LT, ZOL)RFE - Ik
4 1 PCI-Express /N A %38 UC PC W@ HDD X SSD “EIZ#H 2 b, A7
HEFHEIIEH 35 (Vab Der Made fifl 2017)) o F 72, Intel ® NM-AI TH 5
Je D Loihi &, LEFLo5E - INHE 57210 25[F F v 7 N @ Neuromorphic
Processor TAThH AL, HEFwIEF—F v 7RI A AT L /-FLD PC F X86 7
Oty t— - a7 TiThi S (Davies 1l (2018)) 6

L7235 C, W NM-ATL 3RS, Vv o7y 7 - 7—7 )V iEEEIX, 7 FL
ALaryF Yy EPRHEENTVLIHRD T+ v /A< /Fa—1) IO

VL= FITIKFELTWAE, FD720, %128 L 72 Kwabena Boahen
@Stanford KFZ IV —7 D [/X—VFarCa—rid, <7 ZAHEOKRE
TN (=250 HfD=—a—u>) 23 32— bTAHEIZ, 4 5 (400 7 v +x)
10379 1) bORELBEBNELELTZIZOh0bET, EEOYTZAD
kDb 9FEEN] EhoTLEI LW RFIL, THIl@Rkantns
DT Tl v,

NM-AI O FERERE % SMICEIT 5720 BEI R 0%, T RLAE TV
5 > AS[El— D 3HAH X £ 1) (CAM: Content Addressable Memory)™ T %o CAM O

39) SCHKIZ X - Tid, #AHXEY (AM : Associative Memory) & CAM & % XFIL T\ 2%, Bz
¥, Rusch ZOfh (2018) TiE, FIETIET FL R &IV F VY O —ERANEE T 5,
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B, AT UUBT FLAZDL DI > TWADT, BE - RIS
&L TOREIKIT SDR IZHE L 72 BRBGEICICHIS Lwa sy Ty zlby 77y
T T =TS EHRIEAE D, Ld, NENISEVRLER LG
ORI BT ATECRLE L CTBITIE, AEY 77 AN S HIZEHIC
he ZOX) BEUEREOREMECZ, HEFTFOMM - /9T %FEDS
HRTEECREL TV 7Od, —2HoTHEMbE V) L) LFEANED
S EDLELEENEIRETCEZLHEHTH H D (Brogliato (2014)),

Mz <, BMEREOEEEERZIGEHTE S cAM i, BiTo/ A~ > /5
2—=1) Y 7RI a2 — 5 TIEERT & 2 WiltFE SN (graceful degradation) & \»
IBDTHARIF#E QA A2 LN TE L, FlZIE BITOAY—F 7+~
RPCHREDAVEL—FDOFRTIX, TV7 77Xy FO/NLFH ¢ lE, o
01100011 £ RBLENTWE, ZDLE, %AHDH 3H HOEEL S DR
K (BIZET7TNT 7% EOFHM TO2H 1 IR TEboTLESEL
9. 935 L, 01100111 &%), Fo/ Bho/F (g) 12> T
LEI)e ZLC, FMETOEZADOHT—HEHITHIDOL) RV PRETLE
dE, BRERIIEF S ZLCERPES 2o TLE ) THITH LT, ED
CAM i B D NM-Al TlE, PWEFITOMY TH1UL, iz % &EKRIT SDR
DRITCB EPNTEDZIEE, PURERELEPITONTVLEITTZOT,
WG RANDLENEARTE L L9124 5,

COEIIZRVETZESITO CAM TH 575, BUROFERT D 5 )0 2 €)%
MTCAM ZFEHL L) &dpL, BELETHLEMIZZY, HWEED LR

BECTHEHMENREE—HLAELOZEHEL TwD, 72720, AFHTIE, Kanerva (1988) %
(2014) |ZfEVy, CAM & AM & —72& RZd. FEBEICH, 0 - 1 OfBNIINZ <&
w ML A HEBE (Don't Care (K M7 7) LIFENA) % FED TCAM (Ternary CAM) 25—
BILLCTETWDEDT, av5Fry - 7 FLVAE LTEEHM) »h—88% il 5 2 133 fE
Thbo NM-Al A% &7z CAM OHIRIZEI T 5 WG 2 — XA 1, Karam il (2015) %
ZM L7z %8B, Karam 12 LU, ZOGRICHER N O CAM O KA =L 100 2 ¥y
F=12.5 AHNA P EHHEEINTEBY, 752 2 XE )X DRAM 2R D LRI 74
Vi, 72721, AT TIX, HAZED Axonerve (https://axonerve.jp/) D & 9 % KEi= - #7587 o+
=T VA EMEDON—F 7 27 TCAM 735 L CETwb, BEELEORFEERKE
@UPIRKRFICEBE, V72T CAM & MU E EES 1ms (T4 0—8) DL
TOTrvay b I—==VITPUERICR L LV, T OHMIE, NM-AI/BD-AI O 528
—EER LR Z DO TVDLDOTIREWVES )
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DRELZHS>TLE)e CAMBEN Y 7T v T - T—=TIVIZHKEMEN TS X
B LFE LKA - WIBERE OO, $RTOREKFAAE) &
OALH RIS VBN e B DT, A& L CHHMIC L D25 TH D,
L7z T, AB)HFEZ72RT IIHESLHE 2w (BLEiE, Sharma (2003) 2#),
Z07H, BIKRTIE, CAM iE, K7ZEHE CPUOF v v 22 E)Y L
Wy bT—0 = = DT —FHINFETLIEAATN TV
l1341)0

Wb 53, B bl T RAWDA T Y oy AR DS NM-AL
FERLD 720121, P Ed 1 HRITE B2 DB 7% 55138 (SDR) THR &
NDH7 FLAZM%ZEKIC CAM TEHT L2 L2l A 20D DH 5 (Kanerva
Q014)) ZOZ ki, EbOET Iy FHlZa -0 OHE, Foa—1ry
720 5 T-2 FEOBIRERE 4 HEOY FTAPNBEL TWAHEZ &0 b3
WTX2, bAAII, TOK=2—0rU7-)D>F T A, BETIE2H
B, <~ ATIZ 8T, IvNFT1THES .

D &) ZERIC SDR & CAM THhH) & &b &, #IDVTDH LN IZEW
B EDBEIZALETCATLE ) FHEE, 1 EY b1 HRITIELELTY,
21000y |k k) R 7 KL AZERNTERIE SDR O bV FE
MPEAERL 2T NE RO 0w, ZOLH) T EiE, ETHFEBHTEXZEID
2o HHE, HIFED iPhone - iPad 7 & OEH 64 € vk OS (0S) TT 5 b,
Yy b (16 274 F=1600 57754 k) TTOY AT L AEY Lok
AV, Lad, BITOFERMWRASY— N7+ Y TOY AT LAAE) ORI,

40) [CPU & XA Y AE) —DTF—F DR YY) % &3 b$ 572912, CPU AFIZERE S L7z
A€ ] (https://kotobank jp/word/ ¥ v v ¥ 2 AE1)-2703)

41) TD k9 7% CAM O L SIZB LT, A% (2003)%° Anderson (2017) &, KDL HIZEK
LTWwh, [ila > ¥a—& OfEHREICBWTIE, SERRALERTT g8 20 A TR 0 45
GBI OOEELERTH D, Bz, HE/ Y — O L~V TORRENE T,
1000 HARE OGBSI LETH Y, KEFHEE TOMRE /Ny — VR TIE, #10 &1 5
100 EREOHBEBPLETHS ) LELNL, E-C, Bilar¥a— o THEFEHICIE,
THEHOA A=Vt FOBEHEHROTHEET T MEDO AR ST, V1) a v B8R0
FIBISEZ L) S EPLETH L BETIE, ko 70t v 2RI P8R4l & 312,
T Y Ea— 8 QLI X EY) FARRPE AN ORBIAERSLEE SN D] (A
(2003)), [(NM-AT EBUZ L 5 T) mOFMICEE L WHIEIZAE) TH B, BT I /81 b
DAFYPLIEIZRLIETEL, COBDOAEY & (CREL) 7L ZTHRET 20135
JESEV ] (Anderson (2017), £EEFR, # v IPNXEE B
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BTN A~8 FTNAL M TH b,

L72ho T, NM-AL %, 7% ed, BUTONREERTT ¥ v 2 € Y) Hifli %
LT 5MY, E NEARAEZADRIYNFHADAS V7)) V2V A& R,
100 %> TOEBITEZI 22 w?, b b, 207y MK TEELT
Wi FORHNTED &9 AT CAM BOMEMAPER SN TWED
72 EIREWIINTH 545, BURIZIZE A EREDONR WIRID L ) TH 5
(Natarajan (2018))s &3 % &, o7&k, ERIC SDR 2% H L Twa L b
EEUAEMEORTIE, B - SratEfl e 2 ETT IS, Lok R
HAL A TEIRTE SDR % B L 7250 O ONH L - 3 & ASRMLBE S BRI 24T 72
bITVDLDIEASL ) ?

CCTEWLT L2208 N%BBATT V7 VEINIKGER O T 4 77 75,
Kanerva (1988) @ Sparse Distributed Memory (SDM) & \» 9 /Mix7» 5 & >~ b %45
72auy 7 AOHBRRETH D, bbHA, IUNTFO2AYEY NIE)
ZRIET, 2"y b CAM TY, FOFETIEIV 7 by 2 7 HICT HHEE
DL Ve &2 AN, BIZIEED, 100 4ERZMIZET & 3.154x10° = 2%
BThrhns, NEOEBRIGEE 27 HkFE2 & TRET IR, 2208y
FMEETL L E S, Z LT, Kanerva (1988) 2 HTADIE, ZDHTH 5,
2F ), NM-Al TD CAM A E VT IE, 2100 oy |2 2100 vy Loy
KAEY) ZE X FAICHEET 2LEN DD L LT, FERITELAT (Storage)
ELCfEbILA DX, A4 100 £/ TYH, FaToEzE 2 € ZHNOER
TELEIEDLTLREIEE 2\, EWVWHIFHFETH D,

512, BRI SDR O & D =DM 2 IER A 2§ 2 &) iERAER L
LCOH T EDATEIUE, FHRIICAERIZZSN/ SDR T—F DIT & A LD,
PIEOR D IZHEET 5139 TH 5™ IEHGA TIEPEOMM 30 (=1

42) ¥bAHA, TFIFUTRAE)EM) L) B L H D, 2720, TOKICIE, T -5k
LOWHRP LT —FTIEHIER EAUHEIC R Z DT, 000 XE) FFEMOEIR, 2EY
EE DR - KX S - BB A EXBBEIC A 2, 72770, ZOBAETH, W5+ 5 NM-
AL, TV8N - 7Hu R8Ty TR b, ERLORMAICE L TIE, Demler
(2018) R FFLM IBM X° Mythic ® URL % & S 172\,
https://www.techspot.com/news/77687-ibm-announces-8-bit-analog-chip-projected-phase.html,
https://www.mythic-ai.com/technology/

43) Kanerva (1988) 1%, HEMRWEIIIEDNT, ZO L) RIRWHS KX 5 2 & 2 HFMIFEH
LT\W5h, 73, Maren il (1990) 12 XL, T X9 HEAMEICHE T 5 B2 0EEHIL, %
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W) P2 99. 7% DEDRA>TLE I NS TH b,

954 &, Kanerva DFTRIZHEZIE, 1 T Y FOFEIKRIC SDR TEH I
LR - A XY MEHRE 1000 B, H 5\ 100 fEiE = FEEICRET 55
i THHELTH, %4 175 x1000 HE¥ v b= 1251& 5000 J7/34 &
=125 FHNA F (=2%), 1 T x100fEE Y b =1.25 7731 b (=2%) £
DOHEFHEM T4 & % %o ITD Windows 10-PC TIHEHAL NVTH 2 75
INA MO SSD BT TAFURETH 55, DL N)V7ZE, BEIRIE SDR
? 100 EESTTHD )@ I TELDTH %,

ZDEHIZ, BRI CAM EF D72\ ZHANIIKLFEW 72 2 E 1) 2/ 250
L LChH, FREZOMENR AT BRI EZMEHT 57200 Tt FEE,
Kanerva (1988) (12 £ #LiE, 2! @ EKIT SDR %)) 72012 K7 X £ 1) Z2[H]
DHEAICLEZ 72 LTH, FHEMISIE, BUTOPEEEM TR Fvaf
BE 2P0 20 2 ) B S ZFRICHAETETVRIER Y, 2L T,
Kanerva (1988) |X, T D2 & % BAMNZFEAT % L 3k, ZoEMALHEL R
LT b,

& 512, Numenta (2017) X Brogliato (2014) &, BfTO a2 —% L2
INTF AR A D 1000 KITR 2000 RITD 5 IKTE CAM % Kanerva it SDM & L T
VI E c TRICERL TS, TiE, BISEMO NM-AL N— F¥ = 712
BILTIE, E972590? 2oRICELTIE, MIMNEDOT7 %L TE
WA, HAR Dl S (https://www.nagase.co.jp/) Y HALFISE - BGE L TWw 5%
Axonerve 73 1, 32 ¥y b5 1152 ¥y P EF TORSIOMEF -2 HE L
ENTWVD, Ld, 2oL @B XEY) 2o 2% D, FPGA (field-
programmable gate array)'” & IHIZ N 5N — K7 = 7 RIZFEE SN/ ASIC &7 T

PLETD 1960 FER DS, B OEFIRE— K7V — T2 X o TR LZEIT S
nNTwicbw), 72721, ZORFN LRI 2B TE AT TFOEMENZ L o7zt
SINT5, IEH, /MEIZIE, BFEHRIBIELEAEL 7+ 0 —TELh o7,

44) X b BARKIZIX, Hash B3k (https://ja.wikipedia.org/wiki/ /N v ¥ 2 B%) LIFIEIL5E Y 7 b
Y x 7 CEBRINEBERFBEESHVLN TS, HEKRFORFEREEICLE, 2
ORD/Ny ¥ 2 BEUL, Google R EDMRBRI Y I VIZHEHENTWE E W), F72, ¥
T TR EERE) 2o THEBIZE Y A A %1T> T\ % Saffron Technology (https:
//en.wikipedia.org/wiki/Saffron_Technology, Intel 25 2015 fEIZEIN) O L) L&t dbH b, &
LT, Aok v id, ROFEFE 1000 #HTHEFH ST L & Twa,

45) BEZICH EEEREZ Y 7 Py 2 7 CTHAECHRIETE 5 EMHNE, KFNV S5-I
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INA D SSD %o THiLdD TEMHICEIT SN TWwWDHE w9, LT, b L
MEXF—OEy Mix b ) —HiELE2E$2L, BELRYO - a3y MEH
RTy - vay MEEPTEDLILZERT L2DT, LOHENOFEITED
MM VOTIE RS ) 2

7 B, Merolla 1l 2014) 12 L LiE, IBM @ NM-Al F v 7 : TrueNorth D ¥;
&, —DO0OF v THIZIE, 4096 i Neurosynaptic Core & IIILE b DHE F
NTwb, BARWIZIE, ®NDNEMTHL D Core 12 256 iD= 2—11 >,
256 fH W & 256 HOBHIKZER, Z L CENHDKLIZTF T AHS 256 1
HBEL TH Y, Core 24Xk Tld 256x256 il (6 7 5536 i) @ F 7 A H3FI ]
BEL o TWwh, TLT, BRI, F4Da7 D 256 D=2 —1 )
SDR ZHiR LT b ERET 5 &, FEEED Core H72 V) IFIHW RS ) T A
FIAE1)1X65.536 Futy b 2%y ) THb, CAM & L CHGH L0
7 KL AZEMIE 22°° T %75, Kanerva (97 SDM DAL AANE A T
L, FAHBCTHICHE L% w28, %0 Kanerva O FFHEF] (21 %t 2%,
2°) OMEHET S L, b L TrueNorth 12 CAM ZHIAAAZZE, TO L%
BRTHGONPL Lzw?,

B, KREZHESEL WD BD-AL TH, REmISE T, CAM OIFH %
VIHETHETUDREY L TETnb, B, SEIZfili7z Graves it (2014)
%> Graves ffl (2016) ®“Neural Turing Machine” & I-{X41 5 BD-AI Tl&, AE)
BRINZIAOENT TH 27, WHEND CA3 FI & ITIEH 2 F oK% #A8
X E1) (CAM) PR/ #E T8 1M 725 A £ VDS A A TN TV d, &
D&% CAM FEROIHRA ) HMiibo T b &, Frartko s yFicEk
L72%GETY, £2IHEEDORREOMAIZEHU Lz orHd L, vy 72Ty
T T =TV ERBXMETLIETHEOI Y Y — FefRr R EIZEITT L,

Xilinx %X° Intel 42 F @ Altera Td %,

46) F 7z, Davies fib 2018) IZ X 1E, 1 ¥ F VD NM-Al F v 7 TdH 5 Loihi TiF, —2DF
v 7D 128 D Core THERLENTEBY, £ 4D Core 12 1024 fHO =2 —a rPE&EEFL T
b LT, £=2—0rTiE 1000 DY F T AHBFHTETH 5. L7z2d5> T, 1024 1#
D=a2—1 ) SDR L TW5E EETSHE, CAM & LCHGm EMELRT FLAZMH
12 2% T B, EBROD Core H7z W IFIHTEER Y F 7 AM XTI, 16 A HNA | =
1.28 ¥HEy b (<27) Lo TWwh,

47) L HEA AHE Y MIBRERD CAM 20T, 20 20 Fhb 25 F, DF Y 20 KiLr
5 25 WITHERE,
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B L BEOFF L ORICIET 2 HUMEL BT 2 LN TEL L) 1% %,
DF N, IEBREIEOFEIIMED TH L 2S, BEOREONR L RS 295017
SNBOT, ¥O-vay MEERTY - Tay MEENTHRIZZESZY, b5
Hh, TDLI)BFEHOFERIIE, CAMBEBRETH L. FHFE, Graves fill
(2016) I21E, T Y RO TF#HAy VT =2 2FHplL Li-¥u - 3y bEH
RT Y Tay MEHORTITREIN TS, 2O X912, BD-AIDHELD,
BRI CAM OFEMLICKE LEEESY,

2-4 R, BD-ALIZHIA T NM-AI 23478 © v 27 2 O

BD-AI IZf1 2 C NM-AI 25 < ZF N2 AN ZBHIE, FHYHEETH
% Chaisson (2013) O T M 23Fi15H) TdH %o Chaisson X, ET—FIZE O W T
FHHE TOEE) O KA 7 Energy rate density (amount of energy per unit time
per unit mass © HUAZB{& - HAZRERH 472 ) O T4V F AR E) 2EHE L T b,
Z LT, 2O, #HEEIZZ D Energy rate density 75, & L C, ##E#h 2 I
(10 25 100 4R THL I TORRAITREN TS,

B X, ke ottt B—REFEEGHIZR>S8EZE 100 F812b 7
STHEORRFEEDO T AN F =5 ) ER LISGH> ELL TETw
s bBEAHA, BD-AL b, TOTRVF—HEREMR EIZFE -S> TV 5, fli,
NM-AI AAERLTENL, o k) ZEAHE» SO NEHEE 2 BIHO T A
DT NHREIC R B NM-AT OEHIC L), A7 b b 4~5 HiEw Ao
F—RNROZERATREIC R D056 TH b,

7 8, Chaisson |&, LFio# 7 100 FEBOEMICHN TV L HE %
Technological Singularity (TS) & FFA TV %, 44T 1) @ Kurzweil (2004) FiED >

48) Ke fth (2018) (X, RNN TORREDFFEZIT) 72012, BEMIZEETH 2V EHEH AT
v T OIS 2 & DT E %L BPTT (back-propagation through time) & FHEIL L 7L T X
LA DY (SAB: Sparse Attentive Backtracking) ##2/8 L T\ %, 7272L, 2D X 7 =X A4,
FF IR FIEBES TE TR,

49) TOZEEFEMITIRLTWADIX, IBM 7° Watson Z BRI L CH$E L T\»2% Al Doctor ©
FEHALDPBIERS CHEOHBEZ W) D05 L L WIFETHL, TORRIE, —FTERITN
iE, Ao N2 & —9553 L 35 Zero-Shot/One-Short/Few-Shot Learning 75C & 2 W HIZR &
%o FANE TR ZSH I NIV,
https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-o

n-ai-health-care



FEEZ ta=vy - AYyT) Iy ALy 77—y BB ORREME AL: £ V7)YV v AL % #E 25

XTI F 4 ) ICEERWEIAZ LS TS i+ AR B 2
CLEBATLOTH LY,

‘ REIZZHD
) 10"- ' I2Lhin?
@ XIS ety
Energy rate density ? x" X == 41 serat
(amount of energy per = 10} &/ .
unit time per unit e % 7
mass - ¥f\igl N ! é W‘ o::j_:: """""" >
URMELYOTR 8 100] I A0
L¥—HRE) 3 industrialists 9_;;” XX et
5 105.Humm o xix X " FEIEZES
Ry {x—H - Yl R4
? O.hergatherers x\;m::cm IZL D7
0
W gt e Machines
10¢ 10¢ 102 100

Time (years ago)
Chaisson (2013) & 1) $ioke, KEI - HAGEEATES

FEBE, COL)BHEEZFICLT, FERMFOEMEREDNSL D,
DARPA - SyNAPSE 7H ¥ =7 PO TFEHIIIRENT WD L H I, BUTO /1<

- I

Machine Newromorphic
Complexity o Machines
e.g. Gates’ )
Memory;
Newrons; sHurman kel performance
Syrapses =Dawn of 3 new age
Fower,
Size

| [HIL I 1 L
‘smple’ | “complex” llog)

Environmental Complexity
a0 Input Combinatovics

(CKE] DARPA - SyNAPSE 7103 = 7 MREEHNS)
https://www.theregister.co.uk/2011/08/18/ibm_darpa_synapse_project/

50) %&B, L) —AF OB S O Kurzweil $LHI2BI L Tid, Zarkadakis (2015) 2554510 C
%o
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Yo Fa—)rrMar¥a—-4TiEk, FOARANLVF— (HBEEN) FHEROK
ENS, ERFMEDER LT a—T 1 V7 EEIZRIRIGZ SN R nE
Fil LT % (2015 4£0> ITRS Emerging Research Device (ERD) Meeting T Srinivasa
(2015), Roy (2015), Burr (2015) %2 & &), SV 2z L, ZO X ) kKot
Gt BUTH RO I AN F—ROEER LTI, L TOEHTEE
AL BVDTH b,

ZOE)ICREMFEOKRE W NM-AI TH %75, BETHRR2-L9H12, BHH
DAl B EENDD e hERLE TICEsTW RV, ZORIZELT
I%, IBM @ Almaden FFZERT T NM-Al EH A HE T 2 7 )V — TIZJ&ET % Burr
(2015) DIEFEDHIRINTH 5o Wik, ERFHEZOEK LIV Ea—T4 07
FBEICEOREOFEES T (‘What), D X 9 75T (“How”) AHALT R E
PV RPITE L TWwa, I iU, arEicx LT, ERROFET
X, IBM-Watson * &8/ A~/ Fa—1) y FTHBHN—- RNy 7DEER
TIHETHEIHATELVWI L, LIAH, HEBTIXZDLROERFELAK
R TWhawneEd 5, i, #&EICEL T, ‘BRI s nTn
ZWBLURTIEH 275, WO L) GIREDIANF —RFREmLI Ea—2F
WX o TLPIEREEIR>TIHRVOTIRAZVREERL TS, 2F D
What, How O DOHE2RSZEZTH, TOITEE & T HITMBEHAE D 2
Y= THIL) LV RIETH L, TORE AL, HIEIT BRI HaH
L72& 912, BN TOMEEA, fialk L 7-BEZ2HICIEAS S IR - 1 X MERE)
BRI T, 7 ARIATRDHHE - HZEOFIREE FEBT 572012
BEICEEEY 2 — b ENma—ay /7 7% BN - (LRI
CAY T — W - PIET AT LAOREE, TOL) B - REL AT LD
fESBARAL, MESERAL S N - JuE Y A 7 A BAROIEY s HILE L, &
Vo 7RIS EE LIS L 2T R i R o 2 B IC K B,

B, T, HEEBETIEH S S DD, Intel @ Configurable Spatial
Accelerator (CSA) X° Graphcore @ Intelligence Processing Unit (IPU) 72 ElfEE
% BD-Al & NM-Al D B\ & ZH) 2 o724 7)) v Fz250 7 G5 AL
HALAL 8 L TCETWwh, 2O TIE, GPU F L HARTHUHEET
T2 - 3OS & LAV F—EROM ENRAD L LV nB,
PNV BHVLEREI 2 1%, Tak v =L VAT ARE) REBESEL 1 OO
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7y 7 &NV 7 (Bulk) LY, 1000 HE MR 5 70 Ry e EEHE AL DN
)V 7 TR HIALEE (Compute Phase & IFIEIL5) 4T\, 2NV 7 [ CRIEIDSULE
72 B A IR A H LB 2 3 R CTHEE IR L TNV 7 [ T OEERACHR LI (Exchange
Phase) 72T 2 A HAZATH) FXDZ & TH B, L72D35 T, What X7 Fb b
How X7 MVOR G MAEDLETWD &) BT, LiE® Burr ikl 2
Y ¥ a— O Z W D BRI O — D728\ ) FEIRATTEETH 56

3. BD-Al EU'NM-Al DA >F )T R"EF?

Al BEDCHRIZIE, 40T ) Yy ADERPTEIERW LS55 2
£ T 200 HL . BIZIE Al BF = AR PETAMOF ¥~
EF ViR @Il I LN TE S, HBBHROAL LT —HERK T HEhE
ST E L, @Y A b - EEORO, RCEEHEOHyTCTu 72y 3t
o OEMICHIREIIGZ 5 2 ENNTE L, LWy, £, KB AT
LEFRELREELFALIE, Al (3 Ea—%) ICb PEHBZWVITL MU D
CEDTELDENERD 2 L 2T,

ZLT, 2059 ZMVOIELEEZ FRT 272012, NEPEAZKK SO
—ANThLE57%E - 2> ¥a—FF45%HE Alan Turing 2R L2 TRLDA( I 7
=2 aryr—=nloF =) 7 FAMNEFEEVIIHET I EPEELL
TWwh,

<F21-U T - FX:>[HLD, ar—F—DPABOEMEZIRL T
Hob AMZEBEVATEL I ENTENL, ZOBIE, Ef#0H, T
Voo — 73T Tk 5 2\ (BIHIE Sloman (1995) 720 5, %%
F)

L ZAD, HRIICEL T ALWISEE W FEE T A Sloman (1994) HSHITE
IR 5 L9012, 2D X9 2 ANBATEI EFRA 2 EICE DWW E 3T 5
N4, EmiE - AW rbod, “A 7)) P2 A7 idFdh2db o

51) PAEiE, Morgan (2018), Anadiotis (2018) % £,
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IV LTEAEENL LD THLPICHETHIREN L #RERIELAHTH
%o atEFEFHFEDZE} Joseph Weizenbaum H 5 28 1960 £ XA - 727 v
v F ARy MNEliza? DS HIIEEH L TW o7z A2 5 DORE 7 KB 45K
LTLESEHE, Mo TAMZEEWRATES | FEIIEBL HFRET S
Lo Tna0ll, THaY,

MCE o TH, AMATEIFERN A v 7)) V= v ADEFIH > TV T,
Al & HI & OHTE - UL W) FIEMNZREL W U ABITRISED %
S>TLE)e ZOHZHET L7012, EFL® Sloman (1995) O HHE 7 484 %
DFICBIHLTA LS,

[T A4 DB DL DIRFEZ HIWT T 2 BEDO T30 & 743 5 DIV VT
BErn, NILkoTE, COREBLE S ICHT L2HERSHIZY AT A8
EOATEIRE I RIS X > TEFRWEZEE X Do WML, (Dennett D)
T RREEE, LOWNTOB X ZEH L TnE, LA YTY Ty
APITEOEINHIMRET 2L T5%5, THITHENIZENZV,
(Fa—VYZ7HBEIHIVICEDP DO THEDT A N2 2 )T TELAL T Y
LY ALDEBPOREE LTIRRTE LD o7, Mk, BiZZFR (=F2—1)
YT TAN) &R, BRGONVy Ty T T — 70 (BRI RERIERE R
ET—TN) bR WTEBATEBEZ LD E X -H 2 PkiREE LC
FRLIZITBE Z\v,) (FEFER, (=) O 72TFEFEM)

Sloman O¥EH 3 5 L 9 12, BD-Al THIL NM-Al THL, WMEHEDA >~ 7
Vv A NBATE ERN AN O ERT S 2 Lid, BEMZBEVRD S
LB DTHLNH, MOTHEHRTH L LEFHEMRTE S, 512, Sloman
A EFLTHRRTWD X912, ANBATE RN 2 EMI T2, A vh %
X F, HREOEE T IRF Ry Y- EOEEESEHE, TR
INFREDRBBEIIO MIHBETA2EERA 7)YV AW b o T
WA IR T, B o AGEICHEIE LT b EIFRL 5 72EL

52) Weizenbaum D B1£(%, Weizenbaum (¥R 2015, MEEA 1 ¥ F )L 2006) O [Eliza Today]
DEIIFLLREN TS, T2, REFICEMS NS Minsky D Al BERISHT 27 7
7= YIIEEICET %,
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NEEERTENY =V ERT N0 - bIcilid 24 7Y Vv
AORFEIZOWTEREFERTE R, 1S DREBFERCTHE Y — 'k b
ERELEBoTWDLILITFHETH LD, o e BT 5 EEReA
YTV T LA ERAELTWAZ LIFFEL DT 5,

% 21X, McFadden fill (2014) (21X, #EV B I —a v a~< FY 2, Kfga
> 7% Z (inclination compass) & FEEN 5 HFIIH-> 72 H e LTo [ & ] %
T B m T I R ADHALA A F NI R 5k 7 T 2 XA % flio TRENT 5
CEDBAENT VS, Lad, ZoIa3—av8a< FYIL, BHOKFEES
Mo TIOFTAZHET 20T RAY —RH 7 %2 EWFE-> T APk /8
(polarity compass) & FE(EAL 5 T 2 /8 A & EREORMA T 2 A% IRIIZ & - TH)
DEZTVDEH LW, AP LERORE S 2 EESEONIHETH S,

L7255 T, NM-AIl ® HI ~"DA »87 b %% 2 5121E, NM-AI 2VEH L
IHIELTVBA VT Vv ALIZEDEIIBIDTHAENICELT, AR
TEERMZHAN S TIE R, 2520 NM-AI AAEF TR 2505
FHREEDEIHAZL I L LTRLO0E W) NHIOHE M2 HETT 5 2 LA
VJHTd A (Hawkins (2006))o = OELHEIE, [(HR %) BFE L T2 2 E 035
25 WA AITETIRE T & &\ (Hawkins (2006)) 225 TH D, [Fx DL
HEDLHIZLTHNWTBY, EOLH)ICEFLEDPRL RDH, #EIEIZE))»
L BTV TT I BFET 2121%, FEHEE (7—F72F%) X=X
OWENEZETH 5 | (Sloman (1994), () PUIEEEBN) 25 TH b,

TiE, NM-AL DA 7)Y 2y A%, BARIZED X )12 L THHRICE R
TZATENICHE S TNE DA N AL LTERTNIERVDES ) 2?2 £D
Hawkins (2006) %> Hawkins O JCHL[FHIFEE Tdh % George (2008)1%, ZD & 9 7
WA e, KIFTREOMEMEDOER - BWRICEH L2255, RO X9 ITHIE
TR VERZ IR LT TR ST 2™,

ZOHEFIE, NM-AL O FHINI KRB E OFBEIIZE ) 2 L TH 5 0

53) http://www.natureasia.com/ja-jp/reviews/highlight/10618.

54) Hawkins (& NM-AI © 7 b7 = 7 FEETHA L) — FLTOLRBE YD £ AEED
Numenta 8l7%#%, Hawkins O ILFHIZEH TH H o 72 George 1 Google/Facebook/Amazon 45D
1T BTER PO E RGBSR S S L T LAY D A ATERED Vicarious BIF%HE
Tbdbo
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5, NM-Al DA ¥ 7)Y 2 v A% KINFTREPEARBTEEZONLA VT
VY2 ARELTUIE ) DEVIRETH L, RETHRELRHAHIE, K
W 2 RO DIIHFLIHIZ T 206 L LTWwh, 20772012, 161k, 9
KR E D ELDORER & L TR G2 L T2 ER - BRICEHT 5,
BT 2 LEbNEDT, broESTHLRAZWY, S50FREZGIH
LTh7zve AT, PO RMHEEIZRET 5 ) —o0BiE, Eilk
b ERT OB (k) kO A EIH L CHER - ERMLT S L idE
DELELEZTVINLTLH b,

[RBH B B AT RIS 2 E T VDMl o T2 DT, S/t
HFIZOWTEZ, ZORTHEZED, FRIZOWTTFHLAZYTLZ L
WTE b, HG7ZE, BHIENLVLICLTERBRPRRLEED I L H > T
WB DTV KT EICIEBWEE 7 VT =X L5 Mbo> Twb0
T, EDX)LEEHEETHS ) LHRICHWZE S, LIBETE %, (K
W E o) s wE, e TRELRE, &5 WIdREELIREELC
XZ2Mo>TLE o] (Hawkins (2004), ZEHFR, O WIXEFEEM),

[ 8 2B 3 5 No-Free-Lunch (NFL) EF 2 L X, & ToOFEHMEIC
LTz ERT 24 TN o0F M558 TV I X LIHE
L, B LHETNITY ZLDHFEOREICENTWL ETHE, Th
X, TOT7IVT) XL MFEREIE L 2IREEZ BNE > TW BT D
Z L THbo 5, Neuroscience DR IZ LAUX, KB () FEILX, #H
R RARO L) R GBI LCRIL T VT XA %l
LTwb L) Thob, /2, K G HEPHKEH#EELY LTWwbLI LY
BLAIOGN TS, 2O L) BIEMERICETLILL S LWFidli, &%
STZHBRIEEMEDN L DT —F D, TNOOKREEDFENIIL2D LT,
HARMIZH UHEH 2 BB A O D TE 0w 2 ETHDH, TOH
HE, HFICRT 27— F A 1 = X 98, WELERR B O Lo
AN L7228 CTHEARWICRERELY LTV RELZLLTH L, b LENN
RBPEET DL BEEHEEICESW OB RIHTHRE T,
RO EZFRI LI o THREWDPT LN TEL I LR 5,
(George (2016), fEFHR, () WIFEHBMN)
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L 72785 C, Hawkins (2006) X> George (2008) % JL AR ALIE, KRIHr Rz &
MREEHEEZ L CWwb o, £—I2k MRMboii 2 ) BT FE RS R
Pt - AR S NS EZ L TV A 2 LM TH D, HIT,
ZD &) EMPORTRET ZWHERLFRIIL DIRYIHES L 20554 X
WL 7o, BERFOAEMERICE 5T, EMFRORERHED EBINRE LG
ELTCORHNBRBETVE, HMMOT7 72 a Y I2k o THERZ SN DHEE - #%
BRICEDWTHAYURYEEL CWLEDPH L 06 THL, £ LT, H=IT,
Engel 1 2016) %32 L TILAMR T 1UL, 216 ORARSRE € 7 )V o FilllfE
EORIEVHITEL LR ICWER ROV THIBL, &5612, 20X
RO ERMIEO BGHITICE DV TIRNE T VO TFRNEEZ 720005 £ 9 7
FBEETVOLRUEZT) LEPHLNETH 5,

FOBEWRT, NM-Al BNEET LA 7)) Vo A &L, HLEFHTNL
RDEHEHRETEDL, (AT TV AblE, NMOL) ZTFHICL-T
TlEZ <, R () HEND) BEAEI)BEOFMREDICL > THllESI RS ]
(Hawkins) EH3R), [4 7)Y A kid, #@FEEOEUEICE > THEE T
W 2R OBTEN 2 BES) Td %o | (Hawkins (2006), FEHFF) o

DFD, NM-AL IZFERSNLEA V7)) Vo r ALlE, ZOERFIZENT
I%, Hawkins-George |2fifi > C, BH THRRLIZARGHGDOA 7)) Vv A=
R OB L BFIIHIE LT 2o, Bfio@EEofE s HRicrs
AP HODT 7 ay (e L2IEHLZSS, Ma G805’ o FF
5E(Credit Assignment)”,/ Vil 2479 681 7% 6 ICZ O H U2 LRE] LEFRTE S
DThHbhb, LT, TOAYTIVI LY ADERIE, LI THAH) ELMPDHD)
L, FLT, MR THAI LA LML) RLMBEHTELDT
Slowman (1995) ¥ Al =“H OZALS 5 [HHEKEN I > A 7 27 % K f o
ATV AL LTOER - EREZFOILDTERLEEZLOLNS,

B, HOEWEENS LD 71 ¥z v AT BRI 5
DL, HArO=2—1r / Za—a Y ERINIHIRD K5 SN 725EEE % ROl
PEIE/ NS — 2B W, B - Frar e AT b b 72N Y T AR S
DERZPHBYICENT 2056 Thb, LT, TOIELIZLoT, FHioki
S BBEETIVIHEDOWEAOTFMERAPEAM EIN TN, 2D,
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HOAWREL 1, SEORAK 2000 22 T ND &9, Bz 251 &72
T (WhHT5) &, BIXZLEDOT7T VT X41E, HEREEFEIZE 5T,
HEJICEXLEDLL | EWIARFYTNLTY XL (FLIT)ZLOT VT XL)
DRFEZDLDIEEF 25,

2D &) B MR AT SN B <H O LT B HHREKED R HI )
AT LD HTCZEALREIZ DWW T, Creps (2017) (£, 20 HACHIBEIC G HE L 728K
ORitER R & b AMEZ 2 I EORMEHED 7T v ADBRREEET ~
)os RV TY OFBEEMALRHED, TiD L) RERENEEZ IR L T
Wb,

(7255, ZoBfE FROBLME) 250 RIN 5N NORHIE,
FELEIELTCUEONR—ADABTHL L E, —HADERIZTH
LETHY, FOMALZTORREBEICHELEL, TOLH)Hbos LTk
TE2, B2 139 L) LFETOoP LB L L, “fTHEZER
7ol e, LFpDLIAFTTET, TNEHET L L, 4TIEHAE
25T LE o TWEp"TOon 7z, TOMANLZTOBRM %2 EvHid,
COFBIIOLELUIER EINAUL, FEFS LWIEETHESNS Z L5 T
ELhL LN VY, ZoTurAEH-7 AMIZEGHSA, 7Ty
ALADHEFIZEP T 5L DTELWVWHET, ZILLTWD D7,
(Creps (2017), 203-204 H)

[TNT) AL EDNY — Y RHBOKEZ N ESETn L &I, &
FIFIZOWTREF L T 200u 77 7 4 Wik, WbIEER ISR L
TWTC, VPV IAL LT 78 A$THIENTE, av¥a—% - AL
—JIZBIF AL OHRI =7 L LTRSS N D, LaL, TLVITY X
LAIHOFZH B DL SINTLDERET LI L L2ATE RV, &
I AN BT 2 FRERER L IE_IIE A 21255 DTH Do (Creps
(2017), 204 H)

FENIZ, b Nos, BTHEE L CORRFHHEZDOH DT T
, FHEZZ o720 THREELEEE L TREFEE LA, Creps

QI DEH L HIZ, HiElZary¥a—% ECHEMENSRE % Storage & LT
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DFRLIEEAD, BB IIRZ b nEET 5 7-00H448T & L ToORLE
(Memory) Th & V), BRENOEEEOMOHEII B> Ni2b% b, £ LT, BD-
Al Tl Storage & L TORLEL 2R 2025, & PRERIZE L TO NM-AI
Tld, CAM E 2T TENE, a7 F A2 MERICESW T ERRon
T 7ANVEDOBRELHRERDT, Wy A 7ORERENTIEL 2 5 (Plate
(2003))o

723, Hawkins (2006) X°> George (2008) HSKHNHTRZ B & > 9 RFI2iE, WG &
REEEDTWEY, & 2555, N THRY Neuroscience HIZEAHEA TV 2
EENDWH TS 2, NM-AI EFLICLEDOBEBERHS T EA TV R
(Kohara b (2014), FIARJIIE 2 )V — 7 (2017), Hawkins i (2018) 72 &), X 512,
Sherman 1t (2013) 12 X AUE, FUROFEREMINZ, WEHEO M 7% S 5 RIH B H 7%
EIZHARTY, RPEZEFEALEATHR Y, &5 8, HBE - BUR - KIHTR
B OB 7 5 O 1) B8 (binding problems) IZ b - T b b MiEAD KA R
CAM 25U HE L 3 2 HAHFLE D NM-AI ~NOFEH X, 4%, G EICKREEZ
D2 Db L7\,

4. 21— -A4>7UT 12X H) & BD-Al - NM-Al & D>&
WEIED

HEICIE, RWPEETIRR LA V7)Y =y A70%EH#K (TRRICHE)
DFY DS, Sloman JiED“HTZEILT 2 HEREN I HIE > 2 7 478 L TOIA
O A ZHHEETHHATH, HEEHVWIEE2ER L. L22oT, 20
EiClE, KMOERIZEDONT, 8 2 HIOSHHKRE SF 2 2A5 HI, BD-

55) KIHTRZ BN TOEUME - FraEHmasir b 2012, BEOIFHEHR AR SN D L,

EHIZHBICEMAIELEENL L TH D, TOEKRT, WHEIE, EHOME - Fratirm e »
) BEREE I, KINHT R E O EALICALIE S 5 (Hawkins (2006)). & 512, 6 &% B3 A
BRE ClE, RINFT R BN DR o 7230 M OISR - BB DI & A EDPHR %I LT
fibMd, ZO7H, BUREL CIE, KINFEEOKBELED A1) v M2 ErT I LA TE
T\, Ld, SHEA S 01— 1EHR S MEDSOETHRREREH L CRMITEE O+
WA RBIEAOND L, KIEFREP SOy —~DT7 7 b7y MERIZZ L K
L CRMMREE TR T, L72A%> T, Hawkins (2006) % George (2008) 231813
&9, KNI EORKEE NM-AI & L CEHT 5121, #E WK R ERDT
&%, LLEIE, Rolls (2017) & Hawkins (2006) # S L T\ 5,
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Al, NM-AI OFELL S RHE S ZAMEIC L THR 2000

(K#woER) A 7)Yy A= [FEHFEOEIE REITHIE L Tw <
72012, BIOMBREORE LRI L) HODT 7 ¥ 3y (TE)
ERIEH LGNS, FhA ZIGB)OSER OKEE (Credit Assignment)” & -l &
TR 5 NI F D H LA

=& (HI, BD-AL, NM-AD (2, 28 TE TABTELRVDONE V) BEIRTO
PR ORE 22121, #@U2RAEAXEAT L2 L I0 X o TR ~

TV 2V RORGEEE LIV LSO LLENH L, TOHITIE, TDL9H
REALE LT, ELOIE, THIIRENS &9 % Pearl 2018) DA ¥ T T
x V AD=50E: (“LADDER OF CAUSATION”) (2B /2wy, LT, FDORIZ,
ZTORBREZ S HIIEHD L2012, i3 5 Minsky (2007) D5 HIEE 2 % H
L7z, B7AIZ, Pearl 1, XA Y7 % v hJ—2 (Bayesian network) >Eiff
ZO5EEAE U CRFEMREHER (BFER) T2 LHBTHAALZ EHT
& BARATI R B HERR (Statistical Causal Inference) DS A4 4 =7 + ZZ}THh 5o

Pearl 13, “£A > F7 VY2 A"DLX)V%, FEOLER»S TN ET
Association GEAH) LX)l Intervention (4 A) LX)V, Counterfactuals (S (K
) LARIVO=ZD 25T TwWhb, 1. @ Association GERR) L-X)u&ix, ¥y 7
T8 BB T H AT, [~72o0726~F 5] L) “If-then W —
WTRENDHEES TV T) X2 % 250 H%IZH 5 KB ERI I3

56) [XA 7 ¥4y b7 —72 (Bayesian Network) & 1%, [JHK] & [#FR] OBREZEEMEAS
bbb edy, THEE] [H#R] PBEVICEELRIZLAFLRETLHEE Ay MY
— 7 ERERL VI THHIL L2 OTT, #EIIFEAEL [HK] & TRl OfAE
REMFE L, [t R CE22 [HRE] % [H2 [HERE] »5%8E7 2 [#
R % HEE2LoTTUT2iERTELOVZE T, TOFEXTI iJ\fPéiéif;Hﬁé
HRMAORLTHENETFUT 2L ZDOEZFIMo7zb D F9, B, IT, FFIA
F =3y bDIED ABICHENR TR o TETVEERICE, XATT Ay bv—ﬁ%
HRLZZHENL Y Y Y OERPEAIC > TEZ 2B Y T3] (http://www hitachi-hri.
com/keyword/k052.html) 7z 3, Pearl (2018) 2S#E DR LEMAL TV B L H I, XA VT U A v
N7 =27 TIL, HERESAICET SN T I 72 HCE500 [HER] & THR] 8
HWISHEEZ RIT TSI > TWwA 720, REMRENAENICRET A I LIZTE RV,

57) HREDMEL M FME, BB REOMAE DT L L THIEIZER L7720 D, BD-
Al TlX, ERBZBDO“U-then W —NVIZHDONWT, U TRIVOREF) ZL— L% —oH



FEEZ ta=vy - AYyT) Iy ALy 77—y BB ORREME AL: £ V7)YV v AL % #E 25

NEWELITHIET LNV TH D, FEEE, Pearl (2018) 23 ) L L& EH L T
Wb EHIZ, BffEy 77— R EET 5721 Telf-then W — V" OEHIZH 5
KRR EEN T L2 L IImOTEHEL V., Uy 7 F—F7ThHhoTh, KWEMR
DRFEICLERTRTOT—= I HHio T AR ALL I LIETELZWV ST
5o

L7230 T, 2oL =RIBT— 5 OEZ ik L CRABEBREZEN S 572
DT, 2. @ Intervention (St A) DSWZHE %2 B0 9 T1UE, B R T &
0 BT 2 720 ORI 2 B A RCRIEERICL o C, ¥vrTF—%%
ZTOFEEZTHINERT 22 LORFLWIRTE 5. BIbFE HRIEI R &
W) HLORBE T 7 Y a v xR TEICE, BELINAEA DORIEDE
STWAHY, D EOBET—IPERDEINDER A RRRERICET 5%
e ARG 2 Al - RIFL TV B 2 EDPEELE Do IRFLOD %0\ RIS 2 B A
SEAFEBROME D E LTI, XD SR O WS 2 20 2 0l D) A5 1 7w
o THLY s HRAIZ, Pearl 2018) 1F, “HTZALT 2 HMERBEIHIH > 2
7T L7ELTO AUML IZHRBROFFEDNTE 2000 EM ) 7 A M, &
Turing Test DffiZ 72 & L T“Mini Turing Test” & FFA TV %,

Judia Pearl (2018)IC & 3“4 TV Y =z ¥ A"HER

®rearlDFEFR: [4A»FUVVz»ROFEIT, AR
ICESVWTRARMFRE S/ ERAONETES
&l

1. Association GE#) LRATIE, EALT— %
D ERE (seeing)" ICE D EEMLBH/ T LTU X
LA, AREEREFEBLEVWI Iy IRy IR
KEDE £ THEE

2. Intervention (fAtA) LARNTIZ, “BRIZTT
B {BEEHRICNALTELLEEZ (BT
% [Doing) FETHTE

_ 3. Counterfactuals (RE{RE) L ANTl3, #BE

Imm‘mmﬁmm;&ﬁm&hmgmz;&m TF— 2% RHAT S &4‘ 7 %Fﬁgfﬁg\‘ % P’qﬂ:_Ej‘]ﬂC 4

wcmdm\glfhymhyvhﬂwifrw not mer :dyhylm\ ation, We cas I-w ){ - i;\ EE%E{][':HEE:EJ % -.C ti i U GDEL\%F%

bw'bc.hm Dqlunenwchuhh r causal knowiedge. (wwrﬁ:mnl]um ‘fﬁ’%%ﬂiﬁk/i:’éj

o the top rung, ean imagine worlds that do not exist and infer reasens for
cbserved phenomena. (Source: Drawing by Magyan Harel.)

W35 Z LinLTwa,
58) % bZL DL LFA IR A ED L H I L THUELT 2 G HERS B I > 2 7
NALARD D DR, ) BRI S . T OMICEI L TIE, Clark (2016) (&, ZWEAs 3k
’i’?;?ff'r LT < HOHR (Bootstrapping) (197 ALALA D EEVE % f54 L T\ 5,
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=2 H® Counterfactuals (LFEMRME) L)L TiL, AUML 28, 1. & 2. Bk
DBIGET — F IZHD W TR~ R RRBIRIGE 2 B S EEBIER L, &4 Oz 4%
ERBIRL T CTOMETT 52N TE D, IR T, MEMIIRDLTITE
DOBVREERIZZZENEL LD TED, b, KERMEIE, P
AFIA ZERL7EEESAZOFF L) 2L THNE, [LINHOR
HEANEDPTDBAF A 2R L o288 Bolz0n] £ [H L
INOLDOBEHEIALEPIVAFR B 2HHLHGEIIE) Bolz0h] Evio
CHERX T ALY T D, [AG ASAR~% LATIUE, 29 %6k
Poledll] ok HC MiEH AT LY, O3
(72> TR CHREE 22 5,

£3, BD-AI ZAH RIC BIFCTA L Do HAMRBIRIGERRE L 2R3, K
ZeM B B §9\ BD-AL TIE, BEICHTEN CHERE L 72 & 912, £ 2 BEHD
ERTORROBENTE 2V, 2% 0, [REOHRFIIBVWTEINT
a7 s ary (F8) ORP2L R - REZEEERICEN 7T 7 3
YEBEIRG (3vFFAN) RFIICESEFHEEICEELT, X5
% B BALE BEANOISIAG R DIEHE] S TE RV, £D720, By 7T —%
P R RIAR 2 A RICRE S A 2 EDSTE BV,

FWE, BD-AI T OFFEICFHIHTE 2013, (mEMBOMD CTRATT 2%
AR EIE R L 2272 W (Richard i 2018)) s Z LT, 45—z —T > %y L7
— I ANOANE L W EDO M OE W GRELIFEND) O RHRE = i/
235 & RO RECE T & DIEZERBOMT LB R 557 XA — 5903
HESIND, ZORE, FHWTERE Y 77— &Ko p 20 CiHENE
£ —MOMBMBROIFESITONLICHE RV, & ZAHN, LZRBERO
FEIE, B - R0 A2 63 R - KR ZLEER L8 7o 2 H
L 2535 OFE (X 558) BREPLHETH L. ZORIZET S Rolls
(2017) DIEHEIX, MO THEETH S,

[2ks, Bl 21 (BigData B AT I2Z &N %) FAEMRIRE R AL E %
Lo THBISITONS () A v bT—27I12X o TERI NS IR
(CHELBERITRIE, TS, - FIRRRICEIEIL S N2V — IV IHE
STHEHTLEW) ZETHY, LITLITE THHAETREDSFI %\,
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RIS, ZEECT—HRY OSFEICESVEIH R TR & 2 BT 572
DIZIE, HERRPEHOBOEBAT v 7RBELLENHICHE LY
V= FEBRWEZ LD T572FT, T2 08D 70 disH
AHMHITELL IR D, O LN, REAFFRNICFORI$Z LA
TELHEHFREIV AT ALERL ORR BRI ET2HEO—2TH
Bo) (FEHFR, (O AIIEFEM)

L7755 T, $EEQOMEIZEE L72FIZ BD-AI R4 T& 52 &id, 3K
BB O“fthen V— V"% By 77— Ot L, WAENICHIE S -5
BTV TETEEINOEVIL— L E—DHT 22 LB 2W
(Darwich (2018))e Z DT, BD-AI TIX, 7N IV X A0, H5HWITEHGT
WS TRCHDTHA, 72 L5112, BD-AI &, Pearl (2018) it lZFH 31,
FHAWTERZE Yy 77T =7 22 HWITEH L TW5 0T, L)L 1 IZIEHELE
LT, £ZA75, WHIRR TR ZSEICE S, ZORFEOFEIL
(BOEE) OO FEMFUIRMAIZEH E 2 TUELRT— 5 2 H O EAE
LUV 2IZIFFFEL TV,

b B AH A, BD-AI L X )V 1 TiE K 1] §E 722 Performance (F& /1) I3,
AlphaGO ®* Watson (ZBI/REN5H L 912, BZALWIEEIZHEETEMML D
DTHb, Lad, THLOD Ifthen V—VOEDBERKIZENIL R B L,
WRANVHEESTTHOREN T V2B 2 L912% 5, LT, TNEFTKEBO
N % D3t THHET & VA ATV O - FRANCED 2 i58hhs, FEiT,
KEARBIARE T VR Z2 LIS, HIZEE (Trva) X4) OBFUTT v &L
FCIHEHATEXLZ 2P NI L7

LA LA 6, “If-then W— V72T 051X, 72& 2 ZOFEFUL DKL EIZ
ELL) LD, BROEE/ NEEBROERATERNOT, £0 - v av b
FERLT Y - v ay MEERFTTELL)ICE RO\, ZDRD, /87 %
—RYREA YT )V ARRN LT BD-ALIZEY Y- TLFEH &, BD-
Al & HI & O - HisEBIRICET 2 RO 2L WRRMESE L 2 b, 50

59) FEfE & 1d, BD-Al HYAERNE A M T 0070 G % BRI 2 BRI 5 o i 1 7 o
DL RIS, PO ESICHBTEL 0P LF o HFTERVWLDET
BZ CHHET %o
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Bz L, BERORE HRBEMROERATE % HI & ZNH T 7% BD-AI
EDOBRIZ, REMICHTEN LD THLEFTR %o

TIE, NM-AL I, EDLRLVDA YT ) V2V APETHIENTED
DA 9 0 ? BATO NM-AL (&, FEKIUZERBOHMIZEY, bbby
FFE=FMBERTELZNDOT, LNV 1TIZLELTW AW, TlE, ZOEY
77— 5 IR AR S, BAEREO CAM MHlAAENEWE L LTo
NM-AI iX, EDX )RV NWVETITFLDES ) ?

LAV 1 OZERIL, BD-AL 2 BTz 2 = A VX —F)ZECTHETH b, 72
2L, LNV 20ZET A 8T, BBRUEICHEZHRO L) 72, bHEAHA,
COLVRVTREBRY 2T 7Y a &2 ld 52 EPUHELEDT, NM-AL &
WHONTIHTHAH &, P L b N AEITIBEDOL T —RLMER (72
Far—4—R) BMAZURY NOX) BEEMELELT L, Sz
X, BEROKE, RRBEROFESTTREZR NM-AL 1%, V7 b7 =782 H
AT TIEFEHTE v,

L7225->C, DUFTIE, EIEE LToO NM-AL 121X, H1K (Body) 2% -
TWaELTEMmEEDTWE, 72720, EHTEXLHKOEEIL, K
Tld, Hawkins (2006) 2SN FRECTIRET 2 KIHTEE CEHTEZL2HRED L DT
hbHEEZD, TOHML, BRIZLCACERSCERLD - ERTOMEENICELT
IRARBBIZFE L itz v,

[F3, ANHOIIRBEFHREEZTTIE%E VRO EE > A7 4 L8
MR NMRICE o THRIGN TS, AMIZ%: 2720121, KRINFTREZT

Tld%<, COETOEWFHLEENLELE 2D, ANHO X HIZ&To
MEIZOWTENEY) (Fa—) 7 - FAMNIEKT D) 720121%, EB
DNHOFEEREIFEDOIZE A LR TAMS LLAEZD I EPUEII R D,
A7) T2y ADD B (Al L&, R B E & BEO KR EAM
LIRGHVENI e B725 D) DS, ZOMIIEREZ. Al DA O X9 7 Bk
TRZGETHoTHREMNDIOE ADLDIXHEHVELEA I D, TOI LT
AV ALICAHMO L) RIEEIS AT AR AR O X ) i AR E %
WERD, IZADODTRICH ABO L) LAk O LIZhWES ). ZA
mZl (AA) IIMImICEE LW 2L, RAIZiE, Fo A uciE 2
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%] (Hawkins (2006) %),

(AT TR, ThbbREFEEOTVIT) XL E, [HHORK
B 28, % )M, ZH MERLELEPRFEAINTNL, 10T
VI VAR, COL) REEE R o Ty, AN
BV S ED v, WD, HAWREHED, WRMZEEDEE v,
o720, EREZ FIZOT72Y), BEPELS o720 T2 b0,
TR A TIUE, ABORBIEL FRLUESTE LW Lk w7
Yo 2N, ATV T v ARMATEWAS L o & QRRMITTEH S
BBE, BRSO NBIDPAMEZ FEHE LIZQWilll, 34bb, kit
Y= E L SNBEER, BEICEE SN D L) RiEEIZ, — %I,
IO DOFHEENNZEIEDO AV ACHEHAITIEAE RV A 2 T7) V2 VA
2RI — R OHIR L Y AT 405, &b Tl TR
HIBEY AT L E T, Zlklchzb 2 L7259, ] (Hawkins (2006), FFHESC
PEFR)

7L, NM-AL IE, ZF TEE ZBIRZER R STDP 2 & 2 FrZ2f 14578
Hhoa—ury3y VI —=2 %W/ HDT, BERD CAM BFIHTRETH L,
DT NE A L TORDKGFEFERICNZ T, ¢ MEAOET - 3y MEERY
Yo Tay MEREFETTE D, TOMR, REESIENLEROREERT
LR TEX L, B, IMEED CAM T, INHDOFEFAY A VHFEE
BEZ Z LITHER LTI L v,

72720, BEOE Yy F T =9 PEARIZEND X H = X L~D+55 7 PR L
121, NM-ALICE ST, 232D L) LNV 2 ORI ADLE L
WG R DRV 72, EOFEDNLE LW ALETH 201200 TH,
ARIEZAT ) BD X 2 =R ATEH 217 ) R OIEES R ER S, It
ADBEDO T Y THFR AR A IV 72T TiE %R, A AEERO EBIY 2 HIWTIZ
bR %o

S5, EBETRESNLEMFEAD Y VRVEREIZ L B0 AR, E
W,/ TFay A PSEECR S TV SN (D) NDERTH LN, RIS
TS 5. Lad, TDLI 7% AD £ - DA Bz o T 200 W% & &
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T Td B LS “HRAL S 720 (Embodied Mind)” I 72 EH) A3 2475 £ 35 & |
LRV 2 OEEIX S 512 FF 9 % (Craig (2014), Tani (2016), Jasanoff (2018),
Damasio (2018))c 5 72 A2, BEHORMMFHEBEZHEL VDb )7 7147 -
TTU=FE, AT T o ATOERK - I B RS UEIZE LTn A
(Noé (2009), Hohwy (2013), Engel fi (2016)),

% B, Pearl (2018) IX, 7= F IOV TR CTIE 2 VAR ALY b7 —72
VAU, ZOMERKT 5 HA Sy — > % T HEIICH RO
HEPREMATREL T2 7 VT ALEZHBEL T2, ZORKE, ORy My
SRR OBOEILT ZIHHREBRBEGIH S AT 2705, 20X BN 2
DIEOHBLIZ L > T, TREHIZHL ANV 3 ICEFTHETELEWS L
TWb, bbbA, ZOLOOFENERNLTEZIZEDR I DR AL
F—WRIIBEFE L 0EHHETH 5,

EIAHN, ZOHIZIE, Al="HUZILT 2 HHRERERIH M > 2 7 271247
By FARVEK (Sense of Agency), HIKE Gk (self-awareness), H TN (Self-reflection),
L TT (empathy), HHEE (free will), =ik (consciousness) 72 &S MBI 5 &
WA L C\Wb, HE, Jido [H  ASAP~% L, 2H)%b6%h
S7DIZ] Lo 2kl NI, SRS OBEMESLEIC R 513,

7272l INSOEHMEOVEEME, WERDFIBEINTBY, Lard,
HAxDHBOEKENH YV PETIE RV, TOME, HBE%D5, NM-Al O
AUT) Dz R E RGBSR L ANV THIIT A ZENTE R, 20
i AR L CAERMEZ L T NS DD, Minsky (2007) D«“A »71) V=
VAT A 6 BEOMATH Y,

60) Tani (2016) % Creps (2017) {2 L 4L, A )0 =K 7 4 (Maurice Merleau-Ponty) X, Z O
L9 % AD - DA B E L TOMNL R LLEHESME L L TH T AL (Chiasme) &\ 9 5
FEEmAMLTWA, F/2, B Z L2, Bergson (1903) 121, AD - DA ZE¥igi e LCoH»
L2V AR ENT WD, 612, RSN/ LDRBEERIZOWTE, =2 —1
VLRIV OBIRE % 7 D MRI BISS TH % 7% MIT O Jasanoff (2018), $§12ZF O Aah E %
THb,

61) FzIE, TiLxZSH,
https://understandingsociety.blogspot.com/2016/02/causal-diagrams-and-causal-mechanisms.htmlo

62) 723, Minsky (1985) Tld, [HBIOZENCH L Tidh->od, Zh0E#klL - B#TOb
DTHENEIPORXFE Ny FY LT, L2A0 [MEEISf 7)YV bvy
YAD) BB EFOIENTELNTIERLCT, YV VIRBEBELICA YT P2 M
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Minsky (&, 41 7V T 2y 2AD%F%E, PR ELTHRIIREND 6 DI
BT TEZDLZEERET L, BARMIZIE, 1) KEEFTED (Instinctive Reactions),
2) 2B AT H) (Learned Reactions), 3) # & & (Deliberative Thinking), 4) N4 E &
(Reflective Thinking), 5) H T.N4 % (Self-Reflective Thinking), 6) H Tk I D1E
&) N4 (Self-Conscious Emotions/Reflection) D 6 D Tdh b, “ LT, A 7V
= Y ADE I, KERTEH-FETH>AENEE NG EE-HONEEE
—HEHR LOBE# L V)R EA LT T 5,

K OARFEITE) & 1E, DNA SICHANIHART N TN LITEI Y — 2 ThH
D, BECIZEBTE 5, =2 LOFRITE LI, BMOm 4 ZfEhiz @ L T
L 7241f — then rule”% X6 KDL NVOREEEZ L X, W{OhDERLN
EARRE - FETHE BFLN, ENLOREIIOVTHEERT L2 L
BlE SN T b, ZOHREZ LT ) ICHRT UL, D Pearl DL X)L 3 &
KENBZWE IR D, L2425 £Hd, TOLXRLVTIE, E#kbTlds
SCEBRT BT 247 )V A HELTWALLIICEZ S,

Values, Censors, and Ideals

NNy YT

Self-Conscious Emotions

A E TR (&)

Self-Reflective Thinking CHEEE
Reflective Thinking 8%

Deliberative Thinking = 0 E
Learned Reactions

Instinctive Reactions

Pl

L Instinctive Behavioral Systems

B S mom

Minsky (2006) DA > 7)) ¥ = ¥ A2 % 6 R5fE
Minsky (ZIZH LERZ2 25, SORELE L NVICET 2 08081%, 20 7%
DIRELL TV b, BlZIE, HAHEITTIE, [WDhDLERET 7 ar%
ERL, &4 OKELIZBWEPN, ZORIZENS OFERL % KT 5
Eh, [HADT 22 arHBbizbdThs)MRELET 25 LMD S EN
VETHL | (WTNROEERN) LHLHDT, B TEINmiRE SN Tnb

BVELNTH D] (FEHR)) LBRTW5H, 2L T, 13T 10 %D Minsky (2008) 12 7%
% &, “Machines cannot be intelligent without any emotions” (Z ? 3 E (L Minsky (2008) (2 (%
WEERDOYE) LWV HFERIZED o TOTREIZEIRZE Y,
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IAHICEZ B, EB, REBEEZED-OOYI2L— 3 1L, BHLzTE
TEXRWETH S (Hohwy (2016))0

& 2 AD, Minsky 1E, BIOEFTT, NHEEZELNVIZES>TELOHTLA
V3 OBEREORKF T EHWICENEIrRONL EBRTWEL, ZL T,

NEABEZENHNL DL, FHIDL7-040o7-0, BEEIEBLZY), LER
T 7B ATE Do) LIz X2 EBRLTWD, L) &iE, W
BEREPVLELZ LNV EE, ZILERENOFIENTELL holzlE L)
LB LIS o T, DFTIE, #EEEZEL VL, EBE#TTOA T
VT 2 AR ER R L2, 2612, Minsky (X, Btz CZOERRICHO %
BEOTWRV, LaD>T, TITOE#LIE, HBEZHNR A5 OHTE V)
BEOLOIZLEHETE S,

WEBZEDT 507 EOLVRXVPHOCWNEREZETH LD, ZOZ2DX}|
O, XFEBDICE L v, 72720, MEOREZENL HOWEY
THEVH)ZLIIMAT, BOWNAEED, [REDOEZIZOWVWTEET L7
FTIERL, TOL)BREEZLEERIIOVWTOEET L] (EEFR) 2k
L, BEBEOBIZ, BCEAEZFENLGHENPSETIVEL T (A5 odIc8liK
FUHET %) BCOERE BN E»ZERWICACIHITE 228, L L
TWwb, £D7-®, Minsky D HCHEERE L XV T, HAOH - 747828
HopoOHBEET 200 (B IZETA22ENPIZONWTEET LI EATHET
Hbho LI2Wo>T, SOHCHELEZEL NI > TILEDT, Jd Pearl D
1T % F AR 1% [ (Sense of Agency) X° 1 X B ik (self-awareness), H T 4 (Self-
reflection) # LE L $TAHMWDL NV ZIZHELL LD EEZTRVWE Y, v
AT LR, TOLNNWIZET L E, ZLOT Pearl DEKRTOREREEE, K
FEMFEIRIZ D B FEPREDSENTEL L) 2 &Ik b,

Minsky Tlx, COHCHEEEL Vo EIZ, SHICHE# LEOBE L X
WaedboTL bo BT ZTORELRMAL, 2L BFICHEm LB, 1§
B RE Y 5 H o of :@ﬁﬁ&#éEa%fwwﬁmﬁﬁ$@ﬁaa%fw

63) NxD8—vF )7 113, BREEELDFEHE— FORBEARL TN ORI LT, F
FHHOLD (EAK) ORESTHT 2, S50, TO L) REHE— FOZ{LIZL > T
N& B3N D—FNEE T 52 HEMR RN 2 F i, 2o OFF~OT 7 v ARET S DK
& {Z{b¥ %, Minsky (2007) X Ornstein (1986), Franklin (1995) &, D X 9 ZH4 2R
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NOFAZ 2 —BIMETZ DL NUPREIZE W) ZEIZHb, HLETILD
BELEMATEZ01E, HIEOWS 72ATHICKN T 2 BLOOWE, 7714 F,
ZHDC, B8 7 S 2 OIS BRI OB IR Z 0 2 L2 X o ClifiEElL B E
REMEFS - 3T - BET D EDNTEDLNSTH D, ZOME, Hik LoD
(%) 13, EHECHOT®KCHEL B B2 EEL LTOEHT 2%,
BE (&5 T— FIOSLAHCEFSVEEERA - BINTa 5 &
VW T iR, IZIZFA UEETEE TV EEEEA - BINTES WA 2 &
Lho LT, ZOZLIZE->T, 23227 4 BRICHLEDOLOHF
(Theory of Mind : & .L>iIREE, BRY, HR, %k 4 A, 8e HElzez
T 200 2 ZEPMARADL LI b, 2F D, Minsky it D FKEk
TEE AT ) B EE L L TOEEL, Pearl 23BN 3 DA
D—2k LTHIZE L TV (empathy) Z #1012, H\WO SR B H
o LE A2 OIF I L o CRHEPFA ) 2 AL T 72DICHAD I I 2 =T
1B ERRT OISR TRESRNBDIZL 2 2%,
ULEDEZENS, Pearl DL NV 3121E, LV OILEBRPLE LD 5
Minsky D LN)L 4, 5 6 PNEKR—EK L Lo TEIN TV LHFETE 5,

TCHRETLEHE- FF I, ERECOZEZ T L OBMEI RO THVET S, 72
Lais, #&xld, AN ENICEB SN TV A4 LYY — FERELEREEICENY
[ 7’7-&1Li7}:bffb ZoNTDVBVELRDPLEPAA-TVEBY)OLDIZT 7 LATE
e EEE, Aoy — FREE, FHEEL LTINS LI, BSOBHE— FIC
LoTT 7 X ARERT 7 £ ATWH &%k%éﬁﬁ§< L7 5 CT< %o E51Z, Rolls (2017)
ﬁﬁx1<ﬂéiv . KIBFREMNICE Z 5TV 2 EREEICIE, FFEORER A %l
> TWL 2Tk D%H&wémﬁyﬁffiéoE%iﬁm%vbv—ﬁmm,%%%
WU EET D0 THbh, E2AHD, TEV— FREFEZ LN TWBHEEAD
C3 L, EEBSKBIHIE IOV TWEDT, RIEOWH % F050 0 ISR E LA iR
ThHbo Lad, i BRI, Minsky (2007) 25EBE A v N7 — 2 (Semantic Network)
IR CHEEREE FEOLHANTEN>TWE, L7225 T, HEE— FOEWIZL ST,
IFONEE Z SN D ERELEAA D KRS (SN 5,

64) Z D HIZBI9 % Neuroscience (ZHD\W72HiR1 21X, Rolls (2018) 2SEHBTH 5. Bl
X, Rolls IZTFTFRDLIIZHRTVE [HROEEDZa2—arry b T —ZHIZBWT=
2— T YIEKIERT AMRI LIRS XX > TR 2EBIE 7T ¥ A ORI LIRS 5
Wik, MCEIRA 7Yy MIHLTTHoTERD, B oZRFICIZR R o 72ER A E
VH#EEIITONL LVl 2 ELRELOFEE L >TwD ], [L225>T, BN
FHE— NOBEREBZIFLET 20T L, Bieo/y A TOBBIGEIZIZSH AT
ETOEADPELET S.] (Rolls (2018) 45 11 A5, EHR),

65) Z %, Rolls (2018) 123, Neuroscience FI A SV R LIEFH SN TV 5,
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L723oT, “A 7)Y 2 A OMEEZ BN T2 L) KamD FEHEH
\2& 5T, Pearl ® 3 BFEHEAEIZNMZ T, Minsky O 6 BEFERE#EZH WL 2 &
Wit eERrs 5,

& 512, Pearl %X Minsky LHEDEAVEIZ OV TOHEMEIX, Pearl D=
BEHede L BEHCRN /22 F 27 74 7 - 77U —FIIZREVERIH 5 Z L IZA
DL LWL > TEVEHIZZAR S (Hohwy (2016) Z82) . FEBE, Pearl O L )L
1T, [FIHWTREZE Y 77— 22T ANS =E RO & 122
BN T 2] LWV TERFESIN TS, £LC, LX)V 2T, H
SOT 7Y a ilE o CEMFUITHBIICEB Z T2 LI2E o, EBRON
EIHED VI REROREIZE THAADL )L LTnd, 72721, HLOH
W27 7 2 oa w2 BE L CRKRORE RRBROFE 21T 720121, 7
7 va vz AT ) MNTAT A EAENE (Agency) 2 D X9 e ERIIT R ©47o T
HEW) EHLDKE (14T AR Sense of Agency) SWENIZ - T 5o 2
WoksE  WEREROFEICIE, BOOT7 7Y a Oz NENIZ LIRS &R
LRI 520w 6 THhb,

F7:, 20X EVCEHCHNE N 2 1T EREESH UL, EBEIT-
7eT o va v Tk el WA T 7Y a v b ED SRR oSS
RHH - FRICTED LR L, BIZIE, FERNC [HOTrvarkes
BIFIUEE o7 LT 5120%, EBROT 7 2 a3 » ORI LT 7
Ta yOMFESNGRHRERKTE LT IUI ROV, ZLT, TOLI LR
FERBELXVOA 7)) Vo AT, ERFIUSEIRT 5720 O KRR
ETFWVIZEDLS TN ZHRR L, T LTHRICREETE 2V,

Tid, LELO Minsky D 6 EEOA > 71) Vo v AFKHETIE, L L
TONMAI DA VTNV 2V A% ED L) IZHMOT LD TELEA
P

Pearl (2018) DA A IO VW20 A 5, 3TIZ Minsky DL X)L 1 & 2
3707 LTwh, £72, Minsky DFFEREZEL NV 312745 L, EH#TTY
COPDRDERERRE - FETE Z BVFENN, ZN5ORRIZOVTHEE
BECT& 5, ZOMIZEALT, NM-AI ¥, EBREFOTBFLEDOIRL S TY
O - ay MEE CRRBEANOBERSE) L7 2 - ay MEE Uo7

VEE) RIS 2 REOBEEN 2 HEOOT, TOLAL 3IEED 1T
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N7 TEBLEEZOLND, HIWIZEIZLDOLDIE, WEEEL N 4 TH
bo TOHRAKDIHMIL, TOLNVRLEIIRLE XL, FHILZL 405
720, BEICEBLAZY, LELMEICT 2 EATE o) Lz E, X
DI, ZBILEBEPFELZLEELEVIHEICEDS>TL b, L2,
Minsky (2 &L, SOV 41, B ETIEEIT 5. DR LIZ%R D5,
COBEOEME L, BEEWRATOREE V) BRZLBRTE S,
Tl, Minsky ® 6 BEEO E D) FTr ) 7 CEE, b B a2
L, MATEDOHIENTED LINIRDDIES ) D ? TOBVIZEZ 121,
FHLELELERFLIIEDE ) BRI DTH B % EL FIBWIIRRT B LE
M bo AimTlE, TNz 1980 FAKLUKED AIMZED by TAY —THY
N ZORFEOETIZZEM Al WFZEH 5 & % 5]\ 72 Winograd il (1987) %%
“Breakdown™™ L IERTFE O & 9 RIS E RS bETHIV,

[(Zv¥Ea—s7arsaskLTlRAENE) A7) V2 AOREIE,
(A707 7 A0 L 23 %n 5% v) MESEMICHEIERSL TV A
WL THE & 2 RE R 2 R 3 R EIREZRZ M 25E £ o TW 2 IR E Y]
WATHICTE L2 L ThbH, MERMNTOEMHYZERIE, Tk 2
BEHADEY ZEND T THRTIEZVL, WFED) BRAEELRZ0 X
9 7% (REIO) IRPUZFEFE L EORERIG L TWDH 0 TEOHHMESRE
%o (Winograd i (1987), &R, () PIIFEEEMN)

Winograd . “Breakdown”ld, AI/ML & WIH LR LEZ L L, ZoTays
T LRRETEPERNE L TS R EMEICE T 2 EEDOR (VAT A
LA © systematic domains” ) % GRS 5 HIBEASIS A L 72BEICHE S 50 Z D EEIR
T, “Breakdown” & (X, [ AE) LTWALT7INITY) X LDIEFHATIZTHIL
RV E D) ] (BRAME 2003) £V T IR D,

72LA2NS, 2@ &) %“Breakdown” = 22 L & B ORI, BB O

66) Winograd il (1987) TlE, ZOHEIELILT BH72D12, 7 v — L LEOHRFE O} A
FyA—FTEIEEVIH LTV,

67) Lo LIEREICIE, [V AT AL E X, 7075 405 G BT 2R E o435
075 < — O % BIL L 7258 (Winograd fill (1987), FEHF) L &N Twb,
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o - Tay MEERTU Y - Tay NEEPREIIRL, 72720, TNHLOF
BEEE, HLEFTHRLEREADHIEATE D720 DLELFMHITEE 2w,

TlE, ZILE BEAORIGIE, D Minsky DA 70 V= v AT 5 6
BROEDBYPETELLIICRDIDESLI 2?2 T, 1) [REFE], 2)
[EFE | FTOA TV ATRERTHL, ZOLIVTIE, “If —
then rule” A = 2 — 22 WHIBIETERWOT, ZILEBFEORRT S TE AR\,
F72, HHEEEZEL ANV TIE, 1EHOERITTE L2000 Litkws, REMZ
bOIHEE DL, LV DI, BAZITEOZUMEICET 2 HBATE ZWVAS
THhbo, ZOXH)LBHMATELDIE, 4 NEEELNLTHDL, LA,
COLNIVIZIE, BEEFHWR A Y OBE L W) R TOEROHFAENFIIE L S
N5,

B, NM-ALIZE > T, WEBRELNLVDL V7)Y v ADMib->Tw
UL, EATATENOZ LB 3 2 8 - FrartbHlr ST aE e o ¢, 2b&
REOFRLIITE L) ThH D, FFE, HUM - Frathilnc X o> THaZ el
Wr L7382, (AL BT A7 4% (ML) BRIV AT AL EELTTE
V- FRIEE LTERLIENTE S, 61, AoBEORE L BPIT
Llar)  HoOT7 7 ay (r#h) LEEHL, 4 R EEORKOFED T
&b L2b, L MNOREEZBEBMIIMZ 2L 0 —F2 AR LIZE T,
v MR AL E REANDOFERE S TE DRSS T %o

Tld, 257D NM-AL IZE=HW R A Z OB L E W) BRTOEMRZ LR
FAZBWTHARAD BIERAH D D5 ) H? bV, HERIZBLT, o
DL NNV TOEEZ NM-AL IZHHAASL ) & T2 ED L) RHAADDH L DA
AP PEANTHLERIE, TOL) RMVICTHICERD I LT TE RV,
FHFEETRT 4 v 7 ZAFEEPIC BT 50Ky MIEZEHE A ¥ WAL »

68) O OMR RIS HEH (2017) 12 LU, [RREFEEORT 1 7 A1, HRFE
*HWTAMORASEEREYHRT LI L 2HNE T2, e bTATTIL, WHHE
DIAKH (BRME) LHSHEMERT, #hoid, EE2SoRE L OMEMER %28 U CF
e BELT 5] & LTW5hH, BRI (constructive) & V29 BHRIE, EBIZE/ L L TE-T
AEDLEN)TETHD, FHINV—TILDHFE 2 ATR Y MEOHBRMN R HAIZDONT
1, http://www.er.ams.eng.osaka-u.ac.jp/asadalab/ # B S iz, BB, ZOHEBMHH LT,
FHO 2 MO E B FAEG I 72720 72 KRR RSB LI FE R AIRE - AR RERIK L
FHIOEMELE, %6 CISEHEAENOHFNZ 7272 < LT —F/ICH 2B A
S 72 720 7o RIOR PR e E R il e Rt B B8 80 (BRIEMR SR 8d%) o



WIREZ 1 ba—xv - ATV ALy I 7=y R ORI AL £ 27 ) V2 Y AL 32 %25

) ERTOREME ERIHAAD ) £ F 5 Tani 2017) DHAIZITHIMHET 5,
ZDHART A 771X, Tani H3“Circular Causality” & If-.55 Friston (2010) @ Free
Energy B (FRCICHI) ICHBL 728D TH 5B, TOEERTAT77I1E, TH
D L) aFTEATE LY,

ORI, B [ - P R RSR - REEE) R ] & T
o [FEMF] LOMIZEPSDRIMETHALDRHPREINT NS, Er5D
FENEM 2 & A KRR % @ U COREEBERIESNL T, 25
DRENTFEM T 2 B TH R AN AR 2 8 L OIS E SRR 2 &
IRLTWb, LT, FEMFITHET 2 TN L7205 TEsh e 2 BRE L 72178)
ERITIETOMENIFEET L. Ladb, JOBIL, FHFLLR0E,
THFREDREAI SN D, THRAEDSRASINDL L, ZDL) RRELTE L2
AR IS 5 720 ORI 2 it § 2 720 DR MR S, € ORFR,
L OVHEOREWTFHSHERINL, 2L T, b MRMEZFOEMEE, 20
ETOFH - ARV — T 2RRCET LT, FHRAEIRNNIZ D X912
BLTWHERLRTIENTEDE, bR, Amkild, k_O)J:’)CCT‘{EU

B - PAR/RIHER - BREERR :>
Top-Down

B

g\

ER w3 - P -
E:) $‘I Circular Causahty
menE Al fh
80%
78 Bottom-Up B=HNEA S ORAL

W) ERTO“ER or
"ﬁ%ﬁuiﬁiﬁ"@%ﬂi

(FEB AR

SIIEREI O, S L E B L 7w,

69) Rolls (2016), HFIZZF D4 5 4 6 g% 10 THTIX, NM-AI TLWHEZ (H S 0@ A KA
LCTHSOBIRZEREICEDS2ED) HEHRMoMZER MU EHAGbE5E, AE
BEH (Self-Monitoring) HRERX ~ I 2L —2 a3 VIZL o TRELZ L, 2O LIZL > TRER
OHFERITH 120D A FFRDPRIC B L, 2D XD S EBEHEED EBROIAEIEA

RSN &, REFEH SN TV D,
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FERMUTENC L o THIZ AV EF =" ORMELE Y A HTEI L TWwb &
$ % D73, Friston ¥ (Minimum) Free Energy BEHDE - TH %,

Z LT, Tani (2017) |2 XU, ROGPFITRENT VWL LT, B=EHN
e XY OB &) IR T ORERRRAT A LM (Agency) 12, TD &) HAHE -
FHI - ATE) DV — THS (Minimum) Free Energy w12 L 7225> T/ IV 7 VAl %
(“Circular Causality”) W2 CHET 5 LFL (s Tani DHH, TOZ L EHOMD
) ® BD-Al (FpZefilifirk 2 MARAZEME RNN) V7 b o7, & - EEZRO
KbLYDy —RET I FaL—yRElr7zaRy P2IERL, ZonkR
v MCBEA REEEA G2 CHREFE ST, 4554, ORY FOTA
THEEDHLIEE L THRTE LD, BEFWRATORLE V) BEIRTORE
WIIEFBETERVOT, B8Ry POFEBNLITEI/I Y — R ZOEDE
LEL»SZOFERHELESL LV MEN LT 70 —F 28HL T b,

AN S, FHIL, Tani 2017) DD L ) HRADOZLMZ M TE 512
EOMEEFbADE TR, 72721, Windows OS D“¥ A7 ¥ h—T ¥
— DY RF—a L Ea2—% FETEHWTWARE SOV 5 L% E=Fh A
¥ OB L TTHALT DA AIBEICHE ZBICHFHEL TWb, Lo T,
Tani O HFERIO R Y N THASNTWILDIE, TIVI TR A=V v —
7 XY ORI ED L ) IZTIUTHBMICERTZEI NS0 E W) ZEZLEA
bbb, TOEETIE, NM-AI 12, A7 OMEE V) BRTOERSCITAE
AR ERRIHAAG Z EFE LD IEZ O Ltk v,

B, Rolls 2017 1%, FREDI A7 A= v —W7 710275 AL Tani
(017) O EL TV L Ei# & DPEN R ENIZOWT RO & ) 2 BEERR W

fafie LT b,

(2 VYa—y7ur7s.00121, EHERELZES L OLH 2, 20

70) BHAZIEL, WEELEROLONTMIALFEF—DI) L, HFIILEDY ) BT RNV F—LE
FENTWD,

71) NM-AI O b ) IZH G2 KRB TE 25 RNN 25 SN CTw 2B, NM-AT HBI%
BHEOZLER NM-AL 20 OOFAMMEROBKS 2L BbN b, T2, Z0 L) RHELHE
FEHE HRYE T 2B Tk, BIEEENIHEICHZEHAITE A SR,



WIREZ 1 ba—xv - ATV ALy I 7=y R ORI AL £ 27 ) V2 Y AL 32 %25

LD, L)V EROSENGEERE T O A L LR BT REZSL )P RD
CORICHTABRETORERIL, N6 707 I L0505 AT AN
DY YRUVPEDLHIZL TERFOBRLEEG DTSN L0 L) HE
(R HHRTE) 1ZB5 L a2 WETY AT 2 08EX BIES 5 720 DEER
BNV—=IIZL72D5> THEBILTWADT, £ RATRETIEEY, TH
Lol (FEHFR, (O AIIEFEM)

Tani §it® Circular Causality ® HHLIZ L - T, 72& 2 ZNDELGEH % & D
ThHhoThH, HEZHWR XY OPITL V) BERTOEMRRITA AR Z AN
ARSI EDRTEZE LS, ATWE LCoHEZ LT 2 1EHEKE A
FIE Y AT LICNEEZE L WY F R LAV O“A 2 7)) J v AHMHTN
bbb el be ETAHNDY, Tani 2017) DD X 9 XA EIZED S 9
LY, FLT, FOL) BENZLAAVOERISNATHOERRT S LA
A b2 7o B O LT 2 BB RIGIE S A 7 2 A Z SN L) & b,
Winograd D EIR TOZEAL & BEANDIISIE, DL hFEITTEZ) D%\,
LEEH )

FOHHZPS 2T A28, Minsky D 5) O [HEHEEE] % 6)
[Eik LS ()] L 2L L BE~ORIETT &L DBBREELZL TR LD,
72U, 5D [HEHWEREZ] LALVTIR, HYOR- 72478hH 4 o B
L3550 (HW) IMETLIhENICOWTEETEX L, LE2>T, HED
HEBIREES - MSHEIC LD > TEPHCH E WO B L FEITTE
HEWH T LD, BRMEEB TRIRK W LI2h5h, HED MK
Ui - 7258 LA TR CTh 22 L) v ) IS EHTE 5™,

TlE, B0 A5 OB L) BRTOERRLITAFAMEIINZ CTHTE#RS
TAFERMEE DM A7 NM-AL X, ZO7LVT) XLARZ0HUEILETH
BHAYTNT) ALZEMEL T, 2O HWEE GFEOMEBECES - HAHEH)

72) ZTOEMRTIX, e bRe b, b MY OBEOMEREFRIKGET LT LR, “alifbEE
BN L o TOARDS AlphaGo % LI 5 HEJ % FHTE 5 £\ 9 AlphaGo Zero DHEH, H
MEHBEKRZBEORKE - EHT 52 LIETE %\ (https: //deepmind. com/blog/alphago-zero-
learning-scratch/)o 72 8, FRILZEE & 13 ML O—FEC, Al 2%EH L 724 R 2 HEOHRIH
M3 2812, BORHERICR o hBEERICE 07200 HRE ATARBIC 74— Xy 7 L
THZONTZHHBBOBEL LV E T > T L) IXFEE ST LT,
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HIRICER L T L Er % HIl LELE BENORICTEL2ZH )02 B,
AZTNTY XL LN, EOMAEM 2003) O [H23E 2 x5l &723 WhT
%) b, BIEZLAEEZEOT VI AL, WIEREEREEIZE > T, HEIWIC
EBEXLEDLL] EWVIYT VI ALDIETH A,

ZTOEIZ, RIEMICIE Yes Th b, RENEEID 2B WRE BB,
HIOBEBHEAZ RETE L2012, 6)0 [Eik EoWE) (&%) | »LHETH
5T EI2L B, TUE, BD-AI OAZ 5T NM-AL T, I KBH R E R A
YTV VY ALDPHMAREN T RWOT, 2 zuRy bk hHikE
ATV LTORTHETH S o BEME 25 b ) —D O Pz B,
M EA T ZHSTIEEOR M2 57 70 —F LT A TlE, 21be
BEANORIGS T E LWL EDPBE CHEET L2056 TH 5,

2% ), Winograd fifl (1987) O FHEZ M UL, HAZHEICYIVEHZ 52
ERTERVE, WRIZAZ TV T AL EBMELTY, HilIcHiERS N
TV WEOFRAVE X 2 FERMFRRIE 2 R T R EREBZEMAE T > T n
FRZEYNCATEI CE v ZLC, MATCENZERMLETTLE ) &, M
HIRREICH > CL F ) Bk s 2t (H A (2008/1989), H FIfth (1997), Fisher
(2016)) o FWIRZ UL, BHMEBHAKORE - ZH 21X, Minsky O EKT
B BAY ) B EE L L COER OB PVHEE R LD TH S,

EEL 6D [HEik LoOEE (&) ] LNV A 7YYy AT, BHED

73) ZOEIZE LT, Hohwy (2016) 1%, Eikl - Bk FTOEBPERZSNE2DI2E, 72k
AENDURY POLI B ANTHTHo72LLTH, o —FR - TrFax—-5RI2LA
FEHFIZBE T 2 R R OV 2 A93ER (exteroceptive inference) DA 7: 53, TOKRKIZH
T AT KK 5 NZER 2 HEH (interoceptive inference) ASH HEZ A H = A 4 % &
AT UL, A THIZR® Circular Causality 23] ) 13D T, Z0 &) Rt ADIER Lo
Bz L EALZELOTIEZVA, TLT, 20X REHHICOHER S THEICT 5D Tldk
W, EXEARR L ADSSIERT WD, 7L L9 7% 2 &2 Friston (2016) I2BWTH, i
S0 72 AR 2% T B Anil Seth O—HORAIFR L 435, [WZEH AN E D
COHBEIE BL 5 CMADHEEZHMT 2 L (k7)) MELOKE] (FEHH) Lk~
TwWhe, 2%, WHEHkIC, EGETHI AT THN, HEMEROMALZD 71— F
Ny 7 - 74 —=F7 47— FHEROEHICL DV EBOFEAENWRRIC RS Z L 2R L Twb,
72 L #*1Z, Damasio (2018) X* Craig (2016) DIEMMHEFH I 2 HFEWZETH, Bk L - 25k
TOEE L BEMER, FICBRBEONTEENTE, € L TENEREOBE G’ % &h
5 DA ZE (proprioceptive) & 1THH AR L TVRE I ENHLNIIH > TETWE, L
A5 T, NM-Al ~NOIFEOFAAR S EWFETIE RV OhD Lk,
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WHBILES -  HAHHBOLE S 2 b BEMICTRZOT, R e B
RUUIIE U Tk E L7 HWBEEBEGREZ LR T 52 LA TE S, )LNILVOD
A7)V Y ADFHTRETH 2 &, AMMZREICHY 5 2E—HET
7%, FBAEHZIHARAATHC A =2 — %A L, SHICEFOHEE
HOMOFK R )R ZDEIZR D05 Th b,

S50, B BEANORIGICLE R 2 LiE, HWBEBORRE - ZHIZTT
E v OB IZHTIIE, HEE2MBET o4 R A2 DT T
72WTHED 2 LCE ARy MU — 7 HEEICHRICHED A T T 2 3 HIEE
EEDECEVIRL CRBIBT 2 UEEIEE L. 20 L) kb sz
WL, ARy N2 L LTHEEL O HLIZHEDATNTWS kB s
NTWw3) OT, TNHLEXHESLHICEIHT L7202, 6)0 [Eik LoFH)
(& ] LV, 7 )T = AP E e b, TO0I2E, AMNZ
HOD@AH > THEty Y T—27 (332=541) NTHHLE > TRIGE
ERBETEA TV 2V RAPAURERLZDTHLH, T LT, ThzEi
REIZ T 5 DAY, Minsky (2006) 2 2 T LA, H\WOL ke EXREi#k - 3
L5 2 OIFIZ Lo TRHFARH NI ZEANTII 2 =T A BREETLH S
Bk LoOB#HZOTH S,

DRI T % Winograd fill (1986) 725 D TREDE L, ZiL & ZE~DKT
JBIZIEtE S R Y b T — 2 NTOREEIC & 28 LRI O BN VB R B & o
AEA: GREAIZ) METH D I Ll L T T, Mo TURBHNTH 5,

[DRTOFEETHIRM L 22725, ARMIZ, AUEVOFH®ICT > B
AOLNFT LI Eid kv, Fald, HLLaIv bT5 FEEaHoT
BEFEND) ZEMNTE LIGEEHEIBICE S Z & T Breakdown (L& EHE)
WS 2B 2o Twdb, AETLHOIE, RITL0EERBISN
5250 LOMOEENZBRICHLTTIEZVDRE, AETLIEV) L
W, BELFEMEFLD (HWwi2) 23y LT (20 &) RFEEN %R
) Bz mRE ROME2 LHI12 (%400 BEWTREL & TORPIC
DlzoTHaET A L D72, | EER O MIxgEEEmn)

Stz X, Minsky D 6 @ THEAiL72A 7)) P = v A" T, B
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IR ENSHME A DH O B MBS A7 2 NZITICEE 5D
TlE% <, HEREBKT L84 2<HOZAL T 2 1GHRERE B HIAH > 2 7 27D ]
D& Ay T = I EEOHRIZHHEDAFND LI I2h D, L No“Af v T
VYA, Lo THI Bz SEGHELy FT—7 B 74y T
— 7L LTHMEHASNTVWELERLELH I, HLIFHE A Y bT—27DHT
KBEDON 2D GHFEHEIN TV DL, ZLT, ZOL) &Ry T —
7L LTHIOEIE e b 6)o [Eilk EotEs (& ] Lxvo<f v 7
VY2 RERETHILICE > TR LD TRIETE LD TH b, ZDEK
T, ALVA NOE (2009) % i ¥ % 1 (2006), &KHTE 2017) DFEZMED % &,
[(ba—=y) A7) Tz 2%, 4 NOi%E &GRS IED - T
W5,

COEIIRIFIRT 2 &, AL BEANOMIS 2 IS L7200 DA ~
7)Y 2 AL, Minsky D 6 EE THLHEELLDTHL, £ LT,
Minsky 7 Emotion Machine 28" #7&Tdh A1), HI & BD-AI, NM-AI (4,
REEATHE) - =HATE) - PUEEE - WEREETIIABREGRE S HITHEDTW LR
LNy, “A 7)Yy AHPHCHNARE, 20RO BE®R O
(&4 & ERT212oNT, LDBEELMTMELBOTUIT<DTIERWES
9 o

B, WiAIZ7 B A, Hohwy (2016) (X, Eak b - Bk T OEEI P ER L&
NDLDIZIE, 72E2FNHDPaRY hOLI B AT TH-72L L ThH, >
=R T Far—%RITELFEMFITHET D KEEROIZEAHEN
(exteroceptive inference) DA 72 HF, TOKRNIREEIZFE 3 2 F 12 HAMHESRAEEH
DNZZE Y 7 HER (interoceptive inference) 345 = F (1 70 1155 & BIE W HE 72 A 7
AL FEATEIUE, RN TLHIROD Circular Causality 251 V) 3 DT, #
DI EHNHEREONER (B 2 bEARZELIOTIEEVY, ZLT, 20
L9 2 1BH (B AO0EGHLTREICT 2D TIER WD, & e R LA
AHIRRT WD, [/ L X2, Friston 2016) b, HEFH 2 ekl 5 TH 5
Anil Seth O—HOREAIZER L 2HS, [WZENLIEN L 2oCoOFE & B
Z O LMBADITEB ZHEM T 2 &) GR72) Mg EoEl] (EEF) 1225w T
ERLTWwE, 2%, WEHkI, EGETHNATIY THN, BHEMERD
MALZDT A =N 7 - 74— F7 47— FREOHHIC L) 1HE) (&
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1) OFEEDREICR AT L ZRBEL TV 5,

72 L2, Damasio (2018) X Craig (2016) D E@KICBI T B HFZ2TL, B
RSR, FRCHREONZELNZE, 2 L THRNIERTOBER BB = &0 5
D E A 527 (proprioceptive) D = (%, Eik b - Bk T OEE) & BRIERL T
WAEZEDPHLPII RS TETWVD, ZOEKRTIE, FEEHEOMPIHET

2X0, EEO NM-AIl ~OMAAAL S ZWFHETIEI R VONL Lkwv, £
LT, Z0 L9 % L)V T, HI & NM-AI & ORERBRDZEAIZ %R > T
W THTREED H DO b Ly, 72721, Damasio % & ORFZERHICE L T
1%, Rolls (2016) D £ 9 (\ZH M 72 FUfE % LI R < T 2 iRk b v
5o

4, HEXRRAT

KimTlE, 4% & &H BD-AI EHEMWIZIE Al OKE LTEYT S
EWIFESN TV NM-AL O G# MY B, £& %3 BD-AI X NM-Al O
ATz ARHEE I ED L) b DTH DM %, Human Intelligence
HD) £ 5 A 7D Al &£ Ol - RBEICERZ L TRPOME Lz, 4%
£ ED < BD-AL IR THRZFERIIZE > TR NM-AT 2 [FFNIIH - 720
X, 5-10 FRICHEBEOFEREPTHERIL LI LD S &, BICHIIIKRE A~
X7 b &G-2T\Ww5h BD-AL L Oz mo o2, HEEIIZIE NM-AL 2°
Al OHFELE 5TV ETFRIENE DL TH D,

Z LT, BU4T® BD-Al £V b 6 L LOHERIRFELYE D NM-Al 3%
LD EET D 912k b s, HOWLAADPINEESTHIZOT TV
ARKDE ) B TANLADEFIZ R TELLRVEDE LS TTLEA ),
Z9)%oTLBE, HLICHERUROHEBEN A4 7 P25 21300562 L
R GZV, EBEOKE, RHEMRORIEICTHE T2 NM-AL 25, ZOEE %
VTNV A LFEE £u - vay bEE (REREANOIEEEHE | Zero-shot
Learning) 7 v + ¥ 3 v MEE (N2 7 VEE  One-shot Learning) DIERE % F5HE
T5IEICED, AxOHEEEFHEHTETT 521 s REANORIGTIR €
DODHUZLHEZHBREICEDO TANLENLTHL, Lrb, ZTOL) %A X0

ME, JA SRRV ARVIZFEATH LI T TH S,
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FRO L) BHEPORGGDFE THAZDIE, BD-AI & NM-AT O JfixfiifEis
B3 2 % EHEHEOFE L VWG &, 20 L) 2EEtREOEVD L 26T
ATy AFEROEVEIHOLPICT LI L TH o7z HiTkiR L LT
RN Z L 1X, BD-AL IIZBHOEER TORKOIFENTE RWzD,
Yy 77—y IO RRERE NAENICHEET 5 2 LT E R WEEO T
BIZolze L2AD, FEHED [~7o7:6~F 5] L) “Ifcthen V— V"D
BRI R L1ZE, RRBABETVRHEGHETS VZLIZ, TRETK
B N A& DD THEMET £ BVIAAT W 2 P ORIE - SRANCE D A 1EE £ T
M, FEiE, BIABT v EELEFTOLANNVICETLIZIENDTELZEDRALL
VNI 7Z 5720 72720, ZOMWMENZR BD-Al D/87 + —< » A2,
BITO74+>y - A<y /Fa—)rrMa Ca— SO FiTHH T+
Yo AR YRV A Y7 (VNB) ISERTH2ECIIEOREHEENEELE VD
il a KAL) LFED B B T L BRERR L 72,

WICHERE L 72D1%, T X9 BRRE % F:> BD-AL IZHN, —RTlddH 505
NM-AL 2527 O TH D 00T o 720 BARIIZIZ, VNB OFEHE 2
SREEM7ND Z LI X ARV OKIERENE, ¥ TEE RBIREES
STDP (spike timing-dependent plasticity) 23F] BEIZ 3 2 5] - KHIC b 72 5 B 22 [HE
HEOMAAKR, HH - BETHOAZL &3 EY - KB aiCREER L F8 7 ot
ZAHEEHE L 2030 0FE (*5%8) HiE, R ARROEEERITD 72
SYEEREO - vay NEERT Y - ay MNMEEERE %40 BD-AI
ETICS XV 4 TH b,

7272, 2O X9 % NM-Al OFBTENE, BB = 2 — 0 MBI
WIpEy 77— %anpP EFRAZVWEVIFHRIZED, el d
B IZ BV TiE, NM-ATL DB SISV 7280 & ) 2 IRIC R > Tw b
CELMER L. B, ZOLHI By I T— 5l x EH IR TE
ELTH, TRLX (FH) Ltavsry (WE) 2—1KfbL72AE)THASL
ERIC CAM HELIZIE, B b - LANWVIICEDEBAZ TTIF 518D, 7))
VY AOERSEYFECH DLW REOREW EERER L, LT, H
ITOFER R E) Fifi 2o TL T, EIKIC CAM DFEBREMEN L TO b
RN EDMRE L2 2B, FMOHFTIE, ZOL)REy 77— 7ilH
X CAM fll#) 7 EOR PV Ay VIEEDO A /) X=2 a iR I ) O22H B L
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[ SN NS B

WRIHER L2 8L, KmoA v 7)) V2 v AOEROIE LM% im L
72212, SR EEZOLBD-AI LE Y TSl b CAM HlL 7)) 7 L7z
ﬁm%kLT@NMAlmfyTUylyzj;Hl&a@io&ﬁﬁ-ﬁ%
BRICH DD, Thotzo ZOFRMBRELZHSPIZT L7012, XAV
Ty M= ROFHEINRRIETR D314 =7 - 831 Tdh 5 Pearl (2018)
DA YT)T AT A SEBETIVE Al O EFRE NS Minsky
(2006) D] 6 FEfEET IV E“A > 7)) ¥ = v AFHlioREA L L THEH L,

SIATIC XL, BD-AI 1%, Pearl 2018) 8% 2 T NTWAB X H I, koL
~N)V 1 (Association L N)V) [ZLELTWEWZ R, FIZFOANTL=2—01
CHEEE AT A CTHMERE L2 BARAIL, TOLLVTE, EvrTr—%
P HWICBEL, [~7Zo756~75] &) “Ifthen WV — V" TREIN LB
REBOTNVIT) A L%, TH6DOFRIZHHFRMRIIIMN LW £ TH
ET LT THb, 2F 0, EEROKE RRBEMROMFELX Pa{Ebe b

ICHEC X B TIEEL{fThbIl Ty,

—F, FROZODKRMVA Y 7 REELZERIEE LTO NM-AL b, %
R BHIRZEE R STDP 742 K OWFZEMEB I IZEN /- AL = 2 — 1 ¥ 3l AaA
FNTVDLLDOD, FK72 Pearl DL X)L 2 (Intervention L N)V) %39 L CTo )
TTCEDLDPEDPORNTH L Z 2R L72e 2O LNV TIE, “If-then )V —
VW OEHRIZH L NEBBRETERTL7-DICKIBT—4 %, NM-AI H 5 235
FUEMAALTRETE LT NIRRT H D, 2B, TOLVTIEHE
W27 7 a2 fiffid b ERUHEZDT, NM-AL I, TAZITH 729
WCWED X v —2RBRER (72 F 22— —F) #fz7z0KRy b L)%
B ENTFERTH L UEP DD, Sz UL, BROFEE KEMEHRD
FED T e % NM-AL 1%, BEfFORBIHFFD N7~ 2 RAICHBIEL>2H 5 T
T2 7 4 ¥ X A (enactivism) 25X TN TWB LI, V7 MYz TR
AT TI>FEHTE 2 (Noé (2009), Hohwy (2013), Engel fil (2016)) o

ZLT, RSN/ NM-AL 25 Pearl DLV 2 %2 &2 FTr YT TED

& FEICHRET 3 2 7201258 Minsky OREA T EA L, FKFIZHRHESH
DWUEREHL2IZ Lz BARRIZIE, Peal ® L)V 3 A%, Minsky O L X
V4 (WEEE), 5 (HCHARE), 6 (BE#RLoEE) (K1HE) O=2I20H1T
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ez L &R L7z

Z DGR, NM-Al 25% % FEL OB 2560 EICINZ T, F AL IZE=H
()7 A 5 OB E V) BIRTOERRITA TEEEZ AL 2 L3 TENI,
Minsky D LX)V 4 (WEEE) £TIE, EHh2 ) 7T TELI L% F TR
L7zo #I2F 21, TOMMGEAELRITIUE, Pearl DL NV 2 S HF L %
%o B, KimTlx, Loty EROFERTTERIEICZOWT, FITRRIFE
EORT 4 7 AW TAHSL % Tani 2017) DA%, S % & %8 < Friston
(2010) @ Free Energy JiHH & ORI % 48355 L 2 A3 H A7/ L 720

Minksy (2 X 4UE, LV 41E, FHIDPS-5 4000720, BEICERL
D, BELHFRIZT 7B ATE R o720) Lok &, L 0IELIE, Zibe Bg
WEAELIEZIEHT 5, 20720, RimTld, FRILE 7 NM-AL 23 &
512 Minsky D ED LX)V L TEEWTRETH 502 iERLT 272012, 1980 4
REKLEED ATBIZED by TAY —TH ) %035 £ ORFOHIIZEMN Al BF%t
5 5 %5272 Winograd il (1987) @ “Breakdown” #2128 - TEAL & £y =
[WAIAEY LTCWBTIVTY XADEGATIEITHL 2 2\ &) 2HEm]
A (2003)) EALEDT, NM-AL L2, 2D X9 RZELEREDOFRLMIEAE
CETHREE 220 EMET L7z 2 LT, FMHIL3 7z NM-AI 2% Minsky ®
LAV 6 FTHEHTEIE, FOLNVICET LI ENTEL I EEERL
720

727l FTRERIC L AUE, KR BRI 7 ) Y 2 Y AOH LT TH
% NM-Al T, Tani 2017) it O Bk L 2N 2 &2 8B 2 5 H O E#k (Self
Awareness) + 1T 25 EARTEK (Sense of Agency) 2SHlAAF 72 LT3, Winograd
il (1987) L DZEAL L BEADOHFIGIFETLTEZEI bW &, iE- T
Minsky D LX)V 6 ([2F TIIFERFZETEZ ) bW & 2R L7z, F5E,
Breakdown” = “ZAb & BE"ANDORIGIZIL, ZOEEI I TIIE, 5%
T B4 e N A DEZE % F 72 TRk D 2 L C& 720ty b — 2 I
HIZHDA TN TV LA E L VR L VIRE CHRBIBE T 2 LEME S £
%o Lid, ZAbE BEANOMISNAIFRI OB VIA 2 FE & OFEE (L
FRE) bMEE LA, TLT, FNHEWREIZT 5 DA, Minsky (2006) H3H
2T NTBECOZRR G BIARE W - ALE A DOIH I & o TIRHH 2171 %
AAETII 2T A IRBEETLHLHEH LD TH L,

— 106 —



WIREZ 1 ba—xv - ATV ALy I 7=y R ORI AL £ 27 ) V2 Y AL 32 %25

DED &) oatriciko s, ZIbL BENOWIET 2T L7200 »
7)Yy A”ZIE Minsky O L NV 6 ABAZETEE $ 4 &, Minsky [ 72
Emotion Machine 23255 Tdh ARV, HI & BD-AI, NM-Al O =% 1%, Kig
1THE) - FEATH) - PUERE - NEEEZETIRAEBMREZ S L ICHEOTWIrb L
NBVR, A7)V Y ANHCHERE, ZOROEHEOTHEE (&)
EEATZIZONT, LYHELMEELT RO TITSOTERNES ) B, &

FEam O 720
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Abstract
In Japan, the “soft budget problem,” by which banks loosen their lending stances
toward long-term client firms despite worsening business conditions, has attracted
attention particularly in connection to so-called “zombie firms,” financially weak firms
sustained by discounted interest rates and evergreen lending which have become a
major research and political interest in recent years. In this paper, we focus on zombie
firms among small and medium-sized enterprises (SMEs), a corporate category that has
hitherto received less consideration in the discussion about Japan's zombie firms. We
find that: (1) many zombie firms exist among SMEs; (2) some zombie firms eventually
emerge from zombie status; (3) once a firm becomes a zombie, its probability of exit
increases especially among SMEs; and (4) the economic performance of exiting zombie

firms is worse than those of exiting non-zombie firms.
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I. Introduction

So-called “zombie firms” have been widely discussed as a key factor in Japan’s
sluggish economic growth in the past two decades, a period commonly known as the
“lost decades.” Zombie firms are generally defined as insolvent businesses that remain
in the marketplace instead of pursuing restructuring or bankruptcy. First reported by
journalists in the late 1990s and early 2000s (Henry 1997; Chandler 1999; Landers 1999;
Fackler 2003), zombie firms were subsequently criticized by economists, who argued
that they distorted market competition and hurt healthy firms by depressing profits and
discouraging investment, and thereby hindered Japan’s macroeconomic revitalization
(Hoshi 2006; Caballero, Hoshi, and Kashyap 2008; Hoshi and Kashyap 2011). Since the global
financial crisis, Japan’s encounter with zombie firms has become a cautionary lesson
for other recessed economies seeking to avoid long-term stagnation, and policymakers
in places as varied as the United States, the United Kingdom, the European Commission
and China have expressed a strong desire to stop the spread of zombie firms (Summers
2012; Bank of England 2012; Stothard 2013; Zhongguo xinwen wang 2015).

While the notion of zombie firms has gained international prominence because of
Japan’s experience, recent questions about conceptualization have reopened the debate
about these firms’ precise role in Japan’s post-bubble economy. Most notably,
challengers of the dominant zombie firm argument have asserted that these firms should
conceptually include the criteria of profitability and evergreen lending (Fukuda and
Nakamura 2011; Nakamura and Fukuda 2013), in addition to the criterion of discounted
interest payments used in earlier studies (Caballero, Hoshi, and Kashyap 2008).
Measurement with this revised definition suggests that the ratio of zombie firms in fact
declined from the early 2000s, meaning that zombie firms did not persist in significant
numbers throughout the 2000s, and thus do not explain Japan’s low growth in the latter
part of the lost decades.

We are interested in this ongoing debate surrounding zombie firms, not just for its
significance to understanding Japan’s lost decades, but also for its relevance to other

economies concerned about zombie firms’ allegedly malefic effects and keen to learn
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from Japan’s experience. However, we believe that the current scholarship on zombie
firms in Japan suffers from a key deficiency. Namely, it primarily focuses on stock
exchange-listed firms that tend to be large-sized enterprises, and overlooks the presence
of zombie firms among small and medium-sized enterprises (SME), the corporate
category that actually represents the majority of Japanese businesses.

In this paper, we examine the presence of zombie firms among small firms in
Japan during the lost decades. Our contribution is twofold. First, we employ firm-level
data from the Ministry of Economy, Trade and Industry’s Basic Survey of Japanese
Business Structure and Activities (BSJIBSA) to assess the existence of zombie firms
among Japanese SME. Our use of this database allows us to make a relatively broad
inference about the zombie ratio among small firms, which is an improvement over
earlier studies that examined the ratio with a limited sample size (Imai 2016). Second, we
explore corporate characteristics of these firms, including duration of zombie status,
market exit, and employment and sales activity at the time of exit. Our findings about
these characteristics add refinement to the debate about zombie firms, since there has
hitherto been little attention to important zombie attributes like survival time, with the
recent exception of Nakamura (2017). Consequently, they suggest issues for
consideration in future research on this topic.

We find that: (1) many zombie firms exist among SME; (2) some zombie SME
eventually emerge from zombie status; (3) once a firm becomes a zombie, its
probability of exit increases especially among SME; and (4) the economic performance
of exiting zombie firms is worse than that of exiting non-zombies. These results carry
considerable generalizability for the broader population of Japanese SME, given their
origin in BSJBSA micro-data covering a wide range of firm sizes and behaviors.

The paper is structured in the following way. In the “Literature Review” section,
we revisit the debate on zombie firms in Japan and elsewhere, to show why SME should
be investigated for zombie firms. In the “Theory” section, we offer a hypothesis for why
the SME category may exhibit a high ratio of zombie firms, focusing on the role of
Japan’s credit guarantee system in supporting weak firms’ access to financing. In the
“Data and Method” section, we describe the merits of the quantitative database from

which we draw our sample of SME for analysis, and outline our paper’s empirical
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strategy. In the “Results” section, we quantitatively assess the level of zombies and their
corporate characteristics. In the “Conclusion” section, we summarize our findings and
discuss their implications for understanding Japan’s lost decades and the wider study of

zombie firms.

II. Survey

Zombie firms have long been associated with Japan’s lost decades. Initially identified in
the late 1990s and early 2000s by journalists who labeled prominent overleveraged
firms like Yamaichi Securities and Daiei as “zombies” (Henry 1997; Wehrfritz and
Takayama 2002), zombie firms became a distinct topic of academic study in the 2000s,
when economists noted a wider trend of insolvent businesses that were kept alive by
various forms of financial support, instead of being forced to undergo corporate
restructuring or liquidation (Katz 2003). Early studies of Japan’s post-bubble economy
showed that increased lending to highly indebted firms lowered their profitability
(Sekine, Kobayashi, and Saita 2003), and that industries with high concentrations of
zombie firms had weak productivity performance (Ahearne and Shinada 2005), suggesting
that zombie firms negatively affected Japan’s economic recovery. Studies also
demonstrated that Japanese banks’ nonperforming loan problems made it more likely
for them to give credit to financially-troubled firms, implying that zombie firms
received life support in a perverse process of “unnatural selection” that simultaneously
reduced the credit available to normal borrowers (Peek and Rosengren 2005).

Zombie firms’ malefic role in Japan’s stagnation was most explicitly and
influentially asserted by Caballero, Hoshi, and Kashyap (2008) (henceforth “CHK”), who
measured the prevalence of zombie firms on the Tokyo Stock Exchange between 1981
and 2002 using a clear conceptual criterion of firms that paid discounted interest rates
below the hypothetical prime rate. CHK found that nearly one-third of the firms in their
sample received this form of financial assistance in late 1990s and early 2000s, which
signified strong evidence for their contention that zombie firms caused “congestion” in
Japan’s marketplace by failing to exit, and thereby hurt healthy firms and overall

economic vitality. CHK tested this hypothesis and discovered that firms identified as

— 138 —



Japanese SME:s in the context of the zombie firm hypothesis

zombies both reduced productivity in sectors where their presence was higher, and
lowered their more profitable competitors’ investment and employment growth by
impeding the reallocation of capital and human resources. These results led CHK to
argue that zombie firms created deflationary pressures in the wider economy, and
possibly caused some healthy firms to become zombies as well.

The magnitude of CHK’s findings gave the notion of zombie firms much greater
weight, and shaped the ensuing scholarly and policy debates about Japan’s lost decades.
Many economists cited CHK’s zombie firm argument as a persuasive and at least partial
explanation for Japan’s long-term stagnation (Griffin and Odaki 2009; Kobayashi 2009,
339; Garside 2012, 90-94), while international organizations like the International
Monetary Fund and OECD referenced CHK in calling on Japan to make far-reaching
economic policy reforms (Lam and Shin 2012, 3; Arbatli et al. 2016, 8; OECD 2015, 23).
Moreover, in the aftermath of the global financial crisis, central banks like the Bank of
England mentioned CHK in noting that lessons should be drawn from Japan’s extension
of credit support to weak firms during the lost decades (Bank of England 2012, 29-31),
and leading economic policy voices like former US Treasury Secretary Larry Summers
and Liu He, the top economic advisor to Chinese President Xi Jinping, expressed
concern about the need to remove zombie firms from their respective economies
(Summers 2012, 72; Zhongguo xinwen wang 2015). Increased attention by economic
policymakers outside Japan suggests that it has become conventional wisdom that
zombie firms were a prime reason for Japan’s economic malaise after the banking crisis
in the 1990s, and a potential threat to other economies trying to recover after the 2008
crisis.

Notwithstanding the widespread influence of CHK’s study on the idea of zombie
firms, some scholars have questioned the correctness of conceptualizing these troubled
firms on the sole basis of discounted interest rates. Most notably, Fukuda and Nakamura
(2011; 2013) (henceforth “FN”) contended that below-prime rate interest rates are
insufficient to indicate zombie firms, because Japan adopted a quantitative easing
monetary policy in the 2000s that enabled many firms, including healthy ones, to
borrow at very low interest rates, particularly since the policy accelerated competition

between banks and put downward pressure on lending rates. To more accurately gauge

—139—



FEFWFFERTSES - 45 32 5 (2019)

the presence of zombie firms, FN proposed the addition of two conceptual criteria,
profitability and evergreen lending, to CHK’s interest rate criterion. Based on this
revised definition, FN estimated that the ratio of zombie firms in their sample from the
Tokyo Stock Exchange peaked in 2001 at less than 15 percent of firms — a level that
was roughly half of CHK’s estimate — and that the ratio subsequently declined and
remained below 5 percent of firms throughout the 2000s until the global financial crisis.

Since FN offered their revised conceptualization, it has quickly gained traction
among economists investigating zombie firms in Japan and elsewhere (Kwon, Narita, and
Narita 2015; Imai 2016; Nie et al. 2016; Tan, Huang, and Woo 2016). This trend suggests that
a consensus may be emerging around the relative merits of FN’s more strenuous
definition, possibly because its additional conceptual criteria help it avoid the Type 1
and Type 2 errors inherent in CHK’s definition, and because its estimate of the zombie
firm ratio more closely tracks the actual amount of nonperforming loans at major
Japanese banks.

FN’s enhancement to CHK’s original conceptualization has reopened the debate
about zombie firms’ role in Japan’s lost decades, and proposes that scholars view the
effects of zombies on Japan’s low growth much more conservatively, especially in the
period after 2001. Nonetheless, while we appreciate the creative significance of CHK’s
landmark argument as well as the enhanced conceptual validity and empirical findings
of FN’s counterargument, we agree with the observation by Imai (2016) that both these
arguments place exclusive emphasis the existence of zombie firms among stock
exchange-listed firms which are typically large enterprises, whereas most businesses in
Japan (and virtually all other economies) are small and medium-sized enterprises (SME)
which do not publicly trade their stock. In Japan’s case, SME have traditionally
constituted more than 99 percent of the total number of firms in the economy, provide
roughly 70 percent of total employment (Economist Intelligence Unit 2010, 6), and
contribute 50 percent of national GDP (Yoshino and Wignaraja 2015). Therefore, the
current debate’s inattention to this important corporate category is a significant
omission, and should be amended to provide fuller understanding of zombies’ place in
Japan’s recent economic history.

In this paper, we aim to contribute to the debate about zombie firms in Japan by
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examining the presence of zombies among SME. We have two goals. First, we seek to
identify the ratio of zombie firms among SME in the economy over time using a large
database, the BSJBSA. In attempting this first goal, we estimate the ratio of zombie
firms in basically the same way as CHK and FN, but with this database that gives us
insight into a significant firm category that these previous studies overlook. We are not
the first to examine the zombie ratio among SME, but our use of this database managed
by the Japanese government affords us a much larger sample size for estimating the
ratio compared with earlier research (Imai 2016).

Second, we seek to uncover properties of zombie SME such as survival time in
zombie status. While prior scholarship on zombie firms has addressed the overall
zombie ratio in listed firms and specific sectors, there has been little work to date on the
length of time that zombie firms remain as zombies. One exception is Nakamura (2017,
15), who finds that large zombie enterprises between 1995 to 2008 stayed as zombies
for an average of slightly over two years, a much shorter period than commonly
assumed. We are interested in performing a similar analysis on small firms, and more
generally illuminating the corporate characteristics of zombie SME.

Our pursuit of these goals is especially motivated by our interest in potential
disparities for the SME category that may correlate with small firms’ utilization of
Japan’s credit guarantee system. This system, which was originally established in 1937,
was expanded in 1998 to enhance small businesses’ access to financing from private
banks in the wake of a domestic “credit crunch” and the Asian financial crisis. It grew
to become the largest credit guarantee system in the world during the 2000s in terms of
outstanding obligations (Small and Medium Enterprise Agency 2016a, 3), and was notable
in providing high levels of coverage — credit guarantees of 80 and 100 percent — to
nearly 4 million SME users.

Given that the system’s substantial guarantees significantly reduced banks’
potential default risk, the system stimulated private lending to firms whose
creditworthiness might otherwise have prevented them from access to finance. It also
possibly generated an arrangement conducive to zombie firms, since banks were
encouraged to lend to borrowers with greater likelihood of repayment problems. Thus,

we are interested to know about the zombie firm situation among SME, which could
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indirectly implicate the support function of the credit guarantee system.

III. Data and Method

In our empirical analysis we use the METI Basic Survey of Japanese Business Structure
and Activities (BSJBSA). This survey contains data on the conditions of diversification,
globalization, and soft economy of Japanese firms, and is generally used by METI to
inform and learn from its own economic policymaking. It covers firms with 50 or more
employees and whose paid-up capital or investment are higher than \30 million in
industries including mining, manufacturing, wholesale and retail trade, food services,
and other service industries. Though the BSJBSA does not include data from
microenterprises, the SME category which contains the most credit guarantee system
users, because the survey encompasses all firms that meet these other size criteria, it
addresses a large range of firms and provides a strong advantage in the context of our
research.

Our basic empirical strategy consists of (i) identifying zombie firms using
BSJBSA micro-data, (ii) investigating the characteristics of these zombie firms, and
(ii1) conducting regression analysis on the relationship among the zombie identifier and
other covariates. In step (i), the fundamental task is how to identify zombies. Three
measures have been proposed in the literature. First, CHK parsimoniously define
zombie firms as companies whose interest payments are lower than the hypothetical
risk-free interest payments (Caballero, Hoshi, and Kashyap 2008, 1948). Second, FN add
the criteria of profitability and evergreen lending to CHK’s definition. Profitability is
important, FN argue, because firms with earnings before interest and taxes (EBIT) that
exceed the firms’ hypothetical risk-free interest payments are generally healthy, and
such firms’ good financial standing may in fact explain why their interest payments are
lower than what the prime rate would stipulate. Evergreening lending is also relevant,
since financially troubled businesses may have their loans rolled-over by their banks
when they face difficulties with repayment (Fukuda and Nakamura 2011, 1126-27). Third,
Imai agrees with the FN definition in principle, but uses a longer period to evaluate firm

profitability. This modification helps Imai’s definition avoid the problems of
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Table 1. Summary Statistics
: . total numbers annual average sample
(unit) mean median s.d. of firm -
of obs. period
numbers

workers | persons 470.03 147.00 1882.79 180294 30049

capital | million yen | 1510.92 90.00 14492.73 180294 30049 2009FY

sales | million yen | 22392.76 4354.50 152341.40 180294 30049 -2014FY

ROA | (yen/yen) | 0.0404 0.0326 0.1287 180183 30031

misidentifying healthy firms as zombie firms if the healthy firms experience temporary
profit declines, and misidentifying zombie firms as healthy firms if the zombie firms

have temporary profit increases (Imai 2016, 94). The definitions are expressed as follows:

. 1< .
I .= rortx Bhort (5 g rerd | x Bl 4+ min (78, ---., 7£°) * Bonds;, -1
=

* . . . .
where I, ;: minimum required interest, 7{"°"*/1°"9/ <0

interest rate,
Birert!iond: porrowings from banks,
Bonds;, +-1: issued amount of corporate bonds
If I;:<I;. thefirmis regarded as zombie (CHK criterion)
where [;,+: actual interest paid
If I;:>PROF and BI°"> B°M,, the firm is regarded as zombie
(FN criterion)
where PROF: profit before interest and taxes
If 2;=0(PROFZ~,t_m) <0, and B> B! the firm is regarded as zombie

(Imai criterion)

Our analysis compares the zombie characteristics reported by each of these

measures. Table 1 provides descriptive summary statistics for our data.

IV. Results

Identification and Comparison of Zombie Firm Ratios by Different Definitions
Figure 1 shows the zombie firm ratios according to the respective definitions of

CHK, FN and Imai, which are calculated as a percentage of all firms in our sample. The
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end year of the sample period is fiscal year 2014, but the start year for each definition’s
estimate is different: 2009 for CHK, 2010 for FN, and 2012 for Imai. Short-term and
long-term bank borrowing and corporate bond issuance amounts are used to identify
zombie firms, but the BSJBSA only begins covering this data from 2009. In addition,
the start year is delayed for the FN calculation because it considers differences with the
borrowing amount in the previous year, and for the Imai calculation which uses
multiple year earnings (three years in this paper) to identify zombie firms.

Four points can be observed in Figure 1. First, the CHK definition classifies many
more firms as zombies than do the other two definitions. Second, the FN and Imai
definitions elicit a comparable zombie ratio, though the Imai definition’s ratio is
slightly lower. These two points are similar to the findings of Imai (2016). Third, while
the zombie ratio continues to decrease in both the FN and Imai definitions, the ratio in
the CHK definition continues to rise, suggesting that the respective estimates of the
CHK definition and the FN and Imai definitions not only have a level gap, but also
move in different directions.

The biggest reason for this divergence is that the CHK definition uses the real
payment rate, whereas the FN and Imai definitions use revenue. Since both CHK and
FN/Imai compare these different indicators with an “ideal payment rate” based on the

prime rate, their definitions elicit starkly dissimilar zombie ratios. On the one hand, real

Figure 1. Zombie Ratios by Definition
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payment rates and revenues may be linked. In particular, from the viewpoint of the
business cycle, corporate earnings typically worsen during economic recessions, and
real payment rates also decrease in response to reductions in policy interest rates. Yet
what is decisively different is that in normal bank behavior related to credit risk, firms
with low profits should have high interest rates. With the CHK definition, however,
zombie firms may not only be weak firms that receive preferential interest rate
treatment, but also sound businesses with favorable interest rates based on normal
examination criteria. By contrast, the FN and Imai definitions use fundamental
corporate earnings, so they more accurately capture underlying corporate strength.
Because the Imai definition also takes into account temporal fluctuations caused by
special factors, we prefer to use it in this paper.

Our study is limited in that it examines data on short-term and long-term bank
borrowing which the BSIBSA only started to collect from 2009. However, the BSIJBSA
also contains earlier data on current and fixed liabilities which are closely related to
bank borrowing. Current liabilities consist of short-term bank loans, borrowings from
other financial institutions, and inter-company liabilities (accounts payable). Fixed
liabilities include long-term bank loans, borrowings from other financial institutions,
corporate bonds, and intercompany receivables (accounts receivable). Regardless of firm
size, firms’ largest liabilities tend to be bank borrowing (Small and Medium Enterprise
Agency 2016, 285). Here, we calculate the value corresponding to the zombie firm ratio
using current and fixed liabilities as proxy variables of bank borrowing. However, since
this is a reference value by proxy variables, it is important to note that it is not the
zombie ratio itself.

Figure 2 compares the original value using bank borrowing and the estimated
value using current and fixed liabilities for the CHK, FN, and Imai definitions. It shows
that the ratio based on the CHK definition is very different, while the gap between the
FN and Imai ratios is small and their time series changes are similar. As mentioned
earlier, this paper prefers the Imai definition of zombie firms, which it judges to be
meaningful in analyzing long-term data based on estimated values for current and fixed
liabilities.

Based on this understanding, Figure 3 shows the trend of estimated values based
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on current and fixed liabilities (hereafter referred to as debt-based values). It is clear that the
trend is quite different between the CHK and FN/Imai ratios. First, there is a large
disparity between the CHK ratio (shown on right axis), and the FN/Imai ratios as the
baseline level. The three ratios initially exhibit parallel movement until the mid-2000s,

with the values according to each definition gradually declining from the mid-1990s

Figure 2. Calculated Zombie Ratios by Types of Debt
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Figure 3. Debt-Based Zombie Ratios
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(when the data begins) over the ensuing ten years. From the mid-2000s onward, however,
there is a noticeable disparity. The CHK ratio rapidly soars again to a high level,
whereas the FN/Imai ratios increase once after 2008 before falling again, and remain

close to each other during the mid-2000s.

Characteristics of Zombie Firms

In this section we investigate the relationship between different corporate
attributes and the zombie ratio using the Imai definition. First, Figure 4 shows the
zombie ratio by firm size according to capitalization. Small SME have less than ¥100
million in equity capital, medium-sized SME have between ¥100 million and ¥1
billion in equity capital, and large firms have more than ¥1 billion in equity capital.
The results show that the zombie ratios for the two SME categories are uniformly
higher than the ratio for large firms. This finding is consistent with Imai (2016) and
corroborates the argument that smaller-sized firms have a greater tendency to be zombie
firms, a possibility that was not examined in the original CHK study on zombie firms

which looked only at large enterprises.

Figure 4. Zombie Ratio by Firm Size
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Next, Figure 5 depicts the situation in Japan’s manufacturing and non-
manufacturing industries. It shows that the manufacturing industry contains a higher
zombie firm ratio than the non-manufacturing industry. This figure is based on the Imai
definition, yet the same outcome is also observed with the CHK and FN definitions.
However, care is needed in interpreting these results, since the BSIBSA widely covers
the manufacturing industry but is still in the process of expanding its coverage of the
non-manufacturing industry. Additionally, it does not include data for microenterprises,
many of which are in the non-manufacturing industry, so there is a high possibility of
bias. Therefore, while it is possible to point out that many zombie firms exist in the
manufacturing industry, one must be cautious about claiming that the ratio is higher for
this industry than for the non-manufacturing industry.

Figure 6 shows the zombie ratio by specific industry sector. It includes 22 sectors
based on SNA classification. Manufacturers of material and consumer goods are
noticeable as two sectors with high zombie ratios. Results for the non-manufacturing
industry require careful evaluation for the reasons stated above.

Finally, Figure 7 shows the ratio by firm age. Here, firm age is defined as the
elapsed years since the establishment year. In all definitions including the Imai
definition, the zombie ratio increases as firm age increases. Table 2 shows this from
another angle. When the average age of zombie firms and non-zombie firms are

calculated by each definition, zombie firms are found to be older. From Figure 7 and

Figure 5. Zombie Ratios of Manufacturing and Non-Manufacturing Industries
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Figure 6. Zombie Ratios by Industry Sector
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Table 2, we see that there is a positive correlation between zombie formation and age.

Regression Results

Based on the above results, we conduct a regression analysis on zombie firms.
First, we estimate the probability of a firm’s identification as a zombie using a panel
logit model, with a dummy dependent variable taking the value of “1” if the firm is a
zombie and “0” if it is not. Table 3 shows the results of the fixed effect model selected
by Hausmann’s test. As expected, the value of the variable representing the business

situation (ROA in this case) is predominantly negative. However, both firm size (log of
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capital amount) and firm age (elapsed years since establishment year) are not significant.

(a) Imai Definition

Figure 7. Zombie Ratios by Firm Age
(b) FN Definition
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Table 2. Average Age of Zombie and Non-Zombie Firms

Imai FN CHK

not zombies

average age (years) 45.64 44.23 43.30
# of firms (firms) 72,275 107,795 76,886

average age (years) 52.12 49.25 46.85

zombies
# of firms (firms) 2,608 6,623 40,604
Table 3. Regression Result by Fixed-Effect Panel Logit Model
sample period: 2013-2014
dep. var.: - : - . -
. . (a) without industry dummies (b) with industry dummies
Imai-zombie dummy
Coef. S.D. p-value Coef. S.D. p-value

roa
capital (log)

-6.7166 0.8591 0.0000 -6.9195 0.8715 0.0000
0.0696 0.1988 0.7260 0.0498 0.1974 0.8010

age -0.0005 0.0185 0.9780 -0.0005 0.0186 0.9770
year dummies Yes Yes
industry dummies No Yes
log likelihood -1840.3 -1829.9
p-value, LR chi2 0.000 0.000
# of obs. 7514 7514
# of groups 1932 1932
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These results are logical because firms’ business conditions largely center on
profit, a factor which strongly influences the probability of zombie formation.
Furthermore, as firms increase in size, firms with higher profits increase, while as firm
age increases, profitability tends to decline. In fact, this tendency is easily confirmed by
OLS (Table 4).

Based on these results, it is clear that the probability of zombie formation is not
simply determined by a firm being a SME or having high age, but rather by its business
conditions. In other words, there is no reason why zombie formation is only possible
among large firms.

Initially, academic and policy interest in zombie firms was based on the notion that
firms with poor prospects for revival were greatly prolonging their lives. Next, we
examine this issue of survival in zombie status. When we look at the parameter of the
lagged variable (L1.crit_Imai) indicating that a firm was identified as a zombie in the
previous term, we see that it is significantly negative (Table 5). This means that if a firm
holds zombie status in one period, its probability of keeping zombie status in the next
period decreases. This result is somewhat surprising, given that zombie firms are
commonly portrayed as entities with excessive longevity. It suggests that firms that are
identified as zombies do not endure in zombie status endlessly, and that many zombie
firms return to a healthy situation. While we omit detailed explanation, these regression
results based on the Imai definition of zombie firms are similarly established with the
FN definition (Table 6).

We should emphasize that the results in Table 5 are only for firms that continue

their survival in this term. In fact, there is a possibility that firms that were zombies in

Table 4. OLS Results for ROA on Firm Size and Age

dep. var.: sample period: 2010-2014
roa Coef. S.D. p-value
capital (log) 0.0017 0.0002 0.0000
age -0.0004 0.0000 0.0000
cons. -0.0486 0.0118 0.0000
year dummies Yes
industry dummies Yes
F (27,151096) 121.17
adj. R? 0.0210
# of obs. 151124
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the previous term have exited this term. However, these firms drop out as a target of
regression analysis. Therefore, it should be noted that bias exists in a positive direction
when current term zombie status is used as the dependent variable.

Until now, our results have been strictly based on the same definitions and types of
data used in the original studies by CHK (2008), FN (2011), and Imai (2016). However,
this stringency limits the period of our analysis, because the BSJBSA only contains data
on borrowing from banks after 2009. We therefore use similar data to make proxy
variables and extend the sample period, substituting current debt for short-term
borrowing from banks and fixed debt for long-term borrowing from banks. These
changes allow us to make 1995 the start year for identification with the CHK and FN
definitions, and 1997 the start year with the Imai definition. We call this modified

approach the “debt-based” definition, and show the results in Tables 7 and 8. It seems

Table 5. FE Panel Logit Model with Lagged Identification Dummy

dep. var.: sample period: 2010-2014
Imai-zombie dummy Coef. S.D. p-value
roa -6.7494 1.1085 0.0000
Imai-zombie dummy (-1) -2.5112 0.1323 0.0000
capital (log) -0.0229 0.2163 0.9160
age 0.0026 0.0313 0.9340
year dummies Yes
industry dummies Yes
log likelihood -934.9
p-value, LR chi2 0.000
# of obs. 4225
# of groups 1420

Table 6. FE Panel Logit Model for FN Definition

dep. var.: sample period: 2010-2014
FN-zombie dummy Coef. S.D. p-value
roa -31.4976  0.9390 0.0000
FN-zombie dummy (-1) -1.3433  0.0547 0.0000
capital (log) -0.0957  0.1618 0.5540
age -0.0185  0.0114 0.1060
year dummies Yes
industry dummies Yes
log likelihood -4084.6
p-value, LR chi2 0.000
# of obs. 14697
# of groups 3683
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that the major characteristics of the former results hold.

In addition to escaping from zombie status, it also possible that many zombie firms
exit the marketplace entirely. Here we investigate this “exit” event itself. Since the
BSJIBSA does not collect information on market exit by firms, we regard the firms that
do not report their data thereafter as having exited. We should note that this
identification strategy possibly includes firms that simply quit answering the survey in
later years.

Table 9 and 10 are the results of regressions which make exit the dependent
variable (represented as dummy variable which takes “1” if a firm exits). Both tables show
that if a firm becomes a zombie, the probability of exit significantly increases.
Additionally, having a longer duration of zombie status heightens exit probability.

As expected, as the size of firm (log of capital amount) becomes larger, the

Table 7. FE Panel Logit Model for Debt-Based Imai Definition
sample period: 1997-2014

dep. var.: - (a) benchmark (b) with a lag of dep. var.
Imai-zombie dummy
Coef. S.D. p-value Coef. S.D. p-value
roa -8.7043 0.1531 0.0000 -9.0122 0.1730 0.0000
Imai-zombie dummy (-1) -0.1546 0.0158 0.0000
capital (log) 0.0267 0.0206 0.1940 0.0324  0.0231 0.1610
age 0.0048 0.0012 0.0000 0.0039 0.0014 0.0050
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -59264.9 -49459.9
p-value, LR chi2 0.000 0.000
# of obs. 195964 150140
# of groups 17513 15343

Table 8. FE Panel Logit Model for Debt-Based FN Definition
sample period: 1995-2014

dep. var.: :
FN-zombie dummy (a) benchmark (b) with a lag of dep. var.
Coef. S.D. p-value Coef. S.D. p-value
roa -8.2200 0.1068 0.0000 -8.2080  0.1169 0.0000
FN-zombie dummy (-1) -0.1187 0.0119 0.0000
capital (log) 0.0740 0.0155 0.0000 0.0435 0.0168 0.0100
age 0.0006 0.0009 0.5280 0.0013 0.0010 0.2190
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -109728.2 -93826.9
p-value, LR chi2 0.000 0.000
# of obs. 338920 293629
# of groups 27617 24990
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probability of exit decreases. This is not surprising considering that smaller firms have

higher credit risk. However, regression by segmented size groups shows us quite

another aspect. We divide firms into two size groups, SME and large firms. Table 11

shows that becoming a zombie significantly increases the probability of exit in SME,

while the parameter is smaller in large firms.

We also compare the business situations of zombies and non-zombies around the

timing of exit. Table 12 shows the results of logistic regression in which the dependent

variable is a dummy with the value “1” if employees of the firm decrease within the

five-year period before a firm’s market exit. We can see that the probability of reducing

employees increases if the firm is a zombie among small firms, while there is not such

Table 9. FE Panel Logit Model for Exit and Imai Definition-Zombie

dep. var.:
exit (+1)

sample period: 1997-2014
(a) using zombie dummy (b) using zombie years
Coef. S.D. p-value Coef. S.D. p-value

roa
Imai-zombie dummy
Imai-zombie years
capital (log)

-0.8449 0.2000 0.0000 -0.9406 0.1883 0.0000

0.1589 0.0544 0.0040
0.0911 0.0290 0.0020
-0.5486 0.0819 0.0000 -0.5904 0.0761 0.0000

age 0.6053 0.0107 0.0000 0.6081 0.0102 0.0000
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -6952.9 -9175.4
p-value, LR chi2 0.000 0.000
# of obs. 81891 96411
# of groups 13078 14525
Table 10. FE Panel Logit Model for Exit and FN Definition-Zombie
sample period: 1995-2014
dep. var.: - - - -
exit (+1) (a) using zombie dummy (b) using zombie years
Coef. S.D. p-value Coef. S.D. p-value

roa
FN-zombie dummy
FN-zombie years
capital (log)

-1.1411 0.1635 0.0000 -1.1346 0.1625 0.0000
0.0727 0.0368 0.0480
0.0635 0.0242 0.0090
-0.3937 0.0560 0.0000 -0.3939 0.0560 0.0000

age 0.5029  0.0078 0.0000 0.5028  0.0078 0.0000
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -13312.1 -13310.6
p-value, LR chi2 0.000 0.000
# of obs. 142669 142669
# of groups 20214 20214
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tendency among large firms. Table 13 shows a similar result, using sales instead of

employees.
Table 11. FE Panel Logit Model for Exit by Firm Size
dep. var: sample period: 1997-2012
FN-zombie dummy (a) SME (b) large firms
Coef. S.D. p-value Coef. S.D. p-value
roa -0.7451 0.2038 0.0000 -1.1208 0.6654 0.0920
Imai-zombie dummy 0.1604 0.0575 0.0050 0.0992 0.2059 0.6300
capital (log) -0.3893 0.1134 0.0010 0.0802 0.3100 0.7960
age 0.6393 0.0116 0.0000 0.7059 0.0406 0.0000
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -6119.0 -586.9
p-value, LR chi2 0.000 0.000
# of obs. 73234 7241
# of groups 11909 1088

Table 12. Logit Model for Employee Decrease by Firm Size

dep. var.: sample period: 1997-2012, group: firms which will exit in next year
workers-decrease (in 5yrs) (a) SME (b) large
dummy Coef. S.D. p-value Coef. S.D. p-value
roa -3.2518 0.3648 0.0000 -3.0887 0.9372 0.0010
Imai-zombie dummy 0.3079 0.0835 0.0000 0.0195 0.2567 0.9390
age 0.0181 0.0018 0.0000 0.0163 0.0042 0.0000
capital (log) -0.1670 0.0315 0.0000 -0.0958 0.0769 0.2130
cons. 1.1636 0.2075 0.0000 1.0714 0.7179 0.1360
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -3902.9 -455.8
p-value, LR chi2 0.000 0.000
pseudo R? 0.072 0.106
# of obs. 7237 757

Table 13. Logit Model for Sales Decrease by Firm Size

dep. var.: sample period: 1997-2012, group: firms which will exit in next year
profit-decrease (in Syrs) (a) SME (b) large
dummy Coef. S.D. p-value Coef. S.D. p-value
roa -7.3623 0.4487 0.0000 -6.4365 1.1156 0.0000
Imai-zombie dummy 0.4064 0.0866 0.0000 -0.1506 0.2533 0.5520
age 0.0136 0.0018 0.0000 0.0128 0.0042 0.0020
capital (log) -0.2195 0.0316 0.0000 -0.0524 0.0775 0.4990
cons. 1.9976 0.2124 0.0000 1.2051 0.7261 0.0970
year dummies Yes Yes
industry dummies Yes Yes
log likelihood -3864.5 -447.8
p-value, LR chi2 0.000 0.000
pseudo R? 0.101 0.133
# of obs. 7237 754

— 155 —



FEFWFFERTSES - 45 32 5 (2019)

V. Conclusion

In this paper, we analyze the situation of zombie firms among Japanese SME with
data from the BSIBSA. Our analysis covers a much larger sample of SME than
previous studies, and addresses multiple characteristics of zombie SME, including firm
size, firm age, duration in zombie status, market exit, and corporate activity at the time
of exit.

Our findings reveal that though there remains some discrepancy over the zombie
firm ratio based on different definitional criteria, according to the preferred Imai
definition, Japanese SME contained a non-negligible amount of zombie firms during
the lost decades. While chronological limitations in our data prevent us from directly
estimating the zombie ratio before 2009, the proxy variable of current and fixed
liabilities (what we call the “debt-based” zombie ratio) shows that, throughout the 2000s, a
minimum of 10 percent of all firms in our sample were zombie firms. This finding
suggests that zombies existed to a significant degree during this period, and at a
comparably higher level than large-sized zombie firms estimated in other studies
(Nakamura 2017). In other words, our analysis implies that CHK’s original study may
have been intuitively correct about zombie firms’ presence in the post-bubble Japanese
economy, but that its focus on listed firms was misplaced. To the extent that zombie
firms existed in the lost decades, especially in the 2000s, they were a greater problem
among SME.

Our paper makes an additional contribution in elucidating multiple corporate
characteristics of zombie SME. Our findings in this area include: (1) zombie firms
often escape from zombie status through recovery or exit, rather than perpetually
keeping zombie status; (2) the probability of exit is higher for zombies that are SME;
and (3) exiting zombies’ economic performance is worse than that of exiting non-
zombies. Certainly, firms’ exit, economic performance and zombie status are
endogenous, but identifying zombies might offer an effective signal in the view of
finance and economic policy.

Taken together, our findings carry two general implications for the study of
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zombie firms going forward. First, it is important that research on zombie firms
considers SME as well as large firms. Recent studies on Europe and South Korea have
extended the debate on zombie firms beyond Japan, but some include SME (McGowan,
Andrews, and Millot 2017) while others do not (Acharya et al. 2017). Data restrictions may
complicate comprehensive analysis, but as this paper shows, SME are a significant
corporate class where the possible presence of zombies should not be underappreciated.

Second, comparisons between different corporate categories might indirectly
expose the presence of alternative mechanisms behind the generation of zombie firms.
While the nature of BSIBSA data prevented this paper from testing the proposition that
Japan’s credit guarantee system supported zombie firms among Japanese SME, the
finding of a high zombie ratio among small firms during the 2000s suggests that these
zombies were underpinned by factors that did not similarly affect large firms. Future
work should specifically examine the situation of firms using the credit guarantee
system to determine whether the system was responsible for generating zombie SME.
This could be a key lesson from Japan for scholars and policymakers concerned with

zombie firms.

References

Acharya, Viral V., Tim Eisert, Christian Eufinger, and Christian W. Hirsch. 2017. “Whatever It Takes:
The Real Effects of Unconventional Monetary Policy.” SAFE Working Paper 152: 1-67.

Ahearne, Alan, and Naoki Shinada. 2005. “Zombie Firms and Economic Stagnation in Japan.”
International Economics and Economic Policy 2(4): 363-81.

Arbatli, Elif et al. 2016. “Reflating Japan: Time to Get Unconventional?” IMF Working Paper 16(157):
1-45.

Bank of England. 2012. Financial Stability Report.

Caballero, Ricardo J., Takeo Hoshi, and Anil K. Kashyap. 2008. “Zombie Lending and Depressed
Restructuring in Japan.” The American Economic Review 98(5): 1943-77.

Chandler, Clay. 1999. “In Japan, a Reversal on Reform?: Premier Draws Fire for ‘Go Slow’ Stance on
Economy.” Washington Post, October 29: El.

Economist Intelligence Unit. 2010. SMEs in Japan: A New Growth Driver? The Economist.

Fackler, Martin. 2003. “Japan Targets Bad Bank Debt: Effort to Help Lenders Take Over Corporate
Borrowers.” Wall Street Journal, April 14: C9.

Fukuda, Shinichi, and Junichi Nakamura. 2011. “Why Did ‘Zombie’ Firms Recover in Japan?” The
World Economy 34(7): 1124-37.

Garside, W. R. 2012. Japan’s Great Stagnation: Forging Ahead, Falling Behind. Northampton: Edward

— 157 —



FEFEWIZEIT A - 25 32 75 (2019)

Elgar Publishing, Inc.

Griffin, Naomi N., and Kazuhiko Odaki. 2009. “Reallocation and Productivity Growth in Japan:
Revisiting the Lost Decade of the 1990s.” Journal of Productivity Analysis 31(2): 125-36.

Henry, David. 1997. “Japan Forced to Clear Out Deadwood.” USA Today, November 25: B3.

Hoshi, Takeo. 2006. “Economics of the Living Dead.” Japanese Economic Review 57(1): 30-49.

Hoshi, Takeo, and Anil K. Kashyap. 2011. Why Did Japan Stop Growing? Tokyo: National Institute for
Research Advancement.

Imai, Kentaro. 2016. “A Panel Study of Zombie SMEs in Japan: Identification, Borrowing and
Investment Behavior.” Journal of the Japanese and International Economies 39: 91-107.

Kane, Edward J. 1987. “Dangers of Capital Forbearance: The Case of the FSLIC and ‘Zombie’ S&Ls.”
Contemporary Economic Policy 5(1): 77-83.

Katz, Richard. 2003. Japanese Phoenix: The Long Road to Economic Revival. Armonk: M.E. Sharpe.

Kobayashi, Keiichiro. 2009. “Financial Crisis Management: Lessons from Japan’s Failure” in The First
Global Financial Crisis of the 21st Century: Part II: June-December, 2008, eds. Andrew Felton and
Carmen M. Reinhart. Centre for Economic Policy Research, 337-41.

Kwon, Hyeog Ug, Futoshi Narita, and Machiko Narita. 2015. “Resource Reallocation and Zombie
Lending in Japan in the 1990s.” Review of Economic Dynamics 18(4): 709-32.

Lam, Raphael W., and Jongsoon Shin. 2012. “What Role Can Financial Policies Play in Revitalizing
SMEs in Japan?” IMF Working Paper 12(291): 1-23.

Landers, Peter. 1999. “Tokyo Still Needs Plan to Clean Up Bad Loans Stifling Firms” Growth.” Asian
Wall Street Journal, August 23: 1.

McGowan, Miige Adalet, Dan Andrews, and Valentine Millot. 2017. “The Walking Dead? Zombie
Firms and Productivity Performance in OECD Countries.” OECD Economics Department Working
Papers 1372: 1-45.

Nakamura, Junichi. 2017. Japanese Firms During the Lost Two Decades: The Recovery of Zombie Firms
and the Entrenchment of Reputable Firms. Tokyo: Springer.

Nakamura, Junichi, and Shinichi Fukuda. 2013. “What Happened to ‘Zombie’ Firms in Japan?
Reexamination for the Lost Two Decades.” Global Journal of Economics 2(2): 1-18.

Nie, Huihua, Ting Jiang, Yuxiao Zhang, and Mingyue Fang. 2016. Zhongguo jiangshi qiye yanjiu
baogao: xianzhuang, yuanyin he duice [China’s Zombie Firms Research Report: Current Situation,
Causes and Countermeasures]. Beijing: Renmin University National Academy of Development and
Strategy Anti-Corruption and New Political Economy Research Center.

OECD. 2015. Economic Surveys: Japan: Overview. OECD.
www.oecd.org/eco/surveys/Japan-2015-overview.pdf (August 3, 2016).

Peek, Joe, and Eric S. Rosengren. 2005. “Unnatural Selection: Perverse Incentives and the Misallocation
of Credit in Japan.” The American Economic Review 95(4): 1144-66.

Sekine, Toshitaka, Keiichiro Kobayashi, and Yumi Saita. 2003. “Forbearance Lending: The Case of
Japanese Firms.” Monetary and Economic Studies 21(2): 69-92.

Small and Medium Enterprise Agency. 2016a. Chushokigyo kin’yu shin’yo hokan seido no kokusai
hikaku ni tsuite [International Comparison of SME Finance and Credit Enhancement System].
Tokyo: Ministry of Economy, Trade and Industry.

—.2016b. White Paper on Small Enterprises in Japan: Ongoing Business and New Challenges. Tokyo:

— 158 —



Japanese SME:s in the context of the zombie firm hypothesis

Ministry of Economy, Trade and Industry.

SME Policy Council Finance Working Group. 2015. Chushokigyo shokibo jigyosha no hatten ni shisuru
jizoku kano na shin’yo hokan seido no kakuritsu ni mukete chukanteki na seiri [Intermediate
Summary Concerning the Establishment of a Sustainable Credit Enhancement System that
Contributes to the Development of SMEs and Microenterprises]. Tokyo: Small and Medium
Enterprise Agency.
http://www.chusho.meti.go.jp/koukai/shingikai/kihonmondai/2015/download/151216kihonmondai.
pdf (August 2, 2016).

Stothard, Michael. 2013. “Companies: The Rise of the Zombie.” Financial Times.
http://www.ft.com/intl/cms/s/0/7¢93d87a-58f1-11e2-99¢6-00144feab49a.html#axzz46YINJc11
(April 22, 2016).

Summers, Lawrence H. 2012. “U.S. Economic Prospects: Secular Stagnation, Hysteresis, and the Zero
Lower Bound.” Business Economics 49(2): 65-73.

Tan, Yuyan, Yiping Huang, and Wing Thye Woo. 2016. “Zombie Firms and the Crowding-Out of
Private Investment in China.” Asian Economic Papers 15(3): 32-55.

Wehrfritz, George, and Hideko Takayama. 2002. “King of the Zombies.” Newsweek, January 21: 40.

Yoshino, Naoyuki, and Ganeshan Wignaraja. 2015. “SMEs Internationalization and Finance in Asia.”
Presented at the IMF-JICA Conference: Frontier and Developing Asia: Supporting Rapid and
Inclusive Growth, Tokyo, February 18.
https://www.imf.org/external/np/seminars/eng/2015/ jica2015/pdf/1-B1.pdf (October 2, 2017).

Zhongguo xinwen wang. 2015. “Fagaiwei: Jiakuai taotai jiangshi qiye youxiao huajie guosheng
channeng [National Development and Reform Commission: Speed Up the Elimination of Zombie
Firms to Effectively Resolve Excess Capacity].” Zhongguo xinwen wang.

http://www.chinanews.com/cj/2015/10-12/7564476.shtml (January 28, 2017).

— 159 —






B

X 0

*

Dy

WERRS
SR 3047 FEE
10 PR304E 4 A26H (k)
g2 SEK304E10H18 1 (k)
530 PRSI 2 A21H (OK)
4 FEHMEDY
CPRBI4E3 AT H)

b

At B &k
304 i
10 PR304E 4 A24H (k)
g2 SPK304E10H16 1 (k)
5308 PRSI 2 A14H (OK)
541 FR314E 2 H28H (OK)

M E A
PR30

1M P304 4 H19H (OK)

g 2m P304 7 H12H (OR)

55310 PEB04EI0 A 11H OK)

e

L ZijEetey
EE85 Ml TH 2
H B P304 6 A16H (+)
<E1H>
e IR GRS
Wz SIE KRR

%)
o [ALRA & AR
(A5 12 35H)
<55 2 HB>

AEEE HERRR (RS
HHE IR

— 161 —

ERIFHAEEIR)
HOE [HhaREEME] (R
(2E19)
586l F#H &

H B FR304E10H13H (1)

<HE1EH>

WEE WEREZIK (ks
&4 ) N— 3 EEE
%)

b=~y AT
Tox v R L R e O
Yy 77— AL A
AU IV QXY ibiS
%EF2 5] (K5I2HHE)
<EE2EH>

e AMRER (HET7 1 -
Y— - T ABRRSHBEAT
HE e EE)

(BT r /a0y —I12k
LHEOERE] (F5FI2
&%)

i
m
pun|

ot
m
e}

REFPEZERT I A ARSI SR
HFUTH =

H OB PEILESHIH (1)

<H 1>

dEs TR (0 AT

OB TEBEED N — 5
W H AT O BB
YA T

<55 2HB>
AR RNERER (B
JEAT)



5 2 Il
H I
HRE

G
m

4 3 1]
H I
FRE

&
m

5 4 0]
H
ERE

TEITJERTEH - 5 32 75 (2019)

[FEWsTH 2> & A7z HARSR
ITOEMBORIEFILE 2
Ianr =3 R

P304 6 A12H (k)
MIEIRIK (77 5 I F
REAREEAL B TR %)
[ X% v aod ksl
1E & B~ DR

SER304E 6 H19H (k)
FHEARTE IR (RS
%)
[HATE) 7 — ViR FIC
BIs*yv ol AL
DAL [T 7 35

SERS04E 7 H11H (k)

REERMER (A /X
— ¥ a VEEHEEGR)

[ H3E D H /N ZEER Y
DR DONT—
USROS 5 |
(RF12183R)

PI304E 7 A17H ()
Pr R (R 2 8
%)

[ %) ZEER G

SERC304E 9 H21H (4)

— 162 —

55 6 [0l
H B
HRHE

55 7 1Al
H R
R

55 8 Inl
H W
FRH

i
m

559 [A]
H

SHIFEHK (BR&ttdn
)

[ H AR A2 o o g
TIVTOE=FNVELT
DHEEICHEBH LT

F%304E10H 23 H (k)
FEAR LS (77 52
T KRR FREE F
%)
[&RHBLE~ A 71
77 A F v ADFEE— R
FLans—Ai—]

FRE304E11H 13H (k)
KL= (IRK %4
BT
[FEFL T hTI
—E 7S5 A BIT S
BRFBFLIMLE RS
—]

PI%304E12H 11H (k)

L K (R
)

(B (77— -
15-1974) 4 JE & & F
THEAE 3 3% 2 & FRBR 3 3%
N —&EEE - A
K- REFE,ORIEN
BT E O 7E 8 ~—

219

ERE314E 1 H15H (k)



HEE BHINEK (BRHsamE
WFZEAT EREHIZER)

HOH [OPrEBEMNEZIYF
TrTFArT (V=
YWY vr) O
AR & A

T

F70Y o7 b5 E LTUTO
=W A FIATL 720

NP GEFFEEIR) #
[RRRIE AT B 72 RA R & B 7R ]
(REFRFFEAT I e 3 No. 84)

[Changing Mexico: Multidimensional
analysis of the current situation of
Mexicol

Taku Okabe
(Professor of the University of
Guadalajara)

Juan Emmanuel Delva Benavides
(Professor of the University of
Guadalajara)

Ana Virginia Solis Stas
(Logistics Planner at VIAVI
Solutions)

Gelacio Juan Ramon Gutiérrez

Ocegueda
(Researcher-professor of the
University of Guadalajara)

Edgar Gutiérrez Aceves
(Federal lawyer of Mexico)

Salvador Carrillo Regalado
(Researcher-professor of the
Department of Regional
Studies-INESER, University

— 163 —

Center for Economic and
Administrative Science,
University of Guadalajara.)
(FEEDFFEFT 72 S No 85)

FEANE (B e mmrsenT 2w
B) #

[Vv—>xvnrL o517 (H
AW P2P L Y71 v7) OB
K& FRE]

(REFIFFEFTIIZEERE  No 86)

S



g
o 7 g

JI0

s
b

\

FEGEWFZEIT AL - 58

il S

=

7N

¥

i
JI

AFEEERED

— —
X =

HEFICH T FHIREIIR >

E S

‘E{ —
% =

—

il
FOHEHERT =
2

o N B

M mg E} Ik of S

N
/

o
MNTA=FENIFZREHFEEIEFEOSH

B H R B OH

—

oufl

B
O

& E I m

BMESsSEHE

o 35 Mt

BHENEE T WS

| N> 3 B

=3

N

{a

i

Bl
Ve =

=
e

1T
5
B
7

.

+
a3

| 2l >E 2d

-

— 164 —

32 % (2019)

(20194 4 B 1 H¥AE)
<= S G
R )

Fr i3
+ *x
= =3
X OE ¥ OE
[ RS S
e ) R=y 3 /3R
Bt H
Fr J=|
o= = S
< B
Y RNSVE R+ ¢
== S
X E B
R e G 3
HEA ) R=y 3 V388
== S

[E S I 5 G 3
HRA ) Ny a3 Vi

LT g O
o< B
R N G 3
LR S G
tEE= R S G 3
RT3
== S
R ) R= 3 v #H8E
=R )
T e N 3
R S G
o< B
X %= %iEK%kji

HEA )Ny 3 VEHE
R R ME B
R O

=R R xR
Y RACVE R ¢
W R



B H
(507 IE)

wF o3t R
(507 1K)

B

o

= m
= 3

my 3¢ EE B

JE

i ¥

W E

H

M
by

— 165 —

o

TEIES =

t

4_H

i

-y NN e b e
VAYEL I S | A
TT 5 IINT KREHF
Ny A oa M OAf
7T 5T INT KEHR
R KR A
RE - i EIARA
Hi B MRS A
N | i
NN YN &= e
EERER R IR
N | S I
MO AT B A
SN e S )
Gt BREE KR

RERERHRA ) N=-Y 3y
FFFERHE LR G T
RFERZ BRI
AR G A L

PN R ALE U S
KT ) A B ik






lUignie=s
(3] o3tf
— YO & BERL RN E T

SPIVZTAEF T GF ) Dl cererreeeneniiii, oA " i 5
HIE S (WO BRI 100/4E - R EIIE AT AIRES0RIAERR A woeree e 31

[SCHH &R - AR SR
RO — < E O SREE Y AT 4

*ﬁﬁ\gﬂ% L Fﬁ%@&%ﬂ* ...................................... j( }EJ )% EL ..... 33
(AR IS B A8, BH. B
HRAVRY I7 oI =0y /SE T e S IV ST S O 53
;(j— gj\ ............................................................................................... 87
YR T T N (B RAI 100 4E - ARERTEIT IS0 R A e 101
[20504F DS [T T H AU 2§ R & 2]
DA N | e = Sy E PR TEER 102
REEFRAD covevevmmmeerrrresersimmmii et =OE - e 103
U A LTI B 7= G D R DB ) Jj woveereereeeseess o 113
10T T35 AR, HARMSE
~%$§ %%if:%ﬁ% . Tﬁgﬁ]@ﬁ%fﬁ/\,\, ....................... 1 ztg E;/ﬁ = e 128
E;J—E)/( I %Eﬂ@ ':F‘E,EEE%%E I ﬁﬂl% ...................................... 71'—'% zt_( )/% ‘:E ..... 142
g:r ijﬁ .................................................................................................. 156

w & % ®

BT ST THEMREEZRITTAIEDNTEL, TRV EZIIBILL W I H#HE BT 2%
28N, FRRFICTERLZE o ERT—HNERK HERFRERE - LIEKFRRFH
ZEEREIR), HIERIER (—BRERBHIL - B RFRFET S CER), PERZK (05K
FAEA ) N= o3 VIR, AMAER (HAR7 A4 - U= - T AR ESH#ATE B I Hii
HEH) — SHICGHAXICITSMEVIREO T 4 B LUOLBOTRO T 4 DEP W THIE
DB e, Wi EREL LI BILE L T,

T, 6 HI6H E10H13H O TiEOA R THIM 2R NEIZE L CIIARSBRG L% B A TE
{TLELT, CCTRBEABLIVIZ - YUy RI T AOMEBIIOVWTETROVW-Z L #E
EHBOTBE\V,

3DV UYRIYTLEVHI DI, RT3 oo TaY s MREFENRFNOTOY 27 b - T
— 2o 7l A T, WO BEE Tl O RN BO S INE Tk b Ts Y
FEAEE LB E RS DE IR OBEE o7z U BAFHEBROBEBEBEROFH T 7 A1LH D
32V UEVYATOITHENEZTICE LEOTHENLZLDTHS), #HHESIEHOTHREDS
DIBMENE LI >TVWAEIT LT TICER LD, Iilt, TOYYRI T AL ER2
SHOTROFTOTEBMETHNT VS, —DIiEhy NIMELEZBLTE L DO 4 IZ#EHEET
FTIERIZ - VRV LOEHR T — <% E2 Mo CTHLABEP M -2 E03HHD1E
I FTHLRVA, HEFICHNEFSOOMENLEET IS L L) IE8bNS, #EEB LU
VYRV Y AT, HMROREPSOBEMZTTELRL, HROAE»S, FOHEMMIH Y
DEHEED I I IV ERODPEVIEFFOREAL L IEREE LA LEMAS L 2 EN5
IRy, b REGRIMEZITTW5E, TRH S BRI Vo 2 HAIHIN,
Ba REEPLEWICHHEZ G 252 0NAI 05 L0 IIBDTVELVWELD THRELLZ
LEFLL CTHREHRLE Lz,

— 167 —



TEAITJERTEHA - 5 32 75 (2019)

[(REMAERER] TIIT—E

S8 BoEE 2 e b yj% ®ITER
1 IR LR V= MO 1988. 3
AT S Varv-u—o [EEEg] LtubhbboizonT
A % SEREEEO—E
Tt H B No 1—

2 WRICGEFH  BWBEIHETEY b - ka—A 1989. 3
e WH—  HAOEREEIEEHE—%E#OW 22—
A REAY VU BROBHEY A
EH BER BB o SR UG &G R R BOR

3 #EH HNE 7T v AFay L EET R 1990. 4
TR 18MAE 7 T >~ 22 BT 5 R & IFFEAR
HH #El EBEIFEGO—HERWIHRAD R 7 5 v A
= 18RO 75 L AICBIFARICOWT

4 A EE PREUTOBER A 1991. 4
AR B RS & B SR
G M= A FY RIBIT S ERECE O & R

B Bl 7 A HISB B AR
— @B L OR#EE L E LT—

g [ ER RV L N

>{l
b

5 ik HZ [ LA — S —— T AR o BV 2 @ iehIS] 1992, 4

122w T
BHE il SOREREEA IR EE— oo -2 3 —

2 #8 BEZHOREKEICONTO—FE (L3 )k
VYRYT L Sl B O

(EURIED - FAt - mARl - PEARIERL - AR
RZ AT MAZLEO£RGE] oBwE (KA &)

6 LI 3E—  EREBOEO I & Ay giAT O M7 1993. 4
—— AT ORE S TR T
g EE 70— MIBITHODPER BB 20 o T
KH 5hF REREHIEOLEIZOWT
— RBEFRRERZD o T—
mfA o Kk BUURSEERIRE &SR0T R
L A HAOREGTY & SR O RS

— 168 —



55 g E 2 1 [N #iTER
6 70y =7 MR 1993. 4
W5 5 OERE &GS - RS (AL
DAY ELER - BARTSORIESE - R e
175 [ AL 4= Bl BE O fhll BE S R o0 J7 )
—— RO MRS FIAL G OB OREE— (WA $h)
N2 VAN
TSL Q&R ~OREZ T 28t duil %)
BOR &Rl & /NSO RS EH B
HROIER TN & BRSO M (BE) (ABRPRER)
Wy EEEZEHSE —BI No 2—

i

7 BT O HAROSITHEOREM | BENEE 1994. 4
AR —k [MEHESE4WER] 25> T
155 [ LA TR O LA 2 B AL A B T ——
A% W &R AT LA0RENR
——19804E (L1 LI > H A D & ligE i & OB T——
S R BIRBUR & I EREERAT
—fF TESERATAB] %0 B 5ME—
FH % N7 ERESR
— <A —HT I IIMETHH—
YYRYTLA  RBROBIELE
(feimfted - mi)ll 5 - Tt - JAR  #0
& 0 MEARMTE [EBEE S A7 AOFEE  1797~1988)
WAL 19934F GLRAI)

8 feiw ek SAToNk 1995. 4
AR AT T A BT EEED ?
Bt E U N IRmETATNY IR
ME ®RE AT a HEROE 2T LA R
Atk &ETVUNT 1 7 ISR R
AN DATEO ARG EE O B RIS — RS 5 55 AT

= VURVT A

SRIRAE MO BIR ALBIEFR)
FVINT 4 T DR (FTRE )
WED TV INT 4 T DEJANZ DT (Hp Sk i)
EREF Y NT 4 TIZONWT—EFNAT v 7D

TG U7 Ny TR (BB

BRI R19MERFRERF

9 BN MK ATHECED Y F ) 4 LT 1996. 4

— 169 —



S8

BEE

Pk
FrHI
it
N
Rt

il
ok
Kb
v
B
A
I

fi] [H
i

I =

e
/il

i
et

il

/e

ESS
RS

pe
AR
EE

#

i
75168
(e
Fets
PN

YYRY T A

o
#

KA
133

LIS

b~
A
el

Jetst

TEAITJERTEHA - 5 32 75 (2019)

3 1 [ %

AA NI HIBIOHAREER Y AT L DR

CRE

SV &Rl R AT

IRAEHGG | DB RE & BT~ 2 29 R
SV | R EHLE IR E D YETIZ DWW T
SR OMMEREET TV (1)

[P BRBE D 7 RN OIE] (1995425 1)

IZoWnT
T INT 4 TG [~NDORF I
BIE DO AT e D B

SRR O b L — 7 1 ¥ 7 HEEA ORI O

EAIZDONWT
BEFEEAFTORFTRREE L FEtEiconT
TVT OERGIERE—~ LT A

]q‘_

EBRT A v AL ZORFF—HOHER (9

BRrA X 1AL T—
ESE DM & IERyER

5 1B RS0 Rkl
LX)y ALY a rOBUIREHRE
W7 IVTREDIAFIALREZD
&Y 27 4 L EHEOREML
FA VARG OME L B2
HARRFEOREEZEL L £/l Y 25 ALLH
bR
&Rl AT A OEREIE & H AR
Yy 7Ny
SFETRE O AR Y 7 - N
SR AT T O W
—) F— V&R OREET—
TG & &y A 7 L

S4=A
AY A

TR IO W T

—FT- - FRER T VDR RE h—
M EREEIEOW < 2
5 BB & AR TR BOR - RASBUR
Newton (£ & 5 — 34O FHE
B RERERAL DR T

— 170 —

(SFPEEHE)

(R H5AE)
(R Hefd)

NN 9]
(AN

RITER
1996. 4

1997. 4

1998. 4

1999. 4



S BoEE 2 4 oo RITER
12 HI HW HHET— 555 7D ELRSE D G R E DR
B L OESEHBI A A F OFH

13 H #Z#EF EU @G & EREHR 2000. 4

—— U=\ L= g YOG E LI
NH EA W B E A & B REoR
AR VFEOME L EE A hl—
He AR EBU A& OHIR L RE

— IR EEAEDR LS
[N PR BB S EHEE R

— iR OB - JSERTE &R ERE - BER—

Rt #E—  T=UA YT T4y —kZa—T -
Wa e A X [ EE] AR LR

14 /NI R EBEANRTy MHEEAOR)R L REE 2001. 4
B & REPMEERE LT h

—REEME LTI T——
WA WE FRINIZ BT RS 2T LD EHEDE
i S WRBROLIOT VTR

—— 70—\ XLk I o RE S —

HiE Hi— HSEREREOER
15 %I 5 HADF>aF )b - £ /) R—= g3y - VATFLEL 2002. 4

Z DU
BY sl NhRET BCBY DA v T L—Yay s =TT v
EANAH HAREF X 2 EHAE L 2o
=g AR A2 521 o B AR FE TR

= I A H K $RAT & g oL B
16 H = SRERRBEO T V7 BRI O TR 2003. 4

T S FEIRKEEOER Y AT L O L FHT 5
SRATHREE TN~ A D E——
A <12t [ &R O eI A3 (Tam i ise:])
TR OESREBEEREOEE LG NI BA
O E—EE 20004/ — © A - didgik] & i
112D FSA O Y MlA % BE|I—
M dde AFETES - iSRRI O E 48 & WOk E BB o 3l
W& % Fu—nN\)¥—3 g v N
— R L SRR —

— 171 —



S8
17

20

21

TEAITJERTEHA - 5 32 75 (2019)

}EE 2 A % RITFEA
BEH #— Zu-nN)¥—varia-uBRoEKk 2004. 4

&R OBE O TYTORBRELO-NYE-T g

g EE NUFr—CTHAREZEWILT S

TR OJGF TAYHIZBIT AN F ¥ —F v EF VOSE B
LY g RERIb S O L E o B E & HAR

NEFCEN S TUTHNICBIT A TREOE LT OEFRKEE 2005

—ERR SRR & B BOEH S OBLE S
Al F#E EBREARBEI OB L AL — MHIEEOBER
Boky  HeF 21l orE S ORI EE 2 K6 T

——20254F & HHEF I A 7oedE——
aHOEOE AT BERHSICBT A - HaREREAEO S ) )
e 7% BAUPEICBIT 2 ERERER

— Bl & prisad
Himereets  NOSEc B 2 EEE (8] ofkdl 2006.
— H RIS D FER—

HH G EU (BUNES) o#F LW&RY — E© ABOKE
KE B M&A WL ZOH
EiE M SRUEEECE OBUIK L RE

— &S, MAKBERIIEOH
WEEE BLR FRERHE AT M & R o BB
ME &% ary¥sri—|2#9<¢ HRM OB

M —k  FE2005652z82 5 THEL 7 +— FfidEo L 2007.

INERR LTz ?
—7 4 — FHOEES AT A TG —
FEE OB =NEARORMG & FRE
T R L™ - S —CSR OEFREZZ H—
A M SERmOBEEI—RL— M ANF IR
W = FHEEEN LT B O
—/MM T oAb 7s & BHIX O —

eI ZEAT R 20 8 48 5l & 2008.

P Ez WROBMORR, ERoOmOHA

BH  F bOEICB 3 ERRFEEORE
— I IR ER SR D i —

Ichiro Uesugi  Effectiveness of Credit Guarantees in

Koji Sakai the Japanese Loan Market

and Guy M. Yamashiro

—172—

4



S8
21

22

23

24

BoEE
R L=
VYERIT L

SEUY O ERR

wHH PE
WH  EA

B HLE— AR
T

JEH %

T Tk

KE Rk

#H HEA

SCHRARE L

I A

(IS N2

WH R

ik 53
&% FEAE

3 1 k )N 2ITER

[k zefiam | O
{1/ RN=Ya v VAT LAOMLL ZDHINF VA

B 5 (b )
R EEMERIRE DRI E 4/ N—2 3 ¥
ChHYIEZ)

A4 R—= 3 Y OBEWEALEF7- 7%
HINF v A AT hORER Oots —2)
TIOTIEBITAZO—INV - f I R— g5
HINF v 2 ORI ET T (fa/ %)

EIE

G RIEDRERES 2009.

20034 AREIZ BT 5 H/MESEORE M BT TO
HErzHloT

—CRD DT R»H—
A AT b R—IE R T O FrigiT
Jua—)IZBIT A EEEmo 2R & REL
Aa7) 7B ORE—FHATRE 2 H12

HAEOFHI—HE, REFR EHER #HF 2010

SEHNCOWTEZ S
o0 NV T4 YT B & MR
— e b B o JBE S B —
AR v SN Y R YAy AR N
~ 7 A1) 71 R E ORE LB R TR0~
TSR & IR EOR
— [BUNE]D HAROREER L B —

ANVTA F.R BLXOELAF1—/, R E HiF
A XL TIIBIT B H/NMEE  BURE S OHERABRE

7L - B AT AU 2011.

— 57T A LR & s —
T AN HDOEE T AT A

~TF—=WVARM)—=bFERXL L APY) — b~
BEMBICR-TEBE 7O Y 22 b7 7 A4 F v A%
BOEL [FitrEFs] & EFEEEEAR

—WTO, FTA/EPA, % L C TPP O EHl—

—173—

4



TEAITJERTEHA - 5 32 75 (2019)

S8 g H 2 "t b L FITER
24 W BE 0BMERR AR
[k LWL B

25 HHBEAE %Y, HASUTOEMBEGETIET 7 L0 2012. 4
T E ZVDHh
R £EZE EERBCE&RY AT L - hIigfT
Mk HEH BONEBERA S oMES & I
—ARA 7 D5 EMS ~N—
AR HAT B (FE) BEORLY - ATR
N Ry MATRORAR AL

26 WHFBR  HAROT VT IRFEREHFERE @ TPP ~OXf G 2013. 4
We R RUNEBREOBURE 70— VREEA~ 02
IR R BRI AR LR ER
==Y XS BI 2R AL R s —
Kk M EBERFERITOME LB
WH A FEEHRNEREBCEORE L BRR - 77 LA & &mEsE

27 Hb E% WGk - HAOH B —HMERFEofiEoir— 2014. 4
il ®=% 7 A ) OFEREGERE & B R T3 %
RHE M EBEUOEEETARIZZ
e IFE BT XY OEEEE & EE
AR HAMET IV E L TOF/NMBELIR - BURY AT 4
— NS4 % s L 7R R —

28 Bt PEEROBRHPMEEE O— SV 2015. 4
— BRI 2 M 2 L B IS A D) —
B & PERFOBNREEE— [To0R] I E L BUE
FIH R Fa—nN)E—varil) sz nIvnonris )
—H L
HWE fiEE EETHAROY) 71— Ko Hge
—1869 — 19204 2 i—
A e EHRA VRS ITICBIT ALY, ER, &%
— P NIRRT —

29 pAlIT;S T8 A AT LR O FEAM & 2016. 4
Eif A ART—AEMRMIGREL LS L LTwib0h
—BHE - B KR P EART R
Jesus Arroyo Alejandre Japanese immigration in Mexico
Elizabeth Delgado Garcia

— 174 —



S8 BoEE 2 4 Moo RITER
29 Salvador Carrillo Regalado The role of FDI in Mexican industrial
restructuring and its impact on regional
development:The case of Japanese FDI,
2006-2014
TURT Y A (RS EEI100EE R A
H/NRSES SR - BORY AT L OAT)5
(MR - BE 3 - ZAREE - Radn -
RIS - PYHIER)

30 K H—  HHEREKEY—-TvLEIRA 2017. 4
B A BREEHEEOEREME
—f ) R—3a vk a A MEHFOME—
i NbMFAadUheZE
—HRER & TIRECE—
DURY Y A (IS EEIZ100H ERL A
T TICBITBHNMEERIO RS
—HSINDLER Y AT L O —
UMNIEWE - I EFH3C - EHEL - mEEHE -
JHE T U M)
31 e B [gE | o[k 2018. 4
— kKIS > S EEREN T T
IRV TREFTIF) R L—
KA L it — <R EOHSRE Y AT 4
—ESRER & i ofkdE—
A Ak AT BT 28, BH, BEXR:
TRAVRS I 7 oI -0y SFT
TURT Y A (N R BN 100 4E - REFEIIEAT AR 30 B Rl &)
20504F DS AT T H AR & R E A
CAH—E - FHE - DRFEE= - SRER)

[(fEEwmE] (T)—2 - X=N=) FIIT—E

1 et el B OKRUIS & sk 1994. 1

2 Wia ok RS OMER S REEZRL 18611991 1994. 1

3 A & RSSO 0—E % 1994. 6
—HEEROHCERDTEFE—

4 A & EeRBREEoBEFIIICoONT 1994. 6

— TR £ R Lo - SO EE—

— 175 —



S8

10
11
12
13
14
15
16
17

18
19

20
21
22
23

24

25
26

27
28
29

30

BEE

w1
A
i
ek
FA&

i
IN
EH
HiZZS
Tz
LI
b

Al

Hil

B
Jetst
&

N

i
Bk
WHE
NS

A

&
LPN

<

FH

i

Bfsf
ELA

&

TEAITJERTEHA - 5 32 75 (2019)

2 A Moo RITER
A iy DRI 5 B2 O R I S0 AT 1995. 3

— 8 2 TRl & R AR dr Rt
EIREICE & AL - 1881—1991 1995. 3
HEEEIMBY) A2 EH AT On 1995. 3
AR SR D GO D—F % 1996. 3

— B EE OB OREFEOFHH—

T A F B O BRI 1996. 6

—< 7 FFIV R, 25 —F X M

N »rF&4) oFiflEdLE LT—
BRI RE O X IRRhE M 0 FHI 1997. 2
FEVR L e AT A AR & kAl AR 1997. 3
TA=TEY T4 - AT T4 OFEME 1997. 3
DB L 53 2 s OH G 1997. 3
ERFETBEOES - HE - BME - 4 1997. 1

— I HEMHRNE G —

J.S. IVEPRGERICET 5 —E% 1998. 1

——18604EIC BT BT A VT ¥ FIER M & DRI CT—

LS. S0y RT 1) X A4 1998. 3

— AL O LEEORH—

FRDEAL L BEHOEHET 12DV T 1998. 3

—ZOMEEA YTV = a v —

KalBrE RO IFRHERT 1998. 3

WFEM Ay M7 — 7RSI L A BRI O FEH 1998. 3
HANR Ty I RFEDT—AND

HAOE N SR i f O Rk 1998. 3

EHEHRIESOMBFRERIZONT 1999. 3

[AER NG N Rt l] W]

— [AWARME®R] 2eBLT— 1999. 3
A 1 R O TR T 1999. 6
&R AT A O E BRI 2000. 3

—ligmA - BEREDL 5T 0—

[ EIEEETE] &SRR ORR - BEREBGE 2000. 3
TUVINT A TNy POERT 2000. 3
—EBERFHEERE £ TOMR LS5 HR—
Empirical Copulas and Some Applications 2000. 1
An'Austrian'Model of Environment and Trade 2001. 1
WERFHRHANIRE L T 7 M Ty b oAb 2001. 3
HES T aviv)y VogEfgEm (1) 2001. 3

— 176 —



S BoEE 2 A Moo RITER

30 —17954 7)) A VB EBIR FHE O RN R R —
31 it H PEEHREEFROTAENZ O o T 2002. 3
32 A &% JHRRIC L o TOEME LT 2002. 3

— 7 )7y, =T vID
KALZEM AR b2 — AT E—

33 falE T TR - M O R 2002. 3
——NAFTA O A F 2 a0l fEl—
34 /N #% Mathematica (2 X % I 7 OREFSE 2002. 3
35 Gordon de The IMF and East Asia: 2003. 3
Brouwer A Changing Regional Financial Architecture
36 FH K% EERELE Ay F 7] & 2003. 3
[EL .
¥ R EE RERAORM S AT A - SR 2003. 3
ZjE fRBk
A &
38 A e (At RS A7 4 B AR 2004. 3
39 IJ,{H HERR RO TH S PR B O Lo AT 2004. 3
B TR ARG L
40 Atk 72D OMIBAEREMEBRE—CRA ORIE— 2004. 3
41 APt DA EOMEEFHTIIOER 2004. 5
fx RESE
42 EH BER O IMF8GREBITEHES - AEElL (L) 2005. 3
—IMF & HA : 1952~644F—
43 KHF BhE BRT T RIBULGHEEKRE T Y VAL 2006. 3
44 EH O F— ZERAURFPEEAREO D IEAMEEF 2006. 3
IFRIC % 3 5 DR
45 BB A PE AR 2006. 5
e *37 AFA TR — - AT AL ORI
fa A
e BT
6 W Rk IMPSAERITEEYS - ABAMIL (T) 2007. 3
——IMF & HA1952~644F——
47 ot B FERMLogE 77T A AMERIRD RS 2007. 1
48 B R R - RIS H ARSI A T EERRICHET S 2008. 3
—EEARTEAFEEL [R] - [Rdk] —
49 PEARRE T AERIE AR EE O BUR & FRE 2008. 3
50 ANEEOBER REEREE OREE & HRRE 2009. 2
51 ANE S REEE L REOITEIH B 2009. 3
52 PN AFNEET - B O EEE B S 2009. 4
53 B & HUGRIE 2 A B Hbde 4@l oD i 2010. 4

— 177 —



S8

54

55

56

57

58

59

60
61

62

63

64
65

66
67

68

69
70

71

72

TEAITJERTEHA - 5 32 75 (2019)

BEE 2 4 oo RITER
Carlos Fong Reynoso 2010. 6
Some Issues of the Medium-and Small-Sized

Taku Okabe Enterprises in Mexico

Akio Fukushima

Tomohiro Kakihara

fAHE BY WIS E O i 5 B E 2010. 1

—TEZROERRGR L ¥ a — MV o#E—
KM % EU &IV =7 ARKEHE 2012. 2
—7 U=\ 8= b=y TORER—

DAY S HAMED X X2 af 2012. 3

IR A, AN R IO &

Al A ANREREE Y 27 A OWEIZHT A% 2012. 3

L AT XA AY hADT ST F

MHEAY BB X NVERETEEROBUR 2012. 9
T2 — M 7o

Bl ik PElOS ERWIGRET & R 2012. 9

Fi ANE N 2o MBI A5 2013. 1
— b LD HPUNMESEIRBLE S DO BUR & FE—

A B VIR & RA D EE 2013. 2
— =7 LA Y PO ERIG1778—954F—

Jesus Arroyo Alejandre Regional development in Mexico 2013. 3

David Rodriguez Alvarez -socio-economic regional development

Salvador Carrillo Regalado and foreign direct investment-

Taku Okabe

Tomohiro Kakihara

o m hEEROERRE R EE oM 2013. 7

A # BMESEEREORIE L T OEE 2013. 7
—HUNESEBERD A /) R— 3 v—

BN i JL—=2ariy 7Ny d v IITBOBRE L RE 2013. 1

Al # IRV R - N=ZIBIF AW L iR 2014. 3
—HARREEESN L Lo [BRUARICET 28R EHm —

ot #E O HEOYY RN EREIELZ D0 2014. 1
—S I EIREROHE HEMN L PSRN O ERH—

ot H hEOSATE IOV TOME] 2015. 1

B ML PEORHHE L R 2015. 2

HA e REESUE & EAREE 2015. 9
—akm DR AN SEGRL S OBEIZ B W T—

Maria Guadalupe Lugo Sanchez ~ Economic impact of Economic 2016. 1

— 178 —



S

72

73

74

75

76
77

78

79

80
81

82

83

84
85

86

BEE 2 4 Moo RITER
Salvador Carrillo Regalado Partnership Agreement Mexico-
Rafael Gonzalez Bravo Japan
Leo Guzman Anaya ~theoretical and empirical aspects—
J. Jesus Arroyo Alejandre Regional development and 2016.

Erika Elizabeth Sandoval Magafia internationalization of Mexico
Martha Elena Campos Ruiz

Maria Guadalupe Limén Herrera

Antonio Mackintosh R.

Taku Okabe
£ Wy mESRSTSGORREEROOY v 2 2 E D 2016.
— [BATRFITY ] O G
BiE A ERROEREAOE RN 5 2016.
S 7= b
B EHE PENCBITZ TREERE] o3k L comil 2017.
il E N fﬁ%%ﬁ: EBEBRIEDOZAL 2017.
—AF T ahREEE O HRAHBEAED S — A —
R & THEIERSE] VS THE AR 2017.
—HEEE L (el OM&Ed» 5 &5 B EMR SRR —
FA e SIPEEREMEL D CLEEMHE 2018.
AN ERTHIC BT AR L IEROME 2018.
Taku Okabe Legal framework for industrial 2018.
Karla Liliana Meza Goémez property protection and its
importance for regional development
in Mexico : Challenges and perspectives
Martha Elena Campos Ruiz Impact of Japanese direct investment ~ 2018.
Leo Guzman-Anaya in Mexico : the case of Japanese

Maria Guadalupe Lugo-Sanchez  immigration and automotive industry

in Bajio region

Moo sEREl HAPERS T 0T 2018.
—HUE RS I B 1T S AEE AR OB SR, 5
AN REET B2 FARYTE & Fa'ﬁm 2019.
MEs h Changing Mexico: Multidimensional 2019.
Juan Emmanuel Delva analysis of the current situation of Mexico
Benavides

Ana Virginia Solis Stas

Gelacio Juan Ramoén Gutiérrez Ocegueda

Edgar Gutiérrez Aceves

Salvador Carrillo Regalado

Bl i v=yxnbryFa v (HERBR PP LY 71 v 7)) 2019.
DBUIR & 78

—179—



TEAITJERTEHA - 5 32 75 (2019)

[F4 XDy ar~N—i—]| FliT—8

S BoEE 2 4 Moo
1 fil —Z RS LR - AN ERERRITE O —E %
2 AMRTE—RE BRI 51T % 199747 it 15 fe b 12

B4 5 —&5 CEEBFNAS R EE I

—H e VA AEEE RO T—
3 wE =i #EsEEkE 1T
4 IAE—RE EENEREEEANS S R BARRGRE F0

RITER
2003. 3
2004. 3

2006. 3
2005. 6

SHES - HERER LT RDL—EL (1975677

Wi fatai k) —Hi7c kYA AE T RO T—

[E/9757] FIiT—&

1 A e BIEREE ) TV ER

CER6HE  H/NESERTSESERh E % 5
CERIE EERHEFERETZH)
2 HEEZB
A & ERT U NT 4 T O
Aeke  setss —2A7 v FEHLII—
A A
(3L2)
3 A I ru—nNy¥—3 3 ERERS
()

4 HA & HUMRESESHE - BORY AT 4
— ez HL s LRI -

* NI FUN—FRITHLEOHFIL, UWIERTE TITEET S\,
WA &ﬁk%ﬁﬁﬁ Bt
T157-8511 BRI AR X 6-1-20
TEL : 03-3482-9185, 9187
FAX : 03-3482-7851

e-mail : keiken@seijo.ac.jp

— 180 —

1994. 3

1996. 3

2004. 3

2015. 6



BIRRE: REFIIZEAT S 5327

P31 4 A19H HY R

FH34E 4 A25H % 47 e
Eeld o #
% A7 DR YNE S SRl )

T157-8511 HURUARHE AT X i 6-1-20
T A5 03(3482) 9187 #

FIVRI T L V= ol L A i










THE ANNUAL BULLETIN

of

The Institute for Economic Studies

No. 32 April 2019

CONTENTS
Preface ................................................................................................
Articles
Declining Population and the Japanese Economy
Japan’s Social-Welfare System and Its Finance:
an Inquiry Toward the Reform of Medical Services----+----- Eiji TAJIKA
Human Intelligence vs. BigData-Driven and Neuromorphic Artificial
Intelligence: What is the Intelligence in the First Place?

............................... leoyukl CHUMA

Transformation of Society by Advanced Technologies
........................ KaZuShl KUSE’ Ph D

Japanese SMEs in the context of the zombie firm hypothesis
....................................... Yasuo GOTO
Scott WILBUR

The Institute for Economic Studies
Seijo University





