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EHRRE e P ORIAIIZ B THESMETHE, LM id#EOIEY - F

riclEL, LESE TEVHST I LICL fTRIL T d . S0k ) kMg
Za—=F W 3y PI= I TEFMALLL S OPEEREET L LRI S, RBF
T, BT OMHEBREE L T% ) MRE A Y LY s . MR —EwY 0
BTHH, MEtWRFETVTIZALOL HREDEL 83T b v, HER
HUBRIET TV, 1972 £ E £ Nakano [37] & Kohonen [33] & Anderson [9]
Lo TRFESNZ, SELEEFSVORELHAI0E, BEL 13y — U 2i%FE
THbLPEPRD 0, FEIREBIZ OV T A4 EXH 5, T, &EL7:
I8F — /ﬁ‘:@@f%bﬁ‘%ﬁ’\ét&bbl, v b T — 7 OREN PR & %
W= AGlEATND T L N T HLEN DB, Amari (1] IXEE/ N5 — > OF
WRBOLEMLET TR, 2y b T—0DF 4537 2200 TH BHFL T,
FAFT I AOBMIBWTIE, BEEERIES 1 FI7X2HV5. %
tTRL, dy I —s OREL L TRTE, MEUHERENES 4 17 Rid,

N

J#i
THAOLNS. ZIT, J;32a—urfolt7IBETHY, hbiE L E&NET
HbH, Za-1TrDRERREE,

N
U; == Z Jgjﬂ',‘; + hi, (1.2)
oy
EBLE, RADEAFIRE Bl T2 O Y EET 200 LW E 35
LTWABIEERL TS, CORAEHHRETLIONENMEK F()THAH, LIZL
WTHEIRELY +1 THEL TR VIREY -1 TEBET A, ZoBEAsI0E, BHH
BOF() L L CTHRR 5,

+1 ,u>0
sgn(u) = { 1 u<0 (1.3)
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PHWONL, FUET A1y — % L%, P L, ¥+ 7 RS Ji %,
1 D

THRO DGR, 37 - OHCHEE EEL T 20 CECHEBAEETEET L
VIR S, COEFNVIZEEHEEETNO-FETHA. KFETIIHDHET
POHTS HOMBEEELEES L 2. QOHEEEF VTR, Y —ro—
M Ay P T2l 52 5k, BOTEWEENSY -2 EETLIENTESL, &
hbb, N OBEENTEbRA, JRGEMIEOL X ALBERTHY, 5
ROERHENTHL., HOHEREFNVTH, 1 2038 -2 oRONY —r %
MHRT AL TERVD, TOL I RHRYTA2EFMBEERTTIIS S,
MHEAGRE T VEF =38 =2 gt b FRUCHIST 5 A/8 8 — 2 ¢4 Mt 2
TTNTH L. F—F =0 LGNy — v O MM L B EAARIEEAE
EEETLDHEDY T AR Iy i,

L L
~ﬁZf% (1.5)
u=1

THZONL, 2o, s frE—ss—2 L LTANL, & 8- .. 5
g — ¢ DX HI, RIS BV ELTE DB BB TSV LT RS,
Za-UrOy A4 7 AL, TOMIZIEREY £ 5 3 7 AR EEME Y A
FIVANHDL, FAF I TRODENILY, HESROBHIRL L. 3512, [
R MBS A 3 7 A2 BWTiE, REOTET RERINITR 59, B
B ER T AN L ofﬁmﬁﬁfmﬁﬁuﬁ&é.Lwtw,mﬁm&ﬂ%%ﬁ
%ﬁ%ﬂ@%%t%a FRRIBEDOBE LR NS A, T/, hERNRIE
REBER OB AR Tmowﬁﬁtﬂﬁ YAy I AN BIgGE, FHIRED
FEPEA 4 L<fétum%&wﬁ QE@E%TW@@WEEHHM@%#W%@

uﬁ(ﬁ)'ﬁ_ »%- 6[13].

1.2 EHEBEETTIVDIERS

1982 12 Hopficld [22) #¥3ERATIS 4+ 3 7 A AT ARE AR ET L & R
Yy - VAT AL ORI R IERL CU#, HOHEENEHDEET IV OBRITICA
¥y /ZTATHW%$&WHA§ﬂTW% ﬁh,vTUﬁ£W]rHMk
RT3 52 EWTE, ETOPWRENTILEEL L AEBAE L (GAEFR . &
&Bsa*bé_tﬁTS%.v7Uﬁ&uﬁM@mmgmﬁ%ﬁLﬁLf,q@
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WNEEBIT T 5 L CEAMMTH S, 72, Shiino & Fukai b= & - ThEIh:
SCSNA (Self-Consistent Signal-to-Noise Analysis) i4, HiFIEEAIERTATH 24
R Gt IR %% OWT%%ﬁT%%TH&%®HmT£5MQ H B8
ﬁ##$¢f%%%u W, BRTHARGL DL TEEENTKE A A2 Lh
HILTY5[35,36,50]. S512, yTRb—2 ) £ X058 0 &1 5 BIEEIBO
FFEDHLN TS [51].
=07, AR R EREREE VO 49 3 7 ADMITC 5VCid, Amari b
Maginu [4] 25 RETHE DR LT A B R 18R /-, Amari-Maginu O 325G,
JHAL =2 ) A XHFE 0, S o2 O 5 ABAHE D EEELT, Fy b J—
7 DBAEDINES FHWTROKIES *b%l%LM®ﬂmf%%.%®tb,ﬁ%
t=1FETLPREROLNS, EHNRBRL 2LV, 20X b—2 4
ABH T ADAHED &V I RGER, BEISEIT A BV TRBN ook
DARBERETRRDY 32V — 2 9 VX DR SN TV [39, 45). Amari-Maginu
D Him TRECETRD @, = 0.16 &% D PIIREOHE L 1 b kX ChoTLE S,
2, BlERAAFIRIOVTCE Y Iab —Y a iR I b ARE LR AW R
W& 5. Gardner & (15 S FEHAR 007 k% I CREORY ¢ 2T ERRE
BERTRT I LIZHEIIL A2 LAL RS, BEMIOL & =2 7L MBI
RKOLNTHELT, BRI t ERS 2 BMEIE TR B VTR 5.
Okada [41] i3 Amari-Maginu ¥R TER IR T b ok v b 7 — 2 08ED
IREORHHMAMA RO AN B I 8128 ), BREUDEBGRZIREL 7. BEACom
nﬂufﬁi , ACEFEEILEUDRE n & BT T & ERFIRTED Bz & NELN SRR
TET A, WAEUHERIE, n=1D%4E Amari-Maginu O FEE SMTH Y,
rwﬁﬁﬁwa(mﬂmﬁﬁé n=2340HERENEN a, = 0.142,0.140,0.139
&&UOI%&ﬁﬁTé it,ﬁ%ﬁ&ﬁﬂ%y‘iv vark il —g+a
OINITERINIT A F I 7 AT HIEHNTE S, FHEIL OR) THY, &
HROT B E AT 2240w, CRIZEHHEORCIZEZL0THY, &%
APHERTIR /DA =2 ) A XDPHEOER 0 LAl LTV S, FEHMET
W, COHEZROTBYFIEENEZ o TV h, NS CESMBOEL O &
K7 &SRB & S 2 B [44].
Fr2, FRMEMICEE TV DY 414 3 2 AOMEHTIE Coolen & Sherrington
PN 177 o T B [11, 12). Coolen-Sherrington #ii (CS HF) T, 70X b —
I IAXDGH T T ADRESGEL R WS TH A, Tk 0, EEET
TP BB, FEIRBIET TR AT I AT TEDLL Sk o7,
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1.3 FTMREOEH

INET, m%£ﬁ@£f%7w®%ﬁ BB RINE A S A S oY (R G- PARE L S
AR B 7o) 35, 36, 14], A= AFE4L1T, 5] % 17% O L aiEEEIIH
KTh. it,/+7Xnnk/4X%UWLL%Q@/+7AWHWWW%%1
L7z a il B AR REE LTS T b [52, 43]. Sompolinsky 52)td ¥+ 2
HWEDYMIX L+ T R - JAXIIRECTED Z L xRk L7z, KETAENZ [4) H7ik
FEINTLNR, ¥4 37 2A0EER & BITHTTHEIZ 2 o/, BRI EEEE % Hv
L, BONLHHEETE I FHIREOMGRE MUHRIIRS 1], 512, v b
T DERRRMEEMRD I ENTELI-D, 5l EALHBERD DL LTS
%.L#L&ﬁ%,ﬁﬂ%%ﬁ%ﬁm FJUA—2 JARIZHLC, EHE0TH
HAS oy OF 9 AFAFIZHED) T & BAEL T 5, mawmwﬁéwﬁu:@ﬁﬁu
I ) 3L2%% [39, 45], %ﬁﬁ[@“% SR OGS 22l =2 a VRO RBI
PRTHYPBENA, FIT, FAFIBVTHEENRDFEILLT, ¥4+ 372
AEN L HVR SR IN TS 2 ARG E 7)1 & B ORE 7L OMESRT
LT 5. 7o, PHIKEOUGD L BESN AL w Pl & O MG E B3 [29).
S5, FAIMIIBVWTHRELAEMY Ialb - arlliaEE 0ERE Y
Ll d 5700, HNBEEDIEERTH LA DTS LI5S, JEE
I EE W Bany 44 3 7 AOMEL Nishimori & Opris [38] 12 L - T
EGE SN TWA, Z OHEIZ B EOE S D Amari-Maginu & (n = 1) (23
WA, L L%&A5, Nishimori-Opris Bt IAEE O IER B TR D L2 T
v, EE, FEHAMBOSRERSRALOEGEIINEL, ALoR ML £
THY 3AA TS full-order @Wuﬂﬂ@a&ﬂ‘?ﬂifa‘bé (29].

FA4HICBNT, AN AL 7CHEII BT AR Y BT 5. SE
RLIEE 7L OREE R, MO #i#mw%ﬁwtﬂﬁu%t%mﬁi5ﬂ

§ -k ZIN—ZFEEL o HE LL7%5&LiA?% ENMLENTwA,
= DO 21 OEGE RO LG, NAT7 X NE— /J:ILT«;HL%. N
AT R - 238 — YO HRG

1+b

Prob [6 = £]] == —5 (1.6)
T 2l DER & bYE, V7T ARG J; &,
B S
Jl.? - N(l _ b2) ; (51 b) (5) b) ? (1'7)

THEFEENDE, Za—O X N IZIRTHEEID +1 OFA (BAE f=(1+1b)/2)
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BPLVINT =V IZAN—Z - RE— L LMEER D, RKEfE fo0ELTE

&, ALEAEN /(flog f)Dt — 5 THAT 5.

HBHEEETNDY A F I AFHITHIENTEL LR, ThITH
WTELRD o WEEEEFT VOS2 AL e TR L L Do, HAE,
VRS OB LT BBEEE T, 1 o0F —IHH I L THEEOESTH HAsH
BT A28, ZEXy TOENPLETHL, FE~ vF ORI EREE 2 35
TAHLYERH Y, FEEREEOHERTIEMITT &L\, 22T, T TR
THol 1 ™EOWEFITH)MMEBEETFTVERY B, Y4537 A% 507001
Wradrs.

ANGEEE 7V HASP [18, 19] 2 1 (f £ D@EA % /- BTN TH Y, BEHOF -
HEWCHESG L HEOBESPRBEELE L BET A LN TE L. HASP ILHEE
MUERRDEH GO RS & B AR 2 17 ) IEIHIES O o O HEE, SRR S T
A, HEEESTEIHEZOESLRELTWA, HOHEERIZIZES~N Y P
LRSI, 1 DDA PR ERT LB EENR TS, /0, FHA RO
M7 0A =2 7 AXPFEENTVWLEE, HOMESREISZAAHLIZLY,
%h%%%ié%ﬁ%%O.:hiﬁu,mmpmﬁu%ﬂer,ﬁtﬁ@ﬁv
774 TR E OREBICET A RREOHEENHEHTHTE N TWS (21, 34).
FIT, £5BIIBVCHMEREET N HASP O 484 ke 5 (23, 24].

FBORIIBVTINEOERE TR HEMEEEFVERD LT 5, 1640
thﬂﬂﬁm%/zTA_walﬁﬁﬁﬁféb,Ebuﬁm%%WTﬁw&
HBELHEIT R oCwad, AL, FIFREFEI I DORMIN L TEHEOFEED
HY, F2 120FIBVTLEBOERT Y. J0L I L0
MIMOBTIT o TWB, o T, 1 MEDEEEIThR ) EEEEEFVEY
T A &L, OIS AT A LT EELRWRE L A, FIT, 150
WELITR ) MBEET L EIERL, REFLVOMEBE T MEEDE% Hw
THENI§ 5 (25, 26, 27, 28, 30} . 1 WHEOAESET -2 EILE, HIET 2851
F=rHRDHLIZH, TORD 122 BRS L0, RD & OFHRIZHEY
THEWIANZEAT AUEND A, RIFHETIE, SEAT TR Y — 2 L DOF
P X-T, FOILILEAT Yy FERETILI» 2 ERNIIHRRT 5.
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2.1 U &I

Hopfield [22] 289E A B0 B AR ELEAGEEE T NV EAY Y - ¥ AT A L OF
li’i’fn?rﬁ'tfu‘/k, H CRURELEARGEE 7V OMIHE ( h SNT &7 FRIg,
mmmwﬂﬁﬁlL%bTUﬁmm FHFRAER B9 5 Z & T E, FOLEN

HIlEREEROBIENTE L, LY ARMEEOHGR KRB L T,
4ﬁﬁﬁ%ﬁﬂ?6 ETELMETHS, LLads, DH7 AFEO0FH
BAREL TW D, JEHA R B M EH T E L v v ) BIRA $H 5 . Shiino &
FukaitZ X - CTHEFE &7 SCSNA (Self-Consistent Signal-to-Noise Analysis){49, 50]
i, IS IERITH A HERHET SRR B S I2WT LRI T & 57
PREOHETH 5.

T, WMEETFADOS 4+ 37 AOMETE, Amari & Maginu [4) ASHEE1 b
$8F7% & WP N B IR AL, Okada [41]12 & o CA &N, Okada DHGI
Foy h T OREOp AT v 7RI E COMBMMEE-TL20, RRAEE R
EMHIN S, Amari-Maginu BEIE 1 ROEBER (n = 1) IS 2. IO R H
n%f?f“(t,@%éﬂiTH&%®ﬂmiU@%ﬂéﬁ%&*ﬁﬁ%

Za—0y OEMETRNAE, WO L O L RO b odie 5. S5, #
ﬁ%%@%@ﬁﬁ%@ﬁﬁ%hﬁtfﬁi#,%ﬂwbﬂﬁﬁhiofﬂ&%.

HEEMREA I FITR
- N
"dﬁi = —u;+ ZJUCCJ‘ + h;, (21)
at JF#
5= Fuy). (2.2)
FERPRL A FIT A

Ji

N
r; .= F (Z Jij:cj -+ hl) . (23)



g2y HOBEEREEIEETN 7
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e
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il
ru

BHMA 1F32 02X
N
2 = R (Z Jih + hj) . (2.4)
F#
ZIT, s a0 OREEZEL, J; BV F T ARG ET. P
BB TH S, fim = dHA0WET EBIIRATAZ & &7,
NG OFHEHRIEIL £T,

N
= F (Z Jg'ja:j +hi) y (2.5)
J#i

W TIRELE L CERTAZENTE L, SFHREDOAZGZTIE, o EHRESY
%ﬁ?%.uﬁ,mﬁmﬁb%fuptmmfﬁ&%%%ﬁmh%@%?»%m
D HULIEHAAMR & BE T 5000, BN THL LENH A6 THh S,
ZIT, UTORBLDY 453 7 A0FHH BT, MR OET L %
.

AEIZBWT, FiriREOHGETH S SCINA LikitEFIzonT, 20OE
T & FERIZ DV TR |

2.2 BHOMEEEFFI

HEEREFTVIHET AR MV E e = (8 ETD. P NRTEDNZ v
THDH, NI MVOERMEROMEET £10HE L 5.
140
——
ZIT, bNI = DIRY (bias) DRELXRTRETH D, b=00k &1L, 125k
L12T LIDEE L BOT, FUBL - INZ—2 FENAT A - 285 — V) LIS
NAL bAODEEIE WNAT A - =V LT, EHICN > 00Tho —1&
Lhb&, A28 R (sparse) X5 — L EWHEN B, 22T, =+l THbHE%
RAE,

Prob [¢f = 4+1) = (2.6)

f = —5 (2.7)
LIEHKT 5.
=a- 0y ORE o IEROWIELBNTE 2 S MR MY T IREEN B
b,

N
$§+1 = (Z Jijl';- + ht) . (28)
j#i



EoE HUEKEEEHZIEBEL L 8

SIT, MEBLEVETH Y, MAOMK FOEEETHL. VT T AEE J; td
TEEEHWT,
1 alN

‘%*:xqrraaégﬁf—b)@?~”)’ (2.9)

THALNA. aREMKEMIN, pHOXLZ PV ETBLAL &, p=aN TH
AbRD. DT, prON) ET 5.

2.3 SCSNA
2.3.1 ERpiRgEHER

Shiino & Fukai t2 & - TIEZ 3472 SCSNA (Self-Consistent Signal-to-Noise Anal-
ysis) [49, 50) (X FHIKIED R TH Y, NAT A 738 =2 (b 0) REEOH S
B F()WDWTRITT A2 AT E S, AT, SCSNAWKDWTHEHRT A,
SCS\?A TRAMBEL Golin s /4 WP T 2725 TR, 0 EHT
HWAEEERT D ENFHMTH 5.

£, ARV ¢ LAy P T2 OREE 2t L OF — Ty T (HARE)
ERDL HIERT .

u 1 -
wz:NU_wggg—w@. (2.10)

FIHFHORMEN Y PV e 2T 27 MV (E5KS) £ 5. {(25) &
mt o THHIKEE L %4 &,

aN N
chrwzz§:€ (§“®%+@

.u—l J#i

x;

F(% (& —b) m“—awi-kh) , (2.11)

=]
LA ZIT, an THCHESICHETAEHTHL, HL, m ilb HOESIZH
HYLENVEENL2DT, COHFZETLLENS L, 39, MBIl 26560
T, I g i owTHEANIC RN T,

T =f(§(§f‘ub)m“+h) , (2.12)

H=1
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LB TRERQI)ISRATLE, FOIREDMETHIDT, mp>2) K
BILT & TRET AL,

U . 1 u (QN v . )
- 2 P b)F i —b h
i N(l—b—);(f ) ;(é ) m +
1 N aiN
- N —b2)Z(gf‘b)F(Z(éé’—b)m”m)
=1 v
1 N .
R & (Z(éi’—b) fm"+h)
=1 v#EL
—_—-—._1 g H (I-‘) 7
= N(]. ___bg)Z(gi T ) + = Zm“.?—" Z(g"—b) m¥ + h
i=1 NS iy
) 2+ U (219
= m , '
1 o b? 2:1
#Hb. 2T,
vo= Zf’ (Z —b) m"+h), (2.14)
i=1 V?é'u
alN
7t = f(ZXﬁ—Wﬂf+h), (2.15)
vFEp

LT D, M b et s, R(213) LD, mF L CRET AL,

1 N

mt = — b)), (2.16)

Moo= &

i=1
Elb. BT, A (211) & b, BEKG L/ A XKL FERO L BOREEOIEII
T B &,

3 . . 1 alN N
;J,-jxj = (Ei Hb)m +N(1—b2)(1 ;; g b) (63 )
-
= (¢ -bt)m'+ ! %ig“—b({ b)
N1 =61~ ) i1 i ’
N al -
1-v™

(2.17)

Il
o
Sy
|
=

5:-—-
+

AN
+
—~
i
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ki’i‘% {_E_{.L, 24 ii,

aN N
%= ZZ (&8 —b) (6# — p) ¥ (2.18)
N(lmbz ##lm (J ) Y
Thb, i,
I = 1—‘3‘_U_U (2.19)

’Ga’;)%) Vv Xﬁr:u@HD;fL/\ﬁ‘ 0'655)0(4) )‘E&LJJB‘J&HEE‘:;“ Ff)‘if;)

é:&%Ta._mmiﬁwxb—ﬁ/4x®$mﬁuw AT ARIETCLH L, 2
T, 2P0, 3 ? DERSHIEED . S8 o213

ol = E’[(Zi)z]
_ 1 S b2 ( ) (x(»u))?
N2 = b2 )2(1 — 2%}% & - & - i
=-—ﬁ_—§@&f, (2.20)
N -T)E 2\
L0,
R . 2.21
g (l_U)Q’ ( 2 )
¢ = li(x(“)f (2.22)
Nizl % !
Tdhb.
EA\E &9, SCSNA o E#H kA,
ml = 1jb2</£k(§~b)Y@g@>é, (2.23)
= D2Y (€, 2)?) 2.24
¢ = ([prear) 224)
U = é( [ DzzY(f,z))E, (2.25)
2 _ oq 2.26
e (220
& A, {BL,

Y€ 2) = FUE—MmL+Nﬂ§@+0m+@, (2.27)
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Thab, ¥,
dz 22
D S e —
2 o XD ( 2) , (2.28)
EEFET A,

SCSNA DEBUMREE TR % < Zwicid, (212) CRIND & Bl F()
ERMVLOT, K(227) OMfE KD ZLENH S, L7 ) HETH, BT R F —
ERMITEBEE LT Maxwell b — L & W T RH A E T X B [48]. L%
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THEROH I L1l 5 [49, 50, 51, 14]. TRIEL 7Y HiEd 155 0 2 s &
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2 BRREE %,

2.3.2 Maxwell L —Jb

K (2.27) DIEE KD B 720D Maxwell b — M IZ DV T b, = 2 Tld, Bksy
0= Flu) =sgn(u) ~c THEHEIIDOWTER D, L, cBEHTHY, B sen
EVTFTR2RESERT. E0MOBHEIIOVTIE, L[5 2 BREAL W,
=K (2.27) i3,

Y(&z) =sgn (({ —b)m' + Y (& 2) + oz + h) —c, {2.29)
Eab, iy, (229 2T, RO 2EOEETHL LN,

H = (-bm+oz+h+TY = Hy + I, (2.30)

INEDNMEBFEZH 217, HoPIERIN S WS KEWISETI, Rt
12THY, TNERY =-1~c& YV=+1-cllhb. HHHMTIIN (2.20) D
BB 22 Edbdb, SO ZTHMI ALY — L B/ T 2RI
5., HAZALF—OKE S 13 2 THE L (SR 12BN 5. T,
H=TY+TDEEFBERELT, BFY =-1-chbY =41 —c~ I xr7
THIEILRA, Thbb, Hy=cl bR EEIIHIELTHOT, R (2.29) D

B,
Y(€, z) =sgn ((5 —bym'+oz4+h— cl") -, (2.32)

ERTIENTEEL.
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2.4.1 MEHENE
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m

1 N ,
§ = mg(g ~b) z;. (2.33)

ﬁt%éN&k»%%l%ﬁ@E%NﬁbWT%a&ﬁét,ﬁ@sﬂﬁUmn;
0, Byl 2 A XMz siT,

it = F( ZZ (et — b)(f;-“—b)xj—i-hf)

# 1 571

. 1 aN N , ;
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==f(@;—®nﬁ+4+ho, (2.34)
Lad, ZIT, A3 MBETRENZ VPO ELETHY, ruR -2 )4 X,
; aN N
S 61 ‘5 —b (235)
Wm0 )

-

BRY. JUAL =7 S AR A0, o2 OERSICHD EET S,
DBGER Ay b T — 2 PRI L 235 & B D 30088, L 7384 10Id B
DALT BV ED ISR T B [39, 48],
%vrv—ymﬁ%x?Wigwm%éAfwém?.ﬂgﬁ@Lf@“%E%
15L&,

alN N

AR F(({}—b)mg l_bz)}:z(gj )gk—b)zk-i-h‘)

v#ELEE

alN

= ((@—b)mt bQ)ZZ(@ )(fiwb)xhhﬁg)

v#Lu ksty

i b (6 - ) -0
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= 3;;+1.(i4) j\r(l bz) Z (é_-] ) " b) CL':CF"(M), (236)

Elh, TIT,

25" = F(y)
aN N
=‘F«§-®m} Z:ZX% )§i~mh+h)42W)
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&ﬁﬁfé.@“wwigtﬁmuﬁé.ﬂ@smi@,M%t+1®7nxb—7
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aN N
At o= g 52222ﬁ~b(~)‘“m
) IEIWES)
alN N 9 )
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N2 ( b)wmmw
= "Wy ZZ&—H&MMZF
pEL kA J#z
— é“h0+Ugﬂ“ (2.38)
En D, T,
aN N
A = ZZZ€WM5 b) 0, (2:39)
=~ b ##13#
Uy = Z:(u (2.40)
J?éz

EEFT S,
yEAN - ) AXDHE a2 1,
a@:=EK£ﬂ1
= E {(z,-”l’(“) + Utﬂzf)?}
_ E[@?“”)} U0t + B [ 02 U,

t+1

= QQ;+1+U;+1U¢+20’ Z Q1,7 H U, (2.41)
r=tt-1-n k=141



F2H HUOBRBEEIHEET L 15

L y?
G = 552§(xi ) (2.42)
q :-Lif“f 2.43
t+1,7 N-___l i i ( . )
LEFT S, BRIUAWLXORBILMNEFS AL EE BHSA I,
I, HOMEEF )V OERKNIKE TR
My = </Dz b F (§ b) TTL;+U;Z+ht)> . (2.44)
3
, 141
O = 0-’(]:+1+U;+10¢+201 Z G217 H U, (2.45)
Te=t -1t 1 re==r-1
UH—] = &; </D22F ((6 — b) my+ oz 'f”‘ht)>€, (246)
qH1::<thF@g-mn%+mz+hﬂﬂ, (2.47)
3

THEHND, AL, ()13 WY 3PYEET.
ZOT, NI AOEDE b=0& L, HOMEE Flu) = sgn(u) & L7225
TOEBRIRER T AR WTA L) ((1.3) 2). “h iy, £/(2.8)
&3 (29) 1

N
ot = sgn (Z Jij:c;-) , (2.48)
J#l
L3R e
W~ZX§, (2.49)
&&%.:@%%,ﬁ@ML;U%@,ﬁ@AﬂH%W%K%(C&ﬁT&
My
= C f )
My er (ﬁdt) ) (2.50}
2 m?
Uipr = ﬁ/ﬁexp (—»éj?), (2.51)
G = 1, (2.52)
Ep b, ABL, MBerf(-)id,
2
erf (z \/_[ exp —t°) dt, (2.53}

THDLH, TOFERIROMEEIETHERT 5.
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L CEHENREH A LTS8 32— gy sV, EEEEE N
L. HM2208E0%E b=0& L, WIBIEE B HH Fu)=sg(u) & L2HEO 4
FAEUBRED 5/ON B4~/ v 7 m! OBMBILERT. WA~ 9T m}
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A =8 9 7 mIAVR S VEE (md <0210, —Hi A —5T v ThiAE <
BN, TOREEENY FUHSEES D DERIZERTL S Edhh s, Thb
5, 02 <my <03 DRMIERO T % Hud R m K HET 5.

ZOBRA =Ty T m, AR TEER ol LTk b 0, B2.3TH5.
TMOMABIIET S —/NF v T m. 2R, LM DHEEE ml =101 0
L7 & SOTHIREL B 5 #A 35 v 7 ml %RT. mb i BHREEC
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me & oml, THENHIE S ZAHEEE S . 07| ALK TR, g
S ETHETES, YIal—Va R -0 BN = 100007, 10
% L5 bDTH D, 19— - N3 EEFEEY T3, Zhi ), BUOXK
MR BIIONTY Lol =y a VERUTIET 5 S b ish. $1, FiEE
i e b 1st-,2nd-,3rd-, 4th-, full-order DJEIZ, o, = 0.160,0.142,0.140,0.139,0.138
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EZABTHTPIHL R 2TVED, ZOHICDWTIIEL2MTRET S,
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[{ 2.2: Temporal evolutions of overlap m!. Shown is 2 case where the loading rate is v = 0.08.
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[¥ 2.3: Basin of attraction. The lines indicate the results by lst-,2nd- Jid- 4th- full-order theories.
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ML) EIER,
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b, A= AL Bl R BT X ANY — Y OBERERN R 585 —
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7z, HASPRI N ZOEREIRHI ZENTELEFLTH Y, FEEEIZBWVT HASP
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e BT, AN—AfF5L 7284 cmmn—:lju*ﬁt_%wb@?l%:&&‘Eiﬁﬁﬁ\k
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p=aN DY~ DRFILFTIEL, €1 - €2 - ... &2 - & ORI MRS
PHBREEZD, 18- 3RQ6) FHCTELR, V7 ARSI,
1 P
J"j:mz( -0) (g - 0), (3.1)

THROoNE. BL, p+ 1 HEONSY—VIZ 1 EHOR Y- Thb LD, BiF
FEstid,

N

J=1
THbH. B UIBWTHEpHFBONNY - S Twb 35 L, K (2.33)
£y,

t4-1 1 QNN ptl 1
it = F N(lmb?) (gt —b) (¢ - b)at+ Rt

p=1lj=1
= F(m%f 22223(“‘ )(@~by@+hﬂ
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:ﬁ(wg+4+my (3.3)
b b, JIT, AR HAN-2 /4K,
2 = jﬁi(‘“’l b) (€ —b)at, (3.4)
u#le

Thb.
@%t+1@751bw7/4iwﬁ4“%EﬁT%t,
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N

= F(Nl_y §:§:(”1 )@pmm¢+h0, (3.6)

u;é,u 1 k=1

Vs = %;EF’(W 1), (3.7)

THha ZHEY, yOAN— ) A XOG 02, 1,

alN N 2
(zf“'mml) -+ Uz+iN(1 — ) Y Z( 2 ) - b)xi) J

pEp k=1

i —
o = F

= QQt+I+Ut2+10t2
) zz(g““ b) (&f — by aat e, (3.8)
u?fpk 1
b, EHALZ Y -V ORNERTHLOT, IREOKEMBIIERTE S,
o>, X8 DREOHITENTE, i,

op = g + U0, (3.9)
e [32).
PLEX D, RIMERET L O ERNKE SRR,
et = < Dz (€7 —b) F gw—bywﬁ+az-khf> (310
o= (o )P (€= oymt o+ k) )
Thy = g+ Ul o7 (3.11)
1
Ui = —-~</DzzF (f”—b)mf+atz+ht)> , (312)
(€)
Q1 = <[D2F m¢+6¢z+h‘)> , (3.13)
©

THEONE. AL, ()13 € LHTTYERT,
ZIT, BEXZYALDEYEFb=0L L, hpises Flu) = sgn(u) LB
GOERMIRE TR T BEMIIRCTa L 9. R (3.10) 2R (312) 1,

mitl = mf(?nf), (3.14)
\/§Ut
2 (mf)?
U, = J—exp |2 1
41 ’J'T'O'? eXp( 20_? ) (3 5)
Q1 = 1, (3.16)

E b, COHFIRETHRTS.
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BT 5, —F, RFMGEREFLVOBEIIL, BET A/ Y — B BR D
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1
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o? = aq+U202=1_U2, (3.20)
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4.1 U ®HIC

F24E8IZ BV CHEHAREEA RN L ENL, 19 v 7 m] OBEELEFAN
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Overlap m

2] 4.1: Recall process in the sequential recall. The loading rate is & = 0.10. Solid lines and dotted
lines show the results obtained by the statistical neurodynamics and the computer simulations,

respectively. The unstable stationary state is from Eq.(4.4).
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{4 4.2: Recall process in the autoassociative recall. The loading rate is @ = 0.10. Solid lines
and dotted lines show the results obtained by the statistical neurodynamics and the computer

simulations, respectively. The unstable fixed state is from Eq.{4.8).
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4.3: Graphical solution of the saddie point equations.

O, ML 702 =7 2 A XOHH r 7. EUEHEEHMR DI L 25ERT
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B, WIS A3y — 8 b 27280, FEEIKEBIIHEEL v, Lo Lh
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SER ERIENEAE L, RNEEREFIREL ERE LT, MRS 2 0%k
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AL 7 O H REO N § O 7 & F G R RO S
(717} &R b &, EIIEMTRLAARRTESNS, M BED san(-) TH
D, 805 - 1NF—VERVDEEOEFIREED AL,
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2
U = \/—Q—exp (min-_), (4.2)
TQr 2or

1
ro= 14U =, (4.3)
B, IREY, y=m/Vr kL L,
4
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CRARENI R VRIS, RETFEEANTD I Z Edbh b, S 1al -
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CHGR OB 2 A L 7. JRHTIBIEE MV 2 & AR HNT 5 2 & 25
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¥ 4.4: Non-monotonic output functions: Feeo and prl
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b=2arillw/zoa—ury#id N =10000CTh 5. F7-, BEOMHEIL full-order
Dlaw & 1 ZEPHROERTH D, 2721, 1 REVIEH WAL 22 0% 8A
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(4] 4.8: Activity of pattern b and storage capacity e, in the case of b = ¢ = h,g = (0.0. When

patterns are sparsely encoded (b — —1), the storage capacity a. becomes large. The theoretical
results were obtained using the 4th-order theory and the SCSNA where I' # 0 and I' = 0.
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i 4.9: Basin of attraction for random patterns & = 0 and shifted output function ¢ = —1. The

storage capacity is a. = 0.069.
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[ 4.10: Basin of attraction for random patterns b = —0.8 and shifted output function ¢ = 0. The

storage capacity is ac = 0.161L.
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[# 4.11: Basin of attraction for random patterns b = —0.8 and shifted output function ¢ = b. The
storage capacity obtained by the SCSNA is a, = 0.454, and that obtained by the full-order theory
is oo = 0.480.
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F£ 5.1: Absolute capacity of HASP (error rate 1%)
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5.2: Probability of residual crosstalk noise after a mutually inhibitory network.
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& 6.1: A schematic diagram of the model: An upper network operates as a hetero-associative

memory, while a lower network as an auto-associative one.
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6.2: The distribution of crosstalk noise: M — N = 500, a = 0.1.
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[ 6.3: The initial overlap m and the variance of crosstalk noise z; and 2%, Shown is a case where

the loading rate is a =0.1. The variance of approximates to o as f — 1.
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(a) Model 1

[ 6.5: The critical similarity o, of Model 1: The abscissa is timet, the ordinate is critical similarity
a.. The associative vector £} can be recalled if a is more than the critical value ac. An external
input is added at ¢ = -1, the results of computer simulation show 20 times average of a., where

M = N = 1000(8 = L.0) and the results of the theory show the case of 1st, 2nd, 3rd, and 4th

order approximations, respectively.
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(b) Model 2

[X 6.6: The critical similarity a. of Model 2: The abscissa is time ¢, the ordinate is critical similarity
a.. The associative vector £"! can be recalled if a is more than the aitical value @.. An external
input is added at ¢ = 0, the results of computer simulation show 20 times average of a., where
M = N = 1000{8 = 1.0) and the results of the theory show the case of ist, 2nd, 3rd, and 4th

order approximations, respectively.
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[ 6.7 The critical similarity a. and the loading rate o for the small initial overlap m = 0.4

(8 = 1.0). The theoretical results were obtaired using the 4th-order theory.
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[ 6.8: The critical similarity a. and the initial overlap i, where ¢ = 0.09 and # = 1.0. The

theoretical results were obtained using the 4th-order theory.
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(a) Model 1

1 6.9 The critical similarity a. and the loading rate o for various values of 3 ( = 1.0). The
results indicates for Model 1. The theoretical results were obtained using the 4th-order theory.
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(b) Model 2

[ 6.10: The critical similarity a. and the loading rate « for various values of 8 (i = 1.0). The

results indicates for Model 2. The theoretical results were obtained using the dth-order theory.
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[ 6.11: The eritical similarity a. and the dimension ratio 8, where o = 0.09 and @ = 1.0. The

theoretical results were obtained using the 4th-order theory.
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& 6.12: The critical loading rate o, and @ (8 = 1.0). The theoretical results were obtained using

the dth-order theory.
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[ 6.13: The critical loading rate a, and 3 (7 = 1.0). The theoretical results were obtained using

the dth-order theory.
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[ 6.14: The critical loading rate «,. The results indicates for Madel 1. The theoretical results
were obtained using the 4th-order theory.
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(b) Model 2

B 6.15: The eritical loading rate o,. The results indicates for Model 2. The theoretical results

were obtained using the 4th-order theory.
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6.16: The critical similarity a. and the critical loading rate a, of Model 1 with one-to-five

associations (k* = 5)
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6.17: The critical similarity a. and the critical loading rate ¢, of Model 2 with one-to-five

0.16

associations (k¥ = 5)
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[2 6.18: The critical loading rate o, for various k* : One-to-k* associations are stored.
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