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Abstract: According to the previous researches, the associative memory model with unit replacement, in
which a few old units are replaced with new ones at each learning step for embedding a new pattern, could
avoid overloading. However, the previous researches decided whether the network could retrieve the stored
pattern correctly in an arbitrary manner, in other words, the direction cosine between the memory pattern
and the stationary state of the sparsely encoded network. Recently, it has been shown that the mutual
information should be the most appropriate concept to measure the retrieval quality, especially for sparsely
encoded networks but also in general. In this paper, from the view of information theory, we analyze the
sparsely encoded associative memory model with unit replacement. We searched the optimal replacement
number to maximize the mutual information of the sparsely encoded network by the numerical simulations.
Moreover, for comparison, we also analyze the sparsely encoded associative memory model with the forget-
ting process, which also avoids overloading. We searched the optimal decay rate to maximize the mutual
information at each firing rate by the numerical simulations. Using the mutual information, we obtain the
different results of the optimal values from those using the direction cosine. In the case of the unit replace-
ment model, the optimal number of replacement units to maximize the mutual information is smaller than
that to maximize the storage capacity using the direction cosine. On the other hand, the optimal decay
rate of the forgetting model to maximize the mutual information is larger than that to maximize the storage
capacity using the direction cosine.

Keywords: associative memory, sparsely encoded, mutual information, optimization

© 2012 Information Processing Society of Japan



BRNIBZ ARG FEEEFIEESE Vol.5 No.2 49-55 (June 2012)

1. FU®IC

Hopfield € 7V [1] 124K & M 5 @ HELE (associative
memory) ETIVIL, TEREZEHE - REEL, LEZE EICE
W &) IO REEARIC R L 2R E TV TH B .
HABFLEE TV TUE, Hebb HICHE S T F 7 A % 4%
BB SELZETRENSNY— 2Ly PT—I N
WCHOAT, FLCHRFFLZZRLE N — VI LT, £
DI A XA TZIREPS TOEILT LI LN TED.
FAHZEE S VICOWTIRINE TEE L DB 2 &N
T&7:[5].

FRiC, HAHFLNEE 7OV QSR IZIROA DRI/ Y — v D
I—F 1 YT HEERGET A EPHSNT WA, VAT
LAHARX (B=a—0 ) ITHART, AL TWwEZa—
0D EEHLO TN FFILT LI L2 AR —
TAYTENR 2. AN—ATa—TF 1 v 7SN
BEETNVIE, £ PT—TDRKEZ05 L5 1/2a—
Ta4 7y, SEARE (storage capacity) 2SEIGIZK
LB I EDPEATRICE DRENT WS [2], [3], [11].

72 LEAREE TV, RESE (123771~
TO¥4r, 0138N, N . Y AT L% 4 X [4]) 2z 5 &,
v T =2 5F =N — K (overloading) #5|&# I L,
FNFEFTHREL TV D0ETRTEVWVHE R %25, b
LbAy NI =2 DY FTARMEDYT A F I 7 ZIHE,
T bbbl VilEL S T 2l NE, £ —Nu—F
ST 5 2 EHTE D, Mézard 5 (1986) 1ZIRBME
HaboMEREET VERE L (12 EoDETILT
&, FETLITLICYF TABET R E S L2 LT
F—Nu— Rz L, fHiayHE LRE Ny — v e rEE
THIENTEA., LoL, MAKZDOL ) ZEH Y AT
LDMFEIET B L\ ) AR IREIIZ L THiE S Tw
W,

N OEBTEOS E LTH SN EBETIE, Mo%k
EDPETLEBREICBWTY, —=2— 0y OF 4 (unit
replacement) 2SH P OHE SN TEL[6. =2—1 >
OFEFRBEREOBRICEE R EEH T R L TVD L%
ZHNTWD (7). TATHZE,S, k=2 —ur %Ol
MEEET LV A —Nu— FEEEL, FEORET %%
LTREET 5 L9 h o7z 8], 9], [10].
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CICHINT S, ik —ur Ry oEMEHEETILICE
W, FLENY = DAy T =7 ANOHDIARIT TR
WZEhiTbins.

(1)
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otherwise.

ij = wg;ld)_i_fz,, 57
2T, w E=a—ayihbjiNEiaELTwL YT
AWEEZRLTEY, wy; =w; THY, wy 2HELET
BATH (wi) AT E 2 5. 72721, HOHAEE W
BDOENET S (wy =0). &3 p (w=1,2,---,M) 7%
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KR EIC L O F, FHAT v 7 p 108 LR
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D=a—0YEFEELTVRYF T A0RE W 11012
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r(p) = int[R(p + 1)] — int[R(p)]. (6)

CZCint[z] 3ABREUTU B ToMKTH L. F72,
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ns.

2.2 AEiCEFE
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1, FUSBRECHE LY T AEE L AT H TN
REWT A LICHNST A, HOEEROSAE, Mikd
HTEIWCANICT A =8Ny 7 LCRREZEDET. ik
BRI BITH L=y b i OIREE s; DBEBIIRNTRES.

si(t+1) = F[hy]. (7)
N

hi = Zwiij(t), (8)
j=1

1 —¢q Top Ngq units,
F[] =
—q otherwise.

hi XRFTH T, TOMEIZE D, ROKE s, (t+ 1) HFEK
TAPEPDRE L. FERKREHET 5720, K (9) DX
I EA E AT OB L ) wijsi () OEARE W
NgfD=a—a>rz25K(1—q) SE5.

3. IHECERERTAM

COBTTIE, FAEZ O Y E DD RN— R R EHEE
EFN ORI E MY 5 72012, BT THw S
7o gE E, AR TH A SRRSO W TR 5,

3.1 ARE%

FATHIZEIC B B RO A E (10) @ X ) ZFis/ s
= s AR I N8y — 2 W) Lo JRgOfE
W& B9 5 [10].

£ . g
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LARHELTZEORE Y v b L, TR % &R
ABICBITS245y P77 OREEE L L7,

3.2 HEERE
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1(&f'ssi) =

7
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77

_P(E5) (11)
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