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Neural network modeling of hippocampal CA3 associative memory functions

Zhao Wang-xiong, Qiao Qing-li, Wang Dan

Abstract

BACKGROUND: Hippocampus is one of an important brain areas related with memory, and plays a critical role in associative
memory function. Hippocampal CA3 is one of the most important regions to form associative memory. CA3 is functionally divided
into autoassociative and heteroassociative memories, and memory formation and retrieval require the development of detailed
models of hippocampal function.

OBJECTIVE: To establish a detailed model of hippocampal CA3 function according to CA3 structure.

METHODS: The model was a three-layered Hopfield-like neural network and was constituted by 280 Izhikevich artificial neurons,
and is modulated by Hebbian rules. The model was simulated using MATLAB under the condition of adding the Gaussian white
noise to its input. In the simulation, memories were represented by synchronous firing sequences.

RESULTS AND CONCLUSION: The simulating results show that the third layer of model had heteroassociative memory function;

the first and the second layer of the model could implement autoassociative memory. The model implemented well the memory
functions of three subregions of hippocampal CA3. But it is impossible to understand the functions and dynamics of a real
biological neural network by constructing a simple model. The model proposed has 280 neurons, which are far less than the real
number of neurons. It suggests that there is a big gap between the properties of the model and a real biological neural network of
CA3.
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Figure 2 Structure of network model
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Figure 1 Connections within CA3 (inverse triangle: soma;
forked line: dendrite; chain line: recursion RCs
and external input)

1 CA3 W (BI=fME: Mtk SCIRE: Mg #EX
2 BB RIN)

Kl1fi7x: CA3bLCA3a. CA3c#lf %4, CA3a
HCA3c M TLiEH: . = ANREHA# AN . 4k
25 AR NS 5, L H 45 CA3afICA3b
RAE NG .

CA3X I HiFCIZhfE: CA3afICA3bAT H AL

12.3hfg; CA3cH FEAAEILIZIhRE.
1.2 CAIRMKALAR ay4EHM 2T N T 1K ) 25 45
RIGER, AR 5 RIS T Hopfield I 45 45 k4, th — )2
dIp: BIHUCA3alX (128 — 2 p M ok i 26 2
F7RCA3b, thgMM&Iui; FnCA3CHIE —J2fk
AN T

w, W2FIw3 g W2 [RRBUE LA IR [P0 P IR B it 257
EES R YN R

3114

V(1) = 0.04vi (1) + 5v,,(1) + 140 — YRS URS ng,,(v, -0,)+ §W1,m(vm =0,)+&(0)
j=1 m=1
(1)

v, (1) = 0.04v2 (1) + 5v, (1) + 140 = uy (1) + 7,1, (1) +

p q
i .Zwlji(vi -0)+ ZWZjn(Vn _en)+52j(l)

i=1 n=1
(2)
V(=008 (0504 (041900, () Ty (0 3 gy 0 ;O TE0
j=1
(3)
u'(t) =a(bv(t)—u(t-1)) 4)
oy >30my, M V7€ (5)
u=u+d
& 0, ()= D8, 50-1) ©

XHa, b, cHdH AL t FRRBI; vi, vofll
Vel — R, R SRR s uR R
g O R I AR 1 E(r) A2 N2 48 4 N TH)
5i 55 Sk DR T R S o 2 BT AR S BN [ e s 2 TR
s SERAHSOTVER W] 2 M R B T R g
AL AT R BRI A ST, 0 S 2R T A AR wy;
B SRR R TTIIRUE; Wy,
o e = I EOS U EEPTvES [ i A3 RO ESSTHINE EIE R
ws g AR RN IL R = R AL R
s wy, 2 EN I E TS B mANIE TG R

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



BNEIL, 35 G CA3 XD IL LY RENI P4 I 5

@Ekfwww. CRTER.0rg

WU wy , 08— 2 NS 6 5 S0 i 6.2 ]
MR . — 2 MM R 1,0+ T, () R
Ly(t) s v BRI SR R, S

1; ()= X;(D0() s

X, e{o1}:

1, t=20
o) = {0’ HoAth (7)
1;(0)=1,,;(1) (8)

I3(1)=X,0() ;

X, efo1} ;
1, >0
Ol e ©

Qﬂ@i%@%%&ﬁﬂ“%@%%AﬁA,g
AR PR, X —A T, RoRMEIiEs
H AN o
1.4 BAERET ARSI L oA 28 G R ) 58 fil AL
EdIZ R BANR IS R iM%, HR¥EHebbianik
WAL oAU, 1T CA3c-CA3CERE ) R FE, X
BARZE ECA3CH 138 IH %+

—EME IR M A T ED T

g

NETIEE 1(, i —aoct-a) (10)

Wy =

RN IR S R AT

s eafer-a) (1)

Wyji =7
rra)ai-a,) 21

FIFE(12)F1(13) 53 5 2R 7R 55— J2 N A28 6 2 TR] R AL
{EANSE )2 PG o0 2 8] AR TR 15

i = i(,—al)(c* ) (12)
U=

Wajn m (C”—a2XC"—a2) (13)
I
u=

X o EELIRIE: ay W RS R
2 IR WCBE R UMM ay M ay 23 9 R 35—
ISSN 1673-8225 CN 21-1539/R ~ CODEN: ZLKHAH

JEAN AL A TR (1P B {E AN 2 — 2 A 2ot
4 S SRR SO EREAP Y Py T P S R
I RV S W R oL - I N | N ¥ S
RS )R, RS =R RSB, by
BTSN OE e

AL AT B W4 PSSR P PR o 45— 820
AR, B R 2 el e T — MC IOt 7R
Wz, AR AN R )28 0 91 2 s AN A R A A
Ko FAEAEER )2, SRR =2 AL 58 -

1, <
fz{o, o (15)

1, 30</<
c ={0, Jfe (16)

11
f:{a St (7

FAMATLAB - & % 1 W 4% JEAT 5 FLAF B0 F 45 3
2.1 FEAT  FBARTIZIN0 E L R aE3 R,
X BAPEAE AR )2, BB 2 rd s i e =X (16) Al
(A7) S HINEHR: a=0.02; b=0.26; c=-65;
d=2; q=100#1k=90.

Index of neuron
g e =% 093
2 5 =2 =2 =2 2

Ly
=

50 ‘ 16ru' ERT B0 350 330
Time (ms)

Figure 3 Heteroassociative memory of the third layer. The
neurons from 1 to 100 are neurons of the second
layer and the other 90 neurons belong to the third
layer
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Figure 4 Autoassociative memory of the first layer
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Figure 5 Autoassociative memory of the second layer
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