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It is known that inhibitory connections play an important role in the formation of cell assemblies that retain memory traces. In a previous 
study simulating hand regard behavior, the cell assembly was self-organized. However, it was not clear what kind of mechanism formed 
inhibitory connections. In this paper, we investigated the relationship between hand movement and weight changes in order to elucidate the 
mechanism by which inhibitory connections are formed. As a result, it was found that the repetition of the reciprocating movement across 
the field of view, which is performed in the learning process of hand regard, leads to the reduction of the weights, resulting in inhibitory 
connections.

1.  

 [Hebb 1949]
3  [Tonegawa 

2015]

 [Sakurai 2018]  

 
 

[Buzsáki 2010, Hennequin 2017]

 [Tomasello 2017, 
Lansner 2009]  

 [Homma 2018]
3

-0.1 0.1

RTRL  [Williams 1989]
RTRL

 [Kawato 1987]
RTRL RTRL

Hebb STDP
 

RTRL
0

soft 
winner-take-all

 
soft winner-take-all

4  

2.  

2.1  

 [Homma 2018]
1 2

1

 
 
 
 
 
 
 
 
 
 

1  

 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

4A3-J-1-04



 

- 2 - 

2
3

 
 

 
2  

 
 
 

a  
 
 
 
 

b  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

visual attention
30  [White 

1966] 3 a 1
10

3
b

4
4 a 1

2

4 a
5.0×103

0
7.0×106

1
soft 

winner-take-all
4

U
 

 
 

 
3  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

4A3-J-1-04



 

- 3 - 

RTRL  [Williams 1989]
t i zi (t)

xi (t) yi (t)
zi (t)  

 (t) =  ( ),    ∈( ),    ∈ ∪                               (1) 

 
I H O

t+1
 

 ( + 1) =  ( + 1) ,      ∈ ∪                     (2) 
   ( ) = ∑ ∈ ∪ ∪ ( )                                            (3) 

 
ƒi  

  ( ) =  1 (1 +  ( )⁄ )                                        (4) 
 

ƞ ∆ ( )  
 ∆ ( ) = ƞ ∑ ∈ ( ) ( )                                   (5) 
 ( ) ( )  
 ( ) = ′ ( ) ( − 1) + ∑ ∈ ∪ ( − 1)        

(6) 
 

10  
 

2.2  
4

-0.1 0.1

(5)
 

(3) (4) (6) (5)
2

(5)

 
600

 
 

3.  
600

6
10

7
2304

7
 

280 370

(5)( )
( )

7

 

7

 
 

 
6 600  

 
 
 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

4A3-J-1-04



 

- 4 - 

 

 
 

4.  

7

7 600

4
soft winner-take-all

 

4
4

 

 
[Buzsáki 2010] Buzsáki, G.: Neural syntax: cell assemblies, synapsembles, 

and readers. Neuron, 68, 362-85 (2010).  
[Hebb 1949] Hebb, D.O.: The organization of behavior: A 

neuropsychological theory. New York: Wiley & Sons (1949).  
[Hennequin 2017]  Hennequin, G., Everton, A.J., Vogels, T.P..: Inhibitory 

plasticity: Balance, control and codependence. Annu Rev Neurosci., 
40, 557- 579 (2017).  

[Homma 2018] Homma T.: Hand Recognition Obtained by Simulation of 
Hand Regard. Frontiers in psychology, 9, 729, (2018).  

 
 
 
 

 

 
 
 
[Kawato 1987] Kawato, M., Furukawa, K., and Suzuki, R.: A hierarchical 

neural-network model for control and learning of voluntary movement. 
Biol Cybern 57, 169-185, (1987).  

[Lansner 2009]  Lansner, A.: Associative memory models: from the cell-
assembly theory to biophysically detailed cortex simulations. Trends 
in neurosciences, 32, 178-186, (2009).  

[Sakurai 2018] Sakurai, Y., Osako, Y., Tanisumi, Y., Ishihara, E., 
Hirokawa, J., & Manabe, H.: Multiple Approaches to the Investigation 
of Cell Assembly in Memory Research-Present and Future. Frontiers 
in systems neuroscience, 12, 21 (2018).  

[Tomasello 2017]  Tomasello, R., Garagnani, M., Wennekers, T., & 
Pulvermüller, F.: Brain connections of words, perceptions and actions: 
A neurobiological model of spatio-temporal semantic activation in the 
human cortex. Neuropsychologia, 98, 111–29 2017 . 

[Tonegawa 2015] Tonegawa, S, Liu, X, Ramirez, S., Redondo, R.L..: 
Memory engram cells have come of age. Neuron, 87, 918–931 (2015). 

[White 1966] White, B. L., and Held, R.: Plasticity of sensorimotor 
development, in The Causes of Behavior: Readings in Child 
Development and Educational Psychology, 2nd Edn, eds Rosenblith, 
J. F. and Allinsmith, W. (Boston: Allyn and Bacon), 60–71, (1966). 

 [Williams 1989] Williams, R.J., and Zipser, D.: A learning algorithm for 
continually running fully recurrent neural networks. Neural 
computation 1, 270-280, (1989). 

 

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

4A3-J-1-04


