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Abstract: Human learns incidents by own actions and reflects them on the subsequent action as own experiences. These
experiences are memorized in his brain and recollected if necessary. This research incorporates such an intelligent
information processing mechanism, and applies it to an autonomous agent that has three main functions: learning,
memorization and associative recollection. In the proposed system, an actor-critic type reinforcement learning method
is used for learning. Auto-associative chaotic neural network is also used like mutual associative memory system.
Moreover, the memory part has an adaptive hierarchical layered structure of the memory module that consists of chaotic
neural networks in consideration of the adjustment to non-MDP (Markov Decision Process) environment. Finally, the
effectiveness of this proposed method is verified through the simulation applied to the maze-searching problem.
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1. INTRODUCTION

Reinforcement learning (R.L.) is a framework for an
agent to learn the choice of an optimal action based on a
reinforcement signal [1]. It has been applied to a variety
of problem such as autonomous robot navigation and
non-linear control and so on. However, so far, so many
systems with R.L. have been made up for only use of
the one task. Research for systems making use of
memorizing the results of learning of many tasks and
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neural network (ACNN) proposed by Aihara et.al [2] as contents of contents of
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the hierarchical memory structure by making use of
ACNN: short-term memory for present learning result,
long-term memory for many useful learning results. i
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useful through the computer simulation for a maze N R A ‘N01se
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2. PROPOSED SYSTEM STRUCTURE

The proposed system consists of two parts: memory
and learning. The memory consists of short-term
memory (S.T.M.) and long-term memory (L.T.M.).
Fig.1 shows its overall structure.

Learning sector : actor-critic system is adopted. It x(£)
learns the choice of action to maximize the total
predictive rewards obtained over the future considering

the environmental information (s) and reward (r) as ] ] o
result of action (a). Fig. 2 The construction of actor-critic system

Environment|

S.T.M. sector: it memorizes the learning path of the
information (environmental information and action) 3. ACTOR-CRITIC REINFORCEMENT

obtained in Learning part. Unnecessary information is LEARNING SYSTEM
forgotten and useful information is stored.

L.T.M. sector: it memorizes only the enough The actor-critic reinforcement learning system is
sophisticated and useful experience in S.T.M.. shown in Fig.2.
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3.1. Structure and learning of critic
3.1.1 Structure

Function of the critic is calculation of P(t) : the
prediction value of sum of the discounted rewards that
will be gotten over the future and its prediction error.
These are shortly explained as follows;

The sum of the discounted rewards that will be gotten
over the future is defined as ¥(r).

(M

where y (0 < y<1) is constant called discount rate.
Eq. (1) is rewritten as

V(e)=r(t)+yv(e+1). )
Here the prediction value of V() is defined as P(r).
The prediction error #(¢) is expressed as
follows;
)= r(t)+yP(t+1)- P(t). 3)
The parameters of the critic are adjusted to reduce

this prediction error #(s). The prediction value P(t)is
calculated as follows;

J
P)= Y w;y; @) 4)
j=0
y;(t)=exp| - A O]
i=1 O

Here, @;: weight of the jth output, y;: jthoutput of

the middle layer of the critic, X; : ithinput, m i ,O',-JZ»:

center, dispersion for ith input of jth basis function

respectively, J : the number of nodes in the middle layer
of the critic,, The construction of the critic is also
consisted of the RBFN as shown in Fig.3.

3.1.2 Learning

Learning of critic is done by using commonly used
Back Propagation method which makes prediction error
#(t) goes to zero. Updating rule of parameters are as
follows:

~2

. J d! , (=1,
0w;

3.2. Structure and learning of actor
3.2.1 Structure

Fig.4 shows the construction of the actor. The actor is
basically consisted of Radial Basis Function Network.
The jth basis function of the middle layer node is as

Aw’ =-1.

i

(6)

follows;
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Here y; : jth output of the middle layer of the actor,

ml'j,

function respectively, K: the number of the actions, #:
additive noise, representative value of ith

o, : center, dispersion for ith input of jth basis

u,
action, @,; : connection weight from jth node of the

middle layer to kth output.

3.2.2 Noise generator

Noise generator let the output of the actor have the
diversity by adding the noise to it. It comes to realize
the learning of the trial and error. Calculation of the

noise n(r) is as follows;
n(t)=n, = noise, -min(1, exp(—=P(t)), ©)]

where noise, is uniformly random number of [—1 , 1] .As

the P(¢) will be bigger, the noise will be smaller. This
leads to the stable learning of the actor.

3.2.3 Learning
Parameters of actor, a)l‘:j G=L-,J,k=1,---,K),

are adjusted by using output ¥, of actor and noise 7.

. Ou
NG, =1y Fy (10)

a
aa)kj

1n,(>0)is the learning coefficient. Eq. (10) means
that (-n,-6)) is considered as error, a)," is adjusted

opposite to sign of (—p, - 5,)

Middle layer

Inputlayer

Qutputlayer

Fig.3  Structure of critic

Inputlayer Middlelay=r Output layer

(n

Fig.4 Structure of actor



3.3 Action selection
The action a, at time ¢is selected stochastically

using Gibbs distribution Eq.(11).

Pla, | x(1)) = KCXP(”b (1)/T)

2 explu, 1) T)

(1)

Here, P(a, | x()) :
a,, T :positive constant called temperature constant.

selection probability of bth action,

4. AHIERARCHICAL MEMORY SYSTEM

4.1 Associative Chaotic Neural Network (ACNN)

CNN is constructed with chaotic neuron models that
have refractory and continuous output value. Its useful
usage is as associative memory network named ACNN.
Here are the dynamics of ACNN.

x,t+D)=f(y;(t+D)+z;(t+1)), (12)

v+ =k yO-a x,O+a, (13

Z(t+ D)=k, - z,()+ 2@, x, (), (14)

o= -yt -n . (3
Pp:l

x,(t): output of the ith neuron at time ¢, y,(¢) : internal

state respect to refractory of the ith neuron at time
t,z,(t): internal state respect to mutual operation of the

ith neuron at time f., f(): sigmoid function, @
connection weight from jth neuron to ith neuron, ys: ith

element of pth stored pattern.

4.2 Network control

Here, network control is defined as control which
makes transition of network from chaotic state to
non-chaotic one and vice versa. The network control
algorithm of ACNN is shown in Fig.5. The state of
ACNN is calculated by Ax(#), total change of internal

state x(z) temporally, and when Ax(¢)is less than a

threshold value O, the chaotic retrieval of ACNN is
stopped by changing values of parameters £, into small
one. As a result, network converges to a stored pattern
near the present network state.

4.3  Mutual associative type ACNN
4.3.1 Short term memory(S.T.M.)

We make use of ACNN as a mutual associative
memory system, namely, auto-associative matrix is
constructed with environmental inputs s(¢) and their
corresponding actions a(f). When s(f) is set as initial
state of ACNN, ACNN retrieves a(f) with s(¢) (refer

to Fig.6). [/ is a random vector to weaken the
correlation between s(f) and a(?) . The memory
matrix W, isdescribedas Eq.(16), here, A is
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Fig.7 Adaptive hierarchical memory structure

a forgetting coefficient, and 7),is a learning coefficient.
Ag is set to small ,because that at initial learning stage
s(¢) is not corresponding to optimal a(z).

Wsnew — /’ij . WSOM + 77s [S / a]T [S [ a] . (16)



S.T.M. as one unit consists of plural ACNNSs, and one
ACNN memorizes information for one environmental
input pattern (refer to Fig.7). And S.T.M has path
information from start to goal of only one maze
searching problem.

4.3.2 Long term memory(L.T.M.)

The L.T.M. consists of plural units. The L.T.M.
memorizes enough refined information in the S.T.M. as
one unit (refer to Fig.7). Namely, when actor-critic
learning has accomplished for a certain maze problem,
information in the L.T.M. is updated as follows:

In case that the present maze problem has not been
experienced, the stored matrix w, is setby Eq.(17);

W, =W, (17)
In case that the present maze has been experienced and

present learning is additive learning, the stored matrix is
updated by Eq.(18) ;

W' =2, -W," +n,W,. (18)
A, 1s a forgetting coefficient, and 7, is a learning
coefficient. A, is set to large value as same as one of
n, so as not to forget previous stored patterns.

4.4 Adaptive hierarchical memory structure

Fig.7 shows whole configuration of an adaptive
hierarchical memory structure. When an environmental
state is inputted to agent, at first it is sent to the L.T.M
for confirming if it is the stored information or not. If it
1s the stored information, the obtained action
corresponding to it is executed, otherwise, it is used to
learn the actor-critic system. The pair of the enough
refined and trained environmental state sand action g«
in the S.T.M. is sent to the L.T.M. to be stored. If it is
similar to the stored pattern, information of the L.T.M.
is used to relearn at the actor-critic system in the
S.T.M..

5. COMPUTER SIMULATION

5.1 Simulation condition

Agent can perceive whether there is aisle or not at the
forward, right-forward, left-forward, right, left as
environment s (refer to Fig.8). Agent can move 1
lattice to forward, back, left, and right as action ¢ (refer
to Table 1). Therefore in actor-critic, state s of
environment consists of 5 inputs (= n). And kinds of
action a is 4(= K). The number of hidden nodes of
R.B.F. is equal to 32(=J) in Fig. 3 and 4. And the
number of units [ is equal to 21 in Fig.6. When agent
gets the goal, agent is given reward, 1.0. For the case of
collision with wall, reward is -1.0, and for each action
except collision is - 0.1. Other parameters used in this
simulation are shown in Table 2.

5.2 Simulation and results
5.2.1 In the case of a simple maze
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Table 1 Action code of agent

actionl forward

backward| right | left
cods | DODD onol ooio) DDI11
Table 2 Parameters of simulation
ACTOR-CRITIC
o 0.1 & 0.7
Ui 0.3 7 0.5
T 0.3 - -
Forgetting and Learning coefficients
Ag 0.89 N 1.00
A, 1.00 n, 1.00
Chaos control parameters of ACNN
Chaos / Chaos /
Non-chaos Non-chaos
a 10.0/1.00 k, 0.98/0.10
0.015/0.015 k, 0.20/020
T 0.3/0.3 - - -
Number | The num
of ber of
Layer stored
in the patterns
S.T.M.
Layer 0 54062
Layer 1 6073
Layer 2 6332
Layer 3 370
Layer 4 20033
Layer 5 1949
Layer 6 73
Layer 7 9996
Layer 8 13383
Layer 9 3007
total 115278
(a) (b)

Fig.9 Experimental maze 1 and results

At first, there is no data in the L.T.M., agent learns
the shortest path of the maze of Fig.9(a) by using the
actor-critic system and stores the result of learning in
the ACNN of the S.T.M. corresponding to state s in
the form of Eq.(16). The final refined result for the mae



is sent to be stored in the first layer (= unit(0) )of the
L.T.M. After learning, agent restarted from the initial
position and got the information from each layer of the
L.T.M. and got the goal like the arrow line in Fig.9(a).
Fig.9(b) shows that the number of stored patterns
concentrates at Layer 0, this is because that when agent
goes this maze again, agent uses the information in
unit(0) of the L.T.M., but retrieval in ACNN failed on
the way, all the information W, of unit(0) moved to the
S.T.M. and additional actor-critic learning was done and
learning results were written additively in the form of
Eq.(18) and all the information W,"" was sent to unit(1)
of the L.T.M. as a new experienced information.
Fig.9(b) shows the number of stored patterns by Eq.(16)
twice and failure happened at Layer 0, so the number of
stored patterns concentrated at Layer 0.

5.2.2 In the case of aliasing

Agent moves keeping to take the posture such that
front of the agent is always upside of the paper. In
Fig.10, the optimal path at state A is right, however, its
path at B is left. Agent perceives state A and B as same
state, but its optimal actions are different, this is called
aliasing. In our case, both patterns are stored as different
patterns. Our method solves this problem by using
chaos control of ACNN. Namely, in the case of same
sate, same input to ACNN, ACNN outputs either left or
right as agent action, consequently agent moves right at
A.

‘ Aliasing happens at these area

Fig.10 Experimental maze 2

5.2.3 1In the case of use of stored path information
At first, there is no data in the L.T.M., agent learns
the shortest path of the maze of Fig.11 (b) by using the
actor-critic system and stores the result of learning in
the S.T.M. in the form of Eq.(15) for each action. The
final refined result is sent to be stored in the first layer
( = unit(0) ) of the L.T.M. in shown Fig.7. Second, for
the maze of Fig.11(c), there is the path information,
agent tries to get the action using the ACNN of unit(0)
in the L.T.M., but fails because of no information
corresponding to this environment. Agent also learns
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(a) Non stored path

(b) Stored path 1 (c) Stored path 2

Fig.11 Experimental mazes and results

(a) Stored path 1 (b) Stored path 2

(c) Stored path 3

(d) Non stored path

Fig.12 Experimental large scale maze



and the final refined result is sent to the second layer ( =
unit(1) ) of the L.T.M.. Fig.11(a) shows the results that
agent is moving along the optimal path by making use
of experiences (memory), that is, (b) and (c). The
colored path in Fig.11 (a) corresponds to those of (b)
and (c).

5.2.4 In the case of large scale maze
After learning of plural small size mazes, Fig. 12(a)
to (c), agent tried to get the goal for the maze in Fig.12
(d). Agents could not associate its action at the top of the
arrow in Fig.12(d). To get the goal in such a large scale maze,
many experienced mazes are needed.

6. CONCLUSIONS

We proposed a reinforcement learning system with
chaotic neural networks-based adaptive hierarchical
memory structure for autonomous robots and showed its
effectiveness through goal searching problem in plural
mazes.

In our future work, we would like to try to expand
this method to be used in the case of continuous
environment.
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