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Learning of Reccurent Neural Network that solves Maze
Task

Takanobu Nagano
Abstract
A Recurrent Neural Network, in which Feedback Loops are included can han-
dle time series information. Recurrent Neural Network is expected to clarify
the functions of human’s advanced information processing and realize them.
But many aspects of how Recurrent Neural Networks deal with information
have not been clarified yet. And few researches have been done to clarify how
informations are expressed in Recurrent Neural Networks.

Such the present condition comes from the fact that in old researches Re-
current Neural Networks learned only specific easy tasks. A Recurrent Neural
Network that has learned such an easy task forms a structure similar to a Fi-
nite State Machine that solves the same task. Such a Recurrent Neural Network
cannot be said to make good use of the characteristics of Recurrent Neural Net-
works. We thought that to have a general argument Recurrent Neural Network
should learn difficult tasks that Finite State Machine cannot solve.

Thus, in this paper, we make Recurrent Neural Network learn more difficult
task than in old researches. This task is a Maze Task. We made Recurrent
Neural Network move around mazes and solve mazes of arbitrary shapes , not
a specific shape. If we solve this Maze Taask with Finite State Machine, the
machine needs a huge number of State. So, it is not realistic to solve this task
with Finite State Machine. A Stack Machine can solve Maze Task.

In this paper, we show an Sequential Circuit which solves Maze Task. And
we prove that this Sequential Circuit needs some delay when it returns valid
output after it has recieved an input. We compare Recurrent Neural Network
with this Sequential Circuit , and show a consideration that Recurrent Neural
Network which can solve Maze Task need some delay to output valid value after
it has received an input.

It is unknown how much delay a Recurrent Neural Network needs to output
valid value after it has received an input. So, we propose a technique to insert

delay of arbitrary length adaptively when we generate a Teacher Signal. :We
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call this technique “Adaptive Learning”.
And by using Adaptive Learning, we can apply Epochwise BPTT, which is more
efficient algolithm than RealTime BPTT.

In Adaptive Learning, we establish Delay Sections , in which Recurrent
Neural Network is allowed to output arbitrary values. In Delay Section , Agent
does’nt move , regardless of the output of Recurrent Neural Network. And
according to the output of the Recurrent Neural Network , we changed the
length of the Delay Section in adaptation.

In the Delay Section, the value of Teacher Signal is made equal to the value
of the output of a Recurrent Neural Network. By doing this , the differences of
the output of a Recurrent Neural Network and the Teacher Signal are set to 0.
In BPTT , the Joint Weight is improved in proportion to the margin between
the output of Recurrent Neural Network and Teacher Signal. So, in the Delay
Section, the Joint Weight is not changed absolutely by Learning.

According to the output of Recurrent Neural Network , we changed the
length of the Delay Section in adaptation. We show the algolithm bellow. In
the Delay Section, if the output of Recurrent Neural Network is close to the
Teacher, we put an end to the Delay Section there. If the output of Recurrent
Neural Network is not close to the Teacher , the Delay Section continue.

In Learning, we made Recurrent Neural Network learn mazes which are
generated at random. After this, we made it’s Network solve other mazes which
are generated at random. And we made it’s Network learn mazes again which
it could’nt solve.

At last, we implemented a Recurrent Neural Network which solves Maze

Task.
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10



B BT BOHES HOES

=t tete+l =42 t=t-1 tet,
347 =&y 7 @RS RRRE

CHENT, ENENBEMET di(to + 1), --- . di(ty — 1),di(11) BHF2 B LT 5o
CDEELy b7 — 7 ROFRERIL . BRZIC BT 53REORM

31

Hnt)= Y B =1 Y el (13)
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T3, (¥D LS5 I EFIHT 20203 HETHOECTKRIET )
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HADIEZ valid TH B & HATFET, b5 126, RNN o HReHC
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PIFICRT X5 % 3 oK EIcyE3 5,

EBNULTAYXE T—Yxv 231 SHESRICESS, 1 AR ORI
0 ZHTI$ %,
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