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Abstract

It has recently been shown that gradient-descent learning algorithms for recurrent neural
networks can perform poorly on tasks that involve long—term dependencies, i.e. those problems
for which the desired output depends on inputs presented at times far in the past.

We show tht the long—term dependencies problem is lessened for a class of architectures
called NARX recurrent neural networks, which have powerful representational capabilities. We
have previously reported that gradient descent learning can be more effective in NARX networks
than in recurrent neural network architectures that have “hidden states” on problems including
grammatical inference and nonlinear system identification. Typically, the network converges
much faster and generalizes better than other networks. The results in this paper are consistent
with this phenomenon.

We present some experimental results which show that NARX networks can often retain
information for two to three times as long as conventional recurrent neural networks. We show
that although NARX networks do not circumvent the problem of long—term dependencies, they
can greatly improve performance on long-term dependency problems.

We also describe in detail some of the assumption regarding what it means to latch infor-
mation robustly and suggest possible ways to loosen these assumptions.

Keywords: Rec rre er e wor s ed de y es o er de e de ces
rc ec re o e ory e or se e ces r de desce r c
R e wor s oreress e R ers

132 1















() x(t) x(t) xa(t)













60

D=1

3

_ 7D=6

D

50

A
40

30




D=1
D=3

- - D=6

S
40

60

50

0.1

0.09F

0.08f

I
N~
Q

o
(u'n)r o1 an

| | |

Lo < ™

Q i~ i~

o o o

p uelqooer [e101 JO Uonoel

0.06

I
N
Q
o

0.01F






o) w(t) w(t)



20

1
0.8 |-
0.6 |-
04 |
02
0

bai4



OO0

o~

o,



Elman

NARX6

30

28

26

1
24

22

L
2
o

L
*
o

L
™~
o

1
© bl <
o (=] =)

suoe|INWIS 29NS %

0.3r

0.2

0.1p

o
(32}
N < ©
X X X ©
r X oo 1
<<
z2ZzZZz -
1 N
[ h ©
L > 1N
-
-
L - 4
N
/
L / EE
N
\
’
s
L 7 10
. N
L0 ]
/ —
©
L/ 19
/
L <
—
L 4N
—
L L L 1 1 1 I I o
< « ™~ © bl < N - o
o o o o o o o o

suoe|INWIS 29NS %
























