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Abstract

We propose a new continual learning framework that uses a parallel neural network
structure to emulate long-term and short-term memory by finding and conditionally
freezing weights that have empirically proved most important to the network’s
performance on previously encountered tasks. Tests on MNIST and modified
Character Font Images Data Set show that our method successfully performs above
the baseline and avoid the problem of catastrophic forgetting.

1 Introduction

In recent years, neural networks have successfully been employed in a variety of tasks, including
computer vision, data classification, and data generation. However, a major limitation of the tradition-
ally employed methods has been the need for the network to have access to data representative of the
whole distribution of the input feature space right from the start of the training, since sequentially
training on isolated parts of the dataset leads to catastrophic forgetting - readjustment of weights in
such way that the performance on previously encountered segments of the dataset drops drastically.
This property of artificial neural networks - the ability to quickly “forget” previously learned classes
in favor of newly learned classes - is employed in transfer learning, where training is done on a
problem for which data is abundant and the network is later readjusted for the task at hand. However,
as a consequence of this property, current approaches are unable to successfully solve problems that
require classes to be added over time. This problem has been dubbed continual learning or lifelong
learning [3]][13]] and presented as a major challenge in recent publications [[10]. Development of a
method or an architecture capable of such mode of learning is essential to the creation of decision
making agents in general environments.

Several methods have been recently proposed, ranging from current-task oriented to old knowledge
retention-oriented. We propose a parallel network structure in which one unit is responsible for
memory consolidation and the other is responsible for adjusting to new tasks. This approach
synthesizes several previous approaches in order to achieve compromise between the two extreme
ends of the spectrum, and is inspired by observing human brain, where long and short term memory
are used for continual learning without dependence on an increasing number of neurons [8]] [4].

2 Related Work

Several solutions have been proposed to alleviate the problem of catastrophic forgetting. They tend to
rely on a compromise between computational efficiency, memory complexity, and performance.

One recently introduced solution is the Progressive Networks - a model that offers high resistance to
catastrophic forgetting through the creation of a parallel network for each new task and the complete
freezing of the column networks trained on the past tasks [10]]. This approach offers high overall
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accuracy on all tasks, which comes at the expense of complexity and scalability. Another proposed
approach that prioritizes memory retention over scalability introduces task-specific parameters [[11]].
This approach minimizes loss of information, but introduces a problem of choosing the correct
weights. Some approaches, such as Learning Without Forgetting [6], are limited in their applicability
to certain tasks, particularly to Reinforcement Learning.

Some approaches attempt rehearsals of the old tasks either by explicitly storing representative samples,
or, in relatively recent models, by employing generative models for pseudo-rehearsal [9] [7].

A method that utilizes one-shot learning-like strategy for general sequential learning of large numbers
of tasks has been attempted in One-Shot Imitation Learning [2]].

An approach based on regularizing learning using elastic weight consolidation has been proposed
[3l]. This approach has been expanded upon in Progress & Compress [L1]. This framework offers
significant applicability to lifelong learning.

3 Freezing Procedure

The Freezing Network architecture uses two parallel networks. One is used for short term and the
other for long term memory. Long term performance is achieved using selective weight freezing in
one of the networks. Short term memory is implemented through a supplemental parallel network
that is trained on each task with traditional methods without re-initialization.

3.1 Important weight identification

Our method attempts to empirically find the most important weights in the network through a
procedure inspired by the Average Perturbation Sensitivity approach discussed in the Progressive
Neural Networks paper [[L0]. We’ve also attempted a weight importance calculation procedure based
on gradients, but the empirical approach outperformed it. The empirical procedure involves, upon
the completion of the training on a given task, repeatedly setting a randomly picked selection (of
size determined by a hyperparameter) of the long-term network’s weights to zero and evaluating and
assigning to each weight the absolute difference between the loss obtained in such way and the loss
of the long-term network at the end of the training. The score for each weight is the average loss
difference of each procedure repetition in which that given weight was selected to be set to zero. We
opted for 200 repetitions of the procedure at the end of each training stage. Over multiple tasks, the
weights’ scores were set to be the averages of the averaged scores obtained this way.

3.2 Weight freezing and modification

At the end of the training stage on each task we save the long-term network’s weights. We then
freeze the top-d% (optimal value for d was found to be around 70%) most important weights of the
long-term network, by reloading the previously-identified important weights after the training on
each subsequent task is finished.

In practice, we do the above operation for each network layer’s weights using matrix operations:

Wnew - Wadjusted -S4+ Wsaved . (Jn - S)

where - signifies element-wise multiplication; W agjusted 1S the weights matrix as modified by
training on the most recent task; W4 1S the matrix containing the values of weights saved before
the training on the most recent task; S is a matrix of the same size as W with elements corresponding
to positions of top-d% elements of scores matrix being 0 and all of the other elements being 1; and
J. is a weights-sized matrix of ones.

3.3 Proposed alternative: update slowing

An alternative approach to freezing the important weights would be to change the rate at which they
re updated proportionally to their importance scores. For this, we propose the following update rule:

Wnew = Wsaved — (wsaved - wadjusted) : (1 - scaled_importcmce)



Table 1: This table show the accuracy comparison between FN and Finetuning on MNIST after
retraining on each new task.
Period Freezing Network Accuracy %  Finetuning Accuracy %

End of Task 1 | 95.011 99.555
End of Task 2 | 57.714 0.01
End of Task 3 | 72.2600151171579 0
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Figure 1: (a) and (b) show the network’s prediction accuracy on the first MNIST task after a new
task has been introduced, calculated after each epoch. (c) and (d) show the network’s prediction
accuracy and loss on the first task of the Character Font Image Data Set after the second subset has
been introduced.

where wgqypeq 18 the value of the weight saved before the training on the most recent task,
wydjusted is the value of the weight after an epoch of training on the most recent task, and
normalized_importance is the the importance score of the weight (as calculated above) scaled
from O to 1.

4 Preliminary Results

The training was done on several datasets, including MNISTI[5], Character Font Images Data Set[1]],
and Georgian Hanwritten Characteres dataset [12]. Similarly to Progress & Compress, we evaluated
the performance of our model in comparison to a network that has not implemented any protection
against catastrophic forgetting (dubbed “finetuning”) as a baseline[/11]].

We used MNIST divided into three parts. The first part contained digits O to 2, the second part
contained digits 3-5, and the third part contained digits 6-9. The network was trained on each of the
subclasses sequentially.

We used a similar approach with the fonts [1], but only divided these datasets into two parts. Classes
that had less than 9000 samples were removed from the dataset, leaving 20 classes. We split the
modified dataset into two parts, with 10 classes in each. Afterwards we repeated this with Georgian
Characters dataset [[12]], and achieved similar results.



Preliminary results show that the model outperforms finetuning, and delivers performance comparable
to Learning Without Forgetting, while requiring less computational power than Progressive Networks.

5 Summary and Future Work

This work introduced an approach to continual learning that uses a parallel network structure to
implement long-term and short-term memory in order to avoid catastrophic forgetting; the long-
term retention of performance on previous tasks in the long-term network happens through the
identification and freezing of the weights that were most important to the previous tasks.

Modifications of the architecture and the procedures are planned for the immediate future, focusing on
reconceptualizing important weight identification and implementing different procedures for utilizing
the identified important weights in training. Extensive testing of the approach for Reinforcement
Learning problems is planned. In addition, mechanisms for cross-talk between the long-term and the
short-term parts of the network are being developed.
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