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According to complementary learn-
ing systems theory, integrating 
new memories into a multi-layer 
neural network without interfer-
ing with what is already known 
depends on interleaving presenta-
tion of the new memories with 
ongoing presentations of items 
previously learned.  

I use deep linear neural networks 
in hierarchically structured environ-
ments previously analyzed by Saxe, 
McClelland, and Ganguli (SMG) 
to gain new insights into this pro-
cess.  For the environment I will 
consider in this talk, its content 
can be described by the singular 
value decomposition (SVD) of the 
environment’s input-output covar-
iance matrix, in which each suc-
cessive dimension corresponds to 
categorical split in the hierarchical 
environment.  Prior work showed 

that deep linear networks are suf-
ficient to learn the content of the 
environment, and they do so in a 
stage-line way, with each dimen-
sion strength rising from near-zero 
to its maximum strength after a 
delay inversely proportional to the 
strength of the dimension, as pre-
viously demonstrated by Saxe et al.  

Several observations are then 
accessible when we consider 
learning a new item previously not 
encountered in the micro-environ-
ment. (1) The item can be exam-
ined in terms of its projection onto 
the existing structure, and whether 
it adds a new categorical split.  (2) 
To the extent the item projects 
onto existing structure, including it 
in the training corpus leads to the 
rapid adjustment of the representa-
tion of the categories involved, and 
effectively no adjustment occurs 

to categories onto which the new 
item does not project at all.  (3) 
Learning a new split is slow, and 
its learning dynamics show the 
same delayed rise to maximum 
that depends on the dimension’s 
strength.  These observations  
then motivate the development of 
a similarity-weighted interleaved 
learning scheme in which only 
items similar to the to-be-learned 
new item need be presented to 
avoid catastrophic interference.
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