
Using a Biologically Plausible Long-Term Memory 
to Address Catastrophic Forgetting in AI

INTRODUCTION
- Memory is an essential ingredient of general intelligence.
- The Atkinson–Shiffrin memory model [1]
 - Sensory register
 - Working memory (WM): temporary and limited  
  store of information to be used in cognitive tasks that can be 
  addressed with a small amount of steps
 - Long-term memory (LTM): a more permanent storage of
  information previously “rehearsed”. 
- Catastrophic forgetting is an issue commonly  
 faced by computational models capable of working memory: 
 performance on previously learned tasks is compromised upon  
  learning a  new task.
- We tackle these questions from a biologically plausible perspective

Research Question(s):
 - Can Long-term memory address catastrophic forgetting?
 - Does equipping a computational model with Long-term    
  memory more closely capture the memory mechanisms 
  present in biological agents?

AuGMEnT

AuGMEnT [2] = Attention-Gated Memory Tagging
1. Input layer takes sensory inputs
2. Association layer consists of regular units (circles) that 
  process current sensory input, and WM units (diamonds)
  that integrate information over time
3. Output layer calculates Q values and decides action
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LTM-WM = Long-Term Memory & Working Memory
1. Input layer takes sensory inputs
2. Association layer consists of regular units that process 
 current sensory input, WM units (diamonds) that
 integrate information overtime. Information stored in 
 working memory units is subject to decay, but through 
 rehearsals, it can be registered into LTM units (squares). 
3. Output layer calculates Q values and decides action

DISCUSSION
- As shown in the plot, after training for the second task:
 - AuGMEnT performance on task 1 decreases. This is 
  because when AuGMEnT learns task 2, task 1 is 
  “forgotten” as the weights are largely overwritten.
 - Meanwhile, the performance on task 1 is retained after  
  learning task 2 for both the LTM-WM model and the 
  monkeys. The model is able to recall the old task, as 
  animals would do after successfully learning a task.
- In this sense, the LTM-WM model accounts for two critical
 properties of LTM [3], namely: 
 - No temporal decay.
 - No chunk capacity limits.
- This suggests that LTM is essential to continual learning
- LTM-WM thus is a more biologically plausible representation  
 of biological memory system, because:
 - When animals practice a task repetitively, the task is
  gradually consolidated [5] into their LTM, where retrieval  
  becomes easier and more automatic. Even after 
  switching to other tasks and back, monkeys are able to
  perform the old task.
 - Despite modeling the mechanism of WM, AuGMEnT still  
  suffers from catastrophic forgetting. Once a new task is  
  learned, the network “forgets” how to do the old task.
 - With LTM-WM, this problem is solved, hence the network  
  becomes more biologically plausible.
- Future studies may focus on modeling other mechanisms 
 involved in LTM (re)consolidation, like memory distribution  
 over the cortex. Another example would be conditions that  
 facilitate LTM consolidation, such as stress, or the role of es 
 sential biological processes such as sleep [6].

Method

EXPECTED RESULTS
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Task 1 - Saccade/Antisaccade task [3]
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Task 1 - Delayed match to-category task [4]
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Working Memory Unit: integrate their
 input over the duration of the trial 

Synaptic Tags:  Weight matrices used 
for spatial credit assignment 

Long-Term Memory Unit: same as working
 memory units but are activated only for LTM retrieval  

Regular Unit: does not exhibit persistent 
activity in the absence of input

Synaptic Traces: Weight matrices 
used for temporal credit assignment

Multidirectional flow

Long-term Memory Synapses


