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Remember.
L earn.

e Recognize patterns
e Generalize to broad concepts



Why forget?

e Faillure to remember?

e \Why not remember
everything?



Even simple
animals forget

o Fruit flies
e C. elegans



Do we need to
make room?

Estimates vary
e 1B? 80-90B neurons?
e Over 1B memories?



People can
remember more

e Hyperthymesia

o “non-stop, uncontrollable and totally exhausting ...
It makes me crazy ... it’s a burden.” - Jill Price

e John von Neumann

o Every word of every book

e Memory competitions
e \Why have we evolved to forget?



People forget
different things
differently

e Breakfast yesterday?
e Childhood friends?

e Sensory input?

e My shoes?



Different parts
of the brain

Hippocampus
e Episodic memories



Different parts
of the brain

Neocortex

e General knowledge transferred
from hippocampus during sleep

e Spatial reasoning

e | anguage

e Sensory perception
e Motor commands



Different parts
of the brain

Amygdala
e Emotional significance
e Fear, shame, love, grief



Different parts
of the brain

Prefrontal Cortex
e Short-term or working memory



Different types Episodic

of memory Emotional
Different policies for forgetting Short-term
o Amygdala SenSOry

o Hippocampus

o Neocortex Knowledge



It's a feature, not a bug

Why evolve to forget?

o Neuroscience consensus
o Improved adaptation

Decay happens: the role of acti
forgetting in memory
Oliver Hardt", Karim Nader’, and Lynn Nadel?

" McGill University, Department of Psychology, Montréal, Québec, H3A 1B1, Canada
2Department of Psychology, The University of Arizona, Tucson, AZ, 85701, USA

Although the biological bases of forgetting remain ob-
scure, the consensus among cognitive psychologists
emphasizes interference processes, rejecting decay in
accounting for memory loss. In contrast to this view,
recent advances in understanding the neurobiology of
long-term memory maintenance lead us to propose that
a brain-wide well-regulated decay process, occurring
mostly during sleep, systematically removes selected
memories. Down-regulation of this decay process can
increase the life expectancy of a memory and may even-
tually prevent its loss. Memory interference usually
occurs during certain active processing phases, such
as encoding and retrieval, and will be stronger in brain
areas with minimal sensory integration and less pattern
separation. In areas with efficient pattern separation,
such as the hippocampus, interference-driven forgetting
will be minimal, and, consequently, decay will cause
most forgetting.

Current thinking on forgetting

Forgetting of established long-term memory (see Glossary)
may indicate that memory is either physically unavailable
(that is, memory is lost) or that it is (temporarily) inacces-
sible. With some exceptions, theories proposed within the
domains of experimental and cognitive psychology often
emphasize one type of forgetting over the other [1]. Two
explanations for actual, non-pathological memory loss
have been proposed, one involving decay of aspects of
the memory trace, the other involving interference with it.
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SUMMARY

A memory is unstable, making it susceptible to inter-
ference and disruption, after its acquisition [1-4]. The
function or possible benefit of a memory being un-
stable at its acquisition is not well understood.
Potentially, instability may be critical for the commu-
nication between recently acquired memories, which
would allow learning in one task to be transferred to
the other subsequent task [1, 5]. Learning may be
transferred between any memories that are unstable,
even between different types of memory. Here, we
test the link between a memory being unstable and
the transfer of learning to a different type of memory
task. We measured how learning in one task trans-
ferred to and thus improved learning in a subsequent
task. There was transfer from a motor skill to a word
list task and, vice versa, from a word list to a motor
skill task. What was transferred was a high-level rela-
tionship between elements, rather than knowledge of
the individual elements themselves. Memory insta-
bility was correlated with subsequent transfer, sug-
gesting that transfer was related to the instability of
the memory. Using different methods, we stabilized
the initial memory, preventing it from being suscepti-
ble to interference, and found that these methods
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Memory instability as a gatew,
generalization

Edwin M. Robertson*
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Abstract

Our present frequently resembles our past. Pattems of actic
out our lives like a motif. Identifying and exploiting these pat
behaviours, from creating grammar to the application of skil
generalization may be dependent upon memory instability. |
ries are unstable and able to interact with one another, allov
mon features to be extracted. Exploiting these common fea
knowledge that can be applied across varied circumstances
many of the biological and behavioural conditions necessar
predictions for how generalization is produced.

Our past experience can aid our current and future performa
tennis player may help when it comes to playing other racque
aging the transfer of skill from one situation to another also li
training and rehabilitative strategies.

The ability to generalize from a specific example to a categ
the world of actions. The location of a reward in a navigation
in subsequent versions of the task even though key aspects of
of the reward, change [1]. Similarly, generalization can occur
events to create categories. Generalization therefore plays a k
tive functions. Yet, despite its clear importance and adaptive
tion occurs is poorly understood.
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The predominant focus in the neurobiological study of memory has been on remembering (persistence).
However, recent studies have considered the neurobiology of forgetting (transience). Here we draw parallels
between neurobiological and computational mechanisms underlying transience. We propose that it is the
interaction between persistence and transience that allows for intelligent decision-making in dynamic, noisy
environments. Specifically, we argue that transience (1) enhances flexibility, by reducing the influence of
outdated information on memory-guided decision-making, and (2) prevents overfitting to specific past
events, thereby promoting generalization. According to this view, the goal of memory is not the transmission
of information through time, per se. Rather, the goal of memory is to optimize decision-making. As such, tran-
sience is as important as persistence in mnemonic systems.

We do not remember days, we remember moments. The
richness of life lies in memories we have forgotten.

—Cesare Pavese (This Business of Living)

Introduction

Memory allows for the transmission of information through time.
Most people, including many scientists, view the ideal mnemonic
system as one of perfect persistence. That is, a system that
transmits the greatest amount of information, with the highest
possible fidelity, across the longest stretches of time. However,
the few examples we have of individuals with something approx-
imating this “perfect” mnemonic persistence suggest that
remembering everything comes at a price. The Soviet clinical
neuropsychologist A. R. Luria described the case of Patient S.,
a man with “vast memory” who could only forget something if
he actively willed himself to do so (Luria, 1968). Nonetheless, ac-
cording to Luria's accounts, Patient S. was handicapped by his
apparent super-human memory. While on one hand, he was able
to remember instances in exauisite detail his memorv was

et al., 2013; Hardt et al., 2013a). Here we first briefly review the
large literature concemed with neurobiological mechanisms of
memory persistence. We then turn to the fledgling literature con-
cerned with neurobiological mechanisms of memory transience.
Based on principles from machine leaming and computational
neuroscience, we propose that it is the interaction between
these two processes (i.e., persistence X transience) that opti-
mizes memory-guided decision-making in changing and noisy
environments. Specifically, we propose that only by combining
persistence and transience can individuals exhibit flexible
behavior and generalize past events to new experiences.

Persistence

A Neurobiological Definition of Persistence

Remembering transports us back in time, allowing us to re-
experience some past event or experience, a form of mental
time travel (Tulving, 2002). At the neural level, this suggests
that some aspect of our present brain state reflects a past brain
state comesponding to the remembered event. Perhaps most
simplv. rememberina miaht involve reactivation of the patterns




Testing the
nypothesis

e \Vater maze experiments

e Smell association experiments
e Faster adaptation

e EXxercise



VVhat about
machine
learning?

e Do models need to forget to
adapt to change?



Early results In * con oo e
machine e -—IL--

learning B

Episode 1

N Anan o

e Reinforcement learning
experiments

e Find reward, avoid obstacles
e Context improves adaptation

__Available State BObstacle State ~'Reward State
® Agent Start Location ---Episode Trajectory




Supervised
Learning

e | earning by example
e Requires “training data”

o Required “labels” - correct
answers
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Source: https://commons.wikimedia.org/wiki/File:Rosenblattperceptron.png



This Is a gecko
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This is a chameleon



Gecko



Chameleon



Gecko



Chameleon



Prediction, aka
Inference



Gecko or Chameleon?



Gecko or Chameleon?



Gecko or Chameleon?



Gecko or Chameleon?



Satanic Leaf-Tailed Gecko

https://commons.wikimedia.org/wiki/File:Satanic_leaf-tailed _gecko_ (Uroplatus_phantasticus) Ranomafana_ 4.jpg






Imagine that
you're a retaller
selling bicycles



You train a model using
data from your app to
order inventory



At first, it’s
going great!



But then, slowly
at first ...



But then, slowly
at first ...






Models need to adapt to change too



How do models
forget?

e Brute force

e Full or incremental retraining
e New data, new labels

e Slow, expensive



How do Know
when to retrain?

e MLOps infrastructure
e Schedule
e Based on monitoring

Hello TEX!

AIRFLOW RUNTIME

TensorFlow
Extended

TRAINING &

EVAL DATA 043':;5‘; > TENSORFLOW/
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----- .\‘\\f TENSORFLOW
%;,* JS
\\

T “/} TENSORFLOW
w,/’ LITE

NS_3 TENSORFLOW

;\\';;--&/,/ SERVING

BATCH INFERENCE
DATA (UNLABELED)

METADATA STORE



MLOps

"MLOps is an ML engineering culture and practice that aims at
unifying ML system development (Dev) and ML system
operation (Ops). Practicing MLOps means that you advocate
for automation and monitoring at all steps of ML system
construction, including integration, testing, releasing,
deployment, and infrastructure management.” -
http://goo.gle/mlops-levels



In addition to training an amazing model ...




. a production solution requires so much more




Production Machine Learning

Machine Learning Development Modern Software Development
e |[abeled data e Scalability
e Feature space coverage e Extensibility

e Minimal dimensionality e Configuration

e Maximum predictive data e Consistency & Reproducibility

e Fairness e Modularity
e Rare conditions e Best Practices
e Data lifecycle management e Testablility

e Monitoring

e Safety & Security



Training and Deploying Models



Training Pipeline
e Google needed a strong platform

e Not the only platform available
e Example of state of the art




Hello TFX!

TEX CONFIG

AIRFLOW RUNTIME KUBEFLOW RUNTIME OTHER

o TensorFlow
Validator Extended

ExampleGen StatisticsGen SchemaGen

TRAINING &

EVAL DATA : TENSORFLOW

Transform Trainer Evaluator HUB
TENSORFLOW

Infra JS
Validator

TENSORFLOW

LITE
ExampleGen Bulk Inference TENSORFLOW

SERVING

BATCH INFERENCE DATA
(UNLABELED)

METADATA STORE



Libraries

Components

TFX Production Components

Push If

Data
Ingestion

Data
Validation

Feature
Engineering

Validate
Model

ExampleGen

TENSORFLOW
DATA VALIDATION

TENSORFLOW
TRANSFORM

ESTIMATOR OR
KERAS MODEL

TENSORFLOW
MODEL ANALYSIS

StatisticsGen

SchemaGen

Example
Validator

Transform

Trainer

Evaluator

InfraValidator

VALIDATION :
OUTCOMES :

TENSORFLOW
SERVING

Model Server

Bulk Inference




Major MLOps System Components

Collect Experimentation Monitoring &
Data Scheduling

Training Pipeline

Store

Metadata m

Serving



VVhat about
tomorrow?

e [oday: Fully or partially retrain

e Foundational models
e Multi-modal models
e [ransformers

Qutput
Probabilities

Add & Norm

Feed
Forward

Add & Norm

Multi-Head
Attention

Add & Norm

Add & Norm

N | —(Add& Norm
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
1 ) Vi
Positional A‘ A‘ Positional
Encoding ‘v $ & ‘v Encoding
Input Qutput
Embedding Embedding
INputs Qutputs

(shifted right)



Breakthrough
capabllities

e | anguage

e Question answering

e Sentence completion

e Reading comprehension
e Common sense reasoning

Qutput
Probabilities

Add & Norm

Feed
Forward

Add & Norm

Multi-Head
Attention

Add & Norm

Add & Norm

N x

_Add & Norm |
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
K L1 J
Positional A‘ A‘ FPositional
Encoding ‘v $ & ‘v Encoding
Input Qutput
Embedding Embedding
INputs Qutputs

(shifted right)



Explaining a joke

Prompt
Explain this joke:

Joke: Did you see that Google just hired an eloquent whale for
their TPU team? It showed them how to communicate between two

different pods!

Model Response

Prediction: TPUs are a type of computer chip that Google uses
for deep learning. A "pod" is a group of TPUs. A "pod" 1is also a
group of whales. The joke is that the whale 1is able to
communicate between two groups of whales, but the speaker 1is
pretending that the whale is able to communicate between two

groups of TPUs.

https://ai.googleblog.com/2022/04/pathways-language-model-palm-scaling-to.html



Prompt Model Response

// Translate from C to Python
int add one ( int x ){
intm=1;
while ( x & m ) {
X =X " m;
m <<= 1;
}
X =X * m;
return x; }

https://ai.googleblog.com/2022/04/pathways-language-model-palm-scaling-to.html



VVhat about
tomorrow?

o GPT-3

o 1/5B parameters, 451B data

o US$12M to train
e PaLM = GPT-3 * 3

Qutput
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Add & Norm

Feed
Forward
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INputs Qutputs

(shifted right)



s it a problem??

e Currently being worked on
e Domain dependent

Add & Norm

Feed
Forward
Add & Norm
Multi-Head
Attention

N x

Positional
Encoding

¢
Input

INnputs

Qutput
Probabilities

Add & Norm
Feed
Forward
Add & Norm

Multi-Head
Attention

Add & Norm

Masked
Multi-Head
Attention

Fositional
b e Encoding
Qutput
Embedding

Qutputs
(shifted right)



Is it a problem??

Encoder block With MOE ...............................................................................................................

Layer . Weighted
?

e Ensemble approach?
e Mixture of Experts (MoE)



Learning from
studying our
prains

e Mirroring how the brain
manages updates

e Multiple centers of the brain
cooperating
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http://www.youtube.com/watch?v=Nf-d9CcEZ2w

Forgetting helps us adapt



More Information on TFX

Web https://tensorflow.org/tfx

Repo https://github.com/tensorflow/tfx
YouTube https://goo.gle/ttx-youtube
SIG https://github.com/tensorflow/tfx-addons

Community  https://discuss.tensorflow.org/tag/tfx
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The Persistence and Transience of Memory, Blake A. Richards, Paul W.

Frankland - https://doi.org/10.1016/|.neuron.2017.04.037

Forgetting Enhances Episodic Control With Structured Memories, Annik
Yalnizyan-Carson, Blake A. Richards -

https://www.frontiersin.org/articles/10.3389/fncom.2022.757244/tull

Memory instability as a gateway to generalization, Edwin M. Robertson -
https://journals.plos.org/plosbiology/article/file?id=10.1371/journal.pbio.20046 3 3 &t
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