Lifelong Learning
CS 330



Logistics

Project milestone dud/ednesday.

Twoguest lecturesnext week!

Je! Clune Sergey Levine



Plan for Today

The lifelong learningroblem statement
Basic approacheso lifelong learning
Can we detter than the basics?

Revisiting the problem statemeént
fromthe meta-learning perspective
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fort=1, E, n
observex, <N if observable task boundaries : observex, 4
predict V|
observe labely,

.I.d. setting X" p(X), ¥;" p(y!x) streaming setting : cannot store (x, Y;)
u not a function of t - lack of memory
lack of computational resources
otherwise: x " p(x), i " P(y!X) . privacy considerations

want to study neural memory mechanisms

true In some cases, but not in many cases!

.- recall: replay bulers
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Plan for Today

The lifelong learningroblem statement
Basic approacheso lifelong learning
Can we ddbetter than the basics?

Revisiting the problem statemént
fromthe meta-learning perspective
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The lifelong learningroblem statement
Basic approacheso lifelong learning
Can we ddbetter than the basics?

Revisiting the problem statemént
fromthe meta-learning perspective
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Recall: model-based meta-RL

\\ \| ,// /// \‘
\\___b’ ’, :
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gradual terrain change \ |
motor malfunction
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—
time

online adaptation = few-shot learning tasksaretemporal slicesof experience
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N/ example online
learning problen

, . Icy terrain

time St—kits At—k:t
K time steps not sufficient to learn entirely new terrain

N7 + will be fast with MAML Initialization

- what If ice goes away? (subject to forgetting)
Nagabandi, Finn, Levine. Deep Online Learning via Meta-Learning.

Continue to run SG



Online inference probleminfer latent OtaskO variable at each time step

Mixture of neural networks over task variable T, adapted contif(7;)
Alternate between:
E-stepEstimate latent OtaskO variable at each tim P(7;) given dateXt, Yt

P(T: = TilXe,Ye) ! Py (YelXe, Te = Ti))P(Te = Tj)

—_—
likelihood of the datfe prior

under task/;
M-step:Update mixture of network parameters
Orr1(7T;) = 0.(T;) — BP(T; = 7E|XtaYt)V9t(7:;) logpé)t(’/'?;)(Yt‘Xt) VT;
gradient step on each mixture element, weighted by task probability

Note: If neural net Is random Initialized, this procedure would be too slow.
Nagabandi, Finn, Levine. Deep Online Learning via Meta-Learning. ICLR O19



online learning w. MAML Initialization
SGD w. MAML Initialization

MAML (always reset to prior + 1 grad ste
model-based, no adaptatio

| | I " model-based, grad steps r}nc’ meta-learning

Constant crippled setting Regions of normal/crippled leg
Nagabandi, Finn, Levine. Deep Online Learning via Meta-Learning. ICLR O19

Does It work?

1ized Reward

Crawler with crippled leg:

Normal




Does It work?

Latent task distribution during online learning

1.0 s task |D: 0
' task ID: 1
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T
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Nagabandi, Finn, Levine. Deep Online Learning via Meta-Learning. ICLR O19
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Takeaways

Many "avors of lifelong learning, all under the same name.
De#ning the problem statement is often the hardest part

Meta-learning can be viewed as a slice of the lifelong learning problem.

A very open area of research.
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Project milestone dué/ednesday.

Reminders

Twoguest lecturesnext week!

Je! Clune Sergey Levine
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