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Raghu et al 2020 ICLR



Model agnostic meta-learning (MAML)

Learns the optimal starting point to adapt to multiple tasks

— meta-learning

9 ---- |earning/adaptation
“while not done do VLs
Sample batch of tasks 7; ~ p(T) - VL
1
o=0
t
OI;JoTor< what is the optimal learning rate?

Update 0+ 60 — ,;’;:;V() 27-2,\)})(7') E’T, (f@; )
end while

Method Omniglot-20way-1shot  Omniglot-20way-5shot ~ MinilmageNet-Sway-Ishot ~ MinilmageNet-Sway-5shot

MAML 93.7+0.7 96.4 £ 0.1 46.9 £ 0.2 63.1 £ 0.4
ANIL 96.2 + 0.5 98.0 £0.3 46.7 + 0.4 61.5+0.5
NIL 96.7 + 0.3 98.0 + 0.04 48.0 £ 0.7 622 0.3

Finn et al 2017 ICML Raghu et al 2020 ICLR



Yy =X W+ 2

Mixed linear regression

o #
/
© s

task #1

[
-~

®

”

e\o

°_
’/
s O

)

task #2

task #m




test loss

0.76

0.75 4

0.74 -

=
~
w

4 Q/ﬁ\
°y
® /“
W + 2 ,
”~
o, %
4 >

Mixed linear regression

overparameterized

@ - theory
é’ & experiment

-10 -05 00 05 10 15 20
learning rate (training)

-20 -15

Q@ /\
A o /
® / o
o ® ® \ /
PR - /
® ,/ ’/’ O/ P
@ <4 ® -
// [} - - ® /
- .~ ° /
0o ° - ol
s ° R d N ¢/ ° >
task #2 task #m
underparameterized
106
~— theory
$ experiment /
104 - P
/’ o
°
wn / ®
§ 102 A / &
= °
0 o
. o
©
100 - A
0.98 A
-0.4 -0.2 0.0 02 0.4

learning rate (training)

ICL



test loss

X

0.76

0.75 4

0.74 -

=
~
w

Y

o P
/7
A
W + 2 e
L5
4 >
task #1
overparameterized

Mixed linear regression

- theory

é‘ A & experiment
ﬂ

-10 -05 00 05 10 15 20
learning rate (training)

-20 -15

2
n 1 n 1 n

2p

4 o /
® / o
@ ® o /
® /e, N PR -~ °/l .
i -5 _ - ° /
% o~ ° /
220" ; -7, ; o/ ‘
task #2 task #m
underparameterized
106
— theory
® experiment /
104 A -
/’ o
@
2 102 - /’ o
100 { .‘.
0.98 A
-04 -02 0.0 02 0.4
learning rate (training)
—test
oL o°p
oy NyM
Y+ =0

ICL



input layer

Nonlinear regression

hidden layer 1

hidden layer 2

y=(w'x+b)*+z
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Summary

In simple problems (linear and quadratic regression)
optimal learning rate is negative

This result is counter-intuitive, but the learning rate of the inner
loop does not have to be positive to guarantee convergence.

How general is this result?
What is the intuition behind this observation?



