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Introduction

Task Bilevel Problem
= 1
Recover ground truth y € R" K K € argmin — Y Ly, ¥;
g Y use K gK m ;N(.x_. 3!.',)

from noisy observation x € R"
s.t. Vi:y; € S(K, x;)
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Convex Problem Training Data

Teg. dofa bt arn K
y € S(K,x) := argmin F(Ku) + Gu—x) ——"~
2@ Sl = agni{le) S o) - {0 yn)-e (Xmoym) }
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Introduction

Bilevel Problem

~ 1 ()
K i - 9
€ arg’r(’mn - ;Z(_y,,_y,)

s.t. Vi:y; € S(K, x;)
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Convex Optimization Algorithm Approximate Bilevel Proble

AL (K, x) /@K x) Ke argmm = ZEU,,AL(K x;))
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single
example
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Approximate Gradient

Vi £(y, AL (K, x))

Approximate Bilevel Problem

m
K € argmin % Zf(y,'.AL(K. xi))
K i=1
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Gradient Computation ¥F(lw) + &lu-xJ 2y, x) = “3 ~xB2

Chambolle-Pock iteration

z[gﬂ] — g[e] 1 okl g[ul] = prox, e (zgfﬂ]) | 5,[»[}0 = Vz[j}n £(y, xlt)
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i[Z«H] = X[Z+1] + G(X[ZJrl] _ X[Z])l

Backpropagated gradients

=
X = X * X
s 319 = prody ol ) © (A 1 k7T
Z_L = 0, wer LA 5‘[34] = prox, . (z,[f]) © (5g+1 — ,[f])
A ((L,X) = x w . E[DZ] _ 5‘[34] +9(5,[3Z] _5V+1])
Parameter gradient U-W — 0
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L Jl\ Jg =0
Vi (y, AL(K,x)) = Z U‘;g];[é—lﬁ _ T;r[é] 5,[’€]T ( / thuo ; w



Asymptotics of Backpropagated Gradients

Assumption
prox’ (zm —x) = F el - g f lo €N
w6(zp proxg(zp” —x) € {o,1} or some £, €
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Asymptotics of Parameter Gradient

Assumptions
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Algorithmic Approach

Approximate Series Approximate Gradient
(18]
de x ™
~ N* .— / * Tax —
Bp 05 = proxyc(X —TK " —x) O (y—x") [ | lim Vi 20y, x1) ~ oot T — cg*5sT
Ap = ﬁ:z prox. - (& +oKx") © (—TKdp) ez =
w n
do §

[ /k\
Fixed-Point Iteration Fixed-Point Gradient

£ =froxor- (£ +okx') = X7 5 Vi l(y. %)
X =|prox;¢(x” —‘L'K'S) -?} ,:_’—-
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Numerical Example

F ki, G-T o I3
y € argmin ||Kull; st |u—x|, < o/#pixels
u
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Summary

» Asymptotic analysis of gradients in parameterized energy minimization models

= Gradient limit depends only on optimal solutions and not on intermediate iterates
= Approximating backpropagated gradients yields tractable gradient computation

= Interpretation in terms of fixed-point equation

= Application to image denoising

Thank you!



