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Motivation & Contributions

Motivation
@ Lack of theory behind model architecture design
@ Usually requires domain knowledge
Contributions
o New regularizer that learns parameters & architecture simultaneously
o Additive model
Context
@ Strongly convex optimization problems
e Generic network structure (not just MLP)
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Regularizer Derivation

Function families:

H, = {X = u- \U(X) uc Rno, ||u||p < /\1,0}

k—1
He=qx= Z“s (psohs)(x) 1us € R™ Juslp < Axs, his € Hs
s=1
Definitions:
@ x: input

@ u: connections to previous layers
e V: feature vector

@ (: activation function
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Generalization Bounds

Rademacher Complexity:

A 1
Rs(G) = —E

mo

m
sup O';h(X,')]
he§ 4
Definitions:

@ x: input

@ h: function expressed by single unit

e o: Rademacher RV {-1, +1}
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Generalization Bounds

Theorem 1:

R(F) < Rs o (F) + 2 Zuwkulﬂz (i) + 2 \/"’g + Clp, 1, m, )

k 1

Clp,1,m,8) = \/{/ (P2m)" log | N Iog(%)

log | m 2m

I
%kz Wi ||1Rm(H): weighted sum of Rademacher complexities
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Generalization Bounds

Corollary 1:

I
n 2 _ L [2log(2n
R(F) < Rs,F) + 2 3 s [t 222270
k=1

2 [log I

+ C(p, 1, m,d)

4 p2m ] log | log(3)
I — 2
Clprl,m.0) \/ | Splog(p )| PE 4 B
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Basics

o Adaptively grows network structure

Objective function:

m N N
Fw) = rlnz¢<1 —¥i Y thj> + ) Tilwl
' j=1 j=1
Definitions:
e ®: nondecreasing convex function (Ex: e¥)
o[ Ari+p
o rj: Rm(Hy) (Rademacher complexity)
This objective function is forcibly convex
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Algorithm

ADANET(S = (i, i),

1 f() +«0

2 fort«+ 1to71 do

3 h.h' + WEAKLEARNER(S, f_1)
4 w « MINIMIZE(F}(w, h))

5 w’ + MINIMIZE (F(w, b))

6 if Ft(W, h/) < Ft(W,, h/) then

7 ht +~h

8 else h; « b’

9 if F(w,_1 +w*) < F(w,_1) then
10 ft,1 — ft +w*- ht
11 else return f;_;
12 return f7
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Label pair ADANET LR NN NN-GP
deer-truck 0.9372 £ 0.0082  0.8997 & 0.0066  0.9213 £ 0.0065  0.9220 % 0.0069
deer-horse 0.8430 £ 0.0076  0.7685 £ 0.0119  0.8055 £ 0.0178  0.8060 &+ 0.0181
automobile-truck 0.8461 £ 0.0069 0.7976 + 0.0076  0.8063 £ 0.0064  0.8056 + 0.0138
cat-dog 0.6924 £ 0.0129  0.6664 £ 0.0099  0.6595 £ 0.0141  0.6607 & 0.0097
dog-horse 0.8350 £+ 0.0089  0.7968 + 0.0128  0.8066 £ 0.0087  0.8087 + 0.0109

Label pair ADANET NN NN-GP

Ist layer 2nd layer

deer-truck 990 0 2048 1050

deer-horse 1475 0 2048 488

automobile-truck 2000 0 2048 1595

cat-dog 1800 25 512 155

dog-horse 1600 0 2048 1273
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Variations

AdaNet.R: R(w, h) = TI'p||w||1 regularization in obj.
AdaNet.P: subnetworks only connected to previous subnetwork

AdaNet.D: dropout on subnetwork connections

AdaNet.SD: std dev of final layers instead of Rademacher complexity
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