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Summary Possible problem 

with co-adaptation

FOCA: Feature-extractor Optimization 

through Classifier Anonymization

Exp. #1: Partial-dataset opt. Exp. #2: Approx. geodesic dist. Exp. #3: Low-dim. analyses

Q. Q. Q.

Result

Result

Proposition of point-like property

Proposition 3.2. Suppose that 𝜙⋆

simultaneously minimizes the classifier-

anonymized, sample-wise losses 𝔼𝜃~𝛩𝜙
෨𝐿𝜙,𝜃 𝑥, 𝑡

in a class-separable fashion for all 𝑥, 𝑡 ∈ 𝒟. 

Then, samples from the same class share the 

same features; i.e., 𝐹𝜙⋆ 𝑥 = 𝐹𝜙⋆ 𝑥′ , ∀𝑥, 𝑥′ ∈

𝒳𝑐 , but samples from different classes do not; 

i.e., 𝐹𝜙⋆ 𝑥 ≠ 𝐹𝜙⋆ 𝑥′ , ∀𝑥 ∈ 𝒳𝑐 , ∀𝑥
′ ∈ 𝒳𝑐′≠𝑐.

(Proof is given in the main text.)

෨𝐿𝜙,𝜃 𝑥, 𝑡 = 𝐶𝜃 𝐹𝜙 𝑥 − 𝑡
2

𝐶𝜃 𝐹𝜙 𝑥 = ҧ𝜃⊤𝐹𝜙 𝑥 + 𝜃0Assumption

𝜙⋆, 𝜃 ⋆ = argmin
𝜙,𝜃

1

𝒟 0


𝑥,𝑡 ∈𝒟

𝐿 𝐶𝜃 𝐹𝜙 𝑥 , 𝑡
𝜙⋆ = argmin

𝜙

1

𝒟 0


𝑥,𝑡 ∈𝒟

𝔼𝜃~Θ𝜙𝐿 𝐶𝜃 𝐹𝜙 𝑥 , 𝑡

Θ𝜙 = 𝒰 𝜃𝜙,𝑏; 𝑏 = 𝑏1, 𝑏2, ⋯ , 𝒰: discrete uniform dist.

𝜃𝜙,𝑏 = argmin
𝜃

1

𝑏 0


𝑥,𝑡 ∈𝑏

𝐿 𝐶𝜃 𝐹𝜙 𝑥 , 𝑡 + 𝜆 𝜃 2
2

Θ𝜙 given by Eq.(3, 4)

How?

Theory?

In reality?

Breaking co-adaptation

between feature extractor 

and classifier.

By classifier anonymization

technique.

Point-like property largely 

confirmed on real datasets.

About what?

Proved: Features form simple 

point-like distribution.
Feature extractor 

𝐹𝜙⋆ adapts to a 

particular classi-

fier 𝐶𝜃.

Features may form

excessively comp-

lex distribution.

Toy) 2-class regression

(2)

(3)

(4)

(1)

Yes, FOCA (left) looks more point-like 
than BatchNorm (right) after LDA on 
normalized features.

Further, FOCA has the highest 2-class 
linear separability along principle axis:

Qualitatively, is the low-dimensional 
structure point-like?

Are they close?

full-dataset 

classifier

partial-dataset

classifier
Do they

perform

similarly

for given 𝐹𝜙⋆

??

Result

Yes, FOCA 

exhibits orders-

of-magnitude

smaller approx. 

geodesic distance 

(dashed lines).

Yes, FOCA exhibits much smaller 
performance gap.

large-dataset

classifier
small-dataset

classifier

nearly point-like

𝐹𝜙⋆ adapts to a set 

of random, weak 

classifiers 𝐶𝜃 .

Features are 

expected to form 

simple distribution.

excessively complex

Classifier of
small data-subset 𝑏

(works as 
weak classifier to 
the entire dataset)

𝑥 𝐹𝜙 ⋅ 𝐶𝜃 ⋅ 𝐿 ⋅, 𝑡

feature
extractor classifier

loss

co-adaptation
breaking

1. 2. 3.

4. 5.

E2E opt.

performance gap

large for

other methods

much smaller 

(Each method uses the same, 

fixed feature extractor is used.)

If features form point-like distribution,
the decision boundary should be 
robust against the dataset size. Is
the classification performance robust?

FOCA BatchNorm

class 0
class 1-9

class 0class 1-9

large-dataset

classifier

small-dataset

classifier

much 

smaller 

Proce-

dure

1)

2)

Partitions straight line connecting
𝜃𝐿𝐷 and 𝜃𝑆𝐷 into 𝑃 line segments 
of equal lengths.
Comp. approx. geodesic distance:

𝜃𝐿𝐷: large-dataset classifier param.
𝜃𝑆𝐷: small-dataset classifier param.

Let:

where

more

point-like

(𝒳𝑐 is the set of input var with class 𝑐.)

FOCA


