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Outline

* Deep Learning based Feature Selection study
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Outline of DeepPINK

Problem: Little Interpretability of DNN structure

Existing Works: Important Feature identification

Limitations of Existing Works: Noise Sensitivity

Main Idea: Reproducible Feature Selection by controlling False Discovery Rate

with Knockoff Framework

CAU AutoML LAB 3



Knockoff Framework

1) Generate Knockoffs
2) Calculate Feature Statistics
3) Control FDR with Threshold T

Referenced by Candes et al. (2015)
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Knockoff Framework: Generate Knockoffs

Knockoffs: Negative Control Role

Def 1. Model-X knockoff features for the family of random features X =
(X1,-+,Xp)" are a new family of random features X = (X,---,X,)" that satisfies

two properties: (1) pairwise exchangeability: (X, X)Swap(g)g (X,X) for any subset
S C{1,-,p}, where swap(S) means swapping X; and X; for each j € § and <
denotes equal in distribution, and (2) X LLY|X
More specifically, if X~N(0,%) where X is the covariance matrix

X|X~N(X — diag{s}>~1X, 2diag{S} — diag{s}> ~1diag{s})
Def 2. A variable X; is said to be “null” if and only if Y is independent of X;

conditionally on the other variables X_; = {X;,---, X, ]\{X;}. The subset of null
variables is denoted by H, < {1,--,p} and we call a variable X; “non null” or

relevant if j & H,.
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Knockoff Framework: Calculate Feature Statistics

Feature stastics W; = w;((X,X),y)

Flip — sign property:

( ~
wi(X,X),y),  j&S

Wi (X X) -w;((X,X),y), JE€S

V) =9

swap(S)
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Knockoff Framework: Control FDR with Threshold T

By Flip — sign property, null statistic W; are symmetric and that for any fixed

threshold t > 0. False discovery proportion (FDP can be estimated as follow:

#y:W, < -t} = #{nullj: W; < —t} g #{null j: W; = t}

#{null j: W; < —t}

FDP(t) = #:W; = t)
_ #jW: < —
FDP(t) = ;]{j:v{/;z t?
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Knockoff Framework: Control FDR with Threshold T

Threshold T = min {t ew, HUWiEH q}
#{j:W j=t}

Selected Features S = {j: W; = T}

#{jeﬁnﬂo}] <
#Svi/q 1 — q

Estimated FDR = IE[
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DeepPINK

1) Generate Knockoffs
2) Calculate Feature Statistics by DeepPINK

3) Control FDR with Threshold T
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DeepPINK

w=W0O O wOwwd)

where © denotes the entry-wise

matrix multiplication, and

WO e Rpx1 W@ e Rpxp W2 ¢
RP*P and W®) € RP*1

Zj=ZjXWj and Zj=ZjXWj

— 72 7 2
Wi =2Zj — Z;

Response

Multilayer perceptron

with RelLU activation

Pairwise-connected layers

with linear activation
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Other reviewers comments

https://proceedings.neurips.cc/paper/2018/file/29daf9442f3c0b60642b14c081b4a556-Reviews.html
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https://proceedings.neurips.cc/paper/2018/file/29daf9442f3c0b60642b14c081b4a556-Reviews.html
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Paper Survey for Further Research

Lu et al. (2020) identify features within the deep learning structure, such as pixels
that are important for prediction. You said decoy creation is related to the
knockoff framework.

Tang et al. (2020) discover duplicate filters by mimicking feature maps for
network pruning.

Xing et al. (2020) define mirrored features, compute statistics, and measure
importance. This method shows good performance in terms of FDR and power.

Huang et al. (2020) use a pairwise connection structure between the FC layer
and the decision layer to perform feature selection.

Song et al. (2019) performed feature selection on image datasets, but this is
limited to when the positions of the objects are similar.
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Paper Survey for Further Research

Lu et al. (2020) ICML 2021
Tang et al. (2020): NIPS 2020

Categories » Engineering & Computer Science »  Artificial Intelligence ~

Publication h5-index h5-median
1. International Conference on Learning Representations 203 359
2. Neural Information Processing Systems 198 37T
3. International Conference on Machine Learning (ICML) 171 309
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-

G =: Development of Pre-trained Deep Learning Model for Segmentation
of Structures of Major Interest in the Medical Field
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