Feature Selection
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Goals

I What Is Feature Selection for classification?
I Why feature selection is important?

I What is the filter and what is the wrapper
approach to feature selection?

I Examples
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What is Feature Selection for
classification?

I Giventa set of pr edVaodtadarget ( N
variableT

I Find: minimum sef that achieves maximum
classification performance af (for a given set of
classifiers and classification performance metrics)
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Why feature selection is important?

I May Improve performance of classification
algorithm

Classification algorithm may not scale up to the
size of the full feature set either in sample or
time

I Allows us to better understand the domain

I Cheaper to collect a reduced set of predictors

| Safer to collect a reduced set of predictors
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Filters vs Wrappers: Wrappers

Say we have predictors A, B, C and classifileiVe want to
predict T given the smallest possible subset of {A,B,C},

while achieving maximal performance (accuracy)

FEATURE SET

{A,B,C}
iA.B}
AC}
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Filters vs Wrappers: Wrappers

The set of all subsets is the power set and its siZ€ is 2
Hence for largd/ we cannot do this procedure exhaustively;

Instead we rely oheuristic searclof the space of all possible
feature subsets.

{A,B} 98

@ {A} 89 A{A,C} 77
{A,B}98
{} 85 {B} 90 — T {A,B,C}98
(C) o1 {A.C}YTT @
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Filters vs Wrappers: Wrappers

A common example of heuristic searshill climbing: keep
adding features one at a time until no further improvement
can be achieved.

{A,B} 98

{A} 89 A{A,C} 77
f {A,B)98
{85 {B} 90 _— e /{A,B,C}98
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Filters vs Wrappers: Wrappers

A common example of heuristic searshill climbing: keep adding
features one at a time until no further improvement can be achieved
(Aforward greedy wrappingo)

Alternatively we can start with the full set of predictors and keep
removing features one at a time until no further improvement can be
achieved (Abackward greedy wrappi

A third alternative is to interleave the two phases (adding and removing)
el ther 1 n forward or -bbaacckkwnaarrdd warraap

Of course other forms of search can be used; most notably:
-Exhaustive search
-Genetic Algorithms

-BranchandBound (e.g., cost=# of features, goal is to reach
performanceh or better)
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Filters vs Wrappers: Filters

In the filter approach we do not rely on running a particular
classifier and searching in the space of feature subsets;
Instead we select features on the basis of statistical properties
A classic example is univariate associations:

FEATURE ASSOCIATION WITH TARGET
Threshold gives
_________________________ W 9% suboptimal solution
{B) 90% Threshold gives
.............................................................................................................................................................................................................................. > Optlmal SOlUtion
{C} 89% Threshold gives
.............................................................................................................................................................................................................................. > ulaeptiel seluer
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Example Feature Selection Methods In
Biomedicine: Univariate Association Filtering

I Order all predictors according to strength of association
with target

I Choose the first predictors and feed them to the
classifier

I Various measures of association may be usedGX
Pearson r, Fisher Criterion Scoring, etc.

I How to choosé?
I What if we have too many variables?
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Example Feature Selection Methods In
Biomedicine: Recursive Feature Elimination

I Filter algorithm where feature selection is done as
follows:

1. build linear Support Vector Machine classifiers udmg
features

2. compute weights of all features and choose the\ii2st

3. repeat until 1 feature is left

4. choose the feature subset that gives the best performa
(using crossvalidation)
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Example Feature Selection Methods In
Bioinformatics: GA/KNN

Wrapper approach whereby:

A heuristic search=Genetic Algorithm, and
A classifier=KNN
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How do we approach the feature
selection problem in our research?

T Find the Markov Blanket
I Why?
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