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Overfitting and Cross validation

Introduction
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Model performance

How good is the regression model?
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Model performance

How good is the regression model?

» How well the model fits the data?

 How well the model predicts the data?
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Model performance

How good is the regression model?

SSE

* How well the model fits the data? 2

* How well the model predicts new data?
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Model performance

How good is the regression model?

SSE

* How well the model fits the data? 2

* How well the model predicts new data?
MSPE
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Overfitting

Regression assumption:
Expected values of Y follow a regression function
Best model.:
Closest model to the (unknown) regression function
Overfitting:
Model too close to data points
but far from the regression function
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Overfitting - Example
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Overfitting - Example
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Overfitting
What is overfitting? o MoR vanance
o | (overfitting) .
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Overfitting
* How to identify N o MaP vanance
Overfitting? o | (overfitting) \O
. > =
* How to avoid |

overfitting? —
o function

(unknown)

* Cross-validation, -
Ridge regression 0 20 40 60 80 100
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CROSS VALIDATION

* Reserve part of the data o MoR vanance
to test the model (MISPE) o | (overfiting) N5

* Use the remaining data o
to build the model >

* If the model fits the data T &
(large R-square) but - - gg o [oaression
cannot predict well the . (unknown)
test data (small MSPE), — T

o, . ey g e 0 20 40 60 80 100
it is overfitting
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Cross Validation - Types

* Holdout CV
(validation Set
approach)

* K-fold cross
validation

* [eave-one-out

cross validation
(LOOCV)
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Holdout Cross validation




Analytics

Holdout Cross Validation

gu—

training set
Data set -

test set
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Holdout Cross Validation

gu—

training set (to build the model)
Data set -

test set (to test model)
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Holdout Cross Validation

Training
set

Test
set
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Holdout Cross Validation

features
Y X _
Trainin g « feature selection
- : + feature engineering
Set bUIId mOdel ° R_squared
* Adj R-squared, AIC
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Holdout Cross Validation

Training
Set

Test
set
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Holdout Cross Validation

Y X Yhat
Training
Set
. -
Test Yy Ul b test model
set
m \\ // =
Average of Z(?Jz - yAi)Q
squared residuals =1
on the test set MSPE = m
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Holdout Cross Validation

Y X Yhat -

Training
Set I

1
Test Y g1 L
set

m \\ // =

Z(yz — yAz)Q
MSPE ==
m
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build model

test model

= test MSE

train MSE
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Prediction performance

e Compare models based on MSPE

* Model with the smallest MSPE
is the best for prediction
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k-Fold Cross validation
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Holdout Cross Validation

dataset

train

test
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MSPE
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k-Fold Cross Validation

k folds

dataset
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k-Fold Cross Validation

k folds m

dataset n (%) obs

1 n in each
subset
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k-Fold Cross Validation

k folds

£\

dataset test

test

test

test

test

Cesar Acosta Ph.D.

n (%) obs
in each
subset

Eventually
each subset
becomes

a test set
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k-Fold Cross Validation

k folds
dataset test test test test test
test train
train test train
train test train
train test
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k-Fold Cross Validation

k folds
dataset test test test test test
fold 1 test | trajin
fold 2 train test | train
fold 3 train test trdin
fold k train test
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k-Fold Cross Validation

k folds
dataset test test test test test
fold 1 test | train model 1
fold 2 train test | train model 2
fold 3 train test trdin model 3
fold k train test model k
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k-Fold Cross Validation

dataset

fold 1
fold 2
fold 3

fold k
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k folds
test test test test test
test ! trajin
train test ! train
train test trgdin
train test

MSPE 1
MSPE 2
MSPE 3

MSPE k
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k-Fold Cross Validation

dataset

fold 1
fold 2
fold 3

fold k
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k folds
test test test test test
test ! trajin
train test ! train
train test trgdin
train test

MSPE 1
MSPE 2
MSPE 3

MSPE k

MSPE (average)
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k-Fold Cross Validation

gu—

training set
Data set -
n obs test set n <1> obs
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k-Fold Cross Validation

- 1
training set n (1 — —) obs

Data set -
n obs test set n <1> obs
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k-Fold Cross Validation

k=5 folds

- 1
training set n (1 — —) obs
Data set -

test set n <1> obs
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k-Fold Cross Validation

k=5 folds

- 1
training set n (1 — —) obs .80 n
Data set -

test set n <1> obs .20 n
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k-Fold Cross Validation

k=5 folds
T L. 1
training set n 1—% obs 80%

Data set -

1
test set n (—) obs 20%
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Leave-one-out Cross Validation (LOOCV)

k=n folds

training set
Data set -

test set n (—) = 1 observation
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Leave-one-out Cross Validation (LOOCV)

k=n folds

training set (n —1) observations
Data set

test set 1 observation

LOOCV is a K-Fold Cross validation when k = n
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Holdout Cross Validation - sklearn

HOLDOUT Cross Validation

from sklearn.model selection import train test split

X_train, X_test, y train,y test = train_test_split( Xy,
test_size=0.5,
random_state=1)
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Yy X
y_trainl  X_train
y_test] X test
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Holdout Cross Validation - sklearn

HOLDOUT Cross Validation

from sklearn.model selection import train test split

X_train, X_test, y train,y test = train_test_split( Xy,
test_size=0.5,

random_state=1)

m2 = LinearRegression().fit( X train, y train)
yhat2 = m2.predict( X test)

# mspe

res2 = (yhat2 - y test) %2
mspe2 = np.mean(res2)

mspe2

20.005851783316732
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Yy X
y_trainl  X_train
y_test] X test
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K-Fold Cross Validation - sklearn

from sklearn.modelZselection import cross_val_ score
from sklearn.model_selection import KFold

measure = 'neg mean_squared_error'

linear model

mspel = cross_val score(LinearRegression(), XY,
cv = KFold(n_splits = 5),
scoring = measure)

cvmspel = mspel.mean()
~cvmspel
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mspe1 is an array with
5 mspe values,
one from each fold

MSPE




