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10.1. The active terms

e Variable selection
Aim: |ldentify the correct model

» select the useful predictor
o Ignore the non-informative terms
K=K ;)

Y v.s. Xq, Xy, ... Xgog
. Xqg9) INto two sets, X,, and X,

o Divide X=(X,, X,, ..
o sothat E(Y|X)=E(Y|X,)=X.BA
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o X, = active ter l‘
« X, =inactive terms given XA
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e Multicollinearity

some terms can be approximated by linear
combination of the other terms.

cegd. Xj QCD+C1X1+C2X2+C4X4+C5XS

In this case, X’X is close to smgular (det=0),

o ;5‘ (B X)Xy Gind Var(ﬁ} Sl 4. € e
can be'huge.

» We should avoid including all variables with
multicollinearity in the regression model
o e.g. set X =(X;, X5, X5, X5),
s X;=(X3), since X5 can be explained by X;,X;,X;,X¢
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e How to detect multicollinearity?
Check (X'X)1?

e problem: don’t know how large is large.

A better method: sz, the coefficient of
determination for the regression

X= CotC X +...+C 1 X 1 +C 1 X 4T .+ch£_+e
% R2j=1 - multicollinearity, i.e. some terms can be
approximated by linear combination of the other terms.
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10.1. Active terms and multicollinearity

¢ Relationship between rar(4,) and R?
Using the idea of Added Variable Plot

E Ximl B Ko Kora Koigg i)y T Xk K X7 X, -
Fer GF_(XI _X j-1 <L 2 8 J\G ol o’ci) o Y._XP.‘.Q
w I K Evide Ex1%

-

B; = Regression coefficient between (I —H, )Y and (I - H, )X,

(o, ) e @ ()
Van(AX) = AUWLX) A

Xj = ¢y + 0 X +"'+Cj—1Xj—l +E Xf i .,.+CF.YF +e. or

X, =Xgcote,

i
RS _, X, (I-H,)x & Y(I-H)Y

7SS

Rl

Var(B;) =0’ (X', - Ho )X, @

For the regression

1e have Rf =

SHEWIEAGERRTE MELATESSISFFE
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® Relationship between 7ar(s,) and R;
Var(B,)=c*(X',(I-H, )X,

y= )%-l'& el SX X,
2

o

Var n_ -
Therefore, Varlf,)gesmey - —
Variance Inflation Factor (VIF)
1
“(-R)

+ Increase in Variance due to multicollineari
» Big VIF or Rj2 implies multicollinearity

K e In practice, R2> 0.7 is regarded as strong correlation
»_Becareful if 5-,2‘ or VIF > 1/0.3 s
a4 A
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10.1. Active terms and multicollinearity

e Example
x1=c(1,3,2,4,5,2,3,1,0,5)
x2=¢(8,9,7,2,5,9,6,4.4.1) i
x3=2"x1-5"x2+Rarm(10,0.0.1) xl "t 2K SX 2 m
x4=c(3,1,4,2,7,3,4,5,6,3)
y=3+x1+2"x2+2*"x4+rnorm(10,0,0.5)
summary(Im(y~x1+x2+x3))
#Find VIF
Rj1=summary(Im(x1~x2+x3+x4))$r.squared; VIF1=1/(1-Rj1)
Rj2=summary(Im(x2~x1+x3+x4))%r.squared; VIF2=1/(1-Rj2)
Rj3=summary(Im(x3~x1+x2+x4))$r.squared; VIF3=1/(1-Rj3)
Rjd=summary(Im(x4~x1+x2+x3))$r.squared; VIF4=1/(1-Rj4)
print(rbind(c("Rj",Rj1,Rj2,Rj3,Rj4),c("VIF",VIF1,VIF2,VIF3,VIF4)))
#Moadified fitting by deleting either one of x1,x2,x3
summary(Im(y~x1+x2+x4))
summary(Im(y~x2+x3+x4))
summary(Im(y~x1+x3+x4))
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10.2. Automatic Variable Selection procedure

e For all possible candidate models, we compute
Akaike Information Crlterla (AIC)-—EW f l; th(

Sign Comment

| Number of parameers in the model
rf""A e

nlog + 2P e.g. p+1in regression

ﬂx))

nlo XRSS]+ DPc log(n) 2
Mallow’s C,, Sta stlcs - 27 (Y ELY;IX; ))
B wsin, o0 B

- Predicted re_srdual sum of Square (PRESS)

Al
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Bayesian Informatio}tfl Criteria (BIC)— ?ﬁ&'fedil«-?mo(
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10.2. Model Selection in Practice

When you have Y and >-;§_1’ y . )-EF’
_ A
For each possible model (e.g
y=BD+B'Ix1: Y=BU+B’IX1+---+Bpxp 3 yzBp—‘lxp—T-l_Bpxp EtC)
» Find AIC, BIC, C,, PRESS
» Report the best model (smallest value) w.r.t each criteria
« How many possible models ? (how many combinations)
o 2P
« If p=20, 220=1048576 /Coh to X 2%
» If a regression takes 1s , how long does it take for model selection

Solutions
e« Forward Selection

m, |

» Backward Selection

i
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10.2. Automatic Variable Selection procedure

PRESS

S -5l =3

i=l i

m

2 common structure: |

Ttk of fit“+ penalty for model complexity
» Larger model = Smaller RSS, Bigger penalty

o Smaller model = Larger RSS, Smaller penalty

» When p is fixed, they yield the same result (min RSS)
For PRESS, no penalty is need since different
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