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BASICS OF STATISTICAL LEARNING

Bias-variance tradeoff

Bl(y — f(2))?] = Bias*(f) + Var(f) + o?
Irreducible error o2 cannot be reduced

LINEAR MODELS

F-statistic (regression)

— (SStot — SSres)/p
SSres/(n—p—1)
Tests Hj : all slope coefficients are zero

F

Ridge regression penalty

Minimize: Y- (y; — 4:)* + A Y27, 67
L, penalty; shrinks but does not zero out coefficients

R-squared
. — AP
R2 _ 1 . SSreS — 1 o z(yl y_z)z
S Shot > (yi—9)

Adjusted R-squared
B (1-R*»)(n—1)

=l
n—p—1

p=number of predictors (excludes intercept)

AIC

AIC =2p—2InlL
p=number of parameters; lower is better

TIME SERIES MODELS

AR(1) model

X, =¢X 1+e&, &~WN(0,0%)
Stationary iff || < 1

ACF of AR(1)

p(h) =¢", h=0,1,2,...
Decays geometrically; PACF cuts off after lag 1

MA(1) model

Xt :5t+95t—1, Er ~~ WN(O, 0'2)
Always stationary
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k-fold cross-validation error
1 &
CViy = % Zj:l MSE;

Each fold serves as validation once

LASSO penalty

Minimize: 32(y: — 4:)° + A 327, 18]
L penalty; produces sparse solutions (exact zeros)

Elastic net penalty

Minimize: Z(yl = :ljl)2 =+ )\1 Z |,B]' + )\2 Zﬂ?
Combines LASSO (L;) and Ridge (L)

Variance inflation factor (VIF)
1

T 2

1 - R;j

R?=R? from regressing X on all other predictors

VIF; =

VIF>5-10 indicates multicollinearity

BIC

BIC =plnn—2InL
Penalizes complexity more than AIC forn > 7

Ljung-Box test statistic

pi

=nn+2)Y 7"

Q=n(n+2)>,", m—F

Tests Hj : first m autocorrelations are zero
Distributed x?(m) under H,

ARMA(1,1) model

Xt = ¢Xy 1 +er+ 0
Stationary iff |¢| < 1

2 items

9 items

5 items



DECISION TREES 3 items

Gini impurity Bagging (bootstrap aggregation)
G= Zleﬁk(l —pr)=1-— Zszlﬁi Train B trees on bootstrap samples; aggregate predictions
pr=Ffraction of class k in node f(w) _ % 25:1 fb(fc)

Reduces variance without increasing bias

Entropy (node impurity)
H = — Y33, b log i

UNSUPERVISED LEARNING TECHNIQUES 2 items
K-means objective function PCA — proportion of variance explained
° K — 12 A
minge,,....Cx Zk:l Zi€Ck ll: — x| PVE, = p—k)\
j=1N\j

Zr=centroid of cluster k
Ar=kth eigenvalue of covariance (or correlation) matrix
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