
STA 302 Formulas1 .

E(X)
def
=
∑
x x pX (x) E(X)

def
=
∫∞
−∞ xf

X
(x) dx

E(g(X)) =
∑
x g(x) pX (x) E(g(X)) =

∑
x1
· · ·
∑
xp
g(x1, . . . , xp) pX

(x1, . . . , xp)

E(g(X)) =
∫∞
−∞ g(x) f

X
(x) dx E(g(X)) =

∫∞
−∞ · · ·

∫∞
−∞ g(x1, . . . , xp) fX

(x1, . . . , xp) dx1 . . . dxp

E(
∑n
i=1 aiXi) =

∑n
i=1 aiE(Xi) V ar(X)

def
= E

(
(X − µ

X
)2
)
= E(X2)− [E(X)]2

Cov(X,Y )
def
= E ( (X − µ

X
)(Y − µ

Y
) ) Cov(X,Y ) = E(XY )− E(X)E(Y )

Corr(X,Y )
def
= Cov(X,Y )√

V ar(X)V ar(Y )
Cov

(∑n
i=1 aiXi ,

∑m
j=1 bjYj

)
=
∑n
i=1

∑m
j=1 aibjCov (Xi, Yj)

M
X
(t) = E(eXt) M

aX
(t) =M

X
(at)

M
X+a

(t) = eatM
X
(t) M∑n

i=1
Xi
(t) =

∏n
i=1MXi(t)

X ∼ N(µ, σ2) means M
X
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If W =W1 +W2 with W1 and W2 independent, W ∼ χ2(ν1 + ν2), W2 ∼ χ2(ν2) then W1 ∼ χ2(ν1)
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The square matrix A has an eigenvalue equal to λ with corresponding eigenvector x 6= 0 if Ax = λx.

Columns of A linearly dependent means there
is a vector v 6= 0 with Av = 0.

Columns of A linearly independent means
that Av = 0 implies v = 0.

A positive definite means v′Av > 0 for all vectors v 6= 0.

Σ = CDC′ Σ−1 = CD−1C′

Σ1/2 = CD1/2C′ Σ−1/2 = CD−1/2C′

cov(y) = E
{
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′} cov(y, t) = E
{
(y − µy)(t− µt)

′}
cov(y) = E{yy′} − µyµ

′
y cov(Ay) = Acov(y)A′

cov(Ay,By) = Acov(y)B′
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Mv(t) = E(et
′v) MAv(t) =Mv(A

′t)

Mv+c(t) = et
′cMv(t)

v1 and v2 are independent if and only if
M(v1,v2) (t1, t2) =Mv1

(t1)Mv2
(t2).

v ∼ Np(µ,Σ) means Mv(t) = et
′µ+ 1

2 t′Σt For the multivariate normal, zero covariance
implies independence.

If v ∼ Np(µ,Σ), then Av + c ∼ Nq(Aµ+ c,AΣA′), and w = (v − µ)′Σ−1(v − µ) ∼ χ2(p)
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yi = β0 + β1xi1 + · · ·+ βkxik + εi with E(εi) = 0, V ar(εi) = σ2, Cov(εi, εj) = 0 for i 6= j

y = Xβ + ε with E(ε) = 0, cov(ε) = σ2In β̂ = (X′X)−1X′y

ŷ = Xβ̂ = Hy, where H = (hij) = X(X′X)−1X′ ε̂ = y − ŷ = (I−H)y X′ε̂ = 0∑n
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y = Xβ + ε with ε ∼ N(0, σ2In)
yi = β0 + β1xi1 + · · ·+ βkxik + εi
ε1, . . . , εn independent N(0, σ2)

β̂ = (X′X)−1X′y ∼ Nk+1

(
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)
β̂ and ε̂ are independent under normality.

s2 = ε̂ ′ ε̂
n−k−1 = SSE

n−k−1 = MSE SSE
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σ2 ∼ χ2(n− k − 1)
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′
(i)

X(i))−1xi)
∼ t(n− k − 2)

y = Xβ + ε with ε ∼ N(0, σ2V) β̂gls = (X′V−1X)−1X′V−1y



qf(0.95,df1=6,df2=122) # Critical value for F, not in any table

qt(0.975,df=122) $ Critical value for t

XpX= t(X)%*%X

XpXinv = solve(XpX)

install.packages("readxl") # Only need to do this once. There are no dependencies.

library(readxl) # Load the package

hungry = read_excel("Diet.xlsx")

math = read.table("http://www.utstat.toronto.edu/~brunner/data/legal/mathtest.txt")

head(math)

colnames(math) = c("ID","HScalcMark","PreCalcScore","CalcScore","UnivCalcMark")

summary(math)

cor(math)

attach(math)

mathmod = lm(UnivCalcMark ~ HScalcMark+PreCalcScore+CalcScore, data = math)

cellmeans = lm(lper100k ~ 0+Cntry+weight+length)

summary(mathmod)

betahat = coefficients(mathmod)

epsilonhat = residuals(mathmod)

plot(HScalcMark,epsilonhat)

yhat = fitted.values(mathmod)

hii = hatvalues(mathmod)

cd = cooks.distance(mathmod); summary(cd)

MSE.XpXinv = vcov(mathmod)

a = as.matrix(c(0,0,-1,1))

se = sqrt( t(a)%*%MSE.XpXinv%*%a ) # Standard error of the difference

me95 = as.numeric( t.025*se ) # Now me95 is different

estdiff = as.numeric( t(a) %*% betahat ); estdiff

Lower95 = estdiff - me95; Upper95 = estdiff + me95; c(Lower95, Upper95)

ti = rstudent(mathmod) # Studentized deleted residuals

alpha = 0.05; a = alpha/200; bcrit = qt(1-a/2,dfe-1); bcrit

# H0: C beta = t ftest(model, C, t=0)

source("http://www.utstat.utoronto.ca/~brunner/Rfunctions/ftest.txt")

C1 = rbind( c(0,1,0,0),

c(0,0,1,0),

c(0,0,0,1) )

ftest(mod,C1)

anova(reducedmodel, fullmodel)

c1 = numeric(n); c1[Cntry==’Europ’] = 1; table(c1,Cntry)

c2 = numeric(n); c2[Cntry==’Japan’] = 1; table(c2,Cntry)

c3 = numeric(n); c3[Cntry==’US’] = 1; table(c3,Cntry)

wc1 = weight*c1; wc2 = weight*c2

uneqslope = lm(lper100k ~ weight+c1+c2+wc1+wc2)

Cntry = factor(Cntry)

contrasts(Cntry)

Country = Cntry

contrasts(Country) = contr.treatment(3,base=3)


