
3 1 Introduction on slides

Ex I I n samples I measurement

EX 2 F1 1 sample p measurements

3 2 Mean variance covariance repetition
Y fly continuous random variable

Mean Elt µ yfly dy
Averageof
manysamples
from fly

Variance Var y 02 E YM averagesquareddistancefrom µ
o F standarddeviation

Recall Z F standardized random variable

ELZ 0 Var Z I

standardized distance see examples on slides
NCO 1 N 0,2 N 0,4

y 2 how far from mean µ 0
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for medium close



Rules E at AELY au
E 41 72 M Mz

Nar at 9202

Var Y Yz 0,2 022 2100 4 1,42

covariance Cov T Y2 E MD 42 42 012
Imeasures linear co variation

In

a
51240

correlation 812 9 2
1 size 1

Examples on slide

Note YI 42 independent Cov 51,42 0

but we can see Cov 41,4 2 in other examples
slide

Rule 512 ELYTE Mills



3 3 Mean and covariance random vectors

set a i E
Also E x ̅ T ELE ELT

Def invite Σ covers
F

enxn
ord

Ln On_

Diagonal Variances o tip Cov Yi Yi

off diagonal covariances oij oji
COV Yi Y

Note Σ symmetric and
we require Σ positive definite orsemidef

Why For vectorof scalarsas
u at T univariate random variable
U ait tanten



3 6 thursday Var U

EFFI
should not
bevate

Σ pos def

Rule Cov T E ÉÑJLYÑ T
E TTT PPT

Expectation of random matrix

diagonal Yi Mi
offdiagonal Ti Mi Tj Mj



3 3 3 Generalized variance

COULT Σ

Σ det Σ measures overall variability

ility in each 4
but also captures correlation

high correlation means less overall

variability

Ex as Σ

What is 812
What is IT

512 1 2 2 0.75

Σ 4 1.52 4 2 25 1.75

b I L SLIDE

812 025 0.25 Σ 4 0.52 3.75



3 3.4 standardized distance

unfathe 2 Ytf distance of y
from µ comparable
across different 0

also 22 ʰ directionless

Multivariate vector

d Ju Σ F
Mahalanobis distance

Example if time

5 Ii a it 8

save b it 2 1
5

dr 18 d 6.4



Alf standardized random Var

Univariate Z 1 ELZ O Var Z 1

Multivariate É Σ 112 Jf more on

thursday
ELÉ Cov E I

Σ 2

Spectral decompositionof Σ

WIFE I CDCT

weldt
D diag 7,1 Xn

Xi positive since Σ pos def

Def Σ CD 2 CT

and Σ CD 112 CT

D 112 diag Ann


