STAT 420 Multivariate Normal Distribution Stepanov
Dalpiaz
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X = 2| N-dimensional E(X)=p= H?2

random vector
X n Hp
011 012 - O1n oij:Cov(Xi,Xj)
_ 1021 022 - O2n '

Z= Z=E[(X-p)(X-p)]

Oont On2 - Opn 2 — symmetric, nonnegative-definite

Multivariate Normal Distribution:
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I
Y=AX+b A-mxn b e RM
= Y ~Ny(Ap+b AZA")
X = (X1] X, is of dimensionm <n w= [ulJ 5 = (211 ZlZJ

X2 X, is of dimension n - m 1o Xy I

X%, ~ Nm(ll1+212 22(X2 - p2) X1 —Zpp 25%221)
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1. Consider arandom vector X = | X, | with mean E(X)=p =1
3

X3
9 2 -3
and variance-covariance matrix Cov(X)=X=| 2 4 -2
-3 -2 16
Then Var(X;)=9, Var(X,)=4, Var(Xj3)=16,
ppp=—2 =+ 5 - =8 1 5 -_-2 __1
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X1
Consider 2X;-3X,-X53 = (2 -3 -1) X,
X3

E(2X,;-3X,-X3) =(2 -3 -1)p =2pu;-3p,-pug3=2-5-3-1-1-3 = 4,

9 2 -3)( 2
Var(2X;-3X,-X3) = (2 -3 -1)) 2 4 -2 -3
-3 -2 16 )| -1

2
= (15 -6 -16) -3 | = 64.
-1

OR

Var(2X,-3X,-X3) = 4Var(X;)+9Var(X,) +Var(X3)
—12Cov(X,X,)-4Cov(X,,X3)+6Cov(X,, X3)

= 36+36+16-24+12-12 = 64.
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) 4 -1 0
X ~ Ng(p, XZ) p=13 ¥=|-1 4
7 0 2 9

Find P(X,>6).

X; ~ N(5,4)

6-5
P(X,>6) = P(Z>WJ = P(z>05) = 0.3085.

Find P(5X,+4X4>70).

E(5X,+4X5) = 5-3+4-7 = 43,

Var(5X,+4X3) = 25Var(X,) +40 Cov(X,,X3) +16 Var(X3)
=25-4+40-2+16-9 = 324.

OR
4 -1 0)(0 0
Var(5X,+4X3) = (0 5 4)-1 4 2||5|=(-5 28 46)/5| = 324.
0 2 9)4 4

70-43

v 324

P(5X,+4X3>70) = P(Z> ] = P(z>150) = 0.0668.

Find P(3X5-5X,<17).

E(3X3-5X,) =3:7-5-3 = 6.

Var(3X3-5X,) = 9Var(X3)-30Cov(X,,X3)+25Var(X,)
=9-9-30-2+25-4 = 121.



d)

e)*

OR

4 -1 0
Var(3X3-5X,) = (0 -5 3)-1 4 2
0
17-6
P(3X3-5X,<17) = P| Z<~—| = P(Z
(3%5-5%,<17) = {212 = o

Find P(4X;-3X,+5X3<80).

0 0
-5|=(5 -14 17) -5| = 121.
3 3

<1.00) = 0.8413.

4

-1 0\ 4 4

Var(4X,;-3X,+5X3) = (4 -3 5)[-1 4 2|/ -3|=(19 -6 39) -3

= 289.

4X,-3X,+5X5 ~ N(46,289)

P(4X;-3X,+5X53<80) = P(Z<

Find P(X; >8] X, =1, X3 =10).

4 2 4 1(9
Y., = yol— =
22 [2 9} 22 32(—2

41 9 -2) 1
X =—A(-10 =
12%22 = )(—2 4] 32

1
32

B+ T Eo3(Xo —pp) = 5+ (-9 2)(

0

80 — 46)
\J 289

Y

(-9 2)

1-3
10-7

2 95 5

= P(2<2.00) = 0.9772.

j = 5.75.

211—212 25%221 = 4—i(—9 2{_01J = 371875

32

X;| X, =1,Xy=10 ~ N(5.75, 3.71875)

P(X;>8|X,=1,X;=10) = P(Z>

8-5.75

v 3.71875

j = P(z>117) = 0.1210.



