
7min20sec Gaussian distributions

If ✗ is a random variable with continuous, strictly increasing
CDF
, F. then one way

to sample from distorts of ✗

is to draw Y uniformly from [0,1 and put ✗
= F- '(Y) .

E.g. if ✗ is exponential with rater
,
ie.

Pr(✗ > t) = e-
rt

Ht

then ✗ = F-
' (yl = ten ) .

twn ,N(0,1 ) .#
Density is fly = ¥ e- £" where -2 is a normalizing

a

constant to make Jfk)dx=1 .
→

Bad news : the CDF f-G) = § fly ) dy
-

o

has no closed form expression .

If are independent N(0,1) samples , their

density is flag) = ¥2 e- £6757 .
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= ¥ ! f. e- rdrdo

= 2¥ § re- tidr Subst. u=Ér'

du= rdr



= 2¥ § e-
"

du

= 2

z2 ⇒ 2- = OFI

Moist has density ft) = e-
±?

If X
,-1 are indg . V10.11 and ¥4)=(R , polar

then ⑨ is uniform on [0,21J
R is distr:b on [0.x) with density glrt-re.tt

and indes of ☒ .

CRDF of R is GG) = T.se#sddsu-- Is '
0
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sample R by drawing Yfnm Unit [0,1] .

R=ÉT± .

Procedure for sampling N(0,1) :

1. Draw ④ ~ Unit [0,251
2- Draw Yor Unit 10,1]
3. R=Ñ¥
4. Output Rcos(④) .



Observe Pr( R- r. ) = 1- e-
£"

÷

Pr(Ñ< +1=1 -e- tt

i. RZ is exponentially drétib with rate £
.

i. E- (A) = 2 . mean var.

td
Remember RZ = XZTYZ and each of X,Y is NCO,1) .

i. E- 1×7--1
Since Efx]=o, this means Var(✗)=1 .

Why important ?

centralimit-heorem-i-fxi.kz , /↳, - - - is an infinite seq
of identically distributed random variables each with

mean
µ

and variance GTX
,

then

F. (XiK+✗_ - µ)d→ NCO,1)

If you average u random numbers with mean µ

you'll get something chose to
µ

but

it 'll differ by about ¥
.



dxd identity
The Multivariate Normal Distribution V10

,
1) is the distorts

of n.cl indoor NCO
,
1) random variables .

density FG
, , .
. ,×d)=r!e¥kit×i+i)

depends only on

4th
,
- - >✗d) 112 .

5. rotationally
invariant

.

If ✗ = Hi
,
.
. . . ,Xd) is a sample from NCO

, #-)

and Q is orthogonal matte ,

QX is also distributed according to Nco, -1) .
These 2 properties i

C) the coordinates of ✗ are independent rand vars.

e) rotation invariant

are important .

Illustrations say ✗
, , Xz are indep.NO/ 1) .

What is the disturb of

X.tk?Q--{¥ ¥ is an orthogonal matrix
¥ - ¥]

Q[¥] has NCO
,
1) distribution .

Sts . first coordinate is G- (4+4) .

is NCO,1) distributed ⇒ Xitxz is N(0,2) .


