
15 Apr 2026 Gaussians !

Continuous distributions onR can be

encoded by their CDF random variable

S
of Threshold

F(t) = Pr(X -
St&

F is always

D non-decreasing
② right-continuous

,
F(t) = limext Elt) .

M

·
:- mass point Pr(X = 1) > 0

.V-
When F is differentiable its derivative flt)

is called the pubility density of X.

E not necessarily 1

.

Sf(t de = 1

The distributions we talk about will either

have Mass points or a density
function



Another way
to think about probability

densties : goo
"X is in an

interver of

· leath aThe probability centered at to

behaves like E · f(t) + o (E) as 2+ 0
.

Probabilities of small intervals near t

are
3. (interval Length) + Lowerwords terms

.

· density f(t)

E
. g . suppose h is differentiable func R+ IR

and X has pub· density f.

What is the density of hIX)
at s = h(t)?

h s = h(t)
= => ---

1 2- - h(t) .+

↑ ↑
X is here

h(X) is here
with prob
= c . F(t)

with prob ~ 3 . F(t).

Pr( interval Et+ =density of :
Lenstulint) 2 - Clt)

h(X) at S

=



The higher-dimensional analogue : for

vector-valued random variable *ER"
,

Pr(* = B
,
) = E . f(E) + preod

↑
n-dimensional

box of volume a

centred at Ext

meary variance

The Cassian distribution NCO
, 1) is the

distribution on R with density
f(t) =Fret

Y important exponential function

the
necessary normalizing

factor that makesflt) It =
1.

The CDF
F(t) =5 + ()dt

cannot be written in closed form



If X and Y are independent and

both are N(0
,

1) distributed
,

their joint density is

f(x, y) =(*. (ey)
= e* (x + yY)

Fini
The joint distrib of (X

,Y) is - 2 -

? f(x
,y) = (f(x)) + (38(1)② rotationally invertent

f(x
, y) = f() · f(y)

⑤ independent .

↑
This is what's so special

about Gaussars
,

sampling from continuous distributions.

emma.

If X is a
rand rar with

continuous CDF
,

F(X)
,

then

the rand var Y= F(X) is unif

distrib in [0,
1] .



↑ To show : Pr(Yxt) = +Vee(1)

↑ - (yxt) = p)f(x)xt)
= Pr(X = F(t)

~ maximum s

S.
t. F(s)= t

= F(f+ (t) = tan

&r Jos Y-[0,
1) uniformly rand

,

X = F"Y has CDF F

& Exponential rate 1and war has

CoF F(x) = 1 - ex

density f(x = e
+ (x = 0)

Sampling from ext distrib

① Draw Yo unit 10
,

17

②X = F
"

(4) =
- h(f- Y) .



Sampling from Gussian

If X
,Y are independent Mo

,7)
,

f(x
,y) = ite

-(+ y)

In polar coords : let R=
O = tan) Y(x)

,
density in plar:r=

⑭


