Standard Random Variables

Notation: P{X}/ P(X), E[X]/E(X), assume independent and identical distribution (iid). Python: np.random

Discrete Distribution
XEN

Categorical X~Cat([py,p,, --1) =

Bernoulli trial

X~Bern(p)
Binomial replace
X~Bin(n,p)

#successes in n Bern(p) trials
X~Bin(1,p), (0-1) distributionif n=1

Geometric / Negative Binomial
X~Geom(p), X~NegBin(r, p)
.. inn Bern(p) trials until 15¢/r successes

Poisson

X~Pois(A), A=np >0 memoryless
#events in a fixed interval of time t

[Negative] HyperGeometric

X~NHGemo(w,b,n),total N=w + b
#successes in n draws / until n failures

replace

Joint (X, Y)

Marginal (X)
marginalize over another variable

Marginals for Y ——,

H0)=S1(x3)

PMF Prob. Mass Function
Valid i.Vx;. P{X =%} = 0
ii. %720 P{X = x;} = 1 (density sum to 1)

P{X}=p, P{X}=q

P{X =k} = (p*q"*
P{X =k} =p“q'™*

P{X =k} = q*p, k = #failures
P{X=k}= ('r':;)qk‘lpr, k = #trials

e~ Ak

PX =k} =

Pois(At) given Exp(Q) as waiting time interval

P{X =k} = —(z(sz;)")

fX‘y(xi’yi) = PX,Y {X =Xp Y = y]}
= PI.]

fX(xi) =P{x = xi}
=2y fry(uy) = X720 Py

Y Marginals for X
N T W D WIERY
1 |0.32/0.03]|0.01|0.36 '
2 |0.06|0.24]0.02|0.32
3 |0.02|0.03]0.27|0.32
flxy)=1
0.40 | 030|030 | 1 ‘/2»2 ()

CDF cumulative Distribution
Fe(x) = P{X < |x|}, 1—P{X > x},
PIX=K}=P{X<k}-PX<k-1}

g=1-p)

Normal Approximation

Poisson
n—- o, p—-0, A=npismoderate

1—g*, x>0
[Exp(4)] Approximation

by def

FX,Y(x' y) = ZL:O Z{;:O Puv
=Pyy{X <x,Y <y}

Fy(x) = Py{X < x;} = F(x;, o)
= Y=o fx(xu)

Memoryless P(X > s+ t|X >s) = P(X > t).

E[X] =
XizoxiP{X = x;}

Var[X] =

E[X?] - E[X]?
LoTUS, E[g(X)] =
Y g(x)P{X =k}

p pq
np npq
q 1r (1-p)r
=, = .
p p p
A A
w N—n
np=n-— ALY
y N L
b+1
Valid
(<) (<) _
i=0 ijo Py=1
Vi,j. P; 20
1.0
0.5
0.0
1.25 \
1.00
0.75
y 0.50
0.25
0.00
-0.25 V-

-1 0
X

1

0 1

the joint density function



Continuous Distribution
XER

Uniform

X~U(a,b) = e 2ExP(A)
a completely random point in [low, high]

Exponential
X~Exp(), rate A = % >0
waiting time between 2 successive events

Pareto

1
X~Pareto(shape = a) = x,,e"PP U™

cascade events, wealth, x,,, = 1. Loglinearity

Normal / Gaussian
X~N(0,1) Standard

X~N(u,0?)
normal(loc = u, scale = o)
Beta

_ r(a1)
X~Beta(a, f) = (@ )+T(F+1)

As prior for Bayesian

Gamma

X~I'(k,1), shape k>0

X~I'(k, 1), scale=1/1>0
1

YIX~N ()

Joint (X, Y)

Marginal (X)

memoryless

PDF Prob Density Function
Valid i.Vx. f,(x) =0

ii. fjooo fx(x)dx = 1 (density sum to 1)

f (x) _ {ﬁ, x € [a, b]
X 0

otherwise

otherwise

Ae™ x>0
fey =i x>

—(a+1)’ x> x,

f (x) = {axf‘nx

0, x<x,

2
X
fy(x) =ce"2, x€R, c= -

? _(x_)
fX(x) =ce 202 = ce 2

£ () = {ﬁx"_l(l —x)f1, x € [0,1]
() =

0, otherwise

f()—kal_" , x>0

r(k)

1 (Ax)
f() F(k) . —e ™ ,x>0
fxy(xy) Xy(xy)

£ =" fyyCay)dy

CDF cumulative Distribution
Fy(x) = ffw fx(t)dt, complement, LoTP

fx () = = Fe(x)

0, x<a
xX—a
Fy(x) = —, XE [a, b]

—-a

1, x>b
—Ax

1—e x>0
Fo(x) = ’
X( ) {0, otherwise

ng)={1‘(%0a'x2xm

0, x<x,

2

Dy (x) = cf_xooe_xT dx

Dx-u(z) CLT; P(2) =1—D(—72)

_r@r) _ (a-nip-1)

r(a+p) (a+p-1)!

rk) = k—-1)! ,keEN
r) = [ e™*x*'dx, k € R*
I(1,4) = Exp(d), —%log )

Fyy (xy) = ffB fx,y (x, y)dxdy
= f_xoo f_yoo fxy W, v)dudv

Fx(x) = PX{X < x} = Fx,y(x' °°)

= [*_ frdu

E[X] =
JZ x - f(0)dx

a+b

1
0=3
integrate by part
ax.

{—m, a>1
a—1
o, a<1

a+p

>

Valid
FX,Y(_OO' °°) =1

Vx,y. fX,Y(x!Y) = 0

Var[X]
LOTUS, E[g(X)] =
J, 9()f ()dx

(b-a)?
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{valid, a>2
o, a<2
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