
Sample Formula Sheet

•
E[g(X)] =

∫ ∞
−∞

g(x)fX(x)dx,

where fX(x) is the pdf of r.v. X, and g(X) is a function of X. If X is a discrete
r.v. taking values xj, j = 0, 1, 2, ..., then

E[g(X)] =
∞∑
j=0

g(xj)Pr(X = xj).

•
V ar(X) = E[X2]− (E[X])2.

•
SX(x) = e−

∫ x
0 hX(t)dt.

• The pgf of X is PX(z) = E[zX ]. It has the following properties:

E[X] = P ′(1); E[X2] = P ′(1) + P ′′(1); Pr(X = k) =
P (k)(0)

k!
, k = 0, 1, 2, ...

• mgf and pgf:

MX(t) = E[etX ], PX(z) = MX(ln z), MX(t) = PX(et).

E[Xk] = M
(k)
X (t)|t=0.

• X1, X2, X3, · · · are independent, identically distributed (i.i.d.) r.v.’s and their
pgf is given by PX(z). N is a r.v. which is independent of X1, X2, · · · . Define a
random variable S as

S = X1 +X2 + · · ·+XN .

Then we have
PS(z) = PN(PX(z)).

• Unconditional pdf of X with a random parameter Θ:

fX(x) =

∫ ∞
−∞

fX|Θ(x|θ)fΘ(θ)dθ.

•
E[X] = E[E[X|Θ]], V ar(X) = E[V ar(X|Θ)] + V ar(E[X|Θ]).

• If Y is a (p1, p2, ..., pn) mixture of random variables X1, X2, ..., Xn, then the cdf
of Y is

FY (y) = p1FX1(y) + p2FX2(y) + · · ·+ pnFXn(y),

where pi ∈ (0, 1), i = 1, 2, ..., n and p1 + p2 + · · ·+ pn = 1.
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• Poisson with parameter λ:

Pr(N = k) =
e−λλk

k!
, pgf : PN(z) = eλ(z−1).

• Negative binomial distribution with parameters (r, β):

Pr(N = k) =

(
k + r − 1

k

)(
1

1 + β

)r (
β

1 + β

)k
, k = 0, 1, 2, · · · .

pgf : PN(z) = [1− β(z − 1)]−r.

• Binomial distribution with parameters (m, q):

Pr(N = k) =

(
m
k

)
qk(1− q)m−k, k = 0, 1, 2, · · · ,m.

pgf : PN(z) = [1 + q(z − 1)]m.

• About Gamma function:

Γ(x) =

∫ ∞
0

tx−1e−tdt, x > 0,

Γ(x+ 1) = xΓ(x),

Γ(1) = 1.
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