Some common discrete distributions

Distribution Notation pmf f(x) Range of X Parameter range E(X) Var(X) E(z¥)

Discrete uniform X ~ U{1,...,n} 1 {1,...,n} neN T(n+1) =(n*—1) Ly

Binomial X ~ Bin(n, p) Mp*(1=p)m—=  {0,1,...,n} neN,pel0,1] np np(1 —p) {pz+(1—p)}"

Poisson X ~ Poi(\) e AL {0,1,...} A € [0,00) A A M)

Negative binomial X ~ NegBin(k, p) G-Dp*—p)** {kk+1,...} ke N,pel0,1] % % %

Multinomial X ~ Multi(n, p1,...,pk) m,”—'nk,p’fl coprE (g, ) € pro--pk €00,1]: (npr,...,npg) Cov(X;, X;) = Rz ... z,f’“) —

k. o o npi(1 —p;) i=j ko _\n

{0,1,....n} > ni=n > ,pi=1,neN {_npipj ij (Dim1 Pizi)

Notes:

1. The Bin(1, p) distribution is also called the Bernoulli(p) distribution. If X5,..., X, S Bernoulli(p), then >"7" | X; ~ Bin(n,p). The Bin(n,p)
distribution models the number of successes in n independent trials, each with probability p of success.

2. The NegBin(1,p) distribution is also called the Geometric(p) distribution. If Xi,..., X} Y Geometric(p), then Zle X; ~ NegBin(k,p). The
NegBin(k, p) distribution models the number of independent trials required to attain k successes, each with probability p of success.

3. The Multi(n,p1,...,px) distribution models the number of balls that appear in each of k buckets, when n balls are placed independently in
the buckets and a ball falls in the ith bucket with probability p;.



Some common absolutely continuous distributions

Distribution Notation pdf f(x) Range Parameter range E(X) Var(X) E(e'¥)
Uniform X ~ Ula, 0] L [a,b]  (a,b) eR%a<b Ha+b) L(b—a)? .
Normal X ~ N(u,o?) ﬁe‘ﬁ(’”—“){z R peER, o€ (0,00) i o? etito®t*/2
A oo g
)\aaja—le—kz a a (T) 1ft < )\
Gamma X ~T(a, N e (0,00) a€(0,00), A€ (0,00) % =% { o?) t >\
T'(a+b a— — a a
Beta X ~ Beta(a, b) ﬁl‘ 1(1 - l’)b ! (0, ].) a € (O, OO), be (07 OO) atb m
Cauchy X ~ Cauchy 7r(1-1+x2) R Does not exist oo { (130 i fg ; 8
Multivari I X~ Ny(p,3) 2o e R R?, ¥ pos. def Cov(X;, X;) = By E(el'X) = et wtt"t/2
ultivariate norma ~ Ny(p, 2) 2R (e S) 12 w € R X pos. def. i ov(X;, X;) =%, E(*)=e

Notes:

1. The I'(1, A) distribution is the same as the Exp(\) distribution. If X;,.

2. For n € N, the I'(

n 1
273

) distribution is the same as the x2 distribution. If X7, ..

iid

iid

., Xy ~ Exp(X), then >0 | X; ~ T'(n, \).

., Xy ~ N(0,1), then > | Xi2 ~ x2.

3. Recall that the Gamma function is defined, for z € C with Re(z) > 0, by I'(z) := [ t* te~"dt. If n € N, then I'(n) = (n — 1)!. The function
B(a,b) = % is called the beta function.
4. We can also define the degenerate normal distribution: say X ~ N(u,0) if P(X = p) = 1. Then we say X = (X1,...,Xq)| ~ Ng(u, ) if

every linear combination ¢; X7 + ... + t43 X4 has a (possibly degenerate) univariate normal distribution. This more general definition includes

situations like the following: let X1 ~ N(0,1), and let X := (X1, X;)". Then X ~ N2(0,%), where ¥ = <1 L

1 1>. In this case, det ¥ = 0.



