List of important distributions — Probability Theory (235A), Fall 2011

N(0,1)*> = Gamma(1/2,1/2) = X%l)

X{,) = Gamma(n/2,1/2)

Name Notation Formula E(X) V(X) E(X*)
. . n n2—
Discrete uniform X ~U{l,...,n} P(X=k =21 (1<k<n)| = =1
Bernoulli X ~ Bernoulli(p) PX=0)=1-p, P(X=1)=p P p(1 —p) P
Binomial X ~ Binomial(n,p) | P(X = k) = (})p*(1 — p)"~* (0<k<n)| np np(1 — p)
Geometric (from 0) | X ~ Geomg(p) P(X =k)=p(1 —p)k (k>0) % —1 %
Geometric (from 1) | X ~ Geom(p) P(X =k)=p(1l —p)*? (k>1) 5 %
Poisson X ~ Poisson(A) P(X=k)= 6_’\’\k—T (k>0) A A Bell numbers (for A = 1)
Negative binomial | X ~ NB(m,p) P(X =k)= (""" ")p™(1 - p)* (k>0) m(;p) m(;;p)

. a —a)? k+1_ k+1
Uniform X ~Ula,b) fx(z) == (a<z<b)| o (b12) m
Exponential X ~ Exp()) fx(z) = Xe™® (x >0) 3 = AR

9 — kL keven
Standard normal X ~ N(0,1) Ifx(z) = #e‘”” /2 (x € R) 0 1 {é”f/Z)’Qk/2 .
Normal X ~ N(u,o?) fx(z) = ;ﬂae_(x_“)z/%z (x € R) I o?
Gamma X ~ Gamma(a, \) | fx(x) = F’\(Z)e*)‘xxafl (x > 0) N % AF Fifzz)k)
Cauchy X ~ Cauchy fx(x) = 11 (x € R) N/A N/A N/A
_ a - o a B(atk.,b
Beta X ~ Beta(a,b) fx(@) = gamr 1 —a)"! O<z<l)| %3 m W
Chi-squared X ~ X%n) fx(z) = Qn/zpl(n 2)6*’3/%%_1 (x > 0) n 2n
Useful facts: (“+” denotes convolution, i.e., sum of independent samples; “=" denotes equality of distributions)
Binomial(n, p) * Binomial(m, p) = Binomial(n +m,p)  Gamma(a, \) * Gamma(3,\) = Gamma(a + 5, \)
Poisson(\) * Poisson () = Poisson(\ + p) N(uy,02) % N(ug,02) = N(py + pg, 03 + 03)
Geomy(p) = NB(1,p) Exp(A) = Gamma(1, \)
NB(n, p) * NB(m,p) = NB(n + m,p) (o Cauchy) * ((1 — a) Cauchy) = Cauchy (0 <a <1)



The Euler gamma and beta functions

Definitions:

Functional equation:

Special values:

Relation between I' and B:
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