Table of Common Distributions

Discrete Distributions

Bernoulli(p)

pmf P(X =z[p) =p*(1 —p)'™% z=0,1; 0<p<1
mean and

variance X =P Var X =p(1-p)

mgf Mx(t) = (1 - p) + pe*

Binomial(n,p)

pmf P(X =z|n,p) = Q)p*(1 —-p)" % z=0,1,2,...,n; 0<p<l1

mean and

variance EX =np, VarX =np(l —p)

mgf Mx(t) = [pe‘ + (1 - p)]"

notes Related to Binomial Theorem (Theorem 3.2.2). The multinomial distri-
bution (Definition 4.6.2) is a multivariate version of the binomial distri-
bution.

Discrete uniform

pmf PX=z|N)=4%; z=12,...,N; N=12,...
meqn and EX = N+l yar X — (N+)(N-1)

variance 2 12

maf Mx(t) = % Tic, ¢

Geometric(p)

pmf P(X =zlp) =p(1—-p)* Y z=12,...; 0<p<1
mean and

variance
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(
mgf Mx(t) = 1'_7{':;;(,-‘ ?< ——log 7 P)
notes Y =X-1is negaﬁvé*bih
PX>s|X>t) =

al(1,p). The distribution is memoryless:
>s—1t).

Hypergeometric

MY/N—-M
z /.

pmf P(x=z|N,M,K)=§—lé,$‘T—2, £=0,1,2,...,K:
M-(N-K)<z<M; NMK?>0

mean and _ KM _MNMNK
variance EX =75, VarX N(N-1
notes If K« M and N, the range £ =0, 1,2,..., K will be appropriate.

Negative binomial(r, p)

pmf P(X =zlr,p)= (T2 ) (1-p)% z=01,...; 0<p<1

mean and (1 _pz _ r(1-p)

variance BEX = Var X = P

mgf Mx(t) = (ﬁp_—pjﬁ) , t<—log(l—p)

notes An alternate form of the pmf is given by P(Y = y|r,p) = (¥~])p"(1 -

p¥ ",y =r,r+1,.... The random variable Y = X + r. The negative
binomial can be derived as a gamma mixture of Poissons. (See Exer-

cise 4.34.)
Poisson())
pmf P(X=zl)\)=e_;’\x; z=0,1,...; 0<A<o0
mean and py ) VarX = A
variance

mgf Mx (t) = M=)
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Continuous Distributions

Beta(a, 8)
pdf f(z|a,ﬁ)=mé—ﬂ5:r"‘1(l—a:)ﬂ—1, 0<z<1l, a>0, >0
mean and
variance EX = 3%5’ Var X = 233 a°+ﬁ+1
k-1 k
myf  Mx(t) =1+, (12 2385 ) &
notes The constant in the beta pdf can be defined in terms of gamma functions,
B(a, ) = %a%%’%) Equation (3.2.18) gives a general expression for the
moments.
Cauchy(0,0)
_ 1 .
pdf f(ml@,a)—%pr(?e);, —0<Ir<oo, —o0o<fh<oo, >0
mean and do not exist
variance
mgf does not exist
notes Special case of Student’s ¢, when degrees of freedom = 1. Also, if X and

Y are independent n(0,1), X/Y is Cauchy.

Chi squared(p)

pdf f($|P)=m/—21)277$(p/2)_16_:/2; 0<z<o0; p=12...
mean and gy _ ) Var X =2
variance
p/2
mf  Mx(®M)=(r2x) . t<}
notes Special case of the gamma distribution.

Double exponential(u,o)

pdf f(zlp,0) = %e"z_“‘/", —o<zr<oo, —oco<pu<oo, >0
mean and gy yar x =202
variance
t
mgf Mx(t) = =G, It <2

notes Also known as the Laplace distribution.
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Ezponential(F)
pdf f(z|B) = 4e*/#, 0<z<oo, B>0
mean and _ a2
variance EX =8, VarX=4
1 1

mgf Mx(t) = T2 t < 3
notes Special case of the gamma distribution. Has the memoryless property.

Has many special cases: Y = X/7 is Weibull, Y = \/2X/8 is Rayleigh,

Y = a—vylog(X/8) is Gumbel.
F

r(ufa vi/2 (v1-2)/2
pdf fzlv,10) = NENE? (%) (1+(;)1:)T11+Tﬂ/1;
v2

0<z<o0; um,rb=1,...
mean and  py_ oy 59
variance 2

2

Var X =2 (7:33) %’%2:—425), vg >4
moments ‘ Exn =T ﬂ-}% r(x2z3 (ﬂ)" n<i
(mgf does not ezist) r(4)r(2 ) ! 2

2 2

notes Related to chi squared (F,, ., = ("Tle) / (%), where the x?s are in-

dependent) and t (Fy, = t2).

Gammal(a, 3)

pdf f(zla, B) = raygae®le™/?, 0<z <00, @,8>0

mean and oy 08 Var X = af?

variance

mgf Mx(t) = (25) » t<}

notes Some special cases are exponential (o« = 1) and chi squared (a = p/2,

B=2).Ifa=3Y =,/X/Bis Mazwell Y = 1/X has the inverted
gamma distribution. Can also be related to the Poisson (Example 3.2.1).

Logistic(u, 5)

—(z—~un)/p
pdf f(m|#,ﬁ)=%[1+%(%w]—m —o<zr<o0, —oco<pu<oo, B>0
mean and EX =4, VarX — ,"23?2
variance
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mgf Mx(t) = e#T(1 - B)T(L+Bt), [tI<3
notes The cdf is given by F(z|u,8) = m:(i—_gm

Lognormal(u,o?)

e—(logz—u)2/(202)

pdf f(zlu,0%) = 7= Z , 0<z<o00, —00<p<oo,
c>0

mean and EX = ey+(¢,2/2)’ Var X = e2(u+0?) _ g2uto?

variance

moments

n _ np+n3c?/2
(mgf does not ezist) EX"=e

notes Example 2.3.5 gives another distribution with the same moments.

Normal(u, 0?)

pdf f(z|u,0?) = 721776‘(’_“)2/(2"2), —00<r<oo, —00<u<oo,
a>0

mean and oy Var X = o

variance

maf My (t) = ert+t'/2

notes Sometimes called the Gaussian distribution.

Pareto(a, B)

pdf f(zla,B)= 285, a<z<oo, a>0, §>0

mean and _ Ba B o
variance EX=373 B> VaIX“(g—_fBWB—_T)’ B>2

mgf does not exist

t
pdf f(x|u):%2ﬁ(l+(%)l)u+x , —oo<zx<o00, v=1,...
;r::gnfl Zf:s not ezxist) EX" = l\;/_:_rrr ;;_n v/%ifn <y and even,

EX™ =0if n < v and odd.
notes Related to F (Fy, = t2).
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Uniform(a,b)

pdf f(zla,b) =325, a<z<b

mean and EX = b_-i2-_ﬂ’ Var X — “’I;’)a

variance

maf My () = =57

notes If a = 0 and b = 1, this is a special case of the beta (& = 8 = 1).

Weibull(~, B)
pdf faly,B) =3z e="/8, 0<z<o0, 7>0, B>0

mean 04 gx = /7T (144), VarX =g¥7[0(1+2) 12 (14 )]
moments EX™ = g"/T (1 + 3)

notes The mgf exists only for v > 1. Its form is not very useful. A special case
is exponential (y = 1).




