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Table of Common Distributions
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Discrete Distributions gx

Bernoulli(p) ‘ 5

pmf PX =z|p)=p™(l1 -p)'™% z=0,1; 0<p<

mean and - B '

variance BA =p YarX = p(F-=p)

mgf My (t) = (1 — p) + pe'

Binomial(n, p)

prf  PX =zin,p) = (2)p"(-p" % 2=0,1,2,...,n1 0<p<1

mean and o .

iriante EX =np, VarX = np(l —p) I

mgf Mx (t) = [pe* + (1 —p)]"

notes Related to Binomial Theorem (Theorem 3.1.1). The multinomial distri-

bution (Definition 4.6.1) is a multivariate version of the binomial distribution.

Discrete Uniform

' |

- pmf PX =z|Ny=4: z=12,..,N; N=12,.. l

meqn and EX = N:—l, Var X = (N4IXN =) |

variance 2 12

mgf Mx(t) = 7\'—,- Z,Al:, et
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Geometric(p)

pmf

mean and

P(X = z|p) = p(l —py=

EX = #, Var X = £

=), 20 0<p<l

variance v
mgf Mx () = ‘___(I‘ie:;?, t < —log(l —p)
notes Y = X — | is negative binomial(l,p). The distribution is memoryless:

P(X>le>t)=P(X>s—t).

rz=0,1,2,.... K.

KM (N=MYN—-K)

(N=1)

H)’Pergeometric
M ..N—M)
me P(X = IIN, M,K)= = "NK—‘
K
M—_(N-K<z<M; NMEK20
mean and KM -
variance EX =% var X = 5§ =]
notes

If K << M and N, the range = = o e O 4 will be appropriate.

Negative binomial(r, P)

pmf

PO =alrp = (2T )P - T =0 0<p<l
mean and ~ -
= ti=p) — ri=p)
variance B r’ o X —_PYL
.
mgf Mx(t) = (pﬂ%‘,;ﬁ) , t< —log(l—p)
notes An alternate form of the pmf is given by PY = ylr, p)

neg

)1 gy = b

ative binomial can be derived

4.34)

Poisson(A)

pmf P(X = z|)) = 525

mean and EX = A, Var X = A

variance

mgf M (t) = X"

as a gamm

The random variabie Y = X + 7. The

a mixture of Poissons. (See Exercise

z=0,1,...% 0_<_X<oo
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Continuous Distributions

Beta(e, £)

pdf fzle, f) = grmz2~'0 -2, 0<z<1, a>0, B> 0

mean and a B o

variance EX=zip YaX = oopmasaen

- k—1 x

mgf Mx@®) =1+ E:?_-l (-Hr=0 ﬁ?) %T

notes ‘The constant in the beta pdf can be defined in terms of gamma functions,

B(a, B) = %((—2{—%?. Equation (3.2.18) gives a general expression for the moments. 5

Cauchy(8, o) *

pdf f(zlﬁ,a)z;’;l (‘8),—oo<z<oo,—00<9<00, a>0
+(= ~

mean and . 8

. 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

1 H—1,-z/2. ; -
pdf f(zlp)=W_x(-"/” tg—e/2 0.z koo p=d,2,0 | :
mean e EX=p, VarX =2
variance
,\P2 :
notes Special case of the gamma distribution. 2,
Double exponential(y, o)

pdf f(I‘#,U)=ﬁe'“_“'/”, —o0 < T < 00, —00 < p < 00, >0

mean and  _ .
. EX =, NapX=20"
yvariance
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. . et |
mgf Mx @) = =550 <~
notes Also known as the Laplace distribution.
Fxponential(8)
pdf fz|B) = Le /3, 0<z <00, (>0
mean and B e
variance EX =0, VaX=4
notes Special case of the gamma distribution. Has the memoryless property.

Has many special cases: Y = X'/7 is Weibull, Y = V/2X/B is Rayleigh, Y =
- a — vlog(X/B) is Gumbel.

F
r D‘-i-vz /
3 vy 2 2w/
- vy I[U“-,/-
pdf f(iL‘lV|,l/2) = 7% 73 (—,') P YAl 0<z<o0;
T\ T
Vi, V2 = L.
mean and v
; EX = z. V3 > 2,
variance Ba==
i X (1y +12=2)
—9 2 E
Var X =2 (u,-:) e iR 2 L 4
= vi+In va—1In
moments EX" = r( = )r : (V:)" e
- - a\r (2 v/ 7
(mgf does not exist) r(3)r(s5 ) v
X. X :
notes Related to chi squared (Fy,,., = (-V‘:—‘) / (—‘}}), where the x’s are

independent) and t (F} , = )

Gamma(a, §)

Pdf ‘ f(xlaiﬂ) = ml)ﬁ_za—le—z/ﬁ’ 0£z< 0 a ﬂ >0
mean @ of, VarX =of’
variance
o]
mgf Mxt)=(5) » 1<%
notes Some special cases are exponential (o = 1) and chi squared (@ =

p/2,8 =2). Ifa= .Y = yX/Bis Maxwell. Y = 1/X has the inverted
gamma distribution. Can also be related to the Poisson (Example 3.2.1).
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Logistic(u, 8)
d 1 e—lz—n)/B
pdaf f(ﬂ%ﬁ)—gm» —00<z<00, —00<u<om,
6>0
d 2
meqn an EX =, Var X = ,,236
variance
mgf Mx(t) = e#T(1 - BOI(L + Bt), [t|< 3
notes The cdf is given by F(z|u, f) = T_-H—_'lfum;
Lognormal(u, o2)
pdf flalu,0?) = 3= e 0<z<oo, =< <00,
c>0
:}T;e’zgnizd EX = etHe'/D | Var X = g2t — r+e
momenis - X” = ell[_l+712n2/2

(mgf does not exist)

notes Example 2.3.5 gives another distribution with the same moments.

Normal(y, o)

pdf . f(zlp, o) = - e—(z—nY/Qe)  _oo <z < 00,

2ro

—oco<u<oo, >0

mean and By, Vaf X = o2

variance
mgf Mx(t) = eht+a’1?/2
notes Sometimes called the Gaussian distribution.
Pareto(e, 0)
P
pdf f@la,p) =5, a<z<cec, a>0, >0

mean and 8
: EX = 75 1
variance i P>1

_ Bal
Var X = gopg=n P> 2

mgf does not exist
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t
r(28)
paf flzl) = - <t L __—n, —oo<z<oo, v=1,...
S P E
meqn and EX — b, U 1
variance
Var X = %5, v>2
moments Y G o L Gl Y
(mgf does not exist) BT = I S
EX™ =0 if n < v and odd.
notes Related to F (Fy,, = t2).
Uniform(a, b)

pdf flzla,b) =55, a<z<b [T i

mean and EX = b8 varX = Lb‘T‘zgﬁ

variance

mef Mx(t) = =5

notes If a =0 and b = 1, this is a special case of the beta (a = B= 1)
Weibull(y, 8)-

pdf flzly,B) = 3z7~'e" /8, 0<z <00, 7>0, B>0

:”::;Zn‘;’;d EX = g'"T (l * :71'> . VarX =/ [P (1 + %) —I? (1 + ;l,)]
moments EX™ =T+ 2) '

notes The mgf exists only for v 2 1. Its form is not very useful. A special

case is exponential (y = 1).
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Geometric Discrete .
C) @) =l uniform e f
min X, X Negative a=8 —_x Beta-binomial A
binomial (n,a,B) ' ﬁ'!‘-
(n. p) ' i o H i :
B ypergeomelric :
T I P - e
[ X=n(1 -p) | ath (M, N. K) ;
Il n— o IU+B"°° o -
i A=np T b
Poisson n—co Binomial| _--"" p=M/N,n=K i
e e . ul N— oo {
Y] (n. p) ;
S A= EX,
TX. N -X L p=np Bernoulli
nX’ . \\\ - Co /noz =np(l —P) n=1 (P) . P
Y oF Normal _ L
/ Lot) S a=f—o= ; 7
Lognormal e S~ o
log X X-yu < \ S Beta 4
o EX, \r=n 1 @’
\o?=rN
Normal # +oX \:, r— oo
©,1) \, X o=8=1
X, / Gamma X 4 % B
X, /°/ Tx*\_ IX (r.N)
/ ! !
5 .
L4, / /\‘ r=v/2 Uniform
/Y 7 Chi-squared "y _2 LX. '
/ X, /v ()
1 7 M =2
7 C Keauchy // X/v, /7 v=2
! X Exponential L :
y—oo/ ,/v,—cc RPCOEDEE e K
// R ¢ . o\ L Hx
// (vl. Vz) min X‘, "
o ll ) I ] Xl - Xl e
l s X i
// 2 ;
/ Weibutt Double . :
y (v.N) exponential S
‘ (») B )
¥

Relationships among common distributions. Solid lines represent transformations aad special IS

cases, dashed lines represent limits. Adapted from Leemis (1986).




