Appendix B

Common Probability Distributions

This appendix serves as a reminder of the parametric forms used in the text.
Considerably more detail can be found in the standard references: Johnson et
al. (2005) for univariate forms on the counting measure; Johnson. Kotz. and
Balakrishnan (1997) for multivariate forms on the counting measure: Johnson.
Kotz, and Balakrishnan (1994, 1995) for univariate forms on the Lebesgue
measure: Johnson, Kotz. and Balakrishnan (2000) for multivariate forms on
the Lesbegue measure. Fang, Kotz, and Ng (1990) concentrating on svimetric
forms: Kotz and Nadarajah (2000) for extreme value distributions: and more
generally Evans. Hastings, and Peacock (2000). Balakrishnan and Nevzorov

(2003), and Krishnamoorthy (2006).
e Bernoulli

= PMF: BR(z|p) =p"(1—p)' ™2 =0.1. 0<p<l.

— E[X] =p.
~ Var[X] = p(1 —p).
e Beta
= PDF: BE(r|. 3) = ¢t (1 —r)? L 0<o < LO< a3,
EIX] = 2.
- Ve[ X] = rﬁm

¢ Binomial
= PMF: BN («|n.p) = (0)p“ (L= p)" e =0.1..... n, 0<p<l.
~ E[X] = np.
Var{X] = np(1 — p).
e Cauchy

~ PDF: Y(zff.o) =L —L . _c<xd<,0<ao.
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— E[X] = Does not exist.
— Var|X] = Does not exist.

e Dirichlet

T Tlerq ) Dlevy) 1
i O, Vi€ (1.2 vl
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E[Xi] = ¢t, where ao = Z’;_] ;.
7o W] = ovg e oy
- Var[Xi] = —lr——l{r-[![’:""ﬁ_‘” ;

~ Cov[Xn, Xi] = —:ﬁ}ﬁ;

e Double Exponential

PDE: D(x|at,....0x) = Neytoctag) poi=l g0~ 0< 2 < 1,30, @ =

— PDF: DE(x|p,- s 1) = 5= exp[—|t — pl/r] —oo < px <o, 0L

- E[X] = pn.
~ Var[X] = 2%

PDF: Flaln.v2) = 17 52 (ﬂ)mz —
— PDE: Tl.ve) = TR 7 ——— e T
TN (F) \»2 )

0<x<oo,v,re €l

- E[X—] = :%.Uz %20
2
— Var[X] =2 (U—Ei—z) mivp=2 4, >4,

vy (r2—4)’

e Gamma

— PDF: G(z|a.3) = -ﬁ%x“"l exp[—zp8], 0<x <00, 0<awopf.

= E[xYl = ",—"

i
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o VGT‘[X] = ;TGZ

_ Note: the y? distribution is G (4£.1), and the exponential distribution

(EX(P)) is G(1.B).

¢ Geometric

_ PMF: GEO(zlp) =p(1—p)" ", z=12,..., 0P <1.

- BIX]=

B
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— Var[X]

e Hypergeometric

— PMF: HG(z|n,m. k) = (—’)—(ﬁ—r—) m-n+k<xr<m
k.

n,m,k 2 0.
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- E[X] = km

- - & n—mj{n-k
- L(u'[_\] — mf”;(u_{” )'
e Inverse Gamma
- PDF: IG(z|a. 3) = %(;I'}_m'f'” exp—3/z], 0<z 3.
- EX] =2 a>1
oY a3 ¢
— Var[X] = T O %
e Lognormal
— PDF: LN (2|p,0) = (211‘02)_%.-3 Lexp[—(log(z) — 1) /207,
-0 < p,x < oc,0 < o?
— E[X] = exp[p + 0% /2]
- Var[X] = exp[2(p + 0%)] — exp[2u + g,
e Multinomial
— PMF: MN (x|n.pi,...,px) = ﬁ;—[pj" S T T
Pxmel YL me=l
— E[X;] = np;.
- VarlX;] = npi(1 - p:).
— Cov[Xy, X;] = —npip;.
e Negative Binomial
— PMF: NB(x|r.p) = (C2)p"(L=p)"", 2 =0,1,.... 0 < p < 1,
relIt.
Y] — rile=p)
E[X] = St
- Var[X] = %%)—
e Normal
- PDF: N (|, 0?) = (2m02) 2 exp [—3az(x — p)?],
—20 < W< 20,0< g.
- E[X] = p.
— Var[X] = o>
Multivariate case: Ni(x|p. %) = (27) 8| Viexp [~ (x—p) = ' (x—p

e Pareto

— PDF: PA(z|a, 3) = a3zt g<z0< 3.



— E[X] = £ exists provided a > 1.

1"

42 : . .
— Var[X] = (“_1‘: a3y exists provided a > 2.

e Poisson
— PMF: P(z]\) =22 2-0,1,..., 0<A<oc.
- E[X] =\,
- Var(X] = A
e t
_ PDF: T(al0) = 232 1 —o0 < px < 00,0 € It
'(3) (xo)} (14227004172 . '

- E[X]=0,1<8.
Var[X] = 7%5.2 < 6.

e t, Multivariate

84k

- PDF: MVT(x|M. 6) = M|~ (r6) /2 ECE) (1 4 oz ) =7

F(2)
where x is a k-length vector, M is a k x k positive definite matrix, and

0 is a positive scalar.
- E[X] = p.
- Var[X] = ;5M L
e Uniform

k-Category Discrete Case PMF:

) 3, fora=1,2...k
— U() = p(X = 1) =

0, otherwise
~ E[X]= £,

— Var[X] = &1 11;k_1).
Continuous Case PDF:
U(z) = f(x) =, fora=0<z<b=1
= X)) = ) =

0, otherwise

|x|fr>—(ﬁ‘-} 1i)/2

- PDF: W(X]a.8) = TR exp[—tr(8~'X)/2]
where: Ty (@) = 2082k (k=D/A[TF P (atloi) 94 5 g1,

B symmetric nonsingular. and X syminetric positive definite.




