STA 413 Formulas

Distribution  f(x) M (t) E(X) Var(X)
Bernoulli 0*(1 -0 —*I(z=0,1) fe! +1—6 0 0(1—6)
Binomial (Me=(1—0)"=I(x=0,...,n) (Bet +1—6)™ no nf(l —0)
Poisson e_;f‘m I(x=0,1,...) eXe=1) A A
Geometric (1 —0)*1I(x =1,2,...) fle7t+6—1)71 5 L2
Exponential $e~*/?I(z > 0) (1—6t)~1 0 62
Gamma ﬁ(a)e’z/ﬁxo‘*ll(x > 0) (1—pt)~« af af?
Chi-square me_’”ﬂx”m_ll(aﬁ > 0) (1—2t)=v/2 v 2v
z—p)2
Normal U\}%e_( 202) 6,ut+%02t2 o2
Uniform Falla <z <p) 7?12;_,6:; ot i r
Beta et -2 0 <e < 1) a5 PG
oo :L'k oo A r
e:ZH Za: 7af0r0<a<1
k=0 k=r
Elg(X)] =32, 9(x)p(z) Blg(X)] = |7, 9()f(x)dz

Fy(y) =1-[1 = F(y]"

Py, (y) = [F(y)]"

n ‘_iQ n
S

n—1 n—1\4
=1

If Ay C Ay C ... then lim, oo P(A,) = P (U, A,)
X, “% X means P{c: lim, oo Xn(c) = X(c)} = 1.

Xn < X means for every continuity point z of Fx,
lim,, o0 Fx, (x) = Fx(z).

. d
If a is a constant, X,, — a = X, 2 .

y) =n[l = Fy)|" " f(y)
frv. () = n[F)" " f(y)

E(9(X)) = aPr{g(X) = a} for g(x) > 0

If A; D Ay D ... then lim, o P(4,) = P (N2, An)

X,, & X means for all € > 0, lim,, ., P{|X,, — X| <€} =1.

X, X=X, 52 Xx=>X,%X

Yn a'—sfp

Taylor’s Theorem (Just for two terms plus remainder): Let g(x) be a function with ¢”(z) continuous at

x = x9. Then

9(x) = g(x0) + ¢ (z0)(x — o) +

where x* is between z and xg.
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Convergence Rules
Convergence in Probability
(a) X, 2 XandV, 2 Y then X, +Y, > X +V.
(b) If X,, & X then aX, 2 aX.
(¢) If X,, & X and the function g(z) is continuous except possibly on a set A with P{X € A} =0,
then g(X,) 2 g(X).
(d) If X, & X and Y;, &Y then XY, & XV
(e) Variance Rule: If lim,, .o, E(T,) = 0 and lim, . Var(T,) = 0, then T, LN
(f) Weak Law of Large Numbers: X, 2 p
Convergence in Distribution
(a) If X, % X and the function g(x) is continuous except possibly on a set A with P{X € A} =0,
then ¢g(X,,) 4 g(X).
(b) If X, % X, A, % a and B, &b, then A, + B, X, = a +bX.
(¢) Central Limit Theorem: If Xy,..., X, are a random sample from a disribution with expected
value p and variance o2, then /n(X,, — ) 24X ~ N(0,0?).

(d) Delta method: If T, 2 ¢, \/n(T), — ¢) <, T, and g(z) is a function with ¢'(c) # 0 and ¢ (z)
continuous at x = ¢, then /n(g(T,) — g(c)) <, g (e)T.
(e) Delta method combined with CLT: /n(g(X,) — g(p)) LY ~ N(0,g'(p)0?).
Regularity Conditions: Let Xy,..., X, ik f(x]0),0 € Q
If 61 # 63, cannot have f(x|6,) = f(x|f2) for all z.
The support of f(x|f) does not depend on 6.
Q) is an open set, so that each 6 € € is surrounded by a neighborhood of points in 2.
68—022]"(36\9) exists.
2 [ f(x]0) de = [ 2 f(x]6) da.
aa—;f(x\ﬂ) exists. And for all 8 € Q, there exists a function M(z) and a constant ¢ such that

’%log f(x|8)‘ < M(z) with Eg (M (X)) < oo for all 8y —c < 8 < 0y + ¢ and all = in the support

of f(x|@). True parameter is 6y.

Likelihood Formulas

1) = —E (;’T In f(X; 9)) —E[ZWf(X;0)]" S=2Wnf(X;0). E(S)=0, Var(S) = I(6).

-~ d
It E(T) =0, Var(T) = 7 Y, = V(b — 0) =Y ~ N(0, 757)
C = {x: A, <k}, where A, = fggfﬂ) G = —2InA, = 2(£(0) — £(0p)) S G ~X2(r)
L(6,x) = g(t,0)h(x) h(f]x) < L(0,x)h(0)



