STAT 330: Formula Sheet for the Final Exam
If A, B € %, then P(A°) =1 — P(A) and P(AUB) = P(A) + P(B) — P(AN B)
Markov: P(1X| > ¢) < BX5 vk > 0,vc >0 , Chebyshev: P(IX — | > ko) < &, ¥k > 0
E(X) = E(E(X|Y)) , Var(X) = E(Var(X|Y)) + Var(E(X|Y)>

Defining U = h1(X,Y) and V = hp(X,Y) where X = wy (U, V) and Y = wp (U, V), then

Jdx  oJx

ou v
fu,v(”/ v) = fxy (wl(u, v), wz(u,v)) x|J| , (u,v) € Support(U,V) where | = ‘ ay ‘

Ju  Jv

If (X1, X,) ~ BVN(i, ) then Xo|Xi = x1 ~ N (2 +p2(x1 — ur), 03(1 - p?))
s-method: If n® (X, — a) D X, then n’ [g(Xy) — g(a)] D ¢’ (a)X, where ¢(x) is differentiable at a, ¢’ (a) # 0, and b > 0.
If X, B sand ¢(x) is continuous at x = a, then g(Xj,) 1 g(a).

If X, g a, Yy g b and g(x,y) is continuous at (a,b) then g(Xy, Yy) g g(a,b).

(Continuous Mapping/Slutsky’s Theorem) If X, B X, Yy E) b, and g(x,b) is continuous for all x in the support set of X,
then ¢(Xn, V) 2 ¢(X,b).

If X, B X and g(x) is continuous for all x € support set of X, then g(X) D g(X).

For a scaler parameter 6, we have S(0) = %, 1(0) = M, J(0) = E(1(6; X))

da6?
< 1 —z" e o-Field: F C P(Q) such that (1) §,Q € F, (2) if A € F then
- fla| <1land 3 & = < ) ’
*D e g flal <1an ; r=¢ A° € F, (3) if A1, As, ... € F then U2, A; € F.
o I'(2) =/ e Tt = (z — 1)! e Random Variable: X : O — R is an R.V. if for all z € R,
0 ’ ;e P(X <z)=PH{w € Q: X(w) < z}) is defined.
« (f9) =fg+fg and (L) =19-79
g g2 e For X continuous, F(X) ~ U(0,1) and F~(U) ~ X
o (f(9@))) = f'(9(=))g'(x) o L-S family: Fx(z) = Fo((z — p)/0) or fx(z) = ; fi((z — p)/o).
b b oo oo
_ b e Marginalizing: fz(z) = [*_ f(z,y)dy = J22, fzly) fy (y)dy and
. /a u dv = [uv], — /ﬂ v du _ Fx(z) =limy_, o F(z,y).
e For non-neg X, E[X] = / P(X >z)dz = ZP(X > 1) e The following are equivalent:
M ) = P M (at 0 z=1 — X and Y are independent.
* Moxsa(t) = o™ Mx(at) - F(@,y) = Fx(2)Fy ().
» Gov(X,Y) = E[(X ~ E[X))(¥ ~ E[Y])] = E[XY] - EIX|E[Y] ~ f(oy) = Fx(@)fr ().
o Var(aX 4 bY + ¢) = a® Var(X) + b* Var(Y) + 2ab Cov(X,Y) = f(zly) = fx(z) or f(ylz) = f(y).
o 1< pxy = Cov(X,Y <1 — M(tl,tg) = Mx(tl)My(tz).
V/ Var(X) Var(Y) — supp(X,Y) = supp(X) x supp(Y) and there are functions
e If X ~ BVN(y,X) then AX +b ~ BVN(Au +b, AaAT) h, g such that f(z,y) = h(z)g(y).

Note that supp(X,Y) = supp(X) X supp(Y') is necessary but not
sufficient.

e X 1 YthenE[g(X)g(Y)] =E[g(X)]E[g(Y)] = Cov(X,Y) =0.
e If Xi,..., X, ind. and Y = Y7 | X; then My (t) =[]}, Mx,(t)

o If (Xu,... Xk) ~ Mult(n,p1,...,pr) then X|X] = z; ~
Bm(n—zj,1 = ) and X;|X; + X; =t ~ Bin(t, e )
e If limp 00 %(n) = 0 then limp oo (1+ 2 + AH—l) =eb°.

o If X;,Xo,... is an i.i.d. sequence with E[Xi1] = p < oo and p
Var(Xi) = 0% < oo. Let X, = 1 Zz . Xi. (WLLN) Then o X = X iff limy o0 Fn(x) = Fx () iff limp 00 Mn(t) = Mx(t)

limp 00 Xn - pt. (CLT) Then %& 4 Z ~N(0,1). and X, 5 X if limp o0 P(|Xn — X| > €) =
o Likelihood and score: L(61,...,0k;z) = [, fx(z:;61,...,0;) 1 fis one-to-one then MLE(f(6)) = f(MLE(6)).
and  £(61,...,0k; ) = i log fx (43 01,...,0k) and e Regularity conditions (when support doesn’t depend on 6):
SO, 0i50) = [F, . 5] — Consistency: 6, 3 6.
= D
. . . 820(0y,...0 — Asymptotic normality: \/J(6)(8.—6) = N (0, I1) (also holds
e Information: k X k symmetric matrix I(6);; = — I 56, k)

for any of J(0), J(6), I(9), or I(f)). Note then Var(d) ~
expected information is J(0)i; = E[I(#):;]. Check PSD by

J(6)! for large n.
det(1(6)) > 0. 5 )
(6:2) = £© o ( ® N — RLL: —2log R(0) = 2(£(0) — £(8)) = X(x-
e R(O;x , 100p% likelihood region is {6 : R(0) > p -
@) — J(6) = E[- 5] = E[(%4)%] = Var(S(9)).
e Ifp=2(Z<a)—1then{0: R(0) >e* /2} is a 100p% CI for 6. e Confidence intervals: Find a pivotal quantity to get P(q1 <
_ % X;0) < =1- d then P(A(X) <6< B(X))=1-a.
e Pivotal quantities: (1) X, — p ~ N(0, % , (2) %}5 ~ t(n—1), QX;0) < a2) o and then P(A(X) < 6 < B(X)) ~a
(-1 2 o . . e Likelihood ratio test: (1) set up Ho : 8 € Qo and H,, (2) find 61,
®) o2 X(n-1)s (~4) 1f.9 1s. location (resp. scale) family then (3) find A(6o), (4) get DoF = # of parameters - # of constraints,
Q =0 —0 (resp. Q= 0/0) is pivotal. (5) get p-value, (6) interpret.
maxgca, L(6;X)

° A(X) = —210g mom = 2(€(§,X) — maXgeQ, Z(G,X))
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