Formulas For Math 447
Part A. Fill the blanks of the formulas (30 points)
1. DeMorgan’s laws: (AN B) = AUB, and (AUB) = AN B.
2. Axioms of probability: (1) P(A) > 0, (2) P(5) =1,
(3) if A;’s are pairwise disjoint, then P(U;4;) =Y . P(A;).

3. If each sample point in the sample space S is equally likely to occur, P(A) = %E—) key:

A, S —
6. P(ANB) = P(A|B)P(B). If A and B are independent then P(AN B) = P(A)P(B).
7. P(A) =1 - P(A). P(AUB) = P(A) + P(B) —P(ANB),

If A and B are disjoint then P(AU B) = P(A) + P(B).
9. X ~bin(n,p): f(i) = (?)piq”_i, if i € {0,...,n}, p = np, o? = npq where g =1 —p

13. X ~ Pois(\). f(i) = <20 ifi>0. p= A, 02 = A

3

14. Tchebysheff’s Inequality. P(|X — p| > ko) < 1/k?

) €T €T dis
Sulvly) dis ) Zeo@x@) dis o

Jufy(y)dy cts — —

15. ¥ = (). Blg(x) = { P
g(z)fx(x)dx cts

oy = E(Y?) — iy
17. A cdf F(t) (= P(X <t), ) satisfying (1) F(—o0) = 0, and F(c0) = 1, (2) F(z+) = F(x),
(3) F(x) 1. Moreover, F'(b) — I'(a) = P(a < X <b)
Yopey flx)  dis F(t)— F(t—) dis
18. F(t) = - =<
fjoo f(z)dz cts F'(t) cts
19. For discrete r.v. X, the p.f. f satisfies f(t) = P( X =¢), f(t) € [0,1], and }_, f(¢) = 1,
For cts r.v. X, the d.f. f satisfies f(t) >0, and [ f(t)dx =1
20. E(aX +b) =aE(X)+b, Var(aX +b) = @

21. X ~U(a,b). f(z)= =, ifz € (a,b). p= aT+b7 52— (b=a)?

i2
(—m)?
22. X ~ N(u,0?%). f(z)= \/2;?67 22 % ~ N(0,1)

a—le—:c/ﬁ

23. X ~G(a, B). f(z) = T itz >0, p=ap, o =aB* T(a+1)=al(a)
24. Exp(\) = G(LA), x*(v) = G(5.2)

[ Y f(t,s)dsdt cts

Ztﬁx ngy f(ta S) dis
. . o 82F(9c,y) _
27. For continuous (X,Y), their d.f. f(z,y) = =557, f(z,y) =2 0, [ [ f(z,y)dzdy = 1,
For discrete (X,Y), their d.f. f(z,y) = P{X =2,Y =y}, f(z,y) € [0,1],
Yoed oy fl@y)=1

ff(m,y)eA flx,y)dzdy cts

Z(x’y)eA f(x7y) diS

26. The cdf of (X,Y) is F(z,y) = P(X <z,Y <y) =

28. P((X,Y) € A) =




29.

30.

31.

32.

33.
34.

35.

36.

37.

38.
39.

40.
41.

42.

[ flz,y)dy cts

fx(@) =
D f(x,y)  dis
Fxpy(aly) = 559, Fxy(aly) = P (X <alY =y)

[ [9(z,y)f(z, y)dady cts

Zx Zy g(xvy)f(xa y) dlS
The cts or discrete X and Y are independent iff F(z,y) = Fx(z)Fy(y) iff f(z,y) =

fx () fy (y)
E(c) = ¢, E(ag(X,Y) +bh(X,Y)) = aE(g(X,Y)) + bE(h(X,Y))
Cov(X,Y) = E(XY)—- E(X ) (Y), V(aX +bY) = a®*V(X) +b*V(Y) + 2abCov(X,Y) ,

_ Cov(X)Y)
p - oxXOYy ’

(Y1,Y2, ..., Yi) ~ M(n,p1,.ypk)- f(y1,- yk) = ( "yk) p{t - plF oy € {0,1,...,n},
>oipi =1, and 32,y = n, Cov(Y;,Y)) = —npipy, if i # j, Vi ~ bin(n, pi)

Jxf(xly)dz cts
EX|Y =y) = - E(E(X]Y)) = E(X),

S, of(ely) dis
BV(X|Y)) + V(B(X]Y)) = V(X)
U = h(Y1,...,Yy), where Y;’s are continuous. Fy(t) = [--- [, f(y1, .-, yn)dy1 - - - dyp, where
A= {h(y1, - yn) <1}, fu(t) = F;{)
U = h(Y), where h is monotone, and Y is cts. fy(u) = fy( h=(u) )- }ag;l |
If X and Y are independent, then Cov(X,Y) = 0, E(g(X)h(Y)) = E(9(X))E(h(Y))
Mx 4y (t) = Mx(t) - My (t)

E(g(X,Y)) =

Hereatfter, let Y7, ..., V), be a random sample of Y. -
Let Y1, ..., Y, be a random sample of Y. ¥V = L 3" |V, §2 =62 = L% (V; —Y)?
IFY ~ N(p,0%), “2F ~ N(0,1), P25 ~ x2(n = 1), V52 ~ taa, where g = g,
- Xx\n=2 ‘n—1 Il
2 _ 2
=0 /n o
F(t) = O( ;;Y ), where ®(t) is the cdf of N(0,1)
o Review formulas for Math 448,
Estimator of p is X where X = , Estimator of_ o?is S?,
where S? = ckey: >0 X /n, -3 (X — X)2
An estimator 6 is unbiased if , bias B() = ,
MSE = , (key: E(0)=0,E(@®)—0,V(0)+ (B(0))?
100(1 — )% CI for 6: = key: Pla<6<Vb),1—q.
100(1 — )% large sample CI for 6: key: 0 + Za /204
If (1) Xy, ..., X;, are iid. from N(puy,_ ), (2) Y3, ..., Y, are iid. from N(us, ), and (3)
Xi’'s ___Yy’s, then T = Xpo ,

Sa/Vn’
_ XY (pa—py)

T=:=: oSy , where 0 = )
W = (ns —1)82/0? ~ ,F:Sg%/Sg ~ ,




key: 0-_27 0_27 £7 tn—la tn+m—2, (n—l):iﬂz—l)%) Xi—la Fn—l,m—la
6. fry(®) = (1t ) keys (F() (1) (1 — F()" .
7. Given two estimators 01 and 0o, eff(61,05) = ,

V(62)

key: unbiased, Vo)
8. 0 is consistent or 50 if P(|0—0] > €) — , >0, key: 0, Ve,
9. If (1) E(F) = and (2) V(0) , as n — 00, then 6 is consistent.

key: 0, = 0,

10. If g() is s é1£>91 and é2£>92,
then 91 + 925 , é1é2£> N g(él)£> —
key: cts, 01 £ 0, 0105, g(01),

13. Given a random sample X7, ..., X,, from f(z;0), their likelihood is L(0) = , the
MLE 6 of 6 maximizes . If g(0) is a function of 6, the MLE of ¢(#) is
key: Hz f(XuQ)a L(H) g? g(é)v

14. Given a random sample from f(z;0), and a function g(6), under certain conditions,

P(g(6) <t) @(%), where 6 is the of 0, 6,4 =
.~ o (Plog S (X:0) )
key: &, MLE, \/{(39)/(-nBE(Z 5IX0))|

15. The 5 elements of a test are (1) , (2) , (3) test statistics (4) )
(5) , key: H,, H,, RR, Conclusion,

16. Probability of type I error is , Probability of type II error is , key:
P(H,|H,), P(H,|H,),

17. For a large sample test for H,: 6 = 6,, a test statistic is Z = __,aRR
is Z if & > 0,; and a RR is if 0 # 005 key: 572, > zq,
|Z| > Za /25

P(W w)|H, is correct) itH,: >0,

19. The P-value is ¢ P(W w)|H, is correct) it H,: 0 <0, where W is the (Z or T)
__P(W |w|)|H, is correct) if H,: 0 # 0,
test statistic and w is the observed value of W. key: >, <, 2, >,

20. Suppose that Z ~ N(0,1), X ~ x%(u), Y ~ x?(v). If Z X, T = , then
T ~t,, f X Y F = , then F' ~ F, , and X +Y ~ . key: L,
2/, L, Xyt o)

21. The MP test for H,: 6 = 0, v.s. Hy: 6 = 0,, the MP test has the RR satisfying: gggg k
and Py(RR) = a if § = . key: <, 0,

22. The Likelihood ratio test for H,: 0 € ©, v.s. H,: 6 ¢ ©, has a RR: {\ k}, where

A= ; 0, is the MLE under ; 0 is the MLE under ;

k satisfies maz{P(RR): 6 € ©,} = ; if n is large, then —2In\ is approximated ;
where v = _ ; r and r, = # of free parameters in © and in ©,, respectively.
key: <, L) g 0, a, X*(v), r —r,

_m;_m__



