Stat 321 - Formulas

Do not write on this page and return at the end of the exam.

De Morgan’s Laws:
(AUB)=A"nB'
(AnB)=A'"UB'

Combinations

n n!
Cin= =
(kj k!'(n—k)!

Permutations
n!

" =k

Pk,n

General Addition Rule
P(A U B)=P(A)+P(B)-P(A N B)

Complement Rule
P(A")=1-P(A)

Conditional Probability
P(A|B) = P(A n B)/P(B)

Multiplication Rule
P(A n B)=P(A|B)P(B) = P(B|A)P(A)

Law of Total Probability
P(B) = ZP(B|A)P(A))

Bayes’ Theorem
_P(A,nB) _ PBIA)PA,)

Cumulative distribution function
Discrete: F(x) = Zp(y) for all y <x

Continuous: F(x) = j f(t)dt

Expected Value:
Discrete: pu =E(X) = Zxp(x) for all x
Expected Value of a function:
E(h(X)) = Zh(x) p(x)

Continuous: E(X) = [x fix) dx for all x
Expected Value of a function;

E(h(X)) =] h(x) fix) dx

Rules of Expected Value:
E(aX+b) =aE(X) +b

Variance:
Discrete:V(X) = Z(x-E(X))*p(x) for all x

Continuous: V(X) = E[(X-p)*]
Shortcut formula: E(Xz)—[E(X)]2

Rules of Variance:
Var(aX+b)=a’ Var(X)



Binomial Random Variable
n

P(X=x) = ( Jp"(l -p)",x=0,1,...n
X

EX)=np  V(X)=np(l-p)

Hypergeometric Random Variable

]

for max(0, n-N+M)< x <min(n, M)
E(X)=n M/IN

Negative Binomial Random Variable

{x +r
P(X=x)=

E(X) = r(1-p)lp V(X) = r(1-p)/p’

Geometric Random Variable
P(X=x) = (1-p)'p, x=0, 1, ...

2
E(X) = (1-p)p V(X)=(1-p)/p

Poisson Random Variable
P(X=x) = ¢™\Y/x!, x=0, 1, ...
EX)=MA V(X)=A

Normal Random Vﬁilriable
1 —E(X—H)z

—e
fix; u, o)= oJon 5 ~00=X<00

E(X)=p V(X)=0"
F(x; p, o)= @(u]
(¢

Note:
['(n)=(n-1)!

I(5)=r

Rules of Thumb:

. Jp’(l—p)x,FO, L,...

Gamma Random Variable

1
fxs o, B)= —— x%eP,

E(X) =

BT'()
af  V(X)=op?

P(X < x) = F(x/B;00)

x>0

Exponential Random Variable
e h) =he™ forx>0
EX)=1A VX)=1/A?
F(x; L) = 1-¢™ forx >0

Weibull Random Variable

fx; a,P) = %x“‘le‘("/ﬁ)g x>0

E(X) =

BL(1+1/ct)

F(x; o, B) = 1-e™P"

Lognormal Random Variable

S u,0)= ——

E(X)=

1

xov2n

2
+6°/2
e”

Fx: . o) @(Mj
(e}

Uniform Random Variable

1
x; A, B)=
S ) B

E(X)=(A+B)/2
V(X)=(B-A)*/12

Beta Random Variable
fix; o, B, A, B) =

1

for A<x<B
A

B—x

E(X) =

V(X)=

Ta+B) (x—A]al(
B-AT(a)[(B)\ B- 4

a

a+pf
(B-A)’ap

A+(B-A)

(a+ ) (a+p+1)

B-4

_ o2 2
e [In(x)-u]" (20 )XZO

p-1
j forA<x<B

e The binomial distribution approximates the hypergeometric distribution when N>20n
e The Poisson distribution approximates the binomial when #>100, p<.01 and np<20.
e The normal distribution approximates the binomial when np>10 and n(1-p)>10.
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Rules of Expected Value Rules of Variance
E(aX +b) =aE(X) + b V(aX + b) = a®V(X)

Rules for Linear Combinations of random variables
E(alxl + X+ ...+ aan): alE(X1)+ azE(Xz)‘l‘ Lt anE(Xn)
If X1,... X, are independent, V(aiXy + aXo+ ...+ anXn)= a1°V(X)+ a22V(X2)*+ ...+ an2V(Xy)

If X1,... X, are independent, normally distribution random variables, then any linear
combination of the X;’s also has a normal distribution.

Proposition
Let Xy, ..., X be a random sample from a normal distribution with mean p and variance o°.
Then for any n, X is normally distributed with tg=pand a)% = o%/n, and To = ZX; also has a

normal distribution with z; =np and aTzD = no’.

The Central Limit Theorem (CLT)

Let X1, ..., X, be a random sample from a distribution with mean p and variance o®. Then if nis
sufficiently large, X has approximately a normal distribution with tg=pand a)% = o°/n, and
To = ZX; also has approximately a normal distribution with z; = np and O'TZO = no®. The larger

the n, the better the approximation.

100(1-a)% Confidence interval for p
e SRS, o known, population normal or large sample size

X +Zy20 /</n
e SRS, population normal or large sample size

X i tn-l,oc/Z S/\/ﬁ

100(1-0)% Prediction interval
e SRS, population normal

X +th1a2Sv1+1/n

100(1-a)% Confidence interval for p
e SRSandnp>10,n(1-p)>10

P +2zun 4/PA-P)/nN

Adjusted Wald 95% Confidence interval for p
e SRS

p+1.96p(L—P)/(n+4) where P=(X+2)/(n+4)




