Stat210

Basic Counting Principle

Permutations

]
P"=(n), :(n?r)' r<n

n=n(n-1)(n-2)x...x1

n n!
n, n,..n. ) nxn,x.xn!

Combinations

c/ :(nj:n!, r<
r) ri(n—r)!

Probability

Classical probability
P(E) = numberof elements in E

numberof elements in S

Empirical probability

P(E)="

Addition Rule

If A and B are mutually exclusive
eventsin S:

P(AUB) =P(A) +P(B)

If A and B are not mutually exclusive
events in S:

P(AUB)=P(A)+ P(B)-P(ANB)

Multiplication Rule

If A and B are independent events in S:
P(ANB)=P(A)x P(B)

If A and B are dependent events in S:
P(ANB)=P(A)xP(B|A)

1

S.Alhidairah 201701

Formula Sheet

Conditional Probability

P(ANB)
P(A)
The law of total probability

P(B|A) = , P(A)>0

Let A;, A, ...,A, be a partition of S.

Let D be an event defined on S, then :
P(D)=> P(A )P(D|A )
i=1

Baye’s Theorem

Let A;, A, ...,A, be a partition of S.

Let D be an event defined on S , then :
PAPOA) s
> PAP(D/A)

Discrete random variable

P(AID)=

Expected value

E(X)=u=>)_x f(x)

Variance

o” =V(X) =[Xx* F(I-[ECO)T’
Standard deviation

o =+V(X).

r' non-central moments

1 =EX")=>x" f(x)
Cumulative distribution function
F,(x)=P(X <x)

f(xi ) = F(Xi )_ F(Xi—l)

P(a< X <b)=F(b) - F(a)

P@< X <b)=F(b) - F(@)+ f(a)
P(@< X <b)=F(b) - F(a)+ f(a)— f(b)
P(a< X <b)=F(b) - F(a) — f(b).

Probability generating function
G(t) = E(t*) = T t* f(x)

G'1)|,, =G'(1)=EX)

G"(t)|_, =G"(1)=E[X(X -1)]
Var(X) = G(1)+Gy(1) - (G|(1))".

Moment generating function
M(t) = E (™ )= et f(x)

M (t) = E(X &) L =M(0)=E()
M () = E(X %)

L =M10)=EX?)

Discrete Probability Distributions

Bernoulli Distribution(p)
fu()=p‘q*,x=01

E(X) = p,V(X) = pq
Gt)=q+ pt

M(t) = g + pe'

Binomial Distribution (n, p)
f,x)=C;p*q"™, x=01,..,n,
E(X) =np,V(X) =npq

G(®) = (a+ pt)’

M(t) = (g + pe')’

Poisson Distribution (A )
fx(x): ve’ )
x!
E(X) = 4 V(X) = 4

Aet-1)

x=01,..

M() =e



Geometric Distribution (p)
L0=patx=12,..

E(X) =1/p,V(X) = q/p®

_ bt
()_1—qt
t

M) =P
1—qet

Negative Binomial Distribution (k, p)
X—=1
f . (X) = (k _ka g, k=12,..

x =k, k+1, ..., E(X) = k/p, V(X) = kq/p?

t k
oo-(%)

t k
1-qge

Hyper geometric Distribution ( n,k,N)
kY N-K
o
X(X):T' x=01L..,n
o

E(X)=n:\<l,V(X)=nk(l—k][N_nJ

NU NAN-1
Continuous random variable
Expected value

EX)=pu= j x f(x)dx
X
Variance

o? =Var(X) :i:jx f(x)dx}[E(X)]z

Standard deviation

o = JVar(X).
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r'™ non-central moments
ul = E(X r)=jxr f(x) dx
X
Cumulative Function

F(x)= P(X <x)= | f()t

f(x) = F(x)

Continuous Distributions

Uniform Distribution

—_ ,a<x<b
fx(x): b-a
0 ,otherwise
b+a (b—a)?
E(X)=——, V(X) =
(X) 5 (X) T
bt at
M(t)ze —e
t(b—a)

Gamma Distribution
am
fo(X)=—x""e?*  x>0,6>0
x (X) om

E(X)=m/8, V(X)=m/6?
M(t):(l—;j_m,t<¢9

I'm =Ixm‘1e‘xdx= (m-1)!
0

Exponential Distribution
f,(x)=4e**,x>0,1>0

E(X)=1/4, V(X)=1/ 2, M(t):(l—;)_ <

Beta Distribution

1
fo(X)=
x (¥) H(ab)

a ab

X (@1-x)"",0<x<1 ab>0

E(X)=——, V(X)= 5
a+b (a+b+1)(a+hb)
_ 1 a-1(1_ b1 _ F(a)F(b)
Bla,b) = jox (1-x)"*dx= T,
Normal Distribution

ew?

f 1 202
X(X)—me ,—00 < X < 00

—o<u <0,0>0

aztzJ
+ut

E(X)=u, V(X)=c2, M(t)=e[

Standard Normal Distribution

72

1
fZ(z):me 2,—oo<Z<oo

E(Z)=0, V(Z)=l,

M, (t)=e 2
Empirical Normal Rule
68% of data lies between(u-o,u+0)

95% of data lies between(u-20,u+20)
99.7% of data lies between(u-3o,1+30)



