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(+) Purple, green and orange are used consistently to represent pmf/pdf, support and mgf, respectively
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'l}ype: Name: Description: PMF/PDF: | CDF: | Support: MGF: Mean: Variance:
I}
. Discrete | Equally likely events 1 {2, a+l, a+h n? -1
~__Uniform (+) Using a table or grid format is ""bt}"]’ 2 12
ﬁ‘ (a,b) a useful way to organize :
D . information and allows you to .
Bernoulli | find what you need quickly. But 0.1} 1-p+pe P p(1-p)
I (p beware spending too much time
making a beautiful note sheet
Binomial instead of quickly capturing the {0.1, ..., A-p np np(1-p)
S (n,p) most relevant information n} + pet)®
Geometric The number of (1 -p)p {0,1,2, 4 1-p 1-p
suceesses in 1 -~ (1 -p)et v 3
R (P) Bemoulli(p) trials until ) ( P) P p
ong failure.
E Negative The number of G Ha {0, 1, 2, c 1-p % P ,_P .
Binomial successesin | _ pyrp* e} 1—pet 1-p 1-p)
T Bemoulli(p) trials until ; .
(.p) r failures.
E Poisson Count of events that AXe—A {0, 1,2, exp(Me‘ - A A
have constant rate, and
@) are independent of one x! } 1))
another.
C Uniform Likelihood of event 1 x—a [a,b] a+bh (b — a)?
b proportional to its b—a b—a 2
(a, b) \engtl 12
O Exponential \;Iafting time until a 1 e:b’.‘. 1 [0, o0) 1 0 s
) oisson event with -—e£ -—1 — Bt
N average waiting time 0 —e
T Exponential | Waiting time until a 2e—xA 1
) Poisson event with rate x
1 A
N Gamma Waiting time for o - -1, No [0, o) 1 ad «02
(a, 6) Poisson events with | I'(ar) closed (1 - et)@ ’
U average waiting time O form
O Gamma Waiting time fora. | B%_ ., _g, a
(o B) Poisson events with " (a) B
U (+) Good structure to show : ‘
S Norm similarities between regular and 2| ®(x) | (-00, o) exp(pt + n a?
/Pf’l conditional probabilities %aztz)
Rules: Regular PA) =0 P(S)=1 P(AUB) =P(A) + P(B)
' Conditional PAIC) =0 P(S|IC)=1 P(AUB | C) = P(A|C) + P(B|C)
_— P(A) <P(B) P(AUB)=P(A) +
Formulac: Regular P(A7)=1-P(A) if A CB P(B) - P(A N B)
) Conditional PA’IC)=1-P(A| P(A|C) < P(BIC) P(AUB|C)=PA|C)+
0) ifAcB PBIC)-P(ANB|C)
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STAT 310—Test 1 Comprehensive Review Sheet

Defipitiofis
Probability - tool for dealing with uncertain events
Axiomatic definition (for any probability function)
1.P(A)20,forall Ac S
2.P(s)=1
3.P(AuB)=P(A)+P(B)if ANB=0
Random experiment - trial/observation that is uncertain and
repeatable
Sample space - set of all possible cutcomes. Called S or U.

Countably infinite - can be modeled by the natural numbers (vs.

Uncountably infinite)

Event - subset of sample space

Mutually exclusive <=> A n B = empty set
Exhaustive - events span the entire sample space

Caleull -y This review sheet includes a
Equall| ot of definitions stated in words.
Good idea if you're a verbal
Countl{ thinker!

re—reget total
possibilities : Samplmg w:fh replacemenf n": Sampling
without replacement (1) Permutation (order matters)

n!

(n =k

(2) Combination (order doesn't matter; equals permuta-
tion / number of orderings)
n!

Kli(n - &)

Partition - mutually exclusive and exhaustive

Probability Basics

Steps:
(1) Find size of sample space |S| (2) Find size of event
|E| (3) Find |E|/|S

P(A')=1- P(A;&

If A c B, then P(A) < P(B)
P(A U B) = P(A) + P(B) - P(A N B
Conditional probability

P(A|B)=P(AnB)/P(B)

orP(AnB)=P(A|B)P read.

(+) Use of headings, bold,
underlining, indentation,
alignment, and white space
signal the hierarchical
relationships between chunks
of information. Font is easy to

Lﬂ"’ - P(A N B) = P(A)P(B), so P(A | B) = P(A)

ndep. - Each in the set is independent; P
P(A)P(B),P(A' N O) = ..
ndependent - Every combination of events in

independent. Parwise + P(A N B N C) = P(AP

Law of Total Probability
For partition B, the total probability of A equals the sum
of all P(A|Bi)P(Bi) for each condition Bi in B

Pr(4)= > _Pr(A| B.)Pr(B,)

Toolbox
Complements, Unions to sums (if mutually exclusive or
subtract intersection), Intersection <-> conditioning, In-
tersection <-> product (if independent), Law of total prob-
ability, Bayes' Rule

Random Variables- random experiment with numeric sample
space

support - sample space / range of function
Discrete - finite or countably infinity support
probability mass function (pmf) - f(x)

P(X = x) = f(x)

Pla< X <b) =

> Fflaw)

o2ia.b)

Requires Probabilities sum to 1; All probabilities are positive (or
0)

Continuous - Uncountably infinity support

Probability density function (pdf)

Disitributions - Common pmf's/pdf’s

An(Bu(C)=

Bayes' Rule

(+) Good idea to also
jf:apture strategies, not
just facts.

P(B | A) P(A)
P(B) usually r

dA
ility to find

¥ v T

Q)= Mu&nMuQ
(AnB)u(AnC)

(A'nB')=AuB (A'uB')=AnB

Mean - middle/ balance point; E(X); additive => E(X +Y)
= E(X) + E(Y); homogeneous => E(cX) = cE(X); E(c) = ¢

E(g(X)) =) [(x)g(x)

aes
Variance - spread = E[(X - E[X])?] = E(X?) - E(X)?

™ moment - E(X) = i’ : mean - first moment

™ central - E[(X - E(X))]= ui.variance - second central
moment

skewness - skewed right if trails of f to right

kurtosis - leptikurtic = peak: platikurtic = plateau
moment generating function - M.(t) = E(e*")

Mx = My <> fx = fy

mean - Mx'(t)at +=0

variance - Mx''(t) - Mx'(t)°at t =0
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Discrete

Discrete uniform{a, b) a,bc 2

521,23 ..

pelo il

Gammal(x, 8) a>0,6>0
Waiting time for a Poisson events with

Equally likely events labelied with integers until r STCCEEEES. ik average waiting time 8. N
fromatob. T - —
- * 1:& l)(l -y POF 0" £ 1o-x/0
PMF A I‘(a)
9
Support | {a,n+ 1....h — 1.b} .12 CDF No closed form
Mean u+b ( ! _1,.) ‘Support | [0, 20)
2 1 — pe’
" MGF 1
Varlance | ¢ - | Pt
T 1-p (1-8at)e
Bernoulli(p) p « (0. 11 —t ‘Mean | o
An event with two outcomes: {1-pp?
1 = success, 0 = failure Poisson(A) A> o Varlance | g2
PMF 1-p =0 Count of events that have constant rate,
il and are independent of one another. Normal(p,0%9) ue R a*>0
P =
r\xl”A PDF : 1 /’.pr
support | {0, L — ¢
{0. 1} 2l Nor
MGF 1 - p+pet 01,2, .. )
{0, ) CDF )
tdean p exp{A(c’ = 1))
Variance | p(1 — p) \ Support | (-nc, o)
Binomial{n, p}n=1,2,3.....p<{0,1] \ MGF P
The number of successes in n Bernoulli(p . explpt TRk
trials (a count) Continuous -
PMF ("> Uniform{a, b) a.b<R Mean K
T n—Js
P -p) Likelihood of event propartional to it's ) \
r length. Varlance | 2
Support | {0.1,....n} POF o Centinuous—f(x) is not a prabability, but a density,
b—a integrate fo get probability. f(x) can be greater than
MGF (1-p+pec)” r—a 1. Conditions : f(x) >= O and integral over Ris 1
Mean np b-a cdf - F(x): P(X <= x) ; integrate or sum; monatone
o ) ) Support | [a. 1) increasing , right continuous
ariance | np(l - pl Gamma function F(n)= (n-1)!
[ b

Geometric{p) p < [0, 1] FGEH’ 1683
The number of faligies in Bernoulli{p) trials

until one success: i fbn.

PMF {(t=pYp
Support | {0.1,2,...}
MGF D

1- (1 - pef
Mean J—-p

Iy

Varlance {1 —p

E

Other notes : Sum of binomials with same p ->
just add the trials.

Conditions on Poisson : (1) Non-overiapping in-
tervals are independent (2) Linearity/
smoothness (probability of event is propor-
tional to time) (3) Events don’t occur at the

same time.

Poisson multiplicaticn : Y = £X then ¥ ~ Poisson |
(lambda * t).

|

I

1

Varlance | () . )?

Normal Distribution y = the mean; o = variance: if ¥
= aX + b thenY ~ Normal(ay + b, a6?) : standard nor-
mal is Z~Normal(0,1): can any to nermal via Z = (X -

__l|(+) More procedural information

Exponential() g about how to solve a problem.
Waiting time untile

sample space changes, not prob.

average waiting time 6.

'I‘l?.‘ /0

-y */?

Variance | p?

=
| Waiting Time
e e ey

! untd 1

- B oae I R
Gtm'nc ! Negative Binomia!
Expanenhal J Gamma

Thavpe

*
" Acknowledgements—Materiol from Hodley Wickham's

Distribution Funcfion Technique

(1) Find range (2) Write cut cdf of ¥, then substitute
with x {ie. P(Y <z y) = P(u(x) <= y) ] (3) Solve for prob-
ability [ie. Rearrange so that P(x <= v(y))] (4) Inte-
grate using pdf of x to find cdf of ¥ (5) Differenti-
ate with respect to Y to find pdf

Change of Variable Technique Only if u has inverse v
Y = u(X), X = v(Y): fiuly) = fx(v(y)) IV

Steps: (1) Find range (2) Identify u (3) Figure out v
and its derivative (4) Plug into formula

If Y ~ Uniform(0, 1) and F is a cdf, then, X = F'(Y) is

o rv with cdf F(x). If X has cdf F and Y = F(X), then
Y ~ Uniform(0, 1)

. slides/ review sheets. Some formulas from wikipedia.
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Text Box
(+) More procedural information about how to solve a problem.
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