MAT 2377 Equations

Mutually Exclusive: AnB = Ø	  P(AuB) = P(A) + P(B)
Rules:	 1) P(Ø) = 0		2) A≤B P(A) ≤P(B)	3) P(AC) = 1 – P(A)
4) P(A) = P(AnB) + P(AnBC)	5) P(AuB) = P(A) + P(B) – P(AnB)		6) P(AuB) = 1 – P(ACnBC)
Pr order matters		Cr order doesn’t matter		P(A|B) = P(AnB)/P(B)		P(B|A) = P(BnA)/P(A)	
P(B) =  P(B|A)P(A)  + P(B|AC)P(AC)		P(A|C) + P(AC|C) = 1	P(AuB|C) = P(A|C) + P(B|C) – P(AnB|C)
Independence: A⫫B → P(AnB) = P(A)P(B)		P(A) = 0 OR 1 → A⫫B	If AnB = Ø (ME) → A ⫫ B
PMF: fX(x) = P(X = x)		CDF: FX(x) = P(X ≤ x)	f(xi) = F(xi) – F(xi-1)	F(xi) = ∑f(xi)
Expectation: μ = E(x) = ∑x ∙ f(x) mean of x		Standard Deviation: σ	
[bookmark: _Hlk5809986][bookmark: _Hlk5809948]Variance: σ2 = var(x) = ∑(x - μ)2 ∙ f(x) = E[(x – μ)2]    variability of x around mean 	
var(x) = E(x2) – [E(x)]2 	E(x2) = ∑x2 ∙ f(x)
E(ax+b) = aE(x) + b	E(ax+by) = aE(x) + bE(y)		var(ax+b) = a2var(x)	
Joint pmf: fXY(x,y) = P(X = x, Y = y)	Joint cdf: FXY(x,y) = P(X ≤ x, Y ≤ y)	fx(x) =  ∑y fXY(x,y)     fy(y) = =  ∑x fXY(x,y)
X and Y are independent if f/FXY(x,y) = f/Fx(x)f/Fy(y)	E(h(X,Y)) = ∑x∑y h(x,y) fXY(x,y)
Covariance and Correlation: E(X) = μx	E(Y) = μy	var(x) = (σx)2	var(y) = (σy)2
[bookmark: _Hlk5729942]Cov(X,Y) = E[(X - μx)(Y – μy)] = E(XY) – E(X)E(Y)	> 0 positive linear < 0 negative linear = 0 no linear 
Cor(X,Y) = ρXY = cov(X,Y)/σXσY	|ρXY|≤1 		X⫫Y → 	ρXY = 0		ρXY ≠ 0 → X⫫Y  		ρXY = 0 ≠> X⫫Y	
Binomial Distribution: X ~ B(n,p)	x = # of successes	Dx = {0,1,2,…,n}	    n # of trials   p success rate
fX(x) = P(X = x) = (nCx)px(1-p)n-x   	E(x) = np   var(x) = np(1 – p)
Geometric Distribution: X – Geo(p)   Dx = {1,2,3,…}   p success rate    x = trials to observe first success
 pmf fX(x) = P(X = x) = (1 – p)x – 1p   x € Dx
E(x) = 1/p   var(x) = (1 – p)/p2   cdf F(x) = 1 – (1 – p)x
Negative Binomial Distribution:  p success rate   x # of trials to observe r successes    X ~ NB(r,p)
Dx = {r, r+1, … }   pmf fX(x) = P(X = x) = (x – 1 C r - 1)(1 – p)x-rpr   x € Dx   E(x) = r/p   var(x) = r(1 – p)/p2   NB(1,p) = Geo(p)
Poisson Distribution:  X = # of events occurring during a fixed interval, independently and at a constant rate
X ~ Poisson(μ)   Dx = {0,1,2,…}   pmf fX(x) = e-μμx/x!   x € Dx   E(x) = μ = var(x)   X ~ B(n,p) n≥20 p≤0.05 →  μ = np
[bookmark: _Hlk5806205]Poisson (hλ) distribution   Poisson process of rate λ   h = time   
Continuous Random Variables: 1) fx(x) > 0   2)  = 1   cdf FX(x) =    E(x) =     var(x) = E(x2) – [E(x)]2    
P(a < x < b) = FX(b) – FX(a) = 	
[bookmark: _Hlk5805052]Exponential Distribution: X ~ Exp(λ)    x = wait time to see first event in Poisson Process
[bookmark: _Hlk5807913] Dx = [0, )   cdf FX(x) = 1 – e-λx   x ≥ 0,   0 x < 0	E(x) = 1/ λ	var(x) = 1/ λ2
X ~ Exp(λ) and s,t two positive real numbers   P(x > s+t | x > s) = P(x > t)
Erlang Distribution: X ~ Erlang (r, λ)    x = wait time to see r events in Poisson Process
 Dx = [0, )   cdf FX(x) = 1 – (λx)k/k!   x ≥ 0,   0 x < 0	E(x) = r/ λ	var(x) = r/ λ2
Uniform Distribution: pdf is a constant in [a,b]   X ~ U(a,b)   Dx = [a,b]   f(x) = 1/(b-a) x € [a,b], 0 elsewhere
F(x) = 0 x < a, (x-a)/(b-a) x € [a,b], 1 x > b   E(X) = (a + b)/2   var(X) = (b-a)2/12
[bookmark: _Hlk5807926][bookmark: _GoBack]Normal Distribution: N ~ (μ, σ2)   Dx = (-, )   f(x) = 1/σ ∙ e-(x – μ)^2/2σ^2   E(x) = μ   var(x) = σ2
[bookmark: _Hlk5812285]P(µ − σ < X < µ + σ) ≈ 68%    P(µ − 2σ < X < µ + 2σ) ≈ 95%   P(µ − 3σ < X < µ + 3σ) ≈ 99.7%
Standard Normal Distribution: Z ~ N(0,1)   f(z) = 1/ ∙ e-z^2/2   cdf Φ(z) = P(Z ≤ z)   normal table
P(−1 < X < 1) ≈ 68%    P(−2 < X < 2) ≈ 95%   P(−3 < X < 3) ≈ 99.7%
Standardization: X ~ N(μ, σ2) then Z = (X – μ)/σ ~ N(0,1)
Histogram: Height (freq) = Frequency; Height (density) = Rel. Freq/width = Freq/width×n .
Quantiles: 1) re rank D in ascending order 2) compute (r/4)(n+1) = a+b, a whole b fraction 
3) Qr = ya if b = 0, (1 - b)ya + b(ya+1) b ≠ 0   Median: : 1) re rank D in ascending order 2) odd y(n+1)/2 even (yn/2+y(n/2)+1)/2
Boxplot: shows 5 number summary [xmin, Q1, Median, Q3, xmax]   Outliers: upper fence = Q3 + 1.5IQR   
lower fence = Q1 -1.5IxQR   IQR = Q3 – Q1   variance σ2 = [1/(n-1)]2
Central Limit Theorem: [ – E(]/sd(= ( – μ)/(σ/) ~ N(0,1) n > 30
Confidence Interval:  unknown μ known σ2     P(-a < Z < a) = 1 – α   Z ~ N(0,1)   
100(1 – α)% CI for μ [ - aσ/,  + aσ/]   a(σ/) margin of error, width of CI   Find a on Z table
[image: ]Unknown σ T = ( – μ)/(S/) ~ Tn-1   1 – α CI given by [ - bs/,  + bs/]   b from T table
[bookmark: _Hlk5979634]Point estimation:  = Y/n    Y occurrences n total   n and n(1 - ) > 10 to assume normal
Hypothesis Testing: 1) Setup the null hypothesis H0 and the alternative hypothesis H1. 2) Calculate the observed value of the test statistic (CLT or T) on which the test will be based. 3) Find the p-value for the observed value of the test statistic or check whether t0 is unusual 4) Make a conclusion. if a p-value is smaller than α, we reject H0 and claim H1 is true; if p-value is larger than α, we fail to reject H0 and have no evidence to justify H1. p is the probability that H0 is true.
Type I error: we reject H0 when in fact H0 is true   Type II error: we fail to reject H0 when in fact H0 is false.
For two sided tests, find the left tail probability and multiply by 2
Testing a Population Proportion:  same process as hypothesis testing, but use z0 = 
Linear Regression:  =  + x   rxy = sxy/(sxsy)    =  -    = rxysy/sx   sxy =  )(yi - ) 
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