Formula Sheet

Integration
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Derivatives
/ d e
fla) = 2", F( )—%(x) az*~!
/ df
f(x) = exp(x) fi(z) = %(I) = exp(x)
/ d 1
f@) = In(a), ) =Ty =2
_ y df dg du o, , .
f(z) = 9(@)h(z), f'(@) = %(x) = ¢/(x)h(z) + g(x)M'(z) > Product rule
Probability
Univariate: P(X € &) def xegp if X is discrete
fgp dac if X is continuous
def fg fg z,y)dydx if X,Y are continuous
Multivariate: P(X €éx,Y € &) &

yé&/ py|x (y|7)px (z)dz if X is continuous, Y is discrete
Yo fg Py x (y|z)px (x)dy if X is discrete, Y is continuous

def yeyp x,y) ifY is discrete

Marginal pmf: px(z)
fy p(z,y dy if Y is continuous

[ers Zygg p(@,y) if X,Y are discrete
p(x

Marginal: Py (X € £x) e resx px(z) if X is discrete

if X is continuous
Conditional pmf: py | x(y[z) = ( ) such that px(z) >0
Conditional: Py (Y € &y|X =2) @ Zyegy py|x (ylz) if Y is discrete

| Je, pyix(ylz)dy  if Y is continuous
Product Rule:  p(z,y) = py|x (ylz)px (2)
Bayes’ Rule: ley(x‘y) _ PY|X(y|33)PX(33)
py(y)

Independence: p(x1,...,x,) =px,(z1) - px, (zn)



Distribution Parameters pmf or pdf Expectation and Variance
Bernoulli €1[0,1] p(z) = a®(1 —a)t=% x € {0,1} E[X] = a, Var[X] = a(1 — «)
Discrete Uniform neN plz)=2% 2z€{1,...,n} E[X] =2 Var[X] = ”21;1
Continuous Uniform | a,b € R,a < b p(z) = 71, x € [a, b] E[X] = ¢t Var[X] = (b;g)z

Normal peR0?>0 | p(z) = \/ﬁexp (—(wz_g’;)2) ,t€eR E[X] = p, Var[X] = o>
Laplace peERDL>0 p(x) = 55 exp (—@) ,x€R E[X] = p, Var[X] = 2b?

Expectation and Variance

Univariate: E[X] a Y sex xp(z) if X is discrete
Sy zp(z)dz  if X is continuous
Function: E[/(X)] a D owex f p(z) if X is discrete
x)dz  if X is continuous
Variance: Var [X] = IE ] E[X?] - (E [X])°
D ozex Zuey flx,y)p(z,y) if X and Y are discrete
Multivariate: E[f(X,V)] wt fX fy p(z,y) dy dx if X and Y are continuous
7 D oyey f (z y)py|X(y|a:)pX( x)dz if X is continuous, Y is discrete
D ozex fy )Py |x (Y|z)px (z) dy if X is discrete, Y is continuous
Conditional: E [f(Y)|X — Jj] g yEy f pY‘X(y|x) if Y is discrete

if Y is continuous

fy

Expectation and Variance Properties

1. E[cX] = cE[X]

Y)py | x (ylz) dy

2. E[X+Y]=E[X]|+E[Y]
3. E[EX|Y]] =E[X]
4. Var[c] =0

5. Var [cX] = ¢®Var [X].

If X and Y are independent:

6. E[XY] =E[X]E[Y]
7. Var [X +Y] = Var [X] + Var [Y].
Estimation

Sample Mean:

If X, are i.i.d.:



