e Cov [aX,bY] = abCov [X,Y]
o Cov[X +a,Y +0b] =Cov|[X,Y]

o Cov Y X;,) V| =) ) Covl[X, Y]]
i=1 j=1 i=1 j=1
Correlation Cov [X.Y]
ov [ X,
p[X,Y]=
VIX]VIY]
Independence

X1ULY = p[X,Y]=0 <= Cov[X,Y]=0 < E[XY]|=E[X]E[Y]
Sample variance

% =

Conditional variance

« VIVIX]=E[(Y ~E[V|X]?|X] =E[y?|X] ~E[Y | X]’
« VY] =E[V[Y|X]+V[E[Y]X]

6 Inequalities

CAUCHY-SCHWARZ

MARKOV
Plo(x) > f < T
CHEBYSHEV
PIX-E[X] >4 <
CHERNOFF 5
P[X > (1+0)u] < (W) §>—1
HoOEFFDING

X1,..., X, independent A P[X; € [a;,b]] =1 A 1<i<n

PX-E[X]>t]<e® t>0

- > 2n2¢?
i=1\"1 ?

JENSEN
 convex

E [p(X)] > ¢(E [X])

7 Distribution Relationships

Binomial

e X, ~Bern(p) = ZXi ~ Bin (n,p)

i=1
e X ~Bin(n,p),Y ~Bin(m,p) = X +Y ~ Bin(n+ m,p)
e lim,, ., Bin(n,p) = Po (np) (n large, p small)

e lim,,_, o Bin (n,p) = N (np,np(1 — p)) (n large, p far from 0 and 1)

Negative Binomial
X ~ NBin (1,p) = Geo (p)
X ~ NBin (r,p) = >;_, Geo (p)

X; ~NBin(r;,p) = > X; ~NBin(>_r;,p)
X ~NBin(r,p). Y ~Bin(s+r,p) = P[X <s]=P[Y >r]

Poisson

° XZ'NPO()\Z‘)/\XiJ.LXj — iXiNPO <i)\z>

i=1 i=1

= ) i Ai
ij ~ Bin (ZXJW)

. XZ-NPO()\i)/\XiJ.LXj = X;
j=1 =1

Exponential

e X, ~Exp(f)ANX; IL X; = ZXi ~ Gamma (n, 3)
i=1
e Memoryless property: P[X >z +y|X >y =P[X > z]

Normal

o X ~N(p,0%) = (%) ~N(0,1)

e X ~N (0’ )NZ=aX+b = Z~N (ap+b,a’0?)
Xy N (pa 07 ) ANXs L X = 35, Xi ~ N (3, i, 22 07)
Pla<X <] =a (%) - (5
O(-2)=1-0(z) ¢(x)=-ad(x) ¢"(z)=(2?~1)¢(2)
e Upper quantile of N (0,1): 2z, = ®71(1 — «)

Gamma

o X ~ Gamma (o, ) <= X/f ~ Gamma (a, 1)

e Gamma (a,8) ~ > i Exp (8)
o X; ~Gamma (g, B) AN X; 1L X; = >, X; ~ Gamma (), a4, 3)
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