Bernoulli

X ~ Bernoulli(p), 0<p<1

fx(@) =p*(1-p'~*, =ze{0,1}

EX]=p  Var(X)=p(l-p)

Binomial

X ~ Binomial(n,p), 0<p<1

3 iid .

X=Z1+--+Zn, Z;~ Bernoulli(p)
n —

Ix(z) = ( )pz(l —p)"*, ze{0,1,...,n}
z

EX]=np  Var(X)=np(l —p)
Mx(t) = (pe' + @)%, q=1-p

Multinomial

X ~ Multi(n, (p1,--+,pe)7), p;20,> pj=1

fx(z) = (acl . ”wk)pfl pik

z; ={0,--- ,n}, in:n

Geometric
X ~ Geo(p), 0<p<1
Geo(p) = Negbin(1, p)

fX(x):p(l_p)x_lf {EG{LQ,...}
E[X]=1/p  Var(X)=(1-p)/p’

Negative Binomial

X ~ Negbin(r,p), 0<p<1l,reN

p 5
XEZi4 -+ Zr, Zi % Geo(p)
1
fx@= (") a-p"", azraeN
r—1

EX]=r/p  Var(X)=r(l-p)/p
Mx(t) = (pe*(1 —ge")™")", t < —loggq

Poisson
X ~ Poisson(\), A>0

Poisson(\) = n_};}irgp_}A Binomial(n, p)

fx(z)=e\"/z!, z€{0}UN
E[X] =X Var(X) =X

My (t) — ef/\+)\et

Exponential

X ~Exp(1/)), A>0

Exp(1/A) 2 Gamma(1,1/))

First arrival time for Poisson(At)
fx(z) = Aeikz, x>0
Fx(z)=1—e*, >0
Fyl(z)=—1/Alog(l1—=z), O0<z<1
E[X]=1/A  Var(X)=1/)2

Gamma
X ~ Gamma(a, ), «a,8>0

CENXEZZ 4+ Za, Zi % Exp(B)

Gamma(r, 1/X) is " arrival time for Poisson(\t)

X; wd Gamma(as, 8), ZXi ~ Gamma (Z i B)

(@) = Fom
E[X]=apB Var(X) = af?
Mx(t) = (1- )=, t<1/8

xo‘flefz/ﬂ, z >0

Gamma Function

e A
/ e ™ dz = T(a), a>0
0

P +1) = 2l(z), T (%) — V7 T(1)=1

Normal
X ~N(u,0%), >0
X —
7221, Z2=""" N1
g

2o
E[X]=p  Var(X)=o?

1 .
fx(z) = e (@=mw)?/(207)

1
Mx (t) = exp(ut + S o*t?)

Dirichlet
Yi,..., Yy ~ Dirichlet(az, . . .,Otk+1)
X1,y Xkt ud Gamma(a;, 8), a; >0
X.
=, i=1,...,k
X1+ + X
Ty (1,5 uk)

k
_ Tlar+ -+ apq1) a;—1
_ Dlon o o) 7
Plea) - Tlagt1) ;5
I—yr—-- yk)ak+171[(yi>0vy1+‘~+yk<1)
k=1, Y1~ Beta(ai,a2)

Chi-square

X2 4+ X2 2, X: 2N@©,1),r >0

x2(r) = Gamma <g, 2)

Student’s t
A
V/r
Z ~N(0,1),V ~x%(r),Z LV

X =

~t(r), r>0

t(1) 2 Cauchy(0, 1)

oo L +1/2) 0 o —(ri1)/2
Ix@ = e A/
Cauchy

X ~ Cauchy(p,0), o>0

=wu+o0Z, Z ~ Cauchy(0,1) 4 t(1)

fx (@) = i <1+ (mo,u)2>—1

Snedecor’s F

Vi/ri

Vo /ro

Vi~ x2(r1), Va ~ X2 (r2), Vi L V2

F~l ~F(re,m), t2(r) ~F(1,7)

T ((r1i+12)/2) (r\"/?

%@ = po it ons ()
pr1/2-1

>e
(1+ riz/rg)(r1tr2)/2 (=0

X ~F(ri,r) =

T2

Fundamental Theorem of Normal Sampling

X17X27"'7X77« i’i\'dN(Hﬂo-z)
(i) X ~ N (1,0 /n)
1 — —

= — X, —X)*1LX

(i) 8 = —= 3 (X = %)
. (n—1)s?

(i) DT ()
Probability Integral Transformation

F is strictly increase, F(X) ~ U(0,1), F~1(U)
Uy 21—e %0, Z, ~ Exp(1)
Uniform Order Statistics
X(1)s-+»X(n) ~ U(0,1)
X(ry ~ Beta(r,n —r+1)
(X1, X2) = X1y -+ > X(n) = X(n=1))
~ Dirichlet(1,---,1)
Exponential Order Statistics

iid
X(l)vzx(n) NEXp(1)7 Ly ~ EXp(l)

1N

d (1 1
Xmhw=-Z1++—Z
(r) (n 1+ +n_r+1 r)

Definition of Order Statistics
X1, Xz, Xo ¥ F(2), h(y)=F'(1-eY)

(X)) £ (F7 U)) £ (P (1= 7)) £ h(Z(,)

Multivariate Normal Distribution
X2, x2z
1
@) = 273 e (<@ = )T @ - )
1
mx (t) = exp(ult + 5thlt)

AX 1 BX «— AxBT =0
X2|X1 =21

~Ng(p2 + B21 57 (@1 — p1), B2 — 82187, B12)
Definition of Chi-quare
2~ NL(0,I), 2TAz~x2(r(A) «—= A2=A

Convergence in Distribution

ILm P(Xn <z)=P(Z <z) Va:zec Conti(Fz)

Jim P <ﬂ X, < :c) =P <ﬂ Z; < ac>
Va : x € Conti(Fz)

Central Limit Theorem

X1,...,Xn ud (1, 0%), Var(X1) < 00, Z ~ N(0,1)
X, —
VRXn =) 4,0y,
o
iid

X1,y Xn ~ (,X), Var(X1) < 00, Z ~ N (0,X)
lim P(Vn(Xn —p)<z)=P(Z<=z) Vo
n—o0
Convergence in Probability
lim P(|Xp — Xoo| >€) =0 Ve>0
n—oo
XnBe <= lim P(|Xn—c|]|>€)=0 VYe>0
n—o0
<= lim P(max|Xp; —ci| >¢€) =0
n— oo
— an S Cj Vi
Inequalities

1
Markov: X >0, P(X >k) < ZE(X)

1
Chevy: Var(X) < oo, P(|X — pu| > k) < 2
Jensen: ¢ is convex, @(E(X)) <E(p(X))

Var(X)



n k\+k
My -y2 EEDE
k=0 :

C(tX|P T 21X ™
< Elmin|{ ——,
(n+1)!" n!

Law of Large Numbers

X1, Xn MEX)) < 00, X B E(X1)

Delta Method

Vn(Xy, —0) ﬁ Z, ¢(0) is Continous
Vialg(Xa) — 9(8)) —— (9(0))7 2

R

Vi(s2 — 0%) % N(0, (ps +2)0?)
Vii(sn — ) 5 N(0, (pa +2)0%/4)



