The topics for midterm 2.

(1) Binomial distribution b(k;n,p) = < Z )pk(l —p)" . EX =np, VX = np(1 — p).

(2) Negative binomial distribution nb(k;r, p) = < " jﬁ; L ) p (1 —p)k.
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(3) Hypergeometric distribution h(k;n, M, N) = Nn
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(4) Poisson distribution p(k, \) = e_)‘ﬁ. EX=)\VX=A\

(5) Poisson process N (a,b) ~Pois(A(b — a)).
(6) Desnisty and cumulative distribution function of continuous distributions

b
Fx(z)=P(X <z), Pla<X<b) = / fx(x)dz, f(z)=F'(x).

(7) Median and other percentiles Fix(m) = 0.5, Fx(xy) = 100"
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(8) Uniform distribution f(x) = o EX = —|2—a, VX = ( 2a) .
—a

(9) Expected value of continuous random variable

B0 = [ afe@n, BOCO) = [ he) fxla)do
(10) Variance V(X) = E(X?) — (EX)>.

(11) Normal distribution f(z; u,0?) = o\}ﬂ exp — (“’;;;)2

b—
X = pi+ 0Z where Z ~ N(0, 1), P(angb):<b< “) (

o

(12) Binomial approximation for normal distribution Bin(n, p) =~ N (np, np(1
(13) Exponential distribution f(z;\) = Ae ™. F(z;\) =1—e . EX =

(14) Gamma distribution f(z;a, 8) =

—p))-
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(15) Joint distribution
P(X,)Y)e A) = Z p(x,y) discrete distributions,

(z,y)eA
P(X,)Y)e A) = // p(z, y)dzdy continuous distributions.
A
(16) Marginals

px(z) = Zp(x, y), py(y) = Zp(x, y), discrete distributions,
Yy x

px(z) = /p(a:,y)dy, py(y) = /p(x,y)da:, continuous distributions.

(17) Conditional distributions px|y (z|y) = ’;Sc(z)) 1
(18) Two dimensional uniform distribution f(x,y) = Area(D) if (x,y) € D. P((X,y) €
- Area(A)
~ Area(D)’

(19) Independent Random Variables pxy(x,vy) = px(2)py (y).
(20) Sum of independent random variables Z = X + Y.

fz(z) = Z fx(z)fy(z — x) discrete distributions,

fz(z) = /fx () fy(z — z)dz continuous distributions,
(21) Expectation
E(h(X,Y)) = Z Z h(z,y)p(x,y) discrete distributions,

Eh(X,Y)) = // h(z,y)p(z,y)dzdy continuous distributions,

(22) Properties of expectation

(a) E(X+Y)=FEX)+ E(Y),

(b) E(aX +b) =aFE(X)+ 0,

(c¢) If X and Y are independent E(XY) = E(X)E(Y).
(23) Covariance Cov(X,Y) = E(XY) — (EX)(EY).
(24) Properies of covariance

(a) Cov(X, X) = V(X),

(b)Cov(aX + b,cY + d) = acCov(X,Y),

(¢) Cov(D_; a; X5, 325 0;Y5) = 32,5 aibjCov(X;, Y5),

(d) If X and Y are independent Cov(X,Y) = 0.



(25) Properites of variance

VOO X)) =) V(X)) +2) Cov(X;, X))
i=1 i=1 i<j
If X; are independent then V(X; + Xo 4+ ... X,,) = V(X;1) + V(X2) + ... V(X,).
(26) Central Limit Theorem X; are independent identically distributed
If S =X, +Xo+ ... X, then S ~ N(E(S),V(S)).
(27) Multivariate Gaussian distribution. If (X7, Xs,...X,,) is multivariate normal then

n .
> j—1 a;X; is normal.



