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Electrical Engineering 126: Probability & Random Processes

Final Cheat Sheet

Fall 2018

Distributions Continued:
X ~ Bernoulli(p), p € [0,1]. o X ~ Pascal(k,p), k € Z, p € (0,1).
PMF: px(z) = p*(1 —p)'~*, x € {0,1}. Sum of k i.i.d. Geometric(p).
MGF: Mx(s)=1—p+ pexps. PMF: px(z) = (i:})pk(l —p)" M e=kk+1,k+2,.. ..
Moments: E[X] = p, var X = p(1 — p). o X ~ Erlang(k,)\), k € Zy, A > 0.
X ~ Binomial(n,p), n € Z,, p € [0,1]. Sum of k i.i.d. Exponential()).
PMF: px(z) = ()p*(1 —p)"~*, x € {0,...,n}. PDF: fx(z) = Nt exp(=Az)/(k = 1)}, = > 0.
MGF: Mx(s) = (1 —p+pexps)". o X ~N,(11,X), n € Z (joint Gaussian).
Moments: E[X] = np, var X = np(1 — p). PDF (assuming ¥ invertible): For z € R™,

P () = [(2)" det 512 exp{— (& — ) TS (& — )2}
MGF: Mx(s) = Elexp(sT X)] = exp(uTs + s"Xs/2).
Moments: E[X] = p, cov X = 3.

X ~ Geometric(p), p € (0,1).
PMF: px(z) =pg" ', 2 € Zy, g=1—p.
MGF: Mx(s) = (pexps)/(1 —qexps), s < In(1/q).

Moments: E[X] =p~!, var X = q/p. L. .
2 Definitions & Equations
X ~ Poisson(A), A > 0.

PMF: px(z) = A exp(—\)/z!, x € N.
MGF: Mx(s) = exp(Alexps — 1)).

Moments: E[X] = \, var X = A. Variance: var X = E[(X — E[X])?] = E[X?] — E[X]?. Sum:
vary o X =Y 1 var X; + > iz cov(Xi, Xj).

Tail Sum: For X >0, E[X] = [°P(X > z)dz.
0

X,Y independent, X ~ Poisson(A), Y ~ Poisson(y) =
X +Y ~ Poisson(A + p). Covariance: cov(X,Y) = E[XY] — E[X]E[Y]. Matrix: If X =
X ~ Uniform|a, b], a < b. (X1,..., Xpn), (covX); ; = cov(X;, Xj).

PDF: fx(z) = (b—a)~", z € [a,b]. Correlation: p(X,Y) = cov(X,Y)/y/(var X)(varY).

MGF: Mx(s) = (exp(sb) — exp(sa))/(s(b — a)).
Moments: E[X] = (a + b)/2, var X = (b — a)?/12.
X ~ Exponential()), A > 0. Order Statistics: fx (z) =n(?")) f(z)F(z)~1(1 — F(x))"
PDF: fx(x) = Aexp(—Az), z > 0. MGF: Mx(s) = Elexp(sX)].

CDF: Fx () = (1 — exp(—=Az)) 1501
MGF: Mx(s) = /(A —s), s < A.

Entropy: H(X) = — >, cx p(z)logy p(x) = — E[log, p(X)].

Markov: For X >0, z > 0, P(X > z) < E[X]/=.

Moments: E[X] = A"!, var X = A2, Chebyshev: For o > 0, P(|X — E[X]| > 2) < (var X)/a?.
X ~N(u,0%), p€R, 0% > 0. Chernoff: For t > 0, P(X > z) = P(e!X > et®).

PDF: fx(x) = (V2mo) ™ exp{—(2 — n)?/(20*)}. For t >0, P(X <z) =P(e™¥ > e7™).

CDF: Fx(z) = ®(z). LLSE: L[X | Y] — E[X] = [cov(X,Y)/(var Y)]|(Y — E[Y]).

MGF: Mx(s) = exp(us + 02s%/2).

Moments: E[X] = p, var X = 2.

Gaussian Q-Function: Q(z) = P(X > 20 + u) =
Fx(z) = Q(*5%)

X,Y independent, X ~ N(u1,0%), Y ~ N(uz,03) =
X +Y ~ N(u1 + p2, 07 + 03).



Kalman Dynamics: For n € N,

Xn+1 = AXn + Vn7
Y, =CX, +W,,

where Xo, (V,,, n € N), (W, n € N) are zero mean, orthogonal,
with covV,, = Xy, covW,, = X for all n € N.

Kalman Filter: Assume Xy is invertible.

Xopn = LIXn | Yo, Y1, ..., Yy] = X1 + K, Vo,
Xppn1 = LIXy | Yo, Y, .o, Yoot = AX, 1j 1,
Y, =Y, — LY, | Yo,Y1,....Yno1] = Y, — OX,ppp 1,
Ky =S0n-1CT(CZ 1 CT + Zw) 71,
Spno1 = cov(Xy — Xpjno1) = ASy 11 AT + Sy,

Sopn = cov(X, — Xopn) = (I = K,C)E 1.
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