Inequalities

Markov
Chebyshev
Cauchy-Schwarz

Hoeffding
Jensen

Chernoff bound

Union bound
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Convergence of random variables

In probability

Weakly/in distribution

Almost surely*

Weak /strong laws of large

numbers

where Sn = Zi:l XZ with a; < Xz < bz’, A

H(E(X)) < E(¢(X)) for convex ¢
P(X > a) <infysge ME(e!X),
P (Ui Ai) < 3002 P(4),

where n € N or n = oo

Statistics and combinatorics

Binomial coefficient

Central limit theorem

Miscellaneous
?Little-0” notation
”Big-0” notation

”Big-theta” notation

” A with high probability /w.h.p”

Taylor’s approximation

Stirling’s approximation

X, 5 X — P(X,—X|>a)—0,
foralla >0
d
Xn = X = E(f(Xy)) = E(f(X))
for all bounded and continuous f

X, 22 X = P(X, > X)=1
n— 00

(weak) % Yo X LN E(X)
(strong) % X L2 B(X)
where X, X1, X5, ... ii.d.
n d
ST (X —E(X) S N (0,1)
where X,Xl,Xg, .

f(x)/g(z) =0

f(z) = 0(g(z)) <= limsup |f(z)/g(z)| < oo
f(z) =0(g(z)) < f(z)=0(9(x))
and g(z) = O(f(z))
Pr(A) —» 1
f(@) = fla) + (@)@ —a) + ...+ L5 (@ -
+ o(jz — a|")
n! =T(n+1) = V2mne "n"(1+O0(n~1h))

Inn!=nlnn —n+O(nn)

iid. and 0% = Var(X) < oo

Dominated convergence*

i< () <%
Binomial theorem (z+y)" =21 (Pary*
Inclusion-exclusion P(U; Ai) =220 P(A) = 320, P(Ai N Aj) + ..
Law of total probability P(A) = E[P(A4|X)]

esp. P(A) =Y, P(A|X = 2;)P(X = ;)

Law of total expectation E(X) = E[E[X|Y]]
Law of total variance Var(X) = Var(E[X|Y]) + E[Var(X]Y)]
”Integrating the tail” fo P(X > x)dz, where X >0
Tower property (X|Y) =E[E(X|Y,Z)|Y]

* see e.g. MS-E1600 Probability theory for details

Monotone convergence*

Xn—= X, | X <Y and EY) < 0
= E(X,) - EX)
X,—>Xand 0< X; <X <
= E(X,) - E(X)
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