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Asymptotic Notations.

Θ(g(n)) = {f(n) : ∃c1, c2, n0 > 0 s.t. 0 ≤ c1g(n) ≤ f(n) ≤ c2g(n) for all n ≥ n0}.

O(g(n)) = {f(n) : ∃c, n0 > 0 s.t. 0 ≤ f(n) ≤ cg(n) for all n ≥ n0}.

Ω(g(n)) = {f(n) : ∃c, n0 > 0 s.t. 0 ≤ cg(n) ≤ f(n) for all n ≥ n0}.

f(n) = o(g(n)) if limn→∞
f(n)
g(n) = 0.

f(n) = ω(g(n)) if limn→∞
f(n)
g(n) =∞.

f(n) ∼ g(n) if f(n) = g(n) + o(g(n)).

Logarithms.

a = blogb a logc(ab) = logc a+ logc b logb a
n = n logb a

logb a =
logc a

logc b
logb(1/a) = − logb a logb a =

1

loga b
alogb n = nlogb a

Stirling’s Formula.

n! ≈
(n
e

)n√
2πn

Probability.

E[X] =
∑
x

xPr{X = x} , Var[X] = E[(X−E(X))2] = E[X2]−E2[X] , σ[X] =
√

Var[X] .

Quadratic Formula.

ax2 + bx+ c = 0 ⇒ x =
−b±

√
b2 − 4ac

2a

Approximation by integrals:∫ n

m−1
f(x)dx ≤

n∑
k=m

f(k) ≤
∫ n+1

m
f(x)dx for f(x) monotonically increasing

∫ n+1

m
f(x)dx ≤

n∑
k=m

f(k) ≤
∫ n

m−1
f(x)dx for f(x) monotonically decreasing
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Summations Laws.

Distribution law: (
m∑
i=1

ai

) n∑
j=1

bj

 =
m∑
i=1

 n∑
j=1

aibj


Interchanging order of summation:

m∑
i=1

n∑
j=1

aij =
n∑

j=1

m∑
i=1

aij

Splitting range:
n∑

k=1

ak =
r∑

k=1

ak +
n∑

k=r+1

ak

Telescoping series:
n∑

k=1

(ak − ak−1) = an − a0

Summations.

Arithmetic series:
n∑

k=1

k = 1 + 2 + · · ·+ n =
n(n+ 1)

2

Quadratic series:

n∑
k=1

k2 = 12 + 22 + · · ·+ n2 =
n(n+ 1)(2n+ 1)

6

n∑
k=1

k(k + 1) = 1 · 2 + 2 · 2 + · · ·+ n(n+ 1) =
n(n+ 1)(n+ 2)

3

Geometric series:
n∑

k=0

xk = 1 + x+ +x2 · · ·+ xn =
xn+1 − 1

x− 1
x 6= 1

∞∑
k=0

xk =
1

1− x
|x| < 1

Harmonic series:

Hn =
n∑

k=1

1

k
= 1 +

1

2
+

1

3
+

1

4
+ · · ·+ 1

n
= lnn+O(1)

Products.

n∏
k=1

ak = a1a2 · · · an log
n∏

k=1

ak =
n∑

k=1

log ak
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