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1 Linear Algebra

Sherman–Morrison formula:(
A+ uv⊤

)−1
= A−1 − A−1uv⊤A−1

1 + v⊤A−1u
(1)

(A+ UCV )−1 = A−1 −A−1U
(
C−1 + V A−1U

)−1
V A−1 (2)

2 Caculus

Leibniz integral rule:

d

dx

(∫ b(x)

a(x)

f(x, t)dt

)
= f(x, b(x))· d

dx
b(x)−f(x, a(x))· d

dx
a(x)+

∫ b(x)

a(x)

∂

∂x
f(x, t)dt

(3)
Grönwall’s inequality from two useful references [1, 2].

f(x) ≥ a(x) + b(x)

∫ x

x

f(u)du, x ∈ [x, x̄] (4)

=⇒ f(x) ≥ a(x) + b(x)

∫ x

x

a(u) exp

(∫ x

u

b(s)ds

)
du, x ∈ [x, x̄] (5)

Grönwall’s inequality in differential form:

f ′(x) ≤ b(x)f(x) (6)

=⇒ f(x) ≤ f(x) exp

(∫ x

x

b(s)ds

)
(7)
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