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Unitary matrix
UU† = U†U = 1

Hermitian Matrix
H† = H

Matrix exponent

eX =
∑∞
k=0

Xk

k!

Quantum gate
U

Parametrized quantum gate
U(α)

Quantum circuit∏N
i=1 Ui(θi, xi)

Parametrized quantum circuit
U(θ, x) =

∏N
i=1 Ui(θi, xi)

Quantum neural network
f(θ, x) = ⟨ψ0|U(θ, x)†OU(θ, x) |ψ0⟩

System of ordinary differential equationsShroedinger’s equation

ih̄
d

dt
|Ψ(t)⟩ = Ĥ |Ψ(t)⟩

Pauli matricesHermitian generator
U(α) = e−iαH

Observable
O

Parameter shift rule
f(θ) = ⟨O⟩U(θ)|ψ⟩ U(θ) = e−iθG and

spec(G) = {−r, r} then
∂
∂θf = r [f(θ + s)− f(θ − s)] ,

where s = π/4r.

Gradient descent
θ(t+1) = θ(t) − η∇f(θ(t));

Gradient
∇f(x) =

∑
i
∂f
∂xi

x̂
Quantum measurement

µ: A = {ai}ni=1 → P = {Pi}ni=1, where∑n
i=1 Pi = 1 and P 2

i = Pi
given |ψ⟩ p(ai) = ⟨ψ|Pi |ψ⟩
given ai: |ψ⟩ai =

Pi|ψ⟩√
⟨ψ|Pi|ψ⟩

.

ExpectationValue
⟨O⟩|ψ⟩ = ⟨ψ|O |ψ⟩

Outer product
|ψ⟩⟨ϕ|

Inner product
⟨ψ|ϕ⟩

Kronecker (tensor) product
|ψ⟩ ⊗ |ϕ⟩

Projection matrix
|ψ⟩⟨ψ|

Matrix productQuantum systems composition
|ψ⟩ ⊗ |ϕ⟩


