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Motivation

•Quantum computing uses principles from quantum mechanics to potentially solve cer-
tain problems that classical computers find very hard or slow to handle.

•Helpful in areas like optimization, cryptography and simulating quantum systems.

•Resource for quantum computing is quantum coherence.

•Role of coherence in understanding the potential power of quantum computing.

•Coherence creation and detection in different quantum algorithms.

•How to manage and analyze coherence in quantum systems [1].

•Goal is to strengthen quantum computing by preserving and utilizing coherence.

I. Quantum Approximate Optimization Algorithm

(QAOA)

Define Graph

Construct Circuit

Initialize State

Apply Cost Unitary
e−iγHC

Apply Mixing Unitary
e−iβHB

Get Final State
|ψ(γ, β)⟩

Graph Types
•−•, △, □, ...

Quantum Circuit

Initial State
|+⟩⊗n = H⊗n|0⟩⊗n

Cost Hamiltonian
HC = 1

2

∑
(i,j)∈E(I − ZiZj)

Mixing Hamiltonian
HB =

∑n
i=0Xi

Final Output
Construct ρ = |ψ⟩⟨ψ|

II. QAOA Circuit

III. Resource Theory Fundamentals
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IV. Properties of Coherence Measures

V. Coherence Measures

• l1 Norm of Coherence:
For a density matrix ρ, the ℓ1-norm of coherence [1] is the sum of the absolute values of
its off-diagonal elements:

Cl1(ρ) =
∑
z ̸=z′

|ρzz′| =
∑
z ̸=z′

|⟨z|ρ|z′⟩| (1)

•Preliminary Two Qubit Results:

•Creation of Coherence:
In quantum resource theory [2], coherence is treated as a resource that can be manip-
ulated using quantum channels. To quantify coherence, one important measure is the
resource generation capacity, C (Θ), which quantifies how well a quantum channel Θ can
generate coherence from an incoherent state:

C (Θ) = max
τ∈I

C(Θτ ), (2)

based on the robustness of coherence [3]

C(ρ) = min

{
s ≥ 0 :

ρ + sτ

1 + s
∈ I, τ a state

}
, (3)

here, τ is an incoherent state, and I represents the set of incoherent states.

•Detection of Coherence:
To detect coherence, we use the NSID measure M̃⋄(Λ), which quantifies how well a
quantum channel Λ can detect coherence. The measure is defined as:

M̃⋄(Λ) = min
Φ∈DI

max
σ

∥∆(Λ− Φ)σ∥1, (4)

where ∆ is the dephasing operation. This measure captures how much coherence can
be detected in the output of a quantum channel after applying an incoherent channel.

Future Directions

• Increase the system size, analyze different coherence measures for example robustness of
coherence, relative entropy of coherence and the performance of the different algorithms.
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