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Abstract of Thesis

Quantum computers are believed to provide an exponential speedup compared to classical computers for specific problems,
such as factoring and quantum simulations. After decades of research, we are in the noisy intermediate-scale quantum era,
which means we can access the quantum computer with hundreds of physical qubits with noise. Due to the limited number of
qubits on near-term quantum devices, every shot is valuable. It is natural to ask how to utilize near-term quantum devices more
efficiently. Or how to reduce the requirement of quantum resources when we implement quantum algorithms. In this thesis, we
try to use optimization tools to reduce the requirement of quantum resources in the following three tasks: expectation value

estimation, extracting non-linear features from noisy systems and quantum channel simulation using coherence.

In the first part, we point out that the sampling times of expectation value estimation of Hamiltonian depends on the Pauli
norm of Hamiltonian. Then we propose a variational quantum algorithm called variational quantum Hamiltonian engineering
to minimize the Pauli norm of Hamiltonian, such that the sampling times for estimating expectation value can be reduced. We
develop a theory to encode the Pauli norm optimization problem into the vector 1-norm minimization problem. Then we devise
an appropriate cost function and utilize the parameterized quantum circuits to minimize the cost function. We also conduct
numerical experiments to show the effectiveness of our algorithm on the Ising Hamiltonian and molecules' Hamiltonian. This

work makes a significant contribution to improving the efficiency of quantum computing.

In the second part, we focus on extracting accurate high-order moments from noisy quantum systems. To address the noise, we
establish a method, called observable shift, for deriving protocols that use quantum operations and classical postprocessing
only. Compared with the existing method, our method requires lower sampling overheads and easier implementations. We
further construct the protocol for large quantum systems to retrieve the depolarizing channels, making the proposed method
scalable. This work contributes to a deeper understanding of how quantum noise could affect high-order information extraction

and provides a more efficient way to tackle it.

In the third part, we study channel simulation using coherence, which refers to realizing a target channel with coherent states
and free operations. In this chapter, we develop the framework for probabilistic channel simulation using coherence with free
operations. When the chosen set of free operations is the MIO, we provide an efficiently computable SDP to calculate the
maximal success probability and derive the analytic expression of success probability for some special cases. The SDP for
maximal success probability of simulating channel by DIO is also given correspondingly. This work fills an important gap in

literature by establishing the probabilistic toolbox for the key resource of quantum coherence.

In the first and second part of this thesis, we consider sampling as quantum resource and find ways to reduce the requirement
of such resources in the task of expectation value estimation and non-linear features estimation from noisy quantum states,
respectively. In the third part, we consider coherence as quantum resource and study the framework of probabilistic channel
simulation using limited coherent states. This thesis contributes to reducing the requirement of quantum resources in different
quantum tasks, which makes the quantum devices more efficient. We are confident that this thesis pushes quantum computers

a small step towards the next milestone.
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