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Fig. 1. Extending quantum circuits: (a) Standard quantum

circuit; (b) circuit incorporating a time-travelling CNOT gate.
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Fig. 2. Equivalent tensor network representation. Using auxiliary qubits (blue line), the implementation of a time-travelling CNOT

gate can be nondeterministically simulated: (a) Example 1, where we introduce two branches at the two corners of the time-travel-

ling gate and consider an auxiliary qubit (blue line) prepared in the |+) state and subsequently projected to the (+| state, the

right diagram is the corresponding standard quantum circuit representation; (b) example 2, in contrast to example 1, demonstrates

its operation on different physical qubits.
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Fig. 3. Solving the SAT problem. (a) The designed quan-
tum algorithm, with the depth of the circuit linearly pro-
portional to the SAT problem size, i.e., the number of
clauses m . The top n qubits serve as registers for solving
the SAT problem, the middle m qubits are used to mark
whether m logical clauses are independently satisfied, and
the last qubits is used to determine whether all logical
clauses are simultaneously satisfied. (b) Operational details
of the time-travelling CNOT gate on the final marking
qubit, here, p corresponds to the posterior-select probabil-
ity in tensor network interpretation: When the marking
qubit in the algorithm is |1) , the corresponding auxiliary
qubits have a posterior-select projection probability of 0;
while the marking qubit is |0) , the posterior-select projec-
tion probability is 1. The algorithm ultimately only outpu-
ts the case where the marking qubit is |0) , corresponding

to storing only the correct solutions in the registers above.
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Abstract

Quantum computing can solve problems that are difficult to solve in classical computing, expanding the
range of problems that can be effectively computed within the allowable range of classical physical principles,
and posing a challenge to the extended Church-Turing thesis in classical computing. Here, we discuss an
interesting question: how to achieve more powerful computers by breaking through the limitations of physical
principles, further enhancing the capabilities of quantum computers. To extend quantum computing, novel
operations related to relativistic physics are a crucial candidate. Among them, the concept of closed time-like
curve has aroused widespread interest, and it introduces the ability for time travel. Mathematically, quantum
state along the closed time-like curve is determined through self-consistent equations, which has been
demonstrated in simulations. Here, we consider a novel manipulation capability that allows quantum computing
to achieve time-travelling quantum control gate. This is an intuitive extension of the graphical language of
quantum circuits. Explaining quantum circuits as tensor networks, we first explain how to experimentally
simulate the output of such a circuit in a system without time-travel capability. Then, we take an example to
demonstrate an extended quantum algorithm that can efficiently solve SAT problems, indicating that with the
involvement of time-travelling quantum gates, the computational complexity class P = NP. We also anticipate
that the time-travelling quantum gates will play a facilitating role in accomplishing other quantum tasks,
including achieving deterministic non-orthogonal quantum state discrimination, and quantum state cloning. Our
results contribute to a more in-depth understanding of the relationship between computation and physical

principles.

Keywords: extended Church-Turing thesis, time travel, closed time-like curves, quantum computer, P vs. NP

problem
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