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Interactive Proofs with Polynomial-time Quantum Prover 
for Computing the Order of Solvable Groups

F. Le Gall, T. Morimae, H. Nishimura, and Y. Takeuchi
Proc. of the 43rd International Symposium on Mathematical Foun-

dations of Computer Science (MFCS 2018), Vol. 117, No. 1, pp. 
26:1–26:13, Liverpool, UK, August 2018.

In this paper we consider what can be computed by a user interact-
ing with a potentially malicious server, when the server performs 
polynomial-time quantum computation but the user can only perform 
polynomial-time classical (i.e., non-quantum) computation. Under-
standing the computational power of this model, which corresponds 
to polynomial-time quantum computation that can be efficiently 
verified classically, is a well-known open problem in quantum com-

puting. Our result shows that computing the order of a solvable 
group, which is one of the most general problems for which quantum 
computing exhibits an exponential speed-up with respect to classical 
computing, can be realized in this model.

  

Novel Optimizing Technique for Linear Optical Mach-
Zehnder Modulator and Its Experimental Verification 
Using PAM-8 Signal

H. Kawakami, H. Yamazaki, and Y. Miyamoto
Proc. of the 44th European Conference on Optical Communication 

(ECOC 2018), We2.13, Rome, Italy, September 2018.
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Waki, and K. Ohe, “Intuitively Estimating the Healthiness of Meals 
from Their Images,” Proc. of the Joint Workshop on Multimedia for 
Cooking and Eating Activities and Multimedia Assisted Dietary 
Management, Stockholm, Sweden, July 2018.
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Aug./Sept. 2017.
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Engineering Symposium (SES2017), Tokyo, Japan, Aug./Sept. 2017.
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We propose an optimizing technique for a linear optical modulator 
for selecting whether to linearize the optical power or electric field 
response. With this technique, a PAM-8 signal was successfully gen-
erated with a driving signal having a swing voltage of 0.7Vpi.

  

Quantum Computational Universality of Hypergraph 
States with Pauli-X and Z Basis Measurements

Y. Takeuchi, T. Morimae, and M. Hayashi
arXiv:1809.07552 [quant-ph], September 2018.
Measurement-based quantum computing is one of the most prom-

ising quantum computing models. Among various universal resource 
states proposed so far, the Union Jack state is the best in the sense that 
it requires only Pauli-X, Y, and Z basis measurements. It was open 
whether only two Pauli bases are enough for universal measurement-
based quantum computing. In this paper, we construct a universal 
hypergraph state that only requires X and Z-basis measurements. We 
also show that the fidelity between a given state and our hypergraph 
state can be estimated in polynomial time using only X and Z-basis 
measurements, which is useful for the verification of quantum com-
puting. Furthermore, in order to demonstrate an advantage of our 
hypergraph state, we construct a verifiable blind quantum computing 
protocol that requires only X and Z-basis measurements for the client.

  

Verification of Many-qubit States
Y. Takeuchi and T. Morimae
Proc. of the 18th Asian Quantum Information Science Conference 

(AQIS 2018), p. 48, Nagoya, Aichi, Japan, September 2018.
Verification is a task to check whether a given quantum state is 

close to an ideal state or not. In this paper, we show that several many-
qubit states can be verified with only single-qubit Pauli measure-
ments. Specifically, we introduce protocols for ground states of 
Hamiltonians, quantum states generated by some quantum circuits, 
and all polynomial-time-generated hypergraph states. Importantly, 
we do not make any assumption that the i.i.d. copies of the same 
states are given. Our protocols work even if entanglement is created 
among copies in any artificial way. As an application, we consider the 
verification of the Bremner-Montanaro-Shepherd-type IQP circuits.

  

Power of Uninitialized Qubits in Shallow Quantum Circuits
Y. Takahashi and S. Tani

Proc. of AQIS 2018, p. 49, Nagoya, Aichi, Japan, September 2018.
We study the computational power of shallow quantum circuits 

with O(log n) initialized and nO(1) uninitialized ancillary qubits, 
where n is the input length and the initial state of the uninitialized 
ancillary qubits is arbitrary. First, we show that such a circuit can 
compute any symmetric function on n bits that is computable by a 
uniform family of polynomial-size classical circuits. Then, we regard 
such a circuit as an oracle and show that a polynomial-time classical 
algorithm with the oracle can estimate the elements of any unitary 
matrix corresponding to a constant-depth quantum circuit on n 
qubits. Since it seems unlikely that these tasks can be done with only 
O(log n) initialized ancillary qubits, our results give evidences that 
adding uninitialized ancillary qubits increases the computational 
power of shallow quantum circuits with only O(log n) initialized 
ancillary qubits. Lastly, to understand the limitations of uninitialized 
ancillary qubits, we focus on sub-logarithmic-depth quantum circuits 
with them and show the impossibility of computing the parity func-
tion on n bits.

  

Resource-efficient Verification of Quantum Computing 
Using Serfling’s Bound

Y. Takeuchi
AQIS 2018 Kyoto satellite workshop on quantum computing, 

Kyoto, Japan, September 2018.
In measurement-based quantum computing, checking whether 

correct graph states are generated or not is essential for reliable quan-
tum computing. Several verification protocols for graph states have 
been proposed, but none of these are particularly resource efficient: 
Many copies are required in order to extract a single state that is 
guaranteed to be close to the ideal graph state. For example, the best 
protocol currently known requires O(n15) copies of the state, where n 
is the size of the graph state. In this talk, we propose a significantly 
more resource-efficient verification protocol for graph states that 
needs only O(n5 log n) copies. The key idea that achieves such a 
drastic improvement is to employ Serfling’s bound, which is a prob-
ability inequality in classical statistics. Utilizing Serfling’s bound 
also enables us to generalize our protocol for qudit graph states and 
continuous-variable weighted hypergraph states. This talk is based on 
joint work with Atul Mantri, Tomoyuki Morimae, Akihiro Mizutani, 
and Joseph F. Fitzsimons. The detail is given in arXiv:1806.09138.

  


