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Abstract

We present a new top-down algorithmic

test for quantumcomputers based onan un-

solved math problem first posed by Gauss:

finding quadratic nonresidues [1]. We report

the results of running this new test on current

quantum computers from IBM, IonQ, Honey-

well.

No known classical algorithm finds

quadratic nonresidues in polynomial

time [2], but a new quantum algorithm

does [3]. A quantum computer that finds

quadratic nonresidues at a rate surpassing

the maximal classical success rate provides

evidence of quantum computation. Tests

of different sizes can be constructed from

primes congruent to 1 modulo 8. The small-

est test (for p = 17) requires only four qubits

to run. Arbitrarily large tests can be created

from larger primes.

Results of the p = 17 test indicate that cur-

rent quantum computers range from barely

escaping the noise floor to providing promis-

ing evidence in the best cases. This math

based test provides an agnostic comparison

between different quantum architectures.
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Figure 1. Average success rate of 1000 shot runs.

Higher is better.

Figure 2. Uniformity score of 1000 shot runs.

Higher is better

Figure 3. Success and uniformity score for 1000

shot runs. Upper right corner is better.
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