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Abstract. Due to the linearity of quantum operation, it is not straightforward to implement
the nonlinear transformation on a quantum computer, making some practical tasks like a neural
network hard to be achieved. In this work, we define a task called the nonlinear transformation of
complex amplitudes and provide an algorithm based on quantum singular value transformation.
We also provide a thorough discussion about how to implement practical tasks such as a neural
network using complex amplitudes with this procedure.
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Quantum algorithm has shown computational ad-
vantages in many tasks over the best classical algo-
rithms. In recent years, ones for machine learning
have attracted much attention due to their practical
potentials. It has been shown that under certain as-
sumptions, popular machine learning techniques like
support vector machine [1] and linear regression [2]
can gain exponential speedup from quantum com-
puters using the Harrow-Hassidim-Lloyd algorithm
[3] as a subroutine. However, there are still many
problems waiting to be solved, if one wants to imple-
ment techniques like a neural network with a quan-
tum computer.

A neural network, which can solve problems such
as classification, is a method widely used in the ma-
chine learning field. It is based on linear transfor-
mations and element-wise nonlinear transformations
P (~x) of data vectors ~x. If we wish to translate it into
a quantum task, its naive extension can be defined
as follows. Assume we have an access to an ora-
cle U : U |0〉 =

∑N
i=1 ci |i〉 which encodes a complex

data vector ~c = {ci}, as well as its adjoint and their
controlled versions. For given nonlinear functions
P and Q, prepare a quantum circuit such that its
output state is α

N

∑N
i=1(P (xi) + iQ(yi)) |i〉, where

xi + iyi = ci and α is a normalization factor. We
call this task nonlinear transformation of complex
amplitudes which can then be used to implement
neural networks on a quantum computer. In the
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previous work that has considered a quantum im-
plementation of neural network [4], they only per-
form linear operations on a quantum computer, and
nonlinear operations are done classically. This ap-
proach avoids the above task but with the cost for
input and readout of the amplitudes.

In this work, we provide an algorithm to solve this
problem based on quantum singular value transfor-
mation [5]. We show that this task can be performed
if the desired functions P and Q satisfies certain con-
ditions that allows an efficient approximation by the
quantum signal processing [6], and the oracle com-
plexity depends on dimensions N , {ci}, P , and Q.
We will also provide a thorough discussion about
how to implement certain practical nonlinear func-
tions. For example, if our approach is used to imple-
ment the neural networks with activation function
tanh(x), under certain conditions this algorithm can
achieve quadratic quantum speedup with respect to
the dimensions of data vectors. Since we do not need
to perform repetitive measurements at the nonlin-
ear transformation step, the proposed algorithm is
advantageous compared with the previous work [4].
However, we point out that this method is not ef-
ficient for all the cases. We argue that this may
connect to the fact that nonlinearity quantum com-
putation allows us to solve some very hard problems
efficiently [7, 8].

This work opens up a way to implement nonlin-
ear operations on a quantum computer, and may
contribute to the field of quantum machine learning
and other physically motivated problems.
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