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Preface

Quantum computation is an exciting field which is attracting increasing attention
unremittingly since the early 1980s. This field rests on the shoulder of a giant
because classical computation achieved amazing developments in the twentieth
century. It is exciting because quantum computation is a paradigm change. The
basic information unit—the qubit—behaves quite differently from the bit, which
is either zero or one exclusively. The qubit admits the coexistence of zero and one.
It is not possible to visualize this behavior directly; in fact, mathematics is the key
that has unlocked the quantum behavior and allowed physicists to develop quantum
mechanics, which predicts experimental results that have been successfully tested
in labs. A paradigm change means that a new building must be made with different
foundations.

In the last years, we have learned that companies such as IBM, Google, and
others are building quantum computers with more and more qubits. IBM has made
available 5- and 14-qubit quantum computers for any user with a composer that
is very easy to use—a mouse click holds a quantum gate, then you drag and
drop. After playing with the mouse, you hit the run button, and, voilà, the magic
happens. The first part of the magic comes from classical computation and its
graphical interface; the last part comes from the superconducting transmon qubits
working under temperature as low as one-third of deep space, a pinnacle of success
combining cutting-edge technology and centuries of scientific development.

To date, the so-called quantum supremacy has not been achieved. Meanwhile,
classical computers continue to speed up and, nowadays, are possible to simulate
the behavior of 50 qubits approximately in supercomputers. Quantum computers
with more than 50 qubits are candidates to achieve the supremacy. The problem is
to maintain the coexistence of zeros and ones for long enough, let us say, seconds.
IBM’s devices are working up to 100 ms. It is a huge technological challenge to
scale up the quantum behavior to macroscopic sizes that humans can see and time
spans that humans can take a breath.
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vi Preface

Of course, we can always say that the time is now. Yes, we confess we believe
that the time is now. Feynman said in 1982 that quantum computing is an interesting
research problem, and it still is. This motivates us to finish this project which we
started over a decade and a half ago. We hope you enjoy it.

Petrópolis, Brazil Franklin de Lima Marquezino
Petrópolis, Brazil Renato Portugal
Campinas, Brazil Carlile Lavor
March 2019
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