
Extracted from:

Quantum Computing
Program Next-Gen Computers for Hard, Real-World Applications

This PDF file contains pages extracted from Quantum Computing, published by
the Pragmatic Bookshelf. For more information or to purchase a paperback or

PDF copy, please visit http://www.pragprog.com.

Note: This extract contains some colored text (particularly in code listing). This
is available only in online versions of the books. The printed versions are black
and white. Pagination might vary between the online and printed versions; the

content is otherwise identical.

Copyright © 2020 The Pragmatic Programmers, LLC.

All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted,
in any form, or by any means, electronic, mechanical, photocopying, recording, or otherwise,

without the prior consent of the publisher.

The Pragmatic Bookshelf
Raleigh, North Carolina

http://www.pragprog.com






Quantum Computing
Program Next-Gen Computers for Hard, Real-World Applications

Nihal Mehta, Ph.D.

The Pragmatic Bookshelf
Raleigh, North Carolina



Many of the designations used by manufacturers and sellers to distinguish their products
are claimed as trademarks. Where those designations appear in this book, and The Pragmatic
Programmers, LLC was aware of a trademark claim, the designations have been printed in
initial capital letters or in all capitals. The Pragmatic Starter Kit, The Pragmatic Programmer,
Pragmatic Programming, Pragmatic Bookshelf, PragProg and the linking g device are trade-
marks of The Pragmatic Programmers, LLC.

Every precaution was taken in the preparation of this book. However, the publisher assumes
no responsibility for errors or omissions, or for damages that may result from the use of
information (including program listings) contained herein.

Our Pragmatic books, screencasts, and audio books can help you and your team create
better software and have more fun. Visit us at https://pragprog.com.

The team that produced this book includes:

Publisher: Andy Hunt
VP of Operations: Janet Furlow
Executive Editor: Dave Rankin
Development Editor: Brian MacDonald
Copy Editor: L. Sakhi MacMillan
Indexing: Potomac Indexing, LLC
Layout: Gilson Graphics

For sales, volume licensing, and support, please contact support@pragprog.com.

For international rights, please contact rights@pragprog.com.

Copyright © 2020 The Pragmatic Programmers, LLC.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form, or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without the prior consent of the publisher.

ISBN-13: 978-1-68050-720-1
Encoded using the finest acid-free high-entropy binary digits.
Book version: P1.0—August 2020

https://pragprog.com
support@pragprog.com
rights@pragprog.com


Try Your Hand
Solutions to these exercises are given in Quantum Superposition Solutions,
on page ?.

These exercises demonstrate that by judiciously wiring up quantum gates,
it’s possible to orchestrate the collapse of qubits and that they don’t just
gyrate uncontrollably.

For any code listing in the exercises, assume the following header lines:

OPENQASM 2.0;
include "qelib1.inc";

1. The NOT gate operates on a | 0⟩ qubit as shown in this quantum circuit:

Show the operation of the NOT gate in terms of qubelets.

2. An inverted triangle | 1⟩ qubelet is operated on by a NOT gate:

a. How is this qubelet affected by the NOT gate?
b. If you measure the qubit after it’s operated on by the NOT gate, what

binary state would be logged in the classical register?

3. Draw the qubelets for the | 0⟩ qubit after it’s been operated on by the
H and X gates, as shown in the following quantum circuit:

a.

b. Compare the qubelets against the following quantum circuit:

c. If you measure the qubit after it’s been operated on by both gates in
the previous circuits, would you notice any statistical difference in
the output?

4. Simplify the following qubits.
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a.

b.

5. Consider the following quantum state of a qubit:

Compare the likelihoods of the qubit collapsing to | 0⟩ versus | 1⟩.

6. Describe the quantum operations, if any, you can apply to convert the
quantum state of the qubit on the left to the quantum state on the right
in the following figure:

Hint: Consider the quantum operations such as switching and inverting
qubelets listed in Basic Operations, on page ?. (In Quantum Circuit
Synthesis, or Guess the Gate,  on page ?, you’ll learn to design the
quantum circuit that implements the quantum operations taking the
quantum state on the left qubit to the one on the right.)

7. Draw a quantum circuit and write the quantum program that simu-
lates a coin toss on the real IBM computer.

a.

b. How many shots would you specify for this program?

8. In the following circuit, back-to-back H gates are applied to a | 1⟩ qubit.
Using qubelet diagrams, what is the quantum state of the qubit after it’s
operated on by both H gates?
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9. Consider the following quantum circuit with three back-to-back H gates,
shown as follows:

a. Draw the qubelets in the qubit after it’s been acted upon by all three
gates.

b. Write the quantum program for this circuit.

c. Execute this program and examine the output. What strikes you?

10. When writing quantum programs, it’s crucial that you understand how
to transform quantum states to ones that increase the likelihood of col-
lapsing to states that solve your computational task. For example, what
quantum gates should be performed on the qubit on the left to take it to
the state on the right in the following quantum circuit:

That is, the quantum gates should remove the inverted pentagon | 0⟩
qubelet from the quantum state.

11. Consider a gate that operates as follows:

• Doesn’t affect the pentagon | 0⟩ qubelets.
• Inverts the triangle | 1⟩ qubelets.

How will this gate transform the following qubit:
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12. The following mega-qubit is the result of being operated on by quantum
gates. If you measure the qubits making up the mega-qubit, which clas-
sical state is it most likely to be recorded as in the classical register?

13. Draw the mega-qubit for the following quantum circuit shown on page 8.

14. Consider the following quantum circuit:

a. Draw the mega-qubit before it’s fed to the CNOT gate.

b. Draw the mega-qubit after it’s operated on by the CNOT gate.
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c. List the states, and their probabilities, that are recorded in the classi-
cal register when the mega-qubit collapses.

d. If you just measure the bottom qubit and it happens to be 0, what
can you say about the top qubit?

e. Write a quantum program for this circuit and compare the output
with the mega-qubit you drew earlier.

15. Consider the quantum circuit that models the Aladdin Constraints as
outlined in Logic Expressions to Quantum Circuit, on page ?.

a. Where would you place the H gates?
b. Run the quantum program. What can you say about the states shown

in the output?

16. Draw the quantum circuit corresponding to the code listing shown here:

h q[1];
h q[0];
x q[0];
ccx q[0],q[1],q[2];
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