
Quantum Computing for Beginners

Paul Pham with illustrations by Stephen Rice

December 6, 2012



2

0.1 Instructions

Reading these entire notes and doing the problem set is meant to take at most
two hours of your time before class. You don’t need to read the Historical
Notes, they are provided if you are curious for more details. Keep careful
track of how long you spend on this assignment. If it takes you more than
two hours, feel free to stop and come to class prepared to ask questions and
finish the assignment with your classmates.



Chapter 7

Last Problems

7.1 Problem Set

1. This problem deals with Shor’s factoring algorithm and uses a software
simulator called QCL (Quantum Computer Language) written in C that
can be compiled on classical computers.

(a) Log into the instructional server attu.cs.washington.edu via ssh.

(b) Add the following to your PATH environmental variable, either from
the commandline or inserting it into your .bash profile file.

export PATH=$PATH:/projects/instr/12au/cse490q/local/bin

(c) Start the interpreter with 1000 bits.

qcl

(d) Include the file with Shor’s algorithm.

include "shor.qcl"

(e) Test factoring an even number. Why do you think this step com-
pletes so quickly?

shor(2)

(f) Test factoring a prime power. Why do you think this step completes
so quickly?

shor(27)

(g) Test factoring the numbers 103, 105, and 107. Some of these runs
may take several minutes. Also, they may overload the CPUs on
attu, and other students or CSE Support may complain to you. If
so, you should exclaim loudly “It’s for SCIENCE!” and then try
your job again later when no one is looking.

shor(103)
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(h) Why do you think the software takes so long to tell if some numbers
(like 105 above) is composite? Consider the difference between a
quantum state and a classical state. You may wish to do the next
problem first before answering this question.

(i) Open the file /projects/instr/12au/cse490q/local/lib/qcl/shor.qcl
What line numbers (roughly) correspond to the classical prepro-
cessing and which line numbers correspond to the quantum circuit
shown in Figure 7.1?
This script shows you the quantum coprocessor model, where all of
the high-level control and user interaction with a quantum algo-
rithm happens via a completely classical computer. Your laptop, or
a desktop PC, offloads only a few tasks to a quantum computer, and
then reads back the measured results to interpret them. It is usually
much faster to do as much pre-processing and post-processing on a
classical computer, and only delegate tasks to a quantum computer
which will be exponentially faster as the input size increases. This
will make up for the initial runtime overhead and greater expense
of the quantum computer.
The quantum circuit has two registers: the control register, which
will contain an estimate of the phase (eigenvalue) of a particular op-
erator, and the target register, which will contain the corresponding
eigenvector. For an n-bit number to factor, the second register will
have n bits, and it will start in an equal superposition of eigenvec-
tors (which happens to be |1〉). This is the key quantum advantage,
in that you are able to easily prepare a superposition of many states
that classically would be hard to prepare individually.
There are four parts to pay attention to: the layer of Hadamard
gates, the repeated application of some unitary operator U whose
phase you want to measure (in this case, modular multiplication),
applying the quantum Fourier transform, and measurement (of the
first register).
You may also wish to refer to the slides for Lecture 8?
This script loops until it finds a random number co-prime to the
number we want to factor before it runs quantum period-finding
just to demonstrate the quantum part. However, in real-life, if we
found a random number less than m that was not co-prime with m,
then that number would be a factor of m and we would never get
to the quantum algorithm.
Also, note that the lines at the end, after the reset command, are
the classical postprocessing which runs the continued fraction expan-
sion.
We won’t have time to go into it, but it is an interesting topic in its
own right. Don’t worry too much about understanding the QCL
syntax, but if you are interested, you can find detailed documenta-
tion online.

http://qcb2012.files.wordpress.com/2012/11/lecture081.pdf
http://tph.tuwien.ac.at/~oemer/doc/structquprog.pdf
http://tph.tuwien.ac.at/~oemer/doc/structquprog.pdf
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Figure 7.1: The quantum circuit for period-finding in Shor’s algorithm.

2. Write as much as you can remember from the physics department tours
in the laboratories of Boris Blinov and Kai-Mei Fu, at least six (non-
repeating) sentences. Here are some questions to guide you:

(a) What represented the qubit levels |0〉 and |1〉 in each physical im-
plementation?

(b) How were operations performed on the qubits?

(c) How were they measured?

(d) How long did the qubit last before it decohered? (milliseconds,
seconds, years?)

(e) What were the advantages of one physical implementation versus
the other?

(f) What other technologies could these physical implementations be
applied to, besides qubits?

Here are some wikipedia pages to help you: Nitrogen-vacancy center
and Trapped ion quantum computer

3. You will need a Windows or Linux laptop for this part, which you will
bring to the final class. If you don’t have a Windows or Linux laptop,

http://en.wikipedia.org/wiki/Nitrogen-vacancy_center
http://en.wikipedia.org/wiki/Trapped_ion_quantum_computer
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please partner up with someone who does (you can use message board
to find a partner, and I’ll have given you time in class to find partners,
too).

You’ll also need a basic knowledge of how to run Python programs. If
you don’t have that, please sign up for an office hours slot on Thursday.

On your own Windows or Linux laptop, download the D-Wave Devel-
oper Kit from http://www.dwavesys.com/en/dev-portal.html using
the username and password given in lecture. Usually, you will want
the Python 2.7 32-bit version, for either Windows or Linux, depending
on your operating system. Before you install the developer kit, you will
need to also download and install (if you are running Windows) Python
2.7, Numpy for Python 2.7, and Scipy for Python 2.7. If you are us-
ing Linux, you should already have Python installed, but you can get
Numpy and SciPy using your favorite package manager like apt-get or
yum.

Read through the Getting Started Tutorial, copy and paste the source
code of the subset-sum example into a text file, and run it to obtain the
given answers.

7.2 Version History

• 4 December 2012 Original version.

• 6 December 2012

– Clarified expectations for Problem 2, on writing about the lab tours
and physical implementations.

– Clarifications to Problem 1:

∗ The following questions are removed from part (g): “Why is
the algorithm so quick to tell if a number is an odd, non-prime
power right away? What do you think the software is actually
doing?”

∗ The circuit for quantum period-finding is added in Figure 7.1.
∗ More clarification of how quantum period-finding operates,

and the quantum co-processor model.

– Clarification for Problem 3: You don’t have to completely under-
stand the encoding of the subset-sum problem to a Hamiltonian
that a quantum computer can solve. You just have to have all the
software installed and be able to run the script which calls the D-
Wave API. We’ll go over the details in the final class.

http://www.dwavesys.com/en/dev-portal.html
http://www.python.org/download/releases/2.7.3/
http://www.python.org/download/releases/2.7.3/
http://sourceforge.net/projects/numpy/files/NumPy/1.6.2/
http://sourceforge.net/projects/scipy/files/scipy/0.11.0/
http://www.dwavesys.com/en/dev-tutorial-getting-started.html
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