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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 Solutions

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. There is an efficient (constant-time)
test for whether a number is even or not (check its least significant
bit). Therefore, this is part of the classical preprocessing.

shor(2)

(f) Test factoring a prime power. There is an efficient classical test
for whether an n-bit number m is a power of a single prime or
not, that is m = pα for some prime p. You don’t need to provide
this algorithm, but in the future, we would do this test as part of
classical preprocessing, before ever running the quantum part of
factoring.
In fact, the way that QCL does it is extremely inefficient. If you
open up the file /projects/instr/12au/cse490q/local/lib/qcl/primes.qcl,
you will see that it scans over all divisors less than

√
m, which could

take up to exponential time in n.
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Here is another possible way. First, we compute b = log2(m) with
sufficient precision (this is not an integer which is just equal to the
number of bits needed to encode m). This is an interesting topic
in its own right, and there are a few ways to do this. One way to
do this is using the Zeckendorf decomposition of any integer into a
unique sum of non-consecutive numbers in the Fibonacci sequence.
Suffice it to say we can do this efficiently.
We simply try all possible values of α, which are between 2 and
bbc. For a given α, we divide it by b and get an exponent x = α/b
which is a real number between 0 and 1.
Now we exponentiate two to this power and get the two closest
integers a possible αth root of m.

d1 = b2xc (7.1)
d2 = d2xe (7.2)

Finally, we raise both of these numbers to the α power and see if
they equal m. If neither of them do, then we keep going to the next
power, α + 1. If one of them satisfies us, say dα

i = m, then we have
found our prime p = di.

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)

(h) When all of the classical preprocessing has happened and the num-
ber still cannot be factored, now we must do quantum period-
finding. Because you are running QCL on a classical computer
to simulate a quantum computer, this accounts for the slowdown.
You potentially need to simulate all 2n components of an n-qubit
system. To factor an n-bit number therefore takes O(2n) time for a
classical simulation of a general quantum algorithm.

(i) In the file /projects/instr/12au/cse490q/local/lib/qcl/shor.qcl:

• Lines 16-23 correspond to classical preprocessing.
• Line 24 is the first layer of Hadamards applied to all the control

qubits.
• Line 25 is the repeated application of controlled-U operations,

where U is modular multiplication by the randomly chosen a.
• Line 26 is measuring the target register, which doesn’t corre-

spond to the circuit as shown. This is not normally part of

http://keithschwarz.com/interesting/code/?dir=zeckendorf-logarithm
http://keithschwarz.com/interesting/code/?dir=zeckendorf-logarithm
http://keithschwarz.com/interesting/code/?dir=zeckendorf-logarithm
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Figure 7.1: The quantum circuit for period-finding in Shor’s algorithm.

quantum period-finding, and I don’t understand why it is here
actually, or why the algorithm works with it. Sadface!

• Line 27 is the application of a quantum Fourier transform on
the control register.

• Line 28 is the measurement of the control register to get the
phase.

• All the lines after that are to recover the period from the esti-
mated phase using continued fraction expansion.

2. The qubit in both the trapped ion and the nitrogen-vacancy center are
two energy levels of an electron, a ground state and the first-excited
state. Both qubits are addressed by shining lasers tuned to a certain
frequency, the energy transition between the two states, sometimes by
means of an intermediate third state. This both transforms the qubit (ro-
tates it about the Bloch sphere) and reads it out, by flourescing a photon.
The advantage of a trapped ion is that all atoms (in this case barium) are
exactly the same, so the laser frequencies are known and constant. The
lifetime can be quite long (for example, seconds for the 5s and 5p levels,
or even years for the hyperfine levels created by splitting 5s by applying
a magnetic field). However, it is difficult to trap many ions and have
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them interact with each other. The advantage of nitrogen-vacancy cen-
ters is that many qubits are available in the crystal structure of diamond,
but it can be difficult to address them accurately. NV-centers can also be
used to measure very small magnetic fields.

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,
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.

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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