COMS 4281 - Setting up the class
Jupyter notebooks

This document will help you get set up with python and giskit, up through running the code for
the first assignment with your preferred method.

Running the Assignments

Every assignment in this class will be in the form of a jupyter notebook where you'll write your
solutions (in a combination of markdown and LaTeX), as well as implement code using qgiskit.

Online with the IBM Quantum Lab

The preferred way to run your jupyter notebooks is through the [IBM Quantum
Lab](https://quantum-computing.ibm.com/). This will allow you to run jupyter notebooks
requiring qiskit and other popular libraries without the hassle of managing a local set up (or even
installing python).

Step 1: Creating an IBMid

If you've never used IBM Quantum (which is likely true if you're taking this course), go here and
create a new IBMid. The steps for creating an IBMid should be pretty straightforward.
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Real quantum computers.
Right at your fingertips.

Sign in to IBM Quantum



https://qiskit.org/textbook/ch-states/introduction.html
https://quantum-computing.ibm.com/

Once you've created an IBMid, sign into IBM Quantum with it. The first thing you'll have to do
(most likely) is set up 2FA. If you have an authenticator app or the IBM verifier, feel free to use
that, otherwise just supply the email you used when signing up for the IBMid.

Step 2: Opening the assignment

When you log into IBM Quantum, you should be able to select "lab", after which you'll be taken
to a screen like this.
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Here's where things get a little annoying with the IBM Quantum editor. Unfortunately they don't
allow importing entire files, so we'll have to import all of the files into a new folder.
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First, make a new folder in the editor by clicking the little file with a plus icon (shown below). I've
named it pset1 but you can call it whatever you want.



Then, navigate into the folder and import all of the files from pset1 using the upward facing
arrow icon (shown below).
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Now all that's left is to run the Jupyter notebook. If everything worked, you should be able to hit
Shift+Enter to evaluate each cell. If you do it right, pressing Shift+Enter on each cell should do

something like this:
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Problem 6: A Quantum Two-bit Adder

In this problem, we will implement a quantum two-bit adder. Recall the classical two-bit adder (illustrated below), which is consisted of classical XOR, AND, and OR gates.

1. A classical circuit may have different number of input bits and output bits. For reversible quantum circuits, we require the number of inputs qubits to equal the number of output qubits.
Concretally, we define the following quantum gates (i.., a circuit that computes a unitary):
Qo la. b.c) = la.b.c & OR(a. b))
. ¢ ® XOR(a. b))
Qanp la. b.c) = |a.b,c & AN D(a. b))
Intuitively, we add the output of the classical function to an output qubit c. Note that since the gates act on three qubits, Qor. Qxor- Qanp € C¥**. Write down the 8 X § matrices for

Qor. Qxor, Qanp-

2. Now we'd like to implement the gates in iskit. There are two possible ways to do so: you can either use qiskit's APTs to construct a gate given the matrix representation (from previous problem),
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