Week 4: Grinding gates in
guantum computers:
Quantum gates and circuit

model of quantum

computation, introduction
to IBM's Qiskit, Grover's

guantum search algorithm,
amplitude amplification




Sign up for user account

0 In order to access IBM'’s cloud quantum computers

0 Each user is given a token (for accessing)

IBM Q Backend Access API Token
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BT Python software development kit (SDK) for working with OpenQASM and

= the IBM Q Experience (QX).
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Delete Account

If you delete your account, we will remove your email address and
delete your personal data and you will not have access to IBM Q
Experience.



How to run programs on IBM Q?

®
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v Quantum circuit part uses OpenQasm, quantum assembly
language for Gate and operation specification for quantum
circuits

v' Can use IPython notebooks interactive environment and
display quantum circuits

v Includes applications (QISKit Algorithms and Circuit for
QUantum Applications) to : (1) Chemistry, (2) Al, and
(3) Optimization, etc.



Web interface: drop-down gates

v IBM Q 5 Tenerife [ibmqxa]

Last Calibration: 2018-07-09 22:02:28

> IBM Q 5 Yorktown [ibmax2]

Experiment #20180710101323

We are calibrating the device

Q3 04
Frequency (GHz)
T1 (us)
T2 (us)

Gate error (10 %)
Readout error (10 %)

MultiQubit gate error an?

MAINTENANCE

Add a description | New | | Save | | Save as
El Switch to Qasm Editor Backend: ibmgx4 €@ My Units: 156 @ Experiment Units: 3 @ “
GATES @ ] Advanced i
01 10 £ A
=
alt] o)
T Kl &
ot 10—l A [
P
ql4] \ﬁ)—n g@i BARRIER OPERATIONS
. i ‘
0% V i
L ) % 2 3 4




http://qiskit.org

Qiskit ™ Terra Aqua Tools

Qiskit

An open-source quantum computing framework for
leveraging today's quantum processors and conducting
research

) GitHub © Join the Slack community

Introducing VSCode Getting started with
extension! Qiskit

Simplifying Qiskit to make developing quantum circuits In this episode Doug McClure, Qiskitter at IBM, introduces
and applications faster us to Qiskit and its functions. You'll learn all about how to

run your first quantum program on real IBM Q hardware.

More information

Watch the video




Python and Qiskit

Python and Qiskit

Qiskit requires Python 3 and you can install Qiskit according to the instruction here at

the documentation. Python (in particular Python 3) can be installed in Mac, Windows and
Linux (Mac and Linux may come with it). We need at least Python 3.6. It is recommended to
install on your own PC or laptop.

However, if you are comfortable with using online softwares and do not want to install these
packages, you can sign up for a "CoCalc" account at here: https://cocalc.com/. It has the
software you need for this course.




https://cocalc.com
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teaching remote scientific

courses!

Save weeks of class time troubleshooting software and
make your TA's more effective.
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Run CoCalc Now Sign In
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A Thank you for trying CoCalc!  Please sign up to avoid losing your work.
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Select a Kernel

This notebook has no kernel. A working kernel is required in order to evaluate the code in the
notebook. Please select one for the programming language you want to work with.

] Do not ask, instead default to your most recent selection (you can always show this screen again by

clicking on the kernel name in the upper right)

Suggested kernels

The Julia Programming Language

ee Julia 1.5.1

@ Python 3 (system-wide) Python 3 programming language

@R R (system-wide) R statistical programming language



=>» Can run Qiskit codes on CoCalc (free)
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In [1]: # Importing everything 1
from qiskit import *
from giskit.visualization import plot_histogram

In [2]: # Define a function that takes a QuantumCircuit (qc)_ ~
# and two integers (a & b)
def create_bell pair(qc, a, b):
gc.h(a) # Apply a h-gate to the first qubit
gc.cx(a,b) # Apply a CNOT, using the first qubit as the control

In [3]: # Define a function that takes a QuantumCircuit (qc) :
# a qubit index (qubit) and a message string (msg)
def encode_message(qc, qubit, msg):

if msg == "@0":
pass # To send @@ we do nothing
elif msg == "10":

gc.x(qubit) # To send 1@ we apply an X-gate
elif msg == "@1": 1



