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major advantage. Many universitie:

computing, and considerable funding is also availab
introducing quantum computing and encouraging schools to join us
revolutionary step forward for computing.

The Quantum Computing MasterClass is a graduate-level quantum computing
infroduction to elementary problems to be solved on IBM’s Q Experience quantum
computing simulator.



v' understand basic gu
comparison with classical compu

v understand the physical realization of quantum computers
v understand the cenftral results of quantum computing

v develop initial expertise in writing simple programming codes for quantum
computers.



The projects will address three types of problems:
« Computing an algebraic operation by using qubits in a “classical” mode
Implementing the use of quantum computer to evaluate a simple operation by using
qubits

* Placing qubits in super positions
Creating the superposition of quantum states to understand the basic idea of
quantum mechanics

* Implementing quantum entanglement
Implementing an algorithm which gives a direct evidence of the entanglement
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Topic 2 to cover superposition.

To understand the diagrams illustrating superposition, they had to be introduced to the Greek symbol
psi, ¥, as superposition can be shown as a psi W |ket> (to show all of the possibilities, psi ¥, of a vector

|ket>, in superposition: the psi-ket is depicted as |W>).

Superposition is created by applying a Hadamard (H) gate to a qubit.

Quantum superposition



remain entangled with one anc
same way. It was explained that there is no violatia
occurred is still limited by c.

The hands-on portion of the class was to make CNOT connections in the IBM Composer, use X gates (X
gates flip values from zero to one and one to zero), to predict their answers, and run the program. To do
this, the students had to study the diagram that accompanies the programming interface of the
Composer, to identify legitimate paths for entanglement of qubits.

Review of Superposition included the Bloch Sphere as an illustration of a qubit, and the |\W> vecia
within that sphere with its nearly infinite possibilities between zero and one, will be proposed.



O Classroom preparatior
d Trying a QC exercise
O Walk through a MC logistics
Q MC library

O Connection test

0 Q&A

The seminars visit takes generally 3 hours for two days, thought it can be extended on
demand.

The MC orientation can be obtained by registering on a prepared Google form.
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Institute
Previous to day of the MC:
Orientation for mentors and teachers by MC staff or fellow (2h)
Classroom preparation of students by teacher (3h)

Masterclass Day:

Registration

lcebreaker activity

Mentor presentation

Lab tour

Teacher presentation on MC QC activity
Lunch with a physicist

QC MC activity by students with help of mentor, teachers, other physicists
Discussion of combined results for Institute
Video Conference

Wrap-up

Attendance form
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IBM Composer includes descriptions of the gates, includes QASM, and includes a dic
arrangement of the qubits in the quantum computer being programmed. The User Interface is intuitive,
at least, to a high school student. Well-placed error messages, such as a reminder to save the prograry
before running it, pop-up to assist.

Quantum programs written in IBM Composer can be run on either real qguantum computers or e
simulator. Sometimes at periods of high traffic, the real quantum computers delayed giving thgir'reg0lts
by a few hours or a day.

For the classes given to the high school students, running the programs on the real machine were limited
to where it made a significant difference in the results. The simulator also offers a range of configuration
options and that can be designed by the student to fry different ideas.
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