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Quantum Mechanics - Double Slit ExperimentQuantum Mechanics - Double Slit Experiment

Wikimedia commons Two-Slit_Experiment_Light (h�ps://upload.wikimedia.org
/wikipedia/commons/thumb/8/8b/Two-Slit_Experiment_Light.svg/2000px-Two-
Slit_Experiment_Light.svg.png)

























Let's do some Quantum Computing!Let's do some Quantum Computing!





Let's run some QiskitLet's run some Qiskit
In [1]: import qiskit

from qiskit.tools.jupyter import *
%matplotlib inline
# Allocate 2 simulators, we'll use these later
SIM = qiskit.BasicAer.get_backend('qasm_simulator')
SV_SIM = qiskit.BasicAer.get_backend('statevector_simulator')
qiskit.__version__

Out[1]: '0.9.0'



In [2]: # Define the Quantum and Classical Registers
q = qiskit.QuantumRegister(1)
c = qiskit.ClassicalRegister(1)

# Build the circuit
single_q_measurement = qiskit.QuantumCircuit(q, c)
single_q_measurement.measure(q, c);

# Draw the circuit
single_q_measurement.draw(output='mpl')

Out[2]:



Single Qubit ResultsSingle Qubit Results
In [3]: result = qiskit.execute(single_q_measurement, SV_SIM).result()

qiskit.tools.visualization.plot_bloch_multivector(result.get_statevector())   

Out[3]:



In [4]: qiskit.tools.visualization.plot_histogram(result.get_counts(single_q_measuremen
t))

Out[4]:



Quantum Not GateQuantum Not Gate
In [5]: # Create a Quantum Register with 1 qubit (wire).

qr = qiskit.QuantumRegister(1)

# Create a Classical Register with 1 bit (double wire).
cr = qiskit.ClassicalRegister(1)

# Create a Quantum Circuit from the quantum and classical registers
circ = qiskit.QuantumCircuit(qr, cr)

# Place an X gate on the qubit wire. The registers are zero-indexed.
circ.x(qr[0])

# Measure the qubit into the classical register
circ.measure(qr, cr)

# Draw the circuit
circ.draw(output='mpl')

Out[5]:



Quantum Not Gate - ResultsQuantum Not Gate - Results
In [6]: result = qiskit.execute(circ, SV_SIM).result()

qiskit.tools.visualization.plot_bloch_multivector(result.get_statevector())

Out[6]:



In [7]: qiskit.tools.visualization.plot_histogram(result.get_counts(circ))

Out[7]:



Super PositionSuper Position
In [8]: # Create a Quantum Register with 1 qubit (wire).

qr = qiskit.QuantumRegister(1)

# Create a Classical Register with 1 bit (double wire).
cr = qiskit.ClassicalRegister(1)

# Create a Quantum Circuit from the quantum and classical registers
circ = qiskit.QuantumCircuit(qr, cr)

# Place an Hadamard gate on the qubit wire
circ.h(qr[0])

# Measure the qubit into the classical register
# circ.measure(qr, cr)

# Draw the circuit
circ.draw(output='mpl', scale=1.5)

Out[8]:





In [9]: result = qiskit.execute(circ, SV_SIM).result()
qiskit.tools.visualization.plot_bloch_multivector(result.get_statevector())

Out[9]:



In [10]: # Measure the qubit into the classical register
circ.measure(qr, cr)
# Rerun the simulation on the QASM simulator, 100 times
result = qiskit.execute(circ, SIM, shots=100).result()
qiskit.tools.visualization.plot_histogram(result.get_counts(circ))

Out[10]:



H gates are reversableH gates are reversable
In [ ]: # Build a circuit with 1 qubit and 1 classical bit

qr = qiskit.QuantumRegister(1)
cr = qiskit.ClassicalRegister(1)
qc = qiskit.QuantumCircuit(qr, cr)
# Apply 2 Hadamard gates on the circuit and then measure
qc.h(qr[0])
qc.h(qr[0])
qc.measure(qr, cr)
# Draw the circuit
qc.draw(output='mpl')

In [ ]: result = qiskit.execute(qc, SIM, shots=100).result()
qiskit.tools.visualization.plot_histogram(result.get_counts(qc))



Other Gates - YOther Gates - Y
The above shows the end state a�er applying the Pauli Y gate (which like the Pauli
X/Quantum Not gate) can be thought of a 180 degree rota�on around the Y axis. So
when star�ng from the |  basis state the result is the |  basis state.

However, many gates rotate the phase. To visualize any change in phase you'll want to
put the qubit in superposi�on with a hadamard gate first. For example:

0⟩ 1⟩

In [11]: qr = qiskit.QuantumRegister(1)
cr = qiskit.ClassicalRegister(1)
circ = qiskit.QuantumCircuit(qr, cr)
circ.y(qr)
result = qiskit.execute(circ, SV_SIM).result()
qiskit.tools.visualization.plot_bloch_multivector(result.get_statevector())

Out[11]:





Other Gates - Other Gates - 
This example shows the output of the  (or, conjugate of  phase) gate on the
bloch sphere for a qubit in superposi�on from a Hadamard gate. Since it is a phase gate
it has no no�ceable effect on a qubit in the |  basis state:

S†

S† Z
−−√

0⟩

In [12]: qr = qiskit.QuantumRegister(1)
cr = qiskit.ClassicalRegister(1)
circ = qiskit.QuantumCircuit(qr, cr)
circ.h(qr)
circ.sdg(qr)
result = qiskit.execute(circ, SV_SIM).result()

qiskit.tools.visualization.plot_bloch_multivector(result.get_statevector())

Out[12]:





Multi Qubit Circuits and GatesMulti Qubit Circuits and Gates
In [13]: # Create a Quantum Register with 3 qubits

qr = qiskit.QuantumRegister(3)

# Create a Quantum Circuit from the quantum register. Because we're going to us
e
# the statevector_simulator, we won't measure the circuit or need classical reg
isters.
circ = qiskit.QuantumCircuit(qr)

# Place an X gate on the 2nd and 3rd wires. The topmost wire is index 0.
circ.x(qr[1])
circ.x(qr[2])

# Draw the circuit
circ.draw(output='mpl')

Out[13]:



In [14]: # Execute the circuit on the state vector simulator
job_sim = qiskit.execute(circ, SV_SIM)

# Grab the results from the job.
result_sim = job_sim.result()

# Obtain the state vector for the quantum circuit
quantum_state = result_sim.get_statevector(circ, decimals=3)



In [15]: qiskit.tools.visualization.plot_state_city(quantum_state)

In [16]: qiskit.tools.visualization.plot_bloch_multivector(quantum_state)

Out[15]:

Out[16]:





In [17]: # Creating registers
q2 = qiskit.QuantumRegister(2)
c1 = qiskit.ClassicalRegister(1)
c2 = qiskit.ClassicalRegister(2)

# quantum circuit to make an entangled bell state 
bell = qiskit.QuantumCircuit(q2)
bell.h(q2[0])
bell.cx(q2[0], q2[1])
bell.draw(output="mpl")

In [18]: result_sv = qiskit.execute(bell, SV_SIM).result()
qiskit.tools.visualization.plot_state_city(result_sv.get_statevector())

Out[17]:

Out[18]:





Real Quantum DevicesReal Quantum Devices









Run a Quantum Algorithm on a Real Device!Run a Quantum Algorithm on a Real Device!
In [19]: # useful additional packages 

import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline
from qiskit import BasicAer, IBMQ
from qiskit import QuantumCircuit, ClassicalRegister, QuantumRegister, execute
from qiskit.compiler import transpile
from qiskit.tools.monitor import job_monitor
from qiskit.tools.visualization import plot_histogram

qiskit.IBMQ.load_account()
# After loading credentials we query the backends
%qiskit_backend_overview



In [20]: IBMQ.get_backend('ibmq_valencia')

Out[20]:

/home/sdague/code/quantum/opensource-quantum-presentation/.venv3/lib/python3.7
/site-packages/qiskit/providers/ibmq/ibmqfactory.py:595: DeprecationWarning: I
BMQ.get_backend() is being deprecated. Please use IBMQ.get_provider() to retri
eve a provider and AccountProvider.get_backend("name") to retrieve a backend.
  DeprecationWarning)

<IBMQBackend('ibmq_valencia') from IBMQ(hub='ibm-q-dev', group='cloud', projec
t='main')>



Deutsch Jozsa AlgorithmDeutsch Jozsa Algorithm
The 

 is one of the earliest examples demonstra�ng the power of quantum
computers. The algorithm deals with guessing the type of a hidden Boolean func�on
given as an oracle. The Boolean func�on is promised to be either balanced, i.e., whose
values are  on half of its inputs, or constant, i.e., whose values are the same on all
inputs.

Classically, in the best case, two queries to the oracle can determine if the hidden
Boolean func�on is balanced; in the worst case, at least half of the inputs must be
queried to determine if the hidden Boolean func�on is constant for all inputs. On the
other hand, the Deutsch-Jozsa algorithm can determine the Boolean func�on with one
quantum query.

The algorithm in this notebook follows that in 
. We assume that the input to the oracle  is a -bit string.

Namely, for each , the value of  is promised to be either constant, i.e., the

same for all , or balanced, i.e., exactly half of the -bit string whose .

Deutsch-Jozsa algorithm (h�p://rspa.royalsocietypublishing.org/content
/439/1907/553)

0

Cleve et al. 1997 (h�ps://arxiv.org
/pdf/quant-ph/9708016.pdf) f n

x

in

0, 1n

f(x)

x n f(x) = 0

In [21]: n = 4 # the length of the first register for querying the oracle



In [22]: # Choose a type of oracle at random. With probability half it is constant, 
# and with the same probability it is balanced
oracleType, oracleValue = 1, np.random.randint(2)

if oracleType == 0:
print("The oracle returns a constant value ", oracleValue)

else:
print("The oracle returns a balanced function")
a = np.random.randint(1,2**n) # this is a hidden parameter for balanced ora

cle. 

# Creating registers
# n qubits for querying the oracle and one qubit for storing the answer
qr = QuantumRegister(n+1) #all qubits are initialized to zero
# for recording the measurement on the first register
cr = ClassicalRegister(n)

circuitName = "DeutschJozsa"
djCircuit = QuantumCircuit(qr, cr)

# Create the superposition of all input queries in the first register by applyi
ng the Hadamard gate to each qubit.
for i in range(n):

djCircuit.h(qr[i])

# Flip the second register and apply the Hadamard gate.
djCircuit.x(qr[n])
djCircuit.h(qr[n])
    
# Apply barrier to mark the beginning of the oracle
djCircuit.barrier()

if oracleType == 0:#If the oracleType is "0", the oracle returns oracleValue fo
r all input. 

if oracleValue == 1:
djCircuit.x(qr[n])

else:
djCircuit.iden(qr[n])

else: # Otherwise, it returns the inner product of the input with a (non-zero b
itstring) 





In [23]: djCircuit.draw(output="mpl", scale=0.5)

Out[23]:



In [24]: backend = IBMQ.get_backend('ibmq_valencia')
djCompiled = transpile(djCircuit, backend=backend, optimization_level=1)
djCompiled.draw(output='mpl',scale=0.5)

Out[24]:

/home/sdague/code/quantum/opensource-quantum-presentation/.venv3/lib/python3.7
/site-packages/qiskit/providers/ibmq/ibmqfactory.py:595: DeprecationWarning: I
BMQ.get_backend() is being deprecated. Please use IBMQ.get_provider() to retri
eve a provider and AccountProvider.get_backend("name") to retrieve a backend.
  DeprecationWarning)



In [27]: djCompiled = transpile(djCircuit, backend=backend, optimization_level=3)
djCompiled.draw(output='mpl',scale=0.5)

Out[27]:



In [28]: job = execute(djCompiled, backend=backend, shots=1024)
job_monitor(job)

In [29]: results = job.result()
answer = results.get_counts()
plot_histogram(answer)

Job Status: job has successfully run

Out[29]:



Diving InDiving In













Thank you!Thank you!
Questions?Questions?

Contact: sean.dague@ibm.com
Twi�er: @sdague
IBM Quantum Experience: quantum-compu�ng.ibm.com (h�ps://quantum-
compu�ng.ibm.com)


