
Quantum	Lab:	Enjoying the IBM	quantum	experience

Lecturers:	Esperanza	López and	Germán	Sierra

Abstract:	In	May 2016,	the IBM	company provided cloud access to	a	wide variety of	quantum	
computers.	 They are	still small and	noisy,	but can	be	used to	learn the basic concepts and tools
of	quantum	computing. In	this lab we will show	how to	program and	run	them through several
examples such as	dense	coding,	quantum	Fourier	 transform,	prime	state,	quantum	copying
machine	 and	variational quantum	eigensolver.

Requirements:	 a	laptop	and	a	personal	account at	https://quantum-computing.ibm.com
Location:	 Instituto	de	Física Teórica	 UAM-CSIC



Richard	Feynman	– Proposed	Quantum	Computers	in	1981

1960 1970 1980 1990 2000 2010 2020

1959:	There's	Plenty	of	Room	at	 the	Bottom	

1981: Simulating Physics with Computers 
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Why quantum 
Computing ?

Size	of	an	atom

Is	Quantum	Computing	a	natural	
consequence	of	Moore’s	law?

"Nature	is	quantum,	goddamn	it!	So	if	
we	want	to	simulate	it,	we	need	a	
quantum	computer.”

R.Feynman,	1981



Peter	Shor 1959

Best classical algorithm:	 𝑂 𝑒#.%	'(/* +,- ' ./*

Shor’s algorithm:	 𝑂 𝑛0 log𝑛 log log𝑛

N:	integer,	 	n	=	 log	N:	number of	digits

Exponential speedup

Prime	 factorization can	be	done	 in	polynomial time
In	a	quantum	computer

(1994)



15 = 3 x 5

University of California at Santa Barbara 2001

A	theoretical estimation (Fowler et	al	2012)	

n=2000	bits		->	4000	logical qubits ->	2	x	10^8	physical qubits ->	1	day

Proof of	principle
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QUP	(Quantum	processors)	 fromWikipedia

ManufacturerName/Codename/DesignationArchitecture Fidelity Qubits Release	date
Google N/A Superconducting 99.5%[1] 20	qb 2017
Google N/A Superconducting 99.7%[1] 49	qb[2] Q4	2017	(planned)

99%	(readout)
99.9%	(1	qubit)
99.4%	(2	qubits)

54	transmon	qb
53	qb	effective

99.897%	(average	gate)
98.64%	(readout)
99.545%	(average	gate)
94.2%	(readout)
99.735%	(average	gate)
97.13%	(readout)
99.779%	(average	gate) 17-may-17
94.24%	(readout) (Retired:	26	September	2018)[6]

IBM IBM	Q	17 Superconducting N/A 17	qb[5] 17-may-17
99.812%	(average	gate)
93.21%	(readout)

IBM IBM	Q	20	Austin Superconducting N/A 20	qb (Retired:	4	July	2018)[6]

IBM IBM	Q	50	prototype Superconducting N/A 50	qb[7]

IBM IBM	Q	53 Superconducting N/A 53	qb October	2019
Intel 17-Qubit	Superconducting	Test	ChipSuperconducting N/A 17	qb[8][9] 10	October	2017
Intel Tangle	Lake Superconducting N/A 49	qb	[10] 9	January	2018
Rigetti 8Q	Agave Superconducting N/A 8	qb 4	June	2018[11]

Rigetti 16Q	Aspen-1 Superconducting N/A 16	qb 30	November	2018[11]

Rigetti 19Q	Acorn Superconducting N/A 19	qb[12] 17	December	2017
IBM IBM	Armonk[13] Superconducting N/A 1	qb 16	October	2019
IBM IBM	Ourense[13] Superconducting N/A 5	qb 03	July	2019
IBM IBM	Vigo[13] Superconducting N/A 5	qb 03	July	2019
IBM IBM	London[13] Superconducting N/A 5	qb 13	September	2019
IBM IBM	Burlington[13] Superconducting N/A 5	qb 13	September	2019
IBM IBM	Essex[13] Superconducting N/A 5	qb 13	September	2019

10	November	2017IBM IBM	Q	20	Tokyo Superconducting 20	qb[7]

IBM IBM	Q	16	Rüschlikon Superconducting 16	qb[5]

IBM IBM	Q	14	Melbourne Superconducting 14	qb

2016[1]

IBM IBM	Q	5	Yorktown Superconducting 5	qb

IBM IBM	Q	5	Tenerife Superconducting 5	qb

5	March	2018

Google Sycamore Nonlinear	superconducting	resonatorN/A 2019

Google Bristlecone Superconducting 72	qb[3][4]











IBM QX, Yorktown Heights, USA

Simulation	on IBM	Quantum	Experience	(IBM	
QX)

Preparation 
of singlet state

Rotation by
𝜃# and  𝜃0

Readout
measurement

X-gate: 
X|0⟩ = |1⟩
X|1⟩ = |0⟩

X

Hadamard gate:  
H|0⟩ = |0⟩+ |1⟩ / 2
H|1⟩ = |0⟩− |1⟩ / 2

H +

CNOT gate: C@#|0#0@⟩ = |0#0@⟩
																									C@#|0#1@⟩ = |1#1@⟩
																									C@#|1#0@⟩ = |1#0@⟩	
																								C@#|1#1@⟩ = |0#1@⟩

U1 phase-gate: 
U1|0⟩= |0⟩, U1|1⟩ = 𝑒BC|1⟩







INFIERY	QUANTUM	LAB

Program and	run	five experiments using IBMQ

- Dense	coding :	2	classical bits	<->	1	qubit

- Quantum	Fourier	Transform

- Prime	state :	quantum	superposition of	prime	numbers

- Quantum	copying machine	:	imperfect copies	of	states

- Variational quantum	eigensolver :	find the ground state of	a	Hamiltonian



Checking F|011>	



VQE	circuit for the Ising model in	a	transverse field





Thanks for your attention


