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Quantum Annealing Approximate NISQ -Comp.
Fault -tolerant Universal

Q-Comp.
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Quantum Computing and IBM Q: An Introduction            #IBMQ

Hard or memory intensive problems and 
quantum speedups

Quantum 
computing may 

provide a 
new path to 

solve some of 
the hardest or 
most memory 

intensive 
problems 

in business and 
science.

ÒHardÓ Problems
For classical computing (NP)

Factoring

Simulating Quantum 
Mechanics
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Possible with quantum 
computing
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Inside an IBM Q quantum 
computing system
Microwave electronics

3K

0.9K

0.1K

0.015K

40K

Chip with 
superconducting
qubits and resonators 

PCB with the qubit chip 
at 15 mK protected from 
the environment by 
multiple shields

Refrigerator to cool 
qubits to 10 - 15 
mK with a mixture 
of 3He and 4He



Latticed arrangement for scaling

5 Qubits (2016)16 Qubits (2017)

IBM Q experience (publicly accessible) 

IBM Q commercial 
Package20 Qubits 50 Qubit architecture

IBM qubit processor architectures



The power of quantum computing is more than the number 
of qubits

25

10,000

40,000

25

10,000

40,000

Quantum Volume depends upon

Number of physical QBs

Connectivity among QBs

Available hardware gate set

Error and decoherence of gates

Number of parallel operations
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IBM released the IBM Q Experience in 2016

Quantum Computing and IBM Q: An Introduction            #IBMQ

In May 2016, IBM made a quantum computing platform available via the 
IBM Cloud, giving students, scientists and enthusiasts hands-on access to 

run algorithms and experiments



IBM released the IBM Q
Experience in 2016

QX is a fantastic tool for teaching.

Proving BellÕs inequality using IBM QX is 
a few minutes task.

With QX you have access to a Ôquantum 
laboratoryÕ from home.

Test simple quantum algorithms without 
the need to learn any programming 
language.

É but you may need more É.
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Quantum Computing and IBM Q: An Introduction            #IBMQ

The IBM Q Experience has 
seen extraordinary adoption First quantum 

computer on the 
cloud

> 100,000 users

All 7 continents

> 6.5 Million 
experiments run

> 120 papers

> 1500 colleges and 
universities, 300 high 
schools, 300 private 
institutions 
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IBM Q Experience executions on real 
quantum computers (not simulations)
May 11, 2018 

IBM Q16

IBM Q5



Qiskit

classical simulation of 
quantum circuits

high level quantum applications:
chemistry, optimization, AI, finance

state characterization, 
error mitigation, 
optimal control

core programming tools and API to hardware 

Panagiotis Barkoutsos - bpa@zurich.ibm.com



QISKit: Terra

Panagiotis Barkoutsos - bpa@zurich.ibm.com



QISKit: Aqua

Panagiotis Barkoutsos - bpa@zurich.ibm.com



IBM QX Devices

Available for free:
https://quantumexperience.ng.bluemix.net/qx/editor



QISKit: Basic workflow

At the highest level, quantum programming in QISKit is 
broken up into three parts:

1. Building quantum circuits

2. Compiling quantum circuits to run on a specific 
backend

3. Executing quantum circuits on a backend and 
analyzing results

Important: Step 2 (compiling) can be done automatically 
so that a basic user only needs to deal with steps 1 and 3.
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Qiskit Aqua Chemistry Example

Panagiotis Barkoutsos - bpa@zurich.ibm.com
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ÒI'm not happy with all the 

analyses that go with just the 

classical theory, because nature 

isnÕt classical, dammit, and if you 

want to make a simulation of 

nature, youÕd better make it 

quantum mechanical ÉÓ

International Journal of Theoretical Physics, 
VoL21, Nos. 6/7, 1982

Simulating Physics with Computers
Richard P. Feynman

Quantum Chemistry & Physics

Ivano Tavernelli  - ita@zurich.ibm.com



Possible application areas for 
quantum computing

Quantum Computing and IBM Q: An Introduction            #IBMQ

We believe the following areas might be 
useful to explore for the early applications 
of quantum computing:

Chemistry

Material design, oil and gas, drug discovery

Artificial Intelligence

Classification, machine learning, linear algebra

Financial Services

Asset pricing, risk analysis, rare event simulation
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Solving interacting fermionic problems is at the core 
of most challenges in computational physics and 
high-performance computing:

Quantum chemistry: 
Where is it a challenge!
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Quantum chemistry
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Quantum chemistry
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The Jordan--Wigner is the most commonly used mapping in 
the context of electronic-structure Hamiltonians :
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Electrons and qubits fulfill different statistics:

Fermions:

Spins:

The terms in the Hamiltonian transform as:
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Quantum chemistry Ð The quantum algorithm
The quantum-classical approach: Variational Quantum Eigensolver



Trial Wavefunctions

Heuristic Ansatz

===== |! (!" )! =

D! times
! "# $
öUD (!" ) öUent . . . öU1(!" ) öUent öU0(!" )|" 0! ====

! ! !

! ! ! ! U1,ex (! 1, ! 2) =

!

"
"
#

1 0 0 0
0 cos! 1 ei ! 2 sin ! 1 0
0 e! i ! 2 sin ! 1 ! cos! 1 0
0 0 0 1

$

%
%
&! ! ! U2,ex (! ) =

!

"
"
#

1 0 0 0
0 cos 2! ! i sin 2! 0
0 ! i sin 2! cos 2! 0
0 0 0 1

$

%
%
&

UCCSD Ansatz !

! ! ! |! (!" )" = e
öT ( !" ) ! öT   ( !" ) |" 0"!

!!

! öT1(!" ) =
!

i ;m

" m
i öa 

m öai

!

!

öT2(!" ) =
1
2

!

i,j ;m,n

" m,n
i,j öa 

n öa 
m öaj öai !

Variational Principle

Ivano Tavernelli  - ita@zurich.ibm.com
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Ground state-energy of simple molecules
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Quantum chemistry Ð the VQE approach
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Ground state-energy of simple molecules
Quantum chemistry Ð the VQE approach with error corr.
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Example: excited state energies of 2 and 3 atomic systems

Quantum chemistry Ð Recent and Medium term development s
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t : hopping term

U : in-site repulsive term

! i, j " : adjacent sites
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Simulation of molecular 
magnetic systems

Measuring the spin-spin time -dependent 
correlation function
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* & )#
%+

scales exponentially with the number of 
sites. 

[E. M.Pineda et al., Chemical Science, 2017, 8, 1178]

!"#$%&'#"()$(**+&&, +-#./0)+123+4531%5



Simulation of molecular 
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Recent Results by 
IBM Research

arXiv:1804.11326

Maximize the 
margin

Support 
vectors

Hyperplane

Possible applications:
- Customer segmentation
- Image classification
- Fraud detection



!
0

Support 
vectors

Recent Results by 
IBM Research

arXiv:1804.11326

0

The data may not be linearly separable

Possible applications:
- Customer segmentation
- Image classification
- Fraud detection

Quantum Support Vector Machines (SVM) may offer 
performance advantages to classical SVMs by using 
kernels that cannot be computed efficiently classically

Demonstrated on real quantum device

Lift to higher
dimension



Recent Results by 
IBM Research
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Example training and test set for the Kernel method:

trial step

variational circuit depth

Trained 3 sets of data (20 pts/label) and performed 
20 classifications/label per trained set.
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Classification (machine learning and SVM)
Select/identify relevant LHC events ( talk of !"#$%&'# )
Reconstruction of tracks  Ð jets tracking

Quantum Computing
Time-evolution: lattice gauge theory (SchwingerÕs model 
and beyond)

Quantum Minimization
VQE optimization in lattice gauge theory
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The Future

Quantum Computing and IBM Q: An Introduction            #IBMQ



We have built the quantum 
computation centers of today É

Quantum Computing and IBM Q: An Introduction            #IBMQ

IBM Q



Thank you for your 
attention

Quantum Computing and IBM Q: An Introduction            #IBMQ
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