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Experimental Superconducting Quantum Computing

Hardware Chemistry Machine Learning

Beryllium hydride (BeH,):

Energy (hartree)




Cloud-based quantum computing

What does today’s hardware look like?



Commercial cloud service
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Quantum Applications



Possible application areas for
guantum computing

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
Optimization

Portfolio optimization, scenario analysis, pricing

Quantum Computing and IBM Q: An Introduction #IBMQ



Letter article for Nature

A03R) patrel3ETD

ét%eﬁso\vet

V5 pdhoagn
coxiTnates fot
AT qneTis on Yhe

" G TOAZETS: wWoadha
- C.Q“-Qd\nﬁ\.ﬁﬁ'&\
as N ariaronat
exe 'm\méxwut& g
PRUSS _T‘{‘e = (‘)'E‘ Sy
X %w;o\}nd
exs. Lne
e Qassical
o aduariags
ot epate el
o : .
goias oeet e
sﬁ‘:f‘ﬁ‘“ Yne
et © aramelets Do
PAG] Qpalk AT C‘—"“‘“‘mme&
a{xm\-‘;'“‘m“mo;:;x
O a DAY
ret 205 T2 em Hetewe




Experimental Results

Computing the ground state energy for small molecules

A. Kandala, et al. (IBM) Nature 549, 242, 2017



Experimental Results

Computing the ground state energy for small molecules

Interatomic distance (Angstrom)

Interatomic distance (Angstrom)

Interatomic distance (Angstrom

A. Kandala, et al. (IBM) Nature 549, 242 (2017)




Error mitigation: improving accuracy
Recovering correct result in the presence of noise

Energy (hartree)
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Quantum Machine Learning

Example: Support Vector Machines (SVM)



Classical vector X is encoded into
the exponentially-large quantum
state space.

Quantum short depth circuits as classifiers

l:lASSIFIEIl 0y —{H}- HH - HEHR=
INFORMATION 0y —[HH - 7 Ry
Machine learning gets a boost from
L}i‘.la?ltwn COP?I}JMIE'TS PAGES 170 & 209 - |0> ...... H ...... :e—: ....... H ..... \é/ ...... _;__\é/ ...... H sanes -I_:é/ esen H seus M B
|0> ...... Hb- = | Hb = ] T e H |- =
THE SECRET LIFE REWRITING T
OF zTHE C-EL}‘ THE GENOME ‘ |0> ...... Hpb e HpE e e H b wd T bl K peeie:
nternali ions that Time for UL on A possi ecticide

IBM Nature 567, 209 (2019)



Classical Computing: SVM Classification




Classical Computing: Feature Space

Data that is not linearly separable may become
linearly separable by increasing dimensionality.

Non-linear classification at cost of dimensionality




Quantum-Enhanced Feature Space

Classical Classified Data
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Quantum state space

IBM Nature 567, 209 (2019)



Quantum-Enhanced Feature Space

Classical Classified Data Training classifier in quantum state space
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How to start using quantum computers?

Qiskit



Quantum Community

IBM Q Experience QISKit.org

Here is the saved CHSH data

- Open to public for research and education Software kit for short depth quantum circuits
- Access via IBM Cloud and building near term applications and experiments on
quantum computers.
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IBM Technical Presentation

Thank you!

Zlatko K. Minev, Ph.D.
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