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Have we reached the limit of computation power? 



easy  
(polynomial  efficient) 

hard  
(exponential  intractable) 

• Algebraic and Number Theoretic Algorithms 

(factoring) 

• Combinatorial optimization (traveling salesman) 

• Machine learning  

• Simulating quantum mechanics for chemistry 

• Multiplying numbers 

• Word processing 

http://xkcd.com/759/ http://xkcd.com/399/ 



Our intuition about  

what we can compute  

is wrong 



“ Nature isn’t classical,  
  dammit, and if you want  

  to make a simulation of  

  nature, you’d better make  
  it quantum mechanical,  

  and by golly, it’s a wonderful     
  problem, because it  

  doesn’t look so easy.” 

 

-Richard P. Feynman 

Photo: Bomazi 
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 Entanglement 

The states of entangled qubits 

cannot be described 

independently of each other 







Universal fault-

tolerant QC (distant 

future, Shor’s 
algorithm for 

factoring) 

Simple ҄toy҅ 
demonstrations 

(present day) 
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Small circuits, 

approximate 

results (next 

several years) 

Towards a quantum advantage 



Easy problems 

Hard problems for  

classical computers 

Quantum possible 

Chemistry Optimization Machine 

learning 



Neutral Atoms 

Image from Cheng 

Group, University of 

Chicago 

Ions 

Credit: S. Debnath and E. Edwards/JQI 

Monroe Group, University of Maryland/JQI 

Solid-state 

defects 

Image from Hanson Group, Delft 

NV Centers, 

Phosphorous in Si, 

SiC defects, etc. 

Nanowires 

Image from 

Kouwenhoven Group, 

Delft 

Photons 
Image from the Centre 

for Quantum 

Computation & 

Communication 

Technology, credit 

Matthew Broome 

Superconducting Circuits 

Quantum Computing Technologies 



Controllability 

Coherence Connectivity 
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• Now reaching > 100 microseconds 

• 10-100 ns gate times 

 



2 qubits, 1 bus 3 qubits, 2 buses 

4 qubits, 4 buses 8 qubits, 4 buses 16 qubits 

Tunable bus 







IBM Q Experience (IBM QX) 
 

The World’s first Cloud quantum computing platform with 

quantum researchers, educators and developers ecosystem.  

Open to public for 

research and 

education 

Access via online with 

the web interface  



MORE THAN 70,000 IBM QX USERS 
WORLDWIDE 
>1500 colleges/universities,   

300 high schools 

300 private institutions 

 

> 2.0 million  
experiments 

 

60+ external papers 

 

All 7 continents 
 



FOSTERING A  

QUANTUM COMMUNITY 
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QX User Forums 

Exchange information and 

research results among QX 

users worldwide and IBM Q 

team members.  

QISKit Open Source 

Quantum Software 

Development Kit 

Fostering developer community. 



27 IBM Research  /  February 26, 2017  /  v1.3.2 

QX for Education 

MIT Quantum Information 

Science course material by 

Prof. Ike Chuang   

Quantum Computing 

Outreach 

IBM Q team members giving 

quantum tutorials and talks at 

colleges and universities.  

FOSTERING A 

QUANTUM COMMUNITY 



ibm.com/ibmq 
Go to Experiment 

Sign in to access 

IBM Q Experience 



5-Qubit 
16-Qubit 
and  
20-qubit 
simulator 
are 
Available 
for public 



www.qiskit.org, twitter: @qiskit  
Software kit for short depth quantum circuits and building near term 

applications and experiments on quantum computers. 

http://www.qiskit.org/
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Open development process 

with lots of example code  

Documentation from getting 

started to developing 



Construct a quantum program in QISKit 

 In QISKit, a quantum program is a collection of quantum circuits, together with 

methods to execute them on different backends (simulators, devices) 

from qiskit import QuantumProgram 

import Qconfig 

 

qp = QuantumProgram() 

q = qp.create_quantum_registers(“q”, 5) 

c = qp.create_classical_registers(“c”, 5) 

qc = qp.create_circuit(”ghz”, [q], [c]) 

# Create a GHZ state 

qc.h(q[0]) 

for i in range(4): 

    qc.cx(q[i], q[i+1]) 

 

# Insert a barrier before measurement 

qc.barrier() 

 

# Measure all of the qubits in the standard basis 

for i in range(5): 

    qc.measure(q[i], c[i]) 



𝐇𝟐: 2 qubits LiH: 4 qubits 

 

𝐁𝐞𝐇𝟐: 6 qubits 

 

Chemistry with a quantum computer! 

Hardware-efficient variational quantum eigensolver for small molecules and quantum magnets 

Abhinav Kandala, Antonio Mezzacapo, Kristan Temme, Maika Takita, Markus Brink, Jerry M. Chow & Jay M. Gambetta, doi:10.1038/nature23879 

Provided as a QISKit notebook using IBM Q Experience devices 



Published in the journal Nature in September, 2017 
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 Join our community to explore the 
world of quantum 

• ibm.com/ibmq 

• qiskit.org   

 Visit us @ Booth #A09 

• 1-on-1 meetings 

• Personalized solution demos 

 

 

 Thank You! 
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