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Remote benchmark of a quantum computer

D. Alsina, JIL  (2016)



  

Mermin inequalities
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4- and 5-qubit maximally violating GHZ-like states



  

First remote benchmark of a quantum computer  (IBM)

Violation of 3- and 4-qubit

5-qubit remains very poor



  

Exact Circuits

F. Verstraete, I. Cirac, JIL   (2008) 
M. Hebenstreit, D. Alsina, JIL, B. Kraus    (2017)

A. Cervera-Lierta     (2018)



UPrepare 
a product state

Obtain 
the ground state Ising

trivialISING
U ψψ 

Thermal states   UUee trivialISING HH 

Quantum Simulation of a Quantum Phase Transition



Follow fast Fourier transform

Bogoliubov

Quantum circuit for 4-qubit Ising
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Cirac, Verstraete, JIL



Errors estimated with “validating circuits”

M. Hebenstreit, D. Alsina, JIL, B. Kraus



IBM 16 qubits

Alba Cervera-Lierta
IBM Notebook Prize



  

Prime State

G. Sierra

∣P(n) ⟩=
1

√π(2n)
∑ p< 2n∈Primes

∣p ⟩



  

Large entanglement

Rigetti + QUANTIC



  

Quantum algorithms that never develop large entanglement
can be efficiently simulated with tensor networks

Faithful benchmark of a quantum computer:

Build states which are largerly entangled in all their partitions

caveat



  

Strategy

✔ Identify large entangled states

✔ Identify optimal circuits

 Find optimal experimental implementation

 Run circuits 

 Explore strategies for tomography

 Use the states for quantum protocoles
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Exact Cover
A clause is accepted if    001 or 010 or 100
Exact Cover is NP-complete

0    1     1    0    0     1    1     0 

For every clause, one out of eight options is rejected

3-SAT instance

3-SAT is NP-complete
k-SAT is hard for k > 2.41
3-SAT with m clauses: easy-hard-easy around m=4.2n

Exact Cover



  

Adiabatic evolution (Farhi,Goldstone,Gutmann)

H(s(t)) = (1-s(t)) H0 + s(t) Hp

Inicial hamiltonian Problem hamiltonian

s(0)=0 s(T)=1
t

Adiabatic theorem:

if

E1

E0

E

t

gmin



  

Mapping Exact Cover to a quantum computer

H c (ijk )=(zi+z j+zk−1)
2

H 0=∑i

d i
2

σ i
x

H P=∑c
H c (ijk )

   is diagonal, quadratic, non nearest-neighbor                (spin glass)H P



  Typical gap for an instance of Exact Cover



  

Scaling for averaged instances is consistent with      gap ~  1/n

NP is defined on the worst instance

R. Orús, JIL



  

Scaling of entropy for Exact Cover

A quantum computer passes nearby a dramatic quantum phase transition!



  

n=6-20 qubits

300 instances

n/2 partition 

                      S ~ .2 n
Average entropy scales maximally



  

H=∑clauses ijk
wijk H ijk

Optimize weights for clauses

Gap increase

S. Ramos, JIL
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Variational circuits
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1

U (α⃗)=U n ...U 2U 1

Classical characterization of a global unitary

Q Computer is a machine that generates variational states

Variational Quantum Computer!!

Delivers quantum states

Explores a large (Hilbert) space

α⃗

near optimal solution



  

|U n ...U 2U 1−V|<δ

V

U ( α⃗)

optimal solution

Solovay-Kitaev Theorem

O( logc
1
δ
) operations



  

Variational Quantum Eigensolvers                            
 

Read out

Machine learning
on circuit design

any optimization problem

 

Quantum Chemistry

Energy
Correlations
Classical & Quantum

Hybrid classical/quantum algorithms

Aspuru-Guzik et al.
+ IBM



  

Adiabatically Assisted Variational Quantum Eigensolver
A. Garcia-Saez, JIL  (2018)

H (s)=(1−s)H 0+s HP

i) Find circuit for ground state H , s=0, with VQE. ₀

ii) Increase s, solve new H(s) with VQE using as initial condition the previous circuit.

Iii) Reach H
P

AAVQE finds a path away avoiding local minima

Solves hard instances of
Exact Cover (NP-complete)

VQE fails!!!!



  

Which gates are better?



  

Variational quantum classifier

Classify

Optimize classifier

U (α⃗)

Codify data in gates

97% success



  

Variational Autoencoder

    I     =

Detect a relevant subspace in data

Compressor

Generate patterns

|0 ⟩
|0 ⟩ |0 ⟩

|0 ⟩



  

Coherent quantum annealer

Variational quantum computer

First superconducting qubit-qutrit

Variational quantum algorithms on pulses



  

Artur García-Sáez
   AAVQE, QML

Pol Forn-Díaz, Chris Warren
   Variational quantum computer 

Daniel Alsina
   Mermin inequalities

Alba Cervera-Lierta (IBM prize)
   Exact circuits, MaxEnt, Classifiers

Carlos Bravo (W. Zeng grant)
   VQE, AAVQE

Román Orús, Sergi Ramos
   Adiabatic Evolution

Germán Sierra, Diego García, Eduard Ribas
   Prime state, arithmetics

Josep Lumbreras, Katarzina Kowalska
   Solvay-Kitaev th

Elias Gil
   Classifiers 

Adrián Pérez
   AAVQE

Stefano Carrazza
   Boltzmann machine

+ first contract with large bank
+ VC

TEAM



  

CONCLUSION:  

TIME TO COLLABORATE, NOT TO COMPETE
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