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The QLM’s key components job = circ.to_job ()

res = gpu.submit (job)
Jobs and QPUS for sample in res:

print (sample.state, sample.probability)
A basic quantum
computation:

|0) )

Job {Circuit}

E—)
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Result

{Histoaram}
A frequency
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The QLM'’s key components job = circ.to_job()

res = gpu.submit (job)

Jobs and QPUS for sample in res:
print (sample.state, sample.probability)
A basic quantum
computation: _-
10) ')
Job {Circuit}

>
——

Result
{Histoaram}
A frequency
0%
_I What about more complex
— } ® ‘,
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More complex jobs ()
Observables

Most computations: computing/minimizing an

observable:
« E.g combinatorial optimization,

ij

« E.g chemistry: Hamiltonian 0 = A

Job {Circuit, Observable}

—————>

job = circ.to_job(observable=my hamiltonian)

Result {<l/}|0|l/})} res = gpu.submit (job)
EVHDEN print (res.value) #<psi|H|psi>
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More complex jobs ()
Observables

Most computations: computing/minimizing an

observable:
« E.g combinatorial optimization,

ij

« E.g chemistry: Hamiltonian 0 = A

Job {Circuit, Observable}

>

—

Result {(1|0[)}
EVIDEN

Qaptiva: libraries to generate quantum jobs
for many application areas

« Optimization libraries (MaxCut, etc)

Job {Circuit,
Observable}

« Chemistry, materials science libraries
(myQLM-fermion)

Molecule . .
Job {Circulit,

A Observable}

= circ.to_job(observable=my hamiltonian)
= gpu.submit (job)

print (res.value) #<psi|H|psi>



More complex jobs ()

Observables Qaptiva: libraries to generate quantum jobs
for many application areas

Most computations: computing/minimizing an
observable:

« E.g combinatorial optimization,

ij

« E.g chemistry: Hamiltonian 0 = A

« Optimization libraries (MaxCut, etc)

Job {Circuit,
Observable}

« Chemistry, materials science libraries

Job {Circuit, Observable} (myQLM-fermion)

>

Molecule . .
Job {Circulit,

A Observable}
—

Result {(y|0|y)} o .
SVIDEN Minimization?
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More complex jobs (Il)
Minimizing observables

Many problems: minimize ((6)|0|¥(8)) (VQE, QAOA..)

Job {Circuit (6,),

Job {Circuit
ob {Circul Observable}

(6),

Observablei |

>
e - C—

Result {(0(6))} Result {(0(6,))}

~ >
Min (0 (6))
job = var circ.to_job(observable=my obs)
stack = plugin | gpu
res = stack.submit (job)
print (res.value) #<psi (theta*) |O|psi (theta*)>
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More complex jobs (Il)
Minimizing observables

Many problems: minimize ((6)|0|¥(8)) (VQE, QAOA..)

Job {Circuit
(6),

Observablei |

Observable}

—

Result {(0(6))}

*----

Result {(0(6,))}

Min (0 (6))
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Job {Circuit (6,),

I
—

Many classical optimization

plugins:

» Scipy wrappers (COBYLA,
BFGS)

» Gradient-free custom
plugins: SPSA, Particle-
Swarm Optimizer..

» Gradient-based optimization
» Natural gradient
« Etc.

job = var circ.to_job(observable=my obs)
stack = plugin | gpu
res = stack.submit (job)

print (res.value) #<psi (theta*) |O|psi (theta*)>
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A Qaptiva computation in a nutshell
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A Qaptiva computation in a nutshell

(1) Pick your application

+]-]

/\ Combinatori
a'
k/ optimizatiop

d

(etc)
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(2) Pick your QPU

Perfect
simulator
(LinAlg,
MPS...)

Noisy
simulator

deterministic
stochastic...)

Actual

QPU
(IBM, IQM,
Pasqal...)

10



A Qaptiva computation in a nutshell

(1) Pick your application

+]-]

/\ Combinatori
a'
k/ optimizationt

*

(etc)
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(3) Pick your plugins

Gradient
-free
optimize
r

Gradient
-based
optimize

Natural
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NISQ

Compiler
Connectivity
, gateset)

Dbservablé
Splitter

Error
itigation
(Zero-noise,
etc)

(2) Pick your QPU

Perfect

simulator
(LinAlg,
MPS...)

Noisy
simulator

deterministic
stochastic...)

Actual

QPU
(IBM, IQM,
Pasqal...)

1



Documentation: https://myqlm.github.io/

& Getting started

Installing myQLM
Writing quantum programs
Executing quantum programs

Variational algorithms with Qaptiva
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Variational algorithms with Qaptiva

Variational algorithms are believed to be well suited to Noisy, Intermediate-Scale Quantum (NISQ) processors as they do
not necessarily require long circuits to nevertheless prepare powerful ansatz states.

In the code snippet below, we illustrate how this can be used to write such variational algorithms in a few lines of code: we
first define the Hamiltonian H (here the antiferromagnetic Heisenberg Hamiltonian) whose ground-state energy we want
to approximate. We then define the ansatz circuit, i.e a parametric circuit with parameters 6; to be optimized. Finally, our
qguantum stack is composed of a QPU (here a simulator) and a so-called “plugin” that is going to perform the iterative
optimization of the parameters given the ansatz circuit and the observable to be minimized.

Functional mode Sequential mode

from qgat.core import Observable as Obs, Term
from qat.lang import Program, RY, CNOT

from gqat.qpus import get default qpu

from gat.plugins import ScipyMinimizePlugin

# we instantiate the Hamiltonian we want to approximate the ground state energy of
hamiltonian = (

Obs.sigma z(@) * Obs.sigma z(1)

+ Obs.sigma x(©) * Obs.sigma x(1)

+ Obs.sigma y(@) * Obs.sigma y(1)
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https://qlm35e.neasqc.eu/doc/
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Quantum chemistry

L=

. Basis set + Geometry
. Hartree-Fock — 1- and 2-

MyQLM-fermion

From fermions to qubits

. Hamiltonian H

. [Active space selection
based on D]

. Conversion to qubit

Ansatz construction

. Construction of cluster
operator T(ﬁ)

. Initial guess via MP2 50
. Trotterization of

Quantum job definition

o ]

. Variational circuit C(@)

body mtegralls hpqr Ppgrs: representation Hs.p eT(g) S cireuit C(@) . Hamiltonian
orbital energies (JW, BK, parity) Ho = Z 1P
. [Beyond HF: 1-RDM D] °P 2
( — — — i — =
The QLM stack {C(01), Hyp) {C(8), Hyp} {Cm(ﬂk),lai Zi, }
Variational Compilation Observable QPU
Job =) [ —>
(C 8 H } plugi plugins Splitter plugin % . Perfect simulators
( )b’ 3;_’ Minimize/ (6) = [Gradients] . Connectivity S .. Generate jobs to =~~~ (Schrodinger, MPS,
numberot . I L b T e e s _ DN -
- = ~ Gateset ' te = TIooooos , stabilizer...)
deate K __ .Depth . ll kAT . . Noisy simulators
Bcsq until [96E(81)] optimization o (F:z: o pera;m . (gate/SPAM/idle noise)
convergenceto 8* v - etc 2B BTOURINE. - Be
. <:| C:l (,‘:I . Interface to true QPUs:
E(B ) E IBMQ, Google, Rigetti, ...
E(6y) E(6i) (@i, .24 )(80)}
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Taking into account limited available observables
ObservableSplitter plugin

Most QPUs: can measureonly Z ® Z ® --- observables...

Jobs:
Job {Circuit (6,) + rotations 1, observable 17 ® 7 ®
Job {Circuit (Circuit (3] 3
- kKl . . - R . .
(6), Observable 0 = 1,5, + 1,P, + - {Circuit (6,) + rotations 2}, observable27 Q72 ®

Observable}

Result {(0(6))}
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Taking into account limited available observables
ObservableSplitter plugin

Most QPUs: can measureonly Z ® Z ® --- observables...

Jobs:
Job {Circuit (6,) + rotations 1, observable 17 ® 7 ®
Job {Circuit (Circuit (3] 3
o k)s . . - . R .
(6), Observable 0 = 1, P, + 1,P, + ...}{Clrcwt (6,) + rotatloniZ}, observable27 ® Z ®
Observable}
) e—— —_—
Result {(0(6*
(o) Result Results

(0(8i)) = 11 (04(8)) + 22 (02(8)) + -3 ((0.(6:)).(02(64)). -3
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Taking into account limited available observables
ObservableSplitter plugin

Most QPUs: can measureonly Z ® Z ® --- observables...

Jobs:
Job {Circuit (6,) + rotations 1, observable 17 ® 7 ®
Job {Circuit (Circuit (3] 3
o k)s . . - . R .
(6), Observable 0 = 1, P, + 1,P, + ...}{Clrcwt (6,) + rotatlonﬁ.Z}, observable27 ® Z ®
Observable}
) e—— —_—
Result {(0(6*
(o) Result Results

(0(8i)) = 11 (04(8)) + 22 (02(8)) + -3 ((0.(6:)).(02(64)). -3

Adapt variational circuit
EVIDEN iteratively? .. . 17



Adaptive construction of the variational circuit Grimsley ‘19

AdaptVQE plugin

New gate

Build ansatz circuit iteratively:
At each step: pick gate U(0)
that maximizes gradient %(zpw’r(e)yu(enlp)
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Adaptive construction of the variational circuit

AdaptVQE plugin
New gate
Build ansatz circuit iteratively: Ui (g

At each step: pick gate U(0)
that maximizes gradient S|ut@)HU@6)|¥)

Job Job {Observable,
{Observable} Circuit {6,,6,,...6,}
Add gat ‘ -
Ui (6r)
se==="am =
Result {(0(6%))} Result

{(0(61,6,, ...0:))}

Grimsley 19
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