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A basic quantum 
computation:

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

res = qpu.submit(job)

for sample in res:

print(sample.state, sample.probability)
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What about more complex
jobs?

job = circ.to_job()

res = qpu.submit(job)

for sample in res:

print(sample.state, sample.probability)
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Most computations: computing/minimizing an 
observable:
• E.g combinatorial optimization,

෠𝑂 =෍

𝑖𝑗

𝐽𝑖𝑗𝑍𝑖𝑍𝑗

• E.g chemistry: Hamiltonian ෠𝑂 = ෡𝐻

More complex jobs (I)

Plugin

QPU

Job {Circuit, Observable}

Result {⟨𝜓| ෠𝑂|𝜓⟩}

Observables

job = circ.to_job(observable=my_hamiltonian)

res = qpu.submit(job)

print(res.value) #<psi|H|psi>
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• E.g combinatorial optimization,
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More complex jobs (I)

Plugin

QPU

Job {Circuit, Observable}

Result {⟨𝜓| ෠𝑂|𝜓⟩}

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

• Optimization libraries (MaxCut, etc)

• Chemistry, materials science libraries
(myQLM-fermion)

Job {Circuit, 
Observable}

Graph

Job {Circuit, 
Observable}

Molecule

job = circ.to_job(observable=my_hamiltonian)

res = qpu.submit(job)

print(res.value) #<psi|H|psi>
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Most computations: computing/minimizing an 
observable:
• E.g combinatorial optimization,

෠𝑂 =෍

𝑖𝑗

𝐽𝑖𝑗𝑍𝑖𝑍𝑗

• E.g chemistry: Hamiltonian ෠𝑂 = ෡𝐻

More complex jobs (I)

Plugin

QPU

Job {Circuit, Observable}

Result {⟨𝜓| ෠𝑂|𝜓⟩}

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

• Optimization libraries (MaxCut, etc)

• Chemistry, materials science libraries
(myQLM-fermion)

Job {Circuit, 
Observable}

Graph

Job {Circuit, 
Observable}

Molecule

Minimization?
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Many problems: minimize ⟨𝜓( Ԧ𝜃)| ෠𝑂|𝜓( Ԧ𝜃)⟩ (VQE, QAOA…)

More complex jobs (II)

Plugin

QPU

Job {Circuit 
( Ԧ𝜃), 
Observable}

Result {⟨ ෠𝑂( Ԧ𝜃𝑘)⟩}

Minimizing observables

Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Job {Circuit ( Ԧ𝜃𝑘), 
Observable}

Plugin

Min ⟨ ෠𝑂( Ԧ𝜃)⟩
job = var_circ.to_job(observable=my_obs)

stack = plugin | qpu

res = stack.submit(job)

print(res.value) #<psi(theta*)|O|psi(theta*)>
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Many problems: minimize ⟨𝜓( Ԧ𝜃)| ෠𝑂|𝜓( Ԧ𝜃)⟩ (VQE, QAOA…)

More complex jobs (II)

Minimizing observables

Many classical optimization
plugins:
• Scipy wrappers (COBYLA, 

BFGS)
• Gradient-free custom 

plugins: SPSA, Particle-
Swarm Optimizer…

• Gradient-based optimization
• Natural gradient
• Etc.

Plugin

QPU

Job {Circuit 
( Ԧ𝜃), 
Observable}

Result {⟨ ෠𝑂( Ԧ𝜃𝑘)⟩}Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Job {Circuit ( Ԧ𝜃𝑘), 
Observable}

Plugin

Min ⟨ ෠𝑂( Ԧ𝜃)⟩
job = var_circ.to_job(observable=my_obs)

stack = plugin | qpu

res = stack.submit(job)

print(res.value) #<psi(theta*)|O|psi(theta*)>
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(1) Pick your application

A Qaptiva computation in a nutshell

Math

Combinatori
al

optimization

Chemistry

(etc)
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(1) Pick your application

Math

(2) Pick your QPU

Combinatori
al

optimization

Chemistry

(etc)

Perfect
simulator

(LinAlg, 
MPS…)

Noisy 
simulator 

(deterministic, 
stochastic…)

Actual
QPU

(IBM, IQM, 
Pasqal…)

A Qaptiva computation in a nutshell
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(1) Pick your application

Adapt
VQE

Perfect
simulator

(LinAlg, 
MPS…)

Math

(2) Pick your QPU(3) Pick your plugins

Noisy 
simulator 

(deterministic, 
stochastic…)

Actual
QPU

(IBM, IQM, 
Pasqal…)

Combinatori
al

optimization

Chemistry

Gradient
-free 

optimize
r

Gradient
-based

optimize
r

Natural 
gradient

NISQ 
Compiler

(Connectivity
, gateset)

Error
mitigation 
(Zero-noise, 

etc)

SeqOpti
m

(rotosolve)

Observable 
Splitter

(etc) (etc)

A Qaptiva computation in a nutshell
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Documentation: https://myqlm.github.io/

https://qlm35e.neasqc.eu/doc/


myQLM-fermion
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Most QPUs: can measure only መ𝑍 ⊗ መ𝑍 ⊗⋯ observables…

Taking into account limited available observables

Plugin

QPUJob 
generator

Job {Circuit 
( Ԧ𝜃), 
Observable}

ObservableSplitter plugin

Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Job
{Circuit ( Ԧ𝜃𝑘),

Observable ෠𝑂 = 𝜆1 ෠𝑃1 + 𝜆2 ෠𝑃2 +⋯}

Plugin

Jobs:
{Circuit ( Ԧ𝜃𝑘) + rotations 1, observable 1 መ𝑍 ⊗ መ𝑍 ⊗

⋯ }
{Circuit ( Ԧ𝜃𝑘) + rotations 2, observable 2 መ𝑍 ⊗ መ𝑍 ⊗

⋯ }
…

Plugin
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Taking into account limited available observables

Plugin

QPUJob 
generator

Job {Circuit 
( Ԧ𝜃), 
Observable}

Result

{ ෠𝑂 Ԧ𝜃𝑘 = 𝜆1 ෠𝑂1 Ԧ𝜃𝑘 + 𝜆2 ෠𝑂2 Ԧ𝜃𝑘 +⋯}

ObservableSplitter plugin

Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Job
{Circuit ( Ԧ𝜃𝑘),

Observable ෠𝑂 = 𝜆1 ෠𝑃1 + 𝜆2 ෠𝑃2 +⋯}

Plugin

Jobs:
{Circuit ( Ԧ𝜃𝑘) + rotations 1, observable 1 መ𝑍 ⊗ መ𝑍 ⊗

⋯ }
{Circuit ( Ԧ𝜃𝑘) + rotations 2, observable 2 መ𝑍 ⊗ መ𝑍 ⊗
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…

Results

{ ෠𝑂1 Ԧ𝜃𝑘 , ෠𝑂2 Ԧ𝜃𝑘 , ...}

Plugin
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Most QPUs: can measure only መ𝑍 ⊗ መ𝑍 ⊗⋯ observables…

Taking into account limited available observables
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generator

Job {Circuit 
( Ԧ𝜃), 
Observable}

Result

{ ෠𝑂 Ԧ𝜃𝑘 = 𝜆1 ෠𝑂1 Ԧ𝜃𝑘 + 𝜆2 ෠𝑂2 Ԧ𝜃𝑘 +⋯}

ObservableSplitter plugin

Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Job
{Circuit ( Ԧ𝜃𝑘),

Observable ෠𝑂 = 𝜆1 ෠𝑃1 + 𝜆2 ෠𝑃2 +⋯}

Plugin

Jobs:
{Circuit ( Ԧ𝜃𝑘) + rotations 1, observable 1 መ𝑍 ⊗ መ𝑍 ⊗

⋯ }
{Circuit ( Ԧ𝜃𝑘) + rotations 2, observable 2 መ𝑍 ⊗ መ𝑍 ⊗

⋯ }
…

Results

{ ෠𝑂1 Ԧ𝜃𝑘 , ෠𝑂2 Ԧ𝜃𝑘 , ...}

Plugin

Adapt variational circuit 
iteratively?
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Adaptive construction of the variational circuit

AdaptVQE plugin
New gate
𝑈𝑘(𝜃𝑘)?Build ansatz circuit iteratively: 

At each step: pick gate 𝑈(𝜃)
that maximizes gradient 𝑑

𝑑𝜃
⟨𝜓|𝑈† 𝜃 𝐻𝑈 𝜃 |𝜓⟩

Grimsley ‘19
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Adaptive construction of the variational circuit

QPUJob 
generator

Job 
{Observable}

AdaptVQE plugin

Result {⟨ ෠𝑂( Ԧ𝜃∗)⟩}

Plugin PluginPlugin

Job {Observable, 
Circuit {𝜃1, 𝜃2, … 𝜃𝑘 }

Result 
{⟨ ෠𝑂(𝜃1, 𝜃2, … 𝜃𝑘)⟩}

Add gate
𝑈𝑘(𝜃𝑘)

New gate
𝑈𝑘(𝜃𝑘)?Build ansatz circuit iteratively: 

At each step: pick gate 𝑈(𝜃)
that maximizes gradient 𝑑

𝑑𝜃
⟨𝜓|𝑈† 𝜃 𝐻𝑈 𝜃 |𝜓⟩

Grimsley ‘19
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