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Quantum + Classical Integration IBM Quantum

Qiskit Runtime as a service

Controllers QPU
O Middl . Qiskit 5
M «—> f ldatéware —> ' Runtime . .
User or Quantum : e . . :
Applications :
: Controllers QPU
| | | |
User Applications Multi-cloud / HPC Quantum data center / co-located
Classical Quantum
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Middleware for quantum IBM Quantum
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Middleware for quantum

" Quantum Serverless

* Enabling tlexible quantum-classical resource orchestration

« Integration with other circuit tools such Circuit Knitting, Nested
Program, Compilation, Synthesis, Layout & Routing,
Optimization

° MUlti-C[OUd/H PC (Ray.io, Knative, CodeEngine, CodeFlare, OpenShift, LSF, Slurm )
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Middleware for guantum 1BM Quantum

” Circult Knitting toolbox

Circuit cutting Entanglement torging Embedding
Simulate a large quantum circuit using Break down a correlated system into Effective leveraging of QPU resources:
small QPUs by cutting the circuit into smaller subsystems which can be tackled Only the part of the problem which most
subcircuits, which are then sent to QPUs by smaller QPUs. benefits from exploiting entanglement is
undertaken by the QPU
The output of the original circuit is built Recover the lost correlations with classical N |
from classical post-processing of the nost-processing of the OPUs outputs The CPU is efficient in tackling the
subcircuits outputs remaining of the problem
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Demo 01

Easy integration
using Quantum
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Demo 01 | Easy integration 1BM Quantum
using Quantum Serverless

Execute VOEs in parallel on the cloud:

from quantum_serverless impoxrt run_giskit_remote

@run_qiskit_remote() electronic_structure_problem(molecule_0, backend_0)
def electronic_structure_problem(molecule, backend,
service)
problem = ElectronicStructureProblem(driver) electronic_structure problem(molecule 1, backend 1)
op = QubitConverter.convert(problem, ...)

with Session(service, backend) as session:
estimator = Estimator(session) .
vge = EstimatorVQE(estimator, ansatz, ...) °
energy = vge.compute_minimum_eigenvalue (op)

return energy

electronic_structure_problem(molecule_N, backend_M)
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Demo 071 | Configuring a parallel workload IBM Quantum

from gqiskit_ibm_runtime impoxrt QiskitRuntimeService
from quantum_serverless impoxrt QuantumServerless

service = QiskitRuntimeService()
serverless = QuantumServerless(...)

Create serverless context

. . o 12 ’ : % )
with serverless.provider(‘ibm cloud’) it & clowd e HPE arevider

energies = electronic_structure_problem( _ o
molecules = [ ‘ ® i~ mEN
Molecule(geometry = [["Li", [0, O0, ©]], ["H", [0, O, 2.0111), | | . .
Molecule(geometry = [["Li", [0, O, O0]], ["H", [0, O, 1.5]]1]), '—‘ Kl ' | (LE
Molecule(geometry = [["Li", [0, O, 0]], ["H", [0, 0, 2.0]]1])
b @ -
backends = [

service.backend(‘ibmqg_geneva'),
service.backend(’'ibmg_kolkata'),
service.backend(’ibm_auckland")

] 14
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Demo 071 | Parallelized LIH

ground state computations

7.3
7.4

7~

(q¥]

L .75

>

o0

| -

2

L -7.6

T

i
7.7
-7.8

IBM Quantum 2022 / © 2022 IBM Corporation

— 1.0A
— 1.5A
— 2.0A

| | | |
10 20 30 40

Iteration

LiH Energy (Ha)

-7.50

-7.55

-7.60

-7.65

-7.70

-7.75

-7.80

-7.85

-7.90

IBM Quantum
 Hartree Fock
- Exact Diagonalization
® Parallel VQE on HW
o <Geneva>
*
<Kolkata>
<Kolkata> ®
e *
.'~~~.,* .....----------------"'
I I I I I I
1.0 1.2 1.4 1.6 1.8 2.0
Bond Length (A)
16



Demo 02 Qiskit Runtime as a service IBM Quantum
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Circuit Knitting toolbox

service = QiskitRuntimeService(...)
backends = ["ibmg_kolkata”, “ibm_auckland”]

from circuit_knitting_toolbox.circuit_cutting
import WireCutter
cutter = WireCutter(circuit, service, backends)

# cut (decompose) the circuit on Azure

Probabilities

with serverless.provider(‘azure’): ¢
cuts = cutter.decompose(“automatic”, ...)

#f execute subcircuits using Qiskit Runtime Primitives

with serverless.provider(’'ibm _cloud’): ¢
subcircuit results = cutter.evaluate(cuts)

# reconstruct probabilities on AWS

Demo 02 | Multicloud workflows +

Reconstructed result

0.24

0.18

0.12

0.06

0.00

. Exact . Reconstructed

Multi-cloud or HPC solutions

with serverless.provider(‘aws’): ¢

reconstructed result =
cutter.recompose(subcircuit_results, cuts)




Middleware for quantum

" Quantum Serverless

https://github.com/Qiskit-Extensions/quantum-serverless

7 Circuit Knitting toolbox

https://github.com/Qiskit-Extensions/circuit-knitting-toolbox
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