QCI CONNECT SDK

A FLEXIBLE TOOLBOX FOR BRINGING APPLICATIONS TO QUANTUM COMPUTERS
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OVERVIEW

The QCI Connect SDK is an open-source Python package that pro-
vides programmatic access to the QC/ Connect platform for both
experts and non-experts in quantum computing (QQC). It is developed
within the DLR Quantum Computing Initiative (QCl) of the German
Aerospace Center (DLR).

Rather than duplicating existing quantum libraries, the software de-
velopment kit (SDK) eases integration of existing solutions into the
QCI Connect ecosystem, following a hardware-software co-design
principle [1]. The source code is available under the Apache license
to support community-driven development.
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Fig. 1: lllustration of the SDK architecture for developing quantum applications.

THE QCI CONNECT SDK ARCHITECTURE

The SDK architecture for developing quantum applications is illus-
trated in Fig. 1. The application programming interface (API) Client
can be used to communicate with both QC/ Connect and Mini Server
in the same manner. The application library framework (ALF) uses
this interface to run quantum jobs and provides the interface for
applications, while the core application library (AppLib) provides ref-
erence implementations.

Partners can build extensions to the ApplLib (for example starting
from the Template AppLib) in their own repository using ALF inter-
faces and their own existing libraries. An example of this is the Opti-
mization ApplLib that brings optimization application from the pack-
ages quark and quapps [3] to QCI Connect.

APl CLIENT

The API Client manages the communication with the QC/ Con-
nect platform, such as sending quantum jobs. It is a simple
Python library that provides basic programmatic access to the
QCI Connect platform, which in turn provides access to DLR’s
QC resources, i.e. hardware, simulators, and compilers, as well
as high-performance computing (HPC).

MINI SERVER

The Mini Server provides an execution environment indepen-
dent of the cloud that allows to locally execute compilers and
simulators of the QC/ Connect platform. It can interface as a
server with the API Client, substituting the QC/ Connect plat-
form. It allows to locally develop algorithms with the goal to
integrate them to the platform, prototype quickly, and run al-
gorithms on the local computer using the same interfaces of
the QC/ Connect API Client.

APPLICATION LIBRARY FRAMEWORK (ALF)

The ALF is a hardware-agnostic Python framework for devel-
oping applications and integrating compilers and simulators
for the QCI Connect platform. It defines interfaces for applica-
tions, which submit quantum jobs via the API Client. It contains
classes to streamline implementing quantum algorithms, error
mitigation schemes, and circuit building strategies, and to unify
problems and results for cross-compatibility of applications.

APPLICATION LIBRARY (APPLIB) i /
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The Applib is a Python package containing the core applica-
tion library of the QC/ Connect platform. It provides reference
implementations of standard applications and algorithms based
on ALF and is expandable with other packages based on ALF.
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INSTALLATION

The easiest way to install the SDK is via

> plp 1nstall qciconnect

The SDK components can also be installed separately via, e.qg.,

> pip 1nstall gciconnect-client

EXAMPLE: SUBMIT CIRCUIT OVER API CLIENT

[1]: from gciconnect.client import Client
[2]: client = Client(token = "my_qci_connect_token")

[3]: client.qpus.show()

Alias Qubits Status Technology Accessible to me
statevector_simulator 24 running statevector_simulator True
xqli 4 1dle vacancy_centres True
toccata 50 coming_soon trapped_ions True

[...]

[4]: gasm_circuit = """OPENQASM 3.0;
include 'stdgates.inc';
qubit[2] q;
h ql0];
cx q[0], ql[1];"""
result = client.qgpus.statevector_simulator.submit(
circult = gasm_circuilt,
primitive = '"quantum_state",
name = "Example Job")
result.data

Job submitted with ID: a94b6db6-6e84-48ce-968f-d178a2018989

[4]: {'[0, 0]': (0.7071067811865476+0j), '[1, 1]1': (0.7071067811865475+0j)}

[6]: result.aggregated_data

[5]: {'executed_shots': 1}

VISION: PROVISION APPLICATIONS VIA QCI CONNECT PLATFORM

The QCI Connect platform, its architecture, the backend and the web
frontend, are developed within the QCI of the DLR together with
d-fine and PlanQC. The platform follows the three-layer architecture
— physical, system, and application — suggested in [2], where a cen-
tral orchestrator turns jobs into task workflows and routes them to
compilers, simulators, quantum processing units (QPUs), or HPC sys-
tems through standardized RESTful APIs.

We refer to the paper on the right for more details on the design
rationale and key lessons learned, such as the importance of modu-
larity, open interfaces, local development environments, and intellec-
tual property (IP) protection for industrial adoption through granular
access controls. It further addresses the fragmentation of quantum
software stacks, vendor lock-in, and incompatible APIs across hard-
ware ecosystems.

With such a diverse ecosystem as the QCl and their different part-
ners within and outside of DLR, a variety of hardware and use cases
s brought together. The standard interfaces provided by the SDK al-
low to not only program internally, but also host applications on the
platform for showcasing while keeping IPs protected. In Fig. 2, we
show how applications shall be made available.
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Fig. 2: Mockup of envisioned application selection in QC/ Connect web frontend.
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CENTRAL BUILDING BLOCK: ALGORITHM

Algorithms are the central objects of the ALF. They consume a
ProblemInput and return a corresponding Result as illustrated
in Fig. 3. The problem input is logically separated from the
AlgorithmParams, just providing options for e.g. the construction of
circuits or their execution. Analogously, the AlgorithmStats return
the gathered information from the execution.

Internally, algorithms describe quantum programs using Circuits.
Circuit builder objects aid in the construction of circuits. Algo-
rithms can compute bit strings on circuits by submitting them to
a Sampler, which returns a Measurement object containing a his-
togram of the measured bit strings. Algorithms can also compute
ExpectationValues of Observables for a given circuit in terms of
their MeasurementBasis. They can create an EstimationJob that
wraps the necessary information and send it to an Estimator. Finally,
the estimator internally calls its Sampler and returns an Estimations
object containing the estimated expectation values.
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Fig. 3: lllustration of the workflow around the central algorithm.

EXAMPLE: EXECUTE TIME EVOLUTION ALGORITHM

[6]: from gciconnect.applib.algorithm import TimeEvolution, \

TimeEvolutionParams

[7]: from gciconnect.alf.base import MeasurementBasis, PauliSuperposition
from gciconnect.alf.execution import Observable, Runner
from qciconnect.alf.problem.problem_input import Hamiltonian

[8]: observables = [Observable.from_string("Z0 + Z1"),
Observable.from_string("X0 + X1")]
bases = [MeasurementBasis("ZZ"), MeasurementBasis("XX")]
params = TimeEvolutionParams(time_grid = [0.1 * i for i in range(32)],
observables = observables,
bases = bases,
n_shots = 1000)

[9]: runner = Runner(qpu = client.qgpus.statevector_simulator)

[10]: time_evolution = TimeEvolution(params = params, runner = runner)
[11]: hamiltonian = Hamiltonian(PauliSuperposition.from_string("X0 + X1"))
[12]: result = time_evolution(hamiltonian)

Job submitted with ID: f469f57e-7933-4cb2-ad22-31b480ab22c9
[...]

[13]: result.algorithm_statistics.runtime_total_secs
[13]: 203.67975909996312
[14]: from qciconnect.applib.app.time_evolution import write_output

[16]: _ = write_output.prepare_plots(params, None, result = result)
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