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Qruise Software Toolset 

Introduction 
The Qruise Software Toolset is a collection of algorithms – optimizers, simulators, machine 
learning tools and other software components designed to accelerate the development of 
quantum technology and to improve its application. 

Our goal as a company is to create a toolset which is maximally useful for you, the 
experimental scientist and engineer – to make your job as easy as possible, to allow the 
development of your device to proceed as quickly as possible, and to ensure the final 
outcome is as good as possible. Therefore, with our software, you are always in the driver’s 
seat – deciding how the development should proceed. We simply provide Qruise control, 
reducing the effort required. 

Overview 
The Qruise toolset is centered around 3 optimizations: 

● Optimal control: Open-loop, model-based 
● Calibration: Closed-loop, model-free 
● Characterization, a.k.a. system identification 

These may be used in any order. 

Workflow normally starts with some very basic “textbook” system characterization 
experiments (many included in Qruise), which allows us to establish a rough model of the 
system – an inaccurate, simplified, digital twin.   

This model can then be used by the Qruise TensorFlow simulator to predict experimental 
results, and enables optimal control – an optimization designed to find the best control 
settings & pulses to perform desired operations. 

As the model is imperfect, the result of the optimal control is likewise imperfect. One then 
performs closed-loop calibration (tune-up) – a model-free control optimization, to achieve 
better results. 
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One can then (optionally), use the data observed during calibration to fine-tune the model, 
i.e., improve the device characterization. In Qruise this is done by optimizing model 
parameters so that they best replicate observed experimental data. The user then can 
improve the digital twin by enhancing the model (e.g., add a qubit-qubit coupling which was 
neglected in previous models), and/or take more experimental data, and re-run the 
characterization procedure. 

Feature List 

Digital twin & Virtual Quantum Device 

Qruise allows you to define a detailed and comprehensive digital twin of your quantum 
device – both the core quantum components and surrounding experimental equipment.  

The Qruise Virtual Quantum 
Device gives you access to a high-
fidelity physics-based simulation 
of your quantum computer that 
models and incorporates several 
nuances of your hardware to both 
test out application algorithms 
and more importantly, 
understand and isolate the 
effects of device imperfections 
(noise, errors, control electronics 
etc.) on operational fidelities. This 
device is easily accessible through a Qiskit-like interface in the Qruise Experiment Hub 
allowing quick and dirty interactive workflows. The Virtual Quantum Device and Digital 
Twin is a living entity — constantly learning and incorporating insights from experimental 
data and real quantum hardware. 

Optimal control  

Based on a model, a control parameterization ansatz and goals, Qruise can find the optimal 
controls to drive the system to the desired state or gate. Optimization can handle many 
dozens of concurrent parameters, including time-dependent pulse shapes, to allow full 
utilization of possible controls. Further, one may check the robustness of the resulting pulse 
to variability in the model.  

Calibration & Continuous Recalibration 

Qruise’s closed-loop optimization routines are capable of optimizing many dozens of 
parameters simultaneously, offer a very wide selection of optimization algorithms, and are 
capable of utilizing any experimental procedure for determining operation fidelity (from 
randomized benchmarking and QPT to user-defined methods). Qruise provides unique 
ongoing-recalibration capabilities, keeping the operations continuously at their optimal 
working point, intertwining calibration data-taking between other operations on the device.  
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Bayesian Adaptive Experiment Design 

Heuristic-driven textbook quantum characterization 
techniques are not scalable to large multi-qubit devices. The 
solution lies in adopting Bayesian Adaptive Experimental 
Design processes which leverage historical data to identify the 
experiments that provide the maximum expected information 
gain from the quantum hardware. This is based on 
Reinforcement Learning agents which predict policies to 
design optimal experiments for learning any arbitrary 
parameters about the quantum device. 

 

Co-design 

One is not limited to optimizing controls. One may concurrently optimize both controls and 
device parameters (e.g., qubit couplings or AWG bandwidth), to determine the overall best 
working points. This leads to the design and development of hardware that is optimized for 
the control electronics, noise constraints and algorithmic workflows. 

Qiskit Private Quantum Cloud  

Qruise can connect a quantum 
computer to a fully functional 
Qiskit stack, including circuit 
scheduling capabilities, allowing 
you to treat your experimental 
devices as a private Qiskit 
quantum computing cloud.  This 
greatly aids collaborative 
workflows allowing distributed 
teams to conveniently work on 
the same hardware without the 
need for constant manual 
coordination. 

Characterization — Model Learning — System Identification 

The user may select any set of experimental data. Qruise will then utilize the digital twin to 
simulate these experiments, and optimize model parameters to best match the 
experimental data. This removes the need to code fitting functions which extract model 
parameters using very specific experiments, and allows identification of multiple parameter 
values concurrently. Moreover, Qruise can produce detailed 1d and 2d sensitivity plots to 
show how tightly bound are model parameters given the experimental data, in terms of 
standard deviations. 
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QruiseOS 

QruiseOS is an end-to-end deployable solution that provides a vertically integrated 
quantum software stack which sits on top of the low-level drivers provided by control 
electronics OEMs or developed in-house by quantum hardware manufacturers and 
researchers. QruiseOS performs all the necessary housekeeping tools necessary for 
maintaining maximum uptime of the QPU through automated continuous recalibration and 
smart characterization. Additionally, convenient, and efficient usage by remote and 
distributed end-users is ensured through smart queuing and scheduling tools and interfaces 
to various high level algorithmic software stacks such as Qiskit.  

 

Highly Modular and Flexible — Cloud or On-Premises  

We understand that quantum experiments and 
hardware often consist of custom-built control 
electronics with accompanying bespoke control 
software. Since this software is very closely coupled to 
the experiment, it seems non-trivial to integrate any 
third-party solutions that requires close interaction 
with the QPU and control electronics. Luckily, the 
Qruise tools are designed to be extremely modular, giving users the freedom to pick and 
choose individual features depending on their requirements. Users are also free to choose 
either a cloud-based or an on-premises installation or any hybrid mix thereof, allowing them 
the flexibility of e.g., running compute heavy quantum dynamics simulations in the cloud 
and lightweight pulse calibrations locally. 

Support 
We want to help you make the most out of your Qruise toolset. 

Therefore, we will assign you a specific, named, Qruise employee, who will be your point of 
contact for all your support needs. 

 

Can Qruise Transform Your Activities for FREE? 
Do you want to get a flavor of the Qruise toolset? 

Try our software for free, no strings attached, to assess how it can transform your 
activities. During your evaluation you will have complementary access to our technical 
support and mentoring services. 

We will guide you through using our toolset, together with tutorials, to ensure you have the 
opportunity to fully evaluate the product from both technical and usability perspective. 

By the end of the trial, our objective is for you to be able to make an informed decision 
whether Qruise will transform your activities, integrate within or positively evolve your 
workflows, and ultimately generate positive ROI for your organization. 

Cloud SaaS On-Premises Hybrid 

Flexible Deployment Choice 
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