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Abstract. Enabling uncertainty quantification (UQ) for a computa-
tional model can be a complex process, often exceeding the domain exper-
tise of its developer or user. To address this challenge, we developed the
mUQSA platform, which streamlines typical uncertainty quantification
scenarios through a modern web-based environment and pre-configured
automated workflows that leverage large-scale computing resources for
state-of-the-art UQ techniques. mUQSA is designed with two key ob-
jectives: to support users in analyzing how input uncertainties propa-
gate through their models and to identify the input parameters that
most significantly influence outcomes through sensitivity analysis (SA).
The particular strength of mUQSA lies in its accessibility: offered as a
Software-as-a-Service (SaaS) solution, mUQSA eliminates the need for
installation or configuration of software, enabling users to access UQ/SA
methods directly from a web browser. Its user-friendly, intuitive inter-
faces for defining use cases and displaying results guarantee high ac-
cessibility, while a robust execution layer, supported by HPC resources,
ensures mUQSA can handle even very complex computational models.

Keywords: Uncertainty Quantification · Sensitivity Analysis · multi-
scale · HPC

1 Introduction

Uncertainty Quantification is one of the major tools for assessing credibility
of computational simulations. Based on a solid mathematical framework, UQ
techniques address several problems in scientific modeling, such as certification,
prediction, verification and validation of model and software, parameter estima-
tion, data assimilation, and inverse problems [20]. However, applying uncertainty
quantification (UQ) to computational models, although often essential for ensur-
ing actionable results, represents an additional layer of effort, both logically and
technologically, that extends beyond the core domain of expertise of an individ-
ual scientist or engineer. Furthermore, UQ algorithms, while potentially critical
to the validity of simulation results, are supplementary to the fundamental scien-
tific model itself. Finally, the increased number of executions needed for reliable
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UQ imposes significantly higher computational resource demands, especially for
highly complex models, such as those in multiscale simulations.

Given these factors, we leveraged the EasyVVUQ library [18], which provides
core methods for efficient Verification, Validation, and Uncertainty Quantifica-
tion of computational models and is a key outcome of the VECMA project [23],
alongside two components of the QCG family [17]: QCG-Portal, engineered for
the intuitive submission and management of computational experiments on su-
percomputers, and QCG-PilotJob [16], a second-level scheduler that optimizes
the execution of numerous logical jobs within a single HPC resource allocation,
to build the multipurpose Uncertainty Quantification and Sensitivity Analysis
framework, mUQSA. To provide seamless access to the advanced computational
capabilities it integrates, mUQSA has been developed to work in a Software-as-
a-Service (SaaS) model.

Established under the Polish national PIONIER-LAB project [15], mUQSA is
currently being refined within the European HiDALGO2 project [11] to address
the specific requirements of environmental use cases and support the evolving
needs of simulation developers and end users.

From a design perspective, mUQSA integrates intuitive web-based user in-
terface, HPC processing, and state-of-the-art UQ algorithms, delivering a com-
prehensive and versatile environment for widely requested uncertainty related
studies, including non-intrusive forward uncertainty quantification and sensitiv-
ity analysis.

That said, mUQSA is not intended to be a universal tool for Uncertainty
Quantification (UQ). Instead, it targets common UQ and SA workflows, aim-
ing to streamline their implementation. The provided UQ methods enable users
to identify basic trends and compute key statistical moments for Quantities of
Interest (QoIs), which are critical output values influenced by uncertain input
parameters. Furthermore, the Sensitivity Analysis, based on Sobol’s indices, of-
fers a robust approach to assessing the relative importance of specific inputs. As
such, the platform offers flexibility across a broad spectrum of applications, rang-
ing from monolithic molecular dynamics codes and complex multiscale climate
models to the development of digital human twins.

Thanks to the intuitiveness of the interface and the automation offered,
mUQSA can also be a starting point to get practical knowledge in the fields
of uncertainty quantification and sensitivity analysis for those who are not yet
familiar with the concepts.

The rest of this paper is organised as follows. In Section 2 we briefly present
other software available for similar purposes. Section 3 outlines main functional-
ity provided by mUQSA and the way it is offered to users. Section 4 elaborates
on the execution layer of the platform. Finally, in Section 5 we conclude and
present future plans for the development of the platform.
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2 Related work

Verification, Validation, and Uncertainty Quantification (VVUQ) are critical
topics addressed in numerous projects and initiatives, playing an essential role
in both science and industry. To support the application of VVUQ in scien-
tific simulations, efforts are underway, such as those of the American Society
of Mechanical Engineers (ASME) [22], to establish best practices and develop
standards for common VVUQ processes. SmartUQ, a leading provider of UQ
software, has also highlighted the benefits of simplification, reporting that its UQ
tools have saved stakeholders millions of dollars and thousands of working hours
[1]. Alongside such commercial solutions, a number of smaller-scale initiatives
and diverse research teams successfully develop software tailored to general and
specialized VVUQ applications, much of it distributed as open source. Libraries
such as EasyVVUQ [18], UncertainPy [21], Chaospy [8], and OpenTURNS [3], as
well as more comprehensive toolkits and frameworks such as Dakota [6], Uranie
[4], and the VECMA Toolkit [9], offer a high degree of flexibility and adaptabil-
ity in a wide range of use cases. However, these tools often require substantial
initial effort to set up and may encounter scalability challenges in large-scale
workflows without complex configuration. Specifically, while Dakota is one of
the most popular and feature-rich UQ frameworks, offering advanced capabilities
like calibration and surrogate modeling, its setup process can be cumbersome.
Configuring Dakota to run workflows on remote computing resources involves
minimal automation, which presents significant challenges to novice users. Sim-
ilar difficulties are encountered by users of other well-recognized tools, such as
OpenTURNS. The situation is somewhat different with the VECMA Toolkit,
where FabSim3[10], combined with EasyVVUQ and QCG-PilotJob[16], intro-
duces several automation features to facilitate the execution of UQ processes on
HPC resources. However, VECMA Toolkit is focused on command-line usage,
which may still be considered too complex for some users.

3 mUQSA Functionality

The goal of the mUQSA platform is to provide an easy-to-use web environment
that enables automated uncertainty quantification and sensitivity analysis of
computational models on high-performance computing (HPC) resources.

This placement of the mUQSA toolkit is achieved through several means.

Intuitive wizard for the preparation of the UQ/SA scenario. The wiz-
ard is divided into several logical steps that allow one to collect all necessary
information required to run UQ/SA for a selected model on computational
resources. Thus, we have separate steps for the definition of sampled param-
eters, configuration of the method (see Figure 1), or specification of the way
the model should be executed. Combined with the provided documentation,
the step-by-step collection of information in the wizard streamlines the pro-
cess of incorporating UQ into the model and makes it achievable even for
non-experienced users.
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Fig. 1. Selection and configuration of a UQ method in the mUQSA wizard

Built-in interactive presentation of results With built-in support for dis-
playing output data as interactive charts and tables in predefined formats,
users can access insights from their analysis in a concise, visually engaging
way, with the structure effectively showcasing key findings. Figure 2 illus-
trates a result presentation view for the sensitivity analysis, using the SIR
model as an example (this model will be illustrated in more detail later in
Section 5). If this is not sufficient, users can also access the raw results data,
enabling deeper analysis when needed.

Automated execution on HPC machine One of the primary challenges in
uncertainty quantification for computationally intensive models is the ability
to efficiently and transparently perform the necessary, often extensive, com-
putations on supercomputers. This is where mUQSA excels. The platform
seamlessly manages the scheduling and execution of tasks required for the
sampled parameters, reducing the user’s role to simply initiating the exper-
iment, while all subsequent processes run effortlessly in the background.

Support and documentation While mUQSA simplifies the definition and ex-
ecution of uncertainty quantification and sensitivity analysis tasks, users
with limited prior knowledge of these procedures may find the interaction
with the platform challenging. Additionally, some advanced features may re-
quire more in-depth explanation beyond the brief help descriptions provided
in the graphical user interfaces (GUIs). To address this, mUQSA is supported
by comprehensive documentation and a set of tutorials that demonstrate its
usage in detail, ensuring that users receive the necessary assistance. [14]
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Fig. 2. Presentation of Sensitivity Analysis results in mUQSA

3.1 mUQSA workflow

Conceptually, mUQSA can be divided into two main layers: the User Interface
(UI) layer, and the Execution layer.

The UI layer has two main duties:

1. definition of all input parameters and configuration settings for UQ/SA sce-
nario,

2. presentation of results for further analysis, once the required calculations
have been completed.

In turn, the Execution layer’s role is to efficiently execute required computa-
tions according to the selected method and user-defined input data. Given this
context, an overall picture of the execution flow in mUQSA can be visualised as
in Figure 3

The Scenario Definition and Analysis steps correspond directly to the two
above duties of UI. Scenario Definition’s aim is to collect all the specific data on
the scenario from a user, including the selection of a Method and the definition
of Parameters and then to push it for fully automatic processing on an HPC ma-
chine. Analogically, the Analysis step receives results from the processing on the
HPC machine and displays an interactive web page with condensed information
for further analysis by a user.

The rest of steps of the workflow have a strictly computational character and
belong to the Execution layer. Sampler generates sets of inputs for model evalu-
ations according to a selected method. Then, multiple streams, each comprising
an Encoder, Execution, and Decoder, are instantiated - one per required evalu-
ation - and executed in parallel. Next, the output data from the evaluations is
merged together by Collator and analysed programmatically by Analyser, again
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Method

Method

Fig. 3. High-level view on the mUQSA conceptual workflow

in accordance with the selected method. Finally, the results are converted into
human-readable form by Generator.

3.2 Supported UQ/SA methods

mUQSA’s core algorithmic component is derived from the EasyVVUQ library
[18]. This choice of algorithmic engine for mUQSA is deliberate, as EasyVVUQ,
with its well-defined API, provides a robust set of widely recognized and valued
uncertainty quantification methods. mUQSA incorporates most of these tech-
niques, including:

– (Quasi-)Monte Carlo (MC) - a statistical method for numerical integra-
tion or simulation that uses random sampling. Quasi-Monte Carlo improves
on standard Monte Carlo by using low-discrepancy sequences to achieve
faster convergence.

– Polynomial Chaos Expansion (PCE) - a technique that represents un-
certain quantities as a series of orthogonal polynomials, providing an efficient
way to approximate the response of a system to input uncertainties.

– Stochastic Collocation (SC) - a spectral method that approximates the
solution of a problem by collocating the system at specific sample points
(based on the probability distribution of the inputs) and constructing a
global approximation through interpolation
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– Ensemble Analysis - a basic method where multiple simulations are run
with different sets of input parameters to analyze the overall system behavior.
The results are aggregated to understand the variability and uncertainty.

– Parameter Sweep - a technique where a model is run repeatedly across
a range of input values, systematically varying one or more parameters to
explore how the system’s output changes with respect to these inputs.

As a result, mUQSA can be viewed, with some simplification, as a web-based
interface for EasyVVUQ. Specifically, it serves two key purposes: 1) provides an
intuitive interface to access selected EasyVVUQ methods, and 2) is preconfigured
to use a designated computational resource, ensuring efficient execution of the
computations defined by these methods.

Each of the methods supported by mUQSA can handle scalar and vector
Quantities of Interest (QoIs) and can be configured to match specific needs of
the given scenario.

Additionally, leveraging the results of the MC, PCE, and SC methods, the
platform automatically computes Sobol’s indices. This allows for a detailed
sensitivity analysis that quantifies the contribution of each input parameter (or
combinations of parameters) to the output variance. The Sobol indices help
identify the most influential factors driving uncertainty by decomposing the total
variance into contributions from individual parameters and their interactions.

It is worth noting that the presentation of results in the platform is largely
consistent across methods, enabling users to compare them, discern trends, and
identify the most suitable options.

4 mUQSA Architecture

Developing a comprehensive Uncertainty Quantification system poses challenges
on multiple conceptual and technological fronts. Fortunately, in development of
mUQSA, we were able to reuse several already available components that allowed
to build a functional system in relatively short time.

The conceptual scheme of the mUQSA workflow described in Figure 3 can
be mapped to the representation focused on the concrete software components
shown in Figure 4. QCG, EasyVVUQ, and QCG-PilotJob [16] are software pack-
ages adopted from previous initiatives, while all the blocks highlighted in red are
newly developed components for mUQSA. The following sections will detail this
flow, focusing on the specific software components involved.

Problem definition: mUQSA GUI

The mUQSA interface is built on the capabilities of the QCG software, particu-
larly QCG-Portal, which provides core mechanisms for executing and managing
computational tasks on remote resources directly from a web browser. QCG-
Portal also supports interface customization for specific use cases, enabling ad-
justments to task input data specification and execution monitoring to meet
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Fig. 4. High-level architecture of mUQSA platform
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particular needs. Consequently, the mUQSA wizard is a custom JavaScript ap-
plication that integrates and leverages core functionality of the portal. Once all
input data is collected through the wizard, mUQSA transfers it to QCG-Portal,
which submits a specific job to be executed on an HPC resource. Importantly,
users can track the execution state through a dedicated mUQSA monitoring
panel within the task details view in QCG-Portal (see Figure 5).

Fig. 5. mUQSA monitoring dashboard in QCG-Portal

Execution preparation: mUQSA App

When the job submitted from QCG-Portal is launched on an HPC resource,
the specifically crafted mUQSA App is started and takes care of establishing
the entire execution. In the first step, it converts input configuration (stored in
a JSON document) to the EasyVVUQ’s Campaign object to enable seamless
execution of the scenario with the selected method on allocated resources.

Execution: EasyVVUQ and QCG-PilotJob

The configured campaign is executed by EasyVVUQ through a series of steps,
several of which can be effectively parallelized. After method-specific sampling,
the resulting parameter vectors are used to evaluate the model, which also in-
volves encoding and decoding phases. Using EasyVVUQ’s integration with QCG-
PilotJob, these evaluations are dynamically scheduled and executed in parallel,
optimizing resource utilization and improving computational efficiency. In par-
ticular, since QCG-PilotJob supports the execution of parallel codes, individual
evaluations can be applications parallelized with MPI or OpenMP. Moreover,
beyond evaluating pre-installed codes, mUQSA enables the execution of models
provided as Apptainer containers [2], relieving users from the often challenging
task of compiling and installing code on a computing resource. Throughout the
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process, custom monitoring scripts relay updates on the execution stage and
progress to centralized QCG monitoring services. Upon completion, EasyVVUQ
aggregates data from all evaluations and performs a method-specific analysis.

Results preparation: mUQSA App

The raw output data generated by EasyVVUQ is then accessed by the mUQSA
App, which transforms it into interactive and visually appealing web pages sum-
marizing the analysis performed. Although the primary use case for mUQSA
involves the GUI, the underlying software can also be used without it. Since the
input data is in JSON format and web page generation occurs on the cluster,
command-line usage is also possible.

Results visualisation: mUQSA GUI

Finally, the generated web page is presented to the user within QCG-Portal,
enabling analysis of the results through zoomable and draggable charts, filtered
tables, and, if needed, the option to export data into widely recognized formats
for further exploration in an external program of choice.

5 Practical Example

This section demonstrates mUQSA’s functionality through a case study of the
SIR compartment model [24], a framework for simulating infections by cate-
gorizing a population into Susceptible (S), Infectious (I), and Recovered (R)
groups [24]. The purpose of this section is to provide a brief overview, while
more detailed showcases are available as tutorials on the mUQSA web page [14].

The SIR model starts with a defined state of S, I and R groups, and then it
is iteratively updated using differential equations based on two key parameters:

β : Infection rate, the average number of contacts per person per time unit
resulting in transmission from Susceptible to Infected.

γ : Recovery rate, the rate at which Infected individuals transition to Recovered
(the inverse of infection duration).

The objective is to evaluate the output uncertainty of the model given uncertain
inputs β and γ and analyse the model’s sensitivity to their variability. The
process is described below.

5.1 Accessing mUQSA

To use mUQSA, users require access to a resource where the framework is pre-
configured. This may be a private, self-hosted deployment of QCG-Portal and
mUQSA software or, more commonly, a public HPC system, such as the Prox-
ima cluster at PSNC, with mUQSA and its dependencies pre-installed. Once
access is granted, users can interact with mUQSA directly via a web browser,

ICCS Camera Ready Version 2025
To cite this paper please use the final published version:

DOI: 10.1007/978-3-031-97570-7_6

https://dx.doi.org/10.1007/978-3-031-97570-7_6
https://dx.doi.org/10.1007/978-3-031-97570-7_6


mUQSA - an online service for UQ&SA 11

eliminating the need for local software installation or configuration. By logging
into QCG-Portal (e.g. https://qcg.pcss.plcloud.pl) with the credentials provided,
users select mUQSA from the available applications - often the default in single-
application setups - and launch the mUQSA scenario definition wizard.

5.2 Configuring UQ/SA Scenario

In the mUQSA wizard, users can choose to start a completely new scenario or
load a previously prepared one and adjust its settings. The wizard consists of
the following steps:

Fig. 6. Definition of parameters in the mUQSA wizard

Step 1 - Parameters : Allows users to define input parameters for analysis,
specifically uncertain parameters, their distributions, and constraints. This
guides UQ algorithms on how to sample parameter combinations for model
evaluation. For our example analysis of the SIR model, β (infection rate)
is assigned a uniform distribution, and γ (recovery rate) follows a normal
distribution (Figure 6). The rest of parameters, such as the initial number
of infected persons, have static values and would not be sampled.

Step 2 - Method : Enables the selection and configuration of the uncertainty
quantification (UQ) method for the specified scenario. The wizard provides
brief descriptions of the methods available to guide selection, with compre-
hensive documentation linked for new users seeking a deeper understanding.
For our analysis, we chose the PCE method with a polynomial order of 3
(see Figure 1), although other methods can also be explored.

Step 3 - Encoder : Focuses on specifying how the generic input data from
mUQSA, processed via EasyVVUQ, is encoded into a format compatible
with the model. Our code relies on simple text file inputs, which can be gen-
erated using available encoders such as GenericEncoder. This encoder inserts
sampled parameters into designated placeholders within a provided template
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to produce the final input file. Simple templates can be specified directly in
the portal, while more complex templates can be referenced from the file sys-
tem of the computing resource. For highly specialized cases, custom encoders
can be developed to meet specific requirements.

Step 4 - Decoder : Converts model-specific outputs (quantities of interest,
QoI) into a generic format for mUQSA (EasyVVUQ) analysis. For the SIR
model’s CSV output, we use one of already available decoders, which is
CSVDecoder. In our case, we analyze the Infected (I) QoI, though Suscep-
tible (S) or Recovered (R) could also be examined. Custom decoders can be
provided for complex cases.

Step 5 - Application : Selects the model for evaluation, which can be a pre-
installed application or an Apptainer image. In both cases, mUQSA assumes
that the model is available on a computing resource before the UQ workflow
is launched. The SIR model, since it is bundled with mUQSA, is chosen by
pointing to its location in the mUQSA installation directory on the Proxima
cluster.

Step 6 - Execution : Specifies execution settings, including whether evalua-
tions run serially or in parallel and how many evaluations run concurrently.
For the SIR model, we configure serial execution with multiple evaluations
running in parallel. To enhance user experience, the wizard estimates the
required wall clock time and CPU hours based on the chosen UQ algorithm
and specified execution settings.

Once configured, the scenario is ready to be submitted for processing on the
remote computing resource.

5.3 Execution

The submitted mUQSA workflow is placed in a queue in the computing cluster,
waits for free resources, and is then launched and executed. This process is fully
automatic. Users can track the state and progress of the workflow using the
built-in QCG-Portal features and the mUQSA monitoring panel provided (see
Figure 5 for reference).

5.4 Analysis

When the calculations are complete, the results are displayed on a customised
webpage accessible via QCG-Portal (see Figure 2). The output includes graphs
and tables showing key statistics (e.g., mean, percentiles) and Sobol indices,
tailored to scalar or vector QoIs. For the SIR model vector QoI (Infected, I), a line
graph displays the number of infected individuals over time; scalar QoIs would
use a pie chart. If the default presentation is insufficient, users can download
raw data for further analysis in external tools.
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6 Conclusion and Future Work

Developing versatile, scalable and user-friendly software for uncertainty quan-
tification can be extremely challenging if not infeasible. For this reason, in the
initial phase of the development of mUQSA, we chose to temper expectations
with respect to versatility. Our focus was to implement a curated set of widely
recognized methods and deliver them through an intuitive web portal, ensuring
efficient and transparent execution of required computations on supercomputers.
The software is currently deployed on the PSNC’s infrastructure and is readily
accessible to interested users. To date, it has supported several application use
cases (for example, [13]) and was made available to participants of a hackathon
jointly organized by HiDALGO2, CIRCE, and SEAVEA projects [12]. At this
point we already can confirm validity of our approach and its usefulness for the
individuals and communities searching for easily-applicable UQ.

Our future plans include widely understood simplification and hardening
of the platform, so it will be even more accessible, predictable, and adaptable
to individual use-cases. As a first step, we aim to enhance its resilience against
failures and introduce the ability to save and load EasyVVUQ Campaign objects
at various stages of the workflow execution. These changes are essential for large
use cases, where repetition of evaluations may be extremely inefficient.

Although our current focus is not on expanding the number or variety of sup-
ported UQ methods, we plan to extend this aspect in the future. Among other
enhancements, we are considering adding Markov Chain Monte Carlo (MCMC)
to address inverse problems, alongside exploring methods to enable the auto-
matic construction of surrogate models. The implementation of these or other
new techniques will depend largly on the expressed needs of the scientists and
engineers.

Ultimately, the scope and direction of mUQSA’s evolution will hinge on the
extent to which experts from various branches of UQ science contribute to its
development. To foster this, our planned efforts include promoting and dissemi-
nating mUQSA to facilitate outreach and forge new collaborations. We anticipate
that the expertise of HiDALGO2, SEAVEA [19], and possibly other UQ-focused
initiatives, such as DATAHYKING [5] and ELLIS [7], will advance the func-
tionality and usability of the mUQSA framework, enabling it to address the
requirements of transformative applications, such as AI-driven models.
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