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Data for Software Release 
Table 1. Important links 

Name Link 

ROM Workflow integrated with 
eFlows4HPC tools  
(TOSCA and PyCOMPSs Workflow) 

https://github.com/eflows4hpc/workflow-registry/tree/main/rom_pillar_I/  

Data Pipelines Repository 
(image_transfer, webdav_stagein, 
model_transfer)  

https://github.com/eflows4hpc/dls-dags 

Software Descriptions  
(compss, Kratos and py-dislib) 

https://github.com/eflows4hpc/software-catalog/tree/main/packages 

 

  

https://github.com/eflows4hpc/workflow-registry/tree/main/rom_pillar_I/
https://github.com/eflows4hpc/dls-dags
https://github.com/eflows4hpc/software-catalog/tree/main/packages
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1 Executive Summary 
This document provides an in-depth look into the advancement and application of high-
performance computing (HPC) workflows within the scope of reduced order modeling (ROM) and 
its integration into the HPCWaaS (High-Performance Computing Workflow as a Service) 
framework. The document emphasizes the integration of ROMs within the HPCWaaS framework 
and showcases the deployment requirements and procedures. 

Key Highlights: 

● Evolution of Deliverables: It traces the progression from previous deliverables, highlighting 
the continuous enhancement of the HPC workflow. Deliverable D4.3 laid the groundwork, 
D4.4 expanded on thermal behavior of electrical motors, and D4.5 focuses on 
demonstrating the capabilities of the HPCWaaS integrated solver stack. 

● Parametrized Model and ROM Workflow: At the core of the workflow is a parametrized 
model, essential for demonstrating workflow efficacy and integrating the eFlows4HPC 
stack. The document details the steps involved in constructing and training Hyper-Reduced 
Order Models (HROMs), emphasizing the role of Singular Value Decomposition (SVD) and 
its optimization for high-performance computing environments. 

● Co-Simulation Considerations: The document also touches upon considerations for 
CoSimulation, which involves managing interactions between submodels in complex 
scenarios, thus enhancing the fidelity of simulations. 

● Demo Test Case: A demo test case is introduced to exemplify the versatility of the 
parametrized model and the smooth operation of the HPCWaaS integrated solver stack. 
The test case is a 2D convection-diffusion model with specific thermal boundary conditions, 
offering a clear and concise demonstration of the workflow's practical application. 

● Integration of Computational Workflow with PyCOMPSs: The document discusses the 
integration of the computational workflow with PyCOMPSs, a programming model that 
aids in the execution and management of Kratos simulations and dislib algorithms. 

● Data Logistics and Container Image Creation: It outlines the processes involved in data 
logistics and container image creation, highlighting the use of pipelines for deploying 
container images, transferring simulation data, and uploading generated ROMs. 

● TOSCA Description and Workflow Orchestration: The TOSCA (Topology and Orchestration 
Specification for Cloud Applications) description is used to orchestrate the workflow's 
deployment and execution across different HPC systems. It includes components for 
simulation data download, ROM upload, and the actual execution of the workflow using 
the PyCOMPSsJob component. 

 

2 ROM Workflow Description and Demo Test 
Case 

In the evolution of our deliverables, we have consistently enhanced the high-performance 
computing (HPC) workflow, with Deliverable D4.3 laying the groundwork and D4.4 expanding into 
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the complex thermal behavior of an electrical motor. As we present Deliverable D4.5, we pivot to 
a more accessible example that underscores the capabilities of the HPCWaaS integrated solver 
stack, while still retaining the depth of our workflow. 

2.1 The Parametrized Model 
Central to our workflow, as depicted in Figure 1, is the parametrized model. It serves as the 
foundational element where the input is a vector of parameters (�) that drive the solver, 
developed with KratosMultiphysics and the KratosRomApplication, to produce a discrete solution 
array. This model is key to demonstrating the workflow's efficacy and the integration of the 
eFlows4HPC stack. 

 

 
Figure 1. Input-Output model in KratosMultiphysics 

 

2.2 Snapshot Matrix and Basis Computation Leveraging 
BSC's dislib 

The snapshot matrix, depicted in Figure 2, is a fundamental element in our HPC workflow, 
aggregating the outcomes of numerous simulations that vary according to a set of parameters.  
 

 
Figure 2. Simulation results are gathered in a snapshot matrix. N stands for the number of degrees of freedom, and Nt is the 

number of solution steps. 

 
This matrix is the bedrock upon which we construct our Reduced Order Models (ROMs), capturing 
the diverse simulation results necessary for the model synthesis. 
For the transformation of this extensive data into a practical computational basis, we utilize the 
Tall and Skinny QR (TSQR) factorization, adeptly tailored for parallel processing and integrated into 
the dislib library, developed by the Barcelona Supercomputing Center (BSC). The TSQR 
factorization is particularly tailored for high-performance computing (HPC) environments, 
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enabling the decomposition of large snapshot matrices in a distributed manner across multiple 
computing nodes. 
As illustrated in Figure 3, the Singular Value Decomposition (SVD) process, which is central to 
computing the reduced basis, is significantly enhanced by the TSQR implementation in BSC's dislib. 
This enhancement is pivotal for distilling the high-dimensional simulation data into a compact set 
of modes, which constitute the reduced basis. This basis effectively captures the predominant 
dynamics of the simulations with far fewer dimensions, facilitating rapid and efficient 
computations. 
 

 
Figure 3. The SVD is fed with a snapshots matrix of N rows by Nt columns, and it returns a basis matrix with the same number of 

rows, but with N columns. We call N as the number of “modes”, and it follows that the small dimensional representation 
mentioned before q has precisely dimension N<<N.  For a given tolerance, it can be shown that the basis returned by the SVD is 

optimal, or in other words, it is the best N-dimensional basis for the input matrix. 

 

The strategic implementation of TSQR in BSC's dislib library is a testament to the library's capability 
to handle the demanding computational tasks typical in HPC workflows. By distributing the SVD 
computation across an HPC infrastructure, we achieve a dual advantage: a marked acceleration in 
processing time and the capacity to manage larger datasets that are beyond the scope of single-
node processing. The outcome is a reduced basis that is not only computationally economical but 
also maintains the precision of the original full-scale simulations, thus ensuring the ROM's efficacy 
for swift parameter evaluations. 

2.3 Hyper-Reduced Order Model (HROM) Training and the 
Role of SVD 

The training phase of the Hyper-Reduced Order Model (HROM) is a pivotal process within our HPC 
workflow, and its intricacies are schematically represented in Figure 4. This figure does not delve 
into the specifics of the training steps but rather illustrates the critical role of the Singular Value 
Decomposition (SVD) in the hyper-reduction process. 

 

 
Figure 4. Steps involved in the training of an HROM model, the output of the first block representing the SVD is a basis matrix G, 
which is passed to the ECM, and from this, one obtains a set of indexes E and weights ⍵, to be used in the launching the HROM. 

 

In Figure 4, we see the SVD's output—a basis matrix G—which is then utilized within the Empirical 
Cubature Method (ECM). The ECM is a sophisticated technique that identifies the most impactful 
elements and their corresponding weights within the simulation's geometry. These elements and 
weights are denoted by a set of indices E and weights ω, respectively. They are the essential 
components that will be used to launch the HROM simulations. 

The figure highlights the transition from the SVD's basis matrix to the ECM's selection process. The 
basis matrix G, derived from the SVD, encapsulates the dominant patterns within the simulation 
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data. When passed to the ECM, it facilitates the identification of the key geometric elements that 
significantly influence the simulation's outcome. The ECM then determines the optimal subset of 
these elements and their weights, which allows for the approximation of the full-order model's 
behaviour while drastically reducing the computational load. 

This hyper-reduction step is crucial as it ensures that the HROM maintains high fidelity to the 
original model's behaviour while being computationally efficient. The indices E and weights ω that 
result from this process enable the HROM to perform simulations rapidly, making it possible to 
evaluate new parameter vectors with minimal computational expense. 

2.4 Parallel ROM Workflow Overview  
The Parallel ROM Workflow is a sophisticated sequence of stages designed to optimize the 
construction of Hyper-Reduced Order Models (HROMs) within a high-performance computing 
environment. Figure 5 provides a schematic representation of this workflow, which is orchestrated 
in parallel using the PyCOMPSs framework. The workflow is divided into five distinct stages, each 
contributing to the development and validation of the HROM: 

● Stage 1: ROM Training Campaign 

Full Order Model (FOM) simulations are launched in parallel using the COMPSs framework, varying 
parameters to generate a comprehensive set of data. 

The results are stored in snapshot matrices, capturing the essential dynamics of the simulations 
for various parameter sets. 

● Stage 2: Basis Computation with Dislib's SVD 

The snapshot matrices from Stage 1 are processed using dislib's implementation of Singular Value 
Decomposition (SVD). 

This step computes the Reduced Order Basis (ROB), which encapsulates the dominant patterns 
across the simulations, essential for constructing the ROM. 

● Stage 3: HROM Training Campaign 

Reduced Order Model (ROM) simulations are executed in parallel, again utilizing COMPSs, to 
produce a new set of snapshot matrices. 

These new matrices represent the projected residuals, which are crucial for identifying the most 
significant elements during the hyper-reduction optimization. 

● Stage 4: Hyper-Reduction Optimization 

The SVD, facilitated by dislib, is applied to the matrices from Stage 3 to refine the selection of 
elements and weights. 

An optimization problem is solved to determine the most influential elements and their 
corresponding weights for the HROM, ensuring computational efficiency. 

● Stage 5: HROM Validation Launch. The final stage involves launching the HROM simulations 
for validation purposes. 
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Figure 5. The HPC ROM Workflow. 

 

 
Figure 6. A numpy array is managed in the form of a distributed array, ds-array, within the ROM Workflow. 

 

This is done using COMPSs to assess the accuracy and performance of the HROM against the FOM 
and ROM results. 

Each stage is meticulously designed to ensure that the HROMs produced are both accurate and 
computationally efficient. The use of distributed arrays, as conceptualized in Figure 6, allows for 
the efficient handling and processing of large datasets across multiple computing nodes, which is 
crucial for the parallel nature of the workflow. 

2.5 Considerations for CoSimulation  
When dealing with multiple physics or geometries, as shown in Figure 7, the 
CoSimulationApplication of Kratos becomes integral. It manages the interaction between 
submodels, doubling the complexity but also enhancing the fidelity of our simulations. 
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Figure 7. The training of a reduced order model involving two physical problems using the CoSimualtion application, each of the 

building blocks (FOM, ROM, and HROM) presented in the section “The Imperative for a Coupled Approach”, will return two arrays 
of results.  

 

2.6 Introduction to the Demo Test Case for the Parametrized 
Model 

We will now proceed to introduce a demo test case that exemplifies the parametrized model's 
versatility and the HPCWaaS integrated solver stack's seamless operation. This case will not only 
demonstrate the practical application of our workflow but also its adaptability to specific HPC 
architectures and scenarios. 

For a comprehensive understanding of the workflow's capabilities and the complex scenario 
involving the thermal behaviour of a motor, we refer the reader to Deliverable D4.4. In contrast, 
Deliverable D4.5 aims to provide a clear and concise demonstration through a more 
straightforward example, facilitating a broader comprehension and application of the HPC 
workflow. 

The test case in question is a simple yet illustrative 2D convection-diffusion model, represented 
within a square domain with distinct thermal boundary conditions applied to each wall. The left 
wall is set to a fixed temperature of 303.15K, simulating a consistent heat source. On the opposite 
side, the right wall is defined by ambient radiation with an emissivity of 0.8 at 283.15K, coupled 
with ambient convection characterized by a convection coefficient of 100W/m²/K at the same 
temperature, effectively modelling the heat exchange with the environment. 

The top and bottom boundaries are subjected to a heat flux, which is the primary parameter we 
seek to explore within our reduced order model. While the initial condition is depicted with a heat 
flux of 2000W/m², this parameter's variability is key to understanding the model's response under 
different thermal loads. 
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Figure 8. 2D Convection-Diffusion Model Boundary Conditions and Temperature Distribution. 

 

Figure 8 illustrates the described boundary conditions and a snapshot of the temperature 
distribution within the domain at a specific time-step. The left wall's constant temperature and 
the right wall's environmental interactions are clearly marked, with the variable heat flux on the 
top and bottom walls highlighted as the focus of our parametric study. The resulting temperature 
field, captured here, showcases the gradient from the heat source to the cooler areas, providing a 
visual representation of the model's dynamic thermal behaviour. 

2.7 Segmentation of the Model Domain: Emulating Motor 
Components   

In an effort to mirror the more complex behavior observed in the thermal management of a motor, 
we introduce a modification to our 2D convection-diffusion model. The domain is now partitioned 
into two distinct regions: a central circular domain, referred to as the "center" domain, and the 
remaining square domain with a central void, hereafter called the "outside" domain. The center 
domain is akin to a motor's rotor, and while it does not exhibit rotational dynamics in this simplified 
model, it serves to differentiate between the two areas of interest. The outside domain represents 
the stator, with its unique thermal characteristics and interactions. 

Figure 9 presents a straightforward CAD visualization of the domain split, as designed in GiD. It 
shows the clear delineation between the center and outside domains, with the former depicted as 
a circular area at the core and the latter as a square encompassing the center, minus the circular 
cutout. This visual aids in understanding the spatial relationship between the two domains and 
sets the stage for subsequent simulations that will take into account the distinct properties and 
boundary conditions of each region. 
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Figure 9. CAD Representation of the Center and Outside Domains. 

 

2.8 CoSimulation Preparation: Assembling the Essential 
Files for Interconnected Domains 

With the introduction of distinct domains in our model, we leverage the capabilities of the 
CoSimulationApplication within Kratos to manage the interactions between the two separate 
models representing the "center" and "outside" domains. This application requires a specific set 
of files for each domain to facilitate the simulation process. The necessary files are as follows: 

For the Center domain: 

● ConvectionDiffusionMaterials_center.json: Contains the material properties for the center 
domain. 

● ProjectParameters_center.json: Includes the simulation parameters and settings for the 
center domain. 

● GUI_test_center.mdpa: Holds the mesh information and connectivity, essentially defining 
the model part for the center domain. 

For the Outside domain: 

● ConvectionDiffusionMaterials_outside.json: Contains the material properties for the 
outside domain. 

● ProjectParameters_outside.json: Includes the simulation parameters and settings for the 
outside domain. 
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● GUI_test_outside.mdpa: Defines the mesh and model part information for the outside 

domain. 

The CoSimulationApplication necessitates the consolidation of these files into a single directory to 
function correctly, as illustrated in Figure 10. 

 

 
Figure 10. Schematic overview of files consolidated into a single directory for CoSimulation. 

 

 
Figure 11. Snapshot of the temperature field for the cosimulation test case, demonstrating the correct thermal behaviors of the 

center and outside domains. 
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To facilitate the co-simulation, the MainKratos.py scripts from each domain are merged into a 
single file. Additionally, an extra ProjectParameters_CoSimulation.json file is created to configure 
the co-simulation settings. 

The Materials.json files detail the thermal and physical properties of the materials within each 
domain. The ProjectParameters.json files outline the specific parameters and settings that define 
the simulation's behavior, while the .mdpa files provide the necessary mesh and connectivity 
details, forming the structural foundation of the model parts. Finally and more importantly, the 
Workflow.py contains the the decorated tasks for launching the simulations in parallel. 

Figure 11 shows a snapshot of the results expected. This snapshot captures the thermal 
interactions between the center and outside domains, serving as a proof of concept for the model's 
behavior under a single parameter set for our cosimulation test case. 

 

3 Advancing to Parallel Computation in HPC 
with HPCWaaS 

In this section, we provide the details about how we have integrated the lifecycle management of 
the workflow to calculate a Reduce Order Model introduced before in the HPCWaaS methodology 
proposed in the project. Apart from the execution of the computations, the HPCWaaS is also 
managing the deployment of the software and required data. Figure 12 shows an overview of all 
the elements involved in workflow lifecycle.  

 

 
Figure 12. Overview of the Element involved in the deployment and execution of the ROM Workflow. 
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The deployment of the computational workflow will be performed using containers. We use the 
Container Image Creation service to create the image and this image must be deployed in the HPC 
cluster. The required input data is stored in a B2DROP repository and it must be deployed to the 
HPC cluster before the execution. The computational workflow will be managed by the COMPSs 
runtime which orchestrates the Kratos executions and the dislib algorithms. Finally, the generated 
ROM models must be uploaded to the model repository. The image and data deployments as well 
as the upload to the model repository will be implemented as data pipelines managed by the Data 
Logistics service. 

The implementation of the workflow integrated with the eFlows tools is stored in the Workflows 
Registry. It can be found in the following URL: 

https://github.com/eflows4hpc/workflow-registry/tree/main/rom_pillar_I/  

It contains two subfolders: in subfolder tosca, it contains the TOSCA description which includes the 
components involved in the workflow lifecycle; and in subfolder reduce_order_model, it contains 
the computational workflow implemented in PyCOMPSs (src folder) and the software 
requirements to execute this workflow (eflows4hpc.yml). The next paragraphs provide more 
details about how the integration has been achieved.  

3.1 Integrating the Computational Workflow with 
PyCOMPSs  

Figure 13 presents the implementation of the ROM Workflow. It has been implemented as a 
combination of Kratos HPC simulations and dislib ML algorithms using PyCOMPSs as programming 
model. The implementation of this workflow leverages the extensions performed in the project to 
better integrate HPC, data analytics, and artificial intelligence, by means of using the (@software) 
and data transformations (@dt) annotations.  

 

 
Figure 13. Overview of the ROM Workflow implemented with PYCOMPSs. 

 

https://github.com/eflows4hpc/workflow-registry/tree/main/rom_pillar_I/
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3.2 Integrating Kratos simulations  
The integration of Kratos simulations to the workflows has been performed as depicted in the code 
snapshot depicted in Figure 14. Developers have annotated the Python function where Kratos is 
invoked with the @software decorator linking to the description of the software invocation.  

 

 
Figure 14. Code snippet with the integration of the Kratos simulation in the PyCOMPSs workflow. 

 

The description of the invocation is stored in the Software Catalog. The description used in this 
case is depicted in Figure 15. 

 

 
Figure 15. Snippet with the definition of the Kratos co-simulation execution. 

 

Finally, the invocation of the different Kratos simulations are performed as simple python 
functions- As you can see in Figure 16, developers have created a loop where for each parameters 
it invokes the “ExecuteInstance_Tasks” function and their results are appended to the snapshot 
matrices used for ROM training part.  
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Figure 16. Code snippet with the invocation of the Kratos simulation in the PyCOMPSs workflow. 

 

3.3 Integrating dislib algorithms 
Figure 17 shows one of the algorithms available for the computation of the SVD within the 
workflow. The algorithm was decorated with the previously mentioned annotations. @dt 
annotation indicates that the function "load_and_rechunck" is to be executed before the actual 
task execution to implement a data transformation. This dislib method re-partitions a matrix that 
was originally partitioned in column-blocks (this is the case of the snapshots matrices in figure 6) 
into a new ds-array of the given block size. The parameter "is_workflow=True" indicates that the 
method invokes other PyCOMPSs task to implement the function. As for the @software 
annotation, it enables PyCOMPSs to convert a Python function of a software invocation to a task. 
How the task needs to be invoked is specified in the JSON file that is passed as a parameter. 

 

 
Figure 17. Annotation of trainROM step in workflow. 

 

Moreover, Figure 18 shows the JSON file that is used for the dislib. This is a relatively simple case 
since dislib is already implemented in PyCOMPSs and its integration is native. The parameter type 
"workflow" indicates that this method invokes other PyCOMPSs tasks in its code.  

https://docs.google.com/document/d/1n7KdGSsqy9ixbSlseetOXRPL2kth9uejlJL_2Qk7Kig/edit#fig_a_num_arr
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Figure 18. JSON file for the dislib library. 

 

3.4 Container Image Creation 
To build the container image that will enable the execution of the workflow. Its generic spack 
environment is stored in the Workflow Registry (see Figure 19). This file specifies the software 
components that are needed in the container (COMPSs, dislib and KRATOS).  

 

 
Figure 19. Generic spack environment for the Pillar I workflow. 

 

To create the container image for a specific architecture, a specific request is issued to the 
Container Image Creation (CIC) service. Figure 20 shows a sample request for this workflow, which 
specifies the target platform, architecture, container engine and MPI version. 

 

"machine": { 
    "platform": "linux/amd64",  
    "architecture": "skylake_avx512",  
    "container_engine": "singularity", 
    "mpi" : intel-mpi@2018.4 
     }, 
"workflow":"rom_pillar_I", 
"step_id" :"reduce_order_model" 

Figure 20. Sample request for the CIC service. 

 

With this information, together with the Software descriptions stored in the Software Catalogue 
(https://github.com/eflows4hpc/software-catalog/tree/main/packages), the CIC service 
generates the specific spack environment that is used to generate the container image. More 
information about the CIC service and its performance can be found in deliverable D2.4.  

https://github.com/eflows4hpc/software-catalog/tree/main/packages
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3.5 Data Logistics 
Regarding the data logistics, as mentioned before, we have used three pipelines: one for the 
deployment of the Container images to the HPC Cluster; another to transfer the simulation data 
from the B2DROP repository to the HPC Cluster; and finally, a data pipeline to upload the 
generated ROMs to the Model Repository. These pipelines are implemented in the DLS-DAG’s 
repository (https://github.com/eflows4hpc/dls-dags) and automatically loaded to the DLS service 
as you can see in Figure 21. 

 

.  
Figure 21. Snapshot of the Data Logistics Service with the active data pipelines 

 

 
Figure 22. Snapshot of the Co-simulation dataset entry in the Data Catalog. 

https://github.com/eflows4hpc/dls-dags
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The first pipeline (tranfer_image) downloads the generated container image from the CIC service 
using the HTTPS protocol and stores it in a folder of the shared disk of the HPC cluster using the 
SCP protocol. The second pipeline (wedav_stagein) downloads a dataset defined in the Data 
Catalog using the WebDAV protocol and stores it in a shared disk of the HPC cluster using the SCP 
protocol. In this case, we have registered the dataset in the Data Catalog providing the URL of the 
repository where the data is stored as depicted in Figure 22. 

Finally, the third pipeline (mflow_model_upload) downloads the model from a folder of the HPC 
cluster using the SCP protocol and uploads it to the Model Repository. 

3.6 TOSCA Description 
To enable the orchestration of the steps required to automate the deployment and execution of 
this workflow in different HPC systems, we have defined a TOSCA description using the 
Alien4Cloud software as depicted in Figure 23. In this description, we define the different 
components involved in the deployment and execution of the workflow. First, we have defined 
the AbstractEnvironment component. This is an abstract component that defines the properties 
(login node address, CPU architecture, supported container engine, …) of the HPC system where 
we want to run the workflow. All the components that require knowledge about the target HPC 
system must depend on this component. For the deployment phase, we have included the 
ImageCreation and DLSDAGImageTransfer, which are based TOSCA components that interact 
with the eFlows4HPC Container Image Creation (CIC) service and the Data Logistics Service (DLS). 
This first component will trigger container image build in the CIC service, including all the software 
components used by the workflow. The second component will trigger the image_transfer pipeline 
in the DLS to deploy the container image to the HPC as described in the previous section. The 
DLSDAGImageTransfer is dependent on the ImageCreation because it has to know the URL of the 
generated container image to perform the image deployment. 

 

 
Figure 23. TOSCA description for the Reduce Order Model workflow . 

 

For the execution phase, we have included: the Simulation_data_download and the 
ROM_upload_center and ROM_upload_outside components, which are also TOSCA components 



 

20 

 

D4.5 Release of HPCWaaS integrated solver stack 

Version 1.0 

 
that interact with the DLS to execute the webdav_stagein pipeline to download the mesh and 
Kratos configurations file required to perform the simulations and the mlflow_model_upload the 
calculated ROM after the computation; and the PyCOMPSsJob component which is the actual 
workflow described in the previous section, which orchestrates the execution of the KRATOS 
simulations and the dislib SVD methods.  

The TOSCA workflow is executed in two phases. In the first phase, the deployment of the workflow 
is performed using the Alien4Cloud portal. This phase will execute the ImageCreation and 
DLSDAGImageTransfer components. After this phase, the workflow will be installed in the target 
machine and the endpoint of the workflow as a service is available. From the portal, the 
administrator can specify the users that are authorized to execute the workflow.  

For execution, the user should use the HPCWaaS API to invoke the execution of the 
Simulation_data_download, PyCOMPSsJob, and ROM_Upload_center/outside components 
whose execution will be orchestrated by the YORC runtime. 

 

4 Conclusions 
This document showcases the successful integration of sophisticated HPC workflows with the 
HPCWaaS framework for the creation of ROMs. Throughout its progression, the project has 
demonstrated continuous advancements, particularly in the development and application of 
parametrized ROMs and HROMs, which have been tailored for optimal performance in HPC 
environments. The integration of these models with PyCOMPSs results in efficiency and scalability 
in managing complex simulations. Moreover, the effective use of TOSCA for workflow 
orchestration illustrates a well-structured approach towards the deployment and execution of 
computational workflows across varied HPC systems. The document also highlights the importance 
of data management and containerization in enhancing the fidelity and applicability of simulations. 
As this project culminates, it not only delivers a robust and flexible solver stack but also paves the 
way for future innovations in the field, opening avenues for more advanced applications in 
scientific research and engineering. This achievement reflects a significant contribution to the HPC 
community, facilitating future developments in computational modeling and simulation. 
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D4.5 Release of HPCWaaS integrated solver stack 

Version 1.0 

 

5 Acronyms and Abbreviations 
CIC – Container Image Creation 

DAG – Direct Acyclic Graphs 

DLS – Data Logistic Service 

ECM – Empirical Cubature Method 

FOM – Full Order Model 

HPC – High-Performance Computing 

HROM – Hyper-reduced Order Model 

ML – Machine Learning 

POD – Proper Orthogonal Decomposition 

ROM – Reduced Order Model 

SVD – Singular Value Decomposition 

TOSCA – Topology and Orchestration Specification for Cloud Applications 

WaaS – Workflow as a Service 
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