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Abstract
In order to address the rising demands for scientific computing and for processing large volumes of

data in research, development and education, a new state-wide strategy bwHPC for High Performance
Computing (HPC) has been implemented in the state of Baden-Württemberg, Germany. This concept
does not only allow for the advancement of HPC at all tiers, but also for Data Intensive Computing (DIC)
and associated Large Scale Scientific Data Management (LS2DM), thereby offering a single point of view
on all services for users. The accompanying state-wide project bwHPC-S5 provides federated support for
the bwHPC users and coordinates all associated provisions, including development of policies and services.
As the connecting body between scientists and HPC and data storage systems, bwHPC-S5 has proven
to create synergies for the development of state-wide user support. The implementation of professional
competence centers guarantees the support expertise required to embed the scientific communities into
the HPC, DIC and LS2DM world and to increase efficiency and effectiveness in utilizing both, the compute
and storage resources, by optimizing workflows as well as performance and scalability of applications.
Thus, bwHPC-S5 extends the federated services established in previous projects to include the acquisition,
processing, storage and archiving of large scientific datasets. A constantly refined and coordinated training
program for the topics HPC, DIC and LS2DM complements the user support services. Furthermore the
project assesses and adapts new technologies in close cooperation with users to allow fast incorporation
into existing infrastructures.

1 Introduction
For many years, the state-wide strategy for high performance computing and data-intensive services have
been known and established in Baden-Württemberg. The key concept is based on principles of cooperative
provision of resources and service structures. Especially the aspect of cooperation creates synergies and bundles
expertise to broaden the user base, services and targeted support for researchers and students in the use of
these services.

Regarding HPC services, the user requirements for simplification of system access and a science-driven
infrastructure were comprehensively addressed with the bwHPC concept [1, 2] from 2013 to 2018. The
bwHPC concept was and still is an unique approach which also served as a role model for recommendations
of the German Council of Science and Humanities (Wissenschaftsrat) on funding national high-performance
computing [3] in Germany.

The concrete implementation of the concept was driven by the accompanying projects bwHPC-C5 phases
1 and 2 (2013 - 2018) [4, 5] and successfully a) established state-wide structures for user support and tech-
nology evaluation for the Tier-3 HPC infrastructure, b) integrated the universities of applied sciences of
Baden-Württemberg, c) established a demand-oriented software infrastructure and state-wide services, such
as resource application portal (ZAS), state-wide ticket system and user documentation platform (bwHPC
Wiki) and d) constituted a state-wide training program and centrally coordinated public relations activities.

In parallel to the implementation of HPC infrastructures and the bwHPC-C5 projects, an extensive storage
infrastructure with the Large Scale Data Facility (LSDF), the bwCloud and the bwDataArchive was established
as part of the bwDATA concept [6, 7]. The state-wide projects bwFDM-Info I and II established platforms
for needs assessment, continuing education and dialog in the area of research data management. In addition,
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dedicated systems for visualization, bwVisu, and for data analysis (e.g. the Smart Data Innovation Lab) have
been established.

However, constantly growing requirements in the area of data management and data analysis still continue
to pose increasing challenges for users and providers of services. Following corresponding recommendations
(e.g. [8]), existing concepts for HPC, DIC and LS2DM of the state of Baden-Württemberg were further
developed and merged into a common strategy called bwHPC 2.0 [9]. This strategy comprises the extension
of the competence centers to include user support in data management and the implementation of a state-wide
data federation.

The five "S" of the accompanying project bwHPC-S5, i.e. Scientific Simulation and Storage Support
Services, are a synonym for this merging strategy and implementation activities.

The project consists of three phases, each of which requiring prior approval by the German Research
Foundation (DFG) in order to retrieve funding by the Ministry of Science, Research and the Arts (MWK) of
the state of Baden-Württemberg, Germany. bwHPC-S5 project phase 1 was funded for a period of July 2018
to March 2021. Funding for bwHPC-S5 phase 2 covers the period from April 2021 up to and including June
2023. There will be a follow-up proposal for funding of phase 3 which is planned to run until 2025.

Phase 2 aims in particular at continuing the successfully started efforts for a unified view of the services
to consolidate the initial point of access to HPC, DIC and LS2DM for new and existing users, but also at the
conceptual and technical design of the state-wide Data Federation in Baden-Württemberg.

2 HPC and Data Storage Systems Infrastructure
Baden-Württemberg’s HPC infrastructure and its services are embedded in European, national and regional
HPC frameworks (cf. figure. 1).

Geographical coverage is accompanied by levels reflecting the increasing computational capabilities of
HPC systems (aka tier 3, 2, 1, and 0) which are associated with a rising degree of parallelization of the
simulation codes and quantity the processed data, cf. https://www.bwhpc.de/cluster.php. These resources
are differentiated by scientific areas, application requirements and scalability. Compute project applications
are therefore assigned accordingly.

The storage systems of the Tier-3 HPC clusters together with state-wide data facilities for hot, warm,
cold and cloud storage (currently SDS@hd, bwSFS, bwDataArchive, bwCloud) constitute the so-called Baden-
Württemberg (BaWü) Data Federation – all accessible by means of a unique identity management system,
bwIDM, for user authentication and authorization.

Figure 1: Federated HPC and Data Federation in the state of Baden-Württemberg, Germany.
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Although technical operation of each service is located at dedicated sites, the user support on each individual
system is provided by experts from all over the state of Baden-Württemberg. To transform the HPC and data
storage sites in a federated infrastructure, key services are developed and provided by bwHPC-S5.

3 bwHPC-S5 Consortium and Governance
The consortium of the bwHPC-S5 phase 2 project consists of the universities of Freiburg, Heidelberg, Hohen-
heim, Constance, Mannheim, Stuttgart, Tübingen and Ulm, the Karlsruhe Institute of Technology and the
Esslingen University of Applied Sciences.

Strategic decisions on the further development of the Tier-3 state clusters, the state-wide data infrastruc-
ture and related projects, such as bwHPC-S5, are made by the committee of the Heads of Scientific Computing
Centers and Information Centers of the State of Baden-Württemberg (ALWR-BW). The Baden-Württemberg
State User Committee (LNA-BW) is responsible for the scientific monitoring of the operation and further
development of defined digital research infrastructures (including projects of the HPC/DIC state strategy),
such as proposing improvements of the utilization mechanisms, providing recommendations and opinions to
ensure the optimal scientific alignment of the HPC/DIC state strategy. Furthermore, the Steering Committee
Digital Research Infrastructure Baden-Württemberg (SK DigiForInfraBW) represents the overarching body of
operators and users of digital research infrastructures within the HPC/DIC state strategy and the bwDATA
framework concept.

Progress and risks at project and work packages level are issued by the core team of bwHPC-S5 consisting of
the work package leaders and representatives from project partners without work package lead. Furthermore
bwHPC-S5 assembles a Cluster Assignment Team (CAT) (consisting of members of the so-called bwHPC
competence centers) to conduct resource allocation duties. For coordination in operational matters of the
HPC and data federation, including development and updating of the operating models, a Technical Advisory
Board (TAB) has been established, to which each university delegates one member.

4 bwHPC-S5 Project Structure
In order to address all objectives of bwHPC-S5 phase 2 (cf. [10]), the project structure allocates work packages
(WP) to one of the following three activity levels (AL), depending on their main tasks and objectives:

AL 1: User related and public relations activities
AL 2: Federated system operations and activities
AL 3: Technical innovation and evaluation activities

Figure 2: Project structure of bwHPC-S5

Based on thematic focus, this results in allocation of three work packages (WP 1.1, 1,2 and 1.3) to AL 1,
four work packages (WP 2.1, 2.2, 2.3 and 2.4) to AL 2 and one work package (WP 3) to AL 3. Along with
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the project management work package (WP 0) which covers all three activity levels, bwHPC-S5 phase 2 is
therefore structured into nine work packages, whose ratios in terms of staffing are illustrated in figure 2.

So far, bwHPC-S5 has successfully helped to tailor the hardware and software portfolio of the bwUni-
Cluster (for general purpose and teaching) and the four bwForCluster systems for 15 scientific domains (cf.
https://www.bwhpc.de/bwhpc-domains.php) towards the needs of these scientific communities based on sur-
veys, evaluation and benchmarking domain specific job application mixes and operating models. Moreover,
the project is in charge of the development of tools for data transfer and metadata management for better
utilizing the data federation.

State-wide web services for managing and reviewing Tier-3 compute projects have been successfully de-
veloped and are now operated by the project, cf. https://zas.bwhpc.de. This includes the evaluation of
compute project applications for access to the Tier-3 cluster systems (with respect to requested resources and
in terms of technical feasibility and characteristics of the available systems). The evaluation process for the
Tier-3 systems is carried out the bwHPC Cluster Assignment Team (CAT) and may result in adaption of the
application along with a recommendation to apply for access to higher tier systems, e.g. if requested resources
exceed capabilities of the available systems in Tier-3. Resource consumption at Tier-3 systems is continuously
monitored to provide adequate support for users to efficiently exploit the offered HPC resources and also to
identify compute projects with recognizable higher tier resource demands, in which case the corresponding
researchers will be advised accordingly, e.g. to use the Tier-3 systems for preparatory development work but
to apply for access to higher tier systems for large scale production runs.

A more comprehensive description of the project structure is provided in [10] and [11].

5 bwHPC Competence Centers

Figure 3: bwHPC Competence Centers

In essence, the federated, scientific user support
is tied to seven bwHPC competence centers,
each dedicated to specific research areas, com-
plemented by a multidisciplinary team for user
support across all research areas, cf. figure 3.
The competence centers as well as the multi-
disciplinary team consist of expert teams from
across the universities of Baden-Württemberg
combining knowledge and expertise in HPC,
DIC and LS2DM focused on the designated sci-
entific domains.

The services and tasks of the competence
centers comprise federated user support and
provision of development tools and scientific
software on the infrastructure, but also de-
velopment, evaluation and adaption of the
training program of courses coordinated and
held state-wide. Furthermore the compe-
tence centers provide an online knowledge base
(https://wiki.bwhpc.de) with technical docu-
mentation and best practice guides (i.e. strate-
gic guidance) for most efficient usage of the
infrastructure as well as deal with the enhance-
ment of the state-wide user portals, e.g. issue tracking (https://www.bwhpc.de/supportportal.php), Jupyter-
Lab (https://wiki.bwhpc.de/e/Jupyter), resource application (https://zas.bwhpc.de) and infrastructure status
(https://www.bwhpc.de).
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6 Special Support Activities
Besides the aforementioned user services of bwHPC-S5, the project has established an organizational infras-
tructure and expert pool to provide comprehensive and demand-oriented services and support for users in
Baden-Württemberg for topics around the existing HPC, DIC and LS2DM systems, e.g.:

Tiger team projects: which are collaborative projects between experts of bwHPC competence centers and
scientific user groups established upon the occasion with specifically defined tasks for optimization and imple-
mentation support. To make use of all the existing expert knowledge, the members of a tiger team may belong
to different locations depending on the occasion. The pool of experts is state-wide (i.e. Baden-Württemberg)
and currently covers core competences e.g. for (scientific) software applications, development tools and tech-
niques and libraries to aid porting of applications to bwUniCluster / bwForCluster, optimization of batch job
scripts, parallelization of sequential parts of code, build configurations, usage/linking of performance-optimized
libraries, implementation and optimization of workflows, checkpointing / restart functions of applications, im-
plementation and optimization of data management and I/O performance optimization.

Tech sprints: which are collaborative technology evaluations by experts of the bwHPC-S5 project upon user
requests targeting prototyping and embedding innovations in the future bwHPC infrastructure.

7 Conclusions
Initial results from the ongoing project bwHPC-S5 show that the project plan and its implementation structure
are comprehensively suited to achieve to project’s objectives, even further establishing an integrated statewide
computing and data storage infrastructure, increasing its efficiency and effectiveness through first-class user
support, and furthering integrated view of services for users.
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