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Middleware is the connective layer that fuses data, models, and control across heterogeneous systems, en-
abling end-to-end workflows across a large number of systems. This talk compares the state of the art in
middleware across three domains, large-scale experimental laser and MCF facilities, industrial manufacturing,
and cloud platform, highlighting similarities and differences. We also discuss the main technologies behind
these middleware platforms and the conceptual frameworks behind these systems.

In research settings, middleware emphasizes agility and reproducibility. Software systems such as EPICS and
TANGO coordinate large-scale sensor and actuator networks while being easily extensible. The data generated
in these platforms is typically extremely high volume due to the resolution needed in order to capture plasma
effects. This puts demanding requirements on the data transfer mechanism, the networking backbone as well
as control loop systems. The challenge is that academic stacks often optimize flexibility over operational
determinism and long-horizon lifecycle management.

Industrial manufacturing focuses on different problems. Integrating OT and IT with strict requirements for
reliability, real-time performance, and safety. Here, middleware centers on deterministic messaging, standard-
ized industrial protocols, and secure edge gateways bridging brownfield equipment. Systems are becoming
increasingly hybrid between cloud and edge computing. The challenge is balancing vendor ecosystems and
lock-in against interoperability while meeting certification, maintenance, and uptime SLAs.

Cloud-native middleware privileges elasticity, global reach, and managed governance. This domain is largely
driven by zero-trust infrastructure, which enables secure systems on a global scale. In this area, hybrid pat-
terns (edge preprocessing combined with in-cloud analytics) emerge as the default. However, typically the
data inside global applications is often not as volatile, unstructured and dense as compared to manufacturing
systems or large-scale research setups.

Across domains, common patterns include publish—subscribe messaging, schema-first contracts, central or-
chestration systems, and ETL data pipelines with lifecycle-managed schemas. Event-driven architectures
enable data extraction and archiving in large database systems for structured and unstructured data. We
discuss a common set of technologies and patterns used in all domains and survey convergence trends, for
example OPC UA and MQTT bridging to cloud-native streams. Attendees will leave with a general taxonomy
of middleware, a clearer overview of current open-source projects, and a review of common trends across all
discussed domains.
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