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Abstract

The increasing volume and velocity of data generated by sources
such as the Internet of Things, social media, and cyber-physical
systems have intensified the need for real-time data processing
solutions. At the same time, the Resource Description Framework
(RDF) has become a central model for representing and integrat-
ing heterogeneous data on the Web. These trends have given
rise to RDF Stream Processing (RSP), which combines stream
processing with Semantic Web technologies to support continu-
ous querying, temporal analysis, and reasoning over RDF data
streams.

This tutorial provides a comprehensive overview of RDF Stream
Processing, focusing on its query languages, systems, and bench-
marks. We introduce the core concepts and challenges of RSP,
present a structured taxonomy of existing languages and sys-
tems, and discuss their design choices, execution models, and
reasoning capabilities. We also review benchmarking efforts used
to evaluate RSP solutions and highlight open research challenges
and emerging directions. The tutorial aims to equip researchers
and practitioners with a clear understanding of the RSP landscape
and guidance for selecting appropriate approaches for different
application scenarios.
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1 Introduction

The last decade has witnessed an unprecedented growth in the
volume, velocity, and heterogeneity of data generated by modern
applications. Internet of Things (IoT) deployments, social media
platforms, smart cities, and cyber-physical systems continuously
produce large streams of events that must be processed in near
real time. At the same time, there is an increasing need to en-
rich such data with semantics in order to enable interoperability
[8], high-level querying [11, 12], and reasoning. The Resource
Description Framework (RDF), as the foundational data model
of the Web of Data, has emerged as a natural choice for repre-
senting and integrating heterogeneous data sources using shared
vocabularies and ontologies.

The combination of streaming data and RDF-based knowl-
edge representation has led to the emergence of RDF Stream
Processing (RSP), a research area situated at the intersection of
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data stream management systems, complex event processing, and
Semantic Web technologies. RSP extends traditional stream pro-
cessing by supporting rich graph-based data models, declarative
query languages, temporal reasoning, and background knowl-
edge integration. These capabilities enable advanced applications
such as real-time monitoring, anomaly detection, and situation
awareness over semantically annotated data streams.

However, processing RDF streams efficiently poses signifi-
cant challenges. RDF streams are potentially unbounded, highly
dynamic, and temporally annotated, requiring specialized data
models and execution strategies. The need to combine continu-
ous querying with reasoning over ontologies further complicates
system design, raising issues related to scalability, incremen-
tal maintenance, temporal semantics, and correctness. Over the
years, a wide variety of approaches have been proposed, includ-
ing extensions of SPARQL with windowing and event operators,
rule-based and logic-based languages, centralized and distributed
RSP engines, and dedicated benchmarks for evaluating expres-
siveness and performance.

Despite this rich body of work, the RSP landscape remains
fragmented. Different languages and systems adopt different
assumptions regarding time models, execution semantics, report-
ing policies, and reasoning capabilities, making it difficult for
researchers and practitioners to understand their relationships,
trade-offs, and suitability for specific use cases. Furthermore,
recent advances in distributed stream processing, edge comput-
ing, and large-scale data integration have introduced new design
choices that are not always captured in earlier overviews.

This tutorial aims to address this gap by providing a systematic
and up-to-date introduction to RDF Stream Processing, grounded
in our comprehensive survey of the field, recently published in
VLDB]J [4]. We organize existing work along clear conceptual
dimensions, covering languages, systems, and benchmarks, and
highlight both foundational principles and recent developments.
By doing so, the tutorial seeks to offer a coherent view of the
RSP design space, facilitate informed technology choices, and
stimulate further research at the intersection of streaming data
management and semantic technologies.

In recent years, several tutorials at major database conferences
such as SIGMOD, EDBT, VLDB, and ICDE have addressed aspects
of data stream processing [5], languages [2], performance tuning
[7], and machine learning pipelines [6]. These tutorials typically
focus on general-purpose stream processing architectures, SQL-
based or declarative streaming languages, or streaming analytics
and machine learning. Other tutorials, mainly outside the core
database venues, have considered stream reasoning using spe-
cific tools, engines, or semantic Web technologies in isolation
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[1, 3, 10]. In contrast, no recent tutorial at these venues has pro-
vided a comprehensive and unified treatment of RDF Stream
Processing that jointly covers its foundational concepts, query
languages, execution systems, and benchmarking methodologies.
The proposed tutorial fills this gap by offering an end-to-end
view of the RSP landscape, grounded in a recent comprehen-
sive survey, and by explicitly framing RDF stream processing
challenges from a data management perspective. By systemati-
cally comparing languages, systems, and evaluation approaches,
and by highlighting their design trade-offs and open challenges,
this tutorial complements existing offerings and provides novel,
non-overlapping value to the EDBT/ICDT community.
Tutorial Material. The tutorial will use slides with code
samples, datasets, and best practices. All content will be available
on the tutorial web page before March under a CC license. No
additional audiovisual or technical equipment is required.

2 Tutorial Structure and Duration.

This tutorial is 2 hours long and divided into four parts.

Part I (Section 5.1) (20 mins), presented by Oliver Curé, intro-
duces the background and foundations of RDF Stream Process-
ing. We present the motivation and application context of RDF
streams, review the RDF data model and streaming abstractions,
and introduce key temporal concepts such as windows, reporting
policies, and stream semantics. This part establishes the neces-
sary background for understanding language and system design
choices.

PartII (Section 5.2) (30 mins), presented by Oliver Curé, focuses
on RDF Stream Processing languages. We survey SPARQL-based
and rule-based approaches, discussing their design principles,
temporal models, and formal semantics. The discussion highlights
common abstractions, expressiveness trade-offs, and differences
in reporting and reasoning capabilities across languages.

Part III (Section 5.3 and Section 5.4) (40 mins), presented by
Riccardo Tommasini, provides an in-depth exploration of RDF
Stream Processing systems. We review representative RSP sys-
tems, covering centralized, distributed, and federated architec-
tures, and analyze their execution models, scalability, and rea-
soning support. RSP4] [9] open-source library will serve as a ref-
erence for providing a unified software solution to the attendant.
We then discuss benchmarking and evaluation methodologies,
including datasets, query workloads, and performance metrics
used to assess RSP solutions.

Part IV (Section 5.5) (30 mins), presented by Haridimos Kondy-
lakis, is devoted to open challenges and future research directions
in RDF Stream Processing. Topics include unifying languages,
semantics, and systems; scalable, incremental reasoning over
high-velocity streams; support for distributed and edge-based
deployments; interoperability; and the integration of RSP with
large-scale knowledge graphs, machine learning pipelines, and
Al-driven techniques.

The tutorial is organized into two sessions. The first session
covers Parts I and II, allowing participants to build a solid under-
standing of the foundations and language-level aspects of RDF
Stream Processing. The second session covers Parts III and IV,
focusing on systems, benchmarking, and a forward-looking dis-
cussion of open challenges and future directions. redIn particular,
we will also expand on newer graph stream processing techniques
that emerged after the publication of the initial survey.
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3 Tutorial Relevance and Goals

RDF Stream Processing (RSP) has become an important research
topic at the intersection of data management, stream processing,
and Semantic Web technologies. The increasing adoption of RDF
and knowledge graphs in dynamic environments such as IoT,
smart cities, social media analytics, and real-time monitoring
systems has highlighted the need for expressive and scalable
solutions that can process semantically annotated data streams
in a timely manner.

The EDBT/ICDT community has a long-standing interest in
stream processing, continuous query evaluation, temporal data
management, and reasoning over structured data. RSP naturally
builds upon these foundations by combining classical stream
processing concepts with graph-based data models and declar-
ative query languages. In recent years, a significant number of
RSP languages, systems, and benchmarks have been proposed,
addressing challenges such as window semantics, incremental
evaluation, reasoning under streaming updates, and scalability
across distributed and edge environments.

The primary goal of this tutorial is to provide a comprehensive
and structured overview of the RSP landscape. Specifically, the
tutorial aims to:

e introduce the core concepts and challenges underlying
RDF Stream Processing;;

present a systematic taxonomy of RSP query languages,
highlighting their design principles, temporal abstractions,
and formal semantics;

o survey existing RSP systems, analyzing their architectures,
execution models, and reasoning capabilities;

review benchmarking efforts and evaluation methodolo-
gies used to assess RSP solutions;

discuss open challenges and emerging research directions
in the field.

By synthesizing more than a decade of research results and
recent advances, the tutorial is designed to help attendees un-
derstand the trade-offs between different approaches and select
appropriate techniques for their specific application needs.

4 Target Audience and Prerequisites

The tutorial is intended for a broad audience within the EDBT/ICDT
community, including:

e researchers interested in data stream management, tem-
poral data processing, and knowledge graphs;

e practitioners and system developers working on real-time
analytics over semantic data;

e PhD students and early-career researchers seeking an en-
try point into RDF Stream Processing.

The tutorial is largely self-contained. A basic understanding
of database systems and query processing is assumed. Familiarity
with RDF and SPARQL is helpful but not strictly required, as the
necessary background will be introduced during the tutorial.

5 Tutorial content

5.1 Background and Foundations

This section introduces the foundational concepts required to
understand RDF Stream Processing. We first review the RDF data
model and its role in representing semantically enriched data.
We then introduce the notion of data streams, emphasizing the
challenges posed by unbounded, time-ordered data.
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We discuss how RDF streams extend the classical RDF model
by associating timestamps with RDF triples or graphs, and we
introduce common temporal abstractions such as time-based
and tuple-based windows. We also briefly review background
technologies from the stream processing ecosystem, including
data stream management systems and complex event processing,
and explain how they influence the design of RSP languages and
systems.

5.2 RDF Stream Processing Languages

This section provides a structured overview of query languages
proposed for RDF Stream Processing. We organize existing lan-
guages along several key dimensions, including syntax, design
patterns, temporal models, and formal semantics. The dimensions
of study for the various languages is shown in Figure 1.

We first present SPARQL-based approaches, which extend the
W3C standard query language with constructs for windowing,
continuous querying, and event detection. These languages typi-
cally preserve SPARQL’s graph pattern matching semantics while
introducing stream-specific operators.

We then discuss rule-based approaches, including languages
grounded in Datalog, Answer Set Programming, and Description
Logics. These languages often emphasize reasoning and complex
event recognition, supporting expressive temporal patterns and
non-monotonic semantics.

For each category, we analyze the strengths and limitations
of representative languages, focusing on expressiveness, ease of
use, and suitability for different application scenarios.

5.3 RDF Stream Processing Systems

This section surveys systems that implement RDF Stream Pro-
cessing languages and execution models. We classify systems
according to their architecture (centralized, distributed, or feder-
ated) and discuss their ingestion mechanisms, query evaluation
strategies, and reasoning support. An overview of the various
dimensions of study is shown in Figure 2.

We analyze centralized engines that emphasize expressiveness
and incremental reasoning, as well as distributed, scalable sys-
tems built on modern stream processing frameworks. We also
discuss emerging systems targeting fog and edge environments.

Throughout the section, we highlight design trade-offs across
scalability, latency, fault tolerance, and reasoning capabilities,
and discuss how these trade-offs influence system behavior in
practice.

5.4 Benchmarking and Evaluation

To assess the performance and expressiveness of RSP solutions,
several benchmarks have been proposed. This section reviews the
main benchmarking efforts in the field, describing their datasets,
query workloads, and evaluation metrics.

We discuss how benchmarks evaluate different aspects of RSP
systems, including query coverage, throughput, latency, correct-
ness, and scalability. We also analyze the limitations of existing
benchmarks and identify open challenges in designing compre-
hensive and representative evaluation methodologies for RDF
Stream Processing.

5.5 Open Challenges and Future Directions

Despite significant progress, RDF Stream Processing remains an
active research area with many open challenges. In this section,
we discuss issues such as:
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¢ unifying semantics across languages and systems;

e scalable and incremental reasoning over high-velocity
streams;

e support for distributed, federated, and edge-based deploy-
ments;

e integration with emerging data management paradigms,
including large-scale knowledge graphs and machine learn-
ing pipelines.

We conclude by outlining promising research directions that
can further advance the state of the art in RDF Stream Processing.

6 Conclusion

This tutorial provides a comprehensive overview of RDF Stream
Processing, covering its theoretical foundations, practical sys-
tems, and evaluation methodologies. By organizing existing work
along clear conceptual dimensions, the tutorial aims to clarify
the design space of RSP and support informed decision-making
for both researchers and practitioners.

We believe that RDF Stream Processing will continue to play
a crucial role in enabling real-time, semantics-aware data man-
agement, and we hope that this tutorial will stimulate further
research and collaboration within the EDBT/ICDT community.

7 Presenters

The tutorial will be presented by researchers with extensive ex-
perience in RDF Stream Processing, Semantic Web technologies,
and data management systems. The presenters have contributed
to foundational research in the area, including the design and
analysis of RSP languages and systems, and have published ex-
tensively in leading database and Semantic Web venues.

Haridimos Kondylakis is an Associate Professor of Big Data
Engineering in the Department of Computer Science, University
of Crete, and an Affiliated Researcher at FORTH-ICS. His interests
include Big Data Management, Semantics, Stream Processing and
their application in Health. He has delivered multiple high-profile
tutorials (e.g., EDBT, ISWC, VLDB) on related topics.

Pieter Bonte is an Assistant Professor in the Department
of Computer Science at KU Leuven. His research focuses on
RDF Stream Processing, stream reasoning, and Semantic Web
technologies. He has co-authored several key publications and
surveys in the area and has been actively involved in the design
and analysis of languages and systems for processing semantic
data streams.

Olivier Curé is a Professor at Université Gustave Eiffel. His
research interests include Semantic Web technologies, knowl-
edge graphs, data integration, and stream reasoning. He has
contributed extensively to the development of RDF stream pro-
cessing languages and systems and has significant experience
in presenting tutorials and lectures on Semantic Web and data
management topics at international venues (e.g., IEEE Big Data,
WWW, ISWC).

Riccardo Tommasini is an Associate Professor at INSA Lyon
and Visiting Professor at Tartu Univeristy. His research interests
cover continuous queries, streaming graph processing, and pro-
gramming languages. He has presented many tutorials on the
above topics, e.g., VLDB’25, SIGMOD’ 24, ISWC’24, RW’19.
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