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Executive Summary
This deliverable describes new automated tools and methods for test-driven data
engineering using UL’s RDFUnit tool and for integrating RDFUnit into software engineering
test tools and workflows. RDFUnit consumes RDF-based system specifications (schemas) or
ALIGNED meta-models (especially RUT-based test case definitions) and automatically
generates and executes test cases for verification of data consistency, completeness and
coverage. The prototype implementation is integrated with Maven and JUnit and thus, it is
part of of the software build reporting and documentation process. A demo video 1 has been
prepared to accompany this deliverable and the source code is available on github.

1

https://youtu.be/T0enhLikN54
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1 Introduction
This deliverable enables testing and verification of RDF data in familiar Software Engineering
processes, tools and infrastructures. It targets software engineers, by making it easier for
them to use flexible data engineering testing tools like RDFUnit. It complements the
conceptual modelling and support for unified governance of software and data engineering
provided by D5.4 Test Case Linking and D5.2 Unified Governance Tools. During Phase 2 of
ALIGNED the target use case for deployment of this tool (and hence source of most
requirements) is JURION. D2.5 (Use Cases and Requirements) documents the automated
data testing & verification framework requirements as established at the start of ALIGNED
Phase 2.
In the first iteration of this deliverable we have accomplished the integration of UL’s data
testing framework RDFUnit into JUnit2, a very popular Java Unit Testing framework.
Choosing JUnit as an integration point was a strategic decision, since JUnit is widely adopted
by software engineers. In addition:
● It can be run by Java and all JVM-based programming languages (e.g. Scala)
● It is integrated in popular build tools like Maven3, Ant4, SBT5 or Gradle6
● It is integrated in popular Continuous Integration (CI) platforms like Bamboo 7,
Jenkins8 and Travis-CI9, using the aforementioned build tools.
● JUnit tools and tool-chains are extensively deployed in the live JURION software and
data engineering environment.
The automated data testing & verification framework described here will be included in the
integrated tool-set (Phase 2 trial platform) for the JURION use case as part of D5.5
Integrated ALIGNED Tools in month 19. The framework performance will be reported on
D6.5 Phase 3 Trial Reports and this will feed into D2.6 Phase 3 Use Cases and Requirements
and D2.9 ALIGNED Methods Specification. An enhanced, second iteration of this framework
will be produced in Phase 3 of the project as D4.7.
The contents of this overview of the demonstrator are as follows: Section 2 describes the
location of the accompanying demo video and open source code. In Section 3 we provide a
brief technical overview of the framework and the three means provided for automated
data testing & verification through common software engineering processes: a) JUnit
integration using Java annotations (Section 3.1), b) JUnit integration using the JUnit XML
2

http://junit.org/
https://maven.apache.org/
4
http://ant.apache.org/
5
http://www.scala-sbt.org/
6
https://gradle.org/
7
https://www.atlassian.com/software/bamboo
8
https://jenkins.io/
9
https://travis-ci.org/
3
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Schema (Section 3.2) and c) Custom integration as a java library (Section 3.3). In Section 4
we provide our future plans and conclude.

2 Accompanying Demonstrator Video and Open Source Code
A short screencast video has been developed by ALIGNED which showcases the automated
data testing & verification framework described in this deliverable and will be used to
promote the project results. The screencast shows the prototype implementation in action.
It is available on YouTube10 and is linked through the project website11.
The RDFUnit automated data testing & verification framework, including the extensions
developed for this demonstrator is available as open source code and can be downloaded
through the ALIGNED project website12 and github13.

3 Technical Overview
RDFUnit is an RDF validation framework inspired by test-driven software development. The
test case definition language of RDFUnit is SPARQL, which is convenient to directly query for
identifying violations. For rapid test case instantiation, a pattern-based SPARQL-Template
engine is supported where the user can easily bind variables into patterns. RDFUnit has a
Test Auto Generator (TAG) component. TAG searches for schema information and
automatically instantiates new test cases. Schema information can be in the form of RDFS or
OWL axioms that RDFUnit translates into SPARQL under Closed World Assumption (CWA)
and Unique Name Assumption (UNA). Other schema languages such as SHACL 14, IBM
Resource Shapes15 or Description Set Profiles16 are also supported. For a full overview of
RDFUnit’s data testing and verification capabilities see [1] and [2].

Figure 1 RDFUnit architecture
10

https://youtu.be/T0enhLikN54
http://aligned-project.eu/training/
12
http://aligned-project.eu/tools/
13
https://github.com/AKSW/RDFUnit/
14
https://www.w3.org/TR/shacl/
15
https://www.w3.org/Submission/shapes/
16
http://dublincore.org/documents/dc-dsp/
11
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The following subsections describe the three different ways we have developed in ALIGNED
for integrating RDFUnit-based data testing and verification into software engineering
workflows. We provide three different ways to cover a wider range of use cases. The JUnit
runner with annotations (Section 3.1) provides a very easy and well integrated with option
but does not give room for flexibility beyond testing an input dataset to a fixed schema. The
JUnit XML Report (section 3.2) gives room for greater flexibility by utilizing the complete
RDFUnit command line options. Finally, the Custom maven-based integration (Section 3.3)
gives the software engineers a way to fine-tune the way they want to automate their data
testing & verification options.

3.1 JUnit Runner integration with Java annotations
JUnit allows other testing frameworks to extend JUnit with custom Runners17 tailored for
specific testing. We implemented a custom JUnit Runner, called RdfUnitJunitRunner18, which
can be used to define JUnit tests for validating RDF datasets against a schema, by adding
Java annotations to a JUnit test.
An example RDFUnit / JUnit test is the following:
@RunWith(RdfUnitJunitRunner.class)
@Schema(uri = "schema.ttl")
public static class TestRunner {
@TestInput
public RDFReader getInputData() {
return new RdfModelReader(
RdfReaderFactory.createResourceReader(
"/inputmodels/data.ttl" ).read()); }
}
Where data.ttl is a rdf data file (using the @TestInput annotation) tested by a JUnit test
against schema.ttl (using the @Schema annotation).
For every automatically generated RDFUnit test a separate JUnit test is generated, that
validates the input dataset for a specific violation. The reporting of validation errors is
integrated with JUnit reports, thus providing the means to display them through IDEs like
IntelliJ or with build tools like Maven.

17
18

https://github.com/junit-team/junit4/wiki/test-runners
https://github.com/AKSW/RDFUnit/tree/master/rdfunit-junit
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Figure 2 RDFUnit report from the IntelliJ IDE

3.2 JUnit XML report-based integration
JUnit uses a specific XML schema to communicate the test results to IDEs or build tools. For
cases when defining a RDFUnit/JUnit test is not an option (i.e. the files are not accessible
from the build system with Java code), we provide an alternative by converting the RDFUnit
results to the JUnit XML Schema. In these cases, developers can run RDFUnit as a command
line tool or through custom code, expecting validation results in the JUnit XML Schema.
Build systems, such as Bamboo, can then be configured to look at specific locations for such
XML files and report the RDFUnit validation results with the existing unit test error reporting
tools.19

19

https://github.com/AKSW/RDFUnit/wiki/Using-RDFunit-with-Bamboo
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Figure 3 Example Bamboo overview from an RDFUnit JUnit XML report

3.3 Custom Apache Maven-based integration
When the input data or schema graph are not simple input files, but generated through
custom procedures, the aforementioned methods are not easy to apply. For those cases
RDFUnit can be used as a Java library, fine-tuned for custom input or more sophisticated
Jenkin reports. This was the case with the JURION demo (deliverable D4.1) where RDFUnit
was used to validate if the output of specific XSLT scripts adhered to the JURION Schema. All
results were archived to a triple store for post-processing analysis (see Image 3). In addition
to deliverable D4.1, a research paper was also published [2] that describes this use case in
detail.
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Figure 4 Custom JUnit integration with RDFUnit as a library for JURION Use Case in ALIGNED

4 Next Steps
The automated data testing & verification framework described here will be included in the
JURION use case trail platform as part of D5.5 and evaluated in the ALIGNED Phase 2 trials.
A new version of the framework is due in July 2017 as D4.7. We see D4.4 as a good
demonstration of software and data engineering aligning demonstration that we will try to
adopt in other technical deliverables. A good candidate is deliverable D5.8, Test case
Dependencies & Linking tools & Methods, where we will explore ways to converge the
results of this work and automate test case linking through data verification. Another area
we want to focus on is the data test coverage report. This is a required feature from the
JURION use case, making the violation reports even more useful for the software engineers.
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