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Abstract
In this position paper, we discuss the semantic alignment-based approach for automating the ShEx-based
validation of Wikidata items as proposed by Wikimedia Deutschland in July 2023, and we propose an
alternative method that automates the shape-based validation of Wikidata entities and statements based
on the conversion of ShEx EntitySchemas into SPARQL queries that identify relevant entities. We explain
the advantages and drawbacks of both methods to provide the community with a useful overview of the
matter.
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1. Introduction

With the rise and growth of open knowledge graphs, ensuring their quality becomes increasingly
challenging [1]. Particularly, quality assessment has been a vital component of the development
of Wikidata as an open and collaborative knowledge graph, as it follows the same principles as
Wikipedia, including its quest for consistency and completeness [2]. Subsequently, Wikidata
has supported the creation of EntitySchemas implemented in Shape Expressions (ShEx) to
ensure the shape-based validation of the Wikidata items [3], following preliminary experiments
conducted in 2019 [4]. Currently, there are multiple EntitySchemas to validate a number of
Wikidata classes1, particularly the ones related to the molecular biology field [3]. Several efforts
have also been directed toward creating tools for the automatic generation of EntitySchemas,
like sheXer [3]. There are even several adaptations of the Shape Expressions (ShEx) language to
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make it more intuitive for Wikidata users to write EntitySchemas, like ShExStatements [5] and
WShEx [6]. Furthermore, there are several initiatives to combine ShEx with SPARQL to enhance
its scope beyond shape-based validation [7]. Yet, there is limited progress toward automating
the use of ShEx EntitySchemas for the validation of Wikidata entities. A new initiative of
Wikimedia Deutschland aims to solve this problem based on creating semantic alignments
between ShEx EntitySchemas and Wikidata Classes.

In this position paper, we describe the current situation of the ShEx-based validation of
semantic knowledge in Wikidata (Section 2). Then, we outline the approach of Wikimedia
Deutschland for automating the ShEx-based validation of Wikidata (Section 3). After that,
we propose an alternative approach for the ShEx-based validation of Wikidata driven by the
conversion of ShEx EntitySchemas into corresponding SPARQL queries (Section 4). Later,
we discuss the strengths and limitations of both approaches to give the Wikidata community
different perspectives on how to handle this issue (Section 5). Finally, we draw conclusions and
propose future directions for this research work (Section 6).

2. ShEx-based validation of semantic knowledge in Wikidata

In this section, we delve into the utilization of Shape Expressions (ShEx) for the validation of
semantic knowledge in Wikidata. ShEx provides a structured approach to assess the conformity
of Wikidata entities to predefined schemas. These schemas, known as EntitySchemas, define
the expected structure and constraints for different classes of entities. The integration of ShEx
into Wikidata’s data quality control framework introduces a standardized method for ensuring
data accuracy and consistency. The main preconditions for using ShEx to validate Wikidata
entries are as follows:

• EntitySchemas: EntitySchemas are at the core of ShEx-based validation. They define
the structural expectations and constraints for specific classes of entities within Wikidata.
Currently, Wikidata has approximately 100 million items spanning several million classes.
However, there are only around 400 EntitySchemas available. These schemas cover a
wide spectrum of classes, from highly populated ones like ”human” (E10) and ”city” (E100)
to less-represented ones like ”Nazca lines” (E148) and ”ethics committees” (E396). The
level of detail and complexity of these schemas varies significantly. Some employ direct
constraints, which are single straightforward one-line constraints, while others use open
constraints, where the object is a variable, and indirect constraints, which are sets of
chained constraints where the object of one constraint is the subject of another constraint.
There are also closed constraints, which define constraints where the object is a predefined
set of items (See the EntitySchema for a deceased person [E105] for examples of every
type of condition, as per Figure 1). Some EntitySchemas even rely on other schemas
through the use of IMPORT clauses to define the entities corresponding to them and to
provide further constraints on how entities should be defined (e.g., E192 for a virus taxon
refers to E69 when describing diseases that the virus might be involved in). This diversity
reflects the heterogeneous nature of Wikidata’s data structure.

• Identifying Entities: To apply a specific schema to a group of entities, Wikidata relies
on SPARQL queries. Schema documentation often includes sample SPARQL queries that



can be executed using tools like the Wikidata Query Service or RDF dump-based external
SPARQL endpoints [8]. These queries identify the entities subject to validation based on
specified criteria, allowing for a focused validation process.

• Validation Tools: The validation process itself is facilitated by dedicated tools. On each
EntitySchema’s Wikidata page, there is a ”check entities against this Schema” hyperlink
[4]. This link directs users to the Simple Online Validator2, a tool hosted on theWikimedia
Toolforge infrastructure. The validator consumes the EntitySchema, executes SPARQL
queries to retrieve relevant entities, applies the schema’s constraints, and reports com-
pliance or non-compliance, providing detailed feedback when necessary. Additionally,
other validation tools and methods, such as those for identifying subsets of Wikidata [9],
are available to users.

• Signaling Compliance: Presently, the signaling of ShEx schema compliance to Wikidata
users is somewhat limited. While dedicated validation tools report compliance or non-
compliance, this information is not prominently integrated into the SPARQL endpoint
or the graphical user interface (GUI). Nonetheless, Wikidata employs various non-ShEx
quality control mechanisms [4], such as constraint statements and bot-curated pages, to
identify and report data quality issues [10]. Adapting these workflows to incorporate
ShEx-based compliance reporting remains a possibility.

ShEx schemas provide a structured framework for assessing data quality in Wikidata, yet
several challenges and considerations persist. One fundamental concern revolves around the
coverage of EntitySchemas in relation to the vast number of entities withinWikidata. It is crucial
to ascertain the extent to which the 400 schemas encompass Wikidata’s diverse entity classes.
It is conceivable that these schemas predominantly address well-represented classes, potentially
leaving a long tail of classes with limited coverage. Additionally, the subjective nature of schema
definitions, particularly for highly specific or niche classes, may have contributed to the slow
adoption of ShEx in Wikidata.

Another impediment to the widespread adoption of ShEx in Wikidata has been the absence
of automated tools for ShEx-based validation. In the subsequent sections, we will introduce two
solutions to address this issue. The first solution, proposed by Wikimedia Deutschland, lever-
ages semantic alignments between Wikidata classes and EntitySchemas. The second solution,
presented in this position paper, revolves around the transformation of ShEx EntitySchemas
into corresponding SPARQL queries through a rule-based approach.

3. The Wikimedia Deutschland solution: Semantic alignment
between Wikidata classes and EntitySchemas

In July 2023, the development team of Wikimedia Deutschland deployed a new property in
test Wikidata3, the sandbox for Wikidata-related experiments, to assign EntitySchemas to their
corresponding Wikidata classes. This property is called EntitySchema for this class4 and has

2https://shex-simple.toolforge.org/wikidata/
3https://test.wikidata.org.
4https://test.wikidata.org/wiki/Property:P97725.
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already been discussed by the community since 28 May 20195. The Proposal implies the creation
of a new datatype for EntitySchemas and proposes to align the Wikidata classes as subjects
to EntitySchemas as objects of the EntitySchema for this class relations, as shown in Figure
2. This will allow the development of tools that process the taxonomic relations of a given
item in Wikidata (i.e., instance of [P31], subclass of [P279], and part of [P361]) to identify the
EntitySchemas that are relevant to use for checking the consistency of the considered entity.

4. Our solution: SPARQL-based identification of relevant items

What we propose is to analyze the EntitySchema itself to identify the Wikidata items that
are relevant to it. This should be enabled by converting the ShEx statements into a SPARQL
query that can be used to retrieve the Wikidata items that should be considered. This solution
has been proposed since the early days of ShEx in 20176. The principle is based on using
closed constraints to create a SPARQL query to find the Wikidata items corresponding to the
considered EntitySchema. By a closed constraint, we mean the chain of ShEx statements having
a definite set of Wikidata items (beginning with wd:Q) as a final object, as shown in Figure 1.

As SPARQL serves as the query language for RDF knowledge graphs, and ShEx functions
as the semantic web language for shape-based validation of knowledge graphs, it’s important
to note that these two languages do not share identical syntax or structure [10]. Therefore,
when dealing with closed constraints, it becomes necessary to undergo a conversion process,
transforming them into SPARQL statements prior to their utilization in retrieving specific items
from Wikidata. This conversion process is illustrated in Figure 3. In Figure 3, we can observe
this conversion process in action, employing the example of E50, which represents the Wikidata
EntitySchema for national flags. Additionally, the figure demonstrates the effectiveness of this
approach using the schema for genes or variants with references (E390), thereby proving the
versatility of this method across EntitySchemas, regardless of their complexity or scope.

A preliminary edition of the source code that can convert EntitySchemas into SPARQL queries
is currently available at https://github.com/csisc/WikidataShExSPARQL. The processing of
closed constraints involves the parsing of curly brackets using the parentheses level count
algorithm to assign opening curly brackets to their corresponding closing curly brackets [11],
the elimination of several non-alphanumerical characters (e.g., *, #, and +), and the removal of
EXTRA properties if directly following a variable name. Later, a set of rules will be used to
transform the remaining skeleton of the ShEx EntitySchema into a SPARQL query, as shown in
Table 1. The obtained SPARQL query will be run through the SPARQL endpoint of Wikidata
(https://query.wikidata.org) to identify all the Wikidata items that can be validated using the
considered EntitySchema.

5. Discussion

The method proposed by Wikimedia Deutschland introduces a valuable approach to aligning
Wikidata classes with EntitySchemas. However, it is essential to acknowledge its limitations,

5https://www.wikidata.org/wiki/Wikidata:Property_proposal/Shape_Expression_for_class.
6https://github.com/shexSpec/shex/issues/75.
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Table 1
Rules for ShEx-SPARQL conversion

Rule ShEx SPARQL

1 <𝑣1> {𝑝1 𝑜1; 𝑝2 𝑜2;} ?𝑣1 𝑝1 𝑜1; 𝑝2 𝑜2.

2 <𝑣1> {𝑝11 {𝑝12 𝑜1};} ?𝑣1 𝑝11 [𝑝12 𝑜1].

3 <𝑣1> {𝑝1 [𝑜1 𝑜2];} VALUES ?o {𝑜1 𝑜2}
?𝑣1 𝑝1 ?o.

4 @<𝑣1> ?𝑣1
5 start = @<𝑣1> @<𝑣2>

<𝑣1> {Statements for 𝑣1}
<𝑣2> {Statements for 𝑣2}

SELECT ?id WHERE {
{?id Statements for 𝑣1}
UNION
{?id Statements for 𝑣2}
}

6 <𝑣1> {𝑝1 EXTRA 𝑝2 𝑜1} ?𝑣1 𝑝1 [𝑝2 𝑜1].

7 PREFIX 𝑝𝑟𝑒: <𝑢𝑟 𝑖> PREFIX 𝑝𝑟𝑒: <𝑢𝑟 𝑖>

particularly when EntitySchemas are not directly related to Wikidata classes. For instance,
consider an EntitySchema designed for Tunisian scientists. In many cases, Wikidata items within
this category may not explicitly assign Tunisian scientist as the object of an instance of [P31]
or facet of [P1269] statement. Instead, such items are often represented as a combination of
properties like {”occupation”, ”scientist”} (P106, Q901) and {”country of citizenship”, ”Tunisia”}
(P27, Q948). Adding items like ”Tunisian scientist” as objects of ”facet of” [P1269] relations could
result in an influx of redundant data without enriching the underlying semantic knowledge,
which is inadvisable given the growing size of Wikidata and its data storage challenges [12].
Another potential solution is the use of reification to specify requirements for an item to be
considered beyond class membership [7], as illustrated in Figure 4. The same solution can
be applied by using the ”category contains” [P4224] property to specify how class members
should be defined in Wikidata, as in https://www.wikidata.org/wiki/Q6471216#P4224 [13].
However, this approach may introduce additional complexity when developing tools based
on ”EntitySchema for this class” statements to identify corresponding EntitySchemas for a
Wikidata item [7].

Regarding our proposed solution, which aims to generate SPARQL queries to identify Wiki-
data items corresponding to ShEx EntitySchemas, it offers flexibility by implicitly inferring the
conditions for item inclusion without the need to store them as RDF triples [14]. The formu-
lation of constraints as SPARQL queries provides adaptability, making it possible to identify
corresponding items regardless of the complexity of the constraints [15]. While the generated
SPARQL queries are primarily intended for retrieving the set of Wikidata items corresponding
to an EntitySchema (i.e., subsetting) [14], a slight adaptation of the query can efficiently verify
whether an item meets the specified criteria (as depicted in the red query in Figure 5). If an
item does not conform to the query, it will return an empty result; if it does, it will return the
Wikidata ID of the item as a result.

https://www.wikidata.org/wiki/Q6471216#P4224


Our method may have the drawback of increasing the computational stress on the Wikidata
Query Service (https://query.wikidata.org). The SPARQL endpoint of Wikidata has faced
scalability challenges, leading to several outages since 20207. Any additional workload imposed
on the Wikidata Query Service may exacerbate its current situation. In contrast, the approach
proposed by Wikimedia Deutschland does not rely on advanced computations, making it an
attractive option.

In terms of recall, both approaches have inherent limitations. The proposed methods rely
on the availability and accuracy of data within Wikidata. If a schema imposes highly specific
constraints that are not fully represented in Wikidata entries, there may be entities that go
unidentified. For instance, identifying a ”Tunisian scientist” would be challenging if the occupa-
tion and nationality are not explicitly documented in Wikidata entries. While these limitations
are challenging to completely mitigate, they should be considered when implementing ShEx-
based validation methods in Wikidata and when interpreting the results. Further research and
refinement of these methods may help enhance their recall capabilities in the future.

6. Conclusion

In this position paper, we explain the current efforts for automating the shape-based validation of
Wikidata items based on ShEx EntitySchemas and we propose our preliminary solution for this
matter that is driven by converting ShEx EntitySchemas into SPARQL queries to identify relevant
items. We have shown that our solution is more efficient than the one proposed by Wikimedia
Deutschland, as it requires less data storage and supports complex constraints that cannot
be dealt with using semantic alignments between Wikidata items and ShEx EntitySchemas.
Although our solution is more practical, it requires an upgrade to overcome its limitations
caused by the performance limits of the Wikidata Query Service. As a future direction of
this work, we propose to optimize our source code for efficiency by adjusting its layout and
substituting the use of the Wikidata Query Service with other methods for mining Wikidata,
like CirrusSearch8.
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Figure 1: The types of statements that can be found in Shape Expressions (ShEx): Open constraints
(Green), Indirectly closed constraints (Yellow), and Directly closed constraints (Red) [Source: https://www.
wikidata.org/wiki/EntitySchema:E105, Input item: Deceased person (Brown)].

https://www.wikidata.org/wiki/EntitySchema:E105
https://www.wikidata.org/wiki/EntitySchema:E105


Figure 2: An example for the use of the EntitySchema for this class property in the test Wikidata. In
this case, there is an EntitySchema associated with the item for ”human”, which the user finds listed
in the record for that concept. The schema itself is accessible through its identifier E3300. (Source:
https://test.wikidata.org/wiki/Q497).

https://test.wikidata.org/wiki/Q497
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https://www.wikidata.org/wiki/EntitySchema:E390
https://www.wikidata.org/wiki/EntitySchema:E50


Figure 4: An example of how to use reification to specify how category members are defined inWikidata.
In this example, we add {”occupation”, ”scientist”} and {”country of citizenship”, ”Tunisia”} as qualifiers
to the EntitySchema for this class statement for the Tunisian scientist item (Source: https://w.wiki/7RrE).

https://w.wiki/7RrE


Figure 5: An example of the one-line adaptation of a SPARQL query to verify whether a Wikidata item
is a solution to it or not. In this case, the input is ”Q80110”, which is the Wikidata Q identifier for the
flag of Canada. The process checks whether this is an instance of a national flag [wdt:P31 wd:Q186516],
and that it applies to a jurisdiction [wdt:P1001], which is a constituent state [wd:Q1763527] or country
[wd:Q6256]. The flag of Canada meets these criteria, and the process verifies this by outputting its Q
identifier. (Source: https://w.wiki/748P).

https://w.wiki/748P
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