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Abstract

This paper presents the integration of Property Constraints into PG-Schema, implemented within the rudof system.
While rudof was originally designed for RDF data and RDF data shapes — Shape Expressions (ShEx) and Shapes
Constraint Language (SHACL) — it has evolved to support other graph models. This includes Labeled Property
Graphs (LPGs), which can be used for Knowledge Graphs implementations. Our demonstration showcases the
validation of property graph schemas and data using this extension.
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1. Introduction

Knowledge graphs are powerful tools for organizing and connecting information, making it easier to
discover patterns and insights. They represent data as entities and relationships, enabling applications
such as semantic search and data integration. Two main technologies are commonly used for imple-
menting Knowledge Graphs: 1) RDF (Resource Description Framework), which is a popular solution
in the semantic web community, offering a flexible and interoperable model based on the use of URIs,
and 2) Labeled Property Graphs (LPGs), which allows efficient storage by promoting the use of sets of
properties and values in both nodes and edges.

In the case of RDF, two main technologies have been proposed to describe and validate the topology
of the graph: Shape Expressions (ShEx) [1] and Shapes Constraint Language (SHACL) [2]. Since their
inception, several tools have been implemented that can be used to validate RDF data against a ShEx
schema or a shapes graph. One of those tools is rudof [3]', a Rust implementation of both ShEx and
SHACL that aims to support RDF data and related graph data models.

In the case of Property Graphs, there have been several proposals for a schema language. One of those
proposals, PG-Schema [4], has been taken as the basis for an extension that adds property constraints [5].
In this demo, we will present the rudof system as well as the PG-Schema PC prototype that has been
integrated into rudof, which enables validation of Labeled Property Graphs using PG-Schema with
property constraints.

The source code is available and is published as an independent crate ? enabling its usage as a library
by third parties.
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The rudof system publishes binaries in Windows, Linux, and Mac, and offers Python bindings. We
provide runnable demos as Jupyter notebooks in rudof’s project page®

2. PG-Schema validation examples

As an example, Figure 1 represents a simple property graph with information about 2 persons — Alice
Cooper and Robert Smith — and a course — Algebra —. Alice knows Robert since 2020, while Robert
has been enrolled in the Algebra course between 2024 and 2025.

Person, Student

Person id: 234
givenName: "Alice" name: Robert Smith
JfamilyName: "Cooper" email: bob@mail.com Course
birthdate: 2010-07-22 aliases: ["Bob", "Robbie" ] name: Algebra

r )

l |
knows enrolledin
since: 2020 start: 2024

end: 2025

Figure 1: Visual representation of an example property graph

The previous example can be represented following YARS-PG [6] notation as it is shown in Figure
2. In [5], we presented an extension of PG-Schema that adds property constraints, thereby increasing
the language’s expressiveness. For example, a PG-Schema with property constraints is represented in
Figure 3.

The schema declares a node type persontype which describes the content of nodes that represent a
person as having either a name which must be a sTrING or the combination of givenName plus familyName,
and an optional birthdate which must be of type patk.

It also declares a node type studentType which inherits the content of personType. This means that
nodes that conform to studentType must also conform to personType and to the new content model. In
this case, this means that it must also have the label student, and three properties: id, which can be
either a STRING or an INTEGER; an email, which must be a strRiNG conforming to a regular expression that
checks that there is an e; and zero or more aliases of type STRING.

Nodes of type courseType must have a label course and two properties: name, of type STRING, and credits
of type nTEGER. The number of credits should also be greater than 3.

Finally, the PG-Schema also declares two edge types for the relationships. An edge type knowsType is
declared with the label knows and one property since of type INTEGER. Another edge type EnrolledInType
is declared with the label enrolledin and two properties: start and end, both of type INTEGER.

The rudof system has been extended with support for Property graphs and PG-Schema. It enables to
check that both a property graph and a PG-Schema are syntactically valid, and then to validate that the
nodes in a property graph conform to a given PG-Schema. In order to do the validation, the system
takes as input a map from nodes/edges to node/edge types like the one that appears in Figure 4.

The validation in rudof can be run as described in Figure 5. In this case, the output shows that
the corresponding nodes/edges have been validated and conform to the specified types, including an
explanation.

*https://rudof-project.github.io/tutorials/
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(n1 {Person} [ givenName: "Alice", familyName: "Cooper", birthdate: "2010-07-22" ])

(n2 {Person, Student} [ id: 234, name: "Robert Smith", aliases: ["Bob", "Robbie"], email: "bobemail.com" ])
(n3 {Course} [ name: "Algebra", credits: 6 ])

(n1) - (el {knows} [since: 2020 ]) -> (n2)

(n2) - (e2 {enrolledIn} [start: 2024, end: 2025 ]) -> (n3)

Figure 2: Property graph example in YARS-PG (demo.pg)

CREATE NODE TYPE ( PersonType : Person {
name: STRING |
( givenName: STRING,
familyName: STRING
)
OPTIONAL birthdate: DATE
1)

CREATE NODE TYPE ( StudentType : @PersonType & Student {
id: INTEGER | STRING,
email: STRING CHECK REGEX "A[\w.-]+@[\w.-]+\.\w+$",
aliases: STRING *

s

CREATE NODE TYPE ( CourseType: Course {
name: STRING,
credits: INTEGER CHECK (> 3)

1

CREATE EDGE TYPE (:PersonType)
-[KnowsType : knows { since: INTEGER }]->
(:PersonType) ;

CREATE EDGE TYPE (:StudentType)
-[EnrolledInType : enrolledIn { start: INTEGER, end: INTEGER }]->

(:CourseType) ;

Figure 3: PG-Schema with property constraints (demo.pgs)

nl:PersonType, n2:StudentType, n3:CourseType, el:KnowsType, e2:EnrolledInType

Figure 4: Validation map (demo.map)

3. Conclusions

This paper demonstrated rudof, a system that has evolved from a specialized RDF validation library
supporting ShEx and SHACL into a framework for multi-model knowledge graphs. By extending
support to Property Graphs and introducing a constraint-enabled version of PG-Schema, rudof provides
a unified solution for ensuring data quality across both RDF and Labeled Property Graph paradigms.

Regarding future work, we intend to build upon rudof’s existing support for RDF 1.2. By leveraging
RDF 1.2°s ability to handle ’statements about statements’, the tool currently bridges the gap between
the RDF data model and Labeled Property Graphs (LPGs). Our next steps involve extending the ShEx
and SHACL validation languages to fully accommodate these new RDF features. Furthermore, we are
pursuing a unified schema language for graph data models, operationalizing the framework proposed
in [7]. Beyond its core validation capabilities, rudof now includes a Model Context Protocol (MCP)
implementation. This feature will enable integrating knowledge graph operations into LLM workflows,
allowing users to query data and validate schemas via natural language interfaces.




$ rudof validate --mode pgschema --schema demo.pgs --shapemap demo.map demo.pg

nl:PersonType: true Details: Labels match Person and record: {birthdate: 2010-07-22, name: Alice}
conforms to {birthdate: Date(1), name: String(1l)}

n2:StudentType: true Details: Labels match Student, Person and record: {aliases: [Bob, Robbie], email:
bobemail.com, id: 234, name: Robert Smith} conforms to {aliases: String(0..*), email: (String(1l) [
Condition( (REGEX(A[\w.-]+@[\w.-]+\.\w+$))), id: (Integer(1) [ String(1l)), name: String(1)}

n3:CourseType: true Details: Labels match Course and record: {credits: 6, name: Algebra} conforms to {
credits: (Integer(1l) [ Condition((> 3))), name: String(1l)}

Figure 5: Example of validation using rudof
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