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Abstract

The Shapes Constraint Language (SHACL) is a W3C recommendation to express syntactical constraints on RDF
graphs. Introduced in 2017, the standard is currently being refined and extended by a W3C working group.
Among the planned additions, there are recursion and rules which allow for user-defined inferencing. Adding
these features to implementations relying on SPARQL is not always straight-forward while rule-based formalisms
natively support both. In this paper we show that Notation3 Logic (N3), a rule-based web logic, is expressive
enough to cover the core constraints of SHACL 1.0. We implement a translation of SHACL shapes to N3. We
evaluate our translation on the SHACL test suite. Our implementation reaches partial conformance in 97% of the
test cases and full conformance for 92%. We discuss the cases where conformance could not be reached in detail.
As N3 rules are very similar to the envisioned SHACL rules, this makes N3 reasoners a particularly good choice
to implement recursive SHACL constraint checking with support for SHACL rules.
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1. Introduction

The Shapes Constraint Language (SHACL) [1] is a W3C recommendation that makes it possible to define
syntactical constraints on RDF graphs. Currently, there is a W3C working group active with the goal to
refine and extend the standard [2] by, among other things, recursion and the so-called SHACL rules [3],
a rule format that consumes and produces RDF triples. Graph patterns containing universal variables
are used to write the premise and the conclusion of an inference rule. The rules allow blank nodes in
their heads, which makes them very similar to existential rules, with the exception that the latter allow
predicates of arbitrary arity while SHACL rules only allow triples. SHACL rules, furthermore, come
with negation as failure and with a set of built-in functions. All these features make SHACL rules very
similar to Notation3 Logic (N3)[4, 5] and it is very likely, that we can directly translate from the former
into the latter'. SHACL rules are meant to be executed prior or in combination with the evaluation
of the core constraints. If N3 is expressive enough to validate these, it can serve as a base for SHACL
implementations supporting rules. We thus aim to answer this question in this paper.

Traditionally, constraint validation was done with the support of SPARQL [6] and this is also one of
the common approaches implementing SHACL validators [7]: Constraints are rewritten into SPARQL
queries which are then applied on the datagraph to detect violations. Drawbacks of this approach are
the missing support for inferencing and recursion which are planned extensions of the standard [8].
With the goal of defining the semantics SHACL, several works [9, 10, 11] suggested to use rule-based
reasoning for SHACL validation. As these works mainly focus on recursion, they omit details like
operations of literals and IRIs. For the practical question we tackle here, these operations are crucial as
only logics supporting, for example, regular expressions for strings can be used in practice. N3 comes
with several built-in predicates [12] and previous work [13, 14] indicates that these are well-suited to
support constraint validation in general. We aim to make this finding more concrete by directly testing
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SHACL core constraints. We define a translation from SHACL constraints to N3. As N3 allows for
rule-producing rules [15], the translation itself is performed in N3. The resulting rules can directly be
applied on data graphs to check for constraint violations. We evaluate our implementation by testing it
on the SHACL test suite [16].

The remainder of this paper is structured as follows: in Section 2 and 3 we introduce SHACL and
N3, respectively. Afterwards, in Section 4, we provide the details of our translation. In Section 5 we
introduce our demonstrator and discuss the evaluation we performed on the SHACL test suite. Section
6 concludes the paper.

2. SHACL

Before explaining the details of our translation, we give a short introduction to SHACL. For more details
about SHACL and RDF, we refer to the specifications [1, 17].

SHACL relies on RDF. An RDF triple is an instance (s, p,0) € (I UB) x I x (I UB U L) where [ is
the set of IRIs, B the set of blank nodes and L the set of literals. We represent blank nodes by symbols
starting with _. We call s the subject, p the predicate, and o the object of the triple. We call a set of
RDF triples an RDF graph. We call the subjects and objects of triples occurring in a graph its nodes; the
predicates are called edges. RDF graphs may contain class declarations of the form (s, rdf:type, o), here,
we say that s is an instance of the class o. In RDF, it is furthermore possible to express lists using the
IRIs rdf:first, rdfirest, and rdf:nil. In this paper we will mostly use the RDF-turtle [18] representation
(a1 ...ay,) for lists. Note that lists can also be nested.

With SHACL, we can express constraints on RDF graphs, which can be evaluated. We call the graph
we want to evaluate the data graph. The syntax used for shapes is again RDF. A shape can be represented
by an IRI or blank node. By .S, we denote the set of shapes. We use it as the subject or object of a shapes
triple. A set of shape triples form a shapes graph. We briefly discuss the different kinds of shape triples.

Shapes can target nodes of the data graph. We call the targeted nodes focus nodes. The targeting
either happens because a shape is called by another shape or directly through a target triple. By
T := {sh:targetNode, sh:targetClass, sh:targetSubjectOf, sh:targetObjectOf} we denote the set of target
predicates. If a shape graph contains the triple (s, sh:targetNode, 0) then s targets the node o, if it
contains (s, sh:targetClass, 0), then s targets all nodes from the datagraph that are instances of the class
o, if (s, sh:targetSubjectOf, o) or (s, sh:targetObjectOf, 0), then s targets the subject or object of edge o
in the datagraph, respectively.

We can have two kinds of shapes: node shapes and property shapes. With node shapes, we typi-
cally make constraints directly on focus nodes. With property shapes, we start from the focus node
and then follow a predicate path in the data graph to reach another node, which we then further
constrain. The predicate or predicate path we need to follow is always the object of the predicate
sh:path. Formally, we can decide whether a shape s is a node shape or a property shape by the
presence or absence of a triple (s, sh:path, o). If we encounter such a triple, s is a property shape.
The object o is a path expression. Path expressions are taken from SPARQL [19]. We have predicate
paths, for these o is a simple IRI, sequence paths expressed as lists, or one of the following: alter-
native paths, inverse paths, zero-or-more paths, one-or-more paths and zero-or-one paths. For the last
group o is a blank node or IRI and for the alternative path, there is an additional triple of the form
(0, sh:alternativePath,l) where [ is a list of path expressions, for the others there is a triple (o, p, q)
where p € {sh:inversePath, sh:zeroOrMorePath, sh:oneOrMorePath, sh:zeroOrOnePath} and ¢ a property
path. With node shapes and property shapes, we then define constraints on focus nodes and values,
respectively. These nodes we call value nodes.

For the value nodes we can define different constraints using constraint components. These can for
example put a restriction on the class, node kind (blank node, literal, IRI) or data type a value node
belongs to (Value Constraints), on the number of nodes satisfying a shape (Cardinality Constraints),
or on a range of a value (Value Range Constraints. Our implementation supports all Core Constraint
Components [1, Section 4].



3. Notation3

We now have a closer look at Notation3 Logic [4, 5]. N3’s syntax is based on RDF, and all RDF triples
are also valid in N3. Just as in RDF, blank nodes are interpreted as existentially quantified variables. N3
allows all kinds of terms in all positions. N3, furthermore, adds universal variables and graph terms to
RDF’s syntax and treats lists as first-class citizens, i.e. as proper terms and not as syntactic sugar. A
universal variable starts with a question mark and is, as the name suggests, universally quantified. List
terms are of the form (a; ... ay) where all a; are N3 terms. We call the list () = nil the empty list. An
N3 graph is a set of N3 triples.

N3 furthermore allows the use of rules. A rule consists of two graph terms connected by an implication
arrow —. The arrow is syntactic sugar for the N3 predicate log:implies, which indicates a logical
implication. Rules can even occur nested in a rule head, which allows us to use N3 reasoning to produce
new rules. To apply a rule, we unify the universal variables in the premise of the rule with corresponding
nodes, evaluate the triple containing the built-in, and retrieve triples in the rule body.

N3 comes with several built-in predicates [12] which, for example, allow string operations or com-
parison between datatypes. These predicates are very important to enable rule systems to fully cover
SHACL’s core constraints. We explain the most important predicates for our implementation.

The predicate log:notIncludes expresses negation as failure. In the body of a rules it is used with a
blank node in subject position and the negated graph pattern as an graph term in its object. The predicate
log:collectAllln ;5. makes it possible to perform aggregation within rules. The subject argument is a
list consisting of three parts: (1) the aggregation variable in whose instantiations we are interested,
(2) a graph pattern to be evaluated against the data graph, and (3) a variable in which we collect the
instantiations of the aggregation variable found. We often use the predicate in combination with
the predicates list:length (length of a list), math:lessThan (comparison between numerical values), and
log:equalTo (comparison of two values) for counting N3 furthermore supports predicates to retrieve
data (log:dtlit) and node type (log:rawType) of a value.

4. From SHACL to N3

We use N3 rules to translate from SHACL shapes to N3 graphs. Below, we provide details of this
translation which we collect here as a mapping m. To avoid any issues with local scoping or renaming
of blank nodes, we expect all shape graphs to be ground. In practice, that can easily be achieved by
replacing all blank nodes by "fresh" IRIs.

Let S be a shapes graph; we define the N3 graph m(S) = R as the smallest N3 graph that fulfils the
set of conditions C. For brevity, we only show parts of C below and provide the full list of conditions
in our git repository [20].

We start with conditions P; — P5 which add path expression declarations to the N3 graph which can
then be used by the rules for property paths:

(P1) If (s, sh:path, 0) € S then (o, rdftype, :PathEx) € R,
(P2) 1If (o, rdfitype, :PathEx) € R and 0 = (o1, ..., 0y) is a list with first element 0, and rest list
or = (02,...,0y), then (o1, rdf:type, :PathEx), (o,, rdf:type, :PathEx) € R,
(P3) If ((0), rdfitype, :PathEx) € R, then (o, rdf:type, :PathEx) € R,
(P4) If (s, sh:alternativePath, 0) € S, where o0 is a list and p is one of its elements,
then (p, rdf:type, :PathEx) € R,
(P5) If(s,p,0) €S
with p € {sh:inversePath, sh:zeroOrMorePath, sh:oneOrMorePath, sh:zeroOrOnePath},
then (o, rdfitype, :PathEx) € R.

As N3 allows the use of lists in predicate position, wen can directly use each path expression as a
predicate. For these, we construct rules, that is done with the productions below.



(P6)
(P7)
(P8)
(P9)
(P10)
(P11)

(P12)

If (o, rdfitype, :PathEx) € R and o = (o1,...,0y) is a list with n > 2, where o0; is the
first element and o, = (02,...,0,) is the rest list, then ((?z, 01, ?y), (?y, 02,72)) —
(?x,0,7z) € R.

If ((0), rdf:type, :PathEx) € R, then (?z, 0, 7y) — (?z, (0),7y) € R.

If (s, sh:alternativePath,0) € S, where o is a list and p is one of its elements, then
(?x,p,Ty) — (?x,0,7y) € R.

If (s, sh:inversePath, 0) € S, then (x,0,7y) — (y,s,7x) € R.

If (s, sh:zeroOrMorePath, 0) € S, then

(?x,p, 7y) = (Tx,s,7x) € R, Tz, 7p, T7y) — (Ty, s, Ty) € R,

(7x,0,7y) = (Tx,8,7y) € R, ((Tx,0,7y),(?y,s,72)) = (Tx,s,72) € R.

If (s, sh:oneOrMorePath, o) € S, then

(7x,0,7y) = (Tx,8,7y) € R, ((Tx,0,7y),(?y,s,72)) = (Tx,s,72) € R.

If (s, sh:zeroOrOnePath, o) € S, then (?x, 7p, 7y) — (?x,s,7z) € R,

(7x,7p, y) — (Ty, s, 7y) € R, (Tx,0,7y) — (Tx,s,7y) € R.

The rules construct triples with property expressions in predicate position. In the case of one-or-more
path (P11), for example, the first rule detects all direct matches, the second rule recursively builds up
paths of these.

To mark focus nodes, we use triples of the form (s, :targets, x), where x is a focus node of shape s.

(T1)
(T2)
(T3)
(T4)

If
If
If
If

s, sh:targetnode, o) € S then (s, :targets, 0) € R,

s, sh:targetClass, 0) € S then (7z, rdf:type, 0) — (s, :targets, 7z) € R,
s, sh:targetSubjectOf, 0) € S then (?x,0,7y) — (s, sh:targets, 7x) € R,
s, sh:targetObjectOf, 0) € S then (?y, 0, 7x) — (s, :targets, 7x) € R.

o~ o~~~

With the triple (s, valueNode, v), we represent that v is a value node of shape s.

(V1)
(V2)

If (s, sh:path, p) € S, then ((s, :targets, 7x), (?x, p, 7y)) — (s, :valueNode, 7y) € R,
If (s, sh:path,p) ¢ S, then (s, :targets, 7x) — (s, :valueNode, 7x) € R.

Some SHACL concepts cause shapes to pass on their value node to other shapes. We add the rules:

(T5)

(Te)

If (s,p,0) € R with p € {shmnode, sh:property, sh:not, sh:qualifiedValueShape} then
(s, :valueNode, 7x) — (o, :targets, 7x) € R,

If (s,p,0) € R with p € {sh:and, sh:or, sh:xor} and o is a list and ¢ one of its elements,
then (s, :valueNode, 7x) — (q, :targets, 7z) € R,

Having targeting and property paths in place, we define rules for each core constraint. We aim to
detect violations. We thus define rules that are triggered if a constraint is not fulfilled. In that case, the
rule produces a triple (n, :violates, s), where s is a shape and n is the focus node causing the violation.
We exemplify this showing parts of the rules for the value constraint components:

(VT1)

(VT2)

(VT3)

(VT4)

If (s, sh:class, ), (s, sh:path, p) € S then
((s, :targets, 7y), (Ty, p, 7x), (_, log:notIncludes, (?x, rdf:type, c))) — (?y,:violates,s) €
R,
If (s, sheclass, c¢) € S and (s, sh:path, p) ¢ S then
((s, :targets, 7x), (_, log:notlncludes, (?x, rdf:type, c))) — (?z, violates, s) € R,
If (s, sh:datatype, d), (s, sh:path, p) € S then
((s, :targets, 7y), (Ty, p, Tz)((_ ?c), log:dtlit, ?x), (?c, log:notEqualTo, d))
— (?y,:violates, s) € R
If (s, sh:datatype, d) € S and (s, sh:path, p) ¢ S then
((s, :targets, 7x), ((_ ?¢), log:dtlit, 7x), (?c, log:notEqualTo, d)) — (?x, :violates, s) € R



The rules we generate depend on N3’s built-in functions and negation. The rules produced by VT1
and VT2 use negation as failure to check for the absence of a class declaration ((?x, rdfitype, c)), the
rules for datatype checking (VT3, VT4), use N3’s built-in predicate log:dtlit to check for a literal’s
datatype.

5. Implementation & Evaluation

We implemented the above translation. All code is available at our git repository [20]. We host a
demonstrator at https://kilanopi.github.io/SHACLNS3.

We perform the translation detailed in the previous section in N3 taking advantage N3’s support for
rule-producing rules. For rule production VT1, we for example use the rule

((7s,sh:class, 7c), (s, sh:path, 7p))
— (((?s, :targets, 7y), (Ty, 7p, Tx), (_, log:notncludes, {7z, rdf:type, 7c))) — (?y, :violates, s))

We use the EYE Reasoner [21, 22] to first ground the shapes graph and to afterwards apply the rules
("Translation" in the demonstrator). From the shape ((:S1, sh:class, :Person), (:S1, sh:path, :spouse) ), we
for example get the rule’

(((:S1, :targets, 7y), (?y, :spouse, 7x), {_, logmotIncludes, (?x, rdf:type, :Person))) — (?y, :violates, :S1))

The generated rules can be exchanged and combined with other N3 rules. Executing the rules on
the data graph with an N3 reasoner is expected to produce the same results as validating the graph
against the shapes using a SHACL engine. In our demonstrator we again employ the EYE reasoner
("Validation").

To ensure that executing the translated rules on the datagraph provides the same result as the
validation with a SHACL validator, we evaluated our implementation on the SHACL test suite [16].
This test suite was created by the SHACL working group and contains 97 tests for core constraints.
SHACL validators can use the test suite to conform full or partial compliance. Partial compliance means
that the validator provides the correct result — conformance of the data graph to a shapes graph is true
or false — full compliance means that it additionally produces a correct validation report.

We performed our tests with EYE (v11.24.4) and SWI Prolog (9.3.6). For 89 of the 97 test cases, we
could show full compliance, for 5 cases we had partial compliance and for 3 test cases our tests failed.?
We discuss the critical cases beginning with the failures.

We list the failing test cases by their names, these were shacl-shacl, lessThan-002 and
uniqueLang-002. In the first test, the datagraph is itself a SHACL shape and the shapes graph
for validation tests, among other things, for the well-formedness of an RDF-list. N3 treats lists between
brackets as first-class-citizens while this notation is considered syntactic sugar for first-rest pairs in RDF.
The datagraph of the test contains a turtle list but has conditions on the list’s first-rest representation.
To cover that case, additional rules would need to be added. The failure on lessThan-002 was caused
by a mismatch between the string comparison functions of SHACL and N3 when a string is compared
to a number. The test uniqueLang-002 fails because the EYE reasoner performs RDF’s D-Entailment
during our grounding step and the test case contains the literal "1"AAxsd:boolean which in SHACL
is not the same as "true"A2xsd:boolean.

In two cases (uniqueLang-001, property-001) we only have partial compliance because the
validation report expects duplicates of triples which is against N3’s (and RDF’s) set view of graphs.
The shapes of the test cases path-strange-001, and path-strange-002 both have one single
blank node representing two different path expressions of which one is a list written as first-rest pairs.
This combination is problematic for N3’s treatment of lists. For minInclusive-003 we do not have
full conformance because EYE’s implementation of the N3 function to compare time expressions like
"2002-10-10T12:00:00-05:00"8sd:dateTime ignores the difference part -05:00.

*Note that in this paper we used an abbreviated syntax, the demonstrator produces proper N3.
*We provide a full table displaying the test results in our github repository.


https://kilanopi.github.io/SHACLN3

6. Conclusion

In this paper we defined a translation from SHACL to N3 rules. We provided an implementation and a
demonstrator performing this translation. We validated the implementations using the test cases from
the SHACL test suite. The goal of this work was to study the close relation between N3 and SHACL,
especially if the latter is enhanced by SHACL rules, and to test whether N3 and the existing reasoning
infrastructure for this language could be employed to combine validation and rule-based reasoning.
As it is clear that N3, as a rule logic on RDF, can most likely support SHACL rules (depending on how
the final state of the SHACL rules specification will look like), we focused on the core constraints. We
found that for 97% of the test cases we at least reached partial compliance. The missing 3% were mainly
caused by differences between the frameworks. To avoid the side effects of D-Entailment as we had
it with the EYE reasoner, an implementation where this entailment can be disabled can be used, if a
use case really relies on this. The problems resulting from differences in built-in predicates need to be
addressed by the N3 community group (just as SHACL rules, N3 is under development), we hope that
our work provides insights for this discussion. The problems caused by the different understandings
of lists can be fixed by adding explicit rules to decompose the lists during validation. We do not see
any of these cases as a major problem for practical use cases and thus conclude that SHACL constraint
checking can be performed with N3.

As future work, we want to improve the validation reports to reach a better coverage full compliance
(currently 92% of all tests), we plan to do performance tests and to automatically translate from SHACL
rules to N3. The latter of course depends on the final state of this standard.
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