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Rise of Graph-Structured Data

There are large knowledge graphs out there:
DBPedia, Wikidata, Yago, Google Knowledge Graph, Amazon product graph

More and more realisation that knowledge graphs need schemas:
tell users and systems what to expect in the data, limit data modifications;
ad-hoc solutions deployed, multiple standards emerging

For this talk, we focus solely on schema languages over RDF graphs.
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Two Schema Languages for RDF

Shapes Constraint Language
(SHACL)

Shape Expressions
(ShEx)

Paradigm Description logic for
specifying constraints
+ regular path expressions

Regular expressions
for neighbourhoods,
close to XML-Schema

Recursion Left Undefined! Greatest Fixpoint Semantics

𝜋1

𝜋2

𝜋3
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The Mission

Three research questions:
1) What is the best semantics for recursion
in SHACL?

2) How do the semantics of ShEx and a
recursive SHACL compare ?

3) What semantics do real-world validators
actually follow?

Our Contributions:
1) Provide a complete overview of the data
and combined complexity of ShEx & SHACL

2) Show that a (fragment) of ShEx with GFP
and SHACL with LFP are equi-expressive.

3) Performed a small experimental study,
aiming to understand what real-world
validators do in presence of recursion.
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Recursion in Shape Languages

s . . . shape name
𝜑 . . . shape expression
s← 𝜑 . . . shape assignment
{s1 ← 𝜑1, . . . , sn ← 𝜑n} . . . shape catalogue

Dependency graph:

{s1 ← ∃r.s2 ∧ ∃t.(¬s3)}

s1

s2 s3
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Example - Recursive Schemas

We are given the graph G…

a b

c

d

infected

met

atRisk

met

met

met

status

… and a schema S.

S = {atRisk :∃status.infected ∨ ∃met.atRisk}
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Illustrating the Semantics

Define a Simple Shape Language.

Terminology

Countable set of nodes N
RDF graph G ⊆ N × N × N, set of triples. Let Nodes(G) nodes occurring in G
Set of shape names S
Shape assignment 𝛼 : N→ 2S
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Illustrating the Semantics

Syntax & Semantics

𝜑′ ⟦𝜑′⟧𝛼G ⊆ N

⊤ Nodes(G)
test(u) {u}
s {u | s ∈ 𝛼(u)}
¬𝜑 Nodes(G) \ ⟦𝜑⟧𝛼G
𝜑1∧𝜑2 ⟦𝜑1⟧𝛼G ∩ ⟦𝜑2⟧

𝛼
G

∃p.𝜑
{
u
�� for some (u, p, v) ∈ G, v ∈ ⟦𝜑⟧𝛼G

}
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Syntax & Semantics

𝜑′ ⟦𝜑′⟧𝛼G ⊆ N

⊤ Nodes(G)
test(u) {u}

s {u | s ∈ 𝛼(u)}
¬𝜑 Nodes(G) \ ⟦𝜑⟧𝛼G
𝜑1∧𝜑2 ⟦𝜑1⟧𝛼G ∩ ⟦𝜑2⟧

𝛼
G

∃p.𝜑
{
u
�� for some (u, p, v) ∈ G, v ∈ ⟦𝜑⟧𝛼G

}
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Illustrating the Semantics

𝛼 is a correct assignment for C if

{u | s ∈ 𝛼(u)} = ⟦𝜑⟧𝛼G

for every s← 𝜑 in C

For general catalogues

Supported Model Semantics (SMS)

𝛼 conforms to C and G under SMS iff 𝛼 is a
correct assignment for C.

For stratified catalogues

Least Fixpoint Semantics (LFP)

𝛼 conforms to C and G under LFP iff 𝛼 is the
smallest correct assignment for C.

Greatest Fixpoint Semantics (GFP)

𝛼 conforms to C and Gunder GFP iff 𝛼 is the
greatest correct assignment for C.
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Expressive Power and Translation between ShEx and SHACL

Observation
As shown in WWW ’25, both full SHACL and ShEx are mutually incomparable.

⇒ find large fragment with same expressiveness

ShEx SHACL

Chosen fragments
restricted ShEx:
no Kleene star

restricted SHACL:
counting (∃≥k) only on single edges,

existentials (∃) over arbitrary paths

GFP restricted ShEx ≡ LFP restricted SHACL
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Complexity Landscape

Data complexity Combined complexity
LFP/GFP SMS LFP/GFP SMS

SHACL P1 P1 NP2 NP2

ShEx P NP PNP NPNP

For SHACL, the complexity of validation was already known.

We completed the picture by showing that:
1. In the data complexity, ShEx and SHACL behave analogously and
2. In combined case for ShEx, there is a jump in complexity, needing an NP oracle.

1Andresel, Corman, Ortiz, Reutter, Savković, and Šimkus, “Stable model semantics for recursive SHACL”, WWW 2020
2Corman, Reutter, and Savković, “Semantics and validation of recursive SHACL”, ISWC 2018
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LFP, GFP or SMS - What validators actually do

Validation: Equipping shapes with targets
A target assertion s(u) is valid under C and G for 𝛼 if u ∈ ⟦𝜑⟧𝛼G , where s← 𝜑 ∈ C.

Problem: how to determine the semantics from just validation outcome alone?
Solution: Separation Test validating to true in LFP (resp. GFP) and false in the other.
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LFP, GFP or SMS - What ShEx validators actually do (1/2)

Test instance rudof (ShEx) Jena ShEx ShEx-S GFP LFP brave SMS cautious SMS

bsep1 • ■ • ■

bsep2 • ■ • ■

bsep3 • ■ • ■

bsep4 • ■ • ■

reach1 • ■ • ■

reach2 ■ • • ■

safe1 • ■ • ■

safe2 • ■ • ■

•…pass ■…fail 7 …error
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LFP, GFP or SMS - What ShEx validators actually do (2/2)

Test instance rudof (ShEx) Jena ShEx ShEx-S GFP LFP brave SMS cautious SMS

bsep1 • • • • ■ • ■

bsep2 • • • • ■ • ■

bsep3 • • • • ■ • ■

bsep4 • • • • ■ • ■

reach1 • • • • ■ • ■

reach2 ■ ■ ■ ■ • • ■

safe1 • • • • ■ • ■

safe2 • • • • ■ • ■

•…pass ■…fail 7 …error
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LFP, GFP or SMS - What SHACL validators actually do

Test instance pySHACL SHACL-S Jena SHACL Topbraid rudof (SHACL) GFP LFP bSMS cSMS

bsep1 • ■ • ■

bsep2 • ■ • ■

bsep3 • ■ • ■

bsep4 • ■ • ■

reach1 • ■ • ■

reach2 ■ • • ■

safe1 • ■ • ■

safe2 • ■ • ■

•…pass ■…fail 7 …error
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LFP, GFP or SMS - What SHACL validators actually do

Test instance pySHACL SHACL-S Jena SHACL Topbraid rudof (SHACL) GFP LFP bSMS cSMS

bsep1 • • • • • • ■ • ■

bsep2 • • • • • • ■ • ■

bsep3 7 7 • ■ 7 • ■ • ■

bsep4 • • • • • • ■ • ■

reach1 • • • ■ • • ■ • ■

reach2 • • • • 7 ■ • • ■

safe1 • • • • 7 • ■ • ■

safe2 • • • ■ • • ■ • ■

•…pass ■…fail 7 …error
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LFP, GFP or SMS - What validators actually do

Tool to recreate our experiments:
github.com/cogsl/sheval

Aiming to integrate more tests and validators in the future
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Conclusion and Outlook

Explored what real-world validators for SHACL and ShEx actually do.

⇒ Standardisation leads to uniform behaviour (as expected)!
Expressive power of SHACL with LFP and ShEx with GFP is equivalent.
Completed the complexity landscape: LFP and GFP permit tractable validation.

Future Work
Extend this work to (upcoming) SHACL 1.2 and its rule sets, extending the graph
Exploring extensions of SHACL and ShEx to RDF 1.2
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