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The Journey of MTConnect Validation

PDF &
XMLSchema

Structure only

OowWL
Axioms for
Capabilities

b

SHACL +
SysML OCL OWL for Validation
Model Based Initial Model Validation Graph-level
with Constraints validation

(in development)

Increasing validation coverage and model fidelity —

»

°

Logical inference
& reasoning
(in development)
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The Early Days: PDF & XMLSchema

PDF ‘

Specification

XMLSchema ‘
(XSD)

Validation Coverage

Prose requirements * Tree-structured validation * No cross-entity rules
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Moving to SysML

Can Validate Cannot Validate

SysML Model

(Cameo)

0 Inheritance 0 Runtime Data

Better model definition — but still poor validation coverage
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Adding OCL Constraints

4 )

Complex Syntax

OCL ‘ Cameo / . )

MagicDraw
4 )

Vendor Locked

. J

Constraints

Components::Devices::Device::alllnstances()->iterate(device;devicecount:Real=0 |
if device.observes->size() >= 3
then 4 )
if device.observes->iterate(av;avail:Real=0|if av.oclAsType(Dataltems::"Dataltem Types"::Event).type =
DataTypes::EventEnum::AVAILABILITY then avail+1 else avail+0 endif) = 1
then if device.observes->iterate(ac;assetc:Real=0 | if ac.oclAsType(Dataltems::"Dataltem Types"::Event).type = Few To o I s
DataTypes::EventEnum::ASSET_CHANGED then assetc+1 else assetc+0 endif) = 1
then if device.observes->iterate(ar;assetr:Real=0|if ar.oclAsType(Dataltems::"Dataltem Types"::Event).type = \_ Y,
DataTypes::EventEnum::ASSET_REMOVED then assetr+1 else assetr+0 endif) = 1
then devicecount + 1
else devicecount + 0
endif
else devicecount + 0
endif
else devicecount + 0 . . . .
endif Expressive power — but locked in a single tool with complex syntax
else devicecount + 0
endif) = hasDevice->size()
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Models Are Graphs — Why not use Graph tools?

Information models are
inherently graphs of
interconnected entities.

Not trees. Not flat schemas.
Validation needs to work at
the graph level.

The Graph extends beyond
single documents.
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Enter SHACL: Graph-Level Validation

4 )

Open
Standard

- J

4 )

Graph-Level
Validation

- J

W3C Recommendation (2017)

( \ val:ControllerWithControllerMode ( \

a sh:NodeShape ;
sh:class mt:Controller ;

° sh:property [
MUI*I ple sh’?pa?h ms;:observes; SPA RQL

sh:qualifiedValueShape [
sh:class mt:ControllerModeDataltem

Implementations y Integration

sh:qualifiedMinCount 1 ;
] val:DeviceShouldHaveController

\ ) ’ a sh:NodeShape ; \ )
sh:targetClass mt:Device ;
sh:property [

sh:severity sh:Warning ;
sh:message "Device should have a

. . . . Controller with ControllerMode" ;

Shapes Constraint Language — validating the entire graph s

sh:oneOrMorePath mt:hasComponent
1;
sh:qualifiedValueShape val:ControllerWithControllerMode ;

sh:qualifiedMinCount 1;
].
7
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Converting the Model to OWL

RDF Granh
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SPARQL
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Embedding SHACL in the Model

/SysML Model \

Extract Validate
SHACL SHACL
Constraints live with the model — extracted and validated
automatically n
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OWL Axioms: Logical Constraints & Inference

Explicit
Assertions

Entailed Graph

‘ Asserted + Inferred facts

OWwWL

‘ Reasoner

OWL Axioms

*_:MonitorActiveCapability <> _:Capability M
3 _:isCapabilityOf .(_:Controller N

(3 _:observes. :ControllerModeDataltem M
3 _:observes . :ExecutionDataltem))

Infer capabilities from structure — classify by what devices can do using use cases

[ Disjointness ] [ Equivalence ] [ Restrictions
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The Complete Validation Pipeline

RDFS+OWL Entailed SHACL Validation

Reasoning Graph Validation Results

SHACL constraints embedded in SysML model — extracted during OWL export —
fed to validator
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Where We Are Today

PDF + XSD . ~25%

A model that validates itself — constraints are part of the specification
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Questions?

Williom Sobel
Metalogi.io

will@metalogi.io
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