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e Standardisationis an important part of ensuring interoperability

* Industry Foundation Classes is the currentleading standard within the AEC industry

* Serializationsas STEP, XML and RDF (ifcOWL)

* RDF and ifcOWL supportinterlinking between data sets
* Majortool vendors (ArchiCAD, Revit) make use of XML and STEP, but do not support ifcOWL

* A process of conversionis therefore needed from ifcOWL into STEP or XML formats
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* Approachesexist to convert ifcOWLinto STEP [1] but the original ifcOWL must correctly support the schema, and
this is not guaranteed.

« A method is needed to validate the ifcOWL against the IFC schema

 Here we present a method for validating ifcOWL using SHACL, a standard recommended by the W3C for
validating asserted RDF.

IfcOWL ontology

IFCSTEP j 1 IfcOWL content

[1] https://github.com/BenzclyZhang/IfcSTEP-to-IfcOWL-converters
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 SHACL validation is applied to IfcOWL data, converted from a geospatial data set

* \Validation preventserrors in transformation to STEP

SHACL validation
IfcOWL ontology
: I IfcOWL content j : [ Geospatial data

IFCSTEP J:
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 OWL builds on top of RDF to express ontologicalfacts
* Restrictions are used to provide detailed class definitions

* Reasoners exist to infer extra information based on provided information
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Validation using OWL
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* For many applications, there was a need for validation ratherthan inference

SHACL has been published tofill this gap

While serving different purposes, SHACL and OWL have many similarities

A comparison between SHACL and OWL can be found online [2]

Validation tools exist to check conformanceto SHACL constraints

[2] https://spinrdf.org/shacland-owl.html
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Validation using SHACL
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_ Method 1: SHACL Rules ' l
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* This method consists of two steps:
e Extraction of data validation information from IfcOWL

* Transformingthisinformationto SHACL constraints

 The method applies the querying language SPARQL [3] and SHACL Rules [4]

[3] https://www.w3.0rg/TR/sparqglll-query/
[4] https://www.w3.0rg/TR/shacl-af/
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https://www.w3.org/TR/sparql11-query/
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ifc:IfcDoorPanelProperties
rdf :type owl:Class ;
rdfs:subClass0f
L
rdf:type owl:Restriction ;
owl:allValuesFrom ifc:IfcPositivelLengthMeasure ;
owl:onProperty ifc:panelDepth_IfcDoorPanelProperties

] 3

rdfs:subClass0f
[
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"" "zsd:nonNegativeInteger ;
owl:onProperty ifc:panelDepth_IfcDoorPanelProperties ;
owl:onClass ifc:IfcPositivelLengthMeasure
1
rdfs:subClass0f
L

rdf:type owl:Restriction ;
owl:allValuesFrom ifc:IfcDoorPanelOperationEnum ;
owl:onProperty ifc:panelOperation_IfcDoorPanelProperties

1

rdfs:subClass0f

[
rdf:type owl:Restriction ;
owl:qualifiedCardinality "1"" "zsd:nonNegativelnteger ;
owl:onProperty ifc:panelOperation_IfcDoorPanelProperties ;
owl:onClass ifc:IfcDoorPanelOperationEnum

SEMMTECH

Applying rules to IfTcOWL

ifc:IfcDoorPanelProperties
rdf:type sh:NodeShape ;
sh:property
L
sh:class ifc:IfcPositivelengthMeasure ;
sh:path ifc:panelDepth_IfcDoorPanelProperties
1
sh:property
L

sh:qualifiedMaxCount 1 ;
sh:path ifc:panelDepth_IfcDoorPanelProperties ;
sh:qualifiedValueShape
L
sh:class ifc:IfcPositivelLengthMeasure

]

1
sh:property
L

sh:class ifc:IfcDoorPanelOperationEnum ;
sh:path ifc:panelOperation_IfcDoorPanelProperties
13
sh:property
[
sh:qualifiedMinCount 1 ;
sh:qualifiedMaxCount 1 ;
sh:path ifc:panelOperation_IfcDoorPanelProperties ;
sh:qualifiedValueShape
L

sh:class ifc:IfcDoorPanel0UperationEnum

]

13
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Benefits of this method

* Reuses readily available SHACL mechanisms and tooling

 Becausethe inputis Linked Data, all relations and restrictions from ifcOWL are easy to query

* However, this method introduces an extra step on top of the existing EXPRESS to IfcOWL conversion

14
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Method 2: Generating Ifc OWL with SHACL .
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e This method adds SHACL constraints during the generation of IfcOWL

e The EXPRESStoOWLtool [5] functionality has been extended to also output SHACL constraints

[5] https://github.com/pipauwel/EXPRESStoOWL/
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Change to IfcOWL generation

Expanding EXPRESStoOWL with SHACL capabilities  (owL Restrictions as SHACL shapes)
&« C @& github.com/ssstolk/EXPRESStoOWL * 0 6@ ® | § :

¥ ssstolk / EXPRESStoOWL @ Watch~ | 0 * Star | 0 2

forked from pipauwel/EXPRESStaCWL

<> Code Pull requests 0 Actions Projects 0 Wiki Security Insights Settings

EXPRESStoOWL is a set of reusable Java components that allows to parse EXPRESS files and convert them into OWL ontologies in the  Edit
context of the Industry Foundation Classes (IFC).

Manage topics

P 56 commits ¥ 2 branches [ 0 packages T 4 releases 41 2 contributors s View license
Branch: master v New pull request Create new file = Upload files = Find file
This branch is even with pipauwel:master. i) Pull request Eu Compare
ﬁ pipauwel clean changes.md record Latest commit 7a816a7 on Jul 31
m doc Mavenize codebase 3 years ago
B src/main added support for IFC4x1 3 months ago
[E) .gitignore Mavenize codebase 3 years ago
[E) CHAMNGES.md clean changes.md record 4 months ago
[E] LICENSE license change 3 years ago
[E) README.md Project description 2 years ago

[E] pom.xml [maven-release-plugin] prepare for next development iteration 4 months ago



Change to IfcOWL generation

Expanding EXPRESStoOWL with SHACL capabilities

OW L Writer.java

1 out.write(

out.close();

out.write("ifc
out.write ("

out.write("\t
range
out.write("
out.write ("

else
out.write ("

srss

out.write ("

typesetTi;

if (Iproperty.isSet())

out.write (™"
else
out.write ("

=

if (property.getInverseProperty()

if (Iproperty.getRangsNS().equalsIgnorsCass ("=x
/i te List e if
if (Iproperty.isSet(}) {
if (property.isListOfLisc()) {
if (!listPropertissCutput.contains(propercy.getRangs() + 7

@ expr: " + Namespace.EXPRESS + "# Aoy ;
out.write(getExpressCulHeadez ()

writePrimaryTypes (out) ;
writeHelperClassss(out);

} catch (IOException e) {
e.printStackTrace() ;
}
}
private void DULPUEOWLDEOperty(BufferedWriter out, PropertyVO property) {
try {
if (property.isList() || property.ishrray()) {

" + property.gectlowerCaseName() + "\ "y

1 \"" 4 property.getOriginalName()// getOr
) :

" + property.getDomain().getName() + "

ameLowerCase (

)i

if (property.isListOfList())

" + property.getRangeN3() + ":" + property.getRangs() + "

else if (property.isSet())

" 4 property.getRangeNS() + ":7 + Dproperty.getRangs() + 7 \T\nT):

" + property.getRangeNS() + ":" + property.getRange() + "

null)
" + property.getInverseProperty () .getLowerCaseName() + " ;)

2"y i

listPropertiesOutput.add(property.getRangs() + "

out.write (propercy.getRangeNS() + ":" + property.getRange() + " " o4 m\r\nm)
out.write( + Bk
out.write("\T " 4 propercy.getRangeNS() + ":" + propercy.getRangs() +

out.write (property.getRangeNS() + ":" + property.getRange() + " w4

) ;
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(OWL Restrictions as SHACL shapes)

SHACLWriter.java

writePrimaryTypes(out)
writeHelperClasses (out) ;

out.close() ;

} catch (IOException e) {
e.printStackTrace() ;

¥
¥
private void B CL {(Buff redWriter out, PropertyV0 propercy) {
try {
if (property.isList() || property.isarray()) {
.getName () + " ;°

getRange () +

getRange() +

:ObjectBroper

if (!property.getRangeNS().equalsIgnoreCase ("
// write List ge if n

if (Iproperty.isSez()} {

if (property.isListOfList()) {

if (114

{

listPropertiesOutput,add(property.getRangs () + " )i

out.write(property.getRangeNS() + ":" + property.getRange() + " +
out.write (" 1 1e 3 T+ mirinmy ;

out.write ("

out.write ("

out.write (" " mir\nm ;

out.write (") + property.getRangeNS() + ":" + property.getRange() +

out.write (" o'

out.write "\
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* This implementation proved to be more challenging

* Considering existing tooling to transform IFC data from STEP to IfcOWL, there is still a flaw

19
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Currently in fcOWL2x3TC1

[ a owl:Restriction
owl:onProperty
ifc:lengthValue _IfcQuantityLength ;
owl:allValuesFrom ifc:lfcLengthMeasure |

IfcLengthMeasure

express:REAL express:REAL
: lengthValue_... > : : lengthValue._... > :
o1 0.1
ltcLengthMeasure ItcLengthMeasure
O lengthValue_... >O ; O lengthValue_... >O
01 OWL inference 0.1
IfcLengthMeasure
express:INTEGER express:INTEGER
O lengthValue_... >O O lengthValue ... >O
10 o

20
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IfcOWL validation (SHACL)

Proposed SHACL shape
[ sh:path ifc:lengthValue IfcQuantityLength ;
sh:class express:REAL ]

O
O

express:REAL /

lengthValue_...

>0

0.1

lengthValue_...

SHACL validation

express:INTEGER

lengthValue_...

>0— |

Itc Le‘lgt'ﬁl‘v'1eaSJ"e /_
0.1

— owing to CWA and validation
valid —‘

owingto CWA and validation —
|7 valid

— owing to CWA andvalidation -—

violation
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Validating an IFC model using SHACL

Recent work has seen the publication of Ordnance Survey Ireland
(OSi, Ireland’s national mapping agency) Prime2 data set

* Contains information of over 50 million spatial objects
including road segments, buildings, fences, etc.

Using R2ZRML over 200 thousand buildings are now available as RDF
using the GeoSPARQL vocabulary.

* Geolocation, form, function, etc.

R2RML has been demonstrated to enable the generation of 3D
“walls” represented as ifcOWL from the simple 2D geospatial
footprint.

These mappings and resulting ifcOWL model are complex, and the
SHACL approach provides a method for validation, the results are
available here:

* https://www.scss.tcd.ie/~mcglink/r2rml/

SEMMTECH

Galway (Ceannt) i osi ceohive .
http://data.gechive.ie/resource/building/e1b361b0-11¢8-495d-8803-e7771b618a38 4

Property
geoff-hasFunction
geohasGeometry
rdfs label

geohive:lastUpdate
rdf-type

= geoff-function632

» <=geometrical representation=

= Galway (Ceannt) (en)

= Staisiun Cheannt (ga)

s 2017-03-27T00:00:00 (xsd:dateTime)

= geoff Form313
= geohive:Building

Value

geo Feature

Galway (Ceannt) >

>> geo:hasGeometry aiosiceonive

Property

geo:asWKT

is geo:hasGeometry of
rdf-type

© Ordnance Survey Ireland * (=
Value -
= POINT (530165.079999761 725308.870393976) (geo.wkiL iteral)
= <http://data geohive ie/resource/building/e1b361b0-11c8-495d-8803-e7771b618a38
= geo:Geometry

s @GeoHive My B

23
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Validating an IFC model using SHACL

IZ GHELTLIA Lul. SHOLLE . /P WAW .. W . ULy L9595/ UL 22~ 1Ll UlL=SYIILaA=IS§ .~

13 @prefix inst: <http://linkedbuildingdata.net/ifc/resources201%1018 103307/~

14 Bprefix expr: <https://w3id.org/express#s

15 @prefix wann: <http://purl.org/vocab/vann/>

17 [ a sn:ValidationRepory ;

18 sh:conforms false ;

] sh:resultc [ a sh:ValidationResult ;
sh: focusNode inst:IfcCartesianPoint 62 ;
sh:resultHMessage "Walue does not have shape _:eca3dadfdcadT48cT7855f4e703c8ecee™
sh:resultPath ifc:coordinates IfcCartesianPoint ;
sh:resultSeverity sh:Violation ;
sh:scourceConstraintComponent sh:NodeConstraintComponent
sh:sourceShape _tkO
sh:value inst:IfcLengthMeasure List_ 251

1 :
sh:result [ & sh:ValidationResult ;

sh: focusNode inst:IfcS5IUnit 36 ;
sh:resultMessage "Less than 1 values have shape :T70f8f1f%2af443851f6acaabec3fbess™

31 sh:resultPath ifec:dimensions_ IfcNamedUnitc ;

32 sh:resultSeverity sh:Violation ;

33 sh:sourceConstraintComponent shiQualifiedMinCountConstraintComponent
sh:sourceShape ikl

1
sh:resulc [ & sh:ValidationResult ;

7 sh: focusNode inst:IfclengthMeasure List 296 ;
sh:resultMessage "Walue must be an instance of ifc:IfclengthMeasure™
sh:resultFPath list:hasContents ;

40 sh:resultSeverity sh:Viclation ;

41 sh:sourceConstraintComponent sh:ClassConstraintComponent !
42 sh:sourceShape k2

43 sh:value inst:REAL 247

44 1 :

45 sh:result [ a sh:ValidationResult :






Conclusion

 SHACL provides benefits for data validation over OWL
* Designed specifically for data validation

* Supported with readily available tooling

* Therefore, it is recommended to gradually adopt SHACL in IfcOWL for data validation
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