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Cc 25 merriam-webster.com/dictionary/pattern P atte rn S

@ Dictionary | Thesaurus pattern Q Games & Quizzes Word d
Nebster

st. 1828 E ‘ Creative Cloud:
2\
Adobe

Alle Applikationen.

Fiir alle Ideen.

pattern . noun

pat-tern ( ‘pa-tern =

definition

) noun
Synonyms of pattern >

verb
1 :aform or model proposed for imitation : EXEMPLAR

Synonyms r—————————————————
2

: something designed or used as a model for making things |
a dressmaker's pattern )

Synonym Chooser I

Today’s random piece of information:

« Aenne Burda, 1909 Offenburg

« 1952: Burda Moden includes printed patterns
« Symbol of German economic miracle

it dem Furb-S(hninboggn

https://www.burdastyle.com/70-years-burda
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Replicability

Adapt & cop

Maria Poveda-Villallébn - How much OWL do you need to know to make sense of building ontologies?



-. Building a pattern library

,\\\ L
i ] f\?\\\ — ‘

bl =1 —

Pattern 2 'T:,;lfscl; Pattern 3
& owl:Class lowl:Hawi-Cl
é\e Irdfs:subClassOf I lowl | e Pattern 6
\O | lowl:Restriction :::-:!il | lowllowl:Class
\o | I lowl:onProperty 1110w |1 10w Irdfs:subClassOf
O(\ | Il lowl:ObjectProperty 11110l 111 lof | lowl:Restriction
[l lowl:semeValuesFrom Il lowl | | lowlonProperty
[11lowl:Class [111g!!!lowl:FunctionalProperty, owl:ObjectProperty
[T lowl:unionOf [ I lowl:someValuesFrom
Il lowl:Class

*ODP = Ontology Design Patterns
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'n Process — Collect data
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D
LOV A
e Remove 18 onto- J_ Identify hard (owl:imports) and
TS duplicates logies soft (reference URISs) reuse Actually, only soft reuse.
LBD — Results In the paper.
GitHub

Prefix Ontology Title Ontology URI
bcom Building Concrete Monitoring Ontology https://w3id.org/bcom
beo Building Element Ontology https://pi.pauwel.be/voc/buildingelement
bimerr-op Occupancy Profile ontology http://bimerr.iot.linkeddata.es/def/occupancy-profile#
bpo Building Product Ontology https://w3id.org/bpo
bot Building Topology Ontology https://w3id.org/bot#
brick Brick https://brickschema.org/schema/Brick#
fog File Ontology for Geometry formats https://w3id.org/fog
ifcOWL  ontology (IFC4_ADD1) https://w3id.org/ifc/IFC4_ADD1
IFifcC4 list of properties extracted from IFC4 psets  https://w3id.org/product/props/
jup Ontology of Building Accessibility http://w3id.org/charta77/jup
mep Distribution Element Ontology https://pi.pauwel.be/voc/distributionelement
omg Ontology for Managing Geometry https://w3id.org/omg#
rami Reference Architecture Model http://iais.fraunhofer.de/vocabs/rami#
rec RealEstateCore https://w3id.org/rec
rooms Buildings and Rooms Vocabulary http://vocab.deri.ie/rooms
s4bldg SAREF extension for building https://saref.etsi.org/saref4bldg/
sbeo Smart Building Evacuation Ontology https://w3id.org/sbeo
seasbo  The SEAS Building Ontology https://w3id.org/seas/BuildingOntology




Process — Identify structures

~—— Detect specific
LOV A structures

m—— Remove 18 onto- J_

TS duplicates logies

LBD —
_GitHub _ rdfs:subClassOf
owl:equivalentClass [ — — — — — — — -
/ A named class owl:disjointWith r I
(with a URI) nl_ An unnamed class I

:Restriction
| |[owl:allValuesFrom
| | | |xsd:boolean
|
|

<rdfs:subClassOf>
<owl:Restriction>
<owl:allValuesFrom rdf:resource="http://www.w3.0rg/2001/XMLSchema#boolean"/>
<owl:onProperty>
<owl:DatatypeProperty rdf:about="https://saref.etsi.org/saref4bldg/manualOverride"/>
</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>

|
I
<owl:Class rdf:about="https://saref.etsi.org/saref4bldg/Actuator"> :
|
I

lowl.onProperty
| |s4bldg:manualOverride
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Process — Identify structures

What about the triples

<owl:Class rdf:about="https://saref.etsi.org/saref4bldg/Actuator"> order? In RDF it does not
<rdfs:subClassOf> matter
<owl:Restriction>
<owl:allValuesFrom rdf.resource="http://www.w3.0rg/2001/XMLSchema#boolean"/>

<owl:onProperty> '
<owl:DatatypeProperty rdf:about="https://saref.etsi.org/sarefdbldg/manualOverride”/> e
</owl:onProperty> \.  !s4bldg:Actuator !
</owl:Restriction> : _ "
</rdfs:subClassOf> .1 |rdfs:subClassOf !
! | |owl:Restriction .
Ny ’
4 | | Jowl:allValuesFrom :
II 1
. ; xsd:boolean
<owl:Class rdf:about="https://saref.etsi.org/saref4bldg/Actuator"> )/ : | | | | _ :
<rdfs:subClassOf> / | | | lowl:onProperty , :
<owl:Restriction> 7/ 1 ||| |s4bldg:manualOverride 1
<owl:onProperty> v CT T T T T T '
<owl:DatatypeProperty rdf:about="https://saref.etsi.org/saref4bldg/manualOverride"/> ’

</owl:onProperty>
<owl:allValuesFrom rdf.resource="http://www.w3.0rg/2001/XMLSchema#boolean"/>
</owl:Restriction>
</rdfs:subClassOf>

Does not matter, this is
rendered in alphabetical
order. ©
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Process — Gener=" ructures

~—— ‘r Detect specific
LOV A | structures
— _{ Remove ]_' 18 onto- J_ b
A\Lﬁr duplicates w ,| Detect generic
; truct
_GitHub |  STTHEHrER rdfs:subClassOf
owl:equivalentClass . — — — — — — — n
A named class owl:disjointWith r d ol |
(Wlth a URI) "LAn unnamed Class :
————————————————————————— L ] Ty Bl
Lowl:Class <« ------mmmmmmm e \--------I-Mbldg:Actuator :
| |rdfs:subClassOf ! < ' |rdfs:subClassOf :
| | |owl:Restriction ! 0‘0“\0 ' | |owl:Restriction :
. | | |owl:allValuesFrom . P SRR 1 | | |owl:allValuesFrom :
1
i | | | |rdfs:Datatype <---=----q-----s-o---- :(a\‘“- ------------------- '__}-1-] |xsd:boolean |
' | | |owl:onProperty : WO i | | Jowl:onProperty !
1 | .
|1 | lowl:DatatypeProperty w----------------------wmeoeey e of [sabldg:manualOverride |
Generic structure Specific structure
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'| Process - Calculate patterns

structures patterns

e 4 o 4 o
~——— | Detect specific Detect specific
LOV A structures patterns

\ \
— Remove 18 onto- J_
< l duplicates l logies g . g .
v
LBD o ,| Detect generic Detect generic

_________________________________________________________________________

owl:onProperty
lowl:DatatypeProperty |

| | lowl:onProperty
| | | |s4bldg:manualOverride

' owl:Class ! ' s4bldg:Actuator :
| |rdfs:subClassOf ! ' |rdfs:subClassOf :
. | |owl:Restriction : ' | |owl:Restriction :
L | | |owl:allValuesFrom : ' | | lowl:allValuesFrom :
i | |rdfs:Datatype i ' | | | |[xsd:boolean i
| | i |
:- | | :

Generic structure = repetitions = patterns Specific structure -> repetitions - patterns
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Process — Generate library

Remove

_.[

duplicates

7

-

18 onto-

|

logies

J—

\ 4

Detect specific
structures

7

\ 4

Detect generic
structures

J—
-
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Generate
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34
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ChOW E,\ https://chowlk.linkeddata.es/

o900 S PatternsGroups.xml - draw.io

PatternsGroups.xml

File Edit View Arrange Extras Help Unsaved changes. Click here to save. vh

B~ es%-qc?-—————————zJ—+-—@—— (—————-—-

Search Shapes Q - Pattom 1 ‘

lowiClass
I Irdis subClassOl I (some) (F) owl.DatatypeProperty : rdfs:Datatype J
| low!:Restriction
| lowkonProperty

» H ildi + X 111 lowl:Datatype Property, owl-FunctionalProperty
LibraryBuildings_... + # I 1ot Dasipabiopen

111 Irdits:Datatyps.

| nsClass1 |

[ somet (7 - DtaymsPropany 1 : s sty |

= chowlk-library-c... + /" XI

X ns:Classd

= Pattern 2 [owic +Objec @
low! Class b
= E =] I e subClasson
| lowt Restriction
= 11 lowkonProperty
I e I —— I 111 lowl:ObjectPropenty
11 lowk:some ValuesFrom
= =) 1111wl Class
11 iowkunionOf

smmwmmm*—@

e T2 <SS S -a |
Q’E IEB-----I - Pattern 3 owl ,.l pe y{f.lass

[ ——

owl Class
Irdls:subClassOl

| lowl Restriction

11 lowt:alValuesFrom
111 lowl Class

|| lowt:onProperty

111 lowl ObjectProperty

= Pattern 4 ot Class

owl Class
Irdifs:subClassOf
1 low: Restriction

I 11 lowtonProperty

s oty o ez

11} lowl-ObjectProperty
|1 lowt:some ValuesF rom
111 low!:Class

| ns:Class1 |

= Pattern 5 H & [

iowl Class

I subClassOf { {some) owl-DatatypeProperty: rdfs:Datatype l | (some) s DatalypeProperty1 : xsd:Dalatype |

I low!:Restriction
111 lowk:onProperty

111 low! DatatypeProperty
11 lowi:some ValugsFrom

11 Lireits:Datatype

- O O I S S S S S e e e e e

—— i o e I
= Patiem & fowtca 2 ectProper J[ wmi (sm.gp,n,-u,..,mm
ol Class.
= i [ e | I Irdfs-subClassOl
S ==
11 lowtonProperty
< < < I 111 low!FunetionalProperty, owl-ObjectProperty I
=,Q=, 5&5 — || lowi:someValuesF rom
< < 111 lowiClass
2 2= |
patem7 - | | - |
T 1 =-am I 7,':,‘5";',’,,'3,.5,0, | {all) (F) owt:DatatypeProperty : rdfs:Datatype | I | (all) {F) ns:DatatypeProperty1 : xsd-Datatype |
= = I low Rgstriction
s 11 lowi:alValuesFrom
———= = aa <> 11 Ircfs:Datatype I
=] 11 lowtonProperty
111 low!:DatatypeProperty, owl:Functional Property I

1
I
|
|
Ig9
| @@
I
|
|
|
|
!
|
|
|
|
!
|
|
|
|
|
J

Fm T Em S E O S . O S O S S e e . .

N e e e e e mm e mm e mm e omm e = i —

Automated Manual Compacting
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https://chowlk.linkeddata.es/

Process — Generate library

= — 4 4 N\
~——— | Detect specific Detect specific
LOV A structures patterns
\, \, J
~— Remove 18 onto- I

A

<< duplicates logies [ . ( ) :
LBD j/‘ ,| Detect generic Detect generic l Generate l 34

GitHub structures patterns , library patterns
k

\
- A R \

— T awsin v owl:viass 1% \

owl:Class \
Irdfs:subClassOf (N1..N1) (F) owl:DatatypeProperty \
| lowl:Restriction

I Howl:cardinality

|1l IData value

I I lowl:onProperty

Il lowl:DatatypeProperty, owl:FunctionalProperty

= Pattern 32 owl:Class >

owl:Class

Irdfs:subClassOf

| lowl:Restriction

Il lowl:allValuesFrom

| I'l Irdfs:Datatype

I 111 lowl:onDatatype

[ 1111 Irdfs:Datatype

ITI T lowl:withRestrictions
FEEEE ] Irdffirst

111111 Irdfs:Description
[T Ixsd:minExclusive
1T IData value
[11111 Irdf:rest

FETEEET Irdfenil

I'I lowl:onProperty

| Il lowl:DatatypeProperty, owl:FunctionalProperty

(all) (F) owl:DatatypeProperty : rdfs:Datatype notation
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Pattern ID

Ve

# Ontologies 2

| # Repetitions ]/m

20

‘\‘_I._L]

ns:Class1

ns:Class1

ns:Class1

——(some) ns:ObjectProperty1—)»

—(some) (F) ns:ObjectProperty1-3»

ns:Class2

ns:Class2

ns:Class2

—(some) ns:ObjectProperty14)@

ns:Class3

ns:Class1

(some) ns:DatatypeProperty1 : xsd:Datatype

ns:Class1

(some) (F) na:DatatypeProperty1 : xsd:Datatype
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ns:Class2

ns:Class1 —(all) (T) ns:ObjectProperty1—)@

ns:Class3

ns:Class1

(all) ns:DatatypeProperty1 : xsd:Datatype

ns:Class1

(all) (F) ns:DatatypeProperty1 : xsd:Datatype

patterns involving existential and universal restrictions




sbeo
Smart
Building
Evacuation
Ontology
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Il 2

=\ =

ns:Class1

——(N1..N) ns:ObjectPropertyl—» ns:Class2

ns:Class1

——(N1..N1) ns:ObjectPropertyl—>»{ owl:Thing

ns:Class1

—(N1..N1) (F) ns:ObjectProperty1—»» ns:Class2

——(0..N2) (F) ns:ObjectProperty1—¥ ns:Class2

34

ns:Class1

(N1..N1) ns:DatatypeProperty1

ns:Class1

(N1..N1) (F) ns:DatatypeProperty1

ns:Class1

(0..N2) (F) ns:DatatypeProperty1

patterns involving cardinalities

Qualified cardinalities

ns:Class1

——N1..N] ns:ObjectProperty1—»

ns:Class2

ns:Class1

———[N1..N1] ns:ObjectProperty 1—|

ns:Class2

4-~s+EtassT —[N1..N1] (F) ns:ObjectProperty1—

ns:Class2

ns:Class1

——0..N2] ns:ObjectProperty 11—

ns:Class2

[a] ==
1

ns:Class1

——I[0..N2] (F) ns:ObjectProperty1—)»

ns:Class2

ns:Class1

[N1..N1] (F) ns:DatatypeProperty1 : xsd:Datatype

ns:Class1

[0..N2] (F) ns:DatatypeProperty1 : xsd:Datatype

ifc




I—(some) (F) ns:ObjectProperty13»

—(some) (F) ns:ObjectProperty2-»»

ns:Class2

I—(some) (F) ns:ObjectProperty1)»]

—(some) (F) ns:ObjectProperty2-p»

—(some) (F) ns:ObjectProperty3-—3»

——(all) (F) ns:ObjectProperty1—)»]

ns:Class2

—(some) (F) ns:ObjectProperty2-)»

ns:Class2

——(all) (F) ns:ObjectProperty1—)»f

—(some) (F) ns:ObjectProperty2-)»

—(some) (F) ns:ObjectProperty3-3»

——(all) (F) ns:ObjectProperty1—)»f

ns:Class2

—(some) (F) ns:ObjectProperty2-)»

—(some) (F) ns:ObjectProperty3-3»

——(all) (F) ns:ObjectProperty1—)»

—(some) (F) ns:ObjectProperty4-» ns:Class2

——(all) (F) ns:ObjectProperty2—3»

F—[N1..N1] (F) ns:ObjectProperty3-»

—(all) (F) ns:ObjectProperty1—3»

r— -
I 22
1 ns:Class1
| 2
I 18
| 1 || ns:Class1
2
I <
I
17
| 1 ns:Class1
| 73
Same I (20
1 || ns:Class1
ontology : 2
I 23
1 ns:Class1
| 3
|
T
| 1 ]| ns:Class1
6
I —
I 21
I 1 ns:Class1
7
C—

ns:Class2

—(all) (F) ns:ObjectProperty2—)»

——(all) (F) ns:ObjectProperty3—3»

_.>| ns:Class2

ns:Class1

—[N1..N1] (F) ns:ObjectProperty4» ns:Class2
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<< - - -<<owl:equivalentClass>> - - 3 <<owl:oneOf>> > ------ >

ns:Individuall

ns:Individual2

ns:Individual3




https://zenodo.org/records/10997320

2% zenodo.org/records/10997320

Published April 19, 2024 | Version v1.0.0 [ Dataset Jl & Open |

"How much OWL do you need to know to make sense of building
ontologies?" supplementary material

Poveda-Villalon, Maria® (®; Carulli-Pérez, Sergio'; Garcla, Raul’ Show affiliations

This records contains the ontologies analized in the “How much OWL do you need to know to make sense of building ontologies?”
paper presented at “LDAC2024 - Linked Data in Architecture and Construction” workshop. It also includes the resulting estructures
and patterns identified as well as a library of graphical pattersn generated with the Chowlk notation (https://chowlk.linkeddata.es/).
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LibraryBuildings_v01.xml bt
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Process — Generate library — The library

Draw.io or diagrams.net

PatternsGroups.xml

File Edit View

0~ New...

Open...

Search {
Open Recent

~ chowll Synchronize

= I: Save

£ Save As...
= C

_ Import...
Export as

Embed

New Library...

<?xml version="1.0" ?><mxlibrary>[

&guot :wkauot ; : 308 200000000000
&quot;h&quot;: 30 .
&quot:aspectéquot;: &quot;fixed&quot;
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=
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e
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Arrange Extras Help

Cmd+N
Cmd+0

»
Alt+Shift+S

Cmd+S
Cmd+Shift+S

Cmd+P.

/
/

7|
]

PatternsGroups.xml

File Edit View Arrange Extras Help Unsaved changes. Click here to save. th

A~ 70 ~ @ Q

Search Shapes Q

/— ‘\

~ - .
7 LibraryBuildings_... + » \X

e |

ns:Class1

—(all) (T) ns:ObjectProperty1-—»

ns:Class2

subc all trans op

ri
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'| Conclusions and future work

= No much reuse

o Not new
o Analyze whether the reused terms are from other domains

Chowlk library available for reuse = https://zenodo.org/records/10997320

o Pattern 32 couldn’t be visualized - Discovered notation limitations in real examples

= Results only for 5 out of 18 ontologies
= Align elements labels to find specific patterns instead of matching URIs

= Stop at properties characteristics

o Combine with subproperty of? Inverse of? equivalent?
o Domain and range?
o And where to stop
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) Questions???

= By the way
e This is the amount of OWL you need to know:

owl:equivalentClass

owl:ObjectProperty owirransiivebropery  QWI-Class
owl:qualifiedCardinality OWI:ReStriction e vmaesrtons
owl:maxQualifiedCardinality " i oo OWI:ONGIASS

owl:someValuesFrom owl-onProperty
meweriern oWl:allValuesFrom  Owhuniondf

owkAsymmetricProne

ry
owl:-minQualifiedCardinality
m:lnuommnmlnnall‘rnnsm
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