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[ ® PsD:InformationDeliverySpecification

Motivation

Why an ontology for information delivery?

rdfsdpmain

[ PSD:requiredPset

rdfsyjange

) PSD:RequiredPset

= related researchl! introduces delivery
specifications for ifcOWL-based data sets

rdfzdomain rdfs:doMsgin

~
[ [ PSD:propertySetDef ] [l PSD:requiredProp

= product-process integration using Linked

rdfs:;fange rdfs:fange

BUIIdIng Data[2] [ ® PsDProperySetdef | [ @ psn:Prop;nyoef |
= proposed ontology integrates specifications, Fig.: The Information delivery specification ontology [1]
activities, requirements, and project
. . g,
|nf0rmat|0n [bot'Element] [ifcowl'Ichbiect} I'bls-(, Legend
[1] van Berlo, L., Willems, P., Pauwels, P.: Creating information delivery \ ‘ n:l:-‘r‘(;\]::;ne /‘m;.”';“‘

/ owl:dataProperty

specifications using linked data. In: Proceedings of the 36th CIB W78 2019
Conference. pp. 647-660 (2019)

opm:PropertyState

qudhasValue. ) (INV)oppm:isLOD

. . . oppm: rcquir LevelOf Yowl:disjointWith

[2] Karlapudi, J., et al.: Enhancement of BIM Data Representation in Product- oppm:was & A
. g . . <drieh )| -nas’
Process Modelling for Building Renovation. In: Product Lifecycle Management NeededFor xsd:double if’,’{;‘ic‘tl

Enabling Smart X, 594. (2020). DL
oppm: eve

[ oppm:BuildingObject

Fdfs:subClassOf

[ bot:Space ] { oppm:Activity ]

Fig.: The ontology representing the relation between activity, BIM data and LOD [2]
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Methodology

based on NEON Methodology!®! for Ontology development

acquiring and analyzing knowledge from BIM-specific and general process modeling
resources (e.g., IDM, BPMN, PROV) (1-4)

modeling ontology (5), considering dependencies to existing ontology resources

evaluating and documenting ontology (6-7), providing ontology information, examples and

converter
(4) PROV ONTOLOGY RESOURCES

A

(1) IDM SPECIFICATIONS -
=) (6) ONTOLOGY EVALUATION

’ (5) ONTOLOGY SPECIFICATION

(2) RELATED RESEARCH AND FORMALIZATION

=3 (7) ONTOLOGY DOCUMENTATION
(3) BPMN PROCESS MODELING =3

[3] Gomez-Perez, A., Suarez-Figueroa, M.C.: Neon methodology for building ontology networks: a scenario-based methodology. In: Proceedings of International Conference on
Software, Services & Semantic technologies (S3T 2009)
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d—idp_R:hasMember- -1
<<owl:inverseOf>> idpo:Project
r- -idﬁ‘o:isMemberOf}

>
-

: idpo:deliversFor _idpo-hasDeliver idpo:hasUsa idpozbelongsTo
idpo:hasReceivingPerson i :or P ' Y 7 - ldpothas Sﬂ?e F:’ J
S e S ‘ Lo
) - H : <<rdfs:subclassOf>> ' <<rdfs:subclassOf>> ! '
idpo:hasSendingPerson ' ' et ! L ' ;
5 : A 4 E vy .
'~ -idpo:derivedFromBH idpo:InformationDelivery <<<owl.disjointWith>>>1 idpo:InformationUsage
- -idpo:derivedFromBPMN- - - - - - . :
:-—-idpo:generateslnformatinn---——--I pmese- idpntuseslnformalion--—:
A 4 h 4
r--- - idpoiisSpecificationOf- - - - p» Hel ifcowl:IfcBuilding
;--1 idpo:InformationSpecification <<owliinverseOf>>
: idpo:hasSpecification- - - - - - | E ---------- Idp:basicContainer
' idpo:Information -
, L-- idpori i S idpo:hasData
E ) ) . dpo,lsReqmrementOf | 4 F') __________ ct:Document
' idpo:InformationRequirement linverseOf>> '
! idpo:hasRequirement- - - - - - - H
' femmmnene- » rdfs:Resource
idpo:hasStatus <<rdfs:subclassOf>>  idpo:derivedFromBPMN
: S v v v
idpo:deliveryISpecification ldpo.r;qmres idpo:Status
- sh:NodeShape :ﬁ o S
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Information Delivery Processes Ontology (IDPO)

Information

Information

IRI http://w3id.org/idpo#Information
Description

This class is used to represent a set of data summarized as information. Information can be generated and used. Instances of this class can be derived from bpmn2:DataObject individuals.
This class is a subClass of prov:Entity which allows to associate additional provenance information.

Super-classes prov:Entity.
owl Thing
In domain of idpo:hasRequirement °P

idpo‘isGeneratedBy °P
idpo:hasData °P
idpo‘isUsedBy °P
idpo.derivedFromBPMN °P
idpo:hasSpecification °P
idpo:hasStatus °P

In range of idpo.usesinformation °P
idpoisStatusOf °P
idpo isRequirementOf °P
idpoisSpecificationOf °P
idpo:generatesinformation °F

idpo:Information

idpo:hasData
------- »| ct:Document

------- P ifcowl:IfcBuilding

------- P ldp:basicContainer

------- »| rdfs:Resource
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Information Delivery Processes Ontology (IDPO)

Information Delivery

Information Delivery

IRI http://w3id.org/idpo#InformationDelivery

Description

This class is used to represent the activity of generation information regarding defined information requirements and delivery specifications. Instances of this class can be derived from
bpmn2-Task individuals. This class is a subClass of prov-Activity which allows to associate additional provenance information

Super-classes owl:Thing
Activit . .
RIOVACITY derived from BPMN object °P
In domain of idpo:generatesinformation °F
idpo:hasSendingPerson °P IRI http://w3id.org/idpo#derivedFromBPMN
idpo:derivedFromBPMN °P
idpo:deliversFor oP Description Associates the BPMN object from which this individual has been derived
In range of idpo:isGeneratedBy °P Super-properties  owl:topObjectProperty
idpo:hasinformationDelivery °P
Domain(s) idpo:Information “ idpo:InformationDelivery © idpo-InformationUsage
Range(s) bpmn2:DataObject © bpmn2: Task
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Information Delivery Processes Ontology (IDPO)

Information Requirement

Information Requirement

IRI http://w3id.org/idpo#InformationRequirement

Description

This class contains the information requirements for an associated information individual

Super-classes owl:Thing

In domain of idpo:dueDate %
idpo:requires °P
idpo:suitability P
idpo:priority 3
idpo:isRequirementOf °P

In range of idpo:hasRequirement °P

requires %P

IRI

Description
Super-properties
Domain(s)

Range(s)

http://w3id.org/idpo#requires

Represents the concrete requirement of delivered information as a sh:NodeShape oder any other rdfs:Resource on the dataset and/or document level

idpo:InformationRequirement

sh.Shape

8

in Engineering

) RUHR
BPMN-related Ontology for Modeling the Construction Information Delivery of Linked Building Data @ Computing UNIVERSITAT R U B

BOCHUM




Evaluation case 1: From BPMN to IDPO

Minimum working sample

— Information
5 Create [ ... Specification
N model

-]
Informatlon
: Requwement
™~
—_
% Verify and use
-] model

9

this:Task_1hcentk this:DataOutputAssociation_0b2p1kh

. bpmn2:dataOutputAssociations .

bpmn2:name  rdfitype

. bpmn2:Task

this:DataObject_0st6tf0

. bpmn2:dataObjectRef .

rdf:typ

. bpmn2:DataObject

create model bpmn2:targetRef

this:DataObjectReference_0zr999j
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User 1

Evaluation case 1: From BPMN to IDPO

Minimum working sample

Information
Create ication
model |_

. | Information
Requirement

User 2

this:InformationDelivery 1 this:Task _1hcentk this:DataOutputAssociation_0b2p1kh

. rdf:type . idpo:derivedFromBPMN . bpmn2:dataOutputAssociations .

idpo:InformationDelivery bpmn2:name rdf:itype

idpo:generatesinformation create model . bpmn2:Task bpmn2:targetRef

idpo:Information this:DataObject_0st6tf0

. rdf:type . idpo:derivedFromBPMN . bpmn2:dataObjectRef .

this:Information_1 rdf-type this:DataObjectReference 0zr999j
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Evaluation case 1: From BPMN to IDPO

More complex sample

) RUHR
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Evaluation case 1: From BPMN to IDPO

More complex sample

: t
E |
g |
% 4D model (ICDD)
= Control 4D
: model and approved _
§ : schedule
z : animation
@
A
|
n
T
1
|
schedule Animation
(MPEG-4) |
|
link model |
elements to
schedule tasks |
: |
2 : |
=
E
N te 4D
= Create schedule - create -
@ H animation
coordinate IFC
model with
other models
start from design
model IFC design model
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Evaluation case 1:

Converter
Convert from BPMN

Input file (*.bpmn, *.xml)

Conversion method

Start Conversion

Datei auswahlen |diagram_o...nes.bpmn

‘ Convert to IDPO ontology V|

Convert

Input data

From BPMN to IDPO

Output (TTL)

<?xml version="1.@" encoding="UTF-8"?»

xmlns:d

<definitions xmlns="http://www.omg.org/spec/BPNN/281868524/MODEL™
xmlns:bpmndi="http://www.omg.org/spec/BPMN/201008524,/D1"
="http://www.omg.org/spec/DD/28108524/DC"
xmlns:di="http://www.omg.org/spec/DD/20168524/D1"
xmlns:xsi="http://waw.w3.0org/2801/XML5chema-instance”
xmlns:modeler="http://camunda.org/schema/modeler/1.2

" id="Definitions_@6lg7wd"

targetNamespace="http://bpmn.io/=chema/bpmn” exparter="bpmn-js (https://demo.bpmn.io)”
exporterVersion="8.7.2" modeler:executionPlatform="Camunda Platform”
modeler:executionPlatformvVersion="7.14.2">

<collaboration id
processRef="Process_ldawfgl" />
/>
processRef="Process_024vh7c" />

processRef="Process_l6d5Seum™ />
<messageFlow id="Flow_lho3kse"

<participant id="Participant_leaSpia"
<participant id="Participant_@opglce"
<participant id="Participant_1242%ag"

sourceRef="Activity_esvuisg”

"Collaboration_lydfems” >
<participant id="Participant_&llogls"

name="BIM author"
name="Client” processRef="Process_ltsnrsg"”
name="BIM manager"

name="BIM coordinator"

TopTTTTOT o TOT Tt TToT—TTTTUET

instances:InformationRequirement 1vlygii
a idpo:InformationRequirement ;
idpo:dueDate "tanxsd:dateTime ;
idpo:isRequirement0f instances:Information_lvlygii ;
idpo:prierity "Default"@en H
idpo:requires <http://www.w3.org/ns/shacl#NodeShape> ;
<http £ fwww w3 .org/ns/shacldproperty>
[ <http://www.w3.org/ns/shacl#minCount>
1
<http://www.w3.org/ns/shaclspath>
idpo:hasData

1
<http://www.w3.org/ns/shacl#targetiode>
instances:Information_lvlygii
15
idpo:suitability "Default"@en .

instances:InformationUsage 1lasciz

a idoo:Tnformationll=gs.
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Evaluation case 1: From BPMN to IDPO

More complex sample

Generated from BPMN Element Collaberation_1y4f0ma

Project_1y4f0m& hittp:/fw3id.orgfidpe/instances/InfermationUsage_0ntgers

. hitp://w3id.org/idpo#Project  rdfs:camment

dfsdabi oo 3ido Fha - , . . .
= fittp/fw3id.orgfidpohasl! Y- iw3id org/idpo/instances/Person_lopg9ce

hittp-/fw3id.orgfidpo#FhasMember

hitt p:.’waid.mgfiﬂppﬂmmw. FABR W SR DdEed nstance s/ Project_1 y4foma

hitp:fw3id orgfidpo#hasMember
htp:/fw3id.org/idpo/instances/Person_1940%ag

hitp:/fw3id. org/idpothasUsage,

»#hasMembar

g/ wid. g pdonAna sREfiupRish as Member
hrlp:,-‘,*wSid.org,’idpo,flnstancesFInformatlonUsage 1lasci2

http:/fw3id.org/idposinstances/Person_011og1s

http:/fw3id.o "II'"‘CI"II'IST c flnfc\ atioy nDelivery_Ontgors
el o %F §|sd org; @po |nstance!?’ger on_leaspia

hitp:/fw3id orgfidpo#informationUsage
hitp:/fw3id. org.ﬂdpo.-’mm!cesr I ormatmgn 18‘# “

w3id.org/idEE#EER sInformation

Generated from BPMM Element Activity_0ddfxrt
http/w3id. mgﬁdpoﬂns‘[amesiPersem‘l chfja-a
. hrtp f.n'..-félﬁ org;u:lpo, instances/InformationUsage_04dfxrt

comment

ngaTHecw3id.orgfidposdervedFromBPMN

it/ w3id. ongy/idp
rdfeclabel

http//w3id.org/idpofinstances/Project_Ty4  n@HtP-/w3id.org/idpo/insia nces/Activity_O4dfirt

Control 4D model and schedule animation
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Converter implementation

Converter using SPARQL-Generatel

2 PREFIX ite: <http://w3id.org/sparql-generate/iter/>

3 PREFIX fun: <http://w3id.org/sparql-generate/fn/>

4 PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

5 PREFIX instances: <http://w3id.org/idpo/instances/>

6 PREFIX idpo: <http://w3id.org/idpo#>

7 PREFIX prov: <http://www.w3.org/ns/prov#>

8 PREFIX rdfs: <http://www.w3.o0rg/2000/01/rdf-schema#>

9 PREFIX bpmn2: <https://www.omg.org/spec/BPMN/2.0#>

10

A ik ; GENERATE {

12 <http://w3id.org/idpo/instances/InformationUsage_{?tID}> a idpo:InformationUsage;
13 rdfs:comment "Generated from BPMN Element {?taskId}"@en ;

14 idpo:derivedFromBPMN <http://w3id.org/idpo/instances/{?taskId}>;
15 rdfs:label ?taskname.
16
17 <http://w3id.org/idpo/instances/{?taskId}> a bpmn2:Task.
18
19 }
20 SOURCE <http://example.org/document#document®.xml> AS ?source
21
22 ITERATOR ite:XPath(?source, "//task", "/task/@id" ) AS ?task ?taskId
23 WHERE {
24 BIND( fun:XPath(?task,"/task/@name” ) AS ?taskname )
25 BIND( fun:XPath(?task,"/task/dataInputAssociation/@id" ) AS ?inputAssoc )
26 BIND( strafter(?taskId ,"_") AS ?tID )
27 FILTER(bound(?inputAssoc) )
28}

SPARQL-Generate! with XML
input data

modular XPath queries to iterate
over BPMN entities

implemented using Apache Jena,
SPARQL-Generate Maven
package and Jakarta REST web
service

Source code available:
https://github.com/RUB-Informatik-im-Bauwesen/idpo-gen

[4] Maxime Lefrancois et al. A SPARQL extension for generating RDF
from heterogeneous formats, In Proc. Extended Semantic Web
Conference, ESWC, May 2017, Portoroz, Slovenia
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https://github.com/RUB-Informatik-im-Bauwesen/idpo-gen

sh:NodeShape this:NodeShape_Requirement_1 this:Information_1 idpo:Information

Eval u ati O n Case 2 . rdf:type . sh:targetNode . rdf:type . fCDWI%‘"ding
SHACL Validation

idpo:InformationRequirement dpo:hasRequirement . e
= stores the validation requirements @ v @ instifcBuilding_37 o
d”‘ectly Connected to the this:InformationRequirement_1 instfcLocalPlacement_25
information entities | rarroye beNodeshane
38 sh:property [
= uses SHACL nOde Shapes Wlth ;; rdF;:E:t;h;::‘ocgsrﬁﬁijztav;.r‘ub.dex’ontologyfidpo#hasData> H
direct referral to the target = Chiauatieantncour 1 ;
information objects . O i type shoNoseshaps ;
37 sh:property [
= validating ifcOWL data connected - hrqualttledndncoumt 15 e
to the information entity p ety e
432 sh:path rdf:type ;
= sample data set available: p .
https://icdd.vm.rub.de/ontoloqgy/idp - S veiue rerITcocelaceent
olinstances.ttl . L
49 13
;T sh]:‘iargetNode this:Information_1 ;
g2

16

) RUHR
BPMN-related Ontology for Modeling the Construction Information Delivery of Linked Building Data @ Computing UNIVERSITAT R U B

in Engineering BOCHUM


https://icdd.vm.rub.de/ontology/idpo/instances.ttl
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Conclusion

proposes the IDPO ontology

covers the interrelation between business processes,
exchange requirements, and LBD

reuses well-established concepts and patterns of PROV
converter from BPMN XML to IDPO RDF
feasibility shown in two demo scenarios

implementation into the ICDD Web platform currently under
development

GitHub: https://github.com/RUB-Informatik-im-Bauwesen/idpo

BPMN-related Ontology for Modeling the Construction Information Delivery of Linked Building Data

w3id.org/idpo
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