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Current practice and tools I: RDE N K
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m A tool for ISO 15926 experts, not so
much for Oil & Gas domain experts



Current practice and tools II: MS Excel  wonens o

m Spreadsheets are still in wide use for defining reference data
m Advantage: Domain experts tend to like tables

m Disadvantage: Complete lack of support for building correct structures

m Creating a good ontology using spreadsheets is practically impossible



Current practice and tools Ill: Protége MANAGING Risk. [

m A generic ontology editor

m Supports loading ISO
15926 Part 2 in OWL format

- lifecycle_integration_schema Protégé 3.4 beta (file:\C:\Data\RD\system\RDF\lifecycl... [~ [O/E3

u Supports Ioadlng File Edt Proct OWL |Beasonmg Code Tools Window Help
reference data in OWL |ne® «&=a * b av <protege

DIG Reasoner

@ letadata (150159262 3 w pejet 1.5 (clirect) ies | 4 Incividuals | = Forms

N . . Check consistency... . N )
For Project: @ lifecycle_intd AbstractObject (instance of owlClass) [ Inferred View

Classify taxonomy ...
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Asserted Hierarchy Compute inferred types... lE (8 U i
: Thi rt Wall L.
GBI 6?3 Reasoner inspector .. FEerY | e | ang |
> list: 2L List iment k
¥ B Thing Open SPARGL Query panel 1
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[ 3 . Class - % & Asserted Conditio
» O MuttidimensionalOkject MECESSARY & SUFFICIENT |{
> e Relationzhip @ Class or MutidimensionalObject or Relationship
NECESSARY
¥ O Possibleindividusl © Thing
@ sctivty inneriTED (| |
@ Actualindividusl AbstractObject or Possiblelndividual [from Thing]
Arrangedndividual hasld only normalizedString from Thing
i=]
» @ Evert hasld exactly 1 [from Thing]
@ FeriodinTime hasRecordCopyCrested only RepresentationOrGregorianDstesnd_tc Time [fram Thing]
hasRecordCopyCrested max 1 [from Thing]
» O PhysicalObject b . : . .
azRecordCreated only RepresentationOfGregorianDateAnd te Time [fram Thing] —
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m Like the RD Editor, an expert tool




Wanted: A simple, compliant interface e

m Standardized modelling practice

m Tools that are familiar to domain experts
- Protegé, RDE are out

m Tools that support the user and check correctness
- Excel is out

m Tools that provide for working at a suitable level of abstraction
- Most ontology editors expose the user to too much "assembly code”



Building domain ontologies with templates MANAGING RISk [ST0]

m An ontology is used to record statements. That's semantics.

m To build the RDL, we need to represent facts about a given domain using
the language of ISO 15926

m |[deally, a domain expert states the facts, and the machine interprets the
facts automatically



A template Is a pattern for stating facts o

m A Template for ISO 15926 is a predicate, a statement form,
a pattern for facts

m A template has a signature defining the form of a statement
- What arguments need to be given
- What are their types

m Each template has an interpretation rule that interprets facts that fit the
pattern

- Reducing a complex statement into simpler ones
- Eventually, to atomic statements in ISO 15926
- Yielding an expression of the fact in the ontology language

m Current prototype developed in the Intelligent Data Sets (IDS) project



Template example |

m Constraint: A car has 3 or more wheels
m EXxpress the constraint with a suitable template
Parts-at-least ( Car, Wheel, 3) !
m Rules generate a set of ISO 15926 statements
“ The statement
Parts-at-least (C, D, 1)

means that

Any C has at least i D’s as parts ”

MANAGING RISK m



Template example |

m Assume that any car has 3 or more wheels
m Expressed with a suitable template Parts
Parts-at-least ( Car, Wheel, 3) !

m Rules generate a set of ISO 15926 statements

m ... as illustrated by this figure

MANAGING RISK m




A familiar interface

m Making the statement

Parts-at-least ( Car, Wheel, 3)

requires no detailed knowledge about modelling

m A list of arguments can easily be stored in a table (Excel!)

Car

Wheel

3

Bicycle

Wheel

1

MANAGING RISK m

m Correctness of the generated ontology structure can be checked using

generic ontology tools



And this can be used for ... N =




Translation by means of templates

MANAGING RISK m
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Template example “ MANAGING RISK [Z01

m A fairly complex claim (from IDS prototype)

“The ambient temperature during operation of a 3051CG pressure
transmitter should be within -40 and 85 degrees Celsius.”

m Six arguments are required for a precise statement

“The body height of a human is a length property
which varies from 50 to 250 cm”




Property Wlth SCale and QuantlflCathﬂ MANAGING RISK 701
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“The ambient temperature during operation of a 3051CG pressure Te
transmitter should be within -40 and 85 degrees Celsius.”
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Model: Ambient Temperature Range MANAGING Risk. [
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3051CG ambient temperature: -40°C — 85°C

B
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Upper Bound Of Pr




Templates for ontology development R

m A flexible and precise language for ontology building
m Let the compiler handle the “assembly language”
m Creating rich semantic structure becomes practical

m Standardization of templates makes standardized modelling patterns
possible

m Results can be consistency checked using automated reasoning*

*l.e., experimental verification



And we have even tried It out ... N =
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Our Protége-OWL laboratory

o . — ‘
H lifecycle_integration_schema Protégé 3.4 beta (file:\C:\Data\RD\system\RDF\lifecycl... [~ [O)F3
File Edit Project OWL | Eeasoning Code Tools ‘Window Help
O & o4 B [F N Y < ﬁpmtﬁgé
DIG Reasoner
( @ letadata (1S0-15926-2 2 & pejet 1 5.1 (direct) I & Individuals |’ = Forms
SUBCLASS EXPLORER
e i
For Project: 4 lifecycle_inte Check consistency... AbstractObject {instance of owl:Class) [ | Inferred View
Classify taxonomy .. ™
Asserted Hierarchy Compute inferred types ... E" @ (B [J Annotatiof
 Thii rt Val L
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> list: ChALList ment K
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b O MutticimersionalObject MECESSARY & SUFFICIENT |;
b © Relstionship () Class or MultidimensionalObject or Relationzhip [=]
MECESSARY
v Possiblgln.dividual © Thing |
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@ Actualindivicdual AbstractChject or Possibleindividual [from Thing][ €
. Arrangedindividusl hasld only normalizedString [from Thing]| C
p O Evert hazld exacthy 1 [from Thing]| E
. PeriodinTime hasRecordCopyCrested onby RepresentstionOfGregorianDatesndl i Time [from Thing]| C
] ] hasRecordCopyCreated max 1 [from Thing]| C
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Transmitter 3051CG

r-ﬂ IDS-Tektonisk-inferredtypes Protege 3.4 beta {ﬁle:\C:\Data\RD\prujects\lDS\R...‘__HE’K{

File  Edit Project OWL Reasoning Code Tools ‘Window  Help
NeE tRE md IO Qb @pmrégé

| @ Metadata (DS _Tempiates_instances) | | OWLClasses | WM Properties | 4 Incividuals | = Forms |

For Project: @ IDS-Tektonisk-inferredtypes For Class: id= ASc_Whole For Individual: ﬁimérpmwngﬁmmm -

|/ Asserted |/ Inferred Property | el

Clas=s Hierarchy “u

- rdfs:comment
k ids:BazeTemplateRole —label
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’ - S| B051CG-5- 8228 KB -L4-MB-C1d
s ASc_Rel (9] [E55] oft zet ’q
id=ASc Whole (4] ’ Bracket
id= A5 Part ’ Housing
iz A5 vwhole
id=: Card_Cardinality
id=: Card_LowerBound partZ:hasid MR part2:hasReco
itks: Carcl_Rel (9) ~| 88 || [oBog4rs7TEIm  |normaiize... |
id=: Card_UpperBound —
ick=: CIP_PropertyRelstion (3] Aszzerted Types % @ part?:hasRecordCop ‘} ﬁ- , 3 partZ:hasReco
iclz: CIPc_PropertyRance (3] = iz CIPc_PropertyRangeRestrictedClazs =
‘] i [T+ pant2: Thing { T | »]

-| B B idz A5 Whole &] o & i:




Input in a straightforward XML format e B2

<AScCC>

<ASc_Part]
<ucswgnation>WheeI</designation>
</ASc_F~-—
<ASc_Whole> |

<ds >Car</designation>
</ASc_Whole]

<RCard_Lowe
“ﬁii;nt [..]>3</content>

</RCard_Lowerl>
<RCard_Uprer1/>

</AScCC>

A car has at least three wheels.




Input data in Protege

MANAGING RISK m

4 IDS-Tektonisk Protégé 3.4 beta (file:\C:\Data\RD\projects\IDS\RDF\IDS-.... [~ (009

File  Edit Project OWL  Eeasoning

OEE 4B E iudb

Code Tools ‘Window  Help

& Y g >

<€pm tégé
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*
[
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4 | i | Pl_

+
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>
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parz2: ClazsOfArrangedindividual [Inherited]
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R
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Executing template rules o

< IDS-Tektonisk

Protégé 3.4 beta (file:\C:\Data\RD\projects\IDS\RDF\IDS-... Q@]@“

File Edit Project OWL

O & < B E

Eeasoning Code Tools  Window  Help

0 e <1 > ﬁpmtégé

| @ Metadata (IDS_Templates

SWHL Rules

nstances) | | OWLClasses | B Properties | 4 Individuals | = Forms | — SWRLRules | # OWL-DL Individuals |

afaeea0

idsR:RuleCIPc_Ir
idsR:RuleCIPCSa_r

idsR:RuleCL_Ir
idsR:RuleCPQC _Ir
idsR:RulelDn_Ir
idsR:RulelP_Ir
idsR:RulzlPZ_Ir

RIRIRRIRIRI K] RIE]

Enabled Mame

idsR:RuleCIPcS&QG_Ir

idsR:RulePart2Thing

Expression

id=CIPcC¥idsRt1) A idshasThext(YidsR11, vidsRi2)] A ids hasText(FPidsRi2, 7idsRit3) o~ idshasTRole(vidsR:...
ids:CIPCSQ PidsR:A1) A ids hasTRexdPidsRA1, TidsR:A2) A idshasTHexd(vidsRi2, TidsRi3) A idshasTMexd(?id. ..
iz CIPCSQACFidsR1) A idsihasTMNestPidsRitl | FidsRit2) A idsthasTMext(FidsRit2, YidsRit3) ~ idshasThesxt(?.|
idsiCLIYidsR11) A ids hasText(PidsRt1, PidsRt2) A i =
id=:CPOCTPidsRA1) A ids:hasTHexd(YidsR:t1, PidsR:12)

idzz DR YidsRA1) o ids hasTHexd( PidsR1, TidsR12) ~ P roteg e p rOVI d eS a SWR L

id=IPC?id=Rt1) A idshasTMext(PidsRt1, didsRt2) A id

iz IPC7idERA1) A idehasTMexdr TidsR:t1 | FidsRit2) WO rkbe nc h

ids hasTRalel ¥idsR: x, PidsRy) = part2: Thing(FidsR: )

L T

Press the "Jess-=0WL" button

—* Axioms |/ —* Inferred Individuals |/ — Inferred Properties Assertion Axioms | .
= SWRLJessTab r —* Rules |/ —* Classes r —* Prope " edItOr
Succestul run of rule engine.
Mumber of reclassified individuals: 303 n J eSS r-u |e eng I ne Inte rface

Mumber of inferred property assertion axioms: 315
Mumber of individuals created by built-ins: 150

Loaok at the "Inferred Individuals" tab to see the inferred individuals. —
Look at the "Inferred Property Assertion Axioms" tab to see the inferred property assertion axioms.

to translate the asserted facts to OWL knowledge. -

OWL+SWRL-=Jess Run Jess Jess-=0WWL




. . I8
Individuals from rules and inference N =

"« IDS-Tektonisk Protégé 3.4 beta (file:\C:\Data\RD\projects\IDS\RDF\IDS-... |~ |C1E3]

File  Edit Project OWL Reasoning Code Tools  Window  Help
NDEE £BE b ¢ 4 <i@ﬂarﬂrh‘sgpé

| 4 Metadata (IDS_Templates_Instances) | = OWLClasses | WM Properties | 4 Individusls | = Forms | — SWRLRules | # OWL-DL Individuals |
INSTANCE BROWSER INDIVIDUAL EDITOR +—F T

For Project: @ |DS-Tektonisk For Class: id=s:RLL_PropertyRange For Individual: *.r Temperature PropertyRamsiand8 oBpHTL Thibeina
Class Hierarchy yal |/ Asserted |/ Inferred | st ﬁ. 52 - =

;:s;:;;_;;;l:;glass 1= (1 ed Instances i Property | Walue

R ;lumber (07 | || 4p Current PropertyRange 4 - 20 ma, N par‘t2:hs.|.sld PD‘.EES_”

_ = * Mass PropertyRange 4.7 - 4 7 Kilogram protege:inferred. .. id=: CIPC_PropertyRange

idz:PQ_Property (076 @ Tempersture PropertyRange -40 - 85 5C =] Jorotegeinferred... | ids:RUL_PropertyRange

ids:P2C_Scale (373) rodfs:lakel Temperature PropertyRange -40 - 85 °C

ids:RCard_Lowerl (272 \\¥/‘//

ids:RCard_Lowerz

ids:RCard_Upperl (2572

idz:RCard_Upper2

ids:RUL_LowerBound (073 part2:hasid &2 part2:hasRecordCre:

id="RUL_PropertyRange (0 (3 m PDB2347 | normalize... |

ids:RUL_UpperBound (053]

ids: 5P _Subclass — partZ2:hasRecordCop & ﬁl * part?:hasRecordLog | |

ids: 5P _Superclazs Asserted Types Q- LB

id=:5Pocc_Subclass [ | =
< | | 4] D
| s @




A consistency check

MANAGING RISK m

H IDS-Tektonisk Protégé 3.4 beta (file:\C:\Data\RD\projects\IDS\RDF\IDS-... _ |O0/¢

File  Edit Project OWL | Eeasoning

Code Tools ‘Window Help

DE'/" OQ'EEI Mone

DIG Reasoner

f @ \etadata (DS_Templates| o pojet 1 5.1 (direct)

v <[> ﬁpmt&gé

Properiies | 4 Individuals | = Forms | —* SWRLRules | # OWL-DL Individuals |

— !

Individuals

@ Mazs Property 4.7 Kilogra

|Group by inferred types Check consistency...
& Classify taxonomy...
Compute inferred types. .

ﬁfg Reasoner inspector..

< Pellet 1.5.1 (direct)

=

@ Currert Property 20 ma,
f Temperature Property 85

Open SPARGL Query pansl
= Open SWEL Tab

0 Mazs PropertyRange 4.7 - 4.7 Kilagr
f Currert PropertyRange 4 - 20 ma
0 Temperature PropertyRange -40 - 55

f Masz Propetty 4.7 Kilogram
@ Current Property 4 ma,
f Temperature Property -40 °C

& Cardinality 2.4
& Cardinalty *.0
@ Cardinality 1.4
& Cardinalty .1

& Cardinality 1.3

Kl

| I

Asserted Rel

=] jds:hasTRal
=] ids:hasThe:

= @

Computing inconsistent concepts: Querying reasoner for inconsistent concepts and updating Pratege-OWL ..

Reazoner log

¥--# Synchronize reasaner

# Time to clear knowledgebase = lessthat 0.001 seconds

~@ Time to update reasoner = 04534 seconds

@ Time to synchronize = 0.547 seconds

¥--# Check concept consistency

e Time to update Pratege-OWL = 0.313 seconds

------ # Total time: 0.954 seconds

OK

*l.e., experimental verification




Example: Temperature range, once more
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Mapped into an XML template

MANAGING RISK

oy

. TektoniskTemplatelnstances.xml<2> - Emacs

mEX)

File Edit Options Buffers Tools XML Help
<CIPc_PropertyRangeRestrictedClass>
<designation>3051CG-5-A-2-2-A-1-K-B4-TI1-14-M6-Q4</designation>
</CIPc_PropertyRangeRestrictedClass>
<CIP PropertyRelation>
<designation>Ambient temperature</designation>
I </CIP PropertyRelation>
<IPC PropertyType>
<designation>Temperature</designation>
</IPC_ PropertyType>
<PQC Scale?>
<designation>°C</designation>
</PQC_Scale>
<CIPc350Q0 LowerReal’

</CIPcSQQ LowerReal>
<CIPcSQQ UpperReal>

</CIPcSQY UpperReal>
</CIPcSQO>

<content rdf:datatype="http://www.w3.0rg/2001/XMLSchema#double">-40</c?

<content rdf:datatype:"http:ffwww.wS.orgf2DleXMLSchema#double"}BEffcoa__J

Al

-

-uh** TektoniskTemplateInstances.xml<2> 92% of 7.5k L2250 SVN:3463 (nXML Valﬂ




The range as an I1SO 15926 Property Range MANAGING RISK (0]

< IDS-Tektonisk Protégé 3.4 beta (file:\C:\Data\RD\projects\IDS\RDF\IDS-T... M@K‘]ﬂ

File Edit Project ©OWL  Beasoning Code  Tools  Window  Help

OEEH BB b d9 < = <%ﬁ.ﬂ"ﬂnré_qpé

| @ Metadata (DS_Templates_instances) | ~ OWLClasses | B Properties | 4 Individuals | = Forms | — SWRLRules | # OWL-DL indivicuals |

INSTANCE BROWSER INDIVIDUAL EDITOR +—F T

For Project: @ IDS-Tektonisk For Class:  ids:RUL_PropertyRange For Individual: 4 TemperaturPraipedyRdnget4Thirgs °C
Class Hierarchy =z |/ Asserted |/ Inferred | Eﬁr ﬁ. @ Eﬁ -
¥ U partZPropertyspace |*| | inferred Instances & Property | !
part2 ClazsOfshape 4 Current PropertyRange 4 - 20 ma, rofs:com...
part2 MutidimensionalEropertyspas W rdfs:label | Temperature PropertyRange -40 - 55 °C
partZ PropertyRange — | |4 Temperature PropertyRange -40 - 55 °C \>
iz RUL_PropertyRange (073 o i it
IRE —PrapertyBanne (073
> part: SinglePropertyDimension B
part2 ClassOfStatus
part2: ShapeDimenszion —
pant2 ClassOfClassOfRelstionship partZ:hasid @ X partzzhasket
a2 ClassOftiumber |PDB2347 | nermaize... |
p:;aFf.C!asstTnpelr‘ESpacTa ______ | S |L Asserted Types Q', L plart?:hasﬂecurd(:up ﬁ ﬁ: L part?:haslllmlz
A 1 SEEss) 4

|par12:c |"| [T & B = ﬁ




Visualization in Protége vANAGING Risk. (0]

Query View @

A s B =l

*Tem perature Property 85 °C '|[MHL}|'[ *Number 85 ] [SWFIL}I [*EE ]
| - - T =1 1:=_

\ SWRL WRL
“Ambisnt tem perature | W

p B |
< =1
*3051CG-5-A-2-2.A1-KB41-L4M6-Q4 L[‘T emperature P ropertyRange -40 - 85 °C } "Tem perature

) . e
WRL SWRL

4

Y

[ *Tem perature Propeity -40 °C 1{1 swm‘l_ [-Number: -40 ] [EWHL] [._m ]
= - = ] =




Breakdown using Parts template vANAGING Risk. (0]

. TektoniskTemplatelnstances.xml<2> - Emacs =0
File Edit Options Buffers Tools XML Help
<ascces| ﬂ
<ASc_ Part>
<designation>Transmitter</designation>
</ASc Part>
<ASc Whole>
<designation>3051CG-5-A-2-2-A-1-K-B4-I11-L4-M6-Q4</designation>
</ASc Whole>
<RCard Lowerl> [ |
<content rdf:datatype="http://www.w3.o0rg/2001/XMLSchema#long">1</co?*
</RCard Lowerl>
<RCard Upperl:>
<content rdf:datatype="http://www.w3.o0rg/2001/XMLSchema#long">1</co?
</RCard Upperl:>
</AScCCx»
{AScCC>
<ASc_Part>
’d951gnatlcn Housing</designation> _:J




. . I8
Breakdown visualized in Protéegé 5

< Query View - IDS-Tektunisk-inf-'erredtypes X}
Query View

Be o G W B

*I051CG-5-A-2-2-A1K-B44111L4-M6-Q4 ]

— e
F Ambient tem p;&é\ure ‘ SWRL
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i \ID,
"Output cument ]

Fa 3
i
f..

= *Bolt set

SWEL
|..- m
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Ranges of the whole and of parts vANAGING Risk. (0]

< Query View - -lTektonisk-inferredtypes

Guery View

fee o db G W OB i

(e |
T

T *3051C G-5-A-2-2-A-1-K-B411-L - M6-Q 3 ]

v 4
. 1 m I
[ *Am bient tem perature ] T -Operating weight ‘ "SWRLCT...

N L

‘Temperature Property ange -40 - 85 °C ‘

*Transmitter

Y

[ *Cutput cument ]

V
[+
T *Current PropentyRange 4 - 20 mA ‘




So many screenshots. Any moral to this? e B3




1SO 15926 languages: SW perspective MANAGING Risk. (0]

Data (DL)

Data Model
(Part 2 TBox)

Templates (Predicate Logic)

‘ Predicates of

]
Add mftances

Use to build

Reference Data
(RDL ABox)

-

se to build

{ Part 2 templates W

-

Add constraints

’

Add in\ftances

Project Data

Use to build

*//{]se to build

—

RDL templates 1

Use 1n constraints ‘ /

Add constraints

~

i
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The template statement Is uninterpreted

m The signature is just a list of types

m Sample statement ID( #34567, "John”):

ID &

List List

w1 hasNext X2

hasContent hasContent

#34567 "John”

MANAGING RISK m



Rules encode interpretation patterns R

m IfID(X,Yy),
- there is some z s.t. z is a ClassOfldentification relation, with
- X In the hasldentified,
- y in the hasldentifier role

Class of identification

y4

Haside V Wentiﬁer

X y



An interpreted statement R

m The rule provides a structure that has interpretation in terms of Part 2

ID &

List List
x1 X2

Class of identification

#87694

haSIderV wntiﬁer

#34567 "John”



Sample rules N K

m coidTriple( x,y, z) iff
- ClassOfldentification( x ) & hasldentified( x, y ) & hasldentifier( x, z)

m ID(x,y)iff
- 3z( coidTriple( z, X, y)

m IDC(X,y,2z)Iff
- ID(X,y) & Vu( coidTriple(u, X,y) >u €z

m efc.

m Probably, all this can be expressed in SWRL.*
m Regular logic?

*RIF!



An extended ontology

m Develop templates to cover the expressive needs
m This provides a theory of industrial notions
m This theory is also reference data

m Templates extend the RDL

m We need appropriate tools and theory to work with this ontology.



Extended ontology, new work to be done MANAGING RiSK [




Consistency checking for templates

m If F has a rule like the following,

F(x,y,z)

)\

G(X,Y) H(X,y) I(X,y)

m but other rules (or Part 2 itself) tell us,

G(X,¥) iff not (X, V)

MANAGING RISK m

m then F is unsatisfiable. A reasoner should be able to discover this.



Consistency checking for templates N K

m Experimental checking
Make statements in the template language,
Execute rules,
Run reasoner to check consistency of the result

m Systematic checking

Is the template language consistent?
etc.



Reasoner tasks R

m Satisfiability of templates

m Equivalence between templates

m Subsumption hierarchies (more/less general templates)
m Simplification (of signatures, rules)

m Explanation (why was my statement rejected?)

m Challenge: To provide these not just for Part 2, but for templates as well.
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