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Purposes of Tutorial

Expected Outcomes

Overview of Digital Thread

Digital Model, Digital Shadow, Digital Twin
IOF and Approaches

Case Studies

Jet Engine, Bio Process, Machining (plastics case)
Competency Question and Capability

Tools for Ontology Development,
Reasoning, and Testing

Protégé, GraphDB, SPARQL

Practical Work

Hands-on Experience
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PURPOSES
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Purposes of Tutorial

Expected Outcomes
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. . - O Explain development of design and
What IS th 1S tUtO rlal abOUt? planning entities using IOF ontologies

1 Compare various approaches to
model digital artifact ontology

O Utilize IOF to build digital artifact
ontologies

O Practice using Protégé and
GraphDB to develop use cases

O Practice using GraphDB to
explore knowledge graph

O Practice using GraphDB to run
use case SPARQL queries

O Build instance data sets from
external sources (csv files)
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PURPOSES

Understanding of importance
of modeling digital artifacts
and digital models

Enhanced skills in using GraphDB and
SPARQL to obtain answers to the competency
questions related to design and planning /

Enhanced Protégé skills for managing
imports, developing ontologies,
and building instance data

Practical skills for developing
relations between digital artifacts
and produced artifacts

What are the expected outcomes?
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OVERVIEWS

SM3INIBNQ

Overview of Digital Thread

Digital Model, Digital Shadow, Digital Twin
IOF and Approaches
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Examples of Digital Models (Artifacts)

Examples of Digital Models

Requirement

Analysis Design Process Plans Factory Design
. . . . Discrete Event
CAD Model Hlale !Element CAM Model NC Simulation Simulation
Analysis Model Model
Model
Tolerances MBE

= CHIONJIST
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Information Interoperability

| Machine/Tool Data I Machine/Tool Data
Same data, Same format,
Same meaning 2?7

Routing Data

Same data, Same format,
Same meaning ??7?

Realtime Datal

Routing Datal

Schedule Data

Status Daté:

Schedule Data ouT

JMachine/Tool Datal 'Routing Data

Sormaz, D., and Sarkar, A., 2021, “Interoperability between PLM, ERP, and MES Systems Using Formal Ontologies,” Taichung, Taiwan.
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OVERVIEWS

Product Life Cycle

Artifact
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Approaches for Future/Digital Artifacts

ICE -MRO R/S CR

Modal Relation
Ontology

Information
Content Entity

Representation Counterpart
and Specification Relation

Use ICE to represent Use MRO approach Use R/S approach Use CR approach, which is

all information to represent (given in a paper motivated by MRO
(knowledge, decisions) | future artifacts, based on by Sarkar and Sormaz), approach but connects
about the future artifacts replica of relations specialize ICE to have relations and provides for
(from BFO or any) into Representation and new relations between
Modal relation space Specification designed/planned entities
as subclasses and actual entities

Sormaz, D. , Kulvatunyou, B., Drobnjakovic, M. , Seeharit, S. and Sarkar, A. (2023), Comparison of Ontological Representations of Relations between Digital
and Physical Artifacts In Manufacturing Domain, Proceedings of the ASME 2023 IDETC Conference, Boston, MA, US,
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Approaches Used in This Tutorial

Information Counterpart
Content Entity Relation

heaniiilles, 075



CASE STUDIES

Jet Engine and Biomanufacturing Process

oHIONIST
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CASE STUDIES

Jet Engine Design and Requirement Verification

#

An engineering task:

“There is a need to design and produce
a jet engine that will have a compressor
as its part, and it will be able
to produce a minimal thrust of 700 KN”.

This simple example provides sufficient elements to
compare the approaches.

heaniiilles, 075 u




CASE STUDIES

Jet Engine Phase 2

 Add Components and Qualities
* Turbine, Fan Assembly, Ball
Bearing

* Turbine diameter, Ball bearing
load

* Run the same competency questions

heaniiilles, 075

compressor

Phase1
thrust 2 A kN

fan asmbly

part of has quality

diameterB £ C in

has quality ,( )

ball bearing

»

has capabilility s

load rating £ D kN
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CASE STUDIES

Jet Engine Competency Questions

Does a real engine have at least the same thrust as its design?
Does a turbine diameter of real engine have value as specified in the design?

Which (real) engines failed design specification?

heaniiilles, 075 s



Bio Process

The fed-batch production bioreactor unit operation

* The fed-batch production bioreactor unit operation consists of
two phases: growth phase and production phase. The growth

i Batch manufacturing
phase precedes the production phase. In both phases the pH development
MUST be kept at 7+ 0.1. To achieve this a pH controller is .
required as a process participant which has the capability to ;
control pH up to a precision of 0.1. The process specification B
prescribes to use either bioreactor instancel or instance2. In the = podscton ~  UPSTREAM Sl
run instance 1 was used. Both bioreactors are identical w.r.t. I
volume which is 3L. The unit operation duration is 21 days. s -
However, due to some in-process complications the run only T i "t
lasted 18days (we do not have to capture the in-process oresing  pursicy Pt
complications) just the duration difference. brrescior P (et st Comatography et il nd s

(in some cases)

17
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CASE STUDIES

Bio Process Competency Questions
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What is the difference of duration between actual and planned process?
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Protégé, GraphDB, SPARQL

21
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List of Tools

« Drawio editor
« yEd (Graphml) editor

* Protégé

« GraphDB
— Repository
— Knowledge graph exploration
— SPARQL queries

Ao snigllls OAGIISF
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22

T *ontotext




Drawio Editor

Filename: drawioOU-NIST-DA-ver3(op)_LIBRARY.drawio
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@ mro-cco-relations-ext-v3.graphml - yEd - X
" File Edit View Layout Tools Grouping Windows Help
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Ontologies

« BFO

* |OF Core

» Mfg-Planning (not used in the practice)
« Jet engine, Bio Manufacturing

« Example Data (A-Box)

heaniiilles, 075
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PRACTICAL WORKS

Hands-on Experience

26
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prescribes

PRACTICAL WORKS

Jet Engine Model Approaches

inheresin

bearer of

prescribes prescribes

prescribes  prescribes i 700kN

has
continuant part

has prescribed

has quanti
quality specification 4 ty
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PRACTICAL WORKS

Use Case Description

Component Perspective

(Jet Engine)
O (Compressor )
 (Turbine
O (Fan Assembly )

O ( Ball Bearing

e
((B) No Extracomponent | TRUE [ FALSE(a2) | TRUE | FALSE (al) |

Component test | TRUE | FALSE | FALSE || FALSE |

= OHIONJIST




PRACTICAL WORKS

Classes and instances [Jet Engine Phase 2 case study] showing in GraphDB

Jet engine
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SPARQL Query b — CR approach

Does a real engine have at least the same thrust as designed? (minimum of 700 kN)

SELECT ?engine ?thrust ?realthrustValue ?spec ?engdesign ?thrustdesign ?thrustDesignValueExpr ?isSatisfactory
WHERE {
?engine rdf:type jeb:JetEngine. # find engine and its thrust
?spec cr:prescribesActualEntity ?engine.
?engine core:hasQuality ?thrust.

?thrust core:hasValueExpressionAtAllTimes ?thrustValueExpr. # find the thrust value
?thrustValueExpr core:hasSimpleExpressionValue ?realthrustValue.

?spec cr:prescribesDesignedEntity ?engdesign. # find the engine design from associated spec
?engdesign core:hasQuality ?thrustdesign.

?thrustdesign core:hasValueExpressionAtAllTimes ?thrustDesignValueExpr. # find design thrust value
?thrustDesignValueExpr jeb:hasLowerBoundValue ?designThrustValue.

BIND((?realthrustValue >= ?designThrustValue) as ?isSatisfactory) } # compare them

heaniiilles, 0715 0




SPARQL Query b — ICE approach

Does a real engine have at least the same thrust as designed? (minimum of 700 kN)

SELECT DISTINCT ?jetEngineDesignSpec ?jetEngine ?designedThrustValue ?realThrustValue ?isSatisfactory
WHERE {

?jetEngine rdf:type jet:JetEngine. #retrieve all individuals that are jet engines
?jetEngine core:hasQuality ?thrust.

?thrust core:hasValueExpressionAtAllTimes ?thrustValueExpr. #retrieve thrust
?thrustValueExpr core:hasSimpleExpressionValue ?realThrustValue.

?jetEngineDesignSpec rdf:type jet-ice:JetEngineSpec. #retrieve all designs for the jet engine
?jetEngineDesignSpec core:prescribes ?jetEngine.

?jetEngineDesignSpec core:prescribes ?thrustSpec.

?thrustSpec bfo:BFO_0000110 ?thrustDesignValueExpr. #retrieve thrust specification value
?thrustDesignValueExpr jet-ice:hasLowerBoundValue ?designedThrustValue.

BIND((?realthrustValue >= ?designedthrustValue) as ?isSatisfactory) } #compare them

heaniiilles, 0715 "




PRACTICAL WORKS

https://github.com/ohio-ontology/IOF-DigitalThread-Tutorial/




<€pmtégé
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Setup Protégé

File Edit View Reasoner Tools Refactor Window Help

+f2f-2024-DigitalThread (http://simpom.ohio.edu/examples/f2f-2024-DigitalThread/)
Active Ontology x Entities x Individuals by class x DL Query x SPARQL Query x

Ontology IR http://simpom.ohio.edu/examples/fo—2024-DigitaIThread/ |
Ontology Version IRI

Annotations

Figure 1: Setting Up an IRI for Your Ontology

Choose a format to use when saving the 'f2f-2024-DigitalThread' ontology.

(If you are unsure as to what format to choose, we recommend that you use
the standard RDF/XML format, or a widely supported format such as Turtle)

RDF/XML Syntax

OK |Cancel

Figure 3: Selecting an Ontology Format

PRACTICAL WORKS

% Plear

Save In: = f2f-10F

File Name: EZf-2024-DigitaIThread.rdf l

Files of Type: All Files

BhJu!.

Save Cancel

Figure 4: Choosing a Location to Save Your File.

heaniiilles, 0715
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PRACTICAL WORKS

DRSS
.
Import Ontology File

q ['Import an ontology contained in a specific file.]
Import an ontology contained in a document located on the web.

File Edit View Reasoner Tools Refactor Window Hel impeickanankelagyibat s a]read,y loa_dEd vt e —_
Import an ontology that is contained in one of the ontology libraries.

. ar]-

e
; Active Ontology

|Ontolog

~ntnlagy 85 (http://www.semanticwe
1 ndividuals by class DL Query SPARQL

Ontology IRIhttp://www.semanticweb.org
Ontology Version IRI

Continue Cancel

Annotations
Figure 6: Import Ontology Wizard.

Please specify the path to a file that contains an ontology. You can use the browse button

to show a file chooser dialog.
z Path

Recent locations

C:\Users\ss748014\Desktop\Desktop\f2f-lIOF\f2f-2024-DigitalThread.rdf
C:\Users\ss748014\Documents\GitHub\IOF-DigitalThread-Tutorial\examples\jet-engine\je

I - C:\Users\ss748014\Documents\GitHub\IOF-DigitalThread-Tutorial\examples\jet-engine\je
|Imported ontnlogies: C:\Users\ss748014\Documents\GitHub\IOF-DigitalThread-Tutorial\examples\jet-engine\je

. LAl mmal 2T AOND AL Py ms s o) ) Ll LT P st alThvanad Tobaciall aicmmamlas)ins amalo;al !“»
Direct Imporig

Ontology imports Ontology Prefixes General class axioms

Manually specify import declarations.
Indirect Imports This is generally not needed as Protege will choose a reasonable default.

Go Back Cancel

Figure 5: Importing Ontology File.

Figure 7: Browsing File to Import.

e
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Import Ontology File

Look In: import

PRACTICAL WORKS

p—"

*Annota
bfo-2017

‘catalog
Corerd “GitHub

ser.rdf IOF-DigitalThread-Tutorial
-ontologies

File Na
Files of

Ontology imports Ontology Prefixes General class axioms

ported O OI0JIE

Direct Imports)

Open Cancel

Figure 8: Locating Ontology File for Importing.
[

The system will import the following ontologies. Press Finish to import these ontologies, or Cancel to exit the
wizard without importing any ontologies.
i file:/C:/Users/ss748014/Documents/GitHub/IOF-Digital Thread-Tutorial/ontologies/import/Core.rdf

Go BackCancel

Figure 10: Import Ontology Wizard (3).

OAGi! gj:

<https://spec.industrialontologies.org/ontology/202301/core/Core/>

Core

Ontology IRI: <nesuspecmsosmonoi: -

Version IRL; <wpss At

Location: Cusssszs peaioTioaepmpagCore 1o

Indirect Imports

<https: //spec.industrialontologies.org/ontology/202301/core/meta/AnnotationVocabulary />
AnnotationVocabulary
Ontology IRI: <nmsuspecinaussaiorotoges segionn
Version IRI: <m

a8t ractomasy ctano
<http://purl.obolibrary.org/obo/bfo/2020/bfo.owl>
bfo
Ontology IRI: <mwsmatsvoroay

Version IRI: <wpiuse

Location: Cuuswssszisiesecm

onts G LNOF Digita Ty ad Tutariafontologiasimperibi 2020 ow

Figure 11: Imported Ontology View (Direct and Indirect Imports).
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PRACTICAL WORKS

c re ate c I a s s e s Classes Object properties .@iw Reasoner Tools Refactor Wir}f’ NOTE: Other Way e add -

2 )
material arti . subclass is to go to Edit (Figure 13
é‘& marked as ‘2’), then select Create
G b-hi h tab indented t{ i :
'1 T At Child (Figure 13 marked as '3’), or
o — BT simply use the shortcut Ctrl + E (or
t ._gtznemaélv t:eper:_dent u:_ontmuant " Duplicate selected class...
T~ Independent continuan T
- Find... \ Cmd + E on Mac). y
+ “'material entity' N -
» “agent Create new Ctrl+Alt+Shift-€
“‘fiat object part’ : .
“'maintainable material item’ 3 E": ESh'h £
“'material component’ reate sibling trl+Shift-

“*material product’ Convert to orimitive class Ctrl-p
; z = File Edit \ “'material resource’ s
File 3 View Reasoner Tools Refactor W 0 == ks NameJeténgine ] 4

" 'material artifact’

f-2024-Digita 3 (httpj//s‘lmp(h:;ﬂ"eo Rend “ assembly IRL:http://simpom.ohio.edu/examples/f2f-2024-DigitalThread/JetEngine
7 T g /Annotat Rend “'piece of equipment’ N i ions...
Active Ontology #{Entities | " iiduals by Casses gong “person o o oty options
Annotation prope B:] pes Ind®EEE ', 20ject nggregata’ OK__ Cancel

Classes Object probertit_és Jata Prop. g -Displ

Class hierarchy: owl:Thing “Displ Figure 13: Adding Class.

"Displuy wiurimimwns mur nuys wines

3 -Display deprecated (obsolete) entities
*Show the imports closure of the active ontology
2 Show all loaded ontologies

Show only the active ontology
Expand all

Figure 12: View All Imported Classes.
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PRACTICAL WORKS

Create Individuals o

IRI: http://simpom.ohio.edu/examples/f2f-2024-DigitalThread/je1

New entity options...
File Edit View Reasoner Tools Refactor Window He

< +f2f-2024-DigitalThread (http://simpom.ohio.e

Active Ontology x Entities x Individua

s 'NOtation properties  Datatypes

- asses Object properties Data
dividuals:

wpic
*rel Z

OK  Cancel

Figure 15: Create a new OWLNamedIndividual.

ml Class expression editor Cl
Data restriction creator ~ Object re

¢ released

Individuals
ties

- @
Same |~ ~4ui 3

Figure 14: Create an Individual (Instance). Differe 2 vi

OK Cancel

Figure 16: Class Assignment for an Individual.

A snigllls OAGIISF 38




PRACTICAL WORKS

Object Property Assertions

Individuals: je1

Description: jel ____ —|Property assertions: jet
ol Types Object property assertion :
* JetE ngine

P Same Individual As €3 Data property assertions 2
o released ect property assert
+th1-720 1 has component part at some time ta property assertions

3 (Tip: Use CTRL+>pace to auto-complete names)

5 OK [ancel
Figure 17: Object Property Assertions.
[ ]
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Practice on Protégé! (test?)

1. Whilein Protégé, navigate to File (located at the top left corner of the application) and select
Open... Note** If there is a dialog box called “Open in current window” appear, select “No” for
this scenario.

2. Navigate to the tutorial folder and locate the file named “jet-engine-CR-forPractice.rdf”

a) For this example, it is found in - |OF-DigitalThread-Tutorial-main (this is the folder extracted from
the ZIP file downloaded from GitHub) = IOF-DigitalThread-Tutorial-main - examples - jet-engine

b) You can either double-click on the file “jet-engine-CR-forPractice.rdf” or select the file, then click
“Open”.

3. Assignments (refer back to sections 1.4 and 1.5 if needed for guidance):

a) Add an individual named “c-DS1” (for compressor’s design specification)

b) Assign the Types in the Description View to c-DS1 as DesignSpecification, which is a class
from the IOF Core ontology. Note** c-DS1 is an acronym for compressor's design
specification number 1.

c) Add multiple Object property assertions:

i. prescribesProducedEntity cl Note** the properties CR:prescribesProducedEntity and
ii. prescribesProducedEntity c2 CR:prescribesDesignedEntity are part of new Object
iii. prescribesDesignedEntity c-d1 properties currently under proposal.

A snigllls OAGIISF 40




PRACTICAL WORKS

Build Ontology in Protégé (Ex. Jet Engine phase 2)

<4 jet-engine-2ed-base (http://simpom.ohio.edu/examples/jet-engine-2ed-base/) : [C:\Users\sormaz\Documents\GitHub\ou-nist-project\examples\jet-engine-2ndPhase\jet-engine-2ed-base.rdf] - X
Eile Edit View Reasoner Tools Refactor Window Help

< @ jet-engine-2ed-base (http://simpom.ohio.edu/examples/jet-engine-2ed-base/) hd Q

) entity ) continuant ) independent continuant ) material entity ) object ) MaterialArtifact ) jet engine

Active ontology = Entities x  Individuals by class x DL Query x SPARQL Query x

Annotation properties Datatypes Individuals = @ jet engine — http://simpom.ohio.edu/examples/jet-engine-2ed-base/JetEngine
Classes Object properties Data properties Annotations | Usage
Class hierarchy: jet engine RIS mx [ Annotations: jet engine =1 1] =]0lES]
u |:+ ) Asserted ¥ Annotations
¥ @ object rdfs:label  [language: en]
¥ © MaterialArtifact jet engine
¥ @ Assembly
@ fan assembly
- @ ball bearing

@ compressor
4 engine |
- € PieceOfEquipment

] Asserted in: http://simpom.ohio j gine-2ed-base/ |
- @ turbine  — -
- @ Person Description: jet engine RIDEm
object aggregate i
e GroupOfAgents Equivalent To
¥ & OrganizedGroupOfAgents
¥ Organization SubClass Of

e BusinessOrganization
© Manufacturer
v @ system
- € EngineeredSystem
- € RawMaterial
specifically dependent continuant
quality SubClass Of (Anonymous Ancestor)
@ diameter
: : ::l::':t"a' quality @ ‘continuant part of only continuant
¥ @ realizable entity
@ disposition
¥ @ cCapability

e MaterialArtifact

General class axioms

@ 'continuant part of only ‘independent continuant'

@ 'has continuant part' only
(site or 'material entity' or 'continuant fiat boundary’)

@ ‘continuant part of only ‘material entity'

¥ @ function :
@ BusinessFunction o ObJECtI
@ load ratin and (‘bearer of some
. (function

- @ MeasurementCapability

Git: main To use the reasoner click Reasoner > Start reasoner ¥ Show Inferences

OAGi | gj:

"
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PRACTICAL WORKS

Populate Instance Data in Protegé (Phase 2)

<4 jet-engine-2ed-base (http://simpom.ohio.edu/examples/jet-engine-2ed-base/) : [C:\Users\sormaz\Documents\GitHub\ou-nist-project\examples\jet-engine-2ndPhase\jet-engine-2ed-base.rdf] - X
Usin Reasoner File Edit View Reasoner Tools Refactor Window Help
g < @ jet-engine-2ed-base (http://simpom.ohio_edu/examples/jet-engine-2ed-base/) & Q

> entity> continuant > independent continuant> material entity> object> MaterialArtifact > jet engine
Active ontology x Entities = Individuals by class x DL Query x SPARQL Query x
Annotation properties Datatypes Individuals =@ je1-satisfied — http://simpom.ohio.edu/examples/jet-engine-2ed-base/je1-satisfied

Classes Object properties Data properties Annotations | Usage

Individuals: je1-satisfied M= m G | Annotations: je1-satisfied FO=EEX
¥ X

@ dia1valueExp

@ dia2

@ dia2valueExp

@ dia3

@ diasvalueExp

@ dias

@ diadvalueExp

@ fanA1 — . " . .

@ fana2 Description: je1-satisfied [21 (11 5 ] [x] § Property assertions: je1-satisfied H=10]E

. fanA3 Types Object property assertions

@ fanA4
jet-satisfled @ ‘jet engine’ BN hasComponentPartAtSomeTime fanA1

. je2-extra-artifact B hasComponentPartAtSomeTime tu1

. je3-no-turbine Same Individual As Bl hasComponentPartAtSomeTime c1

’ jed-no-comp-extra-artifact BN hasQuality th1-710

@ 10adR-DSValueExpr Different Individuals B 'has proper continuant part at some time' fanA1
loadR1

: loadR1ValueExp B 'has proper continuant part at some time' tu1

. loadR2 B 'has proper continuant part at some time' c1

. loadR2ValueExp B 'has continuant part' fanA1

. loadR3 B 'has continuant part' tu1

. loadR3ValueExp

. loadR4 B 'has continuant part' c1

’ loadR4ValueExp W specifically depended on by' th1-710

. Provisional B 'bearer of th1-710

@ Released

OAGi |5€F 42
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PRACTICAL WORKS
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Log In to the GraphDB

2.2 LogIntothe GraphDB

PRACTICAL WORKS

GraphDB

C [  ANotsecure ec2-3-147-127-83.us-east-2.c.. Y& L} =

1. To access the remote location provided by OntoText, connect using the following details:

d.

m a0 o

URL: http://ec2-3-147-127-83.Us-east-2.com@rPY8Hi-kMNgA7o*Fpute.amazonaws.com/
Shortened URL: https://bit.ly/iof2402

This GraphDB port availability is thru 2024-07-09.

Username: <last name> (all in lower cases)

Password: <first name> (all in lower cases)

2. Ensure to verify the URLs and credentials provided for accuracy and security compliance before attempting to
connect (Figure 19).

heaniiilles, 0715 “
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PRACTICAL WORKS

Create GraphDB repository
. ss-DigitalThread-CR 2

Setup a Repo & Import Data

2.3  Setup a Repository and Import Data
GraphDB

Inference and Validation

1. Loginto GraphDB (session 2.2 procedure 1 Log In to the

OWL2-QL (Optimized) b .‘!‘m

GraphDB). &) import
2. Inthe Main Menu as shown in Figure 20, click on “Setup”

(labeled as 'E’), then choose “Repositories”. @, Explore
3. Fromthe maininterface select the optionto i

. @ Create new repository . {+} sParaL
“Create new repository”
Monitor 8 Enable predicate lstindex

4. Choose "GraphDB I.erository"' £%) GraphB Repository £ seup

as the type of repository for this

tutorial.
5. Enter a name for your repository. It's recommended to use a
combination of your initials or unique letters and/or numbers,
followed by "-DigitalThread-CR", to make it easily identifiable.
6. When setting up Inference and Validation under the Ruleset
section, select "OWL2-QL (Optimized)" which is recommended Figure zo0: GraphDB Main Menu. | pumgy ..y
for the purposes of this tutorial.

Repositories

Users and Access :

Queries and Updates
My Settings

Connectors

Figure 21: Create GraphDB Repository.

C
7. Then at the bottom of the page click ‘Create’ . This will finalize the creation of your new repository
configured specifically for this tutorial.
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Setup a Repo & Import Data (2)

a. Path: IOF-DigitalThread-Tutorial-main > ontologies > import
b. Import ALL the files in the import folder, including:

i. Core.rdf

ii. bfo-2020.owl
iii. AnnotationVocabulary.rdf
iv. cr.rdf.

PRACTICAL WORKS

G 3 p hD B Q [ 55 DightalThread ncﬂ i en
Reposﬂar'cm Gra P hDB
&) impon rop-down to select a repOSItory I _t
- mport @
@’ Explore [ ss-DigitalThread-ICE - running b e -3 Impon
{-} sParaL Connected User data Server files
Monitor . @ Explore
{83 sewe & Upload RDF files
D £.1 spAaRQL

Fiaure 22: Repositories View (left) and Import View (riaht).

Select ] Pam—

@ Import

&, Core.rdf

& jet-engine-Base.rdf

& jet-engine-cr.rdf

& bfo-2020.0wl

recheck this

a. Jet-engine-Base.rdf S—
b. jet-engine-cr.rdf
Figure 23: Import Ontelogy Files.
15 oo NIST
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Explore Knowledge Graphs

Tt CNgme DoSTTTaoSToUWeET DUOTTaO v O TAT. Ty e e -
3 jet-engine-Base:hasLowerBoundValue rdfs:subP Graph settings
Maximum links to s
| jet-engine-Basdlje rdftype - = ®
% { http://simpom.ohio.edu/examples/jet-engine-Base/je1
Preferred languages
Jet-engine-Base:jel rdf:type >
= en x
jet-engine-Base:je2 rdf:type é ‘
jet-engine-Base:je2 rdf.type
/7

Figure 24: Locate a Specific Class or Individual.

isCounterpartOf has component part at some time

CT

N
&
XQBH

Types Predicates

©

3

@

o

3 hittp:/ivwww.w3.0rg/2002/07 fowtNamedindividual x
Z

s

g how | 4

] pes
je-DS1
Reset Save

Figure 25: Adjusting Graph Settings.
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SPARQL Query

PRACTICAL WORKS

L@ 4 [ ss-DigitalThread-ICE R en
SPARQL Query & Update Editor only [ETRSFRSTRSEEE Results only
PREFIX
U
PREFIX
PREFIX
PREFIX x =
PREFIX <https://spec.industrialontologies.org/ontology/core/Core/>
PREFIX <http://simpom.ohio.edu/examples/jet ine-Base/> ({))
PREFIX <http://simpom.ohio.edu/examples/jet-engine-cr/>
PREFIX <http://simpom.ohio.edu/ontology/cr/>
SELECT ?engine ?engdesign ?realthrustValue ?designThrustValue ?difference C%
WHERE {
¥ find engine and its t 5t m
?engine
, P hasAns sis Yananlan keyboard shortculs
' N
']
Table Raw Response Pivot Table Google Chart I Re s u I t s W l n d o w Download as
S ———
.
result options & et ettt i
engine < engdesign = realthrustValue = designThrustValue = difference =
. o

Figure 26: SPARQL Window View.
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SPARQL with Pivot Table Results

Table Raw Response Pivot Table Google Chart Get HTML snippet to embed results on a web page

/i Showing results from 110 4 of 4. Query took 015, on 2024-02-01 310253

| Table >

Table )

engdesign - [l realthrustValue - difference -3

designThrusiValue g

Count ~
Touls 4 | Sum over Sum v designThrustValue 4. [l realthrustValue .1, |l difference .y,

realthrustValue v | designThrustValue v

Figure 27: Pivot Table (Available Variables). p—
2=

Tabl ! ooy e d 670 690 710 720
gdesign ..
- -30 -10 10 20

Column

\Count v\ designThrustValue 3. [l realthrustValue 4. | difference 4. jet-engine-Base:je1 101 1.01
A jet-engine-Base:je2 )99 0.99

Rows desionThrus 70 e :
j i ;) 0.96 .96

[N 670 690 710 720 jet-engine-Base:je3
i Tdtal e
engdesign 4. s jet-engine-Base:jed 1.03] 1.08

10 20
Totals 096 0.99 1.01 1.03 1.00

engine 4. gdesign | engine
jet-engine-Base:je1 1 1
Jet-engine-Basesje2 1 1 Figure 29: Using Pivot Table for Simple Analyses.
crije-d1
jet-engine-Base:je3 1
Jet-engine-Base:jed 1 1

f;n'l:11114

Figure 28: Pivot Table Details.

QHICNIST
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SPARQL with Google Chart Results

Table

?engine rdf

Raw Response

Chart Config

type

Pivot Table

Google Chart

Chart Editor

Usa 15t column as labols

Rocommended charts - Vo -

E T

00 . el
— desgnTh

jor-engine-
Basajot

jot-angne-
Basejo?

jet-angine-
Basajed

jac-angine-
Basefod

Get HTML snippet to embed results on a web page

difference

keyboard shortcul

Query took

0.1, today at D247

[ realthrustValue
—— designThrustValue
difference

Figure 30: Google Chart Configurations.

PRACTICAL WORKS

Chart Editor

Start

Charts

E Line

Trend

More

Customize

: : : B realthrus..
S 3 W Y M designTh...
%—" -:'? 1.,," % I difference
i) ] ] ]
= 7 = =
E E E E
T &3 T &
52 2 B 5
o = H &
£} S =] =
g |5 5 s
=3 =] (=3 &
= o = i
S S S S
g E 3 E
- 2 2 2 2
= E E E—
12 g g g
= 2 & a
|2 b3 2 z
-200
jet-engi jet-eng jet-eng jet-engine-
Base:jel Base:je2 Base:je3 Base:jed

Figure 31: Google Chart Configurations (2).
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GraphDB

Create a New Repository: Start by creating a new repository. Name it something relevant to ICE
(Information Content Entity) to reflect the focus of this exercise.

2. Import Files: Import all necessary files into your newly created repository. Instead of importing jet-
engine-CR.rdf, import jet-engine-ICE.rdf. This change targets a different aspect of the ontology,
focusing on Information Content Entities.

3. Knowledge Graph Differences: Once you've imported the files, explore the Knowledge Graph.
Observe the differences compared to the CR (Counterpart Relation) model. Consider how Information
Content Entities are represented and related within this new context.

4. Edit SPARQL Queries: Adjust your SPARQL queries to align with the new ontology. This may involve
changing PREFIX definitions and other necessary components to ensure your queries are compatible
with the ICE-focused ontology.

5. Explore Result Functions: With your updated SPARQL query, run and explore the different result
functions available in GraphDB. Pay attention to how the results differ from those related to the CR
ontology and what insights they might offer regarding Information Content Entities.
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GraphDB Repository Setup

GraphDB

Import
&Y Explore
{+} sParaL
Monitor
{0} Setup
(@) Help

Import @

User data Server files

PRACTICAL WORKS

Q % jet-2ed - R en

(@ Help

=

Upload RDF files

<§) Get RDF data from a URL

f Import RDF text snippet

0
& bfo-2020.owl
L X @ @ Imported successfully in less than a second
&, Core.rdf
O X @ @ Imported st
& AnnotationVocabulary.rdf
O ~
@ @ Import f
. & jet-engine-2ed-base.rdf

@ © Import

A snigllls OAGIISF
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@_,) Import
@ Explore

SPARQL

Monitor

Queries and Updates

System

{’é} Setup
® Help

SPARQL Query & Update o

14

16

#11.Which phases occurred according to the plan?

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs: <http://www.w3.org/2008/81/rdf-schema#>

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

PREFIX core: <https://spec.industrialontologies.org/ontology/core/Core/>
PREFIX bfo: <http://purl.obolibrary.org/obo/>

PREFIX cr: <http://simpom.ohio.edu/ontology/cr/>

PREFIX bioph: <http://simpom.ohio.edu/examples/bio-process-base/>

PREFIX biopcr: <http://simpom.ohio.edu/examples/bio-process-cr/>

SELECT ?ActualPhases ?hasCorrectPhaseSeguence ?hasCorrectPhaseDuration ?
hasRequiredEquipment
((?hasCorrectPhaseSequence && ?hasCorrectPhaseDuration && ?
hasRequiredEquipment ) as ?0ccurredAccordingToplan)
WHERE {
{SELECT ?ActualPhases
(count(distinct(?PlannedFollowingSteps)) as ?
number0fPlannedFollowingSteps)
(count(distinct(?RealFollowingSteps)) as ?
number0fRealFollowingSteps)
?hasCorrectPhaseSequence
WHERE{
?has_participant_all rdfs:label "has participant at all

+imacRan

OAGi | giF

keyboard shortcuts

GraphDB SPARQL Editor and Results

Table Raw Response

ActualPhases <

http:#/
simpom.ohio.edu/
examples/bio-process-
base/cgp1

http://
simpom.chio.edu/
examples/bic-process-
base/cgp2

http://
simpom.chio.edu/
examples/bio-process-
base/cgp3

http://
simpom.ohio.edu/
examples/bio-process-
base/cgp4

http://
simpom.chio.edu/
examples/bio-process
base/cpp1

http://
simpom.chio.edu/
examples/bio-process-
base/cpp2

54

PRACTICAL WORKS

Q [ jet-2ed [ en
Editor only Results only E

Pivot Table

Google Chart

A\ Showing results from 1109 of 9. Query took 0.1s, on 2024-01-02 at 11:38

hasCorrectPhaseSeque hasCorrectPhaseDurati OccurredAccordingTopl

hasRequiredEquipment
nce < on = i o o an <
s
"true”™” “true" s boolear e =t vooka “true™”
trije"™#sdthoolean “false”"*59 “truet*%sdbooka *false™odbodlean
“false” = “false™*sd 5 fftijg! St hoclear *falge”™"xsdboolean
T sdboslean g ¥sdhoolta trug ™ ¥sdhoolear e Hsdboslean
“true™" “falga"" gD *trye™"*sd:boolear *falge™™ lear
"trye"**xsdboclean *falge™"xsdboolean “true""xedboolear *falge™Xsdboolean
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GraphDB Explore Repository

Visual graph o

QS5 E2Qe
(—»]Dlmport

@ Explore

Graphs overview

Jet engine

2670 th4-720
th1-710 th2-690
Class hierarchy

* thrust
Class relationships

a2

Visual graph

Similarity quality
diameter

{+} sparaL

F has quality . ‘k has quality dia? ;‘ ; ras qualty (S fia A
Monitor 1 i 2 £ g tud

| fanAl fanA2 fanA3 fanA4
{{)} Setup \_f“\ i o - Yoy o8

® Help BBAY " Loadry bb2 " LeadR2 bb3 LoadR3 o o - Loedis

assembly

compressor

wibine =™ — | U3 diad

tan assembly

subClassO!
ball beanng loadrating capability
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Importing Data into GraphDB

* We can import the data in CSV format
* Ontotext refine is tool to import data
* Procedure
— Inspect CSV file and underlying ontology
— Design the mapping from CSV columns into ontology
— Define mapping visual editor
— Refine mapping SPAQRL in text editor
— Execute the SPARQL query
— Export the RDF file
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Jet Engine Sample Data

Simulated data about 10 engines

* The example has data with missing values

. A : B : @ : D : E : F : G : H
1 engine compressol turbine fan Assy  Ball bearingload diameter thrust
2 |jel el tl fal bb1 0.915 47.9285 695.5
3 je2 c2 t2 fa2 bb2 0.903 48.0813 697.7
4 je3 13 fa3 47.9494 696.0
> jed c4 t4 48.0423 702.3
6 je5 cS fa5 bb5 0915 692.8
7/ |je6 cb 16 fab bb6 0.904 47.9745 707.9
8 je7 cl | 7 fa7 bb7 0.916 48.0051 708.1
9 je8 fa8 bb8 0.911 699.5
10 jeS c9 t9 fag 48.0730 705.9
11 jel0 cl0 t10 fal0 bb10 0.914 48.0339 700.2

= OHIONNJIST
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Mapped Example Data in Protege

<«| actual-je (http://simpom.ohio.edu/examples/jet-engine-2ed-base/actual-je/) : [C:\Users\sormaz\Documents\GitHub\ou-nist-project\examples\jet-engine-csv\actual_je.rdf] - |} X
File Edit View Reasoner Tools Refactor Window Help

@ actual-je (http://simpom.ohio_edu/examples/jet-engine-2ed-base/actual-je/) A Q

Active ontology x Entities = Individuals by class = DL Query x SPARQL Query x
Annotation properties Datatypes Individuals = .je10 — http://simpom.ohio.edu/examples/jet-engine-2ed-base/je 10

Classes Object properties Data properties Annotations | Usage
M =mx | Annotations: je10 [E2]0 =] eS|

Annotations

Description: je10 IS m x| [ Property assertions: je10 [L=]0]E]

b4 Types Object property assertions

je2-extra-artifact

® ;es @ et engine’ Bl hasComponentPartAtSomeTime ¢10

@ je3-no-turbine B hasComponentPartAtSomeTime fa10

@ jes Same Individual As BN hasComponentPartAtSomeTime t10

. jed-miss-comp-extra-artifact B hasQuality th9

. jed4-no-comp-extra-artifact Different Individuals B 'has proper continuant part at some time' t10
jes

: J.:s 'has proper continuant part at some time' c10
J

. je7 B 'has proper continuant part at some time' fa10

@ jes B'has continuant part' t10

: jed B 'has continuant part' ¢10
lo0

. lo1 Bl 'has continuant part' fa10

. lo4 B 'specifically depended on by' th9

@ 105 B bearer of th9

: :O: N isSubjectOf je-DS1
o

PPN W nracerihadRy e N1

Reasoner active ¥ Show Inferences
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