15/11/2013

Centre

/ de Recherche
'QAA en Automatique
de Nancy
UMR 7039

SEMANTIC ANNOTATIONS FOR SYSTEMS INTEROPERABILITY
IN A PLM ENVIRONMENT

(ANNOTATIONS SEMANTIQUES POUR L'INTEROPERABILITE DES SYSTEMES
DANS UN ENVIRONNEMENT PLM)

Thesis Defence Ph.D. Student : Yongxin LIAO

14/11/2013

Thesis Directors: M. Hervé PANETTO
M. Nacer BOUDJLIDA
Thesis Supervisor: M. Mario LEZOCHE

UMR UNIVERSITE
7039 DE LORRAINE

- Lorraine

A Quick Overview of the Research Problem
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Research Context and Background

Research Context

Interoperability
(IEEE, 1991) (Commission, E., 2004)

Semantic Interoperability
(Boudjlida & Panetto, 2007)

Semantic Enrichment
(Parent & Spaccapietra 1998)

Product Life Cycle
(1950s) (Rink & Swan, 1979)

Product Lifecycle Management
(1990s) (Ameri & Dutta, 2005)

Knowledge
(Ackoff, R.L., 1989)

Knowledge Representation
(Davis et al. 1993)

Ontology Model

(Gruber, T.R., 1993)  (Miller & Mukerji 2003)

?Semantic Annotation
(Boudjlida & Panetto, 2007)

Product Life Cycle

Semantic Relationship

15/11/2013
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Research Context and Background

Research Problems

Based on this research context, this work is proposed to deal with
the following main research problem:

What are the essential elements of a semantic
annotation and how can formal semantic annotations
contribute to the semantic interoperability in a PLM
environment?

Gan

Yongxin LIAO 6 14-11-2013




15/11/2013

Research Context and Background

Background Investigation

Target Knowledge Representation (TKR)

(Liao et al 2013)

Structure Semantics

“Drawings”
(Liao et al 2013)

(Miller & Mukerji 2003)
Model

(Miller & Mukeriji 2003): . .
Domain Semantics

“Text”
(Liao et al 2013)

(Miller & Mukeriji 2003)

[ mspL ontology — (owr)

Knowledge Representation
(Davis et al. 1993)

CMM| ontology  (User-defined)
PLC-related Ontology  e& ontosier (o)
(Liao et al 2013) SCOR-Full ontology (OWL)
ONTO-PDM (Class Diagram)

Ontology

(Gruber, TR., 1993) Bunge-Wand-Weber (Theory)

General Process Ontology (OWL)

Meta-model Ontology ez perinet ontology (ow)
(Liao et al 2013) Activity diagram ontology (User-defined)
| BPMN Ontology (owr)
(RN\ Ontology-based Knowledge Representation (OKR)
Lioo ot ol 2012)

i Yongxin LIAO 7
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Research Context and Background

Background Investigation

|  Ontology

Model <

(Miller & Mukeriji 2003)

Annotation
(Oxford Dictionary Online)

e.g texts, underlines, highlights, images and links

Semantic Annotation
(Boudjlida & Panetto, 2007)

(Gruber, T.R., 1993)

(1) Machine readable and processable
(2) Formal and shared terms

Semantic Annotation for Web Services
(Talantikite et al. 2009), (Patil et al. 2004), (W3C 2007)

Semantic Annotation for Texts
(Vargas-Vera et al. 2002), (Patil et al. 2004), (Ma et al. 2011)

Reading and Writing .ngre;mm/'ﬂg
mem— Semantic Annotation for Models
= (Boudjlida, et.al 2006), (Song, et al. 2012), (Bergamaschi et
. al. 2011), (Li 2012) (Attene et al. 2009), (Lin 2008), (Di
m Francescomarino 2011)
(.?A"\ Advertisement
i Yongxin LIAO 14-11-2013
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Research Context and Background

Background Investigation

Research Context and Background

Postulates and Research Focus

Existing Drawbacks

1) Lack of a formalization of semantic annotations that is able to be used for
the semantic enrichments of different kinds of models;

2) Lack of a mechanism to combine both structure and domain semantics
together to contribute in the inference process.

3) Lack of a mechanism to assist the detection of inconsistencies between
semantic annotations and the identification of conflicts between annotated
objects.

G
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Postulates
H1 All the knowledge that is needed for the semantic enrichment of models
has already been captured, represented and formalized.

H2 The corresponding interconnections among all the used ontologies have
already been prepared.

H3 The semantic similarity between two objects can be compared.

Research Focus
Formalization of Semantic Annotations for Assisting Semantic Interoperability in
the model level

G
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Overview of the Method

15/11/2013

Step 1. Preparation of OKRs

Step 2. Creation of Semantic Annotations
Schema

Step 3. Creation of Reasoning Rules

Step 4. Explicitation of Structure/Domain
Semantics

Step 5. Configuration of Reasoning
Parameters

\ f Hypothesis 1

j\- Hypothesis 2
f Meta-model of a Semantic Annotation

\L- Formal Definitions

- Semantic Annotation Suggestion
- Inconsistency Detection
- Conflict Detection

- Semantic Annotation Schema (from step2)
- Semantic Block for Semantic Description
- Hypothesis 3

f Semantic Block for Semantics Substitution

Al Hypothesis 3

- Formal Semantic Annotations (from step4)
- Reasoning Rules (from step3)

- Reasoning Parameters (from step 5)

14-11-2013

Research Context and Background | Formalization of Semantic Annotation| SAP-KIVI| Case Study| Conclusion and Discussion

Meta-model of a semantic annotation

“ TKR, OKR and SASM
* TKR: Target Knowledge Representation
* OKR: Ontology-based Knowledge Representation

. . Mela-model
+ SASM: Semantic Annotation Structure Model Ontotogy
Target Knowledige =
[1.-
Structure ([Etement of o Meta-
— 3 Cconans 4' Semantics mudel Omology
1
1r | N \[ ! =
Element of a Semantic
ot o] Enowledge
TRR srociais|  Annotation FRopeosontelion
1
| R a0 Dumain Elemunt of a PLO-
N 1.°| ralated Ontology
cantaing
PLC relaled
Ontalogy
The Meta-model of a Semantic Annotation
Yongxin LIAO 12 14-11-2013




Formalization of Semantic Annotation

Formal Definitions

E is a set of elements from a “TKR” “Structure Semantic” of a “TKR”

SA = (E,P,SR,MME, MR)

“Domain Semantic” of a “TKR”
Whatis P ?
(1) - Let o, be an ontology
- Letoall,, be composted of a set of ontology
element oeoxy(Concept or Relationship).
Ox

(3) Let Uy, epo 0all,, be the arbitrary union of elements in PO
Uo,epo0ally, = {oegxyl(flox)(ox € PO/\oeoxy € oall, )},

05 = (Coy Ro,p Ao,)

oally, = {neuxy|neaxy €Co UR,} Us.epo 0ally
x! x

(2) - Let PO be a set of PLC-related ontologies (4) Then P is one subset of U, _¢pp 0all,,

PO = {poy, poy, ..., pOx} P = {p1, D2 . D}

P € P(Ug e 0all,,).

Gan
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Formalization of Semantic A

Formal Definitions

Eis a set of elements from a “TKR” “Structure Semantic” of a “TKR”

SA = (E,P,SR,MME, MR)

“Domain Semantic” of a “TKR”

Whatis SR?
- SR is a setof binary ions that describe the
Givene; € Eandp; € P

sr:={(e;, p;)|sem(e;) and sem(p;) are equivalent};
srs: = {(e1,p;)|sem(e;) is more general than sem(p))};
ste:={(e1,p;)|sem(e;) is less general than sem(p)};
stn: = {(e1,p;)| e; and p; have common semantics, (e;, p;) & sr.UsrsUstc};
sri:={(es, p;)| & and p; have not common semantics}

ei ) Q ) CL/ ) ) )l
Pj ;. P; Pj
ST ST

fromE to P.

ST STy, STy
(.'ﬁ{a uivalent to subsumes is subsumed by intersects is disjoint with
il Yongxin LIAO 14 14-11-2013
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Formalization of Semantic Annotation

Formal Definitions

E is a set of elements from a “TKR” “Structure Semantic” of a “TKR”

SA = (E,P,SR,MME, MR)
“Domain Semantic” of a “TKR”
Whatis MME?
(1) - Let o, be an ontology

- Letoall,, be composted of a set of ontology

element oeoxy(Concept or Relationship).
Ox

Whatis MR?

-MR is a set of binary relations that describe the semantic
relationship from E to MME. Given e; € E and mme;, € MME

05 = (Co,,Ro,, Ao,)

oall, = {Deoxy|oe,,xy € Co, UR,,}

mry,: = {(e;, mme,)| e; is an instance of mme;}

(2) - Let mmo, be an meta-model ontology
- Then MME is composted of a set of ontology
element mme; (Concept or Relationship).

mmoy = (Cmmo,» Rmmo, Ammo,)

MME := {mme,|mme; € Cinmo, U Rinmo, }

mmo,

Gan

Yongxin LIAO 15 14-11-2013

Semantic Blocks

SBaio: = (Aaiun Baio)v

Semantic Blocks for

Semantic Description
(Liao et al. 2013)

Semantic Block
(Yahia et al. 2012)

Semantic Blocks for

Semantic Substitution
(Liao et al. 2013)

Formalization of Semantic A

An example

Let a; be the selected main entity of SB,_ .

Let By, = {b7,6, b7 5, be 2} be the selected relations.
The procedure to get A, is as follows:

(D) Ag, 0 = {as}
(2) b6, by,5 € By,; (a7,a6) = byg; (a7,a5) = bss
“Ag,1 = {ag as}
(3) bg2 € Ba,; (a6, az) = bg2;
“Ag, 2 = {az}
Aq, = Aa,0 U Ag,1UAg,2 ={ayas0a6,a7};
SBy,: = (Aq, Ba,)

Gan

Yongxin LIAO

16

14-11-2013




Formalization of Semantic Annotation
Reasoning Mechanisms- Semantic Annotation Suggestion

Semantic Annotation
(Boudjlida & Panetto, 2007)

Initial Semantic Annotation
Li t al 2013
(Liao et al ) W (Liao et al 2013)

An Example

Domain Semantics of “Turning” and “Lathe” from Wordnet

Turning: the activity of shapin on a lathe

Lathe: the machine tool for shapin

has input

“metal or wood”

/

Domain Semantics of “Turning” and “Lathe”

Gan

Inferred Semantic Annotation

g metal or wood

Yongxin LIAO
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Semantic Blocks

SBay,:= (Aay, Bay,

(Liao et al. 2013)

Semantic Block
(Yahia et al. 2012)

Semantic Blocks for

Semantic Substitution
(Liao et al. 2013)

SBRai,a,-: = (Aai,a,-'Bai,aj)

Gan

Semantic Blocks for
Semantic Description

For example

TargetRef
e \\‘
Task § 9 SequenceFlow
) SouirceRef !
' ’
! 7
TargetRef
SuurceR}e’f_ T I: Ta’rgelRef
Data()hjcct§ o
\ _+ Association

TargetRef ===~

§BRoatobjectrask  Meta-Model (OMG 2011)

(1) Relation Explicitation Rule
- A:{a1,az,n3,a4,ns,aé,a7,a5,ag, 10,115 ﬂlz}
= B={by,6b6,5.b4,5,b5,7.b87b2,3.b7.9, b3.11,

bu1,10.b9,10.b10,12}
where

(2) Delimitation Rule(SBRg,q;)

Select “DataObject” and “Task”

ApataobjectTask = {"Association""SequenceFlow"}

Bpataobject,Task = {"SourceRef""TargetRef"
"TargetRef"}

a,,a,,azare instances of DataObject SBRpataobject Task’ = (Abataobject Tasko

ay,a7, a;q are instances of SequenceFlow

as,aq,a;, are instances of Task

ag,ag,a;; are instances of

Bpataobject,Task)

by 6,028, b311,bs 7, bo 19 are SourceRef
be,s5,b8,7.011,10, ba,5,b7,9,010,12 are

Yongxin LIAO
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A jon| SAP-KM| Case Study| Conclusion and Discussion

Research Context and Background | F ization of S

Reasoning Mechanisms- Inconsistency Detection

Research Context and Background | Formalization of Semantic Annotation | SAP-KIV | Case Study| Conclusion and Discussion

Reasoning Mechanisms-Conflict Identification

Inconsistency Detection Table
| Lesp | esp | eoep | eomp | conp |

Let the e; be annotated by p, and p,, T @peprpy @pepripy  @peprspy  @peprapy  @pepripy
i. Given the ani (@Others  (0)Others  (j)Others  (¢) Others (©)Others.
i. Gi h i i ip b pyand py,
PT~, P15y PYcy PTn, PTL
ii.  Detection results AT @papapy Opcpripy @pcprapy ®ppropy  @pipripy
(@  say and say, are consistent with each other (¢)Others Peprapy  (©)Others Pe PPy (©) Others
3 7
(b)  sa, and sa, are possible consistent with each other ’:Z’;n';yy et
(c)  thereis an inconsistency between sa, and sa,, DDy
. . - @pepre by @Pepredy| O pxpr-py  bfpenrepy ) px prepy
An example of Inconsistency Detection (©)Others (©)Oth Peprepy PPy Pe Do Dy
p1= &AIPL;3mBar &AIPL;hasLength &AIPL;3mBarlLength Pepropy  (c]Others PxPTLPy
&AIPL;3mBar rdfs:subClassOf &AIPL;Bars PePTa Py @
&AIPL;3mBar &AIPL;hasMaterial &MSDL;Aluminum (c) Others
&AIPL;3mBarLength &AIPL; meters 3 (@ prfn i TR o e
ST &AIPL;Bars rdfs:subClassOf &AIPLRawMaterial |
e N Py
1Py

ST p1g=&MSDL;TInputs &MSDL:hasMaterial only
unionOf (&MSDL;Wood or &MSDL;Metal)

Pis Tom eq

e (b) pye p7 Dy

€i ST Py

(@px
©ot

ecs1ypy

P17=&AIPL;Tinputs &AIPL;hasMaxLength value  &AIPL;TO1MaxLength
&AIPL;TO1MaxLength &AIPL;meters 1
P17 &SANS;isInferredFrom eq

Dx P75 D L

DPx PTn Py

" P18 PTc P1 P17 PTL P1 P18 PTn P17
Qe e

Eloro

Yongxin LIAO 19 14-11-2013

Conflict Identification Table

Let the e; be annotated by p, and p,,
i. Given the semantic relationship between p, and p,,
P, P15,y PTcy PTn, PTL

i.  Detection results
(@  sayand sa,, are consistent with each other
(b)  sayand say are possible consistent with each other
(c) there is an inconsistency between sa, and sa,,

An example of Inconsistency Detection

~.The sa, one; isan Initial Semantic Inferred Semantic
™ nnotation Annotation (inferred from the
semantic annotation of e; )

Between e; and e;, one of
them is possibly wrong

Between e; and ey, (ife; #
e): one of them is possibly
wrong

Between e; and ¢;, one
of them is possibly wrong

p1= &AIPL;3mBar &AIPL;hasLength &AIPL;3mBarLength
&AIPL;3mBar rdfs:subClassOf &AIPL;Bars semantic annotation of
&AIPL;3mBar &AIPL;hasMaterial &MSDL;Aluminum y
&AIPL;3mBarLength &AIPL; meters 3
ST &AIPL;Bars rdfs:subClassOf &AIPL;RawMaterial

T pig=&MSDLTInputs &MSDL:hasMaterial only
unionOf (&MSDL;Wood or &MSDL;Metal)

Pis €y

Because (1) p;; and py is in consistent with each other
(2) p; isinitial semantic annotation (of €)
(3) py 7 is inferred semantic annotation (frome; )

P17=&AIPL;TInputs &AIPL;hasMaxLength value &AIPL;TO1MaxLength
&AIPLTO1MaxLength &AIPL;meters 1
P17 &SANS;isnferredFrom eq

=>Between €3 and ¢, ,one of them is possibly wrong

C’?Aﬁ\ P18 PTc P1 P17 PTL P1 P18 PTn P17

Yongxin LIAO 20 14-11-2013
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Formalization of S

Semantic Annotation Framework

Semantic Annotation Procedure

(1) The Preparation Phase
TKR (by modeller)
OKRs (by knowledge engineer)
Semantic Annotation Schema
(by Plug-in developer)

(2) The Annotation Phase
Explicitation of Structure Semantics
(by annotator)
Explicitation of Domain Semantics
(by annotator)

(3) The Reasoning Phase
Configuration of Reasoning Parameters
(by annotator)
Reasoning (by annotator)

Gan

15/11/2013

Start 9

The Preparation Phase

!

I

!

Collection and
Formalization
of OKRs

Creation of a
TKR

Customization
of the SA
Solution

PO,Jmmo,

T
ol

Semantic

Explicitation
of

Structure
Semantics

Explicitation
of
Domain
Semantics

Schpma

The Annotation Phase

-

Legend
() Process
O Start/End
—> Flow
— Parallel

---- Line between|
Phases

<E,P, SR, MME, MR>

Configuration
of Reasoning
Parameters

Paramneters

Reasoning on
Semantic
Annotations

The Reasoning Phase

Reasonjng Rules

i Yongxin LIAO
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| F ization of S

Semantic Annotation Framework

Semantic Annotation Framework

(1) TKR Creation and Management module

(2) OKR Creation and Management module
(3) Knowledge Cloud module

(4) Reasoning Engine module

(5) Semantic Annotation and Processing Agent

] L/_UJL/LU...L/_”J

Product  Standards
Informpation

K=—>| OKR Creation and Management

Analysis of
Requirement

Product
Engineering

Manufacturing
Engineering
Production
Planning
Sales and
Distribution
After Sales
Service
Recycling

TKR Creation
and Management

Requirements

Knowledge Cloud

>orn

Engine

Interrelations.
<{—: Request and Feedback —»: Process Flow
—>: Collection

SAPA: Semantic Annotation and Processing Agent

= Formalization

Gan
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SAP-KM

Overview of SAP-KM
(Semantic Annotation Plug-in for Knowledge Management)

15/11/2013

= Development Environment Overview
* TKR Creation and Management module -> Mega Modelling Environment
OKR Creation and Management module -> Protégé OWL Editor
Knowledge Cloudmodule -> Microsoft Windows Folder System
Reasoning Engine module -> Jena OWL reasoning engine
Semantic Annotation and Processing Agent module -> SAP-KM Plug-in

L e |
Protégé OWL - .
SAP-KM Editor T e e [ e ey ey ey —— e
Plug-in S i oty (WP (] 8 Wi Foo B SR T
ey - —— 1] - - -

Aniz s v s
s Pt B Ty d i
(SRS

SAP-KM Overview

1

G

SAP-KM

Design and Implementation of SAP-KM

Elorio

Yongxin LIAO 23

14-11-2013

= The Design and Implementation of Annotation Phase

* Explicitation of Stctu re Semantics
Start

Select an element X ina
TKR Request for adding a
SA

O]

‘Acquire the ids and the names
of X and its dependent
clements

individuals in the
. e tepresents

class E, in wi

the model clement X.

Define the properties between
e; and its dependent elements

Select a meta-model ontology mmo,
Select a class mme; in mmoy. Then
mark e; as an instance of mme;

Set the properties between ¢;
and the selected dependent
clements as the sclected
properties

Mark the class Y as a sub class
of the class MME, and mark e;
as an individual of the class

mine;

Select a PLC-related ontology o, from PO;
Select a class or an individual 0o, in the
( Q A’\ ontology o as the main coneept of a semantic | @
block
=y
bl Yongxin LIAO 24 14-11-2013
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SAP-KM

Design and Implementation of SAP-KM

15/11/2013

= The Design and Implementation of Annotation Phase
- Explicitation of Domain Semantics

Design and Implementation of SAP-KM

SAP-KM

Select a PLC-related ontology oy from PO;
Select a class or an individual oeo, , in the ontology @

0, as the main concept of a semantic block

Create an individual p; in P and set
the “hasMainConcept” property from
the p; 10 0eo,,

Select aproperty and ts objectas the | (5)
contents of p;

Create a SBRelation individual for that property, -
and set the “hasSBRelation” property from p; to

this individual; Set the “hasSBEntity” property
from p; to the object of the select property

Acquire the selected class’s or
individual’s corresponding propertics
and the objeets of those properties

Select a sub property of SR to define the
semantic relationship from ¢; to p;

End .

G

Losio

Yongxin LIAO 25 14-11-2013

Acquire the existing SBR
creation rules and display them
to annotator

Yes
Create and save new rules for
the semantic block delimitation

Load the semantic annotations
and the rules to the generic rule
engine, and perform the
reasoning to identify all SBRs on
the individuals of E

Select an e; for defining the

‘Acquire all the interrelation properties of
e Acquire all the properties of the Main
Concept in one or more p; that used to

annotate ¢;

Suggest semantic annotations based
on the associations and the

;-

Acquire the list of annotated
individuals from E

¥

The Design and Implementation of Reasoning Phase
» Properties Association in Annotation suggestion

Yongxin LIAO

26

14-11-2013
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SAP-KM

Design and Implementation of SAP-KM

15/11/2013

* The Design and Implementation of Reasoning Phase
« Similarity Definition between two Domain Semantics
v

Suggest semantic annotations based
on the associations and the
corresponding p;.

Acquire all the individuals of the
class E, which have two or more
semantic annotations.

Define the semantic similarities
between two domain semantics
of the selected individual

G

Sruiirs Syrs | Do Semircs | vt Sespriten | wmannen

T )

SAP-KM

Design and Implementation of SAP-KM

Loia

Yongxin LIAO
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* The Design and Implementation of Reasoning Phase
» Reasoning Results

Suggest semantic annotations based
on the associations and the
corresponding p;

Acquire all the individuals of the
class E, which have two or more
semantic annotations.

Define the semantic similarities
between two domain semantics
of the selected individual

Make inference request

Tetect possible annotation
inconsistencies based on similarity

o Madhon a1 Fat, - 00R08 K
g ot POTI
AP, PRty L s O

comparison results
4

Identify possible model mistakes
based on the mistake identification
rules, the inconsistency detection
results

Display all the Results to the
annotator
€7 e

Loia

Yongxin LIAO 28 14-11-2013
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Application Scenario

Case Study

15/11/2013

AIPL (Atelier Inter-Etablissements de Lorraine)

Suppher

Itis a small scale facility for manufacturing products

Customers
Boxed Products

Galvanized Plates

G

Lorio

w-.Dl

{Pro Soppier]

n.u Cuumg?
Garized o mg.m P Pl ™
M " Product a-.m

’ S"ﬂ"n * Assamibing @@

Predtt
Bases Tung %;QH LB 1 @
pr— 3
o Supstw) Bases Product
2
2»
Yongxin LIAO 29 14-11-2013

Case Study
Application Scenario
= Outline of the Case Study
* Preparation Phase s
ug-in

- Overview of the process model
 Annotation Phase
- Semantic Annotations from Upstream-System
- Semantic Annotations in Current-System
- Semantic Annotations for Downstream-System
* Reasoning Phase
- Annotation Suggestion
- Inconsistency detection and Conflict Identification

G

Protégé OWL
]/ Editor

Lorio

Yongxin LIAO 30

14-11-2013

15



15/11/2013

Research Context and Background | Formalization of Semantic Annotation| SAP-KM | Case Study| Conclusion and Discussion

Preparation Phase

Research Context and Background | Formalization of Semantic Annotation| SAP-KM| Case Study| Conclusion and Discussion

Annotation Phase

= Overview of the process model

({0 30 LD
(T TTO)

TT % T2 T i e
Pt
o o ek iy S e el |
) S
:-__—:/_‘_(—"
H
Al =+
& 'riﬁ. ‘ TGava
| : =
| —~— 1 vy
t | e —— u::mys
\_omm —
| - |
The Selected Model Elements in the Process Model
| Yongxin LIAO 31 14-11-2013

= Annotation from the Upstream-System

%
“m'm%% AL 10 @
E==gg 2. B

[Freem Supgien Bases ' Product

Thing  MSDL Ontology

Aluminiumi AIPL Product Ontology 1= &AIPL3mBar &AIPLihasLongth  SAIPL:3mBarLength R
.| BAPL3mBar rdfssubClassOf  &AIPLBars

&AIPL;3mBar &AIPLhasMaterial &MSDL;Aluminium

&AIPL;3mBarlength &AIPL; meters 3

&AIPLBars  rdfsisubClassOf  &AIPLRawMaterial

*Semantic Annotations in the syntax of the "&namespace; ontology element”

Length
Description

32 14-11-2013
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Research Context and Background | Formalization of Semantic Annotation| SAP-KM | Case Study| Conclusion and Discussion

Annotation Phase

15/11/2013

= Annotation in the Current-system
* The Explicitation of Domain Semantics
* Element Matching

Thing  MSDL Ontology

Aluminium,

Research Context and Background | Formalization of Semantic Annotation| SAP-KM| Case Study| Conclusion and Discussion

Annotation Phase

Partol Length
Pl Description
C STe
SB3mpar/P1
1= BAIPL3mBar &AIPLhasLength &AIPL;3mBarLength ey STC Py
en= &AIPL;3mBar rdfsisubClassOf  &AIPL;Bars
CULULE  &AIPL3mBar RAIPLhasMaterial - &MSDLAluminium
r Bars' &AIPL;3mBarlength &AIPL; meters 3
'?A”\ &AIPLBars  rdfs:subClassOf  &AIPL:RawMaterial
Loria :
Yongxin LIAO 33 14-11-2013

= Annotation in the Current-system
* The Explicitation of Domain Semantics

Subtraction-,
Procy

hasinput

SBrurning /P9

I T S NI

TNCITTT po= &MSDLTuming &MSDLiisPerformedOn some - &MSDLiLathe €9 ST Dy
Tuming' &MSDLTuming &MSDL;hasinput some &MSDLTinputs
ing &MSDL

&MSDL;Tinputs &MSDL:hasMaterial only
unionOf (&MSDL;Wood or &MSDL;Metal)
&MSDL;TOutputs &MSDL:hasShape some &MSDL;Shape

G

Elodo

Yongxin LIAO 34 14-11-2013
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Annotation Phase

Research Context and Background | Formalization of Semantic Annotation| SAP-KM| Case Study| Conclusion and Discussion

Annotation Phase

= Annotation in the Current-system

The Explicitation of Domain Semantics

Thing  AIPL Product Ontology

Duration-
Description

mefers
| hashaxe
value

R —

Turning —ﬂ:’ﬁa‘e

hasinput_

TFe
3 pon1| hagy
P v
_..\_'}_/_
Garewar b

I e NN

7Y pyo= &AIPLBasesTuming &AIPLjisPerformedOn  AIPLTBI-450 eqSTc Pro
&AIPL;BasesTuming &AIPLhasinputsome &AIPLTInputs.

&AIPL;BasesTuming &AIPLineedsPTime &AIPLTPTime

&AIPL;BasesTuming &AIPLineedsETime &AIPLTETime

&AIPLTInputs SAIPL

SAIPL;TBI50  &AIPLisLocatedAt &AIPLUS

&AIPL; TOIMaxlength AIPLimeters 1

&AIPL; TETtime  &AIPL. hours. 05

&AIPL; TPTtime  &AIPL. hours 01

= Annotation in the Current-system
= The Explicitation of Structure Semantics

MEGA BPMN Ontology

Thing

BPMNOwned! INOwnerElement

- Mo DataObj
[ ~\Qperation
e )
attachesTo
My
Ta
\ <parl by mry,
has_secquence flow PO b
_target_ref_inv iy
G
71 mmeg = &BPMN;Task €9 Mrjgmmeg
eyg &BPMN;has_secquence_flow_target_ref_inv e;q
LS mme,; = &MEGA;SequenceFlow €19 Mrj;mme;
Bases Tuming’ e1o &MEGA;is_Attached_by e;;
2% [0 mme;; = &MEGA;DataObject €11 mrj;mme;
Bars’ e;; &MEGA; attachesTo e;q
Yongxin LIAO 36 14-11-2013
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Annotation Phase

Annotation in for Downstream-system
* Data Query

Case Study

Thing  AIPL Product Ontology

TimeDescriptior

15/11/2013

l . Duration- VorkC Article
: Descriptior
Ahgminim T
. [T [ TPTige TEYime Q Lg L\g lnputs
11 r C
e, /" hotirs hoRECETMEBASES tprlyso o mefrs
el . S. ‘ uww/rs h: 7$lmnll|g wL‘ cat v ‘n.w:\"L"f"‘ !
| N ~don hasinput__.-
needsPTire fste
* P SBpaseTurning P10 —
PrEn)
1
SPARQL Query
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX SANS: <http://www. i jes/2013/6, Query Result
PREFIX AIPL: <http://www.semanticweb.org/ontologies/2013/6/AIPL_Product_( 8y )
SELECT ?Process ?Machine ?WorkCenter ?TPTime ?TETime 7P= ‘;":’Sl; ';égg;'lvl: D";;a;:ure_?rodf*::Bases_Turmng
WHERE -
?P(rdf;type SANS:P. ?Process= AIPL:BasesTuming
?P SANS:hasMainConcept ?Process. ?Machine=AIPL:TBI-450
?Process AlPL:isPerformedOn ?Machine. ZkaCen(e =AIPLUS
?Machine AlPL:isLocatedAt  ?WorkCenter. ;TE= AIPLTETtime
?Process AlPL:needsETime  ?TE. _.ITETme=UA1 _
?TE  AlPL:hours ?TETime. ;’TP- AIPL: TPTtime
?Process AlPL:needsPTime  ?TP. ?TPTime=0.5
TP AlPL:hours ?TPTime.
RAA

37

Reasoning Phase

Semantic Annotation Suggestion (1/2)

MEGA BPMN Ontology
Thing

SBR_DataObject_to_Operation
BN
AR

;o BPMNO OwnerElement
. \
K o has_secquence._flow"
DataObject goqu
— 2 ).
u fe attachesTo. 3
some
*has_secquence_flow”
is_Attached_by I

mr

_target ref -imv some

has_seciience_flpw
target_ref_inv mry,

Process

hasptiput

isPeyformedon

SBruming|

Gan

Case Study

(1) ic Block Delimitation (for
a) Select concept “Operation” and “DataObject” to
create SBR_DataObject_to_Operation

b) Select Agperation, pataobject = {"SequenceFlow"}

Boperation, Dataobject = {"attachedTo”,
"has_sequence_flow_target_ref_inv"}

c) Delimitation rule

@prefix SANS: http://ww
@prefix MEGA: http://www.semanticweb.org/ontologies/2013/6/MEGA_BPMN#
@prefix BPMN: http://dkm. fok ew/index.php/BPMN_Ontology#

[DataObject to_Operation: (?0P rdfitype  MEGA:Operation)
(DO rdftype MEGA:DataObject)
(?SF  rdftype MEGA:SequenceFlow)
(DO MEGAattachesTo 7SF)
(20P bpmn: has_secquence_flow_target_ref_inv 7SF)

(20P SANS:SBR_DataObject_to_Operation ?DO)

(1) ?0P= ey, ey5ande,;

(2) ?DO= e1,e17,€15,€19, €20,€23,€24 AN €36

3) ?SF= ¢y, e3,€4ande;q

(4) ?D0(e.g.c,;) “&MEGA;attachesTo” ?SF (e.g.c;,).

(5) ?0P (e.g.co) “&BPMN;has_has_secquence_flow_target_ref_inv"
7SR (e.g. ¢1)

(6) Adding “&SANS;SBR_DataObject_to_Operation” property from
20P (e.g. o) to 2D0 (e.g. ¢;,).

Yongxin LIAO 38
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Reasoning Phase

Semantic Annotation Suggestion (2/2)

MEGA BPMN Ontology
Th

SBR_DataObject_to_Operation o
N
AR
;o0 BPMNOwne
N AY
/ 2
v —_mr,
ﬁ*‘..‘.'j' MF PV DataObjt g0 e
i 1L € fe “attachesTo_>
kY some

mry,

hasinput

“~has_secquence_fl
T, _target ef--mv some

SBrurning Po Y
} SBTunnngmputs/Pm

Gan

eration

Case Study

) ic Block Delimitation (for
a) Properties Association
SBR_DataObject_to_Operation and hasInput

b) TINputs € Aryrning satisfies
(Turning, Tinputs)= hasinput
[} ATuningmputs,n = {TuningInputs}
ii) Taking the Tinputs as a starting point
* Brurning ={haslnput, hasOuput, isPerformedO.
hasMaterial, hasShape}
(Tuninglnputs, Wood) = hasMaterial;
(TuningInputs, Metal) = hasMaterial
“ ATuninginputs1 = {Wood, Metal}
Aruningmputs = {TuningInputs, Wood, Metal};
Brurninginpues = {hasMaterial}
SBrurninginp < =(Arur Brurningi )
) ey ST Pig (SETumingmputs)

Yongxin LIAO
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Reasoning Phase

Case Study

Inconsistency Detection and Conflict Identification

p1= &AIPL;3mBar &AIPL;hasLength &AIPL;3mBarLength
&AIPL;3mBar rdfs:subClassOf &AIPL;Bars
&AIPL;3mBar &AIPL;hasMaterial &MSDL;Aluminum
&AIPL;3mBarLength &AIPL; meters 3
&AIPL;Bars rdfs:subClassOf &AIPL;RawMaterial

ST

P1g= &MSDL;Tinputs &MSDL:hasMaterial only

unionOf (&MSDL;Wood or &MSDL;Metal)
P15 &SANS;isInferredFrom eq

P17=&AIPL;Tinputs &AIPL;hasMaxLength value &AIPL;TO1MaxLength
&AIPLTO1MaxLength &AIPL;meters 1
P17 &SANS;isinferredFrom eq

Gan

Inconsistency Dection

(1) Getthe semantic relationships between domain semantics of a
common annotation object (manually performed)
P18 PTc P1; P17 PTLP1» P18 PTn P17

(2) Detect the results based on the Inconsistency detection table
P1g PTc 1 => result type(b), possible consistent
P17 Pry Py =>result type(c), inconsistent
P1g PTn P17 => result type(b),possible consistent

Conflict Identification

(1) Because (1) p;7 and p; is in consistent with each other
(2) p, isinitial semantic annotation (of ;)
(3) p17 is inferred semantic annotation (fromeg )

=>Between €, and €, ,one of them is possibly wrong

Yongxin LIAO 40
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Conclusion and Discussion

Conclusion

15/11/2013

= What are the essential elements of a semantic annotation and how can
formal semantic annotations contribute to the semantic
interoperability in a PLM environment?
(1) What are the semantic interoperability problems that exist during the cooperation in a PLM

environment?

« The survey of product lifecycle, knowledge, system interoperability in this context of PLM
(2) What kinds of knowledge representation in a PLM environment need semantic enrichment?

+ The survey of models in a PLM environment
(3) What kinds of ontology can be used to support the semantic enrichments of those knowledge
representations?

« The survey of PLC-related ontologies and Meta-model ontologies

(4) What are the essential elements of a semantic annotation and how to formally represent a semantic

annotation in a suitable format?
+ The meta-model and the formal definitions of a semantic annotation

(5) How to semantically enrich a knowledge representation and how can these enriched semantics
contribute to the semantic interoperability in a PLM environment?

= Two kinds of semantic blocks, Three reasoning mechanisms , A semantic annotation procedure and
CQ AN framework, A semantic annotation prototype
e

cuil Yongxin LIAO 41 14-11-2013

Discussion

Conclusion and Discussion

= Limitations
= Limitations from the Hypothesis
Cost of the creation of new ontologies
+ Cost of the creation of interconnections
Difficulties in semantic similarity measurement

 Limitations of the Case Study
Lack of automatic assistances
Incompleteness of SBR delimitation rules
Small scale facility.

= Perspectives
- To improve automatic assistances
+ To complete SBR delimitation rules
+ To apply this method in a lager scale facility
: To develop plug-in for other systems
G

Lorio
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