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The lack of shared understanding
leads to:

* Poor communication within and between
people and their organizations

« Difficulties in identifying requirements
and thus defining of a specification of the
system

Disparate modeling methods,
paradigms, languages and software
tools severely limit:

* Inter-operability
» The potential for re-use and sharing

* Much wasted effort re-inventing the
wheel

@E_E/IU Lack of shared understanding

How can we solve them?

« The way to address these problems, is to reduce or

eliminate conceptual and terminological confusion
and come to a shared understanding.

» Such an understanding can function as a unifying

framework for the different viewpoints and serve as
the basis for:

« Communication between people.
* Inter-Operability between systems.
» System Engineering benefits as:

» Re-usability

> Reliability

» Specification
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Ml [] Solution for Lack of shared understanding: Examples

SemiConductor Fabrication
Situation/Problem:

Software bought in from the outside includes a WIP tracking system and production line simulation package. The simulation
package requires as input, a very large description of a model of the product flow in the factory, which incorporates various
details of the WIP tracking mechanism. When new versions of the simulation package are released, or if a new supplier is
chosen, the model must be converted to a new format. This conversion is both time consuming and error prone.

Solution:

Automate the process of converting the model when new external software is introduced. This both saves time and ensures
model fidelity.
* There are 3 intersecting domains of interest: WIP tracking, product flow simulation, and the semiconductor fabrication process.

* The approach was to develop a unifying framework which identified, defined, and named all the important concepts in this
intersection.

* The models are expressed in terms of this framework and stored in an Oracle relational database.
* An automatic translator converts the models from the Oracle database into the format required by the simulation software.
* The Oracle DB is itself populated by a translator that extracts information from the WIP tracking system.

* The DB entries are automatically translated into model components required as input to the simulator, WIP system tracking entries
are also automatically translated into DB entries.
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: What is Ontology §

Ontology refers to the shared understanding of some domain of
iInterest which can be used as a unifying framework to represent
selected phenomena.

Ontology necessarily entails or embodies some sort of world view
with respect to a given domain.

For the world view, Ontology is often conceived as a set of concepts
(e.g. entities, attributes, and processes), their definitions and their
Inter-relationships

(Uschold & Gruninger, 1996)
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[] Uses of ontologies

a N
COMMUNICATION

INTER-OPERABILITY

between people and
between systems

organizations

- J

Reusable Components Reliability Specification

SYSTEM ENGINEERING

We identify three main categories of uses for ontologies. Within each,
other distinctions may be important, such as the nature of the software,
who the intended users are, and how general the domain is.
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[] Uses of ontologies

The term ‘procedure’ used by one tool is translated into the term ‘method ‘ used by the
other via the ontology, whose term for the same underlying concept is ‘process’.

procedure give me the procedure for ...

viewer _ "
ive me the
procedure = ?7?? s
here is the translator process for...
procedure for ...
77?7 = process .
o codur Ontology give me the
procedure =

METHOD

process translator Jor...

METHOD =~
here is
process here is the method
the process for..! METHOD library
for...
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@E_E’I[] A Skeletal Methodology for Building Ontologies

Proposed comprehensive methodology for developing ontologies includes:

ldentify Purpose and Scope; It is important to be clear about why the ontology is being built
and what its intended uses are.

Building the Ontology; Three aspects to building the Ontology are capture, coding, and
integration of existing ontologies.

Evaluation; to make a technical judgment of the ontologies, their associated software
environment, and documentation with respect to a frame of reference

Documentation; It may be desirable to have established guidelines for documenting
ontologies, possibly differing according to type and purpose of the ontology.
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U Manufacturing Ontology

In order to improve agility and flexibility, nowadays one uses distributed approaches in developing
manufacturing control applications. These are built upon autonomous and cooperative entities,
such as those based on multi-agent and holonic systems.

In the communication between distributed and autonomous entities, besides the issues related to
interfaces and protocols, it is important to verify that the semantic content is preserved during the

exchange of messages.

These distributed entities need to have a common understanding of the concepts of their domain
knowledge, which is given by a domain (or core) ontology.

The inter-operability in distributed and different multi-agent or holonic platforms increases the
need for shared ontologies, in order to allow the exchange of knowledge between those
distributed platforms.
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The manufacturing ontology used in
ADACOR is developed through the
definition of a taxonomy of
manufacturing components, which
contributes to the analysis and

formalization of the manufacturing
problem

For this, one must fix the vocabulary
used by the distributed entities over the
ADACOR platform and the meaning of
each term.

The diagram is restricted to the
relationships between simple
manufacturing components used by the
manufacturing control system.

ADACOR (ADAptive holonic COntrol aRchitecture for distributed manufacturing systems)

Manufacturing Ontology

‘WorkOrder
DisturbanceType -
L -wold [5]5 String ProductionOrder

-distld [s]: String -quantity [s]: Integer - has P>
-type [s]: String -scheduleStart [s]: Date o has - PT_UdOTdEl'Id [sI: S.‘r_rmg |
-setOfSymptoms [m]: String | [-scheduleEnd [s]: Date - clientOrderld: String
-description [s]: String -actualStart [s]: Date - pPlan. [111[]:]ProcessPlan ProcessPlan
. s ne Ty le Qi -actualEnd [s]: Dat - quantity [s]: Integer ] .
e e -gfbl:ia[s]l:l o[ljgmiig RawMaterial - earliestDate [d]: Date -operations [m]: Operation

A -state [s]: String | |-rmld [s]: String - dueDate [d]: Date

has -executedBy [s]:Resource -description [s]: String - wos [m]: WorkOrfier has P IRS

— -priority [s]: Integer -matle_rialT},.'pe [s]: String - rm [s]: RawMaterial L‘
Disturbance -X_dimension [s]: Integer

-codeld [s]: String « has 1as allocated -Y_d_nnens_lon [s]: Integer <o Product
~type [s]: DisturbanceType -Z—d(.hm?nfl;r{[ [s]: Integer . -prodId [s]: String
) . . Pl -radius [s]: Integer 1as " hame [s]: String
solutionApplied [s]: String Rerores « precedence | “description [s]: String

-recoverTime [s]: Integer
-OccurenceDate [s]: Date

-drawing [s]: String
-subProd [m]: Product

-resId [s]: String exccutes an P

Transporter

is-a  |-agenda [m]: WorkOrder | is-a

-name [s]: String

Operation -procPlan [s]: ProcessPlan

-location [s]: String
-type [s]: String

-operationld [s]: String

Gripper :
-name [s]: String

-autonomy [s]: Integer » -failures [m]: Disturbance [*#—] -gripperType [s]: String | |-deseription [s]: String o uses
-handleVol [s]: Integer | |-duration [s]: Integer
-precedence [s]: Operation .
. is-a A -setupld [s]: Setup requiredp
15-a is-a has -requirements [m]: Property
jLool Pl‘oﬂucer Mover &”
-iilflei'lilt];i['fl] :[si:]ltSUmg Abas[_ging [m]: Property -skills [m]: Property Setup
- Y E: E: ] = . P . . . . - -
-cuttingSpeed[s]: Integer tools [m]: Tool gippers [m]: Gripper Property -setupld [s]: String

-wear [s]: Integer

Co-funded by the
Erasmus+ Programme

of the E

-description [s]: String

-name [s]: String
-duration [s]: String

-value [s]: String

| has P

has

(Leitao and Restivo, 2002)

uropean Union



@E_E’I[] Ontology for collaborative manufacturing

Alignment of service-oriented framework with service-dominant logic

ITs alone have not produced sustainable performance advantages, but that firms Strategy alignment and infrastructure alignment

have gained advantages by strategic planning-IT integration. Business IT Strategy
.. . - ) . Strategy Strategy
Effective information system building for collaborative manufacturing should alignment
incorporate institutional analysis from organization studies. [T T 7T C B ———
S-D Logic Service Oriented
The essential alignments between service-dominant (S-D) logic and service-oriented Framework
framework & between collaborative infrastructure and Service-Oriented
Architecture (SOA) should be considered. Organizational Information Systems
. . . X X X i Design Activities Design Activities
Several design guidelines for an ontology of service-oriented collaborative manufacturing L
h 4 A
Guideline 1: Manufacturing capability and distribution capability should be modeled as operant - _
resources, which are fundamental units for service exchange. ERERE L
) ) ' o _ Infrastructure Infrastructure Systems
Guideline 2: The ngtomgr shogld be modeled as an operant resource, which is an active alignment Infrastructure
participant in relational exchanges and coproduction. | _________ < — e -
Guideline 3: A general contractor should be modeled as an operant resource to make the Collaborative Service Oriented
proposal, agreement, and value judgments. Infrastructure Architecture
Guideline 4: Goods are a distribution mechanism for service provision.

Co-funded by the
Erasmus+ Programme
of the European Union

(Yan et al., 2010)
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Alignment of service-oriented framework

= Work on behalf of General - Manufacturing Transport for DiS_LFiDIJllDﬂ
° ° ° ° - o with Service Class Service Class
with service-dominant logic = ommncate _—
. ,

DE_I?‘;E_r_fﬁn‘Lrtpmducl__i__ N
)
]

. . Top Level | -
The ontology of collaborative manufacturinghas  ______ / ______________ R N N
been designed in four key based classes: Consumer Domain Level
. . 7 preferences
E:ass, Pr?jd;-ct I?gok.er CISass,.Maglufacturlng Service T N -
ass, and Distribution Service Class. e o Mmisening D

The ontology which represents the collaborative
manufacturing for customized production is
produced in three levels: Top Level, Domain Level,
and Instance Level.

‘.. IS_ B T
Fabﬁclxun K
Service = :
.Assemhly
I\ Service
Web Ontology Language (OWL) could be used to
model collaborative manufacturing from this

schema. The main advantages of OWL are efficient CF””’WD‘MT
reasoning support, sufficient expressive power, and

convenient expression. Instance Level > - N

]S_ZI. IITIS[B.I'ICD_EI{ DbjCEI_PEOPCFL}’ D atatype_property
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Case Study: Customized bicycle buying scenario

In collaborative manufacturing, each producer
focuses on their core competence, so as to
minimize their production costs and market
mediating costs.

The major components are the manufacturing
service grid, web services, and the product broker.

The ontology is based on the Interact-Service-
Propose-Agree-Realize, which the scenario and
transaction illustrated in three stages: Proposal,
Agreement and Realization

FrameAgentForCT acts on behalf of customer CT,
communicates and negotiates with the Frame
Fabrication Service.

The Frame Agent and Frame Fabrication Service
M1 reach an agreement on frame shape, frame
size, delivery time, and so forth.

Bicycle Product Broker| 0.%

-responser

Ontology for collaborative manufacturing

Alignment of service-oriented framework with service-dominant logic

Bicycle Manufacturing Service

-modelDescription : String

-tasks

JAN

<<Subclass>>

Frame Broker

-shapeRequirement

-stateDescription
-operationDescription

Communicate With>>

N\

<<Subproperty>>

<<Subclass>>

Negotiate With>>

Frame Fabrication Service

1.* -processCapability
-shapeProcessingCapability

-sizeReqiurement
-deliveryTimeRequirement : Date

<<instance>>

|
FrameAgentForCT: Frame Broker

responser =CT
tasks = finding the right frame fabrication service

Negotiate with>>

-productionCapability
-sizeProcessingCapability

™

1
<<instance>> :
1
|

M1 : Frame Fabrication Service

modelDescription : String = offering frame fabrication service
stateDescription= <titanium TY12 machine, free>,<iron TY23 machine, working>....
operationDescription = C:FrameTypeAvailable 1:None, E:PaintingServiceAssigned, OtFrame

shapeRequirement = titanium TY12
sizeRegiurement = medium
deliveryTimeRequirement : Date = 2008.6.10
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processCapability = a single production can be finished in 2 days
shapeProcessingCapability = titanium TY12, iron TY23....
productionCapability =single production , volume production, ...

sizeProcessingCapability = medium huge ...

(Yan et al., 2010)




MEE:I U Ontology for collaborative manufacturing

Ontology-based framework of knowledge integration

Internet ;
Integration Server
|1 e IO
N ~
(7 r

I
An integrated ontology can represent all knowledge Biilatodioe | Similarity | | o oo | | Filtering |-»| Linking
I

. . . Computation
of various rep05|tor|es. I /

Problem of optimization of integrating the product
. . . Fundamental Information Concept Name
knowledge between distributed collaborative Measilt 1 Meom

enterprises can be solved by ontology.

A domain ontology can comprehensively represent
knowledge of one area

Vertical/Horizontal

—» Relation Merging ——»| 3
concept Merging

All of the core elements of the integration framework

. BHICTPEISE ™ = = = e e R e e e o e
includes: . . s v | Internet

* DE: domain enterprise ; | e

KWl e Con <¢— Query Edit [ 4—
* LO: local ontology Re°‘;’sjg___-_// | Indexing %
POS  Knowle
* GO: global ontolo Al | A
g gy — RepOS Knowledge I -
«  Ol: ontology integration ___B| Repository Indexed Knowledge Adapted
. | Knowledge List ——™ Output Knowledge List
«  0S: ontology searching | utp
4\

* U: the collaborative manufacturing environment to
denote the user

* KP: knowledge repository stores the physical
knowledge
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MEE:I Ontology for collaborative manufacturing
U Ontology of product knowledge

‘equirement

. . —__analysis
An ontology of product knowledge is established to (W] part_ID (single string)
describe concept, attribute, instance and /P?El;}ductl d;sEn J__—f——éonceptdesi@ Ll Il:::“;;l;:*-m ({ssii';ggl;e ;m';g
) _ . Knowledge — i ingle in
relationship among knowledge concepts within the 7 S B Virte em cincle it
collaborative manufacturing. Preliminary design > el vl
&

i : I:thi SR

The ontology is composed of product design, e Detail design

process planning, and manufacturing knowledge.
The sub concepts of these stages are identified as:

[l process_ID (single int)

"Manufacturability —
éoduct pl'o(.‘eﬁ@r ( _ evaluahon o >

klw\\'ledge ( L [M] part_ID (single string)
. 1 - T Il process_name (single string)
*  Sub-concepts from product design knowledge are \ / Process route = process_content (multi string)
. . . . Y e shop_ID (single int)
combined with requirement analysis, conceptual \ y (M work_time (single int)
. .. . . . Y T ___ i i inele i
design, preliminary design, and detail design. \ TR (W] item_time (single int)
\ —_ selection
*  Sub-concepts from product process knowledge are \ _L
- . - \ o _ - p—
manufacturability evaluation, process route and \Manufacturing <! — <‘1“'P““"" "‘3"’@ [ M) project ID  (single string)
. . knowledge [ part_ID (single string)
process resource selection. —— — P d - [l process_ID (single int)
XD ucllont ) Il process_name (single string)
* Sub-concepts from manufacturing knowledge include —ARAgEmeIt BN work_number  (single int)
. X i ~ Bl begin_time (single date)
equipment layout, production management, workshop “Workshop - BN end_time (single date)
. —__schedule Il real work number (single int)
schedule, and quality control. Legend Vs B real_end_time (single date)

— Il feedback man (single string)

-
Is_part_ Of I%_parent Qua]jty managemen-{)
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The ontology schema of product knowledge is used by
individual enterprises to build their own domain ontology with
address of the physical knowledge. The schema includes:

Concept name: describing an explicit or tacit knowledge
concept name.

Slot: some connatural attributes of a certain concept to ensure
that it is easy to understand and specify.

Relationship: the relation between concepts that includes
“part_of”, “sub_class”, and “equivalence”.

Synonym: describing the same semantic using different concept
terms.

Essential information: presenting information related to a
concept, including function, input, output, constraint, and
resource.

Formal knowledge: recording the linking address in depth

knowledge that contains detailed descriptive documents for, or
examples of, a certain concept.
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Ontology schema of product knowledge

Concept name

[P: String
tvpe: Stri L Slot
ype: String
Style: single/multi Relationship
Synonym

Part Of

Sub_class

Essential information

Equivalence

Formal knowledge

v

Base knowledge

Ontology for collaborative manufacturing

Name: String

Source: String

Function: String

Input: String

Output: String

Constrains: String

Resource: String

Legend

Hax

Link

>

(Yang et al., 2010)




Ontology mapping ( Start )
e

L 4

Method process of ontology integration | i i)

| Calculate essential information simi]arity| Ontology mapping diagram

MEE:I U Ontology for collaborative manufacturing

\ J
A method of ontology integration based on the similarity matching [Calcutat relaienship similaity | Local Global ontology

ontology

NES

| Calculate overall similarity ‘
T
¥ n

and it is composed of two phases: ontology mapping and ontology

Weed out the Store similarity

. . . . . concept o vector set
Ontology mapping conducts a similarity matching for concept names and ,ﬂggl —

T T
4<q__gjgbul ontology has other =

considers the similarities of essential information and relationship to ~—caneept—"

NO

precisely identify the similarity between concepts. Sclcet the max similarity in the vector sci

End

Ontology merging process is described when we merge concept milarity resalp>
content and relationships based on ontology-mapping results. -

Integrated global ontology

Ontology merging ( Start )

. . . A J
Step 1. Concept content reconstruction: Concept content reconstruction must | Global and local ontology concept sctl
first consider whether local ontology maps with global ontology. e ame
YES[ = @_QE_%__/ﬁxn
Step 2 Relat|0n5h|p reconstruction: Merging concept or Create a new concept or _':_'f::

content in global ontology content in global ontology

* Hierarchical relationship merging: increasing father concept | ; I
relationShipS in the gIObaI ontology. Reconstruct relationship between concepts
*  Process relationship merging: increasing brother concept relationships (father/brother/child concept)
in the global ontology. (_ End Ontology merging diagram
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MEE:I U Ontology for collaborative manufacturing

layer

Case study with the implemented software | [m J’.;‘.’.‘,’,‘.-':L}T:ijﬁ';f,,mmg} ﬂi&"ﬁlﬂ&.} ('“.‘;’521?,‘.‘;.’“1 pevamen | 1] 1mplementation
|

| UG/ ERP/PDM /MES | JSP + Serverlet
An implementation model is divided into five parts: information — ID suthentication ' Role Authentication ' P
|ayer’ integration |ayer’ bUSIneSS |ayer’ access Control Iayer’ and Role Management Access Evaluation Engine ‘ User Authority Engine layer
Implementatlon layer' Date Management Business Engine Process management

. . . epository Mans: > . : Proce: P

Information layer provides places to storage of various data and M lR“"’f""“ tanagement| | | Ontolog ity Miditias | | apieteni | Business
knowledge and some functions to access to this information. | Files Management | | Knowledge acquisition | |1 > e By

| Universal Data Engine | l KB Version Control C:‘)‘:lc(if; An:f\iis
Integration layer provides a mechanism of information integration :
to shield heterogeneous of distributed dfata. This Iayer cons.lsts of R——— -
two parts: ontology-based and web services-based integration. ontology establish Java Bean (Omolog.v Logic Engine Nl;’:a‘gl"lﬁ:n'

' . . . | Java Bean Ont(:logy';1crgi"g ( Reasoning Rule Set Java Bean ‘ Integration
Business layer provides a uniform mechanism of data management, i layer
business management, and process management for distributed [ Services )_( Services
collaborative partners. Heghtration Discovery /" yep Service
Access control layer is used to guarantee the confidentiality and the [chomory mmj [ —— j E\orm, Datahas] [ e J
integrality of the collaborative environment through authentication. JaxaBe Java Besh JAECHS dava Dean Java Bean

. . . . . DP Xquery | Information
Implementation layer provides a uniform collaborative environment of e
the software for partners by means of the networked technique to Access o sion || Knowtedgs ’\Pm Project
achieve indexing and sharing of technological information. Contiol KB '"'efm,:g'a"” °“'°'°9Y Digital Moisél. Moformation’

... KnowledgeBase i _______________________ ResourceBase

Co-funded by the
Erasmus+ Programme
of the European Union

(Yang et al., 2010)




[y
Iml

To specify the function of prototype system,
a collaborative manufacturing of a grinding
spindle was described in Figure.

All manufacturing processes consist of
structural design, process design, engineering
simulation, and manufacturing.

Concerned engineering knowledge includes
product structure, manufacturing resource,
process rules, and tasks.

0 Case study with the implemented software: Collaborative manufacturing of a grinding spindle

Ontology for collaborative manufacturing

OpY- d Knoledge integration system - M
XHHE RSO FEY ;A IRD WH

\ (A & . /
x| B o 2% wnE &) e M ol
D) hetp:/flocahost:2248/MES]1 %200ntologyfcase. jsp| v B #a R
’i—: e i) - = = —— = e e
-~ KNOWLEDGE
INTEGRATION
on ONTOLOGY HOME | ONTOLOGY BUDING | ONTOLOGY INTEGRATION | KNOWLEDGE INDEXING
‘ 80:;:::(0(“ Knoledge Integration> > CASE Manufactmmg of Grmdmg Spmdle
3>
TERM IMPORT » G P ENRINCETING @ e
TERM EXPORT » e structural design proce £ simulation manufacture
ESSENTIAL INFO 4 Concept design e Manufacturability e Free cutting steels| |*  Production
= et e evaluation management
RELATIONSHIP » e  Prehmunary : g e  BUE formation iR

‘o Process recourse o Workshop

ONTOLOGY sehection ° Unsteadv chip schedule
INTEGRATION »» o Process route formation e Equipment !.1\m|ri
ONTOLOGY HOLDER » ’ v
___________ . o '
MAPPING HOLDER  » : : - jmmm——————
VIEW IN PROTEGE  » ! ! -
| | |
< N o 4
KNOWLEDGE & o o & | .
| INDEXING »> = = )
INDEX ON BUDDETIME » - == == B
INDEX ON RUNTIME »
INDEX ON BN » Grinding Spindle Drawings Physical Grnding Spindle
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MEE:I U Ontology for collaborative manufacturing

Case study with the implemented software: Interfaces of ontology integration

The local ontology of product concept design knowledge The local ontology of Product process knowledge

The interface of ontology integration, which is
consisted of integrated global ontology
concepts and four local ontologies.

All of the ontology indicates the knowledge
contents.

The integrated global ontology is originally
supplied by hegemonic enterprise in
collaborative manufacturing, including the
concepts of product design, product process

planning, and manufacturing scheduling veent|  emmilnn The global ontology of collaborative | vsas- = e
[rrema—— s s manufacturing after integrating four S— By e e

k now | e d ge . local ontologies
The local ontology of product detail design knowledge The local ontology of manufacturing knowledge

Conclusion: the ontology-based framework of knowledge integration provides comprehensive concepts and knowledge
connections to effectively integrate an individual enterprise’s knowledge integration, increasing reuse ratio of product knowledge

and reducing product development cost and cycle time.
Co-funded by the

Erasmus+ Programme
of the European Union

(Yang et al., 2010)




MEEl [] Activity: Self Study (Ontology for collaborative manufacturing)

After reading the article: “an ontology-based product design

framework for manufacturability verification and knowledge reuse” (Li
et.al, 2018)

Discussion:

 The methodology of Ontology-based product design framework (Section 3)
 The implementation of Ontology-based product design for case study (Section 4)
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