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ABSTRACT

THE DEVELOPMENT OF A DESIGN ONTOLOGY FOR PRODUCTS AND

PROCESSEES

Publicaion No.

MD Baniamin Sarder, PhD.

The University of Texas at Arlington, 2006

Supervising Profesor: Dr. Donald H. Liles

This research develops a methoddogy called, Design Knowledge Acquisition
Process (DKAP) for creating ontology of product and processdesign using IDEF5 and
to develop a mnsistency matrix for cheding accuracy of captured information. It also
constructs an ortology of a generic product and process design using the developed
DKAP methoddogy. Designing products and processesis very challenging and vital for
manufaduring enterprises to stay in the competitive market. Manufadurers want to
launch their products in the market as quickly as possble while satisfying their

customers in terms of quality, cost and delivery. In aorder to lunch products ealy and/or



to reduce the product design time, manufaduring enterprises need to have acacrrate
design information readily avail able & the right time.

Recent research has focused onthe use of ontologies to promote the sharing of
knowledge. Ontologies are becoming increasingly important because they provide the
criticd semantic fourdation for the rapidly expanding field of knowledge. They are
very useful for knowledge reuse, knowvledge sharing, and enterprise modeling. Design
ontology is a hierarchically structured set of terms for describing design damain that
can be used as a skeletal foundation for a knowledge base. It can help the wllaborative
design team by providing accurate design information and guidelines. DKAP is a step-
by-step methoddogy, which cgptures the product & processdesign knowledge, stores
in reusable format, and shares this knowledge acoss manufaduring enterprises. DKAP
addresss three criticd asped of design ortology. It explores availability of similar
domain ortologies for reuse, chedk accuracy & consistency of captured knowledge, and

share captured knowledge in addition to the IDEF5 methodd ogy.
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CHAPTER 1

INTRODUCTION

1.1 Research Overview

Designing product and processis very challenging and vital for manufacturing
enterprises to stay in the competitive market. According to current research abou 70%
of aproducts cost is determined in the design phese (Mike True & Carmine Izz, 200]).
In some cases of eledronics design, design dedsion can influence up to 80% of totd
cost. Figure 1.1 represents the influence of maor cost function over total cost, where

design function consumes only 5% of operation cost but can influence 70% of total

COSt.
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Figure 1.1. The influence of design dedsion ontotal cost (Mike True & Carmine lzz,
200)



In that case manufacturers have great risk if the design process is not
appropriate and dsintegrated. Some of these risks include frequent design changes over
product development life cycle, budget overrun, schedule overrun, etc. Figure 1.2 shows
the design changes over the product development life cycle for traditional design system

and integrated product & processdesign system.

' | [} | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
: : : : : Tradltlonal:
| | | | Design
| [} | | | |
| | | | | |
| | | | |
| | | | |
| | | | | |
| | | | | |

i [} |
Design | H | 1 1
Change [ | [ 1 1 1
| [} | | |
| | | | |
| [} | | | |
| [} | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | |
: : : 1 : Integrated :
| ] I I 1 Design
[} | | |
| [} | | |
1 1 1 1 1 |
»
Conceptual Preliminary Detailed . Pre
Design Design Design Trials Deployment Deployment

Product/ Process Design Life Cycle

Figure 1.2. Design changes over product development life cycle (Adapted from
Kwai-Sang Chinand T. N. Wong, 1999
Manufadurers want to launch their product in the market as quick as possible.
In ddng so, they neal to expedite their design process Designers can reduce their
design lead-time if they have accessto all necessary design information right way. To
reduce the st and product development time, manufaduring enterprises need to share

design information and use pre developed proven design templates (Benjamin P., 1995.



For this, they have to have comprehensive and integrated design information avail able.
If they have readily avail able and integrated information, acrding to research they can
reducetheir product development time significantly. The following figure 1.3 shows the
difference of product development time for integrated product & processdesign system

with the traditional design system.

~

=
Q
c
-
mw
—

Design
Production &

Concept
Phase
Product/
Process
Market Planning

Lead Time

Figure 1.3.Product development time for traditional vs. integrated design system
(Martin McGregor, 20(b)

Manufaduring Enterprises with integrated design will be seamlesdy
interconreded among all their internal functions as well as external constituents
(William D. Brosey 2001). So that timely, accurate, and consistent design informationis
avail able to appropriate design teans. Unfortunately there ae lots of enterprises, which
are doing everything from the scratch for ead of their design needs (A. Gunasekaran,

1998.



To adhieve the objedive, mentioned above and to survive in the marketplace
manufaduring enterprises have introduced programs of steady improvement of both
their products and processdesign. In dang so they are exploring a variety of concepts,
including ERP, Time-based Competition, Rapid prototyping, Quick manufaduring,
Continuouws Improvement, ProcessInnowation, and so on.All of these strategies can be
succesdul, bu nore ae panacea. Withou acarrate & effective design operation o
enterprise, nostrategies can successfor its design needs.

The product redization pocess is used to transform customer nedals into a
redized product. According to Dixon and Poli, redization pocessis a complex set of
interrelated adivities, bah cognitive and physical adivities, by which new or modified
produwcts are conceived, designed, produced, dstributed, serviced, and disposed of
(Dixon and Poli, 1995. A customer neel for a new or improved product can originate
from amost anywhere in the enterprise but majority of the time from sales or marketing
groups. Figure 1.4 shows the product redization pocesswith design processin detail .
Engineering design is one of the important processes, which translate customer needs
into product manufaduring spedficaion that will med customer requirements
(Ruddph, 20035. This reseach concentrates on hav to do engineeging design
acarately and reduce the product and process design time by sharing design

information aaossmanufaduring enterprises.
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Figure 1.4.Product redization process(Modified from Ruddph, 2009

Product & ProcessDesignis a multi-pronged approach that includes smulation,
optimization, collaboration, and by incorporating both existing and emerging
knowledge & tedhndogies. Innovationin design will be achieved in the future through
the gplicaion d these focus areas, while paying particular attention to aspeds of
concern in design, namely; system performance, cost, and associated manufaduring
processes (P. Benjamin, 1995. Product & Process Design consists of three major stages
(Tomasz Arciszewski, 2004, Ruddph, 2005 Don Liles, 1995. They are conceptual
design, preliminary/ embodment design and cetailed design. Each stage has gecific
adions and each action has consequences on ahersfoll owed by that adion.

Product & Process Design is an innowetive & complex field, and there is no
simple 'cookbod’ answer for that (Soon Huat Lim et al, 1997. Many reseachers

contributed towards the institutionalization d design process for manufaduring



enterprises but still there is no comprehensive design library for manufaduring
enterprises (IMTI 1nc.2004). This research will focus to achieve the dove objedive of

cgpturing all design knowledge by developing a methoddogy using IDEF5.

1.2 Problem Statement

An important requirement for world-class Product & processdesign processis
the aility to capture knowledge from multiple disciplines and store it in a form that
fadlitates re-use, sharing, and extendibility. Taxonamies and glossaries, in and o
themselves, will not fully addressthis requirement. These taxonamies will neel to be
supdemented so as to circumscribe the meanings and logicd properties of the terms as
predsely as possble (Benjamin P., 1995. There is a percaved neal for
ontologies rather than mere taxonamies. An ortology is a description d the kinds of
things, bah physicd and conceptual, that make up a given damain, their associated
properties, and the relationships that hod among them as represented by the
termindlogy in that domain (Natalya & Deborah, 2001).

Ontologies are becoming increasingly important becaise they provide the
criticd semantic foundation for many rapidly expanding fields of knowledge (Natalya
& Deborah, 200). They are very useful for knowledge reuse, knowledge sharing, and
enterprise modeling. An ortology is a hierarchicdly structured set of terms for
describing a domain that can be used as a skeletal foundition for a knowledge base.
Domain ortologies are formal organization d domain knowvledge, and in that way

enable knowledge sharing between dfferent knowledge-base gplicaions. (Dragan



Djuri¢, et el, 2006). An ortology can be expressed as concepts, relationships and rules
abou their properties and rules that govern honv concepts participate in asociations.
Ontology Models describe the foll owing:

1) What existsin adomain in terms of objeds and events

2) How they relate to one another

3) How they are used inside and ouside the boundary of the domain, and

4) Rules that govern their existence and kehavior.

Among other ontology modeling tods, IDEF5 is very suitable for representing

for this design damain becaise of its graphicd representation. Ontologies are aucid
for product & process design for manufacturing enterprises for several important

reasons, including the following:

1. Ontologicd analysis has been demonstrated to be an effedive first step in the
construction d robust knowledge based systems (Hobls 87). Current and future
design implementations will take alvantage of knowledge based and expert

systems tecdhndogy.

2. Ontologies will be required to develop standard, re-usable design reference
models. Menzel has used ortologicd anaysis to develop a reference model in

the semicondwctor manufaduring domain (Menzel 91).

3. Ontologies not only represent the whole design entities, kinds, sub kind but their
relationship with level of importance Design team can get useful directives

from thiskind d design ortology to prioritize their design nedals.



4. Ontologies are & the heart of software that faalit ates knonledge sharing. The
importance of knowledge sharing is evidenced by the large and growing body of
research dreded toward the development of tods and methods to suppat a
knowledge sharing approach to integration (for example, the DARPA

Knowledge Sharing Effort (Nedhes 91) and (Gruber 92)).

The product development lifecycle for most of the product begins with the
definition and cepture of customer requirements and poceals through poduct &
processdesign, manufacturing, and product suppat. The evolution d a product through
these phases involves many transitions of data through the organizations involved with
these processes. If sharing information aaoss enterprises were possble, time and costs
of product and process design would be reduced. However, because knowledge bases
are typicdly constructed from scratch, each with their own idiosyncratic structure,
sharingis difficult. Recent research has focused on the use of ontologies to promote this

sharing (Bill Swartout et all, 1996.

One of the most important aspects of the general development and wse of an
ontology development method is the acomulation d a wide range of domain
ontologies. Generally, inefficiency is among the greatest problems in information
management. Redundant effort is expended capturing or reaeding information that has
arealy been recrded elsewhere (Benjamin P., 1995. Consider an analogy with
programming. Different programmers use the same types of routines again and again in

different programs frequently. Enormous amours of time axd effort have thus gone



into reinventing the wheel again and again. Recognition d this problem has led to the
development of vast libraries that have been colleded ower time that contain often used
routines which programmers can simply call straight into their programs, rather than
having to dugi cate the function d existing code. In product & processdesign, ortology
plays a vital role to share design information among manufacturing enterprises. Figure
1.5 shows the way in which similar kind of manufaduring enterprises can share the
relevant information from the same design ortology. In case of sharing appropriate
design information, a trandlator, which could be a person, machine or any other device,

iISnecessry to retrieve the relevant information from shared ortology.
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Figure 1.5. Sharing information among group of manufaduring enterprises

Information management aaoss smilar settings faces the same sort of problem
(Elisa Finnie, et al, 1997). Manufaduring domains, for example, share many common

fedures, and the more similar the domains, the more fedures they share. Rather than



having to encode this information all over again in every new setting, the idea is to
develop an analog of the concept of a programming library by colleding this common
information into ortology libraries, i.e., large revisable databases of structured, damain
spedfic ontologicd information where it can be put to severa uses in the envisioned
ontology development environment. Two pdential uses of such libraries espeaaly
stand ou (Benjamin P., 1995. First, damain experts developing an ontology for a
spedfic system will be ale to import relevant portions of the general database for the
kind d system they are describing diredly into the ontology knowledge base. This wil |
save them the troulde of having to coll ect, process, organize, and record the information
diredaly. This information will of course be malleale, so that a given expert can
modify it in light of features unique to his or her system. Seoond the information can
be used to construct general techniques for ading domain experts in extrading danain
knowledge. For example, by isolating and analyzing genera patterns or fedures of
ontologies within certain domains, ore can develop productive strategies for éliciting
and structuring the sorts of knowledge ore is likely to find in those domains.  For
instance, if a cetain common kind d madhine varies in certain detail s from locaion to
location, the badkground ortology database can import the cmmon information
diredly, and then lea the user through a series of questions to €elicit the speaficaions
that are unique to the particular domain. Again, an expert may nat know how a certain
objed shoud be dasdfied. By searching on alist of esentia properties of the obed,
the tod could return a set of kinds in which the obed would most naturally be

included.
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Different functions within the enterprise can share the operational data from the
shared ortology (Robert Jasper and Mike Uschad, 2000Q. Figure 1.6 shows the
architedure of such sharing within the enterprise. Ontology author credes design
ontology, which is used by operational data author, who retrieves operational data and
put in common database. This database serves relevant functional department by
providing relevant data with the help of translators. Translated data must be spedfied by

the shared ortology to prevent the distortion d information.

i Cporialunal 1 &pmii
1 a1y martwil

Figure 1.6. Relevant Data Accessvia Shared Ontology within an Enterprise

11



1.3 Dissertation Objective

The objedive of this reseach is to develop a methoddogy for creaing an
ontology of product and process design using IDEF5 for manufacturing enterprises,
which enable them to be competitive in the present marketplaceby reducing design lead
time and cost of design. Using this methoddogy an ortology was constructed for
generic products and processs design. This generic ontology will serve & a knowledge
base for design damain and can be used as a model to buld ather site-speafic design
ontologies. This d4ep by step methoddogy is a systematic engineering approach to
capture the knowledge of product & processdesign damain, represent the relationship,
and share this knowledge across manufaduring enterprises and make it efficient to
operate. This methoddogy will help the manufaduring enterprise to

Capture the knowledge of their interest

Share common undxstanding of the structure of information aaoss the
organization

Enable reuse of captured knowledge & domain knowledge

Make explicit domain assumptions

Separate domain knowledge from the operational knowledge

Analyze domain knowledge

A cross consistency matrix was developed to measure the level of consistency
and accuracy of information captured and represented by the ontology model. A goad
reusable ontology must concern with the @nsistency and accuracy of communicaion

between organizations (Benjamin P., 1995, systems, misinterpretations in
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communicaions are aldresed by ontologies that explain and recncile terminology,

jargon, and namenclature spedfic to each party.

1.4 Justification of Dissertation Approach

This reseach is justified based on the importance of designing product and
process in a manufaduring enterprise, the need for a @wmprehensive method for
cagpturing design knowledge, and the difficulty of developing such a methoddogy
(Shanks et a., 2003. Product and processdesign plays a very important & criticd role
for manufaduring enterprises to survive in the future. There are some enterprises that
have ignored or unable to incorporate dl necessary design information in their design
had to exit the market with millions dollarsin losses (Pugh, S., 199).

In recent years a lot of research is going on to develop ortologies. Stanford
University Knowledge Systems Laboratory is playing a vital role to develop ortology
tods and techniques and sharing related information. Many disciplines now develop
standardized ortologies that domain experts can use to share and annaate information
in their fields. Medicine, for example, has produced large, standardized, structured
vocabularies sich as SNOMED (Price and Spadkman, 2000 and the semantic network
of the Unified Medicd Language System (Humphreys and Lindbkerg, 1993. Broad
genera-purpose ontologies are emerging as well. For example, the United Nations
Development Program and Dun & Bradstreet combined their efforts to develop the
UNSPS&C ontology, which provides terminology for products and services. There is

some research dane on ontology modeling for some product attributes not on the
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product design. Some of them are st ontology for enterprise modeling (Tham, K.D.,
1999, ortology of quality for enterprise modeling (Kim, H.M. et a., 199), onology
for modeling and analyzing of enterprise ammpetence (Gruninger, M., et a., 2000, etc.
In the mid 90s European reseachers tried to develop design ortology named * spirit’
but did na go through (Benjamin, 2005. P. Benjamin o KBSI Inc. developed an
ontology for acquiring CIM for manufacturing enterprise in the late 90’'s (Benjamin P.,
1995. After that there are no research foundto develop such ortology for product &

processdesign for manufaduring enterprises.

1.5 Summary of Dissertation Work Plan

Five spedfic tasks were undertaken to accompli sh the research oljedives. They
are (1) Condwt a mmprehensive literature review (2) Develop methoddogy for
product/ process design ontology (3) Develop methoddogy for cross-consistency
matrix (4) Implement develop methoddogy & bulld design ortology (5) Revise
methoddogy as needed.

Thefirst task, comprehensive literature review in chapter two sets the stage for a
more through review of ontology development for product and processdesign. In the
beginning of the dapter a genera overview of enterprise engineeing and
manufaduring enterprises are described. In the following sedion a detail study of
product and process design are described elaborately. This includes the importance of
product and process design in the manufaduring enterprises, different stages of product

design, how typica manufaduring enterprises perform its design functions, and what
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shoud be the aspect of future design processs. In the ontology modeling sedion,
objedives and different techniques of ontology modeling are mentioned. This aso
includes the avail able tods used in developing ontologies. In the final sedion d chapter
two a detall description d IDEF 5 including its gructure, benefits and wses are
mentioned with examples. The detail description of al tasks is mentioned in chapter
three Chapter three &so includes the brief description d envisioned methoddogy of
bulding ontology of product and process design. Chapter four talks about the detall
steps of methoddogy, gudelines to buld the ontology, and verification d ceptured
knowledge. In Chapter five, generic product design ortology was constructed using the
developed methoddogy. It shows the detail steps of coll eding design knowledge, refine
them into entities and relations, verify the consistency of information, and pubish the
ontology. Chapter six demonstrates areal life example of building design ortology for a
particular product design. Results & discussons and future works are discussed in

chapter seven.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter reviews the up to date literature pertinent to this reseach work.
This literature reviews build the foundition for this case. It discusses a generd
description d enterprise engineaing, manufacturing enterprises, and product and
processdesign in details. In the product and process design, its importance within the
manufaduring enterprises, how typical enterprises perform their design task, and stages
of design process are discussd. In the later sedion, dscusdons are included of
ontology modeling, avail able tedhniques of modeling, different toadls used in ortology

modeling, benefits of such modeling, and detail s of IDEF5 modeling todl.

2.2 Enterprise Engineering

Enterprise Engineering consist of people, processand techndogy and is defined
as that body of knowledge, principles, and practices having to do with the analysis,
design, implementation and operation d an enterprise (Don Liles et al., 1996). It is a set
of adivities organized into business processes cooperation to produce a set of desired
results (Presley, 1997). It helps to understand the mecdhanism behind the operation d
enterprise. It is a mmplex system and withou understanding the nature of the

complexity, it is quite impossble to runthe enterprise dficiently.
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An enterprise model is a computational representation d the structure, adivities,
processes, information, people, behavior, goas and constraints of a business
government or other enterprise. It can be both descriptive and cefiniti onal—spanning
what is and what shoud be. The role of an enterprise model is to achieve model-driven
enterprise design, analysis, and evauation. (Michad G. et a., 200Q. However, many
approadhes to enterprise modeling ladk an adequate spedficaion d the semantics of the
termindogy of the underlying enterprise models, which leals to inconsistent
interpretations and uses of knowledge. Ontology modeling is one of the enterprise

models, which can incorporate semantics of the terminology into the ontology.

2.3 Manufacturing Enterprises

Manufaduring enterprises need to perform a variety of functionsto do bsiness
Some of these functions are very important compared to others and the degree of
importance varies from enterprise to enterprise. All manufaduring enterprises may not
have to perform all functions, it depends on the nature of their business Typicaly, a
simple manufaduring enterprise need following six functions for their business (Don
Liles, 1995. Figure 2.1 shows these six functions with their relations, inpus, ouputs,
and mechanism. A brief description d these functions is as follows (MD Sarder and
DonLiles, 20().

Strategic planning- is an owerall enterprise directive for the development of
tadicd level plans, pdicies, and procedures. It spedfies the role of the organization
with resped to the environment and defines the enterprise culture. It consists of

foll owing sub functions.
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* Defining business

»  Setting required performance

» Creding, evaluating, and seleding strategies

Resource management- is concerned with the management of resources including

copital, personnel, information, and fadlities. Manage resources is a tadicd level
adivity where the strategic level objedives regarding resources are trandated into
tadicd plans which define expeded contributions of each operational area toward
achieving the strategic plan. This includes foll owing activiti es.

* Managing finance/ accounting

* Managing personnel

* Managing faciliti es

» Developing aggregate plan

* Managing information system

Marketing- provides the enterprise with a dynamic external link to its customers

and the eavironment. Marketing information gathered duing analysis srves as a basis
for developing forecasts, strategic plans, tadicd plans, and the development of
advertising. Sub functions of marketing are & follows.

* Anayzing marketing information

» Developing plans & rules

* Marketing product

» Sdlling product

18



Design- tranglates customer needs into design dredives spedficaions. Thisis one
of the wre functions for manufacturing enterprises. Design consists of following

adivities.

Supervising engineering functions

» Developing conceptual design
» Developing embodment design
» Developing detail ed design
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Figure 2.1.1DEF O Representation d Manufaduring Functions (Don Liles, 1999

Manufacturing- produces redized products according to design directives. This
means ensuring that adequate resources (material, information, equipment, and labor)
are avallable to med production requirements, and providing a release mecdanism,

which controls the loading of the shopfloor. Thisincludes foll owing adivities.
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* Planning manufacturing

» Supervising shopfloor activity

* Exeauting & controlli ng manufaduring
* Suppating production

* Maintaining fadliti es

Distributing product

Support service- after a product is manufadured and sold, cetain suppat
functions might be necessary. These might include issuing manuals and documentation,
providing training and logistics suppat, providing repair services, or issling spare
parts. It includes foll owing activiti es.

e Supervising product suppat

Producing documentation

Providing training

Providing repair service

* Providing spare parts

Manufaduring enterprises contribute most of nation's GDP. Accordingto recent
statistics, U.S. manufaduring, if it were anation, would be the world's eighth-largest
eonamy. Manufaduring accourts for three-fourths of U.S. exports and the majority of
private sector R&D. It aso accounts for 13 percent of U.S. GDP and 11 percent of
employment. The future prospeds for the U.S. econamy depend heavily on the vitality

of U.S. manufaduring.
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World-class manufadurers have established as an operating goal that they will
be world class They assess their performance by benchmarking themselves against
their competition and against other world-class operational functions, even in aher
industries.

They use thisinformation to establish arganizational goals and ohectives, which
they communicate to al members of the enterprise, and they continuowsly measure and
asess the performance of the system against these objedives and regularly assessthe
appropriatenessof the objedives to attaining world-class $atus.

World-classmanufacturers integrate dl elements of the manufaduring system to
satisfy the needs and wants of its customers in a timely and effective manner. They
eliminate organizational barriers to permit improved communicaion and to provide

high quelity products and services.

2.4 Product & Process Design
It is a process of transforming customer needs into redized product through
complex set of design activities (Ruddph, 2009. A detail discusson of product and

processdesign is presented nthe foll owing sedions.

2.4.1 Importance of Product & Process Design within Manufacturing Enterprise
As mentioned earlier that Product and processdesign plays a very important &

criticd role for manufaduring enterprises to survive in the future. Among all functions

of manufaduring enterprise, product and process design is the single most important

function. According to current research abou 70% of a products cost is determined in
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the design phase (Mike True & Carmine Izz, 200). In some caes of eledronics

design, design dedsion can influence up to 80% of total cost.

2.4.2 Stages of Product & Process Design

Though product and process design is an innovative process it follows
structured steps of design adivities. A product design evolves over time in design
phases from the identification o customer needs to the redized product. This design
stages are time sequential in nature. For example, without identifying customer needs it
isnot possble to dothe detail design. Though concurrent design is necessary to reduce
the design time, there is alimit for the extent of concurrency. There ae many authors,
who have mentioned the diff erent stages of design processin their literature (John Priest
and Jose Sanchez, 2001,Pahl and Beitz, 1996,Dixon and Poli, 1995,Ruddph, 2005,
etc). The majority of reseacher propased three major stages of design processs. They
are oonceptual design, embodment design, and detail design. In the conceptual design,
designers synthesize a variety of candidate working principles or concepts. In the
embodment design, designer conduct lots of trade of analysis, determine values for the
design parameters, and seled the best candidates. Detail design phase produces the

detail spedficaion d engineering design.

2.4.3 Traditional Ways of Product & Process Design
Traditional design processis iterative in nature and hes very lessintegration d
design information. Design team starts with concept generation and foll ows consequent

design steps. The dhanges of design along product life cycle for traditional design are
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shown in the foll owing figure 2.2. The more the number of change the more the st of

design. The number of changes reach maximum during pre-deployment.
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Figure 2.2. Design changes aaossproduct life cycle

Again the more dhanges in the later stages of design cycle, the more the cost to
fix those problems. Figure 2.3 shows the relation of correction costs and product life

cycle. Thisrelationis exporentia in nature.
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Figure 2.3.Cost of Correction over time (Martin McGregor, 2005

2.4.4 Product & Process Design In The Future

Product and processdesign have amgjor influence on the competiti venessof the
enterprise, hence it is espedally criticd that the design information must be acacrate
and design function ke better integrated with the other functions of the enterprise. The
future design will bring more mature product designs, which can be more effectively
produced within a @mpany's existing or planned production system and more
eff ectively suppated. New product design and introduction lead-time or time-to-market
will be reduced to meet rapidly changing techndogy and customer demands and

increase enterprise flexibility. According to Kenneth Crow, the objedives of future

product and processare:
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The design o products to better med customer needs and quality
expedations

The design o processes or the mnsideration d process cgpabiliti es in
designing productsin order to produce products at a more cmpetiti ve price
Reduction d product and process design cycle time or time-to-market to
bring products to market ealier

High productivity through release of producible designs and minimization d

disruptive design changes

To accomplish these objedives, following approaches are necessary for

manufaduring enterprises.

Alignment of product development with business srategy;

Integrated and coll aborative gproach to product and processdesign;
Extensive reuse of design knawledge (Design Ontology);

Wide accssof acarate design information;

Optimization of the product and pocess design to enhance

manufadurabili ty, testability, aff ordabili ty, reliabili ty, maintainabili ty, etc

There use of design information will significantly reduce the design time. At the

same time design tean will capture knowledge for future use from different sources

such as new finding from its own design process and individual expertise from its own

human rewmurses, which includes sles and marketing people, design people,

manufaduring stuffs and so on.
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2.5 Ontology Modeling

In an ontology model, descriptors are caaloged (like a data dictionary) and
crege amodel of the domain, if described with those descriptors. Thus, in bulding an
ontology, it must produce three products, which are to caalog the terms, cgpture the
constraints that govern how thaose terms can be used to make descriptive statements
abou the domain, and then buld amodel that when provided with a speafic descriptive
statement, can generate the “gppropriate” additional descriptive statements.

In the context of knowledge sharing, the term ontology means a spedficaion o
a onceptualization. That is, an ortology is adescription (like aformal specificaion d a
program) of the concepts and relationships that can exist for an agent or acommunity of
agents. This definition is consistent with the usage of ontology as set-of-concept-
definitions, but more general. And it is certainly a different sense of the word than its
use in phlosophy. Ontologies are often equated with taxonamic hierarchies of classes,
class definitions and the subsumption relation, bu ontologies need not be limited to
these forms. Ontologies are dso nd limited to conservative definitions, that is,
definitions in the traditional |ogic sense that only introduce terminology and do na add
any knowledge abou the world (Enderton, 192). To specify a conceptuali zation, ore
needs to state axioms that do constrain the passble interpretations for the defined terms.

Any domain with a determinate subject matter has its own terminoogy, a
distinctive vocabulary that is used to talk abou the dharacteristic objects and processes
that comprise the domain. The nature of a given domain is thus reveded in the language

used to talk abou it. Clealy, however, the nature of a domain is not reveded in its
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correspondng vocabulary aone; in addition, ore must (i) provide rigorous definitions
of the grammar governing the way terms in the vocabulary can be combined to form
statements and (ii) clarify the logicd conrections between such statements. Only when
this additional information is available is it possible to understand bdh the natures of
the individuals that exist in the domain and the aiticd relations they bea to ore
ancther. An ontology is a structured representation of thisinformation. More exadly, an
ontology is a domain vocabulary together with a set of predse definitions, or axioms,
that constrain the meanings of the terms in that vocabulary sufficiently to enable

consistent interpretation d statements that use that vocabulary.

2.5.1 Objective of Ontology Modeling

The primary goal of the Ontology Description Capture method is to provide a
structured technique, suppated by automated todls, by which a domain expert can
eff ectively develop and maintain usable, accurate, damain ortologies.

A key to effedive integration is the accesshility of rich ontologies
characterizing each of the domains addressed by ead cluster. For instance, access to a
manufaduring ontology that includes constraints on hav a given part is manufadured
can aid designers in their design of a complex product by giving them insight into the
manufaduring implicaions of their design concepts. Similarly, accessto an engineering
ontology that includes constraints on hav a given part is to function given a particular
shape or fit can aid process planners in their development of the gpropriate

manufaduring processes. A commonly accessble mlledion d relevant ontologies thus
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permits more dficient sharing of information arising from various urces within the
enterprise.

An enormous problem in the wordination d collaborative tean is the diversity
of badkgrounds the various kinds of tean members bring to their respective roles. As a
consequence, many members use similar terminology in many different ways with
many different conndations. Because of such dfferences, the information that one
member intends to convey to another may in fad beame garbled; in the best case, such
miscommunicaions can be resporsible for a grea deal of lost time and resources.
Consequently, it is often necessary in the wurse of a large projed to standardize the
relevant vocabulary. The ontology cgpture method povides a principled method for
carying out this task efficiently and effectively, and maintaining the results of the task

in arobust, aaccesdble form.

2.5.2 Modding Techniques

Over the last few decades numerous conceptual modeling techniques, used to
define requirements for building information systems, processes, adivities, etc. have
emerged with no consistent theoreticd foundhtion uncerlying their conception o
development. Concerned that this stuation would result in the development of models
that were unable to completely cgpture important aspeds of the red world, WAND and
WEBER (Wand and Weber, 1989 Wand and Weber, 1999 Wand and Weber, 1993
Wand and Weber, 1999 developed and refined a set of models based onan ortology
defined by BUNGE (Bunge, 1977 for the evaluation d modeling techniques. These

models are referred to as the BUNGE-WAND-WEBER (BWW) models, or the BWW
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ontology. Ontology studies the nature of the world and attempts to arganize and
describe what exists in redity, in terms of the properties of, the structure of, and the
interadions between real-world things (Shanks et a., 2003. As computerized
information systems are representations of real world systems, WAND and WEBER
suggest that ontology can be used to help define and buld information systems that
contain the necessary representations of red world constructs. The BWW representation
model is one of three theoreticd models that make up the BWW models. Its applicaion
to information systems foundations has been referred to by many reseachers (for an
overview see (Green and Rosemann, 2004) and is now often referred to as smply the
BWW model. Some minor aterations have been caried ou over the years (Wand and
Weber, 1993 Wand and Weber, 1995 Weber, 1997), bu the aurrent key constructs of
the BWW model remains same.

IDEF models are widely used in the mid 90s for various modeling such as
adivity modeling, process modeling, information modeling, ortology modeling, etc.
Among al of these modeling, adivity modeling and processmodeling are very familiar.
In the past few years there were some Objed Oriented modeling techniques such as

UML and Protégeé used in ortology modeling.

2.5.3 ToolsUsed In Ontology Modeling
There is handful of tods for ontology modeling. The first tod used in ontology
modeling is Petri net in 1962 and recent devel oped todsinclude BPMN, UML, Protégé,

etc. As Mr. John Zacdhman in his minal work on information systems architedure

29



observed, “... there is not an architedure, bu a set of architedural representations. One
is not right and another wrong. The achitectures are different. They are alditive,
complementary (Zachman 87).

IDEF suites were developed in the mid 90 s and are proven useful. Thus, IDEFQ
provides a compact, yet surprisingly powerful, conceptua universe for modeling
business adivities; for al its power, howvever, it would be highly inconvenient, if
possble & al, to use it to design a relationa database; IDEF1X is the method that is
optimized for that task. Similarly, IDEF@ explicitly excludes temporal information, and
limits what can be represented abou tempora relations that hold between business
adivities, as well as the objeds invaved in the internal structure of those adivities.
These exclusions are what give IDEF@ its power in modeling businessadivities. For in
a method design as in a programming language design, what distinguishes a well
designed effective method iswhat is left out more so than what is left in. IDEF3, onthe
other hand, includes explicit representations of processes, time intervals, and temporal
relations and, hence, is idedly suited for expressng information about timing and
sequencing; it aso includes the capadty to express arbitrary information abou the
individuals participating in those processes. It lacks, however, the spedalized
representations of IDEF@ and, therefore, information that IDEFQD expresses with grea
ezse and simplicity is, by comparison, expressed oy awkwardly in IDEF3. The
conredion ketween these methods and IDEFS is rather straightforward. Of the methods

just mentioned, the IDEF5 schematic language is perhaps closest to IDEF1 and
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IDEF1X. However, the mnredion ketween IDEF1/1X and IDEF5 is analogous to that
between IDEFZ and IDEF3.

The informationin an IDEF1 o IDEF1X mode could in principle be expressd
in the IDEF5 eaboration language. However, becaise it does not contain the well-
designed, spedadized representations of IDEFL/1X, it would be excealingly
cumbersome in IDEF5 to design arelational database, for example. But the expressve
power of IDEF1/1X soon readesits limits and, rence, could na possbly do all that is
expeded of agenera ontology language.

In a sense, the designs of both IDEF3 and IDEFS lre&k the traditional mold
acarding to which methods are purposealy designed with limited expressve power. The
elaboration languages of both methods are full first-order languages (and more besides)
and, rence are cgable of expressng most any information that might need to be
recorded in a given domain. This breg with tradition nd only refleds the neal for
greder expressve power, bu also refleds the development and increased utili zation o
more intelligent tools and automated, model-driven systems in business and
engineeing. Intelligent toods and model-driven systems generally must manipulate
much richer forms of information than can be expressed in a traditional method. This
motivates the design of richer methods that have the cgadty to represent and aganize
such information, methods that are not restricted to pencil and paper form and, hence
which truly augment the ability of human agents to creae, manage, and reuse aricher

store of knowledge.
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IDEF5 is being developed in the belief that it can contribute in a vital way to the
redization d this vision d global knowledge sharing. The IDEF5 method therefore
fulfill s an important need by providing a @st-effective mecdhanism to aaquire, store, and
maintain scdeable and re-usable ontologies. The intended contribution d IDEFS5 is a
methodto guide and asgst domain experts and knowledge engineers in the construction
of both small and large reusable ontologies. Figure 2.4 shows the historicd uses of
different ontology todl to buld ortologies.

The BWW representation model has been used in ower twenty-five reseach
projeds for the evaluation d diff erent modeling techniques (see(Green et al., 2005 for
an owerview). In this sction, we briefly summarize those studies that focus on process
modeling tedhniques. KEEN and LAKOS (Keen and Lakos, 199%) determined esential
feaures for a processmodeling scheme by evaluating six process modeling techniques,
amongthem ANSI flowcharts, Data Flow Diagrams (DFD), in a historicd sequence by

using the BWW representation model.
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Figure 2.4. Historical uses of different Ontology Todls in Building Ontology

GREEN and ROSEMANN (Green and Rosemann, 2000 analyzed the EPC

notation with the help o the BWW ontology, focusing on bdh ontologicd
completeness and clarity. Their findings have been empirically validated through

interviews and surveys (Green and Rosemann, 2002. Confirmed shortcomings were

n the EPC notation with regard to the representation d real world olgeds and

businessrules, andin the thorough demarcation d the analyzed system.

GREEN et a. (Green et d., 2005 Green et a., 2004 compared different

modeling standards for enterprise system interoperability, including Business Process

on Language for Web Services v1.1 (BPEL4WS), Business Process Modeling

Language v1.0 (BPML), Web Service Choreography Interface v1.0 (WSCI), and

Business Process Spedficaion Schema (ebXML BPSS version 1.1.All these
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standards, which proclaim to allow for spedfication d intra- and inter-organizational
businessprocesses, have been analyzed in terms of their ontological completeness The
study found that ebXML provides awider range of language wnstructs for spedficaion
requirements, with this stuation being clearly indicaed through its relatively high
degreeof ontologicd completeness

There has been further work concentrating on the ontological evaluation o
process modeling related techniques, seg for example, (Opdahl and Henderson-Sell ers,
1999 Soffer et a., 2001) Some of these techniques rely on an objed-oriented (OO)
paradigm (like UML, OML, OPM). Stanford University reseach center developed
well-known Protégé toal for ontology modeling. Thistod is being widely used to buld
ontology because of its automated sharing information feaure.

From the @owve discusson it has been shown that IDEFS5 is a powerful tod to
build ortology but never got exposure. It is better than Protégé in terms of graphical

presentation as well as comprehensiveness

2.5.4 Benefits of Ontology M odeling

Ontologies are being constructed for a growing number of manufacturing,
engineaing, and scientific domains. With such ontologiesin pace many benefits could
be redlized ona global scde: standardized terminology with precise meanings that are
fixed acoss industries and aaoss international borders, and the adility to aacess and
reuse a huge number of ontologies in the design and construction d new systems.
Central products of this effort include the Knowledge Interchange Format (KIF), a text-

based logicd language for the interchange of knowledge, and Ontolingua, a
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medhanisms built on KIF for trandating knowledge between dfferent representation
languages. The UML, Protégé, and IDEF5 methods have been designed with the
Knowledge Sharing Effort and its vision closely in mind. Most notably, the IDEF5
elaboration language is the central medium for storing ontology information colleded
viathe IDEF5 method - uses KIF as its foundition, and is thus wholly compatible with
the central tods of the Knowledge Sharing Effort. This is particularly crucia as the
concepts behind the dfort become even more widely aacepted and implemented.
Ontology development provides sveral benefits to arganized enterprises. The
benefits of ontology development can be grouped under two headings.
1. Benefits of developing the ontology: The process of ontological analysis is a
discovery processthat leads to an enhanced understanding of adomain. The insights
of ontological analysis are useful for (i) identification d problems (diagnosis), (ii)
identification d the problem causes (causal analysis), (iii) identificaion o
dternative solutions (discovery and design), (iv) consensus and team building, and
(v) knowledge sharing and reuse.
2. Benefits derived from the products of ontology development: The ontologies that
result at the end d an ortology development effort can be used beneficialy for (i)
information systems development: ontologies provide a blueprint for developing
more intelligent and integrated information systems, (ii) systems development:
ontologies can be used as reference models for planning, coordinating, and

controlling complex product/process development adivities, (iii) business process
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reengineering: ontologies provide dues to identifying focus areas for organizationa

restructuring and suggest potential high-impad transition paths for restructuring.

Ontologicd analysis and development have been shown to be useful for: (i)
Consensus building, (ii) Objed-oriented design and programming, (iii) Comporent
based programming, (iv) User interface design, (v) Enterprise information modeling,

(vi) Businessprocessreengineering, and (vii) Conceptual schemadesign.

2.6 IDEF5

As mentioned ealier that IDEF5 is a powerful tool to capture design knowledge
and buld the design ortology. It is easy to use and step-by-step method. In the IDEF5
method, an ortology is constructed by capturing the content of certain assertions abou
red-world oljeds, their properties, and their interrelationships and representing that
content in an intuitive aad retural form. This sedion describes the IDEF5 ortology
description development process As described earlier, an orntology characterizes what
exists: the kinds, their properties, and their interrelationships in a given damain, as
reveded in the terminology used by experts in the domain. A complete ontology, then,
reveds the fundamental nature of agiven damain.

The onstruction d an ortology differs from traditional information capture
adivities in the depth and kreadth of the information ceptured. Thus, an ortology
development exercise will go beyond asserting the mere existence of relations in a

domain.
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2.6.1 Central Concept of IDEF5

The basic concepts in IDEFS are “Kind” and “Relations’. A kindis an oljedive
caegory of objeds that are boundtogether by a set of properties shared by al and ony
the members of the kind. Classes, types, and kinds al indicae some groupng of
individuals into caegories and roughly equivalent.

Properties differ from attributes. An attribute is best thought of as a function,
that is, a mapping that takes each member of a given set of individuals to a single
spedfic vaue. Thus, the dtribute olor-of maps each oljed (in a given set) to its color;
the atribute age-of maps eat employee to his or her age. By contrast, a property is
intuitively not such a mapping. Rather, they are just characteristics of things, “ways
things are,” abstrad, general characteristics that individuals dhare in common. Circles
graphicdly represent kinds with alabel in its center. Figure 2.13 shows some example
of kinds.

Properties are different in kinds such as essential vs. accidental and defining vs.

nonaefining. Figure 2.5 demonstrates the difference of properties.

Defining Nondefining
Essential Kind: Hectangle Kind: Circle
Prosperty: faaving fowr sides Property: raving mo erior anaies
Accidental Kind: Cutter Foind: Reqg*ts docnment
Property: Merving o dicemosd e Property: beiee 10 paees G fereth

Figure 2.5. Defining/Nondefining vs. Essential/ Acadental Properties
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Relations are the interactions of kinds and instances to each aher. IDEF5
suppats the description d relationships among kinds, among instances, and among
kind and instances. It explicitly suppats the relation “subkind-of”. For example, the
relation works-in, is a general feature that holds between an individua and the
department in which he or she works.

The relations in an ortology are typicdly binary; that is to say, they hald
between two entities, as with the relation works-in. However, there is no theoreticd
bound onthe number of arguments of a relation; the relation between, for instance
hods between three objects. More atificial but noretheless useful relations can easily
be defined with four or more aguments. IDEF5 thus places no restriction onthe darity
of the relations that can be introduced into an ortology.

IDEF5 dlows the dharacterization d the relation in greaer detal. Thus, an
IDEF5 model of the higher than relation might declare that this relation hes the property
of being transitive. Moreover, IDEF5 provides mechanisms for charaderizing the nature
of transitivity by means of appropriate aioms (i.e., rules and constraints governing the
behavior of relations with that property). Axioms are recorded using the IDEF5
elaboration language. Lines graphically represent relations with arrow in the tal or in

the front. Figure 2.13shows ome example of relations.

2.6.2 IDEF5 Development Process

Ontology development requires extensive iterations, discussons, reviews, and

introspedion. Knowledge extradion is usualy a discovery process and requires
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considerable introspection. It requires a processthat incorporates both significant expert
involvement as well as the dynamics of a group effort. Given the open-ended nature of
ontology analyses, it is not prudent to adopt a “cookbodk” approach to ortology
development. It recommends the use of a general procedure dong with a set of useful
guidelines.

The IDEF5 ortology development process consists of the following five
adivities.

» Organze and Define Projed This adivity invaves establishing the purpose,
viewpoint, and context for the ontology development projed and assgning roles to the
team members.

» Collea Data This adivity invalves aajuiring the raw data needed for ontology
development.

* Analyze Data This activity invoves analyzing the data to facilitate ontology
extradion.

» Devdop Initial Ontology This adivity invalves developing a preliminary ontology
from the aquired data.

 Refine and Validate Ontology This adivity involves refining and validating the
ontology to complete the devel opment process

Although these activities are listed sequentialy, there is a significant amourt of

overlap and iteration between the adivities.
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2.6.3 Detail Ontology Capture

The IDEF5 Description Summary Form summarizes the evolving/completed
ontology description. It reaords the purpose, viewpoint, and context and also provides a
summary of all the schematics and dacuments used to record the ontology. The

following are the fields of an IDEF5 Description Summary Form (seeFigure 2.6).

IDEYS Description Summary Form

Project: Product & Process Design Analysi: Reviewer:

Cintology D Sarder Don Liles

Version: Review Starting Review completion Daie:
Date:

Purpose: To dewvelop an ontology of the Product & Process Design doroain for manufactuning

enterprises.

Context: The mtorrnation acouired must be sufficient to design products & processes, specify
precedence relationships, and supports world-class design procedures.

Viewpoint: Collaboratve design tearn.

List of Documents

Sorce hiaterial Log Proto-Characteristic Pool
Somrce Mlaterial Description Forrn Eind Pool

Sonrce Statement Pool Property Pool

Somree Statement Description Formn Attrbate Pool

Tetrn Pool, Relation Pool Felation Specification Forrn
Term Description Forrn Classification Schematic
Proto-Eind Pool Corpogition Schematic
Proto-Kind Specification Form Belation Schematic
Proto-Relation Pool Kind Specification Form

Proto-Belation Specification Form

Figure 2.6.I1DEF5 Description Summary Form
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The Source Material Log is a document that serves as the primary index to all
source materia colleded and uilized in the projed. Each piece of source materia is
sequentially assgned a unique identifying number asthe log isfilled ou (Figure 2.7). A
source material may be atext book, a research article, an enterprise-spedfic document
such as a palicy manua or a procedure manual, a set of an interview notes, or direct

observation ndes.

Source hMawerial Log
Project Designing Productpmocess oninlogy Aralystz: MD Sarder

Source Source maierial nanee Collecied | Collacied Daie of
maker

al # Ffrom by Colle clion

SM &1 | “Operate aSmall tegrated Marmfactiring | --——— - Sarder 1201 504

Emterprise™ by Dion Liks, ARRT, 1995

SM &2 | “Prodact Developmment and Desizn for ™ [ ———— - Sarder 042104
M armtfataring by John W priest & Jose
Sanchez, Marwel Dekker, Inc. Hewr ¥Vork,

2001

bl &35 | “Collaboratrre Evahiation of Earby Desizn | —-————- Sarder 2r8005
Drecisions and Product Blamfachnability by
5. D Elehan et el Proceadings of the Sdth
Haoran Internatirnal Conference on System

Seclences - 2001

shl &4 | “Complexty and lesnmg behaovrorsm = | —-————- Sarder a2 005
product mrooration™ by Foss Chaprman and,

Panl Hyrland. Teclmonw-atinn 24 2004

M # S | “Coordination at different stages of prodact | ——————- Sarder 214005
design process™ by Artornio T Bailetti et el,

E&D Management 22, 4, 1992

Figure 2.7.Source Material Log
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The Source Material Description Form provides a summary of the source
material information. For ead source materia item referenced in this log, there is a
Source Material Description that is used to record more detailed information. The

following fields are used in a Source Material Description Form (see Figure 2.8).

Source hTaterial Desompiion Fooon
Frojeot: Frodua £ Frooess Desipn Dnadolo gy

Anabysts: WD Sarder

Source Tadtexial #: Sh #3

Source Taterial marne: Collshorative Ferabiatioe of Early Desizpn De cisions ad Prodact
Mhlaoafs chmabiliey T 5. In. Flebar et el, Procesdings of the 4tk Haoarail Bdemnatioral

Cordererice of Syctern Scienwces - 2001

Puxpoese: Torecord the melevrard sonarce staterterds that help odivibdaate cedologsys elanerds in

the produact A process decizp dorain,

Comnowends . This conmce muaterial cone e early desizh stage and marmfachming of goods .

Abhsbrant : b marafachring, the concepbial design arnod detailed desigp stages are bypicalby
regarded ac cequerdial and distooect. Decisions made o corwepbial decign are ofber made il
little dommatior as to Fuoear theer vonald affe of detailed desizp or mearofach i process

cpecific atior. Ilare poscibilibies aad wmlbawcates exbdct i corwepbial decigp whers ideas ahoaxt
prodact shape and fimutionality: are changing rapidlye. Fear if oo tools exdst to aid inthis

diffi cal | smorphonas stage on cordrast to the 1 COAT @aud anabrsic tools for detailed desizn
wwhere moach mwore ic Faxwoeam abonat the final pooduact. The Dlateriale Process Decigh Eredroronerd
(MIPDE) i a collaborativre problan solring ermrirorarerd (CF SE) that vas developed so
geozraphic albyr disperced decigpers i both the corcepbaal and detailed stage canowrords together
ahd 1mderstand the fnpacts of their design decisions on finctionalite, cost and

Teaons Supporbed: THE THS THLE THLS

Flaternvends supporbed: 5583, F5S

Figure 2.8. Source Materia Description Form
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The Source Statement Pod records meaningful statements made by different
individuals, as well as gatements extraded from source documents during the ontology
development effort. Each source statement is given a unigue identification number to

improve traceability. The following fields are used in a Source Statement Pod (see

Figure2.9).
Soumie Statenend Pool
Frojed: Produd £ Process Deign Ondology Analbysts: MD
Sarder
Source Staternend # Source Stabernend Supporied by
55#1 Engiwering Design activdties  meoult i | MDD Sarder
Tecopraterpled marmtachiring specifications that
gaticfr the ostoerer’s fmoctional perfontarce
Tequiretherits ard marnfachring constramts
55§21 Fesomrces may be classified as persoriel, WD Sarder
CornpaTter systerms , and facilities.

Figure 2.9. Source Statement Podl
Once source statement poals are ampleted, descriptions of those statements are
logged using Source Statement Description Form. The following fields are used in a

Source Statement Description Form (Figure 2.10).

43



Source Stadernendt Tes adpdion Formu

Projed: Frodud 8 Frocess Design Ondology Anabyss: MD Sarder
Sourdce Stadternend ¥ 55#1 Staternent #35 Evolhred To: Staus:
Active f
Hetired

Soumce Waderial #: ShT#? Stadernend #5 Dedved Frorw: | Cvogtral F
Derived

Source Stabervend : Engieering Design activities result in recorramended Supp orted
by: M

marmfacbaring specificationes that caticfy the orstorrer”s fimctiozal

perfonm ane e Tequirerherts ard maafach g coretr afids .

Vearsiom 1: Ehgineering desizp deals writh the target specific stione that will Supporied

by WD
et Oastorter s fimctioral Tequair erterds
Wersiom 1 Supporied
by:
Versiom 3: Supporied
by:

Comnomvends ;

Figure 2.10.Source Statement Description Form

The meaningful terms relevant to the ontology development project effort are
recorded alphabetically in a Term Pod. Terms often evolve to proto-kinds, proto-

characteristics, proto-relations, kinds, charaderistics, andrelations (Figure 2.11).
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Tamn Pool
Froject: Produo & Process Design Ondolosy Anabysts: MDD Sarder
Tenm & Tenn Sonmee Staterment | Soamce Dfaterial Support. lict
Foefar et & Foefar et &
Tenm # 1 Eryzitueering 5SS Shik2 MIS
Decizn
Teom # 2 Fecomce SEh2 ShIX1Z L5, IS

Figure2.11.Term Pod

The Term Pod provides a list of the terms used to derive the ontology. Each
term in the Term Pod is described in greder detail using the Term Description Form

(seeFigure 2.12.

Teaan Descopiion Foon

Projeat: Produd £ Prooess Design Ondelogy | Anabysis: MDD Sarder

Teamn # Tamn Thes oopiiom

Temn#l | E. Design BErziveering decig is process of translating oastonrer

Tequiranent o desigh cpeciications.

TemnH2 | Eesorce Eecomces are objecte/persormiel that are consmmned, used | or
required to perfonn activdties ad tacks, Fecomces playr an

etiablivgs Tole I processes,

Figure 2.12.Term Description Form

All the @dowe forms are the output of data @lledion and anaysis towards

building ontology. Once dl forms are completed an initial ontology will be build using
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the terms pod after finding all kinds and relations. Initial ontology will then be

validated and presented as a Schematic and/or elaborative language.

2.6.4 | DEF5 Ontology L anguages

A domain ortology is a detailed charaderization d “what there is’ in a given
applicaion damain. Such charaderizations must, of course, be given in some language;
hence, languages play an important role in the ontology cepture process More
spedficdly, languages for ontology capture ae important for two reasons.

* They provide amedium for cgpturing and storing knowledge.

» They provide aformat for displaying the a@uired knowvledge.

Representational structures that are rich in expressve power are important for

ontology because previously acquired knavledge is often used to guide the process of
aqquiring additional knowledge. It is generaly hard to determine a priori what sorts of
representational structures will be needed to capture the ontology of a given damain,
languages for ontology need to be expressvely very rich. However, if the method d
ontology capture is to be usable, its representational structures must be intelli gible to
ontology developers. The eae of use of alanguage is determined by its “look and feel”
and by how well it suppats the mgnitive adivities of the ontology development
process The ontology languages must have asynergistic relationship with the ontology
development procedure. That is, the languages must suppat the use of the procedure
and the procedure must suppat the use of the languages. IDEF5 has two languages.

» The IDEF5 Shematic Languagp This language is the graphica component of the
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IDEF5 languages provide visua assstance in the ontology capture process and
fadlitate communicaion. The symbads used to buld the graphical representation o

ontology are shown in the following figure.

Kind symbols: Relation symbols: Process symbols:
Individual symbols: State transition symbols Connecting symbols:
Referents Junctions
K ind Svmbols 1 -Place First-order Relation Svmbols Process svmbols

. Process
RC]cl[Il'l” ].lll'H._‘I ].ith‘I
Alternative 2-place Fursi-order
Relation Svmbols
N | Relation Label -y | L .
Individual Svmbols Connecting symbols

2-Place Second-order Relation Svmbols

——
Relation Label +

-

State Transition Svmbols

Weak Transition Arrow

M
O -
Reterents o Junctions
Strong Transition Arrow
Referenced ® @ @
Concept Label [nstantancous Transition Marker

Figure 2.13.Symbals used in IDEF5 Schematic Language (P. Benjamin, 1994)
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Following figure 2.14 shows a typical IDEF5 schematic diagram for the
composition d ballpoint pen. This pictorial diagram presents lot of information
regarding comporents, sequence of operation, types of operations and so on. Such kind
of representation is very effective and helpful for the design team to reduce their design

time.

Assembly
|)

rocess #1

Assembly
Process #2

Assembly
Process #4

Assembly
Process #3

Figure 2.14.Compaosition Schematic for the Kind Ball paint Pen (P. Benjamin, 1999

» The IDEF5 Elabaration Languag This language is a structured textual language

and hes the full power of first-order logic.

48



The two IDEF5 languages complement and suppement ead aher. The
Schematic Language is somewhat restricted in expressve power. However, the

graphicd structures of this language make it intuitive and easy to use.

2.7 Pareto Analysis
Pareto analysis (sometimes referred to as the 80/’20 a ABC) is a method d

classfying items, events, or adivities acording to their relative importance It is
frequently used in inventory management where it is used to classfy stock items into
groups based on the total annual expenditure for, or total stockholding cost of, eah
item. But it can be used in any area where prioritization is involved. This prioriti zation
helps organizations to concentrate more detail ed attention onthe high value/important
items. Pareto analysisis used to arrive & this prioritization. Taking product and process
design as an example, the first step in the analysis is to identify thaose criteria, which
make asignificant level of control important for any adivity. If the design adivities are
then listed in descending ader of importance, the most important adivity will appea at
the top o thelist. If the aumulative importanceis then plotted against number of items
then a graph knawvn as a Pareto curve is obtained. Figure 2.15represents a Pareto curve

of adesign process
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Pareto Curve
100

h

%4 importance a0 o \ class O
of design activities
&0 class B
40
rlass A
20

20 a0 all 20 100
%o total number of

design activities

Figure 2.15.Pareto Curve of a Design Process

The predse shape of a Pareto curve will differ for any analysis but the broad
shape remains smilar - following ‘the 80/20 rule’. Vilfredo Pareto was a 19th century
eonamist who olserved that 80% of Italy's wedth was owned by 20% of the
popuation. In this case, typicdly, the first 20% of items in the list will acount for
approximately 80% of cumulative annual requirement value (ARV). For a @mmpany
with astock list of 1,000 different items this means that paying more atention to the top
200 items (with a sophisticated stock control system) will give dose wntrol of about
80% of total stock investment. The next, say, 40% of items, will, typically, accourt for
afurther 15% of cumulative ARV. These can be subjed to lesspredse control methods.
Thelast 40% of (low value of low usage) items then accourt for amere 5% of ARV and

can be controlled with asimple system.
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Once the items have been prioritized, a modified Pareto analysis (commonly
referred to as the “80/20 rule’) is used to stratify the parts into categories. Typicdly
threecategories are used: “A”, “B”, and“C”, hence the name “ABC Analysis’.

“A” items are the most criticd ones. These items require tight inventory
controls, frequent review of demand forecasts and usage rates; highly accurate part data;
and frequent cycle counts to verify perpetual inventory balance accuracy. Typicdly,
these omprise 5 — 10% of the total item court, and represent the top 70— 85% of the
total annual dallar value of usage.

“B” items are of lessr criticdity. These items require nomina inventory
controls; occasional reviews of demand forecasts and usage rates; reasonably accurate
part data; and lessfrequent but regular cycle counting. They typicdly comprise the next
15— 25% of the total item court and represent the next 10 — 20% of the total annual
dalar value of usage.

“C” items have the least impad in terms of warehouse activity and financials,
and therefore require minimal inventory controls. In fad, depending on the nature of the
items, these may be good candidates for free bin stores. Analysis of demand forecasts
and wsage rates on “C” itemsis ometimes waived in favor of plaang infrequent orders
— often in large quantities — to maintain penty of stock on hand. “C” items typicdly
comprise 65 — 80% of the total item court and represent the last 5 — 10% of the total
annual dallar value of usage. Because of low usage, any dead or inactive inventory will

normally fall into the “C” category.
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There is no set rule for establishing the aitoffs between the cdegories. In fad,
many systems will allow the user to define the aitoffs. Uses of Pareto analysis is nat
new in cheding cross consistency. Some reseachers used this principle for cheding
acauracy of information d their model. In this case, all design activities are somewhat
important and nore of the single activities acounts a significant importance Rather a
group d activities acourts a significant importance in the design process In this
design scenario, type A acwourts the first 20% of adivities in the list will acourt for
approximately 70% of cumulative importance The next type B accounts 30% of
adivities, will, typicdly, acourt for a further 15% of cumulative importance These
can be subject to lessprecise ontrol methods. The last type C acourts for the rest 50%
of (low importance) activities then acourt for a mere 15% of importance and can be

controlled with a simple system.
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CHAPTER 3

RESEARCH METHODS OF DEVELOPING DESIGN ONTOLOGY

3.1 Introduction

In recent years the development of ontologies—explicit formal speafications of
the terms in the domain and relations among them (Gruber 1993—has been moving
from the research laboratories to the desktops of domain experts. Ontologies have
beamme common onthe World-Wide Web. The ontologies on the Web range from large
taxonamies categorizing Web sites (such as on Yahod) to categorizations of products
for sale and their features (such as on Amazoncom) (Natalya & Deborah, 200).
Sharing common undbrstanding of the structure of information among people or
software agents, and enabling reuse of domain knowledge is one of the more common
goas in developing ontologies (Musen 1992 Gruber 199). For example, suppcse
severa different Web sites contain design information a provide design e-commerce
services. If these Web sites share and pubi sh the same underlying ontology of the terms
they al use, then new designer or computer agents can extrad and aggregate
information from these different sites to answer user queries or as inpu data to ather

design applicaions.
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In developing design ontology, a well-structured methoddogy is essntia to

cgpture gpropriate design knowledge. This methoddogy may be different from other

ontology building. In this reseach a set of methoddogy was constructed to med the

research oljectives, which are stated in the foll owing paragraph.

The objedive of this reseach is to develop a methoddogy for creating an

ontology of product and process design using IDEF5 for manufacturing enterprises,

which enable them to be competitive in the present marketplaceby reducing design lead

time and cost of design. This d4ep by step methoddogy is a systematic engineering

approacdh to capture the knowledge of product & process design damain, represent the

relationship, and share this knowledge across manufaduring enterprises and make it

efficient to operate. This methoddogy will help the manufacturing enterprise to

Capture the knowledge of their interest

Share @mmon uncrstanding of the structure of information aaoss the
organization

Enable reuse of captured knowledge & domain knowledge

Make explicit domain assumptions

Separate domain knowledge from the operational knowledge

Analyze domain knowledge

A cross consistency matrix was developed to measure the level of consistency

and accuracy of information cgptured and represented by the ontology model. A good

reusable ontology must concern with the consistency and accuracy of communication

between organizations (Yeh, I. et al, 2003, systems, and misinterpretations in
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communicaions are aldresed by ontologies that explain and recncile terminology,

jargon, and namenclature spedfic to each party.

3.1.1 Knowledge Capturing Method

An important requirement for world-class Product & processdesign processis

the adility to capture knowledge from multiple disciplines (P. Benjamin, 1995 and

store it in a form that fadlit ates re-use, sharing, and extendibility. As companies face

increasing competition in global markets, there is a renewed understanding that

operational expertise and crisp exeaution provide significant business advantages. The

ability for an enterprise to cepture and share appropriate knowledge within the

enterprise will translate into bah operational and financia benefits (Snow John, 2004.

Knowledge catures and knawvledge sharing in the aea of product/ process

design hes the foll owing benefits:

Reduced product development time

Deaeased dugicaion d effort, increased coll aboration and reduced design
times

Maximized productivity and flexibili ty of the design team

Better knowledge transfer among diff erent functional departments

Maximized resource utili zation

The knowledge cature issue is often dscussed in terms of capturing explicit

and tadt knowledge. Explicit knowledge is that which can be expressed in language and

can therefore be mdified and recorded (Merali & Davis, 200). Tadt knowledge is that
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which canna be expressed in language. It is generally accepted that taat knowledge can
be transmitted through socialization processes (Nonaka & Takeuchi, 1995) such as a
master apprentice “learning by accompanying, watching, helping and copying”
arrangements. Most organizational adion is context-spedfic, and tadt knowledge
underpins the dhoice of appropriate adions for given situations. The followings are
some of the ways, which could be used to cgpture this knowledge.

*  Written dacumentation

» Case based reasoning

* Ontology building

Among al of them, ortology is the latest form of knowledge capturing method
where information with spedfic context can be stored. It is visible, easy to understand
and easy to share and reuse. One of the most important aspects of the general
development and wse of an ortology aqquisition method is the acumulation o a wide
range of domain ortologies. Generaly, inefficiency is among the greatest problems in
information management. Redundant effort is expended capturing or recreding
information that has already been recrded elsewhere (Benjamin P. et al, 1995.
Consider an analogy with programming. Different programmers use the same types of
routines again and again in dfferent programs frequently. Enormous amourts of time
and effort have thus gone into reinventing the whed again and again. Recaognition o
this problem has led to the development of vast libraries that have been colleded ower
time that contain often used routines which programmers can simply cdl straight into

their programs, rather than having to dugicae the function d existing code.
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3.1.2 Nature of Ontology

In the context of knowledge management, ontology is the task of acquiring the
terminology, statement structure, and sanctioned inferences of a given engineering,
manufaduring, business or design damain and storing it in a usable representational
medium (Richard J. Mayer et al.,, 1993. Ontology development methods can
effectively cegpture knowledge @ou objeds in the red world and the asciations that
exist between people, places, madines, events, etc. Ontologies provide the badkgrourd
context within which informationis transferred between two agents.

In the context of product and processdesign, an ontology is a computationally
tradable representation d what kinds of things and associations experts recognize in a
given danain. An ortology includes much more that just “dictionary” information. In
addition to the dictionary sort of information, an ortology also charaderizes the
aaceptable inferences that a domain expert can make if he or she is given a statement
made from terms in that dictionary. An ontology seeks to identify the primary classes,
or kinds, of objeds that are within the domain by isolating the properties that define the
members of those kinds and the daraderistic relations that hold between damain
objeds. Such representations are purposely structured in a way that closely reflects
human conceptuali zation d the domains in question (Richard J. Mayer et al., 1993.
Thus, differing perspedives on the same domain and their interrelations are dso
suppated. This feaure significantly distinguishes a full-blown ontology from a

traditional knowledge base.
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3.1.3 Characteristics of Design Ontology

In modern design environments produwcts are so complex that correct
externalized information and knavledge must be realily accessble by the designer.
Unlike any other function in the manufacturing enterprise, design is the most important
in terms of cost alocaion. According to current reseach abou 70% to 802 of a
products cost is determined in the design phese (Mike True & Carmine 1zz, 200J). In
that case manufadurers have agreat risk if the design process is naot appropriate.
Manufaduring enterprises canna afford to have a design on wrong information. It is
widely believed that design engineers gend upto 476 of their time seeking design
information in the design process(Hales, 1987. Given that design can be described as a
problem solving processand considering that enginea's tend to solve problems based on
avail able knowledge. It isimportant to ensure that appropriate knowledge is avail able at
the @rrect time in the process (Lawson 1990 Cross1994 Hubka 1996 Pahl and Beitz
1996. Knowledge can be made available in two ways, i.e. externa (established from
the experience of others, existing reseach and rew research) or internal (designers own
experience and krowledge establi shed through learning) (Lawson 1990. Both external
and internal knowledge can be represented by the design ortology.

An appropriate design representation scheme is a prerequisite for an efficient
design system. As the design ortology ams to suppat the evolutionary process of
design reuse, and its representation scheme should be ale to capture the information
and knawvledge invalved at al stages of the design process Much research has been

devoted to iswues relating to problem clarificaion, conceptual design and detailed
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design. Lesseffort has been made to the anbodment design representation, espeaally
from a computational perspedive (Ong & Guo, 2004).

Design ortology could be aty of the three levels of ontologies have been
presented as $own in Figure 3.1 These levels are useful when conducting an
ontology-building effort. The first is the site-spedfic ontology. This describes all of
the relevant concepts, terminalogy, structures, and relationships for a specific industrial
gste. For example, GM plant in Arlington might create ontology to describe its
fadlities. The second type of ontology is known as pradice ontology. Pradice
ontologies are models of an entire industry. For example, a group of automohbile
manufaduring companies might develop an ortology for the automohbile induwstry as
defined by the cmpanies. The third type of ontology is the domain ortology. This
represents al of the information knavn abou a genera domain. For example, ore
might develop adomain ortology for automohil e manufaduring in general that includes

new reseach from universiti es that has not yet been incorporated by industry.

/ Domain Ontology \

Site
Ontology

Site
Ontology

Practice
Ontology

Site
Ontology
Site
Ontology

Figure 3.1.Levels of Ontologies (Modified from Benjamin P., 1995

Practice
Ontology

Practice
Ontology
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As Figure 3.1 shows, there is often overlap among the levels of ontologies, and
al site spedfic and padice ontologies are subsets of the domain ortology. Generally
the design ortology is a domain spedfic ontology and can be wnwerted to aher
acording to need. The design orntology must poses ome/ al of the following
characteristics;

* Acaurate and Wp-to-date information

» Easly sharable & reusable

* Enableto capture future research and lesions learned

» Consistent information

* Visual & structured representation

3.2 A Brief Description of the Nature of M ethodology

This saion lriefly describes method for capturing product/ process design
ontologies. The description d the methodfocused on the ontology capture procedure as
well as the illustrations in using this procedure dong with a graphical language.
[llustrations drawn from the product and process domain was used to demonstrate the
utili ty of the method.

It is necessary to remember that ontology is a model of reality of the world and
the @ncepts in the ontology must reflea this redity. And it is aso necessary to
remember that there is no single crred way to do that. Some fundamenta rules in

ontology design are & follows (Natalya & Deborah, 2002;
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e There is no ore corred way to modde a domain— there are dways viable
aternatives. The best solution aimost always depends on the gopli caion that
designer have in mind and the extensions that designer anticipate.

* Ontology development is necessarily an iterative process

e Conceptsin the ontology shoud be dose to oljects (physical or logical) and
relationships in design damain of interest. These ae most likely to be nouns

(objeds) or verbs (relationships) in sentences that describe design damain.

As noted ealier, ortology is a documentation of the terminology used to
describe objects, properties, and asciations in a particular domain. It also includes the
rules for combining and using that terminology to form statements about the domain,
and identifies the sanctioned inferences that can be made from those statements in the
domain. This use of “ontology” is consistent with the traditional use becaise what
“exists” in a given domain is largely influenced by the ability of the agents to
individuate or “carve up’ the world. Because humans differ greatly in this abili ty due to
differing capacities and dffering conceptual viewpoints, ortologies are rarely
perspedive-invariant. Ontology development-the analysis and cetail ed charaderization
of the termindogy in a domain—s focused onunderstanding the ancepts of a domain
from these varied perspectives. It is aso focused onextrading the esential nature of
these ancepts and representing this knowledge in a structured manner (Benjamin P,

1995.

61



Ontology in the product and processdesign pays an important role in the future
product and process design for manufaduring enterprises. Traditional design process
translates customer neels into design spedficaions, in dang so, most cases it does nat
use awy pre-developed design template or design ortology (Dixon & Poli, 19%,
Ruddph, 2009. Neither it cgpture its own design knowledge for future use. Figure 3.2

showsinpu, ouput and constraints of traditional design process
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Figure 3.2. Traditional Product & ProcessDesign

The future design system will work as like usual except the design processwil
re-use ontology, aready develop by its own or by others. This re-use of design
information will significantly reduce design time. At the same time this system wil |
cgpture knowledge from different sources such as new finding from its own design
process and individual expertise from its own human recourses, which includes sles

and marketing people, design people, manufaduring stuffs, and so on. Other design
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information resources include design experts from outside the enterprise, available
resources such as books, journa articles, seminars, etc, leson learned from diff erent
enterprises, and emerging knowledge and techniques sich as university reseach or new
software/ tod which is not puldished yet. Once this information is captured and bulds
the design ortology, it neals to pubish the ontology for others to reuse. Figure 3.3
describes the new architedure of future design process compared to traditional design

process
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Figure 3.3. Future Product & ProcessDesign for Manufaduring Enterprise
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To med the future needs of he design processes, the methoddogy must have the
provision to re-use dready developed design ontology as is or with minor change.
Ancther significance of this methoddogy is to ched the consistency and accuracy of
captured information, which is vital for design ortology. It also pubi shes the developed

design ortology into shared ortology repasitory for others to re-use.

3.3 Dissertation Work Plan

In order to develop the methoddogy to cgpture design process and buld the
ontology a dissertation work plan was creaed. The dissertation work plan has five
major research tasks as outlined in Table 3.1and dscussd in detail to foll ow.

Table 3.1.Dissrtation Work Plan

Dissertation Research Tasks Deliverables
1 Conduct a comprehensive literaturereview
A. ldentify the aurrent product/ processdesign Text summary
Steps
B. Identify ontology modeling techniques Text with lists
C. Identify the modeling todls Text with lists
2 Develop methodology for product/ process

design ontology

A. ldentify genera steps of buil ding ontology Stepslists

B. Condct reseach and identify the key Text summary

attributes of design ortology Attribute lists

C. Conduct research and refine the steps of Text summary with list of
building design ortology steps
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Table 3.1- continued

3 Develop methodology for cross-consistency

matrix
A. ldentify key attributes Attribute lists
B. Developtodsto check consistency Toals description

C. Develop wser friendly cdculation techniques Caculation cetail s

4 Implement develop methodology & build
design ontology
A. Develop pupose & instructions Presentation script
B. Seled organization Name of organization
C. Seled expertsto interview Individual/ titl e lists
D. Implement the devel oped methoddogies to Text summary

seleded organization

E. Build the design ortology Ontology
E. Develop analysis guidelines Guidelines
F. Vdlidate ontology using consistency index Text summary
5 Revise methodology as needed Revised steps as nealed

The first research task of the work plan was to condwt a comprehensive
literature review. This is a very important task to lay the foundition of this research.
Design process varies from industry to industry. For instance, eledronic industry’s
design process differs from that of automobile industry becaise of different product
requirements. Similarly automobile industry’s design processwill be different from the
design o aircraft industry. But overall design process more or less $milar to al

industries. Existing literature has aneadotal stories of enterprises doing their product and
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process design. By studying these design process current pradices of product and
processdesign was identified. This processserves as a guideline for developing design
ontology. As mentioned ealier, the design process must be acworate and industry
spedfic.

Ontology modeling is comparatively a new but expanding reseach area. So
there is no common tedhnique available to build the ontology. Current literature
describes the tods and tedhniques that have been succesdully deployed by various
authors/ enterprises to build their ontology. Ontology authors use different techniques
and todls to buld their ontology acarding to their spedfic needs. Some techniques and
tods are more useful over others. By studying current practices and literature, avail able
ontology modeling tods and techniques were identified. A comparison study was
conducted to evauate the usefulness of different todls and techniques. An appropriate
tod and technique was seleded to buld the design ortology on the basis of comparison
study.

The seaond major reseach task of the work plan was to develop the
methoddogy for design ortology. In dang this, general steps of buil ding ontology were
identified in a similar manner to the identificaion d ontology modeling too and
tedniques. Comparing and contrasting the definition and padices from various
research and experts in the field of product and processdesign was used to identify the
key attributes of design ortology. Further study was conducted to incorporate the key

design attributes in to cgpturing design knowledge. Refinement of the genera steps of
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buil ding ontology was done to come up with final steps gedfic to product and pocess
design ortology.

The third reseach task of the work plan was to develop a methoddogy for
crossconsistency metrics, which was used to chedk the acuracy and consistency of
design information captured in ortology. The key attributes of this metrics are design
entities, kinds, sub kinds, and relations. These ae the basis on which a cnsistency
chedk was conduwcted. These key attributes were identified in similar manner to the
identification d ontology modeling tod and tediniques. Developing tods and
tedhniques for consistency matrix includes the development of genera instructions,
cdculation instructions, and software. The tod and technique was kept simple for easy
to use. The underlying justification for this approadh is that smpler tods are easier to
use and so more likely to be useful (Edwards & Barron, 1994.

The fourth magjor reseach task of the work plan was to implement the developed
methoddogy to buld design ortology. This was demonstrated the methoddogy in a
pradicd environment. Implementation was required the following subtasks to be
performed. Develop purpose and instruction included the development of genera
instructions, interview techniques, data wlledions, etc. A company was seleded either
becaise of its proven success in dang its design functions or its failure to design
efficiently. Experts to be interviewed were selected aaoss the design hierarchy. Some
was from the top-level design tean and some was from detail |evel of design tean.

Once interview process was dore, ortology was built step-by-step using the develop
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methoddogy and todl. The developed ortology was further validated using consistency
matrix developed in chapter four.
The fifth and final research task of the work plan was to revise the methoddogy as

needed onthe findings in research task four.
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CHAPTER 4

DEVELOPMENT OF THE DKAP METHODOLOGY

4.1 Overview of the M ethodology
As mentioned in chapter 1, this reseach has two major objedives, ore of which
is to develop the methoddogy for bulding a design ortology for products and
processes. A detail description d the methoddogy is discussd in this chapter. As
discussd earlier that this g4ep by step methoddogy is a systematic engineering
approacd to capture the knowledge of product & process design damain, represent the
relationship, and share this knowledge across manufaduring enterprises and make it
efficient to operate. This methoddogy will help the manufacturing enterprise to
» Capture the design knowledge of their interest
* Share mmmon uncrstanding of the structure of design information acrossthe
organization
» Enable reuse of captured design knovledge & domain knowledge
*  Make eplicit domain assumptions
»  Separate domain knowledge from the operational knowledge

* Anayzedoman knowvledge
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4.2 Structure of the M ethodology

In developing design ontology, a well-structured methoddogy is essntia to
cgpture appropriate design knowledge. This reseach methoddogy is constructed to
med the particular design reeds. Different ontology author uses different steps to buld
their ontology. For example Ricardo Calmeta mentioned four steps, Natalya & Deborah
McGuinnessmentioned seven steps and P. Benjamin mentioned five steps to buld their
own ortologies. All of them mentioned abou the foll owing steps.

* Organize and Scope the Projed

Colled Data

Analyze Data

Develop Initial Ontology

Refine and Vali date Ontology
All of the dove-mentioned steps do nd completely med the need for the design

ontology. The steps of the Design Knowledge Acquisition Process (DKAP)
methoddogy of product and pocessdesign are slightly different from other ontology
building approach to tailor the cgture of design knowledge. It has nine major steps.
They are afoll ows.

1. Determinethe domain & Scope of the ontology

2. Ched avalil abili ty of exiting ontologies

3. Organize the project

4. Colled and Analyze Data

5. Develop Initia Ontology
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6. Refine and Validate Ontology

7. Ched consistency & accuracy of ontology

8. Collea additional data and analyze data

9. Incorporate lesons learned and pubish ortology

The structure of this DKAP methoddogy for ontology development processis
shown in figure 4.1. Two fundamental differences between this particular design
ontology and an ordinary ontology are & follows. DKAP is cgpable to re-use dready
developed design ortology asisor with minor change.

Ancther significance of this methoddogy is to chedk the @nsistency and
acarracy of captured information, which is vital for design ontology. It also pubishes
the developed design ortology into shared ortology repaository for others to re-use. As
mentioned earlier, design process is amost similar for different products but very
important for each products and processes. A common repository of design ortologies

isvery useful for many manufaduring enterprises for their design needs.
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Figure 4.1. Structure of DKAP Methoddogy
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4.3 Detail Steps of the DKAP M ethodology

The detail steps of the methoddogy are discussed in the following sedions
along with an example case.

Step 1. Determine the domain & Scope the ontology: This adivity will
establish the purpose, viewpoint, and context for the ontology development projea and
assgn roles to the team members. The purpose statement provides a “completion
criteria’ for the ontology description capture dfort. The purpose is usually established
by alist of 1) statements of objedives for the effort, 2) statements of needs that the
description must satisfy, and 3 questions or findings that need to be answered. For
example, the purpaose statement for this reseach is: “To devdop a dsign ortology of a
generic product and pocessdesign’ .

Oncethe purpacse of the dfort has been charaderized, it is possble to define the
context of the project in terms of 1) the scope of coverage, and 2 the level of detail for
the ontology development effort. The scope defines the boundaries of the description
development effort, and spedfies which perts of the systems neeal to be included and
which are to be excluded.

Establishing viewpoints is important to develop the ontology. It is related to the
purpose of development. For instance, collaborative design tean will normally use
design ortology, hence it is appropriate to establish viewpoints with resped to
coll aborative design team. To say “an ontology is in the eye of the beholder” may be
too extreme aview. Nevertheless the role of differing viewpaoints on the outcome of

ontology capture dforts is an important one. The differences in viewpoints are often
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reflected in dfferent aspeds of the ontology such as the spedfication d the level of
detall of the description capture. Table 4.1 shows an IDEF 5 form of ontology
description summary including purpose, context and vewpaints.

Table 4.1. Definition d the Ontology Development Projed

Ontology Description Summary Form

Project: Automobile Analyst: Reviewer: Document
Design Ontology Md Sarder DonlLiles Number:

Version: Date: Date:

1 9/12/2005 X/X/2005

Purpose:

To develop an ontology of the Product & Process Design damain for Automobile
manufaduring enterprises. The resulting description must serve 1) as a knowledge
repository for Company A’s design system integration projed and 2 as a reference

model for Automobile industry asawhade.

Context:
The information aaquired must be sufficient to organize design adivities, speafy

preceadence relationships, and suppats world-classdesign procedures.

Step 2. Chedk availability of exiting ontologies: It is amost aways worth
considering what someone dse has dore and chedking refinement and extends existing

sources for design damain and task. There is no valid reason to expend resources to
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build an ortology, which is aready avail able. In some caes, a similar kind of ontology
can be derived from the available one. Reusing existing ontologies may be a
requirement if the system nedals to interad with ather applicaions that have drealy
committed to particular ontologies or controlled vocabularies (Natalya & Mc Guinness
2001). Many ontologies are already available in eledronic form and can be imported
into an ortology-development environment that someone is using. The formalism in
which an ortology is expressd often does not matter, since many knowledge-
representation systems can import and export ontologies. Even if a knowledge
representation system canna work diredly with a particular formalism, the task of
trandating an ortology from one formalism to another is usually not a difficult one. For
instances, the following two ortologies are build using two dfferent tools but one can

get the big idea even he/sheis not using the sametod.
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If someone is using the same tod, he/she can import the entire information for
his/her own development. There ae libraries of reusable ontologies on the Web and in

the literature. Stanford University has few online libraries of different domain and site-
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spedfic ontologies such as the Ontolingua  ontology library
(http://www.ksl.stanford.edwsoftware/ontolingua/) or the DAML ontology library
(http://www.daml.org/ontologies/). There are aso a number of pulicly available
commercia ontologies (eg., UNSPS  (www.unspsc.org), RosettaNet
(www.rosettanet.org), and DMOZ (www.dmoz.org)).

For example, a knowledge base of enterprise integration ortology may already
exist. If one can import this knowledge base and the ontology on which it is based,
he/she will have not only the dasdgfication d enterprises but also the first passat the
clasgficdion d integration characteristics used to distinguish and describe the terms.
Lists of enterprise integration terms may already be available from commercial Web
sites that enterprise people mnsider use to integrate their enterprise.

Step 3. Organize the projed: This adivity will set different task to be
performed to buld the new ontology after cheding that there ae no ortology avail able
to reuse ais or with minor change. Some of the tasks are to form Development Tean,
bres down the tasks, assign tean members to specific tasks, etc.

An important initial step in developing an ortology description is the formation
of a development team. Eadh member of the team will perform a particular role in the
development effort. Individuals who are invaved in the modeling may eeach fulfill
several roles, bu each role is dedt with dstinctly and shoud be dearly separated in the
minds of the participants. The following are the sample roles assumed by the ontology

development projed personrel:
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I Projed Leaer: This administrative role is resporsible for overseeing and
guiding the entire ontology development effort.

i Anayst/Knowledge Engineer: Personnel with ortology development
expertise who will be the primary developers of the ontology description fil |
thistechnicd role.

ili . Domain Expert: This role dharacterizes the primary sources of knowledge
from the goplicaion damain of interest. Personsfilli ng thisrole will provide
insights abou the daracteristics of the gplicaion danain that are neeled
for extrading the underlying ontologica knowledge.

Iv. Team Members. All personsinvolved with the ontology description pojed.

A Work Bre&kdown Structure (WBS) is a results-oriented family tree that
captures al the work of a project in an organized way. It is often portrayed graphicdly
as a hierarchicd tree however, it can also be atabular list of "element” categories and
tasks or the indented task list that appeas in the Gantt chart schedule. Figure 4.4 shows

the WBS of building design ortology.
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Figure 4.4.WBS of building design ortology

The WBS shoud be designed with consideration for its eventual uses. WBS
design shoud try to achieve certain goals.

* Be ompatible with hov the work will be dorne and hav schedules will be

managed

» Givevishility to important or risky work efforts

* Allow mapping of requirements, plans, testing, and deliverables

» Foster clea ownership by project leaders and tean members and

* Provide datafor performance measurement and historicd databases

Once acomplete WBS is constructed, tean members are assgned against eath

individual task to ensure the progressof the ontology buil ding effort.
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Step 4. Colled and Analyze Data: This adivity will acqquire the raw data needed
for ontology development and analyze the data to faalitate ontology extradion. The
definition d viewpoint, context, and pupaose sets the stage for the data-gathering phase
of the ontology captures effort. One of the problems in data @llection is determining
the gpropriate sources of data. Various reseach experiences indicae that the main
data sources are the domain expert and dauments relevant to the arcumscribed
ontology. Regardlessof the data coll edion methods used, it is important at this gage to
establish an adion dan for colleding data pertinent to the purpose and iewpaint of the
model. Once wlleded, ead peceof colleded data must be tracedle to its urce
Tracedbility of source material is important becaise it is the data, which provides
objedive evidence for the basic ontological structures that are later isolated from this
data.

Three important suppat documents can be used to facilitate source data
traceabili ty:

i Source Materia Log: A document that serves as the primary index to all
source material used in the projed. Thislog lists all the materials used in the
projed. This list contains the name of the source materias, sources, who
colleded and when coll ected and shown in the Table 4.2. Each entry of this
document is then described using separate forms cdled Source Material

Description Form shown in Table 4.3.
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Table 4.2.Source Material Log for Buil ding Design Ontology

Source Material Log

Project: Designing Product/processontol ogy Analysts: MD
Sarder
Sour ce Source material name Collec | Colleae | Date of
materia ted d by Calledi
| # from on
SM#1 | “Operate aSmall Integrated @ | --—----- Sarder | 12/1504
Manufaduring Enterprise” by Don Liles,
ARRI, 1998
SM # 2 | “Produwct Development and Design for | -------- Sarder | 04/21/04
Mfg.” by JohnW. priest & Jose Sanchez,
Marcd Dekker, Inc. New York, 2001
SM # 3 | “Collaborative Evaluation of Early Design | -------- Sarder | 6/23/04
Dedsions and Product Manufadurabili ty”
by S. D. Kleban et €, Procealings of the
34th Hawaii International Conference on
System Sciences - 2001
SM # 4 | “Complexity and learning behaviorsin =~ | -------- Sarder | 8/24/04
product innovetion” by RossChapman
and, Paul Hyland. Technovation 24, 2004
SM #5 | “Coordination a different stagesof | ---—----- Sarder | 12/14/04
product design process' by Antonio J
Bail etti et el, R& D Management 28, 4,
1998
Y o T e B B
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Table 4.3. Source Material Description Form for Building Design Ontology

Source Material Description Form

Projed: Product & ProcessDesign Ontology

Analyst: MD Sarder

Source material #: SM # 3

Source material name: Collaborative Evaluation d Early Design Dedsions and
Product Manufadurability” by S. D. Kleban et el, Procealings of the 34th Hawaii
International Conference on System Sciences— 2001

Purpose: To record the relevant source statements that help individuate ontology

elementsin the product & processdesign danain.

Comments: This ource material concerns early design stage and manufacturing of

goodk.

Abstract: In manufacturing, the @nceptual design and cketailed design stages are
typicdly regarded as ®quential and dstinct. Decisions made in conceptual design are
often made with little information as to how they would affect detailed design or
manufaduring process gedficaion. Many possbilities and unknevns exist in
conceptual design where ideas abou product shape and functionality are changing
rapidly. Few if any tods exist to aid in this difficult, amorphows gage in contrast to
the many CAD and analysis tods for detailed design where much more is known
abou the final product. The Materials Process Design Environment (MPDE) is a
collaborative problem solving environment (CPSE) that was developed so
geographically dispersed designers in bah the @nceptual and detailed stage can
work together and undbrstand the impads of their design decisions on functionality,

cost and manufacturabilit y.

Terms Suppated: T#2, T#5, T#12, T#15

Statements suppated: SS#3, SSH5
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Statement Podl: This document records meaningful statements made by
different individuals, as well as datements extracted from source documents
during the ontology development effort. An example statement abou the
engineaing design is: “Engineering Design adivities result in recommended
manufaduring spedfications that satisfy the astomer’s functional
performance requirements and manufaduring constraints’. Table 4.4 shows
an example of a source statement pod. Table 4.5 shows urce statement

descriptionform, which describes each statement in detalil .

Table 4.4. Source Statement Podl for Building Design Ontology

Sour ce Statement Pool

Project: Product & ProcessDesign Ontology Analysts:
MD Sarder

Source Statement | Source Statement Suppated

# by

SS#1 Engineering Design adivities result in| MD Sarder

recommended manufaduring spedafications that
satisfy the astomer’s functional performance

requirements and manufacturing constraints.

SS# 2 Resources may be dassfied as personrel, | MD Sarder
computer systems, and faciliti es.

SS#3 | e | s

0307 o T el I
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Table 4.5. Source Statement Description Form for Buil ding Design Ontology

Sour ce Statement Description Form

Project: Product & ProcessDesign Ontology Analysts:
MD Sarder
Sour ce Statement #: SS#1 Statement #S Evolved | Status:
To: Active /
Retired
Source Material # SM#2 Statement #S Derived | Origina /
From: Derived
Source Statement: Engineering Design activities result in | Suppated by:
recoommended manufacturing spedfications that satisfy the
customer’s functional performance requirements and manufacturing
constraints.
Version 1: Engineaing design deds with the target speaficaions | Suppated by:
that will med customer’s functional requirements.
Version 2 Suppated by:
Version 3 Suppated by:
Comments:

ili . Term Pod: The Term Pod alphabeticdly records all the meaningful terms
relevant to the ontology building effort. Terms would typicdly connde
kindg/instances of kinds, and relations/instances of relations.
example, a term pod would include such terms as engineeaing design,

embodment design, rapid prototyping, etc. Table 4.6 shows a sample term

pod and Table 4.7 shows the description d eadh term.
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Table4.6.Term Pod for Building Design Ontology

Term Pool
Project: Product & Process Design | Analysts:
Ontology MD Sarder
Term# Term Source Source  Materia | Suppat list
Statement Reference
Reference
Term# 1 | Engineering | SS#1 SM#2 MS
Design
Term# 2 | Embodment | SS#2 SM#13 DS, MS
Design
Term# 3 | —ommmmmmmmmmmn | o |
= 00 T Tl B Bl
Table 4.7.Term Description for Building Design Ontology
Term Description Form
Project: Product & ProcessDesign Ontology Analysts: MD Sarder
Term # Term Description
Term#l E. Design | Engineering design is process of tranglating customer
requirement into design spedficaions.
Term#2 Resource | Resources are objeds/personnel that are consumed,
used, o required to perform adivities and tasks.
Resources play an enabling rolein processes.
Term# 3 | —--------m--- = e e e e e e o
Term#n | -------mmmmm- e e e
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The objedive of data analysis of the ontology development processisto analyze
source material that has been colleded and construct an initial charaderization d the
ontology. This task is performed by the knowledge engineer/analyst closely teaming
with the domain expert. This task will typicdly involve the adivities sich as identify
relevant design processes, list the objeds of interest in the domain, examine boundary
objedsfor boundry refinement, etc.

i Identify relevant design activities
In a product and process environment, the natures of many kinds of thingsin
adomain, especially the important relations they bea to ather entities in the
enterprise, are reveded not so much by examination d those entities but the
roles they play situated in the processes in which they figure. Hence the
first objedive in ortology bulding in product and pocess design
environment is to cgpture the relevant design adivities in which the
ontologicd elements of the domain participate. For example, in a design
situation, these will include conceptual design, embodment design, detall
design, design for manufaduring, design for safety, life testing, prototyping,
etc. These then provide the necessary contextual information for the
construction d accurate and complete domain ortologies.

i List the objeds of interest in the domain
Severa objeds will be fairly obvious from an initial study of the adivity
descriptions resulting from the previous dep. Other objeds will be

identifiable from the source data such as the Statement Pod and the Term
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Pod. For example, the different kinds of design aspeds, dedsion analysis,
methods, tods, and fixtures that are assciated with product and process
design will be obvious ontology candidates for design ortology. The
viewpoint and context statements constructed ealier in the development
processwill guide the level of detail that neals to be enployed to develop
thislist.

Examine boundry objeds for boundary refinement

The initial boundxries defined in the mntext statement may need to be
redrawn to fadlitate better conceptua structuring of the ontology.
Boundaxries are often expanded to accommodate important objeds that were
ealier on the boundry. For example, consider a Plotter machine that is
used in the design processes for ABC's design. Suppase that “drawing
equipment” were initially excluded from the scope of the project. Suppose
further that there are deven ather kinds of drawing machines that are used to
draw and print design drawings at ABC. At this point, the boundxries are
redrawn to explicitly include drawing equipment as part of the design
ontology.

Partition the domain into subsystems

Systems are defined as coll edions of physical and/or conceptual objects that
work together for a mommon pupose. Organizing ortologies by the systems
provides a dea conceptua framework for subsequent analysis of

ontologicd knowledge. It is therefore important to partition the focus
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domain into clealy deinedle subsystems ealy in the ontology

development process This design ortology building method povides a

graphicd language that suppats the @nceptual adivities such as

representation d a system at varying levels of abstradion. To ill ustrate,
consider again the ABC company. Suppacse that ABC'’s production system
has threemajor subsystems:

a. Planning System: This is resporsible for functions such as determining
the part route from the dternative routes edfied in the process plan
and coordinating the avail abili ty of material handling, material resources,
setup, and todling so that an operation a job can be dore on a particular
maadine.

b. Scheduling System: This is resporsible for spedfying the actua
assgnment of starting and/or completion times of operations on
macdhines, batch sequencing, and scheduling the tods required for
operations.

c. Exeauting System: Thisisresporsible for initiating the start-up and shut-
down of operations, issuing commands to perform assgned activities,
using feadback to monitor the exeaution d those adivities, and

oversedang error recovery.
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This partitioning is ill ustrated graphicdly in the Relation Schematic shown in

Figure4.5.
ABCs
Producton
System
Planring Executing
Syaterm System
Part-Cf
— -~

Figure 4.5. Compaosition d@ ABC’s Production System

The Relation Schematic in Figure 4.5 shows ome of the important graphicd
symbals of this ontology cepture graphicd language. The drcleis used to symbadlize a
kind. Informally, akind is defined as a dassof objeds al of which share a @mmon
nature, i.e., a set of properties that belong to al and orly members of the kind. Doubde
circles represent complex kinds, kinds that can be decomposed into two or more simpler
kinds. The three doulde drcles in Figure 4.5 indicae that ead of the subsystems
displayed has decompaosition. The arrow symbad is used to symbadlize a relation in the
ontology building method. Relations model associations between concepts in the red
world. The arowsin Figure 4.5represent the “Part-Of” relation.

Step 5. Develop Initia Ontology: This adivity is to develop a preliminary

ontology from the acquired data. In the previous dep relevant data was colleded and
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analyzed them to usein this dep. In this gep there ae aseries of task aacording to tod

to be seleded. For IDEF 5 tod, the task could be identifying Proto Properties, proto

Relations, and proto Kinds, classfy Kinds, Properties, and Relations, etc.

| dentify Proto Properties and Proto Kinds

Properties are the daracteristics that hold of objeds in the real world.
Examples of properties are weight, color, age, shape, etc. In this ontology
building method, concepts are initialy caaogued as “proto” concepts, that
is, they are tentative and subjed to further inquiry before final change of
status by eliminating the “proto” prefix. Thus, paential candidates for
“properties’ in the ontology areinitialy called “proto properties.” Similarly,
there ae “proto kinds” and “proto relations’ (described later in this sdion).
Proto property identification wually occurs concurrently with proto kind
identificaion. Thisis because kinds are usually individuated onthe basis of
the properties that they exhibit. Listing properties is a relaively
straightforward task because properties are readily observable and are often
measurable.

A proto kind is the result of a preliminary attempt at individuating a kind.
This task esentially consists of assciating the objeds identified in the data
analysis activity with the proto propertiesidentified. It may be instructive to
perform this asociation process in two stages. First, the asociation is
caried up to the point where the proto kind can be dealy distinguished

from any other proto kind, that is, the proto kinds have abasis for being
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uniquely individuated. Properties that contribute to the uniquenessof a kind
are candidate-defining properties. Defining properties gipulate necessary
condtions for membership to a kind. Once the defining properties are
identified, the remaining properties (nondefining) that are used to
characterize the kinds in greaer detail are assciated with the kinds. At this
stage of the anaysis, it often beaomes clear which proto kinds represent
genuine kinds, where two terms have been used to indicae the same kind
(namespace redundancy), where the same term is used to indicae distinct
kinds (namespace anbiguity), and so on. Once the daracterization d a
proto kind is relatively complete, it is conwverted to a kind. That is,
clasgficdion as a “proto” concept is no longer necessary in view of the
evidencethat suppats the cncept.

The Kind Specificaion Form shown in Table 4.8 is used to record the
characteristics of the kinds in the ontology. Table 4.8 shows how this form
is used to record detail s of the Auto CAD kind in the ABC design system
ontology. Note from Table 4.8 that properties of akind may be dassfied as
being esential or acddental. An esentia property of an oged S is a
property that S could na have lacked withou ceasing to be S. An acadental
property of S, by contrast, is a property that S in fact has, bu noretheless

might not have.
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Table 4.8. Spedfication d the Resource Kind

Kind/Instance Spedfication Form

Kind Name Kind Number

Auto CAD (A-CAD)

Synonyms

Software

Glossary

This kind d software can be used to draw complicaed design drawing,

which is necessary for design release.

Referenced Relations
Sub kind

Design Processes

Properties

Defining Properties Other Properties

Draws-part Has-fixed-location, Has-tods
Attributes

Attribute Name Attribute Type

Resource Type String

Kind/Instance Elaboration
(Kind A-CAD)

(Sub knd A-CAD Equipment)

92




Classfy Kinds andKind Hierarchy

Dedding whether a particular concept is a Kind in an ortology or an

individual instance depends on what the potential applicaions of the

ontology are. In case of design ortology, reagnizing the multiplicity of

classficaion mechanisms in dfferent domain areas, this method povides a

range of different classficaion relations to aid domain experts to identify

kinds & sub kinds. Depending on the ontext of use, the subkind

(clasgficaion) relation can be categorized uncer three headings as described

in the foll owing.

a. Generdlization-spedadization. The generdlization classficaion Isa
relation links a general kind with a spedalization d the kind. For
example, a conceptual design kind is a spedadlizaion d a design steps
kind. This type of classficaion relation is widely used in a variety of
diff erent application damains.

b. Natural kind clasgficaion: Ontologies of physical objeds are dasdfied
using the “kind classficaion” meaning of the Is-a relation. This
relation, dten dubled “a kind d objed” (AKO), bestows the
distinguished status of kind hoodto the related dbjeds. Often there ae
no recessry and sufficient condtions for entry into a particular kind,
and oheds just “are” (i.e., by definition), or happen to be, of particular

kinds. The AKO relation is used predominantly for classfying natura
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objeds and retural phenomena. For example, adesign softwareisakind
of designresources.

c. Description classfication: Description clasgfication relations are used
to define one objed kindin terms of another. Thistype of Is-arelationis
particularly useful for describing abstrad object kinds. For example, the
as®rtionthat “A sguare isaredangle” is a mncise way of asserting that
“a square is a redangle with four equal sides.” Here, the description o
the redangle is used to define the wncept of the square, that is, the
square description subsumes the description d the redangle.

Figure 4.6 illustrates the dasdficaion d design resources. Typicdly,

design resources can be cdegorized as collaborative design team,

equipment, and tods. Collaborative design team consists of design experts
from various disciplines. Equipment can be further categorized as design

testing madhine, rapid prototype machine, and material storage device A

tod can be design software and decision analysistodl.
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Figure 4.6. Clasdfication of Design Resources

Once kinds are identified, they need to be placed in a hierarchy of order.
There are several possble gproaches in developing a kind Hherarchy
(Natalya and Mc Guinness 2001)):

* A top-down development process sarts with the definition d the most
genera concepts in the domain and subsequent speddization d the
concepts. For example, ore can start with creaing kinds for the general
concepts of product and process design. Then he/she speaalizes the design
Kind by creating some of its aub kinds: conceptua design, embodment
design, and detail design. One can further categorize the detail design, for

example, into part analysis, field-testing, FEMA analysis, and so on.
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* A boattom-up development process starts with the definition o the most
spedfic kinds, the leaves of the hierarchy, with subsequent grouping of these
kinds into more general concepts. For example, one ca start by defining
kinds for therma anaysis and eledric analysis. He/she then creates a
common super classfor these two kinds “ Stressanalysis’ which inturnis a
sub kind d part analysis.

* A combination development processis a combination d the top-down
and bdtom-up approaches. One can define the more salient concepts first
and then generalize and spedalize them appropriately. He/she might start
with a few top-level concepts and a few spedfic concepts and then relate

them to amidde-level concept.
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| dentify Proto Relations

A proto relation is the result of a preliminary attempt at individuating a
relation. Proto relations express hypothesized associations between proto
kinds or between kinds. The identificaion and charaderization d relations
is often the most difficult part of knowledge cature. The identificaion d
proto relations refers to the activity of reaognizing the existence of, or
beawoming attuned to, a particular proto relation in the domain.
Charaderization follows identification, and refers to the adivity of
identifying and specifying the properties of a proto relation in a manner that
will allow the relational knowledge to be used for making useful inferences
at some future time. Thus, reagnizing that a tool post is “Abowe” the lathe
bed isthe ad¢ of discovering and asserting its existence and giving it a name.
Charaderizing it will involve making assertions sich as: the @owe relation
is transitive. Suppase consider the relation between a part to be designed
and the different kinds of equipment in the design process Design drawing
tod (such as Auto CAD software) typicdly require information abou the
detalled geometry of a part in arder to draw the part. However, a decision
anaysistod does nat require more information than the dternatives. At the
same time, the material storage devices require “minimum enclosing box”
dimensions and the part weight information to perform the storage function.

These aciations are now treated as proto relations. The Relation
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Schematic shown in Figure 4.7 facilitates the conceptual analysis of this

proto relation.

Ivlaterial
Selects —  Stores Storage
Diesrice
|
Dirars
Suto CaD
Softarare

Figure 4.7. Part-Resource Relationships

Figure 4.7 asserts the association d the part with aher design resources.
When there is aufficient evidence to justify that these asociations are bona
fide relations, the proto-relations are made into relations. This completes the
adivity of relation identificaion. The next step in this ontology cepture
method is to “charaderize” the relation, that is gedfy “rules of alowable
behavior” for the relation. It tell s the importance of relationship. Two types
of relationships are dlowed in IDEF 5 todl, they are primary relationships
and seoondary relationships. To represent primary relationships, an
arrowhea is placed on the head and to represent secondary relationships,
arrowhea is placed in the tail .

Step 6. Refine and Validate Ontology: This activity will refine and validate the

ontology to complete the development process The refinement processis essentialy a
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deductive vaidation procedure: the ontologica structures are tested with adua data,

and the result of the instantiation is compared with the ontology structure. If the

comparison produces mismatches, every such mismatch must be adequately resolved.

Ontology refinement includes the foll owing steps.

Kind Refinement Procedure

The kind refinement procedure is simmarized in the foll owing steps:

a. Make instances of the kinds (and proto kinds). The examples may be
constructed from the avail able source data (source data cdalog), otherwise
new data must be gathered for the purpose of constructing these examples.
The examples must be reasonably representative, with at least one exception
case included, if posgsble. Ead o the (proto) kind instances created is
popdated with properties. Clasdgficaion dagrams and kind spedficaion
forms are used to suppat the kind instantiation process

b. Reoord information that canna be recorded in the kind instances.
Determine whether this additional information is redly necessary, and if so
refine the structure of the kind to include the information.

c. Chedk whether two instances of the same kind have different defining
properties. In such cases, chedk whether the viewpoints are different. If not,
the inconsistencies will have to be resolved by refining the ontology (for
instance, by redefining the contentious property to be nontdefining).
Relation Refinement Procedure

The relation refinement procedure is simmarized in the foll owing steps:

99



a Make instances of the relations (and proto relations). The examples may
be onstructed from the avail able source data (source data cdalog), otherwise
new data must be gathered for this purpose. The ontology relation dagrams and
the relation spedficaion forms are used to aid the instantiation and validation
procedure.

b. The properties of each o the relation instances are mmpared with the
properties identified in the ontology description, and any mismatches are
resolved. Moreover, chedk for missng relation properties, and add them if
needed.

C. Sample instances of seleded relations. Check whether two o more
instances of such relations are incompatible. For example, ore relation says that
afastener must have asealant and another may say that it canna have aseaant.
Such inconsistencies may be ather due to hidden viewpoint differences not
recorded in the ontology, or because of differing viewpaoints. Incompatibiliti es
that occur because of differing viewpoints may be resolved by splitti ng the focus
relation into dfferent relations, ore for each viewpoint. Otherwise, a consensus
must be readhed to resolve the incompatibility through discusgons with the
domain expert.

d. Deted new relations discovered by example that were not captured in the
ontology. Add such relations to the ontology.

Step 7. Chedk consistency & accuracy of ontology: This activity will ensure

the acuracy and consistency of captured knowledge. Once ontology building is
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complete, it is necessary to chedk the ansistency and accuracy of information cgptured
spedally for design ortology. This consistency chedk can be dore by the help o
consistency matrix, which was developed in research task four of the dissertation work
plan. The detail steps of the development of consistency methoddogy are discussd in
the end d this chapter. If consistency chedk comes acceptable, the ontology will be
realy to use.

Step 8. Collea additional data and analyze data: If consistency check comes
unacceptable, further data lledion and analysis will be cnducted to resolve the
disputes. On the basis of this additional data initial ontology will be developed and
refinement will be cmnducted. Finally consistency will be dhedked again urtil it meds
the aceptable mnsistency.

Step 9. Incorporate lessons leaned and pulish ortology: This will add new
findings and rew research in the ontology and make available for others to use.
Ontology must be dynamic and updited in terms of information content. It must be
cgpable to incorporate new findings and lesions leaned and pubish in the online
ontology repository for others. Figure 4.8 shows the structure of building design

ontology.
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Figure 4.8. Structure of Design Ontology Capture method
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Although these steps of design methoddogy are listed sequentialy, there is a
significant amourt of overlap and iteration between the activities. Thus, for instance
the initial ontology development (Step # 9 often requires the capture of additional data

and further analysis (Step # 4. Ead of the nine adivities will i nvalve other adivities



4.4 Methodology for Consistency Matrix

As mentioned ealier that product processdesign plays a very important & critical
role for manufaduring enterprises to survive in the market place. Among all functions
of manufaduring enterprise, product and process design is the single most important
function. According to current research abou 70% of a products cost is determined in
the design phase (Mike True & Carmine 1zzi, 200). To make sure that the design
processis accurate & well as design information is consistent, it is necessary to check
the mnsistency of cgptured information. The design ortology must posses me/ all of
the foll owing charaderistics,

* Accaurate and yp-to-date information

Easily sharable & reusable

Enable to capture future research and lesions learned

Consistent information

Visual & structured representation
To ensure acurate and consistency of information in the ontology, a consistency matrix
was developed using the following methoddogy. This methoddogy is draightforward
and easy to use for manufaduring enterprises. It has the foll owing steps.

1. ldentify the design activities with relative importancein the domain

2. Prioriti ze design adivities of the domain

3. Chedk captured design activities against the domain design activities

4. Caculate onsistency index
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Detall description d these steps is discussed in the foll owing sections.
Step 1. Identify all possble design activities with the relative importance in
the related damain o product and processdesign. If one is building design
ontology for the design of a sports utility vehicle, he/she nedals to find the
design activities in the domain of automobile design. Identifying domain
design activities can be done using the foll owing steps.

a. Ched for avallable domain ortology for that particular domain
or similar domain and use them appropriately.

b. Seach the literatures, best design practices which, includes
journal articles, books, conference procealings, web sites, etc
for the design activities.

c. Interview related damain experts or design spedalists
asciated with products and processdesign.

d. Attend conferences, symposiums, industry group dscussons,
etc related to product and processdesign.

Step 2. Prioritize the design activities foundin step 1. This prioritization is
on the basis of relative importance of the design adivities in the design
process This provides an important glimpse to the ontology author about
what to include in the ontology and what is not. Prioritization can be dore
using ABC analysis or Pareto analysis. Pareto analysis (sometimes referred
to as the 80/20 rule and as ABC analysis) is a method d classfying items,

events, or adivities according to their relative importance (Balli ng, Richards,
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2000. It is frequently used in inventory management where it is used to
classfy stock items into groups based onthe total annual expenditure for, or
total stockholding cost of, each item. But it can be used in situation where
prioriti zation is the main task. Organizations can concentrate more detailed
attention on the high value/important adivities. A Pareto analysis for
prioriti zing design activiti es consists of the foll owing steps.

a. List all design activities of thedomain of interest

b. Enter relative importance of each adivity

c. Calculate the percentage of total importance represented by eat

adivity.

d. Rearange thelist. Rank itemsin descending order by total

value, starting at the top with the highest value.

e. Calculate the aumulative percentage of the total value for eah

item at the top; add the percentage to that of the item below in the

li st.

f. Choose ait off pointsfor A, B and C caegories.

g. Present the result graphicdly. Plot the percentage of tota

cumulative value on the Y -axis and the item number in X-axis. A

typicd Pareto curve for adesign situationis shown in figure 4.9.
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Figure 4.9. Pareto Curve of a Design Situation

Step 3. Chedk captured design activities against the domain design activities
foundin step 1 and 2. This can be dore with the help of a matrix shown in
figure 4.10. The columns of this matrix represent the type A, type B, and
type C adivities of the domain and the rows of the matrix represent the

captured design adivities of design ortology, which are under construction.
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Figure 4.10.Consistency Chedk Matrix

This matrix courts the number of cheds in each areaof type A, type B,
and type C. Bottom line of the matrix gives the sum of theses counts
under each category. Thisraw scoreis used to cdculate the index in the
next step.

Step 4. Calculate the onsistency index. Thisindex provides a dea picture

of the accuracy and consistency of design information, which is cgptured to
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construct the ontology. Index cdculation can be done using the foll owing
steps.
a Normali ze the raw score. From the @nsistency cheek matrix in
step 3,threedifferent raw scores are found they are raw score for type A
adivities (Ra), raw score for type B adivities (Rg), and raw score for
type C activities (Rc). Normali zation d these scores can be dore using

the foll owing equations.

N, = R%/I X X100; where N, represents the normali zed score for type

A adivities and M represents the maximum raw score for type A

adivities.

Ng = R%/I X100; where Ng represents the normali zed score for type
B

B adivities and Mg represents the maximum raw score for type B

adivities.

N. = % X100; where N¢ represents the normali zed score for type
C

C adivities and M¢ represents the maximum raw score for type C
adivities.

b. Calculate the index. Pareto analysis is based onPareto principle,
which says that typically, type A accourts the first 20% of adivitiesin
the list will acount for approximately 70% of cumulative importance

The next type B acourts 30% of adivities, will, typicdly, accourt for a
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further 15% of cumulative importance These can be subject to less
predse control methods. The last type C acounts for the rest 50% of
(low importance) activities then accourt for a mere 15% of importance
and can be ontrolled with a simple system. From this basic principle,
the relative weight of each type of adivities can be presented as Wa
=0.7,Wg =0.15,and W =0.15,where Wy, Wg, and W are the relative
weight of type A, type B, and type C adivities respedively. Hence the
Consistency Index (Cl) of design ortology will be as follows.

Cl =W, N, +W, N, +W. N,

or Cl =W, R%/I X100+ W, R%A X100+ W, % X100
A B C

The result of thisindex will be anumeric value between Oand 100.The
higher the value, the more consistent the ontology is. If the value of this
index islow for adesign ortology, thereis question d validity of such

ontology model.
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CHAPTER 5

PRODUCTS AND PROCESSES DESIGN ONTOLOGY

5.1 Overview

In the mntext of design knowledge management, ontology is the task of
aqquiring the termindogy, statement structure, and sanctioned inferences of a given
produwcts and processes design damain and storing it in a usable representational
medium. Design ortology is a computationally tradable representation d what kinds of
things and associations experts reagnize in product and process design domain. An
ontology includes much more that just “dictionary” information. It seeks to identify the
primary entities, or kinds, of objeds that are within the domain by isolating the
properties that define the members of those kinds and the charaderistic relations that
hold between damain dbjeds. Such representations are purposely structured in a way
that closely refleds human conceptudization o the domains in question. Thus,
differing perspectives on the same domain and their interrelations are dso suppated.
This feaure significently distinguishes a full-blown ortology from a traditiona

knowledge base.
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Design ortology shows how to capture related domain knowledge, processes

cgptured knowledge to identify entities and relationships, and pesent the catured

information in a way, which is easy to comprehend and easy to share. From the éowve

discusgon, this design ortology has three fundamental comporents. They are &

foll ows.

Terminologies: These ae the terms and statements asociated with products and
processes design. This includes a wmprehensive list of design terms with
definitions if not all terms of products and processes design. Definition of terms
nat only includes usual meaning bu also the antradictory definition, which is
later, used to refine the ontology. All termindogies related to products and
processes design, identified in this reseach were identified and presented in
Appendix Al.

Entities: An entity is an ojedive category of objeds that are boundtogether by
a set of properties dhared by al and orly the members of the kind. Entities,
classs, types, and kinds al indicae some groupng of indviduas into
caegories and roughly equivalent. In the mntext of design ortology, Entities are
the important design types, processes, resources, equipment, todls, etc. All
entities related to products and processes design, identified in this research were
identified using IDEF5 and presented in the Appendix A2. Detail descriptions of
entiti es are discussed later in this chapter.

Relations: Relations are the interadions of entities and instances to ead aher.

IDEF5 supports the description d relationships among entities, among
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instances, and among entities and instances. It explicitly suppats the relation
“subkind-of”. For example, the relation “consists of”, is a general fedure that
hods between a mllaborative design team and the multi-disciplinary experts.
The relations in an ortology are typicdly binary; that is to say, they hald
between two entities, as with the relation consists of. However, there is no
theoreticd bourd on the number of arguments of a relation; the relation
between, for instance, hdds between three objects. In this reseach, more than
forty relations were identified and pesented in the Appendix A3. Detall

description d relationsis discussed later in this chapter.

5.2 Design Ontology

Ontology building is a time cnsuming and tedious effort. In the following
sedions, a design ortology of products and processes is constructed using the
methoddogies arealy developed in chapter four. This construction process includes
determining scope of the design damain, data colledion and analysis, identifying
ontology comporents, refining those @mporents, and pesenting for easly
understanding and wses. All the éove-mentioned steps are discussed in the following

sedions.

5.2.1 Determinethe Domain and Scope

Product and processdesign is a very complex, innovative, and iterative process

Though, it follows gructured steps of processs, it varies from product to product. In
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case of high-end eledronic products, conceptual design and testing of products are more
important than that of a matured product such as automobile. Product and process
design includes industrial design, engineering design, and production design (Ruddph,
2009. It isapart of product development life cycle and product development isagain a
part of product life cycle. A product life cycle mnsists of the following steps. Figure 5.1
shows these steps with further decomposition o product devel opment.

i Product development

i Production

iii.  Distribution

iv. Service

V. Disposa

Product development is decompaosed into sales & marketing and product and

process design. As mentioned ealier that product and process design consists of
industrial design, production design, and engineering design. In this research, products

and processes design was considered as the domain of interest.
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Figure 5.1.Product Life Cycle Phases (Modified from Ruddph, 2005

Product and processdesign itself is a huge domain. It is amost always nice to
capture al avallable entities and relations in the domain bu sometime impaossble and
long-term projed. The scope of this domain was limited to a generic product and
processdesign with resped to coll aborative design team. It was narrowed down to make

it pasgble within anormal PhD dissertationtime.

5.2.2 Data Collection and Analysis
One of the mgjor and time-consuming tasks of this reseach was to coll ect data
related to the domain of interest. The method chosen to colled data was determined

from an extensive literature search to determine what tods are avail able that will get at
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the question asked. The methods to coll eds the data was reliable and consistency was
maintained.

The data coll edion method influences a number of factors. The most important
ones include survey design: the selection d experts, seledion d questions, and the st
of data wlledion. The data @lledion method also has a beaing on the timetable of the
survey and onthe quality of the final results. All these feaures were considered to
design the survey questionnaire and in expert seledion process

Threemethods of data wlledion techniques were used in thisreseach. They are
literature reviews, interviewing design experts, and attending product and pocess
design sessons in retional and international conferences. An extensive literature
reviews were anducted to identify product and process design related terminalogies,
statements, relative importance of design steps, new principles in product and process
design, and so on.More than 100journal articles, conference proceedings, books, white
papers, etc were documented as a source of data colledion. Survey questionraires were
designed to colled design information from the design experts. A sample questionraire
is presented in the Appendix B1.

More than two hunded terminologies were identified from this data olledion

effort. A partial snapshat of this datais shown in the foll owing figure.
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Figure 5.2.Partial Term Pod of Design Domain
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5.2.3 Initial Design Ontology

Once term pod was compiled, data analysis begins. In this research data
analysis was conducted in acordance with IDEF5 methoddogy. A list of proto-kinds
and a list of proto-relations were nstructed using the top dovn approach, mentioned
in chapter 4. Using IDEF5 analogies and consistency chedk, afinal list of kinds/ entities
and relations were derived. In the following sedion, a detail description d all i dentified

entities/’kinds and relations were presented.

5.2.3.1 Entities of Design Ontology

The dements described in this sdion are the entities of the domain of products
and pocesses design. Identificaion d these design entities was done using a well-
structured method d IDEF5 modeling todl. Two major types of entities were identified
in thisreseach. They are design adivity and design oljed. Sincethe domain of interest
is products and process design, which itself an adivity, mgority of entities in this
research fall under this category. Design adivities are any processof transforming state
of the environment that happens over time. Other type is considered as resources,
medhanisms, controls, inpus, and ouputs of the design processes. An oljed is defined
as atangible or conceptual entity in the design domain. Objed is further classfied into
two sub categories, they are Actor and Products. Actor could be a design expert,
collaborative design team, or other entity capable of actively participating in an adivity.
Actor is classfied into threesub categories. The taxonamy of the design entity is sown

infigure5.3.
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Figure 5.3. Taxonamy of Design Entity

A design expert is defined as a human being entity that performs adivities to
achieve design goals. Its ability to adively participate in the planning processis what
separates a Design Expert from a Madine. A madine is a northuman entity, which has
the cgacity to carry out design functions. Design Todl is aso known as a non-human
entity, which has the cgadty to carry out design functions. Product caegory of entities
in the design damain is considered as any passve objed that can be used, creded, o
modified by an adivity in the design damain. These ae typicdly the inpus and ouputs
of adesign process Product entity has Material and Information type of design entities.
Materia is an ojed that can be used, created, a modified or consumed by an adivity
in the design damain. (e.g. Raw materials, Subasseemblies). Information is defined as an
objed that can be used, creaed, a modified by an activity and whose essenceis to ad

asinformationin the design damain.
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Eadh entity of the products and processes design domain hes list of attributes
and defining properties, which makes them distinguishable. Table 5.1 shows detall

description d adesign activity type entity cdled “Product Design”. IDEF5 suppats this

form of representation, which is hierarchicdly structured.

Table 5.1.Product Design Entity

1.1 PRODUCT DESIGN

A processof transforming customer/design requirements into detail design

spedaficaion wsing design resources whil e satisfying design constraints.

Documentation

Attribute Description

Name Product design

Number A unigue qudifier for the adivity
Parent Design Activity

User defined description d the Product design

User-Attributes User defined attributes for Product design

Comporents ACTIVITIES that make up this Activity. Such as design
analysis, test and evaluation, \alidation and werification, etc.

Authorizer The agent resporsible for thisACTIVITY, usualy the
coll aborative design team is considered the processowner
and hes authority over design process

Objeds The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

Resources The wllaborative design team and madine that performs the
Activity

Sub kinds Formulation, Conceptua design, Embodment design, and

Detail design.
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Ancther example of an oljed caegory entity called “Materid” is $own in

Table 5.2. Thistype of representation scheme gives a dear description d entity.

Table5.2. Material Entity

211 MATERIAL
Any material objed that can be used, creaed, a modified ar consumed by an
adivity in the design domain (e.g. Raw materials, Subassemblies).

Attribute Description

Name Material 's name

Number A unique qudifier for the Material

Parent Product

Documentation User defined description d the Materid

User-Attributes User defined attributes for aMaterial

Performs The ACTIVITIES, which this MATERIAL isused to
perform.

Sub kinds Comporent of kind

In appendix A2, al entities of the design damain, identified in this reseach are
presented in the order of hierarchical relationship. In the following sections, some of
these identified entities were further discussed and presented in a visua form, which is
suppated by IDEF5 representation scheme. In some caes a modificaion was made to
draw figures to accommodate alditional information. Entities in the domain do na
mean anything withou the relationships among each aher. In the immediate foll owing

sedion, adetail description d such relationsin the design damain is presented.
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5.2.3.2 Relations of Design Ontology

Relationship is the way to conrect, asciate, or relate two or more entities with

eah aher (Uschold et al., 1995. It defines the interadion d entities. In products and

processes design, this relation describes how the entities are as<ciated and hav the

overal design function is performed. Figure 5.4 shows different relations with

Parametric Design entity and with ather design entities.

Expected
Performance

Traceability

Design
variable
values

Predicts .
Determine

Checks

Embodiment

) Parametric
Design

Design

Sizes &
Dimensions

Use Determine

Performed by

Design

Materials /
Resources

mfg.
process

Collaborative
Designation

Figure 5.4.Relations Of Parametric Design Entity With Other Entities

Eadh o these relations $iown in the figure 5.4 is described individually using

the IDEF5 format. Table 5.3 shows an example relationship spedfication for relation

“Performed by” of figure 5.4.

121



Table 5.3. Example Relationship Spedficaions

1. PERFORMED BY

Entity 1 Entity 2 Definition
Parametric Design  Collaborative A person, group d person, a macine
Design Tean performsthe adivity “Parametric Design”

IDEF5 allows the differentiation d relationships acording to the importancein
the design processes. Two types of relationships are first order or primary relationships
and second order or secondary relationships. Primary relationships are represented with
an arrow in the head and secondary relations are presented with an arrow in the tail. In
figure 5.5, comporent of systems design for a matured chemical product is described,
where manufaduring process design, quality design, testability design, safety design,
and dsposal design have first order relationships with the systems design and the rest
have secondary relationships with the systems design.

This type of relationships changes from industry to industry, product to product,
and company to company. For example, eledronic industry requires more importance
on product development and testing whereas a pharmaceuticds company emphasizes on
safety and quality of product. All relations related to the products and processes design

domain, identified in this research, are presented in Appendix A3.
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Figure 5.5. Comporents of Systems Design For a Matured Chemicd Product

5.2.3.3 Descriptions of Design Entities

This sdion describes the representation scheme for some entities of design
domain developed as a result of this research. It provides an elaborate description o
entities, its comporents, and relations with aher entities. As mentioned ealier, that
product and process design is a series of sequential adivities, which transform
customer’s requirements into production release with detail engineering speafication
and cetall process pedficaions. To comprehend the whole design process, a mmplete
picture of a generic product and process design is presented with the help of process

diagrams n the very end d this sdion.
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5.2.3.3.1Industrial Design & Formulation
These ae processes of transforming customer/design requirements into design
requirements using design resources and satisfying design constraints. This adivity

ensures feasibili ty of the design. A detail descriptionis shownin figure 5.6.

Reviews and
Customer Req. Analysis Feasibility
Identify function Req. Analysis
Set target . onal
Identify evaluation criteria ] unctional
Identify constraints Formulation steps Req.
Includes « Company Req.
Collaborative Includes |« customer req. *+ Mfg. Req.
Design Team analysis DeS|gn_ N
« Reviews and compatibility
feasibility * Product
analysis appearance
Assigned to
Consists of
Industrial Design
and Formulation
Has input
Produces
Uses
Formulation Inputs
Customer Req. Has parent
Project plan Formulation
Investment Design Resources outputs
decision Engg. Design
Design Experts Specifications
* Tools * Management
Equipments approval

Product Design

Figure 5.6.Industrial Design and Formulation
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5.2.3.3.2 Concept Design
Concept Design is an abstrad embodment of a working principle, geometry,

and materia; a phase of design when the physicd principles are seleded. A detall

descriptionis showninfigure5.7.

Design task organization
Identifying design goal Concept follow
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e Formulations . ;nallyses
outputs eviews
Uses Has output
Background Design Uses C. Design outputs
Knowledge ’
g Has parent Performed by
Concepts
¢ New Design
knowledge
Design Resources
Product design * Design Experts Collaborative
e Tools Design team
Equipments

Figure 5.7.Concept Design and Its Relationships with Other Entities

5.2.3.3.3 Embodiment Design

It is a processof selecting cetail specificaions of product and it’s part with the

consideration d various asped of design such as sfety, manufadurability, assembly,
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environment, etc. It has two sub kinds/ entities; configuration design and parametric
design. Both configuration design and parametric design has their own sub kinds. A

detail descriptionis srown infigure 5.8.

Parametric Design
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« Configure product « Sizes dimensions
Configure parts « Material / Mfg. process
* Analysis & Refine « Prototype test results
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» Selectdesign variables

« Analyze design variables
Evaluate design variables

Figure 5.8. Embodment Design Process

5.2.3.3.4 Detail Design
Detall Design is a phase of design that results in the preparation of a padkage of
information that includes drawings and specificaions aufficient to manufadure a

product. A detail descriptionis showninfigure5.9.
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Figure 5.9.Detail Design Schematic

5.2.3.3.5 Production Process Design
Defining and designing a manufaduring process to acaommodate the speafic
requirements of a given product while, meding process quality and cost objedives. A

detail descriptionis showninfigure5.10.
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Figure 5.10.Production ProcessDesign Entity

5.2.3.3.6 Analyze Design Needs

It is aprocessof identifying and clarifying product’s functional requirements in

detail level. A detail descriptionis showninfigure5.11.
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5.2.3.3.7 Generate Alternatives
It is a process of creding aternatives or design concept, which is the ealiest
representation d anew product or of aternative approaches to designing a new product.

A detail descriptionis showninfigure5.12.
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Figure 5.12.Generating Alternatives

5.2.3.3.8 Conceptual Design Analysis & Refine
These ae processes of determining concepts aternatives considering all asped
of design principles and review those dternatives to refine. A detail description is

shown in figure 5.13.
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Figure 5.13.Conceptual Design Analysis & Refine

5.2.3.3.9 Concept Evaluation & Selection

These ae processes of evaluating al generated aternatives to find ou the
feasible and producible aternatives and predict their performances. They seled the best
aternatives among available design alternatives. A detall descriptionis own in figure

5.14.
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Figure 5.14.Concept Evaluation and Seledion Process

5.2.3.3.10 Configuration Design

Configuration Design is a processof seledion and arrangement of features on a
part; or the selection and arrangement of componrents on a product; a phase of design
when geometric features are aranged and conreded ona part, or standard comporents

or types are seleded for the achitecture. A detall descriptionis howninfigure5.15.

132



Number of

Type of components
com)gzments Arrangement

Best concepts

. Describes
Describes

Defines

Has input

Product

Deals with Architecture

Embodiment

Has Parent
Design

Describes
Configuration
Design
Deals with
Uses
Part
configuration
Performed by Standard part
Design

Resources

Deals with
Deals with

Collaborative Describes

Design Team

Special part

Design
Defines variables

Describes

Describes

Number of

geometric )
features Relative

; . Arrangement
dimension 9
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5.2.3.3.11 Parametric Design

It is a phase of design that determines spedfic values for the design variables. A

detail descriptionis srowninfigure5.16.
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5.2.3.3.12 Detail Design Analysis
It is a phase of design that predicts or simulates performance of each alternative,
reiterating to asaure that al the candidates feasible. A detall description is own in

figure5.17.
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Figure 5.17.Detail Design Analysis Process

5.2.3.3.13 Design Reviews & Verification

These are phases of design that identifies technicd performance risks,

improvement of performance & process and verifies design parameters. A detall

descriptionis shownin figure 5.18.
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5.2.3.3.14 Test & Validation

These ae processes of evaluating ead design spedficaions and validation

through extensive testing and simulation. A detail descriptionis shownin figure5.19.
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5.2.3.3.15 Detail Systems Design

It is aphase of design that determines the required systems gedfications for the

product to be produced. A detail descriptionis siown infigure 5.20.
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Figure 5.20.Detail Systems Design

5.2.3.3.16 Production Process Design Analysis

Defining and designing a manufaduring process to acaommodate the speafic
requirements of a given product while, meding process quality and cost objedives. It
includes production danning, which is a process of planning and determining process
spedficaions to produce the designed products. A detail descriptionis shown in figure

5.21.
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5.2.3.3.17 Design Resour ces

These ae mechanisms or inpus in the design process They can be design
experts, equipments, or design toadls. A detall description is $own in figure 5.22 and

comporent of design resourcesis shown in figure 5.23.
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5.2.3.3.18 Collabor ative Design Team
A multidisciplinary design team consisted of people including management,
designers, product suppat, vendass, and customers. The key objective is to improve

communicaionin the design process A detail descriptionis shown infigure5.24.
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Uses Has authority
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Detail Design
Has parent Consists of - Production process
design
Multi disciplinary team members
Product & Process
Design » Sales & Marketing
« Design (ME, EE, MSE, IE,
etc)

Manufacturing
Production Planning
Customer Service
Planning

Figure 5.24.Coll aborative Design Team Formations

5.2.3.3.19 Design Constraints

These are obstacles to design products and processes. They can be financia,

tedhnicd or administrative in nature. A detail descriptionis shown infigure 5.25.
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Figure 5.25.Design Constraints

5.2.3.3.20 Prototypesin the Design Processes

Prototypes are physicd models or representations of the new product concept or
design. Depending upn the purpose, prototypes may be nonworking models or
representations, functionally working, or bath functionally and geometrically complete
and accurate. Prototypes (physicd, electronic, digital, analytical, etc.) can be used for
the purpose of, bu nat limited to: a) assessng the feasibility of a new or unfamiliar
techndogy, b) assessng a mitigating technical risk, c) validating requirements, d)

demonstrating criticd feaures, €) qualifying a product, f) qualifying a process g)
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characterizing performance or product features, or h) elucidating physicd principles.

Different type of prototypesis shownin figure 5.26.

Prototype

Pre production
ptototype

Virtual
prototype

o. Prototype p Prototype

Figure 5.26.Types of Prototypesin the Design Process

5.2.3.3.21 Technical Requirements
These ae product-spedfic performance and functional charaderistics based on
analyses of: customer neels, expedations, and constraints, operational concept;

projeded uili zation environments for people, products, and processes; and measures of

eff ectiveness A detail descriptionis showninfigure 5.27.
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Figure 5.27.Comporents of Technical Requirements

5.2.3.3.22 Deriving Activity Diagram (IDEFO)

Ontology model (IDEF5) is the amplete representation d the product and
process design. One @n retrieve relevant information from an ortology and draw
adivity diagram using IDEFO. Figure 5.28 shows an example of deriving IDEFO

Diagram from Ontology Model (IDEF5) of formulate design problem.
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Figure 5.28.Deriving IDEFO Diagram from Ontology Model

5.2.3.3.23 Deriving Process Diagram (IDEF3)

Similar way, mentioned ealier, one muld derive arelevant process diagram

(IDEF3) from an ontology model. Figure 5.29shows a conwversion of an ontology model

into aprocessmodel.
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Figure 5.29.Deriving IDEF3 Diagram from Ontology Model (Presley, 1997)
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5.2.3.3.24 Hierarchy & Sequencein the Design Process
Entities in the design damain are hierarchicdly structured. A partial Hierarchy
of Product & ProcessDesign is shown in figure 5.30. Complete hierarchy can be found

in Appendix A2.

Froduct & Process Diesign
Froduct Design
Formulation
Zustomer Requirement Analysis
Analyze Final Requirment
Settarget

Identify evaluation criteria
|dentify constraints

@ Feviews & Feasibility Analysis
¢ |dentify function requirment
¢ |dentify company requirement
¢ ldentify Mg requirement
¢ Check Design compatibility
o Product Appearance

Lo |dentify Design Needs

Figure 5.30.Partial Hierarchy of Product & Process Design

Product & processdesign starts at industrial design & formulation and ends at
production process design. There are five mgjor steps of product and process design
identified through ortology development process Ead step has svera sub steps. All
these steps and sub steps are sequential and dependent on the predecessor steps. Detall

descriptions of each design steps are shown in figure 5.31through figure 5.37.
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5.2.4 Refine & Validate Ontology

The atities, properties, attributes, and relations defined and developed in the
previous dions are refined and validated using the IDEF5 methoddogy. This adivity
will affirm the validity of the design ontology to the products and processes design
domain. Typicaly this dep will identify the neal to reiterate some of the steps
acomplished earlier. It resolves the contradictory concepts or definition d design terms
in the ontology. The outputs of the previous geps are definitely pieces of ontology. As
mentioned earlier, ontology has three basic things. They are terminadlogies, entities, and
relations. For example, terminologies are similar to dctionary, which define the terms
of the domain. Entities/kind and sub kinds are the building dock of an ontology. Each
entity has list of attributes and defining properties, which are unigue and separate from
other entities. Relations are dso very important building block within the ontology. It
provides ontology semantics, which is absent in the dictionary.

Strictly speaking, validation d ontology was not performed in this reseach.
Validation is a process of cheding whether the ontology is working or mimicking the
redity. To vaidate an ortology, it is necessary to implement in a number of companies
and ched for consistency. In this research, only two companies were seleded for
implementation, which is considered as a demonstration nd a validation pocess
Chedking consistency of information is another way of validating ontology. In chapter
6, consistency matrix developed in the previous chapter was implemented.

As part of the refinement and validation process a mwmplete ontology model of

products and processes design was created. This whale top-level ontology is sown in
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figure 5.38. It describes the relationships listed in Appendix A3 among entities listed in

Appendix A2 and sub kinds of the design damain.
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5.2.5 Publish Ontology

The sole purpose of publishing ontology is to share this knowledge with ather
ontology developers and/or with the design teans who reed thisto design their products
and processs. Publishing ontology can be dore in many ways. One of the eay ways to
publishisto udoad into a online repasitory, which is accessble to pubic. Protégé users
upload their ontologies in their specific web site, which anybody can access Some of
the web addresses for uploading ontologies are http://www.ksl.stanford.edu software/
ontolingua, http://www.daml.org/ontologies, http://www.wines.com, etc.

This process reduces the data collection effort of an ortology developer
significantly if, he/she develops smilar domain of ontology or any site-spedfic
ontology under this domain. Manufacturing enterprises can use this design ortology for

their design nedds.
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CHAPTER 6

COMPANY DEMONSTRATION

6.1 Overview

A methoddogy of product and pocess design was developed in chapter four.
An ortology of the design danain was constructed in chapter five using the developed
methoddogy. The next magjor task in the dissertation work plan was to vaidate /
demonstrate the methodology using red time companies. This chapter discusses the
demonstration process using two companies around the Dallas Fort Worth (DFW)
metroplex. Majority of the cmpaniesin this metroplex, who dothe product and process
design in hause are somewhat related to defense industries. These industries were
reluctant to provide design information kecause of the nature of their business Only
two companies agreed to share their design information and bult their site-spedfic
design ortology. Two companies were seleded from two dfferent areas of design, ane
is good at product design and the other one is good at processdesign. In the following
sedions, brief descriptions of both companies as well as the implementation o

methoddogy were discussed in detail .



6.2 Company Profile
The two companies were referred to as Company A and Company B. Company
A designs both products and processes and manufadure in-house. Company B does the

processdesign orly. Their descriptions are & foll ows.

6.2.1 Company A

Company A is an engineering company spedalizing in airport baggage handling
systems, baggage seaurity systems, cargo handling systems and percd sortation
systems. Since its establishment in 1972,Company A has grown to become aworld
leader in the field o airport baggage handling systems. It has over 33 years experience
in arport systems design and install ation with more than 449 pojeds in 38 courtries
aroundthe world.

Company A operates from two main fully integrated manufaduring faciliti es in
Dalas (TX), USA and Auckland, New Zedand. In addition to this it has subsidiary
companies in Canada, Latin America and Austrdia. Its head dfice is locaed in
Auckland, New Zedand where a highly skilled tean of medanicd and eledricd
enginegs, software designers, projed managers and international sales managers
suppat the commpany’ s techndogy and marketing programs.

In addition to state-of-the-art manufaduring facilities, Company A has an
established and dedicaed controls and software design department based at its head
office in Auckland. The department has developed a comprehensive suite of system-

compatible proprietary software designed to run on industry standard hardware
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providing low cost of ownership, reliability and future expandability. With a global
network of representatives, strategic dli ances and manufaduring faciliti es, Company A
can quickly respondto customer requirements with internationally proven systems.

At the heat of its philosophy is a total commitment to quality, reliability and
performance Company A helps its customer operate efficiently under even the most
demanding condtions by providing fast, accurate aad seaure movement of baggage.
With the experience of over 350 install ations worldwide, Company A offers a host of
inno\etive solutions to keep the world moving.

Company A designs & manufadures engineering parts such as Flat pattern pier
drive, Mounting Bracket, Tapered Roller, etc for baggage handing systems in the
airport. The requirements of its customers are very spedfic and most of the time the
products are standard. Customers gedfy their design neads very clearly in terms of part
seledions, product sizes and dmensions, material seledions, etc. In this typicd
scenario, Company A designs ome parts and produces in their plant and puchase
standard parts from outside vendars. In case aistomers want some special parts, it has
no ogdion bu to design, test, and manufadure that part in the plant. Even in case of
gpedal parts, customers edfy the materia, dimensions, and aher functional
requirements. This kind d spedficaions leares no room for innowetion in the design
processbut at the same time reduces the risk.

The design tean of Company A is collaborative in nature. It consists of twelve

experts from different disciplines. They are from management, production, design,



outside vendar, customer service and customers. Among al, production people and
design people work very closely during the design process

Basically Company A’s design process produces detail drawings, part parameter
values with relative arangements, production processdesign, and sometime test results.
Figure 6.1 shows an assembly drawing of some parts, which Company A nedls to
design and manufacture. Design team produces the detail drawings of the parts and
asembly (see figure 6.1, figure 6.2, and figure 6.3) with the detall spedficaion o
design parameters, BOM, and pocess pedfication including types of processes and

their sequences.

'L /

Figure 6.1. Exploded Assmbly of 6° Tapered Roller with 30’ Belt
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Figure 6.3.Top View of Tapered Roller
6.2.2 Company B

Company B is a world leader in providing geosynthetic-lining solutions. Its
complete line of smooth and textured geomembranes combine long-term durabili ty with
strength, flexibility, and dtraviolet and chemicd resistance to provide an impermeéeble

barrier for a wide variety of applications. In addition, its geocomposite and anchor
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products al ow us complement its remembrance solutions in the aeas of waste disposal,
fluid conveyance and containment, soil protedion and stabili zation, and gas re@very
systems. Applications for its products include solid and hezardous waste landfill s,
landfill closures, secondary containment, ponds, reservoirs, fish hatcheries, irrigation
canals, wastewater treatment plants, and industrial waste lagoors, etc.

Company B was fourded in 1976. It is part of a group of privately held
corporations, which produces sveral product lines, al within the payethylene family.
The group d companies comprises the world’'s largest produwcer of padyethylene
construction film, the highest quality trash bag manufadurer in the United States, and a
leading suppier of geomembrane liners. Company B is also the most techndogicdly
advanced and largest recycler and compounder of pdyethylene in the world.
Company B is dedicated to providing the highest quality polyethylene products and its
staff of chemicd and process engineers utilize dl available modern techndogy. The
company’s design team is resporsible for severa techndogicd brethroughsin blown-
film extrusion, bag making and recycling. In order to suppat its research and quality
control efforts, it maintains one of the most sophisticated onsite laboratories in the
plastic industry.

Reseach and development is one of the mre competencies for Company B. It
has a good record of innovating new products and standards. Due to the nature of
payethylene production, the product design process is very brief. Product design
consists of identifying design redds, selection d ingredients, identifying propartion o

ingredients, in some @@ses drawing spedfications, and testing. Depending on the
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products, it has to do a detall process design before adual fabricaion d products.
Company B produces the following products in its plant and uses approximately eight
different production processes.

e Trash bags

» Constructionfilm

»  Stretch film

» Painter’splastic

* Flameretardant

e Carpet film

» Geomembrane

Grades of pdyethylene such as low-density payethylene (LDPE), linea low-
density polyethylene (LLDPE), high-density payethylene (HDPE) and ethylene-vinyl
acdate mpdymers (EVA) are avalable to meet the needs of various fabrication
processs. Different proceses are blown and cast film, blow molding, injedion
molding, extrusion coating, and laminating. The ease of processng and high puity
makes payethylene an extremely attradive material cgoable of competing quite
favorably in a number of demanding applicaions. A detail design specificaions of a
sample polyethylene product could be & foll ows.
The raw material shall be made of palyethylene resins manufadured in the

United States. Carbon Hadk shall be alded to the resin if the resin is not

precompounded for ultra-violet resistance Blow molding will be used to fabricate the
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product and testing must conform the values provided in the following Table. The list of

properties varies from product to product and customer needls.

Table 6.1.Sean Properties of a Sample Polyethylene Product

Seam Property 20mil | 30mil | 40 mil 60 mil | 80 mil
Shea Strength, Ib/in 26 40 53 79 105
Shea Elongation, % 50 50 50 50 50
Ped strength, Ib/in 22 34 44 66 88
Ped separation, % 25 25 25 25 25

A preproduction prototype is necessary in this stuation to conform the
functionality of product. The final sample product must med the following values for
its edfic uses.

Density: ASTM D1505> 0.940 g/cc

Melt Index: ASTM D1238< 0.4 g/10 minutes

Carbon Black Content: ASTM D1603 26 - 3%

Tensile Strength at Yield: ASTM D6693 2,100b/in2

Dimensions. As shown onthe drawing onfile
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Weight: 0.45Ib/ft

Length: 5ft and 10ft

6.3 Development of Questionnaire & Implementation Guideline
To make the data mlledion process snocth and efficient, a questionraire was
developed aongwith an interview kit. Interview Kit is document for conducting formal
interviews with the participating companies using questionreires or other suppating
materials. A standard interview kit contains the foll owing.
* Introduction
* Reseach Overview
* Problem Statement
* Reseach Objedive
* Purpose of Interview
* Interview Methoddogy
* Seledion d Interviewees
* Topicsof Interview
* Typesof Information sought
» DataColledion Method
* Detail Questionreire & Foll ow-up
Before wlleding any information, it is necessry to mention about the
procedure of interview methoddogy. This gives an idea to the interviewee and

faalit ates better communicaion. It was also mentioned abou the time and resources
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nealed from the participating companies and what kind d & how detail information
were looking for. In this research, interview methoddogy mentions about asking access
to design team members, mid level managers, shop floor level production managers,
and workers. The initial plan was to interview approximately 10 people from eadh
participating company. The interview process consisted of two sessons with the
coll aborative design team members and eat sesson lasted over two hours depending
ontheinterviewee A questionraeire was developed carefully to collect sufficient design
information abou the cmpany necessary to buld the ontology. The interview was in-
depth with organization personrel. The interview was guided by questionraire.
Sometimes, the question was explained duing the interview in a way that was
comprehensible to the interviewee. The same questionrmaire was used for bath the
companies to ensure cnsistency in the data to be colleded. Both the interview kit and
the questionraire were dtadied in appendix B.1.

There is an implementation guideline that is attached in the “Appendix B.2" that

guides the implementation of ead and every step given in the revised methodd ogy.

6.4 Refined M ethodology

The interview process exposed some of the issues in the methoddogy. The
suggestions from the industry experts were taken into consideration, analyzed for
pradicdity and fitted into the final methoddogy. In addition, duing the course of the
interview, there were some discrepancies, which were dealy evident, were dso taken

into acount in the final revised methoddogy. This sdion talks abou the final
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methoddogy that the manufaduring enterprise wuld use to buld doman o site

speafic ontology of their design processes.

6.4.1 deter mine The Domain and Scope
Product and processdesign is a very complex, innovative, and iterative process
Though, it follows gructured steps of processs, it varies from product to product. In
case of high-end eledronic products, conceptual design and testing of products are more
important than that of a matured product such as automobile. Product and process
design includes industrial design, engineering design, and production design (Ruddph,
2009. It isapart of product development life cycle and product development isagain a
part of product life cycle. A product life cycle amnsists of the following steps. Figure 6.4
shows these steps with further decomposition o product devel opment.
i. Product development
ii. Production
iii. Distribution
iv. Service
v. Disposd
Product development is decompaosed into sales & marketing and product and
process design. As mentioned ealier that product and process design consists of
industrial design, production design, and engineering design. In this research, products

and [rocesses design was considered as the domain o interest.
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Figure 6.4.Product Life Cycle Phases (Modified from Ruddph, 2005

Product and processdesign itself is a huge domain. It is amost always nice to
cgpture al avallable entities and relations in the domain bu sometime impaosshble and
long-term projed. Neither company A nor company B performs origina product and
processdesign. Most of the time cwmpany B performs variant and/or seledion design

and sometime onfiguration design. Company B performs only seledion design along

with processdesign. Different design processes are shown in figure 6.5.
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Figure 6.5. Types of design processes (I: Origina design; 11: Configuration
design; Il 1: Variant design; 1V: Selection design)
The scope of the domain was limited to spedfic part of product and process
design, which each company performs with resped to their collaborative design team.

Thistype of ontology is cdled site speafic ontology and very useful

6.4.2 Check Availability Of Exiting Ontologies & Reuse

It is amost always worth considering what someone dse has dore and checking
refinement and extends existing sources for design danain and task. There is no valid
reason to expend resources to buld an ortology, which is alrealy available. In some

cases, a Smilar kind d ontology can be derived from the avallable one. Reusing



existing ontologies may be a requirement if the system needs to interact with ather
applicaions that have arealy committed to perticular ontologies or controlled
vocabularies (Natalya & Mc Guinness 200]). For example, a knowledge base of
enterprise integration antology may aready exist. If one can import this knowledge
base and the ontology on which it is based, he/she will have not only the classficaion
of enterprises but aso the first passat the dassificaion d integration charaderistics
used to distinguish and describe the terms.

The Product and pocess design damain ortology, which was developed in
chapter five, was used to develop the site-spedfic ontology for company A and
company B. This reuse not only drasticaly reduces the time and effort of ontology

building but aso ensures conformity.

6.4.3 Organize the Project

This adivity will set different task to be performed to buld the new ontology.
Some of the tasks are to form Development Team, break down the tasks, assgn team
members to spedfic tasks, etc.

An important initial step in developing an ortology description is the formation
of a development team. Ead member of the team will perform a particular role in the
development effort. Individuals who are invaved in the modeling may eeach fulfill
several roles, bu each role is dedt with dstinctly and shoud be dearly separated in the
minds of the participants. The foll owing are the sample roles assumed by the ontology

development projed personrel:
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I Projed Leaer: This administrative role is resporsible for overseeing and
guiding the entire ontology development effort.

i Anayst/Knowledge Engineer: Personnel with ortology development
expertise who will be the primary developers of the ontology description fil |
thistedhnicd role.

ili . Domain Expert: This role dharacterizes the primary sources of knowledge
from the goplicaion damain of interest. Personsfilli ng thisrole will provide
insights abou the daracteristics of the gplicaion danain that are neeled
for extrading the underlying ontologicd knowledge.

Iv. Team Members. All personsinvolved with the ontology description pojed.

A Work Bre&down Structure (WBS) was constructed and tean members were
assgned against eadh individual task to ensure the progress of the ontology building
effort. In this particular ontology, | was resporsible to do everything with the help of

industry domain experts.

6.4.4 Data Collection and Analysis

One of the mgjor and time-consuming tasks of this reseach was to coll ect data
related to the domain of interest. An extensive literature reviews were cndicted to
identify product and process design related terminologies, statements, relative
importance of design steps, new principlesin product and processdesign, and so on.All
terminologies identified in chapter five were used as term pod for this ste-spedfic

ontology. The term pod was refined orce design experts were interviewed.
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Survey questionraires were designed to collect design information from the
design experts. In this questionraire, design experts were asked to identify their design
steps, list of adivities under each steps, relative importance of each design adivity in
the design process and hav these adivities are related to eat ather. Table 6.1 was
used to rank the importance each design adivities and a matrix shown in figure 6.6 was
used to determine the interrelationship among design adivities. A sample questionreire
is presented in the Appendix B1.

Table 6.2.Ranking Design Activities According To Their Importance

List of activities Rank (0 -9

.
1.
V.

VI.
VII.
VIII.
IX.

XI.
XI1.
XII1.
XIV.
XV.
XVI.
XVII.
XVIII.
XIX.
XX.
XXI.
XXI1I.
XXI1I1.
XXIV.
XXV.
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Threetypes of relationships were identified among design adivities. Following
symbals represented those relationships.
“xx * for strong relationship

x”  for moderate relationship and

“0” for norelationship

List of
Design
Activities

Activity # 1
Activity # 3
Activity # 3
Activity # 4
A ctivity # 3
A ctivity #
Aoctivity # 7
Loctivity # 3
Actvity # O
Activity # 10
Activity # 11
Activity # 13
Activity # 13
Actvity # 14
Actvity # 15
Actvity # 14
Activity # 17
Activity # 13
Aoctivity # 19
Actvity # 20

Activity # 1
Activity # 2
Activity #3
Activity #4
Activity #35
Activity # 6
Activity #7
Activity # 8
Activity # 9
Activity # 10
Activity # 11
Activty # 12
Activity # 13
Activity # 14
Activity # 15
Activity # 16
Activity # 17
Activity # 18
Activity # 19
Activty # 20

Figure 6.6. Interrelationship Matrix

More than two hunded terminologies were identified from this data clledion

effort. A partial snapshat of thisdatais srown in the following figure.
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Figure 6.7.Partial Term Pod of Site Spedfic Ontology
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6.4.5 Initial Design Ontology

Once term pod was compiled, data analysis begins. In this research data
analysis was conducted in acordance with IDEF5 methoddogy. A list of proto-kinds
and a list of proto-relations were nstructed using the top dovn approach, mentioned
in chapter four. Using IDEF5 analogies and consistency ched, a fina list of kinds/
entities and relations were derived. In the foll owing section, a detail description d all

identified entiti es/kinds and relations were presented.

6.4.5.1 Entities of Design Ontology

The dements described in this sdion are the antities of the site-spedfic
ontology of products and processes design for company A & Company B. Identificaion
of these design entities was dore using a well-structured method d IDEF5 modeling
tod. Two magor types of entities were identified in this research. They are design
adivity and design olged. Since the domain of interest is products and processdesign,
which itself an adivity, mgority of entities in this research fal under this caegory.
Design adivities are any processof transforming state of the environment that happens
over time. Other type is considered as resources, mecdhanisms, controls, inpus, and
outputs of the design processes. An oljed is defined as a tangible or conceptual entity
in the design damain. Objed is further clasgfied into two sub caegories; they are Actor
and Products. Actor could be adesign expert, collaborative design team, or other entity

cgpable of adively participating in an adivity. Actor is clasdfied into three sub
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caegories. The taxonamy of the design entity is shown in figure 6.8. Both company A

and Company B suppats this dructure for their design entity.

Design Design
Activity Object

Design
Expert

Figure 6.8. Taxonamy of Design Entity

A design expert is defined as a human being entity that performs adivities to
achieve design goals. Its ability to adively participate in the planning processis what
separates a Design Expert from a Madine. A madine is a northuman entity, which has
the caacity to carry out design functions. Design Tod is also knowvn as a non-human
entity, which has the cgadty to carry out design functions. Product caegory of entities
in the design damain is considered as any passve objed that can be used, creded, o
modified by an adivity in the design danain. These ae typicdly the inpus and ouputs
of adesign process Product entity has Material and Information type of design entities.
Materia is an ojed that can be used, created, a modified or consumed by an adivity

in the design damain. (e.g. Raw materials, Subasseemblies). Information is defined as an
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objed that can be used, creaed, a modified by an activity and whose essenceis to ad
asinformationin the design damain.

Eadc entity has list of attributes and defining properties, which makes them
distinguishable. Table 6.3 shows detail description of adesign adivity type entity cdled
“Process Design”. IDEF5 supparts this form of representation, which is hierarchicdly

structured.

Table 6.3.ProcessDesign Entity

1.1 PROCESSDESIGN

Defining and designing a manufaduring processto acammmodate the spedfic

requirements of a given product while, meding processquality and cost objedives.

Attribute Description

Name Processdesign

Number A unigue qudifier for the adivity
Parent Product & ProcessDesign

Documentation

User defined description d the processdesign

User-Attributes User defined attributes for processdesign

Comporents ACTIVITIES that make up this Activity. Such as identifying
Proceses, sequencing processes, test and evaluation,
validation and erification, etc.

Authorizer The agent resporsible for this adivity, usualy the
coll aborative design team is considered the processowner
and hes authority over processdesign.

Objeds The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

Resources The wllaborative design team and madine that performs
the Activity

Sub kinds Production processplanning, Verify and vali date process




Ancther example of an objed caegory entity cdled “Design expert” is siownin

Table 6.3. This type of representation scheme gives a dear description d entity.

Table 6.4.Design Expert Entity

2.1.1 DESIGN EXPERT
A human being entity that performs activiti es to achieve design goals. Its abili ty
to adively participate in the planning processis what separates a DESIGN
EXPERT fromaMACHINE

Attribute Description

Name Design Expert 's name

Number A unique qudifier for the Design Expert

Parent Actor

Documentation User defined description d the Design Expert

User-Attributes User defined attributes for a Design Expert

Performs The ACTIVITIES, which this DESIGN EXPERT is
performing.

Sub kinds Comporent of kind

In appendix A2, al entities of the design damain, identified in this reseach are
presented in the order of hierarchicd relationship. All entities except conceptual design
entities are relevant to site ontology for company A. All entities except industrial,
conceptual, configuration and parametric design entiti es are relevant to site ontology for
company B. In the following sections, some of these identified entities were further
discussed and presented in a visual form, which is suppated by IDEF5 representation

scheme. In some @ses a modification was made to draw figures to acommodate
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additional information. Entities in the domain do nd mean anything withou the
relationships among ead other. In the immediate foll owing section, a detail description

of such relationsin the design damain is presented.

6.4.5.2 Relations of Design Ontology

Relationship is the way to conrect, asciate, or relate two or more entities with
eah aher (Uschold et al., 1995. It defines the interadion d entities. In products and
processes design, this relation describes how the entities are as<ciated and hav the
overal design function is performed. Figure 6.9 shows different relations with

Parametric Design entity and with ather design entities.

Expected
Performance

Traceability

Design
variable
values

Predicts .
Determine

Checks

Embodiment

) Parametric
Design

Design

Sizes &
Dimensions

Use Determine

Performed by

Design

Materials /
Resources

mfg.
process

Collaborative
Designation

Figure 6.9. Relations of Parametric Design Entity with Other Entities



Eadh o these relations $iown in the figure 6.9 is described individually using
the IDEF5 format. Table 6.4 shows an example relationship spedfication for relation
“Performed by” of figure 6.9.

Table 6.5. Example Relationship Spedficaions

1. PERFORMED BY

Entity 1 Entity 2 Definition
Parametric Design  Collaborative A person, group d person, a macine
Design Tean performsthe adivity “Parametric Design”

IDEF5 allows the differentiation d relationships acording to the importancein
the design processes. Two types of relationships are first order or primary relationships
and seoond ader or secondary relationships. Primary relationships are represented with
an arrow in the head and secondary relations are presented with an arrow in the tail. In
figure 6.10,comporent of systems design for a matured chemicd product is described,
where manufaduring process design, quality design, testability design, safety design,
and dsposal design have first order relationships with the systems design and the rest
have secondary relationships with the systems design.

This type of relationships changes from industry to industry, product to product,
and company to company. For example, eledronic industry requires more importance
on product development and testing whereas a pharmaceuticds company emphasizes on

safety and quality of product.
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Figure 6.10.Comporents of Systems Design for a Matured Chemicd Product

Manufacturing

Design

6.4.5.3 Descriptions of Some Design Entities

This sdion describes the representation scheme for some entities of site-
spedfic ontologies for company A and company B. It provides an elaborate description
of entities, its comporents, and relations with other entities. As mentioned ealier, that
product and process design is a series of sequentia adivities, which transform
customer’s requirements into production release with detail engineering spedfication

and cetall process pedficdions.

6.4.5.3.1 Industrial Design & Formulation

These ae processes of transforming customer/design requirements into design

requirements using design resources and satisfying design constraints. This adivity
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ensures feasibility of the design. In case of company A, this adivity is known as
requirements translation, which is the most important design adivity for them. A detail

descriptionis showninfigure6.11.

Systems
Customer Req. Analysis Requirements
Identify function Req. analysis
+ Settarget ) o « Company Reg.
Identify evaluation criteria . Mfg. Req.
Identify constraints Formulation steps | Includes Design
compatibility
Collaborative Includes . Customer req.
Design Team analysis
e Systems
Requirements
analysis
Assigned to
Consists of
Requirements
Translation
Has input
Produces
Uses
Formulation Inputs
Customer Req. Has parent
Project plan Formulation
Investment Design Resources outputs
decision «  Engg. Design
Design Experts Specifications
« Tools * Management
Equipments approval
Product Design

Figure 6.11.Requirements Translation For Company A

6.4.5.3.2 Embodiment Design

It is a processof selecting cetail specificaions of product and it’s part with the
consideration d various asped of design such as safety, manufadurability, assembly,
environment, etc. It has two sub kinds/ entities; configuration design and parametric

design. Both configuration design and parametric design has their own sub kinds. A
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detail descriptionis down in figure 6.12.1n some caes, company A does not require

this function and company B never does this functionto dotheir business

Parametric Design

Collaborative

Configuration Design

design team . .
g Select design variable
Analyze & evaluate
Part configuration
Product configuration
Performed by
Performs
Conceptual Performs
Design outputs
Concepts
New Design Transform from Embodiment Uses—— Resources
knowledge design
Design Expert
Tool
Equipment
Has parent Consists of Transform to

Product Design

Design Phases

Configure product
Configure parts
Analysis & Refine

Refined Best alternatives

Design variable values
Sizes dimensions
Material / Mfg. process
Prototype test results

Evaluate configuration
Select design variables
Analyze design variables
Evaluate design variables

Figure 6.12.Embodment Design Process

6.4.5.3.3 Configuration Design

Configuration Design is a processof seledion and arrangement of features on a
part; or the selection and arrangement of comporents on a product; a phase of design
when geometric features are aranged and conneded ona part, or standard comporents

or types are seleded for the achitecture. A detaill descriptionis showninfigure6.13.
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Design
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Design
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Design
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Collaborative Describes

Design Team

Special part

Design
Defines variables

Describes
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Number of

geometric )
features Relative

; . Arrangement
dimension 9

Figure 6.13.Configuration Design Process

6.4.5.3.4 Parametric Design

It is a phase of design that determines spedfic values for the design variables. A

detail descriptionis srowninfigure 6.14.
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Design
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Design
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Figure 6.14.Parametric Design Entity

6.4.5.3.5 Detail Design

Detail Design is a phase of design that results in the preparation of a padkage of
information that includes drawings and specifications sufficient to manufadure a
product. A detail descriptionis $iown in figure 6.15. In the detail design, company A
establishes various cost of the design, perform EVMS, and reviews design in various

phases.
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Figure 6.15.Detail Design Schematic

Detailed Design Specification

« Product specification
« Production drawings
e Performance tests

« BOM

« Detail mfg. specifications

6.4.5.3.6 Detail Design Analysis
It is a phase of design that predicts or simulates performance of each alternative,
reiterating to aswre that al the candidates feasible. A detall description is iown in

figure 6.16.
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Figure 6.16.Detail Design Analysis Process

6.4.5.3.7 Design Reviews & Verification

These are phases of design that identifies technicd performance risks,
improvement of performance & process and verifies design parameters. A detall
descriptionis shown in figure 6.17. Company A perform the design reviews in severa

stages like 10%, 30%, 60%, 90%, and full construction to ensure that cost and schedule

areonright track.
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Figure 6.17.Design Reviews & Verification

6.4.5.3.8 Test & Validation

Test & Vadlidation are processes of evaluating each design spedficaions and
validation through extensive testing and simulation. Company B does not perform all
tests becaise the nature of the product it produces. A detail description d test &

validation for company B is hown in figure 6.18.
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6.4.5.3.9 Detail Systems Design

Functiona
lity test

Quality

test

It is aphase of design that determines the required systems gedfications for the

product to be produced. A detail descriptionis siowninfigure 6.19.
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Figure 6.19.Detail Systems Design

6.4.5.3.10 Production Process Design

Defining and designing a manufaduring process to acaommodate the speafic

requirements of a given product while, meding process qudity and cost obedives.

Company B considers this adivity as the single most important one because of the

nature of the product it produces. A detail descriptionis siown in figure 6.20.
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Figure 6.20.Production ProcessDesign Entity For Company B

6.4.5.3.11 Process Design Analysis

It includes process cgpability analysis, process requirements anaysis, and
production process planning, which is a process of planning and determining process
spedficdions to produce the designed products. A detail descriptionis shown in figure

6.21.
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Figure 6.21.ProcessDesign Analysis

6.4.5.3.12 Design Resour ces

These ae mechanisms or inpus in the design process They can be design
experts, equipments, or design toadls. A detall description is $own in figure 6.22 and

comporent of design resourcesis srown in figure 6.23.
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6.4.5.3.13 Collabor ative Design Team
A multidisciplinary design team consisted of people including management,
designers, product suppat, vendass, and customers. The key objective is to improve

communicaionin the design process A detail descriptionis shown infigure 6.24.

Design Resources

Design Experts
Background Design * Equipment
Knowledge e Tools
Product & Process Design
Uses
Uses
e Formulation
Lessons learned Performs + Embodiment Design
Detail Design

+ New - * Production process

Knowledge Documents Coll_aboratlve design
* Intellectual Design Team

property

Has parent Consists of

Multi disciplinary team members
Product & Process

Design +  Management

* Design (ME, EE, MSE, IE,
etc)

* Manufacturing
Customer

* Supply Chain

Figure 6.24.Coll aborative Design Team Formations For Company A
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6.4.5.3.14 Design Constraints
These are obstacles to design products and processes. They can be financia,

tedhnicd or administrative in nature. A detail descriptionis shown infigure 6.25.

Parametric Design Configuration Design

Conceptual Design

Controls Controls Controls
Collaborative
Design team .
~ [ Design )
Controls ’ Has control over Process Design
Constraints
Controls Consists of
Types of constraints
Detail Design

Budget constraints
Design feasibility
Technological availability
Process constraints

Cp and Cpk

Rules & Regulations

Figure 6.25.Design Constraints
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6.4.5.3.15 Hierarchy & Sequencein the Design Process

Entities in the design damain are hierarchicdly structured. Complete hierarchy
can be foundin Appendix A2. For company A, actual Product & processdesign starts at
configuration design and ends at production pocess design. For company B, adual
Product & processdesign starts at detail design and ends at production processdesign.
Eadc steps has sveral sub steps. All these steps and sub steps are sequentia and
dependent on the predecessor steps. Detail descriptions of ead design steps are shown

in figure 6.26through figure 6.30.
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6.4.6 Refine & Validate Ontology

The atities, properties, attributes, and relations defined and developed in the
previous dions are refined and validated using the IDEF5 methoddogy. This adivity
will affirm the validity of the design ontology to the products and processes design
domain. Typicaly this dep will identify the neal to reiterate some of the steps
acomplished earlier. It resolves the contradictory concepts or definition d design terms
in the ontology. The outputs of the previous geps are definitely pieces of ontology. As
mentioned earlier, ontology has three basic things. They are terminadlogies, entities, and
relations. For example, terminologies are similar to dctionary, which define the terms
of the domain. Entities/kind and sub kinds are the building dock of an ontology. Each
entity has list of attributes and defining properties, which are unigue and separate from
other entities. Relations are dso very important building block within the ontology. It
provides ontology semantics, which is absent in the dictionary.

Validation d this ste ontology was dore by comparing and contrasting against
the domain ortology arealy developed in chapter five. The consistency chedk was
conducted in the following section.

As part of the refinement and validation process a complete site spedfic
ontology model for company A & company B of their products and processes design

were shown in figure 6.31 and figure 6.32respectively.
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6.4.7 Check Consistency & Accuracy of Ontology
To ensure acauracy and consistency of information in the ontology, a

consistency matrix, which was developed in chapter four, was used in this sdion. This
methoddogy is graightforward and easy to use for manufaduring enterprises. It has the
foll owing steps.

1. Identify the design activities with relative importance of the domain of interest

2. Prioritize design adivities of the domain

3. Chedk captured design activities against the domain design activities

4. Caculate oonsistency index

Design adivities were identified from the domain ontology aready developed in
chapter five. These adivities are listed in table 6.5. The relative importance was
identified from the evaluation d design experts using the questionreire.

Table6.6.Top Level Design Activities

Industrial Design Identify design variables
Customer requirements analysis Anayze dternatives

Review requirements Evauate & refine variables
Feasibility analysis Prototype test

Identify design needs Detail Design

Conceptual Design Design analysis & trade off studies
Analysis of design neals Functiondlity analysis
Identify design tasks System design

Generate mncepts Design reviews & verification
Evauate ancepts Test & evaluation

Seled concepts Design vaidation
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Table 6.6 - continued

Embodiment Design Production Process Design
Configure product Processplanning

Configure part Processrequirements analysis
Trade off analysis Processcapability analysis
Anayze & refine configuration Process €ledion

Prototype test Processparameter seledion
Evauate wmnfiguration Processverificaion & validation

Present the result graphically by plotting the percentage of total cumulative
value onthe Y-axis and the item number in X-axis. A typical Pareto curve for adesign

situationis shown in figure 6.33.

Pareto Curve
100

h

%5 Importatce &l o \ class O
of design activities
&0 clazss B
40
class &
20

20 A0 Al 20 100
%o total number of

design activities

Figure 6.33.Pareto Curve of a Design Situation

From the &owve aaysis only five adivities were @nsidered as class A
adivities, which acoounts for abou 70% importance in the design process Eight

adivities were onsidered as class B adivities, which accounts for abou 15%

20<



Importancein the design process The rest eighteen adivities were mnsidered as classC
adivities. All design activities, identified for the site-spedfic ontology, were then
cheded against these three dasses of activities. Figure 6.34 shows such cheding of

design activities for company A.

Design Activities

Captured Design
Activities in the
Design Ontology

Process requiremants analysiz
Frocess Verification & validation
Analyze & refine configuration
Diesign analysiz & trade off studies
Frocesz planning
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Eystems design
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Canfigure product
Frototype best

Evaluate configuration
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Figure 6.34.Consistency Chedk Matrix for Company A
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Calculation d consistency index: Thisindex provides a dear picture of the
acarracy and consistency of design information, which is cgptured to construct the
ontology. Index cdculationwas dore using the foll owing steps.

a Normali ze the raw score- From the @nsistency cheek matrix in figure 6.34
threedifferent raw scores are found they are raw score for type A activities (Ra = 5),
raw score for type B adivities (Rg =5), and raw score for type C adivities (Rc =13).

Normalization d these scores was done using the foll owing equations.

N, = R%/I X X100; where N represents the normali zed score for type A adivities and

Ma represents the maximum raw score for type A adivities. In this particular case Ma

=5, there fore Na = 5/5*100= 100

Ng = R%/l . X100; where Ng represents the normali zed score for type B activities and

Mg represents the maximum raw score for type B adivities. In this particular case Mg

=8, there fore Ng = 5/8*100= 62.5

N. = % . X100; where N¢ represents the normali zed score for type C adivities and

M represents the maximum raw score for type C adivities. In this particular case M¢
=18, therefore N¢c = 13/18*100= 72.2

b. Calculate the index- Pareto analysisis based onPareto principle, which says that
typicdly, type A acocounts the first 20% of activities in the list will acount for
approximately 70% of cumulative importance The next type B accounts 30% of

adivities, will, typicdly, acourt for a further 15% of cumulative importance These



can be subject to lessprecise ontrol methods. The last type C acourts for the rest 50%
of (low importance) activities then acourt for a mere 15% of importance and can be
controlled with a simple system. From this basic principle, the relative weight of eah
type of adivities can be presented as W =0.7, Wg =0.15,and Wp =0.15, where Wa,
Wsg, and W are the relative weight of type A, type B, and type C activities respedively.

Cl =W, N, +W, N, +W. N,

or Cl =W, R%/I X100+W, R%A X100+ W, % X100
A B C

Cl = 0.7*100+0.15*625+0.15*72.2= 90.2

The value of consistency index for company A is 90.2 which implies that the site
spedfic ontology developed for company A is acarate and consistent to the domain
ontology of product and process design. If the value of this index is low for design

ontology, thereis question d validity of such ortology model.

6.4.8 Publish Ontology

The sole purpose of publishing ontology is to share this knowledge with ather
ontology developers and/or with the design teans who reed thisto design their products
and processs. Publishing ontology can be dore in many ways. One of the eay ways to
pulishisto udoad into an orine repository, which is accessble to pulic. This process
reduces the data wllection effort of an ortology developer significantly if, he/she
develops smilar domain of ontology or any site-spedfic ontology under this domain.

Manufaduring enterprises can use this design ortology for their design reeds. Both
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company A & company B redized this need and glad to use the domain ortology,
which was developed in chapter five. But both have reservation abou pulishing their
own dite spedfic ontology for the fear of reveding their secrets. They have
recommended incorporating this information into damain ortology and publishing the

upckted damain ortology for othersto use.



CHAPTER 7

CONCLUSION

7.1 Summary of Dissertation

This dissrtation reseach produced a methoddogy to guide the building of
design ortology for manufaduring enterprise. A domain ortology of product and
processdesign was constructed using the methodology. In addition, an implementation
guideline was developed to guide the applicaion d the methodology. The
implementation guideline provides a step-by-step prescriptive gproach to buld the
ontology.

Chapter 1 stated the reseach problem addressed by this dissertation and
described the nature of design ontology and the needs for ontology modeling methods
to suppat enterprise engineering. Manufacturing enterprises are competing in an
environment, which requires the ability to rapidly design their products and processes.
This ability requires modeling methods to support design team in providing design
information.

The up-to-date literature related to this reseach was presented in chapter 2. This
literature set the stage for a more through review of ontology development for product

and processdesign.
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In the beginning of the chapter a genera overview of enterprise engineering and
manufaduring enterprises were described. It aso described a detail study of product
and processdesign, which included the importance of product and processdesign in the
manufaduring enterprises, different stages of product design, how typicd
manufaduring enterprises perform its design functions, and what shoud be the asped
of future design processes. In the ontology modeling section, ohedives and dfferent
tedhniques of ontology modeling are mentioned. Chapter 2 aso included the available
tods used in developing ontologies. In the final sedion d chapter two a detall
description of IDEF 5 including its dructure, benefits and uses were mentioned with
examples. The detail description d all dissertation tasks was mentioned in chapter 3.
Chapter 3 dso included the brief description d envisioned methoddogy of building
ontology of product and process design. Chapter 4 presented the detail steps of
methoddogy, including guidelines to build the ontology, and verificaion process of
cagptured knowledge using consistency matrix.

In Chapter 5, generic product design ortology was constructed using the
developed methoddogy. It showed the detall steps of colleding design knowledge,
refine them into entities and relations, verify the consistency of information, and pullish
the ontology. Chapter 5 described each entities of the design domain to the detall
including the relations with oher entitiess Chapter 6 presented an
applicaion/demonstration d the method, developed in chapter 4, an two red life
companies of building design ortology for their particular product design. The concepts

presented in the dapter are eually applicable to aher types of manufaduring
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enterprises including more mnventional stand alone enterprises to buld damain or site
spedfic ontologies. This chapter concluded the dissertation in terms of contribution.

Reseach contribution and future reseach were discussed in the foll owing sedions.

7.2 Research Contributions

This research provides sveral contributions to the engineering literature. The
first contribution is a cwmprehensive methoddogy to construct design ontology for
manufaduring enterprises. This methoddogy is tail ored to cgpture design knowledge,
buld ontology, and ensures accuracy and consistency of cgptured design information.

In addition, the methoddogy has the foll owing unique dharaderistics:

e It introduces the notion d reusing ontologies within the similar domain to
reduce ontology building effort. Unfortunately there is no design ortology
available for reuse, bu one can surely use the design ortologies, which was
developed in chapter five.

* This methoddogy has medanism to ensure the acearracy and consistency of
cogptured design knowledge. This mechanism is vital for manufacturing
enterprises that perform product and processdesign.

* Itisabletoincorporate lesons leaned duing the design processand facilit ates
reuse of design information. This makes the design ortology continuowsly up-to-

date.
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* It pubishes the design ontology for others to use in developing their own

ontologies or for their design needs.

This dissertation presents a domain ortology model for generic product and
process design which, can serve as a source of design knowledge for enterprise
engineaing. A direct benefit of such ortology is the enhanced ability to perform
product and process design. The ontology, bult on IDEF5 language, will alow for
common undrstanding and urambiguous meaning for each design entity and
relationship. The result is that different design experts gudying the model will have a
common hkesis of communicaion and undrstanding. A common wnderstanding is
criticd in product and processdesign, especialy in coll aborative design efforts, which
will undoultedly invove many individuals from different functions, fields and
disciplines. The antities defined in the ontology, espedally the Design Activity entity
described in chapter five, can be used as parts of the business processtemplates. The
Design Activity entity defines the generic properties, charaderistics and relationships
which are common for most adivities. This domain ortology can be helpful for both
design & research community in foll owing ways:

* Any design tean can use this domain ortology for their own product and
processdesign o can get the guidelessfor their design process
* Ontology use may reduce the design lead-time & design errors and rence

reduce st of design.
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* Fadlitates better communicdion among top management, other
departments, supiers, external partners, sub-contradors, etc.

» Activity model and process model can be derived from an ortology
model.

* Ontology developer can use this domain ontology to buld similar
domain ortology or site-spedfic ontology in the aea of product and

processdesign.

The third contribution d this research is an implementation guideline. This
implementation guideline provides a sequence of instruction for implementation in any
manufaduring enterprises to buld their design ontology. An implementation guideline
to cgpture comprehensive design information, model design information for better reuse
and share is unique for manufaduring enterprises & enterprise engineering literature.
Withou the guideline, implementation would be limited to those enterprises that could
interpret the model and trangdlate it into a sequence of events.

Finaly, this research has developed a aoss consistency matrix, which has a
medhanism to ched accuracy and consistency of cgptured information against domain
ontology. This type of crosschedking is vital for design ortology andis nat in placein
any ontology building effort. This matrix is easy to construct and unique in the design

domain.
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7.3 Recommendations for Future Research

This reseach represents an advance in the aeaof design information modeling
using ontology. It presents a method to develop a domain o site-specific ontology
related to product and processdesign. There ae several areas in which this reseach can
be epanded. The reseach has defined an ontology-based approadh to design
information modeling wsing the IDEF5 method. Spedfying the entiti es and relationships
using the IDEF5 elaboration language shoud extend the reseach and results presented
here. This would serve to further formali ze the ontology model defined in the reseach.
IDEF5 elaboration language will give design ortology an edge to share with ather form
of ontology. The domain ortology of product and processdesign can aso be extended
by spedfying relationships more fully and by identifying additional entities and
relationships.

Product and processdesign varies from products to products and companies to
companies. Some of these major types of industry are eledronic, automotive, aircraft,
chemicds, and pharmaceuticds. Domain ortology for each o the industry type will
redly be useful for design community. A meta ontology model of design domain can be
derived from al of the domain ortologies of each type of industry. A research to buld a
meta ontology, which covers design damain of all industries, will be a significant
contribution to the engineaing discipline.

One area that shoud be reseached is in the ontology model of
customized product. In this reseach, a generic product and processdesign was modeled

using ontology. This type of ontology provides a guideline to the design process but
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falls to provide detail information to the design team for speafic products. Ontology of
ead caegory of customized product will be &le to provide detal enough design
information to the coll aborative design team to perform their design process. Similarly,
the mnsistency matrix developed in this research was for a generic product and process
design. This matrix can be expanded for other design areas. It is believed that the
modeling methoddogy and design ortology developed in this research will grealy
fadlit ate the development of new site speafic design ortology and the design process

of product and processdesign.
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APFENDIX A

PRODUCTS AND PROCESSES DESIGN ONTOLOGY



Overview
This ®dion describes the whole ontology of the products and processes design
in terms of its components. As mentioned ealier that an ortology building effort
includes identifying three basic comporents, they are & foll ows:
Al. Design Domain Terminologies
A2. Entities
A3. Relations
Detail descriptions of each comporent of the design ortology are listed in the

foll owing sections.
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A.1 TERMINOLOGIES OF PRODUCTS AND PROCESSES DESIGN

Actor- A design expert, coll aborative design team, or other entity capable of adively

participating in an adivity.

Analysis Of Design Need- A processof identifying and clarifying product’s functional
requirementsin detail | evel.

Analyze & Refine Configuration- A processof determining configuration alternatives
considering al aspect of design principles.

Analyze, Refine & Evaluate Design Variables- A process of identifying feasible &
optimal values design variables and determine their expeded performance.

Anticipatory Failure Deter mination (AFD)- isafailure analysis method. Like FMEA,
it has the objedive of identifying and mitigating failures. Rather than asking
developers to look for a cause of a fallure mode, it reverses the problem by
asking developers to view the fail ure of interest as the intended consequence and
try to devise ways to assure that the fail ure dways happensreliably.

Assembly drawings- Drawings that show the comporents that makes up a product or
subassembly and the location d ead part in relation to the other parts.

Axiomatic Design- recognizes four domains. The needs of the austomer are identified
in customer domain and are stated in the form of required functionality of a
product in functional domain. Design parameters that satisfy the functional
requirements are defined in physica doman, and, in process domain,

manufaduring variables define how the product will be produced.



Backtracking- Redoing some phase of the design process

Benchmark- A standard by which something can be wmpared; a product used to
compare adesign.

Bending- A manufaduring processthat plastically deforms shed metal using a matched
purch-and-die set, or a descending purch to wipe-form the work pieceover the
edge of the die.

Beta prototype- A full-scde, functional part or product prototype using materials and
manufaduring processes that will be used in production.

Beta Testing- isthe testing a nearly finished version d a pieceof software or hardware,
with the goal of finding defeds missed by the developers. Often beta testing is
caried ou by people outside of the developers organization.

Bill of materials (BOM)- A table of product comporent information aganized with
column heaings for part number, part name, material, quantity used in
asembly, and aher spedal notes.

Blanking- A shed metalworking process that sheas a smaller shaped pieceof shed
metal, cdled a blank, from the stock sheet; blanks are later used in deeg
drawing.

Blow molding- A processused to form poymers wherein a molten materia is injeced
with air then expands to the shape of the mold.

Boring- A madining processthat increases the diameter of an existing hole by fealing

asharp tod into the rotating work piece
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Brazing- A process used to join two metal pieces together with the addition molten
brassor zinc solder.

Budgeted cost of work performed (BCWP)- The sum of the products of the percent
complete for ead work task times the anourt budgeted each work task.

Built-in-Self-Test - afeaure of automatic testing where many test pattern programs are
built diredly into the drcuit generally for go/no-go testing of the asembly or
circuit using signature analysis.

Bulk deformation- Manufaduring processes that change the shape or form of bulk raw
materials by compressve or tensil e yielding.

Casting- Processes in which molten metal is poued into a cat to solidify; used to
produce mmplex geometries within broad tolerances.

Clearance fit- An intentional spacebetween mating parts sich as between a balt and
hole.

Coefficient- of friction A relative measure of the amourt of friction force between two
surfaces; equal to the ratio of the friction force divided by the force normal to
the surface.

Coefficient of thermal expansion- A measure of the anourt a material elongates in
resporse to a changein its temperature.

Collaborative Design Team- is a tean consisting of representatives from marketing,
engineeging, manufaduring, finance, puchasing, test, quality, finance and any
other required disciplines with resporsibili ty for developing a product or product

subsystem. This team is empowered to represent the functional disciplines and
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develop a product by addresgng its life cycle requirements including its product
and suppart.

Company requirements- Spedfications for the design of a product that originate from
the cmpany rather than the astomer. Company requirements include
marketing, manufacturing, financial, and legal considerations.

Component decomposition- The processof identifying and separating the comporents
of aproduct into parts and subassembli es.

Compression molding- A process that forms a darge of thermoset or elastomer
between heaed mold halves under presaure whil e the material cures.

Computer-Aided Design (CAD)- is the use of a computer to asdst in the aeaion and
modificaion d a design, most commonly, designs with a heary engineeing
content.

Computer-aided design (CAD)- Software used to prepare two-dimensiona and three-
dimensional drawings of product parts and assemblies.

Computer-Aided Engineering (CAE)- isthe use of computersin design, analysis, and
manufaduring of a product, process o projed. Sometimes refers more
narrowly to the use of computersonly in the analysis gage.

Computer-aided engineering (CAE)- Computer padkages that aid the engineaing of a
product including determining loads, stresss, vibrations, motions, hea transfer,
fluid medhanics, and thernladynamics.

Computer-aided process planning (CAPP)- Computer software that establishes the

type and sequence of manufaduring processes for ead part produced.
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Concept- is an idea for a new product or system that is represented in the form of a
written description, a sketch, dock diagram or simple model. A concept is the
edaliest representation d anew product or of aternative goproaches to designing
anew product.

Conceptual design- An abstract embodment of a working principle, geometry, and
material; a phase of design when the physicd principles are seleded.

Concept Evaluation- A processof evauating al generated aternatives to find ou the
feasible and producible alternatives and predict their performances.

Concept Generation- A processof creding aternatives or design concept, which isthe
ealiest representation d anew product or of aternative goproaches to designing
anew product.

Concept Selection- A process of seleding best aternatives among avail able design
alternatives.

Concept Testing- The process by which a oncept statement, sketch or model is
presented to customers for their readions. These readions can either be used to
permit the developer to estimate the sales value of the @ncept or to make
changes to the ancept to enhance its potential sales value.

Configuration design- The seledion and arrangement of feaures on a part; or the
seledion and arrangement of componrents on a product; a phase of design when
geometric feaures are arranged and connected on a part, or standard

comporents or types are seleded for the architedure.
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Configuration requirements sketch- A sketch drawn to approximate scde showing
the esential surroundngs of a part, including forces, flows, features of mating
parts, suppat points or areas, adjacent parts, and olstructions or forbidden
aress.

Configure Parts- A processof determining the number & type of geometric fedures,
relative dimensions, and their arrangements.

Configure Product- A processof determining the number & type of components, their
spedfic functions, and their arrangements.

Consensus decision- Dedsion in which the team thoughtfully examines all of the
iswues, and agrees upon a ourse of adion, which does not compromise ay
strong convictions of ateam member.

Contingency Design- is a form of mistake-proofing focusing on the user's experience
with the product. The intent is to design in features that help the user avoid
mistakes or alow the users to quickly corred input of data or operation d the
product. This is acammplished through layout and graphic design, intuitive
operation, clear instructions, appropriate markings and warnings, descriptive
error messages, avoidance of technical jargon, and simple operation steps.

Correlation ratings matrix- A portion d the house of quality listing values that rate
the oorrelation between qualitative astomer requirements and quantitative
engineeing charaderistics.

Customer requirements- Spedfications for the design of a product that originate from

the astomer rather than the mpany. Customer requirements include
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functional performance operating environment, human fadors, safety, robust
ness maintenance, and repair.

Customer Requirements Analysis- A processof analyzing customer requirements to
ched the feasibili ty of the design and identify design requirements.

Decision-making process- The process used to identify aternatives and the outcomes
asciated with each aternative, and to judge the outcomes to make aselection.

Design- A set of dedsionrmaking processes used to determine the form of a product
given the functions desired by the austomer; processs to prescribe the sizes,
shapes, material compasitions, and arrangements of parts 9 that the resulting
madchine will perform a required task; a padkage of information such as and
spedficaions sufficient to manufadure aproduct.

Design Activity- Any process of transforming state of the environment that happens
over time.

Design analysis- A portion d the design processthat predicts or simulates performance
of ead aternative, reiterating to asaure that all the candidates feasible.

Design Analysis & Trade Off - A phase of design that predicts or simulates
performance of ead alternative, reiterating to assure that all the candidates are
feasible.

Design concept- The abstrad embodment of a physica principle, material, geometry;
same & concept design.

Design evaluation- The portion d the design processthat asesses or weighs from the

analyses to determine which alternative is the best.
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Design Expert- A human being entity that performs adivities to achieve design goals.
Its ability to adively participate in the planning process is what separates a
design expert from a machine.

Design Tool- A non-human entity, which has the cgadty to carry out design functions.

Design Object- Any tangible or conceptua entity in the design damain.

Design For Testability / Inspectability- It facilit ates testing of a product in the design
process Increasingly complex and sophisticaed products require capabiliti es
and fedures to fadlit ate test and acceptance of products and dagnaosis prodicts
if adefed isidentified.

Design For Serviceability -Design to ease maintenance and servicerequired duing the
life cycle of the produwcts. The design of the suppat processes needs to be
developed in paralel with the design of the product. This can leal to lower
overdl life cycle costs and a product design that is optimized to its suppart
Processes.

Design for Serviceability (DFS)- isaset of principles and a methoddogy for analyzing
product concepts or designs for charaderistics and design feaures which reduce
servicerequirements and frequency, facilit ate diagnasis, and minimize the time
and eff ort to dsassemble, repair/replace, and reassemble the product as part of
the service process

Design reviews- are formal technicd reviews conduwcted duing the development of a
product to asaure that the requirements, concept, product or process stisfies the

requirements of that stage of development, the design is und, the isaues are
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understood, the risks are being managed, any problems are identified, and
neaded solutions proposed. Typicd design reviews include: requirements
review, concept/preliminary design review, final design review, and a
production readinesglaunch review.

Design for Cost- A development methoddogy that treas cost as an independent design
parameter. A redistic cost objediveis established based oncustomer
aff ordabili ty, tradeoff's are made between the st objedive and aher product
functions/parameters, cost models are used to projed the st early in the
development cycle, and a variety of techniques such as function analysis and
DFM are used to proadively achieve the st objedive.

Design for lifecycle cost- This represents the totality of design-to-cost addressng all
costs related to acquisition, operation, suppat and dsposal.

Design Validation- Testing to asaure that the product conformsto defined user needs
and requirements. This normally occurs toward the end d the Design Phase
foll owing succesdul design verification and prior to pilot production,
beta/market testing, and product launch. Design validationis normally
performed onthe final product under defined, operating condtions. Multiple
validations may be performed if there ae diff erent intended uses.

Design verification- isthe processof ensuring the design conformsto spedficaion
(design ouputs med design inpu requirements). Design verification may
include: alternate cdculations, design reviews, comparison to similar designs,

inspedion, and system or product testing.



Detail design- The @nversion d product spedficaions into designs and their
asociated process and/or code-to dacumentation. Detailed design includes
design cagpture, modeling, anaysis, developmenta testing, documentation,
processdesign, producibility analysis, test plan development, coding, and design
verificaion and validation.

Design for Performance- Designed to perform to product requirements under a wide
variety of manufacturing and user operating conditions. Withou this there may
be no product, so be sure that the requirements are redly what customers need.

Design for Manufacture- Design to maximize eae of manufacture by simplifying the
design through part-count reduction, ceveloping moduar designs, minimizing
part variation, cesigning a part to be multi-functional, etc.

Design for Reliability- Designing the product so it works the first time, every time for
thelife of the product (decreasing cycle fail ure).

Design for Safety- Design so that the manufadure of and the use or abuse of the
product minimize the passibili ty of injuries which could lead to product liabili ty
problems. There ae Federal requirementsto be met. DFS expertsin your
company or as consultants know the rules and many oppatunities. Designers
shoud use DFS Chedklists and pubi shed signage and labeling standards.

Design for Cost- Meding customer requirements while minimizing cost of all aspeds
of the product, including production, assembly, distribution, and maintenance

Design Reviews- The scheduled-in checkpaints for assessng the design progress

toward meding product requirements and budget.
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Design for Assembly- Making the product easier to assemble, thereby reducing cycle-
time during production.

Design for Assembly (DFA)- refers to the principles of designing assemblies  that
they are more manufadurable. DFA principles address genera part size and
geometry for handing and aientation, feaures to faalit ate insertion, assembly
orientation for part insertion and fastening, fastening principles, etc. The
objedive of DFA isto reduce manufaduring effort and cost related to assembly
Processes.

Design for Disassembly (DFD)- is a set of principles used to guide designers in
designing products that are easy to dsassmble for recycling, remanufaduring,
or servicing.

Design for Manufacturability- is a methoddogy for designing product's in a way that
fadlit ates the fabrication of the product's components and their assembly into
the overal product. In this resped it is gnonymous with Design for
Manufadurability / Assembly.

Design for adjustability- An approach used to design products and/or madinery by
designing adjustable parts to fit al human beings such as a microphore stand, o
ca seat.

Design for assembly- A set of practices that aim to reduce the time and cost required to
asemble aproduct, by improving part handling, insertion, and fastening.

Design for closefit- A design approad that establi shes sts of sizes to match classes of

customers, such as $oe sizes, hat sizes, or ring Sizes.



Design for manufacture- A set of pradices that am to improve the fabricaion of
individual parts.

Design for safety- A colledion d design methods, which am to reduce the risk and
severity of personal injury or property damage.

Design for the environment- A group of design methods that aim to minimize the use
of raw materias, increase recyclables, improve remanufacture, increase energy
efficiency, and improve the workplace eavironment.

Design for the extreme- Design methodthat strivesto fit the small est or largest person.

Design for X- A term used to describe any of the various design method that focus on
spedfic product development concerns.

Design method- A procedure or set of guidelines for solving adesign problem.

Design phase- A period or stage in the design o a part or product; concept design
phase, configuration design phese, parametric design plese.

Design problems- Product deficiencies that require resolution; product Oppartunities
that require mnsideration.

Design process- The problem-solving process used to formulate a design problem,
generate dternative solutions, analyze and evaluate the feasibility and
performance of each aternative, and select the best alternative, reiterating if
necessary.

Design reviews- An informal or formal meeting to discussdesign projed progressto

date.
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Design variable- A parameter that can be arbitrarily selected by the designer that

influences the behavior of the design candidates; a controll able variable.

Design-project report- A report that summarizes the work tasks undertaken in adesign

Detail

Detail

Detail

Detail

projed and dscusses the recommended design in detail; usually includes content
on the nature of the design problem, design formulation, concept design,
configuration design, parametric design, prototype testing, and detail design
description and performance

design- A phase of design that results in the preparation d a padkage of
information that includes drawings and specificaions sufficient to manufadure
aproduct.

drawings- Drawings showing orthographic projedion views of a part ( e.g.
front, side, or top); showing geometric feaures drawn to scde dong with full
dimensions, tolerances, manufaduring process notes, and title block; detall
drawings ometimes include sedion views and doli que plane views.
Functionality Analysiss A phase of design that determines the functiona
characteristics of ead comporent using extensive anaysis.

Systems Design- A phase of design that determines the required systems

spedfications for the product to be produced.

Diagram- Illustration that is intended to explain hov something works or the

relationship between the parts.

Die casting- The solidification d molten material after it isinjeded into a mold under

high presaure.
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Drawing- The plastic deformation d a bar, rod, a wire & it is pulled through
successvely smaller dies; aso, the plastic deformation o sheet metal into adie,
forming cupped, bax, or hollow parts.

Drilling- A madhining process that removes material from the work pieceusing a
rotating bit, thus forming a hole.

Early Supplier Involvement- is the process of getting the suppier involved ealy in
the development process (when an item is being conceptualized, designed o
spedfied) so that the supgdier can make proadive suggestions to improve the
design and reduce its cost vs. providing readive feedbadk once the design has
been completed.

Earned value analysis- A method wsed in projed engineering to determine, a projed is
aheal o behind schedule and either over or under budyet.

Electrical discharge machining- A process of removing metal by means of an
eledrical discharge spark.

Electronic Design Automation (EDA)- consists of hardware and software todls to aid
in the design and development of eledronic products through design capture,
simulation, synthesis, verification, analysis, and testing.

Embodiment- Manifestation a incarnation d something.

Embodiment Design- A process of seleding detail spedfications of product and it’s
part with the mnsideration d various aspect of design such as sfety,

manufadurabili ty, assembly, environment, etc.
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Embossing- Plastic indentation d surface to form ribs, beads, or lettering on the
surface of metal.

Engineering analysis- Using tods such as analyticd models or empirical equations to
predict the performance or behavior of an olged or system.

Engineering change- A modificaion to a comporent, product configuration, a
document from currently defined and approved status. Changes cause version a
revisionlevels of affected itemsto be updated.

Engineering design- The set of dedsion-making processes and adivities used to
determine the form of an oljed given the functions desired by the aistomer.

Engineering design specification (EDS)- Document containing a comprehensive
description d intended uses and functional requirements of a product.

Equipment- Macdhines or apparatus designed to perform a thermal, chemicd, or ,
medhanical processor portion thereof.

Evaluate & Select Best Configuration- A processof seleding best configuration after
evaluating all avail able configuration alternatives.

Evaluation- The process of rating or assessng the predicted perfornlance of feasible
design candidates against established evauation criteria; used to determine the
"best" design dternative.

Evaluation criteria- Standards by which alternatives may be rated, assessed, a ranked.

Extrusion- Bulk deformation process that squeezes heaed metal or plastic materias

through de producing constant cross gdion.
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Facing- A finishing operation that removes material from a cylindricd surface the
cutting too moves radially as the work piece rotates.

Fail-safe design principle- A principle used to design comporents such that upon
faillure of a comporent, some aiticd functions are still performed.

Failure Analysis- isa @lledion d tedhniques to determine the root cause of a
comporent or processdefed or failure.

Failure Mode and Effects Analysis (FMEA)- is aprocedure in which each paential
faillure mode in every sub-item of an item is analyzed to determineits effed on
other sub-items and onthe required function d theitem. It is used to identify
potential fail ure modes and their associated causes/medhanisms, consider risks
of these fail ure modes, and identify mitigating adions to reduce the probabili ty
or impad of the fail ure.

Failure modes and effects analysis (FMEA)- A systematic method wsed to identify
and corred potential product or processfail ures before they occur.

Fault Tree Analysis- isatop-down, herarchical analysis of faultsto identify the
various fault medanisms and their cause. It graphicdly describes the cause and
eff ect relationships that result in major fail ures.

Feasible design- A design candidate that mees design spedfications and/or satisfies
design constraints.

Field Testing- is the testing a product in the ad¢ua context in which it will be used, as
oppaed to laboratory testing, or testing the product in its operating

environment.
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Final Design Reviews & Verification- A phase of design that identifies technicd
performance, risks, improvement of performance & process and \erifies design
parameters.

Finishing- Preparing the final surfaceof a part to proted it from the environment or to
enhance the Visua appearance e.g.; anodzing, chrome plating, and painting.

Finite Element Analysis (FEA)- A computer-based method that breaks geometry into
elements and links a series of equations to each, which are then solved
simultaneously to evaluate the behavior of the entire system. Most often it used
for structural analysis, bu widely applicable for other types of analysis and
simulation, including thermal, fluid, and el ectromagnetic.

Fixture- Todling designed to locae and hdd comporentsin pasition.

Forging- A deformation process that creates a desired shape by plasticaly pressng
material in two halves of adie set by hammer strokes or a hydraulic press
Forming- An early stage in tean development when participants transition from being
an individual to being atean member, pditely interading, learning the nature of
the tasks to be performed, the goals of the projed, and the persondlities and

work styles of fellow members.

Formulation- A phase of design in which customer and company requirements are
determined, engineering design spedficaions are prepared, and a solution dan
IS prepared.

Function decomposition- Product function decomposition is a process of identifying

and separating required sub functions withou regard to pcssble enbodments.
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Functional Test- is atest that identifies functional level faults in printed circuit board
asemblies (PCBAS), including manufaduring related faults not identified by in-
circuit tests (ICT), timing related failures, and faults internal to comporents.
Functional test equipment operates at the same frequency the PCBA is designed
for and may have the caabili ty to margin temperature, voltage and frequency.

Fused deposition modeling (FDM)- A rapid prototyping processthat depaosits a thin
filament of melted (fused) materia in precise locaions on a horizontal layer,
using numericdly controlled pasitions; as the material solidifies, the prototype
model is built, layer by layer

Generating (alternatives)- The set of activities and dedsion-making processes used to
crede dternativesfor later analysis and evaluation.

Grinding- Madhining processto remove material from a surface with an abrasive whed
or toal.

Hazard Analysis- is the detail ed examination d a product from the user perspedive to
deted potential design flaws (posshiliti es of failure that could cause harm) and
to enable manufadurersto correct them before aproduct isreleased for use.

Highly Accelerated Life Test (HALT)- is a process developed to urcover design
defeds and wedknesses in eectronic and mechanicd assmblies using a
vibration system combined with rapid high and low temperature changes. The
purpose of HALT isto optimize product reliabili ty by identifying the functional
and cestructive limits of a product. HALT addresses reliability isaues at an ealy

stage in product development.
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Highly Accelerated Stress Screening (HASS)- is atechnique for production screening
that rapidly expases processor production flaws in products. Its purpose is to
expose a product to ogimized production screens withou affecting product
reliability. Unlike HALT, HASS uses noncestructive streses of extreme
temperatures and temperature dhange rates with vibration.

Honing- To sharpen o smoath.

Human Factors- refers to the dharaderistics of human beings that are gplicable to the
design of systems and devices of al kinds. It furthers serious consideration o
knowledge @ou the assgnment of appropriate functions for humans and
macdhines, whether people serve & operators, maintainers, or users in the
system.

Identify Design Tasks- A processof identifying and aganizing design tasks, which are
necessary to condict the cnceptual deigns process.

Information- Any object that can be used, created, a modified by an adivity and
whose esenceisto ad asinformationin the design danain.

Industrial Design- is the design that is dore in companies and consultancies by people
trained in indwstrial design, a in art and design schods in genera. Industrial
design focuses on the physica form and interactive properties as oppcsed to the
functioning of the product or system.

Industrial design- Deasions or adivities to determine essential product aesthetics and

basic functions.



Industrial Design & Formulation- A process of transforming customer/design
requirements into design requirements using design resources and satisfying
design constraints. This activity ensures feasibili ty of the design.

Injection molding- Process that melts thermoplastic pellets and injeds the molten
material into amold under high presaire.

I nsertion- Moving a part into ancther in the asembly for fastening or joining.

Investment casting- A casting process that uses wax patterns dipped in a durry to
crede amold; wax isremoved by melting; lost-wax process

Lapping- A finishing process used to pdish a surface with a slurry of fine drasive
particles.

Machine- Combination d resistant bodes, so arranged that by their means, the
medhanical forces of nature can be compelled to do work accompanied by
certain determinate motions.

Machine- A non-human entity, which has the cgadty to carry out design functions.

Machinetool- A madine that makes other parts or products.

Machining- A subtradive processthat removes material from a workspace by a sharp
cutting tod that sheas away chips of material, to crede desired form or
fedures.

Manufacturing Design-The daracteristic of a product's design that fadlitates the
fabrication d the product's comporents and their assembly into the overall

product.
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Material- Any material objed that can be used, creaed, a modified or consumed by an
adivity in the design domain (e.g. Raw materials, Subassemblies).

Mechanical press- A madine used for shea metal working anti forging operations; an
eledric motor energizes aflywhed that strokes the hammer or punch.

Milling- A madhining processthat removes material from a flat surface to form glots,
pockets, recesss; a autting todl rotates as the material isfed.

Mistake-Proofing- improving product designs, todling designs, or processes to prevent
mistakes from being made or to quickly and easily deted or mitigate the dfect
of amistake. Mistake proofing involves Sx principles: elimination, replacement,
prevention, fadlit ation, detedion, and mitigation. Also known as error proofing
and pola-yoke.

Modular Design- consists of combining standardized bulding blocks or "modues’ in a
variety of ways to crede unique finished products. Thus, even though the parts
and asemblies may be standardized, the finished product is unique.

NC/CNC machining -Numericdly controlled/computer numerically controlled
madahining.

New Product Development- is the business process for developing new hardware,
software and service products for the enterprise. It includes al activities from
development of the idea or concept for the product, the development of the
product and its processes, and the launch of the product into production and into

the market place.



Original design- Development of a new comporent, assembly, or process that had na
existed before.

Painting- Finishing processused to proted a surfaceor enhancevisua appeaance

Parametric design- A phase of design that determines gedfic values for the design
variables.

Participatory Design- refers a democratic approach to design that encourages
participation in the design process by a wide variety of stakeholders, such as.
designers, developers, management, users, customers, salespeople, distributors,
etc. The gproach stresses making users not simply the subjeds of user testing,
but adualy empowering them to be a part of the design and dedsion-making
process This is accomplished through drect invovement with the product
development team on major projeds for one or a small number or customers or
through frequent customer or user review and feedback during the development
process using mechanisms gich as focus groups, web-based customer
participation, wsabili ty studies, etc.

Planning- Madining process that removes material using a translating cutter as the
work piecefeeds.

Plating- Finishing processthat chemicdly alters the surface of a part.

Polishing- Finishing processthat uses abrasive powders embedded in a rotating leather
or felt wheel to remove surface irregulariti es.

Preliminary design- Early phases of design, including concept, configuration, and

parametric design adivities.
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Pre-production prototype- A full-scde part or product made and assembled with |,
final materials and production-li ke processes.

Primary manufacturing process- The manufaduring processthat principally aters the
material's $ape or form.

Product- Any passve objed that can be used, creaed, o modified by an adivity in the
design damain. These are typicdly the inputs and ouputs of a design process

Product Design - A processof transforming customer/design requirements into detall
design specification wsing design resources and satisfying design constraints.
This adivity happens over time.

Production Process Planning- A processof planning and determining process
spedficaionsto producethe designed products.

Process development- Defining and developing a manufaduring process to
acommodate the spedfic requirements of a given product while, meding
processquality and cost objedives.

Process Design- Defining and designing a manufaduring processto accommodate the
spedafic requirements of a given product while, meding processquality and cost
objedives.

Process Planning- isthe analysis and design o the sequence of processes, resources
requirements needed to produce products into workabl e instructions for
manufadure. It also includes the spedafication and seledion d todls, fixtures,

equipment and inspedion/test requirements.
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Product requirements- A tedhnicd characteristic of the product expressed in the
developer's language to respondto a austomer need. A good requirement shoud
be 1) stated so that it is diredly actionable by engineeing, 2) is global and does
pre-suppase aparticular technicd solution, and 3 is measurable so that it can be
ultimately verified. The developer uses the product requirements to guide the
design and bulding of the product.

Product- Designed olject or artifad that is purchased and used as a unit.

Product development- That portion d the product reali zation process that begins with
formulation adivities and concludes with produwction pgdanning and
manufaduring engineering adivities, excludes adivities beginning with
production.

Product life cycle- The cycle of birth and deah of a produwct; starts with the
introduction d the product into the market, includes gages of growth, maturity,
and cedine; ends with removal of product from market.

Product concept test- A market research activity that uses areduced-scde or full- scde
model of a new product or "product concept”; usually norfunctional but looks
like a"finished" product.

Product realization process (PRP)- Design and manufaduring processes that convert
information, materials, and energy into afinished product.

Production design- Designing and danning the type and arrangement of equipment

and the use of labor in afadory to make aproduct.
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Production Readiness- Review is a design review condicted prior to puiting a product
into production. This reviews assesses whether all needed product and process
data has been completely generated, that the production process has been
validated, and that the company is ready to begin production (either pilot
produwction, low-rate initial production, poduction ramp-up, or full-rate
production).

Project control- Detecting whether a projed is on time and within budgeting upan and
implementing corredive adionsif necessary.

Project plan- A padage of key items to be completed in a projed including problem
statement, misson statement, projed objedives, work breakdown structure.

Prototypes- A physicd model or representation d the new product concept or design.
Depending upon the purpose, prototypes may be nonworking models or
representations, functionally working, or both functionaly and geometricdly
complete and accurate. Prototypes (physicd, electronic, digital, analytical, etc.)
can be used for the purpose of, bu not limited to: a) assessng the feasibility of a
new or unfamiliar technoogy, b) assessng or mitigating technicd risk, c)
validating requirements, d) demonstrating criticd fedures, €) qudifying a
prodwct, f) qualifying a process Q) characterizing performance or product
feaures, or h) elucidating physicd principles.

Punching- Sheda metal working processes that produces feaures such as dots, naches,

extruded hdes, and hdes using a punch and de.
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Rapid prototype-More generdly, it is the processof quickly generating prototypes or
mockups of what a product system will 1 ook like. Rapid prototyping may be
dore with paper prototypes such as Ketches, low-fidelity physical prototypes,
CAD visudlization, rapid applicaion development, or video prototyping.

Reaming- Refining the diameter of an existing hole.

Redesign- The processof revising any portion d an existing product's form (i.e., shape,
configuration, size, materials, or manufacturing processs); seleding new values
for the design variables, reanadyzing, and reevauating, to oltain better
performance and improve austomer satisfaction.

Reliability- A sub-set of datisticd engineeing methoddogy, which predicts
performance of a product over its intended life cycle and understanding d the
eff ects of various fail ure modes on system performance

Reliability analysis- A predictive tod used to estimate the "life" of a product. Thisis
usually expressed in terms of hous as "mean time between failure” (MTBF).

Redundant design principle- A principle used to design comporents such that
additional componrents or systems, configured in parallel or series, take over the
, "principle function d the fail ed component or system.

Requirements analysisThe determination d product-specific performance and
functional charaderistics based on analyses of: customer needs, expedations,
and constraints, operational concept; projeded utilization environments for

people, products, and processes; and measures of eff ediveness
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Reviews & Feasibility Analysis- A processof reviewing designs requirements to make
sure that the design is feasible and manufadurable using design resources. This
adivity identifies engineering design needs.

Risk assessment- A consideration d the likely risks that face aprojed and pasble
contingency plansto overcome such situations.

Robust design- Methods used to design robust products, which is one that performsin
spite of variations in its material properties, how it was manufadured, the
operating environment, or how it is used.

Robust design- Design d the product in a manner to desensitize the product to
variation including misuse and increase the probability that it will perform as
intended.

Robust Design- in its most general sense insures operationin avariety of
environments, throughout life. Environmental StressTesting weeds out
problems by subjecting samples to a simultaneous st of extreme operating
condtions.

Rolling- Bulk deformation processused to form sheds, bars, rods, and structural shapes
by plasticdly compressng slabs, hill ets, and dooms between two roll ers.
Safe-life design principle- A design principle used to design comporents to operate for

their entire predicted useful life withou brekdown or malfunction.

Sand casting- Molten metal solidifies in amold made of sand. Standard mold is formed
by packing sand arounda pattern with the same external shape & the part of the

cest.
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Sawing- Cutting/dividing material with atoothed blade.

Secondary manufacturing processs Manufacturing process that adds or removes
geometricd feaures from the basic forms.

Select Design Variabless A process of identifying design variables and determine
values of those design variables.

Sectioned assembly drawing- A cutaway portion of the assembly drawing that exposes
the detail s of an interior portion d the assembly.

Selection design- Dedsion-making processes used to match the desired functional
requirements of a @mporent with the adua performance of standard
comporentslisted in vendas caalogs.

Selective laser sintering (SLS)- A rapid prototyping process that uses a high-power
laser to sinter together fusible materials, such as powdered metals, layer by
layer.

Sensitivity analysis- Analyzing the contribution d a part's varianceto the total variance
of the sss=mbly.

Shaping- Madining processthat removes material from atranslating work piece and a
stationary cutter.

Shearing- Cutting or separating shed metal along a straight line; used to size sheds for
subsequent operations.

Sheet metalworking- Permanent deformation d thin metal sheds produced by bending

or sheaing forces; often cdled stamping.

24¢



Soldering- Processused to join two metal pieces together with the aldition d molten
tin, lead, and silver aloys.

Solid Modeling- A geometric modeling method that completely and unambiguouwsly
describes both the exterior and interior of a part or assembly in threedimensions
(geometry, topdogy and massproperties).

Solid modeing- Representing a part's geometricd features using topdogicd
information such as cylinders, blocks, fill ets, slots, hdes, andribs.

Stamping Shed metalworking processs.

Standard part- A common interchangeable item, having standard fedures, typicdly
massproduced and used in various applicaions; e.g., nu, balt, screw, washer,
[ubricant.

Standard (sub ) assembly- One that is routinely manufadured for general use; e.g.,

pump, motor, valve, switch.

Subassembly- An assembly that isincluded in another assembly or subassembly.

Tertiary manufacturing process- Surface treatment such as padlishing, painting, heat-
treaing, andjoining.

Thermal forming- Vacuum forming thin sheds of thermoplastic.

Tinkering- Repetitive or iterative aitting and trying, fabrication, and testing; does not
use scientific principles or mathematics to predict behavior.

Top-Down Design- is a design methoddogy whereby an entire design is decompased

into its major comporents, and then these components are further decompaosed



into their major components, etc. The cnstraints are established early in the
design flow, and then are passed onand adhered to by the badk-end rocesses.

Turning- Madining processthat removes material from rotating work piece lathes.

Variant design- Type of design; modifying the performance of an existing product by
varying some of its design variable values or product parameters sich as sze, or
speafic material, or manufaduring processes.

Value Engineering- A systematic approach to evaluating design alternatives that seeks
to eiminate unrecessry fedures and functions and to achieve required
functions at the lowest possble ast whil e optimizing manufadurabili ty, quality,
and celivery.

Verification And Validation Of Processes- A process of finaizing the production
process pecifications and release for production.

Virtual prototype- Non red, electronic prototype; modeled inside the memory of a
compuier.

Welding- Fastening process that permanently joins two a more meta parts by
controll ed melting; fusion of metals.

Wire drawing- Process that transforms bar stock by puling it through a set of
successvely narrowing dies, forming alongstrand of wire that is usually wound
onaspod asa mntinuaus process

Work Breakdown Structure- is a hierarchica tree structure decomposing a projed
into adivities and sub-activities to help define and control the projed and its

elements of work.
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Work breakdown structure- A diagram of magor work tasks to be completed in a
projed.
Wor st-case tolerance design- A method that assumes that eat process will produce

parts with the "worst" preasion within its cgpabili ty.



A.2ENTITIES

0. ENTITY

A building bloc in the design damain being model ed

Attribute Description

Name The entity’s name

Number A unigue qudifier for the adivity
Parent None

Documentation
User-Attributes
Sub kinds

User defined description d Entity
User defined attributes for an Entity
Design adivity, Design objed, and Relationship

1. DESIGNACTIVITY

Any processof transforming state of the environment that happens over time

Attribute Description

Name The Activity 'sname

Number A unigue qudifier for the adivity

Parent ACTIVITIES of which this Activity isa comporent (Entity)

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources
Sub kinds

User defined description d the Activity

User defined attributes for an Activity

ACTIVITIES that make up this Activity. Synonymous with
sub adivities, children, etc.

The agent resporsible for thisACTIVITY, usualy

The ACTOR is considered the processowner.

The OBJECTS (nonresource) used by this Activity

The ACTOR that performsthe Activity

Comporent of kind
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1.2 PRODUCT DESIGN

A processof transforming customer/design requirements into detail design

spedficaion wsing design resources and satisfying design constraints. This adivity

happens over time.
Attribute Description
Name Product design
Number A unique qudifier for the adivity
Parent Design Activity

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Product design

User defined attributes for Product design

ACTIVITIES that make up this Activity. Such as design
analysis, test and evaluation, alidation and werification, etc.
The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Formulation, Conceptual design, Embodment design, and

Detail design.
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INDUSTRIAL DESIGN & FORMULATION

A processof transforming customer/design requirements into design requirements

using design resources and satisfying design constraints. This adivity ensures

feasibili ty of the design.

Attribute Description

Name Industrial design & formulation
Number A unique qudifier for the adivity
Parent Product Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Industrial design & formulation
User defined attributes for Industrial design & formulation
ACTIVITIES that make up this Activity. Such as identify
requirements, set targets, identify evaluation criteria, identify
constraints, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity.

Customer requirements analysis, reviews and feasi bili ty

analysis.

252




1.2.1.1 CUSTOMER REQUIREMENTSANALYSIS

A processof analyzing customer requirements to chedk the feasibili ty of the design

and identify design requirements.

Attribute Description

Name Customer Requirements Analysis
Number A unigue qudifier for the adivity
Parent Industrial Design & Formulation

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d Customer Requirements Analysis
User defined attributes for Customer Requirements Analysis
ACTIVITIES that make up this Activity. Such as identify
requirements, set targets, identify evaluation criteria, identify
constraints, etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and literature survey, market study, etc.
The ooll aborative design tean and madine that performs the
Activity.

Comporent of kind
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1.212REVIEWS & FEASIBILITY ANALYSIS

A processof reviewing designs requirements to make sure that the design isfeasible

and manufacturable using design resources. This adivity identifies engineering

design needs.
Attribute Description
Name Reviews & Feasibility Analysis
Number A unique qudifier for the adivity
Parent Industrial Design & Formulation

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Reviews & Feasibility Analysis
User defined attributes for Reviews & Feasibility Analysis
ACTIVITIES that make up this Activity. Such as identify
functional requirements, identify company requirements,
identify manufaduring requirements, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Comporent of kind
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122 CONCEPTUAL DESIGN

An abstrad embodment of awaorking principle, geometry, and material; a phase of

design when the physicd principles are seleded.

Attribute Description

Name Conceptual Design

Number A unigue qudifier for the adivity
Parent Product Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Conceptual Design

User defined attributes for Conceptual Design

ACTIVITIES that make up this Activity. Such as analysis of
design needs, identify design tasks, concept generation,
concept evaluation, concept seledion, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Analysis of design nedls, identify design tasks, concept

generation, concept evaluation, and concept selection.
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1.2.2.1 ANALYSISOF DESIGN NEED

A processof identifying and clarifying product’s functional requirementsin detall

level.
Attribute Description
Name Anaysis Of Design Nedd
Number A unigue qudifier for the adivity
Parent Conceptua Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description o the Analysis Of Design Need
User defined attributes for Analysis Of Design Need
ACTIVITIES that make up this Activity. Such as adivity
analysis, decompasition dagrams, functions gructure, etc.
The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.22.2|IDENTIFY DESIGN TASKS

A processof identifying and arganizing design tasks, which are necessary to

conduct the anceptual deigns process

Attribute Description

Name Identify Design Tasks

Number A unigue qudifier for the adivity
Parent Conceptua Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Identify Design Tasks

User defined attributes for Identify Design Tasks
ACTIVITIES that make up this Activity. Such as identify
design godl, buld representative space, formulation d design
knowledge background,etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind




1.2.2.3 CONCEPT GENERATION

A processof creding alternatives or design concept, which isthe ealiest

representation d a new product or of alternative approades to designing a new

product.
Attribute Description
Name Concept Generation
Number A unique qudifier for the adivity
Parent Conceptua Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Concept Generation

User defined attributes for Concept Generation

ACTIVITIES that make up this Activity. Such as use aedtive
methods, use brainstorming, review existing products, create
chedlists, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Comporent of Kind
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1.2.2.4 CONCEPT EVALUATION

A processof evaluating all generated aternativesto find ou the feasible and

produwcible dternatives and predict their performances.

Attribute Description

Name Concept Evaluation

Number A unigue qudifier for the adivity
Parent Conceptua Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Concept Evaluation

User defined attributes for Concept Evaluation
ACTIVITIES that make up this Activity. Such as conduct
trade of analysis, conduct reviews, chedk feasibility and
producibili ty, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind




1.2.2.5 CONCEPT SELECTION

A processof seleding best aternatives among avail able design alternatives.

Attribute Description

Name Concept Seledion

Number A unigue qudifier for the adivity
Parent Conceptua Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Concept Seledion

User defined attributes for Concept Seledion

ACTIVITIES that make up this Activity. Such as use Pugh's
concept selection method a use weighted-rating method, etc.
The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.23 EMBODIMENT DESIGN

A processof seleding detail spedficaionsof product andit’s part with the

consideration d various asped of design such as sfety, manufadurabili ty,

asembly, environment, etc.

Attribute Description

Name Embodment Design

Number A unique qudifier for the adivity
Parent Product Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Embodment Design

User defined attributes for Embodment Design

ACTIVITIES that make up this Activity. Such as configure
product, configure parts, configuration analysis & evaluation,
seled design variables, analyze dternatives, evaluate & refine
configuration, etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Configuration design and parametric design.
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1.2.3.1 CONFIGURATION DESIGN

A processof seledion and arrangement of feaures on a part; or the seledion and

arrangement of components on a product; a phase of design when geometric

fedures are aranged and conreded ona part, or standard comporents or types are

seleded for the architedure.
Attribute Description
Name Configuration Design
Number A unigue qudifier for the adivity
Parent Embodment Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Configuration Design

User defined attributes for Configuration Design
ACTIVITIES that make up this Activity. Such as configure
product, configure parts, configuration analysis & evaluation,
etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Configure product, configure parts, configuration analysis &

evauation.
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12311 CONFIGURE PRODUCT

A processof determining the number & type of comporents, their spedfic

functions, and their arrangements.

Attribute Description

Name Configure Product

Number A unigue qudifier for the adivity
Parent Configuration Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Configure Product

User defined attributes for Configure Product

ACTIVITIES that make up this Activity. Such as determine
number and types of comporents, determine specific functions,
determine arrangements, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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12312 CONFIGURE PARTS

A processof determining the number & type of geometric features, relative

dimensions, and their arrangements.

Attribute Description

Name Configure Part

Number A unigue qudifier for the adivity
Parent Configuration Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Configure Part

User defined attributes for Configure Part

ACTIVITIES that make up this Activity. Such as determine
number and types of geometric features, arrangements of parts,
determine relative dimensions, seledion d standard perts, etc.
The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.23.1.3 ANALYZE & REFINE CONFIGURATION

A processof determining configuration alternatives considering all aspect of design

principles.
Attribute Description
Name Anayze & Refine Configuration
Number A unigue qudifier for the adivity
Parent Configuration Design

Documentation

User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description o the Analyze & Refine
Configuration

User defined attributes for Analyze & Refine Configuration
ACTIVITIES that make up this Activity. Such as requirements
analysis, design for assembly, design for manufacture, etc.
The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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12314 EVALUATE & SELECT BEST CONFIGURATION

A processof seleding best configuration after evaluating all avail able wnfiguration

aternatives.
Attribute Description
Name Evauate & Seled Best Configuration
Number A unigue qudifier for the adivity
Parent Configuration Design

Documentation

User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Evaluate & Select Best
Configuration

User defined attributes for Evaluate & Select Best
Configuration

ACTIVITIES that make up this Activity. Such as design
reviews, use any weighted-rating method, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Comporent of Kind
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1.1.3.2 PARAMETRIC DESIGN

A phase of design that determines edfic values for the design variables.

Attribute Description

Name Parametric Design

Number A unigue qudifier for the adivity
Parent Embodment Design

Documentation
User-Attributes
Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Parametric Design

User defined attributes for Parametric Design

ACTIVITIES that make up this Activity. Such as sled design
variables, analyze dternatives, evaluate & refine configuration,
etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Seled design variables, analyze dternatives, evaluate & refine
configuration.




1.1.3.21 SELECT DESIGN VARIABLES

A processof identifying design variables and determine values of thase design

variables.
Attribute Description
Name Seled Design Variables
Number A unigue qudifier for the adivity
Parent Parametric Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Seled Design Variables

User defined attributes for Seled Design Variables
ACTIVITIES that make up this Activity. Such as identify
design variables, determine design constraints, seled values
for design variables, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.1.3.22 ANALYZE, REFINE & EVALUATE DESIGN VARIABLES
A processof identifying feasible & optimal values design variables and determine

their expeded performance

Attribute Description

Name Anayze, Refine & Evaluate Design Variables
Number A unigue qudifier for the adivity

Parent Parametric Design

Documentation

User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Analyze, Refine & Evaluate
Design Variables

User defined attributes for Analyze, Refine & Evaluate Design
Variables

ACTIVITIES that make up this Activity. Such as predict
product performance, ched feasibili ty, ched optimality, use
weighted-rating method, etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Comporent of Kind




1.24 DETAIL DESIGN

A phase of design that resultsin the preparation d a padkage of information that

includes drawings and spedficaions sufficient to manufadure aproduct.

Attribute Description

Name Product design

Number A unigue qudifier for the adivity
Parent Design Activity

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Product design

User defined attributes for Product design

ACTIVITIES that make up this Activity. Such as design
analysis, test and evaluation, validation and \erification, etc.
The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Formulation, Conceptual design, Embodment design, and
Detail design.
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1.2.41 DESIGN ANALYSIS & TRADE OFFS

A phase of design that predicts or simulates performance of ead aternative,

reiterating to asaure that al the candidates feasible.

Attribute Description

Name Design Analysis & Trade Offs
Number A unigue qudifier for the adivity
Parent Detail Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Design Analysis & Trade Offs
User defined attributes for Design Analysis & Trade Offs
ACTIVITIES that make up this Activity. Such as examine
design parameters & their interadions, produce ®st estimates,
produce drawings, €etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.242DETAIL FUNCTIONALITY ANALYSIS

A phase of design that determines the functional charaderistics of each componrent

using extensive analysis.

Attribute Description

Name Detail Functionality Analysis
Number A unigue qudifier for the adivity
Parent Detail Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Detail Functionality Analysis
User defined attributes for Detail Functionality Analysis
ACTIVITIES that make up this Activity. Such as dress
analysis, finite dement analysis, failure mode analysis,
environmental stressanalysis, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.24.3DETAIL SYSTEMSDESIGN

A phase of design that determines the required systems gedficaions for the

product to be produced.

Attribute Description

Name Detail Systems Design

Number A unigue qudifier for the adivity
Parent Detail Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Detail Systems Design

User defined attributes for Detall Systems Design
ACTIVITIES that make up this Activity. Such as supgdy chain
and logistics design, padkaging design, todls & fixture design,
material handling design, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1244 FINAL DESIGN REVIEWS & VERIFICATION

A phase of design that identifies technica performance, risks, improvement of

performance & process and werifies design parameters.

Attribute Description

Name Final Design Reviews & Verification

Number A unigue qudifier for the adivity

Parent Detail Design

Documentation User defined description d the Final Design Reviews &
Verification

User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined attributes for Final Design Reviews &
Verification

ACTIVITIES that make up this Activity. Such as reviews for
technicd performance performanceimprovement, process&
product improvement, etc.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The ooll aborative design tean and madine that performs the
Activity

Comporent of Kind

274




1.245TEST, EVALUATION & VALIDATION

A processof evaluating eadch design specificaions and validation through extensive

testing and simulation.

Attribute Description

Name Test, Evaluation & Validation
Number A unigue qudifier for the adivity
Parent Detail Design

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Test, Evaluation & Validation
User defined attributes for Test, Evaluation & Validation
ACTIVITIES that make up this Activity. Such as test, analyze
& fix, environment test, accelerated life test, vendor test, user
& field test, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over design process

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of Kind
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1.3PROCESSDESIGN

Defining and designing a manufaduring processto acommodate the speafic

requirements of a given product whil e, meding processquality and cost objedives.

Attribute Description

Name Processdesign

Number A unigue qudifier for the adivity
Parent Product & ProcessDesign

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the processdesign

User defined attributes for processdesign

ACTIVITIES that make up this Activity. Such as identifying
processes, sequencing processes, test and evaluation,
validation and werification, etc.

The agent resporsible for this adivity, usualy the
collaborative design team is considered the processowner and
has authority over process design.

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Production processplanning, Verify and validate process
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1.3.1 PRODUCTION PROCESS PLANNING

A processof planning and determining process pedficaionsto produce the

designed products.

Attribute Description

Name Production ProcessPlanning
Number A unigue qudifier for the adivity
Parent Product and processdesign

Documentation
User-Attributes

Comporents

Authorizer

Objeds

Resources

Sub kinds

User defined description d the Production Process Planning
User defined attributes for Production ProcessPlanning
ACTIVITIES that make up this Activity. Such as process
cgpabili ty analysis, processrequirements analysis, fadliti es
layout drawing, resource dl ocdion, etc.

The agent resporsible for thisACTIVITY, usualy the
collaborative design team is considered the processowner and
has authority over process planning.

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of kind




1.3.2 VERIFICATION AND VALIDATION OF PROCESSES
A processof finali zing the production process gecificaions and release for

production.
Attribute Description
Name Verificationand Validation d Processes
Number A unigue qudifier for the adivity
Parent Product and processdesign

Documentation

User-Attributes

Comporents

Category

Authorizer

Authority

Objeds

Resources

Sub kinds

User defined description d the Verificaionand Validation o
Processes

User defined attributes for Verification and Validation o
Processes

ACTIVITIES that make up this Activity. Such as design
analysis, test and evaluation, alidation and werification, etc.
Number designating whether the essenceof this Activity isas
aCategory 1, 2, o 3 processs.

The agent resporsible for thisACTIVITY, usualy the

coll aborative design team is considered the processowner and
has authority over Verificaionand Validation d Processes.
The AUTHORITY, which appliesto this Activity

The objeds (nonresource) used by this Activity, Objedsin
this case ae materia and information.

The oll aborative design tean and machine that performs the
Activity

Comporent of kind
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2. DESIGN OBJECT

Any tangible or conceptual entity in the design domain

Attribute Description

Name Design Objed’s Name

Number A unique qudifier for the Design Objed
Parent Entity

Documentation
User-Attributes

Performs

Sub kinds

User defined description d the Design Object

User defined attributes for a Design Object

The ACTIVITIES, which this DESIGN OBJECT is
performing.

Actor and Product

22ACTOR

A design expert, coll aborative design team, or other entity cgpable of actively

participating in an adivity.

Attribute Description

Name Actor’s Name

Number A unique qudifier for the Actor
Parent Design Objed

Documentation
User-Attributes
Performs

Sub kinds

User defined description d the Actor

User defined attributes for an Actor

The ACTIVITIES, which this Actor is performing.
Agent, Madhine, and Design tool




2.2.1 DESIGN EXPERT
A human being entity that performs activiti es to achieve design goals. Its abili ty to
adively participate in the planning processis what separates a DESIGN EXPERT
fromaMACHINE

Attribute Description

Name Design Expert 's name

Number A unique qudifier for the Design Expert

Parent Actor

Documentation User defined description d the Design Expert

User-Attributes User defined attributes for a Design Expert

Performs The ACTIVITIES, which this DESIGN EXPERT is
performing.

Sub kinds Comporent of kind

222 MACHINE
A northuman entity, which has the capadty to carry out design functions.

Attribute Description

Name Madine's name

Number A unique qudifier for the Machine

Parent Actor

Documentation User defined description d the Madine
User-Attributes User defined attributes for a Madine

Performs The ACTIVITIES, which this MAHINE is performing.
Sub kinds Comporent of kind
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2.2.3 DESIGN TOOL

A northuman entity, which has the capadty to carry out design functions.

Attribute Description

Name Design Tod's name

Number A unique qudifier for the Design Todl
Parent Actor

Documentation
User-Attributes
Performs

Sub kinds

User defined description d the Design Toadl
User defined attributes for a Design Toal
The ACTIVITIES, which this DESIGN TOOL is performing.

Comporent of kind

2.3 PRODUCT

Any passve objed that can be used, created, o modified by an adivity in the

design damain. These are typicdly the inpus and ouputs of a design process

Attribute Description

Name Product 's name

Number A unique qudifier for the Product
Parent Design Objed

Documentation
User-Attributes
Performs

Sub kinds

User defined description d the Product

User defined attributes for a Product

The ACTIVITIES, which this PRODUCT isused to perform.
Material, Information
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231 MATERIAL
Any materia objed that can be used, creaed, a modified or consumed by an
adivity in the design domain (e.g. Raw materials, Subassemblies).

Attribute Description

Name Material 's name

Number A unique qudifier for the Material

Parent Product

Documentation User defined description d the Material

User-Attributes User defined attributes for a Material

Performs The ACTIVITIES, which this MATERIAL is used to perform.
Sub kinds Comporent of kind

2.3.2 INFORMATION
Any objed that can be used, creded, a modified by an adivity and whaose

esenceisto act asinformation in the design damain.

Attribute Description

Name Information 's name

Number A unique qudifier for the Information

Parent Product

Documentation User defined description d the Information

User-Attributes User defined attributes for a Information

Performs The ACTIVITIES, which thisINFORMATION is used to
perform.

Sub kinds Comporent of kind
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A.3RELATIONS

1. ASSIGNED TO

Entity 1 Entity 2 Definition
Industrial design Collaborative Design adivities like industrial design and
& formulation design team formulation are assgned to coll aborative
design team.

2. BEGINSWITH

Entity 1 Entity 2 Definition
Concept design Concept generation  Defines the start point of design activities

like concept design.

3. CONDUCTS
Entity 1 Entity 2 Definition
Detall design Trade off studies Describes the types of adivities, tests, or
anaysis anaysis, which are neeled to perform to do

the products and processes design.
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4. CONSISTSOF

Entity 1 Entity 2 Definition
Industrial design Formulationsteps  Shows the comporents, ingredients, or part
& formulation of design adivities such asindustrial design
and formulation.
5. CONTROLS
Entity 1 Entity 2 Definition

Design constraints  Design adivities

Design constraints are antities, which limits
the performance of design adivities or

control the way of design functions.

6. CHECKSFOR

Entity 1
Design reviews &

validation

Entity 2
Process

improvement

Definition

As part of some design activities guch as
design reviews explores/ chedk for
improvement in process& product or

technicd risks.
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7.DEALSWITH

Entity 1 Entity 2 Definition
Configuration Product Some design activities hasto ded with some
design architedure other concerns or tasks.
8. DEFINES
Entity 1 Entity 2 Definition
Conceptual design  Design tasks Conceptua design defines what are the

design tasks and they will be performed.

9. DELIGATESTO

Entity 1
Collaborative

design team

Entity 2 Definition
Design expert Collaborative design team del egates or
assgn some adivitiesto individual design

experts.
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10. DESCRIBES

Entity 1 Entity 2 Definition
Spedal part Partsarrangement A spedal part describes how it will i nterad
with ather parts and sequence of

arrangements.

11. DETERMINES

Entity 1 Entity 2 Definition
Parametric design  Part dimensions Part dimension values are determined in the

parametric design process.

12. DOCUMENTS

Entity 1 Entity 2 Definition
Collaborative Lessons learned Coll aborative design team hasto dacument
design team the lesoonsleaned in the design processfor
future reuse.
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13. ENDS AT

Entity 1 Entity 2 Definition
Conceptua design  Concept seledion  Definesthe end pant of design activities.
Like conceptua design, it finishesits

adivities by completing the seledion o

aternatives.
14. EXAMINES
Entity 1 Entity 2 Definition
Detall design Parameter Detail design examines diff erent aspeds of
interadion parameter interactions.

15. HASACTIVITIES

Entity 1 Entity 2 Definition
Detail design Detail design Thisrelation designating the adivities
adivities contained in the activity list. Detail design

has list of adivities, which are performed to

the cmplete the activity.




16. HAS ASSIGNED

Entity 1 Entity 2

Design resources  Planning design

Definition

Defines the planning design assgned to an

tasks Actor. Most of the design resources can be
assgned to particular design activities.
17.HASCHILDREN
Entity 1 Entity 2 Definition
Product & process Processdesign Therelationin which one design adivity is
design a comporent of ancther.
18. HASCOMPONENTS
Entity 1 Entity 2 Definition
Technicd Comporents of A requirement is a part of another
requirements technicd requirement.
requirements
19. HASCONTROL OVER
Entity 1 Entity 2 Definition
Design constraints  Processdesign Design constraints have cntrol over the

design process
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20. HASINPUT

Entity 1
Industrial design

& formulation

Entity 2

Formulationinpus

Definition
Some design activities hasinpus, whchis
transformed into ouputs due to the result of

the adivity.

21. HASMECHANISM

Entity 1 Entity 2 Definition
Detail design Design resources Thisrelation describes the means of
performing the design activities. Design
resources provide the mechanism to perform
detail design.
22. HASPARENT
Entity 1 Entity 2 Definition
Industrial design Product design Industrial design and formulation has parent
& formulation adivity. It isadecompaosition d product

design.




23. HASPERFORMANCE

Entity 1 Entity 2 Definition
Actor Collaborative Define the performance (either as capabili ty
design team or adual performance), which an actor
performance POSESES.
24, HASOUTPUT
Entity 1 Entity 2 Definition

Conceptua Design

Conceptual design  Conceptual design produces output like

outputs conceptual design ouputs.
25. INCLUDES
Entity 1 Entity 2 Definition
Formulationsteps  Reviews & Reviews & feasibili ty analysis contained in
feasibility analysis the formulation steps.
26. INCLUDESACTIVITIES
Entity 1 Entity 2 Definition
Processdesign Processdesign Any parent activity includes|list of children
adivities adivities or sub adivities.
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27.1SASSIGNED

Entity 1

Design resources

Entity 2 Definition
Design adivities Design resources has been assgned to

various design adivities.

28. ISPART OF
Entity 1 Entity 2 Definition
Design for Design for closefit  Design for closefit is part of design for
functionality functionality.
29. MEETS
Entity 1 Entity 2 Definition
Concept Design Concept evaluation & seledion must satisfy
evauation & requirements al design requirements to have afeasible
seledion design.
30. PERFORMS
Entity 1 Entity 2 Definition
Concept design Design neal Design adivities or Actor perform some
anaysis task to complete the adivities.
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31. PRODUCES

Entity 1 Entity 2 Definition
Detail design Design Detail design produces design specificaions
spedficaions for production processes.
32. TRANSFORMS
Entity 1 Entity 2 Definition
Concept design Refined best Concept design transforms customer
concepts requirements into refined best concepts/
alternatives.
33. USES
Entity 1 Entity 2 Definition
Configuration Design resources Define the objects/ design resources used by
design an adivity of Actor.
34. USESASINPUT
Entity 1 Entity 2 Definition
Industrial design Customer Thisrelation defines the objeds/inpus used
& formulation requirements by an adivity.
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35. USESASOUTPUT

Entity 1 Entity 2 Definition
Detail design Drawings Thisrelation defines the objeds/outputs
used by an adivity.
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APFENDIX B

QUESTIONNAIRES & IMPLEMENTATION GUIDELINES
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Overview

This ®dion describes the gplicaion d ontology development methodology,
which was developed in chapter four in any manufaduring enterprises. To make the
applicaion easier an implementation guideline was developed and presented in this
sedion. This implementation guideline cnsists of instruction with brief descriptions of
eat step, so that any design related organization can implement the methoddogy
withou browsing the whole dissertation. A questionreire and interview kit were
developed to colled design information for the demonstration pupaose and presented in
the foll owing section. This sedion describes the following itemsin detail .

B1l. Interview Kit and Questionraire

B2. Implementation Guidelines
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B.1INTERVIEW KIT & QUESTIONNAIRE

“INTERVIEW KIT” For Building Product and ProcessDesign Ontology
Interview Kit is document for conduwcting formal interviews with the participation
companies using questionraires or other suppating materials. A standard interview kit
contains the foll owing.

* Introduction

* Reseach Overview

* Problem Statement

* Reseach Objedive

» Purpose of Interview

* Interview Methoddogy

* Seledion d Interviewees

* Topicsof Interview

* Types of Information sought

» DataColledion Method

» Detall Questionraire

* Follow-up
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Introduction
Introduce yourself and your data wllection projeds. Mention your affiliation
and relation with your referees. Also talk about your projed such as you are developing

amethoddogy for documenting product and processdesign knavledge.

Research Overview

Provide an overview of the reseach you are cnducting. In this particular case a
brief overview is as follows. The technicd term “ontology of product and process
design”, is a formal description d what is known abou product and process design.
The result of this work will be a method to describe what is known about product and

processdesign in aparticular setting like asingle mmpany.

Problem Statement

State your problems in detail. This gives an idea to the company you are

conducting research about your problems. For this research, problem statements are-

. To reduce the st and product development time, manufaduring
enterprises neal to share design information and use pre developed
proven design templates.

. Many researchers contributed towards the institutionalization d design
processfor manufaduring enterprises but still there is no comprehensive

design library for manufacturing enterprises.



. Ontologies are becoming increasingly important because they provide
the aiticd semantic foundation for many rapidly expanding fields of
knowledge. They are very useful for knowledge reuse, knowledge
sharing, and enterprise modeling.

. Manufaduring enterprise neeals a structured methoddogy to model their
design knowledge for future reuse and sharing among other enterprises

and/or within various departments.

Research Objedives
State your objectives. Mention what you are trying to achieve and haw that will

help the participating companies or to the reseach community. In this case, the
objedive is to develop a methoddogy for creaing an ortology of product and process
design for manufaduring enterprises, which enable them to be competitive in the
present marketplace by reducing design lea-time axd cost of design. A cross
consistency matrix will be developed to measure the level of consistency and accuracy
of information cgptured and represented by the ontology.

This methoddogy will help manufaduring enterprises to

» Capture the knowledge of their interest

» Share ommmon unarstanding of information aaoss the orgs

» Enablereuse of captured knowledge & domain knowledge

* Make eplicit domain assumptions

»  Separate domain knowledge from the operational knowledge
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* Anayzedoman knowvledge

Purpaose of Interview

Describe the reason for conducting this interview. You can tell that you are in
the processof developing the methoddogy and exped to finish it very soon. After you
are finished with development, you reeal to validate the methoddogy using several real
world cases. The Information you will be @llecting through this interview will be used

to validate your methodology and will nat be shared with any body else.

Interview Methoddogy

Before wlleding any information, it is necessry to mention about the
procedure of your interview methoddogy. This gives an idea to the interviewee and
fadlit ates better communicaion. Also mention abou the time and resources you need
from the participating companies and what kind d & how detail information you are
looking for. In this research, interview methodology mentions abou asking accessto
design team members, mid level managers, shop floor level production managers, and
workers.  This initial plan is to interview approximately 10 people from the
participating company. The interview processis a two sessons process and daes not
long more than two haurs. Which means, the whale interview process will not more
than forty hours of time.

Mention that you are particularly looking for designinformation d their product

and processdesign. This information includes design processin terms of adivities and



its Lquences, their interpretation d standard design terms, source of their design
information, the way they do the design, and so on (NOT what tods and tedhniques
they use). You also tell them that you will colled the &ove-mentioned information

through interviews, questionraires, and persona observations.
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DETAIL QUESTIONNAIRE
The result of this interview is used ony for educaional purpose and to improve the
body of product and processdesign knowledge. Individual information o this interview

will nat be reveded to the management.

1.EMPLOYEE INFORMATION

Your designation in the job:

Age

How long are you working for this company?

How long are you working for this particular job?

How many product you have designed in this job?

How many processdesigns you were invaved with?

Have you heard abou design Ontology?

What minimum formal training and/or educational |evel

isrequired to doyour job?

2.JOB INFORMATION

Position Summary: (State the main pupose of your job)

In afew words, please provide abrief description o your job, focusing onthe

overal purpose and key objedivesrequired for your job.
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Resporsibiliti es/Activities:

List al jobresporsibiliti esin order of importance. For each duty, indicae the

percentage of time devoted to ead duy.

Duties

Percentage of
Time (%)

oAwWNIE

3. BUILDING DESIGN ONTOLOGY

Design Ontology is a formal description d what is known abou product and process
design. It is hierarchically structured set of terms for describing a design damain that

can be used as a skeletal foundation for a knowledge base.

Q 1. Whoisresporsible for your Product and processdesign? Or what consists of your

collaborative design team? (Titl e of position and department only)
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Q 2. Please select your overall design processamong the foll owing standard design

processes.

Formulation

/

Conceptual
Design
Configuration Configuration
Design Design
I \ 4
Parametric Parametric Parametric
Design Design Design
I A\ 4 \ 4
Detail Detail Detail Detail
Design Design Design Design

* Origina Product Design (If you have checked, dease go to question # 3
» Part Configuration Design (If you have dhecked, please go to question # 9
* Variant design (If you have checked, dease go to question # 9

» SdedionDesign (If you have dhedked, dease go to question # 19
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Q 3. What do you consider your major stepsin your design process?

Q 4. What do you doin your conceptua design process? Or what are the activitiesin

your conceptual design process?

Q 5. Please define the important terms you just have mentioned in question #47? These

definitions are based onyour experiencein the job.

Q 6. What isthe sequential relationship (if any) among theses conceptual design

adivities (Mentioned in question # 4?
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Q 7. How do yourank these adivitiesidentified in Q # 4,acording to the importance
of thisfunctionin the design process? (9 for most important and Ofor not important at

al)

List of activities Rank (0 — 9

V.

A

VII.

VIII.

IX.

XI.

XI1.

X111,

XIV.

XV

XVI.

XVII.

XVIII.

XIX.

XX

XXI.

XXII.

XXI1I1.

XXIV.

XXV.
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Q 8. How are these adivities related to each ather?
Please use the following symbadls;

xx for strong relationship

x  for moderate relationship and

o fornorelationship

List of
Cronceptual
Actraty #1
Actraty #2
Actraty 43
Actraty #4
Actraty # 5
Actraty #6
Actraty #7
Actraty #5
Actraty 49
Actraty #10
Aetraty #11
Activity # 12
Activity # 13
Actrnty #14
Activity # 15
Activity # 16
Actraty #17
Actrity # 18
Activity #19
Actraty #240

Aottty # 1
Loctivitsy # 2
Loctivitsy #35
Lootivity # 4
Loctivitsy # 5
Luctmvity # G
Loctivitsy # 7
Lucthvity # 2
Loctivityy #9
Luctmeityy # 10
Lootivity # 11
Luctmityy # 12
Lootivity #1535
Luctmity # 14
Locthvity #15
Luctmvityy # 16
Lootivity # 17
Luctmvityy # 13
Lotraty #19
Luctmeityy # 20
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Q 9. What do you doin your Embodment/Preliminary design process? Or what are the

adivitiesin your Embod ment/Preliminary design process?

Q 10. Please define the important terms you just have mentioned in question #9? These

definitions are based onyour experiencein the job.

Q 11.What isthe sequential relationship (if any) among theses Embodment/

Preliminary design adivities (Mentioned in question # 9?



Q 12.How do yourank these adivitiesidentified in Q # 9,acmrding to the importance
of thisfunctionin the design process? (9 for most important and Ofor not important at

al)

List of activities Rank (0 — 9

V.

VI

VII.

VIII.

IX.

XI

XIlI.

XII.

X1V.

XV

XVI.

XVII.

XVIII.

XIX.

XX

XXI.

XXII.

XXII1.

XXI1V.

XXV.
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Q 13.How arethese adivitiesrelated to each ather?
Please use the following symbadls;

xx for strong relationship

x  for moderate relationship and

o fornorelationship

List of
Ermhodiment
Letvity #1
Letrity £2
Letrvity #3
Letrvity §4
Letrity £5
Letrvity #6
Letrvity #7
Letmvity #8
Letrvity #9
Letrvity # 10
Letrvity #11
Aetrvity # 12
Letraty #13
Letrvity #14
Letrity #15
Letraty #16
Letrvity #17
Loty # 12
Letrvity #19
Letrity #20

Lotivity # 2
Lctivity # 3
Lotivity #4

Activity #5

Luctivity # 1
Lctivity #6

Bttty #7

Lootivity # 8

Loctivibty #0

Loetivity # 10
Lootrvity # 11
Botivity #12
Lotivity # 15
Lootivity # 14
Loetivity #15
Loetivity # 16
Loctivity # 17
Botieity # 18
Lootrity # 19
Loctivity # 20




Q 14.What do you doin your detall design process? Or what are the adivitiesin your

detail design process?

Q 15. Please define the important terms you just have mentioned in question # 1?

These definitions are based onyour experience in the job.

Q 16.What is the sequential relationship (if any) among theses detail design adivities

(Mentioned in question # 14?
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Q 17.How do yourank these adivitiesidentified in Q # 14,acording to the importance
of thisfunctionin the design process? (9 for most important and Ofor not important at

al)

List of activities Rank (0 — 9

V.

A

VII.

VIII.

IX.

XI.

XI1.

X111,

XIV.

XV

XVI.

XVII.

XVIII.

XIX.

XX

XXI.

XXII.

XXI1I1.

XXIV.

XXV.
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Q 18.How arethese adivitiesrelated to each ather?
Please use the following symbadls;

xx for strong relationship

x  for moderate relationship and

o fornorelationship

Lothity # 2
Lctreity # 3
Botmeity # 4
Lothity # 5
Botoabty #a
Lothvity # 7
Lothvity # 82
Lotoaby #9
Botrity # 10
Lotrity #11
Lothvity # 12
Botiity # 13
Letraty #14
Botratr #15
Lotity # 10
Botraty #17
Lothvity # 18
Loty #19
Lootraty # 20

Buctivity # 1

List of Dietadl
Artrvity #1
Aptrvity #2
Aetrty #3
Artrvity #4
Artrvity #5
Aetrvity #46
Aetrty #7
Artrvity #38
Artrvity #9
Aetivity # 10

Lctivity 7

Lctivity # 10
Ltivity 20
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B.2IMPLEMENTATION GUIDELINES

Overview

Thisimplementation guideline cnsists of instructionwith brief descriptions of eat
step, so that any design related organization can implement the methodd ogy withou
browsing the whole dissertation. Most of the steps are sequential and well organized. In

the foll owing sections these steps are described elaborately.

Structure of the Methodology
In developing design ontology, a well-structured methoddogy is esentia to

cgpture appropriate design knawledge. This reseach methoddogy is constructed to
med the particular design needs. The steps of the methoddogy are dightly different
from other ontology building approach to tail or the cature of design knowledge. It has
nine major steps. They are afollows.

1. Determine the domain & Scope of the ontology

2. Chedk avail abili ty of exiting ontologies

3. Organize the project

4. Colled and Analyze Data

5. DevelopInitia Ontology

6. Refine and Validate Ontology

7. Ched consistency & accuracy of ontology

8. Colled additional data and analyze data

9. Incorporate lesns learned and pubi sh ortology
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The structure of this design methoddogy for ontology development processis
shown in following figure. Two fundamental differences between this particular design
ontology and an ordinary ontology are & follows. This methoddogy is capable to re-
use drealy developed design ortology as is or with minor change. Anather significance
of this methoddogy is to ched the mnsistency and acairacy of cgptured information,
which is vita for design ortology. It also publishes the developed design ortology into
shared ortology repository for others to re-use. As mentioned ealier, design processis
amost similar for different products but very important for each products and
processes. A common repository of design ortologies is very useful for many

manufaduring enterprises for their design needs.
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Determine Domain &
Scope of Ontology

Organize the Project

'

Collect & Analyze Data

'

Develop Initial Ontology

Re-use As Is/ or With
Minor Modification

'

Refine & Validate
Ontology

Collect Additional Data &
Analyze Data

Ontology
Repository

Publish Ontology

Figure B.1. Structure of DKA P Methoddogy
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| mplementation Steps of the M ethodol ogy

The implementation steps of the methoddogy are discussed in the following
sedions along with an example case.

Step 1. Determine the domain & Scope the ontology: This adivity will
establish the purpose, viewpoint, and context for the ontology development projea and
assgn roles to the team members. The purpose statement provides a “completion
criteria’ for the ontology description capture dfort. The purpose is usually established
by alist of 1) statements of objedives for the effort, 2) statements of needs that the
description must satisfy, and 3 questions or findings that need to be answered. For
example, the purpose statement for this reseach is. “To devdop design ortology of a
generic product and pocessdesign’ .

Oncethe purpacse of the dfort has been charaderized, it is possble to define the
context of the project in terms of 1) the scope of coverage, and 2 the level of detail for
the ontology development effort. The scope defines the boundiries of the description
development effort, and speafies which parts of the systems neeal to be included and
which are to be excluded.

Establishing viewpoints is important to develop the ontology. It is related to the
purpose of development. For instance, collaborative design tean will normally use
design ortology, hence it is appropriate to establish viewpoints with resped to
coll aborative design team. To say “an ontology is in the eye of the beholder” may be
too extreme aview. Nevertheless the role of differing viewpaoints on the outcome of

ontology capture dforts is an important one. The differences in viewpoints are often
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reflected in dfferent aspeds of the ontology such as the spedfication d the level of
detall of the description capture. Table B.2.1 shows an IDEF 5 form of ontology
description summary including purpose, context and viewpaints.

Table B.1. Definition d the Ontology Development Projed

Ontology Description Summary Form

Proj ect: Analyst: Reviewer: Document
Automobile Md Sarder DonLiles Number:
Design Ontology

Version: Date: Date:

1 9/12/2005 X/X/2005

Purpose:

To develop an ortology of the Product & Process Design damain for Automobile
manufaduring enterprises. The resulting description must serve 1) as a knowledge
repository for Company A’s design system integration projed and 2 as a reference

model for Automobil e industry as awhale.

Context:
The information acquired must be sufficient to organize design adivities, spedfy

preceadence rel ationships, and suppats world-classdesign procedures.




Step 2. Ched availability of exiting ontologies: It is amost always worth
considering what someone dse has dore and cheding refinement and extends existing
sources for design damain and task. There is no valid reason to expend resources to
build an ortology, which is aready avail able. In some caes, a similar kind of ontology
can be derived from the avallable one. Reusing existing ontologies may be a
requirement if the system neels to interad with ather applicaions that have drealy
committed to particular ontologies or controlled vocabularies (Natalya & Mc Guinness
2001). Many ontologies are already available in eledronic form and can be imported
into an ortology-development environment that someone is using. The formalism in
which an ortology is expressd often does not matter, since many knowledge-
representation systems can import and export ontologies. Even if a knowledge
representation system canna work diredly with a particular formalism, the task of
trandlating an ortology from one formalism to ancther is usually not adifficult one.

Step 3. Organize the projed: This adivity will set different task to be
performed to buld the new ontology after cheding that there ae no ortology avail able
to reuse asis or with minor change. Some of the tasks are to form Development Tean,
bregk down the tasks, assign tean members to specific tasks, etc.

An important initial step in developing an ortology description is the formation
of a development team. Eadh member of the team will perform a particular role in the
development effort. Individuals who are invaved in the modeling may eeach fulfill

several roles, bu each role is dedt with dstinctly and shoud be dearly separated in the
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minds of the participants. The foll owing are the sample roles assumed by the ontology
development projed personrel:

I Projed Leaer: This administrative role is resporsible for overseeing and
guiding the entire ontology development effort.

i Anayst/Knowledge Engineer: Personnel with ortology development
expertise who will be the primary developers of the ontology description fil |
thistedhnicd role.

ili . Domain Expert: This role dharacterizes the primary sources of knowledge
from the goplicaion damain of interest. Personsfilli ng thisrole will provide
insights abou the daracteristics of the gplicaion danain that are needed
for extrading the underlying ontologicd knowledge.

Iv. Team Members. All personsinvolved with the ontology description projed.

A Work Bre&kdown Structure (WBS) is a results-oriented family tree that
captures all the work of a project in an organized way. It is often portrayed graphicdly
as a hierarchicd tree however, it can also be atabular list of "element” categories and
tasks or the indented task list that appeas in the Gantt chart schedule. Following figure

shows the WBS of buil ding design ortology.



Building Design
WES Level 1 Oniology
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Figure B.2. WBS Sructure of Building Design Ontology

The WBS shoud be designed with consideration for its eventual uses. WBS

design shoud try to achieve certain goals.

. Be compatible with how the work will be dore and hav schedules will
be managed

. Give visibili ty to important or risky work efforts

. Allow mapping of requirements, plans, testing, and deliverables

. Foster clea ownership by project leaders and tean members and

. Provide datafor performance measurement and historicd databases

Once acomplete WBS is constructed, tean members are assgned against eath

individual task to ensure the progressof the ontology buil ding effort.
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Step 4. Colled and Analyze Data: This adivity will acqquire the raw data needed
for ontology development and analyze the data to faalitate ontology extradion. The
definition d viewpoint, context, and pupaose sets the stage for the data-gathering phase
of the ontology captures effort. One of the problems in data llection is determining
the gpropriate sources of data. Various reseach experiences indicae that the main
data sources are the domain expert and dauments relevant to the darcumscribed
ontology. Regardlessof the data coll ecion methods used, it is important at this gage to
establish an adion dan for colleding data pertinent to the purpose and iewpoaint of the
model. Once olleded, ead peceof colleaded data must be tracedle to its urce
Tracedbility of source material is important becaise it is the data, which provides
objedive evidence for the basic ontological structures that are later isolated from this
data.

Three important suppat documents can be used to facilitate source data
traceabili ty:

i Source Material Log: A document that serves as the primary index to
al source material used in the projed. This log lists al the materials
used in the projed. This list contains the name of the source
materials, sources, which colleded and when colleded and shown in
the Table B.2.2. Each entry of this document is then described using
separate forms called Source Material Description Form shown in

TableB.2.3.
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Table B.2. Source Material Log for Buil ding Design Ontology

SourceMaterial Log

Projed: Designing Product/processontology

Analysts:

Source
material

Sourcematerial name

Collede

d from

Collede
d by

Date of
Colledi

on

SM#1

“Operate aSmall Integrated
Manufaduring Enterprise” by Don
Liles, ARRI, 1998

Sarder

12/15/04

SM # 2

“Product Development and Design for
Manufaduring” by JohnW. priest &
Jose Sanchez, Marcd Dekker, Inc. New
York, 2001

Sarder

04/21/04

SM # 3

“Collaborative Evaluation o Early
Design Dedsions and Product
Manufadurability” by S. D. Kleban et
el, Procealings of the 34th Hawaii
International Conference on System
Sciences - 2001

Sarder

6/23/04

SM # 4

“Complexity and learning behaviorsin
product innovetion” by RossChapman
and, Paul Hyland. Tedhnovation 24,
2004

Sarder

8/24/04

SM#5

“Coordination at diff erent stages of
product design process’ by Antonio J
Bailetti et e, R&D Management 28, 4,
1998

Sarder

12/14/04

SM #n
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Table B.3. Source Material Description Form for Buil ding Design Ontology

Source Material Description Form

Projed: Product & ProcessDesign Ontology

Anaysts: MD Sarder

Sourcematerial #: SM # 3

Source material name: Collaborative Evaluation of Early Design Decisions and
Product Manufadurability” by S. D. Kleban et el, Procealings of the 34th Hawaii
International Conference on System Sciences— 2001

Purpose: To reard the relevant source statements that help individuate ontology

elementsin the product & processdesign danain.

Comments: This urce material concerns early design stage and manufacturing of

goodk.

Abstrad: In manufacturing, the conceptual design and cktailed design stages are
typicdly regarded as ®quential and dstinct. Decisions made in conceptual design are
often made with little information as to how they would affect detailed design or
manufaduring process gedficaion. Many possbilities and unknevns exist in
conceptual design where ideas abou product shape and functionality are changing
rapidly. Few if any tods exist to aid in this difficult, amorphows gage in contrast to
the many CAD and analysis tods for detailed design where much more is known
abou the final product. The Materials Process Design Environment (MPDE) is a
collaborative problem solving environment (CPSE) that was developed so
geographically dispersed designers in bah the @nceptual and detailed stage can
work together and undbrstand the impads of their design decisions on functionality,

cost and manufacturabilit y.

Terms Suppated: T#2, T#5, T#12, T#15

Statements suppated: SS#3, SSH5
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il Statement Poadl: This document records meaningful statements made
by different individuals, as well as satements extraded from source
documents during the ontology development effort. An example
statement abou the engineering design is. “Engineering Design
adivities result in recommended manufaduring spedficaions that
satisfy the customer’s functional performance requirements and
manufaduring constraints’. Table B.2.4 shows an example of a
source statement pod. Table B.2.5 shows source statement
descriptionform, which describes each statement in detalil .

Table B.4. Source Statement Podl for Buil ding Design Ontology

Source Statement Pool

Projed: Product & ProcessDesign Ontology Analystss MD
Sarder

Source Source Statement Suppated by

Statement #

SS#1 Engineering Design  adivities result in| MD Sarder

recommended manufaduring spedficaions that
satisfy the astomer's functional performance

requirements and manufacturing constraints.

SS# 2 Resources may be clasdfied as personrel, | MD Sarder

computer systems, and faciliti es.

S I R [——

S T e [P —
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Table B.5. Source Statement Description Form for Buil ding Design Ontology

Source Statement Description Form

Projed: Product & ProcessDesign | Analysts. MD Sarder

Ontology
Source Statement #: | Statement #S | Status:
S&1 Evolved To: Active/ Retired

Source Materia  #: | Statement #S
SM#2 Derived From:

Original / Derived

Source Statement: Engineering Design
adivities result in recommended
manufaduring specificaions that satisfy the
customer’s functional performance
requirements and manufacturing constraints.

Suppated by:

Version 1 Engineering design deals with the
target spedficaions that will med

customer’s functional requirements.

Suppated by:

Version 2

Suppated by:

Version 3

Suppated by:

Comments:

ili . Term Podl: The Term Pod aphabetically records al the meaningful

terms relevant to the ontology building effort. Termswould typicdly
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connde kinds/instances of kinds, and relations/instances of relations.
In this example, aterm poad would include such terms as engineeing
design, embodment design, rapid prototyping, etc. Table B.2.6
shows a sample term pool and Table B.2.7 shows the description o
ead term.

Table B.6. Term Pod for Buil ding Design Ontology

Term Podl
Projed: Product & ProcessDesign Ontology Analysts:
Term# Term Source Statement | Source Material | Suppat
Reference Reference list
Term# 1 Engineering SS#1 SM#2 MS
Design
Term# 2 Embodment SSH2 SM#13 DS, MS
Design
Term#3 | ---------mmm-- el B B
Term#n | -------mmmmmm- I B e B
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Table B.7. Term Description for Building Design Ontology

Term Description Form

Projed: Product & ProcessDesign Ontology Analysts:
Term # Term Description
Term#l | E. Design Engineering design is process of translating customer

requirement into design spedficaions.

Term#2 | Resource Resources are objeds/personrel that are cnsumed, used,
or required to perform activities and tasks. Resources play

an enabling role in processes.

I LR e — e

Term#n | --------mmmmmmm- e e e

The objedive of data analysis of the ontology development processis to analyze
source material that has been colleded and construct an initial charaderization d the
ontology. This task is performed by the knowledge engineer/analyst closely teaming
with the domain expert. This task will typicdly involve the adivities sich as identify
relevant design processes, list the objeds of interest in the domain, examine boundary
objeds for boundry refinement, etc.

i. Identify relevant design activities
In a product and process environment, the natures of many kinds of thingsin

adomain, especially the important relations they bea to ather entities in the




enterprise, are reveded not so much by examination d those entities but the
roles they play situated in the processes in which they figure. Hence the
first objedive in ortology bulding in product and pocess design
environment is to cgpture the relevant design adivities in which the
ontologicd elements of the domain participate. For example, in a design
situation, these will i nclude conceptual design, embodment design, detall
design, design for manufaduring, design for safety, life testing, prototyping,
etc. These then provide the necessary contextual information for the
construction d accurate and complete domain ortologies.

i List the objeds of interest in the domain

Severa objeds will be fairly obvious from an initial study of the adivity
descriptions resulting from the previous 4ep. Other objeds will be
identifiable from the source data such as the Statement Podl and the Term
Pod. For example, the different kinds of design aspeds, dedsion analysis,
methods, tods, and fixtures that are assciated with product and process
design will be obvious ontology candidates for design ortology. The
viewpoint and context statements constructed ealier in the development
processwill guide the level of detail that neals to be enployed to develop
thislist.

ili . Examine boundry objeds for boundary refinement

The initial boundxries defined in the ntext statement may need to be

redrawn to fadlitate better conceptual structuring of the ontology.
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Boundaries are often expanded to accommodate important objeds that were
ealier on the boundry. For example, consider a Plotter machine that is
used in the design processes for ABC's design. Suppase that “drawing
equipment” were initially excluded from the scope of the project. Suppose
further that there are deven ather kinds of drawing machines that are used to
draw and print design drawings at ABC. At this paint, the boundxries are
redrawn to explicitly include drawing equipment as part of the design
ontology.

Iv. Partition the domain into subsystems

Systems are defined as coll edions of physical and/or conceptual objects that
work together for a mommon pupose. Organizing ontologies by the systems
provides a dea conceptua framework for subsequent analysis of
ontologicd knowledge. It is therefore important to partition the focus
domain into clealy deinedle subsystems ealy in the ontology
development process This design ortology building method povides a
graphicd language that suppats the @nceptual adivities such as
representation d a system at varying levels of abstradion.

Step 5. Develop Initiad Ontology: This adivity is to develop a preliminary
ontology from the acquired data. In the previous dep relevant data was colleded and
anayzed them to usein this gep. In this gep there ae aseries of task aacording to toadl
to be seleded. For IDEF 5 tod, the task could be identifying Proto Properties, proto

Relations, and proto Kinds, classfy Kinds, Properties, and Relations, etc.



i | dentify Proto Properties and Proto Kinds

Properties are the daracteristics that hold of objeds in the real world.
Examples of properties are weight, color, age, shape, etc. In this ontology
building method, concepts are initialy caaogued as “proto” concepts, that
is, they are tentative and subjed to further inquiry before final change of
status by eliminating the “proto” prefix. Thus, paential candidates for
“properties’ in the ontology areinitialy called “proto properties.” Similarly,
there ae “proto kinds” and “proto relations’ (described later in this sdion).
Proto property identification wually occurs concurrently with proto kind
identificaion. Thisis because kinds are usually individuated onthe basis of
the properties that they exhibit. Listing properties is a relatively
straightforward task because properties are readily observable and are often
measurable.

A proto kind is the result of a preliminary attempt at individuating a kind.
This task esentially consists of assciating the objeds identified in the data
analysis activity with the proto propertiesidentified. It may be instructive to
perform this asociation process in two stages. First, the asociation is
caried up to the pant where the proto kind can be dealy distinguished
from any other proto kind, that is, the proto kinds have abasis for being
uniquely individuated. Properties that contribute to the uniquenessof a kind
are candidate-defining properties. Defining properties gipulate necessary

condtions for membership to a kind. Once the defining properties are
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identified, the remaining properties (nondefining) that are used to
characterize the kinds in greaer detail are assciated with the kinds. At this
stage of the anaysis, it often beaomes clear which proto kinds represent
genuine kinds, where two terms have been used to indicae the same kind
(namespace redundancy), where the same term is used to indicae distinct
kinds (namespace anbiguity), and so on. Once the daracterization d a
proto kind is relatively complete, it is conwverted to a kind. That is,
clasgficdion as a “proto” concept is no longer necessary in view of the
evidencethat suppats the cncept.

The Kind Spedficaion Form shown in Table B.2.8 is used to record the
characteristics of the kinds in the ontology. Table B.2.8 shows how this
form is used to record details of the Auto CAD kind in the ABC design
system ontology. Note from Table B.2.8 that properties of a kind may be
classfied as being esential or acadental. An essential property of an olject
S is a property that S could na have ladked withou ceaing to be S. An
acadental property of S, by contrast, is a property that S in fad has, but

norethelessmight nat have.
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Table B.8. Specificaion d the Resource Kind

Kind/Instance Spedficaion Form

Kind Name Kind Number

Auto CAD (A-CAD)

Synonyms

Software

Glossary

This kind d software can be used to draw complicaed design drawing,

which is necessary for design release.

Referenced Relations
Sub kind

Design Processes

Properties

Defining Properties Other Properties

Draws-part Has-fixed-location, Has-tods
Attributes

Attribute Name Attribute Type

Resource Type String

Kind/Instance Elaboration
(Kind A-CAD)

(Sub knd A-CAD Equipment)
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i Classfy Kinds andKind Hierarchy

Dedding whether a particular concept is a Kind in an ortology or an

individual instance depends on what the potential applicaions of the

ontology are. In case of design ortology, reagnizing the multiplicity of

classficaion mechanisms in dfferent domain areas, this method povides a

range of different classficaion relations to aid domain experts to identify

kinds & sub kinds. Depending on the ontext of use, the subkind

(clasgficaion) relation can be categorized uncer three headings as described

in the foll owing.

a. Generdlization-spedadization. The generdlization classficaion Isa
relation links a general kind with a spedalization d the kind. For
example, a conceptual design kind is a spedadlizaion d a design steps
kind. This type of classficaion relation is widely used in a variety of
diff erent application damains.

b. Natural kind clasgficaion: Ontologies of physical objeds are dasdfied
using the “kind classficaion” meaning of the Is-a relation. This
relation, dten dubled “a kind d objed” (AKO), bestows the
distinguished status of kind hoodto the related dbjeds. Often there ae
no recessry and sufficient condtions for entry into a particular kind,
and oheds just “are” (i.e., by definition), or happen to be, of particular

kinds. The AKO relation is used predominantly for classfying natura
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objeds and retural phenomena. For example, adesign softwareisakind
of designresources.

c. Description classfication: Description clasgfication relations are used
to define one objed kindin terms of another. Thistype of Is-arelationis
particularly useful for describing abstrad object kinds. For example, the
as®rtionthat “A sguare isaredangle” is a mncise way of asserting that
“a square is a redangle with four equal sides.” Here, the description o
the redangle is used to define the wncept of the square, that is, the
square description subsumes the description d the redangle.

Following figure ill ustrates the dassficaion of design resources. Typicdly,

design resources can be cdegorized as collaborative design team,

equipment, and tods. Collaborative design team consists of design experts
from various disciplines. Equipment can be further categorized as design

testing madhine, rapid prototype machine, and material storage device A

tod can be design software and decision analysistodl.
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Desien Dercision
Softvrare

b nalysis
Taonl

Bapid
Prototype
Ilachine

SubKind

Figure B.3. Design Resource Entity

Once kinds are identified, they need to be placed in a hierarchy of order.
There are several possble gproaches in developing a kind herarchy
(Nataya and Mc Guinness 2002):

* A top-down development process sarts with the definition d the most
general concepts in the domain and subsequent spedalization d the
concepts. For example, ore can start with creaing kinds for the general
concepts of product and processdesign. Then he/she spedalizes the design
Kind by creating some of its ab kinds: conceptua design, embodment
design, and detail design. One can further categorize the detail design, for

example, into part analysis, field-testing, FEMA analysis, and so on.
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* A boattom-up development process starts with the definition o the most
spedfic kinds, the leaves of the hierarchy, with subsequent grouping of these
kinds into more general concepts. For example, one ca start by defining
kinds for therma anaysis and eledric analysis. He/she then creates a
common super classfor these two kinds “ Stressanalysis’ which inturnis a
sub kind d part analysis.

* A combination development processis a combination d the top-down
and bdtom-up approaches. One can define the more salient concepts first
and then generalize and spedalize them appropriately. He/she might start
with a few top-level concepts and a few spedfic concepts and then relate

them to amidde-level concept.

iii . | dentify Proto Relations

A proto relation is the result of a preliminary attempt at individuating a
relation. Proto relations express hypothesized associations between proto
kinds or between kinds. The identificaion and charaderization d relations
is often the most difficult part of knowledge cature. The identificaion o
proto relations refers to the activity of reaognizing the existence of, or
beawoming attuned to, a particular proto relation in the domain.
Charaderization follows identification, and refers to the adivity of
identifying and specifying the properties of a proto relation in a manner that

will allow the relational knowledge to be used for making useful inferences
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at some future time. Thus, reagnizing that a tool post is “Abowe” the lathe
bed isthe ad¢ of discovering and asserting its existence and giving it a name.
Charaderizing it will involve making assertions sich as: the @owve relation
is transitive. Suppase consider the relation between a part to be designed
and the different kinds of equipment in the design process Design drawing
tod (such as Auto CAD software) typicdly require information abou the
detailed geometry of a part in arder to draw the part. However, a decision
anaysistod does nat require more information than the dternatives. At the
same time, the material storage devices require “minimum enclosing box”
dimensions and the part weight information to perform the storage function.
These aciations are now treated as proto relations. The Relation
Schematic shown in the following figure facilit ates the cnceptual analysis

of this proto relation.

Decigion

! Ilaterial
Lnalysis Selects —  Stores Storage
Tool Dievvice

Drawrs

Luto CAD
Softvrare

Figure B.4. Part Equipment Relationship



Step 6. Refine and Validate Ontology: This activity will refine and validate the
ontology to complete the development process The refinement processis esentialy a
deductive validation procedure: the ontologica structures are tested with adua data,
and the result of the instantiation is compared with the ontology structure. If the
comparison produces mismatches, every such mismatch must be adequately resolved.
Ontology refinement includes the foll owing steps.

i Kind Refinement Procedure

The kind refinement procedure is simmarized in the following steps:

a. Make instances of the kinds (and proto kinds). The examples may be
constructed from the available source data (source data cdalog),
otherwise new data must be gathered for the purpose of constructing
these examples. The examples must be reasonably representative, with
at least one exception case included, if possble. Each o the (proto) kind
instances creaed is populated with properties. Classficaion dagrams
and kind spedficaion forms are used to suppat the kind instantiation
process

b. Reoord information that canna be recorded in the kind instances.
Determine whether this additional information is redly necessary, and if
so refine the structure of the kind to include the information.

c. Chedk whether two instances of the same kind have different defining

properties. In such cases, chedk whether the viewpaints are different. |If
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nat, the inconsistencies will have to be resolved by refining the ontology
(for instance, by redefining the contentious property to be non-defining).

i Relation Refinement Procedure

The relation refinement procedure is simmarized in the foll owing steps:

a. Makeinstances of the relations (and proto relations). The examples may
be @nstructed from the available source data (source data cdalog),
otherwise new data must be gathered for this purpose. The ontology
relation dagrams and the relation specificaion forms are used to aid the
instantiation and validation procedure.

b. The properties of each o the relation instances are compared with the
properties identified in the ontology description, and any mismatches are
resolved. Moreover, check for missng relation properties, and add them
if needed.

c. Sample instances of seleded relations. Check whether two o more
instances of such relations are incompatible. For example, ore relation
says that a fastener must have a sedant and another may say that it
canna have asedant. Such inconsistencies may be ather due to hidden
viewpoint differences not recorded in the ontology, or because of
differing viewpoints. Incompatibiliti es that occur becaise of differing
viewpoints may be resolved by splitti ng the focus relation into dfferent

relations, ore for each viewpoint. Otherwise, a nsensus must be



reated to resolve the incompatibility through dscussons with the
domain expert.

d. Deted new relations discovered by example that were not captured in the
ontology. Add such relations to the ontology.

Step 7. Chedk consistency & accuracy of ontology: This activity will ensure
the acuracy and consistency of cagptured knowledge. Once ontology building is
complete, it is necessary to chedk the ansistency and accuracy of information cgptured
spedally for design ortology. This consistency chedk can be dore by the help o
consistency matrix, which was developed in research task four of the disertation work
plan. The detail steps of using the cnsistency matrix are discused as follows. If
consistency check comes aaceptable, the ontology will be ready to use.

This methoddogy is graightforward and easy to use for manufaduring enterprises. It
has the foll owing steps.
i.  ldentify the design activities with relative importance of the domain of interest
ii.  Prioritize design adivities of the domain
iii. Ched captured design activities against the domain design activities
iv. Caculate onsistency index
Detall descriptions of these steps are discussed in the foll owing sedions.
Step i. Identify al posgble design activities with the relative importance in
the related damain o product and processdesign. If one is building design

ontology for the design of a sports utility vehicle, he/she nedals to find the
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design activities in the domain of automobile design. Identifying domain
design activities can be done using the foll owing steps.

Ched for avalable domain ortology for that particular domain o similar

domain and wse them appropriately.

. Seach the literatures, best design pradices which, includes journa articles,

books, conference proceedings, web sites, etc for the design adivities.

Interview related domain experts or design spedalists associated with products

and processdesign.

. Attend conferences, symposiums, induwstry group dscussons, etc related to

product and processdesign.
Step ii. Prioritize the design activities foundin step i. This prioritization is
on the basis of relative importance of the design adivities in the design
process This provides an important glimpse to the ontology author about
what to include in the ontology and what is not. Prioritization can be dore
using ABC analysis or Pareto analysis. Pareto analysis (sometimes referred
to as the 80/20 rule and as ABC analysis) is a method d classfying items,
events, or adivities according to their relative importance (Balli ng, Richards,
2000. It is frequently used in inventory management where it is used to
classfy stock items into groups based onthe total annual expenditure for, or
total stockholding cost of, each item. But it can be used in situation where

prioriti zation is the main task. Organizations can concentrate more detailed
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attention on the high value/important adivities. A Pareto analysis for
prioriti zing design activiti es consists of the foll owing steps.
a. List all design activities of thedomain of interest
b. Enter relative importance of each adivity
c. Cdculate the percentage of total importance represented by ead
adivity.
d. Rearange thelist. Rank itemsin descending order by total
value, starting at the top with the highest value.
e. Calculate the aumulative percentage of the total value for eah
item at the top; add the percentage to that of the item below in the
li st.
f. Choose ait off pointsfor A, B and C caegories.
g. Present the result graphicadly. Plot the percentage of total
cumulative value on the Y -axis and the item number in X-axis. A
typicd Pareto curve for adesign situationis siown in the foll owing

figure.
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Figure B.5. Pareto Curve of Design Activities

Step iii. Chedk captured design adiviti es against the domain design activities
foundin step i andii. This can be dore with the help of a matrix shown in
the following figure. The @mlumns of this matrix represent the type A, type
B, and type C activities of the domain and the rows of the matrix represent

the catured design activities of design ortology, which are under

construction.

34z




Captured Design
Activities in the Design
Ontology

Design Activities

Lotraty
Botraty
Botrntyr
Botraty

F1

gg"
=

Fole'
=
m

L i T
Lelraty # 6
Lctraty # 7
L T T

Botraty

1]

Eotmafsr #1] =
Eotmafsr #1]
Lctrats # 1

Lotraty #1

Lctraty # 1

Eotmafsr #1]
Lctraty # 1)
Lctraty # 1
Eotmafsr #1]
Eotmafsr #1]

Lctraty # 2|

Betrntsr
Botraty
Bcotratyr
Betrntyr
Botraty
Botraty
Botrntyr
Betrntyr

|

Lttty #1

Letrty # 2

Letraty #3

Industrial

Litrity #4

Lttty #5

Lttty #6

Letraty #7

Letraty #2

Litrvity #9

Conceptual

Letrity #10

Lttty #11

Letraty #12

Letraty #13

Lttty #14

Embodiment

Ltrvity #15

Lttty #16

Letraty #17

Letraty # 12

Litrity #19

Detail

Letrvity #20

Letrty # 21

Letrvity #22

Letrty #23

Lttty #24

Litrvity #25

Process

Letrty # 26

Letraty #27

Betraty # 28

[Raw Score

Figure B.6. Consistency Chedk Matrix

344



This matrix courts the number of cheds in each areaof type A, type B,
andtype C. Bottom line of the matrix gives the sum of theses cournts
under each category. Thisraw scoreis used to cdculate the index in the
next step.
Step iv. Calculate the mnsistency index. Thisindex provides a dea picture
of the accuracy and consistency of design information, which is cgptured to
construct the ontology. Index cdculation can be done using the foll owing
steps.
a Normali ze the raw score. From the @nsistency cheek matrix in
step 3,threedifferent raw scores are found they are raw score for type A
adivities (Ra), raw score for type B adivities (Rg), and raw score for
type C activities (Rc). Normali zation d these scores can be dore using

the foll owing equations.

N, = R%/I X X100; where N, represents the normali zed score for type

A adivities and M represents the maximum raw score for type A

adivities.

Ng = R%/I X100; where Ng represents the normali zed score for type
B

B adivities and Mg represents the maximum raw score for type B

adivities.
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N. = % . X100; where N¢ represents the normali zed score for type

C adivities and M¢ represents the maximum raw score for type C
adivities.

b. Calculate the index. Pareto analysis is based onPareto principle,
which says that typically, type A accourts the first 20% of adivitiesin
the list will acount for approximately 70% of cumulative importance
The next type B acourts 30% of adivities, will, typicdly, accourt for a
further 15% of cumulative importance These can be subject to less
predse ontrol methods. The last type C acounts for the rest 50% of
(low importance) activities then accournt for a mere 15% of importance
and can be ontrolled with a simple system. From this basic principle,
the relative weight of each type of adivities can be presented as Wx
=0.7, Wz =0.15,and W4 =0.15,where Wa, Wg, and W¢ are the relative
weight of type A, type B, and type C adivities respedively. Hence the
Consistency Index (CI) of design ortology will be asfoll ows.

Cl =W, N, +W, N, +W, N,

or Cl =W, R%A X100+W, R%/l x1oo+wc% X100
A B C

The result of thisindex will be anumeric value between Oand 100.The
higher the value, the more consistent the ontology is. If the value of this
index islow for adesign ortology, thereis question d validity of such

ontology model.
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Step 8. Collea additional data and analyze data: If consistency check comes
unacceptable, further data lledion and analysis will be cnducted to resolve the
disputes. On the basis of this additional data initial ontology will be developed and
refinement will be cnducted. Finally consistency will be deded again urtil it meds
the aceptable mnsistency.

Step 9. Incorporate lessons leaned and pubish ortology: This will add rew
findings and rew research in the ontology and make available for others to use.
Ontology must be dynamic and updaied in terms of information content. It must be
cgpable to incorporate new findings and lesions leaned and publish in the online
ontology repasitory for others.

Although these steps of design methoddogy are listed sequentidly, there is a
significant amourt of overlap and iteration between the activities. Thus, for instance
the initial ontology development (Step # 5 often requires the capture of additional data
and further analysis (Step # 4. Ead of the nine adivities will i nvalve other adivities

and tasks.
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