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Part II Summary of Completed Project

An important prerequisite for the successful implementation of Computer-Integrated
Manufacturing (CIM) in an enterprise is a detailed knowledge and understanding of the
functions and information associated with the enterprise. Such a definition of the
manufacturing enterprise is known as the architecture of manufacturing. A standard
architecture would reduce the overall system complexity and enable users to build systems in
increments. The Manufacturing Enterprise Architecture (MEA), developed in this research, is
the framework that captures, represents and integrates the three major facets of an enterprise,
viz., function, information and dynamics.

The overall objective of this research effort has been to design and develop MEA which will
serve as a blueprint for the creation of a Computer-Integrated Enterprise (CIE). The research
encompassed several complementary activities which led to the following significant
accomplishments: creation of domain-specific models for yarn, fabric, apparel and carpet
manufacturing enterprises; demonstration of the domain-independence of the manufacturing
architecture through application of the architecture to healthcare delivery; design and
development of a new methodology, viz., integrated framework for enterprise modeling
methodology (IFEM); implementation of the IFEM methodology using object-oriented
programming techniques resulting in the Enterprise Modeling Framework (EMF); design and
development of specialty fabrics for ballet costumes using innovative CAD/CAM techniques
for The Atlanta Ballet and the Centennial Cultural Olympiad; and transfer of technology and
knowledge gained during the research to companies through graduates and collaborative case
studies.
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Part I1I Technical Information

1. INTRODUCTION

To be successful, competitive, and achieve excellence in today’s global economy, a
manufacturing enterprise must reengineer its operations and deploy the most advanced
concepts and methods including Computer-Integrated Manufacturing (CIM). The scope of
CIM transcends the traditional boundaries of the factory floor and encompasses the whole
enterprise, giving rise to a Computer-Integrated Enterprise (CIE). A CIE can be defined as an
enterprise that utilizes computers for the engineering, planning, manufacturing, marketing and
business functions of the enterprise, and for the integration of all these functions into a
cohesive enterprise system through a common information/knowledge base.

2. NEED FOR AN ENTERPRISE ARCHITECTURE

An important prerequisite for the successful realization of a CIE is a detailed knowledge and
understanding of the functions and information associated with the enterprise. Such a
definition of the manufacturing enterprise is known as the architecture of manufacturing. A
standard architecture would reduce the overall system complexity and enable users to build
systems in increments. The Manufacturing Enterprise Architecture (MEA), developed in this
research, is the framework that captures, represents and integrates the three major facets of an
enterprise, Viz., function, information and dynamics.

3. RESEARCH OBJECTIVE AND SCOPE

The overall objective of this research effort has been to design and develop MEA which will
serve as a blueprint for the creation of a CIE. The research has encompassed the following
complementary activities aimed at realizing the overall objective: :

o De31gn and development of domam specxﬁc archltectures

o Illustration of the domain- 1ndependence of the manufactunng archltecturc through its
apphcanon 10 healthcare systemis; ~ &ty o dimale o evemi i

0 Development of enterprise modeling methodologies using major software engineering

techmques and tools mcludmg object onented programmmg and databases,

.';V>’,.;IHVESIlgat10n of the role Jof com:m'rent engmeermg m the textﬂe/apparei comp}ei '

0 Investigation of methodologles for justlflcatlon of investments in information
technologies and systems;
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0 Systematization of domain-specific knowledge and its harnessing for instructional
purposes using multimedia technology; and

0 Design and development of specialty yarns and fabrics using computer-aided design
and manufacturing techniques for ballet costumes in collaboration with The Atlanta
Ballet.

4. SUMMARIES OF RESEARCH ACCOMPLISHMENTS

The major highlights of the various research activities carried out as part of the PYI Award
are presented here; the references cited for the various activities provide details of the
accomplishments.

4.1 Domain-Specific Architectures

The first step toward developing a generic manufacturing enterprise architecture (MEA) was
to develop domain-specific architectures; these domain-specific models could then serve as the
basis for the necessary generalization. Among the many sectors of the American industry
facing intense foreign competition accompanied by the erosion of the manufacturing base and
loss of employment opportunities is the textile/apparel sector. For this reason, the
textile/apparel environment was chosen as the initial test bed for the development of the
domain-specific manufacturing architectures.

A set of criteria was devised for evaluating and selecting modeling methodologies [5] for
developing the architecture. Based on these criteria, several methodologies were evaluated; the
IDEF methodology -- developed under the US Air Force’s ICAM Program -- was selected.
The details on the Yarn and Fabric Manufacturing Architectures can be found in [16]; the
details of the Function model of the Carpet Manufacturing Architecture can be found in [3].
The Apparel Manufacturing Architecture (AMA) is discussed in [10, 13, 14]. The research on
AMA received funding from the US Defense Logistics Agency under DLA-900-87-D-0018.

- 4.2 Domain-Independent Architecture
As the domain-specific architectures w'ere.b_eing -developed, the poésibility of cfea{ting "a“..

domain- or industry-independent architecture was explored. The models were generic enough
at higher levels (e.g., product development, production planning, and distribution) to represent

....other sectors of manufacturing besides textiles.and apparel. At the lower levels, however, =
G information spec1ﬁc to- the. domam necds to ‘be modeled. The' detaxls of these concepts vis-a- " .

“vis the product continuum that ranges from commodlty-type items to specxahzed items can be
found in [4]. The role of knowledge and experience in operating an enterprise are also
discussed in [4]. Several key issues germane to research in the area of integrated architectures
for manufacturing were also identified.
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4.3 Healthcare Delivery Systems Architecture

To further explore the concept of a domain-independent architecture and the application of the
manufacturing architecture to non-manufacturing domains, research was carried out in
collaboration with pediatricians in a group practice. The healthcare delivery system was
viewed as a manufacturing enterprise and the research resulted in the healthcare delivery
system architecture [2, 12, 27]. This effort conclusively demonstrated the concept of the
domain-independent modeling methodology and architecture.

4.4 Enterprise Modeling Methodologies

During the course of this research, several major shortcomings in the IDEF methodology were
identified and a new methodology termed IFEM (integrated framework for enterprise
modeling) was proposed [14, 15]. The proposed schema can serve as the foundation for the
development of manufacturing systems modeling software. Such an enterprise modeling
methodology is essential in the context of implementing advanced concepts of Quick
Response and Just-in-Time manufacturing in an enterprise.

MEA consists of three models, viz., entity model, activity model and knowledge & beliefs
model to encompass the function, information and dynamics facets of an enterprise. A
detailed discussion of the three models can be found in [28]. MEA overcomes the
shortcomings of IDEF and other modeling methodologies and has the following salient
features [29, 31, 34]:

0 An Entity model based on a Semantic (Object-oriented) Data Model.

0 An Activity model with both IS-A and PART-OF hierarchies of manufacturing
functions.

o = Seamless integration of the Entity and Activity models: the interface between activities
' is defined as Views on Entities; the editing and browsing tools for MEA have been
designed for working concurrently on both the models; automatic consistency
maintenance between the two models.

The conceptual schema proposed in [28] for MEA was implemented in software using CLOS,
an object oriented programming (OOP) language [29, 30]. LispView was used to build the

- user interface conforming to OpenLook standards. Graphical tools for browsing through the

" Activity and Entity models were’ developed the dynamics script has been integrated into the

Activity model. The resulting Enterprise Modeling Framework (EMF) represents a significant ... .. .

contribution to the domain of enterprise modeling methodologies [17, 32, 33, 34, 35].
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4.5 Concurrent Engineering in the Textile/Apparel Complex

The textile/apparel industry is probably one of the most dynamic manufacturing industries;
this is because textiles and clothing are seasonal and the consumer is increasingly fashion,
value and quality conscious. The discerning consumer is seeking unique styles and the ability
to choose from a wide variety of fabrics (woven, knitted) made from a range of yarns (staple,
filament), which in turn are made from an array of fibers (natural, man-made). Moreover,
when the consumer doesn’t find the specific item in the retail store, the consumer seeks
alternatives and the potential sale may not materialize. Therefore, the ability to respond
quickly to market trends is yet another important operating requirement for the textile-apparel
complex [9]. This means the product and the associated manufacturing processes should be
engineered to facilitate rapid production. The role of concurrent engineering in realizing these
goals was explored [8].

4.6 Justification of Investments in Information Systems and Technologies

Information is the lifeblood of an enterprise, especially when a manufacturing enterprise
needs to rapidly reconfigure itself -- change designs, materials, styles, production techniques,
etc. -- in response to consumer demands and market trends [11]. The ability to successfully
harness this valuable resource in a timely and well-coordinated fashion calls for investments
in information systems and technologies. Investments in such technologies, however, cannot
always be justified using traditional techniques such as net present value, return on investment
and payback period. This is because such investments may provide competitive, strategic and
tactical advantages that may not be as tangible as operational benefits (e.g., savings in
personnel costs and improved operator productivity). The primary objective of this research
effort was to explore the various issues related to the development of a methodology for
justifying investments in information systems and technology.

The life-cycle view of an information system/technology (IS/IT) project was used to explore
issues related to the development of a methodology for justifying investments in information
systems and technology [1].- Preliminary findings indicated that there were no specific or
well-defined methodologies used by organizations to justify investments in IS/IT and
suggested the need for additional research in this area.

4.7 Systematization of Domain-specific Knowledge

The proliferation of powerful and inexpensive hardware/software systems has paved the way
for innovative applications of information technology in the classroom. The first step towards

. building such, multimedia-based mxelhgem tutoring systems:is the systematization of domain .

"_,'v_knowledge and the development of a taxonomy for knowledge representation. Therefore,
‘research was carried out to develop the knowledge representation schema for the domain of
textile engineering; the schema was subsequently used to implement a tutoring system,
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TEESS, under MS-Windows using VisualBasic [25]. The system is expected to serve as a
tool for imparting textile engineering knowledge to freshman students and new hires in the
textile industry. Additional work is currently in progress to take advantage of the recent
advancements in Web Browser technology and the World Wide Web.

4.8 Computer-Aided Design and Manufacturing of Specialty Textiles

The success of an enterprise depends, among other things, on its ability to effectively utilize
advanced modeling methods and technologies in its operations, especially in the design and
manufacturing facets. Therefore, to demonstrate the concepts of an integrated approach to the
design and manufacturing of textiles, research was carried out on two major fronts: The first
was aimed at modeling the structure-property relationships of yarns produced under various
manufacturing conditions. The second was the design and development of a specialty fabric to
meet the functional and aesthetic requirements of ballet costumes.

As part of the structure-property relationships research, the use of artificial neural networks
for the prediction of yarn tensile properties was explored [26]; this effort turned out to be the
first of its kind in textile research literature. The details of the studies and models can be
found in [20, 21, 22, 23, 24].

The research on producing the specialty fabric was carried out in collaboration with The
Atlanta Ballet [19]. Working with the ballet dancers, the characteristics (functional and
aesthetic) required of the fabric were developed; these were then used to engineer the
required yarns and fabrics using CAD/CAM systems. The fabric was used in the costume
worn by the ballerinas during performances of the Atlanta Ballet and led one of them to
remark "this is the best costume I have ever worn in my career; I felt like I had nothing on
me during the program ....". Considering the fact that the human skin is the ultimate garment
for the human body, this remark testifies to the research accomplishments and also
demonstrates the true fusion of art and technology. The fabrlc has been continuously

o

Atlanta Ballet’s performances during the upcoming Cultural Olympiad in Atlanta [18].

5. EDUCATION AND TECHNOLOGY TRANSFER - . e

Several graduate students (4 PhD and 9 MS), 3 post-doctoral fellows, 2 research associates

and 3 additional faculty members participated in the various research efforts during the course
- of the Award, and thus were able to pursue their research interests.-In addition, the ; program .

" afforded the PI the opportunity to write a textbook and Instructor’s Manual for an
mtroductory computing course for engmcers [6, 7]. However, the Award funds were not used
to support this actlvxty '
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The developed technologies have been transferred to the industry through two main channels:
(i) collaborative efforts on case studies with industry; and (ii) the subsequent employment of
graduates by major companies such as UPS (United Parcel Service), Intel, US Sprint and
FedEx. The research results have also been transferred to the students in classroom settings in
Senior and Graduate level courses at Georgia Tech, and at a NATO Advanced Study Institute
(ASI) on Mechatronics held in Turkey.

In summary, during the course of the PYI Award, considerable progress was made towards
realizing the complementary goals of:

0 advancing knowledge and the state-of-the-art in manufacturing systems;

o transferring technology to the industry; and

o educating the future generation of scientists and engineers.
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