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Executive Summary
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CHAPTER1
INTRODUCTION

1.1 Background

The apparel industry in the United States has seen some drastic changes in the past
decade and a halt. Among the most significant are the massive influx of imports and the
changes in apparel retailing. The domestic apparel manufacturing industry, which has been
beset with problems of high cost and slow productivity growth, has suffered severely as a
result of these changes.

The United States has gone tfrom being a net exporter of garments in 1972 to a
position in 1987 where imports accounted for more than 50% of the garment sales [Sol-
inger80. AIT88]. From 1984 to 1987. the U.S. apparel manufacturing industry’s share of
the domestic market declined from 60% to less than 509% [AIT88]}. Employment in this in-
dustry has steadily fallen from 980,000 in 1973 to about 650,000 today. mainly because of
the loss of market share [Jayaraman88a). The domestic apparel production of $39 billion
in 1987 was 2% lower than the corresponding figure for 1984 after adjusting for inflation
[AIT88].

The survival of the apparel manufacturing industry is of strategic importance to
the nation: for the military during times of mobilization and on a broader scale for the na-
tion’s economy. The apparel and textile manufacturing sector, with an employment of more
than 2 million, is the largest provider of manufacturing jobs in the country [Solinger80]. To
regain its competitive position, the apparel industry needs to take a serious look at the way
it conducts its business, and be prepared to make the changes that may be needed.

The apparel market has evolved into a highly fashion-oriented arena. The market



for apparel products has become more diversified because consumers lead more diversified
and active life-styles, and seek specific products for specific end uses. The retailers have
responded to this by analyzing their markets rigorously and targeting specific consumers
with specific products. Consequently, order sizes are small and retailers are making their
buying decisions as late in the season as possible. The turnover of styles is also much larger
and fashion cycles are accelerating. The key to competing in such an environment is to
achieve freedom from economies of scale and be in a position to manufacture goods in
small batch sizes profitably and at short notice. This is particularly true for the differentiat-
ed merchandise end of the market which is dominating the other segments. In the fast
changing market, the domestic manufacturers have an inherent advantage of being geo-
graphically close to the market. However, the industry is geared towards mass production
and is unable to use this geographical proximity to the market to its advantage [TAC88].

Tackling the flexibility and response time problem are seen as the prime objec-
tives of the industry’s strategy to regain its competitiveness. This is a break from the tradi-
tional approach of high volume production to achieve lower cost through economies of
scale. The objectives of this new strategy can be achieved through application of flexible
automation concepts to apparel manufacturing. The term often used in the context of flex-
ible automation is Computer-Integrated Manufacturing (CIM). CIM involves the use of au-
tomation techniques for the engineering, planning, manufacturing, and business functions
of an organization, and integration of all these functions into a cohesive enterprise system
through a shared information base. Thus, the scope of CIM is not limited to the manufac-
turing function; it encompasses the entire enterprise.

Effective application of CIM concepts to an apparel manufacturing enterprise re-
quires a thorough understanding and analysis of the functions that the enterprise performs
and the information that is shared among these functions [Jayaraman90]. Models provide

the means for understanding the functions of the existing enterprise and for effectively
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communicating the specifications of the proposed enterprise CIM system to those respon-
sible for its design and implementation. A set of models that represents the relevant aspects
of an enterprise’s operations is referred to as the architecture of the enterprise. A compre-
hensive architecture of an enterprise may consist of models that capture its function and in-
formation structures, and its dynamic behavior.

The models representing the system as it currently exists make up the AS /S archi-
tecture whereas the models representing the proposed system constitute the TO BE archi-
tecture. Both, the AS IS and the TO BE architectures play important roles in the CIM sys-
tem development cycle depicted in Figure 1.1. The AS IS architecture provides the means
for analyzing the existing system. The TO BE architecture provides the specifications
based on which the detailed design and implementation of the proposed system can be car-

ried out.

1.2 Research Objectives

The objective of this research is to develop an architecture for an apparel manu-
facturing enterprise that will serve as a blueprint for applying CIM concepts to the enter-
prise. Although computer-based tools have been developed and used in the apparel industry
to enhance the productivity of individual functional components of the apparel enterprise,
these efforts have not been part of an overall scheme of integration. As a result, most enter-
prises operate with incompatible subsystems which cannot share information with each
other. The current work is a maiden attempt at creating a systematic integration architecture
for apparel manufacturing.

The functions and structure of an existing representative apparel enterprise have
been studied and represented using descriptive modeling techniques. The resulting AS IS
model has been analyzed to understand the integration needs of an apparel manufacturing

enterprise. The results of the analysis of the AS IS model have been used to create the TO
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BE architecture for an integrated apparel enterprise.

As part of this endeavor, modeling methodologies used for creating the architec-
ture have been evaluated to determine their suitability for modeling manufacturing enter-
prises. An integrated framework for enterprise modeling (IFEM) has been proposed to

overcome the shortcomings of the available modeling methodologies.

1.3 Overview
A critical review and evaluation of the available system modeling methodologies
is presented in Chapter II. Chapter III outlines the procedure adopted to develop the apparel
manufacturing architecture. The AS IS architecture is discussed in Chapter IV. The con-
cepts of the proposed IFEM methodology for modeling manufacturing systems are outlined
in Chapter V. Chapter VI, VII and VIII cover the TO BE information, function and dynam-
ics models respectively along with the syntax of the various IFEM components used to de-

velop these models.



CHAPTER II

SELECTION OF MODELING METHODOLOGY

A suitable modeling methodology is needed to document the operations of the

existing enterprise in a precise and easily understandable manner and to develop an archi-

tecture for the proposed system. A good system design cannot be achieved without a sound

modeling methodology. The design and analysis of any existing or proposed manufacturing

system is often limited by the capability of the modeling methodology being utilized

[Mackulak84]. If the manufacturing system analysis is not communicated to the manage-

ment and production personnel effectively, it is doubtful that the suggested modifications

or enhancements will be correctly incorporated into the system.

A methodology that has to provide the means for representation and analysis of

manufacturing systems should meet the following criteria [Jayaraman90):

1.

It should be able to depict the operations of an enterprise in a natural and straight-

forward way.

. Since the systems in question are vast and complex, the methodology should be

structured and permit a hierarchical structure that lets models to be constructed and

viewed at the desired level of detail.

. Should be oriented towards graphical representation.

. Should have a well-defined syntax for precise and unambiguous representation of

the functions.

. Should allow a wide range of users to communicate.
. Should permit easy maintenance of the models.

. It should be easy to design a software tool for modeling based on the methodology.



8. If there are multiple models, that complement each other, the methodology should
provide means for maintaining consistency across the models.

In addition to the above mentioned criteria, availability of the methodology in public do-

main, support of the research community, and the cost and availability of the associated

software tools are factors to be considered in the selection process. These criteria were used

to evaluate the modeling methodologies reviewed in this chapter to ultimately select a suit-

able one for developing the AS IS and TO BE models.

2.1 Review and Evaluation of System Modeling Methodologies
A comprehensive specification of a modeling methodology has been provided by
the Integrated Computer Aided Manutacturing program (ICAM) which was initiated in the
1970s by the US Air Force to improve productivity in the aircraft industry by systematic
application of computer technology to manufacturing [ICAMB81a). ICAM recognized the
development of a system modeling methodology as the first step towards achieving the
project’s goals. The ICAM project report notes that to get a comprehensive representation
of the manufacturing enterprise being modeled, the methodology should be capable of pro-
ducing the following:
1. A structured representation of the functions that the enterprise performs and the in-
terconnections that exist between these functions.
2. A model of the structure of information needed to support these functions.
3. A model of the dynamic behavior of the components of the enterprise.
The models capturing the function structure, information structure and dynamics of a sys-
tem are, together or individually, referred to as the architecture because they are used to
understand, analyze and communicate how the various constituents of a manufacturing sys-
tem fit together and interact.

A set of graphics-based methodologies developed by ICAM to model manufac-

'



turing systems was called IDEF (for ICAM DEFinitions). IDEF consists of three method-
ologies. Apart from the IDEF suit, there are other methodologies that have been developed
for function, information and dynamics modeling. The IDEF and other available method-
ologies have been reviewed here to determine their suitability for developing an architec-

ture for an apparel manufacturing enterprise.

2.1.1 Methodologies for Function Modeling

The IDEF methodology for function modeling is called the IDEFO methodology
and is presented in detail in the ICAM Function Modeling Manual [ICAM81a]. The other
function modeling methodologies reviewed are the process flowcharting technique used by
the European Strategic Planning for Research in Information Technology (ESPRIT) pro-
gram [Yeoman85] and the data flow diagramming technique (DFD) [DeMarco78], which
has been used extensively for functional analysis in information systems design.

IDEF,, Function Modeling Methodology: IDEF expresses the functions of a
system and their interactions using a graphical language called the cell modeling technique
[ICAMS81a]. Each function is represented by a box and the inputs, controls, outputs and
mechanisms associated with the function are drawn as arrows (Figure 2.1). The position at
which the arrow enters a box conveys the specific role of the interface. The cell modeling
technique is a hierarchical approach to modeling. An activity box, with its associated ar-
rows, provides a bounded context for the activity that the box represents. The details of this
activity can be represented as a diagram consisting of three to six boxes (each representing
a sub-function of the activity being detailed) and interface arrows showing the interactions
between these boxes. The diagram is restricted to the context provided by its parent box.
Nothing can be added to or removed from this context while detailing an activity.

Such detailing of activities can go on till the desired level of detail is obtained.

The function model consists of this set of inter-related diagrams, the accompanying textual
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description and the glossary of terms. At the top of the model hierarchy, is a diagram con-
sisting of a single box and interface arrows representing the entire scope of the model. This
diagram is called the context diagram. Also associated with a function model is the view-
point that determines what can be “seen” within the context and from what “slant”, and the
purpose that establishes the intent of the model, i.e., the goal of communication it serves.
The diagrams in a model are numbered according to their position in the hierarchy. The
numbers begin with the letter A (for Activity or function) and the context diagram has the
number A-0 (A minus zero). The context diagram is detailed into the AO diagram and the
diagrams representing the details of the boxes in the AQ diagram are numbered consecu-
tively beginning with 1, i.e., Al, A2. etc. When the A1 box (function) is detailed, the re-
sulting diagrams are numbered A11, A12, A13, and so on. To ensure usefulness and clarity,
the methodology suggests that if a function cannot be subdivided into three lower level
component functions, then the division should not occur. The IDEF0 models do not indi-
cate precedence sequences or flows. The arrows do not signify any passage of time.

The methodology also specifies the procedures for collecting information for
modeling and for critiquing the models before they are finalized. The information for mod-
eling is collected by interviewing people closely associated with the activities being mod-
eled. The review of the model is a cyclical process. The model is distributed to a group of
experts in the area and they provide their feedback to the author of the model. The feedback
is analyzed and incorporated into the model, which is sent for review again. The cycle is
repeated till the model attains acceptable quality.

Process Flowcharts; The method used by the European Strategic Planning for
Research in Information Technology (ESPRIT) program uses a flowcharting technique for
documenting the functional structure of manufacturing enterprises [Yeomans85]. The
flowcharts consist of a set of nodes connected by arrows depicting the flow of materials or

information between the nodes (Figure 2.2). The nodes are one of the following type and
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are represented by different symbols:

1. A process (activity) is represented by a rectangle on a flowchart.

2. A diamond symbol is used to show a decision point in the processing flow. The de-
cision point poses a question that can be answered positively or negatively, giving
two alternatives for flow routes.

3. A hexagon symbol is used to represent an initiating process on the flowchart, e.g. a
manual start-up.

4. A connecting node, represented by a small circle, shows the flow from a node on
one tlowchart to a node on another.

5. A cylinder symbol is used to identity information that is used by, or created by a
process node.

6. Large circles represent a parallel flow of information in another flowchart. The
name of the parallel activity is mentioned in the circle.

Al] the nodes in a flowchart are numbered using a letter specifying the area to which that
activity belongs, and a sequence number. The major shortcoming of the flowchart tech-
nique is that it is not hierarchical, and does not allow perusal of the model at the desired
level of detail (or abstraction). Also, the parallel tlows are difficult to follow and the flow-
chart does not explicitly show what type of materials or information is flowing between the
nodes.

Data Flow Diagramming: Another popular function modeling methodology that
has been used in system modeling and analysis is the Data Flow Diagramming (DFD) tech-
nique [DeMarco78, DeMarco79, Gaylord87, STRADIS88, Perkinson84]. DFD methodol-
ogy has been used extensively in large information system design projects to carry out func-
tional analysis that precedes data analysis and modeling. DFD graphically describes the
functional structure of the system as a network of activity nodes and data flow vectors (Fig-

ure 2.3). Additional objects like information sources and sinks, files and documents are also
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used as termination points for the data flows. There is a different symbol associated with
each object, and the objects are labeled with unique names. The model constructed using
DFD is hierarchical in nature because each activity node can be expanded into a network
providing details of that activity. DFDs are supported by “minispecs” and data dictionaries.
Minispecs provide a complete but concise description of each activity in a page or less
[Piltzecker85]. Various formats, including structured English, truth tables, fault trees, or
ladder diagrams are acceptable for writing minispecs. Data dictionaries provide precise
qualitative and quantitative definition of each data label used in the DFDs. Data dictionaries
enforce universal definitions of data for system-wide use. Unlike IDEF;;, DFD does not ex-

plicitly distinguish between inputs and controls.

2.1.2 Information Modeling Methodologies

The information model defines the structure of the data that is maintained by the
enterprise being modeled to support its functions. Information is data to which meaningful
structure has been imparted. The information maintained by the enterprise is an abstract
representation of the real-world entities that the enterprise deals with, e.g., purchase orders,
designs, schedules. etc. An effective methodology for information modeling must provide
the means for capturing the real-world semantics precisely in a form that is easy to under-
stand. The methodology should also permit creation of a single integrated definition of the
data, within the enterprise being modeled, which is unbiased toward any single application
of data and is independent of how the data is physically stored or accessed. This view of
the data, called the “conceptual schema”, helps maintain the consistency of data across the
applications.

The conceptual schema extends the two-schema approach that has traditionally
been used for data modeling for DBMS applications. In the two-schema approach the data

is defined from two distinct views, the user view and the computer view. The user view,




referred to as the “external schema”, defines the data as seen by an individual application
that uses the data. Since the same data objects may be used differently by different appli-
cations, the user view of the data is often inconsistent across the enterprise. The computer
view of the data, or the “internal schema”, defines the data structures for storage and re-
trieval of the data. The internal schema is hardware dependent. The conceptual schema ap-
proach is required when the data is defined for the whole enterprise, and not for specific
applications inside it.

On the other hand, the information mode] must also conform to the database mod-
el used to implement the information system which maintains the enterprise data. In fact,
the available information methodologies have been developed for a particular database im-
plementation paradigm. The relational mode! of data attributed to Codd [Codd70] is the ba-
sis of many available information modeling methodologies, including the IDEF informa-
tion methodology, IDEF,x. DBMSs based on the relational model are widely used in com-
mercial applications. A recent development in database technology is the advent of
semantic or object-oriented DBMSs that abstract the real-world entities as data the way hu-
mans do. Information modeling methodologies based on both, the relational and object-ori-
ented paradigm are reviewed.

IDEF;x Information Modeling Methodology: IDEF x [IISS85] is a methodol-
ogy for representing the structure of the data needed to support the functions of the manu-
facturing enterprise. The methodology is based on the relational paradigm and is derived
from the Entity-Relationship Approach developed by Chen [Chen76). In an IDEF,x model,
the entities about which data is maintained are defined in terms of their characteristics. The
characteristics are represented as artributes in the model, and entities as aggregates of at-
tributes. For each entity, the set of attributes that uniquely identify an instance of that entity
are represented as the primary key of the entity. The relationships between entities are ex-

pressed by migrating the primary key attributes of one entity to another. The attributes in-



herited by an entity from a related entity make up the foreign key of the entity. In the model,
the entities are graphically represented as boxes and relationships as directed lines joining
the boxes. The attributes of an entity are listed in the box representing the entity. The model
is normalized to the third normal relational form [Codd70].

The limitations of the relational model in capturing the semantics of the real-
world entities have been discussed by Bowers [Bowers89]. Because of the limitations of
the underlying relational model, the IDEF;x methodology suffers from a few major short-
comings. Firstly, the rules of normalization do not permit the attributes to have multiple
values which is often the case in real-world entities. For example, one of the attributes of a
purchase order is the list of items ordered. Since multi-valued attributes are not permitted,
a purchase order has to be modeled by creating a relationship entity purchase order item
each instance of which represents a purchased item. This results in fragmentation of a real-
world entity into muitiple IDEF,x entities. The clarity of the model is reduced when real
world-entities have to be expressed using complex joins of IDEFIx entities using some
form of predicate calculus. Secondly, the methodology does not provide any means of ex-
pressing the constraints that reflect the semantics of situation being modeled. For example.
a constraint such as the salary of an employee cannot exceed that of his supervisor cannot
be modeled using IDEFx.

Another major weakness of the model is the use of foreign keys to express rela-
tionships. In the IDEF,x models, the primary key for each entity has to be identified so that
relationship of the entity with other entities may be expressed by migrating the primary key
to the related entities. Using primary key values to identify an instance of an entity implies
that an entity instance exists only if the primary key attribute values for it are known. This
implication may run contrary to the semantics of the situation being modeled. For example,
a purchase order may come into existence and be fully prepared before a PO number, its

primary key attribute, is assigned to it. This situation cannot be modeled using IDEF|x



since the primary key concept implies that a purchase order can exist only if a PO number
for it exists.

Information Models Based on Extended Relational Models: Extensions have
been proposed to the original relational model to overcome some of its shortcomings. Most
of these extensions remove the restriction imposed by the first normal form [Codd70] that
attributes be single valued. These models are referred to as the NF?2 data models since they
drop the first normal form restriction {Dadam89]. One such model is the extended relational
model RM/T proposed by Codd [Codd79]. In this model, an entity is represented as an en-
tity relation (E-relation) which contains a single column surrogate value that identifies an
instance of the entity uniquely. Attributes are represented by a property relation (P-rela-
tion), which associates surrogate values with property values. A P-relation can be assigned
a set of surrogates, thus permitting an attribute to have a set of instances of another entity
as its value. In the purchase order example, the item attribute of the entity purchase order
can have a set of instances of entity purchase order item as its value.

By permitting attributes to have relations (tables) as values, the RM/T model per-
mits hierarchical structures, in which entities can be defined as aggregates of other entities.
While most of the shortcomings of the relational model are overcome, the constraints on
the attribute values still cannot be expressed using the extended relational models.

Object-Oriented Information Models: Object-Oriented models of data aim at
producing a user-understandable definition of data and capture a substantial part of the se-
mantics of the real-world situation being modeled [Garvey89]. In object-oriented models,
data is structured into object classes that conform to the real-world entities being modeled.
The attributes of the object classes are viewed as functions, instead of just data items, thus
allowing constraints to be captured in the definition of the attributes. Structured data mod-
els can be created by defining classes as aggregates of other classes. Creation of an aggre-

gation hierarchy is made possible by permitting attributes to have sets of other objects as




their values, as in the extended relational models. A distinguishing feature of the object-
oriented data models is inheritance, whereby classes can be specialized into sub-classes that
inherit the attributes of the super-class from which they are specialized. For example em-
ployees can be specialized into managers, supervisors and workers. The attributes common
to all employees are contained in the employee class and inherited by its specialization
classes manager, supervisor and worker. These three classes only contain attributes that are
unique to them.

The semantic data model (SDM) of Hammer and McLeod [HammerS81] is an ex-
ample of an object-oriented information model and is implemented by many recently intro-
duced or still experimental object-oriented DBMSs (OODBMS), such as the InfoExec sys-
tem from Unisys [Balfour90]. Other object-oriented data models available are conceptually
similar to SDM. Among these are the IRIS model [Lyngbaek86] which has been imple-
mented in the IRIS OODBMS {[Wilkinson90], the DAPLEX model [Shipman81] and the
POSTGRES model [Rowe87, Stonebraker87]. A graphical modeling technique for creating
object-oriented data models is illustrated by Schrefl [Schrefl89]. Although the object-ori-
ented models capture the semantics of the modeled domain very well, the DBMSs imple-
menting this paradigm are still in the experimental stage. It is not clear whether information

models created using the object-oriented paradigm can be implemented effectively.

2.1.3 Dynamics Modeling Methodologies

The dynamics modeling methodology developed for the ICAM project is known
as IDEF, and is discussed in detail in the ICAM Dynamics Modeling Manual [ICAMS8I1b].
The other choices in dynamics modeling methodologies come from the field of discrete-
event simulation. A variety of commercial simulation software is available and each pack-
age provides a methodology of some sort for modeling the system whose behavior is to be

analyzed through simulation.



IDEF, Dynamics Modeling Methodology: IDEF2 [ICAMB81b] provides a vehi-
cle for describing the elements of manufacturing system whose behavior varies over time.
The fundamentals of IDEF, are based on computer simulation modeling techniques. To de-
scribe a system in IDEF,, the system is modeled as four submodels:

1. The facility submodel describes the resources which are used by the system to pro-
duce its outputs. These resources are classified as physical, logical and cognitive.
Materials, people and machines are the physical resources, whereas the procedures
and software that guide them are the logical resources. Cognitive resources are
those resources which are required for thought processes such as experience and
creativity.

2. The entirv flow submodel graphically describes the flow of products and informa-
tion through the facilities described by the facility submodel. This submodel de-
scribes the activities performed to obtain the flow and the decisions regarding alter-
nate flow of entities.

3. The resource disposition submodel is used to describe the disposition of resources
when they become available. A resource in IDEF; is any part of the system which
must be present to perform an activity. The model associates different actions to the
different dispositions of the resources.

4. The svstem control submodel describes the occurrences of activities which control
but do not prescribe the flow of entities. Situations handled by this submode! in-
clude the breakdown and repair of resources, the arrival of entities, the alteration of
resource capacities, the initiation and termination of shifts and the alteration of job
priorities.

The heart of the IDEF, model is the entity flow sub-model that represents the dy-
namic actions that produce the flow of an entity through the system being modeled. Al-

though the methodology provides a thoroughly detailed description for simulation, the
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model generated is very large in size even for a small system because of lack of facilities
for abstraction and parameterization [Godwin89]. This is analogous to having a program-
ming language without subroutines and parameters. With the lack of parameterization and
abstraction, the process sequences have to be explicitly built into the entity flow networks.
As a result, complex entity flow routes in which many alternative paths exist at each node
are difficult to model. Also, it is virtually impossible to model flexible manufacturing sys-
tems in which a variety of entities, each with a different process sequence, is concurrently
processed by the system. Thus, the IDEF, methodology does not meet the requirements for
modeling the dynamics of CIM systems.

Dynamics Modeling Alternatives: Since dynamic models provide the system
description for computer simulation, dynamic modeling methodologies are closely associ-
ated with the computer languages and tools available for system simulation. A dynamics
model of the system has to be built before it can be simulated on the computer. GPSS [Gor-
don78, Schriber88] is the oldest general purpose simulation language around. In GPSS and
its various implementations, the system is modeled as a waiting line with servers. A block
diagram is used to represent the system as a model. For simulation, the information on the
block diagram needs to be manually converted into GPSS code.

The other popular general purpose simulation languages are SIMSCRIPT [Rus-
sell88], SLAM [O’Reilly88] and SIMAN [Pegden82, Suri88]. Each language has its own
methodology for modeling the system to be simulated. Among these languages, SIMAN is
claimed to be designed specifically for simulating manufacturing systems [Davis88]. It
provides features that facilitate the modeling of typical manufacturing sub-systems. such as
material handling equipment. SIMAN uses a graphical representation for the system model.
Another distinguishing feature of SIMAN is its separation of the system model from the
data required to run a particular simulation experiment [Banks88]. This feature helps pre-

vent accidental changes to the model when changes are made to the simulation conditions
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for different simulation experiments. An accompanying package called CINEMA
[Miles88] provides animation capabilities for SIMAN.

Some of the limitations of general purpose simulation languages in modeling
manufacturing systems are discussed in the literature. Young et al. observe that the avail-
able general purpose simulation languages are designed to support only the modeling and
analysis of process and material handling flow, and do not cater to all the requirements of
CIM system modeling [Young88]. Adiga and Glassey point out the limitations of such lan-
guages in modeling complicated decision-making algorithms and logic related to selection
of entities from queues [ Adiga88]. Another limitation of these languages is the lack of fa-
cilities for integration into a database environment [Pruett90]. Consequently, the dynamics
models created using general purpose simulation languages cannot use the entity structure

definitions contained in the associated information model.

2.2 Selection of Modeling Methodology
The selection criteria discussed earlier in this chapter were used to evaluate and
select suitable methodologies for developing the AS IS and TO BE architectures. The se-
lection of the methodologies for the AS IS and TO BE architectures is discussed separately

as the factors influencing the selection in the two cases were ditferent.

2.2.1 Methodology for AS IS Architecture

IDEF,, function modeling methodology was selected for modeling an existing ap-
parel enterprise to gain an understanding of the apparel manufacturing domain. The IDEF,
methodology was selected over the flowcharting technique of ESPRIT because of its hier-
archical structure that permits top down model development and a gradual exposition of the
details of the model. IDEF, also has some advantages over DFD, which was the other hi-

erarchical modeling technique considered. IDEF; has a recommended set of methods for
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data gathering, modeling, model review and maintenance which DFD lacks. IDEF, also
provides explicit means of expressing the mechanisms for carrying out the activities.
Therefore, IDEF0 was preferred to DFD as the methodology for function modeling.

The AS IS architecture consists only of the IDEF, function model as this model

contains sufficient information to understand how an existing apparel enterprise functions.
The model provides a detailed breakdown of the functions of apparel manufacturing. It also
depicts the interconnections that exist between these functions. The model glossary pro-
vides the meaning of the information that is shared between the functions through the mod-

eled interconnections.

2.2.2 Methodology for TO BE Architecture

The TO BE function, information and dynamics models make up the architecture
of a CIM system for an apparel enterprise. Since the architecture consists of multiple mod-
els that complement each other, the selection of modeling methodologies was strongly in-
fluenced by the model integration criterion.

IDEF, was selected for the TO BE function model for reasons discussed in the
previous section. In addition, IDEF;, was also found suitable to serve as the foundation for
a framework into which the three models could be integrated. Model integration could be
facilitated by using the IDEF, function model as a context for the dynamics model and cor-
relating the entities defined in the information model with the arrows that represent inter-
faces between the IDEF functions.

Since, the information mode! serves as a conceptual design for a database system,
the methodologies for information modeling are closely related to the database model in
which the system is implemented. Whereas the methodologies based on the object-oriented
paradigm provide models that are closer abstractions of the real-world than models based

on the relational paradigm, the object-oriented database technology is still in an experimen-
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tal stage. On the other hand, the relational database technology is mature and well-estab-
lished, albeit lacking means to capture the rules that constrain the data. Therefore, the
choice for an information methodology was not very clear-cut. IDEF,x, methodology,
which is based on the relational model, was selected for information modeling since the
IDEF;x models can be used readily to define the relational database schema for a CIM sys-
tem. The IDEF1x model was extended to integrate the information model with the function
model. These extensions form a part of the integrated framework for enterprise modeling
(IFEM) that has been developed as part of this research and used for the TO BE architec-
ture. IFEM is discussed in detail in Chapter V.

In the TO BE architecture, the dynamics model provides the means for analyz-
ing the dynamic behavior of the integrated apparel manufacturing system whose static de-
sign is represented by the TO BE function and information models. The IDEF, and other
simulation methodologies reviewed in this chapter were found unsuitable for developing
the TO BE dynamics model! for various reasons. First, the models produced by these meth-
odologies are stand-alone models that duplicate the contents of the function and informa-
tion model. As a result, it is not possible to integrate these models with the function and
information models. Also, these methodologies were designed to model the flow of a par-
ticular entity through the system. Hence, these methodologies cannot be easily used to de-
velop generic dynamics models of the enterprise, that are independent of the tlow of a
particular entity through the enterprise. For developing the TO BE dynamics model, the
IDEF,, function modeling methodology has been extended to represent the dynamic behav-
ior of the functional components of the enterprise. These extensions form part of the pro-

posed IFEM methodology discussed in Chapter V.



24

CHAPTER 1II
RESEARCH PROCEDURE

The development of the architecture for CIM system for apparel manufacturing
was carried out in three phases. In the first phase, the scope of the architecture was defined.
The AS IS model of an existing enterprise within the defined scope was developed next. In
the third phase, the AS IS model was used as the basis for developing the TO BE architec-

ture which represents a completely integrated apparel enterprise.

3.1 Scope of the Model

The scope of the architecture is stated in terms of the objectives of the modeling
activity (purpose), the boundaries of the domain under consideration (context) and the per-
spective from which the domain is seen for modeling purposes (viewpoint). The scope
needs to be stated clearly to avoid cluttering the model with superfluous information that
obscures its relevant contents. General information about the apparel manufacturing do-
main was gathered through literature, plant visits and interviews with people involved in
apparel manufacturing. Based on the gathered information and the research objectives, the

scope of the architecture was defined.

3.1.1 Purpose

The purpose of the architecture of an apparel manufacturing enterprise is to pro-
vide an understanding of the range of activities involved in the day-to-day operations of an
enterprise and serve as a blueprint for implementing CIM in the enterprise. The AS IS mod-
el serves as the means for understanding how an existing enterprise functions whereas the

TO BE models make up the architecture of the proposed CIM system for apparel manufac-
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turing.

3.1.2 Context

A primary consideration in the development of the architecture is that the archi-
tecture be representative of the general operational characteristics of thé apparel industry.
For this purpose, the approach adopted for AS IS modeling was to thoroughly study and
model one representative enterprise, have the model reviewed by a broad cross-section of
the industry and refine it for correctness and completeness. Trouser manufacturing was
chosen as the initial target domain because trouser manufacturing represents generic appar-
el manufacturing domain well and real-world data for this domain was made accessible by
an industry partner. The TO BE architecture extends the AS IS model to cover generic ap-
parel manufacturing. Activities ranging from marketing and product development to fin-

ished goods distribution are included in the context.

3.1.3 Viewpoint
Based on a preliminary analysis of the apparel industry, the activities performed
by an apparel manufacturing enterprise were divided into three main categories:

1. Strategic decision-making related to the long-term strategy of the enterprise. This
function is performed by corporate management. Investment and expansion deci-
sions are examples of long-term decision-making.

2. Tactical decision-making related to the day-to-day workings of the enterprise.
These decisions are made by the middle level management (e.g., departmental and
plant managers). Examples of these decisions are production planning. inventory
management, manufacturing, quality control, etc.

3. The third category of activities is the operational level activities whereby the tacti-
cal decisions are implemented. For example, the activities involved in assembling

a garment fall into this category.
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The model takes the viewpoint of the middle level managers responsible for day-to-day de-
cisions in the enterprise. Strategic decision-making activities were excluded from the mod-
el since the outcome of these decisions are policies that usually do not change on a day-to-
day basis. Thus the viewpoint of the model was restricted to tactical decision-making and

operational functions of the enterprise.

3.2 AS IS Model Development
For developing the AS IS model, this research depended heavily on interaction
with the apparel industry to obtain the modeling data from real-world apparel enterprises.
Oxford Slacks of Monroe, Georgia. a member of the Apparel Manufacturing Technology
Center (AMTC) Steering Committee, served as the primary source of data for the model.

Other apparel industry sources participated and assisted in the model review process.

3.2.1 Information Gathering

The information for building the AS IS function model was gathered through reg-
ular meetings with the managers of the different departments at Oxford Slacks. Beginning
with the overall view of the organization, the departments associated with the various func-
tions of the enterprise were covered. Typically, at each meeting with the department man-
ager, the activities performed by the department and the inter-department interaction asso-
ciated with these activities were discussed. A part of the interview sessions were devoted
to recording managers’ comments on current practices and suggestions for improvements.
The paperwork involved in the inter-departmental interactions was also gathered and stud-
ied to understand the information flow associated with each activity. After the interview
session, a written summary of the gathered information was submitted to the manager for

review. The manager’s comments and correction were incorporated into the written sum-

mary.
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3.2.2 Model Development and Review

Concurrently, the development of the AS IS function model was carried out. A
glossary of data objects, represented by the interface arrows on the IDEF0 diagrams, was
also developed to support the model. The completed AS IS model and its glossary were pre-
sented to Oxford Slacks for review and based on their comments, the model was refined.
The model was also distributed to other industry members for review. The purpose of the
external review was to ensure the completeness of the model and correctness and applica-

bility of the terminology used in the model glossary.

3.2.3 Software Tools for Modeling

The AS IS function model was developed using the IDEFine-0 modeling soft-
ware from Wizdom Systems Inc. [Wizdom88] IDEFine-0 provides tools for drafting
IDEFO node diagrams and checking their syntax. The glossary of the model was developed
and maintained separately using a word processor since the glossary building tools of IDE-

Fine were found to be inadequate.

3.3 TO BE Architecture Development
The TO BE architecture of the apparel enterprise was developed through analysis
and refinement of the AS IS architecture. It consists of function, information and dynamics
models of an apparel manufacturing enterprise, which were integrated into a single frame-

work to serve as a comprehensive architecture for a CIM system for apparel manufacturing.

3.3.1 Information Model Development

The TO BE information model was developed to serve as the database schema for
the apparel CIM system. The model provides a coherent definition of the data maintained
by the enterprise, based on the semantics of this data. The information model. developed

using the IDEF | x methodology, consists of a set of entity-relationship diagrams and a glos-
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sary. Entities about which data is maintained, their attributes and the relationships between
these entities were identified from the glossary of the AS IS architecture and represented
graphically on the diagrams. Definitions of the entities and their attributes were document-
ed in the glossary.

The TO BE information model was developed using the IDEFine-1 software from
Wizdom Systems Inc. [Wizdom88]. The glossary was developed using a word processor.
Since IDEFine-1 did not provide any means for checking the integrity, a software utility for
this purpose was developed. This utility was also enhanced to translate the model into data

definitions for an SQL relational database such as ORACLE [Oracle88].

3.3.2 Function Model Development

The TO BE function model was developed to provide the functional structure for
a CIM system for apparel manufacturing. The model represents the functions of an apparel
manufacturing enterprise as distributed components of a CIM system. The data interfaces
between the functions were modeled using the data definition from the TO BE information
model.

The base TO BE function model was developed using the IDEFO methodology.
Extensions to the IDEF methodology, developed as part of the IFEM methodology. were
used to integrate the TO BE function model with the information model. The model was
developed using the AI0 modeling software from Knowledge Based Systems, Inc.

[KBSI89]

3.3.3 Dynamics Model Development

The TO BE dynamics model was developed to represent the dynamic behavior of
the functions modeled in the TO BE function model. The model was built on the foundation
provided by the function and the information models using the proposed IFEM methodol-

ogy. In the TO BE dynamics model, the conditions that activate each function and the dy-
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namic interactions between the inputs, controls, outputs and mechanisms of the functions
were modeled.

The AS IS and TO BE architectures and the specific details of methodologies used
to develop these architectures are discussed in the following chapters. Although the three
component models of the TO BE architecture were developed in the order in which they

are presented, they were refined through numerous iterations.
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CHAPTER IV
AS IS FUNCTION MODEL

The first step in developing an architecture for implementing CIM in an apparel
enterprise is to gain a thorough understanding of the apparel manufacturing domain
through a model of the functional structure of an existing apparel manutacturing enterprise.
The functional structure of an existing apparel enterprise is captured in the AS 1S function
model discussed in this chapter. The glossary accompanying the model provides the de-

scription of the information processed by the enterprise functions.

4.1 An Overview of Apparel Manufacturing
Apparel manufacturing enterprises differ in size and complexity from small con-
tract sewing shops to large corporations with their own design studios and product lines.
There is a trend in the industry towards retailers’ private brands for which the manufactur-
ers act as suppliers. The enterprise modeled here carries out activities ranging from design
to distribution of garments according to customers’ specifications. At the top level, the

functions of such an enterprise may be classified as follows:

—

. Marketing, Product Development and Sales
2. Planning and Preparation for Production
3. Manufacturing

4. Customer Service
5. Distribution

6. Engineering and Quality Control Services

The marketing, product development and sales functions cover all the activities
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performed before production orders are finalized. The enterprise works with the customer
to develop garment styles according to customer’s specifications. The sales people negoti-
ate the contract with the customer for orders on garments that have been developed. This
contract provides general terms of agreement between the enterprise and the customer and
does not contain all the details such as color/size distribution of garments.

The central coordination point for all the activities after a sales contract has been
signed, is the customer service function. It interacts with the customer on a regular basis
and issues the production orders to the enterprise for meeting the customer’s order require-
ments and schedule. It is the responsibility of customer service to ensure that the distribu-
tion system has the appropriate finished goods to ship to the customer when the customer
sends the shipping orders.

The manufacturing function services the distribution function by supplying the
finished goods. The production planning and preparation function, in turn. services the
manufacturing function by scheduling production and making raw materials available. The
engineering and qualiry control services functions are auxiliary functions providing servic-
es to other functions. The enterprise, as a whole, can be viewed as a provider of goods and
services to its customers. The customers include chain stores, outlet retailers and mail order
houses.

An important characteristic of a majority of the apparel manutacturing enterprises
is that they do not produce to meet projected sales. All the production is for confirmed sales
orders and the AS IS model reflects this characteristic. The enterprise should be prepared
to produce goods at very short notice if it has to produce to firm orders. The customers de-
sire the flexibility of making their buying decisions as late as possible. Even when sales
contracts have been signed for the whole season, the enterprise does not know the specifics
such as size and color distribution well into the season. The raw material (fabric. trim and

accessories) suppliers play a critical role in the enterprise’s ability to manufacture goods at
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short notice.

The operations of a typical apparel enterprise are spread over a vast geographical
area. The styling studios and marketing operations are located close to fashion centers, such
as New York City, Dallas and Los Angeles. Manufacturing facilities are generally located
in areas where inexpensive labor is available. Product development, pattern and marker
making, and cutting are carried out in centralized locations which support numerous sewing
and finishing plants, some of which are located overseas. Distribution of finished goods is

carried out from a central location.

4.2 IDEF0 Diagramming Conventions

The AS IS model of a representative apparel manufacturing enterprise. as it ap-
pears within the context and viewpoint detined in chapter III, has been developed using the
IDEFO function modeling methodology. The model consists of a set of indexed diagrams
and an accompanying glossary of terms. The diagrams model the enterprise in terms of the
functions that the enterprise performs and their inter-connections. Functions are represent-
ed as boxes on the diagrams and described by short verb phrases. Each diagram contains
from 3 to 6 boxes thus maintaining clarity and readability. All the interfaces to a tunction
are represented by labeled arrows which connect to the rectangular function boxes from all
four sides (Figure 2.1). The arrows from the left (inputs) represent inputs to a function and
the arrows coming out from the right (outputs) represent the outputs that the function pro-
duces by transforming its inputs. The entities that constraint or control this transformation
of inputs to outputs are represented as arrows coming in from the top (controls). The arrows
coming in from the bottom (mechanisms) represent the mechanisms, i.e., the means used to
perform the function. The intertace arrows are also referred to as the ICOMs and are de-
scribed in detail in the ICOM glossary. Outputs from one function can be inputs or controls

for other functions. Arrows inter-connecting function boxes represent interfaces between
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functions.

Where more detail on a particular function, represented as a box on a diagram, is
desired, that box is decomposed on another diagram to depict its sub-functions, interfaces
and inter-connections again as boxes and arrows. Thus the diagrams are tied in a hierarchy
in which the higher level diagrams contain more abstract functions and the lower level ones
go into greater details of each activity. Each diagram is bound by the context of its parent
function box, i.e., all the arrows on the parent box connect to the arrows in the correspond-
ing child diagram. The model hierarchy converges to a diagram at the top called the model
context diagram which contains a single box and its interfaces. The interfaces represented
in this diagram serve as the context for the whole model.

A node numbering scheme is used to number the diagrams and boxes. The context
diagram is numbered A-O (A minus zero) and is decomposed into the A0 diagram, which
is the top level diagram depicting the major functions of the enterprise. Within a diagram,
the boxes are numbered starting with number 1. The node number of a diagram is derived
by appending the number of the box that the diagram details to the node number of the di-
agram in which this box belongs. For example, the diagram detailing box number 2 on di-
agram A32 is numbered A322. The partial node tree diagram of the AS 1S function model

shown in Figure 4.1 illustrates the node numbering scheme.

4.3 The AS IS Function Model
The AS IS model of the apparel enterprise consists of IDEF0 diagrams and a glos-
sary [Malhotra90]. The A-0 diagram in Figure 4.2 shows the entire scope of the model, i.e.,
Operate an Apparel Manufacturing Enterprise. It establishes the boundaries (context, in
IDEF terminology) of the model and forms the basis for further decomposition efforts. It
also states the viewpoint from which the enterprise is viewed for modeling and the purpose

that the model is intended to serve.
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The inputs to the enterprise are denoted by the arrows to the left of the box. The
enterprise receives inquiries from the customer on new products, designs and styles, and it
in turn responds to the requests (hence the double-headed arrow with the dots). It receives
sales contracts and shipping orders from the customer while materials (e.g., fabric and trim)
are received from suppliers (materials may be returned if they do not meet quality stan-
dards). The operation of the enterprise is constrained or governed by market trends. indus-
try standards and practices and the requirements of the customer. The resources or
mechanisms responsible for the operation are humans and machines. The tunnels “()”
around the mechanism arrow imply that the details of the mechanism are not important at
the next lower level. The outputs from the enterprise are sales presentations. samples and
shipment of tinished goods to the customer, and communications with suppliers regarding

materials.

4.3.1 The A0 Diagram

The decomposition of the A-O diagram is shown in Figure 4.3. The A0 diagram
clearly identifies the six major functions performed in the day-to-day operations of the en-
terprise. Since it provides a complete description of the model (including the interactions
between the various functions), the AO diagram is commonly referred to as the top level
diagram. All the inputs, outputs, constraints and mechanisms on the A-0 diagram connect
to their corresponding boundary arrows on the A( diagram.

The first function (the first box) is to develop the garment for manufacturing and
it is based on customer needs and market trends. There is a great deal of interaction between
the enterprise and the customer during the course of product development and this is denot-
ed by the double-headed (feedback) arrow. Materials are procured from suppliers to pro-
duce samples. The other results (outputs) of this activity are garment designs and sales

presentations to customers.
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Once the customer places an order, the next function is to plan and prepare for
manufacture and this is represented by the second box in the AO diagram. This activity can
be performed only if sales contracts have been finalized and the availability of materials
ensured. It is constrained by the customer’s delivery requirements. The outputs of this ac-
tivity include the cutting schedule for the orders, communications with vendors regarding
materials, and markers and materials from warehouse.

The third box represents the manutacturing function which encompasses cutting,
sewing, finishing and garment inspection. It requires markers, materials. and warehouse
tickets and cartons as inputs and is constrained by the cutting schedule and the size/color
distribution. The main output of this activity is the manufactured garment.

Providing service to the customer is the other major function performed in an ap-
parel enterprise and this is represented by the fourth box in the A0 diagram. It is responsible
for interacting with the customer on various matters related to an order: confirmation. track-
ing, resolution of problems (delivery. quality, etc.). Since it interacts closely with the cus-
tomer, it is responsible for issuing the tinal order to cut which serves as the input to the Plan
and Prepare for Manufacture function. It also issues the shipping instructions for the fin-
ished goods. Another major function performed in an apparel enterprise is the distribution
of the finished goods and this is represented by the fifth box in the AQ diagram. This func-
tion is constrained by the shipping instructions issued by the Provide Customer Service
function.

Information about the various functions is vital for the efticient operation of the
enterprise. Consequently, every function generates information on its performance (e.g.,
production data, quality problems) as one of its outputs. This information is monitored and
utilized for setting standards and providing data for the operation of the enterprise. This
function is represented by the sixth box in the AQO diagram. It is constrained by industry

standards and practices in wages, engineering and quality.
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The mechanisms have been shown only at the lowest level in the function hierar-
chy where they are relevant. Figure 4.4 through Figure 4.9 show the six functions on the

A0 diagram in greater detail.

4.3.2 Zooming-in on the Manufacture Garment Function

The A0 diagram provides only a bird’s-eye view of the major functions. Each of
the functions in the A0 diagram has been hierarchically decomposed to expose greater de-
tails about that function.To illustrate this hierarchical modeling process. the decomposition
of the Manufacture Garment function present on the AQ diagram is discussed. Figure 4.1
shows the part of the model described as a node tree diagram.

Figure 4.6 shows the decomposition of the Manufacture Garment tunction into
the five functions that are carried out for manufacturing the garment. This is known as the
A3 diagram since it corresponds to the third box in the A0 diagram. The top right- hand
corner in the diagram provides the context and the level in the hierarchy. The inputs, con-
straints, mechanism and outputs in this diagram are inherited from the AO diagram. Thus,
the Manufacture Garment function in the AO diagram can be thought of as the parent for
the various functions in the A3 diagram. Note that the mechanism, QC personnel. is shown
in the Perform Qualitv Audit function (the fifth box) since it (the function) has not been de-
composed further.

Moving one level down in the hierarchy, the Cur Fabric function in the A3 dia-
gram has been expanded into the component functions (or children) as shown in Figure
4.10. This is known as the A32 diagram since it corresponds to the second box in the A3
diagram. The input 11 (Marker & Materials from Warehouse) in the A3 diagram has been
broken down into Fabric, Marker, Trim and Accessories in the A32 diagram thus providing
more information on the process. Also, the outputs Cutting Report and Complete Cut Pack-

age in the A32 diagram correspond to the outputs of the Cut Fabric function in the A3 di-
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agram. The same is true of the constraints Cl and C2.

Figure 4.11 shows the expansion of the Produce Cut Bundles function into its
component functions. This is known as the A322 diagram since it corresponds to the second
box in the A32 diagram. Likewise, the further expansion of the Spread Fabric function is
shown in Figure 4.12 and this is the A3221 diagram. Finally, the expansion of the Stop &
Remove Defects function is shown in the A32212 diagram in Figure 4.13. This diagram
clearly shows the various functions performed in removing defects in the fabric during the
spreading operation. Thus, the modeling process involves hierarchically breaking down the
higher level functions into lower and lower levels until the desired degree of detail has been
achieved.

Similar decompositions of all the major functions have been carried out to the de-
sired degree of detail resulting in the AS IS function architecture for the apparel manufac-
turing enterprise. The model presented here incorporates numerous revisions and
refinements that resulted from the iterative review process. Terminology that was specific
to the enterprise that served as the source for model data, has been generalized. The initial
version of the mode) also revealed many obviously redundant functions in the representa-
tive enterprise. Such redundancies have also been eliminated from the model as part of the
review and refinement process. A more thorough analysis of the model has been left to the

TO BE architecture development stage.
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CHAPTER VY

IFEM: AN INTEGRATED FRAMEWORK FOR ENTERPRISE MODELING

When an architecture for a large and complex system, such as an apparel enter-
prise is developed, the modeling task is facilitated if the architecture is resolved into mul-
tiple models each one of which focuses on one particular aspect of the system. However,
since the resulting models represent different but complementary views of the same system,
it is important to ensure that the models represent exactly the same domain and are consis-
tent with each other. As the size and the complexity of the models increase, it becomes ex-
ceedingly difficult to ensure consistency without well-defined methods. The IDEF and oth-
er modeling methodologies reviewed in Chapter II do not provide any in-built means for
maintaining consistency between models, but leave this task to the modeler. Therefore, as
part of this research, a modeling framework which extends the IDEF methodology to ad-
dress the consistency issue, was developed. The proposed integrated framework for enter-
prise modeling (IFEM) also overcomes the shortcomings of the IDEF, dynamics modeling
methodology discussed in Chapter I1. The TO BE architecture of the apparel manufacturing

enterprise was developed using IFEM.

5.1 IFEM Concepts
The key idea underlying IFEM is to maintain consistency between the function,
information and dynamics models of an enterprise by defining the modeling elements com-
mon to the models once and sharing them between the three models. Thus, in IFEM, the
function, information and dynamics models are integrated into a single cohesive architec-

ture of the enterprise.
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A precise description of how the enterprise (being modeled) functions is captured
in the IFEM function, information and dynamics models of the enterprise. Each model
plays a specific role in the enterprise architecture developed using IFEM. Through the func-
tional breakdown of the enterprise provided by the IFEM function model, the task of mod-
eling how the enterprise functions is resolved into modeling how individual functional
components work and interact with each other. Within the context of the IFEM function
model, the IFEM dynamics model describes how individual functional components work
and interact with each other dynamically. The structure of the data that is maintained to sup-
port the functions of the enterprise, and the relationships between the entities that the data
represents are defined in the IFEM information model. These entities, such as fabric, trou-
sers, purchase orders, schedules, etc., are processed by the functions of the enterprise and
are represented in the IFEM function mode] as interfaces to the functions. Thus. functions
and the entities processed by the functions are the elements that are shared among the three

models in IFEM.

5.2 IFEM Function Modeling Methodology

The IDEF,, function modeling methodology was selected for developing IFEM
function models. Some of the strengths of IDEF. that make it a suitable methodology for
function modeling. were discussed in Chapter I1. IDEF’s hierarchical cell modeling tech-
nique provides a powertul and well-defined notation for representing the functional struc-
ture of an enterprise at a desired level of detail. The inputs, outputs, constraints and mech-
anisms (ICOMs) explicitly model interfaces to each function and inter-connections be-
tween functions: there are no hidden interactions between functions. Thus, the boundaries
of each function are clearly demarcated in an IDEF;, function model. making it a suitable

foundation on which IFEM architecture of an enterprise could be built.
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5.3 IFEM Information Modeling Methodology

The choice of IDEFx as the information methodology for TO BE architecture
was discussed in Chapter II. An IDEF;x model of an enterprise provides a conceptual view
of the enterprise data, based on which an integrated relational database to support CIM in
the enterprise could be designed. The information model defines the structure of the data
that is an abstract representation of the entities that are modeled as ICOMs in the IDEF,
function model. In IFEM, the entity definitions are shared between the information and
function models by defining the ICOM interfaces in the function model in terms of the

IDEFx entities.

5.3.1 Limitations of the IDEF x Model

The IDEFx data structures cannot be directly assigned to ICOMs because the ap-
plication of rules of normalization [Codd70] to the IDEFx n;odel results in fragmentation
of real-world entities (that ICOMs represent) into multiple IDEFx entities. For example,
the attributes of a purchase order are structured in two IDEF | x entities - purchase order and
purchase order item. Therefore, the normalized IDEF x entities do not individually repre-
sent ICOMs. The entities that ICOMs represent have to be composed from multiple IDEF | x
entities. As part of IFEM, an extension to the IDEFIx information model is proposed
whereby the real-world entities are defined as composites of related IDEF | x entities. The
proposed extension provides the means for closely integrating the function and information

models.

5.3.2 Extensions to the IDEF;x Model

The composite structures that represent ICOMs in IFEM are called object classes
(Figure 5.1). A particular instance of a class, e.g., purchase order # 101, is called an object.
The characteristics of the real-world entities that ICOMs represent, are modeled as features

of these object classes. Features are a more general case of attributes that represent the char-
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OBJECT CLASS

is an aggregate of
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feature’s value can be

N
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Stored Value Derived Value

Figure 5.1. Structure of an IFEM Object Class
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acteristics of the entities in IDEF|x models. IDEF|x attributes represent only the funda-
mental characteristics of the entities. Fundamental characteristics of an entity are those
characteristic that cannot be derived from other characteristics. For example, length and
width are fundamental characteristics of a room whereas its area, which is expressed as the
product of length and width, is a derived characteristic. The features in IFEM represent
both, fundamental and derived attributes, as the latter are often of interest in the model. The
value of a derived feature is not a stored data item, but is computed by a formula or a pro-
cedure from the values of other features.

Often, a characteristic of interest in a modeled entity has a set of data items as its
value instead of a single data item allowed in IDEF,x. For example, one of the character-
istics of a garment pattern is the list of parts that make up the pattern. In IDEF | x. a depen-
dent child entity has to be created to model multi-valued attributes to conform to the first
normal relational form. In the current example of garment pattern, the actual pattern is rep-
resented by two IDEF,x entities - pattern and pattern part. Pattern part is related to the
pattern to which it belongs by making the key attributes of partern the foreign key of pat-
tern part. To represent an actual pattern, data items from both the entities have to be aggre-
gated. In IFEM all the data items that represent an ICOM are aggregated into a single object
by allowing the features of an object to be multi-valued.

In IFEM, the value of a feature of an object can be another object. For example,
a pattern, which describes the shape of a garment style, can be a feature of the garment
style. By allowing features to have objects as their values, a hierarchy of object classes can
be built in which complex object classes are defined as composites of simpler object class-
es. The value assigned to an object-valued feature is a single value that uniquely identifies
the object being referenced by the feature. This value, called the object identifier. provides
a simple means, independent of the primary key attributes, for expressing relationships be-

tween objects.
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5.3.3 Role of Information Model in IFEM

The functions of the enterprise can be viewed as applications that reference or ma-
nipulate the data maintained in the enterprise database (the functions that physically trans-
formation entities, e.g., cut fabric, move garments from storage to packing area, etc., also
transform the data entities that are abstract representations of the corresponding physical
entities). Whereas, the IDEF;x model describes how the data should be structured in the
enterprise database, the object model of IFEM describes how this data would be viewed by
the functions. Thus the IFEM object model defines the interfaces between the functions and
the enterprise database. If the database is implemented using relational technology, these
interfaces will have to be implemented by the application software that controls the func-
tions, because relational database management systems do not support the IFEM object
model concepts, such as multi- and object-valued attributes as part of the schema definition.
These concepts are supported in the still-evolving object-oriented database technology.
Once the object-oriented databases become commercially acceptable. the IDEFx model
and the IFEM object model could be replaced by a single model that would provide an ob-

ject-oriented database schema that would support the application interfaces.

5.4 IFEM Dynamics Modeling Methodology
The dynamics model provides an understanding of how the functional compo-
nents of the system behave over time and how these components interact with each other
to produce a flow of entities through the system. The dynamics model describes the dynam-
ic aspects of the functions and the entities whose static description is contained in the func-
tion and information models. The model provides the means to analyze the behavior of the

system through simulation.
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5.4.1 Need for IFEM Dynamics Modeling Methodology

Although, a IDEF, dynamics model provides a complete description of the sys-
tem for simulation, it is a stand-alone model that duplicates most of the information cap-
tured in the function and information models. Redefinition of functions and entities in
IDEF, dynamics model makes its integration with the corresponding function and informa-
tion models difficult.

Apart from the integration problem, the IDEF, methodology has other limitations
that make the methodology unsuitable for IFEM dynamics modeling. The most serious lim-
itation of the IDEF, methodology is that it models the dynamics behavior of the system as
it pertains to the flow of a specitic entity through the system. In modeling CIM systems,
which are characterized by their ability to recontigure dynamically to process a variety of
entities, the IDEF, approach of modeling the flow of a single entity through the system is
not suitable. The methodology does not provide the means for referencing resources, enti-
ties and process sequences as generic parameters. Hence, generic models. that are not re-

stricted to the flow of a specific entity. are difficult to build using IDEF».

5.4.2 The IFEM Dynamics Modeling Approach

The shortcomings of the IDEF, dynamic methodology are addressed in IFEM by
adopting a different approach to dynamic modeling than the one taken by IDEF,. In IFEM,
instead of modeling the flow of an entity through the system, the dynamic behavior of the
functional components of the system, identified in the function model, and the dynamic in-
teractions between these functions are modeled by extending the IDEF, function model.
The resulting dynamics model is completely integrated with the function and information
models, and captures the dynamics behavior of all the functions of the enterprise instead of
only those that participate in the flow of a particular entity.

In IFEM, once the functional structure of the enterprise has been broken down to
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a desired level of detail in the function model and the ICOM:s defined in terms of the entities
modeled in the information model, the dynamic description of the lowest level tunctions
that are not decomposed further, is developed. The context of the function whose dynamic
description is being developed, is provided by the ICOM interfaces of that function. The
dynamic description strictly adheres to this context. A function has access to only those en-
tities that are represented by its inputs and control and it can process only those entities that
are represented by its outputs. Resource entities, such as operators and equipment. available
to the function are represented by the mechanism interfaces to that function. The only in-
teractions that a function is permitted with other functions are the ones represented explic-
itly by ICOMs.

Description of the Dynamics of a Function: The dynamics of a function is de-
scribed in a script very similar to a subroutine in a computer programming language. The
script contains a procedural description of how the entities represented by the inputs and
controls of a function are transformed into entities represented by output, and how the re-
sources represented by mechanisms are used to carry out this transformation. The ICOMs
are analogous to parameters in subroutines. In the scripts, specific entities are not refer-
enced; instead all the references to the entities are as parameters, making the description
generic. The parameters are replaced by specific entity instances when a function is acti-
vated, just like the parameters in a subroutine are replaced by the actual values passed to
the subroutine when it is called. To prevent hidden interactions, similar to side effects in
subroutines. the functions are permitted to modify only the data items that represent the out-
put entities. The data on input and control entities can only be referenced. but cannot be

modified.

Consider an example of a model of a flexible machining system (FMS). One of

the functions of a FMS is to load a part on a machine (Figure 5.2). The input to this function
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is the part to be loaded (I1) and the output is a part loaded on the machine (O1). The re-
sources used are a loading robot (M 1) and a machine on which the part is loaded (M2). The
function is controlled by the process sequence of the part (C1). A generic dynamics descrip-
tion of this function could be as follows:
1. Select a part from input I1.
2. Lookup the process sequence for the part from control C1 to determine on which
machine should the part be loaded next.

. Engage that machine from M2 when it becomes available.

AW

. Engage an available robot M1 to carry out the loading.

(9,

. Load part I1 on machine M2.

6. Release the loading robot M1.

7. Queue up the part loaded on the machine as output O1.
This description is generic because it describes the Load Machine function without refer-
ring to a specific part, robot or machine. When the function is activated for loading a par-
ticular part, the selection of a specific robot and a machine are made based on the process
sequence for the part. The feature that distinguishes this description from an equivalent
IDEF, dynamic description is that the process sequence is not considered a part of the func-
tion’s dynamic description, but is treated as a data input to it. By separating out the elements
that are specific to a particular entity from the dynamic description of a function, the dy-
namics description is made generic in IFEM. The IFEM dynamic modeling approach is par-
ticularly well-suited for modeling flexible data-driven processes that are characteristic of
CIM systems.

In the current FMS example, it is possible that two or more parts are being pro-

cessed in the system at any given time and many machines get loaded simultaneously. In
IDEF,, this situation would be modeled by having one node for each loading station in the

system. In IFEM, this situation is treated as multiple concurrent activations of the same
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function Load Machine, instead of being modeled as multiple nodes. Number of simulta-
neous activations depends on the availability of resources and other conditions. For exam-
ple, function Load Machine may be activated if a loading robot is available and a part is
waiting to be loaded. In IFEM the conditions that trigger the activation of a function are
specified as a part of the dynamics model. Treating multiple processes as activations of a
single function permits development of models that are independent of actual size of the
system. For example, the dynamics model of an FMS is not altered if an extra loading robot,
or an extra machine is added to the system configuration. Thus, IFEM dynamic models are
generic with respect to the scale of the system being modeled.

Dynamic Interactions between Functions: In IFEM, to model dynamic interac-
tions between the functions, the ICOMs interfaces between functions are assigned the fol-
lowing dynamic attributes:

1. Queue

2. Signal
Using the queue attribute, the ICOMs are treated as channels through which entities flow
between functions. A function queues up the processed entities at its output interfaces. The
entities wait in the ICOM queues till they are retrieved by the functions at the other end for
further processing. A maximum capacity can be specified for an ICOM queue: when an
ICOM queue gets filled to its capacity, the function (for which the ICOM is an output) is
halted till sufficient space is once again available in the queue.

The signal attribute provides the means for communication between interacting
functions. A signal for an ICOM is raised by a function to indicate that an entity has been
queued at the ICOM interface by the function. This signal is received by the functions at
the other end to detect the availability of entities in the ICOM queue. These signals may

also trigger an activation of a function if they are part of the trigger condition.
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5.4.3 Syntax for IFEM Dynamics Model

In IFEM, the dynamic behavior of the functions is modeled using primitives sim-
ilar to the ones used in simulation modeling [I[CAM81b, Pegden82]. These primitives rep-
resent various dynamic actions that take place when functions are activated. These actions
include retrieval of entities from input queues, lookup of input or control data, delays rep-
resenting processing times, engaging and disengaging of resources, queueing of output en-
tities and raising of signals associated with outputs. The sequence of actions pertormed by
a function are captured in a script associated with that function, using the dynamics mod-

eling primitives. The syntax of these IFEM primitives is discussed in detail in Chapter VIIL.
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CHAPTER VI
TO-BE ARCHITECTURE: THE INFORMATION MODEL

One of the main objectives of CIM is to integrate the various functional compo-
nents of a discrete-part manufacturing enterprise into a unified system whose functions can
be readily monitored and controlled. This objective is achieved by linking all the functional
components of the enterprise to a common information system through which the data gen-
erated by a function is presented in a meaningful way to other functions that either monitor
this function or are controlled by it. Data. structured and presented in a meaningtul form,
is called information. Information can be shared by functions only if it means the same to
all the functions that share it. The information model provides a single consistent definition
0t1 data based on the semantics of the real world entities the data represents. and unbiased
towards any single function. An information model for the apparel manufacturing enter-
prise is presented in this chapter. The model serves as a conceptual schema for an integrated

information system that is the foundation of a CIM system for an apparel enterprise.

6.1 Model Syntax and Diagramming Conventions
The TO BE information model was developed using the IDEF|x methodology
and consists of a set of diagrams and an accompanying glossary. The diagrams depict the
information structure in a graphical form as a map of data entities and their relationships,
and the glossary provides a textual description of the data entities. The various model ele-

ments are represented graphically using the following diagramming conventions:

6.1.1 Entity

Entities are represented by rectangular boxes in the IDEF 1 x diagrams. Each entity




is given a unique name and number that appears at the top of the box. For example. the box

representing the entity pattern is labeled E14/PATTERN (Figure 6.1).

6.1.2 Relationship

The relationships between entities are represented by directed lines joining the re-
lated entities. For example, the relationship “A pattern consists of many parts” is expressed
as a line directed from E14/PATTERN to EI5/PATTERN_PART (Figure 6.1). The dot at
the end of the line is used to indicate the direction and letter n next to it represents the car-
dinality of the relationship, which is one-ro-many in this case (i.e., a pattern consists of
many parts whereas each part belongs to only one pattern). A parent-child relationship is
said to exist between pattern and pattern part in which pattern is the parent and pattern part

is the child.

6.1.3 Attributes

The characteristics that describe the entities are represented as attribute names
and are listed inside the entity boxes. The attributes listed above the horizontal line dividing
the entity boxes make up the primary key of the entity. The primary key uniquely identifies
an instance of an entity. For example, each pattern is uniquely identified by its primary key
consisting of attributes BasPatNo and RunNo. Attributes listed below the line are called
non-key attributes. When a relationship exists between two entities, the primary key of the
parent is inherited by the child as a foreign key. A foreign key is denoted by FK in paren-
theses after the inherited attribute name. For example, the attribute, BasPatNo. which is a
part of the primary key of the entity, pattern, is inherited from its parent entity, E13/

BASE_PATTERN.

6.1.4 Independent vs. Dependent Entities

For an instance of an entity to exist, it must have values for all its primary key at-
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tributes. For example, a base pattern’s record cannot be maintained in the enterprise with-
out assigning a value for its BasPatNo. Therefore, a base pattern does not exist on the
records if it does not have a BasPatNo. If the primary key of an entity is inherited. as in the
case of EI4/PATTERN (Figure 6.1), then the existence of such entity depends on the ex-
istence of its parent(s). For example. a pattern that belongs to a base pattern type identified
by BasPatNo 231 cannot exist in the records if there is no record for a base pattern with
BasPatNo 231. A dependent entity is represented as a box with rounded corners and a de-

pendence relationship is represented by a solid line.

6.1.5 Categories

Some information entities are related by their similarity to each other. For exam-
ple, construction materials, such as trim, labels, thread, etc. are identitied by a material code
and a color code. but each has certain characteristics that are unique to it. For example,
count may be an important characteristic of thread but it has no meaning for labels. The re-
lationship among such entities is called categorization relationship and is illustrated for en-

tity E34/MAT_VARIANT in Figure 6.2.

6.1.6 Functional Views

While modeling a complex system such as an apparel manufacturing enterprise,
it is difficult to map all the relationships on a single diagram. For ease of modeling, the
model is broken up into functional views each of which represents a particular aspect of the
enterprise operation. These views remain parts of the same model because they share com-
mon entity definitions. Each functional view can be spread over multiple diagrams that are
connected through pageconnectors. The node number and the title of the functional view
are printed at the bottom of each diagram. For example, the two diagrams that make up the
function view F200 entitled Material Description are shown in Figure 6.2.

The information mode! has been normalized to the third normal relational form
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[Codd70]. In this form, all the many-to-many relationships (e.g., many materials may be
ordered on a purchase order and a material may be ordered through many purchase orders)
have been transformed into one-to-many relationships by creating intermediate child enti-
ties between entities that have many-to-many relationships, and the non-key attributes of
each entity are dependent only on the key attributes of that entity and nothing else. All the

entities and their attributes have been defined in the dictionary that accompanies the model.

6.2 The TO BE Information Model

The TO BE information model defines the structure of the entities generated and
processed by the functions of the apparel manufacturing enterprise and the relationships
that exist between these entities. Since the model is a flat network of entities and their re-
lationships that is too big to be presented as a single diagram, it has been broken down into
functional views in the following areas:

1. Marketing and Product Development

. Enterprise Support Services
. Planning and Preparation for Production

. Production Control

w»m A W N

. Manufacturing

6. Distribution
The TO BE information model spans all the enterprise functions that fall within the defined
scope of the architecture and are represented in the AS IS function model. The entity defi-
nitions and relationships presented in the TO BE information model are derived from the
glossary of the AS IS function model. In this section, the TO BE information model is dis-
cussed with the help of illustrative examples from the various functional areas covered in

the model. The complete model, along with its glossary is presented in Appendix A.
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6.2.1 Marketing and Product Development

The Marketing and Product Development function involves marketing of product
ideas to customer and development of garment style. The result is an unambiguous descrip-
tion of what the garment looks like and how it is to be made. A style is developed for a cus-
tomer from the style concept (a sketch, garment sample, etc.) which describes the custom-
er’s style requirements. Figure 6.3 shows the function view Product Development and De-
scription which depicts the structure of the entity sry/e and its relationships to its constituent
entities, i.e.. construction detail, pattern, fit and process plan. The view also depicts the re-
lationship between a style and a style concept.

The structure of construction detail. pattern, fit and process plan are defined in
separate functional views. For example, the structure of a construction detail is defined in
the function view Construction Detail shown in Figure 6.4. Construction detail provides
the description of garment features, such as front pockets, waistband, base. etc. The con-
struction detail also specifies the types of materials to be used for constructing the garment
features and instructions regarding their placement. It serves as a bill of materials for the
garment. It is a list of feature items selected from a library of features. Materials for each
feature item are specified while describing the item. Only the type of material is specified
during style development stage since the color of the materials is different depending on
the fabric used to make the garment. Colors for each material are specified at a later stage
for each fabric to be used when the fabric colors are known. The manufacturing cost of the
garment is determined by summing up the cost of materials used and the cost of operations

associated with each garment feature.

6.2.2 Enterprise Support Services
The following support service tunctions fall within the purview of this model:

Vendor development, industrial engineering and quality control. The information generat-
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ed and maintained by these services is used by other functions, such as product develop-
ment, procurement and manufacturing. This information pertains to raw materials and their
sources, manufacturing operations and resources, and quality standards and procedures.
Data maintained on materials, which includes the description of the materials, their stan-
dard costs, the colors in which the materials are available and the sources for the materials,
is modeled in the function view Material Description (Figure 6.2).

The resources of the enterprise and their capabilities are also modeled. For exam-
ple, the data on equipment is modeled in the function view Manufacturing Resources - Hu-
man shown in Figure 6.5. The data on operators includes the operator’s identification num-
ber, name, plant and department. skill level and capabilities. The entity job defines the skill
level of operators. The operations that an operator has been trained to perform are modeled
as the entity operator skill. Information maintained about each operation includes its de-
scription, standard time required to perform the operation, standard cost attributed to the

operation and the skill level required to perform the operation.

6.2.3 Planning and Preparation for Production

Production planning activities include master planning for production and pro-
curement of materials. Sales orders received from customers are central to the planning ac-
tivity and are modeled as the entity sales program in the function view Sales Program De-
scription (Figure 6.6). A sales program is instituted for the production of garments belong-
ing to a particular style. In a sales program, the number of garments to be produced using
each fabric is specified by the customer. The customer also provides the delivery schedule
for the program. For example, a sales program may be instituted for the production of
10,000 trousers of a particular style - 2,000 of them in navy blue twill and the remaining
8,000 in khaki canvas. The customer may specify that 40% of the order be ready for deliv-

ery by November 1st and the remaining a month later. The sales program may not specity
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the size distribution of the order. The size distribution is not required for the master plan-
ning stage. Planning and preparation for production involves allocation of available pro-
duction capacity to the program, assignment of colors for materials and ordering of mate-
rials for the program. On the master schedule (Figure 6.7), a part of the available production
capacity is reserved for a program. The production plant is selected based on the available
capacity and capability to produce a particular style. Production periods are selected to

match the delivery schedule provided by the customer.

6.2.4 Production Control

Production control involves planning and release of production orders to manu-
facturing plants; the data maintained to support this activity is modeled in the function view
Cut Order Planning shown in Figure 6.8. A production order is issued by production con-
trol to manufacturing for producing the specified quantity of garments in a given color and
size distribution towards the completion of a sales program. Production for a sales program
is completed through one or more production orders. A marker, consisting of an arrange-
ment of sections, each of which is packed with graded pattern parts for one or more sizes,
is assigned to a production order. As part of cut order planning, the spread layout is also
created. The spread layout specifies the number of layers of each fabric type/color that
should be spread under each marker section to yield the desired number of garments in each
size and color, and is modeled as the entity spread section.

Production orders are prepared and released after taking into account the finished
goods inventory, inputs from customer regarding size and color distribution, and availabil-
ity of raw materials and production resources. Each manufacturing plant has a schedule on
which the orders released for production at that plant are posted. Such a schedule may be
prepared and released on a weekly or biweekly basis. Each manufacturing plant receives its

production schedule whereas a centralized cutting facility receives the schedules for all the
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plants it serves.

6.2.5 Manufacturing

Manufacturing of garments involves cutting, sewing and finishing. Cutting for
production orders is scheduled in such a way that the production schedule prepared by the
production control function can be followed. The cutting facility collects all the fabric parts
and other materials required to produce garments for a production order and ships this pack-
age to the appropriate plant for turther processing. The fabric parts are labeled after cutting
so that the parts belonging to any one garment can be easily identified (Figure 6.9).

In the manufacturing plants, each scheduled production order is assigned groups
of equipment on which the garments are assembled and finished (Figure 6.10). A group
may be a line or a module. Each group is assigned a set of operations and operators. For
example, four modules may be assigned for a production order, one each for trouser front
assembly, back assembly, final assembly and finishing. The operations assigned to each

equipmeént group are specified in terms of process steps on the process plan tor the style.

6.2.6 Distribution

Distribution of finished garments to customers involves stocking of goods re-
ceived from the plants, retrieval of appropriate garments for shipping. and packing of these
goods. The entities supporting stocking of finished goods are modeled in the function view
Finished Goods Warehousing shown in Figure 6.11. Regular quality finished garments are
stored in small containers each of which contains one or two dozen garments of the same
color and size. Irregular garments are collected together in large bags and are not stored
with regular garments in the warehouse, but are moved to a special area in the distribution
center for disposal. Containers with regular quality garments are divided into groups for
storage since a single storage location may not be large enough to hold all the containers

for an order. Each location may hold groups from many production orders.
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Figure 6.9. The Function View Cut Package Preparation
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Figure 6.10. The Function View Manufacturing Resource Assignment
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Figure 6.11. The Function View Finished Goods Warehousing
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Garments produced for a sales program are shipped to the customer only when
shipping orders are received from the customer. A shipping order specifies the mix of col-
ors and sizes of the ordered style (Figure 6.12). Typically, a customer sends a shipping or-
der for each retail outlet. Garments for each shipping order are packed individually in ship-
ping cartons and shipped either directly to the retail outlets or to distribution points speci-
fied by the customer. To facilitate packing and shipping, all the shipping orders for a sales
program that have to be shipped around the same time are consolidated into a singie pack-

ing order and garments required for these orders are retrieved together.

6.3 Role of TO BE Information Model in CIM Architecture

The interactions between the various functions of an enterprise involve exchange
of information between them which can be accomplished through one of the following
three means: paper, electronic data files and information sharing. The traditional method is
to use paper for exchanging information. For example, sketches and engineering drawings
are used to communicate the design of a product to be manufactured by the design depart-
ment. Paper-based transfer of information is not only slow but also is error-prone. When
updates are frequently made to the documents, it becomes difficult to ascertain that all the
intended recipients have the same updated version. Transfer of information using paper was
the primary means of formal communication when computer-based systems were not avail-
able to support the enterprise functions. However, this method of information transfer is
still very commonly used in organizations where computer-based systems abound, because
protocols for exchanging information between computer systems may not exist. For exam-
ple, a design produced on a sophisticated CAD system, may still have to be sent to process
planning and manufacturing as a paper printout.

The second method for exchanging information between functions is as electronic

data. Means for transferring data files between computers are available and widely used.
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Unlike paper transfer, electronic data interchange is quick. However, just the ability to in-
terchange data between computers does not solve all problems associated with information
transfer. Electronic data interchange is meaningful only if data from one function can be
interpreted by other functions. For example, a process planning system can use an electron-
ically transferred design data file from a CAD system only if it can interpret it. Even if the
means for interpreting data exist, electronic data interchange between the design and pro-
cess planning functions in the current example would result in creation of two copies of the
design data - the CAD copy and the process planning copy. Since data interchange is a
batch process, inconsistencies between the two copies is likely to exist if the data in one of
the copies is updated. Thus, even with electronic data interchange, the problem of multiple,
inconsistent copies of the same information is not eliminated.

The third method of exchanging information is through sharing of data between
inter-linked functions. This method is the foundation of computer-integrated manufactur-
ing. With this method, information to be exchanged is maintained in a single data set from
where it is accessed by all the functions. For example. the design information is maintained
in one data set which is updated by the CAD system and seen by the process planning and
other systems requiring access to design information. Thus, with the data sharing method,
the cause of inconsistent data is eliminated. However. data sharing cannot work if the data
residing in a single data set is defined from the point of view of a single system. e.g., CAD.
It is necessary that the data be viewed at the enterprise level instead of the function level so
that data definitions that are compatible with the needs of all the functions sharing informa-
tion could be developed. The TO BE information model provides such a view of the data
maintained to support the functions of an apparel manufacturing enterprise. An example
from the TO BE information model illustrates how the model supports information sharing.

Information about materials, such as fabric, trim, accessories, etc.. from which

garments are manufactured, is processed by numerous functions in an apparel enterprise.
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Different types of materials are defined in the TO BE information model (Figure 6.2) as
category entities of the entity E22/MATERIAL which, along with its dependent children
entities, defines the structure of the single data set in which information on materials is
maintained. Materials are defined based on specifications created by the product develop-
ment department to meet the styling requirements of the customers. The entity E22/MA-
TERIAL is used in the definition of the construction detail (Figure 6.4) where it specifies
the material used for constructing a feature of a garment. Another function that accesses
information about materials is the vendor development function which selects suitable sup-
pliers for each material (Figure 6.2). The information about selected vendors for each ma-
terial is structured in the entity E94/MATERIAL_SOURCE which is modeled as a depen-
dent child of the entity E22/MATERIAL. Variations on a material, e.g., different colors for
a type of fabric are defined by the entity E34/MAT_VARIANT, which is modeled as a de-
pendent child of E22/MATERIAL. E34/MAT_VARIANT is used to specify the construc-
tion materials. such as trim, buttons. thread. etc. whose color is dependent on the fabric col-
or (Figure 6.13). The material procurement function uses E34/MAT_VARIANT to specify
the materials to be procured on a purchase order (Figure 6.14). The same entity is also used
to specify the materials to be shipped to manufacturing plants along with cut fabric parts
for producing garments (Figure 6.9). Thus, in the TO BE information model. the entity E22/
MATERIAL and its dependent children entities E34/MAT_VARIANT and E94/MATERI-
AL_SOURCE provide the only definition of the data on materials in the entire model.

As illustrated by the current example, the TO BE information model provides a
single integrated definition for the apparel enterprise data. This definition is the conceptual

schema for an enterprise-wide information system which can support information sharing.

6.4 IDEFx as a High-Level Data Definition Language

The TO BE information model entities define the relational database tables (rela-
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tions) in which the enterprise data could be maintained. The attributes within the entities
correspond with the data fields within each table. Tables in relational databases are usually
set up using SQL, a declarative data definition and manipulation language. A software util-
ity called SQLGEN was developed to control the relational database schema creation and
maintenance process through an IDEFx model. The modeler defines the conceptual sche-
ma as an IDEFx model using the IDEFine-1 tool. SQLGEN converts the IDEF;x model

into SQL commands for setting up or modifying the relational database schema.

6.4.1 SQLGEN Features
The SQLGEN utility performs the following functions:

1. It scans the IDEFine- 1 information model data files to generate SQL data definition
commands for setting up a relational database corresponding to the model.

2. Tt provides debugging and diagnosis features for checking the integrity of the infor-
mation model that are not available in the IDEFine-1 software.

3. It provides the means for maintaining the database. The database that is set up ini-
tially gets out-dated when changes are made to the information mode!. SQLGEN
assists the database administrator in modifying the database to bring it in conform-
ance with the information model.

4. The utility also generates a concise listing of the entities, attributes and their defini-

tion in a table form. This listing can serve as the data dictionary for the model.

6.4.2 SQLGEN Design Approach

A modular approach was followed in the design of the interface software. The
complete utility consists of 6 modules each of which performs a specific function and gen-
erates data for the subsequent module. The utility is executed through a DOS batch file
script which provides an easy-to-use interface to the utility.

The first module called SQLGENI scans the data files of the IDEFine-1 model
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and generates a table listing entities, their attributes and the attribute definitions. This table
is an ASCII file which is formatted for hard copy printout. The second module called SQL-
GEN2 reads the condensed model data and scans it for missing or incorrect attribute defi-
nition. Since IDEFine-1 does not do the consistency checking for attribute definition, this
task is also done by SQLGEN2 module which takes the attribute definition from the entity
where that attributes is owned and uses that definition consistently everywhere else. Also,
the IDEFine-1 attribute types are replaced with the SQL (ORACLE) types. After checking
the model, this module generates a map containing ail the attributes that pass the checking.
It also generates a log file containing messages regarding incorrect or missing attribute def-
initions. The log file pinpoints exactly where the correction needs to be made in the model.
The map generated by SQLGEN?2 is used by the third module SQLGEN3 for generating
the SQL commands for setting up the database tables. The attributes that form the primary
key of an entity are converted into columns in which null values are not allowed. A table
corresponding to an entity is set up in such a way that it may be referred to by the entity
name or entity number. The generated commands are stored in a file which can be executed
by an SQL interpreter to set up the database. Although, the utility has been tested on OR-
ACLE database system, it may be used with any other DBMS which uses ANSI standard
SQL as its data definition language (DDL).

The remaining modules implement the update features. Module SQLGEN4 con-
trols the generation of the model map. The first three modules are executed only if the in-
formation model has been modified since the model map was last generated. The next mod-
ule SQLALT] compiles the information regarding the changes made to the information
model since the last time the utility was run, and passes it on to the last module SQLALT?2.
SQLALT? looks at this information and applies a set of rules to it to generate the updates.
The SQL commands for alterations such as changes in entity names, addition of new enti-

ties and attributes, and addition of attributes to existing entities are automatically written to
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an output file. There are other alterations such as change of attribute name or type, and de-
letion of attributes which are data dependent. Appropriate messages regarding such chang-

es are written to the alteration log which can be used by the DBA to modify the database.
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CHAPTER VII

TO-BE ARCHITECTURE: THE FUNCTION MODEL

The concept of sharing non-redundant data does not necessarily require that the
data be maintained in a central database. It only requires that the information systems of all
the functions conform to a single conceptual schema and be able to share the data that they
generate by exporting it to other functions. This approach is adopted by distributed infor-
mation systems and is better suited for large enterprises than the central database approach
[Groover87]. The conceptual schema provided by the information model is an essential part
of the specification for a distributed information system. In addition, there is a need to un-
derstand where, in the functional structure of the enterprise, the data defined in the infor-
mation model is accessed and specify how the various enterprise functions interface with
the distributed information system. Such interfaces for the functions of the TO BE apparel
manufacturing enterprise were modeled in the TO BE function model presented in this

chapter.

7.1 Model Syntax and Conventions
The TO BE function model was developed using the IFEM methodology dis-
cussed in Chapter V. In the IFEM methodology, the function modet is developed using
IDEF,’s cell modeling technique discussed in Chapter IV.In addition to modeling the func-
tion structure, the ICOM interfaces between the functions are defined using the data defi-
nitions from the TO BE information model. By sharing the entity definitions between the

information and function models, the two models are integrated into a single architecture
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of the static structure of the proposed CIM system for an apparel enterprise. The need for
aggregating the IDEF | x entities defined in the TO BE information model into object classes
was discussed in Chapter V. The ICOMs are defined in terms of the object classes devel-
oped as an extension of the information model. The syntax used to model the object classes

is discussed in this section.

7.1.1 Syntax of Object Class Definitions

Object Classes: An object class corresponding to each IDEF1x entity in the TO
BE information model is defined (Appendix B). Object classes are identified by the letter
‘F’ and carry the same identification number and name as their equivalent IDEF,x entity.
For example, object class stvle is identified as FI/STYLE. Each class is defined as a col-
lection of features.

Features: The features of a class are identified by short descriptive names that ap-
pear to the left of colons in the object class definitions. For example, features of object class
F1/STYLE are ID, Date, Status, CD, Fit. Pattern and ProcPlan (Figure 7.1). The defini-
tions of the features appear on the right-hand side of the colons. Features representing
atomic data items are defined in terms of their equivalent attributes in the entity definitions.
For example, the feature Starus in FI/STYLE. which is same as the attribute Sry/eSratus in
E1l/STYLE is defined as:

Status : E1.StyleStatus:

Relationship between objects classes are expressed by defining a feature of one class as an
object of another class. For example. the relationship between the entities STYLE and
PATTERN is expressed by defining a feature Patrern in class STYLE to be an object of
class PATTERN as follows:

Pattern :FI4{PATTERN};

Multi-valued features are defined as a list of objects in a particular class. For example, in



F1/STYLE
Features:
ID :E1.StyleNo;
Date :E1.StyCreDate;
Status  :El.StyleStatus:
CD :F3{CONSTR_DETAIL};
Fit :F2{FIT};
Pattern :F14{PATTERN};
ProcPlan :F23{PROCESS_PLAN}];

Figure 7.1. Definition of Object Class STYLE
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the class F14/PATTERN, the feature Part, which represents a collection of pattern parts is
defined as follows:

Part :LIST(FIS{PATTERN_PART)});

Derived features are defined in terms of type of value returned by the feature. The proce-
dure for deriving the value is not specified as it is implementation-specific. Comments are
used to indicate what the feature returns. For example, the feature Cost, which returns the
cost of construction for a garment derived from the costs of materials and operations used
in garment construction, is expressed as follows:

Cost  :(The sum of costs of materials and operations on the construction detail)

Constraints: Constraints on features are expressed using the WHERE clause in
the definition of a feature. A relational expression defining the constraint on the feature fol-
lows the WHERE clause. For example, if only a validated pattern could be assigned to a
style, this constraint could be expressed as follows in the definition of the feature Pattern
in the class F1/STYLE:

Pattern : F14{PATTERN}

WHERE F14{PATTERN].Status IS *"VALIDATED":

Inverse Relationships: Constraints are also used to express inverse relationships
between classes. For example, for the entity FIS/PATTERN_PART, the feature Pattern
identifies the pattern to which the part belongs. This relationship is inverse of the relation-
ship between pattern and pattern part expressed by the feature Part in the entity F14/PAT-
TERN. The inverse relationship in this case can be expressed as follows:

Pattern : F14{PATTERN}

WHERE SELF IN F14{PATTERN} .Part;

Keyword SELF identifies the object class in which the feature is defined.
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7.1.2 Syntax for ICOM Definitions

Structure Definitions of ICOMs: The structure definitions of ICOMs modeled
in the TO BE function model are contained in their respective glossary entries (Appendix
C). For example, the ICOM Production Schedule is defined as (Figure 7.2):

F76{PROD_SCHEDULE};

Constraints on objects in ICOM definitions are expressed in an easily understandable syn-
tax using the WHERE clause. For example, the ICOM Style - Validated, which represents
a style that has been validated. is defined as follows:

F1{STYLE} WHERE Status IS *VALIDATED’;

A feature of an object is referenced in an ICOM definition by prefixing it with the name of
the object class to which it belongs and separating the two names with a period. For exam-
ple, the ICOM Stvie's Process Plan, which represents a process plan assigned to a style is
defined as:

F1{STYLE}.ProcPlan.

An ICOMs that represents a set of features is defined as a partition that limits the view of
the ICOM to specific features in a class. For example. the ICOM Style's Shape. which rep-
resents the features Pattern and Fir of the class FI/STYLE, is defined as follows:

(Pattern, Fit) FROM FI/STYLE:

Type classification of ICOMs: Defining ICOMs in terms of database structures
implies that the functions represented in the function model interface with each other only
through the database. However, in an IDEFO function model, there may be ICOMs that rep-
resent direct exchange of transient information between functions. For example, ICOMs
may represent start, stop and acknowledge signals that are sent from one process to another
as part of a hand-shaking protocol. Data on such transient entities need not be maintained
as it ceases to be of interest once it has been used by the receiving function. Consequently,

transient entities are not included in the information model. In IFEM, ICOMs are classified




Production Schedule
Type: S/P
Structure:
F76{PRODUCTION_SCHEDULE};
Description:
Schedule for production (assembly and finishing) plants
for a particular production period.

Figure 7.2. Glossary Entry for the ICOM Interface Production Schedule
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as transient or persistent, based on the type of entities they represent. The data structures
that define the transient ICOMs are not related to the information model] entities. In the TO
BE function model glossary, transient ICOMs are identified by letter ‘“T" and persistent
ones by letter ‘P’ under the heading Type in the glossary entries for the ICOMs. For exam-
ple, the type code of Production Schedule contains ‘P’ indicating that the ICOM represents
a persistent entity (Figure 7.2).

Another classification of the ICOMs results from the fact that ICOMs may repre-
sent abstract ideas or knowledge that cannot be defined as structured data in the informa-
tion model. For example, the knowledge about fashion trends constrains the garment design
function, but is difficult to represent this knowledge as structured data. ICOMs representing
unstructured entities are classified as free-form ICOMs and are not assigned any data struc-
tures in IFEM. The type code for free-form ICOMs is ‘F” and for structured ICOMs is ‘S’
In Figure 7.2. ‘S’ in the type code of Production Schedule indicates that the ICOM repre-

sents a structured entity.

7.2 TO BE Function Model

Appendix C contains the TO BE function model representing the function struc-
ture of a computer-integrated apparel manufacturing enterprise. The activities of the appar-
el enterprise were analyzed through the AS IS model and presented in the TO BE tfunction
model as functional components of an enterprise-wide information system that create,
modify and reference data. Functions that transform physical entities, e.g.. Cur Fabric,
have been abstracted as information processing functions that modify the data representing
the state of the physical entities. The TO BE model adheres to the context and viewpoint of
the AS IS model. The methodology outlined in the previous section was used to integrate
the TO BE function model with the TO BE information model discussed in Chapter VI. In

the resulting integrated model, the ICOM interfaces. in addition to representing inter-con-
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nections between the functions, also represent the interface of the functions to the enter-
prise-wide CIM information system. The model complements the TO BE information mod-
el in defining an architecture for a distributed CIM information system in that it identifies
the enterprise functions that require access to each data entity defined in the TO BE infor-
mation model.

The TO BE function model incorporates refinements to the AS IS model to facil-
itate a distributed information sharing architecture for CIM. The modifications. based on
the analysis of the AS IS function model and the TO BE information model. have resulted
in a reorganization of the function structure of the enterprise, elimination of redundant
functions and generalization of the model for apparel manufacturing. These modifications

are discussed in this section with the help of illustrative examples from the model.

7.2.1 Restructuring of the Function Hierarchy

In the TO BE function model. the AS IS model function hierarchy was restruc-
tured to group the enterprise functions around the data entities they access and modify. In
the restructured hierarchy, the outputs of a function represent the data entities that are made
available by that function to the outside functions. The ICOMs that interface the sub-func-
tions of a function represent data that is local to that function and is not seen by the outside
functions. The local and shared data are distinguished at all levels in the TO BE function
hierarchy.

In the top level diagram AO (Figure 7.3). the six functions, Al through A6 corre-
spond to the six functional areas into which the information mode! is divided. Each of these
functions creates and modifies data entities modeled in the function views in its respective
functional area. From the viewpoint of a function, there are two types of data entities:
shared and local. Only those data entities that are of use to other functions are shared by a

function; the rest are viewed as local data entities that are unavailable to the outside func-
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tions. For example, the function Develop and Market Garments (Al) in Figure 7.4 is
viewed as a function that creates and modifies a garment style based on customer’s require-
ments. An outcome of this activity is a garment style which is shared with other functions.
A style has components, such as construction detail, pattern, fit and process plan, which are
created and modified by the sub-functions of Al. Data on all these components is main-
tained locally within A1 and is not available outside it. Only those patterns, construction
details, fit and process plans that have been assigned to the styles represented by the output
of Al are shared with the outside functions. The output interface Garment Style of function
Al is defined in the model as a style that has been validated. This constraint in the definition
of garment style applies to the shared information as well. Therefore only the validated
styles are available outside Al.

The distinction between local and shared data is made for functions at all levels
in the model hierarchy. For example, consider the sub-functions of Al in Figure 7.4. The
data on style concepts generated by the stylist is local to the function Marker Stvle Ideas to
Customers (Al1). Only those style concepts that have been selected by the customer for
development into styles are shared by this function with Develop Garment Stvle (A12).
Similarly, data on sample production schedules that is of relevance only to the sample pro-
duction functions, is local to the function Provide Sample Garments (Al14).

The output arrows represent the data entities exported by a function while the in-
put and control interface arrows represent the data entities imported by the function. The
imported data entities are either referenced or used to generate the outputs of a function.
The data accessible to a function is constrained by the definition of the input and control
interfaces. For example, consider the function Receive and Confirm Sales Order (A31)
which has Sryle - Validated as one of its control interfaces (Figure 7.5). The function re-
quires access to the details of the styles that are to be assigned to the new sales programs.

As per the definition of the ICOM Styie - Validated, function A31 has access to all the data




101

UONOUNY JUBUIDD) 1Y pup doj243(] Y} JO S|IeId(] “p [ 2In31y

|

w0y s, 3k

0 ¢+—
£0 &




8 UoNIURY 24mpInfnuppy 10f 34ndaig puv up)g Iy Jo spperdq G, N3




103

on styles that have been validated. The accessible data entities recursively include the com-
ponents of the entity style, e.g., data on style would include all the data on the fit of the style
and all the data that describes the grade table feature of this fit.

Thus, using the ICOMs, the interface of the functional components of a CIM in-
formation system for an apparel manufacturing enterprise were specified in the TO BE

function model.

7.2.2 Elimination of Redundant Functions

In the AS IS enterprise, due to the absence of an integrated information system,
activities for handling the paperwork and checking the validity of available information are
part of the enterprise functions. Such activities were represented in the AS IS model, but
are not included in the TO BE model. For example, consider the function Validate Model
(A223) in diagram A22 of the AS IS model in Figure 7.6. This function ensures that style
data used to complete the details of a program is consistent with the style data maintained
by the product development function. This function is not included in the TO BE model
since the validation of the styles is performed automatically during the product develop-
ment stage. A style is validated when its components, such as pattern and construction de-
tail are finalized. There is no need for any further validation at the production planning

stage because the planning function’s access is restricted to validated styles only.

7.2.3 Generalization of the Model

In the AS IS model, the sewing and finishing functions, which transform cut fab-
ric into finished garment were modeled to reflect operations involved in the production of
a particular type of garment. Each process step has been modeled as a sewing or finishing
function as shown in Figure 7.7. In the TO BE function model, these functions were rede-
fined to make the model a representative model for producing any type of garment. The

generalization of the function model has been achieved by separating the generic functional
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components of sewing and finishing from the process plan element that is specific to a par-
ticular garment. In the TO BE model the process plan has been abstracted as data which is
represented by the ICOMs in the model. The TO BE function structure only contains the
generic functions that are controlled by the process plans.

The generic apparel assembly functions have been modeled in diagram Sew and
Finish Garments (A532) in the TO BE function model (Figure 7.8). In this model. sewing
and finishing operations are performed on garments through four generic functions. The
function Hold Garment Sub-Assemblies (A5322) represents the buffering function on the
shopfloor. The in-process sub-assemblies are stored in buffers between operations. The
function Transport Garment Sub-Assemblies (A5323) represents movement of buffered
sub-assemblies to the Process Garment Sub-Assemblies (A5324) function which performs
the actual sewing or finishing operations on the garment sub-assembly. The hold. transport
and process functions are controlled by a teedback control function Control Sewing and
Finishing Units (A5321) which controls a processing line or modules. The control function
is driven by the process plan data which is part of the data represented by the ICOM As-
signments - Plant Resources that interfaces to this function. Depending on the process plan,
the control function can send garment sub-assemblies through a particular sequence of
holds, transports and processes to yield garments of a particular style. Thus. the function
Sew and Finish Garments represents a garment manufacturing system that is flexible and

data driven.

7.3 Role of Function Model in TO BE Architecture
The TO BE function model complements the TO BE information model as the de-
sign specification for a CIM system for apparel manufacturing. Whereas the information
model provides a database schema for the information system that supports CIM in an ap-

parel enterprise. the function model specifies how the components of the information sys-
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tem are distributed throughout the enterprise.




CHAPTER VIII
TO-BE ARCHITECTURE: THE DYNAMICS MODEL

The TO BE function and information models represent the static architecture of
the proposed CIM system for an apparel manufacturing enterprise. However. to completely
describe how the system functions, the time-varying behavior of the system needs to be
modeled. The dynamics model of the system describes how the functions modeled in the
function model and the information entities modeled in the information model interact dy-
namically to produce the desired system behavior. Thus, the TO BE dynamics model pre-
sented in this chapter provides the means for analyzing the behavior of the apparel enter-

prise.

8.1 Model Syntax and Conventions

The TO BE dynamics model was developed using the IFEM methodology dis-
cussed in Chapter V. In the IFEM methodology. the dynamics model is an extension of the
function model. The TO BE dynamics model consists of scripts that describe how each
lowest level function in the function model hierarchy behaves and interacts with other func-
tions. The scripts capture the temporal interactions between the inputs. outputs. controls
and mechanisms of a function. The sequence of dynamic actions performed by a function
to transform its input and control entities into its output entities are expressed in a script for
the function. The mechanism entities represent the resources which must be available for
the transformations to take place. Examples of dynamic actions include engagement and re-
lease of resources, retrieval of entities from input queues, release of transtormed entities

into output queues, etc. From the viewpoint of the IFEM dynamics model, an ICOM inter-
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face represents a channel along which entities can be moved between functions intercon-
nected through the interface. The entities awaiting processing can queue up in the ICOM
channel. Before the IFEM dynamics model is developed, the structure of entities corre-
sponding to each ICOM has to be defined. In IFEM, the entity structure definition for each

ICOM is derived from the information model as discussed in Chapter VII.

8.1.1 IFEM Dynamics Primitives

The dynamic actions modeled in the scripts are represented by a set of primitives.
In general, each primitive has the following syntax:

Operation ICOM [Selection Criteria] [Delay]:
Operation is the dynamic action that the primitive represents and /COM is the interface
channel on which the action is performed. The entities affected by the action are selected
from the /COM interface based on the specitied Selection Criteria. Delay is the time lapse
associated with the action. Consider the following example:

RETRIEVE I [I1.Color IS ‘RED’][Di]:
This primitive represents retrieval of all entities, whose feature Color has value ‘RED’,
from input interface I1. The time taken to complete this action is DI. The entities selected
as a result of this action are assigned to a collection named I1. The IFEM dynamics mod-
eling primitives are listed in Table 1.

Engagement of Resources: Resources are engaged by functions using the EN-
GAGE primitive which has the following syntax:

ENGAGE Mx [selection criterial;
The resources represented by the mechanism interface arrow Mx are engaged. The selec-
tion criteria can be used to select resources based on their specific attributes. If the selection
criteria are not specified, the first available resource entity is selected. The engaged re-

sources are assigned to a collection named Mx as a result of ENGAGE. If the requested re-
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ENGAGE M [selection criterial,

DISENGAGE Mux [selection criterial;

RETRIEVE Lx (or Cx) [selection criteria) [deluyl;

COLLECT Lx (or Cx) [selection criteria) [delay];

ASSIGN Oux. Feature. <- value [selection criteria] [delay];

Process Ox [selection criteria) [delay),

RELEASE Ou [selection criteria] [delay];

RELEASE Oux.Feature <- value [selection criteria) [delav);

LOOKUP Ix (or Cx, Ox, Mx) [selection criteria) [delay),

WAIT [duration /| UNTIL time];
TRIGGER condition;

END;

IF {condition) {block 1} ELSE {block 2}.

WITH p {block 1} ELSE {block 2}

REPEAT {[control] {block};

Control:
[n TIMES]
[EACH X IN collection)
[WHILE condition]
[UNTIL condition)

Engage resources from interface Mx to
carry out a process

Free up resources previously engaged
from interface Mx

Retrieve entities from interface Ix or Cx
for processing

Retrieve entities and add them to a set of
previously retrieved entities

Assign a value to the specified feature of
an entity associated with interface Ox

User-defined primitive for operating on
entities associated with interface Ox

Release processed entities at interface
Ox

Release entities after assigning a value
to the specified feature

Lookup data representing entities asso-
ciated with an ICOM interface

Wait for a specified duration or until a
specified time

Activate a function when the specified
condition is met

Terminate a function

Choose between alternate sequences of
actions on the basis of the specified con-
dition

Choose between alternate sequences of
actions depending on probability p

Repeat a sequence of actions

Repeat n times;
Repeat for each item X in the collection;
Repeat while condition holds true;

Repeat until condition becomes true;

Table 1. The IFEM Dynamics Modeling Primitives
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sources are busy, ENGAGE waits till they become available. However, resources may be
preempted from other functions by using the PRIORITY (n) clause in the selection criteria.
A higher value of 7 in the PRIORITY clause signifies a higher priority. A higher priority
ENGAGE can interrupt an ongoing process with a lower priority ENGAGE. By default, the
ENGAGE primitive has the lowest priority value of zero.

Release of Resources: To represent the release of engaged resources, once a task
is finished, the following primitive is used:

DISENGAGE Mx [selection criterial;
DISENGAGE releases the collection of resources previously engaged using the ENGAGE
primitive and assigned to collection Mx. The selection criteria can be used to release only
those resources that meet the specified conditions. After a DISENGAGE, the resources that
meet the selection criteria are removed from the collection Mx. If a selection criterion is not
specified, then by default, all the resources contained in the collection Mx are released.

Retrieval of Entities: Entities queued up at the inputs or control intertaces of a
function can be retrieved for processing using the RETRIEVE or COLLECT primitives,
whose syntax is as follows:

RETRIEVE Ix (or Cx) [selection criteria] [delay];

COLLECT Ix (or Cx) [selection criterial [delay};
Both RETRIEVE and COLLECT primitives remove entities that are queued at the speci-
fied input interface Lx (or control interface Cx) and meet the selection criteria. and assigns
them to a collection named ILx (or Cx). The difference between RETRIEVE and COLLECT
is as follows: when entities are retrieved repeatedly, RETRIEVE replaces the collection of
previously retrieved entities by the newly retrieved ones; with COLLECT, the newly re-
trieved entities are added to the collection of previously retrieved entities.

If no selection criterion is provided, by default, the first entity in the queue is re-

trieved. If the specified queue does not contain the entities that meet the selection criterion
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the RETRIEVE and COLLECT primitives wait till the entities become available, before re-
trieving them.

Processing of Entities: Processing of entities by functions involves modification
of their attributes. For example a function may process a job entity by changing its status
attribute from in-process to processed. The following primitives are used for representing
transtormation of entities by the functions:

ASSIGN Ox. Feature. <- value [selection criteria) [delay];

Process Ox [selection criteria] [delav];

The ASSIGN primitive is used to assign a value to a feature of the specified entity Ox. All
the entities that meet the selection criteria are selected for processing by the ASSIGN prim-
itive and are collected in Ox. In IFEM, processing is permitted only on the output entities.

A user-defined Process module is used to represent a complex set of actions, such
as an update of a schedule, revision of a plan. etc.. that cannot be represented using the AS-
SIGN primitive. Typically, the modifications represented by a process module require hu-
man skills or complex software. Each process module is defined in the script in which itis
used. The definition only states what the module does; the design and implementation of
the module is left to the system development phases that follow architecture development.

Release of Entities: The entities transtormed by a function are released and
queued up for other functions using the QUEUE primitive which has the following syntax:

QUEUE Ox [selection criterial [delay];

QUEUE selects entities that meet the selection criteria and puts them in the queue associ-
ated with the output interface Ox. The selected entities are assigned to the collection named
Ox before they are queued. If no selection criterion is specified, the entities previously con-
tained in the collection Ox are queued. The QUEUE primitive also generates a signal to
mark its completion. This signal is used by the function, from which the signal originates,

to notify other functions of the queuing event.



14

An ASSIGN followed by a QUEUE can be combined into a single primitive as
follows:

QUEUE Ox.Feature <- value [selection criteria) [delay];
The specitied feature of entities selected for queuing are assigned the value before queuing.

Data Lookup: All the entities that correspond to the structure definition of an
ICOM interface can be looked up using the following primitive:

LOOKUP Ix (or Cx, Ox. Mx) [selection criteria] [delay],
The LOOKUP primitive searches for entities associated with an ICOM interface and meet-
ing the selection criteria from the database of entities and assigns the selected entities to a
collection. Unlike RETRIEVE. the LOOKUP primitive does not contine its search to the
entities queued up at the interface, but searches from all the entities matching the interface
definition. If no selection criterion is specified. all the entities that match the ICOM inter-
face definition are selected.

Waiting Period between Actions: A waiting period between actions is modeled
using the WAIT primitive which has the following syntax:

WAIT [duration / UNTIL time]:
The duration or the time until which the WAIT has to remain in effect may be specitied.

Conditional Branching: Conditional branching is modeled in the dynamic mod-
el using the following primitives:

IF [condition] {block 1} ELSE {block 2};

WITH p {block 1} ELSE {block 2};
The IF primitive is used for conditional branching in the scripts. If the condition holds true,
block 1 is executed; otherwise block 2 is executed. A block contains one or more primitives
representing a sequence of actions. Probabilistic branching is modeled using the WITH
primitive. The probability that block! will be executed is p; block 2 is executed it block 1

is not. The ELSE clause is optional in the IF and WITH primitives.
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Loops: Repeated execution of a sequence of actions is modeled using the RE-
PEAT primitive which has the following syntax:

REPEAT [control] {block},
The block of actions is executed repeatedly and the number of repetitions is controlled by
the control clause, which can be one of the following:

[n TIMES]) : Repeat n times;

[EACH collection] : Repeat for each item in the collection:

[WHILE condition] : Repeat while condition holds true;

[UNTIL condition] : Repeat until condition becomes true;

Activation of Functions: The events that activate a function are specified using
the TRIGGER primitive which has the following syntax:

TRIGGER condition;
A function is triggered by a set of events specified in the condition expression. There are
three types of events that can be included in the condition: input, resource and clock events.
The input event occurs when entities are queued at an input or control interface through the
QUEUE primitive. The resource event occurs when a resource becomes available. The
clock events are chronological events that occur when the clock reaches a preset time. The
input and resource events are identified by the ICOM codes of the respective interfaces.
The use of TRIGGER primitive is illustrated by the following example:

TRIGGER (I1 AND M2) OR NOON;
In this example, if NOON has been assigned a time value 12:00:00, the condition states that
the function is activated either when input I1 and resource M2 are available, or at noon ev-
ery day.

Termination of Functions: The termination of a function is indicated by the
END primitive. If any resources are still engaged at the time the END primitive is encoun-

tered, these resources are released before the function is terminated.
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8.1.2 The Selection Criteria

The entities processed by a primitive are selected by applying the specified selec-
tion criterion to the collection of candidate entities from which the selection is made. The
selection criteria may consist of a set of individual criteria separated from each by commas.
The syntax of the selection criteria is as follows:

[Criterionl, Criterion2........ ]

The criteria are applied to the candidate collection from left to right, i.e., criterion2 is ap-
plied to the collection of entities selected after applying criterion].

An individual criterion may be a boolean selection condition, that must be satis-
fied by the selected entities. A selection condition consists of relational expressions, that
match a feature of an entity to a value. connected together by logical operators AND and
OR. For example, the condition that the entities selected from input Il have been created
by person identified as M1 and are not red in color is specified as:

I1.Color NOT ‘RED’ AND I1.Creator IS M1

The following relational operators can be used in the selection conditions:

IS . Is same as;
NOT . Is different from,;
IN . Is contained in;

NOT IN : Is not contained in:
The IS operator checks whether the items being compared are the same. The NOT operator
is the inverse of IS. The items compared using the IS and NOT operators can be entities,
features or collections of entities. When collections are compared, then the condition holds
true if the collections being compared contain exactly the same items. The IN operator
checks whether, in the relational expression A IN B, all the entities in collection A are con-
tained in collection B. Relational expressions involving numerical or enumerated items can

also use the GT (greater than), GE (greater than or equal to), LT (less than) and LE (less
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than or equal to) relational operators.
A selection criterion may also be a function that selects and returns a collection
of entities. For example, the function FIRST(N) returns the first N entities from the collec-

tion of candidate entities. The following functions can be used in selection criteria:

FIRST(N) : Select first N entities from the collection;
LAST(N) . Select last N entities from the collection;
SAME(feature) : The specified feature has the same value for all the

selected entities;
Other selection functions may be defined to suit the modeling needs. In defining a selection
function, only a description of what the function does is provided; how the function is im-
plemented is not part of the IFEM dynamics model. User-defined selection functions may
represent selection criteria that require human skills or considerably intricate selection log-

ic.

8.2 The TO BE Dynamics Model
The primitives discussed in the previous section were used to develop scripts that
model the dynamics of each low-level function contained in the TO BE function model. To
illustrate how the dynamics of the TO BE apparel enterprise are represented in the model.
the dynamics scripts of functions involved in converting cut fabric parts into finished gar-
ments, represented by the node Sew and Finish Garments (A532), are discussed in detail.

Appendix C contains the complete TO BE dynamics model.

8.2.1 An Overview of the Structure of the Sew and Finish Garments Function
The Sew and Finish Garments function models the activities of the sewing and
finishing shopfloor (Figure 8.1). The input to this function is Cut Package Shipment which

represents all the cut fabric parts and construction materials required to produce garments
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for an order. The control interface to this function is Assignments - Plant Resources that
represents the resources assigned for performing each step involved in producing garments
for the order. The resources assi gned to produce garments are grouped into functional mod-
ules, each containing one or more workstations and designated to perform a set of opera-
tions. For example, six modules may be assigned for an order - one each for front, back,
waistband and final assembly, and two for finishing. One or more operators is assigned to
operate workstations in each module. The outputs from the function are finished garments
and production status information represented by output interfaces Garments - Finished
and Production Status respectively.

The Sew and Finish Garments function is detailed further to represent the basic
shopfloor activities. The production operations are carried out at the sewing and finishing
modules assigned to the order. Garment sub-assemblies for an order are held in a storage
buffer from where they are taken to the modules tor processing and brought back by trans-
port devices serving the modules. The movement of sub-assemblies to the modules is con-
trolled by the shopfloor controller that routes the sub-assemblies to the appropriate modules

and ensures the correct sequencing of operation.

8.2.2 Dynamics of the Sew and Finish Garment Function

The script corresponding to each lowest-level function under the Sew and Finish
Garments node describes how that function is activated and how it behaves once it is acti-
vated. The structure definitions of the entities available to each function are contained in
the TO BE function model glossary.

Control Sewing and Finishing Production: The shopfloor control activities are
represented by the function Control Sewing and Finishing Production (A5321). The script
describing the dynamics of this function is shown in Figure 8.2. This function is activated

when the entity Assignments - Plant Resources is available at the control interface CI. This
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Control Sewing and Finishing Production

Description:
Control

on the process plan.

Interface:
Cl: Assignments - Plant Resources; (F77{SCH_PROD_ORD})
C2: Sewing & Finishing Status; (F78{ PROD_ASSGNMT} )
C3: Work-In-Process Status; {F101 {GARSUBASSEM}}
0l: Producticn Status; {F48 { PRODUCTION_ORDER})
Q2: Sewing & Finishing Assignments; (F78 {PROD_ASSGNMT} )
03: Sub-Assembly Release Order; (F101 {GAR_SUBASSEM})

Dvnamics:

Selectl : {Selects sub-assemblies for further processing]);

Procl

TRIGGER : Cl;
RETRIEVE C1;
REPEAT [EACH Cl.Assgnmt]

IF [Cl.Assgnmt.Equip.Function IN ('SEWING', ‘FINISHING')]
QUEUE 02 [02 IS Cl.Assgnmt];

REPEAT [UNTIL Cl.Order.Status 1S ‘FINISHED']

END;

{

RETRIEVE €3 [C3.Unit.Order IS Cl.Order AND Selectl]:

Procl 03 {03 1S C3];

QUEUE 03;

LOOKUP C2 {C2 IN Cl.Assgnmt AND C2.Status NOT ‘'DONE’' AND
Cl.Equip.Function IN ('SEWING', ‘FINISHING')};:

IF [C2 IS NULL)

QUEUE 01.Status <- ‘FINISHED' {0l IS Cl.Order]

the real-time operation of sewing/finishing lines or modules. Move each
garment unit through the entire sequence of process steps and track its status all
along. Also ensure that the process steps are performed in the correct sequence given

: [Assigns the next processing location to selected sub-as]:

Figure 8.2. Dynamics description script for the Control Sewing and Finishing Production

function
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entity is retrieved from C1 by the RETRIEVE primitive. The retrieved entity contains a list
of assignments Assgnmt for individual modules to be used for producing garments in the
order. The assignments for modules (Eqguip) with function ‘SEWING’ or ‘FINISHING’,
are queued at the output interface O2.

The sequence of actions inside the REPEAT loop is repeated until the status of the
entire order is changed to ‘FINISHED'. From C3, the sub-assemblies that belong to the or-
der being processed and selected by the Select/ module for further processing. are re-
trieved. The entities retrieved from C3 are processed by the Proc/ module and released at
the interface O3 by the QUEUE primitive. Next, the sewing and finishing assignments for
this order, whose status is not ‘DONE’ are looked up from the interface C2. If C2 does not
contain any assignment with status not ‘DONE’, i.e.. all the assignments are finished, the
entity Production Status is released at the interface Ol after updating its status to ‘FIN-
ISHED’. Once the REPEAT loop is exited. the function activation is terminated by the
END primitive.

The selection function Select/ encapsulates the logic used by the controller to se-
lect sub-assemblies for further processing. The user-defined procedure Proc/ encapsulates
the steps for assigning the next processing location to which the selected sub-assemblies
have to be routed. To reiterate, in IFEM dynamics models, modules such as Select]! and
Procl, are only declared; the detailed design and implementation of these modules follows
architecture development.

Hold Garment Sub-Assemblies: The function Hold Garment Sub-Assemblies
(A5322) represents buffering of in-process sub-assemblies. The script describing the dy-
namics of this function is shown in Figure 8.3. This function is activated by the arrival of
the entity Cut Package at the input interface I1. A storage buffer is engaged from interface
M1. A cut package is retrieved from input I1. All the sub-assemblies contained in the entity

retrieved from 11 are released as work-in-process status at the output O1 (this output pro-
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Bold Garment Sub-Assemblies
Description:

Hold the garments sub-assemblies in process between process steps. Update the lo-
cation of each garment sub-assembly received in the buffer.

Interface:
Il: Cut Package; (F48 (PRODUCTION_ORDER})
I2: Sub-Assemblies - For Storage; (F101 {GAR_SUBASSEM})
Cl: Sub-Assembly Release Order: (F101 {GAR_SUBASSEM})
01: Work-In-Process Status; (F101 {GAR_SUBASSEM})
02: Garment - Finished; {F79 {GARMENT_UNIT))
03: Sub-Assemblies - For Transportation; (F101{GAR_SUBASSEM)
Ml: Storage Buffer; (F30{BUFFER})
Dynamics:
TRIGGER :I1;
ENGAGE M1;

RETRIEVE Il;

QUEUE 01 [0l IN Il.Unit.SubAssem];

REPEAT [UNTIL Il.Status IS ‘FINISHED'
{
RETRIEVE Cl1 [Cl.Unit.Order IS Il};:
QUEUE 03 [03 IN Cl):
RETRIEVE I2 [I2.Unit.Order 1S I1j;
QUEUE 01 (Ol 1Is 12];
)

QUEUE 02 {02 IN Il.Unit};

DISENGAGE M1l;

END;

Figure 8.3. Dynamics Description Script for the Hold Garment Sub-Assemblies Function
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vides the Control Sewing and Finishing Production function with a list of sub-assemblies
available in the buffer).

The sequence of actions within the REPEAT loop is repeated until the status of
the order for which the cut package was retrieved from I1 becomes ‘FINISHED’. The sub-
assemblies marked for further processing by the Control Sewing and Finishing Production
function are retrieved by the RETRIEVE primitive. The retrieved sub-assemblies are re-
leased for transportation to the manufacturing modules at the output interface O3. The pro-
cessed sub-assemblies transported back from the manufacturing modules are retrieved
from 12. These sub-assemblies are released for the Control Sewing and Finishing Produc-
tion function at O1 by the QUEUE primitive.

When the REPEAT loop is exited, the finished garments are released at the inter-
face O2 by the QUEUE primitive. Next. the storage buffer engaged from M1 is released
and the function activation is terminated.

Transport Garment Sub-Assemblies: The movement of sub-assemblies be-
tween the modules and storage is represented by the function Transport Garment Sub-As-
semblies (A5323). The script describing the dynamics of this function is shown in Figure
8.4. This function is activated when the entity Sewing & Finishing Assignments is available
at the interface C1. This entity is retrieved from CI.

The sequence of actions within the REPEAT loop is repeated until the status of
the entity retrieved from C1 becomes ‘DONE’. A transporter resource. e.g., a trolley or a
conveyor, that belongs to the manufacturing module to be used for the assignment retrieved
from C1 is engaged. The sub-assemblies, released for further processing by the Hold Gar-
ment Sub-Assemblies function, and routed to the manufacturing module served by this
transporter are retrieved from I1 and released at the interface O1 for processing at the mod-
ule. The sub-assemblies processed by the module are retrieved from 12. The Loc attribute

of these sub-assemblies is assigned the value NULL before releasing at O2 for the Hold
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END;

RETRIEVE Cl:
REPEAT (UNTIL Cl.Status IS ‘DONE-]

{

Transport Garment Sub-Agssemblies

Description:
Move garment sub-assemblies between storage buffer and processing units.
Intexface:
Il: Sub-Assemblies - For Transportation; (F101{GAR_SUBASSEM})
I2: Sub-Assemblies - Processed; {F101 {GAR_SUBASSEM})
Cl: Sewing & Finishing Assignments; {F78 { PROD_ASSGNMT]} )
0l: Sub-Assemblies - For Processing; (F101 ({GAR_SUBASSEM})
02: Sub-Assemblies - To Buffer; (F101 {GAR_SUBASSEM})
Ml: Transporter; (F72 (TRANSPORTER} )
Dynamics:
D1 : [Time to transport];
TRIGGER :Cl;

ENGAGE M1 [Ml1l.Group IS Cl.Equip]:

#Transport from

RETRIEVE Il [Il.

QUEUE 01 [0l IS
#Transport from

RETRIEVE I2 [I2.

QUEUE 02.Loc <-
DISENGAGE M1;
)

storage to processing unit
Loc IS Cl.Equip):

11} (D1l};

processing unit to storage
Loc¢ 1S Cl.Equip]);

NULL (02 IS I2} {Dl}:

Figure 8.4. Dynamics description script of the Transport Garment Sub-Assemblics function
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Garment Sub-Assemblies function. The transporter resource engaged from M1 is released.
When the REPEAT block is exited, the function is terminated by the END primitive.
Process Garment Sub-Assemblies: The activities of a manufacturing module
are modeled as the function Process Garment Sub-Assemblies (A5324) which is broken
down further in diagram node A5324. The dynamics of this function is described by the
scripts developed for its sub-functions. This function represents a manufacturing module
that performs the process steps assigned to it on sub-assemblies sent to it and returns them
as Sub-assemblies - Processed. When the assigned work is completed the status of the work

assignment is updated to ‘DONE’.

8.2.3 Dynamic Interaction Between Functions

In the scripts describing the dynamics of individual functions, the dynamic inter-
actions between the functions are implicitly modeled through the QUEUE and RETRIEVE
primitives. In IFEM, ICOMs are viewed as channels along which entities flow between
functions. The QUEUE primitive puts entities in this channel and the RETRIEVE primitive
removes them from it. A RETRIEVE waits until the entities meeting the specified selection
criterion for retrieval become available at the interface. For example. the Control Sewing
and Finishing Production function waits for the control Work-In-Process Status to be made
available by the Hold Garment Sub-Assemblies function before it proceeds with the actions
that generate the output Sub-Assembly Release Order. The Hold Garment Sub-Assemblies
function, in turn, queues the garment sub-assemblies at its output Sub-Assemblies - For
Transportation only after a release order is available for retrieval at the control interface
Sub-Assembly Release Order. Thus, the dynamics of interactions between functions is cap-

tured in the scripts through the use of the RETRIEVE and QUEUE primitives.
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8.3 Role of Dynamics Model in the TO BE Architecture

The TO BE dynamics model complements the static architecture of a CIM system
for an apparel enterprise, as described by the TO BE function and information models, in
providing a comprehensive description of how the system works. The process of develop-
ing the dynamics model can be viewed as the final stage in developing the specification for
the TO BE enterprise. In the dynamics description scripts of each function, the modules that
must be designed and implemented to perform specific tasks associated with each function
are identified. These modules perform two types of actions: control and processing. The
control modules are identified in the scripts as selection functions used to specify complex
selection criteria associated with various dynamic actions. The process modules perform
actions that transform an entity. For example, in the Control Sewing and Finishing Produc-
tion function (Figure 8.2), the selection function Select] is a control module whereas the
procedure Procl is a process module.

The TO BE dynamics model also provides a context for setting up a simulation of
the TO BE enterprise through which the design of the proposed system could be evaluated
and its performance can be analyzed prior to its implementation. However, to simulate the
system, the model must be supplemented with enterprise-specific data such as processing

delays, arrival rates for orders and production capacities.
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CHAPTER IX
CONCLUSIONS AND RECOMMENDATIONS

It has been established that an apparel manufacturing enterprise can benefit from
the flexibility and opportunities for quick response offered by adopting the CIM approach.
The need for a systematic approach to design and planning of CIM systems has been iden-
tified as critical to the successful implementation of CIM in an enterprise. The first step in
the systematic approach is development of an architecture of the enterprise which provides
an understanding of how the enterprise functions as it exists and how it would function un-

der the proposed CIM system.

9.1 Conclusions
The research work presented here covers two areas: apparel manufacturing and
manufacturing systems modeling. An architecture consisting of a set of models that pro-
vides specifications of a CIM system for an apparel manufacturing enterprise has been de-
veloped. A methodology suited to the specific needs of CIM system modeling has been

presented and used to develop the architecture for an integrated apparel enterprise.

9.1.1 Architecture for Computer-Integrated Manufacturing of Apparel

The basis of the apparel manufacturing architecture is the AS IS function model,
presented in Chapter IV, which represents the functions performed by an existing apparel
manufacturing enterprise and the relationships that exist between these functions. The AS
IS function model provides an understanding of the apparel manufacturing domain based
on which the TO BE architecture has been developed.

Central to CIM is an enterprise-wide information system, that supports
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interactions between enterprise functions through information sharing. The TO BE infor-
mation model, presented in Chapter VI, provides a comprehensive definition of the enter-
prise data suitable for information sharing and serves as the conceptual schema for a CIM
information system for an apparel manufacturing enterprise.

The TO BE function model, presented in Chapter VII, provides the function struc-
ture of an apparel enterprise in which the functions interact with each other through the en-
terprise-wide CIM information system as defined by the TO BE information model. In this
model, the inputs, controls, outputs and mechanisms for each function have been defined
as interfaces to the CIM information system. The functions are viewed as nodes of the dis-
tributed information system. The functions maintain the data that they work with locally;
the data that a function makes accessible to other functions for sharing is explicitly repre-
sented in the mode! through its output interfaces.

The time-varying behavior of the apparel enterprise, whose static structure is
modeled in the TO BE function and information models, is captured in the TO BE dynamics
model presented in Chapter VIII. This model describes the dynamic behavior of each indi-
vidual enterprise function in terms of interactions among its inputs, controls, mechanisms
and outputs, and the interactions between the functions through their interfaces. In the pro-
cess of describing the dynamic behavior, the control and processing modules within each
function are specified. The dynamics model also plays an important role in the detailed de-
sign phase by providing a context for simulation through which the system design can be
tested prior to actual implementation.

Of the two aspects of CIM, i.e., information systemization and process mechani-
zation, the TO BE architecture focuses mainly on the systemization aspect because system-
ization needs must be clearly identified at the enterprise level before mechanization for
CIM at the function level can be designed and implemented. The mechanization aspect is

addressed in the architecture by developing the specifications for the control and process
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modules. How these tasks are mechanized and at what level mechanization is implemented

is left to the detailed design and implementation phases.

9.1.2 The Modeling Methodology

The existing systems modeling methodologies, including the IDEF methodology,
have been found deficient in many respects for the purpose of CIM system modeling. The
available methodologies lack support for integrating the function, information and dynam-
ics models of an enterprise into a comprehensive, yet consistent architecture. Without this
support, it is very difficult to ensure that the function, information and dynamics models,
do in fact, represent complementary aspects of the same system. This deficiency has been
found particularly serious while modeling a considerably large and complex system such
as an apparel manufacturing enterprise. As part of the proposed integrated framework for
enterprise modeling (IFEM), a method for integrating the function, information and dy-
namics models into a single framework has been developed.

In dynamics modeling, the approach of modeling the flow of a single entity
through the system, adopted by IDEF, and the general purpose simulation languages, has
been found unsuitable for modeling CIM systems which need to reconfigure dynamically
to concurrently process a variety of entities. In the dynamics modeling approach adopted
in IFEM, the process sequence for a particular entity is not included in the dynamics model,
but treated as a data input to it, thus facilitating the modeling of data-driven processes that

make up a CIM system.

9.2 Recommendations
The concept of CIM is an evolutionary one and there is no single CIM solution
for an apparel enterprise, let alone for an entire industry. Consequently, the TO BE archi-

tecture proposed here is not the ultimate architecture of a CIM system for apparel



manufacturing. It is only a starting point and there is scope for further refinement. Each
functional area modeled in the TO BE architecture could be taken up for a more in-depth
analysis. Future research efforts could also focus on the mechanization aspect of CIM for
apparel enterprises. Design and development of modules for the control and processing
tasks identified in the architecture, especially in the functional areas where human intelli-
gence plays a critical role, constitute interesting problems which could be the subject of fur-
ther investigation.

The proposed IFEM methodology provides a concise description of the dynamics
of the system being modeled and could be a suitable basis for the design of a general-pur-
pose simulation language. Since an IFEM dynamics model uses entity definitions from the
associated information model, a simulation based on the IFEM model could be linked to
the enterprise database and used in a decision support role. The possibility of using IFEM

models in simulation-based decision support systems could also be investigated.
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