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SUMMARY

Many manufacturing companies have long endured the problems associated
with the presence of ’islands of automation’. Due to rapid computerisation,
islands’ such as Computer-Aided Design (CAD), Computer-Aided
Manufacturing (CAM), Flexible Manufacturing Systems (FMS) and
Material Requirement Planning (MRP), have emerged, and with a lack of
co-ordination, often lead to inefficient performance of the overall system.
The main objective of Computer-Integrated Manufacturing (CIM)
technology is to form a cohesive network between these islands.

Unfortunately, a commonly used approach - the centralised system
approach, has imposed major technical constraints and design complication
on development strategies. As a consequence, small companies have
experienced difficulties in participating in CIM technology.

The research described in this thesis has aimed to examine alternative
approaches to CIM system design. Based on previous research and
experimentation, the cellular system approach, which has existed in the form
of manufacturing layouts, has been found to simplify the complexity of an
integrated manufacturing system, leading to better control and far higher
system flexibility.

Based on the cellular principle, some central management functions have
also been distributed to smaller cells within the system. This concept is
known, specifically, as distributed planning and control.

Through the development of an embryo cellular CIM system, the influence
of both the cellular principle and the distribution methodology have been
evaluated. Based on the evidence obtained, it has been concluded that
distributed planning and control methodology can greatly enhance cellular
features within an integrated system. Both the cellular system approach and
the distributed control concept will therefore make significant contributions
to the design of future CIM systems, particularly systems designed with
respect to small company requirements.
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CHAPTER 1 INTRODUCTION

There are an increasing number of companies, particularly in manufacturing industry,
that are benefiting from the combination of traditional areas in manufacturing such as
sales order processing, product design, process planning, production planning,
inventory control and actual manufacturing processes into a single integrated
environment with the aid of the latest advances in information technology,
communications, automated manufacturing and electronic sensor devices. These areas
are usually regarded as ’islands of automation’, and the result of integrating these
’islands’ is generally known as Computer- Integrated Manufacturing (CIM). The
benefits which could be gained by CIM include improved overall efficiency, improved
productivity and quality, better customer service, lower manufacturing costs and
increased profits. Such advantages have attracted many Ieading manufacturing firms
and academic researchers to investigate the latest technology.

1.1 RISE OF ISLANDS OF AUTOMATION":

Isolated ’functional islands’ in manufacturing existed in the form of functional
departments long before the introduction of computers and Advanced Manufacturing
Technology (AMT). Rapid developments in modern manufacturing and computing
technology have attracted many companies to introduce these newly available
technologies into their existing production environment. Thus, industrial automation
has apparently taken off without adequate initial cross-linked planning and control
being taken into account. This fragmented approach has inevitably converted these
computerised *functional islands’ into ’islands of automation’.

Some of these common islands, according to Gauderon [1986], include
Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), Master
Production Scheduling (MPS), Material Requirement Planning (MRP), Group
Technology (GT), Flexible Manufacturing System (FMS), Computer-Aided Process
Planning (CAPP), Bill-Of- Material (BOM), Work-In-Progress (WIP) monitoring and
Sales Order Processing (SOP). Because of the lack of suitable co- -ordination between
these islands, their performance has been somewhat disappointing.

Common problems which have been associated with these prevailing ’islands of
automation’ can readily be found in many manufacturing companies. Typical problems
such as as duplication and inaccuracy of information, high inventory costs, long
manufacturing throughput time, lack of communication between departments, low
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productivity and high manufacturing costs have highlighted the general need for an
ultimate integrated system.

’One of the greatest opportunities for gaining an international competitive edge lies in
integrating the elements of product manufacturing to bring them closer to a continuous
automated process’. This advice was given in a report by Ingersoll [Ingersoll Engineers
1985] - a highly respectable company in the field of manufacturing consultancy.
However melodramatic it may sound, 'Modernise or Fossilise’ and ’Innovate or
Liquidate’ are apt warnings to companies that have not yet drawn up manufacturing
strategies for total integration. These warnings, to people who are in managerial
positions in manufacturing, implies that unless their competitiveness in associated
market sectors can be increased through integration, sooner or later, they will go out of
business. As a result, integration projects of varying size and types have commenced
all over the world, and Computer-Integrated Manufacturing (CIM) is generally
regarded as the ultimate total solution for integration.

1.2 BENEFITS OF INTEGRATED MANUFACTURING

Manufacturing integration is defined as a process of linking different control systems
and management elements together by means of techniques such as system design,
software and hardware interface, as well as modelling so that information and common
resources can be shared by more than one system component without unnecessary
duplication. A main intention of integrated manufacturing is that all these system
components are serving a Common company objective [Kochan 1985].

In contrast to problems which are associated with the existence of ’islands of
automation’, the improvements that integrated manufacturing would possibly bring,
according to Small [1985] and Wills [1984], include reduced inventory, less waste and
better control over quahty, improved productivity, lower personnel management and
administrative costs, more efficient use of machinery, lower occupancy CcOStS for
manufacturing facilities, improved dynamic response and flexibility of the overall
system, as well as faster response to market changes. These improvements can be
achieved in an integrated environment because of efficient interactions between system
elements, which ensure the flow of information, its accuracy and as a consequence,
integrity.
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13 COMPUTER-INTEGRATED MANUFACTURING (CIM)

Computer-Integrated Manufacturing (CIM) is generally regarded as an ultimate
totalling technology which leads to a manless factory environment and total automation
[Kops 1980]. According to Ingersoll Engineers, there is a difference between
integrated manufacturiné and CIM in that the former is a business strategy whilst the
latter is an enabling technology which could be adopted to achieve integrated
manufacturing.

At the present moment, CIM is still relatively new when compared to other well
established technologies in manufacturing. It is therefore too early to expect
individuals to have a common and thorough understanding of CIM. As a consequence,
a number of discrete projects which were only dedicated to some specific area of CIM
have emerged. Indeed, most of these projects have been concerned only with partial
integration in automation and production management. For example,
Computer-Aided Design (CAD) has been integrated with Computer-Aided
Manufacturing (CAM); Finite Element (FE) and 3-D solid modelling have been
integrated with CAM; Computer-Aided Process Planning (CAPP) has been integrated
with Production Control; MRP, BOM, MPS, inventory control and Work-In-Progress
(WIP) have been integrated to form Computer Aided Production Management
(CAPM). ’

The approach of partial integration, though, would still lead to a complete CIM system
eventually. It may take much longer and more difficulties may be encountered because
of the lack of integrated links between them. The most likely consequence of this
approach being the creation of separate ‘islands of automation’ which could gradually
increase in size but, nevertheless, remain independent.

1.4 PROBLEMS IN CIM DEVELOPMENT

The integration of different isolated system components has led to a number of
technical, designing and conceptual problems within overall system control and
management. The biggest problem has not come from the technical side, but from
insufficient and inconsistent understanding of the concept of integration.

To begin with, there are a number of different CIM definitions available. The fact that

CIM is relatively new and in addition, that the technology is very extensive has made it
virtually too complicated for easy understanding - let alone efficient system planning
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and implementation. There is evidence that the direction of CIM development has
already been in great divergence [LeClair 1984] and hence the progress has been slow
[Phillipson 1986].

Most CIM projects are based on a rather primitive centralised view, despite involving
only partial integration. "The centralised approach will inevitably lead to a simple ’all
embracing’ strategy. In fact, this generally accepted centralised and ’all embracing’
approach may not be the most suitable method to design an extremely complex and
dynamic CIM system. The consequence of this is that CIM remains a possible
technology only for the big companies [Hamilton 1984, Burhcer 1985] and, as yet,
smaller firms have not been able to participate.

The author has attempted to seek an alternative system approach which would avoid
“the potential problems associated with the traditional methods, and which improves the
flexibility and efficiency of the CIM system design in order to permit its
implementation by smaller companies.
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CHAPTER 2 DEVELOPMENTS IN CIM

This chapter attempts to describe some of the latest developments in CIM and
illustrates examples of its installation in different manufacturing industries. A number
of CIM projects which have adopted different system approaches will also be
examined. It is hoped’ that from the observations of these current developments
together with the examination of existing installations, the divergence of CIM system
design approach and its implementation approaches can be highlighted.

2.1 CIM DEFINITIONS

As mentioned in Chapter One, CIM is a relatively new concept as well as a juvenile
technology, and hence a common understanding of CIM has not yet been reached.
As a result, many different CIM definitions have been proclaimed by individuals from
different backgrounds. Some of these definitions are quoted as follows :

"CIM is a pervasive management strategy, and their development represents a
conscious long-term implementation of strategic, operational and tactical plans to
achieve high productivity and efficiency in plant operations.” [Manchuk 1934]

"CIM is the business philosophy that will eliminate the piece- meal approaches
attempted in the past. Good communications across the whole company are needed to
develop alternative designs that can be evaluated and accepted through the creation of
a common database vocabulary." [Glenney 1985]

"CIM is the complete integration of all functional areas in the company into an
interactive computer system. These areas, from engineering and manufacturing to
marketing and administration, have traditionally been insulated from each other.”
[Ingersoll Engineers 1985]

"A series of interrelated activities and operations involving the design, material
selection planning, production, Quality Assurance (QA), management, and marketing
of discrete consumer and durable goods." [Bunce 1985]

"CIM is the phased implementation of the integration of automated and

non-automated systems into the manufacture of a product. It is an amalgam of
Computer Aided Engineering (CAE) and drafting (CAD), CAM, engineering, FMS,
tooling and quality support system, in-process gauging and automated final inspection,
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automated storage and materials handling and operations control within a business
information system." [Baxter 1985c¢]

"Different functional areas like engineering, manufacturing, marketing and
administration have traditionally been insulated from each other; the need for
bi-directional flows has led to the concept of CIM." [Saul 1985]

"A typical FMS is a computer intensive environment in which the functions of
manufacturing, material handling, tool management, shop floor scheduling, quality
assurance and workpiece accounting are integrated; these functions are all involved in
CIM along with marketing, design and distribution, only on a much grander scale.”
[Saul 1985]

Kochan [1985] defines CIM as a system which includes every activity right from the
receipt of a customer order; until the same order is completed in shop floor and the
production control manager is informed of its status.

"CIM is suggested as a single complete environment to house everything in a new level
of technology - CAD, tobotics, FMS, MRP and decision support systems." [LeClair
1984]

2.1.1 COMMENTS ON CIM DEFINITIONS

Boaden [1986b] in his published article stated that "CIM means different things to
different people". This is certainly true when one could realise just how broad CIM
can be. There is, in reality, more than one way in which CIM can be defined and

constructed.

For the purpose of easy analysis, CIM definitions can be broadly divided into ten
categories according to Boaden and Dale [1986D] :

(1) the computerisation of the main functions of an organisation;
(2) a philosophy or tool for strategic management;

(3) viewing the organisation as part of a total business unit;

(4) an exercise in information management;
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(5) a computer system running from a single database;

(6) a closed loop feedback system for an organisation;

(7) a system to enable a better response by the organisation to market situations;
(8) an integrated CAD/CAM system;

(9) the use of the most advanced manufacturing technology;

(10) a system with its biggest impact on people.

Boaden and Dale have further combined these categories to form three general classes,
namely class A, B and C, which are explained as follows :

(A) total organisation definitions (Categories 1, 2, 3);
(B) information systems definitions (Categories 4, S, 6, 7);
(C) single facet definitions (Categories 8, 9, 10).

In a survey of articles and books about CIM, which was carried out by Boaden and
Dale [1986b], a proportion of each category to each of the three classes can be
summarised as in Figure 2.1. It gives a breakdown of definition by class and category.
The perception in this figure is that Category 1, 3, 8 and 9 have been most popular.
This reflects that most people’s understanding of CIM is concentrated on these four
categories, which subsequently belong to Class-A (Categories 1, 3) and Class- C
(Categories 8, 9) respectively.

2.1.2 MAIN REASONS FOR THE EXISTENCE OF DIFFERENT CIM
DEFINITIONS

According to Appleton [1984], there are three widely diverse viewpoints of CIM
within a manufacturing enterprise. These viewpoints are known as the user view, the
technology view and the enterprise view (see illustration in figure 2.2). The user
viewpoint defines the demand for information. It is determined by the enterprise’s
market environment and its various product and business life cycles. The technology
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view, which is created by pressure of the providers of technology, considers the supply
of information. ‘The last viewpoint is the enterprise view of CIM. It provides a control
structure that can maintain alignment between the dynamic user and the technology
view, while at the same time providing for the integration and consistency required by
the enterprise as a whole.

The enterprise view of CIM contains planning and project management procedures,
system and data standards,. budgeting and performance controls, as well as
organisational responsibilities. A system can not be called a CIM system without an
enterprise view that defines what will be shared, why, and how they will be integrated.
While the first and second dimensions of CIM are relatively simple to understand, the
third is not. It is mainly because of the divergence of the third CIM dimension which
has given rise to a lot of different CIM definitions.

The Class-C category of CIM definitions presents a rather narrow and controversial
view. It has the advantage of simplifying a would-be complex CIM structure, but is in
itself restricted only to a technologically orientated image of CIM.

The Class-B category represents a wider view of CIM; it is however, still relatively
limited to the emphasis of use of a competent information system.

The Class-A category comes closer to the author’s view of CIM, which is described in
more detail in the following sections.

2.13 CONCLUSION OF CIM DEFINITIONS

The CIM definitions given in the first section of this chapter have, for the greater part,
somewhat imposed a fixed layout of the system. In order to permit more companies,
especially those of a small or medium size, to participate in manufacturing integration,
the CIM definition has to provide some degree of flexibility in terms of system layout.
It must also be simplified and probably is best derived from first principles of
integration - a view that has been widely supported by specialists in this field
[Yeomans 1986]. Such a definition should not confine CIM only to an elite group of

big enterprises.

Fundamentally speaking, CIM is a business philosophy rather than a specific system or
set of applications. It uses the advances in computers, information technologies,
communication standards, as well as database management systems in order to ensure
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an efficient flow of information between operations and activities in an enclosed and
integrated manufacturing environment.

The emphasis of such definition is on the integration of data and flow of information.
The major role of computers is to support this view so that it can be achieved
efficiently. It is therefore perfectly feasible if some parts of the system are manually
driven without the use of any computer system.

The principal objective of such a CIM system is to process, link and transfer relevant
information associated with different parts of the system in the most proficient way.
This information flow is vital during the process of transforming customer demands,
product design details and materials into saleable products. The benefits of
implementing a CIM system include reduced production cost, a shorter manufacturing
lead times, a lower inventory and improved overall system performance. These benefits
can only be ensured with the.aid of an (or several) accurately contemplated database
system, whose main function is to maintain the security, accessibility, integrity and
accuracy of data in the most optimal method.

The implication of such a definition is that CIM should not be restricted by the
sophistication of computer hardware and software. On the contrary, CIM can indeed
exist in many different forms since the needs of each company can differ greatly. This
view is supported by Waterbury [1985] who warned that there is no ready-to-run CIM
system available.

22 RELATED CIM PROJECTS AND STAGE OF DEVELOPMENT

As mentioned in the previous section, no common specification of CIM has yet been
agreed. Large manufacturing companies who are engaged in CIM development
projects have shown much diversity in their approach of system design and
implementation. ~ System specifications for hardware, interfacing techniques, data
communications, or even the basic definition and coverage of a CIM system are
generally incongruous in these projects. Most of these companies have an imminent
priority to design and build a CIM system for their own use with the shortest pay-back
period in mind. As a consequence, a very diverse and dispersed effort in both
short-term as well as long-term planning for CIM development is commonplace.

According to Burcher [1985] and Powell [1986], most CIM projects have concentrated
on CADCAM integration, shop floor automation, FMS, automated assembly,



Computer Numerical Control (CNC) and Direct Numerical Control (DNC). The
major reason for this is because these areas have appeared to be directly associated
with the actual manufacturing processes, with cost reduction as their first priority.

These CIM projects have generally favoured a popular ’think big’, ’start big’ and
‘centralise’ philosophy in their system development. They have embraced almost
everything in their integration plans - a huge database management system, CAD and
CAM, GT, FMS, CNC, DNC, and MRP. On the other hand, these elements are often
poorly linked and can not accomplish the stipulations in a true integration environment
and degraded performarice is inevitably the consequence. This approach can generally
be described as an oversized centralised system method which embraces virtually every
existing “island’ onto a huge common ground.

The intention of following paragraphs is to provide some good examples of how CIM
systems have been developed and implemented in some well known companies. At the
end of this chapter, the different system approaches in these examples will be
compared, evaluated and summarised.

2.2.1 CURRENT CIM PROJECTS

In Europe, one of the well known CIM projects is the internationally co-operated
programme known as ESPRIT (European Strategic Program for Research in
Information Technology). The project aims to advance the productivity of
manufacturing plants ihrough developing software for the automation of the
production process, reducing human intervention and delays and relaying data
automatically captured from within the plant. The ultimate goal of the ESPRIT
programme is to develop an agreed architectural definition of control systems for
integrated manufacture in order to enable anyone to write compatible software.

Various companies and universities throughout Europe have taken part in the ESPRIT
programme which comprises many different but co-ordinated projects. Figure 2.3
[Yeomans 1985] illustrates the scope of the CIM definition given by the ESPRIT -CIM

group.

"Progress is good but not fast enough’ is the comment from Phillipson [1986] on these
ESPRIT-CIM projects. He has recently written a report on the current state of
European initiative on CIM.  Further details relating to some of the important

ESPRIT projects are to be found in his paper.

30




—P Management TACTICAL
CONTROL
Market-
ing ’ f
Sales (Management bkl
P Design Functions) @&
‘ w
N
? | )
* ==
w
Planning Planning OPERATIONAL
Time/ Process CONTROL —
Purchasing |g——p{ Economy i 3
| Prog'n C l.Péolc:ess (Operation p—
Prod'n Cost election Planning o
2.Prodn Tim .
o ‘ 2.Sequencing Functions) 5 =~
| T
% 3 ¢ [) =
= Sy
2 —» System Control
4
> C
£ s b3 -
& Z : -
o8 Work station control e
3 Process/Assembly [
=
(&=
—)
Z
Machine Control ;
: REAL TIME [~}
5%
Sequencing DIRECT PRODUCTION E
Control CONTROL b
(Production Function) &
kel
' =
Zz
Servo Control -
=
=
A 4 —
. Qu
Transportation >3
(=)
()
L
> Stock ¥

\

Figure 2.3 Reference model of CII perceived by ESPRIT group

31




The first phase of the ESPRIT programme has produced some generic rules for CIM
svstem design which are not specific for any particular application [Hartley 1985].
These rules are used to help build an overall framework which includes models and
guidelines to create a CIM system through the use of multi-vendor systems. Control
interfaces for different CAD and CAM systems are also included so that these can be
linked to other CAE and Production Planning functions. In addition, optical Sensors

are designed to complement some FMS machining control [Phillipson 1986, Kochan
1984].

The second phase of the ESPRIT’s CIM programme, currently being supported by a
number of European companies, is the use of rules produced in the first phase to
construct a so called ‘Demonstrator’ model. Separate demonstrators will be built to
perform different parts of the ESPRIT programme. They will also be used to validate
the tules and theories which have been developed in the first phase.

The emphasis of these ESPRIT projects has been on the use of advanced techniques to
improve and handle individual parts of a CIM model which has been generally agreed
and understood. Little effort has been made to study the requirement of a basic system
design approach; a partially or completely centralised view is still dominant. If these
projects are continued with the present system strategy, the end product will certainly
be a very huge and sophisticated computer-based system. This will give little
opportunity to small companies to share the potential benefits of integration.

In addition to ESPRIT, DEC, Perkins, Rolls Royce, Jaguar, Austin Rover and Vauxhall
in the U.K. are other well known cornpam'és concerned with CIM development [Baxter
1985a, 1985b, Rooks 1985, Wyman 1986]. With the exception of DEC and Perkin,
Rolls Royce, Jaguar, Austin Rover and Vauxhall all happen to be car manufacturers.
They have implemented CIM technology mainly because very suitable conditions for
CIM application exist within their operations. The major benefits achieved by CIM act
as very strong driving forces t0 these companies. CIM projects conducted within these
companies are, inevitably, somewhat sEéciﬁc to their own requirements. Interestingly
enough, many of these companies concentrate on various intelligent robots and
machining cells. This is probably due to the intention to automate their car

manufacturing lines which would require an extremely high level of automation.
DEC, on the other hand, is aiming to produce more generic CIM components for their

potential customers. Their CIM components range from machine communication, and
the use of LAN, to the installation of a completely distributed information processing

32




system. DEC has recently opened a 'European Competence Centre’ in Munich [Baxter
1985b], which represents an investment of about §5.5 M. The main objective for this
centre is to display to its customers their latest CIM achievements. They have some
eighteen such CIM centres around the world. Figure 2.4 displays a simplified overview
of a manufacturing management system which is defined by DEC. DEC has attracted
a lot of attention to its Clonmel factory in Eire, which is operated as a ’living’ example
of CIM to DEC’s customers. The factory was designed from first principles using their
CIM strategy, and has implemented the concept of work cell’. This concept closely
resembles the highly successful cellular system which is widely employed in Japan’s
manufacturing.

It is believed that CIM has been the main development strategy in Japan’s
manufacturing industry. This is, however, not the case according to some recent
reports on the current trend of manufacturing in Japan.

First of all, the Japanese do not seem to have the same definition and understanding of
CIM as other countries who are also involved in CIM system development projects.
According to the two reports [Hartley 1985, Powell 1986] on the Japanese CIM system
development, their progress has been slow. One comment made in this report is that
"CIM is still in the future for Japan".

The Japanese have made significant advances in their manufacturing industry since late
70’s [Lee 1985]. The introduction of FMS has virtually made them the leading country
in manufacturing. The Japanese are still very committed to continuing further
development and application of FMS on a wider context. The fields of application are
now expanding to small mid-volume and large mid-variety production from
mid-volume mid- variety production. These applications have occurred in four
directions, and are illustrated in figure 2.5 [Powell 1986].

General speaking, in addition to the area of machining, the Japanese have aimed to
incorporate the very well received FMS technologies into other industries such as
plastic forming, clothing, food and drink, as well as measuring and assembly. At the
same time, they reduce the size of a traditional FMS into smaller constituents which
are called Flexible Manufacturing Cells (FMC). The latest development trend is to
extensively employ the recent successful Local-Area-Network (LAN) technology to
facilitate the automated communications between FMS and FMC in order to achieve

the goal of a ‘'manless factory’ more cost effectively.
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A FMC encompasses more sophisticated features than just those usually contained in a
conventional machining cell. In comparison, A FMC may include such additional
features as sophisticated monitoring abilililies, bigger data bank storage, extensive use
of microcomputers and Local-Area-Network (LAN) systems, and distribution of
control from host computer to smaller computers.

The Japanese, in fact, have considered CIM but have their own understanding of the -
concept. Their ideal CIM system has focused on the co-ordination of CAD, CAE,
CAM, FMS and other related production activities [Powell 1986].  This is,
comparatively, a narrower view of CIM but one which has greatly influenced their
direction of CIM development. They have a strong belief that CIM is simply the
addition of CAD and CAM into their FMS systems. Within their present CIM
definition, few management functions exist and this may be largely due to the
difference in their culture compared to other western industrial nations. The Japanese
have a relatively simple loyalty to their employers based on traditional values. Broadly
speaking, they are loyal to those who are in higher ranking within the company
hierarchy [Mortimer 1986], as such, view management as less important when
compared to the actual manufacturing processes.

Relatively well known companies in Japan who have been involved in integrated
manufacturing development include Toshiba, Okuma, Fujitsu and Hitachi [Hartley
1985]. Fujitsu, for example, is developing an integrated manufacturing system for
computer manufacture where most sections are presently in use. Figure 2.6 illustrates
Fujitsu’s concept of an integrated system. It has shown clearly that considerably more
effort has been put into the design and manufacturing side, and relatively little
emphasis has been given to areas such as production management. Toshiba and
Okuma, on the other hand, have only been able to prepare a definite and clear plan for
CIM development, whilst Hitachi is using their FMS-based technology as a starting

point for total integration.

Because of the difference in culture, the Japanese’s version of CIM may well be
justified even though their overall emphasis is on aspects of manufacturing processes

rather than on manufacturing management.

Some of the main features in their FMS and FMC development are well worth
examining, such as the emphasis of a cellular manufacturing approach and -the
extensive use of Local-Area- Network (LAN) systems. Their FMS and FMC systems
can be regarded as the ultimate result of the use of the cellular manufacturing
approach to the fullest extent. The LAN systems, on the other hand, serve mainly as
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integration links between smaller computer systems. It is therefore believed that the
Japanese can easily convert their existing FMS and FMC methodology into a basic
CIM system based on the definition earlier in this chapter.

The Japanese are also currently seeking to develop the so-called ’fifth generation’
computer which will be capable of very fast intelligent processing. Should they succeed
in this task, it will undoubtedly be an enormous impact on their development of
integrated systems as well as cellular manufacturing.

ICAM, which stands for Integrated Computer Aided Manufacturing, is a U.S. Air
Force-sponsored program. The project was intended to improve state-of-the-art
manufacturing automation [Banerjee 1986]. There are many projects present under
ICAM. Each project is conducted by a coalition of companies under the guidance of a
prime contractor who plans to implement the results. Although all project results
remain within the public domain, the results come under the For Early Domestic
Dissemination (FEDD) for the duration of two years following the completion. One
such project is known as Conceptual Design of Computer Integrated Manufacturing
[Cooke 1985]. Its aim was to establish a conceptual framework for the Factory of the
Future (FOF). It was headed by Vought Corp., Dallas, and involved a coalition of
fifteen companies. Another example, is a project called Integrated Information
Support System (IISS). . It was intended to develop a technology for accessing and
managing databases which were distributed on various vendor equipment with different
DBMSs.

Computer Aided Manufacturing-International (CAM-I) of the U.S. has started a CIM
project called Advanced Factory Management System (AFMS) [Casey 1987, Wills
1984]. AFMS has defined a hierarchical control architecture and distributed asset
management system for the factory. This architecture covers all aspects of shop floor
activities both in a semi-automated and automated environment, and describes all

external interfaces.

2.2.2 MAP AND TOP STANDARDS

It was General Motors (GM) in the U.S. who first introduced the idea of establishing a
standard for factory floor communications in 1980. This is known as the Manufacturing
Automation Protocols (MAP) [Cheshire 1986]. In addition to MAP which was mainly
designed for manufacturing environment, TOP (Technical Office Protocols) has also

been introduced for use in Office Automation.
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MAP is a broadband communication network system, and its seven layers of
communication are based on the Open Systems Interconnection (OSI) model [Houten
1986]. Figure 2.7 illustrates the seven-layered structure of MAP. Each of these layers
takes control of a particular attribute of computer communication.

MAP has been regarded as a crucial element in CIM development because of its very
promising features which include automatic signal conversion and sophisticated
multi-disciplinary network control [Deadman 1986, Dwyer 1985]. However, since its
first appearance, MAP has received serious criticism and has countless technical
problems. According to Cheshire [1986] and Cornwell [1985], the OSI model only
defines functions but not how those functions are to be implemented, and thus does
not define what the optimum protocols are. Hence, compliance with the model does
not ensure that systems can communicate. In addition, Houten [1986] and Warnecke
[1985] suggest that while layer one to layer five can be expected to be fairly consistent
from various hardware suppliers, layer six and layer seven, which are the ’Presentation

layer’ and ’Application layer’ respectively, have created enormous areas of
inconsistency.

Among those companies who are not yet convinced that MAP will be the ultimate
standard in computer system communication is DEC, who in fact has responded by
hitting out against the independent standard MAP without reservation [Olsen 1987].
Houten [1986] also fears that the present version of MAP will only support
communication functior{s but not the rest of the required monitoring and control
facilities.  This problem will become extremely serious when thousands of MAP
believers and MAP hardware suppliers try to solve these problems by setting up their
own standards. At present, the latest version of MAP V.3 is still full of potential
problems and is, itself, not fully compatible with the previous version.

In conclusion, although the emergence of both MAP and TOP has raised the hope that
a universal standard in hardware communications as well as in automatic data
conversions can be finally agreed, there have been number of furious conflicts about
the MAP’s standard. It is believed a number of vigorous tests for MAP have to be
carried out before the final version can be fully accepted [Cornwell 1985]. At the
moment, and probably in the near future, the relative costs of TOP and MAP are still
too high to be justified by their inconsistent performance. This is certainly
unsatisfactory news for smaller companies who want to get involved in manufacturing

integration.
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2.3 TREND OF CURRENT CIM DEVELOPMENT

Referring to the previous section, it seems that the West and the East have different
attitudes gnd a different understanding of CIM. This view is also supported by Smalley
[1986] and Meyer [1985]. The West’s view of integration is concerned with the total
integration which comprises CAD/CAM, CAE, Robotics, CAPM and information
systems. On the other hand, the East, notably represented by Japan, is more restricted
in its integration scope. Strictly speaking, the Japanese’s view of integration is confined

only to their FMS systems enhanced by cellular features.

Some conclusions can be drawn by comparing the essence of these many CIM projects

which have been mentioned above :

(1) many of these projects have adopted a centralised approach; a huge
common database is used for storing shared data and information
[Bryce 1985, Melkanoff 1984];

(2) many systems concentrate on integrating shop floor automation [Burcher 1985];

(3) some developments have begun by establishing a CIM skeleton and
master reference based on first principles [Baxter 1985a];

(4) some companies are more interested in integrating their existing systems,
whilst others are incorporating new elements into their existing systems [Biles
1984, Salzman 1984];

(S) most of these projects are huge, and are, consequently, both time
consuming and ca;ﬂtals intensive. They are also technically very complicated

[Gerry 1986];

(6) many systems are too specific in application and functionality for a
particular company, whilst on the other hand their broad structure has almost
covered every related activity regardless of actual needs [Boaden 1986,

Meredith 1984];

(7) different standards in hardware and software communications are still used

[Gettelman 1982, Cornwell 1985].
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These conclusions have caused major concerns for smaller manufacturing companies.
The fact that most of these systems are SO complicated and expensive makes it difficult
for these companies to decide whether they should commit themselves to integration.
In addition, the search for a more effective and more flexible design approach for
integration systems still remains. In the next chapter, various system approaches which
have been used in present CIM projects will be examined in greater depth. Their
advantages and drawbacks will also be elaborated upon.
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CHAPTER 3 APPROACHES USED IN CIM SYSTEM
DESIGN AND IMPLEMENTATION

In Chapter 2, the current status of CIM developments has been briefly discussed.
Some conclusions have also been made based on the system approaches within in these
CIM projects.

According to Salzman [1984], these different approaches can be generally grouped into
two main global types. The essence of the first global approach is to build an
integrated system from existing system elements, whilst the second approach is to build
an integrated system from first principles.

3.1 GLOBAL SYSTEM APPROACH ONE - A CIM SYSTEM IS BUILT FROM
EXISTING SYSTEM ELEMENTS

In this approach, an integrated system will be built from the existing elements and
functions in a specific application environment. The major advantage of this approach
is that the least possible interruption to existing manufacturing routines will occur
[Timm 1981]. This global approach has been used in many CIM projects of all sizes,
ranging from the preliminary stage of single-function integration, through the
intermediate stage of multi-function integration, and to the final stage of ultimate total
integration.

3.1.1 SINGLE FUNCTION INTEGRATION - ISLAND OF AUTOMATION

The first type of integration is known as single-function integration. In fact, they are
sometimes regarded as ’islands of automation’. As explained in Chapter 1, the term
»islands of automation’ has emerged as a result of rapid manufacturing automation. As
technologies have grown, swiftly, but in an isolated mode, the co-ordination between
them is insufficient and are sometimes virtually non-existent. These technologies
include manufacturing, information and computing. When these technologies
continue to grow, they are isolated from one another in terms of functionality and data
sharing.

Most of these ’islands of automation’ derived originally from single functions or
processes. These single functions have undergone rapid and severe automation -
becoming ’islands’ themselves. They are usually smaller in size and have fewer
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operations within themselves. Examples of these ’functional islands’ are CAD, CAM,
MRP, NC, CNC, ROBOTICS and CAPP. Although these islands are isolated from
one another in terms of information flow, they themselves represent a limited degree
of integration. Indeed they can be considered as the lowest degree of integration in
comparison to the ultimate integration - CIM.

As described above, most of these functional areas were originated from individual key
processes such as drafting, stock control, machining and process-route planning.
During rapid computerisation, other activities have also merged into these processes
with the the final products emerging as the notorious functional islands.

For example, CAD is itself an integration of design, drafting and database (storing
geometric data) [Groover 1984].

CAM is an integration of the process of geometric data generation, NC data
programming, verification of cutting paths, as well as the final machining process
[Groover 1984].

MRP has combined the functions of Bill-Of-Materials (BOM) and conventional
inventory control, with data from forecasting, sales orders and shop-floor WIP, into a

single system which performs major planning for net material requirements [Callarman
1986, Blackstone 19835].

Although all these func£i0n31 islands - CAD, CAM, MRP and CAPP, can be viewed as
stand-alone functions as they are literally isolated from one another with very little
communication or data sharing, they represent some degree of integration [Gott 1984,
Willer 1984]. In fact, they are often regarded as essential elements for a conventional
CIM system.

The essence of the system approach mentioned here is that automation islands are
actually end-products of the preliminary integration. Within a single island, data is
maintained and shared by similar activities.  Very often, the presence of a
self-contained common database is not unusual. This central database within each
island is responsible for the provision of data to all activities embraced within that
island. However, there is very little co-ordination between these islands in terms of
operations and data sharing, making the full benefits of integration difficult to achieve.

In order to illustrate the.role of central databases in these single-function integration
processes, some of the examples mentioned above are examined. In CAD, for
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example, the geometric “data generated from design processes is stored in a central
database so that the same data could be used for the design of a new product.

In CAM, the geometric profile which has been defined for a component part will serve
as an input for the NC data generation process. The output NC code will then be
verified for its subsequent cutting paths before actual machining operations take place.
In this example, a single database could be used for all processes.

Inside MRP, a central data bank is used to hold all information associated with stock
transactions such as on-hand inventory management, on-order information and free
stock allocation. The results generated during the MRP process are also stored in that
data bank so that they can be accessed by other functions such as Purchasing, Capacity
Planning and Shop Scheduling. The same data bank can also be used to serve other
conventional stock control activities such as material issue, shortage allocation, parts
receipt and possibly re-order point management. Figure 3.1 shows a typical layout of
such an integrated systexfl.

3.1.2 MULTI-FUNCTIONS INTEGRATION - PARTIAL INTEGRATION

A step forward from single-function integration is the multi- function integration. This
is the result of combining some of the single islands together to improve data
communication and data accuracy. Examples of such integration include Flexible
Manufacturing  System  (FMS), Computer-Aided  Engineering (CAE) and
Computer-Aided Production Management (CAPM). They represent a medium degree
of integration in relation to the ultimate total integration.

This multi-function integration can be regarded as a logical progression from the
original ’islands of automation’. As the application environment itself becomes bigger
and more sophisticated, demand for a higher degree of integration becomes more
severe. Thus, some existing islands are further combined into a single integrated
system so that more common resources can be shared [Weatherall 1984]. Strictly
speaking, the resulting integrated system is merely a bigger island’ itself but consists of
a greater number of activities.

For example, FMS is the integration of NC, CNC, Group Technology (GT),
ROBOTICS, Automated Guided Vehicle (AGV) and production scheduling rules.
CAE is the integration of CAD, CAM and other design-orientated computing
processes such as 3-D modelling and finite-element system. CAPM has integrated
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most of the functions in production planning and control, including MRP and MPS, as
well as those in shop floor scheduling, shop floor documentation and sales order
processing.

These enlarged islands are formed more or less in the same way as those
single-function integrations. Here, existing systems are bound together using suitable
interfaces. Functions which have been merged into a bigger island can communicate
with one another where a reasonable degree of data sharing and data access is ensured.
However, it must be noted that this system approach is comparatively passive because
the links between these functions are only designed in at a later stage. The original
design of these individual functions did not accommodate any data link for integration.

As in single-function integration, the centralised database strategy is also popular in
this second group of integrated systems. System elements in multi-function integration
communicate by using a central database through which all data transactions are
carried out and all resulting data is stored [Biles 1984]. Figure 3.2 shows a typical
layout of such an integrated system in which it is formed by two separate functional
islands, an individual function and a centralised database.

3.1.3. TOTAL INTEGRATION

Total integration is often regarded as the ultimate solution to integration problems.
Indeed a lot of CIM definitions have implied the need for such integration. Although
the size and the number of activities included in total integration is enormous, the
system approach probably is no different to those used in previous integrations. Very
often, because of the commitment in finance and time that is required, only very big
companies are able to afford this ultimate degree of integration.

The reason why many big companies prefer the first global type of integration
approach has already been referred to in Chapter Two. Most of these companies have
aimed to achieve the maximum benefit of computer integration in order to improve
their competitiveness. On the other hand they have remained reluctant to disrupt the
existing system whilst the process of integration is being implemented. The first type
of system approach which focuses on integration of existing systems is therefore more
appealing to them.

The other possible explanation is that most of these companies already possessed
highly sophisticated machining processes, production planning, control, engineering
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design, administrative and financial systems. As a result of this, they own a number of
'automation islands’ and it is therefore quite natural that they want to avoid radical
modifications of these existing ’islands’.

In order to ensure minimum disruption of their existing systems, these companies have
inevitably adopted an integration approach which only concentrates on linking existing
elements. As a consequence, direct and indirect interfacing techniques have been
used throughout for hardware and data communications between these system
elements.

Islands such as CAD, CAM, MRP, MPS, sales order processing, CAPP, FMS and AMT
may initially be combined together to form sub- integration groups, and these
sub-groups are then linked to form the total system. Alternatively, these elements can
be integrated into a single system using a single step. ~ Whichever method 1s
undertaken, the use of a centralised database for achieving integration is inevitable.
This is similar to the other two types of integration patterns mentioned in previous
paragraphs.’ Central data links between ’islands’ and sub-groups are designed only
after the latter have come into existence.

In fact, a total integrated system may be sometimes formed by combining the previous
two types of integration, as is demonstrated in Figure 3.3. Represented in this figure, is
the final integrated system formed by sub-group 1 (approach in 3.1.1), islands C,D
and E (approach in 3.1.2), as well as some individual functions.

3.1.4 CONCLUSIONS

The characteristics of the first global system approach is that, while existing systems are
linked, little or no modification is necessary to the systems themselves. Hardware and
software interfaces have to be developed to serve as a passive communication media
between elements of the integrated system. Finally, the centralised approach, which
includes the use of a central database, has been applied throughout to support the

integration.
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32. GLOBAL SYSTEM APPROACH TWO - A CIM SYSTEM IS BUILT FROM
FIRST PRINCIPLES

The second major type of global system approach which has been employed by
companies for CIM system design is to develop an integrated system from first
principles.

The main characieristic of this type of approach is that integration links between system
elements are designed and embedded into the system elements themselves, which
differs remarkedly from the first approach.

Figure 3.4 demonstrates the principle of this global system approach. The size of an
integrated system using this approach may vary from company to company. From the
literature search, a centralised database is again always commonplace for overall data
storage and data communications [Canada 1986, Staley 1982, Timmer 1985].

Comparatively, this global approach is more suitable for a conceptually innovative
system such as CIM, as data links between its elements are best designed at the initial
stage. However, because this system approach requires a considerable amount of
modification or even complete re-development of existing systems, it is therefore less

attractive in comparison to other available system approaches.

To some extent, figure 3.4 looks similar to figure 3.3, as they are both based on a
centralised database. The notable difference between them is the data links present in
the two systems. In figure 3.4, direct data links for communication are available for
system modules, rather than compulsorily through the central database as shown in the
other figure. These direct hardware and data links allow efficient communications
between system elements through the central database. Only the second global
approach will support these direct data links which are developed during the initial
system design. —

On the other hand, both global system approaches face the same hardware interfacing
problems. The use of different computers and peripherals from various vendors is still
commonplace and causes complex interface problems. These problems should be
solved when a recognised version of MAP and TOP is eventually available at affordable

prices.
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33 DISCUSSION

The first global system approach introduced in this chapter focuses on integrating
existing ’islands of automation’ or functions by using suitable hardware and software
interfaces. The likely ‘emergence of standard industrial hardware communication,
MAP, has encouraged the public acceptance of the former system approach, as it was
designed to link different makes of computing equipment and machinery. The size of
integration under this system approach may range from single- function integration and
multi-function integration to, eventually, the ultimate total integration. Regardless of
the size of integration, the presence of a centralised database is a dominant feature.

On the other hand, the second global system approach requires integration links for a
CIM system to be designed from first principles, which are best embedded into system
elements when they are first developed. Consequently, essential integration features
such as data sharing and data integrity become inherent characteristics. Although it is
a different system approach from the first type, literature has suggested that the use of
a centralised database is also common.

In short, both system approaches, though different in principle, agree that a central
database should be used for data sharing and control. There are obvious reasons why
the centralised database method has generally been used in most integrated system
design. Often, it is believed that a centralised common database is the simplest
method to provide important data processing functions which are required in a CIM
system [Groover 1986 ]. These functions include storing common data for all system
modules, updating dynamic files, monitoring data transactions, and finally reducing
possible data duplication.

It is probably true to say that a centralised database can provide all these essential data
processing facilities, which will be examined in greater detail in the next chapter. On
the other hand, its use has laid serious restrictions on flexibility of an integrated system
in terms of design, implementation and operation. In addition, there may be other
database approaches other than the centralised database method which can be used

more efficiently in an integration environment.

In the next chapter, examination will be made of such a centralised approach looking at
its merits and drawbacks with respect to designing an integrated system.
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CHAPTER 4 DISCUSSION OF THE IMPLICATIONS
OF A CENTRALISED APPROACH TO CIM

In Chapter 3, various common system approaches used in many present CIM projects
have been examined. The conclusions drawn at the end of the chapter clarifies that
these system approaches can be clustered into two main global brackets. The first
global approach is to build an integrated system by associating existing system
elements, whilst the second global approach is to build the system from first principles.
It has been suggested that the second approach should be used for CIM development
in order to accomplish its benefits to the fullest extent. Nonetheless, the concept of
using a centralised common database which will inevitably lead to the development of
a centralised attitude towards total system design, is undoubtedly the foremost
methodology employed to achieve data integration.

In this chapter, the implications of using a centralised methodology will be analysed in
detail. Advantages and disadvantages of such a methodology will also be discussed.
Finally, a conclusion that an alternative system approach should be investigated will be
reached.

4.1 ADVANTAGES OF A CENTRALISED SYSTEM APPROACH

4.1.1 FEW MODIFICATIONS REQUIRED ON EXISTING SYSTEM MODULES

The essence of a centralised system approach is its use of a central common database
through which all required data processing functions for an integrated system are
provided. Relatively speaking, this is a very straight forward concept to use for
integrated systems [Adachi 1985, Groover 1986]. Existing system elements do not
therefore require drastic modifications in order to communicate with the common
database, however, interfaces may possibly be required to act as data links.

412 SIMPLER INFORMATION FLOW

A central common database, theoretically, stores all required data for systems which
are connected to it. The procedures of operation and maintenance of such a database
is relatively simple [Huges 1985], as there is only one physical location in which all data
transactions and updating are taking place. Software data links which are essential for
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communications between system modules and the database need not be very

sophisticated. All involved modules recognise exactly where the information required
is held.

In such a set up, all data retrieval and updating is done in the central system. The
number of direct information links between modules, in this case, is very few.

If, for example, there is a new product needed by a customer, the Sales Processing
' module within the system module first checks from the central database if the product
concerned is among existing products. If not, it will then issue a design request for that
product with details provided by the customer. Again, such details are stored in the
common database, which will then be accessed by the Product Design module in its
subsequent operations. Because any data transaction virtually has to be done through
the common database, it has been suggested [Hartland 1986] that the most suitable
application environment is the one in which few direct data communications between
system modules are required.

4.13 SIMPLER SYSTEM CONFIGURATION

An integrated system in which design is based on the centralised methodology will have
a much simpler, though restricted, system configuration. Configuration of a system is
defined as a process in which recognition and interrelationships are outlined for all
involved hardware and software modules.

In the system, each module reads data from, and writes data back to, the common
database in which all data is stored. Few data links are maintained directly between
modules themselves. Location of all associated data files and the various types of
communication facilities between system elements are rather inflexible. Configuration
of such a system should therefore be relatively straight forward [Scharbach 1984].

In centralised integration, a major link exists between a functional module and the
common database. The main function of such a data link is to convert data requests
originated from a system module into a suitable data format before it reaches the
common database. Consequently, a system module can be amalgamated into the main
system with relative ease, provided its associated data is supported by the common

database.
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The implication of using a central database is that little flexibility in system
configuration can be provided during implementation [Witte 1986]. All system
modules are implemented in the way they were first designed, and tailoring of the
system would normally require extraordinary effort and substantial modification.

4.1.4 HOMOGENEOUS DATA LINK, DATA FORMAT AND INFORMATION
RETRIEVAL PROCEDURES

In a centralised system, all required information is stored in a common database. Most
data retrieval is done through some data links using consistent procedures. Those data
formats which are not readily compatible with the central database will undergo a
format conversion routine so that they can be processed [White 1982]. The
standardisation of data link, data format and data retrieval procedures should be
applied to each of the involved system modules. Once this is done, communications
can be maintained through the central database, and as a result, the actual work which
would be required to in design these modules for the integrated system should be
relatively simple.

4.1.5 FEWER USER MODIFICATIONS AFTER SYSTEM IMPLEMENTATION

As implied in previous sections, only limited flexibility is provided for by a centralised
system during configuration. In general, the system only performs what it was designed
for and, as such, little modification is required which leads to less confusion. As a
consequence, the system would probably require only a few modifications by the user
before it can be used, as the entire system is designed with a specific format in mind.

In case of future expansion or other system changes, there is little the user can do
except to call upon the original system vendor. Indeed, many users favour this
approach because often it avoids user involvement in terms of major system

maintenance and system updates.
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4.2 DISADVANTAGES

4.2.1 LACK OF SYSTEM FLEXIBILITY

The manufacturing environment is often very demanding in which, there may not be a
variation only in product demands from time to time but where, the overall strategy of
manufacture may have to alter. Certain company decisions and activities such as how
customers orders should be converted into work orders; the control of requirement of
various materials; monitoring of shop floor work orders; the recording and collection
of costing factors; planning of the required capacity to satisfy the demands; deciding
the priority of orders; organising the optimum route of information flow between
system elements; and how altering the overall system response to vigorous changes in
the market, are all dedicated to a greater extent by manufacturing strategy.

All these activities generally function fairly steadily in a stable business environment.
Unfortunately, it is very difficult to maintain steady conditions in modern
manufacturing due to swift changes in available technologies and acute competition.
Typical manufacturing factors such as customer demand, product specifications,
addition of new machineries and control techniques, shop floor capacity, total material
requirements and order delivery status change almost everyday.

As the prime objective of CIM is to integrate all the above activities into a single
effective operational environment, adequate tailoring flexibility therefore should be
provided to permit users to modify or to re-configure the installed system with some
degrees of freedom. This system flexibility is designed to absorb changes. The more
vigorous the changes, the greater the need to allow the user to manipulate the system.
Such a system must also be flexible so that different parts of the system can be tailored
to satisfy needs of differing companies.

The difficulties of designing a universal integrated system have been mentioned in
previous chapters, and hence an integrated system should therefore be designed with
an open system architecture [Boaden 1986a, Weston 1986]. This allows future
technological changes such as faster computers and equipment, more sophisticated
network system, more versatile hand-held terminals or light-pen devices for shop-floor
data collection, and bigger database storage systems to be deployed to enhance the
existing system. In addition, new management techniques can also be introduced.
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The same flexibility should also be applied to introducing new manufacturing control
and management techniques that could be available in the future. These techniques
include methods of material control, line balancing, production planning, work centres
scheduling and budget cpntrol. The system should provide the flexibility required to
implement these without disruption to the overall integration doctrine.

Using the centralised approach in designing a CIM system would almost certainly
impose huge restrictions when introducing new system aspects. This is mainly because
of the system highly rigid structure and primitive design. A centralised system is
therefore easy to design but difficult to modify after it is installed and operated.

The use of a central common database heightens the restrictions of the system despite
its simple appearance. The purpose of such a common database is to provide data
from one single source to all system elements. A typical centralised CIM system will
contain all information required for its system modules which have to be specified
during initial system configuration. Any addition or replacement of new elements into
the existing system is very difficult as the original common database design does not
readily accommodate these new COmETS.

As mentioned earlier, a;trernendous amount of work and expertise is almost certainly
required if a common database is to be expanded or modified [Timm 1981]. More
importantly, a centralised system approach will not usually allow an end user to
implement any modifications but he or she is restricted to following the designed
routines once the system has been installed. On the contrary, an ideal CIM system
should provide an appropriate degree of flexibility for future expansion, modification,
and even system re-configuration which will be required in a dynamic manufacturing

environment.

422 LACK OF SYSTEM OPERATION EFFICIENCY

As very few direct information links exist between different parts of a centralised CIM
system, the continuity of information flow is sometimes prolonged by the need for data
to be fed via the central database. Consequently, the overall system operation
efficiency may be degradéd sometimes [Purcheck 1985].

An ideal system approach therefore should allow direct information links to be
designed for those system elements requiring this facility which should be embedded
into the system modules themselves so that they are transparent from the user’s point
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of view. This allows a more efficient flow of information between vital system
elements without the possibility of delay caused by the central database.

423 IMMENSE COST FOR REQUIRED HARDWARE AND DATABASE SYSTEM

Computer systems used in-a centralised CIM system have to be very powerful in order
to support crucial control of all concerned activities [Hodgson 1986, Milacic 1982].
Requirements of the amount of computer memory, processing speed, upgrade
flexibility and associated massive data storage device are very substantial as a
consequence. Costs of acquiring and maintaining all this computing equipment are
formidable.

In addition to the requirements of powerful computing equipment, the cost of
developing and supporting a centralised common database is an extravagant task
because of its extensive coverage and the complexity of its internal structure [Pipes
1986]. System changes which may need to be implemented will also lead to very
expensive and laborious modifications of the database system.

4.2.4 EXTENSIVE DEVELOPMENT TIME AND FINANCIAL COMMITMENT

An average estimation for installing a full MRP system successfully before it is
functional can be as lpng as five to seven years [Fisher 1981, Anderson 1982].
Although this figure was quoted in the early 1980, situations have not changed much
since. It is only natural to assume that it would take even longer to develop and
implement a CIM system. If unexpected problems such as personnel turnover,
technical and system changes, user-environment changes and market changes are all to
be taken into consideration during the development, then the time and financial
commitments for such a complete centralised CIM system will be enormous. This is
certainly not good news to smaller users or those whose applications are simpler.

As the major drawback of the centralised system approach is the lack of system
flexibility, this will worsen the above commitments if changes are to be made after the
system has been developed and implemented. An ideal system approach for CIM
should provide security for time and cost spent against possible future system

modifications.
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It is more than likely that the development of a centralised CIM system must be
dependent on external expertise because of its extensive coverage and technical
complexity. The system will then be supplied as a turn-key system to the end user, and
as mentioned earlier, a turn-key integrated system, although offering on one hand little
user involvement will, on the other hand, cost enormously if the system is to be
tailored in the future. In other words, once the company has started using such a
system, it is dependent for maintenance and expansion on the original vendor.

42.5 CLUSTERED MANAGEMENT RESPONSIBILITY '

Decisions such as material procurements, part inventory policy, capacity planning and
production scheduling for the shop floor are made by central management. These
responsibilities remain as part of the central management in a centralised integrated
system. All such relevant decisions will have to be made centrally by vital system
modules within the central management.

In fact, not only have shop floor decisions to be made, but other co-ordinated planning
and control activities also have to be carried out within central management following
integration. Generally speaking, central system modules can easily be overloaded and,
certainly, the resulting planning and control will not be as efficient as one would expect

in a true integrated system.

The centralised management approach has long received general criticism
[Slautterback 1984, Burbidge 1983] as an efficient management technique. It is often
referred to as inflexible, ineffective, and poorly associated with subsequent
management levels below it such as those on the shop floor. An ideal approach for
integration therefore should allow some central management responsibilities to be

taken where most suitable - including the shop floor.

42.6 TECHNICAL PROBLEMS IN SYSTEM HARDWARE AND SOFTWARE
There are a number of potential problems associated with the development of a

centralised CIM system. These problems can be grouped under several headings such

as software, hardware, communications and database design.
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4.2.6.1 SOFTWARE

In a centralised CIM system, all required information is maintained in a central
database to which systém software modules are attached. Each of these modules,
though designed to execute a specific function, has to relate to all its data which is
stored in the common database during processing.  After processing has been
completed, all this data will be relayed back to the database. Consequently, a
degraded processing speed and poor software efficiency can easily occur [Barash 1930].

This problem is highlighted when the loads for other modules which operate
concurrently are examined. For example, the MRP module has to handle all existing
product requirements for every customer order at any one time; the Capacity
Requirement Planning module has to calculate the capacity plan for all available work
stations; and even machine loading analysis and work-to-list scheduling has to be done
for all concerned machines concurrently.

Because of the amount of data which has to be processed , the design of software
therefore becomes more complicated if a reasonable efficiency is desired. This results
in longer software deveiopment and debugging time, a bigger program source code,
slower processing response, as well as difficult software modification and maintenance.
In general, software modules in a centralised CIM system are more sophisticated,
larger in size, less flexible, and much harder to maintain and update.

4.2.6.2 HARDWARE

"Hardware’ in this context includes all computing equipment and periherals, but
excludes shop floor machinery such as CNC machines and robots. The problems
associated with hardware generally arise from the required interfaces, data storage
devices, communications equipment and the actual power performance of the

computer.

Ideally, all computing hardware should be supplied by a single vendor. In practice,
however, this is rarely: the case because of the varying costs, specifications and
performance of hardware offered by different suppliers. Unfortunately, different
hardware manufacturers use incompatible protocols for hardware communications and
this has created many problems. Computing equipment from different vendors can
only be integrated through the use of an added-in hardware interfaces [Pye 1986].
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Data storage devices are generally a magnetic winchester disk. The capacity of the disk
is dependent on its physical size, its density the magnetic material, and most
importantly the sophistication and precision of its disk drive controller. In a
centralised CIM system, the common database is enormous and can, therefore, only be
supported by very fast and large hard disks which are very expensive.

In a centralised system, dumb terminals (VDUs) are connected to the host computer
which is generally a mainframe computer and a common database is attached through
suitable cables. This is the simplest method available to download a required program
and its associated data within a multi-user environment. However, these VDUs do
not normally have their own data storage device nor their own processing power - they
are merely working as if they were windows to the central computer and database.

Although this method of linking many terminals to one single central computer offers
several users access to a very powerful computer, if there are too many tasks running
simultaneously, it causes the performance of the central computer and its data disk
drives to be degraded substantially [Barash 1980].

Because of the general lack of system flexibility in a centralised system, the total
requirement of computing power and data storage capacity has to be planned very
carefully during the design stage. Once the complete system is installed and running, it
is extremely difficult then to make any significant changes.

42.63 COMMUNICATIONS BETWEEN FUNCTIONS

As mentioned in the previous section, VDUs are connected to a central mainframe
computer for interactive processing - this being the simplest way to permit multi-user
facilities. However, this method is regarded by some as a rather inefficient way of
operating a computerised system [Banarjee 1986]. There are several reasons behind

this argument.

In a centralised environment, it is very likely that often more than one terminal is used
to access data or a software module at any one time, inevitably causes interference.
The degree of interference will depend on the system used, its original system design
and probably also its characteristics of file handling including file locking and record

locking which are considered to be the crucial functions.
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The number of terminals that are logged onto the system can slow down the processing

speed quite drastically and give unsteady and unpredictable system performance
[Cheung 1987].

A lot of data in a typical manufacturing environment is actually only used for specific
functions. Ideally, this data should be grouped and dedicated only to those functions.
Indeed it can be localised and kept in a separate database dedicated to that function,
or even processed locally by its own computer. Unfortunately, normal dumb terminals
do not support either local processing or a local database. All information must be
retrieved from the common database and processed in the central computer, this has
greatly reduced the efficiency of the system.

As the cost of stand-alone microcomputers has dropped dramatically in recent years,
whilst their power has increased, it is worth using them instead of normal terminals.

These machines have their own processors and separate data storage hard disks.

Hence, dedicated data groups and even software programs can be downloaded into
these machines and processed locally.

4.2.64 DATABASE DESIGN

The main objective of having a common database is that all data can be stored there
for subsequent use. Types of data stored include dynamic, static, shared or unique
data. As mentioned in the previous section, often data in the common database is only
for a specific function. Consequently, a competent, sophisticated and well designed
database management system has to be used to maintain overall performance of
information retrieval.

Because specifications of required hardware and structure of database must be defined
during the initial system configuration, a central common database is usually inflexible
[Hewitt 1982]. Ideally, a database should provide some flexibility for future changes.
The design of such a central common database system with flexibility, however, is

technically extremely difficult and costly.

Other factors which may make the design and maintenance of a huge common

database difficult are described as follows :

(1) processing and maintenance of different types of data, which are for specific

use is inefficient if it is stored in a single location;
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(2) the design and implementation of a huge common database is very costly, error
sensitive and time consuming;

(3) data integrity and security can be a serious problem because of the size of the
database;

(4) it takes considerable time to analyse, summarise, and convert existing data to
the acceptable format required by the central database;

(5) the size of the database makes possible modification, expansion and maintenance
extremely difficult, and this probably can only be done by the people who
originally designed and implemented it.

43 CONCLUSIONS

There are certain advaritages to be gained when using a centralised approach and a
common database in a CIM system. On the other hand, potential problems and
difficulties as mentioned above do seem to overwhelmingly outweigh the available
advantages. The net result is not satisfactory after comparing all its advantages and
disadvantages, especially if the system is designed with smaller companies in mind.

The biggest restriction is the lack of system flexibility which is an essential aspect for
smaller systems. The inflexible centralised and ’all-embracing’ methodology makes the
justification of using such an approach unsuitable for smaller companies. As a
consequence, only larger companies can afford to consider implementing a centralised

CIM approach.

Whilst discussing the advantages and drawbacks of the centralised system approach,
several features emerged that should exist in an ideal alternative approach. In general,
this system approach should simplify the design of an integrated system and provide
greater flexibility in terms of user requirements and operation efficiency. Therefore,
the use of such an alternative approach should reduce or eliminate those problems
caused by the centralised approach. In the next chapter, suggestions will be made for a

better system approach towards a smaller CIM system design.
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CHAPTER 5 AN ALTERNATIVE SYSTEM
APPROACH - CELLULAR CONCEPT IN CIM
SYSTEM DESIGN

In the last chapter, the advantages and disadvantages of the favourite centralised
system approach were discussed. Although this system approach is used in a large
number of CIM projects, there have been major drawbacks with such an approach, and

this renders it highly unsuitable for smaller integrated systems development within
some companies.

The conclusion drawn at the end of last chapter indicates that the centralised system
approach requires the use of a central and common database, and influences the
overall strategy for the management and planning of various production activities. The
biggest drawback of this approach is its lack of system flexibility. In general, a
centralised system provides few alternatives for individual tailoring, system
configuration, future modifications as well as end user involvement.

In order to bring CIM or similar integration technology into smaller companies, an
alternative system approach which would provide more system and user flexibility must
be considered. In this chapter, a relatively new design concept for CIM system is
introduced. It is known as the cellular approach for CIM system. The aim of this
chapter is therefore to explore the characteristics and merits of using such an approach
for CIM system design, and to explain why it will be more appropriate for-use in
smaller systems. Finally, the improved system flexibilities and the capability of being
modified by the user which are two of the critical advantages offered by a cellular
based integration systern"'are also discussed.

5.1 GENERAL BACKGROUND OF CELLULAR MANUFACTURING

5.1.1 GROUP TECHNOLOGY

The term ’cellular manufacturing’ was derived from the application of Group
Technology (GT) to the design of a manufacturing system. GT is a manufacturing
philosophy in which similar parts are identified and grouped together to take advantage
of their similarities in manufacturing and design [Groover 1984]. These parts are
arranged into part families, and each family will possess similar design and process

characteristics. Hence, the manufacturing requirements for each member of a given
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part family i3 similar, resulting in better planning and control of those parts. In general.
the overall manufacturing efficiency is also greatly improved. This efficiency is achieved
in the form of reduced set-up times, lower parts and work-in-progress inventories

better scheduling, improved tooling control, as well as standardisation of parts
subassemblies and manufacturing processes.

In order to extend the application of GT further, GT production cells are established.
Each GT cell is responsible for the production of one or several product families.
Usually, a GT cell would possess sufficient production resources to carry out all the
required operations for producing products allocated to that particular cell.

51.2 FLEXIBLE MANUFACTURING SYSTEMS AND FLEXIBLE
MANUFACTURING CELLS

In recent years, Flexible Manufacturing System (FMS) represents a technically more
sophisticated implementation of the cellular principle [Love and Lung, 1986]. These
systems are characterised by their ability to completely manufacture a family’ of
components, assemblies, or finished products.  Another example s Flexible
Manufacturing Cell (FMC) which is the smaller version of FMS. It characteristically
resembles the FMS but is technically simpler and physically smaller. In fact, an FMS
may consist of one or more FMCs in its location. FMS and FMC are two typical
representations of the application of GT and have been proved to be very successful in
automated manufacturing [Hartley 1986] [Gregory 1983].

These FMS, FMC and other production cells can be collectively regarded as
manufacturing cells. Each of which, in general, should enclose all the machining
facilities required to complete the production of some allocated product groups.

513 BENEFITS OF CELLULAR WUFACTUMNG

Some major benefits, such as the improved throughput time and reduced
work-in-progress, have been reported by Black [1983] as a result of applying cellular
concepts. The main reason that these benefits are achieved with the cellular approach
is because it simplifies the complex nature of manufacturing control. Hence, problems
areas can be identified readily and adequate solutions can be recommended to rectify

these problems.
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In general, the adoption of cellular principle in CIM system design should also provide

the same benefits as in cellular manufacturing. In addition, it will also lead to the

aecentralisation of some major control functions which are carried out soiely by some
central system modules.

Traditionally, the cellular view has been restricted to ordinary machining processes and
some basic shop floor activities only. In order to extend the principle of cellular view
even further, it must be applied more broadly to other management functions as well.
Here, a cell is defined more generally as an independent or semi-independent unit
which has retained its own local facilities, systems, control and data required to perform
its allocated tasks. It may receive or transmit information from or to other cells in the

same system [Love and Lung, 1986]. Figure 5.1 illustrates the characteristics of a cell
defined in this context.

In order to design a CIM system using the cellular approach, it is necessary to analyse
all the elements and their associated information path within the system. As a

consequence, a full picture of the entire system can be re-established incorporating the
new cellular methodology.

52 APPLICATION OF CELLULAR CONCEPT TO CIM SYSTEM DESIGN

521 TYPICAL ELEMENTS IN A CIM SYSTEM

As discussed in Chapter 2, some definitions of CIM aim to cover almost every single
activity within a company. Indeed, one can literally argue that CIM should include
everything that is related to manufacturing. Nonetheless, there are some functions
which are relatively more important than the others. These functions include Sales
Order Processing (SOP), order acknowledgement, invoicing, Master Production
Scheduling (MPS), Material Requirements Planning (MRP), Capacity Requirement
Planning (CRP), CAD techniques (3—D— solid modelling, Finite Element Analysis and
Computer Aided Drafting), FMS, FMC, Robotics, NC, CNC, Computer Aided
Manufacturing (CAM), Quality Control (QC), Work-In-Progress (WIP) Monitoring,
inventory control, purchasing, job costing, forecasting, ledgering, budgeting and

financial reports.

As described in Chapter 1, all these system elements are often regarded as ’islands of
automation’, especially if they traditionally operate in an isolated mode. Some of these
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system elements, however, can be logically grouped to form some major functional
areas.

5.2.2 MAIN FUNCTIONAL AREAS

According to the characteristics of each system element, five major functional areas or
groups can be formed, namely :

(1) Customer Service;

(2) Design Engineering;

(3) Planning;

(4) Manufacturing & Control;
(5) Finance and Administration;

'Customer Service’ contains all activities which are undertaken to satisfy various
customer requirements. These requirements include order processing, customer
enquiry, quotation, order entry and control, order verification, delivery date estimation,
general product search as well as final product shipments.

"Design Engineering’ includes all the facilities which are required to complete the
design of a new product, or the modification of an existing product. Typical facilities
may contain Computer Aided Design (3-D modelling, finite element analysis) and
Drafting, Computer-Aided Process Planning (CAPP), Bill of Material (BOM)
generator and N.C. data generator.

’Planning’ encompasses all the planning activities which are needed to produce a final
production schedule. MPS, MRP, CRP, rough cut planning, purchasing, inventory
control, material inspection and 'what-if simulation are all typical elements in this

. group.

’Manufacturing and Control’ consists of machine scheduling, Work- In-Progress (WIP)
monitoring, Quality Control (Q.C.), job costing, and the actual fabrication processes
such as milling, turning, CNC, NC and even DNC.

"Finance and Administration’ is self explanatory. Typical elements include sales

ledgering, purchase ledgering, nominal ledgering, payroll, budgeting, general cost
control, forecasting, invoicing and financial reports analysis.
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The formation of these major functional groups in a typical manufacturing firm was
supported by Smolik [1983] and Corke [1977]. Figure 5.2 and Figure 5.3, which are
extracted from their publications, illustrate clearly their view of a manufacturing
system. Although neither of the diagrams has labelled the actual divisions of the five
functional groups, all the essential system elements, however, are present in both

system layouts. In general, any typical manufacturing system can indeed be
represented by these five functional groups.

523 CELLULAR VIEW TO THESE FIVE MAJOR FUNCTIONAL AREAS

In a centralised CIM system, all these five functional groups can be considered to be
linked through a common database and a host mainframe computer. Figure 5.4
illustrates such a view in a simplified fashion.

The main disadvantages of the centralised approach were already discussed in the last
two chapters. In general, the lack of system flexibility is found to be the biggest
problem with respect to such an approach. As the degree of flexibility provided in an
integrated system is the most crucial factor in smaller systems development, the
centralised approach is therefore not particularly suitable for small companies.

As defined earlier, any system unit that processes its input information and transfer its
output information to another unit for further action is regarded as a cell. The five
major functional groups in a typical CIM set up can be viewed as five
semi-independent cells, namely the Customer Cell, Design Cell, Planning Cell,
Manufacture and Control Cell, as well as the Finance and Administration Cell. Figure
5 5 illustrates the key information flow between the five functional cells.

On the contrary, Figure 5.6 demonstrate a simple configuration of a cellular CIM
system. Apart from a localised database which is now attached to each major
functional cell, the layout of this cellular system looks very similar to the centralised
system shown in Figure 5.4. In Figure 5.6, each functional cell may have its own
computer and database, which is then subsequently linked through the use of a

local-area-network (LAN) system.
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53 DISCUSSION ON POTENTIAL BENEFITS OF USING CELLULAR SYSTEM
APPROACH

In contrast to the centralised approach, the use of cellular concept in CIM system
design and implementation can avoid or eliminate some of the difficulties previously
encountered. ’

In general, problems such as the lack of system flexibility, the oversized common
database, the prolonged development time, the requirement of very powerful computer
hardware and software systems, and a huge financial commitment, are commonplace
with the centralised system approach [Timm 1981} [Wemmerlov 1987].

53.1 INCREASED SYSTEM FLEXIBILITY FOR MODIFICATIONS

The concept that a CIM system can be constructed by combining a number of
semi-independent cells will increase the overall system flexibility. The resulting system
therefore can be configured in any specific way to suit particular applications.

For example, the system shown in Figure 5.7 consists of some functional modules
which are appropriate for a 'Job Type’ production environment. In ’Job Type’
manufacturing, the volume of production is generally small and the customer order is
seldom repeated. Fewer planning and control modules therefore are required in such
an environment. |

On the other hand, Figure 5.8 represents a cellular system layout for a "Batch Type’
production environment. This time, the modules contained in the system are notably
different from those in a *Job Type’ production environment. This is mainly because
their needs are incongruous. The figure illustrates customer orders, and forecast
demands are entered as major inputs into the system. There are generally more
planning and control modules in a 'Batch’ production environment as "Mixed Products’

production is commonplace.

By comparing the two differing situations, one can realise that a MPS cell is unsuitable
in a *Job’ production environment as there is no requirement for forecasting or a l?ng
term sales order book. Instead, a Critical Path Analysis (CPA) module or a Project
Management module would probably be more valuable. On the other hanfi, bc?th the
MPS cell and MRP cell are absolutely essential in a "Batch’ production 51tuat10n,.as
there is a greater variety of parts, and the scheduling of materials and machine

capacities is always more complicated.
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Assuming all the system modules are compatible to the system because of the cellular
design, the two figures do show how relatively easy it can be to modify the system
configuration in order to meet various requirements. A larger manufacturing company

can therefore use both system layouts to address different internal production
requirements.

A CIM system designed using the cellular approach would therefore offer a good
degree of system flexibility throughout, and this is essential in a dynamic manufacturing
environment. The cellular approach will permit the whole system, or part of it, to be

tailored to meet differing requirements and specifications so occur in a particular
application environment.

Figure 5.9 illustrates how a flexible cellular system can be formed by combining
suitable inputs and outputs of different system cells. This concept will permit the
system to be modified easily in order to adopt new technical and managerial
innovations.

Figure 5.10 also ‘iﬁustra'tes how a new functional module, which is called Cell-2A, can
be introduced into the existing system without upsetting the rest of the system and its
original information flow.

53.2 SIMPLIFIED STRUCTURES OF INDIVIDUAL CELLS

The cellular approach permits the huge and complicated CIM system philosophy to be
considered as a simpler system consisting of a number of small semi-independent cells.
The resulting system, in theory, is much easier to implement and control: Thus, the
understanding of an integrated system will be much improved, and the personnel
involved in designing, installing, maintaining and operating such a system can interact

more easily with its component parts.

In a cellular CIM system, each cell can be analysed separately - focusing on its specific
objectives, functions and data. This not only divides the total design effort into smaller,
more manageable groups, but also permits all required training to be simpler and more
accurately addressed. In addition, each cell can be documented separately so that

software and data maintenance can be carried out without ambiguity.
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In general, the following benefits are likely to be achieved as a consequence of the
simplicity of the cellular approach :

(1) shorter time for software development and overall system design;

(2) easier system configuration or re-configuration;
(3) appropriate training can be systematically organised;

(4) system and data maintenance is simpler;

(5) more internal staff can be involved with the development of the system.

5.33 IMPROVED TIME COMMITMENT IN SYSTEM DEVELOPMENT

With the adoption of the cellular principle, most of the necessary steps in the overall
system development, including system design, software development, database
preparation and final system installation can be carried out more efficiently in smaller
more manageable sections. Consequently, the total development time required would
be comparatively shorter and as a result, the total cost so incurred should be reduced.

Time and cost are the two most important factors in any system development and once
they have been accommodated a certain degree of assurance, smaller companies could
be encouraged to participate in CIM with greater confidence. Thus, the feasible
reduction in both development time and cost achieved by adopting the cellular view
would undoubtedly appeal to smaller manufacturing firms.

53.4 HARDWARE AND SOFTWARE REQUIREMENTS

As described in earlier sections, two of the merits of using the cellular system approach
would be the improved simplicity in CIM integration principle and the unambiguous
definition of each individual functional cell. This will lead to a clearer specification

with respect to hardware-and software required in a cellular CIM system.

With the adoption of the cellular system approach, more specific objectives, functions,

data and interrelationships can be established for each software module in the system -
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thus ensuring reduced development time and cost. In addition, the reduction in the
reduced amount of data handling permits software complexity to be reduced.

With the centralised approach, the structure of a common database is usually very
complicated. The use of smaller and local databases to support either a single cell or
a group of specific cells, with the aid of LAN, on the other hand, will drastically
reduce the size of necessary data storage devices as well as the level of sophistication
of the individual database structures. The speed of accessing a particular piece of data
in a local database would also be significantly improved.

Figure S5.11 illustrates the use of smaller computers and local databases to serve one or
a group of functional cells. Communication between these cells is maintained via a
LAN system. In the diagram, a microcomputer is used in the MPS cell, whilst a
mini-computer is used for all functional cells concerned with parts and materials
planning which include MRP, inventory control, and purchasing. The micro and the
mini-computer, as well as the laser printer, are all connected to a LAN system. Data
from the MPS cell can be archived, through the LAN system, by the MRP cell
Calculated results are then transferred to its local database for subsequent use in the
capacity planning and shop scheduling modules. Some resulted data is also transferred
to, and maintained in, the local database in the Purchasing Cell.

The figure illustrates only one pafticular configuration, out of the possible many, and it
shows that different sizes and makes of computers can be connected through the LAN
system for data integration. '

Although each system cell is a semi-independent unit and has its own local computer
and database, it must be pointed out that it is different from ’island of automation’
which appears to be similar. A cellular CIM system will have taken into account the
overall objectives for integration during the design stage of individual units (cells).
This is therefore different from just placing them together as in the case of a
centralised CIM system.

Each software module has to be designed with a certain format for data inputs and
outputs. This ensures the overall system will be compatible when these modules are
linked together in the system configuration. They can be tested separately during the
development stage. When all these modules have been integrated in the final stage,
the whole system can then be tested for its data compatibility and integration
capability. This software development approach is sometimes regarded as 'modular
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programming’ in system terms. The use of this method provides the advantage of
rectifying causes of error in each single software module at early stage.

Figure 5.12 shows that a number of cells with similar data input/output formats have
been linked to achieve the desired information flow. These cells can be tested
separately provided suitable information is fed through them. At the final stage, the
complete system can then be tested by entering suitable data into the first cell in the
chain, and results are collected and examined from the last cell in the chain.

53.5 MORE SPECIFIC TRAINING

In a centralised CIM system, because all elements are consolidated into a single huge
system, specific training has been extremely difficult.  As the entire system is so

extensive, it is very hard to recognise the parts of the system which would need more
training than the others.

On the contrary, more specific training can be organised for a cellular CIM system
since the entire system is made up of many individual independent and
semi-independent cells. More specific and correlated training can be prepared for the
right parts of the system. In addition, the improved system legibility offers users an
easier understanding of its internal architecture.

Generally speaking, the capability of addressing precise training to different parts of
the system will ensure a high degree of internal staff involvement.

53.6 IMPROVED FINANCIAL IMPLICATIONS

Costs that are incurred in designing, setting up and running a CIM system may consist

of the following major factors :

(1) hardware and software costs;
(2) system development costs;
(3) system implementation COSts;
(4) system modification costs;
(5) system verification costs;

(5) system maintenance cOSts;
(6) operation costs;
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(7) management and training costs.

All these costs, In theory, can be reduced because of the benefits gained by usine the
cellular approach. As mentioned in previous sections, the pitential i)erfefi:str;f
adopting a cellular principle in designing an integrated system may include the
increased system flexibility and simplicity, use of less powerful comleters, reduced
software sophistication, clearer defined objective for each cell, reduced length of
development time, easier and simpler system maintenance, precise training, more
effective planning and control, easier system modification to reflect changes, and the
ability to tailor the cells for individual needs. As a result, the total system cost will be

reduced and the system will be more flexible.

53.7 SHARED MANAGEMENT RESPONSIBILITIES

Of all the potential advantages to be gained when using the cellular approach, the
shortened throughput time and the improved work-in-progress inventory [Love and
Lung, 1986] are relatively more significant. These result from the improved user
involvement and management accountability in each cell. However, the single most
important aspect of a cellular approach is its capability to simplify the nature of a
manufacturing control system. Many of the traditional control functions such as
material planning and capacity scheduling can now be performed and monitored in each
cell individually.

By implementing the cellular approach, management problems associated with the
centralised system are considerably reduced. These problems are summarised as
follows :

(1) great responsibility is imposed on a small group of executives, and any error of
judgement could have significant repercussions in perhaps all areas of operations;

(2) the barrier between decision makers and those who execute their orders is
traditionally too wide, hence, problems in communications leading to, subsequently,

inappropriate actions with, perhaps disastrous results, are not uncommon;

(3) the accountability for overall performance is generally poor because of the
barriers between top management and lower Jevels in the company hierarchy;

(4) activities on the shop floor are usually such that people in top management do
not easily recognise the coherent problems. Consequently, from time to time,
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unrealistic decisions may be made which are impossible for the shop floor to follow.

For example, one of these typical problem is the unrealistic master production
schedule generated by the production control department.

Indeed, the application of the cellular concept has simplified what used to be a very
cumbersome system. It also reduces some common problems and restrictions
encountered in CIM system development. Further use of the cellular method within
management and control facilities in an integrated system will lead to a new
management technique known as the distributed planning and control being feasible.
This new concept will be used to complement the characteristics already provided by a

cellular integrated system. Further details about this relatively new management
concept will be discussed in the next chapter.
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CHAPTER 6 COMPARISON OF A CELLULAR CIM
SYSTEM T A CENTRALISED CIM SYSTEM

In the last chapter, the prospective benefits of using the cellular system approach in
CIM design were discussed. This chapter is to elaborate this concept and to compare it
with the centralised system methodology which has been widely adopted in CIM system
development. The comparison will be done in terms of respective system concepts, and
communications between each system element.

6.1 CIM ELEMENTS AND MAIN FUNCTIONAL AREAS

As mentioned in the last chapter, there are often five major distinguishable functional
areas which can be located in any typical manufacturing company. These are Customer
Service, Design Engineering, Planning, Manufacturing and Control, as well as Finance
and Administration. These functional groups exist in an integrated system regardless of
the system approach used.

Each of these major functional groups comprises several elements and sub-systems. In
general, these various elements operate in a specific operation sequence within each
functional group. They are also usually arranged in appropriate top-down hierarchies.

62 A CENTRALISED APPROACH OF CIM ELEMENTS / FUNCTIONS
INTERACTIONS

In a CIM system which is based on the centralised methodology, each functional area
retrieves from, and stores all its data in, a centralised common database. The result is,
although all elements share information as required in an integration environment, they
have to continuously refer to a common central database for retrieving and updating

relevant data. .

Very often, a group of separate elements may have already been combined to form
bigger functional groups before the total integration plan is commenced (see Chapter
3). These integrated functional groups, together with other remaining automation

islands, are finally linked together to complete the integration.

Although these small integrated groups exist as self-contained units, they have in fact
adopted the centralised system methodology for elements within them on a smaller
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scale. In addition, there may be already separate databases currently used along with
some of these groups.  Apparently, these systems resemble those units within a
cellular system defined in earlier chapters, although they actually illustrate typical
characteristics of a centralised systems. Figure 6.1 shows an example of the
configuration of such a system. In this diagram, there are three preliminary integrated
groups, namely group A, group B and group C. Each of these groups has its own
database whilst the system status is still in the process of partial integration. However,
no direct data links are established between them. Communications between each of

these groups have to be done through the overall central common database in the
system.

Figure 6.2 demonstrates a different configuration for a CIM system based on a similar
centralised philosophy. In this diagram, two previously integrated groups and three
stand-alone islands are integrated through the use of an overall central database.

When comparison is made between figures 6.1 and 6.2, the characteristics of
centralised system methodology is dominant in both examples. Indeed, in a
centralised system, it does not matter whether system elements in the existing
functional groups have been already previously integrated, or if separate local
databases have been used, they are still regarded as separate entities.
Communications between them have to be done through a superseding central
common database.

63 A CELLULAR VIEW OF INTERACTIONS BETWEEN CIM ELEMENTS

In a cellular CIM system based on the second global system approach, all its elements
should be designed from first principles. Although these elements are joined together
to form semi-independent cells, all the required fundamental data links for data access
between cells and local databases are readily available. In short, although these cells
have been assigned to different quite specific duties, and although they work
separately, the embedded data links allow them to transfer data directly to other
destination cells through the LAN system. This method therefore is radically different
from a centralised system in which data is always stored in a central and common
database. Details of the difference will be discussed in greater depth later in this

chapter.

In general, characteristics of a cellular CIM system’s elements can be summarised as

follows :
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(1) similar activities (such as those in Customer Enquiry and Sales department) are
grouped together to form a functional cell;

(2) sub-cells may be further defined within each of these functional cells, in which
job allocations can be defined more specifically;

(3) smaller separate database systems are widely used to serve only local functions in
the individual cells. Data can also be retrieved from a local database by other
cells, provided such links are already embedded in the latter;

(4) each cell or sub-cell, or a mix of them, can be served by a local computer;

Figure 6.3 illustrates the co-existence of main functional cells (from now on also known
as central cells), sub-cells, and finally work cells. The arrows indicate the directions of
key information flow which usually begin with some central cells, then to sub-cells, and
finish at work cells which are located at the bottom of the overall hierarchy of the
structure.

Further analysis shows that the data stored in a local database can be divided into two
main groups, namely local data and shared data [Lung, 1986]. Data which is generated
and used only for functions within a cell is termed local data. Data which does not
only support local functions but will also be used by other correlated cells is called
shared data. Both groups of data can be physically situated in a local database. It is
then attached to a cell which is considered to be the most appropriate ’owner’ or prime
user of that database. Figure 6.4 illustrates the interrelationships between cells,
sub-cells, local database, local data and shared data in a cellular CIM system. Note
that all system cells in the diagram are connected to a LAN system for direct

information transfer.

Ideally, in a cellular CIM system, each cell normally works with its localised computer
and database, and will retrieve data from other databases via the LAN system only

when necessary.
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6.4 IMPLICATIONS OF DESIGNING A CIM SYSTEM USING THE CELLULAR
CONCEPT

Referring to Figure 6.3 and Figure 6.4 in the previous section, theoretically, the
cellular design methodology can be applied to every part of a CIM system leading to
the concept that a complete CIM system can be formed by a group of inter-linked cells
and sub-cells. Because of the restricted physical size of each cell and its reduced
amount of associated data, the functions in a cell are more controllable and yet
flexible. As a consequence, a traditional CIM system can be greatly simplified in terms
of system design, database structure, software complexity, system implementation and
configuration, system maintenance and data accuracy.

With the use of cellular approach, the rigid structure of a centralised system can now
be replaced by a highly flexible structured system which is essentially made up of a
number of semi-independent but inter-connected cells. Each cell is, up to some
degree, capable of being tailored for specific requirements. In addition, each cell also
has i