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Preface

This is my third book in the area. With its publication, | feel that I have finally completed
a trilogy on the design and operation of manufacturing and supply (MS) systems.
Looking into the engineering domain of industrial and manufacturing systems, one
cannot fail to notice its multidisciplinary nature. There are numerous philosophies,
various approaches and techniques. Its path is paved with buzzwords. It has long been a
desire of mine to be able to present a more coherent and scientific view of the area to
which | have devoted my professional life.

For my part, | have always restrained myself from using too many buzzwords that
happen to be the flavor of the day. This, I adhere to both in my research and in my
writing. Fashions will come and go, but only sound scientific principles stand up to the
test of time. That is the reason why | have attempted to follow a consistent theme
throughout this trilogy of three books. The theme originates from a few words: systems
concepts, systems methods and systems approach. This theme, in my opinion, provides
one of the most important ways of thinking in the field. It is the basis upon which many
of the so-called “philosophies” should be explained and assessed. Any sound and
workable approaches must have an underlying framework that follows key systems
principles. In this field, systems thinking—in terms of a set of systems concepts and
prerequisites for the system’s effective operation—is what provides the necessary
conditions for any logical approach. This is my philosophy of the fundamental approach
as adopted in the trilogy.

The aim of the books is to provide a comprehensive coverage of the field. Together,
they serve to: (1) set systems thinking into the context of MS systems management; (2)
provide a theoretical framework into which various concepts and techniques fit logically,
hence illustrating what functions are involved, where they belong and how they can be
applied; (3) present a self-contained workbook to help put the framework and techniques
into practice. Accordingly, the three books cover different aspects of the subject area
independently, yet their contents are complementary in a logical way.

Manufacturing Systems Design and Analysis (Wu 1994) sets systems thinking into the
context of the area of manufacturing systems design. It discusses the general systems
concepts and techniques, and relates these to the manufacturing domain by demonstrating
the systems aspects of a manufacturing operation. In addition, it presents a structured
approach for the modeling, design and evaluation of modern manufacturing systems. In
essence, this book provides the systems background of the trilogy. It helps the reader to
understand the structure and operation of a manufacturing organization through a systems
perspective, and it shows how to use systems methods and tools to describe, analyze and
design a manufacturing system in a structured way.



Manufacturing and Supply Systems Management: A Unified Framework of Systems
Design and Operation (Wu 2000) provides a theoretical framework of the trilogy. Based
on an extensive analysis of the available methodologies and techniques, plus results
gathered through field research, it presents a unified framework of manufacturing and
supply systems management (MSM). MSM is defined as a domain involving the activities
necessary for the design, regulation and optimization of an MS system as it progresses
through its life cycle. This book provides an extensive literature survey of the key topics
involved in the field, and carries out an in-depth analysis of the application and future
requirements of the relevant techniques. In particular, it specifies the key functional
areas, outlines the contents and relationships within them, and then combines these into a
closed-loop to provide the basis for an integrated management system.

Finally, this current text is all about practicality. Based on the MSM conceptual
structure, this self-contained handbook guides the reader through the complete cycle of
MS strategic analysis, MS system design, management of system implementation, and
system operations monitoring. The structure and contents of this handbook are designed
with the following in mind:

 From the research perspective. Many researchers involved in MS systems design and
operation should find the structure of the MSM framework relevant, because it
provides a logical basis for the development of consistent procedures and parameters.
While researching individual methods, such a framework can help the researcher keep
a systems perspective of the problem domain, and apply the resultant tools more
effectively.

 From a teaching and learning perspective. The MSM framework will help develop a
coherent view of the subject area, and aid in the understanding of how the individual
concepts and techniques fit into the overall picture. The task-centered way in which
the individual topics are presented will be a useful feature for lecture and tutorial
preparation. The workbook itself is ideally suited for students undertaking MSM-
related projects.

 From an industrial perspective. Industry-based professionals may utilize the workbook
to plan, coordinate and execute their MSM activities in a strategically driven way.
Also, the workbook is designed to assist with institutionalizing the processes dealing
with system design and improvement in a company. Such an in-built ability will help a
company to cope with its changing environment and demands, which is becoming
increasingly crucial for the success of an MS organization.

I hope that, together, these three texts will further enhance the establishment of
manufacturing and supply systems engineering as a scientific discipline. I can honestly
say that | wish someone else had written such a trilogy, for that would have made my
own life as a teacher and researcher in industrial engineering much easier!

In association with my professional activities, | have been very fortunate to receive
tremendous help from a large number of people to whom | am indebted. | would like to
thank a group of most highly respected colleagues: Professor R.Wild of Henley
Management College, Professor J.Powell of the University of Salford, Professor



D.J.Williams of Bespak Europe Inc., Professor A.K.Kochhar of Aston University,
Professor D.Price of Bradford University, Professor R.J.Paul of Brunel University, UK;
Professor T.J.Black of Auburn University and Professor A.Kusiak of the University of
lowa. | also wish to thank my former colleagues at Cranfield University, England, where
I spent a number of very enjoyable and fruitful years.

I am particularly grateful to my colleagues in the Department of Industrial and
Manufacturing Systems Engineering, University of Missouri (MU): Professors Cerry
Klein, Thomas J.Crowe, Alec C.Chang, James S.Noble, Luis G.Occefia, Wooseung Jang
and Jose Zayas-Castro; and Sally Schwartz and Nancy Burke. | thank them for accepting
me as a colleague, for giving me the opportunity to work with a wonderful team, and for
all the help that they have given as | adjust to academic life in America. | also need to
thank them for their imaginative nickname for me—it is indeed great to be the Wu at MU.

Special thanks are due to my wife Sharon for painstakingly checking the manuscript,
and for professionally converting the entire text to, alas, American English! Having
studied, lived and worked in Britain for over twenty years, it took this American to force
me to “agree” that the British cannot spell English properly. Of course, any errors and
omissions that the reader may find in the book are entirely my own.

Finally, to Daniel and Christopher, | wish to repeat what I said in the preface of my last
book: I love you guys—so very, very much!

B.Wu
Columbia-Missouri. 2001






CHAPTER ONE
A Unified Framework of Manufacturing and
Supply Systems Management

1.1 INTRODUCTION

The economic and social significance of manufacturing industries has long been
established: it is mainly through their activities that real wealth is created. There is little
doubt that manufacturing industry will continue to play a vital role. The experiences of
the manufacturing industry in the last decades of the twentieth century have provided a
strong indication that the companies in the new millennium will face some new
challenges.

In order to help manufacturing industries tackle the issues, a substantial amount of
research has been carried out in relevant areas such as manufacturing and supply strategy
analysis, and manufacturing and supply system design. Consequently, structured
approaches, tools, and techniques have been developed. These have resulted in a better
understanding of the processes and tasks in their individual areas. When it comes to the
actual application, however, there is still a gap between theory and practice. For example,
companies often still deal with their system design problems in a fire-fighting manner,
due to a number of reasons identified previously. One of these appears to be a general
lack of guidelines linking strategy and system design activities. Another reason appears
to be the inadequate monitoring of current manufacturing system status. Without a
reasonable estimate of the current status of the system in terms of its level of achievement
and its position along its system life-cycle, it is difficult for the company to decide when
it is necessary to initiate a new round of strategy analysis/system design activities. Also,
there is a lack of integrated computer-aided tools in the area.

The issues above highlight the need for a more comprehensive framework to help
companies manage their manufacturing system through the life cycles. Factories of the
future will not only need manufacturing information systems to plan and control the
operation of their existing manufacturing structures, but also methodologies and tools to
help restructure their manufacturing and supply (MS) systems themselves. To face this
challenge, the author has previously proposed a unified framework which aims to set
systems thinking into the context of manufacturing and supply systems management.
Manufacturing and supply systems management (MSM) here is defined as a functional
domain that involves the major activities, such as design, implementation, operations and
monitoring, etc., that are needed to regulate and optimize a manufacturing system as it
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progresses through its life cycle. The aim is to achieve understanding of the MSM
domain, and to provide a basis for identifying a set of consistent parameters and logical
procedures, so that effective mechanisms and tools can be developed to help a company’s
future MSM activities. Detailed discussion of this framework can be found in:
Manufacturing and Supply Systems Management: A Unified Framework of System design
and Operation, (B.Wu, Springer, 2000, London). This framework provides an MSM
process reference architecture that is structured to follow the fundamental systems
engineering and problem-solving principles, as well as a system reference architecture
which covers the systems structure and sub-structures of an MS system. These together
provide the basis for the structure of this handbook of integrated design and operation of
MS systems.

This handbook has two distinctive features: it adopts a systems approach to follow
through the complete cycle of MS strategic analysis, MS system design, and MS
operations; and it presents MSM procedures in a task-centered and self-contained way in
order to guide the user step-by-step through this cycle. Together, the MSM framework
and its task-centered workbook help set systems practice into the context of MS system
design and operation. They present an integrated MS systems management framework,
logically incorporating the principles and key techniques from a number of relevant
areas, including:

* systems concepts and systems engineering,

« systems structure and systems perspective of MS operations,
« strategic planning and objectives formulation,

« system design methodology and techniques,

* project and change management, and

« system performance monitoring.

Following the key principles of systems theory and techniques, the remainder of this
chapter provides an overview of the conceptual structure of the MSM framework which
identifies the main functional areas, specifies their generic functionality and contents, and
logically integrates them into a closed-loop to provide the basis for effective systems
management. The task-centered workbook will be presented in the subsequent chapters of
the book. Issues related to the framework’s institutionalization within an MS organization
will also be discussed.

1.2 BACKGROUND AND KEY ISSUES

The last two decades of the twentieth century have seen a new approach to
manufacturing. The new demands from the customers and the market have resulted in a
reduction in product life-cycles, and hence the need to reduce the time-to-market period
for new product development. In addition, it is no longer possible to merely exist and
compete at a local level. Competition is seen to exist on a global scale, with world class
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standards being set in many areas.
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Figure 1.1 Three main functions contributing to MS performance

For many decades, manufacturing and other system functions, such as marketing and
distribution, have been treated as separate activities in a manufacturing organization.
They may no longer be treated in such a way: in today’s global setting, the success of a
manufacturing organization can only be achieved with the optimization of the
manufacturing and other functions in logical association with one another.

For instance, the importance of transportation/distribution within the manufacturing
domain is highlighted in Figure 1.1. This shows that, from a customer’s point of view,
there are three main functions contributing to a company’s delivery performance. This
makes it quite clear why companies are increasingly using their supply chains as
competitive weapons. Hence, logistics and manufacturing are linked together in an
organization’s overall manufacturing and supply operation, frequently making the
structure of the organization a distributed one involving manufacturing/supply units at
different sites and geographical locations (Figure 1.2).

Optimization of the complete manufacturing and supply cycle has increasingly become
an essential determinant to gaining a competitive advantage. However, current techniques
of manufacturing strategy formulation and system design seem to have concentrated
mainly on the issues related to manufacturing activities alone, without much
consideration being directed to their subsequent operations. It is evident that many
companies have found this restricting, and have begun to ask for ways to consider these
relevant activities and treat them as an integral part of the complete cycle. For many
manufacturing companies, reaction to market and business conditions suggests the
requirement for a step change followed by continuous improvement. This in itself is
likely to be continuous, needing steps or sprints in performance to be achieved
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periodically, with incremental changes occurring in between. Consequently, MS system
design (MSD) projects are being carried out much more frequently than before. Similar to
what is known as a product life cycle, a manufacturing and supply system also possesses
a life cycle, going through a series of stages as shown in Figure 1.3. As shown, greenfield
type system design projects are required when a completely new system is introduced,
designed, and implemented to satisfy a new set of manufacturing requirements. The
subsequent system design activities, brought about by continuous improvement initiatives
and projects responding to new market requirements, can be referred to as continuous
improvement or brownfield type projects. In both cases, it is generally necessary to carry
out a redesign project, requiring the utilization of existing resources, and being subject to
constraints related to the existing system. This concept of MS system life cycle provides
an insight into the reason why today’s manufacturing organizations have to become more
lean and agile.
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Figure 1.2 Structure of a distributed MS operation
+ ] ¢ 'Brownfield" |
( : i MSD Project; _
= 1
] | /\
= Small Scale H
E | MSD Projects {  Small Scale MSD Projects |
{ : Continuous : Conlinusus Improvements
| Greenfiald i 1mpmmgn[5 I
MSD Project! ¥ o TN
Time

Figure 1.3 MS system life cycle

In reality, every case is different. Companies commence system design projects from
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different perspectives. Not only are the markets different in many cases, but each
enterprise possesses a unique history, a unique organizational culture and state, and a
specific strategic direction. Other factors, such as the combination of time, resources, and
financial constraints are also specific to individual companies. Therefore, a design
process should be adapted to suit the particular case, requiring an appropriate means of
guiding the organization through the relevant design tasks. Such an approach would need
to consider the entire design process from the setting of objectives to the detailed design
stages and the specification of implementation activities. Based on an extensive analysis
of the relevant literature and results from practical cases, a number of separate, yet
interdependent, key issues in the area can be summarized as follows:

« System design methodologies. There are several problems regarding the use of
manufacturing system design methodologies: (1) Awareness—the actual application of
methodologies in practice; (2) Planning—the requirement to encourage coherence in
the tasks undertaken from project initiation through to implementation; (3)
Documentation—the recording, manipulation and retrieval of design data such as
design notes, assumptions made and their justifications, etc.; (4) Implementation—
failures in system design projects are often related to inadequate organizational and
operational planning and/or faulty execution of the implementation process. The
primary areas of concern include the lead-times of projects, decision making, and the
insufficient coordination of tasks.

» Manufacturing strategy analysis/formulation. A few relevant issues in this area are: (1)
Manufacturing strategy formulation—this covers the strategy content and process.
There is substantial agreement concerning the decision categories or manufacturing
policy areas to be addressed within a manufacturing strategy; (2) Interdependency
between strategic policy areas—the decisions made for the manufacturing policy areas
are interdependent. The policies and ensuing system design activities can logically link
functions to strategy, or can involve more complex multiple links between functions;
(3) Audit approaches—these allow a systematic involvement of key personnel, and
allow both data and judgments to be recorded and revisited.

« Strategy/system design interface. Strategy formulation can highlight both strategic
improvements and operational improvements that can be achieved through system
design activities. The planning and formulation of a design project should be assisted
by strategic plans, by identifying cause and effect relationships between strategy and
operations. The plans derived from the manufacturing strategy should concern the
definition of implementation requirements for the manufacturing policies, the
definition of the basic manufacturing systems and procedures, the definition of
manufacturing controls, the selection of operations critical to manufacturing success,
and the definition and formulation of performance measures and review procedures.
However, the process of strategy formulation and its subsequent derivation into the
specification of action plans is currently considered to be mainly creative. A
significant feature resulting from this fact is that the action plans are often not
sufficiently detailed to aid implementation. Since strategy development is an iterative
process, it should be useful to consider iterations across the strategy/system interface
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throughout the system design project, though particularly at the early stages. These
iterations may also feed back to the top level corporate and business strategies where
necessary. Strategy/system design interface can be viewed as being a complementary
task to that of strategy planning and specifies how the strategy is to be executed, the
resources required and the performance measures to be applied. It can therefore be
considered to occupy the phase of the interface that concerns the development of action
plans. In a tactical sense, these plans represent individual system design projects.

» Systems status monitoring. This area raises issues about strategy/system
implementation, and how to judge the success/effectiveness of a project. A problem
has been observed with respect to knowing where to start a system design project. The
reason appears to be the lack of an online monitor of current system status within the
MSM context. It must be realized that, in order to effectively support a strategy, the
development and implementation of the necessary system and operations are a
continuous process. Once a new system is implemented, its performance needs to be
regularly monitored to assess its fitness-for-purpose, so that the original strategic goals
are achieved.

1.3 SYSTEMS APPROACH TO MS MANAGEMENT

In order to deal with the complexity involved, the systems approach to the design and
operation of modern MS system, as presented in one of the author’s previous books on
the subject (Wu, 1994, Manufacturing System design and Analysis, 2" Edition, Chapman
and Hall, London) has become more relevant than ever. The structure of the proposed
MSM framework closely follows the systems principles and the prerequisite conditions
for effective system construction and operation. It essentially supports a structured
mechanism for the provision and execution of relevant MSM methodologies, and the
communication of system designs.

1.3.1 Key Systems Requirements

Amongst the various concepts as presented in the above mentioned text, of particular
interest are a prototype system model and its set of conditions necessary for the effective
operation and control of manufacturing organizations. As far as the development of the
MSM framework is concerned, the following are especially relevant: (1) Coherent
organizational and operational strategies. The objectives adopted at various levels of the
system must be in line with the overall business aims. Therefore, regardless of the type of
system design projects concerned, their activities should be strategically driven so that
they are carried out following a coherent frame of objectives to guarantee the system’s
fitness-for-purpose; (2) Adequate system structure. In order to achieve the first goal, a
hierarchy of closed-loop control mechanisms must be implemented which corresponds to
the hierarchy of manufacturing and supply functions. Hence, three fundamental system
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functions must be properly designed and implemented at each level along the hierarchy—
objective setting, operational and performance monitoring; (3) Adequate measurement of
the processes. To facilitate an effective control, it is necessary to be able to measure
relevant process parameters in an adequate manner, highlighting the need for the current
system performance to be adequately estimated for the subsequent decision-making
within the MSM loop; (4) Awareness of environmental influences. Sufficient
consideration must continuously be given to environmental factors, including changes in
customer requirements, technological development, competitors/partners’ level of
achievement, and changes in government regulations and economical climate. If one
relates these well-proven systems principles to the area of MS management, it becomes
apparent that a few key elements should be logically incorporated into an overall
framework, so as to provide a logical and practical MSM management approach.

1.3.2 Overview of MSM Framework Structure

As shown in Figure 1.4, the MSM framework should consist of three main functional
areas: manufacturing and supply strategy analysis (MSA), manufacturing and supply
system design (MSD), and manufacturing and supply operations management (MSO).
Generally speaking, the nature of MSA approaches can be summarized as a method of
helping a company analyze its products, market, and operations to identify areas of
concern, and then setting objectives for improvement. However, the implementation of
strategic initiatives will rely on the management of change through MSD projects. The
general aim of an MSD project can therefore be defined as the determination of the best
structure of a manufacturing and supply system in order to provide the capability needed
to support strategic objectives. This must be achieved within the resource and other
constraints. An MSD procedure is usually based upon a general model of a problem
solving cycle, as exemplified by the MSD methodology outlined previously by the
author. In addition, the complete MSM cycle should also include the aspects of
manufacturing and supply to plan, monitor, and control the production processes once the
system is implemented and in operation. Therefore, the MSO area largely reflects the
planning and control activities normally associated with an manufacturing resource
planning (MRP)/enterprise resource planning (ERP).

The systems thinking in the management of manufacturing and supply requires the
development of a set of coherent strategic objectives and goals. The message bears
repetition: a hierarchy of compatible system structures should support this hierarchy of
objectives. Failure to deploy such an approach will tend to produce solutions/systems that
may be technically good but not necessarily good for the business as a whole, due to a
lack of context and coherence. In close relations to the MSA function, therefore, a core
area involving costing, quality assurance and performance measurement is specified. Its
role is to provide a coherent means of establishing goals and objectives, and evaluating
the output from various functions in a way that is consistent with the overall strategic
aims.
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Figure 1.4 Overall functional structure of a unified MSM framework

The overlap between these main areas identifies three additional MSM functions:
MSA/MSD interfacing, MS system implementation and MS system status monitoring.
One particular feature of this framework is the inclusion of this system status monitoring
domain. Its function is to regularly monitor the system’s performance against the original
strategic goals. Modification of the system structure, operational procedures, and even the
original strategic contents can subsequently be necessary. Accordingly, the purpose of
this system status monitor is to assess the system’s current performance, identify its status
along the life cycle, and to trigger appropriate MSA/MSD projects when necessary.
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Figure 1.5 MSM as the driving-wheel of a manufacturing/supply organization
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Therefore, from a theoretical point of view, the proposed framework reflects the fact that
a systems approach should be adapted to the design, implementation, and management of
manufacturing and supply systems. From a practical point of view, on the other hand,
such a framework aims to provide a means of coordinating and supporting the relevant
MSD tasks, monitoring and operating the resultant MS system in a strategically driven
way. As a result, the shape, size and dynamic characteristics of the system are fit for the
purpose, capable of coping with the demands put upon it, and able to achieve its strategic
goal along the rather bumpy route of its life cycle, as shown in Figure 1.5.

1.3.3 Overview of MS System Structure

Just like the engineering design of a product, the complete specification of an MS
operation will have to include a number of documents and drawings, each of which
provides information about the structure or function of a specific part of the system.
Therefore, in addition to specifying the structure and sequence of the analysis processes
themselves, the framework also provides a means of describing the resultant system. That
is, it provides a design process reference architecture, as well as a modeling reference
architecture, which covers the MS systems structures, and sub-structures. At each stage, a
number of MS sub-systems can be addressed. Three principal MS functional areas can be
addressed through MSM activities within this framework:

« The physical (or manufacturing/supply process) architecture represents the ‘hard’
elements of the manufacturing and supply systems, including the machines,
transportation and storage equipment and the other facilities required to support the
manufacturing and supply process. This also describes the flow of materials through
the system.

« The human and organizational architecture represents the organizational structure and
the interactions of the employees within the manufacturing and supply system,
including their roles, responsibilities, and tasks.

« The information and control architecture represents the planning and control functions
of the manufacturing and supply system and the processes involved in decision
making. This also describes the flow of data and information in all its formats, whether
paper or computer based, throughout the system.

Consequently, the complete functional areas and their logical sequence are as shown in
Figure 1.6. This figure illustrates the continuous processes through the complete MSM
cycle that need to be considered within the three layers of a manufacturing and supply
system. The overlapping domains of these three architectures provide three further design
concepts: the system structure, system decisions, and system functions, which are
outlined in Figure 1.7. Hence, the functionality of an MS system is provided through the
combination of physical MS facilities to carry out the transformation processes; the
organization of the physical facilities and personnel to provide the system structure; and
the information structure to define how and what the system should produce. By using
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these architectures and concepts, a direction for system design and modeling can be
formulated. Progressing from the center, the requirements with respect to the system
concepts can be specified in a holistic manner and the individual architecture and sub-
systems’ requirements can be defined.

Figure 1.6 Overall functional structure and flow of a unified MSM framework
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Figure 1.7 A conceptual MS systems architecture

The above is further refined by following the generic MSD methodology previously
developed by the author (Wu 1994), consisting of four stages: project initiation,



A unified framework of manufacturing and supply systems management 11

requirements specification, conceptual modeling and detailed design. The project
initiation stage provides the terms of reference for the particular MSD project. The
requirements definition stage provides a specification for the MS system. The conceptual
modeling stage generates a number of alternative configurations for feasibility
assessment. Finally, the detailed design stage provides the opportunity to render an in-
depth specification of the chosen conceptual configuration, as shown in Figure 1.8.

1.4 THE MAIN MSM FUNCTIONAL AREAS

These are the areas where a substantial amount of research has already been carried out.
Consequently, structured approaches, tools, and techniques are available to help with the
tasks involved.
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Figure 1.8 Overall MSA/MSD tasks and reference structure

1.4.1 MS Strategic Analysis

The purpose of the first functional area is to help develop and capture a company’s future
MS strategy (Figure 1.9). Long-term success requires a company to continually seek new
ways of increasing its overall efficiency, and of differentiating itself from competitors so
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as to enhance its particular competitiveness. To create such a strategic approach, a
company must develop a plan for identifying and building the capabilities that will enable
it to do certain things better than its competitors can.

As far as research in MS strategy is concerned, a general model is usually followed which
broadly divides MS strategy into two related domains of MS strategic process and
strategic content. Process refers to the procedure of formulating and implementing
strategy and content refers to the choices, plans, and actions that make up a strategic
direction. Several approaches to the formulation of MS strategy have been published in
the literature. An analysis of these has indicated that, with respect to strategic content
variables, there is a significant degree of agreement amongst the current approaches. This
has enabled a generic MS policy model to be developed, as shown in Figure 1.9. This
model consists of eleven policy areas. Each policy area has been defined with respect to
its decisions, sub-decisions, options, parameters, and influences.

e
Lo

MSD

HEY isEnre
ANAL Virg

Figure 1.9 Processes and contents of the MS A area within MSM

The underlying logic of a typical approach to MS strategy formulation follows that of
the generic problem-solving model. That is, it may be best illustrated by the situation
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where one wishes to travel geographically from location A to B, and plans the journey by
asking questions such as: what is our destination? where are we now? what are the
possible routes and means of transport? which route is best?

Similarly, to accomplish the best system changes in MS, both the starting point and the
desired state should be known. It is then necessary to understand how the current system
can best achieve the current or future requirements. This can be accomplished by
identifying the reasons for the problems and the most effective means of filling the gaps.
It essentially consists of three important task frames: existing system analysis, MS
strategy and MS criteria definition. Each of the frames represents an independent and
complimentary set of tasks. Although these particular tasks do not contribute towards the
specification of an MS architecture or sub-architecture, they can be viewed in a global
systems-wide perspective. The combination of these task frames provides the terms of
reference for an MSD project. Additional concerns, such as the organizational and
business strategies, can also provide an indication of the future MS system:

« Existing system analysis. The existing system analysis provides an initial preMSD
diagnostic of the MS system and its operating environment. In cases where an MS
strategy formulation exercise has been undertaken, or where significant operational
problems have been highlighted and investigated, such an analysis will already have
been completed. If this is the case, the pertinent information derived from the exercise
should be recorded. The analysis is not rigorously detailed at this stage of the project,
but it does provide an indication of the performance of the MS system. It also serves to
highlight any problems and problem areas. The principal tasks in this frame include:
(2) Product grouping. This serves as a means of aggregating the many separate items
likely to be produced within the MS function into sensible product families that share
common attributes or properties. A number of analytical methods are available to
assist in the process, such as the use of the product process life-cycle matrix and the
criteria matrices based on the competing characteristics of product families. Once the
basic product families have been identified, it is useful to be able to rank these in a
relative sense with respect to their importance to the business; (2) SWOT analysis. The
strengths, weaknesses, opportunities and threats for each Product group should be
identified and recorded; (3) Performance analysis. The performance analysis with
respect to the customer requirements should be carried out in a disaggregated manner,
typically based upon the Product groups derived in the earlier design task; (4) Problem
identification. A separate design task, problem identification is used to highlight
problems prevalent amongst the Product groups and to attempt to locate the root
causes of these problems.

 MS strategy. The strategy analysis aims to capture the relevant information contained
within the enterprise’s MS strategy. The key inputs to this task frame are therefore the
MS strategy document, the operating plan document, and the action plan document (if
they exist). The information contained in these documents can be collected in a
structured manner together with ancillary information that may have been generated
during the formulation of these documents. It is expected that the results are generated
either within the existing system analysis stage or within one of the MS strategy



Handbook of manufacturing and supply systemsdesign 14

formulation approaches. Based on the results from the survey on the current
approaches, Figure 1.9 illustrates the generic MS strategies frame that provides a basis
for strategy capture and the subsequent selection of MSD activities. Additional
information is provided to assist the users in identifying problems within their system
and acts as a checklist for each individual competitive criteria and MS policy area.
These present typical problems prevalent within the policy areas and indicate likely
effects on the competitive criteria of the MS function.

» MS criteria. The MS criteria essentially provide an indication of the customer
requirements with respect to the MS system in strategic terms. They are mainly derived
from the business and MS strategies. The criteria are grouped into: (1) System purpose.
This defines the rationale and aims of the MS system, with respect to its role in the
organization, including the direction in which it is heading and its functionality. Hence,
this criterion includes concepts such as the product range, customer demand, volume
manufactured, and the core processes of the MS system; (2) System performance. This
is concerned with the quantitative measures of the system with respect to its
competitive performance. Competitive criteria include product lead-times, customer
lead-times, delivery dependability, quality levels and scrap rates, etc.; (3) System
characteristics. These are the non-quantifiable criteria of the system and cover a
qualitative assessment of the systems operations (such as the degrees of simplification,
automation, and integration, and the degree of system flexibility); (4) System costs.
These relate to the financial aspects of the MS system. They include targets for fixed-
assets investment costs, materials, and inventory costs, and operational costs.

» Consolidation. This brings together all the design and strategy information captured,
created and generated previously. The information will be presented to the
designers/managers. They then verify the consistency and check: (1) Readiness for
change. This is an indication of the organization’s readiness for change, in terms of
implementing a new MS strategy, reorganizing its MS operations and executing an
MSD project. A series of questionnaires and worksheets are presented to assist in the
assessment of the organization’s preparedness; (2) Terms of reference. This provides
MSD-specific aims and constraints which summarize the project scope, project
constraints, system constraints and project objectives. The project scope is classified
into six categories: project initiators, product-system type, project focus, project type,
desired solution and project level. The project constraints and the system constraints
are each classified into four categories: time constraints, resource constraints, human
resource constraints, and financial constraints. Finally, the project objectives are
classified into four categories: financial, quality, organizational, and operational.

1.4.2 MSA/MSD Interfacing

Figure 1.3 has clearly indicated that, in reality, every MSD project is distinctive and has
different scope, concern, and strategic objectives. Therefore, it is important that a
company should be able to identify the relevant options and related MSD tasks so that
their MSD actions address the key issues to achieve the required improvement. A generic
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MSA/MSD interface has been developed within the MSM framework to enable
manufacturing companies to make more informed decisions in this regard (Figure 1.10).
Using MS strategic initiatives as the principal input, this interface aims to assist in the
association between MS strategy concerns and necessary system design actions. The first
stage is concerned with MS requirement specification—the definition of the system with
respect to its function, structure, and decisions (see Table 1.1):

« System function. This aims to provide a more detailed definition of the purpose of the
MS system, as previously outlined in the system purpose category of the MS criteria.
The task frame builds on the information supplied by the previous stage, both explicit
in terms of the products to be manufactured and supplied, and implicit with respect to
data applied within the MS strategy formulation and analysis. Hence, it aims to define
the required function of the system with respect to current and future products, and the
associated processes, both in-house and subcontracted.
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Figure 1.10 MS Requirement specification

« System structure. The systems structure task frame specifies the overall structure of the
MS system. It covers the definition of the functional grouping of the system and
includes system decisions such as capacity planning. Hence, it aims to define the
required structure of the MS system with respect to the process organization and
grouping of MS functions and the degree of modularization and integration within the
system.

* System decision. The decision task frame identifies the necessary requirements for the
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information and control systems of the MS system. It also specifies how these
interrelate with the physical and organizational sub-systems. Therefore, it aims to
define the required decision making structure of the MS system with respect to the
decision and control processes, and the degree of integration within the system.

» Consolidation—system requirements. The final section of the requirements phase of the
MSD process is the consolidation stage. This brings together all the design
requirements and strategy information captured, created and generated within the three
task frames. The results of this stage should include a definition of the system
boundaries and those being addressed within the MSD project; a definition of the
systems architectures being addressed; a model of the requirements for the system; and
a project objectives definition. The information is presented to the designers for
evaluation and verification of consistency and completeness. Finally, an MS systems
requirements report is generated. This ensures the continual communication of results
within the organization and provides a high-level approval and checking mechanism
with respect to the consistency of the initial system specification with the overall
business and MS strategy policies and goals.

Table 1.1 Requirements specification

MSD Task Description
Product Analysis Specification of requirements of new and existing
products
System Part Analysis Specification of requirements of new and existing parts
Functions - — -
Process Analysis Specification of processes and process technologies
Make vs. Buy Analysis of processes for in-house or subcontract
Functional Grouping | Specification of functional groups (process or product)
Capacity-Demand Specification of capacity required for each group
System
Structure Structural Layout Specification of MS organization and structure
Integration- Specification of degree of modularization and integration
Modularization and identification of individual modules
Information Specification of information functions
System Functions
Decision Decision Variables | Specification of level of decision making, level of
control, decision-making hierarchy

Following the above, the MSA/MSD linking process is supported by a series of generic
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action plans. Each of these plans is associated with a set of MSD tasks derived from the
MSD functional area. In fact, the MSD functional area has been specified in such a way
so that, to a certain degree, it corresponds to the generic MS policy areas. Figure 1.11
illustrates the MS policy areas and associates them with the MS sub-systems that are
typically addressed in an MSD project. These relationships between the policy areas and
MSD task frames are relatively simplistic, particularly when the multiple-
interdependencies of MS strategy and MS systems are considered, but they do provide a
logical indication of the dominant sub-systems and task frames that initially need to be
addressed in the design process. In reality, however, due to the interdependences amongst
policy areas themselves, and between policy areas and design tasks, a top-down approach
for linking strategy to the design process can only be established in several stages.

The initial strategic objectives generally provide a qualitative and/or quantitative
indication of future directions for the organization, based on the differences between
what the market requires from the company and the actual performance of the company’s
MS system. In addition, the MS criteria defined through the MSA process relates MS
strategy to MS system by defining the system purpose, system performance, system
characteristics, and system cost structure. Following these, a number of MSA/MSD link-
tables are provided, indicating cause-effects relationships. They form an MSA/MSD
linking chain through the following steps:
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Figure 1.11 Conceptual relationships between MSA policy areas and MS sub-
systems

« Strategic decisions—MSD tasks. This provides an indication of the possible
relationships between each of the sub-decisions, categorized under the strategic
decisions of each of the eleven MS policy areas and the approximately seventy-five
MSD tasks of the MSD task framework. There are currently over two hundred
separate sub-decisions grouped under fifty-five decisions within the eleven policy
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areas. When the table is analyzed, it can be seen that the mapping functions linking
policy areas to sub-systems, as illustrated in Figure 1.12, though simplistic in nature,
correspond sufficiently with the more detailed level of abstraction. As well as
supplying information for the selection of the relevant MSD tasks, this table also
provides links from the design tasks back to the strategic policy areas, decisions, and
sub-decisions. Hence, when a design task is being performed—whether at the task
refinement or execution stage—the user can refer back to the associated strategy
decisions for guidance and check its consistency on a global level.

» Generic action plans—MSD tasks. This provides an indication of the possible
relationships between each of the generic action plans and the MSD tasks of the MSD
task framework. Altogether, eighty-eight generic action plans represent an aggregation
of those identified in the literature and those observed in industrial practice from case
studies. They provide a broad cross-section of the types of MSD projects and action
plans likely to be required, from complete MSD projects to continuous improvement
programs.
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Figure 1.12 Sample strategic decision/MSD task relationships (partial listing)
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* Project terms of reference—MSD tasks. This provides an indication of the general
relationships between each of the project terms of reference and the MSD tasks of the
MSD task framework. Just as the strategy-design task table is applied, the terms of
reference-MSD task table can be used to refer back to the relevant project terms of
reference during design task execution.

The linking tables used for the MSA/MSD interfacing can be edited by the users to match

the specific strategic requirements of their enterprise. New entries can be added,

relationships can be changed, and their respective weightings altered. Again, a workbook
approach has been followed, outlining steps to guide the user through the process and
presenting the user with logical options.
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Figure 1.13 Contents of the MSD area within MSM

1.4.3 Task-Centered MS System Design

An MSD methodology usually follows a structured cycle that involves a number of
typical stages such as “formulation of objectives” followed by “conceptual design” and
“detailed design”. More detailed MSD tasks can be specified at each of these stages. A
literature survey has been carried out on these methodologies and other relevant
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approaches to the design of MS systems. In addition to these methodologies, specific
techniques for system design have also been reported, although these aim to deal with
particular MS sub-systems, and, often, particular aspects of sub-systems. From this
analysis, it is possible to identify a set of generic MSD tasks that are carried out along a
process of analysis and evaluation, as shown in Figure 1.13.

The MSM structure provides an effective basis for the clarification of its functional
domain. The functional area is divided into individual cells, each of which represents a
particular module. The modules’ specific contents (functionality, relevant techniques,
parameters, values, relationships, etc.) may be specified in detail, if required, as
illustrated in Figure 1.14. Within such a task frame, which can be considered to represent
a self-contained package of work, a design task collection exists that addresses a specific
sub-system at a particular stage in the design cycle. Hence, it is within these generic
frames that sub-problems are solved and a design concept developed. It is through
selecting appropriate task frames and design tasks, and through customizing their
contents, that a specific MSD project can be defined. Thus, not only can the design of a
modular system be created with respect to production units, manufacturing cells and
workstations, but the actual design process itself can also be modularized according to the
sub-systems addressed and design tasks chosen and executed.

Figure 1.14 MSD task example—capacity analysis
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Conceptual design

Within the conceptual design stage, a number of alternative MSD options can be
generated and assessed based upon the requirements, terms of reference, and strategy
developed previously. The conceptual design stage is based around the three sub-
architectures. Its aim is to identify a number of approaches that may fulfill the system’s
requirements. As such, it needs to take into account the existing system’s structure and
functionality, as well as any constraints imposed by the existing system. It consists of the
MSD tasks shown in Table 1.2:

Table 1.2 Manufacturing MSD task documents

MSD Task Description

Process Planning Verification and specification of process
plans for part

Part Grouping Specification of part groups according to a
variety of

Make vs. Buy Make versus buy analysis (parts)

Cell Formation Specification of cells according to a variety
of criteria

Conceptual Layout | Conceptual modeling of factory layout

Conceptual Capacity | Specification of required capacity of
individual cells

Manufacturing and Supply | Space Determination | Specification of space required in individual
Processes cells

Material Handling Specification of material handling
requirements

Factory Storage Specification of factory storage requirements

Support Services Specification of support services required

Factory Facilities Specification of factory facilities required

Supply Chain Identification of suppliers and customers
Structure
Supply Chain Visualization of logistics network

Modeling
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Facility Location Location of manufacturing and distributing
Planning facilities

Organization Specification of type of structure of the MS
Structure organization

Organization Culture | Specification of culture required for the MS
organization

Human and Organization |Organization State | Specification of operating conditions for the

MS
Labor Policy Specification of labor policies to be adopted
Quality Policy Specification of quality policies to be
adopted
Integration Specification of degree and extent of

integration of identified entities

Autonomy Specification of degree and extent of
autonomy of entities

Automation Specification of degree and extent of
automation of identified entities

Information and Control

Planning and Specification of planning and control
Control functions

System Specification and modeling of information
Architectures and decisional architecture

Data Flows Identification and modeling of major

information flows

» MS processes. The purpose of this task frame is to specify the physical entities of the
manufacturing and supply system at a conceptual level of detail. Hence, it is concerned
with the physical processes, services, facilities and support required, as well as the
overall capacity and conceptual layout of the system.

» Human and organization. The purpose of this task frame is to specify the
organizational entities of the MS system at a conceptual level of detail. Therefore, it is
concerned with the structure, culture, and state of the organization supporting the
physical and information systems, and the general operating policies of the
organization. Quality issues are also addressed within this task frame.

* Information and control. The purpose of this task frame is to specify the informational
entities of the MS system at a conceptual level of detail. Hence, it is concerned with
the specification and modeling of the MS management system, the degree of
autonomy and independence for decision making and the flow of data within the
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systems.

» Consolidation—system feasibility study. The final section of the conceptual design
phase in the MSD process is the consolidation stage. The purpose of this is similar to
the previous consolidation stage: to bring together all the design requirements and
ideas captured, created, and generated within the three task frames. The result should
be a conceptual design model that is static in nature. The MS system should be defined
in a structural and functional sense, and the requirements for each MS unit should be
specified. Finally, an MS systems feasibility study report is generated for the approval
of the MSD steering committee. This report should ensure the consistency of the
conceptual system design specification with the overall business and MS strategy
policies and the system requirements. Based on the concepts developed in the
conceptual design stage, the feasibility study report should identify the structural,
functional, financial and managerial feasibility of the conceptual system design and the
MS sub-architectures.

Table 1.3 Processing MSD tasks

MSD Task Description

Detailed Layouts Specification and design of layouts of individual factory
domains
Detailed Cell Specification and design of layouts of individual
Layouts manufacturing cells
Processes

Workstation Specification and design of layouts of individual
Layouts workstations
Equipment Specification and selection of individual items of
Selection equipment
Human Services Specification and design of services required for employees

Material Services Specification and design of services required for physical
materials

Facilities | Machine Services | Specification of services required for machines and
equipment

Buildings Specification and design of the building

Health and Safety | Specification of environmental health and safety issues

Maintenance Specification of maintenance policies and functions

Tooling Specification of tooling policies, functions and location

Supplies Specification of supplies policies, functions and location
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Administration

Specification of cell level administration policies, functions,
roles

Supports | Setup Management | Specification of setup management policies, functions, and
roles
Process Inspection | Specification of inspection policies, functions, and roles
Production Planning | Specification and detailed design of production planning
functions
Plan Scheduling Specification and detailed design of scheduling functions
Software Design/selection of software for production planning and
Definitions scheduling
Equipment Specification of soft/hardware for production planning
Selection
Batch Sizes Specification of optimum batch sizes and range of batch
sizes
Volume Mixes Specification of optimum volume mixes and range of
volume mixes
Shift Patterns Specification and design of shift patterns
Control Systems Specification and detailed design of MS control systems
Data Collection Specification and design of data collection methods and
techniques
Materials Selection/design of materials management techniques
Control Management
Software Definition | Specification and design/selection of software for control
systems
Equipment Specification and selection of types of control systems
Selection equipment
Job Requirements | Specification and analysis of job requirements
Job Design Specification and design of jobs, roles and responsibilities
Human | Training Analysis of training requirements and specification of
training program
Quality Specification and design of quality systems, roles and
responsibilities
Structure Specification of organizational structure

Working Conditions

Specification and design of working environment
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Safety Specification and verification of safety issues
Organization | Motivation Specification and design of workforce motivation methods

Reward Systems Specification and design of reward systems

Buffer Sizes Specification of buffer sizes

Storage Locations | Specification of location of WIP buffers and storage areas

Storage Systems Specification and selection of types of storage systems
Warehouse Handling Paths Specification of handling paths
Handling Units Specification and selection of types of handling units
Warehousing Specification of warehouse design and management
Transportation Specification of inbound, intermediate and outbound
transport

Detailed design

Within the detailed design stage, a number of alternative MSD options are generated and
assessed based upon the conceptual design developed previously. The detailed design
stage represents a more in-depth investigation of the three sub-architectures. It is based
upon the development of a series of sub-systems that directly contribute towards the
operations of the MS system. It aims to identify a number of approaches that may fulfill
the system’s requirements. As such, it needs to take into account the existing system’s
structure and functionality, as well as any constraints imposed by the existing system. It
comprises the main MSD tasks as given in Table 1.3:

* Processes. The purpose of this task frame is to specify the physical aspects of the MS
processes in detail. Hence, it is concerned with the physical processes and the selection
and positioning of equipment.

« Facilities. This specifies the individual service requirements that the factory needs to
provide.

« Support. This specifies the location and operating policies for activities that support the
MS operations within the individual cells.

« Planning. This specifies the planning and scheduling functions and operating policies
of the MS system.

« Control. This specifies the control functions and operating policies of the MS system.

« Human. This specifies the design requirements specific to human issues.

« Organization. The purpose of this task frame is to specify the design requirements
specific to organizational issues.

» Warehouse and transport. This specifies the transportation and materials handling
equipment required, as well as the storage equipment and locations.
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1.4.4 MS System Implementation

This specifies the functionality and procedures of the MSM phase of implementation,
dealing with two closely related areas: system implementation and system change
management. In general, a coherent set of detailed plans and instructions should be
prepared to effectively manage the necessary future changes. An implementation plan
should, for instance, include items such as an outline of the requirement of change, a
description of method of change, a specification of the tasks and resources required, and a
time plan for the implementation project. The aim is to help achieve the project goal
smoothly, in the shortest possible time, and at the minimum cost. Once started, the
progress of implementation tasks will need to be continuously monitored. If necessary,
feedback actions should be taken to adjust the actions being taken. Eight main
components can be identified as essential for accelerating change and maximizing its
chance of success (Figure 1.15).
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Figure 1.15 Steps of change management within the MSM context

These components of change management provide the basis for the structure of the MS
implementation phase of the MSM framework. The aim is to link the new system design,
developed during the MSD phase, into transition plans and implementation programs
which will lay a foundation for a successful implementation of the new system. Again,
the three main aspects that are incorporated in the implementation phase are processes,
information technology (IT), and organization and human resources. This phase will take
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the outputs of the MSD phase as inputs. It begins with the stage of preparation for
change to provide a basis for the development of transition plans, which include
scheduling, budgeting, and resource requirements. These plans are the basis to bring the
new manufacturing/logistic system design into reality.

A three-stage procedure has been developed for MS implementation (Figure 1.16):

« Stage 1—Preparation for change. This aims to make sure that the organization is ready
for the changes required by the MSD initiatives, so that the MSD team and the system
user have a common understanding of all the definitions used in the design. Everyone
concerned should be motivated by the strategic vision.

« Stage 2—Transition plan development. The second step in the implementation phase is
to develop one or more transition plans. A transition plan includes project time plans,
resource allocation plans, budgets, performance measures and contingency plans. The
alternative transition plans are compared and evaluated, and the most favorable for a
successful implementation of the new system is selected. Initially, project scheduling
is done to allow planning of the activities. This is followed by resource management
and project budgeting. After an iterative process of transition plan refinement, process
performance measures are then selected. Finally, the complete set of the previously
specified independent projects is integrated into a master transition plan.
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Figure 1.16 Stages in MS implementation
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« Stage 3—Implementation. This step consists of planning and performing the actual
implementation of the new system. This includes monitoring and controlling the
progress of the implementation, and evaluating the success of the project.

1.4.5 MS Operation And System Status Monitoring

MS system operations are an established functional area of manufacturing with well-
developed theories and tools. The current development of Enterprise Resource Planning
(ERP), which inherits its nature from its forerunner, Manufacturing Resource Planning
(MRP 11), is a typical example of the kind of IT systems used to provide an integrated
information system for the planning and control functions required. With the move
toward IT integration through client/server and Internet, ERP is being pushed from a
conceptual to a practical arena. A number of unsuccessful cases reported in the literature,
however, show that purely technical-oriented ERP implementation is one of the main
reasons for failure. There seems to be a lack of a structured, strategically driven approach
to assist companies mapping function-oriented software onto a business-oriented system.
It is evident that different industrial companies have different focuses on their business
and manufacturing function. Current ERP systems also have different merits and
weaknesses when related to different industrial requirements. The proposed MSM
framework provides a sound basis for a strategically driven analysis of MS information
system requirements, giving a strategic direction for information system evaluation,
implementation, and administration.

In particular, the system performance monitor is needed to complete the MSA-MSD-
MSO-MSA cycle. This area is particularly important for the framework’s real-life
adaptation and operation. This is because it is responsible for the continuous monitoring
and reporting of the current system performance against the pre-established strategic
goals. In accordance with the pre-conditions for efficient systems operation, MSM
performance measurement is generally needed to:

* provide the MSM system with a method to assess its current competitive position with
respect to its current strategic direction, its competitors, and the demands of the
market, and

* monitor the system’s progress towards its strategic objectives and identify avenues for
continuous improvement.

In addition, external influences should also provide a stimulus to the initiation of the
MSA-MSD-MSO cycle. Being an open system, the company cannot otherwise be certain
that objectives established for future improvement will be adequate to lead to superior
competitive performance. This can only be achieved by evaluating and quantifying the
current state of the company, by highlighting where improvements have been made, and
by defining areas which need improvement. By using performance measures that are
supportive to a company’s strategy, the feedback from the process provides the company
with the information needed for ongoing improvement. It allows for monitoring of the



A unified framework of manufacturing and supply systems management 29

critical success areas and points out which corrective actions to take should a drift occur.
Therefore, this MSM performance monitoring module aims to monitor and initiate the
right action whenever and wherever necessary in the MS processes.

Various approaches have been suggested for performance measurement dealing with
performance issues at each of the three MS layers. However, within the context of MSM,
an extended scheme of evaluation is required so that the key requirements can be
addressed (Figure 1.17). The performance-monitoring module is closely related to the
MSA process, with a certain degree of overlapping between the two. In order to ensure
that an MS system achieves a strategically competitive position, and that different parts
of the organization are pulling their weight in a combined effort to maintain this position,
some form of coherent performance monitoring is essential. This monitoring must be
applied to individual units, as well as to the whole organization. The ultimate aim of
performance measurement is to motivate behavior leading to continuous system
improvement. When integrated within the MSM framework, the monitoring module has
the following features:
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Figure 1.17 Overall structure of system status monitoring

* Within the MSM framework, it provides a mechanism of closed-loop for both the
monitoring and the continuous improvement of the system.

« It is completely integrated with the MSA domain. Strategic concerns are disaggregated
into operational level measurements in a top-down manner. Then, the actual
operational level measurements are aggregated back, following a bottom-up approach,
to reflect the system’s performance against its current strategic goal.

« It is dynamic in nature and, together with the system audit approach adopted by the
MSA module, allows the systematic revision of critical areas, performance measures,
historical data, decisions, and outcomes.
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» Both the present performance requirement (based on an internal gap analysis) and
predicted future requirement (based on an external gap analysis) can be taken into
consideration.

» Both global optimization (through an overall MSA/MSD process) and local
optimization (through continuous-improvement MSD action plans) can be supported.

1.4.6 Task-Centered MSM Workbook

According to the structure and processes of the MSM framework presented in the
previous sections, a complete workbook has been developed. This workbook, which is
presented in the subsequent chapters, provides step-by-step guidance through the MSA-
MSD-MSO cycle.
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Figure 1.18 The structure of an MSM task document

The workbook is structured in a task-centered way. Task-centered is the concept of
providing all the information relating to a particular task at the point where the task is to
be executed, allowing the user to navigate through the processes as required, and to
access the relevant information in a focused way. Necessary elements, such as task
description, instructions, processes, drawings, tools, and data are all assembled and
integrated into a single working page, and presented as a single entity known as a task
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document (Figure 1.18). For each task document, four additional types of work sheets can
be provided to aid in the execution of the tasks:

* Questions and data collection sheets, to assist the development and the capture of the
individual MSM decisions.

« Cause-effect linking tables to assist the association of MS strategy concerns to the
necessary system design actions, as described previously.

* Tool sheets to specify relevant tools to be used (e.g., graphical, analytical, computer-
based), and the related inputs and outputs.

« Checklists to help identify the relevant issues to be considered during the
analysis/design processes. An example of this within the MSA/MSD interface module
is a ‘quick hit’ table. This provides an indication of some of the typical problems
prevalent in each of the MS policy areas and their effects on the competitiveness of the
MS systems with respect to six key competitive criteria, and vice versa. Other
examples include checklists for change management issues and, where appropriate, for
some of the key MSD tasks.

1.5 CASES OF INDUSTRIAL APPLICATION

The following cases illustrate how the MSM framework can be applied in industrial
settings. The MSD projects involved include both greenfield and continuous-
improvement types.

1.5.1 Case A: From Strategic Initiatives to System design Action Plans

The first case study involved a major UK high-tech manufacturing organization. From a
strategy analysis performed on a potentially profitable element of the business, a series of
action plans and associated MSD projects were identified as a means of contributing
towards the improvement of the manufacturing function. These were divided into three
categories: organizational issues, such as changes required in company culture; quality
issues, such as the need for proper documentation to increase traceability and control; and
other MSD issues, such as those related to relocation of product based manufacturing
cells within the factory.

In particular, this case study highlighted some further issues with respect to the
implementation and application of the MSA/MSD interface. The procedures contained
within the interface model were found to be useful within the company’s strategy-
planning group. Having prioritized the decision areas to be addressed, the interface model
provided an additional verification of the consistency and completeness of the strategy by
suggesting associated decisions that would otherwise have been overlooked.

The capturing of the strategy and the ability to retrieve the decisions and the rationale
behind those decisions was one of the important benefits identified by the company’s
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strategy group. It was felt that, compared with the existing approaches that leave the
companies almost entirely on their own at this stage to identify feasible options, the
MSA/MSD interface equipped the users with a structured guide to enable them to make
more informed decisions. The results were seen as being an improvement on the
company derived project structure that was considered to be of too high a level of
abstraction for effective application and implementation.

1.5.2 Case B: Design of a Greenfield MS System in the Automotive Industry

The merging of automotive manufacturers highlights another application area where a
framework such as the MSM is needed. Maximizing the benefits of such mergers requires
the effective convergence of the organizations’ processes, which is a complex
undertaking that requires a structured approach. An approach known as business process
development (BPD) was used in the design of a major European car manufacturer’s new
engine factory, illustrating how the MSM framework can be applied to deal with a range
of issues related to the analysis, design and implementation of a new manufacturing
system. It also shows how being an integral part of the MSM framework enables the
system to be continually reengineered in accordance with environmental changes.

Strategic background

The increased competitive pressure within a globalized automotive industry has led to
mergers and acquisitions by many manufacturers. The benefits expected from these are:

« Shared research and development costs/competence.
 Economies of scale in material costs.

« Bargaining power against major suppliers.

* Increased manufacturing flexibility.

* Reduced dependability on local economic cycles.

« Expansion of brand/market sector coverage.

In the case of the example company’s new European engine factory, a number of
strategic drivers existed. These derived from the group’s acquisition of another
organization in the mid-1990s. To achieve the business objectives of this acquisition, the
product strategies of both organizations had to be aligned. For instance, it was decided to
pursue a common engine strategy, where families of “new generation” engines would be
designed for the complete range of vehicles.

To deploy this product strategy, the manufacturing strategy of a global production
network had to be implemented. A decision was made to build a greenfield engine
factory that would manufacture a range of four cylinder petrol engines, producing an
annual volume of up to 500,000 engines with a workforce of about 1,500. Volume
production commences in early 2001. For this factory to fit into the group’s production
network, many of its engineering, logistical and business processes had to interface to
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processes within the network. Hence, they were required to share functional commonality
with those in other engine factories. Following this strategic guidance, it was decided to
design the new factory according to a business systems model based on a model plant.
The following issues were raised:

» How does one analyze a complete system, including the actual processes,
organizational structures, IT systems and the underlying qualities of the processes (i.e.
the “soft” factors)?

» How does one structure the redesign of the business system to ensure the completeness
of the total system and the fit of MS processes within the system?

» How does one ensure the timely implementation of the system, in line with the
introduction of a new product and the build up of a new organization?

The questions became even more important when considering the size and complexity of
the business system of a highly automated engine manufacturing facility.

Figure 1.19 Product of the new engine plant

Conceptual MS system architecture

To cover all functional areas, the system needed a hierarchy of processes. These
processes ranged from the design, manufacture, assembly, and delivery of the product, to
support processes such as quality management, finance and controlling, personnel
management, facilities management, and so on. It became apparent that a structured
approach was needed to enable the project team to analyze and evaluate the existing
system model. The design and implementation of the new, improved processes would
need to proceed in a timely manner. In close relation to the overall MSM framework, the
BPD process adopted by the company had four major steps:
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« Business process analysis—to analyze or learn the model processes.

« Business process evaluation—to evaluate their strategic fit and their strengths and
weaknesses.

« Business process design—to design complete business processes and a complete
business system.

« Business process implementation—to implement the processes and train the relevant
people in a timely manner.

To support these steps, two models were used as the backbone of the BPD process: the
MS processes and the MS systems. In accordance with the conceptual MSD framework,
the MS system model enabled the structuring of the overall business system, as shown in
Figure 1.20. It provided guiding principles in terms of internal customer-supplier
relationships and a visual design tool. Such a model enabled the top-down design of the
business system as well as the capturing and structuring of bottom-up process design
activities.
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Figure 1.20 MS system model

At the detailed MSD levels, the process model defined all the elements of an MS process,
as illustrated in Figure 1.21. The model begins with the internal or external customer of
the process, who defined the critical success factors (CSFs) of the process, and the
performance measures derived from the CSFs. Therefore, this model closely followed the
generic conceptual structure of an MS system architecture as presented in Section 1.3.3.
That is, it specified the process or set of activities to achieve the CSFs; the organization
structure to operate these activities; the people and their competencies within this
structure; the IT systems to support information flow, processing and storage within the
process; the facilities and equipment; and the infrastructure requirements of the process.



A unified framework of manufacturing and supply systems management 35

When analyzing an MS process, all its elements must be analyzed and understood as a
whole (Figure 1.21). In addition, all of the elements had to be included and aligned to one
other. The process would be unlikely to achieve the desired outcomes if these were not
satisfied. Therefore, the framework provided a mechanism to categorize the
interdependent components of an MS process. It was used to structure process analysis,
evaluation, design, and implementation. In this particular case, the hierarchy of processes
contained eleven high-level processes, which could be broken down into seventy
distinguishable MS processes. These processes could be broken down further into about
three hundred sub-processes. The BPD process started with the formation of a BPD team
for each high-level MS process of the plant. The team was led by a process owner and
contains members from both customer functions of the process, and inputting/executing
functions of the process. This team was responsible for the delivery and ongoing
management of an improved MS process throughout its life. The analysis of the model
business system and its MS processes had three essential considerations:
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Figure 1.21 MS process model

« Structuring of the analysis or learning process to ensure total coverage while avoiding
duplication.

« Comprehension of the complex system of processes and the complexity of processes
themselves,

« Understanding of the key question: “what makes it work?”

The first challenge was met by using a quality management system (QMS) of the model
plant as the analysis structure (Figure 1.22). The QMS is a description of all processes—
about three hundred hierarchically structured procedures. The business process model
was used to aid the comprehension of a process and to structure the actual analysis of a
process. The last challenge required “living” the process, meaning to work in the process
and its organization for a significant period of time.
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Figure 1.23 Two levels of design—systems and processes

The QMS of the model plant combined with the process model lead to the MS process
analysis matrix. This matrix aided the project management of the analysis process at the
actual process level and the overall systems level by visualizing what had taken place,
and by highlighting areas needing further analysis, as illustrated in Figure 1.23.

Overall MSA/MSD task and reference structure

As indicated in Figure 1.6, the MSM framework essentially supports a structured
mechanism for both the execution and the communication of system designs. Therefore,
in addition to analyzing the processes of the model plant according to the generic MS
system architecture, the BPD teams must also evaluate these by carrying out three
activities:

« Strategic fit evaluation—model plant process performance vs. strategic targets of the
new plant.
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» SWOT analysis—identification of strengths and weaknesses of the model process, as
well as opportunities and threats of re-implementation in the new plant.

» Specific requirements—the new environment may differ from the model plant requiring
a process change.

The above would produce the input for the development of the critical success factors, the
first action of the actual process design. Following the evaluation, design was carried out
at two levels (Figure 1.23): the MS system level and the MS process level. The MS
system level design ensured the completeness of the overall system, the fit of processes
and the strategic direction of the system. It also identified opportunities for
standardization and simplification. At this level, the management team reviewed the
process design work on at least a quarterly basis, using the business system model as a
structuring and graphical tool. At the MS process level, the BPD teams designed
individual processes or process groups following the MS process model. The starting
point was the definition of the critical success factors of the process. This was followed
by the actual specification of all the elements, as outlined before, to ensure completeness
of the design. The design process itself was of a simultaneous nature, ensuring the overall
fit of the MS process and the fit to its process/systems interfaces. One of the outputs of
the design work was the quality management system of the new plant. The procedures
and instructions were produced in parallel to the design work, thus aiding the design
process by making it more objective.

Project management and system implementation

The implementation of an MS process covers all of its components, as described in the
MS Implementation module. Performance measures must be implemented, the process has
to be communicated, and people trained. In addition, the organizational structure must be
established (including the relevant management control structures), IT systems have to be
implemented, and facilities have to be installed and commissioned. Hence, the timely
design and implementation of the system require project management, in addition to the
systems engineering elements. The situation in the case study was that approximately
seventy MS processes owned by about fifty process owners had to be designed. The
number of people involved in the design was estimated as between five and twenty people
per process, with many of these being involved in more than one process design.
Therefore, the number of people involved in the design of the processes reached up to two
hundred. To manage and control these tasks, an effective organization and management
control structure was required. The key role in this organization was the process owners,
who were responsible for making all the activities take place, and for achieving the
customer requirements of the processes.

As shown in Figure 1.24, the backbone of implementation here was based upon effective
communication and extensive training of all relevant people in the process. Professional
training developers were involved to facilitate the process design teams in the
development of training programs and their execution. Maturation of the implemented
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processes was also an important factor for success. The faster the processes became
embedded in the conscience of the organization, the faster the organization would reach
its performance targets.
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Figure 1.24 BPD project management process

To achieve this maturation quickly, a number of things must happen. Firstly, the
process design work had to be a shared team effort by representatives of all functions,
which had a stake in the process. This increased the likelihood of functional acceptance
of the designed process as well as the fit to other processes owned by the involved
functions. The implementation was then mainly a matter of rolling it out to the wider user
population, and not a matter of lobbying customers of, and contributors to, the process.



A unified framework of manufacturing and supply systems management 39

Secondly, initial and ongoing training had to support the rolling-out of the processes.
This included extensive coaching and facilitation by the process owner and key personnel
in the process, especially in the early phases of the implementation. It had to be
recognized that training alone will not create competence in the operation of a process. A
learning curve had to be mastered. The aim was to reduce the duration of the learning
through a logical combination of training and coaching.

Since many of the processes designed were interdependent, the components of an MS
process could link to many other activities within the project. Hence, the timing of the
design of one process had to be aligned to other relevant project activities. This required
that the decisions made during the design phase be continually reviewed to ensure the
coherence of project activities.

The major tool developed for this task was known as the BPD design checklist. The
execution of the BPD process for each MS process was controlled by a single checklist
that captured all project management information: process ownership, the design team,
the scope of the process, and all of the activities to be carried out. The activities of the
BPD process were grouped into four distinct phases, with reviews held at the end of each
phase. The review of the ‘approval and implementation’ represents the ‘go-live’ point of
the MS process (Figure 1.24).

Figure 1.25 Engine assembly line
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Case observations

The case of the design and implementation of a greenfield engine plant clearly
demonstrates that the design and management of a manufacturing system is a complex
domain. Without a logical framework and its associated tools, such as the MSM, a
coherent and strategically oriented system could not be designed and implemented in
time. In particular:

« The logical structure of the MSM framework helps to set systems thinking into the
context of manufacturing systems management, by helping an organization identify
the key functional areas, outline the contents and relationships within them, and then
logically integrate them into a closed-loop to provide the basis for the development of
a set of consistent parameters and procedures.

« Following the above, the design of processes within manufacturing requires a
simultaneous engineering approach where experts from the various elements of a
functional area work in parallel to define the optimal total solution for the MS process
within the overall system.

« Although the idea of the internal customer-supplier relationship within an organization
has existed for a significant time, there were still functional “kingdoms” which did not
like to be told by others (the internal customer) what to do. The structures put in place
within the BPD process, however, forced these functions to involve their customers,
creating the willingness to discuss the CSFs of the MS process with other functions.

* Process ownership was another area where the approach of the BPD process brought
significant learning. Historically, there was no real process ownership within the
organization, in the sense of making the process happen. The important thing is that a
process owner should not only be the person who wrote the procedure describing the
process, but he or she must also be responsible for all the relevant activities as
specified by the generic MSM framework, and make things happen. This turns process
owners into quite powerful members of the organization. It also shifts some power
from functional managers or senior management to process owners, which are usually
junior management. In other words, the power shifts from an almost purely managerial
level to a “doing” level in the organization. This leads to an empowerment of a level in
the organization, which in the past was mainly the executor of senior management’s
decision.

* The design of an MS function has many dependencies to other activities, as an MS
process will normally be linked by all of the three layers as shown in Figure 1.6.
Hence, the timing of all these activities has to be aligned to avoid decision-making that
would create limitations for other dependent decisions.

1.5.3 Case C: Development of a Strategically-Driven MIS

The implementation of a manufacturing information system (MIS) within a
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manufacturing organization often forms part of the strategic approach to satisfying
manufacturing requirements. This case addresses the link between manufacturing
strategic issues and the requirements of MIS structure and implementation. Following
MSM’s structure of evaluation, a set of MSD tasks was specified within the information
and control task frame, dealing with initial identification of objectives, available systems
analysis, “develop or buy” decisions, structure design, and implementation. The approach
has been applied successfully to the case of a typical modern precision engineering
company. The company heavily utilizes computer numerically controlled (CNC) facilities
and specializes in the making of aerospace and telecommunication components. It offers
services from prototypes only, through production batches. Through an analysis of the
company’s manufacturing strategic requirements, the proposed procedures revealed a
number of MIS-related issues and features that helped to ensure a competitive edge.
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Figure 1.26 Overall process

Manufacturing strategy and MIS

The development of enterprise resource planning (ERP) inherits its nature from its
forerunner, manufacturing resource planning (MRP). ERP is a typical example of the
kind of IT systems used to provide an integrated information system for the planning and
control functions required. However, it has been observed from a number of unsuccessful
cases reported in the literature, that the purely technical orientation of ERP is one of the
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main reasons for its failure. There seems to be a lack of a structured, strategically driven
approach to assist companies mapping function-oriented software onto a business-
oriented system. It is evident that different industrial companies have different focuses on
their business/manufacturing function. Current ERP systems have different merits and
weaknesses, when related to different industrial requirements. The proposed MSM
framework provides a sound basis for a strategically driven analysis of manufacturing
information system requirements, giving a strategic direction for information system
evaluation, implementation, and administration. At the information and control level, in
particular, the normal process of manufacturing strategy analysis is extended by adding a
set of generic procedures. These procedures help companies identify key MIS and system
requirements based on the initiatives derived from strategic analysis. This strategically
driven analysis approach aims to identify the key MIS requirements required in order to
satisfy any designated competitive performance criteria.

Figure 1.27 Machined parts of the example company

As summarized in Figure 1.26, each of the whole processes can be divided into three
sections: the definition of manufacturing strategy aims and initiatives (starting with the
MSA process carried out against the competitive performance criteria, with the polar
plots drawn for each of the customers/products, leading onto the definition of the
strategic aims through a SWOT analysis), the identification of key MIS requirements
(cross reference via tabulation drawn of competitive performance criteria versus key MIS
requirements), and the decision on the choice of MIS design, structure and
implementation (either through the purchase of an off-the-shelf system, a customized
system or by in-house development).

Each stage of the generic procedures will be identified and presented in simple terms,
allowing the user to gradually progress through the stages. For instance, one of these
requires tabulation of the key MIS requirements and the corresponding strategic aims.
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This correlation can serve as a reminder of which of the initially defined strategic aims
has been instrumental in establishing the particular key MIS requirements. To help this
process, the user may employ a set of generic correlations between the competitive
performance criteria and key MIS requirements, with cross-checking, as illustrated in the
flowchart of Figure 1.28.

| Satisfying Strategic Initiatives |

List key MIS requirements needed to satisfy
Strategic Initiatives.

4

Separate key MIS requirements into
natural groups.
Check to see if Strategic Initiatives arc
satisfied.

I

Cross-reference Strategic Initiatives with
camesponding key MIS requirement.

a

Cross-reference Strategic Aims with
corresponding key MIS requirement.

Il

Cross-refercnce key MIS requirement with
competitive performance eriterion.
Check to see if competitive performance
criteria are satisfied.

Figure 1.28 Identification of MIS requirements

Market analysis and manufacturing strategic initiatives

The subcontracting marketplace has a reputation for being tough and competitive.
Although the reasons for subcontracting have not changed, many organizations now
regard their subcontractors as an important extension to their own facilities, taking the
necessary steps to make them feel part of their team. This has resulted in organizations
reducing their supplier base by selecting the companies that they feel can offer the best
service. With this reduction of suppliers within companies’ supplier bases, comes even
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more fierce competition. This competition comes not only within the same supplier
chains, but also globally, with subcontractors wishing to be included within the supplier
chain of an organization.

Table 1.4 Summary of gap analysis result

(W: Order winning, which significantly contributes to winning business; P: Potentially
order winning; Q: Order qualifying, those aspects of competitiveness where
performance has to be above a certain level even to be considered by the

customer)

Criterion Co.A | Co.B| Co.C| Co.D|Co.E|CoF]|CoG
Quality Gap -10 10 -10 -10 10 10 10

Qualifier Q Q Q Q Q Q Q
Lead-time Gap 0 -20 -10 -10 —40 -30 -30

Qualifier wW wW W W w w W
Lead-time Gap =30 =30 —60 -50 -20 —20 -20
Reliability Qualifier W W w w W W W
Design Gap 10 70 80 70 -10 10 30
Flexibility Qualifier P P Q Q W Q Q
Volume Gap 10 0 20 30 -10 -10 10
Flexibility Qualifier w w Q Q Q Q Q
Cost/Price Gap 30 40 0 0 50 -10 -10

Qualifier P P p p P p p

In order to increase its competitiveness, a customer survey was carried out by the
company to determine its customers’ requirements, and to identify how orders are won
against competitors. Table 1.4 summarizes the performance gap for each of the
company’s key customers. The possible range was —100 to +100, with a positive number
implying that manufacturing performance criteria has been exceeded, and a negative
number implying performance needs to be improved. In particular, it was revealed that
for both Delivery reliability and Delivery lead-times, almost all the results showed
negative gap values. In this particular case, Delivery lead-times could be further divided
into Delivery lead-times for production, and

Delivery lead-times for the manufacture of prototypes. Both these numbers would need
to be reduced in order to remain competitive.
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Table 1.5 Sample strategic aims/initiatives table

45

Competitive Strategic Aims Strategic Initiatives
Criterion

Improve Delivery Consider finite capacity | Give operators explicit

reliability and of personnel. instruction.

predictability. Consider finite capacity | Monitor job progress
of machine tools. constantly.

Create stability. Eliminate unknowns Implement preventative
through improved and planned maintenance.
planning.

Provide information to | Implement shop floor Provide information on

. minimize time waste. | MIS that provides all tooling and fixture setup
Delivery necessary operator with written and visual
reliability information. aids.

Provide integrated
information package.

Establish accurate Implement MIS to Improve time estimates by

standard times. monitor setup and cycle | referring to historical
times and to re-establish | manufacturing
standard times as information and collected
necessary. data.

Monitor delivery
performance.

Eliminate time waste. | Monitor machine tool Provide full
performance. documentation of proven,
Collect time and reusable manufacturing
attendance data. methods.

Provide correct (Not “reinventing the
information. wheel”.)
Delivery Reduce production Establish lead-times with | Reduce lead-times by
Lead-times |lead-times to less than | customer. accurate capacity
(Production) | that of competitors. Use customer CAD files | planning.
for drawing Reduce lead-times by

modifications to aid re-
programming speed and
accuracy.

concurrent manufacturing.

Encourage customers
to provide design

Demonstrate speed and
cost-saving advantages.

Demonstrate information
integrity and reduced
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change information
direct from CAD.

46

prove-out time.

Eliminate time
wasting.

Monitor machine tool
performance.

Collect time and
attendance data.

Provide correct
information.

Create tooling visual
display.

Deliver - - -
Lea d-tim);s Reduce prototyping Use customer CAD files | Recall historical data of
lead-times to less than | to aid programming similar parts or features.
(Prototype)

that of competitors. speed and accuracy.

Demonstrate benefits of
early design information.

Value engineering (to
reduce both time and
cost).

Encourage customer-
supplier information
exchange.

However, it could be argued that it is more important to reduce lead-times of prototype
components, since these are nearly always needed in a hurry. Furthermore, the supplier
selected to build the prototype is frequently the supplier that ends up manufacturing the
production run. It is therefore important to understand and to find ways of improving
delivery performance, especially for prototyping operations. For instance, it is generally
much more difficult to prepare a prototype component than to prepare a component that
has previously been manufactured. Time benefits may be gained by using computer-aided
design (CAD) file information directly from the manufacturer’s computer-aided
manufacturing (CAM) system, assuming the customer allows this transfer of data (which
is more likely if the customer benefits from the reduction in lead-times and possibly in
cost). By making such a gap analysis for each of the criteria, the company identified its
future strategic aims/initiatives under each of the headings. A sample of these is shown in
Table 1.5.

Key MIS requirements

To specify the MIS requirements, which may affect the defined strategic initiatives, it is
essential that there be a clear understanding of exactly what the strategic initiatives are.
This ensures that valid judgment is then made as to whether the strategic initiatives will
be achieved by the proposed solution. In considering the MIS requirements for satisfying
strategic initiatives, the appropriate MIS features for each functional group should be
taken into account. While the list of appropriate features for each of the functional groups
(Figure 1.29) is not extensive, it does serve as a foundation on which to build:
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Figure 1.29 Identification of key MIS requirements

» MIS features for the utilization of plant and resources. The four basic MIS features
that were selected for improved utilization of plant and resources were shop floor
information display, machine tool preventative maintenance, tooling management and
computer numerical control (CNC) file management. These features were selected as
they covered most aspects of plant utilization. However, it was accepted that MIS
features or requirements could be supplemented indefinitely until any given strategic
initiative was satisfied. Another reason for selecting these basic MIS requirements was
that they were broad in definition and covered a wide range of material within the
topic. For instance, CNC file management could include programming and editing aids
for the production of part programs as well as the ability to transfer part programs
between machine tools and the programming office.

* MIS features for the utilization of collected data. The four basic MIS features that

were selected for improved utilization of collected data were time and attendance
monitoring, delivery performance monitoring, machine tool performance monitoring
and job costing. Again, these features were selected because they covered most aspects
of data collection. It was also accepted that MIS features or requirements could be
supplemented indefinitely until the strategic initiative was satisfied.

» MIS features for the additional system requirements. The four basic MIS features that
were selected for additional system requirements were rapid response facility,
information gathering, software integration and inspection audit and control. These
MIS items were used to illustrate the diversity of available features. The selection of
additional system requirements was seen as a spillover from the utilization of plant and
resources and the utilization of collected data. In this case, an MIS with a rapid
response facility had the features that were required to assist in providing a
manufacturing rapid response service along with normal production controlling
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systems. Similarly, an MIS that provided information gathering could be explained as
having the mechanism to manage the accumulation of data from information gained
throughout the production life cycle for any given component. Although these MIS
requirements were somewhat diverse and non-intuitive, they served to illustrate the
purpose of this particular functional group.

It was next necessary to check each of the initiatives in turn to see if the basic MIS
features were able, in principle, to satisfy them. By definition, this would have the desired
effect on the relevant competitive performance criteria. In the case of the company, this
helped to establish twelve key MIS requirements (Table 1.6).

These acted as a quick reference to identify the strategic initiatives that instigated the
particular key MIS requirement. This, in turn, allowed management to evaluate available
MIS systems based on their strategic requirements, as illustrated in Table 1.7 (N.B.: this
table is for demonstration purposes only—it has no general implication regarding the
features of any specific system). Through this analysis, the company identified two major
areas where key MIS requirements had not been met by any of the systems available
(rapid response facility and job costing) and hence, the corresponding strategic initiatives
that could not be directly supported. Owing to the implications of these inadequacies, the
company decided to make a purpose-built system that more closely supported the
requirements.

Table 1.6 Key MIS requirements and corresponding strategic aims

Requirements Strategic Aims

Promote information availability throughout the manufacturing

process.

Improve small batch handling through reduction of

programming prove-out time.

Improve small batch handling through setup time reduction.

Shop floor Information and | Encourage customers to provide any design changes direct from
Display CAD.

Eliminate time wasting.

Improve Delivery reliability and predictability.

Provide information to minimize time waste.

Improve standards above those of competitors, thus safeguarding

reputation of quality.

Data Collection and Data | Collect manufacturing cycle time and all other manufacturing
Monitoring costs accurately and efficiently.

Monitor performance accurately and efficiently.

Improve methods for the preparation of quotations through

historical information.
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Reduce machine down-time while waiting for inspection of first-
off.
Establish accurate standard times.

Rapid Response Facility Promote information sharing between customer and suppliers.
Reduce production lead-times to less than that of competitors.
Reduce prototyping lead-times to less than that of competitors.

Information Gathering Promote information sharing between customer and suppliers.

DNC File Management Improve small batch handling through reduction of
programming prove-out time.

Inspection Audit and Control | Accommodate customer quality requirements in an efficient and
cost-effective way.

Improve quality standards above those of competitors, thus
safeguarding reputation of quality.

Reduce machine down-time while waiting for inspection of first-

off.
Tooling Management Provide information to minimize time waste.
Job Costing Calculate cost implications for splitting and joining of batches.

Collect manufacturing cycle time and all other manufacturing
costs accurately and efficiently.

Improve methods for the preparation of quotations through
historical information.

Preventative Maintenance | Create stability.

Software Integration Promote system integration within the organization.

Promote system integration with all customers.

Collect manufacturing cycle time and all other manufacturing
costs accurately and efficiently.

Machine Tool Performance | Establish accurate standard times.

Monitoring Eliminate time wasting.
Improve small batch handling through setup time reduction.
Collect manufacturing cycle time and all other manufacturing
costs accurately and efficiently.

Delivery Monitoring Improve Delivery reliability and predictability.
Establish accurate standard times.

The key MIS requirements list proved extremely valuable in providing guidance to the
design and implementation of this system. In fact, the MIS was designed and developed
in such a way that each of the twelve requirements was cross-checked. This cross-
checking ensured that relevant modules and functions were built into the system, and that
all the requirements would be satisfactorily supported. The following provides an



Handbook of manufacturing and supply systemsdesign 50

overview of the system structure, and examples to illustrate how some of the key
requirements were supported by the system.

Table 1.7 Example of system evaluation against key requirements

Key MIS Mori Dialogue |ERT |GNT Alta Systems | Tech.

requirements Seiki Dlog Seiki |DNC Real Vision | Systems
MSC 518 Max

Shop floor 4 4 4 4 4

information display

Shop floor data 4 4 4

collection

Other features

Editing facility 4 4 4 4 4 4

Photographs 4 4 4 4

displayed

System structure

The analysis as outlined above helped the company to develop its MIS system, with the
overall objectives:

« To set up a direct data link via modem, so that drawing files from a customer’s CAD
system could be transmitted into the company’s CAM system without the need to edit
or reconstruct drawing elements.

« To allow the transmitted CAD drawing elements to be used to generate cutter paths
ready for post-processing to any suitable and available CNC machine tool.

« To cut prototyping lead-times, both by reducing CNC programming time and by
reducing the time for CNC program verification at the prove-out stage.

« To provide machine operators with job-related information in a focused and user-
friendly manner.

Essentially the MIS system evolved from the integration and utilization of stand-alone
software that was already being used in the everyday operation of the company. The
fundamental essence of the system was to bring together existing and new software in an
integrated way, resulting in the gathering and distribution of essential data, and the
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satisfaction of the key MIS requirements. The overall system structure is shown in Figure
1.30. This figure shows the company database with the proprietary software’s scheduling,
CAM and CAD systems all supplying data to the MIS system. In addition, photographic
information is supplied as a visual aid in the system. The gathering of shop floor
information, including machine tool monitoring and the time spent by operators on each
job, are fed back into the MIS system.
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Figure 1.30 Layout of the MIS system
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Management and utilization of plant and resources

This section illustrates the system’s ability to satisfy some of the key requirements under
this heading. For example, when first deciding on the way in which information should
be accessed and displayed, it was considered important that the user found the system
easy to operate and understand. In addition, the system had to provide assessable,
relevant information to the task at hand. It was hoped that the user would have more
incentive to use the new system if it provided useful information in a logical and efficient
way. Traditionally, the case company and most other manufacturers of machined
mechanical components have issued job cards/route cards, as detailed as necessary, with
each batch of components launched on the shop floor. Within the case company, this
paper document had evolved from carrying basic instruction for what were essentially
straightforward jobs (e.g., “rough and finish turn complete”), to providing more
sophisticated information. It was decided that the MIS would mimic some of the
traditional approaches, both in operation and in visual presentation, This would allow the
operator of the system to feel immediately at home and be able to relate to the proposed
MIS system. By adopting this approach, the traditional job card was used as the front
menu for obtaining focused, task-centered information required to satisfy the
management and utilization of plant and resources. Hence, the system was designed to
provide the following information:

« Job cards—manufacturing documentation.

» CAM information—cutter paths, feeds and speeds.

* Photographs—component and fixture recognition.

 Drawings—stage manufacturing drawings and final drawings.

* Scheduling information—machine work-to-lists and forward visibility.
» Machine tool information—capacity, achievable tolerances.

* Tooling information—tools required, cutter life, feeds and speeds.

« Part programs—proven or unproven files, recent edits.

The component job card, taken from the database, acted as the menu for the selection and
displaying of information. This simple approach to information selection via the job card
was readily accepted by all users and allowed the system to evolve when information
from other sources was integrated.

Management and utilization of shop floor data

Four of the key MIS requirements listed under this heading were Data Collection and
Data Monitoring, Delivery Performance Monitoring, Machine Tool Monitoring and Job
Costing. All of these key MIS requirements relied on receiving information from the shop
floor. Receiving accurate information from the shop floor was equally as important as
providing accurate information to the shop floor. It could be argued that receiving false
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form information from the shop floor by way of collected data could be more detrimental
to the overall manufacturing function than supplying inadequate information. This was
because false information received could lull the operator into a false sense of security.
Consequently, shop floor data collection and monitoring was designated as a key MIS
requirement.
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Figure 1.31 Visual display of machine tool monitoring

In particular, Delivery Performance Measuring was seen as the overall measure of
Delivery reliability within the company. The seven companies that participated in the
customer survey each monitored their suppliers in different ways. At one extreme, some
customers appeared not to be monitoring their suppliers at all, and at the other extreme,
some customers had fairly complex ways in which they measured delivery performance,
the results of which were taken seriously. In most cases, information required for delivery
performance measuring could be obtained from the company database, since information
such as date of order placement, due date and customer date delivered were readily
available for every job. However, in one case, the way in which the customer’s suppliers
were officially monitored was complex, involving additional information to be retrieved
from the database. At this stage, the only information available on the system would be
concerned with delivery performance. This information was obtained from the company
database and entered into the Microsoft Jet Engine database where delivery monitoring
parameters specific to each customer were displayed.
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As far as machine operational data are concerned, the system collected data in real time
and displayed machine tool cycle times in the form of a Gantt chart. The display also
contained the relevant job card and, if necessary, a photograph of the component being
machined (Figure 1.31). The Gantt chart could be seen for one particular machining
center, and the cycle time length of three different pallets was displayed. This display
could be called up on any of the workstations, either on or away from the shop floor. A
machine tool could be selected and monitored to see if the machine tool was operating,
and operating times compared with the standard times that had been set. It was also
possible to check the same information from a remote location using a modem.

A related requirement to the above was job costing. The ability to be able to calculate

the cost for manufacture of a component is paramount in the subcontracting
manufacturing environment. A system for the initial cost estimation that is accurate,
consistent, effective and quick is important when dealing in a competitive market
environment. Equally, to be able to efficiently collect the data necessary to be able to
accurately calculate the true manufacture is important. Job costing, which encompasses
both the initial estimation of the cost of component manufacture and the calculation of
the actual cost of manufacture upon completion, was identified as a key MIS requirement
for the company. The costing system was designed to enable the user to retrieve historical
data from the company database. This could include past job cards of manufactured
components identifying the equipment used at that time, together with the standard time
and actual time taken for each operation. This, together with stored photograph and
drawing files (when available), enabled the user to employ the system as a historical
reference. This ability proved extremely useful for cost estimation of similar components.
Manufacturing instructions for all produced parts were broken down into individual
operations. When completed, these instructions were stored/archived and could be
recalled to reveal the associated cost of each individual operation calculated. This was
particularly useful for the cost estimation of new parts that had similar features or
characteristics to parts machined in the past, as shown in Figure 1.32.
A particularly important strategic requirement was the ability to provide a rapid response
facility for prototyping services. With time-to-market pressures, early design of
component parts are need for evaluation. Typically, in the early stages of development
small quantities of parts, sometimes only one-off, are urgently required for evaluation
before proceeding with the next development stage. The pressure is on for the designer to
produce a drawing of the part as quickly as possible and for the manufacturer to make it
as quickly as possible.

The system handles the rapid response information transmitted from customers through
a process called “information chain.” The customer uses the Internet to provide three-
dimensional CAD files, in IGES format, of the component part required by rapid
response. The file is viewed on the company CAD, and price and delivery is given to the
customer. If necessary, costing would have been used for this purpose. Once a price and
delivery is agreed, the relevant drawing file is copied from the CAD system to the CAM
system. At this stage, material is obtained and, if necessary, the CAD file is plotted.
Because predefined parameters have already been set, all drawing tolerances are known,
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together with material specifications and surface finishes, etc. The relevant profiles are
captured within the CAM system, and cutter paths are simulated. A tooling list is
automatically generated within the CAM database, and identification numbers assigned.
Once the CAM user is happy with the cutter path simulation, the CAM file is post-
processed for the designated machine tool on which the component will be manufactured.
Concurrently, customer order details are entered into the company database and a
production engineer writes the component job card, which is identified as a rapid
response job.
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Figure 1.32 Systems display of costing/calculation menu

Additional system enhancements

The production engineer decides how the component will be manufactured, assigning the
number of operations and machine tools to be used, and estimating the standard time for
each operation. If the appropriate machine tool is available, the machine tool operator can
be alerted and the system interrogated to find the rapid response job card. At this stage,
the system should contain a detailed manufacturing description (job card), the customer’s
drawing, a tooling list, a cutter path simulation, and the part program file, which has been
identified as an unproven file. By using these facilities and by working closely with
customers, manufacturing lead-times can be reduced significantly, thereby playing an
important part in helping customers to reduce the time taken for their designs to reach the
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market place. Figure 1.33 shows a typical component that has been manufactured under
the rapid response facility. The figure includes a graphical display of a cutter, a cutter
path, the job card, the part program file and the customer’s drawing of the component.

Figure 1.33 Information and display (rapid response facility)

Table 1.8 Component life cycle and information gathering

Customer | Typical Customer Manufacturer’s
KIDS User
Component | Batch Response/ Response/ Interface/Displa
Life cycle Size Requirements Requirements play
Prototype 1 CAD file Rapid response Display prototype job
Value engineer card
Display cutter paths
Display prototype
drawing
Display initial tool list
Certification 3 Revised CAD file | Quick response Display revised job card
Display revised cutter
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paths

Display drawing
Display revised tool list
Display photograph of
part

Pre-production

10

Revised CAD file

Refine
manufacturing
methods

Display revised job card
Display revised cutter
paths

Display revised drawing
Display revised tool list
Display photograph of
part

Display fixture
photograph

Production

20

Cost justification

Optimize
manufacturing
methods

Display optimized job
card

Display optimized
cutter paths

Display drawing
Display optimized tool
list

Display photograph of
part

Display fixture
photograph

Display stage drawings
Display critical
dimensions

Increased
Production

50

Decrease cost

Additional
optimization

As above, plus:
Display fixture set up
Information on
production problems
Inspection history

Decreased
Production

20

Maintain cost

Reduce set up times

As above plus any
optimizations made
during full production

Spares

Reluctant price
increases, no
manufacturin
details

Recall
manufacturing
methodology

All past information
held within KIDS
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When a component is first manufactured using the rapid response facility, information is
gathered in the form of CAD files or drawings from customers, from which a job card
and other details are written. The same is true if the component is manufactured under
normal conditions. With components that start as development components, it is hoped
that pre-production and production runs will follow. It is recognized that as the product
matures, and with the experience of various production runs, continuous improvements to
manufacturing techniques can be introduced. In order to do so, however, information
needs to be gathered and refined as components pass through their respective life cycles.
Table 1.8 shows typical information-gathering and displays the various stages of a
customer’s component life cycle on the system.

Case observations

Demands on the manufacturing industry to provide quality, flexibility and cost reduction
have put pressures on manufacturing companies to improve productivity. These demands,
coupled with computer hardware and software advances, have encouraged MIS
development. Consequently, the role and importance of MIS within the manufacturing
environment have changed dramatically in recent years. However, the initial design of
such a system must be very carefully considered. The way in which it is structured and
organized will have a profound effect on the way in which information can be delivered
and utilized to support the company’s strategic aims. This case study has attempted to
address the key question of how to link the strategic and MIS requirements logically. The
application of the proposed approach has helped the case company to develop an
integrated system to support its strategic intentions which, in turn, has enabled the
company to:

« Improve prototyping quality and lead-time by downloading engineering information
directly from the customer’s CAD system. This information is then used to generate
cutter paths ready for post-processing.

« Improve cost control by providing online data collection and real-time analysis.

« Increase operational efficiency by providing operators with job-related information in a
focused and user-friendly manner.

Through an analysis of the company’s strategic manufacturing requirements, the
proposed procedures revealed a number of MIS related issues and features that would
help to ensure a competitive edge. A total of twelve key MIS requirements were
established. These proved to be extremely valuable in providing guidance to the design
and implementation of its MIS system, providing cross-checking between MIS
functionality and the company’s future strategic requirements. The resulting system has
been seen as an effective “manufacturing strategic driver” to help this company maintain
its competitive edge by improving part prototyping quality and lead-time, improving cost
control through online data collection and real-time analysis, and increasing operational
efficiency through with job-related information. Due to its success, the system was given
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the UK Machinery Award for Innovation in Production Engineering, for being “the most
innovative application of computer technology in the manufacturing environment.”

1.6 CONCLUSION

In facing the challenge of modern manufacturing, successful companies need skilled
professionals and effective tools to design and manage world-class manufacturing and
supply systems. A logical MSM framework helps to set systems thinking into the context
of manufacturing systems management. This is defined as a domain that involves the
necessary activities needed to regulate and optimize a manufacturing system as it
progresses through its life cycle. Providing logical guidance for a company’s MSM
activities, its structure and contents help achieve understanding of the problem domain,
and provide a basis for the development and adaptation of effective approaches and tools
in practice.

This chapter has outlined the main functional areas, specified the generic processes and
contents of these areas, and then integrated them into a closed loop to provide the basis
for the development of a set of coherent processes and tools, and a means of bridging the
existing MSA/MSD/MSO gap. Within the system design area, in particular, the
framework also provides a design process reference architecture structured to support
systems engineering principles. From the perspective of a system’s life cycle, the MSM
reference structure provides a more complete framework to link manufacturing strategy
and a system’s specifications. It not only provides the conceptual structure and sequence
of the design process, but the means of describing the system itself. The cases of its
industrial application have clearly demonstrated its practical value. For example, the
greenfield MSD project has effectively used the approach to design and implement all
MS processes required for the new factory in time for its operation and in line with the
strategic targets of the organization. In addition to highlighting the need for the structured
approach, the key learning points of these cases include the strategically-driven and
simultaneous engineering approach that must be applied in process design and process
ownership.

The complete, task-centered MSM workbook will be presented in the following
chapters:

« Chapter 2 Manufacturing and supply strategy analysis. This chapter provides a set of
task documents to help analyze, capture and/or develop future MS strategy.

« Chapter 3 MSA/MSD interfacing. This chapter provides a set of task documents to help
link MS strategic requirements to MSD actions.

« Chapter 4 MSD task execution. This chapter presents the key principles and techniques
involved in the execution of MSD tasks. It also provides a selection of generic MS
design task documents, as well as a set of worksheets to help achieve the complete
specification of an MS system.

« Chapter 5 MS system implementation. This chapter provides a selection of generic MS
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task documents related to system implementation, through which relevant techniques,
such as those of project and change management, are logically incorporated into the
MSM framework.

» Chapter 6 MS system performance measurement and status monitoring. This provides a
set of task-documents related to the setting of project objectives, targets and
constraints. In addition, the task documents of system status monitoring complete the
MSM loop (strategy analysis—system design—system implementation—system status
monitoring—strategy analysis).

Finally, issues related to the MSM framework’s institutionalization within an MS
organization and its further application in practice will be discussed in Chapter 7.






CHAPTER TWO
Manufacturing and Supply Strategy Analysis

2.1 INTRODUCTION

Following the structure of the MSM framework as presented in the previous chapter, this
and the following chapters present a self-contained workbook. Using a task-centered
approach, this workbook aims to guide the user step-by-step through the complete cycle
of MS strategic analysis, MS system design and MS system status monitoring.
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Figure 2.1 MS strategy analysis within MSM

This chapter focuses predominantly on the MSA (manufacturing and supply strategy
analysis) process within the MSM domain. It provides a set of task documents to help
capture a company’s current MS strategy and its supporting information, and/or develop
the organization’s future strategic direction. Initially, an outline of the overall approach
will be presented. Then a more detailed description of the tasks and processes involved in
each of these stages will be given. An example will be provided to illustrate the steps
involved.

The procedures are primarily directed at the formulation of MS strategic initiatives to
guide the subsequent MSD projects. The overall structure of the process is as shown in
Figure 2.1. As can be seen, the MSA section consists of four main stages, each of which
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comprise a number of task documents with a series of questions and methods of data
collection:

* Stage MSA 1—Manufacturing Background. This provides a means of classifying the
current state of development of the MS system and the role of the manufacturing
function within the organization. It consists of a series of questions relating to the
organization and the manufacturing system. These help to identify the requirements of
the MS system and to define appropriate Product groups.

* Stage MSA 2—Competitive Advantage. This stage aims to capture data related to the
marketing requirements and manufacturing performance for each of the Product
groups. Competitive criteria are specified, order winners and qualifiers are identified
and the results of the analysis are profiled. This determines the areas of the enterprise
in which the organization needs to focus its allocation of resources, prioritization of
activities and initiatives. Based on these, key success factors can be identified for the
markets in which the enterprise is operating. The MS function must contribute
accordingly in order to attain a competitive business position.

* Stage MSA 3—Key Issues. This stage starts with a gap analysis of the requirements
and performance of the Product groups. From this, an initial indication of strategic
requirements can be derived. This is followed by a SWOT (strengths, weaknesses,
opportunities and threats) analysis of the Product groups. The results are then used to
define the key issues and initial strategic objectives.

* Stage MSA 4—Strategic Aims. This stage aims to specify the details of the
organization’s future MS strategy. If a current strategy already exists, then it can be
captured through a series of questions. Next, its principal policies are assessed with
respect to the competitive criteria. The future policy can then evolve from the existing
strategy, and the strategic aims can be derived from the key issues.

2.2 STAGE MSA 1—BACKGROUND ANALYSIS

This section involves gathering the relevant background and environmental information.
This is done by classifying the current state of development of the MS system and the
role of its function within the organization. Such information will provide indication
about the relationships between the MS organization and its operation, and between the
relevant functional strategies and the enterprise’s business and corporate strategies.
Ideally, the business strategy should be available for the analysis, together with relevant
elements of the organization’s technology, product and market strategies. The analysis
process consists of a series of questions related to the organization and the MS system
that need to be answered through the tasks shown in Figure 2.2:

 Task Document MSA 1.1—Current situation definition/classification. This task aims to
obtain an understanding of the state of the MS system within the overall context of the
organization.
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Figure 2.2 Stage MSA 1—MS background analysis

» Task Document MSA 1.2—Product group definition. This task captures data
concerning the company’s products, analyses them and then classes the products into
logical Product groups.

» Task Document MSA 1.3—Product group analysis. Against a set of relevant
parameters, this task conducts an assessment of the Relative importance of the groups
with respect to their contribution to the performance of the business.

Just like a journey-planning exercise, the aim is to answer the question: where are we
1ow? The completion of the related worksheets is a straightforward process of responding
0 a number of questions and completing a series of tables. This produces the following
results:

1) classification of the business and its MS system,

2) definition of the role of the MS function,

3) specification of products and Product groups, and

1) identification of Relative importance of Product groups.

For example, a company produces one main type of products, and undertakes a number of
subcontracting roles. It has one key customer, who sells on the products to the end-users
and several smaller customers. The business can be considered to be a small-to-medium
sized enterprise. Its manufacturing system is largely batch manufacture. The process is
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based on traditional machine and assembly shops, and operates cellular manufacture
based on components rather than part families. The system structure is “make-to-order”
from stock and from suppliers, with elements of assemble-to-order. The organizational
structure has five levels, from director to operator, and is based on a functional focus. The
company is about to undertake a brownfield reorganization for improvement. There are
four Product groups, and two additional services, as shown in Table 2.1. Product group A
represents regular, relatively high volume standard products, competing largely on cost,
quality and Delivery lead-time. Group B represents a standard product with a number of
variants, and competes primarily on cost, Delivery lead-time and Delivery reliability.
Group C is similar to B but has a reduced number of variants and competes largely on
quality, cost and Delivery lead-time. Group D is a relatively high volume product with a
small number of variants, and competes on cost, Delivery lead-time and quality and has a
similar market to A. The two service groups are very different. Service group A is
relatively high volume, but uses only excess machine capacity and competes largely on
Delivery lead-time, Delivery reliability and Volume flexibility. Service group B
represents a non-core activity, manufacturing low volume, customized products that
mainly compete on quality, cost and Design flexibility. This example will be used for
illustration in the remainder of this text.

Table 2.1 Example—results of stage MSA 1.3

Products |A B c D Service A|Service
B
Volume/yr |23,000ton |1000 1000 30,000 30,000 ton |?
Sales $13.5M $4 M $3.73 M $5.58 M $180,000 |$260,000
% Sales 50.1% 14.5% 13.5% 20.3% 0.7% 0.9%
% Contrib’n ]21.1% 12.3% 28.8% 34.4% 1.1% 2%
Market share | 12% 30% 35% 35% 2% 2%
Growth Very Good |Very Good |Very Good |Good Good Excellent
Innovation | Low (2) Low (3) Medium (6) |Low (3) Low (2) Medium
(out of 10) (5)
Life cycle Mature Mature Mature Mature Mature N/A
Principle Slitting ERW | Machining | Machining | Threading & | Shear Machinin
Processes Assembly Assembly Painting cutters g
Profit/sales |5% 10% 25% 20% 15-20% 25%
Typical 100 to 2000 | No typical No typical Minimum 50 | Use excess | None
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order size size size Capacity

Market Agriculture | Agriculture | Agriculture |Agriculture |Industrial | Industrial
& industrial

Importance |20% 12% 30% 35% 1% 2%

2.3 STAGE MSA 2—BASIS FOR COMPETITIVE REQUIREMENTS

The general aim of stage MSA 2 is to answer the question: where are we now? It is
designed to capture the marketing requirements and the actual system performance in
relation to each of the Product groups, and/or the system as a whole. This information
enables a competitive requirement profile to be developed for each of the Product groups
and for the whole system. It indicates the areas of the enterprise in which the organization
must focus its effort in order to achieve a superior position in relation to its competitors.
The four task documents involved in this stage, together with their overall outputs, are
shown in Figure 2.3.
Tasks one and three are essentially concerned with data collection and analysis activities.
The customer and market requirements are identified with respect to a number of six
major competitive performance criteria. Secondary criteria can also be used, if deemed
important. Similarly, the performance of the current manufacturing function is analyzed
with respect to the same competitive criteria. Task two involves the subsequent
derivation of the Order winning and qualifying criteria using the evidence presented in
the market analysis. Finally, the fourth task captures the relevant information with respect
to the six competitive criteria, and produces a number of requirements/performance
profiles. It also produces a textural entry of the statement of the basis for the
manufacturing function’s competitive advantage.

The market requirements analysis of the example company’s individual Product groups
produces the results as given in Table 2.2, against the six competitive criteria used for the
analysis.

Table 2.2 Example—summary of Product group requirement analysis ( Worksheet MSA

2.1.1)
Requirements (0— | Group | Group | Group | Group | Service | Service
100) A B C D A B
Quality 90 95 75 85 90 90
Delivery lead-time 70 90 90 90 80 80
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Delivery reliability 60 90 90 90 70 85
Design flexibility 60 80 80 80 80 90
Volume flexibility 60 85 85 85 80 80
Cost 90 80 75 75 80 75

The definition of competitive criteria, using Worksheet MSA 2.2.1, reveals the
information as outlined in Table 2.3.

Table 2.3 Example—summary of order winners and losers ( Worksheet MS A 2.2.1)

Competitive |Group A |Group B |Group C |Group D |Service A |Service B

criteria

Order winners | Lead-time, | Cost Volume Quality, Reliability, | Reliability,
reliability flex., volume lead-time volume flex.

design flex. | flex.
Order Cost, Quality, Lead-time, |Lead-time, | Quality Quality,
qualifiers quality lead-time, |reliability []reliability design flex.
reliability

Potential order | Lead-time |Volume Quality Volume Cost

winners flex. flex.

Order losers reliability Cost Lead-time | Reliability

In addition, the manufacturing analysis (Table 2.4) reveals that good levels of quality are
being achieved. There are also acceptable levels of Design flexibility, Volume flexibility
and cost, though these could still be improved.

Table 2.4 Example—summary of manufacturing performance analysis ( Worksheet MS

A231)
Performance (0- Group | Group | Group | Group | Service | Service
100) A B C D A B
Quality 80 95 95 95 90 95




Handbook of manufacturing and supply systemsdesign 68

Delivery lead-time 60 45 55 70 90 85
Delivery reliability 60 50 65 60 95 95
Design flexibility 60 90 90 70 90 90
Volume flexibility 60 60 70 65 85 75
Cost 60 60 85 80 85 85

2.4 STAGE MSA 3—KEY ISSUES

Having identified the basis for competitive requirements, this stage identifies the key
issues that need to be addressed. The successful completion of this should provide an
answer to the key question: where should we be? The combination of the first three MSA
stages can be referred to as problem formulation because by establishing where we are
now and where we should be, these stages together will indicate the gap between the
present system state and what its environment demands from the system—or a problem
which prompts the search for an appropriate solution so that the gap can be closed.

The Product group gap analysis will provide both qualitative and quantitative indications
of the differences between what the market and customers require, and the actual
performance of the manufacturing system (Figure 2.4). With this information, two
options can be followed: either to continue with the strategy capture approach and
complete a SWOT analysis with which to derive the key issues, and/or to adopt a
problem solving approach and examine a quick hit strategy problem chart. The chart itself
can be used in conjunction with the SWOT analysis in order to identify key areas for
improvement. Following these, key issues for the MS function can be clearly specified.
The results of this stage for the example company are summarized below.

MSA 3.1—Requirement/Performance Gap Analysis
The gap analysis of requirements and performance produces the results shown in Table
2.5.

Table 2.5 Example—summary of gap analysis ( Worksheet MSA 3.1.1)

Gap analysis Group A | Group B | Group C | Group D | Service A | Service B
Ouality -10 - 20 10 - 5

Delivery lead-time -10 —45 -35 -20 10 5
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Delivery reliability - -40 -25 -30 25 10
Design flexibility - 10 10 -10 10 -
Volume flexibility - —25 -15 -20 5 -5
Cost -30 20 10 5 5 10

These are also illustrated in Figure 2.5. Similarly, the weighted gap results, using the
Relative importance factor, can be calculated as presented in Table 2.6.

Both the simple analysis and the weighted analysis indicate Delivery lead-time,
Delivery reliability and Volume flexibility as the initial targets. This is particularly true
considering that, while lead-time is specified as an Order winning criteria for the majority
of the Product groups, the system is obviously under-performing in this regard.

2.5 STAGE MSA 4—STRATEGIC AIMS

Having identified a gap that needs to be filled, the logic of a journey planning process
then requires the answer to two more questions: what are the possible routes and
means?; and which route to take? The rest of the MSA/MSD cycle aims to identify the
feasible alternatives and analyze the possible consequences of each of these routes. This
allows one to choose the strategy that best satisfies the particular requirements as
identified through stages MSA 1 to 3. Therefore, the overall aim of this stage is to
transform the problem definitions into strategic aims, from which strategic initiatives and
action plans can be derived. Highlighting, in particular, those aspects that the subsequent
MSD project(s) must deal with, the aims of this stage may be summarized as follows:

* To assist in defining the problems and root causes of problems related to the operations
of the current MS system, and
* To define the starting point from which the future manufacturing strategy will emerge.
This provides a means of assisting the evolution of action plans and of indicating the
direction in which the MSD project is to develop.
From an application’s point of view, the MSA/MSD/MSO cycle of the MSM framework
provides a basis for studying the evolution of MS strategies over time, as shown in
Figure 2.6. In fact, if the organization under study already has a well developed and
documented MS strategy, then this stage may be considered an alternative “entry point”
into the MSA/MSD/MSO cycle. Based on this cycle, an analyst will also have the
opportunity to return to this stage of the analysis throughout the subsequent stages in
order to analyze and assess the implications and the impact of the current strategic
decisions. Hence, not only can this stage be the initiation point of an MSD project, but
there is also the option of either capturing the present policies and formulating future
policies. Consequently, this stage consists of four tasks that are grouped into two parallel
sections, as shown in Figure 2.7.
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Table 2.6 Example—summary of weighted gap analysis ( Worksheet MSA 3.1.1)

Weighted gap Group | Group | Group | Group | Service | Service
analysis A B C D A B
Importance 20 12 30 35 1 2
Quality -2 - 6 35 - 0.1
Delivery lead-time -2 -5.4 -10.5 -7 0.1 0.1
Delivery reliability - —4.8 =75 -10.5 0.25 0.2
Design flexibility - 1.2 3 -35 0.1 -
Volume flexibility - -3 —4.5 =7 0.05 -0.1
Cost —6 —24 3 1.75 0.05 0.2

MSA 3.2—Problem Definition

From the quick-hit problem table provided ( Tool/Technique MSA 3.2.1 ), the
Anderperformance of lead-time, Delivery reliability and Volume flexibility suggests the
main possible problem areas relate to:

under capacity, bottlenecks, and lack of flexibility
lack of coordination, supplier unreliability
inappropriate levels of decision making, ineffective material control
incorrect inventory information,
inappropriate new product introduction process

From the above, the company’s own knowledge of the manufacturing system may help it
to narrow down the problems (to be recorded in Worksheet MSA 3.2.1) as:

capacity shortage and/or rigid capacity
complex material flow within factory and/or long setup times
inaccurate forecasting and/or incorrect inventory information
subcontractor quality and/or capabilities mismatch

MSA 3.3—SWOT Analysis
The SWOT analysis, with Worksheet MSA 3.3.1, gives the results shown in Table 2.7.
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MSA 3.4—Key Issues

71

The key issues for the company, as summarized in Worksheet MSA 3.4.1 include
inadequate forecasting of demand and inadequate capacity, resulting in long lead-times.
Using the problem analysis and the SWOT analysis of the previous steps, we may derive
the first stage strategic objectives of the company:

to improve forecasting and to improve inventory information
to increase capacity and to increase the workforce skills base
to simplify material flow to reduce setup times
to reassess subcontracting and supplier policies

Table 2.7 Example—summary of SWOT analysis

Threats

Feature

Reason

Economic

Interest rates

hold substantial inventory and raw materials

Social & Political

Government legislation

customs procedures slow company
operations

Environmental

substantial use of water within the processes

legislation
Market & Competition | Customer dependence primarily dependent on a single customer
Supplier dependence have one principal steel supplier
Products & Substitute products competitors developing a submersible pump
Technology
Others Raw materials no national natural resources of iron or steel

Opportunities

Feature

Reason

Economic

Availability of credit

government assistance, low interest loans

Level of employment

easy to recruit and to retain workforce

Demographic

Income levels

everyone receives low pay

Age composition

relatively smooth between ages of 18 and 60

Market & Competition

Customer plans

customers planning to expand

Competitor plans

some competitors planning to leave the market

Supplier plans

suppliers are increasing customer intimacy
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Products & Technology

New technology

72

long life pump with less corrosion

Substitute products | own design rather than bought in
Weakness Feature Reason
Management & Personnel old system still in operation
Organization policies
Operations Lead-times long lead-time products, mainly due to raw
materials
Capacity employee and machine under capacity
Volume low labor VVolume flexibility
flexibility
Location far from export outlets
Material difficult to obtain raw materials
availability
Performance supplier relations and ordering of raw materials
need improvement
Strengths Feature Reason
Management & Management good control, computerized facilities, management aims

Organization systems to operate strategically, implementing business process
reengineering
Industrial good relations with the workforce
relations

Employee age

good range between 19 and 60, mean age of 30

Operations Quality adopted ISO 9000 and quality procedures

Design have competent technical engineers

flexibility

Dependability | company operates reliably

Technology company possesses better technology than national

competitors

Equipment age | company possesses relatively new machines

Finance Capital structure | some machines have already depreciated,
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Financial finances take into account future conditions
planning
Accounting organized and computerized system
system
Others Image of firm the company has a good reputation for quality

Again, the example company will be used to illustrate the procedures involved. Although
a current documented manufacturing strategy for this example company is not available,
a series of manufacturing policies or practices in use can be extracted. These policies are
captured and examined in order to assess how adequately they meet the requirements of
the business and the manufacturing function.

MSA 4.1—Current Policy Capture
Table 2.8 summaries the current manufacturing policy of the example company, as
captured using Worksheet MSA 4.1.1 .

Table 2.8 Example—current manufacturing policies/practice

Policy Area Policies

Capacity Pitched at average demand, rapid capacity expansion required, minimum
economic floor space, plant capacity uses three shifts running for 24 hours,
subcontract for demand highs, expansion through new equipment.

Facilities Separated plants/split sites, cellular manufacturing focused on processes,

simplifying material flow, medium manufacturing integration.

Processes &

Flexible machining centers, high capital intensity, batch manufacture.

Development

Technology

Vertical Low ownership integration, suppliers are subcontractors, when capacity

Integration meets demand will reduce subcontracted work, Kanban control of
suppliers.

Supplier Close links developed with suppliers, strong reliance on suppliers for

subcontracting (due to demand increase), development of Kanban control
with suppliers, suppliers to be as “local” as possible, still relatively
competitive.

Human Resources

Job skills improvement, general purpose teams, recruit qualified staff.

Quality Systems

SPC, quality circles, in-process inspection, SO 9000.
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Planning & Reduce inventory, Kanban control.
Control

Product Scope & | Originally planned to cease production of old product to make way for new
New Products product introduction. Demand for both products has increased. QFD,
concurrent engineering utilized.

Performance Business ratios.
Measures
Organization Hierarchical and functional, manufacturing is relatively flat with cell

leaders and cell operators

MSA 4.2—Current Policy Analysis
The analysis of the current policies indicates that ( Worksheet MSA 4.2.1):

« Capacity policies suggest a negative effect on Delivery lead-times, reliability and
Volume flexibility.

« Facilities policies suggest a slight negative effect on Delivery lead-times and reliability.

* Process and technology are seen as having a restriction on volume and Design
flexibility.

« Vertical integration is seen as having very little effect.

« Supplier development policies suggest a negative effect on quality and lead-times.

» Human resources are seen as having a negative effect on quality due to the lack of
skills.

* Quality systems are seen as having a slight positive effect on quality and Delivery
reliability.

« Production planning and control suggest a positive effect on costs, but little effect
elsewhere.

« Product scope and new products policies suggest a slight negative effect on Delivery
lead-time and Delivery reliability, but a slightly positive effect on Design flexibility.

« Performance measures are seen as potentially having a positive effect.

« Organization policies are seen as having positive effects on costs and quality.

MSA 4.3—Future Strategy Formulation
Table 2.9 indicates the key policy changes captured for the future strategy.

Table 2.9 Example—future manufacturing policies

Policy Area Policies

Capacity Increase capacity through new equipment and new facility.
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Facilities New site development, adopt cellular manufacture where it is beneficial,
trying to simplify material flow, split site between core businesses.

Processes & Single hit manufacture, apply technology only for the benefits, adopt

Technology standard modular machine tools rather than expensive flexible machine
tools.

Vertical Not an issue.

Integration

Supplier Change policy to farm out volume bits to subcontractors and not difficult

Development bits.

Human Resources | Develop job skills, increase quality concern, general purpose teams, recruit
qualified staff.

Quiality Systems | Quality program, SPC, quality circles, in-process inspection, 1SO 9000.

Planning & Reduce inventory, improve control, simplify material flow, improved
Control capacity planning required.

Scope and New QFD, concurrent engineering.

Products

Performance Business ratios.

Measures

Organization No major change in human organization.

MSA 4.4—Future Policy Analysis

This stage involves the application of the strategy relationship tables ( Tool/Technique
MSA 4.1.2 ) to ensure that the policies captured are consistent and coherent. For example.
when considering the capacity policy with respect to expanding capacity, the company
should consider also how it relates to the decisions made concerning facilities location,
specification and functional integration, type of equipment and process focus, vertical
integration and labor policies. Additionally, the policies are assessed with respect to theii
Jegree of compliance with the strategic objectives, key issues and problems identifiec
and their contribution to the competitiveness of the manufacturing function. The results
of the analysis of the future policies using Worksheet MSA 4.2.1 indicate that:

« Capacity policies may have positive effects on design and Volume flexibility, but a
slight negative effect on costs.

« Facilities policies have positive effects on Delivery lead-times and reliability.

* Process and technology policies may have positive effects on Delivery lead-times and
reliability, and design and VVolume flexibility.

« Vertical integration policies may have very little effect.

« Supplier development policies were seen as potentially having a slightly positive effect
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n quality, Delivery reliability and costs.

» Human resources policies may have a slightly positive effect on quality.

» Quality systems policies have a positive effect on quality, Delivery reliability.
» Production planning has a positive effect on costs and Delivery reliability.

» Product scope and new products policies may have very little effect.

» Performance measures were seen as potentially having a positive effect.

» Organization policies may have slight positive effects on costs and quality.
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TASK LINKS

POSITION IN MSM FRAMEWDRK

in i

=

E Task MSA 1.1: E MSA L3

2 Background E

=| manulactunng’ E

B supply o

ol information E

p=1

o =3

= o
Completion of Worksheet M5A

1.2.1 and /jor MSA 1.2.2

1| to classify Product groups
g| according to one or more of the
El following:
o
§ Product charactenstics
= Manufacturing characteristics
Market charscteristics
Supply characlenshics
TASK PROCEDURE TASK FLOWCHART
Input Teenl Clutput
Invtial Warkibeel  Insbal
data M5A prondisct
= mpanlmg LLLZIZ  family
£ produc hicranchics Initial dafinition of
W ypes and (e product groups *
siruchres diagrams)
Datniohe  Warksheet
collected MEA
as 121122
£ e P i
Product -
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WORKSHEET MSA 1.2.1—Product group Definition

Project Title:

Personis) Responsible;

Version:

Date Completed:

Product family hierarchies (tree dingram)

Product analysis

Producis
St P [
Fmael] famal SEwlh
—t— —— — -
[ Frmbt [ Pt Fonkn [
] b Fmmell 4
b Cormpoareei U g

Ll e

o [emser)

Products

Variants

Wialume

Life cycle stage

Principle processes

Materials

Approx. profitcost’'sales

Cirder size

Standardszation

Product intre. rate

Market

Competing criseris—quality

LCompeting criteria—Delivery lead-lime

Lo peting ertena—Delivery reliability

Competing eritema—Design Oexibility

Lompeting critemia—Vohmme Oexibility

LCiompeling eriters—oosl price

Luslomers

Chher




WORKSHEET M5A 1.2.2—FProduct Factors for Supply Analysis

Projact Title:

Person(s) Responsible:

Version: Date Complated:

Load units/function units (for each Produet group)

Froduct group A 1] C v E e

Wumber af units per pelbet

Mumiber af anits per ioic hox

Cycle sinck levels

Inveniory bevels

Safety stnck levels

Material handling equipment {per Produoct groop/facility)

S | Supl Site 3 Site 4 SHe N

Types of equipment

Fick rates

Equipment utilization

Level of poiomuation

Lines‘man kour

Space utilization

Personnel cosis

Personne| costs St | Sinel | Sied ) Tatal

Salaries

Persorme| cost (% of distribution cost)

Dperation costs

Energy

Diepreciation

Tanes

Rent

Communications

Material cosip

Operaticn eost (% of disibution costh

Inventory costs

A 4 of tumover

Az % ol wm reie

Casrying cost {% of wtal inventory)

As inventary sanmying cost (% of sales)

Asset conditions

Pavhack pesiod

et presest value (NFV)

Hade of retum

Chpration costs

Mlaintenance costs




Task Document MSA 1.3—Product group Analysis
TASK OVERVIEW

‘This task provides an in-depth analysis of the previously defined Product groups. By
comparing them through the use of relevant enteria, a measure of Relative imponance is
specified for each with regard to the operation of the enterprise. Typacally, these criteria
include paramebers such as sales, profit, volume and market share, Once defined, these
measures of Product proups will be used frequerily at later stages in the MSM framework.
Each of the criteria should be assigned a relative ranking based on the company’s ossessment
of its impomance. Once all the Product groups have been assessed accordingly, a relative
averall measure can be assipned w each group, When assigning the relative values of
imporiance, care should be taken of faciors and relatiorships within the operations, business
and market environments including, for instance, the expected growth, products in diffesent
Product groups being suppliad to the same customers and customer development strategies.
The cutput is a serics of wables detailing the various criteria for cach Product group, and the
averall relative ranking of the Product groups.

DESCRIPTION

TASK LINKS POSITION IN MSM FRAMEWORK
A | MSA LI Produc & m| MEA
E markel stralegies, E 2.1
E | background E
2 informatien. B B
£ | M5A 1.2: Praducy 5 Crogy .,
5 | group definition 2 - -
Performance information of Prodact - 7 = -
- ==
Relative ranking of Product groups [_"‘:_.__F‘_/
TA RO URE TASK FLOWCHART
Input Toal Output l
—  Product & Worksheet List of relevant
& mmarke! MEA 1L erilerin o he ussd for E*T:.,'rﬁn"'"
in  sbategics. analysis
Prdust Worksheet  Rclevan smponiance . )
L up M54 1.3 value for chosen Sipascify rotasve
£ definiizon riteria impenance for akch
W

erilaron

Worksheet Perfarmunce data of

- MEA DL Eroup gEinst critema
;‘ kel relevan dat
1]

Waorkshest Completon of .
el M5A 1.3 Warkshest M5A Calgulae relathe
E 121 mporiance o
E : product groupa




WORKSHEET MSA 1.3.1—Product group Analysis

Project Title:

Person(s) Responsible:

Version: Diate Completed:

Praduct group A B C 3]
Relative mmportance of
eritgrion [¥)

Sales

%o Sales
%% Comtribation |
Volume ]
Market share

Cusinmers

Campetitors

Product life cyele singe

Product intro rate

Cireath opporiunilics

Vualnerahiliies

Breadih of growp
Standardization

Dregree of innovation |

Relatlve importance of Product group ()

The resultmg importance criteria can be described as a vector £ being the product of vanable
importance vector IV and a variable masmrix M, where: F = [v, vy o, v, and v represents the
impartance of the i'" individual Product group analysis vanable. The varinble matrix A is
defined as shown -[|151-:'|1|1-1i!1§,I four Product groups are invelved: A, B, C and D), where, for
cxample, & represents the © Prodwet group analysis variable for Product group B.

M= |a by ey
ap by ooy

a b oo d
@n by Coiln

The dimension of the matrix depends on the number of Product groups and the number of
viriables being considered,

In this example: I=f8 & & I

whire, for example: fp= fopshy + vyslab 4 el b ]




Figure 2.3 Stage MSA 2—Basis for competitive requirements



Task Document MSA 2.1—Market Analysis
TASK OVERVIEW

It is necessary for a company to obtain an understanding of what is required of each of its
preducits from the castomers in the chosen market segments. These requirements should ferm
the basis of all future investment in processes and infrastructure, The market analysis helps
achieve this by investipating its business, markets, competitors, and the reasons why products
are chosen by customers. A number of parameters ane suggested as sample measures for each
competitive criterion. Against these, the individual customer requirements are o be assessed
fior each Produet group, The parameters are provided as guidelines znd can be supplemented
arkl customized to meet the specific requirements of the busmess, as shown m Forksheer M3

DESCRIPTION

TASK LINKS

2 1.1, This shest 15 1o be filled to develop an overall picture of the customer service
requirements for all Product groups.

For the same pusposes, Worksfeer M54 2.1.2, is 1o be used for the supply aspects of the
operation. Teol/Tech, M5A 2.1.2 provides a checklist of relevant measures to consider.

POSITION IN MSM FRAMEWORK

Background
Rale af manul’
& supply

Trod. group
analysis

INPLIT FROM ;
OUTFUT

MEA 22

g Msa 23

UTPUTS

biasis.

Market requinemenis in berms of @
customer service demand an
perfarmance from the arganization,
mensured against o number of
cofrpelitive crilersa of a Froduct group

TAS CEDU TASK FLOWCHART
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WORKSHEET MSA 2.1.1 = Product Group Market Analysis

Project Title:

Person(s) Responsible:

Varsion:

Date Completed:

Key Customarns):
T— Product graup

Imporiance ——

Duality (0=100)

{omformences o e

Reliahiliry in use

Customer sailslzcibon

Delivery bead-time (0-100)

Lasul-lime reduanemcnls

Liglivery chenge nebice

L ustamser gatisfaelion

Delivery relishility (0-100)

Dielivery wirdow

Comractual Delivery kead-time

Required Delivery lead-time

Customer satlsfzcibon

Dieslgn flexthility (8-100)

[xesign charpes

Lissioemnized peoducis

Custamser gatisfaetion

Volame Nexibility (0-100)

Minimum arder size

Maximum arder size

Average ander size

Seasonality demands

Cine-oil demands

Predictability

{irder change motice

Customer sutlsfactlon

Cost'price (3-10{)

Price sensitivity

Margins

Custamer satisfagiban

Product fextures (0-100)

Unigue lfeansnes

Superior perlformance

Customer satisfaction

{Jiher criteria




WORKSHEET M5A 2.1.2—Supply Cusfomer Service Factors

Project Title:

Porson(s) Responsiblo:

Verslon:

Date Comploted:

Production group

[ a

[c T J..

I Average

Order cycle time

Eniry

Processing

Pick & ship

Transit time

Conslsteney & rellability

On time

Inveniory availahility

Product availability

Pari types (ABC)

Order size constrainis

Order convenience

Deelivery time & Mexibdlity

Back arder

Expedile order

Substitute ander

Transpartation

Invaicing procedores & accuracy

Ohrer completeness & accuracy

Admdnistration errors

Order picking errors

Shipping ermoss.

Clalms procedures

Complainis

Claims

Condition of govds

Warehouse damage

Company shipping damage

Carrier shipping damage

Quality

Packaging convenicnece

Sales service

Product suppont

Flepair paris

Repair service

Technical advice

Ohrecler slatus information




TOOL/TECHMIQUE MSA 2.1.2—Moasures Ralated to S

 TOOL/TECHNIQUE MSA 2.1.2—Moasures Ralated to Supply Chain _|

Customer fdealert requirement
Measnres

Mats availability off deaber shell as a %%
Mumber of pieces per pam stoziad ai the
deakr

% Split of limes required by dealers next
day

Dlealer cosls 1o achueve the desured pants
availalriliny

Total supply chain logistic cos1s a5 Yo of
deaker net sules

Heplenishment lead-times

Maxinen arder ovele Lime in hours
Emergengy order cycie time in hoars

Klaa-dealer Inveniorny

[emler sancking profiles

Immediate fill %2 dealer to customer
Replenishament 011 (%)
Emergeney/stock ordes ratio
Cyedetime

Order tyzes frequency

Cirder volumes

Warehowsing, inbonad and ontborind
tranapcrt porfermance measnres
Muriber of order vpef———

Sumben WSO (weckly steck ardera)
Mumiber/L¥sL) [da by siock ofders)

Steeck arder cyele

Precang policy

Emergercy orders Y
surcharge or descount

Return al bowance "o o all parts;

[ Muriber of davs returm; %o on Fast
Ve o slow movers
Mumber of PDC (parts distribution
cemiers) servang Joalers

Franspart sysuerm

| Muraber of order linzs
Transor costs per anmm
Inbound labor cost
Driswihulion coasrs
[Jisinbution coests
Surnber of Joad units

Number of functicral units
Average walking time

Ficking productivity

Materal receipt to stocking time
Transeription effort: time & man-hours
Wurnber of stack-vuls

Ficking costs, limes and categorization
Subti=order picking

Baleh pieking

Single dealer picking

Stock keeping accuracy

Nurmber of 1ines in the FDC

Throuprkpa: ime

Mumber of supplicrs

Volumre throughpn
Invertory size and cost

Delivery poims

Part complexity

Immediae 111l %4 desler (o cusamer
Replenishment Tl (%)
Emcrgencyistock order retio

Cpele time

Order trpeaffrequency

Ordzr volumes

Replenishment time

Susplier celivery frequency

%% of delivorics via cxpreas transpon
mides

Parcel service cos pa. (per exnum}
Parcel by @it cosl p.o

Hub=dzaler cost pa

UMb ¢t oo

Invertory oosts paa.

Outhaund laber costs poa.

Inbround labwor Cosis ra.

Service strafegies— LSOVWERU; faqjple
termelti=tice

Average revenue per dealer
Mumber of pans swcked

Hurber of pasts stocked by category
MWumber of Tines ordered o class -
L nes/day—DS0 lines'dey; WVOR
linasidm,

Sacty stock levels




[Task Document MSA 2.2—Competitiveness Analysis
TASK OVERVIEW

This task aims to improve the understanding of the enterprise’s markets and to idennfy
the eritenia by which each Product group wins orders. It requires an examimation of the
information derived from the market analysis in order to assess the Product groups with
respect to the six competitive criteria: Order winring criterta (W). The factors that
directly and significantly contribute towards how the company and its products win
business. Custormers ane likely to look for a performance that is better than the
competition; Order gualifitng criteria (). The factors that, once above a certain level,
permit the company and its products to be considered within the marketplace. Customers
are likely to check that the product conforms and is within the range deemed accepiable
in the market; Patentially order winning criteria (P). These are Order qualifving eriteria
with the patential 10 become Order winning criteria; Order losing criteria {L). These are
Owder qualifving criteria that are order-losing sensitive, such that a drop in performance
resulting in lost orders.

The Product groups should ideally be assessed aguinst the competitive criteria for the
current period and for two time periods in the future. Typically such time periods
would be three and seven years respectively, although they depend to a large extent
on the industry in which the company operates. Reasons for any anticipated changes
should be recorded. Similarly, where possible an analysis of the competitars”
spproaches should also be recorded and the reasons for any major differences noted.

TASK LINKS

DESCRIPTION

i Task MSA 2.1 E Task M5A 2.3

£

[ =

£

F 4

g| Classification of competitive

E criteria for Product groups

TASK PROCEDURE
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WORKSHEET M5A 2.2 1—Competitive Criteria Definition

Project Title:

Person(s] Responsible:

Version:

Date Completed:

felentify: COrder wamneng (IF), Ovrder fosng ¢L), Ovder gualsfeamg (600, Paswemitally order warmmng (P

Current period
ProdiuctProdect group
Oialy
Dglivery lead-1eme
Daedivery relinhilice
Design Aexihiliy
Valume flexibeliny
Cost/price
{her

Competitors approach
Product/Prodect group
Cluality
Dielivery load-Aime
Dclivery neliability
Diesign Aexbility
Valume flexibility
Cost'price
Cher

Orwn criteria expected after three years

Product/Prodect group
ualaty

Diglivery lead-time
Dielivery reliablity
Design Mexibdity
Volume flexibality
Costprice

Dnber

Expected aflter seven venrs
FroductProduct group

Chual ity
Dielivery lead=1mme
Dielivery reliabality
Diesign flexibality
Valume flexibality
Costipesce

Reasons for change




Task Document MSA 2.3—Manufacturing Analysis

TAS

K OVERVIEW

DESCRIFTION

|

INPUT FROM :

In contrast to what s required by the market, it is now necessary 1o obiain a detailed
understanding of what i actually being achieved by the company regarching each of its
Product groups, and the system as a whale, in the chosen market segments.

Im a similar manner to the market requirernent analysis, a number of parameters and
performance indicators have been suggested for the manufacturing performance
anulysis { Worksheer MSA 23,70, For each overall heading, an indication of how well
manufzcturing is perfommung can be given on a seale from 0o 100

POSITION IN MSM FRAMEWORK

Task MSA 24

OUTPUT TO:

TASK QUTFUTE

TASK PROCEDURE

An assessmient of manufacturning
performance in terms of what is
actually being achieved by the
company, based on the performance
of Product groups agains: the
competitive crieria.

Input Toal Cutput | - .

Step 1

Dutatobe  Whsheet
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5 231 performance against tha comgsalitiva
specified critifin. Asaign & valie (betwesn O ta 100)
to aach of the following:
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dalivery raliahity
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WORKSHEET MSA 2.3.1—Product Manufacturing Analysis

Project Title:

Person(s) Responsible:

Version:

Date Completed:

FProduct groap

Guality

Acnal quality level
Customer reject rase

Final faibare rate
Intermiediste scrap rate

Cost of scrap'cost of warangy

Delivery lead-time

Actual Delivery lead-time
Manufacturing lead-iime

Schedule changeabiliy

[nvenlory mvestment

Liperation hours'totzl fime in factory

Dielivery relisbdlity
Dieliveries wilkin window
Complete onders
Errar-free orders

Design Mexibility
Ahility 1o cope with product range/change
Design changes per yer

Ability 10 cope with design change
Propomion castamieed

Cusiomizatian ahilicy

%4 ingrease in bead-lime over std. product

Volame Nexlbility

Ahility to respordd 1o demand increase
Product shell life
Minimum/maximam onder sine

Setup rimes

Seasoralrandom demand vamation
Frequency of scheduls changes

Size of schedule chanpes

EfMect on Delivery lead-time

Cost'price

Astual cost ingured

Manufscturing contritition: % sales
Manufacturing conirthution: fmachine hr.
Manufseturing cantrbulion: fman hour
Manufscuring contrbuion: overheads
Manufacturing contrdhution: muierinls
Manulaciuring contribution: lsbor costs
Wan- manulacising contributions

Other criterin

e




Task Document MSA 2.4—Product/System Profiling
TASK OVERVIEW

BESERIPTION

Based on the results (rom the previous anzlysis of Product groups, (his sk eonsiructs a senics
af wility values and profiles 1o ageegs the warket raquerements on the Ms syetem, ord the
sctual performancs of the MS system in ociing those requirements. Thz aimiof thess
monfibes i v allow (Lr @ yap aelvsis © be ooecutod (etween G rmarke demards sl de
senul vstem performance) within the MEAMSED cyels ir onder th ideatify sreas neading
improverneat

TASH INSTRUCTION

Fa lowing the lecitrague of atiily analysis, a2 deseribed in TaorTecknigue M54 04 | this
lask prowsdes & stractared approach ta evaluate the eTectivendss of the curren! marufachuring
and supply vperaiion:

13 Specify the Relative imporance of each of te Product groups.

2} Id=ntify Relative importance of each af the compelitive sriters wilh et o the
Peoduct gromps.

3 Dirarw a Product group profile acoomling e stove

4} Repeat the shove, but atiempt 10 establsh e acteal perfomuance of The Sysiom.

A nemiber of dilferert requiremete’perfarmance prefiles can he coneneed for both re
Preduct groups and the systen as a whole, as described in detail in Toole/Tecaaigues A%
2.2 Togeibe:, U profiles provids & meclanisan for both systemewide and preduct-grous
relatacd mathod) for evalusting MS requirerems and M3 perfemance.

The usefuiness of differen: appreaches snd the comparson of approaches depends o a greal
Eient upan Uie aeial Bluaton, the degree of Tecs of the fazilites, Lhe degres of complexing
of e systeas, the Relative imporance <f cach Produst group and the centribution towards
the eampetitive criteria tha each Product group provides, Gap asalysis can be condected ina
bl way depending en the needs:

1} Prosduct-redatad raquirement/yitern performance gap analysis. With this approach, the
individual requircrent profile of e key Preduct groups can be compered 1o te current
sysuan periorraes prodile © wadify the lutare sirategic dircction of the company. The
munufacturing srpegy thas developed will suppon the concept of tae *focused feziory™
because the reaulting system will be geared towand satiafving the masufastunng needs of
the company's key produsts. asd cach product family becomes an individual
manafacturing ety or el The enmpesinve crieria can then be corsidered and
optrmized separately for esch indivedual produe: famaly.

Iy Faptery-wide reque rerert'sveren g sralyeis. With thie appeoach, the overall
teqaireent profi'c is campared sgainat U overall system perfomance prefilzto
iflantify the aversll gam, fomutaring funee manufacuring siracgies which i (o saisly
sysiem-wide sanufactenng requmemsznis. 1t should be remrembersd, homewer, Tl the
consmaction of such utility functions is relatively simalisie (parteularly the aggregated
symem profie) and as such, dhey shou'd be usod wilh cantion witin the stategy anelysis
process. In effect, they cssentally represert a comproruse contigurstion for the
manufacturing system. They should prefirably be imerpreted a5 an overview er @
guidatine of the requircmenis for the individual Product groups amd G e syalen

%) The maxrrsm-specilimd-sys e pap aralvsis, A JiTTerent means of using a system profile
i to estabilisn o weghtad prodect profile, again bazed an the Relative rrpotanee of each
of the Produe: greups. However, irstead of accumulating and averazng these proliles,
this approach consirucs profile: by schaiing the masimie seguirsnent fer eoch cnitena,
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TOOLS/TECHNIGUES MSA 2.4 1—Utillty Values

Suppose m a particulas desision situation, a production manager has cbjectives with respect
1o the “on irme delivery of producis® end “average level of WP achieved by altcrative
eystem layowts. The evaluahon process maght reveal the following two posiible outcores:
putewme of systery aliemative 1 o time delivery = 85%, average WIP level = 5,000 (ilems),
outeoms of systery altemative 20 on bime dehivery = Wy, average WIF evel = 50400 {itemz).
The zlemitves ke can be evalwled @ tenms of dilferent measwes of perfnpancs boause
different measares may be regarded as havirg d:fferent viility in comparscr with one another.
Woal is required is ameans ofallowing (e porformence of the alternatives w0 be oorpared
across the set of objectives—a method of raducirg the multiple outcomes to an overall single
rucasurs whnch will reflect cheir aggrezaie utility. For mstance, consides a similar decision
sitation, bt o invelving fwe outoomes deseribed in 8 single wnie ourcome (alternative 1)
cosd of holding WIT = L4000, cost of machmne dleness = £6,000; outcome (alternative 2k
e of holding WTP = £6 400, cost of machine idleness = £4 000 The o system
outeomes—the average level of WII and the average Jevel ef machine idleness—are now bath
deseripad in iemms of cost. [1can be scen thae the symem curcome achieved by syziem
temative 1 i8 better i terms of WIP, while the outearns Fom system altemative 2 is betler in
terrns of machme wiilization In spite of this, eae would wnd o conclude thet the outoome
wsocived with altermative 1 15 better becouse it has produced a total cost of £10,23) which 15
lower than that of £11 406 given by altemetve 2 Thas iflastates the possability of develogang
an overall utiliy indicater ifall the cuteomes can be assessed on the same ground through
arithmetical operatians. However, iF the sureomes of the same simanon is desoribed as
previously: ouleome 10 on time delivery = 85%, cost of oidmg WIP = £4 000, cost of
idkeress = £6,000; putcome 2: on time delivery = 95%, ot of holding 'WIF = 26,400, cost of
idbeness = £5,(MK). Then at lesst ane of the outcomes (the delvwery performance) will not be
reatily sablz for quantiiative assessrment i enmes of cost. When this siluaton arises, seme
kind of sssessing method mat be souant to md the comparsan process. The anal ves
method o weighted-ubjectives & one such approach. This analysis procedure involves the
fellowing steps

1) List tiee project objectives. For cxanple, “oxyectives A, B, U and ¥

2 Sort our the vhfectives in order 8f impartance. Among the ohjectives [sied, some will he
coamderad 10 be more important than ofaere. Thie etep aime to order the cbjectnves
according w how iniportan) cach is casidenad (o be. A pairs-companing method my help
such a rark-ordering srocess.

Dbfectives A B [E 1] E [
e L] Sah L bag fas Sy

[ £, i iy S . Sy

C By ich [ Sei e S

L1} LTH LIS L™ 0 S 54

E Sea igp Be fee ) El’

To use this procedure, ong picks the first oajective from the list, compares it against cach o
the ather ahjectives, in tum, and records the companson results %4 in achart like the one
shown above The importance rdicatvrs, sy, will be wsipnad @ vaue ofeiler 0, Lo 2
depending raspectively on whether objective | 15 considered to be less impaortant, equally
Irpariant o1 more important than ohjective . For example, if A is consideter! 3 more
important abjective 1o achieve than B, then g, should be given a value of 2. [, on the ather
hamd, A s consadered 1o be the less irmporiant one of the 1w, then s, 35 0. This process




continuzswizh the szcond chioctive in I Lsl and iz repsated wanl e list o cemplate.

Tizal v, sureming up thie sooees o2 ww gives e owrul] b erder of imgotane: fer the
iy ubjstive,

3 Wedgin obfecuives aocording toramd=oreer. Fol owing the determimetion of thei-
vuking-o Cer, Gie e bslep s Lo amsipn & relutive waghing fictor 1o each of the cbjeatives, |
Ton cuaple, ey bt singly Lo allocged alome aln eonga’ anis wo=low dwin claive
we gl Ls

e S S — ——————
o i ] L] L ] h -] -] [¥]

2 O M A =
I3 kb vasrmple, chjeoive € 15 510040 t0 b tviee g3 imperten: as D, althouzhit sonly 70
Pz s valued e dee mosy crporam objeoive inobe D objecive B owe Il use g
L indcate swch & wewkiing fector for chizerve 1.
| 4 Esdnrare willyy soores for cach af the odfeer'ves. [7 i3 nce neceasmy o eszips uadliy
S0Ar: 10 W10 SyS10 oWCome chraned v e sliermatves or eack of the ahiesives. 118
involves cecipharing waa 2 pzrizalar 'evel of /5125 olcame neans when mesisd
@z3imit an ohjective.

| Fulms; willky woare
1 Ul hadagLeEe WEBL  ICCE[LELER

nood Excmlient
h P E TR X 1 a AZaly kel way goeed
i =m.ﬂ|-_-h e e (3 e . (8] -
I |
1 P B ! | o | 1 I ' | 1 I I 1 |
L] 12 20 a0 i &) L.w) T &0 €0 W0
Wery Lom Low Medum ligh Were [1gh
Svsiem Cwteoana: MAC utlization (%)

‘The possible spstem ownconves are alaced er a seale ke dhat shown, and each of the systen
oacomes is aszigned a gk lify seore. Thig convessan process allaws bath quasiitaive sad
quaalituive performnee meseures b e enmrpared en s eirnibie Sasie (here we will ose o gt
inciecte autiliy sesr: for the system avezere gven by ntarmanive | agaime chjectrez ji.
5} Erafuate wed compare suloor oy wuimg e everall relafive miflily veiwes, LOmMEaTSen
hatwear cliernativan can eowe he made aa the ki of heir rective wtilty valoel. The
ralative ulility valve af un ostaomre given v a partculer alwenative ie obrained cimaly v
multishvirg its utility score by its weiphting facter. That is, the utility value of the ouzeme
given by cherrative | againg objective | is giver by:
i =g f

s simple mensure of comparison, these ind vedual urloy vilues son be summed ap o
give L single utilicy vilue which indientes the refative overall worthicess o 1he altarnacive
cancermee. has the relatve worthiesss of tlermetes 105 3iwn b:,:

Vim Ty =E (uy )
The idea behird thes weighizd-abjective spproask—eduzing the anchblers coatents to 2
single dimensia—is of greal mrpertan:e in proaler solviagz. It musl be smphasizes that
aukh a |.l||.u|.11u|u Lagju iz ahill, '\.'LFL'IJ"BJ.I.I.‘, el the piu ti.l.i.Pﬂl:'-On wf all preaTiE of tie FroteEn
Fraject inonddr e succeec,




TOOLTECHNIQUE M54 2.4.2—Product/System Profiling

‘The Relative imporiznae of the me—
Pracuct grouss car be Froduct goup A LB L% o
extabl shad theouph 5 set af Felve imgonarse (Z=17 | 02 |0 | 213 047 |
wility we guings. These are Crealiry 75 | 8D | 45 4%
Toasenl v i percentage value Delivery keadme IRERE 15
such Gzt e sur: of Reslalve Deeliovry reliabiliy | ¥ ™ 5] i
irrpor Lare eyqusky cne. Agains) Lreasgr fienibt Ry T T BIETERED
each of the comperi-ive eriteria, Ve Meitmily IR
each Produc: group s amimed 3 poqmneg ERERER &
TequUIrermen; fating ranging from — —

O [mot requared 12 10U
{absclutely escental). Hence, if quality is considared to be important, the users mey quantify
ihe degree of imporance by assigning a value of . 3y, 75 or 80 The completion of this proccas
allows @ profile of the Product eroaps to be speeified, as illustreted i tac tabke. A series of
other profiles can ke genercted from the data to provide edditionol comparisors within and
— between Product provpa For
Facumoer AR 8] | [y each Procuct group and
Cuality FS | 373 | 322 |ode | Ol coimipretifive criteria jair, the
| Deineny leoc bime X 214 | egs | 347 Tollowring add tional paraweters
| Usirvery ncliablity 21 | 8 | B33 1606 | 0.2 can be calvulated:

| Dsign Bl bility F L0 HIE eS| 0 ) Relaoive impontanee orileria
Wolure fenbility 1| aos | efE | 308 (P1): criteria value for
Cost 1| & Q3 | elé a2 Preduct group based an
imperance of Product

Prodact growp normalized criteria (e criienia value for ‘rmlu:L:J::Elp heesead on patio off
absolute crivesia value to sum of all values withm same U'roduct group.

Absalute system normalized criceria (427 critera value tor Procuct growp tased on ralio of
absolute criveria value to sum of all values of al] Product groups.

Relative syscem normalized coiterna d52y). criteria value for Froduc! group bused on sztg of
Helative importance crteria value to sum of all Relative impoctance critenia veluss ol @l |
Pradue: groups. |

For the example values |
previously mentoned, the
table above gves the values
of various grofiles for
Product group A. LUsing this
| iechmgue. it s peastble te
provide a visual
representation ind calimg
the cifferent comipetizive
criteTia requirements fion
euc Produet group. Baen
czn be described dya
vecior or represenied on a
diggram, == il usmaied by
the relative prcfile of
produetion group A. The Selative impoeriaice crtera values P produse the relative Paaius
group profiles, allowing a comparson of Product groups and their criteria, by taking into
gegount trcir individual corttributions to the system. The Product groap oacmeal el critena (72)
| preveides B &ltermative irdicabon of the crtema values of ibe Product Booup melalive o ons

o Peiad G B
T L 8
R e—

= Produs Cear D




another, The absolse systern normalized criteria ((25) provides an indicstion of the criteria
values of all ta2 Froduct groupe relative to one anothes, However, the value of this parameier
somewhat limated, given that it does not take into account the Relative imporiance of cach i
Product group. Conversely. the relarive sysiem nommalized oritesia (00 does mke into accounr |
the Helative importance of eazh Froduet group and 14 therefore & usefiul altematve pararster
for comparisons across Product groups.
In a similer manner, a sysiam profils may be produced, indicating the combimed system
recjuirements with respect 10 the competitive eriteriz. Thepe ane severa’ means by which o
establih 4 syetem profile. For axample, the system prolile can be establiched through the wse of '
an utifity funcion, producing & aggregated utility for cech ol the eritesia based on e Relative |
importance of the Pradicn graaps. The oriling peofile of the overall syster, 17 is therefre |
presented by the vector: |
U= (s, U U, Due, Lp, L)
where the systery's competitiveness value with respect to critenia £ 15 given by:

L= E{Gruupcmm'ﬂq'mlfafur: [ Cranp Ueilin Value)
e
For example, acconding 1o the abave the valee of comperitiveness with respect to the quality
criteria, L, is given by (assuming orly tao Produt groups A and Bl

Ug=a=ic+0b=lp

Praduct greup A B [ C O T Syeeem il whetd 4 1 the
Rclative imporiance [ 03 [0 [oT | quality competilive
| uality i Ta_ [ 80 |60 EH] vy  H Crileria requircmen’
.'Hlm wldre £ bl [0 15 [ 5 v Prodlues Ernup A
_"f'%'k_h_'?m" reliahil: A0 | T0 | o0 30 L 1 Janis the Relative
Tesign fieinilry 30| W | 50 73 d | % imgerance for
WValume Decibi ity 0 15| &0 10 Liv 26 A Ble
o pnte W 1B 0 140 T s Froduct group A, elc.

The results wall be a
weiphiee ntility profile sss shown in the table. Based on the valus in the table, the figure below
| presents the Froduct groun prokiles together with the aggregatec system ulility profile.
Mliematmve systent requirement profiles includa:
Maxinum Criseria
Regutrerens: The

requirements for the

aggregated system adopt

the mravimum recuiremernts %'x e

froen al! the Product .

Eroups. T
Macingum Relative Criveria 10 - !JIJ-'D

Reqpuirerrenis: The
mecuirements far the e
aggrepetsd system adopt &," i
the requirements of the

Product group with the

maximum relative eriteria.

Ihe system performance -

profilng is similar in dztail to that of the competitive critena siage cxcept that it provides an
aasessment of how the merufacuming sysem is actusl |y performung or cach Product groug
with respect io the competitive enifenia, rather than the requirements fos the svalem.




WORKSHEET MSA 2.4.1—Product group/System Profiling

Project Title:
Person(s) Responsibla:
Varsion: Date Complated:
Type af prafile: Product group/sysiem
Type of varighles: uhsolute/relative fabsolute-normalized relative-normalized
Type of requirements: relative-requirement/maximum-relative-requirement
| Quality
|
Delivery Desigm
Iead-time H“x /f Menibility
\ ’-’-,__.
100 80 60 40 20 f.{f’/
-~ e
- -
~ ey
x’ -
~ “‘
™~ Volume
Delivery Mexibility
rellability
I Cost
R:-:.?Lm Coppnim  Weefid 00 |n-2::ln impanaen | N0 ' Essaniinl
= . S T, P .
& LLF] Fal a4 1 50 L w B L] {11
wmny Low L Accopinbin High Wary High
Prodaci group System
Relzstive imponance
Qrlity
Dielivery lead-time
Dnli!.'ef:.'r:liabm.y
Diesign flexibility
Vaoleme flexibiliy
Cuost'price
Mher
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({MS Strategy Analysis)

Figure 2.4 Stage MSA 3—Kkey issues
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Figure 2.5 Example—Product group requirements/performance profiles



| Task Document MSA 3.1—Gap Analysis
| TASK OVERVIEW

Gap analyss provides a companson of the requirements and the actual performance of the M5
system for each of the Product groups and, if needed, for the system as a whele. Both abular
and graphical representattons can be used for this purpese. n addition 1o providing a visual
representation of o requinement/performance gap, analyses can be camed ouf to give an
indicztion of the importance of any particular gap. Far example, an approxomate indication of
the improvement required for each Product group with respect to o particular criteria can be
eslahlished by: & = N-—&), where: A is the gap, N is the requited value, and 8 is performance,
Hence if A = 0 then the system is under-perfoeming for the Product growp for a certain criterin.
The Relative importance of the gap is given by A x £}, where: £1 15 the normalized value as
discussed in Task Docwment MSA 2.4. For evaluating the Relative importance of the gap with
respect to an individual Product groap «, it is supgested that the normalized value £, be
applied. For evaluating the Relative importance of the gap with respect o the entire system I,
the normalized value (3¢ should be applied. This normalization procedure provides an
indication of the degree of importance of the gaps within each Prodoet group and across the
Product groups.

TASK LINKS POSITION IN MSM FRAMEWORK

MSA 22 MSA 32
MSA 24
=

g

Regquirement'performance
gap values,

DESCRIPTICHN

INPUT FROM :

CUTPUTS

TASK PROCEDURE TASK FLOWCHART

Input Tool ___ Output S T
Fa h of the o ] L
o — T e

arl M5A of completed  |performance data on the same dogame o
performance 3.1.1 Whsheet MS4  [Rahbght the possisde gaps. Than cakulate the
daa AN risfjuramankpedformancs Gap viluals) agarat

easldy, delfeary laad-time. dolvany relabifly, |
product feafures, cdesign Azsibiey, volume
fowbily, and costpnco

Step 1

mlavant profles
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WORKSHEET MSA 3.1.1—Gap Analysis

Project Title:

Parson(s) Responsible:

Verslon: Date Completed:

Type of prafile: product-groupdsystem

Type of veriables: absolute/relative/absolute-normalized relative-normalized
Type of réguirementi: relative-requirerment/maximurm-relative-requirement

For Produst group Profiles:

Product group NameTumiber: Praduct group Impertance:
Quality
|
Design
=" Mexthillty
Delivery
beadd=time
100
Dellvery |
reliahility Velumié
Nexibillty
Ciost
e | _Absolute Gap Value Weighted Gap Value—Type: _
Quality

Dielivery lead-time

Delivery relubility

Design Mexibility

Valume Mexibility

Cost




Task Document MSA 3.2—Problem Definition

TASK OVERVIEW

TAEK DESCRIFTION

TASK [INKS

CUmce the performance gaps have been identified, possible causss and reasans for the gaps can
be investigated and their relevance to the organization discussed. From the gap analysis
results, possible weaknesses and strengths with respect to the six key compstitive criteria
should be identified. To help this task, a cause-effect wble is provided that relates possible
problems within the eleven manufacturing policy decision areas. It alse cutlines their likely
effeet on the competitiveness of the manufseturing funeion with respect 1o the competitive
entena. However, the rumene values and the inclicaions n::uh!ing f'mrruheyp mtal_l.-iis and
the 1ahle provide only guideling. They are intercled as 2 means of sumulating the company
mnagemiil o apply 18 own inluition and experience. Thus, the tacil knowledge held by the
memibers of the organization concerning the operations of the manulaciinmg sysiems also
needs 1o be applied o idemily problems.

POSI IN MSM FRAMEWORK

M5A 31

E

INPUT FROIM :

MSA 33

headings.

TASK OUTPUTS

TASK PROCEDURE

Identification of possible problems
causing the performance gops, listed
under a aumber of @iggested

TASK FI OWCHART

|

Input  Toal Chutput
Gap Whsheet A collection Far sach af the previous product group’ |
analyzls  MSA 121 afcompleted — |S¥¥CM Qaps:
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TODL/TECHNQUE M5A 3.2.9 —Poblom Jofiniiton Tabda
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WORKSHEET MSA 3.2, 1—Problem Definition

Projact Titla:

Parson(s) Responsible:

Varsion: Date Complated:

Type of profile:  product-group/system
Product group name/Ne (for product group bascd analysis):

Gap Reasons

Quality

Delivery
lead-time

Delivery
reliability

Design
Mexibility

Volume
Mexibility

Cost

Naie: The cause-cffect table of ToolTechnigues ME4 3.2.1 gives an indication of possible
problem arcas within the current manufacturing strategy and manufacturing systems. By
reading down the colurmns in the fable for cach of the competitive criteria, and then reading
across to the policy area, possible problems affecting performance may be suggested. For
examge, a reduction in competitiveness with respect 1o Delivery lead-times, Delivery reliobility
and Valume flaxibality may be caused by capacity policies that result in the system being wnder
capacity. The izble above can then be used 10 record the problems under a number of the
suggested headings.




Task Document MSA 3.3—SWOT Analysis
TASK QVERVIEW

Folllrwing the isaues of sysiems (hinking discusesd in Chapler | a SWOT | stength,
weakness, appontanty and weakness) analysis served a3 a meama of rakching the
coviremmmtal (e amd oppontanies with (e compmny’s weakiesos and suomgito, [ s
efgealinlly & dhealive proceds of qualitative anabis, and sefers 1o both the (F1eral
extamal envinsaments. The mierral analysis serves o pinpoint the oths and weal
of the erganization. invalving idenvilying the guantity and quality of resources evailale w the
WE fanction. The exesmal analysis, on theather hard, identifies seaegic oppomunities s
{hrests in the oogarazation’s gperating evarormenis. These envitormenis inelude both the
irngnediate industrial ewvirommizat in which the organization operates and the wider nucro-
ETNVIMMITIEEL

TASH

The relevam issues and Fenors anz summarized ag fallows:

Strengils: aclivitios. processes. wchmlogizs, procadures, eie., whitch Uss manefac g
organizsam does umiguely well.

Weaknesses: aclivilics, procsises, chnologics, procedurcs, <te., which the onganizaton
whoes ot o 1o an accsplable standand.

Opporiuratiza: activiliss, procesies, techneloges, procodures, events, poteniial events, .,
which the organizatior may addinonn’ly exploit.

Threate: setivities, procassed, technologies, procecunes, e, which may prevent the
arganization reachorg its poale.

Thneaes: amd OpROMNITes seare i e evierns] emvincnment of the manu@cnirng arganizarion

under analyeas, whol: weaknesses snd strengthe relale to the intemal esnaronewnt. The

analysis cad be camied owl sl vanous levels slong e organizational hicraschy, depending an

the 1zvel of atsmaction reqairad and the ficiors being zddressed. Howewer if the ana'ysis =0

b reganingful, generally it showld be used i o Sizsggregated mamner, ideally at the Frodust

groups level or, of mocessary, al the individual produe; lewel.

T aserain extent. the analysis invelved can be 2 strustured preocss. The analyss is achicved

principally throwgh the wse of sub-hezdings, under which specific pomts and details cer e

writien 25 shawn im the table of ToolTecanique M54 1.3 0. Esch ol the SWOT categoned

Tist=d in this generic table should be cormidered in fum using the followirg steps:

1] Taks each el the Feadings {rorm the 1able, and decide whether thete are relevant ir the
partizular sitaation.

1] Provade explanaben of justification tor each SWLIT mssessment, indicating the nature
and extzal of 2ack SWUT, and provide detasled data 1o suppert the justfiz ation

1) Further idennify bey ssues by sequiemservperfarmance Sompan s,

4] Por strengitks end weaknesses, define what the strengths should 5 and what weakncsses
the M3 fusxtitm st avend,

$] For opporumitics and threats, defime whal opporiunities the MS function riust take
advamage of.

Hoavever, sub-headings such xs thoge given in thae table should ol be geen &8 anexhaushve
Tist ard, whers applicable, additional items may be appended. Supponting evidanss and data
shoull also comuburate mch decision.




POSITION IN MSM FRAMEWORK

TASK LINKS
2| MSA I &l M5A 34
é MSA 3D E
: :
Identification of opportunities and

TASK OUTPUTS

threats (external factors) to the
organizasion, and strengths and

weaknesses of the organization
{internal factors), listed under a
number of suggested headings.
TASK PROCEDURE TASK FLOWCHART
Inpeut Toal Chutput i
¥
Gapanalysis  Wisheet [For sach of e chosen product
resalts MEA 331 |groupsisystem to be considered:
= Froblem ToolTech ! |
: ’ . Dacide which of the itams in the sub- |
g """",':5"""“":'" M5A 331 Inean'rng fahig mre redavant and, for |
fesis |those which are refevant, identily |
|whether i s a strength, weakness |
!upmrfuw’l'yurfhmu].
!
Dtk oo [Far each af the strengths and |
:“m |wnaknesses:
o StEES |
g m | Dacide whal the company’s
w " o | slrength skowid be, sad what
s Equired. |woakness must be efioinaled.
|
Data from A callection I
|Far aach af the opporunites
s sl g et
Addivona MEAZIL | Dicids what apporfuniios
a5 required must the company lake
) advantage of, and whaf threats |
nead atlendion. |

Step 3




SGirangihs

Weaaknzsses

A A

1
CppoLnites

N

Thrcats

Opporivaities and threats

TOOLTECHNIGUE MSA 3.3.1—SWOT Sub-Heading Tabla

The oeerzll gim m 3 SWOT exemise » o
idemtify fature stratepe directicns that will
elfeciisvely direct e organizatmn in such a
way $0 tha! the cenier of amendon 1= as shows
in the figure. The wble below prowvides a hst
of typical sub-headings. The first set ol
heatings relates primgnly to the appoartiritics |
smd thresis. The secomd set relates prinerily o |

the strengihs umd weaknesses,

] Strengths aiml weskinasea

Fronamlr fariors
bl paies

Excltamppe 2
Anailaiiliny of eredit
Lewed anl ennpboyivmen:
Siwdal 3w politicad faemrs
Governwent legislaton
Luaropean lkegialsion
International legslaton
LUnxm plins

Consumer grouss

Special irlerest grouas
Eavirormensl mguss
Imwographic elsrs
Demcgraphias

Incone vl

Age oorrpositon

Mlarker and campetiion criteria
Custarner plans

{‘r-n"'mll'l o plEns
Supplia plams

Custamers dependence
Mew cornpet fora

Supphr depondinae
Products asd techaclogy
Hew produels

Mew markes

Mew leeBmalogy
Subgtiune products

Other factors
magilahility of mw materials

Sunaprment & nrganirmtione faeiors
Sl wprTenl fyskens
Inlumtral ne'zliors
Persanmel policiss
‘orale

il

Emploree expericncs
[rperaticns

Juality

Leadl-tamias:
Performance
Capazhy

Flexiaiity
DeparsizbiELy
Lieanicn

Muterial avgilabdiity
Technalogy
Bomipment age
|I||F|L-|rn,-_|:|l i| B h’"EF
Finznee fartars
Cagital st s
Prafieh lity
Finorcial planming
Accoumbing Sysicm
Ciogl strueiue

[rher Tuctors
Fatents

Imnage of fimr




WORKSHEET MSA 3.3.1 —S5WOT Analysis

Projact Title:

Parson(s) Responsible:

Varsion:

Date Comploted:

]

Type of prafile:

praduct-group/system

Product group NawmeNeo (for product group based analysis):

_ OipportunitiesThreats

Possihle Action

Economic factors
1}
2)
)]

Soctal and political factors
¥
2}

A

Demographic factors
1}
2)
3)

Market and competition criteria
1}
2)
3

Products and technaology
1)
2
k)]

StrengihsWeaknesses

Managementarganization
1
I
3

Fossible Action

Oiperations
1
2]
3

Finance facions
1
I)
33

Diher Faclors




Task Document MSA 3.4—Statement of Key Issues
TASK OVERVIEW

This task records relevant information concerning evenis, trends and facts which have an

impact on the organization. In particular it covers any key issues ansing from the problem
definition and the SWOT analysis. Their implications and effects on the M5 operation are
also recorded, Frnally, the prelimimary strategic objectives are derived from the key issues.

DESCRIPTION

TASK LINKS FPOSITION IN MSM FRAMEWORK

Problem MSA 4]
definition g
resulis

SWaT E
analysis

resulis

INPUT FROM :

Textual siatement of key issues
identificd from the previous analysis.

OUTPUT

WORKSHEET MSA 3.4.1 —Key Issue Statement
Projact Title:

Person(s) Responsible:

Verslon: Date Comploted:

Key manufacturing issues
By [sswes ansing from extemal SWOT analysi:

Key isswes arising from intemal SWOT analysis:

Key supply chain issues
Reparding suppliers

Reparding warehouses/depatsitransporiation:




Present

Future Policies
& Future System
Requirements

Future

Figure 2.6 Time line of the MSA/MSD cycle



Figure 2.7 Stage MSA 4—strategic aims



Task Document MSA 4.1—Currant Policy/Decision Capture
TASK QVERVIEW

Ths task sims 1o help idemify the currers key sirategic polices or decisions from z lst of
eleven genenie areas. These dectsions may be those contribuling towands the strengths cr
weaknesaes of te M5 function, or general decisiors that (e company resogaincs as baeg
poictially straicg: in rztare. Inonder i asist in dus process. a serics of geestoms axl
possible repponsg options ace provided. This questionmaire approach aims to capiurs te
detncled coments of Use cursenil merufneeing stratzey. Further help o provided through a
stralcgy-relatiorsbap lﬂhtﬂihll“lwvd [mv'l'l'k i Mheuees and redaiinmdips hetaern st
& | decunions acrocs the cleves girategie policy areas. Topether, these provide a coherent appeoach
io identifving and capiuing fe cononts of stategic degisio-naking. The reulis fom Jis
1asi will provide a detailad axeount of the commpany s CuFtert practice in he key aress ol
coneer.

Based oa the resulis from previous stages, the analyss commenees with the dentifization of

the ey decisians wothin the cloven policy ancas, proeducing an assessment of the operations

and mfrasrecriee of the curment MS system. The process depends on capeuring relevant

miprmation covening the detaile of the MS polizies, and hence reliez on the apaication of the

guestonmaine o structure the epproach.

delenatify key decisions ood (e releied curmeni praociice of the company. A database of
decisinng and apiian: are providerl For each policy ares, there are 3 namber af
decisinng mesacisted with i1, and esch af these have several questions. The isers may
select pre-defined resporses to tiese Juasiions or enter their owm responsa:. In addiben,
thay may enler mformation concarning a poliey anea tha! has not been included in the
decizions and options dasabase menati pravigusly. The MES strotezy ond essociated
poliey aress are ikely 1o address the WS sysicm as a smgle eniity, partcularly whes the
curtent maaafactaring strategy ard cxisting openaiing pelcies are concermed. As such, |
il i appvptiale Wceplee the M3 straeyy amd policy mformagion with respect o the
cnbire manu/auning fucion Eowever, (e approach encoarages and ofTers e
OPPOFURITY for 1iers 8o inpul strategic information for indnadual Mroduct groaps, 1f
sich inforration is mailasle. Since responding o aver 200 palicy questions can be g
damandimg ¢aercise, the user 15 encoumged to pronbes and focus hisher spproach or
tha maore irportant poliey areas. The user is able ta sefizr bazk 1o the cutpits from the
previcus stage, in particclar the quick-hit table and the actiens denved frery tie EWOT
analysis, These will provide an indieation of which pelicy anws veuld be addressad s
a5 2 means of maximizing e effect of G cffoct pul imnto s stagee. & priovity ahle s
included in the workshest 1 scelst this peocss.

laevmify iniervelared [evmes s the abave, ard the reioted crreni compame proctice. Unee
the S8t of pre.delired questions is answered, the analyst can refer 1o (he decisions
reaticnshp table to 1dentafy the pesible iafluenzes Decween etralegic decisions. For
each sub-desision or queshon, (he lable indicales possible decsion headings throaghoa
all eleven pelioy arens. The influznces conld sdditionally be considered in parallel dus
to the endstence of pessckl: iner-clationshrpa. For cxample, a responsc to the gquestion
comcerning the specilication of ttel plan! capacty would sugges! the simegy also
comsder the manufactaning policy decisions relased o il caparity, demand
ﬂ.l'n'.as.lg the mumber of fcilines, the spoci fizahon of azilities, procsss orgamization,
the pos:don in the suapdy chain, and make versns oy istoes, The tahle provides gereric
and intuitive mfxmaten denves frem the literature aad, 32 such, provides puidanca e
asiist the thinkang process and crestivity involved i strategy capiure and formulation.
Mot enly eon it be used a3 a gusde o unswering palicy queation, il can also be used o
referbock o qaestions previously answered whnch may have a beering on the decision
currently under conasderation.

TASK INSTRLIC TN




TASK LINKS POSITION IN MSM FRAMEWORK

MEA 3.4 M5A 4.2

MPUT FROM:
QUTPUT TO:

Identification of
imiportant M5 policy

g arcas,
Dietails and analysis of
§ the current
= manufaciuring
= Strategy.
TASK PROCEDURE
Iniput Taol Dhuipat ) l -
Resulis Wiarkshee Identificalion of B l
. from MSAALL  keyhighe F'““"""r ""“I“'““"' poficy
= Blent priority policy |58a8 Of Bvalegy anatysis. J
@ definiron areas. | S
& SWOT L
arnlvais, - 3
ToolTech. Indtial
4.1.1 idemtification of | For aach of the high pricnsy
o {List of 5’:."?"',]. pollcy sreas:
= decisioms), CIEDIVIEIES s santy the decisions and su-
@ vathin MEKEY | yaciioums that are o bo
palicy ancas. |:mml
|
Resulis Toal Tech Camplction of t ~ |
from 412 task worksheet: | FOr £8ch of or the hey) "| |
previous {Decisian the camplets decizions idantifiad:
siep. rc]balnmshlp wlermfication of Crogs-check to identily ralated | |
tabie). rekovant issups that may slsa nead ta |
Worksheet — OSCISIONYISSUES. | be considnmd, |
) M5A4.11 | Record the resuifs i
g |worksheet |
.-'!'\'-\. ‘

oAl nocassary pelicy.
-, Bheas analysad? -

. .
i

NS

_ ’ |




' TOOL/TECHNIQUE 4.1.1—Decisions and Options

CAPACITY
| Bemand Puch

Hew bas the total mamfaciunag capazity been
| mitched relative to demand?
How Fave ihe individual wamsfacuring
capagilios beon ptched relofive to demard?
[lew Fas the total capecity been specificd with
respect b floor 1.];:5.::"
How Fas the tolal capecity been specified with
respect bo plani?
How has the meal eapeciny heen spacd fied with
respect te aquipment’?
How has the total capecity been spocified with
respect o labori
Variation Satisfaciion
| low tave cyelical dermand vanations besn
mramaged®
How kave [ong-lermn demand varations baea
anaged?
Hew bave demand highs becn sanislzd?
Hew bave demand lows been satisfied?
What was thie degres of flexibility in capacity
envisaged for ranafacturng’
Exnanzion Mevhods
Whar methads have been used for expanding
What has been the size of expansion
What hae bee= the trigger for the decision to
cxpand capacity?
Camrracaion Metkiods
What methade have been uged for contracting
capaciky”
Whar has been the size of cortraction
decrernanis?
Whar has been the trigger for the decision fo
| contract canaeity?
| Timitng
How hes e timdng of capecily changess been
derermined with respect 1o dermand
Bovilenccks
A there any significant bottlenecks tha: have
been identified?
Diemand Forecasting
How has dewses! been ronitored T
How has demand been forecasted T
Waat have been the capacity change sgnals?
femicaricns
Whaat have been the imphcations of capacity for
s focturing?

FACILITIES

Srcifeation

Fow manvy facilities have there been?
Fow las e sieg ol cach facility Do
Aererrnired?

‘What has been the capability of each
facility®

Lecarion

What has primarily determined the
lercatinon of Ure fisciony?

Whar hias prirmarily dersmrined rhe
lecation af the individual producthon
facilitics?

Whan hae primarily detemmined the
lecation of the central'regional/main
distribution comters?

Whar hag primarily detarmined the
lecation of the individual warehouses™
Whal type of plant laycut has beea
adopeed?

What type of wardhouse lovout has beer
adopted for zach nventery holding
facility?

Foes

Whast has been the degree of specil Leal oo
of tha fasilities?

What has determined the tvpe of focuser
special tvsation ol the Gl os?

What has been the degree of Nevubility of
the fazilives?

Furerlon lniegraeir

What hag been the degree af functional
intcgration within the ererprsc’

Wheat b bewn the degoes o unctional
imtegration within the ranalactanng
furction?

Whar hag heen the degree o7 funcrional
imtegration with the legistics gervices?
Flow

Vwhar degree of emphusis hes been placed
on the Mow ofmaterials withie ¢ach
faciliey?

V' degree nf emphacis has heen placed
ar the flow of information within cach
faciligy®

fapificaninns

Whit herve been the inplications of
fagilities for manufacturmg?




FROCESSES AND TECHNOLOGY
Type of Equipment

Whal has been the deyree of Meaibilily of the
p‘Mu*ﬂm‘u‘amﬁal—ﬂand i AR TN

equipment?
What has been the degree of capital mensity of
the production/matenal-nandling ransportation
equipment?
W'laal b Loy (b degress ol cagselalicy of the
prosd i rorerial-iand I ranspamation
equipment?
What has becn the degree of mechanization of
the prsdiierion material-hand ing rranspomaton
equipment?
What has bocn the degree of awtomation of the
prodaction'meienal-and ing ransporiabon
equipment?
What has bocn the degree of integraben of the
FI’IIJ.JA.‘I:iLlI.'III:'H.'IJI.Il-Ilmidli.'lg,'lll:lnwh.ﬁﬂll
equipment?
What has been the policy with respect to key
technologics?
What 4 of technobopies] risk has been
edopted EP“
Wl lias bocn e degres of proeess iurovation

How hove setups erd saangeovers been
satisfied®

What has heen the degres of labor intensiny of
the production/material-hand|ing transportation
eyiperent?

What has been the degres of muntenance
requirad for the produstion’material -

harell imgfirrsportcion eyuiprmend?

War hag heen the degres of supervision
requirsd far the prodastion’maternal -
haadling/irausportation equipment?

Froreer !".'Jyml;l:ml’m

Waal ype ol manefactunag process shdice his
been edepted?

Froouy

Wiat degres of saecificity has beea sdoped?
Man-mazhine lnwerGee

Wl has been the eatent of jub amibend
betwern machmes and merpowsrl

What has been the extent of skills required by
the workfirce?

Tegpllcations

Wt have been the mnplizations of processes
wrd technolugics for sapply chau®

VERTICAL INTEGHATION

Supply Chaire Cvnershiip

Whie e e the degree of owoaship of
the sizpplies nepwnek ™

Whi: 145 been the degree of ewnership of
the castomes neswork?

What 33 beea the type of awnership of
the supply chair?

Wit b Lacgon the degres of management
of the upply chain’

Whas has bees the degree of coordination
of the supply chain?

Whar rransaeton mechankms have been
adopted For the supply cham?

Expm.mll aid Corastion

Whit has b the poorany msans of
expanding the pupply chair?

What has been the primory means of
conacting the supply chain?

Pesion i Chair

What has been the Segres of focus with
respodt o the postion in the supply chan?
How have vertical integration decisiore
arffeeied supplicr relations?

How Fave vertical inlegracion decis o
afferted distributor relations?

How Fave vertical inbegration desisors
affecied cusorner relaions?

Implicaticns

Whiat have been the implications for make
vermus buy decisions?

Whal have been the implications of
vertic] integration for the manufacturng
[unction®

SUPPLIER RELATIONS
Competitive Tipe

Wit type o rekilwnship o Cee

AN ENOAT] £V caain logistics
function had with its suppliers?

Tarses Span

Wit hias bean the time span of supe’isr
relationahips?

Somarcang

Wt gouteing policies have been
adopied?

Surmlier Chaalificarion

Whiat means of supplier qualification have
sezn adopted”?

How Tas the performance of suppliers
‘naan measyumed?

How have suppliers been zonirolled?




Whar selection erieria haves heen nsed for
suppliers?

Portucrahips

Whaat Lypes of supplicr parinerships bave been
adoprsdt

Whatt degree of assistenee has bezn given ta
supqiliers?

What degree of tachrological eooperatson has
been grven to suppliers?

Whiat degree of inegraiion bas e been with
the sppliers?

What type af integrasion hos thers been with
the suppliors”

What tvpe of commurication hes there been
with supplers”

Make verus Bew

Whan companenis have been houghr?

¢ What garvices hove been bough!’

| Tmplcations

Wiat ae (e gl canns of sapphicr relaons
for the organization’s supply chiam Funetion”

HUMAN RESOURCES
el Praperries
What type of human behavaor has been
encouraged within the logistics/munufacunng
fumczinn?
VWhat degree of supervision has been suitable?
What type of interdependence has been
siimable’
What degree of nzk taking has boor
encouraged”
‘What has been the degree of coanerskip o the
processes’
Whit has beon the degree of ownership of the
produc:s?
What degree of responsibility has been

od?

encouraged’

Wt Faas been fhie deyive of comnllionl within the
argan zarioe

What type of teams haos been Forrrlctad?
‘What has been the extent of commurization
withr the arganiracion?

FProduction Refaled

What has been the degree of comeem far
qualing?

What have been the means of contro ling
quality”

Wheat bsas been the deyree of conoem over the
processes?

Whit has been the degree of coneem for
productviny?

Whar has heen the degres of flexibiliny
and charge of the workforce?

Whas 35 beea the degres of job content?
Whisl has been the eatenn of e gyele
tirmes?

What havs been the means of pocing the
wark?

What has been the level of gkills required™®
What nave been the methods of raining
adopted?

Haw hzve emplayees heen monivared?
Ceneral

Whi has been the degree of employment
security’

What has been the pohiey with respect to
owertime?

Whir 1z heen the policy with respect n
eruploves selection”

Whas qas been the policy with respect to
eraploves reciuiment?

Fow mwariy shifte have been maintamed?
Whir! has been the pelicy with respect to
saely isswes?

Whae 73z hee the policy with respect 1o
health izsues?

Rergumercfion

Whar nayment syeems hive been
adopted?

What payment structures have been
adopted?

Whiat 5as bees the range of pavinents
avalable?

Wha incenrves and rewanis achemes
have been adopled?

Implications

What ave been de wnplications of b
rescuree policies For the supply charn

logstics ond wamsfucturing function?

QUALITY SYSTEMS

Imiplemer ation

What has been the exten: of quality
systems implemeyation?

ﬂnxw.: Elnw.ﬁ'ly

What has been the cegres of capebility
VETELS inspecrinn?

Whar means have bezn adopled to
implement caaasility and/cr inspection?
Wha Tave been the functions of

inspection processes?
Whis has been the froquency of
insgrectnon?

What quality training has been provided?




How has quealiny hean moanimred®
Tatal Cheaking

What tetal quality 1vtiatives have been
adupted?

What level of documentation has been

wlhat asﬁn:u o tatal guality raining have been
adopted?

Where has the responsibilicy for iota’ qualiny
beea within the crganization supply cham?
Chvainty Levels

Hew bave quality levels been sclocted?
What have the quality kevels boen?
Implications

What hawve been the implications ef quality
policies for the supply chain [cgistics and
manufacturing funcoiar

PRODUCTION PLANNING AND
CONTROL.

Sepplior Reiatiens & levertors

What has been the mmventory policy with
respect to the suppliers?

What haz been the degree of inventory
hoddings?

What lias Lo the degres of sprcad of
invennnry?

What has been the degree of balance?
Where has inventery beer located?

Wt has been the functor of inveniory?
Maw:slactuving Friovities

Wt methods have been adopted to determure
maruiacmning priariise?

Whal level wrthia the organization have
marufactuning prioTiics been determined?
¥iat has been the degree decenimalizanon with
respect to manuactining priorives?

W hias been the degree coordination with
rexpect to manuactnng priones?

What has been the autonomy of with
respect to manufactunng prioeites?

Wt ias been the degres of respormss with
respect to manuactinng priorites?
Managemeni

Wl mwlunls aned plhylsophies have been
adonred far arerials managerment?

What has been the atiibude with respect ta
custorneT promises?

Wit huas been the sttitude with nespect to
custermer order changes?

Farcoasiing

Whas systzms have been acopted for
forecastiag of demand?

Whar has heen the level of investraznt in |
torecastng demand’
PManriing
Wt bags buown the timme Toon deoes adopied
for prod.ssion plansing?
Vhat has been 1he degree of Formality of
productions planning?
Scheduding
What has been the time hortzon adepied
fior production scheduling?
Vitsar have heer The palicies for resniree
allocalion?
Vlal formal sclveduling peradigns have
been sdopred?
What informal methods of sonadulmg
heve beer: permuited?
‘What has been ihe degree of centraliratian
with recpect to schaduling”
VWhat has been the degree of monitoriag of
jrobection?
What has boen the schecduling bire framwe
upditing periad?
Corrn!
What contrel policics have been adopted?
Vhat palicies have boen adopicd for the
elease of ordias?
Whar palicdes huve heer adapaed for
expediting®
What policies have been adopied for baich
ses?
Tmpllcations

¢ has been the appreach adopied for
prosdiiction with sesaesr to supnly cham
structure?
Wl have Leen the analications of
prisluctinn planning and eantral far
manuyfactunng?

PRODLUCT SCOPE AND NEW
FRODLOCT INTRODLUCTION
Froduct Details

m“l [T I‘ml l]'l:ll.r;m- I'Ff H.'LIP.' |:||'
products manubicuesd?

What has been the degres of fecus of
products manulsckesd?

Wha nas been the range of produers
manufactared]

Wha: has been the volume of products
mamu factured?

Tmiroxdectaon

Whar has been the rate of mow produe

mirow ] =tinns®




What philosopies have beca adopied for the
irtraductiat of producrs?

What has been the typieal life cycle dumition of
products?

What compuizs aids has bern adopied o assis
product imtroductan?

What has been the extent of compuier
asiaance?

What degred of imnovation has been adopted
within the organieation?

Laqd-umes

What has been the extent of product degign
lead-tinmes?

What has been the extent of manufaciuring
lead-limes for new produsts?

Tetolications

What have becn e snplications of prgluct
seope 1ad new products lor supply cham
legistizs and monufachuning”

PERFORMANCE MEASLUHREMENT
Cagvaprz!

Whal sclecion crilernia fave boen sdopied for
perforrance messanement?

Whal has been the degree of focus on

compel tive varighles?

‘What has been the degrer of focus on business
management irtagration?

What has beea the ettitude towands
henchmarking?

Whal has been the exten! 1o which performance
memsures drive srategy™

How explicii have the Ingistics/ manufaciuring
performance mesenes e’

Hlew formal have ihe logistics/manufactusing
progs nicmens beenr?

FHhow Tormal have the supply
cham/manufacturing culpul measures been™
Wheat has been U eatent of Teedlck off
perforTrance memspres W supply chan
manogement?

What has been the eatent of feedback of
perfonmance measanes o supa oy chan
opetars]

T wheat extenl have perfonmance mesures
hien aime] an the development ol capabdRties?
‘What has been the balance between financial
and nor=finencial perfarmance oxasces?
‘Whan has neen e reliance on Intemial
meisures of perfommance?

What has been the relince on exiomal
measures of perfommance?

What type of data has been recorded?

Where has the data been measured within
the orpanizsTion”

lmplicalions

What hes been the mplication of
perfiammance meaesurement with -espect (o
supply chain Iagistics and manutacturing? |

ORGANIFATION |
Srewenwe & Meragermani |
What hos been the overall sinucture of the |
arganization? |
What has been the degree of openness of
management®

Whint has been the degree of prodec |
uncerstanding of management? [
What hos been the dezree of |
maneectarmg undestanding of
management? [
Whet has been the dzzree of sysiems |
perspective adopled by management? |
What has been the cxlture adopted by
managemen”? |
Frrciions |
Where Fas the functiosal ﬁﬂ'lrll"lﬂlﬂ Taid
within the meaulacluning ergameation” |
What has boen the degroe of management |
supervision adopted?

Cavrdination

What has been the degree of coordration |
wile nlnrlnlilg" |
What has been 1he daprée ol cosndiration
with enginsening?

Whan has bocn the degree of coomlization |
witt the cusomens ™

Feplicatons

Whist Bave been U imgplicatives of
orpaFtion with respect o the
manufecturmg funclion’
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WORKSHEET MSA 4.1.1—Policy/Decision Capture

Project Title:

Person(s) Responsible:

Version:

Date Comploted:

Policy area

Importance

Key decisions and current company practice

Capacity

Facilities

rechnolagy

Vertical

Supplier

(Mealiry spstems




Task Document MSA 4.2—Current Policy/Practice Analysis
TASK OVERVIEW

Omee the resparses to M3 policy questions are capiured, either far individual Product groups
or for the entire system, the effects of these on system performance may be assessed. Hence,
this 1ask amms io evalusde ihe company's current practice and sdenbfy how thes 1% i [Tecling uls
campehitiveness, and the consistency amangst the caplured deczsions, This is achieved by
:u::ip;ni:ng an i!TJ]'lilC' value to each of the key decisions pn:\.'il;uu.:l}l icderafied, agairst each af
the competitive eriterin, This value indicates bath the nature of the impact {sither positive or
negative, depending on whether the current practice is beneficial or detrimenial to the
comipetitive criterian in question) and the degree 1o which it is affecting performance. Ideally,

DESCRIPTION

asgemement can be produced foc the MS sysiem as 2 whole, iF eoessary. When asscesing the
CLEPEiE puliﬁr:s, the ]!u'nblnn diefiion able I:Top.f:Tcnknique MEA 2] prm.'idl: & fmeans o
fecusing altention on the mone relevant aspects of the sirategy policies.

TASK LINKS POSITION IN MSM FRAMEWORK
MSA 41 = MSA L]
e

E

INPUT FROM :

Current deciston/practice profiles
indicating how they are affecting
system performance against
competitive criteria.

The comssteney and coberence of the
above also checked.

TASK QUTPUTS

| TASK PROCEDURE TASK FI OWCHART

Input Tl Cruput

Curremt  Wksheet A collection . .
company M35A4.21.  of completad |:;:mﬂ o e product g |

Elra:li-:e. TaclTech. Whsheet
items  pgeeg3)  MSASLL
= ofkey {Problem

* Assigning a1 impact value fo each of the koy
|decisions proviousy idenifod, agains! oacr |
of e compaihee cnfori, |

; decision e finition * Fincord the rosuls in warksheet.
Flom g,
Flrr.\iuus Uga the Problem Dedntion Table far guidance
task, i oquired |
.-"*‘x
-~
/,Jj-l'ﬂvm [:&x

this aszessment should be cartied out indivadually for each Produet group. Then, an agpregated

< goupsisysams M |

. conaidared? -

\‘,E#




WORKSHEET MSA 4.2.1—Sirategic Policy Analysis

Project Title:

Personis) Responsible:

Verslon: Date Completed:

Type of profile:  product-group/system
Product group NameMNo (for product group based analysis):

Slrongly Wy

Elighty Elighty ey
Wegalue Hegainm  TVERARE HoERect 5 Posie

Hagaive Posiive

Sirongly
Pesine

} .
L] | — ..|_._| T— I !
B 45 4 -2 o 2 4 -]

Viry Low Lirw Aceaptabie Hagh Wary Hgh

Assessment values for effect of manufacturing policies:

Decision aren Cruality Deellvery Dellvery Desigm Velume

lead-dime relishility | flexdbility | Mexibdbioy

Cost

CAPACITY

Do Pirck

Variation
soilgction

Eypantion
meth s

Conmraciion
i pols

Timin e

fRanifenecks

Demand
forecaeriing

FACILITIES

Specification

Lewarion

Facus

Function
I'n-'l'.l.'_rgl'm

Flow

FROCESS

et of égridpment

LCompesizive
arplication

Materiol Aamdiing
Privers
AFRAREEARE

Focuy

Man-Mie
Amterfage




YERT. INT.

Supply chain
Cwmerthip

Erparsion’
coRiAICan

FPosition in chain

SUPPFLIER

Competitive tyoe
Tiree span

Sourcing

Supplier

gualifcation

Fartnersiip

Minke versus by

Tmplicarions

HUMAN RES.

Culiwral
properties

Froduction
refated

Creneral

Remuneration

Tmplicarions

QUALITY

Tmplemendritan

Design qualily

Frocess lity

Toral gualin

iy fevely

Impliciaiions

PLANNING

Supplier &

FVERIOFY

M. priariy
EHEREREAT

Forecasiing

Plamning

Scheduling

Control

Implications

PRODUCT

FPraduct details

Tatroducnion

Lead-times

Tmplicationg

FERF. MEAS.

reneral

Tmplicarions

ORGANIZET'N

Strwciure

Srare

Maragemiens

Fumciioms

Coordinarion




Task Document MSA 4 3—Future Strategy Formulation
TASK OVERVIEW

DEECRIATICH

In contrast to the previous atep, this task aciually develops the future strategy with reapec:
b b descizacomal conlerd of dhe madividhsl polxoy arcas wed reoonds e coments of tese
degigions in & stractorsd way. The formalation of (he fulure M35 sarvegy follows & emilar
patrern ef questiona as usad fae (he caphure ol be currenl manulfacturing stratepie
docisimmractice. A manher of goedams e il'ud firr mch of he deven El:l":._v T by
guide the user 10 Jarmulateon and recording paraculir spects of the stralegy. More
impertanily, ihe smategy rlatiomshiz table, which indicaies possible influences and
relaiorships enoon pabcy decisions and sub-decisions, can be uwsed 10 help ensure that 2
complete straegn 15 to be larvalaled and that all the related ma1n isues are addressed

Inrelation tc she problems identifiad from te current policy analyss, guidanee i previded in

i the previows stages, sech as: thequick-hit zble, iheassocmiel policy decision relatiomship

table, the problem defivton section, the SWOT analvsis and the definiticn of the key issies
fizzing manufsctuning. Eazh of thzse sectons belps the wer idemiify which aspeets of the M5
functon and its swatcey pood Wb addressod. [ ot be stiessed (el stsategy fonnaulaton s
1 crenative process. The decompedilion of the eleven pohey drems 1710 decE-ong and sub-
decisaons 1 merely presented in order to ssmast the wsers 1o eapiure sadiar develop their oun
sbRleyEs,

An adBtiom] eid borg i e pogsible applcaton of e so-called geaeriv sirareges. While
the applicanion of generic stratemes on their own has been crtiezsd. they do pravade an
initie] starting pomnt fror which to derve a siraiegie &rection and o more detaled

sper ficztion of the M3 siraegy. An overview of these ane provided as Tool Techmigne M54
4.3 41t is mol sadvizable that they should be applied in their “pure” format. However (F

| censidered appropnate, they may be tiorsd and combined with the policy decismons to

produce speeific staegies. Principelly, tus involves en assssmen: o whether the strategy s
appropriate for the enlerprsa, svaluabed by acsignong 1L 1o a phase n the framewaoris and
comparing the actual smicgy mith thoss considered o be aopropniats for the phase in whach
ir resides. I rmany redpects, Tits stape 0 he paOOess demves 3% a menng ol raconding (he
pattern of actions and decizions thad, in practce, are generally conceived over a peniod of
timz. The captuning of such policy decisions within thz M3AMSD imerfyce 1ot oaly allows
the panern oo be recorded for paricolar MSD projecs, bar a'so encowrages the cornnual
updatirg of ke policy areas Thes 15 recessary due to the dynamic natarg of tha environment
fazing all levels of strategy formulatian Thes imphes that formalaten and applization af

| effective srrategzies cam only be achieved through repeased dieradons, cenrreal review of
| strategee contents and the inziusion within tie process of the evaluiton and mplementation

of od hoc programs and action plans. The M3M strecure and, in particular, 15 MSAMED

imerface presemicd inthis workhond, helns address aspocs of these issues by providing

rezand ol the fellewerg:

17 The contents of manafacturing strategy at any one tEme.

) Thesrane of the cormany on which the siraegy is hased, and the resa’ing actian plans
and gyetem desgn taiks,

Durirgg the later gsages. a mears = alse provided withim the MEM framewerk (o evaluste the
effectivencss of the policics beoth before and after they anc actually implemented. As a pesult,
the MSAMSD imerfece suppans & prs-indepencens process: (1 2llows for rederadons
during the strategy capture/formilahon process, dunng the MSL prajsel (when Lhe necesity
fior & rew sirategic decision may become apparent), and comtinaeusly throughout the M5 1fe
eyele.




TASK LINKS

MSA 3.2,

MSA 44

& SWOT -
analysis.

" emicaionol o each ol the g ool oty
~ list). within the key Idantiy the decizions and sub-
g ToobTech  policy areas, and  |decisions that am fo be considarsd

431 their related wmmm

(Generic ;i ) pr

sraegy Soectian T * Rocord the contants in worksheet

profiles). 1

el AT —

sep- relationship  identification of |+ cross-check fo idantfy related issues
table). relevant issues, thal may aiso nead b be considersd.

- ToalT and their related * Formuiaie future siralegéc direcfions

431 future strategic | for the above.

g [Genenic directson, * Rpcard Me canien(s in worksheel
srategy

prodiles).

Workshest

MSA 411




TOOL/TECHNIQUE 4.3 1—Generic Priorily Profilas

Ceperding on the pamicular type of MS operation concened and its current positisning, the
ideal strategy iz the cre that will cauge the erterprise to progress towasrds its gosk in o
consstent and logical manner. [ the state of the cnterprise 15 known, thes appropras
sirategies way be suggested for corsiderzstion. Therefore, the campabibality of M3 strateges
wih respect o the viganizationd staw an be loesely wsesed, and eliomnative (yoees of
sirategies developed.

Cre example of a peneric sirmegic prionity s classifies monuiscturing orgamimations imio
distinet types, according to their strategic cherachenstics, and then priontizes the
competitive eriteria shewun v the table. Such generic strategies aid in developing a ect of
generic pronly profiles fur cross-chocking the lecal requirement puofile agamst general,
Z.obal expectation.

Meke-for-Siock Mehe-for-Chrder

Lew Valume “Marketesr™ “Innovatar™
. Quality 1. Chaliry
1, Cest 2. Design feability
3, Delivery relialeliny . Delivary retisbiliny
4. Delivery lead-tme 4. Delivery l=ad-time
5. Design Mexibiliny 5 Cost

Iligh Valume “Carctaker™ “Reorganizer”
l. Cost 1. Delivery reliability
L Quality 2. Delivery lead-tine
3. Delivery reliahliny 3. Cumliy
4. Delivery lead-time 4, Cost
5. [}L\i;u 'h”rl‘!il" 5. misll [“.uiﬁﬂil:y

These prefiles ars not provided te the companies m o presctiptive manner, but anly as
sugp=stions for exploring cheir own srategic appreach. Hence, by considering the corporae
and busincss strategies, the competitive eriteria analvais, key isducs, SWOT analysia resclis
and peohlery definitions, a penete approach exn be custemized and then used to specify
future MS policy decisions.

By comparing the generic strategy profilss with these based on the resulis of @ firm's own
amalyais, the stratcgy oamuslation also lakes mie account the development of compettve
criteria, capabiliies end competencies. It also considers the global expectation, fo certain
exrent. 1 the nser consider this a usefl guide, the generic prioriny profiles shown may be
used as a reference duriag this stege of the analysis.




Task Document MSA 4. 4—Future Strategy Analysis
TASK OVERVIEW
The fusture M35 strategy analysis serves (o consolidate the strtegy formulation process. Since the
many decisians wilhin the policy areas are mterdependent, 2 degree of trade=olT is Iikely 10 be
required, bath a2 the level of the competitive critena and a1 the level of individual decisions.
= | Having 1o make such compromises makes it necessary to assess the overall effects. This ensure
2 | that the strategy is still aimed in the same direction, and that the policies formulated ane
& | consistert and coherent. Consequently, this task aims 1o provide an initial indication of how the
g mnafacturing strategy, a8 defined within the individual policy areas, may affect the futune
2 campelitivencss of the M3 function. I8 emplays the same worksheet used for cumrent policy
1 analysis o assess the principal policies with respect 1o their effect on the conmpetitive criteria.
Since the analysis can only be subjective at this stage, discussian of the valubity of the assgned
values and af the resubts of the analysis is encouraged, and rerations between this task and the
previous kasks are expected.
TASK LINKS POSITION IN MSM FRAMEWORK
| MSA 14, 8| MSA S
Bl 41,4243 | g
E =
E 8
Future decisions, consistency
o checked to ensure they will
3| affect system performance in the
E| desired direction. ; .
© e [ )
PULFP eSSy
o L ——
TASK PROCEDURE TASK FLOWCGHART
Inpait “Taol Ouiput |_1 "
; Far each of the nelevant product grovps/system: |
rm:“' future :;hf; i * Assigning an impact value fo sach of the key
polclss, 17 - decisians proviausy idenlifiad, againg aach of
- II:ITI:I.S.DFk"B_'F Lhe campetiive crilers.
g decisions * if required, calzufate wiiily vl o gie
& fromihe ingication aboul he decizons’ avere sMects on
strategy e,
formulation
task. HJ’-H_ |
Results from  ToolTech  Scveral Effocts of decisin Randlust ool
SWOT MSALLL  completed 7 consistentwith b :,nnjll::-nﬁ:w m
analysis. (Problem Whsheet ‘~~.|;nquim""ﬂ“"-'-,?.»*" achiave
o Koy issue definition  MSA 411 T consatancy
& stalemenis table]. X
@ - e
Al releant pro-
<\_"'\ proupsisysiems Hay 3
. consdered? -~
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CHAPTER THREE
MS Strategy and System Design Interfacing

3.1 INTRODUCTION

This is the point at which, through a number of iterations, the process seeks to find the
appropriate action plans on the MS functions. The end result is to support and provide a
competitive advantage. As shown in Figure 3.1, it consists of two stages:

MSAMSED
Interfacing

BMSD Flan

Figure 3.1 Interfacing between MSA and MSD

« Stage MSA/MSD 1—Strategic Initiatives. This stage defines how the strategic aims
and MS policies specified in the previous stage will be achieved. It therefore
represents the first steps of the MSA to MSD linking process. The key element of this
stage is the development of action plans through which the company can attempt to
implement the required strategies and policies.

« Stage MSA/MSD 2—MSD Project Plans. This is the second stage of the MSA/MSD
linking process. It involves the refinement of the action plans to specify particular
MSD project(s). The project terms-of-reference are defined before the project itself is
specified in terms of its constituent MSD tasks, together with their aims, targets and

constraints.
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3.2 STAGE MSA/MSD 1—STRATEGY INITIATIVES

As shown in Figure 3.2, this stage consists of two tasks. The first task involves the
identification of the main changes in MS strategy policies and decision areas. The second
task specifies action plans that implement the required changes. Again, the tasks involve
the completion of a series of tables and the selection and development of appropriate
action plans based on the results previously generated through the MSA/MSD process.

When applied to the example company, this stage produces the following results:
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MSA/MSD Interfacing  (MS Strategy Analysis)

Figure 3.2 Stage MSA/MSD 1—strategy initiatives
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MSA/MSD 1.1—Policy Gap Analysis (Worksheet MSA/MSD 1.1.2)

Within the example, no major changes can be immediately identified. However,
technology adoption is to be more restrained and focused, and a capacity increase is to be
achieved through the development of a new site and used to provide a focus for the site,
as shown in Table 3.1.

Table 3.1 Example—statement of strategic initiatives

Key Decision
Areas

Description
of Strategic
Aims

Effect on Competitive Criteria

Quality

Lead-
time

Delivery
reliability

Design
flexibility

Volume
flexibility

Cosi

[y

Capacity

Increase
capacity
through new
equipment and
facility.

+

+

+

2 | Facilities

New site
development,
adopt cellular
manufacture
where
beneficial, try
to simplify
material flow,
split site
between core
businesses.

3| Processes &
Technology

Apply
technology
only for the
benefits, adopt
standard
modular
machine tools
rather than
expensive
flexible
machine tools.

4] Supplier
Development

Change policy
to farm out
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volume bits to

subcontractors.
5] Human Develop job + + + + +
Resources skills, increase
quality
concern.
6 | Quality Continuous + + + +
Systems improvement
of quality

program, SPC,
quality circles,
in-process
inspection,
1SO 9000.

7| Planning Reduce + + +
and Control |inventory,
improve
control,
simplify
material flow,
improve
capacity
planning
required.

8| Scope & New |QFD, + + +
Products concurrent
engineering.

Overall +3 +5 +5 -1 +3 +3
Effects

MSA/MSD 5.2—Action Plan Development
Based on the direction of the future strategy and the competitive requirements, the
following action plans are selected and recorded in Worksheet MSA/MSD 1.2.1:

* capacity expansion,

« relocation and focusing of facilities,

* equipment improvement,

« workforce development,

« order-to-Delivery lead-time reduction,
* setup time reduction.
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3.3 STAGE MSA/MSD 2—MSD PROJECT PLANNING

This stage completes the process of MSA/MSD interfacing. Associating future strategic
requirements with MSD tasks helps the analyst identify the relevant MSD tasks and
layout the project execution and system implementation plans.
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Figure 3.3 Stage MSA/MSD 2—MSD Project Planning

As shown in Figure 3.3, it consists of four task documents. The first involves ranking and
weighting the previously selected action plans. This is achieved by responding to a
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umber of questions based on the results previously generated, and on the intended MSE
aroject to be undertaken. The second task helps to specify detailed terms-of-reference foi
the planned MSD project(s) in terms of objectives, targets and constraints. The third task
involves the use of a number of linking tables to assist the selection of the appropriate
MSD tasks. This particular task is a slightly more complex process than most. However,
Jetailed instructions and other aids provided in the task document should make its
completion a structured and straightforward process.

Finally, plans are produced for the execution of the design projects and the
implementation of the new system. When applied to the example company, this analysis
aroduces the following results:

* Action Plan Selection —From the initial set of action plans chosen to implement the
new manufacturing strategy, a selection of action plans are grouped using Worksheet
MSA/MSD 1.2.1 to form the basis for the MSD project. For the purpose of illustration,
only one overall project is assumed here. This project includes: (1) capacity expansion,
(2) relocation, (3) reduce order to Delivery lead-time and (4) reduce setup times.

» Terms of Reference Definition —Once the MSD project is defined with respect to the
action plans it is aiming to implement, the next stage is to define the project’s terms of
reference, particularly the project scope and objectives, using Worksheet MSA/MSD
2.2.1.

» MSD Project Scope —Existing product, existing system, redesign, physical system,
factory to workstation levels (though predominantly product unit to workstation
levels), initiated by business requirements, solutions driven by cells and JIT
philosophies.

» MSD Project Objectives —Reduce production costs, reduce lead-times, increase
throughput, increase Volume flexibility, increase production volume, reduce non-
value-adding activities, and simplify material flow.

» Task Selection —Following Task MSA/MSD 2.3, several sets of task selections can be
generated for the example company. The utility values and/or the subsequent
percentage values for each set of relationship tables indicate, in an approximate
fashion, the degree of relevance of each task to the rationale behind their selection.
The first-pass MSD tasks thus suggested are as summarized in Table 3.2.

Table 3.2 Example—initial MSD project plan and detailed MSD tasks

Task Frame Major Tasks Secondary Tasks Additional Tasks
Order

System Process, Analysis Product Analysis -

Function Make versus Buy (1) | Part Analysis

System

Capacity Demand

Functional Grouping




MS strategy and system design interfacing 145

Structure Structural Layout

Integration-

Modularization
System - - Information Functions
Decisions Decision Variables

Physical System

Make versus Buy (2)
Conceptual Capacity

Process Planning
Part Grouping

Cell Formation
Conceptual Layout
Material Handling
Factory storage
Support

Facilities

Space Determination

Organizational

Organization Structure

Organization Culture

System Labor Policy Organization State
Quality Policy
Information - Planning and Control Integration
System System Architecture
Data Flows

Manufacturing

Equipment Selection

Domain Location/Layout

Detailed Cell Layout
Workstation Layout

Logistics - Storage Location Buffer Sizes
Storage System Handling Path
Handling Unit
Support - Maintenance Administration

Tooling
Supplies
Setup Management
Process Inspection

Building and Facilities

Machine Services

Human Services
Material Services
Building

Planning - Production Planning Shift Patterns
Scheduling
Batch Sizes
Volume Mix

Control - Control Systems Data Collection

Materials Management




Human
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- Job Requirements Training
Job Design Quality

‘Task MSA/MSD 1.1—Policy Gap Analysis and Initiatives
TASK OVERVIEW

A gap analysis is used to highlight specific directions for change in onder 1o assist i the
development of MSD action plans. Hence, it is the differences betworn the current and future
policies that need to be iemtified. There are two siages io the gap analysis. The firsi stage
simply identifies those questions that kave been answered within the policy area guestionnaire,
and those questions that have different responses. The second siage camies out & gap analysis
of the strategy assessments o asceriain the extent of the effects on the competitive criteria of
thee pew strabegy in companison b the old one. Gap snalysis i applied separaiely w each
= Pmdut:m uum_muammmmm new, producing a series of
policy-critenia gap maimices as an owiput. Additionally, where the responses are suriably scaled
for & radar representation, the policy analysis can be directly compared io the market
requirements prafiles of Stage M5A 2. Through such companison, current and future policies
may bath be seen io contribute towards the sitainment of market requirements.

TASK LINKS

MSA 4.1, | MSAMSD 1.2
42, 43,44

INPUT FROM :

Identification of major policy
changes, possible effects of which are

OUTPUTS

checked against market requirements.
TASK PROCEDURE
Input Toal Dutput

Current and Wihsheet
future polscies,  MSA
= intemms of key /MSD 111

decisions from
the strategy
palicy indVcation eboud e efects of (heee oiferences
questionnaire (o1 compatitve crilerl
'I'\-\.
Market ToolTech. Several Effactiot.

requirements  MSA 321 completed - aarances .
Fesults from  (Froblem  Whsheet < conmiglenl with -

SWOT definition ~ MSAMSD . markal 7
analysis tahle) L1 X

Key issue T,
stabements -4 ralervant




WORKSHEET MSA/MSD 1.1.1—Policy Gap Analysis & Initiatives

Project Title:

Person(s) Responsible:

Version: Date Completed:
Tipe of prafile:  product-group/system

Product group NameMNe (for product group based analysis):

Decision Area

Quality

Delivery
lead-lime

Delivery
reliability

Diesign
Mexibility

Volume
Mexihility

Cost

CAPACTTY

Deramd Fiseh

Variamr

saisfmoiion

ET, { Rt

Caneracrion

oy

L

Demand
Jforecsting

FACILITIES

Specification

Locmiton

Focus

Funerlan
integration

Flow

PROCESS

Type af equipwen

Competirivg
_ipplication

Muerial hindling

Progess
rRiTion

Focus

Man-MAC tarerfaee

YERT. INT.

Supply chain
awnerrkip

Expans ‘wlentrac s

Pagirion i Choin




SUPFLIER

Compelitive fype

Timee spam

Howrcing

Rupolier

qurliffcarion

Parmerskip

Miake vermus buy

lmplicaiions

HUMAN RES.

Cralturad propertics

Provducnion refaned

{remeral

Rewmneradion

Sempitcimiions

QUALITY

laplempnnznion

Derigem gualiy

Privcess guidity
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WORKSHEET M5A/MSD 1.1.2—Statement of Strategic Initiatives

Project Title:

Person(s) Responsible:

Version: Date Completed:

Type af prafile: product-group/svstem
Product group NameTo (for product group based analysis):

Effect on Criteria
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Task MSA/MSD 1.2—Identification of Action Plans
TASK OVERVIEW

DESCRIPTION

This task aims to identify action programs to assist the implementation of the formulated
manufacturing strategies and policies. The key inputs for the selection process are the main
changes required beroeen the current and future manufacturing strategies. These provide a list
of strategie initiatives, because they are essentially a statemeni about how the future strategic
aims are to be achieved. Hence they form the basis for a number of M3 system objectives and
action plans, either ina particular area, or across a number of depariments.

In arder to assist in the specification of eperating plans, a tahle of genene acton plars 15
pravided. Thess plans represent an aggregatian of thase identified in the lierature and thase
observed im industrial practice from case studies. They provide a broad cross-section of the
types of MSD actions likely io be required, and range from complete M5D projects to
comtimuous improvement programs. [n the table, they have been grouped approximately
according to their it within the manofactunng policy areas and MSD task frames. When
applied in combination with the strateggc mitiatives from the previous steps, an indication of
Ihe prospeciive operating plans can be produced, forming the foundation Tor the specificatian
of MSD project terms-of-reference in the next stage of the MSAMSD interfacing process.

TASK LINKS POSITION IN MSM FRAMEWORK

MIAMSD
1.1

MSAMSD 2.1

CUTPUT TO 1

QUTPUTS | INPUT FROM :

Identification of relevant action

plans.
TASK PROCEDURE
Input Tool Output
Kevissues  Whsheet  Several For s of b prtervmnl procusc] grovgs’
Major MEA completed sl
policy MSD Whshest 1.2.1 P — "
changes 121 e, idontiy the most rksvant action
pians from tho gonec 5t
= * Arsign & valup [1-10) 1o indicalo X5 prioaly:
£ * Hacord e resutly in workzhoo!
7] - |
A
‘_f“f/’-' Hhh
< aroupsayateen e — o
"h,{nnl'-dnrﬂ‘?__f
e




WORKSHEET MSA/MSD 1.2.1—Action Plan [dantification

Project Title:

Person(s) Responsible:

Vaorsion: Date Complated:
Type of profile:  product-group/system

Product group NawpeeNe (for product group based analysis):

Increase operaiions wandandiraiion
Inodace FMS

Introduce robots

Intindice material Raadling
Introduce CAM

Imrodce CAD

Ingreas techeical actanonmy

Auenaie oporations

Produret Seape dnd New Products
Mamow predus! lisci’itendandizatios
Reduce number of varianis
Riedesign of products

Valus amalyiiiproduct devin
Design for mamafacnee

Develop peodust winksheps
Product imtroduction ahility improvemens

i
Manufacturing minmmation systoms
Insegraied mansdacuring nformalien sysiems
Inger-funcrsonal iaformanon symens
Incegraied i frmation dyisn

Ofice automation

Decentralize decision-naking ssthosity
bespiove infrmalios handling

Lrei- Muscisonal werk Lo

Pollara fectorieg manapement educailon
Fedegs leal wink e

New wags sysiem

Doirect lubor sativarson

Appdy rewards and penalties
Prodecrivity bargainieg

Espleyer produstivity pain-sharing
Fedesign jobs

Specialize gl

Bioad icope of werk

Involve workers in plaaning

Biroad plansin g regporihiliny
Ergoaomics

Worker safery

Reduce musther al engloyesy

MNew akilly hiring

Imgioae work metbods snd proceduic
Implemen: groep work

Develig woikfoece with maliple leaible skl

Actlan Plany Priarity | Actlew Plany Firfarity
Seraregy Planning and Cemtral

Link io busness siraiegy Productionmyveniory conimol sysiems
Diefine muss fastering Sucgy Prodhuctioadinventogy contral §yslens eainieg
Agtivity-based costing Jusi in iime manufacoare

Capacivy and Faciiner Suppleer lead. me redoction

Ifear cipacity Redusr prmvisioning lime

Lead-time reduction {huaiiy Symemy

Feduce setup fimes Establih 1ol qualiy conmol gregram
Foci lictore Tero defecti

Mansfachaing reonganizaton Statistical process conirod

Gavwp techrology Chesliny function Seploen
Esmprove exkiling syileng Sratiacal quality centml|

Revondstion exisfing planis Cuadicy circles

Redocare plant I:nq-uu: iuppliers quakiy

Clikes plani Frevesiative mamicnance

Pracerrer and Fechnplagy Improved mainienance

Mgw process. okl product Vertical fntegratian

New proceid, now product Oiptimize “makes verus buy™ mis
[mprove equipmens and process echnedo gy Improve diswibation

[nspeove enengyulilities edlicwacy Human Fruareer

Fedece matrwials lases ezt persoene] traning

Impeeve equgimet utlliEition Superviany Euinizg

{rganizstian
Change lati

Encourage emplayes imvalvement
Improes deparsmental preformance
Change organizational desipn/focus
1 w1 iICETatinn s

EE'{E EAIE
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“Task MSAIMSD 2.1—MSD Project Selection

TASK OVERVIEW

INPUT FROM :

TASK LINKY

Based an the strategic requiremenis and related action plans previously identified, the aim of
this task i 1o identify clearly the range of MSD projects required. Depending on the number
of action plans derived and the opiniors of management and the design team. the MSD
process will either take the form of 3 large all-encompassing project or a series of individual
projects. I the latter case, & means is reqained to guide the selection and prontization of the
appropriate action plans. Even in the former case, a ranking and weighting exercise should be
cammied out to priorhze the action plans within a large MSD project.

Faciors io be considered include: obyectives, siles o be affected, ume span, availability of
akills and resourees, dusruption caused, inancial implicabons, cost eslimabes, group
comersu, the logical sequencing and activity dependenciss of action plans.

MEAMED P— MSAMSD

14 E 22

MSD project{s) consisting of
previoushy identified action plans

Input Toal Crutpuat

List of Tool Tech

action 1.1
plars  (check list)

Step 2

TeolTech.  Completed
MSAMSD  Wiksheet 2.1.1 For sach of the action plans listed balone: 1 i
21 * Assign fo appropiale MSD project f
Whsheet * Record ils priorily valug

M5A /MSD
1.1
’ -




| TOOL/TECHNIQUE MSA/MSD 2.1.1—Praject Check-lis(

The fellowing ehecklisg asss in prejec: selectien and definiton of projec rerm-of=
| reference.

[ flew much of the orpanizarion will be aifecred by the projece™ Thes deommes e
[ seope of the projoet in terms of errployees who will be dircetly invelved i the
i changes, and identifles how mneh readning and resourees will ke required:

rvally within the function,
Eetween two ar mort funstions,
withen asingle process,

inzly within the orgerizaiion
Eetwieen two O mone organisations.

How muny fecaiiens will be ofecred by she provea™ This entifics U issucs relevant
o the ME umis of a dasmbuated M3 system located in differert entet/regions’counnes:

cnly cne site,

herwesn mwn oF rmone €108,
withir oRie Fegion,

between bwo OF more regions,
witlur & single couniry,
between two or more countics,
every system lacation

What is the degree of change for the Busines: as a resull of the projeci? This
identifies Fow much change the company will reed to go through fior the nexe year and
how many resources will be requined:

tatolly within the function,
ne change,

o change,

agnificont change,

radical

- % ¥ ® =

i Assersmant of the profect’s role concerning funetional factor. This idertifies what
funciional faciors play the most imparmant role for the project and which factors to
| foous on:

deperndence of the busmess funstions or processes o0 the system,
effotiveness in supporting the business funcionsprocesses,
perfomrnance under service-level agreements,

costs of operation and mainknarde,

buncklog ol chanpes reoques!,

iniegration of data with other systems




Project Title:

WORKSHEET MSA/MSD 2.1.1—MSD Project Formulation

Person(s) Responsible:

Version:

Date Completed:

The chosen action plans can be grouped into shert, medium and leng-term prajects with
reference to strategie requirements, andfor according to functional or geographical areas.

MED PROJECT

ACTION PLAN

PRIORITY

b bsie:

K} [Sllﬂ'




Task MSAIMSD 2. 2—Definition of Terms-of-Reference

TASK OVERWVIEW

DESCRETION

Hased an the siraicgy conleris previowsly saphured. this task cums e refine the Fitare usiress
axd M5 goals. In additior i scttiag cleady definad chjectives and comtraing fer the MED
progects, it contriboces trwands the nexd stage of the M5AMNED Inking process—ikat of ibe
il ez of (he T BTy ] T R TS (PR

-

TASK INSTRUCTIONS

Tmannder w0 derive o 5ot of core progect dbjectives, e strategic objectives identified theough
Stages M54 3, 8 and MIAMED 1, are to be reassessed and priontizsd in considesation of fae
action plans 1o e execuied. Generally speaking. tiese snomld be based! on the fol'owrng
smziegic drivers for change: new product ingroducvon, capacity adjustaent, cost
Improvements, leod time reduetion, quatity ireprovernera, dalivery perforance and increasad
Seoabahty of the ME svatem, As o result, the folowimg should be defined:

Froyect Scape: the preduct-gyetem relationship, the type of project, the fooue of the procect,
the corporate level of aberraction of the project, the mitiators of the project and possible
solunions

FPragect (lhjectives: oost relsted—redue e neocnction crad (direct mdirect ehor, owverheads),
opaations related—reducs lead-time, improve schecule adhérence, mercas:
throughpat, increas: product vity, reduee imventory leve!, reduce work im progress,
recuce non-value-adding setivities, increaze level of ausomation, incr2ase prociss
ﬂ:rihﬂi.:ﬂ. rcrerse Volome exbility, merease producton volums, merewss
integration, coganizations’ restrachuning related-—sirphify material flow, rarionalize
product rang:. stapdardizabion, increase decentmabmatior, smphify condral systcm,
improvE ewnerihop. guality réloted imarove qulity, redace waste, achieve zeno
delects.

Brajecr and Sysiem Corsiralnrs: me corsirainis, IcsaUfce consiranis, buman rasounes
mlﬂlai. [1E9 JIL! ﬂ 14 Eil.l cinmlramls.

The lis: of rlrrl'nn"l.al-r.ﬂ mneasimes albzalifed an the WS F-:.-rﬁ:n:w T FEAS e :".'I'PH] stage
will provids the weerall gudance for dis task. 1o addinon, tooassist e objact ve defiamon, an
objectives catalogiobjoctives ree is provided in Tool Technigue MEAASD 22 1

The sebevied vbjeeives cun then bz assessal socording 1o their depres of desirability,
feasibvliny er profable rauz of successful achi=vemen:, 45 well a3 sxpected nesourcss requirsd.
It shculd sleo be roted tkal, im 2 domain as complex as an M35 syster, thore are likely ic be
conflicts, Amy conflictmg lemrs of reference, paricularly with respesi to abpeotives, need 1o e
resolvad thravgh thice 2pprosches: (1) the shart torm approach of tadmg-at obypochves, (2]
mrprevng he performance of ome eojective at the expense of anather, (3) the apimal 2o umon
of moring the ‘povot’ of the made-off, such that long-tarm inpaovernent of all sspecis of
perfoamarce: is possille, a5 shaam im ihe Cgare below

Dojsctive 2
Objectve 2 Dofectve 2 t
Ghmdwe 1
oq:uva 1
l.‘.il:iacﬂ
) Trade-ofT betwzen (1) and (21 by Muving L prval.




TASK LINKS

MEAMED o MEAMED 2.3

Detailed definition of MSD project
terms of reference (i.e., scope,
g objectives, constraints, etc. )

TASK PROCEDURE
—lnput Tool Dutput
List of ToolTech. Project
chosen MSAMSD scape
& MED 221
£ projecs  (defimition’
Strategic  options,
imitiatives  ohjective tree) 1

Above, As ahove Project
™ plus MPM  Worksheet ohjectives Speciy project obyacthes
g measures  MSAMSD

.11

= Aszhove  Asabove Constraimis

Speciy proyect and Syaiem conglninty |
Asabove  Asabove Refined
definton Refine project scope,
é {free from chinctives and comptraints
conflicls)
o= ey conflel 7
Campleed
i Whsheets
MEAMSD A1 MSD projecs
g 121 consiiered 7 T




TOOL/TECHWNIQUE MSA/MSD 2.2.1—Objective Trees

Category Deffaiton (Frofect Scope) Optien

Frodur) The eelationship betweer dhz Existing prochucis—exisiing syabem,
Svwiem inscadec producs and the intendec. | Wew & existing producs —ex isting sysmem,
Fefarivashlp | marofionming oerem Wirw prnd pers—exising sysaem,

Exniimg prochiseie - mew gpeiem,
New & enignng producti-—mes susien,
Mo products—niws sysiem.

Twpe cof The type of progect and where it Systom mecosign, siep improvemast, sysom
Fresfeei aaacars i e sysom [y ondle. uplunteation, rew sysbom deimn, cenliruous
imgEorenverd, mew maryfaciu ing phileepl oy,
Faruraf The FanulseTring sih-gaers Frasical fub-Sysmem, commnl sun-aysaemr,
Pregiset Baipg sdldreaend by ihe pragect, 18, | decaiansl eubavetsm, Bupnor tubavites,
d.lll"mnglw Frvindames of ine ﬂrprl:r!nnnal anb-gyriem, @yshem anegmation

ton 3 beehmical svel
Corporaie The kvel that the MSD projes: s Corparate level, factory kevel, produst uait'modals
Lewe! beirg rpasd i termas of ivdlems level, gl workstitsn kevel

rezbuclunng sl devdopnent
Mmivaees o | The drvers of the MSD project wilh | Adoprion of & mayuEeurieg phiosoahy (mypocally
Project respact o the ressons why B0 eefle, |FT, TQM, Laeeribeied Manalaetusng
progect s 1 be stared Bawtems, el ), adaphion of 8 binweis philosopsy
{HFR, Virtual Enderprises, ofc ). new products
mequinng nasuiscturmg facilities (design and
marke: diiven), new stmiegie business
reguircmants. problom: with the cxating system.

Foxitle W acthe the proos; mmedves a Inroduction of volhder manulssiurmg,

Jolwiions poszible “snduion™ which hax it of JIT, nimducuon of T,
aready heen décided by aighsr inmadierion o §rauns lachmolegy,
maragemen!, consultants, ec. inmaducticn of TOM.

Cagegory De(Talitor (profect comsiraings]

Time Fraject time consralros which ase be comsidered within peocess plaoming are basically

Crmoraimr | those empioyed @5 prsjes mamagemnenr ivaes, repically the rime consreing om the nverall
pargect and the dates of the rugor revies peocdi, pricec i lestones and E:llu.m
Rezovrce The ressarce constramiz are concered with the availabi ity of nsiable teols, lechaicue
Commermimts | end faciliten, includiag work spece, computers, deaign equipment, s
Tammun The umas resow e vorsiiaie s e D avaialil iy of sutable Task Fowe Tean
Resowrce members jor panicular design maks I elso irchudes other company emplovees and
Commiraims | members of staffand MAD consultams. 12 pardoular the conarains ineolve the
experience, skils and knowledpe of the members e be aszigned 1o design wmsis, and
— whether (hess 10w 80 b on 5 fulltimne ar pars{ime bl
Firanalal The pmjm‘.: tal strainiE imvilvae Tha j CORE of iha ;I'aj|¢|: sl Ferpay ic
Consirmimts | solasies end ressuree soste. [ B also Snled te the manufsctusing systom fEneneial
sonsiraict vie the eapital speding budget fior the projeat.

Curegery TieiTalrine (Syarem § anarainmg
Time The tyster Lites onstrnie cover the opsmaional comtirumts oa the manafacturieg

Costrralm: | syelem, for pxamale, the duruion o7 1he werking day, workirg week and snnual holidays,
(hher eanatraints, such as the desired throaghpul tinee for particular products, ean be
wonsidered as fincd prejoct abjectives, and bencs will be asssascd undir the prejest
objoctives section of the samms of iefonence,
Reouree TToe SYSIEM FESOUINGE COSKITL TG Bonsider [he constraining factoes of te man fenring
Lyt dra s syuiene with sethect te working ares and S lities snd the capacity and svsilabiliey of
machines and equipment.

Fisman Tluman rescurce serstrunts [Evalve the punber, avilab Ly, eaperiende, S lls ard
Resource knowledge of the werk force.
Frronciel Thee [inanial vors reints cover the capital cost ol new sysicm pguipomond and ik sanous

Comyiraimis | 2pecilc operatonal cosis of ibe mansfaciering yysiom. [ addivon, there reay be
partizolar consIrainte om the e nl prodie np spesifie procdusms smd pane o weirg

Apancifi pROCEEGR.




WORKSHEET MSA/MSD 2.2.1—Terms of Referance

Project Titlo:

Person(s) Responsibla:

Version:

Date Complatad:

[ |

MED praject rite:

Project Scope
Product’Systemn Relotionship

Exislmg sysiom

Mow sysiom

Existing praducls

Mew and exiling products

Mew products
Type of Project
Syslem Swep
redesign improvement
System Continuous
optimization improvenen
Mew sysiem Mew
design manufactaring
philcsophy
Project Focus
Physizal Siippar
EIems syslems
Cantra] Crganizalsonal
$y¥icms syslems
Diecisional Systems
Sysiems inlegration
Corporate Level
Coepsrate Precuct
unib'module
Factury Cell workstation

Project initiators

Adopt manulacturing
philosophy

e cells, JIT, TOM, etc

Mdopt business philosophy

e.g. Tollowing BPR techmiques

New products nequiring diesign and market driven
o faciliies

New strategic business strategy driven
requinements

Existing manufaciuring problem driven

system problems




Possible Solutions to Adopt

Introduce group Introdoce TOM
_technology procedures
Introdice celhalar Introduce JT1
manulacluming manafaciuring
Introdioce CIM Other.......
Project Objectives
Cost Related
Reduce production Redure materizls
Csls COses
Beduce direct! [T}
_inddirec costs
Redice eoerheads
Operations Related
Reduce Increase
leadimes produsction
vilame
Imcrezse Incresse
productivity theoughpus
Reduce MWA Redusee work in
activity progress
Ieeregse Valume [rrease process
flexibality Mexibaliky
Ienprove schedule Imcrease
adherence innwilinn
Reduce inveniory ther........
Increass
A OiTEL0E
Organization Related
Semplify Now Simplify control
sysbem
Rationalize product Improve
mangs awnership
Stardandize’ Increase
sommmemality decentmlization
Oither .....
Quality Related
Imprave quality
Reduce waste
Achicve nere

deleas




[Projact

Constraint |

Time Constraints

Resource Constraints

Human Resource Constraints

Financial Constraints

System

Constraints

Time Constraimts

Resource Constraints

Human Resource Constraints

Financial Constraints

fw t

Objectives Desirability | Feasibility Avallability | Priority

Targets




Task MSA/MSD 2. 3—Selection of MS0 Tasks
TASK EUEEWEW

Omee a relevant progect is ident:fied, ' 15 then recessary o specty the individual tasks that

el G b carmved ot witnin 0. For this s, i o o rlHrﬁlllI’.‘TiDlNl:-l’ Testemd o b wsanld

o highl gl relevin: asks, Followng thes, hoth e M3 sraegy and i WAD eemms-of

reference can provide 3 funther indizadon of the emphasiz of the partizular MSD projecns)

under consideration, and herge, 2 mears of refmmg tek salection. | he refinernent can be in
terme @l sk chosoe and tosk delraton. seeh as mdvdual task amms, seope, lorget and
comstrannis. Tables arz prosdded to assist in the selection process:

Crengric getion plans WAL rasks Fnsing (Teol Techaigue MEAMED 2.2 7). Thas toble
provides an indicasion of the possiblz relationships benween each of the menerie action
plans and the MSD weks (relutionships betoreen te 73 MSD cashks and the §5 gereric
actiom rlans)

draregic deciiiovs—ME fask linking ( ToolTechutigue MEAMED 27,20, This provides en
indieation ol the posmble relationships bebween each of the sub-deaisiors, catagorzed
under the serategie dazigiars of cach o the manufaciuring palicy areas, a9¢ the gensric
RS0 asks I:n.'l.lI':I'.1|:f' over 2] sEparae sub-decisions uurl.'d ardder 55 decistons
wilhin b= 11 policy areasy  When thes tahle vs analyoesd i can be seen that the wopping
of polcy arcas o su=systems, as outlined m Chagter 1, though simplistic in nature,
correspends suthicizntly with fae more detmled level of asstraction.

Frojec! forms-af-roforence - MED tasks frames (Tool Techruge MEAMED 2.2, X), This
provides an indicasion of the geners] relaronships beravgen each of the project terms of
reference with respect o the paoject soope, objactives, and te MST msks

B wiilizimg threve whies, e wpadawn sgrpreech w lnkiog M3 stamegy w e M350 pocoss

an be folloaed throagh three stapes:

ook :.rif.urrg_ﬁemum. A he el imimary siep, this proddoces a Dist of carlidates asis.

Ttk veryfieanon. The preliminary chaice of b :ll;'lll:kn needs to be redueed anddor refined
by relermng 10 the ongnal stratcgic requacments. Thas beps prienbize the task choces
and am=sls in making the fral choiea

Terk daflaiden. The overal] onoject oriteria and verme-ol-reference need 1o be dizaggregatsd
0 gt aims. targets amnd comstraints for cbosgn individual tasks, heroe meking sure (e
individual task objectives are cons stent on & global levs

TASK DESCRIFTION

TASK LINKE POSITION (N MSM FRAMEWORK
MEAMSD 20 MSD 1wk
(et s mody = us _—
ol BesasdsT 11 o alenified ! i E +3
g (rategy E e MEM [ {
= initiativesh E Tienct o . F g
E| MSAMEDI2 | 3 MM st F 'E’*
=1 (lerm-ofrcl) TNIWNINE AT E i Ei
MEAMS1H 14 fa; LE
(ke igsuesh 131 =
L:sf af MAT 1asks for cach necessany fEt A
9] projocl. covering requirerment
E spec: fication, conceptua’ ard detziled l'ﬁ
2| Cesign stages. Deladled chjectives’sima | ?
B specified For irdvidual tasks. S .
L i ] . P{H%
A e -"-:c'n‘. _r_l_ul‘
I‘_ _'_._./




TASK PROCEDURE TASK FLOWCHART

Fof each of the intended M30 projects in |
Warksheat MSAMSD 2.1.1; |

Outpat

Far aach of the action plans lisled for the propect:

* Locale tho paricular poban plan in fha Achion
FlanM50 Task Linking Tabde (TockTecl. MIA
M50 23.1)

* Cross cfesk o iderdiy the M3D lazks rvalnd

It thix action plan.

* Froar this iz, make & préliminany clolkce of

sk for his pavhicular project

* Racard ail the iden(ifed M5S0 azks in I
Worksheat MEAMSED 2.3.1, sceovding lo thair I
podilan within [e MED fashframa.

‘
|

plans (Wishees MSAMSD 21,10,
(TeabTech, MSAMSD 2310,
Prelimminary list of M5S0 1aske

Step
85D progect Hst and associnied action | Inpat
Action Plasy®S0 Task linking table | Teal

TASK VERIFICAT [
IMITIATIVES
For sach of tha praliminary M50 tasks:

* Locads e particolar fask i the DecisianM30
Task Linking Table (ToalTech MSAMSD 2.3.2)
* Crosa check foddantify he slralppicthacision

igzues rafated [o this task

* Chock the relevance of shove against ey
strategic infiatives a5 idenlifipd in Wisho! MEAS
M50 111,

* Elrninale ireievanf or lass significant fasks
feevn [Te sl Akl P enog if recassan.

[(Werksheet MSAMSED LLIT)
MEAMSD 212

Final choice ol M5 tashs for each project.

i H—— Al lashs vandfipd?

Step
List af preliminary M50 tasks. Strategic initistives
Deeslona™SD Task linking table (ToolTech

H EiGAT
| Far asch of the vedfied MSD tasks:
* Locale the parficufar lask in (e Tarm of
Rafaranca/Task Linking Tabis [ToalTach M347
MED 2.3.3).
* Cross chack lo idantiy the tam-ol-roference
Uoms mfated o this task

MED 2.2.1), and gpecily detailed abjectives,
aimis, fargels, and cansfraing for s parficufar
M50 sk, FRofer to he ey issuwes (Worksheal
PMEA 1.4.1) and the key stratep'c infiatives
(Whkahal MIAMID 1.7.1) 00

* Riscard resuilts in Workshoat MSAMED 233,

MEAMED 213

—————————

Termanf:RefMS0 Task linking table (ToolTech,

Task level chjectives, argets and constraincs,

Al prajacls
oonsidored?

F

Step 3
Lzt aof [inal MESD tasks. Progect termeof-reference. [Wiesheet
MEAMEDF2 1} Strategic Key losues (Wksheet [1.1].




| TODL/TECHNIQUE MSAMSD 2.3—MSD Task Verification

Su Gur ws the MEAMSED linking provess i cooce sed, the following, shiowld be pJ.i.l!'II‘I.I auls
(1) The contents of tae Imking fubles may be edited by the users to presert their specific
Vknowledge, reflect their past experience and metch their particular strategic requiremznts;
{2} The fiza. pert of plonning the desgn process, the design tesk refinement staga, i in
ir"fm'.! I]l: firsl = e ul‘lh-. |,|r5iﬂr| Iw;k rxrullilll [] ll'l'l'l,‘m I|1: -.1||1ﬁ5|.|1i1r5 ul thas -ha'ﬂn
taek with respect to il specific chjectives, activities to be carmiad out, and toolstachaigues
to be applied.

Since the rasks sucmested by the curment MSM framework act oaly 28 guidelines, the
user may accept the suggested design tasks, ed 't the selection or pick a rocally different set of
ske. Bacouse everv MAD case i differemy, ond bazause the choice of the rext mk o
complete 15 alter deperdent o0 the cutcorre and date obtamed tfor the corrert tasks, it is
eypected that users often returmn oo the task selection stage to chanpe their oniginal choice. In
ofhcr cases, it may be Cccsmry 10 retarn 1o the task sclection step durmg the cxecution of a
tesk, due to e abwence of @ oribieal msce of information tha: ean ooy be demived from 3
sk which has not been selected or complated. Asain, uscrs have the option of relaming to
the task sebection stage il they w0 wish. In bot's cases, howeve, it i essential Uizl e
reasoms, essumprions ard ravonale behird the dee sion be regonded

Cue to the manner in which they are consirucied, the table migies are cssentially
linear in namura. Sinee (W MS swreegy prodess may produce mutiple acton programs ond
MEN tasks thers = 2 nead 0 tabe 000 acoound this rl|1ﬁ-"'a:.ct¢-:| zsrr.l:.r 1‘1-.: LS of I'I'i.:lh‘ll_'ﬂt
+eriterig, through ranking and wility values, may orovide = switable approach:

AL 1
faed
S S AILE
ol Bubrdecision { e 1 [
ﬁ_ﬁgﬁﬁaﬁ!ﬁn’l‘_ jeew | | |
subdEsision 3 | LT ]
-
. [
: ]
Sub-decision n I
_Subrdscision nti 1
42 TBUb-decision n@_____.«'__l]_ |

/>

-
-

»
resk Baking

1. Take inte account: specific changes in policy decisions, those policy areas amd devisions
predomirandy congidered srategically imposiant to the buginess and tw M3 function,
the possible pelicy arca problems identified from the quees-hit tazle. These three fackars
help ientify the impoitant policy aeas and decisicos G the MSD aroges). Soiable
weighiing car. then e spplied.

Calealate the ugercgate rating for cech design task.

Prinritize P design tasks accarding to their rated values

R




The rating for each task, with respect to the sub-decizsens, is the sum of the pm:iur:: of the
wmportance weightmgs for cach perticubir sub-decision end 008 task value. If a stralegic sus-
desisian is not consigensd, then s wmportanee reting will be oo (see ToelTeconigus
2401, Heace. the ranking of & sass with respect to the importance of stratagic issues is as
illustrated in the fgure. The greater the welative valoe of this paramctar with resgect fohe
other design lasks, the greater the peiorily of the partaculer design task.

Simclar approaches can e apphied for the action plans and terms of referones tahles |
With respect to the astior 2lane, these can simply e orissinzed and given imponmncs
ratings by the user. The terrs-af-referenec is agun @milar in this respect

Assign an Drpartancs weighting facior to the mput criteria sslecied. The user i
encoLraged to resist the temptation to grade cach critzna cqually

2 Caleulate Uw aggregate weghting for cach design Lask.

3. Pricritize the design tasks secording to sheir tsk ratng.

Slnce the MS sraegy represens the definidon of the role and operations of the M S function l
and its resourees and supporting infrestrueture, the MEA/MED processes exenhclly cetnea |
futnre state of the systers end the mears by which this w11l be achieved. However, due o |
the dynarmc ratura of comgetition, markets and businass, the Fiture mtended state is likaly

o chiznpe avd shoul? therefore be under continuous. weviow. The figues below ilostrates |
these soncepls, tagether with the priveiple of urdertoking o oumber of MED projests as pan
o the smategy anplemeniztion In order to avaid local optimization and the threat of losing
sight of the sirategy and the ard-zoal, the sratagic sub-decisions resd w be consdered
during the spedification and cxcewtion of cach individual MSD prejoct, whother sirategic or

taciical in nalwne.

| Finally, the sequencing of desigr tasks 15 wery much dependent on the Fow of data

wnd composition of design dacisions throughoet the M3D provess. The result of data
eralysis often detarmines the nest siep. However, placmg the identified MSD tasks
aceording to their task frames, as given in Workileer MELMEN 235 nonmally provides a
gensible zlan of tasks within an M3D project.
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TOOL/TECH. MSA/MSD 2.2.3—Terms of Reference/MSD Task Link
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WORKSHEET MSA/MSD 2.3.1—MSD Task Selection

Project Title:

Person(s) Responsible:

Varsion:

Date Complatad:

MED prajfect ritle:

MSTF Task

Task Descrlption

ol ko

Seructurr

REQUIRE

Syitem
Decisiany

Lol ol B o

Manwfaciuring
w| & Seprly 3,
Frocesses

e

Lot B3 e

L b

T b Ll P | ek B e | L e L ) e B e ol | ek Bk




WORKSHEET MSA/MSD 2.3.2—M5D Task Objectives

Project titla:

MSD Task:

Person(s) Responsible:

Version: Date Completed:

MSD Stage
Requiremse
b'p'r\til"m:.ll:lm
Concophaal
dexign
Detailed
deesi

MSI» Task Focus

| Fhysacal systoms Suppart syslcms
Control systems Cirganizational
EVEICTHE

Diecisional Sysbems
svslems imiegration

Task Objectives
Cost Related

Reduce Reduce materials
production cost COsts
Reduce direct! Oiker......
indirect costs
Redusce
averheads

Operations Related
Redusee lead- [mcrease
limes prodiction

volume

Increase Imcrease
productivity ihroughpus
Reduce MVA Reduce work
achivicy i gress
Increase Yalume Insrease process
Mexibility Mexibility
Imprave Increase
schodule intzgratian
adherence
Reduce Oher.....
anvenbary
Increass

auLamarion




Organization Related

Sirmplify fow

Simaqlify contral
sylem

Raticnalize

product mnge

Improne
wwnership

Standardire’
commonality

Increase
decentralization

Other .

Quality Related

Improve quality

Reduce waste

Achieve zero defects

Task Constraint
Time Constraints

Resgurce Constrainis

Human Resource Constraints

Fimancial Constrainis

Task Objecti

VB S

Objectives

Diesirshdlity

Fensihility

Avallability

Prioriey

Targets




Task Document MSAMSD Z2.4—Planning of Project Execution
TASK OVERVIEW

T 5K NFSCRIFTICH

Based on the eutlines previowsly soccified, this prodeces datailed plons for e exeowiion of
thiz prajects) frar star o finish, whkmg mio considearabon all the MEL and the subsequent
VIS implamertaton scliviizs A breckdown of the project tnshs meny be neeessary 50 that the
companents can be assigned fo Cifferem individuals or groups for completion. Also,
coquircnrnts o luman resounces Bave o be idertilied, and tra g, needs specified To
defire L work conlent ol'a plujn.'l. U actialies thal ave bllc'bc:['ulil.nJ peed Lo e
Tighed a0 a safficient level ol detail The dependencies among rthery are then d=iermined, te
critical path i determined, the resources ar= allocaled, and the procect paiewavs are fefined
Inall, the task comsists of the following sweps:
sdedallfy projes! aetmities, Uesing work breascown {WEL] ard organizational breakdaam
(B dizgramas ke defing @ breakdown of acinatics snd respors nlitica
Dwetermune aoahily dependencics. Determming the relations and ks beiween the identificd
acivities
Determure critical panh e’ gotenays. Establishirg the critical path. This akes it easier to
selvadule activities and allocase resounces. To be beneficial, it shouhd Te continuows!y
autod throwghout Ge course of project execution, o as o give managenrend te clance o
reallocane rescarces w the activides which are falling hohing schedule, and o those which
may bacore the new critical path. Ir r2ladion m this, gsweways represent tw cermination of
impanan: sctivitics. The pupose of e gateways ie w provide faedback abouat the projeet,
ommally, gareways can be s according milesieass gach as: the agreemant of project plan,
the completion of a conesptual despn, the eceeptance of o detx jed dizn, the coil=hion ol
enerationl procedurss, the somplehion of 3 lagiery bualding, the anstallotian of sguipment.
the agrecment o) organzational charges. and the compochicn of Famimg.
In reality, prajec: managzmerd software packages (such as M iceosolt Projec:) are aveilahle w
plan and manage & project The use of these taols & highly recommended. The ot om
this stage can bee used direetly as e inpat w0 such sl pckages.

TASK LINKS POSITION IN MSM FRAMEWORK

NPT FROM !

MEAMSD 2.1 MSD execution.
Ipraject lisi] o s

MEAMEL 2L B implamertaton,
lemrral-ret )

MEAMEDZS

iproyect tasks)

(L TRLITS

Dretailed project plams for desdg

EXET 0 NHL

Crvpral! pien af svsiem implemreniaion.




TASK PROGEDURE TASK FLOWCHART

| For anch of tha intandad MSD projects in |

i_ E wmmm;wsu 231 |
| IDENTIFY PROJECT ACTIVITIES .

For each afl the MED asks listed lor the project

| * ety activies wsing WES diagram.

* Dfine work cortent of sach actvity.

* Ezlimale resourcedconsirants far sach asiviy
[manay, peapks, Suppar, ipledantalian fimal.

* Dalive resposibdfy wilhio he projec! lsam usng
crganisalion breakdown stneivee (DBS) diagramg,
* Dalfing high-lgvel regpanzibMies for the actiities by
| combsning he 085 and WES dagrams.

!‘ Ragand abave it Workshea! MEAMED 2.4.1.

|

o R

Dalina activity depandancias through:

* Datevming dapendenchts batwaan sctivitos.

* Arrange the Setiiias in 8 nafwarnk fo graphicaily
parrays tho reladionships amongsf the actities. An
ATOW POSRNTS an activily, will £ hoad indicading
the oimchian of progress of the project. An over I
rmepresents @ ponf in lime i sgnifies the
compledion of one or more aciiviies and e
hoginnng of now anes.

Seep 1
WS ks list MSAMED 23.1)
MEAMSD 2.4.1),
alkocation

Sbep 2

e il tasks vorfigd?

| EEIERMME CRITICAL PATH & GATEWAYS

* Dwlormine the crtical pafty uning the time eslimales
| fov It mctivifins.
™ Dolormine gafmways which flag imporianf evenls
such as: due dalps, decision ponls, comphalon of &
crilical activity.
* Record rosulls in Worksfes! MSAMSD 24,1,
* I Project Maragemen! soffvware svalabs, branafer (he
rosuks inlo soffwane foal

T

A

conaided?

2420

Dietailed plans for MEDH exeostion and system implemseniation | Network diagramsGant chart that show the dependencics smongps|  Detailed project actvities asd sk | Outpue

Step 3

Frojoct management safbware wols {Toel Tech. MSAMSD| Project management software wals {ToolTech, MSAMSD 2.42)  WHS & OBS dagrams (Tool Tech
critical path and gateways

|'ui1.h specification ol activities and depredencies, sk allecation




TOOLTECHNIQUE MSAMSD 2.4.1—WB and OB structures

Since real-life projects tend 10 bacome complas, 0 may prove difMeull o coordinare
indivicuals wodking on different parts, and o Leep track of all of the componerts. This is
particularly wue If the mroject concerns & digsibuied MS syserr whene the faciliies are
pasitioned at a number of differeat locations. Weork breakdewr strietors [WHS) 13 a tool for
defining a hicrarchicsl sreakdowr of work contents and respomsibilives noan M5S0 projece,
It s developed by (1) Breaking down all the kigh level lasks of a pravect it more deiatied

Waork Breakaown ] ] i
- rem g~
Ir..r._........._.............;.“‘....... PP ....],. g [ rwwwy )
i RECRIAENEH Y !

- -’| AB

i Tas i
I Tas 2 10
H Tusi b bl

T e {
T BEWCEFTLAL BB | me |
B Tasd 1 = J| H1 1
if Tus & L | 4K |
E | Tasl & bl L. M i

} o, . _— |
l S E0CEGT I 23 |
H Fash. 1: L ) H

Fash 2 ) 1 am
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CHAPTER FOUR
Execution of MS System Design Tasks

4.1 INTRODUCTION

Progressing through the previous MSA/MSD processes will have helped to answer
questions like: where we are now? where do we need to be? and which route do we take?
Now it is time to tackle the key issue of how to get there, through the execution of the
previously chosen MSD project(s). This chapter discusses how to find the best structure
for an MS system: one which will support the strategic objectives under the constraints
specified. Firstly, this chapter outlines the principles involved in the execution of MSD
tasks and their respective outputs within the overall MSM reference architecture of
system design. A generic MSD task document (Task Document MSD 1) will be provided
as a template to help the execution of various MSD tasks. Secondly, the general
techniques of the tasks in each of the main design areas are presented, and, where
appropriate, worksheets and checklist provided. Together, these provide a complete set of
tools to help the execution of the necessary MSD tasks as identified in the required
project(s).

Specifically, this chapter outlines the principles of the MSD tasks involved in each of
the six design areas, and provides generic worksheets to aid in their execution. In
comparison with the previous task documents, the task documents presented here will
provide only a generic template. In practice, the user may need to tailor it to suit the
specific MSD tasks required by their project. However, specific worksheets are provided
in each of the areas. Detailed accounts of the individual MSD tasks, including specific
analysis techniques and tools, have been presented previously in Manufacturing and
Supply Systems Management (Wu 2000). The reader is, of course, advised to consult
other sources of information where necessary.

4.2 MSD PROBLEM-SOLVING CYCLE: A GENERIC TASK
DOCUMENT

The general procedure for executing structured MSD tasks within the framework is
shown in Figure 4.1. In general, design is fundamentally the process of creating,
evaluating and selecting an alternative. Regardless of the problem to be addressed, the
execution of an MSD task should follow a problem-solving cycle, as depicted in the
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figure.

Materials Handiing

Figure 4.1 The problem-solving cycle of MSD task execution

As can be seen, the technique breaks the total task into a set of broad steps, and demands
certain fixed outputs from one stage before logically continuing to the next:

« Generation of design concepts requires initiative to create a relatively comprehensive
set of alternatives. The number of ideas produced should be as large as possible under
the time and resources constraints. Initially, judgment at an intuitive level is sufficient
for a first-pass analysis of these ideas to identify any candidates which appear to meet
the strategic/task objectives, and at the same time, not to violate constraints. Following
the above, the aim of the evaluation of concepts is to identify which solutions have the
greatest outcome value—as measured by the performance criterion—for the least risk.
This process involves the most scientific elements in the cycle of systems analysis.
The tasks involved here can be divided into two categories: model building and
outcome evaluation.

 Model building is needed to provide the analytical tools. The type of modeling
techniques used to evaluate the alternatives is diverse, and includes mathematical,
physical and simulation models. However, their application here can be divided into
two main groups: for static analysis—to evaluate the design options’ capabilities of
satisfying the general demands upon the system; and for dynamic analysis—to predict
the options’ transient behavior and, hence, the ability to cope with the dynamic
operating conditions.
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» Qutcome evaluation. With the help of a properly constructed model, the performance of
the system under each of the alternatives may be tested via a comparison of either
quantitative or qualitative results. For any MS system design under consideration, there
are two sets of criteria to be assessed. The first question is to ask whether the system
fulfills the requirements initially specified through the MSA processes. The second
criterion in any real setting will be that of financial justification—whether the system
will generate enough returns to justify the investment. On the basis of the evaluation, it
is possible to make a rational decision about whether to implement the system,
consider further development of the design, or terminate the task.

The generic MSD task document (Task Document MSD 1) and its worksheets follow this
structured problem-solving approach. It can be adopted to help the execution of the
majority of MSD tasks within the MSM framework. Although the following discussion
focuses on the design of manufacturing processes, the principles and techniques are
usually equally applicable to the supply aspects of an organization.

4.3 MSD TASK OUTPUTS WITHIN THE MS SYSTEM STRUCTURE

Typically, the engineering design of a product requires a number of documents to be
produced: part drawings to define the geometrical features of the items such as shape and
dimension, part lists and drawings to show how these parts should be assembled, and
procedures to specify how the product should be tested and operated. The requirement is
identical when specifying an MS system. The complete specification has to include a
number of documents, each providing design information about a specific part of the
system—in this case, in the areas of physical facilities, information, human resources and
organization. In addition, rules and cross-checking mechanisms should be provided to
show how different parts of the system should be interrelated to guarantee system
integrity, and how they should function cooperatively when put into practice.

As outlined in Chapter 1, the complete MSM framework consists of two domains: the
MSM tasks specifying the analytical and design processes, and the reference architecture
providing the logical basis for the complete specification of a manufacturing and supply
system. The three related phases of the overall structure shown in Figure 1.8 represent the
main design steps: system requirement definition, conceptual design, and detailed design.
The first defines the system boundary, the second develops the basic principles by which
the system will work, and the third provides detailed accounts of what is required and,
hence, a complete design. The outputs, which are the results from various tasks along the
MSA/MSD cycle, are summarized in Figure 4.2. As shown, the results from the relevant
MSA and MPM tasks will have specified the overall strategic requirements for the
system, together with detailed targets for the MSD tasks (the core area). The execution of
the MSD tasks then provide the detailed contents for system design.

With a greenfield project, one starts with the set of objectives and then creates a system
model that fits the intended purpose with little need to consider an existing system. More
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often, however, when the projects concerned are of the brownfield or continuous
improvement types, one has to consider the existing system, analyze its structure, and
then try to modify it to fulfill the future requirements. This allows the incorporation of
axperience already gained, but the options available could be constrained and the ideas
limited. In either case, through the route-planning of the previous MSA/MSD process,
one or more MSD projects will have been specified. Each of these projects contains a
umber of related design tasks relevant for a particular stage in the design process, as
well as a particular MS architecture or sub-architecture. With the help of the reference
model of MS system structure shown in Figure 4.2, the user can identify the elements of

results from each of the relevant MSD tasks and validate their relationships within the
complete structure of an MS organization.
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Figure 4.2 Overall reference structure for the complete specification of an MS
system

Generally speaking, the MSD tasks at the system requirement definition stage are
associated with the conceptual design of an MS system, producing results and decisions
that outline the overall purpose, characteristics and structure of the system. The results
from these tasks include system models that specify required manufacturing and logistic
functions. Each of these functions has a related catalog of products, together with a
nierarchy of control systems that process information. In addition, the conceptual

modeling specifies the long-term production capacity to be achieved in terms of the
average or static capacity levels:
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» The function specification outlines what to make versus buy, and how to make or buy
it, as required. It defines the system’s boundary of operation and draws a map of the
transformation and supply processes through products and parts definition, definition
of capacity requirement, manufacturing and supply function model (e.g., IDEF, or
SCOR—a supply chain specification—model).

» The structure specification outlines the overall system structure in terms of system sites
and their geographical location and layout.

» The decision specification provides the operational procedures required to run the
system.

In relation to the above, the MSD tasks at the subsequent conceptual/detailed design
stages will specify, list and organize the system entities at the three system layers. The
detailed design stage essentially transforms the conceptual model into detailed
specifications. To summarize, there are three main areas to be considered in the detailed
design stage: the selection of production and supply technology, together with the
selection of transportation and storage facilities; the organization and layout of the
technology; and the detailed design of the control system, including both hardware and
software. The output from this stage will be a design which is accurate to a high level, and
detailed enough for the actual system implementation. The results from this stage
includes:
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» The physical elements of the manufacturing and supply process area: equipment list,
cellular configuration, cell layout, material flow definition, material handling process,
tooling system design, inspection system design, maintenance system design, storage
and warehouse design, and transportation, etc. These are items utilized by the system
to carry out the transformation and supply processes.

» The manufacturing and supply information system at the information and control layer,
whose structure and contents can be specified using the standard methods such as data
flow diagram (DFD) to specify its functionality, and the entity-relationship (ER) model
to define its database structure. In addition, the software and hardware need to be
chosen or developed for the system’s implementation.

» The human and organization structure layer describes the structure of the entity,
including: organization structure (in terms of systems sites, departments and
personnel), job design, training procedures, and other human resource policies and
practice, as shown.

In reality, the completion of a system design is unlikely to be achieved sequentially, since
MSD decisions in each area will have implications for the others. Therefore, some of the
results produced within the three overlapping layers also serve the purpose of defining the
nature of the interactions between the two layers involved, and thus provide a logical
means of system-wide cross-checking. Through a number of iterations, the validity of
each of the individual layers, as well as the overall integrity of the entire system structure,
can be guaranteed:
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« The function definition provides cross-checking between products/parts and facilities
through production processes and function/facility matrix; and between functions and
the information system through function/data entity matrix (Figure 4.3)

« The decision definition specifies the interaction between the information and the
organization structures through the organization/operation matrix, and the
operation/data entity matrix. The former defines the roles and responsibilities of the
employees, in terms of the cross-relationship between the organization (departments
and/or personnel) and the operational functions within the system. The later specifies
the relationship between the operational procedures and the data entities of the
information system. Together, these two matrices define the employees’ responsibility
and access for data operation, decisions and MS functions (Figure 4.4).

« The structure definition further specifies the organizational structure and responsibility
by mapping the cross-relationship between the organizational departments and the MS
processes: the site/function matrix helps to clarify which MS functions are to be
located on which site; and the department/facility matrix specifies which MS
equipment and facilities are required by which departments (Figure 4.5).
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4.4 MSD TASKS—SYSTEM FUNCTIONS

The MSD tasks of this group aim to produce a conceptual design for the MS system
under consideration. Such a model covers the system in a general sense and develops the
basic principles by which the systems will operate. It does this by specifying the activities
necessary for the system to perform its intended task. It thereby provides a framework of
further decomposition by outlining the basic building blocks. These blocks will be
comprised of a combination of the required manufacturing and supply functions and, to a
certain extent, the necessary controlling functions.

4.4.1 General Process

The main process involved here is shown in Figure 4.6. For illustration purposes, only a
few MSD tasks are outlined in this diagram. There a few MSD tasks belonging to this
area that are not shown on the diagram. However, they should also follow this general
path to enhance the design.

Engineering analysis of products (output: products/parts definition)

The market requirements will have defined the product range and the competitive stance,
and these will have a major influence upon the system to be designed. The desired
product range may include new products, enhanced products, and different quantities of
current products. The information gathered about these should include the products’
expected parts lists. Each component part should be identified and recorded in a desired
part catalog. Estimates of demands for all products should also be obtained. A current
product catalog should be created. This should identify the quantities of finished parts to
be dispatched, showing cyclical variations if necessary. For each product listed in the
catalog, a part list should be produced, allowing creation of a current part catalog
specifying every part that must be manufactured or procured, together with the demand
levels, as illustrated in Figure 4.6.
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Process analysis (output: production process definition)

By considering the manufacturing process for each part identified, it is possible to
identify the manufacturing functions needed in the system. The necessary functions
should be recorded in a desired manufacturing function library. Next it is necessary to
identify the different types and capacities of functions required in the manufacturing
system. Identification of process plans for each part in the current part catalog allows the
functions to be identified. These functions should be recorded as a manufacturing
function list. When cross referenced to the current part catalog, it is then possible to
calculate the total capacity demands for each function using estimated operation duration.
It will also be possible to cross reference the manufacturing functions to the plant
register, and thus give a reflection on the ability of the system to provide for the required
processes.

Analysis capacity requirement (output: capacity requirement)

By comparing the currently available manufacturing capacity (both in-house and
subcontracted) to the desired manufacturing capacity, the currently unavailable
manufacturing functions/capacities can be identified. Before further action can be taken,
it is necessary to decide how the expertise to support these functions will be provided.
There are three options available: bringing it in from an outside company, developing the
expertise in-house and subcontracting the work.

Manufacturing function modeling (output: manufacturing function model)

This consists of the physical systems description and the control systems description.
Following the above, the manufacturing functions at this stage may be modeled and
described using input/output cascade (or the IDEF, technique—see Section 4.4.2). This
allows the process plans to accurately represent flows from one department or function to
another. The departments identified will need further decomposition later to allow full
assessment of the problems. The control functions can then be described following the
information flows. The company’s current operating procedures will provide the starting
point for this analysis.

The results from the above will provide a functional specification of the system being
analyzed and designed. The model should be in greater detail in areas that are expected to
require further analysis and design actions. In general, the resultant functional
specification of the system from the above should be checked against the structure of the
prototype system model and the associated prerequisite conditions described in Section
4.4.3. This will help highlight areas that may be inconsistent, and therefore, likely to be
sources of problems. Specifically, the strategic issues previously specified for the system
should also be taken into consideration to guide its construction, and to make sure it will
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fulfill the requirements.

4.4.2 Function Modeling Tool: IDEF

IDEF, is a tool that can be used for the functional specification of an MS system. An
IDEF model is a structured representation of the functions of the system and the flow of
material and information which interrelate to these functions. The basic element of an
IDEF, model is called a function block, such as the one shown in Figure 4.7.
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Figure 4.7 A top-level function block

The individual function blocks are linked together through the inputs, the outputs, the
mechanism and the controls. When an input is utilized to create an output, a function will
be actuated. The performance of the function is carried out through a mechanism and
under the guidance of the control. The inputs to a function entering the function block
from the left are usually (but not necessarily) consumed by the function to produce
outputs. Raw materials are typical examples of these. The mechanism, represented by an
arrow entering the function block from below, indicates the resources which are required
to carry out the transformation process—such as machines, trucks, operators and drivers.
All resources shown must be used as means to achieve the function. Finally, the controls
which enter from the top of the block only influence the transformation process and will
not be consumed or processed themselves.

Taking advantage of the hierarchical characteristics of an MS system, it is by nature a
top-down approach. That is, it exposes one new level of detail at a time, beginning at the
highest level by modeling the system as a whole. At the uppermost level, a function block
is usually labeled as function A, which represents the overall system objectives and
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system boundary. In accordance with the hierarchical nature of a system, an IDEF, model
can be decomposed level by level to describe each of the sub-systems within the
structure, and this can be done to any level of detail. If, for example, A consists of four
sub-functions, then they will be called A;, A,, A;, and A,. Each of these sub-functions,
together with their associated inputs, outputs, controls and resources, may themselves be
decomposed into the next level in the hierarchy. The sub-function blocks at the next level
will be named as A;;, Ay, ooy Aypy Ay, oy and Ay Ay -y etC This provides a means
of decomposing and allows a function of the system to be examined in detail while
maintaining overall perspective. Thus, it allows the emergent properties of a system to be
recognized at all times.
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Figure 4.8 Level-1 decomposition of a function model

A description of a top-level function will identify the purpose of the system, and the
competitive stance to be taken. The inputs will normally include all the materials and
parts which are bought in for the MS process. These can then be organized to produce a
more detailed system structure by decomposing the top-level model until the level
concerning the component MS function is reached. The outputs will include a summary
of the information given in the desired part catalog. For example, the top-level function
model of Figure 4.7—which reveals the general context and structure of an MS
organization characterized by make-to-order production and delivery services—may be
decomposed into the following four areas (Figure 4.8):
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» Formulating production/service plan, involving the sales department, costing control,
design office, and production planning departments of an MS organization.

* Designing and developing product/service to order, involving the design office,
development, testing and quality departments.

* Gathering resources, involving the purchasing and stock control department.
* Producing and delivery products/service, including parts producing activities, sub-
assembly and final assembly operations, logistics and transportation. These involve the

machine shops and assembly lines, the production control, and the dispatch
departments.

From a systems perspective, therefore, the functional structure of this example MS
system may be described from the uppermost level, A ,, down to its lower levels of
decomposition, as listed below:

A ; MAKE AND DELIVER TO CUSTOMER ORDER
A, FORMULATE MANUFACTURING/SERVICE PLAN
A, Sale and Contract
A, Plan Production Schedule
A4 Plan Delivery Schedule
A, DESIGN AND DEVELOP PRODUCT/SERVICE TO ORDER
A, Control Design and Development Process
A, Develop Prototype
Ay, Prepare advanced drawings
A,,, Make and test prototype(s)
A4 prepare final drawings and part lists
A; GATHER RESOURCES
Agq Plan Material and Capacity Requirements
A4, Gather Resources
As,, acquire production capacities
As,, acquire materials and bought-out items
A, PRODUCE AND DELIVER PRODUCTS/SERVICE
A, Control Production Activities
A, Carry Out Production Activities
A1 Produce parts of products
A5, produce sub-assemblies of products

A5 produce final assembly
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A5, test final assembly
A5 Deliver Products To Customer
A3, Prepare and pack products

A3, transport and deliver products

4.4.3 Conditions for Effective System Structure and Operation

The conceptual design plays the most important role in determining the nature and
characteristics of the system. Attention should be focused on the structure of the existing
system, including its elements, relationships, boundaries, environment, and functions, as
well as its strengths and weaknesses. Based on the structure of a generic system model,
this section provides a list of pre-conditions for the effective systems operation. This list
can be used to help check the soundness of a conceptual MS model under consideration.

Despite their diversity, all systems have some characteristics in common. This has led
to the development of systems thinking: an attempt to explain the fundamental structure
and nature of systems in a logical way. A key feature is the concept of viewing the
situation or domain from a global perspective and of breaking this down into separate
functions, at the same time taking their relationships into consideration. Fundamentally,
the system analyst/designer should: (a) develop an understanding of a prototype system
structure and keep a mental picture of this in mind; (b) whenever relevant, try to
recognize and analyze a situation with such a system’s perspective; (c) try to apply the
structure and the associated pre-conditions of a prototype model to assist in the search for
effective system solutions.

System/Process Boundary

() o)

Figure 4.9 System viewed as a process/function

An MS system can be viewed as a collection of processes which are interrelated in an
organized way and cooperate towards the accomplishment of the strategic ends. That is, it
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zonsists of a collection of transformation processes which convert a set of inputs to a set
of outputs, as shown in Figure 4.9. The inputs and outputs are the main interfaces
amongst the processes, and between the system itself and the outside world. The MS
system is the totality of such processes and their relationships. A MS system i
nierarchical in nature, because the system at one level can be a sub-system or even ¢
component of higher systems. For instance, a number of systems can normally be
identified within an MS company at a departmental level. It is apparent that all of the
systems at this particular level must operate within the company system, which is one
level up in the hierarchy and, hence, an upper system of the departmental systems.
Conversely, depending on the number of hierarchical levels involved, a system at ¢
darticular level of the hierarchy may be further divided into sub-systems and components,
2ach of which will receive inputs and transform them into outputs. For example, within ¢
departmental system, each of its task teams may be considered as a sub-system. The
relationship between a sub-system and the system is equivalent to that between the
system and its upper system. That is, a sub-system can be a total system in itself,
consisting of all the components, attributes and relationships necessary to achieve the
objective which the upper system has mandated. The company itself can be a systemr
within the upper system of a business corporation. An upper system influences its
constituent system by laying out its operational goals, checking its performance anc
supporting its operation. In relation to this view, a checklist of pre-conditions for its
affective structure and operation can be provided as follows.

The required overall system/sub-system structure

Manufacturing/supply systems are open systems. Such systems must have a set ol
Jperational processes which regulate or control the system’s operational processes
through communication of information. In system terms, this is the feedback-control
function. System feedback takes place whenever information about any of the system’s
Jutputs is used to correct its operation. The essential components of a typical feedback
control, within the MS context, include those illustrated in Figure 4.10.

These components include:

« an MS function that results in a controlled system parameter or condition,

 a monitoring function which measures the current status of the condition,

« a decision-making function that compares the current state of the condition with a
desired goal/objective, and

« a control action that, when necessary, changes the MS operation towards the
achievement of the desired goal.
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Figure 4.10 Overall structure of a functional system

Production control, for instance, is one of the many feedback controls exercised within an
MS environment. Other examples include: quality control, cost control and purchase
control. Therefore, for any system/sub-system to function, all of the necessary parts as
shown in Figure 4.10 must exist within the system boundary. Also, feedback control may
appear at more than one level. A higher level control governs the lower levels by
monitoring their overall performances and setting the desired reference levels for them.
The concept of such a control hierarchy is closely related to the concept of system
hierarchy, as shown in Figure 4.11.

Effective communication mechanisms

Effective communication is one of the prerequisites for successful control. Internally, the
various sub-systems must communicate effectively in order to achieve successful control
and policy/decision implementation. To increase overall system efficiency, close external
links must be established between the organization and its customers, suppliers, and any
other relevant bodies,. Accordingly, effective communication mechanisms must be
specified along this hierarchical structure of control. Communications within an MS
organization take place either vertically or horizontally. Vertical communication includes
both downward and upward pathways of information flow, corresponding to the two
portions of the control loop. Communications can also take place along horizontal paths
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at the department-to-department and person-to-person levels. These are mostly concerned
with the process of actual input/output transformation. Communications within an MS
arganization can be established through either human-activity or physical-activity based
means. The former are normally associated with higher levels of the management
nierarchy, such as meetings and discussions, or communication through telephone, e-
mail, or other e-business means. The later are associated with computer-based process
control of machines and other facilities.

Disturbances from external environment

MS SITE LEVEL

control
MS SYSTEM LEVEL

* Higher level oljectives
* External influences A
* Supportresources from parent organization s

Figure 4.11 Hierarchy of control within an MS operation

Adequate sub-system structures

The necessary sub-systems should be designed and implemented properly so that they
oserform their intended tasks adequately:

 Adequate understanding of the MS transformation processes. To design and implement
a control mechanism, the process to be controlled must be understood to a required
level of technical detail, including its inputs, outputs, flows, states, behavior, etc.

« Ability to cope with disturbances. Sufficient resources and flexible utilization should be
employed for the key functions. As reflected by one of the basic rules of JIT
philosophy, a focus on the provision of sufficient capacity, rather than its level of
utilization, is necessary to cope with unpredictable disturbances from the market and
environment.

» Adequate measurement of the transformation processes. According to the objectives or
goals of the organization, one must be able to measure relevant process parameters in
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an adequate manner. This applies equally down the control hierarchy. That is, the
strategies and policies adopted at various levels of the organization must be coherent,
and the choice of measurement and the frequency and accuracy of measurement must
be in line with the overall operational aims.

» Appropriate managerial sub-system. The managerial sub-systems must be capable of
making the right decisions for the particular processes being controlled. In addition to
human issues, clearly defined decision/operational procedures play an important role.

In fact, it should be apparent to the reader that the MSM framework closely follows the
principles outlined above, as reflected by its processes for coherent strategy and goal-
setting, by its structure of closed-loop MS management, and by the contents of its system
reference model.

4.5 MSD TASKS—SYSTEM STRUCTURE

Having defined how the parts are to be made in terms of the required functions and
capacity allocation (in-house or externally), the identified functions must next be
organized in such a way that the objectives laid down can be fulfilled effectively. The
general processes involved are as shown in Figure 4.12. The top layer model will present
the system operation as a single function with identified inputs and outputs. A number of
different groupings can be achieved at the lower levels of decomposition, dependent on
the criteria applied to the decomposing process. Hence, a few system options may be
generated with different organizational structure and technologies. All of these, however,
aim to fulfill the same set of outputs, and each will have a different chance of success.

Decomposition by site—supply and distribution network modeling

As a major MS design decision, the make-or-buy decision should be considered for each
of the major parts involved. Subcontracting, for example, has several advantages. It is a
major method of increasing the flexibility of capacity; it can be used to provide extra
capacity during peak periods or even meet 100% of the requirements for a particular
function, thus allowing the company to develop and fully utilize its own expertise. It also
allows the provision of manufacturing expertise which is outside the range of the current
MS system so that a wider range of technologies may be utilized. The additional
advantages include reduced inventory and reduced short-term risks. Potential problems
include hidden costs—such as that of managing the infrastructure required—and hidden
dangers, related to the lack of control over quality and delivery. Once the decisions are
made, a subcontract function register should be created to formally record manufacturing
functions which are available to the system, but outside the organization.



Handbook of manufacturing and supply systemsdesign 198

Desired
Conceptual
|h:|nl:t'u:|n models I prad-process
¥
Functional o Supply chain
- Detalled functional | Supply/distribution i
'5'§5‘9!”.EEE'PPD...[ Modeling j ( net madeding j--"ﬁ'E’-dF-"Dg--"-

Supplyldistribution
i network model
[Whsheet MSD 5.1)

Conceptual
function models ~
{Whksheeat M50 F.3)

Varify systams
models
i Specify oparations
Detailed function | -===== === ._,
stucture dosgn ] m

Figure 4.12 General processes within the system structure MSD domain

In relation to the make-or-buy decision are the problems of facility location planning
which deals with the problems of geographical location of the production facilities, the
location of distribution facilities, and supply management. A well planned distributed MS
retwork allows a company to take advantage of economical, financial and technological
factors related to facilities located in different geographical locations. The aim is
jenerally to plan and coordinate all the MS activities necessary to provide the customers
with required service levels at the minimum possible cost. This is done througtk
coordination of information and material flow from the market place and from the
suppliers to the manufacturing system, and from the manufacturing system back tc
suppliers and customers. A supply network potentially involves a number ol
manufacturing plants, warehouses, distribution depots, and the actual transportatior
asetween suppliers and customers. The following need to be taken into consideration:

« Types of distribution network. When designing the structure of a supply network,
issues such as the number of materials/parts/products to be handled, capacity
restrictions, and the number of stages in the logistics network all have an impact on the
final solutions. The structure of a distribution network itself can be specified according
to: (a) a single echelon network that can involve either one-or two-stage networks; and
(b) a multi-echelon network, as shown in Figure 4.13. The design of one-stage
networks does not need to consider inbound transport. In contrast, the structuring of
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multi-echelon networks consists of various levels of facilities between a set of sources
and a set of clients, dealing with the simultaneous location of manufacturing plants,
warehouses and depots.

» Manufacturing location analysis. Manufacturing location analysis depends on plant
location factors, which can be grouped or summarized under the following categories:
(a) Transfer costs, which result from the movement of raw material and finished
products to and from the plants to market; (b) Production costs, which include all
expenses necessary to convert raw materials into finished goods, and which are usually
variable and dependent on the geographical location; (c) Maintenance costs, which wil
again be different for different site locations; (d) External economies of location, whict
refer to cost reductions resulting from the geographical clustering of sites; (e)
Intangible location factors, which include items such as personal contacts, influences
of management, human needs and desires.
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Figure 4.13 Different types of supply/distribution network
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Decomposition by product/process matrix

Manufacturing technology has been pictured as a continuum ranging from process
industry through production lines—large and small batch—and finally, to job shops
(Figure 4.14). While this helps to identify the general technology requirement, a number
of different technologies and approaches may be applied for the same product/process
combination. Flexible manufacturing systems and group technology, for example, are
two ideas which have been applied to the mid-volume/mid-variety part of this continuum.

Product structure, Product life cycle stage

1. Low volume, 2. Multiple 3. A few 4. High volume,
Process Low standardi-| products, producis, High standardi-
structire | sation, Low volume | Higher sation,
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Figure 4.14 Product/process matrix

Decomposition by competitive characteristics

Certain parts of the product range may fall into different categories due to variation in the
ways that products compete in their market places. Thus, some products require high
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quality and others require low cost, although the manufacturing functions are essentially
the same. Therefore, the competitive characteristics of the products/Product groups, as
identified at the MSA stages, may be used as the criteria for the decomposition of a
system, so that necessary facilities can be offered according to particular requirements.

4.6 MSD TASKS—SYSTEM DECISION

Each physical function defined in the conceptual model will require that its own
internal/external control system be elucidated. Different areas of the system will have
different requirements for the type of control needed. Important considerations here
include the level of synchronization required, the amount of information to be processed
by the system, and the time required for processing. To achieve satisfactory operation, it
is essential that the different control systems be effectively coordinated.
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Figure 4.15 General processes within the system decision MSD domain

In general, an operational procedure should be specified using Worksheet MSD D1 and
D2 for each of the core functions identified from the functional model (Figure 4.15). As
can be seen, such operational procedures help to specify the activities to be carried out,
the decision processes to be followed, the parameters to be controlled, and the targets to
be achieved by the function concerned. As shown in Figure 4.16, based on the strategic
requirements of the system, the MSA and the MPM processes will have specified specific
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measures and targets for their operations (Worksheets MPM 1.1 and 2.1 ). This stage of
system design is where such objectives are transferred into operational criteria and tied to
the various levels of systems management, thus becoming an integral part of system
operation. Therefore, the performance measures specified in Worksheet MSD 2.1 should
always be tied to the system’s current goals and objectives. Again, the representation of
the required controlling functions on the physical system can be achieved in a top-down
manner, with a control function superimposed on each level of the decomposition. These
control functions can be further decomposed to provide a more detailed description of the
information processing involved. The collection of completed operational procedures
may be used for a number of purposes: e.g., as operational manuals to help decision-
making and controlling of system functions, or as the basis for evaluating, implementing
and operating a software system such as an ERP. Note that a control system need not
always be computer based. The Kanban card method, for example, is a common non-
computerized control approach.
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Figure 4.16 Operational criteria derived from MS strategy

In practice, operational procedures are traditionally paper-based. However, hyper-media
technologies are increasingly being used for documentation and management within the
intranet environment of an organization. The generic structure of a task-centered, multi-
media information (TCMM) system for such purposes is shown in Figure 4.17. With a
task-centered user interface, online referencing, digital manuals and an integrated
computer-based training (CBT) module, a web-based documentation system can be used
to provide a user-friendly information environment. Such a system can be used at various
levels within an MS organization as a reference library to provide information about
product data and operational procedures; a task-centered, interactive system to help carry
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out online operations; and a computer-aided training tool to train the company’s
managers/operators. Such technology provides facilities for the electronic format ol
Jocumentation and its distribution, and allows the system to combine the capabilities ol
formerly separate entities such as animation, graphics, video, text, etc. With an oper
system structure, the system can link documents of various types in a task-centered way.
More specifically, the main features of such a system are:

* Electronic documentation. A digitized reference library provides information such as
product data and operational procedures (Module a). A web-based database of
reference manuals provides a means of supplying company personnel with
comprehensive tools for looking up procedures and product information. A web-based
document management system, delivered through the organization’s intranet, also
solves some of the problems associated with paper-based documents. An obvious
advantage is the reduction of effort and cost in updating and maintaining the contents
of the system. Once the electronic workbook of operational procedures is up and
running, any site connected to the network can access the most relevant and up-to-date
information. The same access may also be achieved through a CD-ROM based
approach.

» Task-centered approach. The task-centered concept may be used to provide all the
information relating to a particular function/process online directly at the point where
the tasks are to be executed. This allows the user to navigate through the system as
required and to access the relevant information in a focused way. The efficiency can
be further enhanced by providing photographs or video of complex setups, special
fixture configurations, etc.

Such an approach also provides a means of “institutionalizing” the MSM procedures
within an MS organization. Cases of application in industry can be found in Chapter 7.

4.7 MSD TASKS—PHYSICAL FACILITIES

Some of the main tasks involved here include: MS technology acquisition, selection of
MS machines and facilities, cellular formation and cell/plant layout, material-handling,
warehouse and transposition design. The general processes involved are as shown in
Figure 4.18.

Selection of facilities

The requirements specified by the conceptual model provide guidance to appropriate
technology. Several of the identified functions may be fulfilled by a single machine.
Nevertheless, more than one machine is usually available to serve a particular MS
function. It is therefore necessary to provide detailed specifications for the selection of
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most suitable items of the plant. Normally it is necessary to utilize the current plant to
minimize the costs involved whenever possible. Each item of the plant should be
considered for its possible application by assessing it against the hierarchy of criteria
which have been identified previously.
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Figure 4.17 Generic structure of a TCMM system for the documentation and
management of MS operational procedures

Having allocated the current plant items, certain capacity requirements will remain
unfulfilled or only partially fulfilled. Therefore, it is next necessary to establish what new
MS technology and facilities should be used to satisfy the remaining requirements. It is
first necessary to assess what equipment is currently available on the market. This is one
of the best opportunities to look for innovative options, since there are less constraints
attached. The results from the SWOT should be taken into consideration for the analysis.

Organization and layout of facilities

This consists of facility grouping and physical layout. The grouping of facilities is
important, particularly their organization into cells. The aims and techniques of cellular
formation can be found easily in the literature (e.g., Wu 1994). In general, the objectives
of the physical layout of cells and other facilities should be in agreement with the overall
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abjectives, and will often fall within one of three categories:
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Figure 4.18 General processes within the process MSD domain

» Minimization of the cost of materials handling and movement,
» Minimization of congestion and delay, and
» Maximized utilization of space, facilities and labor.

The key here is simplicity. It is particularly important to simplify material flows when
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Jistributed-MS and advanced-MS systems are concerned. This must be achieved withir
zells/sites, as well as between them. To achieve the best layout of work-centers withir
zells, and the location of cells and departments in relation to one another, the space
requirements of the previously identified functional groupings should first be established.
These should be estimated on the basis of expected floor space for each of the plant items
areviously identified.

Following the above, the individual site and its departments must now be positioned.
The decisions can be made using both the quantitative information generated and the
zonstraints identified earlier. The decisions must be recorded as a map of the locations.

Warehouse location and transportation analysis

The number and geographic locations of warehouses are determined by manufacturing
locations and markets, as specified by the supply-distribution network model.
Warehouses can be classified as follows:

 Market-positioned warehouses are close to the market served in order to replenish
inventory rapidly and at the lowest cost of transportation.

* Production-positioned warehouses are located close to manufacturing plants, so as to
improve customer service.

« Intermediately positioned warehouses are located between customers and plants to
achieve a balance between customer service and distribution cost.

Frequently, transportation and warehouse issues should be taken into consideration
simultaneously (Figure 4.19). The main requirement or advantage of adding warehouse in
a supply system is to reduce distribution cost and/or improve customer service level. So
far as the transportation economies are concerned, the following general rules apply:

» Warehouse justification. A single warehouse is considered as a consolidation point for
transportation shipment. A sufficient volume of shipments has to be available to justify
the fixed cost of the warehouse facility.

* Transportation cost minimization. As the warehouse is added, total transportation cost
decreases. As long as the total cost of warehousing, including local delivery, is equal to
or less than the total cost of direct shipments to customers, the facility is economically
viable.

Materials Handling

The concepts and techniques regarding materials handling are relevant within the
boundary of the entire manufacturing and supply system. They can be used to analyze
and design the materials handling system of a particular site, or employed to tackle the
same problems across the entire supply chain. Materials handling may be defined as the
techniques employed to move, transport, store, or distribute materials, with or without the
aid of mechanical devices, with three main aspects:
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Figure 4.19 General MSD processes of distribution and material handling

« Materials flow: the flow of materials into, through, and away from the MS system.

» Management: the effective planning, control, review and improvement of the
movements, handling and storage of materials.

* Technology: the techniques associated with the movement, handling and storage of
materials. This MSD area also covers the issues related to the materials handling
within cellular-based manufacturing environments.

The very complexity of the materials handling aspects of an MS system and their
overbearing influence on the resulting systems performance demands that decisions
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aken in this area are closely related to organizational objectives if the performance of the
yrganization is not to be impaired. The task should begin with a step to analyze the
system’s strategic requirements, and consists of a number of interrelated steps. Typically
hese include:

» system requirement analysis,

» material flow analysis,

» unit load selection,

» inter-cell equipment selection,

» inside-cell equipment selection, and
» system evaluation.

4.8 MSD TASKS—INFORMATION AND CONTROL

A manufacturing/supply operation can only be controlled effectively if the machines
yperators and managers have the means to communicate to each other effectively. The
VISD tasks in this area will deal with the analysis and specification of the organized dat:
structure within an MS information system (MIS). The major tasks include design of the
Jatabases, the selection and location of hardware and software, and the selection o
nanagerial roles which will be responsible for certain decision centers. The key
-equirements for the complete definition of an MS information system include the
specification of process/functional structure, data structure, dynamic sequence of data
ind cross-checking to ensure system integrity. Accordingly, the following tools can be
Jsed for the design tasks in this area:

» A function diagram (such as relatively high-level IDEF, models) to define the
functions involved in various operational areas.

» A data flow diagram (DFD) to specify the data flows into and out of these functions, as
well as data links within the functions.

» A logical data model (LDM) to identify the relationship between data entities.

» An entity life history (ELH) to specify the life sequence of an entity, if required.

Process/functional specification: data flow diagram

-unction diagrams, such as those specified by the IDEF model of the MS system, are
1ormally used first to specify the functions involved in the various operational areas of ar
yrganization. Having established such a functional hierarchy, it is then necessary tc
:xamine the data required for their operation, frequently by using a DFD to show:

* what data are needed to perform the functions,
» how data enter and leave the functions,
» where the data are stored,
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which functions generate changes of the data, and
who provide, use and modify the data.
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Figure 4.20 Example of an MS functional structure

For instance, suppose from the function hierarchy of the example order-handling MS
system, the function blocks highlighted in Figure 4.20 are identified as the key functions
to the processing of customer orders. Then a DFD of order-processing may be developed
as shown in Figure 4.21. As can be seen, a DFD is a functional picture of the flows of
data through the system. Similar to IDEF modeling, their development also follows a top-
down process. Thus, a high level DFD can be developed into its lower levels of
decomposition.

Data structure definition: logical data model

Next, an LDM is required to specify the data requirements of the system. The relational
data model based on entity-relationship diagrams is perhaps the most widely adopted
approach for this purpose. Such data representation uses the following concepts:
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Figure 4.21 Example DFD model derived from an MS function

« Entity. An entity is considered to be anything about which the company wishes to store
information. Examples of an entity include: an employee, a department, a supplier. An

entity is shown as a rectangle containing the name of the entity, and normally an

identifier which provides a unique key to help identify a specific instance of that
entity.

Entity

« Relationship. A relationship describes the mutual relationship between the entities,
represented by a diamond containing a name. Participants of a relationship are

connected to it by straight lines, each labeled with one (a straight end
(a triangular end, an “m” or

to-one, one-to-many, or many-to-many.

@
oo

or “1”), or many

) to specify whether the coexisted relationship is one-
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Entity Entity

The cross-checking rule between MS functions/DFDs and the LDM as shown in Figure
4.22 can be used to identify the data entities of the system. For example, since the top-
level function/DFD data sources or data stores normally indicate the existence of a data
entity, the sample DFD diagram of order-handling reveals three data entities: Customer,
Order and Supplier.

o Entity Name “"”’ﬂ’lj‘;gr; Atlr 2 | Afir 3 AHH‘-!}
. __ Custamer o Mame| Addrs|... i
Order D Pred. | Qty |
| Supptier i Name| Addrs| ...
= o
T—

Figure 4.22 Identification of entity-relationships

Following this, the relationships amongst them can be established through a simple entity
matrix as shown in Figure 4.22 (Worksheet MSD 1.2). With this matrix, each relationship
can be established in turn. As can be seen, if two entities are related, this is entered in the
cross box between them. If required, the nature of the relationship can be further
specified, resulting in the LDM diagram shown in Figure 4.23. The relationship in this
model reads: a customer may place one or more orders; an order is placed by a customer,
one or more orders are placed with the supplier; a supplier supplies at least one order.

In addition, a set of attributes is used to specify the properties of a data entity. A relational
data structure presents data entities in tables that specify their natures through these
relevant attributes. Each table has a “key”, which is a piece of data that uniquely defines a
given data set. Relationships between these attributes are then used to link related entities.
An example of a more complete MS logical data structure is shown in Figure 4.24, in
which each data entity is identified by a key attribute (in bold), and the specific properties
of each entity are defined by its own attribute set. In addition, the logical relationships
amongst the entities are also clearly specified.
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Figure 4.23 Sample entity-relationship model of the MS function
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A logical data model, such as the example shown, here presents the conceptual
structure of an MS database. When combined, the two sets of models (DFD, LDM) can
provide a relatively complete presentation of the structure, contents and operation of an
MS information system. The integrity of a system can be guaranteed by cross-checking
between these parts using the rules summarized in Figure 4.3. An information system
thus specified can be implemented in practice by using commercially available relational
database management systems (DBMS). Such software systems provide tools for
relational data management such as data table definition and manipulation, as well as
user-interface development.
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Figure 4.24 Example LDM model of an MS operation

Analysis and development process
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Using the modeling techniques outlined above, the process normally followed for the
analysis and development of an MIS is outlined as follows (Figure 4.25):
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« Feasibility study. In close relation to the system function model, an initial level-1 (top
level) DFD of the system is created, including a description of each function. An
overview LDM is also created. Together, these assist project planning by identifying
which areas need to be investigated. If desired, this DFD is decomposed to the next
level, again according to the system function model. Following the problem-solving
cycle, a number of outline options are formulated, from which one will be selected for
further development.

« Analysis. The conceptual level DFD is then decomposed to lower levels as necessary.
This leads to the specification of system LDM. Sources within the required system are
analyzed to produce data-grouping, and to show their relationships. The DFD and
LDM are used to validate one another by following the cross-checking rules.

« Specification of requirements. The system is next made more logical by showing what
is to be achieved. All user requirements and functions should be considered for their
relevance to the system being designed, and all the required data are included. Based
upon the selected option, a new system specification can be created. The LDM will
have to be updated to ensure that all the required data are available. The specification
of requirements is expanded to give detail necessary to build the system. Dialog design
is used to chart the interactions between the system and the operator.

« Selection of IT environment. At this stage there will be enough knowledge for the
designer to select the hardware and software environment for the system’s
development and implementation.

« Physical design. The logical data and processing designs are converted into a design
which will run on the selected environment. Cross-checking should again take place to
ensure the system’s completeness, management and operational support.

4.9 MSD TASKS—HUMAN AND ORGANIZATION

Without any doubt, this is one of the most important areas of manufacturing and supply
systems management. Humans, and the way they are organized, are what operates and
manages the actual transformation processes of the system, and eventually determines its
success or failure. The keys are: the right organizational structure, the right work/job
system, and the right people for the job.
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Figure 4.25 General processes for complete MIS specification

Integrated human resource planning and management

The above core principles may look simple in printing, but they are perhaps the most
difficult ones to achieve in practice—technologies and other hardware in a system are
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easily transferred, but human resources and organizational synergy are hard to copy.
Also, in reality, the design and implementation of the organizational and human systems
cannot be clearly separated. It is desirable to make the management of the new system
responsible for its implementation right from the beginning. That is, the user should be
made the system/process owner. This ensures user commitment to changes and to the
success of the implementation in the long term. In this regard, the MSD team’s role is to
help the process by explaining the strategic requirements, the objectives, and the system
designs to management and their teams, and by undertaking project management and
coordination of implementation activities.

Partlcipation, anﬁnmnnl Interface bebween strategy & humaniorg plan
Emblmulvlnq ontinuous system improvemants Obtaining employes participation
ewards

Handling ematianal & power issues

Figure 4.26 Integration of human resource processes within MSM

Integrated management of human resources is required within the MSM context, with the
aims to provide, coordinate, motivate, and empower people at all levels and in all
functions, so as to effectively support the organization’s strategic needs. Identification of
the right organizational structure and work systems through MSD tasks is therefore only
a part of the whole picture of human resources and change management that must be
logically interwoven within the overall MSM structure, as shown in Figure 4.26. The
following are the main activities involved in this domain.

Interface between MS strategy and human resource needs

The human resource plan of an organization should be aligned with its strategic
requirement. The key considerations of alignment identified here are concerned with the
links between MS strategy and organization structure, employees, training and learning,
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and appraisal and reward.
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Figure 4.27 Relationship between MS strategic requirement and human
resource need

It has been suggested that most organizations will find their strategy belonging to one of
a few strategic groups, as listed in Tool/Technique MSA 4.3.1. When combined with the
product/process matrix, this provides some general guidelines for the alignment of human
resource plans with company strategy. The more traditional practice of human resource
management, as reflected by the choices at the bottom-right section of Figure 4.27,
supports a cost-reduction strategy (“caretakers”). This normally involves mature products
with relatively long product life cycle in a stable market. On the other hand, an
innovation and/or quality strategy needs the support of human resource plans that are
grouped towards the top-left section (“innovators”). These help to develop a set generic
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yrofiles to provide guidance to help cross-check human resource and strategic
‘equirements. Depending on the particular type and stage of the MS operation (and it
;urrent positioning), certain human resource plans may be more appropriate. Therefore, it
he state of the enterprise is known, then appropriate human resource needs may be
suggested for consideration according to the compatibility of manufacturing strategies
vith respect to the organizational state and resource deployment, as outlined in Figure
1.27. In such a way, both the strategy and its supporting structure might progress anc
Jevelop in a consistent and logical manner.

Regardless of the type of operation, in order to develop effective organizationa
structure and human resources, it is important for an company to gain the participation o
he entire workforce. It must fully appreciate the value of the skills and the experience o
ts employees. In addition, participation is crucial to avoid resistance to change and tc
:nsure that the changes brought about by an MSD project will last. Some conditions are
1ecessary to obtain participation from the workforce, including:

» Communicating. Strategy and objectives should be communicated to the workforce at
all levels of the organizational hierarchy. A high level of awareness of the aims, goals
and changes should be maintained by everyone involved.

» Facilitating, not authoritarian. An environment should be created in which freedom
and flexibility enable the staff to make the best use of their creativity, expertise and
skills. Also, taking risks and making mistakes should be allowed. This will increase
the output of the staff in terms of idea creation and innovation.

» Following suggestions. It is important to make sure that all the ideas and initiatives
generated by the workforce be taken into consideration. Every suggestion should get a
response, and a bonus system could be instigated to reward the best suggestions.

Work system and job design

Nork system design is concerned with how employees are organized into both forma
{epartments/units, and informal work teams. Job design refers the definition of individua
‘esponsibilities. It is essential that roles, behaviors and responsibilities of all positions ir
he organization be defined and/or reshaped prior to the implementation. Two mair
ictivities are therefore (see Figure 4.28):

* Analysis of the business and human resource plans, which indicate the types of skills
and competencies that may be required in the future, and the number of people with
those skills that will be needed.

« Job analysis to examine in detail the content of the jobs and what knowledge and skills
are required of the jobholder.

It is also necessary to decide how to acquire the new skills needed. This may involve
additional training of existing employees or recruitment of skilled people outside the
company. Either way, changes inevitably occur whenever an MSM cycle is initiated and
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‘ollowed through. People react differently when facing change, and change can be
{ifficult if the emotional dimension of the employees is not managed. In order to increase
he proportion of staff with a positive reaction, it is necessary to work on the following
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Figure 4.28 General processes within the human & organization MSD domain

« Analyzing the current situation. The organization must evaluate how the business and
its employees are likely to react to change. Information and criteria for this may be
directly extracted from the results of the relevant MSA worksheets. Also, assessment
can be carried out by using personal interviews, with each key person and with
representatives of the whole workforce.

« Identifying and dealing with resistance. The nature of change makes demands on the
employees in term of augmenting their technical and social skills, their ways of
thinking and their attitudes. The earliest possible involvement of the employees
concerned will help prevent or diminish resistance. Also, management should provide
continual reaffirmation of a will to successfully carry out changes, and should endorse
the workforce’s efforts and the results they obtain.
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Handling power issues. In any change process, it is vital to gain the support of those
who hold power in the organization. Handling power issues begins with an analysis of
the level of support for change. The power exerted by key staff and people with
unusual skills must be recognized. Once the level of importance of each person in
power has been assessed, the mapping of the power structure can be made against the
changes planned. This analysis identifies areas of strength and areas at risk.
Recruitment and training may be necessary to fill in the power/skill vacuum. System
structures and procedures should be specified accordingly in order to establish the new
power situation quickly and effectively.

System improvement and learning

It is now a universally accepted, and frequently enforced view that continuous
improvement and learning should be treated as an integral part of the organizational
culture. Fundamentally, this view has its roots in systems thinking. It reflects the feedback
requirement of any open system that needs to adapt to environmental change or to achieve
new goals (see Section 4.4.3). In fact, it should be clear that the structure and approach of
this MSM framework is designed precisely for the purpose of helping an MS organization
become agile and adaptive, through the learning mechanism that is embedded in the
MSA-MPM cycle, and through the execution of MSD projects that are aimed at
continuous improvement.

Therefore, one of the key requirements for a successful MS operation is to
institutionalize continuous improvement and learning, so that they become an embedded
part of the daily work activities of all employees. The establishment and empowerment of
system improvement task teams (SITs) provide a mechanism to put this into practice.
Their structure and aim should resemble that of a racing team, with multi-skilled team
members to fine-tune and continuously improve the system’s structure and performance,
so as to keep the “MSM driving wheel” rotating towards the desired strategic direction.
An SIT team should consist of a team coordinator, and a number of mixed employees
belonging to different departments or units in the organization, at different levels of the
organizational hierarchy. They present a cross-functional task force that meets to carry
out problem-solving tasks related to various issues of system improvement. The life-span
of a SIT team depends on the tasks in hand. Some teams may be formed to deal with a
specific problem and are disbanded once the task has been completed. Others may be
more enduring, dealing with ongoing issues of both an operational and system-related
nature. The character of an SIT team may be determined according to:

» Management task teams: consisting of managers from various departments. Its role
resembles that of a committee with the responsibility to plan, coordinate and track the
progress of the current SIT teams.

» MSD task teams: a project team formed specifically to develop a new system function,
by accomplishing the MSD tasks as previously specified. Led by a principle function
owner, the team should consist of the designers as well as members of the owner
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function, the customer and the inputting functions. It is good practice for this team to
be responsible for the design, implementation and operation of the system function(s)
in its area of responsibility.

Quality circle teams: consisting of a small group of managers and workers from one or
more functional areas. Such a team meets periodically to identify, analyze and solve
problems in order to improve quality and productivity.

Training and coaching

“hange demands an upgrading of employees’ knowledge and skills. The nature of thei
wctivities may transform drastically, making it necessary for workers to acquire new
xxpertise. On the other hand, these same employees will also be in the front line of the
shange process, needing to know how to carry out change. Change also require:
Uterations in the way people behave, and training alone cannot achieve that. It may prowvt
lecessary to give some people in the organization (especially managers) one-to-on
iupport to help them accept change and transform their methods and behavior in line witt
he objectives defined in the vision. This type of support is known as coaching. All thest
pproaches help human resource planning and management to align with the MS strategy
Nhen designing training and coaching programs, therefore, the following points need tc
)e considered:

Obijectives of the training program. Training objectives should be linked to the MS
strategic initiatives.

Content and frequency of training. Training plans should be based upon job design and
skill requirements, determined by what the trainee should be able to do after
completion of the training.

Who and where. Can training be provided by managers, team leaders, colleagues in the
company or only from others outside the company?

Creative use of information technologies such as CBT can both speed up the training
process and increase its quality. With such approaches, online and on-demand training
can be made possible, providing comprehensive “know-how” on the processes involved,
and addressing the need for the timely provision of training about specific tasks. These
approaches have the potential to help a first time operator/manager learn how to carry out
a new task/operation from start to finish with either minimal or no external training.
Typically, it provides structured lessons that guide a trainee through a training sequence,
operational simulation with a virtual environment for the trainee to explore and
experiment through simulation, and learning assessment to check the trainee’s progress.
A case of its application is presented in Chapter 7.
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4.10 CROSS-CHECKING

The results produced from the six MS design areas provide a relatively complete
presentation of the structure, contents and operation of the MS operation under
consideration. However, the integrity of the system design needs to be assured. This can
be achieved by cross-checking the designs at both the conceptual level and the detailed
levels using Worksheet MSD CC.1 and CC.2 , respectively. The general cross-checking
rules have been presented in detail in Section 4.3. An example of system level cross-
checking is given in Figure 4.29.
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Figure 4.29 Example of conceptual level cross-checking
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| nature of the market and the producs concered (irend, scasomal and calical variation,
cfe )
¢ Quewing theary (0T) is uschil because queving is a predominate fearure of any MS

syakern whee panls or custocnens wal for Uee service Bom catain resvwces. The opeation

of 2 machining statier i a good example. When  work plece armives for machining, o will
| wail ot o buffer store if the required machine is net free. Ones the machere is reecy to take

a job ard chere is a job waiting in the buffer, the madhining process can start. Queang
theary is the study of such a sitaation and may provide caculation of the sverage values
about :ach system meamees 85 13e average walking and throughous timcs of parts, and the
average wilsimn of resourcss n the sysier

|- dmvemiory models (IM) are veed 10 find the best inventary sirueture and >2licy regardng

aystem parameters such g mventory lovel, Iot size ad reorder peint. The most commeon
mmodel 1 ths citegory m reomormr emider qnmiil}' {F.f}{:ll which caleulases, omder
gimphfication of the siuation, the optumal level of the inventory level that manimezes the
total ventory costa.

v Cellnlar formarian (CF) algarihms have been develnped specifically for the MA0 sk
of grouping parts and wachmes injo mutuslly ndependent cells. Suca a layout Fas the
advastage of simphfiang producton control and material flow in the sstem. A cellalar-
ased WS uparation s the basss for many modern approsdes such as group echmology, ©
JIT, total ¢uality management (TOA), leam/agile manufacturing and FMS, Cellular

formation algorithms can be assified inte twe wain types the product-based and the

| producyprocesshaad wethods. The productsbased wethoeds orange parts meo gooups
accordmg 9 the shape and gae, while the productprocess-based aooreach algo wuses
production information to carry out the anclysia

v Araipsis hlrrarchy pracess (ARP) is a general teehnique “or dzaling with muln-varianle
dezision-mabing. |t rvelves both tangible and mtangible syetem parzmeters. With this |
approsch, an objective is mitinlly sct for te wouired solution. This is then sphit into
sub-ohjectives, which mus: be ful‘illed w0 achieve the higher objective [miangible hencfits
ca be included in the formula through the use of autility vectar thal o'lows the evaluation
ol alteratives.

®  (wher approackes inchide Perrd me (PY) which were ongirally issd for the analysis af
compuler gystens, bul are bang vied mereasmgly i MS0D areas, Like queung theory,
this technique @5 suilabls when interdzpendeni compoaents musl inderact to mitiste &
ceriain event. 1t can thercfore be esed to anslyec the maderial or informaton flows within
an MS operation. Mewral-mefy (V) are based on our cumrest urcersanding of the
structure ard working of the bological mervous systems. Specially built peural-nets

| madels can wiilize (e infoomanon ard cen desl with proslems sach as design
optiruzatien, group technology and cellular formation. In addition, numerous hearinies
mctheds (TTH) have been developed for variows opes MSD analysis, Although not
ahwaye striclly racherasizal, they normally are theoretically based.

Computer siwedation
I'::EI'!".'LIEI simulation 5 furcametzlly an experimenizl approach for studvirg certain
| fumetiznal propertics of on ergarization by expenmenting wWith an appropriaie computer
mwsle] raker Can wilh the acwal sysiern. As far as M3 sysiem design & oasened,
computer simmlarion fraquently pravides s flexible snd powerful wehnique comparsd with
the others. [t 5 one of the most effective 1ools ava:lable, perticalarly as o method for
| evaluating the dynamic chaecteisics of 3 propesed solution. Wili @ propely construcied |
| commputer simulation model, o svetern degigner may acpariment with differsnt manu‘zcturing
rans, 0w operational conditions, new loyowt of aquipment, different eycle times, #¢. This
allows the desigmer @ predict how the system will perform when put mto vpeagion. The
mast relevant tvpe of simulztion in the MSD area is known as discrete-svent simubation In
| somirast to continuows simaetion madels, which are wsuelly based on certain mathematical
Cequations (as excmphified by the so-called Swwiew Dwamics approsch). discrcie-cvenl




simulation & congemed with the modalmg of a system by 2 represeniztion in which the state
voriables change of sudder distingt everts, For imstancs, the cate of a maching changes
ciscretely fromm vne state o another a @ cerain poind i Geee, The Gme taen for the machine jo
process & wark piece can ether be sampled from some appropriare dosribucion: (random
simulatian), or set to o known comstant (determanistie sralotion). Thig i€ alko true For other
activities in the sysiern Thereiore, referring to thess known actvizy times can simulate the next
change in the ste of the sysem During this operation, 8 work piece would enter the system
and wail in a queus for ils fum fo be processed by the machine. When the wors piece 15 ai
the hesd of the queuc and the machine i3 ready to take en another job, it will be taken from
the quene and |oaded on the meachine so thar the machining operatior can wke place. When
tae machinirg operafion is completed, the value of certain amributzs of the work piece will
Feve bezn altered duc %o the transformation asseciniod with this activity (i thia case, o raw
riatenial madunad inle a pait).

According %o the above, sirwiation software gemeralives the mecessary simulation
procedures ard makee the programming of cimubstion model a relativaly easy task, by
prowiding:
graphic imterfzce for model consTuction,
event end simulation time handling,
graphic animation of the processes invelved,
interactive contro. af simulztion processes, and
rea’ts analvsis and report generation facilites

Onez 2 model is banlt and valdated, expenments can be camied out to simulate the system
Eehavior under difTerent opérating eonditions or with altemative svsten conf gurabions,

Estinativn of means and varancs of the respoase of o medel uowder & partieular set of
inpurs and operaring condiziong is of paricular imaartance o simulation gody Tris is
becouse the mean valwe of mdivdual osservations 15 ofter used oz the syslem performance
erterion in mavy M5 prebleme. Such problems may inchede the mean system throughput
trme, mesn machine utilization, mean order mrdiness and mean work-in-progress leved.
Cowpangon of thete predicled cutcomes enables the malyst to chesse from altemative
solutions. As an aid to decision-making. the techniqus of computer simulation has many
desirable fearures including:

= Flexibilie, Onec o model is developed, it can be modified to inchude now fratures to
evaluaie additiona] alioaives.

®  Shudy af franoent bebavior. When analyzing the dynamic charzetsrichics of o systern,
computer simulazion s frequenily the aptimum analvtice] approach.

*  Comrmenicasior. The ability w anrmee system ehavion allows for case of curmmunication
amongs designers, and between the designers of the system and its user. This makes the
wser actvely invelved hroughout the systemn design oycle,

However, it should be noted that the amount of time erd expenise required o consires: &
gimulation model can be significant. Also, decision-making using simulabion 8 by nature
through statistical experimentation. Optimal sohatiors are not always guzrantesd.

The table oan the neal page provides an overview of o mumser of approeches used
mods] MED problemns, logether with some of their typical applications in epscific MSD
Areas.




‘-'l-'.[lll'l- ol aralytical lechmigues and their MSD applieations

| NS Dreslzn Area | Mpdel application
Mathematical Computer Simalation
| Saulem LP: aggregate capacity planning Mizrice! study and derand
Fuzctiog TS: demand forecast forseast, tatal cepaciy planaing,
” IM: make ve buy linaneisl evalustior in $his and (he
= MP: proccs sclection fellewing arcas.
Ei Swiiem LF. site location S0 supphyedistibewen sraciure
= | stractare (F: panmusits: grocping
a QT: order shromghpat time, overall sitw
=) espacity
g‘ NN parwisites proupag
Swiem P decision network and strectarc Sirnulation of decisian processcs
Deradaiun and functions,
Maoufmuriog | LI detailed capacity planning, facility Systemrew de conceptual design
aml Suppdy Rayoear, line balancing, and specificaton imventory and
Frocess facwry warchoase location capac|ly planr ing, masis
;s GT: as ahove plzs throcghpu dme production scheduling. evaliatbon
anglysis, capacity vrlizaron of ndher panchasion marsgement
-1 Lk cellular Eormation decisions, snd specifeation of MS
: AN oellular Ineration Tar=litics snd Inyoat at the
= MHP: proceds selection soncapual lnvel.
Pl TT—— LI resouce planaing As above, bat dealing with
= | Orgastzanan OT: rexcurce Aarming e v roguismE
g | CF: zellutar formation planning.
= | Ipformaton Peia Nl cunmpelsy nolwuiking
amil Congral
[LE—— LP: line balanan g, rateral-handling. Detailed planring and
fuelity layout specificatson of ME systerns in thic
QT: as abov plas throsghput me and all the fellowing arcas sezh as:
evaluation and rescurce atlicaon planaing of detailed work leading,
IM: ke va. by stady ol sebudulingg ared s
AHF: machine seecion muumg ol icics, wtilying
5 huttlen=chs, facility leyout and
-3 I _ mrateris] harslling
E Facilities LP: facility kayout
3 Sapporm OT. sapmmt Tecility capacily
] T5: ruinemarce palicy
m Planmrg LI arcducthion planning
5 QT: evaiuatson of plianing pelicie
Conrs LP: scheduling
IM: lob aioes, mch sieea
F: rolbotic pach Tawou foulTision
detzc1ion]
AHF: Fartaare/tairnane selecion
Hurman LP: zapacity planaing
o CF: oparotor assignment
Warehouseand | LP. facilioe and warchouss location
Transpoet IM: lon sizes, bacch sizes, inventony leve!

TS Frvermary level
AJT: thecughpot & quesng time




[TOOL/TECHNIQUE M5S0 1.2—Evaiuafion of Dagign Alternsatives

Faes design npton should be svaluated uaing techmiques of uliliiy value enalys.s and risk
management. Far deraile sbawt sruetored decidon-making using the utility value emalysis,
please refer to TaalTachniques MS4 24T,

RISk pvon o g in el
Risk management is "ﬁ“::-
eoncemed with whzt Parared

ifvestment and work

h ECTanE
mght te af risk if the T
project 15 delayec L Pear
andlor atendoned, and e d Fooreonmuatom

what conrss of action Laour

should be wndertaken (fsuch events occur. [t invalves thres major composents )
idertification of risks, () preciction of effects of risks; and () creation of cantingency
plane, Rigzs arize mainly becage of uncenzinties invelved in thw financial, business, sacial
and nature] enviranments. A number of teckn:ques car be wsed io lozate these risks
imcluding, Sor mstance, the ierringbone diggram wiich relate the ebect of a faars boche
elements thar lead to that effect. For example the risk of going over budgzet may be atnibuted
to three major categories: labor, rework and suppliers, as saown aboue

Omce risks have been identified, they can te analyred by giving each risk two valoes
on gn appropriate scale a likelihood value, to measure how something wil! go wrong, and
an impoct valse, o reflect 15 effect on the project. The multiplication of the two values
provides 0 weightag for eac risk facters, Addiwenally, more sophizticeted mathematieal
amilyses, such as probabalities and swrulation sechniques, may be usad for the same purpose
For example, the smgle sstimatior of time requirzmen: for cach activity along the critical
et may he replaced by a proper poohability disiibacion. Thoough sioulation, the overall
project duration can be enimaced, lwgether with its probabibity value,

The analvais ean be further arhanced by camrving aus sensitvity analveis, with e gim
to ge¢ how design solutione vary as = resu't of changing parameter end constraint va'ues. For
example, constraints may be relaxsc, measarement standards mey be variod, objcetives may
b d'!tl‘l‘:l"., and sven rlffln_nnf:f AEOPE Ay k- r.rlpe.-l.‘la-_'ﬂ o coatracied “}r |1n;ﬂ|'|'i|13 all ather
factors congtart, the sensimivity ol assumptions can be evaluated o terms of 1ocal cost and
syslem effectiveness. The information will llow the crestion of cortingeney plens that
highlight the actiors needed to mirimize the possible undasirable effects

Tnvesim ent appraisal

TriE is eoreened with the financial spreaiss] of manafacturing supply teshrology. Advanesd
ME vechnologies and equipment are becoming rmiore eomplicated anc exzenzive. Thes has made
acquisition of the nezcasary inveatrnent caprtal deficult. due fo the fact tha the tradtional
iethads of evestnent appraital (&g, pavhack or discounting cash flows) demand mzad
repaymet, while the rew technolagizs are increasmgly mfra-structural, and provide lang tenmy
rathe: than short term benefite. Examples of these intangitbe gams, which can be gs irmpaortant
us the tengitle ones, include: ability w -espoad to the custcmer consissently and oredictably,
rapid response 1o market change with respeer 12 product voluma, product miy and product
chanpe, shorter product lend tire, racuced invertory, mproved manutsstuning conlrols,
real-tene contrel of componcnts, bettes quahty, mgh wihzation of key cquipment, recuccd

| toolmg, simphtied fixture design, reduced direct lahor content. reduced firtiryg and assewhly
I'ﬁ]_-l'il'ﬂ]'rf-"ﬂ'j, reduced overhead cost, new d.iil:‘:ip“nrs l:q‘_i.l:la, added 1o e |.|l|:.|:|.|:|i|:|e pracess,
&nd the possibility of integrazed menufaciurngsupply. These improvaments can be
ransfarned 1o improvermests in profitz througs, for axamale, bestes fgeres of 2ale, reducsd
inveriery cosE and reduced operating costz The AHP techalque can be used 10 provide on
sltemnative 1o the traditional financial snalysis




WORKSHEET M5D 1—MSD Task Execution

MED e staticidynamic

Project Title:

Parson(s) Responsible:

Verslon: Date Comploted:
MSD praject: MSD rask:

SUMMARY OF DESIGN CONCEPTS

Alernative

]

Deseription

Key Features

GEMERAL CHARACTERISTICS OF DESIGN CONCEPTS

Level af

| Complesity

Level al Skill

ol

DETAILS OF DESIGN

Drawing Mo

Daes Shest Mo

Ditlrr
Documenis

FETAILS OF ANALYSIS

Technigues
And Models

[ Adms and Approsches)

Detalls of Experiments

RESLLTS OIF ANALYSIS

Resulis of anahuis'

Experimentation
&=

|

| Risk Anslysis
|

| Sensleviny
Analvii

Weighed
Dverall




WORKSHEET MSD F.1—Product List

Project Title:
PRODUCT STRUCTURE/PARTS LIST
T sarcEeroN W 3
AUTHER: .l
natE | OF
ITEM PART NO.
QTY.YEAR
DESCRIPTION
-
"“'fm_"'h"l' Dezcription Aszombly '::: Comement

Ha.




WORKSHEET M5D F.2—Production Process Definition

Project Title:
PRODUCTION PROCESS DEFINITION
"::' DUSCRPTRON Hiwe
AUTHOR: |
LAtk SsEET oF
a g|s
= Activity CellMaching WIC Program { Data =
] Wame I Nme Harrative I ilg




Funciions Funciions | Functicns

WORKSHEET M5D F.3—Definitlon of Functional Structure
Project Title:
SYSTEM FUNCTION ETRUCTURE
EFETH DLECAETIGH PG NG npy
wmion i | |
DaTE Imn aF
A Lavel Nama: AR Level Dalinition
Harrative :
At Loval | iotion AZLovel | AJLavel |




WORKSHEET MSD S.1—Supply and Distribution Modeling

Project Title:

SYSTEM SUPPLY & DISTRIBUTION STRUCTURE

[ oRaEAETON =) [T
AUTHOR:
T | ar
Frl.l Hamail: Sl HamedD: Blis HameiD: H Hite HamenD:

Pis Rov'd |Pis Splid iz Rov'd |Pis Spid Pis Acy'd |Pis Sxi'd Pt Rz |Pis Bl




| WORKSHEET MSD D.1—List of Operations Procedures

Project Title:
LIST OF OPERATIONS PROCEDURES
SrETIN 6 42 el T oW WO L
AUTHOR-:
LATE [asinzr or
Site Hama: Deparimant Name:
Marrative =

G‘RIII'I;“DI! Deserption Input Output | Responsibility




WORKSHEET MS5D D.2—0perations Procedures

Project Title:
OPERATIONS PROCEDURE
DwsER DLSCRENON D 1]
AUTHOR: I l
Lriad T oF
o no|BE
s ACTIVITY LINKS: CONTROL ¥ Eg
L] o Effct Input  Culgt Description Time B i ] 5

FRFMNC
MEASUR
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| WORKSHEET MSD P.2—Cell/Facility List

|

List oj | Dos=ripticn

Capatity Cost

| Project Title:
MS FACILITY LIST
e [T =T
AUTHOR:
T v oF
CELL CELL NAME
[+
DESCRIFTION
Equiperit

Camment
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WORRSHEE | MED |, 1 —Dats Flow Hiorrsy
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WORKSNIET M50 05 2—HMerarchy of an M3 Site
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WORKSHEET MSD OG.4—Definition of System Task Teams

STSTEM MPEOVIMENT TASK TEAMS

= [ — T
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WORKSYEET M50 CC1—Corcapiual Lowsl Cross-checking

Deciston Deflnitan
Lkt of Operation Proodures
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11
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Organiza lonTepartment List

{Mame, M1}

Trata Harlry 1.ur {Name, 10
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{Nume, 1D}
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Supply & NidrilmianTres
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CHAPTER FIVE
MS System Implementation

5.1 INTRODUCTION

The production of a detailed system design is not the end of the story. Implementation o
he design must consider the means by which the systems can be put into practice, while
sausing as minimal a disruption as possible. This stage involves planning for the
mplementation, seeking approval and physically making the necessary installations anc
shanges. It therefore relies on two closely related areas: system change management anc
yroject management.

The main MSM goal is to help MS companies achieve excellence through the effective
nanagement of a continuous cycle of MSD projects. Therefore, managing necessary
shanges is one of the most important aspects of the framework. As an organizatior
‘ollows the continuous cycle of MSM, the level of changes involved depends on the scale
>f the MSD project, the amount of change required for the existing operations, and hence
10w the system structure is to be affected. The nature of change can be defined by three
Main variables:

« Depth of change: the degree to which the change affects the nature of the system—
from incremental changes such as those normally associated with continuous
improvement MSD projects, to profound changes such as those of greenfield or
brownfield MSD types.

« Speed of change: the measure of the combination of depth and duration of the change.
Although MSD projects are necessary, no MS organization can afford to spend too
much time on their planning and execution.

« Implementation of change: how changes are introduced to the MS system. Change may
be imposed, or may be the result of a total consensus. How it is introduced will have a
significant impact on the company concerned.

It is necessary to make certain that the organizational changes are agreed, training needs
are identified, and a training package is designed and provided. The ideal implementation
teams should be multi-skilled and include team members from all affected departments,
and from various positions in the organization. This will ensure commitment all over the
company and increase the probability of success for both the system implementation and
its future operation. Some of the most important aspects of change management are
outlined in Figure 5.1, which are embedded in the relevant MSI task documents:
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Communicating

Mabilizing

I

Stoaring

Figure 5.1 Change management within MSM framework

 Mobilizing initiates the actual process of change by making the organization mobile
throughout the MSM change cycle. This consists of a sequence of unfreezing,
transformation, and re-freezing. It draws attention to the actions of those involved in
the change, and gives them reassurance that change is justified and that the project is
being properly managed.

« Catalyzing deals with the creation of a structure that will enable and stimulate the
implementation of change. Resources have to be made available and some have to be
dedicated exclusively to it. The establishment and empowerment of system
improvement teams is one of the means to help achieve this ( Worksheet 0G.4 ).

« Steering aims to keep the attitude of the interested parties, and the process of change
themselves, on the right track. It predicts discrepancies between objectives and actual
achievement, and then tries to use resources effectively. It should resolve any
difficulties that arise and spread patterns of behavior that reinforce change.

« Communicating the vision of change to the employees at all levels of the organization
hierarchy is vital. Initially, a high level of awareness of the strategic initiatives and
objectives of the necessary changes should be maintained. It is then necessary to

provide information on the progress of change, and to reassure all the affected parties
outside the business.
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5.2 PROCESSES OF IMPLEMENTATION

The general principles and techniques of change management presented above provide
the basis for the actions of MS system implementation. The importance of
implementation is easily seen because a decision or an intended system will not be of
much use until properly implemented and effectively put to operation. Many cases have
shown that difficulties associated with the implementation stage are the major obstacle to
fully utilizing the potential benefit of the intended systems.

The entirety of the decision block, therefore, consists of two actions: making a choice
and then implementing the change associated with that choice. The level of difficulty
associated with implementation depends on the amount of changes required for the
existing system, and how its structure and operation are to be affected. A carefully
thought-out strategy will normally be required to carry out this last phase of an MSD
project. The aim is to link the new system design, developed during the MSD phase, into
transition plans and implementation programs which will lay a foundation for a
successful implementation of the new system. Again, the three main aspects that are
incorporated in the implementation phase are processes, IT, organization and human
resources.

Figure 5.2 Stages of MS system implementation
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As can be seen in Figure 5.2, this phase takes the outputs of the MSD phase as inputs,
and begins with an assessment of the readiness for implementation within the
organization. These results, together with the overall implementation plan of Worksheet
MSA/MSD 2.4.1 , provide the basis for detailed transition plan(s) to be specified. These
plans will include scheduling, budgeting and resource requirements to bring the design of
the new manufacturing/logistic systems up to date. Finally, the implementation stage
actually makes the design a reality. This is achieved through the control of system
installation by monitoring time, costs and the establishment. Again, project management
software tools are highly recommended to help the planning, monitoring and
management of MS system implementation.



| Task Document MST 1—Praparation for Changa
TASK OVERVIEW

This task aw:s to make sure thal the sviene—pariiculacly the personned in the

organ:raton who will be affected by the profect—:s ready for the changes required

Adzo, the VD seam and the systern user stould ke gven a common understanding af all

the definitions used i the design, which is particularly important when the

mrplemertetion of a distnbsted ME svaen ia irenlved. The aim af the nak i3 1o

e Confiom visson so that te su alegte visoon and the chunge aebons are usdersioed by
oll concemed

&  Convey impeovament requinerrents so that those eonesrned are mobvatad by the
evidaree of the opparturities avanloble,

s G emplover pariscipaton threugh commundcetion and ihe crestion of o feeling
of security that i1 15 possible 1o achieve the improvements wdemtiad end evalunied
i previous stages.

This tusk consists of the following activities:

*  Dejinilon of [tnes o saeke It is nocessary to have a complete idaa of the
consequencas of change for the various parties effecied (e.g., employees, cusiomears,
aupplicrs, detributors, sharcholders) When the eorsequences Far cach party are
analyzed, the key sizkaholders should be mvelved in the process fomn an early
stige,

v Mahilizing srd sreering nimergles. This ams 1o emsuse that the need, urgesey and
purpose of charge are understond and icent:fied 3y the maygarizy of thos: affecied
by the chae, and w0 coover: potenizl opponenis wig supporters. The echmigues
cf influsnce ara’vsis provide a systerrstic identification of key sawcholders and
appraisa] al their mluenmce on, ared stioede owands, the clenge. 70 rey als moaclve
creating a srasezy to reshoape the influcnee of these affocted partics [n zenéral, the
key s 10 be éble o implement chamge with and duoegh people. Dnce the mrain
issies have been identificd, mobilization car, be faclitated tarough: (2] seminass for
wioups of people comssting of these key stakehokiers who potentially have the
ability ard power to make the change wark; (b workshops o miticte e dynomce of
change s (he gperational level, o ensune (et progec) o action: & covee ver fuoom
the operational staff, so that the workforce will be more commetted.

TASK LiN&F POSITION I MSW FRAMEWOERE
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[overyiew of
implementalion).
Mew gysten
dl:ﬂigl'l.
‘mlirrrsticm from
all MED
workehests

TasH DESCRZFTION

GUTHIT T

Understamd ng and
perticipation of warkforae
and etwr: affected. =

OUTPUTS




TASK PROCEDURE

_TASK FLOWCHART

Inpat
Twal
Chtpe

Worksheet MS1 1.1

Step 1
Task Hst (Warkshees MSAMSED 23,11,
Terms-of-Rel. (Worksheet MSAMSED 2.2.1)
General M5D resulis,

ToolTechmiques MSI 1.1 (Influence Analysis)

.5 2
82, F _
§“E‘E§§
?33;.,?5;
i

For each of the MSD projects to be
impiamented

L
Iy

| CLARIFICATION OF CHANGE

" Spacily lavel and amounl af changes required in
tarms of dapih, speed and implementalion apamach.

'

ILIZING AFF P

* Identify araas, issuas, and parbias fo ba alfecied
{empioyeas, cuslomors, suppiers, shershoidars, slc)
* Specky how the parties wil be affected,

* Run seiriars for partios will abiily and power lo
make e change work.

" Fun workshons o sfalf af the aparabionsl iewval

S T

ANALYSIS OF ATTITUDE & |NFLUENCES

* Classify imbargsfed partios accarding fo Mol
infvences and aftifude,

| STEERING

For gach of tha groups:
" idantily key groups, fomn coalians,
|' Formymodify §¥YSTEM IMPROVEMENT TEAM,

* Mdenlify posithve and unconsfructive fomes.
* Slpeving sbave lowsrDs the desied direction,

Al projects

considered?




TOCL/TECHNIQUE MSI 1. 1—influence and Field-Force Analysis

The techniques of inthuenee analyas can be used at any phase of the change proccss
o gain e poimuom ameun, of possible support [ e project, This i Jone

through the following steps:

b
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2
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& ldentify the key stakenolders,
# DLvahuate ther inflosnce on the 1ssue i question (high. medmm ar low).
» Evaluate whether they are currencly for the chemge, against it, or neutral

The results ¢an be surtmarized in a diagram as shown, The situation may be improved

by () bringg acw key personnz] isto play, [B) baasting the isfhishe: of peraonn

who are currerily in favor of tee chanpe, (¢) raducing the influence of hoetila

p:mmu:], 1] mendibang the :l\a'ngc content itszlf to sceure more support. Inorelabion

to the ghove, another rechnigue knovwn as feld-force gnolyeiy can also be us=d 1o

sevilunte the influences thet have positve impact on the change process. This

techoique valves e following steps:

|+  Define the major factors of change according o the requirament of the project, in
termns of: tangible forces, intang ble foeces, intemal and external forces.

+  Evaluzte the impact from each of the above, scoring each force on a scale from 0
{low) o 10 (high

+  Determaine actions based on changing the talance of forces.
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WORKSHEET MS! 1.1—Influence and Field-Force Analysis

Project Title: MSD Project title:
Version: Date Completed:

Influence Analysis Diagram




Task Document MS| 2—Development of Transition Plan
TASK OVERVIEW

This phase ams to develop a transtion plan for mplerentation, which ghould inelids a
time plan, a mesouree allocaton plin, buadger, performance messures s conimgency
pln It is importent thar the chjectives of the changes have beer define? end that each
departmer: in the organization fully consider the requiremnens of the new svsem
Emplzyee skill and axpertise rast be expleited in order thar the following are assured:
(1) ol the departments and parts of the business affected allocate the appropricte
resources and the nocessary bme fo the charge tasks; (2) relevont shalls anc
methodologicel support are brcoght into the project team; and (3) measures mvolved in
the process are coordinated.

Accanlingly, o coherent set of detilicd plans am] isstnecizms most e preppeed o gunde
the: necessry aciions o be taken, inchuding the following stems: cuthine of the
recuiremnert, description of method of implemenatior, soee ficaticn of iacks,
speeificarion of personal requirements, allacarion of rezources for the ks, and a fime

| & | plan. Budgeting end election of performoree mensures are two clos2ly related tasks. The
£ | budge: 15 denved by cshmating the cost of ectivaties and resources. [n gencral, the
E following steps are mvolved
E & ]daraify avalebiliny of regcu-ces ard money
< | *  Cheek of the trme plan 12 fzasible, sspecially with respect to avalabls resourczs,
| & | ®  lderify poines of no rewm (ie, durs sier which the ievestmen will have been
comuritied and the pregect will have to folbow through) end include these m the
s ule
*  Define datea of review pomts for monitonng and contrel proccsscs, and impaortant
pateways which represent snaor o lestones.
[ additivn, there are tww types of perfuemanee roeasures et roust e deloed: (1)
Ferfasmanes meemines w0 monior and comtral the prograse of the implamentanon An
sxample of such a performunce measure would include comparing actaal and budmeed
cesh flew for e praject; (2] Pesformanes measures to control the sucecss of the new
system itsell. Aa example of such a perforrence measuse would inelude cusomer
service lewe's from the resultant sysremn
The outpiat here is a detailed plan for implementation, which fanns the basis for
mrzaiborg and contolling the progress ol e projed
| TASK LINKS
New syden MEL Y
| design -
E '_TlruﬁTrdrir_m E
from MSD
E worseheets E

Dietailed implementetian plan

CUTPUTS




TASK PROCEDIURE

_TASK FLOWCHART

Input
Taool
Cutput

{Worksheet MSD DG 4)
Tool Technigues MSAMSD 2.4.1 (WBS/OBS Analysis)
Worksheet MSI 2.1

Seep 1
All nelevant MSD worksheets, SIT teams” structure

|' For each of the MSD projecs Lo ba
npleraniad

r

SPECIFICATION OF REQUIREMENTS AND
ACTIVITIES

* Quitfine requirsment & maltad of mplementabion.
* Specky fasks.

)

| F— . - . ——

D P E TIM HEDLLE |

* Estimale amounl of work required for fasks.
* Develop time scheduds.

Worksheet MS1 2.1

Step 2
All relevant MSD worksheets, system performance
measures { Worksheers MPM 1.1 and 2.1)

[u]]
* ANpcele tasks to feam mambers.
1
)
VERIFICATI F Ik HTATIOMN

In relaticn o implerantalion laske: i
® Wity staff alocation. |
* Valy monay, equipmant, suppder, traking, edc. |
* Werily time schedulg,

* Specify review poinls, gateways (ima and
defvrrables),

spshem

* EBpecity measuwes of progress and their relafed |
parformance .

All projects
considered 7 fo——r
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Task Document MSI 3—MS System Implemantation
TASK OQVERWVIEW

TASH

Having established taz lozical structure of the processes of implemeninticr, in terms of
vme, resources and soepe, this stags is concerned with the aciue] exeamion of the
trersition peogram, and monitering end controlling the progress. These should be done
in such o woy that the praject geal s achieved in the shomes: possikle time and o
rerimal gost. Feoring is agar archovant issug here, regainmg the following
corsiderations duriag the stage: (1) Facilintng and acceleratirg the process of
implementasion by making sure it rans properly on a day to day basis; (2) Menitering the
attitude to changs of key staff within the task team and providing advics erd seggestions:
3 1demifving and making available useful toalz, methads, maining and eoaching

Onee stared the progress of implermentarion 1sis neads 1o be tontinuousty monitoced o
sea that ihe changes are indecc taking place according fo plan and il necessary feedback
actions should be eher o adjust the individual tasks or ¢ven the course of the whele
plan. Cnce implementad, the resulrs of the changares brought abou by the chasen aprion
should be measured. These shoukd be compared wath fhe predicied sutecme. Therefore,
the overall process of systems implerentztion has the inherent characcenstics of a
feedback sTuciure (execute, mooricr, coniml) consesing of ihe following activitizs:
Fasesare. The expcurion af implementstion eonsisrs of all the setians form SEar-ap i go-
live “The olomang ore approaches that can be explored ir practice: (1) Farallel running
and going [ive. Thas apareach has two purposes: toe cnsure that the transinon from the
existing systerm to the new sysiem is achieved with the minimuem ameunt of disuption,
and to ensure the compatibilicy with other parts of the exsting systerns. With ths
approch, the mew system or the new parts of the sysiery can be run en their awn far
several eycles, while dhecks on competibility can be carmied out. (2) Old system
shidown, This shute the old systemn down and opens the new one amultaneously. A
dec=10n 15 nermally required to determine which parts/produsisprocesscs frem the old
systern netd m be rewmined and for how long, and whar docameniacion needs o he
crezted from the old systen.

Monitar. The prograss of implementation showld be menmitored and contrellec, Proper
eonmal of the prejaot progress depends an us-to-date status of the project. Therefore,
information regarcing prajest progress must be collocted and analyzed on & continua!
basis. Such infarmation helps the tearn identify patentizl problems if the implomerntation
:rnot poing a8 planned. Progress of eystern enplementation may be montored in terms

»  Tzsk progress: the work completed on o task fo date, a8 agzans the planned stan
il finish dales.

s Cests how much a paricular resoaree sosts on a cerain phase, or how much tolal

= Resourcs utibity: work donz by a resource as against the work the resource is
scheduled to underiake i a particular phoge Thess parameters er be mzasured in
terms of the actual amount'vwork done to date, or as a percentage of e schedulal
amount.

Ceemprod_ In reality, every projest has vanances, It 1z important that when deviations in the

operations v detected, stops must be taken to counteract these and the impleyentacion

pragram musi be aliered 1o put the project back on course.




Control should be anereicad in regards to tack progrese, cosig, and resources. However,
it should be reelized that edjustmert of ane of these may recassitabe readjustments of
others

" Progress, T keep the wvardl proget oe sehedule, trors rmust reke sme Gzl e
mcividuel tasss start and findsh om ime. [1 13 anpartant 1o idenhify tasks thel very
o e wriginal transsticn plan s sarly w ssible so task depedencies wnd
respurces can be rescheduled te mect the nont deadlings.

- iy, Eln_'i:.-.nru. |:|E\ﬂ,| [15] be :rnu]l:. wEll:l:l:vzr il is dl:l.n:-,:lad l]'l'.d e avanlalle cady =
execcded, whether chamges arc nocoessary to finish the project within oudget.

- R:’II’.F"."L‘I:‘I. “I.C .II]IL}I IJj- I.'l.".'ll.lll.n_ ﬂ:d L".llJ:iPI:II.'I!t Il.'l.'d.'l- :U]JC l\.‘l IL'.II.'d JLER" e l'f"l.t'thtl'
the resources ore locared with too much or wo lirtle work These need 1o be
halanced by {a) Adding mace resources 1o a critical task, (b) reassigning a
taskremindar of a 1zek 10 another resource, (c) delaying non-critical taske assiged
b an pverwerked resource.

In ||ra.d W, mr':rlin‘:iﬂﬂy ava lehle [llljh.l '1l°l|=g;'.'r|'l-.|:i sl tweare 15 1 i@,}.l,a

mecorarended for the menitenng and control of an MED project, Alse, W renage o

project effectively, the weam or teams need o communicats reject informasien

prompily. [n thic respect, an added benefit provided oy eome software includes toeals that
can be used 1o help renage 3 distriouied MSD project. For instance, Microsofi Project
helpa sct uz werkgroups located m d:flerent geograshical locatwns, providing a mzens
ot elecrontcally linking tcam member: ard makng it caser for them to exchangs
information shout the seojecs. Once such & setep is complete, nfarmation about &
project can be cornmunicated, collected and distribated through the folloaing

s Ths Web allowe collaboraive planning among workgroup members, project
memagers, and ocher stabeholders by provdding access to poojest detals
Workgroup mambers can view and manipulete dotails of theis assigned tasks, and
chesk the latest infarretian far the entire progect. Warkgnoup members car alua
cregte new tasks and sead ther for incorperaton imo the overall peojest file, a2
well ax delzgate tasks to other work groar members. Project manapers car request,
receive, and soasalidale statie reports from members sither an- or off- st

s Eemail allows a wockgroup to be corncctod, ard facilitates asdpring tasks,
requegng and submimng status repons, and s2rding and recelving task updares.

TASK LINKS POSITION IN MEM FREAMERORR

TAAK DESCRIPTION

Woarksheet Whsheet
RS2 MSI 5.
IZT.'z.m.'ﬂ..m |.'-1'.|.|1.I. E
Systerm design
dara firom MED
worksaeens.

HMTFROM :

Modified tarsition plan.
Irplementation of new syslam

QUTPUTS




TASK PROCEDURE TASK FLOWCHART
— For the tasks speciied in each of the
5 _ 2 ~# MW phases (batween gateways) of
= g z tive transition plan
= I
MODIFY PLAN
g . _ * Mosiify fransilion
gg i E Meceszary o e P10 BN
. update plen 7 devialions belween
Eg. g : latmst phan and
i T
EE H EXECUTION OF TASK =
= ﬁg i * Ewpcule tasks of implamardation,
§ Z g2 * Lipdate proyiect prograss repar,
2 E = I
n-g’ g PROJECT STATUS MONITORING
w
=% % % * Camy ouf review mealing af (e
E§ ] s sl pafeway ponl and campane
E -:g cumant slatus and arigingl plan |
E |
z
Prog
schedule 7 Mo

BMPM 1.1 and 2.1

Project management software where available.
‘Workshees M5 2.1

Step 2
Al relevant MSD workshests, system performance measures (Worksheets







CHAPTER SIX
MS Performance Measurement and System
Status Monitoring

6.1 INTRODUCTION

As pointed out in Chapter 1, an MS organization’s performance measurement should be
an integral part of its MSM framework, and should play a vital role in directly supporting
the achievement of the organization’s strategic goals. The objectives and goals of the
organization should be clearly in line with the system purpose, as specified by its upper
system and environment. This applies at each level of the organizational tree. That is, the
strategies and policies adopted at various levels within the organization must be coherent
and in harmony with the overall organizational objectives, as shown in Figure 6.1. The
ability to develop and achieve such a set of coherent strategies and aims must be regarded
as one of the key issues of MS systems management.
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Figure 6.1 MS performance measures
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The continuing awareness of what is happening in the wider business environment is
inother prerequisite for the system’s effective operation. Sufficient consideration must
:ontinually be given to the influence of environmental factors such as the change of
jovernment policies and institutional regulations, economical and political climate, as
nvell as customer requirements and technological development. This explains why
yenchmarking is important to the success of an MS organization. Therefore, in
iccordance with these pre-conditions for efficient systems operation, MSM performance
neasurement and system status monitoring are needed to:

« clarify customer requirements,

« help understand the progress of business processes,

* ensure decisions are based on fact, not on emotion, and

* show continuously where improvement needs to be made.

1i]
pa
S MSM
' MS status Monitorin

Figure 6.2 Stages of system performance monitoring within MSM

Therefore, performance measure setting and system status monitoring together form an
integrated cycle, providing a tool to check consistency between strategic objectives and
performance measurement. Since it is based upon a system’s perspective of company
performance requirement, the cycle prevents local optimization by combining more than
one aspect of performance within the overall MSM framework, and throughout the
complete MSA/MSD/MSO cycle. As an integral function, it can also help a company
focus on improving the competitiveness of its MS system as a whole, and on motivating
continuous improvement. By closing the MSA-MSD-MSO loop, this cycle helps to
accomplish an overall control of the manufacturing/supply system. Such a self-regulation
mechanism provides the ability to continuously adapt to the environmental changes, and
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s one of the prerequisites for the survival of open systems like MS organizations.

The overall structure of the MSM performance monitoring module is as shown ir
-igure 6.2, consisting of two stages: MS performance measure (MPM) and MS status
nonitoring (MSM). As can be seen, performance monitoring is closely related to the
VISA process, with a certain degree of overlapping between the two. The reason for thi
s obvious: in order to ensure that an MS system achieves a strategically competitive
yosition and that different parts of the organization are pulling their weight in a combinec
xffort to maintain this position, some form of coherent performance monitoring of bott
ndividual units as well as the whole is essential. The ultimate aim of performance
neasurement is to motivate behavior leading to continuous system improvement. Thi
:an only be achieved by evaluating and quantifying the current state of the company, anc
lghlighting where progress has been made and which areas need to be improved. By
Ising performance measures that support a company’s strategy, the feedback from the
yrocess will provide the company with the information needed for ongoing improvement
This allows for monitoring the critical success areas so that corrective actions can be
aken should a drift occur. Therefore, this module will assist in monitoring and initiating
he right action whenever necessary in the manufacturing and supply process:

« Specification of strategy-oriented performance measures. The purpose of this is to
disaggregate strategic requirements into operational level criteria, and then measure
the current system according to the relevant parameters.

« Overall system status monitoring. Based on the operational level measurements of the
current system, this section produces an integrated assessment of the system’s overall
performance against its current strategic goal. It also determines whether further
actions are needed and, if so, identifies the necessary programs of continuous
improvement.

« Continuous improvement monitoring. The purpose and structure of this section is
similar to the above. However, the focus here is the monitoring and assessment of the
improvement of system performance as a direct result of the MSD actions initiated.

The task documents and their worksheets provide a method of assessing performance
measures and analyzing system status.

6.2 MPM—SPECIFICATION OF STRATEGY-ORIENTED MEASURES

In practice, performance information should be used at all levels of management to drive
performance improvement. It tells the management of an MS system about its present
condition, and allows management to objectively measure the current system
performance against others through benchmarking. In turn, benchmarking aids in
identifying potential areas of performance improvement and in generating innovative
ideas to drive that improvement. Specifically, the performance information here can be
used to initiate two main types of MSD projects: the design of new MS systems, or future
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mprovement of an existing operation.

MSA
MSA/MSD Interfacing (MS Strategy Analysis)

Figure 6.3 MPM—Specification of strategy-oriented performance measures

t is important that the performance measurement of the monitoring function be based or
he clear identification of the business processes that have the most impact on the succes:
) failure of the organization’s goals. Therefore, when designing performance
neasurement systems it is necessary to decide what to measure, and how to measure it
As an integral part of the MSM system, the performance measures should always be tiec
0 the system’s current goals or objectives. Thus, a performance measurement systen
:nables the organization to ensure it is progressing in the right direction as it moves fron
ts current state to a future state along its system life cycle. Within the MSM framework
he information summarized in the MSA worksheets will provide the basis for the systen
status monitoring function. With such a foundation to provide the direction and reason
Juantitative objectives can be defined to assess progress toward the vision. As a core aree
»f the MSM, therefore, the MPM area aims to specify a set of strategy-orientec
erformance measures for the other functional areas within the framework. As shown ir
=igure 6.3. It consists of two task documents, aiming to help align performance measures
vith the previously established MS strategy. The following are the key points in this
stage:
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“measure only what is important,
-focus on customer needs,
“involve employees in the choice and implementation of the measures.

SCRIPTION

=

¥

IMPLUT FROM:

TASKLINKES

Task Document MPM 1—Specification of Measuros
IASK OVERVIEW

There 2re 2 number af sources thed shauld e examined as a first step ir establishing a st
ol o ] s itegred perforrrsmee messores

«  Ontpuars of the stracegic planning process specify the cormpary’s mession ard what
direetians the compamy should move 'o achieve thoee objectives

+  Analysis of <oy sroccsscs and factors having the rodt impact on the succeas or
fallure of the organ Faron’s goas.

The mzin inpJis to this soge are the arcegie inidatives from Fast Documen WEAMID

dod (Workshoo MEAMSE 200 ). The ooy edditional raguirement is the need for o clear

defintion of the key procezses for the strasezic mms. Followang this, the task mms te

establish a mechanism of performance measurement that directly sapports the previoushy

spectfied manefachuringssupply strategic requiramients. This s achiewvad throagh the

followiig sweps:

«  For eexch of the key processes Usiad in Worksienr M40 [0, identify its
relased kev suceeds fslors, ang L8 performance gnule thay are 1o be achisved g tha
cnd of the monitong perod.

s Specify paremeters/measures of peformarce

s Sef ovorell performance madicators and echievement levels or tergets, "o help this
kery process, & linking-wable is provided (ToolTechrigue MPM .0 1o illustrage the
generre relatonships between performence parameters and Xrformance mdicators.
This cause-eTect mbl= cum help ddentify twe cormect indicators ‘o wse for sTazegic
COMCITS,

w  [demtify relevant matreestools such s fommulas, wilicy weightings for the
imdividual measures, and algernithies for caleulations purposcs.

POSITION I MSM FRAMEWORK

MSAMSD MPM 2
14 {b.l:lp

ismUes)

MEAMSD
LI{Ms
strategy
arE)

SUTPUT TO:

TASE DUTPUTS

List of sratepy-omentzd core
paramseretArges, aiwing o
provaide reasures Foae VS,
unpherenlaton, ad system
stulus memitormy
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6.3 MSM—MS SYSTEM STATUS MONITORING

This section consists of a number of steps, as shown in Figure 6.4. The initial steps of this
stage are a reversal of the previous stage. The previous stage links the overall strategic
concerns to operational level parameters through a process of disaggregation. In contrast,
having taken measurement of system performance based on the relevant parameters
identified through the disaggregating process, this stage aggregates these values back to a
higher level, allowing the systems performance to be assessed according to the original
strategic goals. As was illustrated in Figure 6.2, there is significant overlap between the
last two sections of the performance monitoring module and the MSA model.
Consequently from this point on the process flow, the steps, concepts, techniques and
considerations involved have a great deal in common with those of MSA. A detailed
description and discussion are therefore not necessary.

However, it is crucial here to distinguish between the internal and external system
performance gaps. The difference between these is illustrated in Figure 6.4. Whereas the
internal gap helps a company identify the difference between its market requirement and
its current systems performance, the external gap is based on the current best-practice
through benchmarking. Both provide an indication of future requirements.
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SETTING QF PERFORMANCE INDICATORS

For each af i KSFs:

* Locate the parficwlar KSF in the KSFTndicalor
Linking Tahis (ToobTechnigue MPH 1.7).

* Cross chock fo idenlty the perfarmance
iachicalors ralated I Bhis KEF.

* Inenlify refevand maticesdools such as fonmulas,
utifity weightings for the indhvidual maasuras, and
alganthms for calculations puposes.

" Racord results in Warksheal MPM 1.7,

Eey success fctormdicator linking able
(ToalTech. MPM 1.1 Woeksheet PMEP 11,

Detailed list of performance indications ans targets, elc.

All KSFs
considered?

Step 3
Liat af final MSD tasks. Progect term-of-reference (Whkshet
MSAMSD 22,11 Key lssues (Whshet MEAMSD 1.1.1).
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WORKSHEET MPM 1.1—Definition of Performance Measures

Project Title:

Parson(s) Responsible:

Version: Date Completed:
Key decizion | Key success Pesfurmanee indicsine (paramsster/inrget)
areas fuctors Quallty | Delivery | Delivery | Design | Volume | Comt

i {measures) bead-time | rellabitity | Bexibility | Mexibitity
\ 1

2

3

4

5

&

T
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[Task Bocument MPM Z—RBalance of Measures

5K DVERVIEW

DESCRIFTION

H.a.w-lg wlent ifed (he relevant FUMSETES, this Lk 'im.|=uig.n.u.| Lo review the mesures aul

rmake necessary adjustments so that they shimulate pueposseal acton when pul mio use.

The aim ic to balanes mternal and extemnal requirsments, ¢ well as fAnancial end non-

financial measuies. As a gaxral gude o ihe principles of balanced measures, it should

be patred out tha: the approsch adoped here is i contrast 1o raditions] performance

mescures which have besn primarily based er meragement oeccurting sysiems.

Traditionally, performance measures have been confined to cost-related performance

mezsures, fncusing on finaneial dars such s profn, senrn an mvestment or casn fow. [F
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Figure 6.4 MSM—MS status monitoring
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initiatives, action plans and the relevant MSD actions. The only differerces are:

Measuremert indicators used in this stape are more focused, wsing the lise of
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targeis set provieusly in Sage VWPM I, and identfies the requiremant’
performance gap.
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improwes the likelihaod of seeing tomormow”s salutions o today’s prablems, and of
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o Provess fenchmanbing foousss on work processes o operating units 1o produce bogiom Bine
recults, such as imercased productnaty, reduced cycle time, kower coste, mmproved sales,
o reduced aror rates, and improved profit
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technicad quelity, or servics comparisons and anzlysis of onerating statistios
|®  Stratewic benchmarking exarines how compamics sormpete. & key abjective 1 to identify
2 wirring strategies of highly suecessful companies.

! Im dizcussing performance moniraring, ir (s alsn necessary i wmlk shour self-assecement
because parformance measurement is closely related 1o 1otal guality management (TOM).
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eollating dace Mom suilable svunas arl baving o comparison amd seoning poocess tat
compares the bwo. In carmying out such &n aceessment, ane firct looks at sosting modzls and
chooses a model of excellence against which to 2ssess one’s own organization. Typically,

! this mvolves the seliassesament orocezses of a proven excellence mecsure | which can be
used 25 3 hasis for development of 3 company-specific process. Such sssessment is norma’ly
comprchensive and systematic, wath the advantages of: being market led, being businzss-
and imterrationally-backed, talang all sscential ¢lements info consideration, contirwously
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Several national and inte-national quality awards have been cemblished 10 promote quality
and serve ad medels of TOM., The most widzly used frameworks inglude the Ewropean
(Juahty Avard and the Maleolm Haldrige Mahonal Qualiby Anard (USA), For example, the
Baldrige Quality Awend for performance excellence and (65 sconing guids ines present a
diagmestic instrument to help an ergerization entify organimntional strengths, as well as
ey areas for improvemen:. The mwand also smesses the =it characieristcs of an
srganization such e3 leadership, commitment and involvernent of emplovecs. It consists of
seven categorias and a 1000-paint seoring systemn, (18 performance excellence criteria
inglude & nunoer of basic elenxnts: icadership, strategic planning, customes and market
focus, infarmation and anolyais, heman resourse cevelopment and management, process
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suzected te share informalisn about thewr sucesesiul performance strategies with other
organizations. More details of these swaics can be found in their respective web-sites.
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CHAPTER SEVEN
Institutionalization of MSM—Application and
Tools

7.1 INTRODUCTION

n order to fully utilize the potential of the MSM framework, its concepts should be
ntegrated into a company’s management system and culture, and its procedures shoulc
Je institutionalized as an integral part of the organization’s operation. The following are
some of the key considerations:

» Competent people. A prerequisite is to have managers and staff with the right attitude,
motivation, skills and training, who know why they are designing or reengineering an
MS system, and how to do it.

» Competent organizational structure. The organization needs to be set-up to support the
necessary MSM activities. This should provide a structure and means for monitoring
the current system status, analyzing its operational and strategic needs, and
accordingly, initiating and authorizing MSM projects. Roles and responsibilities
should be clearly defined within this organization. A humber of system improvement
teams should be formed, either permanently or on an on-demand basis. Such a cross-
functional team should be led by a process owner who is responsible for the design,
implementation, operation and performance improvement of that particular system
process/function.

» Competent procedures and tools. Ideally, an information environment should be set up
to formalize MSM procedures and to assist in the execution of an MSM cycle. It
should help capture and document strategic data and MSD decisions, and should
provide training materials when necessary. For example, the task-centered way in
which this handbook is structured and presented makes the tasks ideally suited for
adaptation on a company’s intranet-based information system. The generic structure
and functionality of the TCMM presented in Section 4.6 provides one of the possible
platforms for this purpose, as illustrated in Figure 7.1.

The following cases illustrate respectively the organizational structure and the
information environment to facilitate MSM’s application and institutionalization in
practice.
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Figure 7.1 MSM procedures within a task-centered information environment

7.2 CASE A: MSM ENABLED ORGANIZATION

The background of this case was presented in Chapter 1. The following provides
dditional material to illustrate how the MSM is institutionalized within the organizatior
iccording to the three key requirements: people, structure and information environment.

7.2.1 MSD Procedures

As part of the institutionalization of MSM, the company developed a particular MSD task
yrocedure called business process design (BPD). This was populated within the MSLC
wrea in order to design all the processes involved in the greenfield MSD project. Figure
7.2 shows the logical position of this MSD process and its links with other aspects in the
VISM framework:

« Point 1: link to business strategy, strategic and customer focus of process, and initiation
and approval of process design and change.

« Point 2: link to organization’s management system, documentation of changes, input
from process reviews and audits, advanced process audits, accreditation compliance
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check during process design.

Point 3: alignment of organization according to process changes, design of new jobs,
competence profiling, recruitment (internal and/or external) to fill new positions,
training of all affected people, changes to working structures and patterns, changes to
remuneration, pay grading.

Point 4: planning, design and implementation of IT applications, implementation of IT
infrastructure and hardware.

Point 5: specification and procurement of equipment required in new process.

Point 6: design and implementation of layout (office and shopfloor space, etc.)

MSO & ' . e MSD

luﬂjllur.uu far /4\
‘rhhlh:un[]ﬂ s

Figure 7.2 BPD integrated within the MSM framework

All these interfaces need to be managed when designing a new process or changing an
existing one. This MSD procedure and the interfaces are fully established in the
organization. It can be initiated and the associated tasks followed through at any time, so
that there is no need for the company to recreate this process each time an MSD project
takes place. This has helped the company personnel involved in MSD activities to
concentrate on the actual design tasks, rather than having to create and establish a design
methodology first, and then sell it to the management of the organization.
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7.2.2 Structure of SIT Teams

The company established SIT teams within its organizational structure to facilitate the
‘ollowing activities:

» Process design/change authorization: deciding and reviewing the need for change, and
authorizing the project.

» Process owner identification: choice of which department/person will own a process.

» Identification and adaptation of relevant design tools: worksheets such as analysis
matrix, checklist, and formation of MSD project plans.

The case experience has shown that the above represented some of the most difficul
ispects because there was a high degree of uncertainty involved, and a high potential foi
yolitical issues to surface. It was therefore of great importance to follow the principles o
:hange and human resources management described in this workbook. An SIT team ir
his case consisted of:

» Function owner—the leader of the team who owns one or more functions and is
responsible for their design, implementation and operation. Future developments and
improvements are also to be driven by the function owner, who is responsible for the
overall performance of the function(s) concerned.

» BPD coordinator—a design expert for a particular function, and a representative in the
BPD steering team, responsible for the coordination of the design activities, and
integration and coaching of function owners.

» BPD steerer—who has the overall control of the BPD process, including the design and
implementation of MS functions, and authorization of new projects.

» Function designers—involving cross-functional personnel, such as customers, suppliers
and contributors of the function to be designed. These people are responsible for its
analysis, evaluation, design and implementation.

7.2.3 MSD Project Management

The parallel design and implementation of around 70 MS functions was a challenge fol
he organization as a whole. A capable project management process was required tc
:nsure the on-time design, implementation and integration of all functions concerned. Fol
his reason a significant element of the BPD process was about project management. The
<ey tools adapted by the company included (Chapter 1):

» MS project checklist—a checklist of all the functions to be designed (equivalent to
Worksheets MSA/MSD 2.1.1 : MSD Project Formulation, and Worksheet MSA/MSD
2.2.1: Terms of Reference).

* MS analysis and design matrix—planning and monitoring of the analysis and design of
individual functions (equivalent to Worksheets MSA/MSD 2.3.1 : MSD Task Selection,
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ind MSA/MSD 2.4.1 : Project Execution Plan).
 MS implementation checklist—project management of implementation and operation of
individual functions (equivalent to Worksheet MSI 2.1 : Implementation Plan).

For each of the SIT team members, the project checklist stated the high level activities
that should be carried out within the three MS layers (processes, IT, human and
organization) through each of the MSM phases. The team had to decide when it would
carry out these activities, working backwards from the “go-live” date of the process. This
approach could also lead to phased implementations, where a series of go-live dates are
used to satisfy the need to implement certain parts of a function earlier than others. Each
of the phases had a gateway at which the teams held formal reviews and reported the
latest project status. The most prominent milestone was, of course, the “go-live” date of
the entire process, representing the maturity of the function.

T
.;u...__,j-k

|

Figure 7.3 Project status report of the company

The status of each design project—including the status of the function checklist shown
in Figure 7.3—was reported regularly to the top management of the company. Due to its
successful application on the greenfield project, the company’s MSM setup (i.e., the
structure and procedures outlined above) are now formally incorporated into the
company’s overall business management system to enable the factory’s future system
improvement (Figure 7.4).

7.3 CASE B: ONLINE OPERATION PROCEDURES AND TRAINING

TCMM is considered an enabler for the institutionalization of MSM procedures within an
organization. This case provides a more detailed account of its structure and operation.
Although not specifically related to a system design project, it illustrates some key
features of such an information platform, such as online operations documentation and
on-demand training. These features can be used to provide support for both the normal



Institutionalization of MSM 285

system operations and the MSM framework and its task documents.
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Figure 7.4 Institutionalization of MSM procedures as part of the organization’s
management system

In this case, the traditional ways of providing manufacturing information to the shop
loor were not necessarily task-related. Rather, general information was available but
1eeded to be found when required. Although this satisfied the requirements of normal
yperations, there were a number of problems associated with this form of documentation.
some of the key problems included: the physical separation of the processes, their
jescriptions and procedures; the poor user friendliness; the high maintenance efforts; and
he inability of the documentation systems to effectively capture process “know how”. In
sontrast, a task-centered, multi-media MS information system utilized a web-based
jatabase of reference manuals to provide company personnel with comprehensive tools
‘or looking up procedures and product information. It can support multimedia objects and
1as the added benefits that both authoring and viewing tools are widely used and well
<nown. Furthermore, the approach was cost-effective, easy to install and highly flexible.
t allows for change without major systems development efforts, and the skill
‘equirements are relatively low. The HTML (Hyper Text Markup Language) front-end
:an be connected to a database back-end if required. Additional features include:

» Adobe PDF format. As a widely accepted standard, PDF (Portable Document Format)
is perhaps the most suitable format for electronic documentation for this kind of
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application. PDF files are compatible with HTML files, essentially platform
independent, and communicate well with any web server or browser.

- Search engines and automatic indexing. A search engine speeds up the process of
finding the required topic in the system.

Figure 7.5 Testing of transceiver stations

This case provides an example of actual TCMM application. The collaborating company
involved in this case is part of a global provider of integrated communications solutions.
The organization is dedicated to the research, development and manufacture of GSM
(Global System for Mobile Communications) equipment, the digital standard adapted
worldwide for mobile telephone technology. The manufacturing processes involve the
production and assembly of mainly base transceiver stations. These are used as part of the
infrastructure to support the providers of GSM services. Worldwide demand for the
equipment is such that the manufacturing process is continuous 24 hours a day, seven
days a week. The environment in the assembly area of the base transceiver stations is
highly automated but the human factor was important in testing the final products (Figure
7.5). It remained labor intensive, and depended on the operators’ experience. With many
varieties of configurations, the traditional approach made it difficult to guarantee the
standards and quality of the operations.

The company attempted to consolidate its manufacturing processes by maximizing the
use of its resources in personnel, and information technology. In particular, the
organization was developing a generic platform to enhance the efficiency of its
production test facilities. Its objective was to provide an infrastructure for
communication, sharing and recycling resources, reducing test development cycle time,
minimizing manual operations, and improving the fault finding processes. Within this
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:nvironment, all the engineers shared their experience in various aspects of systems
:ngineering and developed test systems concurrently. The system also aimed to provide a
series of tools and functions to be used throughout the factory for the testing of multiple
yroducts. As part of the company’s overall initiative, a fully functional TCMM system
vas developed, providing a working environment to train the company’s new operators,
1s well as its joint venture partners in different parts of the world. Utilizing the TCMM
soncept, the two main objectives identified were to develop a system that:

» Supplies the testing area personnel with a comprehensive tool for looking up technical
information about products, testing equipment and procedures. This should be of use
to first time operators, as well as skilled technical personnel.

» Provides a tool that can teach a first time operator to test a product from start to finish
with either minimal or no external training. The system should also provide an
assessment tool for the qualification of the trainees, and for recording the performance
of skilled personnel.

QUALIFICATION

sMULATION [ o000 |

Figure 7.6 Structure of the TCMM system

The overall system structure is as shown in Figure 7.6, with the following modules.

« Reference module. The reference module serves as the knowledge repository of the
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system. It contains all the technical information relevant to the testing procedures, the
base stations, and the technology used. The reference module can be readily accessed
within the system whenever the users require more in-depth technical information
about a subject. The information contained in the reference module is organized into
four related parts. Each of these parts is then subdivided into smaller sections in order
to make the retrieval of information faster and easier. All these parts are linked, either
directly or indirectly, to help in cross-referencing. Organizing the information in this
way also facilitates the maintenance/updating of data.

* Training module. The training module provides a new trainee with introductory
information about four different subjects: an overview of GSM and its component
parts, product information, equipment information (cable connections required
between different instruments in order to setup tests), and test information (procedures
that an operator must follow in order to test a product). The subjects are presented in
sequential chapters. This format was considered the most appropriate for training
purposes since the trainee is required to cover all the material included in the desired
sequence. At the end of each chapter, the trainee has the option to carry out a self-
assessment. This facility provides him/her with feedback on the progress made.

« Simulation module. The simulation module is a subset of the training module. It
provides a virtual environment of the testing area, and a suite of tools that allows a
trainee to learn and try out a complete cycle of the testing process (Figure 7.7). The
system is interactive with the trainee throughout the simulation run. It provides step-
by-step instructions, a list of options for each action to be carried out, and possible
tools and devices. Icons symbolizing the tools, devices and plugs needed during the
testing process are available in the right column, and can be clicked if the trainee
requires a particular item during the exercise. The system then monitors the actions
undertaken by the trainee and, depending on whether the required one is selected,
either continues the operation or offers further assistance. At any time during the
simulation cycle, the trainee has access to all the product information and operational
documentation. This online facility is useful for finding answers to questions that the
trainee may have regarding an operation. In addition, video clips are available to
provide further guidance. The simulation process was developed mainly using
Dynamic HTML, which allowed the development of a virtual environment for
interactive actions that can be performed during training.

* Assessment module. This completes the logical cycle of training that is supported within
the TCMM environment (lessons/simulated-operation/qualification). The qualification
module developed follows a straightforward procedure. To start the assessment, a set
of questions is selected randomly from a database. The trainee’s choice of answer is
assessed, and results are recorded for both self-assessment and employee qualification.

The management of the company carried out a detailed survey to evaluate the

effectiveness of the system. Feedback from these was very positive. It was pointed out

that, compared with the existing approaches that leave the users almost entirely on their
own to identify relevant data/information to support the manager/operators’ current work,
the TCMM working environment equips the user with a structured, user-friendly way to
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nake use of company information/operational manual/data. In general, the concept of the
TCMM approach provides a logical implementation foundation, providing a general
nechanism for task/tool/data integration, so that the operator/system design is given
firect, structured and ready access to relevant information and tools. Its practical
ipplications to date have illustrated clearly its value both as a self-contained information
system, and as a supplementary system to the existing databases and other information
ipplications.
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Figure 7.7 Virtual simulation environment

Furthermore, its structure as a knowledge repository can easily adapt as the company’s
product ranges, MS processes and MS system structure progress through time.
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