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Abstract

The importance of the overview of earlier management theory and thought is the recognition of scholars contributions and impacts on modern managerial practices. Dynamic global world-class manufacturing(WCM) techniques is one of the most talked about manufacturing management approaches and will be a major management focus and trend in the 21s century.  The concept of global world-class manufacturing has become the single most motivating theory in many major industries for world market through input-output(I-O) framework. Dynamic global WCM is a management philosophy that emphasises the need to meet external and internal customers needs and expectations and the importance of doing things right for world market. The reliability of items, products and facilities is an important consideration of design by I-O techniques. Global WCM techniques are a competitive strategy involving continuous improvement of products, processes and services to improve quality, reduce costs, increase productivity and increase total customer satisfaction. I-O technique is a useful and flexible system description tool for dynamic global WCM, because it assists the systems analyst to understand the functional and information structure within a complex system. Therefore, I-O helps in analysing manufacturing systems for material and information flows together with their relationships for desining dynamic global WCM system. It identifies the roles and aids the application of the principles of the systems approach to the operations of the various functions within the overall framework of manufacturing, including;  sales, production planning, marketing, product design and shop floor activities for achieving global WCM. Main objectives of the paper is to propose a conceptual framework for dynamic global WCM and presents appropriate tools which are used. The paper uses a case study to illustrate its findings based on company experiencing both rapid growth and increasing international competition for achieving world-market.

Introduction

Industries are faced with an increasingly competitive marketplace where the pace of change is increasing. Often they lack the resources and expertise to asses the ability of their current strategy, structure and systems to meet their changing needs. New methods of analysis are required to choose the best strategy and manufacturing operations in the face of the need to integrate all levels of a company to ensure all activities contribute to achieving dynamic global WCM (1). Dynamic global WCM techniques(I-O) are a competitive strategy involving continuous improvement of products, processes and services to improve quality, reduce costs, increase productivity and increase total 


(1) Hayes., R.H, 1998, Dynamic manufacturing, New York: The Free Press.

customer satisfaction for global markets. The fundamental purpose of input-output framework is to analyse the interdependence of industries in a world market. I-O can provide important and timely information on the interrelationships in a regional industry and the impacts of changes on that world market. 

Main objectives of the paper is to propose a conceptual framework for dynamic global WCM and presents appropriate tools which are used. The paper is based on an ongoing research programme designed to identify how the concept of world-class manufacturing techniques can be made more relevant to employ input-output type of techniques as tools of analysis, based on  a case study experiencing both rapid growth and increasing international competition. The question in this paper is which problems the management of manufacturing may encounter when it wants to organise the global WCM management of the professional manufacturing more systematically through input-output analysis. These problems such as, determining world-class manufacturing norms, developing an input-output methodology for world-class management, the demonstrability of world-class manufacturing in the professional manufacturing through employ input-output type of techniques as tools of analysis. 
1. Defining The Concept of  I-O Analysis and Reliability

Within the different professional manufacturing, attention is being paid to reliability, dependent on the stage of professionalisation, there are global WCM techniques for increasing the reliability management. What is striking is that the reliability  management is to a great extent individual oriented, aimed mainly at the knowledge of the professional himself.  Input-output analysis, also known as the inter-industry analysis, is the name given to an analytical work conducted by Wassily Leontief in the late 1930s. The fundamental purpose of Input-Output framework is to analyse the interdependence of industries in an industry. Input-Output can provide important and timely information on the interrelationships in a regional industry and the impacts of changes on that economy. Company functions can be understood using diagrams based on a simple technique for understanding the input-output, controls and mechanisms needed to link functions to each other (1). It can help to determine value-added activities for eliminating unnecessary operations and simplifications for every function.

Advantages of I-O analysis include:

a) It allows a manufacturing system to be described in as complete a level of detail as required.

b) It allows system analysts properly to communicate their concepts.

c) It allows a mechanism for the decomposition of functions into a number of sub-functions.

d) It is flexible enough to fit into many existing system analysis methods.

This technique is a useful and flexible system description tool, because it assists the systems analyst to understand the functional and information structure within a complex system. Therefore, I-O helps in analysing manufacturing systems for material and information flows together with their relationships. It identifies the roles and aids the application of the principles of the systems approach to the operations of the various functions within the overall framework of manufacturing. The analysis of an industry in terms of the relationship between all  inputs and outputs. The output of a good or service in an industry is either used in the production of goods and services or it goes into final consumption. Each output in an industry can be represented by an equation, with output equal to its final consumption plus the sum of its inputs used in all production activity throughout the industry.

(1) Farsijani, H., 1996, “Implementing World-Class Manufacturing in Medium Companies”, Proceedings of the Fifth International Conference on Human Aspects of Advanced Manufacturing,Agility&Hybrid Automation,School of Industrial Engineering,Purdue University,Hawaii,USA.

2. Knowledge of Applying Input-Output Methodology for Global Markets
Development of company strategy theory requires a smaller, less complex set of variables, and recognition of the variables impact on performance. The tools to link these decisions to strategic choices are only being developed. Such a theory will improve productivity and reliability by improving their I-O strategic. Theory and practice meet when managers attempt to identify those variables that have the greatest effect on performance for their own company and competitive environment. Dynamic global WCM an integrated combination of processes, machine systems, people organizational structures, information flows, control systems and computers whose purpose is to achieve economic product manufacture and internationally competitive performance through input-output analys. It is proposed framework for manufacturing strategy for achieving  global WCM, table (1) in assessing the current contribution manufacturing that is making to the competitive edge of the company:

“ Table  (1) Framework for (I-O) Strategy ”

Criteria for  Dynamic Global WCM, Reliability Management
Manufacturing Strategy

_____________________

Process Choice
Manufacturing Strategy

________________________

Infrastructure

Delivery reliability

Eliminate waste

Volume flexibility

Design flexibility

Quality conformance

Quality capability
Process

technology

Capacity decisions

Inventory

Control systems

Process
Organisational structure

Work structuring

Quality assurance and control

Production planning systems

I-O methodology helps to identify simplification opportunities and the first stage should focus on identifying opportunities and priorities. Company functions can be understood using diagrams based on a simple technique for understanding the inputs, outputs, controls and mechanisms needed to link functions to each other. It can help to determine value-added activities for eliminating unnecessary operations and simplifications for every function.  Farsijani (1996) coined the term global WCM to cover the many techniques and technologies designed to enable a company to match its best competitors. Within the various professional manufacturing attention is being paid to reliability, dependent on the stage of professionalisation, there are all kind of facilities for increasing the system design of global world-class manufacturing. The design of global products for global markets entails a major shift in both marketing and design philosophies for most manufacturing companies. Manufacturers worldwide are having to adapt to new conditions of world market and to new definitions of world-class performance through input-output analysis.

In order to lead  a dynamic global WCM  management companies have to:

1. Identify one or many strategic advantages for this adoption.

2. Identify a technical concept based on its own competences and technological resources.

3. Identify the organisational capacities to support this adoption.

4. Develop a strategic decision process that ensure the integration of these elements.

There are two main philosophies in manufacturing systems (1). The first, is the traditional philosophy that says a production systems is very complex. The best possible way to improve its efficiency is to accept it as it is. The second philosophy is called the new approach and says that the production system is very complex, and that the best possible way to improve its efficiency is to simplify it through input-output analysis. Several structured methods are 


(1) Howard, James. S, 1992, "Customer send a wake up call", D&B reports, 40(3), 28.

available for the modelling of manufacturing systems.  I-O provides users with a powerful means of analysis and development. It provides a means of examining the relationships between activities in order to evaluate how a modification in an activity may have an impact on other activities to influence the performance of the overall system.

Strategic objectives of dynamic global WCM are, lower price, better quality, shorter lead time, product innovation and increased process flexibility. A company’s move toward global WCM must be driven by a well defined set of strategic objectives based on true world-market needs. These global market needs should guide the  company that wants to implement global WCM needs to set up a input-output methodology; implementing WCM is more than just a matter of trying to increase efficiency, it requires an understanding of processes that can be obtained most easily through case studies of the experiences of other companies that have already implemented aspects of dynamic global WCM. 

For dynamic global WCM strategy there is two goals: first the distinct unique technology developments in manufacturing processes and operations offer a marketing advantages that competitors are unable to match. Second, manufactures should make process and infrastructure design choices that are consistent with the way that products win orders.  WCM strategy is seen as a competitive weapon with new productivity ingredients for WC performance. It is clear that many companies are facing manufacturing strategy problems and they have limited experience and expertise in the fields that they need to equipment in order to prepare their manufacturing strategy.

3. Operations of  Decomposition Using (I-O) Methodology
One of the important approaches available to companies is process re-engineering for achieving improvements in critical success factors (CSF) based on performance measurements. These companies can use the methods of re-engineering to achieve radical change in processes, to reduce cost, increase quality, increase reliability and increase safety. To achieve rapid throughput and opportunities for increasing productivity, the company should rethink every activity of every employee from line workers to management, and then cut costs, eliminate waste and rapidly improve safety. The focus of the process should be on minimising cost, maximising customer satisfaction/safety and avoiding quality loss. Figure (1) shows the main possible WCM operations appropriate to company (A) applied to the two areas of value added and non value added operations.
This methodology attempts to determine how the managers of an industry define problems. The first step in each study was to derive a description of the overall system of the companies. The methodology is empirical because it relies on direct observation to achieve this description and hence to make suggestions for improving the present system.  Observation is the technique of activity sampling which is used in work study and operations management. Instantaneous observations are made at regular intervals of processes or individuals at work. The nature of the activity or process is classified and recorded at each observation time. In this way the allocation of resources or any delays can be assessed. This empirical research can also be used to test a number of hypotheses.  

Bench-marking is one of the most valuable tools that can be used in the process of re-design, by establishing comparisons against the most competitive companies, as an aid to understanding how the company should arrange its flow of work, use of technology.  It is analytical in the sense that it seeks to determine the existence of relationships characteristic of the descriptive model of the SME. This methodology was developed to provide support in the three areas of strategy, structure and systems. It allows comparisons between a company's present situation and a dynamic WCM state. Using the concepts of input-output, controls, communication and resources were mapped out for each activity, together with key staff involved in each process. The needs and opportunities for change begin to emerge at this stage, and can be the starting point for identifying the work needed for becoming global WCM. 

Typical issues revealed in the process by the I-O approach include:

a) Gaps and unclear areas of responsibility;

b) Bottlenecks in the flow of information and materials;

c) Inaccuracies or errors;

d) Lost time or delays due to re-working; and

e) Existing tools and systems that do not adequately support the process.

The motives behind the introduction of global WCM are to use technology based products and concepts in production, to obtain increased productivity, better quality, and lower costs, and to overcome a lack of skilled workers.  Since there were several objectives to the investigation, the most practical and efficient way of carrying out the study was to examine the whole process of manufacturing. This enabled a detailed description to be developed of the current operations, and hence to suggest alternative arrangements incorporating appropriate WCM techniques.

Input-Output functional model helps to identify simplification opportunities to determine value-added activities for eliminating unnecessary operations and simplifications for every function. The first stage should focus on identifying opportunities and priorities. Company functions can be understood using diagrams as a simple technique for understanding the input-output, controls and mechanisms needed to link functions to each other.

The advantages of input-output include:

a) It allows a manufacturing system to be described in as complete a level of detail as required.

b) It allows system analysts properly to communicate their concepts.

c) It allows a mechanism for the decomposition of functions into a number of sub-functions.

d) It is flexible enough to fit into many existing system analysis methods.

Input-output methodology is as a technique that can be applied to specify completely the functional relationships of any manufacturing environment. It describe the functional relationships and specifies the flows of information and materials within a manufacturing operation. When an input is used to create an output, the function is carried out through a mechanism and under the guidance of the control. This technique provides a methodology for total system definition at any desired level of detail.

The input-output methodology has been utilised for many types of systems design. It is a powerful system description tool, particularly in the field of manufacturing systems. Design of input-output is a general method which has been used across all kinds of industries. It is applied in process re-engineering. Process re-engineering combines the exploration and rediscovery of the business with methods for eliminating work that do not add value to the product. Technology should not overshadow the methods of work simplification, new process design or improving people’s skills. This technique is a useful and flexible system description tool, because it assists the systems analyst to understand the functional and information structure within a complex system. Therefore, it helps in analysing manufacturing systems for material and information flows together with their relationships. It identifies the roles and aids the application of the principles of the systems approach to the operations of the various functions within the overall framework of manufacturing, including: sales, production planning, marketing, product design and shop floor activities. 

I-O uses top down decomposition to break up complex activities into smaller, more easily understood parts. It provides a structured approach and the hierarchical decomposition enables easy communication the highest level (I-O) defines the major aim of the subject system and the lower level describes the smaller sub-systems that exist to serve upper levels (1).  The application of I-O as part of process re-engineering, provides an understanding of the existing processes within the company.  I-O framework is a flexible enough system description tool to fit into many existing system analysis methods.
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"Fig(1)  Dr Farsijani Model for Input-Output Analysis

Through Gap Analysis"

The methodology used in the present research was developed using the concepts of  I-O to provide support for seeking to become global WCM. It compares a company’s present situation and possible global WCM status. The methodology considers the transition needed to get from the current situation to global WCM.


(1) Schonberger, R.J, 1986, "World Class Manufacturing": The Lessons of Simplicity Applied, Macmillan, New York, NY.

4. A Dynamic Global WCM Model Architecture Through (I-O) Framework

WCM and operating structures employed are one way of identifying the maturity of the companies. The techniques covered by WCM must be made recognisable and relevant to the I-O reliability. In global WCM it is of vital importance to reduce total costs as well as design, production and distribution times. Many  manufacturing companies searching to becoming more reliability and safety, because of developing faster design and manufacturing cycles has made more serious by stages. Critical to speeding up the process is the composition of joint teams and this will not be enough putting designers and manufactures in the same room, they need alert. 

When problems are identified, the flow of work should be redesigned to increase efficiency and lead to higher safety and reliability products. One of the important stages in re-engineering is to eliminate production stages or processes that are not essential and to integrate as far as possible all other stages. 
Incorporation of the supplier in the design and development of products is as important. Simultaneous engineering can be defined as the delivery of better, cheaper, faster products into the market by a lean way of working, using multidiscipline teams, right first time method and parallel processing activities to continuously consider all constraints. In a perspective on industrial reliability management operational objectives are as follows:

1. To identify the technological competences and resources that have an effect on performance.

2. To analyse the other companies capacities that can explain performance in industrial.

3. To identify key elements in the decision process that have an impact on safety performance.

4. To identify the various strategic advantages that differentiate companies with average performance.

Consequently, quality, cost and flexibility are key to achieve more reliability management. Competitive priorities and measurement criteria for reliability are defined in table (2). The programme planning for WCM is to develop a rate-based production plan that means target output of each production cell and will be the basis for forecasting machine, manpower and raw material requirements (1). Next stage is to initialise the focused company design. This step starts with a process flow analysis of the product. These two stages provide all the information necessary for machine and manpower allocation to the company.

The emphasis of  WCM is put on the resolution of the problems that reasons  quality of poor, instead of only detecting. The goal is resolves the root causes of quality problems and to show that company can achieve zero defects.  The purpose of  WCM quality is not increase the number of inspection people involved with tracing defects but develop awareness of quality issues in the shop floor operators that entire workforce is harnessed to the quest for product perfection this will require change to both the design and manufacturing processes so that high quality can be built into the product instead of poor quality being inspected out. High reliability and safety  means low cost, high profitability and quality, high market share, low absenteeism, low personnel turnover and high motivation.

A useful framework for analysing the problems of the manufacturing operations for successful 

WCM management is shown in figure (2). Performance measurement that describe flexible


(1) Zairi, M,1999, “Management of Advanced Manufacturing Technology” Bradford University.

performance measurement systems that linked to company strategic objectives. WCM that include investment strategy based on a clearly defined vision of future competitive requirements such as, determining reliability norms, developing a I-O management methodology and the demonstrability of reliability in the manufacturing (1).

“ Table (2) ”

Dimensions
Measurement Criteria for Dynamic Global WCM

Cost


a.  Unit product cost

b.  Unit labour cost

c.  Unit  material cost

d.  Total manufacturing overhead cost

e. Inventory turnover-work-in-process

f.  Capital productivity

g.  Capacity/machine utilisation

h.  Materials yield

Quality
  a.  a. Internal failure cost-scrap/rework, percentage defective/rejected

  b.  b. External failure cost-frequency of failure in field

  c.  c. Mean time between failure

  d.  d. Number of engineering changes

  e.  e. Incoming supplier quality



a) Determining  WCM Norms

Norms are necessary for the WCM and evaluation of whether, how much reliability has been generated. There is hardly a traditional in professional manufacturing to make explicit reliability norms. 

b) Developing  global WCM Management Methodology

To control a professional manufacturing the management has to have an adequate model of it. Not all manufacturing are the same or function according to the same model. There are different possible forms of manufacturing with various leadership style. Managing reliability requires re-thinking, re-engineering process and working in levels of control. 

c) The Demonstrability  WCM Management

Demonstrability reliability to customers becomes more and more important. There are problems concerning the formulation of operational definitions and the measurement of reliability. The process and output characteristics manufacturing make systematic reliability  difficult. 

A reliability analysis can be employed to I-O methodology, as part of an internal control of working conditions. The objective of the  I-O is to identify reliability and to decide on suitable WCM techniques. The model refers to technologies and systems that represent the best modern manufacturing practices successfully implemented in the companies.


(1) Farsijani, H., 1996, “World-Class Manufacturing: Techniques for Implementation for SMEs”, Proceeding of the International Engineering Management Conference (IEMC1996), IEEE Engineering Management, Vancouver B.C; Canada.





















Fig(2) "Dr Farsijani. H Model For Dynamic Global World-Class

Manufacturing Through Input-Output Framework"
5. Case Study

A key aspect of testing the concepts developed in the research programme has been the collaboration of several companies.  Company A, whose business is the manufacture of domestic goods epitomises in many respects the type of company involved in the research and its growth mirrors the framework put forward by Hill, T(1989).  Having started off on a small scale, the company  quickly gained a reputation for innovation and design and enjoyed steady sales growth to the point where it presently has a turnover of some £89 million per annum and has over 850 employees. The company claims around a 47 per cent market share for its products and can be regarded as a market leader. Whilst the company has enjoyed increased sales through successful innovations in its product range it has invested relatively little in changing existing production techniques. Increased production volumes were dealt with simply by scaling up existing methods without a strategic overview of whether it was using the most efficient technologies available. Although this approach has held the company in good stead, there is a growing appreciation among the management that while its product range and marketing is world-class it needs to develop an equally effective WCM strategy, particularly in the face of  growing international competition, notably from Europe. The challenge facing the management is to determine what actually constitutes world-class in their particular business.  From discussion with the management and visits to similar companies the following "model" of  I-O management was put forward as a basis for future discussion using the "WCM framework". 
ConclusionS

 (I-O) technique is a useful and flexible system description tool for dynamic global WCM, because it assists the systems analyst to understand the functional and information structure within a complex system. The proposed model considers the competitive advantages, the performance of the operating system, as a source of competitive advantages, and the operations articulated in phases: strategies, design, purchasing, optimization production, management resources and gap analysis. The optimisation of the global WCM management is one of the basic manufacturing strategies in global markets. Competitive advantages, investment in WCM and (I-O) teckniques may be considered as an opportunity to gain an edge over main competitors. Although tactically and economically no immediate benefits can be foreseen, senior managers may consider this type of investment as a move of strategic importance for achieving  WCM management. Results suggest that management should prepare and consider proposals in (I-O) techniques with greater emphasis on the long term profitability and competitiveness of their companies, balancing-as any policy decision-the rewards from such projects against the associated risks, including the consequence of doing nothing.   

Therefore, I-O helps in analysing manufacturing systems for material and information flows together with their relationships for desining dynamic global WCM system. The model refers to technologies and systems that represent the best modern manufacturing practices successfully implemented in the companies.  Global WCM was regarded as any new technique which, when adopted, is likely to require a change not only in manufacturing practice, but also in management systems and the manufactures approach to the design and production engineering of the product and reliability management. An integrated combination of processes, machine systems, people, organisational structures, information flows, control systems and computers whose purpose is to achieve economic product manufacture and competitive performance. In sum the results show that the main strategic impacts of (I-O) on WCM are not primarily  technical in nature, but instead due to particular benefical management practices associated with WCM adoptions.
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