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ABSTRACT

In today’s environment, the chain-chain competition has started to take over the enterprise-enterprise competition. The forward-looking enterprises today are dynamic; they collaborate with suppliers, customers and even with competitors; share information and knowledge aiming to create a supply chain that is capable of competing in the marketplace. Hence, gaining competitive edge under such a cut-throat environment becomes increasingly difficult and survival and success of the industries depends upon the competitiveness of the supply chain, i.e., the ability to compete in the marketplace.
In this research, factors for supply chain competitiveness are identified. These factors are further grouped under three main factors which are Assets, Processes and Performance. A hierarchy model is developed from these factors in which Assets and Processes each consists of 4 sub-factors and Performance consists of 3 sub-factors. Further, by using Fuzzy-AHP and Extent analysis technique prioritization has been done and global weights were identified. Later on, supply chains of three Indian passenger car manufacturing industries are compared by using Fuzzy-AHP and Extent analysis technique and find out among the available alternatives which supply chain is the most competitive.
Keywords: Supply chain, competitiveness, Fuzzy logic, Analytic Hierarchy Process (AHP), Extent analysis.
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CHAPTER-1
INTRODUCTION

1.1 Introduction

A supply chain or logistics network is the system of organizations, people, technology, activities, information and resources involved in moving a product or service from supplier to customer. Supply chain activities transform natural resources, raw materials and components into a finished product that is delivered to the end customer. In sophisticated supply chain systems, used products may re-enter the supply chain at any point where residual value is recyclable. 
The supply chain concept is theorized from the formation of a value chain network consisting of individual functional entities committed to providing resources and information to achieve the objectives of efficient management of suppliers as well as the flow of parts (Lau and Lee, 2000). Supply chain management (SCM) includes a set of approaches and practices to effectively integrate suppliers, manufacturers, distributors and customers for improving the long-term performance of the individual firms and the supply chain as a whole in a cohesive and high-performing business model (Chopra and Meindl, 2009). As defined by the Council of Supply Chain Management Professionals (CSCMP), SCM encompasses the planning and management of all activities involved in sourcing and procurement, conversion and all logistics management activities as well as coordination and collaboration with channel partners. SCM and related strategies are crucially important to the success of a manufacturing firm. This is because the cost and quality of goods and services sold are directly related to the cost and quality of goods and services purchased. Therefore, supply chain policies such as procurement and supplier selection have an important role in the SCM (Cigolini et al., 2004). Lean practices to improve the internal processes of an organization in line with the principles of just in time (JIT) supply are other highly recognized practices in SCM (Burgess et al., 2006). Integration of internal processes of the organization with the suppliers and customers forms the essence of the whole idea behind SCM. With the widespread use of internet, web-based systems enable organizations to form strong customer and supplier integration for inventory management, demand forecasting, customer and supplier relationship management (Frohlich and Westbrook, 2002).
Globalization and intensive world-wide competition along with the technological advancements create an entirely new business environment for the manufacturing organizations. An integrated supply chain has an advantage on the competitiveness of the individual companies. As a result, the chain-chain competition has started to take over the enterprise-enterprise competition, although many enterprise-enterprise competitions do exist particularly in the less developed economies (Koh et al., 2006). The forward-looking enterprises today are dynamic; they collaborate with suppliers, customers and even with competitors; share information and knowledge aiming to create a supply chain that is capable of competing if not leading the particular industry. Hence, gaining competitive edge under such a cut-throat environment becomes increasingly difficult, if not impossible. Survival and success of the industries depends upon the competitiveness of the supply chain, i.e., the ability to compete in the marketplace.

Supply Chain competitiveness has been described as a multidimensional and relative concept. The significance of different criteria of competitiveness changes with time and context. Theories and frameworks must be flexible enough to integrate the change with key strategic management processes if their utility is sustained in practice. Ambastha and Momaya, (2004) define competitiveness as the firm’s ability to provide goods and services more efficiently than others involved in the marketplace. For this purpose, organizations need to manage their resources and processes more efficiently than their competitors can.
In the current competitive business scenario, one of the key requirements on global as well as local firms is to provide their markets with products and services at lower costs, at a higher quality, with a shorter product development cycle, and with a shorter delivery time. In order to achieve these objectives, several important and critical decisions have to be taken at a tactical as well as a strategic level. Economic justification methods, such as return on investment, or analytic justification methods, such as linear programming, analytical hierarchy process are frequently employed before making decisions involving significant investment decisions. It is important to note that irrespective of the kind of evaluation – economic or analytic – the information available for making the decision is generally vague and uncertain. It is very difficult to obtain exact data on attributes like investment cost, expenses, project lifetime, depreciation, etc. for making these decisions. Hence, these evaluation methods tend to be less effective in delivering required information in such an imprecise, or fuzzy, decision environment.

To tackle the above mentioned problem, fuzzy set theory plays a significant role. The approximate reasoning of fuzzy set theory can properly represent linguistic terms (Zadeh, 1975). To deal quantitatively with imprecision and uncertainty, all of the assessment data can be specified as triangular fuzzy numbers (Prabhu and Vijaya, 1996). Subsequently, a fuzzy AHP and Extent analysis, a multi-criteria decision-making (MCDM) technique have been applied to integrate various linguistic assessments and weights in order to determine the best selection. In contrast to traditional approaches, which tend to adopt only one specific evaluation technique, an integrative approach is proposed, combining strategic, economic, and analytic justification approaches.
1.2 Supply Chain
A supply chain consists of all parties involved, directly or indirectly, in fulfilling a customer request. The supply chain includes not only the manufacturer and suppliers, but also transporters, warehouses, retailers, and even customers themselves. Within each organization, such as a manufacturer, the supply chain includes all functions involved in receiving and filling a customer request. These function include, are not limited to, new product development, marketing, operations, distribution, finance, and customer service (Chopra and Meindl, 2009).

A typical supply chain may involve a variety of stages as shown in fig 1.1. These supply chain stages include: 

· Customers

· Retailers 

· Wholesalers/distributors 

· Manufacturers

· Component/raw material suppliers. 




Fig 1.1: Supply Chain Stages

Source: Chopra et. al., (2009)
A supply chain is a network of retailers, distributors, transporters, storage facilities and suppliers that participate in the sale, delivery and production of a particular product. So, a supply chain is product specific, not company specific. A supply chain is the process of moving goods from the customer order through the raw materials stage, supply, production and distribution of products to the customer. All organizations have supply chains of verifying degrees, depending upon the size of the organization and the type of product manufactured. These networks obtain supplies and components, change these materials into finished products and then distribute them to the customer. 
Each stage in a supply chain is connected through the flow of products, information and funds. These flows often occur in both direction and may be managed by one of the stages or an intermediary. Managing the chain of events in this process is what is known as supply chain management. Effective management must take into account coordinating all the different pieces of this chain as quickly as possible without losing any of the quality or customer satisfaction, while still keeping cost down.
1.3 Supply Chain Management (SCM)

Supply chain management is the process of planning, implementing, and controlling the operations of the supply chain as efficiently as possible. Supply Chain Management spans all movement and storage of raw materials, work-in-process inventory, and finished goods from point-of-origin to point-of-consumption. The typical definition of the term supply chain management is as follows: The supply chain refers to all those activities associated with the transformation and flow of goods and services, including their attendant information flows, from the sources of materials to end users. Management refers to integration of all these activities, both internal and external to the firm.

The definition one American professional association put forward is that Supply Chain Management encompasses the planning and management of all activities involved in sourcing, procurement, conversion, and logistics management activities. Importantly, it also includes coordination and collaboration with channel partners, which can be suppliers, intermediaries, third-party service providers, and customers. In essence, Supply Chain Management integrates supply and demand management within and across companies. Supply chain event management (abbreviated as SCEM) is a consideration of all possible occurring events and factors that can cause a disruption in a supply chain. With SCEM possible scenarios can be created and solutions can be planned.

Mohanty and Deshmukh (2004) define supply chain management as a loop:

· It starts with the customer and it ends with the customer.

· Through the loop flow all materials, finished goods, information and all transactions.

· It requires looking at the business as one continuous, seamless process.

· This process absorbs distinct function such as forecasting, purchasing, manufacturing and distribution, sales and marketing into a continuous business interaction.

1.4 Objective of SCM

The main objective of SCM is to provide- right product, right quality, right cost, right time, to the right customers.  In order to minimize system wide costs while satisfying service-level requirements and maximize value & lower waste. The objective of every supply chain should be to maximize the overall value generated. The value a supply chain generates is the difference between what the final product is worth to the customer and the costs the supply chain incurs in filling the customer’s request. For most commercial supply chains, value will be strongly correlated with supply chain profitability (also known as supply chain surplus), the difference between the revenue generated from the customer and the overall cost across the supply chain. 
Supply chain success should be measured in terms of supply chain profitability and not in terms of the profits at individual stages. The higher the supply chain profitability, the more successful is the supply chain. The objectives of supply chain integration are to supply superior quality goods faster, with more efficient processes and in essence be more responsive to the perceptions of the marketplace and be able to change direction at will. 

1.5 Major Drivers of Supply Chain

There are five major supply chain drivers as depicted in fig. 1.2 (Mohanty and Deshmukh, 2005).
1. Production: This is typically related to issues on what to produce, how to produce (which manufacturing process) and when to produce.
2. Inventory: Here the decisions and issues may be concerned with how much to make and how much to store as inventory and where to store these items (at the plant itself, warehouse, or at the retailer etc.).
3. Location: A number of issues regarding location such as where to locate a plant, where to locate a warehouse facility etc. may have significant bearing on the dynamics of the supply chain and in turn may affect the overall costs.
4. Transportation: The issues may be related to how to move a product from one location to another and by what mode of transportation. One needs to evaluate economies of scale on one hand and the desired level of customer satisfaction on the other hand.
5. Information: Information is a binding force having critical implications for the supply chain. Information acts as basis for making various decisions in the supply chain. It also acts as an integrator. Unless information flows are handled properly, one may not be able to derive benefits from the supply chain integration.

Fig 1.2: Major drivers of supply chain (Mohanty and Deshmukh, 2005)
1.6 Supply chain decision phases
Supply chain decision phases may be categorized as design, planning, and operational, depending on the time frame during which the decisions made apply (Chopra and Meindl, 2003).
1. Supply chain design or strategy

2. Supply chain planning

3. Supply chain operation
1. Supply chain design or strategy: During this phase, given the marketing and pricing plans for a product, a company decides how to structure the supply chain over the next several years. It decides what the chain’s configuration will be, how resources will be allocated, and what processes each stage will perform. Strategic decisions made by companies include whether to outsource or perform a supply chain function in-house, the location and capacities of production and warehousing facilities, the products to be manufactured or stored at various location, the modes of transportation to be made available along different shipping legs, and the type of information system to be utilized. A firm must ensure that the supply chain configuration supports its strategic objectives and increase the supply chain surplus during this phase.
2. Supply chain planning: For decision made during this phase, the time frame considered is a quarter to a year. Therefore, the supply chain’s configuration determined in the strategic phase is fixed. The configuration establishes constraints within which planning must be done. The goal of planning is to maximize the supply chain surplus that can be generated over the planning horizon given the constraints established during the strategic or design phase. Companies start the planning phase with a forecast for the coming year of demand in different markets. Planning includes making decision regarding which market will be supplied from which locations, the subcontracting of manufacturing, the inventory policies to be followed, and the timing and size of marketing and price promotions. In planning phase, companies must include uncertainty in demand, exchange rates, and competition over this time horizon in their decisions. Given a shorter time frame and better forecasts than the design phase, companies in the planning phase try to incorporate any flexibility built into the supply chain in design phase and exploit it to optimize performance. As a result of the planning phase, companies define a set of operating policies that govern short term operations.   

3. Supply chain operation: The time horizon here is weekly or daily, and during this phase companies make decisions regarding individual customer orders. At the operational level, supply chain configuration is considered fixed and planning policies are already defined. The goal of supply chain operations is to handle incoming customer orders in the best possible manner. During this phase, firm allocate the inventory or production to individual orders, set a date that an order is to be filled, generate pick lists at a warehouse, allocate an order to a particular shipping mode and shipment, set delivery schedules of trucks, and place replenishment orders. Because operational level are being made in the short term (minutes, hours, or days), there is less uncertainty about demand information. Given the constraints established by the configuration and planning policies, the goal during the operation phase is to exploit the reduction of uncertainty and optimize the performance.  The design, planning, and operation of a supply chain have a strong impact on overall profitability and success (Chopra and Meindl, 2003).

1.7 Competitiveness
Competitiveness can be looked at from three different levels: country, industry, and firm level. Competitiveness originated from the Latin word, competer, which means involvement in a business rivalry for markets. It has become common to describe economic strength of an entity with respect to its competitors in the global market economy in which goods, services, people, skills, and ideas move freely across geographical borders (Murths, 1998). 
According to D’Cruz and Rungman (1992), Competitiveness can be defined as the ability of firm to design, produce and or market products superior to those offered by competitors, considering the price and non-price qualities. Firm-level competitiveness is of great interest among practitioners. Nations can compete only if their firms can compete, argues Christensen of Harvard Business School. Porter says "it is the firms, not nations, which compete in international markets", (Porter, 1998). 
Competitiveness can be treated as a dependent or independent variable, depending on the perspectives from which one approaches the issue. Buckley et al (1998) has suggested a framework that has three folds: the competitiveness performance, competitiveness potential, and the management processes. A similar framework can be found in the World Competitive Yearbook (WCY, 2002). In the WCY formula, "world competitiveness" is a combination of assets that are inherent and created as well as processes that transfer assets into economic results (Man, 1998). 
Competitiveness involves "a combination of assets and processes, where assets are inherited (natural resources) or created (infrastructure) and processes transform assets to achieve economic gains from sales to customers". Outcomes can be achieved through competitive potentials through the competitiveness process (Burkely et al, 1988), similar to the Asset-Process-Performance (APP) framework (Ambastha and Momaya, 2004). Competitiveness processes are those processes, which help identify the importance and current performance of core processes such as strategic management processes, human resources processes, operations management processes and technology management processes. The competitiveness process can be viewed as a balancing process that complements traditional functional processes such as operations management and human resources management. It enhances the ability of an organisation to compete more effectively. Sources of competitiveness are those assets and processes within an organisation that provide competitive advantage. These sources can be tangibles or intangibles.
Some authors view competitiveness with the competency approach. They emphasize the role of factors internal to the firms such as firms strategy, structures, competencies, capabilities to innovate, and other tangible and intangible resources for their competitive success (Bartlett and Ghoshal, 1989; Hamel and Prahalad, 1989). This view is particularly among the resource-based approach towards competitiveness (Prahalad and Hamel, 1990; Grant, 1991; Barney 2001). Ability to develop and deploy capabilities and talents far more effectively than competitors can help in achieving world-class competitiveness (Smith, 1995). 
Productivity has often been termed as a surrogate of competitiveness and good indicator of long-term competitiveness of a firm by many authors. Porter (1990) defined competitiveness at the organizational level as productivity growth that is reflected in either lower costs or differentiated products that command premium prices. The generic strategies given by Porter also emphasizes these criteria (Porter, 1990). It has been said the company, industry, or nation with the highest productivity could be seen as the most competitive (McKee and Sessions-Robinson, 1989). 

In today's turbulent business environment, dynamic capabilities, flexibility, agility, speed, and adaptability are becoming more important sources of competitiveness (Barney, 2001; Sushil, 2000). 

Some competitiveness connotations by various researchers are summarized in table 1.1.

Table 1.1: Competitiveness connotations.
	Competitiveness Connotations
	Researchers

	Superior manufacturing performance leads to competitiveness
	Leachman et al. (2005)



	Firm’s competitiveness is dependent on its ability to provide goods and services more efficiently than others involved in the market place
	Ajitabh and Momaya (2004)



	Competitiveness comes through a process by which one entity strives to outperform another through the use of various resources and capabilities
	Hitt et al. (2001)



	To be competitive, several factors must exist: the desire to win, commitment or perseverance and the availability of certain resources.
	Khalil (2000)



	Competitiveness is defined in terms of “helping business to win”, “price”, product range and quality and “distribution and marketing”
	Dou and Hardwick (1998)

	Competitiveness refers to the relative position of an organization against its competitors
	Cho and Moon (1998)


	Competitiveness involves different attributes like comparative advantage and/price competitiveness perspective, strategic and management perspective, as well as historical and socio-cultural perspectives
	Waheeduzzaman and Ryans (1996)



	Competitiveness is the ability of the organization to stay in business and to protect the organization’s investments, to earn a return on those investments and to ensure jobs for the future
	Pace and Stephan (1996)



	Competitiveness is the ability to increase market share, profit and growth in value added and to stay competitive for a long duration
	Ramasamy (1995)

	Competitiveness is the ability to persuade customers to choose their offering over alternatives and ability to improve cost process capabilities.
	Chaharbaghi and Feurer (1994)




1.7.1 Competitive priorities 

Competitive priorities represent a holistic set of tasks, which should be performed by the manufacturing function in order to support the business strategy (Kim and Arnold, 1996).Competitiveness of a supply chain is mostly dependent on its ability to perform well in dimensions such as cost, quality, delivery, dependability and speed, innovation and flexibility to adapt itself to variations in demand (Carpinetti et al., 2000). While alignment of the manufacturing function with strategic priorities is core to competitiveness, the continuous improvement of the manufacturing function plays a very important complimentary role in the quest of competitiveness in the long run. Four widely accepted competitive priorities are cost, delivery, quality and flexibility. Competitive priorities might be used as measures of competitiveness (external) and competence (internal) (Singh et. al., 2006). According to Fleury and Fleury (2003), organizations should optimize the quality/price ratio for operational excellence. Lau (2002) have observed that quality and lower cost are the top ranking competitive factors among US electronics and computer industries. Dangayach and Deshmukh (2005) have observed that SMEs give highest priority to quality and the least priority to flexibility. Therefore, competitive priorities will have to be decided very carefully because it will set the direction for adoption of different processes or management practices by the organization.
1.8 Research Objectives:

The main objectives of this thesis work are:
1. To study the supply chain practices.

2. To identify the factors for competitiveness of a supply chain.
3. To develop a hierarchy model for prioritization of the factors and selection of the supply chain on the basis of the competitiveness of supply chain.

CHAPTER-2
LITERATURE REVIEW

2.1 Introduction
In this chapter various factors for supply chain competitiveness are identified from the previous research work carried out in this field which has been summarized in table 2.2. These factors are further grouped under three main factors, Assets, Processes and Performance. Assets and Processes each consist of 4 sub-factors and Performance consists of 3 sub-factors. A brief literature review has been presented on all the factors.
2.2 Literature on Supply Chain Management
The Council of Supply Chain Management Professionals (CSCMP) (2004), (formerly The Council of Logistics Management (CLM)), a leading professional organization defines SCM as: “SCM encompasses the planning and management of all activities involved in sourcing and procurement, conversion, and all logistics management activities, including coordination and collaboration with suppliers, intermediaries, third-party service providers, and customers” (Thus the supply chain encompasses all activities involved in the production and delivery of a final product or service, from the supplier’s supplier to the customer’s customer). In essence, supply chain management integrates supply and demand management within and across companies. SCM encompasses the management of supply and demand, sourcing of raw materials and parts, manufacturing and assembly, warehousing and inventory tracking, order entry and order management, and distribution and delivery to the customer. Cooper et al. (1997) define SCM as the management and integration of the entire set of business processes that provides products, services and information that add value for customers. Several authors have defined supply chain management. Christopher (1998), New and Payne (1995), and Simchi-Levi et al. (2000) define supply chain management as “the integration of key business processes among a network of interdependent suppliers, manufacturers, distribution centers, and retailers in order to improve the flow of goods, services, and information from original suppliers to final customers, with the objectives of reducing system-wide costs while maintaining required service levels” (Stapleton et al., 2006). The Global Supply Chain Forum (GSCF) defines supply chain management as “the integration of key business processes from end user through original suppliers, that provides products, services, and information that adds value for customers and other stakeholders”. According to Christopher (1992), a supply chain is a network of organizations performing various processes and activities to produce value in the form of products and services for the end customer. SCM concerns the integrated and process-oriented approach to the design, management and control of the supply chain, with the aim of producing value for the end customer, by both improving customer service and lowering cost (Bowersox and Closs, 1996; Giannoccaro and Pontrandolfo, 2002). Lummus and Vokurka (1999) summarize SCM as “all the activities involved in delivering a product from raw material through to the customer, including sourcing raw materials and parts, manufacturing and assembly, warehousing and inventory tracking, order entry and order management, distribution across all channels, delivery to the customer, and the information systems necessary to monitor all of these activities”.

According to Li et al. (2006) the dual purpose of SCM is to improve the performance of an individual organization as well as that of the entire supply chain. Mentzer et al. (2001) consider SCM as a systemic, strategic coordination of business functions within an organization and between organizations within the supply chain, for improving the long-term performance of individual companies and the supply chain as a whole. The emphasis of each of these definitions is on the objective of SCM to create a distinctive advantage by maximizing the total value of products and services (Stank et al., 2005).

Furthermore, Lummus and Vokurka (1999) add that SCM links all the departments within an organization as well as all its trading partners (viz: suppliers, customers, 3PL providers, and information systems providers). There is mutual collaboration and companies work together to make the whole supply chain competitive. Information technology is widely used to share information and generate demand forecasts. The underlying idea in SCM is that the entire process must be viewed as a single system. The core competencies of individual organizations are determined and are cashed on, to create enhanced competitive advantage for the supply chain.
Bowersox and Closs (1996) argued that to be fully effective in today's competitive environment, firms must expand their integrated behavior to incorporate customers and suppliers. This extension of integrated behaviors, through external integration, is referred to by Bowersox and Closs (1996) as supply chain management. In this context, the philosophy of SCM turns into the implementation of supply chain management: a set of activities that carries out the philosophy. This set of activities is a coordinated effort called SCM between the supply chain partners, such as suppliers, carriers, and manufacturers, to dynamically respond to the needs of the end customer (Greene, 1991).

The concept of SCM has been studied from two perspectives, namely purchasing (supply management), and logistics (transportation, distribution, warehousing, and inventory management) (Tan et al., 1998). According to the purchasing perspective, SCM is synonymous with supplier integration and has evolved from traditional purchasing and materials functions (Banfield, 1999; Lamming, 1993). From the logistics management perspective, SCM is synonymous with distribution, logistics, inventory management, and customer relationships (Alvarado and Kotzab, 2001; Bechtel and Jayaram, 1997; Romano and Vinelli, 2001; Rudberg and Olhager, 2003; Van Hoek, 1998). In due course, these two perspectives evolved into one single philosophy of SCM with integrated systems, processes, and practices between trading partners. Few definitions summarized in table 2.1:
Table 2.1: Definitions of Supply Chain

	Author
	Definition

	Chopra et. al. (2009)
	“The processes which occur before manufacturing or production into a deliverable product or service, typically processes dedicated to getting raw materials from suppliers; and the processes which occur after manufacturing or production dedicated to getting goods and services to customers”

	Govindan et. al. (2009)
	“Supply chain management (SCM) is the term used to describe the management of the flow of materials, information, and funds across the entire supply chain, from suppliers to component producers to final assemblers to distribution (warehouses and retailers), and ultimately to the consumer”.

	Gibson et. al . ( 2005)
	“Supply Chain Management encompasses the planning and management of all activities involved in sourcing and procurement, conversion, and all Logistics Management activities. Importantly, it also includes coordination and collaboration with channel partners, which can be suppliers, intermediaries, third-party service providers, and customers. In essence, Supply Chain Management integrates supply and demand management within and across companies.”

	Simchi-Levi et. al. (2003)
	“SCM is a set of approaches utilized to efficiently integrate suppliers, manufacturers warehouses and stores, so that merchandise is produced and distributed at the right quantities, to the right locations, and at the right time, in order to minimize system wide costs while satisfying service level requirements”

	Smock (2003)
	“supply chain management refers to the process of how products are designed, sourced through an often-complex network, manufactured, and distributed from raw material to the end customer. The idea is to create as much cross-functional teaming and coordination as possible to reduce costs, standardize, simplify, reduce inventories and maximize profits from assets.”

	Stock & Lambert (2001)
	“Supply chain management is the management of eight key business processes: customer relationship management, customer service management, demand management, order fulfillment, manufacturing flow management, procurement, product development and commercialization and returns”. These processes subsume or include much of logistics, purchasing, marketing and operation management.

	Ballou et al. (2000)
	“The supply chain refers to all those activities associated with the transformation and flow of goods and services, including their attendant information flows, from the sources of raw materials to end users. Management refers to the integration of all these activities, both internal and external to the firm.”

	Christopher (1998)
	“SCM is the management of upstream and downstream relationships with the suppliers and customers to deliver superior customer value at lesser cost to the chain as a whole.”

	Leenders and Fearon (1997)
	“SCM is a systems approach to managing the entire flow of information, materials and services from raw materials suppliers through factories and warehouses to the end customer.”


2.3 SCM Practices

‘SCM practices’ is defined as “the set of activities undertaken by an organization to promote effective management of its supply chain” (Li et al., 2006). Li et al. (2005, 2006) proposed ‘SCM practices’ as a multi-dimensional construct that includes both upstream and downstream sides of the supply chain. Donlon (1996) considered outsourcing, supplier partnership, information sharing, cycle time compression, and continuous process flow, as SCM practices. Tan et al. (1998) used quality, purchasing, and customer relations to represent SCM practices, in their empirical study. Alvarado and Kotzab (2001) focused on inter-organizational system use, core competencies, and elimination of excess inventory through postponement, as SCM practices. Using factor analysis, Tan et al. (2002) identified: supply chain integration, information sharing, customer service management, geographic proximity, and JIT capability, as the key aspects of SCM practice. Lee (2004) in his case study based research identified five practices at the supply chain level that are a key to creating supply chain responsiveness. They are: outsourcing, strategic supplier partnerships, customer relationships, information sharing, and product modularity. Chen and Paulraj (2004) used long-term relationship, cross-functional teams, supplier base reduction, and supplier involvement. Min and Mentzer (2004) identified long-term relationship, information sharing, vision and goals, risk and award sharing, cooperation, process integration, and supply chain leadership underlying the concept of SCM. Li et al. (2005, 2006) identified strategic supplier partnership, customer relationship, and information sharing as key SCM practices. Some of the best practices have been discussed below:

2.3.1 Vendor development

Vendor development is a technique by which OEM's train their supplier or provide technical support to them to achieve certain level of quality in their product (Wikianswers, 2010a). A large number of industries operate with poor forecasting and planning systems and operate with long cycle times. They also have problems with unreliable inventory control systems, with no stock tracing and poor cost control. This can lead to excess obsolete stock and eroding customer service levels (Gunasekaren et al., 2000). Manufacturing industry need to improve their production and material management systems (Ulusoy, 2003). For this development of vendors is essential. Vendor development helps in improving the performance of not only buyers but of vendors also (Humphreys et al., 2004). By vendor development, buying firm helps their vendors for increasing their capabilities to improve their performance. It was found that higher rated vendors emphasize process management and employee satisfaction to a greater degree than the lower rated vendors (Park et al., 2001). Trent and Monczka (1999) stressed that maintaining a small number of vendors, improves product quality and productivity of buyers by encouraging enhanced vendor commitment to product design and quality. Mutually supportive long-term supplier relationship is the best way to achieve quality improvement. Direct product costs and customer’s acquisition and operational costs can be also lowered when buyers and suppliers work together closely (Canon and Homburg, 2001).

2.3.2 Product design and development

To meet rapidly changing product features and customer needs, company should build a dynamic capability to develop new to market products. According to Mosey (2005), a company can compete with their larger rivals by developing new-to-market products. Investment in product research and development will also help in improving quality and in reducing cost. According to Chorda et al. (2002), cost of product development and uncertainty of the market were found to be the major determinants that confront the product development. Most of the research focuses on factors that contribute to their survival such as financing, rather than a greater understanding of the growth process and the achievement of sustainable competitive advantage. However, according to Karlsson and Olsson (1998), small firms not only spend more on fundamental research but also account for a high proportion of innovations in products and services. For higher growth firms should focus on research and innovation in the longer term.

2.3.3 Just in time (JIT) approach

JIT is both a philosophy and collection of management methods and techniques used to eliminate waste (particularly inventory). Waste results from any activity that adds cost without adding value, such as moving and storing. Just-in-time (JIT) is a management philosophy that strives to eliminate sources of such manufacturing waste by producing the right part in the right place at the right time. JIT has been applied in practice since the early 1970s in many Japanese manufacturing organizations. It was first developed and perfected within the Toyota manufacturing plants as a means of meeting consumer demands with minimum delays (Altekar, 2009). Just in time (JIT) is capable of improving profits and return on investment by reducing inventory levels, elimination of waste like overproduction, waiting time, transportation, processing waste, unnecessary movement, product defects, variability, production and delivery lead time and costs such as those associated with machine setup and equipment breakdown (Pandey and Garg, 2009). The kanban system is an element of JIT that emphasizes a pull-based system and can be used in integration of the entities in SCM. The kanban system is viewed as an information system. The kanban contains information such as the kanban type, component name and number, the station location and the destination station.

2.3.4 Customer relationship management (CRM)

Customer relationship management (or CRM) is a broadly recognized, widely-implemented strategy for managing and nurturing a company’s interactions with customers, clients and sales prospects. It involves using technology to organize, automate, and synchronize business processes—principally sales activities, but also those for marketing, customer service, and technical support (Wikipedia, 2010b). Li et. al. (2006) defined CRM as “the entire array of practices that are employed for the purpose of managing customer complaints, building long-term relationships with customers, and improving customer satisfaction”. Tan et al. (1998) consider customer relationship management as an important SCM practice. An organization’s customer relationship practices can affect its success in SCM efforts as well as its performance (Scott and Westbrook, 1991). Successful SCM involves customer integration at the downstream and supplier integration at the upstream, considering that each entity in a supply chain is a supplier as well as a customer (Tan et al., 1999). In this global competition and mass customization era, personalized attention and better relationship management with individual customers is of utmost importance for organizational success (Wines, 1996). Customer relationship has long been recognized as an internal component of an organization’s marketing strategy to increase sales and profits. Close customer relationship allows product differentiation from competitors, helps sustain customer loyalty, and elevates the value provided to customers. Immediate customer relationship activities have played a crucial role in developing effective SCM strategies (Wisner, 2003).

CRM builds on the philosophy of relationship marketing. This emphasis on relationships, as opposed to transactions, is redefining how companies are interacting with their customers (Payne and Frow, 2004). CRM stresses two-way communication from supplier to customer and from customer to supplier to build the customer asset over time. Advances in technology, especially the Internet, have greatly enhanced the flow of dialogue, and the capture, interpretation, and dissemination of information. Crucially, Internet technologies enable the development and management of more complex multiple channel and cross-channel relationships. CRM is important because it provides enhanced opportunities by using data to understand customers and to implement improved relationship marketing strategies.

2.3.5 Web-based IT tools
Apart from basic communication tools such as e-mails, faxes and telephone, other Web-based information technologies (IT) are quite useful for supply chain members. Internet-based World Wide Web (WWW), intranet, extranet, and electronic data interchange (EDI) are being used for information sharing in computer-to-computer and business-to-business transactions (Chin et. al., 2004; Tummala et. al., 2006). The intranet is popular within an organization to provide immediate, cost-effective, and more secure information (Strader et al., 1999). Benetton, the Italian sportswear manufacture, uses an EDI network to link agents with production and inventory information, and order transmission to headquarters and air carriers. This resulted in an earlier shipment of orders than most of its competitors (Simchi-Levi et al., 2000). In addition, Web-based information technologies can facilitate accurate, frequent, real-time and seamless exchange of information, both internally and inter-organizationally.

2.3.6 Total quality management (TQM)

The basis of TQM is to reduce the errors produced during the manufacturing or service process, increase customer satisfaction, streamline supply chain management, aim for modernization of equipment and ensure workers have the highest level of training. One of the principal aims of TQM is to limit errors to 1 per 1 million units produced. Total Quality Management is often associated with the development, deployment, and maintenance of organizational systems that are required for various business processes (Wikipedia, 2010a). Total quality management (TQM) is a philosophy mainly dominated by large companies (Yosuf and Aspinwall, 2000) but the fear of losing contracts prompts small and medium enterprises to bring quality into their system. The increasing intensity of competition has made continuous planning and quality improvement a prerequisite for the survival of not only large firms but also for small firms (Temtime, 2003). According to Yosuf and Aspinwall (2000), TQM should not be implemented at the expense of losing flexibility which is strength in small businesses. While implementing TQM, company should focus on training and education of employees. Leadership and information analysis play a significant role in shaping the quality focus of companies (Sila and Ebrahimpour, 2005).The success of a TQM program increases when its implementation is extended to the entire company. TQM can foster continual improvement (CI) through integrated, consistent and involving everyone and everything in company. Effective implementation of TQM is a valuable asset in a company’s resource portfolio, which can produce important competitive capabilities and be a source of competitive advantage (Demirbag et al., 2006). Prajogo (2007) have observed that that quality is predicted by differentiation strategy. This strategy aims to build up competitive advantage by offering unique products which are characterized by valuable features, such as quality, innovation, and customer service. Firms can achieve improved productivity, greater customer satisfaction, increased employee morale, improved management labour relations and higher overall performance through TQM. According to Fullerton and McWatters (2001), Manufacturing industries can gain competitive advantage through the quality of their products because they can implement JIT system with low-defect rates or higher quality of products. It will also help in reducing product cost through eliminating scrap and rework.
2.3.7 Strategic supplier partnership

It is defined as “the long term relationship between the organization and its suppliers. It is designed to leverage the strategic and operational capabilities of individual participating organizations to help them achieve significant ongoing benefits” (Li et al., 2006). Gunasekaran et al. (2001) assert that a strategic partnership emphasizes long-term relationship between trading partners and “promotes mutual planning and problem solving efforts”.  Strategic partnerships between organizations promote shared benefits and ongoing collaboration in key strategic areas like technology, products, and markets (Yoshino and Rangan, 1995). Globalization (includes global sourcing) has forced companies to manage their supply, manufacturing, and logistics more effectively. Mentzer et al. (2001) suggests that the key to effective management in the global environment is to have closer relationships with suppliers. Through close relationships supply chain partners are willing to (1) share risks and reward and (2) maintain the relationship on a long term.

2.3.8 Postponement

Postponement is a business strategy that maximizes possible benefit and minimizes risk by delaying further investment into a product or service until the last possible moment. An example of this strategy is Dell Computers' build-to-order online store (Wikipedia, 2010c). Zinn and Bowersox (1988) describe different types of postponement that could be implemented in the supply chain, and these include labeling, packaging, assembly, and manufacturing. According to Li et. al. (2006) Postponement is the practice of moving forward one or more operations or activities (making, sourcing and delivering) to a much later point in the supply chain. Two primaryconsiderations in developing a postponement strategy are: (1) determining how manysteps to postpone, and (2) determining which steps to postpone (Beamon, 1998). Postponement allows an organization to be flexible in developing different versions of the product in order to meet changing customer needs, and to differentiate a product or to   demand function (Waller et. al., 2000). Keeping materials undifferentiated for as long as possible will increase an organization’s flexibility in responding to changes in customer demand. In addition, an organization can reduce supply chain cost by keeping undifferentiated inventories (Li et. al., 2006).

2.3.9 e-Procurement

Procurement is the acquisition of goods and/or services at the best possible total cost of ownership, in the right quality and quantity, at the right time, in the right place and from the right source for the direct benefit or use of corporations, individuals, or even governments, generally via a contract. Simple procurement may involve nothing more than repeat purchasing. Complex procurement could involve finding long term partners – or even 'co-destiny' suppliers that might fundamentally commit one organization to another (Wikipedia, 2009d). On-line Procurement or e-procurement is a system for making purchases through internet. A properly implemented system can connect companies and their business processes directly with suppliers while managing all interactions between them. This includes management of correspondence, bids, questions and answers, previous pricing, and multiple emails sent to multiple participants. E-Procurement helps with the decision-making process by keeping relevant information neatly organized and time-stamped. Keeping track of all bids means leveraging your knowledge to obtain better pricing. Companies can focus on their most lucrative trading partners and contracts. Johnson and Whang (2002) divide E-business applications into three categories: E-commerce, E-procurement, and E-collaboration. E-procurement allows companies to use the Internet for procuring direct or indirect materials (Kim & Park, 2008).

2.3.10 Warehouse Management System (WMS)

Due to the effects of globalization, current supply chain networks are increasingly complex. Logisticians have to deal with numerous channel partners who may be located a great distance apart and who request a greater than ever diversity of products, and who need to deal with more statutory requirements and documentation than ever before (Vogt et al., 2005). A warehouse management system (WMS) controls, manages, and regulates the movement of goods within a warehouse or distribution centre. Typical features of a WMS include inventory management, picking and put away, order visibility, and fulfilment (Blanchard, 2007).  A warehouse is an essential link between the upstream (production) and downstream (distribution) entities, and most of the warehouse operations are either labour- or capital-intensive. The performance of these operations not only affects the productivity and operation costs of a warehouse, but also the whole supply chain. Thus, information systems such as WMSs were adopted for collecting data of warehouse operations in order to solve various problems in a warehouse, such as material handling problems (Poon et al., 2009). Within logistics operations areas, warehouse management is the most important function for linking the supply chain partners to formulate the seamless integration of the whole supply chain and for ensuring the smooth flow of products inside the network (Gu et al., 2007).

According to Sahay and Gupta (2007), Warehouse management process is to manage operations, within the premises of the warehouse. The functions include receiving, radio frequency/handheld scanning, quality assurance validation, wave management, order allocation, replenishment of product to pick locations, inventory control, and load/shipment scheduling and confirmation. the real challenge lies in not only liking it with both supply line and demand stream shop floor, but also to coordinate with shop floor activities.

2.3.11 Logistic Planning and Management

Logistics can be defined as the science pertaining to the movement of materials and the services along with the information. The more comprehensive definition says, “Logistics is the process of moving and positioning inventory to meet customer requirements at the lowest possible total landed cost” (Altekar, 2009). According to Pandey and Garg, (2009), several strategies of logistics have been developed based on the principles of logistics management, such as collaborative logistics processes, operational flexibility, logistics postponement and collaborative transportation. The collaborative logistics processes refer to joint decision making, such as assortment planning, joint forecasting, joint inventory management and replenishment (Simchi-Levi et al., 2008). Proper logistic planning can assure delivery of product at the right place at the right time.
2.3.12 Demand Management

Demand management means meeting customer needs consistently, meeting expectations on a regular basis. It doesn’t mean we drop everything to address an urgent priority in our partners mind every time we are asked (PMHUT, 2009). Attention has been paid to opportunities to improve total supply chain operations by Demand Management. Demand Management refers to the set of marketing, pricing, promotion, and sales tools available to affect demand levels for individual SKUs at a particular point in time (Neale et al 2005). Dell is well-known for its excellent Demand Management tools: if a particular component happens to be unavailable at the time of a customer's online order, they will display a longer customer response time, and attempt to steer the customer to a substitute item. Salman et al (2009) has stated that for each considered operations and supply chain related process Demand Management plays important role. 

Given the importance of Demand Management in improving supply chain operations, one should ideally attempt to measure its accomplishments, which typically could include increased revenue, increased profits, fewer stock outs, and increased unit volume. A demand-management process that could react quickly to current market conditions, a supply base that could provide palm One with the best value in the materials and services it procures, and ongoing improvements in cost-effectiveness, quality, and customer service (Cohen & Roussel, 2005).
2.3.13 Inventory Management

Inventory management is the key to any successful distribution business. Inventory management provides everything you need to know about the receipt and movement of goods, the sale, removal or other disposition of goods, and the precise valuation and status of goods remaining in inventory at any time. Effective inventory management allows a distributor to meet or exceed his customers’ expectations of product availability with the amount of each item that will maximise the distributor’s net profits (Altekar, 2009). Inventory management has as important role in the effective management of the supply chain (Mohanty and Deshmukh, 2009). Improved inventory management contributes to increased revenues, lower costs, and greater customer satisfaction (Schwartz and Rivera, 2010). Many researchers (Kwan 1999; Shah 2007) have noted that information sharing and use of information technology in the supply chain can play an important role in reducing the inventory level as it allows the companies to quickly respond to market changes thus requiring minimum inventory across the supply chain. An important role that inventory plays is to reduce cost by exploiting economies of scale that may exist during production and distribution (Chopra et. al. 2009).

2.3.14 Vendor Managed Inventory (VMI)

VMI is a supply chain strategy whereby the vendor or supplier is given the responsibility of managing the customer's stock (Disney & Towill, 2003). According to Altekar (2009), Vendor managed inventory is a streamlined approach to inventory and order fulfillment. With it, the supplier and not the retailer, is responsible for managing and replenishing inventory using an integral part of VMI, i.e. EDI, by electronic transfer of data over a network. it can also be seen as a mechanism where the supplier creates the purchase orders based on the demand information exchange by the retailer/customer. Cetinkaya & Lee (2000) believe that VMI is an important coordination initiative. It can be used as one of the initial steps in a supply chain streamlining exercise or as a stand-alone process between trading partners (Benedict & Margeridis, 1999). This is successfully used by Wal-Mart and many other big box retailers. Oil companies often use technology to manage the gasoline inventories at the service stations that they supply (Wikipedia, 2010e).

VMI is not only good for the customer it also has advantages for the vendor. Since the vendor has more freedom to consolidate resupply shipments over time and geographical regions, full vehicles are more likely to be dispatched and transportations scale economies are easier reached (Cetinkaya & Lee, 2000). Waller et al. (1999) agrees and say that transportation managed properly will reduce costs because vendors can increase the percentage of low-cost full truckload shipments and eliminate the higher-cost less than truckload shipments because they are free to choose the timing of the replenishment shipments. Småros et al. (2003) explain similar advantages and say that the vendor can further dampen demand peaks, for example, by delaying non-critical replenishments. In addition, as one level of order batching is removed the vendor receives more accurate, more rapidly available, and more level demand information making internal planning easier and more accurate.

2.3.15 Outsourcing

Purchasing, also called procurement, is the process by which companies acquire raw materials, components, products, services, or other resources from supplier to execute their operations. Sourcing is the entire set of business processes required to purchase goods and services. For any supply chain function, the most significant decision is whether to outsource the function or perform it in-house. Outsourcing results in the supply chain function being performed by a third party (Chopra et. al., 2009). There are various definitions of outsourcing in the corporate world, “An Arrangement where one company provides services to another company that would otherwise have been implemented in-house”; “Outsourcing is the transference to third-parties, the performance of functions once administered in-house”; “Sub contracting work to another company”; “Occurs only when one company hires another company to manage, maintain and run some portion of its business” (Altekar, 2009). While planning expansion or steep increase in turnover, these outsourcing companies become partners to these organizations and will thus be converting themselves to a sister concern of leading organization of supply chain. Looking beyond mere outsource and sister concerns, collaboration across organizational boundaries increases market responsiveness and revenue while driving down costs of operations and maximum customer satisfaction (Sahay and Gupta, 2007). In India, companies such as Maruti Udyog Limited (MUL) and TELCO have reled heavily on the concept of outsourcing (Mohanty and Deshmukh, 2009).

2.3.16 Collaborative Planning 

Collaborative planning covers the synchronization of decision rights, logistics, and new product development. When adopted, the parties jointly determine who is better positioned to either control the activity or determine the necessity for continued joint efforts. Soroor et al (2009) also mentioned collaborative planning is one of the enabler for flow coordination mechanisms (are designed to manage product and information flows) in supply chains.

Often the manufacturer can better plan the production process and determine the retailer's order quantity, if supplied with information on consumer demand. The efficiency gains realized by a more efficient production process and a more accurate order quantity are typically split between the parties via the wholesale price. In such cases, the retailer will delegate the inventory decision rights to the manufacturer. Collaborative planning, forecasting, and replenishment enables supply chain partners to share historical data and develop plans to manufacture and distribute a product (Blanchard, 2007). 

Coordination of new product development activities requires tight organizational links, open communications, and trust between the parties. This consumes time and resources.

2.3.17 Third-Party Logistics (3PL)

Due to increased competition markets make enterprises more concerned in getting good results. To get this goal companies has to focus on core competences or processes. Activities that can be performed by partners are outsourced in different ways, varying from a simple and volatile commercial supply to a long term partnership. Logistic is a process that has a strong role in manufacturing enterprises and mainly to those in dynamic competitive environments. The growth of logistics process outsourcing has led business to a new class of logistic service providers called third-party logistics (3PL). According to Qureshi et al (2007), the outsourcing of logistical functions to third-party service providers has become an increasingly powerful trend in modem multinational companies. A third-party logistics (3PL) provider performs one or more of the logistics activities relating to the flow of product, information, and funds that could be performed by the firm itself. Traditionally, 3PL focused on specific functions such as transportation, warehousing and information technology within the supply chain (Chopra et. al., 2009).

2.3.18 Performance Measurement System (PMS)

Due to varying goals and strategies, each supply chain requires its own appropriate measurement system that varies from supply chain to supply chain (Chan and Qi, 2003). The ultimate aim of implementing a performance measurement system is to improve the performance of the organization. Chan et. al. (2003) described performance measurement as an essential element of effective planning and control, as well as decision making. It can provide necessary feedback information to reveal progress, enhance motivation and communication, and diagnose problems (Waggoner et. al., 1999). For effective performance measurement system, measurement goals must represent organizational goals and metrics selected should reflect a balance between financial and non-financial measures that can be related to strategic, tactical and operational levels of decision making and control (Gunasekaran et al., 2004). According to Bhaskar and lallement (2010), the main challenge of the SCM system is to improve the performance while reducing the costs. PMS should be a mix of financial, nonfinancial, quantitative, qualitative, cost-oriented, process-oriented, and customer-oriented measures that effectively link the action of firm to the strategies defined by the firm’s executive managers or top management. Ghalayini and James (1996) have proposed that performance measures should have top management support and involve employees in there development. According to Morgan (2004), PMS used in SC should be such that information can be accessed quickly and understandably by the managers.
In general performance measures can be classified as qualitative and quantitative in nature. Qualitative measures are those measures for which there is no direct numerical measurement, although some aspects of them may be quantified. Some examples of qualitative performance measures are customer satisfaction, flexibility, information and material flow integration. On the other hand, quantitative performance measures are those measures that may be directly described numerically, such as measurement based on cost, customer responsiveness, productivity etc (Chan et. al., 2003). 

2.3.19 Online security
Securing information transmission along the supply chain is necessary to prevent disclosing sensitive information due to intrusion, system misuse, privilege abuses, tampering, and fraud by rivals in the marketplace as the information that communicates with its supply chain partners is one of the most important assets within an organization (Kolluru and Meredith, 2001). Lewis (1999) mentioned that leakage of information can pose a threat to supply chain members and so companies need to protect the sensitive information through different means, such as the creation of “firewalls” and signing non-disclosure agreements to earn the right to use the information from SCM partners. Wal-Mart and Procter & Gamble have signed a confidentiality agreement to appreciate the value of confidentiality in their alliance. This indicates that appropriate security arrangements between senders and receivers cannot be ignored and are possible.
2.4 Identification of factors for supply chain competitiveness
The factors are grouped under three main factors, Assets, Processes and Performance.

2.4.1 Assets:

Information and Communication Technology (ICT) is a very important strategic factor in determining whether the company is competitive or not. It acts as the disseminator and enabler for process and product communication along with reducing paperwork and lead times (Handfield and Nichols, 1999; Tummala et. al., 2006). E-mail/faxes, worldwide web (www), Electronic data interchange (EDI), electronic funds transfer (EFT), Radio-frequency identification (RFID) etc., are the few that comes under the IT (Tummala et. al., 2006). Use of IT technology such as internet, intranet, software applications packages and discussion support system can be applied to facilitate the information flow with in the supply chain members (Stanley et al, 2009). The effective use of information and communication technology is essential in developing an IT infrastructure that operates quickly and efficiently (Jharkharia and Shankar, 2004). To meet rapidly changing product features and customer needs, company should build a dynamic capability to develop new to market products (Singh et.al., 2008). According to Mosey (2005), a company can compete with their larger rivals by developing new-to-market products. Investment in product research and development will also help in improving quality and in reducing cost. For the development of new product, employees must be skilled and properly trained. According to Pandey and Garg (2009), automation is the replacement of manual operations by computerized methods, or execution of decisions with the least human intervention. Some of the tools used in factory automation are CAD/CAM software’s, computerized controlled machine tools, material handling system and rapid prototyping (Pandey and Garg, 2009).

2.4.2 Processes:

To improve the efficiency of various processes, initiatives have to be taken by top management (Singh et. al., 2007a). Leadership plays a significant role in framing organisation strategy and in shaping the quality focus of companies (Sila and Ebrahimpour, 2005). To achieve this, top management must develop a system that motivates workers to think and act flexibly and productively to meet company goals. Alliances with suppliers, customers and other external partners should be intensified to make the supply chain more effective. By aligning and coordinating the business processes and activities, overall performance and effectiveness of the supply chain can be improved (Sarmah et al., 2006). According to Ganesan and Saumen (2005), it is important to have top management support, for cross functional training, integration of department with in the organization, vendor development. Top management is also responsible for allocating resources in order to achieve an organization’s purpose (Wu et. al. 2009). Trust is a favorable attitude that exists when one supply chain (SC) member has confidence in another SC member (Anderson and Narus, 1990). It is required for flow of reliable and accurate information in the supply chain. Lack of trust is one of the major factors that contribute to supply chain risks (Sinha et al., 2004). According to Faisal et. al. (2006), risk and reward sharing is important for decision making and developing the trust and partnership among the supply chain members.

Different organizations have formed different supply chain management strategies to compete in the market. They have learnt that to be successful, they must be focused, as they cannot be best and outperform their rivals in all areas (Laura et. al., 2007). Success of the supply chain depends on the effective strategies of the supply chain management (Szu-Yuan Sun et al, 2009). Information sharing between the supply chain members is essential for a supply chain (Stanley et al, 2009). Information sharing may be of sharing of the inventory data, demand data and product quality data.

2.4.3 Performance:

Performance of an enterprise is often measured as a ratio of output to input. The outputs constitute the products of the enterprise and the inputs are the resources used by the enterprise. Rise in global competition has compelled the firms to increase performance standards in many dimensions such as quality, cost, productivity, product introduction time and smooth-flowing operations (Hitt et al., 2001). It is noteworthy that quality is important for both efficiency and responsiveness (Vachon et. al., 2009). Quality is determined by the extent to which a product or service successfully serves the purpose of the user during usage (Phusavat and Kanchana, 2008). Customers require products and services of a given quality to be delivered by, or be available by, a given time, and to be at a price that reflects value for money. These are the needs of customers. An organization will survive only if it creates and retains satisfied customers and this can only be achieved if the products or services meet customer needs and expectations. In context of product quality, reliability of the product and its service during the use is the upmost important factor for measuring product quality (Sahay et. al., 2006). Responsiveness is defined as the ability of a supply chain to respond rapidly to the changes in demand, both in terms of volume and mix of products (Christopher, 2000; Holweg, 2005). The responsiveness of a supply chain describes how quickly it responds to customer (i.e. the rate of communication). It includes the delivery of product in right quantity, of right quality and at right time. The ‘‘supply chain lead time’’ is the time spent by the supply chain to process the raw materials to obtain the final products and to deliver them to the customer. It includes supplier lead time, manufacturing lead time, distribution lead time, and logistics lead time for transport of raw materials and semi- finished/finished goods (Bhagwat and Sharma, 2007). More importantly, lead time can play a major role in achieving competitive advantages through quick response to customer requirement (Ye and Xu, 2010). And as such it is an important performance measure and source of competitive advantage, it directly interacts with customer service in determining effectiveness of supply chain. According to Chan (2003), the profit of an enterprise is directly affected by the cost of its operations. Total cost is a sum of all its complex attributes such as distribution cost, manufacturing cost, inventory cost, raw material cost, etc. Distribution cost includes the transportation and handling cost, safety stock cost and duty. Manufacturing cost includes labour, maintenance and re-work cost. Inventory cost includes the work-in process and finished goods inventories.
On the basis of above literature, main and sub factors for supply chain competitiveness are summarized in the table 2.2.

Table 2.2: Main and Sub factors for supply chain competitiveness.
	Main factors
	Sub factors
	References

	ASSETS
	1) IT Infrastructure

· Intranet/Extranet facility

· Bar coding

· Use of Electronic Data Interchange (EDI)

· Radio-frequency identification (RFID)
	Stanley et al (2009); Jharkharia and Shankar (2004); Pandey and Garg (2009) ; Poon (2009); Lin et. al., (2006) ; Tummala et. al., (2006)



	
	2) Research and Development

· New product development capability

· Skilled employees

· Employee’s training

· Adoption of latest technologies
	Si et. Al. (2009); Singh et. al (2008); Ambastha and Momaya (2004); Charan et. al. (2008); Singh et. al. (2007a)

	
	3) Automation
· Material handling

· Equipment
	Chan (2003); Pandey and Garg (2009); Singh et. al. (2007a)

	
	4) Plant Infrastructure

· Plant location

· Capability

· Availability of Suitable utilities

· Distributer network
	Tracey and Tan (2001); Du (2007); Phusavat and Kanchana (2008)

	PROCESSES
	1) Strategy development

· Product analysis

· Process analysis

· Market analysis

· Performance measurement system (PMS)

· Selection of appropriate SCM practices

· Vendor development

· Customer relationship management (CRM)
	Laura et. al., (2007); Singh et. al. (2007a); Singh et. al. (2008); Szu-Yuan Sun et al (2009); Varma et. al. (2008); Gunasekaran et al., (2004); Bhaskar and lallement, (2010); Li et. al., (2006); Mehrjerdi (2009)



	
	2) SC integration

· Risk & reward sharing

· Trust development in SC members

· Collaborative decision making and planning

· Partnership with dealer’s , distributor’s and retailer’s
	Arshinder et al (2006); Lee (2000); Arlbjron et. al. (2006); Cachon et. al. (2005); Disney and Towill (2003); Mehrjerdi (2009); Charan et. al. (2008); Varma et. al. (2007)

	
	3) Top management commitment

· Resource allocation (labour, machine, capacity, energy)

· Long term investment motives

· Employee’s training and participation
	Singh et.al. (2007a); Singh et. Al. (2008); Si et. al. (2009); Chan (2003); Kayakutlu and Buyukozkan (2010); Szu-Yuan Sun et al (2009) ; Mehrjerdi (2009); Fantazy et. al. (2009); Ganesan et. al. (2005) 

	
	4) Information Sharing

· Point of sales data

· Inventory Data

· Product quality data

· Product design and development data
	Marek Pawlak et al (2008); Francesca Michelino (2008); Arlbjron et. al. (2006); Bhatnagar and Teo (2009); Groznic and Maslaric (2010)

	PERFORMANCE
	1) Product quality

· Reliability

· Serviceability


	Ambastha and Momaya (2004); Tracey and Tan (2001); Du (2007); Singh et. al. (2007b); Phusavat and Kanchana (2008); Si et. al. (2009); Vachon et. al. (2009); Sahay et. al. (2006)

	
	2) Responsiveness

· Reduced lead time

· On-time delivery

· Right quality

· Right quantity

· Transport optimization
	Phusavat and Kanchana (2008); Si et. al. (2009); Vachon et. al. (2009); Ye and Xu (2010); Gunasekaran et. al. (2004); Faisal et al., (2006)



	
	3) Cost

· Low cost

· Distribution cost

· Manufacturing cost

· Inventory cost


	Ambastha and Momaya (2004); Lockamy and Smith (2000); Tracey and Tan (2001); Chan (2003); Halley and Beulie (2009); Phusavat and Kanchana (2008); Si et. al. (2009); Vachon et. al. (2009); Singh et. al. (2007b)


CHAPTER-3
RESEARCH METHODOLOGY
3.1 Fuzzy Logic
Fuzzy logic is a form of multi-valued logic derived from fuzzy set theory to deal with reasoning that is approximate rather than precise. Most real world decision problems take place in a complex environment where conflicting systems of logic, uncertain and imprecise knowledge, and possibly vague preferences have to be considered. To face such complexity, the use of specific tools, techniques, and concepts which allow the available information to be represented with the appropriate granularity is believed as crucial. Particularly, fuzzy set theory can ideally cope with this kind of problems.
3.2 Literature Review
Verma (1997) applied fuzzy logic for construction of offender profiles. He proposed a fuzzy logic based mathematical procedure for criminal’s justice fields. He found out that this is a strong mathematical technique that can handle imprecise and fuzzy data is undoubtedly going to strengthen the analytical capabilities of the social researchers. Above all, an exposure to the concept of fuzzy variables and an understanding of the mathematical base of fuzzy logic could initiate a new research process for police and criminal justice fields, for obviously this is only a beginning.

Shore and Venkatachalam (2003) used fuzzy logic technique for evaluation of the information sharing capabilities of supply chain partners. The methodology allows decision makers to evaluate information sharing capability of suppliers in a natural way while preserving the fuzziness of the measurement process and capturing data in linguistic terms. Fuzzy logic, used extensively in engineering for control problems, seems potentially very useful in solving a range of supply chain evaluation problems. While the purpose of this paper is to introduce the methodology, the next step should be to apply this methodology to an actual problem and extend the methodology to a wider range of evaluation problems.

Chen and Hsu (2004) presented a new method for forecasting the enrollments of the University of Alabama using fuzzy time series. The proposed method belongs to the first order and time-variant methods. The proposed method gets a higher forecasting accuracy rate for forecasting enrollments than the existing methods.
Oke and Charles-Owaba (2006) used fuzzy logic control model for Gantt charting preventive maintenance scheduling. The research has serious implication in terms of the ability to monitor the Imprecision those were introduced in early work. He provide a more reliable framework for researchers and practitioners interested in maintenance scheduling activities.

Malagoli and Magni (2007) used fuzzy logic and expert systems to provide a score for the firm(s) under consideration, representing the firm value-creating power. They introduced a system which was capable of dealing with both quantitative and qualitative variables and integrates financial, managerial and strategic variables. The use of a fuzzy expert system for ranking firms within a sector and pricing firms is a first attempt at an alternative way of measuring performance and value. Ordoobadi (2008) proposed a tool for decision makers to make more informed decisions regarding their investment in advanced technologies. He proposed that addition of subjective perceptions to the purely quantitative approach provides a more realistic evaluation process. He founded a procedure that would help practitioners with their technology. The value of the paper is the inclusion of the decision maker’s judgment in the evaluation process by use of fuzzy logic. Munoz et al. (2008) used fuzzy logic for evaluating sustainability in organizations. His aim was to determine whether the organizations more strategically committed to their stakeholders present better social and financial performance and, based on this relationship, to determine the state of the art of the Spanish sectors’ approach to sustainable development.

3.3 Fuzzy Set Theory 
Fuzzy set theory introduced by Zadeh (1965) is used to represent the vagueness of human thinking; it expands traditional logic to include instances of partial truth. In traditional set theory, elements have either complete membership or complete non-membership in a given set. With fuzzy set theory, intermediate degrees of membership are allowed. The coding of the degree of membership to each of the elements in the set is defined as the membership function of the fuzzy set. The membership function is commonly depicted as a membership curve. The membership curve contains three main components: the horizontal axis consisting of domain elements (usually real numbers) of the fuzzy set, the vertical axis consisting of the degree of membership scale from 0 to1, and the surface of the set itself which relates the degree of membership to the domain element. These membership curves can take on several shapes, but the triangular and trapezoidal are the most frequently used. This type of methodology is very useful when the model requires human perceptions as inputs where ambiguity and vagueness exists. In particular, systems requiring linguistic descriptions are more easily modeled using fuzzy sets. There are two main inputs to the evaluation process of data. The first is the decision maker’s perception regarding the importance weight of the criteria of interest. The second input is how the decision-maker rates each parameter with respect to objective. However, it is very difficult to obtain exact assessments from the decision maker. The nature of these assessments is often subjective and qualitative and thus forcing the decision makers to express their opinion in pure numeric scales does not allow any room for subjectivity. Subjectivity of human assessments and beliefs can be expressed by using linguistic terms such as “low importance” or “highly likely.” The fuzzy set theory and fuzzy numbers allow such qualitative expressions. As a result, their use in modeling of our proposed system seems a logical choice. 

3.4 Fuzzy Numbers 
Fuzzy numbers are the special classes of fuzzy quantities. A fuzzy number is a fuzzy quantity 
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. (Nguyen and Walker, 2000) A fuzzy number 
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 is a convex normalized fuzzy set. A fuzzy number is characterized by a given interval of real numbers, each with a grade of membership between 0 and 1. (Deng, 1999)  A triangular fuzzy number (TFN), M is shown in Figure 3.1.

Figure 3.1: A Triangular fuzzy number, 
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Triangular fuzzy numbers are defined by three real numbers, expressed as (l,m,u). The parameters l, m, and u, respectively, indicate the smallest possible value, the most promising value, and the largest possible value that describe a fuzzy event. Their membership functions are described as;
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In applications it is convenient to work with TFNs because of their computational simplicity, and they are useful in promoting representation and information processing in a fuzzy environment. In this study TFNs in the Fuzzy TOPSIS is adopted.
3.5 Algebraic Operations on TFNs
Although we are familiar with algebraic operations with crisp numbers, when we want to use fuzzy sets in applications, we have to deal with fuzzy numbers. We can define various operations on TFNs. But in this section, important operations used in this study are illustrated. If we define, two TFNs A and B by the triplets A= (la, ma, ua) and B= (lb, mb, ub).  Then 

Multiplication:

A.B=(la, ma, ua).(lb, mb, ub)    

       
        = (lalb, mamb, uaub)





…(3.2)


Inverse: 

(la, ma, ua)-1=(1/ua, 1/ma, 1/la)            




…(3.3)

Distance B/W Two triangular Fuzzy numbers:

Distance between two triangular fuzzy numbers a (la, ma, ua ) and b (l b, mb ,ub) can be calculated as follows: 
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Distance between two fuzzy numbers is crisp in nature.

3.6 Analytic Hierarchy Process (AHP) 

The analytic hierarchy process (AHP) was developed by Thomas L. Saaty. The AHP is designed to solve complex problems involving multiple criteria. An advantage of the AHP is that it is designed to handle situations in which the subjective judgments of individuals constitute an important part of the decision process.

Basically the AHP is a method which involves various processes. They are as follows:

· Breaking down a complex, unstructured situation into its component parts.

· Arranging the parts, or variables into a hierarchic order.

· Assigning numerical values to subjective judgments on the relative importance of each variable and 

· Synthesizing the judgments to determine which variables have the highest priority and should be acted upon to influence the outcome of the situation.

The process requires the decision maker to provide judgments about the relative importance of each criterion and then specify a preference for each decision alternative on each criterion. The output of the AHP is a prioritized ranking indicating the overall preference for each of the decision alternatives.
3.6.1 Major Steps of AHP

· To develop a graphical representation of the problem in terms of the overall goal, the criteria, and the decision alternatives.  (i.e., the hierarchy of the problem) 

· To specify his/her judgments about the relative importance of each criterion in terms of its contribution to the achievement of the overall goal. 

· To indicate a preference or priority for each decision alternative in terms of how it contributes to each criterion. 

· Given the information on relative importance and preferences, a mathematical process is used to synthesize the information (including consistency checking) and provide a priority ranking of all alternatives in terms of their overall preference.
3.6.2 Advantages of AHP

· AHP provides a single easily understood, flexible model for a wide range of unstructured problems.

· It enables people to refine their definition of a problem and to improve their judgment and understanding through repetition.

·  It does not insist on consensus but synthesizes a representative outcome from diverse judgments.

· It takes into consideration the relative priorities of factors in a system and enables people to select the best alternative based on their goal.

· It leads to an overall estimate of the desirability of each alternative.

·  It integrates deductive and system approaches in solving complex problems.

· It can deal with the interdependence of the elements in a system and does not insist on linear thinking.

· It reflects the natural tendency of the mind to sort elements of a system into different levels and to group like elements in each level.

· It provides a scale for measuring intangibles and a method for establishing priorities.

· It tracks the logical consistency of judgments used in determining priorities.
3.6.3 Disadvantages of AHP

· Linear hierarchy structure 

· Static decision evaluation 

· Independence  assumption  among criteria 

· Simple matrix algorithm to find maximum eigen-value 

· No feedback mechanism

3.7 Fuzzy AHP

Analytic hierarchy process (AHP) has been widely used as a useful multiple criteria decision making (MCDM) tool or a weight estimation technique in many areas such as selection, evaluation, planning and development, decision making, forecasting, and many more. The traditional AHP requires exact judgments. However, due to the complexity and uncertainty involved in real world decision problems, a decision maker (DM) may sometimes feel more confident to provide fuzzy judgments than exact comparisons. 
De Grann (1980) first adopted triangular fuzzy numbers in the traditional AHP. Then Van Laarhoven and Pedrycz (1983) extended and modified the fuzzy AHP approach of De Grann (1980) by using extended theory and approximation theory. Buckley (1985) addressed the concept of consistency into fuzzy AHP model. 

A number of methods have been developed to handle fuzzy comparison matrices. Some of them are given below:

· Logarithmic least squares method (LLSM) (Weck et. al., 1997), to obtain triangular fuzzy weights from a   triangular fuzzy comparison matrix.

· Geometric mean method to calculate fuzzy weights (Cebeci and Kahraman, 2002).

· Extent analysis method by Chang (1992), which derives crisp weights for fuzzy comparison matrices.

· Fuzzy preference programming method (PPM) (Tsvetinov and Mikhailov, 2004).
· Lambda-Max method, which is the direct fuzzification of the well-known kmax method (Buckley, 1985).

Among the above approaches, the extent analysis method has been employed in quite a number of applications due to its computational simplicity. However, such a method is found unable to derive the true weights from a fuzzy or crisp comparison matrix. The weights determined by the extent analysis method do not represent the relative importance of decision criteria or alternatives at all. Therefore, it should not be used as a method for estimating priorities from a fuzzy pairwise comparison matrix.
3.8 Literature Review on Fuzzy AHP

Many fuzzy AHP methods have been proposed by various authors. These methods are systematic and useful approaches to the alternative selection and gives justification to the problem by using the concepts of fuzzy set theory and hierarchical structure analysis. Decision makers have experienced that it is more confident and easy to give interval judgments than fixed value judgments. This is due to the fuzzy nature of the comparison process.

The earliest work in fuzzy AHP was by Van Laarhoven and Pedrycz (1983), which compared fuzzy ratios described by triangular membership functions. 

Stam et al. (1996) explore, how recently developed artificial intelligence techniques can be used to determine or approximate the preference ratings in AHP. They concluded that the feed-forward neural network formulation appears to be a powerful tool for analyzing discrete alternative multi-criteria decision problems with imprecise or fuzzy ratio-scale preference judgments. Chang (1996) introduces a new approach for handling fuzzy AHP, with the use of triangular fuzzy numbers for pairwise comparison scale of fuzzy AHP, and the use of the extent analysis method for the synthetic extent values of the pairwise comparisons.

Cheng (1997) proposes an algorithm for evaluating naval tactical missile systems by the fuzzy AHP based on grade value of membership function. 

Weck et al. (1997) gave a method to evaluate different production cycle alternatives adding the mathematics of fuzzy logic to the classical AHP. Any production cycle evaluated in this manner yields a fuzzy set. The outcome of the analysis can finally be defuzzified by forming the surface centre of gravity of any fuzzy set, and the alternative production cycles investigated can be ranked in order in terms of the main objective set. 

Kahraman et al. (1998) employed a fuzzy objective and subjective method obtaining the weights from AHP and make a fuzzy weighted evaluation. Deng (1999) presents a fuzzy approach for tackling qualitative multi-criteria analysis problems in a simple and straight forward manner. Lee et al. (1999) review the basic ideas behind the AHP. Based on these ideas, they introduce the concept of comparison interval and propose a methodology based on stochastic optimization to achieve global consistency and to accommodate the fuzzy nature of the comparison process. Cheng et al. (1999) propose a new method for evaluating weapon systems by analytical hierarchy process based on linguistic variable weight. Zhu et al. (1999) make a discussion on extent analysis method and applications of fuzzy AHP. 

Chan et al. (2000a) presented a technology selection algorithm to quantify both tangible and intangible benefits in fuzzy environment. They describe an application of the theory of fuzzy sets to hierarchical structural analysis and economic evaluations. By aggregating the hierarchy, the preferential weight of each alternative technology is found, which is called fuzzy appropriate index. The fuzzy appropriate indices of different technologies are then ranked and preferential ranking orders of technologies are found. From the economic evaluation perspective, a fuzzy cash flow analysis is employed.  Chan et al. (2000b) report an integrated approach for the automatic design of FMS, which uses simulation and multi-criteria decision-making techniques. The design process consists of the construction and testing of alternative designs using simulation methods. The selection of the most suitable design (based on AHP) is employed to analyze the output from the FMS simulation models.  Leung and Cao (2000) propose a fuzzy consistency definition with consideration of a tolerance deviation. Essentially, the fuzzy ratios of relative importance, allowing certain tolerance deviation, are formulated as constraints on the membership values of the local priorities. The fuzzy local and global weights are determined via the extension principle. The alternatives are ranked on the basis of the global weights by application of maximum–minimum set ranking method. 

Kuo et al. (2002) develop a decision support system for locating a new convenience store. The first component of the proposed system is the hierarchical structure development for fuzzy analytic process.

In the year 2003, Kahraman et al. (2003a), employed fuzzy AHP technique for comparison of catering service companies. He carried out the process on certain main and sub attributes which were proposed by experts that are required in a catering firm. He then proposed the best firm out of the three firms presented and also concluded that fuzzy AHP can be effectively applied in the given field. In the same year Kahraman et al. (2003b), also employed fuzzy AHP technique for selecting supplier on the basis of various criteria’s like cost, quality, financial capability, etc.   
3.9 Fuzzy-AHP and Extent Analysis
Extent analysis is the technique used to prioritize the weights. In the following, the outlines of the extent analysis method on fuzzy AHP are given.

3.9.1 The Methodology 

Let X = {x1, x2… xn} be an object set, and U = {u1, u2… um} be a goal set. According to the method of Chang (1992) extent analysis, each object is taken and extent analysis for each goal, gi, is performed, respectively. Therefore, m extent analysis values for each object can be obtained, with the following signs:
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…(3.5)
Where, all the Mjgi (j =1, 2…..m) are TFNs. 

The steps of Chang’s extent analysis can be given as in the following:

Step 1: The value of fuzzy synthetic extent with respect to the ith object is defined as
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To obtain 
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and to obtain 
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The inverse of the vector in Eq (3.8) can be computed as,
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…(3.9)              
Step 2: The degree of possibility of M2 = (12, m2, u2) 
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 M1 = (l1, ml, u l ) is defined as 
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…(3.10)                

and can be equivalently expressed as follows:
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Where, d is the ordinate of the highest intersection point D between 
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Fig. 3.2: The interaction between M1 and M2
To compare M1 and M2, we need both the values of 
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Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy numbers Mi (i=1, 2,….., k) can be defined by,
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Assume that,
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for, k=1,2,…..,n  and k≠1. Now the weight vector can be given by the following formulae,
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Where Ai (i=1, 2, 3….., n) are n elements.

Step 4: Via normalization, the normalized weight vectors are given as,
[image: image38.png]W' = (d(Ay),d(4,), .., d(A))7,




Where “W” is a non- fuzzy number.
3.10 Conclusion

The chapter gives the description about the AHP technique and its extension to fuzzy environment. A brief literature review gives the application of Fuzzy AHP in various fields. Then the complete methodology has been described in detail.
CHAPTER-4
CASE ILLUSTRATION

4.1 Introduction
In this chapter, supply chains of three different Indian car manufacturing industries have been identified and compared on the basis of factors of supply chain competitiveness identified earlier in the chapter of literature review by using fuzzy AHP and extent analysis. The salient features of supply chains of the industries and their company profile are discussed below.
4.2 Role of SCM in Automotive Industry

According to the Council of Logistics Management Supply Chain Management, “the process of planning, implementing and controlling efficient and cost effective flow of materials, in-process inventory, finished goods and related information from point-of-order to point-of-consumption, for the purpose of conforming to customer requirements as efficiently as possible”. 
The automobile industry has undergone significant structural and other changes in the last decade or so. In view of the present globalization, implementation of lean production and the development of modularization have changed the relationships between automobile assemblers (OEMs) and their suppliers, especially those in the first tier. Stiff competition among manufacturers will result in more mergers or acquisitions. The challenges automobile manufacturers and suppliers face include improving quality, meeting cost reduction targets and developing time to market.
All this is driving the organisations towards greater product differentiation using cutting edge R&D, innovative sales and marketing approaches, and increasing focus on boosting efficiencies in manufacturing and supply chain. Hence, in the age of e-business and global outsourcing, supply chain management (SCM) plays a crucial role in many of these areas.

SCM is a best-in-class, high-performance solution which can be utilized by the world's leading automobile manufacturer, logistics and distribution companies, and retailers to blend the demand chain with the supply chain. SCM helps in demand forecasting; taking an order; giving an accurate promise date; sourcing and manufacturing the right goods; position inventory properly; pick, pack, and efficient transshipment; most importantly, SCM makes a world of difference to the manufacturers by maintaining a minimal finished goods inventory.

Supply chain management flow is divided into:

· Product flow

· Information flow

· Finance flow

The product flow is nothing but movement of goods from supplier to customers and also in case of any customer returns or service requirements. The information flow covers updating the status of the delivery as well as sharing information between suppliers and manufacturers. The finance flow encompasses credit terms, payment schedules and consignment and title ownership arrangements.

4.3 India Four Wheeler Industry
The Four-Wheeler Industry in India has not quite matched up to the performance of its counterparts in other parts of the world. The primary reason for this has been the all-pervasive regulatory atmosphere prevailing till the opening up of the industry in the mid-1990s. The various layers of legislative Acts sheltered the industry from external competition for a long time. Moreover, the industry was considered low-priority as cars were thought of as unaffordable luxury". Post Liberalization, the car market in India have been in a burgeoning stage with all types of cars flooding the market in order to meet the demands of Indian customers who are increasingly exposed to state of the world automobiles and want the best when it comes to purchasing a car. 

It is expected that by 2030, the Indian car market will be the 3rd largest car market across the globe. The main encouraging factors for the success story of the car market in India are the increase in the opportunity for new investments, the rise in the GDP rate, the growing per capita income, massive population, and high ownership capacity. The liberalization policies followed by the Indian government had been inviting foreign players to participate in the car market in India. The recent trend within the new generation to get work in the software based sector has led to the rise in the income level and change in the lifestyle significantly, which has further led to the increase in the demand for luxurious cars among them.

The car Market in India is crowded with all varieties of car models like the small cars, mid-size cars, luxury cars, super luxury cars, and sports utility vehicles. Initially the most popular car model dominating the Car Market in India was the Ambassador, which however today gave way to numerous new models like Hyundai, Honda, Mercedes-Benz, BMW, Bentley and many others. 
4.4 Facts and Statistics about Indian Car Market:
Although the Indian automobile industry has come a long way since the deregulation in 1993, India does not rank well among its global peers in many respects, viz., the contribution of the sector to industrial output, number of cars per person, employment by the sector as a percentage of industrial employment, number of months' income required to purchase a car, and penetration of cars. India is far behind from other countries with just 6.9 cars per 100 persons, while Unites States has 76.9 cars on per 100 persons. Among developing countries, Russia also stands ahead than India and China with 16.3 cars per 100 persons. Two things that stunted growth of the Indian automobile industry in the past have been low demand and lack of vision on the part of the original equipment manufacturers (OEMs). However, the demand has picked up after the liberalization of the regulatory environment, and global OEMs who enjoy scale economies both in terms of manufacturing and research and development (R&D) entered the Indian market. This has resulted in a significant shift in the way business is conducted by suppliers, assemblers and marketers. In the process of globalization the installed production capacity of Indian cars in domestic market has gone up from 1.5 million units/year in year 2006-07 to 2.35 million units/year in 2009-10, while the capacity utilization has dropped from 89.30% to below 82.92% for the same period. Table 4.1 indicates last four years domestic sales figures of Indian passenger cars.
Table 4.1: Domestic sales statistics of Indian Passenger Cars: 
	Indicators
	2006-07
	2007-08
	2008-09
	2009-10

	Installed Capacity

(Units/Year)
	1,545,223
	1,777,583
	1,838,593
	2,351,240

	Unit Sold
	1,379,979
	1,549,882
	1,552,703
	1,949,776

	Capacity Utilization (%)
	89.30
	87.19
	84.45
	82.92

	% Swing in sales
	
	+12.31
	+0.0018
	25.57


Source: Society of Indian Automobile Manufacturer
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Chart 4.1: Segment Wise Market Share in 2009-10

Source: Society of Indian Automobile Manufacturer
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Chart 4.2: Indian Car Market Scenario (2009-10)
Source: Society of Indian Automobile Manufacturer
4.5 Case Companies

In this section, three different Indian passenger car manufacturers have been selected and their supply chains are compared on the basis of factors of competitiveness of a supply chain. The details of the companies have been given below: 
4.5.1 ABC1 Ltd.:

ABC Ltd. is one of India's leading automobile manufacturers and the market leader in the car segment, both in terms of volume of vehicles sold and revenue earned. It was established in 1981 with a joint venture with a Japanese leading automobile company C’s Ltd. Until recently, 18.28% of the company was owned by the Indian government, and 54.2% by C Ltd. of Japan. Its manufacturing facilities are located at two facilities Gurgaon and Manesar south of Delhi. ABC’s Gurgaon facility has an installed capacity of producing 350,000 units per annum. The Manesar facilities,

1The company name has been changed on due to company policy.

launched in February 2007 comprise a vehicle assembly plant with a capacity of 300,000 units per year. Manesar and Gurgaon facilities have a combined capability to produce over 700,000 units annually. ABC Ltd. offers 15 models. Nearly 75,000 people are employed directly by ABC Ltd. and its partners. It has been rated first in customer satisfaction among all car makers in India from 1999 to 2009 by J D Power Asia Pacific. Currently ABC has a market share of 47.4%. Table 4.2 indicates last two years sales performance of ABC Ltd.

Table 4.2: Performance Statistics of ABC Ltd.

	Indicators
	2008-09
	2009-10

	Installed Capacity

(Units/Year)
	600,000
	600,000

	Unit Sold
	812,063
	924,193

	Capacity Utilization (%)
	135.3
	154

	% Swing in sales
	
	13.8

	Market Share (%)
	52.3
	47.4


4.5.1.1 Salient features of supply chain of ABC Ltd.:

· ABC Ltd. has two plants in Gurgaon and Manesar in Haryana. The Gurgaon plant is spread over 300 acre area with installed capacity of 350,000 vehicles annually and Manesar plant is spread over 600 acre with capacity of 300,000 vehicles annually.

· It currently has 100 vendors and 800-plus dealerships across more than 500 cities in India.

· To ensure the vehicles sold by them are serviced properly, ABC has 1,945 Authorized Service Stations and 30 Express Service Stations on 30 National Highways across 1,314 cities in India.

· The R&D of the company is carried out by its Japanese collaborative C Ltd.

· ABC utilizes CAD-CAM tools and Robots for the manufacturing. It currently employs more than 150 robots in their manufacturing plant.

· ABC has 2.0 mbps high speed LAN provided by BSNL, for their connectivity and information sharing within the plant.

· ABC’s vendors lie within 100km from their manufacturing plant, which helps in improving product quality, cost reduction and also help in vendor development.

· ABC received ISO 9001:2000 certification for their quality products.

4.5.2 XYZ2 Ltd.:
XYZ was established in 1996 in India by a South Korean company X Ltd. XYZ is fully owned by the parent group and is the second largest car manufacturer and the largest passenger car exporter from India. XYZ presently markets 6 models of passenger cars in 37 variants across segments. It has two palnts at Sriperambudur and Irungattukottai in Tamil Nadu. Plant in Sriperumbudur, Tamil Nadu capable of producing 350,000 vehicles annually while Irungattukottai plant has a capacity to make 120,000 cars and 130,000 engine transmission units per annum and is the largest overseas investment made by the Korean Company. Irungattukottai plant is spread over 500 acre land area. XYZ’s market share is 21.2%. Table 4.3 indicates last two years sales performance of XYZ Ltd.
Table 4.3: Performance Statistics of XYZ Ltd.
	Indicators
	2008-09
	2009-10

	Installed Capacity

(Units/Year)
	600,000
	600,000

	Unit Sold
	281,039
	428,950

	Capacity Utilization (%)
	46.8
	71.5

	% Swing in sales
	
	52.6

	Market Share (%)
	18.1
	22



2The company name has been changed on due to company policy.
4.5.2.1 Salient features of supply chain of XYZ Ltd.:

· It has two manufacturing plants at Sriperambudur and Irungattukottai in Tamil Nadu having producing capacity of 350,000 and 120,000 vehicles per annum respectively. Irungattukottai plant is spread over 500 acre land area.

· XYZ's total production capacity is 600,000 units per annum.

· XYZ has 355 dealerships and 610 Authorised Service Centers in 325 cities across India.

· XYZ has a R&D section at their Irungattukottai plant. 
· They have also established a research centre in Hyderabad, India for R&D purposes, which has 450 engineers. The engineers are constantly looking for new innovations which would help in improving their technology and hence providing good quality and innovative products.
·  They employ tools like Uni-graphics, automation, robots etc for their manufacturing and R&D section.

· XYS has an extensive Wi-Fi system in their plants which enables effective and efficient information sharing and connectivity.

·  XYZ has established a wide network of the vendors across their manufacturing plant. Continues vendor development programs have been incorporated by XYZ in order to improve the performance and efficiency of the vendors.

· XYZ is using a flexible manufacturing system in their plant in order to achieve high productivity, reduce lead-time, good quality products etc.

· XYZ has been awarded the benchmark ISO 14001 certification for its sustainable environment management practices.

4.5.3 PQR3 Ltd.:
PQR Ltd. is one of the India’s leading automobile manufacturing industry. It has a market share of 8.6%. It manufactures 8 different models of four wheelers with 13 variants. It has two manufacturing plants in India, one in Nasik with a capacity of producing 190,000 units/annum. The other plant is at Chakan near Pune, India. It is
3The company name has been changed on due to company policy.
700 acres in area with a manufacturing capacity of 300,000 units/annum. At Chakan it uses a cluster of 70 solar dishes to power the chillers in its paint shop, thereby  reducing electricity consumption by 1.8 lakh units a year, LPG consumption by 1,500 tones and carbon dioxide emissions by 3,500 tones. PQR Ltd. has featured in Forbes’ Asian Fab 50 list, which is a compilation of the best listed companies in the Asia-Pacific region in 2009. Table 4.4 indicates last two years sales performance of PQR Ltd.

Table 4.4: Performance Statistics of PQR Ltd.
	Indicators
	2008-09
	2009-10

	Installed Capacity

(Units/Year)
	190,000
	500,000

	Unit Sold
	122,663
	167,680

	Capacity Utilization (%)
	64.6
	33.5

	% Swing in sales
	
	36.7

	Market Share (%)
	7.9
	8.6


4.5.3.1 Salient features of supply chain of PQR Ltd.:

· PQR sells car through 295 dealership in 165 cities across India.

· PQR has two passenger car manufacturing plants at Nasik and Chakan (near Pune) in Maharashtra, India. Nasik plant is capable of producing 190,000 units/annum while on the other  hand Chakan plant is capable of producing 300,000 units/annum which rising the PQR’s total production capacity to nearly 500,000 units/year. 

· Nasik plant is spread over 115 acre land area and Chakan plant is over 700 acres.

· PQR has a world class R&D section at their newly opened plant at Chakan. The R&D work is carried out by the team of 310 highly trained & educated engineers. Engineers are working at Pro-E design software.

· Plants are having Intranet and Internet facilities. Intranet is being done by high speed local area network for sharing data/information within the plants and for internet 8.0 mbps line is used.

· PQR utilizes computer aided manufacturing techniques and Robots for the manufacturing. It currently employs more than 60 robots in their manufacturing plant at Chakan.
· The R&D facility at Chakan is ISO/TS 16949 certified. The Nasik plant has also been recommended for the TPM excellence award.
4.6  Development of the hierarchy model
The figure below shows a hierarchy model for selecting a competitive supply chain. It shows the factors for supply chain competitiveness, which have been grouped under three main factors as written in table 2.2. The AHP model developed is used for the prioritization of the factors and selection of the supply chain. Fuzzy AHP and extent analysis is used to prioritize the main and sub factors.


Fig 4.3: Schematic of the Hierarchy model for selecting competitive supply chain
4.7  Working steps of calculations and applications of Fuzzy-AHP and Extent analysis
For the supply chain selection the judgment based on observation are fed into the Fuzzy-AHP model for each main factors and sub-factors of all the level of hierarchy. Pair-wise comparison of the factors at each level is done on a linguistic scale of relative importance as shown in table 4.5.
Table 4.5 Linguistic variable for importance weight of each factors
	Linguistic variable
	Triangular fuzzy numbers

	Absolutely Important
	(7/2, 4, 9/2)

	  Strongly Important
	(5/2, 3, 7/2)

	Fairly important
	(3/2, 2, 5/2)

	Weakly important
	(2/3, 1, 3/2)

	Equally important
	(1, 1, 1)


Source: Kahraman et. al., (2003)
The steps to follow in using the Fuzzy-AHP:

(1) Define the problem and determine the objective.

(2) Structure the hierarchy from the top through the intermediate levels to the lowest level.

(3) Construct a set of pair-wise comparison matrices for each of the lower levels. An element in the higher level is said to be a governing element for those in lower level, since it contributes to it or affects it. The elements in the lower level are then compared to each other based on their effect on the governing element above. This yields a square matrix of judgments. The pair-wise comparisons are done in terms of which an element dominates another. These judgments are expressed in fuzzy environment.
(4) The fuzzy values of paired comparison were converted to crisp values via the Chang’s extent analysis as mentioned in the Research Methodology chapter. First, the fuzzy synthetic extent values were calculated by using Eq. 3.6 with the help of Eqs. 3.5 to 3.9. Equations 3.10 & 3.11 were applied to express the degree of synthetic extent values. To have a weight vector given by as in Eq.3.14. After normalizing weight vector is defined, the obtained priority weight vector of criteria was figured out.
A. Main factors for competitive supply chain (Level 2):
1. ASSETS



[AST]

2. PROCESSES


[PRO]

3. PERFORMANCE


[PERF]

Table 4.6: The fuzzy evaluation matrix with respect to the goal (level 2)

	
	AST
	PRO
	PERF

	AST
	(1, 1, 1)
	(2/3, 1, 3/2)
	(2/5, 1/2, 2/3)

	PRO
	(2/3, 1, 3/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	PERF
	(3/2, 2, 5/2)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.6 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image41.png]3 —(207250317)®[1 ! 1]— 0.17,0.25,0.39
ast = (2.07,2.50,3. 123510’ 5.1a = (0-17,0:25,039)




[image: image42.png]3 —(317400500)®[1 ! 1]— 0.27,0.40,0.62
pro = (3.17,4.00, 5.1 123510’ 5.1a] = (0-27,040,0.62)




[image: image43.png]S —(290350417)®[ LI, 1]— 0.24,0.35,0.51
AST — L& 7E 29T 1235' 10’814 — (0240.35,051)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Where W is a non-fuzzy number.

B. ASSETS sub-factors (Level 3):

1. IT INFRASTRUCTURE


[IT]

2. RESEARCH & DEVELOPMENT
[R&D]

3. AUTOMATION



[AUT]

4. PLANT INFRASTRUCTURE

[PINF]

Table 4.7: The fuzzy evaluation matrix of the sub factors with respect to ASSETS (Level 3)

	
	IT
	R&D
	AUT
	PINF

	IT
	(1, 1, 1)
	(5/2, 3, 7/2)
	(3/2, 2, 5/2)
	(2/3, 1, 3/2)

	R&D
	(2/7, 1/3, 2/5)
	(1, 1, 1)
	(1, 1, 1)
	(2/3, 1, 3/2)

	PERF
	(2/5, 1/2, 2/3)
	(1, 1, 1)
	(1, 1, 1)
	(2/5, 1/2, 2/3)

	PINF
	(2/3, 1, 3/2)
	(2/3, 1, 3/2)
	(3/2, 2, 5/2)
	(1, 1, 1)


From the table 4.7 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
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Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Where W is a non-fuzzy number.
C. PROCESSES sub-factors (Level 3):

1. STRATEGY DEVELOPMENT



[SD]

2. SC INTEGRATION




[SCI]

3. TOP MANAGEMNET COMMITMENT

[TMC]

4. INFORMATION SHARING



[IS]
Table 4.8: The fuzzy evaluation matrix of the sub factors with respect to PROCESSES (Level 3)

	
	SD
	SCI
	TMC
	IS

	SD
	(1, 1, 1)
	(2/3, 1, 3/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	SCI
	(2/3, 1, 3/2)
	(1, 1, 1)
	(2/5, 1/2. 2/3)
	(2/3, 1, 3/2)

	TMC
	(1, 1, 1)
	(3/2, 2, 5/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	IS
	(2/5, 1/2, 2/5)
	(2/3, 1, 3/2)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.8 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
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Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Where W is a non-fuzzy number.
D. PERFORMANCE sub-factors (Level 3):

1. PRODUCT QUALITY



[QUA]

2. RESPONSIVENESS



[RES]

3. COST





[COST]

Table 4.9: The fuzzy evaluation matrix of the sub factors with respect to PERFORMANCE (Level 3)

	
	QUA
	RES
	COST

	QUA
	(1, 1, 1)
	(3/2, 2, 5/2)
	(2/3, 1, 3/2)

	RES
	(2/5, 1/2, 2/3)
	(1, 1, 1)
	(2/3, 1, 3/2)

	COST
	(2/3, 1, 3/2)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.9 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
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Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Table 4.10: Global wt. of the main and sub factors of supply chain competitiveness.
	S.NO.
	FACTORS
	INDIVIDUAL WT.
	GLOBAL

 WT.

	1.
	1. ASSETS

· IT INFRASTRUCTURE

· RESEARCH & DEVELOPMENT

· AUTOMATION

· PLANT INFRASTRUCTURE
	0.20

0.44

0.10

0.16

0.30
	0.20

0.09

0.02

0.03

0.06

	2.
	2. PROCESSES

· STRATEGY DEVELOPMENT

· SC INTEGRATION

· TOP MANAGEMNET COMMITMENT

· INFORMATION SHARING
	0.44

0.34

0.18

0.43

0.05
	0.44

0.15

0.08

0.19

0.02

	3.
	3. PERFORMANCE

· PRODUCT QUALITY

· RESPONSIVINESS

· COST
	0.36

0.45

0.22

0.33
	0.36

0.16

0.08

0.12


Individual wt. of the main factor = value of wt. vector after normalizing from the respective part.

Individual wt. of the sub factor = value of wt. vector after normalizing from the respective part.

Global wt. of main factor = individual wt. of that main factor

Global wt. of a subgroup factor = individual wt. of that sub. group factor X individual wt. of main factor of the respective sub. group.

e.g.  For Processes,
Individual wt. = 0.44 (from table 4.10)

Global wt. = 0.44
For sub factor Top management commitment of Processes,

Individual wt. = 0.43 (from table 4.10)

Global wt. = 0.43 X 0.44
                 = 0.19

All the factors for supply chain competitiveness listed in table 2.2 are important. But more importance should be given to main factor and sub factor according to their wt. given to the factors as in table 4.10. Factor having more wt. should be given more importance as compare to the factors having less wt. So to make a supply chain well competitive, an organization should give more importance to the Processes (0.44), Performance (0.36) and Assets (0.20). And similarly importance should be given to the sub-factors.
4.7.1 Application of Fuzzy-AHP and Extent analysis for selection of competitive supply chain

As discussed above, the supply chain of three different Indian passenger car manufacturer have been selected and are then evaluated on the basis of factors of supply chain competitiveness shown in table 2.2.
Table 4.11: Evaluation of the supply chains with respect to IT INFRASTRUCTURE (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(2/5, 1/2, 2/3)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(2/3, 1, 3/2)

	SC3
	(3/2, 2, 5/2)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.11 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image113.png]S —(20725317)®[1 ! 1]— 0.17,0.26,0.42
Se1 T AEE, £ S T217'95 758] — (0:17,026,042)




[image: image114.png]S —(23434)®[1 ! 1]—019032053
Scz T AESm S T217'95 758) = (©-19,032,053)




[image: image115.png]S —(31745)®[1 ! 1]—026042066
Se3 T A S0 1217'95 758 — (0:26,042,0.66)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image116.png]V (Sees = Seca) = (0.19 — 0.42) _ 080
SC1 = °S€2/ ™ (026 — 0.42) — (032 —0.19)




[image: image117.png]V (Sees = Seca) = (0.26 — 0.42) — 050
SC1= 9SC3/ ™ (026 — 0.42) — (042 —0.26)




[image: image118.png]V(Ssc2 = Ssc1) =




[image: image119.png]V (Sees = Seca) = (0.26 — 0.53) _ 073
SC2 = °S€3/ 7 (032 —0.53) — (042 —0.26)




[image: image120.png]V(Sscz = Ssc1) =




[image: image121.png]V(Sscz = Ssc2) = 1




Now, by using Eq. 3.13
[image: image122.png]d’ (Ssc1) = V (Ssc1 = Sscz, Sscs) = min (0.80,0.50) = 0.50




[image: image123.png]d’ (Ssc2) = V (Sscz = Ssc1,Ssez) = min (1,0.73) = 0.73




[image: image124.png]d’ (Ssca) = V(Sscs = Ssc1,Ssc2) = min (1,1) =1




Hence the Weight vector is written as (Eq. 3.14),

[image: image125.png]=(0.50,0.73, )7




Via normalization, we get

[image: image126.png]W = (0.22,0.33,0.45)"




Where W is a non-fuzzy number.
Table 4.12: Evaluation of the supply chains with respect to RESEARCH & DEVELOPMENT (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/9, 1/4, 2/7)
	(2/9, 1/4, 2/7)

	SC2
	(7/2, 4, 9/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	SC3
	(7/2, 4, 9/2)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.12 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image127.png]3 —(14515157)®[i LI ]— 0.09,0.1,0.12
sc = (145,15, 157 ® |, 70,552 = (009,0,012)

14’12




[image: image128.png]101
14’1235

1
- ® [7
Ssc2 = (6,7,8) ¥ |7z, (0.38,0.5,0.65)




[image: image129.png]1 1

1
_ ® [7 -
Ssca = (49,5.5,6.10) % |30 7 1o 38

=(0.31,0.4,05)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image130.png]V(Ssc1 = Ssc2) = 0




[image: image131.png]V(Ssc1 = Ssca) = 0




[image: image132.png]V(Ssc2 = Ssc1) =




[image: image133.png]V(Ssc2 = Ssca) = 1




[image: image134.png]V(Sscz = Ssc1) =




[image: image135.png]V (Seca = Seca) = (0.38 —0.50) _ 055
SC3 = °S€2/ ™ (0.4 —0.50) — (0.50 — 0.38)




Now, by using Eq. 3.13
[image: image136.png]d’ (Ssc1) = V (Ssc1 = Sscz,Sscz) = min (0,0) =0




[image: image137.png]d' (Ssc2) = V (Sscz = Ssc1,Ssez) = min (1,1) =1




[image: image138.png]d’ (Ssca) = V (Sscs = Ssc1,Sscz) = min (1,0.55) =





Hence the Weight vector is written as (Eq. 3.14),

[image: image139.png](0,1,0.55)T




Via normalization, we get

[image: image140.png]W = (0,0.65,0.35)"




Where W is a non-fuzzy number.
Table 4.13: Evaluation of the supply chains with respect to AUTOMATION (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(2/5, 1/2, 2/3)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(2/3, 1, 3/2)

	SC3
	(3/2, 2, 5/2)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.13 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image141.png]S. —(35445)®[i 1 L]— 0.31,0.42,0.55
SCL T A2 1117'95 8.2a) — (0-31,042,0.55)




[image: image142.png]S —(20725317)®[1 ! 1]— 0.19,0.26,0.38
Scz = AE T £ S 1117'95 8.2a] = (019,026,038)




[image: image143.png]S —(267335)®[ 1 1]— 0.24,0.32,0.42
SC3 T AR S S 1117°95 824 — (0240.32,042)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image144.png]V(Ssc1 = Ssc2) = 1




[image: image145.png]V(Ssc1 = Ssca) = 1




[image: image146.png]V (Sees = Secs) = (0.31 —0.38) _ o031
SC2 = °SC1/ 7026 — 0.38) — (042 — 0.31)




[image: image147.png]V (Sees = Seca) = (0.24 —0.38) — 070
SC2 = 9S€3/ 7 (026 — 0.38) — (0.32 —0.24)




[image: image148.png]V (Seca = Secs) = (031 —042) _ 053
SC3 = °SC1/ T (032 —042) — (042 —031)




[image: image149.png]V(Sscz = Ssc2) = 1




Now, by using Eq. 3.13
[image: image150.png]d’ (Ssc1) = V(Ssc1 = Sscz,Ssez) = min (1,1) =1




[image: image151.png]d’ (Ssc2) = V (Ssc2 = Ssci,Sscz) = min (0.31,0.70) = 0.31




[image: image152.png]d’ (Ssca) = V (Sscs = Ssc1, Sscz) = min (0.53,1)





Hence the Weight vector is written as (Eq. 3.14),

[image: image153.png]=(1,0.31,053)7




Via normalization, we get

[image: image154.png]W = (0.54,0.17,0.29)"




Where W is a non-fuzzy number.
Table 4.14: Evaluation of the supply chains with respect to PLANT INFRASTRUCTURE (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (3/2, 2, 5/2)
	(5/2, 3, 7/2)

	SC2
	(2/5, 1/2, 2/3)
	(1, 1, 1)
	(3/2, 2, 5/2)

	SC3
	(2/7, 1/3, 2/5)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.14 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image155.png]1 1
13.24°11.33°9.58,

Sscr = (5,6,7) @ (0.38,0.53,0.73)




[image: image156.png]Sscz = (2.9, 35417)®[ ! o1 ]— 0.22,0.31,0.44
SC2 7 AT S T324'1133 058] — (022,031,049




[image: image157.png]S —(168133207)(3[ ! o1 ]— 0.13,0.16,0.23
SC3 T AEOE SO & 1324'1133 958) — (013,016,0.23)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image158.png]V(Ssc1 = Ssc2) = 1




[image: image159.png]V(Ssc1 = Ssca) = 1




[image: image160.png]V (Sees = Secs) = (0.38 —0.44) o022
SC2 = °SC1/ T (031 — 0.44) — (053 — 0.38)




[image: image161.png]V(Ssc2 = Ssca) = 1




[image: image162.png]V(Sscz = Ssc1) =




[image: image163.png]V (Seca = Seca) = (0.22—0.23) — 006
SC3 = 9S€2/ 7 (016 — 0.23) — (031 —0.22)




Now, by using Eq. 3.13
[image: image164.png]d’ (Ssc1) = V(Ssc1 = Sscz,Ssez) = min (1,1) =1




[image: image165.png]d’ (Ssc2) = V (Sscz = Ssc1,Sscz) = min (0.22,1) = 0.22




[image: image166.png]d’ (Ssca) = V (Sscz = Ssc1, Sscz) = min (0, 0.06)





Hence the Weight vector is written as (Eq. 3.14),

[image: image167.png]=(1,0.22,0)"




Via normalization, we get

[image: image168.png]W = (0.82,0.18,0.00)"




Where W is a non-fuzzy number.
Table 4.15: Evaluation of the supply chains with respect to STRATEGY DEVELOPMENT (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(5/2, 3, 7/2)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	SC3
	(2/7, 1/3, 2/5)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.15 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image169.png]1 1

1
= ® [7 ELIN
Ssc1 = (417,5,6) @ | 36- 1083 9,02

=(0.32,0.46,0.67)




[image: image170.png]1 1

1
= ® [7 ELIN
Sscz = 317,45 @ |36- 1083 9,02

=(0.24,037,0.55)




[image: image171.png]S —(168133207)(3[ ! ! 1]—(013017023)
SC3 T AEOE SO & 13.07°10.83°9.02)  ~




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image172.png]V(Ssc1 = Ssc2) = 1




[image: image173.png]V(Ssc1 = Ssca) = 1




[image: image174.png]V (Sees = Secs) = (0.32 —0.55) o072
SC2 = °SC1/ (037 — 0.55) — (0.46 — 0.32)




[image: image175.png]V(Ssc2 = Ssca) = 1




[image: image176.png]V(Sscz = Ssc1) =




[image: image177.png]V(Sscz = Ssca) = 0




Now, by using Eq. 3.13
[image: image178.png]d’ (Ssc1) = V(Ssc1 = Sscz,Ssez) = min (1,1) =1




[image: image179.png]d’ (Ssc2) = V (Sscz = Ssc1,Sscz) = min (0.72,1) = 0.72




[image: image180.png]d’ (Ssca) = V (Sscs = Ssc1,Sscz) = min (0,0) =0




Hence the Weight vector is written as (Eq. 3.14),

[image: image181.png]=(1,0.72,0)"




Via normalization, we get

[image: image182.png]W = (0.58,0.41,0.00)"




Where W is a non-fuzzy number.
Table 4.16: Evaluation of the supply chains with respect to SC INTEGRATION (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(2/3, 1, 3/2)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(3/2, 2, 5/2) 

	SC3
	(2/3, 1, 3/2)
	(2/5, 1/2, 2/3) 
	(1, 1, 1)


From the table 4.16 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
[image: image183.png]S —(23434)®[1 ! 1]—019032053
SCL T AESE S T217'95 758) = (©-19,032,053)




[image: image184.png]S —(31745)®[1 ! 1]—026042066
scz = A S0 1217'95 758 — (0:26,042,0.66)




[image: image185.png]S —(20725317)®[1 ! 1]— 0.17,0.26,0.42
Se3 — AE T S9 S T217'95 758] — (0:17,026,042)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
[image: image186.png]V (Sees = Seca) = (0.26 — 0.53) _ 073
SC1= °S€2/ ™ (032 —0.53) — (042 —0.26)




[image: image187.png]V(Ssc1 = Ssca) =




[image: image188.png]V(Ssc2 = Ssc1) =




[image: image189.png]V(Ssc2 = Ssca) =




[image: image190.png]V (Seca = Secs) = (0.19 — 0.42) _ 080
SC3 = 9SCL/ T (026 — 0.42) — (032 —0.19)




[image: image191.png]V (Seca = Seca) = (0.26 — 0.42) — 050
SC3 = 9S€2/ T (026 — 0.42) — (042 —0.26)




Now, by using Eq. 3.13
[image: image192.png]d’ (Ssc1) = V (Ssc1 = Ssc2, Ssez) = min (0.73,1) = 0.73




[image: image193.png]d' (Ssc2) = V (Sscz = Ssc1,Ssez) = min (1,1) =1




[image: image194.png]d’ (Sscs) = V (Sscs = Ssci,Sscz) = min (0.80,0.50) = 0.50




Hence the Weight vector is written as (Eq. 3.14),

[image: image195.png]=(0.73,1,0.50)"




Via normalization, we get

[image: image196.png]W = (0.33,0.45,0.22)"




Where W is a non-fuzzy number.
Table 4.17: Evaluation of the supply chains with respect to TOP MANAGEMNET COMMITMENT (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (3/2, 2, 5/2) 
	(2/3, 1, 3/2)

	SC2
	(2/5, 1/2, 2/3) 
	(1, 1, 1)
	(3/2, 2, 5/2) 

	SC3
	(2/3, 1, 3/2)
	(2/5, 1/2, 2/3) 
	(1, 1, 1)


From the table 4.17 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
[image: image197.png]1 1
10°8.14.

1
- ® [7
Ssc1 = (3.17,4,5) 33 (0.26,0.40, 0.61)




[image: image198.png]1 1
10°8.14.

1
- ® [7
Ssc1 = (2.90,3.50,4.17) 23 (0.24,0.35,0.51)




[image: image199.png]S —(20725317)®[iii]— 0.17,0.25,0.39
Se3 — AE T S9 S T217'95 758] — (017,025,039




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
[image: image200.png]V(Ssc1 = Ssc2) =




[image: image201.png]V(Ssc1 = Ssca) =




[image: image202.png]V (Sees = Secs) = (0.26 — 0.51) _ 083
SC€2 = °SC1/ ™ (035 — 0.51) — (0.40 — 0.26)




[image: image203.png]V(Ssc2 = Ssca) =




[image: image204.png]V (Seca = Secs) = (0.26 — 0.39) _ 046
SC3 = °SCL/ T (025 — 0.39) — (0.40 —0.26)




[image: image205.png]V (Seca = Seca) = (0.24 —0.39) — 075
SC3 = 9S€2/ ™ (0,25 — 0.39) — (0.35 — 0.29)




Now, by using Eq. 3.13
[image: image206.png]d’ (Ssc1) = V(Ssc1 = Sscz,Ssez) = min (1,1) =1




[image: image207.png]d’ (Ssc2) = V (Sscz = Ssc1,Sscz) = min (0.83,1) = 0.83




[image: image208.png]d’ (Sscs) = V (Sscs = Ssci,Sscz) = min (0.46,0.75) = 0.46




Hence the Weight vector is written as (Eq. 3.14),

[image: image209.png]=(1,0.83,0.46)"




Via normalization, we get

[image: image210.png]W = (0.44,0.36,0.20)"




Table 4.18: Evaluation of the supply chains with respect to INFORMATION SHARING (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(2/5, 1/2, 2/3)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(2/3, 1, 3/2)

	SC3
	(3/2, 2, 5/2)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.17 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image211.png]S —(20725317)®[1 ! 1]— 0.19,0.26,0.38
Se1 T AEE, £ S 1117'95 8.2a] = (019,026,038)




[image: image212.png]S —(267335)®[ 1 1]— 0.24,0.32,0.42
SC2 = AR S S 1117°95 824 — (0240.32,042)




[image: image213.png]S. —(35445)®[i 1 L]— 0.31,0.42,0.55
SC3 T A2 1117'95 8.2a) — (0-31,042,0.55)




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image214.png]V (Sees = Seca) = (0.24 —0.38) — 070
SC1= °S€2/ ™ (026 — 0.38) — (0.32 —0.24)




[image: image215.png]V (Sees = Seca) = (0.31 —0.38) _ o031
SC1 = °S€3/ 7 (026 — 0.38) — (0.42— 0.31)




[image: image216.png]V(Ssc2 = Ssc1) = 1




[image: image217.png]V (Sees = Seca) = (031 —042) _ 053
SC2 = °S€3/ T (032 —042) — (042 —031)




[image: image218.png]V(Sscz = Ssc1) = 1




[image: image219.png]V(Sscz = Ssc2) = 1




Now, by using Eq. 3.13
[image: image220.png]d’ (Ssc1) = V (Ssc1 = Sscz, Sscs) = min (0.70,0.31) = 0.31




[image: image221.png]d’ (Ssc2) = V (Sscz = Ssc1,Sscz) = min (1,0.53) = 0.53




[image: image222.png]d’ (Ssca) = V(Sscs = Ssc1,Ssc2) = min (1,1) =1




Hence the Weight vector is written as (Eq. 3.14),

[image: image223.png]=(0.31,053,1)7




Via normalization, we get

[image: image224.png]W =(0.17,0.29,0.54)"




Table 4.19: Evaluation of the supply chains with respect to PRODUCT QUALITY (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	(3/2, 2, 5/2)
	(5/2, 3, 7/2)

	SC2
	(2/5, 1/2, 2/3)
	(1, 1, 1)
	(2/3, 1, 3/2)

	SC3
	(2/7, 1/3, 2/5)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.19 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image225.png]1 1
13.07°10.839.03.

Ssc1 = (5,6,7) @ (0.38,0.55,0.78)




[image: image226.png]1 1
13.07°10.83°9.03.

Sscz = (2.07,25,317) @ (0.16,0.23,0.09)




[image: image227.png]S —(196233290)®[ ! ! 1]—(015022032)
SC3 T AT S0 & 13.07°10.83°9.03] — e




Using Eq. 3.10 & 3.11, the vectors obtained are as follows:

[image: image228.png]V(Ssc1 = Ssc2) = 1




[image: image229.png]V(Ssc1 = Ssca) =




[image: image230.png]V(Ssc2 = Ssc1) = 0




[image: image231.png]V(Ssc2 = Ssca) =




[image: image232.png]V(Sscz = Ssc1) = 0




[image: image233.png]V (Seca = Seca) = (0.16 — 0.32) _ 004
SC3 = 9S€2/ 7 (022 —0.32) — (023 —0.16)




Now, by using Eq. 3.13
[image: image234.png]d’ (Ssc1) = V(Ssc1 = Sscz,Ssez) = min (1,1) =1




[image: image235.png]d’ (Ssc2) = V (Sscz = Ssc1,Ssc3) = min (0,0) = 0




[image: image236.png]d’ (Ssca) = V (Sscs = Ssc1, Sscz) = min (0,0.94)





Hence the Weight vector is written as (Eq. 3.14),

[image: image237.png](1,0,0)°





Via normalization, we get

[image: image238.png]W=(100)"




Where W is a non-fuzzy number.
Table 4.20: Evaluation of the supply chains with respect to RESPONSIVENESS (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(5/2, 3, 7/2)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(3/2, 2, 5/2)

	SC3
	(2/7, 1/3, 2/5)
	(2/5, 1/2, 2/3)
	(1, 1, 1)


From the table 4.20 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:

[image: image239.png]1 1

1
= ® [7 ELIN
Ssc1 = (417,5,6) @ | 36- 1083 9,02
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Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Where W is a non-fuzzy number.
Table 4.21: Evaluation of the supply chains with respect to COST (Level 4)

	
	SC1
	SC2
	SC3

	SC1
	(1, 1, 1)
	 (2/3, 1, 3/2)
	(5/2, 3, 7/2)

	SC2
	(2/3, 1, 3/2)
	(1, 1, 1)
	(2/3, 1, 3/2)

	SC3
	 (2/7, 1/3, 2/5)
	(2/3, 1, 3/2)
	(1, 1, 1)


From the table 4.21 and Eq. 3.6, fuzzy synthetic extent values can be obtained as fallows:
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Using Eq. 3.10 & 3.11, the vectors obtained are as follows:
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Now, by using Eq. 3.13
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Hence the Weight vector is written as (Eq. 3.14),
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Via normalization, we get
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Where W is a non-fuzzy number.
Table 4.22: Summary combination of priority weights

	Sub-factors of Assets

	
	IT
	R&D
	AUT
	PINF
	Alternative priority weight

	Weight
	0.44
	0.10
	0.16
	0.30
	

	Alternatives

	SC1
	0.22
	0
	0.54
	0.82
	0.43

	SC2
	0.33
	0.65
	0.17
	0.18
	0.29

	SC3
	0.45
	0.35
	0.29
	0
	0.28

	
	
	
	
	
	

	Sub-factors of Processes

	
	SD
	SCI
	TM
	IS
	Alternative priority weight

	Weight
	0.34
	0.18
	0.43
	0.05
	

	Alternatives

	SC1
	0.58
	0.33
	0.44
	0.17
	0.45

	SC2
	0.41
	0.45
	0.36
	0.29
	0.39

	SC3
	0
	0.22
	0.20
	0.54
	0.16

	

	Sub-factors of Performance

	
	QUA
	RES
	COST
	Alternative priority weight

	Weight
	0.45
	0.22
	0.33
	

	Alternatives
	
	
	
	

	SC1
	1
	0.58
	0.64
	0.79

	SC2
	0
	0.41
	0.29
	0.19

	SC3
	0
	0
	0.07
	0.02

	

	Main factors of the goal

	
	AST
	PRO
	PERF
	Alternative priority weight

	Weight
	0.20
	0.44
	0.36
	

	Alternatives
	
	
	
	

	SC1
	0.43
	0.45
	0.79
	0.57

	SC2
	0.29
	0.39
	0.19
	0.30

	SC3
	0.28
	0.16
	0.02
	0.13


Alternative priority weight = ∑ (main factor/sub-factors individual wt.× corresponding Supply chain wt.)

e.g.: For SC2 with respect to Assets:
Alternative priority weight
= {Individual wt. of IT (Table 4.10) × corresponding wt. of SC2 for IT (Table 4.11)}+ {Individual wt. of R&D (Table 4.10) × corresponding wt. of SC2 for R&D (Table 4.12)}+ {Individual wt. of AUT (Table 4.10) × corresponding wt. of SC2 for AUT (Table 4.13)}+ {Individual wt. of PNIF (Table 4.10) × corresponding wt. of SC2 for PNIF (Table 4.14)}




= (0.44×0.32) + (0.10×0.65) + (0.16×0.17) + (0.30×0.18)



= 0.29

 

4.8 Conclusion

According to the prioritization weights of the factors as obtained in the table 4.22. The three supply chains were compared and the supply chain of ABC Ltd (i.e., SC1) found to be most competitive on the basis of the competitiveness factors. The results shows that SC1 (0.57) is far more competitive than SC2 (0.30) and SC3 (0.13). So there is a need for improvement in the supply chain’s of XYZ Ltd. and PQR Ltd. in order to improve their competitiveness, and hence compete in the market.

CHAPTER-5
SYNTHESIS OF RESEARCH AND CONCLUDING REMARKS
A supply chain is a network of retailers, distributors, transporters, storage facilities and suppliers that participate in the sale, delivery and production of a particular product. The performance of the company or industry is influenced by the performance of the supply chain. Dispersion in a supply chain can affect the performance of the entire organization. So, supply chain competitiveness is an essential requirement for an organization. A competitive supply chain would compete effectively and efficiently in the market in order to achieve the desired goals.
· In this thesis work, an extensive literature review on some of the very important supply chain practices has been illustrated. The literature gives an overview on the various supply chain practices which affects and influences the performance of the supply chain of the organization. Some of the important supply chain practices are Vendor managed inventory, Just in time approach, Customer relationship management, Third party logistics (3PL), Outsourcing, e-Procurement, etc.
· Various factors of supply chain competitiveness have been identified by an extensive literature survey. The factors were grouped under three main factors namely Assets, Processes and Performance (as shown in table 2.2). A hierarchy model was developed of the identified factors (Fig. 4.3) and prioritize weight were calculated using Fuzzy-AHP and Extent analysis.
· All the factors for supply chain competitiveness listed in table 2.2 are important. But more importance should be given to main factor and sub factor according to their wt. given to the factors as in table 4.10. Factor having more wt. should be given more importance as compare to the factors having less wt. So to make a supply chain well competitive, an organization should give more importance to the Processes (0.44), Performance (0.36) and Assets (0.20). And similarly importance should be given to the sub-factors.

· Furthermore, comparisons of supply chains of three Indian passenger car manufacturers were done on the basis of competitiveness factors by using the Fuzzy-AHP and Extent analysis technique. It was found that, supply chain 1 (i.e., SC1) is the most competitive supply chain among the other alternatives, SC2 and SC3 (table 4.22).  The results shows that SC1 (0.57) is far more competitive than SC2 (0.30) and SC3 (0.13).
The research has developed a framework for evaluation of supply chain on the basis of supply chain competitiveness factors. The propose framework can be implemented in the industries for evaluation of their supply chain and comparison of supply chain.
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