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ABSTRACT

                                   The role of Supply Chain Management is very crucial in the success of every company. In this period of globalization it is the requirement that the supply chain of the company should work efficiently to achieve customer satisfaction, productivity and growth. This study considers the important decision making criteria related to Supply Chain performance like Quality, Cost, Delivery reliability, Flexibility and Customer Services. The detailed analysis is done to find out the important performance parameters of the supply chain. ‘Analytical Network process’ the multi criterion decision making tool is used here to find out the important priorities of the of the supply chain. The input for this study was taken from the academia and experts from the industry. 

                                 From this study we find that Firms quality assurance , Firms cost performance, Execution of the policies and Customer flexibility are most important parameters on which the company should focus to improve the supply chain performance. 
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Chapter 1

SUPPLY CHAIN MANAGEMENT

1.0 Introduction

                                      The current globalized market trend identifies the necessity of the establishment of long-term business relationship with competitive global suppliers spread around the world. The selection of different unfamiliar international suppliers is a very critical multi-attribute decision-making problem. It depends on the broad comparison of suppliers using a common set of traditional criteria and measures. Different conflicting selection decisions make the task more complicated and risk prone. Research results indicated that supplier selection process is one of the most significant variables, which has a direct impact on the performance of an organization (Chan, T & Kumar, N. 2007). As the organization becomes more and more dependent on their suppliers, the direct and indirect consequences of poor decision making will become more critical. Increasingly the management of multiple relationships across the supply chain is being referred to supply chain Management (SCM). Strictly speaking, the supply chain is not a chain of business with one to one, business-to-business relationships, but a network of multiple business relationships. SCM offers the opportunity to capture the synergy of intra and inter-company integration and management. In that sense, SCM deals with total business process excellence and represents a new way of managing the business and relationships with other members of the supply chain .In a typical supply chain, coordination between manufacturer and suppliers is the important link in the distribution channel. The global competitive environment drives organizations highly dependent on the success of supplier selection process. Any deficiency in coordination of the process will lead to excessive delays and poor customer service. In fact, suppliers are manufacturer’s external organizations or business partners, and indeed their performance will decide the future performance of the whole supply chain. An effective methodology for global supplier selection is the demand from the current business scenario. The supplier development or strategy selection problem considered is free from any quantity constraints and all the alternative suppliers have the ability to satisfy the manufacturer’s minimum criteria of cost, demand, and quality level and delivery schedule. Here one supplier is able to satisfy the entire need for a particular product

                                  The study considers the important decision criteria like Cost, quality, delivery reliability, flexibility, service performance and supplier’s profile including the risk factors involved in deciding the best scm policy. The different decision criteria may vary depending on the need of the organization, its preferences about different criteria and the technological strategy. This may not be easy to convert its needs into useful criteria because needs are often expressed as a general qualitative concepts while criteria should be quantitatively evaluated. The overall objective of the selection is to identify the policy to improve supply chain which can stand on the organization’s specific decision criteria. The decision criteria should be appropriate to its planned level of effort and many conflicting criteria like low price with high quality, more advanced technology with high purchasing costs and excessive tariffs, etc., should be analyzed properly. The analytic network process (ANP) is widely used for tackling multi-attribute decision-making problems in real situations. In spite of its popularity and simplicity in concept, this method is often criticized for its inability to adequately handle the inherent uncertainty and imprecision associated with the mapping of the decision-maker’s perception to exact numbers.

1.2 SCM: Concepts and issues
                              Supply Chain Management (SCM) describes the discipline of optimizing the delivery of goods, services and information from supplier to customer. SCM is concerned with the effectiveness of dealing with final customer demand by the parties engaged in the provision of the product as a whole. Formal definitions of SCM can be marketing oriented or have an operations management orientation. In the first category, the supply chain is dealt with as an expansion of the marketing channel that is as a set of interdependent organizations involved in the process of making a product or service available for use or consumption. In the second category, the emphasis is on the transformation processes, setting an operation in the context of all the other operations with which it interacts, both suppliers and customers, that is the immediate supply network as well as the total supply network. Here, firms have to set internal conditions to enable external SCM in an integrated way. As a matter of fact, integration has been recognized as one of the key dimensions of SCM by many authors (Massimo Bertolinia). ‘‘Integration’’ has been defined as the collaborative working between supply chain partners in a defined field (Christopher, 2000). Thus, the ultimate aim of integration is making the supply chain more competitive as a whole rather than improving profit of individual organizations.

                  A supply chain is a network of facilities and distribution entities (suppliers, manufacturers, distributors, retailers) that performs the functions of procurement of raw materials, transformation of raw materials into intermediate and finished products and distribution of finished products to customers. A supply chain is typically characterized by a forward flow of materials and a backward flow of information. Recently, enterprises have shown a growing interest for efficient supply chain management. This is due to the rising cost of manufacturing and transportation, the globalization of market economies and the customer demand for diverse products of short life cycles, which are all factors that increase competition among companies. Efficient supply chain management can lead to lower production cost, inventory cost and transportation cost and improved customer service throughout all the stages that are involved in the chain. Various alternative methods have been proposed for modeling supply chains. According to Beamon1998, they can be grouped into four categories: deterministic models where all the parameters are known, stochastic models where at least one parameter is unknown but follows a probabilistic distribution, economic game-theoretic models and models based on simulation, which evaluate the performance of various supply chain strategies. The majority of these models are steady-state models based on average performance or steady-state conditions. However, static models are insufficient when dealing with the dynamic characteristics of the supply chain system, which are due to demand fluctuations, lead-time delays, sales forecasting, etc. In particular, they are not able to describe, analyze and find remedies for a major problem in supply chains, which recently became known as “the bullwhip effect”.

                            Supply chain management is defined (Chopra & Mendle, 2001) as “The planning, design, and control of the flow of information, material, and money along the supply chain in order to meet customer requirements in an efficient manner.”

       Material flow involves the physical product flow from supplier to customer through the supply chain, as well as reverse flow via product returns, servicing, recycling, and disposal. Information flow involves demand forecasts, order transmission, and delivery status record. Financial flow involves credit-terms, and payment schedules.

                                                Supply Chain Management (SCM) is made up of the control of both material and information flow among suppliers, manufacturers, distributors and customers. SCM involves the management of these flows both within and between companies and organizations. However, to coordinate the supply chain, it is necessary for these supply chain partners to share information. It is widely recognised that advances in technologies in the areas of information, manufacturing, and distribution systems have driven much change through the supply chain and logistics management services (Byrne,  P. 2006).Industrial point of view (Villa, A 2001) “ SCM involves a variety of management and technical issues, starting from distributed design of products and processes, the decentralized but efficiently coordinated products of goods through suppliers contracting and outsourcing, the coordination of third party logistics and multi-location inventories.” 

                   The key element of the supply chain is Logistics. It is that part of a supply chain process that plans, implements, and controls the efficient, effective flow and storage of goods, services, and related information from the point-of-origin to the point-of-destination to meet customer’s requirement.

For the Supply chain become successful it requires several decisions referring to the supply chain network configuration, flow of information, product and funds. All these decisions broadly divided under the three categories depending upon the frequency of each decision, namely strategic, tactical, and operational level (Simchi-Levi, D. 2000).

· The decisions that have a long-lasting effect on the firm’s performance and competitiveness includes the number, location, and capacity of warehouses and manufacturing plants, and the flow of raw material through the logistics network

· The tactical level includes decisions includes purchasing and production decision, inventory policies, and transportation strategies including the frequency with which customer’s are visited.

· The Supply chain decisions such as scheduling, lead time quotations, routing, and truck loading are tactical level decisions. 

The various issues in the SCM are (Sahay, B.1999):

· Facility location of plants

· Forecasting and batch order management

· Transportation (time and cost)

· Warehousing

· Packaging (time and cost)
· Inventory control

1.3 Scope of the current study

                      Recent years have seen an acceleration of interest in the analysis, management and control of supply chains (SCs) (Dobrila, P. 2001). SC management and control activities span from the procurement of raw materials through production/manufacturing to distribution of end-products to customers. A modern environment in which SCs operate, complex SC structures and relationships between their constituent parts, make SC analysis, management and control very complex and challenging tasks. A great deal of research has been done in the area of SC dynamics. A widely used approach to study SC dynamics has been based on the system dynamics methodology (Dobrila, P. 2001). The interest has been focused on examining the SC response over time to changes in its external environment. These changes are usually manifested as step increases or oscillations over time in customer demand. Approach used to study SC performance has been based on modelling a SC using ANP system. Results of an interesting research have been reported in chapter 4. As a part of the study, the following activities were planned-

1) Factors identification which influence the supply chain.

2) Model development of the factors so that it is easy to analyze it.

3) Model development in Super Decision Software and development of priorities in judgment matrices

4) Interpretation of results and discussions

5) Find out the final priorities, also analyze the importance of factors and draw the conclusion.
1.4 Outline of report

For the sake of convenience the whole report is divided in to sections.

Chapter 1 - Discusses the scope of current study. The key issues involved in SCM are discussed. 

Chapter 2 - Discusses the literature reviewed. Supply Chain Management drivers which govern the SC also briefed in detail. The decision models which can be used in supply chain analysis are explained. The Literature on SCM perspectives and performance measurement are discussed in detail. Study done by various Researchers in Supply Chain Performance Analysis is given in the table with detail of the topic/area. Measures for evaluating logistics performance, customer service are also explained. Then the Bullwhip effect on SCM and its causes are discussed there. Finally the role of information technology in SCM is given in short.

Chapter 3 - Discusses the Research objective in the present study. The framework proposed for measuring supply chain performance is discussed. The Analytical network Process details its significance and how we are using this tool in this study is also given. 

Chapter 4 - In this we discuss the Analysis of various factors using Analytical Network Process in detail .The superdecision software use, formation of the model, generating dependencies, pairwise comparisons, results and discussions from the USM and LSM matrix on final priorities are discussed  in this chapter.

Chapter 5- Discusses the major findings from this study, the future scope for work in this area, the summary that how this study is useful for the various supply chains and the final conclusion from this study. 

Chapter 2

LITERATURE REVIEW

2.1 Introduction

                                 The term SCM has been used to explain the planning and control of materials and information flows as well as the logistics activities not only internally within a company but also externally between companies. Researchers have also used it to describe strategic, inter-organizational issues, to discuss an alternative organizational form to vertical integration, to identify and describe the relationship a company develops with its suppliers, and to address the purchasing and supply perspective. A number of fields such as purchasing and supply, logistics and transportation, operations management, marketing, organizational theory, management information systems, and strategic management have contributed to the explosion of SCM literature (Chen, I. 2004).

2.2 Literature on SCM perspectives

                                  The concept of supply chain management is gaining importance due to its impact on "firms competing in today's global economy. Managing the flow of material from supply sources to the ultimate customer involves design, planning and control of Supply chains. Efficient management of these activities offers opportunities in terms of cost and lead-time reductions and improved quality, the latter by employing a unanimous view on quality at the source. Competition today implies that quality, time and cost must be improved successively in order to stay profitable. This is accentuated in industries with high product introduction rates and large volumes over short product life cycles. A sense of strategic flexibility must also be incorporated in such business environments. By supply chain design we mean the structure of the chain, i.e. the sequential links between different sourcing, production and distribution activities or processes. This does not include planning and control. Both changes in the structural design as well as in the planning and control system may improve the performance of the supply chain. From a manufacturing strategy perspective the structure and design would refer to decision categories such as facilities, vertical integration, process and capacity i.e. the so-called structural decision categories, (Fredrik, P. 2002)

2.2.1 Supply chain structure

                           The structure of the supply chain deals with the design of the chain. Some fundamental questions that are related to this issue are the following. Which manufacturing stages will be included? How should they be linked? How will the materials flow between stages? How many organisations will be involved? A comparison can be made to a manufacturing strategy, where the decision categories typically are divided into structural and infrastructural categories, (Fredrik, P. 2002). The structural decision categories are process, facilities, capacity, and vertical integration. Facilities and vertical integration are closely related to the supply chain concept. Facilities include decisions related to location, size and focus of facilities and vertical integration deals with the direction, extent, and balance of vertical expansion. Thus, borrowing from the manufacturing strategy literature, the supply chain structure may be explained through decision categories such as facilities (stages in the supply chain or network), vertical integration (linking the supply chain), capacity (capacity profile along the supply chain), and process (types of processes along the supply chain). The efficiency of supply chains can in general be improved by e.g. reducing the number of manufacturing stages (reducing the number of &handovers), reducing lead-times, working interactively rather than independently between stages, and speeding up the information flow. In any given supply chain there is some combination of companies who perform different functions. There are companies that are producers, distributors or wholesalers, retailers, and companies or individuals who are the customers, the final consumers of a product. Supporting these companies there will be other companies that are service providers that provide a range of needed services.

2.2.1.1 Supply chain drivers

The decision making is done in the following six areas.

Production— How much of which products should be produced and by when? what products does the market want? When does the market require the products? This activity includes the forecasting, planning, scheduling, that take into account plant capacities, workload balancing, quality control, and equipment maintenance.

Service Providers in areas such as:
· Product Design

· Process Design

· Logistics

· Finance

· Market Research

· Vendors and Service providers

· Information Technology

Inventory— Inventory is the total goods stocked at each stage in a supply chain. Total inventory is much inventory includes raw materials, semi-finished, or finished goods .The primary purpose of inventory is to act as a buffer against uncertainty in the supply chain. But disadvantage of inventory is that it increase the overall cost of supply chain because some costs are associated with inventory so we should not exceed certain limit   Inventory can be expensive, after the optimal inventory levels and reorder points.

Location— Location is the most important parameter because it decides where should facilities for production and inventory storage be located? Where are the most cost efficient locations for production and for storage of inventory? Should existing facilities be used or new ones built? Once these decisions are made they determine the possible paths available for product to flow through for delivery to the final consumer.

Transportation— how should inventory be moved from one supply chain location to another? Airfreight and truck delivery are generally fast and reliable but they are expensive. Shipping by sea or rail is much less expensive but usually involves journey times and more uncertainty. This uncertainty must be compensated for by stocking higher levels of inventory. When is it better to use which mode of transportation?

Information— how much data should be collected and how much information should be shared? Timely and accurate information holds the promise of better coordination and better decision-making. With good information, people can make effective decisions about what to produce and how much to produce, about where to locate inventory and how best to transport it.

Integration- Integration is nothing but the coordination between above factors. If all the  
Factors are working properly but lack of coordination then it is very difficult to keep the control on supply chain. Information sharing is one of the parts of integration it also includes coordination, transparency, speed of information.

2.2.2 Decision models used in Supply Chain Management

       SCM often deals with decision-making situations related to the six supply chain drivers as discussed in 2.2.1. The study is itself being characterized by complete or incomplete information, tangible or intangible measures of benefits or costs. Decision models helps in these situations by providing a way to evaluate various alternatives that are available. The decision models used in SCM are broadly categorized as descriptive and normative models (Kumar, K. 2003).

Descriptive models

       These models are developed to better understand functional relationships, e.g. between the company and outside world. Descriptive models include the following models:

· Forecasting models: These models are used to predict the demand for future period based on historical data. Forecasting models are based on the various mathematical and statistical techniques.  

· Cost-relationships: These models provide a way to evaluate how direct and indirect costs vary as a function of cost drivers.

· Resource utilization relationships: The operation research models are used to evaluate optimal resource utilization. These models are used to describe how manufacturing and other activities consume scarce resources.

· Simulation models: These models describe how all or parts of a supply chain will behave over time as a function of parameters or policies. 

       Descriptive models are able to predict how demand, cost, and resources might vary in the future.
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Fig: 2.2 Five major supply chain drivers






Fig: 2.1 six major supply chain drivers

Normative models:

       Normative models as name suggests are models based on some rules and guidelines. They are developed to help managers in decision-making. These models are also called as optimization models. The construction of these models requires a large amount of data, and descriptive models as input. The models are used to formulate tools for managers and organizations such that they can be used to generate required information about the supply chain. The normative models are based on the judgments and it requires experience to give the perfect numbers at the time of comparison. 

2.2.3 Performance measurement in Supply Chains

       In the supply chain design and analysis the establishment of appropriate performance measures is very important. A performance measure or sets of performance measures are used to determine the efficiency or effectiveness of an existing system, or to compare competing alternative systems. The performance measures are used to achieve

· Support Better Decision Making 

· Support Better Communication

· Provide Performance Feedback

· Motivate and Direct Behavior

              The development of measurement and evaluation system requires the leadership support and commitment of executive management, who must commit the financial resources necessary for the system development.   Performance measurement is defined as the process of quantifying effectiveness and efficiency of action (Fredrik, P. 2002). In modern business management, performance measurement goes well beyond just quantification and accounting. It is supposed to contribute much more to business management and performance improvement in the industries. Performance measurement provides necessary information of management feed back for decision makers and process makers which are very important for the management. The role of performance measurement is critical in monitoring performance, enhancing motivation and communication, and diagnosing problems. 
Performance measurement also provides an approach to identifying success and potentials of management strategies, and facilitating understanding of progress and position, it also assist in directing management attention, revising company goals, and reengineering business processes .

2.2.3.1 Performance measures used in Supply Chain modeling
           Performance measurement (PM) in the context of a supply chain becomes more important (Fortuin and Wouters 2004). The reason is obvious: companies start looking at ways to improve operational performance through a better integration of operations across subsequent echelons and separate functions in the value chain. However, there are many obstacles to implement PMSs. Empirical studies about such initiatives are limited in the academic literature. Several developments have created a need for companies to improve their supply chain management. First, cross-functional co-operation needs to be improved along the supply chain to offer shorter delivery times, more flexibility and faster introduction of new products. Many companies are organized functionally, i.e. around subsequent stages of production, which makes it difficult to control the supply chain. Serving customers better requires synchronization of functions such as marketing, sales, distribution, manufacturing, and purchasing. Second, better synchronization is not only important across functional boundaries, but also across national boundaries. Spanning these boundaries has especially occurred in Europe, where many companies have moved from strong national organizations with local production, products and customers, to an organization where production has become more specialized and one factory serves a specific part of the product range for the whole of Europe. Sales and marketing have become partly centralized. An important component in the supply chain design and analysis is the establishment of appropriate performance measures. A performance measure or sets of performance measures are used to determine the efficiency or effectiveness of an existing system, or to compare competing alternative systems. Traditionally, performance measurement is defined as the process of quantifying effectiveness and efficiency of action (Persson Fredrik et al., 2002). In modern business management, performance measurement goes well beyond just quantification and accounting. It is supposed to contribute much more to business management and performance improvement in the industries. From the management perspective, performance measurement provides necessary information of management feed back for decision makers and process makers. It plays the critical role in monitoring performance, enhancing motivation and communication, and diagnosing problems. Furthermore, performance measurement also provides an approach to identifying success and potentials of management strategies, and facilitating understanding of progress and position.

Table 2.1 Performance measures used in Supply Chain Analysis (Fortuin and Wouters 2004)

	Basis
	Performance measures

	Cost
	· Minimize cost

· Minimize average inventory levels

· Maximize profit

· Minimize amount of obsolete

      inventory

	Customer responsiveness
	· Minimize Stock-out probability 

· Achieve target service level (fill rate)



	Cost and Customer

Responsiveness
	· Minimize product demand variance or demand amplification

· Maximize buyer-supplier profit



	Cost and activity-time
	Minimizes the number of activity days and total cost

	Flexibility
	· Maximize available system capacity


2.2.3.2 Evaluation of supply chain performance measures

Fortuin and Wouters, 2004 have given the following seven points for the supply chain performance measurement. 

 1. A cross-functional alignment forum of managers and users delivers a basis for an integrated Performance Measurement System. Working in parallel on four scorecards (for Operations, Transportation, Warehousing, and Customer Service) in combination with periodical meetings, created a consistent framework for Performance Measurement System. This eventually resulted in a metric dictionary listing all metrics (including relevant attributes) displayed by the scorecards. Such a document is important for further development of an integrated Performance Measurement System.

2. Use a standard metric definition template that includes all relevant metric attributes needed to produce or reproduce metric values in a consistent way.

3. Use a clustering that creates a basis for the development of performance metrics and supports communication. The number of clusters as well as the cluster criteria may vary from situation to situation.

4. Feedback on the PMS is more useful if real data is used. In the case of dummy data, users are less motivated to explore the possibilities of the system and its shortcomings.

5. Commitment also means that data specialists, ICT staff and other employees able to deliver the most reliable data about a process (including interpretation) are allowed to spend time on such an initiative.

6. Postpone the selection of dedicated Performance Measurement System software until the basis of the PMS (the simple techniques like ANP) is mature. This avoids the purchase of expensive IT systems that might not bring the expected improvement in PM.

7. The adoption and further development of the Performance Measurement System requires a PM Manager who is an accepted member of the management team that responsible for the supply chain. The PM manager is responsible for the whole reporting and improvement process, not just as an analyst or accountant, but as a manager in charge of concrete follow-ups and monitoring the effects of actions, as well as being responsible for improving the PMS itself.

Cost, activity-time, customer responsiveness, and flexibility have all been used as supply chain performance measures either singly or jointly. Yet all these measures used signally or in combination with some other measures have some significant weaknesses (Beamon B. M., 1998):

· The use of single performance measure is attractive because of its simplicity. Yet the significant weaknesses are present in each of the performance measure evaluated, based on criteria such as inclusiveness, universality, measurability, and consistency. The most consistent weakness for these performance measures is non-inclusiveness., i.e. if cost is used as the measure of supply chain performance, then the supply chain may operate under the minimum cost, but it may simultaneously demonstrate poor customer responsiveness or less flexibility.

2.2.3.3 A framework for performance measurement

The supply chain performance measurement system must contain at least one individual measures from each of these three types. The individual measures chosen from each type must coincide with organization’s strategic goals. Each of these three performance measures are described in the following section.

2.2.3.3.1 Resources

       The main goal of supply chain management is resource minimization. Too few resources can negatively affect the output and flexibility of the system although a minimum level of output is specified because the firm will lose the profit which could have achieved if the resources are available. The goal is to reconfigure supply chain with reduced resources while present demands are met. The following is the example list of supply chain resource performance measures:

· Distribution cost: Total cost of distribution including transportation and handling.

· Total cost: Total cost of resources used (men, machine and materials).

· Inventory: Costs associated with held inventory:

· Inventory investments: Investment value of the held inventory.

· Work-in-process: Costs associated with work-in-process inventory.

· Finished Goods: Cost associated with finish goods inventory.

· Inventory obsolescence: Costs associated with obsolete inventory.

Return on investment (ROI): Measures the profitability of an organization

2.2.3.3.2 Output

       Output measures include: customer satisfaction, quality, delivery reliability, cost reduction and the quantity of final output. Many output performance measures are easily represented numerically such as:

· Time required to produce a particular item 

· Number of items produced

· Cost required to produce the product

· Number of on time deliveries

There are many output performance measures that are difficult to express numerically, such as:

· Product quality

· Delivery reliability 

· Brand Image 

· Customer satisfaction

· Market Reputation

       Output performance measures are probably divided under three types:

· Financial: e.g. sales, profit, return on investment etc.

· Time: e.g. customer response time, delivery lead-time, fill rate etc.

· Quantity: e.g. reliability, number of shipping errors, number of customer complaints etc.

       The resources affect the output of the supply chain, and the output of the supply chain system e.g. quality, quantity etc. is important in determining the flexibility of the system.

2.2.3.3.3 Flexibility:

   Flexibility provides an effective parameter for characterizing the behavior of asynchronous supply chains. A highly flexible relationship is one in which there is little fluctuation in the procurement price under different supply conditions (Das& Abdel-Malek 2003). Flexibility measures a system’s ability to accommodate volume and schedule fluctuations from suppliers, manufacturers, and customers. Although the papers available on the specific subject of SC flexibility are not very numerous, it is possible to find some definitions of the various types of SC flexibility, usually associated to correspondent types of flexibility of manufacturing systems and referred to the object of change. For instance, Vickery et al. (1999) propose the following dimensions of SC flexibility: product, volume, launch, access, target market, while Viswanadham and Srinivasa, R(1997) consider: volume, mix, routing, delivery time, new product flexibility.

 Indeed flexibility is vital to the success of supply chain, since the supply chain exists in the uncertain environment. Flexibility measures are broadly divided under the four headings:

· Volume flexibility: The ability to respond to change in demand.

· Mix flexibility: The ability to change the variety of products produced.

· Delivery flexibility: The ability to respond quickly to tight delivery requests.

· New product flexibility: The ability to introduce and produce new products (also includes modification of the existing system).

       Each of this type of flexibility could be apply to supply chain systems. However, each type may not appropriate for every supply chain. Examining historical data for the system can indicate which flexibility measure is appropriate for the system of interest.

Table 2.2 Goals of performance measures (Fortuin and Wouters 2004)

	Type of performance

measure
	Aim
	Purpose

	Resources
	High level of efficiency
	Efficient resource

management is critical

to profitability

	Output
	High level of customer

service
	Without acceptable

outputs, customer will

turn to other Supply

Chains

	Flexibility
	Ability to respond to a

changing environment
	In an uncertain

environment, Supply

Chains must be able to

respond to change






Fig: 2.3 The Supply Chain measurement system (Fortuin and Wouters 2004)

.

Table: 2.3 Supply Chain system characteristics and associated flexibility types 

	Flexibility type
	Supply Chain system characteristics

	Volume flexibility
	Variable demand

	Delivery flexibility
	Delivery dates changes regularly and costs are associated

	Mix flexibility
	Stationary demand for multiple product types



	New product flexibility
	Product with short life cycles


Table 2.3 identifies supply chain characteristics and there corresponding appropriate flexibility measures

2.2.3.4 Study done by various Researchers in Supply Chain Performance Analysis

   The following table gives the information about the main areas of supply chain performance indicators, which studied by various researchers to analyze the SC in better way. It indicates that Quality, cost, delivery reliability, flexibility, and customer services are the major areas on which we have to focus to improve the supply chain performance   

Table: 2.4 Supply chain performance parameters 

	Sr No
	Reference
	Key Issues

	1
	Garavelli, A(2003)
	Operations flexibility, SC flexibility, process flexibility, logistics flexibility

	2
	Krause D, Pagell M and  Curkovic S(2001)
	Purchasing functions(quality, cost, delivery and flexibility), links between manufacturing strategy, business strategy and supply chain performance, JIT delivery system, flexibility factor in purchasing

	3
	Byrda T and Davidson N(2003)
	IT impact on the supply chain

	4
	KrauseD , Handfield R and Tyler  B(2007).


	Buyer performance improvements in the form of cost and total cost, quality, delivery and flexibility, Supplier development  strategy, competitive priorities for Buying firms, Delivery performance, Quality, Manufacturing flexibility, Performance outcomes in quality, delivery and flexibility

	5
	Shin H, Collier D and Wilson D(2000).

	Quality ,Cost and Delivery Models, Supplier cost Performance, Buyer Cost Performance

	6
	Persson F and  Olhager J (2002)


	Strategic flexibility, manufacturing strategies(quality, time ,lead time and cost)

	Sr No
	Reference
	Key Issues

	7
	Fynesa B and Vossb C(2005)
	Various dimensions of SC relationships, quality performance, Design quality, impact of SC relationships on performance

	8
	Chen I and Paulraj A(2004)
	buyer–supplier relationship, Uncertainty, role of top management, manufacturing strategy(low cost, flexibility, quality, and delivery), supply chain strategy, Logistics, supplier quality, flexibility, delivery, and cost performance, firms Operational performance

	9
	Zhao X , Xie J and Leung J(2002)


	The impact of forecasting model selection on supply chain performance

	10
	Garavelli A. C(2003)
	SC flexibility(process flexibility, system flexibility, logistics flexibility, routing flexibility)

	11
	Vickery S, Jayaram J, Droge C and Calantone R (2003)


	Customer service(pre ,post, during transaction) 

	12
	Gunasekarana,Patel and  McGaugheyc R(2004)


	Supply chain partnership, delivery performance, Customer query time, Post transaction services, Quality performance, Delivery reliability performance, customer service

	13
	PetersenaK, Handfieldb R and  Ragatz G(2005).
	Supplier selection decision criteria 

	14
	Chena K and Chenb K(2005) 

	Supplier selection attributes (quality, delivery, price, performance)

	15
	Teck-Yong (2006)
	SCM performance measures

	16
	. Whickera L, Bernonb M,. Templar  S and  Mena C.


	SCM performance measures(time, cost)

	17
	Hendricks K, Singhal V and Stratman J (2007),


	Competitive capability factors (internal, external, tangible, intangible)

	18
	Liu R, Kumar A and  Aalst W(2007) 


	Supply chain planning and execution

	19
	Adamidesa E and Pomonis N


	Manufacturing strategy (cost, flexibility, quality, dependability (on-time-delivery) and speed

	20
	Massimo Bertolinia
	supply chain lead time reduction technique

	21
	Ireland R and Justin W(2007)
	Strategic supply chains

	22
	Al-Mudimigha A(2004)
	Consistency, flexibility and quality delivery in SCM, post-delivery, post-evaluation and relationship building aspects, materials planning, inventory management, capacity planning, logistics, and production systems in SCM

	23
	Chan F and Kumar N(2007)
	Global supplier selection


2.2.3.5 Measures for evaluating logistics performance

·        Franceschini et al. (2000) suggests a number of indicators to access logistics performance. The main indicators used are:

· Lead-time: Time occurred from the arrival of customer order to the receiving of goods; it includes the following activities:

· Order processing 

·  Order transmission

· Order composition

· Order transfer to the production plant

· Article production

· Warehouse delivery

· Final delivery to customer

· Regularity: Dispersion around the mean value of the delivery lead-   time


                

· Reliability:   

                              
· Flexibility:


· Harmfulness: 


· Productivity: 

2.2.3.6 Measures for evaluating customer service

       Several different metrics that measures the overall customer service performance suggested by Gunasekarana, Patel and McGaugheyc, R (2004) they are:

· Customer order cycle time

· Order processing time: Amount of time taken to receive and enter an order in to the system.

· Shipment processing time: Amount of time taken to assign, fill, and ship the order.

· Delivery/transit time: Amount of time it takes from shipment to customer receipt.

·   Shipment per order: The number of shipment it takes to complete one order.

·   On-time delivery

· Error rates: The number of errors on an order per a specified number 

      of orders.

· Product damages: Product damaged relative to total product shipped.

· Freight claims: The number of claims measured against total number of orders.

· Complaints handled: The numbers of complaints measured against total number of orders.

· Inquiry responsiveness

· Product availability

· Logistics cost

· Customer service cost: The cost to receive and process customer orders relative to total sales.

· Order shipment cost: Total cost to process and ship orders relative to total sales.

· Order delivery cost: Percentage of costs to deliver product relative to revenue from sales.

2.2.4 Demand Variability (Bullwhip effect) in Supply Chains

The bullwhip effect remains to be a critical issue in the area of supply chain management. As illustrated in the literature (Simchi-Levi et al., 2000), a small variance in the demands of the downstream end-customers may cause dramatic variance in the procurement volumes of upstream suppliers via the bullwhip effect under the condition that the distortions of demand-related information exist among the members of a supply chain. As a consequence, the systematic profitability of a supply chain is seriously affected. Correspondingly, the functional coordination of a supply chain may no longer exist due to such inappropriate interactions of supply-demand information flows between chain members.

2.2.4.1 Causes of Bullwhip effect

Lee et al. (1997a) formally identify main causes of the bullwhip effect, while Lee et al. (1997b) discusses their managerial implications. They state that if following conditions hold: 

(1) Demand is mean stationary and no signal processing is used

 2) Lead time is zero;

(3) Fixed ordering cost is zero

(4) No price variation occurs

Then the order variance increase does not occur. However, if some of these conditions are relaxed, the bullwhip effect may be observed.

                                    The distortion of demand information can be viewed as a major factor in the formation of the bullwhip effect because of three related phenomena: (1) bias demand information from the downstream chain members, (2) delayed information transferring, and (3) unsuitable logistical operations responding to the downstream demands. Herein, bias demand information may result either from the increase in demand variability in the end-customer market including price and demand fluctuations or from the estimation errors of downstream-chain-member demands. Delayed information transfer among chain members influences the efficiency of the inter-member information sharing, and more seriously, magnifies the induced effect on the deviation of the demands estimated by suppliers from the real end-customer demands. Furthermore, inappropriate logistics operational strategies including demand forecasting based on the orders, and batch ordering from the direct-downstream chain member also accelerate the formation of the bullwhip effect.

2.2.4.2 Methods for coping up the bullwhip effect

       The impact of bullwhip effect can be reduced by reducing uncertainty, reducing the variability of the customer demand process, reducing lead-time, and engaging in strategic partnerships. These issues are briefly described here (Simchi-Levi David et al., 2000).

2.2.4.2.1 Reducing uncertainty

       One of the moist efficient way to reducing bullwhip effect is to reduce uncertainty through out the supply chain by centralizing the demand information. By centralizing the demand information it is possible to reduce the bullwhip effect significantly, however it is not possible to eliminate it.

2.2.4.2.2 Reducing Variability
       Reducing the variability inherent in the customer demand process can diminish the bullwhip effect. One effective way of reducing variability in customer demand process is to use of an “every day low pricing (EDLP)” strategy. When a retailer uses EDLP it offers a product at a single consistent price, rather then offering a regular price with periodic promotions. By eliminating price promotions, a retailer can eliminate many of the dramatic shifts in demand occur during these price promotions.

2.2.4.2.3 Lead-time Reduction

       Lead-time reduction can be significantly reducing the bullwhip effect along a supply chain. Lead-time typically includes two components: order lead time (i.e. time it takes to produce and ship the item), and information lead-time. The order lead-time can be reduced through the use of cross-docking; while information lead time can be reduced through the use of electronic data interchange (EDI). Cross-docking essentially eliminates the inventory- holding function of a warehouse while still allowing it to serve its consolidation and shipping functions.

2.2.4.2.4 Strategic Partnerships

       Engaging in any number of strategic partnerships can eliminate the bullwhip effect. These partnerships change the way of information is shared and inventory is managed in a supply chain, possibly eliminating the impact of bullwhip effect. For example, in vendor managed inventory (VMI) the manufacturer manages the inventory of its products at the retailer outlet, and therefore determine for itself how much inventory to keep on hand and how much to ship to the retailer in every period. Therefore, in VMI the manufacturer does not rely on the orders placed by the retailers, thus avoiding the bullwhip effect entirely.

2.2.5 Building strategic partnership and trust in a Supply Chain

       Long term cooperative working relationships with suppliers based on trust has increasingly become source of firm based competitive advantage. Cooperative and collaborative relationships development require a high degree of trust between parties.

       The trust based relationship between two stages of a supply chain including dependability of the two stages and the ability of each stage to make a leaf of faith. Trust involves a belief that each stage in the supply chain is interested in other’s welfare and would not take any action without considering impact on the other stages. Cooperation and trust with in the supply chain helps in improving performance, because (Chopra Sunil et al. 2001):

· It provides a more natural way of aligning incentives and objectives. When stages trust each other, they are more likely to take care the objectives of the other stages in to consideration while making decisions.

· Action oriented management layers to achieve coordination become easier to implement, because sharing of information is natural and operational improvements are easier to implement.

· An increase in supply chain productivity results, either by elimination of duplicated effort or by allocating effort to the appropriate stage.

· A greater sharing of detailed sales and production information allows the supply chain to coordinate production and distribution decisions. As a result, the supply chain is better able to match supply and demand, resulting in better coordination.

2.2.5.1 Designing a relationship with cooperation and trust

The key steps in designing an effective supply chain relationship are (Chopra Sunil et al. 2001):

· Accessing the value of the relationship.

· Identifying operational roles and decision rights for each party.

· Creating effective contracts.

· Designing effective conflict resolution mechanisms.

2.2.6 Role of Information Technology in SCM

               Recently the concepts of supply chain design and management have become a popular operations paradigm. This has intensified with the development of information and communication technologies (ICT) that include electronic data interchange (EDI), the Internet and World Wide Web (WWW) to overcome the ever-increasing complexity of the systems driving buyer–supplier relationships. The complexity of SCM has also forced companies to go for online communication systems. For example, the Internet increases the richness of communications through greater interactivity between the firm and the customer. Graham and Hardaker (2000) highlight the role of the Internet in building commercially viable supply chains in order to meet the challenges of virtual enterprises.

                           Supply chain management emphasizes the overall and long-term benefit of all parties on the chain through co-operation and information sharing. This signifies the importance of communication and the application of IT in SCM. This is largely caused by variability of ordering. Information sharing between members of a supply chain using EDI technology should be increased to reduce uncertainty and enhance shipment performance of suppliers and greatly improve the performance of the supply chain system.

2.3 Conclusion

                                    The concept of supply chain management is gaining importance due to its impact on firms competing in today's global economy. Managing the flow of material from supply sources to the ultimate customer involves design, planning and control of Supply chains. Efficient management of these activities offers opportunities in terms of cost and lead-time reductions and improved quality, the latter by employing a unanimous view on quality at the source. Competition today implies that quality, time and cost must be improved successively in order to stay profitable. This is accentuated in industries with high product introduction rates and large volumes over short product life cycles. A sense of strategic flexibility must also be incorporated in such business environments. By supply chain design we mean the structure of the chain, i.e. the sequential links between different sourcing, production and distribution activities or processes. This does not include planning and control. Both changes in the structural design as well as in the planning and control system may improve the performance of the supply chain. Integration and management of key business processes across the supply chain will determine the success of the business in today’s environment. Successful SCM requires integrating business processes with key members of the supply chain. Much resistance and thus waste of valuable resources results when supply chains are not integrated, appropriately streamlined, and managed. One-way to do this is to identify the key business processes and manage those using cross-functional teams. A typical supply chain starts from raw material suppliers through business and ends at the user that is customer. World markets are already buyers market, they demand a lot in terms of quality and price.

Chapter 3

RESEARCH OBJECTIVE IN THE PRESENT STUDY

3.1 Introduction
       Supply chain management (SCM) has been a major component of competitive strategy to enhance organizational productivity and profitability. One of the major problems in management of supply chain is to know the important factors and their effect on each other that lies along the metrics deciding the overall supply chain management performance. In recent years, organizational performance measurement and metrics have received much attention from researchers and practitioners. The role of these measures and metrics in the success of an organization cannot be overstated because they affect strategic, tactical and operational planning and control. Performance measurement and metrics have an important role to play in setting objectives, evaluating performance, and determining future courses of actions.

3.2 Study proposed
       The model has developed to study supply chain performance indicators. The objective of the project work is to find out the important factors that affect the supply chain performance, and also study their effect on each other using ANP metrics. Numbers of researchers have been suggested different performance measures for SCM performance as discussed in chapter 2. Kumar, K (2003) studied  the four performance parameters i.e. quality, cost, delivery reliability, customer service,  including that we added one more parameter i.e. flexibility to study the supply chain performance .  Supply chain management is expected to have a positive impact on performance of supply chains through e.g. quality, lower costs, delivery, lead-time, flexibility, and customer satisfaction, but the expectations are not always met.

                       There are research reports supporting the improvement hypothesis, but there are also studies reporting no performance increase. The performance measures considered for this study are quality, cost, delivery reliability, flexibility and sales and after sales service. In order to study these factors we made the comparison metrics and used the Analytical Network Process. A framework has been developed to provide a better understanding of the importance of SCM performance measurement along the selected metrics. These metrics have been related to the supply chain, and also to the separate activities, or functions with in the chain. Fig 3.1 depicts the four metrics considered in the present study.







Figure 3.1 Framework for measuring Supply chain performance

3.2.1 Metrics for Quality

The concept of quality is a broad one that can be subdivided into the following categories: 

· Functionality: Characteristics or Features of product

· Conformance: Service performance of as per specification

· Reliability: Work for a long time without failing or requiring maintenance

· Durability: Product can withstand adverse conditions

· Serviceability: Product easily reparable or serviceable

· Aesthetics: Appeal to  the senses   

To compete on the basis of quality, a firm’s operations must consistently meet or exceed customer expectations or requirements on the most critical quality dimensions. Quality is considered as one of the metrics for measuring supply chain performance by Beamon (1998), Gunasekaran et al. (2004) and many other researchers. The various factors affecting the supply chain quality performance are identified and classified under these four headings namely: supplier’s performance, firm’s operational performance, packaging & shipping performance, and performance of customer interface.

3.2.2 Metrics for Cost

Cost is always a concern, even for companies that compete primarily on some other dimension. In fact, in some industries, competition is so intense that firms are experiencing unrelenting pressure to reduce cost, even their performance improves in other ways. Because operations and supply chain activities often account for most of an organization’s, they are natural targets in cost reduction initiatives.

       Cost is considered as one of the critical metric for deciding the overall supply chain performance by many researchers. Beamon (1998), Spekman et al. (1998), Chan Felix et al. (2003) all considered Cost as one of the critical metric to measure the supply chain performance. Cost is also a traditional measure to access the organizational performance. The various factors affecting the supply chain cost performance are identified and classified under these four headings namely: supplier’s performance, firm’s operational performance, packaging & shipping performance, and relationship management.

3.2.3 Metrics for Delivery Reliability

                      Delivery performance has two basic characteristics: Speed and reliability. Delivery speed is elapsed time from the receipt of an order to final delivery. Delivery reliability refers to the ability to deliver the products or services on time. Typical measures of delivery reliability include the percentage of orders that is delivered by the promised time and average tardiness of late orders. Delivery reliability is especially important to companies that are linked together by supply chain.    

       Delivery related measures, e.g., delivery performance, delivery lead-time etc. were used to measure the supply chain performance by Beamon (1998), Gunasekaran et al. (2003). The various factors affecting the supply chain delivery reliability performance are identified and classified under these three headings namely: planning, execution, and management and control.

3.2.4 Metrics for Flexibility

Many supply chains compete by responding quickly to the unique needs of different customers. Both manufacturing and service firms can demonstrate flexibility. Manufactures distinguish among several types of flexibility, including: Mix flexibility, or the ability to produce a wide range of different products; changeover design flexibility, or the ability to begin production of new product with minimal delay; design flexibility, or the ability to change the design of a product to accommodate specific customers; volume flexibility or the ability to produce whatever volume the customer needs. Different types of flexibility may require different operations and supply chain solutions. Firms must decide which types of flexibility are important to their customers and adjust their operations and supply chain efforts accordingly. Flexibility has become particularly valuable in new product development .Some firms compete by developing new products or services faster than their competitors.   
Flexibility related measures, e.g., design, process, mix flexibility    etc. were used to measure the supply chain performance by Das& Abdel-Malek(2003). The various factors affecting the supply chain flexibility performance are identified and classified under these three headings namely: Supplier, Manufacturer, and customer.

3.2.5 Metrics for Sales and After sales service

       The performance of SCM measured by it’s responsiveness to customers.  Lee and Billington (1992) emphasized that to access the supply chain performance; supply chain metric must centre on customer satisfaction. Service based measures such as flexibility and customer responsiveness (Beamon, 1998), customer service and satisfaction (Gunasekaran et al., 2003), customer responsiveness (Ragu-Nathan et al., 2002) are used for accessing the supply chain performance. The various factors affecting supply chain sales and after sales service performance are identified and classified under the three headings namely: pre-transaction services, during-transaction services, and post-transaction services.

3.2.6 Research Methodology

The main objective of this study is to explore and understand the supply chain performance parameters, which have substantial effect on SC. This research aims at discovering the important supply chain management issues that can be useful while improving supply chain performance. It aims at prioritizing different supply chain strategies with the help of ANP i.e. Analytical Network Process. This research aims to look for better policy implementation to improve the supply chain overall performance. Then this we work in the area regarding the critical success factors of SCM and to analyze its sub factors of supply chain so that we also found out that usefulness of the technique ANP for the supply chain performance analysis. . It also aims at to find the correlation between different Supply chain management issues and their sub factors 
3.2.6.1 Analytic network process (ANP)  

                                 Analytical Hierarchy Process analyzes the issues of supply chain performance. Decision-making is a difficult procedure especially when there are number of conflicting objectives and criteria. Analytic hierarchy process (AHP) is one of the most appropriate approaches for solving complicated decision problems. AHP was proposed by Saaty (1980) as a method of solving socio-economic decision making problems and has been used to solve a wide range of problems (Saaty, 1980). AHP requires the decision maker to provide judgments about the relative importance of each criterion and then specify a preference for each decision alternative using each criterion. The output of AHP is a prioritized ranking of the decision alternatives based on the overall preferences expressed by the decision maker. The basic assumption of AHP is that it can be used in functional independence of an upper part or cluster of the hierarchy from all its lower parts and the criteria or items in each level. However, many decision problems cannot be structured hierarchically because they involve the interaction and dependence of higher-level elements on a lower level element (Saaty, 1996). Structuring a problem involving functional dependence allows for feedback among clusters of decision elements. Therefore, there may be a network type complicated connections. Saaty suggested the use of analytic network process (ANP) to solve the problem of dependence among alternatives or criteria. ANP can be used as an effective tool in cases in which the interactions among the elements of a system form a network structure. ANP replaces hierarchies with networks, in which the relationships between levels are not easily represented as higher or lower, dominated, or being dominated directly or indirectly

(Saaty, 1996) From a general point of view, ANP consists of two stages: the first one is the construction of the network, and the second one is the calculation of the priorities of the elements in the network. To construct the structure of the problem, all of the interactions among criteria and alternatives should be considered. Once the network is completed, pairwise comparisons are carried out depending on the interactions among criteria. Saaty suggest the use of supermatrix structure to solve the decision problem. Please see (Saaty, 1996) for a detailed description of ANP and the Supermatrix structure.

                                                              The analytic hierarchy process (AHP), a specific and earlier form of ANP, was first introduced by T.L. Saaty in 1976 (Saaty, 2000). AHP is a well-known technique that decomposes a decision problem into several levels in a hierarchical manner. An AHP model assumes a unidirectional, hierarchical relationship among decision levels. In AHP, the top element of the hierarchy represents the overall goal for the decision model. The hierarchy decomposes criteria until a level of manageable decision criteria is met. AHP is essentially easy to use, however, a robust approach that can handle the complexities of real-world problems. Since the introduction of AHP, it has been widely used in various decision making processes by academicians and practitioners. Indeed, AHP is a comprehensive framework, which is designed to model the real-world problems to handle multiobjective, multicriteria and multiactor decisions for any number of alternatives. An advantage of the AHP over other MCDM is the ability to incorporate tangible as well as intangible criteria especially where the subjective evaluations of different individuals constitute an important part of the decision process. As a general form of AHP, ANP allows for more complex interrelationships among the decision levels and attributes. ANP incorporates dependences and feedback using a multilevel (or hierarchical) decision network which can adequately model dependence (or interdependence) relations among components, represent and analyze interactions, and synthesize their mutual effects by a single logical procedure. Even though AHP has been applied to a wide variety of decision problems successfully for almost three decades; ANP is yet a promising approach with limited number of applications and publications in the literature. ANP is a more general form of its predecessor, the Analytic hierarchical Process (AHP) for ranking alternatives based on some set of criteria. Unlike AHP however, ANP is capable of handling feedbacks and interdependencies, which exist, in complex systems like a manufacturing system. ANP problem formulation starts by modelling the problem that depicts the dependence and influences of the factors involved to the goal or higher-level performance objective. These dependence and influences are subjectively judged by pair wise comparisons.

 3.2.6.2 Super Decisions Version 1.4.2(software).

                     Selection of Supply chain performance measures plays an important role in Supply chain Competitiveness Analysis. Development of the ANP model is based on the study of supply chain performance measures. Supply chain competitiveness is depends on these factors. Despite the fact that Supply activities will be a shortsighted decision. Such a selection may generate many negative effects throughout the supply chain. Therefore, proposed ANP model incorporates main supply chain performance concerns. Before presenting the details of the ANP model proposed, a brief introduction of the software used to develop the model is given. The software is called the Super Decisions Version 1.4.2. It was developed by Adams and Saaty (Saaty, 2003). The software implements the ANP approach. In Fig. 4.1, an abstract representation of an ANP model is given. There are clusters, nodes and arrows that define the model in SuperDecisions. The clusters hold a group of nodes. Nodes represent the decision elements. Arrows, on the other hand, define the dependencies among nodes. Two-directional arrows show two-way interdepencies among elements of the network. Fig.4.1 defines the clusters, nodes and their relationships with each other; it shows how the SuperDecisions software represent them. As seen in Fig. 4.1 there are dependencies between nodes in different clusters as well as nodes in the same cluster. If there are dependencies among nodes in different clusters, SuperDecisions software generates an arrow between clusters (Fig 4.1). That is called the ‘outer dependence’. If there are dependencies among nodes in the same cluster, the software represents it by attaching an arrow from a cluster to itself (Fig.4.1(b)). This is called the ‘inner dependence’. Note that, in an AHP model, there are no inner-dependencies (Saaty, 1980). The pairwise comparisons are carried out depending on the lines connecting nodes and clusters. The following are the general steps used for developing the ANP model for evaluating the alternative connection types using the SuperDecisions software:A. Gu¨ngo¨r / Computers & Industrial Engineering 50 (2006) 35–54 39

3.3 Conclusion

Incorporating human preferences into the decision making process, the ANP approach enables the decision makers to overcome strategic decisions. During the application, the management has been involved in the entire decision making process from the problem definition to the implementation. The involvement has furnished the management with a deeper, thorough and scientific understanding of the decision process. Thus, the management has validated the obtained results at each phase. For successful management of supply chain it is necessary to compare the relative importance along the metrics deciding the overall supply chain performance. The metrics considered for this study are quality, cost, flexibility, delivery reliability, and sales and after sales service. A framework to study the effect on supply chain performance in terms of these metrics has been developed. Analytic network process (ANP) is chosen as analysis method.

.

Chapter 4

ANALYSIS OF VARIOUS FACTORS USING ANP& DISCUSSIONS

4.1 Proposed ANP model

.  



 
In Fig.4.1, an abstract representation of an ANP model is given. There are clusters, nodes and arrows that define the model in SuperDecisions. The clusters hold a group of nodes. Nodes represent the decision elements. Arrows, on the other hand, define the dependencies among nodes. Two-directional arrows show two-way interdepencies among elements of the network. Fig.4.1 (a) defines the clusters, nodes and their relationships with each other; whereas Fig. 4.1(b) shows how the SuperDecisions software represent them. As seen in Fig.4.1 (a) there are dependencies between nodes in different clusters as well as nodes in the same cluster. If there are dependencies among nodes in different clusters, SuperDecisions software generates an arrow between clusters (Fig. 4.1(b)). That is called the ‘outer dependence’. If there are dependencies among nodes in the same cluster, the software represents it by attaching an arrow from a cluster to itself (Fig.4.1(b)). This is called the ‘inner dependence’. Note that, in an AHP model, there are no inner-dependencies (Saaty, 1980). The pairwise comparisons are carried out depending on the lines connecting nodes and clusters. The following are the general steps used for developing the ANP model for evaluating the alternative connection types using the SuperDecisions software:

1. Generate clusters representing the alternative connection types and the important aspects of supply chain performance measures.

2. Generate nodes (i.e. the decision criteria which are used to evaluate the alternative

 and place them in appropriate clusters.

3. Develop dependencies among criteria and the alternatives.

4. Do pairwise comparisons.

5. Solve the model using solution module of the SuperDecisions software.

6. Discuss the results.

7.Give the conclusion.










Fig. 4.1  Abstract views of a SuperDecisions model.
4.2  Generating ANP clusters and nodes for Quality

Following the above steps, first, the clusters are developed. The first cluster is ‘Alternatives’ which is Supply chain performance (Quality) enablers .The other clusters are designed to resemble the important issues of Supply Chain Performance .The study aims to establish the links between the different quality issues and main supply chain enablers of related to quality. Supply chain alternatives (Quality) selected because their influence is very high on Supply chain. In design of supply chain we have to focus on these alternatives. We also compare various quality issues with the alternatives so that we can see the effect of quality issue on the supply chain performance. Therefore, ‘Quality Issues’ clusters were developed to related activities influenced by the selection and from each other. Similarly, selection of a Supply chain alternative has an impact on the supply chain performance and problems that a chain faces during its operation .In the proposed ANP model, the evaluation of alternative Supply chain Quality policies from a wider perspective without loosing the focus on quality issues. In each of the clusters generated, issues (or nodes as in SuperDecisions terms) related to that cluster are given. The evaluation criteria are determined through. Note that clusters are coded C1 through C3. The nodes in them are numbered starting with the cluster code; e.g. C1.1, C2.3, etc. Clusters, nodes and their descriptions are as follows:

C 1 Alternatives

C1.1 Suppliers Quality Assurance- Ability of the supplier to ensure the quality level of product/service supplied by him/her to the firm. 

Ref- Chen I and Paulraj A(2004)

C 1.2 Firms Quality Assurance-The quality level conformance of the product/service provided by him to his/her customer. 

Ref-Persson, F and  Olhager, J (2002)

C 1.3 Packaging and Shipping-The type and mode of transportation by which the product/services has given to the customer.

Ref- Massimo Bertolinia

C 1.4 Customer Interface The feed back taken by the firm to improve the customer satisfaction, ultimately to improve the SC performance. 

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

C 2 Quality Issues1

C 2.1 Quality of RM supplied- The overall quality level of the raw materials supplied by all vendors (including basic amenities) with respect to cost 

Ref- Krause, D. Handfield, R and Tyler, B(2007).

.

C 2.2 Quality Practices-The quality practices used in the firm which contribute to improve the quality level of product and also has positive effect on SC performance for ex. TPM, TQM, JIT, 6σ

Ref- Krause, D. Pagell, M and Curkovic, S(2001)

C 2.3 R&D effort- The level of the research firm is doing to improve its product. The total investment done every year to improve the overall performance of the company. It is the major factor of technological companies who are compete on the basis of technology like mobile, cameras, automobiles, software.  

Ref- Hendricks K, Singhal V and Stratman J (2007)

C 2.4 Product Offering- It is the level of Reliability, Durability, Environmental friendliness, Safe in use, Self-Explanatory, Product variety in the product to improve quality of satisfaction given by the firm to his customer.

Ref- Fynesa, B and Vossb, C(2005)

C2.5 Assurance Initiatives-The steps taken to give the Warranty, Replacement, Returns,    Service with the product to increase the level of assurance to the customers.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

C 3 Quality Issues 2

C 3.1 Inspections & Testing-The importance  of the efficiency of  inspection and testing department to develop the inspection and testing abilities to contribute in the quality assurance and quality improvement of the product.

Ref-Fynes, B and Vossb, C (2005)

C 3.2 Management of process-The level of process management to continuously upgrade the process to reduce cost, improves quality, to reduce rejections, to increase safety, to utilize the capacity of equipments.

 Ref- Garavelli, A (2003)
C 3.3 Quality Audits- The number and type of quality audits taken in the firm to continuously improve the quality system of the firm.    

Ref- Krause, D. Pagell, M and Curkovic, S(2001)

C 3.4 Staff- The steps taken to improve the skill, technological competence, awareness about safety, managerial abilities that can help the organization to grow. 

Ref- Hendricks K, Singhal V and Stratman J (2007)

C 3.5 Technologies & Flexibilities- The technological up gradation in the firm that can 

help the firm to improve the flexibility, reduce the cost, increase the efficiency, reduce 

inventories and increase the overall supply chain performance.

Ref- Garavelli A. C(2003)










Fig 4.2 Model on Quality

Table 4.1 Connections among elements in Clusters(Quality)

	wrt
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	C 1.1
	C 1.2
	C 1.3
	C 1.4
	C 2.1
	C 2.2
	C 2.3
	C 2.4
	C 2.5
	C 3.1
	C 3.2
	C 3.3
	C 3.4
	C 3.5

	C 1.1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 1.2
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 1.3
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 1.4
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 2.1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0

	C 2.2
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	C 2.3
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	C 2.4
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	C 2.5
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0

	C 3.1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1

	C 3.2
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	C 3.3
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1

	C 3.4
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1

	C 3.5
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0


4.2.1 Generating dependencies for Quality

The ANP model was completed by developing the connections between cluster and nodes. These connections determine how the pairwise comparisons are to be made in the network. The objective of the model is to determine the priorities of the Supply chain performance enablers for the purpose of better supply chain competitiveness. Connections are determined and presented using the binary values in Table 4.1.The criteria in the rows of Table 4.1 are evaluated with respect to criteria in the columns of Table 4.1. The table contains values of 0s and 1s. The 1s in the column of Table 4.1 determine which criteria in the rows are pairwise compared with respect to that column. For example, 1s in the column of C1.1 mean C2.1 through C3.5 are pairwise compared with respect to C1.1 (i.e. Suppliers Quality Assurance). Similarly, column of C2.1 presents that C1.1 through C1.4, C2.3, C2.4, C2.5, C3.1 and C3.3 are pairwise compared w.r.t. C2.1. All other connections can be read from Table 4.1.There is a need to further explain how these connections are translated into understandable terms. It is read from

Table 4.1 that C1.1 through C1.4, C2.2, C2.4, C2.5, C3.4 and C3.5 are pairwise compared w.r.t. C2.3. 

It means that nodes in cluster C1 (i.e. Alternatives) are pairwise compared w.r.t. C2.1 (i.e., Quality of RM Supplied). This is an outer dependence. In other words, alternative Supply Chain Enablers are pairwise compared with respect to ‘Quality of RM Supplied’.

In addition, there are inner dependencies in cluster C2 when considering ‘Quality of RM Supplied’. Therefore, C2.3 (i.e.R&D Effort ), C2.4 (i.e. Product Offering ),and  C2.5 (i.e. Assurance Initiatives), are pairwise compared w.r.t. C2.1. Answer for the following question is searched when comparing C1.1 and C1.2 w.r.t. C2.1: How is alternative ‘Suppliers Quality Assurance’ C1.1 and C1.2 compared to criterion C2.1?’ This is a very common question type in AHP. Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, C2.2 and C2.4) with respect to another element (for example, C2.1). Pairwise comparisons are carried out for all the parent/children sets of nodes (Table 1). In the Table, the columns present the parent nodes, the rows are the children nodes in the network. For example, C1.1 is a parent node and C2.1 through C3.5 are its children. The nodes to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from which they originate. Thus, C2.1 through C2.5  are pairwise compared w.r.t. C1.1; C3.1 through C3.5 are pairwise compared w.r.t. C1.1; and, C2.1 through C2.5 are pairwise compared w.r.t. C1.2. This results in ‘local priorities’ of the children nodes with respect to the parent node.

                            Table 4.1 is used to make pairwise comparisons in the judgment matrices in the proposed ANP model. The proposed model also contains the feedback links. For example, C1.1 is the parent node and all nodes in other clusters except in cluster C1 are its children nodes. This means that criteria may be compared with respect to an alternative. This is actually the strength of the ANP approach. In real life, a decision process not only compares alternatives with respect to criteria and also considers the alternatives’ specifications. For example, when comparing C3.1 (i.e. Inspection & Testing) and C3.3 (i.e. Quality Audits) with respect to C1.1 (i.e. Suppliers Quality Assurance), the question is: What is more pronounced or prevalent characteristic of ‘Suppliers Quality Assurance’, its ability to

Improve the supply chain performance? (Saaty, 2003) These kinds of preference questions and answers, both directions, help decision maker establish true priorities for all the elements in the problem.

4.2.2 Pairwise comparisons

According to the connections developed in the model, all pairwise comparisons were completed. ANP uses a verbal scale developed by Saaty (1980), which enables the experts to incorporate subjectivity and experience. This verbal scale is shown in Table 4.2. The comparison is based on an expert’s opinion (Saaty, 1980). There are a number of judgment matrices for every parent node; one judgment matrix for nodes in the same cluster originating from the same parent node. For example, according to Table 1, for node C1.1, there are two judgment matrices one for each of clusters C2 and C3. ANP and its software SuperDecisions also enable the decision-maker to evaluate his/her judgments with the inconsistency ratio denoted by IR. The judgment matrixes are said to be consistent if IR%0.1 (Saaty, 1980, 1996). If there is inconsistency in a matrix, the decision-maker needs to check his/her judgments to make them better to satisfy IR%0.1. The findings reported in the available research ( Hayashi, & Obata, 2003; Sonnenberg)

Table 4.2 Saaty’s 1–9 scale for pairwise comparison

	Weight intensity


	Definition
	Explanation

	1
	Equal importance


	Two activities contribute equally to the objective



	3
	Moderate importance 


	Experience and judgment slightly favor one over another

	5
	Strong importance


	Experience and judgment strongly favor one over another



	7
	Very strong importance


	An activity is strongly favored and its dominance is demonstrated in practice

	9
	Absolute importance


	The importance of one over another affirmed on the highest possible order



	2-8
	Intermediate values 


	Used to represent compromise between the priorities listed above



	Reciprocals of above non-zero numbers


	
	If activity i has one of the above non-zero numbers assigned to it when compared to

activity j, then j has the reciprocal




A whole number in a matrix means the element listed at the left (in the row) is preferred to the element listed at the top (in the column). A fraction means the element listed at the top is preferred. As seen in Table 4.3, bottom left triangular portion of each matrix below the main diagonal is empty since the corresponding entries there are the reciprocals of their transposes shown above the main diagonal. Table 3 provides an easy illustration of the use of this scale to represent the judgments. The table presents the judgments of inner dependencies developed in Cluster C3 (i.e. Quality Issues 2) with respect to C 3.1  (i.e. inspection & testing ).

Table 4.3  Judgment matrix of Quality Issues 1 w.r.t. C3.1. (IRZ0.0761)

	
	C 3.2 
	C 3.3
	C 3.4 
	C 3.5

	C 3.2
	1
	5
	2
	3

	C 3.3
	
	1
	1/2
	1/3

	C 3.4
	
	
	1
	3

	C 3.5
	
	
	
	1


   The value in the cell C3.2–C3.4 reveals that ‘Management of Process/Product Quality’ (i.e. C3.2) was considered to be ‘Moderately more important’ (two times as important) than ‘Staff’ (i.e., C3.4). The values in the cells (C3.3–C3.4) and (C3.3–C3.5) reveal that ‘Staff’ (i.e. C3.4) was considered to be ‘moderately important’ (two times as important) than ‘‘Management of Process/Product Quality’ (i.e. C3.2) and Technologies and Flexibilies is ‘Moderately more important’ (Three times as important) than ‘Quality Audits’ (i.e. C3.3).

                                          In more understandable terms, the table presents that a Management of Process/Product Quality is more important than both its Technologies & Flexibilities, Quality Audits and the Staff. Moreover, the ‘Technologies & Flexibilities’ , is some what Less  important than the Management of Process/Product Quality .                                                  If  Management of Process/Product Quality is proper, it has a positive effect on Inspection Testing, Quality Audits, and Technologies & Flexibilities. In order to explain the feedback links among clusters, consider Table 4.4, which presents the judgmental values of elements in cluster C2 with respect to C1.2 (i.e. Firms Quality Assurance ). 

Table 4.4 Judgment matrix of Quality Issues 1 w.r.t. C1.2. (IRZ0.0379)

	
	C 2.1
	C 2.2
	C 2.3
	C 2.4
	C 2.5

	C 2.1
	1
	3
	3
	5
	4

	C 2.2
	
	1
	2
	3
	2

	C 2.3
	
	
	1
	3
	2

	C 2.4
	
	
	
	1
	1/3

	C 2.5
	
	
	
	
	1


The value ‘3’ in cell (C2.1–C2.2) means that C2.1 (i.e. Quality of RM Supplied) is ‘moderately important’ than C 2.2 Quality Audits with respect to C1.2 (i.e. Firms Quality Assurance) when considering the Quality the firm is providing . On the other hand, ‘Research & Development Effort’ (i.e. C2.3) is ‘moderately important’ than C 2.4 i.e Product Offering which is important aspect of Firms Quality Assurance’ (i.e. C1.2).

 Each judgment matrix has an associated priority vector or vector of weights (Saaty, 1980, 1996). These priorities are derived from the pairwise comparisons and entered in the Unweighted Supermatrix (Saaty, 1996). There are three  supermatrices associated with each network: the Unweighted Supermatrix, the Weighted Supermatrix and the Limit Supermatrix (Saaty, 1996). Supermatrices are arranged with the clusters in alphabetical order across the top and down the left side, and with the elements within each cluster in alphabetical order across the top and down the left side. The unweighted supermatrix contains the local priorities derived from the pairwise comparisons throughout the network. The weighted supermatrix is obtained by multiplying all the elements in a component of the unweighted supermatrix by the corresponding cluster weight. In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it. This is how the cluster matrix is generated. Keep in mind that the overall goal is to evaluate the alternative Quality policy when considering the Quality Issues.

                     For example, the following question is to be answered for the purpose of cluster comparisons: ‘Which factor influences the Supply chain a with the Quality Issues ? cluster comparison matrix is presented in Table 4.5.  The cluster matrix reveals that in the proposed ANP model, ‘Quality Issues 1’ (i.e. C 2 ) are considered to be  equally more important ( one time as important) than ‘Quality Issues 2 ’ (i.e. C3). This is used for evaluating alternative Quality policies.

4.2.3 Results and Discussions (Quality)

    Consider the unweighted supermatrix (USM) presented in table 4.5. Priorities drawn from the pairwise comparisons of elements of ‘Suppliers Quality Assurance’ (C1.1) with respect to Quality Issues1 (C2) are given in last four rows of column C1.1 in USM. 

Table 4.5 Unweighted Super MATRIX (Quality)

	
	C 1.1
	C 1.2
	C 1.3
	C 1.4
	C 3.1
	C 3.2
	C 3.3
	C 3.4
	C 3.5
	C 2.1
	C 2.2
	C 2.3
	C 2.4
	C 2.5

	C 1.1
	0.00
	0.00
	0.00
	0.00
	0.26
	0.40
	0.44
	0.29
	0.29
	0.29
	0.45
	0.26
	0.29
	0.45

	C 1.2
	0.00
	0.00
	0.00
	0.00
	0.50
	0.28
	0.26
	0.47
	0.47
	0.47
	0.26
	0.50
	0.47
	0.29

	C 1.3
	0.00
	0.00
	0.00
	0.00
	0.10
	0.09
	0.11
	0.09
	0.09
	0.09
	0.10
	0.09
	0.09
	0.10

	C 1.4
	0.00
	0.00           
	0.00
	0.00
	0.12
	0.20
	0.17
	0.13
	0.13
	0.13
	0.17
	0.13
	0.13
	0.13

	C 3.1
	0.24
	0.25
	0.16
	0.17
	0.00
	0.00
	0.00
	0.16
	0.16
	0.50
	0.16
	0.00
	0.23
	0.37

	C 3.2
	0.15
	0.17
	0.24
	0.21
	0.25
	0.00
	0.24
	0.27
	0.27
	0.00
	0.25
	0.00
	0.17
	0.15

	C 3.3
	0.06
	0.06
	0.09
	0.06
	0.16
	0.00
	0.00
	0.10
	0.10
	0.50
	0.09
	0.00
	0.08
	0.11

	C 3.4
	0.43
	0.39
	0.41
	0.34
	0.49
	0.67
	0.75
	0.44
	0.44
	0.00
	0.49
	0.67
	0.38
	0.28

	C 3.5
	0.10
	0.10
	0.08
	0.19
	0.09
	0.33
	0.00
	0.00
	0.00
	0.00
	0.00
	0.33
	0.11
	0.07

	C 2.1
	0.42
	0.40
	0.38
	0.42
	0.75
	0.00
	0.44
	0.00
	0.00
	0.00
	0.00
	0.00
	0.44
	0.43

	C 2.2
	0.13
	0.17
	0.25
	0.14
	0.00
	0.45
	0.14
	0.33
	0.33
	0.00
	0.00
	0.49
	0.18
	0.14

	C 2.3
	0.27
	0.24
	0.19
	0.24
	0.00
	0.25
	0.23
	0.67
	0.67
	0.34
	0.00
	0.00
	0.25
	0.31

	C 2.4
	0.06
	0.07
	0.07
	0.06
	0.00
	0.09
	0.09
	0.00
	0.00
	0.48
	0.00
	0.19
	0.00
	0.10

	C 2.5
	0.10
	0.10
	0.09
	0.10
	0.25
	019
	0.07
	0.00
	0.00
	0.16
	1.00
	0.31
	0.10
	0.10


The raw priorities are C2.1 through C2.5 are (0.42, 0.13, 0.27, 0.06, 0.1) respectively from these priorities, it is obvious that Quality of RM supplied i.e.C2.1 is the most important aspect of Suppliers Quality Assurance when considering Firms Quality Performance. If we see the pairwise comparisons of elements of  ‘Firms Quality Assurance’ with respect to Quality Issues 2 (C3) the five rows of column C1.2.The raw priorities are C3.1 through C3.5 are (0.25,0.17,0.06,0.39,0.1) respectively we come on to the conclusion that ‘Staff’ is the most important followed by ‘Inspection & Testing’ and Management of process as compared to the other factors. That means if we want to improve the firms quality assurance we must focus on the staff their training, work culture, Job satisfaction and also on the Inspection & Testing and Management of process

	
	C 1.1
	C 1.2
	C 1.3
	C 1.4

	C 1.1
	0.08
	0.08
	0.08
	0.08

	C 1.2
	0.11
	0.11
	0.11
	0.11

	C 1.3
	0.03
	0.03
	0.03
	0.03

	C 1.4
	0.04
	0.04
	0.04
	0.04


Table 4.6 Limit Super MATRIX (Quality)

                    The last matrix is the limit supermatrix, which is obtained by raising the weighted supermatrix to powers by multiplying it times itself. When the column of numbers is the same for every column, the limit matrix has been reached and the matrix multiplication process is halted. The table 4.7 shows the cluster matrix which compares the clusters and find the relative importance of the clusters in the matrix.

Table 4.7 Cluster Matrix (Quality)

	Cluster Node Labels
	C1
	C2
	C3

	C1
	0.7248
	0.3333
	0.3333

	C2
	0.1247
	0.3333
	0.3333

	C3
	0.1503
	0.3333
	0.3333


Note that in Table 4.8 raw priorities were obtained directly from LSM. Normals were calculated by multiplying the each of the raw priorities with a constant value, say α, such that sum of normal priorities will be equal to 1. The value of is α obtained by dividing 1 by the summation of raw priorities; i.e. α =1/0.1586= 6.3. By multiplying raw priorities for each alternative by α, the normal priorities were obtained as shown in Table 6. 

Table 4.8.The Resulting Priorities for Alternatives (Quality)

	Quality Policies
	Raw
	Normal
	Ideal
	Priority

	C 1.1 Suppliers Quality Assurance
	0.1586
	0.2895
	0.7783
	2

	C 1.2 Firms Quality Assurance
	0.2037
	0.3719
	1.0
	1

	C 1.3 Packaging and Shipping
	0.0792
	0.1445
	0.3887
	4

	C 1.4 Customer Interface
	0.1062
	0.1939
	0.5213
	3


This is the usual way to report on results. The column of ideal priorities is obtained from the column of normal priorities by dividing each of its entries by the largest value in the column. The ‘Ideal’ column shows the results divided by the largest value so that the best choice has a priority of 1.0.

4.3 Generating ANP clusters and nodes for Cost

                       Following the steps as given in Super decision, first, the clusters are developed. The first cluster is ‘Alternatives’ which is Supply chain performance (cost ) enablers .The other clusters are designed to resemble the important issues  of Supply Chain Performance  The study aims to establish the links between the different cost  issues and main supply chain enablers of related to cost . Supply chain alternatives (cost) selected because their influence is very high on Supply chain cost. In design of supply chain we have to focus on these alternatives. We also compare various Manufacturing issues & Relationship Issues with the alternatives so that we can see the effect of cost issue on the supply chain performance. Therefore, ‘Manufacturing issues’ clusters were developed to related activities influenced by the selection and from each other. Similarly, selection of a Supply chain alternative has an impact on the supply chain cost performance and problems that a chain faces during its operation .In the proposed ANP model, the evaluation of alternative Supply chain Quality policies from a wider perspective without loosing the focus on cost issues. In each of the clusters generated, issues (or nodes as in SuperDecisions terms) related to that cluster are given. The evaluation criteria are determined through. Note that clusters are coded C1 through C4. The nodes in them are numbered starting with the cluster code; e.g. C1.1, C2.3, etc. Clusters, nodes and their descriptions are as follows:

 C1 Alternatives

C 1.1 Suppliers cost performance- The importance of the suppliers cost on which the cost of the product will depend so if the cost of the supplier is competitive it will help the firm to contend on the basis of low cost, it is always desirable to purchase the low cost products from suppliers with optimum quality.

Ref- Chena, K and Chenb, K(2005) 
C 1.2 Firms cost performance- The total effort taken by the firm to reduce the overall cost of the product with optimum quality by that firm can increase its productivity and increase the customer satisfaction. 

Ref- Adamidesa E and Pomonis N

C 1.3 Packaging-The total efforts taken by the firm to reduce its logistics cost by improving its packaging design because in many products packaging improves the sale by its aesthetic look also it can work as a protective cover during transportation and reduce the damages o the product.  

Ref- Al-Mudimigha, A(2004)

C 1.4 Relationship management- The efforts taken to improve the relations with the vendors, customers, company workers. This has the major effect on the firms cost performance, some time short term some time long term.

Ref- Chen, I and Paulraj, A(2004)

C2     Manufacturing   Issues 1                                                                                                           
C 2.1 Direct Cost- The total direct cost involved in the manufacturing of product.

Ref- Shin H, Collier D and Wilson D(2000).
C 2.2 Performance Cost- The cost associated with inventory and lead time which the firm can reduce it by using the material management software packages such as SAP.

Ref- Shin H, Collier D and Wilson D(2000).
C 2.3 Information Processing-The total information processed in the system to improve the efficiency of the system which is also helpful to reduce the cost.

Ref- Byrda, T and Davidson, N(2003)

C 2.4 Cost Reduction Initiatives- The cost reduction initiatives taken by the firm such as reengineering, technological up gradation, design improvement, process improvement.

Ref- Adamidesa, E and Pomonis, N

C 2.5 Manufacturing Efficiency-The manufacturing efficiency depends on the productivity, labor cost, capacity utilization.

Ref- Adamidesa, E and Pomonis, N

C3     Manufacturing   Issues 2
C 3.1 Inventory cost-The cost associated with the total inventories in the plant.

Ref- Al-Mudimigha, A(2004)

C 3.2 Quality Cost-The total cost associated to improve the quality of the product it is also related to the negative effect on cost at the time of failures, rejections, after service performance cost due to poor quality.

Ref- Hendricks K, Singhal V and Stratman J (2007),

C 3.3 Process Management- The total initiatives taken to reduce the process cost. 

Ref- Adamidesa, E and Pomonis, N

C 3.4 Shipping Performance- The performance of the transportation and storage on the shipping cost and routes and methods developed to reduce the shipping cost.

Ref- Massimo Bertolinia
C4   Relationship Issues

C 4.1 Relationships with Supplier-The development of the relationship with the supplier which helps to improve the long term performance of the firm.

Ref- Chen, I and Paulraj, A(2004)

C 4.2 Relationship with Internal people-The relationship development in the firm to improve the firms cost performance.

Ref- Chen, I and Paulraj, A(2004)

C 4.3 Relationship with Service partner-The usefulness of relationship with the service partner to improve the cost performance.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

 C 4.4 Relationships with Customer-Development of customer relationships to improve overall supply chain performance.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

C1 Cost Issues

                                                                                         Manu 


        C2                                                                                                                  C3

Manufacturing                                                                                           Manufacturing                   
       Issues 1                                                                                                           issues 2




                                                                             Relationship

                                                                   C4        Issues

Fig 4.3 Model on Cost
Table 4.9 Connections among elements in Clusters (Cost)

	Wrt


	C 1.1 
	C 1.2 
	C 1.3
	C 1.4
	C 2.1
	C 2.2
	C 2.3
	C 2.4
	C 2.5
	C 3.1
	C 3.2
	C 3.3
	C 3.4
	C 4.1
	C4.2
	C 4.3
	C4.4

	C 1.1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C1.2
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 1.3
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 1.4
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C 2.1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	C 2.2
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	C 2.3
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0

	C 2.4
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	0

	C 2.5
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0

	C 3.1 
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0

	C 3.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	C 3.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	C 3.4
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	C 4.1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	C 4.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	C 4.3
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	C 4.4
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


4.3.1 Generating dependencies

The ANP model was completed by developing the connections among cluster and nodes. These connections determine how the pairwise comparisons are to be made in the network. The objective of the model is to determine the priorities of the Supply chain performance cost enablers for the purpose of better supply chain competitiveness. Connections are determined and presented using the binary values in Table 4.9.The criteria in the rows of Table 4.9 are evaluated with respect to criteria in the columns of Table 4.9. The table contains values of 0s and 1s. The 1s in the column of Table 1 determine which criteria in the rows are pairwise compared with respect to that column. For example, 1s in the column of C1.1 mean C2.1 through C4.4 are pairwise compared with respect to C1.1 (i.e Suppliers cost performance.). 

Similarly, column of C2.1 presents that C1.1 through C2.3, C2.4, C2.5, C3.1,C3.2 ,C3.3  and C 4.2 are pairwise compared w.r.t.  C2.1. All other connections can be read from Table 4.9.There is a need to further explain how these connections are translated into understandable terms. It is read from Table 4.9 that C1.1 through C1.4, C2.1, C2.2 , C1.5 through C2.4  are pairwise compared w.r.t. C2.3. 

               It means that nodes in cluster C1 (i.e. Alternatives) are pairwise compared w.r.t. C2.1 (i.e. C 2.1 Direct Cost). This is an outer dependence. In other words, alternative Supply Chain Cost Enablers are pairwise compared with respect to ‘Direct Cost ’.In addition, there are inner dependencies in cluster C2 when considering ‘Direct Cost’ . Therefore, C2.3 (i.e Information Processing), C2.4 (i.e Cost Reduction Initiative.),and  C2.5 (i.e. Manufacturing Efficiency), are pairwise compared w.r.t. C2.1.(Direct cost) Answer for the following question is searched when comparing C1.1 and C1.2 w.r.t. C2.2: ‘How is alternative Suppliers cost performance C1.1 and C1.2 Firms cost performance compared to criterion C2.2 Performance cost?’ This is a very common question type in AHP. Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, C2.2 and C2.4) with respect to another element (for example, C2.1). Pairwise comparisons are carried out for all the parent/children sets of nodes (Table 4.9). In the Table 4.9, the columns present the parent nodes, the rows are the children nodes in the network. For example, C1.1 is a parent node and C2.1 through C4.4 are its children. The nodes to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from which they originate. Thus, C2.1 through C2.5 are pairwise compared w.r.t. C1.2; C3.1 through C3.4; & C 4.1 through C 4.4 are pairwise compared w.r.t. C1.2; and, C2.1 through C2.5 are pairwise compared w.r.t. C2.3. This results in ‘local priorities’ of the children nodes with respect to the parent node.

4.3.2. Pairwise comparisons

According to the connections developed in the model, all pairwise comparisons were completed. ANP uses a verbal scale developed by Saaty (1980), which enables the experts to incorporate subjectivity and experience. This verbal scale is shown in Table 4.2. The comparison is based on an expert’s opinion (Saaty, 1980). There are a number of judgment matrices for every parent node; one judgment matrix for nodes in the same cluster originating from the same parent node. For example, according to Table 4.9, for node C1.1, there are three judgment matrices one for each of clusters C2, C3 and C4. ANP and its software SuperDecisions also enable the decision-maker to evaluate his/her judgments with the inconsistency ratio denoted by IR. The judgment matrixes are said to be consistent if IR%0.1 (Saaty, 1980, 1996). If there is inconsistency in a matrix, the decision-maker needs to check his/her judgments to make them better to satisfy IR%0.1. The findings reported in the available research (Hayashi, & Obata, 2003; Sonnenberg, 2001) were used to make pairwise comparisons in the judgment matrices in the proposed ANP model.

                                         A whole number in a matrix means the element listed at the left (in the row) is preferred to the element listed at the top (in the column). A fraction means the element listed at the top is preferred. As seen in Table 4.10, bottom left triangular portion of each matrix below the main diagonal is empty since the corresponding entries there are the reciprocals of their transposes shown above the main diagonal. Table 4.10 provides an easy illustration of the use of this scale to represent the judgments. The table presents the judgments of inner dependencies developed in Cluster C2 (i.e. Manufacturing Issues1) with respect to C 2.4  (i.e. Cost Reduction Initiatives) 

Table 4.10 Judgment matrix of Manufacturing Issues1w.r.t.  C2.4. (IRZ0.1303)

	
	C 2.1
	C 2.2
	C 2.5

	C 2.1
	1
	2
	1/3

	C 2.2
	
	1
	½

	C 2.5
	
	
	1


   The value in the cell C2.1–C2.2 reveals that ‘Direct Cost’ (i.e. C2.1) was considered to be ‘Moderately more important’ (two times as important) than ‘Performance Cost’ (i.e., C2.2). The values in the cells (C2.1–C2.5) and (C2.2–C2.5) reveal that ‘Manufacturing Efficiency’ (i.e. C2.5) was considered to be ‘moderately important’ (three times as important) than ‘Direct Cost’ (i.e. C2.1) and Technologies and ‘Manufacturing Efficiency’ (i.e. C2.5) is ‘Moderately more important’ (Two times as important) than ‘Performance Cost’ (i.e. C2.2).

                                          In more understandable terms, the table 4.10 presents that a ‘Manufacturing Efficiency’ (i.e. C2.5) is more important than both its ‘Direct Cost’ and the ‘Performance Cost’. Moreover, the ‘Direct cost ’, is somewhat less important than the ‘Manufacturing Efficiency’. If a Manufacturing Efficiency’ is proper, it has a positive effect on Cost Reduction Initiatives,. ‘Direct Cost’ and the ‘Performance Cost’. 

               In order to explain the feedback links among clusters, consider Table 4.11, which presents the judgmental values of elements in cluster C4 with respect to C1.1 (i.e.C 1.1 Suppliers cost performance). The value ‘3’ in cell (C4.1–C4.2) means that C4.1 (i.e. Relationships with Supplier) is ‘moderately important’ than C 4.2 Relationship with Internal people with respect to C1.1 (i.e. Suppliers cost performance) when considering the Suppliers competent cost which he is providing. On the other hand, ‘Relationships with Supplier’ (i.e. C4.1) is ‘moderately to strongly more important’ than C 4.4 i.e   Relationships with Customer which is important aspect of Suppliers cost performance (i.e. C1.1).

Table 4.11, Judgment matrix of Relationship Issues  w.r.t. C1.1. (IRZ0.0598)

	
	C 4.1
	C 4.2
	C 4.3
	C 4.4

	C 4.1
	1
	3
	2
	4

	C 4.2
	
	1
	3
	2

	C 4.3
	
	
	1
	1/3

	C 4.4
	
	
	
	1


 Each judgment matrix has an associated priority vector or vector of weights (Saaty, 1980, 1996). These priorities are derived from the pairwise comparisons and entered in the Unweighted Supermatrix (Saaty, 1996). There are three supermatrices associated with each network: the Unweighted Supermatrix, the Weighted Supermatrix and the Limit Supermatrix (Saaty, 1996). Supermatrices are arranged with the clusters in alphabetical order across the top and down the left side, and with the elements within each cluster in alphabetical order across the top and down the left side. The unweighted supermatrix contains the local priorities derived from the pairwise comparisons throughout the network. The weighted supermatrix is obtained by multiplying all the elements in a component of the unweighted supermatrix by the corresponding cluster weight. In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it. This is how the cluster matrix is generated. Keep in mind that the overall goal is to evaluate the alternative Cost policies when considering the Manufacturing Issues and Relationship Issues. For example, the following question is to be answered for the purpose of cluster comparisons: ‘Which factor influences the Supply chain a with the Cost Issues? Cluster comparison matrix is presented in Table 4.14.  The cluster matrix reveals that in the proposed ANP model, ‘Manufacturing Issues 1 & 2’ (i.e. C 2 & C3 ) are considered to be   more important than ‘Relationship Issues  ’ (i.e. C4). This is used for evaluating alternative cost policies.

4.3.3 Results and Discussions on Cost

                         Consider the unweighted supermatrix (USM) presented in table 4.12. Priorities drawn from the pairwise comparisons of elements of ‘Firms Cost Performance’ (C1.2) with respect to Relationship Issues (C4) are given in last four rows of column C1.2 in USM. The raw priorities are C4.1 through C4.4 are (0.28,0.40,0.20,0.09) respectively from these priorities, it is obvious that Relationship with internal people i.e.C4.2 is the most important aspect of Relationship issues when considering Firms Cost Performance.

Table 4.12 Unwighted Super  MATRIX (COST)

	
	C1.1
	C1.2
	C1.3
	C1.4
	C2.1
	C2.2
	C2.3
	C2.4
	C2.5

	C 1.1
	0.0
	0.0
	0.0
	0.0
	0.25
	0.28
	0.08
	0.27
	0.10

	C 1.2
	0.0
	0.0
	0.0
	0.0
	0.25
	0.45
	0.27
	0.49
	0.33

	C 1.3
	0.0
	0.0
	0.0
	0.0
	0.25
	0.11
	0.15
	0.08
	0.16

	C 1.4
	0.0
	0.0
	0.0
	0.0
	0.25
	0.16
	0.49
	0.14
	0.40

	C 2.1
	0.15
	0.12
	0.17
	0.12
	0.0
	0.0
	0.08
	0.26
	0.26

	C 2.2
	0.10
	0.16
	0.09
	0.17
	0.0
	0.0
	0.14
	0.19
	0.11

	C 2.3
	0.07
	0.07
	0.06
	0.14
	0.13
	0.13
	0.0
	0.0
	0.0

	C 2.4
	0.38
	0.37
	0.42
	0.30
	0.58
	0.58
	0.31
	0.0
	0.61

	C 2.5
	0.28
	0.27
	0.24
	0.26
	0.28
	0.28
	0.47
	0.54
	0.0

	C 3.1
	0.26
	0.41
	0.22
	0.28
	0.58
	0.44
	0.27
	0.46
	0.29

	C 3.2
	0.13
	0.19
	0.16
	0.16
	0.13
	0.16
	0.15
	0.16
	0.16

	C 3.3
	0.50
	0.27
	0.41
	0.44
	0.28
	0.27
	0.49
	0.30
	0.53

	C 3.4
	0.09
	0.11
	0.20
	0.10
	0.0
	0.11
	0.08
	0.07
	0.0 

	C4.1
	0.46
	0.28
	0.26
	0.24
	0.0
	0.28
	0.46
	0.26
	0.0

	C4.2
	0.25
	0.40
	0.52
	0.53
	1.0
	0.49
	0.28
	0.61
	1.0

	C4.3
	0.19
	0.20
	0.13
	0.09
	0.0
	0.13
	0.17
	0.11
	0.0 

	C4.4
	0.08
	0.09
	0.08
	0.12
	0.0
	0.09
	0.08
	0.0
	0.0


	
	C 3.1
	C 3.2
	C 3.3
	C 3.4
	C 4.1
	C4.2
	C4.3
	C4.4

	C 1.1
	0.18
	0.24
	0.15
	0.09
	0.48
	0.14
	0.13
	0.14

	C 1.2
	0.51
	0.49
	0.27
	0.30
	0.18
	0.28
	0.28
	0.28

	C 1.3
	0.21
	0.10
	0.08
	0.45
	0.09
	0.08
	0.08
	0.09

	C 1.4
	0.19
	0.17
	0.49
	0.15
	0.25
	0.5
	0.5
	0.46

	C 2.1
	0.35
	0.0
	0.17
	0.0
	0.0
	0.0
	0.0
	0.0

	C 2.2
	0.19
	0.13
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C 2.3
	0.19
	0.0
	0.07
	1.0
	1.0
	0.0
	0.0
	0.0

	C 2.4
	0.07
	0.58
	0.49
	0.0
	0.0
	0.75
	0.0
	0.0

	C 2.5
	0.0
	0.28
	0.27
	0.0
	0.0
	0.25
	0.0
	0.0

	C 3.1
	0.0
	0.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.0

	C 3.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C 3.3
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C 3.4
	0.61
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C4.1
	0.26
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C4.2
	0.11
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0

	C4.3
	0.0
	1.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0

	C4.4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


But if we see the pairwise comparisons of elements of  ‘Suppliers Cost Performance’ with respect to relationship issues (C4) the last four rows of column C1.1.The raw priorities are C4.1 through C4.4 are (0.46,0.25,0.19,0.08) respectively we come on to the conclusion that ‘Relationship with supplier’ is the most important as compared to the other factors. In this way we can analyze and interpret the results for each and every issue related to the supply chain cost performance. If there is problem occurs in the system this is the best way to understand the system and found out the area where we have to focus more and where less to improve the performance of supply chain.

                    The last matrix is the limit supermatrix, which is obtained by raising the weighted supermatrix to powers by multiplying it times itself. When the column of numbers is the same for every column, the limit matrix has been reached and the matrix multiplication process is halted.

                         In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it.

Unweighted Super MATRIX(COST) Table 4.12(continue)

Table 4.13 Limit Super MATRIX (COST) 

	
	C1.1
	C1.2
	C1.3
	C1.4

	C 1.1
	0.07
	0.07
	0.07
	0.07

	C 1.2
	0.13
	0.13
	0.13
	0.13

	C 1.3
	0.04
	0.04
	0.04
	0.04

	C 1.4
	0.11
	0.11
	0.11
	0.11


Table 4.14 Cluster Matrix (Cost)

	Cluster Node Labels
	C1
	C2
	C3
	C4

	C1
	0.00
	0.5108
	0.4754
	0.75

	C2
	0.3874
	0.2472
	0.2580
	0.25

	C3
	0.4433
	0.1439
	0.1851
	0.00

	C4
	0.1692
	0.1024
	0.0813
	0.00


Note that in Table 4.15 raw priorities were obtained directly from LSM. Normals were calculated by multiplying the each of the raw priorities with a constant value, say α, such that sum of normal priorities will be equal to 1. The value of is α obtained by dividing 1 by the summation of raw priorities; i.e. α =1/0.0716 = 13.99. By multiplying raw priorities for each alternative by α, the normal priorities were obtained as shown in Table 11. 

Table 4.15.The Resulting Priorities for Alternatives

	Quality Policies
	Raw
	Normal
	Ideal
	Priority

	C 1.1 Suppliers cost performance
	0.0716
	0.1985
	0.55
	3

	C 1.2 Firms cost performance
	0.013
	0.3609
	1.00
	1

	C 1.3 Packaging
	0.0489
	0.1355
	0.3755
	4

	C 1.4 Relationship management
	0.11
	0.3048
	0.8455
	2


4.4 Generating ANP clusters and nodes for Delivery Reliability

Following the steps by ANP first, the clusters are developed. The first cluster is ‘Alternatives’ which is Supply chain performance (Delivery Reliability) enablers .The other clusters are designed to resemble the important issues of Supply Chain Delivery Performance. The study aims to establish the links between the different Delivery Reliability issues and main supply chain enablers related to Planning and Design . Supply chain alternatives (Delivery Reliability) selected because their influence is very high on Supply chain Delivery Performance. In design of supply chain we have to focus on these alternatives. We also compare various Planning and Design issues with the alternatives so that we can see the effect of both issues on the supply chain performance. Therefore, ‘Planning and Design Issue’ clusters were developed to related activities influenced by the selection and from each other. Similarly, selection of a Supply chain alternative has an impact on the supply chain performance and problems that a chain faces during its operation .In the proposed ANP model, the evaluation of alternative Supply chain Delivery Performance from a wider perspective without loosing the focus on Planning and Design. In each of the clusters generated, issues (or nodes as in SuperDecisions terms) related to that cluster are given. The evaluation criteria are determined through. Note that clusters are coded B1 through B3. The nodes in them are numbered starting with the cluster code; e.g. B1.1, B2.3, etc. Clusters, nodes and their descriptions are as follows:

           B 1 Alternatives

 B 1.1 Planning - The total planning activities going in the firm to improve the delivery reliability of the supply chain.

Ref-Zhao X , Xie J and Leung J(2002)

 B 1.2 Execution-Total execution by the top level to bottom level management to improve the chain reliability.

Ref- Hendricks, K. Singhal, V and Stratman, J (2007)

 B 1.3 Management & Control- Management & control on the all activities i.e. manufacturing, purchasing, quality control in the firm to improve the delivery.

Ref- Hendricks, K. Singhal, V and Stratman, J (2007)

B 2 Planning Issues

B 2.1 Forecasting Performance-The total performance of the forecasting department to improve the planning in all phases of the supply chain.

 Ref-Zhao X , Xie J and Leung J(2002)

B 2.2 Capacity Planning-The accuracy of calculation of the capacity planning to improve the plant efficiency.

 Ref Al-Mudimigha A(2004)

B 2.3 Production Planning-The performance of the production planning to give the order delivery on time.

Ref- Adamidesa, E and Pomonis N

B 2.4 Raw Material Planning-This planning mainly depends upon the performance of all the other planning issues.

Ref- Al-Mudimigha A(2004)
B 3 Design Issues

B 3.1 Product Design-The simplicity, quality, features of product design decides the total time and cost of its manufacturing hence the company’s are continuously improving their design.

 Ref- Fynesa, B and Vossb, C(2005) 

B 3.2 Process Design-The most suitable process which takes less time, reduce cost is always desirable so in this area there always opportunity for improvement.

Ref- Fynesa, B and Vossb, C(2005) 

B 3.3 Maintenance Planning- The efforts taken by Maintenance department to reduce the break down of line or any process to improve delivery reliability of the supply chain. 

 Ref- Hendricks K, Singhal V and Stratman J (2007)

B 3.4 Rewards & Recognition-The rewards and recognition given to employees, vendors to complete the task in given time.

Ref- Chen, I and Paulraj, A(2004)








Fig 4.4 Model on Delivery Reliability

Study on Delivery Reliability:

Table 4.16 Connections among elements in Clusters (Delivery Reliability)

	Wrt 


	B 1.1
	B 1.2
	B 1.3
	B 2.1
	B 2.2
	B 2.3
	B 2.4
	B 3.1
	B 3.2
	B 3.3
	B 3.4

	B 1.1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	B 1.2
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	B 1.3
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	B 2.1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1

	B 2.2
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1

	B 2.3
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1

	B 2.4
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1

	B 3.1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	1

	B 3.2
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1

	B 3.3
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1

	B 3.4
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0


4.4.1. Generating dependencies

The ANP model was completed by developing the connections among cluster and nodes. These connections determine how the pairwise comparisons are to be made in the network. The objective of the model is to determine the priorities of the Supply chain performance enablers for the purpose of better supply chain competitiveness. Connections are determined and presented using the binary values in Table 4.16.The criteria in the rows of Table 4.16 are evaluated with respect to criteria in the columns of Table 4.16. The table contains values of 0s and 1s. The 1s in the column of Table 12 determine which criteria in the rows are pairwise compared with respect to that column. For example, 1s in the column of B 1.1 mean B 2.1 through C3.4 are pairwise compared with respect to B1.1 (i.e. B1.1 Planning). Similarly, column of B 2.1 presents that B1.1 through B1.3, B 2.2, B2.3, B 2.4 and B 3.3 are pairwise compared w.r.t. B 2.1. All other connections can be read from Table 4.14. There is a need to further explain how these connections are translated into understandable terms. It is read from Table 4.16 that B1.1 through B1.3, B2.1, B2.3, B2.4 b B3.2 ,B 3.3 and B 3.4 are pairwise compared w.r.t. B 2.2. It means that nodes in cluster B1 (i.e. Alternatives) are pairwise compared w.r.t. B2.2 (i.e.,  B 2.2 Capacity Planning  ). This is an outer dependence. In other words, alternative Supply Chain Delivery Performance Enablers are pairwise compared with respect to B 2.2 ‘Capacity Planning .In addition, there are inner dependencies in cluster B2 when considering ‘B 2.1 Forecasting Performance’. Therefore, B 2.2 (i.e. B 2.2 Capacity Planning ), B 2.3 (i.e. B 2.3 Production Planning ),and  B2.4 (i.e. Raw Material Planning ), are pairwise compared w.r.t. B 2.1. Answer for the following question is searched when comparing B2.2 and B 2.3 w.r.t. B2.1: ‘How is alternative ‘Capacity Planning’ B2.2 and B2.3 Production Planning compared to criterion B 2.1?’ Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, B 2.2 and B2.3) with respect to another element (for example, B 2.1). Pairwise comparisons are carried out for all the parent/children sets of nodes (Table 4.16). In the Table, the columns present the parent nodes, the rows are the children nodes in the network. For example, B1.1 is a parent node and B 2.1 through B3.4 are its children. The nodes to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from which they originate. Thus, B 2.1 through B 2.4  are pairwise compared w.r.t. B1.1; C3.1 through C3.4 are pairwise compared w.r.t. B 1.1; and, B 2.1 through B2.4 are pairwise compared w.r.t. B1.2. This results in ‘local priorities’ of the children nodes with respect to the parent node.

                                           The proposed model also contains the feedback links. For example, B 1.1 is the parent node and all nodes in other clusters except in cluster B1 are its children nodes. This means that criteria may be compared with respect to an alternative. This is actually the strength of the ANP approach. In real life, a decision process not only compares alternatives with respect to criteria and also considers the alternatives’ specifications. For example, when comparing B 3.1 (i.e. Product Design ) and B3.2  (i.e. Process Design ) with respect to B 1.1 (i.e. Planning ), the question is: What is more pronounced or prevalent characteristic of ‘Supply chain  Delivery Performance’, its ability to Improve the overall supply chain performance? These kinds of preference questions and answers, both directions, help decision maker establish true priorities for all the elements in the problem.

4.4.2 Pairwise comparisons

According to the connections developed in the model, all pairwise comparisons were completed. ANP uses a verbal scale developed by Saaty (1980), which enables the experts to incorporate subjectivity and experience. This verbal scale is shown in Table 4. 2. The comparison is based on an expert’s opinion (Saaty, 1980). There are a number of judgment matrices for every parent node; one judgment matrix for nodes in the same cluster originating from the same parent node. 

                                  For example, according to Table 4.16, for node B1.1, there are two judgment matrices one for each of clusters B2 and B3. ANP and its software SuperDecisions also enable the decision-maker to evaluate his/her judgments with the inconsistency ratio denoted by IR. The judgment matrixes are said to be consistent if IR%0.1 (Saaty, 1980, 1996). If there is inconsistency in a matrix, the decision-maker needs to check his/her judgments to make them better to satisfy IR%0.1. The findings reported in the available research (Hayashi, & Obata, 2003; Sonnenberg, 2001) were used to make pairwise comparisons in the judgment matrices in the proposed ANP model.

                                  A whole number in a matrix means the element listed at the left (in the row) is preferred to the element listed at the top (in the column). A fraction means the element listed at the top is preferred. As seen in Table 4.17, bottom left triangular portion of each matrix below the main diagonal is empty since the corresponding entries there are the reciprocals of their transposes shown above the main diagonal. Table 4.17 provides an easy illustration of the use of this scale to represent the judgments. The table presents the judgments of inner dependencies developed in Cluster B2 (i.e. Planning Factors ) with respect to B 2.4 (i.e. Raw Material Planning)

Table 4.17  judgment matrix of Planning Factors w.r.t. C2.4. (IRZ0.029)                 

	
	B 2.1
	B 2.2 
	B 2.3

	B 2.1
	1
	3
	3

	B 2.2
	
	1
	4

	B 2.3
	
	
	1


   The value in the cell B 2.1–B2.2 reveals that ‘Forecasting performance’ (i.e. B 2.1) was considered to be ‘Moderately more important’ (Three times as important) than ‘Capacity Planning’ (i.e., B 2.2). The values in the cells (B2.1–B2.3) and (B 2.2–B2.3) reveal that ‘Forecasting performance’ (i.e. B 2.1) was considered to be ‘moderately important’ (Three times more important) than ‘Production Planning’ (i.e. B2.3) and ‘Capacity Planning’ (i.e., B 2.2).  is ‘Moderately to strongly more important’ (Four times as important) than ‘Production Planning ’ (i.e. B 2.3).

                                          In more understandable terms, the table presents that a ‘Forecasting performance’ (i.e. C2.1) is more important than its ‘Production Planning’ (i.e. B2.3) and the ‘Capacity Planning’ (i.e., B 2.2). Moreover, the ‘Capacity Planning’ (i.e., B 2.2) is somewhat less important than the ‘Forecasting performance’. If a ‘Forecasting performance’ is proper, it has a positive effect on Capacity Planning and Production Planning. In order to explain the feedback links among clusters, consider Table 4.18, which presents the judgmental values of elements in cluster B 2 with respect to B1.1 (i.e. Planning)

Table 4.18 Judgment matrix of B 2 w.r.t. B1.1 Planning Factors. (IRZ 0.1541)

	
	B 2.1
	B 2.2
	B 2.3
	B 2.4

	B 2.1
	1
	4
	4
	3

	B 2.2
	
	1
	1/3
	3

	B 2.3
	
	
	1
	2

	B 2.4
	
	
	
	1


       The value ‘4’ in cell of Table 4.18 (B2.1–B2.2) means that B2.1 (i.e. Forecasting performance) is ‘moderately to strongly more important’ than B 2.2 Planning’ with respect to B1.1 (i.e. Planning) when considering the planning the firm is doing. On the other hand, ‘Production Planning’ (i.e. B2.3) is ‘moderately important’ than B 2.2 i.e ‘Capacity Planning’ (i.e., B 2.2) which is important aspect of Planning (i.e. B1.1). Each judgment matrix has an associated priority vector or vector of weights (Saaty, 1980, 1996). These priorities are derived from the pairwise comparisons and entered in the Unweighted Supermatrix (Saaty, 1996).

	
	B 1.1
	B 1.2
	B 1.3
	B 2.1
	B 2.2
	B 2.3
	B 2.4
	B 3.1
	B 3.2
	B 3.3
	B 3.4

	B 1.1
	0.00
	0.00
	0.00
	0.33
	0.66
	0.67
	0.62
	0.11
	0.09
	0.11
	0.11

	B 1.2
	0.00
	0.00
	0.00
	0.33
	0.24
	0.10
	0.24
	0.65
	0.66
	0.65
	0.61

	B 1.3
	0.00
	0.00
	0.00
	0.33
	0.09
	0.21
	0.13
	0.23
	0.24
	0.23
	0.26

	B 2.1
	0.52
	0.07
	0.09
	0.00
	0.62
	0.17
	0.58
	0.00
	0.00
	0.11
	0.51

	B 2.2
	0.14
	0.44
	0.28
	0.66
	0.00
	0.83
	0.30
	0.00
	0.80
	0.61
	0.07

	B 2.3
	0.22
	0.30
	0.50
	0.09
	0.09
	0.00
	0.12
	0.00
	0.00
	0.26
	0.27

	B 2.4
	0.10
	0.17
	0.12
	0.24
	0.28
	0.00
	0.00
	1.00
	0.20
	0.00
	0.13

	B 3.1
	0.58
	0.07
	0.52
	0.00
	0.00
	0.12
	0.24
	0.00
	0.00
	0.00
	0.63

	B 3.2
	0.20
	0.51
	0.25
	0.00
	0.67
	0.30
	0.75
	1.00
	0.00
	0.00
	0.15

	B 3.3
	0.14
	0.28
	0.14
	1.00
	0.22
	0.57
	0.00
	0.00
	0.80
	1.00
	0.21

	B 3.4
	0.80
	0.13
	0.07
	0.00
	0.10
	0.00
	0.00
	0.00
	0.20
	0.00
	0.00


4.4.3 Results and Discussions for Delivery Reliability

                                  Consider the unweighted supermatrix (USM) presented in table 4.19. Priorities drawn from the pairwise comparisons of elements of ‘Planning ’ (B1.1) with respect to Planning Issues (B2) are given in four rows of column B1.1 in USM. The raw priorities are B 2.1 through B 2.4 are (0.52,0.14,0.22,0.1) respectively from these priorities, it is obvious that Forecasting Performance i.e.B2.1 is the most important aspect of Planning issues when considering Firms Delivery Reliability. The second important parameter is Production Planning B2.3 after that we come to know how we can give the delivery in minimum time.

Table 4.19 Unweighted Super  MATRIX (Delivery Reliability)

If we see the pairwise comparisons of elements of  ‘Management & Control’ with respect to Design issues (B3) the last four rows of column B1.3.The raw priorities are B3.1 through B3.4 are (0.52,0.25,0.14,0.07) respectively we come on to the conclusion that ‘Product Design’ is the most important as compared to the other factors. 

This indicates that management must focus on the ‘Product Design’ to avoid the delays and improve the system performance. In this way we can analyze and interpret the results for each and every issue related to the ‘Delivery Reliability’. If there is problem occurs in the system this is the best way to understand the system and found out the area where we have to focus more and where less to improve the performance of supply chain

Table 4.20 Limit Super MATRIX

	
	B 1.1
	B 1.2
	B 1.3

	B 1.1
	0.14
	0.14
	0.14

	B 1.2
	0.18
	0.18
	0.18

	B 1.3
	0.08
	0.08
	0.08


                    The last matrix is the limit supermatrix, which is obtained by raising the weighted supermatrix to powers by multiplying it times itself. When the column of numbers is the same for every column, the limit matrix has been reached and the matrix multiplication process is halted.

                         In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it. This is how the cluster matrix is generated. Keep in mind that the overall goal is to evaluate the alternative Planning policy when considering the Delivery Reliability Issues.  For example, the following question is to be answered for the purpose of cluster comparisons: ‘which factor influences the Supply chain performance with respect to Delivery Issues? Cluster comparison matrix is presented in Table 4.21.  The cluster matrix reveals that in the proposed ANP model, ‘Planning Issues ’ (i.e. B 2) are considered to be equally more important (one time as important) than ‘Design Issues  ’ (i.e. B3). This is used for evaluating alternative Delivery Reliability Issues.

Table 4.21 Cluster Matrix (Delivery Reliability)

	Cluster Node Labels
	B1
	B2
	B3

	B1
	0.00
	0.65
	0.69

	B2
	0.5
	0.1561
	0.15

	B3
	0.5
	0.1857
	0.16


Note that in Table 4.22 raw priorities were obtained directly from LSM. Normals were calculated by multiplying the each of the raw priorities with a constant value, say α, such that sum of normal priorities will be equal to 1. The value of is α obtained by dividing 1 by the summation of raw priorities; i.e. α =1/0.1350= 7.4. By multiplying raw priorities for each alternative by α, the normal priorities were obtained as shown in Table 4.20. 

Table 4.22 The Resulting Priorities for Alternatives

	Quality Policies
	Raw
	Normal
	Ideal
	Priority

	B 1.1 Planning 
	0.1350
	0.3351
	0.7419
	2

	B 1.2 Execution
	0.1820
	0.4516
	1.00
	1

	B 1.3 Management & control
	0.0859
	0.2132
	0.4720
	3


4.5 Generating ANP clusters and nodes for Sales and after Sales Services

Following the above steps, first, the clusters are developed. The first cluster is ‘Alternatives’ which is Supply chain performance (Sales &After sales services) enablers .The other clusters are designed to resemble the important issues of Supply Chain Performance The study aims to establish the links between the different Sales and after Sales Services issues and main supply chain enablers of related to Sales and service. Supply chain alternatives (Sales and Services) selected because their influence is very high on Supply chain Management. In design of supply chain we have to focus on these alternatives. We also compare various System issues, Inventory issues and service with the alternatives so that we can see the effect of Sales and services issue on the supply chain performance. Therefore, System Issues, Inventory issues, Service issues clusters were developed to related activities influenced by the selection and from each other. Similarly, selection of a Sales and Services alternative has an impact on the supply chain performance and problems that a chain faces during its operation .In the proposed ANP model, the evaluation of alternative Supply chain Sales and services policies from a wider perspective without loosing the focus on Inventory and Transportation. In each of the clusters generated, issues (or nodes as in SuperDecisions terms) related to that cluster are given. The evaluation criteria are determined through. Note that clusters are coded D1 through  D4. The nodes in them are numbered starting with the cluster code; e.g. D1.1, D2.3, etc. Clusters, nodes and their descriptions are as follows:

Alternatives

D 1.1Pre Transaction Services-The services provided to the customer before any type of deal or communication with him.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D 1.2 During Transaction Services- The services provided to the customer after customer approaches to the firm for his requirements

. Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D 1.3 Post Transaction Services-The services provided by the firm after the products actually buy and used by the customer.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D2 System Issues                                                                                            

D 2.1 Reach- The distance from which the customer far from the service center.

D 2.2 Customer Services –The total services type, nature provided by the firm to the customer.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D 2.3 Organisation Structure -The organization structure that favors to give the services to the customer.

 Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D 2.4 System Flexibility-The ability of the system to change according to the market environment, and synchronize the requirements of supply chain with the customer demands.

Ref- Garavelli A. C(2003)
 D3 Inventory Issues

D 3.1 Stock out Level-The total inventory put to reduce stock out situations.

D3.2 Order Information-The information of actual orders got by the respective departments to optimize inventory cost

Ref- Byrda T and Davidson N(2003)

D3.3 Transshipment-The way by which transshipment is done. 

Ref- Massimo Bertolinia

D3.4 Ordering convenience-The suitability of the department by which it can order 

D4 Service Issues

D 4.1 Company offerings-The total assistance given by the firm to improve the services and facilities to the customer.

D 4.2 Response & Services-The time required responding for the particular problem.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)

D 4.3 Product Training- The training given to improve the product user friendly and comfortable.

D 4.4 Facility Equipment-The facilities and equipments provided by the firm to   

      improve the before and after sales services of the product.

Ref- Vickery S, Jayaram J, Droge C and Calantone R (2003)
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Fig 4.5
Model on Sales and after Sales Services analysis







Study on sales and services:

Table 4.23 Connections among elements in Clusters (sales and services)

	Wrt 


	D 1.1
	D 1.2
	D 1.3
	D 2.1
	D 2.2
	D 2.3
	D 2.4
	D 3.1
	D 3.2
	D 3.3
	D 3.4
	D 4.1
	D 4.2
	D 4.3
	D 4.4

	D 1.1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	D 1.2
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	D 1.3
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	D 2.1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0

	D 2.2
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	D 2.3
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0

	D 2.4
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1

	D 3.1
	1
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	D 3.2
	1
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1

	D 3.3
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1

	D 3.4
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1

	D 4.1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1

	D 4.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1

	D 4.3
	1
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1

	D 4.4
	1
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0


4.5.1 Generating dependencies

                     The ANP model was completed by developing the connections among cluster and nodes. These connections determine how the pairwise comparisons are to be made in the network. The objective of the model is to determine the priorities of the Supply chain performance enablers for the purpose of better supply chain competitiveness. Connections are determined and presented using the binary values in Table 4.23.

The criteria in the rows of Table 4.23 are evaluated with respect to criteria in the columns of Table 4.23. The table contains values of 0s and 1s. The 1s in the column of Table 4.21 determine which criteria in the rows are pairwise compared with respect to that column. For example, 1s in the column of D1.1 mean D 2.1 through D4.4 is pairwise compared with respect to D1.1 (i.e. Pre Transaction Services). Similarly, column of D 2.4 presents that D1.1 through D1.3, D2.1, D2.2, D2.3, D3.1, D3.2, D3.3, D3.4, D4.2, D4.3 and D4.4 are pairwise compared w.r.t. D2.4.All other connections can be read from Table4.23. There is a need to further explain how these connections are translated into understandable terms. It is read from Table 4.23 that D1.1 through D1.3, D2.2, D2.3, D3.3, D3.4, D 4.2 and D 4.3 are pairwise compared w.r.t. D2.1. It means that nodes in cluster D1 (i.e. Alternatives) are pairwise compared w.r.t. D2.1 (i.e., Reach). This is an outer dependence. In other words, alternative Supply Chain Enablers are pairwise compared with respect to ‘Reach’.

                               In addition, there are inner dependencies in cluster D2 when considering ‘System Flexibility’. Therefore, D2.1 (i.e. Reach ), D2.2 (i.e. Customer services ),and  C2.3 (i.e. Organisation Structure), are pairwise compared w.r.t. D2.4. Answer for the following question is searched when comparing D2.1 and D2.2 w.r.t. D2.4: ‘How is factor Reach D2.1 and Customer Services D2.2 compared to criterion D2.4?’ This is a very common question type in AHP. Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, D2.1 and D2.2) with respect to another element (for example, D2.4). Pairwise comparisons are carried out for all the parent/children sets of nodes (Table 4.23). In the Table 4.21, the columns present the parent nodes, the rows are the children nodes in the network. For example, D2.4 is a parent node and D2.1 through D4.4 are its children. The nodes to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from which they originate. Thus, D2.1 through D2.3  are pairwise compared w.r.t. D2.4; D3.1 through C3.4 are pairwise compared w.r.t. D2.4; and, D4.2 through D4.4 are pairwise compared w.r.t. D2.4. This results in ‘local priorities’ of the children nodes with respect to the parent node.Table 4.23 used to make pairwise comparisons in the judgment matrices in the proposed ANP model. The proposed model also contains the feedback links. For example, D1.1 is the parent node and all nodes in other clusters except in cluster D1 are its children nodes. This means that criteria may be compared with respect to an alternative. This is actually the strength of the ANP approach. In real life, a decision process not only compares alternatives with respect to criteria and also considers the alternatives’ specifications. For example, when comparing D2.2 (i.e. Customer Services) and D2.3 (i.e. Organisation Structure) with respect to D1.1 (i.e.Pretransaction Services), the question is: What is more pronounced or prevalent effect of ‘Pretransaction Services’, its ability to Improve the supply chain performance? (Saaty, 2003) These kinds of preference questions and answers, both directions, help decision maker establish true priorities for all the elements in the problem.

4.5.2 Pairwise comparisons

According to the connections developed in the model, all pairwise comparisons were completed. ANP uses a verbal scale developed by Saaty (1980), which enables the experts to incorporate subjectivity and experience. This verbal scale is shown in Table 4. 2. The comparison is based on an expert’s opinion (Saaty, 1980). There are a number of judgment matrices for every parent node; one judgment matrix for nodes in the same cluster originating from the same parent node. 

                                       A whole number in a matrix means the element listed at the left (in the row) is preferred to the element listed at the top (in the column). A fraction means the element listed at the top is preferred. As seen in Table 4.24, bottom left triangular portion of each matrix below the main diagonal is empty since the corresponding entries there are the reciprocals of their transposes shown above the main diagonal. Table 18 provides an easy illustration of the use of this scale to represent the judgments. The table presents the judgments of inner dependencies developed in Cluster D2 (i.e. System Issues) with respect to D 2.4 (i.e. System Flexibility).

Table 4.24 Judgment matrix of System Issues w.r.t. D2.4. (IRZ0.1304)

	
	D 2.1 
	D 2.2
	D 2.3 

	D 2.1
	1
	1/4
	1/3

	D 2.2
	
	1
	4

	D 2.3
	
	
	1


   The value in the cell D2.1–D2.2 reveals that ‘Customer Services’ (i.e. D2.2) was considered to be ‘Moderately to strongly more important’ (Four  times as important) than ‘Reach’ (i.e., D2.1). The values in the cells (D2.1–D2.3) and (D2.2–D2.3) reveal that ‘Organisation Structure’ (i.e. D 2.3) was considered to be ‘moderately more important’ (three times as important) than ‘Reach’ (i.e., D2.1) and ‘Customer Services’ (i.e. D2.2) is ‘Moderately to strongly more important’ (Four times as important) than ‘Organisation Structure’ (i.e D 2.3).   

                             In more understandable terms, the table presents that ‘Customer Services’ (i.e. D2.2) is more important than both its Reach and Organisation Structure. Moreover, the ‘Organisation Structure’, is some what less important than the Customer Services’ (i.e. D2.2). If a ‘Organisation Structure’ is proper, it has a positive effect on ‘Customer Services’. In order to explain the feedback links among clusters, consider Table 4.25, which presents the judgmental values of elements in cluster D3 with respect to D1.1 (i.e.Pretransaction Services). 

Table 4.25 Judgment matrix of Inventory Issues 3 w.r.t. D1.1. (IRZ0.1212)

	
	D 3.1
	D 3.2
	D 3.3
	D3.4

	D 3.1
	1
	1/5
	1/3
	1/4

	D 3.2
	
	1
	4
	1/3

	D 3.3
	
	
	1
	1/5

	D3.4
	
	
	
	1


The value ‘1/5’ in cell (D3.1–D3.2) means that D3.2 (i.e. Order Information) is ‘Strongly important’ than D3.1 ‘Stockout Level’ with respect to D1.1 (i.e. Pretransaction Services) when considering the services the firm providing. On the other hand, ‘Ordering Convenience’ (i.e. D3.4) is ‘moderately to strongly more important’ than D 3.1 i.e Stockout Level which is important aspect of ‘Firms Pretansaction Services’ (i.e. D1.1).

                                               In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it. This is how the cluster matrix is generated. Keep in mind that the overall goal is to evaluate the alternative Sales and Services policy when considering the Sales and Services Issues.

                                  For example, the following question is to be answered for the purpose of cluster comparisons: ‘Which factor influences the Supply chain a with the Sales and Services Issues? Cluster comparison matrix is presented in Table 4.28.  The cluster matrix reveals that in the proposed ANP model, ‘System Issues ’ (i.e. D 2 ) are considered to be  equally more important ( one time as important) than ‘Inventory Issues’ (i.e. D3) and Services Issues(i.e D4). This is used for evaluating alternative Sales and Services policies.

 4.5.3 Results and Discussions (Sales and After Sales Services)

                    Consider the unweighted supermatrix (USM) presented in table 4.26. Priorities drawn from the pairwise comparisons of elements of ‘Pre Transaction Services’ (D 1.1) with respect to System Issues (D2) are given in second four rows of column D1.1 in USM. The raw priorities are D2.1 through D2.4 are (0.0,0.63,0.10,0.26) respectively from these priorities, it is obvious that Customer Services i.e.D2.2 and system flexibility D2.4 are the most important aspects of ‘Pre Transaction Services’ when considering Sales and after sales services.

Table 4.26 Unweighted Super  MATRIX(Sales and services)

	
	D 1.1
	D 1.2
	D 1.3
	D 2.1
	D 2.2
	D 2.3
	D 2.4
	D 3.1
	D 3.2
	D 3.3
	D 3.4
	D 4.1
	D 4.2
	D 4.3
	D 4.4

	D 1.1
	0.00
	0.00
	0.00
	0.33
	0.22
	0.26
	0.24
	0.00
	0.33
	0.20
	0.23
	0.21
	0.28
	0.12
	0.36

	D 1.2
	0.00
	0.00
	0.00
	0.33
	0.12
	0.10
	0.11
	0.00
	0.33
	0.10
	0.11
	0.10
	0.13
	0.35
	0.12

	D 1.3
	0.00
	0.00
	0.00
	0.33
	0.64
	0.63
	0.65
	0.00
	0.33
	0.70
	0.65
	0.67
	0.58
	0.51
	0.51

	D 2.1
	0.00
	0.28
	0.48
	0.00
	0.45
	0.00
	0.11
	0.24
	0.13
	0.62
	0.00
	0.00
	0.27
	0.28
	0.00

	D 2.2
	0.63
	0.50
	0.30
	0.83
	0.00
	0.00
	0.65
	0.00
	0.58
	0.24
	0.75
	0.00
	0.49
	0.58
	0.33

	D 2.3
	0.10
	0.11
	0.13
	0.16
	0.00
	0.00
	0.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.00
	0.00

	D 2.4
	0.26
	0.10
	0.07
	0.00
	0.25
	1.00
	0.0
	0.75
	0.28
	0.13
	0.25
	1.00
	0.16
	0.13
	0.67

	D 3.1
	0.07
	0.07
	0.07
	0.00
	0.10
	0.00
	0.0
	0.00
	0.30
	0.33
	0.63
	0.00
	0.27
	0.00
	0.00

	D 3.2
	0.29
	0.52
	0.52
	0.00
	0.00
	0.00
	0.24
	0.57
	0.00
	0.33
	0.26
	0.33
	0.15
	0.00
	0.52

	D 3.3
	0.11
	0.13
	0.27
	0.50
	0.29
	0.00
	0.09
	0.11
	0.61
	0.00
	0.10
	0.33
	0.07
	0.00
	0.14

	D 3.4
	0.52
	0.26
	0.12
	0.50
	0.60
	1.00
	0.66
	0.32
	0.08
	0.33
	0.00
	0.33
	0.49
	0.00
	0.33

	D 4.1
	0.25
	0.07
	0.14
	0.00
	0.00
	0.00
	0.0
	0.00
	0.17
	0.00
	0.50
	0.00
	0.61
	0.00
	0.12

	D 4.2
	0.25
	0.29
	0.47
	0.75
	0.67
	1.00
	0.64
	1.00
	0.83
	0.75
	0.50
	0.63
	0.00
	0.75
	0.61

	D 4.3
	0.25
	0.49
	0.29
	0.25
	0.22
	0.00
	0.1
	0.00
	0.00
	0.00
	0.00
	0.10
	0.11
	0.00
	0.27

	D 4.4
	0.25
	0.14
	0.8
	0.00
	0.10
	0.00
	0.26
	0.00
	0.00
	0.25
	0.00
	0.26
	0.27
	0.20
	0

.00


              But if we see the pairwise comparisons of elements of ‘Pre Transaction Services’ (D 1.1) with respect to Inventory Issues (D3) the second last four rows of column D1.1.The raw priorities are D3.1 through D3.4 are (0.07, 0.29, 0.11, 0.52) respectively we come on to the conclusion that ‘Ordering convenience’ is the most important as compared to the other factors after it ‘Order Information’ is important to tackle the inventory related issues. In this way we can analyze and interpret the results for each and every issue related to the supply chain Sales and after sales services issues

Table 4.27 Limit Super MATRIX(Sales and After Sales Services)

	
	D 1.1
	D 1.2
	D 1.3

	D 1.1
	0.08
	0.08
	0.08

	D 1.2
	0.05
	0.05
	0.05

	D 1.3
	0.18
	0.18
	0.18


The last matrix is the limit supermatrix, which is obtained by raising the weighted supermatrix to powers by multiplying it times itself. When the column of numbers is the same for every column, the limit matrix has been reached and the matrix multiplication process is halted.

Table 4.28 Cluster Matrix (Sales and After Sales Services)

	Cluster Node Labels
	D1
	D2
	D3
	D4

	D1
	0.00
	0.4826
	0.4826
	0.4829

	D2
	0.2582
	0.1411
	0.1411
	0.1411

	D3
	0.1047
	0.1
	0.1
	0.1

	D4
	0.6369
	0.2755
	0.2755
	0.2755


.

Note that in Table 4.29 raw priorities were obtained directly from LSM. Normals were calculated by multiplying the each of the raw priorities with a constant value, say a, such that sum of normal priorities will be equal to 1. The value of is α obtained by dividing 1 by the summation of raw priorities; i.e. α =1/0.0811= 12.3. By multiplying raw priorities for each alternative by a, the normal priorities were obtained as shown in Table 4.29. 

Table 4.29.The Resulting Priorities for Alternatives

	Quality Policies
	Raw
	Normal
	Ideal
	Priority

	 D 1.1 Pre Transaction Services
	0.0811
	0.2498
	0.4392
	2

	D 1.2 During Transaction Services
	0.0588
	0.1812
	0.3185
	3

	D 1.3 Post Transaction Services
	01848
	0.5688
	1.00
	1


This is the usual way to report on results. The column of ideal priorities is obtained from the column of normal priorities by dividing each of its entries by the largest value in the column. The ‘Ideal’ column shows the results divided by the largest value so that the best choice has a priority of 1.0

4.6 Generating ANP clusters and nodes for Flexibility

                       Following the steps as given in Super decision, first, the clusters are developed. The first cluster is ‘Alternatives’ which is Supply chain performance (flexibility) enablers .The other clusters are designed to resemble the important issues of Supply Chain Performance. The study aims to establish the links between the different flexibility issues and main supply chain performance enablers of related to flexibility. Supply chain alternatives (flexibility) selected because their influence is very high on Supply chain flexibility. In design of supply chain we have to focus on these alternatives. We also compare various Manufacturing flexibility, Supplier flexibility Customer flexibility with the alternatives so that we can see the effect of flexibility issues on the supply chain performance. Therefore, ‘Manufacturing issues’ clusters were developed to related activities influenced by the selection and from each other. Similarly, selection of Supply chain alternatives has an impact on the supply chain flexibility and problems that a chain faces during its operation .In the proposed ANP model, the evaluation of alternative Supply chain flexibility issues from a wider perspective without loosing the focus on performance issues. In each of the clusters generated, issues (or nodes as in SuperDecisions terms) related to that cluster are given. The evaluation criteria are determined through. Note that clusters are coded E1 through E4. The nodes in them are numbered starting with the cluster code; e.g. E1.1, E2.3, etc. Clusters, nodes and their descriptions are as follows:

  C1 Alternatives

E 1.1 Suppliers flexibility-The ability of the supplier to change according to the requirements of design requirements within minimum time.

Ref- Garavelli, A(2003)
E 1.2 Manufacturing flexibility-The in house flexibility of the firm to change as per the design changes.

Ref- Persson, F and  Olhager, J (2002)

E 1.3 Customer flexibility-The total options available to the customer at the time of purchasing the product.

Ref- Zhao X , Xie J and Leung J(2002)

C2     Manufacturing   Issues                                                                                                           
E 2.1 Product/Process Design-The ability of the design and production department to change as per the demands of the market.

Ref- Al-Mudimigha A(2004)

E 2.2 Capacity Planning-The role of planning department to plan the new targets according to the capability of the man, material, machines availability in the plant .

Ref- Zhao X , Xie J and Leung J(2002)

E 2.3 Logistics and Inventory control-the logistics and inventory control role at the time of varying demands of orders.

Ref- Al-Mudimigha A(2004)

E 2.4 Inspection and Quality control- The role of inspection and quality department to provide the service efficiently according to the varying requirements of the departments.

Ref- Gunasekarana, Patel and  McGaugheyc R(2004)

E 2.5 Financial planning and analysis-The financial planning and investment analysis done before investing in the big project. The financial suitability decides the project will be affordable at commercial level or not.

Ref- Zhao X , Xie J and Leung J(2002)

C3     Supplier   Issues 
E 3.1 Quantity provided- The total quantity provided in minimum time to satisfy the requirements of the plant.

Ref- Krause D, Pagell M and  Curkovic S(2001)

E 3.2 Cost –The competence of the cost provided by the supplier.

E 3.3 Quality –The ability of the supplier to provide required quality product to the firm.

E 3.4 Reliability-The reliability by which the supplier giving the order, it can be     Judged by past experience .The old suppliers get the importance in this area.

C4   Customer Issues
E 4.1 Nature of customer-The nature of customer depends upon the class of the customer. The customer who is interested in buying Mercedes will not buy the low cost car, and customer who is interested in buying any low cost car will not even think about Mercedes.

Ref- Zhao X , Xie J and Leung J(2002)

E 4.2 Type of customer-The individual, private firm, institute, trust, government, cooperative body, public sector, bank all these are type of customers whose attitude is differ from one to one 

E 4.3 Quantity- The total consumption of the product by the customer.

E1 Flexibility Issues
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Fig 4.6 Model on flexibility
Table 4.30 Connections among elements in Clusters (flexibility)

	Wrt


	E 1.1 
	E 1.2 
	E 1.3
	E 2.1
	E 2.2
	E 2.3
	E 2.4
	E 2.5
	E 3.1
	E 3.2
	E 3.3
	E 3.4
	E 4.1
	E 4.2
	E 4.3

	E 1.1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E 1.2
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E 1.3
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E 2.1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1

	E 2.2
	1
	1
	1
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1

	E 2.3
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	E 2.4
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1

	E 2.5
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1

	E 3.1
	1
	1
	1
	1 
	1
	1
	 1
	1
	0
	1
	1
	1
	1
	0
	1

	E 3.2 
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1

	E 3.3
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

	E 3.4
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0

	E 4.1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0

	E 4.2
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1

	E 4.3
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0


4.6.1 Generating dependencies

                            The ANP model was completed by developing the connections among cluster and nodes. These connections determine how the pairwise comparisons are to be made in the network. The objective of the model is to determine the priorities of the Supply chain performance flexibility enablers for the purpose of better supply chain competitiveness. Connections are determined and presented using the binary values in Table 4.30.The criteria in the rows of Table 4.30 are evaluated with respect to criteria in the columns of Table 4.30. The table contains values of 0s and 1s. The 1s in the column of Table 1 determine which criteria in the rows are pairwise compared with respect to that column. For example, 1s in the column of E1.1 mean E2.1 through E 4.3 are pairwise compared with respect to E1.1 (i.e Suppliers Flexibility.).  

                            Similarly, column of E 2.1 presents that E1.1 through E 3.3, E 4.1 and E 4.2are pairwise compared w.r.t.  E 2.1. All other connections can be read from Table 4.30.There is a need to further explain how these connections are translated into understandable terms. It is read from Table 4.30 that E1.1 through E1.3, E2.1, E 2.2, E 2.3, E 2.5, E 3.1, E 4.1 through E 4.3 are pairwise compared w.r.t. E2.3.

               It means that nodes in cluster E1 (i.e. Alternatives) are pairwise compared w.r.t. E 2.1 (i.e. E 2.1 Product/Process Design). This is an outer dependence. In other words, alternative Supply Chain flexibility factors are pairwise compared with respect to ‘Product/Process Design E 2.1’.In addition, there are inner dependencies in cluster E2 (Manufacturing Issues) when considering ‘Product/Process Design E 2.1’.Therefore, E 2.2 (i.e Capacity Planning), E 2.3 (i.e Capacity Planning.), E 2.4 Inspection and Quality control and E 2.5 (i.e. Financial planning and analysis), are pairwise compared w.r.t. ‘Product/Process Design E 2.1’.

The following question is searched when comparing E1.1 and E1.2 w.r.t. E 2.1: ‘How we do our product/process design so that we can improve the in house and supplier flexibility. Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, E 2.2 and E 2.4) with respect to another element (for example, E 2.1). Pairwise comparisons are carried out for all the parent/children sets of nodes (Table 4.30). In the Table 4.30, the columns present the parent nodes, the rows are the children nodes in the network. For example, E 1.1 is a parent node and E 2.1 through E 4.3 are its children. The nodes to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from which they originate. Thus, E 2.1 through E 2.5 are pairwise compared w.r.t. E 1.2; E 3.1 through E 3.4; & E 4.1 through E 4.3 are pairwise compared w.r.t. E 1.2. This results in ‘local priorities’ of the children nodes with respect to the parent node.

4.6.2 Pairwise comparisons

According to the connections developed in the model, all pairwise comparisons were completed. ANP uses a verbal scale developed by Saaty (1980), which enables the experts to incorporate subjectivity and experience. This verbal scale is shown in Table 4.2. The comparison is based on an expert’s opinion (Saaty, 1980). There are a number of judgment matrices for every parent node; one judgment matrix for nodes in the same cluster originating from the same parent node. For example, according to Table 4.30, for node E 1.1, there are three judgment matrices one for each of clusters E2, E3 and E4. ANP and its software SuperDecisions also enable the decision-maker to evaluate his/her judgments with the inconsistency ratio denoted by IR. The judgment matrixes are said to be consistent if IR%0.1 (Saaty, 1980, 1996). If there is inconsistency in a matrix, the decision-maker needs to check his/her judgments to make them better to satisfy IR%0.1. The findings reported in the available research (Hayashi, & Obata, 2003; Sonnenberg, 2001) were used to make pairwise comparisons in the judgment matrices in the proposed ANP model.

                                         A whole number in a matrix means the element listed at the left (in the row) is preferred to the element listed at the top (in the column). A fraction means the element listed at the top is preferred. As seen in Table 4.31, bottom left triangular portion of each matrix below the main diagonal is empty since the corresponding entries there are the reciprocals of their transposes shown above the main diagonal. Table 4.31 provides an easy illustration of the use of this scale to represent the judgments. The table presents the judgments of inner dependencies developed in Cluster E2 (i.e. Manufacturing Issues) with respect to E 2.2  (i.e. Capacity Planning) 

Table 4.31 Judgment matrix of Manufacturing Issues1w.r.t.  E 2.2. (IRZ0.0909)

	
	E 2.1
	E 2.3
	E 2.4
	E 2.5

	E 2.1
	1
	4
	3
	2

	E 2.3
	
	1
	3
	1(3

	E 2.4
	
	
	1
	1(3


   The value in the cell E2.1–E2.4 reveals that ‘Product/Process Design’ (i.e. E 2.1) was considered to be ‘Moderately to strongly more important’ (four times as important) than ‘Logistics and Inventory control ’ (i.e., E 2.3). The values in the cells (E 2.1–E2.4) and (

E2.3–E2.4) reveal that ‘‘Product/Process Design’ (i.e. E2.1) was considered to be ‘moderately more important’ (three times as important) than ‘Inspection and Quality control’ (i.e. E2.1) and ‘Logistics and Inventory control ’ (i.e. E 2.5) is ‘Moderately more important’ (Three times as important) than ‘Inspection and Quality control’ (i.e. E 2.4).

         In more understandable terms, the table 4.31 presents that a ‘‘Product/Process Design’ (i.e. E 2.1) is more important than both its ‘Logistics and Inventory control’ and the ‘Inspection and Quality control’. Moreover, the ‘Direct cost ’, is somewhat less important than the ‘Manufacturing Efficiency’. If the Product/Process Design’ is proper, it will help improve the  ‘Logistics and Inventory control’, ‘Inspection and Quality control ’.

               In order to explain the feedback links among clusters, consider Table 4.32, which presents the judgmental values of elements in cluster E3 with respect to E1.1 (i.e. Suppliers flexibility). The value ‘2’ in cell (E3.1–E3.2) means that E3.2 (i.e. cost given by supplier) is ‘equally to moderately important’ than E3.1 ‘Quantity provided’.

The value ‘1/4’ in cell (E3.1–E3.4) means that E 3.4 ‘Reliability’ is moderately to strongly more important than E 3.1 ‘Quantity provided’.  

Table 4.32, Judgment matrix of Supplier Issues  w.r.t. E1.1. (IRZ0.1)

	
	E 3.1
	E 3.2
	E 3.3
	E 3.4

	E 3.1
	1
	1/2
	1/3
	1/4

	E 3.2
	
	1
	3
	2

	E 3.3
	
	
	1
	1/3

	E 3.4
	
	
	
	1


Each judgment matrix has an associated priority vector or vector of weights (Saaty, 1980, 1996). These priorities are derived from the pairwise comparisons and entered in the Unweighted Supermatrix (Saaty, 1996). There are three supermatrices associated with each network: the Unweighted Supermatrix, the Weighted Supermatrix and the Limit Supermatrix (Saaty, 1996). Supermatrices are arranged with the clusters in alphabetical order across the top and down the left side, and with the elements within each cluster in alphabetical order across the top and down the left side. The unweighted supermatrix contains the local priorities derived from the pairwise comparisons throughout the network. The weighted supermatrix is obtained by multiplying all the elements in a component of the unweighted supermatrix by the corresponding cluster weight. In order to get the cluster weights, clusters must be pairwise compared. To compare clusters take each cluster in turn (as the parent) and pairwise compare all the clusters it connects to for importance with respect to their influence on it. This is how the cluster matrix is generated. Keep in mind that the overall goal is to evaluate the supply chain flexibility factors when considering the manufacturing, supplier and customer issues. For example, the following question is to be answered for the purpose of cluster comparisons: ‘Which factor influences the Supply chain a flexibility? Cluster comparison matrix is presented in Table 4.35.

4.6.3 Results and Discussions on Flexibility

              Consider the unweighted supermatrix (USM) presented in table 4.32. Priorities drawn from the pairwise comparisons of elements of ‘Manufacturing flexibility’ (E1.2) with respect to Manufacturing Issues (E2) are given in five rows of column E1.2 in USM. The raw priorities are E2.1 through E2.5 are (0.28, 0.13, 0.58, 0.39, 0.14) respectively from these priorities, it is obvious that Logistics and Inventory control i.e.E2.3 is the most important aspect of Manufacturing Issues (E2) when considering Firms supply chain flexibility Performance.

Table 4.32 Unweighted Super MATRIX (flexibility)

	
	E

1.1
	E 1.2
	E

1.3
	E 2.1
	E 2.2
	E 2.3
	E 

2.4
	E 2.5
	E 3.1
	E 3.2
	E 3.3
	E 3.4
	E 4.1
	E

 4.2
	E

4.3

	E 1.1
	0.0
	0.0
	0.0
	0.26
	0.26
	0.26
	0.26
	0.26
	0.26
	0.29
	0.29
	0.26
	0.26
	0.29
	0.26

	E 1.2
	0.0
	0.0
	0.0
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.10
	0.10
	0.11
	0.11
	0.10
	0.18

	E 1.3
	0.0
	0.0
	0.0
	0.61
	0.61
	0.61
	0.61
	0.61
	0.61
	0.60
	0.60
	0.61
	0.61
	0.60
	0.54

	E 2.1
	0.16
	0.28
	0.52
	0.29
	0.29
	0.29
	0.24
	0.26
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0

	E 2.2
	0.29
	0.13
	0.13
	0.10
	0.10
	0.10
	0.0
	0.11
	0.24
	1.0
	0.0
	0.0
	0.0
	0.0
	1.0

	E 2.3
	0.53
	0.58
	0.33
	0.60
	0.60
	0.60
	0.75
	0.61
	0.75
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0

	E 2.4
	0.39
	0.39
	0.38
	0.0
	0.45
	0.24
	0.33
	0.52
	0.0
	0.0
	0.0
	0.0
	0.55
	0.55
	0.39

	E 2.5
	0.24
	0.14
	0.17
	0.29
	0.0
	0.0
	0.0
	0.23
	0.51
	0.0
	0.0
	0.75
	0.0
	0.0
	0.14

	E 3.1
	0.12
	0.09
	0.10
	0.17
	0.15
	0.0
	0.0
	0.15
	0.12
	0.0
	0.0
	0.0
	0.0
	0.0
	0.10

	E 3.2
	0.07
	0.07
	0.07
	0.08
	0.09
	0.0
	0.0
	0.08
	0.35
	0.0
	1.0
	0.25
	0.12
	0.12
	0.06

	E 3.3
	0.16
	0.28
	0.25
	0.44
	0.29
	0.0
	0.66
	0.0
	0.0
	1.0
	0.0
	0.0
	0.31
	0.31
	0.28

	E 3.4
	0.10
	0.08
	0.14
	1.0
	1.0
	0.75
	0.07
	0.24
	0.07
	0.13
	0.12
	0.11
	1.0
	0.0
	0.16

	E 4.1
	0.40
	0.44
	0.45
	0.0
	0.0
	1.0
	0.27
	0.75
	0.52
	0.0
	0.45
	0.61
	0.0
	0.66
	0.53

	E 4.2
	0.16
	0.32
	0.31
	0.0
	0.0
	0.0
	0.13
	0.0
	0.14
	0.66
	0.00
	0.26
	0.0
	0.33
	0.29

	E 4.3
	0.32
	0.15
	0.08
	0.0
	0.0
	0.0
	0.51
	0.0
	0.25
	0.20
	0.41
	0.0
	0.0
	0.0
	0.0


                          But if we see the pairwise comparisons of elements of ‘Suppliers flexibility’ with respect to Manufacturing Issues (E2) the five rows of column E1.1.The raw priorities are E2.1 through E2.5 are (0.16, 0.29, 0.53, 0.39, 0.24) respectively we come on to the conclusion that ‘Logistics and Inventory control i.e.E2.3’ and ‘Inspection and Quality control’ are the most important as compared to the other factors. The above results shows that irrespective of firm’s product/process design, capacity planning and financial analysis the firm must focus on its logistics and inventory control to improve the flexibility of supply chain. Finally we can say that firm must focus on these two parameters to improve the flexibility of supply chain. In this way we can analyze and interpret the results for each and every issue related to the supply chain flexibility. If there is problem occurs in the system this is the best way to understand the system and found out the area where we have to focus more and where less to improve the performance of supply chain. 

Table 4.33 Limit Super MATRIX (Flexibility) 

	
	E 1.1
	E 1.2
	E 1.3

	E 1.1
	0.06
	0.06
	0.06

	E 1.2
	0.03
	0.03
	0.03

	E 1.3
	0.13
	0.13
	0.13


Table 4.34 Cluster Matrix (flexibility)

	Cluster Node Labels
	E1
	E2
	E3
	E4

	E1
	0.0
	0.25
	0.25
	0.25

	E2
	0.38
	0.25
	0.25
	0.25

	E3
	0.16
	0.25
	0.25
	0.25

	E4
	0.44
	0.25
	0.25
	0.25


Note that in Table 4.34 raw priorities were obtained directly from LSM. Normals were calculated by multiplying the each of the raw priorities with a constant value, say α, such that sum of normal priorities will be equal to 1. The value of is α obtained by dividing 1 by the summation of raw priorities; i.e. α =1/0.05 = 20. By multiplying raw priorities for each alternative by α, the normal priorities were obtained as shown in Table 4.35. 

Table 4.35.The Resulting Priorities for Alternatives

	Flexibility Factors
	Raw
	Normal
	Ideal
	Priority

	E 1.1 Suppliers flexibility
	0.05
	0.27
	0.45
	2

	E 1.2 Manufacturing flexibility
	0.02
	0.12
	0.2
	3

	E 1.3 Customer Flexibility
	0.12
	0.6
	1
	1


This is the usual way to report on results. The column of ideal priorities is obtained from the column of normal priorities by dividing each of its entries by the largest value in the column. The ‘Ideal’ column shows the results divided by the largest value so that the best choice has a priority of 1.

Chapter 5

Summary and Conclusion

The main benefit of the development of the performance measurement system is to provide a structure for performance measurement in supply chain management. This study presented an ANP model for evaluating Supply Chain Performance alternatives to improve it. The most important thing to get the accurate results is right formation of model and then proper allocation weightage by discussions and brainstorming .The results obtained from the model are totally depends upon the scale values given by analyzer/assessor. ANP is a very good technique to analyze the complicated system of Supply Chain Management. ANP not only gives the final priorities but also interrelated importance which very useful to understand the system. In this study we found out the factors to study performance of supply chain i.e Quality, Cost, Delivery Reliability, Flexibility and Sales and After Sales Services.  The results obtained from the models help to understand the supply chain. The ANP structure proposed in the models may be revised to study for different sectors. This analysis will be very much useful to find out the important priorities in the supply chain in various sectors and to improve the overall supply chain performance. The study highlighted the power of ANP approach to study the complicated system of Supply Chain Management. The application of the ANP approach provides the user with a more accurate and realistic long-term performance parameters. In a possible application of the proposed performance measurement model, a manufacturing firm can see its overall supply chain performance, detect its weak areas, in which its performance priorities are lower than the other firms, and develop necessary programmers to close the performance gaps in weak areas. The model provides not only the priorities, but also weights of the areas of success. Weights of the areas show the contribution of areas of success in the overall supply chain performance of the firm, and the firm can use the weights to rank the areas for investment

5.1 Major Findings and Future Scope

                       The final priorities given in the last tables of quality, cost, delivery reliability and sales and after sales services and flexibility shows that ‘Firms quality assurance’ is the most important factor if we compare with Suppliers Quality Assurance, Packaging and Shipping, Customer Interface in the supply chain quality performance. Other findings are given from Unweighted Super matrix, in that relative importance is given for each priority, by that USM matrix many interesting results has come which give the relative importance of the parameters which is very useful for the firm. The important factors in supply chain cost analysis are Suppliers cost performance, Firms cost performance, Packaging, Relationship management. Our analysis says that ‘firms cost performance’ is the most important parameter on which we have to focus; also the relationship management is important so the relationship with employees in plant and with vendors will help to reduce the overall supply chain cost.  By the results of supply chain delivery reliability analysis we come to know that ‘execution’ of the policies is the most important to increase the Delivery reliability of the supply chain .It gives us the indication that actual execution is more important than planning and control. The small plans also need proper execution to improve the chain performance. From the supply chain sales and service analysis we come on the conclusion that after sales service is most important in customer service, this does not mean that we have to ignore the other services but customer always satisfied with the after sales service .In supply chain flexibility analysis can say that customer and supplier flexibility is important that means customer decides the supply chain. The firm is depends upon its supplier for the performance of supply chain so these parameters are important. The second finding is that to improve the in-house performance of the firm, it must focus on its logistics and inventory control.     

                                           By Analytical Network Process we can analyze the factors, which cause more effect on the supply chain components such as risk, variability, Bullwhip effect. This process (ANP) will also be used to find out the important strategies related to supply chain such as production, transportation, inventory control, marketing, planning, and allocation of resources. Hence the critical factors of supply chain ca also be assessed by using ANP. The most important thing for this analysis is to make the network which is interrelated to each other, and then compare the factors by discussion, brain storming then give the ratings as per scale and then solve the model using the software This is the simple technique to assess the performance of any complicated network.

5.2 Limitations of the study 

1) The results from the ANP analysis are totally depend upon the ratings given by experts which may vary from person to person so there is a risk of variation in results due to personnel errors. It depends upon the discussions between assessor and decision manager.

2) In Analytical network process only comparison can be done .No other relation can be made in this tool.

3)  It is very difficult to give the intermediate ratings 2-8.

4) Many times in the ANP network development the independent factors are correlated which makes the analysis unnecessarily complicated.

5) Results will come only in priorities not in other form.

6) It is very lengthy work to compare each and every factor in network.

7) Experts are required to do the discussions for long time to give the ratings for whole network which increase the cost of model development.

8) It is very difficult to control the inconsistency ratio IR below 0.1.     
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The right combination of responsiveness and efficiency in each of these drivers allows a supply chain to “increase throughput while simultaneously reducing inventory and operating expense”.
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