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ABSTRACT

In traditional supply system, suppliers and manufacturers operate independently. But in an effectively coordinated and responsive supply chain management, manufacturer, supplier, distribution channels and customers are linked in the form of a chain to develop and deliver products as a single organization of pooled skills and resources. Higher the coordination and responsiveness in the supply chain greater will be the success of the supply chain.

In this research critical factors for responsiveness in supply chain are identified and by using Interpretive Structural Modeling (ISM) methodology modeling of these critical factors is done. ISM model of the critical factors for responsive supply chain indicate coordinated supply chain as main deriver for a responsive supply chain.  Coordinated supply chain is justified by Analytical hierarchy process(AHP) on the basis of seven benefits of coordinated supply chain such as Lead time reduction, Agility in supply chain, Delivery on time, Inventory reduction, Service reliability, Cost reduction and accurate forecasting of data. Factors for coordinated supply chain are identified. The factors for coordinated supply chain are prioritized by AHP methodology. The factors for coordinated supply chain are grouped in five main factors for coordinated supply chain which are Top management commitment, Mutual understanding, Relationship & decision making, flow of information and organizational factors.  
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Chapter 1.

INTRODUCTION
A supply chain or logistics network is the system of organizations, people, technology, activities, information and resources involved in moving a product or service from supplier to customer. Supply chain activities transform natural resources, raw materials and components into a finished product that is delivered to the end customer. In sophisticated supply chain systems, used products may re-enter the supply chain at any point where residual value is recyclable.  

                                Many of the exchanges encountered in the supply chain will therefore be between different companies who will seek to maximize their revenue within their sphere of interest, but may have little or no knowledge or interest in the remaining players in the supply chain. In the 1980s the term Supply Chain Management (SCM) was developed, to express the need to integrate the key business processes, from end user through original suppliers. Original suppliers being those that provide products, services and information that add value for customers and other stakeholders. The basic idea behind the SCM is that companies and corporations involve themselves in a supply chain by exchanging information regarding market fluctuations and production capabilities. Incorporating SCM successfully leads to a new kind of competition on the global market where competition is no longer of the company versus company form but rather takes on a supply chain versus supply chain form.

                             To effectively compete in global market , a firm must have effective supply chain management .In supply chain management coordination and responsiveness plays an important role .there are different definition  of coordination    given by different researcher in supply chain. Coordination is defined as managing dependencies or joint efforts of members towards common goals (Malone and Crowston, 1994). Supply chain management is the management of flow of inventory, information, and money between the different members of supply chain (Mentzer et al., 2001). In supply chain context , coordination can be viewed as an act of properly combining  a number of objects (actions ,objective ,decisions , information, knowledge , funds) for the achievement of chain goals. the coordination of logistics synchronization is responsible for ensuring alignment between logistics process activities to deliver products and services to full fill customer needs and wants (Fisher,1997). These members are dependent on each other to effectively transfer goods and information among each other. Malone and Crowston(1994) define  coordination as the act of managing interdependencies between activities performed to achieve a goal. In the supply chain context  coordination can be viewed as an act of properly combining (relating , harmonizing , adjusting, aligning)a number of objects ( actions, objectives , decisions , information, knowledge, funds) for the achievement of  the chain goal.(Simatupang et al 2002) .

1.1 Supply Chain
A supply chain consists of all parties involved, directly or indirectly, in fulfilling a customer request. The supply chain includes not only the manufacturer and suppliers, but also transporters, warehouses, retailers, and even customers themselves. Within each organization, such as a manufacturer, the supply chain includes all functions involved in receiving and filling a customer request. These function include, are not limited to, new product development, marketing, operations, distribution, finance, and customer service [Chopra et al (2003)]. 

A typical supply chain may involve a variety of stages. These supply chain stages include: 

· Customers

· Retailers 

· Wholesalers/distributors 

· Manufacturers

· Component/raw material suppliers.
Supply chain management (SCM)

Supply chain management is the process of planning, implementing, and controlling the operations of the supply chain as efficiently as possible. Supply Chain Management spans all movement and storage of raw materials, work-in-process inventory, and finished goods from point-of-origin to point-of-consumption.

The typical definition of the term supply chain management is as follows: The supply chain refers to all those activities associated with the transformation and flow of goods and services, including their attendant information flows, from the sources of materials to end users. Management refers to integration of all these activities, both internal and external to the firm[chopra et al (2003)].
Objective: The objective of every supply chain should maximize the overall value generated. The value a supply chain generates is the difference between what the final product is worth to the customer and the costs the supply chain incurs in filling the customer’s request. For most commercial supply chains, value will be strongly correlated with supply chain profitability (also known as supply chain surplus), the difference between the revenue generated from the customer and the overall cost across the supply chain.

Supply chain success should be measured in terms of supply chain profitability and not in terms of the profits at individual stages. The higher the supply chain profitability, the more successful is the supply chain. A well coordinated and responsive supply chain increases the supply chain profitability by decreasing the lead time, quick response to customer requirement, trust between the supply chain members and collaborative decision making and planning.  

Supply chain decision phases:

 Supply chain decision phases may be categorized as design, planning, and operational, depending on the time frame during which the decisions made apply[chopra et al (2003)].

1. Supply chain design or strategy

2. Supply chain planning

3. Supply chain operation
1. Supply chain design or strategy: During this phase, given the marketing and pricing plans for a product, a company decides how to structure the supply chain over the next several years. It decides what the chain’s configuration will be, how resources will be allocated, and what processes each stage will perform. Strategic decisions made by companies include whether to outsource or perform a supply chain function in-house, the location and capacities of production and warehousing facilities, the products to be manufactured or stored at various location, the modes of transportation to be made available along different shipping legs, and the type of information system to be utilized. A firm must ensure that the supply chain configuration supports its strategic objectives and increase the supply chain surplus during this phase.
2. Supply chain planning: For decision made during this phase, the time frame considered is a quarter to a year. Therefore, the supply chain’s configuration determined in the strategic phase is fixed. The configuration establishes constraints within which planning must be done. The goal of planning is to maximize the supply chain surplus that can be generated over the planning horizon given the constraints established during the strategic or design phase. Companies start the planning phase with a forecast for the coming year of demand in different markets. Planning includes making decision regarding which market will be supplied from which locations, the subcontracting of manufacturing, the inventory policies to be followed, and the timing and size of marketing and price promotions. In planning phase, companies must include uncertainty in demand, exchange rates, and competition over this time horizon in their decisions. Given a shorter time frame and better forecasts than the design phase, companies in the planning phase try to incorporate any flexibility built into the supply chain in design phase and exploit it to optimize performance. As a result of the planning phase, companies define a set of operating policies that govern short term operations.   
3. Supply chain operation: The time horizon here is weekly or daily, and during this phase companies make decisions regarding individual customer orders. At the operational level, supply chain configuration is considered fixed and planning policies are already defined. The goal of supply chain operations is to handle incoming customer orders in the best possible manner. During this phase, firm allocate the inventory or production to individual orders, set a date that an order is to be filled, generate pick lists at a warehouse, allocate an order to a particular shipping mode and shipment, set delivery schedules of trucks, and place replenishment orders. Because operational level are being made in the short term (minutes, hours, or days), there is less uncertainty about demand information. Given the constraints established by the configuration and planning policies, the goal during the operation phase is to exploit the reduction of uncertainty and optimize the performance.    
The design, planning, and operation of a supply chain have a strong impact on overall profitability and success.
1.2 Research Objective and Methodology:
Main objective of a supply chain is to reduction in cost, reduction in lead time, delivery on time, service reliability, inventory reduction, accurate forecasting of data, agility in supply chain. A responsive and well coordinated supply chain help in achieving all the above objectives of a supply chain. 

The research objectives are:

1. Identification and modeling of the factors for the responsive supply chain.

2. Justification of the coordinated supply chain.

3. Identification and prioritization of the factors for coordinated supply chain.

Two methodologies used are:


1. Interpretive structural modeling (ISM)

2. Analytical hierarchy process (AHP)

1. Interpretive structural modeling (ISM):

ISM i.e. Interpretive Structural Modeling is an interactive learning process. The method is interpretive in that the group’s judgment decides whether and how items are related, it is structural in that, on the basis of the relationship, an overall structure is extracted from the complex set of items, and it is modeling in that the specific relationships and overall structure are portrayed in a diagraph model. ISM methodology helps to impose order and direction of relationships among elements of a system (Sage, 1977). However, the direct and indirect relationships between the factors describe the situation far more accurately than the individual factor taken in isolation. Therefore, ISM develops insights into collective understandings of these relationships. Jharkharia and Shankar (2005) applied ISM for understanding the barriers in IT – enablement of supply chains. Singh et al. (2007a, b) applied ISM for improving SMEs competitiveness. The application of ISM typically forces managers to reassess perceived priorities and improve their understanding of the linkages among key concerns. This methodology is explained in chapter 2.
2. Analytical hierarchy process (AHP):

The Analytic Hierarchy Process (AHP) is a powerful and flexible decision making process to help people set priorities and make the best decision when both qualitative and quantitative aspects of a decision need to be considered. By reducing complex decisions to a series of one-on-one comparisons, then synthesis the results, many researchers have concluded that AHP is a useful, practical and systematic method for vendor rating and has been applied successfully. But one of the AHP’s limits is decision model should structure the complete hierarchy which reflects all frameworks of goal (ZHU Xue-zhen, Feb. 2007). The Analytic Hierarchy Process (AHP) is a structured technique for helping people deal with complex decisions. Rather than prescribing a "correct" decision, the AHP helps people to determine one. Based on mathematics and human psychology, it was developed by Thomas L. Saaty in the 1970s and has been extensively studied and refined since then. The AHP provides a comprehensive and rational framework for structuring a problem, for representing and quantifying its elements, for relating those elements to overall goals, and for evaluating alternative solutions. It is used throughout the world in a wide variety of decision situations, in fields such as government, business, industry, healthcare, and education. This methodology is explained in chapter 3.
For modeling and analysis of the factors for responsive supply chain; different critical factors for a responsive supply chain are identified in chapter 2 and ISM model is developed of these critical factors for   responsive supply chain. In chapter 3, coordinated supply chain is justified on seven main benefits of coordinated supply chain using AHP methodology. In chapter 4, different 23 factors for coordinated supply chain are identified and the factors are prioritized using the AHP methodology.

Chapter 2.

MODELING OF CRITICAL FATORS FOR RESPONSIVENESS IN SUPPLY CHAIN

In this chapter various factors for responsive supply chain are identified and modeling of these factors has been done by ISM methodology.
2.1 Introduction
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 (Cooper et al., 1997). Formal definitions of SCM can be marketing oriented or have an operations management orientation (Christopher, 2000). 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 (Lee and Ng, 1997; Stock et al., 1998). ‘‘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.

The responsiveness of a supply chain describes how quickly it responds to customer input (i.e. the rate of communication with the supply chain members). It is one of the criteria under the principle of robustness (from a usability principle). A responsive supply chain ensures reduction in lead time, service reliability, delivery on time, cost reduction etc.
2.2 Literature Review:
In the literature review different factors for responsive supply chain are identified.
Identification of factors for responsiveness in supply chain

It is important to have top management support, for cross functional training, integration 

of department with in the organization, vendor development which are necessary for a responsive supply chain [Ganesan et al (2005)].Different SC strategies are appropriate for distinct environmental uncertainties. Success of the supply chain depends on the effective strategies of the supply chain management [ Szu-Yuan Sun et al (2009)]. Different resources like money, time, technology, manpower, material are used by the supply chain [Shin et al(2000)]. Trust is a favorable attitude that exists when one SC member has confidence in an other SC member [Anderson and Narus (1990)]. Trust is required for flow of information in the supply chain. Information sharing between the supply chain members is essential for a responsive supply chain [(Stanley et al (2009)]. Information sharing may be of sharing of the inventory data, demand data and product quality data. The traditional communication between the manufacturer and the retailer is made through periodic ordering in large batches. This ordering behavior distorts original demand information because demand variance becomes larger [Ozer (2003)].  Risk and reward sharing influence individual Supply Chain members behavior and his interaction with other supply chain members. Conflicts of interest are likely to occur when existing Risk and reward sharing maximize individuals benefit in spite of the benefit of all the supply chain members [Cachon et al (2005)].Collaborative decision making by SC members result in the forecasting of demand, trust between the supply chain members and flow of information [Yahia Zare Mehrjerdi (2009)].Use of IT technology such as internet, intranet, software applications packages and discussion support system can be applied to facilitate the information flow with in the supply chain members [Stanley et al (2009)].A coordinated supply chain allows supply chain members to develop collective capabilities. In turn this collective capability offers new understanding about market opportunity [Yahia Zare Mehrjerdi (2009)]. For a lean supply chain, accurate forecasting of data is required [Francesca Michelino(2008)]. Accurate forecasting of data result in inventory reduction, agility in supply chain and finally a responsive supply chain. Cost minimization is the main objective of a supply chain. An appropriate inventory management system at every node of the supply chain minimizes the inventory at supply chain nodes [Marek Pawlak et al (2008)]. Supply chain inventory management is one of the focal areas of supply chain management. Coordinating the inventory systems in a supply chain, however, can be challenging because the companies constituting the supply chain are often independent from each other and sometimes even compete against each other. As such, the participants in the supply chain can be reluctant to freely share private cost information, and to let a third party dictate their inventory policies Typical SCM goals include production schedule streamlining, inventory reduction, pinpointing of bottlenecks, general improvement of order response time and efforts for supply chain lead time compression. In particular, the latter has emerged, since the earliest studies, as an extremely important topic due to time-based competition and the correlation of lead time with logistics performances. The ‘‘supply chain lead time’’ is the time spent by the supply chain to process the raw materials to obtain the final products and to deliver them to the customer. It includes supplier lead time, manufacturing lead time, distribution lead time, and logistics lead time for transport of raw materials and semi- finished/finished goods. During the last decade, lead time compression has been receiving increasing attention by researchers, because of its potential to generate competitive advantage in the supply chain, in terms of reduction of inventory levels and costs, and better service level delivered to customers. Furthermore, lead time compression can significantly reduce the bullwhip effect throughout the supply chain (Disney and Towill, 2003). Agile supply chain indicates that the extant to which supplier capability exceeds a customer requirement. Agility in supply chain increases the responsiveness of supply chain [Yahia Zare Mehrjerdi(2009)]. Conflicts in vision and goals of supply chain members result in the individuals profit maximization in place of profit maximization of all the supply chain members. [Arshinder et al (2006)]. Long term orientation is expected to have three specific outcomes i.e. increased relational behavior, decrease conflicts and increased satisfaction [Wycherly(1999)]. Availability of point of sales data is important for a responsive supply chain [Francesca Michelino(2008)]. Responsive supply chain ensures delivery in time, cost reduction and accurate forecasting of data [Yahia Zare Mehrjerdi(2009)]. 
All the factors for responsive supply chain are summarized in the table 2.1. 


Table 2.1: Factors for responsiveness in supply chain.
	Sr. no
	Critical success factor
	References

	1

	Top management commitment
	Ganesan et al (2005)

	2
	Strategy development 
	Ganesan et al (2005) 

Szu-Yuan Sun et al (2009)

	3
	Resource development
	Shin et al(2000)

	4
	Trust development b/w SC members
	Anderson and Narus(1990),

Sahay(2003),

	5
	Information sharing b/w SC members
	Ramdas and Spekman(2000),

Ozer(2003)
Stanley et al (2009)

	6
	Risk & reward sharing by SC members
	Cachon et al (2005)

Lee(2000)

	7
	Collaborative decision making an planning 

 by SC members
	Tsay(1999),

Cachan(2000),

Disny(2003),

Yahia Zare Mehrjerdi (2009)

	8
	Use of IT technology
	Lee et al (1997) 

Stanley et al (2009)

	9
	Coordinated supply chain
	Yahia Zare Mehrjerdi (2009)

	10
	Accurate forecasting of  data by SC

 Members
	Francesca Michelino(2008)

Marek Pawlak et al (2008)

	11
	Integrated inventory management by SC members
	Marek Pawlak et al (2008)

	12
	Lead time reduction
	Disney and Towill, 2003).
 Forza and Vinelli (2000).

	13
	Agility in SC
	Yahia Zare Mehrjerdi(2009)

	14
	Agreed vision and goals of the SC members
	Arshinder et al (2006),

Togar et al(2002)

	15
	Long term relationship
 b/w sc members
	Olorunniwo and Hartfield (2001)

	16
	Availability of point of 
sales data
	Francesca Michelino(2008)
Marek Pawlak et al (2008)

	17
	Responsiveness in SC
	Yahia Zare Mehrjerdi(2009)


2.3 Application of Interpretative Structural Modeling (ISM) for modeling of factors for responsiveness in supply chain
 Application of ISM methodology has been found in numerous fields. The general approach of this model is to divide the factors for responsive supply chain in different levels of hierarchy and to decompose the factors for responsive supply chain in dependents, derivers, linkages and autonomous factors.    

2.3.1 Interpretative structural modeling (ISM)
ISM i.e. Interpretive Structural Modeling is an interactive learning process. The method is interpretive in that the group’s judgment decides whether and how items are related, it is structural of relationships among elements of a system (Sage, 1977). However, the direct and indirect relationships between the factors describe the situation far more accurately than the individual factor taken in isolation. Therefore, ISM develops insights into collective understandings of these relationships. Jharkharia and Shankar (2005) applied ISM for understanding the barriers in IT – enablement of supply chains. Singh et al. (2007) applied ISM for improving SMEs competitiveness. The application of ISM typically forces managers to reassess perceived priorities and improve their understanding of the linkages among key concerns.

The various steps involved in the ISM technique are:
(1)  Identification of elements, which are relevant to the problem or issues, this

       could be done by literature review or any group problem solving technique.

(2)  Establishing a contextual relationship between elements with respect to which

       pairs of elements will be examined.
(3)  Developing a structural self-interaction matrix (SSIM) of elements, which

       indicates pair-wise relationship between elements of the system?
(4)  Developing a reachability matrix from the SSIM, and checking the matrix for

       transitivity. Transitivity of the contextual relation is a basic assumption in ISM

       which states that if element A is related to B and B is related to C, then A will be

      necessarily related to C.
(5)  Partitioning of reachability matrix into different levels.
(6)  Based on the relationships given above in the reachability matrix draw a

      directed graph (digraph), and remove transitive links.
(7)  Convert the resultant digraph into an ISM, by replacing element nodes with

       statements.
(8)  Review the ISM model to check for conceptual inconsistency, and make the

      necessary modifications.
Above described steps, which lead to the development of ISM model, are discussed

below.

2.3.1.1 Structural self-interaction matrix (SSIM):
                                          For analyzing the criteria a contextual relationship of “leads to” is chosen here. For developing contextual relationships among variables, expert opinions based on management technique such as brainstorming was considered.. For expressing the relationship between different critical factors for coordination and responsiveness in supply chain.
                          Four symbols have been used to denote the direction of relationship between the parameters i and j (here i , j):

(1) V: parameter i will lead to parameter j;

(2) A: parameter j will lead to parameter i;

(3) X: parameter i and j will lead to each other; and

(4) O: parameters i and j are unrelated.
The following statements explain the use of symbols V, A, X and O in SSIM:

·  variable 1 leads to 5 (V);

·  variable 4 and  5 lead each other (X); and

·  Variables 14 and 16 are unrelated (O).
Based on contextual relationships the SSIM is developed in Table 2.2
Table 2.2: Structural Self Interaction matrix of factors for responsiveness in supply chain.
	Sr.

No
	Critical factors
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	1
	Top management

commitment
	
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V

	2
	Strategy 
development
	
	
	O
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V

	3
	Resource 
development
	
	
	
	V
	V
	O
	O
	V
	V
	V
	V
	V
	V
	V
	V
	V
	V

	4
	Trust
 development

b/w SC members
	
	
	
	
	X
	A
	A
	O
	V
	V
	V
	V
	V
	V
	V
	V
	V

	5
	Information 
sharing

b/w SC members
	
	
	
	
	
	A
	A
	A
	V
	V
	V
	V
	V
	V
	V
	V
	V

	6
	Risk & reward

sharing by SC
 members
	
	
	
	
	
	
	X
	O
	V
	V
	V
	V
	V
	V
	V
	V
	V

	7
	Collaborative
 Decision making
 by SC members
	
	
	
	
	
	
	
	O
	V
	V
	V
	V
	V
	V
	V
	V
	V

	8
	Use of IT
 technology
	
	
	
	
	
	
	
	
	V
	V
	V
	V
	V
	V
	V
	V
	V

	9
	Coordinated
 Supply chain
	
	
	
	
	
	
	
	
	
	V
	V
	V
	V
	A
	A
	A
	V

	10
	Accurate 
forecasting of

data by SC 
members
	
	
	
	
	
	
	
	
	
	
	V
	V
	V
	A
	A
	A
	V

	11
	Integrated

Inventory
 management
	
	
	
	
	
	
	
	
	
	
	
	V
	V
	A
	A
	A
	V

	12
	Lead time
 reduction
	
	
	
	
	
	
	
	
	
	
	
	
	V
	A
	A
	A
	V

	13
	Agility in SC
	
	
	
	
	
	
	
	
	
	
	
	
	
	A
	A
	A
	V

	14
	Agreed vision & 
goals
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X
	O
	V

	15
	Long term 
relationship

b/w sc members 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	O
	V

	16
	Availability of 
point of
Sales data
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	V

	17
	Responsiveness
 in SC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2.3.1.2 Reachability matrix:
                                    The SSIM has been converted into a binary matrix, called the initial reachability matrix by substituting V, A, X and O by 1 and 0 as per the case.

The substitution of 1s and 0s are as per the following rules:
(1)  If the (i, j) entry in the SSIM is V, the (i, j) entry in the reachability matrix

       becomes 1 and the ( j, i ) entry becomes 0.
(2)  If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix

       becomes 0 and the ( j, i ) entry becomes 1.
(3)  If the (i, j) entry in the SSIM is X, the (i, j) entry in the reachability matrix

       becomes 1 and the ( j, i ) entry also becomes 1.
(4)  If the (i, j) entry in the SSIM is O, the (i, j) entry in the reachability matrix

      becomes 0 and the ( j, i ) entry also becomes 0.
                             Following above rules, the initial reachability matrix for the critical success factors is shown in Table 2.3. After incorporating the transitivity as described in Step (4) of the ISM methodology, the final reachability matrix is shown in Table 2.4. In Table 2.4, the driving power and dependence of each variable is also shown. Driving power for each variable is the total number of variables (including itself), which it may help to achieve.

                         On the other hand, dependence is the total number of variables (including itself), which may help in achieving it. These driving power and dependencies will be later used in the classification of variables into the four groups of autonomous, dependent, linkage and drivers (independent).
 Table 2.3: Initial reachability matrix of factors for responsiveness in supply chain.

	Sr.

No.
	Critical factors
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	1
	Top management

Commitment
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	Strategy 
development
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	3
	Resource 
development
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	4
	Trust
 development

b/w SC members
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	5
	Information 
Sharing b/w
 SC members
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	6
	Risk & reward

sharing by SC

 members
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	7
	Collaborative 
decision

making by SC
 members
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	8
	Use of IT
 technology
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	9
	Coordinated 
Supply chain
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1

	10
	Accurate 
forecasting 
Of data by SC
 members
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1

	11
	Integrated

inventory 
management
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	12
	Lead time 
reduction
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1

	13
	Agility in SC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	14
	Agreed vision &
 goals
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1

	15
	Long term 
relationship

b/w sc members 
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1

	16
	Availability of
 point of

Sales data
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1

	17
	Responsiveness 
in SC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1


2.3.1.3 Final reachability matrix.

                                                 The final reachability matrix is obtained by incorporating the transitivity as enumerated in Step (4) of the ISM methodology. This is shown in Table 2.4. In this Table, the driving power and dependence of each factor are also shown. There is only one transitivity exist between trust development b/w SC members (4) and use of IT technology (8). So in row 8 and column 4, zero is replaced by one in final reachability matrix table 2.4.
                                   The driving power of a particular factor is the total number of factors (including itself), which it may help achieve while the dependence is the total number of factors, which may help achieving it. On the basis of driving power and dependencies, these factors will be classified into four groups of autonomous, dependent, linkage and independent (driver) factors. 
Table 2.4: Final reachability matrix of factors for responsiveness in supply chain.
	Sr.

No
	Critical factors
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	D.
P.

	1
	Top management

Commitment
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	17

	2
	Strategy 
development
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	15

	3
	Resource 
development
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	13

	4
	Trust 
development

b/w SC members
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	11

	5
	Information 
sharing

b/w SC members
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	11

	6
	Risk & reward

sharing by SC

 members
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	13

	7
	Collaborative 
Decision making 
by SC members
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	13

	8
	Use of IT
 technology
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12

	9
	Coordinated 
Supply chain
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	6

	10
	Accurate 
forecasting Of 
data by SC
 members
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	5

	11
	Integrated

Inventory
 management
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	4

	12
	Lead time
 reduction
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	3

	13
	Agility in SC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	2

	14
	Agreed vision &
 goals
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1
	8

	15
	Long term 
relationship

b/w sc members 
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1
	8

	16
	Availability of 
point of Sales data
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	7

	17
	Responsiveness 
in SC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	DEPENDENCE
	1
	2
	3
	8
	8
	4
	4
	4
	12
	13
	14
	15
	16
	10
	10
	9
	17
	149


Where, D.P= Driving power
2.3.1.4 Level partition:
                                  From the final reachability matrix, the reachability and antecedent set for each factor are found. The reachability set consists of the elementitself and other elements to which it may help achieve, whereas the antecedent set consists of the element itself and the other elements which may help achieving it. Then the intersection of these sets is derived for all elements. The element for which the reachability and intersection sets are same is the top-level element in the ISM hierarchy. The top-level element of the hierarchy would not help achieve any other element above their own. Once the top-level element is identified, it is separated out from the other elements. Then by the same process, the next level of elements is found. These identified levels help in building the diagraph and final model. From Table 2.4, it is seen that the performance improvement is found at level I. Thus, it would be positioned at the top of the ISM hierarchy. This iteration is repeated till the levels of each factor are find out (Tables 2.5-2.15). The identified levels aids in building the final model of ISM.

 Table 2.5: Iteration 1
	Factor no.             Reachability set                            Antecedent set          Intersection set       Level


1. 1,2,3,4,5,6,7,8,9,10

1



1

             11,12,13,14, 15, 16, 17



2. 2,4,5,6,7,8,9,10,11

1,2



2
             12, 13, 14, 15, 16, 17

3. 3,4,5,8,9,10,11,12,13,14,15         1,3




3
             16, 17
4. 4,5,9,10,11,12,13,14,15,16,17
1,2,3,4,5,6,7,8


4,5
5. 4,5,9,10,11,12,13,14,15,16,17
1,2,3,4,5,6,7,8


4,5


6. 4,5,6,7, 9,10,11,12,13,14,15        1,2,6,7




 6,7
             16, 17
7. 4,5,6,7, 9,10,11,12,13,14,15
1,2,6,7



 6,7
             16, 17

8. 4,5,8, 9,10,11,12,13,14,15
1,2,3,8



  8
            16,17

9. 9,10,11,12,13,17    

1,2,3,4,5,6,7,8,9,14,15,16
  9
10. 10,11,12,13,17


1,2,3,4,5,6,7,8,9,10,14

  10
15,16

11. 11,12,13,17


1,2,3,4,5,6,7,8,9,10,11

  11
14,15,16

12. 12,13,17


1,2,3,4,5,6,7,8,9,10,11

  12
12,14,15,16

13. 13,17



1,2,3,5,6,7,8,9,10,11

  13
12, 13,14,15,16
14. 9,10,11,12,13,14,15,17 

1,2,3,4,5,6,7,8,14,15

  14,15
15. 9,10,11,12,13,14,15,17

1,2,3,4,5,6,7,8,14,15

  14,15
16. 9,10,11,12,13,16,17

1,2,3,4,5,6,7,8,16

  16
17. 17



1,2,3,4,5,6,7,8,9,10

  17

(i)
11,12,13,14, 15, 16, 17

 Table 2.6: Iteration 2
	Factor no.             Reachability set               Antecedent set         Intersection set          Level


1.                        1,2,3,4,5,6,7,8,9,10

1


1


    
     11,12,13,14, 15, 16




2.                       2,4,5,6,7,8,9,10,11

1,2


2

    
    12, 13, 14, 15, 16
3.                       3,4,5,8,9,10,11,12,13,14,15
1,3


3

    
    16

4.                       4,5,9,10,11,12,13,14,15,16
1,2,3,4,5,6,7,8

4,5

5.                       4,5,9,10,11,12,13,14,15,16
1,2,3,4,5,6,7,8

4,5



6.                      4,5,6,7, 9,10,11,12,13,14,15
1,2,6,7


 6,7

    
    16

7.                       4,5,6,7, 9,10,11,12,13,14,15
1,2,6,7


 6,7

                 16

8.                        4,5,8, 9,10,11,12,13,14,15
1,2,3,8


  8

                 16

9.                         9,10,11,12,13
    
1,2,3,4,5,6,7,8,9,
  9
14,15,16

10.                        10,11,12,13


1,2,3,4,5,6,7,8,9,10,14
  10

15,16

11.                         11,12,13


1,2,3,4,5,6,7,8,910,11
  11

14, 15, 16
12.                         12,13


1,2,3,4,5,6,7,8,9,10,11
  12

12,14,15,16

13.                         13



1,2,3,5,6,7,8,9,10,11
   13
          (ii)
12, 13,14,15,16

14.                         9,10,11,12,13,14,15 

1,2,3,4,5,6,7,8,14,15
   14,15

15.                         9,10,11,12,13,14,15

1,2,3,4,5,6,7,8,14,15
   14,15

16.                         9,10,11,12,13,16

1,2,3,4,5,6,7,8,16
   16

 Table 2.7: Iteration 3
	Factor no.                  Reachability set                 Antecedent set           Intersection set     Level


1.              
 1,2,3,4,5,6,7,8,9,10


1


1


   
 11, 12, 14, 15, 16




2.              
  2,4,5,6,7,8,9,10,11


1,2


2

   
 12, 14, 15, 16

3.           
  3,4,5,8,9,10,11,12,14,15

1,3


3

 
   16

4.         

  4,5,9,10,11,12,14,15,16

1,2,3,4,5,6,7,8

4,5

5.           
   4,5,9,10,11,12,14,15,16

1,2,3,4,5,6,7,8

4,5



6
               4,5,6,7, 9,10,11,12,14,15

1,2,6,7


 6,7

  
  16

7.               
  4,5,6,7, 9,10,11,12,14,15

1,2,6,7


 6,7

  
  16

8.                          4,5,8, 9,10,11,12,14,15

1,2,3,8


  8

  16

9.            
   9,10,11,12

    

1,2,3,4,5,6,7,8,9,14,
  9








15,16

10                   
 10,11,12



1,2,3,4,5,6,7,8,910,14
  10

15,16

11.              
   11,12




1,2,3,4,5,6,7,8,910,11
  11

14, 15, 16

12              
   12




1,2,3,4,5,6,7,8,9,10,11
  12
        (iii)
12,14,15,16

14           
   9,10,11,12,14,15 


1,2,3,4,5,6,7,8,14,15
  14,15

15.             
   9,10,11,12,14,15


1,2,3,4,5,6,7,8,14,15
  14,15

16.             
   9, 10,11,12,16



1,2,3,4,5,6,7,8,16
  16

 Table 2.8: Iteration 4
	Factor no.             Reachability set            Antecedent set             Intersection set       Level


1.                       1,2,3,4,5,6,7,8,9,10

1



1


    11, 14, 15, 16




2.                       2,4,5,6,7,8,9,10,11

1,2



2

    14, 15, 16

3.                       3,4,5,8,9,10,11,14,15

1,3



3

    16

4.                       4,5,9,10,11,14,15,16

1,2,3,4,5,6,7,8


4,5

5.                       4,5,9,10,11,14,15,16

1,2,3,4,5,6,7,8


4,5



6.                      4,5,6,7, 9,10,11,14,15

1,2,6,7



 6,7

    16

7.                       4,5,6,7, 9,10,11,14,15

1,2,6,7



 6,7

    16

8.                        4,5,8, 9,10,11,14,15

1,2,3,8



  8

  
   16

9.                         9,10,11

    
1,2,3,4,5,6,7,8,9,14,15,16
  9

10.                        10,11



1,2,3,4,5,6,7,8,910,14

  10

15,16

11.                         11



1,2,3,4,5,6,7,8,910,11

  11
         (iv)
14, 15, 16

14.          
    9,10,11,14,15 

1,2,3,4,5,6,7,8,14,15

  14,15

15.                       9,10,11,,14,15


1,2,3,4,5,6,7,8,14,15

  14,15

16.                        9,10,11,16


1,2,3,4,5,6,7,8,16

  16

 Table 2.9: Iteration 5

	Factor no.             Reachability set              Antecedent set                   Intersection set       Level


1.                       1,2,3,4,5,6,7,8,9,10

1



1


     
  14, 15, 16




2.                       2,4,5,6,7,8,9,10

1,2



2

               14, 15, 16

3.                       3,4,5,8,9,10,14,15

1,3



3

 
   16

4.                       4,5,9,10,14,15,16

1,2,3,4,5,6,7,8


4,5

5.                       4,5,9,10,14,15,16

1,2,3,4,5,6,7,8


4,5



6.                      4,5,6,7, 9,10,14,15

1,2,6,7



 6,7

   
 16

7.                       4,5,6,7, 9,10,14,15

1,2,6,7



 6,7

    16

8.                        4,5,8, 9,10,14,15

1,2,3,8



  8

 
    16

9.                         9,10

    

1,2,3,4,5,6,7,8,9,14,15,16
  9

10.                        10



1,2,3,4,5,6,7,8,910,14

  10           (V)
15,16

14.                         9,10,14,15 


1,2,3,4,5,6,7,8,14,15

  14,15

15.                         9,10,14,15


1,2,3,4,5,6,7,8,14,15

  14,15

16.                         9,10,16


1,2,3,4,5,6,7,8,16

  16

Table 2.10: Iteration 6
	Factor no.             Reachability set               Antecedent set              Intersection set       Level


1.                       1,2,3,4,5,6,7,8,9

1



1


  
   14, 15, 16




2.                       2,4,5,6,7,8,9


1,2



2

  
  14, 15, 16

3.                       3,4,5,8,9,14,15

1,3



3

    
   16

4.                       4,5,9,14,15,16


1,2,3,4,5,6,7,8


4,5

5.                       4,5,9,14,15,16


1,2,3,4,5,6,7,8


4,5



6.                      4,5,6,7, 9,14,15

1,2,6,7



 6,7

    16

7.                       4,5,6,7, 9,14,15

1,2,6,7



 6,7

   16

8.                        4,5,8, 9,14,15


1,2,3,8



  8

  
   16


9.                         9


    
1,2,3,4,5,6,7,8,9,14,15,16
  9               (VI)
14.                         9,14,15 


1,2,3,4,5,6,7,8,14,15

  14,15

15.                         9,14,15


1,2,3,4,5,6,7,8,14,15

  14,15

16.                         9,16



1,2,3,4,5,6,7,8,16

  16

Table 2.11: Iteration 7
	Factor no.             Reachability set          Antecedent set           Intersection set       Level


1.                       1,2,3,4,5,6,7,8


1


1


   
  14, 15, 16




2.                       2,4,5,6,7,8


1,2


2

    14, 15, 16

3.                       3,4,5,8,14,15


1,3


3

  
   16

4.                       4,5,14,15,16


1,2,3,4,5,6,7,8

4,5

5.                       4,5,14,15,16


1,2,3,4,5,6,7,8

4,5



6.                      4,5,6,7,14,15


1,2,6,7


 6,7

  
  16

7.                       4,5,6,7,14,15


1,2,6,7


 6,7

   
   16

8.                        4,5,8,14,15


1,2,3,8


  8

  
   16


14.                         14,15 


1,2,3,4,5,6,7,8,14,15
  14,15        (vii)
15.                         14,15


1,2,3,4,5,6,7,8,14,15
  14,15        (vii)
16.                         16



1,2,3,4,5,6,7,8,16
  16             (vii)
Table 2.12: Iteration 8

	Factor no.             Reachability set           Antecedent set                   Intersection set       Level


1.                       1,2,3,4,5,6,7,8


1



1


2.                       2,4,5,6,7,8


1,2



2

3.                       3,4,5,8


1,3



3

4.                       4,5



1,2,3,4,5,6,7,8


4,5            (viii)
5.                       4,5,



1,2,3,4,5,6,7,8


4,5
     (viii)
6.                      4,5,6,7



1,2,6,7



 6,7    

7.                       4,5,6,7


1,2,6,7



 6,7  

8.                        4,5,8



1,2,3,8



  8

Table 2.13: Iteration 9

	Factor no.             Reachability set                Antecedent set          Intersection set       Level


1.                       1,2,3,6,7,8


1


1



2.                       2,6,7,8


1,2


2

3.                       3,8



1,3


3

4.                      6,7



1,2,6,7


 6,7                      (ix)
5.                       6,7



1,2,6,7


 6,7                      (ix)
6.                        8



1,2,3,8


  8                        (ix)
Table 2.14: Iteration 10
	Factor no.             Reachability set            Antecedent set              Intersection set       Level


1.                       1,2,3



1


1



2.                       2



1,2


2                           (x)
3.                       3



1,3


3                           (x)
Table 2.15: Iteration 10

	Factor no.             Reachability set             Antecedent set             Intersection set       Level


1.                                1

1



1
       (xi)

2.3.1.5 Classification of factors:
                                  In this section, the critical success factors described earlier are classified into four clusters (Figure 2.1). The first cluster consists of the “autonomous factors” that have weak driving power and weak dependence. These factors are relatively disconnected from the system, with which they have only few links, which may not be strong. The “dependent factors” constitute the second cluster which has weak driving power but strong dependence. Third cluster has the “linkage factors” that have strong driving power and strong dependence. These factors are unstable due to the fact that any change occurring to them will have an effect on others and also a feedback on themselves. Fourth cluster includes the “independent factors” having strong driving power but weak dependence. The driving power and dependence of each of these factors are shown in Table 2.4. In this table, an entry of “1” added along the columns and rows indicates the dependence and driving power, respectively. Subsequently, the driver power-dependence diagram is constructed as shown in Figure 2.1. For illustration, the factor five having a driving power of 15 and dependence of 2 is positioned at a place corresponding to driving power of 15 and dependency of 2 in the Figure 2.1. Similarly all other factors considered in this study are positioned on different quadrants depending on their driving power and dependency. In figure 2.1 the no. represent the same factors for responsiveness in supply chain as the no. represent factors in table 2.1. 
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Figure 2.1: Driving power and dominance diagram of the factors for responsiveness in supply chain
2.3.1.6 Formation of digraph of factors for responsiveness in supply chain.

Digraph of the factors for responsive supply chain represents the relationship between the factors for responsive supply chain. Digraph between the factors for responsive supply chain is developed based on the relationship between the factors for responsive supply chain as shown in table 2.2. Where the no. denotes the same factor as the no. denote in ISM model i.e. fig. 2.3. 
































Fig. 2.2: Digraph of factors for responsiveness in supply chain showing relationship between the factors.
2.3.1.7 Formation of ISM-based model. 
                              From the final reachability matrix (Table 2.4), the structural model is generated by means of vertices or nodes and lines of edges. If there is a relationship between the competitiveness factors i and j this is shown by an arrow which points from i to j.

                              This graph is called a directed graph or digraph. After incorporating the transitivity as described in ISM methodology, the digraph is finally converted into ISM as shown in Figure 2.3





























Figure 2.3: ISM based modal for critical factors of responsiveness in supply chain.
2.4 RESULT AND DISCUSSION
ISM model of the critical factors for responsiveness in supply chain indicates the relationship between different critical factors for responsive SC and ISM methodology also gives the level of critical factors as shown in different iteration table 2.5 to table 2.15 above. Driving power and dominance diagram of the critical factors for responsive SC divides the factors in four categories such as: autonomous, dependent, linkages & driver due to which analysis of factors become easier.
· Autonomous variables generally appear as weak driver as well as weak dependent and are relatively disconnected from the system. These variables do not have much influence on the other variables of the system. Figure 2.1 shows that there are no autonomous critical factors for responsive supply chain

· There is no linkage variable which has a strong driving power as well as strong dependence. Thus, it can be inferred that among all the 17 variables chosen in this study, no variable is unstable.

· The driver power dependence diagram indicates that variables such as Top management commitment, Strategy development, Resource development, Trust development, Information sharing, Risk & rewards sharing, Collaborative decision making & planning and Use of IT technology are at the bottom of the model having strong driving power. These variables will help organizations to achieve a coordinated and responsive supply chain and are classified as independent variables or drivers.

· From the model figure 2.3, it is observed that responsive supply chain is at the top. Agility in supply chain is at the second level. Reduction in lead time is at the third level. Integrated inventory management is at fourth level. Accurate forecasting of data is at fifth level. Coordinated supply chain is at sixth level. The remaining variables are at the lower levels. This finding implies that coordinated supply chain will help in reducing lead time, product cost and delivery time, accurate forecasting of data, agility in supply chain and to achieve responsive supply chain. Finally, all these factors will help to make a supply chain responsive.

· Top management commitment, Strategy development and Resource development are at the bottom level with highest driving power. It means top management commitment; strategy development and resource development are the major drivers for a coordinated and responsive supply chain.

All the factors for responsiveness in supply chain listed in table 2.1 are important. But Top management commitment, Strategy development and Resource development are at the bottom level with highest driving power. It means top management commitment; strategy development and resource development are the major drivers for a coordinated and responsive supply chain so an organization should give more emphases on these factors for responsiveness in supply chain followed by the other drivers and dependents. 
Chapter 3.

JUSTIFICATION OF COORDINATED SUPPLY CHAIN
In this chapter factors for coordinated supply chain is justified on the seven benefits of coordinated supply chain.
3.1 Introduction
To effectively compete in global market, a firm must have effective supply chain management .In supply chain management coordination and responsiveness plays an important role. There is different definition of coordination   given by different researcher in supply chain. Coordination is defined as managing dependencies or joint efforts of members towards common goals (Malone and Crowston, 1994). Supply chain management is the management of flow of inventory, information, and money between the different members of supply chain (Mentzer et al., 2001). In supply chain context , coordination can be viewed as an act of properly combining  a number of objects (actions ,objective ,decisions , information, knowledge , funds) for the achievement of chain goals. the coordination of logistics synchronization is responsible for ensuring alignment between logistics process activities to deliver products and services to full fill customer needs and wants (Fisher,1997). These members are dependent on each other to effectively transfer goods and information among each other. Malone and Crowston(1994) define  coordination as the act of managing interdependencies between activities performed to achieve a goal. In the supply chain context  coordination can be viewed as an act of properly combining (relating , harmonizing , adjusting, aligning)a number of objects ( actions, objectives , decisions , information, knowledge, funds) for the achievement of  the chain goal.(Simatupang et al 2002) .

                            Literature has reported series of views on coordination in supply chain. For example Supply chain coordination is an effective approach to streamline operations/processes between the dependent supply chain members (Chopra and Meindl, 2003). The dependencies between the supply chain members can be managed with the help of coordination mechanisms such as invoking supply chain contracts, information sharing, information technology, collaborative decision-making, meetings with supply chain members, and technical support (Tsay, 1999; Cachon and Fisher, 2000; Disney and Towill, 2003). The high adoption costs of joining inter-organizational information systems and information sharing under different operational conditions of organizations may hurt some supply chain members (Zhao and Wang, 2002). Therefore, it is essential to investigate the conditions under which supply chain coordination is beneficial, so that it should not result in higher supply chain costs and imprecise information.
As from the ISM figure 2.3 of the factors of responsive supply chain developed in chapter 2; coordination is coming out as a main deriver for a responsive supply chain. So in this chapter coordinated supply chain is justified on the seven major benefits of coordinated supply chain as written in table 3.1 using AHP methodology. 
3.2 Literature Review
In literature review different benefits of coordinated supply chain are identified
Benefit of coordinated SC
Coordinated supply chain reduces the time between the placements of order and receipt of order by the customer [Lori N.K. Leonard et al (2006)]. Coordinated supply chain increases the agility i.e. flexibility in the supply chain [Yahia Zare Mehrjerdi(2009)].
Coordinated supply chain ensures delivery of product or services on time [Yahia Zare Mehrjerdi(2009)]. Due availability of actual demand data in a coordinated supply chain, inventory at supply chain nodes in minimized [Yahia Zare Mehrjerdi(2009)]. As coordinated supply chain reduces lead time and cost, as a result coordinated supply chain increases the service reliability [Stanley E. Fawcettet al0028)]. Coordinated supply chain reduces the over all cost of the product[Stanley E. Fawcettet al0028)]. For a lean supply chain, accurate forecasting of data is required [Francesca Michelino(2008)]. Accurate forecasting of data result in inventory reduction, agility in supply chain and finally a responsive supply chain. Benefits of the coordinated supply chain are summarized in table 3.1 written below.

Table 3.1: Benefit of coordinated SC

	Sr. no.
	Benefits of coordinated SC


	Referencess

	1
	LEAD TIME REDUCTION                                             
	Lori N.K. Leonard et al (2006)

	2
	AGILITY IN SUPPLY CHAIN                                       
	Yahia Zare Mehrjerdi(2009)

	3
	DELIVERY ON TIME                                                     
	Yahia Zare Mehrjerdi(2009)

	4
	INVENTORY REDUCTION
	Yahia Zare Mehrjerdi(2009)

	5
	SERVICE RELIABILITY
	Yahia Zare Mehrjerdi(2009)

Stanley E. Fawcettet al(2008)

	6
	COST REDUCTION
	Yahia Zare Mehrjerdi(2009)

Stanley E. Fawcett et al(2008)

	7
	ACCURATE FORCASTING OF DATA
	Yahia Zare Mehrjerdi(2009)


On these benefits we will justify the coordinated SC with the alternatives written below
Alternatives are:

1. Coordinated supply chain                           
2. Non coordinated supply chain     
1. Coordinated supply chain                           
A coordinated supply chain ensures  reduction in cost, reduction in lead time, agility in supply chain, delivery on time, reduction in  inventory, service reliability and accurate forecasting of data.

2. Non coordinated supply chain

a non coordinated supply chain is a traditional supply chain in which supplier get orders from the retailers periodically in large bunches and he does not know the actual demand of the product. Every member in the supply chain tries to maximize his individuals profit only. Supply chain members do not share information related to inventory and they do not have agreed vision and goals.
3.3  Development of AHP 
Application of AHP methodology has been found in numerous fields. The general approach of this model is to justify the coordinated supply chain on the seven benefits of the coordinated supply chain as written in table 3.1 above.

3.3.1 Description of the Model

AHP model is shown in figure 3.1 is used for the justification of the coordinated supply chain which have been made on the basis of benefits of coordinated supply chain and the two main alternative such as coordinated supply chain & non coordinated supply chain. The attributes used in the AHP model are written below.

Benefit of coordinated supply chain
1. LEAD TIME REDUCTION                                               [ LTR  ]

2. AGILITY IN SUPPLY CHAIN                                          [ ASC  ]

3. DELIVERY ON TIME                                                       [ DOT ]

4. INVENTORY REDUCTION                                             [ IR     ]

5. SERVICE RELIABILITY                                                  [ SR    ]

6. COST REDUCTION                                                          [ CR    ]

7.   ACCURATE FORCASTING OF DATA                           [AFOD]

The alternatives used in the AHP model are written below.

Alternatives are:

1. COORDINATED SUPPLY CHAIN                            [ CSC   ]

2. NON COORDINATED SUPPLY CHAIN                  [ NASC] 

    LEVEL 1



     ATTRIBUTES

     LEVEL 2



     SUPPLY CHAIN

    (ALTERNATIVES)




Fig 3.1: Schematic of the AHP model.

3.3.2 Analytical Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) is a powerful and flexible decision making process to help people set priorities and make the best decision when both qualitative and quantitative aspects of a decision need to be considered. By reducing complex decisions to a series of one-on-one comparisons, then synthesis the results, many researchers have concluded that AHP is a useful, practical and systematic method for vendor rating and has been applied successfully. But one of the AHP’s limits is decision model should structure the complete hierarchy which reflects all frameworks of goal (ZHU Xue-zhen, Feb. 2007). The Analytic Hierarchy Process (AHP) is a structured technique for helping people deal with complex decisions. Rather than prescribing a "correct" decision, the AHP helps people to determine one. Based on mathematics and human psychology, it was developed by Thomas L. Saaty in the 1970s and has been extensively studied and refined since then. The AHP provides a comprehensive and rational framework for structuring a problem, for representing and quantifying its elements, for relating those elements to overall goals, and for evaluating alternative solutions. It is used throughout the world in a wide variety of decision situations, in fields such as government, business, industry, healthcare, and education.

AHP is a decision-making tool that can help describe the general decision operation by decomposing a complex problem into a multi-level hierarchical structure of objectives, criteria, sub-criteria, and alternatives (Saaty, 1990). AHP can be used in making decisions that are complex, unstructured, and contain multiple attributes (Partovi, 1994). The decisions that are described by these criteria do not fit in a linear framework; they contain both physical and psychological elements (Mian and Dai, 1999). AHP provides a method to connect that can quantify the subjective judgment of the decision maker in a way that can be measured. In applying AHP to benchmarking, (Partovi, 1994) describes the process in three broad steps: the description of a complex decision problem as a hierarchy, the prioritization procedure, and the calculation of results. AHP is a method of breaking down a complex, unstructured situation into its components parts, arranging these parts or judgments on the relative importance of each variable, and synthesizing the judgments to determine which variables have the highest priority and should be acted upon to influence the outcome of the situation (Saaty, 1990). A problem is put into a hierarchical structure with level-I reflecting the overall goal or focus of the decision. Level-II contains factors or criteria for the decision, level-III contains sub-factors, and level-IV contains the decision options. The prioritization process is accomplished by assigning a number from a scale developed by (Saaty, 1990) to represent the importance of the criteria. A matrix with pair-wise comparisons of these attributes provides the means for calculation.








Fig. 3.2: Schematic representation of the AHP methodology (Sharma et al., 2008)

More and more researchers are realizing that AHP is an important generic method and are applying it to various manufacturing areas. In addition to the wide application of AHP in manufacturing areas, recent research and industrial activities of applying AHP on other selection problems are also quite active. AHP has thus been successfully applied to a diverse array of problems. A schematic representation of the methodology is given in Figure 3.2 (Sharma et al., 2008).

The steps to follow in using the AHP (Roger, 1987):

(1) Define the problem and determine the objective.

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

(3) Construct a set of pair-wise comparison matrices for each of the lower levels. An element in the higher level is said to be a governing element for those in lower level, since it contributes to it or affects it. The elements in the lower level are then compared to each other based on their effect on the governing element above. This yields a square matrix of judgments. The pair-wise comparisons are done in terms of which an element dominates another. These judgments are then expressed as integers. If element A dominates over B, then the whole number integer is entered in row A, column B and reciprocal is entered in row B, column A. If the elements being compared are equal, a one is assigned to both positions. Table   shows the pair-wise comparison matrix for level II criteria.

            Table 3.2: Thomas Saaty’s nine-point scale

	Intensity of importance
	Definition
	Explanations

	1
	Equal importance
	Two activities contribute equally to the objective

	3
	Weak importance of one over another
	Experience and judgment slightly favour one activity over another

	5
	Essential or strong important 
	Experience and judgment strongly favour one activity over another

	7
	Demonstrated importance
	An activity is favoured very strongly over another; its dominance demonstrated in practice 

	9
	Absolute importance
	The evidence favouring one activity over another is of the highest possible order of affirmation

	2, 4, 6, 8
	Intermediate values between the two adjacent judgment
	When compromise is needed



	Reciprocals of above nonzero
	If activity i has one of the above nonzero numbers assigned to it when compared with activity j then j has the reciprocal value when compared with i 
	A reasonable assumption 


(4) There are n (n-1) / 2 judgments required to develop the set of matrices in step 3 (reciprocals are automatically assigned in pair-wise comparison).

(5) Having done all the pair-wise comparisons and entered the data, the consistency is determined using the Eigen value. To do so, normalize the column of numbers by dividing each entry by the sum of all entries. Then sum each row of the normalized values and take the average. This provides Principal Vector [PV]. 

The check of the consistency of judgments is as follows:

Let the pair-wise comparison matrix be denoted M1 and principal vector be denoted M2.

Then define M3 = M1*M2; and M4 =M3/M2.

λmax = average of the elements of M4.

Consistency index (CI) = (λmax - N)/(N - 1)

Consistency Ratio (CR) = CI/RCI corresponding to N.

Where RCI = Random Consistency Index and

                N = Numbers of elements.

          Table 3.3:  Random index table

	N
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	RCI
	0
	0
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
	1.51


If CR is less than 10%, judgments are considered consistent. And if CR is greater than 10%, the quality of judgments should be improved to have CR less than or equal to 10%.

(6) Steps 3 and 5 are performed to have relative importance of each attribute for all levels and clusters in the hierarchy. Table 4.4 illustrates the sub criterion analysis of criteria, ‘Cost’.

(7)  The analysis for the other sub criteria to be carried out in the similar manner as above. 

(8) The desirability index for each alternative is calculated by multiplied each value in ‘weight of sub criteria’ column by the respective value of ‘criteria weight’ column, then multiplying by the value for each respective alternative and summing the results.

Relative wt. to the seven benefits (on a scale of 1 to 9 from table 3.2) as shown in Table 3.4 , and relative wt. of the alternatives for each benefit as shown in tables 3.6, 3.8, 3.10, 3.12, 3.14, 3.16, 3.18 is made after discussion with the experts of different organization and it may vary from company to company.
Working steps of calculations and applications for AHP

Table1 3.4: Criteria pair wise comparison matrix (level 2).

                      AFOD
ASC
SR
IR
DOT
CR
LTR


AFOD

1
1/8
1/5
1/6
1/6
1/4
1/9


        ASC
         8
          1
6
4
2
7        1/2

SR

5
1/6
1
1/3
1/4
4
1/5

IR

6
1/4
3
1
1/3
4
1/4

DOT

6
1/2
4
3
1
5
1/3

CR

4
1/7
1/4
1/4
1/5
1
1/7
LTR

9
2
5
4
3
7
1


39
4.184
19.45
12.75
6.95
28.25
2.537


Table 3.5: Criteria pair wise comparison matrix (level 2) normalized.



AFOD
ASC
SR
IR
DOT
CR
LTR

SUM
    P.V.



AFOD

0.025
0.029
0.010
0.013
0.023
0.008
0.043

0.1552
    0.022

ASC

0.205
0.239
0.308
0.313
0.287
0.247
0.197

1.7981
    0.2568

SR

0.128
0.039
0.051
0.026
0.035
0.141
0.079

0.5019
    0.0717


IR

0.153
0.059
0.154
0.078
0.047
0.141
0.098

0.7343
    0.1049

DOT

0.153
0.119
0.205
0.235
0.143
0.176
0.131

1.1663
    0.166

CR

0.102
0.034
0.012
0.019
0.028
0.35
0.056

0.289
    0.04128

LTR

0.230
0.478
0.257
0.31
0.431
0.247
0.3941

2.3522
    0.3360




Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the normalized values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

e.g.   for AFOD

Normalized value = 1 / 39 = 0.025

SUM = 0.025+0.029+0.010+0.013+0.023+0.008+0.043 = 0.1552

P.V. = 0.1552 / 7 = 0.022

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix




1
1/8
1/5
1/6
1/6
1/4
1/9




8
1
6
4
2
7
1/2




5
1/6
1
1/3
1/4
4
1/5




6
1/4
3
1
1/3
4
1/4

M1    =




6
1/2
4
3
1
5
1/3




4
1/7
1/4
1/4
1/5
1
1/7



9
2
5
4
3
7
1


      0.022

0.2568

M2
=
0.0717

0.1049

      0.166

0.0412

0.3360

Then    M3 = M1 X M2


0.1613

2.07276

M3
=
0.5333

0.8208

1.3469

0.2914

2.61446

M4 = M3 / M2


7.3318

8.07149

M4
=
7.4379

7.82459

8.0846

7.05910

7.781130

λ max    =    Avg. of the elements of M4  = 7.6558

Now consistency index (CI) = (λ max – N) / (N-1)

= (7.6558– 7) / (7-1)

=    0.1093006

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3
Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.1093006/ 1.32

= 0.0828

i.e.  CR < 0.1

so result is consistent.
Table 3.6: Alternative analysis for AFOD].


       




CSC

NCSC


CSC


1

7

NCSC


1/7

1









1.142

8



         Table 3.7: Alternative analysis for [AFOD] normalized.





CSC

NCSC

SUM

P.V.


CSC


0.875

.875

1.75

0.875

NCSC


0.125

0.125

0.25

0.125



Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
7

M1   =

1/7
1


        0.875

M2
=

        0.125

M3 = M1 X M2



      
1.75

M3
=

       0.25

M4 = M3 / M2

2

M4
=

2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements


CR = 0/0

0/0 is in determinant but in AHP for no. of element one and two CR is considered as less than 10 % [Kodali and Chandra (2001)].  

i.e.  CR < 0.1

so result is consistent.

                                 Table 3.8: Alternative analysis for [ASC].


       




CSC

NCSC


CSC


1

9

NCSC


1/9

1









1.111

10



         Table 3.9: Alternative analysis for [ASC] normalized





CSC

NCSC

SUM

P.V.


CSC


0.90001
.90

1.8

0.90

NCSC


0.100

0.10

0.2

0.10


.

Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM =  the total sum of the values of the same row.

Priority Vector (P.V.) =  SUM / N

N =  no. of elements
Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
9

M1   =

1/9
1



     0.90

M2
=


     0.10

M3 = M1 X M2



               
1.8

M3
=

     0.2

M4 = M3 / M2


2

M4
=

2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0


0/0 is in determinant but in AHP for no. of element one and two  CR is consider as less than 10 % [Kodali and Chandra (2001)].  

i.e.  CR < 0.1                     so result is consistent.
                 Table 3.10: Alternative analysis for [SR].


       




CSC

NCSC


CSC


1

8

NCSC


1/8

1









1.125

9



        Table 3.11: Alternative analysis for [SR] normalized





CSC

NCSC

SUM

P.V.


CSC


0.889

.889

1.778

0.889

NCSC


0.111

0.111

0.2222

0.111




.Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM =  the total sum of the values of the same row.

Priority Vector (P.V.) =  SUM / N

N =  no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
8

M1   =

1/8
1


     0.889

M2
=

     0.111

M3 = M1 X M2


    1.8

M3
=

    0.2

M4 = M3 / M2


   2

M4
=

    2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0

0/0 is in determinant but in AHP for no. of element one and two  CR is consider as less than 10 % [Kodali and Chandra (2001)].

i.e.  CR < 0.1                        so result is consistent.

                    Table 3.12: Alternative analysis for [IR].


       




CSC

NCSC


CSC


1

8

NCSC


1/8

1










1.125

9



         Table 3.13: Alternative analysis for [IR] normalized





CSC

NCSC

SUM

P.V.


CSC


0.889

.889

1.778

0.889

NCSC


0.111

0.111

0.2222

0.111





.

Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM =  the total sum of the values of the same row.

Priority Vector (P.V.) =  SUM / N

N =  no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
8

M1   =

1/8
1


       0.889

M2
=

        0.111

M3 = M1 X M2


  1.8

M3
=

   0.2

M4 = M3 / M2



     
2

M4
=

   2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0

0/0 is in determinant but in AHP for no. of element one and two  CR is consider as less than 10 % [Kodali and Chandra (2001)].

i.e.  CR < 0.1                          so result is consistent.
                  Table 3.14: Alternative analysis for [DOT].


       




CSC

NCSC


CSC


1

9

NCSC


1/9

1









1.111

10



         Table 3.15: Alternative analysis for [DOT] normalized.





CSC

NCSC

SUM

P.V.


CSC


0.90001
.90

1.8

0.90

NCSC


0.100

0.10

0.2

0.10





Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM =  the total sum of the values of the same row.

Priority Vector (P.V.) =  SUM / N

N =  no. of elements
Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
9

M1   =

1/9
1


0.90

M2
=

0.10

M3 = M1 X M2


1.8

M3
=

0.2

M4 = M3 / M2



     
2

M4
=

2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0
0/0 is in determinant but in AHP for no. of element one and two  CR is consider as less than 10 % [Kodali and Chandra (2001)].
i.e.  CR < 0.1                                so result is consistent.
                    Table 3.16: Alternative analysis for [CR].           




       




CSC

NCSC


CSC


1

7

NCSC


1/7

1









1.142

8



        Table 3.17: Alternative analysis for [CR] normalized.





CSC

NCSC

SUM

P.V.


CSC


0.875

.875

1.75

0.875

NCSC


0.125

0.125

0.25

0.125



Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
7

M1   =

1/7
1

 
0.875

M2
=


0.125

M3 = M1 X M2


1.75

M3
=

0.25

M4 = M3 / M2



2

M4
=

2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0
0/0 is in determinant but in AHP for no. of element one and two CR is considered as less than 10 % [Kodali and Chandra (2001)].

i.e.  CR < 0.1                          so result is consistent.
                                Table 3.18: Alternative analysis for [LTR].



       




CSC

NCSC



CSC


1

9

NCSC


1/9

1










1.111

10



           Table 3.19: Alternative analysis for [LTR] normalized.





CSC

NCSC

SUM

P.V.



CSC


0.90001
.90

1.8

0.90

NCSC


0.100

0.10

0.2

0.10





.Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix


1
9

M1   =

1/9
1



       
   0.90

M2
=


0.10

M3 = M1 X M2




    1.8

M3
=


    
0.2

M4 = M3 / M2


 2

M4
=


 
2

λ max    =    Avg. of the elements of M4 = 2

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (2– 2) / (2-1)

= 0

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from the table 3.3

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0/0
0/0 is in determinant but in AHP for no. of element one and two  CR is consider as less than 10 % [Kodali and Chandra (2001)].

i.e.  CR < 0.1                                        so result is consistent.
Table 3.20: Weightages of attributes for alternatives.

	Sr.no. 
	Attributes
	Level 2 Wt.

(P.V.)
	Coordinated supply chain (CSC) Wt.

(P.V.)
	Non Coordinated supply chain (NCSC) Wt. 

(P.V.)

	1.
	AFOD
	0.022
	0.875
	0.125

	2.
	ASC
	0.2568
	0.900
	0.100

	3.
	SR
	0.0717
	0.889
	0.111

	4.
	IR
	0.1049
	0.889
	0.111

	5.
	DOT
	0.166
	0.900
	0.100

	6.
	CR
	0.04128
	0.875
	0.125

	7.
	LTR
	0.3360
	0.900
	0.100


Where
Wt. of attributes = P.V. of the attributes from the normalized table 3.5

Wt. of the alternatives = P.V. of the alternatives from the respective normalized table.

Table 3.21: Desirability index table of alternatives global weight.

	Sr. no.
	Attributes
	Coordinated supply chain (CSC) global Wt.
	Non Coordinated supply chain (NCSC)

Global Wt.

	1
	AFOD
	0.01925
	0.00275

	2
	ASC
	0.23112
	0.02568

	3
	SR
	0.06374
	0.00795

	4
	IR
	0.9325
	0.01165

	5
	DOT
	0.14994
	0.0166

	6
	CR
	0.3612
	0.00516

	7
	LTR
	0.3024
	0.0336

	Total global Wt.
	0.89582
	0.10345


Where, 

Global Wt. of Coordinated supply chain (CSC) = Level 2 Wt. X Coordinated supply chain (CSC) Wt.

Global Wt. of Non Coordinated supply chain (NCSC) = Level 2 Wt. X Non Coordinated supply chain (NCSC) Wt.

Total global wt. = sum of the global wt. of respective column.
Calculation: e.g.

For AFOD,  

Global Wt. of Coordinated supply chain (CSC) = Level 2 Wt. X Coordinated supply chain (CSC) Wt.

                                                                            = 0.022 x 0.875

                                                                            = 0.01925

Global Wt. of Non Coordinated supply chain (NCSC) = Level 2 Wt. X Non Coordinated supply chain (NCSC) Wt.

Global Wt. of Non Coordinated supply chain (NCSC) = 

                                                                            = 0.022 x 0.125

                                                                            = 0.00275

Table 3.22: global Desirability index of alternatives
	1
	Global Decision index of  CSC
	0.89582

	2
	Global Decision index of  NCSC
	0.10345


As from the above table of global  Desirability index of alternatives it is clear that coordinated supply chain is best rather than a non coordinated supply.

3.4 RESULT AND DISCUSSION
As from the table3.22 of global Desirability index of alternatives, global desirability index of coordinated supply chain (CSC)[0.89582] is more than the global desirability index of non coordinated supply chain (NCSC)[0.10345]. So coordinated supply chain is best rather than a non coordinated supply. So to increase the overall profitability of a supply chain organization should make its supply chain well coordinated. 
	1
	Global Decision index of  CSC
	0.89582

	2
	Global Decision index of  NCSC
	0.10345


Chapter 4.

PRIORITIZATION OF FACTORS FOR COORDINATED SUPPLY CHAIN
In this chapter factors for the coordinated supply chain are identified. These factors are prioritized by AHP methodology.
4.1 Introduction
The old way of delivering product was to develop relatively inaccurate projections of demand, then manufacture the product and fill up warehouses with finished goods. The old ways are fading fast as management across all industries has come to accept that collaboration with customers and suppliers in the planning and replenishment process can and must be made to work very effectively. As customers and suppliers band together in mutually beneficial partnerships, the need for better supply chain management processes and systems is more evident and becomes a very high business priority. In typical supply chain, raw materials are procured and items are produced at one or more factories, shipped to warehouses for intermediate storage, and then shipped to retailers or customers. Consequently, to reduce cost and improve service levels, effective supply chain strategies must take into account the interaction at the various levels in the supply chain. The supply chain, which is also referred to as the logistics network, consist of suppliers, manufacturing centers, warehouses, distribution centers, and retail outlets, as well as raw materials, work-in-process inventory, and finished products that flow between the facilities.  

                            Integration of supply chain activities result in better coordination .Lee (2000) offers three level concept of supply chain integration comprising various levels – information sharing, coordination, and organizational linkages. He defines the term “partnering” as an ongoing relationship between two organizations which involves a commitment over an extended time period, and a mutual sharing of the risks and rewards of the relationship. 



 This present change from traditional to collaborative is based on the belief that suppliers are essential sources to gain competitive advantage in world markets in terms of their expertise, knowledge and their ability to share risks. Konijnendjik(1994) examine the coordination process at tactical and operational levels about product specification , volume, mix and lead times between sales and manufacturing in  engineer-to-order company. Stank et al (1999) studied inter firm coordination process characterized by effective communication system, information exchange, partnering and performance monitoring.
As form the chapter 2 ,it comes out that coordination is main deriver for responsive supply chain and form the chapter 3, it comes out that coordination is essential for reduction in cost, reduction in lead time, delivery on time, service reliability, inventory reduction, accurate forecasting of data, agility in supply chain. So in this chapter different factors for coordinates supply chain are identified in literature review and prioritized using AHP methodology. 
4.2 Literature Review
In the literature review 23 factors for coordinated supply chain are identified which are summarized in table 4.1. These 23 factors for coordinated supply chain are grouped under five main factors, Top management commitment, Mutual under standing, Relationship & decision making, Flow of information and Organizational factors.  
1. Top management commitment

It is important to have top management support, for cross functional training, integration 

of department with in the organization, vendor development which are necessary for a responsive supply chain(Ganesan et al (2005)). Different SC strategies are appropriate for distinct environmental uncertainties. Success of the supply chain depends on the effective strategies of the supply chain management (Szu-Yuan Sun et al (2009)). Different resources like money, time, technology, manpower, material are used by the supply chain (Shin et al (2000)). Use of IT technology such as internet, intranet, software applications packages and discussion support system can be applied to facilitate the information flow with in the supply chain members [Stanley et al (2009)]. Long term orientation is expected to have three specific outcomes i.e. increased relational behavior, decrease conflicts and increased satisfaction [Wycherly(1999)]. 

2. Mutual understanding

Trust is a favorable attitude that exists when one SC member has confidence in an other SC member (Anderson and Narus (1990)). Trust is required for flow of information in the supply chain. Risk and reward sharing influence individual Supply Chain members behavior and his interaction with other supply chain members. Conflicts of interest are likely to occur when existing Risk and reward sharing maximize individuals benefit in spite of the benefit of all the supply chain members [Cachon et al (2005)]. Conflicts in vision and goals of supply chain members result in the individuals profit maximization in place of profit maximization of all the supply chain members. [Arshinder et al (2006)]. 

3. Relationship and decision making
Long term orientation is expected to have three specific outcomes i.e. increased relational behavior, decrease conflicts and increased satisfaction [Wycherly(1999)]. Collaborative decision making by SC members result in the forecasting of demand, trust between the supply chain members and flow of information [Yahia accurate Zare Mehrjerdi (2009)].

4. Flow of information

Availability of point of sales data is important for a responsive supply chain [Francesca Michelino(2008)]. Cost minimization is the main objective of a supply chain. An appropriate inventory management system at every node of the supply chain minimize the inventory at supply chain nodes [Marek Pawlak et al (2008)]. Supply chain inventory management is one of the focal areas of supply chain management. Coordinating the inventory systems in a supply chain, however, can be challenging because the companies constituting the supply chain are often independent from each other and sometimes even compete against each other. As such, the participants in the supply chain can be reluctant to freely share private cost information, and to let a third party dictate their inventory policies. Information sharing between the supply chain members is essential for a responsive supply chain (Stanley et al (2009)). Information sharing may be of sharing of the inventory data, demand data and product quality data. The traditional communication between the manufacturer and the retailer is made through periodic ordering in large batches. This ordering behavior distorts original demand information because demand variance becomes larger (Ozer (2003)).  

5. Organizational factors
Many automotive companies operate a just-in time system in which parts suppliers deliver parts several times a day to the assembly line. Furthermore, some are applying mass customization based on framework that is similar to those adopted by firms such as Dell Computer Corporation. In some industries, mass customization requires a supplier to provide an Original Equipment Manufacturer (OEM) with a wide range of variants of a given part. We consider an OEM-parts suppliers system for an automotive supply chain

where parts are delivered to the assembly line several times a day in a just-in-time environment.


All the factors for the coordinated supply chain are summarized in the table 4.1 written below.
Table 4.1: Factors for coordinated supply chain
	SR.NO.
	FACTORS FOR COORDINATED SUPPLY CHAIN
	REFERENCES

	1
	STRATEGY DEVELOPMENT FOR SC
	Ganesan et al (2005) 

Szu-Yuan Sun et al (2009)

	2
	RESOURCE DEVELOPMENT FOR SC.
	Shin et al(2000)

	3
	USE OF MODERN TECHNOLOGY & IT TOOLS
	Lee et al (1997) 

Stanley et al (2009)

	4
	VENDOR DEVELOPMENT
	Subrata Chakraborty et al. (2008)

	5
	LONG TERM INVESTMENT MOTIVE
	Shin et al(2000)

	6
	TRUST DEVELOPMENT IN SC MEMBERS
	Anderson and Narus (1990),

Sahay (2003),

	7
	AGREED VISION & GOALS OF SC MEMBERS
	Arshinder et al (2006),

Togar et al(2002)

	8
	SC RISK & REWARD SHARING BY SC MEMBERS 
	Cachon et al (2005)

Lee(2000)

	9
	EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT & FORCASTING DECISIONS
	Aviv(2001)

	10
	LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER
	Olorunniwo and Hartfield

(2001)

	11
	COLLABORATIVE DECISION MAKING & PLANNING BY SC MEMBERS
	Tsay(1999),

Cachan(2000),

Disny and Towill (2003),

Yahia Zare Mehrjerdi (2009)

	12
	SC INTEGRATION
	Arshinder et al(2006),

Lee(2000)



	13
	LOGISTIC SYNCHRONISATION
	Bowersox(1990),

Togar et al(2002)

	14
	POINT OF SALES DATA
	Francesca Michelino(2008)

Marek Pawlak et al (2008)

	15
	INVENTORY DATA
	Marek Pawlak et al (2008)

	16
	PRODUCT QUALITY DATA
	Francesca Michelino(2008)



	17
	PRODUCT DESIGN &  DEVELOPMENT  DATA
	Francesca Michelino(2008)



	18
	SERVICE RELIABILITY
	Konijnendijk(1994),
Fisher(1997) 


	19
	INTEGRATION OF DEPARTMENTS WITH IN THE ORGANISATION
	Soo Woo (2006)

	20
	LEAN ORGANISATION STRUCTURE
	Grittel and wises(2004)

	21
	JIT & LEAN PRACTICES
	Grittel and wises(2004)

	22
	ORGANISATION CULTURE FOR SC IMPLEMENTATION
	Grittel and wises(2004)

	23
	CROSS FUNCTIONAL TRAINING OF EMPLOYEES
	Ganesan et al (2005)


Above factors for coordinated supply chain are grouped in five main factors such as top management commitment, mutual under standing, relationship & decision making, flow of information and organizational factors. The groupings are written below. 
Main and sub factors for coordinated supply chain are: 

1. TOP MGMT. COMMITMENT

· STRATEGY DEVELOPMENT FOR SC.

· RESOURCE DEVELOPMENT FOR SC.

· USE OF MODERN TECHNOLOGY & IT TOOLS

· VENDOR DEVELOPMENT

· LONG TERM INVESTMENT MOTIVE

       2.   MUTUAL UNDERSTANDING

· TRUST DEVELOPMENT IN SC MEMBERS

· AGREED VISION & GOALS OF SC MEMBERS

· SC RISK & REWARD SHARING

· EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT & FORCASTING DECISIONS 

3.   RELATIONSHIP & DECISION MAKING

· LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER

· COLLABORATIVE DECISION MAKING & PLANNING

· SC INTEGRATION

· LOGISTIC SYNCHRONISATION

4.   FLOW OF INFORMATION

· POINT OF SALES DATA

· INVENTORY DATA

· PRODUCT QUALITY DATA

· PRODUCT DESIGN &  DEVELOPMENT  DATA

· SERVICE RELIABILITY

5.   ORGANISATIONAL FACTORS

· INTEGRATION OF DEPARTMENTS WITH IN THE ORGANISATION

· LEAN ORGANISATION STRUCTURE

· JIT & LEAN PRACTICES

· ORGANISATION CULTURE FOR SC IMPLEMENTATION

· CROSS FUNCTIONAL TRAINING OF EMPLOYEES
4.3 Development of AHP
In this section factors for coordinated supply chain are prioritized using the AHP methodology. Application of AHP methodology has been found in numerous fields. The general approach of this methodology is prioritized the factors for coordinated supply chain written in table 4.2 above.               

4.3.1 Description of the model

All the 23 factors for coordinated supply chain are grouped under five main factors for coordinated supply chain as written in table 4.2.AHP model developed as shown in figure 4.1 is used for the prioritization of the factors for coordinated supply chain. AHP is used to prioritize the main and sub factors for coordinated supply chain. After prioritization of the main and sub-factors for coordinated supply chain global wt. of the main and sub-factors are find out to know the importance of the main and sub-factors for a coordinated supply chain. The attributes and sub attributes used in the AHP model are written in table 4.2.
             Table 4.2: main and sub factors for coordinated supply chain

	SR. NO.
	FACTOR
	Abbreviation 

	1.
	1.    TOP MGMT. COMMITMENT

· STRATEGY DEVELOPMENT FOR SC.

· RESOURCE DEVELOPMENT FOR SC.

· USE OF MODERN TECHNOLOGY & IT TOOLS

· VENDOR DEVELOPMENT

· LONG TERM INVESTMENT MOTIVE
	[ TMC ]

[ SD     ]

[ RD     ]

[ UMT  ]

[ VD     ]

[ LTIM ]

	2.
	2. MUTUAL UNDERSTANDING

· TRUST DEVELOPMENT IN SC MEMBERS

· AGREED VISION & GOALS OF SC MEMBERS

· SC RISK & REWARD SHARING

· EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT & FORCASTING DECISIONS 
	[ MU   ]

[ TD    ]

[ AVG ]

[ RRS  ]

[ JRFD]

	3.
	3. RELATIONSHIP & DECISION MAKING

· LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER

· COLLOBORATIVE DECISION MAKING & PLANNING

· SC INTEGRATION

· LOGISTIC SYNCHRONISATION
	[ RDM]

[ LTR]

[ CDM]

[ SCI]

[ LS]

	4.
	4. FLOW OF INFORMATION

· POINT OF SALES DATA

· INVENTORY DATA

· PRODUCT QUALITY DATA

· PRODUCT DESIGN & DEVELOPMENT DATA

· SERVICE RELIABILITY
	[ FOI]

[ POSD]

[ ID]

[ PQD] 

[ PDD]

[ SR]

	5.
	5. ORGANISATIONAL FACTORS

· INTEGRATION OF DEPARTMENTS WITH IN THE ORGANISATION

· LEAN ORGANISATION STRUCTURE

· JIT & LEAN PRACTICES

· ORGANISATION CULTURE FOR SC IMPLEMENTATION

· CROSS FUNCTIONAL TRAINING OF EMPLOYEES
	[ OF]

[ IDO]

[ LOS]

[ JITP]

[ OC ]

[ CFT]


Level 1


Level 2


Level 3

Level 4

Fig 4.1: Schematic of the AHP model
4.3.2   Analytical Hierarchy Process Methodology

AHP (Satty, 1982) was developed in 1972 as a practical approach in solving relatively complex problems. AHP enables the decision maker to represent the simultaneous interaction of many factors in complex, unstructured situation. For the vendor selection the judgment based on observation are fed into AHP for each criteria and sub criteria of all the level of hierarchy. Pair-wise comparison of criteria at each level is done on a scale relative importance, 1 reflecting equal weightage and 9 reflecting absolute importance.
Table 4.3: Thomas Saaty’s nine-point scale


	Intensity of importance
	Definition
	Explanations

	1
	Equal importance
	Two activities contribute equally to the objective

	3
	Weak importance of one over another
	Experience and judgement slightly favour one activity over another

	5
	Essential or strong important 
	Experience and judgement strongly favour one activity over another

	7
	Demonstrated importance
	An activity is favoured very strongly over another; its dominance demonstrated in practice 

	9
	Absolute importance
	The evidence favouring one activity over another is of the highest possible order of affirmation

	2, 4, 6, 8
	Intermediate values between the two adjacent judgment
	When compromise is needed



	Reciprocals of above nonzero
	If activity i has one of the above nonzero numbers assigned to it when compared with activity j then j has the reciprocal value when compared with i 
	A reasonable assumption 


The steps to follow in using the AHP (Roger, 1987):

1.   Define the problem and determine the objective.

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

3. Construct a set of pair-wise comparison matrices for each of the lower levels. An element in the higher level is said to be a governing element for those in lower level, since it contributes to it or affects it. The elements in the lower level are then compared to each other based on their effect on the governing element above. This yields a square matrix of judgments. The pair-wise comparisons are done in terms of which an element dominates another. These judgments are then expressed as integers. If element A dominates over B, then the whole number integer is entered in row A, column B and reciprocal is entered in row B, column A. If the elements being compared are equal, a one is assigned to both positions. Table   shows the pair-wise comparison matrix for level II criteria.
4. There are n (n-1) / 2 judgments required to develop the set of matrices in step 3 (reciprocals are automatically assigned in pair-wise comparison).

5. Having done all the pair-wise comparisons and entered the data, the consistency is determined using the Eigen value. To do so, normalize the column of numbers by dividing each entry by the sum of all entries. Then sum each row of the normalized values and take the average. This provides Principal Vector [PV]. 

The check of the consistency of judgments is as follows:

Let the pair-wise comparison matrix be denoted M1 and principal vector be denoted M2.

Then define M3 = M1*M2; and M4 =M3/M2.

λmax = average of the elements of M4.

Consistency index (CI) = (λmax - N)/(N - 1)

Consistency Ratio (CR) = CI/RCI corresponding to N.

Where RCI = Random Consistency Index and

                N = Numbers of elements.
Table 4.4: Random index table

	N
	1
	2
	3
	4
	5
	6

	RCI
	0
	0
	0.58
	0.90
	1.12
	1.24


If CR is less than 10%, judgments are considered consistent. And if CR is greater than 10%, the quality of judgments should be improved to have CR less than or equal to 10%.

6. Steps 3 and 5 are performed to have relative importance of each attribute for  all levels and clusters in the hierarchy. Table 4.4 illustrates the sub criterion    analysis of criteria, ‘Cost’.

7. The analysis for the other sub criteria to be carried out in the similar manner as above.

8. The desirability index for each alternative is calculated by multiplied each value in ‘weight of sub criteria’ column by the respective value of ‘criteria weight’ column, then multiplying by the value for each respective alternative and summing the results.

 Relative wt. given to the attributes (on a scale of 1 to 9 from table 3.2) as shown in Table 4.5, 4.7, 4.9, 4.11, 4.13, 4.15 is made after discussion with the experts of different organization and it may vary from company to company.
 Working steps of calculations and applications for AHP for main factors:
A.    Main factors for coordinated supply chain (Level 1):

1. TOP MGMT. COMMITMENT                              [ TMC  ]

2. ORGANISATIONAL FACTORS                          [ OF      ]

3. RELATIONSHIP & DECISION MAKING           [ RDM  ]

4. MUTUAL UNDERSTANDING                            [ MU     ]

5. FLOW OF INFORMATION                                  [ FOI     ]
 Table 4.5: Criteria pair wise comparison matrix (level 1).







TMC
OF
RDM
MU
FOI


TMC

1
7
5
3
6

OF

1/7
1
1/4
1/5
1/2

RDM

1/5
4
1
1/3
2

MU

1/3
5
3
1
4

FOI

1/6
2
1/2
1/4
1









1.843
19
9.75
4.78
13.5


Table 4.6: Criteria pair wise comparison matrix (level 1) normalized.




TMC
OF
RDM
MU
FOI

SUM

P.V.


TMC

0.543
0.368
0.513
0.63
0.444

2.498

0.4996

OF

0.077
0.053
0.026
0.042
0.037

0.2355

0.0471

RDM

0.108
0.211
0.103
0.069
0.148

0.6402

0.128



MU

0.181
0.263
0.308
0.209
0.296

1.257

0.2514

FOI

0.090
0.105
0.051
0.052
0.0740

0.3722            0.07444




Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

e.g.  For TMC

Normalized value = 1 / 1.843

SUM = 0.543+0.368+0.513+0.63+0.444 = 2.498

P.V. = 2.498 / 5 = 0.4998

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix

1
7
5
3
6





1/7
1
1/4
1/5
1/2

M1 = 

1/5
4
1
1/3
2





1/3
5
3
1
4





1/6
2
1/2
1/4
1


0.4996

0.0471

M2
=
0.1280
0.2514

0.0744

M3 = M1 X M2


2.6699

0.2379

M3
=
0.6489

1.335

0.3787

M4 = M3 / M2


5.3440

5.0509

M4
=
5.0696

5.3102

5.09005

λ max    =    Avg. of the elements of M4 = 5.17298

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (5.17298 – 5) / (5-1)

= 0.04323

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4
Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.04323 / 1.12

= 0.0385

i.e.  CR < 0.1

so result is consistent.

B. TOP MGMT. COMMITMENT sub. Factors (LEVEL 2)
1. USE OF MODERN TECHNOLOGY & IT TOOLS                       [ UMT  ]

2. RESOURCE DEVELOPMENT FOR SC.                                       [ RD     ]

3. STRATEGY DEVELOPMENT FOR SC.                                       [ SD      ]

4. LONG TERM INVESTMENT MOTIVE                                        [ LTIM ]

5. VENDOR DEVELOPMENT                                                           [ VD     ]

4.7: Criteria pair wise comparison matrix (level 2) of TMC.







UMT
RD
SD
LTIM
VD


UMT

1
1/2
1/3
5
3

RD

2
1
1/2
7
4

SD

3
2
1
9
5

LTIM

1/5
1/7
1/9
1
1/4

VD

1/3
1/4
1/5
4
1









6.333
3.89
2.144
26
13.25


Table 4.8: Criteria pair wise comparison matrix (level 2) of TMC normalized.



UMT
RD
SD
LTIM
VD

SUM

P.V.


UMT

0.157
0.128
0.155
0.192
0.226

0.8594

0.17188

RD

0.315
0.257
0.233
0.269
0.3018

1.3766

0.2753

SD

0.473
0.514
0.466
0.346
0.377

2.176

0.4352



LTIM

0.031
0.036
0.057
0.038
0.0188

0.1828

0.03656

VD

0.052
0.064
0.093
0.153
0.0754

0.4382

0.08764


Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix






1
1/2
1/3
5
3





2
1
1/2
7
4

M1 =

3
2
1
9
5





1/5
1/7
1/9
1
1/4





1/3
1/4
1/5
4
1


0.17188

0.2753

M2
=
0.4352

0.03656

0.08764

M3 = M1 X M2


0.9003

1.44314

M3
=
2.26868

0.18053

0.4470

M4 = M3 / M2


5.237

5.242

M4
=
5.2129

4.9379

5.1004

λx   =    Avg. of M4 elements = 5.14604

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (5.14604– 5) / (5-1)

= 0.03651

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.03651/ 1.12

= 0.0325

i.e.  CR < 0.1

so result is consistent.

C. MUTUAL UNDERSTANDING sub-factors (LEVEL 2)

1. AGREED VISION & GOALS OF SC MEMBERS                              [ AVG ]

2. TRUST DEVELOPMENT IN SC MEMBERS                                     [ TD    ]

3. EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT   [ JRFD]

& FORCASTING DECISIONS                                                                   

4. SC RISK & REWARD SHARING                                                        [ RRS ]

Table 4.9: Criteria pair wise comparison matrix (level 2) of MU.








AVG
TD
JRFD
RRS


AVG

1
1/4
6
3


TD

4
1
8
5


JRFD

1/6
1/8
1
1/4


RRS 

1/3
1/5
4
1









5.5
1.575
19
9.25



Table 4.10: Criteria pair wise comparison matrix (level 2) of MU normalized.





AVG
TD
JRFD
RRS

SUM

P.V.


AVG

0.181
0.158
0.315
0.324

0.9795

0.2448

TD

0.727
0.634
0.421
0.540

2.322

0.5805

JRFD

0.030
0.079
0.052
0.0270

0.1886

0.04715


RRS

0.060
0.126
0.210
0.1081

0.5056

0.1264


Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix







1
1/4
6
3







4
1
8
5


M1   = 





1/6
1/8
1
1/4


 




1/3
1/5
4
1



0.2448

0.5805

M2
=
0.04715

0.1264

M3 = M1 X M2


1.0520

2.5689

M3
=
0.1921

0.5127

M4 = M3 / M2

4.2974

4.4253

M4
=
4.0744


4.05617

λx   =    Avg. of M4 elements = 4.2133

Now consistency index (CI) = (λ max – N) / (N-1)

CI = (4.2133– 4) / (4-1)

= 0.0711

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.0711/ 0.90= 0.079

i.e.  CR < 0.1

So result is consistent.

D. RELATIONSHIP & DECISION MAKING sub-factors (LEVEL 2)

1. COLLOBORATIVE DECISION MAKING & PLANNING                    [ CDMP]

2. LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER      [ LTR]

3. LOGISTIC SYNCHRONISATION                                                            [ LS]

4. SC INTEGRATION                                                                                    [ SCI]

Table 4.11: Criteria pair wise comparison matrix (level 2) of RDM.


       



CDMP
  LTR
 LS
SCI


CDMP

1
1/2
6
2


LTR

2
1
8
3


LS

1/6
1/8
1
1/4


RCI

1/3
1/3
4
1








3.66
1.958
19
6.25



          Table 4.12: Criteria pair wise comparison matrix (level 2) of RDM normalized





          CDMP 
LTR
LS
SCI

SUM

P.V.


CDMP

0.272
0.255
0.315
0.324

1.1625

0.2906

LTR

0.545
0.510
0.421
0.48

1.9565

0.4891

LS

0.045
0.063
0.052
0.04

0.20196          0.05049
SCI

0.136
0.170
0.210
0.16

0.67734          0.16933


.Where
Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix






1
1/2
6
2







2
1
8
3


M1   =   






1/6
1/8
1
1/4







1/3
1/3
4
1



0.2906

0.4891

M2
=
0.05049

0.16933

M3 = M1 X M2


1.17675

1.9822

M3
=
0.20239

0.6796

M4 = M3 / M2


4.049

4.0527

M4
=
4.0085

4.0134

λx   =    Avg. of M4 elements = 4.0309

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (4.0309– 4) / (4-1)

= 0.0103

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.0103/ 0.90

= 0.01144

i.e.  CR < 0.1


so result is consistent.

E. FLOW OF INFORMATION sub-factors (LEVEL 2)

1. SERVICE RELIABILTY DATA                                 [ SR     ]

2. INVENTORY DATA                                                   [ ID      ] 

3. PRODUCT QUALITY DATA                                     [ PQD  ]

4. PRODUCT DESIGN & DEVELOPMENT                 [ PDD   ]

 DATA    

5. POINT OF SALES DATA                                           [ POSD ]

           Table 4.13: Criteria pair wise comparison matrix (level 2) of FOI.

                                   





SR
ID
PQD
PDD
POSD


SR

1
1/7
1/6
1/4
1/9

ID

7
1
2
5
1/3

PQD

6
1/2
1
4
1/4

PDD

4
1/5
1/4
1
1/6

POSD

9
3
4
6
1









27
4.84
7.416
16.25
1.861


Table 4.14: Criteria pair wise comparison matrix (level 2) of FOI normalized.




SR
ID
PQD
PDD
POSD

SUM

P.V.


SR

0.037
0.029
0.022
0.015
0.059

0.1599

0.3198

ID

0.259
0.206
0.269
0.307
0.179

1.2206

0.244

PQD

0.222
0.103
0.134
0.246
0.134

0.8401

0.16802



PDD

0.148
0.041
0.033
0.061
0.0895

0.374

0.0748

POSD

0.33
0.619
0.539
0.036
0.537

2.397

0.4794


Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix





1
1/7
1/6
1/4
1/9





7
1
2
5
1/3





6
1/2
1
4
1/4

M1   =  





4
1/5
1/4
1
1/6





9
3
4
6
1


0.3198

      0.244

M2
=
0.16802

0.0748

0.4794

M3 = M1 X M2


0.1668

1.3377

M3
=
0.9009

0.373

2.6201

M4 = M3 / M2


5.215

5.4823

M4
=
5.3618

4.9866

5.4653

λx   =    Avg. of M4 elements = 5.3022

Now consistency index (CI) = (λ max – N) / (N-1)

CI = (5.3022– 5) / (5-1)

= 0.0755

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.0755/ 1.12

= 0.0674

i.e.  CR < 0.1

so result is consistent.

F. ORGANISATIONAL FACTORS sub-factors (LEVEL 2)

1. LEAN ORGANISATION STRUCTURE                                                    [ LOS  ]

2. INTEGRATION OF DEPARTMENTS WITH IN THE                             [ IDO   ]

ORGANISATION         

3. JIT & LEAN PRACTICES                                                                          [ JITP  ]

4. CROSS FUNCTIONAL TRAINING OF EMPLOYEES                           [ CFT   ]

5. ORGANISATION CULTURE FOR SC IMPLEMENTATION                [ OC     ]
Table 4.15: Criteria pair wise comparison matrix (level 2) of OF.







LOS
IDO
JITP
CFT
OC


LOS

1
1/2
4
7
6

IDO

2
1
3
7
5

JITP

1/4
1/3
1
5
3

CFT

1/7
1/7
1/5
1
1/4

OC

1/6
1/5
1/3
4
1









3.559
2.176
8.533
24
15.25


Table 4.16: Criteria pair wise comparison matrix (level 2) of OF normalized.




LOS
IDO
JITP
CFT
OC

SUM

P.V.


LOS

0.280
0.299
0.468
0.291
0.393

1.6626

0.33252

IDO

0.561
0.459
0.351
0.291
0.327

1.9899

0.3979

JITP

0.070
0.153
0.117
0.208
0.196

0.744

0.1488


CFT

0.040
0.065
0.023
0.041
0.016

0.1869

0.03738

OC

0.046
0.091
0.039
0.166
0.0655

0.4098

0.08196


Where,

Normalized table is achieved by dividing each value of column by the sum of respective column.

SUM = the total sum of the values of the same row.

Priority Vector (P.V.) = SUM / N

N = no. of elements

Check of the consistency

Let M1 = Pair wise comparison matrix

M2 = Principal matrix






1
1/2
4
7
6





2
1
3
7
5





1/4
1/3
1
5
3

M1   =





1/7
1/7
1/5
1
1/4





1/6
1/5
1/3
4
1


0.33252

0.3979

M2
=
0.1488


0.03738

0.08196

M3 = M1 X M2

1.880

2.18076

M3
=
0.7973

0.1919

0.4160

M4 = M3 / M2


5.654

5.4806

M4
=
5.358

5.133

5.0756

λx   =    Avg. of M4 elements = 5.340

Now consistency index (CI ) = (λ max – N ) / (N-1)

CI = (5.340– 5) / (5-1)

= 0.085

And consistency ratio (CR) = CI / RCI

Where RCI corresponding to N from table 4.4

Where, RCI = Random consistency ratio

N = Numbers of elements

CR = 0.085/ 1.12

= 0.0758

i.e.  CR < 0.1

so result is consistent.
Table 4.17: Global wt. of the main and sub factors of the main factors.
	SR. NO.
	FACTOR
	INDIVIDUAL Wt.
	GLOBAL Wt.

	1.
	1.    TOP MGMT. COMMITMENT

· STRATEGY DEVELOPMENT FOR SC.

· RESOURCE DEVELOPMENT FOR SC.

· USE OF MODERN TECHNOLOGY & IT TOOLS

· VENDOR DEVELOPMENT

· LONG TERM INVESTMENT MOTIVE


	0.4996

0.4352

0.2753

0.17188

0.08764

0.03656
	0.4996

0.2174

0.1375

0.0858

0.04378

0.01826

	2.
	2. MUTUAL UNDERSTANDING

· TRUST DEVELOPMENT IN SC MEMBERS

· AGREED VISION & GOALS OF SC MEMBERS

· SC RISK & REWARD SHARING

· EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT & FORCASTING DECISIONS 


	0.2514

0.5805

0.2448

0.1264

0.04715
	0.2514

0.1459

0.6154

0.03177

0.01185

	3.
	3. RELATIONSHIP & DECISION MAKING

· LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER

· COLLOBORATIVE DECISION MAKING & PLANNING

· SC INTEGRATION

· LOGISTIC SYNCHRONISATION


	0.128

0.4891

0.2906

0.16933

0.05049
	0.128

0.0626

0.0371

0.0216

0.00646

	4.
	4. FLOW OF INFORMATION

· POINT OF SALES DATA

· INVENTORY DATA

· PRODUCT QUALITY DATA

· PRODUCT DESIGN & DEVELOPMENT DATA

· SERVICERELIABILITY


	0.07444

0.4794

0.244

0.16802

0.0748

0.03198
	0.07444

0.03568

0.01816

0.01250

0.00556

0.00238

	5.
	5. ORGANISATIONAL FACTORS

· INTEGRATION OF DEPARTMENTS WITH IN THE ORGANISATION

· LEAN ORGANISATION STRUCTURE

· JIT & LEAN PRACTICES

· ORGANISATION CULTURE FOR SC IMPLEMENTATION

· CROSS FUNCTIONAL TRAINING OF EMPLOYEES


	0.0471

0.3979

0.33252

0.1488

0.08186

0.3738
	0.0471

0.01874

0.01566

0.00700

0.00386

0.00176


Individual wt. of the main factor = P.V. value from the respective normalized table.
Individual wt. of the sub factor = P.V. value from the respective normalized table.

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

e.g.  For Top management commitment
Individual wt. = 0.4996 (from table 4.6)

Global wt. = 0.4996

For sub factor Strategy development of Top management commitment,
Individual wt. = 0.4352 (from table 4.8)

Global wt. = 0.4352 X 0.4996

                 = 0.2174
4.4 RESULT AND DISCUSSION
Table 4.18 below shows the global wt. of the main factors for coordinated supply chain and it also gives the global wt. of the sub factors for coordinated supply chain with respect to the global wt. of the main factors. Top mgmt. commitment (0.4996) is perceived to be most important criterion followed by the mutual understanding (0.2514), relationship & decision making (0.128), flow of information (0.07444) and Organizational factors (0.0471)  for a coordinated supply chain.
Table 4.18: Global wt. of the main and sub factors of all factors

	SR. NO.
	FACTOR
	INDIVIDUAL Wt.
	GLOBAL Wt.

	1.
	1.    TOP MGMT. COMMITMENT

· STRATEGY DEVELOPMENT FOR SC.

· RESOURCE DEVELOPMENT FOR SC.

· USE OF MODERN TECHNOLOGY & IT TOOLS

· VENDOR DEVELOPMENT

· LONG TERM INVESTMENT MOTIVE


	0.4996

0.4352

0.2753

0.17188

0.08764

0.03656
	0.4996

0.2174

0.1375

0.0858

0.04378

0.01826

	2.
	2. MUTUAL UNDERSTANDING

· TRUST DEVELOPMENT IN SC MEMBERS

· AGREED VISION & GOALS OF SC MEMBERS

· SC RISK & REWARD SHARING

· EFFECTIVE IMPLIMENTATION OF JOINT REPLENISHMENT & FORCASTING DECISIONS 


	0.2514

0.5805

0.2448

0.1264

0.04715
	0.2514

0.1459

0.6154

0.03177

0.01185

	3.
	3. RELATIONSHIP & DECISION MAKING

· LONG TERM  RELATIONSHIP WITH SUPPLIER & CUSTOMER

· COLLOBORATIVE DECISION MAKING & PLANNING

· SC INTEGRATION

· LOGISTIC SYNCHRONISATION


	0.128

0.4891

0.2906

0.16933

0.05049
	0.128

0.0626

0.0371

0.0216

0.00646

	4.
	4. FLOW OF INFORMATION

· POINT OF SALES DATA

· INVENTORY DATA

· PRODUCT QUALITY DATA

· PRODUCT DESIGN & DEVELOPMENT DATA

· SERVICERELIABILITY


	0.07444

0.4794

0.244

0.16802

0.0748

0.03198
	0.07444

0.03568

0.01816

0.01250

0.00556

0.00238

	5.
	5. ORGANISATIONAL FACTORS

· INTEGRATION OF DEPARTMENTS WITH IN THE ORGANISATION

· LEAN ORGANISATION STRUCTURE

· JIT & LEAN PRACTICES

· ORGANISATION CULTURE FOR SC IMPLEMENTATION

· CROSS FUNCTIONAL TRAINING OF EMPLOYEES


	0.0471

0.3979

0.33252

0.1488

0.08186

0.3738
	0.0471

0.01874

0.01566

0.00700

0.00386

0.00176


All the factors for coordinated supply chain listed in table 4.1 are important. But more importance should be given to main factor and sub factor according to their wt. given to the factors as in table 4.18. Factor having more wt. should be given more importance as compare to the factors having less wt. So to make a supply chain well coordinated an organization should give more importance to the Top mgmt. commitment (0.4996) followed by mutual understanding (0.2514), relationship & decision making (0.128), flow of information (0.07444) and Organizational factors (0.0471). And similarly importance should be given to the sub-factors.
Chapter 5.

SYNTHESIS OF RESEARCH AND CONCLUDING REMARKS
Coordinated and responsive supply chain improves the performance of the whole supply chain and the over all profitability of the supply chain. Modeling of the critical factors for responsive supply chain has been done by ISM methodology. It identifies the hierarchy of actions to be taken by management in order to improve the performance of supply chain or to make a supply chain well coordinated and responsive. The driver power-dependence diagram (Figure 2.1) gives some valuable insights about the relative importance and interdependencies among critical factors for responsive supply chain. Major findings of this study are as follows:

· Autonomous variables generally appear as weak driver as well as weak dependent and are relatively disconnected from the system. These variables do not have much influence on the other variables of the system. Figure 2.1 shows that there are no autonomous critical factors for responsive supply chain
· There is no linkage variable which has a strong driving power as well as strong dependence. Thus, it can be inferred that among all the 17 variables chosen in this study, no variable is unstable.

· The driver power dependence diagram indicates that variables such as Top management commitment, Strategy development, Resource development, Trust development, Information sharing, Risk & rewards sharing, Collaborative decision making & planning and Use of IT technology are at the bottom of the model having strong driving power. These variables will help organizations to make a supply chain coordinated and responsive and are classified as independent variables or drivers.

· From the model (figure 2.3), it is observed that responsive supply chain is at the top. Agility in supply chain is at the second level. Reduction in lead time is at the third level. Integrated inventory management is at fourth level. Accurate forecasting of data is at fifth level. Coordinated supply chain is at sixth level. The remaining variables are at the lower levels. This finding implies that coordinated supply chain will help in reducing lead time, product cost and delivery time, accurate forecasting of data, agility in supply chain and to achieve responsive supply chain. Finally, all these factors will help to make a supply chain responsive.
· Top management commitment, Strategy development and Resource development are at the bottom level with highest driving power. It means top management commitment; strategy development and resource development are the major drivers for a coordinated and responsive supply chain.
All the factors for responsiveness in supply chain listed in table 2.1 are important. But Top management commitment, Strategy development and Resource development are at the bottom level with highest driving power. It means top management commitment; strategy development and resource development are the major drivers for a coordinated and responsive supply chain so an organization should give more emphases on these factors for responsiveness in supply chain followed by the other drivers and dependents. 
AHP involves the process of choosing many alternatives based on multiple criteria and sub-Criteria. The decision maker can perform sensitivity analysis on the selection choices and the sub-criteria to account for variations (changes) of the pair wise comparisons and have a high degree of confidence in judgment. AHP is a hierarchy representation of a system. In this research AHP is applied for the justification of coordinated supply chain and to prioritize the factors for coordinated supply chain.

Global Decision index of coordinated supply chain (CSC) is 0.89582 and Global Decision index of non coordinated supply chain (NCSC) is 0.10345. From this it is clear that coordinated supply chain is required for lead time reduction, agility in supply chain, delivery on time, inventory reduction, service reliability, cost reduction and accurate forecasting of data. So to increase the overall profitability of a supply chain organization should make its supply chain well coordinated. 
Top mgmt. commitment (0.4996) is perceived to be most important criterion followed by the mutual understanding (0.2514), relationship & decision making (0.128), flow of information (0.07444) and Organizational factors (0.0471)  for a coordinated supply chain
All the factors for coordinated supply chain listed in table 4.1 are important. But more importance should be given to main factor and sub factor according to their wt. given to the factors as in table 4.18. Factor having more wt. should be given more importance as compare to the factors having less wt. So to make a supply chain well coordinated an organization should give more importance to the Top mgmt. commitment (0.4996) followed by mutual understanding (0.2514), relationship & decision making (0.128), flow of information (0.07444) and Organizational factors (0.0471). And similarly importance should be given to the sub-factors.
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