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ABSTRACT 

In the contemporary manufacturing scenario, agility is seen as the fundamental weapon for competitiveness 

and long term survival. Responsiveness towards the ever changing environment has continuously evolved 

from the concept of agility. Agility in its simplest form can be defined as the capability to respond quickly 

and effectively to the ever changing market conditions. Past literature exhibits that imminent agility problem 

in inflexible and fragile supply chains eventually arise from the unidentified enablers which are the pivot 

point in this research attempt. In this paper, prominent agile supply chain enablers have been traced from 

times of yore and Interpretive Structural Models (ISM) have been deployed to develop Structural Self-

Interaction Matrix (SSIM) in order to identify the relationships between the enablers, followed by Graph 

Theoretic Approach (GTA) for classification of enablers. A digraph has been developed to establish the 

interdependencies among ISM identified driver enablers followed by development of the permanent function 

for Agility Index (AI) tabulations in order to categorize the constraints in supply chain agility 

transformation. 

Keywords: Interpretive Structural Models, Structural Self-Interaction Matrix, Graph Theoretic Approach, 

digraph, Supply Chain agility, Agility Index 

INTRODUCTION 

In the modern business environment, supply chain often is the part of a firm that is severely 

affected by changes [1,22]. In any supply chain, agility is all about being market sensitive and 

developing the ability to respond to actual real time changes in demand [16]. In achieving agility, it 

is very essential to understand the mutual relationship among the supply chain enablers [6,8]. There 

are few enablers which would help to transform a rigid supply chain into an agile entity. The 

understanding of those enablers is important as they not only impact the agility in the supply chain, 

but also influence each other. The identification of such enablers would be helpful for the 

management contemplating to transform their existing supply chain into a truly agile entity [11, 

13]. ISM is often used for identifying and summarizing relationships among specific variables, 

which define a problem [3,5,10]. It provides a means by which prioritization can be imposed on the 
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complexity of such variables. ISM as a process is intended for use when it is desired to utilize 

systematic and logical thinking to approach a complex issue and then communicate the results to 

others [1, 9,19]. It uses experts’ practical experience and knowledge to integrate a complicated 

system into several subsystems and construct a multilevel structural model [17,21,22]. Further, 

classification of the enablers shall be performed using MICMAC (Matriced’ Impacts croises-

multiplication applique’ and classment) analysis through which the key enablers are deduced [4, 7]. 

ISM integrated with GTA to explore the AI, forms a unique area in improvising manufacturing 

through agile practices [6,20]. 

 

STEPS: 

1. Study the problem with respect to the gaps in supply chain.  

2. List the enablers related to agility in the supply chain.  

3. Establish contextual relationship among variables.  

4. Develop the Structural Self Interaction Matrix (SSIM).  

5. Develop the Reachability Matrix (RM).  

6. Partition the RM into different levels.  

7. Structure the ISM hierarchy.  

8. Perform MICMAC analysis for enabler classification.  

9. Develop digraph using driver enablers.  

10. Convert digraph into matrix and matrix into its permanent function.  

 

Based on literature surveys, eminent supply chain enablers have been listed as inputs and 

contextual relationships have been established using the following syntax in SSIM (Table 1). 

 

V: enabler i will augment enabler j;  

A: enabler i will be augmented by the enabler j;  

X: enabler i and j will augment each other;  

O: enabler i and j are unrelated  

 

 

 

 

 

 

From the deduced SSIM, the RM can be drawn from alpha variables tabulated with the binary 

numbers. This renders a way to calculate the driver and dependence values by summing up rows 

and columns respectively. The driver and dependence power may be used for classification of 

variables as autonomous, dependent, linkage and driver enablers [15,23].The SSIM is subsequently 
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transformed into RM (Table 2) by substituting V, A, X, O by 1 and 0 based on the following rules 

(Table 2). 

 If  (i,j) entry in the SSIM is V, the( i,j) entry in the RM becomes 1 and  (j,i) entry becomes 0.  

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

 

 If  (i,j) entry in SSIM is X, the (i,j) entry in the RM becomes 1 and (j,i) entry becomes 1.  

 If (i,j) entry in the SSIM is O, the (i,j) entry in the RM becomes 0 and  (j,i) entry becomes 0.  

 

 

 

 

 

 

 

The reachability set and antecedent set can be deduced from the summation of rows and columns 

respectively. Intersection set is considered by the similarity achieved between the reachability and 

antecedent sets. The levels are obtained by the similarity of reachability and intersection sets and it 

is further iterated by eliminating the repeated real numbers in the set (Table 3). In this 

case, the iteration procedure extends till the seventh level until all enablers find a level in the ISM 

hierarchy (Figure 1). 

 

 

 

 

 

 Figure 1 ISM Model 

 

From the findings of driver and dependence power, a graph is drawn subsequently to classify the 

four quadrants for the ease of viewing and analyzing [12,14]. Based on driver dependence powers, 

the enablers were further classified using MICMAC Analysis [2,4,18], which surface the following 

four quadrants of enablers and the quadrants which enabler would fit in (Figure2). 

 

1. Autonomous enablers (weak drive power and weak dependence) {NIL}.  

2. Dependent enablers(weak drive power and strong dependence) {3,4,8,9,10}.  

3. Linkage enablers(strong drive power and strong dependence) {7}.  
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4. Driver enablers (strong drive power and weak dependence) {1, 2, 5, 6}.  

 

 

 

 

 

 

 

 

 

 

Fig.2 Classification of enablers using MICMAC Analysis 

 

The driver enablers form the basis for driving the other enablers and their impact is maximum in 

achieving the agility. Thus, the selected driver enablers are extracted from ISM results and 

represented in the form of digraph. Digraph models the abstract structure of a system that facilitates 

the understanding of independencies among them [6]. A node in the graph represents the 

contribution of the enabler itself, while a directed edge from one node to other node represents the 

interaction or interdependencies between the two enablers [20]. In this case, diagraph is represented 

by considering the driver enablers {1,2,5,6} and the number of nodes is equal to the number of 

attributes (Figure 3). 

 

 

 

 

 

Figure 3 Diagraph for the four driver enablers 
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The developed digraph is converted into a matrix form. In the matrix, the diagonal element 

represents the inheritances, in the sense, the impact of the individual enablers and off the diagonal 

elements represents the interdependencies. With four enablers considered in the digraph (Figure 3), 

its corresponding 4x4 matrix resembles, 

A*  =  | | (1) 

 

 

 

Void of negative signs, will finally transform the 4x4 matrix into its permanent function [6] as 

(  ) (2) 

 

CONCLUSION 

To reach the goal of satisfying the customers in modern manufacturing era, it becomes vital to 

improve agility by being fast, responsive and proactive to the rigorous market demands. In this 

attempt, ISM has been deployed to develop relationships among the various agile enablers. The 

output of ISM has been used effectively as an input for MICMAC Analysis for identifying the 

driver- dependence power of the agile enablers. This paper has integrated GTA with ISM for 

quantification of the interdependencies among various enablers and has resulted in tabulation of AI 

of the subcomponents involved in submersible pump manufacturing. The issue is growing pivotal 

as the relationships among variables contribute to overall agility of the supply chain. The integrated 

tool will also aid the current supply chain managers to match supply and demand inorder to meet 

the rapid change in the market and simultaneously meet the end user requirements. 
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