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Optimization Approaches to 
Assess Manufacturing Agility

INTRODUCTION

The results obtained with the help of AHP and 
OARM based studies, reported in the previous 
chapter provided logical bases for comparing 
the 26 organizations under consideration in the 
view point of what can be related to agility. These 
two analyses were primarily in the category of 
empirical studies. As the outcome of these stud-
ies are largely dependent upon the input given 
by the personnel from the organizations. It was 
realized that there was scope for application of 
further analysis which may have its relevance to 
optimization.

Data Envelopment Analysis (DEA), Goal Pro-
gramming (GP), Interpretive Structural Modeling 
(ISM)….were identified suitable, and applied 
for further analyses. The results obtained using 
DEA (Charnes et al., 1978) clearly indicate where 
significant attention should be paid to realize 
the desired agility. Goal programming (Ignizio, 
1976) method has been identified suitable to for 
optimization. We have also extended our studies 
to assess the agility of manufacturing supply chain 
(Second phase), the details of which is presented 
in the following sections.

A COMBINED AHP- AND DEA-BASED 
APPROACH TO MEASURE AGILITY 
OF MANUFACTURING SYSTEMS

The author proposes an approach to measure the 
agility of manufacturing systems by combining 
the Analytical Hierarchy Process (AHP) and the 
Data Envelopment Analysis (DEA) methodolo-
gies. DEA was used to compare and find out the 

priorities of various units of organizations, which 
is essential for the optimum deployment of re-
sources among these units, and hence to achieve 
maximum agility, by making use of the values of 
EI and Importance Index for agility.

Data Envelopment Analysis (DEA) is a 
method for assessing the relative efficiency of 
decision-making units (DMUs) having, in the 
general case, multiple incommensurate inputs 
to produce multiple incommensurate outputs. 
The relative efficiency of a DMU is defined 
as the ratio of the sum of its weighted outputs 
to the sum of its weighted inputs, the weights 
having been determined so as to show the DMU 
at maximum relative efficiency (Bousso Glance 
et al., 1991).

Here we have different organizations identified 
as DMUs. These DMUs have common multiple 
inputs (xi) and outputs (yr). The values of these 
inputs and outputs in terms of index of importance 
and index of effectiveness respectively are also 
known. In order to achieve B maximum efficiency 
each DMU has to deploy its resources in the most 
effective way. For this the optimum values of the 
weightages given to different inputs (v1, v2 …) 
and outputs (u1, u2 …) have to be found out. The 
solution of this model will give the values for 
these weightages. In this model the objective is 
to maximize the output by keeping the input at a 
constant level and hence to increase the overall 
efficiency of the system.

DEA-AHP Model

The formulation used in the present study makes 
use of the following model reported by Charnes 
et al (1978).
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where 

•	 s: Is the number of outputs.
•	 m: Is the number of inputs.
•	 ur: Weight given to the rth output.
•	 vi: Weight given to the ith input.
•	 yr: The rth output.
•	 xi: The ith input.

DEA to Manage 
Organizational Agility

In order to use the DEA model, it is required 
to have the appropriate data representing both 
input and output for each unit and its sub units. 
In a typical organization, the input may be in the 
form of material, manpower, machines, informa-
tion, technology, space, capital etc., whereas the 
output in the form of goods and services measured 
in appropriate units. In a DEA model, it is also 
possible to convert all the inputs and outputs 
into a common measure such as monetary value 
or equivalent hours etc. In the present study the 
focus is on agility which is difficult to quantify in 
exact measure. In order to deal with the problem 
on hand, two different approaches developed and 
reported in the previous sections have been used.

With the help of AHP method, the relative 
importance of each factor was found out. It was 

also perceived that their assessment of importance 
was based on the degree of focus these factors 
must be getting in the organizations. Logically 
the degree of focus that a factor gets should be 
reflected by the resources that are deployed for 
these factors. Therefore the index of importance 
obtained by AHP for each enabler (factors) can 
be linked to the resource deployed, which in the 
case of DEA model is related to the input.

The Effectiveness Index for Agility (EI) reflects 
the effectiveness of various sub systems, KPAs 
and PO in terms of output performance.

Both these studies used the data relevant to the 
26 organizations considered in the present study. 
Each of these organizations can be subjected to 
analysis using the DEA concept. Each organiza-
tion has been identified to have different sub 
units, which are termed as the enablers in AHP 
based study and sub systems / KPAs / POs in the 
OARM related study. An important sub-unit is one 
which can contribute to increase the performance 
efficiency and effectiveness of the DMU to the 
maximum attainable level. In this study the AHP-
score of sub-units obtained from the AHP-model 
is an indication of the degree of importance of 
various sub-units to the DMU. While allocating 
the companies available input resources to vari-
ous sub-units this factor of importance should be 
considered. The Effectiveness index obtained by 
the OARM model is an indication of the amount 
of output produced by each of the sub-unit and 
hence to increase in the ability to realize the overall 
agility of the system (DMU). The DEA-output 
oriented model tries to increase the efficiency of a 
unit by extracting more output for a fixed input. To 
do so, we have to select amount of input required 
to obtain maximum output and hence to increase 
the overall efficiency, optimally.

RESULTS

The results obtained using DEA clearly indicate 
where significant attention should be paid in 
terms of input initiatives and output initiatives 
to realize the desired agility. Analysis of the re-
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