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Unexpected occurrence like natural calamity, abruptly change in customer demands,
upgradation of technologies, necessity of compatible suppliers etc. is the most challenging
issues even for efficient global supply chain management. Therefore, modeling of responsive
supply chain is an emerging technology for sustaining any firm/industry in future competitive
environment. In this paper, an attempt has been made to not only analyze the performance of
efficient supply chain management but also how to improve the performance of existing supply
chain with the objective of developing a modeling of responsive supply chain management.
The complexity of the model is also highlighted with the help of numerical example. This paper
also explores the possibility to mathematical modeling of the responsive supply chain which
will be an emerging topic for researchers and practitioners. The modeling of responsive supply
chain can be employed as a competitive strategy for e-commerce, green supply chain, and
compatible supplier selection problem. The another salient feature of this paper is that a distinct
comparative literature review of the lean, agile, efficient, and responsive supply chain
management has been presented.

© 2015 Growing Science Ltd. All rights reserved.

1. Introduction

During the last few years, supply chain network faces new challenges to sustain in diversified and
globalized competitive market’s competition, such as uncertain customer demands, shorter product
development time, lower time-to-market, higher product quality, and last but not the least optimal total
supply chain cost. Furthermore, compatible supplier selection and environmental consideration also
creates additional problem to maintain efficient and responsive supply chain network. When we start
to visualize supply chain network from perspective of diverse customer demand then it is inevitable to
make supply chain more efficient and responsive so that it could handle the customer’s requirements.
Therefore, in this paper we proposed a modelling of responsive supply chain.
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1.1. Objectives

The study tries to model responsive supply chain by considering following objectives:

(1) Integration of the trade-off in between agile manufacturing and supply chain management
under customer demand uncertainty,

(2) Integration of innovative technology under customer demand uncertainty,

(3) Integration of inventory, time-to-market, and safety stock under customer demand uncertainty,

(4) Supply chain responsiveness enables manufacturers to reduce risk,

(5) Supply chain responsiveness enables manufacturers to improve fulfillment of customer
requirements in terms of on-time and on-budget delivery of quality product,

(6) Develop an efficient and robust algorithm as compare to existing algorithm for solving the
model of responsive supply chain.

1.2 Motivation

We have the following motivation to do research in the domain of responsive supply chain:

(1) In the case of frequent demand of new product with high product variety the responsive supply
chain is only option to provide a close loop feedback control system for responding market
demand.

(2) Indirectly, Graves et al. (1996) give some clue which state that efficient and responsive supply
chain can be created with the help of doing some changes in the distribution network of supply
chain. Although, their research needs more exploration and validation but at least the outcome
which they suggested is sufficient to motivate us for doing modelling of responsive supply chain.

(3) The survey, on the basis of one hundred and fifteen manufacturing firms, conducted by
Somuyiwa (2012) reveals that there is a positive relationship in between supply chain
responsiveness (SCR), and competitive advantages but it needs more exploration. Therefore,
there is a great scope to do research and identify how the different types of supply chain network
say for example, lean, agile and responsiveness are related with each other.

(4) How to identify the enablers of responsive supply chain for different manufacturing industry say
for example steel plate, automotive plant, and ship building industry.

(5) How to characterize the responsiveness in supply chain?

(6) How to measure the responsiveness in supply chain?

2. Problem formulation

During 1980s, researchers and practitioners suggest supply chain management (SCM) as a key
motivational factor for improving organizational competitiveness. Till the mid of 1990s SCM became
most popular and their concept of the managerial applications has been widely practice among industry,
academia, governance and non-governmental organization. Normally for any supply chain, the flow
of goods and information started from the source and accelerated towards end customer but the
direction of cash flow follows the reverse direction (Jayaraman & Ross, 2003). In general, supply chain
contains three basic modules: inbound logistics, manufacturing process and outbound logistics.
Inbound and outbound logistics are also called as upstream and downstream respectively. At the
beginning of the proposed research proposal, it is necessary to understand the basic stages of supply
chain management which is illustrated in Fig. 1.
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Fig. 1. Stage of SCM (figure modified from Chopra & Meindl, 2007)

At the beginning of the twenty-first century, the competitiveness in the global business marketplace
was grown abruptly in terms of technological innovations, the globalization of markets and wide
fluctuation of customer demands. Now a day, the competitiveness in the market place depends mainly
on the ability of a firm to handle the challenges of reducing manufacturing cycle time, reducing delivery
lead time, reducing total supply chain cost, increasing customer service level, and improving product
quality. In order to remain competitive and for continual survival in the market, firms need to
effectively handle fluctuations in an ever-changing market better than their competitors. Thus the main
objective for any firms is minimizing the total supply chain cost by facilitating efficient as well as
responsiveness towards today’s constantly changing business environment with shorter product life
cycles, fluctuating inventory level. According to Chan and Prakash (2012), the real challenge for
supply chain (SC) networks is to become more efficient as well as and more responsive towards the
increasing demands of customers which is generated due to highly competitive pressures and utilization
of higher innovative technology. In other words, there is a global call for building supply chains that
are flexible and responsive enough to handle changing market and customer requirements. Firms are
attempting to make supply chain more responsive by considering minimum total supply chain cost as
well as time to market.

Catalan and Kotzab (2003) define responsiveness of a supply chain as the ability to respond and manage
time effectively based on the ability to read and understand actual market signals. Fisher (1997),
Christopher (2000) and Grossmann (2005) suggested that responsive supply chain is an essential
strategy to gain competitive advantage. Hines (1998) also explained how the responsive supply chains
facilitates for a new generation of product, new product development, within a shorter time period and
are thus able to achieve an edge over their competitors in terms of capturing market shares.

In today’s global environment of business competitive market, most of the supply chains at least intend
to be responsive. Now, the inevitable question arises: How challenging would it be to embrace
responsiveness in supply chains while accounting for effective design and management, delivery of
product variety, high quality, short lead times, high plant and volume flexibility, network structure, and
inventory control?

2.1.Scope

To do this (above discussed problems) effectively, supply chains have various scopes as follows
(Gunasekaran et al., 2008; Tiwari et al., 2012; Sinha & Swati, 2014):

1. Reducing production time via lot splitting, decreasing setup time, or decreasing non-productive
time, and increasing use of automation and control,
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2. Supply involvement in the early stage of new product development,

Investing in either finished products or raw materials safety stocks to buffer disruptions coming
from the downstream or upstream, respectively,

Opening retail outlets near the customer’s market,

Reducing time-to-market through shipping via faster transportation modes,

Dealing with firms resorting to highly reliable suppliers,

Access the performance of incompatibility among suppliers for supplier selection,

Reduced the manufacturer risk by better identification of underperforming suppliers,

Improve manufacturers to improve fulfillment of customer’s requirement.

w
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Furthermore, to gain critical competitive advantage, firms also need to understand their potential weak
spots while assessing the implementation of new policies to be responsive (Stevenson & Hojati 2007).

2.2. Background
2.2.1. Terminology

Agile supply chain: Christopher (2000) defined agility as the ability of an organization to respond
rapidly to changes in demand both in terms of volume and variety. Mason-Jones et al. (2000) defined
agility means using market knowledge and a virtual corporation to exploit profitable opportunities in a
volatile market place. By considering the definition of agility, 1 can conclude that volatile and
unpredictable demand increases the need of agile supply chain for any firms. Agile manufacturing
(AM) or agile strategy mainly relies on strategic alliances/partnerships (virtual enterprise environment)
to achieve speed and flexibility. But agile strategy is not so much concern about the issue of cost and
the integration of suppliers and customers.

Lean supply chain: Mason-Jones et al. (2000) defined leanness as a development of a value stream to
eliminate all waste, including time, and to enable a level schedule. Christopher (2000) explained a clear
demarcation in between the concept of agile and lean (see Fig. 2) by considering three critical
dimensions namely: variety, variability (or predictability) and volume.
A

High
Agile: Agile is needed in less predictable
environments where demand is

... volatile and the requirement for
©:.. variety is high

Variety

Lean: Lean works best in high volum
low variety and predictable environment

>
Variability/Predictability High

Fig. 2. SCM strategy of agile verses leanness (figure modified from Christopher (2000))

Efficient supply chain: Fisher (1997) defined efficient supply chain as a supplying functional product
efficiently at the lowest possible cost. The major concern issue of efficient supply chain is cost and
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quality. Efficient supply chains mainly emphasize on the certainty of the demand and the minimization
of the production costs by making the best use of the supply chain system.

3. Modeling of responsive supply chain

Responsive supply chain strategy can be defined as the determination of major customer requirements
in terms of range, frequency, cost, time-to-market, demand variability, and innovation of product
offering (Gunasekaran et al., 2008). Hitachi consulting suggests that it is the ability of firm to response
the fluctuating of the customer demands (Brant et al., 2009). They argue that being operationally
efficient does not lead directly to long term profitability. Therefore, Hitachi consulting clearly explains
that the strategy of the supply chain should be both operationally excellent as well as market responsive.
Fig. 3 clearly explain how the efficient supply chain becoming responsive towards the market demands.

A
LeveLa:Resﬁo'nsive
Invesiment in people, 7
Procegs & technology -
* / )
Level/Z:’Efficient
,
/
Levél 1: Effective
/
)
» Slower & Faster &
* less precise
| % preci more accurate >

Ability to respond to market events

Fig. 3. Correlation among effective, efficient and responsive strategy of SCM (Brant et al., 2009)

On the basis of literature survey, the theoretical approach of responsive supply chain can be expressed
in Fig. 4. Responsive supply chains mainly are concentrated on how quickly they can respond to the
customer needs and the facilities such type of manufacturing operations which can produce variable
capacity. In short, responsive supply chain handles the issue of aggressive reduction into lead time by
sacrificing the cost occurred. Quality aspects like flexibility and speed with which they deliver, decide
the fate of vendors who bid for supplier contracts is only possible through the responsive supply chain.
In nut shell, responsive supply chain is the end result of all other existing supply chain strategy (see
Fig. 5).



644

Framework of
SCM
Lambert et al.
(1998)

Classification of
SCM based on
product type
(functional
product verses
innovative
product)
Fisher et al.
(1997)

Postponement
strategy in
SCM
Pagh &
Cooper (1998)

Bullwhip
effect in
SCM
Lee et al.
(1997)

Supplier
integration into
new product
development in
SCM
Petersen et al.
(2005)

The effective

Lead time
management
in SCM
Christopher
(1998)

<
flow of goods |+~
__and "4
information
Demand
transparency

Information
exchange and
relationship
among suppliers
in SCM
Lambert et al.
(1996)

Responsive
supply chain

Fig. 4. Theoretical approach for responsive supply chain (Catalan & Kotzab 2003)
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Finally, the modeling of responsive supply chain can be done on the basis of its framework which is
illustrated in Fig. 6.
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Fig. 6. Framework of responsive supply chain (figure modified from (Gunasekaran et al., 2008;
Tiwari et al., 2012)

4. Result and analysis

Undoubtedly due to the complexity of integer or mixed-integer (linear/non-linear) optimization model
of responsive supply chain, it is hard to solve them by using exact method of optimization. Here we
would like to discuss the nature of complexity by considering a well-known assignment problem of
optimally matching 10 suppliers to 10 manufacturers (one-to-one basis). This example will show us
how the number of alternative solutions (which is most commonly known as search space in
optimization problem) increases exponentially (abruptly) by slightly increasing the size of problems.
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Table 1
Abruptly increasing of search space in well-known operation research assignment problem

Size of problem (n) No of alternative solution (search space) Remarks

10 10!= 3.628x10°

11 11! = 39.9x10° 10% increase in the size of problem yields 1100%
increment in the number of alternative solutions

12 12!= 479.9x10° 20% increase in the size of problem yields 13200%

increment in the number of alternative solutions
13 131 =6227x10

According to Table 1, search space increases abruptly by slightly enhancement in the size of problem.
In general, supply chain network design problem comes under the banner of NP-hard in nature (Ibaraki
& Katoh, 1988). As discussed above reasons, it is a challenging task to solve the model of responsive
supply chain network. Therefore, definitely we need some robust and efficient optimization algorithm
(particularly meta-heuristic algorithm) for solving the model of responsive supply chain network.

4.1.Steps for research methodology
Step 1: Literature survey

In section 2 (Scope and background of research in terms of problem formulation) we already presented
a wide literature survey and identified the research gap related to responsive supply chain.

Step 2: Data collection and analysis
Data acquisition

We can collect data by using questioners. In actual practice, the process of data collection begins with
a feasibility assessment. Sometime a fairly detailed specification of data is required to determine the
desired analytical technique. For development of the modeling of responsive supply chain the major
data is related to the product sales and customer orders. Forecasting techniques can be utilized for
prediction of the future data say for example annual sale forecast is usually necessary to determine
logistic volume. Shipping pattern and shipping size can be estimated with the help of historical data.
For supply chain logistics analysis, it is necessary to identify the costs associated with manufacturing
and purchasing of raw materials. Costs associated with inventory transfer, reordering, and warehouse
processing is necessary for modeling of responsive supply chain.

For the situations when data is extremely difficult to collect or when the necessary level of accuracy is
unknown then we can try to calculate data impact on the basis of sensitivity analysis/statistical
techniques or by doing random simulation say for example transportation costs can be estimated with
the help of distance-based regressions.

Data filtering and smoothing

We can try to remove the outliers from the gather data sets. After that we can go for data smoothing
which can be done either by using moving average method or exponential smoothing method.

Pattern recognition or classification
From the collected data sets, we can try to find out characteristics features from the data set and if it

would be necessary then we can also go for dimension reduction of the collected data set. Principle
component analysis is well known tool for dimension reduction. With the help of support vector
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machine, neural network or logistic regression, we can try to find out some patterns from the collected
data.

Step 3: Model formulation of responsive supply chain

Define the variables: Quantity of raw material shipped from supplier to manufacturing plant, quantity
of product shipped from plant to distribution centre, quantity of product shipped from retailer to
customer etc. comes under the banner of variables.

Define the constraints: Capacity of the manufacturing plants, maximum capacity in single shipment
etc. comes under the banner of constraints.

Define the objective function: Minimization of total supply chain cost, minimization of time-to-
market, maximization of profit, minimum level of inventory etc. can be formulated as an objective
function for modeling of responsive supply chain. The objective function may be either single objective
or multi-objective.

Step 4: Meta-heuristic based algorithm for optimization model of responsive supply chain

Genetic algorithm is a well-known meta-heuristic for solving optimization problem. Non-Dominated
Sorting Genetic Algorithm I (NSGA 11) is an efficient meta-heuristic for solving multi-objective
optimization problem (Deb et al., 2002). Sometimes, we can convert multi-objective optimization
problem into single objective optimization problem by using appropriate weight, but assigning of
weight is again a challenging task for practitioners and scholars.

Step 5: Robustness of the proposed algorithm as well as proposed model

Statistical interference is necessary for robustness of the meta-heuristic based algorithm. T-test or
different statistical test conform the robustness of the solution methodology. Feedback control system
can be used for improving the efficiency of the proposed model. Case study also confirmed the
robustness of our model. The flow chart of research methodology is illustrated in Fig. 7. The major aim
of this research will be to conduct experiments from live commercial projects to see how well the
framework developed here performs under the real world. The model which will be introduced, balance
the costs of identifying and fixing bugs against the costs of declining market position while the model
undergoes continued testing. Thus, the model developed will assess and track bug rates for regular and
catastrophic bugs for a commercial system.

5. Conclusion

In a challenging and competitive environment, there is a call for developing a cost efficient solution to
firm and facilitate that are highly flexible and responsive to changing customer demands. Therefore,
the proposed modeling will help to any firms for sustaining in future market. Even though the lean
strategy in supply chain network is no longer enough therefore, firm needs to integrate internally and
externally for operating as close to the market as possible. To develop a mature supply chain network
design capability that is responsive to change. The proposed model will also help to develop a key
performance index (KPI) for quantitative characterization of responsive supply chain network design.
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