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Abstract: This paper aims at proposing best possible solution to a very common problem in
managing supply chains called bullwhip effect. The results obtained may help the
practitioners in improving the competitiveness of the supply chains operating in India by
reducing the bullwhip effect effectively. A framework involving analytical network process
is established for reducing bullwhip effect after consulting experts from industry and
academia both. The methodology consists of pair wise comparisons of attributes and
checking for their interdependencies. After the calculations the results have been verified
by
consulting
the
experts
again.
The analytical network process technique has been found effective and systematic
methodology to deal with real practical problems. Bullwhip effect reduction weighted
indices obtained from the research suggest that vendor managed inventory has been most
favorable solution for reducing bullwhip effect but as per the expert’s opinion electronic
data interchange and every day low pricing approaches can not be ignored. The proposed
model has been developed for Indian FMCG sector. The results may not be generalized for
other sectors. However after some modifications the model may be used for other sectors
and for other countries.
Keywords: Analytical network process; Bullwhip effect; Electronic data interchange
(EDI); Every day low pricing (EDLP); Supply chain management (SCM); Vendor
managed inventory (VMI)
1. INTRODUCTION
Organizations operating in globalized environment, have realized significance of
managing supply chains (SCs) in last decade to achieve competitive advantage. They are
gearing up for competing with rival supply chains. Providing right product/services of
right quality to right customer at right time and in right quantity has been area of
concern for SC managers while formulating supply chain strategies. Excessive
inventory and stock outs appears as extra costs in a SC. Alternative cycles of excessive
inventory and stock outs appear in a very common problem experienced by the
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practitioners, termed as bullwhip effect (BWE) which is all about increase in variance
while going upstream in a SC (Lee et al, 1997a,b). We have identified important factors
affecting the phenomenon of BWE after reviewing concerned literature and getting
opinions from experts. Based upon this we have proposed an analytical network process
(ANP) framework to critically evaluate three alternative approaches to mitigate BWE
in fast moving consumer goods (FMCG) sector. These alternatives are: EDLP, EDI and
VMI. ANP methodology seems to provide effective framework for analyzing and
prioritizing these alternatives.
1.1 Objectives of the paper
Main objective of present paper has been to evaluate different alternatives for reducing BWE
and to propose the best possible solution to the SCM managers to counteract BWE. We have
tried to achieve this objective by identifying different factors (from literature review and
through expert opinion) affecting appearance / reduction of BWE, which have been further
clubbed into four groups (dimensions) that are: demand assessment (DA), cost (C), supply
chain integration (SCI), and order processing (OP). To analyze in a comprehensive manner
three attributes have been put in the hierarchy under each dimension. These attributes are
checked for their interdependencies, which is a highlight of ANP approach.
1.2 Scope of the paper
The proposed ANP framework is specific to the Indian condition. It deals with the fast
moving consumer goods (FMCG) sector of India. Retail sector has been growing very fast
and some of the observations of the experts may not be that much mature. This may be
applied globally with little modifications as Indian retailers are also growing same way as
their global counter part in FMCG sector. The result obtained cannot be generalized for the
sector like infrastructure etc. However with some modifications the model can be adopted for
other sectors.
2. BULLWHIP EFFECT: COMMON PROBLEM IN MANAGING SUPPLY CHAIN
Managing supply chain is considered very important in the researches carried out in the last
decade. One problem often troubles the supply chain managers, which is bullwhip effect. It
has emerged as an important area for research nationally and internationally. „Increasing
variance‟ while moving upstream in an SC from customer end to manufacturer side may
identify the phenomenon of BWE. First empirical evidence of existence of BWE with system
dynamics viewpoint in SCM has been presented (Forrester, 1961). A game (MIT beer
distribution game) has been created to confirm BWE existence (Sterman, 1989). It was
proposed to play beer distribution game with the use of internet (Jacobs, 2000).
It has been vital to mention here the causes of BWE for better insight of the problem for the
clarity about the phenomenon. Important drivers of BWE identified are (Simchi-Levi David
et al., 2006; Goran Svenson, 2003; Lee et al 1997; Cooper M.C. et al, 1997; Edifice, 2000;
Chen et al, 2000; Xicolongzhang, 2004; Carlson Christer and Fuller Robert, 1999-2000;
Carlson Christer and Fuller Robert, 2001, Kenneth Gilbert, 2005). Beer game simulation of
four-member supply chain has been done with complete information sharing at all levels and
without information sharing at all levels. Lead-time and customer demand variance have been
taken constant in the experimental set up (Haleem Abid, Kaushik Avnish and Kumar Sanjay,
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2007; Kumar Sanjay and Haleem Abid, 2006; Haleem Abid and Kumar Sanjay, 2007; Kumar
Sanjay and Haleem Abid, 2008; Kumar Sanjay and Haleem Abid, 2008).
 Demand signal processing: demand uncertainty, demand fluctuation, unavailability of
forecasting tools, updating forecast, supplier uncertainty and unavailability;
 Rationing game: manufacturing capacity insufficiency, fear of shortage, rational decision
making process;
 Order batching: batch size, order cost, different ordering policies of SC members, order
cycle,;
 Price fluctuations: price fluctuation of raw material, price fluctuation of final product;
 Other factors which include government policies, lack of coordination and cooperation,
lack of information sharing etc.
The problems associated with bullwhip effect are (Carlsson C and Fuller R., 1999-2000, Lee
H., Padmanabham V, Whang, 1997b).:
 Excessive inventory investment needed throughout SC: demand predicted by different
supply chain member is more than the actual as a result of rational decision to mitigate
the demand uncertainties. Thus the phenomenon of bullwhip effect leads to more
investments on inventory throughout SC;
 Poor customer services because of shortages: bullwhip effect is identified with alternate
cycles of shortages and high inventories at the upstream member levels. The shortages
caused by bullwhip effect leads to the poor customer services;
 Lost revenue due to shortages: as mentioned above shortages at different point of time are
followed by high inventory then the required. Poor customer services due to shortages
may lead to detachment of unsatisfied customers. Both the situations of customers (at the
time of stock outs) and high inventories are nothing but lost revenues;
 Poor productivity of invested capital: different members of supply chain experience
repeated cycles of shortages and high inventories than required resulting into substandard
productivity of the capital invested;
 Plans of capacity enhancement: shortages may misguide the members involved in supply
chain and may give this impression that to meet the increased false demand they should
increase the capacity of the plant which is not the case in reality;
 Sub optimal transportation schemes: it becomes very difficult to optimize the
transportation strategy due to the uncertainties involved;
 Missed production schedules: increased production requirements, production schedules
also get disturbed as because of bullwhip effect. The good items are either over produced
or under produced and may lead to understanding increased production requirements.
For competitiveness of supply chain, managing information effectively has drawn a lot of
attention in recent years. To deal with BWE information sharing among SC members has
been given due importance by many researchers. Kahn 1987 showed that BWE mitigates if:
retailers follow optimal inventory model; period wise demand is serially correlated; excess
demand backlogging is allowable (Carlsson C. and Fuller R., 1999-2000)
3. BWE REDUCTION: SOLUTIONS?
EDLP, EDI and VMI approaches as alternative solutions for BWE reduction have been
identified from available literature.
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Customer demand variability reduction may contribute towards BWE reduction and we may
decrease variability in demand of customers through utilization of EDLP. The product is
offered consistently at low price. Retailer using price promotions‟ estimations may be able to
eliminate many of dramatic demand shifts which appear with promotions; and hence, EDLP
may lead to less variable/additional stable demand patterns (Simchi-Levi David et al., 2006).
Information „lead time‟ (LT) may be decreased considerably by usage of EDI as LT involve
two components: information LT and order LT (Simchi-Levi David et al., 2006). Researchers
have been involved to estimate and analyze importance of EDI towards BWE reduction
substantially at different stages of SC. Most significant limitation in implementation of EDI
has increasingly been implementation cost (Machuca J.A.D. and Barajas R.P., 2004).
VMI may be recognized among those important strategies in which manufacturer attempts to
manage products‟ inventory at retailer‟s outlet. Also, manufacturer needs not to rely upon
order placed by retailer and hence avoiding the possibility of occurrence of BWE completely
(Simchi-Levi David et al., 2006). Because of Wal-Mart‟ success VMI has been increasingly
acceptable in grocery sector in last few decades (Andel, 1996; Stalk et al., 1992; Disney S.M.
and Towill D.R., 2003).
Vendor selection is a complicated process. Decision criteria used for vendor selection can be
different depending on the size of a buyer organization. The main objective of the paper is to
rate vendors (large scale, medium scale and small scale) with respect to various criteria. Here
we found, through our analysis of MCDM problem of vendor selection, that Reliability of the
Vendor (RV), Quality of the Product (QP) and the Experience of the Vendor in the same field
(EV) are top three in the vendor selection problem (Kumar Sanjay, Parashar Neeraj and
Haleem Abid, 2009). Benefits of implementation of vendor managed inventory concept to
different members have been provided followed by challenges being faced by supply chain
members (Khatri T., Duhan M., Kumar S., and Haleem A., 2015).
4. THE ANP FRAMEWORK FOR REDUCING BULLWHIP EFFECT
For selection of best alternative solution for reducing Bullwhip Effect, we have used
analytical ANP technique. ANP has been selected for following important facts:
ANP is comprehensive approach allowing consideration of all important criteria and
interdependencies;
Analytical hierarchy process (AHP) has been comparable to ANP; however, AHP has not
been able to consider interdependencies (Meade et al., 1997; Meade and Sarkis, 1999);
ANP considers complex relationships among attributes and decision levels because of
relatively rlexible hierarchical structure (Ravi V. et al, 2005);
ANP methodology can be adopted while making decision – qualitative and quantitative
nature. Limitations of ANP are: ANP approach application needs rigorous calculations as
compared to AHP. Because of the subjectivity involved, the accuracy of results depends upon
expertise of decision maker (Ravi V. et al, 2005). AHP may be one among most frequently
utilized MCDM approaches because of ease of handling multi criteria (Drake P.R., 1998). It
is relevant to mention here that the base of AHP is propositions delimiting problem
environment scope (Saaty, 1986). AHP has been based upon well defined hierarchical
structure of matrices consistent in nature and ability of concerned eigenvector to evaluate
weights (exact/approximate) (Merkin, 1979; Saaty 1980, 1994) suggested by experts of field
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relevant to the problem. AHP approach compares criteria, alternatives with reference to
criterion, in pair wise manner.
AHP makes the selection process very transparent. AHP (Analytical Hierarchy Process) is
one of the most extensively used MCDM methods because of ease with which it handles the
multi criteria. The AHP uses a fundamental scale of absolute numbers that has been proven in
practice and validated by physical and decision problem experiments (Kumar Sanjay,
Parashar Neeraj and Haleem Abid, 2009). Some extended application of analytic hierarchy
process (AHP) approach has been introduced and proposed, which uses fundamentals of
important and established technique that is analytic hierarchy process (Kumar S., 2014a).
Based on the ratings obtained during workshop by experts, matrix is formed and the priorities
are synthesized using the methodology of AHP. In AHP approach, all pair comparisons have
been made on the basis on the experts‟ opinions (Kumar, S., Luthra, S., Garg, D. and Haleem,
A., 2014).
Graphical summary of the ANP framework to deal with the problem of reducing BWE has
been developed by taking opinions of experts and review of related literature as presented in
figure 1. Objective of ANP framework is to reduce bullwhip effect that can be measured by
amplification ratio. We have considered three determinants, which are oscillation,
amplification and phase lag (Jose et al, 2004).
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Figure 1 ANP Based Framework
Demand assessment (DA), cost (C), supply chain integration (SCI) and order processing (OP)
have been chosen carefully as dimensions. Each of the dimensions has its attributes. Inter and
intra echelon rational decision-making (IIERD), forecasting methods (FM) and price
fluctuations (PF) have been considered as the attributes of demand assessment. Similarly cost
of implementation (CI), cost of correction (CC) and low cost of inventory upstream (LCIU)
have been taken as attributes of cost. Cooperation and coordination (COC), mutual trust
among members of SC (MT) and organization culture and philosophy (OCP) play important
role in supply chain integration so considered as its attributes. Order batching (OB) and lead
time (lead time includes information lead time (ILT) and order lead time (OLT)) have been
researched upon from reduction of BWE perspective (Simchi-Levi David, Kaminsky P.,
Simchi- Levi E. 2006). So ILT, OLT and OB have been taken as attributes of order
processing. The ANP framework has been applied to select best suitable alternative out of
EDLP, EDI and VMI considering fast moving consumer goods (FMCG) sector as discussed
earlier.
5. ANP FRAMEWORK APPLICATION
ANP technique has been applied to achieve the objective of reducing bullwhip effect in very
simple and systematic six steps procedure as under:
Step 1: Construction of model and structuring of problem:
Model has been constructed as shown in figure 1 after identification of determinants,
dimensions and attributes for the overall objective that is to reduce bullwhip effect, where
hierarchy‟s top most elements (determinants) are fragmented into dimensions and attributes.
Objective of the hierarchy is to identify the best suitable alternative out of EDLP, EDI and
VMI for reducing BWE.
Step 2: Pair wise comparison matrices (PCMs) between component/ attribute levels:
Decision maker is asked to assess to a number of pair wise comparisons (on a scale of 1 to 9)
with respect to an upper level “control” criterion. The pair wise comparison in the form of
matrices is deduced in the form of weighted priority. Table 1 shows PCM utilized to estimate
relative importance of oscillation, amplification and phase lag. The e-vector thus calculated is
highest for amplification, which is 0.68. Phase lag and oscillation come second and third with
0.234 and 0.078 e-vectors.
Table 1 PCM for Demand Assessment
Phase Lag
IIERD
FM
IIERD
1
2
FM
1/2
1
PF
6
4

PF
1/6
¼
1

Priority Matrix
0.179
0.129
0.692

Step 3: Interdependencies’ PCMs
PCMs for interdependencies are key feature of ANP approach, which makes ANP different
from AHP. For example we have been shown (table 3) comparison between FM and PF
under phase log, DA and IIERD, which indicates 0.125 and 0.875 as e-vectors for FM and PF
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respectively. Likewise e-vectors for other enablers have been calculated considering
interdependencies.
Table 2 PCM for enablers under Phase Lag, DA, and IIERD
FM
PF
FM
1
1/7
PF
7
1

Priority Matrix
0.125
0.875

Step 4: Super matrix (SM) development
Super matrices three in number were developed one for each BWE determinants i.e.,
oscillation, amplification and phase log. Table 4 illustrates the super matrices for phase log.
All super matrices have been converged, for example super matrix for phase log got
converged to a power of 42 as presented in Table 5.
Table 3 SM for Phase Lag before Convergence
IIER FM PF CI CO
LCI
D
C
U
IIER 0
0.16 0.7
D
7
5
FM
0.125 0
0.2
5
PF
0.875 .833 0

CC

MT

OCP ILT

CC

0

MT

0.66
7
0.33
3

0.66
7
0

0.66
7
0.33
3
0

CI

0

COC

0.7
5
0.2
5

LCIU

OCP

0.85
7
0

0.75

0.14
3

0

0.33
3

0

OLT

0.85
7
0.14
3
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0.85
7
0

0.66
7
0.33
3
0

0.25

ILT

OB

OLT

0.14
3
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Table 4 SM for Phase Lag after Convergence (M42)
IIER
FM PF
CI
CO
LCI
D
C
U
IIER
0.38
0.3 0.3
D
8
8
FM
0.16
0.1 0.1
6
6
PF
0.46
0.4 0.4
6
6
CI
0.4 0.45 0.45
5
COC
0.3 0.38 0.38
8
LCIU
0.1 0.17 0.17
7
CC
MT
OCP
ILT
OLT
OB

CC

MT

OC
P

0.4
0
0.3
5
0.2
5

0.4
0
0.3
5
0.2
5

0.40

ILT

OL
T

OB

0.4
5
0.4
3
0.1
2

0.45

0.4
5
0.4
3
0.1
2

0.35
0.25

0.43
0.12

Step 5: Best alternative selection
Desirability index D for alternatives and determinant may be represented as (Meade and
Sarkis, 1999):
Dia =

J

Kja

j 1

k 1

 

Pja ADkja AIkja Sikja

Symbols‟ description is as follows:
Pja- relative importance weight (RIW) of dimension;
ADkja- RIW for attribute k, dimension j and determinant „a‟;
AIkja- Stabilized RIW for attribute k, dimension in the determinant „a‟ for interdependencies
(I)
relationships
within
the
attribute
enabler‟s
component
level;
Sikja- relative influence of SC alternative paradigm I on SCP enabler k of dimension of SCP j;
Kja- index set of attributes for dimension j of determinant „a‟;
J- Index set for dimension j.
Evaluation for desirability index for phase log for alternatives for reducing BWE are
presented in table 6.
Column wise description of the table 6 is as follows:
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Column 1: Dimensions
Column 2: Relative impact of dimension on phase log determinant.
Column 3: Attributes
Column 4: PCM for relative impact of attributes on dimensions
Column 5: Attributes‟ stable interdependent weights of obtained by SM convergence.
Column 6, 7, 8: Alternatives‟ relative weights for dimensions obtained after comparing
three alternatives for every dimension of BWE
Column 9, 10, 11: Desirability index of each alternative for attributes.
Final Row of table gives the summation of column 9, 10 and 11.The result from table 6 has
been used to calculate BWERWI.
Table5 Bullwhip Effect Reduction Desirability Index for Phase Lag
Di
Pja
Attrib ADkja AIkja S1
S2
S3
EDLP
m.
ute
DA 0.1 IIERD 0.17 0.38 0.07 0.23 0.69 0.00057
20
9
5
5
14
0.1 FM
0.12 0.16 0.18 0.20 0.61 0.00045
20
9
5
4
1
82
0.1 PF
0.69 0.46 0.07 0.20 0.72 0.00267
20
2
6
4
39
C
0.1 CI
0.68 0.45 0.22 0.06 0.71 0.01159
71
5
7
3
64
0.1 COC
0.13 0.38 0.12 0.27 0.59 0.00113
71
6
8
7
5
12
0.1 LCIU 0.17 0.17 0.14 0.28 0.57 0.00074
71
9
3
6
1
41
SCI 0.2 CC
0.52 0.40 0.16 0.29 0.53 0.00892
59
5
4
7
9
0.2 MT
0.33 0.35 0.12 0.23 0.64 0.00369
59
4
2
8
38
0.2 DCP
0.14 0.25 0.17 0.47 0.35 0.00157
59
1
2
8
03
OP 0.4 ILT
0.58 0.45 0.18 0.56 0.24 0.02200
5
1
7
7
6
1
0.4 OLT
0.30 0.43 0.19 0.22 0.58 0.01136
5
9
0
4
6
04
0.4 OB
0.11 0.12 0.14 0.28 0.57 0.00084
5
3
6
1
94
0.06557

EDI

VMI

0.00191
82
0.00050
53
0.00786
89
0.00353
16
0.00244
79
0.00148
82
0.01615
38
0.00696
37
0.00436
4
0.06670
9
0.01339
33
0.00169
88
0.12704
27

0.00567
287
0.00151
332
0.02765
564
0.03758
276
0.00525
818
0.00297
122
0.02931
621
0.01961
956
0.00319
541
0.02894
252
0.03503
782
0.00339
174
0.20015
725

Step 6: Calculation of Bullwhip Effect Reduction Weighted Index (BWERWI)
BWERWI concerning to a particular alternative may be multiplication of relative importance
of the determinants (C) of BWE and desirability indices (D). Table 6 shows PCM utilized to
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estimate relative importance of determinants: oscillation, amplification and phase lag. The evector thus calculated is highest for amplification, which is 0.68. Phase lag and oscillation
come second and third with 0.234 and 0.078 e-vectors respectively.
Table 6 Determinants‟ relative importance
Oscillation
Amplification
Phase
Priority Matrix
Lag
Oscillation
1
1/7
¼
0.078
Amplification
7
1
4
0.688
Phase Lag
4
¼
1
0.234
These relative weights of determinants calculated have been used for further calculations in
table 7, which indicates that BWERWI for VMI, EDI and EDLP are 0.2253, 0.1122 and
0.0601 respectively
Table 7 Bullwhip Effect Reduction Weighted Index (BWERWI) for Various Alternatives
Oscillatio Amplificati Phase Bullwhip Effect Normalize Ranki
n
on
Lag
Reduction
d Weights ng
Weighted Index of
Weight 0.078
0.688
0.234
(BWERWI)
BWERWI
s
EDLP
EDI
VMI
Total

0.055
0.105
0.275

0.059
0.108
0.229

0.065
0.127
0.2

0.0601
0.1122
0.2253
0.3976

0.151
0.282
0.567
1.000

III
II
I

6. Findings
An ANP framework has been developed for reducing BWE in Indian FMCG sector. ANP has
been found an appropriate technique to deal with MCDM problem. ANP is one of the most
powerful techniques, which quantifies qualitative variables to create objectivity in the real
world problems.
Important findings after applying the suitable ANP technique to the problem are:
 Out of three determinants of BWE amplification (0.668) has been found highest weighted
as compared to phase lag (0.234) and oscillation (0.078).
 VMI is being suggested the most effective approach to reduce BWE if we consider
amplification, phase lag and oscillation individually. EDI and EDLP come afterwards in
order.
 BWERWI calculation estimating effect of each alternative indicates that most important
alternative towards BWE reduction may be VMI followed by EDI and EDLP. It is
evident from the normalized value of BWERWI for different alternatives, the difference
is significant. So even if some difference is there in perception of experts there may not
be any significant variations in results.
Experts were again consulted to verify the outcomes of the calculations after applying ANP
methodology to the problem. Taking expert‟s opinion at every stage of problem solving
process is very useful towards getting authentic results. Although, VMI has been indicated as
the best solution to the problem of reducing BWE, but importance of EDI and EDLP cannot
All rights reserved by www.ijaresm.net
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be ignored: as suggested by experts, rather EDI and EDLP help in effective implementation
of VMI and reducing BWE to the minimum possible level.
7. DISCUSSIONS AND CONCLUDING REMARKS
Various alternatives effective in reducing bullwhip effect have been obtained from
contemporary literature review and experts perception. ANP approach has been found
suitable for transforming qualitative evaluation into quantified values of preference for three
solutions, which are EDLP; EDI and VMI. These solutions can be taken up in isolation or in
combinations. An ANP framework has been developed by making pair wise comparisons of
attributes and checking for interdependencies leading to calculation of bullwhip effect
reduction weighted index for each alternative. It is found that VMI is the best alternative
solution and EDI comes at second priority followed by EDLP. It has being suggested that
VMI and EDI to be used to reduce bullwhip effect when applied in combination. Also it has
being further suggested that EDLP cannot be ignored.
7.1 Limitations
The main limitations and ways to overcome these limitations have been as follows:
 Limitation 1- The opinions of experts that are subjective in nature may be observed as
biased. Some times the results so obtained by using various qualitative approaches such
ass ANP are treated as invalidated and ignored.
Way out- Results need to be appropriately validated using some case studies, or by using
questionnaire based survey technique and statistically validating the survey findings
towards validating the findings of this study.
 Limitation I1- Findings presented in this study are sector specific.
Way out- Need to be applied with some modifications for applications to other sectors.
7.2 Future scope of study
Future scope of study may be as follows:
In our research, we have evaluated three alternatives to reduce/mitigate bullwhip effect in
FMCG sector of India. Similar studies may be carried out with different relevant alternatives
towards reducing bullwhip effect.
Modeling of enablers for implementing the alternatives (EDLP, EDI and VMI) using
modeling technique such as Interpretive Structural Modeling (ISM) that may be found very
useful in analyzing interactions among the enablers/alternatives/combinations of alternatives
(Parashar Neeraj, Singh Rachna, Kumar Sanjay and Haleem Abid, 2007; Kumar Naveen,
Kumar Sanjay, Haleem Abid, Gahlot Pardeep, 2013; Kumar, S., Luthra, S., Haleem, A.,
Garg, D. and Singh, S., 2014; Kumar S., 2015; Luthra S., Kumar V., Kumar S., Haleem A.,
2011; Luthra S., Garg D., Kumar S., Haleem A., 2012).
The interactions may be further rated and critical path of interactions may be identified by
utilizing contextual interactions analytic hierarchy process approach (CIAHP) suggested by
Kumar S. (2014b).
A structured model for another/allied industry (as lean manufacturing first conceived and
applied in automotive sector; however, it has been repeatedly reported about its applicability
in various sectors other than automobile, appropriate barriers may be deleted or/and added.
To validate the existing model, structural equation modeling may be further applied.
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