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This paper studies the impact of different forecasting techniques on the inventory bullwhip effect in two parallel supply chains with
the competition effect, which is in contrast to the situation of a single product in a serial supply chain. In particular, this paper
constructs two parallel supply chains, each of which includes one manufacturer and one retailer. Moreover, the market demand is
impacted by the self-price sensitivity coeflicient, the cross-price sensitivity coefficient, the market share, and the demand shock.
We then assumed that the retailer can forecast market demand by using different forecasting techniques (i.e., the moving average
technique (MA), the exponential smoothing technique (ES), and the minimum mean square error technique (MMSE)). We
constructed the quantity model of the bullwhip effect and the inventory bullwhip effect. Finally, we analyzed the impact of
different forecasting techniques and market share on the inventory bullwhip effect. We analyzed the conditions under which the
retailers should choose different types of forecasting techniques on the basis of the inventory bullwhip effect. The results show that
the MMSE forecasting technique can reduce the lead-time demand forecast error to the largest extent, and the inventory bullwhip
effect can obtain the lowest level using the MMSE method: retailer-1 can reduce the inventory bullwhip effect by using the MA
technique, when the self-price sensitivity coefficient, the price autoregressive coeflicient, and the probabilities associated with

customers choosing retailer-1’s product are very low.

1. Introduction

Demand amplification is the primary obstacle to achieving
coordination and maintaining harmony at different stages of
supply chains and is termed as the bullwhip effect (BWE).
The bullwhip is the phenomenon of information distortion
as ordering information percolates upstream, which means
that a downstream demand fluctuation will lead to a larger
fluctuation in the variance of upstream ordering [1, 2]. The
application of the simple two-level supply chain modeling
assumption is a widespread method for studying the bull-
whip effect (e.g., [1, 3-6]). However, with the development of
the economy and society, in many industries (e.g., car
manufacturing, electronic enterprises, and mobile phone
manufacturers), the traditional model of a simple two-level

supply chain, which is used to address the issue of the
bullwhip effect, is evolving into a new model that reflects a
chain-to-chain competition effect which is caused by the
substitutability of homogeneous products. This competition
effect means that the firm is not only affected by others
within the same supply chain, but is also affected by firms
from other supply chains.

In this paper, the inventory bullwhip effect is used as a
measure of supply chain performance, and we examined the
industry with respect to two parallel supply chains that show
a competition effect at the level of their demand stream.
Large numbers of industries satisfy the standard of our
model. For example, in the mobile phone industry, which
includes Huawei and Oppo, each company can form a chain
relationship with its downstream retailer, who shares the


mailto:xqzhang22@163.com
https://orcid.org/0000-0003-2672-5045
https://orcid.org/0000-0002-4698-0011
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/2987218

same demand market. It is well-known that the selling price
of mobile phones is an important factor that affects the
customer demand. For example, the higher the selling price
of a Huawei mobile phone, the lower the market demand
will be, and vice versa. However, due to the substitutability
between Huawei and Oppo, if the Oppo mobile phone’s
selling price is too high, many customers will turn to
Huawei, and Huawei’s market share will increase. On the
other hand, if Huawei mobile phone’s selling price is too
high, many customers will turn to Oppo, and Oppo’s market
share will increase. In other words, customers make pur-
chasing decisions based not only on Oppo’s selling price but
also on Huawei’s selling price.

The competition effect will impact the performance of a
simple two-level supply chain. However, it is difficult to
determine the competition effect, particularly in terms of
whether or not firms will benefit from the inventory
bullwhip effect. Only a limited number of papers discuss the
problem of the inventory bullwhip effect from the per-
spective of the two-level supply chain. For example, Ma
et al. [7] derived the analytical expressions of the bullwhip
effect on product orders and inventory using the minimum
mean squared error (MMSE), moving average (MA), and
exponential smoothing (ES) forecasting techniques in a
simple two-level supply chain with one manufacturer and
one retailer. However, they did not discuss the impact of
different forecasting techniques on the inventory bullwhip
effect in two parallel supply chain systems. On the contrary,
we extend the work of Ma et al. [7], who considered a two-
level supply chain in which the demand was price sensitive,
by quantifying the bullwhip effect on inventory (i.., the
increase in inventory variability). We elaborate upon that
work by considering two parallel supply chains, in which
each sells a single product and each includes one manu-
facturer and one retailer, such that the competition effect
exists in the two parallel supply chains, and the demand
that both retailers experience is price sensitive. The price
follows dynamics with an autoregressive AR(1) pricing
process, and the competition effect and the market share
follow the demand process. Based on the analysis, we derive
the mathematical modeling of the inventory bullwhip effect
by using MA, ES, and MMSE forecasting techniques.
Moreover, we investigated the impact of the competition
effect and the market share on the inventory bullwhip effect
under different forecasting techniques. Finally, we explored
the condition under which the retailer chooses the best
forecasting technique to minimize the inventory bullwhip
effect.

The remainder of this paper is organized as follows:
Section 2 reviews the relevant literature. Section 3 presents
the parameters and modeling assumption and the prob-
lem. Section 4 deduces the bullwhip effect (BWE) and the
inventory bullwhip effect (IBWE). Section 5 discusses the
impact of different forecasting techniques on the IBWE
and explores the condition under which the retailer
chooses the best forecasting technique to minimize the
IBWE. The final section presents the conclusion which
outlines the limitations of this paper and the directions for
future research.
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2. Literature Review

In this section, we review the existing literature from the
following three perspectives: (1) bullwhip effect in a two-
level supply chain; (2) bullwhip effect in a multilevel supply
chain; (3) bullwhip effect in a two-level supply chain
network.

2.1. Bullwhip Effect in a Two-Level Supply Chain. The bull-
whip effect is a widespread phenomenon in the supply chain,
which means that a downstream demand fluctuation will
lead to a larger fluctuation in the variance of upstream
ordering [1, 2]. This phenomenon can lead to a vast amount
of problems, such as superfluous inventory, erroneous
product forecasts, and insufficient or excessive capacities [2].
Therefore, in recent years, it has attracted the attention of
numerous administrators and researchers. Many studies
quantify the bullwhip effect and determine measures by
which it can be reduced in a two-level supply chain. Lee et al.
[1], and Lee et al. [8] discussed the bullwhip effect in a two-
level supply chain which consisted of one manufacturer and
one retailer and followed the dynamics of a first-order
autoregressive demand (AR(1)) process by using the moving
average forecasting technique. The result has shown that the
moving average forecasting technique could reduce the
bullwhip effect. Alwan et al. [9], Hausman and Miyaoka [10],
and Liu and Wang [11] researched the bullwhip effect in a
two-level supply chain under the ARMA(1,1) demand
process by using the exponential smoothing method. They
compared the different influence between these two kinds of
forecasting techniques. In addition, the ARMA(p, q) de-
mand process was discussed by Gaalman and Disney [12]
and Gaalman et al. [13] with the moving average forecasting
technique. These aforementioned studies discussed how the
bullwhip effect can be quantified by using different autor-
egressive demand processes in a two-level supply chain
which consisted of one supplier and one retailer or one
manufacturer and one retailer. Moreover, they discussed the
impact of different forecasting techniques on the bullwhip
effect in the two-level supply chain.

In addition, many scholars discussed the bullwhip effect
in a two-level supply chain using the control approach. Holt
etal. [14] developed the HMMS control model in a two-level
supply chain and pointed out that this model can effectively
balance the relationship between ordering from the retailer
and ordering from the supplier. Blinder et al. [15] proposed
the reduction of the bullwhip effect by using the (S,S) or-
dering strategy. Baganha and Cohen [16] designed a par-
ticular inventory control strategy and pointed out that it
could reduce the fluctuation of demand information. In
addition, other scholars studied the bullwhip effect using the
discrete control theory, H . control theory, control-based
forecasting technique, and O-S feedback control method in a
two-level supply chain (e.g., [17-22]). Udenio et al. [23]
analyzed the bullwhip effect using the system dynamics (SD)
model. In addition, many scholars study the bullwhip effect
in the two-level supply chain using different kinds of
forecasting techniques. Chen et al. [4] proposed the causal of
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the bullwhip effect using the exponential smoothing method
and compared the result with the increase in variability due
to the use of the moving average forecasting technique. Kim
and Ryan [24] analyzed the impact of bullwhip on inventory
using the exponential smoothing forecasting technique.
Michna et al. [25] quantified the bullwhip effect (which
measures how the variance of replenishment orders is
amplified as the orders move up the supply chain) when both
random demands and random lead times were estimated
using the moving average forecasting method in the two-
level supply chain. They found that maxima and minima in
the bullwhip measure as a function of the demand auto-
correlation. Erica et al. [26] studied a two-echelon single-
product supply chain with final demand distributed
according to a known AR(1) process but with unknown
parameters. The results have shown that the bullwhip effect
was affected by unknown parameters and was influenced by
the frequency with which parameter estimates were updated.

2.2. Bullwhip Effect in a Multilevel Supply Chain. With
economic and societal development, more and more en-
terprises are involved in the supply chain, and the two-level
supply chain structure evolves into a multilevel supply chain
structure. Many scholars attempted to analyze the bullwhip
effect in a multilevel supply chain using different forecasting
techniques. Holland et al. [27] pointed out that price fluc-
tuations could cause the bullwhip effect by using the ex-
ponential smoothing forecasting technique. Zhang [28, 29]
analyzed the bullwhip effect using the minimize mean square
error forecasting technique and compared the results with
the moving average technique and exponential smoothing
techniques, respectively. Hosoda and Disney [30] studied the
impact of the bullwhip effect on inventory using the min-
imize mean square error forecasting technique and found
that it could reduce the impact of bullwhip effect on in-
ventory. Lu et al. [31] simulated the forming process of the
bullwhip in a multilevel supply chain. Cachon et al. [32]
collected the microeconomic industry-level US data and
observed that manufacturing industries did not have sub-
stantially greater demand volatility than retail industries. Liu
and Wang [33] formulated the mathematical expression of
the bullwhip effect in a multilevel supply chain using the
mean square error forecasting technique and compared with
the moving average forecasting technique.

Liu and Wang [33] analyzed the bullwhip of a multilevel
supply chain by using the exponential smoothing forecasting
technique and the minimize mean square error method,
respectively. Kim and Springer [34] studied demand vola-
tility by employing a system dynamic model. In a follow-up
study, Springer and Kim [35] also analyzed the inventory
volatility using a system dynamic model in a multilevel
supply chain. They pointed out that the inventory volatility
was caused by the demand volatility. Coppini et al. [36]
simulated the four-stage beer game supply chain model, and
they showed that inventory oscillations provided more in-
formation on supply chain performance than the bullwhip
effect on product orders. Some other forecasting techniques
have also been adopted by Ma et al. [37]. Costantino et al.

[38] studied the impact of demand sharing on the order
strategy using the simulation method. They found that the
demand sharing helped to reduce the order volatility. Robert
and Haim [39] estimated both a strong bullwhip and robust
smoothing and found that firms smooth both production
variability and production uncertainty. Hossein et al. [40]
quantified the bullwhip effect, order rate variance ratio
(OVR), and inventory variance ratio (IV) in a three-stage
supply chain with multiple retailers. Moreover, they sur-
veyed the influence of the correlation coefficient on the
bullwhip effect. Marieh and Mohsen [41] investigated the
measure of the bullwhip effect in three different supply
chains. Moreover, they pointed out that these three different
supply chains were subsequently analyzed to determine
which supply chain helps to reduce the bullwhip effect more.
Zhu et al. [42] investigated the factors that impacted the
bullwhip effect in the oil and gas supply chain using case
study evidence from six companies in North America, which
cover refining and marketing, exploration and production,
integrated oil and gas, and drilling. The findings indicated
that the existing theories of the bullwhip effect had limi-
tations in explaining the phenomenon in the oil and gas
industry.

2.3. Bullwhip Effect in a Two-Level Supply Chain Network.
The simple two-level supply chain modeling assumption has
been widely used to study the bullwhip effect. On the
contrary, due to the complexity of the supply chain net-
work’s structure, the simple two-level supply chain modeling
assumption is outdated. Recently, some scholars discussed
the bullwhip effect in a two-level supply chain network
[43-45]. However, most of these studies assumed that
customer demand follows the AR(1) autoregressive process,
and they mainly discuss supply chain coordination and how
to reduce the bullwhip effect. Zhang and Yuan [44] proposed
that the-old-for-new policy could reduce the bullwhip effect
and could increase profitability in a closed-loop supply chain
network when the firm could forecast the customer’s de-
mand by using the moving average forecasting technique.
Yuan and Zhu [45] provided three quantitative models of the
bullwhip effect in a two-level supply chain network con-
sisting of a single manufacturer and two retailers. Moreover,
they compared the different impact of forecasting techniques
on the bullwhip effect. Zhang and Zhang [46] addressed a
fuzzy robust control (FRC) approach to mitigate the bull-
whip effect in the uncertain closed-loop supply chain with
lead times. A new FRC approach was proposed to mitigate
the bullwhip effect and realize the robust stability of the
uncertain closed-loop supply chain with lead times. A
simulation example verified the mitigation effect of the
bullwhip effect under the proposed FRC approach.
Following the work by Yuan and Zhu [45], we extended
the research of Ma et al. [7] and developed a theoretical
framework involving two parallel supply chains in which the
competition effect exists due to product substitutability, and
the two supply chains consist of one manufacturer and one
retailer. We discuss the impact of different forecasting
techniques on the inventory bullwhip effect and explore the



condition under which the inventory bullwhip effect is
amplified (or reduced) in relation to a situation without
competition and market share.

Though many scholars study the bullwhip effect, ex-
tensive problems still need to be resolved, such as the issue
related to how the bullwhip effect can be quantified and
reduced in a complex supply chain network. From the
above analysis, the previous studies have many limitations:
(1) the objective is mainly concentrated on the two-level or
multilevel supply chain, and few scholars considered two-
level or multilevel supply chain networks that consist of two
manufacturers and two retailers; (2) many scholars as-
sumed that they trade one kind of product between dif-
ferent firms, and fewer studies considered trades in two
different kinds of products which are substitutable between
different firms; (3) most studies discussed the impact of
lead time, the moving average period, and other factors on
the bullwhip effect, and fewer researchers studied the
impact of different kinds of forecasting techniques on the
inventory bullwhip effect.

The major contribution of this paper is as follows: (1) the
research object of this paper mainly involves two parallel
supply chains consisting of two manufacturers and two
retailers; (2) we assumed that demand is price sensitive, and
that the price follows a first-order autoregressive pricing
process. We assumed that two retailers (R1 and R2) share the
market, and thus, we introduced the self-price sensitivity
coefficient, the cross-price sensitivity coefficient, and the
market share into the demand model. Moreover, we de-
veloped a quantitative model of the inventory bullwhip effect
in two parallel supply chains; (3) we analyzed the impact of
different forecasting techniques on the inventory bullwhip
effect.

3. Parameters and Modeling Assumption and
Problem Description

3.1. Description of Parameters. In this section, we describe
and explain the relevant variables, as shown in Table 1.

3.2. Modeling Assumption. In this section, in order to make
the mathematical expression of the bullwhip effect and the
inventory bullwhip effect more meaningful in a practical
way, we made the following assumption:

(1) There are only two supply chains in the market, each
of which consists of one manufacturer and one re-
tailer, represented as M; and R; (i = 1,2), respec-
tively, and they only trade one kind of product in
each of the supply chains;

(2) Two retailers (R1 and R2) sell two different kinds of
products which are substitutable;

The probabilities that customers would choose R1’s
product and R2’s product are expressed as ¥ and
1 — y, respectively;

(3) The demand that is experienced by R1 is impacted by
RI’s selling price and R2’s selling price. The demand

Journal of Engineering

TaBLE 1: Relevant parameters and explanations.

Parameters Explanations
a Retailer-one (R1) potential market demand
a, Retailer-two (R2) potential market demand
by, R1 self-price sensitivity coefficient
by, R1 cross-price sensitivity coefficient
b,, R2 self-price sensitivity coefficient
b,, R2 cross-price sensitivity coefficient
The probabilities that customers will choose R1’s
4 product
-y The probabilities for customers choosing R2’s
product
P1 R1 price autoregressive coefficient
P2 R2 price autoregressive coefficient
Hip The expectation of p}
Hop The expectation of p?
&, The variance of p}
8;1, The variance of p?
Pra The expectation of d;
tad The expectation of d,;
8%,4 The variance of d,
84 The variance of d,
vy R1 order quantity
Qs R2 order quantity
I R1 lead time
I R2 lead time
Z-ll The estimate of the standard deviation of the [;
Lt period forecast error of R1
sh The estimate of the standard deviation of the I,
b2 period forecast error of R2
31& RI mean lead-time demand
E’Z{t R2 mean lead-time demand
I, R1 inventory level
I, R2 inventory level
o Smoothing constant
k The moving average period

that is faced by R2 is impacted by R2’s selling price
and R1’s selling price [7, 37];

(4) We assumed that demand is price sensitive and that
the price follows the dynamics of the AR(1) autor-
egressive pricing process, and in the price models, we
considered the probability that customers would
choose both retailers’ products [47];

(5) We only developed the mathematical expression of the
bullwhip effect and the inventory bullwhip effect for
two retailers. Thus, we assumed that retailers and
manufacturers do not share end-demand information.
The retailer forecasts customer demand using customer
demand information, while the manufacturer forecasts
retailer demand using the retailer’s order information;

(6) The lead time I, and I, are fixed, and the order is
received at the start of periodt + 1, + land t + [, + 1,
respectively. Both retailers meet the customer de-
mand d,; and d,, and backlog any excessive de-
mand, respectively. At the same time, it was assumed
that the demand of both retailers are two indepen-
dent variables.
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3.3. Problem Description. In this section, there are only two
supply chains in the market, each of which consists of one
manufacturer and one retailer, denoted by M; and R,
(i=1,2), respectively. Two retailers are responsible for
meeting the needs of customers. Two manufacturers are
responsible for supplying the product to two retailers. The
demand information flows downstream to upstream, and
the inventory information flows upstream to downstream.
The theoretical model of the two parallel supply chains can
be seen in Figure 1. Two retailers share the same market, and
the differences between the two retailers’ market prices can
have an impact on the customer’s purchasing behavior. We
assumed that the probability of customers choosing both
RI’s product and R2’s product can be expressed as ¥ and
1 — v, respectively. At the end of period t, two retailers place
an order, i.e., q, ; and g, ;, to two manufacturers, respectively.

Two retailers face the same demand process, such that the
demand that is experienced by the two retailers’ is impacted by
RI’s selling price and R2’s selling price. The following basic
linear demand function model of the two retailers can be
obtained:

dig=a,—bypi,+bupy,+ey,

by1Pay +bpry t+ &

(1)

dyy =a, -

where a, and a, represent the potential market demand
which are nonnegative constants, b;, and b,, denote the
self-price sensitivity coefficients which are nonnegative
constants, b;, and b,, are the cross-price sensitivity co-
efficients, and ¢, and &,, are the independent and
identically normally distributed demand shocks with a
zero mean and variance of o2 and ¢2. It is important to
emphasize that b;, and b,, are nonnegative because the
two types of products are substitutable. From equation
(1), we can see that the potential market demand, the
self-price sensitivity coeflicient, the cross-price sensi-
tivity coefficients, and the demand shock are considered
in the demand model. Thus, this makes the demand function
more significant in practical terms.

We assumed that the retailer trades on a perfectly
competitive market and exerts no control over the market
clearing price. Let market price p,; and p,, in equation (1)
be an AR(1) pricing process. The probability that customers
will choose both retailers” products is added to the AR(1)
pricing process (the same pricing process can be seen in [7]):

P =Yl t P1P1e1 T Y1e
Doy = (L =)y + papoyy + (1 =Yy

where g, and p, are the nonnegative constants, p; and p, are
the price autoregressive coeflicients which satisfy
0<p,<land0<p,<1,and#,, and 7, are the independent
and identically normally distributed price shocks with a zero
mean and variance of 6% and 63. From equations (1) and (2),
we can obtain dy,=a - 11,P1t | +biapys g + €1, 1> Where
aj =ay, by b11P1> and by, = byyp,.

€1-1 _Slt 1= by yuy = by yny + by (1= 9)uy +by, (1-
V)1, We can see that the demand model is not an AR(1)
process. On the contrary, the AR(1) demand process is used

(2)

Customer
demand

Demand information flow

Inventory information flow

FIGURE 1: The theoretical model of the two parallel supply chains.

by most scholars (e.g., [1, 3]), and it is difficult to explain its
managerial insights. Thus, we assumed that the price-sen-
sitive demand function and the price are an AR(1) process.
Thus, the self-price sensitivity coefficient, the cross-price
sensitivity coeflicients, and the demand shock are inputted
into the demand model. The covariance of the price shock
can be expressed as

1 3)

COV(VIM’ ’72,t) = { 0 t#t'

Based on the property of the AR(1) process, in any period
t, the expectation and the variance of p; and p? can be
expressed as in,, = E(pi,) = Yi/1=pis foy = E(pyy) =
(I-y)m/l-p, and as &, = Var(py,) = y’ui/l - pi;
dg)p =Var(p,,) = (1- ) y%/l — p3. Moreover, the expec-
tation and the variance of d,, and d,, can be expressed
aspy g = E(d, ) = a, —byp , + blZMan”Zd = E(dZt) N
by, + byl 3 &a= Var(dlt) =01+ bﬁ& + b,
2b11b52W(1 PO,/ - P1P23 85,4 = Var(dy,) = 03 + b%lagp
+b§28 265,63,y (1= Y)81,/1 = pypy.

4. Ordering Process of the Two Retailers

8, t=t,

In this section, we assume that the two retailers have
utilized the most common inventory strategy, i.e., the
order-up-to strategy. R1 and R2 can determine customer
demand d,, | and d,, | at the end of period t - 1. The
two retailers then place an order of quantity g, , and g,, to
two manufacturers at the beginning of period t. We
proposed that R1 and R2’s lead time [, and [, is fixed. Both
retailers can receive the product at the beginning of
the period t + [, and t + I, respectively. Thus, g, , and g,
can be calculated relative to the demand d,, and d,; as

follows:
Qe =S~ S i

Qo =Sop —

(4)

Sppo1 tdays

where S, ; and S, represent the highest inventory levels for
the two retailers, and these levels are set to satisfy the goal of
the inventory strategy. They are estimated from the observed
demand as follows:
Sie = dlllt + Zlflll,v
(5)

-5, o,
=dy; + 2,6



where cAllll,t and Ellzzt are the two estimates of the mean lead-
time demands using different forecasting techniques (i.e.,
moving average technique (MA), exponential smoothing
technique (ES), and minimum mean square error technique
(MMSE)), z, and z, are the two constants to satisty a desired

service level, and Elf’t and Elzzt are the two estimates of the
standard deviation of the I, and I, period forecast errors of
R1 and R2, respectively. Thus, the order quantity g, , and g, ,
for both retailers can be calculated relative to the estimates of

~l 1
the lead-time demands d,, and d;, as

h =h

=h =h
—dy g td t Z1<£l,t - El,t—l)’

0 (6)
= d2t d2t ptdy gt Z2<€2,t - Ez,r71>~

5. The Inventory Bullwhip Effect under
Different Forecasting Techniques

Ma et al. [7] research discussed the impact of the bullwhip
effect on product orders and inventory in two-level supply
chains which included one manufacturer and one retailer. In
contrast, in this section, we mainly discuss the influence of
different forecasting techniques on the inventory bullwhip
effect in two parallel supply chains which include two man-
ufacturers and two retailers. First, we developed a quantitative
model of the inventory bullwhip effect (IBE) under different
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forecasting techniques. We analyzed the conditions under
which the retailers should choose different forecasting tech-
niques on the basis of the inventory bullwhip effect.

5.1. The Inventory Bullwhip Effect Using the MA Techniques.
In equation (6), we can determine the mean lead-time de-

~I ~l
mands, ie., d;, and d,,, using the MA technique, respec-
tively, where k is the moving average period:

- Pigo
dlllt — l (Zz:lk l,t—z),

- b
dlzz,t _ lz<Zl—1k 2,:1).

Then, g,, and g,, in equation (6) can be formulated as
equation (8):

l l P R
qit = (1 + El)dl,tl _(El>d1,tkl + zl(fl,t - fl,t—l)’
I l =, =
Qo == (1 + f)dz,t—l _(Ez)dz,t—k—l + 22<£2,t - 52,&1)‘

(8)

Thus, the variance of the order quantity for R1 and R2
can be derived as follows:

(7)

Var(q“) [(1 +A ) + A ] [of + b%lVar(pl)t) + b%ZVar(pZ,t) - 2b11b128%21'1]

=2(1+A)(A ){b?lVar(pu) + b%zvar(l’z,t) - bublz(/’]1c + Plzc)(ﬁzn}’
Var(th) [(1 + Az) +A, ] [ag + b;lVar(pz’t) + b§2Var(pU) - 2b21b228f21'1]

(9)

=2(1+Ay) (A 2){ ilpgvar(plt) + bézPT““(Pl,t) - bz1bzz(Plz( + plf)(szH},

where Ay =1,/k, A, = L,/k, andIT = (y (1 —y))/ (1 = pyp,).

Theorem 1. For two parallel supply chains in which there is a
competition effect on customer demand and the retailers’

market share, when two retailers use the order-up-to in-
ventory strategy and the MA forecasting technique, the
quantitative model of the bullwhip effect in two supply chains
is expressed as follows:

BEMA Var(‘ll,r) 14+ [2A7 +2A,] [‘7% + b%laz + b%Zé\%p 21’111’125sz] -2(1+A) (Al){bﬁ‘sip + b%lég,p = by by, (P + Plzc)‘S%zA}
retailer—1 — Var(du) 5%# >

BEMA Var(%,t) _ [ZAZ +2A,] [‘72 +03,0; p T b§262 ZbZIbZZS%ZA] -2(1+ M) (A, ){ 21P282 + b%zplf‘ﬁ,p — by by (05 + Plf)‘S%zA}
retailer—2 Var(dzxt) ag,d >

where Ay = 1,/k, A, = L/k, and A = (y (1 = y))/ (1 —pp,).

In order to analyze the impact of the bullwhip effect
on the inventory level, we calculated the variance of the
inventory level for the two retailers at period t as I,, and

(10)

I,,, corresponding to the bullwhip effect. I ; and I, can be
expressed as follows:

- dl,t—1>
d2,t—1'

Iy =T+ 91,

Ly =Ty 1+ G, -

(11)
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From equation (11), the following can be obtained:

o, =Ty =Ty +dygs

D1, = Iy =

(12)
Ly +dyy .

Vassian [48] proposed that q,,; and q,,; can be
expressed as follows:
-1
d4-1, _dlt qut i~

i=1

-1
I @, —du qut -~

i=1

,t'

(13)

We substituted equation (13) into equation (12), and
we can thus obtain equation (14) as follows:

=B, = -2, = ~-d;

2,41,
(14)

I,
dltl’

ltl 2tl

Lemma 1. Using the MA forecasting technique, the esti-
mate of the standard deviation of the |, period forecast

error of RI Ell)t is a constant and can be expressed as
follows:

llé‘id + 21’%15%,1)1\ Q) - 2b11b125f2AA1 O

1(11_

Ql) - 2b12b116%2AA2 (12 -

0,) + Zbﬁzég,p/\z (L~

Q,)

" LY
flf,t = +<El) [k(;id + 21’%15%,;;/\1 (k—©,) + 20,8, A2 (k=) =2by,by; (A (k= ©,) + Ay (k- ®2))A8%2] (15)
I
\ - 2%1{511b21P191®15ip - b11b22P1Q1®15sz - b12b21P292®2A5%2 + bubzszQzGDz‘Sg,p}
where Ay = pi/(1=py), Ay =py/(1=pa), Q= (1-p)/ i "
(1-py), Qz =(1 —p2 N/ (1-p,), O, =(1-p5/(1-p)), Lt = Var<d1t dlt)
0,=01-p )/(1 py), and A = (W(l—l//))/(l—plpz). : (16)
- \/Var(dft> + Var(dy,) - 2Cov(d}d, ),

Proof. Using the MA forecasting technique, the estimate of ’
the standard deviation of the [, period forecast error of R1 where

&), is a constant and can be expressed as follows:

)

I-1
= Z Var(dl)tﬂ-) +2
i=0

I-1

Z dl,t+i

i=0

Var(dll‘,t) = Var<
I -1-i
2

j=1

Iy
o

[i

.

21,1

= ll(Sl)d)z +2 Z Z Cov(a1

=0 j=1

= b1 Prpsi t 012D T ELp Oy

COV( Lt+i> 1t+i+j)

b11Prviej T DraPoprinj + 51,t+i+j)

I 2
2 2 2f P L-pf Sy (1-v) P1 1-pi
=1,(d 2b7, (6 I, - -2b,,b I, -
1( l’d) ' H( l)p) (1_/)1)(1 1_P1> B 12( L=pip, 1-p, )\ 1-p
2y(1l- 1-p? 1-p2
—zbnbll(‘su‘”_( ‘”)( P2 ) L-—P2 ) a6, (s, )2( P2 ) -2,
L=pip, 1-p, 1=p, L=p, 1=p,
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Al 1 2 k
Var(dl)t> _<E1) Var dy
i=1
L\ 2
- (El) [k(am) +2Cov(dy,odyy ) +2Cov(dy,ydyy ) + -+ 2Cov(dy s du,k)]
L\ N T L-p\ o s 2P 1-ph
(k) [k(am) +2b7,(8,,,) <1_P1 k )" b1 (5,,) Ty k .
_ Lk _pk -
_2b11b12 pl k_l pl + P2 k_l p2 l/](l w)afz ,
1-p; 1-p; 1-p, 1=py)) 1=pips

Al L-1 k
COV(dllt’ 1t> = COV(Z dl t+1’%1 Z 1,t— ]>
j=1

i=0

COV(dl,m’ dl,t—j)

Il
(=]

Il
x| =
M=

Il
—

i=0 j

COV(_b11P1,z+i + by b P + b12P2,t—j)

Il
o

~

I
—

Il
=
T
™M=

|
—

{buCOV(Pl t+i> Pr- ]) bnblzCOV(Pl,ma Pz,t—j) - bleIICOV(pZ,Hi’ Pl,t—j) + bTZCOV(Pz,m’ p2,t—j)}

Il
(=]

~.

I
—

Il
=
M=

2
4 B (=) (-pD ), Shy-y) pu(t-pr) (-6
k (1-p0)’ T 1 pip (1-p)

L, L 2
g Sv =y pa(1-p3) (1= ph) bhapa(1-p3) (1= P5)(32)
- pip, (1- Pz)2 (1- Pz)2
(17)
Lemma 2. Using the MA forecasting technique, the esti-  error of R2 &,, is a constant and can be expressed as
mate of the standard deviation of the 1, period forecast  follows:
L83+ 265183 5 (= ) = 262163081005 (1 = 0) = 2bbyy S50, (1 = 1) + 263,87, (1 = 1)
~ 2
flzz,t = |t (%) [k&;d + Zbélaé,pAZ (k-©,)+ 217%25?,17/\1 (k=©;) = 2by,b,, (A (k= ©;) + A, (k- ®2))A5%2] (18)

I
\ - 2% {b§1p292®28§,p - b21b225T2AP292®2 - b22b215§2AP191®1 + b§2P18§,p91®1} >

where A, =p,/(1 - pl) Ay =py/(1=py), Q= (1- ) Proof. Using the MA forecasting technique, the estimate of
(1-py), Qz =(1 —p2 )/ (1=p,), ©,=(1 —pl)/(l 1) the standard deviation of the I, period forecast error of

©, = (1=p3)/ (1= pa), and A = (y (1 -y))/(1 - PIPZ)' retailer-2 lezt is a constant and can be expressed as follows:
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-, ; where
&y = Var<d dzzt>

(19)
= \jVar<dl t) +Var(d ) 2C0V<d2t,d )

1,-1 1,1 21y~
Var(dlzz,t) = Var( Z dz,m) = Z Var(dz,m) z Z (dz,t+i’d2,t+i+j)

i=0 i=0 i=0
-1 L—21,-1-i
= z Var(dz t+z) +2 Z z COV(dZ t+l’d2 t+l+])
i=0 j=1

2
= lz(az,d) +2 Z z COV(“z = by Popri + D Prgsi T E2phin Br — b21P2,t+i+j + bzzP1,t+i+j + 52,r+i+j)
[} 2 l}
_ 2 2 2 P2 1-p; Sy (1-v) P2 1-p;
= 1(02a) +2021(22)) (1—pz><lz_1—pz>_2b”b”( 1o Ni-p )\ 2712,
2 _ L L
— 2byyby, Sy -vy) P I, 1-p; +2b§2(61 )2 P1 I _1-py i
L-pipy J\1-p; 1-p; PP\1-p, 1-p,
- LY . L\
Var(dzz,t) :<E2> Var Zdz,t_,» :<EZ> Var(dz,t_1 +dy, +--~+d2’t_k)
i=1
LY 2
- <E2> [k(aw) +2Cov(dy 1y dyy ) +2Cov(dyy 1 dyy ) + -+ 2Cov(dyy iy, dz,t,k)}
(LY N L-p5\ s 2P 1-pf
‘(E) [k(&z,d) +2b5,(6,,) Y k-1 s +2b5,(8,,) Ty k=1 —
_ ok _ ok _
2b21b22 P1 k_l pl + P2 k_l PZ (1 V/) ?2
L-p; 1-p 1-p, L=p) ) 1=pip2

1 1
~1, 5 I 5 I
Cov(dl;,,d ) Cov<z dypin 2 Zd“ ]> Cov<z dypin 2 Zd“ ]>

[ bl k
- EZ Z COV(duﬂ" dz,z—j)
i=0 j=1
[ b1k
= Ez Z COV(_b21p2,t+i + by Py grio ~bo1 Po-j + bzzpl’t_j)
i=0 j=1
L bl k
= EZ Z{anoV(Pz t+i> Pt J) bz1bzzC0V(P2,t+i’P1,t—j) - bzzbZICov(pl,HpPz,t—j) " ngCOV(pLM)pu_j)}
i=0 j=1

(1-p,) 1 1-pip (1-p,)°

X‘\N“‘

{bnpz(l —p5) (1= p4)(8,,)’ pp Sy -y e -p%)(1-ph)

— Y22t

2
SLy(1-v) /"1(l _Plll)(l - ) N b%zPl(l _Plf)(l _Plf)(‘sl,p)
1-pip, (1-p) (1-p,)

(20
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Theorem 2. For two parallel supply chains in which there is a
competition effect on customer demand and the retailers’
market share, when two retailers use the order-up-to

1,62+ 26,82 A, (1,

= Q) = 263101, 8,00, (1 — Q) = 26136y 87,00, (1

Journal of Engineering

inventory strategy as well as the MA forecasting technique, the
quantitative model of the inventory bullwhip effect in two
supply chains is expressed as follows:

-0y + 2b%26§,p/\2 (- Q)

+(1, 1K) [k8T 4 + 263,07 A (k= ©,) + 263,85 A, (k = ©,) = 2b,,by, (A, (k = ©,) + A, (k - ©,))Ad} |

>

[REMA _ Var(Il,t) _ _211/k{b11b21p101®1‘§%,p - b11b22P101®15%2A - b12b21P202®2A6%2 + b1zbzzf’202®26§,p}
retailer—1 Var(du) 6%,51
lzsg,d + 21’%152,1;/\2 (L = Q) = 263, by, 61,00, (I = Q) = 2by,by 61,00, (1, - Q) + Zbglsipl\l (h-)
+(L,/k)* [kag)d + Zbglag,pAZ (k- ©,) + 2b%26ipAl (k=©7) = 2by1byy (A (k= ©y) + Ay (k- ®2))A6§2]
[BEMA Var(IZ,t) _ _ZZZ/k{b%IPZQZG)Z(S;p - bz15226§2AP292®2 - b22b216%2Ap101®1 + b%zP15%>pQ1®1}
retailer-2 — -
‘ Var(d, ) &

(21)
where A, pl/(l P1) Ay =p,/(1=py), O =(1 —plf )/ Then, q,; and g, in equation (6) can be written as the
(1-p,), 2 = (1-p2)/(1-p,), ©, = (1-p/(1-p,), following equation:

0, = (1-p8)/(1=py), and A= (y(1-y))/(1-p,p,).

5.2. The Inventory Bullwhip Effect Using the ES Method.
II} equatlol? (6), we can obtain the mean lead-time demands
d|, and d,, using the exponential smoothing forecasting
technique, where (0<a<1) is a smoothing constant for
the two retailers:

Zilftzl [(xdlt 1+(1—oc);llt 1]

(22)
d2t L ["‘dzt (1= a)d 2,t- 1]

5 =h h
p=(1+ ‘xll)dl,t—l —alydy,; + zl(é{l,t - El,t—l)’

- ZJzz,t—l)'

Theorem 3. For two parallel supply chains in which there is a
competition effect on customer demand and the retailers’
market share, when two retailers use the order-up-to in-
ventory strategy as well as the ES forecasting technique, the
quantitative model of the bullwhip effect in two supply chains
is expressed as follows:

X N (23)
Gy = (L+aly)d,y, ) —alydy, , + Zz(fz,t

BEF _ Var(qu)
relaller 1 Var(d”)

_ (- al, )’ 87 + 2B (/2 = )8}, + (@B (2 (1 - )/ (2 — @) = 2ad, (1 + o)) [(wabd, p, 87, ) (1 - p3) (1= (1 = @)py )+ (1 = 9)abyp,83 )1 (1= p3) (1 - (1 - @py))]

i ’
BEES Var(qzyt)
retailer-2 Var( dz,t)

(1+ )83, + 2B (/2 - )83 4 + (B ((2(1 - )/ (2 - &) = 2al, (1 + o)) [(wabd 0,85, )/ (1= p3) (1 = (1 = )p,) ) + (1 = y)abyp, 57,

Similar to Section 5.1, in order to analyze the impact of
the bullwhip effect on the inventory level, we should cal-
culate the variance of the inventory level for the two retailers
at period t as I;, and I,, corresponding to the bullwhip
effect. I, and I,, can be expressed as follows:

- dl,t—l’
- dz,t—l-

Iy =1+ g1,

Ly =Ty 1+ 9,

(25)

) (L=p1) (1= (1 - @)py))]
&a '
(24)
From equation (25), we can determine that
Gre-t, = Tig =Ty + iy
(26)
Dopt, = Ioy = Iopy +dyy g

Vassian [48] proposed that q,,; and gq,,; can be
expressed as follows:
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1,-1
-1
dii-1, = dl qutz I,
i=1 (27)
=
2
d2t-1, = d ap-i — Loy

=1

We substituted equation (27) into equation (26), and we
can obtain equation (28) as follows:

11
h ~h 1
= flt =d, T dll,t—ll’
l (28)
2
fzr 2t 1, dzz,tflz'

Lemma 3. Using the ES forecasting technique, the estimate pf
the standard deviation of the I, period forecast error of R1 &,
is a constant and can be expressed as follows:

3 (h=(1-1)),  B(-aa La(1-pl) (L-(1-p8),  BO-wa La(1-p%) ,
El,t\l(l +12 7) |d+21VbuP1< (I_Pl) (2 0(1-(1- 0¢)P1) (lfpl)(lf(lfo()pl) +2(1 Y)bhps (1—,02) (2 (1-(1- 0¢)P2) (=) (1-(1-a)p;) 82,[1.
(29)
4 ~h I, h
Proof. Using the ES forecasting technique, the estimate of §1ie = \/Var(d ) + Var(d ) - 2Cov<du, du>, (30)
the standard deviation of the [, period forecast error of R1
&, is a constant and can be expressed as follows: where
L
Var(dl,t) = Var(ll(al by pre+bipa + sl,t))
I, !
18+ 2‘”’%1/’1([1 _(1 ~ P ))(ﬁ,p N 2(1- W)b%zpz(lz _(1 B pzz))(SiP
= 4014 2 2 »
(1-p) (1-p,)

Var( ) =1 Var( )

o 2(1-a) -
_ lf[mVar(du) 20 ol )
_ lz[ o 52 2y(1 - a)ab? p, : +2(1 - ) (1 - a)ablp, 5 (31)
H2—a%d T oz A(1-(1-a)p,) P 2-a)(1-(1-a)p,) >?|
e I,-1 R I,-1 R
C°V<d1,pd1,t) = Cov (dl,tﬂ"lldl,t) =l Z COV(dl,m’du)
i=0 i=0
L-1 co ) o L-1 . .
=Lyaby, Y Y (1-a) 'p}78]  + (1 - y)laby, Y Y (1-a) 'py76;
i=0 j=1 i=0 j=1
_ I//ll"d"npl( Plll) 2 (1- V’)ll“blzpz( Plzl) 2
(L=p) (1= =a)p) P (1=p,)(1-(1-a)p,) ¥
O

Lemma 4. Using the ES forecasting technique, the estimate pf
the standard deviation of the I, period forecast error of R2 &,
is a constant and can be expressed as follows:

(ll_(l_PIzz)) B(l-a)a lzoc(l—plzz)

—pﬂ)) La(1-p})

B(1-a)a

T2 (1-(1- "‘)Pz) (1-py) (1-(1-a)p,

Elzz,r= Q(lﬁlz >6§d+2‘l’b21pz(

(I’Pz)z

1,-(1
)>a§,p+2(1—w)b%zm (( 2(1(7

P1)2 (2 @)(1-(1- “)Pl) (1=p) (1-(1-a)py)

Ji.

(32)
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Proof. Using the ES forecasting technique, the esti-
mate of the standard deviation of the I, period forecast
error of R2 &, is a constant and can be expressed as
follows:

Var(dlzft) = Var(l2 (a

2 2(1- V’)b%mz(lz

Journal of Engineering

Elzz’t:\/Var(d )+ Var(&, ) - 2Cov( s, ). (33)

where

2= by oy +bypry 52,t))

1- PIZZ))(Sg,p n

=156, +

Var(a;ﬁt) - Var(d,,)

2(1-a)

- zg[ﬁvﬂ(%) L

(1- Pz)2

Cov(dz,t_l, le,t)

=z§[2“ &,

2(1-y) (1 - a)ablp; 2y(1 - aaby,p; o (34)
(2 A(1-(1-a)p,) *? 2-a)(1-(1-a)p,) "
L L-1 R L-1 R
C0V<d2,t’d2,t> = Cov Z (dz,m" lZdZ,t) =1, Z COV(dz,m’ d2,t)
i=0 i=0
L-1 co o L1 o
Ly TS (- IR, vty 35 (-0 e,
i=0 j=1 i=0 j=1
_U-phabdipy(1-p3),  vhabhp(1-p7) o
(1-p2)(1-(1~-a)p,) P (1-p) (1= =ap,) P
O

Theorem 4. For two parallel supply chains in which inter-
actions exist with respect to customer demand and the re-
tailers’ market share, when two retailers use the order-up-to

var(t,,)
Var(d,,)

£
IBEnmIcr—l =

_ (Bl @ )8 + 2y (1 =(1-p1))/ (1= p)'n+ (1 (1 - )l (- 01

—(=ap))h- (ha(1-p}))/(1=p) (1= (1=

inventory strategy and the ES forecasting method, the
quantitative model of the inventory bullwhip effect in two
supply chains is expressed as follows:

@p)))8%, + 21 = WBp((L =(1 = p%))/ (1= po)P + (B (1 = )/ (2= 0 (1 = (1= @)p,) ) = (a1 = p2))/ (1= ps) (1 = (1= p2))))83,,

_ Var(l,)

TBE i = ar( )

:(13+I§(«/(27a)))§§‘d+lwb§,pz((lz7(17,9’1))/(17Pz)zrwq((l%(l70‘)«)/((27&)(17(1741)9))h (La(1-p5)) (1

5.3. The Inventory Bullwhip Effect Using the MMSE Method.
Box and Jenkins [49] have pointed out that the demand
forecast value d,; is the conditional expectation in historical
Qemand information for the period t+i(i=0,1,2,...).
d,;= E(dm |d,_,d,_,,...), and particularly for the AR(1)
process, d,.; = E(d,,; 1d,_,). In this paper, the price follows

= p2) (1= (L= @)py)))3} , + 21 = plbdpy (= (1- 7))/ (1 -

611

1)+ a3 (- @a)/ (2= ) (1= (1= py))h = (La(1-p}))/ (1 - p)) (1 - (1= )p,)))8E,

&

(35)

the AR(1) process, such that p,,; = E(p,,; | p,_1)- Thus, the
demand forecast values for R1 and R2 can be expressed
as dl 140 = A1 = by Py 01Dy + €y and dypy = ay-

by1Posei + Doy Prysi + €244 in the period f+i. Thus, the
price forecast values for the period t + i can be expressed
as follows:
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1 _Pi+1 i1
iy +py Pri1>

Pigsi = E(pl,t+i |P1,t—1) =

1

i+1 .
i+1

_pP2 (1=y)+py Poy-

2

_ 1
Popsi = E(Pz,m |P2,t—1) =
(36)

digri = a1 = by Prsi + biaPosyi

13

Thus, the demand forecast values for the period t + i can
be expressed as follows:

S bll(l_Pi+1)P‘11//_b12(1_P?l
: 1-p 1=p,

Aypi = Ay = by Dopri + bop P g

(1-vy) i i
)t v ) _(b11P1+1P1,t—1 - b12P2+1P2,t-1)’

—a _(bZI (1-p5 (1) B by (1-py" iy
=a,

1-p,

Then, q,,; and g,, in equation (6) can be formulated as
equation (37):

Pl‘l/(l - P111)<P1,t—1 - Pl,t—z) .
1-p;

Q1 = —bups

p, (11— ll/)(l - Plzz)(Pz,H - P2,t—2)

9o = ~b21ps 1-p,

Theorem 5. For two parallel supply chains in which there is a
competition effect on customer demand and the retailers’
market share, when two retailers use the order-up-to

+byp;

(37)
) _(b21p;+1p2,t—1 - bzzP1,:‘+1P1,t—1)~
Pz(l _Plzl)(Pz,H - Pz,t—z) vdy
1-p, ’
(38)

Pl(l - Pllz)(Pl,t—l - Pl,t—Z)
1-p

+dy, .

inventory strategy and the MMSE forecasting technique, the
quantitative model of the bullwhip effect in two supply chains
is expressed as follows:

263, y((p3 (1= 1) (1= P+ 1) (1= p0)7))07 + 263, ((03(1 = P53 ) (1= 5 )) (1 + p2) (1= p2)°) )3
_anblz((((Pl (L=p )/ (1= p1p2)) + p1 (P2 (1 = p1))/ (1 _PIPZ))((PZ(l _Plzl))/(l _P%)))((Pl(l _Plll))/(l _Pf))

BEMMSE Var(qu) -1+ +(((P2 (L=p (1= p1p2)) + P2 ((pr (1= p2))/ (1= P1P2))((P1(1 - Plll))/(l _P%)))((Pz(l - Plzl))/(l - Pg)))5§2

retailer—1 Var(dl,t)

BEMMSE Var(q 2,:)

2
é\l,d

retailer-2 Var(d )
2.t

(39)
265 (L= w)((P3(1 =5 ) (1= p5 ™)) (14 p2) (1= p2)*)85 + 265, (p(1 =) (1= P ))((1 4 1) (1= 1))
~2b31b5(((p2 (1= 1))/ (1= pupa) + tpan(py (1= o))/ (1 = pip)a(pr (1= 7))/ (1 = o) (P21 - 2))/ (1 = £3))
B 1 H e (=) (L= pipa)) + 21 (pa (1= 1))/ (1= pipa)) (P21 =p3))/(1=pD)) (s (1= p2))1 (1 = )32,
8 '
Similar‘ to Section 5.1, ?n order to analyze the impact of Ly =Ty + Qg —dygrs
the bullwhip effect on the inventory level, we calculated the (40)

variance of the inventory level for the two retailers at the
period t as I, ; and I,; corresponding to the bullwhip effect.
I,, and I,; can be expressed as follows:

L=l + 0, —dy

From equation (40), we can determine
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Qg =1, =1, +dy, We substituted equation (42) into equation (41), and we
Y ' ' ' (41) can obtain equation (43) as follows:
D1, = Loy = Iopy + oy BN
1 1 1
) Iltzglt:dlt—l _d1t11>
Vassian [48] proposed that g,,; and g,,; can be (43)
expressed as follows: th = d” 0 dlz L
~1
que-1, = dll,t - Z Qi — L
= (42)  Lemma 5. Using the MMSE forecasting technique, the es-
L1 timate ?fthe standard deviation of the I, period forecast error
Qa1, = day Z Dop-i ~ Loy of R1 &, is a constant and can be expressed as follows:
i=1
L[ i+l LY\ ( lyt1
? 2Lt UV p(L=p )P =pi=2) o b=’ (| pa(1=p3)(ps" —p2=2)
&= \|lhot+Lo3 + S| L+ 5 o) + | L+ 3.
’ (1-p1) 1=pi (1-p,) 1-p3

Proof. Proof

All

¢ = Var(&l dlf,t>

(44)

I,-1
Var< <

Il
(=}

j=0 =0

~byy Z P ]771,1‘+j —b,(1-vy) szz ]’72,t+j Tt 52,t+i>>

I I -1
<Z sltﬂ) +Var<z 52t+z> + bul/JZVar(Z
i=0

i L,
ZPI ’11z+1>+b%2(1‘w) V“”(Z
j=0 i=0

1

ZPIZ ]’72t+]>
j=0

I -1-i

j=0

I-1 1 L—1-i
Lot +1 02+b%11//2Var< Mit+j z P1>+b%2(1_‘//) Var<2172t+] z P2>
i=0 i=0

j=0

)(Plllﬂ

P1

2 2
Lot + 1,05 +

b%z(l -v)

2

1—p12 1-py

11

L
b2,y pi(1-pi
) L+

Lemma 6. Using the MMSE forecasting technique, the es-
timate ?fthe standard deviation of the 1, period forecast error
of R2 &, is a constant and can be expressed as follows:

_2)>5f ¥

(1_P2)2 1-p;
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Theorem 6. For two parallel supply chains in which there is a
competition effect on customer demand and the retailers’
market share, when two retailers use the order-up-to

2 12
>6§+b22(1 1/2 <l1+
(1_ Pl)

T op-2))(1-p)))8

(=P )P =P =2) o
1-pi "

O
inventory strategy and the MMSE forecasting technique, the
quantitative model of the inventory bullwhip effect in two
supply chains is expressed as follows:

BEMMSE V‘”(Il,t) B Lot +Los + (b7, 97)/ (1 - pl)z(ll +((P1(1 - Plll)(Pll'
retailer—1 = =
Var(dly,)

IBEMMSE

+(b%z (1- W)Z)/( (1- Pz)z)(lz +(P2(1 -p; )(Plzfr P2~ 2))/(1 —Pé))ég’

2
Ola

+(B5 (1= )= p)) 1+ (e (1= 1) (o1 -y - 2))1 —/J%))t??'

retailer—2 —
Y%

6. Simulation and Result Analysis

6.1. Simulation Process. From the above theorems, we ob-
tained the quantitative model of the bullwhip effect and the
inventory bullwhip effect in two parallel supply chains. This
can be contrasted with the work by Ma et al. [7], which
compared the bullwhip effect on product orders and on
inventory by employing the three forecasting techniques in a
two-level supply chain. The research used the numerical
method and included one manufacturer and one retailer.
However, in this section, we analyze the impact of different
forecasting techniques on the bullwhip effect and on the
inventory bullwhip effect in two parallel supply chains using
ExtendSim Software 7.1. Thus, the simulation model of the
bullwhip effect is constructed on the basis of the MA, ES, and
MMSE forecasting techniques in Figures 2-4, respectively.
The simulation model of the inventory bullwhip effect is
constructed on the basis of the MA, ES, and MMSE fore-
casting techniques in Figures 5-7, respectively.

_Var(ly) _Lod+hot+ (0397 (1-p2) (1 +(pa(1 - 23 ) (P —p2 - 2))/ (1-92)))
(2.)

2
62,d

(48)

We should explain the meaning of Figure 2. The selling price
of the product of both retailers can be expressed as p, , = yu, +
PPy + ¥y and pyy = (L=y)uy+ pypys g + (1= )1y
respectively. The demand model which R1 faces can be
expressed asd,, = a, — by p; + by, p,, + €. The RI’s order
to manufacturer-1 can be expressed as q,; = (1 +1,/k)d,, |-
L, /k)dlt «_1- Finally, the bullwhip effect can be expressed as
BEMA | = Var(q,,)/Var(d,,). Figure 3 indicates that the
selling price of the product of both retailers can be expressed as
Pre =y + PPty and pyy = (1= )y +pypop g+
(1 = y)n,,, respectively. The demand model which R1 faces
can be expressed asd, ; = a; — by, p;; + by, p,; + £ ;. RU's order
to manufacturer-1 can be expressed as q;, = (1 +al,)d, ,—
al,dtg,. The bullwhip effect can be calculated using
the following equation: BEES .. | = Var(q,,)/Var(d,,).
Figure 4 illustrates that the selling price of the product of
both retailers can be expressed as 131 i = E(Proi | pre1) =
(L= D ey + P iy and Povi = E(Papiil Pog) =
((Q=p5N puy (L=y) +p5p,, 1, respectively. The
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FIGURE 2: The simulation model of the bullwhip effect based on the MA technique.

demand model which R1 faces can be expressed as d, ,,; =
a;— by Py +biapysyie RUs order to manufacturer-1 is as
follows: gy, = —by1py (P (1=p1) (P11 = Pre2))/ (1=py)+
biapy (py (1=p3) (Pa1 = Pay2))) (1=py)+dy, . The bull-
whip effect can be calculated as follows: BEMMPE =
Var(q,,)/Var(d,,).

The demand process, the order process, and the price
process shown in Figure 5 are the same as those in Figure 2.
The inventory level of R1 can then be determined as fol-
lows: I, ; = dt1 - d, ;. The inventory bullwhip effect can be
calculated as follows: IBEYA,., | = Var(I,,)/Var(d,,). The
demand process, the order process, and the price process in
Figure 6 are the same as those in Figure 3. R1’s inventory
level can then be calculated as follows: I, = dt1 —dtgl.
The inventory bullwhip effect can be determined using the
following equation: IBEES | | = Var(I,,)/Var(d,,). The
demand process, the order process, and the price process in
Figure 7 are the same as those in Figure 4. R1’s inventory
level can then be calculated as follows: I, = dt1 - d(1,¢).
The inventory bullwhip effect can be formulated using the
equation: IBEMMME = Var(I,)/Var(d, ).

retailer—1

6.2. Analysis of Results

6.2.1. Comparing the Bullwhip Effect Using Different
Forecasting Techniques. Based on the quantitative model
and the simulation model of the bullwhip effect using

different forecasting techniques, we found that the
bullwhip effect for R1, using different forecasting
techniques, depends on the self-price sensitivity coef-
ficient, the cross-price sensitivity coeflicient, the price
autoregressive coeflicients, the market share, and the
variance. However, the bullwhip effect cannot be im-
pacted by the potential market demand. We analyzed
the impact of different forecasting techniques on the
bullwhip effect for R1. The relevant parameters can be ap-
plied as follows: 4, = 1,4, =1, Sip = 65’17 =1,and &}, = 0.1
(Tables 2 and 3).
The following conclusion can be drawn from Table 4.

(1) From No. 1-3, when the price autoregressive coef-
ficients of the two retailers are very low and have the
same value, and regardless of how much longer the
lead time is, or how much larger the smoothing
coeflicient is, or how bigger the market share is, R1’s
bullwhip effect is at the lowest level using the MMSE
forecasting technique.

(2) From No. 4-9, when R1’s self-price sensitivity co-
efficient and R1’s cross-price sensitivity coeflicient
are at the low level and have the same value, other
variables are equal to any values, and R1’s bullwhip
effect is at the lowest level using the MMSE fore-
casting technique.

(3) From No. 10-15, when R1I’s self-price sensitivity
coefficient, cross-price sensitivity coefficient, lead
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FIGURE 3: The simulation model of the bullwhip effect based on the ES technique.

time, market share, smoothing coefficient, and price ~ error to the largest extent, the bullwhip effect can reach
autoregressive coefficient are from low to high, RI’s  the lowest level using the MMSE techniques; (2) R1
bullwhip effect is at the highest level using the MA ~ can reduce the bullwhip effect using the MA tech-
forecasting technique. niques when the self-price sensitivity coefficient b, is

(4) From No. 16-19, when RI’s self-price sensitivity ¥0wer than 5.5, the price autoregressive c.oeﬁicient P1
coefficient, cross-price sensitivity coefficient, lead 15 lower than 0.45, and the market share v is lower' than
time, market share, smoothing coefficient, and price ~ 0-4- Or} the contrary, Rl can reduce the bullwhip ef-
autoregressive coeflicient are all at the low level, R1’s fecl'f/lklslng the ESS technlques.ZMorzeoleer > ZABEretailer—l =
bullwhip effect is at the lowest level using the MMSE ~ BEretaiter-1 = BE ctaiter-1> when o7 = &), 03 = §), and we can
forecasting technique. determine the following:

We converted the data into figures in order to analyze ;
the impact of the relevant factors on R1’s bullwhip effect. ABE. . —b b d-v) p <l 1= Pf)
Moreover, we can obtain some important managerial retailer = U125 b 1—p, 1-p,
insights from figures. Figure 8 shows the impact of b;; and

bi» on the bullwhip effect using different forecasting ( - (1 _ Pll)) 2
techniques. Figure 9 depicts the impact of p; and p, on the +bp, ! ; +py—r
bullwhip effect. Figure 10 depicts the impact of ¥ on the (1-p) (1-p1)
bullwhip effect.

By comparing the bullwhip effect using different 12(1 - plzz) 1 L P a
forecasting techniques, as shown in Figures 8-10, we can + W < 2y (E) + (llz _ 0() :

conclude the following: (1) as the MMSE forecasting
techniques can reduce the lead-time demand forecast (49)
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FIGURE 4: The simulation model of the bullwhip effect based on the MMSE technique.

Proposition 1. When the self-price sensitivity coefficient b,,,
the cross-price sensitivity coefficient by,, the price autore-
gressive coefficients p, and p,, and the market share v satisfy

b =) (o 1=p) o (h=(1-p1))

the following condition, R1 can control the bullwhip effect
using the MA technique. Otherwise, R1 should select the ES
technique.

p +
TR pp 1-p 1 1-py e (1-p,)

It is evident that the potential market demand a, has no
impact on RI’s bullwhip effect. Thus, the potential market
demand cannot influence R1’s choice of the forecasting tech-
nique. On the other hand, when the self-price sensitivity co-
efficient by, the cross-price sensitivity coeflicient b,,, the price
autoregressive coefficients p; and p,, and the market share y
satisfy Proposition 1, R1 can control the bullwhip effect using the
MA technique. Otherwise, R1 should select the ES technique.

6.2.2. Comparing the Inventory Bullwhip Effect Using Dif-
ferent Forecasting Techniques. Based on the quantitative
model and the simulation model of the inventory bullwhip
effect using different forecasting techniques, we found that
RI’s inventory bullwhip effect using different forecasting
techniques depends on the self-price sensitivity coefficient,
the cross-price  sensitivity = coeflicient, the price

2o L(-p3) 1 ([ [, o«
e w((F) i) ) o

autoregressive coefficients, the market share, and the vari-
ance. However, it cannot be impacted by the potential
market demand. We analyzed the impact of different
forecasting techniques on R1’s inventory bullwhip effect.
The relevant parameters can be applied as follows:
w =Ly =1, 6%)17 =065, =1, and 8}, = 0.1 (Tables 5 and 6).
The following conclusion can be drawn from Table 7.

(1) In No. 1-3, when the value of the two retailers’ price
autoregressive coeflicient is very low and at the same
level, regardless of the length of the lead time, or how
much larger the smoothing coeflicient is, or how
much larger the market share is, R1’s inventory
bullwhip effect is at the lowest level using the MMSE
forecasting technique.

(2) In No. 4-9, when RI’s self-price sensitivity coeffi-
cient and R1’s cross-price sensitivity coeflicient are at



Journal of Engineering 19
M
d(lt ] H"I A
VI_SD|
.
P +by P @D+, O
hu‘P 2.1
:
i Eqn lB—1BE (retailer - 1)
i
y 123
£t IBE (retailer -|1) = Var (I (1, t))/Var (d (1, t))
d fy

p (2,0

D=-Pu,+p, P t-D+y'n,,

d(,H——4d

g

.
l-y
a0 rl.l@ I-r Sumd (1, )
Q :
L dt, = (1,"(sumd (1, 1)/k))

|

[0 =dt,-d (1,0

I1(1,1)

M

J_H, v

E
Clear

FiGure 5: The simulation model of the inventory bullwhip effect based on the MA technique.

the low level and at the same level, regardless of the
length of the lead time, or how much larger the
smoothing coeflicient is, or how much larger the
market share is, R1’s inventory bullwhip effect is at
the lowest level using the MMSE forecasting
technique.

(3) In No. 16-18, when the value of the two retailers’
price autoregressive coefficient is very low and at a
different level, and when the smoothing coeflicient is
very low and the lead time is very low, R1’s bullwhip
effect is at the lowest level using the MMSE fore-
casting technique. Moreover, R1’s inventory bull-
whip effect is at the highest level using the ES
forecasting technique.

We converted the data into figures in order to analyze the
impact of the relevant factors on R1’s bullwhip effect.
Moreover, we can gain some important managerial insights
from the figures. Figure 11 depicts the impact of b;; and b,,
on the inventory bullwhip effect. Figure 12 depicts the impact
of p; and p, on the inventory bullwhip effect. Figure 13 de-
picts the impact of ¢ on the inventory bullwhip effect.

By comparing the inventory bullwhip effect using dif-
ferent forecasting techniques, as shown in Figures 11-13, it
is evident that the inventory bullwhip effect can reach the
highest level using the ES technique (Chen et al. and Zhang
et al. reached the same conclusions). Moreover, R1 can
control the impact of the inventory bullwhip effect using the
MA technique or the MMSE technique. We can then analyze
which forecasting technique R1 should select under different
conditions. Figure 11 shows that the inventory bullwhip
effect can achieve the lowest level under the MMSE tech-
nique when the value of the self-price sensitivity coeflicient
by, is lower than 7. Otherwise, the inventory bullwhip effect
can reach the lowest level using the MA technique when b,
is higher than 7. Figure 12 shows that the inventory bullwhip
effect can reach the lowest level using the MMSE technique
when the price autoregressive coeflicient p; < 0.8. Otherwise,
the inventory bullwhip effect can reach the lowest level using
the MA technique when the price autoregressive coefficient
p, >0.8. Figure 13 indicates that the inventory bullwhip
effect can achieve the lowest level using the MA technique
when the value of the market share y is lower than 0.6.
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FIGURE 6: The simulation model of the inventory bullwhip effect based on the ES technique.
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Journal of Engineering 21

TaBLE 2: The value range of the relevant factors.

Factors A I k by, b, 4 P P2 o
Level 1 2 2 4 5 5 0.3 0.3 0.3 0.3
Level 2 4 4 8 10 10 0.6 0.6 0.6 0.6
Level 3 6 6 12 15 15 0.9 0.9 0.9 0.9
Level 4 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 5 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 6 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 7 2 2 4 5 5 0.3 0.3 0.9 0.6

TaBLE 3: The simulation number.

No. L L k by, by 14 P1 P2 o
1 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1(0.3) 1 (0.3) 1(0.3)
2 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2 (0.3) 2 (0.3) 2 (0.6)
3 3 (6) 3 (6) 3 (12) 3 (15) 3 (15) 3(0.9) 3 (0.3) 3 (0.3) 3(0.9)
4 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1 (0.6) 1 (0.6) 1(0.3)
5 2 (4) 2 (4) 2 (8) 2 (5) 2 (5) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
6 3 (6) 3 (6) 3 (12) 3 (5) 3 (5) 3 (0.9) 3 (0.6) 3 (0.6) 3 (0.9)
7 1(2) 1(2) 1(4) 1(5) 1(5) 1 (0.3) 1(0.9) 1(0.9) 1(0.3)
8 2 (4) 2 (4) 2 (8) 2 (5) 2 (5) 2 (0.6) 2 (0.9) 2 (0.9) 2 (0.6)
9 3 (6) 3 (6) 3 (12) 3 (5) 3 (5) 3 (0.9) 3 (0.9) 3 (0.9) 3 (0.9)
10 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1 (0.3) 1(0.3) 1(0.3)
11 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1(0.3) 1(0.3) 1(0.3)
12 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
13 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
14 3 (6) 3 (6) 3 (12) 3 (15) 3 (15) 3 (0.9) 3 (0.9) 3(0.9) 3 (0.9)
15 3 (6) 3 (6) 3 (12) 3 (15) 3 (15) 3 (0.9) 3 (0.9) 3(0.9) 3 (0.9)
16 4 (2) 4(2) 4 (4) 4 (5) 4 (5) 4(0.3) 4 (0.3) 4 (0.6) 4 (0.3)
17 5(2) 5(2) 5 (4) 5 (5) 5 (5) 5(0.3) 5(0.3) 5 (0.6) 5 (0.3)
18 6 (2) 6 (2) 6 (4) 6 (5) 6 (5) 6 (0.3) 6 (0.3) 6 (0.6) 6 (0.3)
19 7 (2) 7 (2) 7 (4) 7 (5) 7 (5) 7 (0.3) 7 (0.3) 7 (0.6) 7 (0.6)
TABLE 4: The simulation result.
No. BEf'\gtéiler—l BEfeStailer—l BES{:{&I:[ilSeEr—I
1 34 5.1 2.1
2 3.41 5.2 2.3
3 3.43 5.25 2.6
4 3.51 5.41 2.7
5 3.53 5.63 2.8
6 3.56 5.81 2.9
7 3.8 5.9 3.0
8 39 6.02 3.05
9 4.0 6.05 31
10 14.1 6.1 3.16
11 14.15 6.21 3.22
12 15.7 6.3 3.27
13 16.1 6.4 3.37
14 17.2 6.5 34
15 17.5 6.6 3.6
16 3.68 6.9 3.41
17 3.72 7.01 343
18 3.8 7.13 3.44
19 3.9 7.3 3.45
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FIGure 8: The impact of b;; and b, on the bullwhip effect using different forecasting techniques.
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FIGURE 9: The impact of p; and p, on the bullwhip effect using different forecasting techniques.

Otherwise, the inventory bullwhip effect can achieve the  than 0.6. Moreover, AIBE .., = IBEMMSE — TBEMA

lowest level using the MMSE technique when v is higher ~ when ¢? = &% and 02 = 87, and we can get
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Figure 10: The impact of y on the bullwhip effect using different forecasting techniques.
TaBLE 5: The value range of the relevant factors.
Factors I I, k by, b, 14 I I o
Level 1 2 2 4 5 5 0.3 0.3 0.3 0.3
Level 2 4 4 8 10 10 0.6 0.6 0.6 0.6
Level 3 6 6 12 15 15 0.9 0.9 0.9 0.9
Level 4 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 5 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 6 2 2 4 5 5 0.3 0.3 0.6 0.3
Level 7 2 2 4 5 5 0.3 0.3 0.9 0.6
TaBLE 6: The simulation number.

No L L k by by Y P P2 @
1 12) 1) 1(4) 1 (5) 1 (5) 1(0.3) 1(0.3) 1(0.3) 1(0.3)
2 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2(0.3) 2(0.3) 2 (0.6)
3 3 (6) 3 (6) 3 (12) 3 (15) 3 (15) 3 (0.9) 3(0.3) 3 (0.3) 3(0.9)
4 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1 (0.6) 1 (0.6) 1(0.3)
5 2 (4) 2 (4) 2 (8) 2 (5) 2 (5) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
6 3 (6) 3 (6) 3 (12) 3 (5) 3 (5) 3 (0.9) 3 (0.6) 3 (0.6) 3(0.9)
7 1(2) 1) 1 (4) 1 (5) 1 (5) 1(0.3) 1 (0.9) 1 (0.9) 1 (0.3)
8 2 (4) 2 (4) 2 (8) 2 (5) 2 (5) 2 (0.6) 2 (0.9) 2 (0.9) 2 (0.6)
9 3 (6) 3(6) 3(12) 3 (5) 3 (5) 3 (0.9) 3(0.9) 3 (0.9) 3(0.9)
10 12 1) 1 (4) 1 (5) 1 (5) 1(0.3) 1 (0.3) 1 (0.3) 1 (0.3)
11 1(2) 1(2) 1(4) 1(5) 1(5) 1(0.3) 1(0.3) 1(0.3) 1(0.3)
12 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
13 2 (4) 2 (4) 2 (8) 2 (10) 2 (10) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6)
14 3 (6) 3 (6) 3(12) 3(15) 3 (15) 3(0.9) 3 (0.9) 3 (0.9) 3(0.9)
15 3 (6) 3 (6) 3 (12) 3 (15) 3 (15) 3 (0.9) 3 (0.9) 3 (0.9) 3 (0.9)
16 4 (2) 4(2) 4 (4) 4 (5) 4 (5) 4 (0.3) 4 (0.3) 4 (0.6) 4 (0.3)
17 5(2) 5(2) 5 (4) 5 (5) 5 (5) 5 (0.3) 5 (0.3) 5 (0.6) 5 (0.3)
18 6 (2) 6 (2) 6 (4) 6 (5 6 (5 6 (0.3) 6 (0.3) 6 (0.6) 6 (0.3)
19 7 (2) 7 (2) 7 (4) 7 (5) 7 (5) 7 (0.3) 7 (0.3) 7 (0.6) 7 (0.6)
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TABLE 7: The simulation result.

No. IB Ex{iﬂer—l IBEfestailer—l B Ei\gtaMilSeEr—l
1 89.6 130.3 21.9
2 75.5 130.6 21.7
3 74.3 130.8 21.6
4 74.1 131.4 214
5 73.8 131.8 21.1
6 73.3 131.9 20.9
7 73.2 132.2 20.7
8 72.8 132.4 20.5
9 72.6 132.6 20.2
10 72.4 132.8 20.1
11 72.1 132.9 19.9
12 71.9 133.3 19.8
13 71.6 133.6 19.6
14 71.2 133.8 19.4
15 70.8 133.9 18.9
16 70.5 134.2 18.7
17 69.9 134.6 18.5
18 68.6 134.8 18.5
19 21.5 135.5 71.7

Inventory bullwhip effect under
different forecasting techniques

FiGure 11: The impact of b}, and b,, on the inventory bullwhip effect using different forecasting techniques.

Proposition 2. When the self-price sensitivity coefficient by, the following condition, R1 can control the inventory bullwhip
the cross-price sensitivity coefficient b,,, the price autore-  effect using the MMSE technique. Otherwise, R1 should select
gressive coefficients p, and p,, and the market share y satisfy ~ the MA technique.

2
P1 P1 P1 P1 ko k W(l_ll/)}
2 +2 -2 1+ b,,b + _—
{ (1— pl> I—PI} ( 1—P1)(1—pl){ nbu(pr + ) 1-pip

I L

b b Pz(l‘Pl)PZ(l_PZ) pi(l-py) pl(l_pl)
<200 | Ao _ 2 T\ P _ 2
L=pip, 1=p3 1=pip, 1-pj

(52)
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We found that the potential market demand g, has no
impact on R1’s inventory bullwhip effect. Thus, the potential
market demand cannot influence R1’s choice of the fore-
casting technique. On the contrary, when the self-price
sensitivity coefficient b,;, the cross-price sensitivity coeffi-
cient by,, the price autoregressive coeflicients p; and p,, and
the market share v satisfy Proposition 2, R1 can control the
inventory bullwhip effect using the MMSE technique.
Otherwise, R1 should select the MA technique.

From the above analysis, we can obtain the following
managerial insights:

Managerial Insight 1. Figure 8 clearly illustrates that
there is a positive relationship between b,, and BE. In
other words, the larger the value of the cross-price
sensitivity coefficient, the greater the competition be-
tween the two supply chains. As a result, the fluctuation
in demand increases. Thus, in terms of the operational
and management activities of the firm, the firm should
seek to reduce the competitive relationship and
maintain a positive cooperative relationship.

Managerial Insight 2. As shown in Figure 10, there is a
positive relationship between y and BE. The reason for
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this phenomenon is that the larger the probability that
customers will choose both retailers’ products, the
more difficult it is for the two retailers to forecast
customer demand. Thus, this will lead to greater un-
certainty with respect to the retailer’s order.

Managerial Insight 3. As Figure 11 clearly shows, there
is a positive relationship between b;, and IBE. In other
words, the larger the value of the cross-price sensitivity
coeflicient, the greater the competition between the two
supply chains, and the fluctuation in the inventory level
increases. Thus, the firms should reduce the competi-
tive relationship and maintain a positive cooperative
relationship between different firms.

Managerial Insight 4. As shown in Figure 13, there is a
positive relationship between y and IBE.

As shown in Managerial Insight 2, the larger the
probability that customers will choose both retailers’
products, the larger the bullwhip effect of the two re-
tailers. As a result, this will lead to more uncertainty in
the retailer’s inventory. Thus, the bullwhip effect will
increase for both retailers.

Managerial Insight 5. As shown in the simulation
result, with the increase in relevant variables (i.e., the
self-price sensitivity coefficient and the cross-price
sensitivity coefficient), the retailer’s bullwhip effect
and the inventory bullwhip effect become larger and
larger. Moreover, the fluctuation in the inventory level
is higher than the fluctuation in the level of demand.
This means that the retailer should control the vola-
tility of the demand so that the volatility of the in-
ventory level can be controlled.

7. Conclusion

In this paper, we researched the impact of different fore-
casting techniques and market share on the inventory
bullwhip effect in two parallel supply chains which include
one manufacturer and one retailer in each supply chain. We
assumed that the two retailers order products from two
manufacturers using the order-up-to strategy and that the
two retailers predict customer demand using different
forecasting techniques. First, we developed a quantitative
model of the inventory bullwhip effect based on the bullwhip
effect and by means of inventory. We then analyzed the
impact of the self-price sensitivity coefficient, the cross-price
sensitivity coefficient, the different forecasting techniques,
and the market share on the inventory bullwhip effect. Fi-
nally, we analyzed the condition under which different
forecasting techniques and the market share can increase or
reduce the inventory bullwhip effect. We reached the fol-
lowing conclusions:

(1) The bullwhip effect can achieve the lowest level
under the MMSE technique when the value of the
self-price sensitivity coefficient b, is lower than 7.
On the contrary, the bullwhip effect can achieve the
lowest level using the MA technique when b, is
higher than 7. The bullwhip effect can reach the
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lowest level using the MMSE technique when the
price autoregressive coefficient p; <0.8.

(2) The bullwhip effect can achieve the lowest level using
the MA technique when the value of the market
share y is lower than 0.6. Otherwise, the bullwhip
effect can achieve the lowest level using the MMSE
technique when y is higher than 0.6. Moreover,
ABEretailer—l = BEi\gmMilSeEr—l - BExéiler—l’ when 0-% = 6%
and 03 = 0;.

(3) The MMSE forecasting technique can reduce the
lead-time demand forecast error to the largest extent,
and the inventory bullwhip effect can achieve the
lowest level using the MMSE technique.

(4) R1 can reduce the inventory bullwhip effect using the
MA method when the self-price sensitivity coefhi-
cient by, is lower than 5.5, the price autoregressive
coeflicient p, is lower than 0.45, and the market share
v is lower than 0.4.

Our research suggests that the manager should
strengthen cooperation with the partner. If two products are
substitutable or two supply chains are competitors, they
should reduce the competitive relationship and maintain
positive cooperative relationship. Moreover, the firm should
forecast the market demand using the mean square error
forecasting method under some conditions. On the contrary,
the company can do this by using other forecasting methods
under some conditions. In this paper, we only researched the
inventory bullwhip effect in two parallel supply chains. In
the future, we will discuss the inventory bullwhip effect in a
supply chain network which includes multiple suppliers,
multiple manufacturers, multiple distributors, and multiple
retailers. Lastly, we should point out that many suppliers or
retailers build the network selling channel to sell products by
means of electronic commerce. There is a competitive re-
lationship between the network selling channel and the
traditional entity selling channel. In the future, we will
discuss the impact of different selling channels on the in-
ventory bullwhip effect.
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