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Abstract

pply chain network with
bust control method and
bullwhip effect. It was also
b Iwhip effect. However, the
del. Thls means that the complex supply

This paper develops a mathematical model using differential equations and considers a
multiple retailers and distributors. To ensure the stability of the entire system and reduce
an inventory replenishment policy are proposed. This shows that the choice ol
observed that the inventory replenishment mechanism may be a negative
inventory replenishment behavior may lead to the bullwhip effect on i
relationships may have a significant role in controlling or reducing the bullwhi
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1. Introduction

The bullwhip effect is a ter 1, in a supply chain environment, there are always
progressive fluctuations in cust multiple downstream customers with different probability
supply chain from downstrea istributions of a demand quantity.
larger phenomena produce Daganzo (2003), Nagatani and Helbing (2004), Surana
process of information et al. (2005), Helbing et al. (2006) aimed to develop a
distorted. This has a realistic model to describe nonlinear interactions and to
represent dynamics of the flow of the materials though
networks. Helbing et al. (2004) proposed a supply
network governed by balance equations and equations for
the adaptation of production speeds and studied the
stability and dynamics of supply networks. Daganzo
(2004) examined the stability of multistage supply chains
under arbitrary demand conditions and presented
commitment-based policies that can maintain any desired
inventory level for any demand rate. A supply network
based on a stochastic discrete-time controlled dynamical
p04) declared that inventory- system was proposed by Laumanns and Lefeber (2006),
is vital to the supply chain in which an explicit state-feedback control policy was

demand behavio
Chuang and H
replenishment decisi

performance. The seléction of an appropriate inventory derived to control the material flow of the supply
policy would not only reduce the total inventory costs but network. Ouyang and Li (2010) analyzed the propagation
also would satisfy the downstream customers and the final and amplification of order fluctuations in supply chain
customer in a supply chain environment. In this aspect, networks and based on inventory management policies.
most of the existing researches have been devoted the They proposed robust analytical conditions to predict the
supply chain inventory decision to a single known presence of the bullwhip effect for any network structure.
demand distribution, such as normal or uniform. Yang et al. (2009) developed a model of a general closed-

loop supply chain network and optimized the equilibrium
state of the network by using the variation inequalities
method. Dong et al. (2011) proposed a supply chain
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not consider demand as uncertainty. The uncertainty of

When d;(t) is constant dj, for a stable supply supplying raw materials, in advance of uncertainty and

network, its inventory and order quantity is a constant structural uncertainty due to demand uncertainty is often a
steady state shall source of uncertainty generated by the other. This paper

; _ ; _ . _ focuses on the robust demand environment in uncertain
limg_,., x; (8) = x7, limg_,., x; (¢) = x7°, limg_,., u, () =y onment in uncerta

On this basis, the definition of the state vector is shown supply network control problems. According to Wei et al.
’ (2013), consideration of robust indicators is determined as

below: follows:
x(t) = [x,(t) — x7, %, () — x5, ..., X (£) ®
— X X1 (T) C)) k=1Y(K)"y
m ® W, = s (7
~ Xm+1r - Xman (0 - xm+n]T ! \-/d(lli?:#o 2?:1 d(k)

In this study, in terms of the supply network, all
retailers and distributors orders are quantified as a control
vector. Structure control vector order and supply network
are assigned a direct relationship because each distributor a robust
has its unique external suppliers, and each retailer has at ains only the
least one distributor for its supply of goods, so it may be R its steadvéstate value for
assumed that the steady-state minus the constant use of all :

1 /2
k) — u?)? )
W=d)y)

een that the demand
lue of W,, we can

distributors and retailers re-order quantity number to get
control vector u(t). Then, u(t) is an order the number of
vector m + X7, X7 a;;. Input vector is defined by:

w 1,
A(t) = [dyar (£) — A% y1, dnyz (B ) (M)
—diis s nan () = din]” k=0 \Xi-, Var(d))
€ R"

As be seen, Yp_; Var(ul-)/Z‘,’c"lear(dj) is the

In the definition of state vector, th classic sion of the bullwhip effect, which means
vector and the input vector on the supp ) t demdnd for the unknown, as long as possible to
e the value of W, distributors will be able to end
ullwhip effect, or at least to reduce it to the
inimum. Specifically, in circumstances when W, < 1,
the bullwhip effect can completely control an entire
network. It is appropriate to apply W, bullwhip effect
robustness index.

In the field of control engineering, W, robustness
index is also known as the H,, norm. For a control system,
the goal of robust H, control is through the controller
design, to ensure stability of the system, based on the H,,
norm minimization. The value of H,, norm, there are two
methods; namely, the frequency-domain method and the
time-domain method. In the frequency domain, a transfer
function is based on a system. If the transfer function is
ut matrix as the system G(z), then its H, norm is max|G(ej“’)|wE(0’2n),
supression orders fluctuations calculation of the time domain by defining a suitable
Lyapunov function, and a robust control problem into the
LMI problem solving. This idea in a robust control theory
is widely used.

output, focusing
distributor side.

3. Robustness Index and Inventory Strategy Since this construct is a state-space model for
Algorithm calculating time-domain method, robustness indicators
used to optimize robustness of the indicator optimization
The main task of robust control for a variety of supply problem can be transformed into a linear matrix inequality
networks is to manage uncertainty. The application of a constraints due to Wei et al. (2013). This gives a general
robust inventory control strategy designed node model of robust control algorithms, in which direct
enterprises to meet the performance requirements of the reference to ideas in the literature present the following
system administrator. A supply network uncertainty does conclusions.
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Considering the existence of inventory replenishment Table 1

Minimum value® each case

between behavior and output matrix according to the
retailer, different values of D are controlled according to
four cases.

Case 1: Select the retailer's order quantity from output
vectors (i.e., D = diag (I41,15,)) among I,, value of all
the elements 0 three square matrix and [z, for the

3 Case 4
6 7.514

shows an inventory replenishment
s mpt significantly improve robustness
in supply networks. In order to

that behavior is not considered as inventory r
among retailers.

Case 2: Select output variables and sl
situation, D = diag (I45,15;), in wh
elements of the value taken 0 to 3¢
Ig,as  S-order unit matrixg

ullwhip effect, retailers and distributors are
bullwhip effect metric expression.

replenishment strategies a W, = Yjeng Var (1)) (14)
replenishment between thef B X jeng Var(d; (1)
T'45 = T'54 = 00025
0.005, 175 =157 = BW. — Dieny, Var(u;(t)) (15)
: =
ens Var(d;(t
output vector D = diag Ljen Var(d; ()
unit matrix .
There is BW, and BW, are represented retailers and
betwe distributors bullwhip effect expression is worth noting
that in numerical simulation, variance calculation and
the same. # simulation length.
unit matrix, 5 square matrix and

ies are considered for . .
t ,among retailers, inventory 5. Results and Discussion
retailer for delay 7 = 2, set

inventory reple ]
replenishment betwee

Tys =154 = 0.0025, g = 7gs = 0.0015, 754 =145 = When demand obedience considers 20 retailers,
0.005, ryg = 15, = 0.002. variance 100 under normal distribution, Fig. 2 shows that

According to Egs. (7) and (8), an optimization in Case 4 there is a steady state under three distributors on
algorithm using by the MATLAB of LMI toolbox is the dynamic curve. This figure also shows that based on
considered to determine value of the inventory control robust H,, control of the supply network design strategies
policy, in which y for four different above-mentioned to ensure stability of the order of the entire supply
cases is minimized. Corresponding to these cases, the network helped reduce ordering volatility curve which
minimum value of ¥ is shown in Table 1. can order to a steady state at a faster rate. It means that the

system can respond more quickly to customer needs. In
addition, Fig. 3 shows the convergence curve for the
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Fig. 4. Bullwhip effect BWj, per each case and three correlz .coefficients
From Figs. 3 and 4 and Table 2, the following ‘ be targefed to inhibit the target

conclusions can be drawn: 1) Comparison of cases shows production costs and
that in Cases 1 and 3 in terms of the bullwhip effect, the ‘ . cstifts of numerical simulation
value of retailers and distributors bullwhip effects have a strategy of inventory replenishment,

significant number. Cases 2 and 4 are compared to
situation bullwhip effect from end retailers to sma
distributors bullwhip effect shows a signific tive in terms of inhibiting the bullwhip effect.
which means the robust control design stras i y described the complex supply relationships
inventory can be targeted to select som
companies orders as an output varia effect in a supply network research; however,
shortcomings remained. Moreover, considering only
two levels of a supply network, the structure in reality a
pply network had more complexity.

1 and 2 compared with Cases 3
of the order retailer output °
replenishment strategies
in the supply networks
quantity of output v
strategy helps tog @
distribution but fluctuat
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6. Conclusion

A two-echelon supply network was modeled for
retailers and distributors with an application of robust H,,
control method designed according to ordering policies at
each node. Studies showed that the application of robust
control for inventories functions to control the bullwhip
effect might well inhibit a supply network by setting the

networks using modified partial differential equations. J.
of Applied Mathematics. 2011. 14 pages.
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