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Abstract: Reducing the Bullwhip effect is one of several crucial problems in supply chain management. 

In this paper, a centralized Model Predictive Control (MPC) strategy is applied to control inventories in a 

4 echelons supply chain. The single MPC controller used in this strategy optimizes globally and finds an 

optimal ordering policy for each node. The controller relies on a linear discrete-time state-space model to 

predict process output and the prediction can be approached by two multi-step predictors, which depend 

on measurability of the controller states. The objective function takes a quadratic form and thus the 

resulting optimization problem can be solved via standard quadratic programming. Simulation results 

show that centralized MPC strategy can track customer demand and maintain a proper inventory position 

level with reduced Bullwhip effect. 
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1. INTRODUCTION 

The last decades witnessed a transition of the production of 

industrial goods from the local or national level to facilities 

with global outreach that serve international markets. This 

development has put substantial stress on the supply chain of 

today¶s enterprises. Traditionally, supply chain management 

(SCM) employed heuristic techniques for the control of its 

real process. It is becoming increasingly difficult for the 

companies to compete on a global scale with only heuristic 

decision-making processes. As a result a systematic SCM 

method that maintains the inventory level at each node of 

supply chain to satisfy its customer demands by ordering 

products from the upstream node is imperative. In this paper 

we develop a dynamic model of a supply chain process and 

illustrate how centralized model predictive control is suitable 

for reducing Bullwhip effect. 

The tendency of demand variability to increase as one moves 

upward in the supply chain is commonly known as bullwhip 

effect. There have been many methods proposed to eliminate 

or reduce the bullwhip (Dejonckheere et al., 2003, Disney 

and Towill, 2003, Lin et al., 2004). Most of these works are 

based on the analysis of a class of replenishment strategies 

known as order-up-to level policies. 

Recent work utilizing model predictive control has been 

found to provide an attractive solution for SCM. There are 

several advantages of using MPC for SCM. MPC can 

minimize or maximize an objective function that represents a 

suitable measure for supply chain performance. MPC can be 

tuned to achieve stability and robustness in the presence of 

disturbance and stochastic demand. MPC was first applied to 

inventory management by Kapsiotis et al. (1992) for a single 

manufacturing site problem. It was developed subsequently 

and there were increasing reports on the application of MPC 

to SCM in the last decades. Lin et al. (2005) presented a 

Minimum Variance Control system with two separate set-

points for the actual inventory level and for the WIP (Work-

In-Process) level. Their MPC control strategy outperformed 

classical control in mitigating the Bullwhip effect. Wang et al. 

(2008) examined the application of MPC to inventory control 

problems arising in semiconductor manufacturing. Maestre et 

al. (2009) proposed a distributed MPC algorithm for a two-

node supply chain. Alessandri et al. (2011) combined min-

max optimization and MPC to solve inventory control 

problems of multi-echelon, multi-product distribution centre. 

Previous work focused on a fully decentralized MPC strategy 

(Fu et al., 2012) to update ordering decision for Bullwhip 

reduction. One frequently suggested strategy for reducing 

Bullwhip effect is to centralize demand information, i.e. to 

make customer demand information available to every node 

of supply chain. The purpose of this paper is to demonstrate 

the applicability of a fully centralized MPC to the problem of 

dynamic management of supply networks. With this 

implementation, ordering policy for each node of supply 

chain member is optimized by a global coordinator. This 

control strategy is feasible for the problems where all nodes 

belong to one enterprise. 

The remainder of the paper is structured as follows. In section 

2, the four nodes supply chain process is described and the 

discrete time controller model for the overall supply chain 

process is developed. Using the centralized model the two 

methods for predicting future process outputs are used and 
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on controlled variable and manipulated variable change is 

considered in the simulation. 

When no penalty is applied on the move size of order in Fig.4, 

the ordering decisions are adjusted aggressively at first time 

periods and outputs keep a small fluctuation after 40
th

 week. 

The results in Fig. 4 only show the first 50 weeks. The move 

size weights are equal for each node in Fig. 5. The magnitude 

of variance on order is amplified from retailer to factory at 

first time periods and from lower figures we can see order 

decisions between week 50 and 100 keep a good tracking of 

end customer demand variation. The oscillation on inventory 

position is mainly caused by tracking the setpoints. 
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Fig. 6. Simulation results with move size 

weights 1 0 0 0;0 1 0 0;0 0 1 0;0 ( ) [ 0 5]0  P i . 

If we increase the weight on move size of factory order, then 

its ordering decision is smoothed and stabilized as shown in 

Fig. 6. This order pattern is desired because the factory thrash 

will not vary violently caused by demand change from very 

large amount to very low amount or vice versa. However, the 

suppression on move size of order increases the variability of 

inventory positions, which can be seen from week 50 to 100.  

Using the definition of Bullwhip effect proposed by Disney 

et al. (2003), the comparison among numerical Bullwhip 

quantities generated by different weights on move size and 

that caused by decentralized MPC strategy ordering policy 

and conventional ordering policies (Fu et al., 2012) are 

shown in Table 2. They are calculated based on simulation 

samples rather than population. 

Table 2. Bullwhip for different P(i) and other strategies 

 Retailer Wholesal. Distribut. Factory 

P(i) (0 0 0 0) 1.0917 3.6828 3.3682 3.1186 

P(i) (1 1 1 1) 0.8019 2.1586 2.3092 2.5338 

P(i) (1 1 1 5) 2.5862 1.9115 0.6803 1.2998 

Decentralized  0.9888 2.6820 1.7520 1.5117 

OUT 3.4450 3.0731 2.8465 2.7663 

Fractional 2.5935 1.9135 1.3073 1.1106 

Table 2 shows that the ordering policies based on the MPC 

configuration outperform the conventional ordering policies 

in the sense of Bullwhip reduction. These results demonstrate 

the flexibility through centralized MPC to put different 

emphasis on Bullwhip suppression. When larger weight is 

put on factory order, it has a smooth order pattern to reduce 

variance of factory thrash. There is a trade-off because if a 

desired order rate is used then large inventory position 

deviations are found. From the simulation results we found 

the centralized MPC strategy has better customer satisfaction 

level than the other strategies and inventory holding profile is 

desired because it is made as close to zero as possible while 

is kept to a good level of customer satisfaction. 

6. CONCLUSIONS 

In this paper a method for determining ordering policy is 

derived using centralized MPC scheme. Tuning parameters 

play an important role in achieving desired supply chain 

operation performance. It has been shown that this control 

strategy can be tuned for different performance requirement. 

Good performance is observed because centralized structure 

has full process knowledge and signal information which 

allows it to coordinate the decisions in the supply chains.  
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